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Abstract: Mosaic Analysis with Double Markers (MADM) technology offers a unique approach 

to visualize and concomitantly manipulate sparse clones and small subsets of genetically defined 

cells in mice. For MADM, two reciprocally chimeric split-marker genes are targeted separately 

to identical loci on homologous chromosomes. The split-marker genes consist of partial coding 

sequences for green (eGFP) and red (tdTomato) fluorescent proteins separated by an intron 

containing the loxP site. Following Cre recombinase-mediated interchromosomal recombination 

during mitosis, functional green and red marker genes are reconstituted resulting in two daughter 

cells each expressing one of the two markers upon G2-X segregation. Introduction of a mutation 

distal to one MADM cassette allows the generation of genetic mosaics with wild-type daughter 

cells labeled with one color and homozygous mutant siblings with the other. Key MADM 

applications include lineage analysis of stem and progenitor cells; single cell labeling for 

morphological analysis and dynamic 4D live-imaging; and dissection of cell-autonomous gene 

function and non-cell-autonomous effects in vivo. Originally, MADM cassettes were inserted on 

Chr. 6 and MADM analysis of gene function was restricted to genes located distal to the Rosa26 

locus. To overcome this limitation, expand MADM-based gene analyses and establish MADM 

with optimized recombination fidelity, we have now generated ES cells and transgenic mice with 

novel MADM cassettes knocked in close to the centromeres of all 19 autosomes. Here we 

present our progress in the validation of new MADM strains, and the analysis of mitotic 

recombination efficiency in different MADM strains and in distinct brain regions. The dissection 

of any cell-autonomous gene function in virtually any cell-type will be enabled with the 

completion of the genome-wide MADM library. 
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Title: Development of ependymal and postnatal neural stem cells; their origin from a common 

embryonic progenitor 
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Abstract: Two distinct epithelial cells in the walls of the adult mouse lateral ventricles have 

unique functions: multiciliated ependymal cells (E1) generate cerebrospinal fluid (CSF) flow, 

and neural stem cells (B1) continuously produce new neurons and glia. Both E1 and B1 cells are 

derived from radial glia (RG) but how the embryonic ventricular zone (VZ) transforms into the 

adult V-SVZ, and whether these two cell types originate from a common progenitor, remains 

unknown. In the adult mouse V-SVZ, E1 cells’ large apical domain and B1 cells’ small apical 

endings are organized into rosette-like structures (pinwheels). We show here the time-course of 

differentiation of RG into E1 and B1 cells and that during the first three weeks after birth, 

differentiating E1 cells expand their apical domain nearly 27-fold. In contrast, B1 cells retain 

small apical domains which coalesce into the centers of pinwheels. We next investigated whether 

E1 and B1 cells are clonally related. Using a retroviral barcode library and high-complexity 

transposable fluorescent reporters, we show that individual RG can give rise to clones containing 

E1 and B1 cells (or their progeny). Inducible Cre-mediated lineage tracing combined with BrdU 

labeling demonstrates that RG during late fetal development generate clones that contain only E1 

cells or E1 and B1 cells. We used mice of both sexes and worked to ensure scientific rigor and 



reproducibility by taking multiple experimental approaches to confirm each overall finding 

presented. This study reveals key developmental steps in the formation of the postnatal V-SVZ 

niche and shows that E1 and B1 cells can have a common origin. 
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Title: Multicolor cell lineage tracing in the developing ferret cerebral cortex 
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Abstract: Over the course of development, the mammalian brain grows from a single layer of 

cells into a complex, multilayered structure. Stem cells in the ventricular zone proliferate and 

differentiate, giving rise to neuronal progenitors that migrate relatively short distances in the 

dorsal telencephalon, or long distances in the ventral telencephalon. In the smooth or 

lissencephalic brain, such as those of rodents, this migratory trajectory in the dorsal 

telencephalon has been shown to be relatively simple, with clones of up to 100 neurons forming 

cylindrical or conical shapes in the overlying cortical plate. However, in gyrencephalic species 

such as humans, it remains unclear if the convolutions of the brain correlate with a different 

migratory strategy for excitatory progenitors in the dorsal telencephalon. The goal of this work is 

to study the migratory paths of excitatory neuronal progenitors in an animal model of 

gyrencephalic brain development. Here we demonstrate that genetic labeling of dorsal 

telencephalic neurons using the PiggyBac transposase system in the developing ferret (Mustela 

putorius furo) brain can be used to quantify the degree of dispersion of related cells. Using the 

PiggyBac transposase system, we can stably label lineages of cells by delivering the transposase 

along with plasmids expressing three fluorescent proteins: red (monomeric red fluorescent 

protein, mRFP), green (enhanced green fluorescent protein), and blue (cyan fluorescent protein, 



CFP). These colored protein-encoding genes are then combinatorially integrated into the 

genomes of dividing neural progenitor cells by the transposase. Different combinations of each 

of the three fluorescent proteins in individual cells therefore allow us to differentiate lineages 

based on their color expression. Image analysis of labeled cells from ferrets electroporated at 

embryonic day 37 and harvested at post-natal day 1 (P1), P7, and P14 reveals at least 10 

distinguishable colors in any given experiment. Preliminary results thus far indicate that there is 

a high degree of intermingling between cells of any one color and cells of other colors, 

suggesting that clones from a single progenitor intermix widely with cells derived from other 

progenitors. This suggests that cells from a common progenitor do not form simple cylindrical 

shapes as seen in rodents. Continuing work aims to quantitatively analyze the precise patterns of 

clonal dispersion in the developing ferret cortex. 
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Abstract: Inhibitory neurons (interneurons) regulate information processing and interaction 

between cortical networks. While comprising only 20-30% of the total neuronal population of 

the cortex, interneurons are highly diverse with many subtypes identified by their molecular, 

morphological, and functional differences. The great complexity of the human cerebral cortex 

suggests an even higher degree of interneuron diversity. Interneurons are born in the ganglionic 

eminence (GE) and migrate tangentially to reach their final destinations and integrate into the 

local circuit. The GE has four recognized subdivisions: the medial (MGE), lateral (LGE), caudal 

(CGE) and preoptic area (POA). Much of what we currently know about interneuron origins, 

migration and integration derives from rodent studies. Here we use pigs (Sus scrofa domesticus) 

to study the GE composition and development in a large animal model with central nervous 



system more closely resembling human. Tissue at embryonic day 30 (E30), E35 and E60 was 

used to analyze GE expansion and identify proliferative zones in the pig brain. Using a multi-

disciplinary approach, we characterized the cytoarchitecture and interneuron progenitor 

composition, diversity and distribution throughout the developing pig telencephalon. At all ages 

analyzed, the ventricular zone of the lateral ventricle was observed along with increase/decrease 

volume of the subventricular zones matching the development stage of the GE. At E30 the dorsal 

ventricular ridge was prominent, and the underlying striatal primordium developed. By E35 a 

salient groove beginning in the intersection of the most anterior part of the MGE and LGE was 

observed, by E60 the sulcus separating the MGE from LGE was absent and both structures 

formed one undistinguishable entity. These anatomical observations were further confirmed with 

detailed histological analysis of regional and cellular identity, making it possible to discriminate 

between GE compartments at E35 according to their cellular components. Using the overlapping 

expression of Ki67, OLIG2, and DLX2 we were able to observe the transition from 

undifferentiated neural stem cell to intermediate progenitor and proliferative populations in the 

different GE domains. Whole hemisphere slice culture along with adeno-GFP labeling was used 

to study migration and cell division dynamics using time-lapse imaging. Finally, Brdu tracing of 

newborn and late born cells allowed us to confirm migratory routes and the destinations of 

different GE progenitor populations. Understanding interneuron development and diversity in the 

pig will help to better approach human development and related pathologies. 
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Abstract: GABAergic cortical interneurons (CINs) are primarily generated by medial and 

caudal ganglionic eminences (MGE & CGE). CIN dysfunction is implicated in neuropsychiatric 

diseases such as epilepsy. Therefore, understanding CIN generation, maturation and function 

have important clinical implications. 

MGE-derived CINs are composed of two major subgroups: somatostatin+ (SST; early-born) and 

parvalbumin+ (PV; late-born). MGE-derived CIN fate is initially determined in progenitors by 

transcription factors (TFs) such as Nkx2-1, Lhx6 and Dlx1&2. Additional TFs that control CIN 

early development are still being uncovered. Here, we report that the Mafb and c-Maf TFs, which 

are genetically downstream of Nkx2-1, Lhx6 and Dlx1&2, are critical for generating the correct 

amount, migration and function of PV+ and SST+CINs. 

Combined deletion of Mafb and c-Maf (cDKO) from MGE progenitors resulted in an ~70% 

reduction of MGE-derived CINs at P35, with preferential decrease in the PV+ CINs. Surviving 

CINs resided in deeper cortical layers and were more likely to be early-born SST interneurons. 

EdU incorporation experiments in cDKOs showed no change in MGE CIN progenitor numbers, 

but demonstrated a precocious neurogenesis and an increase in SST CINs. In addition, CINs in 

the cDKO have disrupted migration patterns and firing properties. Together, these results provide 

evidence that Mafb and c-Maf are required to produce the proper balance, and normal function 

of, PV+ and SST+ CINs. 
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Abstract: The embryonic basal ganglia contains progenitor zones known as the medial, caudal, 

and lateral ganglionic eminences (GEs). These eminences give rise to inhibitory interneurons 

that populate the adult brain. Interneurons are vital components of brain circuitry; perturbations 

to interneuron specification have been linked to neurological disorders such as schizophrenia and 

autism spectrum disorders. Interneuron specification is in part controlled by complex, region-

specific transcription factor networks active in the GEs. However, the transcriptional networks 

regulating key early cell fate decisions are not entirely known. Progenitor populations from 

embryonic day (E) 11.5 mice with region-specific enhancer activity in the GEs fate-map to 

distinct adult interneuron populations, suggesting the existence of fate-determining 

transcriptional pathways active during early progenitor differentiation. We aim to understand 

how transcriptional networks within the GEs selectively regulate gene expression and genomic 

programming to control early interneuron lineage specification. We performed single-cell RNA-

sequencing on cells from E11.5 caudal, lateral, and medial GEs in order to characterize 

transcriptional networks that control and potentiate immediate and long-term cell fate decisions 

of populations arising within the basal ganglia. Using both guided and unguided approaches to 

identify key transcriptional markers of transient cell states, we identified major progenitor 

populations and cell types within the GEs. By identifying transcriptional networks regulating 

early lineage specification of inhibitory interneurons, we hope to construct a map of the key 

regulatory factors enabling early interneuron diversity in the brain. 
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Abstract: A fundamental question in neurobiology is how the staggeringly diverse population of 

neurons present in the brain self-assembles into functional circuits. While a great deal of 



progress has been made towards elucidating the developmental programs that drive the 

generation of neural diversity, much less is known about how these programs contribute to 

circuit formation. The role of lineage relationship, or neurons born from a common progenitor, 

and temporal relationship, neurons born at the same time, have recently been suggested to 

contribute to the establishment of connectivity. Perhaps one of the best studied systems for 

investigating the roles of neural progenitor lineage and birth timing in the generation of neural 

diversity is the Drosophila ventral nerve cord. More recently, the completion of an ssEM volume 

of the entire larval brain provides a nearly complete connectome permitting the investigation of 

how lineage relationship and birth order influence circuit formation. To address these questions, 

we have reconstructed the connectome of an entire neural progenitor lineage in the larval ventral 

nerve cord, and mapped the birth order and temporal gene expression profiles of every neuron in 

the lineage. We find that clonally related neurons have stereotyped morphologies and target 

regions, and that birth order further refines target region. Additionally, we find that clonally 

related neurons do not share connectivity despite targeting common regions of the neuropil, 

suggesting that target region is not totally predictive of partner choice, and that clonally related 

neurons may be more functionally heterogeneous than previously imagined. We propose that 

using connectomics to study development permits the study of developmental correlates of 

connectivity with a previously unachievable level of resolution. 
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Abstract: Human neural stem and progenitor cells (hNSPCs) have therapeutic potential to treat 

neurodegenerative diseases since they provide neuroprotection and differentiate into the three 

cell types of the central nervous system - astrocytes, neurons, and oligodendrocytes. However, 

cultures of these cells are heterogeneous, containing progenitor cells with distinct differentiation 

properties and little is known regarding which types of progenitors are best for neural repair. 

Dielectrophoresis (DEP) is a technique that uses alternating current electric fields to separate 

cells based on the dielectric properties of their membrane and cytoplasm. With DEP, our group 

has demonstrated that astrocyte-biased and neuron-biased subpopulations can be isolated from 

mouse NSPCs at select frequencies and this behavior is linked to the cells’ membrane 

capacitance and fate potential. Using this information, we’ve implemented a two-step sorting 

scheme to reduce heterogeneity in hNSPC populations. Step one defines a cell sample-specific 

sorting frequency, and step two separates cells at the sorting frequency in a hydrodynamic 

oblique angle parallel electrode sorter (HOAPES). The HOAPES device contains three main 

components: a filter (blocks large particles), passive-hydrodynamic cell aligner (controls cells’ 

flow path), and oblique electrodes (separates cells). With the electric field applied, cells entering 

the oblique electrode region will either flow along the microchannel walls (unfocused) or focus 

along the centerline of the electrodes. In this work astrocyte-biased cells were detected and 

separated from heterogeneous hNSPCs using the HOAPES device. The sorting frequency for 

enrichment ranged from 150-300 kHz. A second higher frequency was tested such that cells were 

exposed to DEP but remained unsorted (control). Also, cells incubated in cell culture media and 

DEP buffer solution were tested as unsorted controls. Successful separation of astrocyte-biased 

cells was confirmed with differentiation and GFAP immunostaining. Cell enrichment was found 

to be ~1.75-fold, showing the first label-free enrichment of astrocyte-biased cells from hNSPCs. 

Effectively sorting hNSPCs is essential to further study these cells as treatment options for 

neurological diseases. 
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Title: ZNF335 regulates progenitor and neuronal cell identity in mammalian brain development 
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Abstract: Proper mammalian brain development requires a tightly regulated and ever changing 

interplay of gene and protein expression. Spatial-temporal maintenance of subsets of progenitor 

cells as they go through differentiation and acquire neuronal cell-type specific markers is a 

hallmark of proper brain development. Many of the factors responsible for regulating essential 

switches in cellular identity remain unknown. Zinc finger protein 335 (ZNF335) has been shown 

to play an essential role in neuronal progenitor cell proliferation and differentiation, and 

disruption of ZNF335 expression levels, leads to microcephaly, or reduced cerebral cortical size 

in both human patients and knockout mouse models. Knockout mouse studies and high 

throughout sequencing demonstrated that loss of Znf335 leads to abnormal mixed-identity 

phenotypes. Taken together, Znf335 is essential for maintaining and dictating progenitor and 

neuronal cell identities. 
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Abstract: Genes are generally considered to be either silent or expressed from both alleles, 

except in some particular cases (e.g. X-chromosome inactivation, imprinted genes). Several 

allele-specific genome-wide studies on clonal cell lines have shown that 2-10% of the genes can 

be stably expressed in a monoallelic manner, from either one of the parental alleles (Gendrel et 

al, 2016). Interestingly, these genes were found to be particularly associated with autosomal 



dominant disorders (e.g. epilepsy, neurodegenerative disorders, myofibrillar myopathy). 

However, previous studies were conducted on a limited number of clonal neural progenitor cell 

(NPC) lines, and little is known about the allelic behaviour of these different genes. 

In this study, we dissected the allelic patterns of a selection of a dozen genes (specifically those 

associated with autosomal dominant disorders), using a large number of NPC clones. Strikingly, 

we find that individual genes have specific modalities of allelic expression. We show that these 

patterns arise during differentiation, giving rise to cell diversity and individuality, contributing to 

gene dosage. We also show that monoallelic expression can be cell-type specific in vivo. Most 

importantly we also demonstrate that the allelic imbalance is an epigenetic mechanism, that can 

be reversed using specific “epidrugs”. Finally a mouse model for one of our candidate genes has 

been generated and we are currently investigating the pathological implications of random 

monoallelic expression in vivo, as a proof-of-concept. 
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Abstract: Glutamatergic neurons populating the mature cerebral cortex are for the most part 

generated during prenatal life from a pool of progenitors located in the ventricular and 

subventricular zones, the proliferative niches of the mouse embryonic cortex. According to the 

classic cascade of transcriptional events governing cortical neurogenic mechanisms, Tbr2, 

expressed in intermediate progenitors populating the subventricular zone, replaces the expression 

of Pax6 which is expressed by radial glial cells located in the ventricular zone. Subsequently, the 

expression of Tbr1 marks the switch from the stage of proliferation to that of postmitotic 

differentiation. While in this transition, cells typically express NeuroD1. It is established that 

NeuroD1 has a crucial role in driving neuronal differentiation; however, the cascade of 

transcriptional effects driven by NeuroD1 are yet to be defined in details. To this purpose we 



FACS sorted cells after 24 hours from the in utero electroporation of a construct containing a 

NeuroD1 promoter to highlight cells actively expressing NeuroD1 at E14.5. Next, transcription 

was screened through RNAseq. Our data show that NeuroD1 is co-expressed with a number of 

transcripts typical of both mitotic and postmitotic cells, in line with its differentiative role. 

Accordingly, its overexpression (through, again, electroporation) drives the ectopic expression of 

markers of differentiated, postmitotic neurons without strongly affecting the expression of other 

markers of proliferation. This suggests that NeuroD1 overexpression drives differentiation but 

has a minor impact on turning off proliferative transcriptional programs. 
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Abstract: Acetylcholine plays an essential role in modulating the activity of cortical, 

hippocampal, and basal ganglia circuits to influence attention, learning and memory, motor 

output, and reward pathways. The primary source of acetylcholine within the forebrain are 

striatal cholinergic interneurons (SCIs) and basal forebrain cholinergic projection neurons 

(BFCNs). Despite the importance of cholinergic signaling, the specification and diversity of 

these neurons are poorly understood. The precursors for all forebrain cholinergic neurons are 

born in the same region of the embryonic brain, and it is not known how these cholinergic 

precursors ultimately develop into diverse populations of interneurons and projection neurons. 

Although there is phenotypic diversity within SCIs and BFCNs, the developmental origins of this 

diversity has not been characterized, nor are there molecular markers to define the subclasses of 

cholinergic neurons that embody this diversity. Here, we investigate these questions using 

genetic fate mapping and single-cell transcriptomics in mouse. Our spatial and temporal fate 

mapping suggests that while spatial origin does not have a strong impact on mature cholinergic 



anatomical identity, the birthdate of cholinergic neurons predicts their projection topography. We 

also begin to characterize the transcriptional heterogeneity of cholinergic neurons across 

development. 
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Abstract: All seven major cell types of the mammalian retina are produced during embryonic 

development in a temporally stereotyped manner from a pool of progenitor cells present in the 

neuroblast layer. Despite this highly conserved order of retinogenesis, it is not clear whether all 

retinal progenitor cells (RPCs) are inherently multipotent, or if there are distinct, molecularly 

identifiable subclasses of RPCs with more restricted lineage potential. Furthermore, little is 

currently known to what extent environmental factors present in the developing retina are able to 

specify RPC fate outcomes. Here we show, using both adult retinal stem cells (RSCs) in mouse 

and human, and RPCs isolated from the embryonic retina, that all RPCs assume a cone lineage 

restricted potential through a default mechanism when removed from TFGβ, WNT, and BMP 

morphogen signalling pathways. When isolated in vitro, a single RSC will readily proliferate to 

form a free-floating sphere colony containing both non-pigmented RPCs and retinal pigmented 

epithelial progenitors (RPEPs). When whole adult murine or human RSC-derived sphere 

colonies were exposed to COCO (a TFGβ, WNT, and BMP signalling inhibitor) for 4 weeks, 

~60% of the resulting cells were expressing s-opsin and cone arrestin, indicating that these cells 

are mature short-wave cone photoreceptors. To further probe what specific progenitors in the 

RSC-derived colonies COCO is acting on, single pigmented or non-pigmented progenitors were 

exposed to COCO for 4 weeks and assessed for clonal composition. These results indicate that 

all non-pigmented RPCs produced clones containing nearly pure populations of cone 

photoreceptors, while pigmented RPEPs were unable to produce any cone photoreceptors. When 



RPCs were isolated from murine E14 retina and exposed to COCO for 4 weeks, nearly all 

resulting cells were cone photoreceptors, and preliminary experiments indicate that this cone 

lineage restriction may be possible from RPCs isolated at earlier (E12) and later (E19) stages. 

This evidence points towards a distinct cone lineage restricted progenitor that may be present 

during development in both mouse and human systems. Accordingly, we have completed an 

RNA-sequencing experiment profiling the transcriptomes of embryonic RPCs exposed to COCO 

at different time points along their differentiation trajectory. Preliminary data suggests that 

SOX15 may be a unique marker of a cone restricted progenitor cell, and further analyses will be 

completed to determine whether SOX15 is expressed in a subset of progenitors in the developing 

retina at embryonic timepoints when cone photoreceptors are being produced. 
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Abstract: The connectivity of the cerebral cortex is set forth during development, arising from 

the convergence of coordinated extrinsic and intrinsic signals that guide neural progenitor cells 

(NPCs) to differentiate into diverse pools of neurons and glia. In addition to genetic programs 

that regulate the adoption of specific neuronal fates, electrical activity has been shown to 

regulate cellular processes involved in the generation and maturation of neurons. The 

mechanisms by which electrical signals are transduced into long-term biochemical changes in 

NPCs to precisely regulate the acquisition of neuronal identity, however, remain poorly 

understood. 

Ca2+ is the primary intracellular mediator of the effects of electrical activity, coupling electrical 

signals at the membrane to the regulation of transcription. Mutations in the genes encoding 

various subunits of voltage-gated Ca2+ channels, as well as members of the Ca2+-activated 

calcineurin (CaN)/NFAT signaling pathway, have been repeatedly associated with a variety of 



psychiatric disorders of developmental origin. We have found that variations in Ca2+ influx 

through the voltage-gated L-type Ca2+ channel (LTC) Cav1.2 bidirectionally regulate the 

generation of specific cortical projection neuron populations. Changes in the abundance of these 

populations have been implicated in several genetically-defined psychiatric syndromes, 

suggesting that Ca2+-regulated mechanisms modulating differentiation are a point of convergence 

for psychiatric disease. In response to depolarization, LTC-mediated Ca2+ elevations are 

particularly effective at activating the CaN phosphatase complex, which then triggers nuclear 

translocation of the NFATc1-4 transcription factors. To interrogate how Ca2+ influx through 

LTCs and downstream CaN/NFAT signaling mechanisms regulate cortical development, we 

employed a series of gain- and loss-of-function approaches targeting the CaN/NFAT pathway, 

using a combination of pharmacology, in utero electroporation and genetic models. We 

uncovered that persistent NFAT activation in vivo results in a change in cortical projection 

neuron specification, similar to what we observed when manipulating LTC-mediated Ca2+ influx, 

suggesting that the LTC-NFAT signaling axis plays key roles in cortical neuron development. 
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Abstract: Corticospinal motor neurons (CSMN) are a phenotypically defined sub-population of 

cortical neurons that project through the spinal cord and direct voluntary movement. Paralysis in 

spinal cord injury is largely due to loss of functional CSMN, which do not spontaneously 

regenerate. While a number of transcription factors have been associated with CSMN 

development, their controls are poorly understood. Our aim is to address whether specific 

microRNAs (miRNAs), which are small, non-coding RNAs that can control multiple post-

transcriptional gene pathways, are necessary and sufficient to convert immature cortical neurons 

into mature CSMN. We previously showed miR-CSMN-1, a miRNA enriched during CSMN 

development, promotes CSMN fate vs. the highly related callosal projection neurons (CPN) in 

embryonic cortical cultures. Here we demonstrate that in embryonic stem cell (ES-cell) derived 

neurons, miR-CSMN-1 gain-of-function (GOF) leads to an increase in the number of CTIP2+ 

neurons compared to control, while miR-CSMN-1 loss-of-function (LOF) resulted in a decrease, 

which is in agreement with the effect seen in embryonic cortical cultures. Based on 

bioinformatics studies we hypothesized miR-CSMN-1 acted via LMO4, a transcription factor 

important for CPN development, and we demonstrated via rescue experiments that over-

expression of LMO4 reduced the effect of miR-CSMN-1 in embryonic cortical cultures. Here we 

show LMO4 overexpression is able to partially rescue the miR-CSMN-1 GOF phenotype based 

on cell specific markers of upper layer II/III neurons (CPN). miR-CSMN-1 GOF caused a 

decrease in CPN verses control, shown by a reduction in CUX1+ cells. When the LMO4 protein 

was overexpressed along with miR-CSMN-1 GOF, the %CUX1+ cells increased back towards 

control levels. In ES-cells we have preliminary evidence that miR-CSMN-1 GOF also decreases 

LMO4 expression in differentiating ES-cells. We conclude that miR-CSMN-1 is controlling 

CSMN verses CPN fate direction early in development, and is doing so by regulating key 

transcription factors, specifically LMO4. 

Disclosures: J.L. Diaz: None. V.B. Siththanandan: None. V. Lu: None. J.L. MacDonald: 

None. N. Gonzalez-Nava: None. L. Pasquina: None. P. Sarnow: None. T. Palmer: None. J.D. 

Macklis: None. S.A. Tharin: None. 

Poster 

195. Neural Cell Lineage Specification 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 195.16/A16 

Topic: A.01. Neurogenesis and Gliogenesis 

Support: NIH T32 NS082174 

 2018 UC Irvine-Brython Davis Fellowship 

 NSF CAREER IOS-1254060 

 Neilsen Foundation SCIRTS-296387 



Title: Highly-branched N-glycans generated by MGAT5 control neural stem cell differentiation 

and cell surface protein expression 
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Abstract: Neural stem and progenitor cells (NSPCs) have the potential to treat many diseases 

and injuries due to their ability to secrete beneficial factors and form the major cell types of the 

central nervous system. Understanding the mechanisms regulating NSPC differentiation will 

improve their use as therapeutics. Glycosylation can modulate the expression and function of 

almost all proteins on the cell surface and is capable of impacting a variety of cellular processes. 

Despite its importance, glycosylation’s role in NSPC fate remains unclear. Our lab found that N-

glycosylation patterns correlate with NSPC fate potential; specifically, NSPCs expressing more 

highly-branched N-glycans generate more astrocytes and fewer neurons. Increasing expression 

of highly-branched N-glycans on NSPCs by N-acetylglucosamine (GlcNAc) treatment enhances 

astrocyte formation at the expense of neurogenesis. This effect was specific to incorporation of 

GlcNAc in the N-glycan branching pathway since blocking an early enzyme in the pathway with 

kifunensine abrogated the GlcNAc effect on NSPC differentiation. Mass spectrometry analysis 

of plasma membrane proteins from control and GlcNAc-treated NSPCs identified changes in the 

levels of several cell-cell and cell-ECM adhesion proteins, suggesting that glycosylation impacts 

fate by regulating cell surface proteins that respond to extracellular cues. We hypothesized that 

NSPC fate might be regulated by downstream enzymes in the branching pathway rather than the 

presence or absence of all N-glycan branching. We therefore measured levels of N-glycan 

branching enzymes in astrocyte-biased NSPCs and found higher expression of MGAT5, a late-

stage branching enzyme necessary for the formation of highly-branched N-glycans. 

Differentiating cortical NSPCs derived from MGAT5-deficient mice resulted in more neurons 

and fewer astrocytes compared to littermate control NSPCs. We also analyzed neurogenesis in 

vivo and found elevated expression of neuronal markers NeuN and TuJ1 in the cerebral cortices 

of MGAT5-deficient mice. Thus, the loss of MGAT5 and highly-branched N-glycans favored 

neurogenesis and impaired astrocyte generation. MGAT5-mediated N-glycan branching 

significantly impacts NSPC differentiation, potentially by modifying cell surface proteins. 
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Abstract: Human neural stem and progenitor cells (hNSPCs) have potential as therapeutic 

candidates for the treatment of neurodegenerative diseases or neurotraumas. Important issues that 

need to be addressed to improve utility of these cells in clinical trials include characterization of 

the heterogeneity in stem cell populations and ways to modulate their fate. Our previous studies 

have shown differential membrane capacitance values for cell populations with astrogenic and 

neurogenic fate. In the present study we have investigated the modulatory effect of cell surface 

complexity on membrane capacitance and cell fate of hNSPCs.Whole cell membrane capacitance 

was measured using the 3DEP analyzer, a micro-well device that uses alternating current electric 

fields to quickly quantitate capacitance. The cell surface of hNSPCs was altered by treating cells 

with N-acetylglucosamine (GlcNAc), which feeds into N-glycosylation pathways leading to the 

formation of complex, highly-branched sugars. Treatment of hNSPCs with GlcNAc significantly 

increases N-glycan branching on the cell surface (lectin LPHA, mean fluorescence intensity 

(MFI) untreated 18485±2069 SEM, GlcNAc treated MFI 40863±4428 SEM; p<0.001). 

Increasing N-glycan branching on hNSPCs also significantly increases membrane capacitance 

(untreated 7.5 mF/m2, GlcNAc treated 9.3 mF/m2; p<0.001), showing that cell surface 

glycosylation patterns impact whole cell membrane capacitance values. Modulation of cell 

surface N-glycan branching impacts cell differentiation potential too. Increase in these highly 

branched N-glycans increases the percentage of SOX2+ precursors (17.13±4.33 untreated, 

44.74±10.63 GlcNAc treated; Mean ±SEM; p <0.02) while decreasing the total number of 

MAP2+ neurons formed (16.91±1.35 untreated, 10.99±1.57 GlcNAc treated; Mean ± SEM; p< 

0.0001). The increase in cell surface highly branched N-glycans reduces the expression of 

integrins such as alpha V,2, 5, 6, 7, 9 and β1,5 and 8. The effects of GlcNAc treatment on 

differentiation are potentiated in the presence of insulin and transferrin, potentially through 

changes in the level of receptor glycosylation and subsequent downstream signaling. Taken 

together these results indicate a direct association between membrane capacitance, cell surface 

complexity and fate choice of hNSPCs. 
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Abstract: During neocortical development, progenitors located in the ventricular zone 

sequentially give rise to distinct subtypes of excitatory neurons which assemble to form the 

circuits for high-order sensory-motor and cognitive functions. Deep layer neurons are born first, 

in the early stages of corticogenesis, while superficial layer neurons are born later on, toward the 

end of corticogenesis. The successive production of deep and superficial layer neurons results 

from an aggregate progression in the neurogenic competence of progenitor cells, but little is 

known on the mechanisms driving competence progression as well as on the contribution of 

intrinsic and environmental factors to this process. To address these questions, we used FlashTag 

(Telley et al., Science 2016) to isolate isochronic cohorts of progenitor cells and investigate their 

neurogenic commitment using heterochronic transplantation. Our results provide a cell-type 

specific account of the plasticity of neocortical progenitors at sequential stages of neurogenesis. 
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Abstract: The recent discovery of cases involving up-regulation (gene duplication) or down-

regulation (heterozygous haploinsufficiency) of the transcription factor FoxG1 in autism 

spectrum disorder (ASD) patients has implicated altered FoxG1 gene dosage in ASD etiology. 

Here we report that FoxG1 expression levels undergo dynamic changes during the course of 

forebrain development in a manner that is tightly correlated with the differentiation and 

maturation stage of GABAergic neurons. Precisely regulated dynamic expression of FoxG1 

during specification and migration is essential for the proper distribution of forebrain 

GABAergic neurons, and that even relatively subtle changes in its expression during 

development can impair the formation of inhibitory circuits. These findings provide clarity as to 

the dose-dependent requirement for FoxG1 and why even relatively minor changes in its 

expression during development result in severe neurological impairment. 
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Abstract: Viral vectors and in vivo electroporation (EP)-mediated gene transfers are widely used 

to deliver exogeneous DNA and create somatic mosaicism in mice and other model animals. 

They are quick to employ by avoiding mouse engineering, but in either stable or transient 

transfection, they both lack the exquisite control over transgene copy number, gene zygosity, and 

genomic-locus specificity in the case of integrated elements, all of which genetically engineered 

mouse models (GEMMs) can provide. Here, we develop and demonstrate a simple and 

generalizable in vivo method, mosaic analysis by dual recombinase-mediated cassette exchange 

(MADR). MADR allows for stable labeling of mutant cells that express transgenic elements 

from a precisely-defined chromosomal locus. We detail a toolkit of MADR elements for 

combinatorial labeling, inducible/reversible transgene manipulation, tertiary recombinase 

expression, and genetic manipulation of human cells. Further, we demonstrate the power and 

versatility of MADR by tracing neural precursor cell lineages in vivo using mixed, reporter-

identified zygosity or with gain- and loss-of-function mutations. We demonstrate several 

transgenic manipulations which alter the profile of resulting cell fates, allowing for single-cell 

resolution insights into the phenotypic analysis in vivo. Thus, MADR provides a high-throughput 

genetic platform for the dissection of development and disease, and this rapid method can be 

adapted to thousands of already existing gene-trap mice 
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Abstract: The lateral and medial ganglionic eminences (LGE and MGE) in the ventral 

telencephalon contain distinct regional progenitor domains that give rise to specific subtypes of 

GABAergic neurons. The MAPK pathway is a major growth signal during development and has 

been implicated in neurogenesis and gliogenesis, but it remains unknown if it is involved in 

progenitor subdomains of the ventral telencephalon. To characterize the MAPK pathway in the 

LGE and MGE, we analyzed the expression of phospho-ERK1/2 (p-ERK1/2) and the MAPK 

pathway target gene Etv5 at different stages of ventral telencephalon development. We found 

that Etv5 is largely expressed in ventricular zone (VZ) progenitor cells with a regional 

enrichment in the dorsal region of the LGE (dLGE) and ventral most region of the MGE at E13.5 

and E15.5. Etv5+ cells were detected in the dorsal region of the Gsx2 expression domain of the 

dLGE and also in the ventral most region of the Nkx2.1 expression domain in the MGE. P-

ERK1/2 showed a similar expression pattern to that of Etv5 at E13.5 and E15.5. Interestingly, by 

E18.5 p-ERK1/2 does not show a regional bias in expression and is robustly expressed in the 

majority of VZ progenitors in the telencephalon. Our results suggest the regional enrichment of 

Etv5 and p-ERK1/2 in distinct progenitor regions of the MGE and LGE. To address a role for 

MAPK pathway activation in the ventral telencephalon, we utilized Rosa-MEK1DD mice to 

express a cre inducible constitutively active MEK allele throughout [C1] the LGE using Gsx2e-

cre mice. Our preliminary results suggest that activation of the MAPK pathway in the LGE 

increases the number of Gsx2+ progenitor cells in the LGE. Moreover, we found an increase in 

the dLGE subventricular zone (SVZ) and interneuron marker Sp8. Interestingly, the ventral LGE 

and striatal projection neuron marker Isl1 are reduced. We also detected ectopic expression of 

the oligodendrocyte progenitor cell (OPC) marker Pdgfra, which is distinct from the increased 

Gsx2/Sp8+ cells. Our results suggest that expansion of the MAPK activity during LGE 

development promotes specific regional progenitor domains and neuronal/glial subtypes. 
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Abstract: The transcription factor Foxg1 is a high-level regulator of embryonic forebrain 

development. Foxg1-/- mutant mice show multiple defects including dramatically decreased 

proliferation of dorsal telencephalic progenitors, a complete failure to form ventral telencephalic 

tissue and a significant expansion of the Wnt-expressing cortical hem. In humans, FOXG1 

heterozygosity leads to the recently described neurodevelopmental disorder FOXG1 Syndrome. 

Our current understanding of Foxg1’s functions is mostly based on studies with genetically 

modified mice. However, these have some limitations, in particular tracking cell behaviours in 

real time is not currently practical in mouse embryos in vivo. Cerebral organoids offer an 

attractive model system to study the mechanisms of Foxg1 action, given their relative 

accessibility. We have set out to compare the phenotypes of Foxg1-/- organoids with the well-

characterised phenotypes of Foxg1-/- mutant mice, to give us confidence that the same 

developmental mechanisms operate in both systems and that therefore organoids are valid tools 

to study these mechanisms. We used CRISPR/Cas9 technology to generate multiple lines of 

Foxg1-/- and Foxg1+/- mouse ES cell lines, together with isogenic controls. Organoids derived 

from Foxg1-/-mouse ES cells showed clear cortical neuroepithelium, with distinguishable 

progenitor and neuronal layers. Our analysis of the Foxg1-/- organoid phenotype focusses on 

three key aspects. (1) We will determine whether the dramatic expansion of the cortical hem seen 

in mouse mutants is also found in the organoids. Control organoids contained clear groups of 

cells that expressed high levels of Wnt ligands and activated a Wnt reporter transgene, indicating 

the presence of canonical Wnt signalling as found in the cortical hem in vivo. Similar 

experiments with Foxg1-/-organoids are currently underway. (2) We will use EdU labelling to 

determine whether Foxg1-/-cortical progenitors in the organoids show the premature lengthening 

of the cell cycle and premature neuronal differentiation seen in mutant mice. (3) We will 

establish a robust protocol to produce ventral telencephalic organoids and use this to determine 

whether Foxg1-/- cells in organoids can adopt ventral telencephalic fates. 
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Title: In vivo dynamics of the notch ligand in dividing radial glia 

Authors: *X. ZHAO, S. GUO 

Univ. of California, San Francisco, San Francisco, CA 

Abstract: Asymmetric division, which produces two daughter cells of different fates, is 

fundamental for generating cellular diversity. In the developing organs of both invertebrates and 

vertebrates, asymmetrically dividing progenitors generate a Notchhi self-renewing and a Notchlo 

differentiating daughter. Cortical polarity plays a role in regulating this asymmetry. However, 

the mechanism by which such asymmetry is established is not understood. Here we employ in 

vivo time-lapse imaging in the developing zebrafish brain to delineate the dynamics of Notch 

ligand DeltaD (Dld) during the entire mitotic cell cycle of radial glia (RG), the principal 

vertebrate neural stem cells. We have found that the Notch/Delta asymmetry in the RG cells is 

dynamic during the division. We have identified that Dld endocytic trafficking is directional in 

the dividing RG cells. The directional Notch/Delta trafficking becomes apparent when the cell 

division is close to be completed. Furthermore, we have found that the daughter cell receiving 

Dld toward the end of cell cycle would continue to be proliferative. Molecular mechanisms that 

regulate such directional trafficking is currently under active investigation. 
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Title: Developmental diversification of forebrain inhibitory neurons 

Authors: *R. C. BANDLER1, C. MAYER2, C. HAFEMEISTER3, R. MACHOLD4, R. 

SATIJA3, G. FISHELL5 
1New York Univ. Sch. of Med., New York, NY; 2Max Planck Inst. of Neurobio., Munich, 



Germany; 3New York Genome Ctr., New York, NY; 4Neurosci. Inst., New York Univ., New 

York, NY; 5Neurobio., Harvard Med. Sch., Boston, MA 

Abstract: Diverse subsets of cortical interneurons have vital roles in higher-order brain 

functions. To investigate how this diversity is generated, here we used single-cell RNA 

sequencing to profile the transcriptomes of mouse cells collected along a developmental time 

course. Heterogeneity within mitotic progenitors in the ganglionic eminences is driven by a 

highly conserved maturation trajectory, alongside eminence-specific transcription factor 

expression that seeds the emergence of later diversity. Upon becoming postmitotic, progenitors 

diverge and differentiate into transcriptionally distinct states, including an interneuron precursor 

state. By integrating datasets across developmental time points, we identified shared sources of 

transcriptomic heterogeneity between adult interneurons and their precursors, and uncovered the 

embryonic emergence of cardinal interneuron subtypes. Our analysis revealed that the 

transcription factor Mef2c, which is linked to various neuropsychiatric and neurodevelopmental 

disorders, delineates early precursors of parvalbumin-expressing neurons, and is essential for 

their development. These findings shed new light on the molecular diversification of early 

inhibitory precursors, and identify gene modules that may influence the specification of human 

interneuron subtypes. 
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Title: Loss of VCAM1 expression in embryonic hippocampal NSCs impairs adult neurogenesis 

and hippocampus dependent memory 

Authors: *G. CHEN1,2, Q. SHEN2 
1Tsinghua Univ., Beijing, China; 2Sch. of Life Sci. and Technol., Tongji Univ., Shanghai, China 

Abstract: The subgranular zone (SGZ) of the hippocampus is one of the two brain regions that 

harbors neural stem cells (NSCs) which are capable of giving rise to new neurons throughout life 

in rodents. The SGZ is derived from the hippocampal primordium region in the embryo. 



However, the intrinsic and extrinsic factors that governing the development of NSCs in the SGZ 

is largely unknown. We have recently reported that persistent expression of vascular cell 

adhesion molecule 1 (VCAM1) in embryonic NSCs is required for adult neurogenesis and 

regeneration in the subventricular zone (SVZ) of the lateral ventricular wall, the other major 

neurogenic region in the brain. Here we report that VCAM1 protein is abundantly expressed in 

NSCs of the hippocampal primordium beginning from the embryonic day 12.5 (E12.5) and in 

early postnatal hippocampal neural progenitor cells (NPCs), but little in the adult hippocampal 

NPCs as revealed by confocal immunofluorescence microscopy. By crossing VCAM1flox/flox mice 

with cortex-specific EMX1-Cre or NPC-specific Nestin-Cre mouse line, we conditionally 

knocked out VCAM1 (cKO) in the developing hippocampal NSCs from early embryonic period. 

Interestingly, we found premature differentiation of NSCs at postnatal stage and impaired adult 

hippocampal neurogenesis. In agreement with these results, we also found reduced numbers of 

neurospheres generated from adult hippocampal NPCs in the knockout mice group compared to 

control group (wild type and heterogeneous mice). Using standard contextual fear conditioning 

test, we examined the behavior of VCAM1 cKO mice and observed a significant memory defect. 

Ongoing work will further investigate the impacts and molecular mechanisms of VCAM1 on the 

development of hippocampal NSCs and hippocampus-dependent behaviors. Here, we will 

present our work to better understand the development and function of hippocampus, especially 

the role of the sub-population NSCs that express VCAM1 for the hippocampal dependent 

learning and memory. 
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Title: HMGN2 deficiency develops microcephaly through impaired chromatin accessibility 
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Abstract: Human patients of microcephaly have reduced cortical surface area without apparent 

changes in cortical thickness, suggesting that “cortical units” could be lost. However, transgenic 

mouse models carrying genetic mutation or KO of microcephaly-associated genes do not always 



recapitulate this phenotype. Here we report that knock-out of HMGN2, a nucleosome binding 

protein, leads to microcephalic phenotypes in mice similar to that in human. We found that 

HMGN2 was highly expressed in RGs and newborn neurons in the developing forebrain. By 

inbreeding HMGN2+/-mice generated from KOMP(Hmgn2tm1a(KOMP)Wtsi), we observed gradually 

increasing loss of HMGN2-/-mice from E18.5 to weaning. A subset of surviving HMGN2 null 

mice developed microcephaly as early as E18.5. By P14, we found decreased brain weight and 

length of anterior-posterior axis in those KO brain. These brains had smaller cortical surface area 

but the cortical thickness was not severely affected. We did not detect significant difference in 

Caspase3 staining between KO and wild type brains, and cell number including Cux1+ neurons 

per cortical column in neocortex did not significantly decrease. BrdU administration at E15.5 or 

in utero electroporation using a binary piggyBac transposase plasmid system revealed that 

neither neuron migration nor neuron branching was affected at P14. However, the neuron/glia 

ratio was significantly reduced. Interestingly, all HMGN2 KO cortex at P1 exhibited an 

increased displacement of ventricular NSCs at intermediate zone, which may lead to loss of 

NSCs and cortical radial units. RNA-seq of WT or KO cortex at P14 showed that microcephalic 

HMGN2-/- mice exhibited an altered transcriptome signature. Furthermore, ATAC-seq at P14 

cortex revealed a remarkable decrease in both overall peak number and signal intensity, 

accompanied by changes in chromatin state at the epigenetically regulated regions. Taken 

together, loss of HMGN2 results in a significant loss of global chromatin accessibility, leading to 

decreased division of RGs and premature brain development. Our findings suggest HMGN2 null 

mice could serve as a mouse model of microcephaly that resembles human patients and ferret 

model with ASPM deletion. 
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Abstract: Radial glial cells are the neural stem cells of the developing embryonic brain. Radial 

glial cells have a unique morphology that enables them to accomplish multiple functions. Indeed, 

these cells possess a long basal process that spans the whole cortex radially, and ends with basal 

endfeet tightly connected to a basement membrane. This process serves as a guidepost for 



neuronal migration and may serve as an antenna to receive extracellular signals from the niche. 

Despite the importance of these basal structures, little is known about the molecular mechanisms 

controlling their functions. Here, we uncover fascinating mechanisms taking place in the basal 

process. We image messenger RNAs being transported at high speed from the cell body to the 

basal endfeet within living mouse brain tissue. We then show that these basal endfeet RNAs can 

locally produce proteins. Next, we discover 115 additional RNAs that accumulate in the basal 

endfeet. Importantly about 30% of those RNAs have been implicated in neurological diseases 

and might play a significant role during brain development. Additionally, we show that RNA 

transport is influenced by FMRP, an RNA-binding protein linked to Fragile X Syndrome. Using 

mutant forms of FMRP, we dissect FMRP function for RNA localization and local translation in 

the basal process and endfeet. We also further investigate the role of candidate localized 

mRNAs. In particular, we focus on how these mechanisms affect radial glial cell morphology 

through cytoskeletal remodeling. This study opens up a whole new avenue to study brain 

development and exposes new mechanistic layers within stem cells of the developing brain. 
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Title: Clonal lineage tracing and single cell analyses of neural stem and progenitor cells in the 

embryonic mouse ventral forebrain germinal zone 
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Abstract: We define two distinct types of neural stem cells (NSCs) from the embryonic ventral 

germinal zone (GZ) using clonal lineage tracing and single cell transcriptomics. Primitive 

(p)NSCs express Oct4 (but do not express GFAP), and mouse embryo-derived pNSCs proliferate 

rapidly to form clonogenic neurospheres when grown in LIF. PNSCs arise earlier in development 

than GFAP-expressing definitive (d)NSCs that form clonogenic neurospheres in FGF2/EGF. To 

assess the differences in functional outputs of both NSC types, we performed clonal lineage 

tracing within neurospheres grown in either LIF or EGF/FGF2, to enrich for neural progenitor 



cells (NPCs) directly downstream pNSCs or dNSCs, respectively. PNSCs from the E17.5 ventral 

forebrain GZ gave rise to more unipotent neuronal progenitor cells than dNSCs, whereas dNSCs 

gave rise to more unipotent astrocyte progenitor cells. Both NSCs gave rise to bipotent NPCs 

that produce neurons and astrocytes, which consistently proliferated more than unipotent NPCs. 

Surprisingly, pNSCs give rise to many unipotent neuronal progenitor cells that were GFAP+ 

before they became post-mitotic neurons. These clonal progenitor lineage tracing data allowed us 

to construct a hierarchy of progenitor subtypes downstream of pNSCs and dNSCs. To validate 

this hierarchy, identify markers for distinctly specified NPCs, and assess gene expression 

differences between these NPCs, we performed Drop-seq on E17.5 neural stem and progenitors 

cells from neurospheres grown in either LIF or FGF2/EGF. We used the unsupervised algorithm 

p-Creode as an additional means to map out the lineage transition states of NPCs, which 

corroborated our findings of several different types of bipotent NPCs. Combined, these data 

provide single cell resolution of NPCs present in the pre-natal brain, including NPCs 

downstream of rare pNSCs that would likely be missed from population level analyses in vivo. 
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Title: Studying cell lineage and clonal distribution in adult human brain using somatic mutations 

Authors: *S. N. KIM1,2,3, R. N. DOAN1,3, A. R. BARTON4, J. W. TSAI1,3, M. A. LODATO1,3, 
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Abstract: Recent studies on somatic mutations in the human brain show that they occur 

commonly enough that they may represent a durable, forensic record of the patterns of cell 

division during normal human brain development. Limited preliminary data suggest that clones 

labeled by functionally silent somatic mutations can also be found localized or surprisingly 

widely distributed across the cortical hemisphere. However, the extent to which clonal 



restrictions may influence cortical topography in the human brain has never been studied. In this 

study, we performed extensive somatic mutation discovery to explore neuronal lineages and 

clonal distributions across the human cerebral cortex by using single nucleotide variants (SNVs) 

as genetic markers in the human brain. 

Whole genome sequencing (WGS, 30-40X) of DNA amplified from single neuronal nuclei from 

the prefrontal cortex (PFC) of two post-mortem neurotypical individuals allowed detection of 

potential clonal somatic SNVs, while 200X WGS of DNA from Brodmann areas (BAs) 17 and 

18 of occipital cortex in the same individuals detected hundreds of additional potential clonal 

somatic SNV candidates. These variant candidates were subsequently validated using Sanger and 

other sequencing platforms. Validated clonal variants were further genotyped in additional 

single-neuron genomes from the PFC, as well as in DNA samples from several sites across the 

entire cerebral hemisphere. Genotyping of single cells from PFC allowed construction of a 

single-cell lineage map, with placement of single cells into several distinct clades. Genotyping 

DNA samples from across the cortex assessed topographic patterns of clonal structure. 

SNVs were discovered at a wide range of mosaic fractions, suggesting that high-mosaic SNVs 

occurred during early cell divisions, whereas low-mosaic SNVs likely occurred at later stages. 

Some SNVs occurring at low mosaic fractions (≤1%) show restricted distribution to PFC or to 

BA17, suggesting some clonal restriction. All SNVs discovered so far with mosaic fraction >2% 

were detected widely across the cortex. Our data suggest that small clones contributing ≤1% of 

the cells of a cortical region show modest restriction to cortical areas, but that clones labelled at 

earlier stages show widespread dispersion across the cortex. Overall, our findings using clonal 

variants as lineage markers will expand our understanding of the normal pattern of development 

in the human cerebral cortex. 
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Title: Heterogeneous progenitor behaviour orchestrates mammalian cortical development 
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Abstract: During the development of the mammalian cerebral cortex radial glia cells (RGCs) 

produce different subtypes of excitatory pyramidal cells (PCs). At the population level, these 

cells are generated in an inside-out pattern that is highly correlated with their birthdate 

(Molyneaux BJ. et al, 2007). Although being subject of intense study over the past decades, the 

developmental mechanisms underlying the generation of PC diversity remain unclear. Classical 

models of cortical neurogenesis suggest that PC diversity arises from progressive restriction of 

cortical RGCs that generate PCs for progressively more superficial layers during corticogenesis 

(Quin S. et al, 2006; Guo C. et al, 2013). In contrast, recent studies propose the existence of 

separate pools of progenitor cells with restricted potential to generate specific classes of PCs 

(Franco SJ. et al, 2012). In this study, we combine retroviral lineage tracing and Mosaic Analysis 

with Double Markers (MADM) techniques with Cre/LoxP mouse genetics to trace the progenies 

of individual RGCs in the mouse cerebral cortex. By unbiasedly analysing the outcome of 

hundreds of progenitors, we have obtained information about the contribution of different RGCs 

to the establishment of PC diversity. Our results indicate that the most abundant progenitor cells 

in the rodent cortex have the potential to generate PCs for several cortical layers. However, we 

also observe that the diversity of RGCs or their behaviour is larger than previously recognized. 

In addition, only a small fraction of cortical lineages contains of all the different subtypes of PCs, 

while most progenitors only generate a few of them. This diversity of cortical progenitor 

behaviours may play a prominent role in the orchestration of the complex and diverse laminar 

organisation of different areas across the mammalian cerebral cortex. 
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Abstract: BACKGROUND Recently, various hypothalamic neurons have been successfully 

engineered from pluripotent stem cell lines. The in vitro production of most types of the rostral-

hypothalamic neuron from pluripotent stem cell would have various advantages on the studies on 

specification, migration, drug development, and regenerative medicine. So far, we have 

established the method to purify hypothalamic precursors from embryoid culture of mouse 

embryonic stem cell (mESC) to remove undifferentiated cells that would inhibit neural growth. 

Also, we have defined the conditions to selectively induce hypothalamic neuron by modulating 

sonic-hedgehog pathway that is essential for dorso- ventral axis of neural organogenesis. The 

vasopressin neuron from mESC is functionally equivalent to the intrinsic one in various aspects 

of morphology, endocrinology, and electrophysiology. With an aim to assess the possibility to 

regenerative therapy for hypothalamic diseases, we have grafted mESC derived hypothalamus to 

mouse or rat brain. METHODS and RESULTS EB5, a mESC cell line, was transfected with 

Rosa26 targeting vector Ai9, and then treated with Cre recombinase to stably express tdTomato 

(EB-Tomato). EB-Tomato was induced to hypothalamus by floating culture method and purified 

using cell-surface antigens to remove undifferentiated, or mesodermal, or endodermal cells. For 

differentiation, these cells were enzymatically dissociated and cultured on RepCellTM dish. After 

28days when cells are fully developed hypothalamic nature, cells were dissociated again and 

transplanted to hypothalamic region using the stereotaxic apparatus on either of SCID/NOD mice 

or Splague Dawley rat brain at two days post-delivery. Either in allograft and heterograft, Td-

Tomato positive neuron survived around the supraoptic region of hypothalamus for 30 days. 

Some grafted neuron migrated up to 750 um and directly contacted with intrinsic vasopressin 

neurons. Immunoreactivities of vasopressin, NPY, or POMC were found in some of the grafted 

cells. CONCLUSION We have illustrated that the allo- and hetero-graft of hypothalamic neuron 

from in vitro organogenesis of mESC is possible. These results will proceed the regenerative 

therapy for various hypothalamic disorders. 
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Abstract: Although neural stem cell (NSC) injection therapy has been shown to promote 

functional recovery after spinal cord injury (SCI), the exact mechanism is not clear. In the 

current study, we injected primary NSCs isolated from EGFP expressing (EGFP+) transgenic 

mice into the area of direct injury to examine the survival, differentiation and migration of the 

transplanted NSCs. Mice were randomly divided into control (30), injury (30) and NSC-

treatment groups (30). SCI was introduced using Allen’s contusion model for the injury and 

NSC-treatment groups. For the treatment group, 1×106 EGFP+-NSCs were injected into the area 

of direct injury. The Basso Mouse Scale (BMS) and inclined plane test were used to evaluate the 

behavioral recovery at 1week (w), 2w, 4w, 6w and 8w after the SCI. At each time point, 6 mice 

in each group were sacrificed to detect changes in Nissl bodies, and the expression of Nestin, 

ChAT and GFAP using Nissl staining, immunohistochemistry (IHC) and qPCR. The BMSs of 

mice were 0 after SCI. They were significantly higher in the NSCtreatment group than injury 

group at 2w (p<0.05). The inclination angle of the swash plate was also significantly higher in 

the NSC-treatment group than the injury group after 4w (p <0.05). The IHC staining showed that 

transplanted EGFP+-NSCs can survive, differentiate and migrate to other areas of the body. We 

observed that some NSCs differentiated into glia, a smaller number into neurons, while some 

remained undifferentiated. The qPCR results were consistent with the IHC data. At 1w after 

injection, Nestin expression was detected in both the injury and treatment groups with the latter 

group significantly higher than the former. The difference diminished at 2w after injection and 

the level of Nestin expression was similar to the control group at 6w after injection. The ChAT 

expression in NSC-treatment and injury groups decreased initially at 1w and then began to 

increase at 2w after SCI, with the former significantly higher than the latter. Similarly, the GFAP 

expression was also increased in both NSC-treatment and injury groups after SCI, with the NSC-

treatment group lower than the injury group. A reduced number of Nissl bodies in NSC-

treatment and injury groups were observed at 1-2w after SCI. However, after the emergence of 

new Nissl bodies at 4w, the number of Nissl bodies in the NSC-treatment group was higher than 

that in the injury group. In conclusion, we observed that the transplanted NSCs can survive, 

differentiate and migrate in host mouse after SCI. The behavioral tests also showed that the 

NSCs can promote functional recovery, likely by forming a conducive micro-environment to 

resume and facilitate the recovery of SCI. 
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Title: The neurodevelopmental toxin methylazoxymethanol (MAM) induces DNA methylation 
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Abstract: iPSC-derived cortical human neuroprogenitor cells (hNPCs) are a powerful tool to 

explore the role of environmental chemicals in neurodevelopmental disorders (NDDs). To 

determine if toxins can induce epigenetic changes in developing human neurons we used 

methylazoxymethanol (MAM), a chemical that produces NDDs (e.g., schizophrenia, epilepsy) in 

rodent models. First, hNPCs were treated with 100 ∝M MAM for 24h and then induced to 

differentiate into cortical glutamatergic neurons. DNA from hNPCs was isolated before and 

immediately after MAM treatment and after the toxin treated hNPCs had been differentiated for 

5 days. DNA methylation was examined using the Illumina TruSeq Methyl Capture method. 

Differentially methylated regions (DMRs) were identified using Methylkit and the closest 

transcription start site (TSS) for each DMR was annotated. We compared MAM-treated hNPCs 

with control hNPCs at 24h (1,378 DMRs) and after differentiation for 5 days (1,553 DMRs) to 

identify targeted pathways. GO (gene ontology) analysis of MAM treated (24h) vs. control 

hNPCs only identified a single pathway (developmental process) that was enriched in DMRs. In 

contrast, multiple GO pathways (e.g., synaptic transmission, nervous system development, signal 

transduction) were identified in differentiated hNPCs derived from the MAM treated hNPCs. A 

KEGG Pathway analysis confirmed that the DMR-enriched genes of hNPCs at the 24h time-

point of MAM treatment were limited (10 pathways) and non-neuronal specific. In contrast, 

KEGG Pathway analysis of the DMR-enriched genes of 5-day differentiated neurons identified 

37 pathways after MAM treatment, many involved in neuronal differentiation and function (e.g., 

glutamatergic function, axon guidance, signal transduction). Thus, the MAM-induced epigenetic 

changes specifically targeted neuronal pathways during the differentiation of human neurons. 

These studies indicate that MAM induced changes in the DNA methylation of genes involved in 

the differentiation of human neurons and are consistent with the ability of this developmental 

toxin to disrupt glutamatergic function in rodent models of schizophrenia and epilepsy by 

epigenetic changes. Thus, MAM treated hNPCs are a good model for identifying epigenetic 

mechanisms that underlie NDD. 
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Abstract: Induced pluripotent stem cells (iPSCs) are an important and dynamic model for the 

study of human diseases. It has been demonstrated that iPSCs can be differentiated into neurons, 

astrocytes, and microglia, and cultured in 2D and 3D systems. Current 3D models are primarily 

in the form of organoids, which are a good structural model for iPSCs due to their self-

organizing nature. While the 2D and organoid models are dynamic, there are significant 

limitations. 2D cultures cannot accurately mimic diverse cell types and interactions. Organoids 

have weak flow of nutrients and oxygen to the system, resulting in hypoxia in the innermost 

cellular layers, caspase activation, and necrosis after longer periods of time. This results in the 

inability of the organoid to develop past fetal stages, making it difficult to study an aging system. 

Lack of compartmental control resembling the structure of a brain makes it difficult to culture 

diverse cell types that would create a representative human brain environment. To address these 

limitations, we have developed a novel 3D model for culturing iPSC-derived cells. We have 

integrated neural precursor cells (NPCs) derived from an EB protocol into a donut-shaped porous 

silk sponge with an optically clear collagen-filled central window. The NPCs then differentiate in 

culture into hNeurons, growing processes and maturing in their synaptic activity. 

Immunostaining and gene expression analysis for specific cell type markers identify diverse cell 

populations including neurons and astroglial cells in brain-like tissue. Furthermore, neurons are 

spontaneously active as shown by electrophysiological recordings and calcium imaging over at 

least 9 months in culture. The spacious silk pores allow for free diffusion of nutrients and 

oxygen, preventing necrosis and allowing us to perform long term in vitro studies (over a year). 

Whereas before, to study the cellular interactions occurring inside an organoid, invasive 

procedures would have to be performed. With our model, you have a clear look into the network 

through this central window that doesn’t disrupt the system. The window provides easy access 

for live imaging and electrophysiological studies, differing it from a classic organoid. Our model 

also allows for the possibility of a co-culture of neurons and microglia, mimicking realistic 



human brain environments. Due to these advancements, this model could have a big impact on 

the study of neurodegenerative diseases, and beyond. 
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Abstract: Structural and transcriptional changes during early brain maturation follow fixed 

developmental programs defined by genetics. However, the physiological mechanisms leading to 

the emergence of an active neural network are not well understood, primarily due to 

experimental inaccessibility of the initial stages of the living human brain. Here, we developed 

cortical organoids that spontaneously exhibit periodic and highly regular oscillatory network 

events, followed by a transition to irregular and spatiotemporally complex patterns. Oscillatory 

network events mediated delta-high gamma phase-amplitude coupling, while GABAergic 

blockade increased network-synchronous events and abolished oscillatory dynamics. 

Additionally, we found that the Methyl-CpG-binding protein 2 (MECP2) is important for the 

timely emergence of synchronous oscillatory activity, corroborating that functional maturation 

might be compromised in MECP2-related genetic disorders. Finally, a machine learning 

approach was used to demonstrate that network activity between 28- to 38-week-old organoids 

closely mimics features of late-stage preterm infant electroencephalography. These results argue 



that experience-independent cortical activity may also follow stable genetic programming, as a 

convergent feature of the early developing human brain. By closing the gap between in vitro 

neurodevelopmental models and the brain, this study provides heretofore unique opportunities 

for investigating and manipulating the role of synchronous network activity in the developing 

human nervous system. 
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Abstract: Human pluripotent stem cells (hPSCs) can serve as effective in vitro models of both 

neural development as well as neurodegeneration, as they can give rise to all cell types of the 

body and be expanded indefinitely. Additionally, when derived from specific patient populations, 

they can serve as powerful tools for disease modeling as well as pharmacological screening. 

However, in order for hPSCs to optimally serve in these capacities, they must fully recapitulate 

the features of the affected in vivo cell type, including the ability to exhibit mature neuronal 

characteristics. Retinal ganglion cells (RGCs) serve as the essential connection between the eye 

and the brain, with this connection disrupted in blinding disorders such as glaucoma, causing 

severe degeneration and eventual death of RGCs. Previously, we have demonstrated the ability 



to derive RGCs from hPSCs, including those derived from specific glaucoma patient 

populations. However, these cells demonstrated a limited ability to exhibit a number of features 

of mature RGCs. Thus, efforts of the current study were focused to characterize the functional 

maturation of hPSC-derived RGCs in vitro based upon morphological complexity and 

electrophysiological properties. hPSC-derived RGCs demonstrated increased neurite complexity 

over time, increased ionic currents and excitability, and displayed increased expression of 

synaptic proteins. Furthermore, the interplay of RGCs and astrocytes have been largely 

overlooked to date, with these cells being known to tightly associate within the in vivo retina. As 

such, additional efforts focused on co-culturing RGCs with astrocytes to determine their effects 

on synaptic complexity and functional maturation. RGCs co-cultured with astrocytes 

demonstrated enhanced and expedited morphological and functional characteristics compared to 

RGCs cultured alone. The results of this study are the first of its kind to extensively study the 

functional and morphological maturation of RGCs in vitro as well as study how astrocytes 

modulate and expedite this maturation when grown in association with RGCs. 
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Abstract: At present, available differentiation protocols from embryonic and induced pluripotent 

stem cells (iPSCs) to neurons show a high heterogeneity in the produced cell fates and cellular 

states. Therefore, the alterations in molecular and cellular endophenotypes are frequently 

dominated by the effect of technical and biological noise rather than the individual genotype. 

Thus, highly reproducible in vitro differentiation approaches are essential for robust 

quantification of endophenotypes to study highly polygenic diseases driven by genetic variants 

with individual small effect sizes. Here we present a standardized pipeline for the in vitro 



differentiation and characterization of cortical excitatory neurons from schizophrenic patients 

and controls offering a unique workflow for larger cohorts. 

Making use of the recently reported Neurogenin-2 driven transdifferentiation which further 

patterns the emerging neurons by inhibition of the SMAD- and WNT pathway (Zhang et al.; 

Nehme et al.), the homogeneity of the generated neuronal population was verified by the cellular 

endophenotype. To that end, we took advantage of a High-Content Screening imaging system to 

quantify excitatory cortical identities (Tbr1, Cutl1, Satb2) and neuronal properties such as neurite 

and synaptic morphology (Synpasin, PSD95). In addition, we analyzed the network formation of 

functional neurons by electrophysiological measurements. 

In order to facility an in-depth analysis of the link between the genome, the epigenome (Assay 

for Transposase-Accessible Chromatin using sequencing) and, the transcriptome (mRNA 

sequencing) we mapped regions of open chromatin and correlated changes in enhancer activity 

with RNA-Sequencing data for individual genetic backgrounds. To account for the fact that the 

epigenetic landscape changes upon neuronal activity, we additionally included in our paradigm 

the stimulation of neurons by potassium chloride (KCl). 

Our standardized workflow offers the promising strategy to capture the impact of the polygenic 

disease burden of individual patients suffering from complex diseases such as schizophrenia, in a 

homogeneous disease relevant cell population. 
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Abstract: A rare 650 kb duplication on chromosome 16p11.2 (dup16p11.2) is associated with 

neurodevelopmental disorders, schizophrenia, and bipolar disorder. This project aims to explore 

the use of induced pluripotent stem cell (iPSC) technology to study the biological impact of 

dup16p11.2 in neural cells and screen for therapeutic agents. Fibroblast samples were obtained 



from 3 carriers and 3 sex-matched non-carriers belonging to an extended family ascertained 

through a proband with bipolar disorder. We also obtained additional unrelated carriers from the 

Rutgers Univ. Repository. All iPSC were reprogrammed using lentiviral methods, then 

differentiated into neural progenitor cells, neurons, or astrocytes using published protocols. Some 

cells were treated with valproic acid (VPA) at 1 mM dosages often used to treat bipolar disorder. 

Neurons were characterized with immunostaining and confocal microscopy. Genome-wide gene 

expression was measured by microarray or RNA sequencing. Several genes within the duplicated 

region showed increased expression in carriers compared to non-carriers. In neurons, ALDOA, 

KCDT13, KIF22, PPP4C, QPRT, and TMEM219 showed the greatest increase (1.5- to 2-fold). 

Carriers showed more neurite formation during the first two weeks of neural progenitor cell 

differentiation, but developed fewer MAP2-positive neurons after 4 weeks (ratio of carriers:non-

carriers = 72%). MAP2-positive neuron counts remained lower in carriers even after more than 8 

weeks of culture (ratio< 50%). Consistent with these observations, gene set enrichment analysis 

of the many genes differentially expressed in carriers revealed significant decreases in GO terms 

related to neuronal differentiation ( P<2.29E-14, activation z-score, -2.2), brain development ( 

P<2.69E-19, activation z-score -1.82), synaptic transmission(P<1.26E-08, activation z -score -

2.0), and enrichment for the glutamate receptor signaling pathway (P<5.17E-06). VPA treatment 

for 5 wks during neuronal differentiation led to increased counts of mature neurons in carriers. 

These early data show that dup16p11.2 leads to increased expression of genes within the 

duplicated region and a marked reduction in the differentiation and survival of neurons that is 

partly rescued by VPA. The dup16p11.2 also perturbed expression of large sets of genes 

involved in important neurodevelopmental pathways. Patient-specific iPSC are a promising 

approach to the neurobiology of rare copy number variants associated with neuropsychiatric 

disorders and may provide an efficient platform for screening novel therapeutics. 
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Abstract: Neuroscience harnesses experimental systems that span a wide range of spatial and 

temporal scales from fMRI in humans, (opto)genetics in living animals, to single cell 

electrophysiology and molecular biology in slice and cell cultures. The overlaps and connections 

between these systems have greatly advanced our understanding of brain and behavior. Here we 

describe a preliminary approach to address a current gap in this network of experimental models: 

the ability to manipulate and track dynamic molecular- and cellular-scale responses in human 

systems, especially in high throughput. We will describe preliminary work generating 2D and 3D 

ex vivo neural cultures derived from human pluripotent stem cells. Interfacing molecular biology 

manipulations with these systems, we are engineering robust assays to quantify a broad range of 

input-output characteristics of different human neural cell types including changes in synaptic 

activity and gene expression in response to neurotransmitters and other external stimuli. In 

addition, as a first step in trying to bridge the gap between neuronal cell culture and in vivo 

complexity, we are synthetically networking distinct cell types known to naturally synapse to 

each other in the brain. This work engineers complementary tools for the neuroscience 

community that are easily manipulated and tracked at the molecular and cellular scales, and 

whose complexity can be gradually built up and tested in stages. 
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Abstract: Although it is generally accepted that a cellular differentiation, stress responses, and a 

neuronal activity require changes to transcriptional networks, more dynamic regulation of 

promoters and enhancers at specific sets of genes has not been widely analyzed. Especially, little 

is known about how neuronal activity regulates gene promoter and enhancer activation in human 

brain; partially known in a rodent brain. In this study, we aimed at the technologies using human 

pluripotent stem cell. A newly efficient neuronal induction method leads to generate ~95 % 

neurons (regionally identified to forebrain) from human pluripotent stem cells. These neurons 



exhibit the adequate expression levels of glutamate receptors, synaptic morphologies, and 

electrophysiological responses. After treating with glutamates, we harvest total RNA, including 

mi/lncRNAs, with time. To comprehensively profile the activity of gene transcription at each 

promoter site, we performed a powerful high-throughput technology called cap-analysis gene 

expression (CAGE), which allows to map the transcription start sites (TSSs) and the core 

promoter dynamic usage. CAGE uses the cap-trapping as the first step to capture the 5’ ends of 

the cDNAs, which are then transformed into short stretches corresponding to the mRNA TSSs 

and concatenated for Sanger sequencing, while the further studies enabled it to be adapted to the 

next-generation sequencing platforms. Interestingly, we found out much products of which TSSs 

are different in a single gene, according to glutamate processing time. Moreover, we identified 

human-specific potential TSSs of genes, including synapse plasticity, learning and memory, cell 

morphology-related genes. We are now studying about these TSSs in iPSCs derived from 

patients with neuropsychiatric disorders or developmental disorders. 
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Abstract: The cerebrum is a major center for brain function, and its activity is derived from the 

assembly of activated cells in neural networks. It is currently not possible to study complex 

human cerebral neuronal network activity at single cell resolution. Here, using cerebral 

organoids, we report self-organized and complex human neural network activity that 

dynamically changes with drug treatment at single cell resolution. Self-organized neuronal 

network formation was observed following a dissociation culture of human embryonic stem cell-

derived cerebral organoids. The spontaneous and synchronized activities of different networks 

was measured via calcium imaging, and subsequent novel analysis enabled examination of cell 

activity at single cell resolution, providing simultaneous raster plots, cluster analyses, and cell 

distribution data. Finally, we demonstrated the feasibility of our system to assess drug-inducible 



dynamic changes of the network activity. This model could provide a comprehensive functional 

analysis of human neuronal networks for the study of human brain function. 
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Abstract: Silver nanoparticles (AgNPs) are important nanomaterials that are involved in 

biomedical applications because of their anti-bacterial and anti-viral activities, and have been 

applied in broad consumer products, including cosmetics and textiles. Despite their extensive 

use, AgNPs have been reported to cause various types of cytotoxicity, including developmental 

toxicity and neurotoxicity. However, the potential action of AgNPs on early fetal development 

has not been elucidated. The present study determined the effects of AgNPs on neural induction 

in human induced pluripotent stem cells (iPSCs), used as a model of human fetal stage. We 

found that exposure to AgNPs reduced the expression of several marker genes, including OTX2, 

a marker of neurogenesis in the neural induction from iPSCs. Since neural differentiation 

requires ATP as a source of energy, the intracellular ATP content was also measured. We found 

that AgNPs decreased intracellular ATP levels in iPSCs. Since AgNPs suppressed energy 

production, a critical mitochondrial function, the effects of AgNPs on mitochondrial dynamics 

were further studied. The results revealed that AgNPs induced mitochondrial fragmentation and 

reduced the level of mitochondrial fusion protein mitofusin 1 (Mfn1). Moreover, we found that 

knockdown of Mfn1 in iPSCs inhibited neural induction via OTX2 downregulation. Taken 

together, these data suggested that AgNPs could induce cytotoxicity, including 

neurodevelopmental toxicity, via Mfn1-mediated mitochondrial dysfunction in iPSCs. Thus, 

mitochondrial function in iPSCs can be used for assessing the cytotoxic effects associated with 

nanomaterials, including AgNPs. 
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Abstract: Recent advances in stem cell technology have enabled in vitro generation of 

hypothalamic neurons from mouse and human pluripotent stem cells. In the case of mouse 

embryonic stem cells (mESCs), hypothalamic differentiation is efficiently induced by three-

dimensional culture in a growth factor-free medium (Wataya et al., 2008, PNAS). In this method, 

about 70% of total cells acquire hypothalamic progenitor identity within 1 week, but the 

remaining portion contains undifferentiated cells as well as mesendodermal lineages. Of note, the 

undifferentiated cell population exhibits a high level of proliferative activity and can negatively 

affect survival of developing neurons. To overcome this problem, we have previously purified 

GFP-labeled hypothalamic progenitors by fluorescence-activated cell sorting (FACS), which was 

often cytotoxic and low-yielding for the progenitors. In the present study, we developed a novel 

purification method for mESC-derived hypothalamic progenitors without genetic manipulation 

and significant cytotoxicity. We have identified cell surface markers specific to non-

hypothalamic lineage cells by analyzing surface antigen profiles of differentiating mESCs. By 

use of the antibody cocktail against these markers, non-hypothalamic cells were labeled with 

fluorophores or magnetic beads and then depleted by FACS or magnetic-activated cell sorting 

(MACS). This process retrieved hypothalamic progenitors with purity > 90%, and MACS greatly 

surpassed FACS in the viability and yield of the purified cells. Subsequent differentiation steps 

generated a variety of hypothalamic neurons and glial cells without emergence of 

undifferentiated cells. The engineered hypothalamic tissues with this method would be useful on 

basic sciences, drug-development, and regenerative medicine. 
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Abstract: Electrical activity development of embryonic rat cortical neurons has been typically 

measured using microelectrode array (MEA) technology, which enables efficient study of 

populations of neurons and allows repeated measurements of the same network. Although rodent 

MEA studies form the basis for the technology, human specific characteristics need to be better 

evaluated for applications such as in vitro models and drug discovery. In the present study, 

human pluripotent stem cells (hPSC) were differentiated to cortical neurons and their functional 

development was compared with primary rat cortical cultures (E17-E18). The hPSCs 

differentiated into mixed neural culture where development of neurons was followed by 

emergence of astrocytes after extended culture time. Neurons expressed markers for both upper 

and lower cortical layers and consisted mainly of glutamatergic and GABAergic subtypes. The 

MEA data demonstrates that with current differentiation method for hPSC-derived cortical 

neurons we can achieve spike rates close to that seen in rat cortical networks in vitro. 

Importantly, hPSC-derived neurons formed connective networks that reflect those described with 

rat cortical cultures. Network wide synchronous bursting behavior was evident in both rat and 

hPSC-derived cultures, and hPSC-neurons sustained their synchronicity through the 

measurement period up to 100 days. Achieving repeatedly synchronous network wide activity in 

hPSC-derived neuronal cultures demonstrates feasibility of these cells for applications such as in 

vitro modeling in order to discover human specific outcomes. 
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Abstract: Retinal ganglion cells (RGCs) serve as a vital connection between the eye and the 

brain and as such, the loss of RGCs often leads to blindness. Human pluripotent stem cells 

(hPSCs) can be differentiated into RGCs, providing an unlimited source of cells for translational 

strategies such as disease modeling, cell replacement, and drug screening. The success of these 

strategies depends on the ability of RGCs to extend lengthy neurites which integrate with an 

appropriate target tissue. Additionally, once this axonal pathfinding is accomplished, these axons 

must also be able to form functional synaptic connections. During development, intrinsic and 

extrinsic cues such as neuronal activity, extracellular matrix composition and growth factor 

signaling are beneficial for survival, proper guidance and innervation of RGC axons. However, 

many previous studies of RGC outgrowth have been based on animal models with little emphasis 

on the response of human RGCs to these factors. Therefore, the development of an in vitro 

model utilizing hPSC-derived RGCs would allow for the precise study of factors that may 

enhance axonal outgrowth and encourage synaptogenesis of RGCs with their target tissue. As 

such, efforts have focused on the development of effective assays to test the ability of hPSC-

derived RGCs to extend axons in response to a variety of cues as well as display target 

specificity. In order to better identify those guidance receptors expressed specifically within 

hPSC-derived RGCs, the transcriptional profiles of individual cells were analyzed. Results 

demonstrated that these cells possess receptors that are essential in influencing outgrowth as well 



as target specificity. Subsequently, the ability of both extrinsic and intrinsic factors to enhance 

RGC neurite outgrowth was analyzed. Enriched populations of RGCs were isolated and plated to 

allow for neurite outgrowth, with significant outgrowth observed within the first 24 hours. 

Finally, to determine target specificity aggregates of hPSC-derived RGCs were co-cultured with 

explants of mouse lateral geniculate nucleus (LGN), the primary post-synaptic target of RGCs. 

RGCs displayed target specificity with the longest neurites projecting towards LGN explants. 

Overall, these results will facilitate the replacement of RGCs following their loss due to disease 

and degeneration, as extensive axonal outgrowth will be critical for the development of 

personalized transplant therapies for optic neuropathies. 
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Abstract: Neurogenesis and synaptogenesis are impaired in Alzheimer’s disease (AD). We have 

investigated the role of over activation of the ryanodine receptor (RYR) Ca2+channel on 

neurogenesis and synaptogenesis, and the potential beneficial effects of dantrolene on induced 

pluripotent stem cells (iPSCs) from AD patients. iPSCsfrom normal control, sporadic AD 

(SAD), and familiar AD(FAD) patients were cultured and developed into neuroprogenitor cells 

(NPCs). These cells were thencultured into cholinergic neurons in the presence or absence of 

dantrolene. Cell viability were measured by 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) reduction, and the proliferation was determined by cell 

number counts with trypan blue exclusion and bromodeoxyuridine (Brdu) incorporation. 



Autophagy activity and flux were determined by measuring the LC3 II protein levels with or 

without the autophagy flux inhibitor (Bafilamycin). The cytosolic calcium concentrations 

([Ca2+]c) were measured using dye Fura-2. Neurogenesis process (iSPC to NPC to cholinergic 

neurons), lysosome V-ATPase, and synaptogenesis were determined and compared using 

immunostaining. Neurogenesis from NPC to cholinergic cortical neurons, was significantly 

impaired in SAD, which was inhibited by dantrolene. Mean numbers of intersections between 

dendrites and concentric circles of these cortical neurons were shown as a function of the 

distance (μm) of the circles from the soma. The distances were significantly decreased in both 

SAD and FAD, which was inhibited by dantrolene in the SAD cells. Synaptic density, 

determined by presynaptic marker synapsin-1 and postsynaptic marker PSD95 double 

immunostaining, significantly decreased in both SAD and FAD cells, and was inhibited by 

dantrolene in FAD cells. The differentiation of NPC into cortical neurons wassignificantly 

decreased in both SAD and FAD cells, and was ameliorated by dantrolene treatment. Cell 

viability and proliferation in both SAD and FAD were impaired, andassociated with significantly 

low lysosome V-ATPase and low acidity, which were inhibited by dantrolene. Autophagy was 

impaired in SAD and FAD, and dantrolene promoted the autophagy induction and activity. 

Dantrolene significantly inhibited NMDA mediated elevation of [Ca2+]cby primary antagonism 

of RYR in both SAD and FAD cells.Our results suggest that dantrolene ameliorated 

theimpairment of neurogenesis and synaptogenesis, in association with its effects on intracellular 

Ca2+ and autophagy, in iPSC from either SAD or FAD patients. 
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Abstract: The propensity for differentiation varies substantially across human pluripotent stem 

cell (hPSC) lines. This greatly restricts the potential of using hPSCs for stem cell-based 

therapies. Thus, understanding the underlying mechanisms regulating multilineage 

differentiation of hPSCs is of great value for regenerative medicine. In a prior study, we reported 

that culturing hPSCs in dimethylsulfoxide (DMSO) prior to directed differentiation enhanced 



differentiation across all three germ layers. Moreover, the DMSO treatment promoted activation 

of the retinoblastoma protein (Rb) and reduced hyperphosphorylation of Rb. The percentage of 

hPSCs in the early G1 phase of the cell cycle also greatly increased. In this study, we 

demonstrate that the DMSO treatment improves the efficiency of hPSC differentiation through 

the Rb-E2F pathway. We employ four different strategies to manipulate the activity of Rb in 

hPSCs: knockdown of Rb alone using short hairpin RNA against the Rb protein, inactivation of 

all Rb family members (Rb, p107, and p130) using an inducible lentiviral vector that expresses 

the dl1137 mutant of SV40 T antigen, overexpression of a constitutively active (non-

phosphorylatable) form of Rb to activate Rb, and inhibition of downstream Rb targets (e.g. E2F 

pathway). While knockdown of Rb and its family members suppresses differentiation across all 

three germ layers following the DMSO treatment, transiently activating Rb mimics the DMSO 

effect and increases differentiation capacity. Inhibition of the E2F pathway also increases the 

differentiation capacity of hPSCs. Activation of Rb is also associated with increased chromatin 

accessibility of several early developmental genes in a cell cycle dependent manner in hPSCs. 

These results highlight an important role for transient activation of Rb in hPSC differentiation. 

Using these mechanistic insights, we identify new tools to improve the prospects of using human 

pluripotent stem cells for therapy, particularly for neurodegenerative and neuropsychiatric 

disorders. 
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Abstract: The neocortex consists of both excitatory projection neurons and inhibitory 

interneurons, with each population undergoing fate specification through an intricate cascade of 

molecular events during development. Current protocols to pattern human pluripotent stem cells 



(hPSC) to fate-specified cortical neurons take between one to three months, with limited efficacy 

and functionality. Using hPSCs that harbor transgenic green fluorescent protein (GFP) reporters 

for putative deep layer cortical neurons (FEZF2::GFP) or interneurons (NKX2.1::GFP), we have 

identified molecular pathways essential for neural progenitor cell proliferation. After screening 

for small molecule inhibitors of these signaling pathways, we identified a combination that 

enhanced the specification of forebrain-patterned neural progenitor cells into post-mitotic 

cortical neurons within three weeks. We characterized these neuronal subgroups by using 

immunocytochemistry, fluorescence activated cell sorting (FACS) analysis, and quantitative 

polymerase chain reaction (qPCR). Furthermore, after enriching for post-mitotic neurons using 

fluorescently-conjugated antibodies and GFP by FACS, these neurons will be grafted into 

neonatal immunocompromised mice to determine their integrative capacity and axonal 

trajectories from the cortex. Our results establish rapid and efficient methods to enhance the 

specification of cortical neuronal fates, and their potential for functional integration will be 

essential for future disease modeling or cell-based therapies. 
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Abstract: The cerebellum plays a critical role in motor control, including eye saccades, balance, 

and coordination. Recent studies have also highlighted a role for the cerebellum in non-motor 

functions, including feed-forward learning, visuo-spatial memory, attention, and emotion. 

Developmental defects in cerebellar control of these motor and cognitive functions likely 

contribute to diseases associated with cerebellar pathology and dysfunction, such as autism and 



ADHD. While mouse models of such complex disorders have provided critical insights, mouse 

genetic models do not always recapitulate human disease phenotypes. Human embryonic stem 

cells (hESCs) provide an opportune system to model human neurodevelopmental disorders. 

Sundberg et al. used this approach to analyze TSC2 patient-derived Purkinje cells. Here we 

describe a novel method to generate Purkinje cells from hESCs and use transcriptional profiling 

to compare hESC-Purkinje cell development to mouse Purkinje cell development. 

A method to differentiate hESCs into Purkinje cells was developed by recapitulating key 

developmental signaling events to guide the hESCs from neural induction through cerebellar 

specification, Purkinje cell generation, and finally maturation. Transcriptional profiling 

(RNAseq/microarray) was used to assess cell identity and maturation state of differentiating 

hESC-Purkinje cells in comparison to developing mouse Purkinje cells at various time points. To 

extract cell-type specific RNA from mixed cultures and from whole mouse cerebellum we used 

translating ribosome affinity purification (TRAP). In this method, a GFP-L10a ribosomal fusion 

protein is expressed in a Purkinje cell specific manner using Pcp2 genetic elements. TRAP 

allows extraction of cell type specific RNA directly from mixed cultures without the need for 

dissociation. Extracted RNA was subjected to RNAseq/microarray analysis and results were 

assessed using metagene projection. Results from these studies provide important insights into 

Purkinje cell development and will be useful in assessing changes in patient iPSC-derived 

Purkinje cells. 
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Abstract: Background: Human induced pluripotent stem cells (hiPSCs)-derived NPCs 

represents potential cell source for cell-replacement therapies in treatment of a variety of 

neurodegenerative disorders. One of the critical denominator in developing clinical grade NPC 

cell lines is defined by cell line: i) expandability, ii) genetic stability, and, iii) predictable in vivo 

post-grafting differentiation and safety profile. In addition the in vivo cell delivery format (i.e. 

single cell suspension or neurospheres) is important in achieving a consistent cell densities to be 

delivered into intended in vivo target(s) such as brain or spinal cord. In our current study we 

tested our previously developed protocol to generate expandable, single cell monolayer-grown 

NPCs by using manual selection of morphologically-defined NPCs clones. Method: Established 

hiPSCs, generated by reprogramming of peripheral blood mononuclear cells with Sendai virus 

vectors encoding Yamanaka factors was used. First, to generate the hiPSC-derived NPCs, the 

iPSC colonies were induced to form embryoid bodies (EBs). EBs were then transferred to poly-

L-Ornithine / Laminin (PLO/L) coated dishes in NPC media supplemented with 20 ng/ml of 

bFGF, until the formation of neural rosettes was observed. Then neural rosettes were 

differentiated to the NPCs. Morphologically-defined NPCs colonies (100-200 cells) were then 

manually isolated and further expended for more than 10 passages. Established NPCs were 

characterized by following methods: 1) karyotype stability, 2) immunofluoresecence staining 

with markers of: pluripotent cells, neural rosettes and neural stem / neural progenitor cells, 3) 

flow cytometry analysis: NPCs markers, 4) 3-4 weeks induction by withdrawal of bFGF, and, 5) 

the presence of spontaneous oscillation in cytosolic calcium in induced neurons, and 6) by 

grafting of NPCs into the striatum or spinal cord in the immunosuppressed rats. Results: 

Established iPSC-NPCs showed: i) normal karyotype at passage 12, ii) expression of markers 

typical for NPCs (but not pluripotent or neural rosettes markers), iii) differentiation into all three 

neural cell types (neurons, astrocytes, oligodendrocytes), and, iv) ability of terminally 

differentiated neurons to generate action potential (calcium oscillation) in vitro. Conclusion: 

These data demonstrate that human iPSC-derived NPCs can be effectively generated and 

expanded in vitro. Established cell line has a typical characteristics of committed NPCs line with 

no residual pluripotent contaminants. A long-term in vivo grafting studies will define the safety 

and tumorigenic potential of generated iPSC-NPCs. 
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Abstract: During embryonic development, Wnt signaling pathway regulates self-renewal, 

maintenance and differentiation of neural progenitor cells (NPCs). In the adult brain, Wnt 

signaling regulates dendrite development, synapse formation and synaptic plasticity. 

Specifically, Wnt5a ligand, which is expressed in adult brain and activates non-canonical Wnt 

signaling cascades, is essential for dendritic spine morphogenesis and for maintenance of 

dendritic arbor. Here, we evaluated the role of Wnt5a in differentiation of adult neural progenitor 

cells (aNPCs) isolated from the hippocampus of 6-week-old mice and in development of aNPCs-

derived neurons. aNPCs were maintained in serum-free media supplemented with EGF and FGF-

2. Differentiation was induced by growth factors withdrawal in the presence or absent of Wnt5a 

and specific inhibitors of Wnt signaling cascades. We evaluated neuronal and astrocytic 

differentiation using the immature neuronal marker DCX and the astrocytic marker GFAP, 

respectively. Morphological development was assessed in neurons positive for DCX using 2D 

reconstructions. We determined that recombinant Wnt5a induced differentiation of aNPCs into 

neurons without affecting astrocyte differentiation. In addition, Wnt5a induced an increase in 

total neurite legth and number of intersections, and increased morphological complexity assessed 

by Sholl analysis. CamKII inhibitor KN93 prevented the effect of Wnt5a on neural 

differentiation while treatment with the PKC inhibitor Go6976 or the JNK inhibitor TAT-TI-JIP 

had no effects. On the other hand, morphological effects of Wnt5a were prevented by KN93 and 

TAT-TI-JIP but not by Go6976. These results suggest that Wnt5a induces neuronal 

differentiation of aNPCs through activation of Wnt/Ca2+pathway and induces morphological 

development aNPCs-derived neurons through both non-canonical Wnt signaling cascades, 

Wnt/Ca2+ and Wnt/PCP. 
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Abstract: Investigating human oligodendrogenesis and the interaction of oligodendrocytes with 

neurons and astrocytes is necessary for understanding essential developmental pathways and the 

mechanisms underlying white matter disorders. However, this is challenging due to the 

inaccessibility of primary tissue and the limitations of current in vitro models. Here, we develop 

a novel differentiation method of human pluripotent stem cells (iPSCs) to generate neural 

organoids or spheroids that contain oligodendrocytes as well as neurons and astrocytes. We 

demonstrate that the oligodendrocytes derived by our method advance through developmental 

stages and are transcriptionally similar to oligodendrocytes derived in vivo. iPSC-derived 

oligodendrocyte progenitor cells migrate in 3D and the process can be visualized and analyzed 

by live imaging. Mature oligodendrocytes cease migrating and myelinate neurons produced in 

the same neural spheroid. This method can be used to study oligodendrocyte development, 

migration, and myelination, as well as alterations to these mechanisms as they occur in white 

matter disorders. 
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vitro and integration in vivo upon transplantation 
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Abstract: Huntington’s disease (HD) is a neurodegenerative disorder affecting forebrain 

neurons, with striatal medium spiny neurons (MSNs) being the main cell type affected. Cell-

based therapies are good candidates to replace the degenerated neurons and treat the symptoms. 

Here we present a detailed characterisation of a feeder-free differentiation protocol that produces 

functional mature forebrain neurons from human pluripotent stem cells (hPSCs) in 37 days in 

vitro (DIV). Using our differentiation protocol we assessed the in vitro differentiation of hPSC 

lines to mature neurons by immunocytochemistry and gene expression analysis using high 

throughput qPCR. Neuronal activity and excitability were analyzed by single-cell calcium 

imaging and NETCAL, a customized-MATLAB software. We also studied the survival and 

differentiation of these cells in an in vivo environment by transplanting hPSC-derived neural 

progenitors (NPCs) into the striatum of neonatal mice. Telencephalic NPCs formed from 12 to 

16 DIV demonstrated an increase in gene expression of telencephalic markers including the 

striatal genes ASCL1, GSX1/2, DLX1/2 and EBF1. At 16 DIV cultures were mostly composed 

of subpallial (DLX+ and EBF1+) and pallial (PAX6+) progenitors. Subsequent terminal 

differentiation produced near 100% of MAP2B+ neurons by 23 DIV. These neuronal cultures 

contained GABA+, CTIP2+ and TH+ neurons together with a sub-population of glutamatergic 

TBR1+ neurons and also MSNs (CTIP2+/DARPP-32+). These neurons showed a mature 

phenotype with the expression of synaptic markers, voltage-gated ion channels and 

neurotransmitter receptors. Functional analysis at 37 DIV revealed a high proportion (84%) of 

spontaneously active neurons that are divided into 3 main groups of high, intermediate or low 

activity. Furthermore, differentiation increased neuronal excitability with neurons at 30 DIV 

displaying higher and faster responses to depolarizing stimuli compared to those at DIV 18. In 

addition, neurons at 30 DIV expressed functional NMDA receptors.16 DIV NPCs that were 

transplanted into the striatum of neonatal mice survived, and integrated host environmental cues 

to differentiate to MSNs. These hPSC-derived MSNs also successfully integrated into the host 

circuitry as at 3 months post-transplantation they had innervated the globus pallidus.In 

conclusion, we present a protocol for the rapid differentiation of hPSCs to functional mature 

neurons in 37 DIV. This approach is suitable for studying HD in vitro, as a platform for 



pharmacological tests, and as a viable cell-based therapy strategy to treat neurodegenerative 

diseases. 
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Abstract: Bipolar Disorder (BP) is a recurrent mood disorder that is characterized by alternating 

episodes of mania and depression. Despite its high heritability, no single gene has been clearly 

associated with BP. To identify novel approaches and pathways in BP, we obtained skin samples 

from BP patient and undiagnosed control (C) individuals, de-differentiated them to induced 

pluripotent stem cells (iPSC) and then to astrocytes. RNA from BP and C astrocytes was 

extracted and RNAseq analysis carried out. Hierarchical cluster analysis identified “Exosome” as 

the first and most significant cluster, p <5 x 10-3, Benjamini correction. Exosomes are released 

by cortical neurons and astrocytes in culture, and microRNAs are differentially expressed in 

exosomes derived from BP vs C postmortem brain tissue. Little is known about what transcripts 

and proteins are delivered to neurons, how they regulate biological functions of the target cell, or 

how that may be altered in mood disorders. To examine exosome cargo and interactions with 

neural precursor cells (NPC), astrocytes were differentiated from 3 bipolar and 3 control iPSC 

lines, and supernatants collected for 7 days. Exosomes were isolated using ultra-centrifugation 

and analyzed using NanoSight technology. Western blot analysis identified exosomal markers: 

CD63, HSP70, CD9, and CD81. RNASeq analysis identified 252 exosome transcripts, 58 were 

upregulated in BP astrocytes, and 54 were upregulated in control astrocytes. 32 microRNAs were 

present; 9 were uniquely expressed in exosomes from BP patient astrocytes and 9 different 

microRNAs were expressed only in control astrocytes, including mRNAs for cytoskeletal 



elements, extracellular matrix, signaling pathways, neurodegeneration, and notably transcripts 

that identify exosomes. Research is in progress to characterize exosome number, size, lipid and 

protein content. Checkerboard analyses of their function in neuronal differentiation is being 

carried out by labeling exosomes derived from bipolar patient astrocytes with PKH67 and adding 

them to bipolar and control NPC. Given the current interest in clearing toxic proteins from 

Alzheimer, tauopathy and Parkinson’s disease patient brains, exosomes may present a unique 

target in BP. Supported by U19 NIMH106434. 
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Abstract: Microglia are immune-competent cells residing within the brain that play a critical 

role in maintaining immunological balance for normal brain function. As phagocytic cells, they 

are activated following clearance of pathogens and secreted proteins and respond by either 

exacerbating or dampening a pro-inflammatory environment. Primary human microglia are 

difficult to acquire and stably culture in vitro. We generated and characterized functional human 

induced pluripotent stem cell-derived microglia (iCell® Microglia) from episomally 

reprogrammed iCell Hematopoietic Progenitor Cells (proprietary technology) under defined 

conditions based on technology developed by the Blurton-Jones laboratory exclusively licensed 

to FCDI from the University of California-Irvine. iCell Microglia express CD45, CD11b and 

CD33, and consistent with a microglial phenotype, they also express PU.1, CX3CR1, IBA, 

TREM-2 and P2RY12. The purity for all these markers is greater than 80% and the retain the 

expression of all these markers post cryopreservation. iCell Microglia were able to phagocytose 

opsonized bacteria and fibrillar Aβ within a span of 2-60hrs and reveal a ramified morphology 

when treated with 5µM Thiazovivin. Additionally, iCell Microglia secrete cytokines and 

chemokines including TNFα, IL-8, IL-10, CCL2, CCL4, CCL3, CCL4, CXCL10, CXCL11, 

CXCl1, CXCl2 and CXCL10 when stimulated with LPS and interferon gamma. iCell Microglia 

will serve as a great tool for disease modeling and drug testing for neuroscience research. 
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Abstract: Basic helix-loop-helix (bHLH) proneural transcription factors (TFs) are integral to the 

generation of diversity in the developing nervous system. Ascl1 and Neurog2 are the two main 

proneural TFs in the vertebrates which are expressed in a complementary manner and are not 

functionally interchangeable. Although both proneurals induce generic (pan-neuronal) neuronal 

fate, they also contribute to the specification of neuronal subtype identities. However, the 

molecular mechanisms by which Ascl1 and Neurog2 control and coordinate neurogenesis and 

neuronal subtype specification remain unclear. By using isogenic embryonic stem cell lines, we 

investigated the mechanism by which the two bHLH TFs Ascl1 and Neurog2 engage with 

chromatin to induce neuronal differentiation, and affect the activities of neurogenic TFs 

expressed downstream of both Ascl1 and Neurog2. We found that Ascl1 and Neurog2 generate 

neurons by binding to largely different sets of genomic sites when expressed in similar chromatin 

and cellular contexts. Their divergent binding is due to distinct DNA sequence specificity of the 

bHLH domain towards preferred E-boxes. The initial divergent binding of Ascl1 and Neurog2 



results in distinct regulatory landscapes that influence the binding pattern and the regulatory 

activity of downstream neurogenic TFs in establishing shared (generic) and neuron-specific 

(subtype-specific) gene expression profiles. Thus, in addition to controlling differential gene 

expression, the divergent binding of proneural TFs has an additional consequence in neuronal 

differentiation by differentially altering the chromatin landscapes that shape the activities of 

downstream neurogenic TFs which are widely expressed in the nervous system. Hence, we 

speculate that the regulatory activity of the shared widely expressed TFs will not be identical 

when expressed downstream of Ascl1 or Neurog2 during neurogenesis. Finally, our findings 

suggest a mechanism by which neuronal diversity is generated through altering the activity of the 

widely expressed neuronal TFs by divergent functions of the upstream proneural TFs. 
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Abstract: Purpose: 

To establish a novel protocol for a rapid retinal ganglion cell (RGC) differentiation from human 

induced pluripotent stem cells (hiPSC)/embryonic stem cells (hESC) suitable for cell 

transplantation. 

Methods: 

To shorten the time for stem cell differentiation to neural progenitor cells, we utilized a lentivirus 

system to introduce neurogenin 2 (Ngn2), a transcription factor that induces neural fate via 

inhibiting glial gene expression, in hiPSCs/hESCs for facilitating RGC-like cell differentiation. 

We also co-transfected cells with Sox4, which strongly promotes RGC fate. RGC markers, Brn3a 

and RBPMS, were detected in RGC-like cells by immunofluorescence staining and qPCR. The 

RGC-like cells were co-cultured with retinal explants or intravitreally injected to rat eye, and co-

stained with RBPMS and human nuclei markers. Data were analyzed by ANOVA with Tukey’s 

test with P value of <0.05 considered statistically significant. 

Results: 

We found that overexpression of Ngn2 promotes neural cells differentiation to RGC-like cells 



from both hiPSC and hESC. Starting from day 5, we were able to detect neural marker beta 3-

tubulin and RGC marker Brn3a in RGC-like cells. We further observed that these RGC-like cells 

could survive on mouse explant retina and extend their axons up to 7 days after transplantation. 

Additionally, we observed the RGC-like cells survival in rat retina up to 7 days after injection 

and 

their specific growth on ganglion cell layer. Furthermore, overexpression of Sox4 in RGC-like 

cells elongates axon outgrowth in vivo. 

Conclusion: 

This novel protocol significantly shortens the time for RGC-like cell differentiation from stem 

cells by almost half. This could provide a source of RGC-like cells for transplantation in RGC-

related disease such as glaucoma. 
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Abstract: Neurodevelopmental disease modeling has long been a challenge for scientists, 

primarily due to limitations of animal models and the lack of an appropriate in vitro human 

model resembling the developing brain. The recently established three dimensional (3D) human 

cerebral organoids using induced pluripotent stem cells (iPSCs) by Dr. Jürgen Knoblich’s lab has 

revolutionized the availability of human models for experimental studies in vitro. However, little 

is known about the evolution over time of cell components and important neuronal 

electrophysiological parameters in iPSC-derived neurons. Therefore, through a combination of 

qRT-PCR and immunostaining, we analyzed the expression of pluripotency, developmental, and 

ion channel markers over time as iPSCs differentiated to cerebral organoids, from day 0 to day 

60 after the initiation of neuronal differentiation. Additionally, we investigated the formation of 

synapses through electron microscopy, and used whole-cell patch clamping to assess the 



electrical and chemical channel activity within the neural network. The results showed that 

cerebral organoids developed progressively in culture dishes. Over time, the expression of 

pluripotent and neural stem cell markers was reduced, with an increase in neuron, astrocyte, 

oligodendrocyte, and ion channel markers as the cerebral organoids matured. The 

electrophysiological data revealed that neurons within cerebral organoids displayed action 

potentials, and contained functional glutamatergic (AMPA and NMDA) and gamma-

Aminobutyric acid (GABA)-ergic currents within formed synapses. Collectively, in comparison 

with previous 2D neural in vitro models, cerebral organoids more accurately reproduce 

neurodevelopmental characteristics of the in vivo human brain. Our findings of the emergence of 

different neural lineages throughout cerebral organoid maturation, combined with network 

connectivity and electrophysiological profile, provide additional evidence of translational 

relevance. Thus, the cerebral organoid model is promising for use in studies on human 

neurodevelopment, modeling neurodevelopmental diseases (e.g., autism), and application in 

personalized medicine. 
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Abstract: Human induced pluripotent stem cells (iPSC) derived neurons are now considered a 

more relevant in vitro model system for psychiatric and neurological diseases. They can be used 

for the development of physiological cell models, human disease models, and drug library 

screening. Three dimensional (3D) cultures are recognized as more physiologically relevant 

since they provide a more accurate reflection of the microenvironment, cell-to-cell interactions, 

and biological processes that occur in vivo. The implementation of 3D spheroid culture plays an 

important role as an alternative approach for drug development and therapeutic applications in 

central neural system (CNS) disorders. To develop a neuronal 3D spheroid culture system, we 

tested iPSC-derived human motor neurons and cortical glutamatergic neurons using the S-BIO 

PrimeSurface® Ultra Low Attachment Microplates. After 2 hours, plated neurons started to 

settle down at the bottom of the well and form large clusters. On day 3, 3D spheroids could be 

seen clearly under phase contrast. On day 7, the spheroids were more condensed, and Calcein 



AM and EthD-1 were used to stain live and dead cells, respectively. The size of the 3D spheroids 

was proportional to the number of neurons seeded per well. In addition to the morphological 

measurements, the effect of a known cytotoxic compound was also evaluated on the spheroids. 

The results presented here demonstrate the feasibility of generating uniform and reproducible 

spheroids using the human neurons and the potential application for neurotoxicity studies. 
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Abstract: Cortical GABAergic interneurons (INs) derived from the caudal ganglionic eminence 

(CGE) comprise a diverse array of subtypes, and their dysfunction is associated with 

developmental, psychiatric, and neurodegenerative disorders. Interestingly, the CGE-derived 

Calretinin (Calr)-expressing population shows an expanded role in primates where their numbers 

are significantly greater than in rodents. We recently found that default differentiation of human 

pluripotent stem cells (hPSCs) produces a robust CGE-like Calr+ IN population in addition to 

cortical pyramidal neurons. However, our understanding of their developmental regulation and 

maturational potential is incomplete. In vivo studies suggest critical roles for the GS homeobox 2 

(GSX2) and the Nuclear Receptor Subfamily 2 Group F member 2 (NR2F2/COUPTFII) 

transcription factors in the specification of CGE derivatives. Interestingly, batch analysis of 

hPSC-derived neurons (hPSNs) shows low levels of GSX2 expression suggesting possible novel 

mechanisms for human CGE-like specification. However, lentiviral-mediated overexpression of 

either COUPTFII or GSX2 tagged to EGFP caused significantly greater specification of 

GABAergic phenotypes compared to controls expressing EGFP alone. For instance, 95% of 

hPSC-derived neurons (hPSNs) that overexpressed COUPTFII also expressed GABA (n=2, 

p<0.001) compared to only 40% of control populations. Furthermore, hPSNs in cultures that 

received CRISPR-Cas9 knockout constructs directed toward GSX2 showed a significant 

reduction in the percentage of GABAergic neurons (control gRNA 31.6 ± 6.2%; GSX2 gRNA 



11.9 ± 3.9%; n=1, p<0.01). However, KO of COUPTFII produced variable results on 

GABAergic specification compared to GSX2 KO, similar to in vivo rodent studies. Overall, we 

uncovered multiple intrinsic factors that are critical for the specification of hPSNs to a CGE-like 

GABAergic fate. Overall, understanding the development of this population of interneurons may 

present unique insights into primate-specific cognition and assist with the development of 

therapeutic interventions and disease models for a number of neurological conditions including 

autism and epilepsy. 

Disclosures: C. Floruta: None. P. Chander: None. J.P. Weick: None. 

Poster 

197. Axon and Dendrite Development: Axon Growth and Guidance: Axonal Transport and 

Trafficking 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 197.01/B27 

Topic: A.05. Axon and Dendrite Development 

Support: Ramalingswami Reentry Fellowship from Department of Biotechnology, India 

Title: Investigating molecular mechanisms regulating polarity establishment in mouse 

hippocampal neurons 

Authors: *M. J. DEEPAK1, V. CHAUHAN2, C. CHANNAKESHAVA1, M. TANWAR1, D. 

NAIR1 
1Indian Inst. of Sci., Bengaluru, India; 2Indian Inst. of Sci., Bangalore, India 

Abstract: Establishment and maintenance of cell polarity involves a very fine coordination of 

various signalling pathways, intracellular trafficking, plasma membrane dynamics and 

cytoskeleton, the failure of which can result in developmental disorders. Neuronal differentiation 

is a very critical phase during neuronal development which has strong implication for the 

formation of neuronal connections and for neuronal network activity. Generation of neuronal 

polarity is characterized by specification of neuronal processes as a single axon and multiple 

dendrites during neuronal development. Interestingly, though the neurites grow symmetrically 

during early in development, the transition to an asymmetric growth pattern during neuronal 

differentiation occurs in a short time span of few hours. During this period, there is a fast 

extension of the axon in contrast to the neighbouring dendrites, which display a slower growth 

pattern. Only once the axon has reached a minimum length, the dendrites start to grow faster. 

This specification between the neuronal processes is characterized by rapid changes of specific 

molecular markers between the neuronal processes as well. Though some of these molecular 

players which are specific between the axon and dendrites have been identified, the actual 

mechanism underlying the process of neuronal differentiation still remains to be understood. The 



focus of my lab is to unravel the molecular mechanisms underlying axonal specification during 

neuronal development. An inter disciplinary approach of manipulating the molecular players 

critical for neuronal development using molecular biology, genetics, pharmacology and 

optogenetics and following their spatial organization and dynamics by superresolution 

microscopy is adopted to address this. 
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Abstract: Autophagy, a mechanism used by cells to recycle and catabolize protein aggregates 

and cellular waste, is highly conserved for homeostasis and survival of an organism. Recent 

reports indicate CRMP-2/UNC-33/Dpysl2, a neuronal protein essential for axonal development, 

is regulated during induced autophagy. As a result, our research aims to study the interplay of 

UNC-33 and neuronal autophagy, through the construction of a double mutant strain containing 



unc-33 and daf-2 mutations in the nematode Caenorhabditis elegans (C. elegans). daf-2 encodes 

for an insulin-like growth factor receptor and, when mutated, results in conditional mutant 

phenotypes and induced autophagy. The construction of the unc-33; daf-2 double mutant strain 

resulted in a synthetic lethality at the non-permissive temperature of 25°C. Preliminary analysis 

shows that 56% of double mutant nematodes die as embryos, with 100% penetrance at 72 hours. 

Further investigation of the synthetic lethality includes EMS mutagenesis, suppressor screens, 

and genomic sequencing. Extension of the study involves the characterizing of abnormal 

phenotypes created by the double mutant genotype by classifying dauers, and fluorescent tagging 

of autophagosomes. Preliminary data using unc-33(e204) nematodes suggests that daf-2 

mediated induction partially rescues unc-33 neuronal and phenotypic defects. 
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Abstract: An emerging avenue of research aimed towards the development of therapies for 

Alzheimer’s Disease (AD) includes the investigation of Microtubule Associated Proteins 

(MAPs), other than tau neurofibrillary tangles, such as CRMP2/UNC-33. CRMP2 is a protein 

expressed in rat hippocampal neurons that promotes axonal elongation and microtubule assembly 

and an orthologue of CRMP2, called UNC-33, is a set of protein isoforms present in 

Caenorhabditis elegans (C. elegans). Recent research suggests that CRMP2/UNC-33 

functionality is regulated by autophagy, the engulfing of cytoplasmic elements into the 

autophagolysosome for degradation, and occurs either through basal autophagy or as a result of 

nutrient starvation. Previous findings have suggested that autophagy stimulated by starvation 

promotes axonal growth and that basal autophagy is necessary for protection against 

neurodegeneration. It is thus hypothesized that autophagy behaves as a protective mechanism in 

neuronal development in that it may have a role in regulating the levels of UNC-33 expression in 

neurons. In order to examine this, the aim of this study was to investigate the link between UNC-

33 and autophagy with or without nutrient deprivation in different developmental stages of C. 



elegans. This was accomplished through the analysis of nematodes containing transgenes 

otIs117[unc-33p::GFP], otIs118[unc-33::GFP] via protein extractions, gel electrophoresis, and 

western blots. Preliminary results show the expression of unc-33 is induced under conditions of 

starvation. Further investigations include the analysis of the subcellular localization of UNC-33 

in nematodes under nutrient deprivation. 
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Abstract: Prior work with the 3’ untranslated region (UTR) of the tyrosine hydroxylase (TH) 

mRNA transcript revealed a 50bp region both necessary and sufficient for TH mRNA 

localization to distal axons of rat primary superior cervical ganglia (SCG) neurons. To explore 

proteins potentially involved in axonal trafficking and local translation of TH, we produced a 

biotinylated version of the 50-nucleotide regulatory sequence we termed the TH trafficking 

“zipcode”. This zipcode and a scrambled zipcode sequence used as negative control, were 

combined separately with 3-day old SCG protein lysates from either central (somatic & axonal), 

or lateral compartments (axonal) of Campenot multicompartment cell culture chambers. Unique 

binding reactions were then further incubated with streptavidin magnetic beads in triplicate to 

immunopurify zipcode-protein complexes and complete the affinity assay. Mass spectrometry 

analyses of bead-bound proteins using PEAKS software, yielded a list of zipcode-bead 

associated proteins. Analyses of zipcode associated proteins with Ingenuity software produced a 

filtered list of 33 trafficking complex candidate proteins implicated in wide-ranging cellular 

processes including RNA transcription, transport, and degradation. Interestingly, dopamine β-

hydroxylase mRNA was also identified amongst mRNA in TH zipcode immunopurifications, but 



not in negative control samples, implying that the TH mRNA trafficking complex may contain 

other components that regulate the same neurotransmitter biosynthetic pathway. 
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Abstract: Axonal growth is a fundamental process to build the functional neural circuits in 

brain. Toward the comprehensive understanding of the molecular mechanisms of axonal growth 

in neurons, we performed an unbiased phosphoproteomic approach to identify the whole 

phosphorylation sites involved in this event. Phosphoproteomic analysis of growth cone 

membranes prepared from postnatal day 1 rat forebrain identified more than 6,000 

phosphorylation sites from 1,223 proteins, most of which were Ser/Thr. The most frequently 

phosphorylated site was Ser96 of GAP-43 (growth-associated protein 43-kDa), a vertebrate-

specific protein involved in axon growth. Bioinformatic analysis revealed that more than 60% of 

phosphorylation sites identified by phosphoproteomics were proline-directed Ser/Thr. Such types 

of phosphorylation are known to be mediated by kinases, including the mitogen activated protein 

kinases (MAPKs). Pharmacological analysis showed that the phosphorylation of Ser96 of GAP-

43 was dependent on JNK, a member of MAPK family. Consistently, this phosphorylation was 

dramatically suppressed in knockout mice of MKK7, a MAP kinase kinase for JNK. In addition, 

the Ser96 phosphorylation was specifically detected in growing and regenerating axons in mice 

by immunofluorescence staining. Taken together, Ser96 phosphorylation of GAP-43 is the most 

frequent target of proline-directed phosphorylation, and represents a promising new molecular 

marker for mammalian axonal growth/regeneration. 
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Abstract: Joubert Syndrome (JBTS) is a rare inherited autosomal recessive disorder associated 

with cerebellum and brainstem malformation. The JBTS patients often show motor and 

behavioral disorders with the absence of the cerebellar vermis. Mutation in the Abelson-helper 

integration site-1 (AHI1) gene have been found to cause JBTS. Although over 80% of AHI1 

mutantations can result in truncated AHI1 proteins, it remains unclear whether these mutant 

AHI1 elicite toxicity via a gain-of-function mechanism.Recent studies have reported cerebellar 

hypoplasia with a vermis and midline fusion in the early developmental stage of Ahi1 knockout 

mice. However, the disruption of axonal decussation that affects the corticospinal tract and 

superior cerebellar peduncles could not be found in Ahi1 knockout mice. It is also noticed that 

the coiled-coil structure in N-terminal of AHI1 protein is absent in the mouse Ahi1, though it is 

present in both fish and humans. Thus, we used zebrafish as a model to investigate whether Ahi1 

mutations can affect axonal decussation by examining the the supra-optic tract (SOT) projection. 

Using in-situ hybridization, we found that ahi1 was specifically and highly expressed in the 

whole brain in zebrafish. We injected the morpholin to zebrafish embryos to knockdown ahi1 

expression and found that ahi1 knockdown led to optic nerve misprojection and dysplasia at 4dpf 

(days post fertilization) larva. Considering that ahi1 is a ciliary gene, we examined the axons 

projection in zebrafish larva and found the supra-optic tract (SOT) exhibits defasciculation and 

anterior commissure (AC) unclosed in forebrain at 60hpf (hours post fertilization) larva. In 

addition, the motor nerves showed slightly defusion and shorten compared to wild type. We are 

currently using CRISPR/Cas9 to generate truncated ahi1 to test their roles in the supra-optic tract 

(SOT) projection. 
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Abstract: The nervous system depends on stable connections among neurons to function 

appropriately. A major task in achieving this goal is maintaining viable axons, which require a 

carefully regulated local environment. This is especially important in the central nervous system, 

where neurons lack the ability to regenerate their axons following injury. However, the 

regulatory mechanisms involved in this stable health and maintenance remain largely unknown 

and require more detailed investigation. We have found that caspase-9 is an important regulator 

of axonal health. As a member of the caspase family of cell death proteases, caspase-9 activity is 

essential for the normal development of the brain. However, after development, active caspase-9 

remains detectable in non-dying neurons, hinting at the possibility of additional non-apoptotic 

roles. Specifically, given that caspase-9 can be detected in stable axons, a highly specialized and 

tightly regulated cellular compartment, it is reasonable to ask if the protease is required in any 

way to support that stability. To explore this question, we employ a microfluidic model of 

neuronal culturing, using a chamber that capitalizes on the unique qualities of fluid dynamics on 

a microscale (channels ~3μm thick) to establish isolated compartments that allow for localized 

treatment of axons without affecting the cell body. After culturing embryonic neurons (from 

either dorsal root ganglion or cortices) in these chambers and allowing them sufficient time to 

grow and establish isolated axonal processes, we show presence of active caspase-9 in the axons 

that is not accompanied by cell death or degradation of the neurites. Furthermore, we show that 

by decreasing activity of caspase-9 in the axons using a novel, highly specific caspase-9 inhibitor 

developed by our lab, we see significant perturbations to the outgrowth of processes in the 

axonal compartment without an associated effect on the cell body compartment. Taken together 

these results suggest a functional role for caspase-9 activity in maintaining the health and 



stability of axons, and ongoing work is exploring the mechanism behind this role. One possibility 

emerging from this work involves mitochondrial fusion and fission dynamics. These homeostatic 

processes are vital to ensuring functional mitochondria in axons and thus maintaining axonal 

viability. Our early data suggests a dysregulation of this balance when we reduce caspase-9 

activity in the axons, and we are currently exploring potential candidate proteins that mediate 

this suspected effect. 
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Abstract: In embryonic rodent spinal cord, commissural neurons first extent axons ventrally 

from the dorsal spinal cord to reach and cross the ventral midline. After midline crossing, they 

turn anteriorly to continue to grow towards the brain. Our lab found that an anterior-high and 

posterior-low gradient of Wnt family secreted signaling proteins along the midline floor plate 

cells controls the direction of this turning. We then found that this sharp anterior turning is 

directly regulated by a non-canonical Wnt signaling pathway, the planar cell polarity (PCP) 

pathway. Recently, canonical Wnt/β-catenin pathway was shown to be required for anterior-

posterior guidance of commissural axons in chick embryonic spinal cord. We tested this in 

rodents and found that canonical Wnt/β-catenin signaling is in fact required for several aspects of 

the development of commissural neurons. Blocking canonical Wnt signaling leads to alterations 

of cell body positioning and disoriented growth of commissural axons before they reach the floor 

plate. A few axons did reach the midline. They either did not turn at all or turned either anterior 

or posterior randomly after they crossed the midline. Therefore, we propose that canonical Wnt 

signaling is involved in multiple steps of the development of commissural neurons, including 

their migration, differentiation and axon guidance. We propose that their migration and axon 

guidance defects may be caused by disruption of their cell fate or differentiation program. 
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Abstract: G protein-coupled receptor 3 (GPR3) is a member of the class A rhodopsin-like 

GPCR family and is highly expressed in various neurons. GPR3 is unique in its ability to 

constitutively activate the Gαs protein without the addition of ligands, which elevates the basal 

level of intracellular cyclic adenosine monophosphate (cAMP). Here, we report that neuronal 

expression of GPR3 enhances neurite outgrowth and modulates neuronal survival. Recently, our 

time-lapse experiments of GPR3-transfected cerebellar granular neurons revealed that GPR3 was 

transported along the neurite and was predominantly distributed at the neurite tips, which were 

highly correlated with local protein kinase A (PKA) activation. Meanwhile, during the course of 

neuronal development, an immature neuron forms an axon and a dendrite, and neuronal polarity 

is subsequently established. Several intracellular signaling pathways, such as Rac1, Ras, cAMP-

LKB1-SAD kinase, and the Ca2+/Calmodulin-dependent signaling pathway are responsible for 

the establishment and maintenance of neuronal polarity; however, the upstream signaling that 

modulates the activity of these factors has not been completely elucidated. In the present study, 

using rat hippocampal neurons, we focused on the possible involvement of GPR3 in the 

formation of neuronal polarity. When the endogenous expression of GPR3 was suppressed by 

siRNA, the number of neurons with Tau-1-positive neurites significantly decreased at 48-60 h 

after siRNA transfection. Conversely, the upregulated expression of GPR3 resulted in an 

accelerated formation of Tau-1-positive neurites at 24-36 h after transfection. GPR3-mediated 

acceleration of axon formation significantly reduced when the PI3-kinase inhibitor LY294002 

(10 µM) or the PI3-kinase gamma specific inhibitor AS252424 (200 nM) was administered; the 

PKA inhibitor KT5720 (2 µM) was not significant. Finally, we asked if GPR3 expression affects 

the de-phosphorylation of CRMP2, which is downstream in the PI3-kinase signaling pathway. 

When the endogenous expression of GPR3 was suppressed by siRNA, the number of neurons 

with pCRMP2-negative neurites significantly decreased 60 h after GPR3 siRNA transfection. 

Furthermore, the staining intensity of pCRMP2 at the neurite tip was significantly stronger in 

GPR3-knockout mice than in the wild-type mice. These results suggest a potential role of GPR3 

in the formation of neuronal polarity in hippocampal neurons. 
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Abstract: The axon initial segment (AIS) is the site of action potential initiation and serves as a 

diffusion barrier that helps maintain neuronal polarity. Recent studies have revealed details about 

a specialized structural complex in the AIS. The specific role of actin in the AIS, however, 

remains unclear. While an intact actin cytoskeleton is required for AIS formation, 

pharmacological disruption of actin compromises the AIS diffusion barrier but does not affect 

overall AIS structure. In this study, we examined the dynamics and regulation of the AIS actin 

cytoskeleton. We found a population of relatively stable actin filaments decorated by 

tropomyosin isoform Tpm3.1 in the AIS. These filaments are part of the periodic sub-

membranous AIS complex and AIS actin patches. Inhibiting Tpm3.1 in cultured hippocampal 

neurons led to the loss of AIS structure, the AIS diffusion barrier, and the clustering of sodium 

ion channels. This suggests that the role the actin cytoskeleton plays in the AIS is more 

important than previously appreciated. 
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Abstract: Local translation of mRNA is essential to facilitate neuronal function by regulating 

protein synthesis in a spatiotemporal manner. Yet it is not clearly understood how abundantly 

mRNA molecules are present in axons and how the axonal mRNAs are transported into their 

target sites. To address these questions, we investigated mRNA motion in live axons using a 

transgenic mouse that expresses fluorescently labeled endogenous β-actin mRNA. To identify 

axons in cultured neurons, we utilized either a microfluidic device or sparse transfection of 

fluorescent proteins. We found that β-actin mRNAs frequently localize at the neck of filopodia 

which can grow as an axon collateral branch and at varicosities where synapses typically occur. 

Furthermore, using high-speed dual-color imaging, we investigated the dynamics of actin 

filaments and β-actin mRNAs simultaneously. We found the axonal β-actin mRNAs are likely to 

localize in the actin-rich regions and show sub-diffusive movement. In contrast, β-actin mRNAs 

that do not localize in the actin-rich regions show super-diffusive directed motion. Based on 

these findings, we are developing a model for the transport and localization process to 

understand how axonal mRNAs are targeted to the actin hot spots. The novel findings on the 

dynamics of β-actin mRNA will shed important light on the biophysical mechanisms of mRNA 

transport and localization in axons. 
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Abstract: The intracellular transport is a regulated process, involving several proteins 

controlling molecular trafficking in all the cells, particularly in neurons. The onset of several 

neurodegenerative diseases, such as Alzheimer’s, Parkinson’s or Amyotrophic Lateral Sclerosis, 

exhibits significant axonal pathology where transport impairment plays a crucial role. However, 

the mechanisms underlying the disruption of neuronal transport are still unclear. In the present 

work we aim to characterize transport dynamics of specific proteins and the molecular 

machinery that is regulating this complex process. Human Neural Stem Cells derived neurons 

were terminally differentiated in multichannel μ-Slide VI (ibidi®) after 30 DIV. Several GFP-

coupled cargos involved in different processes (neurotrophins, pre- and post-synaptic proteins, 

disease signaling) were transfected in neurons, in order to evaluate and describe possible 

differences in movement. Time-lapse movies of the different cargos were acquired, and then 

analyzed with Image Pro Premier®, and a thorough description of motion parameters was 

obtained: mean velocity, directionality, segmental velocity, average run length, pauses, and 

reversions. In addition, immunocytochemistry was performed after imaging, in order to describe 

the specific compartmentalization of cargos in neurons.Our results showed different behaviors 

during transport, mainly in velocities and directionality. In particular, APP showed an high 

velocity both in anterograde and retrograde movement, with a small stationary particle 

proportion; a similar pattern was also visible for Synaptophysin, an important protein involved in 

synapses maturation, while Rab5 (involved in endosomes biogenesis) displayed the lowest 

velocity pattern compared with the previous ones. Moreover, as expected BDNF showed high 

particle proportion in the retrograde direction. Relying on this comprehensive description of 

movement dynamics in human neurons, we decided to screen for their specific protein-protein 

interactions by a combination of GFP-trap and Mass Spectrometry. After obtaining the lysate 

from transfected neurons, we performed immunoprecipitation to trap the GFP-tagged proteins. 



The isolated fractions were then analyzed by mass-spec to highlight the population of specific 

interactors for each cargo. In summary, our results describe for the first time the movement 

behavior in human neurons of several proteins involved in the crucial physiological pathway of 

transport. Ongoing studies will shed light on the regulation of these dynamics and will open a 

road to understand the pathophysiology of neurodegenerative diseases. 
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Abstract: Critical functions of intra-axonally synthesized proteins are thought to depend on 

regulated recruitment of mRNA from storage depots in axons. Here we show that axotomy 

induces translation of stored axonal mRNAs via regulation of the stress granule protein G3BP1, 

to support regeneration of peripheral nerves. G3BP1 aggregates in axons of peripheral nerves in 

stress granule-like structures that increase immediately after nerve injury and decrease during 

regeneration, with a commensurate increase in phosphorylated G3BP1. Colocalization and 

association of G3BP1 with axonal mRNAs is also correlated with the growth state of the neuron. 

Disrupting G3BP functions by overexpressing a dominant-negative protein activates intra-axonal 

mRNA translation, increases axon growth in cultured neurons, disassembles axonal stress 



granule-like structures, and accelerates nerve regeneration in PNS and CNS in vivo. Casein 

Kinase 2 (CK2) phopshorylates G3BP1 in non-neuronal cells. We find CK2 mRNA to be present 

in axons and gets locally translated This raises the interesting possibility that axonally 

synthesized CK2 regulates G3BP1 aggregation and releases G3BP1 associating mRNAs for 

translation. 
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Abstract: During development, growth cones (GCs) of diverse cortical or other projection 

neuron (PN) subtypes navigate complex extracellular environments to reach distant, subtype-

specific targets. These axon-terminal structures must respond to substrate-bound and diffusible 

signals in a subtype- and stage/context-specific fashion to construct specific functional circuitry. 

Recent studies strongly indicate that subcellular localization of specific molecular machinery to 

GCs might underlie the precise behaviors of these structures during circuit “wiring.” While great 

progress has been made toward identifying diffusible and substrate-bound signals that guide 

axon growth, it is becoming increasingly clear that intracellular, local growth cone biology 

underlies the distinct behaviors of specific neuronal subtypes at specific developmental stages. 

Molecular determinants of these critical processes remain largely unstudied with respect to 

distinct neuronal subtypes under physiological conditions. Because most current knowledge of 

growth cone biology was identified in vitro, often with heterogeneous populations, access to 

subtype-specific growth cones in their native environment during normal development will 



substantially elucidate molecular bases of cortical and other neural circuit formation. 

Our laboratory has recently developed an integrated approach that enables high-throughput, 

high-depth proteomic and transcriptomic investigation of purified GCs from fluorescently 

labeled subtype-specific cortical projection neurons. This approach has already revealed 

unanticipated depth of GC molecular machinery, subtype-specificity, and GC enrichment of 

hundreds of transcripts and proteins. Building on this foundational work, GCs have been isolated 

from closely-related PN subtypes with distinct axonal trajectories at critical developmental 

stages to investigate whether and how subtype-specific GC molecular machinery might 

functionally enable specific subtypes to build and maintain specific circuitry. In particular, we 

investigate dynamic regulation of GC transcriptomes before and after midline crossing in 

interhemispheric callosal PN (CPN), and investigate whether and how local molecular machinery 

might implement a subcortical vs. intracortical trajectory in closely related subtypes, including 

CPN, corticospinal neurons (CSN), and corticothalamic PN (CThPN). 
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Abstract: Glutamate signaling is dysregulated in diseases such as epilepsy and gliomas. 

Enzyme-based platinum (Pt) microelectrode arrays (MEA) on ceramic probes have superior 

spatiotemporal resolution over microdialysis and single electrochemical probes. We created 

highly sensitive glutamate Pt-MEA probes (Glu microprobe) by applying L-glutamate oxidase, 

bovine serum albumin, and glutaraldehyde to Pt-MEAs (R1, CenMeT) and then depositing m-

phenylenediamine by cycling between +0.25 V and +0.75 V, 50 mV/s, 20 min. In calibration 

tests, the microprobes had higher sensitivity, 4.6 ± 0.3 pA/µM (Fig. 1B), compared to the 

literature, due in part to an increased loading of enzymes onto MEA sites. The microsensor had 

long-term stability, up to 1 mo, with minimal change in Glu sensitivity when stored in DI water 

@ 22°C. In vitro performance was evaluated by discriminating differences in Glu uptake 



between astrocytes (normal uptake) and CRL 2303 glioma cells (impaired uptake). We used the 

full duration at half maximum of the peak response (Fig. 1B) to additions of glutamate into cell 

culture media and the fall time, or clearance time (Tc), of the glutamate current, including 

analysis of residuals, to demonstrate that the probe had sufficient temporal resolution to discern 

differences between normal and impaired glutamate uptake. A significant difference was found 

between the clearance rate in astrocytes and glioma cells; p < 0.0001. The Tc (mean ± SEM) for 

astrocytes was 1.3 ± 0.2 pA s 1 (n = 36 tests) while the Tc for the glioma cells was 3.3 ± 0.3 pA s 

1 (n = 38 tests). Given the long-term stability of the probes and their relatively high 

spatiotemporal resolution, these probes will be further developed for in vivo applications. 

This work was supported by a grant from the NSF EPSCoR RII-2 FEC OIA1632891. 

Figure 1. (A) Sensitivity from calibration tests to convert current to glutamate concentration. (B) 

Glu response differed (p < 0.001). 
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Abstract: Introduction: Downregulation of the excitatory amino acid transporter 2 (EAAT2) 

observed in diseases like amyotrophic lateral sclerosis, Alzheimer’s and Huntington’s disease is 

thought to contribute to glutamate (Glu) excitotoxicity. Post-transcriptional mechanisms have 

been proposed to underlie this downregulation, including caspase 3 (C3)-mediated cleavage of 

the EAAT2 protein at the C-terminus. Aim: To study the mechanisms that regulate activity and 

protein stability of the EAAT2 protein. Methods: A172 and HT22 cells were transiently co-

transfected with VSV-G-tagged wild-type (EAAT2wt), C3-cleavage site mutant (EAAT2D504N) or 

C-terminal truncated (Δ505-572) EAAT2 (tEAAT2) cloned into pBI-5 and tetracycline 

transactivator to allow doxycycline(Dox)-inhibitable EAAT2 expression. EAAT2 activity was 

measured as DL-threo-β-benzyloxyaspartate-inhibitable 3H-Glu uptake in A172 cells. C3 was 

activated in HT22 cells by staurosporine (STR). EAAT2 protein levels and C3 activation in 

HT22 cells were semiquantitatively assessed by immunoblotting. Results: When expressed in 

A172 cells, EAAT2D504N showed 19% higher activity than EAAT2wt. In addition, in HT22 cells 

EAAT2wt protein levels were downregulated to 48±9% upon STR-induced C3 activation (250 

nM, 6h). This downregulation was partially reversed by the pan-caspase inhibitor Q-VD-OPh (5 

µM). However, STR-induced C3 activation was also associated with decreased EAAT2 protein 

levels upon EAAT2D504N overexpression (40±12%). Moreover, the size shift of EAAT2wt protein 

expected upon C3 cleavage could not be observed. In addition, the ubiquitin-activating enzyme 

E1 inhibitor PYR-41 (250 µM) rescued STR-mediated EAAT2wt protein downregulation more 

effectively than Q-VD-OPh. Finally, tEAAT2 overexpression compared to EAAT2wt revealed 

that the truncated protein leads to 20% higher EAAT2 activity. As ubiquitinated lysines are 

reportedly located at the EAAT2 C-terminus, we evaluated the half-life of EAAT2 activity after 

blocking transcription by Dox. While EAAT2 activity was downregulated to 61±3 and 32±2% in 

EAAT2wt-overexpressing A172 cells after 24h and 48h, respectively, it was only reduced to 

72±5% and 43±1% upon tEAAT2 expression. Conclusion: We found no evidence that EAAT2 

downregulation associated with STR-induced C3 activation is mediated by cleavage at the 

EAAT2 C-terminus in our cell models. In contrast, mimicking C3 cleavage of the EAAT2 

protein increased its activity, most possibly by stabilizing the protein as C-terminal deletion 

removes lysines reportedly involved in EAAT2 ubiquitination. Thus, how the D504N mutation 

increases EAAT2 activity remains to be explored. 
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Abstract: Formation, maintenance and regulation of synapses is key to proper tuning of brain 

circuitry. However, synaptic loss is a common pathological hallmark of most brain disorders. To 

identify novel molecules able to increase synaptic density in mature neurons, we conducted a 

phenotypic screen using the Phenix Opera high content imaging system and rodent’s primary 

neurons in culture (hippocampal and cortical). One of the molecule that we identified is a natural 

compound called Nordihidroguairaetic acid (NDGA). NDGA is a general lipoxygenase inhibitor 

found in the creosote bush (larrea tridentate) known for its antioxidant and anti-inflammatory 

properties. 24h of NDGA (200nM) treatment leads to 1.5 to 2-fold increase in synapse density in 

both hippocampal and cortical neurons. To assess the functional consequences of NGDA on 

synaptic activity, we recorded neuronal network properties using multielectrode array (MEA). 

Consistent with an increase in synapse density we observed an increase in firing rate upon 

NDGA treatment. One of the known well described neuronal properties of NDGA is to increase 

glutamate uptake. To evaluate the effect of NDGA on glutamate transport, we generated 

inducible recombinant cell lines overexpressing the human EAAT1 and EAAT2; and utilized the 

electrogenic properties of the EAATs to establish a membrane potential (Vm) assay. Acute and 

overnight NDGA treatment leads to an increase in hEAAT2 Emax while there is no change in 

the EC50 of the transporter. However, neither acute or chronic NDGA affects hEAAT1 mediated 

transport. In addition, 24h of NDGA treatment causes an increase in C14 glutamate flux in mouse 

synaptosomes enriched fraction. NDGA has also been shown to dominantly inhibit the 5-

Lipoxygenase (5-Lox) enzyme over the other lipoxygenases isoforms. To confirm that the effect 

of NDGA on EAAT2 is mediated through inhibition of the 5-Lox pathway, we tested other 

known 5-Lox inhibitors. 24h treatment with Zileuton and BW-B70C also leads to increased 

glutamate mediated responses in cells overexpressing hEAAT2. Together, our results confirm 

that inhibition of the 5-Lox pathway by NDGA leads to an increase in EAAT2 mediated 

glutamate transport. We hypothesize that changes in synapse density and function upon 24h 

NDGA treatment is linked to changes in ambient glutamate levels impacting tonic activation of 

extra-synaptic receptors. 
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Abstract: System xc
- exchanges intracellular glutamate for extracellular cystine across the 

membrane of many cell types, including astrocytes. Its activity directly regulates the synthesis of 

the antioxidant glutathione and the extracellular concentration of glutamate in some areas of the 

brain. Dysregulation of the transporter can lead to excessive glutamate release and excitotoxic 

cell death or the depletion of glutathione stores and the development of oxidative stress. We 

recently demonstrated that oxidants acutely upregulate System xc
- activity by triggering the rapid 

redistribution of the transporter from intracellular compartments to the cell surface. However, 

little is known about the mechanisms which govern the constitutive and regulated trafficking of 

xCT. In the present study, we sought to identify trafficking motifs within the C-terminus of xCT 

that are important in regulating the delivery and internalization of xCT from the membrane. 

Specifically, using site-directed mutagenesis, we assessed putative trafficking motifs between 

positions 464 -486 containing the sequence GVPAYYFLI that might contribute to the 

constitutive trafficking of xCT to the plasma membrane. Using a radioisotope uptake assay and 

cell surface biotinylation assay, we demonstrated that disruption of either tyrosine-based 

internalization motif (YxxΦ) leads to an increase in transport activity and cell surface expression. 

However, we also recognized that the VPAYY motif could serve as a putative binding site for 

the ubiquitinating enzyme, Nedd4-2, suggesting that cell surface expression xCT may also be 

regulated by ubiquitination. Therefore, we also assessed whether disruption of putative 

ubiquitination sites may alter transport activity and cell surface expression. There are seven 

highly conserved lysine residues within xCT that are located on the cytoplasmic side of the 

membrane. These residues are located at positions 4, 37, 41, 43, 422, 472, and 473. We created 

multiple mutants of xCT containing single or multiple lysine to arginine mutations so that we 

could also assess the effect of these mutations on cell surface expression of System xc
-. We found 

that mutation of the N-terminal lysine residues (K4, K41 and K43, but not K37) increases 



transport activity and cell surface expression of the transporter. However, mutation of the C-

terminal lysine residues (K 422, 472 and 473) did not disrupt transporter activity or cell surface 

expression. We are currently assessing the ubiquitination status of the VPAYY domain and N-

terminal lysine mutants so that we may potentially be able to establish a link between 

ubiquitination status and cell surface expression of the transporter. 
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cycle 
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Abstract: Glutamate (Glu), the main excitatory neurotransmitter in the mammalian brain, it is 

cleared from the synaptic cleft by a family of sodium-dependent Glu transporters. Inside the glial 

cell, it is metabolized by glutamine (Gln) synthetase to Gln and released to the neurons through 

sodium-dependent neutral amino acid carriers of the N system. Gln is taken up by neurons 

completing the Glu/Gln cycle. Bergmann glial cells (BGC) are a type of specialized radial glia 

that reside in the cerebellum. In this context, recent studies have shown that one of the targets for 

manganese accumulation is the cerebellum. Manganese (Mn) is an essential trace element that in 

high doses can exert serious oxidative and neurotoxic effects. Mn neurotoxicity is characterized 

by astrocytic impairment both in the expression and activity of Gln transporters. The N system is 

a major facilitator of Gln efflux from glial cells. Also, altered intracellular mitogen-activated 

protein kinases (MAPK) signaling pathways represent an early event linked to Mn exposure in 

the immature brain. The molecular mechanisms mediating Mn-induced neurotoxicity, 

particularly in the context of the Glu/Gln cycle, have yet to be completely understood. Hence, we 

decided to investigate the role of Mn short-term exposure on BGC, as a well-established model 

of glia/neuronal interactions. To this end, primary cultures of chick cerebellar BGC were 

exposed to subtoxic concentrations of Mn (MnCl2; 50-500 µM) from 15 minutes to 2 hours. The 

[3H]-L-Gln release, as well as the extracellular signal-regulated kinase (ERK) 1/2 

phosphorylation pattern were evaluated. Mn treatment caused a reduction in the Gln release 



after, although this effect was not sustained under a background of aspartate (Asp). Mn exposure 

increased ERK1/2 phosphorylation, from the lowest time and concentration tested. The effect 

was not potentiated on a co-exposure with Asp. Overall, these findings suggest that altered 

intracellular MAPKs signaling pathways may represent an early event concerning the effects of 

Mn and that the disruption of Glu homeostasis may lead to impairment of the glutamatergic 

neurotransmission. 
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Abstract: Glutamate is the major excitatory transmitter in the Central Nervous System of 

vertebrates and exerts its actions through the activation of specific membrane receptors and 

transporters. Over-stimulation of glutamatergic receptors results in neuronal death, phenomena 

known as excitotoxicity. Extracellular glutamate levels have to be tightly regulated a family by 

high-affinity uptake systems expressed in neurons and glia cells. Most of the uptake process 

occurs in the glial compartment in a biochemical coupling known as glutamate/glutamine shuttle 

involved in the turnover of this neurotransmitter. Once internalized in the glial cells, glutamate is 

rapidly metabolized to glutamine viaglutamine synthetase to be released to the vicinity of the 

presynaptic terminal, which takes it up and converts it back to glutamate to refill the synaptic 

vesicles, completing the cycle. Inhibition of Glutamine synthetase blocks glutamatergic 

transmission highlighting the importance of this glia-enriched enzyme. Among the great variety 

of Central Nervous System stimulants to which we have access daily, modafinil is widely used as 

a wakefulness agent although recently also been recommended for the treatment of excessive 

daytime sleepiness, fatigue and impaired cognition, and in that sense has become a popular drug 

among youngsters. Despite of the fact that the mechanism of action of this stimulant is still 

unclear, it increases glutamate extracellular levels. In order to establish a plausible involvement 

of glutamine synthetase in the effects of modafinil, we used the well-established model of chick 

cerebellar Bergmann glia primary cultures. Acute treatment with modafinil results in an increase 



in glutamine synthetase activity as determined by γ-glutamyl hydroxamate production. 

Moreover, i.p. administration of 9, 90 and 900 mg/kg of modafinil in 8-day old rat pups 

increased the protein levels of glutamine synthetase as determined by Western blot analysis in 

cerebral cortex. These results strengthen the notion of an important role of glia cells in 

glutamate-dependent neurotransmission through the regulation of its compulsory glia-mediated 

turnover. 
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Abstract: Glutamate (Glu) is the major excitatory amino acid in the vertebrate Central Nervous 

System (CNS), it is involved in several pathways and mechanisms after its release from the 

presynaptic terminal. It is removed from the synaptic cleft by a family of sodium-dependent 

excitatory amino acid transporters (EAATs) expressed both in neurons and glial cells. More than 

80% of the released Glu is taken up by glial cells through either EAAT1 (also known as GLAST) 

or via EAAT 2 (Glt-1). Once internalized, Glu is metabolized to Glutamine (Gln) by Gln 

synthetase and released to the vicinity of the presynaptic terminal by the reverse function of the 

Na+-dependent neutral amino acid transporter 3 (SNAT3). The presynaptic neurons take up Gln 

through SNAT2, converts it back to Glu and packed in the synaptic vesicles completing the 

recycling of the neurotransmitter in what is known as the Glu/Gln shuttle. Modafinil is a CNS 

stimulant that has gained popularity among college students although its molecular 

mechanism(s) of action has not been completely established. Through the use of the well-

characterized model of chick cerebellar Bergmann glia cells culture (BGC), we undertook the 

characterization of the effect of Modafinil in SNAT3 function. We were able to find a time and 

dose-dependent decrease of [3H] Gln uptake in BGC culture exposed to Modafinil. These results 

suggest that the stimulant enhances Gln release and therefore, augments Glu turnover. In order to 

gain insight into a plausible modulation by Modafinil in the protein repertoire of BGC, we 

explored the phosphorylation levels of the eukaryotic elongation factor 2, a factor that once 



phosphorylated halts the translation process. The exposure of the cultured cells to a 100 µM 

concentration of Modafinil for 1 h, results in an increase in the phosphorylation pattern of eEF2. 

Our results suggest that Modafinil targets glial components of the Glu/Gln cycle in glial cells and 

it increases Glu turnover. 
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Abstract: Simultaneous abuse of ethanol and opioids is a common practice among drug users. 

Several studies demonstrated that dependence and relapse to several drugs of abuse, including 

ethanol and opioids affect the glutamatergic system. Chronic ethanol consumption and opioids 

use can lead to increase in extracellular glutamate concentrations in several brain regions. High 

levels of extracellular glutamate were associated with reduction in the expression of glutamate 

transporter 1 (GLT-1). The glutamate homeostasis is regulated by several glutamate transporters, 

including the GLT-1, cystine-glutamate transporter (xCT), and glutamate-aspartate transporter 

(GLAST). Changes in the expression of these transporters can lead to dysregulation of glutamate 

clearance and homeostasis. In this study, we investigated the effects of ceftriaxone (CEF) on 

hydrocodone (HYD) reinstatement and ethanol intake in alcohol-preferring (P) rats using the 

conditioned place preference (CPP) paradigm. The CPP procedure was performed in four phases: 

a habituation phase for three days, a conditioning phase with four sessions of HYD (5 mg/kg, 

i.p.), an extinction phase with four sessions of CEF (200 mg/kg, i.p.), and a reinstatement phase 

with one priming session of HYD. Animals had free access to ethanol (15% and 30%) for five 

weeks prior to the CPP paradigm, and continued through the end of the study. One prime dose of 

HYD (5 mg/kg, i.p.) produced a significant increase in time spent in the HYD-paired chamber in 

the reinstatement test. We found that CEF attenuated HYD-reinstatement and reduced ethanol 

drinking. Western blot analysis showed a reduction in GLT-1 and xCT expression in nucleus 



accumbens (NAc), dorsomedial prefrontal cortex (dmPFC) and hippocampus (HIP) in rats 

simultaneously exposed to ethanol and HYD. CEF treatment attenuated these effects. No 

changes were observed in the expression of GLAST. These data show that CEF attenuated HYD-

reinstatement and ethanol drinking behavior, in part, through upregulation of GLT-1 and xCT 

expression in central reward brain regions. 
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Abstract: Increased excitability of melanin-concentrating hormone (MCH) neurons are known 

to promote sleep and weight gain. Glutamatergic afferents provide an excitatory drive to MCH 

neurons and may mediate plastic changes in response to homeostatic challenges. Our recent 

study showed that sleep deprivation induces plasticity of astrocytic glutamate transporter-1 

(GLT-1), resulting in reduced excitatory transmission to these neurons (Briggs et al. 2018 J 

Neurosci). This suggests an important role of glutamate transport in controlling excitatory 

transmission to MCH neurons. However, it remains unknown which types of glutamate receptors 

mediate excitatory transmission to these neurons and how their activities are regulated by GLT-

1. To answer these questions, whole cell patch clamp recordings were performed on MCH 

neurons in acute brain slices from male Sprague-Dawley rats. We identified three modes of 

glutamatergic transmission to these neurons with distinct time courses: fast EPSC induced by 

single afferent stimulation, pronounced slow EPSC evident following high frequency train 

stimulation, and tonic inward current which appears in the presence of the GLT-1 blocker DHK. 

DHK has no effect on fast EPSCs while paradoxically suppressing slow EPSC amplitude and 

area. Using specific receptor antagonists we found that fast EPSCs are mediated by AMPA 

receptors, slow EPSCs are mediated by kainate receptors (KARs) and possibly by group I 

metabotropic glutamate receptors (mGluR), and tonic currents are largely mediated by KARs. 

These results suggest that different glutamate receptors mediate distinct modes of glutamate 



signaling in MCH neurons. Specifically, ambient glutamate induces tonic current in these 

neurons via KARs and this is tightly regulated by GLT-1, while AMPAR-mediated fast EPSCs 

are not influenced by GLT-1 activity. During intense synaptic activity, glutamate spillover may 

occur and lead to slow EPSCs, which is mediated by KAR and group I mGluR, and modulated 

by GLT-1. In conclusion, our study shows a complex mechanism of excitatory transmission 

mediated by multiple glutamate receptors that are differentially regulated by glutamate transport 

activity. Given the known role of MCH neurons, this may have functional implications on sleep 

and energy homeostasis. 
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Abstract: Ischemic stroke is defined as the interruption of nutrients and oxygen rich blood flow 

to the brain. Cells fail to generate sufficient ATP resulting in energy failure which leads to loss 

of ionic gradients and dysregulation of neurotransmitter release. In particular, glutamate is 

released, reuptake processes are impaired, and glutamate binds to its postsynaptic receptors and 

promotes excitotoxic neuronal death after an ischemic insult. Astrocytic GLT-1 is the major 

glutamate transporter responsible for removing excess glutamate from the extracellular space. A 

possible neuroprotective compound LDN/OSU 0212320 (LDN; a translational activator of the 

GLT-1) has been developed recently with beneficial outcomes in epileptic animal models. 

Similar to stroke, glutamate is released during epileptic seizures. The goal of this study is to 

evaluate the effects of LDN in stroke-associated brain injury. To study ischemic brain damage, 

mice were subjected to unilateral focal ischemia induced in the sensorimotor cortex using the 



photothrombotic method. Male C57BL/6 mice (8-10 weeks of age) were injected i.p. with 75 

mg/kg of 1% Rose Bengal and the area of the skull over the sensorimotor cortex was illuminated 

using a 150 watt X-Cite series 120 (at 12% power) to create the focal lesion. The study compared 

two groups: a) animals receiving 40mg/kg of LDN (i.p.) 24 hours before surgery and b) animals 

which received an i.p. vehicle injection (1% DMSO, 1% polyethylene glycol, 0.2% TWEEN 80, 

10% hydroxypropyl-cyclodextran in 0.9% saline) 24 hours before surgery. Prior to receiving the 

focal lesion, mouse performance on the rung ladder walk was assessed. After these baseline data 

were determined, the mice received the focal lesion and 24 hours later their behavioral 

performance on the rung ladder walk was re-evaluated. The animals were then decapitated, 

brains were removed and 1mm sections were obtained using a mouse brain matrix. The sections 

were stained in a 5% solution of Tetrazolioum chloride (TTC) and the size of the lesion was 

measured using ImageJ. The area of the infarct for vehicle treated mice was 40.4 ± 8.8 mm2 

(mean ± SEM; n=3), whereas those pretreated with LDN had a reduced infarct size (20.4 ± 2.5 

mm2; n=3). Surprisingly, both groups had similar deficits in sensorimotor function 24 hours after 

surgery. In summary, we found that LDN reduced the infarct size after focal ischemia but did not 

alter the acute sensorimotor deficits at 24 hours. Experiments are in progress to determine if the 

decreased infarct size seen in LDN treated animals will result in increased recovery of 

sensorimotor function over time after stroke. 
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Abstract: Multiple aspects of rodent and human behavior show circadian rhythmicity. Circadian 

rhythms are initiated by the supra-chiasmatic nucleus (SCN), located within the hypothalamus. 

The SCN is entrained by light through glutamatergic afferents from the retina. The SCN, in turn, 

resets the function of numerous brain regions, either through direct synaptic connections or 

indirectly via hormone release. The hippocampus is one of these target regions, implicated with 

memory consolidation and spatial navigation. Fast glutamatergic transmission in the 



hippocampus is powerfully controlled by glutamate transporters, expressed at high levels in 

astrocytes. What is currently unknown is how exactly light exposure affects glutamate uptake, 

one of the main functions of astrocytes. Here, we address this question using a combination of 

high-resolution imaging and patch-clamp electrophysiology approaches. Our findings indicate 

that astrocytes undergo major remodeling during circadian rhythms. These structural changes are 

associated with altered rates of glutamate uptake, which, in turn, shapes the time course of 

excitatory synaptic transmission. Taken together, these findings identify astrocytes as major 

players in brain remodeling during circadian rhythmicity. 
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Abstract: Evidence supports the important role of the glutamatergic transmission in seeking 

behavior of several drugs of abuse. Studies have demonstrated that exposure to ethanol, cocaine, 

and/or methamphetamine dysregulated glutamate homeostasis in several reward brain regions, 

including the nucleus accumbens (NAc). However, less is known about the effects of co-

exposure to polysubstance use on astroglial glutamate transporters, such as glutamate transporter 

1 (GLT-1), cystine/glutamate exchanger (xCT) and glutamate/aspartate transporter (GLAST). In 

this study, we tested the effects of co-exposure to ethanol and CP 55,940 (CP), cannabinoid 

receptor 1 (CB1R) agonist, on ethanol intake and CP-induced reinstatement in alcohol-preferring 

(P) rats using an established conditioned place preference (CPP) paradigm. We revealed that one 

prime dose of CP induced a reinstatement behavior in P rats exposed to ethanol. Moreover, we 

revealed a significant downregulation in GLT-1 and xCT expression in the NAc, Amygdala 

(Amg) and Hippocampus (Hipp) in ethanol-vehicle and ethanol-CP as compared to control. 

Moreover, we revealed a significant downregulation in xCT expression in the dorsomedial 

prefrontal cortex (dmPFC) of ethanol-vehicle and ethanol-CP as compared to control. 

Administration of β-lactam compounds, Ampicillin/ sulbactam (A/S), known to upregulate GLT-

1 and xCT, during extinction phase attenuated the CP-seeking behavior and reduced ethanol 



consumption. This effect was associated, in part, with restoration of GLT-1 and xCT expression 

in tested brain regions. These findings demonstrate the potential role of upregulating GLT-1 and 

xCT expression to attenuate cannabinoids-seeking behavior and ethanol intake in animal model 

of polysubstance use. 
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Abstract: In the central nervous system, astrocytes regulate synaptic transmission in many 

aspects, including the control of extracellular glutamate levels, through GLAST and GLT-1 

transporters (Perego et al.,2000), being this crucial process for the normal function of synaptic 

transmission. For fine control of the extracellular levels of glutamate, these transporters require a 

tight modulation. Astrocytes also express cannabinoid type-1 receptors (CB1Rs), which are 

activated by endocannabinoids released by neurons. Not much is known about the mechanism of 

action of these receptors in astrocytes, but it has been reported that they led to enhanced 

astrocytic calcium signaling in a phospholipase C (PLC)-dependent way. Since neurotransmitter 

transporters can be modulated by phosphorylation-coupled signaling cascades, we now assessed 

the influence of CB1Rs upon the glutamate transporter GLAST. Primary astrocytic cultures were 

prepared from Sprague Dawley pups (0-2days) as described by Vaz et al., 2011. [3H]-glutamate 

uptake was performed with 18-23 div astrocytes. The specific transport mediated by GLAST was 

accessed by subtracting total transport from that detected in the presence of UCPH-101, a 

specific blocker of GLAST transporter. Glutamate transport in the primary cultured astrocytes 



mainly performed by GLAST (about 70% of total transport). The presence of ACEA, a synthetic 

cannabinoid, upregulated this transporter activity through a significant increase in Vmax. The 

effect of ACEA upon transport was lost in the presence of AM-251 (1µM), a selective CB1R 

antagonist. Moreover, modulation of GLAST by CB1R activation occurs through a PLC-

dependent but PKC independent pathway. These results indicate that CB1R activation increases 

the activity of glutamate transporter into astrocytes, thus disclosing a novel role for CB1Rs in 

glial cells. This may represent a protective feed-back mechanism to facilitate removal of 

glutamate from the synaptic cleft that could result from enhanced astrocytic calcium signaling 

and astrocytic glutamate release. Work supported by: SynaNet - Twinning Action funded by 

H2020 (GA-692340); LISBOA-01-0145-FEDER-007391, project cofunded by FEDER, through 

POR Lisboa 2020 - Programa Operacional Regional de Lisboa, PORTUGAL 2020, and 

Fundação para a Ciência e a Tecnologia (SFRH/BPD/81627/2011 and PTDC/DTP-

FTO/3346/2014)." 
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Abstract: Identifying differences between excitatory and inhibitory neurons is important for 

both basic science and translational studies, as these differences are critical to the proper 

functions of the brain and may also underlie the pathogenesis of major brain diseases. In our 

previous study, we identified a GluN2A-selective positive allosteric modulator, GNE-8324, that 

selectively enhances N-methyl-D-aspartate (NMDA) receptor-mediated synaptic responses in 

inhibitory neurons but not excitatory neurons. Here, we demonstrated that a higher resting 

glutamate level in the synaptic cleft of excitatory synapses on inhibitory neurons is a key factor 

underlying this differential potentiation. We showed that increasing expression of glutamate 



transporter 1 (GLT-1) eliminated GNE-8324 potentiation in inhibitory neurons while decreasing 

GLT-1 activity enabled potentiation in excitatory neurons. Our results reveal an unsuspected 

difference between excitatory synapses onto different neuronal types, and a more prominent 

activation of synaptic NMDARs by ambient glutamate in inhibitory neurons than excitatory 

neurons. This difference has implications for tonic NMDAR activity/signaling and can be 

exploited for selective modulation of inhibitory neuron activity in order to target various brain 

disorders especially those with reduced inhibition. 
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Abstract: Schizophrenia (SCZ) is a debilitating neurodevelopmental psychiatric disorder 

affecting ~1% of the world's population. People diagnosed with SCZ experience a heterogeneous 

combination of symptoms. These include psychosis, social withdrawal, anxiety, cognitive and 

motor impairments, reflecting a dysfunction across many brain regions. Numerous studies have 

consistently indicated a deficiency of neurotransmitter systems - glutamate, GABA and 

dopamine in SCZ, particularly in the forebrain (neocortex and hippocampus), and other 

subcortical structures. Moreover, converging lines of data now support an integrated hypothesis 

that NMDA receptor hypofunction (NMDAR, a glutamate receptor mediating synaptic 

excitation), could underlie both GABAergic and dopaminergic dysfunctions in SCZ. 

In the present study, using a Cre-lox approach involving Nkx2.1-cre and floxed-GRIN1 (a 

requisite NMDAR subunit) mice, we ablated NMDAR function in GABAergic interneurons that 

arise from the medial ganglionic eminence and occupy different brain regions relevant to SCZ. 

Electrophysiological analyses in these animals from the ventral hippocampus, an important 

structure involved in SCZ-related behavioral abnormalities, indicate that NMDAR-hypofunction 

in a discrete interneuron class results in aberrant short-term plasticity, AMPA receptor function, 



and dendrite patterning. Moreover, behavioral analyses indicate that these mutant animals exhibit 

novelty-induced hyperlocomotion, risk-taking and motor abnormalities reminiscent of SCZ-like 

impairments. 

NMDARs are a key source of calcium entry into neurons regulating the transcription of new 

genes. To test whether the interneuron-specific loss of NMDARs results in aberrant excitation-

transcription coupling and its centrality to SCZ etiology, we turned to next-gen RNAsequencing. 

By performing cell-type specific translatome analyses, we have recently discovered differential 

expression of several classes of genes spanning different neurotransmitter systems relevant to 

SCZ, in a brain region-specific manner. Overall, our comprehensive brain-wide interrogation of 

molecular, cellular, electrophysiological and behavioral approaches has allowed a systematic 

interrogation of the NMDAR-hypofunction hypothesis of SCZ. This, in turn, has revealed novel 

insights into disease etiology that could open new doors to developing new therapeutic strategies. 
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Abstract: The mediodorsal thalamus (MD) plays a critical role in cognition through its extensive 

glutamatergic innervation on both excitatory and inhibitory neurons in the medial prefrontal 

cortex (mPFC). Vasoactive intestinal peptide positive (VIP+) and somatostatin-positive 

(SOM+/SST+) are two type of non-fast spiking interneurons. Both of them are reportedly 

involved in PFC-dependent function and social behaviors, as well as mental disorders such as 

schizophrenia. However, whether and how these cells are influenced by the MD afferents 

remains unknown. In this study, by combining optogenetic technique with transgenic Cre mouse 

lines and whole cell patch-clamp recording, we aim to characterize the synaptic properties of the 

potential projection from the MD to VIP+ and SOM+ interneurons in the mouse PFC. We found 

that SOM+ interneurons receive direct monosynaptic inputs from the MD. Optogenetic 

stimulation of MD afferent terminals evoked more AMPA-mediated current than the NMDA-



mediated current in SOM+ interneurons. The NMDA/AMPA ratio was 0.43, which was smaller 

than the one recorded in pyramidal neurons (and possibly PV+ interneurons). In contrast, VIP+ 

interneurons do not receive direct innervation from the MD but were influenced by MD inputs 

through the polysynaptic transmission. Stimulating MD axon terminals induced multi-peak 

AMPA- and NMDA-mediated currents in VIP+ interneurons. These results suggest that SOM+ 

interneurons, but not VIP+ interneurons, may play important roles in mediating the effect of MD 

afferent on PFC-dependent function. 
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Abstract: Chronic repeated exposure to marijuana’s major psychoactive compound, ∆9-

tetrahydro-cannabinol (THC) during adolescence results in complex cognitive abnormalities that 

are reminiscent of those produced by NMDA receptor hypofunction in the medial prefrontal 

cortex (mPFC). The prelimbic (PL) and infralimbic (IL) mPFC are respectively implicated in 

endocannabinoid-regulated NMDA receptor-mediated synaptic plasticity that enables gain in 

impulse control and fear extinction during adolescence. This suggests that THC occupancy of 

CB1 receptors during this sensitive period of development results in functional down regulation 

of GluN1 containing NMDA receptors in PL- and/or IL-mPFC neurons receiving synaptic input 

from axon terminals that express CB1receptors. We tested this hypothesis using quantitative 

electron microscopic dual labeling and whole-cell current-clamp recording in the mPFC of adult 

C57Bl/6J male mice that had received once-daily intraperitoneal injections of vehicle or THC at 

escalating doses of 2.5-10 mg/kg through adolescence, postnatal day 30-44. GluN1 immunogold 

was localized on endomembranes and both synaptic and non-synaptic plasma membranes of 

many dendritic profiles and seen in select axonal and glial profiles throughout the mPFC. The 



impact of THC pretreatment on GluN1 distribution relative to synaptic input varied substantially 

in the mPFC compartments. In the PL-PFC cortex of THC-pretreated mice, the cytoplasmic and 

total GluN1 density was significantly (1) decreased in small dendritic profiles receiving input 

from excitatory- and CB1R-labeled inhibitory-type terminals, and (2) increased in large glial 

ensheathed dendrites without synaptic contact. The current-clamp recording also showed a more 

negative resting membrane potential (RMP) and increased current-induced firing threshold, 

decreased spontaneous firing rate and reduction in depolarizing response to NMDA in PL-PFC 

neurons of THC pretreated mice. In contrast with the PL-PFC, chronic adolescent administration 

of THC increased the cytoplasmic density of GluN1 exclusively in large dendrites receptive to 

terminals expressing CB1 receptors in the IL-PFC. These results provide new evidence that THC 

occupancy of presynaptic CB1 receptors during adolescence produces functional depression of 

NMDA receptors and increased cytoplasmic accumulation of GluN1 subunits in large proximal 

dendrites influenced by glial-derived and CB1 regulated modulators in PL and IL-PFC, 

respectively. They have implications for understanding and treating psychiatric disorders 

worsened by early use of marijuana. 
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Abstract: Vesicular glutamate transporters (VGLUTs) package glutamate into synaptic vesicles 

and are essential for glutamatergic neurotransmission. Whether synapse and circuit function can 

be modulated through VGLUT-dependent mechanisms that determine the amount of glutamate 

released per exocytic event remains a fascinating and unresolved question. Through molecular 

dissection of a C. elegans sensory neuron that mediates a simple avoidance behavior, we have 

discovered a novel vesicular transporter that is co-expressed with VGLUT and functionally 

interacts with VGLUT to regulate glutamate release. Mutants lacking this transporter display 

excess glutamate release from sensory neurons. The resulting behavior defects are ameliorated 

by attenuation of post-synaptic AMPA-type glutamate receptors, and high-resolution behavioral 



analysis suggests that specific synapses in a chemosensory circuit are affected by mutation of 

this novel vesicular transporter. We propose a model in which different vesicular transporters 

compete for access to a common electrochemical gradient to set the amount of glutamate stored 

in a vesicle. This model predicts that the substrate of the transporter we have discovered will be a 

potent endogenous regulator of glutamatergic neurotransmission. Our model further predicts 

qualitatively different functional interactions between other types of vesicular transporters, e.g. 

the vesicular acetylcholine transporter and the vesicular monoamine transporters, and this novel 

vesicular transporter, which is enriched in glutamatergic neurons but is also expressed in many 

non-glutamatergic neurons. 
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Abstract: The function of serotonin transporter (SERT) is regulated via its membrane 

trafficking. Our previous studies have revealed that the SERT C-terminal deletion mutant 

(SERTΔCT) showed the robust decrease in its membrane trafficking and was retained at 

endoplasmic reticulum (ER), suggesting that SERTΔCT would be an unfolded protein. The 

accumulation of unfolded membrane protein in ER could be the cause of ER stress. It has been 

reported that the Sigma-1 receptor (SigR1) attenuates the ER stress via its chaperone activity 

when the SigR1 agonists bind to the receptor. In order to find the drugs that accelerate the 

membrane trafficking and relieve the ER stress, we focused on the SigR1 agonists. We 

investigated the effects of SKF-10047, a prototype SigR1 agonist, on the membrane trafficking 

and uptake activity of SERT and SERTΔCT expressed in COS-7 cells. The 24hr-treatment of 

SKF-10047 (> 200 μM) accelerated the SERT membrane trafficking, and robustly upregulated 

the activity of SERTΔCT. Interestingly, these effects of SKF-10047 on SERT functions also 



remained in the cells in which the SigR1 expression was knocked-down by shRNA, suggesting 

that SKF-10047 exerted these effects on SERT via a mechanism independent of SigR1. In 

addition, PRE-084, a more specific SigR1 agonist than SKF-10047, did not influence on the 

SERT activity. These findings gave a rise to the idea that SKF-10047 would act on the other 

target than SigR1. To elucidate the novel mechanism underlying the effects of SKF-10047, we 

performed the cDNA array for the SKF-10047-treated and non-treated control cells. We 

identified several candidate genes, which is involved in the membrane trafficking. Among them, 

syntaxin 3 (STX3), a member of SNARE protein which participate in the exocytosis of vesicle 

and vesicular proteins, was significantly up-regulated by the treatment of 200 μM SKF-10047 for 

48 hours. This leads to the possibility that STX3 is a target of SKF-10047, which facilitates the 

trafficking of SERT or SERTΔCT, thereby relieving the SERTΔCT-induced ER stress. Taken 

together, SKF-10047 would be a candidate drug for the relief of ER stress caused by the 

accumulation of unfolded membrane proteins. 

Disclosures: N. Sakai: None. M. Asano: None. H. Yamamoto: None. I. Hide: None. S. 

Tanaka: None. 

Poster 

199. Monoamines I 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 199.02/C28 

Topic: B.01. Neurotransmitters, Transporters, and Signaling Molecules 

Title: Fast analysis of dopamine and serotonin for high time resolution in microdialysis 

experiments 

Authors: *M. EYSBERG1, H.-J. BROUWER2, L. M. VAN HEERWAARDEN2, N. J. 

REINHOUD2 
1Antec Scientific (USA), Boston, MA; 2Antec Scientific, Zoeterwoude, Netherlands 

Abstract: Microdialysis of neurotransmitters in vivo has become an invaluable tool to study 

neurotransmission in the living brain. Extracellular fluid of the brain is sampled through a 

semipermeable membrane with a microdialysis probe. HPLC analysis requires fractionation of 

the sample stream, and the size of the fractions will affect time resolution. To accurately measure 

fast responses, a high time resolution is necessary. Typical flow rates in microdialysis are 1 - 2 

µL/min, and decreasing the fraction size to a few microliters enables a temporal resolution of a 

few minutes. We developed a robust commercially available on-line solution for the 

simultaneous analysis of DA and 5-HT with high time resolution in microdialysis experiments. 

The solution is based on a UHPLC system equipped with a dual loop sampling valve in 

combination with the new DECADE Elite electrochemical detector and SenCell (see fig 1) . 

Small samples with a volume of 1.5 µL were collected online into the dual loop sampling valve 



and simultaneously analyzed. With this approach a temporal resolution of less than 2 minutes 

can be reached, with a detection limit of 100 pmol/L for both DA and 5-HT. Furthermore, it was 

demonstrated that by increasing the separation temperature from 35 °C to 60°C, the analysis time 

could be shortened to less than 1 minute allowing an even higher temporal resolution of in vivo 

experiments (see fig 2). 
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Abstract: Midbrain dopamine (mDA) neurons in the ventral tegmental area (VTA) and 

substantia nigra compacta (SNc) play a fundamental role in cognitive processes, including 

reward processing, learning, motivation to engage in goal-orientated behaviours and regulate 

motor control. Dysfunctional mDA neurons in humans are associated with schizophrenia, 

anxiety, depression and drug addiction. In addition, SNc neurons degeneration leads to 

Parkinson’s disease. Given that DA transmission is central to many cognitive processes and 

motor functions, it is pivotal that we develop a full understanding of mDA neuron regulation. 

Insulin-like growth factor 1 (IGF-1) is a hormone mainly secreted from the liver. It has been 

discovered that neurons within the brain are also able to synthesise and secrete IGF-1, which acts 

locally in a paracrine/autocrine manner. Igf-1 transcripts have been found in mDA neurons, but 

functional information of mDA neuron-derived IGF-1 is virtually absent. We hypothesised that 

mDA neuron-derived IGF-1 acts as a neuropeptide, secreted in an activity dependent manner, 

able to shape mDA neuron functional properties and ultimately DA dependent-behaviours. We 

found, using in situ hybridisation and immunofluorescence on mouse midbrain sections, that 

mDA neurons expressing IGF-1 are distributed in salt-and-pepper fashion within the SNc and 

VTA. IGF-1 protein was found localised in cell bodies but not in axons. By functional studies on 

mDA neuron primary cultures we demonstrated that IGF-1 is secreted in an activity dependent 

manner. In addition, by employing false fluorescent neurotransmitter imaging on brain slices, we 

found that IGF-1 exposure to the ventral midbrain reduces DA release from mDA neurons. 

Using conditional knock-out (cKO) strategy, we addressed the role of mDA neuron-derived IGF-

1 in adult mice. Igf-1 cKO mice showed reduced IGF-1 signalling in the ventral midbrain, lower 

levels of phosphorylated tyrosine hydroxylase and DA content. mDA neurons in Igf-1 cKO mice 

were less excitable, with decreased spontaneous firing, increased latency to fire action potentials 

and reduced number of action potentials fired in bursts. Igf-1 cKO mice were hypoactive, 

showed reduced motor skill learning and lack of exploration in a novel environment. Together 

these data demonstrate that mDA neuron-derived IGF-1 is a modulator of mDA neurons activity 

and has a relevant role in controlling DA-mediated behaviours. Our results suggest that IGF-1 

signaling in mDA neurons could represent a positive feedback loop to enhance DA transmission 

and facilitate DA-mediated behaviours. 
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Abstract: In the field of neurotransmitter analysis, there is a continuing demand for faster and 

more sensitive detection of analytes in microdialysis samples. The requirement to quantify 

picomolar concentration levels of neurotransmitters with good reproducibility and accuracy in 

small sample fractions (< 5 uL) is an analytical challenge. 

The UHPLC ALEXYS™ Neurotransmitter Analyzer, based on the DECADE Elite 

(electrochemical detector) and SenCell (electrochemical flow cell), has been designed to meet 

the highest demands for detection sensitivity and performance. It comprises of a number of 

integrated system solutions, which have been developed for trace analysis of neurotransmitters. 

Parallel and serial detection schemes using multiple flow cells have been used instead of running 

sequential trials for different neurotransmitters. Dual or triple loop injection valves are applied 

with minimum sample consumption on parallel UHPLC systems under completely different 

conditions. Getting more information out of fewer samples is not only saving time and money 

but - in the end - also test animals. 

Several examples of optimized assays for the analysis of acetylcholine, GABA, glutamate, 

monoamines and metabolites are shown to demonstrate the performance of the UHPLC 

ALEXYS™ Neurotransmitter Analyzer. Some features of these methods: 

• Fast and efficient separations using sub-2µm particle columns 

• Reproducible results (response RSD <2%) 

• Detection limits down to 0.15 fmol monomoamines (30 pM; 5 µL), 3 fmol acetylcholine (0.3 

nM; 10 µL), and 15 fmol GABA (10 nM; 1.5 µL) 

• Basal levels of neurotransmitters can be quantified accurately (Fig. 1) 
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Abstract: When placed in an unfamiliar and brightly-lit arena, two adult male rats that have not 

previously interacted display a low level of social interaction attributed to an anxiety-like state. 

The test has therefore been used to explore anxiolytic/anti-stress activity and we investigated the 

effects of serotonin 5-HT1A receptor agonists displaying various activity profiles i.e. partial vs 

full agonist efficacy; and pre- vs post-synaptic 5-HT1A receptor preferential activation by 'biased 

agonists'. 

Adult, male, Sprague-Dawley rats were housed singly before starting the social interaction 

session. Thirty min before being placed in a Plexiglas arena, a pair of rats were injected with 

either vehicle or a given dose of diazepam (as a reference compound) or of one of the six 5-HT1A 

receptor agonists listed in the Table. Time spent in social interaction (following, sniffing, 

playing) was recorded. 

Time spent in social interaction was inversely correlated with light intensity, with values 

dropping nearly by half (212.6 +/- 18.8 vs 113.7 +/- 7.0 s) between 10 and 300 lux (measured at 

floor level). Under the high light intensity conditions (300 lux), diazepam showed a bell-shaped 

curve, with significant and mild effect (78% increase in interaction time above control) at 1 

mg/kg i.p. only. Effects of the 5-HT1A receptor agonists are summarized in the Table. 

Full agonists, whether non-preferential (flesinoxan, 8-OH-DPAT) or preferential for pre-synaptic 

receptors (F13714), showed the strongest activity in this model. The preferential pre-synaptic 

receptor partial agonist, S15535, was active over a wide dose-range. In contrast, F15599 (a.k.a. 

NLX-101), a high-efficacy biased agonist that preferentially activates post-synaptic 5-HT1A 

receptors, exhibited little activity. The clinical anxiolytic, buspirone, showed a marked effect 

despite its partial agonist activity at 5-HT1A receptors, possibly due to other mechanisms 

(dopamine D2/3 antagonism by buspirone or alpha2 antagonism by its principal metabolite, 1-

PP). These data support the hypothesis that activity in this model is mediated by preferential full 

agonist activation of pre-synaptic 5-HT1A receptors. 



Effects of 5-HT1A agonists on rat social interaction under high luminosity conditions 

 F13714 F15599 S15535 Flesinoxan 
8-OH-

DPAT 
Buspirone 

Full or partial 

agonist 
full full partial full full partial 

Pre- or post-synaptic pre post (pre) both both both 

Dose-range (route) 
0.0025-0.04 

(ip) 

0.01-0.63 

(ip) 

0.01-2.5 

(ip) 

0.04-0.63 

(ip) 

0.03-0.125 

(sc) 
0.3-1 (sc) 

Active doses 

(mg/kg) 
0.04 0.16 

0.04 to 

2.5 
0.63 0.06, 0.125 0.63, 1 

Max. effect vs 

control (dose) 
117% (0.04) 59% (0.16) 

74% 

(0.63) 
117% (0.63) 

158% 

(0.06) 
159% (1) 
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Abstract: RGS (“Regulator of G protein Signaling”) proteins are best known for their activity on 

Gα-GTP subunits; i.e., RGS proteins increase the rate of GTP hydrolysis and, thus, reassociation 

of Gα-GDP and Gβγ subunits. However, some RGS proteins exert additional functions on G 

protein-coupled receptor signal transduction pathways. RGS12 is one of the most complex RGS 

proteins known, with five distinct functional/protein-binding motifs. We recently reported (Gross 

et al. Journal of Psychopharmacology, 2018) that mice lacking RGS12 exhibit increased 

dopamine transporter (DAT) expression and dopamine uptake in ventral striatal tissue. However, 

the mechanism underlying this increased expression and function of DAT was unclear. Given 

previous reports that kappa-opioid receptor (KOR) activation positively regulates DAT activity, 

RGS12 is capable of inhibiting G protein activation downstream of KOR activation, and marked 

overlap of Oprk1 and Rgs12 mRNA expression, we investigated whether alterations in KOR 

activity and/or sensitivity might be responsible for the effect of RGS12 on DAT. We established 

that KOR antagonism reversed the augmented DAT uptake observed in RGS12-null ventral 

striatal synaptosomes. Further assays revealed that KOR expression and sensitivity are both 

increased in RGS12-null mice. Our new data establish a KOR-RGS12-DAT functional link in 

the ventral striatum. 
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Med., Stanford Univ. Sch. of Med., Stanford, CA; 4Stanford Univ. Sch. of Med., Dept. of 

Bioengineering, Dept. of Psychiatry and Behavioral Sciences, and Howard Hughes Med. Inst., 

Stanford, CA 

Abstract: The neuromodulators dopamine (DA) and serotonin (5-HT) influence a wide range of 

motivated behaviors but the detailed mechanisms by which they modify critical neural circuits 

remain largely unknown. The nucleus accumbens (NAc) is a key node for reward processing and 

receives dense DA and 5-HT innervation. To determine whether DA and 5-HT selectively 

modulate synaptic transmission in the NAc in an input-specific manner, we examined how these 

neuromodulators influence excitatory postsynaptic currents (EPSCs) generated by four of the 

major glutamatergic inputs to the NAc. In mice in which D1-MSNs are labelled by tdTomato, we 

injected two different adeno-associated viruses each encoding one of two optogenetic constructs 

(blue light-activated Chronos or red light-activated ChrimsonR) into pairs of the major NAc 

input areas: the ventral hippocampus, the medial prefrontal cortex, the basolateral amygdala, or 

the periventricular thalamus. After 5-6 weeks of incubation, we made whole cell voltage clamp 

recordings from NAc MSNs in acute slices prepared from these animals while optogenetically 

activating two independent sets of inputs. EPSCs generated by these different inputs were 

selectively depressed by DA or 5-HT in an input specific manner. Specifically, DA and 5-HT 

differentially regulated EPSCs generated by inputs from medial prefrontal cortex and 

periventricular thalamus compared to other inputs. These findings are recapitulated during drug-

induced release of endogenous DA or 5-HT. Preliminary results suggest that the input-specific 

neuromodulator-evoked regulation of excitatory inputs occurs in either D1- or D2-MSN 

subpopulations. Moreover, consistent with previous work, measurement of EPSC paired pulse 

ratios suggests a presynaptic mechanism of neuromodulator action. Taken together, our findings 

suggest that DA and 5-HT selectively filter incoming excitatory input to the NAc. This input-

specific modulation of excitatory synaptic transmission in the NAc may contribute to the discrete 

behavioral consequences of DA and 5-HT release in the NAc and provide insights that may 

prove useful for novel therapeutic approaches to the treatment of disorders involving 

pathological motivations. 
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Title: Sex-steroid mediation of OCT3s as a mechanism for regulation of serotonin in the female 

rat medial hypothalamus and related behaviors 
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Abstract: The dorsomedial hypothalamus (DMH) is believed to modulate stress through the 

integration of autonomic and neuroendocrine responses that mediate appropriate changes in 

behavior. Local delivery of corticosterone (200 ng/mL) combined with progesterone (P, (120 

ng/mL) into the mediobasal hypothalamus, which includes the DMH and ventromedial 

hypothalamus, of adult, ovariectomized rats systemically primed with estradiol (E2, 5 µg) 

markedly and rapidly increases extracellular serotonin (5-HT) concentrations. Corticosterone 

may exert rapid effects on 5-HT by blocking organic cation transporter 3 (OCT3), membrane 

transporters that are highly expressed in the DMH. Since OCT3 is believed to function as a 

clearance mechanism for monoamines, including 5-HT, it is possible that stress-induced 

increases in corticosterone may exert behavioral effects by prolonging 5-HT signaling. 

Normetanephrine (NM), a norepinephrine metabolite that blocks OCT3, was delivered via 

reverse microdialysis to determine if the effect on DMH 5-HT was similar to corticosterone in 

adult, ovariectomized rats primed with E2 and P. Consistent with the corticosterone effect, 5-HT 

was significantly increased by NM perfusion within the first post-treatment dialysate sample. We 

then tested behavioral effects of corticosterone and NM in the DMH, hypothesizing that blocking 

OCT3 would increase the expression of fear- and anxiety-related behaviors and, as a result, 

acutely suppress the expression of the lordosis reflex. Anxiety-like behavior was tested using the 

open-field test and the elevated plus-maze (EPM). Ovariectomized rats primed with E2 and P 

were treated with bilateral infusions of corticosterone (48 pg/0.5 µL), NM (45 ng/0.5 µL) or 

vehicle (V) into the DMH 10 min prior to behavioral evaluation. Surprisingly, neither 

corticosterone nor NM infusions into the DMH affected anxiety-like behaviors. However, 

infusions of both OCT3 blockers into the DMH reversibly suppressed sexual behavior. To 

examine the role of steroid-priming on OCT3, western blots were performed on DMH tissue. 

OCT3 was upregulated in the DMH of rats primed with E2 + P when compared to E2 +V and V + 

V controls. Taken together, these results suggest that steroid modulation of OCT3-mediated 

neurotransmitter clearance can rapidly and reversibly alter the expression of behavior. 
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Abstract: Amphetamine, amphetamine-derivatives and trace amines can modulate dopaminergic 

and glutamatergic signaling through internalization of the dopamine and glutamate transporters, 

DAT and EAAT3. Amphetamine enters dopamine neurons through the DAT and once in the 

cytoplasm it activates the intracellular G-protein-coupled receptor (GPCR) TAAR1. Near the 

endoplasmic reticulum, TAAR1 signals through a Gα-subunit, G13, which leads to the activation 

of the small GTPase, RhoA, stimulation of the Rho-associated protein kinase, ROCK, and 

internalization of the plasma-membrane transporters DAT and EAAT3. Amphetamine also 

activates TAAR1 receptors coupled to Gs, activating PKA which in turn phosphorylates RhoA at 

a serine residue to inactivate RhoA. Through this mechanism, TAAR1 mediates amphetamine-

mediated RhoA activation, inactivation and transporter internalization. We used FRET sensors 

for PKA (AKAR4) as well as a new enhanced RhoA sensor to investigate amphetamine-

mediated signaling through these two biochemical cascades. Using targeting motifs, we were 

able to distinguish signaling near the ER, golgi, nucleus, cytoplasm, mitochondria, synaptic 

vesicles and lipid-raft and non-lipid-raft membranes. RhoA and PKA pathways activated by 

TAAR1 display distinct subcellular profiles of activation and reveal a striking 

compartmentalization of amphetamine effects within the cell. 
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Abstract: The β2-adrenergic receptor (β2AR) is a G protein-coupled receptor (GPCR) that binds 

to norepinephrine and epinephrine to mediate the diverse physiological responses in the 

sympathetic nervous system. A majority of the β2AR known as a glycoprotein which possess N-

glycosylation at its N-terminal, and these β2AR also undergoes other reversible post translational 

modifications (PTMs) upon agonist stimulation. O-glycosylation of GPCRs also have been 

suggested, but rarely studied about its effects on GPCR mediated signaling. Here, we examined 

agonist mediated signal transduction of O-glycosylation modified β2AR in HEK293 cells. 

Eventually, we are interested in a transient stage which is followed by “switch-on” to “switch-

off” state in PTM-dependent receptor cycling. To identify a novel regulatory mechanism of 

reversible receptor cycling, we suggested O-glycosylation as a regulator considering its 

competitive modules with phosphorylation. By regulating key enzymes of O-glycosylation 

cycling, we demonstrated that elevated intracellular O-glycosylation levels delays receptor 

internalization from the plasma membrane. In addition, the receptor expressed in O-

glycosylation deficient cells showed destabilized within the membrane. This finding of O-

glycosylation of β2ARs is unprecedented and hints a possibility of specific biological roles in 

GPCR signaling such as signal termination; desensitization, receptor internalization, and receptor 

stability. 
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Abstract: Striatal spiny projection neurons (SPNs) make inhibitory synaptic connections with 

each other via collaterals of their main axon, forming a local lateral inhibition network. Previous 

studies have shown that serotonin, acting via the 5-HT1B receptor, modulates neurotransmitter 

release from terminals in the target nuclei of SPN projections. Despite this well accepted 

function, the role of 5-HT1B receptors in lateral inhibition locally among SPNs remains poorly 

understood. To address this issue, whole-cell patch clamp recordings were made from SPNs in 

acute brain slices, while optogenetically stimulating presynaptic SPNs. Inhibitory postsynaptic 

currents (iPSCs) mediated by GABA were measured before and after application of a 5-HT1B 

receptor agonist. Activation of 5-HT1B receptors significantly reduced the amplitude of 

postsynaptic iPSCs in SPNs (Fig. 1, ***: p = 0.0003, **: p = 0.005, *: p = 0.0179). This effect 

was due to a reduced presynaptic release probability of GABA (Fig. 2). Collectively, these 

results suggest a prominent role of serotonin in modulating lateral inhibition among striatal 

neurons. 
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Abstract: The serotonin transporter (SERT) is localized in cholesterol-rich microdomains within 

the plasma membrane. These microdomains are thought to modulate SERT protein-protein 

interactions and post translational modifications. However, the mechanism of membrane 

http://files.abstractsonline.com/CTRL/0a/2/54e/533/e37/483/8aa/e36/cd2/915/0d9/28/g6763_6.png


cholesterol on SERT function in the brain has yielded conflicting results. No studies have 

examined the role for cholesterol biosynthetic intermediates in regulating SERT function. To 

investigate the role of cholesterol and its biosynthetic intermediates on neuronal SERT function, 

serotonergic RN46A-B14 cells were stably overexpressed with myc-tagged SERT. Simvastatin 

was used to block synthesis of cholesterol and cholesterol biosynthetic intermediates by blocking 

the rate limiting enzyme HMGCoA reductase. Serotonin (5-HT) transport activity was assayed 

by measurement of intracellular 5-HT content after incubation of cells with 5-HT. Simvastatin 

decreased total cholesterol in the cells and disrupted lipid rafts within the plasma membrane but 

surprisingly, increased 5-HT uptake in a fluoxetine-sensitive manner. This was evidenced by a 

shift in the Km but not the Vmax for 5HT. To examine the role of biosynthetic intermediates 

downstream of HMGCoA reductase in the enhanced 5HT uptake, mevalonate was added to the 

medium in the presence of simvastatin and completely blocked the enhanced uptake, while 

repletion of cholesterol with squalene did not. The addition of the isoprenylation intermediate, 

farnesyl pyrophosphate also blocked the enhanced uptake. These results indicate that simvastatin 

enhances 5-HT uptake via SERT in a manner dependent on the inhibition of the farnesylation 

pathway but independent of cholesterol per se. In addition, further in vivo studies showed 

enhanced 5-HT uptake in the prefrontal cortex of rats administered 10 mg/kg/day simvastatin 

intraperitoneal for 7 days. Collectively, these data support a role for the farnesylation pathway in 

regulating SERT in the brain. 
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Title: Noradrenergic modulation of somatosensory cortex during tactile detection 
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Abstract: Understanding the variability associated with perception and decision-making remains 

a fundamental challenge for neuroscience. Neurons in mouse primary somatosensory (S1) cortex 



exhibit choice-related activity during simple tactile detection tasks (Sachidhanandam et al., 2013; 

Yang et al., 2016). What are the underlying neural processes that influence the occurrence of 

successes and failures of stimulus detection? The neuromodulator norepinephrine (NE), whose 

ascending inputs to cortex arise mainly from the brainstem nucleus locus coeruleus (LC), has 

been proposed to have a critical role in regulating multiple aspects of behavior, including 

perception, attentiveness and decision-making. However, we have limited understanding of its 

function in modulating even simple aspects of sensory processing during perceptual behaviors. 

Here, we address this issue by performing single-unit recordings from optogenetically identified 

LC-NE neurons (n = 38) during a tactile detection task. Applying an ideal observer, receiver-

operating characteristic analysis, we found that ~70% of our recorded LC neurons showed 

spiking that discriminated successes vs. failures of tactile stimulus detection, i.e. Hits vs Misses. 

Specifically, lower pre-stimulus “tonic” activity (LC spike rate measured prior to stimulus onset) 

predicted successful detection, as did higher stimulus-evoked “phasic” activity (spike rate 

measured in a brief window immediately after stimulus onset). In separate experiments, we 

performed simultaneous intracellular (whole-cell) recordings in S1 and extracellular recordings 

in LC (n = 26 paired recordings). We found that LC spiking was positively correlated with 

membrane potential fluctuations of S1 neurons, with LC spikes preceding the peaks of S1 

depolarizations by ~100 ms. Our results suggest that the LC-NE system modulates 

somatosensory information processing during touch perception. 
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Abstract: Dopamine (DA) is implicated in neuropsychiatric disorders ranging from Parkinson's 

disease to schizophrenia and addiction. DA receptors are the primary target of endogenous DA, 

and as such, are a key determinant of DA functioning in different brain regions. DA D2-like 

receptors are widely expressed throughout the brain, with the highest levels in the striatum. 

Unfortunately, current [18F]-Fallypride Positron Emission Tomography (PET) data 

interpretation is constrained by limitations in our understanding of the extent to which 



endogenous DA influences D2-like DA receptor availability. In this study, we have addressed 

the methodological problem in interpretation of [18F]-Fallypride data by using a combination of 

in vivo microdialysis to measure endogenous DA and microPET to measure D2 receptor 

availability (binding potential). Measurement of DA D2-like binding potential using microPET 

and the high affinity D2 radioligand [18F]-Fallypride was performed at baseline and following 

pharmacological depletion of DA with intraperitoneal resperine and alpha-methyl-para-tyrosine 

(AMPT) allowing assessment of the level of D2 receptor availability, both with, and in the 

absence of, endogenous DA. Further, microdialysis was performed to measure levels of 

endogenous DA levels, both at baseline and in the depleted state, to estimate the extent to which 

extracellular DA was depleted, and the extent to which changes in binding potential were 

associated with the extent of DA depletion . The goal of this research project is to develop a 

translational model using microPET to link the precision of preclinical pharmacological 

manipulation of the mesolimbic DA system to human clinical PET research measuring DA 

effects. This work has potential for drug development, and, by moving directly between an 

animal and human model, can further facilitate the ability to use measurable individual 

differences in D2 receptor availability between patients to help optimize individualized treatment 

plans. 
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Abstract: Early views of how subcortical neuromodulatory nuclei exert influence over cortex 

assert that these modulatory systems provide a global rather than local signal across cortex. The 

ability to examine hypotheses related to global vs. local signaling require measurement of these 

neuromodulatory molecules across cortical regions. Here we present steady-state data for 

monoamine concentrations measured from multiple regions of the macaque monkey cortex. We 



collected postmortem tissue punches from the unfixed, frozen brains of four adult, male 

macaques. Using liquid chromatography/mass spectrometry, we analyzed samples from visual, 

parietal, and somatomotor cortical regions for concentrations of dopamine, noradrenaline, and 

serotonin. Our data indicate that measured monoamine tissue concentrations cannot be predicted 

simply by univariate proxies such as prior monoaminergic innervation and receptor pattern data. 

Across our selected cortical regions, dopamine and noradrenaline exhibit a rostral-to-caudal 

gradient while serotonin does not. Using hierarchical clustering of our monoamine concentration 

data, we find that areas cluster by related function: visual and parietal areas comprise one cluster, 

while sensorimotor areas comprise a second cluster. By plotting our three-dimensional 

monoamine concentration data, we similarly see that regions group in this multidimensional, 

multimodulator space, with functionally-related cortical regions grouping together. To test 

whether neuromodulatory signaling truly exhibits local variations, we propose supplementing 

this data with future in vivo studies to determine how much our steady-state data is reflected by 

concentrations measured extracellularly in awake, behaving animals. We also propose that these 

studies should be conducted with concurrent behavior so as to construct neurochemical state-

spaces that define brain or behavioral states using multidimensional, dynamical concentration 

data. 
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Abstract: Nearly all neural processes in vertebrate brains are physically embedded in a dense 

matrix of axons (fibers) that release 5-hydroxytryptamine (5-HT, serotonin). Many studies have 

investigated densities of these fibers in the healthy and diseased brain, but the deep structure of 

the serotonergic matrix remains poorly understood. Our research focuses on its three aspects: (1) 

the stochastic properties of single serotonergic fibers, (2) the potential contribution of blood 

platelets to serotonergic signaling, and (3) the interaction of serotonergic fibers with microglia. 

Analysis 1: We immunolabeled serotonergic fibers in the mouse brain, traced them in the 



primary somatosensory cortex (in Fiji ImageJ), and modeled their trajectories as a random walk 

based on the von Mises-Fisher probability distribution (with the concentration parameter κ). We 

obtained a robust estimate of the concentration parameter and also showed that its value can vary 

across brain regions. Analysis 2: We selectively depleted platelets in adult mice and measured 

(with quantitative RT-PCR) the mRNA levels of several 5-HT receptors and glia-specific 

proteins in the cerebral cortex and basal nuclei one day after the depletion. The analysis showed 

that the expression of some of the genes may be affected by the lack of platelets, suggesting that 

peripheral 5-HT may contribute to brain serotonergic signaling. Analysis 3: Using multiple-label 

immunohistochemistry with confocal and super-resolution (Stimulated Emission Depletion 

(STED)) microscopy, we investigated colocalization of serotonergic varicosities and microglial 

processes in the mouse brain. We found contacts between these two ubiquitous brain elements 

and obtained information about their spatial arrangements with nanometer resolution. These 

findings advance the current understanding of the fine organization of the serotonergic matrix, a 

key structure in the biology of several mental disorders, including Autism Spectrum Disorder, 

Major Depressive Disorder, and schizophrenia. 
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Abstract: Dopaminergic neurons of the ventral tegmental area (VTA) are important in goal 

directed behavior. These neurons are highly controlled by GABAergic interneurons and by 

glutamatergic and GABAergic inputs from several brain areas. In addition, neuropeptides have a 

modulatory role on the activity of dopaminergic neurons, such orexin (OX). Previously, we have 

shown that the lateral septum (LS) connects with the antero-ventral region of the VTA and that 

LS stimulation inhibits GABAergic interneurons, inducing the activation of VTA dopaminergic 

neurons (Vega-Quiroga et al, 2017). The LS has also projects to the OX neurons of the lateral 

hypothalamus (Yoshida et al, 2006). Thus, we decided to study whether orexin plays a role in the 



increase in VTA dopamine extracellular levels induced by lateral septum stimulation. To this 

end, we performed dual probe in vivo microdialysis experiments in anesthetized rats. One probe 

was installed in the LS to stimulate it with high potassium solution and the other probe was 

installed in the VTA to measure glutamate, GABA and dopamine extracellular levels. The results 

show that intra VTA infusion of SB-334867 (orexin-A antagonist) significantly decreased VTA 

dopamine extracellular levels and blocked the activation of dopaminergic neurons induced by LS 

stimulation. The block in the VTA dopamine increase by LS stimulation was also observed in the 

presence of indiplon (an alpha1 subunit GABA-A allosteric modulator), which has been 

described to increase VTA dopamine extracellular levels induced by LS stimulation (Vega-

Quiroga et al, 2017). Our results suggest that OX modulation of VTA dopaminergic neurons is 

part of a complex interaction of the LS activity over the VTA. Further studies should address 

whether the observed changes in VTA dopamine extracellular levels induced by the OX 

antagonist are due to its effect in the direct connection of the LS to VTA or they depend on the 

connection of the LS through the lateral hypothalamus. 
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Abstract: Dopamine (DA) neurons of the substantia nigra compacta (SNc) and ventral tegmental 

area (VTA) establish a complex axonal arborization comprising axon terminals that appear to be 

mainly non-synaptic in structure, as revealed by ultrastructural observations. Our objective 

was to test the hypothesis that the molecular make-up of synaptic and non-synaptic terminals 

established by DA neurons is different. To address this question, we developed an efficient in 

vitro system in which primary DA neurons prepared from the SNc or VTA of TH-GFP 

transgenic mice were placed in co-culture with striatal neurons. Considering previous work 



showing that subsets of DAergic neurons are able to package and release glutamate or GABA at 

some of their terminals, we took advantage of the postsynaptic markers PSD95 and gephyrin to 

characterize the axonal domain of these neurons. Using a transgenic mouse with a GFP-tagged 

D2 receptor (D2R-KI) we also evaluated the proportion of DAergic terminals close to D2R 

clusters. Furthermore, considering that the development of synaptic contacts in most neuron 

implicates trans-synaptic proteins such as neurexins and PTPsigma, we used overexpression and 

downregulation strategies to specifically examine the contribution of such proteins to synapse 

formation by DA neurons. Immunocytochemistry and confocal microscopy were used to 

examine the colocalization of presynaptic markers including synaptotagmin 1 (SYT1), VMAT2 

or Bassoon and postsynaptic markers including PSD95 or Gephyrin and D2R. Our results show 

that in vitro, DA neurons of the SNc and VTA establish a large density of axonal varicosities, the 

majority of which contain the presynaptic markers SYT1 and VMAT2. Using FM1-43, an 

activity-dependent marker of vesicular cycling, we found that the majority of such varicosities 

were active. However, only a minority were found to be associated with the presynaptic active 

zone marker Bassoon or with the postsynaptic markers PSD95 or gephyrin. Lentiviral 

overexpression of Neurexin 1α but not Neurexin 3α increased the formation of excitatory and 

inhibitory synapses established by DA neurons by approximately 50%. We also found that 

downregulation of PTPsigma decreased the proportion of excitatory synapses established by DA 

neurons by approximately 40%. 
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Abstract: Neurotransmission by monoamines (dopamine, serotonin, and norepinephrine) is 

altered in complex neurologic and psychiatric conditions such as Parkinson’s disease, 

depression, attention-deficit hyperactivity disorder and substance use disorders. For dopamine, 

the dopamine transporter (DAT, SLC6A3) clears extracellular dopamine through a sodium-

coupled transport mechanism. The functions of DAT are regulated by different mechanisms 

including phosphorylation, ubiquitination, and protein-protein interactions to the intracellular N- 



and C-termini. In the past five years, several high-resolution structures of members of this family 

of transporters have been resolved, including those for Drosophila DAT (dDAT) and the human 

serotonin transporter (hSERT). These structures have provided relevant information about ligand 

and antidepressant binding sites, but have provided no structural information on the intracellular 

N- and C- termini. To explore the possible structural arrangements of the intracellular regions, 

we used an in silica approach to model the cytosolic domains of hDAT. The full-length models 

were built using a specific designed protocol in which ab initio and template-based molecular 

modelling techniques were combined. Here, we present evidence that the DAT C-terminus 

contains structural domains that control transporter function. We performed systematic alanine 

scanning along the C-terminus using site-directed mutagenesis. To study the role of these 

residues in transport and trafficking events these hDAT mutants were transfected into HEK-293 

cells and tested in a radiolabeled uptake assay using [3H]-DA in parallel with surface-labeling 

using biotin reagents. First, we found that alanine substitutions in the C-terminus (from E598 to 

D605) produced only modest alterations in function and with no changes in surface expression 

levels. Second, we found that charge reversal mutations such as D600K, R601D and E602R 

exhibit a significant loss in function when compared to substitutions where the charge was 

neutralized (D600N, R601N, E602N). Our data suggest that the C-terminus may interact with 

transmembrane regions of the transporter or other interacting proteins through a dipole-dipole 

interaction that is critical for uptake activity. The study presented here shows that intracellular 

regions such as the C-terminus are not only sites for recruitment of kinases or regulatory 

proteins, but they also contain structural information that in coordination with the 

transmembrane core regulates transport activity. 
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Abstract: In Parkinson’s disease, the most vulnerable neurons are found in the ventral tier of the 

substantia nigra (SN), while the adjacent dopamine (DA) neurons of the ventral tegmental area 

(VTA) are mostly spared. 

Although a large proportion of adult VTA DA neurons express Vglut2, a vesicular glutamate 

transporter, and release glutamate as a second neurotransmitter in the striatum, adult SN DA 

neurons typically do not have this capacity. To better understand the contribution of Vglut2 

expression to the functions and vulnerability of DA neurons, we aim to better understand the 

developmental expression pattern of Vglut2 in DA neurons and the mechanisms that regulate 

expression of this transporter in DA neurons. 

Using an intersectional genetic approach based on Vglut2-Cre and TH-Flpo drivers, we first find 

that a large majority of dopaminergic neurons expressed Vglut2 at some point in their 

development. Using fluorescent in situ hybridization, we found that already at E14.5, subset-

specific differences can be found, with Vglut2 transcript still found in caudomedial DA neurons, 

but with very limited expression in rostrolateral DA neurons. We are presently looking at the 

time course of this developmental downregulation of Vglut2. Together, these data suggest that 

the glutamatergic neurotransmitter identity of DA neurons is gradually suppressed during late 

embryonic development a finding that is in line with our previous observations showing that the 

percentage of DA neurons expressing Vglut2 decreases from E16.5 to P0 (Fortin et al., 2012). 

Intriguingly, a substantial component of the innervation of the striatum by DA neurons develops 

just before birth, and as such temporally overlaps with the repression of Vglut2 expression in a 

large portion of DA neurons. We therefore hypothesize that innervation of the striatum by DA 

neurons provides a signal required for postnatal repression of Vglut2. 

To test this hypothesis, we are presently taking advantage of a primary DA neuron striatal co-

culture system, in combination with single-cell qPCR or fluorescence-activated cell sorting and 

population-based qPCR to examine signals that regulate Vglut2 expression. We find that Vglut2 

expression is globally repressed when DA neurons are co-cultured with dorsal striatal cells, but 

not with ventral striatal cells. 

The contribution of contact-dependent and secreted signals is presently being investigated. 

These experiments shed new light on the mechanisms that regulate the neurochemical identity of 

DA neurons during development. Ongoing experiments might also provide new insights into the 

plasticity of the neurochemical identity of DA neurons during pathological conditions. 
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Abstract: Dopamine (DA) is critically involved in several neurobiological processes and 

disorders including movement, learning, schizophrenia, and substance use disorders. Thus, the 

ability to monitor DA release during behavioral tasks or in response to salient stimuli is of the 

utmost importance. Fast-scan cyclic voltammetry (FSCV) is an electrochemical method used to 

detect DA on a subsecond time scale. A limitation of FSCV is the inability to distinguish 

between monoamine neurotransmitters (MNTs) with similar electrochemical signatures (e.g. DA 

and norepinephrine). This limitation has precluded FSCV examination of brain regions where 

different MNTs are present (e.g. cortex). To address these limitations, intensity-based 

genetically-encoded indicators with specific binding for different MNTs have been developed, 

including a dopamine sensor, dLight1. Sensitive optical readout of changes in DA were achieved 

by directly coupling the DA binding-induced conformational changes in human DA receptors to 

changes in fluorescence intensity of circularly permuted GFP. We have characterized the utility 

of dLight1, by comparing fluorescent photometric and FSCV responses in brain slices. We found 

that dLight1 detects lower levels of DA relative to FSCV in striatal brain slices. This may 

facilitate in vivo recording of DA activity in regions with low DA release levels. We also found 

that with low frequency burst stimulations, dLight1 could more faithfully track individual 

stimulations than FSCV. Application of cocaine increased the decay time of single-stimulus 

induced responses measured with both dLight1 and FSCV (reflecting dopamine uptake 

inhibition) but did not affect the peak height of the dLight1 signal. This cocaine effect difference 

is likely due to dLight1 trafficking to synaptic and extrasynaptic sites and thus reflects synaptic 



and extrasynaptic DA levels. In contrast, FSCV is a measurement of DA overflow out of 

synapses and is thus more affected by drugs that influence DA uptake without affecting DA 

release. We also assessed DA release in M1 and M2 cortical regions (areas where DA release is 

difficult to assess with FSCV) and found that the release properties of cortical DA terminals 

differ from those of striatal DA terminals in that a single stimulation was not sufficient to induce 

DA release. However, burst stimulation reliably induced DA release. Further studies 

characterizing cortical DA release are underway. In both cortex and striatum, we verified the 

molecular and pharmacological specificity of dLight1 by applying a D1 receptor antagonist to 

abolish the dLight1 signal. Altogether, results suggest that dLight1 may serve as a viable 

alternative to FSCV. 
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Abstract: The dopamine transporter (DAT) plays a crucial role in the regulation of brain 

dopamine (DA) homeostasis. Through re-uptake of DA, DAT serves two important functions: 

the termination of synaptic transmission at dopaminergic terminals, and the replenishment of 

vesicular DA pools. In addition to uptake, DAT can also function to release DA. This process, 

which is referred to as DAT-mediated efflux, is the mechanism used by potent and highly 

addictive psychostimulants, such as amphetamine and its analogues, to increase extracellular DA 

levels in motivational and reward areas of the brain. It has long being recognized that DA 

neurons release DA through exocytotic and non-exocytotic processes. However, the exact 

mechanism by which physiological signals or psychostimulants, such as amphetamine, induce 

DA efflux through DAT still remains a complex and not completely understood area of research. 

Thus, examining the basic mechanism(s) that affect DA efflux through DAT is critical for both 

understanding fundamental aspects of DA regulation and clinical intervention in DA-related 

brain disorders associated with the therapeutic use and abuse of psychostimulants. Recently, we 



discovered that the βγ subunits of G protein (Gβγ) bind to the intracellular carboxy-terminus of 

DAT and regulate transporter activity. More importantly, we have observed that activation of 

Gβγ promotes DAT-mediated DA efflux. However, the amino acid residues involved in Gβγ 

interaction site(s) in DAT and their role in transporter regulation remain largely unknown. Here, 

we used a combination of mutagenesis, immunoprecipitations, and functional assays to identify 

the Gβγ binding site on DAT and its role in transporter regulation. Preliminary functional studies 

are consistent with previous biochemical evidence indicating that the sequence FREKL located 

in the carboxy-terminus of DAT plays a role in Gβγ interaction with DAT and promotion of DA 

efflux. Thus, this study provides a starting point for a further detailed characterization of the 

DAT-Gβγ interaction and a better understanding of its contribution to DAT-mediated efflux 
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Abstract: Histamine (HA) is the neurotransmitter used by photoreceptors in Drosophila and is 

synthesized by the enzyme histidine decarboxylase (HDC), encoded by the Hdc gene. The study 

of Hdc mutants in Drosophila that are defective in HA synthesis to understand the role of HA in 

a number of processes has relied on HA immuno-detection (or HPLC) to identify the presence or 

absence of HA. While it is known that HDC activity is initially needed by photoreceptors to 

synthesize HA, the regulation of HDC and the location of HA synthesis are not well understood. 

Determining the location of the HDC protein in Drosophila has been hampered by the inability 

to detect HDC immunologically, due to cross-reactivity with other decarboxylases and lack of a 

Drosophila-specific HDC antiserum. As the HDC protein is known (in other organisms) to be 

post-translationally modified through the removal of both the N- and C-termini, an internal 

epitope-labelling approach for the HDC protein was taken. We have previously shown that HDC 

with an internal FLAG epitope label can be detected in both the larval and adult stages, although 



HA colocalization has not been accomplished in all cells, particularly photoreceptor cells. This 

Hdc-FLAG transgene was transformed into the HdcJK910 mutant, which normally lacks 

endogenous HDC activity. The Hdc-FLAG transformant flies were analyzed for a functional 

HDC protein using HA immunofluorescence in a number of developmental stages, as the HA 

detected would be due to the activity of the transgenically-supplied HDC-FLAG protein. FLAG 

immunofluorescence was also used to detect the epitope-labeled HDC-FLAG protein using the 

M2 FLAG antibody. HDC-FLAG immunostaining yielded a staining pattern similar to the HA 

immunostaining in wildtype flies. Co-localization immunostaining for HA and HDC-FLAG has 

been completed in the adult and larval CNS using confocal microscopy, with some localization 

differences being detected. HDC-FLAG and HA appear to co-localize throughout central brain 

neuronal soma and processes in both larval and adult stages. In contrast, photoreceptor cells 

appear to localize HDC to discrete regions, separately from the photoreceptor cell terminal where 

HA is more concentrated. As a result of this subcellular localization difference, it is likely that 

HDC may be regulated in central brain neurons differently from that in photoreceptor cells. This 

difference in enzyme-neurotransmitter localization between photoreceptor cells and CNS 

neurons could also reflect differences in how HA is used and regulated by each cell type. 
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Abstract: Epidemiological and animal model studies suggest that exposure to either the stress of 

untreated depression or to selective serotonin (5-HT) reuptake inhibitors (SSRI) antidepressants 

during pregnancy increase risks for neurodevelopmental disorders in the offspring. Although 

SSRIs target 5-HT signaling, little is known about their effect, particularly in the context of 

maternal stress, on fetal brain development in utero. Pregnant mice were divided into chronic 

unpredictable stress (CUS), CUS+SSRI, SSRI-only and control groups. The dams were 



subjected to CUS from gestational day (GD)8 through GD17. CUS+SSRI was defined as 

maternal CUS with the addition of the SSRI citalopram in the drinking water. On GD17, gross 

morphological development of the fetal brain was assessed by magnetic resonance imaging 

(MRI). Fetal brain 5-HT tissue concentration was measured by HPLC. The spatial distribution of 

5-HT, cortical layers structure and formation of major axonal pathways were assessed by 

immunohistochemistry and iDISCO-based 3D-reconstructions. We found that in utero exposure 

to maternal CUS does not affect overall brain growth, but specifically increases 5-HT tissue 

concentration in the fetal forebrain. This effect is reversed by maternal oral administration of 

CIT during the same period. Mechanistically, CIT reverses neurochemical effects of stress by 

altering 5-HT distribution in fetal thalamocortical axons and neurons. Importantly in utero 

exposure to stress and CIT, individually and combined, disrupt fetal cortical layer formation. The 

data suggests that although the SSRI CIT reverses some effects of stress during pregnancy, both 

exposures differentially impact 5-HT-dependent fetal neurodevelopment. 
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Abstract: Brain serotonergic systems play a role in cognitive and affective function and have 

been implicated in the pathophysiology of anxiety disorders, affective disorders, and trauma- and 

stressor-related disorders. Drugs that block serotonin reuptake into presynaptic terminals are 

used widely in the treatment of these disorders, and therefore understanding mechanisms 

underlying presynaptic clearance of serotonin is of major clinical interest. The neurotransmitter 

serotonin is cleared from brain synapses by the presynaptic sodium-dependent, high-affinity, 

low-capacity serotonin transporter, solute carrier family 6 (neurotransmitter transporter) member 

4 (Slc6a4). However, evidence suggests possible expression of a second serotonin transporter, 

the sodium-independent, low-affinity, high-capacity serotonin transporter, organic cation 

transporter 3 (Oct3; Slc22a3, also known as the extraneuronal monoamine transporter (EMT)), in 

serotonergic neurons. However, it is unclear if Slc22a3 localizes to the presynaptic serotonergic 



terminal, or to other cellular compartments within these cells, and, furthermore, if it co-localizes 

to the same presynaptic terminals as Slc6a4. For example, recent studies at the electron 

microscope level have identified Slc22a3 expression on neuronal and glial endomembranes, 

including Golgi, mitochondrial and nuclear membranes. Using a dual label fluorescence in situ 

hybridization histochemistry approach we demonstrated overlapping expression patterns of 

tryptophan hydroxylase 2 (Tph2), the rate-limiting enzyme in the biosynthesis of brain serotonin, 

and Slc22a3 mRNA expression within the rat dorsal raphe nucleus. To understand Slc22a3 

protein location on the presynaptic terminals we used a quadruple label immunofluorescence for 

Slc6a4, Slc22a3, postsynaptic density protein 95 (Psd-95) and DAPI (4',6-diamidino-2-

phenylindole), using an N-SIM Super-Resolution Microscope System. We were able to 

demonstrate that Slc22a3 and Slc6a4 co-localize in the same presynaptic terminals within the rat 

dorsal raphe nucleus, the main source of serotonergic projections to forebrain limbic structures. 

These findings highlight the need to understand the dynamic interactions between Slc6a4 and 

Slc22a3 in controlling serotonin reuptake and serotonergic signaling, physiology, and behavior 

in health and disease. 
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Abstract: Serotonergic (5HT) and noradrenergic (NA) neurons modulate neuronal and network 

excitability throughout the CNS in a manner that varies with development and arousal state. Of 

the multiple NA cell groups in the brain, the Locus coeruleus (LC) has the most extensive 

projection pattern and broadest influence on behavior, contributing to such diverse functions as 

sleep-awake cycling, appetite, learning and memory and cardiorespiratory control. LC neurons, 

like 5HT raphe neurons, are also CO2/pH sensitive and, contribute to central respiratory 

chemoreception. 5HT neurons project to, and release 5HT, in the LC. However, the impact of 

this input on LC neuronal excitability, the underlying cellular mechanisms, and the consequences 

of this modulation for behavior remain to be fully characterized. Activation of 5HT1A, 5HT2A 

and 5HT3 receptors reduce LC neuron excitability in juvenile and adult rats via presynaptic 

modulation of Glutamate, GABA and NE release, respectively. In addition, exposure of rats to 

5HT reuptake inhibitors (SSRIs) postnatally (P1-10) results in adults with hyperexcitable LC 

neurons. In contrast, chronic delivery of SSRI to adult rats reduces the firing rate of LC neurons. 

These effects suggest developmental differences in the effect of 5HT on LC neuron excitability. 

Thus, the aim of this study was to assess in newborn rats the mechanisms by which 5HT affects 

LC neuron excitability. We examined the serotonergic responses of 150 LC neurons via whole-

cell voltage clamp techniques. 101 neurons responded to 5HT (100 µM) with an inward current 

(-30 ± 3 pA), 18 responded with oscillations (freq of 0.4 ± 0.1 Hz), and 31 did not respond. 

5HT3R agonists (mCPBG & SR57227; 100 µM) had no effect on membrane current. 5HT2R 

agonists (PNU22394 & TCB-2 together, 100 µM) evoked 3 types of responses: an 1124 ± 416% 

increase in the freq of glutamatergic mEPSCs (i.e., blocked by CNQX and AP5; 29/37 neurons); 

an inward current (-15 ± 2 pA) associated with a 21 ± 6% increase in input resistance (16/37 

neurons) and a nitrendipine-sensitive (Ca2+ channel blocker), 0.1 Hz oscillation (5/37 neurons). 

The 5-HT1AR agonist 8-OH-DPAT (50 µM) induced an inward current (-14 ± 3 pA, 6/11 

neurons), while Sumatriptan (100 µM), a 5HT1ABDR agonist, had no effect. These data 

demonstrate in newborn rats that 5HT has multiple effects on LC neurons, including a 

presynaptic 5HT2-mediated increase in glutamatergic mEPSCs and a postsynaptic facilitation of 

Ca2+-dependent membrane oscillations, as seen previously in adults. We have also described a 

novel postsynaptic, 5HT2/5HT1A receptor-mediated inward current, suggesting that the 

modulation of LC neurons by 5HT changes developmentally. 
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Abstract: Extracellular dopamine (DA) levels are primarily regulated via reuptake into the 

presynaptic terminal by the DA transporter (DAT). Addictive psychostimulants, such as 

amphetamine, target DAT and increase the levels of extracellular DA by inducing efflux through 

DAT. Recently, we discovered that G protein βγ subunits (Gβγ) interact with the intracellular 

carboxy terminus of DAT, and that in vitro activation of Gβγ promotes DA efflux through DAT 

similar to amphetamine. In this study, we investigated the role of Gβγ in the actions of 

amphetamine in DA neurons in culture, ex vivo striatal tissue, and in freely moving rats. 

Activation of Gβγ with the peptide mSIRK potentiated amphetamine-induced hyperlocomotion, 

but did not alter the effect of cocaine. Conversely, the Gβγ inhibitor gallein attenuated the 

hyperlocomotion induced by amphetamine, but not cocaine. Infusion of a TAT-fused peptide that 

targets the Gβγ-binding site on DAT (TAT-DATct1) in the nucleus accumbens also attenuated 

the amphetamine-induced hyperlocomotion. To examine the mechanism behind the locomotor 

effects of Gβγ on amphetamine actions, we measured DA efflux in DA neurons in culture, dorsal 

striatum and nucleus accumbens tissue, and in vivo using microdialysis. In DA neurons in 

culture, inhibition of Gβγ with gallein or blockade of the interaction between Gβγ and DAT with 

the TAT-DATct1 peptide decreased DA efflux. Moreover, activation of Gβγ with mSIRK 

potentiated, whereas inhibition of Gβγ with gallein reduced, amphetamine-induced increases in 

extracellular DA in the rat nucleus accumbens and dorsal striatal tissue, and in vivo. Finally, we 

showed that inhibition of Gβγ also altered the rewarding effects of amphetamine, as 

demonstrated by the blockade of amphetamine-induced place preference with gallein. 

Collectively, these results suggest that the interaction between DAT and Gβγ plays a critical role 

in the actions of amphetamine and therefore, represents a novel target for modulating 

amphetamine’s actions in vivo. 
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Abstract: The ventral tegmental area (VTA) plays a critical role in reward and reinforcement in 

alcohol addiction and the neurons of the VTA are estrogen-sensitive. Our prior work has shown 

that ethanol excites VTA dopaminergic (DA) neurons and that ethanol potency is increased 

during high estrogen states, both in ovariectomized (OVX) mice treated with estradiol (E2) and 

in gonadally intact females. Two estrogen receptors, ERα and ERβ, are expressed in the VTA, 

but thus far it is unknown which of these receptors mediates E2 modulation of ethanol-induced 

excitation of VTA DA neurons. To determine the receptor subtypes involved, OVX C57BL/6J 

mice were treated daily for 3 days with an ERα agonist (PPT, 1 mg/kg), ERβ agonist (DPN, 1 

mg/kg), or vehicle prior to single unit extracellular electrophysiological recordings in brain slices 

containing the VTA. Neurons from mice treated with PPT had a significantly greater excitatory 

response to ethanol (40-120 mM) compared with DPN and vehicle-treated mice. We also 

characterized the ability of estrogen receptors in freely cycling females to modulate sensitivity to 

ethanol in VTA neurons. Brain slices were collected during diestrus II (high E2) or estrus (low 

E2), and ethanol excitation was assessed before and after administration of selective estrogen 

receptor antagonists. Ethanol excitation (80 mM) was greater in diestrus II than in estrus, 

consistent with our previous findings in gonadally-intact females. After treatment with the ERα 

antagonist (MPP dihydrochloride), the ethanol response in neurons from diestrus II mice was 

reduced by 53.3%, but the antagonist had no effect on the ethanol response in neurons from 

estrus mice. Treatment with an ERβ antagonist (PHTPP) did not affect ethanol excitation in 

neurons from mice in estrus or diestrus II. These results demonstrate that estrogen enhances 

ethanol excitation of VTA neurons through actions at ERα. Because acute treatment with an ERα 

antagonist reversed the enhanced ethanol excitation, ERα may mediate a rapid, non-genomic 

mechanism of estrogen action in the VTA. Our results imply that activation of ERα in the VTA 

could potentially promote high levels of drinking by females by enhancing the response of DA 

neurons to ethanol. Supported by NIAAA: P50 AA022538 (MSB and AWL) and U01 

AA020912 (AWL). 
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Abstract: Epilepsy is a spectrum of neurological disorders with many causal factors. The GABA 

type-A receptor (GABAAR) is a major genetic target for some forms of heritable human 

epilepsies. Here we examine the functional effects of three mutations to the α1 subunit (α1T10’I, 

α1D192N and α1A295D) on inhibitory postsynaptic currents (IPSCs) mediated by the major synaptic 

GABAAR isoform, α1β2γ2L. We employed a neuron - HEK293 cell heterosynapse preparation 

to record IPSCs mediated by mutant-containing GABAARs in isolation. IPSCs were recorded in 

the presence of the anticonvulsant drugs, carbamazepine and midazolam, and at elevated 

temperatures (22, 37 and 40 oC) to gain insight into mechanisms of febrile seizures. The mutant 

subunits were also transfected into cultured cortical neurons to investigate changes in synapse 

formation and neuronal morphology using fluorescence microscopy. We found that IPSCs 

mediated by α1T265Iβ2γ2L, α1D192Nβ2γ2L GABAARs decay faster than those mediated by 

α1β2γ2L receptors. IPSCs mediated by α1D192Nβ2γ2L and α1A295Dβ2γ2L receptors also exhibit a 

heightened temperature sensitivity. In addition, the α1T265Iβ2γ2L GABAARs were refractory to 

modulation by carbamazepine or midazolam. In agreement with previous studies, we found that 

α1A295Dβ2γ2L GABAARs expressed poorly in HEK293 cells and neurons. However, pre-

incubation with 100 nM suberanilohydroxamic acid (SAHA) resulted in α1A295Dβ2γ2L 

GABAARs mediating IPSCs that were indistinguishable in magnitude and waveform to those 

mediated by α1β2γ2L receptors. Finally, mutant-specific changes to synaptic bouton size, 

synapse number and neurite branching were also observed. These results provide new insights 

into the mechanisms of epileptogenesis of α1 epilepsy mutations and suggest possible leads for 

optimising treatment options for patients harbouring these mutations. 
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Abstract: In the mammalian brain the GABAA receptors are essential mediators of inhibitory 

neurotransmission that can be modulated by several clinically used drugs such as 

benzodiazepines (BDZs). However, the mechanism underlying this modulation remains still 

obscure. In our study we focused not only on BDZ - flurazepam (FLU) effect on ligand-evoked 

GABAA receptor activation but also on receptor spontaneous activity. To address this issue, we 

used patch-clamp technique to record macroscopic and microscopic currents mediated by wild-

type α1β2γ2L or mutated receptors (L,A,C substitution of α1F64 residue which is located at the 

GABA-binding site and is involved in receptor binding and gating - primarily preactivation 

transition). As a result, we have found that mutation increases spontaneous activity and FLU 

upregulated it at the macroscopic and single-channel level to the same extent as for WT 

receptors. Our model simulations indicate BDZ effect on the opening/closing transition in 

unliganded gating process. On the other hand, FLU modulation of agonist (GABA) and partial 

agonist (P4S) evoked activity concerned preactivation and desensitization step. Moreover, we 

demonstrate for the first time that unliganded GABAA receptors may undergo desensitization 

which depended on BDZ modulation. Finally, we show that spontaneous activity may affect the 

time course of agonist-induced current in the form of an “overshoot” after agonist removal which 

represents cross-desensitization of bound and unbound rceptors. Summarizing, receptor GABAA 

is modulated by FLU differently for unliganded and liganded state. Supported by NCN grants: 

2013/11/B/NZ3/00983 and 2015/18/A/NZ1/00395. 
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Abstract: Alcohol (ethanol, EtOH) is one of the most widely abused drugs with profound effects 

on brain function and behavior. GABAA receptors (GABAARs) are one of the major targets for 

EtOH in the brain. Temporary plastic changes in GABAARs after withdrawal from a single EtOH 

exposure occur both in vivo and in vitro, which may be the basis for chronic EtOH addiction, 

tolerance and withdrawal symptoms. Extrasynaptic δ-GABAAR endocytosis is implicated in 

EtOH-induced GABAAR plasticity, but the mechanisms by which the relative abundance and 

localization of specific GABAARs are altered by EtOH exposure and withdrawal remain unclear. 

In this study, we investigated the mechanisms underlying rapid regulation of extrasynaptic δ-

GABAAR by a single EtOH withdrawal in cultured rat hippocampal neurons. Thirty-min EtOH 

(60 mM) exposure increased extrasynaptic tonic current (Itonic) amplitude without affecting 

synaptic GABAAR function in neurons. In contrast, at 30 min after withdrawal, Itonic amplitude 

and responsiveness to acute EtOH were both reduced. Similar results occurred in neurons with 

okadaic acid (OA) or phorbol 12,13-dibutyrate (PDBu) exposure. PKC inhibition prevented the 

reduction of Itonic amplitude and the tolerance to acute EtOH, as well as the reduction of 

GABAAR-δ subunit abundance induced by a single EtOH withdrawal. Moreover, EtOH 

withdrawal selectively increased PKCδ level, whereas PKCδ inhibition specifically rescued the 

EtOH-induced alterations in GABAAR-δ subunit level and δ-GABAAR function. Together, we 

provided strong evidence for the important roles of PKCδ in the rapid regulation of extrasynaptic 



δ-GABAAR induced by a single EtOH withdrawal. 

Key words: ethanol withdrawal; extrasynaptic δ-GABAAR; tonic current; PKCδ; hippocampal 

neurons 
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Abstract: Primary afferent neurons transmit information as spikes from the periphery to the 

central nervous system via synapses formed by their central axon terminals in the spinal dorsal 

horn. However, abnormal (ectopic) spikes can be initiated at the central axon terminals, which 

then propagate antidromically. GABAergic interneurons in the dorsal horn innervate the central 

axon terminals. Primary afferent neurons are depolarized by GABAergic input due to their high 

intracellular Cl- concentration. This primary afferent depolarization (PAD) normally has 

inhibitory effects because it causes shunting and sodium channel inactivation. However, PAD 

can become excitatory (i.e. evoke ectopic spiking) under pathological conditions. Indeed, 

GABA-evoked spikes that propagate antidromically to the periphery may contribute to 

neurogenic inflammation observed in chronic pain conditions. We investigate the pathological 

changes in primary afferent neurons that enable GABA to evoke spikes at the central axon 

terminals. We used GCaMP-based calcium imaging to detect spiking in an ex vivo dorsal root 

ganglion preparation in which the central axon terminals in the spinal cord were intact. A 

depolarizing shift in the GABA reversal potential (EGABA) and/or an increase in intrinsic 

excitability were pharmacologically induced by aldosterone and 4-AP, respectively. The former 



effect was determined to result from an NKCC1-dependent mechanism given its sensitivity to 

the NKCC1 inhibitor, bumetanide. PAD-evoked spiking following GABA application to central 

axon terminals was observed almost exclusively after both aldosterone and 4-AP were applied. 

Thus, PAD-evoked spiking in central axons terminals requires a joint change in EGABA and 

intrinsic excitability. Imaging of calcium signals in somata following GABA application to 

central axon terminals also demonstrates that PAD-induced spikes propagate antidromically, 

away from their site of initiation. We found that inflammation impacts both EGABA and intrinsic 

excitability such that the joint requirements for PAD-induced spiking are met under 

inflammatory conditions. Taken together, these results argue that two processes - chloride 

regulation and intrinsic excitability - interact to dictate the response of primary afferent neurons 

to GABAA receptor activation on their central axon terminals. Importantly, although 

inflammation induced both of the aforementioned biophysical changes, reversing either change is 

sufficient to prevent GABA-evoked spiking. The last observation, in particular, should facilitate 

the strategic design of therapeutic interventions. 
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Abstract: The axon initial segment (AIS) is the site of action potential (AP) initiation in most 

neurons, and dysfunction in this crucial area is linked to the development of epileptic disorders in 

humans. While channelopathies associated with voltage-gated ion channels enriched at the AIS 

are fairly well studied, the role of the primary ligand-gated ion channel found at the AIS—the γ-

aminobutyric acid type A receptor (GABAAR)—has not been investigated. GABAARs mediate 

fast inhibitory synaptic transmission in the brain, and are heteropentamers assembled from 2 α(1-

3), 2 β(1-3), and 1 γ2 subunit. Even modest deficits in GABAergic signaling contribute to a 

variety of disorders, including epilepsy. For efficient synaptic inhibition to take place, 

GABAARs must be precisely trafficked to and stabilized at the proper postsynaptic area. 

Interestingly, GABAARs are known to have a subtype-specific localization pattern within 



hippocampal pyramidal neurons: GABAARs containing α1 subunits are concentrated in the 

dendritic compartments, while at the AIS, the vast majority of GABAARs contain the α2 subunit. 

These α2-GABAARs are exclusively innervated by GABAergic axo-axonic interneurons; each of 

these interneurons contacts hundreds of pyramidal cell AISes, and through inhibitory 

neurotransmission controls the timing of AP firing and the synchronization of large ensembles of 

excitatory neurons. Despite the putative importance of subtype specific inhibitory synapses at the 

AIS in controlling network excitability, the molecular mechanisms by which neurons construct 

these synapses within the tightly controlled AIS compartment remain unknown. Preliminary data 

from the Moss laboratory shows that an amino acid motif, consisting of amino acids 360-375, in 

the intracellular loop domains of the α subunits may be the key. This motif shows differential 

binding affinities to intracellular inhibitory synaptic proteins. Specifically, the 360-375 of α1 

preferentially binds gephyrin, while the 360-375 of α2 has high affinity for collybistin. We will 

investigate the roles amino acids 360-375 and their associated intracellular interactors play in the 

targeting of GABAARs to the AIS. To this end, we have developed a novel transgenic mouse, the 

Gabra1-2 mouse, in which residues 360-375 of the α1 subunit have been replaced with those of 

the α2 subunit. Using this mouse, we will test the hypothesis that the ICD 360-375 α2 motif is 

sufficient to target GABAARs to the AIS of hippocampal pyramidal neurons, and directing 

α1-GABAARs to AIS synapses will enhance the efficacy of GABAergic inhibition and offer 

protection from induced seizures.  
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Abstract: Benzodiazepines are clinically relevant drugs, which bind to GABAA neurotransmitter 

receptors at the alpha+/gamma2- interfaces and thereby enhance GABA induced chloride ion 

flux leading to neuronal hyperpolarization. However, the structural basis of benzodiazepine 

interactions with their high affinity site at GABAA receptors is controversially debated in the 

literature and in silico studies led to discrepant binding mode hypotheses. In the current study 

computational docking of diazepam into alpha+/gamma2- homology models suggested that a 

chiral methyl group, which is known to promote preferred binding to alpha5-containing GABAA 

receptors (position 3 of the 7-membered diazepine ring), could possibly provide experimental 

evidence in favor of or against the so far proposed binding modes. Thus, we investigated three 

pairs of R- and S-isomers of structurally different chemotypes, namely diazepam-, 

imidazobenzodiazepine- and triazolam-derivatives. We used radioligand displacement studies as 

well as two-electrode voltage clamp electrophysiology in alpha (1, 2, 3, and 5)-beta3-gamma2-

containing GABAA receptors to determine ligand binding and functional activity of the three 

chemotypes. Interestingly, both imidazobenzodiazepine isomers displayed comparable binding 

affinities while for the other two chemotypes a discrepancy in binding affinities of the different 

isomers was observed. Specifically, the R-isomers displayed a loss of binding whereas the S-

isomers remained active. These findings are in accordance with our in silico studies suggesting 

the usage of a different binding mode of imidazobenzodiazepines compared to the other two 

tested chemotypes. Hence, we conclude that different chemically related benzodiazepine ligands 

rather interact via distinct binding modes than using a common binding mode. 

Disclosures: P. Scholze: None. A.A. Elgarf: None. D.C.B. Siebert: None. F. Steudle: 
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Abstract: Inhibitory signaling mediated by ionotropic GABAA receptors (GABAARs) is a 

fundamental pillar of brain function. However, comprehensive information about receptor 

subtypes across the healthy human brain is limited, which complicates the study of inhibitory 

remodeling in brain disorders. In this study we sought to determine major relationships between 

GABAARs subunits across the human brain to understand better the typical variability expected 

during normal physiological states, and set a global framework to compare inhibitory remodeling 

during pathological states. Microarray datasets from the Allen Brain Institute were used to 

delineate major relationships between GABAAR subunits across 111 brain structures in six 

healthy human brains. We also used RNA sequencing-resolution datasets from the Aging, 

Dementia and Traumatic Brain injury study, which has a high number of subjects (n = 50) but is 

limited to four regions: the hippocampus, the temporal and parietal cortex, and the white matter 

of the forebrain (http://aging.brain-map.org/). By using these datasets in unsupervised data-

driven analyses we found that patterns of expression of GABAAR subunits are topographically 

organized according to their ontogenic origin and show high consistency in brain regions 

characterized by recurrent, or repetitive, cytoarchitecture at the regional, and substructure levels. 

In contrast, subcortical regions composing the limbic and hypothalamic axis systems, which are 

affected in neurological and psychiatric disorders, show high differential enrichment of specific 

GABAAR subunits. Hippocampus, amygdala and hypothalamus show the most region-specific 

expression of GABAARs, underlining the opportunity to target specific regions of the brain to 

modulate GABA neurotransmission for precise pharmacological treatments targeting specific 

neuropsychiatric conditions. Additionally, regional differences in the strength, probability and 

directionality of correlations between GABAAR subunits suggests a global pattern of expression 

determined by anatomical developmental origin, and might be useful to determine the 

“organizational layout” of GABAAR subunits globaly and at structural levels. Future studies that 

include neurodegenerative and psychiatric RNA sequencing datasets should be useful to explore 

homeostatic rearrangements of GABAAR subunits after physiological, pharmacological or 

pathological challenges. 
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Abstract: While chemical neurotransmission was identified more than a century ago, the 

importance of γ-amino-butyric acid (GABA) as a neurotransmitter in both invertebrates and 

vertebrates was discovered only about sixty years ago (Tauc, 1961). Moreover, whereas earlier 

intracellular recordings identified that activation of fast synaptic neurotransmission mediated by 

GABA was associated with an increase of the membrane conductance for chloride ions, it is only 

recently that similitudes and differences between vertebrates and invertebrates channel properties 

were identified. 

The discovery that open channel blockers of the invertebrate GABAA receptors are efficient 

insecticides raised the question about potential toxicity in view of the fact that these compounds 

might act at vertebrate receptors. However, clear differences in affinities exist between the 

vertebrate and invertebrate receptors which allowed the development of powerful molecules 

(Hainzl, 1996; Ratra, 2001, Rufener, 2017). Our understanding of the precise biochemical 

determinants governing these significant differences remains limited. Moreover, open channel 

blockers also display significant differences in efficacy across invertebrate species. 

The increasing availability of sequences encoding for the GABA-Cl from invertebrate and 

GABAA from vertebrate receptors offers novel possibilities to make comparisons across both 

target and off-target species. Functional studies conducted using recombinant expression in 

Xenopus oocytes represents a decisive complement to examine the function and pharmacological 

differences between chloride permeable receptors across species unravelling the role of critical 

amino acid residues in the mechanism of action of specific molecules. In summation, new 

possibilities arise to evaluate potential insecticidal activity in vitro, separate this activity from 

activity on vertebrate receptors, and distinguish sensitivity of receptors from insects and acarids 

considered pest species versus those generally considered beneficial. 

Tauc, L, and H M Gerschenfeld. Nature 192 (1961): 366-7. 

Hainzl, D, and J E Casida. PNAS 93, no. 23 (1996): 12764-7. 

Ratra, G S, and J E Casida. Tox. Lett 122, no. 3 (2001): 215-22. 

Rufener, L, V Danelli, D Bertrand, and H Sager. Parasites & vectors 10, no. 1 (2017). 
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Abstract: GABA (γ -aminobutyric acid) type A receptors(GABA(A)Rs) are members ofthe Cys-

loop ligand channel super-family. These pentameric receptors are heterogenous in their sub-unit 

composition. Most anesthetics used in the clinical setting augment current through the 

GABA(A)Rs to induce and maintain unconsciousness. Post-anesthetic cognitive effects such as 

memory deficits, and disorientation— can persist into the immediate recovery period. The 

appearance of these effects may predict cognitive decline.The alpha4-containing GABA(A)Rs 

mediate tonic current and are expressed extrasynaptically in several brain regions including the 

thalamus. We report on the restoration of arousal and the recovery of usual waking behaviors 

after exposure to general induced (6%) and maintained (3.2%) with the volatile anesthetic 

sevoflurane. Animals genetically modified to prevent expression of the alpha4-subunit were 

significantly faster to regain arousal and normal waking behaviors, such as, return of righting 

reflex (RORR), and spontaneous ambulation. End emergence was defined by a non-transient and 

consistent RORR. The end of the recovery period was determined by the first attempt to remove 

adhesive tape affixed to the forepaw of the animal while anesthetized (sticky dot test). To further 

examine the pharmacologic specificity of this phenomenon, an agonist specific for alpha4-

containing GABA(A)Rs, gaboxadol, was administered to wild type mice prior to anesthesia. 

These data combined highlight that extra-synaptic GABA(A)Rs are important for emergence and 

recovery from general anesthesia. These data are also consistent with the notion that a 

depolarized thalamus functioning in processing of cortico-thalamic information is a critical part 

of the re-animation sequence after general anesthesia. 



Disclosures: K.S. Edokpolor: None. S. Schwerin: None. J. Fidler: None. S. Kratzer: 

None. P.S. Garcia: None. 

Poster 

200. GABA(A) Receptors 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 200.10/D28 

Topic: B.02. Ligand-Gated Ion Channels 

Support: NIH Grant 092809-01 

Title: Enhancement of extrasynaptic GABAA receptors by GABAB receptors and L-type calcium 

channels 

Authors: *S. N. KHATRI1, W.-C. WU1, J. R. PUGH2 
1Cell. and Integrative Physiol., UT Hlth. San Antonio, San Antonio, TX; 2Physiol., UTHSCSA, 

San Antonio, TX 

Abstract: The γ-amino butyric acid A receptors (GABAARs) are major contributors of cellular 

inhibition in the CNS, where synaptic GABAARs mediate phasic inhibition and extrasynaptic 

GABAARs are responsible for tonic inhibition. Extrasynaptic GABAARs are composed of unique 

subunits that enable them to sense low ambient GABA concentrations, for example, delta subunit 

containing receptors in the cerebellum (α6, δ) and the hippocampus (α4/5, δ). The fascinating 

feature of tonic inhibition is that it provides access for bulk inhibition/modulation of cells in the 

vicinity of the source of ambient GABA, ultimately affecting the downstream neuronal network. 

Extrasynaptic receptors are also targets for alcohol, neurosteroids, sleep-aids, and anesthetics 

presenting their potential for being a therapeutic target. In cerebellar granule cells extrasynaptic 

GABAARs are known to be under control of GABAB receptors, however, the mechanism of this 

regulation is unclear. We made whole-cell patch-clamp recordings from granule cells in acute 

cerebellar slices, and GABAAR-mediated currents were recorded by photolytic release of RuBi-

GABA. We found that blocking GABAB receptors by bath application of CGP55845 or 

2hydroxy-saclofen reduced GABAAR currents to ~60% of control, suggesting GABAAR currents 

are tonically enhanced by GABABRs. GABABR antagonists had no effect on GABAAR currents 

in Purkinje or stellate cells, or on GABAAR currents evoked by synaptic GABA release in 

granule cells. Enhancement of GABAAR currents by GABABRs requires G-protein signaling, 

adenylate cyclase, and Ca+2/calmodulin-dependent protein kinase II (CaMKII). Non-stationary 

fluctuation analysis suggests the change in GABAAR current results from a change in number of 

GABAARs activated, and we did not find any change in the EC50 of GABAARs. The reduction in 

GABAAR current by GABABR antagonists was mimicked and occluded by bath application of 

EGTA-AM. Likewise, bath application of nifedipine reduced GABAAR currents in granule cells, 



raising the possibility that GABABRs regulate GABAARs through modulation of L-type Ca2+ 

channels. 
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Abstract: A subset of the GABAA receptors expressed in recombinant systems and in neurons is 

known to exhibit both constitutive- and agonist-induced gating. Two such receptors are the δ-

subunit containing GABAA receptors α4β1δ and α4β3δ, which are expressed in adult rodent 

hippocampal dentate gyrus granule cells (DGGCs) at peri- and extrasynaptic loci. The aim of the 

present study was to examine the role of protein kinase activity on the constitutive current, and 

further, to discern the relationship between constitutive and agonist-mediated gating in DGGCs. 

Towards this aim, we studied the GABAA receptor-mediated tonic current recorded in the 

presence of tetrodotoxin in adult rodent DGGCs by whole cell patch clamp in rodents. 

We found that the tonic current is almost exclusively mediated by constitutively active δ-subunit 

containing GABAA receptors, and that the constitutive current is absent in recordings at 24 °C or 

in recordings at 34 °C including an intracellular inhibitor of protein kinase C or under calcium-

free conditions. Using the β1/β3-selective compound thio-THIP we observed a four-fold increase 

in efficacy when measuring at constitutively silent receptors. This effect was absent in δ-/- mice. 

When applying the classified neutral antagonist gabazine (GBZ) in the absence of constitutive 

activity, we surprisingly found that GBZ alone induces a current in DGGCs (EC50 =2.1 µM). The 

effect of GBZ was not seen in recording conditions of high constitutive activity, was inhibited by 

picrotoxin, potentiated by the δ-selective positive allosteric modulator, DS2, completely absent 

in δ-/- mice and reduced in β1
-/- mice. However, this effect of GBZ could not be replicated in 



human α4β1/3δ receptors expressed recombinantly in HEK cells. We hypothesize that specific 

intracellular components in neurons interact with receptors to determine constitutive gating and 

receptor responsiveness to orthosteric ligands. 

In conclusion, our data highlight how recording conditions for whole cell patch clamp analysis of 

α4β1/3δ GABAA receptors may mask important pharmacological effects. Our data suggest that in 

vivo efficacy of δ-subunit specific agonists (i.e. THIP) in DGGCs is diminished in pathological 

conditions of increased PKC activity. Furthermore, we report that the well-known antagonist 

GBZ is not a neutral antagonist but displays a stimulatory effect at constitutively silent δ-

containing GABAA receptors. We recommend that care is taken when performing in vitro 

characterization of ligands at constitutively active α4β1/3δ GABAA receptors, which is easily 

achieved using recording conditions of reduced kinase activity. 
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Abstract: As a neuropsychiatric disorder with high prevalence and life-threatening possibility, 

major depressive disorder (MDD) is characterized by variety of symptoms, such as sadness, 

anhedonia and decreased interest in daily activities. Genetic analysis is a powerful tool to 

identify risk variants and to enhance understanding of etiology of MDD, leading to improved 

early diagnosis, and development of more effective therapies. The study was approved by the 

West China Hospital Clinical Trials and Biomedical Ethics Committee of Sichuan University, 

and patients were recruited from Mental Health Center of West China Hospital. DNA extracts of 

peripheral blood samples were collected from patients (age between 18 and 65) diagnosed with 

MDD according to the DSM-IV (American Psychiatric Association, 2000) by board certified and 

experienced psychiatrists. Quality and quantity of extracted DNA were first assessed, and 

samples with concentrations >20 ng/μL and 260/280nm absorbance ratios between 1.8 and 2.0 

were selected for subsequent sequencing analysis. Whole exome sequencing was carried out with 



high-throughput second-generation sequencing technique using Illumina HiSeq platform PE150. 

Only sequenced reads with Qphred30 (indicating error rate of <0.1%) were used in further 

analysis. DNA samples collected in parallel from healthy participants served as controls. A total 

number of 64 patients and 36 healthy controls were included for whole exome sequencing 

analysis. Series of mutations in neurotransmitter γ-aminobutyric acid receptors (GABR) were 

identified in 28 patients with none discovered in healthy controls. Disease incidence was found 

highly correlated to the presence of GABR mutation (odds ratio 55.839, 95% confidence interval 

3.2-974, P=0.0058). The 28 patients harbor several mutations in the genes encoding 18 subtypes 

of GABR. Among which, several single nucleotide polymorphisms (SNPs) were missense 

mutations located in exonic regions of GABR causing codon change and modification in amino 

acids. The most frequently identified SNPs were rs 832032 (GABR rho3, GABRR3, found in 26 

patients), rs 1139916 (GABRE, found in 22 patients), rs 211035 (GABRG2, found in 17 

patients), rs 1186902 (GABRR1, found in 12 patients), rs 282129 (GABRR2, found in 9 

patients), and rs 10163310 (GABRP, found in 8 patients). Though multiple mutations were 

identified, number of mutations was not correlated to severity of the disease. Our preliminary 

data suggested a role of GABR in MDD pathology. Further analysis will combine other 

neuropsychological and psychoradiological (MRI) assessments in search for the relationships 

between its genotype and endophynotype of MDD. 
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Abstract: In the Renshaw Area, spinal cord α motor neurons (αMNs) send excitatory signals 

onto Renshaw interneurons, which in turn, send inhibitory neurotransmission back to the same 

αMNs, ultimately modulating their signaling. Ligand-gated ion channels, such as nicotinic 

acetylcholine receptors (nAChRs), glycine and GABAA receptors (GABAARs), are key 

mediators of synaptic transmission in the Renshaw Area. Methylmercury (MeHg) is an 



environmental contaminant that affects brainstem MNs, causing an increased excitability and 

increased [Ca2+]i. Furthermore, MeHg causes marked reduction in GABAARs function, thereby 

reducing circuit inhibition. αMN viability during and after MeHg exposure at the lumbar ventral 

spinal recurrent inhibitory pathway has never been studied. The purpose of these experiments 

was to determine the contribution of Renshaw Area ligand-gated ion channels to αMNs mortality 

following an acute in vitro MeHg exposure. Lumbar sections of adult C57BL6J mice (N = 5-8) 

were continuously exposed to 20 μM MeHg during 15 min through a real-time perfusion system. 

Viability measurements were recorded using calcein-AM at 15 min of MeHg exposure and 1 and 

3 hrs post-MeHg in the absence or presence of the antagonists, bicuculline, mecamylamine, 

dihydro-ß-erythroidine or strychnine, which block GABAARs, heteromeric nAChRs or glycine 

receptors, respectively. At 1 hr after a 15 min exposure to MeHg, there was no immediate 

cytotoxicity. However, by 3 hrs after exposure, viability was reduced significantly by 35% from 

control. Pretreatment with bicuculline (20 µM) significantly reduced cell mortality at 3 hrs post-

MeHg by 22% relative change. Mecamylamine (α2 subunit specific blocker), dihydro-ß-

erythroidine (α4 subunit specific blocker), or strychnine before and during MeHg exposure do 

not protect against cell mortality. In conclusion GABAARs contribute to MeHg-induced 

cytotoxicity. Determining the role of MeHg-induced cell death through these receptors could 

potentially elucidate mechanisms that these receptors play to MeHg-induced cell death and may 

assist in identifying pathways by which MeHg causes αMN excitotoxicity and cell death. This 

project was supported by NIH grant: R01ES024064. 
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Abstract: γ-aminobutyric acid (GABA) is the primary inhibitory neurotransmitter in the 

mammalian brain working at both the ionotropic GABAA receptors (GABAAR) and the 

metabotropic GABABRs. The GABAARs are chloride conducting heteropentameric receptors 

composed from 19 different subunits. Receptors composed of α4/6βδ and α5βγ2s subunits are 

located outside the synapse mediating tonic inhibition in contrast to the synaptic receptors 

(primarily α1β2γ2s) mediating phasic inhibition. The number of selective compounds targeting the 

extrasynaptic receptors are limited and no truly selective antagonists exist. Finding an antagonist 

only targeting extrasynaptic receptors would help studying the physiological and 

pathophysiological role of tonic inhibition mediated by these receptor subtypes. 

The aim of this study was to identify novel selective antagonists at α4β1δ receptors by screening 

of a diverse small compound library (2112 compounds). Commercially available analogs of the 

hits would be purchased to improve potency and further studied to gain information on the 

binding site and selectivity profile. 

The screening and follow up studies were performed using the FLIPR Membrane Potential 

(FMP) on recombinant human GABAARs expressed in either a HEK-293 Flp-In cell line stably 

expressing the human δ-subunit in conjunction with transient expression of α4 and β1, or 

background HEK cell line. 

From the initial screening using an EC80 value of GABA, we identified one hit, 2027 with an IC50 

value of 0.33 μM (6.48±0.13, n=4) at α4β1δ. Further testing showed a similar potency at α4β1γ2s 

receptors, IC50 of 0.13 μM (6.89±0.10, 3). However, upon follow-up testing of 53 analogs of 

2027, a 10-fold gain in potency was obtained for the analogue CFP 018, IC50 of 88 nM 

(7.05±0.16, n=3) at α4β1δ. A Gaddum/Schild analysis of CFP 018 showed a competitive profile 

with a Schild slope of 1.01±0.062 and a KB of 19 nM (n=3). This was further supported by 

preliminary radioligand binding experiments on cortical rat brain homogenate using 

[3H]muscimol, showing that 2027 and CFP 018 can displace radioligand binding fully with IC50 

values of 0.36 μM and 14 nM (n=1), respectively. Further selectivity testing at other related 

GABAAR subtypes showed a tendency toward a preference for α4/5 over α1/6 receptors but with 

no β-subunit or γ/δ-selectivity. 

We have identified a novel scaffold with mid nanomolar range potency for ionotropic 

GABAARs. Intriguingly, although these ligands are not GABA analogs, they were shown to be 

competitive antagonists at the orthosteric site. These compounds - or derivatives thereof - may 

provide lead compounds to gain more insight into the function of selected subtypes of 

GABAARs. 
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Abstract: Two major GABAA receptor classes mediate ionotropic GABA signaling, those 

containing a δ subunit (δ receptors) and those with a γ2 subunit. Using gene editing to confer 

picrotoxin resistance on the δ subunit in mice, we pharmacologically isolated δ receptors in 

dentate granule cells. This chemogenetic approach revealed previously underappreciated impact 

of δ- receptors on phasic inhibition and possibly unanticipated local actions of GABA rather than 

spillover-dominated effects. To test whether δ IPSCs are spillover mediated, we first varied 

recruitment of presynaptic fibers. Surprisingly, increasing stimulus intensity did not alter the 

relative δ contribution with postsynaptic charge as the output measure, suggesting δ receptors are 

recruited proportionally to synaptic γ2 receptors. However, the δ contribution to peak IPSC 

decreased and decay time constant of δ IPSCs increased with increased stimulus intensity, 

consistent with relative saturation of the peak IPSC and a spillover component that dictates δ 

IPSC decay time course. We examined whether δ IPSCs are more sensitive than γ2 IPSCs to 

altered presynaptic vesicle release at a given stimulus strength. With paired stimulation, δ peak 

IPSCs depressed more than γ2 IPSCs, consistent with higher sensitivity of δ IPSCs to reduced 

vesicle release. Reduced extracellular [Ca2+] also depressed δ IPSCs more than γ2 IPSCs, 

consistent with higher sensitivity of δ receptors to altered vesicle release probability. Moreover, 

the rapidly dissociating antagonist TPMPA exhibited slightly weaker δ IPSC antagonism in high 

(2.6 mM) [Ca2+]o vs low (1.3 mM) [Ca2+]o. To differentiate the effects of GABA diffusion vs 

local synaptic GABA on δ IPSCs, we applied dextran to reduce GABA diffusion. Dextran 

accelerated δ IPSC decay but had little effect on peak IPSC, suggesting that peak δ IPSC is 

driven by local, near saturating GABA effects, while IPSC decay is driven by some GABA 



escape to distal receptors. Overall, our results indicate that the δ contribution is sensitive to 

altered release probability, but actions of GABA have both a local and diffusional component. 

The diffusional component may be smaller than predicted from previous work. 
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Abstract: The neuronal glutamate transporter EAAC1 is abundantly expressed in the striatum. 

Polymorphisms in the gene encoding EAAC1 are associated with neuropsychiatric disorders 

characterized by the repeated execution of stereotyped motor behaviors, like OCD. What is not 

known is exactly how EAAC1 regulates synaptic transmission in the striatum. One intriguing 

feature of EAAC1 is that it is expressed at both excitatory glutamatergic and inhibitory 

GABAergic synpases. Our previous work has shown that, at excitatory synapses in the striatum, 

EAAC1 limits activation of metabotropic glutamate receptors and controls long-term synaptic 

plasticity. Here we ask how EAAC1 shapes GABAergic transmission onto D1 and D2-receptor 

expressing medium spiny neurons (D1- and D2-MSNs, respectively), the two main output cells 

in the striatum. We first show that there is a larger co-localization of EAAC1 with D1- than D2-

MSNs. Blocking glutamate transporters with the broad-spectrum, competitive glutamate 

transporter antagonist TFB-TBOA reduces the amplitude of miniature IPSCs (mIPSCs) in D1-

MSNs in the presence of EAAC1. The same approach does not lead to significant changes in the 

mIPSC amplitude in D1-MSNs in the absence of EAAC1. Consistent with these findings, TFB-

TBOA reduces the amplitude of evoked IPSCs more profoundly in D1-MSNs that express 

EAAC1. These findings are consistent with the pre-synaptic localization of EAAC1 at inhibitory 

synapses. They also indicate that EAAC1 might exert a cell-specific control of inhibition onto 

D1-MSNs that, in turn, might represent a powerful mechanism to regulate the activity of 

neuronal circuits that are dysfunctional in OCD. 

Disclosures: M.A. Petroccione: None. A. Scimemi: None. 



Poster 

200. GABA(A) Receptors 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 200.17/D35 

Topic: B.02. Ligand-Gated Ion Channels 

Support: NIH Grant MH111461 

Title: Primary and secondary consequences of altered phasic GABAA inhibition 

Authors: L. ZIOLKOWSKI, M.-Y. SUN, H.-J. SHU, A. BENZ, N. RENSING, M. WONG, 

*S. J. MENNERICK 

Psychiatry, Washington Univ. Sch. of Med., Saint Louis, MO 

Abstract: Most GABAA receptors mediating fast inhibition in the CNS contain a single γ2 

subunit, which combines with 2 α and 2 β subunits to form a functional receptor. Small changes 

to the amino acid sequence of the γ2 subunit can have apparently minor effects on the function of 

the channel but large clinical consequences, such as developmental disorders and epilepsy in 

humans. The pathology may be triggered by a primary change in GABAA signaling but probably 

also involves secondary developmental pathogenic changes. To test the effect of a disruption in 

inhibition via the γ2 subunit, we engineered a mutation in the γ2 gene (T6’Y) that results in a 

small change in channel kinetics as well as resistance to picrotoxin, thus providing a 

pharmacological signature of γ2 incorporation. Recombinant receptors expressed in N2a cells 

showed expected picrotoxin resistance, no change in steady-state EC50 for GABA, but fast 

deactivation kinetics, assessed by rapid GABA application to nucleated patches and by voltage-

pulse relaxations. The lack of change to steady state GABA responses suggests that the γ2 T6’Y 

mutation can be used to selectively alter synaptic responses. P40-90 mice homozygous for the 

knock-in mutation in the γ2 locus displayed abnormal baseline EEG dominated by low-

frequencies, seizures, and premature death. Abnormal EEG was not evident in heterozygotes or 

in P23-25 homozygotes. The latter observation is consistent with the possibility of a secondary 

developmental component driving pathology. In dentate granule neurons from P40-P60 

hippocampal slices, γ2-containing mutant receptors exhibited faster mIPSC decays than WT 

mIPSCs. Faster mIPSC decays in native cells were not caused by γ2 exclusion or by substitution 

by another subunit, because mIPSCs exhibited resistance to picrotoxin. The primary genetic 

lesion led to secondary consequences, including reduced mIPSC frequency without a change in 

mIPSC peak amplitude in dentate granule neurons. These changes represent candidates for those 

driving eventual abnormal brain function. Results in mice partly phenocopy a mutation in the 

human γ2 gene (K328M), which results in febrile seizures and generalized epilepsy. Overall, our 

results demonstrate a well-controlled model system for investigating the developmental changes 



triggered by selective mild disruption of phasic inhibition, with possible relevance to human 

epilepsies. 
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Abstract: Recent advances in whole genome sequence have enabled the identification of de 

novo mutations that cause a range of childhood epilepsies. Multiple mutations have been 

discovered in genes that encode for subunits of the γ-aminobutyric acid receptor type A 

(GABAA), specifically GABRA1, GABRB3 and GABRG2 that encode the α1, β3 and γ2 

subunits respectively. These mutations are dominant and will express both wild-type and mutant 

subunits, resulting in a mixture of receptors containing one, or two mutant subunits being 

expressed at the cell surface. 

To determine the consequences on receptor function, we created a concatenated γ2-β3-α1-β3-α1 

receptor and expressed it in Xenopus oocytes. The receptor responded to GABA at a similar 

concentration range to receptors created from free subunits and was positively modulated by the 

benzodiazepine clobazam. We then introduced the γ2(R323Q), β3(D120N), β3(T157M), 

β3(S254F) and β3(Y302C) mutations in either heterozygous or homozygous configurations. We 

measured the change in function by constructing concentration-response curves to GABA and 

estimating the maximum open probability (Est Po) by applying GABA, etomidate and diazepam. 

The potency of GABA at the γ2(R323Q) mutation was decreased while the maximum Est Po 

was unchanged. Similarly, when the β3(D120N) and β3(T157M) mutations were introduced at 



either location the GABA potency was decreased, however when the mutations were introduced 

at both locations the activation by GABA was completely abolished. The β3(Y302C) mutation at 

either location decreased the maximum Est Po and reduced the potency of GABA, while 

mutations at both locations shifted the concentration-response curve to the right and further 

reduced the maximum Est Po. Introducing the β3(S254F) at different locations either reduced or 

increased the GABA potency depending on the location of the mutation. In most cases, 

introducing the epilepsy-causing mutations impaired GABA function, and the introduction of a 

mutation at one location caused an intermediate phenotype compared to the introduction of two 

mutations. These heterozygous receptors will contribute to impaired GABAergic signalling. 

Disclosures:  N. Absalom: C. Other Research Support (receipt of drugs, supplies, equipment or 

other in-kind support); Lambert Initiative for Cannabinoid Therapeutics. V.W.Y. Liao: 
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Title: Screening for novel modulators of the GABA receptor insecticide-resistance using an in 

silico approach 
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Physiol., Univ. of Concepcion, Concepcion, Chile 

Abstract: The GABA type A receptors (GABAARs) are members of the superfamily of ligand-

activated pentameric ion channels (pLGICs). GABAARs are widely expressed in the nervous 

system of vertebrates and invertebrates participating in the control of neuronal excitability. 

Although its function, topology and architecture are highly conserved in vertebrates and 

invertebrates, there are important differences in its sensitivity to allosteric modulators. This 



differential modulation shown by the GABAAR in insects allows them to be classified in a 

subgroup and their differences have been widely exploited in the generation of drugs with 

insecticidal activity. Within this subgroup of receptors, the GABA Rdl (resistance to dieldrin) 

had been extensively used to study the mechanisms of action of several insecticidal drugs. 

However, the lack of structural information about the GABA Rdl receptors makes a hard 

challenge the design of more effective and specific compounds. In order to gain information 

about the putative binding pocket for several insecticidal drugs, we created homology models 

using the human beta3 GABAAR structure for the GABA Rdl receptorA302S/G mutants. Both 

models were used as a target for docking protein-ligand simulations using a group of selected 

insecticides. The interaction grid was placed in the binding site for non-competitive antagonist 

(NCA) IA defined by amino acids A2’(A302), T6’(T306) and L9’(L309) in the TM2 of each 

subunit. Thus, we predicted docking scores (DS) and theoretical deltaGbind in wild-type GABA 

receptor for the insecticides cyclodienes dieldrin, endosulfan and phenylpyrazole fipronil. In 

GABA Rdl receptors dieldrin and endosulfan showed a decrease of DS and deltaGbind, while for 

fipronil were slightly modified. All these results are directly related to the experimental 

information reported and allow us to validate the GABA Rdl models for the following screening 

tests. The in silico screening was performed using these validated grids and molecules of diverse 

chemical properties, stored in subsets of the ZINC database, to identify those that would have the 

potential to modulate the GABA Rdl receptors. A total of 3176623 molecules were initially 

prepared and their physicochemical properties calculated for later use in this first stage of 

screening. All generated complexes were analyzed and ranked according to their DS and 

deltaGbind with a similar protocol to the insecticides. Overall, the in silico obtained data suggest 

that our homology model of the insecticide binding pocket is a viable tool for the screening of 

novel selective and effective compounds with a potential insecticidal activity. 
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The Univ. of Sydney, Camperdown, Australia 

Abstract: The method of subunit concatenation has been used extensively in defining GABAAR 

stoichiometry and subunit arrangement. Theoretically, this technique allows precise experimental 

control at the single subunit level that would not be possible otherwise. Wide application of the 

technique followed the systematic refinements performed by the Sigel group in the early 2000s 

[1]. Since then, a large number of studies have been performed based on the published constructs 

and the specific ruleset devised by the Sigel group for new construct creation. While the 

concatenation technique is powerful, there are also caveats associated with its use. Some of the 

potential pitfalls were discussed by Sigel, Kaur [2]. We speculated, however, that the most 

important caveat might have been overlooked. Recently, we discovered that the expression of 

published concatenated nicotinic acetylcholine receptor (nAChR) constructs in oocytes led to far 

more complex receptor pools than anticipated [3]. This was due to an ability of the linked 

nAChR subunits to orient themselves in both the clockwise and the counterclockwise directions. 

In the present study, we therefore evaluate whether the GABAAR constructs designed by the 

Sigel group give uniform resultant receptor pools. As expected, based on our previous work with 

nAChRs, this is not the case. Dimeric constructs and pentameric constructs thereof lead to 

dimers and pentamers, which have the inherent ability to assemble in both the clockwise and the 

counterclockwise orientations. In an attempt to constrain this flexibility, we designed a range of 

dimeric constructs with different linker lengths. Crucially, we find that it is possible to obtain a 

uniform receptor expression using some of these new concatenated constructs. Our work imply 

that previous conclusions based on data from concatenated constructs need to be re-examined. 

As a consequence, we further suggest that the science of GABAAR assembly may be less chaotic 

than previously proposed. 

1. Minier, F. and E. Sigel. Trends Pharmacol Sci, 2004. 25(9): p. 499-503. 

2. Sigel, E., et al. Biochem Soc Trans, 2009. 37(Pt 6): p. 1338-42. 

3. Ahring, P.K., V.W.Y. Liao, and T. Balle. J Gen Physiol, 2018. 
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Title: SorCS1 regulates neurotransmission in the hippocampus and psychiatric disease-related 

behaviors in mice 

Authors: *P. L. OVESEN1, U. BOELCHO2, M. M. HOLM3, A. NYKJAER2 
1Aarhus Univ., Aarhus C, Denmark; 2Aarhus Univ., Aarhus, Denmark; 3Dept. of Biomedicine, 

Aarhus Univ., Aarhus C, Denmark 

Abstract: Introduction: A shift in the excitation/inhibition balance of the brain may lead to 

severe psychiatric diseases. The Vps10-p domain receptor SorCS1 has been genetically 

associated to ADHD and Autism, but so far no studies have addressed the functional relevance. 

Here we identify Sorcs1 as a critical regulator of inhibitory and excitatory synaptic transmission 

in the hippocampus. Methods: Brain slices from adult SorCS1 -/- mice were used to study 

evoked synaptic transmission, network inhibition and neuronal excitability in the dentate gyrus 

performant pathway. Neuronal oscillations were recorded in the pyramidal cell layer of the CA3-

CA4. Hippocampal lysates were analysed for gene/protein expression of GABAergic-associated 

proteins. In-vitro and in-vivo structural properties of inhibitory synapses were studied in primary 

neuronal cultures (ICC) and hippocampal brain slices (IHC). RNA scope of SorCS1 was 

performed on E13.5, E15.5 and E17.5 embryos. Cognitive function and psychiatric-related 

behaviour of SorCS1 KO mice was analysed in a range of behavioural tasks. Results: Lack of 

SorCS1 resulted in impaired basal synaptic transmission, reduced long-term synaptic plasticity as 

well as enhanced neuronal excitability, reduced network inhibition and impaired γ-oscillation 

power. In line with this, IHC showed a 2-fold reduction in the density of inhibitory synapses in 

the dentate gyrus. Protein expression analysis revealed a 3-fold reduction of the GABAA 

Receptor α2 subunit in the hippocampus. Accordingly, SorCS1-/- mice displayed impaired 

working memory and showed psychiatric disease-like symptoms demonstrated by enhanced 

locomotion, repetitive behaviour and reduced social interaction. Conclusion: Our results identify 

SorCS1 as a key regulator of E/I balance in the hippocampus and suggests a role of SorCS1 in 

the pathology of psychiatric disorders. 
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Abstract: γ-Aminobutyric acid (GABA) is the major inhibitory neurotransmitter in the central 

nervous system (CNS) and the binding of GABA to GABA receptors (GABAAR) is a crucial 

process in the healthy brain. An imbalance of GABA secretion or the malfunction of the receptor 

is associated with multiple disease areas like anxiety disorders, seizures and schizophrenia. 

Pharmacological manipulation of the receptor has therefore a large therapeutic potential, which 

is underscored by the amount of available treatment possibilities and the ongoing search for 

alternatives thereof. However, the progress of drug discovery targeting ion channels such as 

GABAAR is limited due to the challenges of manual patch clamp. Here, we show 

pharmacological modulation of the GABAAR using our high-throughput automated patch clamp 

(APC) systems QPatch and Qube 384. Our study includes a characterization of the 

heterogeneous GABAAR population of cultured primary hippocampal astrocytes and an 

evaluation of the GABAAR clone α5β3γ2. In addition, we utilize the well-characterized 

GABAAR response to establish a novel method for ligand release, namely the light-stimulated 

release of caged GABA using optogenetics on our Qube 384 platform. Our results demonstrate 

the feasibility of performing GABAAR targeted drug-screening on our ACP platforms and 

introduces optogenetics as a viable application for high-throughput pharmacological 

experiments. 

Disclosures: M. Schupp: None. K. Boddum: None. D.R. Sauter: None. P. Skafte-Pedersen: 

None. L. Blomster: None. H.L. Olsen: None. R.B. Jacobsen: None. 

Poster 

200. GABA(A) Receptors 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 200.23/D41 

Topic: B.02. Ligand-Gated Ion Channels 

Support: MRC 

Title: Single transmembrane domain residues control cell surface expression of GABAA receptor 

subunits 

Authors: *S. HANNAN, T. G. SMART 

Neuroscience, Physiol. and Pharmacol., Univ. Col. London, London, United Kingdom 



Abstract: Cell surface expression of type-A γ-aminobutyric acid (GABA) receptors (GABAARs) 

determines the efficacy of inhibitory neurotransmission in the central nervous system. GABAARs 

pentamers are assembled from a pool of 19 subunits (α1-6, β1-3, γ1-3, ρ1-3, δ, θ, ε and π) 

according to precise co-assembly rules. These restrictions limit the extent of structural diversity 

of GABAAR subunits and enable particular subunits, such as ρ1 and β3, to form functional 

homomeric cell surface ion channels when expressed alone in heterologous systems, whilst the 

brain-abundant subunits, such as α and γ, are retained within intracellular compartments. Why 

the most abundant GABAAR subunits fail to form homomeric ion channels is unknown. 

Normally, surface expression of α and γ subunits require co-assembly with β subunits via 

interactions between their N-terminal sequences in the endoplasmic reticulum. Here, we identify 

two critical residues in the transmembrane domains of α and γ subunits, which, when substituted 

for their ρ1 counterparts, permit cell surface expression as homomers. 

Consistent with this, substitution of the ρ1 transmembrane residues for the α-subunit equivalents 

reduced surface expression and altered channel gating highlighting their importance for 

GABAAR trafficking and signaling. Although not ligand-gated, the formation of α and γ 

homomeric ion channels at the cell surface was revealed by incorporating a mutation that imparts 

the functional signature of spontaneous channel activity. Ligand-gating of α homomers was 

enabled by creating a GABA-binding β subunit equivalent interface on the α1 subunit. This 

permitted low efficiency GABA gating of α1 homomers. Our study identifies two single 

transmembrane residues, one of which is important for neurosteroid modulation, that allow 

homomeric GABAAR subunit cell surface trafficking. This demonstrates that α and γ subunits 

can form functional ion channels. 

This work was supported by the MRC UK 
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Abstract: Essential tremor (ET) is a movement disorder characterized by kinetic tremor, 

typically of the hands, arms and head. While its precise pathophysiology is not fully understood, 



ET has been associated with dysregulated type-A, gamma-aminobutyric acid (GABAA)-mediated 

inhibition in the brain, resulting in cerebellar hyperactivity (Bucher 1997; Louis 2007 & 2008). 

Medications that activate GABAA receptors are associated with improvements in ET (Ondo et 

al., 2016). Some benzodiazepines are efficacious for tremor, but their utility is limited by 

sedation. Moreover, ethanol can potently reduce tremor without sedation (Koller and Biary, 

1984; Zeuner et al., 2006). Although alcohol has actions at other central targets (e.g. N-methyl-

D-aspartate (NMDA) receptors, voltage-gated potassium channels, and glycine receptors), the 

ability of alcohol to suppress tremor is thought to be mediated by activity at extrasynaptic 

GABAA receptors (Santhakumar et al., 2007). Consistent with this, alcohol does not suppress a 

preclinical measure of tremor in mice lacking extrasynaptic, α6 GABAA receptors, but 

transiently suppresses preclinical tremor in mice lacking synaptic, α1 GABAA receptors. Certain 

classes of neuroactive steroids (NAS) are positive allosteric modulators (PAMs) of both synaptic 

and extrasynaptic GABAA receptors. Here, we tested whether the NAS, SGE-516 (Botella et al., 

2015), suppresses tremor in a preclinical, harmaline tremor model. Administration of harmaline 

in rodents produces a postural and kinetic tremor that resembles ET in humans (with respect to 

tremor frequency), is sensitive to anti-tremor medications that are effective in humans (e.g. 

propranolol), and can be measured digitally via a piezoelectric metal plate. SGE-516 

administration (1 mg/kg i.p.) 30 min prior to harmaline (10 mg/kg i.p.) significantly suppressed 

the peak harmaline power (between 10-20Hz) by 51.5 ± 13.6% (mean ± SEM, n = 15 mice, p 

<0.005, One-way ANOVA, Holm-Sidak’s multiple comparison test). Interestingly, a higher dose 

of SGE-516 (3 mg/kg i.p.) did not significantly reduce harmaline tremor. The beta blocker, 

propranolol (10 mg/kg, i.p.), was included as a positive control and significantly reduced peak 

harmaline power by 49 ± 20.8%. These data suggest that SGE-516 demonstrates anti-tremor 

activity in a mouse model of ET, and support the targeting of extrasynaptic GABAA receptors for 

novel treatments of ET. 
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Abstract: Background: Etomidate (ETOM) modulates GABAARs containing either β2- (β2-

GABAARs) or β3-subunits (β3-GABAARs). In the hippocampus, this enhancement of inhibitory 

neurotransmission is thought to contribute to ETOM suppression of learning and memory. We 

reported recently that a mutation that prevents modulation of β2-GABAARs (β2-N265M) confers 

resistance to ETOM-induced suppression of LTP (SfN2017 abstract number 254.14). In a 

previous study we had reported that mice with a similar mutation of the β3-GABAAR subunit 

(β3-N265M) remained susceptible to ETOM-induced LTP suppression (Rodgers et al., J. 

Neuroscience, 2015). Since these two sets of studies were performed using mice of different 

background strains (β2-N265M in C57BL/6J, β3-N265M in 129X1/SvJ) and with different 

stimulation protocols, equipment, and ETOM concentrations , we conducted a head-to-head 

comparison of mice carrying the N265M mutation of either the β2- or β3-subunit in the same 

mixed backgrounds (50% C57BL/6J, 50% 129X1/SvJ) to test the robustness of this difference. 

Methods: Using extracellular recordings from hippocampal brain slices taken from mice 

carrying the N265M point mutation in either the β2- or β3-subunit of the GABAAR, we 

measured LTP in the CA1 region of the hippocampus in 60-100 day old mice of a mixed 

C57BL/6J and 129X1/SvJ background. We used a stimulus intensity that produced a half-

maximal EPSP response, both to assess EPSP slope and to induce LTP by a theta-burst protocol. 

We performed one-tailed Student’s t-tests to compare LTP in groups of 8 brain slices in the 



presence or absence of 1µM ETOM. 

Results: The intensity needed to produce half a maximal EPSP was approximately 200µA and 

did not differ between genotype. As expected, ETOM suppressed LTP in WT animals from both 

mouse lines (β2-N265M: CTRL 130±3% vs. ETOM 115±5%, p=0.007; and β3-N265M: CTRL 

134±7% vs. ETOM 115±4%, p=0.01). However, ETOM failed to suppress LTP in β2-N265M 

(CTRL 129±3.5% vs. ETOM 124±2%, p=0.10) and β3-N365M mutant mice (CTRL 134±5.5% 

vs. ETOM 128±4%, p=0.21). 

Conclusions: Our results indicate that modulation of both β2- and β3-GABAARs is necessary for 

ETOM to suppress LTP in mice of mixed backgrounds. The finding that ETOM modulation of 

β3-GABAARs is necessary conflicts with our previous results, possibly due to methodological 

differences or background strains. This finding highlights the need to test the contributions of 

specific drug targets under varying conditions (electrophysiological methods, background 

strains) in order to establish robust associations with physiological effects. 
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Abstract: Prenatal nutrition is a crucial factor in embryonic development and can influence 

phenotype through epigenetic modulation. Folic acid (FA), the synthetic form of the B vitamin 

folate, is a necessary nutrient for proper neural tube closure and development. Folic acid interacts 

with DNA methyltransferases such as DNMT1, DNMT3a, and DNMT3b to induce neuronal cell 

differentiation. As a water-based compound, folic acid can accumulate in the bloodstream over 

time and passes through the blood-placental barrier. Yet its dose toxicity for the developing 

embryo and for the levels of bioavailability for embryonic metabolism has not been established. 

In our previous study, a microarray analysis of fibroblast FA treated cells revealed that as many 



as 1,000 genes were either upregulated or downregulated by folic acid supplementation, 

including SMAD3, a transcription modulator involved in the migration of the GABAergic 

neurons during embryonic development, and fragile X mental retardation 1 (FMR), the primary 

gene responsible for fragile X syndrome. 

The effects of folic acid dose on neurodevelopment were explored by evaluating FA treated SH-

SY5Y neuronal cell line expression of SMAD3 mRNA with quantitative real-time reverse 

transcriptase PCR (qRT-PCR) and protein with immunofluorescence microscopy, and DnMT1 

and DnMT3a protein expression. We also tested the levels of GABA indirectly by testing 

Glutamic acid decarboxylase 65/67 mRNA in (qRT-PCR) and protein either through western 

blot or confocal microscopy and quantified with Imaris; GABAA beta 3 (GABRβ3) levels were 

also quantified with similar methods. 

Results showed that folic acid dose affected SMAD3 gene and protein, and it was found to be co-

localized with DnMT1, while FMRP co-localized with DNMT3a. DnMT1 and DnMT3a 

increased with folic acid treatment. GABAA beta 3 (GABRβ3) slightly decreased with FA 

concentration 16-125ng/ml but increased with 250ng/ml. 250ng/ml is possibly toxic to the cells. 

Glutamic acid decarboxylase 65/67 mRNA and protein decreased with FA concentration. 

Taken together, these results indicate that increasing FA of differentiating neuronal cell alters the 

expression of SMAD3 and GABAergic system protein, as well as DNA methyltransferases. The 

mechanism by which FA alters these genes may involve DNA methyltransferases, such as 

DnMT1 and DnMT3a. Further research is needed to determine the neurotoxic dose of folic acid 

in its effects on pre-natal central nervous system development. 
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Abstract: The PeriNeuronal Net (PNN) in the brain is a specialized extracellular matrix 

structure forming a mesh-like lattice surrounding neuronal cell bodies It is found in most areas of 



the brain. It has been shown to enwrap synaptic terminals synapsing onto cell bodies, and could 

function as a “fence” blocking movements of pre- and post-synaptic proteins. During brain 

development, the formation of PNN is associated with the end of the critical period of plasticity. 

Proteins of PNN are four proteoglycans: aggrecan (Acan), brevican (Bcan), neurocan (Ncan) and 

versican (Vcan). They include two hyaluronan and proteoglycan link proteins: (Hapln1,4) and 

one tenascin (Tnr). Polysaccharides of PNN are hyaluronan- and chondroitin-sulfate formed by 

an array of enzymes encoded by Has1-3, Chst1-15, Csgalnact1-2 andSt6galnac1-6. 

The present work investigates expression of genes previously implicated in the formation of 

PNN around parvalbumin (PV) interneurons. We examined the Allen Institute single cell 

transcriptomics dataset containing14301 cells isolated from the primary visual cortex of 56-day 

old mice (Tasic et al., BioRxiv, 2017, doi:https://doi.org/10.1101/229542) for the expression of 

PNN genes. Among the 5759 GABAergic neurons, 21% were PV interneurons which could be 

separated by their expression profiling in 8 clusters. One of these clusters, Pvalb-Tpbg 

(trophoblast glycoprotein), was composed of 391 cells, all expressing Pvalb and 55% expressing 

Acan, which was restricted to Pvalb-expressing neurons. The other proteoglycans Bcan and Ncan 

were expressed in most of the cells including glia. Vcan and Tnc were barely detected in PV 

interneurons. Hapln1 was expressed in most classes of interneurons and glia. Hapln4 and Tnr 

were expressed in most of the cells except glia. In conclusion PNN genes, including the 

following polysaccharide-synthesis genes Has1,3; Chst1,2,7,10-12; Csgalnact2; St6galnac2-6 

are expressed in PV interneurons while Csgalnact1 and Chst15 are not. Mice KO for these latter 

key enzymes in the synthesis of chondroitine-sulfate have a prolong critical period.. 

 

Disclosures: J.P. Rossier: None. L.T. Graybuck: None. M.J. Hawrylycz: None. E. Lein: 
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hippocampal neurons 
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Abstract: Neurons exhibit activity-induced structural changes such as increase of thickness and 

curvature of the postsynaptic density (PSD), decrease in contact area between subsurface cistern 

and plasma membrane, and formation of CaMKII clusters and synaptic spinules by electron 

microscopy. These structural characteristics help in identifying the activity state of the neuron 

and should be taken into consideration when interpreting ultrastructural features of the neurons. 

Here in organotypic hippocampal slice cultures where experimental conditions can be easily 

manipulated, two additional features are documented in forebrain neurons as reliable benchmarks 

for activity-induced structural changes: (1) The neuronal nucleus showed conspicuous clustering 

of dark chromatin, and (2) the endoplasmic reticulum formed stacks with a uniform gap of 13 nm 

filled with dark materials. Both structural changes progressed with time and were reversible upon 

returning the slice cultures to control medium for a period of time. These activity-induced 

structural changes were also verified in other experimental systems such as dissociated 

hippocampal neuronal cultures as well as perfusion-fixed brains. Furthermore, the time course 

and recovery of the increase in thickness and curvature of the postsynaptic density upon 

stimulation were quantified in slice cultures. These changes in PSD as well as the neuronal 

nuclear chromatin clustering were detectable as early as 30 seconds of depolarization with high 

K+ (90 mM) or treatment with NMDA (50 µM). In contrast, the formation of ER cisternal stacks 

did not become apparent for another 30 seconds, and the time course of formation and recovery 

is also different from that of the chromatin clustering. These structural changes were blocked by 

APV, an NMDA antagonist. Furthermore, when the extracellular calcium was chelated by EGTA 

in dissociated cultures, treatment with high K+ medium no longer induced these changes. These 

results indicate that the activity-induced nuclear chromatin clustering and formation of ER stacks 

in neurons are calcium-dependent, and that they may bring insights to neuron’s response to 

calcium rise upon stimulation. 

Disclosures: J. Tao-Cheng: None. 
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Abstract: Objectives: Physical exercise improves cognitive functions, but little is known about 

its cortical effects. The present study aims to investigate the modulation of cortical spine 

plasticity by chronic exercise in mouse. Methods: Transcranial in vivo two-photon imaging was 

used to study the spine plasticity and neuron activity of layer 5 pyramidal neurons (L5PRN) in 

mouse motor cortex. Pharmaceutical approaches was further used to interrogate the role of 

mammalian target of rapamycin (mTOR) pathway within exercise-induced effects. Results: 

Treadmill exercise significantly increases spine formation rate and survival of L5PRN within 

motor cortex. Improved spine plasticity is accompanied with enhanced excitatory postsynaptic 

transmission. Further mechanistic studies attributes brain derived neurotropic factor (BDNF) and 

downstream mTOR activation underlying exercise-related beneficial effects for enhanced 

learning of motor skills. Conclusion: We provide the first in vivo evidences showing improved 

spine plasticity and neuron activity by chronic exercise, and may guide the intervention of 

psychiatric disorders using physical exercise. 
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Title: Cytoplasmic structure inside dendritic spine modulates molecular mobility 

Authors: *K. OBASHI1,2, A. MATSUDA3,2, Y. INOUE3,2, S. OKABE1,2 
1Univ. of Tokyo, Tokyo, Japan; 2CREST, JST, Tokyo, Japan; 3Kyoto Univ., Kyoto, Japan 

Abstract: The cytoplasm of dendritic spines is characterized by the enrichment of F-actin, 

together with other structural features, such as the postsynaptic density and the spine apparatus. 

These nanostructures in the spine compartment restrict the mobility of macromolecules, which 

conversely affect functions of spine nanostructures. To evaluate this interplay between molecular 

dynamics and structure, real-time monitoring of molecular mobility inside the spine cytoplasm is 

required. Currently available techniques for the measurement of molecular mobility, such as 

fluorescence recovery after photobleaching (FRAP), are useful in quantitative measurements of 

diffusional coupling between dendritic shafts and spines, but direct readout of molecular 

diffusivity inside spines cannot be achieved. We applied the technique of two-photon 

fluorescence correlation spectroscopy (2P-FCS) and two-photon raster image correlation 

spectroscopy (2P-RICS) to monitoring dynamics of fluorescent proteins within dendritic spines 

of cultured neurons. To exclude artifacts derived from the small volume of spines, we first took a 

model-based evaluation for the readout of FCS inside small compartments using Monte Carlo 

simulation. 2P-FCS and 2P-RICS with different probe sizes revealed the size-dependent 

reduction in diffusion inside spines. Measurements in spines after LTP-inducing stimuli 

indicated a transient increase in mobility, which was dependent on F-actin. Finally, FRAP of 

synaptic proteins during LTP enabled us to indirectly estimate molecular mobility inside spines, 

when combined with a physical model based on spine morphological parameters. The model 

indicated that both mobility and stable fraction of large synaptic molecules increased at the initial 

phase of LTP. Our data support the idea that intra-spine cytoplasmic reorganization at the initial 

phase of LTP increases the mobility of large molecules, which subsequently facilitates 

intermolecular interaction related to maintenance of LTP. 
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Title: Control of perineuronal net and cortical plasticity by the activity of fast spiking-

parvalbumin interneurons 

Authors: *G. DEVIENNE, B. CAULI, I. COHEN, S. PICAUD, L. TRICOIRE, J. ROSSIER, 

B. LAMBOLEZ 

Neurosciences Paris Seine UMR8246, Paris, France 

Abstract: During the post-natal development of the cerebral cortex, the closure of the highly 

plastic period, called critical period, is concomitant with the accumulation of a specialized 

extracellular matrix made of chondroitin sulfate proteoglycans, the perineuronal net (PNN), 

around fast-spiking inhibitory interneurons expressing parvalbumin (FS-PV). Destroying the 

PNN by enzymatic digestion, or decreasing the inhibitory tone reopens the critical period. We 

aim at identifying physiological signals that up or down-regulate the PNN. 

It is known that selective inhibition of FS-PV cells for only 24 h using targeted viral transduction 

of a DREADD (hM4Di) in vivo restores plasticity in the adult mouse visual cortex. We found 

that this protocol induces a robust reduction of the PNN surrounding DREADD-expressing FS-

PV neurons (decrease of Wisteria floribunda labelling) after treatment with the DREADD 

agonist CNO. 

The DREADD hM4Di has somatodendritic effects, but also presynaptically inhibits transmitter 

release. Hence, in vivo activation of hM4Di in FS-PV cells may result either in decreased or in 

increased somatodendritic excitation of PV neurons due to disinhibition of pyramidal cells. To 

discriminate between these possibilities, we characterize acute electrophysiological effects of 

CNO treatment, as well as the effects of DREADD-induced excitation of FS-PV or pyramidal 

cells on the PNN. Using EEG recordings in awake mice expressing hM4Di in FS-PV cells, a 

decrease of cortical gamma oscillations following CNO injection is observed, consistent with a 

decrease of FS-PV activity. Using patch-clamp recordings in cortical slices, we found that CNO 

moderately decreases the somatodendritic excitability of FS-PV cells. We also probed the effect 

of selectively exciting FS-PV or pyramidal neurons in vivo on the PNN using the above 

paradigm, except that excitatory DREADD hM3Dq is used instead of hM4Di. Our results show 

that neither excitation of FS-PV neurons nor of pyramidal cells induced detectable decrease of 

PNN density. 

This set of experiments suggest that hM4Di induces a moderate silencing of FS-PV cell in vivo, 

which may be the trigger of the observed PNN reduction. We hypothesize that FS-PV neurons 

act as sensors of the local network activity to regulate their PNN and cortical plasticity. 

Disclosures: G. Devienne: None. B. Cauli: None. I. Cohen: None. S. Picaud: None. L. 
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Title: Potentiation of presynaptic functions by mechanical forces generated by spine 

enlargement 

Authors: H. UCAR1,2, S. WATANABE3, J. NOGUCHI3, S. YAGISHITA1,4, Y. MORIMOTO1, 

N. TAKAHASHI5, *H. KASAI1,2 
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Abstract: We are studying whether the mechanical force caused by the enlargement of the 

dendritic spines has direct effects on presynaptic functions. We used the Schaffer collateral (SC) 

innervating CA1 pyramidal neurons in hippocampal slice cultures. First, we measured the vesicle 

status of the presynaptic boutons of SC by using the trans-SNARE probe which measured Förster 

resonance energy transfer (FRET) between t-SNARE (Syntaxin1A) and v-SNARE (VAMP2) by 

utilizing fluorescence lifetime imaging (FLIM) and time-correlated single photon counting 

(TCSPC) method. We found rapid increases in the FRET value when we pushed single 

presynaptic boutons by a fluorescent-dye coated fine glass electrode, indicating that the 

mechanical pushing of the plasma membrane towards the vesicle membrane can induce the 

trans-SNARE formation. Similar increases in the trans-SNARE formation were found when we 

applied hypertonic sucrose solution, which exerts osmotic pressures on the plasma membrane of 

presynaptic boutons. Second, we measured glutamate release probability (Pr) from an identified 

single bouton, using a variant of iGluSnFR in SC, and its responses to single action potentials 

delivered at 0.07 Hz. We found the pushing augmented the Pr in a good correlation with the 

increases in the trans-SNARE formation. Similar augmentation was observed by hypertonic 

sucrose solutions. Lastly, we induced spine enlargement by spike-timing-dependent plasticity 

(STDP) at the dendritic spine using 2-photon glutamate uncaging to test the physiological 



relevance of the mechanical effect. For this study, we found synapse candidates between SC and 

CA1 pyramidal neurons by overlapping optical signals of boutons (expressing trans-SNARE 

probe) and dendritic spines (filled by Alexa-dye by whole-cell patch-clamping). We found that 

spine enlargement caused an increase in the trans-SNARE formation, even though we did not 

stimulate presynaptic axons by action potentials. Importantly, we found that the increase in the 

trans-SNARE formation was not detected when spines twitched and did not push the bouton, 

even though spines were enlarged. Besides, prevention of enlargement by infusing actin 

inhibitors via patch-pipette prevented FRET increase in all trials. Thus, we have revealed that the 

mechanical force on the presynaptic membrane is sufficient for enhancing Pr by increasing the 

trans-SNARE formation, and we suggest that the spine enlargement can potentiate the synaptic 

transmission by direct mechanical coupling with a presynaptic terminal, in addition to its well-

recognized role in postsynaptic accumulation of glutamate receptors for long-term potentiation. 

Disclosures: H. Ucar: None. S. Watanabe: None. J. Noguchi: None. S. Yagishita: None. Y. 
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Title: Cyclase-associated protein 2 role in the cytoskeletal organization of the spine 

Authors: *S. C. PELUCCHI1,2, L. VANDERMEULEN1, S. MUSARDO3, D. LIM4, D. DI 
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Abstract: ADAM10, an essential protease of the brain, is active only when it is inserted at the 

synaptic membrane and, therefore, its localization is linked with its activity. In fact, ADAM10 

cleaves its substrates, among which the synaptic adhesion molecule N-cadherin, only when it is 

correctly inserted into the plasma membrane. Therefore, the correct trafficking of ADAM10 to 

the plasma membrane correlates directly with its capability to regulate the synaptic morphology 



and neuronal connectivity. 

The cyclase-associated protein 2 (CAP2) is a new ADAM10 binding partner. Here we confirmed 

ADAM10/CAP2 interaction and identified the domains responsible for the association through 

several biochemical approaches. 

At first, we show that CAP2, an actin binding protein that has been poorly described in the brain, 

is a regulator of actin dynamics in dendritic spines. In particular, the capability of the protein to 

create dimers regulates its G-actin sequestering activity. Moreover, our data prove that the F-

actin-binding site of CAP2 is fundamental for the regulation of the endocytosis of ADAM10 and, 

thereby, of its localization. 

Since CAP2 is an actin-binding protein that interacts with ADAM10, we assume that CAP2 may 

act as a linker between dendritic spine actin dynamics and ADAM10 synaptic localization, thus 

affecting the enzyme activity and spine remodeling. 

Disclosures: S.C. Pelucchi: None. L. Vandermeulen: None. S. Musardo: None. D. Lim: 
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Abstract: The ability to learn and integrate new information requires the dynamic modification 

of brain circuits. Formation, stabilization and elimination of dendritic spine synapses are vital for 

this experience-dependent rearrangement of neuronal circuits. Notably, the shrinkage and 

elimination of spine synapses have been linked to improvements in learning, and increased rates 

of spine loss are associated with intellectual disability and behavioral impairment. Morphological 

changes in dendritic spines are closely linked to changes in synaptic function, and it is now 

widely accepted that the shrinkage and elimination of spines can be driven by glutamatergic 

activity patterns that lead to the long-term depression (LTD) of synaptic strength. Synaptic 

weakening and spine shrinkage requires activation of the NMDA-type glutamate receptor 

(NMDAR). Intriguingly, blocking Ca2+-influx through the NMDAR did not prevent spine 

shrinkage and LTD induction. Instead, these novel findings support a model where glutamate 



binding triggers conformational changes in the NMDAR signaling complex, which are sufficient 

to induce spine shrinkage and synaptic weakening, independent of NMDAR-mediated Ca2+-

influx. Using pharmacological and molecular manipulations in combination with two-photon 

imaging and glutamate uncaging, we have shown that activation of p38 MAPK is necessary for 

this non-ionotropic NMDAR signaling and activity-dependent spine shrinkage. Currently, we are 

further delineating the composition and function of this non-ionotropic NMDAR signaling 

complex in input-specific structural and functional spine plasticity. Specifically, we are focusing 

on how conformational changes in the NMDAR complex drive p38 MAPK activation and on 

how p38 MAPK activation is translated to spine structural changes. Results from these 

experiments will lead to a better understanding of the signaling mechanisms driving dendritic 

spine elimination during neuronal circuit development and plasticity and should provide new 

insights into how dysregulation of these plasticity mechanisms contributes to neurological 

disorders. 
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Title: Features in the structural & functional reorganization of the screen and nuclear nerve 

centers of white rats after acute transient ischemic attack 

Authors: *V. AKULININ, A. STEPANOV, D. AVDEEV, A. GORBUNOVA 

Omsk State Med. Univ., Omsk, Russian Federation 

Abstract: In the present study the structural features of screen (neocortex, hippocampus) & 

nuclear (amygdala) brain formations of white rats (n = 70) in 1, 3, 7, 14, 21 & 30 days after acute 

transient ischemic attack caused by bilateral 20-min occlusion of the arteria carotis communis 

were analyzed by using light & electron microscopy, immunohistochemical methods, DAPI 

stain, morphometry. The experiment was perfomed adhering to the principles of animal welfare. 

The brain was fixed by perfusion of 4% paraformaldehyde solution in 0.1 M phosphate buffer 

(pH 7.2-7.4) through aorta. Primary antibodies to neuron specific enolase (NSE), glial fibrillary 

acidic protein (GFAP), Ki67, р53, Bcl-2, caspase-3, synaptophysin p38 и MAP-2 were used for 

immunofluorescence examination. Morphometric image analysis was performed using ImageJ 

1.46. Statistical hypothesis testing was carried out used the program STATISTICA 8.0 with a 



nonparametric methods. The mixed nature of neuronal death was found. However, the major part 

in the death of neurons was played by the processes of fast (1, 3 & 7 days of reperfusion) & 

distant (14, 21 & 30 days of reperfusion) postischemic necrosis. The basic mass of the dark 

neurons from acute period restored their tinctorial characteristics in the distant period. Apoptosis 

regulating proteins (p53, bcl-2) were detected in single neurons. Caspase-3 had high activity only 

in axons & synaptic terminals, that probably showed its pleiotropism, participation in the 

adaptation & recovery processes by postischemic activation of neuroplasticity. Damage of 

neocortex & hippocampus neurons had a fine-focal form. The maximum decrease in the total 

number density of neurons was in layer III of the neocortex (95% CI: 16-28) & CA1 

hippocampus (95% CI: 33-47%). Against the background of neuronal damage, neuroglia 

proliferation (Ki 67) was activated, GFAP expression increased, neuroglial index increased, a 

large number of satellite cells & reactive microglia appeared. The peak proliferation of the 

astrocytes was observed after 3 days of the reperfusion in the neocortex. The increase in the 

neuroglia index (NGI) was due to the proliferation of neuroglia cells & reduce of the total 

number density of neurons. We found that as small is the number of synapses, but more NGI, the 

area of mitochondria & neuroglia cell fibrillar baskets in the visual field in normalcy, as less is 

the damage of synapses & neurons after ischemia. In our study, such brain region was the 

amygdala. 
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Ctr. For Developmental Neurobio., London, United Kingdom 

Abstract: The axon initial segment (AIS) is a structure at the start of the axon with a high 

sodium and potassium channel density, defining the site of action potential generation. It is also 

the target of inhibitory synapses formed by a specific GABAergic interneuron, the Chandelier 

cell. Due to this strategic synaptic placement, Chandelier cells are thought to powerfully control 

network activity. Despite this, we know surprisingly little about this cell type. By visualising 

Chandelier cell interneurons and their boutons in somatosensory cortex at different 



developmental stages, we uncovered a critical temporal window of synapse formation at the AIS, 

which corresponds with the electrophysiological and morphological maturation of the Chandelier 

cell. Using a targeted chemogenetic approach, we showed that modulating the activity of either 

pyramidal cells or Chandelier cells themselves, resulted in a decrease in axo-axonic synapse 

number along the AIS. In parallel, we also observed a decrease in the length of the AIS and, as a 

consequence, a reduction in intrinsic excitability. Surprisingly, the same manipulation of 

neuronal activity in mature mice showed the opposite effect, an increase in axo-axonic synapse 

number. Since axo-axonic synapses change polarity from depolarising to hyperpolarising late in 

development, this form of plasticity likely constitutes a homeostatic mechanism that serves to 

keep network activity stable. To confirm this, we studied the functional impact of this synaptic 

plasticity using whole-cell electrophysiology as well as voltage imaging. In conclusion, our work 

on the activity-dependent development of Chandelier cells has uncovered a bi-directional 

plasticity of axo-axonic synapses in juvenile and adult mice. We propose that the AIS and its 

synapses are highly plastic and form an important hub for stabilising neuronal activity. 
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Abstract: General anesthetics modulate synaptic transmission by acting on multiple pre- and 

postsynaptic targets including neurotransmitter release, neurotransmitter receptors, and dendritic 

spine dynamics. Inhibition of glutamate release is one of several ways general anesthetics 

depress excitatory synaptic transmission, but the underlying cellular and molecular targets 

remain unclear. We hypothesized that isoflurane, a common general anesthetic, reduces brain-

derived neurotrophic factor (BDNF) release, resulting in decreased presynaptic Ca2+ entry and 

synaptic vesicle (SV) release, and reduced postsynaptic dendritic spine size and number. 

Dissociated hippocampal neurons from wild-type and loss-of-function BDNF Val66Met knock-

in mice with reduced BDNF secretion were used to test this hypothesis. Isoflurane-induced 

changes in BDNF release were measured using the genetically encoded biosensor BDNF-

pHluorin. Hippocampal neurons in culture with varying levels of BDNF secretion were used to 



determine the effect of reduced endogenous BDNF amounts on Ca2+ entry and SV exocytosis, 

using the fluorescent Ca2+ indicator MgGreen and vGlut1-pHluorin, respectively. Postsynaptic 

isoflurane-induced changes in dendritic spine morphology were visualized using time-lapse 

imaging. Our results show that isoflurane attenuated BDNF release. This identifies a new 

molecular signaling pathway contributing to inhibition of SV exocytosis and persistent spine 

changes by isoflurane. 
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Abstract: Introduction: The medial nucleus of the amygdala (MeA), mainly the posterodorsal 

medial (MePD) modulates different social behavior and displays a notable neural plasticity and 

sexual dimorphism. Male-female differences are found in the morphology, connectivity, and 

local neuropil structure of MePD. The amygdala dysfunction is associated with several human 

neurological disorders such as epilepsy and autism. The aim of the present study was to 

investigate inhibitory and excitatory synaptic organization is sexually dimorphic and lateralized 

in adult MePD. Material and Methods: Acute coronal brain slices were prepared from adult male 

(n=20) and female (n=53) Wistar rats. Spontaneous and miniature excitatory end inhibitory post-

synaptic currents (EPSC and IPSC) were recorded by whole-cell patch-clamp technique in 

visually identified neurons from MePD, using an infrared differential interference contrast 

(IRDIC) video microscopy system. Cells were filled with biocytin during the patch recordings to 

correlate the structural and functional properties of recorded cells. EPSC and IPSC properties 

were analyzed using Mini Analysis 6.0.7 software. Results are presented as the mean ± SEM. To 

compare results between different cell types, we used a one-way ANOVA followed by Tukey 

test with significance level of p < 0.05. All the animal procedures were performed according the 

Ethics Committee on Animal Use - UFRGS (approval # 28885). Results: The sEPSC frequency 

and amplitude onto neurons from the left MePD in males (n=14 cells) and females in diestrus, 

(n=12 cells) were significantly higher than females in proestrus (n=14 cells) and estrous (n=16 

cells). The mEPSC amplitude onto MePD neurons was significantly higher in males (n=20 cells) 



than females (n=58 cells). Moreover, the sIPSC frequency onto left MePD neurons and sIPSC 

amplitude onto right MePD neurons, were significantly higher in males (n=10 cells) and female 

in diestrus (n=11 cells) and estrous (n=11 cells) when compared to females in proestrus (n=13 

cells). The mIPSC properties were similar for all groups. Conclusion: Taken altogether, these 

findings suggested a sexual dimorphism and lateralization of synaptic function in adult MePD 

and these features could provide a neural substrate for social behavior and neural plasticity 

modulation. 
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Abstract: Neuronal plasticity is crucial for our brain to learn, adapt to the environment and 

recover from brain injury. Plasticity decreases with age, particularly after childhood/adolescence. 

Perineuronal nets (PNNs) play a crucial role in restricting plasticity in the adult central nervous 

system. However, it is not entirely known how they act. PNNs are macromolecular assemblies of 

extracellular matrix and are composed of hyaluronan and chondroitin sulfate proteoglycans, 

which are kept together by link proteins and tenascin-R. We recently identified the 

chemorepulsive axon guidance protein Semaphorin3A (Sema3A) as a prominent component of 

PNN, suggesting that it may be a prime candidate in the control of PNN-mediated plasticity. To 

test this hypothesis we investigated the effect of interfering with Sema3A in the PNN of the deep 

cerebellar nuclei (DCN) of adult mice, at both the synaptic and behavioral level. Given that the 

DCN have abundant PNNs and are essential for associative eyeblink conditioning, they form a 



brain structure that is uniquely suited to investigate the role of PNN-associated Sema3A in 

learning-associated plasticity. To interfere with Sema3A signaling, we used an adeno-associated 

viral vector (AAV) encoding a soluble form of the Sema3A receptor component Neuropilin-1 

(NP1-Y297A-Fc). NP1-Y297A-Fc retains its ability to interact with Sema3A, while binding with 

its other ligand, vascular endothelial growth factor (VEGF), is abolished by the mutation Y297A. 

With this approach, NP1-Y297A-Fc would act locally as a scavenger for Sema3A in the nets. 

We found that treatment with NP1-Y297A-Fc induces a significant increase in the size of axon 

terminals of Purkinje cells (the main inhibitory input on DCN neurons), which retain their 

discrete distribution along the target neuron membrane. In contrast, the digestion of the whole 

PNNs by the enzyme chondroitinase results in a decreased partition between neighboring 

Purkinje terminals. During associative motor learning, i.e. in mice subjected to eyeblink 

conditioning, PNNs and their Sema3A content in the DCN are reduced, suggesting that Sema3A 

plays an inhibitory role in the formation of this type of memory. Notably, digesting the whole 

PNNs in the DCN leads to faster learning in the eyeblink conditioning paradigm. These data 

show that PNNs are crucial for cerebellar plasticity and cerebellum-dependent learning, and 

support the hypothesis that the chemorepulsive axon guidance cue Sema3A is an effector protein 

with a key role in PNN-mediated plasticity. 
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Abstract: Postsynaptic density protein 95 (PSD-95), a postsynaptic scaffolding protein, has 

pivotal roles in the aspects of structure and function in the excitatory postsynapses. PSD-95 has 

been deeply implicated in brain functions, such as learning and memory, as well as in brain 

disorders. Although transport of PSD-95 to synaptic regions and its regulatory mechanisms have 

been extensively studied, much still remains unclear. To evaluate the role of kinesin motor 

protein (KIF5) in dendritic transport of PSD-95 protein, we expressed a dominant-negative form 



of kinesin (ΔMD), which doesn’t contain N-terminal motor domain. The ΔMD expression 

significantly decreased PSD-95 level in the dendrites. Consistently, KIF5 was associated with 

PSD-95 in co-IP assays using both HEK cells and brain lysates, and an in vivo assay using 

proximity ligation assay (PLA). This interaction was mediated by the tail in C-terminal region of 

kinesin and the ADPDZ3 domain of PSD-95. Interestingly, the association between two proteins 

showed a dose-dependent pattern with Staufen protein, suggesting its role as an adaptor or 

regulatory function. Additionally the ADPDZ3 expression significantly reduced the number of 

PSD-95 particles in distal dendrites. Taken together, our data suggest a new mechanism for 

synaptic transport of PSD-95 and synaptic plasticity. 
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Abstract: Background. Aging is associated with changes in muscle physiology and morphology, 

which are tied to activity in the neuromuscular junction (NMJ). However, it is unclear whether 

age-related changes depend on processes inherent to aging or on an overall decrease in physical 

activity. The diaphragm is a continuously-active muscle, regardless of age, while the NMJ is 

stable throughout the lifespan and serves as an elegant model to measure plasticity, because it 

exhibits high structure and function turnover. The purpose is to assess whether these two 

components allow for age-related changes to be dissociated from physical activity-related levels. 

Methods. In the present study we investigated both structural and functional age-related changes 

in the diaphragm muscle in a total of 20 male C57BL/6NNia mice, divided into two groups, one 

young group of 10 mice aged 7 months and a second group of 10 mice aged 28 months. 

Structurally, with a combined silver-cholinesterase method, presynaptic portions of the NMJ 

were assessed. Functionally, intracellular recordings of spontaneous miniature endplate 

potentials (MEPP) and the quantal content of endplate potentials (EPP) were recorded. Data were 



analyzed statistically using two-tailed student t-tests to compare between groups. 

Results. When comparing older versus younger mice groups structurally (at p<0.001), 

presynaptic portions of the NMJ displayed regions of abnormal distension, and sprouting. 

Dispersion of terminal branches into a series of regions was observed, consistent with increased 

remodeling. Functionally, intracellular recordings of MEPP and calculated quantal content of 

EPP yielded significant increases in older mice in MEPP amplitudes (23%) and frequency 

(29%), along with a pronounced increase in EPP amplitude and calculated quantal content 

(42%), and no change in resting membrane potentials or membrane capacitance in old compared 

to young mouse diaphragms. 

Conclusion. Findings indicate that the mouse NMJ undergoes a process of physiological and 

morphological remodeling during aging. Functional changes display up-regulation in 

neurotransmitter release, while morphological changes exhibit increased complexity and 

sprouting, all of which indicate regenerative processes. These changes do not dissociate between 

post- or pre-synaptic sources, nor between processes inherent to aging vs general level of 

activity, however, they are likely compensatory in nature to maintain the integrity of the NMJ. 
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Title: Lactate derived from astrocytic glycogen is necessary for stabilization of synapses 

following learning 
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Abstract: Long-term memory formation is an energy-expensive process, which is accompanied 

by structural changes at synapses, including, but not limited to an increase in spine density, for 

example. To directly investigate structural changes occuring during learning, and their 



dependance on brain energy metabolism, an in-depth 3D Electron Microscopy (EM) study was 

performed on adult mice brains subjected to a novel-object recognition (NOR) behavioral 

training, in presence of 1,4-Dideoxy-1,4-imino-D-arabinitol hydrochloride (DAB), a potent 

inhibitor of glycogenolysis. Memory consolidation and long-term potentiation impairments 

induced by the DAB treatment were reversed by intrahippocampal injection of lactate. The 

following 3D ultrastructural analysis on sparse reconstruction of spines and synaptic densities 

revealed that both density and size of spines increased significantly compared to naive animals, 

together with the appearance of glycogen clusters in astrocyte processes. The DAB treatment 

impaired the formation of new spines, and the application of L-Lactate together with the DAB 

rescued both memory formation and spine density, but failed to rescue the accumulation of 

glycogen clusters. Moreover, 3D analyses of dendritic mitochondria revealed an impaired 

fission, which was also rescued by intrahippocampal L-Lactate administration. Altogether, these 

evidences indicate that impairing lactate production from astrocytic glycogen results in the 

impairment of structural and biochemical synaptic plasticity features and memory consolidation. 
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Abstract: Silent synapses are glutamatergic synapses lacking AMPA mediated responses. As a 

consequence, they are 'silent' in response to glutamate release at resting membrane potentials due 

to Mg++ block of NMDA receptors. Prevalent during early development, silent synapses nearly 

disappear in adulthood, with low levels of residual expression (~5-10%), particularly in striatal 

projection neurons. Drugs of abuse such as cocaine, opioids, and chronic nicotine increase the 

prevalence of silent synapses in medium spiny neurons in adult animals. It has been proposed 

that increased silent synapses may provide a mechanism by which drugs of abuse reorganize 

circuits in the brain around drug-related stimuli, contributing to the resilience of drug-reinforced 

behavior to extinction and the incubation phenomenon where cravings can increase, rather than 



diminish, with time following abstinence. There has been little examination of what role silent 

synapses may play in a normal, healthy organism, nor how environmental factors may regulate 

the prevalence of silent synapses. To address these questions, we examined the effect of high fat 

diet in the prevalence of silent synapses in the dorsolateral striatum. Using patch-clamp 

electrophysiology (minimal stimulation assay) and identifying direct and indirect pathway 

medium spiny neurons via genetic fluorescent labeling (iMSNs, GFP driven by D2 promoter; 

dMSNs, tdTomato driven by D1 promoter via D1-cre mouse line crossed with floxed tdTomato 

mice), we tested the impact of chronic high fat diet on silent synapses in both the direct and 

indirect pathways. Mice received ad libitum access to high fat diet (Teklad TD. 06414, 60% 

calories from fat) for minimally four weeks before testing. Similar to drugs of abuse, we observe 

a substantial increase in silent synapses in medium-spiny neurons in mice fed high fat diet. 

Cocaine and opioids increase silent synapses in only the direct and indirect pathways, 

respectively. In contrast, high fat diet increases prevalence of silent synapses in both pathways. 

These data suggest that high fat diet, like drugs of abuse, may alter fundamental mechanisms of 

circuit remodeling. 
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Abstract: On principal excitatory neurons, structural plasticity involves both alterations in the 

size of existing spines (enlargement or shrinkage in response to LTP/LTD, respectively) as well 

as the formation and elimination of spines (spine stability/turnover or dynamics). These 

structural changes manifest in response to functionally relevant stimuli and are therefore believed 

to be the structural correlate of learning and memory. Whereas these adaptive responses are 

integral components of Hebbian learning, they are also altered in neurological conditions such as 

severe/prolonged stress and related PTSD, brain injury (TBI and stroke), epilepsies, and genetic 

abnormalities (Fragile X, Rett, etc.). Mechanisms governing structural plasticity appear to 

overlap with functional plasticity (e.g. AMPA receptor insertion), but have yet to be fully 



elucidated. We have developed a library of novel NMDA receptor modulators that enhance 

functional plasticity in behavioral models of learning and memory and electrophysiological 

models such as potentiation of CA1 field potentials (classical LTP). However, whether these 

compounds modulate structural plasticity acutely or in models of neurological disease is 

unknown. To assess the role of our lead compound NYX-2925 on structural plasticity in 

excitatory spines, we have employed a high-frequency glutamate uncaging (HFU) protocol in 

cultured rat neurons that is known to induce structural LTP (sLTP) in isolated spines. We find 

that NYX-2925 robustly enhances NMDA receptor-dependent increases in spine volume. The 

enhancement of sLTP is evident both in the magnitude of change in spine volume and the 

number of spines that respond to sLTP induction. Furthermore, to determine if NYX-2925 

enhances plasticity-related AMPA receptor insertion (a direct measure of functional plasticity), 

we utilized a protocol for chemically-induced LTP (chemLTP) and assessed synaptic surface 

GluA1 insertion. We find that NYX-2925 also significantly enhances glycine-induced GluA1 

surface expression within the post-synaptic density in cultured primary neurons. Thus, NYX-

2925 facilitates acute structural and functional plasticity in addition to learning and memory in 

naive rodents, and shows potent efficacy in preclinical models of neurological disorders. These 

findings inform the mechanism by which NYX-2925 may exert therapeutic effects and highlight 

the clinical potential of compounds that facilitate NMDA receptor-dependent structural 

plasticity. 
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Abstract: Post-translational modifications of histone proteins, such as acetylation, play a central 

role in regulating neuronal gene expression and brain function. Emerging evidence implicates 

dysregulation of gene expression in cognitive and neurodegenerative disorders. Previous studies 

have shown that increase in histone acetylation enhances synaptic plasticity, learning and 

memory. Therefore, treatment with histone deacetylases inhibitors (HDACi) is a promising 

strategy for therapeutic intervention in neurological disorders with synaptic pathology. However, 

the combination of limited brain penetration and lack of specificity of HDACis has led to 

peripheral side effects and limited viability for any chronic human therapy. Here, Rodin 

Therapeutics describes proprietary compound Rodin-A, a brain penetrant, safe, and selective 

inhibitor of HDAC1 and HDAC2. Chronic treatment in vivo with Rodin-A significantly 

increased (27%) spine density in the CA1 region of the dorsal hippocampus of wild type mice 

and improved the impaired LTP in the 5xFAD mice, a model of Alzheimer disease (AD). 

Furthermore, Rodin-A treatment resulted in increased levels of pre- and post-synaptic proteins 

and phosphorylated tropomyosin-related kinase B receptor (pTrkB), a neurotrophin receptor 

known to promote LTP and synaptic plasticity. While previously studied HDACi, such as CI-

994, showed pro-synaptic effects in vivo, lack of therapeutic window precluded use to treat 

neurological disorders. Rodin-A achieves equivalent pro-synaptic effects with a substantially 

improved safety margin. Together, our results describe a new, selective and safe HDACi which 

modulates structural and synaptic plasticity. Rodin-A represents a new potential therapeutic 

intervention in disorders of synaptic plasticity and cognition, including neurodegenerative 

disorders such as AD. 
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Title: Nogo receptor 1 protein levels are rapidly downregulated by metabotropic N-methyl-D-

aspartate receptor signalling 
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Abstract: Nogo receptor 1 (NgR1) is an important receptor for several myelin associated 

inhibitors of neurite growth. By binding these ligands, which despite their name are also 

expressed by neurons, NgR1 restricts plasticity during development, learning and injury. 

Some regions in the mammalian brain, including the hippocampus, remain highly plastic in 

adulthood despite strongly expressing NgR1 and its ligands. It is known that NgR1 mRNA is 

downregulated by strong neural activity but information about protein regulation is more limited. 

We have used murine primary hippocampal cell cultures to investigate if, how and when NgR1 

protein is regulated by neural activity. 

Interestingly, we found that NgR1 levels are specifically regulated by metabotropic N-methyl D-

aspartate receptor (NMDAR) signalling. NgR1 levels are significantly lower already 30 minutes 

after NMDA treatment, while blocking the active site of the NMDAR with amino-5-

phosphovaleric acid (APV) instead increases NgR1 levels over the same time scale. Blocking the 

ion pore with MK801 does not affect NgR1 levels, implying that metabotropic NMDAR 

signalling is responsible for regulating NgR1 levels. 

Our results suggest that NgR1 is only sensitive to certain forms of neural activity, perhaps to 

ensure that plastic changes are only allowed under certain conditions. NgR1 could be a novel 

pathway by which NMDAR regulates structural plasticity in the mammalian brain. This has 



implications for our understanding of how lasting memories are formed and how the adult 

nervous system’s resistance to regeneration could be overcome. 
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Abstract: Introduction: Transplanted stem cells can improve behavioral recovery after stroke, 

however their direct actions on surviving sensorimotor circuits are not well understood. We and 

others have demonstrated that the transplantation of human neural stem cells (hNSCs) enhances 

structural plasticity in ischemic brain via increased neurite sprouting. Here, we performed a 

comprehensive electrophysiological assessment of the stroke-injured rat cortex after 

transplantation of two hNSC lines, G010 (fetal-derived) and NR1 (hES-derived). Method: 

Vehicle, G010 cells, or NR1 cells were transplanted into the ischemic cortex of Nude rats one 

week after distal middle cerebral artery occlusion. Neurological recovery was assessed weekly 

using the whisker-paw test. Acute brain slices were prepared one week post-transplantation for 

electrophysiological recording. A linear multichannel recording probe was placed in the peri-

infarct motor cortex (M1 region) perpendicular to the pial surface. Local field potentials (LFPs) 

were recorded simultaneously from all cortical layers following circuit activation with a single 

electrical stimulus delivered to layer 2/3. We also obtained whole-cell patch clamp recordings 

from pyramidal neurons in superficial lamina of the peri-infarct to examine the balance of 

excitatory and inhibitory synaptic inputs. Results: Both hNSC lines enhanced behavioral 

recovery after stroke but with different time course. G010 cells improved performance on the 

whisker-paw test as early as one week post-transplantation whereas NR1 cells induced 

comparable effects at three weeks. To ascertain corresponding changes in cortical circuitry, we 

performed current source density (CSD) analysis of evoked LFPs, a method used to more 



accurately localize synaptic currents. After stroke, CSD analysis revealed that inhibition in 

superficial lamina is elevated bilaterally (i.e. net loss of excitability). G010 and NR1 cells 

increased circuit excitability within layer 2/3, altering inhibitory/excitatory balance. Whereas 

G010 transplantation reduced network inhibition, NR1 enhanced excitation within superficial 

lamina. Whole-cell patch clamp recordings in pyramidal neurons suggested that NR1-induced 

gain in excitability is due to reduced synaptic inhibition, while G010 transplants revealed an 

increase in synaptic inhibition, which is contradictory to the reduced inhibition seen in the G010 

extracellular recordings. Conclusions:Stem cell transplantation modulates motor circuit activity 

caused by stroke injury and this is associated with overall increases in circuit excitability, and 

presumably motor-sensory function. 
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Title: RhoA-associated kinases ROCK1 and ROCK2 mediate amyloid-β induced synaptic 

degeneration in Alzheimer's disease 
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Abstract: Current estimates project that there are approximately 5.4 million Americans affected 

by Alzheimer’s disease (AD). Cognitive decline is a clinical hallmark of AD, while 

accumulation of amyloid-β (Aβ) is a pathological hallmark. Aβ accumulation induces cellular 

mechanisms that drive synapse loss in AD, resulting in abnormal neuronal firing and network de-

synchronicity. Yet, there are few therapeutic strategies that target synapse loss to delay or 

prevent cognitive decline and detrimental network alterations in AD. RhoA, a Rho GTPase 

family member, and its primary downstream effectors, the Rho-associated coiled-coil containing 

protein kinases (ROCK) 1 and ROCK2, are potent regulators of actin dynamics and influence 

neuronal morphology and synaptic plasticity. Our previous work demonstrated that ROCK1 and 



ROCK2 protein levels are increased in mild cognitive impairment due to AD (MCI) and AD 

cases and that Aβ activates the RhoA/ROCK pathway. We hypothesize that Aβ-induced ROCK1 

and ROCK2 activity promotes dendritic spine degeneration, reducing neuronal firing in primary 

hippocampal cultures. By coupling genetic or pharmacologic manipulation of ROCK signaling 

pathways with highly innovative three-dimensional modeling of dendritic structure and 

microelectrode array (MEA) analyses, we highlight key roles for ROCKs in synaptic 

degeneration that may contribute to cognitive decline in AD progression. 
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Abstract: Chemical synaptic transmission is a critical step in neuronal communication that is 

extensively modulated during neural plasticity. Across systems, activity-dependent regulation is 

required for chemical synapses to undergo structural and functional plasticity. The Drosophila 

neuromuscular junction (NMJ) has historically been a powerful model system to study synaptic 

transmission and undergoes robust activity-dependent structural and functional plasticity (Cho et 

al., 2010; Huntwork and Littleton, 2007). Previously, our lab has shown that structural growth at 

the NMJ is regulated by increased spontaneous neurotransmitter release, and that 

phosphorylation of the SNARE-binding protein Complexin (Cpx) is required for activity-

dependent structural and functional plasticity at the NMJ (Cho et al., 2015). Our recent 

electrophysiology and imaging studies of the larval NMJ demonstrate that Cpx-dependent 

functional and structural plasticity can further be regulated by RNA editing. Cpx undergoes RNA 

editing via ADAR (adenosine deaminase acting on RNAs), the enzyme responsible for all known 

RNA editing in Drosophila. Cpx transcript editing produces Cpx protein products with varying 

C-terminals, including a phospho-competent, a phospho-mimetic, and a phospho-incompetent 

version. Our studies suggest that Cpx phosphorylation is edit-dependent and that editing of Cpx 

alters the regulation of mini frequency and its ability to regulate synaptic growth. Furthermore, 



we find that ADAR is required to express activity-dependent structural and functional plasticity 

at the NMJ. Our results suggest that RNA editing of Cpx regulates Cpx-mediated activity-

dependent functional and structural plasticity in Drosophila, providing a novel mechanism by 

which presynaptic plasticity can be regulated. 
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and pulses 
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Abstract: Background 

Pairing a brief train of vagus nerve stimulation (VNS) with an external event can reorganize the 

sensory or motor cortex. Repeatedly pairing a tone with sixteen VNS pulses presented at a 

frequency of 30 Hz significantly increases the number of neurons in primary auditory cortex 

(A1) that respond to tones near the paired tone frequency. It is not known if changing VNS pulse 

rate or duration would increase or decrease the degree of cortical map plasticity. 

Objective/Hypothesis 

This project investigates the effects of VNS rate, train duration, and number of pulses on cortical 

plasticity. We hypothesize that changing these parameters will affect the degree of driven 

plasticity. 

Methods 

Rats were assigned to groups that received tone-paired VNS at a specific rate, train duration, and 

number of pulses (Table 1). Animals received stimulation 300 times per day over a 20 day 

period, regardless of group. Experimental animals were compared with naïve control animals. 

Rate Group 
Number of 

Animals 

VNS 

Pulses 

VNS Rate 

(Hz) 

VNS Train Duration 

(ms) 



Low 10 16 7.5 2000 

Standard 10 16 30 500 

High 10 16 120 125 

Train Duration 

Group 
    

Short 10 4 30 125 

Standard 10 16 30 500 

Long 10 64 30 2000 

Pulses Group     

Short 10 4 7.5 500 

Standard 10 16 30 500 

Long 10 64 120 500 

 

Results 

The VNS moderate rate group exhibited significantly more A1 neurons that respond to the paired 

tone. These changes were not observed in rats that received high or low rate VNS. Preliminary 

data shows 4 pulses of VNS drives plasticity when delivered at 30 Hz, 

but not at 7.5 Hz. Sixty-four pulses of VNS does not drive plasticity whether it is delivered in 

500 ms or 2000 ms trains. 

Conclusion 

These results suggest that the magnitude of plasticity driven by VNS is sensitive to changes in 

multiple stimulation parameters. The high temporal precision of VNS-tone pairing protocols may 

help to explain the cellular mechanisms responsible for the beneficial effects of precisely timed 

VNS during restoration of sensory or motor function. 
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Abstract: Neocortical inhibitory interneurons exert powerful control over brain function by 

influencing the timing and computation of the circuits formed by excitatory pyramidal neurons. 

Consequently, excitatory inputs onto cortical interneurons drive the activity of these neurons and 

thereby play a major role in the excitation/inhibition (E/I) balance of the brain. Despite their 

importance, little is known about the dynamics of these excitatory synapses residing on cortical 

interneurons. This is because unlike the synapses onto excitatory neurons in cortex, which are 

characterized by distinct morphological proxies known as dendritic spines, most excitatory 

synapses onto interneurons reside directly on the smooth dendritic shafts, and cannot be readily 

identified under light microscopy. Here, we took advantage of a recently-developed fluorescence 

labeling strategy for endogenous proteins called endogenous labeling via exon duplication 

(ENABLED) (Fortin et al., 2014). We used this strategy to generate a PSD-95-ENABLED mouse 

line, in which the postsynaptic marker PSD-95 could be visualized in a Cre-dependent manner 

for live imaging without overexpression. By utilizing various Cre delivery methods, we 

examined the chronic dynamics of the synaptic contents, as presence of PSD-95 fluorescent 

puncta, within dendritic spines of cortical pyramidal neurons, as well as within the shaft synapses 

of parvalbumin-positive (PV+) and vasoactive intestinal peptide-positive (VIP+) neurons via 

transcranial in vivo two-photon imaging under an "open-window" configuration. The activity-

dependent dynamics of these synapses were also examined. We found that excitatory synapses 

onto different neuronal types exhibit distinct dynamic properties. 
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Abstract: Functional plasticity studies in cortical layer 2/3 (L2/3) have demonstrated both 

experience dependent potentiation (EDP) and depression (EDD) in response to whisker 

deprivation, whilst structural plasticity in these layers remain largely uncharacterized. We 

investigated the relationship between functional plasticity and structural plasticity on the basal 

dendrites of L2/3 barrel cortex neurons. We have previously shown the CaMKII-t286a mouse 

model, which lacks EDP and LTP, to have higher baseline spine turnover rates compared to wild 

type controls, but deficits in new spine formation and new spine persistence in response to 

whisker deprivation. Here we investigate structural correlates of EDP and EDD in Chessboard 

whisker deprivation (CWD) and Whole whisker pad deprivation (WWD) in adult and adolescent 

wild type animals. In addition to baseline turnover, formation and elimination in response to 

whisker deprivation, newly formed spine stability and spine size fluctuations were analysed.In 

vivo 2-photon microscopy was used to image dendritic spines both before and after whisker 

deprivation. Baseline condition imaging (before deprivation), revealed similar spine turnover 

rates in adult and adolescent animals. CWD is known to cause potentiation of spared whisker 

responses in layer 2/3 (Hardingham N. Neuron 10;60(5):861-74 (2008). We found that CWD, 

also increased spine formation over a four-day period post-deprivation and a high percentage of 

new spines persisted for 14 days. Conversely, spine elimination was only increased transiently 

for 24 hours.WWD in adult animals does not cause potentiation or depression of whisker 

responses. Following WWD in adult animals, spine formation and elimination rates were 

maintained at baseline levels, reflecting the absence of potentiation in spared whisker responses 

using this deprivation paradigm.WWD in adolescent animals does cause depression of L2/3 

whisker responses followed by a homeostatic rebound (Glazewski S. Philos Trans R Soc Lond B 

Biol Sci. 372(1715) (2017). Following WWD in adolescent animals, we found an increase in 

spine elimination, that was maintained for 11 days post deprivation, compared to undeprived 

controls. Formation rates however were only elevated transiently 24 hours after deprivation and 

were unrelated to the homeostatic rebound in principal whisker responses. These results suggest 

that potentiation and depression of whisker responses are related to changes in spine formation 

and elimination rate respectively, but that homeostatic changes are dependent on other factors. 
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Abstract: Synapses are the structural key element involved in the execution, modulation and 

termination of signal transduction between neurons in any given brain network. However, our 

knowledge about the structural composition, in particular the synaptic organization of the human 

brain, is still comparably small. Rather nothing is known about synapses and their target 

structures in cortical layer 1 (L1). However, L1 is of importance because terminal tuft dendrites 

of pyramidal neurons are the Ca2+ spike initiation zone that interacts with the Na+ action 

potential initiation zone in the axon and may be responsible for regenerative potentials critical 

for the integration and amplification of sensory and modulatory inputs. 

Using non-affected neocortical access tissue from biopsy samples from pharmaco-resistant 

epileptic patients a quantitative analysis of synaptic boutons in L1 of the human temporal lobe 

(TL) neocortex was performed. Serial ultrathin sections provided the basis for a fine-scale 

electron microscopic analysis and subsequent 3D volume reconstruction of synaptic structures 

and finally, the generation of quantitative 3D models of synapses in L1 of the TL neocortex. 

In contrast to the underlying cortical layers, L1 in the adult human TL is comparably cell sparse, 

but contained putative Cajal-Retzius cells and GABAergic interneurons, as well as dendrites and 

synaptic boutons of various shape and size and non-neuronal astrocytes and oligodendrocytes. 

Upon structural criteria L1 can be subdivided into sublamina L1a (astrocytic and cellular 

domain) and sublamina L1b as the more ‘synaptic and dendritic domain’. 

The majority of synaptic contacts was excitatory and had a single, but comparably large active 

zone. They were established on dendritic shafts but preferentially on different types of dendritic 

spines. Synaptic boutons varied substantially in surface area (~6.1µm²) and volume (~0.42µm³), 

in their content of mitochondria, shape and size of active zones and the total pool of synaptic 

vesicle per bouton (~923). The total pool of synaptic vesicles suggests relatively large readily 

releasable, recycling and resting pools. 

Freeze fracture replica preparations combined with single- and double postimmunogold labeling 

suggest a co-localization of presynaptic Ca2+ domains and postsynaptic glutamate receptors of 

the AMPA- and NMDA-type, that will be quantified leading to the generation of Ca2+/receptor 

distribution maps. 

In summary, our results demonstrate similarities but also differences not only with synapses in 



other layers of the human TL neocortex but also with their counterparts in various animal 

species. 
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Abstract: Genome-wide association studies have shown that ANK3 variants (encoding Ankyrin-

G, AnkG) are associated with multiple neuropsychiatric disorders, such as bipolar disorder, 

intellectual disability and autism spectrum disorder. However, the molecular mechanisms of 

AnkG that modulate synaptic organization or plasticity and contribute to neuropsychiatric 

pathogenesis remain unclear. Here, we identified a PPXXF domain, which is recognized by 

Homer1, in a small form of AnkG (AnkG 190) and confirmed the interaction between AnkG and 

Homer1 by immunoprecipitation and In situ Proximity Ligation Assay (PLA). Homer1 is 

associated with autism and epilepsy in humans, and homer1 protein is known to interact with 

Shank and mGluR1/5 and regulate dendritic spine morphogenesis positively. PLA combined 

with structured illumination microscopy (SIM) revealed interaction of AnkG and Homer1 

closely localized at membrane and this interaction was reduced by the mutation of a PPXXF 

domain. We have shown that AnkG and Homer1, both neuropsychiatric disorder genes, interact 

in a complex to regulate spine morphology. In addition, these data implicate a potential role for 

AnkG and Homer1 in psychiatric disorder pathogenesis.  
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Abstract: Numerous transmembrane proteins undergo proteolytic processing resulting in the 

release of a soluble extracellular fragment (“ectodomain shedding”). The role of ectodomain 

shedding has not been globally explored in development and disease, in particular at synapses. 

The physiological functions of ectodomain shedding are only beginning to be uncovered, 

particularly because the function of most shed ectodomains are not known. Nevertheless, several 

general functions for ectodomain shedding have been proposed. In the particular case of synaptic 

adhesion molecules, ectodomain shedding is generally thought to terminate adhesion, causing 

loss of cell-cell contacts and synapse weakening. By combining bioinformatics analysis with 

mass spectrometry, we show that the neuronal sheddome is mirrored by the human cerebrospinal 

fluid (CSF) and is enriched in adhesion molecules, as well as neurodevelopmental disorder risk 

factors. We performed a global bioinformatics analysis of the synaptic sheddome and its 

relationship with the CSF proteome. We show that the ectodomain of CNTNAP2, a risk factor 

for multiple neurodevelopmental disorders including autism spectrum disorder, is present in 

human CSF, and undergoes synaptic activity-dependent ectodomain shedding. Using 

biochemistry, confocal and structured-illumination superresolution microscopy (SIM), we map 

the spatial localization of synaptic ectodomain. Using ectodomain-affinity pull-down coupled 

with mass spectrometry, we identify multiple previously unknown binding partners of 

CNTNAP2 ectodomain. Bioinformatics analysis reveals that calcium signaling is major target for 

CNTNAP2 ectodomain binding, revealing a novel mechanism for calcium channel regulation by 

shed ectodomains. 



Disclosures: M.D. Martin-de-Saavedra: None. M. Dos Santos: None. O. Varea: None. B. 

Spielman: None. R. Gao: None. M. Forrest: None. K. Myczek: None. A. Sanz-Clemente: 

None. D. Comoletti: None. J.N. Savas: None. P. Penzes: None. 

Poster 

202. Structural Plasticity II 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 202.03/E23 

Topic: B.07. Synaptic Plasticity 

Support: NIH Grant 2R01MH097216-06 

 SNSF Fellowship P2SKP3_161675 

Title: Proteomic profiling of the 16p11.2 microduplication mouse model: Implications for 

neuropsychiatric disease 

Authors: *M. FORREST1, Y.-Z. WANG2, N. H. PIGUEL1, L. E. DIONISIO1, N. A. 

HAWKINS3, C. P. PRATT1, V. BAGCHI1, J. A. KEARNEY3, J. N. SAVAS2, P. PENZES1,4 
1Dept. of Physiol., 2Dept. of Neurol., 3Dept. of Pharmacol., 4Ctr. for Autism and 

Neurodevelopment, Northwestern Univ., Chicago, IL 

Abstract: The 16p11.2 microduplication is a rare form of chromosomal rearrangement that 

confers risk of multiple neuropsychiatric conditions including, schizophrenia, autism spectrum 

disorder, bipolar disorder and Rolandic epilepsy. The 16p11.2 chromosomal region contains 27 

protein -coding genes however, the mechanism by which altered gene dosage in this region 

increases disease risk is still incompletely understood. To uncover novel disease-relevant 

pathways, we undertook a quantitative proteomic profiling of cortical membrane fractions from 

the 16p11.2 microduplication mouse model (dp/+). We discovered a large set of both 

upregulated and downregulated proteins, including proteins within and outside the duplicated 

16p11.2 region, suggesting a widespread proteomic dysregulation. Bioinformatic analysis 

identified that upregulated and downregulated proteins clustered into distinct biological 

processes and were enriched for unique sets of neuropsychiatric risk factors. Candidate proteins 

from this screen were studied in cultured neurons with the 16p11.2 duplication using live 

imaging, immunocytochemistry and biochemical techniques. Finally, we show that the dp/+ 

mouse model has behavioral phenotypes consistent with its neuropsychiatric and proteomic 

profile, indicating that systems biology approaches may be able to predict mechanisms and 

phenotypes in other disease models. Our work demonstrates that the 16p11.2 microduplication 

leads to proteomic and behavioural alterations, which improves our understanding of 

neuropsychiatric disease mechanisms, and our ability to design rational therapeutics for affected 

patients. 
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Abstract: Advances in quantitative phase imaging (QPI) techniques allow unlabeled biological 

specimens to be imaged with sub-nanometer sensitivity and diffraction limited resolution. The 

recently developed technique, called Spatial Light Interference Microscopy (SLIM), has been 

useful in discovering emergent behavior in human neuronal networks and intercellular dynamics. 

This technique allows for a wide-field imaging of live neuronal activities, and is used for 

measurement of dynamic structural changes over long-time scales. We use SLIM combined with 

standard fluorescence microscopy to measure receptor trafficking in living cortical neurons over 

time. In addition, we show receptor distribution profiles in 4, 50 and 100-micron coronal sections 

of fixed murine cortex, hippocampus and cerebellum. For this we used Clarity in the 50 and 100-

micron sections prior to imaging, with dual labeled receptor pools, to reduce light absorption and 

scattering in the thicker tissue samples. The developed technique will be important in quantifying 

the modulators of synaptic receptor dynamics during development, in higher brain functions such 

as learning and memory and in disease. 
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Abstract: Dendritic spine dynamics of Layer 5 Pyramidal neurons (L5PNs) are thought to be 

physical substrates for motor learning and memory of motor skills. Here we explore this idea by 

studying mice lacking Paired immunoglobulin receptor B (PirBKO). PirB is expressed in 

pyramidal neurons throughout the forebrain, and regulates activity dependent synaptic plasticity 

in hippocampus and visual system (Djurisic et al, Mol Psychiatry 2018). In motor cortex of 

PirBKO mice, there is an increase in spine density on apical dendritic tufts of L5PNs, as well as 

an increase in mEPSC frequency in whole cell recordings from neurons in acute slice, compared 

to WT littermate controls. To investigate the elevated spine density further, chronic 2-photon 

imaging of PirBKO;Thy1-YFP mice was conducted. PirBKO mice have elevated rates of spine 

formation and to a lesser degree, spine elimination, yielding a net increase in spine density 

compared to WT. Given these changes in spine dynamics, we hypothesized that PirBKO mice 

would exhibit aberrant motor learning behavior. Surprisingly, adult PirBKO mice learned a 

single-pellet reaching task significantly faster than littermate controls. Chronic imaging of L5PN 

dendrites throughout the learning period revealed that PirBKO mice exhibit significantly 

elevated spine formation rates during the early learning stage but spine elimination rates remain 

unchanged throughout. Moreover, newly formed spines in PirBKO survive for longer periods 

compared to controls. These results suggest that increased structural plasticity in motor cortex 

may be advantageous and can translate into enhanced acquisition and maintenance of motor 

skills. 
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Abstract: The hippocampal slice model of long-term potentiation (LTP) is a useful platform for 

investigating synaptic plasticity, but an ultrastructural marker for synapses that have undergone 

plasticity is lacking. Consequently, we have devised a single AAV construct that expresses 

ChR2-sfGFP and mAPEX2 under the control of a human synapsin promoter. This construct 

allows optically-stimulated axons to be identified and reconstructed using 3D electron 

microscopy. Our goal has been to confirm that this approach can reliably induce LTP at 

hippocampal area CA3 to area CA1 pyramidal neuron synapses. Adult C57/Bl6 male mice were 

injected with the AAV vector unilaterally into hippocampal area CA3. Slice preparation and LTP 

induction experiments commenced 4-8 weeks post-injection. Different sets of CA3 axons 

expressed ChR2 in ipsilateral and contralateral slices. First, we recorded field EPSP (fEPSP) 

responses from optical stimulation in slices from each hemisphere. Optically-evoked fEPSPs 

from ipsilateral and contralateral CA1 stratum radiatum did not differ in slope or amplitude but 

were significantly smaller than electrically-evoked responses recorded in age-matched non-

injected controls. Likewise, LTP induced using 50 Hz trains of light pulses produced a similar 

increase in the slope in the ipsilateral and contralateral slices and lasted at least 3 hrs. However, 

optical stimulation of labeled commissural fibers terminating on the contralateral CA3 neurons 

might inadvertently recruit unlabeled Schaffer collaterals. To prevent unlabeled axon 

recruitment, we severed area CA3 in slices contralateral to the virus injection site. Although CA3 

removal reduced the magnitude of optically-evoked LTP during the first hour post-induction, the 

potentiation was just as great as in the intact slices at the 2-3 hr time points. These results suggest 

that optically-evoked LTP is supported entirely by the ChR2-expressing axons. We expect 

ongoing examinations of mAPEX2 labeling to reveal ultrastructural changes at potentiated 

synapses. 
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Abstract: Gonadal and stress-related steroid hormones induce profound changes in hippocampal 

dendritic morphology that may contribute to normal cognitive function and the development of 

neurological disorders. Previous work in our laboratory has shown that apical dendritic 

branching of pyramidal neurons in the cornu ammonis 3 (CA3) subfield of the hippocampus is 

increased following orchidectomy (ORCH) in male rats, with an accompanying decrease in 

dendritic spine density (Mendell et al., Brain Struct Funct 222:587-601, 2017). However, the 

mechanisms and timing underlying these effects remain unknown. Because severe stress leads to 

truncation of CA3 apical dendrites, we hypothesized that the effects of ORCH in pyramidal 

neuronal morphology might reflect a combination of loss of testosterone (T) with those of 

surgical stress. To test this hypothesis, young adult male Sprague-Dawley rats (age 60-70 days) 

were either left intact, underwent ORCH followed by subcutaneous implantation of cholesterol-

filled (ORCH+C) or T-filled (ORCH+T) Silastic capsules, or underwent sham ORCH (n=3-6 

animals/group). Cholesterol was used to control for any effects of the capsule implantation, 

while the sham-operated and surgically naïve rats served as controls for the surgical procedure. 

Animals were sacrificed at either 10-days or 1-month post-surgery, and their brains were Golgi 

impregnated for analysis of neuronal structure. Dendritic branching and dendritic spine density 

were analyzed in the CA1 and CA3 hippocampal subfields. At 10-days post-surgery, CA3 apical 

dendrites of ORCH+C rats displayed significant expansion in dendritic branching compared to 

sham-operated controls. In ORCH+T rats, CA3 branching was restored to levels similar to those 

in surgically naïve males. At 1-month post-surgery, ORCH+C rats displayed CA3 apical 

dendritic branching resembling that observed at 10-days, but ORCH+T rats had similar CA3 

dendritic branching patterns to ORCH+C rats. No treatment-dependent differences were seen in 

apical branching of CA1 neurons, or in dendritic spine density in either CA1 or CA3 10-days or 

1-month post-surgery. These findings indicate that the effects of ORCH on hippocampal CA3 

dendritic structure are apparent as early as 10-days post-surgery and persist for at least one 

month. These effects reflect an interaction between stress-induced dendritic atrophy and 

neuromodulatory effects of T on hippocampal dendritic morphology. 
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Abstract: One of the key features of PNS is their regenerative potential, allowing axons to 

regrow, depending on the severity of the injury. Many cell events are triggered in the spinal cord 

to support motoneurons to survive and axonal regeneration after nerve injury. Changes in the 

synaptic plasticity around motoneurons are often observed, where old connections are removed, 

and new ones are created. Microglial cells are primitive macrophages that invade Central 

Nervous System (CNS) in early states and are responsible to eliminate synapses during the 

development. In this study, we investigate the synaptic plasticity after different kind of injuries in 

PNS as well as the role of microglial cells in this process. Adult male C57Bl6 mice were 

employed as the experimental model where the uninjured group had no surgery (control) and 

other groups had an incision made in the right mid-thigh level followed by sciatic nerve 

isolation. The crush group had, after isolation, the sciatic crushed for 15s and the transection 

group had 5 mm of the nerve cut off at the same region. To evaluate microglial influence, 

animals received minocycline 45mg/Kg intraperitonially daily. All experimental conditions were 

evaluated by walking track test to study their motor function. Lesioned groups had deficient 

performance compared to Control group, although Crush animals demonstrate significant 

improvements through the time points evaluated (1,4,7 and 14 days after lesion, DAL). There 

was no difference between animals which received minocycline or not. Quantitative analysis of 

Sinaptophysin staining in motoneurons reveled significant decrease of synapses in lesioned 

groups when compared to Controls. After the same period, both lesioned groups showed 

increased number of reactive microglial cell (Iba-1positive) followed by often observation of 

amoeboid morphology. The use of minocycline retarded this increase up to 4 DAL. There was no 

significant difference between transection and crush lesion in synaptophysin and Iba1 

quantifications. Taken together, we correlated here synapse plasticity with the recruitment of 

microglial cells in the spinal cord tissue after sciatic nerve crush or transection lesion 

Disclosures: R.P. Campos: None. M.B. da Silva: None. V. Ribeiro-Resende: None. 
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Abstract: Single-particle tracking with quantum dots constitutes a powerful tool to follow the 

dynamics of cell membrane receptors unveiling their intricate mechanisms of membrane 

diffusion, velocity, endocytic uptake and fate. Super-resolution microscopy and live imaging in 

three dimensions (3D) of cell membrane-bound quantum dots (QDs) also provide a wealth of 

single-particle trajectories that can be exploited as a source of spatial information to effectively 

reconstruct the cell membrane in 3D with high spatio-temporal resolution. Single QD 

nanoparticles tracking cell receptor dynamics can accurately and rapidly (seconds) ‘paint’ the 

cell membrane with a level of 3D detail that not only sets the ground to analyze cell membrane 

deformation under pertinent biological stimuli, but also sheds light on the membrane topography 

and membrane plasticity. In this work, very bright, small and stable biofunctional QD 

nanoconstructs were employed to demonstrate the "nanoPaint" concept in conjunction with live 

3D super-resolution microscopy. QDs recognizing the neuronal cannabinoid type 1 receptor 

(CB1R) were used to ‘paint’ the cell membrane and to follow membrane deformations of mature 

cultured rat hippocampal neurons. We show that the high axonal expression of CB1R and its 

rapid membrane diffusion are interesting characteristics to fully reconstruct pre-synaptic 

terminals including the plasma-membrane juxtaposing the synaptic cleft. Typically, less than one 

minute acquisition is sufficient to obtain enough information for a 3D reconstruction with a 

resolution in the tens of nanometers range. Time-lapse reconstructions at 30s to 1min temporal 

resolution of filopodia and axons highlights the high nanoscale dynamics of the cell membrane 

shape. Insights of QD penetration in the neuronal synaptic cleft highlight the potential of 

nanoPaint method as a precision tool for neuronal structural plasticity studies. 

Disclosures: D. Zala: None. T. Pons: None. N. Lequeux: None. Z. Lenkei: None. M. Tasso: 

None. 
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Abstract: In mice, the primary visual cortex (V1) in one hemisphere receives dominant input 

from the contralateral eye and relatively weaker input from the ipsilateral eye. Monocular 

deprivation (MD) induced by brief eyelid closure of one eye results in unbalanced input to V1 

neurons. MD applied during the critical period results in ocular dominance plasticity, due to 

weakening of neuronal responses to the deprived (closed) eye followed by strengthening of 

responses to the non-deprived (open) eye. Previous studies suggested that persistent spine 

remodeling can be induced by MD, resulting in a robust effect on functional plasticity of 

responses in V1 neurons. However, the mechanisms by which MD remodels dendritic spines are 

unknown. For example, the eye-specific and other functional properties of spines eliminated 

during short term MD are unclear, as are the molecular mechanisms that lead to dendritic spine 

elimination and homeostatic spine strengthening or formation. We have previously described a 

prominent re-distribution of the immediate early gene Arc and surface AMPARs in individual 

identified neurons following MD and eye re-opening using fluorescently tagged probes together 

with two-photon imaging of dendritic spines. However, visualization of fluorescent probes under 

two-photon microscopy is still restricted by the optical diffraction limit and the availability of 

individual probes. Here, we employed the magnified analysis of the proteome (MAP) to linearly 

expand the cortex by fourfold to examine, at super-resolution scale, the enrichment of plasticity 

proteins at the postsynaptic density to correlate to structural changes of the same dendritic spines 

observed with two-photon microscopy. To achieve this, plasmids expressing GCaMP6s and the 

structural filler mRuby2 were delivered into individual mouse V1 neurons during the critical 

period by two-photon guided electroporation. Electroporated neurons were imaged before and 

after MD to assess how the decrease in synaptic drive remodels spines. By measuring eye-

specific drive in neurons and spines in which we expressed GCaMP6s, we found that spines with 



input from the closed eye rapidly reduced in size, whereas increasing numbers of spines 

responded to the open eye. Following functional imaging in vivo, the cortices were subjected to 

MAP processing for identifying the enrichment of plasticity-related synaptic proteins. Various 

antibodies targeting pre- and post-synaptic terminals were used to verify the enrichment of 

plasticity-related proteins. Ongoing studies suggest that active redistribution of synaptic proteins 

underlies functional experience-dependent plasticity of V1 neurons. 
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Abstract: Long term potentiation (LTP) is the sustained increase in evoked response following 

the delivery of high frequency stimulation. In the hippocampus, LTP is the cellular correlate of 

learning and memory. There are many ultra-structural changes that occur at hippocampal 

synapses several hours after LTP. Most of this work has previously focused on changes of 

postsynaptic structures. For example, it is well documented that post synaptic densities (PSDs) 

and dendritic spines (the site of most excitatory synapses) are enlarged several hours following 

LTP induction (Bourne and Harris, 2011). However, less is known about presynaptic structure 

changes in the same paradigm. Previously we showed that two hours following LTP there is a 

significant drop in the reserve pool of synaptic vesicles, with a larger drop occurring at boutons 

that contain mitochondria (Smith et al., 2016). While it is tempting to speculate that the vesicles 

become more mobile between boutons, we also see a decrease in transport packets (groups of 

less than 10 vesicles in inter-bouton regions) two hours following LTP (Bourne et al., 2013). 

Here we have used serial section electron microscopy combined with Cell Blender tools to 

measure the presynaptic bouton surface area in stratum radiatum of CA1 in hippocampal slices 



that have received either control or LTP stimulation in order to test the hypothesis that the 

reserve pool of vesicles contributes to presynaptic bouton growth after LTP. 
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Abstract: FK506-binding protein 5 (FKBP5) contains single nucleotide polymorphisms (SNPs) 

that combine with environmental factors to increase risk of psychiatric disorders including post-

traumatic stress disorder (PTSD), major depression (MDD) and bipolar disorder. Importantly, 

some of these SNPs increase FKBP5 expression through reduced FKBP5 DNA methylation. 

FKBP5 is also upregulated with aging through a similar mechanism. FKBP5 encodes for 

FKBP51, a protein known to regulate glucocorticoid receptor (GR) trafficking together with the 

90 kDa heat shock protein (Hsp90). This heterocomplex slows GR transactivation altering stress 

response in a short, negative feedback loop. However, the downstream effects of increased 

FKBP51 are still unclear. To evaluate the consequences of enhanced FKBP5 expression, we 

generated a novel FKBP51 overexpressing mouse using site-directed insertion of the human 

FKBP5 gene. Using this model, we have found that high FKBP5 expression did not contribute to 

increased depression-like behavior, as we hypothesized. Instead, mice overexpressing FKBP5 

showed increased anxiety, reduced pleasure-seeking behavior, and altered learning and memory. 

Through histochemical analysis, we found that GR nuclear translocation and neurogenesis were 

reduced in mice overexpressing FKBP5. Therefore, increased FKBP5 expression slows GR 

transactivation and the production of new neurons, which could contribute to altered learning and 

memory. 

Disclosures:  I. Ozsan: A. Employment/Salary (full or part-time):; University of South Florida. 
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Abstract: Synaptic plasticity allows neuronal networks to change their behaviour in targeted 

ways. Does this mean all synaptic changes are useful or relevant to a specific task being learned? 

Recent experiments suggest not. Individual synapses can constantly and spontaneously 

reconfigure, even when network spiking activity is suppressed [1]. Moreover the magnitudes of 

activity-dependent and independent reconfiguration are often comparable. How can a precise 

memory/behaviour be encoded if some synaptic plasticity is unrelated to these tasks? We derive 

a simple, biologically consistent synaptic plasticity rule that can both learn and maintain a 

learned state in spite of constant, task-irrelevant weight changes. The rule requires no 

communication between synapses. The only necessity is a globally shared, scalar indicator of 

behavioural performance, as could be provided by a bulk neuromodulator. The rule can coexist 

with other learning and synaptic regulation processes, improving the nervous system's robustness 

to reconfiguring synapses. 

Several experimentally important observations and hypotheses arise out of implementing our 

learning rule in a network model. Firstly, the rule works even as large synaptic changes can 

occur in directions uncorrelated with task learning. This could allow for homeostasis and training 

multiple tasks. Secondly, bulk properties of synaptic dynamics remain constant, independently of 

whether learning is ongoing or completed. These properties include the distribution of synaptic 

speeds, directions, and strengths. The implication is that experimental validation of task learning 

through observation of these properties may not always be possible. Thirdly, neural 

representations of task features experience a consistent rate of change, even after the learning 

phase has finished. This complements recent experimental studies based on long term calcium 

imaging of neural activity in mice as they perform learned tasks [2]. Task-related neural 

representations changed consistently over time. 

[1] Driscoll, L. N. et al. (2017). Dynamic reorganization of neuronal activity patterns in parietal 

cortex. Cell, 170(5), 986-999. 



[2] Ziv, N. E., & Brenner, N. (2017). Synaptic Tenacity or Lack Thereof: Spontaneous 

Remodeling of Synapses. Trends in neurosciences. 
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Abstract: Cocaine, and other drugs of abuse, are known to cause synaptic changes in the brain, 

altering the connectivity between cells to produce potentially long lasting effects after drug 

exposure. In particular, previous studies have shown that drug exposure in rodents causes an 

increase in dendritic spine density and synaptic strength of medium spiny neurons (MSNs) in the 

nucleus accumbens (NAc) and dorsal striatum – brain regions which are key players in goal-

oriented and habitual behaviors likely involved in the development of addiction. In this study, we 

identify a role for the fragile X mental retardation protein (FMRP), a neuronal RNA binding 

protein, in regulating these dendritic changes. FMRP regulates the translation of hundreds of 

brain mRNAs, many of which are involved in synaptic function. Loss of this protein, as seen in 

fragile X syndrome (FXS), results in an increase in dendritic spines in cortical and hippocampal 

brain regions, particularly immature spine types, suggesting that FMRP is involved in regulating 

spine maturation and elimination. Previously, we showed that lack of FMRP in Fmr1 knockout 

(KO) mice allows cocaine-induced increases in dendritic branching and spine density in NAc 

shell at a time point when it is not yet observed in wild type animals, suggesting FMRP limits 

this process. More specifically, the observed increase primarily involved thin spine types, 

typically considered more immature and labile (Smith et al., Neuron, 2014). Here we show 

significant interactions between genotype and cocaine treatment when we looked at dendritic 

branching and spine density in the dorsal lateral striatum (DLS), suggesting that FMRP has a role 

in regulating drug-induced synaptic plasticity in this region as well. Specifically, we observe a 

similar cocaine-induced increase in overall spine density in Fmr1 KO animals that is not 

observed at this time point in wild type animals, but in DLS the increase does not appear to be 

spine type specific. Ongoing work in our lab is examining FMRP’s regulation of dendritic 

branching and spine density in the dorsal medial striatum, a region known to be involved in 

reward-related goal-oriented behaviors, following cocaine exposure. We are also investigating 



FMRP’s role in regulating synaptic morphology and function in an embryonic mouse cortical-

striatal co-culture model. 
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Abstract: Experience results in long-lasting changes in dendritic spine size, yet how the 

molecular architecture of the synapse responds to plasticity remains poorly understood. Here, a 

combined approach of multi-color stimulated emission depletion microscopy (STED) and 

confocal imaging demonstrates that structural plasticity is linked to the addition of unitary 

synaptic nanomodules to spines. Spine synapses in vivo and in vitro contain discrete and aligned 

sub-diffraction modules of pre- and post-synaptic proteins whose number scales linearly with 

spine volume. Live-cell time-lapse super-resolution imaging reveals that N-methyl-D-aspartate 

receptor (NMDAR)-dependent increases in spine size are accompanied both by enhanced 

mobility of pre- and post-synaptic modules that remain aligned with each other and by the 

coordinated addition of new nanomodules. These findings suggest a simplified model for 

experience-dependent structural plasticity relying on an unexpectedly modular nano-molecular 

architecture of synaptic proteins. 
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Abstract: The recent development of parallelized imaging approaches has enabled large-scale 

imaging of network activity at soma-level resolution, but it remains challenging to visualize 

small structures such as individual synapses while maintaining a broader view of a large tissue 

volume. To tackle this challenge, we are developing high-resolution, high-throughput multiline-

scan temporal focusing (TF) for fast structural imaging of large tissue volumes at synaptic 

resolution in vivo. Using our multiline-scan TF system, we perform 2-color imaging of the full 

dendritic arbor of a layer 2/3 pyramidal neuron with its resident spines and inhibitory synapses in 

less than 2 minutes, more than an order of magnitude faster than traditional point-scan 

microscopy. In our first application of this technique to a biological question, we visualize the 

structural dynamics of inhibitory synapses across the full dendritic arbor over timescales that 

were infeasible with point-scan microscopy. Inhibitory synapses show strikingly high rates of 

turnover when imaged once per day, but it is unknown how frequently these synapses are 

assembled and disassembled on the scale of hours or minutes, or whether their dynamics are 

coordinated or distributed asynchronously throughout the dendritic arbor. By imaging the full 

arbor rather than short dendritic segments, we can assay not only the turnover of individual 

inhibitory synapses, but also the distribution of these dynamic synapses in terms of their 

proximity to the soma, dendritic branch order, basal or apical identity, and potential spatial 

clustering and temporal synchrony of dynamic events. The utility of our system extends beyond 

the structural dynamics of inhibitory synapses. This parallelized approach for multicolor, high-

resolution imaging is compatible with genetic labeling of other structures and opens the door to 

exploring a myriad of dynamic cellular and subcellular events that happen faster than can be 

monitored using conventional point-scan microscopy. 



Disclosures: J. Boivin: None. K.P. Berry: None. Y. Xue: None. P.T.C. So: None. E. Nedivi: 

None. 

Poster 

203. Control of Neuronal Firing 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 203.01/E37 

Topic: B.08. Intrinsic Membrane Properties 

Title: Theta frequency selectivity in signal gain in stellate cells of the medial entorhinal cortex 

under mimicked in vivo conditions 

Authors: *N. KATYARE, S. SIKDAR 

Indian Inst. of Sci., Bangalore North, India 

Abstract: In-vivo intracellular recordings from stellate cells have confirmed the presence of 

intracellular theta oscillations which influence spike timings, and ramps of synaptic inputs which 

generate the actual grid-like firing fields. 

To understand how these mechanisms interact, we analysed signal gain of these cells in presence 

of in-vivo like fluctuating conductance based synaptic inputs injected through the Dynamic 

clamp (based on Destexhe et. al., Neuroscience, 2001), in rat brain slices. 

We analysed the collective voltage response when the cells were firing in theta frequency and 

measured the signal gain both inclusive and exclusive of the subthreshold responses. 

We observed that the signal gain amplitude correlated with the average firing frequency of the 

neurons, implying a linear relationship of signal gain with the neuronal excitability. Interestingly, 

however, the signal gain consistently showed a peak in theta frequency which was insensitive to 

the firing rate. 

The theta frequency peak was also relatively unaffected by the actual levels of excitatory and 

inhibitory synaptic conductances, and a range of their standard deviations. However, we 

observed that this peak frequency changed when the synaptic time constants were changed 

beyond a certain range, indicating that the kinetics of the underlying stochastic synapses 

influenced the frequency selectivity. 

Next, in order to determine if the mechanisms imparting intrinsic frequency selectivity to these 

cells also do contribute, we measured the signal gain in the absence of HCN current. And indeed, 

we observed that on blocking HCN channels, the theta peak shifted to a lower frequency range (p 

< 0.001). 

A computational model with HCN and persistent sodium channels with similar simulated in- 

vivo conditions could reproduce these results, suggesting a role of amplified resonance. The 

model also suggested selective sensitivity of firing rate to the fluctuations rather than mean of the 

excitatory currents in presence of HCN, indicating a role of high pass filtering imparted by HCN 



channels. 

These findings suggest that under in-vivo like level of activity, the voltage responses of stellate 

cells are governed by the dynamics of the underlying subthreshold process, determined mainly 

by an interplay between the intrinsic frequency selectivity and synaptic kinetics. 

This kind of gain modulation can underlie the error correction mechanisms necessary for 

spatially periodic firing and can justify the steeper slope of phase precession observed in these 

cells. 

This is the first report of such signal gain measurements in stellate cells and also the first report 

of signal gain measurements using conductance based inputs. 
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Abstract: Different behavioral states in animals are associated with different brain oscillation. 

These oscillations are consequences of synchronous activity of neurons in a network. Subiculum 

is a region of the hippocampus which generate theta wave during arousal and REM sleep that is 

important in memory formation. The subiculum receives cholinergic inputs during cognitive 

functions which contribute to theta wave generation. Also, Ih mediated by HCN channels has a 

robust role in the generation of theta oscillation at the cellular level. To understand the 

significance of cholinergic input at the cellular level, we investigated, if nicotine, an agonist of 

nicotinic acetylcholine receptor (nAChR) modulates the activity of subicular burst firing neurons 

known to express HCN channels. Using biocytin staining and patch clamp technique on 

hippocampal rat brain slices, we characterized the morphology and intrinsic properties of the 

neurons. On bath application of nicotine, we observed a decrease in sag amplitude, resonance 

frequency and strength of these neurons. These effects were persistent even in the presence of 

non-specific nAChR blocker i.e. DHβE which suggests that the changes are not mediated via 

nAChR but directly by channels responsible for resonance property. Nicotine treatment also 



modulated the input resistance of the cell. Perfusion of acetylcholine in the presence of atropine 

(muscarinic acetylcholine receptor antagonist) also demonstrated similar effects in a reversible 

manner. In voltage-clamp mode, isolated Ih showed a significant decrease in the amplitude in 

presence of nicotine. Our study suggests a modulatory role of ACh on burst firing neurons by 

changing its intrinsic properties including the shift in resonance frequency to lower theta range. 

Future experiments will be directed towards confirming if endogenous ACh release shows a 

similar effect on burst firing subicular neuron 
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Abstract: Dopaminergic modulation of the prefrontal cortex (PFC) circuits is crucial for 

cognitive processes such as working memory, planning, and attention, and dysfunction in this 

system has been linked to cognitive deficits associated with schizophrenia and autism spectrum 

disorders. Despite its physiological and physiopathological importance, we are still lacking a 

clear understanding of the basic principles of DA actions in the PFC. 

We set out to provide a detailed classification of layer 5 pyramidal neurons mediating the two 

main streams of DA signaling — DA receptor group 1 (D1) and DA receptor group 2 (D2). To 

achieve this, we combined electrophysiological whole-cell recordings in acute slices of the 

prelimbic part (PL) of the medial PFC with single-cell RNA sequencing, morphological and 

immunohistochemical analysis. 

Our results demonstrate that layer 5 pyramidal neurons fall into two distinct groups based on 

their integrative properties. These physiological measures strongly correlate with differences in 

genes coding for voltage-gated ion channels. In addition, analysis of the full transcriptome 

(~14073 genes detected) reveals significant differences in 534 gene products, including those 

coding for ligand-gated ion channels, cell adhesion molecules, and intracellular signaling 

cascades. 

Overall, our results suggest that there are two main types of layer 5 pyramidal neurons (D1- vs 

D2-types) that can be clearly distinguished by their electrophysiological and molecular 



properties. These findings may not only shed light on the identity of PFC neurons, but may also 

have important implications for our understanding of dopamine signaling in the prefrontal cortex 

during cognitive tasks. 
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Abstract: Dopamine neurons in the substantia nigra pars compacta (SNc) are slow pacemakers 

that generate spontaneous action potentials, regularly. Although this pacemaking activity is very 

important in maintenance of background dopamine levels and proper functioning of basal 

ganglia, it is not clear what channels play a major role in driving of pacemaking in SNc 

dopamine neurons. Here we report that two nonselective cation channels, TRPC3 and NALCN 

channels are essential for pacemaking in SNc dopamine neurons. In both midbrain slices and 

acutely dissociated SNc dopamine neurons, we found that pyr10, a specific blocker for TRPC3 

channels, completely abolished pacemaking and hyperpolarized membrane potentials. In this 

condition, somatic current injection like leak currents revived pacemaker activity again, 

suggesting that TRPC3 channels drive pacemaking as a part of leak channels, that have been 

regarded as major inward currents in midbrain dopamine neurons during the initial phase of 

pacemaking cycle. However, spontaneous firing survived in dopamine neurons of TRPC3 

knockout (KO) mice and the spontaneous firing rate did not differ between TRPC3 KO and wild 

type mice. Nevertheless, in the TRPC3 KO mice, pyr10 did not affect spontaneous firing rates at 

all, indicating that pyr10, in wild type mice, inhibited pacemaking by specifically blocking only 

TRPC3 channels. In TRPC3 KO mice, blockade of NALCN channels stopped spontaneous firing 

and hyperpolarized membrane potential, which was greater than the changes in wild type mice, 

indicating that NALCN channels completely compensate TRPC3 channel currents in TRPC3 KO 

mice. In wild type mice, blockade of NALCN channels completely abolished spontaneous firing, 

indicating that NALCN is also essential for pacemaking. Taken together, we could conclude that 

TRPC3 and NALCN channels are two major channels that drive pacemaking in nigral dopamine 

neurons. 
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Abstract: Analog-digital facilitation (ADF) is a type of short-term plasticity, where the 

subthreshold membrane potential in the presynaptic element enhances the spike-evoked synaptic 

response. Most cases of ADF have been induced by long (0.3-10 s) subthreshold depolarization 

of the soma, while in few cases, transient (15-200 ms) hyperpolarization has been evoked 

immediately before the action potential (AP). In both cases, somatic membrane fluctuations 

modulate the biophysical properties of voltage-gated ion channels causing changes in the AP 

waveform, which result in larger release of neurotransmitters. However, it is still unknown, 

whether the modulation of the AP waveform changes with increasing distance from the soma and 

differs in different axonal arbors, and whether such modulation affects the velocity of AP 

propagation. 

Here, we used CMOS-based high-density microelectrode arrays (HD-MEA) with 26,400 

microelectrodes, which enabled unprecedented high-resolution access to investigating axonal 

signaling at multiple sites simultaneously, thus providing in-depth information on the 

propagation of AP. The subthreshold depolarization and hyperpolarization of the presynaptic cell 

was performed using whole-cell patch-clamp recordings from cells in low-density cortical 

cultures, plated on a HD-MEA that allowed to trace the effects of such manipulations on AP 

propagation characteristics. Array-wide spike-triggered average signals were computed, and their 

spatiotemporal distribution was reconstructed. 

In order to study the changes in extracellular AP waveforms, we first induced pharmacological 

modulations using dendrotoxin and carbamazepine, which increased AP width and amplitude. As 

a next step, we evoked AP broadening and amplitude changes by subthreshold depolarization 

and hyperpolarization. We detected the extracellular AP waveforms directly under the soma and 

traced them throughout the axon during various time spans and for different holding potentials. 

We found that changes in AP propagation velocity were correlated to the detected AP 

broadening. Our preliminary data evidenced changes in AP waveforms with increasing distance 



from the soma along the axon, but further experiments on synaptically coupled neurons using 

paired recordings will be performed to better understand the influence of AP modulation on 

ADF. 

Information encoding in neuronal circuits is probably contingent on both, temporal spike patterns 

and spike waveforms. In the light of the latter being typically disregarded in computational 

models, the study of the analog modulation of AP waveforms will contribute to a better 

understanding of neuronal information processing. 
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Abstract: The amygdala is considered as the center of emotion and emotional memory, and is 

widely implicated in many diseases such as anxiety, autism and epilepsy. Since amygdala 

circuitry comprises interconnected pyramidal neurons and interneurons, we sought to 

characterize different types of basolateral amygdala (BLA) neurons, and investigate the intrinsic 

membrane properties and synaptic transmission that govern their network-dependent activities by 

pharmacological manipulations, step-current injection, and electrical stimulation with current-

clamp recordings of BLA neurons in acute BLA slices from C57BL/6 mice (aged p17-25). 

Solutions mimicking physiological conditions were used (K+-based internal solution: in mM, 116 

KMeSO4, 6 KCl, 2 NaCl, 20 HEPES, 0.5 EGTA, 4 MgATP, 0.3 NaGTP, 10 NaPO4 creatine, and 

pH 7.25 adjusted with KOH; saline for external solution: in mM, 125 NaCl, 26 NaHCO3, 25 

glucose, 2.5 KCl, 1.25 NaH2PO4, 1 MgCl2, and 2 CaCl2). The pyramidal neurons can be 

identified morphologically with a soma diameter of >5 μm and electrophysiologically with 

relatively low-frequency firing activity in response to injection of supra-threshold depolarizing 

currents. In contrast, the interneurons are of smaller size (soma diameter <5 μm) and mostly fire 



high-frequency spikes during depolarizing currents. Delivery of high-frequency stimulus (e.g. 1-

s train of 0.4-ms monophasic rectangular pulse at frequency of 60 Hz and an intensity of 400 μA) 

in BLA resulted in target cell-dependent oscillation of both pyramidal neurons and interneurons. 

Responses to high-frequency stimulation mimicking neural activities were examined with and 

without inhibition of fast synaptic transmission, suggesting distinct contribution of GABAergic 

and glutamatergic transmission. We also applied the electrical stimulation at different distance 

from different recording neurons, and discovered that stimulus-induced oscillation was also 

distance-dependent. We conclude that BLA neurons have distinct membrane properties and 

synaptic response that differentially contribute to their physiological activities and network-

dependent oscillations. 
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Abstract: It has been reported that static magnetic fields (SMFs) by a compact magnet can 

suppress the corticospinal excitability in human studies. However, the exact neurophysiological 

basis of this phenomenon has not been well known yet. We investigated the effect of SMFs on 

the activity of pyramidal neurons in cerebral cortices of mice by the whole-cell current clamp 

technique to further understand the physiological mechanism of SMFs at the cellular levels. 

Brain slices were prepared from C57BL/6J mice (3 weeks, 8-13 g, n = 6) and incubated in the 

artificial cerebrospinal solution for 1 hour. After the recovery, brain slices were exposed to 

NdFeB magnet for 30 min (284 mT). The whole-cell current clamp was performed at 10 and 20 

min after the exposure to SMFs, which was compared to the control condition without SMFs 

exposure. We recorded the action potential, from total 57 cells (control; n = 20, 10 min after the 

SMFs; n = 16, 20 min after the SMFs; n = 21) in layer II/III pyramidal cells in the mice motor 

cortex brain slice. We found that the rheobase current was higher and the input resistance was 



lower significantly at 10 min compared to control condition. On the other hand, these effects 

were recovered at 20 min after the exposure to SMFs. Our findings successfully replicated the 

short-term plastic change of human brain function after SMFs at the cellular level. The finding 

showed that SMFs temporarily increased the minimum threshold current required for action 

potential firings at 10 min after the exposure, indicating increased membrane permeability of the 

neurons. 
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Abstract: We have previously described that the significant in vitro diversity of intrinsic 

electrophysiological properties of dopamine (DA) neurons in the ventral tegmental area (VTA) 

was associated with their distinct axonal projections (Lammel et al. 2008). However, it remained 

unclear to what degree these intrinsic biophysical differences might shape the electrical activity 

in the intact brain, where VTA DA neurons are embedded in functional circuits. To address this 

question, we recorded extracellularly in vivo and labeled individual VTA DA neurons, with 

fluorogold retrograde tracing for axonal projection identification. We focused on two prominent 

projection sites: the medial and lateral shell of the nucleus accumbens (m-NAcc & l-NAcc, 

respectively). As m-NAcc-projecting VTA DA neurons displayed about 2-fold longer rebound 

pauses in vitro after a hyperpolarizing current injection compared to those projecting to the l-

NAcc, we studied spontaneous pauses in firing in these two populations in anesthetized 

C57Bl/6N mice. In accordance with the intrinsic differences in rebound delays, identified m-

NAcc-projecting VTA DA neurons also displayed significantly longer pauses (2.2 ± 0.4 s, n=21) 

in vivo compared to those occurring in VTA DA neurons projecting to the l-NAcc (1.2 ± 0.2 s, 

n=24, p = 0.02). To directly explore the subthreshold activity of these neurons in intact brains, 



we applied our recently-developed in vivo patch methods to this population. VTA DA neurons 

were recorded in vivo in the whole-cell configuration and filled with neurobiotin for 

morphological reconstruction and neurochemical identification. Similar to in vitro, in vivo DA 

neurons display large differences in sag-amplitudes and rebound behavior after terminating a 

hyperpolarizing current injection, which ranges from transient rebound bursting to long pausing 

and slow return to firing threshold (Fig. 1). We are now combining in vivo patching with axonal 

tracing to study whether differences in subthreshold integration among VTA DA neurons in vivo 

are also associated with distinct axonal projection targets. 
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Abstract: In our morphologically realistic NEURON models of substantia nigra (SN) dopamine 

(DA) neurons, in vivo synaptic stimulation is modeled by a random train of EPSPs activating 

distributed NMDA receptors combined with variable tonic GABAA receptor activation. The 

model includes a K-ATP channel that facilitates, and an SK channel that inhibits, bursting. Our 

recent in vivo patch clamp recordings in anesthetized mice from medial SN DA neurons 

confirmed that these cells exhibit episodes of regular burst firing that are separated by 

hyperpolarized intervals (red trace). The model (black trace) replicates sequences of regular, 

three to four-spike bursts driven by a rhythmic oscillation in ADP in local domain of the K-ATP 

channel; ATP consumption by the calcium pump drives the activation of the K-ATP channel by 

ADP. The model predicts that the level of Ca2+ buffering can control the regularity of bursting- 

the simulation shown has 0.5% free Ca2+. In addition, recent in vitro experiments on identified 

medial and lateral SN DA mouse neurons projecting to the dorsal striatum revealed two distinct 

responses following a 2 s hyperpolarizing current: 1) a rebound burst with shorter interspike 

intervals (ISI) and less pronounced spike afterhyperpolarization (AHP) or 2) an afterdepolarizing 

potential (ADP) with spike failure prior to the resumption of pacemaking. Our morphologically 

realistic model of an SN DA neuron in vitro (without synaptic drive) reproduces the first type of 

response with a strong contribution of the T-type calcium channel to the activation of the SK 

channel, and the second with a weak contribution. In the model, the burst is caused by a transient 

decrease in outward SK currents following the hyperpolarizing current step due to deactivation 

of high threshold calcium channels and the transient increase in inward T-type and HCN 

currents. On the other hand, removal of inactivation followed by activation of the T-type channel 

accounts for the ADP. Spike failure is attributable to increased recruitment of SK current by the 

T-type channels in this population. 
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Abstract: The granular retrosplenial cortex (gRSC) forms reciprocal connections with the 

hippocampus (Van Groen & Wyss, 2003). In rats, the gRSC is well-positioned to contribute to 

spatial learning and associative fear memories (Vann et al., 2009; Kwapis et al., 2015). 

Furthermore, previous studies have demonstrated sex differences in associative fear learning 

(Dalla et al., 2009), however, the extent to which sex differences in the electrophysiological 

properties of gRSC neurons contributes to these differences remains unknown. Despite its role in 

complex forms of memory, little is known about the intrinsic membrane properties of gRSC 

neurons, and nothing is known about how they vary as a function of sex. Using visually-guided, 

patch-clamp recordings in brain slices, we studied the intrinsic excitability of gRSC neurons as a 

function of developmental age and sex. We characterized a distinctive population of pyramidal 

neurons in L5 from both adult females and adult males. The majority of pyramidal neurons in L5 

of the gRSC in both sexes have a prominent afterdepolarization (ADP) following a single spike 

and these neurons are characterized as regular-spiking ADP neurons (RSADP). Interestingly, 

RSADP neurons in L5 of gRSC from male rats exhibited an enhanced intrinsic excitability 

compared with those from female rats. For example, RSADP neurons from adult males had a 

lower action potential threshold and a reduced fast afterhyperpolarization (fAHP) compared to 

those from the adult female. Stark differences in the electrophysiological properties of gRSC 

neurons were also observed during development. For example, unlike adult neurons, the majority 

of recordings from male rats between postnatal days 14-29 indicate that those L5 pyramidal 

neurons do not have a prominent ADP, and are thus characterized as regular spiking (RS) 

neurons. In addition, their properties differ from those of adult male RS neurons, which have 

significantly higher neuronal excitability, a more depolarized resting membrane potential, a 

reduced action potential half-width, and a reduced fAHP. Exactly when during development, 

gRSC neurons in L5 shift from the classic RS property to the RSADP firing property observed in 

adults, and whether this varies with sex is currently unknown. These results demonstrate that the 

granular retrosplenial cortex is a sexually dimorphic region that may contribute to observed sex 

differences in fear memories. Our studies also suggest that neurons within gRSC are 



physiologically dynamic during development and thus may play a critical role in emotional 

development. 
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Abstract: The relationship between functional ion channel expression and how a given cell 

performs a computation - such as how that cell encodes specific features of a stimulus - is not 

understood. Yet, this link is essential to comprehend how the collection of ion channels in a cell 

create emergent single neuron computation and is critical for understanding how channel 

modulation affects stimulus encoding. Here we use a combined computational approach to link 

the variability of functional ion channel expression across cells to how a given cell encodes 

specific features of a stimulus. Specifically, we combine simulations from detailed biophysical 

models containing explicit specification of morphology and ion channel densities, with statistical 

generalized linear models (GLMs), which parameterize neuronal input-output relations. To probe 

the specific roles of ion channel variability in stimulus encoding, we use previously published 

biophysical models of two morphologically and functionally distinct projection neuron cell 

types: mitral cells (MCs) of the mammalian olfactory bulb, and layer V cortical pyramidal cells 

(PCs). We simulated MC and PC responses to gaussian white noise while varying individual ion 

channel densities. We found that varying some ion channel densities changed stimulus encoding 

more strongly than others. In our MC model, spike triggered averages (STAs) and GLM 

parameters were most affected by varying A-type K+ channels, Ca2+-activated K+ channels, and 

L-type Ca2+ channels. Importantly, GLM fitting revealed sensitivity to channel variation that the 

STA did not capture. Initial simulations with the PC model generally support our STA findings, 

but also include effects of varying Ih channels, a channel type not present in the current MC 

model. Further GLM analysis will allow stimulus reconstruction and a more precise 



determination of how variability of functional ion channel expression relates to variability of 

encoding specific stimulus features across cells. Overall, our computational platform offers a 

robust approach for exploring the relationship between functional ion channel expression and 

single neuron computation. 
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Abstract: The subthalamic nucleus (STN) is an important structure involved in modulation of 

the basal ganglia activity. The STN fires in two major types of spontaneous activities, the spike 

mode and the burst mode. Excessive burst discharges in the STN is a distinctive feature in 

patients or animal models of Parkinson’s disease (PD), a state of dopamine deprivation. Fast 

switches between different modes of discharges by dopamine-dependent membrane potential 

changes were observed in the STN. Consistently, deep brain stimulation of the STN that 

depolarizes the subthalamic neuron would decrease the chances of burst discharges and 

ameliorate locomotor deficits of PD. The make of repetitive burst discharges is basically a 

collaborative work by membrane potential-dependent activities of different ion channels. We 

have previously demonstrated that hyperpolarization of STN neurons could speed up the 

recovery of low-voltage-activated T-type Ca2+ channels from inactivation, and consequently 

promote pathogenic burst discharges. In addition to the Na+ and T-type Ca2+ channels, K+ 

channels may play an important role in defining the height, duration, and superimposing spiking 

frequencies of burst discharges. Indeed, we have found that ERG K+ channels effectively shape 

the pattern of burst discharges and thus locomotor activities. We therefore continued an in-depth 



investigation on the possible roles of the other voltage-gated K+ conductances that have been 

relatively neglected in physiological and pathogenic subthalamic discharges. We combined 

electrophysiological, pharmacological, optogenetic and behavioral methods in vitro (using 

C57BL/6 mice or Wistar rats aged p17-40) and in vivo (using adult male Wistar rats weighing 

260 to 380 g) to show that specific voltage-dependent K+ channels have a prominent effect on 

subthalamic burst discharges and consequently shape locomotor behaviors particularly in the 

state of PD 

Disclosures: C. Huang: None. G. Wang: None. Y. Yang: None. 

Poster 

203. Control of Neuronal Firing 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 203.13/E49 

Topic: B.08. Intrinsic Membrane Properties 

Title: Trim69 E3 ubiquitin ligase regulates neuronal excitability in the mouse hippocampus 

Authors: *S.-Y. LEE1,2, H.-J. JEONG3,4, H.-K. SO3,4, Y.-B. KIM2,4, J.-R. LEE3, M.-J. HAHN3, 

J.-S. KANG3,4, H. CHO2,4 
2Physiol., 3Mol. Cell Biol., 4Single Cell Network Res. Ctr., 1Sungkyunkwan University, Sch. of 

Med., Suwon-City, Korea, Republic of 

Abstract: Protein modification by ubiquitin has emerged as a key regulator of neuronal activity. 

However, many of the ion channels targeted and the underlying molecular mechanisms involved 

in this process have not yet been determined. Trim69, an E3 ubiquitin ligase, is structurally and 

evolutionarily conserved in zebrafish, mouse, rat, and human. Although Trim69 is implicated in 

zebrafish neurogenesis, its role in mammalian brain is unclear. In this study, we investigated its 

function in mouse hippocampal neurons by using mice lacking Trim69 function. The expression 

study revealed that Trim69 is highly enriched in the hippocampus. In addition, Trim69 deficient-

dentate gyrus granule cells (GCs) exhibit neuronal hyperexcitability. Based on the 

electrophysiological analysis, Trim69 seems to regulate neuronal activity via modulation of SK 

channels. The mechanistic study suggests that Trim69 is required for the modulation of SK 

channel activity without altering their expression levels. 
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Abstract: The concomitant roles of synaptic plasticity and neuron-specific intrinsic plasticity as 

cellular substrates of learning and memory are well established. The dentate gyrus (DG) has been 

implicated in spatial navigation, learning and memory. The mechanisms behind and implications 

for synaptic plasticity in the DG have been thoroughly investigated. In contrast, the assessment 

of the protocols, mechanisms and implications associated with DG intrinsic plasticity has been 

surprisingly limited. In this study, motivated by theta-modulated burst firing in DG granule cells, 

we investigated the ability of theta burst firing (TBF) in inducing activity-dependent intrinsic 

plasticity. We performed somatic whole-cell current-clamp recordings from DG granule cells in 

6–8 weeks old male Sprague-Dawley rats. We assessed changes in several intrinsic properties by 

recording associated physiological measurements before and 40 minutes after the induction of 

TBF in DG granule cells (n=28). In response to TBF, we observed a significant 16% reduction in 

input resistance (Rin) accompanied by a contrasting increase in firing rate, measured as a 

significant leftward shift in the f–I curve (~7 Hz increase in response to a 250 pA current). 

Among other significant TBF-induced changes, we noted a depolarizing shift (~4 mV) in the 

resting membrane potential, a reduction in the maximal impedance amplitude (~15%), a 

reduction in temporal summation measured in response to alpha excitatory current injections 

(~5%), a hyperpolarizing shift in the action potential threshold (~3 mV) and the emergence of 

spike doublets (~38% reduction in the first inter-spike interval). Importantly, although opposing 

changes in sub- and supra-threshold excitability measurements point to changes in multiple 

channel properties, we found significant correlations across changes observed in these 

measurements. For instance, we found significant and strong correlation between the reduction in 

Rin and the hyperpolarizing shift in action potential threshold, indicating correlated changes in 

putatively distinct mechanisms that resulted in opposing effects on neuronal excitability. We are 

currently performing experiments to delineate ion channels that mediate this form of plasticity, 

apart from exploring potential correlations among molecular mechanisms that underlie the 



concurrent, yet contrasting, TBF-induced changes in sub- and supra-threshold intrinsic 

excitability. Finally, we are also addressing the question on whether heterogeneities in baseline 

neuronal excitability could play a dominant role in the recruitment of neurons as engram cells 

through induction of intrinsic plasticity. 
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Abstract: The suite of voltage-gated ion channels determines the intrinsic firing properties of a 

neuron. It has become increasingly clear that these channels function in macromolecular 

complexes and interact with accessory proteins that regulate ion channel properties and function. 

There are cell-type specific differences in the expression patterns and the functional roles of 

these accessory proteins. Genetic deletion of iFGF14, a voltage-gated sodium (Nav) channel 

accessory protein, results in a hyperpolarizing shift in the voltage-dependence of Nav current 

steady-state inactivation in cerebellar Purkinje neurons, and this causes a severe reduction in 

Purkinje neuron firing. Conversely, in CA1 pyramidal neurons, genetic deletion of iFGF14 

affects the voltage-dependence of Nav channel activation (and steady-state inactivation is 

unchanged), which results in an increase in repetitive firing. Another example concerns the Nav 

channel β4 accessory subunit (Navβ4), which is thought to function as a Nav channel blocking 

particle whose block and unblock is responsible for the resurgent component of the Nav current 

(INaR). INaR has been identified in over 20 types of neurons, however, not all of these cell-types 

express Navβ4. Additionally, expression of Navβ1 in cerebellar granule neurons, and iFGF12 

and iFGF14b in Purkinje neurons regulate INaR amplitudes, even though the residue structure of 

these accessory proteins make them unlikely to participate as Nav channel open-blockers. These 

results paint a clear picture that Nav channel accessory proteins drive the expression and 

functioning of ion channels differently (across cell types) and have divergent effects on ionic 

currents, cellular firing and ultimately, circuit function. 
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Abstract: The prevalence of major depressive disorder (MDD), one of the most common 

emotional disorders in the United States, is doubled in patients with type 2 diabetes mellitus 

(T2DM). Traditionally thought of as two interacting, though fundamentally independent 

disorders, emerging evidence suggests that MDD and T2DM may share a common etiology: 

dysregulated metabolism. Dysregulated metabolism could disrupt neuronal activity in key limbic 

areas, contributing to MDD. However, before we can understand how neuronal activity becomes 

dysregulated under metabolic stress, we must uncover the metabolic mechanisms regulating 

neuronal activity in control states. The key metabolic regulator AMP-activated protein kinase 

(AMPK) has been shown to alter neuronal activity in response to metabolic state in the 

hypothalamus. However, AMPK’s role in other key limbic regions such as the basolateral 

amygdala (BLA) remains largely unknown. Previous work in our lab has shown inhibiting 

PDE4, which indirectly decreases AMPK activity by inhibiting AMP synthesis, increases BLA 

principal neuron activity. Intracellular administration of PDE4 inhibitor rolipram (5 nM ) in BLA 

principal neurons increased membrane resistance, decreased spike threshold, and decreased 

threshold for LTP induction. We hypothesize that direct inhibition of AMPK would mimic the 

effects of rolipram, while activating AMPK would have the opposite effects. To test this, we 

examined the properties of BLA principal neurons using patch-clamp electrophysiological 

recordings, in conjunction with intracellular and extracellular (bath) administration of Compound 

C (an AMPK inactivator) and AICAR (an AMPK activator). Because previous research suggests 

that hyperglycemic conditions can blunt AMPK’s response to activators and inactivators, we 

performed Compound C / AICAR administration in aCSF containing 10 mM glucose (the 

standard concentration) or 2.5 mM Glucose (the physiological glucose concentration in the 



brain). Understanding how metabolic processes affect neuronal activity in the normally 

funcitioning BLA will lay the groundwork for understanding how metabolic stress can 

dysregulate neuronal activity, potentially contributing to the development of mood disorders. 
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Abstract: Action potential (AP) invasion of the presynaptic terminal causes calcium channels to 

open, which allows the calcium ion flux that triggers neurotransmitter release. Investigation of 

the AP waveform at the synapse is necessary to understand the AP-evoked activation of voltage-

gated ion channels responsible for neurotransmitter release, but the small size of the axon 

terminal has limited investigation of the AP waveform at the level of the synapse. Our lab has 

developed several computational models that aid in our study of the structure and function of 

amphibian and mammalian neuromuscular junction (NMJ) presynaptic transmitter release sites. 

These models currently utilize AP waveforms electrophysiologically derived from motoneurons 

somas to drive the behavior of voltage-gated calcium channels in these simulations. However, 

measurements from other neurons have provided evidence that the AP can vary significantly 

between the soma and the synapse. Thus, obtaining an accurate measurement of the AP 

waveform at the NMJ will help to better understand the behavior of synaptic transmission and 

improve computational models. Here we use the Berkeley Red Sensor of Transmembrane 

Potential (BeRST) voltage-sensitive dye to characterize the AP waveform at the mammalian and 

amphibian NMJs. To collect data, we stimulated an ex vivo motor axon at 0.2 Hz and recorded 

the fluorescence over time with an EMCCD camera coupled to a laser that illuminates only 

during our brief data collection window. We sampled the entire AP through a moving bin 

acquisition scheme, collecting 75 bins during a single AP: the BeRST dye was illuminated and 

emitted light was collected over a 100 µs period, 20 µs - 1.5 ms after stimulation (subsequent 

bins started 20 µs after the start of the preceding bin). 20 such data sets were collected per NMJ, 

and the average change in fluorescence was used to calculate the AP waveform. Our data 



suggests that the AP at the NMJ is very brief, with a duration at half-amplitude of 200-300 µs. In 

addition, we have evaluated how several pharmacologic agents influence the NMJ AP waveform. 

These agents include GV-58, a use-dependent calcium channel agonist, and voltage-gated and 

calcium-activated potassium channel antagonists (DAP & IBTX, respectively). 

Disclosures: S.P. Ginebaugh: None. K. Ojala: None. A. Homan: None. E. Miller: None. S.D. 

Meriney: None. 

Poster 

203. Control of Neuronal Firing 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 203.18/F3 

Topic: B.08. Intrinsic Membrane Properties 

Title: Opposing effects of AdipoR1 and AdipoR2 on hippocampal neuronal excitability 

Authors: W. WANG, B. LIU, C. LI, *X.-Y. LU 

Med. Col. of Georgia at Augusta Univ., Augusta, GA 

Abstract: Adiponectin is a metabolic hormone produced by adipocytes. Its biological effects are 

mediated mainly through two receptor subtypes, AdipoR1 and AdipoR2. Both AdipoR1 and 

AdipoR2 are highly expressed in the dentate gyrus (DG) of the hippocampus. The goal of this 

study was to investigate the effects of AdipoR1 and AdipoR2 signaling on neuronal excitability 

of DG neurons. We generated AdipoR1-ires-Cre and AdipoR2-ires-Cre transgenic mice, which 

enable us to identify AdipoR1- and AdipoR2-expressing neurons and perform patch-clamp 

electrophysiological recordings on these cells. We found that bath application of the AdipoR1/2 

agonist AdipoRon increases the neuronal excitability of AdipoR1-expressing granule neurons, 

but decreases the neuronal excitability of AdipoR2-expressing neurons in the DG. Furthermore, 

we demonstrated that disruption of AdipoR1 and AdipoR2 produced opposite effects on the 

excitability of DG granule neurons.These observations support that both AdipoR1 and AdipoR2 

are necessary and sufficient in modulating neuronal excitability but in opposite directions. 
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Abstract: EPSP-Spike (E-S) coupling is the relationship between synaptic activity in dendrites 

and the generation of the somatic action potential. The earliest reports of the form of synaptic 

plasticity known as long-term potentiation (LTP) showed that this type of synaptic potentiation 

can be accompanied by a change in EPSP-Spike coupling, resulting in E-S Potentiation. E-S 

potentiation represents the change in spike probability that is not accounted for by changes in 

synaptic activity. Previous reports have stated that E-S potentiation is blocked by the GABA-A 

channel blocker Picrotoxin, suggesting that E-S potentiation is mediated by a modulation 

inhibitory synaptic transmission. However, the long-term maintenance mechanism by which E-S 

potentiation occurs remains unclear. We seek to study these mechanisms by recording 

simultaneous input/output (I/O) relationships of dendritic field EPSPs and Population Spikes 

before and after the induction of LTP in area CA1 of hippocampal slices. Our data confirm the 

earlier findings that E-S potentiation does not occur in the presence of Picrotoxin. However, we 

show that the time of Picrotoxin application relative to LTP induction, influences the 

development, or blockage, of E-S potentiation. If applied before induction, E-S potentiation is 

suppressed. If applied after induction however, E-S potentiation is not suppressed. This suggests 

that Picrotoxin does not “block” E-S potentiation in the conventional sense, but occludes it by 

manipulating GABAergic signaling prior to the neuron’s intrinsic response to the induction of 

LTP and subsequent expression of E-S potentiation. We also show that the underlying 

mechanism for E-S potentiation remains functional, despite exposure to Picrotoxin, as removal 

of Picrotoxin after induction allows for the emergence of E-S potentiation expression. These 

results suggest that E-S potentiation is maintained by a persistent reduction in inhibitory 

transmission, but direct intracellular recordings of IPSPs do not support this mechanism. 

Disclosures: J.K. Clark: None. D.V. Madison: None. 

Poster 

203. Control of Neuronal Firing 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 203.20/F5 

Topic: B.08. Intrinsic Membrane Properties 



Support: NIH grant NS027881 

 NYMC/Touro Intramural Bridge funds 

Title: Regulation of the orexin-enhanced slow afterhyperpolarization (oeAHP) and the orexin-

mediated inward current by intra- and extracellular Ca2+ in serotonergic dorsal raphe neurons 

Authors: M. ISHIBASHI, N. E. MOLINA, E. A. BERRY, *C. S. LEONARD 
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Abstract: Serotonergic (5-HT) dorsal raphe (DR) neurons regulate numerous brain functions 

including sleep-wake states, circadian phase, reward and mood. Moreover, orexin receptor 

signaling at 5-HT DR neurons appears critical in the sleep disorder narcolepsy, which emerges 

following the loss of orexin signaling. We recently reported that in addition to producing a slow 

depolarization, orexin-A enhances the post-spike afterhyperpolarization (oeAHP), which alters 

spike encoding by increasing spike frequency adaptation. This oeAHP has two distinct 

components and requires Ca2+influx. The first, is an enhanced apamin-sensitive SK Ca2+-

activated K+current (tau ~ 0.5s). The second is a longer duration novel current (tau ~ 5s) that is 

apamin-insensitive (termed the ai-oeAHP). Several lines of evidence suggest the ai-oeAHP 

results from the transient closure of orexin-activated cation channels that produce the slow 

orexin-mediated depolarization. Here we’ve investigated the Ca2+-dependence of this ai-oeAHP 

using whole-cell patch clamp recordings in mouse brain slices. We found that both the orexin-

activated cation current and the ai-oeAHP were modulated by extracellular [Ca2+], but not by 

extracellular [Mg2+]. Both currents were nearly blocked by 10 mM [Ca2+]o and were near-

maximal at 1 mM [Ca2+]o. This extracellular Ca2+-dependence was well fit well by a Hill 

equation having an IC50 of 1.7 and 1.9 mM and Hill coefficients near 2 for the inward cation 

current and ai-oeAHP, respectively. At less than 1 mM [Ca2+]o, the orexin-activated cation 

current was augmented while the ai-oeAHP was attenuated. This attenuation appeared due to 

reduced voltage-dependent Ca2+ influx since it was not altered by depleting intracellular stores 

with CPA, and the ai-oeAHP produced by intracellular Ca2+ uncaging with DMNP was not 

attenuated at 0.5 mM [Ca2+]o. The maximal ai-oeAHP current was about half the magnitude of 

the inward current and this ratio was preserved at >1 mM [Ca2+]o. Together these data suggest 

that the ai-oeAHP current and about half of the orexin-mediated inward current results from a 

population of cation channels that are inhibited by both extracellular and intracellular Ca2+. 

Interestingly, this extracellular calcium sensitivity may be physiologically relevant since the 

normal increase in extracellular Ca2+ that is reported to promote sleep would attenuate the 

arousal promoting orexin actions. Moreover, these findings are relevant to the pathophysiology 

of hypercalcemia which would more drastically attenuate these orexin actions and could 

contribute to the clinical signs of drowsiness and depression. 
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Abstract: Rebound depolarization (RD) occurs after membrane hyperpolarization and converts 

an arriving inhibitory signal into cell excitation. The purpose of our study was to clarify the ionic 

mechanism of RD in synaptically isolated layer V medial prefrontal cortex pyramidal neurons in 

slices obtained from 58- to 62-day-old male rats. The RD was evoked after a step 

hyperpolarization below -80 mV, longer than 150 ms in 192 of 211 (91%) tested neurons. The 

amplitude of RD was 30.6±1.2 mV above the resting membrane potential (-67.9±0.95 mV), and 

it lasted a few hundred ms (n=192). RD could be observed only after preventing BK channel 

activation, which was attained either by using paxilline, by removal of Ca++ from the extra- or 

intracellular solution, by blockade of Ca++ channels or during protein kinase C (PKC) activation. 

RD was resistant to TTX and was abolished after the removal of Na+ from the extracellular 

solution or application of an anti-Nav1.9 antibody to the cell interior. We conclude that two 

membrane currents are concomitantly activated after the step hyperpolarization in the tested 

neurons: a. a low-threshold, TTX-resistant, Na+ current that evokes RD; and b. an outward K+ 

current through BK channels that opposes Na+-dependent depolarization. The obtained results 

also suggest that a. low-level Ca++ in the external medium attained upon intense neuronal activity 

may facilitate the formation of RD and seizures; and b. RD can be evoked during the activation 

of PKC, which is an effector of a number of transduction pathways. 
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Abstract: Noradrenaline (NA) modulates the spinal motor networks for locomotion and 

facilitates neuroplasticity, both of which are important for neural recovery in the subacute and 

chronic phases of spinal cord injury. However, neither the effects of NA on synaptic 

transmission and neuronal excitability in spinal ventral horn (VH) neurons nor their mechanisms 

are well characterized. To gain insight into NA regulation of VH neuronal activity, we used a 

whole-cell patch-clamp approach in neonatal rats (7-15 day old). NA facilitated both excitatory 

and inhibitory synaptic transmissions through the activation of somatic adrenoceptors in the 

excitatory and inhibitory interneurons, respectively. In current-clamp recordings, NA depolarized 

resting membrane potentials in VH neurons, indicating that NA enhanced excitability of these 

neurons. In voltage-clamp recordings at -70 mV, the enhancement of excitatory synaptic 

transmission was induced by the activation of α1- and β-adrenoceptors. NA induced an inward 

current, also mediated by the activation of α1- and β-adrenoceptors. Activation of α1-

adrenoceptors after spinal cord injury has been reported to be associated with muscle spasm or 

spasticity, which interrupt fluid motion in the extremities. Therefore, our findings indicate that 

the activation of β-adrenoceptors may instead be used as the foundation of one of the therapeutic 

targets to activate neural networks in the spinal VH without causing muscle spasm or spasticity 

and ultimately, improve motor function after spinal cord injury. 
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Abstract: There is a robust correlation of firing patterns of neurons and the presence of 

hyperpolarization-activated cyclic nucleotide gated non-selective cation (HCN-Ih or If-funny). 

HCN produces recurrent rhythmic activities and is referred to as ‘pacemaker channel’. The entire 

septum and amygdala possess HCN, but only neurons in the medial part of the septum display 

pacemaker activity. This indicates that either the septum and amygdala express distinct subunits, 

or they express two identical subunits that possess different electrophysiological, biophysical and 

pharmacological properties. During whole-cell current-clamp experiments in lateral septum - LS 

of adult rats we have observed a new type of action potential (AP). Similar APs were present 

also in mice. We aimed to elucidate the cell type specificity, mechanisms and correlation with 

the presence of HCN. We used either coronal or modified sagittal brain slices of mice expressing 

fluorophore td-Tomato targeted to cholin- (vasoactive intestinal polypeptide - VIP expressing), 

GABA- (either GAD67 or somatostatin) and glutamate-ergic (VGluT2) types of neurons. Type 

III APs were triggered mostly upon strong step depolarization. In fewer instances they were 

triggered spontaneously at RMP. As opposed to adaptation and regular firing patterns, we term it 

type III AP that never occurred in isolation but rather were followed after initial 2-4 Na+ spikes. 

TTX blocked only the latter indicating that under pathological conditions type III could also be 

generated and may have purpose. As expected from MP, at which the LS neurons were 

vulnerable to type III APs, the L-type Ca2+ channels were suspect. Subsequently, this hypothesis 

was proven by using antagonist nimodipine (involved in modulation of memory) that blocked 

type III APs. Under these conditions, neuron was able to transit into regular spiking mode. At 

present time we can not conclude about the condition that is prerequisite for generation of type 

III APs or certain behavior in which they could play a role. Next milestone would be revealing 

these “Ca2+ spikes” by patch-clamp experiments in vivo, i.e. whether or not they take place 

under true physiological conditions. 
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Abstract: Eighty years ago J S Haldane reported the narcotic effect of hypercapnia in divers. 

Suppression of neuronal activity by CO2 has been well documented but a precise mechanism 

remains unknown. We investigated the effect of hypercapnia and acidosis on cortical neuronal 

activity evoked by somatosensory stimulation. 

Adult male rats (~250g) were anesthetized with α-chloralose (75mg kg-1). Parenchymal pH and 

evoked neuronal activity in the somatosensory cortex were monitored using carbon fiber 

microelectrodes (CFM; ⌀7μm). 1 min trains of electrical stimulation (3Hz, 1.5mA, 150μs pulse 

duration) were applied to the forepaw to recruit somatosensory pathways. Cortical connexin 

hemichannnel opening in response to systemic hypercapnia was assessed by carboxyfluorescein 

(CBxF) dye loading. 

Forepaw simulation evoked robust multiphasic extracellular potentials 10-30 ms after the 

stimulus onset. Integration of evoked potentials showed an increase of 1.07 ± 0.26 mV*S (n=8). 

This was reduced to 59±6% and 49±5% of control response in conditions of 5 and 10 % inspired 

CO2, respectively. Accompanying decreases in pH were recorded: -0.12±0.05 with 5% and -

0.17±0.09 pH units with 10% inspired CO2. A similar decrease in parenchymal pH (-0.12± 0.02 

pH unit) induced by systemic administration of acetazolamide (10 mg kg-1, I.V), had no effect on 

the evoked potentials (n=8). To determine the effect of decreased pH, metabolic (isocapnic) 

acidosis was induced by lactic acid infusion (0.2M, I.V). Infusion rate was adjusted to achieve 

brain tissue pH reduction similar to that recorded in response to 10% CO2 (~-0.2units). Isocapnic 

acidosis was found to have no effect on the evoked activity; 92± 2% of control (n=3). 

Adenosine acting at A1 receptors is known to strongly inhibit neuronal activity. However, 

DPCPX (A1 antagonist; 1mg kg-1, I.V) had no effect on the inhibitory effect of 10% CO2; spike 

activity decreased to 53±13% (n=8) of control in the presence and 42±4% (n=4) in the absence 

of DPCPX. However, P2Y1 receptor antagonist MRS-2500 (5μM), prevented the inhibitory 

effect of CO2 on cortical neuronal activity (102±6% and 81±10% of baseline (n=5) at 5 and 10% 



CO2, respectively. 

Systemic hypercapnia caused a significant increase in cortical CBxF dye loading (as measured 

by florescence change from a baseline of 21±0.7 AU to 43±2.6AU, n=9) indicative of connexin 

hemichannel opening. This was significantly inhibited by NPPB (200μM) (n=4). 

These data suggest that the inhibition of cortical neuronal activity caused by CO2 is independent 

of pH changes and likely to be mediated by connexin hemichannel mediated ATP release and its 

actions on P2Y1 receptors expressed by inhibitory interneurons. 
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Abstract: White matter (WM) and neurocognitive impairment (NCI) may persist in treated 

HIV+ individuals. Diffusion tensor imaging (DTI) can be used to map HIV associated 

microstructural differences along WM tracts, but offers limited understanding of their 

biochemical basis. Metabolite disturbances, reflecting neuronal health, inflammation, and 

demyelination, have been identified using MR spectroscopy (MRS) in treated HIV+ individuals 

with NCI, but the relationship with WM microstructure is unclear. We hypothesized that WM 

abnormalities would be associated with metabolite disturbances and NCI in 50 treated HIV+ 

adults (age: 48.1±7.6 yrs; 32M/18F). 



1.5 T MRS and DTI brain scans (1 b0, 21 b=1000 volumes) were acquired. Metabolite 

concentrations of N-acetylaspartate (NAA), myo-inositol (MI), choline (Cho), 

glutamate/glutamine (Glx), and creatine (Cr) were measured in the frontal gray matter (FGM), 

frontal WM (FWM), and basal ganglia (BG). Fractional anisotropy (FA) and mean diffusivity 

(MD) maps and tractograms were calculated from corrected DTI. Each subject’s tractogram was 

segmented into 25 WM bundles. DTI indices were projected point-wise along bundles. After 

template creation, fiber registration and correspondence, linear regressions, covarying for sex 

and age, tested point-wise associations between DTI indices and metabolite concentrations or 

NCI (ADC stage ≥1; N=8). 

FA was not significantly associated with metabolite levels or NCI. Higher MD throughout the 

WM was associated with lower FWM NAA (FDR corrected p<0.021) and Cr (p<0.007). Sparser 

associations were found between lower FGM NAA and higher MD (p<0.002). Compared to 

asymptomatic individuals, those with NCI showed lower FWM NAA (p=0.013) and higher MD 

(p<0.002). 

MD is a sensitive but non-specific biomarker of neuropathology and WM microstructure. 

Combining DTI and MRS improves interpretability; lower frontal NAA suggests reduced 

neuronal integrity; lower Cr may reflect bioenergetic system failure. Measuring neurochemical 

signals offers insights into the biochemical correlates of HIV WM dysfunction and NCI. 
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Abstract: BACKGROUND Multiple sclerosis (MS) is a progressive demyelinating disease of 

the central nervous system affecting roughly 2.3 million people worldwide. These patients are 

six times more likely to develop seizures than the population at large. MS patients with seizures 

(MS+S) require mobility devices sooner and expire earlier than MS patients without seizures. 

However, despite the greater morbidity and mortality in this group, there is a narrow 

understanding regarding how MS leads to seizure pathology. Murine models of MS+S 

demonstrate hippocampal glial fibrillary acidic protein (GFAP)+ astrogliosis, altered expression 

of aquaporin-4 (AQP4) and loss of parvalbumin (PV)+ interneurons. However, the translational 

relevance of these findings has not been established. OBJECTIVE To determine the relevance 

of possible translational biomarkers, myelination, leukocyte infiltration, GABAergic 

interneurons, and astrocytes in neurological normal, MS, and MS+S donor hippocampi. 

METHODS Myelin oligodendrocytes glycoprotein (MOG), CD45, CD6, GAD67, PV, 

GFAP,AQP4 and glutamate transporter-1 (GLT-1) by immunohistochemistry. RESULTS 

Preliminary data shows loss of GAD67+ somata, a trend towards decreased number of PV+ 

somata, and proliferation of GFAP+ astrocytes, which parallels with the astrogliosis seen in 

previous mouse model studies, and an altered expression of GLT-1 and AQP4. 

CONCLUSIONS MS+S hippocampi exhibit evidence of loss of inhibitory innervation and 

impaired astrocyte glutamate/K+ buffering that may facilitate seizure onset during MS. These 

results indicate that the cuprizone model is a translationally relevant model of myelination-

induced seizures. 
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Abstract: The progressive phase of multiple sclerosis (SPMS) is associated with the presence of 

extensive subpial grey matter lesions (GMLs) with significant neuronal loss and the presence of 

inflammatory infiltrates in the subarachnoid space. Here, we investigated the hypothesis that 

molecules produced in the meninges diffuse to the underlying GM leading to pathological 

hallmarks of the molecular mechanisms. We focused on the role of tumour necrosis factor 

(TNF), which was previously shown to be increased in the cerebrospinal fluid (CSF) and is 

suggested to play a role in CNS inflammation. TNF has pleotropic functions, ranging from cell 

survival to cell death via apoptosis or necroptosis. We studied changes in the balance of the TNF 

signaling pathways in the cortical grey matter of 40 SPMS cases and 10 controls. TNF-receptor 1 

(TNFR-1) was significantly up-regulated in SPMS compared to controls, while no differences 

were found in the expression levels of TNFR2. Furthermore, SPMS cases showed a dramatic 

down-regulation of two key proteins involved in the apoptosis signaling pathway, CYLD and the 

cleaved active from of caspase 8. In contrast, MS cases showed a significant increase in the key 

proteins of the necroptotic pathway, phospho-RIPK3 and phospho-MLKL. Hence, we 

investigated the formation of the necrosome, including oligomerization of MLKL a sign of 

activated necroptosis. MLKL trimers were only found in the GM of SPMS cases. We then 

studied the localization of necroptotic proteins by IF and IHC. RIPK3 and MLKL and their 

phosphorylated forms were mainly localized in neurons in the grey matter. Phospho-MLKL 

could be localised primarily to the nucleus, which was verified by nuclear protein extraction. 

Finally, we investigated whether the presence of p-MLKL was associated with the activation of 

other markers of cell death and found that only MS cases expressing high levels p-MLKL also 

expressed the cleaved form of PARP-1, a marker of cell death. To reproduce the chronic 

elevation of pro-inflammatory cytokines in the meningeal space seen in MS, we injected 

lentiviral vectors carrying the TNF and interferon-gamma genes into the subarachnoid space of 

DA rats. Persistent cytokine production over 2 months produced chronic inflammation in the 

meninges and increased levels of the necroptosis markers p-MLKL and p-RIPK3 in underlying 

cortical neurons. Our data show that in SPMS there is a shift in the balance of TNF dependent 



signaling pathways towards TNFR1-mediated necroptosis in cortical neurons, which could be 

responsible for the neurodegeneration observed in the grey matter of MS patients 
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Abstract: A hallmark feature of multiple sclerosis (MS) is the loss of myelin, a lipid-rich spiral 

wrapping of axons that facilitates rapid saltatory conduction. Although myelin is predominantly 

lipid (70-85% w/w), MS pathology is largely studied using protein reporters. We hypothesized 

that existing protein-based methods under-report the full extent of myelin histopathology in 

autopsied samples of MS. To test this hypothesis, we utilized spectral confocal microscopy of the 

lipophilic fluorescent dye Nile Red (NR), whose fluorescence spectral profiles change with 

biochemical alterations in the local tissue environment (the solvatochromic effect), paired with 

customized, non-linear scatter analysis. We report a number of novel tissue defects in MS. In 

cases of normal appearing white matter (NAWM), accumulation of lipids in NAWM was 

observed. These lipid-plaques exhibited distinct biochemical changes, 70% of the population 

displayed fibril-like structure. others without fibril-like phenotypes distributed around blood 

vessels. In long-standing MS case, we found biochemical changed in intact myelinated axons 

and their myelin sheath. In these axons, their biochemical polarity shifted to more polar. In the 

myelin, the lipid alteration displayed multifocal patches of lipids alteration and heterogeneity 

along the myelin. One of the abnormalities was the robust of Node-like gaps. The length of these 

gaps can be less than 10 μm. Furthermore, accumulation in ependymal layers of lipid droplets 

with various distinct biochemical features was observed in all MS cases (6/6), providing further 

evidence of lipid pathology in MS. In addition, focal lipid-plaques were identified with no 

correlates by standard immunohistochemistry (MBP, IBA-1), suggesting that NR lipid 



histochemistry was more sensitive to early pathological changes than conventional protein 

immunohistochemistry. The chemical polarity changes in axons also supports the notion of 

conduction failure even these myelinated axons remained intact. CONCLUSION: 

solvatochromic properties of NR coupled with spectral microscopy represent a powerful new 

tool for detecting very early and subtle myelin damage, likely reflecting lipid biochemical 

changes. This method is more sensitive than conventional techniques such as myelin stains and 

immunohistochemistry. 
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Abstract: Remyelination is a major treatment goal in multiple sclerosis (MS), but the evaluation 

of myelin repair in MS patients remains challenging. Optic nerve (ON) function has been 

monitored in MS patients with or without optic neuritis, using pattern visual evoked potentials 

(VEP), which undergo prolonged latency and reduced amplitude indicating slowed conduction 

and loss of ON fibers, respectively. While VEP abnormalities have been shown to correlate with 

demyelination of the ON in animal models, there is no direct evidence from these models or 

from MS, that remyelination leads to improvement of VEP parameters. We have explored this 

question in feline irradiated diet-induced demyelination (FIDID) (Duncan et. al., PNAS 2009 



106, 6832) in which there is extensive demyelination of the entire CNS and profound neurologic 

disease. Discontinuation of the irradiated diet leads to neurologic recovery in association with 

global remyelination. Flash VEPs were recorded prior to the onset of clinical signs of 

neurological disease in 10 FIDID cats and at variable time points thereafter. Electroretinography 

and optical coherence tomography were used to evaluate retinal function and structure. During 

acute clinical 

disease there was a variable and often pronounced increase in the latency of the VEP (normal 

mean VEP 54 msec, 95%CI, range 49-60 msec; diseased mean VEP 109 msec, 95%CI, range 90-

129 msec) in the absence of retinal functional or structural abnormalities. As FIDID cats 

recovered neurologic function after return to a normal diet, VEP latencies improved, though not 

to normal. Only 2/10 cats showed vision loss. Following perfusion fixation of FIDID cats during 

active disease or recovery, ONs were dissected, divided into five segments and each block 

processed for light and electron microscopy. Though variable in the extent and distribution along 

the nerve, all ONs showed extensive demyelination during active disease, or remyelination on 

clinical recovery. There was a clear association between demyelination and prolonged VEP 

latency in all cats during acute disease, with subsequent partial normalization of latency in 

nerves which showed extensive microscopic evidence of remyelination. Measurement of the g 

ratio of over 3000 myelinated axons in remyelinated nerve confirmed this with a mean g ratio of 

0.84. These data unequivocally demonstrate that VEPs reflect both demyelination and 

remyelination of the ON. Importantly, direct evidence is provided that remyelination restores ON 

function in vivo, thus validating the use of VEPs as a surrogate marker for remyelination in MS 

clinical trials. 
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Abstract: Infection with the Zika virus during gestation can have significant negative effects on 

neural development. While much attention has been paid to impacts on cortical development, the 

retina is also significantly negatively impacted. Humans infected with ZIKV show visual 

impairment, and retinal imaging of macaques infected with ZIKV show large retinal lesions. The 

neural pathway for processing visual information begins at the retina and then proceeds through 

the lateral geniculate nucleus (LGN) and into the primary visual cortex. Here we describe gross 

anatomical abnormalities in the LGN of macaque fetuses that were infected with ZIKV. Subjects 

were 6 full term macaque fetuses, three of which had been infected with ZIKV during mid-

gestation. Brains were removed and divided in half along the midline. One half of each brain was 

used for pathology analysis, and the other half was coronally blocked into 4 segments, flash 

frozen, and stored at -80C until sectioning on a freezing microtome. Each brain block was sliced 

into 8 series, and one series was reserved for anatomical Nissl staining. In each brain the LGN 

was identified and examined for alterations in lamination and cellular organization. The 

examiner was blind to the condition of the brain. Qualitative analysis revealed several instances 

of abnormal LGN organization in animals that had been infected with ZIKV, In one instance, the 

koniocellular layer between layers 3 and 4 disappeared in the lateral aspect of the LGN, leaving 

us unable to distinguish between those parvocellular layers. In another instance, we saw a large 

koniocellular inclusion that engulfed the ventrolateral quarter of the LGN, resulting in an 

ablation of the magno- and parvocellular layers in that region. These features were not observed 

in control tissue. We believe that it is likely that these abnormalities within the LGN of ZIKV 

infected fetuses are the result of retinal lesions. Given the role that the LGN plays in visual 

processing, we hypothesize that any abnormalities within the LGN will be magnified within the 

primary visual cortex. We will examine this in the next phase of this study. 
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Abstract: B-cells likely play an important pathogenic role in multiple sclerosis (MS). This is 

because 90% of patients with MS have oligoclonal IgG antibodies in their cerebrospinal fluid 

(CSF) and anti-B cell therapies are highly efficacious in the treatment of the disease. We have 

previously shown that mice injected with primary progressive multiple sclerosis (PPMS) CSF 

display greater motor deficits, astrogliosis, and axonal damage compared to control animals. 

Here, we investigate whether intrathecal delivery of CSF recombinant antibodies obtained from 

PPMS and relapsing-remitting multiple sclerosis (RRMS) patients would elicit similar motor 

deficits and CNS pathology in mice. 

MS CSF samples were obtained by standard lumbar puncture and immediately analyzed by 

fluorescence-activated cell sorting (FACS) for CD19+ and/or CD138+ B-cells. Through standard 

reverse transcription, PCR amplification, and DNA sequencing techniques, immunoglobulin 

variable regions were analyzed. Full IgG1 recombinant antibodies were produced. Mice 

underwent laminectomies at cervical levels 4 and 5 to expose the underlying spinal cord and CSF 

recombinant antibodies were injected under the dura mater into the subarachnoid space. Controls 

were injected with saline and CSF recombinant antibodies from an HTLV-1 patient and an ALS 

patient. In total, 4 PPMS, 1 RRMS, 1 HTLV-1, and 1 ALS antibodies were injected into 3 mice 

per antibody. Motor deficits were assessed by evaluating forelimb reaching, gripping and tail 

rigidity after one-day following intrathecal recombinant antibody delivery. 

Seven of the 12 mice injected with PPMS recombinant antibodies displayed forelimb and tail 

deficits compared to controls and RRMS injected mice. Luxol fast blue staining showed 

demyelination in 2 of the 7 mice that displayed motor impairments. Spinal cord from 1 of the 

mice injected with PPMS recombinant antibodies showed evidence of reactive astrogliosis, as 

seen by an up-regulated trend in GFAP immunostaining. Similarly, a positive trend in SMI-32 

intensity was observed in mice injected with PPMS recombinant antibodies, supporting a 

presence of axonal damage. However, immunostaining intensity for Iba-1, a marker for 

microglia, was similar in all groups, suggesting that microglia may not play a role in eliciting 

motor deficits and CNS pathology in recombinant antibody injected mice. 

PPMS derived antibodies likely play a role in contributing to motor deficits and CNS pathology 

in mice. However, further investigation is needed to elucidate the pathogenic role of CSF 

antibodies in MS. 
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Abstract: Multiple system atrophy (MSA) is a fast progressing atypical parkinsonian disorder. 

Neuropathologically, MSA is characterized by intraoligodendroglial α-synuclein inclusions 

leading to myelination failure of oligodendrocytes. This observation supports the current 

hypothesis for MSA as a primary oligodendrogliopathy driving neurodegeneration. Notably, a 

severe neuroinflammation with thus far unknown etiology is observed in MSA and its 

corresponding mouse models. Here, we analyze the myeloid immune response in the context of 

α-synuclein+ oligodendrocytes in order to understand the myeloid-oligodendroglial crosstalk in 

MSA. Human putaminal post-mortem brain tissue of MSA-P patients and healthy controls were 

examined. In contrast to putaminal gray matter, we detected a 4.5-fold increased number of 

myeloid cells in putaminal white matter striae in MSA accompanied by elevated α-synuclein 

inclusions and increased putaminal cell proliferation. Moreover, we analyzed a prodromal and 

symptomatic disease stage of a MSA mouse model (MBP29-hα-syn mice) to further examine the 

temporal and regional myeloid phenotype. Mirroring our findings in human post-mortem tissue, 

we detected a profoundly increased number of IBA1+ cells in the corpus callosum and the 

striatum of MBP29-hα-syn mice already present pre-symptomatically. Additionally, IBA1+ cells 

of MBP29-hα-syn mice showed an early and sustained elevated expression of CD68 in 

intracellular lysosomal structures indicating an enhanced phagocytic activity of microglial cells. 

More importantly, an increased proliferation by up to 80% of IBA1+ cells was detected in the 

corpus callosum and the striatum in the prodromal disease stage. RNA sequencing of α-synuclein 

overexpressing primary oligodendrocytes isolated from neonatal rats revealed an upregulation of 

pro-inflammatory cytokines important for chemotactic attraction and proliferation of myeloid 

cells such as Ccl2, Cxcl10, Cx3cl1, and Csf1. Corresponding to the in vitro findings, an 

increased Ccl2 and Cxcl10 expression was identified in the corpus callosum and the striatum of 

MBP29-hα-syn mice compared to controls. In conclusion, our results indicate a regionally 

restricted and early interaction of myeloid immune cells and α-synuclein bearing 

oligodendrocytes leading to a severe inflammatory response. Interfering with this inflammatory 

crosstalk may provide a promising novel therapeutic target urgently needed for MSA. 
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Abstract: Multiple sclerosis (MS) is characterized by inflammatory demyelination, astrogliosis 

and axonal loss in the CNS. Most patients present with relapsing-remitting MS (RRMS) then 

eventually enter a phase of disease progression termed secondary progressive MS (SPMS). 

However, approximately 10-15% of patients have primary progressive multiple sclerosis 

(PPMS), which is characterized by unremitting disease progression from disease onset. This 

progressive clinical course of PPMS suggests that remyelination is impaired in contrast to 

relapsing-remitting (RRMS) forms of the disease. We investigated whether PPMS cerebrospinal 

fluid (CSF) impacts remyelination after lysolecithin-induced demyelination. In this model, 

remyelination spontaneously commences usually 7 days post lysolecithin administration. We 

studied whether factors present in CSF from PPMS patients would inhibit this remyelination. 

Mice underwent a laminectomy at cervical level 5 (C5) and 1μl of 1% lysolecithin was injected 

into the dorsal column. At 5 days post lysolecithin injection, 3μl CSF from untreated PPMS or 

RRMS patients was injected into the subarachnoid space, also at C5. Control mice were injected 

with saline or CSF obtained from healthy individuals. Motor deficits were assessed by evaluating 

forelimb reaching, gripping and tail rigidity at multiple time points following CSF 

administration. Mice were perfused 12 days after lysolecithin injection. Spinal cords were post-

fixed overnight in 4% paraformaldehyde, cryoprotected in 30% sucrose, then cryosectioned for 

histological analyses. PPMS CSF-injected mice exhibited significantly impaired forelimb 

function and increased tail flaccidity compared to controls and RRMS CSF-injected mice. Luxol 

fast blue staining revealed a significantly larger volume of demyelination in PPMS CSF-injected 

mice than mice injected with saline, healthy control or RRMS CSF. Mice injected with PPMS 

CSF also showed a significant increase in microglial activation, evaluated by Iba1 

immunostaining, compared to other groups. GFAP expression was also increased in PPMS CSF-

injected mice. No significant change in the number of proliferating oligodendrocyte progenitor 

cells, as assessed by NG2 and Ki67, or mature oligodendrocytes, assessed by APC and Olig2, 

was observed. Ultimately, intrathecal delivery of PPMS CSF, but not RRMS CSF, at the site of a 



lysolecithin-induced lesion yielded larger lesions, greater microglial activation and reactive 

astrogliosis in the cervical spinal cord, indicating that remyelination is delayed by PPMS CSF. 

Identification of the CSF factors responsible for this delay in remyelination is an important next 

step. 
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Abstract: The progressive phase of multiple sclerosis (MS) is characterised by accumulating 

grey matter (GM) pathology. The presence of immune cell infiltrates in the meninges is 

associated with lymphoid tissue development, greater cortical demyelination, shorter disease 

duration and significant neuronal loss. Analysis of isolated meninges of MS cases has shown 

increased gene expression for the pro-inflammatory cytokines: tumour necrosis factor (TNF) and 

interferon-γ (IFNγ). We aimed to test the hypothesis that chronic production of these cytokines 

in the meningeal compartment and diffusion into underlying GM can drive MS GM pathology. 

To do this we stereotactically injected HIV-1 based VSV-g pseudotyped lentiviral transfer 

vectors into the sagittal sulcus (SS) of DA rats to deliver continuous transgene expression (TNF 

+ IFNγ) in the meninges. Rats were either immunised with MOG peptide or IFA as a control. A 

neuropathological analysis was conducted at chronic time points up to 2 months. Injection of 

these vectors induced the formation of lymphoid follicle-like structures in the meninges by 28 

dpi, which remained at 2 months, containing CD4+ and CD8+ T-cells, CD79a+ B-cells, plasma 

and dendritic cells and Iba1+ macrophages, and MadCAM+ channels These aggregates extended 

the length of the SS and across the surface of the cortex for many hundreds of microns from the 

injection site. Subpial demyelination underlying these aggregates was accompanied by 

widespread microglial activation and was dependant on MOG immunisation. Quantification of 

NeuN/HuCD co-staining showed a 23-48% decrease in neuronal numbers in cortical layers II-IV 

at 2 months post injection. Neuronal loss occurred in both MOG and IFA immunised animals 

and in the absence of demyelination. TNF/TNFR1 interactions can initiate cell death by 



activating pathways involved in necroptosis. Immunostaining showed TNFR1 expression by 

neurons. RT-PCR on cortical RNA at 28 dpi and 2 months showed an increase in expression of 

TNFR1 and downstream necroptotic genes, RIP3, MLKL, cIAP2 and Nox2 compared to eGFP 

vector control animals. RIP3+ and MLKL+ immunopositive cells with the morphology of 

neurons were present in TNF + IFNγ vector injected animals. Membrane staining for 

phosphorylated MLKL in neurons was suggestive of the final stages of necroptosis. Our results 

suggest that TNF in the presence of IFNγ is a potent inducer of meningeal inflammation and can 

activate TNF signalling pathways in cortical cells leading to neuronal death and subpial 

demyelination and thus may contribute to clinical progression in MS. 
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Abstract: Multiple sclerosis (MS) is a chronic disabling disease in young adults, estimated to 

affect about 2.5 million people worldwide (Ernstsson, 2016). The mechanisms in the 

pathogenesis of MS include aberrant autoimmune response, progressive failure of remyelination, 

and neurodegeneration. Current therapies have mainly anti-inflammatory effects, whereas 

disease modifying therapies able to increase remyelination are still missing. Previous data has 

suggested that sustained neonatal hyperthyroidism modifies the myelination process in young 

rats. Systemic administration of thyroxine initially accelerates myelination, but is followed by 

myelin deficits and premature ageing if hyperthyroidism is maintained for a longer time 

(Pasquini, 1998). 

The objective of this study was to validate an animal model of changes in developmental 

myelination process. This model would be used to test therapeutic compounds for enhancing 

myelination. 

Developmental myelination model was induced by daily s.c. injections of L-Thyroxine sodium 

salt pentahydrate (T4) in CD rat pups from P2 to P11. Pups were monitored daily for juvenile 

development; postnatal day of eruption of upper teeth, full teeth, and body weight. At P10 



changes in white matter (WM) between T4 and vehicle treated rats (n=6/group) were assessed 

using DTI-MRI. Pups were sacrificed at different ages (daily from P3 to P11) in order to assess 

the changes in the myelin basic protein (MBP) levels using ELISA (n=5-6 

pups/group/timepoint). 

Daily treatment with T4 starting at P2 resulted in accelerated maturation of the T4 treated 

animals. Upper teeth eruption started for T4 treated rats already at 7 days of age, 2 days earlier 

than in vehicle rats. All rats in T4 group reached full teeth eruption at P8 age that was faster than 

vehicle rats (p<0.05 log-rank tests). WM changes at P10 indicated increased fractional 

anisotropy (FA) in forceps minor of the corpus callosum and internal capsule in T4 rats as 

compared to vehicle group (t-test, p<0.05, 0.01, respectively). Whole brain group-wise FA 

histograms revealed significant shift of FA values in T4 group to the higher values. T4 treatment 

resulted in increased MBP concentration in brain homogenates as compared to vehicle treatment 

at P9-P11 (p<0.01, t-test). Moreover, when MBP data were correlated with whole brain DTI 

histograms, significant correlation between the data existed (p=0.0008, r2=0.77) further 

strengthening the conclusion of accelerated myelination in T4 treated animals. 

Taken together, presented behavioral, imaging and biomarker data indicate that this 

developmental myelination model is suitable to test therapeutic compounds for enhanced 

myelination. 
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Abstract: In the central nervous system (CNS), demyelinating diseases such as multiple 

sclerosis (MS), can result in devastating neurological impairments. Remyelination is the natural 

process that regenerates myelin in the CNS. However, remyelination is impaired in MS and this 



is partly due to the failure of oligodendrocyte progenitor cells (OPC) to differentiate into 

oligodendrocytes at the lesion sites. T cells play a crucial role in the pathogenesis of MS but 

interestingly, T cells are also required for efficient remyelination. From a wide spectrum of 

functionally different T cells subsets, the regulatory T cell (Treg) subset has been recently shown 

to play an important role in regeneration in various tissues. Therefore, we hypothesised that Treg 

are required for efficient remyelination in the murine brain. 

To study the role of Treg in remyelination we used female and male C57Bl/6 (WT) and 

transgenic FoxP3-DTR mice, in which administration of diphtheria toxin (DT) induced specific 

depletion of Foxp3+ Treg. Animals were exposed to a 0.2% cuprizone diet for 25 days to 

generate demyelinated lesions in the CNS. After this period, animals were returned to normal 

diet to allow remyelination to occur. Treg depletion was initiated at the start of remyelination. 

Both WT and FoxP3-DTR mice showed clear demyelination in the corpus callosum following 

cuprizone feeding compared to healthy controls. After cuprizone withdrawal, female and male 

WT and FoxP3-DTR mice showed a significant increase in differentiated oligodendrocytes 

(Olig2+CC1+ cells), indicating ongoing remyelination in the corpus callosum. However, both 

Treg-depleted females and males showed a significant reduction in Olig2+CC1+ cells after 2 

weeks of remyelination in comparison with non-depleted animals or DT-treated control WT 

mice. Moreover, depletion of Treg impaired the expression of PLP mRNA in another brain area, 

the cerebellum, indicating an impaired remyelination response. Interestingly, a significant 

reduction in Olig2+Ki67+ proliferative OPCs was also observed in Treg-depleted mice compared 

to non-depleted animals, which is in contrast to our recent findings in spinal cord remyelination. 

We also observed gender differences in the kinetics of the regenerative response which was 

impacted by Treg depletion. 

These results suggest that Treg depletion impacts oligodendrocyte proliferation and 

differentiation during remyelination in both males and females brain, highlighting the importance 

of Treg in CNS remyelination. 
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Abstract: Cuprizone (CPZ) mouse model was originally established to model the loss of myelin 

sheath in brain white matter in diseases such as multiple sclerosis (MS). The model has 

conventionally been induced by feeding young mice with CPZ for 6 weeks. However, the dietary 

CPZ model has some disadvantages, including high variability of the amount of CPZ consumed 

during the study. In addition, the taste of chow containing CPZ combined with model-specific 

reluctance to eat may eventually lead to starvation, which in turn is a source of bias in motor 

behavioral readouts. To overcome these challenges, we have validated a model in which the mice 

receive CPZ in two daily oral gavages. Male C57Bl/6J mice (n = 15) at age of 8-10 weeks 

received two daily oral gavages of 150 mg/kg of CPZ for a 6-week period. The model was 

assessed according to the body weights, motor behavior and fractional anisotropy (FA), 

measured by diffusion tensor imaging (DTI). The readouts were evaluated at baseline and after 6 

weeks of exposure. 

Male mice were originally selected for the study due to our observation of fluctuating body 

weight (BW) in female mice, presumably due to natural hormone level fluctuation. In male mice, 

6-week CPZ dosing induced a maximum of 10% decrease in BW, whereas with a higher dose or 

in dietary model, the critical weight loss of 25% was reached frequently. Accordingly, the 

termination rate (due to humane endpoint criteria) was pronouncedly diminished in oral gavage 

model versus the dietary model (1.5% vs 30%, respectively). 

After 6 weeks of cuprizone exposure, the mice showed statistically significant increases in 

parameters of locomotor activity (traveled distance, rearing count, jump count and jump time) 

compared to vehicle-dosed controls. In addition, neophobia normally displayed by rodents 

(avoidance of open areas and preference of being close to walls etc.) was also significantly 

reduced in CPZ-exposed mice compared to the vehicle mice. Furthermore, at 6 full weeks of 

CPZ dosing, DTI showed highly significant decrease (15-18%) of fractional anisotropy (FA) in 

the genu, body and splenium of corpus callosum. In addition, a moderate, yet significant, FA 

decrease of 6-9% was observed in the forceps minor of corpus callosum, external capsule and 

anterior commissure (anterior part). 

Taken together, we have characterized a cuprizone model with notable reproducibility. The oral 

gavage model of cuprizone exposure produced a model phenotype with significant motor 

hyperactivity along with significantly reduced neophobia and significant white matter loss in 

comparison to the vehicle mice. Combined with the shown low mortality, this model offers an 

excellent preclinical model of demyelination. 
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Abstract: We recently published that a diet high in fat and sucrose results in a loss of 

myelinating cells and their progenitors in the intact adult spinal cord (Yoon et al., 2016), 

however any differential effects of high fat or sucrose are unclear. To further explore the impact 

of dietary fat alone on myelin integrity in the adult CNS, 10 wk old male C57BL6J mice were 

fed a regular diet (RD) or a diet high in fat (HFD) for 4 wk. Mice fed a HFD for 4 wk had 

impaired glucose tolerance and increased caloric intake. Mice fed a HFD also showed significant 

decreases in vertical activity in the Open Field test and spent less time in the center of the field 

indicating an anxious phenotype. Supporting our previous findings in the spinal cord, there were 

significantly fewer Olig2+ oligodendrocyte lineage cells and increased signs of lipid 

peroxidation products (4-Hydroxynonenal-immunoreactivity) in the corpus callosum of HFD 

consuming mice compared to those fed a RD. To explore the effect of HFD on Cuprizone (CPZ)-

induced demyelination, 10 wk old C57BL6 male mice were fed a RD or HFD for 4 wk prior to 

consumption of the same diets containing 0.2% CPZ for an additional 4 wk. Behaviorally, CPZ-

HFD mice spent significantly more time engaging in stereotypic movements, such as grooming, 

during the Open Field test. Gait analysis by Catwalk also identified improvements in hind limb 

swing speed in the CPZ-HFD group when compared to CPZ-RD mice. Motor skills sequence 

(MOSS) revealed significant deficits in maximum velocity during complex wheel training in 

CPZ-administered RD or HFD-mice and in mice fed a HFD alone. However, CPZ-HFD mice 

were significantly faster than CPZ-RD mice during complex wheel running. Although 4 wk of 

CPZ exposure significantly depleted the number of Olig2+ oligodendrocyte progenitor cells, no 

significant difference between CPZ-RD and CPZ-HFD was observed. However, Eriochrome 

staining and qPCR for MBP and PLP in the corpus callosum revealed significant loss of myelin 

that was somewhat preserved in CPZ-HFD mice when compared to CPZ-RD. Moreover, GFAP 

immunoreactivity was significantly increased in CPZ fed mice, but to a lesser extent in the CPZ-



HFD group when compared to CPZ-RD. Together these studies suggest that HFD may have a 

deleterious effects on myelin in the intact CNS, but be protective in the context of CPZ-mediated 

demyelinating injury. How HFD affects myelin regeneration upon CPZ withdrawal is currently 

under study. A better understanding of cellular and molecular changes in response to HFD 

consumption is needed to help guide care for individuals with MS and other conditions in which 

myelin loss plays a pathological role and has the potential to identify new targets for 

intervention. 
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Abstract: Childhood exposure to general anesthetics may have harmful effects on cognitive 

function, but mechanisms underlying this phenomenon are unclear. Previous work has focused 

on the effects of anesthetics on CNS neuronal development. Here we demonstrate that early 

anesthetic exposure disrupts oligodendrocyte (OL) and myelin development in fimbria (FI) of 

hippocampus via actions on mTOR and related epigenetic dysregulation. At P7, 24 mice were 

exposed to 1.5% isoflurane carried in 100% oxygen and 12 to room air (control) for 4 hours. 

From P21-P35, rapamycin or vehicle was injected (i.p.) to isoflurane exposed animals. Animals 

were sacrificed at P35 for IHC and WB, or at P63 for EM. During P56-P63, behavior tests for 

learning ability (novel objective position recognition-NOPR and Y-maze) were performed. To 

determine the effect of isoflurane exposure on mTOR in OLs, pS6/APC labeled cells in FI were 

assayed. In control, 19% APC+ OLs were pS6+ and there was an increase to 51% in isoflurane 

exposed mice, which was ablated by rapamycin treatment (23%). In NOPR, control mice spent 

58% exploration time with the novel object. The isoflurane exposed mice spent essentially equal 

exploration times at both objects. Rapamycin treatment restored the performance to near control 

levels (55%). In Y-maze, similar results were observed in novel arm (58% vs 50% vs 56%). 47% 



BrdU+/NG2+ OPCs in FI were seen in control and 28% in isoflurane group. This number 

increased to 47% in isoflurane plus rapamycin group. The ratio of APC+ OLs over PDGFRα+ 

OPCs in isoflurane mice (234%) was lower than in control (346%) and rapamycin increased the 

ratio (339%). WB data indicated intensity of Nkx2.2 over β-actin was downregulated by 

isoflurane (64% vs 20%) and rapamycin attenuated this effect (40%). Expression of MBP was 

decreased by isoflurane (111% vs 60%) and it was restored with rapamycin (104%). In EM, the 

myelin thickness significantly decreased in isoflurane exposed animals than control (g-ratio 0.8 

vs 0.76) and rapamycin increased thickness (0.76). For DNA methylation in OLs, 65% Olig2+ 

cells in control were double labeled with DNMT1 and only 37% in the isoflurane group. 

Rapamycin treatment increased this number (60%). Early isoflurane exposure in mice induces 

the activation of mTOR signal in OLs. Isoflurane decreases proliferation of OPCs, impedes 

differentiation of OPCs into mature OLs, inhibits the myelin formation in hippocampal white 

matter, and impairs the learning ability. Inhibition of mTOR pathway attenuates these effects. In 

addition, early isoflurane exposure reduces, and rapamycin treatment increases, DNA 

methylation level in OL lineage that contributes to OL and myelin development. 
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Abstract: We have generated a Xenopus laevis transgenic line allowing conditional ablation of 

myelinating oligodendrocytes. In this MBP-GFP-NTR line the transgene, GFP reporter fused to 

E. coli nitroreductase (NTR) driven by the mouse 1.9kb upstream regulatory sequence of myelin 

basic protein, is specifically and selectively expressed in myelin forming oligodendrocytes. Since 

NTR converts the innocuous pro-drug metronidazole to a cytotoxin, to kill oligodendrocytes and 

induce conditional demyelination, metronidazole was introduced into the aquarium water. As 

tadpoles are transparent, demyelination can be monitored in vivo and quantified. For instance, in 

stage NF52-53 (i.e., 25 days post fertilization) MBP-GFP-NTR transgenic tadpoles treated for 10 



days with metronidazole (10mM) the number of GFP+ cells per optic nerve significantly 

decreased from 13.9 + 1.0 to 2.3 + 2 (p<0.01). Upon cessation of metronidazole treatment, i.e., 

after returning tadpoles to normal water, spontaneous remyelination occurred rapidly: the 

number of GFP+ oligodendrocytes per optic nerve reached 8.3 + 0.9 and 13.3 + 1.5 at 3 and 8 

days of recovery, respectively. We confirmed that counting the number of GFP+ cells is a 

reliable indicator of the extent of myelination/demyelination/remyelination by immunolabeling 

with myelin-specific antibodies and electron microscopy. Furthermore, we reasoned that 

demyelination should translate into loss of sensori-motor functions. To challenge this hypothesis, 

we measured the speed and distance traveled before and after demyelination and during the 

ongoing spontaneous remyelination. In addition, to test the functional consequence of 

demyelination and repair of the optic tract of MBP-GFP-NTR transgenic Xenopus tadpole we 

adapted a visual avoidance paradigm, based on a virtual collision test. Quantitative evaluation of 

behavioral perturbation was confronted to the degree of demyelination-remyelination assayed by 

counting the number of GFP+ oligodendrocytes in the optic nerve. 
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Abstract: Despite combined antiretroviral therapy (cART), HIV-associated neurocognitive 

disorder (HAND) occurs in 30-50% of HIV-positive patients. Furthermore, white matter 

pathologies persist in HAND patients despite effective viral control through cART. The thinning 

of the corpus callosum and disruption of white matter microstructures seen in HIV-positive 

patients, on cART, suggest both HIV-infection and/or antiretroviral drugs may perturb myelin 

production and oligodendrocyte maturation. Thus, we hypothesized that HIV-infection of 

macrophages and/or antiretroviral compounds alter oligodendrocyte differentiation, function, 



and/or survival, influencing the persistence of HAND in the post-cART era. To examine the 

effect of HIV-infection in the CNS on oligodendrocyte maturation, we stimulated primary rat 

oligodendrocyte precursor cells (OPCs) to differentiate into mature oligodendrocytes, and treated 

them with supernatants from HIV-infected monocyte derived macrophage (HIVMDM). To 

generate HIVMDM supernatants, primary monocytes were isolated and differentiated into 

macrophages, then infected with HIV. Using this model, HIVMDMs significantly inhibited the 

differentiation of OPCs, which may explain initial white matter loss in HIV-infected patients. To 

gain insight into the persistence of white matter changes in the post-cART era, we have 

previously demonstrated that ART compounds, lopinavir and ritonavir, both of the protease 

inhibitor (PI) class, inhibit oligodendrocyte precursor differentiation, while zidovudine, a 

nucleoside reverse transcriptase inhibitor (NRTI), did not. We have extended these analyses to 

examine other antiretroviral compounds including, another PI; darunavir, NRTIs; tenofovir 

alafenamide and tenofovir disoproxil, and integrase inhibitors (INSTI); elvitegravir and 

raltegravir. Darunavir, tenfovir alafenamide, and elvitegravir also inhibited oligodendrocyte 

differentiation, while tenofovir disoproxil and raltegravir did not affect oligodendrocyte 

differentiation. These studies suggest that further investigation into the effects of HIV and/or first 

line ART compounds are warranted to provide insights into the observed persistent white matter 

changes seen in HAND patients with implications for their contribution to cognitive impairment. 
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Abstract: Leprosy neuropathy is a chronic disorder caused by the infection of the peripheral 

nerve by the obligate intracellular pathogen mycobacterium leprae (M. leprae). Among all non-

neuronal cells present in the nerve, Schwann cells are the primary host that positively contributes 



to M. leprae persistence in the nerve. While M. leprae binding to myelinated Schwann cells has 

been implicated in demyelinating phenotype, the mechanisms governing myelin dismantling 

during infection as well as its contribution to bacilli survival in Schwann cells remain elusive. 

Here, we provided strong evidence of close interaction between M. leprae with degenerating 

myelin profiles both in vitro and in vivo, by using a mouse model of leprosy infection and in 

human nerve biopsies. We also documented accelerated myelin breakdown trigged by M. leprae 

infection that was associated with a robust downregulation in positive myelin transcriptional 

regulators, along with upregulation of autophagy-related genes. Moreover, when we blocked 

myelin degradation by pharmacological inhibition of JNK/c-Jun pathway, we drastically reduced 

M. leprae viability in Schwann cells. Overall, these findings provide novel evidences of 

augmented autophagic-myelin destruction induced by M. leprae and, most relevant, that myelin 

breakdown favors M. leprae survival in Schwann cells. 
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Abstract: [Background] Stroke is the most leading cause of adult neurological disability 

worldwide. Although remarkable progress in the research of stroke has been made, most 

translational efforts into effective therapies have failed, except for thrombolytic therapy or 

intravascular thrombectomy that only benefits a small proportion of patients. Deeper 

understanding of the neurovascular injury and repair responses after stroke would lead to novel 

orchestrated therapeutic approaches. Among various cell types in neurovascular unit in the brain, 

oligodendrocyte precursor cells (OPCs) have been shown to play more diverse and crucial roles 

than previously appreciated. Besides serving as a reservoir for mature oligodendrocytes, OPCs 

display phenotypic heterogeneity, regulating neuronal, glial and vascular systems in a direct and 

reciprocal fashion. However, the detailed phenotypic changes of OPCs after cerebral ischemia 

remain largely enigmatic. 



[Object] Our aim is to evaluate how OPCs contribute to neurovascular damage and regeneration 

after cerebral ischemia. 

[Methods] A mouse stroke model was produced by transient middle cerebral artery occlusion 

(MCAO). Cerebral blood flow was monitored by laser speckle imaging. Immunohistochemistry 

was conducted to evaluate the behavior of OPCs at days 1, 3, 7, 14, and 28 after MCAO. Using 

primary rat OPC culture, RNA sequencing was performed to profile the alterations of gene 

expression in reactive OPCs after oxygen glucose derivation (OGD). 

[Results]On day 1 after the surgery, PDGFR-α-positive OPCs decreased. Beginning on day 3, 

OPCs were increasing, especially at perivascular area in the ischemic area, and continued to 

increase on days 7 and 14. Increased “perivascular” OPCs were located closely to endothelial 

cells and coupled with post-stroke angiogenesis. Meanwhile, increased OPCs after cerebral 

ischemia could not fully differentiate into mature oligodendrocytes, as evaluated by fluoromyelin 

staining showing a decrease 

in myelin integrity at the ischemic area where perivascular OPCs were increased. In vitro RNA-

seq analysis of OPCs revealed substantial alterations in gene expression profiles after OGD. 

[Conclusion]Our data suggest that reactive OPCs actively participate in the damage and repair 

reactions of neuronal, glial, and vascular systems after ischemic stroke. The modification of 

“pathological” OPCs would lead to novel therapeutic approach for stroke. 
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Abstract: Alzheimer’s disease (AD), the most common form of dementia, afflicts millions of 

Americans and people around the world and has no cure or efficacious treatment. Diabetes and 

non-diabetic hyperglycemia are both risk factors for AD. It has been previously shown by our lab 

that increased hyperglycemia leads to increased levels of interstitial fluid (ISF) amyloid beta 

(Aβ) and neuronal activity. We also demonstrated, pharmacologically, that ATP-sensitive 

potassium (KATP) channels modulate this increase in ISF Aβ and neuronal activity. In order to 

determine if active KATP channels are required for the resulting increases in Aβ and neuronal 

activity seen in hyperglycemic events, an AD mouse model (PSAPP) was crossed with mice 

deficient in the KATP channel subunits, Kir6.1 or Kir6.2. These PSAPP mice with genetic 

deletions of either Kir6.1-KATP or Kir6.2-KATP were also examined for any modulatory effects 

on the pathological features of AD. Mice brains were sectioned and stained for Aβ plaques then 

analyzed. When Kir6.2-KATP was deleted in PSAPP mice and a glucose insult was given, ISF 

Aβ and neuronal activity did not increase with elevated glucose levels. This change was not seen 

in PSAPP mice without the Kir6.1-KATP subunit. Next, Aβ burden in the cortex and 

hippocampus was found to be unchanged among PSAPP control mice and PSAPP mice with 

Kir6.1-KATP or Kir6.2-KATP deficiency. These results suggest that Kir6.2-KATP is necessary 

for hyperglycemic-associated Aβ and neuronal activity increases. The lack of plaque burden 

modulation with either Kir6.1-KATP or Kir6.2-KATP deletion in PSAPP mice brains suggests 

that further research must be done in order to determine if the Kir6.2-KATP deletion effects are 

only present during hyperglycemic events. Also, further examination is ongoing to determine 

whether other AD pathological changes were modulated by these deleted KATP channels, 

despite no change in Aβ plaque burden. 
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Abstract: Diabetes is associated with an increased risk for dementia including Alzheimer’s 

disease (AD). Our recent studies show that cognitive dysfunction is accompanied by alterations 

in the hippocampal insulin receptor substrates (IRSs) signaling in diet induced obesity (DIO) 

mice for type 2 diabetes model and APP knockin (APP KI) mice for AD model. However, it is 

unclear whether type 2 diabetes affects memory functions, adult neurogenesis, and amyloid 

accumulation in APP KI mice through the hippocampal IRSs signaling.We found that the 

enhancement of hippocampal IRSs phosphorylation at serine residues, the reduction of 

hippocampal neurogenesis, and the exacerbation of cognitive dysfunction occur in APP KI mice 

with type 2 diabetes compared with APP KI mice with normal diet or DIO mice, whereas type 2 

diabetes has no effect on amyloid accumulation in APP KI mice. These results suggest that the 

hippocampal IRSs signaling may play an important role in development of AD with type 2 

diabetes independently of β-amyloid accumulation. 
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Abstract: Numerous well known studies indicated that aberrant energy metabolism play key 

roles in Alzheimer’s disease (AD) pathogenesis. Alzheimer’s disease (AD) is a slow progressing 



neurodegenerative disease that can remain asymptomatic for several decades. It has been widely 

approved that the production and deposition of Aβ are early events that precede the onset of 

memory impairment that occur during the late stage of AD. Therapeutic approaches targeting Aβ 

have been applied to halt disease progression, however satisfactory consequences remain limited 

because memory improvement and energy metabolic dysfunction were not completely 

recovered. Recently, promising evidences reported that metabolic imbalance might be 

fundamental cause of AD, indicating that metabolic regulator for glucose, lipid and insulin might 

be important interventions for AD. We investigate that our applied natural-derived protein 

attenuates AD and metabolic dysregulation via regulation of energy metabolism. 
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Abstract: The basal forebrain is comprised of several nuclei including the substantia 

innominata, medial septum, nucleus basalis and diagonal band of Broca. These basal forebrain 

nuclei consist of several neuronal populations including cholinergic, GABAergic, and 

glutamatergic neurons. The cholinergic component, named the basal forebrain cholinergic 

system, comprises the largest source of cholinergic innervation of neocortical and subcortical 

limbic areas implicated in attention, learning, and arousal. Evidence suggests basal forebrain 

neurons are impacted in aging and, more dramatically, in diseases such as Alzheimer's. However, 

frank degeneration of basal forebrain cholinergic neurons appears to be a late-stage phenomonen 

associated with Alzheimer’s disease and other age-related dementias, suggesting that earlier 

manifestations of cholinergic dysfunction may reflect alterations in afferent regulation of this 

important neurotransmitter system. We investigate basal forebrain afferent activation during 

salient conditioned stimuli to reveal afferent projections directly affected by age. Both aged (26-

28 months) and young (2-3 months) rats were administered 200 nl cholera toxin B (CTb), a 

retrograde tracer, in the ventral pallidum and substantia innominata region of the basal forebrain, 

and placed on an 80% food restricted diet. The following 7 days prior to perfusion with 



paraformaldehyde, rats were either trained using a dark/food paired conditioned stimulus, known 

to activate basal forebrain cholinergic output, or not trained. On day 15, aged and young trained 

rats were either given a dark/food paired stimulus or only given a dark cue absent of the 

stimulus. Two hr later, animals were sacrificed and their brains processed for 

immunohistochemical detection of the neuronal activity marker, cFos, and CTb. Aged rats 

showed altered activation of basal forebrain afferents located in the medial prelimbic cortex, 

nucleus accumbens, central amygdala and ventral tegmental area when presented a dark/food 

stimulus compared to controls. Additionally, we investigated activation of heterogeneous cell 

populations within the basal forebrain to further elucidate potential circuits affected by age 

related loss of activation of basal forebrain cholinergic neurons. These data suggest that age-

related changes in basal forebrain activation may stem from alterations in afferent regulation by 

brain regions implicated in reward, affect and attention. 
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Abstract: Background: There is a consensus that mitochondrial dysfunction and mitochondria-

originated oxidative damage are early events in the pathogenesis of Alzheimer's disease (AD). 

Moreover, abnormal mitochondrial dynamics and distribution as well as autophagy impairment 

are well characterized in the disease. Presenilin 1 (PSEN1) M146L gene mutation is the most 

prevalent in familial AD. Besides the generation of Aβ, little is known about PSEN1 implication 

in mitochondrial dysfunction and oxidative damage. 

Methods: Mitochondria profile has been studied in isogenic PSEN1-modified iPSC-derived 

neural precursor cells. 

Results: PSEN1-modified cells demonstrated a decreased metabolic activity in mitochondria in 

relation to changes in the activity of mitochondrial enzymes involved in energy metabolism 



promoting glycolytic pathway. Moreover, PSEN1-modified cells exhibited a mitochondrial 

accumulation due to a mitochondrial recycling failure as consequence of an autophagy induction 

blockage. These results were accompanied by a deregulation of the proteins involved in 

mitochondrial dynamics that could be reflect an impairment of mitochondria distribution and its 

degradation. 

Conclusions: Our findings indicate PSEN1-modified cells are a suitable model for the study of 

AD due to the recapitulation of features previously described in different AD models. Together, 

all these results point out the relevance of the mitochondrial abnormalities in the early stages of 

neural fate in the study of AD. It serves as a platform to unravel the role of PSEN1 in 

mitochondria metabolism and mitochondria quality control in a human neuronal model of AD, 

and to develop a useful in vitro screening system for existing and future AD-targeting drugs. 
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Abstract: The etiology of Alzheimer’s disease (AD) is still unclear. Energy metabolic 

dysfunction has been found to be a distinct characteristic of AD, and may be the underlying 

pathogenic mechanism of Alzheimer’s disease. AMP-activated protein kinase (AMPK) is a 

master energy sensor that plays a critical role in maintaining cellular energy homeostasis, 

dysregulated of which has been linked to AD pathogenesis. AMPK has 3 subunits, the α, β and γ. 



The α subunit is the catalytic subunit and has 2 isoforms, α1 and α2. Activity of AMPK is mainly 

regulated through phosphorylation on the catalytic α subunit. In this study we examined AMPK 

signaling in a non-human primate (vervet) model of pre-clinical Alzheimer’s disease. Nine 

naturally aged female vervet monkeys were included in this study. Three AD-like monkeys 

showed high Aβ plaque burdens and Aβ dimers, while three control monkeys only showed very 

low Aβ plaque burdens and no Aβ dimers. Level of Aβ42 in CSF was lower in AD-like monkeys 

as compared to control monkeys. Behavior assessments showed AD-like monkeys were less alert 

and less energetic. Levels of AMPKα2 phosphorylation were significantly increased in the 

hippocampi of the AD-like monkeys as compared to control groups. Mass spectrometry-based 

proteomic studies showed that 31 proteins were up-regulated and 46 proteins were down-

regulated in the hippocampi of the AD-like monkeys, many of which were indicated in 

metabolism process. Protein-protein interaction analysis suggested most of the up-regulated and 

down-regulated proteins are related to AMPKα through a network, indicating the pivotal role of 

AMPK in Alzheimer’s disease. Taken together, AMPK signaling was dysregulated in the 

hippocampus of a vervet model of Alzheimer’s disease, which contributes to our understanding 

of the molecular mechanisms underlying AD, thus may provide insights into development of 

novel diagnostic biomarker and therapeutic avenue for this devastating disease. 
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Abstract: Alzheimer’s mouse models (such as CVN-AD) may experience progressive neuronal 

death through loss of neurovascular coupling and substrate deprivation. We analyzed spreading 

depression (SD) episodes induced by K+ and anoxia to assess hemodynamic reactivity in 

variously aged CVN-AD and wild type control (WT) C57Bl mice (in weeks: young: < 24; 

mature: 30-40; aged > 50). 

Methods: Spontaneously breathing mice were anesthetized with isofluorane (~1.5%), monitored 



for pulse ox (> 75%, 30% fiO2), pulse rate (> 400/s), temp (> 37 C) and tail BP (> 80 mm Hg 

mean). Blood flow was measured by laser Doppler 3 mm in front of the glass micro-electrode (in 

posterior burr hole) measuring DC cortical responses. 1 M KCl was placed in an anterior burr 

hole to induce spontaneous SD events, measuring the hyperemic contour, magnitude, and 

cortical spread of blood flow responses, including transcranial reflectance imaging at 562 nm 

(IOS: Sensicam QE, 2.5-5X). 

Results: SDs led to either monophasic hyperemia or a biphasic response with a brief decrease of 

blood flow followed by an overshoot. Peak SD-induced blood flow responses (% above baseline) 

were larger in both the mature (WT 109%, n=36 SDs vs. CVN 102%, n=25 SDs) and aged WT 

mice (WT 99%, n=36 SDs vs CVN 74%, n=41 SDs, p* <0.05) compared to CVN mice of the 

same age. A diminished hyperemic peak was also noted in aged vs young CVN mice (p*< 0.05 

CVN aged, n =41 SDs vs. CVN young, n = 25 SDs). The number of SD events per animal (6.0) 

and inter-SD time interval (14.3 min) were similar, but SD physiological amplitude differed 

between WT and CVN: mature (-14.0 vs -9.59 mV) and aged (-9.29 vs -6.11 mV), respectively. 

SD conduction velocity averaged 6 mm/min. Terminal hypoxic-SD events (100% N2) showed 

less reactive blood flow response in the CVN mice (WT +7 % vs CVN -60 % of baseline). IOS 

imaging showed linear waves of front to back SD propagation at concordant conduction 

velocities with occasional deviation or conduction failure. The IOS wavefront showed a reduced 

reflectance followed by an enhanced signal, likely consisting of both hemodynamic and tissue 

changes. 

Conclusions: In aging CVN mice there was a progressive age-related decrease of the hyperemic 

peak during spontaneous K+-SDs compared to wild type mice, and also a reduced reactive blood 

flow response to anoxia (100% N2). SD propagation patterns could be visualized transcranially 

with IOS to correlate with blood flow and physiological responses. These results show 

alterations in neurovascular coupling and reactivity in CVN-AD mice compared to aged controls 

both at the cortical blood flow level in response to SD events, as well as at the capillary and 

arteriole level when measured in vitro in tissue slices. 
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Abstract: Neurovascular coupling (NVC) is the mechanism by which increased energy demands 

from neurons are followed by localised increases in blood flow, a process thought to be 

dysfunctional in Alzheimer's disease (AD). The greatest genetic risk factor for AD, the gene for 

Apolipoprotein ε4 (APOE4), reduces pericyte coverage of the microvasculature via a cyclophilin 

A (CypA) mediated pathway, resulting in increased blood brain barrier (BBB) permeability even 

in young animals1. As pericytes are key players in the NVC response 2, we speculated that 

pericyte damage in APOE4 mice may impair capillary-level blood flow regulation. Such blood 

flow perturbation could promote AD by producing hypoxia, facilitating the formation of plaques 

and tangles. To test if young APOE4 animals exhibit neurovascular deficits in response to 

sensory stimulation, humanised APOE3 or APOE4 targeted replacement mice were bred with 

NG2-DsRed or Thy1-GCamp6f animals, allowing the visualisation of pericytes or excitatory 

neuronal activity. Two-photon imaging was employed to measure blood vessel diameter changes 

in response to visual stimulation in the visual cortex of awake head-fixed mice. Preliminary 

results suggest fewer capillaries respond to visual stimulation in APOE4 animals, although the 

size of dilations in responding capillaries does not differ between genotypes. Conversely, there is 

no difference in the frequency of responses in pial vessels, but these dilations are smaller in 

APOE4 mice. This is consistent with a scheme whereby smaller APOE4 pial dilations reflect net 

microvascular responses that have propagated upstream from a dysfunctional capillary bed 3. 

Because the increase in BBB permeability can be mitigated by the CypA inhibitor, cyclosporine 

A (CsA), we tested if it could also improve NVC in APOE4 mice. Preliminary data suggests this 

may be the case. In conclusion, preliminary data suggests that there may be early perturbations in 

the vascular response to visual stimulation in the visual cortex of APOE4 mice. Fewer responses 

in the capillary bed and the resultant smaller vascular responses at the pia could result in a deficit 

in energy supply to this area. The possible restoration of function after administration of CsA 

presents a potential therapeutic strategy for early vascular changes in APOE4 carriers. 1. Bell, R. 

D. et al. Nature 485, (2012). 2. Hall, C. N. et al. Nature 508, (2014). 3. Longdean, T. A. et al. 

Nat Neurosci. 20, (2017). 
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Abstract: Mitochondria are pivotal organelles for eukaryotic cells by providing energy, 

regulating Redox balance and modulate intracellular calcium homeostasis. Defected 

mitochondrial function results in cellular stress and eventually the cell death. Mitophagy is vital 

for the clearance of damaged mitochondria to maintain a healthy pool of mitochondria. A 

previous study has shown that mitofusin 2 (Mfn2) plays a key role in mediating mitophagy in 

cardiomyocytes by serving as a mitochondrial adaptor for Parkin. Of note, reduced expression 

levels of Mfn2 has been repeatedly identified to be a prominent change accompanying many 

neurodegenerative disorders such as Alzheimer’s disease, which is characterized by brain 

mitochondrial dysfunction. In this regard, the accumulation of defected mitochondria in neurons 

in neurological diseases may be at least in part a result of lowered Mfn2 expression. However, 

whether Mfn2 is indispensable for the formation of mitophagosomes in neurons has not been 

comprehensively investigated yet. To address this question, we downregulated the expression of 

Mfn2 in primary cultured neurons and examined the status of mitophagy. Mfn2-downregulated 

neurons demonstrates severe mitochondrial dysfunction including increased fragmentation, 

increased oxidative stress and lessened energy production. Surprisingly, we have observed 

dramatically activated mitophagy in Mfn2-knockdown neurons, demonstrated by increased 

translocation of Parkin and LC3 as well as enhanced lysosomal engulfment of mitochondria. 

Such effects of loss of Mfn2 in potentiating mitochondrial dysfunction and mitophagy in neurons 

were further confirmed in genetic Mfn2 knockout mice. Therefore, our results suggest that Mfn2 

is not likely to be a necessary protein facilitating mitophagy in neurons. Such discrepancy may 

arise from the heterogeneity of different cell types. 
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Abstract: The architecture of the cerebrovascular system is inherently complex. The multitude 

of interconnected pathways that form a unidirectional distribution of blood flow contribute to a 

highly dynamic and stringently regulated system. The angioarchitecture is a major influential 

property that governs cerebral blood flow and thus guides the energetic states of the brain. 

Cerebrovascular hypoperfusion and hypometabolism are early manifestations of Alzheimer’s 

disease (AD) pathology, both of which worsen with age and disease progression. The precise 

role of cerebrovascular hypoperfusion and hypometabolism participate in the etiology and 

progression of AD is unknown. Cerebral amyloid angiopathy (CAA) is defined as a pathological 

accumulation of the amyloid-β peptide on cerebral blood vessels. CAA is reported in as many as 

90% of all AD patients. Our unpublished studies demonstrate that the interaction between 

amyloid-β and cerebrovascular endothelial cells results in a number of metabolic and functional 

changes that suggest cellular stress. However, currently unknown is whether the accumulation of 

amyloid-β on the vasculature contributes to the cerebrovascular hypoperfusion and 

hypometabolism observed in AD patients. Thus, the goal of our study is to determine whether 

the progression of AD with age results in changes to the cerebrovascular architecture and 

function in a triple transgenic mouse model of AD. In our study, we used vascular corrosion 

casting to reconstruct the complete cerebrovascular system of the entire aged mouse brain at a 

sufficient resolution required to observe the microvasculature. Whole-brain vascular networks 

demonstrated complete vascular hierarchy, including geometrically complex microvascular 

networks. Regions specific assessment in aged triple transgenic AD mice demonstrated 

microvessel specific vascular deficits indicating vascular degeneration in aged triple transgenic 

mice compared to age matched wild type control mice. 
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Abstract: Genetic and environmental factors interact to regulate Alzheimer’s disease (AD) risk. 

The strongest genetic risk factor for the development of late-onset AD is the ε4 allele of 

apolipoprotein E (APOE4). APOE encodes the apolipoprotein (apoE) cholesterol transporter, 

which has a role in lipid homeostasis. Obesity and the metabolic syndrome are primary 

modifiable risk factors for AD and may exacerbate these genetic vulnerabilities. Indeed, recent 

research from our lab demonstrated a significant interaction between obesity and APOE 

genotype in the regulation of AD-like pathology in EFAD mice in which obesogenic diet 

increased pathology in APOE4 but not APOE3 genotype. Because increased inflammation is 

implicated in driving AD pathogenesis and is associated with the deleterious effects of both 

obesity and APOE4, inflammation represents a compelling candidate mechanism by which 

obesity and APOE4 interact to accelerate the development of AD. To gain insight into this 

possibility, the current research compared the effects of normal and obesogenic diet in male mice 

with APOE3 versus APOE4 genotype on inflammatory indices systemically and in brain. 

Further, we considered downstream effects of these interactions, focusing on metabolic and 

behavioral outcomes. Experimentally, adult male mice (N = 34) with knock-in of human APOE3 

(E3) or APOE4 (E4) were maintained on Western diet (WD; high in saturated fat and sugars) or 

standard chow for 12 weeks beginning at age 3 months. Expression of microglia/macrophage 

markers, cytokines, and immune response factors were determined peripherally (e.g., plasma, 

adipose tissue) and in brain. In addition, mice were assessed on a range of metabolic (e.g., 

adiposity, glucose tolerance, fasting levels of glucose, insulin, and leptin) and behavioral (e.g., 

spontaneous alternation behavior, elevated plus maze) measures. Results from this investigation 

will provide novel insight into the interactions between APOE and diet-induced obesity, which 



will inform on the mechanisms contributing to their cooperative actions in regulating AD 

pathology. 
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Abstract: There is growing evidence that consumption of hypercaloric diets are associated with 

the development of metabolic syndrome (MS). Several studies have shown that MS promotes 

either cognitive impairment and the development of Alzheimer's disease (AD). The chronic 

inflammatory state that characterizes MS is proposed as the main promoter of damage in the 

Central Nervous System (CNS), with the blood-brain barrier (BBB) as one of the most 

vulnerable structures. The aim of this study is to evaluate the effect of the chronic consumption 

of hypercaloric diets (high in sucrose/HS or high in fat/HF) on the integrity of the BBB and the 

neuroinflammatory response in the Hippocampus. Newly weaned male Wistar rats were fed 

chow with hypercaloric diets during 2, 4 and 6 months. Body weight and abdominal fat 

accumulation were quantified, besides plasma levels of glucose, cholesterol and triglycerides. 

Expression of the tight junction proteins (ZO-1, Caludins-3 and -5) of the BBB were determined 

by western blot and qPCR; additionally, the levels of Fibrillar Glial Acid Protein (GFAP) as an 

indicator of neuroinflammation by immunohistochemistry. The results show an increased 

abdominal fat accumulation in rats fed with both hypercaloric diets. No differences in the plasma 

levels of glucose and cholesterol were find, however triglycerides increased in HS fed rats at 4 

and 6 months. The expression of ZO-1 and Claudin-5 decreased in rats fed with both 

hypercaloric diets, been more evident in the group that consumed the high-fat diet. The levels of 

GFAP increased significantly. These results suggest that obesity leads to a loss in the integrity of 

the BBB, in addition to the neuroinflammatory response, furthermore could modify the function 



of the BBB by altering its selectivity and favoring the entry of harmful molecules into the CNS. 

These events could explain, at least in part, the association between MS and the 

neurodegenerative process that characterizes AD.This project was supported by grand CB2015-

1/ 257849 from National Council of Science and Technology (CONACYT) 
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Abstract: Perimenopause is a female aging transition that proceeds- and leads to reproductive 

senescence and is associated with multiple neurological symptoms, including those associated 

with increased Alzheimer’s risk. We previously demonstrated declined bioenergetic and synaptic 

functions in perimenopausal brains that are reminiscent of early stage AD phenotypes. Using 

pathway-centric bioinformatic approaches, the present study is aimed to determine the 

underlying biological processes that drive the transformation of perimenopausal brain and their 

contribution to AD vulnerability. Hippocampal and hypothalamic RNAs from six groups of 

female rats at different age and endocrine status were sequenced and analyzed through Principal 

Component Analysis (PCA), Differentially Expressed Gene (DEG) analysis and Gene Set 

Enrichment Analysis (GSEA). We developed a new ranking system for enriched pathways 

among biological groups by summarizing all pairwise GSEA results. Hierarchical clustering was 

applied to identify significant interactions between emerged pathways. PCA revealed that rats 

during perimenopause exhibited substantially higher variance in overall hippocampal gene 

expression, supporting the perimenopausal brain being at an unstable transition state. While PCA 

and DEG analyses of hippocampal RNA suggested significant differences among age-matched 

pre-/peri-/menopause brains, the difference in the hypothalamus was minor, suggesting 

hippocampus being more affected by endocrine aging than hypothalamus. GSEA further 



revealed alterations in bioenergetic-, inflammatory-, and cell proliferation pathways during the 

transition featured by declining bioenergetic genes and low-grade activation of immune 

pathways. Moreover, nuclear- (nDNA) or mitochondrial DNA (mtDNA)-encoded bioenergetic 

genes are differentially regulated by chronological- and endocrine aging: mtDNA genes 

correlated closely with chronological aging whereas nDNA-encoded counterparts were largely 

endocrine dependent. Our findings suggest that hippocampal transcriptome during 

perimenopause is at a transition state characterized by perturbations to primarily bioenergetic- 

and inflammatory pathways, which could contribute to increased AD risk in women. This study 

provides novel mechanistic insights into the impact of perimenopausal transition on brain 

function, which could have implications for identifying phenotypes of AD risk for earliest 

detection in aging females. 
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Abstract: Age, APOE4 genotype, and female sex are among the top risk factors for Alzheimer’s 

disease (AD). Our previous studies demonstrated substantial sex disparities in brain bioenergetic 

trajectories in normal aging- and familial AD transgenic mice, and the bioenergetic deficits 

occurring in the perimenopausal brain could contribute to an increased AD risk in females. The 

goal of the present study is to determine the impact of APOE genotype on the sex-differentiated 

AD at-risk phenotypes during brain aging. With age-matched female and male humanized 



APOE4 (hAPOE4) and hAPOE3 mice, we characterized their peripheral metabolic profile at 6- 

and 16 month-of-age, as well as their brain hippocampal transcriptome at 16 month-of-age. Our 

results indicated that at 6 month-of-age, APOE4 genotype elicited significantly lower plasma 

levels of glucose (in both females and males) but higher levels of ketone bodies (only in females) 

compared to age- and sex-matched hAPOE3 mice, and this pattern persisted to 16 month-of-age. 

At 16 month-of-age, the females had higher total triglyceride levels relative to genotype-matched 

males while APOE genotype did not elicit a difference. Moreover, hippocampal RNA-seq 

analysis of these mice suggested distinctive effects of APOE genotype and sex on regulating 

hippocampal gene expression: in terms of differentiated expressed genes (DEGs), variation in 

APOE genotype alone led to a more significant change than that of sex alone, and when these 

two factors combined, the most DEGs were identified between male hAPOE3 and female 

hAPOE4 mice. Furthermore, our pathway-centric bioinformatic analysis indicated that APOE4 

genotype elicited a significant impact on the expression of bioenergetic- and inflammatory 

genes: Gene Set Enrichment Analysis (GSEA) suggested bioenergetic pathway being 

substantially suppressed while inflammatory pathway being activated, in both male- and female 

hAPOE4 mice relative to sex-matched hAPOE3 mice. These findings suggest that APOE4 

genotype regulates the age-related decline in brain bioenergetic function and increased AD risk 

differentially in females and males. Outcomes of this study will provide mechanistic details of 

the APOE4 genetic burden on the sex-differentiated bioenergetic fluctuation during aging and its 

contribution to the onset of the prodromal AD endophenotype and higher AD risks in women. 
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Abstract: Neurogenesis is the principal regenerative mechanism to sustain the plasticity 

potential in adult brains. Decreased neurogenesis parallels the cognition decline with aging, and 

has been suggested as a common hallmark in the progression of many neurodegeneration 

diseases. We previously reported that acute exposure to Nestorone (NES, segesterone acetate), 

alone or in combination with 17β-estradiol (E2), increased rat neural progenitor/neural stem cell 

proliferation and survival in brain hippocampus both in vitro and in vivo. The present study 

expanded our previous findings to investigate the more clinical related chronic exposure NES 

alone or in combination with E2 on the regenerative capacity of adult brain. To mimic the 

chronic contraception exposure in women, 3 months old female mice (n = 110) were treated with 

NES, with or without co-administration of E2, for 4 weeks. Neural cell proliferation and survival 

and oligodendrocyte generation were assessed and the involvement of insulin-like growth factor 

1 (IGF-1) signaling pathway was studied. Our results demonstrated that chronic NES and E2 

alone or in combination increased neurogenesis by a comparable magnitude, with minimum to 

no antagonistic or additive effects between NES and E2. In addition, chronic exposure of NES or 

NES+E2 stimulated oligodendrocyte generation, indicating potential elevated myelination. IGF-1 

and IGF-1 receptor (IGF-1R) were also upregulated after chronic NES and E2 exposure, 

suggesting the involvement of IGF-1 signaling as the potential underlined regulatory pathway 

transducing NES effect.These findings provide preclinical evidence and mechanistic insights for 

the development of NES as a neuroregenerative therapy to promote intrinsic regenerative 

capacity in female brains against aging and neurodegenerative disorders. 
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Abstract: We previously reported that reproductive senescence or ovarian hormone depletion by 

ovariectomy (OVX) significantly exacerbates glucose hypometabolism, mitochondrial deficits 

and AD pathology that features the female triple-transgenic Alzheimer's mouse brain (3xTgAD). 

We also demonstrated that the neurosteroid allopregnanolone (Allo) promotes neural stem cell 

regeneration, restores cognitive function and reduces AD pathology in female AD mouse brains. 

The present study was aimed to further investigate the potential therapeutic effect of Allo on the 

bioenergetic system of the female Alzheimer’s brains and its underlying mechanism. Our results 

demonstrated that Allo reversed OVX-induced deficits in mitochondrial respiration and elevation 

in proton leak in 3xTgAD mice, which was supported by the increased expression and activity of 

key mitochondrial bioenergetic enzymes, pyruvate dehydrogenase (PDH) and α-ketoglutarate 

dehydrogenase (αKGDH). In vitro primary cultures suggested that Allo manifested a similar 

mitochondrial potentiating effect across multiple cell types including hippocampal neurons, 

mixed glia and neural stem cells (NSC). Consistent with the restored mitochondrial efficiency, 

Allo reversed OVX-induced increase in lipid peroxidation, an indicator of redox dysregulation 

and oxidative stress. Mechanistically, Allo enhanced brain metabolic activity, restored redox 

homeostasis and reduced amyloidogenesis via up-regulating genes involved in glucose 

metabolism, mitochondrial bioenergetics and the removal of reactive oxygen species (ROS) 

while simultaneously down-regulating genes involved in AD pathology, fatty acid metabolism 

and mitochondrial uncoupling and dynamics. Upstream regulator analysis predicted that Allo 

could effect through activating PPARGC1a and PPARG pathways while inhibiting the PSEN1, 

PTEN and TNF pathways. Further, the potential therapeutic effect of Allo on AD via promoting 

mitochondrial energy transduction was supported by assays performed with NSCs derived from 

induced pluripotent stem cells (iPSCs) of a familial AD patient with PSEN1 A431E mutation. 

Collectively, our findings suggest that Allo functions as a systems-biology regulator of 

bioenergetics, redox homeostasis, and β-amyloid metabolism in the female AD brains, thus 

providing a plausible rationale for Allo as a therapeutic strategy to promote female brain 

bioenergetic function that is compromised upon depletion of ovarian hormones, at natural 

menopause or after premenopausal oophorectomy. 
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Abstract: Women APOE-ε4 carriers are susceptible to accelerated aging and undergo faster 

rates of conversion from Mild Cognitive Impairment (MCI) to Alzheimer’s disease (AD) (Lin et 

al, Alzheimer’s & dementia, 2015). Using humanized APOE-ε4 gene knock-in rat model, we 

conducted a longitudinal study to characterize the individual and combined impact of sex and 

APOE-ε4 genotype on the brain aging process. APOE-ε4 and wildtype (WT), female and male 

rats, were assessed at four aging windows: 7-8 months (m), 9-10 m, 12-13 m and 15-16 m. 

Reproductive cyclicity in female rats was assessed by vaginal lavage. During the longitudinal 

follow-up, we conducted 18FDG-microPET/CT(18-fludeoxyglucose micro Positron Emission 

Tomography/Computational Tomography) to determine brain glucose uptake, and established 

peripheral metabolic profiles. Hippocampal RNA-Seq and magnetic resonance imaging (MRI) 

were conducted at end-of-study. MRI was conducted in fixed rat brain using a 3-dimensional 

high-resolution (100 micron isotropic) T2-weighted sequence. Diffusion-weighted MRI was also 

conducted using a segmented EPI sequence with b-values up to 6000 s/mm2. Metabolically, 

female APOE-ε4 rats underwent an age-related decline in insulin with concomitant rise in 

plasma levels of ketone bodies. In comparison to WT-females, APOE-ε4 females exhibited 

significant decline in 18FDG uptake at 12-13m, following reproductive senescence. The decline 

in glucose uptake in APOE-ε4 females worsened with age. Female APOE-ε4 rats had lower 
18FDG uptake than males across all time points. MRI-based quantitative volume assessment of 

brain regions revealed that white matter areas – anterior commissure and posterior commissure, 

in the APOE-ε4 female brain trended towards larger volume relative to APOE-ε4 males. 

Assessment of myelin integrity, via diffusion parameters, is currently underway. In the APOE-ε4 

females, grey matter areas – neocortex (p<0.05) and hippocampus, were relatively smaller in 

comparison to APOE-ε4 males. RNA-seq analysis from the hippocampus revealed an 

upregulation of MHC-I, IL1R and IL6R in APOE-ε4 females. Upregulation of these genes may 

indicate activation of neuroinflammation in APOE-ε4 female brain. APOE-ε4 females also show 

an upregulation of PLA2G4 (cPLA2) indicating possible activation of the arachidonic acid 

pathway involved in breakdown of myelin (Klosniski et al, eLife, 2016). Thus far, the 

longitudinal data indicate that APOE-ε4, in combination with the aging endocrine transition 

state, worsens the metabolic trajectory which is associated with changes in regional brain 

volumes and neuroinflammation in the aging female brain. 
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Abstract: Sex differences in the effect of APOE4 on risk and progression of AD have been 

reported, with greater adverse impact in women. To address sex and APOE genotype impact on 

therapeutic efficacy of the regenerative neurosteroid Allopregnanolone (Allo), we investigated 

behavioral and metaboloic outcomes following Allo treatment in aged APOE4-/+ female and 

male mice. Female and male APOE3, E4, E3/4 mice were treated 1/week with intramuscular 

dose of 2 mg/kg Allo for 26 weeks or placebo from 10-16 months-of-age. Dose, formulation and 

duration of treatment were designed to reflect the human Phase 1b/2a clinical trial of Allo 

(ClinicalTrials.gov ID: NCT02221622). Behavior was assessed using Novel Object Recognition. 

Plasma and cortex were queried for 185 metabolites using ultra-performance-LCMS. Behavioral 

analyses indicated significantly increased novel object recognition in APOE4 females and males 

with greatest effect in APOE4 females, higher Discrimination Index (DI) and significantly better 

novel object recognition. Allo had no effect in APOE3/3 mice. Metabolomic analyses indicated 

changes in lipid and Arg metabolism between females and males within and across the three 

genotypes. In APOE3 and APOE4 females plasma glycerophospholipid metabolism was 

significantly downregulated (p<0.05). Glycerophospholipids were lowest in APOE3/4 females. 

In cortex, biogenic amines (α-aminoadipic acid, putrescine) and amino acids (Arg and Phe) were 

lowest in APOE3 and APOE4 females suggesting increased Arg catabolism. Following Allo 

treatment, APOE4 female plasma showed decreased glycerophospholipids and increased 

acylcarnitines, suggesting increased lipid catabolism. In APOE4 male plasma, Allo increased 

ADMA, ornithine, and acylcarnitines, indicating increased Arg and lipid catabolism. Allo 

exerted an APOE genotype dependent effect to improve cognitive function in APOE4+ female 

and male mice with APOE4+ females exhibiting greater response to Allo. Metabolomic data are 



suggestive of an effect of Allo to increase lipid metabolism to generate acetyl-CoA to feed into 

the TCA cycle ATP generation in the mitochondria. Further, Allo treatment increased indicators 

of protein metabolism. In summary, efficacy of Allo was evident in both females and males and 

modified by APOE genotype. Further therapeutic development of Allo is underway. Research 

supported by Alzheimer’s Association SAGA Award, National Institute on Aging U01-

AG047222 and Arizona Alzheimer’s Consortium. 
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Abstract: The perimenopause is an aging transition unique to females and is associated with 

multiple neurological symptoms. Our previous study in a rodent model of human perimenopause 

revealed the perimenopausal transition as a critical transition period characterized by a 

significant decline in bioenergetic and synaptic functions, that is reminiscent of early stage of 

Alzheimer’s disease (AD). Combinations of 17β-estradiol (E2) and progestogens (P4) in varying 

regimens are widely used as hormone therapy for menopause-related climacteric symptoms. The 

present study was aimed to determine the efficacy and optimal intervention window of E2 in 

combination of cyclic P4 therapy on female rat brain at different stages of the perimenopausal 

transition, against bioenergetic deficits and AD risks. Placebo or E2+CyP4 therapy was initiated 

on female rats at 9-10 months with either pre- or perimenopause stages at the same age, and for 

each stage, ovariectomy (OVX) or Sham OVX surgery was performed before the intervention. 

Hormone therapy consisted of two 30-day cycles of continuous E2 and cyclic P4 (10 days/cycle) 

delivered by silastic capsules. Upon completion of the regime, rats were subject to 

transcriptomic, biochemical, immunocytochemical and brain metabolic investigations. We 

previously reported that a two-month treatment of E2+CyP4 on (OVX) young rats induced a 



bioenergetic gene-expression profile comparable to the ovary intact females. Our data from this 

study indicate that the efficacy of E2+CyP4 therapy on brain bioenergetic functions in terms of 

glucose metabolism and mitochondrial respiratory capacity was differentially affected by the 

endocrine status of the rats when the intervention was initiated. In addition, our data also 

suggested that OVX initiated on pre- or perimenopausal stages elicited differentiated effects on 

bioenergetic-, inflammatory- and AD-related gene expressions. Immunocytochemistry study 

suggested that the E2+CyP4 therapy could effect through the PI3K-Akt pathway that was 

inhibited by OVX. Bioinformatic analysis of the hippocampal transcriptome identified 

interactions between the biological pathways being affected by hormone depletion, endocrine 

transition and E2+CyP4 therapy. Outcomes of this study will help determine the window of 

opportunity for preventing the at-AD-risk bioenergetic phenotype by hormone intervention in 

women and will provide mechanistic details for developing novel strategies to maintain 

neurological health and function throughout menopausal aging against AD vulnerability. 
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Abstract: Late onset Alzheimer’s disease (LOAD) is a systemic disease with multiple etiologies, 

and is associated with compromised brain metabolism and regenerative capacity. 

Allopregnanolone has been shown to promote brain mitochondrial function, neurogenesis, and 

memory in mouse models, and is currently being investigated as a regenerative therapeutic for 

AD (NCT02221622). While genetic markers such as APOE genotype may predict risk of AD, 

there is currently no genetic markers to predict therapeutic outcomes for AD. Because 

mitochondrial genetic variances and APOE genotype are known to be differentially associated 



with respiratory capacity and cell proliferation, in this study, we evaluate whether they can be 

used as potential genetic markers to predict responders for Alzheimer’s disease therapeutics. T-

cells from allopregnanolone clinical trial participants were reprogrammed to iPSCs via a non-

integrating, non-viral method, and then differentiated into NSCs using dual inhibition of SMAD 

signaling. Mitochondrial respiration and regenerative capacity were determined by metabolic 

analyzer and FACS. To determine mitochondrial haplogroups of the participants, DNA was 

extracted from whole blood of the participants, and Hypervariable region 1 and 2 of 

mitochondrial DNA were amplified, sequenced, and aligned to the Revised Cambridge 

Reference Sequence. Mitochondrial haplogroup was assigned using HaploGrep2 based on 

identified variants. Analysis revealed that allopregnanolone treatment preferentially increased 

maximum respiration in NSCs derived from participants of mitochondrial haplogroups A, L, M, 

and N compared to those from haplogroups H, HV, and J. Further, NSCs derived from male 

APOE4 carriers exhibited significantly different proliferation pattern relative to male non-

APOE4 carriers following allopregnanolone treatment. Ongoing analyses will determine whether 

mitochondrial haplotype in combination with APOE genotype and sex can serve as predictive 

biomarkers of response to allopregnanolone on clinical level. Mitochondrial haplotype, APOE 

genotype, and sex in combination is a promising predictive biomarker to identify potential 

allopregnanolone responders. Predictive biomarkers will significantly contribute to a precision 

medicine strategy to identify responders to therapeutic agents for Alzheimer’s disease. 
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Abstract: Background 

To date, no interventions have demonstrated substantial therapeutic efficacy to prevent, delay or 

treat Alzheimer's disease (AD) and several have accelerated disease progression. Current 

thinking in the field embraces the complexity of AD pathophysiology, which has enabled a more 

diverse therapeutic pipeline targeting multiple aspects of the disease. Targeting the regenerative 

system of the brain while simultaneously activating systems to reduce burden of AD pathology is 

a novel and innovative therapeutic approach. Allopregnanolone (Allo) is a first in class 

regenerative therapeutic for delaying progression and treating AD with a strong foundation of 

human safety exposure. 

Methods 

A randomized double-blind, placebo-controlled, multiple ascending dose, phase 1 clinical trial 

was conducted in patients with mild cognitive impairment due to AD or mild AD. Participants 

were age ≥ 55 years, had a MMSE score ≥ 20 and clinical dementia rating of 0.5-1. Participants 

were randomly assigned to receive weekly intravenous treatment of 2, 4 and 6mg of Allo or 

placebo. Primary outcome was to assess safety, tolerability and maximally tolerated dose (MTD) 

of Allo at the three doses administered intravenously once per week over 12 weeks. Secondary 

exploratory outcomes were the feasibility and impact of Allo on MRI indicators of regeneration 

and cognition. Lymphocyte derived iPSCs differentiated to neural stem cells were used to 

develop biomarker strategy to identify potential regenerative responders. 

Results 

A total of 24 patients were enrolled into the trial (18 Allo + 6 placebo). Peak plasma levels were 

reached within 30 minutes of start of infusion. Mean Cmax at 2, 4 and 6mg was 63±21 nM, 

130±26 nM and 248±84 nM, respectively. The Cmax closely correlated (R=0.77) with Allo 

delivered in mg/kg dose. MTD was established by onset of sedation at doses >6mg. Twelve-

week exposure to multiple doses of Allo once per week resulted in no reportable adverse effects, 

serious adverse events or ARIA. Structural analysis of MRI-based indicators of gray matter 

volume were consistent with regeneration in select brain regions. Subfield analysis indicated an 

increase in left hippocampal volume in the Allo 4mg cohort. Cognitive function measured by 

ADAS-cog14 was not improved. However, some Cogstate indicators were consistent with 

improvement. Biomarker of Allo response correlated with change in MRI structural volume.  

Conclusion  

Allopregnanolone is a first in class regenerative therapeutic for MCI and AD that targets 

endogenous neural stem cells and disease modifying mechanisms. Our data indicate a favorable 

safety and tolerability profile, and potential efficacy. 
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Abstract: Sex differences in the progression of Alzheimer’s disease (AD) in APOE4 carriers is 

eminent in the early stages. Early changes in white matter microstructure and alteration in 

regional brain volumes can be indicative of neurodegeneration during disease progression. 

APOE4 homozygotes have a higher accumulation of white matter hyperintensities, as seen on 

T2-FLAIR MRI, during normal aging, which is further increased after AD diagnosis. To 

establish translational validity of the humanized APOE mouse model for clinical findings, we 

conducted magnetic resonance imaging (MRI) on these mice. Male or female mice (n=11) with a 

targeted replacement of mouse APOE gene with either human APOE3 (ApoE3TR) or APOE4 

(ApoE4TR) were used in the study. Fixed mouse brains were collected at their age of 16 months, 

and underwent high-resolution 3D T2-weighted RARE (75 micron isotropic voxels, 

192x320x128 matrix) with TR/TE=1500/10ms. Multi-shell super-resolution diffusion-weighted 

MRI was also carried out on these brains with b=1000, 2000, 3000, 4000, 5000, 6000 s/mm2, 

(200 micron isotropic voxels, 96x96x26 matrix). MRI was carried out on a 7T Bruker Biospec, 

using a volume coil for excitation and a 4-channel phased-array surface coil for reception. 

Images were processed using ITKsnap and MRIcron for brain extraction and biased corrected 

using the N4 routine in the Advanced Normalization Tools (ANTs). A T2-weighted reference 

image and atlas with 356 regions of interest (ROIs) (Steadman et. al., Autism Res, 2014) was 

registered to each animal using the SyN in ANTs. 14 regions of the brain, inclusive of white 

matter and grey matter areas were compared across all 4 groups. Female ApoE4TR mice had 

significantly larger cortical regions than the male ApoE4TR mice. Female ApoE4TRs trended to 

have larger white matter areas inclusive of anterior commissure, posterior commissure and 

corpus callosum. Other grey matter areas such as the hippocampus, striatal area and thalamus 



also trended to be larger in the female ApoE4TR mice. The diffusion weighted MRI will be used 

for evaluation of brain microstructure including measures of white matter integrity and 

connectivity. The results from the study suggested sex differences in regional brain volumes in 

the ApoE4TR mice. The ongoing analysis of white matter integrity will provide further structural 

and functional information in understanding the tissue microstructure differences induced by sex 

or ApoE genotype in the aging brain, and its contribution to AD onset and progression. 
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Abstract: Alzheimer’s disease (AD) is an age-related neurodegenerative disorder characterized 

by bioenergetic alterations, neurotransmitter dysfunction, synapse loss, and cerebral atrophy that 

eventually culminates in cognitive and functional decline. Accumulation of β-amyloid (Aβ)42, 

the neurotoxic species associated with AD, begins decades prior to diagnosis and may precipitate 

the etiology. For example, we have previously demonstrated that soluble Aβ42 elicits 

hippocampal glutamate release in a dose-dependent manner from male C57BL/6 mice. Since 

glial glutamate uptake is coupled to lactate release to support neuronal energy demands, we 

wanted to determine how soluble Aβ42 affects hippocampal bioenergetics. To do this, we used an 

enzyme-based biosensor selective for lactate measurements to monitor extracellular levels in the 

dentate gyrus (DG), CA3, and CA1 of 3-6 month old male and female C57BL/6 mice. All 

solutions were prepared in 0.9% saline (pH 7.4) and pressure ejected to deliver consistent 

volumes of 25-75 nl. Local application of 0.1 µM Aβ42 resulted in robust, reproducible lactate 

release in all three hippocampal subregions of male mice. The average lactate peak amplitude 



(mean ± SEM) from 0.1 µM Aβ42 (n=3) was elevated compared to 0.9% saline (vehicle control; 

n=4-5) and 0.1 µM scrambled Aβ42 (peptide control; n=3) in the DG (4.9 ± 4.8, -1.3 ± 0.2, and -

1.9 ± 0.9 mM, respectively), CA3 (15.7 ± 10.9, -1.6 ± 0.5, and 0.7 ± 0.9 mM, respectively), and 

CA1 (1.3 ± 0.8, -1.5 ± 0.5, and -0.7 ± 0.6 mM, respectively). Co-application of 0.1 µM Aβ42 with 

100 µM DL-threo-β-Benzyloxyaspartic acid (TBOA; a glutamate transport inhibitor; n=4) 

inhibited lactate release in the DG (-1.7 ± 0.9 mM), CA3 (-0.5 ± 0.9 mM), and CA1 (-0.6 ± 0.7 

mM). Co-application of 0.1 µM Aβ42 with 1 mM 2-Cyano-3-(4-hydroxyphenyl)-2-propenoic 

acid (CHC; a lactate transporter inhibitor; n=3) blocked lactate release in the DG (-1.2 ± 0.9 

mM), CA3 (-0.8 ± 0.1 mM), and CA1 (0.1 ± 0.2 mM). In female C57BL/6 mice, lactate release 

from 0.1 µM Aβ42 was only observed in the CA1 (7.0 ± 3.8 mM; n=5) and elevated compared to 

0.9% saline (-1.5 ± 0.5 mM; n=6) and 0.1 µM scrambled Aβ42 (-0.3 ± 0.6 mM; n=6). Again, co-

application of 0.1 µM Aβ42 with 100 µM TBOA (-0.5 ± 0.6 mM; n=6) or 1 mM CHC (0.6 ± 0.6 

mM; n=5) blocked lactate release in female CA1 C57BL/6 mice. This preliminary data supports 

that soluble Aβ42 alters hippocampal bioenergetics by eliciting glutamate uptake coupled lactate 

release that varies between genders of C57BL/6 mice. Further dose-response studies are needed 

to determine that Aβ42 elicits glutamate release in the DG and CA3 of female C57BL/6 mice. 
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Abstract: Frontotemporal Dementia (FTD) is the second most common form of early onset 

dementia. Genetically, mutations in the microtubule associated protein Tau and an intronic 

hexanucleotide G4C2 repeat expansion in the C9orf72 gene account for a substantial proportion 

of FTD cases. Pathologically, FTD is characterized by either the accumulation of 

hyperphosphorylated Tau FTLD-Tau) or aggregation of the RNA binding protein TDP-43 

(FTLD-TDP). Notably, most C9orf72 FTD cases are characterized by pathological TDP-43 

inclusions suggesting the mechanisms underlying C9orf72 mediated FTD may be at least in part 

distinct from Tau mediated FTD. Impaired nucleocytoplasmic transport has recently been linked 

to multiple neurodegenerative diseases including ALS, HD, and AD. However, the precise 

mechanisms underlying these deficits in both Tau and C9orf72 mediated FTD remain largely 

unknown. Given the role of the nuclear pore complex in maintaining proper nucleocytoplasmic 

transport we hypothesis that nucleoporin alterations may contribute to transport deficits. Here, 

we use a combination of confocal and super resolution imaging techniques to assess the integrity 

of the nuclear pore complex and alterations in specific nucleoporins in post mortem tissue, 

mouse, and iPSC derived cortical neuron models of both C9orf72 and Tau mediated FTD. These 

experiments shed light on the specificity of nuclear pore abnormalities in disease subtypes and 

are poised to elucidate novel therapeutic targets for the treatment of specific subsets of patients. 
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Abstract: Frontotemporal Dementia (FTD) is one of the most common forms of dementia in 

patients under the age of 65, and there are three major genetic causes of the disease: tau, 

C9ORF72, and progranulin (PGRN). Throughout their lives, patients that carry PGRN mutations 

typically express less than half of normal levels of the protein, and FTD-PGRN disease 

penetrance is 90% by 70 years of age. Initial efforts to characterize the function of progranulin 

predominantly described the protein as a neuroprotective growth factor that exerts influence over 

healing, oncogenesis, and inflammation. In a groundbreaking discovery, a small number of 

patients (N=3) were found to carry homozygous PGRN mutations and presented in their second 



decade with the symptoms of a severe lysosomal storage disease, known as neuronal ceroid 

lipofuscinosis (NCL). Subsequently, the field has pivoted to describe the impact of progranulin 

on lysosome function. Homozygous and heterozygous PGRN mutation carriers alike have 

excessive electron-dense lysosomal storage material accumulated in many cell types, including 

eccrine cells, neurons, and microglia. FTD-PGRN patient lymphoblasts, have also been 

demonstrated to have NCL-like storage material that can be reduced by virus-based 

overexpression of PGRN. We have demonstrated that in vitro reduction of PGRN in cells has 

altered markers of lysosome function similar to what has been demonstrated in PGRN KO 

animals, NCL and FTD-PGRN patient brains. Ultimately, our goal is to determine if 

upregulation of PGRN in cells can reduce disease-related phenotypes to better predict the 

outcome of treating patients. 
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Abstract: Frontotemporal Lobar degeneration (FTLD) encompasses a group of 

neurodegenerative disorders characterized by cognitive and behavioral impairments. 

Heterozygous mutations in progranulin (PGRN) cause familial FTLD and result in decreased 

PGRN expression, while homozygous mutations result in complete loss of PGRN expression and 

lead to the neurodegenerative lysosomal storage disorder neuronal ceroid lipofuscinosis (NCL). 

However, how dose-dependent PGRN mutations contribute to these two different diseases is not 

well understood. Using induced pluripotent stem cell-derived cortical neurons from FTLD 

patients harboring PGRN mutations, we demonstrate that PGRN mutant neurons exhibit 



decreased nuclear TDP-43 and increased insoluble TDP-43, as well as enlarged electron-dense 

vesicles, lipofuscin accumulation, and fingerprint-like profiles, suggesting that both FTLD and 

NCL-like pathology are present in FTLD PGRN patient neurons as compared to isogenic 

controls. Additionally, decreased lysosomal proteolysis and activity of the lysosomal enzyme 

cathepsin D in PGRN mutant neurons suggest that PGRN mutations may cause impaired 

lysosomal function. Furthermore, we find that PGRN interacts with cathepsin D, and that PGRN 

increases the activity of cathepsin D but not cathepsins B or L. Finally, we show that granulin E, 

a cleavage product of PGRN, is sufficient to increase cathepsin D activity. This functional 

relationship between PGRN and cathepsin D provides a possible explanation for overlapping 

NCL-like pathology observed in patients with mutations in PGRN or CTSD, the gene encoding 

cathepsin D. Together, our work identifies PGRN as an activator of lysosomal cathepsin D 

activity, and suggests that decreased cathepsin D activity due to loss of PGRN contributes to 

both FTLD and NCL pathology. 
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Abstract: Loss of function mutations in progranulin (GRN ) are a major cause of dominantly-

inherited frontotemporal dementia (FTD), and individuals homozygous for GRN mutations 

develop a lysosomal storage disorder, neuronal ceroid lipofuscinosis (NCL). In the brain, 

progranulin is expressed primarily by neurons and microglia. Progranulin exerts neurotrophic 

effects on neurons, regulates inflammation in microglia, and is thought to maintain normal 

lysosomal function in both cell types. A major unanswered question in FTD due to GRN 



mutations is the extent to which loss of progranulin’s neurotrophic and anti-inflammatory effects 

contributes to disease. We and others have reported that mice with selective knockout of 

neuronal or microglial progranulin recapitulate some, but not all, of the pathology of global Grn-

/- mice, which develop lipofuscinosis, gliosis, and accumulation of lysosomal proteins that may 

model the pathology of NCL. In this study, we tested whether knocking progranulin out of both 

neurons and microglia would recapitulate the pathology of global Grn-/- mice. We crossed Grnfl/fl 

mice expressing Cre recombinase under promoters targeting neurons (CaMKII, N-KO) and 

myeloid cells/microglia (LysM, Mg-KO) to generate dual neuronal/microglial progranulin 

knockout mice (D-KO), and assessed the pathological phenotypes of the mice at age 24 months. 

Cortical progranulin levels were reduced by roughly 50% in N-KO mice and 60% in D-KO mice, 

though Mg-KO mice did not exhibit a significant reduction in cortical progranulin levels. While 

knockout of both neuronal and microglial progranulin produced some pathologic abnormalities, 

the D-KO mice did not exhibit synergistic effects of progranulin knockout from both cell types. 

Unlike global Grn-/- mice, D-KO mice failed to develop lipofuscinosis, the hallmark pathology of 

NCL. These data show that partial progranulin insufficiency is sufficient to produce some 

deficits, and indicate that progranulin from other cell types is sufficient to prevent NCL-like 

pathology in neuronal/microglial progranulin knockout mice. 
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Abstract: Lipofuscin is a complex mixture of proteins, lipids, and metals that is autofluorescent 

and periodic-acid Schiff (PAS) positive. It progressively accumulates in post-mitotic cells with 

increasing age, making it a reliable marker of cellular aging. Excessive accumulation of 

lipofuscin in the brain or other organs at an early age is a pathological hallmark of a family of 

inherited lysosomal storage diseases termed neuronal ceroid lipofuscinosis (NCL). One form of 

NCL is an adult-onset neuronal ceroid lipofuscinosis-11 (CLN11) caused by homozygous loss-

of-function mutations in the granulin gene (GRN). CLN11 is characterized by progressive retinal 

degeneration, seizures, ataxia, cognitive decline, and accumulation of lipofuscin in the skin. GRN 

encodes for the secreted glycoprotein progranulin, which has anti-inflammatory and 

neuroprotective roles, and functions as a growth factor in the brain. Peripherally, progranulin 

plays an important role in tissue repair, development, and anti-inflammation. Complete loss of 

progranulin in the brain leads to lipofuscinosis and inflammation in humans and mice, indicating 

that progranulin plays a significant role in maintaining brain integrity and successful aging. 

Published data from progranulin deficient mice at 22 months of age has shown cytological within 

the liver, however, the extent and progression of lipofuscinosis and other pathologies throughout 

the periphery has not been explored at the younger ages. Given this, we sought to determine if 

progranulin deficient mice developed lipofuscinosis and pathologies indicative of accelerated 

aging in peripheral organs that could potentially serve as biomarkers of disease progression. We 

assessed the liver, spleen, and kidney from 7 and 12 month old Grn-knockout and Grn-wildtype 

mice for structural changes, inflammation, and lipofuscinosis. The knockout livers showed 

accumulation of PAS-positive inclusions, consistent with lipofuscinosis, and enlarged lysosomes 

at both ages, while wild-type mice lacked any pathology. The knockout spleens displayed 

disorganization of the red and white pulp boundaries at both ages compared to wildtype mice, 

and an abundance of inflated megakaryocytes, which were mainly in the 12-month Grn-

knockout spleens. Lastly, preliminary data has suggested that the Grn-knockout kidneys show 

possible abnormalities in glomerular morphology and other structures at both ages, while wild-

type glomeruli appeared normal. These data demonstrate that there are consequences of 

progranulin deficiency in organs outside of the brain thus indicative of a more global disease that 

has not yet been investigated in humans with progranulin loss. 
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Abstract: Amyotrophic lateral sclerosis (ALS) and frontotemporal dementia (FTD) are 

progressive neurodegenerative diseases. An aberrant hexanucleotide repeat expansion (HRE) in 

the C9ORF72 gene is linked to both pathologies. Recent studies show aberrant gene expression 

in ALS astrocytes, which may involve epigenetic dysregulation that has been evidenced in 

different neurodegenerative diseases. Epigenetic modifications regulate gene expression via 

chromatin remodeling without affecting the DNA sequence. Here we investigated if critical 

histone post-translational modifications (HPTMs) are altered in neurons and astrocytes in the 

hippocampus of the C9ORF72-HRE transgenic mouse model of ALS/FTD. HPTMs can either 

activate or repress genes depending on the residues being modified. Brain tissues obtained from 

6 and 9 month-old C9ORF72-HRE mice were analyzed by immunofluorescence staining with 

specific antibodies that detect repressive and active HPTMs. Nucblue was used to visualize 

heterochromatin distribution, and NeuN and GFAP staining were used to identify neurons and 

astrocytes, respectively. A strong reduction in the number and intensity of foci immunoreactive 

for repressive HPTMs was found in neurons and astrocytes in the hippocampal regions CA1, 

CA3 and dentate gyrus of transgenic ALS/FTD mice compared with age-matched wild-type 

mice. No differences were found for DNA staining or activation histone marks between 

transgenic and wild-type mice. These results suggest that loss of epigenetic control contributes to 

pathogenesis and disease development in ALS and FTD. Currently, the expression of histone 

modification enzymes, which can be considered as potential therapeutic targets, is being tested in 

the brain of C9ORF72-HRE mice. 
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Abstract: Frontotemporal Lobar Degeneration (FTLD) is a group of complex neurodegenerative 

diseases which comprise two major proteinopathies characterized most commonly by protein 

inclusions of TDP-43 (FTLD-TDP) and tau (FTLD-tau). FTLD-TDP and FTLD-tau present 

clinically as a heterogeneous spectrum of phenotypes with progressive changes in behavior, 

language, and cognition. Behavioral variant frontotemporal degeneration (bvFTD) is the most of 

frequent clinical phenotype and has a range of underlying neuropathology commonly associated 

with tauopathies or TDP-43 proteinopathies. While some FTLD-tau cases carry mutations in the 

gene of the microtubule associated protein tau (MAPT), FTLD-TDP is associated with mutations 

in multiple genes including C9orf72, GRN, TBK1, and others. Despite the molecular links with 

genetics, the pathological processes in FTLD, and its heterogeneous clinical phenotypes are not 

well elucidated. The aims of this study were to investigate the gene expression signatures and 

pathways that underlie the neuropathological process in cases with mutations resulting in FTLD-

TDP or FTLD-tau neuropathologic changes. To this end, we selected normal control subjects 

with no significant clinical or neuropathological changes and FTLD cases with pathogenic 

mutations in genes such as C9orf72 (FTLD-TDP-C9orf72), GRN (FTLD-TDP-GRN), or MAPT 

(FTLD-tau-MAPT) and total RNA was obtained from formalin fixed paraffin embedded (FFPE) 

hippocampus sections with 30-50% neuronal loss. Using the Nanostring nCounter 

Neuropathology gene expression panel, we assessed expression profiles of 760 genes and 23 

pathways and processes associated with neurodegenerative diseases and compared mutation 

specific changes among the mutation groups and normal controls. The analysis revealed that the 

FTLD-TDP-GRN and the FTLD-tau-MAPT hippocampi showed significant downregulation of 

genes involved in a number of pathways such as autophagy, oxidative stress, vesicle trafficking, 



axon and dendrite structure, and activated microglia scores, whereas the FTLD-TDP-C9orf72 

hippocampi did not, suggesting that distinct molecular mechanisms lead to the TDP-43 

pathology observed in cases with C9orf72 repeat expansion. In conclusion, our findings 

demonstrated mutation specific changes in gene expression signatures and pathways in FTLD 

cases with mutations in GRN, MAPT, or C9orf72, among which MAPT presented most 

differences compared with normal controls. 
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Abstract: TDP-43 is a protein that binds to both DNA and RNA and is present mostly in the 

nucleus of the cell. This protein is required in many cell functions such as microRNA biogenesis 

and RNA splicing. In neurons, TDP-43 has a much more critical role in synaptic plasticity and 

axonal transport. The neurodegenerative diseases of frontotemporal dementia (FTLD-TDP) and 

amyotrophic lateral sclerosis (ALS) are characterized by cytoplasmic inclusion bodies of 

ubiquitinated and hyperphosphorylated TDP-43 aggregates. Moreover, recent studies 

demonstrated the presence of TDP-43 pathology in Alzheimer’s disease (AD) and other 

tauopathies. The role of TDP-43 aggregation in AD and its interactions with other proteins, 

especially its interactions with the main pathological amyloidogenic proteins Aβ and Tau, is still 

unclear. The goal of this study is to investigate and characterize TDP-43 oligomers in AD and 

their direct interactions with Tau oligomers. We demonstrate that both TDP-43 and Tau form 

toxic oligomers in AD. Based on these results and studies demonstrating the regulation of tau by 

other RNA binding proteins (RBPs), we are further investigating the interactions of TDP-43 and 

Tau in AD and other tauopathies. We also look to determine the formation of highly toxic hybrid 



oligomers, their effects on cellular clearance mechanisms, and the aggregation profile on both 

TDP-43 and Tau. Determining the interactions between TDP-43 and Tau could lead to a better 

understanding of the role of these proteins in AD pathology and drug development. 
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Abstract: Fused in sarcoma (FUS) is an RNA binding protein which is genetically and 

pathologically linked to frontotemporal lobar degeneration (FTLD) and amyotrophic lateral 

sclerosis (ALS). We have reported that FUS and SFPQ regulate alternative splicing of Mapt gene 

at exon10 which generates two pathogenic isoforms of neural microtubule-associated protein tau 

(Tau) protein. Silencing of FUS or SFPQ in mice resulted in the increased ratio of 4-repeat tau 

(4R-tau)/ 3-repeat tau (3R-tau) followed by FTLD-like behavioral impairments, accumulation of 

phosphorylated tau, and neuronal loss. To clarify the functional role of FUS/SFPQ in sporadic 

FTLD/ALS and progressive supranuclear palsy (PSP) cases, the interaction between FUS and 

SFPQ in postmortem autopsied brains was investigated (FTLD/ALS: n = 14, PSP: n = 20, 

Control: n = 17). The immunohistochemical analysis revealed that the intra-nuclear co-

localization of FUS and SFPQ was significantly reduced in FTLD/ALS and PSP compared to 

controls. The co-localization level of FUS and SFPQ was negatively correlated with age in 

control cases. However, there was no correlation between the co-localization level and age in 

FTLD/ALS and PSP cases. Immunoprecipitation analysis using postmortem frozen brain tissues 

showed reduced interactions between FUS and SFPQ in the brains of FTLD/ALS and PSP 

patients compared to control cases. Our findings suggest that altered interaction between 

FUS/SFPQ is involved in the pathogenesis of FTLD/ALS and 4R-tauopathies. 
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Abstract: [Objective] Frontotemporal lobar degeneration (FTLD) is one of the devastating 

dementia syndromes characterized by abnormal social cognitions and behaviors. Volume loss of 

the caudate nucleus and decreased size of its fiber bundles were observed in early FTLD patients, 

suggesting that structural change of the caudate nucleus could be an early pathological event of 

FTLD. FUS, an RNA binding protein, has been identified as a causative molecule, which is 

dislocated from the nucleus to the cytoplasm in the affected neurons of FTLD. We aimed to 

clarify whether FUS-silencing in the caudate nucleus affects neuronal networks and/or brain 

structure and to establish a non-human primate model of FTLD. [Methods] The AAV vector 

encoding shRNA against FUS (AAV-shFUS) was stereotaxically injected into the caudate 

nucleus of two adult female marmosets, while AAV vector encoding control shRNA (AAV-

Cont) was injected into the contralateral side. At 6 or 10 weeks post-injection, the brain was 

removed after euthanasia. An ex-vivo 9.4 T magnetic resonance imaging (MRI) study was 

performed followed by immunohistochemical examination. [Results] Global tractography using 

3 shell data (b=1000, b=3000, and b=5000) revealed the reduced size of fiber bundles from the 

caudate nucleus in the AAV-shFUS injection side compared to the AAV-Cont injection side 

(mean length 8.51 mm vs. 9.96 mm; p < 0.0001). Immunohistochemical examination validated 

that approximately 80 % of endogenous FUS was downregulated accompanied with marked glial 

inflammation in the AAV-shFUS injected cortex and caudate nucleus. [Conclusions] Our results 



indicated that caudate-specific FUS silencing in marmoset recapitulates structural changes 

observed in FTLD patients. Further investigation is necessary to determine whether the higher 

behavioral and cognitive functions are affected as well. 
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Abstract: FTD is a significant clinical problem affecting a younger (age 40-65) population and 

often masquerading as a treatment resistant psychiatric disorder such as depression or psychosis. 

It is highly heritable and mutations in microtubule associated protein tau (MAPT), progranulin 

(PGRN) and chromosome 9 open reading frame 72 (C90rf72) expansion mutations have been 

found in familial FTD. It has been proposed that clinical presentations and treatment responsivity 

of FTD patients vary depending on variant genes present (Young et al., 2017). Thus, MAPT 

mutation carriers tend to deteriorate when treated with ACh inhibitors and it has been suggested 

that PGRN mutation effects could be mitigated by small molecule drugs (De Muynck and Van 

Damme, 2015). To further explore the genotype-phenotype association, we performed WES of 

DNA extracted from a blood sample from a proband, a 56 year old Chinese female, with 

previously well characterized behavioral FTD (bvFTD) syndrome (Pospos et al. 2018), and her 

symptom-free son, 33. The Ethic’s Committee of Xijing Hospital approved the study. SureSelect 

Human All Exon V6 64M (Agilent) was used to capture target DNA and HiSeq X Ten System 

(Illumina) was used for sequencing. Paired-end alignment to the 1000 genomes hg19/GRCh37 

reference genome was performed using BWA ALN. SAM files were sorted, converted to BAM, 

and duplicates were marked with Picard. GATK was used for local realignment and base quality 

score recalibration, variants were called jointly in all samples using the GATK’s 

HaplotypeCaller in the “GENOTYPE_GIVEN_ALLELES” mode. PROVEAN, SIFT, 

PolyPhen2 HDIV, PolyPhen2 HVAR, MutationTaster, M-CAP and REVEL were used to predict 



deleteriousness of amino acid changes. MaxEntScan was used for splicing defect prediction. 

Data showed a rare (MAF=0.014, China Thousand Human Genomes) missense single nucleotide 

variant c.689(exon6)A>G in MAPT gene resulting in amino acid change (p.Q230R), which was 

deleterious by several predictors. Patient’s son had no pathogenic MAPT variants. Our findings 

elucidate genotype-phenotype association in bvFTD and lend support to clinical applications of 

advanced technologies such as Next Generation Sequencing to improve diagnostic accuracy and 

minimize unnecessary investigations and treatments. 
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Abstract: Background: Type 2 diabetes mellitus (T2DM) is one of the risk factors for 

Alzheimer's disease (AD), however, the molecular mechanism remains poorly defined. T2DM 

animal model showed an increased level of glucocorticoids and tau phosphorylation in the brain 

and SGK1 can be activated by glucocorticoids or by impairment in insulin signaling pathway. 

SGK1 is a member of the Ser/Thr protein kinase that has been reported to be involved in tau 

phosphorylation at Ser214. In this report, we examined the effects of T2DM on AD using in vivo 

and in vitro tauopathy model focusing SGK1. 

Methods: 10-month-old tauopathy model mice, Tg601 (overexpressing 2N4R human tau) and 

non-transgenic mice were fed with high fat diet (HFD, 35% fat) for 5 months (N = 14, 

respectively). The glucose tolerance test (IPGTT), and intraperitoneal insulin tolerance test (ITT) 

were conducted at 12 months. The Morris water maze test (MWM) and elevated plus maze test 

(EPM) were performed at 15 months prior to sacrifice. Brain protein levels of tau 

phosphorylation, AKT/pAKT, PI3K, GSK-3β, CDK5 and PP2A were measured using the 

western blotting. The expression and activation of SGK1 were evaluated by both at RNA and 

protein level. Stable wild-type 2N4R tau expressing SH-SY5Y cells were treated with palmitic 

acid-BSA conjugate to assess the SGK1 induction by in vitro insulin resistance. To analyze the 

function of SGK1, siRNA mediated sgk1 down regulation and SGK1 overexpression were 



analyzed using the same cell line. 

Results: HFD-treated mice demonstrated longer escape latency in the MWM, and spent shorter 

time than non-treated mice in the EPM. HFD-fed mice showed impaired insulin resistance with 

increased phosphorylation of AKT (Ser473), high amount of sarkosyl insoluble and oligomeric 

tau, and impaired microtubule (MT) polymerization. Tau pathology in HFD mice were 

characterized by increase in tau phosphorylation at Ser214 and a five-fold increase in SGK1 

expression and activation (phosphorylation at Thr256), while there was no difference in the 

protein level of phosphor-S9 GSK-3β, Cdk5 and PP2A. In vitro study with palmitic acid-BSA-

treated stable tau cell lines showed impaired insulin resistance by impaired AKT phosphorylation 

and increase in Ser214 tau phosphorylation,SGK1 expression and activation. SGK1 specific 

siRNA treatment into stable tau cells decreased tau phosphorylation at Ser214 and SGK1 

overexpression elevated pSer214-tau. 

Conclusion: Our findings indicated that SGK1 might be involved in tau phosphorylation at 

Ser214 leading to the development of T2DM mediated AD. 
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Abstract: Numerous studies report an association of type 2 diabetes (diabetes) with late onset 

Alzheimer’s disease and vascular dementia. Diabetes is a risk factor for small vessel 

cerebrovascular disease, a core feature of vascular cognitive impairment. We modeled and 

evaluated these human conditions in mice by comparing microvascular resting flow, peak 

microvascular responses to post-occlusive reactive hyperemia (PORH), behavior, synaptic 

plasticity, and histopathology in leptin knockout (db/db, diabetes) and normoglycemic 



db/heterozygous mice (controls). Six groups of mice (males and females) were analyzed: db/db 

mice at young-adult age (3-5 m.o.), old age (10-12 m.o.), db/db mice treated for 5 months with 

metformin and their controls. Behavioral analysis was conducted with two hippocampal 

dependent tasks, active place avoidance (APA) and novel object recognition (NOR). The conflict 

variant of APA assay assesses cognitive flexibility (APA conflict) by challenging mice to learn 

the location of a new shock zone that is opposite to its initial location. APA conflict evaluates 

prefrontal cortex-ventral hippocampus functional integrity. Young diabetic mice had normal 

APA and NOR values at baseline as compared to control mice. However, we observed deficits in 

old age in db/db mice compared to controls; APA was measured by averaging the number of 

times mice entered the shock zone across all eight trials. Speed of movement and total path 

length were also compared across groups. ANOVA shows (F(4)=4,69; p=0.031) and a genotype 

X sex interaction F(4)=5.2; p=0.022). The effect at old age of db/db mice was observed mainly in 

female mice. The cognitive deficits in db/db metformin treated mice were less pronounced than 

non-treated diabetics. Immunohistochemistry analyses of neuronal integrity, glia activation, the 

endothelium and amyloid angiopathy, p-tau, and beta-amyloid pathologies demonstrated 

differences in several markers in db/db mice, but also mainly observed at old age. Microvascular 

flow was evaluated with a Laser Speckle Contrast Imaging (LCSI) system in combination with 

transient occlusion of common carotid artery and continuous measurement of changes in laser 

speckle cortical microvascular perfusion units (LSPU) coupled with PORH. These measurements 

and electrophysiological profiles of the CA3-CA1 synapsis are being performed at the time of 

this submission and a detailed analysis will be shown at the final presentation of this abstract. 
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Abstract: Diabetes mellitus (DM) is one of the most devastating diseases that currently affect 

the aging population. Important evidences indicate that this metabolic disorder is a risk factor for 

many brain disorders and significantly affect cognition leading to dementia. New findings have 

shown that the microtubule associated protein tau is pathologically processed in DM, however, it 

remains unknown whether pathological tau modifications plays a central role in the cognitive 

deficits associated with DM. In this study, we hypothesized that alterations in the protein tau 

represent a pathological mechanism by which DM induces synaptic/cognitive impairments. 

Previous work from our lab has demonstrated that reducing tau levels mitigates memory/synaptic 

deficits in T1DM-like mice, suggesting that T1DM requires of tau to induce the deficits. Herein, 

we sought to further investigate whether tau is an important component for the synaptic/memory 

dysfunction associated with T1DM and to determine if tau is also required for T2DM to impair 

cognition. We have used two diabetic models: (1) for T1DM we administrate streptozotocin 

(STZ) in our wild type htau mice and (2) for T2DM-like condition we crossed our htau mice and 

tauKO mice with db/db mice, a diabetic model. We observed that T1DM causes cognitive and 

synaptic deficits by tau-dependent mechanisms as only the deficits are detected in htau mice 

under STZ treatment. However, for T2DM, tau does not exacerbate the cognitive/synaptic 

impairment (as introduction of htau in db/db mice does not exacerbate the deficits and the 

ablation of tau does not recover it) and we propose that inflammation may play a main role. Our 

results show that tau has a differential effect in the cognitive/synaptic deficits in T1DM and 

T2DM. While T1DM induces tau-dependent deficits, in T2DM these deficits are not associated 

to tau. These novel findings show for the first time that different molecular mechanisms 

underlying the cognitive and synaptic impairments associated with T1DM and T2DM. 
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Abstract: Accumulation of hyper-phosphorylated and aggregated Tau protein is a 

neuropathological hallmark of Alzheimer’s Disease (AD) and Tauopathies. AD patient brains’ 

exhibit insulin resistance (Talbot et al., 2012). Whereas, under normal physiological conditions 

insulin signaling in the brain mediates plasticity and memory formation, it can also regulate 

peripheral energy homeostasis (Gratuze, Joly-Amado et al., 2018 for review). Thus, brain insulin 

resistance, in AD, affects both cognitive and metabolic changes described in these patients. 

While a role of Aβ and APOE4 towards the development of brain insulin resistance emerged, 

contribution of Tau pathology was largely overlooked. Our recent data (Marciniak et al., 2017) 

demonstrated that one of the physiological function of Tau is to sustain brain insulin signaling. 

We postulated that under pathological conditions, hyper-phosphorylated/aggregated Tau is likely 

to lose this function and to favor the development of brain insulin resistance. This hypothesis 

was substantiated by observations from patient brains with pure Tauopathies (Yarchoan et al., 

2014). To address the potential link between Tau pathology and brain insulin resistance, we have 

evaluated the brain response to insulin in a transgenic mouse model of AD-like Tau pathology 

(THY-Tau22). This murine model overexpresses mutated human Tau under the control of a 

neuronal promoter and mice progressively develop hippocampal Tau pathology and cognitive 

deficits. Using electrophysiological and biochemical evaluations, we observed that at a time 

when Tau pathology and cognitive deficits were overt and obvious, the hippocampus of THY-

Tau22 mice exhibited enhanced response to insulin. In addition, we demonstrated that the ability 

of i.c.v. insulin to promote body weight loss was enhanced in THY-Tau22 mice. In line with this, 

THY-Tau22 mice exhibited a lower body weight gain, hypoleptinemia and hypoinsulinemia and 

finally a metabolic resistance to High Fat Diet. Collectively, these data indicate that the 



development of Tau pathology in THY-Tau22 mice does not associate with brain insulin 

resistance but rather enhanced brain response to the hormone. These data open the debate on the 

relationship between Tau pathology and brain insulin resistance but also point a possible bias 

regarding the use of transgenic mouse models that overexpress Tau. 
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Abstract: Diabetes might cause central nervous system lesions and functional changes including 

loss of learning and memory abilities as well as brain structure and function changes, namely 

diabetes encephalopathy (DE), which is a risk factor to induce Alzheimer's disease. We used 

KK-Ay mice and showed typical high glucose, high fat and high insulin symptoms with learning 

and memory dysfunction from 3 to7 month old. Compared with control group (C57BL / 6J 

mice), till 7 months KKay mice showed no obvious loss in cortex and hippocampus neurons, and 

no obvious damage of cell. However, at 5 and 7 month astrocytes in cortex and hippocampal of 

KK-Ay mice were significantly damaged. In the cell based studies we found that high glucose 

(till 35mM) treatment had no obvious damage effect on neurons, but 35mM glucose could 

significantly reduce the cell activity of astrocytes, especially astrocytes were sensitive to sodium 

palmitate (PA). The activity of astrocytes decreased markedly even at the low concentration of 

PA. Further, we investigated the mechanisms of PA induced damage of astrocytes. We found 

that the transporter CD36 played an important role in palmitic acid-induced apoptosis of 

astrocytes. The protein expression of CD36 in astrocyte was 5 fold as it expressed in neurons. 

Therefore, CD36 played a key role in the process of PA uptake by astrocytes. CD36 inhibitor 

SSO reduced the uptake of palmitate, as the results it also inhibited the generation of ROS and 

the calcium overload. SSO showed significant protective effects on PA-induced cell death of 

astrocytes. In conclusion, fatty acid induced injury of astrocyte might be an important cause of 



DE. CD36 mediates the translocation of PA into astrocytes, which leads to damage and cell 

apoptosis. CD36 located on astrocytes might be the target to prevent dementia induced by 

diabetes. 
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Abstract: Secreted amyloid precursor protein alpha (sAPPα) is produced by the cleavage of full 

length amyloid precursor protein (APP). A designated sAPPα receptor has yet to be discovered, 

but there is evidence that sAPPα protein is an insulin receptor agonist which can modulate the 

neuronal AKT-mediated neurotrophic insulin pathway. When phosphorylated, AKT protects the 

call by inhibiting GSK3 kinase and phosphorylation of tau. Hyperphosphorylation of tau causes 

aggregation, creating neurofibrillary tangles that predisposes the brain to neurodegeneration. The 

ability for sAPPα to be effective in the absence of insulin (type 1 diabetes) was tested by 

comparing diabetic transgenic sAPPα overexpressing mice to diabetic wildtype mice. Mice were 

rendered diabetic via injection of streptozotocin to reduce the beta cells in the pancreas. After 16 

weeks post injection, cortical tissue was collected and western blots were completed to observe 

levels of AKT, GSK3 and pTau. Decreased levels of pAKT, GSK3, and pTau were detected in 

the transgenic diabetic in comparison to wildtype diabetic animals. This indicates that sAPPα can 

ameliorate the effects of insulin loss in the brain, and is a potential therapeutic for diseases that 

involve tau hyperphosphorylation. 
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Abstract: Bilateral striopallidodentate calcinosis, also known as Fahr's syndrome, is a rare but 

well-known neurological disorder characterized by extensive symmetrical brain calcification, 

specifically in the basal ganglia and cerebellar dentate nuclei. Fahr's disease referes to familial 

idiopathic calcification of the basal ganglia. Fahr's syndrome is sometimes used to encompass 

both Fahr's disease and basal ganglia calcification secondary to other disorders. In most cases, 

brain calcification is detected by computed tomography; thus white matter changes and the 

brainstem calcification have not been described well. In this study, we investigated the exact 

distribution and extent of the calcifications, and their impact on the brain tissue. Brain and spinal 

cord from an autopsied 85-year-old patient of Alzheimer's disease with Fahr's syndrome were 

neuropathologically investigated. Computed tomography revealed symmetrical extensive 

intracranial calcification and severe cerebral atrophy, however, brainstem calcification was not 

detected. The formalin-fixed paraffin-embedded sections stained with hematoxylin-eosin, 

Klüver-Barrera, Dahl, von Kossa, Berlin blue and immunostainings for β-amyloid, 

phosphorylated tau and α-synuclein were used. Alzheimer's disease pathology and massive 

vascular calcification in the basal ganglia and dentate nuclei of the cerebellum were found. In 

addition, we clarified extensive white matter changes and brainstem calcification. The vascular 

calcification continuously spread over the surrounding white matter and occasionally into the 

cortex (the depths of cerebral cortical sulci and cerebellar folia). The distribution of vascular 

calcification in the white matter was very similar to the area of attenuated myelin staining. 

Vascular calcification in the brainstem was found in the medulla and pontine tegmentum. 

Calcified capillaries were frequently observed in the red nucleus. Neuronal loss in the substantia 

nigra without α-synuclein pathology was found. We should recognize extensive white matter 

changes associated with the continuity of the areas of vascular calcification and brainstem 

calcification as a cause of neuropsychiatric symptoms in Fahr's syndrome. 
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Abstract: Tauopathies such as Alzheimer disease (AD) and frontotemporal lobar degeneration 

(FTLD) are neurodegenerative disorders associated with the aggregation of hyper-

phosphorylated tau (p-tau). Recent experimental studies suggest that tau aggregates propagate 

along neural pathways, accounting for the stereotypical neuroanatomical spread of pathology that 

is a feature of tauopathies. The cause for tau accumulation is currently unknown, however 

studies suggest that the perivascular localization of the astroglial water channel aquaporin-4 

(AQP4) supports the clearance of interstitial tau along the glymphatic pathway. In the present 

study, we tested whether loss of perivascular AQP4 localization promotes the development of tau 

pathology in the P301S (PS19) mouse line. The P301S line was crossed with a line harboring 

deletion of the AQP4-interacting alpha syntrophin gene (Snta1-/- mice) which lack perivascular 

AQP4 localization and exhibit impaired glymphatic pathway function. Immunofluorescence 

demonstrated that perivascular AQP4 localization is reduced between 12 to 36 weeks of age, and 

is further reduced in the presence of the P301S transgene. Immunofluorescence using the AT8 p-

tau-specific antibody demonstrated to effect of Snta1 gene deletion on cortical or hippocampal p-

tau immunoreactivity at 12, 24 or 36 weeks of age. Western blot using the AT8 antibody 

demonstrated no difference in soluble or insoluble AT8 levels. In the Morris water maze, Snta1 

gene deletion did not alter cognitive function beyond the impairment observed in the P301S 

animals. These data demonstrate that loss of perivascular AQP4 localization does not alter the 

rate of tau aggregation or neurocognitive decline in the P301S transgenic mouse line. Whether 

the loss of perivascular AQP4 localization alters the rate of tau aggregate propagation remains 

unknown. 
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Abstract: The glymphatic system is a functional waste clearance pathway for the mammalian 

CNS (Jessen et al., 2015) where CSF from the subarachnoid space exchanges with the ISF 

throughout the brain via paravascular influx (Iliff et al., 2012) facilitating the efficient clearance 

of pathologically relevant macromolecules (e.g. Aβ and tau) from the brain interstitium (Iliff et 

al., 2012, 2014). Immunotherapy has become a successful treatment outside the CNS, however, 

mAbs for CNS disorders faces as the BBB hinder large molecules like antibodies to enter the 

brain (Banks, 2010). The intention of mAb therapy in neurodegenerative diseases is for the drug 

to enter the CNS at a relevant concentration and “mop up” abnormal pathological thus 

preventing ongoing propagation of pathology. 

First, we evaluate the glymphatic system in naïve and transgenic mice (rtg4510 mice) modeling 

tau pathology in Alzheimer’s disease (AD) by injecting a fluorescent tracer into the CSF 

followed by histology and fluorescent imaging. Second, we investigate the impact of the BBB on 

mAb penetration in the brain by comparing levels of mAb bound to target (abnormal tau) 

administered either via the cisterna magna or intravenously. Therapeutic mAbs are injected into 

the CSF or intravenously in naïve and rtg4510 mice and the penetration of mAbs is temporally 

and anatomically mapped using histology and fluorescent imaging. Thirdly, we investigate 

clearance over the BBB by examining the pharmacokinetic after administration of mAbs via 

cisterna magna and intravenously, by temporally measuring plasma levels of mAbs by LC-MS 

and ELISA. 

Failure to fully understand and address BBB and clearance issues could be underlying factors for 

clinical trials not meting clinical endpoints (Abbott and Dolgin, 2016; Le Couteur et al., 2016). 

CNS immunotherapy may simply fail if the drugs never reach their intended target at sufficient 



concentrations. If drug delivery over the BBB becomes successful, many failed drugs may get 

second chances. 
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Abstract: Introduction The glymphatic clearance system is a brain-wide pathway for removal 

of waste solutes, which depends upon the presence of aquaporin-4 (AQP4) channels, on the 

endfeet of paravascular astrocytes in the brain. Glymphatic function has been shown to be 

impaired in mouse models of Alzheimer’s disease (AD), and both amyloid-β and tau have been 

shown to be cleared from the brain via this system. Until now however, it is unknown whether 

the glymphatic pathway presents as a suitable drug target. Here we demonstrate that a novel 

AQP4 inhibitor, suppresses glymphatic function and clearance of tau from the brain, suggesting 

that pharmacological manipulation of AQP4 function may present as a novel drug target for the 

treatment AD. Materials and Methods Mice were treated with either AQP4 inhibitor (TGN-



020) or vehicle 15mins prior to either, 1) quantification of glymphatic inflow via dynamic 

contrast-enhanced MRI (intracisternal administration of MRI contrast agent (Gd-DTPA) and 

concurrent acquisition of whole brain T1-weighted MR images), or 2) assessment of 

parenchymal tau clearance (intracerebral infusion of tau-containing brain homogenate and 

subsequent cerebrospinal fluid collection). Results Glymphatic inflow of Gd-DTPA into the 

parenchyma was significantly ablated after TGN-020. Furthermore, intrastriatal infusion of tau-

containing brain homogenate revealed that TGN-020 treatment significantly reduced tau 

clearance from the brain. Comparable TGN-020 induced inhibition of parenchymal inflow of 

MR contrast agent, and clearance of tau from the brain were observed, suggestive that TGN-020 

inhibits arterial and venous associated AQP4 equally. Conclusions Pharmacological blockade of 

AQP4 suppresses both glymphatic inflow of MR contrast agent, into the brain, and clearance of 

tau from the brain, via inhibition of arterial and venous associated AQP4 channels respectively. 

These findings suggest that pharmacological manipulation of AQP4 alters the function of the 

glymphatic clearance pathway in its removal of tau from the brain, positioning AQP4 as a novel 

drug target for the treatment of AD. 
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Abstract: Spontaneous animal models of AD should possess 2 histopathological hallmarks: 

beta-amyloid (Aβ) deposition and neurofibrillary tangles (NFT) formation. However, no natural 

animal models that fulfill these conditions have been reported and most research into 

Alzheimer's disease (AD) has been performed using transgenic rodents. The order Cetacea 

comprises two extant suborders: Mysticeti (or baleen whales) and Odontoceti (or toothed 

whales). Cetacea, along with manatees (Sirenia), are the only mammals that are fully adapted to 

life in water. Cetaceans are homeotherms, long-lived top predators, which are at high risk from 

bioaccumulation and biomagnification of a variety of organic and metallic pollutants. Neuronal 

intranuclear Aβ immunopositivity, senile plaques in the frontal cortex, and NFT granulovacuolar 

degeneration in the Purkinje neurons of the cerebellum were the most striking observed 

hallmarks.On the other side, a recent study on the morphology of the locus coeruleus (LC) 

complex of the family Delphinidae (Sacchini, et al., 2018) highlighted for the first time, the 

existence of a large amount of neuromelanin (NM) within the LC neurons.The NM accumulates 

over a lifetime and has been described mainly in human brain, but also in neurons of monkey, 

horse, giraffe, cattle, sheep, goat, dog, rat, and even frog. While in most of the mammals, the NM 

shows the histochemical and ultrastructural features typical of lipofuscins, in the human brain, 

melanin is confined within cytoplasmatic organelles that are surrounded by a double membrane, 

suggesting an autophagic origin. Transmission electron microscopy demonstrated in two toothed 

whales, the existence of melanin granules associated with lipid droplets and membranes, 

something very near to human NM. Finally, in view of the often observed polyglucosan-like 

bodies in the cetacean brain, mainly in NM-containing neurons, two antibodies against alpha-

synuclein were used in order to investigate the possible existence of Lewy bodies, the hallmark 

of Parkinson’ s disease. Some immunoreactivity has been observed and all these findings may 

answer the question: may cetacean be a new comparative, Spontaneous, natural model for 

NDDs? In addition, dolphins and whales may also show atypical hallmarks of 

neurodegeneration. 
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Title: Critical validation of reagents in CHCHD10 and CHCHD2 research 
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Abstract: Immunochemical techniques are a cornerstone of neuroscience research. Their 

reliability is completely dependent on the specificity and reproducibility of the antibodies used. It 

is well known that antibodies and other reagents such as interfering RNAs commonly exhibit 

cross-reactivity. However, validation of reagents has yet to become standard practice in many 

labs. This is suspected to be a major contributor to lack of reproducibility in the field. Here we 

provide data on the specificity of commercially available antibodies and shRNAs targeting two 

highly similar mitochondrial proteins of approximately equal size, coiled-coil-helix-coiled-coil-

helix domain containing proteins 10 and 2 (CHCHD10 and CHCHD2). These proteins are 

implicated in amyotrophic lateral sclerosis / frontotemporal dementia and Parkinson’s disease, 

respectively. Despite increased risk of cross-reactivity due to their similarity, many recent 

publications regarding these proteins have failed to provide evidence on the specificity of 

reagents used. Our data indicate that many CHCHD10 antibodies used in the field also detect 

high levels of CHCHD2 and vice versa. Furthermore, we show that in rodents, the CHCHD2 

sequence is duplicated and fused with a neighboring gene, Zinc-finger BED type-containing 5 

(ZBED5), resulting in a fusion protein whose N-terminus contains most of the amino acid 

sequence of CHCHD2. This greatly complicates the interpretation of data which were obtained 

by using CHCHD2 RNA interference or immunostaining in rodents or rodent-derived cell lines. 

Taken together, our data highlight the importance of reagent testing and validation in 

CHCHD10/CHCHD2 research as well as neuroscience research in general. 
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Abstract: Vascular cognitive impairment and dementia (VCID) is the second leading cause of 

dementia and often occurs co-morbidly with Alzheimer’s disease (AD). VCID is also the most 

common co-morbidity with AD pathology in the late-onset sporadic AD population. Currently, 

diagnosis for VCID is limited to clinical signs of cognitive impairment along with white matter 

disease identified on MRI imaging. As novel therapeutics are developed aimed at disease 

modification, there is an emerging need for biomarkers to accurately identify the patient 

population that will benefit from the therapies. As part of the MarkVCID Consortium, we have 

been exploring novel fluid and imaging biomarkers that may be predictive of VCID in a clinical 

cohort enriched for individuals with high cerebrovascular disease. 

In a cohort of 115 individuals with longitudinal clinical, cognitive, and MRI volumetric white-

matter hyperintensities from MR FLAIR sequences, we examined 29 proteins in the CSF and 

plasma. These proteins ranged from vascular injury responses, angiogenesis mediators, 

neuroinflammation, and matrix remodeling proteins. The MSD V-PLEX assays were used and 

the assays included four individual samples that were replicated on every plate to attain our 

coefficient of variance (CV). Our CV ranged from 5-20%, depending on the individual protein. 

The data was analyzed using standard machine learning approaches with AdaBoost and Random 

Forest being applied for feature selection. We identified a collection of 7 features that predicted 

cognitive impairment in our VCID cohort with an 86% accuracy. These features include 

angiogenic and inflammatory proteins from CSF and plasma. We also have three features that 

provide a 50% predictive value for white matter hyperintensity volume, and we are actively 

working to further enhance this. 

In summary, we have identified a series of novel fluid biomarkers that are predictive, in a 

machine learning model, of severity of VCID. 
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Abstract: Plico Biotech is developing first in class biotherapeutics (Plico Biotherapeutics: 

PLBs) to inhibit the toxicity of proteins such as tau, alpha-synuclein, SOD1 and HTT. 

PLBs target toxic proteins inside of cells and are designed to be extremely stable while 

emulating ubiquitin-like proteins that participate in a natural process of proteostasis inside cells. 

Our lead candidate, PLB002, has showed in vitro good inhibitory properties against the toxicity 

of tau and other proteins that cause neurodegeneration. PLB002 is active at very low 

concentration, with an IC50 in the nanomolar range. Once administered to mice (intravenous, 

intranasal, intraperitoneal) PLB002 readily reaches the brain at a therapeutic concentration and 

improves the behavior performance in an AD/FTD clinical murine model, the transgenic 

TauP301L mutant strain (Lewis et al., 2000). 
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Abstract: Nuclear depletion of Tar DNA-binding protein 43 (TDP-43), an RNA binding protein 

which represses aberrant splicing, may underlie neuron loss in neurodegenerative disease 

associated with TDP-43 pathology, including amyotrophic lateral sclerosis (ALS) and 

frontotemporal dementia (FTD). As multiple functions are ascribed to TDP-43, its major role(s) 



in forebrain neurons, cells that are impacted in these human diseases remains elusive. 

To test the hypothesis that splicing repression is a major function of TDP-43 in forebrain 

neurons, we take advantage of a previously characterized chimeric splicing repressor termed 

CTR (comprised of the N-terminal RNA-recognition domain of TDP-43 fused with an unrelated 

but well-known splicing repressor, RAVER1) for its ability to rescue neurodegeneration 

occurring in a mouse model lacking TDP-43 in forebrain neurons. 

Employing an AAV9 viral vector approach to deliver CTR or GFP by intracerebroventricular 

injection at postnatal day 0 into our previously described conditional Tdp-43 knockout 

(CaMKIIα-CreER;Tdp-43F/F) mice, we showed expression of CTR ranged from 30 - 72% of the 

hippocampal neurons in CA1 and CA2/3 areas. Expression of CTR, but not GPF, restored TDP-

43 mediated splicing repression as judged by cryptic exon incorporation using semi-quantitative 

RT-PCR [AAV9-CTR (n=3) vs. AAV9-GFP (n=3) treated CaMKIIα-CreER;Tdp-43F/F mice; p 

< 0.01] or RNA in situ hybridization (via the “Basescope” method) analysis of a TDP-43 

downstream target RNA, Synaptojanin 2 Binding Protein (Synj2bp) [AAV9-CTR (n=3) vs. 

AAV9-GFP (n=2) treated CaMKIIα-CreER;Tdp-43F/F mice; p < 0.05]. 

Since we previously showed that neurons in CA2/3, but not CA1 area, were more vulnerable to 

depletion of Tdp-43 in CaMKIIα-CreER;Tdp-43F/F mice, we assessed in these mice the ability 

of CTR to rescue CA2/3 neuron loss. We will present data to determine whether the AAV9-

CTR, but not AAV9-GFP, treated CaMKIIα-CreER;Tdp-43F/F mice would ameliorate loss of 

CA2/3 neurons. 

Thus, positive outcomes from these studies will support the idea that TDP-43 mediated splicing 

repression is a major function of TDP-43 in forebrain neurons and identify a novel mechanism-

based therapeutic target for neurodegenerative disease exhibiting TDP-43 pathology. 
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Abstract: Alzheimer’s disease (AD) is the most common progressive neurological disease 

characterized by two main pathological hallmarks (extracellular β-amyloid deposits and 

intracellular neurofibrillary tangles), which lead to cerebral dystrophy and cognitive decline in 

aging population. Adenosine is a neuromodulator involved in multiple fundamental 

physiological functions in the CNS. Dysfunction of adenosine homeostasis in the brain has been 

observed in various neurological disorders (including AD; and Huntington’s disease, HD). In the 

present study, we assessed whether adenosine tone augmentation by chronic treatment with the 

an inhibitor (J4) of a nucleoside transporter (ENT1) is of valuable therapeutic interest in the 

context of AD-like amyloid pathology and tauopathy using AD mouse models of 

amyloidogenesis (APP/PS1) and tauopathy (THY-Tau22), respectively. Here, we demonstrated 

that chronic treatment with J4 improved the detrimental phenotypes of both APP/PS1 and THY-

Tau22 mice. Using in vivo (Morris water maze) and in vitro (electrophysiology and biochemical 

analyses) approaches, we further showed that adenosine augmentation ameliorated 1) spatial 

memory deficiency, 2) synaptic plasticity impairment, 3) upsurge astrocytic A2AR, 4) 

accumulations of β-amyloid and hyperphosphorylated Tau, and 5) abnormal kinase activities in 

the hippocampus of APP/PS1 and THY-Tau22 mice. Collectively, adenosine tone augmentation 

is beneficial to AD and may pave the way for the development of a novel therapeutic treatment 

for AD. 
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Title: Adenosine A2A receptor dysregulation in Alzheimer’s disease impact of astrocytic A2AR 
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Abstract: Neuronal accumulation of hyperphosphorylated and aggregated Tau proteins is 

correlated with cognitive decline in Alzheimer’s disease but mechanisms underlying Tau-

induced memory deficits remain unclear. Previous epidemiological and experimental studies 

pointed out that chronic caffeine consumption reduces AD risk and associated cognitive deficits. 

These protective effects were ascribed to the blockade of adenosine A2A receptors (A2ARs), 

which are found upregulated in the brain of AD patient’s brains in correlation with Tau 

pathology development and cognitive deficits. These post-mortem observations suggest a link 

between A2AR dysregulation, Tau pathology and memory in AD. Both neuronal and astroglial 

A2AR appear to be dysregulated in AD. To get insights towards this relationship, we aimed at 

evaluating the pathophysiological impact of neuronal (see abstract from Kevin Carvalho, this 

meeting) and astrocytic (this abstract) A2AR upsurge in a transgenic model of AD-like 

Tauopathy (THY-Tau22 mice) To address the role of astrocytic upsurge, we have developed a 

conditional model (Tet-Off) allowing A2AR overexpression in GFAP-positive astrocytes. This 

model was crossed with THY-Tau22 mice, who develop a progressive hippocampal Tau 

pathology associated with cognitive decline. In the different groups of animals, we evaluated Tau 

pathological changes (phosphorylation, aggregation) and functional impairments (learning and 

memory) at 5-6 months of age, when pathology is expressed but not maximal in the THY-Tau22 

model. We found that astrocytic A2AR overexpression worsens spatial memory impairments of 

THY-Tau22 mice. These effects were associated to an increased of Tau phosphorylation and 

aggregation as well as to the upregulation of hippocampal neuroinflammatory processes induced 

by Tau pathology. Altogether, these data suggest that neuronal A2AR dysregulation seen in the 

brain of AD patients contributes to the development of Tau-induced cognitive impairments by 

modulating Tau pathology and neuroinflammation. 
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Abstract: Neuronal accumulation of hyperphosphorylated and aggregated Tau proteins is 

correlated with cognitive decline in Alzheimer’s disease but mechanisms underlying Tau-

induced memory deficits remain unclear. Previous epidemiological and experimental studies 

pointed out that chronic caffeine consumption reduces AD risk and associated cognitive deficits. 

These protective effects were ascribed to the blockade of adenosine A2A receptors (A2ARs), 

which are found upregulated in the brain of AD patient’s brains in correlation with Tau 

pathology development and cognitive deficits. These post-mortem observations suggest a link 

between A2AR dysregulation, Tau pathology and memory in AD. Both neuronal and astroglial 

A2AR appear to be dysregulated in AD. To get insights towards this relationship, we aimed at 

evaluating the pathophysiological impact of neuronal (this abstract) and astrocytic (see abstract 

from Victoria Gomez-Murcia, this meeting) A2AR upsurge in a transgenic model of AD-like 

Tauopathy (THY-Tau22 mice) To address the role of neuronal upsurge, we have developed a 

conditional model (Tet-Off) allowing A2AR overexpression in CAMKII-positive neurons. This 

model was crossed with THY-Tau22 mice, who develop a progressive hippocampal Tau 

pathology associated with cognitive decline. In the different groups of animals, we evaluated Tau 

pathological changes (phosphorylation, aggregation) and functional impairments (learning and 



memory) at 5-6 months of age, when pathology is expressed but not maximal in the THY-Tau22 

model. We found that neuronal A2AR overexpression worsens spatial memory impairments of 

Tau transgenic mice. This detrimental effect was associated with an increased tau 

phosphorylation at some epitopes, a decreased expression of the Brain-Derived Neurotrophic 

Factor (BDNF) and an altered NMDA receptor phosphorylation. Interestingly, following RNA 

sequencing, we uncovered that neuronal A2AR overexpression in Tau mice led to a significant 

altered hippocampal gene expression mostly ascribed to microglial cell function, underlying a 

functional link between neuronal A2A dysregulation and microglia in a Tau pathology context. 

Altogether, these data suggest that neuronal A2AR dysregulation seen in the brain of AD patients 

contributes to the development of Tau-induced cognitive impairments by modulating the 

interplay between neurons and glial cells. 
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Abstract: Tau proteins are missorted, aggregated, and found as Tau inclusions in many 

pathological conditions associated with neurodegenerative disorders, which are collectively 

known as tauopathies. In some of them, mutations on MAPT gene that encodes isoforms of Tau 

proteins have been shown to promote Tau aggregation, decrease its affinity for microtubules or 

modify alternative splicing. Tau mis-splicing can also occur in Tauopathies in the absence of 

MAPT mutations. Most mouse models of Tauopathies are based on transgenic mouse models 

overexpressing a single isoform of WT or mutated human Tau. On one side, with regards to the 

recognized role of Tau in different neuronal functions, these models underestimate a presumable 

impact of Tau overexpression on the mouse phenotype; and on the other side, these models do 

not allow the precise study of human Tau splicing in vivo. In order to get new insights into the 

study of human Tauopathies, using animal closely mimicking the pathophysiological context, we 

have recently generated two original knock-in mouse models (KI), by inserting the transgene into 

the Mapt murine locus. In these KI models, Tau transgene expression is under the control of the 

endogenous murine promoter. Two lines have been created 1) the TauKI-V5 model which 

consists in the insertion of a human Tau cDNA (1N4R) bearing a mutation (P301L) and a V5 tag 

and 2) the Tau-MG model which consists in the insertion of a human Tau minigene coding for 

the constitutive and two alternatively spliced exons (2 and 10) including flanking intronic 

regions responsible for their alternative splicing. In both models, transgene expressions were 

validated at the mRNA and protein levels, and mostly found in the central nervous system, but 

also, as expected, in some peripheral organs such as heart and muscle. Molecular and 

biochemical characterization of both models are ongoing and results will be presented. 
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Abstract: Objective: To characterize the firing rate and pattern of oscillatory neurons in the 

basal ganglia and motor thalamus in patients with Parkinson’s disease (PD). Methods: Twenty-

nine patients with PD undergoing stereotactic neurosurgery were studied. Microelectrode 

recordings in the subthalamic nucleus (STN, n=16), the globus pallidus internus (GPi, n=9) and 

the ventral oral posterior/ventral intermediate nucleus of thalamus (the Vop/Vim, n=9) were 

performed. Electromyography (EMG) of the contralateral limbs was simultaneously recorded. 

Single unit analysis and measurements of interspike intervals (ISI) were carried out. Spectral 

analysis and coherence analysis were assessed to study oscillatory neurons in relation to limb 

muscle activity. Mean spontaneous firing rate (MSFR) of oscillatory neurons were calculated. 

Analysis of variance (ANOVA) and X2 test were performed. Results: Of 76 STN neurons, 39.5% 

were tremor frequency band neurons (TFB) and 28.9% were β frequency band neurons (βFB). 

The MSFR was 44.2 ± 7.6 Hz. Of 62 GPi neurons, 37.1% were TFB neurons and 27.4% were 

βFB neurons. The MSFR was 80.9 ± 9.6 Hz. Of 44 Vop neurons, 65.9% were TFB neurons and 

9.1% were βFB neurons. The MSFR was 24.4 ± 4.2 Hz. Of 30 Vim oscillatory neurons, 70.0% 

were TFB neurons and 13.3% were βFB neurons. The MSFR was 30.3 ±3.6 Hz. Further 

comparison indicated that proportion of βFB oscillatory neurons in the STN and GPi was 

significantly higher than that of similar neurons in the Vop and Vim of thalamus (P<0.05). 

Conversely, the proportion of TFB neurons and tremor related neurons in Vim and Vop was 

significant higher than that of STN and GPi (P<0.05). ANOVA indicated significant differences 

of MSFR of oscillatory neurons in four nuclei. The highest MSFR was GPi oscillatory neurons 

whereas the lowest MSFR was Vop oscillatory neurons (P<0.05). Conclusion: The altered firing 

rate and pattern of oscillatory neurons in basal ganglia structures play a critical important role in 

generation of parkinsonian motor symptoms, and findings here are generally in support of the 

“classic model” of basal ganglia dysfunction in PD. β oscillatory activity, thought to be 

antikinetic, is more prominent in the basal ganglia than in the thalamus suggesting that the 

oscillation most likely result from dopaminergic depletion. While both basal ganglia and 

thalamus have tremor activity, the thalamus appears to play a more important role in tremor 

production, basal ganglia β oscillatory activity might be the trigger. 
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Abstract: The substantia nigra pars reticulata (SNr) is involved in movement and action control. 

This brain region is the main output of the basal ganglia, providing GABAergic projection to 

thalamic and brainstem regions. The SNr receives glutamatergic innervation primarily from the 

subthalamic nucleus (STN). In Parkinson’s disease, neurons in SNr and STN are hyperactive and 

their firing pattern is altered. The exact mechanisms responsible for this modified activity are 

still incompletely identified, but might involve an altered NMDA receptor (NMDAR) function. 

This type of glutamate receptor plays key roles in synaptic transmission and long-term synaptic 

plasticity. In the SNr, NMDARs contribute to induction of long-term depression. Given that the 

subunit composition of the NMDAR is critical for its biophysical, pharmacological and signaling 

properties, we sought to investigate the composition of synaptic NMDARs in GABAergic SNr 

neurons. We measured evoked NMDAR-mediated excitatory postsynaptic currents (NMDA-

EPSCs) in SNr neurons recorded in brain slices from male C57/BL6 control mice (aged 7-10 

weeks). To identify the contribution of GluN2A to synaptic NMDARs we bath applied the 

GluN2A antagonist TCN-201 (10 µM). This antagonist decreased the amplitude of NMDA-

EPSCs (to 67.01±4.42 of baseline) only in a subset of recorded neurons (n = 5/10). The GluN2B 

antagonist Ro 25-6981 (1 µM) induced a robust decrease of the NMDA-EPSCs (to 61.07±4.8 % 

of baseline) in the majority of recorded neurons (n = 17/18). The GluN2D antagonist DQP-

1105(20 µM) decreased the NMDA-EPSCs only in a subset of recorded neurons (to 63.98±3.8 % 

of baseline in n =9/16 neurons tested). Altogether, our results demonstrate that two distinct 

populations of GABAergic neurons in the SNr have different NMDARs: one with 

GluN2B/GluN2A and the other with GluN2B/GluN2D. Our ongoing work investigates the 

possible contribution of tri-heteromeric NMDARs in the SNr GABAergic neurons and evaluates 

the subunit composition of NMDARs in these neurons in mouse models of Parkinson’s disease. 
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Abstract: The central role of dopamine (DA) in Parkinson’s disease (PD) and levodopa-induced 

dyskinesias (LIDs) is clear. However, increasing work support the involvement of other 

neurotransmitter systems. Indeed, DA depletion and prolonged treatment with levodopa lead to 

adaptive changes in the glutamatergic transmission from the cortex to the striatum, resulting in 

the aberrant localization and function of striatal glutamate receptors. An emerging concept is that 

cell-type and subunit specific alterations of NMDA receptors (NMDARs) in the striatum may 

differently contribute to the pathological events underlying PD and LIDs. While previous work 

investigated modifications of GluN2A- and GluN2B-NMDARs in spiny projection neurons, 

GluN2D-NMDAR, a less represented subtype mainly expressed by striatal cholinergic 

interneurons, has gained researchers’ interest. This work aims at characterizing the role of 

GluN2D-NMDARs in the synaptic changes in PD and after chronic treatment with levodopa. To 

this, the 6-hydroxydopamine rat model of PD was used to reproduce degeneration of the 

nigrostriatal pathway. Then, parkinsonian animals were chronically treated with levodopa. An 

array of biochemical, immunohistochemical and pharmacological tools were applied. Our results 

indicate that GluN2D-NMDARs synaptic localization is augmented in the striatum of dyskinetic 

rats compared to parkinsonian and control animals. This event is associated to a dramatic 

increase in GluN2D binding to PSD-95. Importantly, treatment with a selective GluN2D 

antagonist can ameliorate the severity of established dyskinesias. Our findings confirm the 

involvement of GluN2D-NMDARs in LIDs. In the search for novel approaches that go beyond 

DA replacement therapy, different NMDAR subtypes may represent effective therapeutic 

candidates for LIDs. 
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Abstract: Deposition of aggregated alpha-synuclein in cytoplasmic inclusions e.g. Lewy bodies 

is a characteristic hallmark for neurodegenerative disorders as Parkinson’s disease, dementia 

with Lewy bodies, and multiple system atrophy. The inclusions are likely to develop over a long 

period, perhaps decades and during this period, different soluble neurotoxic aggregates are 

hypothesized to exist. Detection and quantification of these soluble aggregates is not trivial, but 

slowly techniques are emerging. We present two novel methods based on the commercially 

available antibody MJF14-6-4-2 that specifically bind aggregated alpha-synuclein. 

The alpha-synuclein oligomer ELISA allows detection and quantitative comparison of alpha-

synuclein oligomers in in vivo and in vitro experiments, including alpha-synuclein transgenic cell 

lines and human alpha-synuclein transgenic mouse models. Moreover, we present a MJF14-6-4-

2 proximity ligation assay that allows site specific detection and semi-quantitative evaluation of 

alpha-synuclein aggregates in alpha-synuclein overexpressing cells, animal models 

overexpressing human alpha-synuclein, and human pathological brain tissue. These techniques 

holds potential of quantifying the potential effects of therapeutic interventions in different 

models. 
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Abstract: Impairment in mitochondrial function and heightened oxidative stress dependent 

inflammatory response have been linked to PD pathogenesis. However, the triggers for 

mitochondrial dysfunction remain poorly characterized. Therefore, targeting proteins that 

regulate mitochondrial function could lead to the discovery of novel therapeutics for PD. We 

recently identified that Protein Kinase C delta (PKCδ), a redox sensitive kinase, may be involved 

in the microglial activation response following exposure to Parkinsonian toxins. In the current 

study we examined the mitochondrial function of PKCδ and its involvement in NLRP3 

inflamamsome activation using a Tumor Necrosis Factor-(TNF) like weak inducer of apoptosis 

(TWEAK)-induced neuroinflammation cell culture model. We show that TWEAK stimulation of 

U373 astrocytic cells induces a time dependent increase in ROS generation, mitochondrially 

derived ROS, collapse of mitochondrial membrane potential (MMP) and PKCδ activation. These 

effects were accompanied by the upregulation of NLRP3 inflammasome and the resulting 

increase in the secretion of IL-1β and IL-18, proinflammatory cytokines. Notably, down 

regulation of PKCδ by siRNA-mediated gene silencing attenuated TWEAK-induced NLRP3 

inflammasome activation via amelioration of mitochondrial dysfunction. Likewise, a 

mitochondrial targeted antioxidant, mitoapocynin, attenuated mitochondrial impairment with a 

concomitant suppression of NLRP3 inflammasome activation in a PKCδ dependent manner. Our 

study suggests that activation of PKCδ via mitochondrial oxidative stress dependent mechanisms 

might serve as a critical determinant of NLRP3 inflammasome activation in TWEAK treated 

cells. Taken together, our studies suggest that manipulating PKCδ activation may represent a 

novel therapeutic strategy in PD. 
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Abstract: Abstract 

Parthanatos is a Poly (ADP-ribose) (PAR)-dependent cell death mechanism that is involved in 

many neurological disorders including Parkinson’s disease (PD) and stroke. 

Iduna/RNF146 is a first-in-class PAR-dependent ubiquitin E3-ligase. Iduna prevents parthanatos. 

However, the underlying mechanism is largely unknown. To begin to understand the mechanism 

of how Iduna attenuates parthanatos, we screened a comprehensive human protein chip 

containing approximately 17,000 proteins for proteins that were ubquitinated by Iduna. We 

found 79 proteins that are potential PAR-dependent Iduna substrates from the protein chip array. 

This was followed by screening these Iduna substrates for their ability to prevent parthanatic cell 

death using specific siRNAs to the 79 proteins. We identified 6 proteins including Iduna 

Substrate Protein 1 (ISP1) that prevent parthanatos. We are currently characterizing IPS1’s role 

in parthanatos. ISP1 is a PAR binding protein that is ubiquitinated by Iduna and degraded by the 

proteasome in a PAR-dependent manner. Mutation on specific residues of ISP1 lead to loss of 

PAR binding and disrupt ubiquitination by Iduna. Expression of ISP1 is increased following 

treatment with the DNA damaging agent, MNNG. Knockout of ISP1 substantially reduces 

MMNG-induced parthanatos. Studies are ongoing to understand the mechanism accounting for 

ISP1’s role in parthanatos in cell-based and primary neuron-based models. 
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as a modulator in Parkinson’s disease 
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1IIT Bombay, IIT Bombay, Powai,Mumbai, India; 2IIT Bombay, Mumbai, India 

Abstract: As the emergence of abnormal burst discharge in subthalamic nucleus (STN) cells is a 

pathological hallmark of the Parkinson’s disease. Here our goal is to study the effect of 3,4-

Methylene-dioxy-N-methylamphetamine (MDMA, ‘ecstasy’) at the level of abnormal bursting 

patterns in a computational model of STN cell with proper validation. The nine ionic currents are 

incorporated in terms of maximal conductances and voltage-dependent activation/inactivation 

gating variables. Synaptic events (MDMA) is formalized with an instantaneous rise of the 

synaptic conductance gsyn(t) from 0 to maximum value at time t0 followed by an exponential 

decay. The STN cell fires spontaneous action potentials (AP) in the single spike mode with a 

resting membrane potential (RMP) of approximately ─50 mV. The mean firing rate is 17 Hz in 

our model. The MDMA with high dose increased both RMP and firing rate. The rising phase of 

AP is built up by Ca2+ conductances until enough slowly activated K+ channels are open to 

repolarize it. Moreover, the same MDMA with zero doses decreased the AP firings significantly 

in our model. As MDMA elevates the RMP of STN cell to generate more APs, proper dosing of 

MDMA inhibitors might be an effective new non-dopaminergic alternative in parkinsonian 

patients. 
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Title: Rotenone triggers senescence in human astrocytes 

Authors: *K. SIMMNACHER, P. KLEIN, B. WINNER 
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Abstract: One major risk factor of Parkinson`s disease (PD) is aging. Core pathomechanisms of 

PD, such as oxidative stress and mitochondrial dysfunction, are increased also with age and even 

healthy subjects show aging related neurodegeneration in the substantia nigra. This study aims to 

link senescence, as one major aspect of aging, to PD. Senescent cells accumulate with age, they 

accelerate aging in organs and they are linked to aging related diseases such as Sarcopenia or 

Arteriosclerosis. In addition to aging, which strongly connects PD and senescence, oxidative 

stress and mitochondrial dysfunction are closely linked to both PD pathology and senescence 

induction. 

The aim of this project was to analyze if PD relevant stressors are able to induce a senescent 

phenotype in brain cells. For this, fetal astrocytes were exposed to the PD relevant stressor 

Rotenone. Senescent markers such as IL6, senescence-associated beta-galacotsidase and p16 

were analyzed in those cells. We were able to measure an increase in senescence markers within 

cells treated for short term as well as long term with Rotenone. 

An increase in IL6 might indicate a proinflammatory effect of senescent astrocytes in the brain 

with higher inflammation being one pathomechanism of PD. Senescence might also impair 

astrocyte function related to neuroprotection, neurotoxicity, transmitter release or blood-brain-

barrier function and that way contribute to disease progression. 
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Abstract: Inflammatory mediators released from activated microglia, astrocytes, neurons, mast 

cells and T-cells-induce neuroinflammation-mediated neurodegeneration in neurodegenerative 

diseases. Parkinson’s disease (PD) is characterized by neurodegeneration of dopaminergic 

neurons in substantia nigra of the midbrain. Mast cells are implicated in neuroinflammation and 

neurodegeneration in the central nervous system (CNS). However, the exact mechanism 

involved in this process is not yet clearly known. Neurotoxin 1-methyl-4-phenyl-1,2,3,6-

tetrahydropyridine (MPTP)-induces PD like-symptoms in animals. 1-methyl-4-phenylpyridinium 

(MPP+), a toxic metabolite of MPTP activate glial cells, neurons and mast cells to release various 

inflammatory mediators in the CNS. In this study, we analyzed neuroinflammation and mast 

cells activation in the brains of acute MPTP-induced Parkinsonian mice. Brain mast cells were 

stained with toluidine blue staining. Brains from MPTP-injected mice showed increased mast 

cell numbers as well as increased mast cell activation when compared with the control mice 

brains. Immunofluorescence staining showed increased protease-activated receptor-2 (PAR-2), 

receptor for mast cell released proteases in MPTP-induced PD mice brains. Further, 

immunofluorescence staining showed increased PAR-2 expression in primary mouse astrocytes 

cultured in vitro and incubated with MPP+, inflammatory protein glia maturation factor (GMF), 

mouse mast cell protease-6 (MMCP-6) and MMCP-7. Injury associated cytokine interleukin-33 

expression increased in the midbrain and striatum of human PD brains as compared with age and 

gender matched human control subjects’ brains. We suggest that mast cell interaction with glial 

cells and neurons during neuroinflammation can be explored as a new therapeutic target for PD 

and other neuroinflammatory disorders. 
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Abstract: The formation of pathologic aggregates of hyperphosphorylated, misfolded α-

synuclein and tau is a common feature in α-synucleinopathies and tauopathies, respectively. Our 

recent postmortem brain studies of Parkinson’s disease, Dementia with Lewy Bodies, 

Alzheimer’s disease and Progressive Supranuclear Palsy revealed that dysregulation of the 

phosphatase that dephosphorylates these two proteins, protein phosphatase 2A (PP2A), is a 

common feature among these disorders. PP2A, which is a major serine/threonine phosphatase in 

the brain, is a trimeric holoenzyme that includes a catalytic C subunit and one of several 

regulatory B subunits that confer substrate specificity. The PP2A isoform that dephosphorylates 

α-synuclein and tau is B55alpha containing, and its assembly and activity are tightly regulated by 

reversible carboxyl methylation of the C subunit. In α-synucleinopathies and tauopathies, we 

found an imbalance in the expression levels of the two PP2A modulating enzymes that control its 

methylation, namely leucine carboxyl methyltransferase (LMCT-1) and protein phosphatase 

methylesterase (PME-1), creating conditions that favor inactivation of PP2A. However, the 

mechanism underlying dysregulation of PP2A methylation and its decreased activity in 

neurodegenerative diseases is not fully understood. Another common feature among these 

disorders is oxidative stress. Therefore, here we sought to address whether oxidative stress 

contributes to the altered state of PP2A methylation and the expression of its methylation 

modulating enzymes. Challenging human neuroblastoma SH-SY5Y cells with hydrogen 

peroxide resulted in significant changes in the expression levels of both LCMT-1 and PME-1, 

associated with demethylation of PP2A. Through changes in the methylation status of PP2A, its 

activity is also significantly reduced under conditions of oxidative stress. These findings support 

a role for oxidative stress in modulating PP2A activity, and consequently, the accumulation of 

hyperphosphorylated protein aggregates in neurodegenerative diseases. 
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mediated inflammatory signaling 

Authors: L. YOO1, Y. H. LEE1, *H. RHIM2, K. C. CHUNG1 
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Abstract: Abstract: An ubiquitin-like protein, ISG15 (interferon-stimulated gene 15), is one of 

the major type I interferon effector systems. ISG15 is expressed in cells in response to a variety 

of stress conditions (i.e., viral and bacterial infections or genotoxic stress) and present in its free 

form or is conjugated to cellular proteins. ISGylation is the covalent attachment of the ISG15 to 

lysine residues on target proteins via a pathway similar to ubiquitination. In addition, conjugated 

ISG15 can be removed from target proteins by UBP43. All components of the ISG15 system are 

induced by type I interferons. Here, we identified Parkinson disease-associated and the U-Box-

containing ubiquitin E3 ligase STUB1 protein as a novel target for covalent ISG15 modification. 

STUB1 is modified by ISG15 in response to type I IFNs, which is mediated by ISG15 E3 ligase, 

Herc5, when the components of ISGylation were overexpressed or the type I interferon were 

treated. We have also mapped the major ISGylation sites within the STUB1. Moreover, 

ISGylation somehow affects the biochemical and functional activity of STUB1. At the meeting, 

additional data linking of its altered regulation to the cellular processes and disease occurrence 

would be presented. 
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Abstract: Microglial activation is found to be decisivein the progressive nigrostriatal 

dopaminergic neurodegeneration leading to Parkinsonism. However, the mechanism of 



microglial activation-dependent dopaminergic neurodegeneration has not yet been shown. The 

study aimed to investigate the role of a variety of mediators involved in the interaction of 

microglia and mesencephalic neurons in order to decipher the underlying mechanism. The 

primary microglial cells were isolated from 1-2 days old pups while mesencephalic neurons were 

isolated from embryo (Wistar rats) during the embryonic days 14-18 employing standard 

procedures. Microglial cells and mesencephalic neurons were treated with cypermethrin 

independently at various doses to go for a dose at which microglial cells got activated but the 

same dose was not toxic to mesencephalic neurons. At the selected dose (0.25 μM), the 

expression of activation markers, such as protein kinase C-δ (PKC-δ), inducible nitric oxide 

(iNOS) and pro-inflammatory cytokines, were measured to reassurethe activation of primary 

microglia. Cypermethrin augmented the level of PKC-δ, iNOS, tumor necrosis factor-α and 

interleukin-β proteins in the primary microglia cells. Moreover, the level of caspase-8 and 

caspase-3/7 were also increased in the treated microglia. Cypermethrin-treated microglial cell-

conditioned media reduced the length and number of axon fibers in the primary mesencephalic 

neurons. Minocycline (50 nM), a pharmacological inhibitor of microglial activation, reduced the 

level of pro-inflammatory cytokines, PKC δ and caspases in the microglial cells and rescued 

from reduced length and number of axon fibers in the mesencephalic neurons.. The results 

demonstrate that microglial-activation dependent upregulation of PKC-δ and pro-inflammatory 

cytokines can be responsible for cypermethrin-induced neurodegeneration. 

Keywords: Parkinsonism; Microglial activation; Mesencephalic neurons 
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Abstract: Autophagy is a lysosome-dependent intracellular degradation pathway essential for 

neuroprotection. Defects in autophagy are linked to neurodegenerative diseases, including 

Parkinson’s disease (PD) but the mechanisms causing its disruption are not fully understood. The 

deubiquitinating enzyme USP24 is located on chromosome 1 in the PARK10 locus associated 

with late-onset PD and was identified as a negative regulator of autophagy by our lab. We 

confirmed increased USP24 protein and mRNA levels in the substantia nigra of a subpopulation 

of idiopathic PD patients. In human cell lines and iPS cell derived dopaminergic neurons, USP24 

knock-down led to up-regulation of cellular autophagy flux. This was assessed by increased 

LC3-II levels and by lysosomal translocation of the mCherry-GFP-LC3 autophagy reporter. To 

determine where USP24 functions in the autophagy pathway we studied its effect on the 

upstream regulators of autophagy. Lack of change in the phosphorylation of mTORC1 target, 

ribosomal protein S6, after knock-down of USP24 indicates that USP24 acts independent or 

downstream of mTOR. USP24 knock-down caused accumulation of PtdIns3P (type III PI3-

kinase product), demonstrated by quantification of the FYVE-dsRed reporter. Inducing 

autophagy by loss of USP24 function was attenuated in the presence of type III PI3-kinase 

inhibitors, spautin1 or 3MA. Furthermore, USP24 knock-down lead to ULK1 protein 

stabilization and increased ULK1 activity. Our data suggests that USP24 alters ULK1 protein 

stability, potentially by impacting ubiquitination. Together our data demonstrate that USP24 

regulates autophagy via ULK1 and the type III PI3-kinase pathway. Induction of autophagy 

following USP24 knock-down was not associated with loss of cell viability. USP24 was able to 

regulate autophagy in PD relevant cells, iPS cell derived dopaminergic neurons. Interestingly, 

USP24 knock-down enhanced long-term survival and increased neurite length of iPS cell derived 

dopaminergic neurons, suggesting potential neuroprotective function. Our data highlight the 

mechanisms of USP24 in regulation of autophagy and its potential role in PD. 
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Abstract: Mutations in the vacuolar protein sorting 35 ortholog (VPS35, PARK17) gene were 

recently identified as a new cause of late-onset, autosomal dominant familial Parkinson’s disease 

(PD). A single missense mutation, AspD620Asn (D620N), has so far been identified to segregate 

with disease in multiple PD families, thereby proving the pathogenicity of this disease variant. At 

present, the mechanism(s) by which familial VPS35 mutations precipitate neurodegeneration in 

PD are incompletely understood and a demonstration of interactions between VPS35 and other 

PD-linked gene products in rodent models is lacking. In the current study, we employed a new 

germline D620N VPS35 knockin (KI) mouse model to determine the pathogenic impact with 

chronic aging of the D620N mutation at physiological expression levels. Our data provide 

evidence that a heterozygous or homozygous D620N mutation is sufficient to reproduce 

neuropathological hallmarks of PD as indicated by an age-dependent degeneration of 

nigrostriatal pathway dopaminergic neurons and widespread axonal pathology. Given the central 

role of α-synuclein in PD pathogenesis and prior data linking VPS35 function to α-synuclein 

homeostasis, we assessed changes in α-synuclein levels or aggregation. We find that D620N 

VPS35 expression does not induce α-synuclein neuropathology and has no effect on the lethal 

neurodegenerative phenotype induced by the expression of human A53T-α-Syn in transgenic 

mice. However, D620N knockin mice instead exhibit tau pathology with advancing age as 

indicated by hyperphosphorylation and abnormal conformations of tau in different brain regions. 

Our data raise the tantalizing possibility of a pathogenic interplay between VPS35 and tau to 

induce neurodegeneration in PD. Our ongoing studies will address the mechanisms by which 

PD-linked mutant VPS35 induces tau pathology, which may represent an important and early 

feature of VPS35-induced neuronal degeneration in PD. The current D620N VPS35 knockin 

mouse model will provide an important tool for understanding neurodegenerative mechanism(s) 

underlying VPS35-linked PD. 
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Abstract: RAB39B, a member of small GTPases, is participates in vesicular trafficking. 

Mutations in RAB39B cause X-linked Parkinson's disease (PD). In the present study, we 

searched for genetic variants in RAB39B in 250 patients with PD. In the present study, rotenone-

induced cellular model of PD was used to investigate pathogenic mechanism of mutant (T168K) 

RAB39B-induced PD. Compared to rotenone-treated control cells, expression of wild-type (WT) 

Rab39B significantly attenuated rotenone-induced cell death, whereas overexpression of 

(T168K) RAB39B was ineffective in preventing rotenone-induced cytotoxicity. Overexpression 

of WT RAB39B ameliorated rotenone-induced apoptotic death of SH-SY5Y cells. (T168K) 

RAB39B failed to prevent rotenone-induced activation of mitochondrial apoptotic pathway. 

Protein expression of ER stress, including Grp78 and CHOP, was upregulated in SH-SH5Y cells 

expressing (T168K) RAB39B. The protein level of autophagic proteins, including Atg7 and 

LC3II, was upregulated SH-SY5Y cells expressing (T168K) RAB39B, suggesting that (T168K) 

RAB39B mutation causes autophagy impairment. 
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Abstract: Genetic discoveries over the last twenty years provide clues into the process and 

systems involved in Parkinson’s disease pathogenesis. While genetic mutation can explain about 

10% of cases, the remaining 90%, referred to as sporadic cases, have unknown etiology. 

Interestingly, several diverse starting points lead to similar motor symptoms caused by 



progressive degeneration of dopamine neurons in in the substantia nigra pars compacta, a 

hallmark pathology of disease which suggests that there might be convergence of biochemical 

pathways. 

In this study we used protein-protein interaction data from Biogrid, IntAct, Reactome, Pathway 

Commons, and SEED to construct a Bayesian network graph of known interactions. Using this 

network we computed all simple paths between a starting point (e.g. genetic causes) and end 

point (e.g. post-mortem genomic variation) using an implementation of Dijkstra's algorithm. 

Further aggregate analysis ranked intermediate steps by connectedness, measured by how many 

times a given protein occurred across all possible paths and normalized to the total number of 

known interactions for each protein in the source data. Pathfinding was repeated for each 

permutation resulting from autosomal mutations and risk factors associated with Parkinson’s 

disease as sources (including but not limited to SNCA, LRRK2, VPS35, PARK2, PINK1, 

PARK7, ATP13A2, FBXO7, PLA2G6, EIF4G1, DNAJC6, ATP6AP2, COQ7, SYNJ1, 

DNAJC13, PTRHD1, PODXL, RAB39B, CHCHD2, TMEM230, and GBA) and transcriptomic 

differences observed in post-mortem sporadic Parkinson’s patient brains as targets. Top hits 

implicate specific target proteins within membrane homeostasis and trafficking, mitochondrial, 

and lysosomal pathways which may be further exploited to understand disease process and for 

therapeutic intervention. 

Disclosures:  J.C. Hall: A. Employment/Salary (full or part-time):; NeuroInitiative LLC. J.W. 

Ryan: A. Employment/Salary (full or part-time):; NeuroInitiative LLC. B. Behrouz: E. 

Ownership Interest (stock, stock options, royalty, receipt of intellectual property rights/patent 

holder, excluding diversified mutual funds); NeuroInitiative LLC. 

Poster 

207. Parkinson's Disease: Cellular Mechanisms 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 207.17/K11 

Topic: C.03. Parkinson’s Disease 

Support: NIH Grant AG048205 

 VA Merit Award I01BX002477 

Title: Molecular control of autophagy by glia maturation factor in rat dopaminergic N27 

neurons: A role for endoplasmic reticulum stress and MAPK activation 

Authors: *S. GOVINDHASAMY PUSHPAVATHI1,2, M. AHMED1,2, K. DURAISAMY1,2, S. 

S IYER1,2, T. RAMASAMY1,2, S. RAIKWAR1,2, S. A ZAHEER1, A. ZAHEER1,2 
1Neurol., Univ. of Missouri Columbia, Columbia, MO; 2Harry S. Truman Mem. Veterans Hosp., 

Columbia, MO 



Abstract: Parkinson’s disease (PD) is a prevalent neurodegenerative disease, mainly 

characterized by progressive loss of dopaminergic neurons in the substantia nigra of the 

midbrain. Neurodegeneration is brought about due to dysregulation of autophagy and 

accumulation of cytoplasmic inclusion in the dopaminergic neurons. However, the mechanisms 

that impair autophagy remains poorly understood. Glia maturation factor (GMF), a brain-

localized inflammatory protein induces dopaminergic neurodegeneration in PD. 1-methyl-4-

phenylpiridium ion (MPP+), a toxic precursor from 1-methyl-4-phenyl-1,2,3,6-

tetrahydropyridine (MPTP) induces experimental PD in vitro. Using rat dopaminergic N27 cells, 

primary neurons from wild type and GMF-KO mice we show that GMF and MPP+ enhance the 

expression of p38 and ERK1/2 mitogen-activated protein kinases (MAPKs), increased mTOR 

activation, endoplasmic reticulum stress markers p-PERK, IRE1α and reduced Beclin1, FIP200 

and autophagy related proteins (ATGs) 3, 5 and 12. The combined results demonstrate that GMF 

affects autophagy through autophagosome formation and maturation with significantly reduced 

lysosomal-associated membrane proten1/2 (LAMP1/2), and the number of autophagic acidic 

vesicles. In the mouse primary neurons we show that MPP+ treatment leads to differential 

expression and localization of p62/sequestosome and in GMF-KO neurons there was a marked 

increase in p62 staining implying autophagy deficiency with very little co-localization of α-

synuclein and p62. Collectively, in this study, we provides an evidence of bidirectional role for 

GMF in executing dopaminergic neuronal death mediated by autophagy that is relevant to PD. 
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Abstract: Growth arrest-specific 1 (Gas1) is a pleiotropic protein that induces apoptosis of 

tumor cells and has important roles during the development of the nervous system. Previously, 

we showed that Gas1 participates in the differentiation of neurons and that it is expressed in the 

dopaminergic cells of the substantia nigra (SN). Based on these data, we studied the role of Gas1 

in a Parkinson's disease (PD) model. First, we induced the overexpression of Gas1 in SH-SY5Y-

AR cells (differentiated cells with retinoic acid) treated with the neurotoxin 6-hydroxydopamine 

(6-OHDA). In these experimental conditions, we found that the over-expression of Gas1 

produced a marked reduction in the number of viable cells related with an increase of the active 

form of caspase 3 in SH-SY5Y-AR cells treated with the 6-OHDA. This pro-apoptotic effect of 

Gas1 was associated with the formation of reactive nitrogen species, and the activation of JNK/c-

Jun. In an in vivo PD model, we unilaterally injected 6-hydroxydopamine (6-OHDA) into the 

striatum and five min after Gas1 was administrated into the SN ipsilateral to the lesion (6-

OHDA). Seven days post-injury, we found that Gas1 increased the injury caused by 6-OHDA. 

Since, it incremented the ipsilateral turnig behavior in response to apomorphine, decreased the 

levels of tyrosine hydroxylase (TH) in the SN and increased the immunoreactivity to GFAP in 

the striatum and SN of mice lesioned with 6-OHDA. Together, these data suggest the mechanism 

by which Gas1 could participate in the neurodegenerative process associated with Parkinson's 

disease. 
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Abstract: Abnormal lipid metabolism has been observed in the brains of patients with 

neurodegenerative diseases, including Parkinson's disease (PD). Intriguingly, a recent study 

reported an unconventional role of parkin, which is implicated in juvenile-onset PD, in the 

regulation of fat uptake via stabilizing the fatty acid translocase, Cluster of Differentiation 36 

(CD36). Yet, the role of parkin-mediated lipid regulation in the brain and any consequences 

caused by its dysregulation on neurodegeneration remain to be elucidated. To investigate these 

questions, we employed both biochemical and fluorescence imaging approaches to robustly 

determine the functional relationship between parkin and lipoprotein lipase (LPL), a triglyceride 

lipase expressed in the brain and a CD36 interactor. Using independent study models - human 

neuroblastoma cell lines and brain cells derived from parkin knockout (KO) mice - we 

demonstrate that parkin expression levels correlate positively with the levels of transcript, 

protein, and activity of LPL. Interestingly, parkin effect on LPL seems to be independent of its 

canonical E3 ligase function; rather, our data indicate that parkin regulates LPL at the 

transcriptional level. Accordingly, our genetic screening of LPL modulators identified Sterol 

Regulatory Element Binding Protein 2 (SREBP2), a major transcription factor involved in 

cholesterol and fatty acid biosynthesis, as a potential mediator in parkin-LPL pathway. Finally, 

our results show that disruption of this pathway during PD-linked cellular stress affects the 

dynamics of two organelles associated with neurodegeneration: mitochondria and lipid droplets. 

Altogether, our findings identify a novel pathway implicating parkin in brain lipid metabolism 

via its regulation on SREBP2-LPL axis. At the same time, our results pave the way for a 

potential next generation therapeutic strategy against PD. 
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Abstract: There is increasing evidence for a specific microbial signature associated with 

Parkinson’s disease (PD). While cause and effect are still unclear, there is growing consensus 



about the unfavorable nature of this association and its disease-promoting potential. It has 

become evident that the human microbiome is in constant communication with the human body 

through metabolites and other components and that it can either promote well-being or disease. 

Brain health and neurodegeneration are no exception and first evidence is now pointing toward 

cranial nerves as fast-track for harmful bacterial species and their metabolites into the human 

brain. According to Braak’s staging system for PD, the first intracranial cellular signs of the 

disease are found in the olfactory bulb as well as the lower midbrain – both structures that are 

connected to areas of high bacterial content via cranial nerves. 

This work is focused on the opportunistic potential of the Gram-positive anaerobe, 

Propionibacterium acnes (P. acnes) primarily investigating histological and mechanistic aspects 

involved in bacterial invasion via the intranasal-olfactory route. In addition, it examines the 

effects of bacterial brain entry on dopaminergic (DA) neurons in the nigro-striatal pathway of the 

midbrain and whether this paradigm can recapitulate the loss of DA neurons seen in PD. This 

work is inspired by our previous findings of intra-neural P. acnes in post-mortem human PD 

brain tissue. 

To study aspects of bacterial invasion via the intranasal-olfactory route and the cellular 

consequences, we introduced clinically relevant isolates of P. acnes and bacterial controls 

(Staphylococcus epidermidis, Propionibacterium freudenreichii) intranasally into wild-type 

C57Bl6J mice. Overall we found P. acnes-specific reduced sensitivity to odors along with 

widespread biofilm formation in the olfactory bulb and evidence of inflammation and axonal 

degeneration at the olfactory nerve. 

To study the effect of P. acnes on DA neurons, we delivered the bacterium or controls 

unilaterally into the striatum. Post-injection outcomes were determined at 24h and 14 days post-

infection with immunohistochemical, DNA/RNA and protein-based techniques. While the initial 

molecular response to experimental and control bacteria was very similar, only P. acnes 

prevailed after 14 days showing extensive biofilm, inflammation and ipsilateral DA neuron 

degeneration. 

This work recapitulates important signs and symptoms associated with PD such as hyposmia 

seen during the early course of the disease as well as DA neuron degeneration. These results 

support the possibility of a P. acnes-based disease etiology for PD. 
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Abstract: Background: Parkinson’s Disease (PD) is a neurodegenerative disorder characterized 

by a progressive loss of dopaminergic neurons (DaNs) in the substantia nigra of the midbrain. 

Mutations in GBA gene, historically linked to Gaucher’s Disease (GD), are the most frequent 

genetic risk factor for PD. However, the link between GBA mutations and neurodegeneration is 

still not clear. In this project, the potential of human stem cell-derived midbrain organoids was 

exploited to shed light on this lacking point. 

Materials and methods: Fibroblasts derived from skin biopsies of a PD patient with a 

heterozygous GBA mutation, a GD patient with a homozygous GBA mutation, and two healthy 

controls were reprogrammed into iPSCs with Sendai virus (Thermofisher). Expression of stem 

cell markers was assessed with immunofluorescence (IF). Karyotype analysis was carried out to 

exclude genetic rearrangements during reprogramming. Protocols for the generation of brain 

organoids by Lancaster et al. (2013) and Jo et al. (2016) were modified to generate 3D cultures 

containing a high amount of DaNs with midbrain identity. Samples collected at various time 

points underwent extensive RNA, western blot (WB), enzymatic, IF, and immunohistochemical 

(IHC) analyses. Sphingolipids analyses were performed by metabolic labelling with radioactive 

precursors [1-3H]sphingosine. Sphingolipid pattern was evaluated by HPTLC, and radioactive 

lipids were visualized by digital autoradiography. 

Results: GBA and control iPSC lines stained positive for stem cell markers. Karyotype analysis 

of reprogrammed iPSCs was normal. Progressive expression of neuronal and DaN markers 

(TUJ1, MAP2, TH) over time reflected the embryologic development and full maturation of 

midbrain structures. IHC staining showed the presence of several cell types, including neurons 



(NF, TH) and astrocytes (GFAP). Schmorl’s method detected positive staining for neuromelanin, 

suggesting a mature dopaminergic identity. GCase protein amount and enzymatic activity were 

decreased in GBA organoids. Sphingolipids analyses revealed the same feature described during 

the development of human brain, reaching an important enrichment of polisialogangliosides. 

Interestingly an accumulation of glucosylceramide is observed in GBA-mutated organoids. 

Discussion: Midbrain organoids may recapitulate some molecular events and biochemical 

dysfunctions underlying GBA-related neurodegeneration. This model may represent a 

comprehensive human platform that could be exploited for the elucidation of mechanisms 

involved in PD and for the screening of potential therapeutic strategies. 
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Abstract: Parkinson’s Disease (PD) is characterized by the loss of dopaminergic neurons in the 

substantia nigra. However, mechanisms underlying this neuronal loss remain largely unknown. 

ATF4, a key mediator of the Integrated Stress Response (ISR), is a transcription factor that 

during prolonged activation can induce the expression of several downstream pro-apoptotic 

target genes. Both oxidative stress and mitochondrial dysfunction are associated with PD and 

these factors are known to activate the ISR. Therefore, we investigated whether prolonged 

activation of ATF4 by PD neurotoxins promotes pro-apoptotic gene induction and neuronal cell 

death. To address this, we treated mouse primary cortical neurons with the PD neurotoxins 6-

hydroxydopamine (6-OHDA) or 1-methyl-4-phenylpyridinium (MPP+) and found that both 

drugs caused a sustained elevation of ATF4 protein levels as well as the persistent induction of 

several pro-apoptotic genes including Chop, Trb3, and the Bcl-2 family member Puma. To 

determine whether ATF4 is necessary for PD neurotoxin-induced neuronal cell death, ATF4 +/+ 

and ATF4 -/- primary cortical neurons were treated with 6-OHDA or MPP+. We found that 

transcript levels of the pro-apoptotic factors Chop, Trb3, and Puma were significantly reduced in 



ATF4-/- neurons as compared to wild-type neurons (p<0.05). Furthermore, we found that 

neuronal death induced by both 6-OHDA or MPP+ was markedly reduced in ATF4 -/- neurons 

(p<0.05) as assessed by Hoechst morphology and Live-Dead assays. Thus, our loss of function 

study clearly demonstrates that ATF4 is necessary for apoptotic neuronal loss in 6-OHDA and 

MPP + paradigms and highlights the Integrated Stress Response as a potential therapeutic target 

in PD. 
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Title: Nlrp3 is required for microglial activation in MPTP treated mice 
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Abstract: Neuroinflammation is associated with the progression of Parkinson’s disease (PD), 

however, mechanisms driving PD-associated neuroinflammation are not sufficiently 

characterized. Inflammasomes are cytosolic multi-protein complexes that react to intracellular 

stress to initiate inflammation. Our studies indicate that Nlrp3 is required for neuroinflammation 

nigral cell loss resulting from chronic systemic rotenone exposure in mice and that Nlrp3 

expression is elevated in the midbrain in tissues obtained from PD patients. Our in vivo and in 

vitro studies are consistent with the reports of others indicating that microglia are a prominent 

cell-of-origin for inflammasome activity in the central nervous system. To further explore the 

function of Nlrp3 in microglia, we exposed Nlrp3-/- mice to MPTP and analyzed these mice 30 

days post-exposure; following a time period when inflammatory activity has been reported to 

impact overall neuronal cell loss. One month following MPTP exposure we conducted 

behavioral studies, serologic assays, and performed unbiased stereological analysis of neurons 

and glial cells in post-mortem brain tissues. Serologic analysis identified Nlrp3-dependent 

changes in the inflammatory cytokine profile resulting from MPTP exposure. We observed 

consistent nigral cell loss in WT mice and increased sparing of nigral neurons in Nlrp3-/- mice 

exposed to MPTP. While we readily observed elevated numbers of aggravated microglia in WT 

mice exposed to MPTP 30 days post-treatment, we did not observe such changes in identically 

treated Nlrp3-/- mice. Analyzing primary microglia in vitro, we observed that Nlrp3-/- microglia 



were resistant to activation resulting from exposure to LPS and nigericin manifest as a reduction 

in the expression of IL6, iNOS, TNFα, and IL-1β. Notably, in LPS-primed microglial treated 

with nigericin, we observed an Nlrp3-dependent elevation of TNFα transcript compared with 

LPS alone. This finding is reminiscent of recent reports of transcriptional modulation by Nlrp3 in 

Th2 cells. In support of transcriptional regulation of TNFα by Nlrp3, we have observed Nlrp3 

protein only in nuclear extracts obtained from microglia primed with LPS and then stimulated 

with nigercirin. These studies complement our previous studies and reports by others further 

supporting a role for Nlrp3 in PD-associated neuroinflammation and suggest that Nlrp3 plays a 

role in the transcriptional regulation of TNFα. 

Disclosures: E.M. Martinez: None. A.L. Young: None. K. von Herrmann: None. M.C. 

Havrda: None. 

Poster 

207. Parkinson's Disease: Cellular Mechanisms 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 207.24/K18 

Topic: C.03. Parkinson’s Disease 

Support: VA RX001613-01 

 AU PSRP00075 

Title: Niacin attenuates inflammatory cytokine upregulation mediated through gpr109a  

Authors: B. GIRI1, E. BRADLEY5, B. BABAN2, J. MORGAN3, R. CHONG6, *C. WAKADE4 
1Senior Scientist, Col. of Allied Hlth. Sci., 2Oral Biol., 3Neurol., 4Associate Dean of Research, 

Col. of Allied Hlth. Sci., Augusta Univ., Augusta, GA; 5Med. Student, Edward Via Col. of 

Osteo. Med., Augusta, NC; 6Physical Therapy, Col. of Allied Hlth. Sciences, Augusta Univ., 

Augusta, GA 

Abstract: Neuroinflammation is central in Parkinson’s disease (PD) pathology. Microglia 

derived inflammatory cytokines are known to be involved in progressive degeneration of 

substantia nigra (SN) neurons. We have demonstrated up-regulation of anti-inflammatory 

receptor GPR109A in blood (PD patients) as well as in SN (post-mortem PD patient samples). 

This may be a part of body’s defense mechanism. Niacin (vitamin B3) acts on GPR109A to 

reduce the inflammation in PD. To understand the cellular mechanisms involved in the anti-

inflammatory action of niacin we utilize here lipopolysaccharide (LPS) induced inflammatory 

cascade in Raw267.4 cells. These cells are macrophages that resemble microglial lineage. LPS is 

known to trigger inflammatory cytokines production such as IL1-beta, IL-6 and TNF-alpha via 

NF-kB pathway. NF-kB is the transcription factor and the translocation of its p65 unit to nucleus 

is an essential step in the inflammatory cascade. Here we demonstrate inhibition of pNF-kB 



translocation by niacin in Raw267.4 cells via GPR109A. However in the absence of GPR109A, 

niacin failed to block the translocation of pNF-kB and the subsequent production of 

inflammatory cytokines in Raw267.4 cells. This anti-inflammatory action of niacin via 

GPR109A might be beneficial in PD to alleviate motor and non-motor symptoms. 
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Abstract: The absence or altered expression of the protein DJ-1 has been associated with several 

neurological disorders including Parkinson Disease and Amyotrophic Lateral Sclerosis. Though 

many potential functions have been proposed, there is limited knowledge of the functional 

consequences of its deficiency in vivo. Given the heterogeneity of cell types in the brain, 

understanding how DJ-1 is differentially expressed within specific cell types is pivotal in 

understanding how certain populations are vulnerable to DJ-1 deficiency and how DJ-1 

deficiency leads to disease. In order to investigate DJ-1 in a cell-specific fashion, we utilized 

RNAscope, an in situ hybridization technique, to quantify expression of DJ-1 in multiple cell 

types throughout the mouse brain. As previously demonstrated, there was widespread expression 

of DJ-1 transcript in the brain; however, expression levels varied between cell types. 

Interestingly, DJ-1 expression was enriched in parvalbumin-expressing interneurons (PV-INs). 

PV-INs are fast-spiking inhibitory neurons that synchronize excitatory neuronal networks by 

rhythmic inhibition. We used whole-cell patch-clamp electrophysiology in order to determine 

how the loss of DJ-1 affects cortical PV-IN modulation of pyramidal neurons in layer V, the 

main layer for descending motor output. We found that PV-INs from DJ-1 null animals had a 



significantly more depolarized resting membrane potential. Layer V pyramidal neurons from null 

animals had both decreased frequency and amplitude of action potential-independent 

spontaneous inhibitory postsynaptic currents (iPSCs). When action potentials were not blocked 

with tetrodotoxin, the frequency of inhibitory events was still decreased, but the amplitude of 

events was increased compared to control iPSCs. When we looked at the distribution of these 

events based on amplitude, we found that there were significantly more relatively small and large 

events, but fewer moderate events in the null animals. Further work is needed to determine if this 

DJ-1-dependent disruption of inhibition could affect the role of PV-INs in their synchronization 

of excitatory networks, and if this may have broader impacts in the pathology of 

neurodegenerative diseases. 
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Abstract: Abstract  

Axon degeneration and disruption of neuromuscular junctions (NMJs) are key events in 

Amyotrophic Lateral Sclerosis (ALS) pathology. Although the disease’s etiology is not fully 

understood, it is thought to involve a non-cell-autonomous mechanism and alterations in RNA 

metabolism. Here, we identified reduced levels of miR-126-5p in pre-symptomatic ALS male 

mice models, and an increase in its targets: axon destabilizing type-3 Semaphorins and their co-

receptor Neuropilins. Utilizing compartmentalized in vitro co-cultures, we demonstrated that 

myocytes expressing diverse ALS-causing mutations promote axon degeneration and NMJ 

dysfunction, which were inhibited by applying Neuropilin1 (NRP1) blocking antibody. Finally, 

overexpressing miR126-5p is sufficient to transiently rescue axon degeneration and NMJ 

disruption both in vitro and in vivo. Thus, we demonstrate a novel mechanism underlying ALS 

pathology, in which alterations in miR126-5p facilitate a non-cell-autonomous mechanism of 

motor neuron degeneration in ALS. 



Significance Statement  

In spite of some progress, currently no effective treatment is available for ALS. We suggest a 

novel regulatory role for miR126-5p in ALS and demonstrate for the first time a mechanism by 

which alterations in miR126-5p contribute to axon degeneration and NMJ disruption observed in 

ALS. We show that miR126-5p is altered in ALS models and that it can modulate Sema3 and 

NRP protein expression. Furthermore, NRP1 elevations in motor neurons and muscle secretion 

of Sema3A contribute to axon degeneration and NMJ disruption in ALS. Finally, overexpressing 

miR126-5p is sufficient to transiently rescue NMJ disruption and axon degeneration both in vitro 

and in vivo. 
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Abstract: The misregulation of iron and subsequent oxidative stress are features shared 

consistently between humans with Amyotrophic Lateral Sclerosis (ALS) and in animal models of 

the disease. The iron sequestration protein H-ferritin has ferroxidase activity and limits the toxic 

potential of iron, making it an attractive therapy to pursue in ALS. One of the disadvantages of 

most systemically-delivered treatments for neurological diseases is that they exert their 

biological effects not only at their target sites but also at peripheral tissue and cells. This often 

results in dilution of the agent below therapeutic levels to the target tissue; a way to increase 

efficacy and reduce the amount of agent administered is to utilize liposomal drug carriers. The 

objective of this work is to determine if infusion of liposome-encapsulated iron-poor H-ferritin 

has neurotrophic properties in a murine model of ALS. Liposomes that were directed to 

microglia by the presence of surface-conjugated lipopolysaccharide (LPS) molecule as well as 

those lacking a targeting moiety were used. Artificial spinal fluid (aCSF) infusion served as a 



surgical and vehicle control. At 90 days of age, mice with the SOD1G93A mutation underwent 

surgery allow for continuous infusion into the lateral ventricle. Disease onset was assessed by 

performance on the rotarod apparatus, and endpoint was determined by the inability of the 

animal to right itself. Our intervention with H-ferritin encapsulated with liposomes not targeted 

to a specific cell-type resulted in a significant 18 day delay in disease onset as compared to the 

aCSF-infused control group (median values). Liposomes containing H-ferritin directed to 

microglia with LPS did not have a positive influence on disease onset. A significant extension in 

lifespan occurred in mice treated with H-ferritin encapsulated by non-targeted liposomes, 

resulting in a 14.5 day extension of survival as compared to aCSF-infused SOD1G93A mice 

(median values). Specific delivery of H-ferritin to microglia was of limited benefit in extending 

lifespan. A plausible explanation for this outcome is over-stimulation of microglia by accessing 

them through the TL4 receptor. Our intervention in the animal model is of particular relevance to 

the clinical population because our intervention occurs at the peri-symptomatic stage of the 

disease; this would correlate to the time in which human patients would begin to notice 

symptoms and seek treatment in the clinic. Therefore, our therapy may be of greater clinical 

benefit than those compounds tested while animals are asymptomatic. 
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Abstract: Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease in which upper 

and lower motor neurons die off, leading to paralysis and eventually death within a few years 

after diagnosis. The variability in disease onset and progression among patients can partly be 

explained by genetic modifying factors. The EphA4 receptor tyrosine kinase was recently 

discovered by our lab to be such a disease modifier for ALS. Indeed, administration of KYL 



peptide, a selective EphA4 blocking peptide, directly in the brain of ALS rats resulted in a 

modest increase in disease survival. Modification of the cyclic peptide ‘APY’ has led to the 

generation of ‘APYd3’, a highly specific, stable and potent antagonist for the EphA4 receptor. In 

this study, we aim to explore the therapeutic potential of this improved EphA4 antagonist in a 

mouse model of ALS. For continuous administration of the APYd3 peptide in the brain of 

SOD1G93A +/- mice, a model for ALS, an Alzet osmotic minipump was attached with a catheter to 

an intracerebroventricular cannula. Female mice were treated from 60 day of age until they died. 

The KYL peptide was used as a positive control while artificial cerebrospinal fluid (aCSF) and 

an inactive variant of APYd3 served as negative controls. Mice were evaluated three times per 

week by the rotarod and hanging wire tests. Disease onset was determined according to two 

different definitions: (1) reduction of rotarod performance by 50% compared to the maximum 

performance or (2) impossibility to perform the hanging wire test for at least 60 seconds. End 

stage was defined as the time when the mouse could no longer turn back on its paws within 20 

seconds after placing it on its back. In this study, we were able to show that the APYd3 peptide 

is stable and fully active inside the osmotic pumps for at least 28 days. Moreover, 

intracerebroventricular infusion with 1 mM peptide resulted in detectable levels in the mouse 

brain. Although preliminary results suggest no difference between treatment groups in disease 

onset or survival (n=14), an increase in group size is needed before drawing final conclusions 

about the effects of this dose of peptide. 
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Abstract: In the motor neurons of the vast majority of sporadic ALS patients, the expression of 

an RNA editing enzyme called ADAR2 is reduced, resulting in abnormal expression of 

glutamine/arginine (Q/R) site-unedited GluA2, a subunit of the AMPA receptor. AMPA 

receptors that contain the unedited GluA2 are highly Ca2+-permeable, and an increase in Ca2+ 

influx in motor neurons results in activation of Ca2+-dependent protease calpain in the cytoplasm, 

thereby causing TDP-43 pathology in the ADAR2-lacking motor neurons of both ALS patients 

and AR2 mice, a conditional ADAR2 knockout mouse model. Thus, normalization of the 

exaggerated Ca2+ influx mediated through abnormally expressed AMPA receptors is a potential 

therapeutic strategy for sporadic ALS, since toxic build-up of Ca2+ in the motor neurons leads to 

cell death. We previously reported that perampanel, a selective non-competitive AMPA receptor 

antagonist, robustly prevented the progressive motor dysfunctions and loss of motor neurons 

with TDP-43 pathology in the AR2 mice (Akamatsu M et al, Sci Rep. 2016). However, 

perampanel has a significant sedative side effect. Here we report our study of the efficacy and 

safety of AMPA receptor-specific RNA aptamers or RNA inhibitors on the ALS phenotype of 

the AR2 mice. RNA aptamers are a new group of potential ALS drug candidates, due to their 

high potency, selectivity and low immunogenicity. An RNA aptamer (FN1040) was 

continuously delivered to the cerebroventricule through an indwelling catheter that was 

connected to an Alzet osmotic pump. Two-week administration of the aptamer has significantly 

rescued the number and normalized the size of choline acetyltransferase (ChAT)-positive motor 

neurons in the spinal cord of AR2 mice. No sedation has been observed in the mice. 

Furthermore, a long-term infusion of the aptamer has blocked the progression of motor 

dysfunction, normalized TDP-43 mislocalization, and prevented the death of motor neurons. Our 

preliminary data have thus far shown a robust neuroprotective outcome on this ALS mouse 

model and suggest that use of AMPA receptor aptamers is a potentially new therapeutic 

approach for ALS. 
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Abstract: Amyotrophic lateral sclerosis (ALS) is a devastating and fatal disease characterized by 

degeneration of upper and lower motoneurons leading to muscle weakness and paralysis. 

Currently there is no neuroprotective therapy impacting disease course and patients die on 

average within three years after disease onset. The only approved treatments for ALS are 

Riluzole and Edaravone, but their efficacy turned out to be very poor and short lasting, 

highlighting the urgent need for new innovative therapies. We previously demonstrated the 

ability of a combination therapy (PXT864) consisting of two repurposed drugs at low doses – 

acamprosate and baclofen – to synergistically restore a normal cellular and behavioral activity in 

Alzheimer and Parkinson disease models. Due to the overall overlap between genetic, molecular 

and cellular characteristics of these neurodegenerative diseases (i.e. GABAergic and 

Glutamatergic imbalance), we argued that this combination could be also effective for ALS. To 

this end, we first studied the effect of PXT864 in primary neuron-muscle co-cultures intoxicated 

by glutamate, as neuromuscular junction (NMJ) alterations play a crucial role in the progression 

of ALS. PXT864 was able to preserve synergistically and significantly NMJ area and number, as 

well as motoneurons neurite integrity against glutamate excitotoxicity as measured by NMJ and 

neurite specific markers. Importantly, PXT864 added to riluzole significantly improved riluzole 

protective effect against glutamate-induced damages on all endpoints. We next assessed PXT864 

activity in primary cultures of motoneurons derived from SOD1 rats. ALS motoneurons 

presented severe maturation defects that were significantly improved by PXT864 combination. 

PXT864 was also able to protect SOD1 motoneurons and their neurites when intoxicated by 

glutamate, mimicking the excitotoxicity observed in ALS. Interestingly, when PXT864 was 

associated to riluzole, motoneurons protection was even improved. Glutamate or β-Amyloid 

intoxication induced an accumulation of TDP-43 protein in the cytoplasm, a hallmark of ALS. 

PXT864 completely prevented TDP-43 accumulation in SOD1 motoneurons and did not exhibit 

any negative interaction with riluzole on this endpoint. These results demonstrate the potential 

value of PXT864 alone or in combination to riluzole as a promising therapeutic strategy for the 

treatment of this severe and deadly disease. 
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Abstract: A brain-machine interface (BMI) is a device, which interfaces directly with brain to 

control an external efforter (e.g. a robotic arm or computer). Position or touch sense is important 

for clinical applications of the BMI because ideal prosthetic limbs should be perceived as natural 

extensions of the users' bodies. We have started to design a cortical modulator using optogenetics 

- a new method for the manipulation of neurons to dial in potential sensory input in a bi-

directional manner. Optogenetics technique reduces most of the key problems associated with 

electrical brain stimulation: there is no associated electrical artifact to interfere with the 

electrophysiological recordings, nor any tissue damage from the current injection. It also allows 

for precise control of the spatial pattern of stimulation. Here we report data from initial bench 

testing and implantation for the ECoG with LED in both the rat and non-human primate. The 

initial results suggest that the new ECoG array can be successfully translated from rodents to 

accommodate the technological challenges associated with successfully interfacing with the non-

human primate brain. 
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Abstract: Activation and proliferation of microglia at sites of neuronal demise in the central 

nervous system (CNS) represents a pathological hallmark shared by both sporadic (sALS) and 

familial Amyotrophic Lateral Sclerosis (fALS). Increasing evidences point to skewing of 

microglia phenotype in favor of a neuroprotective, pro-regenerative environment/milieu as 

potential therapeutic strategy to slow down neuronal degeneration and improve disease outcome 

in ALS. We developed and characterized a novel pharmacological platform based on 

nanoparticles (NPs) composed of polymeric materials that can be functionalized with receptor-

selective ligands to achieve specific targeting of activated microglia in ALS. To improve the 

potential clinical translability of these NPs, we exploited well-known ligands of the 18 kDa 

translocator protein (TSPO), already validated for use as PET tracers in the clinical setting (i.e. 

PK11195 and PBR28) to track microglia activation and neuroinflammation in ALS and several 

other neurodegenerative diseases. We demonstrated that these NPs target up to 30-50% of the 

microglia in the brain and spinal cord upon lumbar intrathecal injection. Covalent 

functionalization of the NPs surface with precursors of PK11195 and PBR-28 determined a 

TSPO-dependent uptake in microglia cell lines and did not affect specific binding to human 

TSPO (as demonstrated by microscale thermophoresis). Finally we demonstrated that the new 

NP platform developed in this project is suitable for loading and releasing small molecules or as 

non-viral gene delivery tool, by testing in vitro the capability to interfere with two well known 

molecular players involved in ALS pathology, i.e. upregulation of NADPH oxidase (NOX2) and 

of miR155. We are currently running a proof-of-concept preclinical study in the transgenic 

SOD1.G93A rodent models of ALS, to validate this NPs platform in terms of selectivity of 

uptake and MRI/PET traceability in the areas affected by CNS demise, and overall potential 

therapeutic efficacy. As compared to the commonly used gene therapy viral vectors, overall the 

NPs developed in this project represent a very attracting pharmacological platform, due to 

several advantages: i) no risk of pre-existing immunogenicity; ii) no risk of virulence or vector-

related pathogenicity; iii) the possibility to combine gene delivery with release of therapeutic 

small molecules and iv) the possibility of tracking NPs by non-invasive approaches such as 



MRI/PET. Overall this may pave the way to innovative theranostic approaches to improve ALS 

therapy. 
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Abstract: Yeast models have proven to be an efficient method to screen for both genes of 

interest and small molecule modulators against toxic misfolded proteins in neurodegenerative 

diseases such as ALS. Yeast strains expressing TDP-43, FUS and one of the C9orf72 dipeptide 

repeat proteins (PR50) were constructed in a drug-pump deletion background. All strains showed 

a toxic phenotype which was used as the end-point to screen for compounds that could 

antagonize this toxicity. The strains were screened against a set of 500K diverse compounds 

using a high-content flow cytometry assay. Unique series of compounds were identified as 

actives against all three proteins. We then confirmed activity in the same strains using optical 

density as an alternative read-out. Representative compounds were then further characterized in a 

TDP-43 C.elegans locomotion assay, a mouse NSC-34 (hTDP-43) cell line assay and in rodent 

primary neurons expressing hTDP-43 using a robotic microscopy assay. Several diverse lead 

series have emerged from this effort and target deconvolution strategies are underway in parallel 



with concomitant screening of new analogs. Several putative targets have been identified from 

this approach. We will discuss the overall strategies and methods used. 
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Abstract: Antisense oligonucleotide (ASO)-based therapeutics hold much promise for the 

treatment of neurodegenerative diseases, as demonstrated by the profound clinical benefit 

conferred by SPRINRAZA. To stop the production of proteins, chemically modified DNA 

containing ASOs bind to their complementary target RNAs and direct their catalytic degradation 

through the action of RNase H. The chemical characteristics of ASOs (6-7K molecular weight, 

highly charged molecules) results in a general lack of blood brain barrier penetration upon 

systemic administration. Thus, for CNS applications ASOs need to be delivery directly to the 

central nervous system (CNS) via intrathecal (IT) dosing. However, difficulties with delivering 

drugs to the brain by IT dosing have been noted due to large caudal to rostral drug concentration 

gradients. Here we investigated the distribution and activity of an RNase H ASO that targets 

MALAT1 RNA in the CNS of rodents and non-human primates (NHPs) after CNS 

administration. The ASO was administered at increasing doses to adult mice and rats by 

intracerebroventricular (ICV) and IT injections, respectively. Two weeks post injection, CNS 

tissues were analyzed for ASO distribution by ELISA and IHC, and RNA expression by qPCR 



and ISH. We also administered ASO to cynomolgus monkeys by IT bolus injections at 25 mg on 

days 1, 14 and 28 and the tissue was collected 2 weeks after the last dose for ASO distribution 

and RNA expression. Central administration of the ASO in rodents resulted in widespread 

distribution of ASO and a dose-dependent reduction of Malat1 RNA in all CNS regions. Despite 

the larger CNS volume of cynomolgus monkeys, we also observed broad ASO distribution and 

target RNA reduction throughout the CNS This includes deep brain regions such as 

hippocampus, thalamus, amygdala, striatum and brain stem. In rodents and non-human primates, 

we also evaluated the activity of the ASO in the four major CNS cell types by dual ISH with a 

MALAT1 probe for ASO activity and a second probe to identify the cell type. This analysis 

showed robust ASO activity in neurons, oligodendrocytes, microglia and astrocytes throughout 

the CNS. Here we show that IT administration results in ASO distribution throughout the CNS 

regardless of CNS volume and robust activity in all the major CNS cell types. ASO technology is 

a versatile and powerful platform for CNS research that can be readily translated into clinical 

therapies. 
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Abstract: Background: Mutations in superoxide dismutase 1 (SOD1) are linked to familial 

amyotrophic lateral sclerosis (ALS) characterized by a progressive loss of α-motoneurons and 

resulting loss of motor-ambulatory and respiratory function leading to dead. Up today, there is no 

effective treatment for this devastating disease. Recent studies have shown that systemic delivery 

of AAV9_ShRNA_SOD1 slow disease progression, delay disease onset and extend survival once 

delivered in young ALS SOD1G37R mice. We have recently developed a subpial vector delivery 

technique and have demonstrated a potent trans-spinal transgene expression in adult rodents 

(mice, rat) and pig. Our current study was designed to study the SOD1 silencing effect and 

resulting treatment potency after subpial of AAV9_ShRNA_SOD1 delivery in adult pre-

symptomatic ALS SOD1G37R mice. Methods: SOD1G37R mice or wild-type controls (150 days of 

age) were divided in 4 groups as follow: 1) Subpial cervical and lumbar AAV9_ShRNA_SOD1 

delivery in SOD1G37R mice (n=17), 2) Sham surgery in SOD1G37R mice (n=15), 3) Positive 

control - no surgery (SOD1G37R mice) (n=5), and, 4) negative control-no surgery (n=12). After 

treatment the body weight, grip test and open field motor performance was monitored in 7 days 

intervals. On day of sacrifice (i.e. end stage time point) muscle fibrillation was recorded and 

spinal cord tissue harvested. The level of SOD1 silencing and neuroprotective effect was 

assessed by Q-PCR, immunofluorescence (neuronal and glial markers) and in situ hybridization. 

Results: If compared to sham-controls, animals receiving subpial injection of 

AAV9_ShRNA_SOD1 showed highly significant: i) delay in disease onset (343 vs 272 days) ii) 

delay at reaching disease end stage (493 vs 389 days), iii) improvement in grip strength, and, iv) 

improvement in open field motor performance. The IHC and FISH confirmed a potent (over 

90%) mutated SOD1 silencing effect as assessed by decrease in SOD1 mRNA and protein with a 

maximum effect at 6-8 weeks. This silencing persists for minimum of 48 weeks after treatment. 

No detectable side effect resulting from subpial AAV9 delivery was seen. Conclusion: These 

data demonstrate a highly potent therapeutic effect after spinal subpial delivery of 

AAV9_ShRNA_SOD1. This treatment effect can be achieved even if the treatment is initiated in 

adult animals. Excellent safety profile in both small and large preclinical animal models (pig, 

non-human primates) of subpial AAV9 delivery warrant an accelerated transition of this 

treatment technology to human patients for treatment of inherited SOD1 mutation-linked ALS. 
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Abstract: Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease characterized by 

the selective and progressive loss of motoneurons in the spinal cord, brain stem, and motor 

cortex. Although the hallmark of ALS is the motoneuron degeneration, it is a non- autonomous 

disease with the active participation of astrocytes, microglia and T cells. Such nonneuronal cells 

act as protagonists of neuroinflammation, one of the main and most evident pathogenic 

mechanism involved in the disease progression. Pharmacological treatment with riluzole is not 

curative and has little effect on the prolongation of patient survival. Thus, the development of 

new therapeutic strategies is of utmost importance. In addition to pharmacological therapies, the 

use of stem cells has been heavily investigated, seeking immunomodulatory and neuroprotective 

effects. The objective of this study was to verify if human mesenchymal stem cells (hMSCs) 

from adipose tissue present therapeutic potential in SOD1G93A transgenic mice. The treatment 

was carried out in the asymptomatic phase of the disease (10th week) by a single systemic 

application of hMSC (1x105 cells). The animals were sacrificed at the 14th week (initial stage of 

symptoms) and at the end stage (ES) of the disease. The lumbar spinal cord of the animals was 

dissected out and processed for Nissl staining (evaluation of neuronal survival), and transmission 

electron microscopy (TEM) for the ultrastructural study of the alpha motoneurons at the ES of 

disease. Behavioral analyzes considering the onset of disease and its progression, neurological 

score, body weight, and motor control (rotarod test), started on the 10th week and were 

performed every three days until the ES of the disease. The results revealed that treatment with 

hMSC promoted greater neuronal survival (44%) when compared to animals of the vehicle 

group. However, such effect was not evidenced in the ES of the disease. TEM showed better 

ultrastructural preservation of the ventral horn in animals treated with hMSC. These results 

corroborate with the behavior data showing that hMSC delayed motor deficit and reduced the 

weight loss when compared to vehicle animals. Also, cell therapy delayed the course of the 

disease and significantly improved survival of sick animals by 15-days. Overall, our results 

indicate that treatment with hMSC has beneficial effects, enhancing neuronal survival, and 

promoting a less degenerative neuronal microenvironment. Thus, it may be considered as a 

promising therapy to improve quality of life and to extend the lifespan of ALS patients. 
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Abstract: Background: Multi-protein complex (MPC) “assembly machines” that are normally 

hard to detect by conventional proteomics due to their transience/lability appear to be a critical 

weak link in many diseases, including ALS. We have identified small molecules that target and 

correct aberrant MPC putative assembly machines involved in the pathophysiology of ALS. 

Methods: We developed three assays. The first allows us to image nucleocytoplasmic 

mislocalization of proteins implicated in ALS-FTD, from patient-derived fibroblasts. The second 

allows us to image oxidative stress-dependent TDP-43 aggregation in stress granules. Drug resin 

affinity chromatography (DRAC) followed by mass spectrometry (MS-MS) provided a third 

biochemical assay to identify the MPC drug targets. Human transgenic TDP-43 C.elegans was 

used to corroborate the cellular and biochemical findings. 

Results: One class of compound corrects mislocalization by returning TDP-43 to the nucleus. 

Other compound classes prevent cytoplasmically localized TDP-43 from aggregating in stress 

granules. DRAC analysis reveals distinct subsets of the ALS protein interactome involved in 

each of the three chemotypes explored to date. These compounds are active in vivo and rescue 

C.elegans transgenic from swimming-induced motor paralysis (SWIP), and prevent the motor 

neuron degeneration responsible for SWIP. 

Conclusions: Assembly modulation is a novel and productive approach to ALS therapeutics. 

TDP-43 aggregates appear to be the downstream consequences of assembly events whose 

aberration triggers ALS. DRAC has allowed identification of the protein components of 

assembly machines – and shown these novel drug targets to be composed of proteins previously 

identified as part of the ALS disease interactome – but not previously known to be transiently 

together as an MPC. Our lead compound has excellent brain exposure, good pharmacokinetic 

properties, and is safe and well-tolerated in mice and rats. We believe this will be a treatment 

specifically targeting the causative molecular events leading to ALS. 
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Title: Activation of the MEK/ERK pathway by TDP-43 induces the innate immune responses 

and contributes to ALS pathogenesis 
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Abstract: Amyotrophic lateral sclerosis (ALS) is a rapid progression neurodegenerative disease 

characterized by motor neuron degeneration and loss. Mutations in the gene encoding TAR DNA 

binding protein 43 (TDP-43) can cause ALS, and TDP-43-containing cytoplasmic inclusions are 

a pathologic hallmark of ALS. However, the underlying mechanism of TDP-43-induced 

neurodegeneration remains unclear. Using a previously established Drosophila model of ALS 

(Kim et al., 2014), we conducted a targeted screen of kinases that modifies TDP-43 

neurotoxicity. In the screen, we found that knockdown of Downstream of raf1 (Dsor1), the 

Drosophila homologue of MAPK kinase (MEK), significantly suppressed the TDP-43-induced 

photoreceptor cell neurodegeneration, age-dependent climbing deficit, and shortened lifespan. 

Further, we showed that the protein abundance, phosphorylation levels or subcellular distribution 

of TDP-43 was not affected by downregulation of Dsor1. These data indicate that the modifying 

effect of Dsor1/MEK is not due to an alteration of TDP-43 per se. Instead, it is possible that 

TDP-43 affects the MAPK pathway, which may be involved in the disease pathogenesis. Indeed, 

we found that in TDP-43 flies, the phosphorylation level of rolled (rl), the downstream target of 

the Dsor1/MEK and the homologue of the mammalian extracellular signal-regulated kinase 

(ERK), was significantly elevated, suggesting that TDP-43 activates the MEK/ERK pathway. 



Furthermore, we demonstrated that activation of MEK/ERK pathway by overexpression of 

activated rl in fly neurons led to neurodegeneration, whereas suppression of the MEK/ERK 

pathway by knockdown of rl significantly ameliorated the degenerative phenotypes of the TDP-

43 flies. Our most recent data suggested that TDP-43-mediated activation of the MEK/ERK 

pathway induced innate immune responses in the fly model. Most encouragingly, we discovered 

that an FDA-approved MEK inhibitor for treatment of some cancers significantly reduced TDP-

43-induced immune responses and neurodegeneration, and extended the lifespan of the fly 

model. Together, these findings indicate that TDP-43 induced dysfunction of innate immunity by 

abnormal MEK/ERK activation may directly contribute to ALS and MEK inhibitors that mitigate 

this process may represent a novel therapeutic approach. 
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Title: Development of novel small molecule autophagy inducers for treatment of ALS 
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Gladstone Inst., San Francisco, CA 

Abstract: Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative disease that 

primarily affects motor neurons. It results in paralysis and loss of control of vital functions, such 

as speech, swallowing and breathing, leading to premature death. Life expectancy of ALS 

patients averages 2–5 years from diagnosis. Mutations in a number of genes including SOD1, 

TDP43, and FUS can cause familial ALS. Furthermore, mislocalization and aggregation of 

wildtype TDP43 has been observed in motor neurons from nearly all sporadic ALS patients. It 

has been suggested that in ALS and other neurodegenerative diseases, misfolded proteins cause 

cellular dysfunction that leads to neurodegeneration. Autophagy is a cellular mechanism by 

which misfolded proteins, toxic protein aggregates, and injured organelles are directed to the 

lysosome to be degraded and recycled as nutrients to the cell. Therefore drugs that can induce 

autophagy in neurons could be beneficial for ALS and neurodegenerative diseases in general. We 



have invented a novel automated robotic microscopy and single-cell longitudinal imaging 

platform to investigate neurodegeneration in iPSC-derived motor neurons from ALS patients. 

We utilized our imaging system to create HTS-amenable patient iPSC-derived cellular models 

for ALS and test libraries of novel small molecules with therapeutic potential. We designed a 

series of novel small molecule autophagy inducers based on a previously discovered 

pharmacophore and carried out structure-activity relationship studies to identify lead compounds 

that can induce autophagy in neurons and rescue neurodegeneration in patient-derived cellular 

models of ALS. These molecules are blood brain penetrant and could be developed as 

therapeutics for ALS and other neurodegenerative diseases. This work was supported by NINDS, 

CIRM, ALS Association, and Department of Defense. 
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Abstract: Spinal Muscular Atrophy (SMA) is the most common genetic cause of infant and 

childhood death. A null genetic mutation in the SMN1 gene causes ubiquitously low levels of 

Survival of the Motor Neuron (SMN) protein critical during activity-dependent neuromuscular 

development. Low SMN expression causes neuromuscular pathology, severely reduced synaptic 

transmission, and leads to neuromuscular denervation and subsequent α-motoneuron 

degeneration. The gradual loss of motoneurons results in muscular paralysis and culminates in 

early death due to respiratory failure. The only FDA-approved approach to treat SMA is to use 

antisense oligonucleotides (ASOs) to target a paralogous gene, SMN2, to increase protein 

expression. While SMA pathology is improved by centrally administered ASO treatment, 

evidence suggests that ASOs have limited peripheral penetration, and thus provide suboptimal 



benefit to neuromuscular junctions during the critical period of development. This incomplete 

rescue of the neuromuscular system will require long-term maintenance to ameliorate the 

progressive functional decline beyond childhood (after the requirement for high SMN expression 

in motoneurons is over). Furthermore, many SMA patients lack access to ASO therapy due to 

medical costs, treatment availability, and immune rejection. New treatments for SMA should 

complement current treatment by targeting withstanding deficits via an SMN2-independent 

strategy. We have evaluated a novel treatment using a calcium channel agonist, GV-58, in 

combination with a potassium channel blocker, 3,4-DAP. In ex vivo recordings from SMNdelta7 

model mouse synapses, GV-58 plus DAP can increase the magnitude of transmitter released 

following action potential activity. Furthermore, we have shown that acute in vivo administration 

of GV-58 + DAP to PD8-10 SMNdelta7 mouse pups increases grip strength compared to healthy 

littermates. Our novel treatment might be used in conjunction with current ASO therapy, or as a 

stand-alone strategy to improve neuromuscular function in patients requiring SMN-independent 

approaches to treat weakness. 
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Abstract: Amyotrophic Lateral Sclerosis (ALS) is an adult-onset neurodegenerative disease, 

characterized by loss of motor neurons, progressive paralysis and death. Dominant mutations in 

the superoxide dismutase 1 (SOD1) gene are among the most frequent causes of inherited ALS. 

Previously, we evaluated gene replacement therapy utilizing adeno-associated virus serotype 9 

(AAV9), a vector that efficiently crosses the blood brain barrier, carrying a GFP reporter to 

deliver a short hairpin RNA (shRNA) downregulating SOD1. This vector significantly improved 

disease outcome in ALS mouse models. The treatment was well-tolerated, but the presence of a 

foreign transgene and regulatory elements excluded a direct application of this vector in human 

clinical trials. We therefore developed an AAV9-SOD1-shRNA vector, AVXS-301, designed for 

use in clinical trials. We determined that AVXS-301 is efficient in reducing SOD1 levels both in 

vitro and in vivo. ICV administration in SOD1G93A mice at postnatal day 1 resulted in therapeutic 

benefit nearly twice of that achieved with the previous GFP-containing construct. We have now 

reported one of the longest survival extensions achieved in the most severe ALS mouse model 

with one single cerebrospinal fluid (CSF) administration of AVXS-301. In preparation for future 

application in human clinical trials, we have administered AAV9-SOD1-shRNA to both young 

(one-year-old Cynomolgus macaque) and adult (10-year-old Rhesus monkey) non-human 

primates and have shown that this is both safe and effective in knocking down SOD1 in the 

central nervous system (CNS). These studies are critical for determining a safe and effective 

dose that can be successfully translated in clinical trials for ALS patients. 
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Title: Novel small molecules promote axon outgrowth over CSPGs 

Authors: *M. R. BLAKE1, R. GARDNER1, H. JIN2, M. S. COHEN3, B. A. HABECKER4 
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Abstract: Neurons are unable to regenerate following many types of injury including spinal cord 

injury and myocardial infarction (MI). A component of the extracellular matrix, chondroitin 

sulfate proteoglycans (CSPG), prevents reinnervation of the damaged site. While CSPGs can be 

degraded enzymatically by bacterial chondroitinase ABC to promote nerve regeneration, 

enzymatic approaches are limited for human use. The CSPG receptor, protein tyrosine 

phosphatase σ (PTPσ), has been targeted to promote nerve regeneration after spinal cord injury 

and MI. In those studies, targeting PTPσ yielded promising recovery of motor function after 

spinal injury and protection against arrhythmias after myocardial infarction. To date, there are no 

small molecules that can restore nerve growth by modulating CSPG signaling. We have 

generated novel small molecules, HJ-01 and HJ-02, which restore sympathetic axon growth over 

CSPGs in vitro. Trk receptors are substrates for PTPσ, and activation of TrkB with brain derived 

neurotrophic factor (BDNF) leads to an increase in downstream-phosphorylated ERK1/2 kinases. 

Addition of PTPσ to TrkB expressing human embryonic kidney (HEK), however, decreases 

BDNF-stimulated ERK1/2 phosphorylation. HJ-01 and HJ-02 both restored BDNF-stimulated 

ERK1/2 phosphorylation in the presence of PTPσ. These results suggest that HJ-01 and HJ-02 

prevent negative regulation of TrkB by PTPσ. Similarly, addition of HJ-02 prevents CSPG 

mediated modulation of collapsin response mediator protein 2 (CRMP2) phosphorylation in 

sympathetic neurons. In a mouse model of MI, both compounds promoted sympathetic 

reinnervation of the cardiac scar and, surprisingly, restored cardiac function as measured by 

echocardiography. Taken together our results suggest that these novel small molecules could 

prove therapeutically useful in promoting nerve regeneration over CSPGs. 
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Abstract: Genetic ablation of Hdac6 has been shown to delay disease progression and increase 

survival in the SOD1G93A mouse model of Amyotrophic Lateral Sclerosis (ALS). To evaluate the 

therapeutic potential of HDAC6 inhibition in ALS, we developed antisense oligonucleotides 

(ASOs) that specifically target Hdac6 and investigated whether CNS-directed HDAC6 reduction 

was sufficient to mitigate disease phenotypes in SOD1G93A mice. Intracerebroventricular 

injection of HDAC6-ASO in adult mice robustly reduced HDAC6 expression in brain and spinal 

cord. HDAC6 reduction also resulted in an increase in acetylation of a known HDAC6 substrate 

α-tubulin suggesting efficient target engagement. However, ASO-mediated HDAC6 reduction it 

did not improve compound muscle action potential or survival of SOD1G93A mouse model of 

ALS. These findings suggest that HDAC6 inhibition in the adult mouse CNS is not sufficient as 

a therapeutic approach for SOD1-ALS. 

Disclosures:  K. Ling: A. Employment/Salary (full or part-time):; Ionis Pharmaceuticals, Inc. L. 

Sun: A. Employment/Salary (full or part-time):; Biogen. Y. Luo: A. Employment/Salary (full or 

part-time):; Biogen. M. Zhang: A. Employment/Salary (full or part-time):; Biogen. A. 

McCampbell: A. Employment/Salary (full or part-time):; Biogen. F. Rigo: A. 

Employment/Salary (full or part-time):; Ionis Pharmaceuticals, Inc.. 

Poster 

208. Therapeutic Developments in ALS 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 208.19/M2 

Topic: C.06. Neuromuscular Diseases 

Support: ALSA Milton Safenowitz Postdoctoral Fellowship 

Title: Retinoid activating nanoparticles increase lifespan and reduces neurodegeneration in the 

SOD1G93A mouse model of ALS 

Authors: *D. X. MEDINA, E. P. CHUNG, C. TEAGUE, R. SIRIANNI, R. P. BOWSER 

Barrow Neurolog. Inst., Phoenix, AZ 

Abstract: Retinoic acid (RA) has been established to have important roles in both neuronal 

development and normal nervous system function. Recent evidence has shown that changes in 

the RA signaling pathway are correlated with ALS pathology and other neurodegenerative 

disorders. In this study, we sought to examine the neuroprotective role of retinoic acid (RA) 

signaling in amyotrophic lateral sclerosis (ALS). We hypothesized that activation of retinoid 

signaling will reduce disease progression in SOD1G93A transgenic mouse model of ALS. 



Specifically, we investigated the therapeutic value of targeted retinoid activation via the RA 

receptor β (RARβ). To address this question, we utilized adapalene, an FDA approved RARβ 

agonist, which our lab had previously found to be neuroprotective in cultured motor neurons. 

Currently adapalene is used clinically as a topical treatment for dermatological disorders, 

however, due to its hydrophobicity, and rapid clearance rates, delivery of this drug to the nervous 

system is a major challenge for assessing its therapeutic value. To address this, we engineered 

adapalene loaded polymeric nanoparticles (Adap-NPs) composed of poly(lactic acid)-

poly(ethylene glycol) (PLA-PEG) to achieve delivery to the CNS. Adap-NPs were administered 

to SOD1G93A transgenic mice via lateral tail vein injections 3x a week starting at 61 days of age. 

Motor function was measured weekly using different motor tasks, (e.g. rotarod) during treatment 

to determine treatment effect on disease progression. Treatment effect on survival, disease onset 

and progression were measured. Markers of neurodegeneration and inflammation in the spinal 

cord were also measured to determine the effect of Adap-NPs on ALS-like pathology. We found 

that chronic administration of Adap-NPs resulted in a significant increase in average lifespan in 

transgenic mice and delayed disease progression (Gehan-Breslow-Wilcoxon test p=0.03; p=0.04, 

respectively). This increase was associated with significantly improved motor performance in 

multiple motor tasks, and reduction of roughly 50% in spinal motor neuron loss in transgenic 

mice (p<0.05). These data provide supporting evidence for targeting the retinoic acid signaling 

pathway as a therapeutic approach for ALS. In addition, this study also highlights value of 

utilizing nanomedicine approaches to improve the delivery of drug candidates.  
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Abstract: Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease primarily 

affecting motor neurons. Over the past two decades, over 70 candidate drugs were identified 



from studies with model animals and immortalized human cell lines expressing disease-causing 

mutations. Unfortunately, there are only two drugs approved to treat the condition, neither of 

switch increases patient survival by more than a few months. This sobering reality highlights the 

urgent need for new therapeutic development for ALS. However, new and more relevant cell 

culture are needed to reduce the attrition rate. One such approach is the use of neurons 

differentiated from patient induced pluripotent stem cells (iPSCs), which present new 

opportunities for modeling disease processes and screening drug libraries. We have developed 

technology to produce very large quantities of highly enriched human neurons from patient 

iPSCs and to greatly accelerate their maturation. We subsequently developed a high-throughput 

screening (HTS) system using human motor neurons derived from individuals with amyotrophic 

lateral sclerosis (ALS). Using genome editing techniques on the iPSC line, the reporter 

nanoluciferase (Nluc) was fused to endogenous neurofilament light chain (NFL). The assay was 

adapted to meet HTS requirements, including: large batch sizes, 1536-well format, minimal well-

to-well variation, short-term culture, plating by automated dispenser, and low reagent volumes. 

Applying a quantitative HTS approach, we screened the LOPAC, NPC, and MIPE libraries 

(>6,000 compounds) in a dose dependent manner and show a hit rate of ~0.5%. One of these hits 

increase the NFL level by ~60% with no observed toxicity and is currently undergoing further 

investigation. 
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Abstract: Amyotrophic Lateral Sclerosis (ALS) is a rare devastating progressive paralysis with 

no cure. Frontal Temporal Dementia (FTD) is the second most frequent form of dementia after 

Alzheimer’s disease, for which also no cure is known. The main known cause of these diseases is 



a hexanucleotide repeat expansion (HRE) in C9orf72. It is predicted that the repeat expansion 

contributes to neurodegeneration by both a loss of function (decreased transcription of the 

C9orf72 gene) and gain of function (e.g. dipeptide repeat protein production). Recently, 

apilimod, a PIKfyve kinase inhibitor, was identified able to rescue neurodegeneration, in a drug 

screen performed at the Ichida lab on induced motor neurons (iMNs) from ALS patients 

harboring the C9orf72 HRE. Here, we show effects of the C9orf72 HRE and the therapeutic 

potential of apilimod on these effects in vivo. We show that a haploinsufficiency of C9orf72 in 

mouse motor neurons leads to a decrease in early endosomes and lysosomes, which are both 

increased after treatment with apilimod. Additionally, we show that glutamate receptors are 

increased in hippocampal neurons of C9orf72 knockout mice, and that this increase induces a 

vulnerability to excitotoxic insults. Apilimod treatment decreases both the levels of glutamate 

receptors in hippocampal neurons as well as decreases the vulnerability of these cells to an 

excitotoxic insult in vivo. To conclude, we show that apilimod also addresses the gain-of-

function pathology induced by the C9orf72 HRE by decreasing the number of dipeptide repeat 

proteins in hippocampal neurons in vivo. In summary, our data showed a neuroprotective effect 

of the FDA approved compound, apilimod, in in vivo mouse models of C9orf72 HRE-induced 

ALS and FTD. 
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Abstract: Amyotrophic lateral sclerosis (ALS) is the most common adult-onset motor neuron 

disease, characterized by rapid loss of upper and lower motor neurons resulting in patient death 

from respiratory failure within 3-5 years of initial symptom onset. Although at least 30 genes of 

major effect have been reported, the pathobiology of ALS is not well understood. Compounding 

this is the lack of a reliable laboratory test which can accurately diagnose and monitor the 



progression of this rapidly deteriorating disease. This barrier has created a severe road-block for 

researchers trying to develop novel therapeutics and clinicians initiating treatments. Therefore, 

alongside identification of etiologies and therapeutics, development of a diagnostic and 

prognostic biomarker is a foremost research priority. Herein, we report the use of graphene, a 

sensitive nanomaterial, in combination with Raman spectroscopy to identify specific signals in 

the cerebrospinal fluids (CSF) of ALS patients which can be used to develop a diagnostic 

biomarker. Graphene, a 2-dimensional sheet with a honeycomb lattice comprised of sp2 

hybridized carbon atoms, possesses an ultrasensitive surface which can detect even a single 

molecule attachment. The phononic properties of graphene are influenced by the dipole potential 

of any biomaterial attached on its surface. When graphene is interfaced with a molecule, the 

dipole of the interfaced molecule induces an electric field on graphene thereby modifying its 

carrier concentration. This alteration affects the vibrational energies of graphene which can be 

mapped using Raman spectroscopy. Using CSF from ALS patients, we demonstrate that the 

second-order overtone of in-plane phonon vibration energies (2D) of interfaced graphene can be 

sensitively modified by the components in the CSF. The n-doping mechanism employed by our 

platform is disease specific and was able to distinguish ALS from other neurodegenerative 

diseases, including other motor neuron diseases and multiple sclerosis (MS). Moreover, by using 

the rat SOD1G93A model of ALS, we were able to monitor the progression of the disease by our 

graphene biomarker platform. These results establish for the first time, to our knowledge, the use 

of graphene to study human CSF and demonstrate changes in its phononic properties that can be 

utilized for studying neurodegenerative diseases and biomarker development. 
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Abstract: Skeletal muscles undergo atrophy in response to diseases and aging. Here we report 

that mitofusin 2 (Mfn2), a protein mainly located in the mitochondrial outer membrane, 

functions as a dominant suppressor of neuromuscular synaptic loss to preserve skeletal muscles 

in disease and during aging. Mfn2 is reduced in spinal cords of a mouse model of motor neuron 

disease (transgenic SOD1G93A mice) and aged mice. Through preserving neuromuscular 

synapses, the forced expression of Mfn2 in motor neurons is sufficient to prevent skeletal muscle 

wasting in both SOD1G93A and aged mice. By contrast, deletion of Mfn2 in motor neurons 

produces neuromuscular synaptic dysfunction and skeletal muscle atrophy in wild type mice. 

Neuromuscular synaptic loss after sciatic nerve transection can also be alleviated by upregulation 

of Mfn2 in motor neurons. Mfn2 coexists with calpastatin, an endogenous specific inhibitor of 

the calpain system crucial for nerve terminal protein degradation and synaptic function, largely 

in mitochondria-associated membranes (MAMs), and regulates the levels of calpastatin in motor 

axons via an active axonal transport mechanism dependent on mitochondrial trafficking. Genetic 

inactivation of calpastatin abolishes Mfn2-mediated protection of neuromuscular synapses. Our 

results suggest that Mfn2 is a potential key component of a novel and heretofore unrecognized 

mechanism of cytoplasmic protein transport and proteolysis control. By selectively targeting 

calpastatin-enriched MAMs to nerve terminals to inhibit the localized protein degradation, Mfn2 

may play a general role in preserving neuromuscular synapses in disease, during aging and upon 

nerve injury, and serve as a common therapeutic target for skeletal muscle atrophy. 
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Abstract: Glutaminate carboxypeptidase II (GCPII) is metalloenzyme that catalyzes the 

hydrolysis of N-acetyl aspartylglutamate to glutamate (Glu) and N-acetylaspartate. Basal GCPII 

activity is low in mocroglia, however, under stimulation or pathological conditions, GCPII 

activity is upregulated leading to excess Glu. Excess glutamate receptor activation leads to 

glutamate excitotoxicity which has been associated with several neurodegenerative diseases, 

such as ALS. Consequently, inhibiting GCPII is an attractive target for intervention. Our group 

and others have shown that blocking GCPII activity in ALS mouse models improves motor 

neuron cell survival. Even though many classes of GCPII inhibitors have been synthesized, they 

have issues related to poor oral availability, instability and limited brain penetration, hampering 

their development as CNS therapeutics. To combat this, we conjugated a potent GCPII inhibitor, 

2-PMPA, onto a hydroxyl PAMAM dendrimer (D-2PMPA) which has been previously shown to 

selectively penetrate the brain under conditions of inflammation and specifically target activated 

microglia and astrocytes. We verified that the D-2PMPA was able to get into SOD1G93A C57Bl/6 

mouse brains using Cy5 labeled dendrimer and observed overlapping staining of the Cy5 signal 

with microglia in both the brain and spinal cord as early as 8 weeks of age, indicating 

localization with microglia. We then initiated a therapeutic trial of twice weekly 20mg/kg IP 

injections of D-2PMPA or dendrimer alone beginning at 12-13 weeks of age in both male and 

female SOD1 mice. Motor function was monitored every other week over 8 weeks for males and 

10 weeks for females by measuring rotarod and grip strength performance. We observed a 

statistically significant improvement in the grip strength of the male mice following 2 weeks of 

treatment that persisted until 6 weeks of treatment (p<0.05) with a positive trend at 8 weeks (p 

=0.09). With the females, we observed a significant preservation of grip strength after 10 weeks 

of D-2-PMPA treatment versus dendrimer alone (p<0.01). Importantly, none of the mice showed 

overt signs of toxicity or weight loss. Current efforts are focused on increasing study power and 

histology to determine muscle innervation and motor neuron survival during treatment. Our 

results demonstrate that utilizing dendrimer mediated targeting of 2-PMPA is able to not only 

enter the brain and spinal cord of SOD1G93A mice but that it also produces positive effects on 

grip strength, even nearing the final stages of the disease. If translated, this could provide 

patients with prolonged muscle strength and therefore the possibility of longer independence. 
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Title: The molecular tweezer, CLR01, inhibits SOD1 aggregation in vitro and in the G93A-

SOD1 mouse model of ALS 
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Abstract: Introduction: Mutations in Cu-Zn Superoxide Dismutase (SOD1) cause 15-20% of 

familial amyotrophic lateral sclerosis (fALS) cases. The amino-acid substitutions caused by these 

mutations destabilize the protein’s structure leading to its self-assembly into toxic oligomers and 

aggregates hypothesized to cause the motor neuron degeneration in affected patients with fALS. 

Currently, disease-modifying therapy is not available for ALS. Molecular tweezers (MTs) are 

broad-spectrum inhibitors of the self-assembly and toxicity of amyloid proteins. They disrupt 

key hydrophobic and electrostatic interactions, thus preventing the formation of toxic oligomers 

and aggregates. Objectives: 1) To determine the effect of the molecular tweezer, CLR01 on the 

aggregation of ALS-related forms of SOD1 in vitro. 2) To test CLR01 in the G93A-SOD1 mouse 

model. Specifically, we asked if CLR01 could inhibit SOD1 aggregation in the mice and whether 

such inhibition would improve motor function, delay disease onset, delay mortality, and/or affect 

the survival of neuronal cells in the spinal cord. Methodology: Recombinant SOD1 variants were 

incubated in the absence or presence of CLR01 and monitored by ThT fluorescence and electron 

microscopy. G93A-SOD1 mice were treated by daily subcutaneous injection of 0, 0.5, or 5 

mg/kg CLR01 starting at a pre-symptomatic stage at 50 days of age until meeting criteria for 

euthanasia. Animal behavior and motor function were tested. Spinal cords were analyzed by 

immunohistochemistry. Results: CLR01 inhibited the aggregation of WT and disease-associated 

variants of SOD1 in vitro. The aggregation of all variants was inhibited completely at a 5-fold 

molar excess of CLR01. Treated mice did not show improved motor function. A small decrease 

in disease duration was found in the 0.5 mg/kg group, ~23% in males and ~37% in females (p= 

0.0427). In contrast, the high dose group did not differ significantly from vehicle-treated mice. 

Misfolded SOD1, measured by the misfolded-SOD1-specific antibody 10C12 was reduced 

significantly in both treatment groups, demonstrating target engagement. The data demonstrate 

that CLR01 can inhibit SOD1 misfolding and aggregation both in vitro and in vivo, yet 

additional studies are needed to determine the therapeutic potential of this approach. 
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Abstract: Amyotrophic Lateral Sclerosis (ALS), the most common degenerative disease of 

motor neurons in adults, is characterized by progressive dying back of motor axons and death of 

motor neurons eventually leading to muscle wasting and death. In the peripheral nervous system, 

intact axons close to neuromuscular junctions (NMJ’s) vacated in the disease process can sprout 

in attempt to innervate the vacant NMJ. Adaptive sprouting is seen both in ALS patients and the 

SOD1 mouse, albeit limited, and is quickly overtaken by the disease course. An agent that 

enhances outgrowth and promotes sprouting of peripheral nerves could potentially slow the 

progression of ALS symptoms. 

Our lab discovered that when Beta-site APP Cleaving Enzyme (BACE1), is inhibited, the rate of 

axonal regeneration is significantly improved. BACE1 is an aspartyl protease best known for its 

role in cleavage of amyloid precursor protein (APP) of Alzheimer’s Disease (AD). Our 

previously published work suggests an inverse relationship between BACE1 levels and 

regeneration in the peripheral nervous system. Therefore, we are exploring the possibility of 

identifying pharmacological inhibition of BACE1 as a means to improve the quality of life for 

patients with motor neuron diseases with dying-back axonopathy, such as ALS. Using the 

SOD1G93A mouse, we are examining the cutaneous maximus muscle (CMM), which is innervated 

by axons from the lateral thoracic nerve (LTN). We previously characterized the degeneration of 

the LTN-CMM system in SOD1 mice and found that it is an ideal system for testing drug 

efficacy at early disease stages. The CMM is an appealing muscle in which to study motor 

degeneration in ALS because it only contains type II neuromuscular synapses innervated by pure 

fast-fatigable alpha-motor axons, which are the most vulnerable to degeneration. It is innervated 

by a single motor nerve, the LTN, which allows for space-time resolution from caudal 

degeneration to rostral degeneration. 

After starting treatment at 1 month of age, we observed that 1-2 months steady supply of oral 



BACE1 inhibitor decreases the extent of denervation and enhances axo-terminal sprouting in 

SOD1 mice. Our preliminary data suggest mice treated with inhibitor for an extended time (3 

months) have increased innervation compared to vehicle treated controls. We are also 

investigating if inhibitor treatment during the disease course (starting treatment at 2-3 months) 

can increase reinnervation and sprouting. Since in-depth safety and pharmacokinetics data have 

already been obtained from AD clinical trials, we anticipate that BACE1 inhibition may be a 

viable option for extending the retention of motor function in patients with ALS. 
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Abstract: Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease characterized by 

loss of motor neurons (MNs). Although the etiology is not completely understood and has been 

ascribed to numerous causes, one major reason for MNs death is glutamate (Glu)-mediated 

excitotoxicity. At present there is no effective cure for ALS; thus, focused drug therapies are 

definitely needed. In this scenario, Group I metabotropic glutamate receptors (mGluR1 and 

mGluR5) represent potential targets for intervention, since they are actively involved in the 

regulation of cellular processes altered in ALS. We have previously demonstrated that activation 

of presynaptic mGluR1 and mGluR5 autoreceptors by the mixed mGluR1/5 agonist (S)-3,5-

Dihydroxyphenylglycine (DHPG) resulted in the stimulation of Glu release in the spinal cord of 

WT and SOD1G93A mice, which involved both mGluRs. While DHPG was active at micro-molar 

concentrations in WT mice, it was much more potent in SOD1G93A mice, being operative at 

nanomolar concentrations, an effect mainly involving mGluR5 (PMID: 22634363). More 



recently, we have shown that knocking-down mGluR1 (PMID: 24361555) or mGluR5 (PMID: 

29656361) in SOD1G93A mice significantly delays the disease onset, prolongs survival and 

ameliorates the clinical progression of ALS. Based on these results, we investigated here the 

effect of the pharmacological blockade of mGluR5 in SOD1G93A mice administering 2-chloro-4-

((2,5-dimethyl-1-(4-(trifluoromethoxy)phenyl)-1H-imidazol-4-yl)ethynyl)pyridine (CTEP), an 

orally bioavailable, mGluR5 negative allosteric modulator (NAM), at the doses of 2 mg/kg every 

48h or 4 mg/kg every 24h by gavage, starting at the early symptomatic stage of the disease (90 

days of life). Clinical onset, survival probability, progression of the disease, and disease cellular 

hallmarks were analyzed in drug-treated vs. vehicle-treated SOD1G93A mice. CTEP produced a 

dose dependent amelioration of clinical facets. The lower dose only barely produced positive 

pharmacological effects; the higher dose significantly postponed the disease onset, increased 

survival probability and improved motor abilities in treated mice. These effects were more 

prominent in female than in male SOD1G93A mice. Thus, the pharmacological blockade of 

mGluR5 has a significant impact in-vivo on ALS clinical outcome. In conclusion, our previous 

and present results suggest that mGluR5 may represent a promising target in ALS and the 

pharmacological data here presented provide a rationale for the possible use of CTEP or other 

mGluR5 NAMs, already under clinical study, for the cure. 
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comparison to AAV PHP.B 
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Abstract: Abstract 

Engineered recombinant adeno-associated virus (AAV) vectors have advanced the transduction 

of neurons in the CNS on an expansive, wide-scale basis since the papers first using AAV9 for 

this purpose. Wide-scale CNS expression could be relevant to gene therapy as well as be 

indispensable for basic studies such as disease-modeling and functional studies. For example, the 



wide-scale gene transfer approach could expedite hypothesis testing in vivo relative to the 

generation of germ-line transgenic mice for all of the genes of interest. Wide-scale gene transfer 

is more efficient in neonatal subjects than in adults, so improving upon gene transfer efficiency 

in adults is an important goal. Here we characterized the relatively novel engineered AAV 

PHP.EB vector for expansive gene transfer in the CNS of adult rats at three doses over a one log 

range. The dose-response data were consistent; expression levels can be controlled in a 

reproducible manner in the rat from moderate to robust levels. Within the CNS, the AAV 

PHP.EB derived expression was neuron-selective to neuron-specific, while outside the CNS, 

organs such as the liver and heart were transduced by the parenteral gene delivery. Though we 

demonstrated graded expression levels, only the high dose, 1.2 x 10e14 vector genomes/kg, 

yielded efficient expression in spinal cord motor neurons of the adult rat, so this vector dose 

would be required for models of spinal cord motor neuron disease. The neuronal expression in 

the rat CNS was greater with AAV PHP.EB than the previous engineered vector AAV PHP.B. 

AAV PHP.EB is thus one of the most efficient AAV vectors in the field for CNS gene transfer. 
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Abstract: Amyotrophic lateral sclerosis (ALS) is a progressive, fatal neurodegenerative disease 

characterized by degeneration of upper and lower motor neurons in the brain and spinal cord. 

~10% of patients with ALS are defined as having familial ALS (fALS), which is typically 

inherited as a highly penetrant, dominant trait. The remaining 90% of cases are classified as 

sporadic (sALS) because they lack a clear family history, although this term does not preclude a 

genetic contribution in these cases. Searching for effective therapies for ALS remains a 

challenging quest for several reasons. First, no good sALS animal model and only a few good 

fALS models are available. Second, ALS-relevant disease phenotypes/endpoints in animal 

models are often slow-manifesting, which slows down process of efficacy evaluation. Third, the 

delivery of therapeutic modalities to the brain and spinal cord remains difficult. Here we report 

an in vivo screening platform for ALS targets using rodent models. We established appropriate 

delivery methods for exploratory therapies of different modalities. We also identified several 



disease-relevant functional endpoints to evaluate the efficacy of the exploratory therapies. 

Importantly, these functional endpoints can be measured at early stage of the disease, even 

before the onset of visible motor deficits, dramatically reducing the length of in vivo studies. 

Using this platform, we tested several ALS therapies and validated the efficacy of BIIB067 

IONIS-SOD-1Rx, which is now in phase I clinical trial. 
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Abstract: Synapse loss at the neuromuscular junction (NMJ) is one of the major pathological 

phenotypes that occur in patients with amyotrophic lateral sclerosis (ALS), as well as in animal 

models of ALS, specifically in SOD1G93A mice. It has been hypothesized that NMJ loss may 

occur upstream of motor neuron death. In turn, protection of the NMJ may delay motor neuron 

death through an as yet unknown retrograde signaling and delay disease progression. To test this 

hypothesis, we treated SOD1 G93A mice with an agonist antibody to MuSK, a receptor tyrosine 

kinase involved in maintaining muscle synapses, and measured: 1) preservation of synapses in 

the diaphragm and 2) benefits on diaphragm function and respiration. We used three different 

methods to assess diaphragm and lung function across the course of disease (Phrenic nerve 

compound muscle action potentials (PhMN CMAP), plethysomography and MicroCT). We 

found that anti-MuSK treatment preserved diaphragm NMJs compared with control treated mice, 

but found no delay in the functional decline. While SOD1G93A mice showed significantly reduced 

diaphragm CMAP by 10 weeks of age and respiratory deficits between 18 -22 weeks of age, 

chronic anti-MuSK treatment, beginning at 6 wks of age, had no effect on any of these measures. 

Moreover, there were no treatment effects on weight loss, ALS disease progression (paralysis), 

motor neuron loss (specifically in C3-5), or overall survival. These data suggest that preservation 



of the neuromuscular junction in the diaphragm via MuSK activation is not sufficient to protect 

SOD1G93A mice from spinal motor neuron loss, respiratory deficits, and ultimately survival. 
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Abstract: The neuronal ceroid lipofuscinoses (NCLs) are a group of progressive childhood 

neurodegenerative lysosomal storage disorders. Each is caused by a mutation in a different gene 

and all forms are fatal. Infantile NCL (INCL, CLN1 disease) is an early onset and rapidly 

progressing form of NCL. It is caused by mutations in the CLN1 gene, which codes for the 

lysosomal enzyme palmitoyl protein thioesterase-1 (PPT1). While the brain was always thought 

to be the main locus of pathology in humans and Ppt1-deficient (Ppt1-/-) mice, significant spinal 

pathology that contributes to clinical outcome has recently been described in CLN1 disease. In 

this study, we characterized changes in the gait of Ppt1-/- mice using a semi-automated gait 



analysis system, which revealed unexpectedly early abnormalities including a period of 

hypermotility. This occured at a time when the mice were otherwise asymptomatic, and was 

followed by a progressive overall loss of motor function. Analyzing pathology in the brainstem 

and spinal cord revealed characteristic and profound neuroinflammation and neuron loss, which 

occured before similar events started in either the brain or cerebellum, but corresponded to the 

progression of gait abnormalities. There was also novel evidence for post-natal developmental 

deficits and pronounced white matter pathology in the spinal cord, as well as significant 

pathology in other regions of the sensorimotor pathways. We also explored progressive changes 

in the expression of markers for pain in the spinal cord to explain the early period of 

hypermotility. Taken together, the observed progressive gait abnormalities in Ppt1-/- mice and 

pathological changes in these largely unexplored regions of the CNS may help explain the 

limited success of previous brain-directed therapies for CLN1 disease. They also fundamentally 

change our understanding of the progression and site-specific disease pathogenesis in CLN1 

disease. This will greatly impact the timing and targeting of future therapeutic approaches for the 

NCLs. 
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Abstract: Amyotrophic lateral sclerosis (ALS) is a multifactorial neurodegenerative lethal 

disorder with no effective treatment so far. The current molecular genetic campaign is 

increasingly elucidating the molecular pathogenesis of this fatal disease. A critical process in the 

pathogenesis of numerous neurodegenerating disorders including ALS is an autophagy 

dysfunction. Dyslocalization and cytoplasmic aggregation of proteins indicate defects in protein 

trafficking and may correlate to severity of disease progression. Analysis of post mortem tissue 

from sporadic ALS but also familiar ALS patients provide evidence for accumulation of toxic 



aggregates. An emerging target for mediating a homeostatic protein dysfunction represents the 

Transforming Growth Factor-ß (TGF-ß) system. Previous studies demonstrate enhanced TGF-ß 

ligand concentrations within plasma, Cerebrospinal Fluid (CSF), but also spinal cord samples of 

ALS patients. This growth factor is also involved in mediating autophagic activities either 

directly or by indirect effects. Taken together, a reduced TGF-ß-signaling might represent an 

interesting target to modulate dysfunction in autophagy. A novel LNA antisense-oligonucleotide 

“BiAgil” targeting the TGF-ßRII contributes to an improved clearance of protein aggregates by 

inhibiting TGF-ß signaling. Therefore, neuronal precursor cells (ReNcell CX cells) were treated 

with pathological levels of TGF-ß following BiAgil application. Factors important in autophagy 

like e.g. p62, mTor, Ulk-1, Atg7, PI3K were analyzed by quantitative real-time RT-PCR, 

immunoblotting and immunocytochemistry.Results indicate that blocking cellular TGF-ß 

signaling by BiAgil leads to an improved clearance of toxic aggregates by boosting autophagy in 

neuronal precursor cells (ReNcell CX cells). Thus, BiAgil seems to be a promising candidate for 

a treatment approach in ALS. 
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Abstract: The interdependency between inflammation and neurodegeneration is a crucial point 

for understanding the pathophysiological mechanism of many diseases, including multiple 

sclerosis (MS). Recent evidence supports the hypothesis that activation of immune cells and their 

infiltration into the central nervous system (CNS) alter neuronal network activity in MS patients 

and in some animal models. However, at the same time, numerous and recent evidence support 



also the hypothesis that the CNS requires the interactions with the immune system for a correct 

functioning. Here, we aim to understand the dynamics of such mechanisms. 

Transgenic mice lacking the gap junction protein Connexin32 (Cx32-/-), known to be 

characterized by an intrinsic impaired inhibitory system and wild types (WT), were immunized 

to induce an experimental autoimmune encephalomyelitis (EAE) in the CNS. Then, 

consequences of inflammation were investigated on well-known and structured cortico-thalamic 

networks by performing functional assays in vitro and in vivo. Neuronal activity was shown to 

be altered in Cx32-/- animals compared to WT: brain fluorescence maps of activity show 

abnormal spatio-temporal patterns of activation and propagation in response to electrical 

stimulation of cortical neuronal networks. Novel object recognition tests indicated that both 

short- and long-term memory were impaired compared to WT controls. Interestingly, inducing 

EAE in Cx32-/- led to a worsening of the disease course in comparison to controls at late stages 

of the disease. The latter is generally associated to neurodegenerative - rather than inflammatory 

mechanisms. This conclusion would be corroborated by unaltered levels of CNS inflammation 

markers and behavioral phenotype upon immunization. Taken together, our findings would 

suggest that the intrinsic disinhibition of cortical neurons of Cx32-/- mice may be responsible for 

cognitive impairments and increased susceptibility to inflammatory attacks, which in a reciprocal 

manner, might further impact on neuronal activity and neurodegeneration. 
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Abstract: The Muscleblind-like (MBNL) protein family plays an important role in the regulation 

of developmental alternative splicing, polyadenylation transitions and in the pathogenesis of 

myotonic dystrophy type 1 (DM1). DM1 is the most common cause of adult-onset muscular 

dystrophy. Brain involvement in DM1 includes mental retardation, attention deficit and 

hyperactivity disorder, excessive daytime sleepiness and psychiatric disorders. Decline in 



cognitive function with age is a common feature of adult-onset DM1. The genetic basis of DM1 

is an expansion of CTG trinucleotide repeats in the 3’ untranslated region of Dystrophia 

Myotonica Protein Kinase (DMPK) gene. Mutant DMPK mRNA binds and sequesters MBNL 

proteins, resulting in their loss-of-function. In vitro characterization of MBNL family members 

revealed that different MBNL members exhibit distinct susceptibility to expanded CUG RNA 

and affinity to the splicing pre-mRNAs. Whether MBNL members differentially respond to 

expanded CUG RNA in vivo remains elusive. We generated a mouse model for postnatal 

expression of expanded CUG RNA in the brain that recapitulates DM1 brain features, including 

misregulated alternative splicing and neurodegeneration. We showed that reduced MBNL1 

cytoplasmic content is an early event response to expanded CUG RNA, whereas reduced 

MBNL2 expression associated aberrant MBNL2-regulated alternative splicing was a relatively 

late event. We then further investigate the causal mechanism of neurodegeneration associated 

MBNL2 reduction. We also determine whether the temporal expression pattern of MBNL2 is 

correlated with its role in controlling developmental regulated alternative splicing. 
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Abstract: Cerebellar atrophy, a prominent symptom of ataxia telangiectasia (A-T), is closely 

associated with altered expression of TCA cycle and oxidative phosphorylation genes. A-T is 

caused by mutations in the ATM gene, and we find that ATM-deficient neurons have reduced 

oxidative phosphorylation capacity. They cannot increase ATP production in response to 

neuronal activity because they cannot activate nuclear respiratory factor-1 (NRF1), a 

transcription factor that regulates dozens of nuclear-encoded mitochondrial genes. Reduced ATP 

levels induce oxidative activation of ATM, which then phosphorylates NRF1 at T259. 

Phosphorylated NRF1 homo-dimerizes, translocates to the nucleus and drives mitochondrial 

gene expression. Modelling data suggest that the link to ataxia is through the high energy needs 

of Purkinje cell activity. In the context of ATM deficiency, these needs make Purkinje cells 



uniquely vulnerable to mitochondrial dysfunction and cell death. Our findings identify ATM as a 

guardian of mitochondrial output as well as genomic integrity. 
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Abstract: Dysfunctions of the mitochondrial energy-generating machinery cause a series of 

progressive, untreatable and usually fatal diseases collectively known as mitochondrial disease 

(MD). High energy-requiring organs such as the brain are especially affected, leading to 

developmental delay, ataxia, respiratory failure, hypotonia, seizures and premature death. While 

only discrete neuronal populations are susceptible, their molecular identity and their contribution 

to the disease remain unknown. Mice lacking the mitochondrial Complex I subunit Ndufs4 

(Ndufs4KO mice), recapitulate the classical signs of Leigh Syndrome (LS), the most common 

presentation of MD, with predominant CNS affectation. Here, we identify the critical role of two 

genetically-defined neuronal populations driving the fatal phenotype in Ndufs4KO. Selective 

inactivation of Ndufs4 in Vglut2-expressing glutamatergic neurons (cKOVglut2 mice) causes 

brainstem inflammation, motor and respiratory deficits and early death. On the other hand, 

Ndufs4 deletion in Gad2-expressing GABAergic neurons (cKOGad2 mice) leads to basal ganglia 

inflammation without motor or respiratory involvement, but accompanied by severe epileptic 

seizures that precede a premature death. These results provide novel insight in the cell type-



specific contribution to LS pathology and open new avenues to understand the underlying 

cellular mechanisms of mitochondrial disease. 
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Abstract: Purpose: Metabolic stress has been proposed to contribute to neuronal damage in 

glaucoma, but the mechanism driving this response is not understood. The adenosine 

monophosphate-activated protein kinase (AMPK) is a master regulator of energy homeostasis 

that becomes active at the onset of energy stress. AMPK is a potent inhibitor of the mammalian 

target of rapamycin complex 1 (mTORC1), which we showed is essential for the maintenance of 

retinal ganglion cell (RGC) dendrites, synapses, and survival. Here, we tested the hypothesis that 

AMPK is an early mediator of metabolic stress in glaucoma. Methods: Unilateral elevation of 

intraocular pressure was induced by injection of magnetic microbeads into the anterior chamber 

of mice expressing yellow fluorescent protein in RGCs. Inhibition of AMPK was achieved by 

administration of siRNA or compound C. RGC dendritic trees were 3D-reconstructed and 

analyzed with Imaris (Bitplane), and survival was assessed by counting Brn3a or RBPMS-

labeled soma and axons in the optic nerve. RGC function was examined by quantification of 

anterograde axonal transport after intraocular administration of cholera toxin β-subunit. Retinas 

from glaucoma patients were analyzed for expression of active AMPK. Results: Ocular 

hypertension triggered rapid upregulation of AMPK activity in RGCs concomitant with loss of 

mTORC1 function. AMPK inhibition with compound C or siRNA effectively restored mTORC1 

activity and promoted an increase in total dendritic length, surface and complexity relative to 

control retinas. Attenuation of AMPK activity led to robust RGC soma and axon survival. For 

example, 95% of RGCs (2983 ± 258 RGCs/mm2, mean ± S.E.M.) survived with compound C 



compared to 77% in vehicle-treated eyes (2430 ± 233 RGCs/ mm2) (ANOVA, p<0.001) at three 

weeks after glaucoma induction (n=8-10/group). Importantly, blockade of AMPK activity 

effectively restored anterograde axonal transport. Lastly, RGC-specific upregulation of AMPK 

activity was detected in human glaucomatous retinas relative to age-matched controls (n=11-

15/group). Conclusions: Metabolic stress in glaucoma involves AMPK activation and mTORC1 

inhibition promoting early RGC dendritic pathology, dysfunction and neurodegeneration. 
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Abstract: Olanzapine (OLZ) is an atypical antipsychotic widely used in the treatment of 

Schizophrenia (SCHZ), however its mechanism of action has not been fully described yet. 

Besides the neonatal ventral hippocampal lesion (nVHL) has emerged as a model of 

schizophrenia-related behavior in the rat. These rats exhibit behavioral changes that manifest 

mainly after puberty. Together with the behavioral alterations, neural morphological changes 

have been reported in this model. We recently demonstrated that nVHL animals exhibit dendritic 

atrophy and spine loss in the Prefrontal Cortex (PFC) and Nucleus Accumbens (Nacc). This 

study aimed to determine whether OLZ treatment (0.25 mg/kg/day for 21 days) was capable of 

reducing PFC and Nacc neuronal alterations observed in nVHL rats. We evaluated Novel Object 

Recognition in these animals. The morphological evaluation included examination of dendrites 

using the Golgi-Cox procedure. 



Golgi-Cox staining revealed that nVHL induced dendritic retraction and spine loss in PFC 

pyramidal neurons and Medium Spine Neurons in Nacc. Interestingly, repeated OLZ treatment 

ameliorated dendritic pathology and neuronal loss in the PFC and Nacc of the nVHL rats. Our 

data show that OLZ may foster recovery of PFC and Nacc damage in post-pubertal nVHL rats 

and suggests that the use of neuroleptic agents for the management of some schizophrenia-

related symptoms may help to understand the PFC and Nacc alterations pathways in these 

disorders (Supported by: CONACyT grants (No. 575264) to HTB and (No.252808) to GF). 
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Abstract: Despite the great promise of stem cell research, the introduction of xenogenic (animal-

origin) materials continues to contaminate and severely limit their neuroscientific and clinical 

applicability. Specifically, the use of xenogenic materials in induced pluripotent stem cell (iPSC) 

and support media introduces a range of negative research and ethical factors including: (1) 

increased variability in model systems (2) limitations to predictive value to human physiology 

(3) risk of transfer of pathogens (4) animal suffering and (5) delays and/or failing regulatory 

requirements in clinical applications. In order to address these concerns our group has 

established the Xeno Free (XF) Initiative [http://www.xenofree.org]. A main goal of the XF 

Initiative is to create an open resource for scientists to develop and adopt research approaches 

that are free of animal-derived reagents and media as well as provide an online community for 

xenofree stem cell research. In the process of establishing the toolkit, our initial examination of 

over 100 peer-reviewed publications using xenofree methods, issues of standardization for the 

online protocols became an increasing concern. Related issues of reproducibility and how to 

assess the validity of the methods used in research also arose. Here we describe how the process 

of developing this repository and online community has met with -- and is working to overcome 

-- such real-world issues, including: [i] documentation and accessibility to automated techniques 



(ii) cataloguing xenofree media, materials and vendors (iii) developing common nomenclature 

and formats in a large diverse research field (iii) protocol versioning, (iv) preserving knowledge 

against loss of institutional and laboratory memory due to ad hoc laboratory practices and 

researcher migration. We also analyzed the roadmaps and outputs of other research resource 

projects and examined best practices in similar efforts to remove materials of animal-origin (e.g., 

fetal-bovine-serum-free studies). To further help refine the development of our xenofree stem 

cell toolkit, we also drew as inspiration methods used by on-line tech communities and industry 

sectors (e.g., open software development, online marketplaces). In creating this XF stem cell 

research resource we have discovered that such open collaborative efforts not only have the 

intended effects of improving translational relevance of studies, but also have the potential to 

help inform reproducibility issues more broadly in neuroscience as well as other research 

domains. 
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Abstract: Protein aggregates in neurodegenerative diseases exert toxicity through different 

mechanisms including the loss of native function of the misfolded protein and the toxic gain of 

function. Therefore, in conjunction with efforts to decipher the physiological role of disease 

proteins, it is crucial to study the poorly understood toxic gain of function effects that contribute 

to disease etiology. In this study, we analyzed cortical neurons expressing artificial aggregating 

β-sheet proteins (β-proteins) that accumulate into toxic aggregates to understand common 

mechanisms that lead to neuronal dysfunction and neurodegeneration. Using correlative cryo-

electron tomography, we observed that β-proteins aggregate into large, irregular inclusions. 

Neurons harboring β-protein aggregates showed alterations in lysosomal morphology. Moreover, 



autolysosomal function was impaired, as demonstrated by dysregulation of autophagosomal 

markers and reduction in cathepsin proteolytic activity. Thus, aggregation per se may underlie 

the autolysosomal defects observed in many neurodegenerative diseases. Of note, an interactome 

screen identified AP-3 μ1, a subunit of the AP-3 complex that is involved in protein trafficking 

from the Golgi apparatus to lysosomes, as the strongest interactor of β-proteins in neurons 

(poster by Riera Tur, et al.). We showed that AP-3 μ1 colocalizes with β-protein aggregates, and 

β-protein toxicity in cortical neurons was partially rescued by AP-3 μ1 overexpression. Thus, 

AP-3 μ1 sequestration may be a critical determinant of lysosomal dysfunction and β-protein 

toxicity in neurons. Interestingly, AP-3 μ1 was also sequestered by mutant huntingtin exon1 

inclusion bodies suggesting relevance of our findings for aggregation of natural disease-causing 

proteins. 
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Abstract: NPC1 is a rare autosomal-recessive lipid transport and storage disorder affecting 

peripheral tissues as well as the brain, where progressive dysmyelination and neurodegeneration 

occurs along with strong accumulation of gangliosides GM2 and GM3. Histological studies 

revealed a distinct degeneration of the corpus callosum and Purkinje cells, but detailed 

information on affected functional regions is still lacking. We used heterozygous inbreeding 

pairs of NPC1 mice (BALB/cNctr-Npc1m1N/J) to generate NPC1−/− and control wild type 

mice. Male and female 60-70 day old NPC1−/− and control mice (n=10) were anesthetized with 



pentobarbital and decapitated, in agreement with European guidelines (2010/63/EU) and 

approved by the governmental Ethics Committee (study 7221.3-1-01-011/16). The brains were 

dissected, frozen in isopentane (-40°C) and 10 µm sections cut in a cryostat. Matrix assisted laser 

desorption/ionization mass spectrometry imaging (MALDI-MSI) was used for lipid analysis. 

Adjacent sections were coated with 2, 5-dihydroxybenzoic acid (DHB) and analyzed in positive 

and negative ion mode using a MALDI LTQ-Orbitrap XL mass spectrometer at 100 μm lateral 

resolution, followed by cytoarchitectonic staining and evaluation. SCiLS Lab MVS, version 

2018, was used to identify discriminative peaks and generate MS images. Lipids were assigned 

from LIPID MAPS (http://www.lipidmaps.org) based on the high accuracy mass measurement (5 

ppm mass tolerance). In agreement with previous data, GM2 (d18:1/18:0) and GM3 (d36:1) 

levels were significantly increased in multiple regions in NPC1−/− brains, including cerebral 

cortex. However, the highest levels occurred in amygdala (amy), followed by olfactory bulb 

(ob), hippocampus (CA3) and slight increases in retrosplenial cortex (RS), thalamus (Th) and 

cerebellar cortex (Cb/gm). In addition, we found significant region-specific accumulation of 

ganglioside GM1(d38:1) and phosphoinositol (PI 36:4), with highest levels for GM1 in RS, Th, 

and Cb/gm and for PI (36:4) in RS, Th, Ob, piriform cortex (Pc) and corpus callosum (CC). 

Sulfatides (ST), such as ST (d18:1/24:1) levels were significantly reduced in CC, Th, Amy, Rs 

Pc, CA3 and internal capsule but remained stable in cerebellar white mater. This indicates a 

wider range of cerebral lipid changes in brains of NPC1−/− mice which allows a functionally 

analysis of behavioral tests, provides indications for new therapeutic interventions related to new 

target lipids and opens new avenues for a targeted analysis of pathology-related connectivity 

changes at the macro- and microscale using new techniques such as polarized light imaging both 

in animal models and in humans. 
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1Dept of Clin. Neurosciences, 2Clin. Neurosciences, Univ. of Cambridge, Cambridge, United 

Kingdom; 3Pediatrics, Univ. of Goettingen, Goettingen, Germany; 4Clin. Sci., Polytechnic Univ. 

of Marche, Ancona, Ancona, Italy 

Abstract: The Wallerian degeneration of injured axons is regulated by a pathway that involves 

PHR1, NMNAT2, SARM1 and Axed and is largely conserved between mammals, Drosophila 

and fish. Animal and cell culture models show that physical injury is just one way to initiate this 

pathway. Others include apoptotic death of the soma, genetic or toxic axonal transport 

impairment, protein synthesis inhibition, mitochondrial uncoupling and specific knockdown or 

deletion of NMNAT2. Consequently, models of diseases involving these mechanisms can be 

alleviated, such as Parkinson’s disease, peripheral neuropathy, glaucoma, motor neuron disease, 

traumatic brain injury and ischemia. Most strikingly, specific activation of the Wallerian 

pathway by NMNAT2 deletion causes a fatal nerve growth phenotype that is permanently 

rescued when SARM1 is also deleted. 

While these studies indicate widespread therapeutic potential, the limitation of animal and 

cellular models means there is still uncertainty about which specific human diseases involve the 

Wallerian pathway. Here, we report the first human gene mutations involving Wallerian pathway 

genes and their association with rare axonal disorders. By profiling additional coding variants of 

NMNAT2 and SARM1 we are testing their scope to influence axon vulnerability in the human 

population. We show that low NMNAT2 expression level also causes axon vulnerability in mice 

that is likely to be more pronounced in longer human axons. We conclude that Wallerian 

pathway activation causes one or more rare human disorders and suggest that additional variation 

in coding sequence and expression level is a likely disease modifier of common human 

neurodegenerative diseases. As drugs blocking Wallerian degeneration are developed, this will 

help to show where they can be most effective. 
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Abstract: Previously, our laboratory reported that Pgrmc1 is a critical mediator of progesterone-

induced BDNF release from astrocytes, which in turn, is necessary to elicit downstream 

signaling events that are vital for cell viability. Given this critical role that Pgrmc1 plays in 

mediating progesterone’s protective effects, we wanted to explore what regulates Pgrmc1. In 

silico analysis revealed that Pgrmc1 can be regulated by the microRNA, Let7i. As such, we 

hypothesized that Let7i decreases Pgrmc1, thereby limiting the protective efficacy of 

progesterone. Our data revealed that transfection of C6 astrocytes and differentiated SH-SY5Y 

cells with a let7i mimic decreased the expression of Pgrmc1 mRNA and protein levels. 

Furthermore, transfection with the let7i mimic also disrupted the protective efficacy of 

progesterone against H2O2-induced oxidative stress. Interestingly, we discovered that H2O2 itself 

resulted in an increase in let7i expression in both C6 and SH-SY5Y cell lines. These data support 

the potential role of let7i as a negative regulator of progesterone-induced cytoprotection, and 

consequently, provide insight into the possibility that inhibition of let7i expression may be a 

strategy to facilitate progesterone’s protective efficacy, especially against insults/ diseases in 

which oxidative stress plays a role (e.g., stroke, traumatic brain injury, and such 

neurodegenerative diseases such as Alzheimer’s disease). Moreover, variation in the extent of 

overexpression of let7i could also help explain the variability of response to progesterone. 
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Abstract: Background: Chronic activation of the unfolded protein response in the ER (UPRER) 

has been identified in various models of neurodegenerative diseases including in Parkinson’s 

Disease (PD). Tunicamycin, a N-glycosylation inhibitor and well-known pharmacological 

inducer of UPRER, has been recently proposed as a “neurotoxin” that induces parkisonian-like 

features that include dopaminergic cell death and endogenous alpha-synuclein aggregation. One 

prominent neuropathological feature of PD is the loss of synaptic connections in the nigrostriatal 



pathway due to severe axonal degeneration and neuritic dystrophy. Herein, we sought to 

investigate whether activation of the UPRER would induce morphological changes indicative of a 

neurodegenerative phenotype. Methods: We conducted quantitative immunofluorescence 

analysis of primary cortical neurons treated with 5-μg·mL-1 of tunicamycin over a period of 24 

hr. Using semi-automated image analysis, we quantified the effects of tunicamycin on neurite 

morphology and classical markers of the UPRER. Results: Our preliminary results indicate that 

exposure of primary neurons to tunicamycin for at least 24 hr results in an overall reduced 

morphological complexity as evidenced by a decrease in neurite length, neurite branching, and 

terminal end-points, compared to vehicle-treated controls. These observations coincide with the 

expression of CCAAT-enhancer-binding protein homologous protein (CHOP), a downstream 

product of the PERK/ATF4 arm of the UPRER, and an indicator of apoptosis. We further 

examined potential regulators of the neuronal cytoskeleton and found increased levels of Ser3-

phosphorylated actin-modulating protein cofilin-1 in neurons undergoing UPRER compared to 

untreated cultures. We are currently expanding our investigation to characterize the role of 

PERK/ATF4 signaling in orchestrating these events and evaluating whether alpha-synuclein 

pathology induces a similar reorganization of the neuronal cytoskeleton. Conclusion: Our 

preliminary results provide additional evidence to support the use of sustained activation of 

UPRER as a simplified model of neurodegeneration and for the modulation of the UPRER as a 

therapeutic approach in neurodegenerative diseases.  
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Title: Pseudomonas aeruginosa induced endothelial amyloids impair mouse learning 
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Abstract: Critically ill patients who develop hospital-acquired pneumonia are at increased risk 

of cognitive decline. However, the mechanisms underlying cognitive dysfunction are unknown. 

Pseudomonas aeruginosa is a gram-negative bacterium that causes nosocomial pneumonia. 

Pseudomonas aeruginosa directly induces cytotoxic lung endothelial amyloid and oligomeric tau 

production and release via its type 3 secretion system and injection of exoenzymes. Lung 

infection with these organisms results in amyloid accumulation in the cerebrospinal fluid of 

critically ill patients. Here, we report that the stereotaxic intracerebral injection of Pseudomonas 

aeruginosa infection-induced, endothelium-derived amyloids affect mouse locomotive behavior 

and impair performance in novel object recognition and water maze tasks. Moreover, such 

neurocognitive impairment is dependent upon the type 3 secretion system of Pseudomonas 

aeruginosa and can be alleviated by immunoneutralization with the A11 antibody, a pan 

antibody selective for amyloids. Immunoneutralization with the T22 antibody, which is selective 

for tau oligomers, only partially reversed mouse performance in learning-and-memory tasks. 

Thus, depending upon their capability to disrupt the blood-brain barrier, endothelium-derived 

amyloids may be a plausible mechanism that could elicit neurocognitive deficit in patients who 

contract nosocomial Pseudomonas aeruginosa pneumonia. 
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Title: Loss of nuclear TDP-43 is linked to DNA double-strand break repair defects in neurons 
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Abstract: Tar DNA binding protein, 43KDa (TDP-43) is a multi-functional RNA/DNA binding 

protein, essential for cell survival. TDP-43 proteinopathy mediated by its nuclear clearance is a 



hallmark of progressive motor neurodegeneration disorders including amyotrophic lateral 

sclerosis (ALS) and frontotemporal lobar degeneration (FTLD). Mutations in TDP-43 has been 

accounted for 5 - 10% of the familial patients as well as 90 - 95% in sporadic ALS in the United 

States. Studies have revealed TDP-43’s role in multiple cellular processing for neural 

functioning mostly related to RNA metabolism, but its DNA binding role has remained 

enigmatic till date. Here, we show for the first time that TDP-43’s nuclear depletion in motor 

neurons lead to accumulation of DNA double-strand breaks (DSBs) as analyzed by significant 

increase in DSB-specific marker proteins’ (γH2AX, p-53BP1, p-ATM) foci formation. 

Furthermore, endogenous TDP-43 co-IP as well proximity ligation assay (PLA) confirmed 

enhanced interaction of TDP-43 with classical non-homologous end joining (NHEJ) pathway-

associated proteins (DNA-PKcs, Ku70, XRCC4/LigaseIV complex and polymerase λ) in 

addition to DDR proteins (γH2AX, p-53BP1, p-ATM). Genetic and biochemical analyses 

revealed that loss of TDP-43 and/or its nuclear clearance sensitizes neuronal cells to undergo 

apoptosis combined with persistent accumulation of nuclear genome damage. Nuclear loss of 

TDP-43 has been found to be mechanistically linked to impairment of chromatin recruitment of 

critical DDR and DSBR proteins and compromised DSB ligation efficiency. In summary, 

exploration of novel and crucial events of motor neuronal cell death through DNA damage could 

be important therapeutic interventions in TDP-43-linked neurodegenerative diseases. 
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Abstract: The glymphatic system is a newly discovered waste clearance system in the brain that 

removes harmful metabolites including amyloid-β and tau, which are associated with various 

neurodegenerative conditions including Alzheimer’s, Parkinson’s and Huntington's disease, in 

addition to chronic traumatic encephalopathy. Similarly, while the circadian system helps 

maintain brain homeostasis, dysfunction in circadian rhythms can also contribute to the 



pathogenesis of neurodegenerative diseases. However, the exact relationship between the 

circadian system and glymphatic function remains under characterized. In this study, contrast 

kinematic MRI experiments on fully awake rats were performed during either the dark or light 

phase using ICV injection of gadobenate dimeglumine (MultiHance ®) contrast agent. The 

glymphatic system of twelve Sprague Dawley male rats on regular (n=6) or reversed (n=6) 12/12 

light/dark cycles was imaged using a T1-weighted MR sequence. Data were collected throughout 

both light and dark phases to investigate the influence of diurnal oscillations on long-term 

glymphatic dynamics. Rats were also imaged 24 hrs after contrast administration. Glymphatic 

system transport was assessed in fully segmented brain regions using an atlas developed in-house 

by evaluating changes in signal intensity compared to baseline. Clustering analysis was also 

applied to quantify the influx and efflux of contrast agent in the glymphatic pathway and 

peripheral brain areas. In the olfactory bulb, where CSF is drained into the peripheral lymphatic 

system, rats displayed shorter times to maximum contrast and faster clearance rates during light 

cycle than rats in the dark cycle in the awake state. These data suggest that in addition to 

sleep/wake cycle state, circadian rhythms are crucial for proper glymphatic system function. 

Furthermore, these data also suggest that inadequate sleep and altered circadian rhythms, alone 

or combined, may negatively affect the glymphatic system, thus leading to the development of 

neurodegenerative disease. 
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Title: Effect of KLF9 phosphorylation on chromatin binding, transcriptome expression, and 

axon regeneration 

Authors: *A. MADAAN1, S. SHAH2, M. NAHMOU1, E. CAMERON2, J. L. GOLDBERG2 
2Ophthalmology, 1Stanford Univ., Palo Alto, CA 

Abstract: Krüppel-like factors (KLFs), a family of zinc-finger transcription factors, regulate the 

developmental decrease in intrinsic axon growth ability in CNS neurons including retinal 



ganglion cells (RGCs). KLF9 is critical in neural cell differentiation and suppresses neurite 

growth in embryonic and postnatal RGCs, hippocampal and cortical neurons; knocking down 

KLF9 promotes long-distance optic nerve regeneration. We have previously demonstrated that 

KLF9 interaction with JNK3 regulates KLF9’s ability to suppress neurite growth, and that two 

novel phosphorylation sites, serines S106 and S110, were both imperative in modulating KLF9’s 

ability to suppress neurite growth in vitro and regeneration in vivo. Phospho-null KLF9 

S106/110A substitutions abolished wild-type KLF9’s growth-suppressive effect; whereas 

phospho-mimic KLF9 S106/110E substitution potentiated KLF9’s suppressive effect on RGCs. 

Little is known about genomic targets or mechanism of action of KLF9, especially that of KLF9 

mutants in RGCs. We assessed the transcriptomes by RNA-sequencing and the genomic binding 

sites by chromatin-immunoprecipitation (ChIP) of these KLF9 phospho-mimic and phospho-null 

constructs in embryonic hippocampal neurons and RGCs with affinity-tagged constructs 

packaged into adeno-associated viral (AAV). Understanding how differential binding of these 

KLF9 transcription factor mutants is expected to shed light on basic mechanisms of action of 

phosphorylation of transcription factors, generate new candidate target genes for promoting axon 

regeneration, and contribute to therapeutic approaches for CNS injury and degenerative disease. 
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Abstract: N-acetylaspartate (NAA) is synthesized in neurons by the enzyme N-

acetyltransferase-8-like (NAT8L) and broken down in oligodendrocytes by aspartoacylase 

(ASPA) into acetate and aspartate. NAA has been found to be decreased in multiple sclerosis 

(MS) postmortem cortex, but the significance of reduced NAA to MS pathology is not clear. 

Deletion of the NAT8L gene results in a depletion of the neuronal mitochondrial metabolite 



NAA. These NAT8L knock out mice have defects in myelin including reductions in several 

myelin lipids and less compact myelin. We have hypothesized that neuronal derived NAA 

regulates energy production in oligodendrocytes by modulation in the levels of histone H3 

methylation. To test this hypothesis, we measured levels of metabolites of intermediary 

metabolism in primary cultures of oligodendrocytes treated with NAA. We found increased 

levels of α-ketoglutarate, which has been reported to regulate histone demethylase activity of the 

KDM5 family of demethylases. Consistent with this, NAA treatment of oligodendrocytes 

resulted in reduced levels of tri methylation of histone H3 on lysine 4 (H3K4me3) which is 

involved in cellular growth and energetics, indicating that NAA catabolism in oligodendrocytes 

activates KDM5 demethylases. Furthermore, we also found a decrease in the oxygen 

consumption rate in NAA treated oligodendrocytes indicating inhibition of aerobic respiration. 

This inhibition was blocked by treatment with CPI-455, an inhibitor of the KDM5 histone 

demethylases that demethylates H3K4me3. We also observed that NAA treatment was 

associated with increases in the expression of genes involved in sulfatide and sphingomyelin 

synthesis and a decrease in electron transport chain complex expression. These data suggest that 

neuronal-derived NAA signals through epigenetic mechanisms in oligodendrocytes to regulate 

their metabolism. 
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Title: Administration of amiloride, inhibitor of acid-sensing ion channels (ASICs), reduces 

hypoglycemia-induced hippocampal neuronal death 
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Abstract: Diabetic patients experience various degrees of hypoglycemic symptoms as a result of 

attempting tight control of blood glucose. If hypoglycemia becomes repetitive or severe 

hypoglycemia (blood glucose level falls below ~3.5mM) occurs, it can lead to unconsciousness, 



seizure or death. Our lab has previously shown that hypoglycemia and subsequent glucose 

reperfusion causes brain damage through cascading neuronal death pathways. Of particular 

concern, excessive zinc accumulation in the cells reliably leads to neuronal death after 

hypoglycemia. Also, when the mitochondria have too little glucose due to hypoglycemia, they 

attempt to produce enough ATP via alternative metabolic pathways; however, this process 

produces lactate accumulation which leads to lactic acidosis. Acid-sensing ion channels (ASICs) 

acts as an important role in central neuronal system and are involved in many physiological 

processes and pathologic conditions. The primary role of ASICs is to sense decreased levels of 

extracellular pH and promote a neuronal response. Under pathological conditions such as 

inflammation, ischemia or hypoxia, rapid acidification activate ASCs both on pre-and 

postsynaptic neurons. Activation of ASCIs causes increased permeability to Na⁺ and Ca²⁺ influx, 

which can act as secondary messengers in cell signaling, causing cell apoptosis, and tissue injury 

in the cell under pathological conditions. Therefore, aberrant expression and activation of ASICs 

contributes to apoptosis, autophagy, and the progression of diverse neurodegenerative diseases. 

Amiloride, a diuretic agent known to block Na⁺/H⁺, Na⁺/Ca²⁺ exchangers, inhibits ASICs 

activated by acidosis. We hypothesize that excessive zinc accumulates via activated ASICs under 

hypoglycemic conditions and thus triggers neuronal death processes. Therefore, we investigated 

whether amiloride may reduce zinc accumulation and hippocampal neuronal death by inhibiting 

ASICs after hypoglycemia. To evaluate this, we used an insulin-induced hypoglycemia animal 

model and injected amiloride (10mg/kg, i.v, 1 time) immediately after hypoglycemia. We 

conducted Fluoro Jade-B (FJB) staining to detect degenerating neurons in the hippocampus at 

7days after hypoglycemia. As a result, amiloride treatment reduced neuronal death compared to 

the vehicle treated group. Therefore, the present study suggests that amiloride may be used as a 

highly promising therapeutic tool to prevent hypoglycemia-induced neuronal death. 

Key word: Hypoglycemia, Zinc accumulation, Acidosis, ASICs, Amiloride, Oxidative stress, 

Neuron death 
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Abstract: Epileptic seizure is a transient symptom of abnormal brain activity that can interrupt 

normal brain function and if recurrent and severe it can cause neuronal cell death and cognitive 

impairments. Previous studies have shown a significant decrease in ATP levels after seizure, 

which is a contributing factor in seizure-induced neuronal death. Dichloroacetic acid (DCA) has 

been shown to prevent mitochondrial apoptosis in cancer cells. DCA is also known to be 

involved in ATP production by activating pyruvate dehydrogenase (PDH), a gatekeeper of 

glucose oxidation, as a PDHK (pyruvate dehydrogenase kinase) inhibitor. Based on these 

previous studies, we tested our hypothesis that treatment with DCA after seizure may have a 

therapeutic effect by increasing the proportion of pyruvate converted to adenosine triphosphate 

(ATP). Seizure was induced by intraperitoneal (ip) injection of pilocarpine (25 mg / kg) in adult 

male rats. DCA (100 mg / kg) was injected once daily into the intraperitoneal space for 3 days or 

1 week after seizure. Neuronal death and oxidative stress were assessed at 3 days or 1 week after 

seizure to determine if DCA increased neuronal survival and reduced oxidative damage in the 

hippocampus. 4HNE and Fluoro-Jade-B were used to evaluate oxidative stress and neuronal cell 

death, respectively. In the present study, we found that when DCA treated for 1-week seizure-

induced hippocampal neuronal cell death was reduced compared to the vehicle-treated group. 

Thus, the present study demonstrates that treatment with DCA may have therapeutic potential on 

seizure-induced neuronal death and cognitive impairments. 
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Abstract: Traumatic brain injury (TBI), also known as intracranial injury, occurs when the brain 

is damaged by physical force. When traumatic brain injury occurs, primary injury (physical brain 

deformation) is produced. This primary injury produces secondary injuries such as BBB 

disruption, oxidative injury and inflammatory response. Recently, it has been reported that the 

type-1 interferon related inflammatory response is associated with CNS disorders. The Oasl1 

gene is known to negatively regulate interferon regulator 7 (IRF7) expression associated with the 

expression of interferon. Deletion of the Oasl1 gene has been reported to increase the expression 

of type-1 IFN. Thus, our hypothesis is that the induction of TBI in Oasl1-deficient mice will 

result in increase of type 1 interferon expression and thereby aggravates neuronal death 

processes after TBI. TBI was induced using a controlled cortical injury device (2.0 mm lateral to 

the midline and 1.0 mm to the bregma). Brain samples were obtained at 24 hours after TBI and 

histological evaluation was performed for detecting brain injury. Fluoro-Jade B staining was 

performed to confirm presence of degenerating neurons. We found an increased number of 

degenerating neurons in Oasl1 knockout mice. We also conducted Iba1 staining to assess the 

activity of microglia. The activity of microglia was increased in the Oasl1 knockout mice. We 

also performed CD16/32 (M1 type) staining to identify the phenotype of activated microglia. We 

found that activated microglia were mainly M1 type. The present study found that Oasl1 gene 

deletion increased the number of degenerating neurons and the activity of M1 phenotype 

microglia after TBI. Therefore, this study suggests that increased IFN-1 by deletion of Oasl1 

gene aggravates neuronal death after TBI. 
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Abstract: When blood flow into the brain is blocked, cerebral ischemic symptoms quickly 

appear and neurons undergo a number of complex degeneration pathways. Vesicular zinc is 

released into synaptic cleft and then translocates into the cytoplasm, which leads to reactive 

oxygen species (ROS) production and neurodegeneration. For the last two decades, evidence 

supporting the concept of zinc-induced neuronal death has been introduced and several 

intervention strategies have been investigated. However, no effective intervention techniques 

have demonstrated except for using zinc chelators. Carvacrol inhibits transient receptor potential 

melastatin 7 (TRPM7), which regulates the homeostasis of extracellular metal ions, such as 

calcium, magnesium and zinc. TRPM7 siRNA or knockdown has shown neuroprotective effects 

after stroke. Carvacrol can block the influx of zinc via TRPM7 channels into the intraneuronal 

space. Therefore, in the present study we tested whether carvacrol show any neuroprotective 

effects after global cerebral ischemia (GCI) through blocking zinc influx. To test our hypothesis, 

we used eight week old male Sprague-Dawley rats, and a GCI model was induced by bilateral 

common carotid artery occlusion (CCAO) accompanied by blood withdrawal from the femoral 

artery. Ischemic duration was set for a 7-minute EEG isoelectric period. Whether carvacrol 

treatment shows a neuroprotective effect, various histological evaluation techniques were 

performed. Carvacrol (50mg/kg) was injected into the intraperitoneal space once per day for 7 

days after the onset of GCI. The present study found that administration of carvacrol 

significantly decreased the number of degenerating neurons, microglial activation, oxidative 

damage and zinc translocation after GCI via downregulation of TRPM7 channels. These findings 

suggest that carvacrol, the TRPM7 inhibitor, may have therapeutic potential after GCI by 

reducing intracellular zinc translocation. 
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Abstract: Acidosis in the brain plays an important role in neuronal injury and is a common 

feature of neurological diseases including ischemia, traumatic brain injury, epileptic seizure and 

hypoglycemia. It has been reported that the acid-sensing ion channel (ASICs) is known to be one 

key mediator of acidosis-induced neuronal injury and activation of ASICs contributes to 

acidosis-mediated ischemic brain injury. In this study, we sought to evaluate the hypothesis that 

blocking ASICs with amiloride attenuates hippocampal neuronal death and zinc accumulation 

following transient cerebral ischemia (TCI). C57BL/6J male mice (aged 2-3 months) were 

subjected to TCI by bilateral common carotid artery (CCA) occlusion for 30 minutes, blood flow 

was restored and amiloride (10 mg/kg, i.p.) was immediately injected after TCI. Neuronal death 

and zinc accumulation were assessed by Fluoro-Jade B (FJB) and N-(6-methoxy-8-quinolyl)-

para-toluenesulfonamide (TSQ) staining, respectively, in brains harvested 24 hours after TCI. 

We found that TCI induced by bilateral CCA occlusion gave rise to considerable neuronal death 

and zinc accumulation in the hippocampus. The number of FJB-positive neurons was remarkably 

lower in the amiloride-treated group than in the vehicle-treated group in the subiculum, CA1, 

CA2, CA3 and dentate gyrus. In addition, TSQ staining also showed that amiloride treatment 

strongly reduced zinc accumulation in the same hippocampal areas. The present study 

demonstrates that amiloride attenuates TCI-induced neuronal injury by blockage of intracellular 

zinc accumulation. Therefore, this study suggests that amiloride may have high therapeutic 

potential for prevention of TCI-induced neuronal death. 
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Abstract: Epileptic seizure arises due to the presence of excessive, uncontrolled neuronal 

activity in the brain. If severe epilepsy continues without intervention, it leads to zinc release, 

oxidative stress, neuronal death and cognitive impairment. Amiloride is known as acid-sensing 

ion channels (ASICs) inhibitor. ASICs are localized to the cellular membrane and are regulated 

by the concentration of extracellular protons (H+) in the brain. When epileptic seizures occur, 

ASICs are activated by binding increased H+, and subsequently multiple species of cations, 

including Na+ and Ca2+, enter into the neurons, which promotes mechanisms leading to neuronal 

cell death. In addition, zinc is released excessively from the presynaptic terminals after seizure. 

However, the relationship between ASICs and zinc toxicity has not been established. In the 

present study, we hypothesize that seizure-induced zinc translocation into postsynaptic neuron 

may occur via ASICs, followed by excessive zinc accumulation, which may cause neuronal 

death. To test our hypothesis, we used a pilocarpine-induced seizure animal model and 

administrated amiloride (10mg/kg, i.p, 1 time) at 2 hours after seizure. After 1 week, we 

performed fluoro-Jade B (FJB) staining and Neuronal Nuclei (NeuN) staining to confirm any 

protective effects of amiloride on seizure-induced neuronal death in the hippocampus. N-(6-

methoxy-8-quinolyl)-para-toluene sulfonamide (TSQ) staining was also performed to determine 

the concentration of free zinc. Here we found that amiloride decreased the degree of 

hippocampal neuronal death and the number of TSQ positive neurons are reduced compared to 

the vehicle treated group after seizure. Therefore, the present study suggests that administration 

of amiloride can be used as a useful therapeutic method to prevent neuronal death and cognitive 

impairment after seizure. 
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Abstract: Sildenafil, a type 5 phosphodiesterase isoenzyme (PDE5) inhibitor, is a vasoactive 

agent used to treat male erectile dysfunction thorough enhancement of the nitric oxide (NO)-

mediated pathway. NO is known to be involved in Zn2+ homeostasis. It has been reported that 

NO-mediated Zn2+ release from intracellular storage can trigger neuronal death and NO 

production induces vesicular Zn2+ release, which in turn activates NADPH oxidase and PARP-1 

after brain insult. In the present study, we sought to evaluate the hypothesis that increasing NO 

production with pre-treatment of sildenafil induces further intracellular Zn2+ release, leading to 

excessive Zn2+ accumulation in neurons and thereby causing neuronal death following traumatic 

brain injury (TBI). C57BL/6J male mice (aged 3-5 months) were given sildenafil (10 mg/kg, 

p.o.) and then subjected to a controlled cortical impact (CCI) injury over the parietal cortex at 30 

minutes after sildenafil treatment. Neuronal death and Zn2+ accumulation were assessed by 

Fluoro-Jade B (FJB) and N-(6-methoxy-8-quinolyl)-para-toluenesulfonamide (TSQ) staining, 

respectively, in brains harvested 24 hours after TBI. We found that TBI induced by CCI injury 

gave rise to neuronal death and Zn2+ accumulation in the ipsilateral hippocampus. However, the 

number of FJB-positive neurons was remarkably greater in the sildenafil-treated group than in 

the vehicle-treated group in the CA1 and dentate gyrus of ipsilateral hippocampus. In addition, 

TSQ staining also showed that sildenafil treatment significantly increased the number of Zn2+ 

accumulated neurons in the same regions. The present study demonstrates that sildenafil 

aggravates TBI-induced neuronal death by enhancement of the NO- and Zn2+-induced neuronal 

death pathway. Therefore, the present study suggests that pre-treatment of sildenafil may not 

have neuroprotective effects but aggravates neuronal death after TBI. 
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Abstract: (Background) Most neurodegenerative diseases are sporadic and develop with age. 

Degenerative neural tissues often contain intra- and extracellular protein aggregates, suggesting 

that the proteostasis network that combats protein misfolding could be dysfunctional in the 

setting of neurodegenerative disease. Binding immunoglobulin protein (BiP) is an endoplasmic 

reticulum (ER) chaperone that is crucial for protein folding and modulating the adaptive 

response in early secretory pathways. The interaction between BiP and unfolded proteins is 

mediated by the substrate-binding domain and nucleotide-binding domain with ATPase activity, 

facilitating protein folding and maturation. BiP also has a recovery motif at the carboxyl 

terminus. The aim of this study is to examine cognitive function in model mice with an impaired 

proteostasis network by expressing a mutant form of BiP lacking the recovery motif. We also 

investigated if impairments were exacerbated by exposure to environmental insults like inhaled 

anesthetics on cognitive function. (Method) We examined cognitive function by performing 

eight-arm radial maze testing of heterozygous knock-in mice expressing a mutant BiP and 

assessed the additional impact of general anesthesia in the context of proteostasis dysfunction. 

Testing on 8 days in mice with or without anesthetic exposure was performed 10 weeks, 6 

months, and 1 year after birth. Animal movements were recorded and evaluated later. (Results) 

Long-term observations revealed that age-related cognitive decline occurred earlier in mutant 

BiP mice compared to wild-type littermates. An accumulation of ubiquitinated proteins was 

observed in the mutant brain and spinal cord by immunohistochemistry, indicating a failure of 

the proteostasis network due to insufficient BiP function. Notably, exposure to inhalational 

anesthetics exacerbated cognitive impairment in mutant mice. (Conclusion) These results suggest 

that proteostasis network impairment may contribute to age-related neurodegeneration, and this 

is worsened by external insults. 
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Abstract: The chemicals known as organophosphates (OPs) have a wide array of uses in 

industrial and agricultural settings as pesticides, but they have also been associated with a variety 

of adverse health effects in humans and other non-target organisms. While their acute toxicity is 

associated with inhibition of cholinesterase enzymes, this mechanism is inadequate to explain the 

long-term adverse effects of OPs. Previous research in our laboratory indicated that repeated OP 

exposures can lead to deficits in axonal transport (AXT), an important observation since AXT is 

an essential process in neurons that is responsible for the movement of a variety of important 

macromolecules to and from a neuron's cell body. Methods to rescue (or attenuate) AXT deficits 

resulting from OP exposures may thus represent an important therapeutic strategy to combat the 

negative effects of OPs. In the studies described here, we initially analyzed post mortem brains 

from OP-exposed rats to identify targets that might contribute to OP-related deficits in AXT. 

While multiple targets were evaluated including post-translational modifications of structural 

proteins that affect AXT through the regulation of microtubule dynamics and stability (e.g., Tau 

phosphorylation, tubulin acetylation), our most notable observations were alterations in the 

activation of protein kinases. Specifically, in the hippocampus of rats repeatedly exposed to the 

OP, diisopropylfluorophosphate (DFP), transient increases in ERK phosphorylation and transient 

decreases in AKT phosphorylation were observed, while persistent decreases in GSKIIIβ 

phosphorylation were observed. In subsequent live cell imaging studies in vitro, DFP-induced 

impairments in AXT were attenuated with the GSKIIIβ inhibitor, lithium chloride. These results 

thus suggest that targeting a signaling kinase known to regulate AXT may be a rational 

therapeutic approach to attenuate or reverse OP-related adverse neurological effects. 
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Abstract: Axonal transport (AXT) is an essential process in neurons that is responsible for the 

movement of a variety of important macromolecules to and from a neuron's cell body. Moreover, 



impairments in AXT have been implicated in the pathology of several age-related neurological 

illnesses (e.g., Alzheimer’s disease, Parkinson’s disease). Notably, some evidence suggests that 

deficits in AXT occur prior to the onset of overt neuropathology. Accordingly, methods to rescue 

(or attenuate) AXT deficits in these illnesses is an emerging therapeutic strategy to modify 

disease outcome. In the studies described here, we initially evaluated several compounds that 

target microtubule stability (Epothilone D, Pregnenolone, Parthenolide, and Nicodazole) in vitro 

for their ability to attenuate deficits in AXT induced by soluble Aβ oligomers, which are known 

to play a key role in the neuropathology of AD. Live cell imaging methods were used for the 

analysis of AXT of membrane bound organelles (MBOs) in rat primary cortical neurons that 

contained the amyloid precursor protein (APP) tagged with the fluorescent marker GFP. 

Depending on concentration, each compound evaluated showed some ability to attenuate the 

negative effects of Aβ on AXT. In the second (in vivo) phase of our studies, we used a 

manganese-enhanced magnetic resonance imaging (MEMRI) method for measuring AXT in 

living mice in real time in olfactory neurons, to 1) evaluate the effects of age on axonal transport 

and 2) to evaluate of the effects of chronic administration of Epothilone D on axonal transport in 

aged mice. In the age comparisons, AXT rates were clearly higher in young versus aged (wild 

type) mice. In addition, in aged mice, Epothilone D, was associated with an increase in the 

axonal transport rate versus vehicle-treated subjects. Collectively, these results suggest that 

compounds that target microtubule stability offer a viable treatment strategy for treating age-

related neurological disorders where axonal transport is impaired. 
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Abstract: We have shown earlier that nicotine neurotoxicity is exacerbated by hot and cold 

environment. However, nicotine intake and addiction could be influenced by several other 

factors e.g., hypertension or diabetes as shown earlier. Other factor could be depression. 

Depressed people they often find some solace in smoking that eventually leads to nicotine 

addiction and brain dysfunction. Since depression is one of the leading causes of concern in 

military personnel, in this investigation we explored the role of depression in nicotine-induced 

neurotoxicity. Our previous studies showed that nicotine exposure (9 mg/kg, s.c.) for one-week 

results in breakdown of the blood-brain barrier (BBB) to albumin and induce vasogenic edema 

formation and neuronal damages in several brain regions. Depressive illnesses alone are able to 

compromise BBB dysfunction causing slowly developing brain pathology in human populations. 

We used animal model of forced swimming (FS) to mimic depression like illnesses and 

examined additional nicotine exposure to understand neurotoxicity in this combination. For this 

purpose, naïve male rats (age 25 to 28 weeks) or nicotine-administered animals were subjected to 

FS individually in a pool of water (depth 18 cm, water temperature 30°C) for 30 min daily for 

one week. When the rats develop immobility, the water is stirred using a glass rod so that 

animals are forced to swim continuously for 30 min. On the 8th day, BBB permeability, edema 

formation and neuronal damages were examined. Our results showed that nicotine exposure did 

not influence the immobility pattern during 30 min FS daily as compared to naïve animals. 

However, the BBB breakdown to Evans blue albumin (EBA) was 2-to 4 fold higher in nicotine 

exposure in FS rats. These nicotine exposed FS rats also showed greater edema formation and 

higher neuronal injuries in identical brain areas as compared to naïve rats. Interestingly nicotine 

exposed rats after FS showed extension of neuronal injuries in the brain not seen in naïve 

nicotine exposes animals. Immunocytochemical analyses showed greater expression of heat 

shock protein 72 (HSP) in the areas showing neuronal injuries and BBB leakage in Nicotine 

exposed FS rats. Expression of HSP 72 (an inducible isoform of stress protein) suggests that 

enhanced cellular stress could be responsible for exacerbation of neurotoxicity in FS and nicotine 

exposed animals. Taken together our observations suggest that a combination of depression and 

nicotine exposure lead to widespread neuronal damages, not reported earlier. Whether nicotine 

exposure and FS combine could induce age-related neurotoxicity, a feature that is currently being 

examined in our laboratory. 
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Abstract: Huntington’s disease (HD) is a genetic neurodegenerative disease characterized by 

motor, cognitive, and psychiatric symptoms. The main pathological features of the disease are 

neuronal loss, abnormal changes in dendrites and dendritic spines of medium spiny neurons 

(MSNs), and mutant huntingtin protein aggregation. Although the genetic cause has been 

identified, the exact pathway for the massive neuronal degeneration is not known. Curcumin, a 

natural polyphenol extracted from the plant Curcuma longa, which can cross blood brain barrier, 

is known as anti-oxidant, anti-inflammatory with aggregate-binding and neural- protective 

properties. The poor solubility, absorption and bioavailability of curcumin limits its potential 

clinical utility. To circumvent this shortcoming, solid lipid curcumin particles (SLCPs), which 

increase curcumin bioavailability, have been used. In this study, we tested the efficacy of SLCPs 

as a treatment for HD. For this purpose, we utilized YAC128 mice at 11 months of age and 

treated them every other day by oral gavage of 100 mg/kg of SLCPs for 8 weeks. We measured 

their performance on the accelerating rotarod for 8 weeks, and active avoidance during week 8. 

We then sacrificed the mice, extracted their brains and utilized them for Western blot analyses. 

Although no significant differences on the accelerating rotarod measures were observed, the 

latency for escape in the active avoidance test decreased significantly in HD mice treated with 

SLCPs, compared to HD controls. Our Western blot results revealed a decrease in mutant 

huntingtin aggregate (EM48) and increase in LC3B suggesting increase in mutant huntingtin 

clearance and activation of autophagy pathway. We also found that HD mice treated with SLCPs 

showed increases in brain derived neurotrophic factor (BDNF) and its receptor (TrkB), and 



synaptophysin, when compared to HD controls, suggesting neuroprotection effect. Our results 

suggest that SLCPs can reduce the pathological changes in the brains of YAC128 HD mice, and 

provide a therapeutic strategy for treating HD. 
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Abstract: Previous studies have shown that β-amyloid enters neuronal cells, in part, either by 

binding directly to the 67kDa laminin receptor (67LR), a cell-surface-associated protein with a 

high affinity to β-amyloid, or by associating with prions that bind to the 67LR. This uptake may 

play an important role in mediating β-amyloid-induced neuronal toxicity. Previous studies have 

demonstrated that epigallocatechin-3-gallate (EGCG), an active ingredient of green tea 

polyphenol, can attenuate the neuronal toxicity caused by the β-amyloid peptide. Our previous 

research has shown that EGCG mediates its neuroprotective and neurotrophic actions by 

inducing intracellular signaling mediated by a direct binding of this polyphenol to 67LR. From 

these studies, we hypothesized that EGCG binds to 67LR, inhibiting the subsequent binding and 

uptake of β-amyloid, and thus preventing β-amyloid induced neurotoxicity. Neuroscreen-1 cells 

treated with a low concentration of green tea polyphenol mixture (0.1 μg/ml) or EGCG (100 nM) 

showed a decrease in the cellular uptake of fluorescent-labeled human β-amyloid peptide(1-42). 

A pretreatment with the same agents also protected neuronal cells from β-amyloid(25-35)-

induced cell death, which was measured by the reduction of thiazolyl blue tetrazolium bromide. 

This EGCG-induced neuroprotection was mediated by the internalization of the 67LR and the 

subsequent increase of intracellular cAMP levels. Consistent with this possibility, neuronal cells 

treated with cAMP-elevating agents (forskolin and rolipram) were also protected from β-

amyloid-induced cell death. Therefore, EGCG signaling via 67LR may even prevent the 



neuronal toxicity caused by β-amyloid that entered into cells through 67LR-independent 

mechanisms. Conceivably, 67LR is an important neuroprotective receptor that may be targeted in 

the development of drugs to prevent β-amyloid-induced pathology, which can ultimately protect 

against Alzheimer’s disease. <!--EndFragment--> 
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Abstract: Down Syndrome (DS), or trisomy 21 in humans, results from the presence of an extra 

copy of autosome 21. The most striking features are mental retardation and an early onset of 

Alzheimer’s-like dementia. The CTb cell line, derived from the cerebral cortex of a trisomy 16 

fetal mouse (Ts16), an animal model of DS, is a permanent in vitro model for the study of DS-

related cell pathophysiology. Using this CTb line and establishing specific gene knockdown 

conditions for DS-related genes, we have defined neuronal impairments in the trisomic condition 

as compared with a control cerebral cortex cell line, named CNh, derived from a normal 

littermate. Deregulation of signaling pathways underlying neuronal development and function is 

present in DS-pathology. In this regard, the serine/threonine p21-activated kinases (PAKs) act on 

downstream effectors LIMK and cofilin, leading to reorganization of actin filaments, thus 

determining correct morphological development in terms of process emission and branching. A 

DS-related gene, dscam, which codes for the protein DSCAM (Down Syndrome Cell Adhesion 

Molecule) regulates PAKs activity via phosphorylation. We have previously shown that CTb 

cells overexpress DSCAM compared to CNh cells. Further, trisomic cells exhibited reduced 

process number and length compared to controls, and an increased F/G actin ratio. After 



stimulation with the DSCAM agonist netrin, PAKs, LIMK and cofilin exhibited abnormally 

increased phosphorylation (2 fold) in CTb cells. DSCAM knockdown with siRNA transfection 

reverted these parameters to levels comparable to those of CNh cells. Hence, PAKs appeared as 

an interesting pharmacological target. We have now evaluated the effect of PAKs inhibitors IPA-

3 and FRAX486 in CTb cells. In vitro toxicity studies revealed therapeutic index values 

(calculated as LD50/IC50) for IPA-3 of 7.56 and 9.88 in CNh and CTb cells, respectively (n=4 

experiments). FRAX486 values were 581.3 and 772.2, for CNh and CTb cells, respectively (n=9 

experiments). Hence, we decided FRAX486 was a better candidate. After 3 days differentiation, 

CTb cells treated with this inhibitor exhibited an increase in process length, compared to 

untreated cells (15,03 ± 10.6 µm untreated vs. 19.1 ± 14.4 µm treated. n= 385, 315. p=.00002). 

Values for CNh cells, both treated and untreated with FRAX486, did not differ statistically from 

those of treated CTb cells. Our work suggests that PAKs deregulation in the trisomic condition 

can be addressed pharmacologically. Such modulation can help recover an important neuronal 

function in DS, such as process emission. 
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Abstract: Growing evidence suggest that alterations in cholesterol metabolism and in 

inflammatory responses have an important role in neurodegenerative disorders including 

Alzheimer´s disease (AD). Oxysterols are cholesterol metabolites proposed as regulators of 

cholesterol metabolism in the brain with multiple implications in memory function as well as in 

neurodegeneration. In this study, we report that high fat diet and excess 27-hydroxycholesterol 

(27-OH), a cholesterol metabolite passing from the circulation into the brain, induce the 

upregulation of the glial inflammatory mediator S100A8 as well as its receptor RAGE both in 

vivo and in vitro. S100A8 is observed as extracellular aggregates, similar to those previously 

reported in the hippocampi of amyloid-β (Aβ) overproducing mouse models. In addition, we 

found the 27-OH mediated increase in RAGE levels in vitro is mediated by RxRγ rather than by 

LXR or AT1 receptors, in a mechanism involving NF-κB activation. These results may indicate 

that the S100A8/RAGE increase in the brain is one of the mechanisms behind the association of 

high peripheral cholesterol and excessive 27-OH in the inflammation pathogenesis of AD. 
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specific gene expression analysis 
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Abstract: Alcohol dependence is a chronic relapsing disorder of compulsive alcohol seeking and 

use. Cannabidiol- a major non-psychoactive component of cannabis sativa- has long received 

attention for its therapeutic potential against a variety of neuropsychiatric/degenerative disorders, 

including alcoholism. Previously, we identified a substantial benefit from transdermal-

application of cannabidiol (tCBD) against alcohol relapse in rats. Though CBD demonstrates 



clinical potential for various alcohol-related complications, little is known of the molecular 

mechanisms responsible for CBD’s action. Here, we aim to identify key molecular targets altered 

by alcohol dependence (EtOH-Dep) and assess whether a tCBD treatment regimen could 

potentially reverse the harmful effects induced by chronic alcohol exposure.  We employed a 

combined methodology of cell type-specific (fluorescent activated cell sorting (FACS)) gene 

expression profiling (RNA-Seq) of hippocampal neurons and astrocytes. Wistar rats were 

divided into four groups defined by 1. Vapor Exposure: EtOH-Dep (12hr/d EtOH Vapor; 12hr/d 

air) or Non-Dep (air) and 2.Treatment: tCBD 15mg/kg or VEH 0 mg/kg. Rats were housed in 

vapor chambers for 6 weeks while undergoing tCBD treatment (tCBD/VEH applied every 48hr). 

At 6 weeks rats were sacrificed, brains extracted, and hippocampi were collected for downstream 

FACS-> RNA-Seq application.  The gene expression profiles of rats were compared based on 

treatment (VEH vs. tCBD) and Vapor Exposure (EtOH-Dep vs. Non-Dep). We found that EtOH-

Dep significantly decreased the hippocampal astrocyte population but had no effect on neurons. 

Interestingly, astrocytes in EtOH-Dep rats treated with tCBD resembled that of Non-Dep rats. 

These finding suggests tCBD treatment elicits a protective effect against alcohol-induced 

hippocampal astrocyte degradation. Taken together, tCBD appears to serve as an effective 

therapeutic approach for treating symptoms against alcoholism and alcohol associated 

morbidities as 1. the ease of transdermal CBD gel application is translationally relevant in a 

clinical perspective, 2. tCBD exhibits substantial anti-relapsing effects against alcohol, 3. and 

tCBD offers protection against the cellular degradation resulting from chronic alcohol exposure. 

In order to improve medical strategies for combating alcoholism, it is important that we acquire a 

comprehensive understanding of the neurobiological underpinnings mediating CBD’s therapeutic 

effects. The compelling results from this study, thus, prompt further cell-type specific 

investigation of different brain regions impacted by alcohol dependence. 
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Abstract: Multiple sclerosis (MS) is characterized by neurological dysfunction and 

demyelination of the central nervous system. We have previously shown that betaine levels are 



reduced in MS cortex and these levels are correlated with H3K4me3 levels. We have also shown 

that betaine regulates neuronal mitochondrial activity by modulating methionine metabolism 

intermediates and levels of H3K4me3 methylation in the cuprizone mouse model of MS. In this 

model, the SAM/SAH ratio is decreased, which leads to a decrease in histone 3 trimethylation on 

lysine 4 (H3K4me3), which functions to activate transcription of oxidative phosphorylation 

genes – the same genes that are downregulated in MS. Our lab hypothesizes that through betaine 

supplementation, BHMT locally contributes to SAM synthesis for histone methylation; however, 

the mechanism is unclear. Salt gradient fractionation and immunocytochemistry were performed 

to determine how tightly BHMT is bound to chromatin. Our data show that BHMT is present in 

the nucleus of primary rat neurons and mouse hippocampus, and tightly bound to chromatin 

through a ncRNA. These data suggest that changes in methionine metabolism may be linked to 

corresponding mitochondrial energetics, mediated by ncRNA. 
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Abstract: Extensive evidence implicates oxidative stress in the pathogenesis of 

neurodegenerative diseases. A promising strategy for neuroprotection is overexpression or 

activation of Nrf2, a master transcription factor that activates antioxidant and cytoprotection 

defense mechanisms. Overexpression has been shown to be neuroprotective in rodent models of 

neurological disease, including ALS and retinal degeneration, but ectopic expression of Nrf2 can 

be oncogenic. We therefore investigated whether knockdown of Keap1, a negative regulator of 

Nrf2, might confer similar neuroprotective benefits. Active and well-tolerated Keap1 antisense 

oligonucleotides (ASOs) were developed for use in mouse models of motoneuron and retinal 

disease, via intracerebroventricular and intravitreal injection, respectively. ASO delivery resulted 

in 60-80% knockdown of Keap1 transcript in target tissues, with a concomitant induction of 

Nrf2-target genes (e.g. Hmox1, Nqo1). In two genetic models of ALS (mice overexpressing 

mutant SOD1 or TDP-43), Keap1 ASOs were administered ~2 weeks prior to symptom onset. 



Despite expected pharmacodynamic responses, ASO treatment had no effect on a panel of 

physiological, biochemical, behavioral, and anatomical measures. Similarly, Keap1 ASOs 

effectively modulated the Nrf2/Keap1 pathway in retina but were unable to protect retinal 

ganglion cells from death following optic nerve damage or protect photoreceptors from death in 

phosphodiesterase mutant mice (rd10 allele), a retinitis pigmentosa model. The lack of 

neuroprotection in four disease models might be explained by insufficient knockdown of Keap1 

or by insufficient levels of Nrf2. 
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Abstract: 4R-cembranoid (4R) and 3-furan-2-yl-N-p-tolyl-acrylamide (PAM-2) are 

neuroprotective drugs that target the α7 nicotinic acetylcholine receptor (α7). However, while 4R 

is a non-competitive inhibitor of α7, PAM-2 is a positive allosteric modulator of this receptor. 

The objective of this work is to compare the neuroprotective activity of PAM-2 with that of 4R, 



in rat hippocampal slice and in mice mitochondria. Recording of population spikes (PSs) in the 

CA1 area of rat acute hippocampal slices was used to assess the injury caused by NMDA 

application and neuroprotection by 4R and PAM-2. The 4R and PAM-2 were applied for one 

hour 30 min after NMDA. Initial PSs were recorded before NMDA application and the final PS 

at the end of the experimental treatment. Data were analyzed by Kruskal-Wallis ANOVA, 

followed by Dunn’s test. 

Neither PAM-2 nor 4R displayed activity in the absence of NMDA. Application of NMDA 

decreased the PS recovery to 30% of ACSF controls. PS recovery was significantly increased 

when NMDA was followed by the application of 10 µM 4R (82% p<0.001) or 10 µM PAM-2 

(68%, p<0.001). These results confirmed that both 4R and PAM-2 are neuroprotective. The 

dose-response curve for 4R had two components, one with low efficacy (40-44% PS recovery) in 

the pM-nM range, and the second in the nM-µM range with minimum and max. activities of 

39% and 76%, respectively, and EC50 = 97 nM and Hillslope = 5.9. PAM-2 dose-response curve 

had two components a high-affinity component (2.5-15.0 μM) with EC50 =5.1 μM and a low-

affinity component (30-50 μM) with EC50 = 25 μM. Both components had a Hill coefficient>>1. 

The neuroprotective activity of 10 μM 4R (82%, p<0.001) was significantly decreased by 

simultaneous application with 2.5 μM PAM-2 (82% vs. 54%, p<0.02). Interestingly, PAM-2 was 

not protective at 2.5 μM. Also, the neuroprotection by10 μM 4R plus 10 μM PAM-2 were not 

significantly different from each of the drugs applied alone. In conclusion, significant PS 

recovery after NMDA was observed when applying PAM-2 and 4R. The fact that the positive 

effects of PAM-2 and 4R were not additive could be explained by competition of these two drugs 

at the α7 receptor. 

In liver mitochondria, the activities of PAM-2 and 4R were determined obtained from WT and 

KO mice. PAM-2 attenuated Cyt c release in WT, but not α7-/- or α7/β2-/- mice mitochondria 

exposed to high Ca2+, but not to H2O2 or wortmannin, whereas 4R activity was effective against 

Ca2+ and H2O2, but less against wortmannin. These results suggest that PAM-2 and 4R inhibit 

Cyt c release by different mechanisms. 
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Abstract: Neurotrophic factor-α1/Carboxypeptidase E(NF-α1/CPE) is secreted by neurons and 

endocrine cells where it acts as a prohormone processing enzyme intracellularly and a 

neurotrophic factor, extracellularly. It has been shown that NF-α1/CPE can induce neural stem 

cell differentiation to astrocytes during neural development, and it can also protect hippocampal 

neurons from oxidative stress-induced cell death through ERK and AKT pathways. Based on 

these findings, we hypothesize that there should be NF-α1/CPE receptors at the cell membrane to 

regulate these functions. Ligand binding studies were performed in neuronal HT22 cell line using 

recombinant CPE labeled with 125I. Specific binding was obtained which indicates that NF-

α1/CPE work through a ligand-receptor complex. Next, a high throughput screening was 

performed for potential NF-α1/CPE receptors against a library of orphan GPCRs. 5-

hydroxytryptamine receptor 1-E (5-HTR1E) showed a strong positive signal for NF-α1/CPE. 

Binding between NF-α1/CPE and HTR1E was supported by co-immunoprecipitation of NF-

α1/CPE with HTR1E. Consistent with NF-α1/CPE’s action to increase ERK/FGF2 signaling for 

neuroprotection, we found that the level of phosphorylated ERK 1/2 and FGF2 were significantly 

up-regulated when HTR1E expressing cells were treated extracellularly with CPE. This study 

has provided evidence for a novel role of HTR1E as a potential CPE receptor that can activate 

downstream ERK signaling to mediate various physiological functions. 
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Abstract: Ischemic tolerance has been described as a one of the most robust ways to give 

neuroprotection to cerebral cells. Among the described mechanisms involved in that response is 

the role of the mitochondria as a calcium regulator and regulation of different kinds of proteins 

such as IL1, Bcl-2 and HSP. On the other hand, O-GlcNAc glycosylation has been shown to 

increase cell survival when its levels are increased in response to a stressing stimulus. In the 

present work we evaluate if O-GlcNAc glycosylation is one of the mechanisms by which brain 

cells acquire ischemic tolerance. To evaluate the above mentioned, we conducted experiments in 

an in vitro model of cultured brain cells from newborn Wistar rats subjected to an ischemic 

preconditioning protocol via the application of non-lethal oxygen-glucose deprivation (OGD) 

before the application of a lethal OGD. Besides, we evaluated the effect of hexosamine 

biosynthetic pathway (HBP) inhibition by DON and Alloxan, compounds that can inhibit the 

Glutamine fructose-6-phosphate amidotransferase (GFAT) and the O-GlcNAc transferase (OGT) 

respectively, enzymes involved in this pathway. To assess whether an OGD stimulus can induce 

ischemic tolerance, brain cells were subjected to a non-lethal OGD of 15 minutes. At the end of 

this time and after one hour in normal conditions, cells were subjected to a lethal OGD of 120 

minutes. Preliminary results indicate that the mortality rate is not reduced in the cells subjected 

to a non-lethal stimulus before the application of the lethal stimulus in comparison with the cells 

subjected only to the lethal stimulus. Besides, in the HBP inhibition with a mixture of DON and 

Alloxan the results were similar to the above mentioned. The results suggest that the 

preconditioning protocol applied did not induce ischemic tolerance acquisition, and do not allow 

us to confirm whether O-GlcNAC glycosylation is one of the mechanisms involved in ischemic 

tolerance acquisition in brain cells. These results are opposite to that previously reported in the 

conference Neuroscience 2017 in which we demonstrated in an in vivo model of ischemic 

preconditioning (IPC) that this protocol reduces the infarct size and increases the level of protein 

OGlcNAcylation, suggesting a possible participation of this protein modification in the 

neuroprotection generated. In consequence, we consider that we have to adjust several 

parameters of our in vitro model to be able to generate ischemic tolerance in vitro. For example, 

the non-lethal time chosen may be too long and could be triggering delayed death pathways and 

applying it just before the lethal stimulus may induce brain cells death. 
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Title: Neuroprotective roles of biliverdin reductase in the brain 

Authors: *R. KOTHARI1, C. VASAVDA2, A. P. MALLA1, R. TOKHUNTS3, A. LIN4, M. JI2, 

R. XU2, H. SAAVEDRA2, A. M. SNOWMAN2, C. RICCO1, J. I. SBODIO2, T. W. SEDLACK2, 

B. D. PAUL2, S. H. SNYDER2 
1Johns Hopkins Univ., Baltimore, MD; 2Johns Hopkins Univ. Sch. of Med., Baltimore, MD; 
3Geisel Sch. of Med., Hanover, NH; 4Duke Univ. Sch. of Med., Durham, NC 

Abstract: Bilirubin is one of the most commonly measured metabolites in medicine, but its 

function in vivo is largely unknown. Some evidence suggests that bilirubin is an antioxidant. 

However, this has only been observed in vitro or with exogenous bilirubin, and it is controversial 

whether bilirubin exhibits significant antioxidant activity in vivo compared to the cell’s battery 

of antioxidants. Using a novel genetic mutant mouse model that lacks the bilirubin biosynthetic 

enzyme, biliverdin reductase (BVR), we find that endogenous bilirubin is cytoprotective in 

multiple cell types. 

BVR is a highly conserved enzyme in mammalian heme catabolism responsible for converting 

biliverdin to bilirubin. In addition to producing bilirubin, BVR also exhibits serine/threonine 

kinase activity that might play some roles in various signaling pathways in response to stress. In 

support of these reports, BVR-/- cells are hypersensitive to multiple oxidants, including the 

superoxide donor pyrogallol, hydrogen peroxide, and 4-hydroxynonenal. When challenged with 

oxidants, BVR-/- cells accumulate reactive oxygen species (ROS), as measured by 

dihydroethidium. 

To assess where bilirubin may function in vivo, we first examined BVR expression in a variety 

of organs. BVR is widely distributed with notable variation. Despite being considered a 

neurotoxin that leads kernicterus and Crigler-Najjar, we were surprised to find that bilirubin is 

produced at a surprisingly high degree in the brain. When exposed to excitotoxic levels of the 

neurotransmitter N-Methyl-D-aspartate (NMDA), BVR-/- mice experience significantly larger 

lesions as assessed through histology. 

Taken together, our results demonstrate a physiologic role for BVR and bilirubin in redox 

homeostasis and neuroprotection against oxidative and excitotoxic stress. The exact mechanism 

by which BVR/bilirubin exert neuroprotection is still hotly debated, and further investigation 

will yield insight into how to leverage heme catabolism’s protective effects to treat oxidative 

diseases. 
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Abstract: Traumatic or degenerative disorders of the central nervous system (CNS) represent a 

major public health issue, as the consequences are currently irreversible with no treatment 

available. 

NX210 is a patented peptide derived from the most conserved sequence of the thrombospondin 

repeats (TSRs) of the SCO-spondin, a naturally secreted protein highly conserved in vertebrates 

and expressed during neurogenesis. We demonstrated that NX210 carries multifunctional 

activities on neural cells: neurotrophic (A), anti-apoptotic (B) and neuroprotective (C) 

properties.  

A) We showed on different cellular models that NX210 is able to induce cell extension and to 

increase neurite outgrowth. In addition to in vitro results, in vivo efficacy studies have been 

performed in rat models of spinal cord injury (SCI) demonstrating axonal regrowth stimulation 

and functional recovery improvement. Briefly, in the first model (aspiration of dorsal funiculi) 

80% of NX210-treated rats displayed a sharp fiber regrowth (neurofilament immunostaining) vs. 

a minor regrowth in 1 control rat. In the second model (contusion with the NYU impactor), 

NX210 treatment improved functional recovery with a dose-dependent effect as compared to the 

vehicle (60% of NX210-treated rats having a BBB score ≥ 14 vs 17% control). 

B) Preliminary results also unveil NX210 anti-apoptotic activities. This additional property was 

demonstrated both in vitro and in vivo, with 1) the abolition of TRAIL-induced apoptosis in 

hippocampal primary cell cultures; and 2) in vivo anti-apoptotic effect (caspase-3 labelling) on 

olfactory neurons in a model of axotomy. 

C) Finally, NX210 reveals strong anti-oxidative properties, as demonstrated in multiple 

neuronal oxidative stress models and on different cell types, from B104 neuroblastoma cell line 

to primary rodent neurons. For example, cell viability of rat B104 neuroblastoma cells was 

determined after culture in presence of H2O2 (to induce oxidative stress), with NX210 applied 

either with a 24h pre-treatment or in co-treatment. In pre-treatment, NX210 displayed strong 

neuroprotection, with up to 85% cell viability at 190 µM vs 34% with H2O2 alone. In co-

treatment NX210 demonstrated very high neuroprotection too, with significant enhancement of 

cell viability in a dose dependent manner (up to 94% at 380 µM vs 13% for H2O2 alone). 



In conclusion, by combining antioxidant, anti-apoptotic and neuroregenerative actions, NX210 

can be a potent multi-targeting candidate to treat traumatic and degenerative CNS diseases. 

NX210 safety studies have shown no relevant side effects in rats and dogs, and a phase I clinical 

trial (tolerance) is currently starting in Europe. 
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Abstract: Ferula asafoetida is herbaceous plant of the umbelliferae family. Asafoetida is an 

oleo-gum-resin obtained from the exudates of the roots of the F. asafetida. Ferulic acid (FA, 4-

hydroxy-3-methoxycinnamic acid) is the active component in asafetida. FA is widely reported to 

exhibit anti-oxidative and anti-inflammatory functions. FA has been shown to possess 

scavenging activity toward hydroxyl radical, peroxy nitrite and oxidized low density lipoprotein 

in vitro and has anticonvulsant and antiepileptic properties. Recent evidences have shown that 

FA has beneficial effects against age-related diseases such as cancer, cardiovascular diseases, 

diabetes, and neurodegenerative disorders. Objective of the present experiment was to 

investigate the neuroprotective effects of FA against kainic acid-induced excitotoxicity on 

cultured hippocampal neurons. Primary cultures of the hippocampal cells from the 18 days old 

embryonic hippocampus were grown for 10 days. These cultures were divided into control (C), 

kainic acid (KA), Ferulic acid (FA), and Kainic acid+Ferulic acid groups (KA+FA, n=6 in all 

groups). Control cultures continued to grow without any further treatment, KA, FA and KA+FA 

cultures were treated with KA(10µM), FA(10µM) and KA+FA(10µM+10µM) respectively for 

one week. Cell proliferation was assessed during first 24hrs of treatment by labeling the dividing 

cells with BrdU. Cell viability was assessed with MTT essay. Cultures were immunostained for 

Beta-3 tubulin (Tuj1) and glial fibrillary acidic protein (GFAP). Number of neurons 

(Tuj1positive) and glial cells (GFAP positive) were quantified. BDNF and VEGF contents in the 

cultured cells were analyzed by ELISA method. Cell proliferation and cell viability were 



significantly increased in KA+FA group compared to C and KA group (p<0.01). FA treatment 

prevented neurodegeneration and hence significantly increased the number of neurons in 

KA+FA group compared to KA and C group (p<0.01). FA alone did not have any effect on cell 

proliferation, viability and number of neurons. Number of astrocytes were also found to be 

significantly increased in KA+FA group compared to KA and C cultures (p<0.01). Increase in 

the number of neurons and astrocytes was confirmed by increase in Tuj1 and GFAP content by 

western blot analysis. The neurons and astrocytes in the cultures treated with KA+FA had larger 

cell bodies and longer processes compared to treated with KA alone. BDNF and VEGF content 

showed significant increase in KA+FA culture compared to KA and C groups. We conclude that 

Ferulic acid protects the neurons from kainic acid exitotoxicity by increasing glial cell 

population and BDNF and VEGF. 

Disclosures: M.S. Rao: None. S. Smitha: None. 

Poster 

210. Neurotoxicity, Inflammation, and Neuroprotective Mechanisms: Preclinical 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 210.17/P11 

Topic: C.07. Neurotoxicity, Inflammation, and Neuroprotection 

Support: Omega 3 products and control juice used in this research were contributed by  

 Smartfish AS, Gaustadalléen 21, 0349 Oslo. 

Title: ω3 PUFAs as protectants against paracetamol-induced neurodevelopmental toxicity 
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Abstract: Both perinatal exposure to paracetamol (acetaminophen, APAP), and deficiency in 

essential omega 3 polyunsaturated fatty acids (ω3 PUFAs) have been linked to an increased risk 

of developing neuropsychiatric disorders such as ADHD. In the present study E17 chicken 

cerebellar granule neurons (CCGNs) and PC12 cells were co-administered with APAP and a 

commercial ω3 PUFA nanoemulsion prior to being exposed to a stressor in the form of serum 

deprivation or H2O2. An oil control composed of BSA-emulsified bulk ω3 PUFA oil with 

equimolar docosahexaenoic acid (DHA) as the nanoemulsion, as well as a manufacturer-supplied 

ω3 PUFA-free juice control were compared to the commercial ω3 PUFA nanoemulsion. In 

CCGNs APAP without exposure to stressor at concentrations ranging from subtherapeutic (25 

µM) to severely hepatotoxic (5 mM) resulted in proliferative effects relative to untreated control 

at concentrations up to 1.6 mM (p < 0.05, d = 3.67) over 24 hour treatment, and up to 100 µM (p 

< 0.005, d = 1.88) over 48 hour treatment, as determined by the MTT viability assay. Toxicity 

was not detected in CCGNs even at 5 mM APAP. In 24 hour APAP treatment followed by a 5 



hour exposure to H2O2, cell viability declined in a H2O2-dependent manner, from equivalent to 

unstressed control at 25 µM H2O2 to close no survival at 400 µM. APAP contributed slightly to 

loss of viability, though at non-significant levels. Co-administration of 30 µM ω3 PUFA 

nanoemulsion protected from viability loss at all APAP and H2O2 concentrations corresponding 

to an average of 141%, with the ω3 PUFA oil control at 133% and the juice control at 124%, of 

the viability of matched controls. In PC12 cells APAP elicited no effect in 24 hour treatment, 

whereas 48 hour treatment elicited proliferative effects up to 100 µM (p < 0.01, d = 1.84), and 

dose-responsive toxicity from 2 mM (p < 0.05, d = -3.73) and upward. Administration of ω3 

PUFA nanoemulsion to PC12 cells from concentrations equivalent to 1 µM DHA and upwards 

resulted in a dose-dependent proliferative effect up to 30 µM (p < 0.01, d = 2.17) relative to 

untreated control as determined by the MTT assay. The ω3 PUFA nanoemulsion was also found 

to elicit a dose-dependent protective effect up to 30 µM against cell death in serum-deprived 

PC12 cells in both the MTT (p < 0.005, d = 2.25) and trypan blue exclusion (p < 0.05, d = 4.59) 

assays. These findings suggest that under oxidatively stressed conditions, APAP might confer 

additional neurotoxic insult. The findings also confirm that the formulation of the ω3 PUFA 

compound contributes to the previously established protection from oxidative stress. 
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Abstract: The abundance of docosahexaenoic acid (22:6n-3, DHA) in the phospholipids of 

mammalian brain has generated substantial interest in the search for its roles in regulating brain 

functions. Besides its involvement in membrane physical properties, DHA is also an essential 



nutrient for the brain. To-date, n-3 polyunsaturated fatty acids in the form of fish oil is probably 

one of the most highly consumed supplements by humans. In our recent studies with microglial 

cells, DHA at 10-100 µM inhibited lipopolysaccharide (LPS)-induced NO and reactive oxygen 

species (ROS) in a dose dependent manner. DHA also suppressed LPS-induced stimulation of p-

cPLA2, an enzyme for release of arachidonic acid (20:4n-6, ARA) which is a source of lipid 

mediators involved in inflammatory responses. LPS-induced release of ARA also led to lipid 

peroxidation as demonstrated by the increase in 4-hydroxynonanal (4-HNE) levels. On the 

contrary, besides suppressing the LPS-induced inflammatory responses, DHA could offer 

hormetic effects through enhancing the nuclear factor erythroid-derived 2 (Nrf2) pathway, and 

synthesis of heme oxygenase-1 (HO-1), a powerful antioxidant enzyme. However, the high 

levels of DHA required to alter these pathways led to the question whether combination of DHA 

with other compounds with electrophilic properties can exaggerate the protective effects of 

DHA. Among the botanical polyphenols, quercetin is enriched in berries, onion, apples and other 

fruits, and has been used as a nutraceutical. Our earlier studies demonstrated ability for quercetin 

to suppress the LPS-induced inflammation as well as upregulation of the Nrf2-mediated 

antioxidant activities at 1-10 µM. In this study, we tested the hypothesis that quercetin together 

with DHA could provide additive protective effects through modulating the Nrf2 and NF-κB 

pathways. Our results show that supplementation with 10 µM DHA together with 2.5 µM 

quercetin to BV-2 microglial cells could produce greater inhibitory effects on LPS-induced NO 

and ROS and enhanced effects on Nrf2 pathway and HO-1 expression as compared with treating 

cells with DHA at 10 µM or quercetin at 2.5 µM alone. Taken together, these results show that 

low concentrations of quercetin can potentiate the protective effects of DHA in this cell model, 

and warrant further testing in an animal model. 
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Abstract: We recently reported that in immortalized HT22 hippocampal cells and primary 

mouse hippocampal neurons tricyclic and tetracyclic antidepressants inhibit TNF-α-induced cell 



death by activating the lysophosphatidic acid (LPA) LPA1 receptor coupled to transactivation of 

the FGF receptor. In the present study we investigated the intracellular signalling mediating the 

protective effects of the antidepressants. We found that in HT22 cells TNF-α triggered apoptosis 

through a pathway that involved activation of caspase 8, loss of mitochondrial potential, 

cytochrome c release into the cytosol, increased formation of active caspase 9 and 3 and cleavage 

of poly ADP-ribose polymerase (PARP). Pretreatment with the tetracyclic antidepressant 

mianserin failed to affect TNF-α stimulation of caspase 8, but counteracted the cytokine-induced 

mitochondrial permeabilization, cytochrome c release and the downstream activation of caspase 

9 and 3. Exposure to TNF-α caused a rapid activation of p38 MAPK, JNK and ERK1/2. 

Pharmacological inhibition of p38 MAPK attenuated the cytokine-induced apoptosis, whereas 

blockade of either ERK1/2 or JNK had an opposite effect. Cell treatment with either mianserin or 

mirtazapine had no effect on TNF-α-induced p38 MAPK activation but potentiated the 

stimulation of JNK and ERK1/2. Moreover, the antidepressants enhanced the TNF-α-induced 

phosphorylation/activation of the pro-survival protein Bcl2 , a substrate of both JNK and 

ERK1/2. These data indicate that antidepressants antagonize TNF-α-induced neuronal apoptosis 

by up-regulating the pro-survival arm of the cytokine intracellular signalling. 
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Abstract: The Rho family of GTPases are key molecular switches that regulate growth of the 

neuronal cytoskeleton. Three Rho GTPases (RhoA, Rac1, and Cdc42) play a key role in the 

regulation of the actin and microtubule assembly and elongation; Rac1 regulates lamellipodia 

formation, Cdc42 regulates filidopa, and RhoA regulates axon growth. Injuries to the central 

nervous system (CNS) promote activation of RhoA, leading to axon growth collapse and cell 

death. RhoA is irreversibly inhibited through ADP ribosylation by C3 transferase (C3), a 



bacterial exoenzyme derived from Clostridium botulinum, stimulating axonal outgrowth and 

branching. C3 gene therapy has been utilized in clinical trials for the treatment of acute spinal 

cord injury and shows promise as a therapeutic option for neurodegenerative disorders such as 

Parkinson’s disease (PD), but its safety in long-term expression has not been well-studied. To 

evaluate the safety of RhoA inhibition, we engineered floxed adeno-associated viral (AAV-DIO-

Ef1α-GFP-P2A-C3) vectors for gene delivery of C3 for long-term expression in the CNS. Two 

groups of TH-Cre+/- mice (n=5 per group) were injected unilaterally with either AAV-DIO-Ef1α-

GFP-P2A-C3 or AAV-DIO-Ef1α-GFP in the substantia nigra and a third group of TH-Cre-/- mice 

(n=3) was injected with AAV-DIO-Ef1α-GFP-P2A-C3 in the same location. Additionally, a 

group of TH-Cre+/- mice (n=8) was injected unilaterally with 6-hydroxydopamine (6-OHDA), a 

known neurotoxin to dopaminergic neurons, in the medial forebrain bundle to serve as a positive 

control. Mice were assessed for amphetamine-induced rotation behavior at 14 and 28 days post-

injection. After an additional 5 days, mice were sacrificed for brain sectioning and subsequent 

immunohistochemical analysis. Mice injected with C3 exhibited a similar mean number of 

rotations ipsilateral to the site of injection in comparison to control mice injected with GFP alone 

and significantly fewer ipsilateral rotations in comparison to mice lesioned with 6-OHDA. To 

determine whether long-term expression of C3 might induce apoptotic cell death, brain sections 

from mice infected with the floxed vectors were stained for the presence of cleaved activated 

caspase 3, a well-characterized marker of apoptotic cell death. Dopaminergic neurons expressing 

GFP-P2A-C3 or GFP alone did not exhibit any cleaved activated caspase 3 immunoreactivity. 

The lack of behavioral effect and absence of caspase activation demonstrate that virally-infected 

dopaminergic neurons express C3 without significant neurotoxicity, supporting its safety in long-

term expression. 
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Title: Design, synthesis and biological evaluation of tacrine derivatives as neuroprotective 

agents by targeting nmda receptor 
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Abstract: Impairments in cholinergic and glutamatergic neurotransmission contribute to 

progression of Alzheimer's disease (AD). Most of the approved drugs for AD treatment are 

acetylcholinesterase (AChE) inhibitors and N-methyl-D-aspartate receptor (NMDAR) 

antagonists that work by restoring cholinergic neurotransmission and by limiting glutamate 

mediated excitotoxicity respectively. Tacrine was used as a drug for AD treatment due to its 

ability to inhibit AChE. It is also an antagonist of NMDAR although with reduced potency. 

Hence, at the therapeutic doses of tacrine that are sufficient to inhibit AChE, NMDAR inhibition 

would be limited. In addition, at the therapeutic doses, tacrine causes side effects such as 

hepatotoxicity. By increasing the inhibitory potency of tacrine, the dosage could be reduced to 

bring the hepatotoxicity within safety limits. With these objectives, novel tacrine derivatives 

were designed and were evaluated for their binding potency by using structural bioinformatics 

tools. The most promising derivatives were synthesized and their potency to inhibit AChE and 

NMDAR were evaluated. It was found that 14 derivatives among these had NMDAR inhibitory 

activity, a few of them showing more than 100-fold higher potency compared to tacrine. Thus, 

they also have the potential to be used in conditions in which NMDAR is the preferred primary 

target. Some derivatives also showed improvement in AChE inhibitory activity. Interestingly, 

some derivatives showed beta secretase inhibitory activity unlike tacrine. Thus, the derivatives 

were active against multiple therapeutic targets for neuroprotection. Hepatotoxicity of the 

derivatives seen as cytotoxicity in HepG2 cell line was similar or lesser compared to tacrine. 

Compound(s) with minimal IC50 value for NMDAR inhibition and minimal cytotoxicity were 

further tested for their neuroprotective properties in primary neuronal culture systems. Some 

derivatives were able to protect rat primary cortical neurons from glutamate induced 

excitotoxicity at significantly low concentrations (about 0.3 μM) compared to tacrine (IC50 value 

of 500 µM). Behavioral tests were also conducted to confirm the neuroprotective properties of 

some compounds in monosodium glutamate induced in vivo excitotoxicity model in rats. 
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Abstract: Behavioral studies with Drosophila melanogaster often require transient anesthesia 

for transportation and identification. However, CO2, which is commonly used for fly anesthesia, 

has been shown to alter physiological parameters for as long as 24 hours after exposure. FlyNap 

is another commonly used fly anesthetic cocktail composed of triethylamine (50%), ethanol 

(23%), isopropanol (1%), methanol (1%), and “fragrance” (25%). Flies require several hours to 

recover from anesthesia using FlyNap, and it has been shown to increase the heart rates of 

mosquitos. However, little is known regarding its effects on behavior (e.g., motor function) 

following recovery. Additionally, previous research from our laboratory has demonstrated 

protective effects of dietary supplementation with pomegranate polyphenols in flies, mice, and 

humans. 

Therefore, we hypothesized that increased lengths of exposure to anesthesia procedures (FlyNap, 



CO2, and cryoanesthesia) would be associated with longer recovery times and increased 

behavioral deficits in Drosophila melanogaster, even after “full” recovery, and that adding 

polyphenols to their food would improve recovery from anesthesia and ameliorate any 

anesthesia-induced behavioral deficits. Flies were exposed to varying lengths of exposure to 

FlyNap, CO2, and cryoanesthesia followed by recovery and repeated behavioral assays for 1 

week after anesthesia. Half of the flies consumed standard fly diet media, and half of the flies’ 

diet was supplemented with polyphenols. Preliminary findings demonstrate that increased 

exposure time was associated with worse behavioral performance for at least 2 days after 

exposure. These results suggest that any behavioral studies done after anesthesia should take into 

consideration the possible long-lasting deficits induced by the anesthesia. 

Disclosures: J.M. Napan: None. L.S. Villalpando: None. B. Tolan: None. D.S. Patel: 

None. C. Barcenas: None. W. Hardeman: None. A.D. Trofimova: None. R.E. Hartman: 

None. 

Poster 

211. Brain Injury and Trauma: Animal Models of Brain Injury 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 211.01/Q2 

Topic: C.10. Brain Injury and Trauma 

Support: NIGMS-RISE R25 GM061838 

 Brain & Behavior Research Foundation (NARSAD) 

 RCMI8G12MD00760 

 UPR Medical Sciences Campus Chancellor’s Office 

 School of Medicine Deanship 
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Abstract: Over 4 million soldiers and civilians suffer from traumatic brain injury (TBI) each 

year, many of who are diagnosed with cognitive and neurological dysfunction, such as excess 

fear. There are common mechanisms that contribute to the neurobiology of TBI and cognitive 

dysfunction. Notably, both can result in impaired learning and emotional regulation. Although 

epidemiological studies show a correlation between sustaining TBI and developing excess fear, 

animal studies show conflicting results. This may be due in part to limitations in current TBI 

models such as differences in the brain regions serving as the epicenter (main area of impact). To 

evaluate the potential link between TBI and cognitive dysfunction, a biological link must be 

examined using reliable injury models and behavioral tests. Using Pavlovian conditioning we 



propose that TBI will impair fear or extinction in rats depending on what brain region will be 

targeted as the epicenter of the impact. There are homologous brain regions in rodents and 

humans needed for the expression of fear memories. Dysfunction in the amygdala, hippocampus 

(Hipp), and the medial prefrontal cortex (mPFC) underlie deficits in both rodents and humans 

with fear disorders. Notably, the effects of TBI to activity in homologous brain regions in the 

rodent are unclear. To address this knowledge gap, we mimic concussion in adult male rats using 

closed head injury (CHI) targeting the Hipp or mPFC as the epicenter by aiming at lambda or 

bregma, respectively. After recovery, delay fear conditioning is achieved by pairing an auditory 

stimulus (e.g. tone) with a foot shock, followed by subsequent tests for memory. Our preliminary 

results demonstrate that non-injured rats acquire a tone-shock association and express fear as 

indexed by a lack of movement save those related to breathing, known as freezing. Our design 

includes three groups: Group 1: CHI anterior to lamba, consistent with Hipp as epicenter; Group 

2: CHI anterior to bregma, consistent with mPFC as epicenter, Group 3: Sham controls. To 

mimic the scenario in which TBI occurs prior to an aversive event, we are assessing the delivery 

of CHI prior to fear conditioning. This work may lead to novel approaches for understanding and 

treatment of patients with TBI and fear disorders. 
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Abstract: Introduction: Traumatic brain injuries (TBI) affect approximately 1.7 million 

individuals yearly in the United States alone. Repeat concussive traumatic brain injuries (rcTBI), 

seen primarily in combat veterans and athletes in contact sports, can lead to eventual tauopathies 

such as chronic traumatic encephalopathy (CTE). Before the onset of tauopathies, debilitating 

symptoms from rcTBI can be observed, including memory impairment, increased anxiety, and 

gait abnormalities. Previous research on rcTBI has focused mainly on males, both in animal 

studies and in clinical research. The aim of this study was to determine if gender alone influences 

outcomes after rcTBI in mice. Methods: We subjected 22 mice (C57BL6, n=11 male and n=11 

female) to a mild impact directly on the skin and normal to the skull once daily for 5 days (5mm 

impact tip, 1mm depth, 5 m/s velocity, 100 ms dwell time; Impact One, Leica Biosystems). Mice 



received behavior testing after rcTBI for both short and long-term spatial memory and anxiety. 

Elevated plus maze (EPM), which measures anxiety, was performed 4 days after final impact. 

Radial water tread maze (RWT), which measures spatial cognition, was performed 10-14 and 21 

days after final impact. MRI (7T, T1w and T2 mapping) imaging was performed at 4 weeks after 

impact. Results: Behavior testing revealed female mice spent significantly less time in the closed 

arms of the EPM as compared to male mice (331.78±26.575s vs. 389.81±18.64s, p≤0.05). 

Female mice displayed significantly better short-term spatial memory than males (35.82±10.09s 

vs. 76.53±20.36s, p≤0.05). ANOVA between group analysis revealed male mice had a 

significant difference in time to complete the RWT between days 1 and 12, but between no other 

days (p=6.26x10-5). Female mice had significant differences in ANOVA between group analysis 

on multiple days (days 2 and 3 p=0.05, days 1 and 5 p=1.27x10-5, and days 1 and 12 p=6.35x10-

8). Though both groups displayed spatial memory learning, females completed the maze in less 

time overall and learned the maze more quickly. Conclusions: This preliminary study indicates 

significant differences in spatial memory and anxiety outcomes between male and female mice. 

Females displayed better overall learning, short-term spatial memory, and less anxiety and more 

exploratory behavior than males. The results from this study may significantly impact the 

treatment of rcTBI between males and females. 
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Abstract: Traumatic brain injury (TBI) causes mortality and disability worldwide. TBI induces 

inflammation, microglial activation, oxidative stress and autophagy in brain tissue, resulting in 

neurodegeneration, cognitive and behavioral deficits. Pomalidomide (Pom), an FDA (USA)-

approved immunomodulatory agent used to treat multiple myeloma, has been shown to be a 

more potent and better tolerated inhibitor of TNF-α than thalidomide. Subjecting Sprague-

Dawley rats to controlled cortical impact (CCI) TBI, we previously demonstrated that Pom (0.5 



but not 0.1 mg/kg, i.v.) administered once at 5 hr after TBI reduced contusion volume and 

improved functional deficits by mitigating neuronal apoptosis. Here, we compare the therapeutic 

efficacy of Pom to a new analog 3,6’-dithiopomalidomide (DP). DP (0.5mg/kg, i.v.), Pom 

(0.5mg/kg, i.v.) or vehicle was administered to rats at 5 hr after CCI. Motor asymmetry, 

evaluated by an elevated body swing test, and a modified neurological severity score (mNSS) 

assessment that is a composite of motor, sensory, balance and reflex tests, were performed before 

CCI and at 24 hr after. The degree of brain injury was evaluated by contusion volume and 

neuronal degeneration using cresyl violet and FluoroJade C (FJC) staining. DP and Pom 

treatment at 5 hr after TBI both significantly mitigated TBI-induced behavioral deficits at 24 hr 

post-injury. The contusion volume and the mean densities of degenerating (FJC-positive) 

neurons were significantly reduced by DP and Pom treatment; with DP proving more effective 

than Pom. DP and Pom significantly suppressed TBI-induced expression of proinflammatory 

cytokines, including TNF-α, IL-6, IL-1β. Immunostaining with the microglial marker ionized 

calcium-binding adapter molecule 1 (Iba-1) showed an increased degree of microglial activation 

after TBI, as revealed by their morphologic phenotypes. Upregulation of enzymes involved in 

the inflammatory processes mediated by oxidative stress, including inducible nitric oxide 

synthase (iNOS) and cyclooxygenase-2 (COX-2), was also found in activated microglia after 

TBI. This microglial activation was ameliorated by DP treatment better than with Pom. TBI-

induced autophagy was evidenced by increased protein expression of LC3-II and decreased 

expression levels of p62. These effects were attenuated by DP more than with Pom treatment. 

Our results suggest that post-treatment with DP significantly improves neurological functional 

outcome and reduces TBI-induced microglial activation and neuroinflammation, oxidative stress 

and autophagy. Our data suggest that DP may be developed as a potential therapy to ameliorate 

TBI-induced functional deficits. 
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Abstract: Release of high-mobility group box protein-1 (HMGB1), a pro-inflammatory damage-

associated protein, is inversely correlated with poor functional outcomes after traumatic brain 

injury (TBI) in infants and children. To date, while HMGB1 has been considered a target of 

novel neuroprotective therapeutics in the adult brain after TBI and ischemic stroke, a role of this 

mediator has not yet been defined after traumatic injury at an early age. This study therefore 

aimed to determine the role of HMGB1 in neuroinflammation and functional outcomes after 

pediatric TBI, using a well-characterized model of controlled cortical impact to male postnatal 

day 21 mice. Immunoassay quantification of HMGB1 in the serum detected a robust elevation at 

2 h after pediatric TBI, while extracellular release was detected in brain tissue by 

immunofluorescence staining at 3 d post-injury. Inhibition of HMGB1 by glycyrrhizin (Gly; 50 

mg/kg i.p.), a natural extract from licorice root, was found to reduce HMGB1 levels after 

pediatric TBI, prevent brain edema, and reduce astrocyte and microglia activation in the injured 

hippocampus, as compared to vehicle-treated, age-matched TBI mice. Of note, differential 

effects on some acute outcome measures were noted when Gly treatment was commenced 1 h 

prior to TBI compared to 1 h post-injury, a finding that was unique from what has previously 

been shown in adult models of TBI. In a separate cohort of mice, behavior testing at 4 months 

post-injury revealed cognitive deficits in vehicle-treated TBI mice only, whereas Gly-treated TBI 

mice were comparable to sham controls, suggesting that acute inhibition of HMGB1 yielded 

long-term neuroprotection. Together, our findings demonstrate a robust increase in HMGB1 after 

injury to the pediatric brain, which mediates edema, inflammation and chronic neurocognitive 

outcomes. HMGB1 therefore appears to have a unique role in the pediatric injured brain, and 

may represent a promising candidate biomarker and novel target for therapeutic intervention. 
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Title: GM1 ganglioside prevents axonal regeneration inhibition and cognitive deficits in a mouse 

model of traumatic brain injury 
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Abstract: Traumatic Brain Injury (TBI) is one of the most common causes of neurological 

damage in young populations. It was previously suggested that one of the mechanisms that 

underlie brain injury is Axonal Outgrowth Inhibition (AOI) that is caused by altered composition 

of the gangliosides on the axon surface. In the present study, we found that in a mouse model of 

weight drop closed head traumatic brain injury, a significant reduction of GM1 ganglioside 

levels in the cortex was found. In addition, axonal regeneration in the brains of the injured mice 

was affected as seen by the expression of the axonal marker pNF-H and the growth cones 

(visualized by F-actin and β-III-tubulin). NeuN immunostaining revealed mTBI-induced damage 

to neuronal survival. Finally, as expected, spatial and visual memories (measured by the Y-maze 

and the Novel Object Recognition tests, respectively) were also damaged 7 and 30 days post 

injury. A single low dose of GM1 shortly after the injury (2mg/kg; IP) prevented all of the 

deficits mentioned above. These results reveal additional knowledge regarding the 

neuroprotective characteristics of GM1 in prevention of biochemical, cellular and cognitive 

changes caused by trauma, and may suggest a potential intervention for mTBI. 
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Abstract: Traumatic brain injury (TBI) affects more than 2.5 million people each year in the 

United States alone. Although most recover with minimal complications, 1-2% of people 

develop chronic behavioral and cognitive deficits. In particular, the development of psychiatric-

like symptoms, including deficits in decision-making are relatively common. Prior work has 



shown that severe bilateral frontal TBI reduces optimal decision-making on a rat gambling task 

(RGT), which is used to assess risk-taking in rodents. To determine if these effects are location-

specific or general to TBI, the current study evaluated the effects of unilateral parietal TBI on 

RGT acquisition. Rats were pair-matched for rotarod performance, and then assigned to sham or 

TBI groups. Craniotomies were performed for sham and TBI animals centered at AP +2.4mm, 

ML +2.4mm from bregma and unilateral parietal lesions were delivered to TBI animals using 

controlled cortical impact (CCI; -2.5 DV @ 3 m/s). Following a 7-day recovery period, rotarod 

performance was assessed for three additional sessions. All rats were then trained on the RGT, a 

measure of risk-based decision making and response inhibition. During the RGT, choice occurs 

between four reinforcer/punisher options, two of which are considered relatively “safe” while the 

alternatives are considered “risky.” Reinforcement can be maximized during this procedure if 

choice is for the “safe” options exclusively. Behavior was tested daily for 30 minutes until 

reaching stability (~8 weeks). Following stability, rats were sacrificed using transcardial 

perfusion and brains were dissected for subsequent lesion analysis using cresyl violet staining. 

Injured animals demonstrated deficits in motor function on the rotarod, reduced response 

inhibition, as well as increased risk-taking during the RGT as compared to sham animals, 

indicated by increased choice for “risky” options and reduced choice for “safe” options. These 

deficits became more pronounced and endured for eight weeks into the recovery period. These 

results are similar to previous work showing deficits in risk-based decision-making following 

bilateral frontal TBI via CCI. However, this study also suggests that responding during the RGT 

may not be solely frontally dependent. This work underscores the importance of assessing 

executive function following a variety of methods of TBI. 
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Abstract: The heterogeneity of traumatic brain injury (TBI) pathophysiology is a factor that 

hinders the development of a sustainable therapeutic agent. Stress, ageing and life style can cause 

the accumulation of neurotoxins such as homocysteine called hyperhomocysteinemia (HHCY), 

which may exacerbate combat and vehicle accident related TBI. We investigated the deleterious 

effects of pre-existing HHCY on TBI neuropathology and associated behavioral deficits in rats. 

Male Sprague-Dawley rats (250-300g) received intraperitoneal injections of L-methionine (300 

mg/kg), once daily to induce and sustain HHCY while controls received saline. They were then 

subjected to TBI by controlled cortical impact (CCI) method under anesthesia with 3.5% 

isoflurane and body temperature maintained at 37°C using a heating pad. CCI was performed 

over the left parietal cortex with a 5 mm diameter piston, a magnetic impact of 5 m/s and 

penetration depth of 1.5 mm. CCI and sham rats were assessed for fine motor activity, working 

memory and anxiety-like behavior. They were euthanized at different time points and brain 

tissue was collected for histological and biochemical analyses. Statistical analysis was performed 

by one-way ANOVA with Tukey-Kramer post-test analysis. There were 4-12 rats/group and the 

study was approved by UMB IACUC. 

Methionine injections induced six fold increase in homocysteine levels both in sham and CCI 

rats (n=6-10; p<0.001) compared to controls. Hyperhomocysteinemic (HHC) sham rats (n=6) 

showed relatively reduced working memory performance on days 8 and 15 post-injury compared 

to control sham and CCI rats. This deficit was more pronounced among HHC-CCI rats (p<0.05). 

HHC-CCI rats also exhibited increased anxiety-like behavior on days 3 and 9 post- trauma 

(p<0.05; n=11) compared to shams and non-HHC TBI rats. HHCY had no effect on motor 

activity. Histological analysis of brain sections at days 3 and 7 post-surgery revealed that HHC-

rats presented cleaved caspase 3 apoptotic cell death far beyond the lesion site in the 

somatosensory 2 cortex and the hippocampus dentate gyrus, as well as in the contralateral 

hemisphere cortex, not observed in non-HHC rats. Similarly, HHCY caused increased expression 

of markers of blood brain barrier disruption, the intercellular adhesion molecule 1 and von 

Willebrand factor, associated with increased Evans blue extravasation and diffuse presence of 

activated microglia/macrophage. 

In summary, HHCY exacerbated working memory deficits and anxiety-like behavior in rats that 

sustained mild TBI. This condition was associated with HHCY-induced apoptotic cell death, 

blood brain barrier disruption, and diffuse inflammation. 
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Abstract: The objective of this exploratory study is to determine how animal orientation to a 

shock wave alters physiological and behavioral outcomes. Male and female 8 week old 

C57BL/6J mice were exposed to a single blast overpressure ~ 15psi using an Advanced Blast 

Simulator (ABS). Animals were secured in a mesh holder in either a vertical orientation, 

exposing the ventral underbelly, or in a prone, nose-first position. Blood-brain barrier (BBB) 

permeability was the focus for physiological study. To visualize BBB damage, four markers 

(Evans Blue, Dextran 367, Dextran 3K, Dextran 10K) were administered via tail intravenous 

injection immediately prior to blast exposure. Animals were then sacrificed 4 or 24 hours later 

and immunohistochemical analysis was performed for IgG and BBB proteins. Depressive-like 

behavioral studies included the sucrose preference test (SPT), tail suspension test (TST), and 

forced swim test (FST). Anxiety-like behavior was tested through the elevated plus maze (EPM) 

or elevated zero maze (EZM) for mice in an upright orientation. Sham animals were treated 

identically except they were not exposed to a blast wave and all behavioral tasks were scored 

blindly. 

Evans Blue (EB) and Dextran 10K appeared to be the most sensitive markers. Mice in an upright 

orientation displayed EB staining on brain parenchyma, while animals in a prone position did 

not. Dextran 10K, however, was sensitive to IgG staining in nose-first oriented mice. The lack of 

observable EB staining in prone positioned mice suggests that the upright blast exposure 

orientation causes more severe injury. Injured female mice also demonstrated increased IgG 

staining in the cortex and dorsal fornix/fimbria compared to injured males. The sex differences 

may be correlated with variations in body weight. No sex differences were found with the 

behavioral tasks, but the injured group showed a decreased preference index in the SPT 

indicating anhedonia-like behavior. A significant difference between sham and injured mice in 

the TST was revealed, but in the opposite direction than we hypothesized; the injured group 

showed less time immobile than the sham. No significant differences were found with FST, 

EPM, or EZM, but injured mice displayed less time in open areas during anxiety-like behavioral 

testing. We are in the process of studying mice in the prone orientation to stain for different BBB 

proteins and are analyzing behavioral data. 
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Abstract: Traumatic brain injury (TBI) affects millions of people each year, and continues to be 

one of the leading causes of disability and death in the United States. Treatment of TBI is 

difficult given the challenges of its diagnosis and the lack of an objective hallmark to monitor 

throughout the course of treatment in patients. A prominent diagnostic approach under 

investigation involves the identification of biomarkers uniquely expressed after TBI. While most 

studies focus on potential biomarkers in the cerebral spinal fluid or blood, few studies have 

explored other bodily fluids, such as saliva, tears, sweat, or urine. The latter bodily secretions 

communicate information regarding an animal’s health status via volatile metabolites. These 

chemical signals form the volatile metabolome. Previous studies have shown that immune 

activators and promoters of inflammation alter the mouse volatile metabolome, specifically 

mouse urine odor. Given the nearly universal presence/activity of inflammatory processes in 

neurological disorders, we examined the volatile metabolites of urine within a mouse model of 

mild TBI (mTBI) to determine if TBI alters the volatile metabolome: thus creating a signature 

endophenotype. A behavioral assay in which trained biosensor mice perform discrimination tasks 

and a chemical assay involving gas chromatographic headspace analyses were utilized to assess 

the distinctiveness, onset, and persistence of changes in the volatile metabolome of sham mice, 

mice receiving mTBI treatment, and mice receiving lipopolysaccharide (LPS) treatment. We 

found that mTBI leads to a significant change in the volatile profile of urine that is separate and 

discernable from the volatile profiles associated with LPS-induced inflammation and sham 

conditions. Our data suggest that mTBI alters the volatile metabolome, producing a distinct odor 

and metabolite profile - a TBI signature. Such a signature has the potential of informing a brain 



injury diagnosis and serving as an objective hallmark to monitor during treatment and recovery, 

and thus requires further investigation. 
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Abstract: Mild traumatic brain injury (mTBI) and post-traumatic stress disorder (PTSD) have 

emerged as the signature injuries suffered by US military personnel in Operations Iraqi Freedom 

and Enduring Freedom due to an increased probability of developing PTSD symptoms following 

a deployment-related mTBI. In an effort to examine the behavioral and neurobiological 

consequences of these two conditions at a subacute phase of injury (2-3 weeks post-TBI), our 

project aims to develop a comprehensive model of comorbid mTBI and PTSD. The mTBI 

intervention is administered by lateral fluid percussion at 1.7 atm force (LFP) preceding 

exposure to a model for the PTSD condition. The PTSD condition was comprised of a 

conditioned fear response induced by tone-cued foot shock followed by a fear extinction 

paradigm. Fear acquisition training generated significantly increased conditioned freezing 

responses over time in fear-conditioned groups compared to naïve controls. Subsequent 

conduction of the novel object recognition task revealed that both LFP and fear paradigms 

significantly diminished cognition, measured by a fear and LFP/craniectomy interaction. 

Following fear extinction training in experimental groups, conditioned freezing decreased 

significantly over time. In addition, these results revealed an accelerated rate of extinction in 

groups previously exposed to surgical intervention in LFP/craniectomy (fear/LFP 1.7 atm) and 

the craniectomy control (fear/ LFP 0.0 atm) treatment groups relative to surgically naïve 



controls. Consequently our focus became to examine the immunohistochemical responses in the 

infralimbic region (IFC), as it’s a critical node involved in extinction learning, which showed 

significantly elevated neuroinflammatory responses for neuroinflammatory markers CD68, TNF- 

α, Iba-1 and IL-1β in fear/LFP 1.7 group compared to controls. Simultaneously in the IFC, there 

was an elevated release of neurotrophic factors including brain-derived and glial cell-derived 

neurotrophic factors in the fear/LFP 1.7 group relative to naïve and fear-only controls. In the 

subacute phase of injury, our model of coinciding TBI and fear interventions shows both an 

enhancement of fear extinction learning, and a co-occurring elevation of neurotrophic responses 

in the IFC. These findings signal to a potential window post-injury in which fear extinction 

processes are more robust. Future examination of time-specific windows is critical for 

delineation of neurobiological and pathophysiological mechanisms underlying the comorbid 

condition leading to more effective treatment approaches. 
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Abstract: Post-hemorrhagic hydrocephalus (PHH) is a neurological condition presenting with 

increased intracranial pressure that leads to ventriculomegaly, often causing severe cognitive and 

motor disability. While neurosurgical treatments to drain CSF reduce the lethality of this 

condition, these interventions are palliative and often require several revisions throughout a 

patient’s lifespan. Previous studies have linked lysophospatidic acid (LPA) signaling, a bioactive 

lipid found in the blood, to the initiation of fetal hydrocephalus. However, PHH is most common 

in premature infants, a time point that is severely underrepresented in animal models of 

hydrocephalus. Therefore, we have developed an early postnatal mouse model to emulate 



premature humans. Postnatal day 8 mice were injected with LPA or vehicle using a stereotaxic 

frame to simulate intraventricular hemorrhage. Early LPA-mediated disruption and loss of the 

ependymal cells, which generate CSF flow, was observed. Shortly following ependymal loss, 

ventricular expansion was observed, leading to significant ventriculomegaly and increased 

intracranial pressure 7 days following the insult. These effects can be prevented in a significant 

subset of mice by knockout of the LPA1 or LPA3 receptors, suggesting that pharmacological 

inhibition of LPAR signaling could reduce hemorrhagic sequalae or prevent hydrocephalus from 

developing. 
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Abstract: Traumatic brain injury (TBI) is one of the major causes of death and disability and 

affects an estimated 10 million people worldwide. Currently, there is no approved drug for 

ameliorating the pathological processes of TBI. Previous studies have shown that (-)-phenserine 

(phen), an acetylcholinesterase inhibitor originally designed as a candidate drug for Alzheimer's 

disease (AD), was tested in clinical Phase II studies and showed no adverse effects. Besides its 

anti-amyloid activity in AD, our previous data also showed phen can prevent several 

neurodegenerative mechanisms as well as reduce the cognitive impairments induced by mild TBI 

using a weight-drop mouse model. In this study, we used a mouse model of moderate to severe 

TBI induced by controlled cortical impact to assess the effects of phenserine on somatosensory 



functions. Animals were treated with phen (2.5 mg/kg, BID) by intraperitoneal injection for 5 

days started from injury day at a clinically translatable dose and the effects were evaluated by 

behavioral and histological examinations at 1 and 2 weeks post-injury. Phen significantly 

attenuated TBI-induced contusion volume, enlargement of the lateral ventricle, and behavioral 

impairments in sensorimotor functions. The morphology of microglia was shifted to an active 

form from a resting form after TBI, and phen dramatically mitigated the population ratio of 

activated to resting microglia, suggesting that phen also mitigates neuroinflammation following 

TBI. Taken together, these results show that post-injury treatment with phen over 5 days 

significantly reduced the lesion volume and the enlargement of the lateral ventricle caused by 

TBI. In addition, phen effectively reduced sensory and motor deficits at 7-14 days post-injury. 

These data suggest a potential development of this compound for clinical use in TBI therapy. 
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Abstract: Background: Traumatic brain injury (TBI) is a heterogeneous condition occurs when 

an external mechanical force damages the brain tissue. Controlled cortical impact (CCI) is an 

experimental neurotrauma model that has been widely used to produce graded reproducible 

injuries in rodents that mimic important pathophysiological aspects of closed-head TBI seen 

clinically. Currently, no therapeutic drug is available that could potentially inhibit the neuronal 

cell death following TBI. 

Objective: The aim of this study was to investigate the potential neuroprotective effects of 

pramipexole (PPX) in TBI model and explore the underlying mechanisms. 

Materials and methods: In this study, Male Wistar rats were divided into four groups: sham 

group, TBI group, TBI+PPX (0.25 mg/kg) group, and TBI+PPX (0.50 mg/kg) group, each group 

having 10 animals. A CCI method was employed to induce TBI in rats. We evaluated behavior 



and biochemical alterations after trauma. Modified neurological severity score was performed to 

assess the neurological deficits after 14 days of injury. Animals were sacrificed to evaluate 

biochemical and molecular changes. Oxidative damage and apoptotic factors were done in the rat 

hippocampus. The expression of pro-apoptotic and anti-apoptotic proteins in hippocampus were 

evaluated using western blot analysis. 

Results: PPX treatment was able to significantly provide rescue from the oxidative stress 

through the reduction of free radicals and apoptotic factors. PPX could also mitigate 

neurobehavioral alteration by inhibiting the neuronal cell death. 

Conclusion: These results indicate that PPX can attenuate oxidative stress and behavioral out 

comes after traumatic injury through anti-oxidant activity and anti-apoptotic mechanism, which 

provide potential therapeutic benefits in TBI. 

Keywords: Apoptosis, behavioral dysfunction, oxidative stress, neuroprotection. 
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Abstract: Introduction:When using mouse PET image analysis in repeat traumatic brain injury 

(TBI) models global analysis of the image presents challenges due to the Harderian gland found 

within the orbits of the eyes. Because the Harderian gland experiences such a great uptake in 

glucose it can prevent an effective global analysis of the brain. We are working to solve this 

problem by stereotaxically aligning the images and then masking voxels outside the brain. This 

has enabled us to gather data from a global analysis of these images and draw conclusions about 

the therapeutics used as well as the injury. 

Methods:Under anesthesia, mice (n=24) received 250 µCi [18F]-FDG via iv for positron 

emission tomographic imaging. T1-weighted MRI images were acquired as a3D GRE Multi 

FOV sequence for acquisition. (0.6 mm slice thickness) PET Images were reconstructed using 

Tera-Tomo™ 3D PET OSEM reconstruction with 700µm spatial resolution, and a 256 x 256 x 

159 matrix. Coregistered MRI scans were used in addition to MRI stereotaxically normalized 

atlas to create masked MRI template. Masked MRI image parameters were applied to 

coregistered FDG-PET images to create masked FDG-PET images. Masked FDG-PET images 



were averaged to create an FDG-PET template for analysis. FDG-PET images compared using 

voxel-wise statistical analysis between treatment group and controls. Subjects received no Rx 

(n=9), intranasal paclitaxel (PTX) after the first impact (n=7), and sham impact animals (n=8). 

Subjects received no craniotomy before receiving one impact daily for 5 days (Impact One; 

Leica Biosystems, Buffalo Grove, IL, USA), directly on skin at midline, using a Leica impactor 

device (Depth=1mm, Velocity=5m/s, Dwell time=200msec, 5mm impact tip). Immediately after 

final CCI, single intranasal injection of saline (n=30) or 0.0175µmol (roughly equivalent to 20% 

of an IV dose for chemotherapy PTX (n=10) Shams (n=10) received equivalent anesthesia with 

no impact. 

Result:Whole brain standardized uptake values (SUV, pseudo-quantitative assessment of FDG-

PET) were 120.5±30.1, 90.3±18.7 and 129.2±23.0, mn±sd for SHAM, Saline and PTX 

respectively. P≤0.05. 

Conclusion:The MRI scans were correctly oriented, stretched and warped to fit a template which 

was then used to mask regions of the scan that did not include brain tissue. This was used to find 

statistically significant data indicating positive effects as a result of intranasal PTX injections in 

mice. 
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Abstract: Public awareness of the deleterious long-term effects of concussive brain injuries 

continues to increase due to media attention in professional sports as well as ever increasing 

diagnoses in military veterans exposed to improvised explosive devices in the battlefield. The 

vast permutations among injury parameters such as impact severity, interval between repetitive 

impacts, and total number of cumulative impacts is a barrier to the preclinical modeling of 

repetitive mild traumatic brain injury (rmTBI) using conventional behavioral assays. We utilize 

high-throughput computer vision behavioral phenotyping (SmartCube®) to map a spectrum of 

concussive doses. Bioinformatics analysis of over 2000 behavioral features show that repetitive 

impacts spaced 1 minute versus 10 minutes apart exhibit distinctive phenotypes. Activity metrics 



such as stepping and rearing are decreased in both rmTBI groups at 24 hours after injury. The 

reduction in activity relative to baseline levels is still evident at 2 weeks after rmTBI but the 

recovery signature is greater when the impacts were spaced 10 minutes apart compared to 1 

minute apart. Anxiety metrics indicate that rmTBI increases metrics such as grooming and 

sniffing at 24 hours. At 2 weeks, the signature of the anxiety metrics is increased in both impact 

interval groups with the 1 minute impact interval showing a greater increase in anxiety. These 

data suggest that SmartCube® has the sensitivity and speed to handle the immense combinations 

of injury parameters for mapping concussive doses. 
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Abstract: Effective treatment of repetitive mild traumatic brain injury (rmTBI) presents a 

substantial medical concern for veterans in the 21st century. Veterans with rmTBI have a 

significantly elevated risk of developing chronic traumatic encephalopathy (CTE) and 

Alzheimer's disease (AD). Prevention of progression of acute TBI into sustained 

neurodegeneration is critical for any successful potential therapeutic agent for rmTBI. Among its 

numerous roles in the CNS, lithium is a well-established inhibitor of glycogen synthase kinase-3 

(GSK-3). Previous studies in humans and animal models have shown inhibition of GSK-3 to be a 

promising target for therapies preventing the development of acute TBI into CTE or AD. Here 

we assess treatment with diet-administered lithium for 4 weeks during and immediately 

following impact in a closed-head injury mouse model of rmTBI. During each of 4 cranial 

impact procedures, we monitor mice for display of hallmarks of emergence and cognitive 

recovery from anesthesia: first forelimb movement, return of righting reflex, cross-matched 

ambulation, ataxia attenuation, and notice of a sticky dot placed on the forepaw during 



anesthesia. We report a robust delay in latency to all of these hallmarks for mice given rmTBI 

versus sham control. Following the final impact, we perform a battery of neurocognitive 

behavioral assessments, including open field recording, Y-maze spontaneous alternation task, 

novel object recognition (NOR), and water radial arm maze (WRAM). Whereas mice given 

rmTBI display reduced exploration of the center of an open field arena versus sham control, we 

do not detect a difference in overall activity level between groups. Finally, immediately 

following treatment, we assess hippocampal synaptic plasticity in an ex vivo slice model of LTP. 

Taken together, these data suggest that lithium has marginal therapeutic value for treatment of 

acute TBI when administered for 4 weeks in the period during and following injury. A longer 

period of treatment with lithium may prove to be more beneficial in prevention of the conversion 

of rmTBI to sustained TBI with CTE or AD. This will inform our translational research into 

clinical treatment of veterans with rmTBI. 
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Abstract: Traumatic brain injury (TBI) is an on-going global epidemic that results in a variety of 

debilitating symptoms such as memory dysfunction and epilepsy. TBI facilitates a robust early 

increase in hippocampal adult neurogenesis up to one-week post-injury. Adult-born granule cells 

(abGCs) generated during the neurogenic burst after certain forms of brain injury have been 

shown to display altered morphology and migration, suggesting abnormal network integration 

and function (Ibrahim et al., 2016; Villasana et al., 2015). Here we use the fluid percussion 

injury (FPI) model of concussive brain trauma, which results in diffuse sub-cortical damage and 

hippocampal pathology, to examine the effect of injury-induced neurogenesis on circuit 

excitability and inhibition. Young male Wistar rats underwent FPI or sham injury (Li et al., 



2015) followed by a single intracerebroventricular injection of a VEGFR-2 antagonist, known to 

selectively suppress neurogenesis, or vehicle two hours later. Rats were then sacrificed one week 

later for slice physiology or examined one month later for latency to chemically induced 

seizures. In perforant path-evoked field recordings, selective suppression of TBI-induced 

neurogenesis reversed dentate hyperexcitability observed one week after injury, indicating 

abnormal network function of abGCs born after TBI. Reducing TBI-induced neurogenesis 

attenuated the heightened seizure susceptibility observed 30 days post-injury suggesting a role 

for TBI-induced abGCs in epileptogenesis (Neuberger et al., 2017). To specifically target abGCs 

born after TBI, we established the FPI model in inducible Nestin-CreERT2 mice and treated 

them with tamoxifen 3 days after FPI to label abGCs born immediately following injury. 

Ongoing studies in Nestin-CreERT2 reporter mice are examining the morphology, migration, 

and synaptic physiology of FPI-induced abGCs at 8 weeks post-injury to examine their network 

integration. The results of this study may help identify how abGCs born after brain injury 

contribute to increased dentate gyrus excitability. 
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Abstract: Gliotransmitter ATP is released immediately after traumatic brain injury that will 

activate microglia and initiate inflammatory response. Several lines of evidence show the 

effectiveness of anti-inflammation therapy following traumatic brain injury. In the present study, 

liposome-encapsulated clodronate (CL), an agent to deplete macrophage/microglia, was 

systemically administrated via femoral vein immediately after cerebral contusion injury (CCI)in 

rats. Rats were randomly assigned to the following four groups; Sham-control, Sham-CL, CCI-

control and CCI-CL groups. Control liposome was used as a control. One or 3 days after injury, 

brain samples were taken and expression of microglia and inflammatory cytokines were 

measured by western blotting and polymerase chain reaction. On post-injury day 1, expression of 

CD11b of the Sham-control group (12.7±2.6) and Sham-CL group (15.1±2.5) did not differ. In 

the CCI-control group, this value increased significantly to 72.7±14.2 compare to the two Sham 

groups. Administration of CL decreased the expression of CD11b to 20.9±8.8 that was 



significantly lower from the CCI-control group. The expression of Galectin-3, a marker of 

activated microglia showed similar trends. In the CCI-control group, Galectin-3 increased 

significantly to 349.3±185.3 from 8.0±1.9 in the Sham-control and 8.3±2.1 in the Sham-CL 

groups. Galectin-3 level of the CCI-CL group was suppressed to 138.5±25.2 which was 

significantly lower compare to the CCI-control group. On post-injury day 3, expression of both 

CD11b and Galectin-3 reduced in both CCI-control and CCI-CL groups. Some but not all 

inflammation related cytokines were suppressed by CL administration. Systemic administration 

of CL reduced post-injury inflammation in a rat CCI model. 
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Abstract: Several insult to the brain, including ischemia and trauma causes activation of 

astrocytes in the acute period. These activated astrocytes are thought to remain until the chronic 

period and form gliosis, although the precise mechanism is not known. Gliosis is known to 

exacerbate pathologies and prevent neuronal recovery. It is reported that blockade of transient 

receptor potential canonical 3 (TRPC3) by pyrazole-3 (Pyr3) prevents gliosis in a mouse 

thrombin stimulation model. Because TRPC3 is a calcium channel that increases intracellular 

calcium level, we hypothesized that prevention of calcium elevation in the acute period after 

injury will decrease gliosis in the chronic phase of traumatic brain injury. In the present study we 

used MRS2179 a selective P2Y1 receptor blocker that prevents calcium wave and evaluated the 

magnitude of gliosis in a rat cerebral contusion injury (CCI) model. Male Sprague-Dawley rats 

were randomized into four groups; Naïve group, CCI-control group, CCI-Pyr3 group and CCI-

MRS2179 group. Dimethyl sulfoxide was used as a control. Drugs were directly injected into the 

contused tissue by implanted osmotic pump. Rats were sacrificed at day 3, 7 and 28 following 

injury and analyzed. Expression of TRPC3 and P2Y1 receptor were suppressed in CCI-

MRS2179 group in 3 days post-injury. Three days after injury, the GFAP level was 607.8±152.8 

in the CCI-control group, that was significantly higher compared to the Naïve group 



(312.6±101.9). GFAP level of the CCI-Pyr3 group (368.5±237.5) and CCI-MRS2179 group 

(408.7±311.5) were elevated but not significantly different from the Naïve group. On day 28, 

GFAP level of CCI-control group increased to 1099.2±102.9 that was significantly higher 

compare to the Naïve group, but the GFAP level of CCI-Pyr3 group (889.7±371.2) and CCI-

MRS2179 group (846.5±162.3) were significantly suppressed compared to the CCI-control 

group. Histologically, Holzer staining of both CCI-Pyr3 and CCI-MRS2179 group showed that 

gliosis around the contused tissue were reduced compared to the CCI-control group on post-

injury day 28. TRPC3 blockade by Pyr3 and P2Y1 receptor blockade by MRS2179 in the early 

period post-injury both reduced gliosis in the chronic phase. 
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Abstract: Traumatic brain injury (TBI) is one of the most common causes of death and 

disability across the world. Our previous studies demonstrated that a p53 inhibitor, pifithrin-α 

oxygen analog (PFT-α (O)), significantly reduced cortical and hippocampal cell death, which is 

substantial following controlled cortical impact (CCI) TBI, and improved motor and cognitive 

functional outcomes via anti-apoptotic mechanisms. Here, we investigated whether inhibition of 

p53 using PFT-α (O) or another p53 inhibitor, pifithrin-μ (PFT-μ) provides neuroprotective 

effects via p53-dependent or -independent mechanisms. To define the underlying mechanisms, 

Sprague Dawley rats were subjected to experimental TBI followed by the administration of p53 

transcriptional inhibitor PFTα (O), or p53 non-transcriptional inhibitor PFT-μ (2 mg/kg, i.v.) at 5 

h after TBI. Brain contusion volume, as well as sensory and motor functions were evaluated at 

24 h after TBI. Fluoro-Jade C staining was used to label degenerating neurons within the cortical 



contusion region. Levels of mRNA encoding for p53, autophagy, mitophagy, anti-oxidant, anti-

inflammatory related genes and proteins were measured by RT-qPCR and double 

immunofluorescence staining, respectively. PFT-α (O) or PFT-μ treatment enhanced sensory and 

motor functional recovery and decreased contusion volume at 24 h post-injury. PFT-α (O) and 

PFT-μ treatment also reduced degenerating neurons in the cortical contusion region; thereby 

providing neuroprotection. PFT-α (O), but not PFT-μ, significantly lowered p53 mRNA 

expression. PFT-μ treatment significantly elevated mRNA expression of the antioxidant enzyme 

heme oxygenase (HO)-1 mRNA after TBI. Furthermore, PFT-α (O), but not PFT-μ, increasesd 

mRNA levels of PTEN-induced putative kinase 1 (PINK1), a key protein that regulates 

mitophagy. In addition, 24 h pro-inflammatory cytokine (IL-1β, IL-6 and TNF-α) mRNA levels 

were significantly reduced by PFT-α (O) or PFT-μ administration after TBI. Double 

immunofluorescence staining demonstrated that PFT-μ significantly increased HO-1 positive 

neurons in the cortical contusion region. Moreover, TBI-induced autophagic marker localization 

(LC3 and p62) were supressed by PFT-α (O) and PFT-μ treatment. Our data suggest that both 

PFT-α (O) and PFT-μ provide neuroprotective actions through regulation of oxidative stress, 

neuroinflammation, autophagy, and mitophagy mechanisms and can potentially be developed as 

a novel treatment strategy for TBI-induced neuronal damage. 
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Abstract: TBI is associated with a significant risk factor for the development of dementia, with 

the interaction between structural damage from TBI and neuroinflammation potentially driving 

this relationship. Formyl peptide receptor 1 (FPR1) is a G protein-coupled receptor mainly 

expressed by the cells of myeloid origin, where it mediates the innate immune response to 

bacterial formylated peptides. The purpose of our research was to investigate the role of the 

FPR1 in cerebral dysfunction and tissue injury associated with TBI and the subsequent long-term 

risk of dementia. Controlled cortical impact injury was performed on Fpr1 KO mice on the 



C57BL/6 genetic background compared to C57BL/6 genetic background animals. The 

experimental design was divided in two steps. In the first step, brains were collected at 24 h after 

TBI. In the second step we investigated the chronic post-TBI neuroinflammatory response and its 

relationship to both dementia pathology and functional impairment up to 28 days post-injury. 

At 24h and 28 days post-injury, a behavioral battery test encompassing motor function, anxiety 

and cognition was carried out. Western blot and immunohistochemical analyses were performed 

to study a range of inflammatory, neurodegenerative and oxidative stress markers. In addition the 

apoptotic leves of BAX and BCL-2 and tunel were detected. 

At both 24h and 28 days post injury, the performance of behavioral test was significantly 

increased in FPR1 KO mice, with TBI WT mice exhibited impaired cognitive activity at 28 days. 

Molecular analyses indicated that in absence of Fpr1 there was reduced expression of 

inflammatory parameters and apoptotic markers. In summary, our results demonstrated that the 

absence of FPR1 is able to reduce the development of neuroinflammation and tissues injury 

events associated with brain trauma 24h after injury, moreover we focused the FPR1 as an 

important protein in effecting the resolution of brain inflammation associated to TBI, providing 

as a novel therapeutic target in development of dementia. 

Disclosures: S. Cuzzocrea: None. R. Siracusa: None. E. Gugliandolo: None. R. Fusco: 

None. R. D'Amico: None. R. Di Paola: None. 

Poster 

211. Brain Injury and Trauma: Animal Models of Brain Injury 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 211.22/R9 

Topic: C.10. Brain Injury and Trauma 

Support: This project was supported by Career Development Award Number IK2 BX-003196  

 from the Biomedical Laboratory Research & Development Service of the VA Office  

 of Research and Development to AMF 

 Biomedical Laboratory Research & Development Service of the VA Office of  

 Research and Development I01BX000132 to KCHP 

Title: Neuroendocrine dysfunction and neurobehavioral outcome following experimental 

traumatic brain injury 

Authors: *A. M. FORTRESS1, P. AVCU2, A. K. WAGNER3, C. DIXON4, K. PANG5 
1Res., VA Pittsburgh Healthcare Syst. Univ. Drive D, Pittsburgh, PA; 2NeuroBehavioral Res. 

Lab., Stress & Motivated Behavior Institute, New Jersey Med. Sch., East Orange, NJ; 3Phys 

Med. & Rehab, Safar Ctr., 4Neurosurg., Univ. of Pittsburgh, Pittsburgh, PA; 5VA Med. Ctr., East 

Orange, NJ 



Abstract: An estimated 2.8 million traumatic brain injuries (TBI) occur within the United States 

each year. Although women are less likely to sustain brain injuries than men, poorer long-term 

prognosis and worse neurobehavioral outcomes have been reported for women after TBI. The 

hypothalamic-pituitary-gonadal (HPG) axis contributes to sex steroid hormone production and 

may explain the enhanced deleterious effects in women following TBI. The present study 

assessed whether TBI may cause differential disruptions in the HPG axis in young adult male 

and female Sprague Dawley rats, and whether these disruptions were associated with cognitive 

and sensorimotor deficits. One week after lateral fluid percussion injury, injured females 

compared to sham females were impaired in spatial working memory and displayed HPG axis 

disruption, as evidenced by altered estrous cycling and significantly reduced 17-beta-estradiol 

(E2) and luteinizing hormone levels. One month after injury, estrous cycle disruptions and 

hippocampus-dependent memory impairments recovered in females. In contrast to females, no 

changes in cognition or HPG axis function were observed in males. Suppression of the 

brainstem-mediated acoustic startle response was observed for at least three months after injury 

in females but only transiently in males. These results suggest that females are more sensitive to 

the effects of TBI than males and disruptions in the HPG axis may contribute to cognitive 

impairments after brain injury. 
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Abstract: Traumatic Brain Injuries (TBI) affect 60 million people annually worldwide and 

contribute to other neurological disorders, such as cognitive decline and stroke. Our goal is to 

develop a blunt force TBI model that is inexpensive, rapid, and recapitulates the injury seen in 

humans, in a model organism that exhibits neuronal regeneration. Unlike traditional TBI rodent 

models, zebrafish potentially fit all these criteria. We modified the well characterized blunt force 



TBI method, the Marmarou weight drop, for adult zebrafish. Our modified Marmarou weight 

drop resulted in a reproducible and scalable mild, moderate, and severe TBI that shares key 

pathophysiological features found in human TBI, with subdural hematomas and cerebral edema. 

We characterized fish exposed to three categorical severities of TBI using the Shuttle Box assay 

to quantify the extent of learning and memory. Undamaged fish master the behavioral assay 

significantly faster than their TBI siblings at 24, 48, and 72 hours post injury (hpi) at all severity 

levels (n=9). However, four days following the mild and moderate trauma, injured fish were 

capable of learning the task as quickly as undamaged controls, suggesting that their learning 

capacity was restored (p=0.41, p=0.69). In contrast, fish exposed to severe trauma required 

several additional days post injury to learn the shuttle box assay (severe 7 dpi p=0.56, n=9). 

Memory impairment was also examined across the three severities resulting in consistent short-

term memory loss and retention of long-term memory (n=12-21). Cerebellar cell death was 

examined through a TUNEL assay, where there were significantly more TUNEL positive cells 

with increasing severity, which were primarily restricted to the ventral lining of the 

rhombencephalic ventricle in moderate and severely damaged fish (p<0.001, <0.0001, n=10). To 

examine the extent of cell death, the TUNEL assay was paired with HuC/D and GFAP 

immunostaining to label neuronal and glial cells, respectively. We found significantly more 

neuronal HuC/D positive cells were TUNEL positive (p<0.0001, n=9) than glial GFAP positive 

cells (n.s., n=9). In response to injury, there was a significant decrease in HuC/D labeling 18 and 

72 hpi (p=0.02, =0.0013), followed by a return to control levels 6 months post injury (p=0.27 

n=4). Thus, we developed a TBI model that reproducibly mimics the learning and memory 

deficits observed in humans and results in cerebellar neuronal cell death. We will continue to 

examine the regenerative capacity of zebrafish to respond to blunt force trauma by examining the 

source of the proliferating cells, their migration, and differentiation of neuronal progenitors 

following TBI. 

Disclosures: J. Hentig: None. Y. Jung: None. D.R. Hyde: None. 

Poster 

211. Brain Injury and Trauma: Animal Models of Brain Injury 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 211.24/R11 

Topic: C.10. Brain Injury and Trauma 

Support: NIH Grant EY02686 

Title: Injury-induced plasticity in parietal-frontal motor networks of non-human primates 

Authors: *I. STEPNIEWSKA1, H.-X. QI1, A. F. MANABAT2, J. H. KAAS1 
1Vanderbilt Univ., Nashville, TN; 2Belmont Univ., Nashville, TN 



Abstract: The mechanisms of long-term recovery after brain injury are not fully understood. 

Most previous studies investigated the plasticity within sensorimotor networks in primates after 

extensive motor cortex (M1) injuries, but little is known about the response to focal injuries to 

functional domains defined by 500ms long trains of intracortical microstimulation (ICMS). Two 

squirrel monkeys (Saimiri sciureus) were trained to perform reach-to-grasp task. In an aseptic 

procedure and under anesthesia, grasp, reach and other movement domains were identified in 

contralateral to trained hand motor areas (M1; premotor, PMC; posterior parietal, PPC) by 

ICMS. Then, the grasp domain in M1 (1st case) or in M1 and PMC (2nd case) was removed by 

aspiration. For next few months, lesioned monkeys were tested on reach-to-grasp task to evaluate 

the behavioral effects of cortical damage. In both monkeys, we observed deficits in grasping 

(increase in total number of digit flexes, speed and total movement duration). Two to three 

months later, when grasping behavior recovered, neuroanatomical tracers were injected in the 

cortex adjacent to the lesion, and in other movement domains to examine changes in 

connectivity, defined by comparison with intact brain connections. Changes in ICMS maps 

immediately after the lesion and after behavioral recovery were also evaluated. Lesions in grasp 

domain(s) instantly suppressed the movements evoked by ICMS from matching grasp domains, 

but not mismatched domains (e.g. reach or hand-to-mouth) in PMC and PPC. After grasping 

behavior recovered, in the monkey with M1 lesion some grasp movements in response to ICMS 

re-appeared in peri-lesion cortex. In monkey with M1 and PMC lesions, grasp movements never 

returned to M1 peri-lesion cortex, but this cortex was invaded by hand-to-mouth movements, 

normally represented in adjacent to grasp domain. Interestingly, grasp movements reestablished 

in PMC peri-lesion cortex. Stimulation of PPC after recovery evoked grasping behavior in both 

monkeys. These results suggest that functional recovery occurs after focal cortical lesions, and 

that greater capacity for reorganization after such lesions is expected in representations higher in 

the cortical hierarchy. Tracer injections revealed strong connections of both, M1 and PMC peri-

lesion regions with the ipsilateral PPC grasp domain. M1 peri-lesion cortex was also very 

strongly connected with the contralateral M1 grasp domain. These results suggest that recoveries 

from focal motor lesions may be mediated by the reorganization of cortex around the lesion, and 

remote areas (even contralateral) may contribute to compensatory recovery of the affected 

forelimb. 
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Title: Amantadine plus environmental enrichment after experimental traumatic brain injury 

confers an additive effect on motor and cognitive improvement 
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Abstract: Traumatic brain injury (TBI) is a significant health care issue with limited treatment 

options. Amantadine (AMT) is a pharmacotherapy with dopamine receptor agonist activity that 

has been shown to improve cognition after experimental TBI. Another therapeutic strategy that 

has consistently been shown to confer cognitive and motor recovery after TBI is environmental 

enrichment (EE), which consists of a complex living space, novel stimuli, and increased social 

interaction that is vastly different from standard (STD) housing, and is considered a preclinical 

model of neurorehabilitation. Hence, the goal of this study was to test the hypothesis that 

combining AMT and EE would lead to greater motor and cognitive performance after TBI than 

AMT alone. Anesthetized adult male rats received a controlled cortical impact of moderate 

severity (2.8 mm tissue deformation at 4 m/s) or sham injury and then were randomly assigned to 

enriched or STD housing where AMT (20 mg/kg) or vehicle (VEH; 1.0 mL/kg) was 

administered intraperitoneally 15 min before testing every day for 19 days. Motor function 

(beam-balance/beam-walk) and spatial learning/memory (Morris water maze; MWM) were 

assessed on post-operative days 1-5 and 14-19, respectively. Both AMT alone and AMT plus EE 

performed significantly better than the non-treated STD-housed group on motor and cognition (p 

< 0.05). Moreover, the AMT plus EE group performed better than the AMT alone group (p < 

0.05), which indicates an additive effect and confirms the hypothesis. The findings provide 

support for combinational therapies after TBI to optimize outcome.  
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Abstract: Mitochondrial dysfunction has been increasingly implicated in several 

psychopathologies. Post-traumatic stress disorder (PTSD) is a debilitating psychiatric disorder 

induced by exposure to a traumatic event. We recently showed that mitochondrial function was 

significantly reduced in the brains of mice affected by PTSD-like symptomatology. Here we 

investigate additional multi-system effects of trauma exposure and PTSD-susceptibility 

associated with mitochondrial function and stress response in these animals. We previously 

induced PTSD-like symptomatology in a cohort of 48 WT FVB mice, identifying 7 PTSD-

vulnerable animals and 16 PTSD-resilient animals. PTSD-susceptible animals were found to 

have significantly reduced brain mitochondrial electron transport chain (ETC) capacity compared 

to PTSD-resilient animals. We subsequently isolated genomic DNA from the brains of the 

animals and performed qPCR for mtDNA copy number. We also collected blood plasma from 

these animals and performed ELISA for the metabolic stress hormone FGF-21. Thymi from 

these animals were fixed, sectioned, and stained for gross histology. For all tests, we compared 

the 7 PTSD-vulnerable and 16 PTSD-resilient animals to 12 naïve animals not exposed to 

trauma. Trauma-exposed animals and PTSD-vulnerable animals showed an increase in brain 

mtDNA copy number, a decrease in plasma FGF-21 concentration, and a decreased thymic 

medullar/cortical ratio, compared to naïve animals. Brain mtDNA copy number, plasma FGF-21 

concentration, and thymic medullar/cortical ratio varied significantly between PTSD-vulnerable, 

PTSD-resilient, and naïve animals. These data indicate that trauma exposure may induce PTSD-

vulnerability-associated mitochondrial dysfunction and a subsequent compensatory 

mitochondrial hyperproliferation. The metabolic stress hormone FGF-21 is induced by 

transcription factors that also promote mitochondrial metabolism and biosynthesis. Circulating 

FGF-21 produced in the liver works in an endocrine fashion and protects mitochondria from 

oxidative damage. Trauma-induced FGF-21 depletion may contribute to mitochondrial 

dysfunction in the brains of PTSD-vulnerable animals. Reduced thymic cortical/medullar ratio is 

indicative of thymic involution which has been associated with chronic stress and can have long-

term effects on immune health. Overall, our results indicate that trauma exposure and PTSD-

vulnerability can have multi-system effects that may impact PTSD diagnosis, prevention, and 

treatment, though further investigation will be required to elucidate how these systems interact 

and contribute to the complex etiology of PTSD in humans. 
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Abstract: Concussion is a subtype of traumatic brain injury characterized by functional 

alterations of the brain with little or no macroanatomical damage. Repetitive mild concussion 

(rmCc), as sustained by contact sports players and military personnel, is one of the most common 

types of brain injury, resulting in persistent cognitive, particularly attentional, impairments. 

Based on our previous finding that choline transporter (CHT) heterozygosity limits the capacity 

of cholinergic neurons to sustain elevated levels of cholinergic activity, here we asked whether 

rmCc bestows relatively more severe attentional-cholinergic impairments in CHT heterozygous 

(CHT+/-) mice. Wildtype (WT) and CHT+/- mice were trained to performance criterion in the 

Sustained Attention Task (SAT), and subjected to sham (SH) or rmCc, using a modification of 

the impact method described by Kane et al. (2012). Mice practiced the SAT 5-6 days a week and 

received five Cc events, each separated from the next by 7 days. rmCc robustly and permanently 

decreased hit rates in CHT+/- but not WT mice. Brains from subsets of mice were harvested 

immediately following the final SAT session after the 5th rmCc. As expected, CHT-mediated 

choline transport in frontal cortical synaptosomes was significantly lower in CHT+/- when 

compared with WT mice. rmCc lowered choline transport in both genotypes, therefore nearly 

completely abolishing uptake in CHT+/- mice. However, rmCc did not reduce the density of 

cortical cholinergic terminals, suggesting a functional silencing of these terminals in rmCc-

treated CHT+/- mice. Determination of brain cytokine levels indicated lasting rmCc-induced 

increases in the levels of 10 cytokines in CHT+/- mice, with CCL4 showing the greatest 

elevation. Additional histological analysis confirmed the presence of activated microglia in 

several brain regions of rmCc-treated mice of both genotypes, and in the basal forebrain of 

CHT+/- mice only. Taken together, these results suggest that lasting increases in brain cytokine 

levels may mediate the rmCc-induced near silencing of CHT function and the attentional 

impairments in CHT+/- mice. Humans expressing a CHT subcapacity variant may be relatively 

more vulnerable to the impact of brain injuries. 
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Abstract: Hemorrhagic stroke is a devastating neurological disease that often results in 

permanent disability or death. The incidence is not decreasing and, despite being the subject of 

active preclinical and clinical investigation, treatment options remain limited. Currently the most 

commonly used mouse model of hemorrhagic stroke involves autologous blood injection, in 

which blood is extracted from the tail artery of a mouse then injected into its brain. This model is 

useful to study the toxic effects of blood components on the brain but lacks vascular damage. 

The ability to effectively model disease in animals is a key factor in the translation of research to 

clinically relevant interventions. Here we have developed a mouse model of hemorrhagic stroke 

utilizing high-intensity focused ultrasound and microbubbles. Focused ultrasound has been 

heavily studied for various therapeutic applications including blood-brain-barrier opening to 

facilitate drug delivery. When applied using high pressures and intensities this technique is noted 

to cause vessel rupture, micro-hemorrhage, and histological damage. By adjusting the parameters 

of the focused ultrasound we have created reproducible intracerebral hemorrhage with cellular 

and molecular changes classically seen in hemorrhagic stroke. This model, by more closely 

approximating the pathophysiology of hemorrhagic stroke, has the potential to improve the 

translation of preclinical research to therapy. 
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Abstract: Mild traumatic brain injuries (mTBI), including concussions, have significantly 

increased in the last decade and evidence is mounting of their adverse, and potentially long-

lasting, cognitive and emotional effects. These effects and the underlying pathological changes to 

neural function are not precisely understood and depend significantly on animal models. 

Accordingly, a wide array of injury models exist; many entail dropping weight onto an animal’s 

head or making more precise injuries through closed cortical impacts or fluid percussion. 

Overall, though, they aim to produce aspects of a human head injury, including biomechanical 

responses and neurological sequelae, and yet each have limits to how accurately they may 

produce acceleration and rotational impacts in ways comparable to how the injuries occurs in 

humans, particularly sports-related injuries or falls. Recently we sought to better represent the 

mechanism of injury as it frequently occurs in humans by developing a new model of mTBI for 

use with rodents. This model is unique in that the rodent is secured to a rotating platform arm 

with the head positioned off the edge. The platform arm is raised and released, propelling the 

head toward a stationary impact zone. The purpose of the present experiment was to quantify the 

acceleration forces that rats sustain using this method and to document that those forces are 

comparable to human mTBI. To do this, 16 male (85-180 g) and 16 female (76-140 g) Sprague 

Dawley rats underwent the mTBI procedures. Digital video footage was collected for each injury 

and frame-by-frame analysis was used to calculate acceleration upon impact. This was done by 

recording the distance traveled across a fixed-width grid pattern in consecutive frames and 

applying the following formula: a = (v1 - v0) / Δt . Based on these calculations, we estimated that 

rats experienced a force of 6.8 +/- 1.9 g prior to impact. For comparison, acceleration forces of 

98 +/- 28 g have been reported in humans. Accounting for overall mass, brain weights, and other 

factors that distinguish rats and humans, we estimate that these values align well though they 

may indicate greater forces acting on the rats during injury. Also under investigation are data 

from a force plate sensor located in the impact zone and findings, so far, point to a significant 

correlation between rats’ body weight and force plate output values and revealed a second impact 

after the first that was also examined. Taken together, the results of the present study confirm 

that our newly developed procedures produce forces in rats that accurately model those recorded 

in humans and offer an innovative alternative for mTBI and concussion research. 
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Abstract: Preterm infants are at risk for neurodevelopmental deficits including cerebral palsy, 

attention deficits, and cognitive delay. The cerebellum, a region vital for normal motor control, 

motor learning, language, and cognitive processing, is vulnerable to injury in the third trimester. 

The superior and inferior cerebellar peduncles provide connections between multiple brain 

regions, including the motor cortex, vestibular system, and spinal cord, and are integral to 

cognitive and motor skills. Injury to these neural networks beginning in utero in the setting of 

chorioamnionitis and preterm birth could profoundly impact neurodevelopment. Using our 

established rat model of chorioamnionitis (CHORIO), we hypothesized prenatal injury would 

cause diffusion tensor imaging (DTI) abnormalities and microstructural changes to the cerebellar 

peduncles. On embryonic day 18 (E18), a laparotomy was performed on pregnant Sprague-

Dawley dams to induce CHORIO with transient uterine artery occlusion and intra-amniotic 

injection of lipopolysaccharide (LPS, 4µg/sac). The laparotomy was then closed and dams 

recovered. Shams had a laparotomy for 60 min with no other intervention. Rat pups matured 

with their dams. On postnatal days 15 (P15) and 35 (P35), brains were perfused for ex vivo DTI 

on a 4.7T scanner (n=3-8/group). T-tests were performed with statistical significance defined as 

p<0.05. Fractional anisotropy (FA) was significantly increased in the superior and inferior 

cerebellar peduncles in P35 shams compared to P15 shams, consistent with advanced 

myelination with increasing age (p <0.05). Following CHORIO, FA at P35 was reduced 26% in 

the inferior cerebellar peduncles in the CHORIO animals compared to shams (0.428 ± 0.02 vs. 

0.318 ± 0.02, p<0.01). Analyses of directional diffusion in the inferior cerebellar peduncles 

revealed a 35% increase in radial diffusion in CHORIO rats compared to shams (3.3±0.1 vs. 

4.5±0.2 x10-4, p<0.001), concomitant with a 14% increase in axial diffusion (6.1±0.2 vs. 6.9±0.2 

x10-4, p<0.05). Similarly, axial diffusion was increased by 25% (5.3±0.3 vs. 6.6±0.3, p<0.05) in 

the superior cerebellar peduncle in CHORIO rats compared to shams. Taken together, these data 



indicate cerebellar white matter microstructural abnormalities and decreased structural coherence 

in CHORIO rats, which may be indicative of impaired anatomical connectivity, specifically 

within the preterm infants who later develop learning and coordination deficits. Sophisticated 

imaging may delineate radiologic biomarkers of cerebellar injury secondary to consequences of 

preterm birth and assist in the development of future therapies. 
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Abstract: Abnormalities in the coordinated activation of brain regions are common in 

individuals who have experienced a traumatic brain injury (TBI). These abnormalities can cause 

cognitive impairments as well as post-concussive symptoms. Previous studies in TBI have 

demonstrated abnormalities in the functionality and connectivity of cortical brain regions often 

involved in executive functioning and memory tasks. In healthy individuals, activity in these 

same regions is correlated with activity in Crus I and Crus II of the cerebellum. The literature 

indicates that Crus I and Crus II take part in the refinement of processes in their associated 

cortical structures by way of discrete, closed looped circuits. Injury to the connectivity of these 

cortico-cerebellar networks may lead to additional cognitive impairments within the TBI 

population. In the current study, we assessed the effect of a cognitive rehabilitative intervention 

on executive-functioning-specific, cortico-cerebellar networks before and after cognitive 

rehabilitation for TBI. Seven volunteers with a history or traumatic brain injury participated in an 

interventional study that included a pre-intervention MRI resting-state scan, six-weeks of 

cognitive driving rehabilitation conducted in a virtual environment, and a post-intervention MRI 

resting-state scan. Based on previous findings in healthy controls, we expected correlated 

activation between Crus I/Crus II and cortical structures including the thalamus, precuneus, 



posterior cingulate, anterior cingulate, medial frontal gyrus, and caudate. In our sample of 

participants with TBI, there was no correlation between Crus I/II and these cortical regions 

during the pre-intervention scan. After the intervention, however, these individuals showed 

increased correlated activity between Crus I/II and subregions of all six structures in comparison 

to the pre-treatment visit. This analysis illustrates potential abnormalities in functional 

connectivity between the cortex and the cerebellum associated with TBI. In addition, the current 

findings suggest that neurorehabilitative interventions may result in coordinated reactivation of 

Crus I/II and their associated cortical areas after TBI. 

Disclosures: E. Cordero: None. S.I. Gimbel: None. M.L. Ettenhofer: None. 

Poster 

212. Brain Injury and Trauma: Human Studies 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 212.02/S1 

Topic: C.10. Brain Injury and Trauma 

Support: U.S. Army Medical Research and Materiel Command Award #W81XWH-13-1-0095 

Title: Brain bases of cognitive recovery following rehabilitation for traumatic brain injury 

Authors: *S. I. GIMBEL1,2,3, M. L. ETTENHOFER2,4,3,1,5, E. CORDERO2,4,1, A. SAFFORD2,4, 

B. BRANDLER2,4,6, B. GUISE4, M. ROY4,5, L. CHAN5,7 
1Naval Med. Ctr. San Diego, San Diego, CA; 2Henry M. Jackson Fndn., Bethesda, MD; 3Def. 

and Veterans Brain Injury Ctr., San Diego, CA; 4Uniformed Services Univ. of the Hlth. Sci., 

Bethesda, MD; 5Ctr. for Neurosci. and Regenerative Med., Bethesda, MD; 6Walter Reed Natl. 

Military Med. Ctr., Bethesda, MD; 7NIH, Bethesda, MD 

Abstract: Many patients with traumatic brain injury (TBI) have persistent cognitive deficits, 

including decreased attention and working memory. This study is part of a clinical trial 

examining the brain bases of cognitive deficits related to TBI and subsequent functional 

recovery. Initial behavioral findings showed improvements in working memory and processing 

speed among those who received intervention, and fMRI analyses were performed to evaluate 

the brain bases of these effects. Twenty-four patients who had sustained a TBI (14 mild, 10 

moderate/severe) completed a comprehensive neuropsychological and MRI exam. Of these, 11 

went through 6 weeks of virtual reality driving intervention and completed a second 

neuropsychological and MRI exam (7 immediate treatment, 4 waitlist control). During the fMRI, 

patients performed a 0-back task where they indicated via an MRI-safe button box whether a 

number appearing on the screen was a 6 or a 9. They then performed a 1-back task, where they 

kept the item (6 or 9) in mind, then indicated whether the next item was the same or different as 

the previous item. Examining activation in visit 1 specific to working memory (1-back minus 0-



back) showed increased activity in bilateral DLPFC and prefrontal cortex, anterior insula, medial 

superior frontal gyrus, left thalamus, bilateral supramarginal / angular gyrus, precuneus, and left 

posterior middle temporal gyrus. Following intervention, patients showed less global activation, 

with regions of activity only in the bilateral middle frontal cortex, posterior middle frontal gyrus, 

and supramarginal gyrus; there was reduced activity related to working memory load for the 

group that went through the intervention compared to the control group. Examining brain activity 

related to TBI severity, those with moderate/severe TBI showed reduced activation in the 

working memory network compared to the mild TBI group. While preliminary, these results 

suggest that successful cognitive rehabilitation of working memory in TBI may be associated 

with increased efficiency of brain networks, evidenced by normalization of brain activity during 

cognitive processing (i.e., reduced activation). Considering the mixed/negative results of many 

clinical trials for cognitive rehabilitation of TBI, these results highlight the importance of 

examining brain activity related to cognitive rehabilitation of attention and working memory. 
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Abstract: BACKGROUND: Clinician-delivered cognitive rehabilitation training shows 

promise for remediating functional and cognitive deficits associated with traumatic brain injury. 

OBJECTIVE: The current study examined the neuropsychological outcomes and real-life 

changes for n = 329 cases of traumatic brain injury following an average of 95 hours of 

intensive, metronome-based cognitive rehabilitation training with ThinkRx, a clinician-delivered 

brain training program. METHODS: We collected baseline and outcome scores on standardized 

neuropsychological tests and a qualitative exit survey from n = 329 individuals with traumatic 

brain injury of various severity ranging in age from 6 to 87. Each participant attended an average 

of 95 hours of training. The training procedures were delivered one-on-one by a clinician and 

targeted multiple cognitive skills including working memory, long-term memory, processing 

speed, visual processing, auditory processing, logic and reasoning, and attention. RESULTS: 



Training effects included statistically significant and clinically-significant gains on 

neuropsychological outcome measures as well as self-reported behavioral changes. Gains in 

cognitive skills were similar for children and adults. CONCLUSION: The improvements across 

outcome measures following ThinkRx cognitive rehabilitation training suggest that an intensive, 

metronome-based cognitive training intervention delivered by a clinician may be a viable option 

for remediating the cognitive deficits associated with traumatic brain injury for children and 

adults. 
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Abstract: Background: ThinkRx, an intensive, 60+ hour, clinician delivered, one-on-one, 

multi-construct cognitive rehabilitation training program, has been shown to remediate cognitive 

skill deficits resulting from acquired and traumatic brain injury. In previous work with this 

population we have reported normalization of the default mode network as measured by resting 

state functional MRI following cognitive training. However, the underlying structural changes 

http://files.abstractsonline.com/CTRL/84/5/3b5/ca1/e02/45d/b94/870/469/86b/761/88/g6131_3.JPG


associated with training related gains in a brain injury population have yet to be investigated. 

Objective: The purpose of this work was to assess changes in white matter structure and 

connectivity using Magnetic Resonance Diffusion Tensor Imaging (DTI). Methods: Using a 

multiple case study design that included eight subjects with varying origins, degrees and 

durations of brain injury the effects of the ThinkRx cognitive rehabilitation program were 

evaluated. Baseline and outcome measures were collected using the Woodcock Johnson IV - 

Tests of Cognitive Abilities, Conners Continuous Performance Test III, the Patient Competency 

TBI rating scale, and MR imaging. MRI scans were acquired on a Siemen’s 3T scanner and the 

the study protocol included acquisition of a T1-weighted high resolution anatomical image, a T2-

weighted FLAIR image, diffusion weighted images, and a 12-minute resting state EPI BOLD 

functional scan. White matter analysis was performed using FreeSurfer, TRACULA and 

BrainSuite. 

Results: All subjects showed cognitive skill gain in working memory, long-term memory, 

processing speed, visual and auditory processing, fluid reasoning, attention, and a significant 

increase in IQ score (>20 IQ score points). 

First and second level analysis of white matter fiber tracts and regions of interest (ROI) diffusion 

metrics including fractional anisotropy (FA) and mean diffusivity (MD) were measured. Overall, 

FA inversely correlated with injury severity and MD was positively correlated with injury 

severity. In multiple white matter tracts including the cingulate, FA was decreased post training. 

Conclusions: Changes in white matter density noted in the current work support the hypothesis 

and previous functional analysis findings that training induced change occurs and is robust 

enough to be measured using MRI. 
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Abstract: Sleep-wake disturbances (SWD), including excessive daytime sleepiness, insomnia, 

hypersomnia, and circadian rhythm sleep disorders, are common after traumatic brain injury 

(TBI). In addition to SWD, chronic pain is also a common and debilitating symptom associated 

with consequences of TBI. In fact, ~50-70% of individuals with TBI experience SWDs and 

suffer from chronic pain. The relationship between SWD and chronic pain is bidirectional, such 

that impaired sleep exacerbates pain, while pain contributes to impaired sleep. Thus, improving 

sleep quality has the potential to ameliorate pain following TBI. Accordingly, the purpose of this 

study was to target an improvement in sleep quality through the use of morning bright light 

therapy, and thereby achieve an improvement in pain in Veterans with TBI. Veterans with (n=8, 

average age 47.1±21.3 years) and without (n=10, average age 62.5±17.1 years) TBI were 

consented and enrolled from the VA Portland Health Care System Sleep Disorders Clinic. 

Subjects were instructed to use a lightbox for at least 30 minutes upon awakening daily for 4 

weeks. Participants wore an actiwatch (Philips Respironics Actiwatch-2) throughout the study to 

record rest-activity patterns and light exposure, including for 7 days before initiating light 

therapy to establish baseline metrics. Self-report measures were collected before and after 

lightbox use, including the Insomnia Severity Index (ISI), Patient Health Questionnaire (PHQ-9), 

Neurobehavioral Sleep Inventory (NSI), and, and NIH PROMIS Pain Intensity, and Pain 

Interference scales. Following 4 weeks of light therapy, age-controlled ISI scores decreased in 

Veterans with TBI (p= 0.035), which coincided with a reduction in pain interference (p=0.032), 

despite no change in pain intensity (p=0.266). Interestingly, 4 weeks of light therapy in Veterans 

without TBI did not result in improvements in ISI and pain scores. These data suggest that light 

therapy has a positive effect on sleep and pain management in Veterans with TBI. Further 

investigation is needed to elucidate how other comorbidities of TBI such as PTSD and 

depression affect these measures. 
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Abstract: Contradictory findings regarding whole-brain connectivity after traumatic brain injury 

(TBI) include reports of both hypo- and hyper-connectivity patterns when compared to healthy 

participants. Altered connectivity patterns seem to depend on injury severity, with more severe 

injuries leading to more pronounced alterations in long-range connectivity and poorer functional 

outcomes. However, it is unclear to what degree these alterations represent compensatory 

mechanisms and/or maladaptive changes, partly due to a lack of studies linking connectivity to 

specific clinical and cognitive indices in this patient population. Because the current evidence in 

relation to connectivity alterations is contradictory, we lack an understanding of the role of 

whole-brain connectivity in outcome after TBI. Here we aimed to disentangle the pattern of 

whole-brain connectivity changes in a sample of patients with moderate to severe TBI in the 

chronic stage (>1 year after injury, n = 70, 18 females, age range 16-66) compared to 70 matched 

healthy controls. We hypothesized that hypo- and hyper-connectivity patterns may coexist within 

the same patients, manifesting differently in long-range (global) versus local connectivity due to 

the known higher structural impact of TBI on long-range axons. In contrast to prior studies 

focusing on specific connectivity indices alone, we evaluated both long-range and local 

connectivity indices. We derived these measures from resting state functional magnetic 

resonance imaging (rs-fMRI) via data-driven exploratory analyses based on graph theory (Brain 

Connectivity Toolbox) and a voxel-based method (Regional Homogeneity) using the LONI 

pipeline (http://pipeline.loni.usc.edu/) and the C-PAC pipeline (https://fcp-indi.github.io/). The 

clinical significance of individual whole-brain connectivity patterns was evaluated by 

investigating associations with injury mechanism, injury severity, and global outcome (as 

measured with the Glasgow Outcome Scale Extended). Moreover, the link between connectivity 

measures and cognitive function was investigated, focusing on self-reported and performance-

based cognitive control function which is strongly associated with everyday functioning after 

TBI. We present preliminary results comparing graph-based connectivity and regional 

homogeneity in patients with msTBI and healthy participants, and evaluate their clinical and 

functional significance. 
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Abstract: Traumatic brain injury (TBI) and post-traumatic stress disorder (PTSD) share 

common sequelae, including sleep-wake disturbances (SWD) and chronic pain, each of which 

can exacerbate the other. Although each disorder is independently linked to this symptomology, 

it is unclear whether individuals with comorbid TBI and PTSD show greater impairment in sleep 

and pain than those with a single disorder. The purpose of this study was to examine differences 

in SWD and chronic pain in individuals with a history of TBI and/or PTSD. Veterans were 

recruited from the Portland VA Health Care System and completed a battery of self-report 

surveys related to SWD, PTSD, post-concussion symptoms, chronic pain, and sensory 

sensitivity. Participants were categorized into four groups based on their medical history: 1) 

“Neither”, subjects with no TBI or PTSD (n=383); 2) “TBI”, subjects with TBI, but no PTSD 

(n=67); 3) “PTSD”, subjects with PTSD, but no TBI (n=126); and 4) “TBI+PTSD”, subjects 

with both TBI and PTSD (n=63). Compared to subjects with TBI or neither condition, those in 

the PTSD and comorbid TBI+PTSD groups reported significantly worse insomnia scores (P 

<0.001) and increased daily impairment due to poor sleep (P <0.001). Additionally, subjects in 

the TBI+PTSD group displayed significantly worse pain complaints than the TBI or PTSD 

groups (P <0.001 and P <0.05, respectively), and had the highest rate of persistent headaches. 

They also showed significantly higher levels of photosensitivity (P<0.001) and phonosensitivity 

(P<0.001) than all other groups. We found a significant correlation between insomnia scores and 

self-reported pain scores in all subjects (R = 0.36), but this correlation was strongest in the TBI 

group (R = 0.37) and weakest in the Neither group (R = 0.29). Pain scores were also significantly 

correlated with PTSD and TBI severity scores (R = 0.30 and R = 0.42), as were insomnia scores 

(R = 0.53 and R =0.46).Taken together, these results suggest that individuals suffering from both 



TBI and PTSD have a higher risk for SWD and chronic pain compared to individuals with either 

disorder alone. Understanding how TBI and PTSD interact to potentiate SWD and pain may help 

improve rehabilitation interventions in this population. 
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Abstract: After mild traumatic brain injury (mTBI), individuals often report increased sleep 

need, poor sleep, daytime sleepiness and fatigue. These symptoms may be caused by brain injury 

specific mechanisms linked to dysfunctional sleep-wake networks in the brain, but also by 

general injury-related factors not related to the brain injury per se. Studies incorporating relevant 

control groups are therefore crucial for identifying etiological factors that can inform clinical 

practice and future studies aiming to determine relevant biomarkers. Here we present results 

from a longitudinal study of 379 mTBI patients and 82 matched trauma controls (TCs) with 

orthopedic injuries. Increased sleep need, poor sleep, fatigue and excessive daytime sleepiness 

was assessed premorbid (reported retrospectively), and at 2 weeks, 3 months and 12 months after 

injury. We identified patients as having clinical significant symptoms by applying conventional 

clinical cut-off values derived from the respective assessment tools. Mixed logistic regression 

models were used to evaluate group differences and the temporal development of problems was 

assessed with stability analyses. The point prevalence of increased sleep need was higher after 

mTBI as compared with TCs the first days after injury (63% vs. 39%), at 2 weeks after injury 

(45% vs 22%) and 3 months after injury (13% vs 1%). MTBI individuals reported more 

clinically significant symptoms than TCs with regard to poor sleep, fatigue and excessive 

daytime sleepiness at 2 weeks (17% vs 12%, 17% vs 3% and 19% vs 11%) and 3 months after 



injury (16% vs 7%, 12% vs 3% and 13% vs 11%). The same was the case for poor sleep and 

fatigue at 12 months post-injury (15% vs 7% and 11% vs 3%), but the groups did not differ in 

levels of daytime sleepiness at this time point (11% vs 11%). Throughout the first year, mTBI 

patients had 3 times higher odds of having poor sleep and 8 times higher odds of having fatigue 

compared to TCs. The number of individuals with clinical significant symptoms in the acute 

phase was higher than before the injury in both groups, but these symptoms were more stable 

after mTBI than in TCs. Whereas the prevalence of sleep-wake disturbance and fatigue returned 

to premorbid levels 3 months after injury in the TC group, as many as 46% and 35% of the mTBI 

patients who reported problems at 3 months still reported such problems at 12 months. Our 

results show that brain injury specific mechanisms may be involved in the development and 

maintenance of sleep-wake disturbances and fatigue above and beyond those observed in TCs. 

Future work should focus on determining moderators and mediators that may further inform 

research and clinical practice. 
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Abstract: In recent years, several promising EEG based measures for assessing 

phenomenological consciousness (conscious vs. unconscious) have been developed and tested 

over a wide range of physiological/behavioral states. Some of these measures, calculated from 

spontaneous EEG, offer high temporal resolution, and the possibility of full automatization. Such 

measures are candidates for clinical applications such as classifying disorders of consciousness 

and depth of anaesthesia.Here we calculated signal complexity using Lempel Ziv (LZ) 



compression (M. Schartner et al., 2015; M. Schartner et al., 2017) on spontaenous EEG from 

patients undergoing propofol anesthesia as well as during normal sleep. We report three main 

preliminary findings: (1) LZ complexity decreased abruptly at the onset of clinically observed 

loss of consciousness caused by propofol anesthesia, but a slow decrease at the onset of sleep; 

(2) only two randomly chosen EEG channels and minimal preprocessing was needed to 

accurately distinguish between conscious (awake, or REM sleep, assuming dreams) and 

unconscious states (propofol anesthesia, and assumed dreamless sleep in sleep stage N3-4); and, 

3) LZ complexity was highly correlated with sleep stage (r=0.79).Based on our preliminary 

results, we suggest that: a) LZ complexity seems to be graded, possibly reflecting graded states 

of consciousness; b) LZ complexity is potentially useful as a clinical tool, being easy to use, with 

high temporal resolution, and potential for automatization; c) LZ complexity may be useful for 

developing a rapid and fully automated sleep stage classifier. 
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Abstract: Wada tests are performed prior to neurosurgery (epilepsy or tumour surgery) to 

determine which hemisphere is responsible for speech and memory. One hemisphere of the brain 

is anaesthetised at a time by injection of a short acting anesthetic agent (sodium amytal, 

etomidate, propofol) into the internal carotid artery via a catheter. This provides the unique 

opportunity to study a brain where one hemisphere is anaesthetized while the other is awake at 

the same time allowing for before-during-after comparisons that are not possible e.g. in split-

brain patients.In previous work it has been shown that cortical complexity correlates strongly 

with consciousness level. We applied a measure of complexity measured by signal entropy of the 

spontaneous electroencephalogram (EEG), termed synchrony-coalition entropy (SCE), to 21-

channel EEG recordings from three patients undergoing a Wada test using etomidate prior to 

epilepsy surgery. We found that low frequency oscillations dominated over both hemispheres 



and restricted our further analysis to the high gamma band (70-120 Hz). We split the data into 1s 

epochs (256 samples) and two sets of 9 electrodes (one set over each hemisphere). SCE scores 

were smoothed with a 100 sample moving average.Of the three data sets, one was severely 

affected by artefacts and could not be reliably interpreted. The second recording showed 

lateralisation effects in SCE towards the last quarter of the recording (1h28 to 1h42), and the 

third showed similar effects in the middle (20m to 33m) and toward the end (50m to 58m) of the 

recording. Both data sets showed showed a reduction of complexity in the right hemisphere.In 

the two data sets which could be analysed, longer periods of SCE scores that were synchronous 

between hemispheres alternated with periods of divergence that were up to 14 minutes long. 

Further, analysis is being performed to validate if these time windows coincided with the 

clinically observed anaesthesia effects, along with additional steps to identify and minimise 

volume conduction effects.  
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Abstract: The perturbational complexity index (PCI) provides an objective measure of 

consciousness independent of the patient’s ability to interact with their environment and has been 

shown to reliably discriminate levels of consciousness in patients who had emerged from coma. 

PCI is calculated by measuring the spatiotemporal complexity of electrocortical responses after 

transcranial magnetic stimulation. In this study, we propose to calculate the association of 

subcortical pathologies in severe brain injury patients with PCI. 

A convenience sample of 40 brain injury patients with moderate-to-severe anoxic and/or 

traumatic brain injury (29 male, 11 female; mean age = 51.2 years; age SD = 14.2 years) were 

enrolled in the study. Each patient underwent structural MRI scans and transcranial magnetic 

stimulation sessions to calculate PCI. 

In this analysis, we modified FSL FIRST to allow for optiBET skull-stripping as well as the 

ability to remove pose and global scalings across different scanners. Eleven subcortical 

structures were segmented for each patient: R/L hippocampus, thalamus, caudate, globus 



pallidus, putamen, and brainstem. This workflow creates a cohort average subcortex over all 

subjects, as well as, an image per subcortical region of interest that represents the localized shape 

for each subject’s subcortex compared with the cohort. A general linear model along with non-

parametric permutation tests were used to calculate vertex-wise statistics and standard FWE and 

TFCE corrections were applied. 

Local shape change across the left pallidum, right pallidum, and left caudate are significantly 

associated with PCI (figure 1, right and left putamen removed for ease of display only). These 

results persist with or without the inclusion of age, post-injury duration, gender, and intracranial 

volume covariates. In conclusion, the pallidum is essential for the distributed interactions across 

the brain measured by the perturbational complexity index. 
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Abstract: Stratification of Disorders of Consciousness (DOC) typically includes the following 

states, listed in order of decreasing severity: vegetative state (VS, often referred to as 

unresponsive wakefulness syndrome [UWS]), minimally conscious state minus (MCS-, i.e., low-

level behavior such as visual pursuit), and minimally conscious state plus (MCS+, i.e., high-level 

behavior such as language processing). Previous studies have suggested that the magnitude of 

disruption to thalamo-cortical circuitry could underlie the gradient of DOC severity. Indeed, 

thalamic projects to the cortex have proved informative enough for machine learning algorithms 

to reliably predict a DOC patient’s state (Zheng et al., 2016). In an extension of this previous 

work, the current study employs a searchlight-mapping approach to identify cortical sites whose 

pattern of structural connectivity with the thalamus is self-similar enough within DOC groups to 

provide reliable information to a classifier as it is tasked with automatically labeling new 

patients. As such, we trained a support-vector-machine on a dataset of 24 patients and tested it on 

a separate dataset of 72 patients (and vice versa). Accuracy was determined by the percentage of 

times the classifier leveraged the data to make an assessment that matched the patient’s clinician-

determined diagnosis. Despite differences in scanning acquisition parameters across multiple 

sites, multiple brain regions contained projections from the thalamus that were reliable enough to 

make significant classifications in both testing scenarios. We present this work as a proof-of-

concept for the automated labeling of DOC so as to bolster clinical confidence when defining a 

patient’s state - a decision that often determines both the treatment routes afforded to those 

patients and their family’s ethical deliberations. 
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Abstract: Arousal and awareness are two defining dimensions of consciousness in clinical 

neuroscience. As arousal is thought to be primarily supported by brainstem nuclei, awareness 

may rely on the integrity of the cortex and its subcortical connections. While traditionally 

recognized as a system for motor control, the basal ganglia (BG) may also partake in a variety of 

cognitive and emotional processes as well as in the regulation of arousal and cortical activation. 

Through lesion studies in animals, the dorsal striatum and external globus pallidus (GPe) have 



been identified to play important roles in promoting wakefulness and sleep, respectively. As the 

striatum as been studied extensively, little attention has been given to the study of GPe, which is 

the second largest component of the BG and contains the most expansive efferent connections, 

connecting with not only structures within but also outside of BG, including direct projections to 

frontal cortex and thalamus. These direct GPe connections have been previously identified in 

animals but not yet in humans. In this study, we aim to confirm and elucidate the pattern of 

“direct” GPe connectivity with the cortex and thalamus while employing the internal globus 

pallidus (GPi) as a control for comparison. High angular resolution diffusion imaging (HARDI) 

data from the Human Connectome Project (HCP) were used to carry out the connectivity 

analyses. We used probabilistic tractography with comprehensive a priori exclusion criteria to 

characterize the pattern of direct pallidal connectivity with the cortex and thalamus. Our results 

confirmed the existence of direct GPe connections with prefrontal cortex and thalamus in 

humans and uncovered different patterns of prefrontal and thalamic connectivity between GPe 

and GPi. Favoring connections with distributed prefrontal cortex and medial thalamus, GPe is 

situated in a position to influence key aspects of consciousness, including arousal and awareness. 

Conversely, GPi, preferring connections with more motor-related regions, remains a central 

player in the regulation of motor control. The current findings urge for an update to the 

mesocircuit model with the incorporation of GPe to shed light on the mechanisms underlying 

disorders of consciousness. 
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Abstract: Properties of time-varying dynamics have been shown to reliably discriminate the 

level of consciousness in different experimental settings such as sleep, sedation, and disorders of 

consciousness. In these very settings, however, changes of the level of consciousness are also 

closely associated with changing levels of behavioral responsiveness. Thus, we pursued an 



approach that allows us to address this conflation. We performed a longitudinal fMRI study 

during a 6 months recovery period of patients with disorders of consciousness. Patients were 

assessed within days after injury (acute session) and then again six months after injury (follow-

up session). We divided the patients into two groups according to their level of consciousness. 

The first group recovered from unconsciousness during the 6 months period after injury 

(unconscious-conscious group), i.e., the patients revealed no signs of consciousness at the acute 

session while they demonstrated clear signs of consciousness at follow-up. The second group 

demonstrated signs of consciousness at both sessions (conscious-conscious group). Most 

importantly, even though recovery of consciousness was dissociated between groups, the gain in 

overall responsiveness between sessions (reflected by the total score of the behavioral 

assessment) was comparable across the two groups. With this dissociation, we can now test a 

specific pattern in the data (see Fig.1). Results indicate that consciousness is the driving factor 

(see Fig. 2). 
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Abstract: The deep nuclei of the brain, such as the thalamus, are known from clinical evidence 

and animal models to be crucial for maintaining cognitive function, consciousness, and arousal. 

However, because they fall outside the domain of existing non-invasive neuromodulatory 

techniques, their contribution to human cognition remains poorly characterized and our capacity 

to develop restorative interventions in cases where these regions are damaged remain limited. 
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Here, we have utilized the emerging technology of non-invasive low intensity focused ultrasound 

pulsation (LIFUP) to address this gap, directly and non-invasively modulating thalamic tissues in 

healthy individuals concurrent with functional magnetic resonance imaging (fMRI) in order to 

assess the influence of two modes of thalamic LIFUP on global brain activity. This work 

constitutes a first look at cortico-thalamic network dynamics through thalamic modulation in 

healthy subjects. Moreover, this work acts as a foundation for all future work utilizing LIFUP 

neuromodulation of the deep brain in research and in medicine. Namely, it is hoped that thalamic 

LIFUP stimulation may constitute an improved treatment for disorders of consciousness—a 

spectrum of neurological disorders including Coma, the Vegetative State, and the Minimally 

Conscious State; indeed, preliminary case studies utilizing this technique have demonstrated 

recovery. The medial and dorsal aspect of the thalamus was targeted, a region containing nuclei 

robustly implicated in cognitive functioning and arousal. In healthy volunteers (n=9), the 

thalamic target’s structural and functional baseline connectivity were characterized in one 

session while, in two separate sessions, two distinct LIFUP modes were administered during the 

collection of blood oxygen level dependent data (BOLD). Additionally, a cerebral blood flow 

measurement was taken both before and after each LIFUP sonication. Pulsation was 

administered in 10-minute blocks alternating between 30s of LIFUP and 30s of no-LIFUP. The 

principle distinction between the two modes is a pulse repetition frequencies (PRF) of either 100 

Hz or 10Hz; animal research demonstrates an excitatory and inhibitory effect on deep brain 

structures from these modes, respectively. A differential BOLD signal was found in the thalamus 

and in its principle cortical targets during baseline and during both modes of LIFUP sonication. 

These findings bolster previous characterizations of dorsal thalamic cortical connectivity and 

refine a theoretic framework from which to proceed in the use of LIFUP to both inhibit and 

excite deep-brain structures in a host of applications. 
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Abstract: Genetic risk in chronic traumatic encephalopathy (CTE) is poorly understood. A 

single nucleotide polymorphism (SNP) rs1990622 in the transmembrane protein 106b 

(TMEM106b) gene locus has been identified as a genetic factor related to enhanced 

neuroinflammation during aging and is also associated with TDP-43 related neurodegenerative 

disease. Neuroinflammation and TDP-43 pathology are prominent features in CTE. Previous 

work has suggested that the SNP responsible for coding the TMEM106b protein, rs3173615, 

might have a relationship with CTE, however, the results were not significant. As rs3173615 is 

in near perfect linkage disequilibrium with rs1990622, further investigation is warranted. The 

purpose of this study was to determine if rs3173615 contribute towards increase risk for CTE, 

pathologic severity, or clinical features. 108 deceased athletes (85 with CTE; 23 controls) with a 

history of participation in American football were genotyped for rs3173615. The SNP was not 

significantly associated with CTE affection status or TDP-43 pathology. However, the SNP was 

associated with increased AT8 tau pathology and a non-significant trend towards increased 

neuroinflammation (CD68 density) in the dorsolateral frontal cortex (DLFC), the brain region 

where CTE pathology initially begins. Changes were most pronounced in early stages of CTE. 

Synaptic changes were measured via a PSD-95 ELISA from the DLFC. Similarly, among CTE 

cases, rs3173615 was significantly associated with decreased PSD-95 protein level, adjusted for 

age at death, suggesting a relationship with decreased synaptic density. Finally, logistic 

regression demonstrated the presence of the major “risk allele” significantly increased the risk of 

an ante-mortem diagnosis of dementia by 2.49-fold per each allele present. Taken together, 

TMEM106b genotype may be risk factor for CTE pathological and clinical severity. 
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Abstract: Traumatic brain injury (TBI) is the most common cause of acquired disability in 

children and adolescents. TBI has a devastating impact on white matter (WM) tracts and can 

disrupt ongoing brain development. Previous studies in children with moderate-to-severe TBI 

(msTBI) have shown lower fractional anisotropy (FA) values, reflecting disrupted WM 

organization. Using the approach of the ENIGMA consortium (http://enigma.usc.edu), we 

examined the effects of injury on WM organization in pediatric patients across cohorts. Data 

were processed with a harmonized protocol based on tract-based spatial statistics (TBSS). FA, 

mean diffusivity (MD), radial diffusivity (RD), and axial diffusivity (AD) were calculated and 

averaged within each of 5 midline and 19 bilaterally averaged white matter (WM) regions of 

interest (ROIs) from the Johns Hopkins University (JHU) atlas, as well as across the entire 

ENIGMA-DTI skeleton. Two longitudinal cohorts were meta-analyzed, one from UCLA and one 

from Baylor College of Medicine, summarized in Table 1. Many but not all of the participants 

contributed longitudinal data. Participants were clustered into two time points - post-acute (2-6 

months post-injury, 58 TBI/86 control), and chronic (12-26 months post-injury, 60 TBI/58 

control). Severity ranged between complicated mild and severe. Our primary model included age 

and sex as covariates. Results were corrected for multiple comparisons using a Bonferroni 

correction (p<0.05/25 = 0.002). We found significantly lower FA in the TBI group compared to 

controls at both timepoints, particularly in central WM. Within the TBI group at the post-acute 

phase, there was a significant effect of age at injury (covarying for sex and age at scan) in the 

superior longitudinal fasciculus and sagittal stratum, with higher FA in older patients (p=0.0019 

and 0.0018 respectively). Within the TBI group there was also a borderline effect of sex, with 

higher FA in male than female patients in the inferior fronto-occipital fasciculus, internal and 

external capsules, corticospinal tract, and body of the corpus callosum. With the inclusion of 

additional cohorts, we can determine generalizability, and more fully address questions regarding 

sex differences, divergent outcomes, and cognitive function. 

Demographic and clinical details on the UCLA and Baylor cohorts. 

Postacute 
 

 
   

 UCLA  BCM  

 TBI Control TBI Control 

N 27 47 31 39 

M/F 19/8 23/24 22/9 27/12 

Age (average, SD) 14.2 (2.5) 15.5 (2.8) 14.2 (2.4) 12.0 (2.7) 

GCS (average, SD) 9 (3.8) NA 6.7 (4.1) NA 

TSI (weeks; average, SD) 13.7 (4.2) NA 17.7 (3.0) NA 



Chronic     

 UCLA  BCM  

 TBI Control TBI Control 

N 26 29 34 29 

M/F 20/6 18/11 23/11 20/9 

Age (average, SD) 16.2 (2.3) 16.3 (2.8) 14.9 (3.0) 13.5 (2.8) 

GCS (average, SD) 9.4 (3.7) NA 7.2 (4.3) NA 

TSI (weeks; average, SD) 65.3 (7.9) NA 86.8 (13.1) NA 

GCS=Glasgow Coma Scale, TSI=time since injury 
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Abstract: Introduction: Human brain aging is accompanied with drastic changes in tissue 

volume and composition. Quantitative MRI (qMRI) aims at characterizing such biological 

properties of brain tissue. However, qMRI parameters are influenced both by the tissue volume 

and the tissue composition and cannot be attributed to a specific biological process. We propose 

to evaluate the dependency of qMRI parameters on the macromolecular tissue volume (MTV). 

This dependency provides a novel MRI contrast with enhanced sensitivity to the molecular 

composition. 

Methods: Human subjects: 38 healthy volunteers (23 under 31, 15 over 55) were scanned on a 

3T MRI scanner for multi-parametric mapping: MTV and R1, MTsat, R2*, R2 and diffusion 



imaging. Brain regions were segmented with FreeSurfer. Phantoms: We prepared liposomes with 

different phospholipid compositions and varying water concentrations. The same scanning 

protocol was used as for the human subjects. 

Results: Both in phospholipids phantoms and in the human brain we found a linear dependency 

between qMRI parameters and MTV. In phantoms, this dependency changes as function of the 

phospholipid content (Fig. 1A). In the brain, the linear dependency provides a distinct molecular 

signature for different brain regions (Fig. 1C-D). Furthermore, we capture ageing-related 

changes that are sensitive to the tissue composition (Fig. 1E-F). 

Discussion: We find a novel MRI signature that relates to the molecular composition of the 

human brain. The importance of this new approach is illustrated by providing a new dimension 

of comparison between younger and older subjects. Lipid and macromolecular properties of 

human brain tissue change across the lifespan. Here we show that a deeper understanding of such 

changes can be obtained in-vivo by evaluating the qMRI dependency on MTV. Our novel 

approach strengthens the link between qMRI parameters and the underlying tissue 

characteristics. In the future, this may provide unique signatures of biological processes in the 

normal and diseased human brain. 
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Abstract: Serotonin is mainly known for its role as a neurotransmitter and for playing a role in 

the development of the nervous system. However, only a few studies have looked at the possible 

role of serotonin in the regulation of axon or neuronal regeneration after injury, especially in 

vertebrates. We aimed to reveal the possible role for serotonin in the modulation of axonal 

regrowth following spinal cord injury (SCI) using lampreys as animal model. The brainstem of 

lampreys contains several individually identifiable descending neurons that differ greatly in their 

capacity for axonal regeneration after a complete SCI. This offers a convenient model to promote 

or inhibit axonal regrowth at the level of single neurons in the same in vivo preparation. First, we 

demonstrate that a serotonin treatment reduced axonal regeneration in descending neurons 

following a complete SCI. Rescue experiments using a cAMP analogue (dibutyryl-cAMP) 

suggested that the negative effect of serotonin is due to a reduction in cAMP levels. Then, we 

used in situ hybridization to reveal a possible involvement of the serotonin 1A receptor (5-

HT1A) in this process. Our results, revealed a statistically significant correlation between the 

increase in the expression of this receptor 4 weeks post-injury and a lower regenerative ability of 

identifiable descending neurons. Finally, we show that blocking endogenous serotonin signalling 

through the 5-HT1A receptor, using a treatment with the 5-HT1A antagonist WAY-100,135 or 

by blocking 5-HT1A expression with translation blocking morpholinos, enhances axonal 

regeneration following SCI. Our results indicate that endogenous serotonin signalling through 5-



HT1A receptors inhibits axonal regeneration following SCI in lampreys. This study provides a 

new target of interest for SCI. 
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Abstract: Protease activated receptors (PARs) are G-protein coupled receptors capable of 

translating changes in the proteolytic microenvironment into adaptive and in some cases 

maladaptive cellular responses. Here we critically evaluated the roles of PAR1 and PAR2 as 

regulators of the response to traumatic spinal cord injury, (SCI) including cellular, molecular and 

neurobehavioral outcomes. Experimental contusion-compression SCI was elicited by application 

of a modified aneurysm clip (FEJOTA™, 8g closing force) to the L1/L3 spinal cord of 12-week 

old female wild type mice or those with genetic knockout of PAR1 or PAR2. Sensorimotor 

outcomes were determined the day after injury, then weekly until 30 days post injury (dpi). 

Sensorimotor outcomes evaluated included gait using the Basso Mouse Scale open field test, 

coordination using a ladder walk test, and strength in the Incline Plane test. Cellular and 

molecular correlates of changes in locomotor recovery were assessed by examination of spinal 

cord segments at the injury epicenter as well as spinal segments above and below at early (7 dpi) 

and more chronic time points after SCI (30 dpi). The response to injury in each case was 

quantified using genome wide RNA sequencing, in addition to validation using 

immunochemical, Western blot and real time PCR approaches. Results suggest that targeting 

either PAR1 or PAR2 promotes significant improvements in recovery of gait, motor coordination 

and strength after experimental SCI. Improvements in sensorimotor function were accompanied 

by reductions in inflammation and astrogliosis, including lower levels of glial fibrillary acidic 

protein, vimentin and STAT3. SCI-associated elevations in pro-inflammatory cytokines, such as 



IL-1beta and IL-6, were also reduced in PAR knockout mice and significant sparring of myelin 

was observed. To address PAR-astrocyte dependent mechanisms, we demonstrated that PAR1 

and PAR2 activating proteinases gate Ca2+ in purified astrocyte cultures. Astrocytes also 

exhibited PAR-dependent increases in IL-6 production and STAT3 signaling. In turn, IL-6 

treated astrocytes showed elevations in PARs and PAR activating enzymes. Together these 

findings highlight PAR1 and PAR2 as essential regulators of inflammatory astrogliosis 

accompanying spinal cord trauma with effects occurring by feedforward- and feedback-signaling 

dynamics. Given the significant improvements in neurobehavioral outcomes observed in PAR 

knockout mice, these studies also suggest that PARs may serve as targets to modulate 

astrogliosis, reduce neural injury and promote an environment favorable to repair and recovery 

of function after spinal cord trauma. 
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Abstract: Activation of extracellular signal-regulated protein kinase (Erk), a member of the 

mitogen-activated protein kinase family, has been shown to mediate neurite outgrowth-

promoting effects of many neurotrophic factors. Recently Erk has been recognized as one 

element of retrograde signaling complex that is transported to the cell body to illicit cell 

responses to stress stimuli. Most research on Erk have been conducted in vitro or in peripheral 

nerve. To confirm the role of Erk in retrograde signaling of axon injury, we observed the changes 

in phosphorylated (activated) Erk (p-Erk) by immunoblot and immunohistochemistry in spinal 

cord, and in phosphorylated c-Jun (p-c-Jun) in brain after spinal cord transection (TX). For 



immunoblotting, three spinal cords and brainstems were pooled and homogenized for each time 

point (0, 0.5, 1.5, 3, 6, 24 hrs post-TX). Immunoblotting was performed with antibodies against 

p-Erk, total-Erk (t-Erk) in spinal cord, and p-c-Jun in brainstem. After TX, p-Erk and p-c-Jun 

levels were increased. A plateau (5-fold) increase was reached for p-Erk levels at 6 hrs, whereas 

the p-c-Jun plateau (2-fold) was reached at 0.5-1.5 hrs. Immunohistochemistry (IHC) confirmed 

the increase of p-Erk levels in TXed spinal cord. Twelve animals were assigned to one of 3 

groups: 4 controls (without TX), 4 at 3 hrs post-TX (at the 7th gill), and 4 at 6-hrs post-TX. 

Spinal cords were sectioned by cryostat microtome. Result showed: 1) p-Erk staining was week 

in control spinal cord. Staining for p-Erk increased at 3-hrs post-TX, and was even stronger at 6-

hrs. The heaviest staining occurred within 1-1.2 mm of the TX site, becoming weaker rostrally. 

2) At high magnification, heavily stained 3-5 µm particles were seen along the courses of axons 

at 3 and 6-hrs post TX, most heavily concentrated in the region of the TX. The differences in 

particle numbers between the TX groups and controls were statistically significant (p<0.05, 

ANOVA). 3) Strong immunopositivity also was found in glial cells and dorsal cells 

(intramedullary primary sensory neurons) near the TX site. The source of intra-axonal p-Erk 

post-TX is not known. 
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Abstract: Spinal cord injury (SCI) is a highly debilitating trauma affecting millions of patients 

worldwide with no cure. The challenges for spinal repair include a lack of intrinsic capacity for 

adult CNS neurons to regrow post injury and the inhibitory physical and chemical barriers 

formed at the lesion site. One of the most promising new avenues for spinal repair is to combine 

novel axon growth-promoting and tissue-engineering strategies, thus creating a permissive and 

encouraging environment for injured spinal nerve processes to regrow. 

Elevated levels of cAMP have been shown to promote injured CNS neurons to sprout and extend 



neurites, even in the presence of growth inhibitory molecules including chondroitin sulphate 

proteoglycans (CSPGs). cAMP is now known to signal via Epac, a guanine nucleotide exchange 

factor, which has two isoforms, Epac1 and Epac2, with the latter expressed mainly in postnatal 

neural tissue. By using primary neuronal cultures, immunocytochemistry and lentiviral tools, we 

herein demonstrate that specific activation of Epac2 significantly enhances neurite outgrowth of 

cultured postnatal rat cortical neurons and is able to overcome the inhibitory effects of CSPGs 

and mature activated astrocytes on cortical neuron growth in vitro. 

With the aim to find an effective combinatorial strategy, we have further explored the suitability 

of a novel self-assembling hydrogel for spinal repair. The gel is a synthetic polymer with 3-D 

nanostructured networks that are similar to native extracellular matrix and can be functionalised 

with growth-promoting drugs. We show that this gel has appropriate stiffness, biocompatibility 

and biodegradation properties to promote cultured postnatal cortical neuron growth. By using an 

ex vivo model that mimics the in vivo environment after spinal injury, we demonstrate that the 

gel incorporated with a specific Epac2 agonist promotes significantly more axon regrowth than 

gel alone and without gel. By using a partial transection model of spinal injury, we further 

demonstrate that the spinal injured rats receiving implantation of the gel incorporated with the 

Epac2 agonist have much better locomotor function recovery than those rats having gel only 

implantation. 

Our results demonstrate the potential of combining Epac2 activation with novel 3-D growth-

supporting hydrogels to promote axon regrowth, thus contributing to new methods for spinal 

repair. Future studies will examine the efficacy of this combined strategy in a clinically relevant 

contusion model of spinal injury. 
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Abstract: Preterm infants are at risk for cerebral palsy (CP). The most common cause of 

spontaneous preterm birth in the USA is chorioamnionitis (CAM) from bacterial infection. The 

connection between alterations in spinal cord development from CAM and subsequent motor 

deficits with CP has not been investigated in a clinically-relevant preclinical model, despite 

much evidence suggesting that descending neural networks heavily modulate motor movement. 

For example, central pattern generators (CPGs), found in the lumbar cord, are essential for 

movement of the lower extremities, regulating the left-right alternating pattern in humans and 

determining modular coordination. While active immediately after birth, CPGs still undergo 

significant maturation after term birth. Thus, preterm infants experience CNS injury co-incident 

with a critical developmental period in the spinal cord. This may partially explain why preterm 

survivors with CP have difficulty ambulating independently and expressing selective motor 

control. The potassium chloride co-transporter KCC2 influences the maturation of GABAergic 

and glycinergic receptors, while serotonin signaling can influence spinal KCC2 levels. We 

hypothesized that prenatal injury reduces lumbar KCC2 expression and alters expression patterns 

of serotonin and glycine receptors, and that these changes contribute to spasticity associated with 

CAM. In this study, we characterize the changes in the ventral lumbar spinal cord after prenatal 

CNS injury. We used an established rat model of CAM, induced on embryonic day 18 by 

transiently occluding the uterine arteries and injecting lipopolysaccharide (LPS), an endotoxin 

that mimics bacterial inflammation. Rat pups were born at term (E22, equated to 30 weeks 

human gestation). We have previously shown using detailed computerized gait analysis that 

these CAM rats as adults have gait deficits that are reminiscent of those of people with spastic 

diplegia. Immunohistochemistry, and as appropriate unbiased stereology, with Iba1 (microglia), 

GFAP (astrocytes), NeuN (neurons), glycine and serotonin receptor subtypes was done at 

postnatal day 15 (P15, infant), P21 (toddler), and P90 (adult). We found marked ventral horn 

neuronal loss (n=4, t test p<0.01). Here, we show for the first time that prenatal CNS injury from 

CAM leads to marked, sustained neuronal loss in the lumbar ventral horn, concomitant with a 

shift in the maturation of serotonin receptor subtypes, and apparent loss of glycine receptor 

subtypes. These results may inform novel repair strategies in toddlers who have CP and missed 

the opportunity for neonatal repair regimens. 
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Abstract: INTRODUCTION: We have previously demonstrated the therapeutic potential of 

transplanting human iPS cell-derived neural stem/progenitor cells (hiPSC-NS/PCs) in the 

treatment of spinal cord injury (SCI) models. Recently, we have produced integration-free 

hiPSCs using episomal vectors which is safer for clinical use. The purpose of this study is to 

assess the efficacy of integration-free hiPSC-NS/PCs, and to investigate their genetic profiles in 

order to evaluate factors related to therapeutic efficacy. METHODS: Two integration-free human 

iPS cell lines were prepared (836B3-, 414C2-hiPSCs), and were induced to hiPSC-NS/PCs 

(836B3-, 414C2-NS/PCs). ES cells were also used for analysis as a target for comparison of 

hiPSCs. hiPSC-NS/PCs were transplanted into the injured spinal cord of NOD-SCID mice, and 

phosphate buffered saline (PBS) was injected to the control group (414C2-NS/PCs; n=27, 

836B3-NS/PCs; n=23, control; n=15). Transplanted cells were monitored using bio-imaging and 

evaluated histologically; and motor function was evaluated by basso mouse scale (BMS) score. 

HumanHT-12 was used to evaluate gene-expression analyses and single-cell-RNA-sequence was 

performed using Illumina-Hiseq2500. RESULTS: In the in-vivo study, better motor functional 

recovery was observed in the 414C2-NS/PCs group compared with the control group (p< 0.001). 

In contrast, 836B3-NS/PCs group showed no improvement in motor function, and formed 

undifferentiated tissues. The gene-expression profile of 414C2-hiPSCs resembled that of ES cells 

with clustering analysis, and 12 genes which included genome-stabilization gene such as DPPA3 

and differentiation related genes such as IRX2 were highly expressed in 414C2-hiPSCs, similar 

to those found in ES cells. None of these findings, however, were observed in 836B3-hiPSCs. In 

single-cell-RNA-sequence, Delta-Notch signal positive cells which are important for neural 

differentiation were more abundant in 414C2-NS/PCs, whereas 836B3-NS/PCs only contained a 

small population (12% and 5%, respectively). DISCUSSION: In order to pursue our mission of 

conducting a clinical trial for SCI patients within the next several years, it is critical to build 

guidelines for selecting “effective” hiPSC-NS/PCs, such as 414C2-NS/PCs. Herein we showed 

that the key to good motor function recovery is to transplant integration-free hiPSC-NS/PCs that 

differentiate well within the spinal cord tissue. Our results suggest that examining hiPSCs quality 

with 12-gene markers and establishing hiPSC-NS/PCs that contain Delta-Notch (+) cells for 

more than 10% could be the criteria to select “effective” hiPSC-NS/PCs for SCI treatment. 
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Abstract: Protecting axons following spinal cord injury (SCI) is an important therapeutic goal to 

improve neurological outcome; however, the complex cellular and molecular mechanisms that 

mediate secondary axonal degeneration remain poorly understood. Previously we showed that 

IP3R mediated Ca2+ release contributes to axonal dieback and axonal loss following an ex vivo 

laser-induced SCI. Nevertheless, targeting IP3R following a clinically relevant contusive SCI and 

determining its potential contribution to secondary axonal degeneration in vivo has yet to be 

explored. Here we used intravital microscopy to assess the role of IP3R in secondary axonal 

degeneration in real-time after a contusion-SCI in vivo. To visualize Ca2+ changes specifically in 

dorsal column axons assessable to two-photon excitation, we bred Avil -Cre recombinase 

transgenic mice with “floxed” tdTomato (Ai9) and “floxed” Ai95 mice, which express the 

genetic Ca2+ indicator GCaMP6f. Adult triple transgenic mice were subjected to a mild (30 

kdyn) T12 contusion SCI and received treatment with the IP3R blocker 2-APB (100 μM, 

intrathecal delivery at 3hr, 24hr and 48hr following injury) or vehicle control. Blocking IP3R at 3 

hours after injury significantly increased axonal survival (48.9 % ± 3.02, 2-APB treated vs. 33.6 

% ± 4.09 vehicle control; mean percentage normalized to baseline axonal counts; p <0.001 by 

Mann-Whitney rank sum test), and significantly reduced axonal spheroid formation within the 

dorsal columns at 1 day after SCI (174.29 ± 46.81; 2-APB treated vs. 322.78 ± 48.88; vehicle 

control (axonal spheroids per mm2); p<0.001 by t-test). Data are expressed as mean ± SD; n=4-6 

mice/ group. Next, we measured Ca2+ changes in dorsal column axons at 1 day following SCI. 

Dystrophic axons within the penumbra of vehicle treated mice often displayed robust increases 

in Ca2+, but this was significantly ameliorated after delayed treatment with 2-APB (ΔF/F=3.48 ± 

1.60 2-APB treated vs. 6.42 ± 2.77 vehicle control; mean ± SD; p < 0.001 by Mann-Whitney 

rank sum test; n=22-24 axons). Collectively, we show that IP3R mediate increased Ca2+ release 

in axons and contribute to secondary axonal degeneration following contusive SCI in vivo. 
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Abstract: Spinal cord injury (SCI) is characterized by an initial injury due to trauma, which is 

followed by a cascade of cellular events, resulting in a greater degree of secondary damage. One 

of these secondary events is the accumulation of edema at and around the injury site. This 

accumulation has been shown to correlate with injury severity and neurological outcome in both 

humans and animal models of spinal cord injury. The astrocytic water channel aquaporin-4 

(AQP4) plays an important role in the regulation of water homeostasis under normal 

physiological conditions. Current evidence suggests that AQP4 water channels are the major 

route for accumulation of cytotoxic edema within cells and resolution of vasogenic edema from 

the extracellular space following spinal cord injury. To date, there is no evidence indicative of a 

mechanism by which AQP4 expression is regulated, only that its expression is dysregulated after 

injury. AQP4 is anchored to astrocytic end feet through interaction with alpha-syntrophin (αSyn) 

and the dystrophin-associated protein (DAP) complex to which it belongs. Preliminary data from 

our lab suggests a downregulation of both AQP4 and αSyn protein expression following spinal 

cord injury when tissue water content is at its peak. This information points to the possibility that 

loss of αSyn at perivascular astrocytic membranes results in loss of AQP4 and the inability to 

clear accumulation of water within the tissue parenchyma following trauma. Here we 

characterize the expression of AQP4 and αSyn protein following a severe contusion spinal cord 

injury in rats. Further insight into the regulation of AQP4 and its anchoring proteins could help 

lead to more effective therapies to attenuate edema formation, preserve tissue integrity and 

improve functional outcome. 

Disclosures: J.M. Yonan: None. D.K. Binder: None. 



Poster 

213. Spinal Cord Injury and Plasticity: Cellular and Molecular Mechanisms I 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 213.09/T8 

Topic: C.11. Spinal Cord Injury and Plasticity 

Support: KAKENHI JP 23110001 

 KAKENHI JP 16K21083 

 KAKENHI JP 18K15363 

Title: Chondroitin sulfate disrupts autophagy and inhibits axon regeneration after neuronal 

injury 

Authors: *T. OZAKI, K. SAKAMOTO, Y. GONG, K. KADOMATSU 

Departments of Biochem., Nagoya Univ. Grad. Sch. of Med., Nagoya-Shi, Japan 

Abstract: In the adult mammal CNS, neuronal axons are incapable of spontaneously 

regenerating through the lesion site after injury. Upon injury, although regenerating axons 

display growth cones at their tips and expand to glial scar, growth cones are forced to swell and 

stop outgrowth at glial scar in the injury site. These abnormal growth cones are known as 

dystrophic endballs. The formation of dystrophic endballs is a hallmark of axons after injury. So 

far, it has been well established that an extracellular gradient of chondroitin sulfate proteoglycan 

(CSPG) at the glial scar is responsible for the dystrophic endball formation. Although dystrophic 

endballs display bizarre morphology and contain numerous vacuoles, molecular mechanisms and 

intracellular events underlying the dystrophic endball formation remain elusive. Here, we show 

that autophagy disruption is involved in the dystrophic endball formation by employing an in 

vitro model of a CSPG gradient. Using electron microscopy, we have identified a significant 

number of vacuoles in dystrophic endballs as autophagosomes, which contain cytosolic fractions. 

It has been also verified that a number of vacuoles are positive for LC3, a marker of 

autophagosomes. Moreover, Gene knockdown of SNARE proteins, which play the central role in 

the fusion of autophagosomes and lysosomes, led to the dystrophic endball-phenotype such as 

axonal outgrowth inhibition and accumulation of autophagosomes at axonal tips. Finally, we 

confirmed accumulation of autophagosomes in dystrophic endballs in vivo. Our study 

demonstrates that (i) vacuoles in dystrophic endball are autophagosome both in vitro and in vivo, 

(ii) in dystrophic endball, autophagosomes do not fuse with lysosomes, (iii) gene knockdown of 

SNARE proteins induce the dystrophic endball-phenotypes and (iv) novel pathway which is 

activated by CS and disrupt autophagy is involved in the dystrophic endball formation. Our data 

provide new therapeutic targets to axonal regeneration failure. 
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Abstract: At the site of spinal cord injury (SCI), damage to cell bodies of neurons and glia 

results in the release of damage-associated molecular patterns (DAMPs), thus inducing sterile 

inflammation. This is followed by a second wave of tissue degeneration characterized by a 

delayed death of oligodendrocytes (OLs) and the demyelination of axons that survived the 

trauma. We recently demonstrated that damaged microglia at the site of SCI rapidly release the 

DAMP interleukin (IL)-1α, which in return triggers neuroinflammation and OL cell death. 

Accordingly, mice lacking the Il1a gene exhibit improved locomotor recovery compared to wild-

type mice as early as day 1 post-SCI, as well as over time. Here, we further investigated the role 

of IL-1α in secondary cell death. We found that IL-1α injected intra-cisterna magna (i.c.m.) to 

C57BL/6 mice induced death of mature OLs at day 1 post-injection. The injection of IL-1α also 

triggered massive infiltration of neutrophils, as well as caused neuronal activation throughout the 

entire mouse spinal cord. Altogether, our data suggest that IL-1α released by damaged microglia 

after SCI regulates OL cell death and demyelination. 
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Abstract: Mesenchymal stem cells (MSCs) transplanted in the injured spinal cord exert 

paracrine actions resulting in angiogenesis, neuronal survival, and axonal growth and 

myelination, which are often accompanied by functional improvements. An intraspinal MSC 

transplant encounters active immune cells that are mainly inflammatory macrophages. MSCs and 

macrophages are known to reciprocally interact thereby influencing the overall repair process. 

We studied the effect of MSC-macrophage interactions in vitro and explored the effects of 

inflammatory preconditioning of MSCs for repair of the injured spinal cord. We exposed MSCs 

to differently polarized macrophages or their conditioned medium and investigated the effects on 

MSC secretome and transcriptome. Exposure of MSCs to inflammatory macrophages increases 

their secretion of vascular endothelial growth factor (VEGF), which is important for the initiation 

of angiogenesis, and of anti-inflammatory cytokines, including IL4 and IL10, which are 

responsible for the polarization of anti-inflammatory and regulatory macrophages. Exposure to 

anti-inflammatory macrophages increases the secretion of platelet-derived growth factor 

(PDGF), which is important for a number of repair-related events including blood vessel 

stabilization. In addition, we exposed macrophages to synthetic or MSC-derived anti-

inflammatory media and analyzed their phenotype. Co-culture of macrophages with activated 

MSCs induces a significantly higher increase in expression of anti-inflammatory markers 

compared with co-culture with naïve MSC. Our in vitro data provided the basis for exploring the 

effects of macrophage-mediated preconditioning of MSCs on their reparative potential for the 

injured spinal cord. Our results highlight the significance of macrophage-MSC interactions for 

MSC-mediated spinal cord repair. 
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Abstract: The glial scar that forms at the injury epicenter following spinal cord (SC) trauma 

plays both beneficial and detrimental roles. Increased expression of chondroitin sulfate 

proteoglycans (CSPGs) at the glial scar has been implicated in inhibition of axonal re-growth. 

Reactive astrocytes are one of the principal cell types that form the glial scar and produce 

CSPGs. Astrocytes express toll-like receptors (TLRs), which are the first sensors of danger and 

initiators of neuroinflammation following SC injury (SCI). The role of TLRs in astrocyte 

function has been inadequately defined and is the focus of the present investigations, with 

particular emphasis on TLR9. We previously showed that a TLR9 antagonist, 

oligodeoxynucleotide 2088 (ODN 2088), administered intrathecally, improves functional and 

histopathological outcomes of SCI. ODN 2088 enhances white matter sparing and reduces 

neuroinflammation. We now report that intrathecal ODN 2088 treatment significantly decreases 

CSPG immunoreactivity and astrocyte proliferation at the glial scar in female C57Bl/6 mice 

sustaining a severe mid-thoracic (T8) SC contusion injury as compared to injured controls 

treated with vehicle. In pure SC astrocyte cultures, the addition of the TLR9 antagonist 

significantly decreases proliferation, supporting the notion of direct effects. Moreover, ODN 

2088 inhibits astrocyte migration in an in vitro scratch wound assay whereas it enhances 

astrocyte-elicited chemotaxis of peritoneal macrophages which was evaluated by a trans-well 

migration assay in vitro. The effects of the antagonist on macrophage chemotactic migration 

were partly mediated by increased C-C motif chemokine ligand 1 (CCL1) release by astrocytes 

and were inhibited by addition of an anti-CCL1 blocking antibody to the cultures. ODN 2088-

mediated modulation of astrocyte proliferation, migration and chemotaxis were dependent on 

TLR9 expression since they were not observed in TLR9-/- astrocytes. These findings suggest that 

the TLR9 antagonist could modify the glial scar and astroglial function. Ongoing studies are 

determining whether these changes result in altered axonal re-growth. 
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Abstract: Axonal Ca2+ overload is established as a key mediator of axonal injury following 

spinal cord injury (SCI). Yet, therapeutically targeting external sources of Ca2+ have failed to 

preserve axons and improve neurological recovery in both pre-clinical and clinical studies. The 

Ca2+ hypothesis of neurodegeneration has been recently reignited with the discovery of the key 

mediators of store-operated Ca2+ entry (SOCE) in neurons and glia, and its vital role in 

maintaining Ca2+ homeostasis. Whenever calcium stores within the endoplasmic reticulum (ER) 

are eliminated, the stromal interaction molecule family of proteins, located on the ER, will 

oligomerize and translocate to the plasma membrane to bind to the Orai proteins. This binding 

will cause the Orai pore to open and allow Ca2+ to enter the cell. However, the role of SOCE in 

the context of SCI remains unexplored. Here, we assess the role of SOCE on secondary axonal 

degeneration in real-time using a laser-induced spinal cord injury (LiSCI) and an in vivo 

contusion model. We hypothesize that blocking SOCE with YM-58483, a store-operated calcium 

channel antagonist, will diminish secondary axonal degeneration. Briefly, the spinal cords are 

isolated from adult transgenic mice that express yellow fluorescent protein in Gracile fasciculus 

axons, perfused in artificial cerebrospinal fluid (aCSF), ablated using a laser tuned to 800 nm, 

and dynamic events are captured over time with two-photon excitation microscopy. We 

dissolved YM-58483 1 hr post LiSCI into the aCSF and continuously perfused for the remainder 

of the imaging session. We found that YM-58483 treatment significantly shortened axonal 

dieback length at 6 hr (YM-58483, 33.70 ± 18.96 μm; median ± 25th percentile; control, 44.96 ± 

25.60 μm, p<0.05; ANOVA on ranks) post LiSCI proximal to the lesion. Additionally, YM-

58483 significantly reduced axonal bystander degeneration (axons that are initially intact by the 

lesion but succumb to damage overtime) at 6 hr (YM-58483, 15. 749 ± 5.930 μm; mean ± SD; 

control, 21.587 ± 5.982 μm, p<0.05, RM ANOVA) post injury. For the contusion study, adult 



Advillin-Cre:tdTomato mice that express tdTomato in sensory dorsal column axons, received a 

T12 30 Kdyn contusion and then were imaged at 24 hrs post SCI. YM-58483 (300 µM) was 

administered intrathecally 1 hr and 6 hr post-SCI. We found that YM-58483 significantly 

reduced spheroid formation at 24 hr post-SCI (YM-58483, 54.24 ± 15.85 spheroids/mm2; mean ± 

SD; vehicle, 146.12 ± 55.92 spheroids/ mm2; t-test). These data reveal a novel role of SOCE in 

axonal degeneration after SCI and suggest that blocking SOCE is axoprotective by preventing 

Orai channel-mediated Ca2+ influx. 
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Abstract: Spinal cord injury (SCI) is a severe condition with far-reaching effects on health and 

quality of life. The trauma to the spinal cord causes tissue destruction and functional deficits 

depending on the location and size of the injury. This primary damage is worsened by 

subsequent events, the secondary tissue damage, which include hemorrhage, inflammation, 

edema and production of reactive oxygen species. This secondary reaction contributes to the 

pathology and the severity of the functional deficits. The goal of this project is to assess and 

modulate aspects of the inflammatory response after SCI in order to minimize tissue damage and 

to promote an environment that is permissive for healing and repair. The pro-inflammatory 

cytokines IL-12 and IL-23 play an important role in pathological conditions of the nervous 

system by initiating and maintaining the pro-inflammatory response. Conditions in which IL-12 

or IL-23 have a negative impact include autoimmune diseases including autoimmune neuropathy 

and Experimental autoimmune encephalomyelitis. Both IL-12 and IL-23 are expressed by a 

variety of immune cell types and can induce the production of other pro-inflammatory cytokines. 

In our model of moderate contusion injury in C57BL/6 mice, IL-12 and IL-23 mRNA was 

upregulated early after injury, as well as mRNA of the receptor subunits. Furthermore, IL-12p40 

knockout mice showed improved recovery compared to wild type mice, using the BMS 

locomotor score, while IL-23p19 knockout mice are not different from wildtype controls. 



Ongoing and future experiments will confirm expression patterns and behavioral results and 

assess the impact of IL-12 and IL-23 neutralization after SCI. 
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Abstract: Regeneration after peripheral nerve injury depends on the activation of key signalling 

events, the recruitment of transcription factors and histone acetylation. This does not occur after 

a central spinal injury, which is associated with regenerative failure. Whether specific histone 

marks and the recruitment of transcription factors confers a differential molecular signature 

between a central versus a peripheral axonal injury remained to be determined. Here, we 

performed RNAseq and ChIPseq for H3K27ac and H3K9ac in the sciatic dorsal root ganglia 

after central spinal cord or peripheral sciatic nerve injury, to identify key molecular events 

associated with regeneration vs regenerative failure. Data analysis showed that increased 

promoter enrichment of H3K27ac/H3K9ac occurs across various regenerative associated genes 

after sciatic injury only. Bioinformatics analysis identified a gene network enriched in 

transcription factors and histone acetylation. Indeed, we found that this complex is required for 

the regenerative growth of sensory neurons including after a spinal injury. Lastly, we identified 

the FDA approved HDAC inhibitor Panobinostat that activates this network to promote axonal 

regeneration after spinal cord injury. 
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Abstract: Manual dexterity is critical to motor activities in daily life. It has been considered that 

manual dexterity strongly correlates with the development of cortico-motoneuronal connections 

in mammals. In spinal cord injury (SCI), the corticospinal tract (CST) is often injured with 

impaired manual dexterity. Thus, the enhanced plasticity of CST neurons is important to promote 

functional recovery after SCI. A previous work reported that the motor cortex was activated in 

parallel with restoration from impaired manual dexterity at an early recovery stage. This finding 

implies that the reorganization of the motor cortex may be crucial in the recovery process of 

manual dexterity. However, it remains unclear how the morphology of motor cortex neurons 

exhibits plastic changes at an acute stage after SCI. Here we investigated the complexity of 

dendrites and the density of dendritic spines in layer-V pyramidal cells in the motor-related 

areas, including the primary motor cortex (MI), the supplementary motor cortex (SMA), and the 

dorsal and ventral divisions of the premotor cortex (PMd, PMv), in normal and SCI model 

monkeys. The digit region of each motor-related area was identified by intracortical 

microstimulation (ICMS). The layer-V pyramidal cells in individual regions were visualized by 

Golgi staining, and Sholl analysis was employed to assess the complexity of their basal 

dendrites. For preparing an SCI model, unilateral lesions were made at the C6/C7 border of the 

spinal cord. In our model, the dorsolateral funiculus was fully injured to remove laterally-

situated CST fibers. Behavioral assessment of motor functions was performed by using a 

reaching/grasping task. All monkeys were sacrificed ten days after SCI when impaired manual 

dexterity was still observed. We found that throughout the motor-related areas, the dendritic 

complexity was reduced and, also, the dendritic spine density was decreased in the SCI model, 

compared with the normal control. In the present study, we have defined that the dendritic 

morphology of layer-V pyramidal cells is largely changed at an acute stage after SCI. 
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Abstract: Mammalian axonal regeneration is limited in the injured peripheral nervous system 

(PNS) occur and it fails in the central nervous system (CNS) such as after a spinal cord injury 

(SCI), strongly contributing to unsuccessful functional recovery. While we have been gaining 

knowledge in regenerative neuronal signaling pathways, the role of metabolic signaling remains 

rather elusive. Here, we hypothesize that injury as well as metabolism related signaling pathways 

might converge to regulate the axonal regenerative ability of sensory dorsal root ganglia (DRG) 

neurons. We performed high throughput unbiased studies investigating changes in metabolism 

and cell signaling to identify key regulatory mechanisms for the success of sensory axonal 

regrowth after injury. Currently, we are investigating the mechanisms underpinning metabolic 

signaling dependent regenerative phenotype. We next intend to manipulate the identified key 

pathways by gene therapy and/or pharmacologically to enhance the regeneration program. This 

will ultimately offer a new pathway to clinical translation for nerve repair after injury. 
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multilayers 
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Abstract: In modern neuroscience, exogenous electrical stimulation has been documented to 

potentially promote nerve regeneration; the mechanism, however, is not fully understood and 

thus remains to be elucidated. In this study, we fabricated carbon nanotube multilayered 

nanocomposites by layer-by-layer assembly of negatively charged carbon nanotubes (CNTs) 

with positively charged polymer. Neural stem cells were cultured on the multilayers with 

exogenous electrical stimulation. The differentiation of NSC, neurite outgrowth, 

electrophysiological functions, and gene expression were investigated. Our results showed that 

electrical stimulation could enhance neurite extension of NSC-derived neurons when cultured on 

the CNT multilayers. The presentation of electrical stimulation resulted in an almost 2-fold 

increase in neurite outgrowth relative to the control. We further observed the neurons cultured on 

CNT multilayers showed morphological diversity after electrical stimulation, and the 

intercellular relationship seemed to be increased. Multilayer carbon nanotubes combined with 

exogenous electrical stimulation could promote the growth and differentiation of neural stem 

cells in vitro and holds great potential in the development of in vivo nerve regeneration. 
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Abstract: In the last decades, it has been shown that Environmental Enrichment (EE) modulates 

a variety of biological processes affecting for example the immune and nervous system. For 

instance, several studies have shown that exposure to EE changes the level and activation of 

leukocytes in the bloodstream and can attenuate inflammatory pain after nerve injury. 



Importantly, in a recent study from our lab, we showed that EE induces a lasting increase in 

axonal regenerative potential after injury via activity-dependent epigenetic reprogramming 

(Hutson et al. in revision for Science). Remarkably, the combination of exposure to EE with a 

sciatic nerve axotomy (SNA), which conditions the spinal cord to axonal regeneration, showed a 

significant synergistic effect on regenerative potential after spinal cord injury. This suggests that 

EE and SNA (EE+SNA) act synergistically via complementary molecular mechanisms. RNAseq 

gene expression analysis of L4-L6 sensory dorsal root ganglia (DRG) following EE+SNA 

revealed a striking upregulation of NOX2 complex subunit genes, compared to either EE or SNA 

alone. Therefore, we hypothesised that transcriptional dependent neuronal NOX2 activation 

plays an important role in axonal regeneration driven by EE+SNA. Here, we indeed show via 

conditional NOX2 neuronal deletion that NOX2 is required for EE+SNA-dependent regeneration 

of DRG sensory neurons. Additionally, we show that EE+SNA increases ROS level in DRG via 

NOX2. Subsequently, we identified STAT3 as putative transcription factor involved in NOX2 

subunit genes complex transcription activation. Mechanistically, we show that the 

overexpression of a constitutively active form of STAT3 induces NOX2 complex subunit gene 

expression and outgrowth of DRG neurons in vitro and that STAT3 occupies NOX2 complex 

subunit promoters after EE+SNA in vivo. Additionally, we show that STAT3 deletion blocks 

EE+SNA-dependent increase in NOX2 expression and consequently NOX2-dependent ROS 

level in DRG neurons in vivo. Finally, we show that overexpression of a constituvely active 

NOX2 in DRG neurons induces regeneration and functional recovery after SCI. These data 

demonstrate that neuronal NOX2 expression is required for EE+SNA-dependent axonal 

regeneration after SCI via a STAT3 dependent transcriptional mechanism. 
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Abstract: Plasticity-related gene (PRGs) proteins, are integral membrane proteins characterized 

by six transmembrane domains and are a subclass of the lipid phosphate phosphatase (LPP) 

superfamily. A quantitative phosphoproteomic screen designed to determine global 

phosphorylation changes in neurons in response to chondroitin sulfate proteoglycans (CSPGs), 

revealed PRG3 as a protein whose phosphorylation state was most altered by exogenous CSPG 

treatment. Here, we report that PRG3 expression in primary neurons overcomes neurite 

outgrowth inhibition mediated by CSPGs. Furthermore, PRG3 attenuates lysophosphatidic acid 

(LPA) induced neurite retraction by modulating RhoA activation resulting in decreased 

phosphorylation of ERM proteins, myosin light chain II and myosin light chain phosphatase I. 

Furthermore, we show that PRG3 regulates RhoA activation by increasing RhoA affinity for 

RhoGDI. In summary, our data indicates that PRG3 protein regulates neuronal response to 

CSPGs and LPA, both inhibitory molecules to axonal outgrowth, by modulating the RhoA 

activation and therefore may promote neuronal plasticity. These studies will contribute to a more 

comprehensive understanding of the signaling mechanisms that regulate neuronal plasticity after 

CNS injury. 
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Abstract: Spinal cord injury (SCI) results in nervous tissue loss and so far untreatable functional 

impairments. Preclinical studies have demonstrated that a transplant of bone marrow-derived 

mesenchymal stem cells (MSCs) elicits paracrine effects resulting in anatomical repair and 

partial functional recovery. The effects of transplanted MSCs on spinal cord repair depend on 

their survival. MSCs are anchorage-dependent cells that are susceptible to anoikis, i.e., 

programmed cell death due to lack of adherence to a substrate. Thus, MSC transplant-mediated 

repair may be affected by lack of a binding substrate. It is known that MSCs adhere via integrin 

receptors to the tripeptide, arginine-glycine-aspartic acid (RGD). We investigated the effects of 

an RGD-functionalized nanofiber hydrogel composite biomaterial (NHC) on MSC transplant 

survival and the effects on anatomical repair and functional recovery in a clinically relevant adult 

rat model of spinal cord contusion. NHC consists of pro-angiogenic hyaluronic acid and axon 

growth-promoting nanofibers which form an injectable composite gel that closely resembles the 

physical properties (i.e. stiffness/porosity) of the spinal cord nervous tissue. NHC could target a 

multitude of factors that influencing MSC transplant survival and tissue remodeling after SCI. 

Pilot data suggests NHC improves MSC transplant survival and anatomical repair of the 

damaged spinal cord. This work is supported by the Miami Project, State of Florida, Maryland 

Stem Cell Research Fund (2018-MSCRFCO-4088), and Department of Veteran Affairs 

(I01BX007080). 
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Abstract: Gliosis and fibrosis after spinal cord injury (SCI) lead to formation of a scar that is an 

impediment to axonal regeneration. Fibrotic scarring is characterized by the accumulation of 

fibronectin, collagen, and fibroblasts at the lesion site and is a general feature of the SCI 

response in many species including humans. The mechanisms regulating fibrotic scarring after 



SCI and its effects on axonal elongation and functional recovery are contentious and not well 

understood. In this study, we examined the effects of eliminating an isoform of fibronectin 

containing the Extra Domain A domain (FnEDA) on both fibrosis and on functional recovery 

after contusion SCI using male and female FnEDA-null mice. We demonstrated that FnEDA is 

expressed acutely following SCI and persists as an important structural component of the chronic 

fibrotic scar. Eliminating FnEDA did not reduce the acute fibrotic response but markedly 

diminished chronic fibrotic scarring after SCI. Glial scarring was unchanged after SCI in 

FnEDA-null mice. We found that FnEDA was important for the long-term stability of the 

assembled fibronectin matrix during both the subacute and chronic phases of SCI. FnEDA-null 

mice demonstrated reduced lesion volume and less fibrotic scarring at chronic time points. Motor 

functional recovery was significantly improved, and there were increased numbers of axons in 

the lesion site compared to wildtype mice, suggesting that the chronic fibrotic response is 

detrimental to recovery. Our data provide insight into the mechanisms of fibrosis after SCI and 

suggest that disruption of fibronectin matrix stability by targeting FnEDA represents a potential 

therapeutic strategy for promoting recovery after SCI. 
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Abstract: IntroductionSpinal cord injury, for which there is no cure, can lead to permanent loss 

of neurological function. Reasons for failed axon regrowth include poor intrinsic growth capacity 

of adult CNS neurons, inhibitory chemicals and physical barriers formed post injury. Electric 

field (EF) stimulation is a promising strategy for spinal repair because it promotes directional 

neurite growth in cultured non-mammalian or embryonic neurons. Here, we investigated the 

effects of EF exposure on postnatal rat cortical neurons and organotypic spinal cord slices to 



further explore its potential for spinal repair. MethodsCortices and spinal cords of Sprague 

Dawley rats at postnatal days 0-3 were used to culture cortical neurons and organotypic spinal 

cord slices. Neurons were cultured directly in the EF migration chamber for 48h before applying 

EFs ranging from 50 to 350mV/mm for 3-6h. To examine if an EF could overcome the effects of 

inhibitory molecules present post-spinal injury, 10µg/ml Chondroitin Sulphate Proteoglycan-6 

(CSPG6) was added to the culture medium during EF exposure. Spinal cord slices were prepared 

at 350µm thickness and lesioned with surgical blades to produce a 700µm lesion gap. Four days 

after lesion, slices were transferred to the migration chamber and 50mV/mm EF was applied for 

24h. ResultsCortical neurons showed an increase in the proportion of neurites facing the anode 

and facing perpendicular to the EF vector compared to the random growth of controls without an 

EF. This bias increased as the EF strength increased, with 220mV/mm being optimal. However, 

EF stimulation did not increase neurite length compared to no-EF conditions at any field 

strength. Moreover, the EF stimulation overcame the inhibitory effects of CSPG6 on growth of 

anode facing cortical cell neurites. In spinal cord slice cultures, there was a substantial increase 

in the alignment of re-growing axons when an EF was applied at 50mV/mm for 24h compared to 

the non-EF condition. Alignment was abolished when an Epac antagonist or Rho agonist were 

present in the culture medium.SummaryThis is the first demonstration that EF stimulation 

promotes directional growth of cultured postnatal rat cortical neurons and that an EF aligns 

growth of re-growing axons in an ex vivo model of spinal injury. Future studies will investigate 

its in vivo efficacy alone and in combinational with other spinal repair strategies. 
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Abstract: In our primate model of recovery after sensory loss, we use a selective, unilateral 

lesion of the dorsal column somatosensory pathway for the arm and hand in the cervical spinal 

cord of monkeys. This deprives the brainstem cuneate nucleus (Cu) of activation, in turn 

depriving the hand representations of the thalamic ventroposterior lateral nucleus (VPL) and 

cortical area 3b. We propose that studies of gene expression in neurons and glia throughout the 

nervous system over selected recovery periods could advance our understanding of cellular 

mechanisms of recovery from injury in the somatosensory system. Similar studies have focused 

on the spinal cord and motor-related cortex. In this exploratory study, we sampled tissue from 4 

major somatosensory stations in 2 adult macaque monkeys (Macaca mulatta): 1 female that 

received a unilateral dorsal column lesion (DCL) at C4, 2 weeks before tissue collection; and 1 

male without a lesion. The 4 somatosensory targets were: dorsal horn of C3, Cu, VPL, area 3b. 

Samples were prepared for RNA sequencing (RNAseq) from both sides of the DCL case (‘intact’ 

and ‘lesion’) and from the complementary tissue of the control case. Differential gene expression 

(log2 fold change, FC) was examined in each tissue type to determine gene candidates with 

changes in expression (|FC| > 1, p < 0.05 for at least 1 comparison). Overall, 770 genes were 

upregulated and 452 downregulated after DCL. The majority of genes with altered expression 

were found in the spinal cord (695 genes in DCL-lesion vs control), with fewer identified in Cu 

(261), VPL (114), and 3b (138). We report expected changes and new findings. Growth 

associated protein 43, a marker of regeneration, had 1.3 FC in Cu for DCL-lesion compared to 

control, consistent with sprouting axon terminals. Serine proteinase inhibitor family A member 

3, associated with neurodegeneration, was increased with 6 FC in Cu, 2.3 FC in VPL, and 1.1 FC 

in 3b for DCL-lesion versus control. Tenascin-C, linked to axon regeneration, was found in low 

levels but upregulated with 1.9 FC in Cu. We also confirmed the expression of neuronal and non-

neuronal cell markers in our samples. For example, myelin basic protein (oligodendrocytes) 

expression was reduced in both sides of DCL spinal cord compared to the control case. 

Aquaporin 4 (astrocytes) expression differed by tissue type, but was not altered by DCL. 

Expression of microtubule associated protein 2 (neurons) and neutrophil cytolic factor 1 

(microglia) did not differ across samples. In conclusion, differences in tissue expression profiles 

provide a basis to identify candidates for further study, including somatosensory targets that have 

not been previously investigated. 
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Title: Regulation of astrocyte polarity after spinal cord injury 
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Abstract: In response to damage from spinal cord injury, astrocytes become reactivated and start 

to proliferate. The morphology of astrocytes also undergoes dramatic changes. One of the 

striking changes is that the processes of astrocytes become polarized and oriented towards the 

lesion site in a highly organized fashion to form the glial scar. Reactive astroglial scars are 

thought to be both beneficial and inhibitory. How astrocyte reactivation is initiated and what 

cellular signaling pathways are involved in astrocyte polarization is unknown. As a major branch 

of non-canonical Wnt pathways, planar cell polarity (PCP) signaling is one of the evolutionally 

conserved mechanisms for directing cellular and tissue polarity. Our laboratory pioneered the 

finding that PCP signaling mediates growth cone turning in response to Wnt gradients. Here we 

found that 1) PCP components are abundantly expressed in astrocytes in the brain and spinal 

cord; 2) Conditional knockout of PCP component Celsr3 specifically in astrocytes limits 

astrocyte activation and polarity after spinal cord injury. Therefore, we propose that the PCP 

signaling may control astrocyte polarization in glial scar formation. 
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Abstract: Astrocytes are known for neurotrauma biomarkers and for reactive astrogliosis with 

scar formation; yet these have distinct pathophysiologies. To differentiate these injury stages, we 



deciphered proteomic astrocyte-release signatures using a unique trauma culture model. 

Immature mouse and human astrocytes were purified, differentiated in serum-free medium and 

injured using abrupt pressure-pulse stretching of deformable membranes (Wanner, Meth Mol 

Biol 2012). Trauma-released proteins were quantified at different postinjury times using 2D gel 

spot measurements (Sondej, Sample Prep Biol Mass Spec 2011) or ratios of tandem isobaric 

mass tags. Dye-uptake and time-lapse studies quantified acute traumatic membrane wounding 

(mechanoporation) and delayed cell death. Release profiles contained cytosolic and vesicular 

proteins. Metabolic proteins, specifically related to monosaccharaide biosynthesis, were highly 

enriched at 30 min-5 hours postinjury compared to respective cellular reference proteomes 

(Levine, GLIA 2016; Fisher’s exact multiple test, false discovery rate-corrected). Protein release 

signatures at 12-48 hours were significantly enriched for cytoskeleton and associated proteins. 

Acute-released proteins had a lower average molecular weight than delayed-released ones. 

Different cellular injury stages showed distinct proteomic signatures of acute membrane leak 

versus secondary lysis. Astrocyte trauma-release was substantially different from expression 

changes in reactive astrocytes two weeks after mouse crush spinal cord injury (Anderson, Nature 

2016). Proteins involved in carbohydrate metabolism, glycolysis and energy generation 

dominated in acute trauma-release versus inflammatory proteins in sustained reactivity. Thus, 

acute astrocyte trauma is accompanied by protein depletion affecting astrocyte energy capacity 

and sub-acute structural maintenance, while reactive gliosis gene expression shows an 

inflammatory response and modulation of the extracellular environment among other things. 

Upon selecting for astrocyte enrichment (Cahoy, JNeurosci 2008; Zhang, Neuron 2016) and 

presence in cerebrospinal fluid (CSF) from traumatic brain injury (TBI) patients, we identified 

novel neurotrauma-specific biomarkers aldolase C (ALDOC) and brain lipid binding protein 

(BLBP) that associated significantly with cell wounding. GFAP fragments, in contrast, 

associated exclusively with astroglial death (Halford, JCBFM 2017). CSF and blood levels of the 

astrocyte injury-defined biomarkers capture the spectrum of mild-severe TBI and document their 

translational use for patient diagnosis and outcome prediction. 

Disclosures: S. Shen: None. J. Halford: None. J.E. Burda: None. M.V. Sofroniew: None. J. 

Loo: None. 

Poster 

213. Spinal Cord Injury and Plasticity: Cellular and Molecular Mechanisms I 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 213.27/U8 

Topic: C.11. Spinal Cord Injury and Plasticity 

Support: NIH Grant NS067092 (ARF) 

 NIH Grant NS069537 (ARF) 

 NIH Grant NS088475 (ARF) 



 Wings for Life Spinal Cord Research Foundation WFLUS013/13 (KM) 

 Wings for Life Spinal Cord Research Foundation WFLUS008/12, WFLUS 006/14  

 (ARF) 

 Craig H. Neilsen Foundation 224308 (ARF) 

 Craig H. Neilsen Foundation 313739 (JH) 
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Abstract: Abnormal sensory afferent feedback from the lower extremities after spinal cord 

injury (SCI) has potential to induce neuronal dysfunction that contributes to long-term motor 

deficits. Here, we investigated the impact of aberrant afferent input after SCI using hindlimb 

unloading early after mild contusive thoracic injury in adult female SD rats (T9; 50 kdyn IH). 

Three days post-injury, subjects were randomized to two experimental groups: 1) hindlimb 

unloading (HU) by tail suspension for 2 weeks followed by normal-loading for 6 weeks, or 2) 

normal-loading control for 8 weeks. Outcome assessments included: i) BBB open-field scoring 

and kinematic gait analysis; ii) electrophysiological H-reflex testing; iii) biomolecular and 

automated high-resolution confocal microscopy analysis of plasticity-related changes in lumbar 

ventral horn motor neurons. The results demonstrated that HU worsened impairment of hindlimb 

coordination after unloading (BBB = 12 for HU vs 17 for normal-loading controls). H-reflex 

testing of hindlimb muscles at 8 weeks showed that HU induced chronic hyper-excitability of 

spinal reflex circuitry. Quantitative biochemistry of ventral spinal synaptoneurosomes revealed a 

chronic increase in AMPA receptor (AMPAR) subunit GluA1 serine 831 phosphorylation, while 

quantitative immunohistochemistry revealed a chronic increase in GluA1 at synaptic sites on 

spinal motoneurons, suggesting that HU induced maladaptive plasticity in the spinal cord. Data-

driven multidimensional analysis identified strong association between AMPAR over-drive on 

motorneurons and time-dependent motor recovery, chronic motorneuron hyper-excitability after 

HU. Our findings suggest that early unloading-induced aberrant afferent input after SCI can 

worsen maladaptive plasticity undermining long-term recovery, and provide a mechanistic 

rationale for early post-SCI intervention with weight-bearing training for precision rehabilitation. 
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Abstract: The microenvironment of the injured spinal cord activates macrophages/microglia to 

acquire pro-inflammatory M1 polarization with but transient and few acquiring anti-

inflammatory M2 polarization. Following chondroitinase ABC (ChABC) treatment of the injured 

cord in a rat model, we however found lowered proportion of pro-inflammatory 

macrophages/microglia. We therefore hypothesized that chondroitin sulfate (CS) proteoglycans 

upregulated in the injured environment influence the balance between M1 and M2 polarization 

states. To test this, naïve macrophages were derived from bone marrow samples collected from 

adult rats and then directed to the pro-inflammatory state in vitro with lipopolysaccharide 

supplementation in the medium. Treatment of the cultures with ChABC versus vehicle control 

revealed lowered expression of the M1 markers, inducible nitric oxide synthase and CD86, 

contrasting elevated expression of the M2 markers, arginase-1, CCL22 and IL10 (n = 4). With a 

rat model of acute spinal cord injury, ChABC treatment of the injured cord environment 

increased levels of the IL10 and TGF-β transcripts as compared to the vehicle control (n = 3). To 

test if M2 inducers such as IL10 are entrapped in pericellular CS of the M1 cells, proteins in the 

pericellular CS domain were biotinylated. After streptavidin-mediated pull-down, biotinylated 

IL10 was detected in Western blots (n = 2), suggesting pericellular CS of M1 cells as the sink for 

M2 inducers. The results add impetus to the development of strategies for timely shift to M2 

polarization as a therapeutic goal. (This work is supported by HMRF 05163296) 
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Abstract: After spinal cord injury (SCI), a lipid-rich environment forms at the lesion site due to 

accumulation of myelin and cellular debris, inducing the formation of lipid-laden “foam cells” 

from infiltrating macrophages. This state of excessive lipid metabolism may contribute to the 

inflammatory milieu at the injury site. We sought to elucidate the mechanisms of foamy 

macrophage formation, their interactions with other cells at the injury site, and their contribution 

to the injury site pathology. Identifying and manipulating the physiological processes governing 

foamy macrophage dynamics in vivo and in vitro may address some of the factors that prevent 

tissue healing, providing a therapeutic target to promote neural regeneration and functional 

recovery after SCI. 
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Abstract: Background: Patients suffering from chronic gastroesophageal reflux disease have 

difficulty in swallowing. Those symptoms may be caused by following long-term stimulation 

with gastric acid including hydrochloric acid (HCl) which activates transient receptor potential 

vanilloid 1 (TRPV1). The aim of this study was to investigate effect of continuous laryngeal 

TRPV1 activation on swallowing initiation. 

Material and Methods: Experiments were carried out on Sprague-Dawley male rats anesthetized 

with urethane. To investigate the involvement of TRPV1 on swallowing initiation evoked by 

HCl (0.1 N, 3 μl) and capsaicin (10-5 M, 3 μl) chemical stimulation and airflow (40 ml/sec, 30 

sec) mechanical stimulation to the larynx, topical administration of TRPV1 blocker, SB366791 

(10-2 M, 3 μl) or DMSO (vehicle of SB366791) was applied to the laryngeal mucosa. In another 

experiment, the number of swallows was counted during the stimulation to laryngeal mucosa 

with HCl, capsaicin or 0.1% ethanol (vehicle of capsaicin) at a rate of 0.5 µl/sec over 60 min. 

The number of laryngeal airflow-evoked swallows was also measured following 60 min 

chemical stimulation. Finally, we investigated the effect of capsaicin stimulation on the threshold 

of the superior laryngeal nerve (SLN) -evoked swallow. Minimum amplitude of electrical SLN 

stimulation (6-140 µA, 10 sec, 30 Hz, 0.2 msec pulse duration) to evoke at least one swallow 

over 10 sec was defined as the swallowing threshold. Changes in the swallowing threshold value 

was evaluated during 60-min capsaicin stimulation every 10 min up to 60 min by comparing the 

values among the time points. 

Results: TRPV1 blocker drastically reduced the number of swallows evoked by capsaicin and 

HCl stimulation, but did not affect that evoked by airflow stimulation. The number of swallows 

during continuous HCl or capsaicin stimulation decreased in a time-dependent manner. The 

number of airflow-evoked swallows was significantly lower following HCl or capsaicin 

stimulation compared with that following vehicle stimulation. The swallowing threshold of SLN 

stimulation was not significantly changed during 60-min capsaicin stimulation. 

Discussion: These results suggest that the modulation of excitability in peripheral nervous 

system is involved in swallowing reduction by continuous laryngeal TRPV1 activation. We 

speculate that long-lasting TRPV1 activation may cause the swallowing impairment in GERD 

patients. 
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Abstract: Transient receptor potential vanilloid subtype 1 (TRPV1) is a nociceptive non-

selective cationic channel that is activated by polymodal stimuli such as capsaicin, protons, and 

noxious heat. Despite clear contributions of TRPV1 to pathological pain in animal models, 

efforts to develop analgesic therapies based on global inhibition of this channel have been 

hampered by sensory and thermoregulatory side effects. One potential solution to this problem 

might be to develop strategies that selectively target TRPV1 functions associated with 

pathological pain, without interfering with its physiological roles. Under inflammatory 

conditions, many inflammatory mediators activate protein kinases such as PKA and PKC that 

phosphorylate TRPV1 at one or more residues and thereby enhance TRPV1 function, with 

consequent increases in nociceptor excitability. However, the causal relationships between 

specific TRPV1 phosphorylation events and pathological pain remain relatively unexplored. To 

directly investigate the roles of one specific TRPV1 phosphorylation event in vivo, we used 

CRISPR/Cas9 genome editing in mice to genetically alter a major TRPV1 PKC phosphorylation 

site, S801, to alanine. The sensory ganglion TRPV1 expression pattern in S801A knock-in (KI) 

mice was comparable to that in wildtype (WT) controls. However, sensitization of capsaicin-

mediated currents following the activation of PKC was substantially impaired in sensory neurons 

derived from KI mice. Basal thermal and mechanical sensitivities of KI mice were identical to 

those of WT. However, complete Freund’s adjuvant-induced thermal hyperalgesia was partially 

attenuated in KI mice. Ongoing pain from inflamed masseter muscle was also reduced in KI 

mice, and was further inhibited by the TRPV1 antagonist AMG9810. These results suggest that 

PKC-mediated phosphorylation of TRPV1 S801 partially accounts for inflammation-mediated 

thermal hyperalgesia and spontaneous pain in vivo. These results suggest that interference with 

TRPV1 S801 phosphorylation represents one potential way to attenuate pathological pain in the 

context of inflammation or injury that might spare basal sensitivity and reduce side effects 

associated with more general TRPV1 inhibition. 
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Abstract: In mammals, transient receptor potential cation channel subfamily A member 1 

(TRPA1) mediates the O2-sensing mechanisms for hyperoxia and hypoxia and is known to be 

activated by noxious cold and menthol. The present study investigates whether TRPA1 receptors 

are involved in hypoxic responses in goldfish. For acclimation, 5-8 goldfish were housed in a 

tank (20 × 25 × 40 cm, height × width × length) wherein the dissolved oxygen level (DO) was 

4.3 mg/L. To record the surfacing responses to hypoxia, the fish were individually housed 

recorded for individual fish in dissolved oxygen in an experimental tank (20 × 24.5 × 5.5 cm) 

with a DO of 0.5, 1.5, 2.4, 3.4 and 4.3 mg/L. The DO levels were reduced by passing nitrogen 

and were monitored using a DO meter. The surfacing response was defined as the first instance 

of the fish’s nose reaching the surface, and was quantified as numbers of air gasps for 1 min. 

Compared with control conditions (DO = 4.3 mg/L), exposure to heavy hypoxia (DO = 0.5, 1.5 

mg/L) shortened the surfacing response latency (i.e., the time taken to move from the bottom of 

the tank to the water surface) and increased the number of air gasps on the surface, whereas mild 

hypoxia (DO = 2.4, 3.4 mg/L) did not produce any such responses. Pre-exposure to the TRPA1 

receptor antagonist, HC-030031 inhibited hypoxic responses in a dose-dependent manner, when 

DO=0.5. A lower concentration (0.007 μM) of the TRPA1 receptors agonist allyl isothiocyanate 

(AITC) produced a hypoxic response and a decreased respiratory rate, both of which were 

inhibited by the TRPA1 receptor antagonist in a dose-dependent manner. Higher concentrations 

of AITC (0.07-0.1 μM) increased the respiratory rate, whereas concentration greater than 0.3 μM 

decreased the respiratory rate and produced no hypoxic response. These results demonstrate that 

the TRPA1 receptor is involved O2-sensing mechanisms of hypoxia in goldfish. 
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Abstract: Somatosensation such as pain, itch, touch, and temperature, are essential to detect 

environmental stimuli to escape, communicate and adapt. These stimuli can be detected by 

primary sensory neurons whose nerve endings are located in the skin. Although physical, 

chemical and biological stimulants were well investigated, the mechanisms of endogenous 

stimulants to the primary sensory neurons, especially lipids, are still largely unknown. In this 

study, we focus on one of the endogenous lipids, sphingosine-1-phosphate (S1P) and investigate 

the physiological roles of S1P in pain and itch. 

First, we examined whether S1P directly induces neuronal responses in primary cultured mouse 

dorsal root ganglion (DRG) neurons, primary sensory neurons, by using a calcium imaging 

method. S1P application to DRG neurons increased intracellular calcium concentrations of DRG 

neurons. In order to distinguish whether the increased cytosolic calcium comes from 

extracellular space or from cytosolic organelles such as endoplasmic reticulum, we assessed the 

effect of calcium removal on the responses in DRG neurons and found that the increased 

cytosolic calcium concentration derives from the extracellular side of the DRG neurons. 

Transient receptor vanilloid 1 (TRPV1) and ankyrin 1 (TRPA1) are non-selective calcium-

permeable cation channels, which are well known to be involved in pain and itch. We asked 

whether these two ion-channels are involved in S1P-induced responses in DRG neurons by using 

the antagonists and knockout DRG neurons lacking the function of each ion channel. The 

responding neurons to S1P are reduced by both the antagonists and in both the knockout mice 

DRG neurons, suggesting that TRPV1 and TRPA1 are involved in S1P-induced DRG responses. 

Next, we examined the effect of S1P on pain and itch sensations. We injected S1P into the nape 

of the neck to ask whether it induces itch and into the hind paw to measure acute pain and pain 

induced by heat, cold and mechanical stimuli. S1P induced these pain and itch behaviors in mice 

and experiments using TRPV1 and TRPA1 knockout mice indicated the involvement of TRPV1. 

In summary, our results provide insights into the S1P-induced sensory neuron responses through 

TRPV1 and TRPA1 and the S1P-induced pain and itch behaviors, depending on TRPV1. 
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Abstract: The maintenance of homeothermy requires the coupling between thermosensation, 

thermoregulation and energy homeostasis. Ambient temperature influences energy homeostasis 

by regulating energy intake, thermogenesis and energy expenditure as part of the 

thermoregulatory responses. In this study we evaluated the putative role of TRPM8, the main 

cold thermoreceptor, in the interplay between these processes. 

We used three types of mices: 1/ Trpm8-/- mice, generated by the laboratory of David Julius and 

obtained from The Jackson Laboratories (stock #008198). 2/ A BAC transgenic mouse line 

expressing the diphteria toxin receptor fused with GFP under TRPM8 regulatory sequences 

(Trpm8DTR+), generated in the laboratory of Mark Hoon (NIH, Bethesda). 3/ For identification 

of TRPM8-sensory fibers we worked with a transgenic mouse line expressing eYFP under the 

TRPM8 promoter (Trpm8-eYFP+) from the laboratory of Félix Viana (INA, CSIC, Alicante). 

Animals were exposed to different environmental temperatures in fed and fasting conditions. 

Core body temperature (Tc) and motor activity were determined using implantable 

radiotelemetric probes. The main thermoregulatory responses were evaluated: BAT 

functionality, tail vasoconstriction and BAT temperature by infrared thermography and food 



intake, as well as non-thermoregulatory avoidance behaviors (cold-induced jumps). Finally, we 

studied the role of TRPM8 in the regulation of energy balance and homeostasis. We determined 

body weight growth, fat and lean mass, as well as hormonal and metabolic parameters in Trpm8-

/- mice. We also examined TRPM8 expression and the presence of TRPM8 fiber innervation in 

metabolic organs and in the tail by RT-PCR and GFP immunofluorescence. 

We demonstrated that TRPM8-deficient mice display a defective thermoregulation with an 

increase in tail heat loss, lower core body temperature and attenuated cold-induced jump escape 

behaviors. The impact on Tc was greater during fasting. Notably, we found TRPM8-sensory 

fibers surrounding the main tail vessels and innervating the portal vein. Finally, we showed that 

the absence of TRPM8 induced the development of late-onset obesity and metabolic alterations 

in mice raised under mild cold ambient temperature. All these findings highlight the relevant role 

of this ion channel in tail vasomotor regulation, thermoregulation and the coupling of energy 

homeostasis to thermoregulation. 
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Abstract: Members of the family of transient receptor potential (TRP) channels are known for 

being crucial molecular sensors for chemical, mechanical and thermal stimuli. Amongst them, 

TRP melastatin 8 (TRPM8) has been shown to be a sensor for mild cold and TRP ankyrin 1 

(TRPA1) has been debated to be a sensor for noxious cold. Both channels are expressed in 

various tissues, including non-overlapping subpopulations of peripheral sensory neurons. Here 

they sense decreases in temperature, giving rise to neural activity that is processed for 

discriminative and thermoregulatory behaviors. However, responses to cold stimuli are also 

found in visceral neurons innervating internal organs, where their function as cold sensors may 



not be as obvious as in somatosensory neurons. The aim of this study was to investigate and 

characterize the responses to cold temperature in visceral neurons and compare them to those 

found in somatosensory neurons. For this, we isolated neurons from visceral nodose ganglia 

(NG) and sensory trigeminal ganglia (TG) from 6-8 weeks old male wild type or genetically 

modified mice. Neurons were enzymatically and mechanically dissociated, cultured and used for 

calcium imaging experiments within 24 hours. Neurons were incubated with the calcium 

indicator dye Fura2AM and excited at 340 and 380 nm wavelengths to measure intracellular 

calcium levels. Cold ramps from 33 to 12 ºC were applied to cells in the presence or absence of 

TRP channel antagonists followed by various other TRP channel agonists. In visceral neurons 

from wild type mice ~ 24 % of neurons responded to a decrease in temperature and ~ 70 % out 

of these cold responders were also sensitive to the selective TRPA1 agonist allyl isothiocyanate 

(AITC). The mean temperature threshold of responders to cold was 18 ± 0.3 ºC (n=152). In 

neurons from TRPA1 KO mice, only ~ 5 % of cells responded to cold, whereas neurons from 

TRPM8 KO mice did not show a difference compared to wild type. This shows that TRPA1 

channels are the main mediator of cold responses in visceral vagal neurons. In TG neurons, we 

also found ~ 20 % of neurons responding to cold; however, only ~ 45 % of these neurons 

responded also to AITC. Furthermore, there were two populations of cold responders: TRPM8 

expressing neurons - identified with a GFP transgenic mouse - with a mean temperature 

threshold of 19 ± 0.8 ºC (n=34) and non-TRPM8 expressing neurons with a threshold of 15 ± 0.8 

ºC (n=32). This indicates that in TG somatosensory neurons both TRPA1 and TRPM8 are 

required for transducing responses to cold stimuli. 
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Abstract: Transient receptor potential (TRP) channels are a group of ion channels located in 

numerous cell types throughout the body. TRPV3 is a member of the TRP Vanilloid subfamily. 

This non-selective cation channel is highly expressed in skin keratinocytes and is implicated in 

skin physiology and pathophysiology, thermal sensation and pain. Gain-of-function mutation of 

TRPV3 in humans causes Olmsted syndrome, a rare genetic disorder accompanied with severe 

itching, peripheral pain, and palmo-plantar hyperkeratosis. In this study, over-activation of 



TRPV3 channels using gain-of-function TRPV3 mutant mice, was expected to produce increased 

intracellular calcium influx in TRPV3-expressing keratinocytes, resulting in increased pruritus. 

Unexpectedly, intradermal administration of a variety of chemical pruritrogens in transgenic 

mice produced significant decreases in scratching behaviors compared to wild type littermates. 

Additionally, transgenic mice displayed deficits in several measures of acute but not chronic 

mechanical pain. Our data indicate that over-activation of TRPV3 is not required to sensitize 

itch, but instead suppresses itch. Additional genetic modifiers or environmental factors may 

result in itch sensitization in Olmsted syndrome patients. 
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Abstract: Increasing evidence suggests that extracellular miRNAs may serve as biomarkers for 

diseases such as cancer and chronic pain, but the physiological relevance of extracellular 

miRNAs is unclear. Our previous study showed that intraplantar application of miR-let-7b elicits 

spontaneous pain via activation of TLR7 and TRPA1 (Park et al., 2014). It is unclear if 

extracellular miRNAs can also evoke itch. Here we show that intradermal injection of miR-711 

on the cheek induces scratching but not wiping. The miR-711-evoked pruritus requires TRPA1 

but not TLR7. This pruritus is dose-dependent, and at higher concentrations, miR-711 evoked 

stronger pruritus and skin lesion but not pain, suggesting that miR-711 is a potent pruritogen. In 

contrast, intradermal AITC evoked both itch and pain at low concentrations but only pain at high 

concentration. 

We also examined the role of miR-711 in chronic itch by developing a new mouse model of 

chronic itch that mimics human disease of cutaneous T cell lymphoma (CTCL) in which patients 

suffer from chronic itch. Intradermal inoculation of human Myla cells induces lymphoma 



immune-deficient mice, which is associated with chronic itch lasting for more than 2 months. 

Mouse CTCL also resulted in increased serum levels of miR-711, secreted from cancer cells. In 

addition to miR-711, miR-21, miR-155, miR-326 are also upregulated in skin biopsies from the 

CTCL patients and serum of CTCL mice. However, intradermal injection of miR-21, miR-155, 

and miR-326 failed to induce pruritus, suggesting that specific sequences are required for 

miRNA to evoke itch. Strikingly, lymphoma-induced chronic itch is suppressed by intra-tumoral 

injection of a specific miR-711 inhibitor and TRPA1 antagonists. Furthermore, a blocking 

peptide that can specifically disrupt the miR-711/TRPA1 interaction also suppressed chronic itch 

after CTCL. 

Our findings demonstrated an unconventional role of extracellular and naked miRNAs as novel 

itch mediators. Targeting extracellular miR-711, TRPA1, or miR-711/TRPA1 interaction may 

lead to new therapies for chronic itch associated with CTCL. 

This study is supported by NIH R01 grants DE17794, DE22743, and NS87988. 
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Abstract: We have previously shown that incised deep muscle tissue rather than skin has a 

central role in the genesis of non-evoked pain behavior after plantar incision in rats. We also 

have shown that transient receptor potential ankyrin 1 (TRPA1) ligands like hydrogen peroxide 

(H2O2) are produced in the wound, and that injection of H2O2 into muscle, but not into skin, 

causes significant nociceptive behavior via TRPA1. These findings suggest the contribution of 

TRPA1 to nociception caused by deep tissue incision. In this study, we evaluated the role of 

TRPA1 in the development of muscle nociceptor sensitization caused by surgical injury. 

Tissue levels of TRPA1 ligand 4-HNE measured by ELISA were greater in the incised 

gastrocnemius muscle compared to non-incised muscle on postoperative day 0 (76.9 ± 46.4 



µg/mg of protein, p = 0.0070) and day 1 (66.5 ± 68.8 µg/mg of protein, p = 0.0314). During 

Fura-2 Ca2+-imaging, H2O2 (100 µM - 5 mM) and 4-HNE (10 - 100 µM), respectively, elicited 

Ca2+ transients in 15 - 25% and 10 - 24% of cultured L3-5 dorsal root ganglion (DRG) neurons 

of Sprague-Dawley rats. Ca2+ transients evoked by H2O2 and 4-HNE were inhibited by TRPA1 

antagonists HC-030031 (50 - 100 µM) or AP-18 (50 - 100 µM). No Ca2+ influx was elicited by 

4-HNE or H2O2 in TRPA1 knockout mice. Next, we studied Ca2+ influx induced by H2O2 or 4-

HNE in DRG neurons innervating skin vs. muscle, non-incised vs. incised muscle, and non-

incised vs. incised skin. Muscle DRG neurons showed greater response to 1-mM H2O2 than skin 

neurons [15/110 (13.6%) vs. 6/108 (5.6%), p = 0.0432]. The response amplitude of muscle DRG 

neurons was also greater than skin neurons in the presence of 50-µM (196 ± 56 vs. 131 ± 10% 

above the baseline, p = 0.0003) and 100-µM 4-HNE (389 ± 143 vs. 246 ± 113%, p = 0.0012). 

Compared to DRG neurons innervating non-incised muscle, more neurons innervating incised 

muscle responded to 100-µM H2O2 (8.8 vs. 21.0%, p = 0.0075), 1-mM H2O2 (13.6 vs. 29.2%, p 

= 0.0051), 50-µM 4-HNE (13.1 vs. 24.4%, p = 0.0228), and 100-µM 4-HNE (21.0 vs. 32.7%, p 

= 0.0387). The response amplitude of DRG neurons innervating incised muscle was greater than 

those innervating non-incised muscle in the presence of 50-µM (363 ± 187 vs. 196 ± 56% above 

baseline, p = 0.0011) and 100-µM 4-HNE (514 ± 150 vs. 389 ± 143%, p = 0.0012). On the other 

hand, the prevalence of responders to these compounds was not different between DRG neurons 

innervating non-incised vs. incised skin. 

Our data suggest that endogenous TRPA1 agonists increase in the wound tissue, and they elicit 

greater Ca2+ influx in DRG neurons especially those innervating deep muscle tissue after 

incision. Blockade of TRPA1 in deep tissue may provide an effective therapy for postoperative 

pain. 
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Abstract: The Ca2+ activated Cl- channel (CaCC) TMEM16A (ANO1), is expressed in 

peripheral somatosensory neurons and has been implicated in nociception and inflammatory 



pain; interestingly it also senses noxious heat in a similar manner to the classical heat sensor 

TRPV1. Our previous findings allude to close proximity between TMEM16A, G-protein coupled 

receptors and IP3 receptors (IP3R) at endoplasmic reticulum-plasma membrane (ER-PM) 

junctions but more importantly, coupling between TMEM16A and the internal Ca2+ stores via 

IP3R. To further our understanding regarding the role of TMEM16A in nociception, we have 

investigated functional and physical coupling between TMEM16A and TRPV1 in rat dorsal root 

ganglion (DRG) neurons. To this end, we have utilized live confocal imaging; simultaneous 

monitoring of Cl- channel activity and Ca2+ dynamics in DRG neurons transfected with a halide-

sensitive EYFP mutant (H148Q/I152L) and loaded with fura-2 revealed that capsaicin (TRPV1 

ligand) robustly activates CaCC. Interestingly, ER store depletion significantly reduced (but not 

abolished) the capsaicin-induced Ca2+ rises and CaCC activation, suggesting that Ca2+ release 

from the ER is a major aspect of TRPV1-mediated CaCC activation; this may be attributed to the 

PLC-activating ability of TRPV1. To further strengthen this notion, capsaicin application in 

CHO cells transfected with TRPV1 also induced ER Ca2+ mobilization, which was monitored 

using an ER-localised Ca2+ probe (CEPIA). Proximity ligation assays in DRG neurons 

established close proximity (<40nm) between TMEM16A and TRPV1; close proximity between 

TMEM16A and IP3R1 was also observed. Stochastic optical reconstruction (STORM) 

microscopy was able to confirm close association of TMEM16A and TRPV1 channels in DRG 

neurons as well as close proximity of TMEM16A and IP3R1, and between TRPV1 and IP3R1 

(within 100nm). Intriguingly, multichannel-complexes consisting of all 3 proteins were also 

present. In summary, our data reveal the composition of TMEM16A-containing signalling 

complexes in DRG neurons which include coupling between TRPV1 and TMEM16A through 

ER Ca2+ release. Given the relatively low Ca2+ affinity of TMEM16A, this may be a means by 

which TMEM16A activation is achieved, given the pre-established coupling between 

TMEM16A and IP3R in DRG neurons. 
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Abstract: Pain signals relayed to the dorsal horn of the spinal cord by primary nociceptors are 

subject to extensive modulation by local neurons and by neurotransmitters released from 

supraspinal centers. The transient receptor potential vanilloid type 1 (TRPV1) receptor is a 

polymodal molecular integrator in the pain pathway preferentially expressed in Aδ- and C-fiber 

nociceptors. Pharmacological and genetic studies support a major contribution of TRPV1 

channels to the development of different chronic pain conditions, including thermal hyperalgesia 

associated with inflammatory pain, bone cancer pain, irritable bowel syndrome, and arthritis. 

There is substantial evidence that TRPV1 channels are expressed not only on the soma and 

peripheral terminals of nociceptors, but also on the central terminals which make synaptic 

contacts with second order neurons in the dorsal horn of the spinal cord. The presynaptic 

localization of TRPV1 channels on the central terminals of nociceptors is ideal to interact with 

neurotransmitters released in the dorsal horn of the spinal cord by descending fibers from 

supraspinal centers. Activation of presynaptic TRPV1 channels by endovanilloids or capsaicin 

has been shown to trigger the release of peptides and modulate neurotransmitter release from 

nociceptors. Serotonergic neurons from raphe nuclei project to the brainstem and to the spinal 

cord and provide the main source of serotonin. The aim of this project was to investigate whether 

serotonin could modulate the activity of TRPV1 channels expressed in nociceptors. The patch 

clamp technique was used in acutely dissociated dorsal root ganglia (DRG) neurons isolated 

from P18-28 rats. The TRPV1 current was isolated as the capsaicin-activated current during a 

ramp of voltage from -100 to +100 mV. The external solution was (mM): 151 NaCl, 2.5 KCl, 2 

CaCl2, 1 MgCl2, 10 HEPES. The internal solution was (mM): 125 CsCl, 10 NaCl, 2 MgCl2, 10 

HEPES, 10 EGTA, 4 MgATP, 0.3 NaGTP, 14 phosphocreatine, pH=7.2. In isolated DRG 

neurons, 1 µM serotonin inhibited the capsaicin-activated inward and outward current by 77 ± 

15% and by 69 ± 8 % (n=10), and 300 nM serotonin inhibited the capsaicin-activated inward and 

outward current by 72 ± 6% and by 54 ± 5 % (n=7) respectively, with respect to control. The 

inhibitory effects of serotonin on the capsaicin-activated inward and outward currents were 

mimicked by 1 µM 5-nonyloxytryptamine oxalate (agonist at 5-HT1B receptor, inhibition by 81 

± 10 % and by 78 ± 8%, n=10, respectively). Taken together, the data suggest that serotonin can 

strongly modulate the activity of TRPV1 channels expressed in nociceptors and the effects are 

mediated mainly by activation of 5-HT1B receptors. 
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Abstract: Pain is a widespread problem that is under-managed by currently available analgesics. 

Findings from a recent clinical trial on a type-2 angiotensin II (Ang II) receptor (AT2R) 

antagonist showed effective analgesia for neuropathic pain. AT2R antagonists have been shown 

to reduce neuropathy-, inflammation- and bone cancer-associated pain in rodents. We report that 

activation of AT2R in macrophages that infiltrate the site of injury, but not in sensory neurons, 

triggers an intercellular redox communication with sensory neurons via activation of the cell 

damage/pain-sensing ion channel TRPA1. Using behavioral readouts of pain hypersensitivity in 

mice, alongside use of in vivo pharmacological interventions, our study shows that both AT2R 

and TRPA1 required for peripheral mechanical pain sensitization induced by Ang II in both male 

and female mice. Our rigorous analysis found no AT2R expression in mouse and human dorsal 

root ganglia (DRG) sensory neurons. Instead, we report that expression/activation of AT2R on 

peripheral/skin macrophages (MΦs) constitutes a critical trigger of mouse and human DRG 

sensory neuron excitation. Ang II-induced peripheral mechanical pain hypersensitivity can be 

attenuated by chemogenetic depletion of peripheral MΦs. Furthermore, we show that AT2R 

activation in MΦs triggers production of reactive oxygen/nitrogen species, which trans-activate 

TRPA1 on mouse and human DRG sensory neurons, via cysteine-modification of the channel. 

Our study thus identifies a translatable immune cell-to-sensory neuron signaling crosstalk 

underlying peripheral nociceptor sensitization. This form of cell-to-cell signaling represents a 



critical peripheral mechanism for chronic pain, and thus identifies multiple druggable analgesic 

targets. 
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Abstract: Sensory nerve terminals from the trigeminal ganglion are densely distributed in the 

cornea, contributing to the detection of nociceptive and non-nociceptive somatosensory 

information on the ocular surface. Chronic ocular dryness results in neuropathic firing of corneal 

nerves sensitive to cold stimuli, which may be related to the unpleasant sensation that occurs in 

dry eye disease. However, changes in the activity of the transient receptor potential vanilloid 

type 1 (TRPV1) channel, a polymodal nociceptive receptor, have not yet been elucidated in 

corneal cold-sensitive neurons. Therefore, in the present study, we investigated the effect of 

capsaicin, a TRPV1 agonist, on the firing activities of corneal nerves in chronic ocular dryness. 

Chronic ocular dryness was induced in guinea pigs by removing the bilateral exorbital lacrimal 

glands. Four to 6 weeks after surgery, extracellular single-unit recording of corneal nerve 

terminals was performed in a recording chamber superfused at 34ºC with a Peltier system. 

Additionally, in order to record intracellular calcium responses of the corneal trigeminal neurons, 

primary cultures of corneal neurons, labeled with FM1-43, were also prepared. Capsaicin (1 μM) 

increased spontaneous impulse activity in 43% and 46% of corneal cold-sensitive nerves in the 

sham surgery group and the lacrimal gland excision group, respectively. Significantly lower 

spontaneous firing was observed in the capsaicin-sensitive nerve terminals, relative to the 



capsaicin-insensitive ones, in both experimental groups. The response latency to capsaicin was 

significantly reduced in the lacrimal gland excision group. Intracellular calcium concentration of 

the corneal cold-sensitive neurons, induced by a low concentration of capsaicin (0.03 μM), was 

significantly higher in the lacrimal gland excision group, while no significant difference in the 

experimental groups (sham vs. excision) was observed with a high concentration of capsaicin 

(0.3 μM). These results suggest that chronic dryness on the ocular surface, induced by lacrimal 

gland excision, enhances TRPV1 sensitization in corneal cold-sensitive nerves, which may be 

related to the hypersensitivity to nociceptive stimuli observed in dry eye disease. 
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Abstract: Pain is associated with a wide range of injury and disease, and is sometimes the 

disease itself. Chronic itch is another common and costly problem, and the treatment of chronic 

itch has been largely unmet. Recent findings support the notion that histamine-evoked itch 

requires the presence of the transient receptor potential vanilloid 1 (TRPV1) channel in 

peripheral pruriceptors while the most non-histaminergic itch mediators require the TRPA1 

channel. Both of these ion channels have previously been implicated in pain. In the presented 

study, we investigated whether chemical inducers of itch, including histamine and non-

histaminergic mediators, elicit signs of thermal and mechanical hyperalgesia. 

The experiments were carried out in male mice, < 50 grams in body weight. All procedures 

adhered to IASP Guidelines for the use of animals in research. The thermal paw withdrawal 

(Hargreaves) and mechanical von Frey paw withdrawal tests were used in this study. We 

measured nociceptive thermal paw withdrawal latencies and mechanical thresholds bilaterally in 

mice at various time points (5, 15, 30, 45, 60 and 120 min) post-injection following intraplantar 

injection of histamine or chloroquine, and of PAR2/MrgprC11 agonist peptides BAM8-22 and 

SLIGRL-NH2 producing hyperalgesia. 



We revealed that both histamine and non-histaminergic itch agonists (chloroquine, BAM8-22, 

SLIGRL-NH2) resulted in significant thermal and mechanical hyperalgesia. When pretreated 

with the TRPV1 antagonist (AMG-517) we found a significant reduction of thermal and 

mechanical hyperalgesia. In the second session, pretreatment with the TRPA1 antagonist (HC-

030031) produced a significant attenuation of thermal and mechanical hyperalgesia evoked by a 

non-histaminergic pruritogens as chloroquine, BAM8-22, and SLIGRL-NH2. 

We showed, thus, for the first time that histaminergic and non-histaminergic pruritogens elicit 

thermal and mechanical hyperalgesia along with and hyperknesis (itch elicited by strong 

stimulation) through the activation of TRPV1 and TRPA1channels respectively.  
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Abstract: Psoriasis is an usual chronic inflammatory skin disease and observed in about 1% to 

3% of widespread population, and 60% to 90% of patients have pruritus as common and 

significant symptom. Nevertheless, our understanding of the pathogenesis of psoriasis is still 

unclear, and consequently there are few and mostly inadequate treatment opitions. However, 

clinical treatment with topical capsaicin have often suggested beneficial effects in reducing 

psoriasis and experimental ablation of its receptor TRPV1 (Transient receptor potential vanilloid 

1) sensory nerves reduced psoriasiform skin inflammation in mice. It is related with releasement 

of CGRP. Recent study have demonstrated that Resolvins, a family of endogenous lipid 

mediators derived from ω-3 unsaturated fatty acids, are potent inhibitors for TRP channels and 

promote the resolution of various inflammatory diseases, including psoriasiform skin 



inflammation. However, the molecular mechanisms underlying these resolution of psoriasiform 

skin inflammation and pruritus are unclear. RvD3 is a novel family member of resolvins and has 

properties like other resolvins. Here we report therapeutic effect of RvD3 in psoriasis. We found 

that systemic RvD3 blocks pruritus and alloknesis in acute and chronic phase of psoriasis. Score 

of symptom and thickness of epidermis in psoriasis are quietly less with multiple injections of 

systemic RvD3. Expression of interleukins (IL17c, IL17f, IL23 and IL23a) and marker of 

immune cells (ICAM-1) are inhibited by RvD3 in skin of psoriasis. Neuropeptide (CGRP) is less 

in DRG of psoriasis with RvD3. Moreover, RvD3 blocks capsaicin induced current in the dorsal 

root ganglion (DRG) and spontaneous pain. Thus, our findings provide new role of RvD3 for 

psoriasis treatment. 
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Abstract: Introduction: The tongue is a muscular organ innervated by sensory and motor 

neurons. The sensory neurons belong to fibers C and Aδ, which express Transient Receptor 

Potential to Vanilloid Type 1 (TRPV1). TRPV1 is proposed as modulator of perception of taste 

and the chewing process [1]. Despite the previous information, exist only a few studies that 

support this information due to the difficulty to find an appropriated study model. 

Objective: Know the TRPV1 receptor localization on the Wistar rat tongue in order to propose it 

as a study model. 

Methods and Materials: in this paper we use female Wistar rats (at puberty age 38± 2 days, n=5). 

The rats has been sacrificed to obtain the tongues by CO2 exposure and followed by a perfusion 

with intracardiac saline solution (NaCl, 0.9%) followed by paraformaldehyde (4%) in PBS, pH 

7.4 (solution of PF-PBS). We dissected the tongues and they were fixed in 4% 



paraformaldehyde-PBS. Therefore, the tongues were included in paraffin, followed a histological 

slides (5 µm) were performed. The slides were stained with hematoxylin and eosin (H&E) to 

determinate the tissues and cells. Finally, for the TRPV1 receptors localization we performed an 

immunohistochemistry technique (IHC). For H&E and IHC we took photographs and were saved 

in a PC. All the photographs were evaluated with the NIH ImageJ software. 

Results: We found that the TRPV1 receptors are present on the Wistar rat tongue, and expresed 

in fungiform and filiform papillae, muscle, and salivary acini. We propose that TRPV1 might be 

involved in cellular proliferation of tongue during tisular damage, as well as the transmission of 

physical stimuli to the brain. 

Conclusions: The Wistar rat is a very good experimental model for studying the functions of 

TRPV1 in Tongue. 
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Abstract: Objective Matrix metalloproteinase-9(MMP-9) is one of the best studied members of 

MMPs family, it’s involved in chronic pain, including inflammation pain, neuropathic pain, and 

cancer pain. However, the role of MMP-9 in bone cancer pain and the mechanism are still 

unknown. In this study, we investigated the distribution and the dynamic changes of peripheral 

MMP-9, TRPV1 channel and TNFα, as well as the role in rat bone cancer pain induced by intra-

tibia inoculation of Walker 256 mammary gland carcinoma cells. Methods Rat bone cancer pain 

model was induced by intra-tibia inoculation of Walker 256 mammary gland carcinoma cells. 

Changes in mechanical or thermal pain were measured using von-Frey test and Hargreaves test. 

Distribution and dynamic changes of peripheral MMP-9,TRPV1 and TNFα during bone cancer 



pain were revealed by immunofluorescence and western blot. The activation of MMP9 was 

tested by gelatin zymography. The effect of MMP9 on TRPV1 channel currents was identified 

by whole cell patch clamp. Results (1) The expression and activation of MMP-9 in ipsilateral 

bone increase after inoculation of Walker 256 cells, as well as the expression of TRPV1 and 

TNFα. (2) Peripheral MMP-9 is involved in the development of bone cancer pain. (3) MMP-9 

sensitizes TRPV1 channel and induces allodynia and hyperalgesia. (4) MMP-9-induced 

sensitization of TRPV1 is mediated by TNFα. Conclusion There are large amount of MMP-9 

produced and released in tumor bone and DRG neurons, which may proteolysise and activate the 

transmembrane pro-TNFα. The active-TNFα interacts with TNFR1 receptor and influences the 

expression and function of TRPV1 channe1, leading to the development and maintenance of 

bone cancer pain. 
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Abstract: Background: Herpes zoster (HZ) or shingles results in pain of the orofacial region. 

Women report more pain associated with zoster and animal studies demonstrate that male rats 

have a reduced response to zoster pain. Previous studies in our lab suggested the thalamus 

controls zoster pain. Testosterone is converted into estrogen in certain areas including the 

thalamus by aromatase to modulate pain. We hypothesized that estradiol in the thalamus would 

bind estrogen receptor alpha (ERα) and alter zoster associated pain signaling. We tested our 

hypothesis by infusing rats with aromatase antagonist letrozole and estrogen receptor alpha 

agonist PPT (4,4',4''-(4-Propyl-[1H]-pyrazole-1,3,5-triyl)trisphenol). Methods: Male Sprague-

Dawley rats (300 gram) were divided (n=8 group) into virus and control groups that received 



MeWo cells containing Varicella Zoster Virus (VZV); the virus responsible for zoster or MeWo 

cells lacking virus. Guide cannulas were placed in the thalamic area using stereotaxic coordinates 

for local administration of the drugs. Virus injections (100 µl) were in the left whisker pad and 

contained either 50,000 pfu of virus or control cells. Both these groups were further divided in 

four drug groups: vehicle, or the aromatase inhibitor letrozole or PPT or PPT & letrozole. The 

motivational and affective aspect of nociception was measured using Place Escape Avoidance 

Paradigm (PEAP) assay. Measurements were completed once a week for two weeks and the 

thalamic tissue was isolated for immune-fluorescent analysis of neuronal activity using 

phosphorylated ERK antibody. Results: Blockade of aromatase significantly increased the VZV 

nociceptive response and neuronal activity in the thalamic region suggesting estradiol in the 

thalamus attenuates zoster associated pain. Infusion of ERα agonist PPT concomitant with 

letrozole reduced zoster pain versus the letrozole treatment group suggesting involvement of 

estradiol receptors. Conclusion: In conclusion, male rats show a reduced VZV pain response 

because aromatase derived estradiol interacts with ERα within the thalamus to reduce orofacial 

pain. 
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Abstract: Pain is an unpleasant sensory and emotional experience and its processing has been 

studied extensively at the spinal level. But, pain processing in the central nervous system remains 

largely unknown. Here we found that zona incerta was involved in pain processing. Furthermore, 

in vivo optogenetic manipulation zona incerta and incerta-thalamus circuit bidirectionally 

regulated pain thresholds. Thus, our studies identify zona incerta is critical for pain processing. 

HW and PD contributed equally to this work. 
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Abstract: Chronic pain is a serious debilitating disease for which effective treatment is still 

lacking. Ion channels are potentially good therapeutic targets for developing novel analgesics. 

Acid-sensing ion channel 1a (ASIC1a) has been implicated in nociceptive processing at both 

peripheral and spinal neurons. However, despite the prominent expression of ASIC1a in the 

brain, it remains elusive whether ASIC1a also contributes to pain perception at the supraspinal 

level. Here, we report that ASIC1a in anterior cingulate cortex (ACC) is required for 

inflammation-induced thermal and mechanical hypersensitivity. ACC-specific genetic deletion 

or pharmacological blockade of ASIC1a attenuates behavioral sensitization without affecting 

basal pain sensation. We show that ASIC1a selectively regulates cingulate long-term potentiation 

(LTP), a synaptic substrate of chronic pain. Using cell type-specific manipulations, we 

demonstrate that ASIC1a in excitatory neurons of ACC is a major player in cortical LTP and 

pain behavior. Mechanistically, we show that ASIC1a tunes pain-related cortical plasticity 

through PKCλ-mediated upregulation of membrane trafficking of AMPA receptor GluA1 

subunit in ACC. These results suggest that ASIC1a critically contributes to higher level pain 

processing through synaptic potentiation in ACC, which may serve as a promising analgesic 

target for treatment of chronic pain. 
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Abstract: Pain is a conscious perceptual experience characterized in large part by its aversive 

qualities and consequent motivation for relief. Several decades of research have identified the 

Anterior Cingulate Cortex (ACC), a non-sensory cortical structure, as a critical region for the 

emotional dimension of pain. In both humans and rodents, acute and chronic pain excites the 

ACC, while lesions and reduced ACC excitability decrease the unpleasantness of pain. However, 

the ACC receives diverse inputs from a multitude of brain regions, and is engaged/ active during 

a variety of behavioral experiences beside pain. It thus remains unclear what circuit mechanisms 

in the ACC contribute to shaping pain experience, and how specific those circuits are to 

nociception. Many other studies indicate that the dorsal Periaqueductal Gray (dPAG) is a critical 

structure for the expression of defensive behaviors and the acquisition of learned responses to 

aversive stimuli. The ACC projects to the dPAG, but the contribution of this pathway to pain 

experience has not been resolved. Here, we tested the hypothesis that excitatory input from the 

ACC to the dPAG during pain facilitates the affective-motivational dimension of pain, but is not 

selective for nociception. We first examined ACC-dPAG connectivity using histology as well as 

optogenetics and electrophysiology in PAG slices. We found that ACC axons terminals 

terminate in dPAG and monosynaptically excite Vglut2+, but not Vgat+ dPAG neurons. Second, 

we genetically targeted the ACC neurons projecting to the dPAG with viral vectors to express 

the hM4Di inhibitory DREADD, and exposed the animals to an assortment of pain tests. We 

found that inhibition of the ACC-dPAG pathway reduced affective-motivational pain behaviors 

but not sensory-reflexive responses. Third, we optogenetically inhibited ACC-dPAG neurons 



during social observation of pain and observed alterations in non-somatically induced pain 

experience. Finally, we used fiber photometry to record population neural activity in ACC and 

found that neurons projecting to PAG are engaged during a broad array of aversive, rather than 

exclusively painful, experiences. Collectively, these results establish the direct contribution of 

ACC-dPAG neural activity to the aversive experience of pain, and the necessity of this pathway 

to generate aversive behavioral responses. Furthermore, this pathway does not exclusively 

process nociceptive information but is engaged by a multitude of stimuli. These results point 

towards a mechanism by which contextual non-nociceptive and non-somatic sensory and 

emotional information can modify the experience of pain. 
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Abstract: The responsiveness of the central nervous system (CNS) is not clearly understood in 

patients with irritable bowel syndrome (IBS). While the midline and intralaminar thalamic nuclei 

represents the affective or emotional dimension of pain and involves perception of the 

unpleasantness of pain, the role of thalamic nuclei in IBS is largely unknown. Here, we aimed to 

elucidate functional connectivity of the the parvocellular mediodorsal thalamus (MDpc, or 

central MD) disrupted in IBS patients. Using the resting state functional MRI data from 

enhanced Nathan Kline Institute Rockland Sample. We compared 35 individuals with IBS (IBS 

group) and 418 individuals without IBS (control group). The MDpc was defined using the 

Morel-Atlas and voxel-wise functional connectivity to MDpc was tested across the whole brain. 

The IBS group showed significantly greater connectivity between MDpc and right temporal pole, 

which has putative role in social and emotional processing. Although the pathophysiological 

implications from this finding are yet unclear, our study demonstrated that the MDpc-temporal 

pole connectivity is augmented in patients with IBS. The current results suggest that functional 

connectivity of MDpc is altered in IBS. 
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Abstract: The anterior cingulate cortex (ACC) plays an important role in top-down control and 

the affective component of pain1. In-vivo optogenetics is a technique in which light-sensitive 

proteins, opsins, are used to modulate target populations of neurons with high temporal control in 

awake behaving animals. Commonly used opsins are channelrhodopsin-2 (ChR2) and 

archaerhodopsin (Arch) to activate or silence neurons, respectively. Optogenetic methodology 

has been a valuable tool in a wide range of neuroscience fields including pain research2. The aim 

of this study was to investigate the effects of optogenetic modulation of glutamatergic neurons in 

the ACC on formalin-evoked aversion and nociceptive behaviors in rats. Adult male Sprague-

Dawley rats (n=10 per group) underwent stereotaxic injection of adeno-associated virus (AAV) 

and implantation of optic fibers into the ACC. The AAV encoded control fluorophores, ChR2, or 

Arch under the regulation of calmodulin kinase II alpha (CamKIIα) promoter for selective 

expression within glutamatergic neurons. Four weeks later, the effects of optogenetic stimulation 

on formalin-induced conditioned place aversion (F-CPA) were assessed. Data were analyzed 

using one-way ANOVA. We found that optogenetic inhibition of glutamatergic neurons in the 

ACC abolished F-CPA, while activation of the same neurons did not significantly affect F-CPA, 

compared with rats expressing the control fluorophore. These data suggest that glutamatergic 

neurons of the ACC play an important role in the aversive component of inflammatory pain in 

rats. References1. Calejesan, Kim, & Zhuo (2000) Descending facilitatory modulation of a 

behavioral nociceptive response by stimulation in the adult rat anterior cingulate cortex. 

European journal of pain (London, England), 83-96.2. Gu, Uhelski, Anand, Romero-Ortega, 

Kim, Fuchs, & Mohanty (2015) Pain inhibition by optogenetic activation of specific anterior 

cingulate cortical neurons. PloS one, 10, e0117746. 
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Abstract: Local field potential (LFP) is used to measure the combined activity of neurons within 

a brain region, ranging from several hundred micrometers to a few millimeters. It can be 

invaluable for understanding cortical functions. Like electroencephalography (EEG), LFP 

contains the frequency bands of delta (0-3 Hz), theta (4-7 Hz), alpha (8-12 Hz), beta (13-30 Hz), 

and gamma (31-100 Hz). The purpose of this study was to record LFP from multiple regions of 

the brain simultaneously. The hypothesis is that the peripheral noxious input will evoke different 

responses in different brain areas, which are involved in emotional pain (e.g., anterior cingulate 

cortex (ACC), amygdala, ventral tegmental area (VTA)) and involved in sensory pain (e.g., 

primary somatosensory cortex (S1) and ventral posterolateral thalamic nucleus (VPL)). In this 

study, we recorded LFP from contralateral ACC, bilateral amygdala, and contralateral VTA 

simultaneously. Under isoflurane anesthesia, four electrodes were implanted into these brain 

areas in male Sprague-Dawley rats (n=12), LFPs were recorded for around 11 minutes as 

baseline, then 0.1mL formalin (3%) was injected to the left hindpaw of rats and LFP was 

recorded for 60 minutes. The raw data of LFP was processed by power spectrum analysis in 

MATLAB. The power of each frequency band was normalized by the average power of the 

baseline. Then one-way repeated measures analysis of variance (ANOVA) with LSD post-hoc 

test was conducted to compare the difference after formalin injection. The results indicated that: 

Overall, the relative change of LFP powers for theta, alpha, beta, and gamma bands were 

increased significantly after formalin injection (p < .05) for the contralateral ACC, bilateral 

amygdala, and contralateral VTA simultaneously, and lasted up to 60 minutes. For the delta 



band, the relative change of LFP power kept decreasing before and after formalin injection (p < 

.05). There were no significant difference for the relative change of LFP powers among these 

four brain regions (p > .05). In conclusion, formalin-induced inflammatory nociception increases 

the LFP activities at the ACC, Amygdala, and VTA indicating the underlying signaling process 

at these brain regions. 
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Abstract: Nociception serves vital protective functions against bodily injury. The 

thalamocortical (TC) pathway, which transmits sensory information to the cortex, is essential for 

perception of nociception. The unique property of TC neurons to switch between tonic (single 

spike) and burst (high frequency spikes) firing modes have been suggested to be a critical 

component in modulating nociceptive signals. However, the precise mechanism by which the 

dual firing mode of TC neurons bifunctionally modulate nociceptive signals at the cortical level 

remains unknown. Here we present immunohistochemical evidence that burst, but not tonic, 

stimulation of TC neurons increased the activity of parvalbumin (PV) interneurons in the cortex. 

Functionally, we found that optogenetic stimulation and specific transcranial magnetic 

stimulation (TMS) of PV interneurons were capable of differential modulation of nociceptive 



thresholds. Results support the role of PV interneurons as a key pain modulating component at 

the cortical level within the TC circuit. 
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Abstract: Migraine affects 12% of the world’s population, yet mechanistic understanding of 

migraine pathophysiology remains elusive. Transgenic mice harboring a mutation in the casein 

kinase 1 delta (CK1δ T44A) gene represent the first animal model of non-hemiplegic migraine. 

Like migraine patients, these mice have decreased sensory thresholds to mechanical and thermal 

pain after treatment with migraine trigger nitroglycerin. Like other migraine models, the have an 

increased susceptibility to cortical spreading depression (CSD), which models migraine aura. In 

this study, we used in vitro and in vivo whole cell electrophysiology to investigate the cellular 

and synaptic mechanisms that underlie the migraine relevant phenotypes of CK1δ T44A mice. 

At resting state, intrinsic cellular properties and synaptic currents in CK1δ T44A neurons were 

similar to WT littermates. However, CK1δ T44A neurons had hyperpolarized membrane 

potential compared to WT littermates, due to increased tonic. This might be predicted to yield a 

hypo-excitable phenotype in CK1δ T44A mice. However, upon network stimulation, excitatory 

(but not inhibitory) synapses in CK1δ T44A animals failed to adapt to high frequency stimulus 

trains, resulting in higher steady state excitatory currents. This was accompanied by increased 

action potential firing frequencies to current injection in CK1δ T44A compared to WT neurons. 

Finally, CK1δ T44A animals showed increased duration of cortical 'upstates,’ and increased 

membrane potential variance during upstates. In conclusion, we observe an increase in neuronal 

and local network gain in CK1δ T44A, likely due to failure of excitatory synapses to adapt to 

intense stimulation. This increased excitability likely underlies the increased susceptibility to 



CSD, and possibly the amplified pain response in this mutation. We suspect that the increase in 

tonic inhibition may be a compensatory response to a net excitable network. 
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Abstract: Sensory deprivation induces brain plasticity. These changes are thought to provide 

behavioural adaptation. For instance, the visual cortex of the blind is activated by auditory 

discrimination and thus, would enhance auditory abilities in blind compared with sighted 

individuals. Similar findings were observed for somatosensory functions. However, little is 

known about nociceptive processing and pain perception in blind individuals. 

A recent study showed that congenital blind humans are hypersensitive to acute pain. Yet, the 

driving mechanism remains unknown. One potential mechanism underlying this hyperalgesia 

may involve the amygdala. Indeed, the central nucleus of the amygdala receives nociceptive 

inputs through projections from the spinal cord and plays an important role in nociceptive 

processing, chronic pain and hyperalgesia. 

In the present study, the potential contribution of the amygdala to hyperalgesia in the blind was 

examined by comparing pain sensitivity as well as amygdala volume and activation by pain in 

the ZRDBA mouse, a unique model of blindness. The ZRDBA mouse strain was obtained 

through genetically controlled crossing between ZRDCT eyeless mice and DBA mice with 

normal vision. In the resulting ZRDBA strain, half of individuals are born sighted with normal 

eyes (heterozygous) and half are born anophthalmic (homozygous). Pain sensitivity was assessed 

with the formalin test in 40 mice, including 20 anophthalmic and 20 sighted ZRDBA mice. 

Amygdala volume was measured using postmortem structural MRI and morphometric analyses 

of Nissl-stained serial sections, while its activation by formalin pain was assessed using c-Fos 

immunohistochemistry. All experimental procedures were approved by the animal care 



committee of “Université du Québec à Trois-Rivières”. 

Results from the formalin test revealed that blind mice are hypersensitive to acute pain and show 

stronger c-Fos immunoreactivity in the amygdala (p=0.001) and in its central nucleus (p=0.01) 

compared with sighted mice. In addition, the total volume of the amygdala was larger in blind 

compared with sighted mice (p=0.01), although no group difference was observed for central 

nucleus volume specifically. Taken together, these results suggest that stronger activation and 

increased volume of the amygdala may underlie pain hypersensitivity in the blind. 
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Abstract: The anterior cingulate cortex (ACC) is a limbic region associated with emotional 

processing of pain, however, the cellular neurophysiology and circuitry involved is incomplete. 

GRM2 encodes the group II metabotropic glutamate receptor subtype 2 (mGluR2), a G-protein 

coupled receptor canonically coupled to Gi/o, which has analgesic properties and which we 

found is robustly expressed in ACC. Here, we focused on the physiological properties of the 

subset of GRM2+ neurons in the ACC under conditions of inflammatory and neuropathic pain. 

Both male and female adult GRM2Cre; Rosa26lsl-tdTomato mice were used to identify GRM2+ 

neurons, which were pyramidal type with apical dendrites oriented to the brain surface and soma 

localized to layer 2/3. GRM2+ neurons did not co-express the markers of inhibitory interneurons, 

somatostatin or parvalbumin. Complete Freund’s adjuvant (CFA) and chronic constriction injury 

(CCI) of sciatic nerve were utilized to study the intrinsic membrane properties of GRM2+ 

neurons under inflammatory and neuropathic pain conditions. Using patch-clamp 

electrophysiology in brain slices of ACC, we found that GRM2+ neurons from inflammatory or 

neuropathic pain models exhibited significantly higher action potential discharge and sensitized 

membrane physiology compared to controls. This hyperexcitability was reversed by 

pharmacological activation of mGluR2, by the agonist APDC (1 µM). Retrograde tracer 



fluorogold injection in ACC showed neuronal labeling in medial dorsal thalamus (MD), 

suggesting a synaptic connection between MD and ACC. To delineate the pathway from MD to 

ACC, rAAV5/hSyn-ChR2-mCherry was injected unilaterally in MD. To study synaptic activity 

at GRM2+ neurons, miniature excitatory/ inhibitory postsynaptic currents (mEPSC/mIPSC) were 

recorded under voltage clamp at -70mV and +10mV respectively, with the presence of 

tetrodotoxin (TTX, 1 µM). We next used optogenetic activation to determine the amplitude and 

decay of evoked-EPSCs from MD. Optogenetic-evoked (20ms, 470nm) excitatory postsynaptic 

currents and paired-pulse (10ms pulse, 200ms inter-pulse interval) ratio were used to determine 

how pain models change synaptic transmission at the MD-ACC synapse. These results will 

enhance our understanding of the mechanisms of thalamo-limbic synaptic plasticity under pain 

condition. 
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Abstract: Hereditary Sensory and Autonomic Neuropathy (HSAN) type V is a rare autosomal 

recessive disorder characterized by the inability to detect painful stimuli, caused by the R100W 

point mutation (661C>T) in the ngf gene (Einarsdottir et al., 2004). Homozygous HSAN V 

patients show congenital insensitivity to pain leading to multiple fractures as a consequence of 

damage unawareness but do not display cognitive impairment. Heterozygous carriers, identified 

through pedigree and genetic screening, do not present with pain- or inflammation-related 



deficits nor alterations in the peripheral sensory innervation. This clinically silent population 

provided us with the opportunity of investigating whether the R100W mutation might affect 

more subtle aspects of pain perception and processing. We conducted a parallel study in a cohort 

of HSAN V heterozygous human carriers and in heterozygous knock-in mice harboring the 

R100W mutation in the context of the human ngfb coding sequence (NGFR100W/m mice). 

NGFR100W/m knock-in mice reproduce the main clinical features of heterozygous HSAN V human 

carriers, showing no major deficits in sensory neuron development and no learning and memory 

deficits. Strikingly, when challenged in the fear conditioning test, NGFR100W/m mice show an 

impaired pain-dependent behavioral freezing reaction, despite normal responses to the noxious 

conditioning stimulus. This lack of pain related memory is paralleled by a lower cFos activation 

in the anterior cingulate cortex (ACC) and in motor brain areas. The response of NGFR100W/m 

mice to innate fear paradigms is instead normal. The expression of oxytocin, a known mediator 

of fear and pain, is decreased in both plasma and hypothalamus of NGFR100W/m mice. Likewise, 

human heterozygous R100W carriers, despite being able to perceive noxious stimuli and 

reporting subjective pain thresholds, show increased reaction latencies in response to painful 

stimulation and a decreased subjective urgency to react. fMRI brain imaging revealed, 

comparably to the c-fos mouse data, altered BOLD signals in rostral ACC, medial premotor 

cortex and striatal regions associated with pain behavior. These findings from both human 

carriers and knock-in mice provide new insights into the central consequences of growing 

without feeling pain, in addition to providing insight into how the brain constructs an essential 

perception for survival. 
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Abstract: There is a critical need to determine the location, connections and neurochemical 

identities of neurons participating in the transmission and modulation of pain in the CNS so that 

these circuits can be precisely targeted for pain intervention. Without such knowledge the 

development of effective, low side-effect pain treatments will be difficult. In this study I will 

report our progress using recent technological advancements to determine detailed neural 

activation patterns and synaptic circuit organization of neurons related to pain sensation and 

modulation in the thalamus. We have identified and visualized thalamic nociceptive neurons 

activated by chronic pain, using a strategy of genetic capture of active neurons on the basis of 

activity dependent c-fos gene expression. Specifically, pain-activated neurons are captured using 

Fos-CreER mice with tamoxifen-dependent recombinase CreERT2 under the promoter of the 

immediate early gene c-fos. These mice are crossed with Cre reporter Ai9 mice to express 

tdTomato fluorescent proteins. A noxious stimulus is evoked by injection of complete Freund’s 

adjuvant (CFA) into the hind paw; only neurons that are functionally active within a limited time 

window of 4-OHT administration are genetically labeled. Then we build on this technical 

development to combine the Fos-CreER based strategy with new viral tracing of circuit 

connections to nociceptive neurons in the ventral posterolateral (VPL) nucleus. Genetically 

modified rabies is used to trace direct synaptic connections to pain activated neurons in VPL. In 

mice with intraplantar saline injection activated VPL neurons show presynaptic input from local 

neurons and zona incerta and, to a lesser extent, from reticular thalamic nucleus. In contrast, 

when activated by intraplantar CFA, VPL neurons show increased input from reticular thalamic 

nucleus. No long-range presynaptic inputs were detected. We conclude that VPL neurons 

transmitting noxious signals to cortex are predominantly modulated by inhibitory input from 

reticular thalamic nucleus. 
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Abstract: Interest in the role of ATP in synaptic transmission started growing since specific 

ATP-gated ion channels were reported to localize on primary sensory neurons and activation of 

these channels mediates ATP-evoked neuronal excitability. Among ATP receptor families, P2X7 

receptors differ in many respects from the other subtypes of this family (P2X1-6). The short-time 

stimulation of P2X7 leads to the expected activation of cationic currents, upon repeated or 

prolonged ATP application the opening of a large membrane pore can be detected. In view of the 

great significance of peripheral P2X7 receptors in pain and inflammation, we set out to 

investigate the possible role of this receptor in the central modulation of pain signaling in the 

thalamocingulate pathway. Slices of the mouse brain containing both the medial thalamus and 

anterior cingulate cortex were used for the study. Whole cell recording with patch clamp method 

and Extracellular field currents were recorded with 64 channel multichannel electrical array 

(MEA system) with P2X7 agonist or antagonist. In vivo 16-multichannel recordings were done 

upon high-intensity nociceptive electrical stimulation from the Sciatic Nerve (SNS Sti) with or 

without application of P2X7 antagonists into Medial-thalamus. 64-channel MEA recordings 

reveal that the evoked response in ACC upward deflection after 10 ms of MT electrical 

stimulation, the BzATP treatment group was larger than those evoked in control groups. 

Wholecell patch-clamp recordings from ACC neurons revealed that extracellular P2X7 agonist 

BzATP application increased the membrane potential and spike numbers of EPSCs as well as the 

amplitude, whereas the P2X7 antagonist application of A-740003 could reserve or suppress the 

facilitated neuron activity by BzATP. In vivo MD site application of selective P2X7 antagonists 

reveal inhibition of ACC neuron activity in response to nociceptive SNS stimulation and 

selective P2X7 agonist application facilitate the ACC neuron activity. In brief, our data obtain 

valuable information to the controversy regarding the presence of P2X7 in the central nervous 

system which indicates the clear functional existence of P2X7 alone the thalamocingulate 

pathway, particularly on the ACC neurons in responses to P2X7 agonist or antagonist 

applications with or without thalamic inputs and in modulation of the peripheral inputs by SNS 

stimulation . Modulations of nociceptive transmission in the central thalamocingulate path via 

P2X7 targeting may contribute a new insight for further anti-nociceptive applications or promote 

knowledge of the physiological 

roles of the P2X7 receptors. 
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Abstract: Pain diagnosis and treatment remain insufficiently developed. First, pain diagnosis 

continues to rely on behavioral reports rather than cellular mechanisms, leading to risks of under- 

or over-treatments. Second, while multimodal analgesic strategies have shown promise in clinic, 

newer and safer neuromodulation strategies are urgently needed to complement pharmacological 

and behavioral treatments. Our previous studies have shown that certain brain regions, such as 

the prefrontal cortex (PFC), can be optogenetically or electrically stimulated to provide 

analgesia, continuous stimulation will result in unwanted side effects. To address these 

challenges, we have developed a prototype brain machine interface (BMI) for acute pain onset 

detection and for demand-based therapeutic stimulation in free moving rats. Two 32-ch silicon 

probes, assembled with 3D printed drives, were implanted in the rat primary somatosensory 

cortex (S1) and anterior cingulate cortex (ACC) separately. In addition, an optic fiber is 

implanted in the PFC after AAV-CamKII-hChR2 injection. Mechanical pin prick or Hargreaves 

thermal stimulus were delivered to rats’ hind limbs contralateral to recording sites. An 

unsupervised latent state-space model was used to detect the onset of acute pain signals based on 

ensemble spike activity, and we have implemented this system for online pain decoding. Our 

preliminary data have shown that we can achieve real-time decoding true positive rate >80%, 

and that pain detection can reliably trigger PFC stimulation to attenuate pain behaviors. 
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Abstract: The class A seven transmembrane domains receptor (7TMR) APJ is activated by its 

two endogenous ligands, apelin and Elabela. Apelin is a peptide neurohormone involved in 

water-intake balance, cardiovascular function and more recently, its shortest isoform, apelin-13, 

was demonstrated to exert potent analgesic effects following spinal or supra-spinal delivery. In 

the present study, we aimed at deciphering by which signaling pathways the apelin peptide 

exerted its antinociceptive action. For this purpose, a series of apelin-13 analogs incorporating 

unnatural amino acids in positions 12 and 13 were synthesized. Pro12 and Phe13 were respectively 

substituted by aminoisobutyric acid (Aib) and by the aromatic residues 1-Naphtylalanine (Nal) or 

2-Nal. We first examined in vitro their ability to trigger different signaling pathways following 

binding to APJ, such as engagement of G-proteins Gαi1, recruitment of β-arrestins 1 and 2, as 

well as efficiency to inhibit cAMP production. Then, the preference of the analogs to trigger a 

signaling pathway over another, referred to as biased signaling was quantified using the Black 

and Leff operational model. Our results revealed that all the tested compounds were less active 

than apelin-13 to inhibit forskolin-induced cAMP production with EC50 10- to 20-fold higher 

than the native peptide. However, three analogs were 2- to 8-fold more potent than apelin-13 to 

recruit β-arrestin 2. These analogs exhibited a unique and conserved biased signaling profile 

towards β-arrestin 2 recruitment over inhibition of cAMP production with significant bias factors 

ranging from 35- to 83-fold in favor of the β-arrestin 2 recruitment. The antinociceptive activities 

of these newly synthesized compounds were then evaluated in the formalin-induced tonic pain 

model and in the CFA-induced chronic inflammatory pain paradigm in Sprague-Dawley rats. 

Interestingly, the apelin peptide analogs that were found to be more effective in reversing the 

formalin-evoked pain behaviors showed a strong bias towards β-arrestin 2 recruitment. We are 

currently exploring in vivo the effects of the selective knockdown of β-arrestins using DsiRNAs 

on the analgesic efficacy of these apelin peptides. Taken together, our results demonstrate that 

incorporation of unnatural amino acids at the C-terminal end of the apelin peptide impacts on the 

APJ receptor signaling and that the development of β-arrestin 2 biased APJ agonists may 

represent a promising strategy to identify more effective analgesic candidates. 
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Abstract: Aim of Investigations: Currently available treatments for neuropathic pain have only 

have modest efficacy and have significant adverse effects, including abuse potential. As an 

alternative target for neuropathic pain, we focused on the transcription factor nuclear factor 

erythroid 2-related factor 2 (Nrf2), which is responsible for transcription of >200 antioxidant-

related genes. We aimed to test whether activation of Nrf2 would resolve oxidative stress, hence 

improving mitochondrial function and attenuating neuroinflammation; both processes promote 

neuronal hyperexcitability that underlies neuropathic pain behaviors. Dimethyl fumarate, FDA- 

and EMA-approved for treatment of multiple sclerosis, was investigated as a putative Nrf2 

activator.  

Methods: Neuropathic pain was established with the spared nerve injury (SNI) model in male 

Sprague Dawley rats. Dimethyl fumarate/vehicle was orally administrated daily for 5 days, 

beginning 2 weeks after SNI/sham surgery (300 mg/kg/day). The von Frey test and a conflict-

avoidance task were used to quantify nociceptive hypersensitivity. Immunohistochemistry and 

ELISA were used to assay Nrf2 translocation, levels of reactive oxygen species and antioxidants, 

and cytokines in ipsilateral L4/5 dorsal root ganglia (DRG). The Seahorse assay was used to 

evaluate mitochondria function in DRG neurons. 

Results: Oral administration of dimethyl fumarate progressively reversed allodynia established 

by SNI. We further found that dimethyl fumarate treatment activated Nrf2 in DRG and restored 

redox homeostasis, including increased levels of glutathione and superoxide dismutase (SOD) 

activity, and reduced oxidative damage to RNA/DNA. Dimethyl fumarate treatment completely 

restored mitochondrial function. Furthermore, dimethyl fumarate attenuated levels of pro-



inflammatory mediators (IL-1β, IL-6, CCL2, and CCL3) and increased levels of anti-

inflammatory cytokines (IL-4, IL-5, and IL-10). 

Conclusions: Our results highlight the potential for dimethyl fumarate, a non-addictive anti-

nociceptive drug, to be repurposed for disease-modifying treatment of neuropathic pain. 
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Abstract: Oral cancer generates severe pain and the intensity increases with disease progression. 

The causes of oral cancer pain are not completely understood. Our working hypothesis proposes 

that the cancer secretes mediators that sensitize and activate primary afferent nociceptors in the 

microenvironment. In a study of the transcriptomes of oral cancers and contralateral normal oral 

tissues from patients with associated clinical information and pain status as measured by the 

University of California Oral Cancer Pain Questionnaire (UCSFOCPQ), we found artemin 

(ARTN), a member of the glial cell line-derived-neurotrophic factor (GDNF) family of proteins 

to be significantly overexpressed in oral cancers. Higher ARTN expression was present in 

patients reporting greater pain. To investigate whether ARTN expressed by the cancer contributes 

to oral cancer pain, we inoculated HSC-3, human oral squamous cell carcinoma cells (1 x 105 

cells), into tongues of female Foxn1nu mice. Three days post injection human ARTN function 

blocking antibody (R&D systems human anti-ARTN monoclonal antibody MAB2589) or IgG 

control (R&D systems, 1-001-A) antibody (2.5 µg in 5 µL saline) was injected into the tongues 

two times per week (n=8 mice/group). We measured orofacial nociceptive behavior using a 

dolognawmeter or facial von Frey assay in two separate experiments. Mice were sacrificed at 24 

- 30 days following injection of HSC-3 cells. Trigeminal ganglia were collected and acute 

neuron cell cultures were prepared to assess neuronal sensitivity by calcium imaging. We found 

that cancer mice receiving human anti ARTN function blocking antibody show significantly 

reduced nociceptive behavior measured by the dolognawmeter assay (percent change from 



baseline) at 20 days (22.0 ± 51.8 vs 133.8 ± 85.5) and 24 days (32.0 ± 39.4 vs 118.0 ± 133.0) 

after HSC-3 cancer cell inoculation (p<0.01 and p<0.05, two-way ANOVA with Sidak post hoc 

analysis, respectively). The cancer mice treated with anti-ARTN antibody exhibited less facial 

nociceptive behavior at 24 days after HSC-3 inoculation (mean ± SEM, facial nociceptive score 

2.2 ± 0.2 vs 3.4 ± 0.1, p<0.01, two-way ANOVA with Sidak post hoc analysis). A greater 

number of small (≤20 µm) neurons responded to 1 μM capsaicin (Trpv1 agonist) in cultures from 

control animals compared to those from the ARTN antibody treated animals (p=0.04, Fisher’s 

exact test) and the amplitude of response was greater in the control cultures (ΔF340/380 = 1.11 ± 

0.10 vs 0.73 ± 0.09, p=0.009, unpaired t-test). These observations demonstrate that targeting 

ARTN from HSC-3 cells with a function blocking antibody attenuates cancer-induced 

nociceptive behavior and neuronal sensitivity. 
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Abstract: Despite the bee sting produces irritation and pain, it has been also used as a traditional 

therapy in Korea. This study was designed to investigate the effect of bee venom treatment on 

the burn injury-induced nociception in mice. In order to develop a burn injury model, right hind 

paw was temporarily immersed in hot water (65 degree Celsius, 2 second). Just after burn 

induction, subcutaneous injection of bee venom (0.01, 0.02 or 0.1 mg/kg) was started into the 

ipsilateral knee area once daily for 14 days. The von Frey test was performed to assess 

nociceptive response and altered walking parameters was evaluated by CatWalk automated gait 

analysis system. From 3 days after burn injury, tactile hypersensitivity was observed and 

sustained for 14 days after injury only in the affected paw. Gait parameters such as paw print 



area and single stance were also significantly changed by burn injury. Repeated bee venom 

treatment at two higher doses used in this study (0.02 and 0.1 mg/kg) remarkably alleviated 

tactile hypersensitivity and recovered gait performances to similar level of acetaminophen (100 

mg/kg, intraperitoneal, once daily) treated positive control group. These results suggest that the 

peripheral bee venom treatment may have the positive potency to treat burn injury-related pain. 
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Abstract: Chronic neuropathic pain is a common debilitating consequence of spinal cord injury 

(SCI). Current pharmaceutical treatments, such as opiates, are often unable to adequately manage 

SCI chronic pain and have serious risks, such as addiction. Thus, it is essential to develop new 

treatment strategies that improve analgesia while minimizing risks. An extensive overlap of 

dopamine and opioid signaling exists and we have shown previously that a D3 receptor (D3R) 

agonist can enhance morphine analgesia against a mechanical stimulus. Since D3Rs can form 

functional heteromers with D1Rs, the objective of this study was to determine whether a 

combination therapy of morphine with D1R or D3R modulators would provide superior 

analgesia for SCI chronic pain without increasing reward potential. Using a contusion model of 

SCI known to produce chronic pain behaviors (hyperalgesia and allodynia) we tested nociceptive 

responses (tail-flick for thermal hyperalgesia and von Frey for mechanical allodynia) of female 

Long Evans rats. Baseline thresholds were obtained prior to injury and re-tested after injury 

under the following drug conditions 1) saline, 2) morphine (2mg/kg) 3) morphine (2mg/kg) + 

SCH39166 (0.1mg/kg), 4) SCH39166 (0.1mg/kg) 5) morphine (2mg/kg) + pramipexole 

(0.1mg/kg) and 6) pramipexole (0.1mg/kg). Additionally, we assessed reward potential of each 

drug combination (Conditioned place preference). SCI decreased tail flick thresholds indicating 



thermal hyperalgesia. Treatment with morphine created a bimodal distribution with 1/3 of SCI 

animals responding to morphine. Adjunct treatment with SCH39166, a D1R antagonist increased 

mechanical thresholds compared to saline, morphine and SCH39166 alone but only increased 

thermal thresholds in animals that did not respond to morphine alone. Adjunct treatment with 

morphine and the D3R agonist pramipexole increased both thermal and mechanical thresholds 

compared to saline, morphine or pramipexole alone. Conditioned place preference was not 

induced by either drug combination. The data demonstrate that in a model of SCI, adjunct 

therapy with dopamine modulators provides better analgesia than morphine alone. However, 

addition of the D3R agonist was more effective on both types of pain. Dopamine modulators as 

adjunct therapy may represent a potential clinical intervention for chronic neuropathic pain 

particularly in cases that are non-responsive to morphine alone. 
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Abstract: Opioids are the gold standard for relief of moderate to severe pain, but in addition to 

well-known side effects, including abuse potential, opioids paradoxically cause pain sensitization 

over time, limiting their use. Morphine, for example, worsens and prolongs mechanical allodynia 

and thermal hyperalgesia after Complete Freund’s Adjuvant (CFA) injection into a rat’s hind 

paw after drug cessation [1]. ZH853 is a novel endomorphin analog that has reduced side effects, 

including abuse liability [2], and superior analgesia [3] compared to morphine. We tested 

whether chronic drug administration, before or after inflammatory pain, would induce 

sensitization of pain, as morphine does. Adult male Sprague-Dawley rats were implanted with 

intrathecal catheters and administered drug via osmotic minipump for 5 days. Inflammation was 



induced by CFA injection to the left hind paw and sensitivity was measured with von Frey and 

Hargreaves testing. We also used the CatWalk XT to determine whether morphine and/or ZH853 

made gait impairments worse than CFA alone. When all animals had recovered to baseline, 

naltrexone was used to probe whether latent sensitization had developed. We found that 

morphine prolonged and intensified hypersensitivity in both paradigms, while ZH853 reduced 

the total time and intensity of hypersensitivity, and protected against CFA-induced latent 

sensitization versus vehicle and morphine treatment. This study suggests that, unlike currently 

used opioids, ZH853 can treat chronic inflammatory pain effectively without causing further 

sensitization of the pain system. 

1.Loram, L.C., et al., Prior exposure to repeated morphine potentiates mechanical allodynia 

induced by peripheral inflammation and neuropathy. Brain Behavior and Immunity, 2012. 26(8): 

p. 1256-1264. 

2.Zadina, J.E., et al., Endomorphin analog analgesics with reduced abuse liability, respiratory 

depression, motor impairment, tolerance, and glial activation relative to morphine. 

Neuropharmacology, 2016. 105: p. 215-27. 

3.Feehan, A.K., et al., Novel Endomorphin Analogs Are More Potent and Longer-Lasting 

Analgesics in Neuropathic, Inflammatory, Postoperative, and Visceral Pain Relative to 

Morphine. J Pain, 2017. 18(12): p. 1526-1541. 
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produced antihyperalgesia 

Authors: W. GUO1, J. YANG1, S. IMAI4,1, S. ZOU1, H. LI1,5, H. H. XU2, K. D. MOUDGIL6, 

R. DUBNER1, F. WEI1, *K. REN3 
1Dept. of Neural and Pain Sci., 2Dept. of Advanced Oral Sci. & Therapeutics, Sch. of Dent., 
3Neural and Pain Sci., Univ. of Maryland Sch. of Dent., Baltimore, MD; 4Dept. Clin. Pharmacol. 



and Therapeut., Kyoto Univ. Hosp., Kyoto, Japan; 5Dept. of Neurology, the 3rd Affiliated Hosp. 

of Sun Yat-Sen Univ., Sun Yat-Sen Univ., Guangzhou, China; 6Dept. of Microbiology & 

Immunol., Univ. of Maryland Sch. of Med., Baltimore, MD 

Abstract: Our previous studies have found that bone marrow stromal cells (BMSCs), a major 

type of mesenchymal stromal cells, upregulate opioid receptors in the brain stem pain 

modulatory circuitry and attenuate pain hypersensitivity in animal models. The present work was 

undertaken to test the hypothesis that BMSCs produce pain relief through immune activation 

requiring chemokine signalling. Taking advantage of the observation that primary BMSCs 

produced pain relief while high passage BMSCs (≥20P) were ineffective, we compared gene 

transcription profiles of chemokine and their receptors between the primary and 20P-BMSCs 

with an Inflammatory Cytokines & Receptors RT2ProfilerTMPCR Array (Qiagen). Fifty of 84 

genes examined were expressed at a higher level (≥2-fold) in primary BMSCs, including CCL5 

(RANTES), and its receptor CCR5. In rats with ligation injury of the masseter muscle tendon 

(TL), an antibody array (R&D Systems) revealed that the levels of CCL5 in the serum were also 

increased at 1 and 7 days following systemic infusion of primary BMSCs (1M cells). Further, 

immunostaining showed that peripheral blood monocytes (PBMCs) expressed both CCL5 and 

CCR5 and that treatment with BMSCs led to an increase in Ccl5mRNA in PBMCs. Expression 

of CCL5/CCR5 in both BMSCs and PBMCs suggests reciprocal interactions between infused 

BMSCs and host immune cells. As CCL5-CCR5 signalling has been shown to be involved in 

opioid receptor regulation, we examined the role of CCL5 signalling in descending circuitry in 

BMSC-produced pain attenuation. Mechanical nociception of the rat was assessed with von Frey 

filaments. EF50(Effective Force50), the derived von Frey filament force (g) that produces a 50% 

response, was used as a measure of mechanical nociceptive sensitivity. Mechanical hyperalgesia 

as shown by a significant reduction of EF50 was induced in rats following TL, which was 

attenuated after the BMSC treatment. Antihyperalgesia was significantly reduced in TL rats 

receiving injection of met-RANTES (0.5 ng), a CCL5 inhibitor, and maraviroc (0.1 pmol), a 

CCR5 antagonist, into the rostral ventromedial medulla (RVM), the key structure of the brain 

stem pain modulatory circuitry. Consistently, western blot showed that BMSC-induced 

upregulation of mu-opioid receptors in the RVM was attenuated after intra-RVM maraviroc 

injection. These results suggest that the CCL5/CCR5 axis mediates peripheral BMSC-immune 

cell interactions and play a role in the descending circuitry in BMSC-produced antihyperalgesia. 

Disclosures: W. Guo: None. J. Yang: None. S. Imai: None. S. Zou: None. H. Li: None. H.H. 
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Abstract: T-type calcium channels (CaV3.X) are critical for many physiological processes, 

altering their activity contributes to disease states including cardiac arrhythmia, epilepsy and 

pain. Interestingly, clinical reports of some severe adverse reactions attributed to consumption of 

illicit Synthetic Cannabinoids (SCs), closely resemble the symptoms associated with disruption 

of T-type ICa function. It is known that other cannabinoid-based compounds can potently block 

and modulate T-type activity, therefore we screened a library of related SCs (Banister SD, et al., 

2016) to identify whether misused SC compounds modulate human CaV3 channels in vitro. We 

used a combination of fluorometric (FLIPR) assays and patch clamp electrophysiology to screen 

a library of SCs for their ability to block or modulate T-type channels. Experiments used 

HEK293 Flp-In T-REx cells stably expressing CaV3.1, 3.2 or 3.3. Initial patch clamp screening 

of the SCs (10 µM) revealed 2 compounds that potently blocked the Cav3.2. One of these 

compounds, MDMB-CHMICA, has been implicated in many cases of severe poisoning, 

including up to 30 deaths. The other compound, AMB CHMINACA, is a less well described 

recreational drug. MDMB-CHMICA and AMB CHMINACA rapidly blocked Cav3.2 with IC50’s 

of 1.5 ± 0.4 and 0.74 ± 0.3µM respectively. Neither SC affected the half activation or steady state 

inactivation potential of Cav3.2. AMB CHMINACA only showed a significant frequency-

dependent block when ICa were evoked at 1 Hz, but not 0.2 or 0.5 Hz (P < 0.05 vs control). Slow 

inactivation block of Cav3.2 was assessed in presence and absence of drug using a 2 pulse 

protocol. Under these conditions, both SCs showed significant increase in channel block 

suggesting that they preferentially bind to this conformation of Cav3.2. These results are the first 

to show that some SCs can potently modulate T-type ICa in both a tonic and state dependent 

manner. FLIPR assays of CaV3.X activity also showed strong inhibition of these ICa by most of 

the SCs tested. These findings are significant because they show that SCs modulate CaV3 

channels in a manner distinct from tetrahydrocannabinol, the psychoactive component of 

cannabis. The severe adverse effects of MDMB-CHMICA and other SCs may be partly related 

to block of T-type ICa, as well as to their higher CB1 efficacy. Conversely, these findings also 

suggest that at the right dose, “illicit” SCs, like traditional cannabinoids, could be useful for 

modulating T-type channels for therapeutic applications. Banister SD, et al. (2016). ACS Chem 

Neurosci 7: 1241-1254. 
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Abstract: Microglia in M1 and M2 activation states play differential roles. M2 microglia are 

potential therapeutic target in many central nervous system diseases including neurodegenerative 

disease and brain cancer. We developed a platform targeting mannose receptor (CD206) positive 

M2 microglia by tagging mannose on albumin protein through ‘click chemistry', under 

physiologic condition that minimize protein denaturation from harsh reaction condition. Albumin 

was conjugated with DBCO-NHS and then with α-mannose-TEG-azide. The reaction product 

albumin-DBCO-azide was conjugated with Cy3/Cy5/Alexa647-azide for visualization. BV-2 cell 

line and primary cultured microglia from neonate mouse were used for in vitro validation of 

synthesized albumin platform. To activate these cells to M2 polarized state, interleukin-4 was 

treated on cells. To validate specificity and efficiency of albumin platform, 

immunocytochemistry and FACS was conducted after treating albumin platform on cells for 

specific periods. Up-regulation of M2 state marker genes in IL-4-treated BV-2 cell lines was 

demonstrated by real-time RT-PCR. Mannose/Alexa647 tagged albumin was applied for 

validating their selectivity. FACS and confocal microscopy imaging showed 60% more abundant 

fluorophore uptake in M2 state cells than in resting cells, which was successfully blocked by 

mannose and mannan polymer, respectively. These results suggest that mannose-tagged-

albumin-based synthetic drug delivery platform is a potential therapeutic option for diseases that 

involves M2 microglial activation. 

Disclosures: B. Lee: None. J. Park: None. S. Oh: None. Y. Lee: None. G. Chung: None. 
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Abstract: Cancer-induced bone pain (CIBP) is a major complication affecting over 30% of 

cancer patients with bone metastasis. Due to the prevalence of CIBP and its disabling effects, 

opioids are now the major analgesics for the management of CIBP. However, the benefits of 

opioids when prescribed for CIBP are questionable due to severe side effects. The widespread 

use of opioids is associated with an increasing epidemic of opioid addictions and related 

overdose deaths. Therefore, the development of novel analgesic therapies attenuating opioid-

induced reward are urgently needed. Recently, cannabinoids have emerged as attractive therapies 

for the treatment of chronic pain and drug-induced reward. In our studies, we, for the first time, 

found that activation of peripheral type 1 cannabinoid receptor (pCB1R) significantly alleviated 

spontaneous pain behaviors in a syngeneic murine model of CIBP. More importantly, the 

activation of pCB1R does not induce common side effects produced by cannabinoids and 

opioids, including motor impairment and enhanced bone degradation. Moreover, we investigated 

the role of endogenous cannabinoid systems in chronic opioid-induced reward. Our preliminary 

data indicate that systemic administration of a selective CB2 agonist can effectively mitigate 

chronic morphine-induced reward. Overall, our studies demonstrate that targeting peripheral 

CB1R or endogenous cannabinoid systems may be an effective way to manage CIBP and is a 

promising strategy to address the growing opioid epidemic. 

Disclosures: H. Zhang: None. D. Lund: None. D. Coleman: None. R. Davidson-Knapp: 

None. H. Ciccone: None. W. Staatz: None. M. Ibrahim: None. T. Largent-Milnes: None. H. 

Seltzman: None. I. Spigelman: None. T. Vanderah: None. 
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Abstract: SCS is a therapy for chronic pain but underlying mechanisms of action remain unclear 

and limit optimization of this therapy. Previously, a computational model of dorsal horn neurons 

was used to quantify the responses of WDR neurons - a proxy for pain intensity - to peripheral 

afferent activity and SCS (Zhang et al. 2014). However, the simplified center-surround receptive 

field (RF) connections in that model were likely insufficient to provide an accurate 

representation of the frequency dependence of SCS responses. We expanded this model to 

include heterogeneous excitatory and inhibitory RF interactions and quantified changes in WDR 

activity under representations of different pain conditions. The expanded model included high 

threshold excitatory and low threshold inhibitory surround inputs from multiple adjacent RFs. 

We increased the network size to ensure that activity in the center RFs was not influenced by 

edge-effect artifacts from the most distant surrounding RFs and validated the model by 

reproducing network responses to RF stimulation (Hillman and Wall 1969; Foreman et al. 1976). 

We used Monte Carlo simulations to produce 2000 network states representing different 

neuropathic pain conditions across a range of stimulation parameters and subsequently quantified 

the effect sizes of different model parameters and inputs. Analysis of the variance contributed by 

each network to the range of responses in the Monte Carlo simulations revealed SCS frequency, 

chloride reversal potential and the strength of surround GABAergic inputs as model parameters 

that contributed most to the network response. The importance of these parameters underscores 

the importance of various dorsal horn inhibitory mechanisms and targeting surround RFs for 

controlling SCS efficacy. Furthermore, there were strong interactions between these parameters 

and SCS frequency, indicating the need to account for disease progression to improve SCS 

efficacy and therapeutic longevity. These results contribute to our mechanistic understanding of 

SCS and may help identify stimulation parameters targeted to specific chronic pain conditions. 
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Abstract: Chemotherapy-induced peripheral neuropathy (CIPN) is one of the most common 

adverse effects of neurotoxic chemotherapy resulting in pain and decreased quality of life. 

Approximately 30 to 70% of patients receiving chemotherapy develop CIPN. Due to the lack of 

fully understanding of the mechanisms underlying CIPN, the current treatments are mainly 

empirical based on other neuropathic pain conditions rather than specifically targeting CIPN. 

Upregulation of histone deacetylase 2 (HDAC2) has been linked to impaired synaptic plasticity, 

which is well known to associate with the development of neuropathic pain. Here, we report that 

among the class I and II HDAC family, only HDAC2 was significantly upregulated in the spinal 

dorsal horn (SDH) of rat CIPN model following the long-lasting mechanical allodynia (over 28 

days) induced by paclitaxel (cumulative does 8mg/kg, intraperitoneal injection). The enhanced 

expression of HDAC2 was mainly expressed in the spinal dorsal neurons but also observed in 

astrocytes. Both paclitaxel-induced mechanical allodynia and HDAC2 overexpression were 

inhibited by non-specific HDAC inhibitor valproic acid (VAP), HDAC2 inhibitor BRD6688, or 

knockdown HDAC2 by siRNA-HDAC2 (intrathecal injection). Notably, transcription factor Yin 

Yang 1 (YY1), a novel identified player in pain modulation, was found not only increased in 



expression but also co-expressed with HDAC2 in the superficial dorsal horn following paclitaxel 

treatment and mechanical allodynia occurred. The interaction between HDAC2 and YY1 in 

CIPN was confirmed by co-immunoprecipitation (Co-IP), and their interaction was suppressed 

by BRD6688 or knockdown HDAC2 using siRNA-HDAC2. In the same animals developing 

painful neuropathy after paclitaxel, glutamate level detected by Gas chromatography-mass 

spectrometry (GC-MS) was markedly increased whereas excitatory amino acid transporter 2 

(EAAT2) was significantly decreased in SDH compared to that in the vehicle treated group. 

YY1 often recruits HDAC as co-repressor to suppress gene expression. In glial cells, excessive 

glutamate induced YY1 binding to EAAT promoters leading to decreased EAAT activity. The 

current findings indicate that YY1, via recruiting HDAC2, may form a HDAC2-YY1 complex 

during CIPN development to tip the balance between glutamate release and reuptake, leading to 

painful hypersensitivity. Blocking HDAC2-YY1 interaction may restore this balance and relieve 

the symptoms of CIPN. 
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Abstract: Objective: Ample studies have provided the evidence on critical roles of chronic stress 

in the etiology of depression that is found to increase susceptibility to develop pain response and 

exacerbate existing pain. Evidence revealed that Japanese Rice Wine (Sake) had beneficial roles 

on the stress reduction such as psychological distress and pain. In this study we determined 

whether Sake had inhibitory effects on repeated stress-induced depression-like behavior and 

masseter muscle (MM) nociception in rats. Methods: Adult male Sprague-Dawley rats were 

used. Rats were subjected to the repeated forced swim stress (FST) or sham treatment (Sham) 

(10 min/Day) from Day -3 to -1, and immobility time (IT) during each FST was quantified as 

depression-like behaviors. Daily intraperiotoneal (i.p.) administration of Sake A or Sake B (300 



mg/kg/ml as ethanol concentration; 15% ethanol) or 15% ethanol or saline was performed 10 

min after each FST. At Day 0, rats were sacrificed at 2 hours after MM injury by formalin 

injection into the MM region to perform Fos immunohistochemistry. The number of Fos positive 

cells was counted in 3 areas of the trigeminal subnucleus caudalis (Vc) region, including the 

ventrolateral area of trigeminal interpolalis/Vc transition (vl-Vi/Vc), superficial and deep 

laminae at the caudal portion of Vc (caudal-Vc) regions in sham and FST each treatment groups. 

Result: FST significantly increased IT on Day -3 compared to Day -1 in vehicle-treated rats and 

Sake A and Sake B but not ethanol prevented increases in IT during FST compared to vehicle 

treatment. FST significantly increased Fos expression by MM injury in all regions compared to 

sham rats with vehicle. In FST rats, ethanol administration decreased the number of Fos positive 

cells significantly in all regions ipsilateral to MM injury, while both Sake showed significant 

reduction of Fos expression in all regions especially ipsilateral to MM injury. The inhibitory 

effect of sake on Fos expression was greater than that of ethanol. Both Sake and Ethanol had less 

effect on Fos expression in sham rats. Conclusion: Repeated exposures to FST enhanced 

depression-like behaviors and MM nociception, which could be inhibited by daily administration 

of sake just after each FST. These findings indicated that a certain dose of sake consumption 

could have preventive effects on psychological distress and pain responses. 
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Abstract: Purpose: Peripheral nerve or spinal injury can cause neuropathic pain. Decrease in 

segmental GABAergic tone associated with peripheral or spinal injury has been postulated to 

play a role in the evolution and maintenance of neuropathic pain states. Accordingly several 

clinical studies have demonstrated a clinically relevant anti-nociceptive effect after treatment 

with GABA-mimetic compounds (such as gabapentin or tiagabine). While gene-therapy-based 



approach to improve local spinal inhibitory tone would be a viable therapeutic strategy at 

present, no gene delivery method which would be relatively non-invasive, safe and effective in 

delivering gene of interest unilaterally into targeted spinal segment(s) and dorsal horn 

nociceptive neurons is available. By using a novel subpial gene delivery technique we studied 

the anti-nociceptive potency of spinal GAD65 and VGAT gene delivery in mouse neuropathic 

pain model. In addition, a dosing study to define a targeted viral dose to be used in perspective 

clinical trial was tested in adult naïve pig. Method: Mice with developed neuropathic pain 

(induced by partial unilateral sciatic nerve ligation) received 0.5 µl of mixed AAV9-UBI-

GAD65 and -VGAT(1.2x1013 gc/ml, respectively) injected subpially targeting dorsal subpial 

space of L3-L5 segments. Before and after treatment animals were tested for i) tactile 

hypersensitivity, brush-evoked nociception, paw placement and open filed motor performance. 

Naïve adult pigs received progressively increased volumes of control AAV9-GFP injected 

subpially into L4-L6 segments. After survival (4-10 weeks weeks) the distribution of GAD65, 

VGAT or GFP fluorescence was analyzed in spinal cord sections using fluorescence microscopy. 

Result: i) Treated mice showed a complete reversal of nocicpetive responses which lasted for up 

to 10 weeks after treatment. Similarly, in contrast to control mice, a significant improvement in 

paw placement and open-field motor performace was seen in GAD65/VGAT-treated animals. ii) 

Immunofluorescence analysis showed a unilateral, dorsal horn-restricted upregulation of GAD65 

and VGAT that was present in both inhibitory and excitatory interneurons. Comparable 

distribution of GFP fluorescence in adult pig was seen. Conclusion: The present study shows 

that subpial delivery of GAD65 and VGAT genes is safe and has a potent and long-lasting anti-

nociceptive effect. 
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Abstract: The lack of successful management of painful bone metastases in breast cancer 

patients underlines the urge for the development of novel analgesics. Indeed, patients dealing 

with metastatic bone cancer are profoundly impeded by intractable pain as opioid analgesics, the 

mainstay of pain therapy for bone cancer, show only limited analgesic efficacy. The chemokine 

CCL2 and its receptor CCR2 play a prominent role in tumor progression in the bone 

microenvironment, and increase the pain signal transmission within the spinal cord. The 

CCL2/CCR2 axis also initiates a vicious dialogue between tumor cells and bone-degrading 

osteoclasts, thus promoting tumor proliferation and intractable bone pain. The present study 

therefore aimed to investigate the inhibitory potential of a RNAi-based therapeutic approach 

targeting CCR2 to limit tumor expansion, reduce skeletal remodeling, and alleviate bone pain in 

a syngeneic breast cancer bone metastasis pain model. To this aim, 27-mer Dicer-substrate small 

interfering RNA (DsiRNA), targeting CCR2 were encapsulated in Neuro9 lipid nanoparticles. 

Analgesic efficacy of CCR2 knockdown was first validated in an acute pain model in which 

intrathecal (i.t.) delivery of anti-CCR2 DsiRNA prevented the CCL2-induced mechanical 

hypersensitivity compared to control-treated rats. In the bone cancer pain model consisting in 

injecting 30 000 MRMT-1 cells into the femur of Sprague-Dawley female rats, administration of 

anti-CCR2 DsiRNA (297 pmol/rat delivered i.t., d11 to d14) induced a complete reversal of the 

allodynic responses at the von Frey test at d14, compared to control-treated cancer-bearing rats. 

Dynamic weight-bearing analysis revealed a functional recovery in DsiRNA-treated animals as 

determined by an increase in weight-bearing on the affected limb as well as improvement in paw 

use during ambulation. Accordingly, bone cancer-induced paw retroflexion was also 

significantly reduced. In DsiRNA-treated rats, the crural nerves arising from the spinal cord 

segments L2-L4 exhibited a decreased in CCL2 and CGRP anterograde transport. In vitro, anti-

CCR2 DsiRNA lacked significant effect on MRMT-1 (endogenously expressing CCR2) cell 

survival as assessed by MTT assay and DAPI cell cycle analysis using flow cytometry. However, 

chronic administration of anti-CCR2 DsiRNA from d11 to d14 in tumor-bearing animals reduced 

the tumor progression by 25%. In conclusion, CCR2 plays a prominent role in breast tumor-

induced metastatic bone pain and its inhibition may limit the tumor burden and improve both 

bone health and pain management. 
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Abstract: Background: Neuropathy has many causes, such diabetes, vitamin deficiency, or 

chemotherapy, but is often idiopathic. Neuropathy symptoms include pain, numbness, tingling, 

weakness, increased falling, and decreased ability to perform activities of daily living; all 

resulting in a negative impact on quality of life. Neuropathy not resolving within 3 months is 

deemed chronic neuropathy, and current treatment modalities include: physical therapy, 

pharmacologic therapy, behavioral medicine, neuromodulation, minimally-invasive and surgical 

interventions. Recognizing the limitations and hazards of long-term polypharmacy in aging 

patients, increasing emphasis has been placed on the non-pharmacologic options for management 

of chronic neuropathy. There remains a tremendous unmet need for an effective and curative 

intervention for chronic neuropathy. Currently there is great promise to meet this need with 

novel electro-therapeutic devices. 

Methods: Patients with chronic neuropathy were referred to Physical Therapy at City of Hope for 

treatment with MC-5A Calmare® device (Calmare Therapeutics). Gabapentenoid medications 

were held 1 week prior to and during treatment. A modified Numeric Rating Scale (NRS) for 

pain was recorded before and after each treatment for each patient. 

Results: Eight patients (3 females, 5 males) with ages ranging 43-80 with an average age of 

neuropathy onset of 57 years, and an average during of neuropathy of 6 years underwent 5-18 

treatments. The average NRS was 5.63 before treatment and 3.13 after the 5th treatment. The 

average NRS improvement immediately before and after each treatment was 1.39. 

Conclusion: Scrambler therapy is a promising electro-therapeutic device for reducing chronic 

neuropathic pain. 
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Abstract: Nerve and tissue damage causes changes in the state and activity of neurons in the 

dorsal horn and may lead to neuropathic pain. SCS is an effective therapeutic option for 

neuropathic pain but most animal and computational modeling studies investigating pain and 

SCS mechanisms have focused on the responses of deep dorsal horn wide-dynamic-range 

(WDR) neurons. However, loss of dorsal horn inhibitory control unmasks non-nociceptive Aβ 

inputs onto PKCγ neurons that feedforward to superficial dorsal horn (SDH) nociceptive-specific 

(NS) neurons, and this change potentially underlies hyperalgesia and allodynia, two features of 

many neuropathic pain conditions. Furthermore, accumulating experimental evidence indicates 

that NS neurons in the SDH also respond to SCS. We implemented a computational model of 

SDH neuronal circuitry to consolidate experimental data, examined the roles of feedforward 

excitation and different modes of inhibitory control in determining NS neuron activity, and 

predicted network responses to SCS. The network model included an excitatory pathway from a 

PKCγ neuron in lamina II/III to a lamina II glutamatergic excitatory interneuron to a NS neuron 

in lamina I. The excitatory pathway was gated by inhibitory interneurons with primarily 

glycinergic inhibition onto the PKCγ neuron and primarily GABAergic inhibition onto the 

glutamatergic and NS neurons, whose connections were established based on experimental 

recordings of synaptic responses (Takazawa et al. 2017). We validated the model by comparing 

network responses to corresponding data from mechanical and electrical stimulation (Lu et al. 

2013). In addition, we delivered spike trains representing ramped mechanical inputs into the 

model to quantify shifts in activation threshold following loss of dorsal horn inhibition 

implemented through reducing glycinergic and GABAergic synaptic conductance and positively 

shifting the Cl- reversal potential, and we replicated experimental observations of an excitatory 

shift in NS neuron responses following neuropathic injury (Lavertu et al. 2014). Finally, we used 

the model to predict NS neuron responses to SCS at different frequencies during simulated pinch 

inputs and found that SCS-generated inhibition did not completely suppress NS activity, 

potentially explaining why acute pain is not eliminated by SCS. This work synthesizes 

heterogeneous experimental recordings from superficial dorsal horn neurons into a 

computational model that replicates experimental responses and that can be used to make 

predictions about SDH neuronal responses to SCS under neuropathic pain conditions. 
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Abstract: Dogma suggests that the identity of fibers recruited within clinically-therapeutic 

ranges of SCS are limited to Aβ axon collaterals in the dorsal column (DC) leading to pain 

modulation via gating by inhibitory interneurons thus, efforts to improve efficacy have 

historically focused to enhance selective targeting of these fibers. The extent at which other fiber 

populations and subsequent analgesia-inducing mechanism are engaged have not been 

thoroughly investigated. 

Our objective was to characterize axonal recruitment with preclinical spinal cord stimulation 

(SCS) in the ex vivo adult spinal cord preparation 

Methods: We developed an ex vivo adult mouse spinal cord preparation to assess recruitment 

following delivery of clinically-analogous stimuli determined by downscaling a finite element 

model of clinical SCS. Antidromic extracellular recordings were obtained from lumbar dorsal 

roots (DRs) to assess location-dependent recruitment of primary afferents with model-identified 

stimulation amplitudes. Relative recruitment thresholds for lumbar dorsal column (DC), 

Lissauer’s Tract (LT) and DRs during monophasic bipolar SCS was also determined with model-

identified stimulation distances (n=12). 



Results: Multisegmental recruitment was observed. SCS amplitudes capable of recruiting Aβ 

fibers in DRs from distal spinal segments also recruited Aδ and C fibers in proximal segments. A 

fiber recruitment in lumbar segments also evoked synaptically-mediated dorsal root reflexes. 

Axons in DC were recruited at the lowest amplitude with the fastest conduction velocity, 

independent of stimulation distance and pulse duration. At 200μm above the spinal cord, the 

mean cathodic SCS amplitude for DC threshold was ~30 μA and subsequent recruitment of DRs 

and LT were 2.6 (p<0.01) and 4.4 (p<0.0001) times DC threshold amplitude, respectively. 

Determination of chronaxie and rheobase reveal significant differences in these properties for the 

first recruited populations of axons in the DC versus the DR (p = 0.0312). 

Conclusions: Our findings provide further evidence that recruitment of DR /Aβ fibers may not 

be the source of discomfort-free analgesia associated with SCS, but instead a population of low-

threshold axons in the dorsal column without axon collaterals in dorsal roots. These axons may 

represent postsynaptic dorsal column tract cells (PSDCs) projecting to brainstem gracile nuclei. 
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Abstract: Epidural electrical stimulation of the spinal cord has been shown clinically to have 

therapeutic effects for pain modulation and restoration of motor function after spinal cord injury. 

Epidural stimulation is thought to stimulate a large region of the spinal cord surrounding the 

active electrodes. Improvements can be made to provide more spatially selective activation 

tailored to the spinal cord anatomy. Previous research has shown that controlling the primary 

direction of an electric field can elicit orientation selective activation in the brain (Lehto et al., 

JNE, 2017). Here we applied this concept of orientation selectivity to the spinal cord using a 

computational model of epidural spinal cord stimulation. Anatomical slices of the lumbar and 

sacral segments of a rat spinal cord were segmented to construct a finite element model (FEM) 

using SolidWorks and COMSOL. The FEM, which contained four electrodes arranged in a 

diamond formation over the dorsal column, was coupled with multi-compartment dorsal root 

ganglia axon models in the NEURON programming environment. Stimulation was applied 

through 3 or 4-electrode configurations, which controlled the primary direction of the electric 

field (PDEF). The stimulation patterns consisted of biphasic square pulses with relative 

amplitude ratios amongst the electrode sites that followed phase-offset sinusoids, which 

generated rotation of the PDEF. For comparison, monopolar cathodes were rotated around the 3 

and 4-contact arrangements. Stimulus thresholds for eliciting action potentials were found for 

modeled dorsal root ganglia axons. Modeled axons had the lowest activation thresholds for 

parallel PDEFs (using bipolar configurations) and for the most proximal single cathode (using 

monopolar configurations). Orientation-selectivity was quantified as the gain 

(maximum/minimum threshold) for each axon trajectory. Gains averaged at 8.6 ± 4.9 for 3-

contact dipole stimulation, 10.2 ± 8.2 for 4-contact dipole stimulation, 4.7 ± 2.4 for 3-contact 

cathode rotation, and 14.3 ± 3.5 for 4-contact cathode rotation. Activation specificity, 

demonstrated by maximum gain, was higher for 4-contact over 3-contact configurations due in 

part to the stability of the center of rotation for 4-contact configurations. PDEF stimulation 

resulted in bidirectional threshold minimums and maximums, indicating that parallel electric 

fields can activate axons at similar thresholds. Together, orientation-selective stimulation shows 

promise for improving activation of axonal processes from the dorsal root ganglion to provide 

more precise neuromodulation for the treatment of pain and the restoration of movement. 
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Abstract: Conventional spinal cord stimulation (SCS) treat chronic pain through paresthesia-

dependent mechanisms that require spatial overlap between the regions of pain and paresthesia. 

In contrast, kilohertz-frequency SCS (KHF-SCS) appears able to achieve paresthesia-free 

treatment of chronic pain. Although KHF-SCS can be clinically effective in pain control, the 

underlying mechanisms remain unclear. Previous single fiber recordings in anesthetized rats 

showed that dorsal column axons were neither activated nor blocked by KHF-SCS. We sought to 

quantify the activity of superficial dorsal horn neurons directly beneath the SCS electrode during 

the delivery of KHF-SCS. We conducted extracellular single-unit recording in healthy rats 

anesthetized with urethane during SCS at 50 Hz and 10 kHz at various intensities (20, 40 and 80 

% motor threshold at corresponding frequency) for short durations (<30 s) during 0.33 Hz 

peripheral nerve electrical stimulation at 2x C-fiber threshold to characterize the effects of SCS 

on the acute nociceptive response. Of 14 neurons recorded between 0-350 µm from the surface, 3 

were wide dynamic range (WDR) neurons and 11 were nociceptive-specific (NS) neurons. 

Among the NS neurons, the activity evoked by peripheral stimulation was suppressed in 45% of 

neurons, enhanced in 9% of neurons, and not statistically changed in 45% of neurons during both 

50 Hz SCS applied at 80 % motor threshold and KHF-SCS applied at 40 % and 80 % motor 

threshold. Further analysis showed that both 50 Hz SCS and KHF-SCS significantly reduced C-

fiber responses in the suppressed neurons. However, no apparent changes in activity were 

observed among NS or WDR neurons during 50 Hz SCS at 40 % or 20% motor threshold or 

during KHF-SCS applied at 20 % motor threshold. The results demonstrate heterogeneous 

effects of KHF-SCS, suggest that the stimulation amplitude required to suppress dorsal horn 

neuron activity depends on the applied SCS frequency, and contribute to understanding the 

underlying mechanisms and observed clinical effects of KHF-SCS. 
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Abstract: The intrathecal delivery of AAV-based gene therapeutics is increasingly being 

investigated for clinical development of chronic analgesics or motor therapy. We and others have 

published studies on the biodistribution of such therapeutics in adolescent mouse populations 

based on expression patterns of reporter genes such as GFP or other fluorescent markers 

following gene transfer to various target tissues. As individuals age, the prevalence of pain 

conditions increases; therefore, we must consider changes of therapeutic distribution in aged 

populations when developing AAV therapies. However, there is limited information regarding 

the distribution of viral particles and target gene expression in aged mouse models following 

intrathecal injection. To address this question, we first evaluated the pattern of distribution of 

viral vector particles following intrathecal delivery of AAV5 in aged mice. Furthermore, we 

evaluated target gene expression and changes in hypersensitivity as a result of intrathecal 

injection of AAV5-CMV-hADC in aged mice following spared nerve injury. To evaluate particle 

distribution, conscious female ICR-CD1 mice (4 or 18-20 months old) were injected 

intrathecally with AAV5-ef1alpha-GFP (1.37 x 10(11) vector genomes in 10 microliters). Two 

hours post-injection, animals were sacrificed, and tissues of interest were immediately collected. 

Tissues were then examined using qPCR to detect the presence of viral DNA. To evaluate target 

gene expression in aged mice, we first induced peripheral hypersensitivity by spared nerve injury 

and then delivered AAV5-CMV-hADC (5.25 x 10(10) vector genomes per 5 microliters) 

intrathecally. Hindpaw hypersensitivity was evaluated weekly following injection using the von 



Frey assay. Two and a half months following intrathecal injection, animals were sacrificed, and 

tissues of interest were collected by microdissection and evaluated by qPCR to detect the 

presence of the hADC gene. This research furthers our evaluation of AAV vectors and their 

distribution in an aged population for clinical translation. 
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Abstract: Programmed cell death ligand-1 (PD-L1) is typically produced by cancer cells and has 

been shown to suppress immunity through PD-1 receptor expressed on T cells. Emerging 

immune therapies such as anti-PD1 monoclonal antibodies have shown success in treating 

cancers such as melanoma, as well as lymphoma, lung cancer, ovarian cancer, and head and neck 

cancers. We recently demonstrated that PD-L1 inhibits acute and chronic pain by suppressing 

nociceptive neuron activity via PD-1. PD-L1 can also mask cancer pain in a melanoma model 

(Chen et al., Nat Neurosci, 2017). Since cancers often become painful after metastasis to bone 

tissue, we examined the role of PD-1 in a bone cancer pain model following inoculation of Lewis 

lung cancer cells (LLC) into femur bone cavity. Intravenous injections of nivolumab produced a 

rapid increase, within several hours after each injection, in mechanical and thermal pain 

sensitivity, due to possible activation of nociceptor terminals as we previously showed. 

However, nivolumab also produced sustained beneficial effects on cancer pain relief, days after 

each treatment. X-ray analysis revealed that femur bone destruction during cancer progression is 

also protected by nivolumab. Consistently, mice lacking Pdcd1, the gene encoding PD-1, 

exhibited lower baseline pain thresholds, as we previously demonstrated. However, bone cancer 

pain and bone destruction were also protected in KO mice. Our findings suggest that despite 



transient increase in pain sensitivity, anti-PD-1 treatment may produce long-term benefits for 

cancer pain and bone protection due to possible suppression of tumor growth. This, anti-PD-1 

monoclonal antibodies such as nivolumab may be used to treat bone cancer pain and protect 

bone in cancer patients. 
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Abstract: Over the last century, members of post-industrial societies have experienced a 

significant depletion of the gut microbiome in terms of parasitic “old friends”. As a consequence, 

the ability of the remaining microbiota to modulate immune responses has been drastically 

limited. This lack of immunoregulation causes the immune system to be overactive by promoting 

inflammatory, T helper 1, immunity. It has been demonstrated that intestinal helminth worms 

such as Hymenolepis diminuta, are responsible for a shift from T helper 1 (Th1) cell immunity 

towards T helper 2 (Th2) cell immunity, which promotes an anti-inflammatory phenotype. 

Additionally, neuropathic pain is responsible for an upregulation of pro-inflammatory cytokines 

and a shift to Th1 immunity. It is possible that helminth worm therapy could serve as a treatment 

for neuropathic pain in the periphery and both neuropathic pain and cognitive dysfunction in the 

central nervous system through promotion of anti-inflammatory immune regulation. 

We investigated the effects of H. diminuta on neuropathic pain development and cognition in 

male Sprague Dawley rats following chronic constriction injury (CCI) of the sciatic nerve. Rats 



were colonized with a dose of 5 Hymenolepid diminuta cystercercoids (HDCs; larval stage), and 

the worms were allowed to mature for 6 weeks before CCI surgeries. Von Frey behavioral 

testing was used to quantify mechanical allodynia. Our results showed a significant improvement 

in allodynia in helminth-colonized rats over the course of five weeks following CCI. Fear 

conditioning behavior testing was used to quantify hippocampally-dependent learning and 

memory three weeks after CCI. Our results show that the helminth-colonized rats had significant 

improvement in contextual memory. Juvenile social exploration testing was use to assess social 

behavior; however, neither CCI surgery nor helminth colonization had an effect on social 

behavior. This poster will discuss the behavioral impacts of H. diminuta colonization on chronic 

pain development and cognition in rats that have received a CCI surgery, and it will consider the 

immune regulation that may be responsible for the observed behavioral shifts. 
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Abstract: We have previously shown that 6 weeks of prior voluntary exercise attenuates the 

development of neuropathic pain and inflammatory cytokine signaling resulting from chronic 

constriction injury (CCI) of the sciatic nerve, but the mechanisms remain poorly understood. 

Dysregulation of oxygen redox status after peripheral nerve injury can promote neuropathic pain, 

as accumulation of reactive oxygen species (ROS) in the pain neuraxis can drive peripheral and 

central sensitization and neuroinflammation. Exercise may buffer redox imbalance after 

peripheral nerve injury, as it has been shown to modulate reactive oxygen species by 

upregulating antioxidant enzymes. We hypothesized that exercise preconditioning would 

attenuate ROS levels, correlating with resolution of the sciatic nerve injury, neuroinflammation, 

and neuropathic pain. Three key transcription factors interact to shape the cellular response to 

ROS: nuclear factor erythroid 2-related factor 2 (Nrf2), nuclear factor kappa-light-chain-



enhancer of activated B cells (NFkb), and hypoxia-inducible factor (HIF). It is known that CCI 

results in increased gene expression of these three transcription factors in the dorsal lumbar 

spinal cord. We replicated these results in lumbar spinal cord at 3 weeks post CCI in male 

Sprague Dawley rats. Our results also show a significant upregulation of NFkB, Nrf2, and HIF1a 

gene expression in the sciatic injury site. Additionally, we investigated gene expression of the 

antioxidant enzymes involved in oxygen reduction (superoxide dismutase (SOD1 & SOD2), 

catalase, and glutathione), and found a significant increase of SOD2, catalase, and glutathione in 

the sciatic injury site and to a lesser extent in the dorsal lumbar spinal cord following CCI. The 

modulatory effects of 6 weeks of prior exercise on gene expression profile of antioxidants and 

transcription factors involved in redox status seen after CCI in the dorsal lumbar spinal cord, 

sciatic injury site, and DRG will be presented. 
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Abstract: It has been shown that glial cells are activated in the lumbar spinal cord following 

chronic constriction injury (CCI) of the sciatic nerve. The resulting increase in inflammatory 

cytokines and activation of the NLRP3 inflammasome is correlated with increased central 

sensitization in the spinal cord, leading to chronic neuropathic pain. In the hippocampus 

however, prior work in the learning and memory field has shown that increases in inflammatory 

cytokines is correlated with impairment of hippocampus associated memory tasks. We have 

previously demonstrated that six weeks of voluntary wheel running that ceases prior to CCI, 

attenuates mechanical allodynia and decreases neuroimmune signaling in the lumbar spinal cord 

in male Sprague Dawley rats. We hypothesized that evidence of neuroinflammation would also 

be seen in the hippocampus following CCI, and that this would be attenuated by prior voluntary 



exercise. This study investigated the changes in neuroimmune signaling following CCI in the 

hippocampus as well as the spinal cord resulting from prior voluntary exercise, and how these 

changes functionally related to improvements in behavioral tasks of hippocampus dependent 

memory, such as Object Place Recognition (OPR) and contextual fear conditioning. Six weeks of 

voluntary wheel running that ceased prior to CCI was found to significantly improve 

performance on hippocampus dependent memory behaviors compared to sedentary controls in 

rats with neuropathic pain. Our results also showed that interleukin-1beta protein and nitric oxide 

were attenuated in the contralateral dorsal hippocampus at day 10 after CCI in rats with prior 

voluntary exercise. Ongoing studies are investigating microglial activation and NLRP3 

inflammasome expression in both hippocampus and dorsal lumbar spinal cord after CCI, and 

how prior exercise modulates the expression of these proteins. 
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Abstract: For the last several decades, spinal cord stimulation (SCS) has been a prevalent 

therapy for the treatment of refractory chronic pain. Despite widespread use, we still do not 

sufficiently understand its mechanisms of action. Evoked compound action potentials (ECAPs) 

recorded from inactive electrodes in an implanted SCS lead can be used to characterize the direct 

neuromodulatory effects of SCS and potentially improve the clinical outcomes of SCS. 

Therefore, we developed a computational model to investigate the underlying composition of 

SCS-induced ECAPs.We simulated ECAP recordings in a computational model containing two 

components: 1) a volume conductor finite element model (FEM), and 2) multi-compartment 

models of spinal cord axons. The FEM consisted of the gray and white matter of the spinal cord, 

surrounding cerebrospinal fluid, dura, epidural tissue, and vertebral column. We included an 



explicit representation of an eight-electrode percutaneous lead implanted in the epidural tissue. 

We used the FEM to calculate the extracellular voltages generated by SCS and the ECAP 

recorded at each electrode. We populated the spinal cord with multi-compartment axon models 

using a fiber-size distribution based on human data. We determined the axonal response to SCS 

by coupling the 3D extracellular voltages to these axon models. We then used the theorem of 

reciprocity to estimate the voltages generated at the recording electrodes. We calculated the 

ECAPs recorded with conventional (i.e. 50 Hz) SCS at a range of amplitudes between the model-

based sensory threshold (i.e. activation of 5% of dorsal column axons) and comfort threshold 

(i.e. 1.4 times sensory threshold). Our model ECAPs contained the expected triphasic shape with 

P1, N1, and P2 peaks and demonstrated a linear relationship between stimulating and recording 

amplitudes. At comfort threshold, the model-based P2-N1 amplitudes and conduction velocities 

corresponded with existing experimental data. Our results suggested that the ECAPs morphology 

and amplitude were dominated by the activation of axons with diameters ~7-10 µm in the dorsal 

aspect of the spinal cord.ECAPs during SCS can be used to investigate neural activation and 

corresponding SCS mechanisms of action. These ECAPs could provide a control signal to 

optimize stimulation parameters on a patient-specific basis. In this study, we developed a 

computational model of ECAPs during SCS to investigate the origin of these signals. Our results 

suggest that clinically-effective SCS may rely on the activation of a large number of axons 

within a narrow fiber diameter range located in the dorsal spinal cord. 
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Abstract: Spinal cord stimulation (SCS) is a common neurostimulation technique to treat several 

neuropathic pain conditions that are refractory to conventional medical management. Despite 

widespread use, the mechanisms behind the therapeutic benefit of SCS are not fully known. 

Computational models provide a powerful tool to study SCS and its effects on the central 

nervous system. It is critical that these models contain sufficient detail to correlate model 

predictions with clinical effects. However, it is not clear what anatomical details must be 



considered in computational models of SCS. Therefore, in this study, we developed 

computational models of various levels of complexity to determine which anatomical details 

affected the corresponding model-based predictions of neural activation. 

We created a three-dimensional finite element model (FEM) of the lower thoracic epidural space 

and its surrounding anatomy. From this FEM, we calculated the extracellular voltages generated 

by SCS. Next, we applied these extracellular voltages to multicompartment cable models within 

the dorsal columns and dorsal rootlets to determine activation thresholds. To assess the 

importance of various anatomical features on the neural response to SCS, we generated FEMs of 

different levels of complexity that included detailed representation of the 3D vertebral column, 

intervertebral discs, dura, and explicit representation of the dorsal rootlets. We compared 

activation thresholds predicted with these detailed FEM’s to the activation thresholds predicted 

by simplified cylindrical models commonly used in SCS modeling studies. 

Our analysis showed that several anatomical details can affect the model predictions of neural 

activation by SCS. Explicit representation of the dorsal rootlet anatomy within the FEM only 

produced small differences in neural activation (~1-3%) relative to a simplified canonical model. 

However, the inclusion of an anatomically-realistic 3D vertebral column produced significant 

differences in activation thresholds (~1-20%) relative to a simplified model with a cylindrical 

bone domain. We also observed significant variability in activation thresholds that were 

attributed to the relative location of the stimulating electrode(s) with respect to the vertebrae and 

the foramina (~12-25%). 

Our work demonstrates that certain anatomical details (e.g. 3D structure of the vertebrae and the 

relative location of the electrodes relative to the vertebrae and the foramina) may significantly 

affect the predicted neural response to SCS. Therefore, it is important to consider certain 

anatomical features when using computational models to study SCS for pain. 
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Abstract: Dorsal root ganglion stimulation (DRGS) is an FDA-approved therapy for chronic 

intractable pain of the lower limbs in patients with complex regional pain syndrome, and has 

been used off-label for a number of different pain etiologies (e.g. painful diabetic neuropathy, 

phantom limb pain, etc.). Unfortunately, not all patients receive sufficient pain relief from 

DRGS. At present, we do not have a clear understanding of the mechanisms of action of pain 

relief by DRGS. Understanding these mechanisms may inform the design of future stimulation 

technologies that improve clinical outcomes. In this work, we employed a computational 

approach to investigate the mechanisms of analgesia from DRGS. We constructed a volume 

conductor finite element model of an L5 human dorsal root ganglion (DRG), surrounding tissues, 

and a four-electrode lead implanted in the intraforaminal tissue. We modeled bipolar stimulation 

by applying the appropriate boundary conditions at the active and return electrodes. We also 

developed morphologically- and electrophysiologically-accurate multi-compartment models of 

mechanoreceptive Aβ-fibers and nociceptive C-fibers found in a DRG. To model DRGS, we 

interpolated the voltages generated by the stimulation onto each neuron compartment and 

recorded the neural response to stimulation. The sensory neuron models produced somatic action 

potential (AP) characteristics similar to those seen in experimental literature (e.g. AP height, 

duration, etc.). Clinical stimulation amplitudes (i.e. ≤1 mA) activated Aβ-fibers but not C-fibers. 

Anodic stimulation activated more cells when the active electrode was placed above the middle 

of the ganglion. Cathodic stimulation activated more cells when the active and return electrodes 

straddled the ganglion. When the Aβ-fibers generated spontaneous action potentials, a 

characteristic of tactile allodynia, electrical stimulation entrained neuron firing to regular 

intervals at the stimulation frequency. DRGS did not enhance low-pass filtering of noxious 

afferent signals at C-fiber T-junctions. Our results suggest that at clinical stimulation settings, 

DRGS is directly driving the activity of Aβ-fibers without modulating the activity of C-fibers. 

Therefore, a primary mechanism of DRGS-induced analgesia may be the activation of pain 

gating mechanisms within the spinal cord. 
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Abstract: The mammalian olfactory bulb (OB) transduces, processes, and discriminates billions 

of odor signals. This activity, crucial for survival of many mammalian species, is possible in part 

due to the OB’s complex neuromodulatory circuitry. A major inhibitory, and partly excitatory, 

neuromodulator in the OB is dopamine (DA), located in the OB’s glomerular layer (GL). 

Although much is known about the synaptic activity of OB DA neurons, their neuronal identity 

and electrophysiological/functional profile in the rat remain unclear. We studied these properties 

using the transgenic rat model, hTH-GFP. Of the three interneuron types present in the GL 

(periglomerular cells [PGCs], short-axon cells [SACs], and external-tufted cells [ETCs]), we 

believe these DA neurons may be PGCs and SACs, because they possess short (< 100 µm) and 

long (> 100 µm) processes consistent with being uniglomerular (PGCs) or multiglomerular 

(SACs). As these DA neurons do not express calretinin, they cannot be Type-2 PGCs (which do 

not receive olfactory nerve input). Whole-cell electrophysiological recordings indicate that these 

rat OB DA neurons do not produce spontaneous action potentials; this may represent a functional 

difference from mice, whose OB DA neurons do. To further characterize these DA neurons, we 

determined their membrane properties and cell sizes and compared these properties between 

neurons localized on top (closer to the olfactory nerve layer) and bottom (closer to the external 

plexiform layer) of their respective glomeruli. Functionally, when stimulated, all recorded 

neurons fired a single action potential, followed by a depolarization block throughout the 

stimulus duration. However, when stimulated with smaller currents, some neurons fired 

continuously throughout the stimulus duration. Thus, these neurons are likely gated by a low-

pass filter. All OB DA neurons possess the hyperpolarization-activated non-specific cation h-

current (IH), which may contribute to their continuous spiking in response to small and short 

stimuli. By using ramp protocols (injecting increasing currents of varying amplitude and 

duration), we showed that the firing range of these neurons is longer when stimulated by shorter 

stimuli, potentially confirming the functional importance of their IH. These neurons also 

displayed the transient A-type K+ current (IA), which likely sets their firing frequency (average of 

22 Hz) when firing continuously. These results suggest that OB DA neurons may be two 

different cell types, that their properties may vary between rats and mice, and that these neurons 

may inhibit small, tonic signals, thus, increase the signal-to-noise ratio of odor processing. 
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Abstract: Intensity fluctuations inherent to natural odour plumes are strongly modulated by the 

turbulent airflows in which they are carried. Odour plumes therefore hold rich temporal 

dynamics of odour concentration variation. As turbulence continually builds the structure of an 

odour plume, these dynamics contain information about the distance the plume has travelled as 

well as its source properties. It has, therefore, been hypothesised that animals could process the 

temporal dynamics of natural odour plumes in order to navigate and perform odour scene 

segmentation. 

We used dual-energy photoionisation recording to determine the temporal features of odour 

plumes that are of potential behavioural salience during odour scene segmentation, finding that 

temporal correlation of odour concentrations reliably predicts whether odorants emerge from the 

same or different sources. To test whether mice are capable of using these temporal correlations 

to determine odour source separation, we developed a high-bandwidth odour delivery device 

capable of replicating many temporal features found in odour plumes. In conjunction with a 

high-throughput behavioural conditioning system (AutonoMouse) we trained mice (n=36) to 

discriminate between pairs of odours with a range of temporal correlations. Trained mice were 

capable of discriminating correlation structure at frequencies well over the sniff rate (>40 Hz). 

Examining reaction times during behaviour and disrupting correlation structure of the stimulus 

onset revealed that the animal’s performance did not solely rely on the early part of the stimulus 

but that longer sampling time correlated with better performance. 

The high-throughput nature of these behavioural experiments allowed us to determine the 

psychophysical limit of perception for temporal correlation between odours, and therefore to 

define an appropriate stimulus range to investigate olfactory bulb representation of these stimuli. 

In vivo Ca2+ imaging and extracellular recordings from mitral/tufted cells showed segregated 

responses depending on the correlation of odour stimuli with populations of 10s of neurons 

sufficient to accurately reach behavioural performance 

We conclude that information of temporal correlations between odours is present in the output 

neurons of the olfactory bulb at sub-sniff resolution. Mice are capable of utilising this 

information in behaviour, suggesting that perception of temporal features of odour stimuli may 



be a mechanism by which animals perform odour scene segmentation. Thus, olfaction is a high 

bandwidth sense with temporal structure containing information about olfactory space that is 

indeed accessible to mice. 
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Abstract: The glomerular column is one of the smallest neuronal circuits in the mammalian 

brain. Approximately 1800 columns lay side by side in the olfactory bulb, the first site for 

sensory integration in the olfactory system. Each glomerulus receives input from olfactory 

sensory neurons that express one specific odour receptor. The output of the column is mediated 

by dedicated projection neurons (mitral and tufted cells) which broadcast the sensed activity to 

higher brain areas. 

The structure of the glomerular column is therefore informative on how this circuit encodes 

olfactory stimuli. We aim to resolve the architecture of the dorsal MOR174-9 glomerular column 

by using targeted serial block-face electron microscopy (SBEM). 

The location of any specific column varies across individuals; thus, a correlative light-to-electron 

microscopy approach is required. We targeted the dorsal MOR174-9 glomerular column in adult 

mouse littermates by integrating 2-photon light microscopy, X-ray tomography and SBEM in an 

efficient, high-throughput workflow. Several samples from the same and from different mice 



were processed simultaneously. 

Volumes that fully contained the MOR174-9 dorsal glomerulus and the adjacent glomeruli were 

imaged with SBEM at low resolution (64*64*128 nm3). Mitral and tufted cells display an 

electron-light cytoplasm and their apical dendrites have large and constant diameters and a 

straight trajectory. Consequently, a good sampling of their cytoplasm is sufficient to allow for 

accurate tracing of their apical dendrites. In turn, datasets covering a volume of 0.75*0.75*0.5 

mm3 can be routinely obtained in 1-2 week-long imaging runs in a Merlin/3View2 SBEM. 

We explored these datasets in 3D using webKnossos. We identified all neurites entering the 

glomerulus of interest that displayed a projection neuron-like appearance (cross-section 

consistently thicker than 1 µm and a cytoplasmic staining lighter than the surrounding neuropil). 

We identified all projection neurons sending their apical dendrites to the identified glomerulus 

and classified them into cell types based on commonly used histological features, such as the 

layer where their soma is located. Finally, we assessed the circuit’s variability within the same 

animal (comparing between brain hemispheres) as well as between littermates. 

Altogether, we report the variability of the architecture of a neural circuit in the mammalian 

brain. 
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Abstract: In the olfactory bulb (OB), the largest population of inhibitory neurons, the granule 

cells (GCs), undergo neurogenesis throughout life, but the mechanisms underlying their 

functional integration and survival remain poorly understood. Both developmental and adult 

neurogenesis are thought to rely on intrinsic and extrinsic activity-dependent mechanisms. 

Previously, we have shown that a hyperpolarization-activated cationic current (Ih) is present in 

GCs and contributes to electrical resonance and intrinsic excitability in these cells. Furthermore, 



we showed that Ih is sensitive to intracellular concentrations of cAMP, suggesting that activation 

of metabotropic receptor mediated pathways can regulate this current. GCs are sensitive to top 

down regulation by neuromodulatory systems, including the noradrenergic system, which plays a 

major role in olfactory perception and learning. Therefore, we hypothesized that 

neuromodulation by noradrenaline (NA) can affect Ih in GCs to alter cell excitability and circuit 

function in adult born neurons. To label adult born GCs, we transduced an AAV-GFP by 

injection in the rostral migratory stream at P30. Two weeks post injection, Ih could be elicited in 

GFP labeled GCs with negative steps from −60 to –130 mV (−101 ± 13 pA, n = 12) and this 

current exhibited similar activation kinetics and voltage dependency as we previously described 

(tau = 37.6 ± 4.5 ms; Vhalf = –102 ± 2.4 mV; n = 12). Importantly, NA (10 µM) produced a ~25% 

decrease in Ih (0.76 ± 0.09 normalized current with respect to control, n = 3). This suppression of 

Ih by NA is mediated by activation of α2-adrenoreceptors (AR) as application of clonidine (10 

µM), an α2-AR agonist, also reduced Ih (0.75 ± 0.08 normalized current, n = 4). In agreement 

with the reduction in Ih, activation of α2-ARs produced an increase in GC excitability (500 ms 

square pulse, 20 – 100 pA; control, 7.6 ± 1.0 Hz, clonidine: 12.1 ± 2.4 Hz; n = 5). To 

further assess the functional role of α2-AR regulation of Ih in GC excitability, we examined 

dendrodendritic inhibition onto mitral cells. Activation of α2-ARs by clonidine enhanced 

dendrodendritic inhibition elicited by activation of mitral cells (charge transfer: control = −110 ± 

17 pC, clonidine = −157 ± 25 pC, n = 10). Taken together, these results provide a mechanism by 

which α2-AR modulation of Ih by NA regulates GC excitability during their critical window of 

integration in OB. 
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Abstract: The olfactory bulb receives both peripheral inputs from olfactory sensory neurons and 

centrifugal inputs from higher cortical structures. To better understand how the interplay 

between these two elements leads to dynamics, we developed a new model of the bulb’s external 



plexiform layer that incorporates detailed anatomical information about the distribution of 

synapses between mitral cells and granule cells. Using neurophysiological data concerning the 

reach and density of lateral dendrites of mitral cells, as well as the number of spines and their 

distribution on granule cells, we derived an equation that determines the probability of synapse 

between a mitral cell and a granule cell as a function of their separation. These results showed 

that the number of granule cells that are “shared” between two mitral cells (i.e. which connect to 

both mitral cells) decays substantially more slowly with distance between the mitral cells as 

compared with a previous estimate (Egger et al 2006). Our new estimate incorporates the 

branching of mitral cell lateral dendrites, which was not accounted for in previous work. We also 

therefore predict a longer range for effective lateral inhibition between mitral cells. 

We then generated a network of thousands of mitral cells and tens of thousands of granule cells 

that is faithful to the constraints dictated by the olfactory bulb anatomy. Individual neurons were 

described using the Izhikevich model with parameters chosen to reproduce measured 

physiological characteristics of mitral and granule cells. The complete model reproduces known 

network response properties of the olfactory bulb. In ongoing work, we use this computational 

model to explore the effects on collective activity in the bulb of direct and granule cell-mediated 

cortical feedback to mitral cells. Specifically, we test whether cortical feedback can synchronize 

or de-synchronize groups of mitral cells at specific frequencies, a question that has important 

implications for how contextual information carried by the feedback changes sensory 

representations at the periphery and affects the transmission of this information to cortex. 
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Abstract: Studying sensory encoding in response to natural, complex stimuli has been important 

in understanding visual and auditory coding mechanisms, but the stochastic nature of odor 

plumes has made naturalistic stimuli difficult to quantify, and thus to study, in olfaction. 



Therefore, the roles that spatial and temporal dynamics of natural plumes play in conveying 

olfactory information are not well understood, particularly in macrosmatic mammals such as 

mice. Since mice navigate in the same turbulent regime as many insects, it is reasonable to test 

whether mice might employ the same plume features used by insects, such as intermittency and 

concentration dynamics, to maintain accurate olfactory guided navigation and odor localization 

across differing environmental conditions. We tested whether the early olfactory system of mice 

encodes dynamic plume features by imaging neural activity in the main olfactory bulb (MOB) of 

awake, head-fixed mice (Thy1-GCaMP6f-GP 5.11) during plume-delivered odor presentations. 

We used customized, miniature sensors to record odor concentration and compared dorsal MOB 

fluorescence signals from mitral/tufted cells (MTs) to simultaneously-monitored odor 

fluctuations as mice received plume-delivered odors. Our data suggest that a subset of MTs 

encode turbulent fluctuations of odor concentration. This implies that plume dynamics could be 

processed in parallel with odor identity information to allow for rapidly adapting search 

behaviors in rodents. 
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Title: Electrophysiological evidence of lateralization in the olfactory system 
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Abstract: The ability to distinguish unilateral odor stimuli is relatively unknown in humans, and 

can be improved by training. The neural correlates of this ability could serve as a basis for 

diagnostic and assistive applications, but suitable neural correlates have not yet been identified. 

In this study, we work towards this goal by investigating psychophysical and 



electrophysiological human responses to unilateral odor stimuli delivered to the left and right 

nostril. 

Specifically, we conducted two experiments in which 31 healthy young volunteers participated 

(age 24±4 years). In the first experiment, we divided the subjects by their ability to perform an 

unilateral odor detection task. To do this, the subjects completed a psychometric odor detection 

task, in which they were asked to specify the laterality of rose-like odor stimuli that were 

randomly presented in one of the nostrils. 17 of the 31 subjects correctly discriminate the side of 

stimulation, 14 did not. A Discriminant Function Analysis correctly classified 100% of the cases 

for both categories (chi-s[1]=57.556; p<0.001). In the second experiment, we used an 

olfactometer (MOL023-Bughard) to deliver 50 randomized, 250 ms long, unilateral odor stimuli, 

while we recorded EEG signals sampled at 512 Hz from 128 scalp locations. We then extracted 

odor-event-related potentials (oERPs) from the EEG signals after artifact rejection, filtering, and 

baseline correction. 

In our analyses, we were interested in temporal and spatial neural correlates that are indicative of 

the two subject groups, i.e., the ability to distinguish unilateral odor stimuli. To accomplish this, 

we performed, on the grand average of oERP, three statistical tests between the two groups . The 

first test included a topographical analysis using global map dissimilarity (GMD). This revealed 

four time frames inside the epochs in which the topographical maps were different for the two 

subject groups. In the second test, we performed a spatial cluster analysis on the two grand 

averages, which identified a total of 17 topographies, 5 of which were shared between both 

groups. Finally, in the third test, we performed a local autoregressive average (LAuRA, 5000 

solution points) algorithm to estimate the intracranial current distribution. 

The results of these analyses show substantial differences between the two groups in all three 

statistical tests, which suggest the involvement of different brain structures in the processing of 

unilateral odor stimuli. This sheds light on the neural underpinnings of a relatively unknown 

human ability, and might lead to new diagnostic and assistive applications. 
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Authors: *T. SATO, R. HOMMA, S. NAGAYAMA 

McGovern Med. Sch. At UTHealth, Houston, TX 

Abstract: Axons of olfactory sensory neurons (OSNs) that express the same type of odorant 

receptor converge onto two glomeruli in the olfactory bulb (OB). One is located in the medial 

side and the other is in the lateral side of OB. Because these identical pairs of glomeruli are 

arranged symmetrically, it has been considered that there is a medial/lateral glomerular mirror 

maps in the OB. In contrast to the clear anatomical evidences, functional studies of these maps 

have not been conducted well because the majority of the medial glomeruli are located at the 

medial septum wall of the OB and difficult to access in intact brain. Recently, identical pairs of 

medial/lateral glomeruli that expressed trace amine-associated receptors (TAARs) are found both 

in the dorsal OB (Pacifico et al., Cell Reports, 2012 and Dewan et al., Nature, 2013). This 

finding stimulated us to compare their functional properties directly by simultaneous recording 

of them. In this study, the activity of these identical pairs of glomeruli are measured using in vivo 

wide-field calcium imaging technique with 125Hz temporal resolution. Two odorants, β-

phenylethylamine and isopentylamine, were used to stimulate the TAARs glomeruli. For 

measuring neuronal activity in various types of neurons in the OB, we used Cre-dependent 

GCaMP3 expressing mice that were crossed with several types of Cre-driver mice (OSNs; OMP-

Cre, GABAergic neurons; Gad2-Cre, dopaminergic neurons; DAT-Cre and mitral/tufted cells; 

Pcdh21-Cre). Contrary to our expectations, we could not find any differences in onset latency, 

rise time, decay time and peak amplitude of odor evoked activities between the pair of glomeruli 

in all examined mice. What we found was that medial glomerulus has significantly larger 

respiration-locked fluctuation in the postsynaptic neurons of Gad2-, DAT- and Pcdh21-GCaMP3 

mice. But the differences were not observed in the presynaptic neurons of OMP-GCaMP3 

mouse. Interestingly, this trend was also observed in resting condition in pre-stimulation period. 

However, it is more prominent during odor stimulation. These results were consistently observed 

in the all experiments using different odorant concentrations. Taken together, these findings raise 

the possibility that the medial maps in the postsynaptic neurons may contribute to the rhythm for 

odor information processing. 
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Title: Spatial transcriptomics of olfactory receptors for high throughput mapping of olfactory 

bulb glomeruli 

Authors: *K. ZHU1, S. D. BURTON2, M. WACHOWIAK2, H. MATSUNAMI1 
1Duke Univ., Durham, NC; 2Univ. of Utah, Salt Lake City, UT 

Abstract: The formation of position-stereotyped, receptor-specific glomeruli in the olfactory 

bulb (OB) presents a complex wiring problem due to the expansive olfactory receptor (OR) 

repertoire and the expression of a single OR in olfactory sensory neurons scattered in the nasal 

epithelium. Identifying the glomeruli corresponding to a specific OR and overall organization of 

OR projections is critical to understanding how receptor signals are translated into specific 

spatio-temporal responses in the OB. Since 1994, tremendous efforts from the field have 

identified mouse OB glomeruli for ~3% of the 1100 ORs, primarily through in situ hybridization 

and transgenic reporter mice. The goal of this study is to generate a comprehensive map of 

mammalian OR glomeruli by applying a novel high-throughput approach that determines the OR 

identity of a glomerulus by sequencing low-abundance OR transcripts present in the axon termini 

of OSNs. We first identified the ORs present in the population of dorsal glomeruli viewed in 

functional imaging studies by dissecting this surface, synthesizing cDNA libraries, and enriching 

OR and trace amine-associated receptor (TAAR) transcripts using target capture probes. 

Differential expression analysis of the functional imaging sample and the remainder of the OB 

found 86 ORs and 11 TAARs to be enriched, with 94% of these ORs expressed in the dorsal 

olfactory epithelium and no TAARs enriched in the non-functional imaging sample. Spatial 

information for approximately 900 ORs was attained by targeted sequencing of 100 µm serial 

sections from individual OBs along the anterior-posterior, ventral-dorsal, and medial-lateral 

axes. We found reproducibly unique sets of OR transcripts enriched in each of the sections, 

suggesting OR identities of glomeruli contained in the section. A Bayesian-based reconstruction 

method will help determine the mirror-symmetric 3D spatial position of each OR’s glomeruli 

from single-dimension transcriptomic data. Our anterior-posterior positional data will serve as a 

surrogate for OR basal activity, enabling us to rigorously evaluate the hypothesis that GPCR 

basal activity is a major determinant of OR axon targeting. Establishing an OR-to-OB map will 

provide a framework for integrating peripheral ligand-OR deorphanization assays with OB odor 

representations, a key new resource for understanding the olfactory code. 
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Abstract: Olfactory circuits are a paradigmatic example of a system where specific 

spatiotemporal patterns (transient synchrony in ensembles of principal neurons and oscillations 

in population activity) have been attributed to odor identity and concentration. Local inhibition 

plays a key role in organizing spatiotemporal patterns of activity in the olfactory bulb. In fact, the 

ability to discriminate between similar odors can be enhanced by increasing the degree of 

inhibition of mitral cells by granule cells in the olfactory bulb. The goal of this study is to 

understand the relationship between the structure of an inhibitory network and the dynamics of 

its constituent neurons. Earlier studies have shown that inhibitory interactions between neurons 

may be represented in terms of the coloring* of the neuronal network. Neurons associated with 

the same colour tend to fire in approximate synchrony while those associated with different 

colors fire at different times. The coloring thus provides a simple rule that constrains the 

spatiotemporal patterns a network can generate. This relationship is easy to see in small or 

regular networks. However in more complex networks there are typically many ways to color a 

the network. In fact, determining a colouring, let alone all possible colourings, of an arbitrary 

network is thought to be an intractable problem. This combinatorial explosion of possibilities 

also implies that an inhibitory network can potentially generate a large number of spatiotemporal 

patterns, that is, encode a large number of odors. Some of these patterns may be learned by 

repeated exposure to the odor stimulus. How does odor learning modify the topology of the 

network that, in turn, converts an unreliable odor representation into a reliable one? Using a 

realistic conductance based model of the olfactory bulb, we show that odor learning, 

implemented as facilitation of inhibitory synapses, can generate a reliable representation of an 

odor. Further we use algorithms that detect modularity in random networks to show that the 

dynamics of an olfactory network can be correlated to the modular structure of the network. 

Inhibitory plasticity modifies the topology of the network in a manner that leads to asymmetries 

in network structure that generate spatiotemporal patterns that are resistant to noise. 

* A colouring of a network is an partitioning that assigns different colours to nodes that are 

connected to each other. The minimal number of colours required to colour a network is called 

its chromatic number. 
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Title: Defining the functions of olfactory bulb processing via comparison of input and output 

Authors: *D. A. STORACE1, L. B. COHEN1,2 
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Abstract: Humans and other animals have the ability to recognize olfactory stimuli as the same 

across a range of concentrations, as well as the ability to segment novel olfactory stimuli from 

those in the background. It remains unclear where in the brain processing related to these kinds 

of perceptions is occurring. Recent work has suggested that the olfactory bulb, the brain structure 

that mediates the first stage of olfactory information processing is involved in generating 

perceptual concentration invariance. Here we asked whether the bulb also contributes to 

olfactory adaptation. Olfactory bulb glomeruli are regions of neuropil that contain input and 

output processes; olfactory receptor neuron nerve terminals (input) and mitral/tufted cell apical 

dendrites (output). Differences between the input and output of a brain region define the 

function(s) carried out by that region. We compared the activity signals from the input and 

output to repeated odor stimulation, which resulted in a decline in the output maps, while the 

input maps remained relatively stable. These results suggest that the mammalian olfactory bulb 

may also participate in the perception of sensory adaptation. Our imaging methods should also 

be useful for determining the input/output transformation in other regions of the mammalian 

brain. 
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Abstract: The olfactory bulb (OB) receives neuromodulatory input from diverse areas whose 

role in shaping early olfactory processing remain unclear. One of the major neuromodulatory 

centers implicated in attentional modulation of sensory processing, the diagonal band of Broca 

(HDB), is composed of cholinergic, GABAergic as well as glutamatergic projection neurons. 

Here we used optogenetic tools to selectively activate or inhibit cholinergic or GABAergic HDB 

terminals at the level of the OB while recording OB mitral/tufted output neuron activity using 

multichannel electrophysiological recordings. An optogenetic activation of cholinergic fibers 

was shown to add an excitatory bias to OB output activity, that is independent of the strength of 

sensory input. A selective activation of GABAergic neuromodulatory fibers at the level of the 

OB significantly decreases the activity of mitral/tufted cells. Similar to the cholinergic data, no 

correlation between modulation strength and sensory input could be observed. Experiments 

performed using two inhibitory opsins expressed either in cholinergic or GABAergic HDB fibers 

so far revealed only weak modulation effects, potentially arguing for a weak baseline activity of 

HDB neurons in the anesthetized condition. These experiments demonstrate that: 1) A 

differential modulation of neuronal responses can not only be achieved by activating different 

top-downs system but can also be mediated via different neuronal populations of the same top-

down area. 2) Despite recent reports pointing to a potential coexpression of cholinergic and 

GABAergic markers at the level of the OB, our data argue for a functionally distinct neuronal 

population. 3) The interplay between different neuronal HDB subpopulations might be important 

for the fine tuning of sensory information. 4) These modulations are likely to represent local 

effects mediated by neuromodulatory release at the level of the OB. Future experiments will 

investigate HDB stimulation effects also in the awake and behaving animal. 
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Abstract: In the olfactory bulb (OB), odors evoke distributed patterns of activity across 

glomeruli that are reorganized by networks of interneurons (INs). This reorganization results in 

multiple computations including a decorrelation and normalization of activity patterns across the 

output neurons, the mitral cells (MCs). To understand the mechanistic basis of these 

computations it is essential to analyze the relationship between function and structure of the 

underlying circuit. We combined in vivo multiphoton calcium imaging with dense circuit 

reconstruction from serial block-face electron microscopy stacks of the larval zebrafish OB (4.5 

dpf). First, we measured and mapped the odor responses of >75% of the neurons in the OB. 

Next, we reconstructed the skeletons of all neurons in the OB (n>1000) and annotated all 

synapses on these neurons (n>500,000) resulting in the, to our knowledge, first wiring diagram 

of an entire vertebrate brain region at synaptic resolution. We found that whitening, i.e. the 

decorrelation and variance normalization of representations of two natural odor classes, amino 

acids and bile acids, occurs already at the early larval stage, before the emergence of granule 

cells. The reconstructed connectivity matrix allowed us to model the whitening operations in the 

OB on network level with single neuron resolution. These simulations suggest that both, 

decorrelation as well as variance normalization are mediated by specific, non-random 

connectivity patterns between MCs and INs. These results provide strong evidence that the 

connectivity between MCs and INs determines circuit function in the OB, and that the network is 

optimized, presumably by evolution, to process representations of natural odors. 
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Abstract: Adult born neurons (abNs) are continuously generated in the sub ventricular zone, 

from which they migrate to and integrate in the Olfactory Bulb (OB). The role of abNs in odor 

processing in the OB remains unknown because of technical limitations to reliably target these 

neurons with high efficiency for causal manipulations. Here we report the use of a newly 

developed Cre-reporter mouse (called TB) to study adult neurogenesis (Tasaka et al. 2018; 

Nature Communications 9(1), 871). We use this mouse with the Nestin-CreER2 driver for 

cellular labeling and genetic manipulation of abNs. As compared to the Rosa26 reporter, TB 

recombination was >2 fold higher as measured at any age after Tamoxifen induction (15, 30 and 

60 days post injection, n=15 mice), thus showing highly efficient recombination in abNs with 

near zero levels of noise. Using this system, we induced recombination in abNs and expressed an 

inhibitory (Gi coupled) DREADD for silencing 30-60 days old abNs. To study the role of abNs 

on odor coding, we used in vivo two photon imaging to compare the responses of Mitral cells 

(MCs; expressing the calcium indicator GCamp6f via AAV5-CAMKII-GCamp6f) in a paired 

design - before and after silencing the abNs with CNO (5mg/kg). We imaged odor responses by 

MCs (N=339 MCs from n=10 experimental mice; N=389 cells from n=10 control mice) to a 

panel of 11 odors (6 monomolecular and 5 natural odors), expecting a dis-inhibitory effect on 

basic MC odor responses. Surprisingly, the exact opposite effect was consistently measured. On 

average, dis-inhibiting abNs induced an inhibitory effect on MC responses. Odor induced 

calcium responses decreased by approximately 20% in the experimental group (n≈2000 cell odor 

pairs, n=10 mice, t-test, p=10^-3), but remained stable in the control group (n≈2000 cell odor 

pairs, n=10 mice; t-test, p=0.8). Moreover, while excitatory odor-responses were inhibited, 

inhibitory odor-responses were strengthened and these results were observed in both anesthetized 

and awake mice. We are currently assessing the effects of silencing abNs on population codes by 

MCs. Taken together, these results underscore an unexpected excitatory effect of abNs on MC 

odor coding. 
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Title: Development and refinement of functional properties of adult-born neurons in the 

olfactory bulb 

Authors: *J. WALLACE, V. MURTHY 
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Abstract: New neurons appear only in a few regions of the adult mammalian brain and become 

integrated into existing circuits. Despite extensive studies on adult neurogenesis, little is known 

about the functional development of individual neurons in their native environment in vivo and 

whether its regulation involves mechanisms similar or distinct from those operating in other 

brain regions during early postnatal development. We recently examined the functional life 

history of visualized adult-born granule cells (abGCs) in the olfactory bulb of mice using 

multiphoton imaging (Neuron 96:883-896). We found that abGCs can become responsive to 

odorants as soon as they arrive in the olfactory bulb. Tracking identified abGCs chronically over 

several weeks revealed that the robust and broadly-tuned responses of newly arrived abGCs 

gradually become weaker and more selective over a period of about 3 weeks. To address the 

cellular and molecular mechanisms involved in the functional refinement of abGCs, we have 

begun to examine the role of microglia. The ablation of microglia, which have been shown to 

play a role in synaptic refinement during development in other brain regions, reduces the odor 

responses of developing, but not preexisting GCs and alters their odor selectivity. In ongoing 

work, we investigate the role of microglia, and their interplay with abGCs, in complex olfactory 

behaviors. 
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Abstract: All sensory modalities must track how stimuli change over time. To accomplish this, 

many neurons in sensory systems respond preferentially to dynamic stimuli, thus enhancing 

temporal contrast. Given the ethological importance of odor concentration change (ΔC) to 

tracking an odor, the olfactory system may also accentuate temporal changes. While dynamic 

stimulation is standard in studies of other sensory modalities, studies of mammalian olfaction 

have traditionally used square stimulus pulses of the same concentration. To provide dynamic 

odor stimuli, we developed an odor delivery system that can change odor concentration within 

the typical inhalation timeframe via air dilution manifold. This enables not just fast onset of the 

stimulus, but fast concentration changes on the timescale of individual sniffs. Importantly, these 

step-function stimuli reach steady state by the time the mouse begins to inhale, making them 

reproducible from trial to trial. Using electrophysiological recordings, we have previously shown 

that neurons of the mouse olfactory bulb explicitly encode ΔC. To understand the spatial 

distribution and morphological identity of ΔC sensitive neurons, we have performed calcium 

imaging, utilizing the ability of two photon imaging to reveal the spatial arrangement of imaged 

neurons. Using standard intersectional viral/transgenic techniques, we express GCaMP 6f in 

mitral and tufted cells of the olfactory bulb. We then image these neurons through chronically 

implanted windows on the dorsal surface of the bulb. Thus we can visualize ΔC-sensitive 

neurons, a putative cell type which may contribute to odor tracking. 
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Abstract: Odor concentration, through its perceived intensity, can be used to localize food and 

avoid predators. Changes in concentration also change the quality of the odor, possibly to 

modulate salience. The cellular underpinnings of concentration encoding in the first relay of the 

olfactory system (the olfactory bulb) have been well-studied with respect to identifying pertinent 

cell types and basic physiology in the glomerular column. Mitral/tufted cells (M/T) are the 

primary projection neurons of the olfactory bulb (OB) and contribute to a gamma oscillation (35-

95 Hz) in the LFP via granule cell-mitral cell reciprocal dendrodendritic interactions. M/T 

respond to increased odor concentration with reduced firing latency. However, markedly less is 

known about how the network of intact circuitry acts as a whole to convey stimulus strength to 

higher order regions of the brain. 

Here, we implanted tetrodes into the mitral cell layer of the dorsomedial olfactory bulb of 

C57BL/6 mice and recorded LFP while they performed the behavioral go-no go task. This 

variant of the task uses different concentrations rather than odorant identities. Six half-log 

dilutions of isoamyl acetate in mineral oil were used, with the three highest (10%, 3.2%, and 1%) 

being rewarded and the three lowest (0.32%, 0.1%, and 0.032%) being unrewarded. To be 

rewarded, mice had to lick a water delivery tube for the high concentrations and refrain from 

licking for the low concentrations. 

All five mice learned the task, surpassing the 80% performance threshold within three-four days 

of recording. The LFP was measured to study the dependence of oscillatory circuit activity on 

stimulus strength. We assayed the ability to discriminate between concentrations using the power 

of the LFP with a receiver operating characteristic analysis. For both naïve (performance 45-

65%) and proficient (performance 80-100%) animals we found that the LFP power as able to 

discriminate between the rewarded and unrewarded stimuli but did not successfully differentiate 

concentrations with the same reward status. This was found for all bandwidths. 

Disclosures: J. Losacco: None. D. Restrepo: None. 
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Abstract: Neuromodulation is a fundamental feature of the brain, enabling neural networks to 

flexibly respond to stimuli based on an animal’s current needs. However, the nature of the input 

that drives activity of modulatory neurons has been particularly challenging to determine due to 

the large number and diverse nature of neurons within modulatory nuclei. In particular, the 

degree to which modulatory neurons are regulated in a “top-down” or “bottom-up” manner, is 

unclear. We therefore took a single cell resolution approach by reconstructing a pair of identified 

serotonergic neurons, the “CSDns”, in the Drosophila olfactory system in a whole adult brain 

electron microscopy dataset. We determined the relative distribution of input and output across 

brain regions, and quantitatively assessed sources of synaptic input to these modulatory neurons. 

If the CSDns function in a “top-down” manner, we would expect processes in which the CSDns 

only receive input and other regions in which they only provide output. However, if they 

function in a “bottom-up” manner, we would expect that the CSDns will have a mixture of input 

and output within a given brain region. This was indeed the case, as the CSDns had mixed input 

and output within the contralateral antennal lobe, lateral horn, mushroom bodies and superior 

protocerebrum, suggesting that a large amount of CSDn activity occurs within the context of 

ongoing activity in their target network. However, the CSDns also had distinct “input islands” 

consisting of only post synaptic sites, suggesting that these sites represent significant regulatory 

domains for the CSDns. By reconstructing neurons upstream of the CSDns in these “input 

islands”, we identified a previously uncharacterized population of neurons that form a multi-

tiered feedforward network that converges upon the CSDns. These neurons span both brain 

hemispheres and, combined, provide a substantial amount of synaptic input to the CSDns. Thus, 

these modulatory neurons have both bottom-up interactions with their target network, yet also 

receive regulatory input from a small number of neurons within a distinct neuron class. 
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Abstract: The excitatory and inhibitory projection neurons (ePN and iPN, respectively) of the 

Drosophila antennal lobe receive and process sensory input from the antenna which they then 

relay to higher order brain centers such as the mushroom body (MB) and lateral horn (LH). 

Classically, the MB is thought to mediate associatively learned behaviors, while the LH 

facilitates innate behaviors. The ePNs are predominantly uniglomerular and project to both the 

LH and MB, whereas the iPNs are mostly multi-glomerular and send their outputs only to the 

LH. The functional role of these distinct pathways and how they process olfactory information is 

currently not well understood. To address this issue, we have begun light-sheet volumetric 

calcium-imaging of different stages of the olfactory system including sensory neurons, antennal 

lobe neurons, and MB neurons. Our preliminary data reveals that the sensory neuron input from 

the antenna has more discriminatory information, whereas ePN and iPN activities evoked by 

different odorants appear to be more correlated and become more similar as a result of 

processing within the antennal lobe. Currently, we are examining how well ePN and iPN 

activities predict the overall behavioral attraction or repulsion of the odorants. 

Disclosures: H. Rong: None. S. Park: None. Y. Ben-Shahar: None. M. Anastasio: None. B. 

Raman: None. 



Poster 

217. Olfaction: Second Order Regions: Olfactory Bulb and Antennal Lobe 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 217.20/Z12 

Topic: D.05. Olfaction and Taste 

Support: NSF DMS 1361145 

 Washington Research Foundation 

Title: Modeling network connectivity for dopamine-mediated olfactory learning in mosquitos 

Authors: K. JUNG, J. RIFFELL, *E. SHLIZERMAN 

Univ. of Washington, Seattle, WA 

Abstract: We study neural population coding of mosquitoes AL projection neurons subject to 

dopamine modulation. Projection neurons encode different stimuli via population fixed points in 

the response of Projection Neurons (PNs). Methods of dimension reduction, such as Optimal 

Exclusive Threshold Reduction (OETR), have been shown to be effective in the inference of low 

dimensional odor space which spans fixed points associated with monomolecular stimuli. 

In our work, we apply the OETR method to multi-neuron recordings from mosquitoes PNs in 

three phases: before (S1), during (Dop), and after (S2) superfusion of dopamine over the brain of 

mosquitoes. We first test which stimuli produce separable fixed points, and once we found these, 

we construct a low dimensional odor space to map the fixed points and transients reaching them. 

We then examine the representation of the fixed points in different phases. 

The trajectories of the fixed points in three different phases (S1, Dop, and S2) reveal that (i) 

superfusion of dopamine has longer-term effects on the AL encoding space, and that (ii) the 

degree of modulation differs from one odor to another. Particularly, neural responses to 

benzaldehyde show fixed point relocations in both Dop and S2 phases, while the fixed points 

associated with ammonia almost do not change their location in all three phases. 

We employ a network model which infers the connectome of neurons in the AL from neural data 

and the odor space to investigate how dopamine modulation could rearrange neural connectivity 

in the AL. We solve the convex optimization problem in three different phases of dopamine 

superfusion (S1, Dop, and S2) and find the connectomes associated with each phase. 

Connectome analysis indicates that the distribution of connectivity matrices is being modified to 

accommodate the observed relocation of fixed points in the odor space. We, therefore, ask what 

are the changes the lateral inhibition from LN to PN is undergoing by fixing the connectivity 

within the LNs for all phases. We find that the distribution of lateral inhibition connections 

narrows in the transition from S1 to Dop and narrows further in the transition from Dop to S2. 

Taken together our results provide a first structural description of neural encoding modulation 

and possible anatomical changes associated with dopamine-mediated olfactory learning. These 



results can be used to explore the connectivity patterns of dopamine neurons within the AL and 

their functionality with respect to learning. 
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Abstract: Animals constantly adjust sensory processing to meet the ongoing demands of a 

dynamic internal and external environment. In the olfactory system, extrinsic modulatory 

neurons adjust odor coding within the context of ongoing activity in other brain regions, yet the 

consequences of integrating multiple modulatory inputs are not well understood. The antennal 

lobe (AL; the first olfactory neuropil) of the moth, Manduca sexta is innervated by widely 

projecting serotonergic and dopaminergic extrinsic neurons whose processes overlap extensively 

with both projection neurons (PNs) and local interneurons (LNs) across all glomeruli. Therefore, 

single PNs and LNs may be simultaneously influenced by both modulators. Using extracellular 

tetrode recordings, we asked do both modulators 1) target the same neurons, 2) affect the same 

temporal features of odor-evoked responses, and 3) alter olfactory coding via similar 

mechanisms. 5-HT alone increases response duration and odor-evoked firing rate of PNs, but 

does not affect a post-excitation inhibitory phase intrinsic to PNs (“I2”). Although, DA alone also 

increases odor-evoked firing rate, it significantly shortens I2, allowing PNs to recover to baseline 

quicker. This suggests that while both 5-HT and DA increase odor-evoked firing rate, they affect 

different temporal features of PN responses. In combination, 5-HT and DA increase odor evoked 

firing rate and decrease I2, suggesting that modulatory effect of DA dominates when both 

modulators are integrated in a single neuron. In LNs, both 5-HT and DA alone increase post-

inhibitory rebound excitation. However, their integrated effects are non-linear and subtractive, 

suggesting that both modulators may be targeting different and potentially opposing second 

messenger pathways. Overall, we find that most AL neurons integrate the influence of both 5-HT 

and DA, and while each modulator has similar effects on odor-evoked responses when applied 

alone, their integrated effects suggest each modulator alters olfactory coding via separate 

mechanisms. 
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Abstract: Sensory stimuli evoke neural responses that map their identity, encode preferences, 

and guide behavior. Predicting and understanding how neural activities encode odor valences, 

which guide behaviors such as fleeing away from a predator or towards food, are open 

challenges in systems neuroscience. In this study, we used the locust (Schistocerca americana) 

olfactory system to examine this issue. 

We began by examining neural recordings from excitatory projection neurons (PNs) in the locust 

antennal lobe that receive sensory input from olfactory receptor neurons in the antenna. Our 

results indicate that putatively attractive and repulsive odorants activate nearly distinct 

ensembles of PNs. For a given odor group, there still was sufficient information to distinguish 

and recognize individual stimuli. Taken together, these results indicate that there may be an 

organizational logic with which olfactory stimuli are encoded at the level of ensembles of neural 

activities in the antennal lobe. 

In parallel, we are also systematically examining both innate and acquired behavioral preference 

of locusts to the same odor panel. Our preliminary results indicate that starved locusts could be 

conditioned to associate an odor with a food reward only when the odorant was innately 

attractive. Repulsive odors were not learnable. Interestingly, the offset of repulsive odors 

induced cross-learning for some attractants. Currently, we are examining how much of these 

behavioral preferences can be predicted from ensemble PN responses. 

In sum, our results reveal that in the insect antennal lobe, unique ensembles of neurons may 

guide orthogonal behaviors (i.e., attraction vs repulsion). In particular, we see a binarization of 

odorants into attractive and repulsive categories with unique neural responses, behavioral 

outputs, and learnabilities. 
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Abstract: Most organisms possess an ability to differentiate unexpected or surprising sensory 

stimuli from those that are repeatedly encountered. How is this sensory computation performed? 

We examined this issue in the locust olfactory system. We found that odor-evoked responses in 

the antennal lobe (downstream to sensory neurons) systematically reduced upon repeated 

encounters of temporally discontinuous stimulus. Rather than confounding information about 

stimulus identity and intensity, neural representations were optimized to encode equivalent 

stimulus-specific information with fewer spikes. Further, spontaneous activity of the antennal 

lobe network also changed systematically and became negatively correlated with the response 

elicited by the repetitive stimulus (i.e. 'a negative image'). Notably, while response to the 

repetitive stimulus reduced, exposure to an unexpected/deviant cue generated undamped and 

even exaggerated spiking responses in several neurons. In sum, our results reveal how 

expectation regarding a stimulus is encoded in a neural circuit to allow response optimization 

and preferential filtering. 
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Abstract: As a form of nonassociative learning, sensory habituation to repeated inconsequential 

stimuli is a ubiquitous plasticity in animals’ normal cognition. While filtering out such constant 

stimuli, animals are sensitized to respond to novel stimuli that may carry positive or negative 

value. The mushroom body output neurons in fruity flies - the 3rd-order central neurons in 

olfactory pathway - decrease response to repeated odor stimuli but increase response to novel 

odors. The basis supporting such novelty detection at the higher synaptic level is still not well 

understood. Here we show that in honeybees neural circuits at the early processing stage - the 

antennal lobe - are capable of adjusting neuronal responses so that the repeatedly exposed odor is 

weakly represented but novel odor is strongly contrasted. Modeling approach reveals that the 

circuit plasticity results from modification of GABAergic synapses within the network, 

expressed as local habituation and global sensitization. 
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Abstract: Glutamate-gated chloride channels (GluCls) are members of the Cys-loop ligand-

gated ion channel superfamily. In the honey bee, a single gene, amel_glucl, encoding multiple 

isoforms of a GluClalpha subunits, was previously investigated in the Armengaud lab [1, 2]. 

Here we report on studies of its distribution and possible functions in the antennal lobe and 

mushroom bodies, which are the functional analogs to the mammalian olfactory bulb and cortex, 



respectively. We used antibodies against GluCl1 subunits to study its co-localization with the 

synaptic marker (anti-synapsin) and specific identified neurons using neural tracing techniques 

(neurobiotin) in the antennal lobe and mushroom bodies of the honey bee. In the antennal lobe, 

the anti-GluCl1 co-labels with uniglomerular projection neurons and does not co-localize with 

anti-synapsin. The data strongly suggest that glutamate is an important neuroactive molecule 

involved in inhibition of the uniglomerular projection neurons (uPNs) in the antennal lobe. The 

source of the glutamate in the antennal lobe is still under the investigation. The anti-GluCl1 also 

labels presynaptic terminals of uPNs in the calyx of the mushroom bodies (MBs). Moreover, the 

Kenyon cell dendrites in the MB olfactory calyx area (lip and basal ring) also express GluCl1 

subunits. The subset of claw-type Kenyon cells also express GluCl1 subunit in the dendrites, cell 

bodies and axons in the gamma and lip area of the MB lobes. We concluded that GluCl channels 

are an important part of the olfactory processing center in the antennal lobes and MBs. Based on 

these results we propose a neuroanatomical model of the action of GluCl channels in olfactory 

processing. 1. El Hassani, A.K., et al., Identification, localization and function of glutamate-

gated chloride channel receptors in the honeybee brain. Eur J Neurosci, 2012. 36(4): p. 2409-20. 

2. Demares, F., V., et al., Expression and localization of glutamate-gated chloride channel 

variants in honeybee brain (Apis mellifera). Insect Biochem Mol Biol, 2013. 43(1): p. 115-24. 
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Abstract: Insects depend on their olfactory sense as a vital system. External cues are 

transformed through a rather complex pathway into internal information, which the animal can 

further process into various types of behavior. In holometabolous insects, like the red flour beetle 

Tribolium castaneum, the olfactory system is massively restructured during metamorphosis to 

match the adult requirements. 

In the current study, we investigate the metamorphic development of the antennal olfactory 

sensory neurons (OSNs) and the antennal lobe (AL) in T. castaneum. The paired AL are the first 



integration centers for the processing of antennal olfactory information (Dippel et al., 2016. 

BMC Biol 14:90). We correlated the AL development with the antennal OSN formation based 

on reporter expression of a partial Orco Gal4/UAS-DsRed line at different stages of metamorphic 

development. We found that the AL glomeruli are formed between 40% and 50% of total 

metamorphosis. Our data from the partial Orco-Gal4 line and immunohistochemical staining 

(IHC) against Orco indicate the reappearance of the antennal OSN and Orco expression, which 

disappeared in the pre-pupae, starting from 10% of total metamorphosis. These data suggest, 

similar to results found in Drosophila melanogaster (Jefferis et al., 2002. Curr Opin Neurobiol 

12:80–86) that the larval OSN undergo programmed cell death and are replaced with new OSN 

between the pre-pupal stage and the first pupal stages of T. castaneum. However, unlike in 

Drosophila, expression of Orco reappears prior to the formation of the AL glomeruli. Currently 

we address the question whether the loss of the IHC and reporter signal in the prepupal stage is 

due to apoptosis of the larval OSN or loss of Orco expression. Therefore, we use the TUNEL 

assay to detect apoptosis and the thymidine analogue 5-ethyl-2’-desoxuridine (EdU) to label 

newborn neurons. In a second approach, we investigate the influence of Orco on the 

development of the antennal OSN during metamorphosis by performing a RNAi mediated 

systemic knockdown of Orco in the last larval stage (L6). Preliminary results show that fewer 

OSN reach the antennal lobes and less glomeruli are formed in the adult beetle. This indicates, in 

contrast to the fruit fly that Orco is required for the correct ingrowth of the OSN and the 

formation of the olfactory glomeruli, which is similar to recent results from ants (Yan et al., 

2017. Cell 170:736-747.e9.; Trible et al., 2017. Cell 170:727-735.e10.). 
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Abstract: Taste is an important sense for determining whether the intaken food to be ingested or 

rejected for survival. A marine gastropod Aplysia has large neurons and shows clear taste 

preferences, which is modified by the experience and learning. We found sensory cells in S-



cluster of buccal ganglion responds to the hated taste faster (latency of ca. 2 s) than a preferred 

taste (latency of ca. 4 s). The difference of the latency is consistent with the fact that animals 

must respond more quickly to the disadvantageous information than advantageous one. 

However, it is unlikely that S-cluster sensory neurons, which is “input port” of the buccal 

ganglion, decide the latency with considering the taste preference. We hypothesized that the 

decision is made by the cerebral ganglion which controls important decision of behavior and 

connects with S-cluster neurons. The hypothesis was verified experimentally: 

Buccal mass and buccal ganglion and cerebral ganglion was isolated with retaining the 

connection with nerve flux. The neurons in the ganglion were stained with fluorescent voltage 

sensitive dye (VSD,Di-4-ANEPPS) in the presence of tetraethyl ammonium (TEA) chloride to 

prolong action potential duration to be determined by voltage imaging. Subsequently, preferred 

taste (L-asparagine), hated taste (distilled water, L-aspartic acid), and non-taste (artificial 

seawater: ASW) were administered to radula portion. Then the responses of the fluorescent 

image were monitored after administration of preferred taste (L-asparagine), hated taste (distilled 

water, L-aspartic acids) or non-taste (artificial seawater: ASW) to radula inside the buccal mass. 

As a result, cerebral ganglion responded with same latency (ca. 1s) toward administrations of all 

fluids including ASW. The result indicates that neurons in cerebral ganglion respond to only 

touch sense of by administrated liquid thus it is unlikely that cerebral ganglion contributes to the 

decision of behavior responding to the tastes. Contrastively the VSD-stained BN-2 and BN-3 

nerve bundles between the buccal mass and the buccal responded to the hated tastes with 2 s time 

lag but did to the preferred tastes with 4 s and indicated no response to ASW. 

Those results indicated that ingestion or rejection of foods are determined by the taste at buccal 

mass but not at cerebral ganglion. 
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Abstract: In conditioned taste aversion (CTA), an animal learns to avoid a particular taste that 

has been paired with malaise. Familiarity with future taste conditioned stimuli (CS) has long 

been known to reduce the strength of aversion learning. Recently, we have demonstrated that 

pre-exposure to “incidental” stimuli can influence later learning as well: specifically, pre-

exposure to salty and sour tastes strengthen a later learned aversion to novel sucrose (Flores et al 

2016); further work using immediate early gene expression (c-Fos) and optogenetics identified 

the gustatory cortex as a cite of enhanced learning-related neural activity caused by taste pre-

exposure (TPE) - levels of CTA-associated c-Fos were higher in rats that had received TPE, but 

inhibition of GC activity during TPE eliminated both TPE’s effect on future CTA learning and 

on learning-associated c-Fos. One potential interpretation of these results is that TPE changes the 

salience of the later-presented novel taste, thus enhancing its associability during CTA. Here, we 

explore this possibility, using (ensemble) single-neuron electrophysiology to determine how TPE 

changes GC firing rate dynamics in response to a novel CS before and after CTA. Parallel work 

unraveling the impact of TPE on other taste processing regions including the basolateral 

amygdala, central amygdala and hippocampus using c-Fos is guiding further electrophysiological 

experiments. Together, this work will both define an underlying neural circuit involved in TPE 

processing and further characterize the impact of TPE in GC neural activity. 
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Abstract: Chemotherapy administered to patients for treatment of different kinds of cancers, has 

been shown to cause several side effects, such as impaired taste perception. Vismodegib is given 

to patients suffering from basal cell carcinoma (BCC) that is not amenable to surgical excision. 

BCC is the most common cancer and is caused by alterations in the Shh signaling pathway in the 

skin, predominantly mutations in Ptc, however mutations of Smo can also give rise to this 



condition. As a result, the inhibition of signaling activity of Smo is lost, causing uncontrolled 

proliferation of basal cells. When Shh binds to Ptc in healthy basal cells, the inhibition of Smo is 

lost, and the activated Gli travels into the nucleus and activates proliferation. On the other hand, 

when Shh does not bind Pts, the pathway is inactive. The first FDA approved chemotherapy for 

treatment of BCC is vismodegib, which is an inhibitor of Smo and tumor shrinkage is observed 

in patients taking this drug. The Shh pathway is crucial in taste buds as the taste cells have a 

relatively short life span and need to be renewed continuously. Vismodegib treatment causes a 

decreased number of precursor cells in taste buds, and thereby cause a decreased number of type 

II cells encompassing the T1R3 receptor, which is a common subunit in the sweet (T1R2/T1R3) 

and umami (T1R1/T1R3) taste receptors. Thus, patients taking vismodegib lose normal taste 

sensation. Up to 55% of patients experience dysgeusia and many discontinue taking the drug. 

Treatment with neurotrophic factors to injured or atrophied organs has been shown to stimulate 

neuronal survival and functional improvement. Here we aim to show that overexpression of 

brain-derived neurotrophic factor (BDNF) in taste buds is able to prevent the side effects of 

chemotherapy. We used the two unique Gust-BDNF mouse-lines, as BDNF is the most potent 

neurotrophic factor in the gustatory system. We administered vismodegib orally for 10 weeks in 

an almond butter mixture, followed by taste preference evaluation using a 10mM sucrose 

solution. Thereafter, we used the T1R3 antibody to analyze the expression of the sweet/umami 

taste receptor. The T1R3 receptor showed a lower expression after the chemotherapy in both 

wild type and the BDNF overexpressing mice, however the decrease was less in Gust-BDNF 

mice. Additionally, the Gust-BDNF mice were able to detect sucrose after 10 weeks of 

chemotherapy, while the wild type mice were not, and the difference was significant for both of 

the mouse-lines. Preservation of the T1R3 receptor strengthens our hypothesis that BDNF 

overexpression is ascribable to preventing dysgeusia following chemotherapy. 
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Abstract: Animals depend on sensory cells in the oral cavity for the selection of food sources. 

Sweet, umami, and salty stimuli convey nutritional value, whereas bitter and sour inform the 

presence of toxic, unripe, or spoiled foods. The connectivity between taste receptor cells (TRCs) 

in the oral cavity and axons from their partner neurons in the gustatory ganglia must be correctly 

established in order to respond appropriately (attraction vs. aversion) to a taste stimulus. Notably, 

TRCs turn over rapidly throughout the lifetime of the animal. How do ganglion neurons 

recognize and wire to each new taste receptor cell? Specific guidance cues have recently been 

identified which coordinate this process for sweet and bitter TRCs. One of these cues, 

Semaphorin (Sema3A) is selectively expressed in bitter TRCs to promote connectivity with 

bitter-responsive gustatory ganglion neurons, ensuring fidelity and specificity of the bitter 

‘labeled line’. We now investigate the role of Sema3A receptors expressed by partner bitter 

ganglion neurons in completing the ‘handshake’ between TRCs and gustatory ganglion neurons 

at the periphery. Using Sema3A-receptor-Cre transgenic mice, we establish bona fide markers of 

bitter gustatory ganglion neurons, providing a crucial genetic handle on a functional population 

of peripheral gustatory neurons enabling future investigations into the connectivity of bitter taste 

circuits from the tongue to the brain. 
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Abstract: Conditioned taste aversion (CTA) is a well-established learning paradigm whereby an 

association between a taste and paired effect (e.g. nausea) causes an animal to develop an 

avoidance behavior to the same stimulus at a later time point. A large literature addresses how 

toxicity by way of drug injection (commonly lithium chloride; LiCl) shapes aversive behavior, 

but few studies have delved into the nature of this powerful state itself. Here, we report the 

beginning of an investigation into how the spontaneous network state induced by LiCl 

specifically impacts taste processing, and how the activity underlying this affective state might 

support learning. Using extracellular (single-neuron and local field potentials; LFPs) recordings 

during a passive taste delivery task under two (LiCl-induced sickness and Neutral) conditions, I 



have shown an evolution of LiCl-related network activity (i.e., spectral properties of local field 

potential firing) in which rhythmic activity in the 7-12Hz range emerges at 12 minutes post 

injection and vanishes 6 minutes later. I then probed the nature of the interaction between 

affective state and coding within the rat gustatory cortex (GC). I found that LiCl-induced 

sickness, in comparison to encoding an array of tastes under a neutral (healthy) state, altered 

discriminability efficacy within the much-studied “identity epoch” and protracted modulations in 

low-frequency (7-12Hz and 13-30Hz) LFPs during processing of novel taste stimuli. These 

cellular and network profiles were maintained when the same tastes were presented again 2 days 

later, further substantiating an affective state-dependent encoding processes that recursively 

appears as a product of associative learning. 
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Abstract: The first central nucleus in the taste system, the nucleus of the solitary tract (NTS), 

contains a heterogeneous mix of neuronal subtypes. The functional role of each subtype in taste 

information propagation is unknown. Here, we used optogenetic tools to study how selective 

excitation of GABAergic terminals in the NTS affects taste responses in awake, freely licking 

rats. Further, the effects of GABA excitation on taste discrimination learning in a Go no-Go 

(GnG) paradigm were examined. Viruses restricting ChR2-EYFP expression to GABAergic 

neurons using a GAD1 promoter were infused unilaterally into the NTS. Following 2-4 wks 

recovery, an optrode (optical fiber with 8-16 tungsten microwires) was implanted into the taste-

responsive NTS. After recovery, rats were presented with an array of taste stimuli under 

moderate water deprivation. Rats were given trials of 5 consecutive licks of a tastant (0.1 M 

NaCl, 0.1 M sucrose, 0.1/0.01 M MSG/IMP, 0.01 M citric acid, 0.001 M quinine, 0.1 M KCl, 0.1 

M NH4Cl, or artificial saliva) separated by 5 rinse licks on a VR5 schedule. Each taste stimulus 

lick triggered a 1s train of laser light (25 Hz of 473 at 8-10 mW) in a random half of the trials. 



After ~2 wks of taste-only recording, rats were switched to a GnG paradigm. A single cue 

stimulus lick (0.1 M NaCl, 0.1/.01 M MSG/IMP or 0.1 M KCl in separate sessions) was 

followed by 5 dry licks, 3 licks of a test stimulus (0.1 M NaCl, 0.1/0.01 M MSG/IMP, or 0.1 M 

KCl) and a 1 s timeout. If cue and test stimuli matched, continued licking produced a 3-lick 0.5 

M sucrose reward. If they differed, the rat was required to withhold licking for 1 s or be punished 

by 3 licks of 2 mM quinine and a 5 s timeout. In a random half of each trial type, each test lick 

triggered 1 s of optical stimulation. The data show that GABAergic stimulation increased 

information conveyed by NTS taste neurons (n = 80 of 140 total cells) and sometimes produced 

taste responses in neurons that were previously non-taste-responsive (n=20). GABAergic 

stimulation also had a varied but coupled effect on lick coherence and taste tuning of NTS 

neurons. In some neurons, lick coherence was reduced and tuning was broadened. In others, 

especially in cells with short-duration taste responses, lick coherence was increased and tuning 

was narrowed. Additionally, GABAergic stimulation retarded GnG performance in the majority 

of animals (3/5). Overall, results suggest that enhancement of GABAergic activity in the NTS 

may improve information conveyed about taste quality by individual neurons, but may scramble 

the taste-related information sent upstream by the population, resulting in degraded taste 

discrimination performance. 
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Abstract: Sense of taste on the surface of the tongue and sent to the brain can feel sweetness, 

sourness, saltiness, bitterness and umami. At first the gustatory nerve connects to the solitary 



tract nucleus, and toward reticular formation; secondly, connects to parabrachial nucleus and 

reaches taste area in cortex. We produced isolated brainstem-spinal cord intact tongue 

preparation including solitary tract nucleus, parabrachial nucleus, and facial nucleus to analyze 

taste circuit keeping sensory-motor connection. We examined the effects of sweet amino acid D-

valine and bitter amino acid L-valine on tongue movement focused on perinatal period (the 

embryonic day 16 (E16)-the postnatal day 3 (P3)). The tongue movement was recorded by 

bipolar-tungsten electrode inserted to tongue muscle in vitro preparation, and we also examined 

the behavior concerning taste in vivo P0-P3 rats; that was counted mouth movement as 

mastication. The tongue movement was irregular, and D/L valine effects were invisible in E16. 

Then the tongue movement detected clearly, and the effects of D/L valine were seen in E18. 

Application of D-valine to tongue increased tongue movement, but L-valine inhibited tongue 

movement or showed long delayed effect in P0-3 rat. When sucrose was applied into the in vitro 

preparation, tongue movement was increased after 3 minutes from the application. Application of 

D-valine to tongue increased tongue movement after 2-3minutes from application, but L-valine 

inhibited tongue movement or showed long delayed effect in postnatal 0-2-day-old rat. D-Valine 

and L-Valine distinguished each reception. In the circuit, the pons was required to the effect of 

Valine recognition because without pons has no effect of tongue movement with Valine 

application. These results suggested that D/L-Valine were detected with the sense of taste as 

different taste reception using pontine circuit. In behavioral study, rat pups tend to drink D-

valine, but they avoided to drink L-valine. The differences of D/L valine were detected clearly. 

This avoidance behavior in P3 rat was stronger than that in P2. These results suggested that D/L-

valine might have different certain taste receptors and the hate memory of bitter taste would be 

established in P2-P3 rats. 

Disclosures: A. Arata: None. K. Nakayama: None. C. Yoshida: None. S. Morokuma: 

None. Y. Takeshima: None. 

Poster 

218. Taste 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 218.08/AA8 

Topic: D.05. Olfaction and Taste 

Support: NIDCD R01-DC013770 

Title: Inhibitory modulation of thalamocortical input to rat primary gustatory cortex 

Authors: *M. HALEY, A. FONTANINI, A. MAFFEI 

SUNY at Stony Brook, Stony Brook, NY 



Abstract: Sensory information is transmitted to primary sensory cortices via subcortical 

ascending pathways from sensory thalamic nuclei. In the gustatory system, a prominent 

projection from gustatory thalamus, the parvicellular region of ventroposteromedial nucleus of 

the thalamus (VPMpc), carries information about tastes to primary gustatory cortex (GC). 

Although numerous studies have examined the properties of thalamocortical inputs to other 

primary sensory cortices, such as visual or somatosensory cortex, there has been a paucity of 

studies investigating thalamocortical projections to gustatory cortex. Here, we combine whole 

cell recordings in acute GC slices with optogenetic activation of VPMpc axon terminal fields to 

investigate the synaptic properties, targets, and distribution of thalamic input to GC. Our data 

indicates that differently from other sensory systems, thalamocortical input to GC is broadly 

distributed across cortical layers. Similar to other sensory thalamocortical projections, VPMpc 

projections target both excitatory neurons and fast-spiking, parvalbumin-expressing, GABAergic 

neurons in GC. Short-term dynamics of VPMpc-GC synapses differ between the two cell types, 

demonstrating stronger short-term depression onto inhibitory neurons. To investigate how 

feedforward inhibition recruited by VPMpc afferents affects thalamocortical transmission, we 

examined VPMpc-GC synaptic properties and short-term dynamics in the presence of GABA-A 

and GABA-B agonists and antagonists. Bath application of picrotoxin or CPG-52342, to block 

GABA-A and GABA-B transmission respectively, increased the amplitude of VPMpc-GC 

postsynaptic currents (EPSCs), and increased the likelihood of VPMpc elicited spikes in current 

clamp. Differently, muscimol significantly decreased the amplitude of VPMpc-GC EPSCs. 

Together these results suggest a prominent role for thalamocortical modulation by inhibition in 

gustatory cortex. 
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Abstract: The gustatory system includes a complex network of interacting receptor cells and 

nerves, which detect and transmit taste information. The anterior two-thirds of the tongue 

contains fungiform papillae that house a single taste bud each. The back of the tongue has 



bilateral foliate papillae typically consisting of six trenches per side, which we categorized as 

anterior, middle, and posterior (2 trenches each), that are lined with numerous taste buds. The 

chorda tympani (CT) taste nerve innervates both fungiform and foliate taste buds (particularly in 

the anterior trenches). Along with CT support, the foliates make additional synaptic connections 

with the glossopharyngeal taste nerve, notably in both the middle and posterior trenches. When 

the CT is cut (CTX) in adult (> 40 days of age) rats, the nerve regenerates as evidenced by a 

transient reduction in fungiform taste buds and then a return similar to controls. To investigate 

whether the same was true for foliate taste buds, the current study examined foliate taste bud 

volume following CTX. Rats received unilateral CTX at 65 days of age and were sacrificed 50 

days later. Tongue tissue was sectioned at 10µm using a cryostat and stained with hematoxylin 

and eosin for taste bud visualization. Foliate taste bud perimeter tracings were done using the 

computer program Neurolucida (MBF Bioscience). Foliate taste bud volume was calculated by 

multiplying the summed perimeter tracings across sections by section thickness, and was 

compared between the intact and transected sides, and within each trench category. An ANOVA 

revealed differences in taste bud volume between trenches (p < .05), and no difference in overall 

taste bud volume between the intact and transected sides (p > .1), suggesting that, similar to 

fungiform taste buds, foliate taste bud volume is not permanently reduced after adult CTX. 

Surprisingly, planned comparisons indicate larger volumes on the transected compared to the 

intact posterior trenches (p < .05). We present data that suggests 50 days after adult CTX taste 

buds are present in the foliate papillae, indicating the possibility of either regeneration or foliate 

taste bud maintenance in the absence of CT support. 
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Abstract: Sucralose is an artificial sweetener known as the commercially marketed calorie-free 

additive, Splenda. When presented water and sucralose in a two-bottle preference test, as 

sucralose concentration increase, some rats show preference (sucralose preferers SP) and some 



show avoidance (sucralose avoiders SA). Previous reports have demonstrated associations of 

sucralose acceptance with intake of sweet, bitter or creamy substances. In the current study, male 

(n=16) and female (n=16) Sprague-Dawley rats were categorized as either SP or SA using a 

series of two-bottle preference tests with water and ascending concentrations of sucralose 

(0.0001-2 g/L). It has been previously reported that the SP/SA profile is evident only in female 

rats but here we observe SP and SA profiles in both sexes. Next, to assess whether the SP/SA 

profile would predict binge eating behavior, animals were placed on a binge-access schedule. 

Rats were given 30-min access to chow (3.43 kcal/g) and sweetened fat-shortening (8.6 kcal/g; 

sucrose and Crisco ) following 23-hour food deprivation twice a week. Across these 30-min 

sessions, SP and SA rats did not significantly differ in intake of the sweetened fat-shortening nor 

in intake of standard chow. In contrast, while sweetened fat-shortening intake did not 

significantly differ by sex, male rats ate significantly more of the chow than female rats during 

these 30-min sessions. Taken together, these findings suggest sucralose acceptance does not 

predict intake of palatable diets in this binge eating paradigm. Next, we are measuring ad libitum 

intake of chow and sweetened fat in a separate cohort of SA and SP rats to compare responses to 

these stimuli. 
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Abstract: Taste stimuli contain both chemical (taste identity, for instance sweet and salty) and 

hedonic value (taste palatability) information. Reflecting the complexity of tastes, gustatory 

cortex (GC), GC single-unit taste responses convey a time series of information—first about 

taste identity (e.g., sweet, bitter; Epoch 1: ~0.2-0.7s post-delivery) and then taste palatability 

(Epoch 2: ~0.8-1.5s post-delivery). We have hypothesized that the dynamic nature of this coding 

reflects the fact that GC integrates information from multiple subcortical nuclei, and that in 

particular the emergence of palatability-related information in GC specifically requires 



temporally-restricted inputs from basolateral amygdala (BLA). Previous work (Piette, et al., 

2012) broadly confirmed the importance of BLA in cortical palatability coding; to more 

rigorously test our hypothesis, we examined whether taste-related GC firing could be altered by 

brief, targeted optogenetic perturbation limited to BLA-GC projections. We first infected BLA of 

adult female Long Evans rats with AAV-ArchT; four weeks later, we implanted 1) unilateral or 

bilateral multi-electrode bundles with optical fibers (‘optotrodes’) in the GC and 2) intra-oral 

cannula (IOC) for taste delivery. With this preparation, we were able to specifically silence 

BLA-GC projections (sparing both BLA and GC somae) while presenting 0.1M NaCl, 0.3M 

Sucrose, 0.1M Citric Acid and 1mM Quinine-HCl. We found that optogenetic inhibition of 

BLA-GC projections had bidirectional effects on GC taste responses. Single unit responses were 

dramatically altered, but the effect was specifically restricted to the epoch of palatability-related 

firing; taste identity firing remains unaffected by the inactivation. This pattern of results is 

consistent with the hypothesis that relative to other inputs, BLA preferentially provides 

palatability information to GC. Future directions will involve experiments that aim to examine 

the impact of this brief, targeted optogenetic inactivation on taste-guided behavior. 
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Abstract: It is generally believed that primary sensory cortices exclusively represent basic 

sensory information. However, recent evidence points to these areas as regions capable of high 

levels of integration. The gustatory cortex (GC) is well known for its multiple functionalities 

including chemosensory processing and learning, multi-sensory integration, and food-cue 

association. The multifaceted nature of GC, suggests that it may be involved in computing 

complex cognitive variables associated with consummatory decision as well. Here we use 

behavioral training, chemogenetic manipulation and electrophysiological recordings to test the 

hypothesis that GC can process decisions, goals and outcomes in a perceptual decision-making 

task. 



We designed a taste-based, two-alternative choice task where mice are trained to discriminate 

between four tastants of two categories (sweets: sucrose S, maltose M; bitter: sucrose octacetate 

O, quinine Q) delivered at a central spout. Animals report taste identity on lateral spouts by 

licking either left or right for water reward after a delay period. One taste of each category is 

rewarded on each lateral spout (S & Q - reward left; M & O - reward right), leaving animals 

unable to simply rely on quality (sweet vs bitter) or hedonics (palatable vs aversive) for their 

decisions. Bilateral chemogenetic inactivation of GC negatively affected task performance (25% 

reduction). 

We implanted moveable tetrodes in GC and recorded neural activity in well trained mice. 

Analysis of single unit activity revealed that GC neurons can encode planning, spatial goals and 

reward outcome of the taste discrimination task. Specifically, 43% of neurons in GC reflect 

intention to lick right or left during the delay period (planning), 48% of neurons represent licking 

right or left (spatial goal) and 40% of neurons represent correct or erroneous choice (reward 

outcome). 

Overall our results show GC involvement in all the steps of a taste-based perceptual decision. 

These data suggest that GC may directly drive and shape decisions important for consummatory 

behaviors. 
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Abstract: Previous literature has yielded mixed results on the spatial organization of taste 

coding in gustatory cortex (GC). One recent study utilizing in-vivo 2-photon (2P) calcium 

imaging described both sucrose and quinine “hot spots” occupying different spatial regions of 

GC along the anterior-posterior axis, suggesting the spatial separation of taste coding based on 

hedonic quality (Chen et al., 2011). However, recent 2P imaging work in our laboratory revealed 

no spatial organization of taste responses in the region of gustatory cortex analyzed, similar to 



previous findings reported in both rodents and humans (Fletcher et al., 2017; Accolla et al., 

2007; Schoenfeld et al., 2004). One major limitation of previous rodent imaging studies is that 

they were performed in anesthetized animals. Recent work in our laboratory utilizes miniature 

head mounted microscopes (miniscopes) to image awake, in-vivo taste responses of cortical 

neurons in multiple regions of mouse GC. The goal of this research is to determine cortical 

responses to taste stimuli and the spatial organization of those responses in awake mouse GC. 

AAV1.Syn.GCaMP6f is stereotaxically injected into the gustatory cortex of C57BL/6J mice in 

different regions along the anterior-posterior axis including central GC (AP +1.5mm, ML 

+3.3mm, DV -2.1 mm) and posterior GC (AP -0.3 mm, ML +3.85 mm, DV -1.8mm). After 

recovery, a 0.5mm x 4mm gradient index (GRIN) lens is implanted at the cortical region and 

layer of interest, allowing for the visualization of cells through the miniscope. Animals received 

multiple trials of 0.5 M sucrose, 0.3 M sodium chloride, 0.02 M citric acid, 0.01 M quinine, an 

umami mixture (1.0 M monopotassium glutamate and 0.1 M inosine 5’-monophosphate), water, 

and artificial saliva within a single day. These stimuli were then randomly repeated for a total of 

5 experimental days to allow for within and across-day repeatability analyses. 

Data will be collected from different cortical layers as well as different regions along the 

anterior-posterior axis of GC. Spatial organization of taste responses in awake GC will be 

analyzed individually for each region by examining the percent of neurons within the region 

responding to a given taste as well as best-taste responses to each stimulus (what percentage of 

neurons respond best to a given stimulus). Broadness of tuning will be analyzed using both 

entropy and noise-to-signal calculations. Principal component analysis will be used to examine 

the organization of population responses in awake GC. Together, this data will describe the 

spatial organization of taste in awake mouse GC. 
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Abstract: Obesity, a health concern currently affecting over 30% of adults in the United States, 

is primarily caused by a chronic surplus of calories from foods dense in fats and sugars. Often 



during attempts to lose weight, many individuals experience weight gain following an initial 

weight loss, otherwise known as yo-yo dieting or weight cycling. Here, we investigated how 

changes in diet composition following weight gain affected the weight, body composition, and 

behavioral preferences in rats with diet-induced obesity. Sprague-Dawley rats were placed on a 

45% high fat diet (HFD) for 10 weeks, and then split into two groups. One group received ad 

libitum standard lab chow diet (HFD-SC; Purina 5001) and the other group was pair-fed an 

amount of equal caloric value of the HFD (HFD-PF). Experimental groups were compared to age 

matched rats on SC with no experience with HFD (Control). Rats were scanned via dual-energy 

X-ray absorptiometry (DXA) every 4 weeks to determine body composition. 10 weeks after the 

diet change, HFD-PF rats had significantly high body fat (28.6±3.8%) than HFD-SC rats 

(18.1%±1.6, F (1, 60) = 7.9; p < 0.01). Control rats were had significantly less body fat than both 

groups (12.7% ± 0.2). To assess changes in food preference in these two groups, we conducted a 

48-hr access test using Ensure, a food source high in sugar and fat while also measuring food 

consumption. Two concentrations of Ensure were used: 25% and 50%, diluted with water. Both 

water and Ensure were available for 48 hrs in the home cage, with the bottle placement rotated 

after 24 hrs. All rats had clear preference for Ensure with both concentrations (> 90% 

preference). Amount consumed (in kCal) was normalized by body weight in all groups. Both 

HFD-SC and HFD-PF rats ingested significantly less total calories from food + Ensure 

normalized by body weight than lean controls for when presented with both concentrations of 

Ensure (F (2, 21) = 19.53, p < 0.05). When normalized for body weight, HFD-PF rats consumed 

less calories from Ensure than both HFD-SC and lean controls (F (2, 21) = 4.995, p< 0.05). 

HFD-SC rats consume more calories from Ensure than both HFD-PF and controls (F (2, 21) = 

3.81, p < 0.05), perhaps due to an increased salience toward sweet-fat taste from their previous 

history with a palatable diet. Although, all groups of animals groups have >90% preference for 

Ensure over water, animals on HFD-PF and HFD-SC do not compensate for caloric consumption 

with subsequent food intake like the lean animals. 

Disclosures: T. Nguyen: None. M.S. Weiss: None. P.M. Di Lorenzo: None. 

Poster 

218. Taste 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 218.15/BB4 

Topic: D.05. Olfaction and Taste 

Support: Productos Medix 3247 

 CONACyt Grants Fronteras de la Ciencia 63 y Problemas Nacionales 464 

Title: Sucrose’s palatability in the Lateral Hypothalamus is encoded by GABAergic and non-

GABAergic neurons 



Authors: *M. HERNANDEZ LUNA1, M. VILLAVICENCIO2, J. LUIS-ISLAS3, A. 

HERNÁNDEZ-COSS4, R. GUTIERREZ2 
1Pharmacol., Cinvestav, Gustavo A. Madero, Mexico; 2Pharmacol., 3Physiology, BioPhisics and 

Neurosci., 4Bioelectronics, Cinvestav, Zacatenco, Mexico 

Abstract: The prevalence of overweight and obesity has scaled in the last decades. One culprit 

of this epidemic is the overconsumption of sucrose, which due to its high palatability (hedonic 

value) promotes its intake beyond homeostatic need. Palatability is the affective evaluation of a 

tastant. In rats, it is measured by an increase in lick rate elicited by increasing sucrose’s 

concentration. The Lateral Hypothalamic Area (LHA) has been established as an important node 

on the feeding circuit. Extracellular recordings on rats revealed that LHA neurons respond to 

palatable tastantses. Although, LHA contains a heterogeneous population of neurons. Recently it 

has been reported that the LHAGABA promotes appetitive and consummatory behaviors, 

regardless of the caloric content or biological relevance of the consumed stimuli. However, it 

remains unclear which LHA neuron types are involved in encoding sucrose’s palatability. We 

hypothesized that a subpopulation of LHAGABA neurons encode the oromotor palatability 

responses elicited by sucrose. To address this issue, we used transgenic mice (Vgat-ires-Cre) that 

express channelrhodopsin-2 (ChR2) on LHAGABA neurons. Employing extracellular optrode 

recordings, we examined single unit LHA responses in these subjects performing a Brief Access 

Taste Test (BATT). After the task, we used optogenetic tagging to identify LHAGABA neurons. In 

BATT, a trial consists of a reward period of 4s where the subject can lick the sipper to be 

rewarded with a different sucrose concentration (0, 1.5, 3, 10, 18 or 32 wt/vol %) on each trial. 

The average number of licks per second (lick rate) and the size of the bouts (bursts of rhythmic 

licks separated by a pause ≥0.5 s) were used as direct measures of palatability. An increase in 

lick rate and a larger bout size were observed as the sucrose concentration increased. We found 

two populations of neurons with distinct sucrose palatability-related responses, one that 

increased and other that decreased their firing rate as the sucrose’s palatability increased. We 

also found that a portion of these palatability-related neurons were LHAGABA neurons. Moreover, 

another subset of palatability-related neurons was inhibited by photostimulation, indicating that 

they were non-GABAergic neurons, but they also belong to the same the circuitry modulated by 

the photostimulation of LHAGABA neurons. Finally, we also found a subpopulation of non-

GABAergic LHA neurons (i.e non-responsive to photostimulation) also tracked the hedonic 

value of sucrose. We concluded that a heterogeneous population of GABAergic and non-

GABAergic neurons in LHA encode palatability information. 
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Abstract: The gustatory cortex (GC) has been shown to respond to crossmodal cues predictive 

of taste. Much of this work has focused on predictors of a single sensory modality, whereas 

naturalistic food predictive cues are often composed of multiple sensory modalities. How GC 

processes these multimodal cues remains largely unknown. Here, we investigate if GC processes 

a multimodal cue configurally (as a unique entity, not merely the sum of its elements) or 

elementally (as a simple sum of its components). To do so, a paradigm was used in which an 

odor (isoamylacetate, 4ppm) and tone (2kHz, 75 dB) were simultaneously presented to headfixed 

mice for 2 seconds. At the termination of this compound presentation, mice had 5 seconds to 

make 5 dry licks to a fixed spout for a drop of sucrose (200mM). After animals responded to at 

least 75% of trials for three consecutive days, they received a test day consisting of 10 

unreinforced presentations of the tone alone, odor alone, as well as the previously learned 

compound. Animals made licks to almost 80% of compound and odor alone presentations, but to 

less than 10% of tone alone presentations, indicating a robust overshadowing of tones by odors. 

Animals made, on average, 8 licks to the compound presentation, 4 licks to the odor and less 

than 1 lick to the tone. This suggests that while the compound and odor have equal ability to 

elicit a behavioral response, the magnitude of that response is not equal. Interestingly, in mice 

implanted with 8 moveable tetrodes in GC, we saw a similar physiological response pattern. 

Analysis of single unit activity revealed that half of responsive neurons were evoked by both the 

presentation of the compound as well as the presentation of the odor. Only 9% of neurons were 

responsive to the compound and the tone. Subsets of neurons were sensitive to individual 

elements (22% to the odor and 4% to the tone). Conversely, 17% of neurons responded uniquely 

to the compound but to neither element. These data show a large overlap, both in behavior and in 

single unit activity, between the compound and odor stimuli. This suggests preservation of some 

individual features, but also the existence of a representation unique to the learned compound 



cue, indicating a mixed elemental/configural strategy of multimodal cue representation to 

instruct licking. 
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Abstract: Subsets of neurons at all levels of the rodent taste system fire in phase with the lick 

cycle during bouts of licking, and in some structures this relationship is task dependent. 

Synchronization of lick-coherent neural activity across taste areas in the brain presents a possible 

mechanism for information transfer between structures, and may be driven by rhythmic 

subthreshold synaptic inputs, which can be measured as local field potential (LFP) oscillations. 

Neurons in the nucleus of the solitary tract (NTS), the first central relay nucleus in the taste 

system, display diverse rhythmic firing patterns tied to licking. It is unknown whether this 

activity is influenced by synchronous subthreshold inputs, and whether it is related to processing 

of taste information. We investigated whether NTS neurons showed evidence of synchronization 

with LFP oscillations, and if so what properties those neurons possessed. We analyzed single 

unit and local field potential (LFP) signals recorded from freely moving rats with 8- or 16-

channel microwire electrodes implanted in the NTS. During these recording sessions subjects 

licked at a computer-controlled lickspout, which dispensed taste solutions (or a neutral control 

stimulus) with neutral rinses between trials. A total of 177 isolated single units with concurrent 

LFP recordings were used in the analysis. LFP signals contained spontaneous oscillatory activity 

in the theta range even when subjects were not licking, and during licking this activity became 

entrained to the lick cycle. Some neurons fired in synchrony with spontaneous theta oscillations, 

and a majority of these preferentially fired at the trough of the spontaneous theta rhythm. 

However, neurons that preferentially fired at the trough of the spontaneous theta oscillation 

displayed diverse firing patterns within the lick cycle during licking. We analyzed neurons’ spike 

trains to detect temporally coded information about taste quality, and found that neurons whose 

firing was modulated by theta oscillations during licking encoded more taste information than 



non-theta modulated neurons. The strength of a neuron’s phase locking to the lick cycle, 

however, was not correlated with how much taste information the neuron encoded. We also 

found that a subgroup of cells were able to differentiate presentation of a neutral stimulus during 

a trial from presentation of the same neutral stimulus during an inter-trial rinse, but typically 

could not differentiate between neutral stimulus trials and other stimulus trials. These results 

suggest that LFP oscillations in NTS neurons are important to the processing of taste 

information, and may reflect the state of NTS taste circuitry. 
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Abstract: The tastes of sugars and amino acids are signaled by distinct heterodimers of the Type 

1 taste receptor proteins that share a common subunit (sugars: T1R2+T1R3; L-amino acids: 

T1R1+T1R3). However, mice with deletion of one subunit (T1R3) exhibit residual neural 

responses, suggesting a role for the remaining subunit or T1R-independent mechanisms. 

Moreover, behavioral experiments indicate that mice lacking both the T1R1 and T1R3 subunits 

can detect high concentrations of umami compounds. To clarify T1R residual responses, we 

recorded from single neurons (n=144) in the 1st-order central taste relay, the rostral nucleus of 

the solitary tract, in T1R double knock-out mice (T1R dbl KO): T1R2+T1R3 (KO23) or 

T1R1+T1R3 (KO13) and wild type (WT) strains (C57BL/6 and 129X1/SvJ). Stimuli [mM 

Conc.] were representatives for standard taste qualities (sucrose [100], NaCl [100], citric acid 

[10], cycloheximide [.01] + quinine [3] and umami (MSG [100 & 600] +amiloride [.1] + IMP 

[2.5]), additional monosaccharides (glucose and fructose [1000]) and amino acids (MSG +/- 

amiloride, glycine, and L-lysine [all 600]). As previously shown for T1R3 KO’s, residual 

responses to saccharides occurred in T1R dbl KO mice. However, particularly for glucose, these 

tended to be more frequent in KO13 vs KO23 mice (23% vs 8%) suggesting the T1R2 subunit 



can maintain some responsiveness to sugars. Nevertheless, each mono- and disaccharide elicited 

responses 5-29X larger in WT mice (P’s<.006) and neurons with preferential sensitivity to sweet 

(and/or umami) stimuli were observed almost exclusively in WT mice (84%, P=.003). These 

changes markedly decreased the distinctiveness of across-neuron patterns to sugars in the T1R 

dbl KO mice, with higher across-neuron correlations between sugars and non-sweet stimuli (r= 

+0.02 + 0.026 WT, +0.42 + 0.046 dbl KO, P<.0005). Changes in amino acid responses were 

more subtle, suggestive of T1-independent mechanisms. In fact, amino acid responses were not 

significantly smaller in T1R dbl KO’s, although 100mM umami was 4X as effective in WT mice 

and umami synergism was largely missing in dbl KO’s but prominent in WT mice (P =0.004). 

These data appear consistent with the abilities of KO13 mice to detect higher umami 

concentrations but are puzzling because behavioral discrimination of MSG (+ amiloride) requires 

IMP but neural responses to MSG + amiloride in the T1R dbl KO’s are just as large without this 

cyclic nucleotide. Indeed, the relatively robust responses to MSG + amiloride in both WT and 

dbl KO mice in the absence of behavioral discrimination suggests that this neural activity is not 

routed to circuits underlying sensory-discriminative function. 
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Abstract: In previous work we have shown that odors presented with taste stimuli can modify 

neural responses to taste in the nucleus of the solitary tract (NTS) of the rat. These results 

suggest that neurons in the NTS might respond optimally to stimuli that combine multiple 

chemosensory modalities, i.e. food. Here, we describe the response of NTS neurons recorded as 

a rat approaches and consumes various foods. We will test the hypothesis that thee response will 

be stimulus specific in each neuron. Subjects were Sprague Dawley rats (N = 4) that had a 

drivable 16 channel microwire assembly implanted into the rostral NTS. After completion of the 

electrode implantation surgery and post-operative recovery, rats were food deprived and placed 



in an operant chamber (Med Associates; Fairfax, VT). The chamber contained seven wells 

arranged linearly near the floor of one end of the chamber. Different foods filled some of the 

wells; the identity and placement of foods were randomized daily. Foods were chosen that were 

emblematic of the “basic” taste qualities. These included: dark chocolate (90% cacao; bitter), 

cheese (fat), banana (sweet), Cheerios (sweet), milk chocolate chips (sweet), Granny Smith 

apples (sour), salted peanuts (salty), and shiitake mushrooms (umami). A Cineplex Behavioral 

Research System (Plexon, Inc) was positioned outside of an observation window for 

simultaneous acquisition of neural and video data. For each recording session (30 min), rats 

could approach and choose from any of the available foods. Videos were scored offline for 

consummatory behaviors by 4 different raters. Thus far, eight of 10 neurons responded to both 

well entry (with or without subsequent eating) and eating-related behaviors. Neural responses 

were stimulus specific and were similar to neural NTS responses to prototypical tastants in 

temporal envelope and duration. Well entry responses may be evoked by food-related odors 

and/or may reflect instructions originating in higher-order structures. Analyses of temporal 

coding of taste in 6 neurons showed that 5 neurons conveyed a significant amount of information 

about differences across food stimuli. On average, spike trains evoked by eating conveyed more 

information about food compared with spike trains evoked by well entry. In all, preliminary 

results suggest that NTS neurons may be closely tied to appetitive as well as consummatory 

responses. 

Funded by NIDCD grant RO1 DC006914 to PMD. 
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Abstract: Mapping the wiring diagram of the neocortex constrains models of computation by 

the structural components of the brain. Electron microscopy (EM) remains the gold standard to 

identify these components since it has adequate resolution to identify thin wires of micro 

connectivity. Here, we describe an EM pipeline to scale up technology to collect petascale sized 

datasets containing a full local cortical microcircuit in mouse visual cortex. We supplement 

datasets with functional studies of neurons whose calcium activity has been imaged in vivo.  

We previously prepared 100 μm3 of mouse cortex and aim to increase sample volume 1000x. 

Larger volumes (1 mm3) are needed to map local connections of a mouse cortical microcircuit. 

Preparation of 1mm3 and larger specimens by EM presents technical challenges. The foremost 

problem is osmium tetroxide (OsO4) penetration. 

After in vivo 2P and 3P imaging of calcium signals in neurons and mapping of vasculature, mice 

were prepared for correlative, high resolution TEMCA imaging of serial sections from the same 

area. The goal was to scale up to 1mm3 cube of imaged brain and prepare high contrast samples 

for high throughput imaging. 

Sample preparation required the previously imaged ROI to be exactly placed in resin blocks. 

Detailed fiducial marking using blood vessel patterns and meticulous block trimming was 

imperative. After perfusion, the imaged area was marked with dye prior to vibratome cutting to 

ensure placement in the slice. Finally, the blood vessel pattern was overlaid to map out exact 

position of the ROI in resin blocks. 

High contrast samples were necessary for thin sectioning, imaging and automatic image 

segmentation. Thus, vibratome slices were processed using a precision designed staining 

protocol. This protocol utilized multiple rounds of Os staining combined with amplification to 

highlight membranes. Increased time and addition of solvents was required to increase Os 

penetration. Applications of the heavy metals lead nitrate and uranyl acetate were added en bloc 

to avoid on section staining. 

We prepared 8 mice for analysis by TEM for quality of tissue fixation, stain penetration and 

block hardness. Blocks containing the ROI were imaged by Micro-CT to evaluate staining and 

Os penetration. Final sample choice considered stain penetration, ultrastructure, contrast, ROI 

placement and physiological data. The best samples were registered with ROI fiducial marks and 

trimmed for collection of 25K serial sections using an ATUM (automatic tape collection 

ultramicrotome). 

In summary, we have pushed the limits of sample size for EM, both for Os staining and 

sectioning to collect 1mm3 data set of previously imaged brain tissue.  
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Abstract: How effectively does the brain encode information across large numbers of neurons? 

Many models predict that shared variability (‘noise correlations’) will cause information to 

saturate for even moderately sized population, although empirical evidence in this regime is 

severely lacking. We studied this prediction using a novel 3D high-speed in vivo two-photon 

microscope to record nearly all of the hundreds of neurons in a small volume of the mouse 

primary visual cortex. We presented full field grating with five closely spaced orientations and 

measured how encoded information grows with population size. 

Contrary to numerous predictions, we find that information continues to increase for population 

sizes of several hundred neurons with little sign of saturation. In addition, a decoder ignoring 

correlations between neurons can still decode the majority of the information in the population. 

The growth of information with population size is well described by an equation motivated by 

models of information limiting correlations, with the magnitude of these information limiting 

correlations a consistent and small value across numerous anesthetized and awake animals. 

Finally, we find the empiric correlation structure is consistent with numerous eigenvectors 

weakly aligned to the population tuning, f(θ) , which can give rise to similar growth. 

Our results suggest that sensory neural populations represent information in a truly distributed 

manner and pooling of neural activity within local circuits may be much more effective than 



previously anticipated. The representation in early sensory areas does not appear to be impaired 

substantially by shared sensory noise. 
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Abstract: Activities of pyramidal neurons in primary visual cortex (V1) are modulated by visual 

stimuli presented outside their classical receptive field (CRF). This phenomenon is referred to as 

surround modulation. The interaction between stimulus features in the CRF and the modulatory 

influence from the surround are thought to be nonlinear, yet the functional and computational 

consequences of this interaction remains controversial. Previous studies have reported the 

surround modulation to be either excitatory or inhibitory, depending on the stimulus properties 

within the CRF. Our goal is to understand how surround stimuli modulate the encoding of a 

center stimulus by characterizing neuronal response properties with independently controlled 

center and surround stimuli, and putting the resulting center-surround interaction in the context 

of Bayesian inference using probabilistic models. 

We first focused on characterizing surround modulation with commonly used stimuli and 

criteria. We recorded activities of transgenically labelled, GCaMP6s positive pyramidal neurons 

in layer 2/3 of mouse V1 using 2-photon imaging. The aggregated receptive field of a population 

of neurons were estimated with random-dot stimuli. To isolate the effect of the surround, we 

measured size tuning response curves with drifting grating stimuli that were either restricted to 

the CRF (center stimuli) or restricted to the surround (surround stimuli). Consistent with 

previous studies, pyramidal neurons in mouse V1 were selective for sizes of visual stimuli and 

the preferred size increases as stimuli contrast decreases. We also found neurons that were 

reliably excited by surround stimuli, even though their preferred stimulus size was less than the 

inner radii of the surround stimuli. Interestingly, those neurons did not necessarily prefer the 

same orientation or direction in the CRF as in the surround. 



The results seem counter-intuitive given what has been reported on surround modulation. The 

effect of the surround has been commonly described as a modulatory force on the response to the 

center, and the strongest modulatory strength occurs when the surround is congruent. Cavanaugh 

and colleagues have reported similar excitatory surround effects in macaque V1. They propose a 

functional model with independent center and surround mechanisms that can quantitatively 

explain surround excitation. However, the mechanism for surround preference and its relation to 

center preference is unclear. We seek to extend their model to account for the difference between 

center and surround preferences. Building the functional model will inform us of computational 

relevance of the excitatory surround. 
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Abstract: The relation between feature selectivity and synaptic connectivity of neurons in mouse 

primary visual cortex (V1) has been researched intensively in recent years. Excitatory and 

inhibitory synaptic inputs to V1 simple cells are tuned to the same preferred orientation (Liu et 

al., 2011). Although inhibitory input is broader, this might seem incompatible with the report that 

inhibitory connectivity onto pyramidal cells is dense and non-selective (Packer and Yuste, 2011). 

More recently, evidence for stronger connectivity from parvalbumin-positive interneurons to 

pyramidal neurons with similar visual preferences has been reported (Znamenskiy et al., 

bioRxiv, 2018). 



We measured the visual responses of pyramidal neurons by calcium imaging in vivo, and then 

reconstructed synaptic connections from inhibitory interneurons, based on 3D EM images of 

mouse V1 (millions of cubic microns). We analyze pairs of pyramidal cells that receive synapses 

from the same inhibitory axon. Our dense reconstruction allows us to study thousands of 

inhibitory axons fragments that pass through our EM reconstructed volume but raises the 

difficulty of identifying the types of interneurons to which they belong. To automate the 

classification of inhibitory axons we developed computational methods for semantic 

segmentation of cells (axon, dendrite, spine heads, soma) and morphological distinctions 

between cell types (eg. basket, chandelier cells). We present our methods as well as a structure-

function analysis of inhibitory inputs onto pyramidal cells in our dataset. 
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Abstract: Cell-type specific connectivity in the local circuitry of the mammalian neocortex 

shares a canonical rule, while it still remains elusive whether top-down feedback connections 

also follow a similar circuitry. We combined multiple whole-cell recordings with optogenetics to 

examine the connectivity and function of two feedback pathways in adult mice. One pathway is 

from the lateromedial area (LM) to the primary visual cortex (V1), and the other is from the 

vibrissal primary motor cortex (vM1) to the vibrissal primary somatosensory cortex (vS1). We 

found that these two pathways are different in both the connectivity profile and functions. LM 

provided strong monosynaptic excitation to Layer 23 parvalbumin (PV) and somatostatin (SOM) 

expressing interneurons and weaker input to all other cell types across different layers, while the 



major target of vM1 in vS1 is vasoactive intestinal polypeptide (VIP) expressing interneurons. 

Consistently, LM to V1 feedback sharpened the temporal pattern of V1 pyramidal cells, while 

vM1 to vS1 feedback enhanced the activity of vS1 pyramidal cells, sometimes with bursts of 

firing. Our results suggest the existence of two functional modules of feedback pathways in the 

mouse neocortex, which might execute completely different top-down neural modulations. 
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Abstract: Basic characterization of neurons’ visual responses commonly includes linear 

receptive fields and tuning for feature orientation, direction of motion, spatial frequency, and 

temporal frequency. Even for similar correlation structure, the ability of different visual stimuli 

to drive strong and reliable activity in neurons is an empirical question as the visual system is 

sensitive to higher-order statistics of the stimulus. 

We designed and evaluated synthetic stimuli for fast measurement of visual response properties. 

The first stimulus, “Monet”, comprises pink noise with periods of coherent feature orientation 

and motion while preserving the same spatial correlation structure as the conventional pink noise 

across the stimulus ensemble. The second stimulus, “Trippy”, encodes movies as v = cos(f) 

where f is a phase movie generated as dynamic random noise with low spatial and temporal 

bandwidth and sufficiently high amplitude to ensure representation of all relevant spatial and 

temporal frequencies. The Trippy stimulus features elongated curved contours while still having 

compact spatiotemporal autocorrelations, allowing RF computation by simple spike-triggered 

averaging. Both stimuli allow computing tuning for orientation, direction of motion, and (for 

Trippy) spatiotemporal frequencies. By correlating responses between repeated presentations of 

identical conditions, we measured the strength and reliability of responses to quantify the overall 

stimulus drive. We found that the Monet stimulus significantly exceeded the reliability of 

conventional pink noise stimuli while Trippy produced nearly double the drive of Monet, 



although it did not reach the reliability of dynamic naturalistic stimuli. As a result, a combination 

of the two stimuli can assess all basic stimulus response properties from a 15-minute recording 

even when used in two-photon recordings from thousands of cells simultaneously. 

This presentation demonstrates the stimuli, explains how to perform the analysis, and 

summarizes results from two-photon recordings. 
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Abstract: As new optical imaging technologies and transgenic mouse resources become 

available, in vivo functional calcium imaging is now possible at scales and depths that were 

previously prohibitive. As part of the multi-institution MICrONS (Machine Intelligence from 

Cortical Networks) project, we undertook to perform functional calcium imaging in all neurons 

in a roughly one cubic millimeter volume spanning mouse primary visual cortex and higher 

visual areas. 

A 90 minute visual stimulus was designed to balance parametric and natural movie clips for an 

efficient exploration of feature selectivity and cortical representation of natural inputs. After 

placing a cranial window over right visual cortex, the stimulus was shown to the left eye of 

awake, head-mounted GCaMP6-expressing mice while we imaged at 6.3 Hz in four 1200 x 1100 

µm fields, averaging over 5000 neurons per scan distributed across the 600 µm volume depth. 

Additional behavioral recordings included treadmill rotation, ultrasonic audio, and videos of the 

face and body to record changes in the pupil, whiskers, and posture. 

Experimental constraints necessitated imaging across several days, requiring daily data quality 

control and scan registration into a structural imaging stack to confirm precise field-of-view 

placement for full volume coverage of over 65,000 to 100,000 neurons per mouse. To efficiently 



process such large quantities of data within a day, we developed a streamlined analysis pipeline 

including raster and motion correction, as well as cell body segmentation and spike rate 

inference from the fluorescence signals. We monitored the data quality using a combination of 

basic signal quality measures and the reliability and feature selectivity on the raw scans in 

repeated presentations of parametric and natural movie stimuli. Altogether, we collected over 1.5 

million neuron-hours of imaging across 12 mice, one of which will be selected for EM and dense 

reconstruction at the Allen Institute for Brain Science and Princeton University, respectively. In 

addition to the inherent value of such a large and comprehensive dataset, we believe the general 

approach for dense functional imaging developed in this effort will be valuable as datasets of this 

scale become increasingly more common. 
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Abstract: Electron microscopy is the gold standard for structural studies identifying micro 

connectivity in the brain. We have built a pipeline to scale this technology to enable the 

acquisition of petascale datasets containing local cortical microcircuits. We have chosen to 

implement a platform for distributed high throughput electron microscopy composed of multiple 

transmission electron microscopes (TEMs), which will image in parallel different sections from 

the same block of tissue. TEM imaging has one of the highest signal to noise ratios and offers 

high speed, high resolution and cost-effective imaging of conventionally processed tissue. 

Our design is based on the original Transmission Electron Microscopy with Camera Array 

system (Bock et a, 2011, Lee et al, 2016). We have customized high-throughput multi-scope 

imaging pipeline by modifying JEOL-1200EXII microscope with faster cameras and a novel 

nanopositioner and sample handling system. The key hardware modifications include: (1) An 

extended column and custom electron-sensitive scintillator that produce a 10-fold increase in the 



field-of-view with negligible impact on spatial resolution;(2) A commercially available large-

format CMOS camera outfitted with a low distortion lens that reduces image acquisition time to 

50-150ms with low field distortion; and (3) A fast nano-positioning sample stage that offers fast, 

high-fidelity raster imaging of large tissue sections . The acquisition software has been designed 

for continuous autonomous imaging and adaptable to advances in sensor technology that might 

further increase throughput. 

The current burst imaging rate is 300 Mpixel/s (image acquisition only) per microscope and 

effective imaging rate is 50 Mpixel/s (Imaging, step-and-settle time, QC and post processing). 

This brings the combined burst acquisition rate of the pipeline to 1800 Mpixel/s and the effective 

rate to 300 Mpixel/s with five microscopes running acquisition in parallel (at a voxel size of 4 x 

4 x 40 nm). It is worth noting that this rates can easily be surpassed, and we recently teste a 50 

Mpixel camera that increase the effective rate of a single microscope to 125 Mpixel/s. The 

microscope imaging rates were reached while acquiring thousands of 1×1 mm2 montages 

(~10000 tiles) to exercise the imaging pipeline for our target volumes: 1 mm3 of neocortex. To 

image the 1 mm3 block, 25,000 thin slices of tissue sections will be imagined in parallel across 

different microscopes. 
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Abstract: Understanding how brain regions compute their input-output function requires 

knowing the cellular sub-populations and their local and long-range connectivity. Sensory 

cortices of mammals organize as a stereotypical, six layer structure, with Layer 4 (L4) receiving 

most of the inputs from the thalamus thus representing the first level of cortical processing of 

sensory information. Despite the importance of L4 in sensory cortices, a complete census of cell 



types and their wiring diagram in mature neocortex, remains to be elucidated. In this study, we 

used multiple simultaneous whole-cell recordings combined with morphological recovery on the 

primary visual cortex (V1) of adult mouse, to systematically profile the L4 neuronal circuits at 

the level of major cell types and their connections. We identified seven types of γ-aminobutyric 

acid-releasing (GABAergic) interneurons, including basket cells, Martinoti cells, neurogliaform 

cells, all of which could be readily discriminated by their morphological and electrophysiological 

features. The analysis of the intra-laminar connectivity between pyramidal-, basket-, and 

Martinotti-cells, reveals cell type-specific connectivity motifs, providing information on the 

structural and functional organization of L4 in the visual cortex of adult mice. Notably, the 

comparison between visual- and somatosensory-cortex revealed remarkable differences in major 

cell types and their connectivity principles, arguing against a canonical circuits across brain 

regions. Overall, these results pave the way for future studies on L4 neocortex, with the intent to 

understand how cortical networks orchestrate their activity to process information. 
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Abstract: As neuroscience data becomes larger, more multi-modal, and complex, many 

scientists struggle with ad-hoc strategies and workflows for collaboration and data sharing. Much 

discussion has focused on sharing data after they have been collected and processed. However, in 

complex collaborative projects, principled data management must begin early in the process as 

large and intricate datasets from diverse instrumentation are precisely aligned, annotated, and 

organized for flexible access by multiple agents. A data pipeline is collection of tools, resources, 

and processes for entry, acquisition, processing, querying, navigation, and monitoring of shared 

data with provisions for efficiency and data integrity. 

DataJoint is a free, open-source framework designed for custom data pipelines in science labs. 



With interfaces in MATLAB and Python and multiple data hosting options, it enables the 

definition of shared data pipelines for collaborative work within a lab or across multiple labs, 

without limitations to particular acquisition systems or data modalities. Explicit referential 

constraints within the pipeline communicate the structure of the pipeline and guide the workflow. 

DataJoint’s uniform process for defining computations allows large groups to work efficiently 

together and to deploy distributed computations with minimal effort. DataJoint presents a clean 

data model to the research scientist, allowing division of labor between data engineers and 

domain experts. Relevant resources resources are provided at http://datajoint.io 
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Abstract: Mouse primary visual cortex (V1) has emerged as an important model system for 

relating the feature selectivity of sensory neurons to their synaptic connectivity. Some inhibitory 

interneurons respond selectively to particular stimulus orientations, but the mechanism of 

orientation selectivity is controversial. Kerlin et al. (2010) found that orientation tuning of 

interneurons is weaker than for pyramidal neurons. They conjectured that interneurons 

indiscriminately receive connections from all neighboring pyramidal neurons, and therefore the 

preferred orientation of an interneuron should be the one that happens to be overrepresented in 

the diverse preferred orientations of neighboring pyramidal neurons. Bock et al. (2011) 



subsequently found evidence for the hypothesized indiscriminate connectivity. Recently, calcium 

imaging in vivo followed by synaptic physiology in brain slices indicates that parvalbumin-

positive (PV) interneurons receive stronger connections from pyramidal neurons with similar 

visual preferences (Znamenskiy et al. 2018). This is consistent with the report that some PV 

interneurons (Runyan et al. 2010) are sharply tuned to stimulus orientation. It remains unclear 

whether the connections are stronger because they involve more synapses or stronger synapses. 

Furthermore, other interneuron types have not yet been investigated. We observed the visual 

responses of pyramidal neurons by calcium imaging in vivo, and then reconstructed synaptic 

connections to neighboring inhibitory interneurons, based on 3D electron microscopy (EM) 

images of mouse V1 (millions of cubic microns in layer 2-3). We quantified similarity of visual 

preferences for pyramidal cells presynaptic to the same interneuron, and related this to 

connection strength estimated by synapse number and size. Using this information we comment 

on whether pyramidal inputs to an interneuron are significantly biased in their visual preferences, 

and whether this bias is likely due to number of synapses or individual synapse strengths, for a 

number of different interneuron types. 
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Abstract: Connectomics uses electron microscopy (EM) to study the fine structure of neuronal 

arbors and their connectivity at nanoscale resolution. Recent efforts in EM connectomics 

predominantly use manual skeleton tracing (Kornfeld et al. 2017, Schmidt et al. 2017, Lee et al. 

2016), yet reconstructing larger volumes require automated methods which are both efficient and 

accurate. We’ve developed a scalable approach for automated neural circuit reconstruction. We 

plan to scale this effort up to a 1mm3 reconstruction of mouse visual cortex. Here, we describe 

the anatomical reconstruction pipeline in detail. 

Our reconstruction begins by aligning a cohesive 3D volume from EM image tiles. This is 

achieved using Alembic, a customized implementation of elastic models based on 

correspondences generated by normalized cross correlation (Saalfeld et al. 2012). We then train 

convolutional neural networks to detect cell boundaries and synaptic clefts within the aligned 3D 

image (Lee et al. 2017). After applying the cell boundary detector over the entire dataset, the 

image is over-segmented using a modified watershed algorithm (Zlateski & Seung 2015), and the 

resulting segments are agglomerated to produce larger regions of a cell’s morphology. The 

voxelwise synaptic cleft predictions are segmented using connected components, and filtered by 

size. The connectivity between segments is then inferred by a convolutional network using each 

predicted cleft as an attentional signal. 

We deploy each of these methods over hundreds of machines in the cloud, managed by a few key 

software systems. These include (1) Air-Tasks, a container management system based on Apache 

Airflow, (2) CloudVolume, a customized data cutout service, and (3) Igneous, a set of tasks for 

creation of image hierarchies and meshing for visualization in Neuroglancer. 

In collaboration with Baylor College of Medicine and the Allen Institute for Brain Science, 

we’ve successfully applied this approach to a 196 x 130 x 40 μm3 volume, and associated the 

reconstructed cells with 2-photon imaging data of the same volume. Our agglomerated regions 

capture whole dendritic shafts, with most spines intact. We also observe synapse detection at 

greater than 90% precision and recall by multiple evaluation schemes. We also estimate that 

proofreading this volume finds validated edges of the connectivity graph at least 5x faster than 

manual skeleton tracing (Boergens et al., 2017; Lee et al 2016). 
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Abstract: Peters’ Rule is the idea that synaptic connectivity between cell types can be predicted 

statistically from the availability of axons and dendrites in the neuropil. When Peters’ Rule 

holds, it is useful for estimating synaptic connectivity from overlap between arbors. When 

Peters’ Rule is violated, it defines the baseline connectivity from which deviations indicate 

specificity of connections. Here we use a strategy employed by Mishchenko et al. (2010), using 

the the “connectivity fraction” to investigate Peters rule. Defining the connectivity fraction as the 

percentage of axo-dendritic contacts that are synapses, they showed that axonal contacts with 

dendritic spines of hippocampal CA1 pyramidal neurons had a connectivity fraction of 20%. 

Here we analyze the connectivity fraction for axonal contacts with dendrites of neocortical 

pyramidal neurons, as well as with inhibitory interneurons. We further breakdown the 

connectivity fraction by contacts with dendritic spine heads, spine necks, and shafts of pyramidal 

neurons. Our analysis was performed using a million cubic micron volume of mouse visual 

cortex that was imaged by serial section transmission electron microscopy. Neurites were 

reconstructed and synapses were detected automatically using 3D convolutional networks. 
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Abstract: To understand stimulus representations in visual cortex, we need models that 

faithfully predict neural activity in response to natural input and methods to categorize their 

computations. Recently, novel predictive models based on deep neural networks have set a new 

standard in predicting the activity of cortical neurons to natural stimuli over traditional methods 

such as linear-nonlinear (LN) models. This powerful new system identification approach 

promises new insights into the ongoing non-linear signal processing in primary visual cortex 

through analysis of the predictive model and subsequent testing of the insights in physiological 

experiments. 

However, while linear operations are easily summarized by a linear filter on the image, non-

linear functions in high dimension are much harder to characterize. Here, we use visualization 

techniques from deep learning to obtain most exciting images (MEI) for neurons in the predictive 

deep network model. For each neuron, we start with a white noise image and perform gradient 

ascent on the image to maximize the target neuron’s predicted response. To overcome the known 

issue of high-frequency noise introduced by this method, we precondition the gradient at each 

iteration with low pass filtering. Furthermore, we use Gaussian filtering with progressively 

decreasing filter scale on the image to optimize the image in a coarse to fine manner. When this 

generation procedure is applied to a LN model, the resulting MEI is equivalent to the 

smoothened receptive field (RF). Interestingly, for the deep network models we find that the 

MEIs are notably distinct from RFs. This suggests that the non-linearity captured by the deep 

learning model is more complex than a simple non-linearity applied after a linear filter bank. We 

consistently find the MEIs to drive predicted neurons in the deep network model more strongly 

than contrast and luminance matched RFs, even when tested in other models determined by 

different initializations and variations of the deep network architecture but with comparable 

prediction performances. This suggests that the MEIs capture nonlinear response properties in 

the data that extends beyond the particular choice of the model. 
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Abstract: When inspecting a visual scene, it seems effortless for us to identify shapes, objects 

and surfaces. The segregation of objects from their surround is an important step in this process. 

Neurons in primary visual cortex (V1) enhance their activity if it is elicited by figures compared 

to when it is elicited by a background. The difference in activity is referred to as figure-ground 

modulation (FGM). Interestingly, FGM is not present in the early response of V1 neurons after 

about 40 ms, which is driven by feedforward input from the retina, but arises quite late after 

stimulus onset (~100 ms), suggesting that it may be the result of recurrent interactions between 

V1 and higher visual areas. Here we used optogenetics to test whether FGM in mouse V1 is 

necessary for figure perception. We trained head-fixed mice on a two-alternative forced choice 

task. We expressed the inhibitory opsin GtACR2 in V1 pyramidal neurons of both hemispheres 

so that we could temporarily inhibit them with blue light. The mice indicated the position of a 

figure, which differed from the background in either contrast (contrast detection), orientation or 

phase (figure-ground), by licking the corresponding side. We inhibited V1 activity at different 

times after the onset of the visual stimulus to establish the minimum V1 processing time 

necessary to reliably report the figure position and whether it depends on the necessity of figure-

ground segregation. When the stimulus was defined by contrast, the mice were able to perform 

the task even when processing times were reduced to ~70 ms after stimulus onset. As V1 

neurons have a response latency of ~50 ms, the actual necessary V1 activity is only ~20 ms, 

indicating that early, feedforward information is sufficient to perceive this type of figure. 

Notably, some mice could perform above chance even when V1 was inhibited for the entire 

duration of the stimulus, suggesting residual performance without V1. However, the tasks 

demanding figure-ground segregation relied on late V1 activity. In these tasks, the accuracy of 

the mice reached its asymptote only when we allowed for at least 150 ms of processing time. 

These results provide direct evidence that sustained neural activity in V1 is necessary for the 

detection of a figure on a complex background, giving new insights into how the brain processes 



more complex visual stimuli. Further experiments are necessary to identify the origin of 

sustained V1 activity. 
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Abstract: Visual perception and image segmentation rely on multiple hierarchical areas of the 

visual cortex. Neurons in lower visual areas, such as primary visual cortex (V1), code for simple 

features and drive neurons coding for more complex features in higher areas, which in turn, 

feedback to modulate V1 activity. Here we asked how the V1 microcircuit integrates feedback 

during the processing of figure-ground displays, where a figure stands out from the background 

based on a difference in stimulus orientation. A figure elicits a stronger response of V1 neurons 

than the background, a difference that is called Figure-Ground Modulation(FGM). We suspected 

that excitatory and the different inhibitory cell classes might play specific roles in FGM and 

focused on a well-established sub-division of interneurons into vasoactive intestinal peptide 

(VIP), somatostatin (SST) and parvalbumin (PV) cells. We studied the role of these different 

neuronal subclasses using two-photon calcium imaging during figure-ground perception. We 

observed robust FGM with multiple types of figure-ground displays, implying that it is a robust 

phenomenon. The excitatory neuronal population in V1 responded more strongly to figures than 

to backgrounds, implying that V1 outputs a stronger signal for figures. VIP cells also enhanced 

their activity if the figure fell on their receptive field compared to the ground. By contrast, the 

SST cells were more active during the background condition, in accordance with previous work 

suggesting that SST neurons are responsible for the suppression of activity elicited by 

homogeneous image regions.Our results, taken together, suggest that feedback from neurons in 



higher visual areas that represent the figure might activate VIP neurons in V1, which in turn, 

inhibit SST neurons thereby disinhibiting the excitatory neurons, resulting in enhanced firing of 

the excitatory neurons in V1. As a result, the V1 representation of the figure is labeled with 

stronger activity. In favour of this hypothesis, we also found a stronger figure representation in 

excitatory neurons in lateral and medial higher visual areas. Feedback axons from these higher 

visual areas show a topographic arrangement over V1, which could support such a selective 

feedback signal for generating FGM in V1. Our results provide a mechanistic, cellular 

understanding of how the V1 microcircuit is able to parse image elements and group them 

together for a coherent percept. 
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Abstract: An important question in visual neuroscience is how an object is segregated from the 

background. Cells at early stages of the visual hierarchy receive inputs from a small region of the 

retina, known as their receptive field (RF). Despite this, activity of cells at these early stages can 

be modulated by contextual visual information from far outside the RF. An example of such a 

contextual effect is figure-ground modulation (FGM), in which the activity of a neuron in the 

primary visual cortex (V1) is enhanced when its receptive field falls on a figure-area of a 

stimulus, rather than on a background. FGM occurs irrespective of the feedforward input to the 

neuron in V1, and it usually starts after the initial visual response onset to the stimulus (after 

100ms). This has led to the idea that FGM in V1 is inherited from feedback projections coming 

from higher visual areas, which have larger receptive fields. Although this modulation was first 

observed in monkeys, it has recently been shown by our lab that a similar modulation can be 

found in mouse V1. The mouse-model provides many new technological possibilities, such as 



recording from specific cell-populations on a large scale, which makes it possible to identify 

cortical areas in which FGM occurs. In this study, we imaged activity from excitatory cells in 

superficial layers of the entire cortex through a clear-skull in awake Thy1-GCaMP6 mice. First, 

we identified visual areas V1, LM, AL, RL, AM and PM as regions in which a passively shown 

figure elicited more activity than a background, suggesting that FGM is broadly represented 

across many visual areas. Next, we trained mice to perform a figure-detection task, to investigate 

the global activation of different brain regions when a complex figure is perceived and used to 

guide a specific action; a lick-response on the side of the figure counted as a correct response. As 

expected, 100ms after stimulus onset, a figure elicited more activity than a background in visual 

areas. In addition, the side the figure was presented seemed to modulate this difference. In more 

frontal regions, the difference between figure and ground seemed less relevant; activity in those 

regions was more dependent on the side to which the animal would respond. These results 

provide insight into the network of brain areas involved in figure-segregation, and how this 

signal is transformed into an action. In other work of our lab, we investigated whether FGM in 

visual area V1 is necessary to perform the task, and how different interneurons are involved in 

FGM. These studies together will help us understand the role of global and local interactions 

across the brain during performance of a complex visual task. 
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Abstract: The mouse visual system differs from that of primates in that mice lack a fovea, the 

region of the retina with greatly enhanced photoreceptor density in comparison to the periphery. 

This has implications for the use of the mouse as a model for the human visual system, for 

example, mice do not need to move their eyes to bring interesting objects into the fovea for 



detailed analysis. Previous studies however, have suggested that the photoreceptor density of the 

mouse retina is not entirely uniform and that the representation of space in mouse visual cortex 

may be enlarged for particular regions of the visual scene. Here we investigated the 

representation of space in mouse visual cortex through the use of population receptive field 

(pRF) mapping through the intact skull of mice expressing the genetically encoded calcium 

indicator GCaMP. pRF mapping allows estimates to be made of both the position and size of the 

aggregate receptive fields at a point in cortex. Surprisingly we found that mouse primary visual 

cortex (V1) contains a region in which pRF sizes were considerably smaller, superficially 

resembling the foveal representation of space in primate V1. Receptive fields in this region, 

located in front of, and slightly above the mouse (azimuth 0 degrees, elevation 20 degrees), were 

approximately half the size of those in regions representing more peripheral parts of space. This 

spatial basis could also be observed in the neighboring higher visual areas: LM, RL and AL as 

the region of high resolution was centered on the border of V1 and the lateral visual areas. We 

investigated the source of this organization further using both 2-photon imaging and 

electrophysiological recordings to access the receptive fields of individual cells in V1 and 

surrounding areas. The results suggest a previously unsuspected similarity in the representation 

of space between mice and humans which may improve our ability to translate mouse visual 

research to the human. 
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Abstract: Top-down cortico-cortical feedback (FB) is hypothesized to contribute to numerous 

cognitive and perceptual phenomena. Using optogenetic inactivation of feedback terminals and 

laminar array recordings, we (Nurminen et al., 2018) recently demonstrated that FB projections 

from the second visual area (V2) to primary visual cortex (V1) play a critical role in regulating 

response amplitude and receptive field (RF) size in marmoset V1. The timing of these effects 

remains an open question. Thus, we followed up on our prior results by investigating the 

temporal dynamics of the effects of selective inactivation of V2-to-V1 FB on V1 visual 

responses. We used the inhibitory opsin ArchT to silence V2-to-V1 FB, by co-injecting AAV9-

CaMKII.Cre and AAV9.CAG.Flex.Arch.eGFP into V2 of 5 marmosets we drove selective 

expression of ArchT in V2 neurons. Four weeks after injections, we performed linear array 

recordings in V1 under sufentanil anesthesia. To activate ArchT, we applied focal surface 

photostimulation (stim) to V1 within an ~1mm radius around the array. We measured size tuning 

to either full contrast (4/5 animals) or 50% contrast (1/5) drifting sinusoidal gratings with and 

without FB inactivation. To examine the time course of FB inactivation effects we compared the 

firing rate in control and stim trials in 100ms windows stepped every 10ms from 100ms pre/post 

visual stimulus onset; focusing on responses to stimuli either matched to the RF size (rf) or 

extending into the proximal surround (prox). Cells exhibited a diversity of temporal response 

difference profiles. To examine population effects, we first normalized window times to each 

unit’s visual onset latency before averaging. On average, the change in response amplitude 

during photostimulation began rapidly but peaked earlier in the rf (~50ms following visual 

response onset) compared to the prox (~150ms following visual response onset) condition. To 

ensure that these differences in mean firing rate were robust, and not driven by undersampling 

across trials or time, we also computed receiver operating characteristic (ROC) curves from the 

distributions of responses to rf and near stimuli during control and stim trials in each window. 

Here, we observed similar differences in the time at which the average area under the ROC 

curves peaked for the rf and near conditions, suggesting differences were indeed robust. These 

results suggest that feedback effects are dependent on stimulus parameters and RF size changes 

following feedback inactivation should follow the aforementioned dynamics - a result borne out 

by preliminary analysis.  We are examining a network model of visual cortex to identify putative 

circuit mechanisms. 
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Abstract: In macaque visual cortex, visual information travels along feedforward connections 

from lower- to higher-order areas, where it is processed both hierarchically and in parallel. 

Neuronal receptive fields in higher visual areas become progressively larger and tuned to 

increasingly complex visual stimulus features, with multiple parallel circuits processing different 

aspects of visual information (e.g. form, motion, etc.). For example, in primary visual cortex 

(V1), cells in cytochrome oxidase (CO) blob compartments project predominantly to V2 CO thin 

stripes, while those in V1 interblobs project to V2 CO thick and pale stripes (Sincich and Horton 

2002; Federer et al. 2009, 2013). V1, in turn, receives a dense network of feedback (FB) 

projections from higher-order areas, whose anatomy and function is less well understood. For 

example, it remains unknown whether FB connections from V2-to-V1 segregate within CO 

compartments (Angelucci et al., 2002; Shmuel et al. 2005), like the feedforward V1-to-V2 

pathways, or contact multiple CO compartments in a diffuse and unspecific fashion (Stettler et 

al. 2002). This is because previous anatomical studies of FB connections lacked sensitive 

anatomical tracers capable of labeling V2-to-V1 axons unambiguously, without also labeling the 

reciprocal feedforward V1-to-V2 projections. 

Here we have investigated the anatomical organization of V2-to-V1 FB connections in macaque 

using AAV9 vectors of fluorescent proteins that allow unambiguous anterograde labeling of FB 

axons. Viral injections (n=19) were targeted to specific V2 CO stripes identified in vivo using 

intrinsic signal optical imaging in 4 animals. After 5-7 weeks the brains were sectioned parallel 

to the imaging plane to identify CO compartments, or sagittally to identify cortical layers. The 

density of labeled FB axons resulting from each injection was quantified with respect to both CO 

compartments and cortical layers in V1. 

We found that V2 FB to V1 shows laminar and CO-compartment specificity. All stripe types 

sent denser FB projections to V1 layers (L) 1/2A, 5B, and 6B, and sparser projections to L2B/3. 

FB projections to L4B were evident after injections in thick stripes, but sparse or absent after 

injections in other stripe types. In all layers of V1, FB axons terminated in columnar patches. 

The density of labeled V2 FB axon terminals was highest in V1 interblobs after injections in 

thick and pale stripes, but in CO blobs after injections in thin stripes. We conclude that V2-to-V1 

FB form parallel pathways, just like the reciprocal feedforward projections, and specifically 

target the same layers and compartments from which feedforward projections to V2 originate. 
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Abstract: A crucial step in visual object recognition is the computation of object contours, 

which relies on the ability of visual system neurons to extract information on the orientation of 

edges. In the primate visual system, the analysis of edge orientation begins with the emergence 

of orientation selectivity in V1 cells (Hubel & Wiesel, 1968), and continues in V2 thick and pale 

stripes, where cells respond to more complex contours, such as elongated edges, angles and 

curves (Heider et al. 2000; Hedge & Van Essen 2000; Ito & Komatsu 2004; Anzai et al. 2007). 

Feedforward models treat these complex V2 responses as arising from linear convergence of 

orientation selective inputs from V1. However, despite decades of research on the anatomy and 

function of areas V1 and V2, it is still unknown how V2 cells and columns pool V1 inputs, and 

how the latter contribute to generating the visual responses of V2 neurons. To address this 

question, we have examined the orientation-organization of V1 inputs to V2, using combined 

optical imaging (OI) and tracer injections. 

Small injections of the retrograde tracer CTB conjugated to fluorescent Alexa-488, 555, or 647 

dyes were targeted to single orientation domains in V2 thick or pale stripes, identified in vivo 

using intrinsic signal OI in 5 macaque monkeys. After the injection, imaging for orientation and 

retinotopy was continued for an additional 4-6 days. The brain was sectioned parallel to the 

imaging plane, and labeled V1 cells and V2 injection sites were imaged on a confocal 

microscope and aligned to the functional maps using surface vasculature. We mapped the 

retinotopic location and orientation preference (OP) of labeled V1 cells and V2 injection sites 

based on their location on the retinotopic and orientation maps, respectively. 

We found that the distribution of OPs of labeled V1 cells peaks at the OP (±30°) of the V2 



injection site, and that the field of V1 labeled cells is elongated along an axis in visual space 

matching the OP at the V2 injected site. This result suggests that V1-to V2 inputs may integrate 

collinear line segments into elongated contours. However, mapping both the retinotopic location 

and OP of each V1 labeled cells demonstrated a more complex spatial distribution of oriented 

line segments, which included both collinear/cocircular and parallel structure. This orientation 

organization is reminiscent of the statistics of the geometric relationship between oriented edges 

in natural images (Geisler et al 2001). Our results suggest that converging V1 inputs contribute 

to generating the more complex receptive fields of V2 neurons, and that the connectivity 

between V1 and V2 is optimized to extract contours from natural images. 
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Abstract: In the primate visual system, visual information ascends from the primary visual 

cortex (V1) to hierarchically higher areas where increasingly complex stimulus features are 

processed. This incoming feedforward (FF) signals can be modulated by top-down influences, 

which are likely mediated by feedback (FB) connections from higher to lower areas. We have 

recently shown, in primates, that FB connections from the secondary visual area (V2) modulate 

the receptive field size and response amplitude of V1 neurons (Nurminen et al. Nat. Comm. 

2018), and that this modulation is fast, occurring shortly after visual response onset (Clark et al., 

SFN 2018). These results suggest that FB can rapidly influence the transfer of information from 

V1 to extrastriate cortex, possibly by making direct synaptic contacts with forward projecting V1 

neurons. We tested this hypothesis using a novel viral-labeling technique, termed TRIO 

(TRacing Inputs and Outputs), that labels direct presynaptic inputs to specific projection neurons 

(Callaway & Luo 2015, Kim 2016). We performed TRIO in macaque monkey visual cortex to 

label monosynaptic inputs to V1 neurons sending forward projections to V2. Guided by in vivo 

optical imaging, we injected a retrograde canine adenovirus (CAV2-Cre) into V2, and two 

anterograde Cre-dependent AAV9 vectors at retinotopically matched V1 sites, one carrying the 

genes for the avian TVA receptor and mCherry (AAV9-flex-TVA-mCherry), the other the rabies 

virus glycoprotein (AAV9-flex-oG). The combination of Cre-dependent AAV9 and Cre-

expressing CAV2 vectors ensured gene expression can only occur in cells that project from V1 

to V2 injection sites. We then injected, a G-deleted rabies virus pseudotyped with the TVA 

complimentary envelope protein, EnvA, carrying GFP. This labeled V1 projection neurons with 

mCherry and GFP (yellow cells); moreover, due to the presence of oG in these cells, the virus 

also labeled presynaptic neurons with GFP (green cells). Brains were sectioned tangentially, 

fluorescent label imaged and then reacted for cytochrome oxidase to identify the layer and 

compartment of fluorescent-labeled cells. We found that V2-projecting V1 neurons receive direct 

presynpatic inputs from both distant neurons within V1 and FB-projecting neurons in V2 layers 

2/3A and 5/6. Moreover, many V2 cells send both FB projections to V1 as well as horizontal 

axons to the V2 injected site. These findings demonstrate the existence of direct FB-to-FF 

connections that allow FB to rapidly modulate incoming FF signals. 
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Abstract: Interaction with the environment requires fast and reliable sensory processing. The 

visual system is confronted with a continuous flow of high-dimensional input (e.g. orientation, 

color, motion). From a theoretical point of view, it would be advantageous if critical information 

was processed independent of attentional load, i.e. preattentively. Here, we hypothesized that 

(visually simulated) self-motion is such a critical signal and aimed for a neural signature of its 

preattentive encoding in both, humans and macaque monkeys. We studied event-related 

potentials (ERPs) in a visual oddball paradigm. In humans, we used a 64-channels standard scalp 

EEG (actiChamp). In the NHPs, we used the same system but only up to seven electrodes due to 

the smaller head-size. ERPs as observed in response to standard (80% occurrence) and deviant 

(20% occurrence) stimuli were compared in order to test for the occurrence of a visual mismatch 

negativity (MMN). The MMN is a component of an event-related brain potential that reflects a 

pre-attentive mechanism for change detection. Humans and NHPs had to actively fixate a central 

target during stimulus presentation, i.e. a simulated self-motion across a ground plane. Each trial 

consisted of a stationary phase, followed by a visually-simulated self-motion phase. Standard and 

deviant trials differed only in their simulated heading direction (forward-left vs. forward-right). 

EEG-data were aligned to the onset of the simulated self-motion. In order to test for a 

preattentive processing, we determined the difference of the ERP time courses for identical 

visual stimuli. In the one case, the stimulus had served as standard, in the other as deviant. As 

hypothesized, we found a visual MMN-negativity (stronger negativity for deviant as compared to 

standard stimuli) between 100 ms and 200 ms after stimulus motion onset in both, humans and 

monkeys. The occurrence of MMNs as observed in our study provides evidence for a pre-

attentive processing of visually simulated self-motion direction. Importantly, the finding of a 

MMN in humans and NHPs provides further and strong evidence for the rhesus monkey as 

suitable animal model for visual cortical processing in humans. 
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Abstract: Comprehending the 3-D structure of our environment is essential to many daily 

activities. Many brain regions and visual cortical circuits participate in computing depth from 

different cues. Some depth cues require binocular vision (two eyes), while others provide ample 

depth information from the images reaching only one eye (monocular cues). 

One principal monocular depth cue is motion parallax (MP), which arises from the relative 

image velocities of objects located at different distances while an observer translates through the 

physical world. Previous psychophysical studies have demonstrated that signals related to eye 

rotation can disambiguate depth sign (near vs. far) from otherwise ambiguous MP cues. In 

addition, it has been suggested that global patterns of visual motion that simulate eye rotation 

during observer translation (dynamic perspective, DP) can also enable perception of depth-sign 

from motion parallax when the stimuli consist only. Recent neurophysiological findings from 

monkeys have demonstrated that neurons in macaque area MT show selectivity for depth sign 

based on DP cues. However, it is unclear whether this selectivity originates in MT, and the role 

of the primary visual cortex in signaling depth sign from MP and DP cues is unknown. 

We first investigated the ability of humans to perceive depth-sign based on DP cues. Stimuli 

consisted of a small patch of dots containing depth-sign ambiguous MP cues, surrounded by a 

large 3D cloud of dots whose movement simulated eye rotation via DP cues. We found that DP 

cues enabled observers to unambiguously perceive depth-sign, and that observers showed orderly 

psychometric functions of stimulus depth. Reducing the proportion of background dots that 

carried the DP cue gradually impaired performance, and performance was abolished in the 

absence of background motion. Similarly, shortening the stimulus presentation time reduced 

depth-sign discrimination. 

Finally, we performed voltage sensitive dye imaging (VSDI) of neuronal population activity in 

V1 of fixating monkeys. A small stimulus containing ambiguous MP cues was placed over the 

receptive field of V1 neurons, while the background either contained large-field motion with DP 

cues or was blank. By comparing responses to these two stimulus conditions, we were able to 

investigate whether V1 activity reflects the perceived depth-sign induced by DP cues. 
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Abstract: Neural representation of optic flow has been extensively studied in macaques and 

humans. In humans, several neuroimaging studies have demonstrated that passive viewing of 

optic flow stimuli activates higher-level motion areas in the temporal, parietal, insular and 

cingulate cortices. Some of these areas, like V6 and the cingulate sulcus visual area (CSv), are 

now consolidated egomotion regions. Surprisingly, we still know very little about the sensitivity 

of macaque V6 and CSv to optic flow stimulation. The only fMRI study on this issue have failed 

to reveal selectivity of macaque V6 (and Pc and p2v as well) to egomotion compatible optic flow 

(Cotterau et al, 2017, but see Fan et al. 2015). Yet, it is unknown whether monkey MT/V5 and 

V6 display any distinctive fMRI functional profile relative to the optic flow stimulation, as it is 

the case for the homologous human areas (Pitzalis et al., 2010). Here, cortical-surface-based 

functional MRI mapping techniques and motion stimulation were applied in two awake behaving 

macaques to describe the sensitivity of the monkey brain to two motion stimuli (radial rings and 

optic flow) originally used in humans to functionally map the motion middle temporal area 

MT/V5 (Tootell et al. 1995) and the motion medial parietal area V6 (Pitzalis et al. 2010), 

respectively. Whole-brain and regional analyses revealed regions commonly activated by the two 

visual stimuli while other regions were exclusively responsive to only one of the two motion 

stimuli. Specifically, in both animals, activity in areas V6+, MSTd, MT+, STPa, VPs, and in a 

region of the caudal part of intraparietal sulcus exhibited a clear preference for optic flow 

stimulation while activity in areas located in the inferior occipital and lunate sulci exhibited a 

clear preference for radial rings stimulation. Area V6+ was the most highly selective area for 

coherently moving fields of dots, further demonstrating the power of this type of stimulation to 

localize V6 in both humans and monkeys. We did not find any evidence that putative macaque 

CSv responds to optic flow. Overall, a direct comparison of our results with equivalent human 

studies reveals several commonalities but also some differences in the neural representation of 

optic flow across both species. 
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Abstract: There is large individual variability in human neural responses and perceptual 

abilities. The factors that give rise to these individual differences, however, remain largely 

unknown. To examine these factors, we separately measured fMRI responses to moving gratings 

in the motion-selective region MT, and perceptual duration thresholds for motion direction 

discrimination within the same group of male and female subjects. Further, we acquired MR 

spectroscopy data that allowed us to quantify an index of neurotransmitter levels in the region 

surrounding MT. We show that stronger Glx (glutamate + glutamine) signals in the MT region 

are associated with both higher fMRI responses and improved psychophysical task performance. 

Our results suggest that greater baseline levels of glutamate within MT facilitate motion 

perception by increasing neural responses in this region. 
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Abstract: We recorded, in three human subjects, horizontal ocular-following responses (OFR) to 

pairs of superimposed vertical sine wave gratings moving in opposite directions. This 

configuration elicits a winner-take-all interaction - when the relative contrast of the gratings is 

changed, the response transitions abruptly between the responses elicited by either grating alone. 

This has been described as a weighted sum of the responses to each grating presented alone, in 

which the weights are a nonlinear function of stimulus contrast (C, see equation below). Here we 

explore this interaction in many pairs of gratings that differ in both spatial and temporal 

frequency (SF and TF). For any pair, we define the dominant component as that which 

determines the direction of eye movement when the grating contrast is equal. Surprisingly, we 

found that in many cases the dominant component was not the component that produced the 

strongest response when presented alone. Our quantitative description captures this effect by 

adding a weighting coefficient to the response of one component. In most cases, this coefficient 

gave more weight to the higher SF in a pair - that is responses tend to be dominated by the higher 

SF. Above ~0.4 cpd this pattern reversed, and the lower SF tended to dominate. When the 

stimulus area was reduced fourfold, the relative weight of lower SFs was reduced. This could be 

explained if surround suppression helps to determine which SF is dominant: a smaller stimulus 

produced weaker surround suppression for lower SFs. Across all pairs we measured (11-13 in 

all) we found that the OFR recorded for a grating pair (OFR1,2) was well be described as a 

weighted average of the OFRs to each grating when presented in isolation (OFR1 and OFR2) 

with the following equation: OFR1,2=(KTF*KSF*C1
n*OFR1+C2

n*OFR2)/ (KTF*KSF*C1
n+C2

n). KSF 

depends on both SF1 and SF2, but we found it was well described by the difference f(SF1)-f(SF2) 

where f(SF) is a skewed Gaussian function. The peak of this function is at a significantly higher 

SF than the peak in the response as a function of SF in single gratings. KTF depended only on the 

ratio g(TF1)/g(TF2), where g is the Gaussian function that describes TF tuning in single 

components. That this relatively simple function of SF, TF, and C successfully captures the 



responses over a wide range of these parameters in pairs of gratings suggests that these 

interactions reflect a simple mechanism. 
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Abstract: Implied motion perception is a striking case of our capacity to infer motion features 

from static pictures that imply movement. At a higher, cognitive level, the mere configuration of 

an object (such as a snapshot of a walking human) can imply motion in a directional way. 

Previous studies have shown that implied motion processing recruits direction selective neurons 

and activates cortical motion processing regions. However, it is unknown whether object-

processing regions or early visual regions are involved in implied motion processing. In the 

present study we used fMRI and multivariate pattern classification to examine which human 

brain regions differentiate implicit direction information in static images of implied motion. We 

hence examined BOLD activity patterns within independently defined early visual (V1-V3), 

motion (V5+/MT+) and object-processing (LO1, LO2) regions when participants viewed still 

images with directional implied motion (rightward vs. leftward). The stimuli contained both 

animate (birds) and inanimate (airplanes, cars) objects as sources of implied motion. The objects 

were presented at the center of the visual field on a horizontally blurred background in the 

periphery. We found that response patterns in visual areas V2, V3, human motion complex 

V5+/MT+, and object responsive region LO2 coded for the direction of the implied motion 

stimuli significantly better than chance. Decoding in visual areas V1 and LO1 was at chance 

level. We then examined decoding in retinotopically defined foveal and peripheral 



representations of V1-V3. Only the foveal representation was stimulated by the foreground 

objects, the periphery by blurred background. We found that peripheral V1-V3 allowed decoding 

of implied motion directions, while foveal representations did not. Hence, high-level information 

of implied motion directionality is represented in peripheral V1-V3, i.e. regions that were never 

given the information through bottom-up stimulation. This suggests that higher-level cognitive 

processes (potentially based in LO2, V5+/MT+) detect implied motion direction based on object 

configuration and feed it back to cover the peripheral context in early visual cortex, potentially 

encoding expected background-motion. The results provide direct evidence for information in 

early visual cortex originating from feedback, compatible with predictive coding theory. 
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Abstract: Cortical representation of two key components of motion visibility, contrast and 

coherence, are intertwined: both show monotonic increase in population response in overlapping 

portions of human visual cortex. How are such similar representational codes separated during 

perceptual discrimination of a single visibility feature? 

We built a linking model connecting perception of motion visibility to cortical representation of 

motion using a framework based on previously measured BOLD responses. We quantified 

perception using a task where observers (n=21) judged the visibility of two patches of moving 

dots (11.5 x 14 deg, 7.75 deg left/right of fixation) in a two-alternative forced choice paradigm. 

Observers were cued before runs to base their judgements on either contrast or coherence. 

Patches contained an equal proportion of black and white dots (21 dots / deg, linearized gamma) 

moving toward or away from fixation. On each trial the dots increased in contrast (luminance 

relative to gray) and/or coherence (percent dots moving together), with the difference in 

increment between patches controlled by a staircase procedure. Psychometric functions from this 

task were fit by modeling a decision as a comparison of each dot patches’ cortical response in 

retinotopically defined visual areas. Model comparison showed that a linking model with 



additive rather than multiplicative noise and different weighting of cortical areas during 

discrimination of contrast and coherence accounted for the behavioral data. 

Our linking model suggests that flexible weighting of cortical areas, rather than changes in 

sensory sensitivity, could account for task flexibility. We tested this prediction in two ways. 

First, we measured BOLD responses while a subset (n=11) of observers performed the task and 

compared these measurements between discrimination conditions. A single set of readout 

weights was insufficient to fit the psychometric functions, suggesting that sensory enhancement 

or suppression alone could not account for task performance. Second, we asked whether sensory 

responses were maintained even when one feature was irrelevant. On a subset of trials (1/7) after 

stimulus presentation we asked participants to report about the feature they were not currently 

discriminating. We found that observers were able to do this remapping with only a small 

penalty in performance, suggesting that participants flexibly re-weighted stable cortical 

representations. Each of these predictions confirmed what the linking model suggested: cortical 

representations appear to remain stable while readout shifts flexibly to accommodate task 

demands. 
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Abstract: A key question in vision research concerns visual stability: how is visual information 

in retinal coordinates integrated with non-visual cues of self-induced motion to form the 



spatiotopic representations of the world that we perceive? 

Eye movements have been found to modulate retinotopic representations at multiple stages along 

the visual stream, yet a special role has been attributed to human areas V3A and V6, as both 

cancel self-induced retinal planar motion during eye movements to a near complete extent 

(Fischer, Bülthoff, Logothetis, Bartels, 2012). 

Beyond that, only little is known about which human visual processing stages integrate head 

motion signals with retinotopic representations as human fMRI is typically incompatible with 

execution of voluntary head movements. 

We recently circumvented these limitations and introduced a novel paradigm that allows 

participants to move their heads during fMRI scanning (Schindler and Bartels, 2018). The 

functional characteristics of the BOLD signal allowed us to temporally decouple stimulus 

presentation from the acquisition of stimulus evoked responses. Our custom-built air pressure 

based head-stabilization system permitted head-rotation during trials, but stabilized head position 

during data acquisition. Video-based head-tracking and head-mounted goggles allowed for real-

time generation of visual stimuli taking head-motion into account. 

Observers viewed approaching visual flow through head-mounted MR-compatible goggles. A 

congruent condition simulated constant forward motion while the observer rotated the head 

relative to the body, as when looking around while being driven along a straight road. In the 

incongruent condition, observers performed identical head rotations, but the visual consequences 

were inversed such that visual and extra-retinal cues did not combine in any meaningful way. 

Crucially, both conditions were matched regarding head and retinal motion. Based on this 

paradigm, we previously examined the integration of head motion and visual signals in regions 

with established vestibular processing. 

Here we asked whether early visual cortex as well as areas V3A and V6 may integrate 

retinotopic visual representations with voluntary head motion. Contrasting congruent versus 

incongruent conditions revealed differential responses in human V6 but not in early visual 

regions or V3A, consistent with multi-modal integration of visual cues with head motion in 

human area V6. 

Our results extend previous evidence for multimodal integration in V6 to head-motion cues and 

are in line with the hypothesis of V6 as a crucial hub for compensation of self-induced motion. 
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Abstract: Many aspects of neural processing reflect the statistics of natural images (Geisler 

2008). For example, disparity tuning distributions in V1 reflect disparities encountered during a 

range of naturalistic tasks (Liu et al., 2008). We asked whether tuning for visual motion reflects 

the statistics of the retinal motion signal experienced by observers during natural locomotion. 

These statistics are complex and shaped by the direction of gaze, the motion of the body, and the 

geometry of the environment. We measured these motion patterns using a Pupil Labs mobile eye 

tracker to record both binocular eye position and high-resolution scene video. We approximated 

the retinal motion input by aligning each frame to the point of gaze and then using the Farneback 

optic flow estimation algorithm to extract motion at each pixel of the video. The distribution of 

motion speeds is skewed towards slower speeds with half of the vector magnitudes being lower 

than 6 degrees per second, similar to the distribution of speed preference in MT (Nover and 

DeAngelis 2005). The distribution of motion directions is anisotropic, with a strong downward 

bias. We also calculated the motion speed and direction distributions at different locations across 

the visual field within regions matching the spatial characteristics of MT receptive fields. This 

analysis showed that distributions of motion in different visual field locations are biased as a 

function of both eccentricity and direction (relative to the fovea). Specifically, the distributions 

of motion speeds for more eccentric locations are biased towards faster speeds, and the vector 

average of motion directions tend to point away from the fovea (i.e. expansive flow field). This 

biasing of motion direction away from the fovea is present even in less eccentric locations, and 

increases monotonically as a function of distance from the fovea. This is partially consistent with 

the previously reported directional bias in MT (Albright 1989). While modal components of the 

flow fields we measured resemble expansive flow, there is a strong downward bias resulting 

from distortions caused by ground plane fixations. A remaining question is whether future 

neurophysiological data from MT will match the statistical patterns we observed. 
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Abstract: Earlier studies have shown that we adjust our walking speed based on optic flow 

[Prokop et al., EBR, 1997] and that the adjustment involves estimation of translational self-

motion velocity based on multiple depth cues [Takamuku et al., SfN, 2017]. Here, we examined 

whether and how the adjustment depends on the spatial pattern of the environment. Participants 

walked inside a virtual corridor shown with a binocular head-mount display. The walls on the 

sides occasionally moved either toward or against the heading direction to induce implicit 

adjustments of walking speed. We examined how the adjustment depends on the image pattern 

on the walls. In our first experiment, we varied the density of the checkerboard pattern on the 

walls (1.0, 3.2, 10.0 cycle/m). While there were small difference between low and intermediate 

density conditions, increasing the density from 3.2 to 10.0 cycle/m significantly decreased the 

adjustment despite the major increase in information on self-motion. Velocity perception 

performed by the same participants suggested that the increase in density deteriorated the 

precision of self-motion velocity estimation based on the optic flow. Similar trend was observed 

for the motor and perception tasks when grating patterns with matched spatial frequencies were 

used instead of the checkerboard patterns. Velocity discrimination precision decreased when the 

spatial frequency increased from 3.2 to 10 cycle/m, corresponding approximately to temporal 

frequencies of 2.56 and 8.0 Hz respectively. Our result suggests that precision of self-motion 

velocity estimation as well as the size of walking speed adjustments depend on the spatial 

frequencies of the optic flow, as previously reported for the precision of heading direction 

estimation [Kim and Turano, 1999] as well as sizes of postural responses [Masson et al., EBR, 

1995]. Furthermore, the visual contributions to the walking speed adjustment may be scaled 

according to the reliability of the visual estimate in a manner consistent with the Bayesian theory 

of multimodal self-motion estimation [Fetsch et al., Nat. Rev. Neurosci, 2013], yet it is also 

possible that the decrease in the adjustment reflected distortions in the velocity estimation 

process per se. 
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Abstract: In sensory areas, trial-to-trial variability in a neuron’s response is often correlated with 

the animal’s perceptual report, a correlation known as choice probability (CP). In a feed-forward 

framework, CP is related to a neuron’s causal contribution to task performance. However, 

previous studies suggest a substantial top-down (feedback) contribution to CP (Nienborg and 

Cumming, 2009, Bondy et al. 2018). Interpretation of CP can be further complicated when 

neural responses are dominated by choice-related signals, such that CPs become artificially 

inflated (Zaidel, DeAngelis, and Angelaki 2018). Thus, Zaidel et al. (2018) developed an 

approach to separate the effects of stimulus and choice on a neuron’s response. They found that 

choice and stimulus contributions to responses of ventral intraparietal (VIP) neurons were often 

opposite in sign, inconsistent with a simple feedforward framework. We present an improved 

method for separating the unique contributions of stimulus and choice to neural responses, which 

does not require assuming a parametric form of stimulus tuning. We applied this method to 

neural responses recorded from the middle temporal (MT) area while monkeys performed two 

different depth perception tasks. In the coarse discrimination task (Uka and DeAngelis, 2003), 

the monkey reports whether a cloud of dots is near or far relative to the fixation point, and task 

difficulty is manipulated by varying the fraction of binocularly correlated dots. In the fine 

discrimination task, the monkey is presented with a center/surround stereogram (100% binocular 

correlation) and reports whether the center portion is in front of or behind the surround. In this 

case, task difficulty is manipulated by finely varying the relative disparity between center and 

surround (Uka and DeAngelis, 2006). Previous studies found CPs consistently greater than 

chance (0.5) in the coarse task, but distributed broadly around 0.5 in the fine task; reasons for 

this difference are not clear. For the coarse task, application of our improved method reveals that 

stimulus and choice contributions to MT responses generally match in sign, such that a neuron’s 

CP is predictable from its tuning. However, for the fine task, we find no systematic relationship 

between stimulus and choice contributions to MT responses. Thus, the relationship between 

stimulus and choice effects on MT responses is task dependent, and MT neurons may receive 

feedback signals during the fine task that are unrelated to stimulus tuning. These results highlight 

the importance of accurately dissociating the contributions of stimulus and choice to neural 

responses. 
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Abstract: Our understanding of the neural basis of self-motion perception is largely based on 

how neurons with visual and vestibular selectivity represent movement through the environment. 

Previous studies have revealed basic mechanisms of multi-sensory integration underlying self-

motion perception by passively moving animals through real or virtual environments. During 

natural navigation, however, we actively control our self-motion and therefore can predict our 

future trajectory prior to experiencing the sensory consequences of self-motion. When sensory 

cues become unreliable, predictions should play a greater role in perception and control of self-

motion. To explore this idea, we developed an active steering paradigm in which trained 

monkeys use a joystick to navigate through a three dimensional virtual environment. In addition 

to visual feedback from optic flow, active steering implies an expected trajectory and allows for 

prediction of the sensory consequences of self-motion. 

The animal is given 800ms to view a curved path that subsequently disappears, leaving only 

ground and ceiling planes of random dots. Optic flow simulates forward self-motion and the 

animal navigates the virtual environment by controlling their angular velocity with a joystick to 

stay within the invisible path boundaries while maintaining central visual fixation throughout the 

trial for a liquid reward. To manipulate reliability of optic flow, motion coherence is varied 

across trials. We perturbed the animal’s motion trajectory on some trials, resulting in an 

unintended angular velocity component that altered the expected optic flow. If visual cues are 

reliable, the animal should rely heavily on visual feedback to compensate for the perturbation 

and stay on course. If visual cues are unreliable due to noise, the amount of compensation should 

decrease and the animal should rely more on their internal representation of the planned 

trajectory to steer. 

Preliminary results show that animals can internalize the path and steer successfully within the 

invisible path boundaries. Compensatory steering is also evident for a variety of perturbations, 

indicating that the animals use optic flow along with the remembered path to navigate. On high 

coherence trials, compensation for perturbations is strongly evident. When coherence is 



decreased, compensation for perturbations is reduced, as the animal presumably relies more on 

their internal representation of the path. These results shed light on how predictive estimates of 

self-motion that arise from active control contribute to perception of self-motion. 

Disclosures: A.D. Danz: None. A. Anzai: None. D.E. Angelaki: None. G.C. DeAngelis: None. 

Poster 

220. Visual Motion II 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 220.13/DD10 

Topic: D.07. Vision 

Support: ANR-16-CE37-0002-01 

Title: Stereomotion processing in the non-human primate brain 

Authors: *Y. HÉJJA-BRICHARD1,2, S. RIMA1,2, E. RAPHA2, J.-B. DURAND1,2, B. 

COTTEREAU1,2 
1Univ. de Toulouse, Ctr. de Recherche Cervea, Toulouse Cedex 3, France; 2Ctr. Natl. de la 

Recherche Scientifique, Toulouse Cedex, France 

Abstract: Motion perception is a fundamental property of the visual system in most animal 

species. Although numerous studies have examined how the primate brain processes 2D motion, 

much less is known about how it encodes 3D motion. A few neuroimaging investigations in 

humans found that stereomotion is mostly processed within the hMT+ complex and its 

neighbourhood. Here, we extend this work to non-human primates. Functional MRI recordings 

were performed at 3 Tesla in 2 awake behaving macaques using a custom 8-channel coil 

positioned above the animal’s head. Our main condition (changing disparity over time, CDOT) 

consisted of a central disk filled with dynamic random dots (diameter = 19°, refresh rate = 

30Hz). The dots’ binocular disparity changed over time along opposite directions in the upper 

and lower parts of the disc (triangular functions between +/- 23 arcmin at 1 Hz). In two control 

conditions, we scrambled the temporal (TS) or spatial (SS) structure of the CDOT condition. All 

conditions were monocularly identical, shared the same disparity distributions but only the 

CDOT condition had uniform and continuous stereomotion. We interleaved those conditions 

with a baseline (fixation point) in a block-design paradigm. Eye movements were monitored 

while the monkey was performing a fixation task. We only analysed runs where fixation was 

above 80%. From a general linear model implemented in SPM 12 with saccadic eye movements 

and motion-related noise signals as repressors of non interest, we found that the CDOT condition 

led to stronger responses than both TS and SS control conditions in the superior temporal sulcus 

as well as in the occipito-parietal cortex. A region-of-interest analysis within retinotopic areas 

defined from standard procedures further established that CDOT specific responses existed 



within the macaque MT/V5 cluster (most notably in areas MST and FST) and also in area 

CIP/PIP in the posterior part of the intra-parietal sulcus. Our results suggest that multiple regions 

process stereomotion in macaque and encourage further investigations in human. 
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Abstract: Perception of motion-in-depth (MID) is essential to intercept and avoid moving 

objects. Both stereoscopic and perspective cues contribute to MID perception. Stereoscopic cues 

are computed via comparisons of the two retinal images (e.g., changing disparity and interocular 

velocity differences). Perspective cues can be computed from information available to a single 

eye, based on optic flow and retinal density/size changes. An often overlooked fact, however, is 

that the perspective cues available to each eye tend to differ because they depend on stimulus 

location and trajectory relative to the eye. Here we investigated how the visual system integrates 

stereoscopic with left-eye and right-eye perspective cues.We used a towards/away discrimination 

task with variable motion coherence to evaluate sensitivity to MID cues in the macaque. Each 

stimulus consisted of a volume of dots that moved in depth, and contained: (1) only stereoscopic 

cues, (2) only perspective cues (presented to each eye separately), or (3) all cues combined. 

Sensitivity to these cues was assessed across the visual field (3-degree diameter apertures, &gt50 

locations). Noise dots were replotted in a random location within the stimulus volume on each 

frame. Sensitivity decreased in an eccentricity-dependent manner for all cue conditions. Across 

the visual field, stereoscopic cue sensitivity was typically superior to both left-eye and right-eye 

perspective cue sensitivities, and combined cue sensitivity was superior to any of the isolated cue 

sensitivities. Using a maximum likelihood (ML) framework, we compared several integration 



models for the three MID cues -stereoscopic, as well as left-eye and right-eye perspective cues. 

Combined cue performance was best predicted by an ML model that integrated all three cues 

according to their reliabilities. While previous work has examined 3D motion sensitivity in 

macaque monkeys, we provided the first systematic characterization of their behavioral 

sensitivity to isolated MID cues across the visual field, and explicitly examined cue integration. 

Our results suggest that non-human primates integrate MID cues near-optimally, and further 

demonstrate that motion perception in three dimensions relies on independent representations of 

stereoscopic, as well as both left-eye and right-eye perspective information. 
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Abstract: Under natural conditions, different visual motion signals can solicit two different 

neural pathways in human and nonhuman primates. One reflexive pathway modulates eye 

velocity with a very short delay (around 60ms) and another pathway, called voluntary, modulates 

eye velocity with a longer delay (around 100ms) and ensures that the fovea stays on target. The 

visual motion input first travels through common retinal-geniculo-striate pathway to dorsal 

stream areas (MT-MST) and then to the FEF for voluntary smooth pursuit (SP). Cortical signals 

reach the DLPN for the ocular following reflex (OFR) and NRTP for SP. These different 

pathways are usually studied separately in the laboratory by using different visual stimuli (large 

field visual stimuli to elicit the OFR or a single spot to be tracked for SP). Eye movements were 

recorded from two macaques during a step-ramp task (speed of 15°/s). A motion cloud in a 

display aperture surrounding the pursuit target appeared at different times during smooth pursuit 

(113 or 313ms after the target step). The motion inside the aperture disk was either iso- or 

contra-directional to the pursuit and target direction. Motion clouds velocity was always relative 

to the target spot and was either of 4, 8 or 16°/s. Different aperture sizes were used (2.5, 5, 10 



and 15°). In another experiments, annular motion clouds were presented with different internal 

diameters (2.5, 5, 10 and 12.5°). For iso-directional motion clouds, a short latency (60ms) 

increase in eye velocity was observed after motion cloud appearance. Eye velocity reached a 

peak 100ms after motion cloud appearance and then dropped to control values 50ms later. 

Increase in motion cloud velocity and size increased the peak eye movement values. Similar 

observations were made with contra-directional motion clouds. The eye velocity first dropped 

before reaching a minimum 100ms after the motion cloud appearance. This drop was 

compensated toward control values 50ms later. The effects of the direction of the motion clouds 

varied depending on the timing of the appearance. When the motion cloud appeared during the 

acceleration phase, the increase (iso) and decrease (contra) in eye velocity were similar in 

amplitude. However, when the motion cloud appeared during the steady-state phase, the decrease 

in eye velocity (contra) was of a smaller amplitude than the increase (iso). The goal of our study 

was to understand how the voluntary pursuit pathway might modulate the additional drive 

coming from the reflexive pathway. Our study shows that the visual motion signals are not 

integrated uniformly during the course of the pursuit response but depend on the direction, size, 

and timing of the motion clouds. 
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Abstract: In binocular rivalry, our perception alternates spontaneously between mutually 

exclusive or mixed interpretations, although the physical stimulus remains constant. This enables 

us to study visual consciousness, as it allows a dissociation of sensory processing and conscious 

perception. Previous BOLD fMRI imaging studies in humans have implicated the role of the 

fronto-parietal network in mediating perceptual alternations. However, the extent of and the 



nature of these modulations has been argued to reflect consequences of conscious perception, 

like introspection, monitoring and decision making. To resolve this issue we used a no-report 

binocular rivalry paradigm of vertically moving gratings, based on an Optokinetic Nystagmus 

(OKN) read-out of the content of consciousness. We show that slow cortical states in the delta-

theta (1-9 Hz), and beta (20-40 Hz) regimes coupled via their up and down states, in the 

prefrontal cortex, are predictive of an upcoming change only when the percept switches 

spontaneously, but not physically. Physical transitions in the animal’s percept manifest 

themselves strongly post-switch in the same oscillatory range. Moreover, we also show a clear 

dissociation between the change in the polarity of the OKN and this slow-state activity preceding 

a spontaneous transition. Furthermore, we found robust modulation in visually selective spiking 

activity recorded from the prefrontal cortex contingent on the animal’s perception. The 

magnitude of these modulations was comparable to the activity elicited in response to 

presentation of monocular visual input. Taken together, these results strongly suggest that 

oscillatory activity in the prefrontal cortex plays a central role in refreshing the content of visual 

consciousness and spiking activity is modulated in accordance with conscious perception in a no 

report binocular rivalry paradigm. 
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Abstract: The relationship between evoked and spontaneous activity patterns is an important 

topic in neuroscience research. One hypothesis is that spontaneous activity patterns represent 

statistical regularities in the patterns of neural activity that are evoked in the course of an 

organism’s experience. Here we conducted multivariate pattern analyses (MVPA) for an fMRI 



experiment comparing resting-state BOLD activity to evoked activity for visual stimuli from 

common categories (e.g. faces, tools, words) and from non-ecological categories (e.g. phase-

scrambled stimuli). 

Categorical visual stimuli were chosen based on the large-scale hierarchical distinction of 

animate vs. inanimate objects (Kriegeskorte et al., 2008). Activation contrasts and searchlight 

analyses of localizer scans were used to select ROIs in the ventral occipital-temporal cortex, 

including classic category specific regions such as the fusiform face area. Multi-vertex pattern 

representations of categorical visual stimuli and corresponding representations of non-ecological 

stimuli were obtained for each ROI. 

Representation similarity analysis (RSA) yielded a similarity structure for each ROI that 

reflected the ROI’s selectivity. Leave-one-out-cross validation SVM classifiers yielded above 

chance level classification across ROIs, demonstrating that the ROIs distinguished categorical 

representations based on their activity patterns. 

Intrinsic activity patterns for each ROI were obtained from independent resting-state scans (1500 

TRs). Both representational similarity analyses and SVM classifier analyses indicated that 

intrinsic activity patterns were more similar to common categorical representations than to non-

ecological representations (two sample t-test, p-val < 0.01 uncorrected). These results support the 

hypothesis that intrinsic cortical activity patterns reflect internal representations that are 

commonly evoked in everyday experience. 
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Abstract: Shape perception is generally considered a function of the ventral visual pathway, but 

a recent fMRI study uncovers large-scale spatial and functional properties of shape processing 



along both the dorsal and the ventral pathways (Freud et al., 2017). What remains to be 

determined, however, is how these shape representations unfold over time. Here, we conducted 

three EEG studies designed to examine the temporal dynamics of shape processing. The first 

experiment used greyscale object stimuli, scrambled at 5 different levels to decrement 

differentially the amount of shape information. We then measured shape sensitivity by 

correlating the amplitude of evoked responses with the level of object scrambling. These stimuli 

bias the processing in magnocellular inputs that project to both ventral and dorsal pathways and 

evoke broad and sustained patterns of shape sensitivity. Next, we modified the same stimuli to 

bias the processing in koniocellular inputs which project to the dorsal pathway directly from the 

LGN. To our knowledge this is the first EEG study ever to document koniocellular contributions 

to the dynamics of shape processing. Finally, we conducted a third experiment using the same 

objects, but calibrated to bias processing in parvocellular inputs. In both of the latter 

experiments, unique temporal patterns of shape sensitivity were found, including a rapid shape 

sensitive response as early as 50ms post stimulus in the koniocellular experiment. Importantly, 

we reveal that biasing input to the dorsal cortex alone is sufficient to evoke a temporal pattern of 

shape sensitivity similar to that evoked by propagating input to both dorsal and ventral visual 

cortices. Biasing activity in the parvocellular system evoked a more restricted period of shape 

sensitivity relative to that evoked using greyscale stimuli. To conclude, these findings suggest, 

that the dorsal and ventral cortex make unique contributions to shape perception. Namely, the 

dorsal pathway may be responsible for a more rapid shape sensitive response, while the ventral 

pathway may be responsible for periods of shape sensitivity traditionally associated with general 

object selectivity. 
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Abstract: Visual perception is subject to top-down influences. Even in early visual areas 

neuronal selectivity changes according to the task performed. Object recognition involves a 

combination of a bottom-up assembly of an object’s components and top-down influences of 

expectation and perceptual task. To understand how objects are represented along the visual 

pathway, and the role of object expectation in influencing the stimulus selectivity of neurons at 

different stages along the visual pathway, we trained a monkey on an object recognition task. 

This enabled us to create a set of stimuli that are behaviorally relevant for object recognition and 

to use these stimuli to determine the functional properties of visual cortical neurons. We trained a 

macaque to perform a delayed match-to-sample task on a touch screen monitor, where it 

responded whether or not a cued image matched a subsequently presented target image. To 

determine which image components were informative for object recognition we measured the 

animal’s ability to recognize objects from cropped images of object components. By changing 

the size and position of crops and analyzing the animal’s performance in associating them with 

the parent object we have generated a library of images containing full objects, recognizable 

object components and unrecognizable components. To find which brain areas were responsive 

to the objects and shapes we performed a series of fMRI scans while the animal performed a 

passive fixation task. Pictures of objects belonging to different categories were presented while 

the animal fixated a spot on the center of the monitor. We identified the classical face patches in 

the temporal lobe as well as areas that were responsive to various object categories such as 

animals, fruits and vegetables, and inanimate objects. All object categories activated areas 

clearly distinct from face patches. Together with electrophysiological recordings in identified 

areas while animals perform the object recognition task, we are developing a computational 

model of the cortical visual pathway that takes into account top-down influences on the response 

properties of neurons along the visual pathway, which shows how feedback facilitates 

identifying the contours in an image. 
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Abstract: Much of our understanding of sensory perception comes from experiments which 

present only a single stimulus at a time. However, perceptual systems likely evolved to encode 

multiple simultaneous stimuli. It is not obvious how information about multiple stimuli is 

preserved in the neural code. We have recently proposed that the brain could accomplish this via 

time division multiplexing, or fluctuating signals that sequentially “represent” each stimulus that 

is present. We have developed a statistical method for identifying such fluctuations at various 

time scales, and found evidence in support of time division multiplexing in two brain regions that 

have large receptive fields, one sub-cortical (the auditory-responsive inferior colliculus) and one 

cortical (the visually-responsive AF and ML face patches of IT cortex) (Caruso et al., biorxiv, 

Soc. Neurosci. Abstr. 2017). 

In this study, we tested the generality of this phenomenon by comparing firing rates of single- 

and multiunits recorded from several additional visual cortical areas (V1, V4, and MT) while 

monkeys viewed either single stimuli (gratings) or combined stimuli (superimposed gratings or 

plaids). V1 and MT both have comparatively small receptive fields, and thus constitute a useful 

“control” condition, whereas V4 is more similar to the IC and IT in the relative coarseness of its 

spatial coding. In short, the need for multiplexing is lower in V1 and MT than in V4. Indeed, we 

found little evidence of fluctuating activity patterns in V1 and MT, whereas V4 did exhibit 

fluctuating activity patterns, although at a lower incidence than what we have previously 

observed in the face patches or the IC. 

It remains to be determined whether the relevant factor determining the presence/scope of 

fluctuating activity patterns is the brain region/coarseness of coding or the nature of the stimuli 

being represented. Notably, the present study concerned stimuli that, when presented together, 

“bind” to form a single perceptual object, whereas our previous work has concerned easily 

segregable stimuli. Either or both factors may be relevant to the deployment of time division 

multiplexing as a strategy for encoding multiple objects in the brain’s coarsely-tuned sensory 

codes. 
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Abstract: Occlusions make object recognition a challenging problem. Primate inferior temporal 

(IT) cortex, the final stage of form processing along the ventral visual pathway, is likely 

important (Lerner et al., 2002; Hegde et al., 2008; Kovacs et al., 1995) but the specific role of IT 

responses in recognizing occluded objects is largely unknown. In the present study, we asked 

how IT neurons encode information about occluding and occluded objects and how those signals 

might subserve shape discrimination under occlusion. We studied the responses of 113 single IT 

neurons as animals performed a sequential shape discrimination task. The first stimulus in the 

sequence was unoccluded, while the second stimulus was partially occluded with a set of 

randomly positioned dots. Level of occlusion was systematically titrated with increasing area of 

occluding dots. Monkeys reported whether the two stimuli presented in sequence were the same 

or different with rightward or leftward saccade, respectively. Here we analyze the neuronal 

responses to the 2nd stimulus in the sequence, which was subjected to different levels of 

occlusion. Many neurons in our dataset (69/112, 61.6%) responded stronger to occluded stimuli, 

while others (43/112, 38.4%) responded best to the unoccluded stimulus. Consistent with Kovacs 

et al., 1995, we also found that IT neurons maintained their shape preference under occlusion. In 

neurons that responded stronger under occlusion, shape selectivity varied little as a function of 

occlusion but this was unlike other neurons that responded better to unoccluded stimuli. In this 

latter group, shape selectivity decreased with increasing occlusion. Besides, our control 

experiments showed that the color of the occluded or occluding stimuli and the shape of the 

occluders played a minimal role in dictating the responses of our IT neurons. These results 

suggest that the responses of IT neurons were predominantly modulated by the shape of the 

occluded object and the total area of the occluding dots. Our simulations indicate that the 

responses and shape selectivity can be recapitulated by a simple function of two variables: one 

that reflects the shape of the occluded stimulus and a second that reflects the occluder area. 

Present study suggests that, under the partial occlusion, some IT neurons maintain their shape 

selectivity by taking advantage of signal about occluders and those IT neurons might be involved 

in stable object recognition under the partial occlusion. 
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Abstract: For object perception, materials on the surface of objects provides a powerful clue to 

recognize them quickly. Such material perception is given by an interaction between visual 

texture information and secondary haptic information such as rough/smooth, hard/soft, hot/cold 

or dry/wet. Although it might be dependent on animal's sensation and experiences, property of 

the haptic perception is not well understood in model animals used for physiological studies. 

Thus, it is important to examine the properties in non-human primates, in order to consider the 

physiological studies exploring underlying neuronal mechanisms. As we have reported in the last 

meeting, performance of the haptic discrimination task reporting 4 haptic scores was well 

consistent with that of the material discrimination task reporting resemblance with 5 reference 

materials in human subjects. Present study was aimed at examining the material categorization in 

non-human primate subjects, by the same discrimination task which might be easy for human 

subjects but very hard for non-human subjects. Two Japanese monkeys (macaca fuscata, female, 

6.8 & 5.9kg) has been trained with the material discrimination paradigm over 23 & 17 months. 

After animals touched target material by holding a starting lever, they had to choose one 

corresponding lever from 5 response levers with 5 reference materials (metal, wood, carpet, soft-

gel-sheet, and Fur) to get water reward. During the training period, animals were intensively 

trained to discriminate only these 5 reference materials. After the performance has improved 

above 95%, new object was presented once in a daily session. Then, animals have to choose one 

among 5 reference materials as a response of the task. Here, we found that 1) two monkeys have 

been trained to conduct the same task; their performance has been improved above 95% after 

long training procedures, 2) the way of error responses and improvement in their performances 

depended on target objects, indicating that they learned not only the rule of the discrimination 

task, but also properties of these material objects, 3) they were able to generalize their material 

categorization for new material objects. Their categorization were largely consistent with human 

subjects but showed peculiar differences for some objects. In conclusion, these results indicated 



that our material discrimination task was sufficient for examining the relationships between 

haptic properties and material perception in both human and non-human primate subjects. 

Disclosures: M. Ito: None. C. Hatta: None. S. Yoshida: None. K. Katsube: None. Y. 

Morisue: None. T. Iwata: None. 

Poster 

221. Vision: Representation of Objects and Scenes 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 221.07/EE2 

Topic: D.07. Vision 

Support: Wellcome Trust 204788/Z/16/Z 

Title: Clustering of functional subtypes in the zebrafish optic tectum 

Authors: *T. SHALLCROSS1, G. DIANA2, M. MEYER2 
2Ctr. for Developmental Neurobio., 1King's Col. London, London, United Kingdom 

Abstract: Information in the brain is represented by the pattern of activation of neural 

populations, forming a neural code. Techniques for monitoring large populations of neurons 

allow estimates of the number of neurons required to encode information- a sensory feature for 

example, but because the identity of the active neurons is often unknown the precise nature of 

neural codes is largely unknown. It is for this reason that providing a systematic functional 

characterisation of cell types in the brain is a fundamental goal of neuroscience. Here we present 

a method to functionally categorise cells within the optic tectum of larval zebrafish. Functions 

attributed to the tectum include directing attention, object categorisation, decision making and 

generating approach and avoidance behaviours. Using a diverse set of visual stimuli, lightsheet 

functional imaging of the entire tectum with single neuron resolution and density based 

clustering of tectal cell responses we are able to functionally categorise tectal cell types and 

determine the 3D distribution of these neurons in the tectum. Our approach enables a cellular 

resolution description of tectal organisation and because it can identify functional cell types in 

live animals it paves the way for providing an unbiased description of the population codes 

underlying visually driven, tectally mediated behaviours. 
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Abstract: The prevailing view of the ventral visual system is that object representations tolerant 

to particular viewing conditions such as location in the visual field emerge in high-level visual 

area IT, whereas object properties particular to the viewing situation are represented in low-level 

visual areas. 

Contrary to this theory, a recent study using single-cell electrophysiology and modelling in 

monkeys (Hong et al., 2016) observed that IT represents both object identity and location 

information, and that low-level visual areas might fail to represent object properties specific to 

the viewing situation when objects appear under real-world cluttered viewing conditions. 

Here, we investigated the processing of object location and category and its dependence on the 

nature of the background of the visual scene in the human brain using EEG and multivariate 

pattern classification. The rationale was that the latency with which object category and location 

representations emerge in the human brain indicate the processing stage in the ventral visual 

stream at which they emerge. 

In the experiment, participants (N=25) viewed object images from four different categories, in 

four different locations displayed in three background conditions (high-, low-, and no-clutter). 

We found that object location information emerged later in time when objects were presented on 

cluttered backgrounds (70 ms later for low clutter and 100 ms for high clutter Fig. 1A). A time-

generalization analysis revealed that location processing under clutter had similar, but delayed 

processing than when no clutter was present (Fig. 1B). 

Together, our findings suggest that under real-world viewing conditions object location 

information might emerge in later processing stages than often assumed. 



 

Disclosures: M. Graumann: None. C. Ciuffi: None. R.M. Cichy: None. 
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Title: Visual-haptic interactions influence shape recognition 

Authors: *R. L. MILLER, D. L. SHEINBERG 
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Abstract: Though typically thought of as primarily a visual capability, object recognition is also 

routinely accomplished through our other senses, including touch. The visual and somatosensory 

systems not only need to provide information about object properties using very different end 

organs, but they must also produce an internal representation of the object which facilitates 

comparison -- a supramodal representation. We designed a task paradigm allowing us to assess 

whether the manner in which this cross-modal comparison is made influences the learning of 

object recognition. Human participants (n=34) were simultaneously presented with visual (on a 

video display) and haptic (on a visually hidden physical shape ‘carousel’) shape stimuli and 

asked to determine whether they were the same shape or different. For one group of subjects, the 

visual and haptic presentations were always in the same relative orientation (“aligned” 

condition), while another group had visual and haptic stimuli which were typically not in the 

same orientation (“rotated” condition), thus forcing the subjects to mentally rotate one or both 

(visual and haptic) shapes for mutual comparison. These two groups were then tested on a task 

where they must first feel a shape and subsequently see a shape and judge whether the two 

shapes were the same or not. We found that, compared to the aligned group, the rotated group 

required slightly (though not significantly) less time to feel the shape and significantly less time 

to decide if the visual stimulus matched the haptic. Crucially, this difference exists despite both 

groups having virtually identical visual-only and haptic-only experience; the only difference was 

that one group was forced to perform mental rotation, suggesting that learning to recognize 

objects may be facilitated simply by mentally rotating them. 

Disclosures: R.L. Miller: None. D.L. Sheinberg: None. 
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Abstract: All our experiences are coded as patterns of neural activity, therefore if there is a 

fundamental organization of the cortex, then a shared experience must result in a shared pattern 

of activity. This is true at a coarse scale, such as the relative size and location of visual areas, but 

it is unclear at a fine scale, such as the distribution of ocular dominance columns in primary 

visual cortex. We answered this question by creating a map of fine-scale spatial pattern 

correlations across a large cohort of subjects. We hypothesize that early retinotopic areas like V1 

will activate in spatial patterns that are similar across subjects because the structure of these 

areas is believed to be innately determined during normal development. In contrast, areas driven 

by environmental cues (e.g. ventral object recognition areas) may have poor spatial pattern 

similarity across subjects, reflecting the individual’s experiential history.We recruited 55 

subjects to watch 2 movie clips during a functional Magnetic Resonance Imaging (fMRI) scan. 

Each 5-minute clip is presented in 2-D and 3-D, in random order. We calculated the inter-subject 

correlation of the spatial pattern inside predefined regions across the cortex in a searchlight 

manner (see A). To determine statistical significance, we conducted a single threshold 

permutation test with 10,000 permutations of the functional structure inside each searchlight. The 

results support our hypothesis that early visual areas exhibit higher spatial pattern correlations 

than ventral and dorsal areas such as the lateral occipital complex and intraparietal sulcus (see 

B). The results are summarized in a map indicating areas of the brain with a common spatial 

structure across subjects (see B), suggesting which regions are shaped by experience and which 

are likely defined innately. Understanding how the visual system organizes itself is fundamental 

to models of cortical visual hierarchy and visual information representation in the brain. This 

study sheds light on how experiences may govern this organization. 
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Title: The causal roles of alpha activity in feature binding 

Authors: *Y. ZHANG1,2,3,4,5, Y. ZHANG1,2,3,4,5, P. CAI1,2,3,4,5, F. FANG1,2,3,4,5 
1Sch. of Psychological and Cognitive Sci., 2Beijing Key Lab. of Behavior and Mental Hlth., 
3Peking-Tsinghua Ctr. for Life Sci., 4PKU-IDG/McGovern Inst. for Brain Res., 5Key Lab. of 

Machine Perception (Ministry of Education), Peking Univ., Beijing, China 

http://files.abstractsonline.com/CTRL/c1/7/e7c/f3b/d3f/463/d94/c44/d58/21d/b0a/7c/g7901_2.jpg


Abstract: Integrating different visual features into a coherent object is a central challenge for the 

visual system, which is referred as the binding problem. Recent studies suggest that brain 

oscillations are possibly involved in assembling features belonging to the same object. However, 

the function of brain oscillations, particularly their causal contributions, in visual feature binding 

is still largely unknown. Here, we explored the functional roles of brain oscillations in feature 

binding using an illusory color-motion misbinding stimulus (Wu et al., 20004). The stimulus 

consisted of two sheets of moving dots. One sheet moved upward and the other moved 

downward. For each sheet, the dots in the central and peripheral areas were rendered in different 

colors. For example, on the upward moving sheet, the color of the dots in the central area was 

red and that in the peripheral area was green. When subjects fixate at the center of the display, 

the color and motion of the dots in the peripheral area were perceived to be bound in the same 

(i.e., active binding state) or opposite (i.e., physical binding state) fashions as those in the central 

area. We first probed brain oscillations with EEG (electroencephalogram) when subjects were 

viewing the stimulus for continuous 180s. Subjects were asked to report their perceptual state - 

the active binding state or the physical binding state. We found that the alpha power in the left 

posterior area increased when subjects perceived the physical binding and the alpha power was 

negatively correlated with the duration of the active binding state. To further explore the 

causality between alpha oscillations and feature binding, we applied tACS (transcranial 

alternating current stimulation) over the left posterior area to modulate individual alpha activity. 

Our result showed that tACS at individual alpha frequency peak (IAF) could effectively increase 

the time proportion of the physical binding state. Furthermore, we delivered tACS stimulation at 

IAF+2Hz and IAF-2Hz respectively to investigate potential behavioral changes. We found that 

tACS at IAF+2Hz and IAF-2Hz could increase/decrease the switching rate between the two 

binding states. Taken together, these findings demonstrated that alpha oscillations can causally 

shape feature binding providing new insights into not only the neural mechanisms of feature 

binding, but also the functions of alpha oscillations. 
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Title: Visual objects are rapidly compared to contextually associated object targets on the basis 

of a V1-like feature representation 

Authors: *C. M. SMITH, K. D. FEDERMEIER 

Univ. of Illinois at Urbana-Champaign, Urbana, IL 

Abstract: How does the brain represent visual objects in memory, and how does it recruit this 

information in response to contextual cues to facilitate visual object processing? We recorded 

EEG while adult human participants (N=50; 34 females, sex differences unanalyzed) learned 

paired associations between scenes and novel objects from novel object categories. At test, 

scenes were presented and, after a delay, a matching or mismatching object appeared (match vs. 

mismatch judgment task). For each mismatching test object, similarity to the target (matching) 

object was computed. In recent work, we have demonstrated on several EEG datasets that 

“Alexnet” convolutional neural network layer-based metrics of visual distance to the target 

object correlate with ERP amplitude on mismatch trials. We now extend these analyses using 

features explicitly designed to capture known properties of primary visual cortex, computing 

visual distance on the basis of euclidean distance in a V1-like feature space (Pinto et al. 2008). In 

our first experiment (N = 24), a constant preview duration of 2500 ms for the context scene was 

used at test, and ‘distorted’ object images that differed only subtly from the target were included. 

In experiment 2 (current N = 26), scene preview time was either 200 or 2500 ms, alternately 

blocked or intermixed across trials, and only more visually distant (distance >200 in figure 

below) mismatch trials were included. Across both experiments, the ERP waveform to objects 

other than the target was more positive the more similar the presented object was to the target, in 

a broadly distributed sustained effect beginning at ~200 ms. Furthermore, longer scene preview 

times yielded larger ERP target distance effects. Results suggest that visual objects are rapidly 

compared to contextually congruent object targets on the basis of a V1-like feature 

representation. Moreover, this (implicit) comparison is facilitated by processing undertaken 

when viewing the predictive scene context alone, consistent with an account in which V1-like 

features of the target object are predictively preactivated. 
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Abstract: In our everyday life we often encounter, manipulate and utilize many different tools. 

Several neuroimaging studies have identified a network of fronto-parietal and occipito-temporal 

regions that are consistently activated when viewing, imagining and pantomiming tool actions. 

However, it remains unclear what properties are represented within each region and how these 

representations overlap or change according to the task used. Here we used multivoxel pattern 

analysis to investigate the representation of identity and action properties for viewing tools and 

pantomiming tool-use tasks. Participants (N = 18) viewed pictures of tools (while performing a 

1-back repetition detection task) and executed pantomimes of tools actions in response to tool 

names in different runs. We used familiar tool categories that varied according to two action 

properties: hand grip (power vs. precision) and hand movement (squeeze vs. rotation). In 

addition, for each participant separate localizer runs were used to define regions of interest in the 

left hemisphere. For both viewing pictures and pantomiming, we found reliable decoding for 

tool-identity, grip and movement types in lateral occipital temporal cortex (LOTC). Moreover, 

tool-identity and movement type could also be decoded from pictures and pantomimes in 

posterior middle temporal gyrus (pMTG), supramarginal gyrus (SMG) and intraparietal sulcus 

(IPS). Interestingly, we were even able to decode movement type from both pantomime and 

viewing 2D pictures in primary motor cortex. These results suggest that areas of both visual 

streams (LOTC, IPS) encode information about identity and action properties of tools. Moreover, 

our findings are in line with claims that even simply viewing pictures of tools automatically 

evokes sensorimotor representations associated with their use. 

Disclosures: S. Rossit: None. D. Tonin: None. F.W. Smith: None. 
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Title: Stimulus-dependent cortical representations of object semantics 
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Abstract: Visual object perception recruits a network of cortical regions to extract diverse 

semantic properties from layers of visual information. Regions associated with a few selected 

object classes, such as faces, places, and hand-writing, have become popularly established. The 

question remains whether supposed "semantic class" areas for visual objects are formed based on 

coincidental visual properties, by abstract knowledge associated with the perceived object, or by 

a mixture of both. More broadly, cortical segmentation of visual and abstract properties remains 

unclear. In the present work, we use an fMRI voxel searchlight method to study cortical 

responses to sixty objects shown separately as pictures and written words (Leeds 2013). Cortical 

responses from three subjects are compared with 218 diverse candidate semantic groupings of 

the same objects (from Sudre 2012) using representational similarity analysis (Kriegeskorte 

2008). Semantic groupings ranged from topics such as identity ("Is it an insect?", "Is it a tool?") 

to material/tactile properties ("Is it smooth?") to size/weight ("Can you hold it?") to emotions 

("Do you love it?"). While familiar semantic-regional associations are apparent across subjects, 

we observe within-subject variability in cortical associations evoked by picture and word stimuli. 

Both picture and word stimuli evoke semantic matches (e.g., for animacy and size) with cortical 

activity in mid-level visual regions (including lateral occipital and fusiform cortices). However, 

within each subject the activated anatomical regions and exact locations within common regions 

differed between the two classes of stimuli. For several semantics groupings, either only word 

stimuli produced cortical matchings (e.g., subject S3 and "is it a vehicle") or only picture stimuli 

produced cortical matchings (e.g., subject S2 and "does it have paws"). Our results suggest 

differing cortical strategies for representation of picture and word objects - potentially drawing a 

line between coincidental visual properties and underlying abstract knowledge. 

Disclosures: D. Shutov: None. D.D. Leeds: None. 
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Title: Responses of macaque V3A neurons to 3D object pose 
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Abstract: Three-dimensional (3D) visual perception is critical for interacting with objects. 

Because each eye detects two-dimensional (2D) projections, the visual system must reconstruct 

the 3D structure of the environment from ambiguous information. Here we examine hierarchical 

cortical processing underlying the 2D-to-3D visual transformation necessary to create 

unambiguous representations of 3D object pose (i.e., position and orientation). In an 

unambiguous neural representation of 3D pose, object orientation preferences will be invariant to 

position-in-depth. Previous work suggests that the caudal intraparietal (CIP) area of macaque 

monkeys represents objects in 3D. Whether 3D selectivity originates in CIP, is refined by CIP, or 

is simply inherited from an earlier area is unknown. Anatomical data and our ongoing 

neuroimaging work suggest that area V3A provides a primary source of visual input to CIP. Here 

we characterize the selectivity of V3A neurons for the 3D pose of planar surfaces. Surfaces were 

presented at all combinations of tilt (0° to 315° in 45° steps), slant (0° to 60° in 15° steps), and 

distance (37, 57, 97, and 137 cm). The stimuli subtended 20° of visual angle and were always 

presented directly in front of the animal with the center fixated. Surfaces were defined by 

random dot stereograms (N = 250 dots) with perspective and stereoscopic cues. In our current 

sample (N = 58 V3A neurons), 53% showed significant modulation in firing rate with both 

orientation and distance, 10% for distance only, and 37% showed no significant modulation 

although they were visually driven (2-way ANOVA). At each distance, response modulation 

with orientation was further assessed (1-way ANOVA), and a Bingham function fit to the 

significant responses to estimate preferred orientation. For cells which showed significant tuning 

that was well described by a Bingham function at two or more distances (r > 0.7; N = 27 

neurons), we evaluated how orientation preference depended on distance. The maximum 

possible change in orientation is 90°. For most V3A neurons, the preferred orientation changed 

substantially with distance: average = 39.01° ± 4.24° SEM, indicative of an ambiguous 3D pose 

representation. However, the degree to which orientation preference changed with distance 



ranged widely across cells: 9.42° to 86.37°, suggesting that the responses of some V3A neurons 

approach an unambiguous representation of 3D pose. The magnitude of orientation preference 

changes did not correlate with the size of the receptive field or the extent to which the stimulus 

overlapped the receptive field. These results suggest V3A is an intermediate stage in the 2D-to-

3D visual transformation. 
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Abstract: Inferior temporal (IT) cortex is crucial for visual object recognition. Chang & Tsao 

(2017) found that cells in IT face patches code axes in a high-dimensional face space. Whether 

axis coding is the canonical rule for other parts of IT is still not clear—it could be a special 

scheme used by for face cells due to the high topological similarity between different facial 

identities. To address this question, we performed extracellular recordings in six patches 

belonging to two object networks in IT cortex: the body network and a newly-discovered 

network lacking explicit semantic categorical preference (Bao & Tsao, 2016). During the 

recording sessions, monkeys passively viewed an image set consisting of 51 objects, with 24 

views of each object. The same image set was also fed into a trained deep learning neural 

network, Alexnet. PCA was carried out on the responses of Alexnet units. By parametrizing 

object images as points in a 50-dimensional linear space by the first 50 principal components, we 

found that the firing rates of each neuron from both networks was proportional to the projection 

of an object onto a single axis in the object space. This suggests that cells in different IT 

networks encode different subspaces of object space using the same canonical coding scheme, 

axis coding. 
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Abstract: Human can recognize objects in 3-D regardless of which abstracted form depth-cue is 

presented to the retina (Dehmoobadsharifabadi & Farivar, 2016). This invariance 3-D object 

recognition is driven by integration of information from brain areas that process different depth-

cues in both ventral and dorsal visual pathways. Previous study in our lab provided evidence of 

information integration by showing cross depth-cue adaptation effects using MEG, indicating the 

object can be recognized by same neural population (Akhavein & Farivar, accepted in 2017). It 

is unclear whether single depth-cue is sufficient to form 3-D object information individually 

before integrated into a common mental representation. Understanding the hierarchical processes 

of depth-cue invariance is crucial for future construction of computer vision models that describe 

how human perceive 3-D world using 2-D retina images (Farivar, 2009). Here we investigated 3-

D object recognition from three different depth-cues (shading, texture, and structure from 

motion), and three different objects (face, chair, and contour-of-a-face) by adopting MEG 

decoding analysis in sliding time windows. Using this method, we could identify decoding 

accuracy from object pairs at different time points. Cortical activity patterns from different 

depth-cues can reliably decode object label, but with different onset and peak time. Decoding 

brain activation pattern can be from generalization from one depth-cue to another, with short but 

significant onset lag compared to decoding from same depth-cue. Additionally, evidences from 

dynamics of cross validated Euclidean distances from brain patterns also suggested that 

invariance of depth-cue in brain activity happened after the objects can be decoded from 

individual depth cues. These results provide key evidence supporting the invariance 3-D object 

recognition from different depth-cues, as well as new evidences that perceptions of different 

depth-cues follow different mental 3-D object representations before integration. 

Disclosures: Y. Chen: None. R. Farivar: None. 
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Abstract: Many research questions in visual neuroscience involve determining whether stimulus 

properties are represented and processed independently in the brain. Unfortunately, most 

previous research has only vaguely defined what is meant by “independence,” which hinders its 

precise quantification and testing. Here we develop a new framework that links general 

recognition theory from psychophysics and encoding models from computational neuroscience. 

We focus on separability, a special form of independence that is equivalent to the concept of 

“invariance” often used by neuroscientists, but we show that other types of independence can be 

formally defined within the theory. We show how this new framework allows us, for the first 

time, to precisely define separability of neural representations and to theoretically link such 

definition to psychophysical and neuroimaging tests of independence and invariance. The 

framework formally specifies the relation between these different levels of perceptual and brain 

representation, providing the tools for a truly integrative research approach. In particular, the 

theory identifies exactly what valid inferences can be made about independent encoding of 

stimulus dimensions from the results of multivariate analyses of neuroimaging data. In addition, 

two commonly used operational tests of independence are re-interpreted within this new 

theoretical framework, providing insights on their correct use and interpretation. Finally, we 

validate this extended general recognition theory in an fMRI study involving gratings varying in 

orientation and spatial position. Participants completed 4 two-hour sessions in the MRI scanner, 

in which they were presented with oriented gratings varying in orientation in 45-degree steps (0, 

45, 90, and 135 degrees) while they fixated to the center of the screen. Stimuli were presented in 

3 different spatial positions in the visual field. The known features of receptive fields in primary 

visual cortex led us to expect that varying the position of stimuli should systematically change 

encoding separability of orientation, with lower separability for stimuli positioned farther apart. 

We show that a decoding test developed within the proposed framework can capture such 

variations. 
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Title: Chemogenetic down-regulation of macaque V4 responses produce reversible deficits in 

core object recognition behavior 
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Abstract: The primate ventral stream houses a hierarchical neural network that comprises a 

series of cortical areas (V1, V2, V4, pIT, cIT, aIT) and underlies core object recognition 

behavior. Recent models of the ventral stream coarsely approximate the activity patterns at each 

of these cortical stages and core object recognition behavior. To constrain the development of 

more accurate models, we need to discover the nature of causal dependencies between these 

specific circuits and behavior. Therefore it is critical to investigate causal perturbation tools to 

reversibly interrogate these cortical circuits in behaving primates. Here we tested one such 

chemogenetic silencing strategy based on DREADDs (Designer Receptors Exclusively Activated 

by Designer Drugs). The potential to transfect larger (including sub-cortical) areas with a 

minimally invasive behavioral testing framework makes this a very promising approach 

compared to the pharmacological or optogenetic alternatives. We injected (~50 uL) of the viral 

construct, AAV8-hSyn-hM4Di-mCherry, that causes neuron specific inhibition, distributed over 

a 9 mm2 patch of dorsal V4 in two macaques. To test for successful neural suppression, we 

chronically implanted a Utah array in the injected region. This allowed us to directly monitor the 

strength of neural silencing across time after DREADD activation via systemic CNO/clozapine 

injection. To estimate how perturbing a 9 mm2 patch of macaque V4 cortex affects the 

downstream IT regions, we implanted 2 additional Utah arrays in pIT and cIT. We divided each 

experimental session into multiple blocks. In each block, monkeys performed two tasks: passive 

fixation while images were rapidly presented at the central 8o, followed by an object 

discrimination task. At the end of the first block, we intramuscularly injected either CNO, 

clozapine or saline. Preliminary results show an overall reduction (max: ~18%) of the stimulus 

evoked V4 responses and a behavioral deficit (~8%) peaking around 100 mins post 

CNO/Clozapine injection.The behavioral deficit was significantly more pronounced when the 



object position coincided with the receptive field of the transfected patch of V4, confirming the 

causal importance of cortical area V4 in the monkeys’ core object recognition behavior. In sum, 

our results demonstrate the ability of DREADDs to reversibly down-regulate neural activity in a 

9 mm2 patch of macaque V4 and affect a behavior that it was assumed to support. This opens up 

the possibility of directly testing the causal link between multiple cortical areas and object 

recognition tasks, with the goal of guiding the discovery of the next generation of ventral stream 

neural network models. 
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Abstract: Recent studies suggest a putative number form area (NFA) in the inferior temporal 

gyrus (ITG) that responds preferentially to Arabic numerals versus other symbols. It is assumed 

to be recruited in any task that involves visual processing of Arabic numerals. Although meta-

analytic convergence in the right ITG has been observed for numeral-selectivity, its recruitment 

is not as obligatory as previously assumed. It is thus unclear whether the NFA is specialized for 

processing visual shapes, semantic associations, or both, and whether prior findings depend on 

active processing of the numerals. Here we test the stronger claim of an NFA by investigating 

the content represented in an NFA during passive viewing of digits, letters, and scrambled 

digits/letters in 39 adolescents using multi-voxel representational similarity (RS) analysis. We 

tested RS in our data against 5 hypothetical models: (1) pixel- and (2) deformation-based 

physical shape similarity, (3) symbols versus novel characters, (4) digits versus non-digits, and 

(5) digits versus letters versus non-symbols. RS across exemplars of the 4 categories in the NFA 

did not match any of the hypothesized models. As within-category variability may mask 

potential between-category distinctions, we repeated the analysis using the averaged multi-voxel 

response pattern to each stimulus category. Results replicated our initial findings. In contrast, RS 

in the right inferior frontal gyrus (IFG) matched models 1, 2, and 3. These findings suggest that 

the NFA, at least during passive viewing, may lack categorical information. Minimally, existing 

work has shown that the shape identity needs to be actively processed for its recruitment, and 

could be part of an interactive loop with top-down processes from parietal regions. This suggests 

a nuanced role of the putative NFA in category specific digit processing that requires further 



empirical investigation. The right IFG may be involved in the automatic retrieval of associations 

between shapes and concepts to distinguish familiar, identifiable shapes from novel, 

unidentifiable ones. 
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Abstract: As we move throughout the world, our brains continuously acquire sensory 

information to make predictions based on what we see. For example, an animal hopping in a 

foggy park could be perceived as a rabbit, even when the rabbit's form is too far away to be 

visible. Does the hopping movement allow for better discrimination between types of rabbits? 

More generally, objects often have stereotypical movements, but it remains unknown how 

movement is used in object recognition. Previous research has shown that the brain associates 

features (e.g. color, shape, size) to create a unified percept of an object. This percept can be 

retrieved when the appropriate group (or possibly a subset) of features is encountered again. We 

ask whether movement can be used as diagnostic information to improve perception of an 

object’s shape when shape is ambiguous. Specifically, we aim to address (1) under what 

circumstances a stereotyped, translational movement path associated with a class of shapes could 

aid shape recognition and (2) the neural mechanisms underlying this behavior. To investigate 

this, we developed a match-to-sample task for human and non-human primates that requires 

subjects to identify a moving shape in variable perceptual noise. Interestingly, behavioral data 

demonstrates that recognition of the movement pattern associated with a shape enhances 

perception of object shape in the presence of high noise. We also investigate the neural basis of 

this finding in an area that is sensitive to object features (inferior temporal cortex). Here we aim 



to demonstrate that learning of associations between movements and shapes can lead to a 

perceptual benefit during object recognition. 
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Abstract: What are the roles of central and peripheral vision in human scene recognition? 

Larson and Loschky (2009) showed that peripheral vision contributes more than central vision in 

obtaining maximum scene recognition accuracy. However, somewhat counterintuitively, central 

vision is more efficient for scene recognition than peripheral, based on the amount of visual area 

needed for accurate recognition. Here, we model these results using a deep network with a 

mixture-of-experts architecture. Our model is anatomically constrained in two ways: First, we 

use the log-polar transformation that provides cortical magnification by emphasizing foveal and 

parafoveal vision. We show that the log-polar transform gives results that are closer to the human 

data when compared to simply using a foveated representation of the image. Second, we use the 

fact that there is a bifurcation between the central and foveal vision pathways, where the 

peripheral pathway innervates the Parahippocampal Place Area (PPA), and the central pathway 

innervates the Lateral Occipital Complex (LOC). The peripheral advantage emerges naturally in 

the learning process: When trained to categorize scenes, the model weights the peripheral 

pathway more than the central pathway. Our model replicates the advantage of peripheral vision 

in scene recognition, as well as the efficiency advantage for central vision. 
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Title: The timing of reading: Electrophysiological exploration of stimulus and task effects on 

routing visual information to the visual word form area and language cortex 

Authors: *A. M. RAUSCHECKER1, R. NA2, O. RACCAH3, J. PARVIZI4 
1Univ. of Pennsylvania, Philadelphia, PA; 2Peking-Tsinghua Ctr. for Life Sci., Sch. of 
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Abstract: The neural mechanisms underlying reading have been extensively studied using 

psychophysical and fMRI methods. However, mechanisms by which stimuli are routed from 

visual to language cortex remain opaque and are best explored by observing response 

timecourses at millisecond level in the human brain’s reading network. We recorded intracranial 

EEG signals from 5 patients implanted with subdural electrodes while they viewed different 

types of word form stimuli. Stimuli comprised real words, pseudowords, consonant strings, and 

partially and fully noise-degraded words. We presented word stimuli in the central, ipsilateral, 

and contralateral visual fields. Using the same stimuli, patients were instructed two perform 

either a fixation color task or a lexical decision task. Power and onset time of high-frequency 

broadband (HFB, 70-170Hz) signal were used as measures for the level of cortical activation and 

its onset. Left visual word form area (VWFA) response amplitudes did not differ between real 

words, pseudowords, or consonant strings, but all of these responses were significantly larger 

than responses to fully noise-degraded stimuli. VWFA responses to suboptimal words (ipsilateral 

visual field or partially noise-degraded) were delayed in onset compared to optimal stimuli 

(central or contralateral visual field without noise), despite accounting for response amplitude. 

Response onset delays were similar, approximately 30ms. The decreased response amplitude, but 

not the response delay, can be mitigated by invoking top-down modulation through a lexical 

decision task. In a patient where we obtained simultaneous recordings from the VWFA and 

putative Broca’s and Wernicke’s areas, similar response onset latency differences were observed 

in these language areas. These delays may reflect synaptic delays due to ancillary processing of 

stimuli in supporting brain regions. The critical role of VWFA was also supported by the 

disruption of reading during electrical stimulation of the VWFA performed in two patients. 

These data provide information about the timing of electrophysiological responses to words in 

the VWFA and in other language areas, which will lead to deeper understanding of the neural 

mechanisms of reading. 
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Title: Retinal size rather than perceived size (post size constancy) determines reaction time for 

identifying puzzle pictures such as Mooney faces 
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Abstract: When you see a person lying on the ground, with her head twice the distance from you 

as her feet, then on your retina her head subtends half the size as her feet. But your brain corrects 

for relative perceived size using relative depth cues so you don’t see a microcephalic and see a 

normally proportioned person, i.e. “Size constancy”. Does this correction for distance occur in 

the ventral stream where objects are recognized and associated with semantics, or the dorsal 

stream (parietal lobes) concerned with spatial vision, prehension, etc.? 

We exploited Mooney faces to answer this. A person’s face is strongly illuminated 

unidirectionally and binarized to empathize shadows producing splotches. The time taken to 

recognize this as a face depends on its size. The larger it is, the slower the recognition. If the face 

recognition is affected by size-constancy, one will expect that halving the size will facilitate the 

recognition more than doubling the viewing distance even though they both end up having the 

same retinal sizes. 

Subjects were asked to decide if the stimulus was a face or non-face as fast and accurately as 

possible for each condition (Condition 1: Distance 1, Image Size 1; Condition 2: Distance 1, 

Image Size 1/2; Condition 3: Distance 1x2, Image Size 1). Reaction time and accuracy were 

recorded. We found doubling the distance was as effective as halving the size, suggesting retinal 

size, before constancy correction, was the relevant variable in visual pattern recognition. This 

makes sense given that color and shape are more diagnostic of objects than size which is 

primarily relevant for spatial vision including grasping and obstacle avoidance. 

It is unclear whether what is addressed in this experiment is the recognition of the face per se, or 

the ability to extract 3D shape from shading. We are disentangling these variables by using 

puzzle block letters and Dalmatian dogs (figure 1) which do not require computation of depth of 

shading. 

Therefore, puzzle pictures, like Mooney faces, can be used to reveal stages of perceptual 

processing involved in object recognition and the neural loci of these effects. 
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Abstract: To gain an understanding of the cognitive and neural mechanisms of object 

recognition in humans, we need to broadly sample object categories using naturalistic object 

images and identify sensitive methods for relating them to human behavior. Here we report on 

our recent efforts to (1) systematically identify a broad set of basic-level object categories, (2) 

create an object image database useful for large-scale neuroimaging, and (3) develop and verify a 

behavioral task for measuring the behavioral similarity and relating it to representations in the 

human brain. 

In a first step, we sought to identify a representative set of basic-level object categories. After 

extracting concrete English nouns from a list of concreteness ratings for 40,000 English lemma 

(Brysbaert et al., 2014), we excluded scenes and non-depictable objects, carried out word-sense 

disambiguation using Wordnet, and used object image naming on Amazon Mechanical Turk 

(AMT) to identify a set of consistently named object categories. This process led to a set of 

1,854 basic-level object categories spanning a wide range of man-made and natural objects. 

In a second step, we built a large-scale natural object image database for presentation of images 

in the MRI and MEG, with at least 12 images per object category, based on scraping of images 

from search engines and Imagenet, and manually selecting images with natural background and 

high image quality. This process led to more than 22,000 object images with natural background. 

Finally, to relate object representations to behavior, we tested the use of an odd-one-out task 

based on object triplets and verified its utility using deep neural network models (Alexnet), high-

dimensional word embeddings (GloVe), as well as human neuroimaging data (MRI / MEG). The 

odd-one-out triplet task outperformed standard behavioral similarity tasks in correlating with 

representations in both models and neuroimaging data, demonstrating the general sensitivity and 

utility of the task for measuring behavioral representations. 

Together, this work lays an important foundation for a systematic and large-scale assessment of 

object representations both in the human and animal brain as well as in behavior. 
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Abstract: We can categorize the objects around us according to a nearly infinite number of 

criteria, yet some object dimensions (e.g. category, color) are more relevant than others in our 

everyday interactions with the objects around us. These behaviorally-relevant object dimensions 

structure the large-scale space of our mental representation, yet most research on understanding 

object representations has focused on small numbers of object categories or exclusively on 

semantic representations. 

To overcome these limitations, we built a large-scale behavioral similarity matrix spanning a 

wide range of 1,854 object categories, allowing us to use data-driven methods to extract 

behaviorally-relevant object dimensions. We acquired millions of similarity ratings in a large-

scale online experiment using an odd-one-out task on object triplets (three objects). Although the 

reconstruction of this behavioral similarity matrix was based on less than < 0.1 % of all possible 

trials, we found a strong correspondence to a fully-sampled behavioral similarity matrix of 48 

objects, demonstrating excellent reconstruction of the large-scale similarity structure. 

The similarity matrix allowed us to extract a set of sparse dimensions that characterize the 

mental representation of the objects. These dimensions were highly reproducible and 

interpretable, corresponding to both high-level object categories (e.g. animals, food) as well as 

perceptual features (e.g. color, shape), revealing among others that human-related categories 

(e.g. woman) are not judged as being part of an animal-related dimension. 

Finally, we aimed at predicting the similarity of objects and images not included in the original 

set. We used Elastic Net regularized regression to predict the sparse object dimensions from 

computational models of vision and semantics, using a convolutional neural network trained on 

object images and word vectors from a state-of-the-art semantic word embedding. This yielded a 

high predictive accuracy, allowing us to combine the predicted dimensions to estimate the 

behavioral similarity for images of categories not included in our original set. This analysis 

demonstrates the generality of our method and extends its utility to objects for which behavioral 

measures are not available. 

Together, this data-driven approach presents a powerful method for identifying a small number 

of interpretable, behaviorally-relevant object dimensions that can be directly related to neural 

activity in humans and animal models. 
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Abstract: Though most dog studies use visual stimuli, few have examined whether pictures 

serve as visual representations for the concrete. There is one example of dogs abstracting 

pictures or miniatures to familiar objects, and some evidence suggests that dogs successfully 

translate pictures of faces to familiar humans. However the neural mechanisms for how dogs 

abstract stimuli remain relatively unknown. Using awake fMRI of domestic dogs, we measured 

neurobiological responses to two dimensional (2D) and three dimensional (3D) versions of 

objects. Half of the dogs were trained on 2D stimuli and half on 3D stimuli. Prior to scanning, 

one stimulus of the trained pair was associated with food (CS+) and the other with nothing (CS-). 

During scanning, both 2D and 3D stimuli were presented. Similar to human studies, activation in 

the canine brain to 2D and 3D stimuli occurred in the dorsal parietal cortex and in a region 

similar to the human lateral occipital cortex (p<.05). Here we demonstrate the application of 

fMRI to examine the neurological mechanisms for dogs’ abstraction of perceptual stimuli to 

concrete objects. While behavioral evidence for abstraction is mixed, our approach illustrates the 

potential for more complex perceptual capacities in dogs. 
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Abstract: Pursuit of prey or of a potential mate are daily tasks in the lives of many animals that, 

in most species, rely on vision. How visual information is processed in the brain to guide this 

directed behavior remains poorly understood. Drosophila melanogaster males use vision to 

chase the ambulatory female and direct courtship at the female. We found that LC10 neurons, a 

class of visual projection neurons that relay visual information to the central brain, play an 

essential role in this context. LC10 neurons are preferentially sensitive to small bars in contrast 

to wide field motion stimuli. Moreover, LC10 neurons responded strongly to a dark or bright bar 

bestowed with dynamic angular sizes and speeds extracted from a behavioral episode that 

included bouts of chase and directed courtship. When visual stimuli were presented isolated from 

other forms of sensory input in fly-on-ball assays, LC10 neurons output proved to be necessary 

to track a small 3-D virtual bead. In contrast, blocking LC10 neurons left the optomotor response 

to wide-field moving gratings unaffected, as well as the fixation of a thin long bar. Moreover, 

unilateral subsets of LC10 neurons elicited ipsilateral turning and extension of the wing 

ipsilateral to the stimulated side. Interestingly, LC10 neurons are monomorphic neurons, 

presenting similar dendritic morphologies and sensitivity to visual stimuli in males and females. 

Yet, only males chase and court. How LC10-visual information is processed in the central brain 

might differ between males and females. To test this, we artificially activated the male-specific 

P1 neurons for a short time, a manipulation known to induce a state of courtship arousal that 

outlasts the acute stimulation by several minutes. The number of elicited single-wing extensions 

upon activation of LC10 neurons was much higher in males in an induced state of courtship 

arousal compared to uninduced males, suggesting that male-specific P1 neurons affect how 

LC10-visual information is used in the central brain. Together our findings indicate that LC10 

neurons represent a major visual pathway mediating directed courtship and open the door to 

elucidating the neural processing underlying pursuit behavior in more detail. 
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Title: Muscle kinematics play a large role in primary somatosensory cortical neural activity 
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Abstract: Sometimes called the “hidden, sixth sense”, proprioception, the sense of body state, is 

crucial to our ability to move our limbs, yet it remains poorly understood. Common experience 

suggests that at a conscious level, our perception of arm position is focused on the location of the 

hand and its movement, rather than joint angles or muscle lengths. This has also been the classic 

assumption for how proprioceptive neurons in the somatosensory cortex (S1) represent reaching 

movements. That is, these studies typically neglect the possible relation of these signals to 

peripheral mechanics. Here, however, we show that muscle kinematics can explain features of 

neural activity in S1 that cannot be explained by the classic model, underscoring the importance 

of the periphery in determining S1 discharge. 

In this project, we examined three aspects of proprioceptive neural activity in S1. In the first 

experiment, we examined whether the representation of movement in S1 was truly hand-related 

or whether it arose from a simple combination of muscle stretch sensors. We found that when 

measured in two different postures, the preferred hand movement directions of most neurons 

shifted, a phenomenon inconsistent with the hand-based model of neural activity. However, a 

muscle-based model accurately predicted this shift. In the second experiment, we extended this 

analysis to examine how muscle kinematics contribute to the representation of kinematically 

similar but dynamically different movements, specifically actively generated arm movements 

and passive perturbations of the arm. Previous results from our lab showed that while neurons 

generally have similar active and passive tuning curves, the two types of movements have 

significantly different representations at the population level. This difference cannot be explained 

by the classic hand-based model of S1, but a simple muscle kinematics model was enough to 

predict this difference in representation. In our final experiment, we examined whether apparent 

tuning related to the direction of a load on the hand, a feature of the classic model, might also 

arise from a model based purely on muscle kinematics. Indeed, we found that the apparent load 

tuning of 50% of neurons could be explained by a muscle-kinematics model. 

Taken together, these results demonstrate that despite the hand-centered nature of conscious 

proprioception, neural activity in S1 remains closely related to muscle properties. Given the 

close relationship between S1 and primary motor cortex, this conclusion may reflect the inherent 

difference in requirements between the perception of movement and control of movement. 
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Abstract: To reach towards a visible target, such as a coffee mug, visual information about the 

mug has to be transformed into reaching motor commands. Visual information such as the 

colour, shape, and size of the mug is processed within numerous cortical areas, then relayed to 

the motor periphery. However, in order to catch a falling mug, we must rapidly transform only 

the necessary or available visual information into motor commands. These fast visuomotor 

transformations, and their underlying neurological substrates, are poorly understood in humans. 

Recently, we have identified an aspect of motor activity theorized to be a signature of the fast 

visuomotor system, which are termed stimulus-locked responses (SLRs). SLRs are bursts of 

muscle activity that occur time-locked within 100 ms of visual stimulus presentation, well before 

the onset of the intentional movement. SLRs have been observed both in neck and upper limb 

muscles in humans, and persist even if the movement is temporarily withheld or moves away 

from a visual stimulus. These observations have led us to hypothesize that SLRs arise from the 

tecto-reticulospinal tract. To better understand the nature of visual input received by the fast 

visuomotor system, we have examined SLR activity while systematically varying visual stimulus 

parameters. For example, we have recently shown that SLRs are preferentially evoked by stimuli 

composed of low spatial frequencies, which is consistent with magnocellular (M) visual input 

into the fast visuomotor system. To further examine M pathway involvement, here we tested 

whether SLRs are preferentially evoked by moving stimuli, as motion is a feature proposed to be 

carried by the M pathway. Human subjects placed in a robotic exoskeleton generated left and 

right planar arm movements towards targets as surface electrodes recorded electromyographic 

(EMG) activity from the clavicular head of the right pectoralis major muscle. Targets moved 

horizontally towards participants, following a bifurcating path where the fork was occluded. 

Visual stimuli moved at 5, 7.5 and 10 cm/s, or were presented statically. Currently, we have 

observed prominent SLRs in all subjects in at least one of the motion conditions, whereas SLRs 

were less likely to be evoked by a static stimulus. Although SLR latency does not appear to 

change when evoked by static or moving stimuli, the magnitude of the SLR was far greater when 



evoked by moving stimuli. Overall, our results demonstrate that the SLR, which represents the 

earliest wave of limb muscle recruitment in response to visual target presentation, is 

preferentially evoked with moving stimuli, consistent with M pathway input into the fast 

visuomotor system. 
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Abstract: When making goal-directed hand movements, one can adjust one's movement to a 

change in target position with a latency of 100 ms. When intercepting a target that is moving 

perpendicular to one's own motion, one has to guide one's hand to a position at which the target 

will be at the time the hand reaches the target's trajectory. How are such movements controlled? 

Do participants accumulate information about the target's changing position to build a smoothed 

representation of the target's motion to predict where the target will be at the time of interception 

or do they use the noisy visual input directly? 

To answer this question, we let participants intercept targets that moved across a large 120Hz 

display. Each target moved with an average speed of 0.6 m/s, but rather than having this speed 

on every frame, the targets' displacements corresponded with a speed of either 0.4 or 0.8 m/s on 

every frame. The speed was chosen at random for each frame. By selecting trials that had the 

same target speed at a certain instant and comparing the average lateral movement of the hand on 

these trials with the average lateral movement on the other trials, we were able to determine the 

response to a 1 frame speed difference of 0.4 m/s resulting in a step-difference in position of 6.67 

mm. By doing this for various instants relative to the time of the tap, we examined how 

information about the target's motion was used to guide the hand. 

We found a clear response in the lateral velocity of the hand 100ms after the frame with the 

selected target speed difference. The response lasted a bit more than 100ms. The exact shape of 

the response depended on the frame with the speed difference. For speed differences occurring 

late in the movement (less than 200 ms before interception), the amplitude of the peak was 0.1 

m/s and it was 150 ms after the difference. For earlier speed differences, the peak response was 

later (180 ms after the difference) and lower in amplitude (0.04 m/s). This pattern of responses 

resembles that of a second order linear system with constant mass and damping and a stiffness 



that increases during the interception movement, as has been found for the control of goal-

directed movements to static targets (Liu & Todorov, J. Neurosci 2007). It is the opposite of 

what one would expect for a control mechanism that accumulates information to obtain a better 

estimate of the target's motion. 

Thus, we show that human interceptive movements are guided directly by the instantaneous 

noisy input rather than being guided by a smoothed representation of such input that allows one 

to better predict the target's near trajectory. 
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Abstract: Previous work employing the psychophysical principles of Weber’s law has shown 

that the just-noticeable-difference (JND) for pantomimes (a simulated motor act) increase 

linearly with increasing target size (i.e., adhere to Weber’s law), whereas JNDs for grasping do 

not reliably vary with target size (i.e., violate Weber’s law). These findings have been interpreted 

to reflect that pantomime and grasping are mediated via relative and absolute visual codes, 

respectively. Notably, however, work to date has not examined how accurate pantomime and 

visually guided grasp aperture scaling is for ‘very small’ targets. Thus, in the current 

confirmatory study, we examined whether peak grip aperture (PGA) for pantomime and grasping 

reliably differ for target sizes with widths that differed by 1% (i.e., 40 mm vs. 40.5 mm target, 

and 45 mm vs. 45.5 mm target). We hypothesized that the relative visual information mediating 

pantomimes would render PGAs that did not scale to target size, whereas the absolute visual 

information mediating grasping would result in PGA/target size scaling. Participants (N=15) 

pantomimed and grasped one target from a pair in which the difference in size was 0.5 mm. As 

expected, PGAs for pantomimes were less than grasping (p<.001) - a result attributed to the fact 

that pantomimes do not require a safety-margin task-set. Moreover, and in contrast to our 

prediction, PGAs for pantomimes and grasping scaled to target size (p<0.02), and the magnitude 

of the PGA/target size scaling did not vary between tasks. Accordingly, pantomimes and grasps 

across the two sets of target objects demonstrated comparable resolving power for the target 



sizes used here. Therefore, we conclude that the resolution of the perceptual system for 

pantomimes is more accurate than the perceptually determined threshold (3%). 

Funding provided by NSERC. 
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Abstract: Sensory information is required to plan voluntary movements. During upper-limb 

reaches, multiple sensory modalities are deemed to be combined and integrated to obtain the 

most accurate representation of target features (e.g. Ernst & Bulthoff, 2004). However, it has 

also been suggested that when planning upper-limb movements, target and effector information 

must be mapped in the same sensory coordinate system (e.g. Battaglia-Mayer et al., 2003). Other 

researchers have argued that the reference frame employed to prepare a movement is context 

specific (Sober and Sabes, 2005). Further, sensory information from a target location has been 

shown to also influence movement kinematics (Bernier et al., 2007). The current study employed 

visual, somatosensory, and visual-somatosensory (i.e. multisensory) targets to assess how 

voluntary reaching movements are prepared and executed. Participants were asked to reach 

quickly and accurately with their right limb towards one of three fingers of the occluded left 

hand that were used as targets. The targets were prompted with a light (i.e. visual), a tactor (i.e. 

somatosensory), or both (i.e. multisensory). Participants exhibited comparable endpoint 

amplitudes, however, movement onset and duration latencies were modulated as a function of 

target modality. The target position elicited shortest reaction time (RT) when prompted with the 

light and tactor (i.e. multisensory). In contrast, the visual condition yielded shorter movement 

execution time (MT) than with both somatosensory and multisensory target conditions. These 

results provide evidence that participants may initially leverage multisensory information to 

encode target positions, but rely more on visual feedback to control the ongoing movements. 
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Abstract: Diabetes is increasingly prevalent in our society, which necessitates the need for a 

detailed understanding of potential emerging eye-hand coordination and cognitive deficits. Brain 

imaging studies have shown white matter tract changes in participants with diabetes, even in 

young and middle-aged individuals. These changes were prominent in fronto-parietal networks, 

networks that are heavily involved in cognitive-motor integration (CMI) tasks. CMI tasks require 

rule-based visuomotor transformations, e.g., when we are moving to the left while looking away. 

The aforementioned diabetes studies focused on brain imaging and did not assess eye-hand 

coordination outcomes. It is, therefore, still unknown whether participants with diabetes show 

eye-hand coordination deficits during a brain challenging CMI task. Thus, the present study 

investigates CMI task performance in participants with diabetes and in healthy age-matched 

controls. We collected pilot data of 13 participants (age 18-53 yrs; M=31 yrs), including 5 

participants with diabetes and 8 healthy age-matched controls. Participants slid their index finger 

along a laptop touchscreen to move a cursor from a central to a peripheral target in two 

conditions: 1) a direct task, with vision and finger movement direction in alignment; 2) a CMI 

task, with vision and movement direction decoupled, i.e., eyes and finger move to the opposite 

direction and in a different plane. We analyzed whether movement preparation, timing, and 

execution variables differed between participant groups (diabetes, controls) and age (young 

adults, M=21 yrs; middle-aged, M=43 yrs). We observed eye-hand coordination deficits in 

middle-aged participants with diabetes. Across both conditions, movement preparation 

(increased reaction time; p<0.05) and timing (increased movement time; p<0.01) were 

significantly slower compared to the age-matched control group, with a trend for a more 

pronounced effect in the CMI condition. Notably, in the young adult group, there was no 

performance difference between the participants with diabetes and the healthy controls (all 

p>0.05). Our preliminary results show CMI performance deficits in middle-aged individuals with 

diabetes. Based on previous studies, we propose that these deficits may be due to less efficient 

fronto-parietal white-matter tract networks. However, the results are preliminary, and more data 

collection is needed for valid conclusions. Currently, we are examining in more detail which 

disease types, duration, and age groups may present CMI deficits in individuals with diabetes. 
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Abstract: The human motor system is capable to move in a direction unaligned with veridical 

perception of information. These tasks, requiring rule-based visuomotor transformations and 

decoupling of vision and action, can be called cognitive-motor integration (CMI) tasks. Although 

CMI tasks are often used in daily life, many studies have focused on CMI, and research has 

shown that neural networks controlling the dominant and non-dominant hand differ, non-

dominant hand use has not received much attention. Thus, the aim of this study was to determine 

performance of the dominant and non-dominant hand across different CMI complexity levels. 

We hypothesized that i) CMI non-dominant task performance efficiency is lower than CMI 

dominant task performance, and ii) that CMI performance differences become more pronounced 

between the hands when the level of decoupling between vision and action increases. Eighteen 

young adult right hand dominant participants (M=23 yrs; 7 males) were required to slide their 

finger along a vertical laptop touchscreen to move a cursor to 4 peripheral targets in 4 

perceptual-action conditions: 1) finger and cursor move in the vertical plane and same direction; 

2) finger and cursor move in the vertical plane, but cursor and finger movement direction are 

opposite; 3) finger movements are made in the horizontal plane while cursor movement 

directions are the same but displayed in the vertical plane; 4) finger movements are made in the 

horizontal plane while cursor movement directions are opposite and displayed in the vertical 

plane. Performance variables were reaction time (RT), movement time (MT), peak velocity (PV), 

initial direction error (IDE), path length (PL), and endpoint error (AE). CMI performance 

between the hands differed, showing a higher IDE and larger PL with the non-dominant hand 

(both p<0.001). In contrast, RT, MT, PV, and AE did not differ between the hands (all p>0.05). 

IDE and PL failed to show a significant effect for the interaction between hands and conditions 

(all p>0.05), suggesting that the decoupling of vision from action is independent from hand used. 

The present results provide support for the notion that CMI performance differs between the 

hands. Even though timing variables did not differ between the hands, spatial dominant hand 



performance features (i.e., IDE & PL) were superior. Unexpectedly, the level of decoupling did 

not affect these hand differences. Current research is focused on determining whether the pattern 

of findings differ between the sexes. Previous studies have shown that females are more efficient 

than males performing challenging bilateral eye-hand coordination tasks. 
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Abstract: Evolutionary history of the thalamic dorsal pulvinar in primates and reciprocal 

connectivity with frontoparietal cortex suggest its involvement in sensorimotor processing and 

coordination of eye and hand movements. The neuronal signature and functional significance of 

pulvinar contribution to sensorimotor regions in the parietal cortex are poorly understood. We 

performed unilateral reversible pharmacological inactivation of the dorsal pulvinar (medial 

pulvinar and dorsomedial portion of lateral pulvinar) by injecting the GABA-A agonist THIP, 

while a monkey performed delayed visually-guided reach (with left or right hand) and saccade 

tasks. Concurrently, we recorded spiking and local field potential (LFP) activity 

bihemispherically from the medial or the lateral bank of the intraparietal sulcus (areas MIP and 

LIP), before and after inactivation. In line with previous results, pulvinar inactivation led to 

predominantly contralesional hand and spatial impairments such as increased error rates, reaction 

and movement times, and spatial choice bias. Inactivation effects on individual unit spiking 

activity in both MIP and LIP showed either enhancement or suppression of firing, in both 

hemispheres. In many units these effects persisted across several task epochs, and were not 

strongly affected by hand and space contingencies. On the population level, however, MIP but 

not LIP in the intact hemisphere contained significantly more units showing post-injection 

enhancement than suppression. In the two hemispheres, there was an opposite effect on low vs. 



high frequency LFP power modulation: delta-theta-alpha strongly increased in the inactivated 

hemisphere, while high beta [18-30 Hz] and gamma increased in the intact hemisphere. In MIP 

in the inactivated hemisphere, cue/delay period hand-specific modulations included decrease of 

beta power for the ipsilesional hand and increase for the contralesional hand, which might be 

linked to the contralesional hand deficits. Conversely, in the intact hemisphere there was 

decrease of low beta [13-18 Hz] and alpha mainly for the contralesional hand. In addition, LFP-

LFP synchronization (pairwise phase consistency) in theta and alpha bands was up- or down-

regulated in hemifield-dependent manner in the inactivated hemisphere, while beta band showed 

decrease both within the inactivated hemisphere and across the two hemispheres. These results 

are consistent with the notion that the pulvinar is important for maintaining "alert cortical state". 

But we also show that the removal of pulvinar drive leads to activity up-regulation in the 

opposite hemisphere, which might reflect maladaptive or compensatory processes. 
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Abstract: Primates use their arms in complex ways that frequently require coordination between 

the two arms. The planning of bimanual movements has not been studied. We recorded from the 

parietal reach region (PRR) in both hemispheres simultaneously while monkeys planned and 

then executed unimanual and bimanual reaches. We measured the task information contained in 

the local field potential (LFP), a population measure that reflects summed synaptic inputs. We 

show that information about the two limbs is shared across the hemispheres in a frequency and 

task-specific manner. Compared to baseline coherence, beta band LFP coherence between left 

and right PRR increases when planning a bimanual reach to a single target and decreases when 

planning a bimanual reach to two different targets. Coherence in other frequency bands is 

unchanged. In line with beta band specific coherence modulation, beta band LFP power contains 



a rich representation of intended reach movements. In sharp contrast, gamma band LFP power, 

like the single unit response, encodes only contralateral arm movements. Modeling demonstrates 

that the observed pattern of beta band power is explained by combining the spike output from the 

two hemispheres. We conclude that bimanual reach planning involves interhemispheric 

communication between the left and right posterior parietal cortex. Information about the 

movements of each arm is shared across the hemispheres, and the shared information is manifest 

in the beta band of LFP power. 
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Abstract: Several studies have shown that in bimanual reaching tasks, symbolically cuing 

targets interferes with coordination more so than direct cuing. In symbolic cuing, movement is 

initiated after symbols (often letters) appear, indicating the targets toward which the participant 

must reach. In direct cuing, it is the appearance of the targets themselves that cues movement. 

While previous studies focus mainly on reaction time or movement amplitude coupling, we 

assessed the effect of cuing on spatial interference. In our task, we had participants move both 

hands simultaneously, while one hand experienced a visuomotor perturbation and the 

contralateral hand moved under kinesthetic control (without visual feedback). We hypothesized 

that there would be more interference in symbolic cueing compared to direct cueing because 

there exists a goal-selection conflict that requires movements to be programmed simultaneously 

for both hands. 

Right-handed participants (n=10) performed a bimanual center-out reaching task using a 

KINARM endpoint robot to two peripheral targets either 90o or 270o (distance 10cm). 

Participants were provided visual feedback of hand position with two cursors, but vision of the 

hands was occluded. Following a visual baseline, the cursor display of the left hand was 

removed, and participants were instructed to move to where they thought they would hit the 

target. The exposure phase consisted of 140 trials with a 40o rotation in visual feedback for the 

right hand, while left hand visual feedback remained off. Participants were randomly assigned to 

either a directly cued or symbolically cued group. In the direct group, movement initiation was 

cued by target presentation. In the symbolic group, the targets were always visible, but 



movement initiation was cued with either the letter “U” or “D” for the 90o and 270o targets 

respectively. Spatial interference was assessed using initial directional error (IDE) and lateral 

endpoint error (EPX). 

Preliminary results indicate reaction time was substantially longer and more variable in the 

symbolically cued group compared to the directly cued group. The directly cued group had EPX 

values greater than zero at the midpoint of exposure, but the symbolically cued group showed 

greater variance in interference throughout. Contrary to our hypothesis, we did not see increased 

interference in the symbolically cued group. These results support recent work that suggests 

coupling is confined to planning stages, and spatial coupling in particular is mitigated when 

corrections are permitted via online feedback. 
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Abstract: During complex bimanual movements, the action of one hand can influence the action 

of the other hand in a process called interference. Interference can be investigated by using a 

visuomotor perturbation in the right hand and observing directional error in the non-visible left 

hand. Interestingly, we discovered that when participants instead experience a kinetic 

perturbation in the right hand, they exhibit limited interference. However, unimanual studies 

have demonstrated that simultaneous visuomotor and kinetic perturbations show a synergistic 

motor response, in which the response to both perturbations is greater when the two are 

combined. Our objective was to investigate the synergy resulting from simultaneous exposure to 

both a visuomotor and kinetic perturbation and its effect on interference. Twenty participants 

were randomly assigned to one of four groups: no-perturbation, kinetic perturbation only, 

visuomotor perturbation only, or combined perturbation. Participants moved two robotic 

manipulanda simultaneously from two home positions to two targets located 10 cm from the 

home positions (90° or 270°). Hand position was represented by a cursor on a screen that 

occluded vision of the hands. Participants performed unperturbed reaches during two blocks of 

30 trials. Hand feedback was first displayed for both hands and then removed for the left hand, 



requiring participants to rely on kinesthetic control for that hand. In the exposure block of 250 

trials, participants were exposed to the perturbation. During the visuomotor perturbation, the 

cursor representing the right hand was rotated 45° clockwise, such that participants needed to 

adapt their right hand movement trajectory to hit the target. During the kinetic perturbation, the 

participants encountered a 25 N per m/s force perpendicular to their movement direction. The 

combined perturbation group received both perturbations simultaneously, while the control 

group received no perturbation. Directional interference in the left hand was assessed at the 

moment of peak velocity, at the end of the initial ballistic movement, and at the end of the reach. 

Contrary to previous findings and our predictions, preliminary results show that all three 

perturbation groups demonstrate similar amounts of interference at the end of exposure in the left 

hand as opposed to controls (p<.05). The time course of interference was different between 

groups. The visuomotor group showed interference immediately after perturbation onset, 

whereas interference developed more slowly in the combined and kinetic perturbation groups 

(p<.05). 
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Abstract: Neural prostheses aim to restore motor function in patients with tetraplegia and other 

mobility impairments. Such patients typically have intact eye movement control and visual 

function, suggesting that cortical visuospatial signals could be used to guide a robotic arm. 

Neurons in area V6A mediate sensory-motor transformations and show sensitivity to visual 



locations, hand position and movements, and other spatial variables. To study how spatial 

information is represented at the population level, and its suitability to support a prosthesis for 

arm movements, we recorded extracellular action potentials from 145 V6A neurons in two 

macaques while they performed two different tasks: (1) an instructed-delay reaching task, in 

which the animal maintained fixation on one of nine targets in 3D space and then reached toward 

the target after a delay, and; (2) a fixation-only task, which was similar except that the animal 

released a button rather than performing a goal-directed reach. A Maximum Likelihood 

Estimation decoding algorithm was used to predict the reach/fixation target location in each of 

the tasks. We first confirmed that target position could be extracted reliably in from the 

population activity within each task. We then compared these population-level representations 

across tasks using a generalization approach; that is, we trained a decoder on the spike data from 

one task and then tested its performance on the data from the other. During the initial fixation 

and delay epochs, this across-task decoder performance was comparable to its within-task 

performance (i.e. that observed when the decoder was applied to independent data from the task 

on which it was trained). This suggests that visuospatial and motor preparation codes were 

similar during the delay period. The two codes diverged, however, shortly after the cue to 

execute the required motor response (reach/release). These results show that while V6A signals 

encode the spatial location and thus are insensitive to the future motor plan during the delay 

period, they are updated just before the movement execution in an intention/motor-dependent 

way. Combined, these properties could support prostheses that extract the target of a movement 

and respond as the intention to move is formed. 
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Abstract: Area V6A is a high-order area of the medial posterior parietal cortex involved in 

reaching and grasping movements in both monkeys and humans and represents a prospective site 

for implementing brain-machine interfaces (BCI). In fact, the neural activity in V6A is deeply 

related to the spatial location, to the shape and orientation of the targets of action and to the 

visual feedback during the movement. The common approach of previous studies on V6A was to 

correlate these variables with the neural activity of single cells. In the present study, we 

investigated the encoding of these parameters at population level by a dimensionality reduction 

method, the demixed principal component analysis (dPCA). dPCA was applied to V6A neuronal 

activity recorded while the animals executed reaching and grasping movements in light and dark 

conditions in three different tasks: the reach direction task, in which we investigated the effect of 

visual information and target location; the wrist orientation task, in which we assessed the effect 

of visual information and wrist orientation; the grip type task, in which we evaluated the effect of 

visual information and grip type on neuronal activity. We studied the influence of these 

parameters on the population activity as percentage of variance captured and we performed a 

direct comparison of the time course of discrimination ability during the trial and among the 

three studied tasks. We found that the amount of variance related to visual information was 

similar in the three tasks (29%, reach direction task, 29% wrist orientation task, 22% grip type 

task). An increasing amount of variance was captured during wrist orientation (18%), grip type 

(21%), and reaching direction (28%) tasks. Furthermore, we found that V6A activity 

discriminated the visual condition and the other task parameters in a way that strongly depended 

on the task requirements, suggesting a flexible encoding of variables not visible applying only 

single-cell analyses. The dimensionality reduction performed in the present study allowed to 

extract important features of the population activity in few dimensions. This may be essential for 

improving computational efficiency in handling massive amounts of neural data for BCI 

applications. 
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Abstract: Adolescence is a sensitive period of life where many developmental changes take 

place. The prefrontal cortex (PFC) is responsible for many of the characteristic behaviors 

observed during this time. Dysfunction of the PFC is a sign for potential neurophysiological 

disorders. Using a novel tablet-based pointing task modeled after saccadic technology, this study 

aims to establish an age-based standard for performance on cognitive tasks in order to track the 

development of the PFC. Prior studies on development have shown that cognitive functions 

follow a U-shaped trend with peaks in performance occuring during adolescence. 82 participants 

were recruited to participate in this study. Results show that cognitive and sensorimotor 

functions are age dependent with fastest response times found during adolescence. Likely 

explanations for this finding are natural development of the PFC during adolescence and 

deterioation during adulthood. Implications of this study are important for understanding age 

appropriate performance on cognitive and sensorimotor tasks. Results similar to studies 

measuring development using saccadic technology highlight the efficacy of the practical tablet-

based tasks. 
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Abstract: Background: Motor control processes coupled with child development are affected by 

neurological milestones. Quantifying age-specific progress of motor function and coordination in 

typically developing children can facilitate quantification of differences in pathological 

populations. The KINARM Exoskeleton has been used to evaluate motor impairments in adults 

using gamification to engage participants in tasks that test upper-limb motor function and 

coordination. The objective of this research was to model age-related task performance measures 

using KINARM tasks to assess the development of motor function and coordination in children 

and youth. The performance models accounted for participant age, sex, and hand dominance. 



Using these models as a basis for comparison with other neurological abilities will enable 

detailed understanding of neuro-motor control and enhance rehabilitation methods. 

Design: Cross-sectional design 

Participants: The study was approved by the Health Sciences and Affiliated Hospitals Research 

Ethics Board (HSREB) (application number 6004951). A total of 207 typically developed youths 

(age range: 5 – 18 years [mean = 13, SD = 3], 143 males, 64 females) were recruited from 

Kingston, Ontario. Parental consent was obtained, and assent was provided by the participants. 

Methods: Each participant was seated in the KINARM with visual feedback of arm position 

occluded. Participants were asked to reach towards visual targets as quickly and accurately as 

possible when the targets appeared. There were 24 reaching trials per arm, and each arm was 

assessed separately. The reaching task has been designed and validated to assess motor function 

and coordination. 

Results: The reaching task was assessed with 14 different performance measures, some of which 

included reaction time, maximum hand speed, and initial direction angle of the movement. The 

median value across all 24 trials was reported for each assessment for each participant. 

Performance variability tended to be greater for younger participants and decreased with age, 

while performance improved with age. Ranges of performance at each age (stratified yearly) 

were developed from which deviations can be used to identify and monitor neurological 

impairment (including developmental coordination disorder and cerebral palsy). 

Conclusions: Age-specific models of healthy performance based on participant age, sex and 

hand dominance were developed using KINARM data. This database allows clinicians to 

monitor motor control performance of children, first assisting in the identification of any 

neurological issues, and secondly providing quantification of rehabilitation outcomes. 
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Abstract: Evidence from literature showed that in the macaque monkey the cortex hidden into 

the parieto-occipital sulcus (POs) contains three functionally and cytoarchitectonically distinct 

areas: the visual motion area V6, and the visuo-motor reaching areas V6Av and V6Ad, both 

responsive to arm reaching movements. Anteriorly to the POs, in the medial superior parietal 

lobule (SPL), two areas showed responses to leg movements, area PEc (Brodmann’s area 7) and 

area PE (Brodmann’s area 5). Thanks to wide-field retinotopic mapping and functional tests, V6, 

V6Av, and V6Ad have been mapped also in the human brain, while little is known about the 

possible location and functional role of the putative homologue of PEc. Somatotopic 

representations of the lower limb have been found in the medial part of the primary sensorimotor 

cortex (S1) and in a region of area 5 likely corresponding to macaque area PE. To date, the 

functional profile of the several areas representing the leg has never been tested, and the few 

fMRI studies on this matter showed only partially segregated BOLD signals. In this study, we 

combined fMRI brain mapping methods and resting-state functional connectivity to functional 

characterize the human medial parietal and precuneate cortex respect to a visual (optic flow), a 

visuo-motor (eye/hand/foot pointing) and a motor task (arm and leg movements). We have found 

a wide pointing selective area in the precuneate cortex, that included one region anterior to the 

motion area V6+ that was unresponsive to leg movements (like the macaque area V6Ad), and 

another region in the anterior precuneus responsive to both arm and leg movements and, 

marginally, to optic flow (like the macaque area PEc). Finally, another region in the medial SPL, 

between the putative areas PEc and S1, was responsive to leg but not to arm movements (like the 

macaque area PE). Our findings demonstrate a gradient of functional specialization and cortical 

connections from the POs to the anterior precuneus, with more posterior regions primarily 

dedicated to the analysis of visual attributes for spatial orientation and more anterior regions 

devoted to integrate visual and somatomotor spatial information from both limbs relevant for 

arm and leg movements. Notably, the functional and connectivity pattern found for the putative 

human PEc nicely corresponds to the macaque counterpart. It is worthwhile to notice that both 



macaque and present data revealed strong connections between PEc and motor and premotor 

areas that host a representation of the lower limbs, suggesting that along the sensorimotor 

pathway, PEc might have a specialized role in locomotion and in coordinated movements in the 

environment. 
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Abstract: The ability to combine visual and auditory cues to localize objects in space is critical 

to many organisms, whether prey, predator, or pedestrian crossing the street. Neural mechanisms 

supporting this form of multimodal integration have been found in the Superior Colliculus, but 

multisensory signals in cortex also appear important. Cortical inactivations in cat perturb 

performance on audiovisual tasks, but the temporal precision and reversibility of such 

inactivations were limited by previous techniques. 

By using mice to assess the role of cortex in audiovisual integration, we can pair rigorous 

psychophysics with comprehensive and reversible inactivation across the dorsal surface of 

cortex. However, recent work suggests that mice do not perform optimal audiovisual integration, 

displaying unimodal dominance when two cues are presented in conflict, rather than 

independently combining information from auditory and visual cues (Song et al, 2017). Do mice 

combine audiovisual cues independently in a spatial context, and do they use cortex to do so? 

To answer this question, we modified a two-alternative forced choice task (Burgess et al, 2017), 

where head-fixed mice turn a wheel to indicate whether a stimulus appeared on the left or right. 

In our version of the task, the stimuli could be auditory, visual, or a combination of the two, 

presented in coherent or conflicting locations. Mice typically learned this task in < 10 sessions, 



and generalized between multisensory and unisensory conditions without further training. 

Mice integrated auditory and visual cues appropriately regardless of whether they were coherent 

or in conflict. In fact, a simple logistic regression model, with weights for each individual 

auditory and visual stimulus, accurately predicted the performance of mice on all cue 

combinations. This indicates that mouse audiovisual spatial integration follows the same 

computational framework as other mammals. 

To test the role of cortex in audiovisual integration, we optogenetically inactivated different 

spots across dorsal cortex on individual trials while mice performed this task. We identified 

distinct roles for different cortical regions. For example, inactivating V1 specifically perturbed 

visual, but not auditory, performance. Conversely, unilateral inactivation of secondary motor 

cortex created behavioral biases which were independent of sensory modality. 

Our results demonstrate that mice appropriately combine audiovisual cues to solve a spatial 

integration task, and that different regions of cortex have distinct roles in this process. 
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Abstract: Multisensory integration of visual and proprioceptive estimates of hand position gives 

us flexibility to cope with both environmental and internal changes. For example, a spatial 

mismatch between visual and proprioceptive representations causes spatial realignment in both 

modalities, suggesting a change in perceived hand location. However, it is unknown whether 

such a change affects motor planning with that hand, or if these systems are functionally 

independent. If multisensory perception and motor control share a common sensorimotor map, 

then in the absence of performance feedback we would expect visuo-proprioceptive 

misalignment to cause a systematic change in movements made by that hand. 11 healthy right-

handed adults performed a center-out reaching task of 80 trials with a robotic manipulandum 

(KINARM) in a null field before and after a perceptual learning task. Reaching targets were 

positioned 10cm from the center “home” position. Importantly, subjects were instructed to move 



briskly through the target in a straight path and had no visual cues of the moving (right) hand. 

Because subjects had no online or endpoint error information, the manipulandum was 

programmed to stop the subject’s hand when they had moved more than 10cm away from the 

center position. The distance between hand endpoint and target in the Y dimension 

(forward/backward) was computed. For the perceptual learning task, participants used their 

unseen left (indicator) hand to indicate a series of perceived targets related to the stationary right 

(target) hand. The task included 84 trials with visual (V), proprioceptive (P), and visuo-

proprioceptive (VP) targets. Participants experienced gradually misaligned VP targets, with the 

visual component shifting 70mm forward of the proprioceptive component. This perturbation 

results in the perception that the proprioceptive estimate is further forward than it is, and that the 

visual estimate is closer to the subject than it is. In other words, the hand is perceived as further 

away. If this is taken into account in motor planning, then center-out reaches should end closer to 

the subject relative to before the perceptual task. Indeed, in the dimension of visuo-

proprioceptive misalignment, subjects’ reach endpoints shifted toward their body by 2.8 ±1.7 

mm after perceptual learning. The direction of this change is consistent with our prediction. 

However, the magnitude is substantially smaller than subjects’ mean total perceptual realignment 

of 47 ± 4.5 mm, suggesting that any impact of visuo-proprioceptive realignment on a common 

sensorimotor map is not straightforward. 
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Abstract: Speech perception is multisensory: visual speech information from the talker’s face 

improves the ability to understand noisy auditory speech. Recent studies have shown substantial 

interindividual variability in face viewing behavior, with some individuals preferentially fixating 

the mouth and others the eyes. We speculated that participants with a preference for mouth 

fixation might form stronger associations between visual and auditory speech, resulting in 

improved comprehension of noisy speech. To test this idea, eye movements of 33 participants 



were recorded with an infrared eye tracker (EyeLink 1000 Plus, SR Research Inc.). In the first 

task, subjects identified the syllables presented during clear audiovisual speech, an easy task 

(98% accuracy). Replicating previous studies using this task, there was substantial 

interindividual variability in the amount of time participants fixated the mouth of the face, 

ranging from 11% to 99% of total fixation time. Next, we measured eye movements and 

comprehension during identification of single words presented with high levels of auditory noise, 

either with or without visual speech. When visual speech was present, all participants primarily 

fixated the mouth (72% to 100% of total time) and derived substantial benefit, recognizing on 

average 31% more words than for noisy auditory speech alone. However, there was high 

interindividual variability, with multisensory gain ranging from 6% to 56%. The benefit of visual 

speech for each participant was predicted by the eye movements made during the initial task (r = 

0.44, p = 0.01) but not by eye movements during the noisy speech task (r = 0.05, p = 0.77), an 

observation confirmed with Bayesian model comparison. Participants who fixated the mouth 

when it was not important (during the clear speech task) received more benefit from fixating the 

mouth when it was important (during the noisy speech task). These findings suggest an 

unexpected link between eye movement behavior during face viewing and audiovisual speech 

perception and suggests that individual histories of visual exposure shape human abilities across 

cognitive domains. 
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Abstract: An accurate representation of the body is fundamental for the self-perception and the 

interaction with the environment. One powerful experimental tool to investigate it is to induce 

body illusions where we perceive artificial body parts as belonging to ourselves. However, the 

mechanisms underlying the self-perception and body illusion in space remain unknown and there 

is a lack of animal models. Here we used a virtual reality system to manipulate the spatial 

relationship between the seen (visual) and veridical (proprioceptive) location of arms in both 



macaque monkeys and humans, together with a reaching task to measure the “proprioceptive 

drift”, a behavioral correlate of body illusion. Similar to humans, monkeys preferentially 

integrated visual-proprioceptive information when the disparity between the vision and 

proprioception was small, but were more apt to segregate the two signals as the disparity became 

large. The estimation of arm location was also modulated by the prior internal body 

representation and occurred even at the planning stage of movement. Finally, the dynamics of 

sensory integration and updating were well represented by the hierarchical Bayesian Causal 

Inference model. The subjective ratings of the body illusion in humans were faithfully predicted 

by the posterior probability of common cause. With single-unit recordings, we further 

demonstrated that the encoding of arm position in macaque premotor neurons indeed follows the 

schema of vision-proprioception reweighting, in accordance with the degree of owning the 

virtual arm. 
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Abstract: Perceptual experience depends on combining information across multiple senses. For 

instance, auditory and visual information can be combined to produce better estimates of the 

spatial location of an object or event. However, cues should only be combined when they 

originate from the same source, and otherwise kept separate. This requires that the brain perform 

a causal inference in order to correctly combine (or not) multisensory information. It is unknown 

how and where this inference occurs. 

We created a multisensory localization paradigm for primates which requires them to report the 

location of visual, auditory, and paired cues in both single (integrated) and multiple (segregated) 

target locations. This behavior was performed while we recorded single unit activity from a 

multisensory brain region, the superior colliculus (SC). Behavioral modeling shows that 



monkeys, like humans, are able to shift between integrating and segregating audio-visual 

information depending on target separation in a manner consistent with an approximation of 

optimal causal inference. 

Contrary to previous studies that focus primarily on the “integrated” sensory condition, recorded 

SC neurons rarely illustrated responses in the additive range on combined modality trials. Rather, 

most responses were best described as winner-take-all of one modality over the other or as 

switching between visual and auditory responses across individual trials. These results suggest 

functionally distinct subpopulations, with some neurons representing stimuli as discrete (and 

separable) while others combine them into a single representation. Interactions between these 

subpopulations could provide a neural substrate for causal inference seen at the behavioral level. 
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Abstract: The information coming from the external world is acquired via the sensory organs 

and processed in the primary sensory cortices. From there, depending on the modality and 

psychophysical nature of the stimulus, the information flows through different parieto-frontal 

(PF) pathways to reach, after several steps of computation, the final output of the brain located in 

the frontal lobe: the motor cortex. In our study, we focused on a recently characterized in mice 

PF connection, linking a secondary visual area (area A) to the motor cortex. This visual area has 

been described as a part of the “dorsal stream”. This visual area is still not well characterized, 

although the highlighted monosynaptic connection with the motor cortex and its role is still 

under debate because of its lack of a clear retinotopic organization. An important feature of many 

secondary sensory areas is that they are the place where different sensory modalities are merged 

and integrated. In particular, some of the posterior parietal areas like RL, are proved to integrate 

visuo-tactile stimuli. We first wanted to test if the area A similarly to the adjacent RL, responds 

to tactile and visual stimulation and at which degree the two sensory modalities are integrated. 



To do that, we first elucidate the inter-areal anatomical connectivity within this PF stream. We 

then studied the multisensory features of this brain area by means of wide field calcium imaging 

in a transgenic mouse model expressing the GCaMP6s calcium sensor in the cortex. After that by 

using a molecular method to mark selectively the projecting cells, and with an Acousto-Optic 

Deflector (AOD) based, two-photon microscope, we studied the visuo-tactile response of the 

projecting cells. Finally, to further investigate the multisensory integration on a dendritic level, 

we improved a sparse labeling method in order to have only few labeled cells needed to have 

enough contrast for the dendritic imaging. From the anatomical data we found that this area 

projects mostly in the secondary motor cortex and that it is wider than the visual area A. The 

calcium imaging data showed that the projecting neurons have nonlinear multisensory properties, 

integrating the visual and tactile information. In addition to that we observed that these neurons 

have low activity compare to the primary sensory cortices, indicating that only a more specific 

stimulus can activate this stream and/or that the activation of other pathways, as a feedback 

connection, need to be active at the same time. These data suggest that the tactile and visual 

information that is sent to the motor cortex via this pathway, is already partially integrated in the 

posterior parietal cortex. 
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Abstract: Information from multiple modalities is integrated in the brain in a near-optimal way. 

In self-motion perception, various cortical areas have been identified as multisensory regions 

tuned to both vestibular and visual signals, potentially forming parallel and partially redundant 

pathways. However, the neural mechanism and the optimal network architecture underlying 



multisensory integration are largely unknown. Based on a decentralized architecture suggested 

by physiological and theoretical studies, we investigate how multisensory information is encoded 

in different components of a Bayes-optimal modular network architecture. In this architecture, 

each module is able to function independently. To achieve inter-modular communication, each 

module receives direct inputs from other modalities through the cross-links, and indirect inputs 

from other multisensory modules through reciprocal couplings. The inputs from the lower-order 

areas are assumed to represent the unisensory likelihoods, and the steady state activity of the 

multisensory modules are assumed to represent the marginal posterior distributions in the 

corresponding modalities. We found that the unisensory likelihoods are encoded in the same-

channel connections and the multisensory prior information is encoded in the cross-talks in a 

distributed manner. The most striking discovery is that the feedforward cross-links and the 

reciprocal couplings form an antagonistic pair. The feedforward cross-links are inhibitory in the 

short range but excitatory in the long range, serving to cancel out noises and improve integration 

for cues with moderate disparity, whereas the reciprocal links are excitatory in the short range 

but inhibitory in the long range, stabilizing a more reliable population activity. Although this 

antagonistic pattern is primarily found when the two modalities are weakly correlated, it persists 

for a range of correlation strengths and a variety of correlation structures. The complementary 

roles played by different types of cross-talks between multisensory areas can be verified in future 

experiments on the brain. 
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Abstract: Evidence both for and against the hypothesis that attention is required for 

multisensory integration have been reported in the literature (see Koelewijn et al., 2010 for a 

review). However, attention is also strongly linked to goal-directed action mechanisms (i.e., 

Tipper et al., 1992). The current study employed a reaching movement towards a central target to 

investigate how auditory cues influence the perception of visual cues at a target vs. a non-target 

location. Preparing an action could facilitate the processing of visual relative to auditory 

information (e.g., visual dominance), such that auditory cues would be more likely to influence 

the perception of visual cues at non-target locations. In contrast, preparing a goal-directed action 

could constrain multisensory processing to the target area, such that auditory cues would be more 

likely to influence the perception of visual cues at a target location. During a baseline test, three 

squares were displayed, and no movements were executed. In all trials, two visual flashes (F) 

were presented in the central square with zero, one, or two auditory beeps (B), which yielded 

unimodal (2F0B), bimodal congruent (2F2B), and bimodal incongruent (2F1B) conditions. After 

each trial, the participants reported the number of perceived flashes, which revealed the expected 

fusion illusion in the 2F1B condition (i.e., Andersen et al., 2004). In the experimental trials, the 

participant’s primary task was to point/ reach towards the central square. At movement onset, the 

above-mentioned unimodal, bimodal congruent, and bimodal incongruent audio-visual stimuli 

were presented in one of the three squares. The results showed that accuracy in the perceived 

number of flashes in the unimodal (2F0B) condition was greater at the central baseline and target 

vs. the non-target locations, indicating that participants were likely focusing on the central 

location. In contrast, accuracy in the bimodal congruent (2F2B) condition did not differ between 

the central baseline, target and non-target locations. Critically, the accuracy in the bimodal 

incongruent conditions (2F1B) was better (i.e., less fusion illusion) in the non-target relative to 

the target and baseline central locations. The better unimodal processing at the baseline central 

and target locations than at the non-target location likely indicate more attention paid to the 

central square. However, the bimodal incongruent condition results may indicate that 

multisensory integration mechanisms are influenced by attention. Altogether, attention can 

facilitate unimodal processing while potentially restricting multisensory integration to a target or 

attended location. 
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Abstract: Functional interaction between the entorhinal cortex and hippocampus is necessary for 

spatial navigation and episodic memory formation and retrieval. Canonically, medial entorhinal 

cortex (MEC) processes spatial information while lateral entorhinal cortex (LEC) processes non-

spatial contextual information. These ‘where’ and ‘what’ information streams project to the 

hippocampus where they are believed to support the formation of long-term representations 

associating sensory and spatial features of the environment. 

Representation of space has been well characterized in the hippocampus through the study of 

hippocampal place cells and the contribution of MEC - which exhibits spatial tuning in the form 

of grid and head-direction cells - to place cell formation and stability. However, little is known 

about how hippocampal spatial representations are influenced by sensory context to support 

goal-directed navigation. The convergence of spatial and sensory information onto the same 

population of pyramidal neurons in CA1 suggests that distinct behaviorally-relevant sensory 

inputs may modulate spatially-dependent activity in CA1. To determine how salient sensory 

inputs associated with a spatial learning task shape place cell activity, we developed an odor-

cued head-fixed spatial navigation behavioral paradigm that we termed odor-cued goal-oriented 

learning (OCGOL). In this task, an animal is required to discriminate between two odors and 

navigate to a distinct reward location associated with each odor on a linear track. Using two-

photon (2P) imaging of GCaMP6f-expressing CA1 pyramidal neurons during the task, we find 

the emergence of task selective spatially-tuned neurons (place cells), consistent with previous 

studies. These task-selective place cells (TSPCs) show spatially-dependent calcium activity at 

distinct locations on the track depending on which odor-cued reward location the animal is 

navigating to. We hypothesize that the LEC imparts task selectivity onto otherwise behaviorally 

unbiased place cell ensembles to support goal-directed navigation. Ongoing studies aim to 

understand the contribution of LEC during distinct phases of goal-oriented behavior to task 

performance and place cell assemblies in CA1. 
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Abstract: Understanding the systems level organization of the primate brain involves 

discovering how function maps onto anatomical structures. Recent advances in the use of resting 

state functional magnetic resonance imaging (rsfMRI) to divide the brain into meaningful 

functional regions, or parcels, has provided a powerful method for functional mapping of the 

whole brain in humans. The current study used these methods to define cortical parcellations for 

a set of rhesus macaques. For each animal in our population (six rhesus macaques: 3 male / 3 

female), we collected 120 mins of resting state data under light anesthesia. The resting state data 

were used to compute functional connectivity similarity maps, from which we derived individual 

subject cortical parcellations. To better understand how resting state parcellations compare with 

task activation, we have collected functional localizers for multiple functional subdomains of the 

somatosensory cortex including both hands, the right foot, and right lip regions, in each subject 

in a separate set of anesthetized MRI sessions. The resultant task activation from the 

somatosensory localizers will allow us to compare the boundaries of the individual subjects 

resting state parcellations to the estimated boundaries of functional activity. Finally, in a subset 

of the animals (1 male / 1 female), the subjects were trained for awake neuroimaging sessions, 

during which they participated in a naturalistic viewing paradigm. Naturalistic viewing sessions 

require the subjects to watch dynamic visual stimuli, or movies, that contained heterospecific 

macaques and humans engaged in social interactions. The naturalistic movies have been 

characterized for a number of low and high level visual features, which allowed us to 

functionally map regions driven by these visual properties, such as motion and faces. The 

functional maps from the naturalistic viewing will then be compared with the resting state 

parcellation, to expand the results of the somatosensory to visual cortex. 
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Abstract: The line motion illusion (LMI) refers to the illusory percept of a line presented all at 

once appearing to shoot away from a preceding visual flash presented at one end of the line. 

Shimojo et al (1997) showed that the LMI can also be elicited by non-visual stimuli, such as an 

auditory tone presented from a speaker near one of end of the line. The LMI has been attributed 

to attention being drawn to the initial cued location (i.e., the flash or tone) thereby producing 

faster visual processing for the end of the line close to the cue and progressively slower 

processing for the rest of line extending away from the cue (Hikosaka et al, 1993). Given this, 

the LMI offers a novel paradigm to examine how stimuli both within and across modalities 

compete for attention. We were especially interested in testing how auditory and visual stimuli 

either combine or compete for attention when the cues were spatially congruent or incongruent, 

respectively. In Experiment 1, we examined unimodal competition in the LMI by presenting 

either a pair of visual cues or pair of auditory cues simultaneously on opposite ends of the line. 

Cues differed in signal strength by varying their relative sizes or contrast levels for visual cues 

and volumes for auditory cues. We found in all unimodal conditions subjects reported the 

illusory motion as shooting away from the location of the strongest cue (i.e., largest size, greatest 

contrast, and loudest volume). In Experiment 2, we assessed our subjects’ perception of the LMI 

in the crossmodal condition by presenting auditory and visual cues simultaneously either in the 

same or opposite ends of the line. Our results showed that in the incongruent condition (auditory 

and visual cues at opposite locations) subjects reported the illusory motion as shooting away 

from visual cue significantly more than the auditory cue. The congruent condition (auditory and 

visual at the same location) yielded a statistically similar LMI effect as that produced by the 

visual cue in the incongruent condition and by a solitary visual cue in an additional control 

condition, but a stronger LMI compared to a solitary auditory cue. These results suggest that 



spatially congruent audiovisual cues are not combined to facilitate attention, rather attention is 

driven primarily by the visual cue to produce the LMI. Taken together, our findings clarify the 

extent to which cue strength and modality compete for the putative capture of the attention in the 

LMI. 
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Abstract: A previous study reports that spatial estimation of the hand in two dimensional space 

is improved with the addition of tactile information delivered to the fingertip. In this study, the 

effect of fingertip electrotactile and vibrotactile feedback on proprioceptive estimation error are 

investigated. It is unclear whether vibrotactile and electrotactile sensory substitution will 

effectively support necessary multisensory integration. Subjects estimated their forefinger 

positions after a blinded passive movement to a location on a horizontal flat grid. At the target 

location, subjects received one of four stimuli to the fingertip: null (hover), applied tactile 

feedback, electrotactile stimulation, or vibrotactile stimulation. In an ANOVA comparison of 

these conditions, hovering over the grid produced significantly higher error than every other 

condition. Vibrotactile stimulation reduced error over hover, but not as much as normal touch. 

Errors under electrotactile stimulation were not significantly worse than contact with the surface, 

which produced the lowest magnitude of error. A Kolmogorov-Smirnov (KS) test of angle 

distribution between the conditions yielded statistically similar error vector angle distributions, 

pointing toward a stable and idiosyncratic proprioceptive error map across all conditions. These 

results persist across measures of handedness and gender. Statistically, it appears electrotactile 

stimulation is compariably effective to normal tactile feedback, while vibrotactile stimulation is 

not. Potentially, the latter activates primarily rapidly adapting mechanoreceptors, while the 

former would indiscriminately activate local afferents - providing more diverse peripheral 

“information.” The difference in error magnitude between the two indicates a shift in sensory 

integration. 
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Abstract: Our sensory systems are continuously receiving many inputs that are often 

interrelated, so that visible events often precede and cause subsequent sounds. Here, we ask 

whether visual rhythmic stimulation modulates subsequent auditory cortex activity by 

reorganising the phase of auditory cortex oscillation. In two independent experiments, using 

either electroencephalography (EEG; N = 28) or magnetoencephalography (MEG; N = 12) 

respectively, we investigated the temporal dynamics of cross-modal phase reorganisation by 

contrasting auditory-only and visual-auditory stimulation conditions in an auditory gap detection 

task. Listeners were presented with auditory-only (~4.33 s) and visual-auditory stimuli (~7 s) and 

had to detect short silent gaps that were systematically distributed with respect to the phase of a 3 

Hz frequency-modulated tone. In the visual-auditory condition, the visual stimulation consisted 

of a Gaussian pulsating circle, which preceded the auditory stimulation by ~2 s and was 

presented either in phase with the auditory tone or anti-phasic. We found that gap detection 

performance increased for the visual-auditory conditions relative to the auditory-only condition 

and gap detection accuracies were modulated by stimulus phase. Analysis of the power spectral 

density revealed spectral peaks at 3 Hz and the 6 Hz harmonic at the sensor level (EEG) and 

source level (MEG). The subsequent analysis of the inter-trial phase coherence revealed a single 

peak in the 3 Hz frequency band for both visual and auditory stimulation (EEG & MEG). ERP 

analysis on the sensor level and source level ERF analysis in the auditory ROI revealed higher 

amplitudes for detected gaps. Cross-modal spectral analysis revealed enhanced power in the 

auditory cortex during visual stimulation (MEG), suggesting that the auditory cortex prepares for 

the upcoming auditory stimulation. The cross-modal temporal dynamics are characterized by a 



sharp increase of the stimulus-brain coupling for both the visual and auditory stimulation in the 

respective visual and auditory regions of interest (MEG). In both studies, we showed that cross-

modal phase entrainment leads to enhanced gap detection performance and neural entrainment 

effects, suggesting that visual rhythmic stimulation has beneficial effects on auditory perception 

both on a behavioural and neural level. 
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Abstract: We studied the effect of selective attention on audio-visual temporal coherence using 

functional magnetic resonance imaging (fMRI) in human primary auditory cortex (PAC). 

We first characterized subjects’ tonotopic and retinotopic organization by measuring population 

receptive fields (pRFs) within each subjects’ auditory cortex. Tonotopic organization was 

characterized by presenting subjects with randomized pure tone stimuli and modeling the 

frequency tuning of each fMRI voxel as a 1-dimensional Gaussian in log frequency space 

(Thomas et al., 2015). 

For the attentional scans, we presented subjects with simultaneous binaural auditory streams 

(325 or 1400 Hz) with orthogonally modulating amplitudes as either a target stream or masker 

stream. Subjects were instructed to detect fluctuation events (± 1.5 semitone frequency 

modulation) within the target stream and ignore similar events in the masker stream. A visual 

disk was presented at fixation that modulated in radius that was temporally coherent with either 

the target or the masker stream. 

We created a linear forward model that predicted the time-course of each voxel’s response to a 

stimulus based on each subjects’ pRF maps. We assumed that fMRI responses in the forward 

model were scaled by two gain parameters that served as “attentional weights” for each auditory 



stream. Linear regression was then used to estimate these weights to best predict the fMRI time-

courses in the attentional scans. 

We found an increase in attentional weighting for the auditory stream that was temporally 

coherent with the visual disk. We also looked for an interaction effect of attention and temporal 

coherence such that the effect of attention varied for whether the attended stimulus was 

temporally coherent with the visual disk. 
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Abstract: Concurrent presentation of auditory stimulus alters visual motion perception in many 

aspects. For example, the time interval demarcated by brief static sounds has been found to 

modulate the perceived speed of apparent motion (Kafaligonul & Stoner, 2010; Ogulmus et al., 

2018). Although these effects of auditory (i.e., static sound) timing have been well studied at the 

perceptual level, the underlying cortical mechanisms remain largely unknown. In the current 

study, we focused on understanding when and where auditory timing and time intervals take 

place for perceived visual speed and attempted at revealing cortical processes underlying such 

multisensory nature of speed estimation. We acquired both behavioral and EEG 

(Electroencephalography) data in tandem while participants (n=19) compared the speed of 

apparent motions presented with different auditory time intervals in succession and random 

order. Each apparent motion was two flashed bars (50 ms duration) with 1.3 deg spatial 

displacement and 100 ms inter-stimulus interval. Auditory stimuli were a pair of clicks (20 ms 

duration) temporally centered with each presentation of apparent motion. In terms of visual 

stimulation, each consecutive presentation of apparent motion was exactly the same, but the time 

interval between the static clicks differed. In agreement with the previous studies, we found that 

the apparent motion with short auditory time interval was perceived to move faster than the one 

with a long time interval. Also, this perceived speed difference (short vs. long) was increased 



when the temporal disparity level between auditory time intervals became higher. Spatiotemporal 

investigation of the neural activity revealed significant effects of auditory timing and time 

intervals over medial parieto-occipital and parietal, right centro-parietal, and right frontal scalp 

sites. Moreover, these significant effects were observed over early (e.g., 150-200 ms) and late (> 

300 ms) ERP components. Thus, these results indicate that auditory timing and time intervals can 

take place at both early and late stages of motion processing. Overall, our findings here suggest 

the involvement of distinct cortical mechanisms operating at different stages of visual motion 

processing, and more generally they highlight the multistage and diversified nature of 

audiovisual temporal processing (Cecere et al., 2017). 
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Abstract: The ability to detect and respond to rapid temperature changes provides motile 

organisms with a critical selective advantage and, therefore, may represent one of the most 

ancient sensory modalities. Temperature readings are relevant on a broad range of time scales, 

ranging from millisecond to minutes to daily and seasonal rhythms. How are sensory signals on 

such diverse timescales encoded in the activity of thermosensory circuits, and relayed to different 

brain region to support appropriate behavioral responses? We study these questions in the 

relatively simple brain of the fruit fly, Drosophila melanogaster. Drosophila detect rapid 

temperature changes using dedicated sensory neurons located in the antenna. Temperature 

receptor neurons (TRNs) project from the periphery into the brain and target the posterior 

antennal lobe (PAL), where their activity represents external temperature as a simple sensory 

map for hot and cold. We recently identified an ensemble of 2nd order thermosensory projection 

neurons (TPNs) that receive direct synaptic input from TRNs and broadcast temperature 



information to higher brain centers. Interestingly, different TPN cell types are characterized by 

different tuning and adaptation properties, indicating that distinct features of the external 

stimulus are extracted already at the first central synapse. To better understand the molecular, 

cellular and circuit mechanisms that make this differential feature extraction possible, we have 

now systematically characterized the properties of second-order TPNs using 2-photon guided 

patch clamp electrophysiology followed by RNAseq. Our results show that temperature signals 

occurring on different timescales are segregated to dedicated relay circuits in the Drosophila 

brain, and demonstrate that unique molecular and cellular mechanisms support a diversity of 

responses to temperature, impacting behavior on different time scales. 
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Abstract: Although the auditory and visual systems differ in terms of their structural and 

functional organization, one shared characteristic is the combination of signals received from 

two external sense organs (ears and eyes respectively) into a unified, coherent percept. While 

over two millennia of research have been devoted to investigating the benefits and mechanisms 

of binocular summation, the study of binaural summation started a few centuries ago and has 

received relatively little attention. Moreover, only a handful of studies has investigated the 

similarities between the two mechanisms. To this end, this study aimed at investigating the 

relationship between binaural and binocular summation using two perceptual tasks: a unisensory 

(auditory and visual amplitude modulation tasks) and a multisensory (audiovisual temporal order 

judgment task) task. In order to establish a common ground for comparison across tasks and 

modalities, binaural (binaural/better ear) and binocular (binocular/better eye) summation ratios 

for both unisensory (modulation sensitivity) and multisensory (just noticeable difference) tasks 

were converted into Z-scores. Also, the Z-scores for Interaural (better ear/worse ear) and 

Interocular (better eye/worse eye) dominance ratios for both unisensory and multisensory tasks 

were computed. Comparing unisensory and multisensory tasks, we found that subjects who 

showed binocular and binaural enhancement on the unisensory task showed more improvement 



(compared to the mean of the population) on their respective multisensory tasks than those who 

did not improve. Secondly, across tasks and modalities, dominance ratio Z-scores correlated with 

Z-scores for summation ratios such that the larger the difference between the performance levels 

of the two sense organs, the smaller the summation effect. Lastly, there was a significant 

correlation between binaural and binocular summation Z scores for both unisensory and 

multisensory tasks. Our results suggest that binaural and binocular summation are related and 

may share a similar mechanism for combining sensory information. 
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Abstract: The temporal binding window (TBW) is an interval of time whereby input from 

different stimuli are integrated to form a single percept. It is believed that the TBW exists to take 

into account the physical transmission times to our sensory organs. It has been demonstrated that 

the temporal binding window changes with age, with young children having a TBW compared to 

older children and adults (Hillock-Dunn et al., 2012; Noel et al. 2016). There are a number of 

empirical methodologies to measure the TBW. These previous studies have used simultaneity 

judgements or temporal order judgements. In this study, 239 individuals between the ages of 6 to 

26 years of age performed a sound-induced flash illusion (SiFI). This is a multisensory illusion 

where two beeps are presented at a relatively short SOA, accompanied by a single flash. If the 

SOA between beeps is short than participants will perceived two flashes. The SOAs presented 

were 70ms, 110ms, 150ms, 190ms, and 230ms. The participant’s task was to indicate how many 

flashes were presented. Using a classification analyses (Support Vector Machine) with a cross-

validation, we were able to classify distinct age bands whereby age can be dissociated by SOAs, 

in particular the longer SOAs. These age bands were: <12 years, 12-16 years, and 17-26 years of 

age. These results provide additional evidence that TBW is modulated by age. It has been 

demonstrated that children with developmental disorders exhibit wider temporal binding 

windows compared to healthy controls. However, in order to use TBW as a diagnostic tool 

normative values must be established. These results add to our understanding of the 

developmental trajectory of multisensory integration, with the hope of a future diagnostic tool. 
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Abstract: Alpha oscillations (~10 Hz) measured over posterior brain regions have been 

proposed to instantiate perceptual cycles. In line with this notion, a larger temporal integration 

window and a lower temporal resolution in perception has been observed for a longer alpha 

wavelength. However, the role of alpha frequency in shaping temporal binding and 

discrimination remains controversial. Reports across studies vary substantially in i. the frequency 

range considered, ii. the electroencephalography (EEG) channels or sources where a significant 

effect is found, and iii. the presence of a significant correlation between temporal discrimination 

performance and alpha wavelength within subjects, between subjects or both. Moreover, prior 

research used experimental designs that did not always afford a dissociation of temporal 

discriminability from perceptual and response biases, limiting their conclusiveness. The present 

study combined EEG and psychophysics to characterize the relationships between temporal 

discrimination performance and trial-specific pre-stimulus, or trait individual alpha frequency in 

the visual system. To account for perceptual and response biases we investigated the role of 

alpha frequency in visual temporal discrimination using 2 (visual flash: one vs. two) x 3 

(auditory beep: zero vs. one vs. two) designs across three experiments. Experiments 1 and 2 

factorially manipulated stimulus onset asynchrony (SOA) of the second stimulus in yes-no or 

two interval forced choice tasks. Experiment 3 adjusted the SOA for each participant in adaptive 

staircases. Temporal discriminability was quantified as the SOA that corresponded to 50% 

discrimination performance based on psychometric functions (1, 2) or adaptive staircases (3). 

Participants’ trait alpha peak frequency was estimated from EEG activity during eyes-closed and 

task performance. Evidence for and against the null hypothesis was quantified in terms of Bayes 

factors. In contrast to previous reports, Bayes factors provided robust evidence that temporal 

discriminability was not related to individual alpha peak frequency as obtained from eyes-closed 

or task related EEG at the sensor or source level. Further, there was no evidence for faster pre-

stimulus alpha oscillations to be associated with higher temporal resolution within participants. 



Our results challenge current notions of a role of posterior alpha frequency in shaping visual 

temporal integration or segregation. Further experimental and theoretical research is required to 

develop a mechanistic understanding of the putative role of alpha oscillations in visual temporal 

binding. 

Disclosures: S. Bürgers: None. U. Noppeney: None. 

Poster 

223. Multisensory Integration: Cross-Modal Processing: Spatial and Temporal Factors 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 223.20/HH12 

Topic: D.09. Multisensory Integration 

Support: ERC-STG multsens 

Title: Resolving audiovisual recalibration in time and space 

Authors: *M. ALLER, A. MIHALIK, U. NOPPENEY 

Computat. Neurosci. and Cognitive Robotics Ctr., The Univ. of Birmingham, Birmingham, 

United Kingdom 

Abstract: Adapting dynamically to changes in the world around us and the sensorium of the 

body is a fundamental challenge facing the brain throughout lifespan. Changes in our sensorium 

may result from physical growth during neurodevelopment, presbyacusis or sensory aids. 

Critically, these changes dramatically alter the sensory cues that guide the brain’s construction of 

spatial representations. In order to maintain auditory and visual spatial maps in co-registration 

the brain thus needs to recalibrate them dynamically. In experimental settings the spatial 

ventriloquist aftereffect serves as a prime example for rapid audiovisual (AV) recalibration. It 

emerges when the brain is exposed to synchronous, yet spatially discrepant auditory and visual 

signals. Despite much behavioural research into AV recalibration the neural substrates are 

unclear. We combined psychophysics, functional magnetic resonance imaging (fMRI), 

electroencephalography (EEG) with multivariate decoding, representational similarity analysis 

(RSA) and computational modelling to study the ventriloquist aftereffect and characterize how 

disparate visual signals recalibrate auditory spatial representations. Human participants were 

presented with unisensory auditory signals before and after adapting to audiovisual spatially 

conflicting signals. First, we defined the key regions representing auditory space by decoding 

auditory locations from blood oxygenation-level-dependent (BOLD) response patterns of regions 

of interest in a fronto-temporo-parietal system. Second, we assessed which of those neural 

representations were recalibrated by disparate visual signals. Third, we defined the neural 

dynamics of these spatial representations pre and post-adaptation by decoding spatial locations 

from EEG topographies. We used RSA to compare the representational spaces obtained from 



EEG and fMRI and from the predictions provided by a spatial hemifield model with population 

rate code. Our results show that auditory space is encoded and recalibrated in a widespread 

system of regions including Heschl’s gyrus (HG), Planum Temporale (PT), parietal and frontal 

cortices. Critically, after recalibration EEG was able to resolve the evolution of spatial 

representations in time: while early activity at about 100 ms was associated with spatial 

representations in HG, later activity at about 250-300 ms was linked with spatial encoding in PT 

and parietal cortices. Collectively our results demonstrate that audiovisual recalibration induces 

rapid plastic changes in auditory spatial representations that are formed dynamically in a 

hierarchy of cortical regions in the human neocortex. 
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Title: Neural activity in primate motor cortex during bimanual versus unimanual rhythmic 
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Abstract: Motor cortical dynamics have primarily been examined during contralateral 

movements. However, motor cortex is also active during bimanual and ipsilateral movements. It 

is therefore imperative to understand the dynamical rules governing neural activity during 

bimanual movements, and how these responses relate to movements of either arm individually. 

We trained two monkeys (E, F), to perform bouts of bimanual and unimanual cycling. In blocks, 

monkeys cycled using the right hand, left hand, both hands with a 0-degree offset, or both hands 

with a 180-degree offset. There were only small kinematic differences between unimanual and 

bimanual cycling (e.g., angular velocity was 5% (E) and 17% (F) slower for bimanual cycling). 

EMG patterns (recorded in one monkey) were also similar regardless of whether the arm moved 

on its own or with the other arm (r = 0.91). 

We recorded bilaterally in primary motor cortex (E: 636 units; F: 342 units). Most neurons were 

active during movements of either arm. However, a neuron’s activity during movements of one 

arm alone was very weakly correlated with its activity during movements of the other arm alone 



(E: median r = 0.17; F: r = 0.027). Further, pairs of neurons that were correlated during 

movement of one arm alone had little tendency to be correlated during movement of the other 

arm alone. Thus, the population response occupied essentially orthogonal dimensions when 

cycling with one arm versus the other. 

Bimanual neural activity showed both simple and complex relationships with unimanual activity. 

A substantial portion (but not the entirety) of neurons’ bimanual activity could be predicted as a 

linear combination of their own unimanual activity (E: generalization R^2 = 0.68; F: R^2 = 

0.51). Consistent with this, during bimanual movements, activity continued to occupy the two 

subspaces occupied during unimanual movements. However, the magnitude of activity in those 

subspaces was reduced, by 31% (E) and 30% (F). For each hemisphere, this effect was larger for 

the space associated with the ipsilateral arm. That is, a given hemisphere was responsive during 

movements of both arms, but with a contralateral bias that became stronger when the arms 

moved together. 

In summary, to some degree motor cortex seems to treat bimanual movements as a combination 

of unimanual movements. However, this was only approximately true. In particular, signals 

related to the movement of each arm, and especially the ipsilateral arm, became compressed 

during bimanual cycling. This might potentially reflect basic circuit properties - e.g., divisive 

normalization - or a property of network dynamics - e.g., suppression of some network modes 

when others become active. 
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Abstract: It is often the case that neural signals recorded from the primary motor cortex (M1) 

are related to the behavior of the contralateral arm while subjects are making discrete reaching 

movements. However, humans, and certainly non-human primates, make unimanual or bimanual 

rhythmic movements. It remains unclear whether such movement types are encoded in the neural 

activities of M1, particularly how types of movements and laterality of arm used are reflected in 



local field potential (LFP), especially in the beta oscillation (15~35 Hz). In order to investigate 

that, two female monkeys (Macaca mulatta) were trained to reach and grasp one of 8 bars 

attached a metal wheel with one hand and to pull down to rotate the wheel, and as a new bar 

approached to the animals, they repeated the same sequence with either arm of their choice at 

their own pace without getting any specific visual cue. During the task we recorded 

simultaneously LFPs from MI on the left hemisphere with a Utah microelectrode array and 

behavior with a CCD camera and reflective markers placed on their arms with a motion capture 

system. Then we quantified the movements into 6 types: Ipsilateral bimanual (IB), Contralateral 

bimanual (CB), Ipsilateral unimanual (IU), Contralateral unimanual (CU) rhythmic movements 

and Ipsilateral discrete (ID) and Contralateral discrete (CD) movements. We aligned the beta 

signals to the time of hand contact to a bar. Both monkeys exhibited consistent rhythmic 

movements and unimanual movements were slower than the bimanual rhythmic movements. For 

ID, beta power decreased around the movement onset and rebounded during power grip while 

for CD, beta power increased prior to the bar touch onset momentarily (~150 ms) and further 

increased during the power grip. For IB, beta power was maintained except for a brief period 

after bar contact, while for CB significant power drops ~100 ms prior to the bar contact for ~100 

ms. For IU, beta power was attenuated around250 ms around the touch onset except for a brief 

increase around 200 ms after the touch, while for CU two brief increases were observed round 50 

and 250 ms after the touch onset. Our results suggest that beta power modulates to behavior 

drastically depending on the types of movements and the side of the effector.  
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Abstract: Previous studies suggest that when the two hands move towards independent target 

goals, there is a strong tendency to synchronize movement times (Kelso, 1979). Do the two 

hands achieve this high degree of temporal synchrony by adopting similar movement 

trajectories? In this study, we examined the effect of manipulating target distance on movement 

time and directional error during bimanual aiming movements in non-disabled adults (ND) and 

chronic stroke survivors. Six right-hand dominant non-disabled young adults and 2 chronic 

stroke survivors – 1 left- (LHD) and 1 right-hemisphere damaged (RHD) – performed bimanual 



aiming movements to two visual targets in a frictionless 2D workspace, without vision of their 

hands. Visual feedback of hand position was not given during movements, but was available at 

the end of each trial. Additionally, performance feedback was given in the form of a numeric 

score. In 5 experimental conditions, target distance was manipulated symmetrically (6-6, 10-10, 

and 14-14 cm), and then asymmetrically (i.e., 6-10, 6-14 for the right hand, or, 10-6 and 14-6 for 

the left hand). We quantified movement time (T) and directional error at peak acceleration (DE-

PA) and movement end (DE-ME) for the two hands and compared them across conditions in ND 

and stroke. Compared to ND, both LHD and RHD cases show a significant increase in T, DE-

PA, and DE-ME (Wilcox p < 0.0001). We summarize and focus here on our findings for ND. 

First, as distance increases symmetrically (10-10, 14-14), ND showed a significant increase in T 

and DE-PA, especially for the farthest target (14-14 compared to 6-6), but only for the right hand 

(p < 0.01). DE-ME did not change across symmetric conditions. Second, for asymmetric-right 

conditions (6-10 and 6-14) T was longer for both hands (p < 0.001), and DE-PA were smaller 

but only for the right hand. Again, DE-ME did not change across asymmetric-right conditions. 

Third, for asymmetric-left conditions (10-6, 14-6), T was longer only for the left hand. As 

distance increased, DE-PA were smaller for the left hand, but larger for the right hand. DE-ME 

was significantly larger for the left hand (p < 0.001) but did not change for the right hand. 

Findings suggest that movement time synchrony is modified by target distance, particularly for 

the right hand. When present, such temporal synchrony is achieved through different movement 

trajectories by the two hands, as indicated by interlimb differences in directional error. 

Directional errors were also modified by target distance, and may provide insight into the locus 

of movement time asynchronies. Preliminary analyses of stroke cases suggest that bimanual 

movement deficits may differ between LHD and RHD. 
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Abstract: There has been general agreement regarding the role of interhemispheric inhibition 

(IHI) in facilitating the performance of asymmetrical bimanual patterns of movement (See Reid 

S.C. and Serrien D.J. 2102, for review). However, such a mechanism must be highly modulated, 

in order to allow for the broad pattern of bilateral actions required for functional activities. 

Indeed, Perez and co-workers (Long J. et al., 2016) have recently shown that IHI (sampled 

through TMS) is inhibited (Interhemispheric Facilitation-IHF), when healthy young participants 

performed an isometric contraction at greater than or equal to 70% of maximum voluntary 

isometric contraction (MVIC) of a homologous muscle. We now hypothesize that such 

interhemispheric facilitation might occur during more general patterns of coordination. We 

predicted that isometric resistance to finger flexion in one hand should facilitate (increase) the 

speed at which the other hand performs a repetitive wrist diadochokinesis task in a plane. To test 

this prediction, participants performed a targeted wrist radial-ulnar deviation task paced by a 1 

Hz metronome, while the participants produced an isometric force at 40% and 70% of MVIC 

with the opposite hand index finger. Two groups of ten right handed participants (age 18-39, 

mean 24.77± 1.60 SE) performed this task with either the right hand (wrist repetitive motion) 

while the left hand performed the isometric task, or vice versa. In both cases, the moving hand 

showed a substantial increase in movement frequency, reflecting an increase in speed and a 

decrease in duration, with no significant change in movement distance. This speed increase 

scaled with opposite hand isometric force. It should be noted that the subjects were unaware of 

the increase in frequency, even though their movements became less-well paced with regard to 

the 

metronome. We tested whether these effects could be attributed to an attentional distraction by 

having subjects perform the movements while counting backward from 500. However, this 

condition produced a slowing of the movement, suggesting that distraction did not account for 

the previous results. These results might be explained by disinhibition of IHI. We suggest that 

this might result from a dopamine mediated increase in movement “vigor” (Panigrahi B et al., 

2015). 
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Insights from corpus callosal patients 
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Abstract: Learning a motor skill can generalize to another scenario involving, for example, a 

different motor task or a different limb. The generalization of motor learning across limbs, 

known as interlimb transfer, has been well demonstrated by research on short-term sensorimotor 

adaptation, yet underlying neural mechanisms remain unclear (Criscimagna-Hemminger et al. 

2003; Perez et al. 2007). Amongst the various theoretical models, many of them highlighted the 

corpus callosum (CC) as a key brain structure mediating interlimb transfer (Taylor and Heilman 

1980; Parlow 1989). However, Criscimagna-Hemminger et al. (2003) reported interlimb transfer 

of force-field adaptation in a split-brain patient with complete commissurotomy. Here we aimed 

to expand on this research by studying a range of CC pathologies to clarify the role of the CC in 

interlimb transfer. According to the callosal access model, we hypothesized impaired interlimb 

transfer in CC patients as compared to healthy controls. After assessing baseline performance in 

a reaching task, we used a confirmed prismatic perturbation procedure to assess interlimb 

transfer: participants wore prisms (which deviated the visual field by 17°) while reaching for 100 

trials with the dominant arm, before subsequent testing of the unexposed non-dominant arm 

looked to examine interlimb transfer. Preliminary data indicate normal prismatic adaptation and 

significant interlimb transfer for one patient with CC agenesis and one patient with CC lesions 

following a ruptured brain aneurysm. Whilst more controls and patients with CC lesions must be 

examined, our preliminary findings fall in line with research done by Criscimagna-Hemminger et 

al. (2003) suggesting adaptation with the dominant arm could generalize to the non-dominant 

arm through non-callosal connections, potentially ipsilateral corticospinal projections. 
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Abstract: For most everyday movements both hands are used together in a co-operative fashion. 

In order to carry out such bimanual movements, afferent feedback from each hand needs to be 

integrated. This integration occurs at multiple levels of the neuraxis, including cortical and 

subcortical motor areas, but it is unclear if such integration also occurs at the level of the spinal 

cord for the upper limb. To start addressing this we tested whether spinal interneurones in the 

cervical cord receive afferent information from both upper limbs. 

Extracellular recordings were made through multi-contact probes in the lower (C7-T1) cervical 

spinal cord (SC) in a terminally anaesthetised adult female macaque monkey. Nerve cuffs were 

implanted in median and radial nerves at the elbow bilaterally. Spontaneous activity was 

recorded from multiple interneurones while these different sources were stimulated (single shock 

biphasic stimulation, up to 3x motor threshold, ~300 stimulus repetitions). The activity of over 

80 interneurones was recorded during stimulation and responses were analysed through peri-

event time histograms. Significant responses (paired t-test, p < 0.05) were detected by comparing 

the rate during a 10ms post-stimulus epoch with a 10ms pre-stimulus epoch. Mixed afferent 

stimulation through the ipsilateral nerve cuffs produced a significant response for substantial 

fraction of SC cells. Over 50% of neurones responded to stimulation of either ipsilateral nerve 

(39% of cells responded to radial and 40% to median nerve stimulation). Responses were also 

seen to stimulation of the contralateral upper limb as well. Over one quarter of neurones (28%) 

responded to stimulation of at least one of the contralateral nerves tested (18% of cells responded 

to contralateral radial and 17% responded to contralateral median nerve stimulation). For the 

cells that responded to both ipsilateral and contralateral stimulation (14% of cells), responses to 

the crossed stimulation had an onset latency that was on average 2.1 ms larger, and this was 

significantly different (paired t-test, p < 0.01). 

As this difference is too small to allow for a supraspinal crossover, this suggests that crossed 

responses are mediated through the spinal commissural system. This highlights the possibility 

that sensory integration across both upper limbs can also occur at the level of the SC and not just 

at higher levels of the motor system. 

Disclosures: D.S. Soteropoulos: None. P. Trebilcock: None. 
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Abstract: Introduction: Accompanying the natural advancing of age is a decline in cognitive and 

motor functions, which can significantly impact the daily life activities in the elderly. Such 

declines may involve altered neuroplasticity, due to changes in synaptic function and 

neurotransmission. On the other hand, recent work has shown that transcranial direct current 

stimulation (tDCS), which has been shown to increase excitability and reduce interhemispheric 

coherence, may be a useful tool to restitute these altered age-related mechanisms, and improve 

performance of motor skills. 

Objectives: Using EEG, the present study first addresses the key question on whether age-related 

reduction in inhibitory beta oscillations underlie impaired executions in interhemispheric 

coordinative processes, such as in bimanual control. Second, the study assesses whether 

performance of complex bimanual motor skills might be enhanced following tDCS. 

Methods: Initially, 43 healthy subjects (22 young/21 elderly) were recruited for performing the 

bimanual tracking task (BTT), a complex task requiring the skilled use of in-phase and anti-

phase movements at various frequencies. Three blocks of the task were performed (180 total 

trials) while EEG was recorded. In a second double-blinded, sham-controlled experiment, 

another 40 subjects (20 young/20 elderly) were recruited for evaluating whether right M1 anodal 

tDCS (1.0 mA, 20 min) could improve performance in the task, particularly in the non-dominant 

left hand. 

Results: Overall, younger subjects performed the task more accurately, and also showed higher 

movement-related beta (13-30 Hz) desynchronization (MRBD) and reduced sensorimotor and 

visuo-motor connectivity. tDCS improved bimanual control over both groups of subjects, with 

older subjects having greater gains in performance, especially in control of the non-dominant 

hand. MRBD and visuo-motor functional connectivity in the elderly also declined after tDCS. 

Further exploratory analyses showed a stimulation-induced increase in movement speed for 

elderly subjects, signifying a shift in performance strategy. 

Conclusion: Beta oscillations, functional connectivity and inter-limb kinematics underlying 



bimanual motor coordination are different between the young and elderly. Further, a single 

session of tDCS applied to the motor cortex improved bimanual performance in both young and 

elderly. Although further studies are needed to optimize tDCS parameters for enhanced and 

prolonged effects, this non-invasive stimulation technique may be a viable tool in restituting and 

even further optimizing the learning of complex motor functions in the aging population. 

Disclosures: A. Jamil: None. K. Cuypers: None. M.K. Rand: None. M.A. Nitsche: None. R. 
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Abstract: Spatial integration across sensory modalities supports fine-tuned motor control. 

During movement, both vision and proprioception signal the location of our body parts. Yet, we 

lack knowledge on how interactions between multisensory integration and motor control develop 

in humans. In children, some multisensory functions develop over a protracted period, and adult-

like weighted integration that yields to optimality principles is not evident until at least 8-10 

years of age. At present, it is unclear whether a similar protracted development occurs for the use 

of multisensory information in motor control. 

Here, we investigated the performance of 4-12-year-old children and a control adult group in 

unimanual and bimanual motor tasks with proprioceptive, visual, and proprioceptive-visual 

input. Participants operated an apparatus that had two handles that could move in circles. Handle 

positions could be displayed as cursors on a cover over the workspace. Participants had to 

symmetrically coordinate circular movements with the two unseen hands (proprioceptive only), 

or additionally received cursor feedback (proprioceptive-visual). In a third condition, they 

coordinated one hand with the circular movement of a cursor (visual only). In two further 

conditions, we tested whether participants could maintain an asymmetrical rhythm (2 circles with 

one, and 3 with the other hand) when visual feedback was veridical or modified to appear 

symmetrical. 

For all ages, performance was adequate during symmetric coordination when proprioceptive 



information was available and was not improved by adding visual information. Yet, accuracy, 

measured as absolute angle difference between the two hands, decreased with age, suggesting 

continuous fine-tuning during development. Performance with vision alone was impaired until 

about age 9, and improved until adult age hereafter. Consistent with previous reports, 

asymmetric coordination with veridical feedback was impossible for most participants even for 

adults. When asymmetric hand movements were converted to symmetrical visual feedback, 

performance improved gradually, starting at about 9. Children aged 11-12 years performed 

similarly well as adults in the symmetric conditions, but much worse in asymmetric condition. 

Our results reveal that despite an improvement in visual feedback integration with age, there is a 

lack of visual-proprioceptive integration in children that contrasts with the dedicated use of 

vision for motor control in adults. As adult performance was not reached for all conditions even 

by age 12, the development of multisensory integration for motor control is likely to continue 

well into adolescence. 
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Abstract: Motor variability is unavoidable in our body movements. The variability has at least 

two striking features. A feature is suppression of the variability in task-relevant dimension 

(Scholtz & Schoner, 1999, Todorov & Jordan, 2002, Muller & Sternad, 2003, Cusumano & 

Cesari, 2006). Another feature of motor variability is embedded in a few number of dimensions 

(Bizzi+, 1991, Lacquaniti+, 1994). Previous methods were proposed to quantify each feature 

separately (e.g., Uncontrolled manifold (UCM) can quantify the first feature and principal 

component analysis (PCA) can quantify the second feature. Few methods thus can 

simultaneously evaluate the two features. In addition, previous methods have pros and cons; 

therefore, each method can be applied to a limited range of motion data (e.g., in UCM, it is 

difficult to consider task function and, in GEM or TNC, it is difficult to consider motion 

sequence). Here, we propose a simple machine learning technique to quantify the variability in 



task-relevant dimension, that in task-irrelevant dimension, and contribution of each principal 

component to task performance. Our method relies on two procedures; 1) ridge regression 

(Hoerl+, 1970), a linear regression technique related to PCA and useful in modeling the relation 

between motion and performance (Furuki & Takiyama, 2017), and 2) decomposition of input 

data into output-relevant and output-irrelevant dimension. Our method is flexible because it 

automatically detects linear task function in a data-driven manner, the relevance of each principal 

component to task performance, and the relevance of motion sequence to task performance. 

Further, our method does not rely on nonlinearity, which enables to consider different types of 

movements simultaneously. We applied our method to motion data in our experiments: motor 

adaptation in goal-directed and whole-body movements. Our experiment utilized two kinds of 

perturbation; gradually increased perturbation and constant perturbation. First, we clarified that 

our method can quantify the suppression of the motor variability in task-relevant dimension. 

Second, we clarified that motor adaptation induces the modulation of motor variability. 

Interestingly, the schedule of the applied perturbation affected the modulation; gradually 

increased perturbation increased the variability in task-irrelevant dimension and constant 

perturbation increased the variability in task-relevant dimension. In summary, we propose a 

simple machine learning technique that can flexibly quantify features of motor variability. Our 

method could clarify the modulation of motor variability in motor adaptation. 

Disclosures: K. Takiyama: None. D. Furuki: None. 
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Abstract: After amputation surgery, there exists a time window during which the fitting of a 

prosthesis yields higher acceptance rates. As most patients are not able to be fitted within this 

window, often times, benefit is lost. This study examines interlimb transfer, seeking to evaluate 

whether a prosthesis training paradigm using the unaffected limb will increase functional 

outcomes of prosthesis use on the affected limb. Here, healthy, intact participants underwent 



three days of prosthesis training on their non-dominant side between testing sessions on their 

dominant side. Testing sessions consisted of a prescribed number of repetitions of 4 reach, grasp, 

and manipulation tasks. Training sessions involved 4 different tasks and participants were asked 

to complete as many repetitions as they could within 8 minutes. Total training time using the 

non-dominant limb was 96 minutes. A control group performed only a pre-test and follow-up test 

on day 5 using their dominant side. Kinematic, electroencephalography (EEG), and behavioral 

measures were collected and analyzed for changes in both quantitative and qualitative movement 

performance. We hypothesized that participants undergoing interlimb training would show 

increases in peak movement velocity and reductions in movement variability, as well as 

increases in bihemispheric coherence measures. Kinematic results found differences in 

movement variability in the simplest testing task (grasping and transporting a metal disk onto a 

target plate) from pre- to post-test. Additionally, there was a significant inter-group difference in 

peak movement velocity and variability, possibly due to the reduced sample size. This work will 

form the foundation for research in patients with amputation to examine clinically-significant 

effects of interlimb training in motor rehabilitation. 
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Abstract: We propose a graph based dimension reduction algorithm to locate 1-dimensional 

(1D) subspaces in high dimensional kinematic spaces. Finding such subspaces we identify 

variables which can be controlled by one common control variable. We validate this method by 

applying it to arm cycling. Able-bodied participants performed cycling arm movements on an 

ergometer. They grasped the handle and rotated the crank of the ergometer in the sagittal plane. 

The arm didn't confine to this plane. 16 participants were recruited and each of them made 20 



trials. Each trial lasted for 30 seconds. The positions (x, y, z coordinates) of 7 markers on the arm 

and 1 on the ergometer's handle were recorded (sampl. frequency: 100Hz.). For each trial, the 

time series of each 24 coordinates gave the input to the algorithm. We computed 24×23/2=276 

empirical correlation coefficients and arranged them into a 24 by 24 symmetric matrix C. We 

considered all the 2 by 2 submatrices of C and computed their determinants. We arranged the 

resulted values into a 276 by 276 symmetric matrix D. Using D we constructed a graph G. The 

nodes of G correspond the rows of D. If the entry in the i-th row and j-th column is close to 0, 

then nodes i and j are adjacent in G. The essential point is that locating a clique in G is 

equivalent to identifying a group of time series that forms a 1D structure. A clique with k 

vertices corresponds to k data channels that can be substituted by one reference time series. Each 

of the k time series is obtained from this reference time course by multiplying it with a scalar. 

We run this algorithm for each participant's each trial. The largest and most common clique, 

which was found in 92% of the trials, was a 4-clique. This clique corresponded to the data 

channels of the y coordinates (upward-downward movement) of 4 markers: on the styloid 

process of the ulna and of the radius, on the caput of metacarpal of the fifth digit and on the 

handle of the ergometer. This shows that upward - downward movements of these spatial points 

have the same time profile. In less trials, but similar results were found for the forward-backward 

movements of these markers. Although, in the lateral direction their movement were not in phase 

and didn't relate to a clique with k>1. They were neither in phase with coordinates of markers at 

the elbow and shoulder. This result was not surprising in arm cycling. The found cliques were 

associated to that coordinate time series which naturally have the same task specific time profile 

in this periodic motor task. This is an example of the applicability of our novel method, that 

offers a research tool to be used on large data sets to discern less obvious kinematic and muscle 

synergies in neural control of multi-joint movements. 
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Abstract: Previous research has indicated sex differences in the extent to which the human 

nervous system might be lateralized for different neurobehavioral functions, such as visual 

spatial analysis (Lejbak, L. et. al., 2011; Voyer, D. et. al. 2017), and language (Shaywitz, S. et. 

al. 1995). We now examine potential sex differences in motor lateralization. Our laboratory has 

previously proposed a hypothesis of motor lateralization which attributes predictive coordination 

of limb dynamics to the dominant hemisphere, and specialization for control limb impedance to 

the non-dominant hemisphere. Consistent with this hypothesis, we recently showed dominant 

arm advantages in coordination across multiple muscles for single joint movements. Specifically, 

radial-ulnar deviation movements of the wrist require coordination between multiple muscles 

that have moment arms at more than one degree of freedom (coupling) by taking advantage of 

the redundancy in control of each degree of freedom. Our findings showed that movements 

performed within the instructed degree of freedom were symmetric between arms, while motions 

perpendicular to this degree of freedom were substantially asymmetric, with the non-dominant 

arm showing greater out-of-plane motion, as well as substantially greater circumduction of the 

wrist. We now exploit this task to examine potential differences in motor lateralization between 

male and female participants. Each participant performed this radial-ulnar deviation task at 3 

instructed frequencies, paced to a metronome (0.5 Hz, 1Hz, and 2 Hz) with each hand. Our 

findings revealed a main effect of sex and a main effect of instructed frequency on out-of-task 

motion. However, we did not find an interaction between sex and hand, indicating that females 

and males do not show differences in motor lateralization for this task. Instead, males showed a 

substantial advantage in performance across frequencies, regardless of hand. Previous literature 

in human and non-human primates has suggested an evolutionary bias which favors male 

performance in overhand throwing behaviors (Watson, N.V. 2001). However, it has been 

difficult to untangle the influence of nature vs nurture by examining throwing, which is more 

often practiced by male primates. Similar to throwing, our task requires precise coordination 

across many muscles to account for the moment arms of muscles across multiple degrees of 

freedom; yet is not part of the repertoire of daily activities in either males or females. Our 

findings suggest an overall male advantage for coordination of mechanically coupled effectors, 

which might reflect a male bias associated with the evolution of throwing behaviors. 
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Title: Isometric force generation in one hand facilitates long latency, but not short latency 

reflexes in the opposite wrist 
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Abstract: Although interhemispheric inhibition via transcallosal pathways is a well-known 

phenomenon, recent studies have found that when forces exceed approximately 70% of MVC, 

these interhemispheric interactions can result in increased cortical excitability in the opposite 

hemisphere (Perez and Cohen, 2008; Long et al., 2016). A recent study from our lab showed that 

when participants resisted a strong force at the finger of one arm, vigor (speed and frequency) of 

rhythmic radial-ulnar deviation movements in the contralateral arm increased, and this effect 

scaled with isometric force generated by the opposite arm. We now ask if the mechanisms 

mediating this increase in movement vigor are reflected in spinal and supraspinal reflexes. We 

examined this question using a perturbation task, in which participants were instructed to hold 

the position of their left wrists against a background flexor load, and on random trials a 

perturbation was applied to the wrist, eliciting a stretch reflex of the wrist flexors. Similar to the 

previous experiment, the contralateral force condition required participants to exert isometric 

force with their right index finger for the entirety of the trial. In a baseline condition required, the 

right arm did not exert force. EMG activity of the flexor and extensor carpi muscles of the left 

forearm was recorded and separated into intervals short-latency (M1: 20-45 ms post-

perturbation) and long-latency (M2: 45-75 ms)  intervals. We compared activity in these 

intervals to see if the contralateral force of the right arm altered the reflex response of the left 

arm. Our preliminary results suggest an interaction between contralateral force condition and 

reflex interval for the flexors, such that the M2 interval showed increased activity in the 

contralateral force condition compared to baseline, but M1 did not. This indicates a cortical, but 

not a spinal facilitation from contralateral isometric force generation, and may be related to 

inhibition of intercortical inhibition reported previously by Perez and Cohen (2008), and Long et 

al. (2016). 
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Abstract: Transcranial direct current stimulation (tDCS) has recently received attention for its 

ability to modulate brain function and potentially improve treatments for brain disorders. To 

date, little is known about how the effects of stimulation at the cellular level translate into 

changes in cognitive function, particularly long-term changes that outlast stimulation. A common 

hypothesis is that tDCS alters synaptic plasticity. Indeed, DCS can modulate synaptic plasticity 

in brain slices and studies in humans have demonstrated effects that resemble canonical synaptic 

plasticity. However the magnitude, direction, and spatial distribution of the resulting plasticity is 

not immediately obvious. For example DCS can have opposite effects on synaptic plasticity 

within a single pyramidal neuron, depending on the dendritic location and temporal pattern of 

synaptic activity. The often held assumption that one polarity of DC stimulation will boost 

plasticity while the other inhibits is therefore likely to be an oversimplification that requires 

refinement. We argue that tDCS generates subtle alterations of endogenous membrane voltage 

dynamics, which are then stored via endogenous Hebbian synaptic plasticity. One implication of 

this mechanism is that tDCS effects should exhibit similar characteristics to the Hebbian 

plasticity, with which it is paired. Moreover, like Hebbian plasticity, tDCS effects should depend 

heavily on the pattern of underlying synaptic activity. Specifically, we propose that tDCS effects 

should depend on brain neuromodulatory state, the spatiotemporal distribution of synaptic inputs, 

and the orientation of the tDCS electric field with respect to neuronal morphology. Here we 

show with hippocampal brain slice experiments that indeed DC stimulation in vitro (DCS) 

modulates Hebbian plasticity according to this framework, and that the effects of DCS exhibit 

canonical Hebbian properties of associativity and specificity. We characterize the interaction 

between DCS and various synaptic input patterns, and discover input patterns that amplify the 

magnitude of DCS effects. These experiments are then used to constrain a parsimonious 

computational model that is equipped with a commonly used voltage-based Hebbian plasticity 

rule. The model captures a wealth of long term DCS effects. It further generates specific 

predictions for pairings of brain state and tDCS dosage that may be most effective at modulating 

synaptic plasticity and conditions under which this type of modulation may be functionally 

beneficial or detrimental. 
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Abstract: Brain computer interfaces (BCI) for severe stroke motor rehabilitation aim to ‘close 

the loop’ between attempted motor commands and sensory feedback by providing supplemental 

sensory information when individuals successfully establish specific brain patterns. However, 

previous stroke BCIs have typically employed feedback techniques with minimal biological 

relevance, making them difficult and unintuitive to control. Here, we created a novel BCI that 

provides neurofeedback in virtual reality using a head-mounted display (HMD-VR), which 

harnesses principles of immersion and embodiment to provide biologically-engaging 

neurofeedback. The purpose of this experiment was to examine whether this neurofeedback in 

HMD-VR improves BCI performance compared the same neurofeedback presented on a normal 

computer screen. Twelve healthy adults were asked to control a virtual arm by imagining right 

hand movement, which was measured via electroencephalography (EEG) as desynchronized 

sensorimotor rhythms (8-30Hz) in the left motor cortex. Subjects performed two blocks of 30 

trials, one for each condition (Screen, HMD-VR), counterbalanced across participants. The 

neurofeedback consisted of a virtual arm that moved towards or away from different targets 

based on the real-time EEG activity (e.g., great desynchronization moved the arm towards the 

target). After completing each block, participants were asked questions relating to their sense of 

presence and embodiment in each environment. We found that, while participants showed 

similar performance on the BCI when performing the task in either environment (t(22) = -0.47 , p 

= 0.642), there was an interesting positive correlation between performance and reported levels 

of presence and embodiment only in the HMD-VR environment. Specifically, participants had 

more control over the virtual arm in HMD-VR when they reported higher levels of realism (rs = 

0.58, p = 0.046) and spatial embodiment (rs = 0.66, p = 0.02). Furthermore, participants reported 

higher levels of spatial embodiment (t(22) = -2.12, p = 0.045) in the HMD-VR environment 

compared to the computer screen. These results suggest that the HMD-VR environment is 

capable of increasing levels of embodiment compared to a normal screen environment, and that 

increased levels of presence and embodiment may improve performance uniquely in the HMD-

VR environment. Future work will examine the effects of this HMD-VR BCI on motor 

rehabilitation in a stroke population. 
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Abstract: We are investigating the use of inter-muscular coherence for the control of neural 

prostheses. We previously showed that normal subjects are able to use a secondary frequency 

when electrical stimulation is applied at a frequency at which they showed intermuscular 

coherence. The purpose of the study was to determine if adults with a prior history of a stroke 

were able to also show a change in frequency. 15 adult subjects with a previous stroke were 

recruited. We tested the hemiplegic arm (9 left, 6 right). Subjects performed an isometric 

contraction, as previously described. Baseline intermuscular coherence was recorded in the 

absence of stimulation. The peak frequency was calculated. Electrical stimulation at 2 times 

motor threshold was applied at 1/10 of the peak frequency, and the peak frequency. There was no 

statistical difference between left and right arms and so these were combined for analysis. As 

with control subjects we found that subjects showed no change in peak frequency of 

intermuscular coherence when stimulation was applied at the low frequency. When stimulation 

was applied at the peak frequency of the intermuscular coherence a 2nd frequency was present in 

the coherence spectra. This was close to the original frequency, but clearly distinct in the spectra. 

The study showed that the alteration in coherence spectra in stroke subjects is similar to that seen 

in control subjects. For control of neural prostheses we think that physiological control, such as 

that derived from EMG, might promote neurological recovery. Intermuscular coherence offers 

advantages over time-domain analysis in this setting because of the constraints of the stimulus 

artefacts in the frequency domain. This study shows that intermuscular coherence may be a good 

control signal for the prosthesis. 
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Abstract: Visual experience is known to contribute to the formation of the arm spatial sense 

(Thinus-Blanc, Gaunet 1997) via shaping the body schema that contributes to arm localization in 

the extrapersonal space (Longo, Haggard, 2010). Specifically, arm position sense may arise from 

the mapping of joint based, proprioceptive and tactile information onto visual information of arm 

location in extrapersonal space (Crollen, Collignon 2012). Visual information therefore 

calibrates joint-based sensory information to the extrapersonal space (Shadmehr and Wise, 

2005). As such, a history of no prior visual information, common in long-term visually impaired 

individuals, could ultimately result in a poor mapping of joint-based information onto the 

extrapersonal space. Thus, it might take more cognitive effort, and with higher errors, for the 

visually impaired to perform coordinate transformations from the joint to external space when 

compared to normally sighted subjects with an imposed loss in immediate visual information. 

We tested this hypothesis using concurrent 64 channel EEG and kinematic assessments derived 

from the KINARM robot. We utilized the Contingent Negative Variation EEG potential (CNV) 

as an indicator of cognitive motor load (Walter et al. 1964). Our study involved 11 normally 

sighted subjects and 7 visually impaired subjects, all right-handed. All subjects performed 3 arm 

matching tasks in block design. The three tasks were: (1) joint angle matching (JAM) wherein 

the subject was instructed to match the final joint configurations of the right arm (in joint 

coordinates); (2) hand mirror direction and distance matching (MDDM) wherein the subject was 

instructed to mirror match the distance and direction their right hand moved in external space 

coordinates; and (3) hand direction and distance matching (DDM) wherein the subject was 

instructed to match both the distance and direction their right arm moved in external space 

coordinates. The JAM and MDDM tasks were kinematically identical though instructions for 

JAM and MDDM were in joint-angle space and extrapersonal space, respectively. The DDM 

task was kinematically different from the JAM and MDDM. Both groups of subjects 

demonstrated lower accuracy in the DDM task. The blind group had a larger CNV potential in 



the DDM task than in other tasks, whereas no difference in CNV potential between tasks was 

observed in the sighted group. Our preliminary results support our hypothesis that visual 

experience contributes to accuracy of arm position sense as coordinate transformations from the 

joint to external space required greater cognitive motor effort in the blind than sighted 

individuals, with higher kinematic errors. 
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Abstract: Transcranial direct current stimulation (tDCS) is a non-invasive brain stimulation 

technique which induces long-lasting neuroplastic changes in the brain. Clinical research 

involving tDCS in different neuropsychiatric disorders has revealed encouraging results; 

however, knowledge about optimally suited protocols is missing. This is especially relevant, 

since non-linear relations between stimulation parameters and physiological effects have been 

observed. In this study, we systematically explored the parameter space of tDCS regarding 

stimulation duration and intensity in 16 healthy young adults. Anodal tDCS was applied in three 

different intensities - 1, 2, and 3mA, for durations of 15, 20 or 30 minutes, and after-effects of 

stimulation were monitored with TMS-induced motor evoked potentials (MEP) up to the evening 

of the next day. All intensities of stimulation showed enhanced cortical excitability within most 

of the first two hour time period post stimulation. For 1mA intensity domain, only 1mA-15min, 

and 1mA-20min conditions showed significant cortical excitability within the first 30 minutes 

post stimulation. 2mA-20min was the only condition of 2mA intensity that showed significantly 

long-lasting after-effects that lasted until the evening of the same day of stimulation. For the 

3mA, all durations resulted in significant excitability enhancement mostly outlasting the first two 



hours post-stimulation. Stimulation for 20 minutes with all intensities produced more prominent 

excitability alteration, lasting for more than 2 hours after stimulation. 3mA stimulation for 20 

min produced the largest excitability alteration, and lasted until same day evening after tDCS. 

We conclude that tDCS effects critically depend on intensity and duration of the intervention, 

and that the effects of increasing respective parameters are not strictly linear. These results thus 

help to define optimal tDCS intervention protocols. 
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Abstract: In this study we used an artificial neural network (ANN) brain-computer interface 

(BCI) to decode both the intent and complexity of speech from electroencephalogram (EEG) 

data. Specifically, we used the contingent negative variation (CNV) and preparatory alpha 

waves. The CNV is a brain wave that is elicited in anticipation of a motor command like 

speaking (indicating intent to speak), while alpha waves are generally related to level of 

attentiveness and effort (perhaps indicating difficulty / complexity of the word), and may be 

further implicated in inhibition of competing alternatives during cognitive planning. We defined 

9 levels of complexity via 3 levels of increasing syllable structure by 3 levels of word frequency 

in American English. Healthy participants saw the stimulus word (S1) presented in white for 3 

seconds and then color coded to green/red (S2) indicating to speak/not speak the word. Each 

word appeared throughout the experiment in both a “speak” and “don’t speak” condition in 

randomized order. The ANN was trained on this data from healthy participants to then decode, or 

predict, when participants had intent to speak and what level of word complexity the stimulus 

had from brain activity alone. We found that while the CNV is indicative of intent to speak, 

Alpha waves may be more useful for decoding word complexity. When applied to existing BCI’s 



for communication, we hope this will speed up the process of communication by separating 

decoding of speech intention from speech content. 
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Abstract: Neural decoding is a fundamental component of Brain Computer Interface (BCI) that 

connects intentions from the brain to the external devices. Increasing the neural decoding 

accuracy is important because it leads to the higher usability of the interface (both continuous 

and discrete decoding). This is particularly challenging in a continuous sequential decoding 

where time series of data have to be predicted in sequence or real-time. Previous studies utilized 

linear decoders such as Wiener filter and Kalman filter. Later, this was extended to non-linear 

filters such as Extended Kalman Filter and Unscented Kalman Filter (UKF). However, the ideal 

performance is yet to be reached by the decoders. Recent advances in deep learning have enabled 

accurate prediction in not only image classification, but also in sequential data such as time 

series. Recurrent neural network (RNN) is one of the most fundamental deep learning algorithm 

in this realm. Here, we used Long-Short Term Memory (LSTM), an extended version of the 

recurrent neural network (RNN), in decoding joint angles of the lower limb offline using 

electroencephalography (EEG) signals. The architecture consists of 2 LSTM networks with 32 

hidden units on each layer and then connected with a batch normalization layer and a fully 

connected layer. Adam optimization was used with a learning rate of 0.001 with default 

parameters. Data from 8 subjects with 64ch active EEG electrodes and goniometers to measure 

joint angles (hip, knee, and ankle) were utilized for training. Subjects walked on a treadmill for 

approximately 20 mins with data recorded at 100 Hz in a trial. Three trials per subject were used 

to train the model and test the performance. EEG signals were first processed by the removal of 

peripheral channels, followed by the rejection of eye-related artifact using H-infinity filter, and 

bandpass filtering to delta band (0.1 - 3 Hz). The performance was compared against UKF 

algorithm which was used in the same dataset in prior publications. LSTM outperformed UKF in 

preliminary research improving the Pearson’s correlation values of more than 0.2 in average, 

showing significant improvement with p < 0.01 using Kruskal-Wallis test. The mean squared 

error between normalized the measured joint angle and the predicted joint angle was also 



calculated and LSTM based model showed smaller errors compared to the UKF (LSTM: 0.0336, 

UKF: 0.0767). 
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Abstract: Motor imagery brain-computer interface (BCI) is communication pathway between 

external devices and neurophysiological signals during limb movement imagination without real 

movements, so the technique is very useful to the locked-in amyotrophic lateral sclerosis patients 

who cannot move their limbs without other’s help. The representative feature of EEG-based 

system is event-related desynchronization (ERD) or synchronization (ERS). Many neuroscience 

studies have reported that ERD is showed in contralateral sensorimotor area during motor 

imagination, however, some researchers have informed larger inter-subject variations of brain 

activities for motor imagery tasks. These reports doubt sensorimotor ERD is closely correlated to 

classification accuracy with common spatial patterns (CSP) for feature extraction. In this study, 

we investigated the correlation between sensorimotor ERD and classification accuracy based on 

various ERD phenomena. 

Nine healthy volunteers (2 females, age 26.6 ± 2.1 years) participated in multiple sessions, a total 

of 22 sessions were collected using 64 EEG sensors. Subjects were instructed motor imagination 

one of three pairs - left/right hand, left hand/feet, and right hand/feet - for 3 s after relaxation for 

2 s. The data were band-pass filtered 8 - 30 Hz, and selected 28 channels that are covered 

sensorimotor area. We calculated contralateral, ipsilateral ERD during imagination, and 

contralateral ERS after imagination as various ERD features, also calculated classification 

accuracy using CSP and Fisher’s linear discriminant analysis. After that, correlation values were 

obtained from Pearson’s correlation analysis. 

Regression p-value of correlation between contralateral ERD and classification performance is 

0.004, but most of the data were displayed -40 to 0 % of contralateral ERD. Therefore, simple 



ERD value does not indicate classification accuracy. Second characteristic is difference of 

contralateral ERD during imagination and ERS after imagination, in that case, we cannot find 

trend from correlation analysis (p-value: 0.161). Last correlation analysis was used difference of 

contralateral and ipsilateral ERD during imagination. The feature was most related to 

performance (p-value: 0.006), but it is difficult that the values indicate classification accuracy 

because many data were concentrated at 0. 

From these results, characteristics of ERD during motor imagination may not well estimate 

motor imagery BCI performance because of inter-subject variations. Therefore, multivariate 

spatial patterns may consider to estimate motor imagery performance. 
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Abstract: Brain-computer interface (BCI) has benefited people who need to operate machines 

and computers without physical movements by providing a new communication tool using brain 

activity. BCIs can be divided into several types depending on the characteristics used, and the 

performance prediction research has been conducted for deeper understanding of the specific 

BCI mechanism. A previous study found the positive correlation between the rapid serial visual 

presentation (RSVP) T1% (the behavioral score) and P300 speller performance, and it motivated 

us to investigate the RSVP task further by inspecting EEG features and compare the correlation 

with the speller performance. Since RSVP task and P300 speller share the same properties, we 

expected that RSVP task ERP may also be associated with speller performance. 

A total of 55 healthy subjects participated in the experiment, and 50 subject data were used for 

the analysis. EEG data were collected during a RSVP task and P300 speller. Temporal attention 

abilities and event-related potential (ERP) features were computed in the RSVP task. RSVP T1% 

was defined as the temporal attention abilities corresponding to the accuracy of identifying the 



pre-defined target among character streams. To compute RSVP task ERP properties, the channel 

averaged waveform (Fz, Cz, Pz, CP1, and CP2) was selected. The P300 speller performance is 

defined as the single trial classification accuracy, determining target and non-target, assessed by 

10-fold cross validation. 

There was a significant positive correlation between RSVP T1% and speller performance as 

found in the previous study (r=0.32, p<0.05). In addition, we found a significant positive 

relationship between P300 amplitude in RSVP and speller performance (r=0.37, p<0.01). On the 

other hand, P300 latency in RSVP and speller performance had a negative relation (but not 

significant r=-0.25, p=0.08). Regression analysis was used to compare predictability of RSVP 

T1% and P300 amplitude on speller performance. RSVP T1% yielded an F=5.53 (p<0.05, 

B=0.71) and P300 amplitude in RSVP yielded an F=7.83 (p<0.05, B=0.82). 

The purpose of this study was to find additional correlates of the speller performance in RSVP 

EEG features. We found that P300 amplitude and P300 latency (but not significant) in RSVP 

correlated with the speller performance. In addition, RSVP EEG feature showed better 

correlation than RSVP T1%, so instead of using a single feature to predict the speller 

performance, we may consider using both the RSVP T1% and EEG features. For the further 

study, it may be worth investigating whether the advanced predictor combining multiple 

correlates can enhance the correlation. 
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Abstract: Using an auditory Near Infrared Spectroscopy (NIRS) based BCI we reported stable 

yes-no brain communication to short questions with an average of 70% correct answers in 4 

completely paralysed locked-in patients suffering from Amyotrophic Lateral Sclerosis (ALS) 

(Gallegos-Ayala et al 2014, Chaudhary et al 2017). Simultaneous recordings of vertical and 

horizontal eye movements (EOG) over more than a year observation period excluded any motor 

contribution to the brain communication performance. Here we report a re-analysis of the data 

previously published (Chaudhary et al 2017) by using filters for very low frequencies (below 

0.18 Hz of the slow oxygenation changes at 8 head positions over multiple sessions and General 

Linear Modeling of the wavelet coherence transformation of oxygenation of all channels 

(comparable to fMRI responses) during the 10 sec yes or no thinking answering period. These 

off-line analyses demonstrated improved BCI performance above 70% correct answers to 

questions with a known answer significant over most sessions spanning a whole year with many 

sessions. Open questions answering performance was judged by the relatives as above 90% 

correct. Improved performance to open questions may be a consequence of increased attentional 

focus to these more relevant questions involving personal care and quality of life. In one 

surviving patient of the original four (CLIS) patients a BCI based on EEG oscillatory responses 

during the answering period using desynchronisation pattern as features for the support vector 

machine (SVM) classifier was successfully applied and in a LIS patient at the verge of CLIS the 

EEG-BCI resulted in more than 90% correct classification: however after removing EOG 

contribution the classification results were random. This suggests that EEG-BCIs results without 

adequate EOG control in patients with intact eye movements should be taken with extreme 

caution. None of the non-invasive BCIs in CLIS allowed flexible verbal communication i.e. by 

selecting letters or words as demonstrated in several papers with LIS patients with cortical 

implants using neuronal spike rate and far field potentials of synaptic origin. Thus, voluntary 

verbal communication in CLIS needs to be shown using cortical implants. 
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Title: Mind body awareness training improves learning of sensorimotor rhythm based brain 
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Abstract: A major challenge facing the widespread adoption of non-invasive brain-computer 

interfaces (BCIs) is variable user proficiency. Previous work has suggested that long-term mind-

body awareness training (MBAT) can improve the performance of sensorimotor rhythm (SMR) 

based BCIs, in which electroencephalography (EEG) signals are used to control an external 

device through motor imagery. However, whether these procedures can work over the shorter 

term remains unknown. To assess the effects of MBAT on BCI proficiency, 41 randomly 

assigned subjects attended an 8-week mindfulness-based stress reduction class. BCI learning was 

compared between these MBAT subjects and 34 wait-listed controls, across several days of SMR 

based BCI training sessions. In this study, subjects performed motor imagery of hand movements 

while EEG mu rhythms were extracted and used to decode subjects’ intention to move a 

computer cursor. Subjects were instructed to imagine left (right) hand movement to move the 

cursor left (right), movement of both hands to move the cursor up, and a voluntary rest to move 

the cursor down. In separate blocks of trials, subjects attempted to steer the cursor to a target that 

required left/right (LR) movement only, up/down (UD) only, and combined 2D movement (2D). 

Accuracy was quantified by a percent valid correct (PVC) metric, calculated as the number of 

hits divided by the total number of non-timeout trials. This was done separately for 2D 

performance, and 1D performance, which was defined as the best 1D task performance for a 

given session. In order to examine whether MBAT facilitated BCI learning, analysis focused on 

subjects that were not initially proficient in any of the BCI tasks (MBAT N = 29, Control N = 

20). During the early learning period, defined as the first 5 sessions, improvement in BCI 

performance was greater for MBAT subjects (M = 15%, 11%, SD = 14%, 12%) than control 

subjects (M = 7%, 3%, SD = 11%, 6%) when compared to a baseline assessment in both 1D (p = 

0.03), and 2D (p = 0.02) paradigms. A major contributing factor to this improvement was that 

MBAT subjects made fewer errors compared to their baseline assessment. Out of 25 trials per 

run, the reduction of missed targets by MBAT subjects (M = -2.74, -2.35, SD = 2.67, 2.16) was 

more pronounced than in control subjects (M = -0.48, -0.44, SD = 2.16, 2.46) in both 1D (p = 

0.003), and 2D (p = 0.03) paradigms. MBAT subjects demonstrated enhanced learning in our 

study, suggesting short-term mindfulness meditation training can improve the efficiency of SMR 

based BCI training. Work is ongoing to examine whether cognitive, behavioral, or 

electrophysiological measures can suggest explanations for the observed results. 
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Abstract: Background: Recent studies have reported that transcranial direct current stimulation 

(tDCS) improves physical functioning in pediatric motor disorders. To date, no systematic 

review has comprehensively synthesized the findings of literature in pediatric motor disorders. 

Objective: To systematically examine the safety and effectiveness of tDCS interventions in 

pediatric motor disorders. 

Methods: Systematic review and meta-analysis of tDCS randomized, sham-controlled trials 

(RCT) and observational studies in pediatric motor disorders from the first date available to 

March 30, 2018. The following databases were searched: PubMed, EMBASE, Cochrane, 

CINAHL, Web of Science, and ProQuest. Two authors independently assessed each identified 

study’s risk of bias using the Cochrane tool and extracted data. PROSPERO ID: 

CRD42018085341. 

Results: Of the initial 1396 references identified through electronic searching, 23 studies were 

included, involving a total of 413 participants [Mean (SD): 17.95 (14.05), range: 1 - 56]. Patient 

diagnoses included cerebral palsy (CP; 18 studies), dystonia (3 studies), involuntary movement 

(1 study), and delayed neuro-psychomotor development (1 study). There was no difference in the 

drop-out rates in the active (1/144) and sham (1/144) tDCS groups, risk difference 0.0, 95% CI [-

0.05, .0.04]. The most common adverse effects in the active group across studies were tingling 

(17.2%), discomfort (8.02%), itching (6.79%), and skin redness (4%). Across 3 studies, tDCS 

significantly improved gait velocity (MD = .23; 95% CI [0.13, 0.34], p < .0005), stride length 

(MD = 0.10; 95% CI [0.05, 0.15], p < .0005), and cadence (MD = 15.7; 95% CI [9.72, 21.68], p 

< .0005). Mixed effects were found on balance, upper-extremity function, daily task 

performance, and functional participation. 

Conclusion: Based on this sample, tDCS is a feasible and tolerable technique in children with 

motor disorders. This review found that tDCS might enhance gait measures. Due to the limited 



number of studies with small sample sizes, our results need to be interpreted with caution. To 

understand if tDCS is beneficial for children with motor disorders, more well-designed long-term 

RCTs are needed. Current rehabilitation techniques in pediatric motor disorders have limited 

effectiveness in improving performance and participation in daily activities. tDCS may serve as a 

potential adjunct to pediatric rehabilitation. 
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Abstract: Body-machine interfaces - B(o)MIs - are a viable option to control assistive devices 

and promote the recovery of movements after spinal cord injury, stroke or other neurological 

disorders that impair motor functions. B(o)MIs translate signals from the body into the lower 

dimensional control space of external devices. Our goal is to develop B(o)MIs that provide the 

user with the ability to identify and coordinate a convenient subset of movements and/or muscle 

signals to achieve task objectives with a flexible and adaptable motor behavior. For this reason, 

we developed a hybrid B(o)MI based on the linear and nonlinear mapping of body motion 

sensors and/or EMG signals onto the control of a computer cursor. The B(o)MI used in this study 

had four small-size inertial measurement units (IMUs) and/or eight EMG electrodes to capture 

motions and muscle activities. The data were used to control the cursor and to analyze the 

performance of healthy subjects. The interface map was created by asking subjects to engage in 

free upper-body movements and by extracting low-dimensional latent spaces from the IMU 

and/or EMG signals. The latent spaces were extracted with autoencoder networks (AEs). Two 



types of AEs were considered: a linear AE, performing principal component analysis (PCA) on 

the input signals, and a nonlinear AE. Three types of B(o)MIs were developed and compared: 

IMU-based, EMG based and hybrid. In the IMU and EMG-based B(o)MI, cursor coordinates 

were taken from the IMU and EMG latent space respectively. In the hybrid system, the EMG 

body space was mapped by nonlinear regression over the IMU latent space. A convex 

combination of the latent signals obtained from the EMG's regression and from the IMU's was 

used as the hybrid control signal. Results showed that subjects performed significantly better 

with motion only and hybrid control than with EMG alone. The use of the nonlinear mapping 

induced better performances than those obtained with PCA in terms of time, accuracy and 

smoothness of movement especially during the first exposure to the use of the B(o)MI. These 

preliminary findings encourage us to exploit nonlinear dimensionality reduction algorithms as 

well as hybrid movement and muscle controllers to purse a new and effective clinical approach 

for controlling assistive devices and for facilitating the recovery of motor function in people with 

high level of paralysis. 
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Abstract: Ischemic perinatal stroke affects as many as 1 in 2,300 live births and may result in 

lifelong burden of care. Thus, better rehabilitation techniques are indicated to improve quality of 

life for individuals and families. Implementing interventions early in life can harness 

neuroplastic potential to promote recovery. Transcranial magnetic stimulation (TMS) and 

transcranial direct current stimulation (tDCS) have shown promise as noninvasive cortical 

assessment and neuromodulation techniques for stroke rehabilitation; regaining motor control 

and function can be facilitated through the induction of plasticity. While mostly studied in adult 

populations, recent efforts have been made to translate these methods to pediatric populations. 

This is challenging because, in addition to the presence of a lesion, stimulation fields vary 

significantly due to head anatomy and size differences. Here, we explore the integration of 

individual realistic head models to identify stimulation targets for synergistic neuromodulation 

and rehabilitation. Combining TMS motor mapping data with FEM models allows precise 



identification of motor representations in both affected and unaffected brain hemispheres. Using 

our computational motor mapping method, we are developing a system to predict individualized 

neuromodulation stimulation targets for stroke rehabilitation. We have successfully created 

pediatric stroke FEM head models (Fig. 1B) and have found that the electric field distributions in 

unaffected hemispheres are comparable to healthy participants (Fig. 1C and D). 

 

 

Figure 1. Models and simulations demonstrate that electric fields are relatively unaffected by the 

lesion in the contralesional hemisphere. A) Anatomical T1 Image showing a lesion volume in the 

left hemisphere. B) Anatomical realistic FEM model with the lesion volume accounted for. C) 

Electric field simulation for the tDCS electric field with the cathode placed over contralesional 

M1 and the anode over the left forehead. D) Electric field simulation for the TMS electric field 

with stimulation over M1. 
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Abstract: In recent years, brain-machine interfaces have enabled humans with paralysis to 

control assistive devices with just their thoughts. However, the invasiveness of this technology is 

not a trivial consideration, particularly for individuals with residual motor function. To address 

this limitation, we developed a wearable electrode array covering extrinsic hand muscles of the 

entire forearm. The array consists of 160 electrodes (12 mm diameter) spaced 15 mm apart and 

embedded in a stretchable fabric. Using this wearable electrode array, we recorded volitional 

EMG from a neurologically-intact participant who performed individual digit flexion 

movements. Power of the raw EMG signal was calculated as root-mean-square (RMS) every 100 

ms. The average RMS values during the digit-flexion epochs were used as input features in 

decoding algorithms trained to classify the EMG activity on 32 channels as rest or flexion of one 

of the five digits. Two decoding algorithms were tested, Linear Discriminant Analysis (LDA) 

and Support Vector Machines (SVM). LDA is a simple linear decoder, whereas SVM is more 

effective when channels are highly correlated and relationships are non-linear. We found that 

both models were highly accurate (LDA 96.4%, SVM 96.7%) for strong digit flexion 

movements. The participant also performed weak flexion movements to mimic impaired muscle 

activation. Decoding algorithms were slightly less accurate, as expected, with the SVM showing 

greater accuracy (LDA 82.4%, SVM 87.2%). Examination of confusion matrices for the 

decoders revealed that most errors were due to predicting rest at the very beginning or end of a 

movement. In another participant, we measured motor-evoked potentials (MEPs) elicited by 

transcranial magnetic stimulation of primary motor cortex. We stimulated over optimal sites for 

eliciting MEPs in wrist extensors and flexors while the participant maintained an isometric force 

during precision and power grip. Muscle maps were qualitatively similar when stimulating over 

the wrist extensor or flexor optimal sites. However, areas of densest evoked activation were over 



the extensor muscles during precision grip. Flexor muscles exhibited negligible evoked 

activation during precision grip but high activation during power grip. Our findings indicate that 

the wearable electrode array detected myoelectric signals that were distinct and spatially 

localized during individuated finger movements. Evoked responses in wrist flexor and extensor 

muscles were distributed differentially along the forearm depending on grasp type. 
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Abstract: Functional near-infrared spectroscopy (fNIRS) is a wearable, non-invasive brain 

imaging technique that can be deployed in unconstrained human motor control experiments. It 

offers a direct window to assess the oxygenation of cortical areas with greater spatial resolution 

than Electroencephalography (EEG), however the signal is subject to variations of systemic 

origin, such as breathing and pulse rates, that covary with motor activity and hinder the neuronal 

specificity of the signal. 

Multi-modal (EEG+fNIRS) wearable neural sensors can allows us to study human sensorimotor 

control and learning by exploiting the specificity of the EEG signal to brain activity and that of 

fNIRS to the location. Moreover, the specificity of both signal to motor activity can be increased 

by means of their shared information with additional motor activity sensory modes such as 

electromyography (EMG) and force. 

However, it is often unclear how to exploit shared information in such multi-modal data 

spanning fast, low spatial resolution EEG and EMG and slow, higher spatial resolution fNIRS. 

Furthermore, the relationship between these two measures have not been related to motor activity 

(EMG) and behavioural output (force).We develop a principled probabilistic estimation approach 

that allow us to integrate these disparate measures that reflect multiple levels of biological 

organisation and time scales.EMG is used as a ground truth of motor activity to train black box 



models that learn the mutually informed dynamical structures of such motor activity to 

multimodal brain activity (EEG + fNIRS). In particular, since EEG is not affected by the same 

systemic noise sources than fNIRS we aim at deriving a hierarchical black box architecture that 

denoises fNIRS time series by exploiting covariations with both EMG and EEG. 

Our advances promise to reduce in confounding effects, large variability, and drift in the signals 

that undermine the specificity of fNIRS and EEG specially during motor activities. In addition, 

the exploitation of the mutually informed dynamical structure of the signals allows the prediction 

of denoised cortical fNIRS signals at each sampled value of the observed modes. This enables us 

to quantify faster and in higher precision than before the neural basis of goal-directed 

sensorimotor control where it really matters - in the wild and outside, outside of constrained 

laboratory and clinical settings. 
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Abstract: Brain-computer interfaces (BCIs) can restore communication and control to people 

with severe motor disorders such as amyotrophic lateral sclerosis (ALS) (e.g., Wolpaw et al., 

Neurology, in press). However, visual impairments (e.g., ptosis, diplopia, nystagmus) prevent 

many such individuals from using a vision-based BCI (e.g., McCane et al., Amyotroph Lateral 

Scler Frontotemporal Degener 15:207-215, 2014). In these individuals, a steady-state visual 

evoked potential or SSVEP-based BCI that relies on electroencephalographic (EEG) signals 



might be used to determine binary (YES/NO) intentions. Our system delivers SSVEP stimuli via 

LEDs embedded in custom eyeglasses and records EEG signals from locations F3, Fz, F4, T7, 

C3, Cz, C4, T8, P3, Pz, P4, PO7, PO8, and Oz, using BCI2000. The present study examines the 

effect of LED placement on the classification of binary signals. In studies to date, six people 

(five women and one man, ages 46.8 ±23.4 (median age 59)) performed 40 5-sec trials (20 left 

and 20 right) with glasses fixed with foveal-centered and off-centered LEDs with stimulation 

frequencies of 23.75 Hz (f1) in one eye and 31.15 Hz (f2) in the other. We analyze the EEG data 

for the 5-sec trial to determine which of the two eyes (i.e., which stimulation frequency) the 

subject was attending. EEG is bandpass filtered into 0.4-Hz wide bands centered on the two 

stimulation frequencies. We derive a linear classifier using a regularized least-square fit to 

determine the relationship between the spectral power in these bands and the attended eye. The 

results to date show that the spectral power of the EEG is higher for the attended frequency band 

and lower for the unattended frequency band for both the foveal-centered and off-centered 

conditions. The accumulated output of the linear classifier over 5 sec for foveal-centered and off-

centered LED placements predicts the attended eye with accuracies of 92.9(SD11.7)% and 

95.8(SD4.2)% correct, and ideal bitrates of 10.7(SD5.9) and 13.7(SD7.1) bits/min, respectively. 

These initial results suggest that taking advantage of the specific geometries of foveal off-

centered placement may improve SSVEP binary classification and that, with further 

development, a binary SSVEP-based BCI could prove useful for people with severe 

neuromuscular disorders and impaired vision. 
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Title: Functional magnetic resonance imaging reveals reduced imagined movement-related 

activation in quadriplegic patients as compared to healthy controls: Implications for early onset 

training for brain-machine interface array implant participants 

Authors: *A. CACACE1, M. PRASAD2, J. D. CONNOLLY1 
1Durham Univ., Durham, United Kingdom; 2Spinal Unit, James Cook Univ. Hosp., 
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Abstract: A substantial degree of overlap in cortical activation when carrying out real or 

imagined reaching movements is well established in healthy participants. There exists critical 

overlap when imagining movements - but not generating them - in the posterior parietal, 

premotor and motor areas of the human cerebral cortex. Based upon these findings, rehabilitative 

brain-machine interfaces for paralysis have focused implants on the same relevant constellation 

of cortical areas. There is a paucity of evidence, however, with regard to long-standing 

functional changes in individuals living with paralysis following a complete spinal cord injury 

(in this case vertebrae C3-C4). Here we compared via functional Magnetic Resonance Imaging 4 

patients (C3-C4) with quadriplegia and 4 healthy age-matched control participants. We used an 

‘around the clock’ paradigm that is typical for saccade topographic mapping experiments, but 

with light emitting diodes that flashed ‘around the clock’ and in sequence. Healthy participants 

were required to: 1) fixate while the light emitting diodes were flashed ‘around the clock’ 

(fixation condition); or 2) imagine reaching movements to these same diode locations (imagine 

condition); or 3) generate real reaches in the scanner to these very same locations (movement 

condition). In the paralyzed patient group, we had only the first two conditions: fixation or 

imagined reaching. We then compared cortical activation patterns on segmented surface 

renderings for fixation and imagined reaching movements across quadriplegic patients and 

healthy controls. Although similar overall activation patterns are reported across both groups 

(quadriplegic and controls), participants who suffer from C3-C4 paralysis exhibit substantially 

lower activation levels (less voxels that passed the critical threshold in movement-related areas 

and reduced levels of activation in coincident voxels) across inferior and superior parietal cortex, 

dorsal and ventral premotor areas, primary motor cortex and in the supplementary motor area. 

These findings provide support for imagery-based training immediately following paralysis onset 

to retain sufficient movement-related cortical activation/function for those who will require 

assistive brain-machine interface array implants. 
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Abstract: In the past studies, motor imagery (MI), motor execution (ME), and motor observation 

(MO) have been reported sharing similar EEG dynamics in the motor-related cortex. The mu 

EEG power suppression associated with the motor imagery has been widely used in the brain 

computer interface (BCI) applications. Recently, our group has worked on the reliability of the 

EEG alpha power suppression in an EEG experiment using the MI, ME, and MO and used 

independent component analysis (ICA) to find the EEG alpha suppression in the same motor-

related cortex for a side-by-side comparison. In this study, we would like to further look at the 

individual trial performance to see how accurate the alpha power suppression EEG feature can be 

used to determine the performance of the motor imagery task. To check the accuracy of the alpha 

power suppression for detecting the motor imagery performance across all trials, we first extract 

the alpha power time course using time-frequency decomposition and used 150-ms time sliding 

window to compare the alpha power to the alpha power during the baseline using a t-test for each 

MI trials. If the alpha power in the sliding window was significantly lower than that during the 

baseline, the time window was labeled with successful detection of MI. The sliding window 

would cover the entire trial and give the comparison result for each sliding window. Finally, the 

single trial results would be further summarized window by window across all MI trials. 

Although the participants were asked to perform the task with different motor conditions using 

the non-dominant hand so that the alpha power suppression of motor-related brain areas on the 

contralateral hemisphere should be the primary feature to consider, combining the alpha power 

suppression feature on the ipsilateral hemisphere could increase the MI detection accuracy by 

about 8%. Furthermore, we also realized that the individual difference in the time window, 

which gave the best MI detection accuracy, could not be negligible. For example, among all the 

time windows involved in the MI detection accuracy comparison, the accuracy could go as high 

as 100% for some participants but only 40% maximally for some other participants. The MI has 

been largely used in the BCI application, however, the accuracy of how the MI performance can 

be detected at the single-trial level should be further determined. By using the ICA, we were able 

to focus the alpha feature extraction based on only the motor-related independent EEG 

component, which should give the best accuracy estimation possible. This study was partially 

sponsored by the Ministry of Science and Technology, Taiwan (Grant no.: MOST-106-2410-H-

008-054 and MOST-105-2410-H-008-054). 
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Abstract: Introduction: The present study aimed to clarify the relation between the electrical 

stimulation patterns and finger movements for precise control of them. Stimulating the 

superficial flexor muscles induces flexion of proximal interphalangeal (PIP) joint; however, it 

could flex also the metacarpophalangeal (MP) and distal interphalangeal (DIP) joints at the same 

time. To achieve high precision control of hand movements by functional electrical stimulation, 

we investigated how patterns in electrical stimulation influence the movements of the PIP, MP 

and DIP joints. 

Experimental method: A voltage-control-type electrical stimulator, that generates a symmetric 

biphasic pulse wave, was used. Its interphase interval was set to 0.10 ms. Amplitude of the pulse, 

pulse width, and pulse frequency were changed to examine the influence. A pair of surface 

electrodes connected to the electrical stimulator was put on the forearm such that the third finger 

moved. The angles of the DIP, PIP and MP joints were measured by a motion capture system. 

The elbow and wrist were put on a table so that the thumb was on the upper side. Each trial 

started with a straightened and then relaxed state, stimulated for 1 s. 

Results: The average angular velocity was calculated in the transient response. When pulse 

amplitude was increased from 8.6 V to 20.6 V, there was a positive correlation (r=0.775, p<.001) 

in PIP, and the increase in average angular velocity was 530.2 deg/s. On the other hand, there 

were no significant correlation on MP and DIP (r=0.291, n.s., r=0.300, n.s.), and the increases 

were 76.94 deg/s and 37.35 deg/s, respectively. When pulse width was increased from 0.020 ms 

to 0.55 ms, there were no significant correlation on PIP, MP and DIP (r=0.342, n.s., r=0.117, 

n.s., r=0.0628, n.s.). When pulse frequency is increased from 10 Hz to 130 Hz, there were 

positive correlation on PIP and MP (r=0.825, p<.001, r=0.836, p<.001), and the increases in 

average angular velocity were 769.5 deg/s, 367.7 deg/s respectively. On the other hand, there 

was no significant correlation on DIP (r=0.0999, n.s.), and increase was -1.291 deg/s. 

Discussion: We found that (1) the pulse amplitude would be the best to control the velocity of 

the PIP joint without changes in movement velocity of the MP and DIP joints, (2) the velocity of 



the PIP joint was independent of the pulse width, and (3) the pulse frequency may be suitable to 

control the velocity of the PIP joint if movements of the MP joint are allowable. 
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Abstract: The event-related desynchronization (ERD) of sensorimotor rhythm recorded over 

sensorimotor area is known as a typical motor-related electroencephalogram (EEG). It has been 

shown that contralateral ERD (c-ERD) during hand motor imagery involving distal muscles 

reflects excitability of the contralateral corticospinal tract (CST), and ipsilateral ERD (i-ERD) 

reflects excitability of the ipsilateral CST that mainly innervates proximal muscles (Takemi et al. 

2013; Hasegawa et al. 2017). Such ERD is often exploited in brain-computer interface (BCI)-

based neurorehabilitation, aiming at functional maturation of CST (Shindo et al. 2011). In these 

conventional BCIs, however, it is not designed to promote ERD only from the targeted 

hemisphere, and the treatment focus is unclear. Here, we developed bivariate BCI which controls 

contralateral and ipsilateral ERDs to investigate whether BCI users can volitionally promote 

ERD from the targeted hemisphere. To verify whether ERD shifting is influenced by a 

neuroanatomical property of CST, we compared the effectiveness of BCI training for shoulder 

and finger motor imageries. 

Fifteen healthy individuals participated in this study with a double-blind crossover design. Nine 

individuals participated in experiment 1 consisting of a shoulder imagery task, and 6 individuals 

participated in experiment 2 consisting of a finger imagery task. Each experiment comprised of 

two types of BCI training: (A) to facilitate either contralateral or ipsilateral ERD, (B) to facilitate 

the opposite side to Training-A. All individuals performed 120 trials of shoulder/finger imagery 

task while a 128-channel EEG was recorded. Visual feedback was provided as a movement of a 

computer cursor in the two-dimensional coordinate, in which each axis corresponded to 



contralateral or ipsilateral ERD amplitude. The ERD amplitudes and spatial patterns in both 

experiments were evaluated. In experiment 1, only i-ERD increased in Training-A, and only c-

ERD increased in Training-B (p < 0.05, paired t-test). There was a significant change in 

hemispheric dominance which evaluated with the laterality index in both training types (p < 

0.05). In experiment 2, however, only c-ERD increased in Training-B (p < 0.05), whereas i-ERD 

did not increase in Training-A (p = 0.46). We also found that i-ERD showed significant 

difference between shoulder and finger motor imageries (p < 0.05, student t-test), and implied 

neuroanatomical constraints on BCI learning. These results indicate that ERD from the targeted 

hemisphere can be promoted through the bivariate BCI, and it has a potential to be applied to 

stereotaxic BCI therapies aimed for reorganization of targeted CST. 
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Abstract: There is much interest in so-called “real world neuroimaging”, where neuroscience 

experimentation occurs outside of conventional lab settings. While electroencephalography 

(EEG) is the best-poised imaging modality, it remains hampered by the necessity for electrolytic 

gel or metal-pin electrodes which are messy, uncomfortable, or unstable. To address this 

challenge, we have recently developed a conformable solid state material solution (carbon 

nanofiber filled polydimethylsilisoxane, CNF-PDMS) for EEG electrode applications. Prior 

work has demonstrated our formulation to provide a stable conductive profile even while under 

substantial mechanical strain, where most other nonmetallic materials fail, suggesting viability 

for ambulatory applications where flexibility, compression and movement will be common. In 

this study, we tested the efficacy of electrodes to record well studied neural phenomena using a 

battery of standard laboratory tasks, including both stationary and walking in place, with a 

sample of human subjects. Qualitatively, event related potential (ERP) and spectral results for a 

number of tasks (including RSVP, eyes open/closed, and directed motions) show performance 

matching that of commercially available metal-pin based dry EEG electrodes (g.SAHARA). 



Additionally, we propose objective, quantifiable summary statistics to be applied outside of 

event-related domains (correlation and RMSE), which show matched and even improved ability 

to track local and global fluctuations in EEG. Ongoing work focused on artifact susceptibility 

during motion, as this is a critical challenge with dry electrodes. Together, these results present 

baseline data that demonstrates CNF-PDMS is a viable solution for conformable, safe, dry EEG 

electrodes, and hold the promise for improved future real-world neuroimaging. 
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Title: Assessing and modulating intracortical and transcallosal inhibition in cervical dystonia 
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Abstract: Introduction: Cervical dystonia (CD) is a debilitating movement disorder 

characterized by involuntary neck muscle contractions. Intracortical inhibition has been shown to 

be impaired in people with CD, primarily by assessing the silent period evoked in contralateral 

muscles (cSP) following transcranial magnetic stimulation (TMS) over the motor cortex. 

However, stimulation also evokes inhibition in ipsilateral muscles (iSP) and this pathway not 

been studied in people with CD. The purpose of this exploratory study is to: 1) compare cSP and 

iSP between CD and controls (CTL), and 2) assess the effects of cerebellar transcranial direct 

current stimulation (tDCS) on cSP and iSP. 

Methods: A two group (CD vs CTL), randomized, double-blind design was conducted with 

planned enrollment of N=66 (current: 14 CTL, 14 CD). Bilateral electromyographic recordings 

were collected in the active upper trapezius in response to TMS over the left or right primary 

motor cortex. Ten trials of cSP and iSP responses were collected using stimulation intensities 

110%, 120%, 130% and 140% of cSP threshold. Cerebellar tDCS (anodal, cathodal or sham) was 

delivered at 2mA for 25min with a unilateral montage (reference was placed on the buccinators). 

Other measures collected but not discussed here include brainstem response curve and eye-blink 

classical conditioning blink count. Interim analysis was performed using a mixed model 

ANOVA. 

Results: Preliminary results of baseline data analysis are reported. There was no effect of Group 

on cSP duration, suggesting normal intracortical inhibition and input-output properties in the 

cohort with CD compared to CTL. In contrast, there was a significant effect of Group (p = 0.019) 

for the left iSP duration, but not for the right iSP (p = 0.136). Transcallosal inhibition from the 

left to the right hemisphere was reduced in the cohort with CD compared to CTL. These 

preliminary findings suggest participants with CD have a decreased iSP compared to healthy 

matched controls. Results of tDCS modulation effects on cSP and iSP will be reported. 

Conclusion: The preliminary analysis suggests there is asymmetric involvement of transcallosal 

inhibitory pathways in the people with CD, while the duration and input-output properties of 

intracortical inhibition appear to be unaffected. 
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Abstract: Brain computer interfacing (BCI) is a promising method for replacing brain-body 

connections disrupted by injury or disease, potentially improving the quality of life of disabled 

individuals. Extensive invasive and non-invasive BCI work has been done, but many systems 

involve continuous, constant effort by end users. Because practical control cannot require 

continuous focus, novel paradigms which involve asynchronous control signals need to be 

investigated, especially in noninvasive strategies involving endogenous control, which typically 

use non-specific control signals. In order to investigate EEG based asynchronous BCI control, 10 

healthy, right handed subjects underwent four sessions of experimentation, where they were 

asked to either execute a single rapid extension and immediate relaxation of the index finger 

associated with a written prompt after receiving an auditory cue, or to imagine the same. These 

sessions were conducted using the CREMedical tri-polar EEG (tEEG) system, in hopes of 

measuring more focal brain activity. All experiments contained 1-2 runs of execution and 

imagery without feedback, with each run consisting of 50 trials. Sessions 2-4 also included a 

novel feedback task. During evaluation with feedback, subjects imagined single extensions and 

relaxations of the appropriate index finger when constant velocity targets entered a pre-defined 

hit zone in either a left or right column. Three of the ten subjects also completed one run of 

execution and two runs of imagery during high-density standard EEG recordings with optical 

digitization. Across online evaluation sessions, subjects demonstrated improvements in percent 

total correct and number of missed targets while maintaining similar percent valid correct scores 

(58.3%, 56.2%, 54.3%), suggesting that tEEG electrodes can effectively record underlying 

neural activity during BCI applications. Further offline analysis discerned spatio-temporal 

electrophysiological changes associated with rapid imagery and movement and generated 

superior decoding strategies for both detection and classification. Primarily, these methods 

demonstrated class dependent contralateral motor cortical activity and onset dependent medial, 

laterally oriented dipoles, determined through trial averaged source localization and ICA, in the 

time surrounding the assumed onset of ballistic imagery, based on execution reaction times, 

during non-feedback trials. These results suggest that EEG based asynchronous control is a 



promising future direction for BCI, potentially as an on/off switch for more robust continuous 

control strategies. This work is supported by NIH AT009263. 
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Title: Noninvasively recorded human cortical dynamics during level-ground, incline, and stair 

locomotion 
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Abstract: Currently available prosthetic devices lack the inherent inability to interpret the user’s 

intent during locomotion. Volitional control of lower-limb prostheses using electromyography 

(EMG)-based controllers allows for activation patterns of the muscles of the lower-limb to be 

mapped to various movement patterns. However, although robust during continuous locomotion, 

EMG-based systems (which rely only on peripheral nervous signaling) lack the ability to predict 

locomotion mode transitions (e.g., level ground to stairs, stairs to level ground) with significant 

advanced notice. In this study, we investigated the cortical correlates of dynamic human walking 

during walking on various terrains in able-bodied individuals. Second, we assessed the feasibility 

of detecting user locomotion modes (i.e., level-ground walking vs stair ascent) from non-

invasive electroencephalography (EEG) signals. Subjects were instrumented with full-body 

mobile brain-body imaging (EEG, EMG, motion capture) while walking on an experimental gait 

course involving locomotion on level-ground, stairs, and ramps. A systematic EEG processing 

method was implemented to reduce artifacts (e.g., eye blinks/movements, muscle artifacts) and 

estimate the underlying source activity through dipole fitting. The results revealed that spectral 

changes in the PPC and SMC were aligned to events in the gait cycle and appeared to be 

associated with the level of motor task demand. Additionally, we observed significant 

differences in spectral power between level-ground and stair walking, likely indicating 

heightened cortical involvement prior to the terrain transitions. These significant cortical 

activations can be detected in advance of the transitions and may be used to improve the state-of-

the-art myoelectric controllers. These findings have implications for developing a neural 



decoding paradigm that is capable of predicting, rather than responding to, the user gait 

intentions. This work is a further step toward the development of a multimodal neural-machine 

Interface (NMI) that fuses EEG and EMG signals for intuitive and flexible control of powered 

prosthetic legs. 
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Title: Synergistic combination of EEG and EMG activity for detecting movement intentions of 

stroke patients with complete hand paralysis 
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Abstract: Brain-machine interfaces (BMI) have been demonstrated as a feasible therapeutic tool 

to facilitate motor recovery in chronic stroke patients with severe paralysis. 

Electroencephalography (EEG)-based BMIs can detect the attempts of movement of the patients 

and link those mental commands with a contingent peripheral feedback. By this means, these 

BMIs aim at promoting activity-dependent plasticity and subsequent motor recovery. However, 

the EEG contains limited information to accurately detect the movement intentions, especially in 

stroke patients, whose brain damage significantly affects the measured brain activity. Some 

stroke patients with complete paralysis can still generate measurable EMG activations during the 

attempt of movement of a paralyzed limb. Therefore, this residual EMG activity can be also 

considered to detect the intentions of movement, combining electrical activity coming from brain 

and muscles as a hybrid BMI. This study evaluates the improvement in performance of a hybrid 

BMI based on EEG and EMG compared to a BMI that relies on EEG only to detect movement 

intentions. Thirty-five chronic stroke patients were recruited, and their EEG and EMG activity 

were recorded while they attempted to open and close their completely paralyzed hand. A 

pseudo-online linear-discriminant analysis classifier was used to differentiate between resting 



activity and movement intention. EEG features consisted of the average power spectra in the 

alpha and beta frequency ranges over the ipsilesional electrodes, while EMG features consisted 

of the waveform length of the electrodes placed over the extensor carpi ulnaris and extensor 

digitorum muscles. The performance of the classifier was measured as the average accuracy 

between resting detection and movement intention detection. The potential significant difference 

between the performance obtained with the hybrid BMI and the EEG-based BMI was evaluated 

with a Wilcoxon signed-rank test. The results show that the hybrid BMI provided an 

improvement in accuracy of almost 10% with respect to the EEG-based BMI (69.5% vs 61.2%), 

being this difference statistically significant (p = 0.0001). These results encourage the integration 

of hybrid BMI strategies for motor rehabilitation of severely paralyzed patients due to stroke. 
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Abstract: Sensorimotor rhythms (SMR) are often used to control a brain-computer interface 

(BCI). However, the degree of SMR modulation varies between participants, such that some 

people are not able to achieve control and hence are termed BCI illiterate. It has been 

hypothesized that BCI literacy is associated with an ability to recruit motor areas. Here we 

investigated the relationship between the detectability of hand movement in fMRI and in EEG 

recordings from the same participants to assess whether illiteracy is specific to participants or to 

the recording technique. The fMRI/EEG sessions followed a crossover design with 6 right-

handed and 5 left-handed healthy participants. In intervals of 20s duration, participants moved 

their left hand, right hand or rested. EEG signals were recorded at 27 locations primarily 

covering motor areas. We classified 2s intervals of ongoing α/β activity (8-15Hz) using a CSP 



filter and a naïve Bayes classifier. Classification of fMRI data was performed in anatomical 

ROIs (AAL template) using principal component analysis and a naïve Bayes classifier. While 

classification accuracy of movement and rest based on EEG data showed an SMR-typical 

heterogeneous distribution (mean = 81.9%; 59.1-98.4% SD = 14.4%), the BOLD signal of single 

scans in the contralateral precentral gyrus was classified with accuracies above 89% (mean = 

93.9%; SD = 2.2%) in all participants. Further ROIs yielding high accuracies were postcentral 

gyrus (93.4%), SMA (90.6%), cingulum (88.9%), paracentral lobule (86.1%), Rolandic 

operculum (88.7%); ipsilateral cerebellum (91.9%) as well as vermis (91.1%). Accuracy could 

not be explained by handedness in either EEG or fMRI classification. Importantly, fMRI and 

EEG classifier accuracy did not correlate significantly (|r|<0.4, p>0.05). However, in contrast to 

previous studies of motor imagery (MI), the EEG decoding accuracy in most ROIs correlated 

negatively with the BOLD signal, with significant correlations in ipsilateral SMA (r=-0.43) and 

cerebellum (r=-0.49), in contralateral SMA (r=-0.44) and cingulum (r=-0.43) as well as in the 

vermis (r=-0.48). Our finding of a higher, more homogeneous classification rate using fMRI 

suggests that the lack of SMR discrimination in EEG-based BCIs is not due to a lower ability of 

individual users to recruit motor areas as postulated based on MI studies. In participants with low 

SMR modulation, high γ activity, which is not detectable with surface EEG but is reflected in 

BOLD recordings, might be more prominent. Our study supports the notion that noninvasive 

SMR-based BCIs are applicable only to a limited group of users, but access to high γ activity 

might extend the user group. 
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Abstract: Electroencephalography (EEG)-based brain-machine interfaces (BMI) have been 

proven as an effective tool for motor rehabilitation of severely paralyzed patients. Brain activity 

is translated into a start/stop feedback under the premise that an accurate feedback promotes 

better motor learning. Being able to decode different movements from brain activity could allow 

creating richer BMI-based therapies (i.e., patients performing different functional movements), 

maximizing the rehabilitative potential. However, this dynamic scenario might negatively affect 

the quality of the brain signals recorded with EEG, as it gets easily contaminated. In this study 

we analyze how involuntary compensatory movements associated with the task (i.e., eye or head 

movements) influence the performance of an EEG-based decoder for several reaching 

movements. Ten healthy subjects were enrolled in a cross-over study in which they performed 

reaching movements towards 4 different directions under two conditions: one in which the 

subjects avoided head and eye movements during the task, and other in which they could 

perform the task freely, following their arm movements with their gaze and/or head. To 

characterize ocular and head movements, electrooculography and acceleration of the head were 

recorded. A linear classifier was trained to decode the 4 different reaching directions using low 

frequency features [0.05-2] Hz. Then, we studied the relation between eye and head movements 

with the performance the classifier for each subject. To do so, a linear regression was fitted to 

predict the classification accuracy based on the EOG and the accelerometer signals. The results 

show that the performance could be accurately predicted only in the condition in which subjects 

were moving the head and eyes freely (p = 0.009, r = 0.77). This finding reveals the effect of eye 

and head movements in the EEG-based decoding and underscores the importance of taking them 

into account when designing or analyzing further studies that rely on low frequency movement 

decoding based on EEG. 
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Abstract: Brain-Computer Interface (BCI) devices create an alternate means of control and 

communication for those with severe motor impairment. Non-invasive BCI methods use EEG 

detected neural activity as control signals of external devices or computers, bypassing manual 

motor control. Mu rhythm, a sensorimotor rhythm that is synchronized or desynchronized in 

response to imagined movement or rest, can be controlled by the participant through biofeedback 

training. Due to the wide range of imagined motor activities that can be detected across the 

sensorimotor cortex, mu rhythm (8-13 Hz) has been particularly useful for a variety of diverse 

BCI applications. While BCIs continue to develop, most of this research has focused on creating 

technologically sound systems with improved signal acquisition features, with little work 

investigating how to improve participant control of the neural signals. In addition, it is important 

that the participant be able to control mu, as opposed to producing a strong signal for a minimal 

period of time, in order to maximize the usefulness of the mu-based BCI device. Recently we 

demonstrated that improved training procedures, focusing on participant instructions and 

motivation, improved accuracy and reliability of BCI control using imagined hand motion, and 

imagine relaxation. Using these improved methods we found that a single training session is just 

as effective as multiple training sessions carried out over three consecutive days. By examining 

different types of individualized instruction and continuous neural control in a gaming 

environment, we found that 91% of participants learned successful control of the device when 

provided with individualized instructions as opposed to 50% of control participants. Using these 

methods we aimed to increase the degrees of freedom associated with cursor control with 

additional imagined motor activities. The results of this study enhance our understanding of 

limits of increased cognitive load on BCI performance as we aim to improve participant success, 

accuracy and flexibility of the BCI device. 
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Abstract: An important goal of clinical neuroscience is to move towards personalized therapies 

that can target specific neural circuit dysfunctions that lead to neuropsychiatric disorders. To 

accomplish this goal, it is necessary to understand brain function across multiple scales, from 

single neurons to large-scale brain networks, and their interaction with the environment, hence, 

requiring neurophysiological investigations across animals (single-cell and local-field-potential 

recordings) and humans (whole-brain recordings). Furthermore, to translate this knowledge into 

therapies, we need closed-loop real-time systems that can extract contextually-relevant 

neurophysiological markers from noisy data and use these as feedback and control signals to 

intervene specific brain circuits, ultimately leading to the improved performance of these circuits 

and emergent cognitive behaviors. To address these needs we have developed SimBCI, an open-

source graphical environment for the rapid prototyping of animal and human brain-computer 

interfaces (BCIs). SimBCI is designed as a library on top of the graphical programming 

environment of Simulink (MATLAB), with three goals in mind. 1) To provide a flexible 

cognitive platform for developing human and animal experiments by using Simulink's Stateflow 

programming. 2) To allow for flexible data acquisition by including multiplatform drivers for 

standard instrument communication protocols (including the Lab Streaming Layer). 3) To allow 

for real-time analysis and control of neural circuit dynamics by leveraging Simulink's DSP and 

Control toolboxes in addition to a customized neuroimaging module. With this library, we hope 

to ease the development of individualized BCI-based therapies while contributing a tool for 

deepening our understanding of the neurobiological and environmental basis of neuropsychiatric 

disorders. 
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Abstract: Recent brain decoding studies have utilized semantic space as a medium for modeling 

and decoding brain activity. A prior study has shown that a semantic space, derived from a 

natural language processing model word2vec, could be used to build a brain decoder that could 

infer perceptual contents in words (Nishida and Nishimoto, 2017). This study explores the 

potential use of the semantic modeling approach to realize practical brain–machine interface 

(BMI) by applying it with electrocorticography (ECoG), which has a higher temporal sampling 

rate than the functional magnetic resonance imaging used in the prior study. 

Three patients under clinical monitoring for epileptic seizures participated in this study. During 

ECoG recording, the patients were shown a 60-min training video and a 10-min evaluation 

video, both composed of short films or animation clips, with no overlapping scenes between the 

two videos. Movie scenes were extracted as still images once per second from the videos, and 

annotated manually using a natural language. Based on vector representations learned by 

word2vec using a Wikipedia dump, scene vectors were constructed by averaging 1,000-

dimensional vector representations of the words in the annotation to each scene. The scene 

vectors were then decoded using ridge regression, and powers of the ECoG signals in four 

frequency bands (α, β, low-γ, high-γ). Nested cross-validation was applied during decoding to 

optimize the penalty term. A word score was calculated based on the correlation between the 

vector representation of the word and the scene vector for the 10,000 most frequent words in the 

Wikipedia dump. The significance of the decoding was tested by comparing the Pearson’s 

correlation coefficients between predicted and true scene vectors to those expected by chance as 

well as by comparing word-wise correlation coefficients between predicted and true word scores 

for each movie scene to those expected by chance. 

For both the training and evaluation video, correlation coefficients between the predicted and 

true scene vectors were significantly higher compared to those expected by chance for all 

patients (unpaired two-tailed Student’s t-test, P < 0.001). Word-wise correlation coefficients 

were also significant for both videos for all patients (P < 0.001). 

This study demonstrated that the vector representation of movie scenes could be decoded from 

the ECoG signals in the semantic space of the word2vec model. The decoder could also infer 

scenes that were new to both the patients and the decoder. The combination of the semantic 

space and ECoG could be a promising approach to realizing practical BMI. 
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Abstract: Visual attention facilitates processing visual input by rapidly focusing on perceptually 

salient information and at the same time ruling out irrelevant information. We developed a Brain 

Computer Interface (BCI) platform to decode brainwave patterns during sustained attention and 

collected scalp electroencephalography (EEG) signals from the whole brain in real time using a 

wireless headset. Concurrently, we collected behavioral data. Our experimental materials 

included a series of composite images which were made by combining a scene (i.e., indoor vs 

outdoor) image and a face (i.e., female vs male) image. Luminance values of all images were 

initially equated in terms of mean and standard deviation. There were four blocks, each 

comprising of 50 composite images. Two blocks began with priming faces and the other two 

blocks began with priming scenes. During the experiment, each participant was asked to press 

buttons on keyboard to distinguish between indoor and outdoor scene subcategories in blocks 

primed with scenes and discriminate between male and female face subcategories in blocks 

primed with faces. We developed an individualized model using machine learning techniques to 

decode visual attention based on EEG signals. Our model demonstrates an instantaneous visual 

attention towards face and scene categories. So far, six adult participants have partaken in the 

study. Having extracted EEG spectral and temporal features, we filtered out the most significant 

features using iterative step-wise feature reduction algorithm. The results show that the average 

decoding accuracy of our model is highly correlated with the behavioral data. The average 

behavioral response was about 85%. The average categorization between scene and face sets was 

77%. Further, the EEG data accuracy is comparable to previous findings using functional 

magnetic resonance imaging (fMRI) [1]. Findings of the present study may have clinical 

implications in diagnosing attention deficit in early stages of dementia or Mild Cognitive 

Impairment (MCI) in elderly people [2] as well as Attention Deficit Hyperactivity Disorder 

(ADHD). Further, the platform may have potential applications in assessing visual attention and 

closed-loop brainwave regulation in future. 
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Abstract: A large body of research has provided evidence that various visual categorization 

areas exist on the ventral temporal cortex (VTC). Examples include cortex regions specialized 

for visual word, number, object or face processing, which can be identified by 

electrophysiological markers like broadband gamma activity in the Electrocorticogram (ECoG). 

Especially a cortex region on the fusiform gyrus, the so-called fusiform face area (FFA), is well 

known and has been shown to be specific and causally involved in face processing. However, 

most electrophysiological studies are based on visual presentation through a monitor and thus 

cannot be generalized to real-world scenarios. Here, previous findings about face and kanji 

selective regions are extended by a real-world experiment that aimed in online detection of face 

and kanji perception by two patients (S1 and S2) with implanted intracranial electrodes who 

underwent neuro monitoring prior to epilepsy surgery. The brain-computer interface (BCI) was 

calibrated with presented computer stimuli and then tested with printed kanji characters and 

images of faces, real faces from surrounding persons and a mirror. Asynchronous online 

detection of spontaneous face and kanji recognition was possible with an accuracy of 79.9% and 

28.4%, and showed a mean latency of 447 ms with respect to the stimulus. This is smaller than 

the achieved accuracy of 89.8% for faces and 73.5% for kanji when the BCI was tested with the 

calibrated computer stimuli, but still highly significant (p<0.0005) after a bootstrapping test. 

Notably, both subjects reached a high decoding performance for real-world face detection (S1: 



72.4%; S2: 87.4%), whereas only one subject could keep the performance for the printed kanji 

(S1: 52.9%; S2: 3.9%). Hence, the VTC cortex elicits similar responses to both faces presented 

on a monitor and real-world faces, leading to a new brain-computer interface that can track a 

person’s attention in an uncontrolled environment. 
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Abstract: A wide range of assistive technologies are currently available to blind people, ranging 

in complexity from canes to brain implants that electrically stimulate the retina. However, there 

are few practical technologies that assist blind people with object localization tasks. The long-

term goal of our project is to develop a hybrid visual prosthesis that restores a visual sense 

through brain stimulation, while also using auditory cues to enable precise object recognition and 

localization. The device takes advantage of recent developments in computer vision and machine 

learning to identify behaviorally relevant features in the user’s environment, particularly the 

locations of obstacles or user-specified objects of interest. Once these locations are known, 

auditory or visual cues may be issued to enable localization, reaching, and grasping of a target 

object. Here we present the results of virtual reality psychophysical experiments conducted with 

sighted but blindfolded participants, who were asked to localize and reach for a target object 

using either auditory cues or visual cues that simulate input from an implanted retinal prosthesis 

(the Alpha IMS). The goals of the study were to compare object localization and reaching 

performance between auditory and visual cueing systems, and to compare performance when 

auditory or visual localization cues were delivered in coordinates relative to the head or reaching 

hand. We find that localization and reaching are faster, but not more precise, with auditory cues 

than with a currently available visual prosthesis. This is primarily due to the small visual field 

(10 x 10 degrees) of the simulated retinal implant. Our results also show that reaching 



movements are more precise (roughly by a factor of two) when they are based on hand-relative 

cues than head-relative cues, for both auditory and visual cue modalities. We conclude that 

auditory cueing is a viable strategy for assisting blind people with precise object localization and 

grasping, one that can be exploited in a hybrid auditory-visual prosthesis or a device that uses 

auditory cues alone. 
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Abstract: How easy is it to adapt to the sensory experience of artificial vision? Here, as part of 

designing a thalamic visual prosthesis, we performed a longitudinal experiment with a simulation 

of artificial sight to investigate the effects of daily training on a simple reading task. Spanning 40 

sessions, six normally sighted individuals were seated in front of a virtual-reality apparatus that 

included fully gaze-contingent phosphene pattern presentation, and asked to perform an 

MNREAD-based reading task where they read simple, three-line sentences out loud under 

various viewing conditions. Subjects were graduate students in Cognitive Science from the 

University of Athens, in Athens, Greece, with visual acuity in excess of that required for the 

research, and excellent reading ability in English. Task performance was assessed on reading 

accuracy (percentage of words read correctly) and reading speed (number of correctly read 

words per minute) as the number of phosphenes in the simulation (500, 1000, 2000, clear view) 

and the size of the fonts (logMAR 1.0, 1.1, ..., 1.4) were varied in a balanced, interleaved 

sequence. Subjects read 40 sentences per daily session, two from each viewing condition / font 

size combination. Performance in the first session was consistent with earlier reports (Vurro, et 

al., 2014); the population mean of reading accuracy decreased with decreasing font size, or 

decreasing phosphene counts. Performance increased in all conditions over time. By 40 sessions, 

accuracy had saturated at 100% in many cases, although speed was continuing to improve. 



Reading speed at the end of training for both of the two hardest phosphene conditions (500, 

1000) was as good or better than for the next-easiest condition at the start of training, equivalent 

to a doubling of the number of phosphenes. Learning rates scaled with ease of task, consistent 

with similar work in non-human primates (Killian, et al., 2016). Effective acuity increased by 

about logMAR 0.3 for each pattern, also equivalent to a doubling of phosphene count, as fitted 

sigmoidal curves fitted to population accuracy shifted to smaller font sizes over time. In the most 

evocative representation of this shift, the hardest, 500-phosphene pattern which was impossible 

to use with the smallest font size initially, provided functional reading under the same condition 

after training. Given the substantial advantages conferred by training in this task, we conclude 

that post-implantation rehabilitation of visual prosthesis recipients will be of critical importance 

to optimize device utility. 
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Abstract: Despite being considered automatic, perceiving the visual world is a highly complex 

process that depends on intact visual and oculomotor function. Visual scanning is necessary to 

efficiently integrate individual glances into more coherent perceptions (Chen, Hallum, Suaning, 

Lovell, 2007). To date, however, most prosthetic devices do not deliver stimulation based on full 

gaze position (head direction plus eye position within the head), but instead use a head-steered 

interface. They, therefore, provide suboptimal visual information to the user and require 

substantial training to hold the eyes fixed forward while scanning with the head (Gilchrist, 

Brown, Findlay, 1997). Here, we employed a virtual reality simulation of prosthetic vision to 

investigate the effects of fully gaze-contingent versus head-only steering of the scene camera. 

Twenty-three naïve subjects from the University of Athens, the Panteion University, and the 

general population participated in the study. All participants had normal visual acuity and good 

reading ability in English. Participants were seated in front of a virtual-reality apparatus that 



included head-free gaze tracking (SR Research EyeLink 1000+ in Remote Mode), and head 

tracking (TrackHat Opentrack software with TrackIR LED clip). Subjects completed a one-

session MNREAD-based reading task that allowed us to compare reading with 2000 phosphenes 

simulating either a head-steered scene camera, or a fully gaze-contingent (i.e., eye-position 

sensitive) camera. Participants read out loud simple, three-line sentences of varying font sizes 

(logMAR 0.9, 1.0, 1.1, 1.2, 1.3, 1.4) under three viewing conditions (i.e., head-steered, fully 

gaze-contingent, and unadulterated text as a control) and assessments were made through reading 

accuracy (percentage of words read correctly) and reading speed (number of correctly read 

words per minute, WPM). Our results showed that gaze-contingent performance was as expected 

from earlier work (Rassia, Pezaris, 2018; Vurro, et al., 2013) for both accuracy and speed, with 

the population average peaking at 100% accuracy at 60 WPM with logMAR 1.4 text, and tailing 

off with smaller font sizes. Head-steered performance was substantially lower, peaking at 10% at 

2.4 WPM with logMAR 1.4, and tailing off. Subjects informally reported the head-steered 

condition to be quite difficult. Overall, these findings have strong implications for future visual 

prosthesis designs that wish to maximize performance in tasks of daily living. We conclude that 

full gaze-contingency is an essential requirement for visual prostheses. 
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Abstract: Objective: To analyze the threshold of new device. 

Methods: The patient was a 44-year-old man with autosomal-recessive RP and bare light 

perception. The patient had no other ocular diseases or systemic disorders that could have caused 

the visual loss. After a standard three-port pars plana vitrectomy, the electrode device with wires 

was inserted into the vitreous cavity through the silicon trocar. Then, the electrode tips were 

inserted into the optic disc. The biphasic, cathodic-phase-first, electrical pulse trains with a 1-s 

total duration were applied between one of the stimulation electrodes and the reference electrode 

from next day to two years after implantation. The duration of the stimulus pulses was 0.25 



ms/phase, and the frequency was 320 Hz. The patient was questioned about perception of the 

phosphenes and the thresholds of each electrodes were measured.  

Results:The patient identified electrically induced phosphenes through five or six of the seven 

stimulating electrodes in long term. The phosphenes was distributed focally in the visual field. 

The average central position of the phosphenes differed for each electrode.The thresholds of the 

phosphenes (next day, 9 months and 25 months after implantation) were 165±166µA, 175±69µA 

and 240±89µA respectively (NS). 

Conclusion:The threshold of new device is stable and AV-DONE could provide the blind 

patients with the phosphenes in long term. 
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Abstract: Electrical stimulation of early visual cortex (V1-V3) produces perception of small 

flashes of light known as phosphenes. Early research with visual cortical prosthetic (VCP) 

devices found that stimulation of single electrodes produced phosphenes at roughly the expected 

location in the visual field based on the location of the electrode in visual cortex. In addition, 

there were reports that subjects could identify simple patterns of phosphenes when electrodes 

were stimulated concurrently. Recent research in sighted patients has now provided quantitative 

data regarding the size and location of phosphenes that are produced by stimulation of single 

sites in V1. However, we still lack data systematically examining the percepts generated when 

multiple electrodes are stimulated concurrently, and how these percepts are influenced by 

stimulation intensity and inter-electrode distance. We examined the percepts generated by 

simultaneous stimulation of 2-6 electrodes. Subjects were sighted epilepsy patients (n = 8) who 

had undergone surgery for subdural grid and strip placement. Electrical stimulation was 

delivered while subjects fixated on a small cross on a touchscreen. Subjects gave a verbal report 

of the number of phosphenes they perceived, and in some cases drew the pattern of perceived 



phosphenes on the touchscreen. The receptive field (RF) of each electrode was determined using 

flashing checkerboard stimuli. We stimulated 233 pairs, 69 triplets, and 12 groups of four or 

more electrodes. We found that the median cortical separation distance between pairs of sites 

that produced 2 phosphenes was much larger (24.4 mm) than the median separation between 

sites that produced 1 phosphene (7.2 mm). In addition, pairs of sites that produced 1 phosphene 

had RF centers that were shifted by smaller amounts (0.34 RF widths) than those that produced 2 

phosphenes (1.16 RF widths). Similar analyses were conducted for triplets. We found that the 

median pairwise separation for electrodes within the triplets was 37.2 mm when the subjects saw 

3 phosphenes, 23.5 mm when they saw 2 phosphenes, and 11.3 mm when they saw only 1 

phosphene. In addition, we found that subjects could effectively discriminate between different 

patterns of electrical stimulation in 2AFC (n = 12 runs; 85.7% correct) and 3 AFC (n = 2 runs; 

51.1% correct) tasks. Cortical activation patterns can be estimated based on the location of the 

electrode in the map of visual space and the stimulation current delivered. Our results suggest 

that when two cortical activation patterns overlap, the subject sees one phosphene; and when the 

cortical activation patterns are well separated, the subject sees two phosphenes. 
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Abstract: Electrical stimulation of early visual cortex produces percepts of spots of lights, 

known as phosphenes. In visual cortical prosthetics (VCPs) the visual scene is captured by a 

wearable camera and transformed into a pattern of phosphenes, bypassing damaged eyes and 

optic nerves. A key assumption underlying all VCPs is that patients will integrate the pattern of 

phosphenes into a useable image, like pixels in a display. We tested this assumption and found it 

to be false: multiple phosphenes are not easily combined into a percept of a coherent form. To 

overcome this obstacle, we developed a novel stimulation paradigm, termed dynamic current 



steering. Dynamic refers to rapidly sweeping electrical stimulation across the cortex in a pattern 

that corresponds to the desired visual object. An analogy with the somatosensory system is 

helpful: to convey a specific letter, such as "Z", through touch, one could either press a "Z" shape 

consisting of multiple individual points into the hand (the conventional approach) or one could 

trace a "Z" across the hand using a single point (the dynamic approach). Current steering refers 

to concurrently stimulating nearby electrodes to produce activation at a location in between the 

electrodes. This is helpful because existing electrode arrays are not dense enough for dynamic 

stimulation to stimulate every desired location in cortex: current steering allows us to create 

virtual electrodes that approximate a continuous trajectory. 

We tested dynamic current steering in 4 sighted epilepsy patients and one blind patient with 

electrodes implanted over visual cortex. When subjects received a conventional stimulation 

paradigm consisting of simultaneous stimulation of multiple electrodes, they never reported 

perceiving a coherent shape. Instead, they perceived multiple isolated phosphenes. In contrast, 

subjects always reported dynamic coherent steering stimulation as producing a coherent shape. 

Guided by the retinotopic organization of visual cortex, we constructed distinct electrical 

stimulation patterns. Subjects were able to discriminate different patterns at far above change 

level (93% for the blind patient discriminating between 5 patterns). Many of the patterns were 

similar to letters, and with no training subjects were able to name the letter most similar to each 

pattern. Dynamic current requires delivering less current to the visual cortex than conventional 

stimulation paradigms and results in a superior perceptual experience. Dynamic current steering 

dramatically enhances the ability of VCPs to produce useful percepts of visual forms and can be 

readily integrated into VCPs already under development. 
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Abstract: Electrical stimulation of primary visual cortex has been shown to elicit visual 

sensations; proper adaptation of this may be used to create a functional visual prosthesis. For 

sensory prostheses to remain viable, they must interface at a biologically relevant level and 

supply sufficient current to evoke perception without degrading the tissue. Epicortical micro-

electrodes, which do not violate the blood brain barrier and operate at a behaviorally relevant 

cortical column scale, may provide such a platform. This study evaluates the longitudinal 

performance of epicortical microstimulation (ECMS) in evoking visual sensations. 

ECMS was evaluated in a nonhuman primate model. Two epicortical arrays (I1 and I2) with 

200µm diameter electrodes were consecutively implanted in V1 of an adult male rhesus 

macaque. Each array was placed in the sagittal fissure facing the right hemisphere, with the 

caudal-most point placed proximal to the occipital pole. The subject was trained to respond to 

small flashes of visible light on a CRT monitor by lifting the left hand to indicate perception and 

the right hand to indicate no perception. Electrical stimulation was applied to individual 

electrodes to determine if the subjects perceived phosphenes. Simultaneous stimulation on 

neighboring electrodes was used to determine minimum perceptible difference for electrically 

evoked percepts via a task where the subject trained to respond to single pulses of light by lifting 

his left hand and multiple, spatially separated stimuli by lifting his right hand. Tissue damage 

was assessed by monitoring functional changes in the subject’s perception of photic stimuli in 

the visual field area corresponding to the location of the implant. 

ECMS on 200µm electrodes consistently evoked behavioral responses indicating perception of 

visual stimuli. The average 80% threshold across the array was 441µA for I1 and 325µA for I2. 

Spatial patterns in thresholds were observed at initial collection, with values tending to increase 

towards the periphery of the visual field. This was observed for both I1 and I2, but dissipated 

over months of data collection. Thresholds collected on one electrode for I2 showed consistent 

values over a 10-month period, with an average of 302±20µA. NHP1 identified concurrent 

stimulation on electrodes with 2mm center-center spacing as separate percepts in 90% of trials 

conducted. Photic perception was not observed to be impaired by consecutive implants or 

stimulation, indicating no significant deficit from explanation, re-implantation, or stimulation-

induced neurotoxicity. The data support epicortical microelectrode interfaces as a viable platform 

for a visual prosthesis. 
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Abstract: Relapse and residual symptoms of stress-related mood and anxiety disorders remain 

problematic, and a poor understanding of the neurobiology underlying these illnesses has limited 

new treatments. Imaging studies show reduced activity in the mPFC in both depression and 

PTSD are associated with deficits in executive functions, including impaired cognitive 

flexibility, that not only represent symptoms of these illnesses, but also contribute to their 

development and maintenance. Such changes presumably involve aberrant forms of neural 

plasticity in the mPFC. Similarly, chronic stress compromises cognitive flexibility, and is likely 

to disrupt the plasticity that underlies this executive process, which is measured using the 

attentional set-shifting test. Further, CUS attenuates the response of the mPFC to stimulation of 

the mediodorsal thalamus (MDT), an excitatory afferent. Thus, we are using optogenetics to 

investigate if directly inducing long-term depression (LTD) in the mPFC is sufficient to mimic 

CUS-induced set-shifting deficits, and if directly inducing long-term potentiation (LTP) in the 

mPFC restores cognitive flexibility after CUS. Glutamatergic neurons in the MDT were 

selectively transfected with the ChETA variant of channelrhodopsin and allowed 6 weeks for 

expression and trafficking to terminals innervating the mPFC. First, rats were anesthetized and 

baseline field potentials evoked by MDT stimulation were recorded in the mPFC for 15 min. 

Then, optical LTD (900 light pulses, 1 ms at 1 Hz for 15 min) or LTP (10 x 1 s trains of pulses, 1 

ms at 250 Hz, over 100 s) were induced by stimulating mPFC terminals with 472nm light and 

field recordings continued for an additional three hours. The LTD protocol induced a depressed 

mPFC response to MDT stimulation to 75% of baseline (n=4; p<0.0001), while the LTP protocol 

increased the response to 125% of baseline (n=4; p <0.002). We then used these protocols to test 

the effect of LTD/LTP on set-shifting in awake rats. ChETA-injected rats that received the LTD 

protocol 1 hr prior to set-shifting required significantly more trials than either control group 

(n=10-14/group; one-way ANOVA, p<0.01). Thus, LTD in the mPFC produced a deficit similar 

to that observed after CUS. To test if directly inducing LTP in the mPFC is sufficient to restore 



cognitive flexibility after CUS, a separate cohort underwent CUS treatment prior to cognitive 

testing. CUS animals receiving LTP 30 min prior to set-shifting took significantly fewer trials 

than non-potentiated CUS rats (n=7-13/group, one way-ANOVA p<0.001). These data suggest 

that set-shifting is regulated by plasticity within the mPFC, specifically in response to the MDT 

afferent. 
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Abstract: The posterior paraventricular thalamic nucleus (pPVT) comprises a critical component 

of the stress response, controlling HPA axis adaptation to chronic stress and coordinating 

corticolimbic responses. Striking sex differences in HPA axis response to stress have been 

shown, with females displaying greater stress responsivity. However, there is currently little 

information on sex differences in pPVT neural activity or whether pPVT neural activity changes 

over development. This study is, to our knowledge, the first to address these questions using 

whole-cell patch clamp recordings. Adolescent male Sprague-Dawley rats (PD 38-45) were 

exposed to a single 30-minute restraint stress, 5 days of daily 30-minute restraint stress, or 

control conditions. Adolescent female stress studies are ongoing, with controls completed. 

Twenty-four hours after the final restraint, 300µm-thick slices containing pPVT were obtained 

and pPVT neurons were recorded. Four distinct firing patterns were found in both males and 

females as previously shown: reluctant (non-firing), bursting, single-spiking, and sustained firing 

neurons. Stress in males altered the percentages of each firing pattern, reducing overall activity, 

and female controls had significantly more sustained-firing cells than males, indicating enhanced 

pPVT activity. Stress in males increased the input resistance, due to changes in single-spiking 

cells, and a single stress lengthened the half-width of action potentials, due to sustained-firing 

cells. Female controls had significantly larger afterhyperpolarization amplitudes than males for 

all cell firing patterns. Restraint stress, either acute or repeated, altered synaptic transmission by 



increasing the amplitude of spontaneous postsynaptic currents (sEPSCs) in males. For acutely 

stressed rats, this change was driven by single-spiking cells, but for repeatedly stressed rats, it 

was driven by sustained firing cells. Interestingly, female controls had higher sEPSC amplitude 

than male controls, equivalent to stressed males, and this was driven by single-spiking cells. This 

study reveals that acute and repeated restraint stress alters pPVT neuronal function by affecting 

distinct populations of pPVT neurons in adolescent male rats. Females display a more excitable 

pPVT at baseline, which may underlie heightened HPA axis responsiveness to stress and greater 

stress susceptibility. Ongoing studies are examining pPVT neural activity in stressed adolescent 

females and in adult males and females. 
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Abstract: Calculating the trade-off between potential rewards and effort expenditure is 

important to maximize individual benefits. Indeed, motivation to exert more effort is typically 

coupled with a higher potential incentive. An interesting question is how the valuation of reward 

and effort is influenced by acute stress. The experience of stress can impact reward sensitivity 

(for review see; Porcelli & Delgado, 2017; Ironside et al., 2018), although it is unclear whether 

and how stress can modulate the interaction between reward and effort during decision-making 

processes. One prediction is that stress could serve to increase focus on the required efforts 

necessary to achieve a reward. Alternatively, the experience of stress may promote a diminished 

sensitivity to effort, resulting in a more reward-driven value calculation. Here, we evaluate the 

relationship between acute stress experience and reward-effort balance during decision making. 

Acute stress was induced using the socially evaluated cold-pressure test (SECPT: Schwabe et al., 

2008) and measured with pupillometry and cortisol changes. Preliminary data included 



participants (n = 50) randomly assigned to stress (n = 27) and non-stress control conditions (Ctl: 

n = 23). Within the stress condition, responders (Res: n = 14) and non-responders (NoR: n = 13) 

were classified using a baseline to peak cortisol increase criteria of 15.5% (Miller et al., 2013). 

All participants performed a task where they had to accept or reject an offer (e.g. 700 keyboard 

button presses to earn $1.25) within 6 seconds. Each offer varied with respect to two dimensions: 

reward ($0.20 ~ $2.00) and effort (100 ~ 1000 button presses). Individual reward and effort 

sensitivities were estimated from 100 binary choices by logistic multiple regression, and mean 

beta weights were compared among three groups. Stress responders had significantly lower 

effort sensitivity compared to controls (Ctl vs. Res: t = 2.99, pFWE = 0.02), and non-responders 

(Res vs. NoR: t = -2.63, pFWE = 0.04), However, reward sensitivity did not vary between groups 

(Ctl vs. Res: t = 0.67, pFWE = 1.00, Ctl vs. NoR: t = 0.39, pFWE = 1.00, Res vs. NoR: t = -0.29, 

pFWE = 1.00), that is, stress responders made their decision on the basis of reward size 

irrespective of physical effort. Further analyses will be conducted aimed at investigating the 

relationship between individual physiological stress response (pupil or cortisol response) and 

sensitivity to offers (reward-effort balance). 

Disclosures: N. Watanabe: None. J.B. Dennison: None. M.R. Delgado: None. 

Poster 

227. Stress and Cognition 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 227.04/LL14 

Topic: F.04. Stress and the Brain 

Support: NS28912 

 MH73136 

Title: Estrus protects females from impaired learning following multiple acute stresses 

Authors: *A. K. SHORT1, E. T. ADAMS1, Y. CHEN1, Y. YU1, A. PHAM1, J. MOLET2,1, T. Z. 

BARAM1 
1Univ. of California Irvine, Irvine, CA; 2CLINATEC, CEA MINATEC CAMPUS, Grenoble, 

France 

Abstract: Rationale: Multiple, concurrent acute stresses involving emotional, physical and social 

components enduringly impair spatial memory in male mice, which is associated with functional 

loss of synaptic potentiation and structural disruption of synapse-bearing dendritic spines in the 

hippocampus. Males and females behave differently in response to emotional and social 

stressors, and sex differences in spatial memory have long been observed in humans and animals. 

However, little is known about the underlying synaptic and molecular mechanisms responsible 

for these differences. Here, we subjected female mice to simultaneous multiple acute stresses 



lasting 2 h (MAS) and investigated the effects of estrous cycle and MAS on memory function 

and their underlying molecular basis. Methods: Female C57bl6 mice at 2 months of age were 

subjected to MAS in either estrus or di-/pro-estrus and trained in a hippocampus-dependent 

object location memory (OLM) task 2 h following stress. Control, non-stressed animals in estrus 

or di-/pro-estrus were trained at the same time. Brain slices from stressed mice and non-stressed 

controls in different stages of the estrous cycle were used to test the different effects of MAS on 

the dendritic spines. Results: As was previously observed in males, females exposed to MAS in 

di- or pro-estrus had a significant reduction in spatial memory when tested on OLM. However, 

when females in estrus were stressed there were no differences in spatial learning when 

compared to control animals. Studies are underway to determine the underlying molecular 

mechanisms behind this phenomenon. 
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Abstract: In adulthood, chronic exposure to stressful experiences disrupts synaptic plasticity and 

cognitive function. Previous studies have shown that perirhinal cortex-dependent object 

recognition memory is impaired by chronic stress. However, the chronic social defeat stress 

effects on molecular expression and structural plasticity in the perirhinal cortex remain unclear. 

In this study, we applied the chronic social defeat stress paradigm and measured the mRNA 

levels of nectin-1, nectin-3 and neurexin-1, three synaptic cell adhesion molecules implicated in 

the adverse stress effects, in the perirhinal cortex of wild-type and conditional forebrain 

corticotropin-releasing hormone receptor 1 knockout (CRHR1-CKO) mice. Chronic stress 

reduced perirhinal nectin-1 mRNA levels in wild-type but not CRHR1-CKO mice. In conditional 

forebrain corticotropin-releasing hormone overexpression (CRH-COE) mice, perirhinal nectin-1 



mRNA levels were also reduced, indicating that chronic stress modulates nectin-1 expression 

through the CRH-CRHR1 system. Moreover, chronic stress altered dendritic spine morphology 

in the main apical dendrites and reduced spine density in the oblique apical dendrites of 

perirhinal layer V pyramidal neurons. Our data suggest that chronic stress disrupts cell adhesion 

and dendritic spine plasticity in perirhinal neurons, which may contribute to stress-induced 

impairments of perirhinal cortex-dependent memory. 
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Abstract: Space and isolation missions are stressful and negatively impact quality of sleep, 

mood and cognitive performance of crewmembers. Also important neurotropic factors, BDNF 

and IGF-1, are reduced with stress. The underlying neurophysiological mechanisms are unclear 

and efficient countermeasures missing. We aimed to investigate the effect isolation (30 days) on 

sleep, mood, cognition, neutrotrophic factors and brain cortical activity, to explore possible 

underlying neurophysiological mechanisms. 

16 participants (aged: 37±7y) were isolated in 4 missions. During each mission 4 participants 

were isolated in the Human Exploration Research Analogue at NASA for 30 days. 17 non-

isolated participants (control group, aged: 32±9y) were tested simultaneously. Both groups 

performed daily physical exercise throughout the interventions. Sleep was assessed with 

actigraphy (Respironics, Amsterdam). On mission days -5, 7, 28 and +5 sleep and awakening 

quality questionnaires (SSA), Positive Affect and Negative Affect Scale (PANAS-X), cognitive 

tasks and a five-minutes resting EEG (Brain Products, Munich) with closed eyes were 

completed. Intravenous morning cortisol, melatonin, BDNF and IGF-1 was compared between 

groups. Effects of the groups (isolation vs. non-isolation) and time were determined using 



repeated measures ANOVA. 

Cortisol was significantly increased during isolation in comparison to non-isolated group 

(p<0.01). Melatonin (p=0.37), BDNF (p=0.92) and IGF-1 (p=0.09) was similar between the 

groups and remained unchanged over time. No group effects for actigraphy total light exposure 

during sleep (p=0.61), sleep efficiency (p=0.54) and subjective sleep quality (SSA, p=0.10) were 

shown. Mood was similar between the groups (positive affect (p=0.38), negative affect (p=0.20)) 

and cognitive performance tests unaffected by the isolation (group effects: visuo-perceptual 

speed, p=0.22; arithmetical ability, p=0.75; special working memory, p=0.29). Frontal cortical 

current density was similar between the groups (p=0.40) and remained unchanged throughout the 

interventions (interaction, p=0.72). 

Sleep, mood and cognition were not impaired by 30 days of isolation, although increased levels 

of cortisol suggest high level of stress. Maintained sleep quality during isolation might have 

positively affected the CNS, as brain cortical activation and neurotropic factors remained 

unaffected by the isolation. An ongoing HERA campaign, might allow further analyses and 

insights into possible underlying neurophysiological mechanisms as well as the effect of physical 

activity as participants exercise less during isolation. 
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Abstract: Exposure to severely stressful experiences disrupts the activity of neuronal circuits 

and impairs declarative memory. GABAergic interneurons coordinate neuronal network activity, 

but their involvement in stress-evoked memory loss remains unclear. Here, we provide evidence 

that interneurons in area CA1 of the dorsal hippocampus partially modulate acute stress-induced 

memory deficits. In adult male mice, both acute forced swim stress and restraint stress impaired 



hippocampus-dependent spatial memory and increased the density of c-fos-positive interneurons 

in the dorsal CA1. Selective activation of dorsal CA1 interneurons by chemogenetics disrupted 

memory retrieval in the spatial object recognition task. In comparison, anxiety-related behavior, 

spatial working memory and novel object recognition memory remained intact when dorsal CA1 

interneurons were overactivated. Moreover, chemogenetic activation of dorsal CA1 interneurons 

suppressed the activity of adjacent pyramidal neurons, whereas a single exposure to forced swim 

stress but not restraint stress increased the activity of CA1 pyramidal neurons. However, 

chemogenetic inhibition of dorsal CA1 interneurons led to spatial memory impairments and 

failed to attenuate acute stress-induced memory loss. These findings suggest that acute stress 

may overactivate interneurons in the dorsal CA1, which reduces the activity of pyramidal 

neurons and in turn disrupts long-term memory. 
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Abstract: Glucocorticoid (GC) secretion from the adrenal cortex is increased after exposure to 

stress and induces cognitive decline. GC readily passes through the blood-brain barriers and 

binds two types of corticosteroid receptors, i.e., the mineralocorticoid (MC) and GC receptors. 

Both MC and GC receptors are highly expressed in CA1 pyramidal cells of the hippocampus. 

Cell membrane-bound MC and GC receptors are linked with rapid non-genomic response and 

GC readily modifies glutamatergic Schaffer collateral-CA1 pyramidal cell synapse activity via 

these receptors. Because Zn2+ is released from the Schaffer collateral, it is estimated that Zn2+ is 

involved in stress-induced cognitive decline via cell membrane MC and GC receptor activation. 

Here we tested whether long-term potentiation (LTP) at Schaffer collateral-CA1 pyramidal cell 

synapse is affected by intracellular Zn2+ dysregulation via cell membrane MC and GC receptor 

activation, in comparison with intracellular Ca2+ dysregulation. In anesthetized rats, extracellular 

Zn2+ level was increased under local perfusion of the CA1 with 500 ng/ml corticosterone. In vivo 

LTP was attenuated by the pre-perfusion of corticosterone prior to tetanic stimulation and the 

attenuation was canceled by co-perfusion with CaEDTA, an extracellular Zn2+ chelator, 



suggesting that corticosterone-induced increase in extracellular Zn2+ is involved in the 

subsequent attenuation of LTP. In rat brain slices, corticosterone-induced increases in 

intracellular Zn2+ and intracellular Ca2+, in addition to extracellular Zn2+, were blocked in the 

presence of spironolactone, a MC receptor antagonist that canceled corticosterone-induced 

attenuation of LTP. Mifepristone, a GC receptor antagonist, which also canceled corticosterone-

induced attenuation of LTP, blocked corticosterone-induced increase in intracellular Zn2+, but 

not those in extracellular Zn2+ and intracellular Ca2+, suggesting that intracellular Zn2+ 

dysregulation in CA1 pyramidal cells is crucial for affecting CA1 LTP. Moreover, 

corticosterone-induced decrease in phosphorylated CaMKII was restored in the presence of 

CaEDTA. The present study indicates that glucocorticoid rapidly increases intracellular Zn2+ via 

membrane MC and GC receptor activation and decreases phosphorylated CaMKII level, 

resulting in attenuating LTP. Membrane MC and GC receptors differentially induce intracellular 

Zn2+ dysregulation. In contrast, glucocorticoid-induced rapid increase in intracellular Ca2+ is not 

crucial for affecting LTP. 
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Abstract: Background: Exposure to stressful events is common, with a wide range of types and 

number of stressful events endorsed, even within healthy populations. Memory impairments 

have been reported in people exposed to early life stress and trauma. Literature documents the 

role of the hippocampus (hpc) in memory processes, including encoding and recall of items and 

complex contextual scenes. Contextual memory is of particular interest, as recent findings 



suggest that deficits in contextual memory could contribute to impairments in fear modulation in 

post-traumatic stress disorder (PTSD). To further investigate relationships between contextual 

memory and exposure to stress, we examined hpc activation during contextual memory 

processing and cumulative stress exposure in a sample of healthy adults. Methods: Eighteen 

healthy participants, 10 female, aged 20 to 42 years (M = 27.9, SD = 7.18) reported the total 

number and mode of stressful events experienced throughout their life on the Life Events 

Checklist (LEC; Weathers et al., 2013). All participants underwent fMRI scanning while 

completing the Context Separation and Completion (CSC) task to assess memory for complex 

contextual scenes. Participants encoded two target scenes (living room and office) and then 

categorized a series of ambiguous images as more like the living room, more like the office, or 

neither/both, based on their recall of the encoded target scenes. Results: Across all participants, 

we found a significant positive relationship between number of stressful events reported as 

“happened to me” and hpc activation during the CSC task (p < .001, uncorrected). There was no 

significant relationship between number of “happened to me” stressful events and accuracy on 

the CSC (p = .27). Discussion: Our results illustrate that hpc activation during contextual 

memory is associated with cumulative stress exposure in a healthy adult sample. Our findings 

suggest that greater hpc activation in people exposed to more stressful events may be 

compensatory since no relationship between accuracy and stress exposure was observed. We will 

use this paradigm to investigate relationships between PTSD symptoms, fear modulation, and 

hpc activation during contextual memory. 
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Abstract: Chronic stress can have a profound influence on mood and can increase the risk of 

depression, anxiety, and PTSD. However, not all humans who experience chronic stress develop 



these conditions, suggesting some people are specifically vulnerable to the effects of chronic 

stress. Several rodent models of stress vulnerability and stress resiliency have emerged over the 

past decade. We have previously shown that a subpopulation male Sprague Dawley rats 

subjected to chronic social defeat stress show indices of vulnerability including increased 

anxiety-like and depression-like behaviors. These stress vulnerable rats exhibit passive coping 

during repeated defeat as evidenced by short-latencies (SL) to be defeated, and we have used this 

model extensively to study stress vulnerability. Rats with long-latencies (LL) to social defeat are 

considered resilient to the effects of chronic stress, as they are similar to non-stressed control rats 

on measures of depression-like and anxiety-like behaviors. There is evidence that learning 

deficits may emerge in SL rats, including impaired reversal learning, however fear-related 

learning has not been well- studied in rats exhibiting individual differences in response to 

repeated social defeat. Here, we tested the hypothesis that SL rats have elevated fear-related 

memory and decreased fear extinction to a context in which they previously received foot 

shocks. We used a standard contextual fear training paradigm in which rats were given several 

foot shocks in a fear condition chamber (context), and then tested for freezing behavior over 

several days by re-exposure to the chamber (context) in the absence of the shock to test for 

extinction of the learned freezing response. We found that relative to resilient LL rats, SL rats 

had increased freezing when placed in the context 24 hours following the initial training trial. 24 

h following this extinction trial, SL rats continued to show increased freezing in response to the 

context, suggesting, persistence of decreased extinction relative to LL rats. Finally, 11 days 

following testing for retention of extinction, SL rats continued to show increased freezing in 

response to the context, suggesting decreased retention of fear extinction. These data suggest that 

decreased fear extinction may accompany stress vulnerability, and these fear extinction deficits 

may persist long-term. 
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Abstract: Individuals that survive a myocardial infarction (MI) are more likely to develop 

depression, anxiety, and cognitive impairments as compared to healthy individuals. The 

incidence of depression in patients that have survived an MI has been reported to be as high as 

45%, while occurring in 2-9% of the general population. We utilized coronary artery ligation to 

produce MI in rats and subsequently studied behavior in the social interaction test, a validated 

test of depressive-like behavior in rodents, and in a Barnes Maze task, a test of cognitive 

function. We found that 3-4 weeks after surgery, rats with experimentally-induced MI (> 30% of 

the left ventricle) exhibited a significant decrease relative to sham rats in the ratio of time spent 

with the target (a novel conspecific rat) present versus when the target was absent. Rats with 

experimentally-induced MI also showed a reduced average bout time with the target present as 

compared to sham rats. These deficits were not apparent following MI if the rats were given 

daily treatment with the mineralocorticoid receptor antagonist spironolactone (50 mg/k/day, IP) 

following MI. In a separate experiment we determined that treatment with the mineralocorticoid 

hormone aldosterone on its own (0.75 µg/0.25 µl/hr in 0.2% ETOH via osmotic minipump) 

provokes similar deficits in social interaction as those observed in rats post-MI. Treatment with 

spironolactone did not prevent deficits in cognitive function in the Barnes Maze task 3-4 weeks 

after MI. Aldosterone is elevated 4 weeks post-MI in our studies and known to be elevated in 

post-MI patients as well as in many individuals with major depressive disorder. Our data suggest 

that aldosterone may be involved in the affective deficits commonly observed in cardiovascular 

disease patients. 
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Abstract: The dorsolateral prefrontal cortex (dlPFC) subserves higher order cognitive operations 

such as working memory and top-down control. However, these circuits are readily disengaged 

with uncontrollable stress exposure, impairing cognitive and executive functions and 

exacerbating mental disorders (Nat Neurosci 18:1376,2015). Decades of research in animal 

models have shown that stress-induced PFC dysfunction can be initiated by amygdala activation 

of catecholamine release in the PFC (J Neurosci 16:4787,1996). This drives calcium-cAMP-K+ 

channel signaling, reducing dlPFC neuronal firing and impairing working memory (Nat Neurosci 

18:1376,2015). Loss of PFC working memory function occurs with psychological or 

pharmacological stressors, including the GABA inverse agonist FG7142, which activates the 

amygdala (Prog Neuropsych Biol Psych 34:1285-93, 2010). The stress response also involves 

release of dynorphins, which activate kappa opioid receptors (KOR) on presynaptic glutamate 

projections from amygdala into the PFC and the bed nucleus of the stria terminalis to increase 

anxiety circuits (Neuropsychopharm 40; 2856, 2015; Cell Rep 14:2774, 2016). Given that stress-

induced PFC dysfunction is a risk factor for a host of mental disorders, there is a great need for 

nonaddictive treatments that can lessen the stress response and protect PFC cognitive function. 

The current study examined the effects of BTRX-335140, a potent, selective and reversible KOR 

antagonist, on stress-induced working memory deficits induced by FG7142 treatment in rhesus 

monkeys. A dose of FG7142 was identified that specifically impaired working memory 

performance in each animal without compromising the animal’s ability to complete the task. 

BTRX-335140 (0, 0.1, 0.3, 1.0 mg/kg, im) was co-administered with FG7142 or vehicle 30 min 

before testing. BTRX-335140 had no significant effect of its own on working memory 

performance under nonstress conditions. However, BTRX-335140 was able to protect working 

memory performance from the detrimental effects of FG7142, with no evidence of side effects. 

These data in rhesus monkeys encourage the utility of the KOR antagonist BTRX-335140 for the 

treatment of stress-related mental disorders. 

Disclosures:  T.L. Wallace: A. Employment/Salary (full or part-time):; BlackThorn 

Therapeutics. E. Ownership Interest (stock, stock options, royalty, receipt of intellectual property 

rights/patent holder, excluding diversified mutual funds); BlackThorn Therapeutics. W.J. 

Martin: A. Employment/Salary (full or part-time):; BlackThorn Therapeutics. E. Ownership 

Interest (stock, stock options, royalty, receipt of intellectual property rights/patent holder, 

excluding diversified mutual funds); BlackThorn Therapeutics. A.F.T. Arnsten: B. Contracted 

Research/Research Grant (principal investigator for a drug study, collaborator or consultant and 

pending and current grants). If you are a PI for a drug study, report that research relationship 

even if those funds come to an institution.; BlackThorn Therapeutics. E. Ownership Interest 

(stock, stock options, royalty, receipt of intellectual property rights/patent holder, excluding 

diversified mutual funds); Royalties from USA sales of Intuniv (nongeneric) from Shire Pharma. 



Poster 

227. Stress and Cognition 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 227.13/MM9 

Topic: F.04. Stress and the Brain 

Support: French Health Service (SSA) 

 General Delegation for Armament (DGA) 

Title: The relationship between allostasis and psychological patterns in a healthy French military 

population 

Authors: *D. CLAVERIE1,2,3,4,5, D. FROMAGE2,3, C. BECKER6,4,5,7, J.-G. HOUEL8, J.-J. 

BENOLIEL4,6,5,9, F. CANINI2,3, M. TROUSSELARD2,3 
1IRBA, Bretigny sur Orge France, France; 2Dept. Neurosciences & Contraintes Opérationnelles, 

Inst. de Recherche Biomédicale des Armées (IRBA), Bretigny sur Orge, France; 3Ecole du Val 

de Grâce, 1 Place A. Laveran, Paris, France; 4INSERM, U 1130, Paris, France; 5CNRS, UMR 

8246, Paris, France; 6Sorbonne Universités, UPMC Univ. Paris 06, UMCR18, Neurosciences 

Paris-Seine, site Pitié-Salpêtrière, Paris, France; 7Univ. Paris Descartes, Sorbonne Paris Cité, 

Faculté de Médecine, Paris, France; 8Service de Santé des Armées, Paris, France; 9Service de 
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Abstract: Repetitive stressor exposure may favor psychopathologies through the increase in 

allostatic load. However, between the naive state and the pathology, a state of sole allostatic load 

may exist. Our objective was to identify associations between biological markers of allostatic 

load and psychological characteristics in non-pathological subjects. We hypothetized that a 

healthy military population frequently exposed to stress and medically followed may exhibit 

different levels of allostatic load without pathological signs. We included therefore 405 soldiers 

aged of 18-50 years and already deployed overseas. High urinary and plasma cortisol, high 

urinary 8-iso-prostaglandin-F2alpha (8-iso-PGF2alpha) and low serum Brain Derived 

Neurotrophic Factor (BDNF) were considered as marker of allostatic load. Psychological 

characteristics were assessed by Hospital Anxiety and Depression Scale (HADS: HAD-A and 

HAD-D for anxiety and depression respectively), PTSD Checklist (PCL-4), Perceived Stress 

Scale (PSS) and Spielberger Anxiety Scale (Trait and State : STAI-T and STAI-S respectively). 

In this population, 42 soldiers had pathological scores at HAD-A, or/and HAD-D or/and PCL 

questionnaire despite healthy state attested by a physician. High scores at HAD-D were 

associated with a low BDNF level. High scores at PCL were associated with high level of 8-iso-

PGF2alpha and urinary cortisol. Soldiers with low psychopathological scores exhibited lower 

urinary cortisol and 8-iso-PGF2α than high scoring subjects. A hierarchical clustering performed 

on these allostatic load markers isolated 4 subgroups : one associated high 8-iso-PGF2alpha level 



and low PSS scores and another associated high level of plasma cortisol and high STAI-S scores. 

Our results showed that in a healthy population, subjects scoring high to HAD/PCL scales also 

exhibit markers of a high allostatic load while subject scoring low to HAD/PCL scales may also 

exhibit such biological pattern, although without psychological signs. The existence of such 

infraclinical states suggests that an evidence based primary prevention could be possible. 

However, other studies are needed to evaluate predictive power of such states. 
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Abstract: An increasing body of evidence points toward the involvement of suboptimal 

mitochondrial function (SMF) in depression and other mood disorders. Several clinical and 

preclinical studies show that depression is associated with altered mitochondrial structure and 

function. Furthermore, stress, a major risk factor for depression, directly influences 

mitochondrial function. Also, it seems that different antidepressants influence the mitochondria 

in different ways, for better or for worse. It is for example known that fluoxetine (Prozac) can 

have a negative effect on mitochondrial function while ketamine can have a positive effect. The 

aim of this study is to investigate the interaction between different antidepressants, fluoxetine 

and ketamine, and mitochondrial function on the behavior of stressed mice. To test this, a new 

genetically engineered mouse model was used. These animals have a deficiency of the NDUFS4 

protein (Ndufs4def mice), a structural protein of complex I (CI), an essential component of the 

electron transport chain and oxidative phosphorylation. This deficiency leads to a 25% reduction 

of CI activity in the brain compared to WT mice. Despite this reduction, Ndufs4def mice 

exhibited no differences in body weight, physical activity, and motor coordination compared to 

their WT littermates. These animals, together with their WT littermates, are chronically stressed 



for 21 days and are treated with either fluoxetine or ketamine. We will report on depression-like 

phenotype in the various experimental groups assessed by a battery of behavioral tests as well as 

physiological and biochemical measures. We will also report on the effect of stress and 

mitochondrial complex activity with or without the use of antidepressants. Results from these 

experiments would provide novel insights into personalization in drug choice because they will 

provide alerts to possible adverse drug events as well as facilitate optimal treatment selection in 

stress-related mood disorders. 
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Abstract: The Pulses Study is a clinical trial registered with World Health Organization (WHO) 

International Clinical Trials Registry Platform (ICTRP; www.isrctn.com/ISRCTN67193733). 

This trial was designed to test whether a subcutaneous pulsatile infusion of hydrocortisone (8 

pulses over 24 hours) using an infusion pump is an improved form of glucocorticoid replacement 

therapy for patients with adrenal insufficiency. Glucocorticoid replacement therapy in patients 

with adrenal insufficiency is a well-established treatment method. A typical treatment schedule 

includes three oral doses of hydrocortisone (10mg, 5mg, 5mg; amounting to a total 20mg) 

administered throughout the day. Regretfully, many patients continue to complain of fatigue, 

weakness and a severe lack of motivation, despite their daily levels of hydrocortisone being 

replenished to those expected in healthy individuals. Previous studies in animals and healthy 



volunteers indicate that dynamic oscillations of glucocorticoids, are important for healthy 

neuroendocrine function affecting both fast non-genomic and slow genomic processes and that 

the ultradian rhythmicity of circulating cortisol is critical for the physiological response of the 

brain to emotional stimuli. 

We conducted a double-blind, placebo-controlled, two-way crossover study in participants with 

conditions of adrenal insufficiency, 18 participants with Addison’s Disease (AD; 16 females, 2 

left-handed) and 3 with Congenital Adrenal Hyperplasia (CAH; 2 females). In one of two 6-

week long study periods, each participant received one of two hydrocortisone replacement 

therapies: hydrocortisone oral tablets taken three times per day, or a pulsatile subcutaneous 

infusion of hydrocortisone delivered via an infusion pump (approximated to follow both the 

ultradian and circadian variations of cortisol in healthy individuals). Dosage varied from 20-

40mg according to the individual’s current prescription. At the end of each 6-week period, the 

patients took part in a functional magnetic resonance imaging (fMRI) study during which they 

underwent a facial expression recognition (FERT) task. Neuroimaging data are to be analysed 

using FSL software (fmrib Software Library), Statistical Parametric Mapping and Dynamic 

Causal Modelling. 

Due to the blinding strategy implemented in the clinical trial protocol, data analysis for this 

study will commence after the agreed data-lock implemented by the data monitoring committee. 

We will present these results at SFN 2018. 
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Abstract: Abstract 

Noise has always been an important environmental factor that induces health problems in general 



population. Due to ever increasing noise pollution humans are facing multiple auditory and non-

auditory problems including neuropsychiatric and memory disorders. In modern day life it is 

impossible to avoid noise due to rapid industrialization of society. Therefore, it is necessary to 

find preventive measures to reduce the deleterious effects of noise exposure. The amino acid 

taurine is gaining the attention of scientist as one of the powerful biomolecules which plays an 

important role in brain structure and function. It is involved in a number of important 

physiological functions such as neuromodulation, neuroprotection, and neurotransmission. The 

antioxidant property of taurine has also been reported previously which involve the modulation 

of mitochondrial electron transport chain reaction and inhibiting the production of free radicals. 

Supplementation of taurine is reported to alleviate psychiatric disorders as well as reverse the 

age-associated cognitive impairments. In the present study taurine was tested in noise stress-

exposed rats to check its potential in amelioration of noise-induced behavioral deficits and 

impaired dopaminergic, serotonergic, and cholinergic functions. Parameters for oxidative stress 

including lipid peroxidation, superoxide dismutase, catalase, and glutathione peroxidase were 

also monitored in taurine supplemented rats exposed to noise stress. The dose was selected after 

monitoring the dose dependent effects of taurine supplementation on depression- and anxiety-

like behaviors and memory function. Noise-exposed (100 db; 3 h daily for 15 days) rats were 

supplemented with taurine at a dose of 100 mg/kg for 15 days. Spatial and recognition memory 

were assessed using Morris water maze and novel object recognition task respectively. Results of 

this study revealed reversal of noise-induced memory impairment in rats. The derangements of 

catecholaminergic and serotonergic levels and altered antioxidant enzyme activity due to noise 

exposure were also restored by taurine administration. In conclusion, the present study suggested 

the role of antioxidant property of taurine on noise-induced neurotoxicity and impaired memory 

function. Attenuation of noise-induced altered biogenic amines levels and increased 

acetylcholinesterase activity may involve in protective effects of taurine against noise stress. 

Therefore, this can be suggested that supplementation of taurine is helpful in reducing the insults 

of excitotoxicity that occur during exposure to loud noise thereby reduce neuronal damage. 
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Abstract: Noise is an important environmental health hazard that has been shown to contribute 

to the risk of pathogenesis and progression of Alzheimer’s disease (AD). High levels of distress 

also increase the proneness and pace of progression of the AD, especially in females. A model of 

prenatal stress (PS) with enduring neurobehavioral outcomes in rodents has been shown to 

replicate the cognitive and neural abnormalities in human offspring. There is, however, no 

information as to the link between PS and the risk of developing AD during the lifespan. Male 

and female APPNL-G-F/NL-G-F offspring of dams exposed to gestational noise stress were compared 

with the control offspring in corticosterone alternations, cognitive and motor performances, and 

the onset age and development of amyloid beta (Aβ) aggregation across age. The corticosterone 

and spatial memory results were sex-specific showing a higher level of stress and further 

memory loss in females than males, especially in the PS group. Higher Aβ deposition and larger 

Aβ plaque size in various brain areas were the early onset impacts of the PS at two months. The 

PS caused an increased Aβ aggregation across age with a remarkably higher impact on females 

in some measures. The PS also created a long-lasting anxiety-like behaviour and impairment in 

cognitive and motor coordination. The findings suggest that there are enduring detrimental 

impacts of the PS in behaviour and an acceleration of AD-like neuropathological changes (lower 

onset age and higher Aβ accumulation) that were sex-specific in some measures. The most likely 

mechanism for the PS effects is hyperactivity of the maternal and fetal hypothalamic- pituitary-

adrenal (HPA) axis. 
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Abstract: Single prolonged stress (SPS) is a procedure consisting of serial stressors (restraint, 

forced swim, and ether exposure until anesthetized) applied over a three-hour window which 

approximates the behavioral and neurobiological symptoms of PTSD in rats. SPS exposure 

causes deficits in retention of extinguished fear, but it is unclear whether this deficit represents 

changes in fear memory encoding, or changes in extinction memory retrieval. One hypothesis is 

that SPS exposure causes subsequent fear memories to be encoded in a manner that is resistant to 

the inhibitory effects of fear extinction. Previous studies have shown that signaling via the PI3K-

Akt pathway, which is critical for fear memory formation, is enhanced with SPS exposure. Thus, 

in SPS rats, enhanced PI3K-Akt signaling within the fear circuit during fear memory formation 

may result in formation of a fear memory that is resistant to extinction. To explore this 

possibility we used c-Fos and c-Jun to measure neural activity throughout the fear circuit during 

fear conditioning in SPS and control rats. Results revealed that neural activity during fear 

conditioning is enhanced in the basolateral amygdala (BLA) and central nucleus of the amygdala 

(CeA) in SPS exposed rats. Next we used western blot to examine PI3K-Akt signaling in the fear 

circuit during fear conditioning. Results revealed that SPS exposure increases recruitment of this 

signaling pathway in the amygdala when fear memories are being encoded. Current results 

suggest that our PTSD model enhances neural activity and PI3K-Akt signaling in amygdala 

nuclei during fear conditioning, which we hypothesize may contribute to the formation of 

extinction-resistant fear memories. Ongoing work seeks to determine whether inhibiting PI3K-

Akt signaling in the amygdala during fear conditioning attenuates the persistence of fear memory 

in the SPS model of PTSD. 
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Abstract: Intermittent fasting (IF) has been previously studied as a method of caloric restriction 

which protects against age-related memory impairment, but its interaction with chronic stress is 

complex and potentially understudied. In this study, mice were assigned to either a control diet 

or an IF diet, during which mice only had access to food on alternate days. After 4 weeks of this 

dietary manipulation, all mice were subjected to a chronic stressor in the form of restraint for two 



hours a day for two weeks. Once started, dietary and stress manipulations continued for the 

duration of the study. After two weeks of chronic stress, all mice were tested for motor 

coordination on the rotarod, for anxiety on the open field, and for spatial memory on the Morris 

water maze. Although there were no differences between groups on the first day of rotarod 

testing (which consisted of multiple trials at the same acceleration rate), IF mice spent 

significantly less time (F(1, 20) = 5.025, p = .036) on the rod compared to control mice on the 

second day of rotarod testing (which consisted of trials at successively increasing acceleration 

rates). There were no significant differences in the display of anxiety in the open field. All mice, 

regardless of dietary condition, improved over the eight trials on the first day of water maze (F(7, 

133) = 2.983, p = .006) and there were no differences in learning between groups (F(7, 133) = 

1.061, p = .392). However, there were group differences in memory for the platform location 

across days (F(1, 19) = 5.844, p = .026). Mice in the control group were significantly worse on 

the first trial of the second day of water maze compared to the last trial of the previous day, 

whereas a significant change in performance was not observed in IF mice. Dietary condition 

appeared to have an effect on the time mice spent floating (as opposed to actively swimming) 

during water maze. Across the eight trials on the first day of testing in water maze, time spent 

floating increased regardless of condition (F(7, 133) = 3.35, p = .003). Across all trials, IF mice 

spent significantly less time floating compared to control mice (F(1, 19) = 5.072, p = .036). 

There were no effects of group on time spent floating during the second day of testing. Overall, 

these results suggest that IF significantly interacts with the behavioral effects of chronic stress. 

Chronically stressed mice on an IF feeding schedule were significantly less coordinated than 

stressed mice on a regular diet, but demonstrated improved memory and a decreased propensity 

to float in the Morris water maze. 
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Abstract: Adverse experiences during early developmental stages can influence the 

neurobiological and behavioral mechanisms. One of the most commonly observed alterations in 

the brains of who suffer intense stressful experiences, is the morphological and functional 

atrophy of the structures that regulate the stress response such as medial prefrontal cortex 

(mPFC). The proliferative capacity of some cell lines that inhabit these structures is one of the 

most widely accepted mechanisms when it is intended to explain this alteration. Stressful 

experience can be determining if it occurs in early stages of development and these alterations 

can remain even in the long term. Besides these changes can be different depending on some 

factors such as sex, age of exposure and evaluation stage. Objective: characterize alterations in 

working memory(alternation/discrimination) and changes in cell proliferation in mPFC of adult 

male and female rats produced by exposure to psychosocial stress during pregnancy. Methods: 

48 rats (24 females and 24 males) were grouped into two different conditions according to the 

experience in the prenatal stage: Control Female (CF) n = 12; Control Males (CM) n = 12; 

chronic stress varied females (CSVF) n = 12 and chronic stress varied Males (CSVM) n = 12. 

The CF and CM groups remained under standard conditions of the bioterium during the gestation 

stage and after birth. The group CSVF and CSVM were exposed for 7 days to a Chronic stress 

variable model (CSV). During the 3 final days to the exposure period, 4 animals from each group 

received a daily intraperitoneal dose of Bromodeoxyuridine(BrdU). At the end of the exposure 

period, all subjects remained in normal habitat conditions for a period of 3 months. The brain of 

rats that received BrdU were processed with immunohistochemical technique to analyze cell 

proliferation in mPFC. On the other hand, 8 rats from each group were evaluated with T maze. 

Results: We observed a decrease in the number of proliferating cells in mPFC of adult rats 

exposed to prenatal stress “CSV”. This stimulus also modified the ability of adult rats to perform 

a work memory alternation/discrimation task. Both effects being significantly more evident in 

male compared with females rats.CONCLUSION: Exposure to CSV during pregnancy produces 

long-term alterations in tasks related to mPFC and its proliferative cellular capacity. 
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Abstract: Psychological stress is a major cause of disruption of the well-being in society since it 

has been related with elevated risk for health problems. Smaller volume of the amygdalae have 

been related with higher stress in clinical population, however fewer studies have explored this 

relationship in healthy adults (Sublette, et al. 2016). The aim of this study was to evaluate the 

relation between self-reported stress and the volume of the amygdalae. Participants: 27 healthy 

men (age mean ± std dev = 33.6 ± 10.4 years). High resolution (1x1x1 mm3) T1 images were 

acquired for each subject with a 3 Tesla MRI scanner. The volume of subcortical brain structures 

(Figure 1) were defined on these images using the automated Volbrain pipeline (Manjón & 

Coupe, 2016). Subjects completed the “Stress and Activation Adjectives Checklist” (King, et. al. 

1983) while lying on the scanner previous to the T1 acquisition. Finally, Pearson correlations 

between volume of the amygdalae and stress were performed. There is a significant positive 

correlation between the volume of the amygdalae and the self-reported stress, indicating that 

subjects with higher volume referred higher levels of stress. Our results indicate that larger 

amygdalae volumes are related with higher levels of subjective stress. This finding contrasts with 

previous reports showing that smaller amygdalae volumes are related with higher stress levels in 

clinical populations, including post-traumatic stress disorder, depression and anxiety, although a 

recent report found similar results for healthy subjects. This finding warrants further research in 

order to clarify this relationship. 
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Abstract: Women are more likely to be diagnosed with anxiety or depression than men, and 

animal studies show that stress has stronger anxiogenic effects in females than males. However, 

in some cases specific phenotypes associated with depression may be stronger in males. For 

example, depression is frequently associated with deficits in cognitive flexibility and there is 

growing evidence that males may be more susceptible to deficits in cognitive flexibility 

measures. Previous work in California mice showed that social defeat reduces mu opioid 

receptor (MOR) binding in orbital frontal cortex of males but not females, and that morphine 

treatment reduced errors in a reversal learning task. Similarly, male C57Bl6/J mice have 

impaired cognitive flexibility during morphine withdrawal. Morphine withdrawal induces large 

increases in cyclic AMP in the ventral tegmental area, which may contribute to deficits in 

reversal learning. Cyclic AMP inhibits transforming growth factor beta (TGF-β) in VTA, which 

has been found to promote cognitive flexibility. Preliminary analyses of RNAseq data from 

female California mouse VTA show that social defeat increases TGF-β expression as well as 

other transcripts related to this pathway including MAP4K1. PCR analysis found higher levels of 

TGF-β receptor expression in defeated females that is not seen in defeated males. Continuing 

work will investigate TGF-β expression itself. If confirmed, these results would suggest that 

females may be protected from the inhibitory effects of stress on reversal learning via 

transcriptional responses in the VTA. 
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Abstract: Growing body of evidences indicates the detrimental effects of chronic stress on 

cognitive function and a higher vulnerability to chronic stress related to brain aging. Using 



advantage of social hierarchy-based selectively-bred dominant (Dom) and submissive (Sub) mice 

model, previously, we have demonstrated a) Sub and Dom mice are stress-sensitive and -

resilient, respectively; b) Sub and Dom mice demonstrate diverse pattern of short- and long-term 

synaptic plasticity; c) stress-sensitive Sub mice show early development reduced cognitive 

performance in working and reference memory paradigms without exposure to stress; d) Sub and 

Dom mice exhibit differential protein expression in the functional protein-protein interaction 

networks of synaptic transmission, circadian regulation and MAPK, NF-kB and ErbB signaling 

pathways; e) correlation between protein level diversity in Sub and Dom mice and functional 

link between stress resilience or sensitivity and early appearance of cognitive impairment was 

shown for synapsin 2b and GluA1 expression. In this report, we show 1) the life expectancy of 

Sub and Dom mice markedly differ; 2) Chronic mild stress (CMS) differentially affect Sub and 

Dom mice longevity; 3) CMS deteriorates Sub mice cognitive performance; 4) Sub and Dom 

mice show markedly different brain electrical activity during free behavior; 5) Sub and Dom 

mice exhibit differential pattern of the brain spatial and temporal electrical activity evolution 

during non-spatial memory paradigm. 

Disclosures: I. Michaelevski: None. M. Bairachnaya: None. A. Sheinin: None. A. Pinhasov: 

None. 

Poster 

227. Stress and Cognition 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 227.24/NN6 

Topic: F.04. Stress and the Brain 

Support: NSF IOS 1552416 

Title: Chronic stress regulation of sustained attention circuitry 

Authors: *E. J. ORDOÑES SANCHEZ1, S. R. ECK2, M. DUGGAN2, M. SALVATORE2, B. 

WICKS2, R. D. COLE2, V. V. PARIKH2, D. A. BANGASSER2 
2Psychology and Neurosci., 1Temple Univ., Philadelphia, PA 

Abstract: Attentional impairments are common in a variety of different psychiatric disorders 

ranging from schizophrenia to attention deficit hyperactivity disorder (ADHD). Other shared 

features of these disorders is that stress can exacerbate their symptoms and attention disruptions 

in these disorders are worse in males than in females. Although stress can affect attention, the 

exact mechanisms by which this occurs are not fully understood. The goal of this project is to 

examine the neurobiological mechanisms by which stress alters sustained attention, the ability to 

monitor a situation for intermittent and unpredictable events. Sustained attention is mediated by 

cholinergic neurons in the nucleus basalis of Meynert (NBM), which release acetylcholine (ACh) 



into the medial prefrontal cortex (mPFC). Work from our laboratory found that six days of 

chronic variable stress (CVS) impaired sustained attention in male and female rats and that this 

effect was greater in males, especially when attentional demands were high. In the present study, 

we investigate whether CVS disrupts cholinergic transmission and alters synapses forming 

within the mPFC. In vivo amperometric recordings utilizing enzyme-based biosensors were 

conducted to measure ACh release and the kinetics of exogenously applied choline, in the mPFC 

of male and female rats exposed to chronic stress. CVS reduced depolarization-evoked ACh 

release in male, but not female rats. Moreover, choline uptake rate was reduced by CVS only in 

males, suggesting that the reduction in ACh release in this group is presumably due to reduced 

density of the choline transporters that might have impacted choline reuptake and constrained the 

availability of presynaptic choline for ACh synthesis. We are also examining whether CVS 

induces synaptic plasticity in the mPFC, which could affect attention. To this end, we assessed 

levels of synaptophysin (SYP), a synaptic vesicle protein, in the mPFC of CVS and control male 

rats via Western blotting techniques. We found significantly higher levels of SYP in CVS males 

than in control males, which suggests that stress induces synaptic plasticity at the mPFC. Future 

studies will determine whether this effect also occurs in females. Collectively, these findings 

suggest that CVS-induced changes in ACh release and synaptic plasticity in the mPFC contribute 

to male vulnerability to attention deficits. 
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Abstract: The experience of early life stress increases risk for a variety of psychiatric disorders, 

including depression, anxiety disorders, and substance use disorder. In order to study how these 

risks develop, we utilized a rodent model of early life stress called the limited bedding and 



nesting (LBN) model, which mimics the low resource environment that characterizes poverty. In 

this model, on the pups’ postnatal days 2 through 9, dams and pups are separated from bedding 

by grated flooring, and given only a single paper towel as nesting material. This is compared to 

the ample bedding and cotton nesting material given to controls (Ivy et al. 2008). To validate the 

use of the LBN model in our laboratory, we measured how this manipulation affected maternal 

care behaviors, pup development, and measures of hypothalamus-pituitary-adrenal (HPA) axis 

activity. Our analysis of maternal behaviors revealed that LBN dams engaged in more pup-

directed behaviors (e.g., nursing) and less self-care behaviors (e.g., resting outside of the nest) 

than control dams, suggesting a behavioral compensation for the lack of resources. Despite this 

behavioral change, we found that LBN pups showed slower development than control pups in 

both anogenital distance and body weight, effects that lasted past weaning and into adulthood. 

Additionally, when male, but not female, LBN pups reached adulthood, they exhibited adrenal 

hypertrophy as compared to controls, suggesting a persistently heightened HPA axis-mediated 

stress response. Finally, we present data from a novel two-hit model of stress in which LBN pups 

are exposed to a 6-day chronic variable stress once they reach adulthood. Our preliminary data 

suggest that male LBN pups that are exposed to stress in adulthood perform poorly in the novel 

object recognition task compared to male rats that are only exposed to stress at a single time 

point, while females’ performance remains unimpaired by stressor exposure. Together, these 

findings indicate that the LBN model of early life stress induces lasting physiological and 

behavioral changes in rats and that males may be especially susceptible to some of these effects. 
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Abstract: Chronic stress followed by fear conditioning can be used to model PTSD, as it leads 

to faster fear acquisition, poor fear extinction, and heightened anxiety. Moreover, chronic stress’ 

effects on heightened anxiety can persist even after a month had elapsed following the end of 



chronic stress. Recently, a paradigm in which restraint was administered intermittently (i.e., IR) 

was used because others reported that it produced greater corticosterone responses than did 

restraint given daily (i.e., DR). The current study investigated whether chronic IR would lead to 

poor fear extinction and heightened anxiety six weeks after restraint ended. Young adult, male 

Sprague Dawley rats underwent restraint stress using wire mesh (6hr/d) for five days with two 

days off before restraint resumed the next week for three weeks and a total of 23 restraint days. 

The groups consisted of control (CON), rats that underwent IR and then fear conditioned six 

weeks after IR ended (IR-W6), and rats that underwent IR and then fear conditioned the next 

day, or without a lapse in weeks (IR-W0). Fear conditioning involved 3 tone (20 sec, 2kHz, 

75db) and foot shock (1 sec, 0.8mA) pairings. Then rats were given extinction training (15 tone 

only presentations 24 and 48-hr later) in a context that was different from the fear-conditioned 

training. Finally, rats were tested for anhedonia using sucrose preference (SP), and anxiety using 

novelty suppressed feeding (NSF) and elevated plus maze (EPM). As expected, all groups 

acquired fear conditioning rapidly and similarly, as rats were acclimated to the contexts prior to 

training. For extinction on both days, all groups showed high freezing to the first tone and low 

freezing to the context prior to the first tone on both extinction days. Group differences arose in 

subsequent extinction trials, with IR-W6 and IR-W0 discriminating poorly or freezing more to 

context at various trials than compared to CON. No differences in SP was detected among 

groups to suggest similar hedonic levels. In contrast, differences in anxiety profile was revealed 

with EPM and NSF. IR-W0 entered fewer open arms and made fewer total arm entries than did 

IR-W6 and CON on the EPM. Moreover, IR-W0 and IR-W6 showed more variability in levels of 

fecal boli excreted on the NSF task compared to CON. In its entirety, we interpret the findings to 

suggest that the IR groups displayed increased hypervigilance because they discriminated 

between the tone and context as well as CON on the first trial and then became worse in 

subsequent trials. The high anxiety profiles of IR-W0 on both tasks, and IR-W6 on one task, 

suggest that restraint continues to leave a lasting impact on behavior 6 weeks after restraint has 

ended. 
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Abstract: Chronic restraint stress alters hippocampal morphology and disrupts spatial learning 

and memory. Restraint is often implemented with rodents because of its ease of use and low cost 

compared to predator or social defeat stress. One concern is that stress responses become 

attenuated with repeated restraint. Recently, others reported that restraint administered 

intermittently (i.e., IR) produced greater corticosterone responses than did restraint given daily. 

Consequently, the present study examined whether IR could be used to investigate hippocampal 

function. In experiment 1, young male Sprague-Dawley rats underwent restraint using wire mesh 

for three weeks. One set was restrained for 6 hrs daily (daily restraint, DR-6hr), another set was 

restrained for 6hrs/daily or 2hrs/daily for five days with two days off before restraint resumed the 

next week (IR-6hr, IR-2hr respectively) over the next three weeks. A set of controls (CON) that 

were not restrained were also included. The day after restraint ended, rats were tested over the 

next seven days on the radial arm water maze (RAWM), open field (OF), object placement (OP), 

novel object recognition (NOR) and Y-maze. For the RAWM IR-6hr showed the worst spatial 

memory deficits compared to CON with IR-2hr making errors that were midway between IR-6hr 

and CON. In subsequent tasks (OP, NOR) many rats across all treatment groups failed to 

explore, making cognitive assessments not possible. By the time Y-maze testing occurred, all 

groups were showing spatial memory ability. Consequently, experiment 2 was performed with 

task order changed with the least aversive tasks first (Y-maze) and the most aversive task last 

(RAWM) and without including IR-2hr. In the first task, only the CON rats exhibited significant 

Y-maze performance to show intact spatial memory, but IR-6hr and DR-6hr showed a non-

significant tendency toward spatial ability. On subsequent days, DR-6hr exhibited poor spatial 

ability on OP, but IR-6hr appeared to avoid the moved object. By the last spatial test on day 7, all 

groups learned and performed similarly on the RAWM. Performance on the OF and NOR 

suggest that both IR-6hr and DR-6hr rats exhibited raised anxiety profiles compared to CON. 

These results suggest that a narrow window of time exists to assess spatial memory from the end 

of chronic restraint (daily or intermittent), and/or testing order could impact performance. 

Aversive tasks also appear to negatively influence performance on subsequent tasks and should 

be used at the end of behavioral batteries. Finally, IR appears to produce spatial memory deficits, 

but additional studies are warranted to thoroughly understand its impact on cognition. 
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Abstract: Noise is one of the most important environmental factors affecting cognition and 

mood. It has also been considered as an environmental stressor that activates the HPA axis. Since 

females and males show differences in response to stress, we performed an experiment to 

examine these differences under noisy conditions. To do so, we exposed a group of rats 

belonging to both sexes, to a fitted adaptation of a noisy environment and compared differences 

on the execution of three paradigms involving cognition, anxiety and depressive-like behaviors. 

The short version of the Radial Arm Water Maze (RAWM) was employed to evaluate spatial 

learning, working memory, reference memory and cognitive flexibility after 21 days of 

intermittent sounds resembling urban noisy environments. Also, the open field and forced swim 

paradigms were used to identify changes on anxiety and depressive-like behaviors. Male and 

female rats exhibited differences in most of the examined items. Execution on RAWM showed 

that males employed more time than its own control and the exposed females to find the hidden 

platform at both conditions, during the 5 days training phase, and during the reversal-learning 

phase. Locomotor activity at the open field and forced swimming test also revealed sex and 

condition differences. We concluded that females are less sensible to the damaging effects of 

environmental noise. 
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Abstract: The impact of stress, especially its effect on the human’s hypothalamic-pituitary-

adrenal (HPA) axis is a focus of study in Neuroscience. It is acknowledged that different factors 

can influence HPA axis activation. However, in stress research, there seems to be a lack of 

consistency regarding exclusion factors (e.g. alcohol) and their operationalization (e.g. frequency 

of consumption). A Systematic Review was therefore performed examining one of the most 

widely-used stress paradigm, the Trier Social Stress Test (TSST). Following the application of 

the PRISMA methodology, procedure-related data available on the TSST protocol was extracted 

from studies using the latter to induce stress in adults. A total of 30 exclusion criteria were 

addressed and a greater emphasis was given to the most frequently-used as well as those 

considerably influential. Despite their effect on cortisol levels, we found no consensus as to 

exclusion criteria application among study participants. Thereby, this research establishes an 

inconsistency in the use of exclusion criteria. Apart from basic exclusion criteria that are 

regularly used in clinical studies, few studies explicitly reported the less common factors or 

behaviours that could particularly influence cortisol levels in subjects (e.g. night shift work). 

Unless specificity was desired, the exclusion criteria were generally not discriminating enough to 

effectively minimize the repercussions of confounding variables. Our findings will allow future 

stress-related research to consider that exclusion criteria play a significant role on the HPA axis 

activation, which could result in erroneous data. Furthermore, this research will facilitate 

accurate replication of studies. 
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Abstract: The studies of the Holocaust are usually focused on the long-term consequences on 

the survivors. The psychophysiological impact of the Holocaust hasn’t been studied previously. 

Measurements of the real reactions to the traumatic past events present a serious challenge for 

the researchers in social and clinical psychology and neuroscience. The purposes of this study, a 

part of the project "Broadcasting History in the Transnational Space", were to investigate the 

people's reactions to the real cruelty in the historical documentaries and to identify the 

relationship between different types of documentary sequences (archival footage, witnesses to 

history and moderators). 51 healthy volunteers (25 women and 26 men, aged 18-35 years, 

Mage=23, SD=2,83), first-fourth year students of the University of Vienna (Vienna, Austria) 

participated in this study. The first group (26 volunteers) was demonstrated the original 

Holocaust documentary "Night and Fog" (1955, France, 16.02 min). The second group (25 

volunteers) was presented the same documentary with inclusion the witnesses to history and 

moderators (24.05 min). We estimated the spectral power density of all frequencies from 0.2-45 

Hz. Сonducted content analysis demonstrated that the viewing of documentary segments 

depicting war violence, human suffering caused the most pronounced activation changes in the 

information-analytical cognitive processes of neural networks in the onset of the documentary. 

We detected the actualization of attention (depression alpha2 rhythm), as well as semantic-

cognitive processes (depression alpha3 rhythm). The negative emotional content led to the 

development of intellectual processes of adaptation (no changes in the theta, alpha and beta 

rhythms) at the end of original documentary. It was demonstrated the weakening effect of the 

witness testimonies on the emotional response to video. In this case, the documentary demand 

less attention and less emotional efforts for emotional evaluation of visual information, analysis, 

retrieval of information from memory and semantic processes. At the end of the documentary 

watching, we detected the increase in the spectral power of alpha3, beta2 and gamma bands 

indicated the active state of the top-down cortical control systems, the activation of emotional-

cognitive processes, awareness processes, higher associative processes. Our results suggest that 

historical violence exert significant influence on the psychological condition of the participants. 
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Abstract: To determine the psychological issues in patients with diabetes, we assessed quality of 

life (Short Form 36 Health Survey), depression (Center for Epidemiological Studies Depression 

Scale), and anxiety (Spielberger’s State-Trait Anxiety Inventory) as well physical parameters 

including a fasting glucose level, a body mass index, and a blood pressure in 82 patients (mean 

age: 56.14±10.1 years, male/female ratio: 57/42) who were referred to the department of 

endocrinology at a municipal hospital between January and February, 2016. 39.06% of the 

participants were overweight. The average blood glucose level of the patient group was higher 

than the control group (P<0.001). The subcutaneous fat and the neck circumference were 

significantly higher in the patient group than the control group (p=0.008, p=0.032, respectively). 

The patients with diabetes had higher scores on both depression and anxiety tests compared to 

the healthy subjects (P=0.015, P=0.048, respectively). The total score of the quality of life was 

much lower in the patient group (P<0.001). These findings suggest that Mongolian patients with 

type 2 diabetes have an increased risk of suffering from depression and anxiety which lead to 

impaired quality of life. 
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Abstract: Lower urinary tract dysfunction (LUTD) affect 20% of “normal” children and >40% 

of adults over the age of 40. The neuro-urologic pathways involved in normal and dysfunctional 

voiding are largely unknown and recent interest has focused on neurons that express 

corticotropin-releasing hormone (CRH) in Barrington’s nucleus (BN), the pontine micturition 

center. A recent optogenetic study provided evidence for a role of these specific BN neurons in 

micturition (Hou et al, Cell 2016; 167:73) and we previously presented our work showing that 

stimulation of these neurons inhibits micturition. Here we examine the effects of optogenetic 

inhibition of these CRH neurons in BN on the in vivo voiding phenotype and urodynamics in 

awake mice. We hypothesized that inhibiting these neurons would lead to facilitation of voiding 

with smaller voided volumes and shorter time between voids. 

Double transgenic male mice expressing archaerhodopsin channel (ArchRd) in CRH cells had 

fiberoptic probes implanted into BN at 8 weeks of age and a catheter secured into the bladder for 

in vivo cystometry. In vivo cystometry before and during optogenetic inhibition at various 

frequencies was performed 5 days postoperatively. Saline was perfused at 10µl/min and baseline 

stable voiding cycles were established. Optogenetic silencing (530 nm at 10, 25 and 50 Hz) of 

CRH neurons in BN produced a significant decrease in intermicturition interval (time between 

voids), bladder capacities and voided volumes (Figure 1). Control non double mice showed no 

effects from optogenetic stimulation. 

Our results suggest that optogenetic silencing of CRH-BN neurons at high frequencies elicits 

bladder contractions and facilitates micturition leading to a voiding phenotype of more frequent 

and small volumes voids. Further elucidation of the heterogeneous population of neurons in BN 

are warranted to understand micturition and how it may be manipulated in disease states such as 

in patients with infrequent voiding or acute urinary retention. 
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Abstract: Barrington’s nucleus (BarN) is a small brainstem nucleus, locates in the pons, dorsal 

tegmentum. Stimulation of this area induces activation of pelvic nerve activity, and induce 

micturition and/or defecation. Currently, researches has gained momentum by using several lines 

of transgenic mice. Manipulating specific cellular types of cells link their activities and 

behavioral outputs. The involvement of the BarN CRF expressing neuron to micturition is 

determined (Hou et al., 2016, Cell, 167, pp. 73-86.e12.) We conducted in vitro slice patch-clamp 

recordings from specific neural populations in BarN, using CRF-Venus∆Neo mice, which label 

98.0% of CRF expressing neurons in BarN. We used 2~8 month old mice. Slice preparation 

method was reported previously, and adapted to brainstem. All protocols were approved by the 

Animal Research Committee of Akita University. Venus(+) neurons has lower membrane 

resistance and more depolarized resting membrane potentials than Venus(-) neurons. Several 

types of firing patterns were observed in BarN, however, burst firing types were observed only in 

Venus(-) neurons. Delayed firing types were existed in the both population, but the times of 

action potential delay from current injection is shorter in Venus(+) than in Venus(-). Neurobiotin 

(0.1%) was injected through patch-clamp electrode, and visualized recorded cells by 

streptavidin-Alexa594. In single cell resolution, Venus(+) neurons progress their long neurites to 

the 4th ventricle, and lateral or medial side near to the BarN. Next, we investigated the effects of 

carbachol (Cch), which reported excitedly action in the BarN. Cch inhibits activities of Venus(+) 

neurons activity with decreasing of input resistance (Rin) in recorded cells, applied in lower 

concentrations (1~10 μM). However, in higher concentrations (10~100 μM), Cch excited these 

neurons with the decreasing of Rin. Cch induced inhibitory actions were blocked or reversed by 

pre-application of Atropine (3~10 μM). Oxotremorine (M2 agonist, 10 μM), mimicked inhibitory 



effects. McN-A343 (M1 agonist, 10 μM) does not occurred rapid excitation. Cch induced 

excitations were totally abolished by mecamylamine (nicotinic receptor antagonist, 3-10 μM). 

Venus(+) neurons in the BarN demonstrated strong nicotinic excitation and /or muscarinic 

inhibition. It raises the possibility of modulations of pelvic organ activities by Ach within the 

brainstem. It could be important for pathophysiological changes of pelvic organ function. 
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Abstract: Millions of people in the United States suffer from diseases that affect normal 

physiologic function of the peripheral nervous system (PNS), resulting in organ dysfunction and 

decreased quality of life. In some of these diseases, electric stimulation of PNS can be an 

effective therapy, however the stimulation is often delivered continually to mitigate symptoms 

despite undesirable side effects. Automated or closed loop interventions that only stimulate at the 

onset or during symptoms are desirable but currently technologically limited. One disease where 

closed-loop neuromodulatory interventions could advance treatments is interstitial 

cystitis/bladder pain syndrome, a debilitating condition that presents with chronic pain, increased 

frequency and urgency of micturition. Here we present a fully implantable wireless system for 

the closed loop modulation of bladder function. The system includes a wireless strain gauge that 



wraps around the bladder, enabling measurement of changes bladder size, and integrated 

microscale light emitting diodes (μLEDs) for optogenetic modulation of bladder function. This 

approach avoids the use of potentially damaging nerve-interfacing electrodes or implantation of 

invasive bladder catheters, which can disrupt normal bladder function. The strain gauge and 

μLEDs operate via an implanted Bluetooth base station that allows for wireless monitoring of 

bladder activity, and enables closed-loop bladder modulation via optogenetic activation of the 

light-activated proton pump, archaerhodopsin (Arch). We demonstrate that system can 

chronically measure bladder activity without overt changes to normal bladder function. We can 

also clearly identify the onset of altered voiding behaviors associated with bladder inflammation, 

and activation of Arch in bladder afferents can normalize the enhanced voiding frequency 

induced by bladder inflammation. We programmed our closed loop software to recognize these 

changes in bladder frequency and to initiate μLED activation. Finally, the closed loop program 

activated the μLEDs only during abnormal voiding and activation of Arch reduced void 

frequency in animals with bladder inflammation. This system and resulting studies provide a 

framework for potential future closed-loop technology/therapies for treatment of diseases 

effecting the PNS, offering alternatives to non-specific pharmacological or electrical stimulation 

approaches. 
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Abstract: The objective of this work is to develop a high-resolution system to monitor the health 

and function of the lower urinary tract (LUT) in experimental animals for extended periods of 

time. We accomplish this using a combination of a custom-built metabolic observation system 

and a mathematical model to estimate urodynamic parameters for every void of each animal. 

Poor voiding efficiency and high post void residual volumes (PVRs) are common symptoms of 



many types of LUT dysfunction. Measuring these urodynamic parameters in experimental 

animal models of LUT disease provides insight into bladder function and disease progression, 

but are often very difficult to record in chronic studies. One common way to study LUT function 

is to measure the PVRs directly during cystometry after each voiding event; however, this 

requires constant experimenter supervision to remove volume from the bladder after each void. 

Therefore, continuous PVR data acquisition for long periods of time is currently infeasible. 

The aim of this work is to test the feasibility of chronic studies in awake intact animals to 

continuously obtain all urodynamic parameters at every voiding event for many weeks. We used 

young female Sprague-Dawley rats to evaluate the PVR and voiding efficiency at each voiding 

event. Rats were catheterized through the bladder dome in a survival procedure and then kept for 

the length of the study in modified metabolic cages to maximize the accuracy of collected voided 

volumes. Rats were housed in a vivarium with enforced 12 hour dark-light phases. Animal 

activities in the metabolic cages were video recorded and voided volumes were collected and 

quantified by digital scales in real time. Bladder catheters were tunneled subcutaneously, 

externalized dorsally, and directly connected by fluid-filled metal tethers to transducers, which 

enabled monitoring of the bladder pressure and collection of the PVRs twice a day (12 hours 

apart). All other non-measured PVRs at each voiding event were estimated using our 

mathematical model constrained by the measured urodynamic parameters. 

We validated our custom metabolic cage hardware and mathematical model using healthy 

control animals for up to one month. We were able to identify habituation behaviors and LUT 

recovery time courses following catheter implantation. The validation of our new chronic 

monitoring system will allow us to analyze LUT health in unprecedented detail at single-void 

resolution in chronic studies. For example, in an SCI model, to help understanding how the 

bladder reflex could be restored by electrical stimulation or, as another example, in-vivo drug 

testing for the treatment of overactive or underactive bladder (OAB, UAB). 
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Abstract: Spinal cord injury (SCI) interrupts the brain’s control of external urethral sphincter 

(EUS) and bladder activity, frequently resulting in abnormal lower urinary tract (LUT) function. 

Current treatments provide symptomatic relief, but do not address the underlying causes. Vagus 

nerve stimulation (VNS), when paired with specific behaviors, can induce focused and durable 

plasticity that produces beneficial effects in animal models of nervous system disorders. We 

hypothesize that VNS timed to coincide with the appropriate phase of the continence-voiding 

cycle will induce CNS plasticity that induces long-lasting change in LUT function. The purpose 

of the present study is to develop methods for applying VNS during cystometry to assess VNS 

effects on LUT function in freely-moving spinal-intact rats. 

Female rats are implanted with a suprapubic bladder catheter, electrodes adjacent to the EUS, 

and a stimulation cuff on the left vagus nerve at the cervical level; wires and catheter were 

exteriorized to skull-mounted connectors for infusing saline and measuring bladder pressure, 

recording EUS EMG, and stimulating the vagus nerve, respectively. After a 1-2 week recovery, 

rats are placed in a metabolic cage, where urine is collected and weighed continuously during 

voiding induced by saline infusion into the bladder at 0.25 ml/min. Data are recorded during 

~2.5-hour-long sessions in the following sequence: 6-10 voids with no stimulation; 10 voids in 

which VNS (0.8 mA, 30 pulses at 30 Hz for 0.5-1.5 s) is paired with either the bladder pressure 

peak during voiding or the EUS bursting activity that precedes the peak pressure; and 6-10 voids 

with no VNS. 

To date, recordings have been made from two rats. Initial results show that VNS applied during 

peak bladder pressure increased void size and EUS bursting time, while VNS paired with EUS 

bursting decreased void size and reduced EUS bursting duration. The effects of both VNS 

pairings persisted for at least 30 min after the end of stimulation. These results suggest that: VNS 

can affect LUT function in spinal-intact rats; the precise timing of the VNS determines the nature 

of the effect; and the effects can outlast the period of stimulation. If further studies confirm these 

early data, targeted VNS could offer a novel approach to treating disorders of LUT function. 
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Abstract: Vagus nerve connectivity and function have been mapped in great detail in the mature 

nervous system, however, there remains a substantial knowledge gap regarding mechanisms that 

guide development of vagal circuitry and specific subsets of neurons based on molecular 

features. Recent work from our lab has identified three subpopulations of vagal motor neurons 

that express the autism-associated MET Receptor Tyrosine Kinase (MET) during development: 

1) MET+ neurons in the nucleus ambiguus (nAmb) projecting to the esophagus and/or laryngeal 

muscles, 2) MET+ neurons in the medial dorsal motor nucleus of the vagus (DMV) projecting to 

the stomach, and 3) MET+ neurons in the lateral DMV projecting to the cecum and/or proximal 

colon. Because gastrointestinal (GI) disturbances and speech deficits are common in children 

with autism spectrum disorder, experiments were designed to address the influence of Met 

expression on development of vagal motor neurons that innervate the GI tract and speech-

producing organs. To this end, Met was conditionally deleted from developing vagal motor 

neurons in Phox2bcre; Metflox/flox mice. Quantitative analysis of immunostained vagal neurons 

revealed a significant (38%) reduction in the number of motor neurons in the nAmb on postnatal 

day (P) 7 in Phox2bcre; Metflox/flox compared to wild type mice that persisted into adulthood, 

indicating MET may participate in nAmb assembly. Deficits in nAmb number were particularly 

marked in the compact formation of the nAmb known to project to the esophagus and laryngeal 

muscles. In line with this, projections of nAmb motor neurons to alpha-bungarotoxin labeled 

innervation sites in the esophagus were reduced in Phox2bcre; Metflox/flox mice. Phox2bcre; 

Metflox/flox mice also weighed significantly less than wild type littermates on P7, suggesting that 

this reduction in nAmb cell number and innervation may impact feeding behavior or GI function. 

Behavioral assays of GI motility and ultrasonic vocalization are currently being conducted. 

Ongoing analysis of both DMV and nAmb formation in MET conditional knockout mice will 

advance understanding of the developmental mechanisms required for proper vagal 

development. 
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Abstract: The composition of the gut microbiome in early postnatal life plays a vital role in 

shaping neuropsychiatric function, but the relative influences of specific microbial strains, and 

the mechanisms by which these strains exert their effects, remains to be determined. The aim of 

the current study was to determine if probiotic supplementation with Bifidobacterium infantis 

35624 (B. infantis) in adolescence impacts adult social behaviors in healthy rats, and if these 

effects are dependent upon vagus nerve signaling. Adolescent male and female Long-Evans rats 

received a subdiaphragmatic vagotomy or sham surgery and were supplemented daily with B. 

infantis or chocolate pudding vehicle for the subsequent 22 days. One week following 

supplementation, subjects were placed in an open arena with a same-sex stranger rat for 10 

minutes, and the duration of exploring, ignoring, attacking, and freezing behaviors was scored. 

B. infantis supplemented rats demonstrated increased social exploration and decreased ignoring 

behaviors compared to vehicle supplemented rats. This effect was more pronounced in male than 

female rats, and it occurred in both sham and vagotomized animals. These results demonstrate 

that B. infantis enrichment in the normal adolescent gut enhances prosocial behaviors, possibly 

through immune or hormonal mechanisms. The subdiaphragmatic vagotomy procedure itself 

also altered social interaction and anxiety, suggesting that the vagus nerve plays a unique role in 

informing these behaviors. 
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bladder hyperalgesia in rats with cystitis 
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Abstract: Aim: Interstitial cystitis/painful bladder syndrome/ (IC/PBS) is a chronic 

inflammation that results in recurring pain in the bladder and surrounding pelvic region caused 

by abnormal excitability of micturition reflexes. Spinal cord stimulation (SCS) is currently in 

clinical use for the attenuation of neuropathic pain, and has been identified for amelioration of 

pain and visceral hyperalgesia in a rodent model of colorectal distention. The present study 

examined whether SCS at upper lumbar segments modulates detrusor overactivity and bladder 

hyperalgesia associated with cystitis in a rat model of cyclophosphamide (CYP)-induced cystitis. 

Methods: Cystitis was induced by intraperitoneal injection of CYP (200 mg/kg) in 7 adult 

female Sprague Dawley rats 48 hours prior to urodynamic recordings. Another 7 rats served as 

the controls with saline injection. All rats received urethane anesthesia 1 hour prior to the 

urodynamic recordings. Cystometry and the external urethral sphincter (EUS) electromyography 

during bladder infusion were evaluated. The latency and area under the curve (AUC) of visceral 

pain-related visceromotor reflexes (VMR) obtained from the external abdominal oblique muscle 

were quantified during bladder infusion and isotonic bladder distension (IBD), respectively. 

After the baseline recordings were taken, SCS was applied on the dorsal surface of the third 

lumbar spinal segment for 25 minutes. The repeated urodynamic recordings and VMR during 

bladder infusion and IBD were then obtained 2 hours after SCS. Results: CYP resulted in 

chronic inflammation with significant detrusor overactivity, stronger EUS EMG activation, and 

an early appearance of VMR during bladder infusion. The VMR AUC induced during IBD was 

significantly increased in the cystitis rats. SCS significantly reduced non-voiding contractions, 

prolonged EUS intermittent relaxation, and delayed VMR appearance during bladder infusion in 

cystitis rats. SCS significantly decreased VMR AUC during IBD in cystitis rats. Conclusion: 

SCS improved voiding function by prolonged EUS intermittent relaxation during voiding, and 

significantly attenuated visceral pain-related VMR during IBD in rats with cystitis-induced 

hyperalgesia. SCS may have therapeutic potential for patients with hyperalgesia and IC/PBS. 
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Abstract: Interstitial cystitis/bladder pain syndrome (IC/BPS) is a complex chronic bladder 

condition that presents with urinary urgency and frequency, nocturia, and pain in the bladder 

and/or pelvis in the absence of any identifiable cause. While the etiology of IC/BPS remains 

unknown, clinical studies revealed a strong association between urothelial abnormalities, which 

range from mucosal ulcerations and urothelial ruptures to denuded epithelium, and symptoms 

experienced by the patients. Consistent with the notion that increased urothelial permeability 

contributes to IC/BPS symptoms, we previously reported that the overexpression in the rat 

urothelium of claudin-2 (Cldn2), a tight junction-associated protein that increases paracellular 

permeability and is dramatically upregulated in IC/BPS bladder biopsies, reproduces the cardinal 

features of this disease. In the present study, we investigated the mechanism by which increased 

urothelial permeability promotes pelvic pain in our rat model of IC/BPS. Our studies show that 

pelvic afferent nerve discharge and rectified/integrated nerve activity during continuous bladder 

infusion with saline are significantly greater in rats transduced with an adenovirus coding for 

Cldn2 (AdCldn2) than GFP (AdGFP). The differences observed between these two groups were 

exacerbated when bladders were infused with saline supplemented with 100 mM KCl. To 

determine whether elevated interstitial K+ promotes sustained neuronal firing and hence triggers 

voiding and pain at low filling volumes, we examined the response of bladder sensory neurons to 

electrical stimulation in the presence of increasing extracellular K+. Significantly, sensory 

neurons with tetrodotoxin-sensitive action potentials from rats transduced with AdCldn2 display 

higher firing rate with extracellular [K+] of 6 and 9 mM than their control counterparts. To assess 

the contribution of urinary K+ to the pelvic allodynia seen in rats transduced with AdCldn2, we 

fed rats a low K+ diet (0.0015–0.003% w/w K+ content) or a control diet (1.0 % w/w K+ content) 

ad libitum and evaluated mechanical somatic sensitivity with von Frey filaments. Remarkably, 

dietary K+ restriction prevented the development of pelvic allodynia in rats transduced with 



AdCldn2. Taken together, our studies indicate that in the face of urothelial barrier dysfunction, 

the diffusion of urinary K+ in the bladder interstitium sensitizes pelvic nerve afferents, which 

reduces their mechanical threshold and promotes pain at low filling volumes. 
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Abstract: Interstitial cystitis/bladder pain syndrome (IC/BPS) is a chronic, inflammatory pain 

syndrome characterized by urinary urgency, frequency, and pelvic pain. Using a rat CYP model 

of urinary bladder inflammation, previous studies demonstrated increased vascular endothelial 

growth factor (VEGF) expression in the urinary bladder with acute (4 hr) and chronic (10 day) 

CYP-induced cystitis as well as expression of VEGF receptors including VEGFR1, VEGFR2, 

Npn1 and Npn2. Translational studies demonstrated elevated levels of VEGF in the urinary 

bladder of women with IC/BPS. Furthermore, high levels of VEGF are associated with immature 

angiogenesis and vascularization in the bladder as well as visceral hyperalgesia, and pelvic pain. 

We have determined the effects on bladder function of VEGFR2 receptor blockade using a 

potent, selective VEGFR2 tyrosine kinase inhibitor (Ki 8751, 1 mg/kg) in the urinary bladder in 

male and female Wistar rats with 4 hr CYP-induced cystitis as well as littermate controls (no 

CYP). We used intravesical infusion of the VEGFR2 antagonist coupled with conscious, open 

outlet cystometry where each rat (control or CYP treated) was evaluated before and after 

VEGFR2 receptor blockade. With VEGFR2 receptor blockade, bladder capacity increased 

31.7% in control female rats (p ≤ 0.01) and 41.9% in control male rats (p ≤ 0.01). Voided 

volume increased 24.8% in control female rats (p ≤ 0.01) and 33.0% in control male rats (p ≤ 

0.05). After infusion of the VEGFR2 antagonist in female rats treated with CYP, bladder 

capacity increased by 44.6% (p ≤ 0.05) and voided volume increase by 32.7% (p ≤ 0.05). 

Infusion of the VEGFR2 antagonist in male rats with CYP-induced cystitis exhibited increased 



(49.2%) bladder capacity (p ≤ 0.05), although no change in void volume was observed. The 

magnitude of change in void volume following VEGFR2 receptor blockade was comparable 

between control and CYP treatment groups and male and female rats. In contrast, the magnitude 

of change in bladder capacity in female rats treated with CYP was significantly (p ≤ 0.05) greater 

than that in control female rats. The magnitude of change in bladder capacity following VEGFR2 

receptor blockade was comparable between male and female control or CYP-treated rats. These 

data suggest that pharmacological targeting of VEGF/receptor signaling may be a possible 

intervention for individuals with IC/BPS. 
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Title: Molecular determinants of afferent sensitization in a rat model of interstitial 

cystitis/bladder pain syndrome 
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Abstract: Interstitial cystitis/bladder pain syndrome (IC/BPS) is a chronic voiding disorder that 

presents with pain in the urinary bladder and/or surrounding pelvic region. We previously 

reported that the overexpression in the rat urothelium of claudin-2 (Cldn2), a tight-junction 

associated protein that is significantly upregulated in biopsies from IC/BPS patients, reproduces 

the cardinal features of this disease. The functional changes observed in rats overexpressing 

Cldn2 were associated to an increase in the excitability of bladder sensory neurons with 

tetrodotoxin-sensitive (TTX-S) action potentials, which are considered of Aδ origin. In the 

present study, we combined molecular and functional approaches to define the basis of afferent 

sensitization in our model of IC/BPS. To determine whether the afferent sensitization seen in our 

model of IC/BPS reflects changes in the expression of voltage-dependent Na+ and K+ channels, 

we performed a gene expression analysis with acutely isolated bladder sensory neurons from rats 



with bladder transduced with an adenovirus coding for Cldn2 (AdCldn2) or GFP (AdGFP). 

Bladder sensory neurons were sorted on the basis of binding to isolectin IB4, which labels 

neurons with TTX-resistant action potentials. Gene expression analysis showed a significant 

upregulation of mRNA levels for subunits Kv2.2 and Kv9.1 in IB4(-) bladder sensory neurons 

from rats transduced with AdCldn2. No significant difference in mRNA expression for Nav 

subunits was observed between sensory neurons from rats transduced with AdGFP or AdCldn2. 

To determine whether the hyperexcitability seen in TTX-S sensory neurons from rats transduced 

with AdCldn2 reflects changes in the activity of Kv2.2/9.1 channels, we measured whole-cell K+ 

currents before and after guangxitoxin-1E (GxTx-1E), a selective blocker of Kv2 channels. 

GxTx-1E-sensitive currents were significantly larger in IB4(-) sensory neurons from rats 

transduced with AdCldn2 than AdGFP. In addition, we observed a 3-fold increase in TTX-S Na+ 

currents in IB4(-) sensory neurons from rats transduced with AdCldn2, when compared to 

controls. Significantly, GxTX-1E inhibited repetitive firing in response to electrical stimulation 

in IB4(-) sensory neurons from rats transduced with AdCldn2. In summary, our data show that 

urothelial barrier dysfunction increases the expression and activity of Kv2.2 and the activity of 

TTX-S voltage-gated Na+ channels in Aδ bladder sensory neurons. These results indicate that 

afferent sensitization seen in the face of urothelial barrier dysfunction results from changes in the 

activity of Na+ and K+ channels that control neuronal excitability. 
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Abstract: Introduction: Food and/or liquid bolus are propelled from the oral cavity to esophagus 

via pharynx during swallowing. Swallowing pressure generation ensures safe transport of an 

ingested bolus without aspiration or choking. Tongue movement is especially important not only 

to propel the bolus in the oral cavity but also to generate the oropharyngeal pressure to transport 

the bolus in the pharynx. The aim of the present study was to clarify the mechanism of 

generation of swallowing pressure and role of lingual pressure in the pharyngeal swallow. 

Methods: Experiments were carried out on urethane-anesthetized (1.3 g/kg, ip) Sprague-Dawley 

male rats. Bipolar enamel-coated copper wire electrodes (0.23 mm diameter, 2 mm inter-polar 



distance) were inserted into the left suprahyoid and thyrohyoid (TH) muscles for 

electromyographic (EMG) recording. A swallow was evoked by punctate mechanical stimulation 

using a von Frey filament applied to the interarytenoid fold and was identified by EMG burst of 

the SH and TH muscles. We measured the area under the curve of the oropharyngeal, upper 

esophageal sphincter (UES) and cervical esophageal (CE) pressures during swallowing using a 

specially designed manometry catheter. The effects of either transection of hypoglossal (12N) or 

recurrent laryngeal nerve (RLN) on swallowing pressure were investigated. We also compared 

the pressure before with and without a palatal plate made of soft acrylic material (AM) (26 mm 

length × 7 mm width × 1.5 mm thickness). Results: Basically the oropharyngeal, UES and CE 

pressures during swallowing exhibited high intraindividual reproducibility. Following bilateral 

hypoglossal nerve transection (Bi-12Nx), oropharyngeal pressure was significantly decreased, 

and time intervals between peaks of TH EMG bursts and oropharyngeal pressure were 

significantly shorter. Decreased oropharyngeal pressure and shortened times between peaks of 

TH EMG bursts and oropharyngeal pressure following Bi-12Nx were significantly increased and 

longer, respectively, after covering the hard and soft palates with AM. UES pressure was 

significantly decreased after bilateral RLN transection compared with that before transection. 

Conclusion: These results suggest that 12N and RLN play a crucial role in the generation of 

oropharyngeal and UES pressures during swallowing, respectively. 
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Abstract: Gastroparesis is characterized by a diverse pathophysiology that contributes to 

delayed gastric emptying, symptoms of nausea and vomiting, epigastric pain, early satiety and 



weight loss. While gastric electric stimulation (GES) has been used as a therapy for 

gastroparesis, clinical studies have shown slight or no effect on emesis and several animal 

studies have shown that GES can result in emesis. Electrical stimulation of the abdominal vagus 

nerve can provide a more targeted therapy to enhance gastric emptying and prevent emesis. The 

goal of this study was to evaluate the changes in the electrogastrogram (EGG) leading up to 

emesis following mechanical, chemical, and electrical emetic stimuli and develop an algorithm 

to detect early onset of emesis. 

To quantify the effect of emetic stimuli, we recorded gastric myoelectric activity in an acute 

preparation of 6 ferrets. 4-6 multi-contact planar electrodes (200μm diameter, Micro-Leads Inc) 

were attached to the surface of the gastric fundus and antrum and duodenum. Cuff electrodes 

(600-700μm diameter, Micro-Leads Inc) were implanted around the ventral abdominal vagus 

nerve and a balloon was placed in the stomach. Continuous EGG was recorded for each trial and 

compared to baseline activity. Mechanical stimuli involved gastric distension at 5, 10 and 20 ml 

volumes. Bipolar electric stimulation of the vagus nerve was delivered between 0.1-5mA and 

30ml of intragastric emetine was used as the chemical emetic stimulus. The gastric myoelectric 

activity was quantified for frequency domain characteristics such as dominant frequency (DF), 

total power in the normogastric, bradygastric and tachygastric frequency bands and time domain 

features such the directionality of contractions in the stomach. 

The mean baseline DF across all animals was 10.5 cycles per minute (cpm) with the mean 

normogastric range identified as ± 1.35 cpm around the DF. For 2 ferrets, non-emetic electrical 

stimulation did not result in a change in the power in the normogastric range. However, supra-

threshold electrical stimulation resulted in retching and was accompanied by a decrease in the 

DF for all ferrets. For gastric distension trials above 5ml, the total power in the 7-17 cpm 

frequency band showed a significant increase during active increase in volume while the DF 

remained elevated for the period that the stomach was distended. For emetine infusion trials, the 

dominant frequency steadily increased post-infusion up to the first retch in 5 of the 6 ferrets. 

Ongoing work is focused on using these frequency domain features to predict the current state of 

the stomach and deliver vagus nerve stimulation to suppress the onset of retching. 
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concentration and urinary glucose excretion in a diabetic rat model 

Authors: *A. A. JIMAN1,2, K. H. CHHABRA3, A. G. LEWIS4, P. S. CEDERNA1,5, R. J. 

SEELEY4, M. J. LOW3, T. M. BRUNS1,2 
1Biomed. Engin., 2Biointerfaces Inst., 3Mol. and Integrative Physiol., 4Surgery, Univ. of 

Michigan, Ann Arbor, MI; 5Surgery, Michigan Med., Ann Arbor, MI 

Abstract: Over 400 million people around the world are affected by diabetes. Many diabetic 

patients struggle with glycemic control and are at high risk of morbidity and mortality. In recent 

years, the role of the kidney in glucose homeostasis has gained considerable interest. The 

kidneys are innervated by renal nerves, and renal denervation animal models have shown 

improved glucose regulation. We hypothesized that kilohertz frequency stimulation, which can 

block propagation of action potentials, applied to renal nerves would reduce blood glucose 

concentration levels by increasing urinary glucose excretion. We performed experiments (n = 2) 

on anesthetized, diabetic streptozotocin (STZ)-induced (50 mg/kg, IV) male Long-Evans rats 

with stable blood glucose levels above 400 mg/dL prior to surgery. Both kidneys were exposed 

through a midline abdominal incision. A nerve cuff electrode was placed around each renal 

artery, encircling the renal nerves that run along the artery. Both ureters were cannulated for 

collection of urine samples in 10-minute intervals, and colorimetric assays were used to quantify 

the amount of glucose excreted. Blood samples were obtained from the tail every 10 minutes for 

blood glucose concentration measurements using a glucometer. Electrical stimulation (50 kHz, 

15 V) of the renal nerves was applied for 60 minutes. During stimulation in the two experiments, 

blood glucose concentration decreased at a rate of -0.6 and -2.8 mg/dL/min, and urinary 

excretion of glucose increased at a rate of +14.5 and +43.9 µg/min/min. Overall, our results show 

that kilohertz frequency stimulation of renal nerves is a possible approach for the modulation of 

blood glucose concentration and urinary glucose excretion. This study suggests that electrical 

stimulation of renal nerves is a potential treatment modality for glycemic control. 
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Title: A link between the urothelium and caveolae mediated signaling in cyclophosphamide 

induced cystitis in the rat 
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Abstract: Caveolae-mediated signal transduction seems to be vital for healthy bladder function. 

The expression of the caveolae, i.e. cholesterol stabilized membrane invaginations, appears to be 

changed by disorders such as bladder hypertrophy and interstitial cystitis/bladder pain syndrome. 

The latter is an inflammatory disorder during which also the innermost epithelial layer of the 

bladder wall, the urothelium, is affected in such a way that the expression of receptors as well as 

the release of neuromodulators from it is altered. 

In the present study the effects of caveolae depletion on cholinergic and purinergic signaling in 

healthy control rats and during cyclophosphamide (CYP)-induced cystitis (100 mg i.p. 60 h 

before experiment) were examined. A plausible link between ATP-induced release of urothelial 

acetylcholine and the caveolae was investigated. 

A classic organ bath set-up using either bladder strip-preparations (for agonist and electric field 

stimulation (EFS)) or a whole rat urinary bladder set-up enabling intravesical administration of 

substances was employed to investigate the effects of caveolae depletion on agonist evoked 

contractile responses. For the whole bladder preparations the agonist administrations were 

repeated after removal of the urothelium using collagenase I. 

In bladder strip preparations the purinergic part of the EFS-evoked responses was significantly 

reduced by caveolae depletion by methyl-β-cyclodextrin (10 mM, 60 min). Furthermore, 

caveolae-depletion significantly reduced the purinergic responses in vitro (from 2.35 ± 0.54 mN 

to 0.92 ± 0.42 mN at 10-3 M ATP, p< 0.05, n= 6-7). In the presence of atropine the ATP-evoked 

responses were significantly reduced in a similar manner. However, when denudation of the 

urothelium was performed the depletion of caveolae did no longer affect the purinergic response 

(from 7.83 ± 1.73 mN in denuded bladders to 7.65 ± 0.93 mN after caveolae depletion, n.s, n= 

5). CYP-induced cystitis seemed to hamper these effects since caveolae depletion did not 

significantly affect the purinergic responses during inflammation. 

These results suggest a cholinergic part supporting the ATP-induced contractile responses in 

vitro. A functional link between the urothelium and the caveolae seem to exist, where the 

caveolae may function as an intermediate signaling step for other transmitters released from the 

urothelium. Furthermore, the caveolae appear to be vital for neuronal responses as well as 

purinergic responses in healthy rodents. These effects are absent during inflammation and may 

be one of the mechanisms affected during interstitial cystitis/bladder pain syndrome. 
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Abstract: Loss of bladder control following spinal cord injury (SCI) has a substantial impact on 

quality of life, and thus, its restoration is a high priority for people with SCI. Current treatments 

for lower urinary tract (LUT) dysfunction, including pharmacological interventions and 

catheterization, are insufficient and people with SCI are frequently rehospitalized due to bladder 

infections. Recent research suggests that epidural stimulation of the spinal cord can modulate 

bladder function. Epidural spinal cord stimulators are already regularly implanted to treat back 

pain, making this a rapidly translatable method to treat loss of bladder control. Here, we 

demonstrate that localized electrical stimulation through an epidural array can selectively recruit 

LUT afferents, thereby activating specific reflexes modulating bladder function. 

In anesthetized male cats, we placed a high density 16-channel epidural array at several locations 

above the sacral spinal cord and cauda equina. We implanted nerve cuffs on the pelvic nerve, 

branches of the pudendal nerve, and on the sciatic nerve to record the antidromic action 

potentials evoked by stimulation of the spinal cord. Intraurethral and bladder catheters were used 

to measure bladder and external urethral sphincter contractions. For stimulation at each electrode 

of the epidural array, as well as for bipolar and tripolar layouts, we determined the recruitment 

threshold of each peripheral nerve. 

Peripheral nerve recruitment due to monopolar stimulation differed for each electrode on the 

epidural array, both in the peripheral nerve recruitment order and in the amplitude of each 

response. Bipolar and tripolar stimulation required higher amplitudes to recruit responses, and 

resulted in different response profiles compared to monopolar stimulation. We observed sciatic 

nerve coactivation (an unwanted off-target effect) for the epidural array placements over the 

sacral spinal cord, and were able to reduce these effects with bipolar or tripolar stimulation. For 

the epidural array placement over the cauda equina, we did not observe these off-target effects. 

We observed that changes in the intraurethral and bladder pressure were also modulated based on 

stimulus parameters. 



Ultimately, we were able to selectively recruit targeted peripheral nerves and observed that this 

recruitment also modulated physiological parameters. We believe that being able to control the 

activity of bladder afferent pathways could be used to systematically modulate function in the 

LUT. This capability could in turn be an effective treatment to improve LUT function after loss 

due to SCI or other pathophysiology. 
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Abstract: Central serotonin (5-HT), originating mainly in the raphe nuclei of brainstem, 

regulates lower urinary tract (LUT) activity. Traumatic spinal cord injury (SCI) interrupts 

spinobulbospinal micturition reflex pathways, resulting in urinary dysfunction. Approximately 2 

weeks later, involuntary micturition is established in rats due to the reorganization of spinal 

reflex circuitry. Recent studies discovered that small amounts of 5-HT remain detectable and 

spinal 5-HT receptors are upregulated in the caudal spinal cord following injury. To determine if 

spinal serotonergic machinery plays a role in the partially-recovered urination, we employed 

pharmacological interventions of 5-HT1A or 5-HT2A receptors combined with micturition 

functional assays in SCI rats. Female rats received a complete SCI at the 10th thoracic (T10) 

level. After 3-4 weeks, bladder cystometry and external urethral sphincter (EUS) 

electromyography (EMG) were recorded to examine micturition reflexes. Intravenous (i. v.) 

injection of specific 5-HT1A receptor antagonist WAY-100635 (20 μg-1.0 mg/kg) or 5-HT2A 

receptor antagonist MDL (20 μg-0.5 mg/kg) did not influence the reflexic parameters. However, 

delivery of selective 5-HT1A receptor agonist 8-OH-DPAT (20 μg-1.0 mg/kg) increased the 



voiding duration and EUS tonic activity; injection of specific 5-HT2A receptor agonist DOI (5.0-

100 μg/kg) increased the voiding volume and prolonged the interval. This indicates that spinal 5-

HT1A receptors are mainly related to urinary continence, but 5-HT2A receptors enable urinary 

elimination following SCI. Additionally, the high dosage of DOI induced nonspecific effects, 

such as elevation of EUS tonic activity and body muscle movements. While measuring 

spontaneous micturition patters via metabolic cage assays, 8-OH-DPAT (0.3 mg/kg in saline, 

300μl) or DOI (60 μg/kg in saline, 300μl) were subcutaneously (s. c.) administered and an 

injection of the same volume of saline served as a control. Spontaneous urinary parameters were 

continuously recorded for 12 hrs. The results demonstrated that stimulating 5-HT1A receptors 

with 8-OH-DPAT did not change urodynamic parameters. In contrast, activation of 5-HT2A 

receptors with DOI increased the urinary volume per void and decreased the frequency within 6 

hrs. Thus, spinal 5-HT1A and 5-HT2A receptors appear to have opposing roles in regulating 

recovered micturition: the former contributes to urinary continence whereas the latter facilitates 

voiding. Although these two receptors may not be engaged in physiological control of recovered 

micturition, stimulating spinal 5-HT2A receptors improves involuntary voiding after SCI. 
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Abstract: The normal function of lower urinary tract (LUT) is affected by a variety of idiopathic 

conditions and secondary complications arising from various pathologies. Over the past few 

decades, peripheral and sacral nerve stimulation has been utilized in clinical setting to modulate 

LUT function and provide relief to patients through invasive and non-invasive stimulators. One 

challenge for these clinical systems is their inability to selectively modulate the multiple reflex 

pathways involved in LUT control. In some of the mixed nerves consisting of sensory and motor 

fibers, the simultaneous recruitment of efferent and afferent fibers further complicates the 

problem resulting in activation of undesired reflexes. Here, we report on our effort to selectively 



access components of the pudendal and pelvic nerves by stimulating through penetrating 

microelectrode arrays implanted in the sacral dorsal root ganglion (DRG). 

In isoflurane anesthetized male cats, nerve cuffs (Micro-Leads Inc) were implanted on pelvic 

nerve, pudendal nerve and its branches which included the sensory, caudal rectal and deep 

perineal nerves. To measure responses evoked from these nerves, intraurethral and transvesical 

catheters were placed in the urethra and bladder. After a laminectomy of the L5-S4 spinal 

segments, 32-channel penetrating microelectrode arrays (Blackrock Microsystems) were 

implanted ipsilaterally into the S1, S2 and S3 DRG. Microstimulation was delivered through 

individual electrodes and antidromic action potentials were recorded at the peripheral nerve cuffs 

using a Grapevine neural signal processor (Ripple LLC). A binary search algorithm was used to 

determine the stimulation threshold for selectively recruiting each instrumented nerve. 

Stimulation-evoked motor responses were recorded from the bladder, urethra and anal sphincter 

to confirm the placement of nerve cuffs. Microstimulation of single electrode in the DRG 

selectively recruited individual nerve branches where the delivered stimulation amplitudes 

ranged from 2-50 μA. In the tested cats (n=3), the S1 and S2 locations exhibited preferential 

recruitment of caudal rectal and dorsal nerve of penis respectively. The deep perineal nerve was 

exclusively recruited through the S2 and S3 locations. Pelvic nerve recruitment was observed 

through S2 simulation in a single animal. These data enable a preliminary glimpse into the 

mapping of electrophysiological recruitment patterns of lower urinary tract innervation. Our 

future experiments will focus on creation of extensive recruitment maps, and testing coordinated 

microstimulation to produce physiological changes in the function of the bladder and urethra 
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Abstract: Introduction. Non-steroidal anti-inflammatory drugs (NSAIDs) such as indomethacin 

are widely used for the treatment of chronic inflammatory diseases. However, its main limitation 

is the gastrointestinal toxicity, including ulcers, hemorrhages and gastric perforations. In the 

pharmaceutical industry, the search for new therapeutic strategies includes the compounds 

isolated from medicinal plants. Previous studies reported the gastroprotective effect of the 

extracts of the plants Amphiptherygium adstringens and Ligusticum porteri Until now, the 

protective effect of the compounds 3-α-hydroxymasticadienoic acid and diligustilide isolated 

from these plants against indomethacin-induced gastric damage has not been studied. Therefore, 

our research aims to |evaluate the gastroprotective effect of 3-α-hydroxymasticadienoic acid and 

diligustilide against indomethacin-induced gastric damage in Wistar rats. Methods male Wistar 

rats received oral administration of 3-α-hydroxymasticadienoic acid or diligustilide separet (at 

doses of 1,3,10 and 30 mg/kg, respectively). 30 minutes later, gastric damage was induced by a 

single oral dose of indomethacin (30 mg/kg). Three h later, animals were euthanized by cardiac 

puncture. The stomach was removed,and a macroscopical analysis was performed to obtain the 

total sum of the lesión área (mm2) for each rat . Results and Conclusions. 3-α-

hydroxymasticadienoic acid and diligustilide exerts a gastroprotective effect in a dose-dependent 

manner against indomethacin-induced gastric damage, it is important to note that this effect is 

comparable with the effect that omeprazole has. Therefore, the gastric safety of both compounds 

and their potential use in the clinic is evident. 
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Abstract: The sympathetic nervous system (SNS) plays a crucial role in the regulation of renal 

and hepatic functions. Sympathetic nerves to the kidney and liver have been identified; however, 

the specific details including anatomical, neurochemical and functional information is lacking, 

particularly in the mouse. Furthermore, in the absence of detailed information of sympathetic 

innervation of specific organs, selective manipulation of a particular function will likely remain 

challenging. Therefore, we aimed to develop tools necessary to comprehensively map the 

sympathetic innervation of the kidney and liver. Here, we injected the trans-synaptic viral tracer 

(pseudorabies virus 152) into the left kidney or into the main lobe of the liver to identify kidney- 

and liver-projecting postganglionic neurons. Following dissection of the ganglia iDISCO method 

was used to detect pseudorabies virus labeled and tyrosine hydroxylase positive neurons, and 

then imaging of the tissue was performed with light sheet microscopy. Kidney-projecting 

neurons were identified in multiple ganglia including the suprarenal and renal ganglia, while 

only sparse labeling was observed in the celiac complex. In contrast, the majority of liver-

projecting postganglionic neurons were observed in the celiac complex. In summary, our study 

demonstrates that retrograde tracing in combination with iDISCO is a useful tool to map 

postganglionic neurons innervating the kidney and liver. 
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Abstract: Bladder Pain Syndrome/Interstitial Cystitis (BPS/IC) is a major unresolved health 

concern with a considerable economic burden in lost productivity and health care. 

Neuromodulation has recently become a therapeutic option to treat patients refractory to standard 

care. However, the mechanism(s) underlying the effects of nerve stimulation on bladder function 

are unknown. The objective of this study was to determine the efficacy and mechanisms of 

neuromodulation in a preclinical model of BPS/IC. Female rats were administered saline or 

cyclophosphamide (CYP, 150 mg/kg IP) and acute experiments were conducted under urethane 



anesthesia (1.2 g/kg SQ, supplemented as needed) 48 hours after injection. The bladder was 

exposed through a midline abdominal incision and a flared PE-60 catheter was inserted into the 

bladder dome for cystometry. The catheter was secured and connected via a 3-way stopcock to a 

pressure transducer and infusion pump. A paddle with platinum iridium contacts was placed 

between the pubic symphysis and the external urethral sphincter (EUS) to record EMG signals. 

Pressure and EMG signals were amplified, filtered, and sampled on a PowerLab acquisition unit 

with LabChart 7 Pro. Electrical stimulation of the sensory branch of the pudendal nerve 

increased bladder capacity in control and CYP-induced cystitis rats (p ≤ 0.01). Bilateral 

transection of the hypogastric nerves (HGNT) had no effect on stimulation-induced increases of 

bladder capacity in control rats (p ≤ 0.05), whereas, HGNT, as well as pharmacological 

inhibition of beta-adrenergic receptors (propranolol, 1 mg/kg IV), blocked the effects of 

electrical stimulation in CYP-induced cystitis rats. These studies suggest distinct spinal reflexes 

contribute to the effects of pudendal nerve stimulation following inflammation. Understanding 

this neural reorganization in cystitis may enable the development of novel therapeutic 

approaches. 
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Abstract: The human microbiome has an important influence on health and disease. One such 

influence is its association with Vulvovaginal Atrophy (VVA), which, due to reduced estrogen 

levels, may affect up to 50% of post-menopausal women. VVA can lead to vaginal dryness and 

is correlated with female sexual dysfunction. VVA is associated with an imbalance of the vaginal 

bacteria population, such as reduced levels of Lactobacillus and increased levels of other 

bacteria. Pudendal nerve stimulation in rodents can lead to increases in vaginal blood flow, and 

stimulation of the genital nerve branch of the pudendal nerve has led to an improvement in 

sexual function in a small cohort of women. These sexual function improvements may be due to 



changes in the vaginal microbiome, potentially driven by increases in vaginal blood flow. We 

hypothesized that genital nerve stimulation can lead to a normalization in the vaginal 

microbiome over time. Five treatment and four control adult, nulliparous female Sprague Dawley 

rats were used to test the association between nerve stimulation and microbial community. First, 

daily lavages were collected across a two-week baseline period to determine the normal variation 

in vaginal microbiota across the rodent estrous cycle. Next, all rats were anesthetized twice a 

week with ketamine during a 6-week testing period. In each session treatment rats received 30 

minutes of cutaneous genital nerve stimulation (10 Hz at amplitude below visible muscle 

response) while control group rats had the probe in place with no stimulation applied. Vaginal 

lavages were performed for each animal prior to and following each 30-minute stimulation/no-

stimulation period. Each lavage sample was analyzed for estrous stage and microbiota 

composition using 16S rRNA gene sequencing. Analysis of preliminary vaginal samples 

identified dominant bacterial species including Proteobacteria, Lactobacillales, and Firmicutes, 

all of which are common in the rodent vaginal microbiome. Further analyses are underway to 

compare the microbiota of treatment and control rats within and across the study duration and 

against different estrous cycle states. To our knowledge this is the first study assessing the effect 

of nerve stimulation on organ microbiota. A relationship between genital nerve stimulation and 

changes in the vaginal microbiota would demonstrate it as potential therapeutic technique for 

women suffering from VVA and its correlated forms of female sexual dysfunction. 
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Abstract: Overactive bladder symptoms including urinary urgency, frequency and incontinence 

are prevalent, negatively impact quality of life, and are inadequately treated by existing clinical 



therapies. Stimulation of the pudendal nerve is a promising therapy that is not yet fully 

developed. 

In a prior study pudendal nerve stimulation substantially increased bladder capacity (BC), but the 

largest increases were associated with decreases in voiding efficiency (VE). In this study we 

examined whether state-dependent stimulation - one set of parameters to promote urine storage 

during bladder filling and another to promote voiding - could increase both BC and VE. 

Experiments were conducted in urethane anesthetized female Wistar rats (n=9) and alpha-

chloralose anesthetized male cats (n=6). Nerve cuffs were placed on the pudendal sensory branch 

(rats), dorsal genital branch (cats), and pudendal motor branch (both). A catheter was placed in 

the bladder for pressure measurement and saline infusion during single-fill cystometrograms. 

Bladder inhibition was achieved by 10 Hz stimulation of the sensory pudendal or dorsal genital 

nerve. In some trials stimulation occurred throughout the entire cystometrogram (continuous 

stimulation); in other trials stimulation was terminated at the onset of voiding. In this latter case 

either no further stimulation was delivered or a second stimulus was delivered to the pudendal 

motor branch in bursting patterns (state-dependent stimulation). 

In rats, continuous 10 Hz stimulation of the sensory pudendal nerve increased BC and decreased 

VE to 158% and 19% of control values, respectively. Termination of the inhibitory stimulus 

during voiding increased VE to 48% of control values. Bursting stimulation of the motor branch 

during the voiding phase increased VE to 75-117% of control. VE was increased relative to 

continuous stimulation (p ≤ 0.016) but was not larger than control values. 

Similar results were obtained in cats. Continuous 10 Hz stimulation of the dorsal genital nerve 

increased BC and decreased VE to 126% and 67% of control values respectively, although the 

latter trend was not significant (p = 0.072, n=5). Termination of the inhibitory stimulus during 

voiding increased VE to 114% of control values. Bursting stimulation of the pudendal motor 

branch during voiding increased VE to 479% of control values (p=0.028, n=5). 

In both rats and cats continuous pudendal nerve stimulation increased BC but decreased VE. 

State-dependent stimulation increased both BC and VE and may be an effective therapy for 

voiding dysfunction. 
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Abstract: Age-related underactive bladder (UAB) can lead to high healthcare expenses, lower 

urinary tract (LUT) infection and even death in elderly population. When the bladder is in 

micturition mode, sensory information from the bladder excites the bladder and relaxes the 

external urethral sphincter (micturition reflex). Urethra flow activates the urethra-to-bladder 

reflex (augmenting reflex), which promotes the micturition reflex and helps in complete bladder 

emptying. The augmenting reflex is only engaged when the LUT is in “micturition mode” and 

not in “continence mode” (Fowler et al. 2008, Nat Rev Neurosci). Previous work in young, 

anesthetized rats has found this switch between modes to occur at bladder volumes >74% of the 

bladder capacity (Danziger and Grill, 2017, J Physiol). We hypothesized that the augmenting 

reflex is weakened with increasing age and can result in UAB like symptoms. 

We used young (n=10, 4-7 month), and old (n=12, 18-24 month) urethane-anesthetized female 

Sprague-Dawley rats to quantify the effect of aging on the augmenting reflex. One lumen of a 

double-lumen catheter was suprapubically inserted into the bladder. The second lumen passed 

through the intravesical space into the urethra to allow infusion of fluid through the urethra and 

simultaneously prevented the bladder from expelling volume. At 2 minute intervals the urethra 

was infused at a pseudorandomly selected flow rate to test if the infusion could trigger the 

augmenting reflex. This was repeated multiple (54) times at a range of urethral flow and bladder 

fill combinations to ascertain the effects of age on augmenting reflex activation point. 

The results show that the augmenting reflex in older animals is functionally weaker than young 

animals. Remarkably, in 66% of aged animals the augmenting reflex disappeared completely. In 

25% of aged animals the augmenting reflex could only be triggered once bladder volumes were 

large enough to evoke the bladder distention (micturition) reflex, meaning, the augmenting reflex 

for aged animals was engaged far later in the micturition phase than for young animals. This 

degradation of the augmenting reflex and urethral sensitivity may be the cause of poor voiding 

efficiency and large residual volumes, which are UAB-like symptoms. Furthermore, results 

demonstrated an increase in micturition pressure threshold, and a decrease in micturition 

pressure peak in older animals, which can be an indicative of possible bladder afferent and 

efferent weakness, respectively. 
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Abstract: Lower urinary tract symptoms (LUTS) are extremely common and enormously 

debilitating. A significant component of LUTS is due to failure of nervous control of bladder 

function, or otherwise failure of neural pathways to compensate for bladder dysfunction. It 

remains unclear how the brain controls bladder filling and voiding and how the reflex is inhibited 

at times when voiding is undesirable. The pontine micturition center (PMC) directly controls 

voiding. PMC neurons provide innervation of sacral spinal cord nuclei that control bladder 

contraction and sphincter relaxation. Here we identify the neurochemical identity of PMC 

neurons that contribute to micturition control and we identify a network of afferent neurons, 

spanning several forebrain and brainstem regions, which directly modulates these PMC neurons 

to initiate voiding behavior. Micro-injections of adeno-associated viruses, modified Rabies virus, 

CTb or Diphtheria Toxin, placed into anatomically defined regions of the mouse brain, enabled 

highly selective expression of proteins in target neuron populations. Video thermography to track 

voiding behavior in awake-behaving mice was combined with measurement of bladder pressure, 

optogenetic stimulation or inhibition and recording of neuron population activity. 

Optogenetically stimulating specific subpopulations of PMC neurons triggered time-locked void 

responses. Conversely, selective ablation of neurons in the PMC using diphtheria toxin A 

resulted in urinary retention, and delayed the CMG voiding reflex. Input connections controlling 

PMC were found in the vlPAG, the preoptic area, the lateral hypothalamic area, and other 

sites.To test the functional consequence of afferent neuron activity, we light-stimulated axon 

terminals within the PMC and observed micturition events within seconds (excitatory) or 

increased inter-void intervals (inhibitory afferents). We recorded Ca2+-dependent fluorescence 

changes in distinct neuron populations to study the timing of neuronal activity with respect to 

detrusor contraction and voiding and found that specific subpopulations have distinct activity 

patterns that may drive particular aspects of bladder control. Our results taken together, identify a 



network of neurons that can control urinary voiding and continence by acting on PMC neurons. 

We have demonstrated facilitatory roles of periaqueductal grey (PAG) and hypothalamic 

afferents, for voiding and modulating continence. This information helps us with a detailed 

understanding of how forebrain, brainstem and spinal inputs converge to control bladder filling 

and voiding, and hence the neurologic mechanisms of LUTS in mice and humans. 
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Abstract: Interstitial cells of Cajal (ICC) isolated from different regions of the stomach generate 

spontaneous electrical slow wave activity at different frequencies, with cells from the mid corpus 

(dominant pacemaker) pacing faster than their antral counterparts. However, in vivo there exists 

a uniform pacing frequency; slow waves propagate aborally from the proximal stomach and 

subsequently entrain distal tissues. Under some pathological states, the intrinsic frequency of 

ICC in the myenteric plexus in antrum become equal or close to that of dominant pacemaker in 

corpus thus becoming ectopic/local pacemakers. These waves propagate backwards and collide 

with the waves coming from the corpus most likely resulting in disruption of gastric peristalsis 

and delayed gastric emptying (gastroparesis). This scenario is called functional uncoupling of the 

contractions of the stomach. 

To better understand the mechanisms underlying the functional uncoupling, we have 

computationally modeled the slow waves as being generated by a chain of interconnected 

biophysical circuits of networks of cells. This biophysical circuit consists of 6 ICC and 6 smooth 

muscle cells (SMC) where both of the cell models are based on Corrias and Buist model. ICC are 

connected to each other through gap junctions and so are the SMC. Gap junctions also connect 

individual ICC with its corresponding muscle cell. The ICC were modeled with an intrinsic 

frequency gradient with the rostral most cell having the highest frequency and caudal most cell 

having the lowest frequency by assigning initial inositol trisphosphate (IP3) concentration in a 

linear gradient fashion (600 nM at the top to 595 nM at the bottom). An IP3 dependent calcium 



ion release model was incorporated into the ICC model resulting in an entrained pacing 

frequency of 3.1 cycles per minute. When an ICC membrane depolarizes, this increases IP3 

receptor mediated Ca2+ release by increasing synthesis of IP3 in that cell cytoplasm. Although, 

cells have a linear gradient in their initial IP3 concentration, in time, they all attain a maximum 

concentration which is almost equal to each other (650.91 nM for rostral one to 650.88 nM for 

caudal one) and so is the case with minimum concentration (616.56 nM-616.50 nM). In our 

model, it was assumed that IP3 diffuses through the gap junctions that connect neighboring ICCs. 

The diffusion was simulated as initial concentration gradient from the local pacemaker in antrum 

towards oral pacemaker cells. This gradient has created the functional uncoupling in stomach. By 

modeling functional uncoupling in stomach, we can use this model to study different 

gastrointestinal diseases, especially motility related diseases. 
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Abstract: Social behavior to communicate with others is essential for the survival for organisms 

including human. Empathy is a mental function that shares emotional state with others, and it is 

essential as a motivation for causing social behaviors that help other people such as compassion 

and comfort. Oxytocin (Oxt) is a peptide synthesized in the paraventricular nucleus and the 

supraoptic nucleus and is known to be involved in social behaviors and empathy. Recent studies 

have focused on Oxt and its receptor (Oxtr) as therapeutic drug candidates for mental disorders, 

especially social disorder symptoms of autism spectrum disorder (ASD). ASD is a 

neurodevelopmental disorder characterized by repetitive behaviors and deficits in social behavior 

and empathy, while the etiology and treatments for ASD are poorly understood. Therefore, it is 

strongly expected that the fundamental elucidation of the neural mechanisms of the sociality by 

Oxt/Oxtr system. It is also necessary to investigate the mechanism of empathy which is the root 



of social behavior, because it is thought that neuroscience study of empathy is widely applicable 

to treatment of many mental diseases including ASD. However, the empathic neural circuits 

regulated by Oxt/Oxtr have been still unknown. In this study, we researched how the Oxt/Oxtr 

system controls empathy. We analyze brain regions and neural circuits of Oxtr+ neurons involved 

in empathy in the whole brain and aim to contribute to treatment of sociality of mental disorders 

including ASD in the future. In this study, we performed empathic behavioral tests for Oxt/Oxtr 

genetic modified mice and prairie voles (Microtus ochrogaster), and analyzed the relationship 

between Oxtr+ neurons and empathy. Prairie voles are rodents which have high sociality such as 

robust monogamous system and breeding by parents. They are increasingly becoming popular as 

model animals of social behavior research in recent years. Furthermore, they are expected to be 

useful as empathic model animals from the report showing empathetic behavior among pairs. We 

revealed that the Oxt/Oxtr signals are important for empathy, and identified the brain regions 

related to empathic behavior in the whole brain. 
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Abstract: Cooperation has generally been attributed to a cognitively demanding, complex social 

behavior that two or more individuals act together to achieve a common goal. The ability of 

cooperation is key to surviving and has even been thought as which help humans become Earth’s 

dominant vertebrate by some anthropologists. However, the details of how and why cooperation 

evolved remain unclear. Here we use a temporal coordination task which is a simple form of 

cooperation to address these questions, namely familiar pairs of SD rats were required to poke 

nose port synchronously within a short time (3s or 1s) for mutual reward in a automated maze. 

Rats were trained under various conditions including light or dark condition, with/out physical 

contact to assess the role of different sensory modalities on cooperative efficiency. We found 

that SD rats performed better in dark condition compared with the rest conditions. Rats could 

cooperate well even with route changed. What’s interesting is that the social interactions between 

the two individuals increased with task difficulty, indicating that social communication played an 

important role in cooperation. The phenomenon that higher reward would promote rats to 

cooperate from individual action implies the behavior is related to the reward circuit. 



Interestingly, we identified a population of neurons which responded differently to the same 

event in cooperative task (CT) and non-cooperative task (NCT) in prelimbic cortex (Prl) by using 

extracellular recording, providing important clues about the driving force behind cooperation. 
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Title: Phasic signaling by noradrenergic locus coeruleus neurons during maternal social 

interactions 
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Abstract: The Locus Coeruleus-Noradrenaline system (LC-NA) has an established role in 

arousal, attention and state-dependent behavioral modulation. Tonic firing rates in LC closely 

track other physiological measures of arousal such as EEG patterns and pupil diameter. In 

structured operant tasks, LC neurons emit phasic bursts in response to salient stimuli and 

facilitate goal-directed behaviors. Indirect evidence implies that LC is also engaged in 

naturalistic social behavior, but there are few reports of LC activity under those conditions. 

Certain social stimuli such as odors and vocalizations can act as rewards, and their subjective 

value is powerfully modulated by context and internal state, or “motivational salience.” First-

time motherhood, for example, attaches emotional significance, and thereby greater motivational 

salience, to social cues. This may explain why maternal experience in mice induces robust pup 

gathering behavior and attraction to ultrasonic pup vocalizations. The neural circuits that 

facilitate this switch in motivated behavior are poorly understood. Therefore, we are evaluating 

the potential role of the LC-NA system in modulating social reward value by signaling 

motivational salience. 

We are using chronically-implanted multielectrode arrays (MEAs) and fiber photometry to 

measure spiking activity from single neurons and bulk Ca2+ signals from neuronal populations 

in LC of freely behaving, nulliparous female mice, before and after exposure to pups. LC 

neurons are identified by electrophysiological criteria and by post hoc histology. For fiber 

photometry, DBH (dopamine-β-hydroxylase)-Cre mice are with injected with a Cre-dependent 

adeno-associated virus (AAV) driving expression of the Ca2+ indicator GCaMP6s. Our 



preliminary results reveal that contact with pups during retrieval events by maternally-

experienced surrogates coincided with rapid, transient increases in neuronal firing rate (phasic 

bursts) and optically-detected GCaMP fluorescence, suggesting that LC may participate in 

evaluating and responding to rewarding social signals. Ongoing experiments aim to ascertain 

whether these transients are modulated by cumulative experience with social cues, and to further 

investigate the influence of LC on social behavior and motivational salience. 
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Title: Consequences of prenatal exposure to valproic acid in the socially monogamous prairie 

vole 

Authors: *L. L. SAILER1, F. DUCLOT1, Z. WANG2, M. KABBAJ1 
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Abstract: One of the most widely used environmental exposure models of autism spectrum 

disorders is the valproic acid (VPA)-induced animal model. VPA-exposed rats and mice exhibit 

deficits in social behaviors that resemble some aspects of autism spectrum disorders. Although 

significant discoveries on the embryopathology of VPA have been proposed, its effects on social 

bonding, a complex behavior uncommonly displayed by rats and mice, remains unknown. In this 

study, we aimed at validating the socially monogamous prairie vole (Microtus ochrogaster) 

model for the study of the effects of prenatal VPA exposure. VPA-exposed prairie voles engage 

in fewer social affiliative behaviors, exhibit less social interactions with novel conspecifics, and 

show enhanced anxiety-like behavior, compared to saline-exposed controls. A downregulation of 

cortical vasopressin receptor (V1aR) and methyl CpG-binding protein 2 (MECP2) mRNA 

expression coincide with these social impairments. Through chromatin immunoprecipitation, we 

confirm that reduced mRNA expression of V1aR and MECP2 occur through independent 

processes. Additionally, prenatal VPA exposure does not alter total dendritic and spine-shape 

subtype densities during adulthood. Interestingly, adult social bonding behaviors, such as partner 

preference formation and selective aggression, are not disrupted by prenatal VPA exposure. 
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Abstract: Animal models suggest that the endocannabinoid system (eCS) helps regulate various 

aspects of social behavior, including play behavior and social reward, during adolescence. 

Properly tuned endocannabinoid signaling may be a critical developmental component in the 

emergence of normal adult social behavior. In the current experiment, we attempted to 

pharmacologically disrupt endocannabinoid tone during early adolescence, and then measure the 

behavioral effects during both middle adolescence and early adulthood. 36 male and 36 female 

Long Evans rats received daily injections of one of three treatments between post-natal day 

(PND) 25-39: 1) vehicle treatment, 2) CP55,940 (0.5 mg/kg), a potent CB1 receptor agonist, or 

3) AM251 (0.4 mg/kg), a CB1 receptor antagonist/inverse agonist. Both in middle adolescence 

(PND 40-44) and early adulthood (PND 66-70), subjects were tested in an elevated plus maze for 

general anxiety and a 3-chambered sociability apparatus for social motivation. For the sociability 

test, the percentage of entries into the social chamber, the percentage of time spent in the social 

chamber, and the percentage of time spent investigating the social target (a same-sex 

conspecific) were the primary dependent variables. We hypothesized that both CP55,940 and 

AM251 treatment would significantly attenuate sociability in both male and female rats, 

expressed during middle adolescence and early adulthood. This would indicate that disruption of 

endocannabinoid tone during a critical social-developmental phase has long-term, persistent 

neurobehavioral effects. Initial analyses indicate a modest effect of CP55,940 but not AM251 on 

subsequent sociability. There were also main effects of sex (with males expressing greater social 

motivation overall than females) and age (with subjects expressing greater sociability as 

adolescents than as adults). 
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Title: Role of µ-opioid receptors in the motivation to sing and acoustic features of female-

directed songs in male zebra finches 
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Abstract: Objective and rationale: Mu-opioid receptors (µ-ORs) are G-protein-coupled 

receptors found throughout the nervous system and bind endogenous opioid peptides such as 

enkephalin and endorphin. High levels of µ-ORs are expressed in different components of the 

basal ganglia, which receives dopaminergic projections from the VTA/SNc. Dopamine is known 

to affect the inhibitory output of the basal ganglia and modulate the cortico-basal ganglia-

thalamic circuitry. This circuitry is involved in various cognitive functions such as motivational 

and motor aspects of behaviour, including vocalization across different species of vertebrates. 

Interestingly, modulating levels of the endogenous opioids or their binding in the basal ganglia 

can change dopamine release by the VTA/SNc and affect associated behaviours. Songbirds like 

zebra finches show high expression of µ-ORs in various song control regions. Social context-

dependent singing is a direct output of a part of this circuitry (called anterior forebrain pathway 

or AFP), making songbirds an excellent model system to study the role of opioid modulation in 

vocal behaviours. 

Methods: To study the role of opioid neuromodulation on female-directed (FD) singing in zebra 

finches which is a male courtship behaviour, we performed site-specific infusions of µ-OR 

antagonists in the nuclei of the AFP by microdialysis and analysized the neurotrasmitters by 

HPLC-MS in the dialysate, while simultaneously recording the behaviour of experimental birds. 

This methodology gave us direct insights (from the molecular to the behavioural level) as to how 

the endogenous opioid system directs motivational aspects of singing during courtship in zebra 

finches. 

Results: Inhibiting µ-ORs in Area X (a basal ganglia homologue in songbirds of AFP) using 

antagonists results in a significant dose-dependent increase in the number of FD songs which 

suggests an increase in the motivation to sing. Interestingly, the same manipulation in the cortical 



nucleus LMAN which is upstream of Area X led to a decrease in the number of songs. Further, 

we found changes in the acoustic features of individual syllables that these birds sang, after the 

µ-OR system was modulated in Area X. 

Conclusions: Our results confirm that µ-ORs in the AFP play a major role in the motivation of 

male birds to sing FD songs. Also, we report for the first time that µ-OR modulation in different 

components of the AFP can affect the acoustic properties of songs. 
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Title: Does oral acetaminophen affect the sensitivity of neurons in macaque anterior cingulate 

cortex to the valence of outcomes in a social decision-making task? 
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Abstract: Human imaging studies have implicated both dorsal anterior cingulate cortex (dACC) 

and anterior insula, areas associated with the affective component of pain and discomfort 

(Rainville et al., 1997), in empathy (Singer et al., 2004). Oral acetaminophen (active ingredient 

in tylenol/ paracetamol) reduces BOLD activity in ACC and eases self-reported pain induced by 

social rejection (DeWall et al., 2016) and also diminishes empathy for others in distress 

(Mischkowski et al., 2016).These observations suggest acetaminophen, and possibly other pain 

killers, may interfere with normal processing of negative outcomes for both self and others. One 

potential cellular substrate for these effects are recently reported neurons in anterior cingulate 

cortex that have been shown to be sensitive to others' reward (Chang et al., 2013). It remains 

unknown whether these neurons also process negatively valenced information for other and 

whether the activity of these neurons is sensitive to acetaminophen. To answer these questions, 

we recorded the activity of neurons in ACC gyrus (ACCg) in rhesus monkeys choosing between 

two differently colored targets associated with varying magnitudes of fluid. On each trial, the 



fluid on offer was cued to be pleasant (fruit juice) or unpleasant (diluted quinine) for either self 

or a recipient monkey (sitting across the room and facing the actor monkey). Monkeys rapidly 

learnt the valence, magnitude and recipient associated cues and showed overall preference for 

good tasting fluid for both self and other. Neurons in ACCg were also sensitive to outcome 

valence and recipient. Next, we studied decisions and activity of ACCg neurons following oral 

acetaminophen. Behaviorally, monkeys showed reduced sensitivity to negative outcomes for 

both self and the other. Preliminary results also suggest that acetaminophen diminishes the 

sensitivity of ACCg neurons to positive and negative outcomes for both self and the other. 
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Title: Neural correlates of reward-directed actions and individual variation in behavioral 

approach tendency 

Authors: *T. M. LE1, S. ZHANG3, S. L. ZHORNITSK, 065114, W. WANG1, C.-S. R. LI2 
1Psychiatry, 2Dept Psychiatry, Yale Univ., New Haven, CT; 3Yale Univ. Sch. of Med., New 

Haven, CT; 4Psychiatry, Yale, New Haven, CT 

Abstract: Human and non-human primate studies have reported regional and neuronal responses 

to incentivized actions as well as restraint of actions. However, it remains unclear how reward 

may modulate these neural processes differently or how individual variation in approach 

tendency influences the neural processes. We examined brain activation to go and nogo actions 

in a reward go/nogo task, with approximately ¾ go and ¼ nogo trials and an individually titrated 

go response window. Correct go and nogo trials were rewarded with $1 or ¢5 in reward sessions. 

Behaviorally, reward facilitated go and impeded nogo action. Rewarded go and nogo shared 

activation in the rostral anterior cingulate cortex (ACC) and right inferior frontal and parietal 

cortex. Rewarded go as compared to nogo success engaged the medial orbitofrontal cortex, with 

differential response to reward magnitude, as well as dorsal ACC/supplementary motor area and 

subcortical structures, all with indistinguishable response to dollar and nickel rewards. In 

contrast, rewarded nogo as compared to go success involved activation of the right middle 

frontal cortex and bilateral intraparietal sulci. We derived a behavioral index of approach 



tendency for each subject by subtracting the actual from the group predicted nogo error RT in a 

linear regression against go success RT. A large index reflected higher approach tendency and 

was associated with less activation of the right superior frontal gyrus during rewarded go action. 

The current findings distinguished neural responses to rewarded action and restraint of action 

and characterized a neural correlate of individual variation in approach behavior. 
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Abstract: Decreased social motivation is a prominent feature of depression. Stress is known to 

cause reduced reward motivation in rodents, and this is potentiated when subjects have no 

control over aversive stimuli. Whether stressor controllability influences the etiology of 

decreased social motivation has not been tested and has important implications for reducing the 

detrimental effects of stress on depressive symptomology. The current research tested the 

hypothesis that exposure to inescapable but not escapable stress causes reduced social 

motivation. In Experiment 1, a novel procedure to measure social motivation in male Sprague-

Dawley rats was developed. Test rats underwent either: one, two or ten training sessions where 

they had free access to investigate a social conspecific or an object in adjacent arms of a Y-maze. 

Twenty-four hours after the last training session, rats were tested for a social compartmental 

preference (SCP), where investigation of the previously paired social and object compartments 

was assessed. In Experiment 2, the short-term effects of stressor controllability on the expression 

of social motivation was assessed. Test rats were exposed to escapable or inescapable foot 

shocks twenty-four hours after the last training session, followed by SCP testing the next day. In 

Experiment 3, the long-term effects of stressor controllability on the acquisition of social 

motivation was assessed. Test rats were first exposed to escapable or inescapable foot shocks 

prior to 10 training sessions and SCP testing. It was found that when test rats underwent at least 



two training sessions they spent significantly more time investigating the previously paired social 

compartment, compared to the object compartment, during the SCP test. Furthermore, while rats 

exposed to escapable foot shocks demonstrated a significant SCP in both Experiments 2 and 3, 

this was not seen in rats exposed to inescapable stress. These results suggest that the ability to 

control an aversive stimulus blocks the detrimental consequences of stress on social motivation. 

Future research will investigate whether this effect can be mitigated by drugs that increase 

serotonergic tonicity. 
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Abstract: Oxytocin plays a critical role in the social behaviour of many species, and mounting 

evidence suggests that it also modulates socio-cognitive processes in primates (e.g. Chang & 

Platt, 2014; Kirsch et al., 2005; Skuse et al., 2014; Simpson et al., 2014; Liu et al., 2015). 

Suppression of activity in the alpha frequency band is commonly associated with the perception 

of social stimuli, with administration of oxytocin in human adults modulating alpha suppression 

during observation of biological motion (Perry et al., 2010). While alpha event-related 

desynchronization (ERD) is seen during observation of facial gestures in infant human and 

nonhuman primates (Ferrari et al., 2012; Rayson et al., 2017; Fox et al. 2016), it is not clear 

whether oxytocin plays the same role in the perception of social stimuli from a very early stage 

in development. To answer this question, we used electroencephalography (EEG) to investigate 

alpha ERD in three-month-old rhesus macaques during observation of a human performing 

different facial gestures (lip-smacking and tongue protrusion), as well as observation of a non-



biological stimulus (a spinning disk). We recorded activity from anteriorly- and posteriorly-

placed electrodes, and coded video recordings of the infants’ own behavior during the 

experiment. Each infant took part in the experiment two times: once after administration of 

saline, and once after administration of nebulized oxytocin. We found that oxytocin increased 

alpha ERD in posterior electrodes during observation of lip-smacking, the most socially relevant, 

affiliative gesture for macaques. Behaviorally, oxytocin increased the proportion of time infants 

attended to the demonstrator’s face in the lip-smacking condition, as well as infants’ own 

production of facial gestures during observation of lip-smacking and tongue protrusion. This 

increase in production was specific to the facial gesture observed: infants performed more lip-

smacking themselves during observation of lip-smacking, and more tongue protrusions during 

observation of tongue protrusion. We also found that the genetic polymorphism of the oxytocin 

receptor influenced the effects of oxytocin on social behavior. Our findings indicate that 

oxytocin does indeed modulate the neural processing of facial gestures in infant macaques, 

increasing both infants’ attention to socially relevant stimuli and their own social behavior. 
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Abstract: Social affiliation is a core characteristic of human social behaviors and related 

impairments are a common feature in a multitude of neuropsychiatric disorders including 

schizophrenia and autism spectrum disorders. As a result, understanding the neurobiology of 

social attachment is of critical importance. In this context, the socially monogamous prairie vole 

(Microtus ochrogaster) provides an excellent opportunity to study the molecular mechanisms 

underlying the formation and maintenance of a pair bond. Indeed, in prairie voles, prolonged 

cohabitation with an opposite-sex conspecific leads to the development of an enduring social 

bond reflected at the behavioral level by selective aggression towards an unfamiliar conspecific. 



At the molecular level, relatively little is known regarding the mechanisms associated with the 

maintenance of the bond. Indeed, despite the variety of neurotransmitter systems involved in the 

initial formation of the bond, and despite the enduring nature of the bond, surprisingly few genes 

have been involved in the maintenance phase of the bond. In this study, we thus aimed at 

identifying the pattern of gene expression related to pair-bond maintenance by analyzing the 

global transcriptional profiles in the nucleus accumbens (NAc) by RNA-sequencing. To this end, 

male and female adult prairie voles were cohabitated for 3 weeks with an opposite-sex partner—

or a same-sex conspecific as a control—and tested for selective aggression to verify the 

establishment of the pair bond. Notably, in order to discriminate regulations specific to the 

maintenance phase of the bond, a third group of animals were cohabitated with an opposite-sex 

partner for 24 hours only. Using this experimental design, we will thus be able to investigate the 

transcriptomic regulations associated with either early (24 hours) or later phase (3 weeks)—or 

both—of the pair bond maintenance in the prairie vole NAc. Furthermore, the parallel analysis in 

both male and female voles will highlight the similarities and differences in each transcriptomic 

profiles between sexes, allowing for the identification of regulations common or specific to each 

sex. Overall, these data will provide a novel insight into the global profiles of gene regulations 

underlying the maintenance of pair-bond in the prairie vole NAc, and thus open the way for the 

identification of novel candidates mediating enduring social attachment. 

Disclosures: F. Duclot: None. L. Sailer: None. Y. Liu: None. Z. Wang: None. M. Kabbaj: 

None. 
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Title: Correlated neural activity across the brains of socially interacting bats 

Authors: *W. ZHANG, M. YARTSEV 

Univ. of California Berkeley, Berkeley, CA 

Abstract: Social interaction is fundamental to our everyday life and that of diverse animals. 

When two animals interact, they behave in different ways, and each social interaction is 

inherently unique. Thus, to get a complete picture of the neural activity underlying real-life 



social interaction, we need to study the brains of both animals at the same time. Here, we 

developed an approach to do so in a highly social mammal, the Egyptian fruit bat, using wireless 

electrophysiology, which allows unrestrained natural social behaviors, and detailed behavioral 

analysis. We recorded simultaneously from the frontal cortex of pairs of bats, as they naturally 

interacted with each other and engaged in a wide range of social behaviors. We found neural 

correlates of the behavioral coordination across bats, at the levels of LFP, single units, and 

multiunits. Power in different frequency bands of the LFP showed distinct behavior-dependent 

dynamics, which were remarkably correlated across brains. Activity of single units and 

multiunits was also modulated by behavior, and exhibited both correlation and anticorrelation 

across brains. In another set of three experiments, we showed the necessity of social interactions 

for neural coordination across brains. We simultaneously recorded from two bats in separate, 

identical chambers, under three conditions: (1) the two bats each being isolated in its own 

chamber, (2) the two bats each being isolated in its own chamber while listening to identical 

auditory stimuli, and (3) the two bats each socially interacting with a different bat in their 

respective chambers. Despite similar sensory environments and behavioral states, LFP and 

spiking activity showed no correlation across brains in the absence of direct social engagement. 

In conclusion, our results demonstrate the neural coordination across brains that accompanies the 

behavioral coordination of social interactions. 
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Title: The social brain and µ: Genetic knockout of the mu opioid receptor differentially alters 

social behavior in male and female mice 

Authors: *C. TODDES1, L. ZUGSCHWERT3, E. LEFEVRE1, P. ROTHWELL2 
2Neurosci., 1Univ. of Minneosta, Minneapolis, MN; 3Univ. of St. Thomas, Minneapolis, MN 

Abstract: The mu opioid receptor is best known for its role in regulating pain, analgesia, and the 

reinforcing effects of exogenous opiates and other drugs of abuse. Binding of endogenous opioid 

peptides to the mu opioid receptor mediates various natural rewards, including the rewarding 

aspects of social interaction. Due to the high density of opioid receptors and peptides throughout 

the limbic system, the endogenous opioid system is thought to play a key role in social 

reinforcement and thus modulates social behavior. While social behavior has been well studied 



in a variety of animal models, the exact neural mechanisms mediating adaptive and maladaptive 

social interactions have yet to be fully elucidated. The goal of this study was to determine how 

heterozygous and homozygous knockout of the mu opioid receptor alters social behavior in male 

and female mice, using a variety of behavioral assays. Our behavioral battery includes: social 

conditioned place preference, dyadic social interaction, and the three-chamber social test. 

Additionally, we have been working with a novel behavioral test examining wildtype social 

preference between another wildtype mouse or an atypical mouse. These assays focus on 

different aspects of social behavior including social reward, motivation, affiliation and memory. 

Our data demonstrate that a genetic knockout of the mu opioid receptor has differential effects 

on male and female social behavior. We find that while male heterozygous and homozygous 

knockout animals display social deficits across all social tests, female knockout animals display 

little to no change and, in one assay, a surprising increase in sociability compared to wild-type 

littermates. Our results indicate a partial reduction of mu opioid receptor signaling (through 

heterozygous genetic knockout) is sufficient to alter social behavior in mice and may point to a 

sexually dimorphic role of the mu opioid receptor in regulating social behavior in males and 

females. 
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Title: Breakdown of context-appropriate vocalizations in rats after prefrontal lesions 

Authors: *C. J. BURKE1, S. M. PELLIS2, T. M. KISKO4, D. R. EUSTON3 
1Univ. of Lethbridge, Lethbridge, AB, Canada; 2Dept Neurosci, 3Univ. Lethbridge, Lethbridge, 

AB, Canada; 4Behavioural Psychology, Philipps Univ. Marburg, Marburg, Germany 

Abstract: Introduction: In rodents the mPFC plays a significant role in social interactions. For 

example, firing of mPFC cells is selectively modulated when approaching a peer or competing 

for food. Functional studies also implicate mPFC in social behaviors. Inactivation of ventral 

mPFC causes a dramatic reduction in play among juvenile rats. Further, inhibition of the 

pathway from the mPFC to the periaqueductal gray mimics the effects of social defeat, 

suggesting that the mPFC may have control over brainstem circuits which mediate social 

behavior. Ultrasonic vocalizations (USV) are tightly coordinated with social interactions. Indeed, 



we have found that specific calls in the 50-kHz range, linked to both play and aggression, appear 

critical for successful interactions. Therefore, the mPFC’s role in social interactions could be 

related to the contextually appropriate usage of USVs. Hypothesis: mPFC lesion animals will 

change the type and usage of ultrasonic calls while anticipating the arrival of a play partner 

Methods: Sixteen juvenile Long Evans males were socially isolated and trained to anticipate a 

play partner over 7 days. Half of the animals received sham surgery and the other half received 

NMDA lesions to medial prefrontal (AP-3.5, -2.5; ML +/- 0.75; DV -3.3, -3.2 relative to dura). 

The animals were given 5 days of recovery and tested in the original play anticipation chamber. 

Behaviour and vocalizations were recorded and categorized to create detailed vocal-behaviour 

co-occurrence matrices. Results: On the last day of play anticipation, vocal and behavioural 

analysis revealed no significant differences between future sham and lesion groups in behaviour 

and call profiles. Further, after surgery there were again no major differences in the type or 

amount of calls between groups, or their behavioural profiles. However, the lesion animals 

showed differences in their usage of some calls. Specifically, calls with a flat component had 

different behavioral correlates in the lesion group. The usage of trill calls, on the other hand, 

remained the unchanged. Conclusions: Our results suggest that the mPFC may influence the 

contextual usage of some types of 50 kHz vocalizations when anticipating (and presumably 

calling to) a play partner. The role of mPFC in social interactions may thus include the 

modulation of vocal communication signals. 
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Title: Activation of the ventral tegmental area supports the expression of social play behavior in 

juvenile rats 

Authors: *C. J. REPPUCCI, R. BREDEWOLD, S. S. POSANI, C. L. WASHINGTON, A. H. 

VEENEMA 

Neurosci. Program; Dept. of Psychology, Michigan State Univ., East Lansing, MI 

Abstract: The ventral tegmental area (VTA) is an essential component of the mesocorticolimbic 

dopamine reward system and an important node of the Social Decision-Making Network 

(O’Connell & Hofmann, 2011). As such, the VTA is interconnected with brain regions 

implicated in the expression of social play, a highly rewarding behavior predominately displayed 



by juveniles and expressed by nearly all mammalian species. Using juvenile male and female 

rats, we investigated the recruitment of the VTA following social play exposure (Experiment 1) 

and how temporary inactivation of the VTA affected the expression of social play (Experiment 

2). In Experiment 1, single-housed juveniles were exposed, in their home cage, to an age- and 

sex-matched unfamiliar juvenile for 10 min (“Play” condition) or received similar handling but 

no partner (“No Play” condition). Fos and tyrosine hydroxylase (TH) immunohistochemistry was 

used to determine activation of the VTA and its dopaminergic neurons in response to social play. 

Subjects in the play condition had greater Fos induction in the rostral and mid VTA than subjects 

in the no play condition; there was no effect of play exposure on Fos induction in the caudal 

VTA. Likewise, subjects in the play condition had greater Fos induction within TH-positive 

VTA neurons than subjects in the no play condition, although the occurrence of double-labeled 

neurons was very low. In Experiment 2, subjects received, in counterbalanced order, bilateral 

infusions (0.3 uL/side) of vehicle (aCSF) or the GABA-A receptor agonist muscimol (10 

ng/side) into the VTA 20 min prior to exposure to the 10 min social play test (as described for 

the “Play” condition above). Temporary inactivation of the VTA with muscimol selectively 

decreased the expression of social play behavior while leaving social investigation intact. 

Together, these data suggest that activation of the VTA supports the expression of social play 

behavior in juvenile male and female rats. To better understand the role of the VTA and its 

dopaminergic neurons in the regulation of social play, we will measure dopamine release in the 

VTA during the expression of social play behavior using in vivo microdialysis. 

Disclosures: C.J. Reppucci: None. R. Bredewold: None. S.S. Posani: None. C.L. 

Washington: None. A.H. Veenema: None. 

Poster 

229. Motivation: Social Communication and Behavior 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 229.16/PP21 

Topic: G.02. Motivation 

Support: NIH R01MH102456 

Title: Sex differences in social reward regulation in juvenile rats: Focus on glutamate signaling 

in the lateral septum 

Authors: *R. BREDEWOLD, C. L. WASHINGTON, A. H. VEENEMA 

Dept. of Psychology, Michigan State Univ., East Lansing, MI 

Abstract: Social play is a highly rewarding behavior, is essential for the development of social 

skills, and is impaired in children diagnosed with autism, a disorder with a strong sex bias in 

prevalence. We recently showed that the arginine vasopressin (AVP) system in the lateral septum 



(LS) regulates social play behavior in opposite directions in male and female juvenile rats. We 

further showed that glutamate is involved in the sex-specific regulation of social play by the LS-

AVP system. Intriguingly, males show higher LS-glutamate release than females at baseline and 

during social play while pharmacological blockade of the AVP V1a receptor (V1aR) in the LS 

eliminates this sex difference by increasing LS-glutamate release in females only. Here, we 

aimed to determine the origin of the sex difference in glutamate release as well as potential sex 

differences in the cell types that express the V1aR in the LS. Retrograde tract tracing (using 

cholera toxin subunit B, CtB) combined with c-Fos (cell activation marker) and vglut2 (marker 

for glutamatergic neurons) was used to investigate potential sex differences in social play-

induced activation of glutamatergic projections to the LS. We found that females have more 

glutamatergic projections from hypothalamic subregions to the LS and a higher percentage of c-

Fos-positive glutamatergic projections from specific prefrontal cortex subregions to the LS 

compared to males. CtB-positive neurons were also found in the ventral hippocampus and 

periaqueductal gray and we are currently examining whether these neurons are potential sources 

of sex-specific glutamate release in the LS. Additionally, we will measure the amount of 

excitatory amino acid transporters 2 and 3 in the LS to determine a possible sex difference in 

glutamate reuptake. Finally, we will determine the extent to which the V1aR is expressed by 

astrocytes (using sox9 as astrocytic marker) and by neurons (using NeuN as neuronal marker) 

and whether there is a sex difference in this expression. This research will help elucidate the 

neural mechanisms mediating the sex-specific regulation of social play, which is an important 

step towards better understanding the neural basis of sex-biased social disorders such as autism. 

Disclosures: R. Bredewold: None. C.L. Washington: None. A.H. Veenema: None. 
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Title: Sexual experience-induced shifts in paced mating are resistant to change during a 28-day 

period of abstinence 

Authors: *M. A. TOPF, S. H. MEERTS 

Carleton Col., Northfield, MN 

Abstract: Paced mating enables female rats to control the timing and receipt of sexual 

stimulations from a male rat. Sexually experienced female rats show shorter contact-return 

latencies to intromission, decreased percentage of exit after intromission, higher percent time 

with male, more intromissions, and less total test duration. The stability of the experience-

induced shift in paced mating behavior is unknown. We tested whether paced mating behavior of 



sexually experienced female rats resembled that of naïve or experienced rats after either a short 

or long abstinence period. Female Long-Evans rats were mated twice a week for two weeks. One 

group underwent a 28-day abstinence period and the other experienced a 7-day abstinence 

period. Paced mating behavior was compared on a fifth paced mating test conducted on the same 

day for all rats. Sexual experience induced a shift in paced mating behavior between tests 1 and 

4, consistent with the previous literature showing the experience-induced shift. No differences in 

paced mating behavior were observed on the fifth test between the 7-day and 28-day abstinent 

groups. However, both groups showed a decrease in percent time spent with the male rat from 

test 4 to test 5, suggesting that some measures of paced mating behavior are sensitive to both a 7- 

and 28-day abstinence period. Ongoing work is exploring whether activation of mating-related 

brain areas, such as the medial preoptic area and ventromedial nucleus of the hypothalamus, 

differs as a function of sexual experience. Expression of ∆FosB, a molecular marker associated 

with reward, is also a target of investigation in our efforts to identify the neural components 

underlying experience-induced sexual behavior. 

Disclosures: M.A. Topf: None. S.H. Meerts: None. 
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Title: Sexually experienced,but not naive, female rats show a conditioned object preference 

(COP) after a single training trial 

Authors: *T. PIERGIES, J. SCHWARTZ, M. HICKS, S. MEERTS 

Carleton Col., Northfield, MN 

Abstract: During a mating encounter, female rats control the receipt of sexual stimulations 

through paced mating behavior, approaching and retreating from the male rat. Paced mating 

behavior of sexually experienced female rats differs sexually naive female rats, which spend less 

time with the male rat, exhibit longer contact-return latency to intromission, exit more often 

following intromissions, and display less proceptive behaviors in the male rat’s compartment 

during the first mating experience. Whether the first mating experience is rewarding for sexually 

naive rats is unknown. Mating-induced reward has only been assessed in sexually experienced 

female rats; conditioned preference experiments typically involve 3-5 mating sessions so 

experimental rats are sexually experienced by the time of the post-conditioning test. Given the 

differences in paced mating behavior between sexually naive and sexually experienced rats, we 

hypothesized that the rewarding effects of mating differ as well. We elected to use a single trial 

conditioned object preference (COP) paradigm to test whether mating-induced reward can be 



observed in rats mating for the first time and rats mating for the fifth time. A baseline test was 

used to determine preference for one of two objects. During training, experienced and naive rats 

were tested with one object in the chamber for 10 minutes of mating (uncontrolled number of 

stimulations) or to 15 intromissions (uncontrolled mating duration). On another day rats were 

exposed to the other object with no associated mating. A control group received exposure to both 

objects but never mated. After training the rats were again tested for object preference. As 

anticipated, sexually naive rats versus sexually experienced rats spent less time with the male rat, 

exhibited a longer contact-return latency following intromission, received fewer intromissions, 

and displayed fewer proceptive behaviors with the male during paced mating. Sexually 

experienced, but not sexually naive, rats developed a COP for mating, in agreement with the idea 

that mating is differentially rewarding based on sexual history. Future research is needed to 

determine whether peripheral and/or central sensitization underlies the COP for mating in 

sexually experienced but not naive female rats. 

Disclosures: T. Piergies: None. J. Schwartz: None. M. Hicks: None. S. Meerts: None. 

Poster 

229. Motivation: Social Communication and Behavior 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 229.19/QQ2 

Topic: G.02. Motivation 

Support: NIAAA R01AA013983 (KAM) 

Title: Deconstructing the motivational components of natural reinforcers in mice: Critical role 

for CRF in anticipatory arousal 

Authors: *H. E. COVINGTON, III, K. HA, K. CHIEN-YOUNG, M. Z. LEONARD, K. A. 

MICZEK 

Psychology, Tufts Univ., Medford, MA 

Abstract: Corticotropin-releasing factor (CRF) is an initial response element of the 

hypothalamic-pituitary-adrenal (HPA) “stress axis.” Activation of this axis is shared across all 

mammalian species for the initiation of motivated behaviors, particularly when fulfilling 

physiological and psychological needs. To study motivation in mice, schedules of reinforcement 

can be useful, whereupon the presentation of natural rewards is contingent on particular patterns 

of operant responding. A typical “response curve” for patterns of responding during fixed 

interval (FI) schedules is in the form of a “scallop”, since the majority of behavioral responses 

that lead to a reinforcement occur towards the end of the interval. Naturally, mice will work 

during an FI schedule in a predictable manner for the opportunity to fight or to gain access to a 

sexual partner, indicating that these social stimuli can serve as potent positive reinforcers. Recent 



experiments have suggested that CRF receptors play a significant role in this measure of 

motivation to seek social rewards. The experiments presented here reveal a precise role for 

CRFR1 receptors during the motivation to engage in divergent social and non-social rewards 

(including saccharine reinforcements), which can be dissociated from indices of consummatory 

behavior. In sum, FI schedules are sensitive tools for targeting the neurobiological mechanisms 

that are involved in the anticipation, but not consumption, of natural rewards. Furthermore, 

repeated alcohol exposures in the context of anticipating social reward outcomes can 

dramatically affect levels of arousal - as indicated by the FI scallop. 

Disclosures: H.E. Covington: None. K. Ha: None. K. Chien-Young: None. M.Z. Leonard: 

None. K.A. Miczek: None. 
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Title: A new murine model for aggressive motivation: Extrahypothalamic CRF and persistent 

escalation by alcohol 

Authors: *K. A. MICZEK, K. CHIEN-YOUNG, Z. KRAMER, T. ARCHIBALD, E. P. 

FLEISHER, Y. BARAKATLROUDAINI, E. L. NEWMAN, H. E. COVINGTON, III 

Psychology, Tufts Univ., Medford, MA 

Abstract: Behavioral and neural plasticity resulting from chronic alcohol drinking, in some 

individuals, can culminate in pathological aggression. The present series of experiments was to 

determine how alcohol, when orally administered, escalates (1) the motivation to fight, or (2) the 

execution of fighting performance. We sought to examine if seven daily administrations of 

alcohol would induce tolerance, and eventually sensitization, of responding for aggressive 

reinforcements - and whether or not changes in the motivation to initiate aggressive acts occur 

with, or without, shifts in the topography of fighting behavior. Specifically, responding under the 

control of a fixed interval (FI) schedule of reinforcement (i.e., “scalloped pattern of responding”) 

indicated the development of tolerance to the initial disruptive effects of alcohol. Eventually, 

persistent sensitization to aggressive arousal emerged ca. 4-7 days after successive daily 

administrations of alcohol. This lasting increase in aggressive motivation occurred without any 

observed changes in fighting performance, and depended on the activation of CRFR1, NMDA or 

AMPA receptors. Pretreatment with a CRFR1 antagonist (CP 376395) eliminated the enduring 

escalation of alcohol-induced aggressive motivation. NBQX, ketamine and dizocilpine prevented 



the disruptive effects of acute alcohol administration on the motivation to seek aggressive 

rewards. Under these conditions, oral administrations of alcohol engender neural and behavioral 

plasticity that specifically enhance aggression-seeking behavior. 

Disclosures: K.A. Miczek: None. K. Chien-Young: None. Z. Kramer: None. T. Archibald: 
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Title: Insular cortex projections to the nucleus accumbens core modulate social affective 

behaviors 

Authors: *M. M. ROGERS, A. DJERDJAJ, K. B. GRIBBONS, J. P. CHRISTIANSON 

Dept. of Psychology, Boston Col., Chestnut Hill, MA 

Abstract: Social animals detect the affect of others to organize appropriate social behaviors. 

Age-specific responses to social affect are evident when an adult male rat is presented with a pair 

of unfamiliar male conspecifics, one of which is stressed via 2 footshocks and the other naïve to 

treatment. Test rats prefer to interact with a stressed juvenile (PN30) conspecific, but will avoid a 

stressed adult (PN50) conspecific. This pattern depends upon the insular cortex (IC) which is 

anatomically connected to the nucleus accumbens core (NAc). Prior network analysis of fos 

immunoreactivity indicated greater involvement for the NAc during social interactions with 

stressed juvenile conspecifics. Here, bilateral pharmacological inhibition of the NAc 

(tetrodotoxin 1µM; 0.5ul/side) abolished the preference for stressed juvenile conspecifics, but 

not naive adults. To explore if NAc projecting IC neurons contribute to social exploration we 

chemogenetically activated IC terminals in the NAc. After insular transduction of AAV5-hSyn-

hM3Dq-mCherry, bilateral microinjection of clozapine-N-oxide (1µM; 0.5ul/side) to the NAc 

increased social exploration with juvenile, but not adult conspecifics. Ongoing analysis using 

functional retrograde tracing and chemogenetic inhibition will establish the necessity of this 

pathway to social approach. The current findings suggest that behavioral responses to stressed 

juveniles involve the NAc and activation of NAc-projecting IC neurons is sufficient to elicit 

prosocial behaviors. 
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Title: Familiarity determines prosocial affective behaviors in female but not male rats 

Authors: A. DJERDJAJ, M. M. ROGERS-CARTER, A. CULP, J. ELBAZ, *J. P. 

CHRISTIANSON 

Psychology, Boston Col., Chestnut Hill, MA 

Abstract: In translational research seeking to identify the neural mechanisms underlying 

empathic cognition, the sex, age, stress history and familiarity of the interacting subjects 

modulate the way in which individuals approach each other. In a social affective preference test 

in which an experimental rat is given the choice to interact with either a naive or stressed (2, 5 

second footshocks) conspecific, we reported that adult male and female rats will avoid 

interactions with unfamiliar stressed adults. To determine if familiarity would influence social 

affective preference, male or female test rats underwent 2 social affective preference tests with 

either familiar (cagemates) or unfamiliar adult conspecifics in isosexual triads (experimental rat, 

naive and stressed conspecifics). As previously (doi: 10.1038/s41593-018-0071-y), both adult 

and female rats avoided stressed unfamiliar conspecifics. However, in the familiar condition, 

females approached familiar stressed conspecifics but males avoided the stressed conspecifics. In 

the presence of stressed conspecifics, both male and female rats exhibited more self-grooming 

and immobility behavior which may indicate emotional contagion. The findings suggest a sex-

specific role of familiarity in social decision making and ongoing work seeks to uncover whether 

social responses to familiar conspecifics engages the same or different neural circuitry in the 

insular cortex which mediate responses to unfamiliar conspecifics. 

Disclosures: A. Djerdjaj: None. M.M. Rogers-Carter: None. A. Culp: None. J. Elbaz: 

None. J.P. Christianson: None. 
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Abstract: Mating and eating are both strong innate drives, but for most animals these two 

behaviors are mutually exclusive. The brain must therefore flexibly prioritize between these two 

goal-oriented actions to optimize survival and reproduction. However, the neural mechanisms 

that choose between competing motivational systems remain poorly understood. To address this 

crucial knowledge gap, I will dissect how hunger adjusts the well-defined Drosophila courtship 

circuit to conduct context-dependent mating choices. A critical node in the neural circuits 

controlling courtship behavior are the P1 neurons, which encode a persistent state of courtship 

arousal. Accordingly, P1 gates sensory-motor transformations to sustain stereotyped behavioral 

displays throughout the courtship ritual. Since P1 activity likely represents the male sexual drive, 

we propose that hunger might fine-tune P1 excitability to adjust mating performance according 

to the animal’s nutritional satiety. We monitored P1 calcium transients and found that P1 has 

decreased calcium responses to chemosensory stimuli in hungry animals, indicating that mating 

drive is likely reduced during starvation. Consequently, caloric-restricted males take longer to 

initiate courtship and ingest sucrose instead of pursuing a mate in food vs. mate preference test. 

Thus, the mating ardor is likely decreased to prioritize for nutrient acquisition during starvation. 

Next we establish causal relationships among changes in courtship network physiology and 

hunger levels. Since monoamines and peptides are well-known to modulate internal states, we 

hypothesized that these signaling systems potentially broadcast a hunger signal onto P1. 

Therefore, we behaviorally tested transgenic males in which these candidate cells were 

genetically silenced or activated. Our approach identified a pair of dopaminergic (DA) neurons 

required to decrease courtship during hunger state. Moreover, we find that DA down-modulates 

P1 through D2-like receptor signaling. Altogether, our findings show that DA modulation 

diminishes the mating bias when food is scarce, as a necessary survival tactic to indirectly 

promote nutrient supplementation. Further molecular and physiological elucidation of P1 and 

dopaminergic neurons interactions, will resolve a potentially conserved mechanism for 

motivational drive adjustments. 
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Abstract: Background: Motivation is critical in treatment and patient outcomes. Motivation can 

be studied through reward processing by using neuropsychological assessments, such as the 

University of Pennsylvania Delayed Discounting task (UPDD), which calculates the rate of 

reward discounting. This is measured via the discrepancy between selecting a smaller, immediate 

monetary reward over a greater, delayed monetary reward. Prior studies have shown that older 

adults performed better than younger adults on such tasks. However, there is uncertainty 

regarding how aging affects reward processing and whether differences exist between genders. 

Objective: This study examined trends and differences in reward processing across different age 

groups and genders. Participants and Methods: As a part of the Mapping the Human Connectome 

in Typical Aging Project, we analyzed 138 adults (Mean age = 51.3, SD = 11.8; 66.67% F). The 

sample was divided into two groups: younger (Mean age = 47.56, SD = 7.99; 68.1% F) and older 

adults (Mean age = 71.8, SD = 5.68; 59.1% F). Reward processing was assessed via the UPDD, 

where a higher score signals reduced rate of reward discounting. A linear regression analysis was 

performed on UPDD performance, using age and gender as predictors and covarying for 

education (Mean = 17.59, SD = 2.1 yrs) and ethnicity. Results: We found a main effect of gender 

with males performing significantly better on the UPDD than females [F(1, 138) = 7.73, p = 

0.006, partial η2 = 0.055]. There was a significant interaction between age and sex [F(1, 138) = 

5.247, p = .024, partial η2 = 0.038]. Post hoc comparisons demonstrated that this interaction was 

driven by older males performing better than older females (Mean Δ = 0.224), younger females 

(Mean Δ = 0.194), and younger males (Mean Δ = 0.186). Conclusions: Our significant 

interaction effect results indicate that the main effect of gender on UPDD, where men 

outperform women, is driven by significantly better performance of older men compared to all 

aged women and younger men. This suggests that older age, in conjunction with male gender, 

accounts for enhanced performance. These results lead us to hypothesize that differences in 

aging trajectories of the reward system could result from neuroendocrine (i.e. menopause), 

neuroanatomical, (i.e. differences in prefrontal activation), or behavioral differences, (i.e. 



depression). Our results are in line with prior studies that found older adults performing better 

than younger adults. We intend to follow-up on these results by investigating potential 

differences in functional brain connectivity that might serve as a basis for these reward 

discounting and motivational findings. 
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Abstract: The establishment of social hierarchy is an evolutionarily conserved phenomenon that, 

in part, determines access to resources such as food, water, and potential mates. Across species, 

rank within social hierarchy has large effects on health and behavior. In humans, socioeconomic 

status (SES) is one of the strongest predictors of mortality and morbidity, with low SES 

associated with a host of diseases, including cardiovascular disease, cancer, and multiple 

psychiatric conditions. In particular, major depressive disorder (MDD) has been associated with 

low SES even after accounting for lifestyle factors like smoking, alcohol use, physical activity, 

and diet. Despite this, little is known about the underlying neural mechanisms between low 

social hierarchy and MDD. Using isogenic mice, in combination with chronic social defeat stress 

(CSDS), an animal model of depression, we seek to investigate this relationship and the neural 

circuitry underlying both dominance and stress susceptibility. 
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Abstract: Stress contributes to mood disorders in some individuals while others are resilient. As 

hippocampus (HPC), and especially its projections to the nucleus accumbens (NAc), plays a 

crucial role in stress responses, we investigated whether HPC expression of the transcription 

factor ∆FosB drives resilience to stress. Using the chronic social defeat stress (CSDS) model of 

depression, we demonstrate that general inhibition of ventral HPC ∆FosB promotes a depression-

like phenotype. Using a novel dual-virus CRISPR system, we show that silencing the FosB gene 

specifically in HPC neurons projecting to NAc prevents resilience to CSDS in male mice. 

Critically, deletion of the FosB gene in hippocampal neurons projecting to amygdala did not 

affect resilience, and the effects in the HPC-NAc circuit could be prevented by overexpressing 

∆FosB into the same neurons in which FosB was deleted. These data are some of the first to 

demonstrate the circuit-specific role of a gene in a model of neuropsychiatric disease, and we are 

now extending this work to study both males and females in an additional stress/depression 

models, including subchronic variable stress. 
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Title: Cocaine reshapes the physiology of ventral CA1 afferents to nucleus accumbens that 

underlie drug seeking and reward 
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Abstract: Ventral hippocampus afferent neurons play a critical role in drug behavior, and 

activation of ventral CA1 glutamatergic projections to nucleus accumbens (NAc) drive seeking 

for cocaine. However, the mechanism by which cocaine shapes the function of this vCA1-NAc 

circuit is poorly understood. We propose an innovative role for ΔFosB, a transcription factor, in 

the activity of vCA1-NAc neurons and cocaine behavior. ΔFosB is induced in HPC by cocaine 

and we show that regulates HPC function. Preliminary evidence from our lab has also 

demonstrated that ΔFosB expression reduces hippocampal excitability. Here, we used viral-

mediated targeted fluorescent labeling and whole cell patch-clamp electrophysiology to 

determine cocaine effects on vCA1-NAc physiology. We found that cocaine, similar to ΔFosB 

expression, reduces vCA1-NAc excitability, suggesting that cocaine induces ΔFosB leading to 

decreased neuronal excitability. Studies are ongoing to identify the ion channel mechanism 

underlying this change. We next sought to determine whether ΔFosB expression in vCA1-NAc 

neurons is necessary for cocaine reward and seeking. We used circuit-specific, viral-mediated 

CRISPR silencing of the FosB gene (FosB KO) in vCA1-NAc and assessed both place 

preference for cocaine and cocaine seeking after forced abstinence. FosB KO in vCA1-NAc 

neurons decreased cocaine reward and seeking, which could be rescued by ΔFosB replacement. 

Circuit-specific TRAP-RNASeq in non-drug-exposed vCA1-NAc neurons indicates that these 

effects are driven by specific patterns of ΔFosB-mediated gene expression, however future 

studies will identify the cocaine-specific ΔFosB transcriptional targets underlying vCA1-NAc 

physiology and behavior. Collectively, these findings demonstrate that cocaine induces ΔFosB 

expression in vCA1-NAc, leading to functional reshaping of this circuit and driving cocaine-

dependent behaviors. Furthermore, they suggest that ΔFosB and its gene targets in hippocampus 

afferents may serve as promising therapeutic inroads for drug addiction. 
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Title: (R,S)-ketamine and (2R,6R)-hydroxynorketamine are prophylactic against stress-induced 

depressive-like behavior in females 
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Abstract: Exposure to stress is a major risk factor for mood disorders, such as major depressive 

disorder (MDD) and post-traumatic stress disorder (PTSD). However, stress does not universally 

cause disease. Stress resilience, the ability to adapt to stress without developing 

psychopathology, varies in individuals. For example, although women experience trauma at 

significantly lower rates than men, they are twice as likely to develop MDD. We previously 

reported that a single injection of (R,S)-ketamine prior to stress protects against the onset of 

depressive-like behavior and buffers against a deleterious fear response in male mice. However, 

the prophylactic efficacy of ketamine and ketamine metabolites in female mice remain largely 

unknown. Therefore, the goal of this study was to determine whether prophylactics can be 

developed for use in females and whether metabolites of (R,S)-ketamine can have the same 

prophylactic efficacy as their precursor. Female 129S6/SvEv mice were administered (R,S)-

ketamine, (2R,6R)-HNK, or (2S,6S)-HNK at various doses 1 week before one of a number of 

stressors, including contextual fear conditioning (CFC), learned helplessness (LH), and chronic 

immobilization stress (CIS). Prophylactic efficacy was validated using the forced swim test 

(FST). We found that (R,S)-ketamine and (2R,6R)-HNK, but not (2S,6S)-HNK, significantly 

reduced immobility in the FST compared to saline controls. Interestingly, in females, ketamine 

was prophylactic at a lower dose than previously shown in males. Moreover, (2R,6R)-HNK was 

prophylactic at a significantly smaller dose and at a faster rate than its precursor (R,S)-ketamine. 

In a separate set of experiments, we investigated the neurobiological mechanisms potentially 

mediating these sex-dependent results and found that prophylactic efficacy of these compounds 

may be mediated by ovarian-derived hormones. Overall, these data indicate that (R,S)-ketamine 

and (2R,6R)-HNK are effective prophylactics against a variety of stressors in females and that 

their sex-specific effects may be modulated by gonadal hormones. Our findings offer insights 

into the prevention of stress-related impairments in a susceptible population and may further 

elucidate underlying sex-specific neuropathology contributing to the onset of MDD. 
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Abstract: Background: Stress exposure is the main cause of mood disorders, such as major 

depressive disorder (MDD) and post-traumatic stress disorder (PTSD). However, some 

individuals can successfully adapt to stress, which is known as stress resilience. We previously 

reported that a single injection ketamine, an NMDA antagonist, prior to stress protects against 

the development of depressive-like behavior and attenuates learned fear in mice. Recently, we 

have showed that ketamine induces a prophylactic effect by modulating expression of the 

transcription factor ΔFosB in ventral CA3 (vCA3). In particular, transcriptional inhibition or 

overexpression of ΔFosB in vCA3 occludes and mimics, respectively, prophylactic ketamine 

efficacy, suggesting that ΔFosB expression in vCA3 is necessary and sufficient for ketamine 

prophylactic efficacy. Here, we sought to identify if prophylactic ketamine protects against fear 

generalization and which neural alterations correlate to fear generalization. Methods: 

ArcCreERT2 mice were injected with saline or ketamine (30 mg/kg). One week later, mice were 

administered a pattern separation (PS) paradigm. After an initial training in the context A, where 

they received a shock, mice were exposed daily to the aversive context A and to a similar, but 

safe context B, for 10 days. Mice were then sacrificed, and brains were processed. Whole-brain 

immunolabeling was utilized in order to identify the neural ensembles (e.g., memory 

traces/engrams) representing fear generalization. Results: During PS task, both groups of mice 



exhibited comparable levels of freezing following one-shock in the aversive context A. However, 

prophylactic ketamine mice distinguished between the two contexts more rapidly than 

prophylactic saline mice, froze significantly less in the similar but neutral context B and had 

significantly higher levels of discrimination between the two contexts. The ketamine 

prophylactic effect persists up to 6 weeks following a single injection. Conclusion: Our data 

indicate that a single prophylactic injection of ketamine may be able to prevent fear 

generalization and protect against stress-induced psychiatric disorders (e.g., PTSD and 

depression) in a long-lasting, self-maintaining vaccine-like fashion. Prophylactic ketamine 

treatment in human subjects and PTSD patients might decrease fear generalization and alter 

similar neural circuits identified in the mouse studies. 
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Abstract: Heat shock proteins (HSP) are ubiquitously expressed intracellular proteins that 

function as chaperones, and assist in the synthesis and folding of proteins in the absence of 

stress. However, evidence from both animal models and human data indicate that HSPs are 

robustly upregulated in response to physical, cellular and psychological stress. While 

intracellular HSP expression aids in the repair and stabilization of proteins during stress, the 

passive (during necrosis or apoptosis) or active release of these proteins into the extracellular 

matrix leads to increased pro-inflammatory cytokine production. Of the known HSPs that 

mediate inflammatory responses to stress, HSP70 has been implicated in psychiatric disorders 

including major depressive disorder. Moreover, multiple studies shown the increased HSP70 

serum levels in depressed or at-risk patients. In addition, its increase correlates strongly with 

symptom severity in patients with chronic negative affect. Pooled data were drawn from previous 



double-blind, randomized, placebo-controlled, crossover trials designed to test the antidepressant 

efficacy of ketamine in subjects with treatment-resistand major depressive disorder (MDD) and 

as well as healthy controls (HCs). All subjects were medication-free. Initial leads for changes in 

proteins were derived from an initial pilot proteomic study on HC, MDD responders and 

nonresponders. Targeted plasma concentrations of heat shock protein 70 were measured at four 

time points: 60 minutes pre-ketamine infusion (baseline), 230 minutes post-ketamine infusion, 

on Day 1, and on Day 3 post-ketamine infusion in both ketamine and placebo arm. All data were 

matched for age, sex and body mass index. Individuals with treatment resistant MDD displayed 

upregulated baseline HSP70 levels compared to matched HC. Ketamine significantly decreased 

HSP70 (p=.0002) in both MDD and HC. In addition, ketamine decreased HSP70 in all three time 

points (230min, day 1 and day 3 post-ketamine). We separately observe that ketamine also 

decreased depression symptoms severity, however there was no correlation with decrease in 

MADRS score. This preliminary findings indicate that ketamine does have an effect on HSP70, 

hypothetically it does so by decreasing the symptoms severity as well as ameliorating stress and 

inflammation. Taken together, this is the first study to show that ketamine impacts stress 

regulating factors such HSP 70 in MDD and HC subjects. In addition, data suggests that 

extracellular HSP70 plays a role in mood regulation and depressive symptoms. 
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Abstract: Chronic social defeat (CSD) is a stress-induced model of depression involving daily 

physical interaction and 24h sensory contact with an unfamiliar aggressive male. Following 

CSD, mice can be classified as resilient or susceptible to stress based on social avoidance 

behaviour. Growing evidence suggests that changes in neuronal/synaptic plasticity and immune 

signalling play a role in development and treatment of mood disorders. Here, we investigated 

social avoidance behaviour in mice subjected to CSD and the effect of a single administration of 

a low-dose of ketamine (10 mg/kg, s.c.). Cytokine/chemokine expression was measured in 

plasma. Proteins associated with synaptic structure and plasticity were investigated in the 



hippocampus.C57BL/6J mice were subjected to 10 days of CSD paradigm followed by a social 

preference test (SP) to assess social avoidance behaviour in defeated mice when exposed to an 

aggressive CD-1 mouse. Baseline SP was measured and then stress susceptible (SUS) mice 

received either acute vehicle (0.9% NaCl, s.c.) or ketamine (10 mg/kg, s.c.) and 24h later were 

re-submitted to SP. Proinflammatory Panel 1 Kit (MesoScale Diagnostics, USA) was used to 

measure plasma levels of cytokines/chemokines. Proteins associated with neuronal plasticity 

including synaptic proteins (synaptophysin, PSD-95), cytoskeletal proteins (acetylated α-tubulin) 

and intracellular signalling proteins (GSK-3β, eEF2) were investigated using infrared western 

blotting (IFWB) in the hippocampus. 

A SUS phenotype was identified in 46.4% of mice subjected to CSD as indicated by a significant 

increase in social avoidance in comparison to stress resilient and control animals. Acute 

ketamine reversed social avoidance in SUS mice 24h post-administration. Plasma cytokine 

profile was altered in SUS mice and this was reversed by acute ketamine administration. 

Changes in neuronal plasticity-related proteins were consistent with the depressive-like 

phenotype of SUS mice and were modulated by ketamine treatment. 

CSD induced depressive-like behaviour in a subset of mice which is here shown for the first time 

to be reversed by acute ketamine at the low-dose of 10 mg/kg (s.c.). Plasma cytokine/chemokine 

changes induced by CSD were consistent with immune dysregulation reported in depressed 

patients and were corrected by ketamine. Deficits in signalling pathways associated with 

neuronal plasticity reported here following CSD and ketamine treatment were concurrent with 

the antidepressant efficacy of ketamine. Thus, our CSD protocol represents a translational model 

of depression sensitive to acute low-dose ketamine treatment. 
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Title: Genetically encoded biosensors for ketamine inside neurons 
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Abstract: Ketamine-class antidepressant drugs (KCADs, our term) include ketamine (Ket) and 

other antidepressants whose onset of action is 10- to 100-fold faster than conventional 

antidepressants such as the serotonin and norepinephrine reuptake inhibitors (SSRIs and SNRIs). 

Candidate KCADs include individual Ket enantiomers, metabolites, and analogs under 

investigation. Whether KCADs principally act via blockade of N-methyl-d-aspartate (NMDA) 

receptors, or via other targets, is presently unknown. It is important to detect and quantify the 

drugs inside subcellular regions of living neurons. 

Therefore, we develop the “intensity-based Ketamine-Sensing Fluorescent Reporter” 

[iKetSnFR] genetically encoded biosensor family for R and S-ketamine. The bacterial 

periplasmic binding protein (PBP) OpuBC displays a binding site at the interface between two 

domains, and a ligand-induced “Venus flytrap” conformational change involving relative 

motions of the two domains. We inserted circularly permuted GFP, flanked by several-residue 

linkers, within inter-domain hinge regions. Thousands of mutants are tested with computational 

docking models, site-saturation mutagenesis, bacterial colony growth in 96-well plates, 

incubation, lysis, high-throughput fluorescence screening on the lysates, and fluorescent 

measurements with purified proteins. We have mutated residues at the binding site, for 

sensitivity to S-Ket. Bacterially expressed iKetSnFR2 responds to S-Ket with EC50 of ~ 8 μM, 

and with maximal fluorescence increases (ΔF/F0) of ~ 1.7; iKetSnFR3 displays EC50 = ~ 13 μM 

and ΔF/F0 = 3.8, iKetSnFR4 displays EC50 = ~ 7 μM and ΔF/F0 = 2.8. Various neurotransmitters 

(glycine, GABA, acetylcholine, serotonin, dopamine, and L-DOPA) are not sensed by 

iKetSnFRs at concentrations up to 1 mM, thereby displaying specificity. 

We will expand the family to sense other KCADs. We will use biosensor constructs with 

additional sequences that target the sensors either to the plasma membrane (PM) or to the 

endoplasmic reticulum (ER) [iKetSnFR-PM or -ER, respectively], and we will later extend this 

strategy to other organelles. We will use fluorescence microscopy to probe localization and 

interactions of iKetSnFRs. 
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Abstract: Major depressive disorder affects nearly 7% of adults in the US in any given year, and 

is currently the leading cause of disability, worldwide. While effective interventions exist, at 

least 1/3 of individuals do not achieve symptomatic remission despite treatment. Evidence from 

epidemiological, laboratory, and randomized placebo-controlled trials suggests supplementation 

with n-3 PUFAs (alone or in conjunction with antidepressants) may provide a treatment option. 

The anti-depressant effects of ketamine have piqued interest over the past few years. A recent 

study in our lab showed that 15 minutes of ketamine treatment translocated Gsα from lipid rafts 

to augment cAMP signaling. This occurs with most antidepressants, but requires 3 days 

treatment. In this study, glial cells differentiated from iPSC-derived neural progenitor cells (from 

depressed subjects and healthy controls) were used to examine the effect of fatty acids on the 

ketamine-induced cAMP increase. Differentiated glial cells were verified by GFAP staining. 

Cells were treated with eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) and 

saturated fatty acid (steric acid (SA)) for three days, and were infected with baculovirus 

containing a fluorescent sensor for cAMP. cAMP was detected in living cells with laser 

fluorescent microscopy at 370C with 5% CO2. The ketamine-induced cAMP response was 

augmented in cells treated with EPA and DHA. However, in cells treated with SA, the ketamine-

induced cAMP signal was dampened. No difference was found in forskolin or isoproterenol-

stimulated cAMP between the glial cells from MDD and health subjects, but these subjects were 

not treated with ketamine. EPA, DHA and SA alone treatment did not change the cAMP 

accumulation in response to a β adrenergic agonist. We then measured Gsα mobility and 

subsequent association between Gsα and adenylyl cyclase using Fluorescence recovery after 

photobleaching (FRAP). This revealed that the mobility of Gsα protein in the cell plasma 

membrane was increased after treatment with DHA and EPA but decreased after SA treatment. 

These data suggest that DHA and EPA may augment ketamine’s anti-depressive effects using a 

similar mechanism and could potentially reduce the dose of ketamine required, minimizing its 

side effects during depression treatment. Saturated fatty acids may exert the opposite effect. 

Increased membrane mobility of Gαs induced by fatty acids may play a role in antidepressant 

response. Furthermore, visualization and quantitation of antidepressant actions in stem cells 

derived from human subjects may prove useful for the development of diagnostic and therapeutic 

platforms for depression. 
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Abstract: Evidence from preclinical and clinical studies shows that ketamine, a noncompetitive 

NMDA receptor antagonist, exerts rapid and sustained antidepressant responses. However, 

ketamine's psychotomimetic side effects and abuse liability limit the clinical use of the 

compound. Elucidating the underlying mechanism of ketamine’s fast antidepressant actions is 

important to design a new safer generation of fast-acting antidepressants. A recent study showed 

that that ketamine’s antidepressant action is mediated by its metabolite 2R, 6R-hydroxynorketa-

mine (2R, 6R-HNK) and in a NMDA receptor-independent manner. However other researchers 

demonstrated that 2R, 6R-HNK inhibits synaptic NMDA receptor at higher concentration (50 

µM) or doesn’t exhibit antidepressant actions at same concentration (10 µM) in the same 

behavioral paradigms. These controversial reports of the antidepressant actions of 2R, 6R-HNK 

prompted us to compare the fast antidepressant actions of ketamine and HNK. We observed that 

both ketamine (15 mg/kg) and 2R, 6R HNK (10 mg/kg) exhibit antidepressant actions in forced-

swim test and sucrose preference test, compared to saline-treated animals. However 2R, 6R HNK 

expressed significantly lower antidepressant strength than ketamine. Moreover, 2R, 6R HNK 

enhanced field EPSPs in hippocampal CA1 to less magnitude than ketamine. We also detected 

the underlying mechanisms of these differences between ketamine and 2R, 6R HNK. 
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Abstract: The noncompetitive NMDA receptor antagonist ketamine has been shown to elicit 

psychotic action in humans, exacerbate symptoms in schizophrenic patients, and more recently 

has been shown to have potential in treating depression. It is hypothesized that these actions may 

be regulated by ketamine’s action on glutamate, as has been previously demonstrated using in 

vivo microdialysis in the prefrontal cortex of rodents. In addition, it has also been demonstrated 

that ketamine increased dopamine activity. However, we had historically been unable to attain a 

reproducible ketamine-induced release of glutamate using both in vivo microdialysis and 

biosensors. Thus, in the current set of experiments we utilized in vivo microdialysis to examine 

the effects of multiple doses of ketamine on neurotransmitter release in the prefrontal cortex and 

hippocampus of mice and rats. Consistent with our previous findings, we were unable to see an 

increase in glutamate levels of either species using 10 and 20 mg/kg of ketamine. Interestingly, 

we were able to observe a significant increase in dopamine levels, as previously reported as well 

as an increase in both serotonin and norepinephrine. Some of these monoaminergic changes were 

more pronounced in the hippocampus as compared to the prefrontal cortex. These results 

challenge existing reports of the mechanism by which ketamine exerts its actions, and provide 

additional support for the neuroactive mechanisms of ketamine functioning through 

monoaminergic pathways. 
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Abstract: Rational design of lead compounds targeting glutamatergic receptors is critical to 

developing novel therapeutics for treating psychiatric disorders. RO-25-6981, a novel rapid-

acting antidepressant compound, was previously identified in a virtual computational screen for 

monoamine reuptake inhibition. Proposed mechanisms of antidepressant activity of MI-4 include 

NR2B selective inhibition of the of the NMDA receptor and/or inhibition of monoamine 

reuptake transporters such as serotonin, norepinephrine, and dopamine. The purpose of the 

current study is to characterize the in vivo antidepressant-like properties of analogs of RO-25-

6981 with varying degrees of glutamatergic antagonistic activity. To assess antidepressant-like 

behaviors, the tail suspension test (TST) and locomotor activity tests were performed using RO-

25-6981 and its analogs and traditional antidepressant drugs, including the serotonin selective 

reuptake inhibitor fluoxetine and the tricyclic antidepressant desipramine, as positive controls. 

Four RO-25-6981 analogs (TR-2, TR-4, TR-5, and TR-6) exhibited antidepressant-like activity 

following administration (30 mg/kg, i.p., 30 min) with maximal reductions in immobility by 

approximately half compared to vehicle-treated controls. By contrast, RO-25-6981 (10 mg/kg, 

i.p., 30 min) reduced immobility by approximately 90%, an effect comparable to that exhibited 

by fluoxetine and desipramine. Interestingly, TR-2, TR-4, TR-5, and TR-6 profoundly limited 

generalized locomotor activity suggesting increased activity in the tail suspension test were 

related to psychotropic vs. generalized drug effects. In contrast, other TR analogs tested showed 

no antidepressant-like activity in the tail suspension test, despite possessing robust NMDA 

receptor antagonist activity via mid- to low- nanomolar binding affinity at the NR2B subunit. 

The antidepressant-like activity of the RO-25-6981 analogs tested does not appear to correlate 

with the degree of NMDA receptor antagonism. These data point to monoamine reuptake 

inhibition as being a primary contribution to the overall antidepressant-like activity of RO-25-

6981 in animal models of mood. 

Disclosures: L. Nguyen: None. T. Nguyen: None. K. Laymon: None. A. Carapucci: 

None. W. Leung: None. A. Torosian: None. C. Cain: None. T. Erives: None. R.D. Kirsh: 

None. D.B. Rawlins: None. J.N. Talbot: None. 

Poster 

230. Depression and Bipolar Disorders: Ketamine and Other Rapid Antidepressants I 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 230.10/QQ20 

Topic: G.04. Mood Disorders: Depression and Bipolar Disorders 

Title: TRPC4/5 as a target for antidepressant with a rapid onset action 



Authors: *K. MITSUI, A. KISHI, T. NIWA, S. UENO, T. KITAJIMA, S. KATSUMATA 

ONO Pharmaceut. Co., Ltd., Osaka, Japan 

Abstract: Transient receptor potential canonical channels (TRPC) are highly expressed in the 

central nervous system, and regulates intracellular calcium signaling following stimulation of Gq 

coupled receptors. The TRPC subfamily consists of seven members named TRPC1, TRPC2, 

TRPC3, TRPC4, TRPC5, TRPC6 and TRPC7. The mice lacking TRPC4 or TRPC5 channel 

show decreased anxiety-like behaviors in elevated plus maze test, open field and social 

interaction test, suggesting TRPC4 and TRPC5 may be both involved in the regulation of anxiety 

and fear responses. We have recently identified novel class of TRPC4/5 inhibitor, ONO-

2910640, and found that this compound showed antidepressive-like effects in olfactory 

bulbectomized mice. To further characterize the antidepressive effects of ONO-2910640 in vivo, 

we investigated effects of ONO-2910640 in a series of mice depression tests, i.e. forced swim 

test, novelty suppressed feeding test and chronic variable stress model. In addition, effects of 

ONO-2910640 on mTOR signaling pathways using primary cortical neuron were investigated. 

ONO-2910640 potently inhibited both mouse and human TRPC4/5 with high selectivity over 

other receptors, transporters, and ion channels. A single dose of ONO-2910640 significantly 

decreased the immobility time (p<0.05) in forced swim test with an efficacy equivalent to that of 

paroxetine, given intraperitoneally at 10 mg/kg. In novelty suppressed feeding test, acute 

treatment of ONO-2910640 significantly decreased the latency to feed (p<0.05), and this efficacy 

was comparable to that of scopolamine (0.03 mg/kg, i.p.). A similar suppressing effect of ONO-

2910640 was found in chronic variable stress model. Moreover, we found that ONO-2910640 

activated mTOR signaling pathways like ketamine which produces rapid-onset antidepressant 

effect. These results suggest that TRPC4/5 inhibition results in antidepressive effects, and ONO-

2910640 is a promising candidate for the treatment of depression with rapid onset of action. 
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Abstract: Reelin is an extracellular matrix protein involved in the regulation of synaptogenesis, 

learning and memory, dendritic spine plasticity, and hippocampal neurogenesis. We have 

previously shown that the onset of depression-like behavior in a preclinical animal model of 

depression is associated with deficient hippocampal neurogenesis and neuronal maturation and a 

decrease in hippocampal reelin expression. We then discovered that a single intrahippocampal 

infusion of reelin rapidly reverses the depressive phenotype in this model, normalizes 

hippocampal neurogenesis, and increases the number of GluA1-ir cells in the proliferative 

subgranular zone of the dentate gyrus. Here, we examined whether the rapid antidepressant 

effects of reelin could occur through synaptic activity at AMPA receptors. Rats underwent 

stereotaxic surgery to implant an indwelling cannula into the dorsal hippocampus, and received 

either 21 days of daily corticisterone (CORT) injections (40 mg/kg) or vehicle injections. Some 

rats received a single intrahippocampal infusion of reelin (1μl/μg) on day 21 of the CORT 

injections, and some of the rats that received reelin also received the AMPA antagonist CNQX to 

block AMPA receptor activation. The rats were subjected to the forced-swim test (FST) on day 

22, and they were sacrificed to permit analyses of hippocampal neurogenesis, and hilar microglia 

morphology. As expected, the CORT injections significantly increased the time spent immobile 

in the FST, decreased hippocampal neurogenesis, and produced an active microglia phenotype. 

A single intrahippocampal reelin infusion normalized behavior in the FST and increased the 

number but not the dendritic complexity of doublecortin (DCX)-ir cells, and it did not alter the 

CORT-induced active microglia phenotype. Importantly, CNQX infusion after reelin blocked the 

antidepressant effects of reelin, such that the CNQX + reelin rats looked much like the CORT 

rats, with high levels of immobility in the FST and fewer adult-born granule neurons. These 

novel results demonstrate that CNQX blocks the antidepressant effect of reelin on FST behavior 

and the rate of cell proliferation without altering microglial morphology. Therefore, AMPA 

receptors may play an essential role in fast acting antidepressant drug effects. 

Disclosures: K. Brymer: None. K.A. Bannouvong: None. H.J. Caruncho: None. L.E. 

Kalynchuk: None. 

Poster 

230. Depression and Bipolar Disorders: Ketamine and Other Rapid Antidepressants I 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 230.12/QQ22 



Topic: G.04. Mood Disorders: Depression and Bipolar Disorders 

Title: Assessing ketamine’s antidepressant-like effects in lipopolysaccharide (LPS)-induced 

sickness behavior in male and female mice 

Authors: *B. KLOCKE, C. THELEN, N. HALLOY, P. M. PITYCHOUTIS 

Biol., Univ. of Dayton, Dayton, OH 

Abstract: Challenging the innate immune machinery with the pro-inflammatory agent 

lipopolysaccharide (LPS) results in the development of a sickness syndrome characterized by 

numerous depressive-like behavioral and physiological manifestations, most of which overlap 

with the clinical symptoms of major depressive disorder (MDD). A major discovery in the 

treatment of MDD was the finding that a single sub-anesthetic dose of ketamine induces both 

acute and sustained antidepressant effects in treatment-resistant depressed patients. Although 

women suffer from MDD at roughly twice the rate of men, the vast majority of research on 

ketamine’s antidepressant effects has been mainly focused on the male sex. In the current study, 

we investigated the putative sex-differentiated antidepressant actions of acute ketamine treatment 

on LPS-induced sickness behavior. Specifically, male and female C57BL/6J mice were 

challenged with LPS (0.83 mg/kg; i.p.) and were also administered a single dose of ketamine 

(10mg/kg; i.p.) or vehicle (0.9% NaCl). Behavioral analysis of locomotor activity (open field 

test), grooming behavior (splash-test) and food consumption were recorded at 6-24h post LPS 

and/or drug administration. In our experimental setup a substantial protective effect of ketamine 

was not observed in either sex. Behavioral analysis of a repeated ketamine treatment regimen 

(i.e., 3 times per week for two weeks) is currently underway to further characterize the putative 

sex-differentiated effects of ketamine in LPS-induced sickness behavior. 
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Abstract: Major depressive disorder (MDD) is a debilitating neuropsychiatric disease and 

affects more than 350 million individuals worldwide. MDD is often characterized by loss of 

dendritic spines in plastic brain regions implicated in stress response, such as the hippocampus. 

Directly combating these neural deficits, the rapid-acting antidepressant drug ketamine has been 

shown to induce its therapeutic effects by enhancing synaptogenesis in the male rodent brain. 

Strikingly, research regarding the antidepressant effects of ketamine has focused almost 

exclusively on the male sex. Published data from our group and others suggest that female 

rodents are behaviorally more reactive to the antidepressant-like effects of ketamine. However, 

the underlying mechanisms and potential implications of this sex-differentiated responsiveness to 

ketamine are still elusive. Herein, a modified Golgi-Cox neurohistological staining technique 

was used to evaluate the temporal synaptogenic effects of a single dose of ketamine (10mg/kg; 

previously shown to induce rapid and sustained antidepressant-like effects in mice of both sexes) 

in the cornu ammonis 1 (CA1), CA3 and dentate gyrus (DG) hippocampal subfields of male and 

female mice. Overall, we found that ketamine elicits time- and sex-specific synaptogenic effects 

in the different hippocampal subfields in male and female mice. These findings further support 

the notion that ketamine induces its antidepressant-like effects in a sex- and brain region-

dependent manner. 
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Abstract: Diagnosis of Major Depressive Disorder (MDD) has steadily been increasing in recent 

years, and by 2030 this neuropsychiatric disease is projected to be the leading cause of disease 

burden worldwide. One of the most striking discoveries in the treatment of MDD was the finding 

that a low dose of the non-competitive N-methyl-D-aspartate (NMDA) receptor antagonist 

ketamine induces rapid and sustained antidepressant effects by enhancing synaptogenesis in the 



medial prefrontal cortex (mPFC). Strikingly, research on ketamine’s antidepressant effects has 

focused almost exclusively on the male sex. Data from our group and others indicate that female 

rodents are more sensitive to the rapid and the sustained antidepressant effects of ketamine, as 

they respond to lower doses of the drug in antidepressant-predictive behavioral tasks. It is 

noteworthy that most studies in the field typically assess only a single end-point following 

ketamine administration and essentially provide only a “snapshot” of the neurobiological 

alterations that occur in the brain upon ketamine administration. Thus, it is possible that 

important sex-dependent neurobiological events that occurred before this time-point or even later 

could be missed. In the current study we assessed the temporal neurobiological effects of 

ketamine in order to understand how a single ketamine injection may induce its antidepressant-

like effects in the male and the female brain. Specifically, we addressed this matter by assessing 

the kinetics of prefrontocortical glutamate release and downstream activation of synaptic 

plasticity processes in behaviorally-naïve mice administered a single dose of ketamine (10mg/kg; 

i.p.) that we have previously reported to reliably induce both rapid and sustained antidepressant 

like-effects in both sexes. In our experimental setup ketamine induced a male-specific 

“glutamate burst” in the mPFC. Moreover, ketamine activated the mammalian target of 

rapamycin complex 1 (mTORC1) pathway, induced rapid and sustained synaptic protein 

synthesis and enhanced prefrontocortical spine formation in a sex-specific manner. More 

experiments are underway to characterize this sex-dependent neurobiological responsiveness to 

ketamine administration. 
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Abstract: Major depression is growing in prevalence and is currently ranked as the fourth most 

urgent health problem worldwide. While antidepressants play an important role in its 

management, only 60% of patients respond to the first treatment and only 40% achieve total 

remission of symptoms. Thus, a clinically valuable complementary strategy would be to develop 

a method able to predict, at the onset of treatment, the probability of therapeutic success with a 

specific medication. Previous studies have shown that functional brain imaging responses to 

acute antidepressant treatment may predict the clinical outcome. However, the predictability of 

treatment responses to a specific antidepressant in different individuals remains to be established. 

The present study attempts to identify novel imaging biomarkers capable of achieving that goal 

by analyzing the temporal dynamics of the functional connectome. In the present study, 20 drug-

naïve subjects diagnosed with a first episode of Major Depression were recruited in the context 

of emergency psychiatric evaluations. A total of 5 resting state fMRI were then acquired 

sequentially: the first prior to administration of the antidepressant (Paroxetine) and the remainder 

at hourly intervals following. In addition to evaluating the patterns of regional activity and 

connectivity, we hypothesized that the acute administration of the drug may also modulate the 

switching behavior of functional connectivity (FC) patterns, which have been shown to be 

affected in a variety of psychiatric disorders. To evaluate the FC switching behavior, we 

employed the Leading Eigenvector Dynamic Analysis (LeiDA). This analysis showed that there 

are demonstrable changes in switching behavior of FC states following the administration of a 

single dose of antidepressant. The present study suggests that by using the characterization of FC 

switching behavior it may be possible to develop an imaging biomarker which more accurately 

predicts an individual therapeutic response to a specific drug. These results provide the first 

evidence that the temporal dynamics of the functional connectome are modulated by a single 

dose of an antidepressant drug. Importantly, this observation may pave the way for new 

predictive approaches in the treatment of Major Depression. 
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Abstract: Current literature supports the role of ketamine as a potential rapid acting agent on 

depression and suicidal ideation, suggesting its use for individuals at high suicide risk. Although 

past suicidal behavior is the best predictor of prospective suicidal behavior, the link between 

suicide attempt history and ketamine response remains unclear. We have previously found 

differential neural activity in people with and without a history of suicide attempts during an 

emotional dot-probe paradigm using fMRI, specifically in the left precuneus. Using the same 

paradigm, this project examines the effect of ketamine on emotional attention biases and their 

neural correlates in a sample of depressed attempters (SA) and non-attempters (NA). 12 

medication-free SAs (M = 36.4, 50% f) and 18 medication-free NAs (M = 35.7, 75% f) received 

one subanesthetic (0.5 mg/kg) ketamine infusion and one placebo infusion in a double-blind 

placebo-controlled crossover study. Two days after each infusion, participants received fMRI 

scans at 3T while they performed a dot-probe task using emotional (happy or angry) and neutral 

face stimuli. Reaction times and attention bias scores were analyzed using a repeated linear 

mixed model in SAS. fMRI data were analyzed using a linear mixed effects model in AFNI and 

FWE cluster corrected to p < 0.05. Behavioral analysis showed no significant effects of drug or 

group. We found a significant drug by group interaction in the bilateral fusiform gyri, the right 

insula, and several other regions throughout the brain. In the fusiform gyri and other regions, 

SAs showed increased activation while NAs showed decreased activation post-ketamine 

compared to post-placebo. We found the opposite pattern in the right insula, with SAs showing 

decreased activation post-ketamine compared to post-placebo and NAs showing increased 

activation. There was also a significant drug by group by emotion interaction. SAs showed 

decreased activation in the left precuneus when viewing angry faces post-ketamine compared to 

post-placebo, and NAs showed increased activation. In the left middle frontal gyrus, SAs showed 

increased activation when viewing angry faces post-ketamine compared to post-placebo, and 

NAs showed decreased activation. Results indicate that ketamine differentially affects emotional 

processing in SAs and NAs. Left precuneus alterations are consistent with our previous findings 

and current suicide literature. Findings suggest differences in ketamine-related neural 

functioning between depressed patients with and without a suicide attempt history, highlighting 

potential targets for therapeutic and research efforts. 

Disclosures: N. Gerlus: None. E.D. Ballard: None. J.L. Reed: None. J.E. Szczepanik: 

None. C.A. Farmer: None. A.C. Nugent: None. C.A. Zarate: E. Ownership Interest (stock, 

stock options, royalty, receipt of intellectual property rights/patent holder, excluding diversified 

mutual funds); Listed as co-inventor on patents for ketamine and metabolites in depression 

treatment. Patent rights assigned to United States government, but he will share a percentage of 

any royalties received.. 



Poster 

230. Depression and Bipolar Disorders: Ketamine and Other Rapid Antidepressants I 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 230.17/RR1 

Topic: G.04. Mood Disorders: Depression and Bipolar Disorders 

Support: IBRO/APRC Exchange Fellowship 2017 

Title: Quinolinic acid act as prooxidant in depression evidenced through Nrf2 activity in 

restrain-stress rat model 

Authors: *Y. BANSAL1, R. SINGH1, A. KUHAD1, I. PRAHAR2, T. SOGA2 
1Panjab Univ., Chandigarh, India; 2Monash Univ., Selangor, Malaysia 

Abstract: Background: Quinolinic acid (QA), a neurotoxic metabolite of kynurenine pathway 

exert neurotoxic effects in depression. It has been found that QA might increases reactive oxygen 

species through NMDA activation or directly through QA-iron reaction but the exact mechanism 

is not clear. Enhancing nuclear translocation of endogenous antioxidant transcription factor, 

nuclear factor erythroid 2-related factor 2 (Nrf2) has been found to restore redox homeostasis 

and decreases vulnerability to depression. Aim: With this background present study was designed 

to investigate the role of QA as pro-oxidant in depression by modulating nuclear translocation of 

Nrf2. Materials and Methods: Restrain-stress model was used to induce depression in male 

wistar rats (7-8 week old). Animals were restrained for 2 hours daily for 7 days. Animals were 

divided into three groups: control, restrain-stress group and restrain-stress + UPF-648 

(Kynurenine monooxygenase inhibitor, inhibit QA synthesis). Locomotor activity was evaluated 

in open field test and quantification of Nrf2 mRNA expression in hippocampus was done by 

qPCR. Serotonin (5-HT) and 5-Hydroxyindole acetic acid (5-HIAA) concentrations were 

quantified in hippocampus using Liquid Chromatography-Mass Spectroscopy. Results: Restrain 

stress increased Nrf2 mRNA expression in the hippocampus of stressed animals and UPF-648 

treatment prevented the activation of Nrf2. Increased serotonin turnover was found in 

hippocampus of stressed group and UPF-648 microinjection in hippocampus prevented increase 

in 5-HIAA and decrease in 5-HT levels in restrain-stressed rats. Conclusion: QA increases 

oxidative stress by modulating Nrf2 activity in stressed conditions and hence act as pro-oxidant 

in depression. 
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Abstract: Endogenous cannabinoid signaling mediates several neuromodulatory functions in the 

central and peripheral nervous systems, including regulation of mood and cognition. Human 

patients with depression and related disorders, for example, exhibit reduced circulating 

endocannabinoid levels. Enhancement of endocannabinoid signaling is believed to offer a 

potential therapeutic treatment for depressive disorders. Monoacylglycerol lipase (MGL) is a key 

enzyme that catalyzes the degradation of the major endocannabinoid, 2-arachidonoylglycerol (2-

AG). Thus, augmenting endogenous 2-AG levels via MGL inhibition presents a possible means 

for achieving this enhancement. Upregulation of endocannabinoid signaling, however, can also 

produce a number of unwanted side effects, such as deficits in memory and cognition. It is 

therefore necessary to develop MGL inhibitors that can effectively deliver therapeutic mood 

benefits while avoiding any of these undesirable impairments. Here we present an in vivo 

characterization of JNJ-42226314, a novel competitive, non-covalent inhibitor of the MGL 

enzyme. High doses (30 mg/kg, intraperitoneal dosing) provide full occupancy of the MGL 

enzyme and robustly increase 2-AG levels in the rat hippocampus, but also induce hippocampal 

synaptic depression, alter sleep onset and decrease EEG gamma power in both wake and sleep 

states, indicating potential adverse effects on cognition consistent with increased 

endocannabinoid signaling. Lower doses (3 mg/kg, i.p dosing) still provide approximately 80% 

enzyme occupancy and a significant increase in 2-AG levels, but do not induce hippocampal 

synaptic depression, suggesting a possible therapeutic level of MGL inhibition. 
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Abstract: Monoacylglycerol lipase (MGL) is the key enzyme responsible for the degradation of 

the endocannabinoid 2-arachidonoylglycerol (2-AG) into arachidonic acid and glycerol. 

Inhibition of 2-AG degradation leads to elevation of 2-AG, the most abundant endogenous 

agonist of cannabinoid receptors (CB1 and CB2). 2-AG levels are decreased in individuals with 

major depression. In addition, the CB1 receptor inverse agonist/antagonist Rimonabant has been 

withdrawn from the market due to the high incidence of severe depression and suicidal ideation. 

Therefore, by selectively potentiating the cannabinoid system, MGL inhibition offers a 

compelling therapeutic approach for the treatment of mood disorders. Here we developed and 

validated an ex vivo assay to measure level of MGL occupancy and level CB-1 receptor 

occupancy in the same animal following administration of an MGL inhibitor. Brain 2-AG 

content was also measured. Mice were given one of the following compounds intraperitoneally at 



30 mg/kg: JZL-184, a literature standard covalent MGL inhibitor, KT182, a covalent ABHD6 

inhibitor, rimonabant, a CB1 antagonist, JNJ-42012191, a FAAH inhibitor or vehicle. Brains 

were collected and frozen at various time points. Hippocampal and striatal tissue sections were 

prepared for autoradiography. For measurement of MGL occupancy, [3H] SAR127303 was used 

as a tracer and [3H] CP55940 was used to measure CB1 occupancy. Sections were incubated 

with the respective tracer for ten minutes followed by washing steps and dried before image 

acquisition with a β-imager. JZL-184 (30 mg/kg i.p.). exhibited a high level of MGL occupancy 

(> 90%) and moderate CB1 occupancy (40%) through the entire time course (up to 24 hours). 

Rimonabant showed a high level of CB1 occupancy (>90%) through the entire time course and 

no MGL occupancy. No significant levels of MGL or CB1 occupancy were detected with the 

ABHD6 inhibitor or the FAAH inhibitor. JZL184 was the only compound found to significantly 

increase brain 2-AG levels correlating with the observed CB1 occupancy. These experiments 

with various tool compounds demonstrate that CB1 receptor occupancy can be measured after 

administration of an MGL inhibitor. 

Disclosures: M. Wennerholm: None. S. Sutton: None. M. Ameriks: None. P. Bonaventure: 
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Abstract: Depression is a prominent mental health issue in the United States that affects nearly 

twice as many women as men. Maternal depression during pregnancy is difficult to treat, as both 

the condition and its currently available pharmacologic treatments pose a risk to embryonic 

neurodevelopment. Furthermore, current treatments are often ineffective; only about half of 

patients respond to treatment with conventional antidepressants. Therefore, there is a critical 

need to develop new and more effective treatments for maternal depression. P7C3 compounds 

have been shown to rescue depressive-like phenotypes in multiple models. Additionally, when 

administered to dams during gestation and nursing, they have no apparent negative impact on 



embryonic or early postnatal development. We hypothesize that (-)-P7C3-S243, one of the most 

potent members of the P7C3 series of compounds, will rescue maternal depressive-like behavior 

in an animal model of prenatal stress-induced depression, and also protect offspring from 

abnormal neurodevelopment and associated neuropsychiatric deficits. To test this, we subjected 

pregnant CD1 dams to restraint stress in 45-minute sessions three times daily and administered (-

)-P7C3-S243 or vehicle via IP injection or oral gavage to dams twice daily. We then assessed 

outcomes after non-stressed control conditions, stress conditions, and/or P7C3 administration in 

two protocols: prolonged, starting on embryonic day 5 (E5), and brief, starting on E12. In 

offspring embryonic brain, we assessed a known neurodevelopmental deficit, GABAergic 

progenitor migration delay at E13 and E14. By employing a CD1 GAD67GFP+ mouse line, we 

measured the leading edge of GAD67GFP+ cell distribution in developing cortical plate using 

fluorescent microscopy in fixed tissue. In an independent cohort of pregnant dams, we assessed 

depressive-like behaviors at the end of pregnancy, including sucrose preference, forced swim, 

and tail suspension. Our preliminary data show that (-)-P7C3-S243 administration rescued the 

embryonic GABAergic migration deficit after prenatal stress. These results support the 

feasibility of our compound as a treatment for maternal prenatal depression that protects 

embryonic neurodevelopment. 
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Abstract: Transcranial direct current stimulation (tDCS) is a promising novel intervention for 

major depression (MD). Yet neurobiological determinants of tDCS response are still to be 

investigated. In The Escitalopram versus Electric Current Therapy for Treating Depression 

Clinical Study (ELECT-TDCS), a trial with patients randomly assigned to receive escitalopram 

(ESC), tDCS, or placebo (PLA), Brunoni et al. (2017) have shown antidepressant effect of tDCS 

superior to PLA, yet not noninferior to ESC. In our exploratory study, we investigated structural 

data from a sub-sample of ELECT-TDCS to identify MRI-based predictors of tDCS response, 

such as volume of the left dorsolateral prefrontal cortex (DLPFC) or adjacent areas. We enrolled 

52 patients with MD from ELECT-TDCS (22 to 67 yrs, 15 men, n[tDCS] = 15, 37 controls: 

n[ESC] = 16, n[PLA] = 21) with baseline structural MRI scans (MPRAGE T1, 3T Phillips 

Scanner, TFE, FOV 240x240x180 mm3, res. 1x1x1 mm, TR 7 ms, TE 3.2 ms, FA 8°, 180 

slices). TDCS was delivered at 2 mA over 10 weeks in 22 sessions à 30 min with anode over the 

left and cathode over the right DLPFC. After quality check and brain extraction, a region of 

interest (ROI)-based approach was used to calculate grey matter volumes of underlying regions 

using FSL, AFNI and in-house scripts. As the DLPFC cannot be located within classical 

anatomical boundaries, we used a parcellation of the dorsal frontal cortex (Sallet et al. 2013) to 

define the ROIs (10/10 left/right hemisphere). General linear models were run to explore ROIs 

that may predict the primary outcome (difference in Hamilton Depression Rating Scale [HDRS] 

score from baseline to week 10) using group, ROI volume and their interaction as dependent 

variables. The intervention groups did not differ considering primary outcome, sex, and age. 

Specifically in the tDCS group, compared to ESC and PLA, we saw a direct correlation of ROI 

volumes and HDRS for a small right-sided region medial to DLPFC (cluster 3; tDCS vs. PLA 

slope [β] = 33.29, 95% CI [4.86; 61.71], p = 0.023; tDCS vs. ESC β = 29.55, CI [-1.18; 57.93], p 

= 0.042), and at the level of a statistical trend for the whole left dorsal prefrontal cortex (cluster 

3-8, 10; tDCS vs. PLA β = 3.54, CI [-0.010; 7.10], p = 0.051; tDCS vs. ESC β = 3.19, CI [-0.45; 

6.84], p = 0.085) and a larger region containing the DLPFC and medial areas (cluster 3, 4, 5; 

tDCS vs. PLA, β = 5.67, CI [-0.16; 11.49]; p = 0.056; tDCS vs. ESC β = 5.05, CI [-0.87; 10.96], 

p = 0.093). Hence, based on MRI data from ELECT-TDCS, we hypothesize that the clinical 

response to tDCS is determined by volumetric information from prefrontal cortex regions. This 

hypothesis should be confirmed in further trials applying multiparametric MRI approaches. 

Disclosures: L. Bulubas: None. D. Keeser: None. P.V. Bueno: None. F. Duran: None. G. 
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Title: Antidepressant-like effect of polyunsaturated fatty acids in lymphoblasts from depressed 

human subjects 
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Abstract: Depression is one of the most common and costliest mental disorders. While several 

drugs are available as antidepressants, most require several weeks before achieving efficacy and 

about one third of those treated with antidepressants do not find remission from their symptoms. 

In addition, most antidepressants have a variety of side effects ranging from annoying to life-

altering. Therefore, additional compounds that act as antidepressants or serve as “adjuvants” for 

conventional antidepressants should be sought out. Omega-3 polyunsaturated fatty acids (n-3 

PUFA) have been reported to mitigate both inflammation and depression, although this topic 

remains controversial. We have established a simple cellular biosensor for both depression and 

antidepressant action, and thought to apply this to ascertain whether n-3 PUFA possessed or 

facilitated the actions of antidepressants. This biosensor is based on the translocation of the G 

protein, Gαs, from lipid raft to non-raft membrane fractions, where it engages in a more facile 

coupling with adenylyl cyclase, generating increased cAMP. Thus, we sought to determine 

whether n-3 PUFA modified Gαs localization or increased cAMP. Human lymphoblast cell lines 

were obtained from NIMH from depressive patients responding to initial selective serotonin 

reuptake inhibitor (SSRI) therapy and ones that did not (STAR*D subjects). Cells were treated 

with n-3 PUFA alone or in combination with (SSRIs) antidepressant. Then biochemical 

fractionation of membrane components, and mass spectrometry (MS) analysis were used to 

determine the modification of Gαs and its localization in cell membrane. cAMP measurements 

were also performed. Results revealed that n-3 PUFA, alone or in concert with SSRI effects the 

antidepressant biosignature in cells from antidepressant responders and some non-responders. 

Disclosures: P. Chukaew: None. J. Schappi: None. A. Koutsouris: None. M. Rasenick: C. 
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Abstract: Background: Previous studies suggest that functional connectivity between left 

dorsolateral prefrontal cortex (DLPFC) and subgenual anterior cingulate cortex (sgACC) might 

serve as predictive biomarker for repetitive transcranial magnetic stimulation (rTMS) 

antidepressant treatment response, but direct evidence is lacking as connectivity measures were 

based on normative connectome data from healthy subjects and a controversial preprocessing 

method was applied. Furthermore, crucial information might have been overlooked as TMS-

related symptomatic change over time to explain inter-individual differences has been largely 

ignored. 

Aim: Investigate the predictive value of DLPFC-sgACC functional connectivity on rTMS 

treatment response trajectories in medication-resistant depression. 

Method: Resting-state functional magnetic resonance imaging data was collected from 30 

medication-resistant depressed patients before undergoing 20 sessions of 10 Hz left DLPFC 

neuronavigated rTMS over 4 weeks. Primary outcome measure was the Montgomery-Åsberg 

Depression Rating Scale. Multiple regression with backward elimination was used to investigate 

predictors of treatment response at week 12, including several control connections to test the 

specificity of DLPFC-sgACC connectivity. Symptom score trajectories over 12 weeks were 

analyzed using growth curve analysis.Results: Regardless preprocessing method, DLPFC-

sgACC connectivity was the only variable that could predict rTMS treatment response at week 

12 (adjusted R2=0.20, p<0.01; figure A and B), and explain inter-subject variability in rTMS 

response trajectories (global effect size=0.55, p<0.01; figure C); stronger anticorrelation was 

associated with faster and better treatment response. 

Conclusions: DLPFC-sgACC functional connectivity can contribute to rTMS treatment 



response prediction. Future studies should use more sophisticated techniques considering other 

connections to further examine the prognostic value of network mechanisms as biomarker of 

treatment response. 
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Abstract: Evidence indicates that α7 nicotinic acetylcholine receptor (nAChR) plays a critical 

role in regulating neuroinflammation implicated in depression, anxiety, and cognitive disorders. 

The present study examined the effects of PNU 120596, an α7 nAChR positive allosteric 

modulator (PAM), on lipopolysaccharide (LPS)-induced anhedonia, anxiety, and cognition-like 

behaviors. PNU 120596 (1 or 4 mg/kg, i.p.) was administered 0.5 h before LPS (1 mg/kg, i.p.) 

injection in male C57BL/6J mice. Behavioral measures for anhedonia, anxiety, and cognition 

were performed using sucrose preference test, elevated plus maze, and Y-maze, respectively 24 h 

after LPS injection. Acute administration of PNU 120596 prevented the development of LPS-

http://files.abstractsonline.com/CTRL/92/e/c72/3cc/1e0/425/49c/d1d/529/d35/ea7/bb/g9675_4.png


induced anhedonia, anxiety, and cognition-like behaviors. Pretreatment of methyllycaconitine 

(MLA, 3 mg/kg, i.p.), an α7 nAChR antagonist, significantly reversed the effects of PNU 120596 

(4 mg/kg). We also examined the effects of PNU 120596 on LPS-induced microglial activation 

and proinflammatory cytokines in the hippocampus, an important brain region associated with 

mood disorders. The PNU 120596 prevented LPS-induced mRNA expressions of CD11b, a 

microglial activation marker, interleukin-1β, and tumor necrosis factor-α. Similarly, pretreatment 

of MLA significantly reversed the effects of PNU on the mRNA expressions. Furthermore, the 

effects of PNU 120596 on noradrenergic transmission in the hippocampus were assessed during 

LPS-induced anhedonia, anxiety, and cognition-like behaviors. The PNU 120596 enhanced 

norepinephrine level in the hippocampus after LPS administration. Overall, these results suggest 

that PNU 120596 produces anti-inflammatory effects by reducing LPS-induced anhedonia, 

anxiety, and cognition-like behaviors. Therefore, PNU 120596 or α7 nAChR PAMs could be 

promising new drug candidates for the treatment mood disorders in humans. 
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Abstract: Nowadays major depression presents a high prevalence in the world population, and it 

is predicted to increase in the following years. One of the main problems in major depression 

treatment is that current pharmacological drugs are highly ineffective and present a delayed 

response, so the finding of new antidepressants is considered of paramount importance. In order 

to take a step forward in this search, we have focused our study in cannabidiol (CBD), the main 

non-psychotomimetic component of Cannabis sativa. CBD has a potential therapeutic efficacy 

for diverse non-psychiatric and psychiatric diseases, although its mechanism of action is still 

unknown. Therefore, the aim of this work is to determine the molecular mechanism by which 

CBD exerts its antidepressant properties and the brain areas involved. 



In this study, we have infused 60 nmols of CBD in two relevant brain areas for the antidepressant 

effect, which are the infra-limbic (IL) cortex (bilateral administration) and the dorsal raphe 

nucleus (DRN) of 2-month-old male Sprague Dawley rats. The acute behavioral effect was 

evaluated in an open field (OF) test and a forced swimming test (FST) 30 minutes after the 

infusion. Then, protein expression of different signaling pathways associated to neuronal 

plasticity (i.e.: mTOR, BDNF, GSK-3β) was evaluated by western blot in prefrontal cortex 

samples. 

The bilateral CBD-IL infusion induced an antidepressant-like effect evidenced by a reduction in 

immobility in the FST (p<0.05), and an increase in swimming (p<0.05) compared to the vehicle 

group. Conversely, the intra-DRN administration of CBD presented no changes in the FST 

immobility, although an increase in swimming (p<0.05) and a decrease in climbing (p<0.05) 

behaviors was detected in these animals. No significant changes were observed in the anxious 

behavior and locomotion assessed in the OF test after either IL or DRN CBD administration. 

Interestingly, the CBD-IL infusion induced an increase of synaptic plasticity markers as BDNF 

(p<0.01) and mTOR pathway activation (p<0.05) in the prefrontal cortex (PFC). The CBD 

infusion in DRN also induced an increase in BDNF (p<0.05) in PFC, with no changes in the 

activation of the mTOR pathway. 

In summary, our data indicate that the local administration of CBD in the infralimbic prefrontal 

cortex induces an antidepressant-like response that may be mediated by the activation of synaptic 

plasticity pathways as mTOR in the prefrontal cortex. Additional experiments are necessary to 

fully understand the CBD behavioral and molecular effects. 
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Abstract: About 30-40% of functional variability in genes related to drug action can be 

contribute by rare variants. Around 12% of Americans take antidepressants currently; thus, the 

capability to predict antidepressant could have an impact in public health. We investigate the role 

of rare functional genetic variants in antidepressant response in a cohort of Mexican-American 

individuals who met DSM-VI criteria for major depressive disorder and participated in a 

prospective randomized pharmacogenetics study of 8 weeks of double-blind treatment with 

desipramine or fluoxetine. Our primary outcome was measured by the Hamilton Depression 

Rating Scale; we obtained whole exome genotyping data in 36 remitters and 29 non-responders 

and performed regression- and permutation-based kernel-based adaptive cluster (KBAC) 

analysis. We identified several genes significantly associated with treatment remission 

(FDR<0.05), and their network and pathway analysis revealed the involvement of the following 

processes: sensory transduction, regulation of response to cytokine stimulus, and meiotic cell 

cycle process. Our results substantiate the involvement of rare variants in antidepressant drug 

response in major depressive disorders. <!--EndFragment--> 
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Abstract: The neurotrophic hypothesis of depression states that changes in neurotrophic factor 

expression and function can alter structures of the brain’s limbic system, particularly in the 

hippocampus and prefrontal cortex. Previous research has shown that the neurotrophic factor, 

fibroblast growth factor 2 protein (FGF2) can act as an anxiolytic and anti-depressive agent in 

rodents. Levels of hippocampal FGF2 and FGF2 receptors are decreased in post-mortem brains 

of individuals with mood disorders. Furthermore, no changes in FGF2 were noted in the post-

mortem brains of individuals with mood disorders that were successfully treated with anti-

depressant medication prior to death. Even mutations in the FGF2 gene in humans have been 

shown to predict non-responsiveness to the therapeutic effects of selective serotonin reuptake 

inhibitors (SSRIs). These findings suggest that FGF2 may potentially be required for the 

therapeutic effects of antidepressant medications. We sought to assess the effects of FGF2 gene 

deletion on the ability of fluoxetine to decrease depressive behaviour in wild-type (WT) and 

FGF2 knock-out (FGF2KO) mice. To achieve this, we used a rodent model of depressive 

behaviour, chronic variable stress (CVS), to induce a depressive behavioural phenotype in these 

mice. WT and FGF2KO mice were treated with either vehicle or fluoxetine intraperitoneal 

injections. Results showed that fluoxetine reversed the effects of CVS on both depressive and 

anxiety behaviours in wild-type mice only, suggesting that the FGF2 gene is indeed necessary 

for the therapeutic effects of fluoxetine. We have previously shown that FGF2 is involved in 

HPA regulation, more specifically, loss of the FGF2 gene reduces glucocorticoid receptor (GR) 

expression in the hippocampus through the effects of FGF2 on the transcription factor, egr-1. 

Moreover, administration of a GR antagonist blocks the anxiolytic effects of FGF2 protein 

administration. Using qPCR we examined hippocampal GR levels in the current study and found 

that although GR was decreased in FGF2KO mice, no changes were seen in GR with fluoxetine 

administration in either WT or FGF2KO mice, suggesting that the therapeutic effects of 

fluoxetine are not mediated through FGF2’s effects on GR. The current study reaffirms a role for 

FGF2 in both the etiology and the treatment of depression and anxiety disorders. Future studies 

will be needed, however, to delineate the mechanisms by which FGF2 mediates the therapeutic 

effects of fluoxetine. 
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Abstract: Alterations in the inflammatory response have been studied extensively in connection 

with psychiatric disorders including depression. A small number of pro-inflammatory cytokines 

have been consistently reported, however the immune response is complex, involving both innate 

(inflammatory) and adaptive processes. The aim of this study was to conduct proteomic analyses 

to examine a broad spectrum of immune-related proteins in plasma samples from individuals 

with depression (n=15), schizophrenic patients (n=21) and healthy controls (n=16). Proteins were 

characterised with the O-Link proximity extension assay using the cardiovascular II and III, 

immune response and the inflammation panels to determine difference in protein concentrations 

between cohorts. The comparison of depression and healthy cases revealed significant 

differential abundance in the relative expression of 22 proteins between the depression and 

healthy groups, 7 downregulated and 15 upregulated across the four panels. Those upregulated 

proteins were enriched for inflammatory processes, and have been previously linked to chronic 

inflammatory conditions. Between schizophrenia and healthy controls, there were 143 proteins 

differently expressed, and similar to depression the upregulated proteins showed significant 

enrichment for inflammation. Finally, 99 proteins were found to be differentially expressed 

between depression and schizophrenia cases. A combined score of a selection of the top ranked 

differentially expressed proteins showed robust sensitivity and specificity to distinguish between 

the healthy and depression cases. These results indicate that a panel of inflammatory proteins 

could have clinical utility in screening for depression, and in differentiating between psychiatric 

disorders. 
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Abstract: Depression is a psychiatric illness that affects individuals of all ages, yet only two 

antidepressants are approved to treat depression in children and adolescents. Both belong to the 

selective serotonin reuptake inhibitor (SSRI) class. Moreover, children and adolescents are less 

effectively treated by SSRIs than adults. SSRIs block reuptake of serotonin via the high-affinity, 

low-capacity serotonin transporter (SERT). The resulting increase in extracellular serotonin is 

thought to initiate a cascade of downstream effects, which underlie the therapeutic utility of 

SSRIs. However, other transporters also clear serotonin from extracellular fluid, including the 

low-affinity, high-capacity organic cation transporters (OCTs) and plasma membrane 

monoamine transporter (PMAT). Our lab has shown that, in adults, decynium-22 (D22), an 

inhibitor of OCT1-3 and PMAT, produces antidepressant-like effects when SERT function is 

either genetically or pharmacologically impaired. However, whether OCTs or PMAT may be 

useful targets for therapeutic intervention in juveniles and adolescents remains unknown. In 

contrast to adults, our preliminary studies show that D22 has antidepressant-like effects in 

juvenile (postnatal day 21 (P21)) SERT+/+ mice, suggesting that OCTs and/or PMAT may be 

functionally upregulated in juvenile mice. Using both homogenate binding and autoradiography 

to quantify expression of D22-sensitive transporters, we found expression of D22-sensitive 

transporters to be increased in both P21 and adolescent (P28) mice, relative to adults (P90). 

Ongoing studies are utilizing genetic (i.e. OCT3, PMAT knockout mice) and pharmacological 

tools in efforts to parse out which D22-sensitive transporter(s) is/are driving the increase in 

[3H]D22 binding in juveniles and adolescents. In addition, we are using in vivo high-speed 

chronoamperometry to determine the effect of D22 on serotonin clearance kinetics as a function 

of extracellular serotonin concentration. These studies will expand our understanding of 

differences in serotonin signaling among the juvenile, adolescent, and adult brain, and will aid in 

discovery of novel targets for the development of antidepressants with improved therapeutic 

efficacy for children and adolescents suffering from depression. 
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Abstract: Abnormalities of Toll-like receptors (TLRs) have been implicated in the 

pathophysiology of depression and suicide. Interactions of TLRs with pathogen-associated 

molecular patterns (PAMP) and damage-associated molecular patterns (DAMP) initiate signaling 

through myeloid differentiation primary response-88 (MyD88) and produce cytokines through 

the activation of the transcription factor nuclear factor kappa beta (NF-kB). We have earlier 

shown an increase in the mRNA expression of TLR3 and TLR4 in the prefrontal cortex (PFC) of 

depressed suicide (DS), depressed non-suicide (DNS) patients compared with normal control 

(NC) subjects. To examine if other TLRs are altered in postmortem brain, we have now 

determined the protein and mRNA expression of other TLRs (TLR1, TLR2, TLR5, TLR6, 

TLR7, TLR8, TLR9 and TLR10) in the PFC of DS, DNS, non-depressed suicide (NDS) and NC 

subjects. We determined the protein expression by Western blot and mRNA expression levels by 

real-time PCR (qPCR) in the PFC of 24 NC, 24 DS, 12 DNS and 11 NDS subjects. Combined 

with the previous study of TLR3 and TLR4, we found that the protein expression of TLR2, 

TLR3, TLR4, TLR6 and TLR10, and mRNA expression of TLR2, TLR3 was significantly 

increased in DS group compared with NC group. This study demonstrated that specific TLRs are 

altered in DS subjects, and hence some specific TLRs may be appropriate targets for the 

development of therapeutic agents for the treatment of suicidal behavior. 
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Abstract: Abnormalities of the immune function in depression and suicide are based in part on 

the observation of increased levels of proinflammatory cytokines in the serum and in postmortem 

brain of depressed and suicidal patients. Several studies suggest dysregulation of the immune 

system in suicide as increased microgliosis has been reported in postmortem brain of suicide 

subjects and increased levels of proinflammatory cytokines in the cerebrospinal fluid (CSF) of 

suicidal patients. In the previous studies we reported a significant increase in the protein and 

mRNA levels of cytokines such as TNF-α, IL-1 and IL-6. To further examine the role of 

proinflammatory cytokines in suicide we have now studied the protein expression of IL-8, IL-10, 

TNF-beta and IL-1ra in teenage suicide subjects. We determined the protein expression of IL-8, 

IL-10, TNF-beta and IL-1ra in the PFC of 17 teenage suicide victim and 17 normal control 

subjects. The postmortem brain tissues were obtained from the Maryland Brain Collection and 

the psychological autopsies were performed for the diagnosis of the subjects using DSM-IV-

SCID. TNF-beta and IL-1ra protein expression was determined using Western blot technique and 

IL-8 and IL-10 protein expressions by ELISA, respectively. When we compared the protein 

expression of IL-8, we found that the IL-8 protein levels were significantly increased and IL-10 

significantly decreased in teenage suicide victims compared with normal control subjects, while 

there was no difference in the protein expression of TNF-beta and IL-1ra in teenage suicide 

victims compared with normal control subjects. These results suggest that increased protein 

levels of IL-8 and decreased levels of IL-10 may be in part related to abnormalities of 

proinflammatory cytokines in the brain of suicide victims and that abnormalities of inflammatory 

markers are associated with suicide. 
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Abstract: Gαs expression has been detected at high levels in membrane microdomains known as 

lipid rafts. Lipid rafts are characterized by their high cholesterol content, expression of caveolin-

1 protein, and relative insolubility in weak ionic detergents. Gαs signaling is attenuated in lipid 

rafts due to impaired coupling to effectors, such as adenylyl cyclase. Consequently, cAMP levels 

decrease as Gαs lipid raft localization increases. Furthermore, Gαs lateral membrane mobility is 

reduced in non-raft regions due to association with the large, relatively immobile, adenylyl 

cyclase. These effects have been observed in post-mortem cortical tissue from depressed 

subjects, as well as animal models. Various drugs with known clinical antidepressant activity, 

including escitalopram, desipramine and ketamine, promote the translocation of Gαs out of lipid 

raft domains following chronic treatment. This translocation event produced by antidepressants 

with distinct primary targets may represent a common mechanism of action shared by 

antidepressant drugs. 

Recent studies have highlighted the prevalence and severity of an antidepressant withdrawal 

syndrome following cessation of antidepressant drug use. This syndrome is highly dependent on 

the drug used, dosage, and duration of treatment. In this study, we probe the molecular 

mechanisms underlying these effects by observing changes related to Gαs localization following 

removal of the antidepressant drug from our model systems. Differences in the persistence of 

antidepressant induced signaling changes between these drugs may provide insight into the 

molecular basis of their associated symptoms following treatment cessation. 

We investigate these effects using a live-cell cAMP accumulation assay, analysis of Gαs lateral 

membrane mobility with fluorescence recovery after photobleaching (FRAP), quantification of 

Gαs expression in lipid raft vs. non-raft regions, and detection of antidepressant drug 

accumulation in lipid rafts via mass spectrometry. These techniques are employed following 

extended treatment with an antidepressant drug, and again at various time points following drug 

removal. We then compare reversal of the antidepressant biosignature with known 



pharmacokinetic parameters (such as lipid solubility and half-life) to determine whether a 

predictive profile of drug disposition can be obtained. 
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Abstract: Despite the significant social and economic costs of stress related psychiatric 

disorders, the molecular mechanisms underlying these diseases remain poorly understood. Using 

an eQTL approach, previous research from our group successfully identified common functional 

genetic variants mediating stress sensitivity by altering the transcriptional response of stress-

related genes (Arloth, 2015, Neuron). These variants are enriched in long-range enhancer regions 

in genes targeted by the glucocorticoid receptor (GR), a key transcription factor in the stress 

response system. Using the variants, a genetic profile score (PRS) was calculated describing 

transcriptional sensitivity to glucocorticoids (GR-PRS). Importantly, a derivative of this score 

could predict risk for major depressive disorder (MDD) and changes in neural circuit activity 

related to emotion-processing, highlighting the clinical importance of understanding the 

molecular mechanisms by which these variants alter transcriptional activity at GR target genes. 

We speculate that under stress conditions, these variants alter a number of different molecular 

mechanisms, namely GR binding, GR induced demethylation at GR binding sites, and chromatin 

interactions between transcriptional start sites and GR-driven enhancer regions, resulting in 

transcriptional changes in stress relevant networks. 

MDD patient-derived LCLs harboring high and low GR-PRSes were selected. RNA-sequencing 

was performed to assess whether there were transcriptional differences in stress relevant 

networks in LCLs with high vs. low GR-PRSes upon treatment with the GR agonist, 

dexamethasone. Clustering of samples into high and low polygenic risk was observed when 

stress relevant genes were analyzed, but not when all differentially expressed genes were 

included. Next, the mechanisms by which these variants cause this altered transcriptional 

response upon activation of the stress response system will be identified, using GR-ChIP, a 



methylation capture assay, and Capture-C. The relevance of the identified mechanisms will be 

validated in a neuronal context. Identification of specific mechanisms mediating stress sensitivity 

may represent new therapeutic targets for stress-related disease, such as MDD. 
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Abstract: Introduction: Recent studies show that high frequency stimulation of the subcallosal 

cingulate (SCC) region using deep brain stimulation (DBS) has therapeutic effects in Treatment 

Resistant Depression (TRD). In this study, we utilize machine learning approach to investigate 

the acute effect of SCC DBS on local field potentials (LFPs). We investigated the spectral 

features of the LFP before and after initial exposure to high frequency stimulation. Methods: Bi-

lateral LFPs were recorded intra-operatively from the SCC in five TRD patients. For analysis, we 

selected (1) 60 seconds of baseline recordings (prior to any stimulation), (2) 60s recordings after 

cessation of consecutive 130Hz- 2 min stimulation trials at each of the 4 contacts in the L and R 

hemisphere (post contact sweep, POST-CS) and (3) 60s recordings following cessation of 2 

rounds of L, R and bilateral stimulation at the optimized contacts (post on-target stimulation 

POST-OT). We averaged the signal from the four left and right contacts separately and estimated 

the spectral power of each averaged signal in pre-defined frequency bands: θ(4-9Hz), α (9-

12Hz), β (12-20Hz and 20-30 Hz) and γ (30-60Hz, divided into 10Hz frequency bins). These 

spectral features were used to train a logistic regression classifier with elastic net regularization 

to discriminate the baseline from post-stimulation states. Results: The classification accuracy 

was 0.7012± 0.0622 using left recordings and 0.7101 ±0.0481 on the right for the POST-CS and 

0.7439± 0.0301 using left and 0.6929 ±0.0485 on the right for the POST-OT. In addition, 



classifying between baseline and post-stimulation (POST-OT) state using spectral power features 

identified DECREASES in Left and Right beta band power (in the range of 20-30 Hz) and Right 

alpha INCREASES (9-12 Hz) by repeated on-target stimulation (N=5, p<0.001). These changes 

were not observed after consecutive stimulation of all single contacts (POST-CS). Conclusion: 

These findings demonstrate that initial stimulation of the SCC during implantation surgery 

evokes changes in neural dynamics. Significant decreases in Left and Right beta and increase in 

Right alpha were seen only after repeated stimulation at tractography-optimized contacts (POST-

OT). These results define a putative biomarker of effective target engagement with SCC DBS in 

TRD with implications for tracking DBS effects using chronic LFP recordings. 
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Abstract: There is an urgent need for biomarkers of bipolar disorder (BD) to optimize its 

treatment. Although various candidate biomarkers were reported, no one has been established. 

The purpose of the present study was to search for novel biomarkers using human plasma 

samples. We measured plasma metabolites, by capillary electrophoresis time-of-flight mass 

spectrometry, in the human participants with depressive state (dBD) and remitted state (rBD) of 

the same BD patients (10 pairs) and 10 healthy controls. The human study was approved by the 

ethics committees of Hannan Hospital, Osaka City University, RIKEN and conducted in 

accordance with the Declaration of Helsinki. From 110 metabolites with determined absolute 

concentrations, a nominal significant difference was found for two metabolites: sarcosine (mean 

(μM) ± SD; rBD, 3.4 ± 0.9; dBD, 2.5 ± 0.7, P = 0.030) and threonine (rBD, 116.3 ± 28.9; dBD, 

150.4 ± 40.1, P = 0.029). To investigate the relationship between dBD patient’s HAM-D suicide 

score and 110 metabolites, betaine concentration negatively correlated with the HAM-D suicide 



score in dBD patients (ρ = -0.88, P = 0.001). Creatinine concentration positively correlated with 

the HAM-D suicide score in dBD patients (ρ = 0.64, P = 0.048). Sarcosine, betaine and creatine 

are included in glycine, serine and threonine metabolism pathway. Sarcosine is an intermediate 

and byproduct in glycine synthesis and degradation, and acts as N-methyl-D-aspartic acid 

(NMDA) receptor co-agonist. Based on its role on NMDA receptors, sarcosine has been studied 

in patients with schizophrenia and depression. We need further investigation in a larger number 

of samples to draw a conclusion whether sarcosine and other metabolites related to depressive 

episode and suicide symptom. 
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Abstract: INTRODUTION: Bipolar disorder is featured by occurrence of mania and depression 

episodes and the neurobiological mechanisms remain poorly understood. The inhibition of 

dopamine transporter by GBR12909 was recently proposed as animal model of mania. The 

endocannabinoid system modulates dopaminergic neurotransmission. AIMS: We tested the 

hypothesis that CB1 receptor antagonism prevents hyperlocomotion induced by GBR12909. 

METHODS: C57Bl6 male mice (25–30 g; 10/group) were pretreated with vehicle, lithium 

carbonate (50 mg/Kg) or the CB1 receptor antagonist AM251 (0,1; 0,3; 1 and 3 mg/Kg) and 20 

min later they received injections of saline or GBR12909 (15 mg/Kg). Locomotion was analyzed 

immediately after the second injection by Any-maze Software. The data were analyzed by 

ANOVA followed by the Bonferroni test and p-value was set at 0.05. RESULTS: GBR12909 

administration increased locomotion and positive control Lithium and the highest dose of 

AM251 inhibited this effect. CONCLUSION: GBR12909 administration seems to be a useful 

model of mania-like behavior, since it mimics some changes observed in patients undergoing a 



mania state, moreover, CB1 antagonist can inhibit the effect of GBR12909. 

Financial support: CAPES. CEUA nº 78/2014. 

Disclosures: J.D. Bastos: None. N. Font: None. A.L. Teixeira: None. F.S. Machado: 

None. A.S. Miranda: None. F.D. Moreira: None. 

Poster 

231. Depression and Bipolar Disorders: Treatment and Drug Discovery 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 231.20/SS7 

Topic: G.04. Mood Disorders: Depression and Bipolar Disorders 

Support: NIH Grant R01MH083643 

 NIH Grant R34MH101365 

Title: Combining transcranial magnetic stimulation and machine learning to predict treatment 

outcome in late-life depression 

Authors: *J. I. LISSEMORE1,4, R. ZOMORRODI4, A. BHANDARI4, Y. ZHANG2, S. 

WANG2, H.-Y. LO2, W. CAO2, A. J. BONNER3, T. K. RAJJI1,4, B. H. MULSANT1,4, Z. J. 

DASKALAKIS1,4, D. M. BLUMBERGER1,4 
1Dept. of Psychiatry, 2Electrical & Computer Engin., 3Computer Sci., Univ. of Toronto, Toronto, 

ON, Canada; 4Ctr. for Addiction and Mental Hlth., Toronto, ON, Canada 

Abstract: Background. Subjective reports continue to guide treatment decisions in psychiatry, 

and objective biomarkers capable of predicting individual treatment outcomes are needed. Most 

research on clinical biomarkers of depression has focused on patients under the age of 60, yet 

late-life depression (LLD) is prevalent and often treatment-resistant. Neurophysiological 

processes including cortical inhibition and plasticity, which can be assessed in humans non-

invasively using transcranial magnetic stimulation (TMS), have been implicated in the 

neuropathology of depression. However, the neurophysiological correlates and predictors of 

treatment response in LLD remain unknown. 

Objectives & Hypotheses. We investigated (i) within-subject changes in TMS measures of 

cortical inhibition and plasticity with pharmacotherapy, and (ii) the ability of pre-treatment 

cortical excitability and plasticity, together with clinical data, to predict treatment response in 

LLD. We hypothesized that cortical inhibition and plasticity would change significantly pre-post 

treatment in treatment responders, and that including pre-treatment TMS measures would 

improve the predictive accuracy of machine learning algorithms vs clinical data alone. 

Methods. We used single- and paired-pulse TMS, combined with electromyography, to measure 

cortical excitability and plasticity before and after 12 weeks of open-label venlafaxine XR 

treatment in 76 LLD patients (49F/27M, 67 ± 6.5 years of age). First, a machine learning model 



(e.g. logistic regression, random forest, k-NN or SVM) was chosen to assess neurophysiological 

biomarkers of treatment response, then a genetic algorithm was used to select the most predictive 

features for the chosen model. 

Results. No significant pre-post treatment changes in cortical inhibition or plasticity were 

observed in treatment responders. Based on a genetic algorithm, the features most predictive of 

treatment response were TMS measures of neuroplasticity and cortical excitability, and clinical 

measures of symptom severity, treatment resistance and duration of depressive episode. When 

applied together, this feature set achieved >75% predictive accuracy in k-NN and SVM models. 

Conclusions. Our findings indicate that machine learning models that combine clinical data with 

baseline TMS measures may help predict the response of LLD patients to antidepressant 

treatment. Going forward, additional objective brain-based features may improve prediction 

accuracy, and thus treatment outcomes and efficiency, as we transition towards a precision 

medicine approach in psychiatry. 
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Title: Membrane localized tubulin shows decreased alpha-tubulin acetylation in postmortem 

brain tissue from depressed suicides: Cytoskeletal dynamics and depression 
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Abstract: Recent studies suggest that post-translational modifications of tubulin, such as 

acetylation, result in altered microtubule dynamics. Furthermore, tubulin interacts closely with 

Gαs, the G-protein responsible for activation of adenylyl cyclase. Gαs, when ensconced in lipid-

rafts, couples less effectively with adenylyl cyclase to produce cAMP, and postmortem human 

brain tissue from depressed suicide subjects showed increased localization of Gαs in lipid-raft 

domains. Conversely, all antidepressants tested thus far translocate Gαs from lipid rafts to a non-

raft fraction of the membrane where they enjoy a more facile coupling to adenylyl cyclase. A 

recent study revealed that tubulin anchors Gαs to lipid-rafts and that treatment of cells with 

histone deacetylase-6 (HDAC6) inhibitors, as well as conventional antidepressants, decreased the 

proportion of Gαs complexed with tubulin within lipid-rafts. Therefore, we suggested that 

deacetylated-tubulin might be more prevalent in depression, as it would provide more binding 

sites for Gαs in lipid rafts. In this study, we examined α-tubulin acetylation in brain homogenate, 

plasma-membrane and lipid-raft/non-raft membrane domains from prefrontal cortex of control 

subjects and suicide cases with confirmed major depression. Lipid-rafts were isolated by 

differential-detergent-extraction, and tubulin (both acetylated and non-acetylated) was 

determined by immunodetection. While there was no change in total α-tubulin acetylation 

between control vs depression, plasma-membrane associated structures showed significant 

decreases in acetyl-α-tubulin in depression vs. controls. These data suggest that during 

depression, membrane-localized tubulin maintains a lower acetylation state, sequestering more 

Gαs in lipid-raft domains, where it is less likely to activate adenylyl cyclase. These data reveal a 

molecular mechanism for lipid-raft sequestration of Gαs that might be exploited for purposes of 

diagnosis and treatment of mood disorders 
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Abstract: Major depressive disorder (MDD) is a prevalent and life-threatening illness in modern 

society. The susceptibility to MDD is profoundly influenced by environmental factors, such as 

stressful lifestyle or traumatic events, which could impose maladaptive transcriptional program 

through epigenetic regulation. However, the underlying molecular mechanisms remain elusive. 

Here we report that stress-susceptible rodents exhibit lower levels of histone crotonylation in the 

medial prefrontal cortex (mPFC), which is concurrent with upregulation of chromodomain Y-

like (CDYL), a crotonyl-CoA hydratase and histone methyllysine reader. Overexpression of 

CDYL in the prelimbic cortex (PL), a sub-region of mPFC, increases microdefeat-induced social 

avoidance and anhedonia in mice. Conversely, knockdown of CDYL in PL prevents chronic 

social defeat stress-induced depressive-like behaviors. Mechanistically, we show that CDYL 

inhibits structural synaptic plasticity mainly by transcriptional repression of neuropeptide VGF, 

and this activity is dependent on its dual effect on regional histone crotonylation and H3K27 tri-

methylation on the VGF promoter. Together, our data indicate CDYL plays a critical role in 

regulating stress-induced depressive-like behaviors, providing a potential therapeutic target for 

MDD. 
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Abstract: Objective and rationale: Unfavorable nutrition and obesity are risk factors for 

developing depression. In rodents, obesity induced by high fat diet (HFD) is associated with 

depression-like behavior (DLB). The intestinal microbiome (IM) is required for the development 

of obesity and associated metabolic and endocrine changes in response to HFD, but the role of 

the IM in HFD-induced DLB remains uncertain. In this work, we used a cocktail of non-

absorbable antibiotics (Abs) to deplete the IM and evaluated the effect of this intervention on the 

behavioral and endocrine changes induced by HFD. 

Methods: 40 male C57Bl/6J mice were allocated to 4 groups: (1) control diet (12 kJ% from fat) 

+ water, (2) control diet + Abs, (3) HFD (60 kJ% from fat) + water, (4) HFD + Abs. The Abs 

included meropenem (1 mg/ml), neomycin (5 mg/ml) and vancomycin (0.3 mg/ml) in the 

drinking water. The administration of Abs started 5 days before feeding with HFD began, both 

interventions being continued for 4 weeks. Subsequently a battery of behavioral tests was used to 

assess anxiety- and depression-like behaviors, after which the mice were sacrificed and heart 

blood was collected. Insulin, glucagon-like peptide (GLP-1), and leptin were measured in blood 

plasma with a multiplex immunoassay. Statistical analysis was performed with two-way analysis 

of variance using diet and Abs as the two variables. 

Results: Mice receiving HFD + Abs gained less weight compared to mice receiving HFD + 

water but still gained more weight compared to control diet + Abs. In the absence of Abs, HFD 

induced a DLB as revealed by anhedonia in the sucrose preference test and reduced motivational 

behavior in the splash test along with an increase in plasm leptin. In contrast, in the presence of 

Abs, HFD did not affect DLB and plasma leptin. HFD reduced locomotion in the open field and 

increased plasma insulin independently of Abs, while Abs leaded to an anxiolytic effect in the 

elevated plus maze test and increased plasma GLP-1 independently of the type of diet. 

Conclusion: Abs prevent the DLB and the increase in plasma leptin induced by HFD. This 

attributes the IM an essential role in HFD-induced DLB. In addition, IM depletion by Abs has an 

anxiolytic effect and increases plasma GLP-1 independently of the diet. 
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Abstract: Nowadays, the pharmacological application of histamine related agents may bring 

forth new prospects for the therapy of several central nervous system (CNS) disorders, such as 

depression. Previous works have shown that histamine H3 receptor (H3R) inverse agonists have 

an antidepressant-like effect in adult rodents. However, there is no evidence of its effect on 

adolescent rodents, and its mechanism of action is not entirely clear. The H3R is a Gi/0 protein 

coupled receptor with a high degree of constitutive activity; it is the most abundant histamine 

receptor in the CNS and is mainly expressed in the hypothalamus, cerebral cortex, striatum and 

hippocampus. The H3R is found like a presynaptic receptor on terminal axons of histaminergic 

neurons (autoreceptors), as well as on terminal axons of serotonergic, noradrenergic and 

dopaminergic neurons (heteroreceptors). Our aim is to analyze the antidepressant-like effect of 

clobenpropit (H3R inverse agonist) and study the possible mechanisms that underlay this effect, 

in adolescent male mice of the Swiss Webster (SW) strain. To achieve it, we used the forced 

swim test (FST) to evaluate the effect of clobenpropit in adolescent intact mice and in adolescent 

mice that previously were treated with the serotonergic (5,7-DHT) or noradrenergic (DSP4) or 

dopaminergic (6-OHDA) neurotoxins. Also, we analyzed the effect of clobenpropit and the 

neurotoxins on the tissue content of monoamines in the prefrontal cortex (PFC) by high 

performance liquid chromatography (HPLC). We found that clobenpropit (5 mg/kg; i.p) had an 

antidepressant-like effect characterized by a decrease in immobility behavior and an increase in 

both swimming and climbing behaviors. Also, clobenpropit increases the tissue content of 

serotonin (5-HT), noradrenaline (NA) and dopamine (DA) in the PFC. The pre-treatment with 

each of the neurotoxins blocked the antidepressant-like effect of clobenpropit in the FST and 

decreased the tissue content of each monoamine in the PFC. Together, our results show that 

clobenpropit has an antidepressant-like effect in adolescent male mice, and suggest the 

participation of serotonergic, noradrenergic and dopaminergic systems in its mechanism of 

action. 
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Abstract: 5-HT1A receptors in particular, and the serotonin (5-HT) system in general, have been 

implicated in the etiology and treatment of anxiety and depressive disorders. The 5-HT1A 

receptor exists in two major forms: as an autoreceptor in 5-HT neurons in the raphe nuclei, 

where it regulates 5-HT tone, and as heteroreceptor in non-5-HT neurons where it mediates 

hyperpolarizing responses to released 5-HT. Previous work from our lab demonstrated that mice 

lacking all 5-HT1A receptors or only raphe autoreceptors display prominent conflict-based 

anxiety. More recently, we have shown that mice lacking forebrain 5-HT1A heteroreceptors 

(Hetero-KO) fail to develop sucrose preference and demonstrate increased behavioral despair in 

the forced-swim test. Remarkably, selective loss of 5-HT1A heteroreceptors in the medial 

prefrontal cortex (mPFC) is sufficient to recapitulate this phenotype. However, whether and how 

forebrain 5-HT1A heteroreceptors might regulate other depression-related phenotypes, like 

motivation, stress reactivity or cognition remains unanswered. Having seen a failure to develop 

sucrose preference, we asked whether Hetero-KO mice show additional evidence of either 

anhedonia or motivational deficits by using a progressive ratio reinforcement paradigm. We find 

that male Hetero-KO mice have fewer lever presses and earn fewer rewards in a PR+2 and PR+5 

reinforcement schedule. In contrast, when given a choice to press a lever for milk, versus 

consume freely available chow, the control mice pressed more for milk and eat less chow, while 

Hetero-KO mice pressed the lever less and eat more chow. We next tested Hetero-KO mice in an 

inescapable shock paradigm, followed by an avoidance task and found that Hetero-KO male 

mice have a longer latency to escape and have significantly more escape failures, suggesting that 

they are more susceptible to developing learned helplessness. Finally, as mPFC function is 

affected in the Hetero-KO animals, we tested working memory in a delayed match to sample T-

maze paradigm. Using a short delay, we find no significant differences between groups. We are 

currently testing a longer delay. Taken together our data suggest that Hetero-KO mice are less 

willing to work for a preferred reward, suggesting that loss of forebrain 5-HT1A heteroreceptors 

results in a specific motivational deficit. Further, decreased 5-HT signaling through forebrain 5-

HT1A heteroreceptors make male mice more susceptible to a stressor as they adopt a passive 

coping style. Finally, we are currently determining whether selective loss of mPFC 5-HT1A 

heteroreceptors recapitulates these phenotypes. 
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Abstract: Introduction: Chronic exposure to stress may dysregulate the hypothalamic-pituitary-

adrenal axis and brain monoamines, contributing to the development of stress-related disorders, 

including drug and alcohol dependence. The present study assessed ethanol-induced 

corticosterone responses and brain monoamine levels in mice previously submitted to continuous 

social defeat stress. 

Methodology: Male Swiss mice were exposed to a 10-day continuous social defeat protocol, with 

daily confrontations with an aggressive male resident. Ten days after the final defeat, mice were 

tested for locomotor response to an ethanol injection (2.2g/kg; i.p.) or saline. Thirty minutes after 

the locomotor test, blood was collected for determination of plasmatic corticosterone, and brains 

were dissected for determination of tissue monoamines. 

Results: Socially stressed mice failed to show a stimulating locomotor response to ethanol, while 

controls displayed ethanol-induced stimulation (p<0.05). Ethanol administration induced 

increases in plasma corticosterone (p<0.05), but to a lesser extent in defeated mice (p<0.05). 

Monoamine levels were affected by defeat stress exposure, and also by ethanol, in different brain 

regions. In the hypothalamus, social stress promoted reduced levels of dopamine, noradrenaline 

and serotonin (p<0.05). In the frontal cortex, defeated mice presented reduced serotonin and 

dopamine levels (p<0.05). In the striatum, ethanol treatment increased dopamine levels in control 

mice (p<0.05), but failed to do so in defeated mice. 

Conclusion: Our results suggest that chronic exposure to continuous defeat stress blunted 

ethanol-induced locomotor stimulation, and also reduced ethanol-induced corticosterone 

secretion. Social stress promoted differential reductions in brain monoamine contents in the 

hypothalamus, frontal cortex and striatum. 
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Abstract: Calcitonin gene-related peptide (CGRP) plays an important role in several 

physiological processes such as vasodilation, cardiovascular homeostasis and transmission of 

pain. We have been reported CGRP administration into the mice brain before the beginning of 

stress exposure, normalized the behavioral dysfunctions. In the present study, the role of highly 

expressing an αCgrp gene steadily was investigated using transgenic (Tg) mice over expressing 

αCGRP. These Tg mice display hypotension, increase in thermal reaction and downregulation of 

the cardiovascular system, presumably due in increased levels of αCGRP. The locomotor and 

rearing activity in the open field test were significantly decreased in 8-week-old Tg mice when 

compared to wild-type mice. αCGRP Tg mice also display depression-like behavior in forced 

swim test and tail suspension test but not sucrose preference test. Furthermore, Tg mice revealed 

anxiety-like response rather than wild-type mice in the elevated plus maze test.These results 

indicate that we establish αCGRP overexpression mice, which are genetic model mice of anxiety 

but not depressive-like behavior. 
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Abstract: Major depressive disorder (MDD) is strongly correlated with increased peripheral 

inflammation, but basic mechanisms by which the immune system influences the brain under 

these conditions remain largely unknown. The blood brain barrier (BBB) in particular prevents 

free exchange of peripheral immune signals with the central nervous system (CNS); however, 

relatively high numbers of CD4+ T (Th) cell lymphocytes extravasate across the BBB under 

homeostatic conditions to gain direct access to the CNS via cerebrospinal fluid (CSF). Whereas 

Th cells have access to the CNS from within this space, there is no evidence to suggest they 

reside in healthy brain parenchyma, and they must therefore transmit information to the brain 

indirectly. Greater understanding of this process is critical to exploit peripheral immunity for 

MDD treatment. 

I focus on the meninges—which envelop the brain, contain the BBB, and confine the CSF—as a 

key interface between the CNS and peripheral immune system. My hypothesis, supported by 

flow cytometric, bioinformatic, and IHC analyses, is that Th cells are recruited to the meninges 

to facilitate the repair of neurovascular damage accumulated during stress. Once inside, they 

release signaling factors that alter neurobiology. To test this idea, I use chronic social defeat 

(CSD) stress in mice, which reliably induces depressive- and anxious-like behavior and leads to 

elevated levels of peripheral inflammation, consistent with a subset of patients exhibiting 

symptoms of MDD. CSD triggered increased infiltration of T cells into the meninges, 

accompanied by the robust peripheral skewing of T cells towards a pro-inflammatory phenotype. 

Multicolor flow cytometry and single-cell RNA sequencing analysis are being used to determine 

the Th cell variants most closely associated with CSD stress, what resident meningeal cells are 

responsible for their recruitment, and what CNS-mediated events precipitate an immune reaction. 

Candidates generated will be further studied for their role in inducing or alleviating the 

depressive effects of CSD stress. 
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Abstract: Among the many depressive animal models, the learned helplessness paradigm has 

long been used in studies involving depressive symptoms. Especially in mice, an unpredictable 

and inescapable electrical foot shock is used to induce learned helplessness. In general, the 

learned helplessness of the animal is assessed by whether they show defect in the active 

avoidance test (learned helplessness, LH) or not (non-learned helplessness, NLH). Here we 

investigated whether mice with LH or NLH exhibited depressive symptoms including anhedonia, 

anxiety and despair. We showed that both LH and NLH mice who received uncontrollable foot 

shock showed anhedonia and anxiety when compared to control mice, but not despair. Notably, 

the mice who underwent inescapable foot shock showed similar behavior regardless of whether 

they showed LH or NLH. Since both LH and NLH mice showed only anhedonia and anxiety but 

not despair, it may be generally inappropriate for assessment of classic depression behavioral 

symptoms. In conclusion, an uncontrollable shock can lead to depression-like behavior 

regardless of state of helplessness. 
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Abstract: Catecholamines, principally norepinephrine, released in response to stress are known 

to mediate brain IL-1β production via beta-adrenergic receptors (β-AR). Increases in brain 

cytokines, particularly IL-1β, as a result of stress exposure, can precipitate depression. Thus, 

understanding how norepinephrine is regulated is critical to better understand the mechanisms of 

stress and the role they play in mediating neuro-inflammatory disorders such as depression. 

Research by our lab has shown that blocking glucocorticoid synthesis by metyrapone results in a 

significant increase in IL-1β production in the hippocampus, amygdala, and hypothalamus. 

Interestingly, treatment with propranolol, a β-adrenergic receptor antagonist, inhibits this 

increase suggesting glucocorticoids may be playing a role in modulating noradrenergic neurons. 

Here we examine the role glucocorticoids have on norepinephrine turnover in limbic brain 

regions including the medial prefrontal cortex, amygdala, hypothalamus, and hippocampus. Male 

Fisher 344 rats were given subcutaneous injections of either 100mg/kg of metyrapone or saline. 

Two hours following drug administration, norepinephrine turnover was measured in limbic brain 

areas. Metyrapone treatment resulted in a significant increase in norepinephrine turnover in the 

mPFC and trended towards significance in the hypothalamus. While metyrapone treatment 

resulted in higher norepinephrine turnover in both the amygdala and hippocampus it did not 

reach significance. Future studies will add additional animals to see if trends reach significance 

and uncover the role glucocorticoids have on modulating stressed-induced norepinephrine 

turnover. Results indicate that glucocorticoids have a strong inhibitory effect on norepinephrine 

levels in the mPFC and may be responsible for the modulation of brain cytokines following 

stress exposure. 
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Abstract: Healthy lifestyle habits, especially at younger ages, are important both for current 

health and also for prevention of diseases. Over the past 3 decades, children’s and adolescents’ 

lifestyles have changed, with dramatic increases in screen based media use, sedentary behaviorw, 

which are often acompanied by irregular sleep and eating time, and the associated adverse health 

outcomes. In the present study, we investigated the effects of environmental stress (ES) on the 

depression - like behaviors and the plasma concentration of corticosterone (CORT), 

cholecystokinin (CCK), leptin and neuropeptide Y (NPY) in male and female adolescent rats. 

We found that ES led to depression - like behaviors in female but not in male adolescent rats. ES 

induced a significant difference of plasma CORT in female rats (F2, 20 = 6.19, p = 0.01) and in 

male rats (F2, 20 = 5.10, p = 0.019). Plasma CORT in both LF and HF group significantly 

increased in female rats and decreased in male rats compared with CON group (p values < 0.05), 

respectively. A significant difference in plasma leptin in both gender, respectively, was found 

(F2, 19 = 4.57, p = 0.026 for female rats; F2, 20 = 4.85, p = 0.021 for male rats). Plasma leptin in 

both LF and HF group significantly increased compared with CON group for both genders (p 

values < 0.05). A significant difference in plasma CCK and NPY in female but not in male rats 

was found (F2, 19 = 5.16, p = 0.018 for CCK, F2, 19 = 6.8, p = 0.007 for NPY, in female rats; 

F2, 20 = 0.14, p = 0.89 for CCK, F2, 20 = 2.05, p =0.157 for NPY, in male rats). ES induced a 

significantly increased in plasma CCK and decreased in plasma NPY in both LF and HF group in 

female rats compared with CON group, respectively (p values < 0.05). Our findings indicated 

that increased CORT and decreased NPY may be involved in the depression - like behaviors in 

female rats induced by ES. 
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Abstract: Exposure of rodents to chronic stress may provide behavioral phenotypes that are 

relevant experimental systems for mood disorders such as major depressive disorder. One such 

paradigm involves chronic corticosterone (CORT) administration, which impairs the acquisition 



of instrumental response for food pellets and lowers the breakpoint ratio in the progressive ratio 

test, a measure indicative of motivation. Social defeat stress (SDS) is another frequently used 

paradigm. SDS reduces the sensitivity to a devalued outcome in satiety-specific outcome 

devaluation and contingency degradation procedures. To further clarify the behavioral effects of 

these chronic stress paradigms in mice, we assessed the behavioral effects of both CORT and 

SDS in separate groups of adult male C57BL/6J mice. We used outcome devaluation and 

progressive ratio tests to assess the effects of these chronic stress paradigms on instrumental 

behavior. For instrumental acquisition, mice were trained to lever press for a food pellet reward 

on a fixed ratio 1 schedule. In outcome devaluation, mice were trained on a random ratio 20 

schedule, before undergoing satiety-based outcome devaluation as well as contingency 

degradation. In progressive ratio, mice were trained to stably respond on a variable ratio 3 

schedule, before undergoing the progressive ratio test, where the response requirement to obtain 

a reinforcer increased linearly (1, 5, 9, X+4) until the mice ceased to respond for 5 minutes, or 4 

hours. The CORT group showed impaired lever press acquisition across the 8 days of training 

compared to the Vehicle group. In the outcome devaluation test, CORT mice failed to show 

sensitivity to the devalued condition relative to the valued condition. However, Vehicle mice 

displayed a trend toward reduced responding for the devalued condition in the test. In the 

progressive ratio test, both CORT and SDS reduced breakpoint ratio and active lever presses. 

These results suggest that CORT and SDS have a similar effect on instrumental behavior 

learning and performance in mice. 
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Abstract: Pain associates both sensory and emotional aversive components, and often leads to 

mood disorders when it becomes chronic. We characterized, in a mouse model, the long-term 

development of these sensory and aversive components as well as anxiodepressive-like 

consequences of neuropathic pain and determined their electrophysiological impact on the 

anterior cingulate cortex (ACC, cortical areas 24a/24b). We showed that these symptoms of 

neuropathic pain evolve in different time courses following nerve injury. In vivo 

electrophysiological recording evidence increased firing rate and bursting activity within the 

ACC when anxiodepressive-like consequences developed and this hyperactivity persists beyond 

the period of mechanical hypersensitivity. Optogenetic inhibition of the ACC hyperactivity 

alleviated the aversive and anxiodepressive-like consequences of neuropathic pain while the 

activation of the ACC was sufficient to induce depressive-like behaviors, indicating that these 

behaviors are underpinned by ACC hyperactivity. In parallel, we also aimed at identifying key 

ACC molecular factors subserving anxiodepressive behaviors. Global gene expression changes 

in the ACC highlighted the overexpression of a critical regulator of the mitogen-activated protein 

kinase (MAPK) pathway, the MAPK Phosphatase-1 (MKP-1). This upregulation is associated 

with the presence of transcriptionally active chromatin marks (acetylation) at its proximal 

promoter region, as well as an increased cAMP response element (CRE)-mediated transcriptional 

activity, and phosphorylation of CREB and ATF. MKP-1 overexpression is also observed with 

the UCMS and repeated ACC optogenetic stimulation, and is reversed by chronic fluoxetine 

treatment. Moreover, a knock-out, an antagonist or a local silencing of MKP-1 attenuates 

depressive-like behaviors, pointing to a causal role of this phosphatase in depression. Altogether, 

these data shows that the ACC is one of the critical hub of the comorbidity of chronic pain and 

depression. 
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Abstract: Anxiety/depressive status can be induced in C57Bl/6j mice by a chronic 

corticosterone treatment (CORT; 35 µg/ml in drinking bottle for 4 weeks; David et al., Neuron 

2009; 62:479-93). Chronic antidepressant treatment reversed the behavioral alterations and 

inhibition of hippocampal neurogenesis induced by CORT. Moreover, CORT-induced anxio-

depressive phenotype is associated with cognitive deficits affecting several memory processes, 

assessed using behavioral tests measuring episodic, associative and visuo-spatial memory 

(Darcet et al., Front Behav Neurosci 2014;8:136). As enriched environment (EE) stimulates 

brain plasticity, hippocampal neurogenesis and memory processes, we analyzed the impact of 

CORT in mice trained in a complex enriched environment, the Hamlet test (Crouzier et al., 

Neurobiol Learn Mem 2018;149:118-34). The test is a novel behavioral analysis appliance, fully 

automatized (ViewPoint, Lissieu, France), that provides a complex environment for testing 

topographical memory in mice. The apparatus mimics a small village with a central agora and 

streets expanding from it, leading to functionalized houses (Drink, Eat, Hide, Run, Interact). EE 

is induced by training animals in the Hamlet, in groups of 6/8 individuals, during 4 h per day, for 

several weeks. Memory can be tested by depriving mice from water and testing their ability to 

locate the Drink house. Four groups were analyzed (Veh- or CORT-treated and non-trained or 

trained). Behavioral outcomes during training, general activity in open-field, recognition and 

topographic memories and hippocampal neurogenesis were analyzed. CORT treatment did not 

impact general exploration of the houses during training but prevented correct topographical 

representation of the Hamlet since probe test was altered: mice failed to retrieve the Drink house 

location when tested in water-deprived condition. However, hypolocomotion, increased 

anxiety/depression-like phenotype and recognition memory deficits induced by CORT were 

alleviated in trained mice. Analysis of adult hippocampal neurogenesis, demonstrated no 

consequence in newborn cell proliferation (total KI67 labeled cells) in trained animals but a 



preserved effect of training in CORT-treated mice on dendritic length and intersections of 

newborn neurons using Scholl analyses. These data show that training mice in an enriched and 

complex environment represented by the Hamlet alleviated several locomotor, 

anxiety/depression and memory alterations induced in the depressive model and suggest that 

Hamlet training may help to address biological differences in environment-impoverished vs 

environment unrelated depressions. 
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Abstract: Depression represents one of the most frequent and disabling comorbidities associated 

with epilepsy. Seizure disorders occur with a ~5-fold greater frequency among individuals with a 

history of depression (or even a family history of depression) than the general population. 

However, despite the frequent association of depression and epilepsy, the neurobiological 

mechanisms underlying the co-occurrence of these conditions remain poorly understood. 

Research using animals models offer a unique opportunity to begin exploring shared 

pathophysiological mechanisms responsible for the association between epilepsy and depression. 

In the present study, we demonstrate that rapid amygdala kindling can produce robust changes in 

depressive-like behaviour. In our study, rats underwent two cycles of rapid kindling (40 

stimulations administered over two days, i.e. 20 stimulations per day) carried out 1-week apart 

resulting in each subject receiving a total of 80 electrical stimulations. A few days after the final 

stimulation, rats were examined on a series of behavioural tests that measure anhedonia, 

exploration, anxiety, and depressive behaviours. We found that rapid kindling induced 

hyperactivity during exploration of an unfamiliar environment along with disruptions in open 

arm entries in the elevated plus maze. In addition, rapid kindling reduced sucrose consumption 

and produced greater immobility over the last 5 minutes of a 15-minute forced swim test 

suggesting that repeated limbic seizures increase vulnerability to develop depressive-like 

behaviours. Future research will examine the impact of stress on the emergence of depression 



after kindling as well as explore potential molecular mechanisms. Together, these findings 

demonstrate that rapid kindling can provide an effective method for exploring the 

neurobiological substrates underlying epilepsy and depression comorbidity raising the hope to 

discover novel therapeutic agents for the treatment of these conditions. 
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Abstract: The antidepressant efficacy of the selective serotonin reuptake inhibitor escitalopram 

(ESC) can be augmented by co-administration of the partialdopamine and serotonin 5-

HT1aagonist aripiprazole (ARI). The current research was designed to explore the specific role of 

the 5-HT1areceptor in mediating the behavioral effects relevant to mood disorders caused by 

ESC+ARI. Hence, males Sprague-Dawley rats received ESC (s.c., acute injections: 0.33 

mg/kg/day; or mini-pump maintenance: 10 mg/kg/day) alone or in combination with ARI (s.c., 

acute injections: 0.33 or 2 mg/kg/day) and were tested in activity chambers to assess 

psychomotor functions and in forced-swim to assess reactivity to unescapable stress. To explore 

the role of the HT1areceptors, ESC+ARI treated rats also received the 5-HT1aantagonist WAY-

100635 (WAY; 0.01 or 1 mg/kg) or agonist 8-OH-DPAT (DPAT; 0.3 or 1 mg/kg), and mRNA 

of the 5-HT1areceptor was quantified in two key brain regions implicated in treatment response: 

the dorsal raphe nucleus (DRN) and hippocampus (H). In locomotion, it was found that DPAT 

blocked, while WAY enhanced, the effects of ESC+ARI. In the forced-swim test, however, the 

pre-treatment effects of DPAT and WAY were reversed. Finally, DPAT blocked the elevation of 

5-HT1amRNA that was observed in the DRN of animals treated with ARI+ESC, while WAY had 

no effect. These data in rats indicate that the effect of ESC+ARI in the forced swim are not 



influenced by motor side effects and suggest that the 5-HT1Areceptor is central to the 

augmentation of antidepressant efficacy of ESC by ARI. 
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Abstract: Identification of a translatable preclinical model that identifies risk factors associated 

with suicidal ideation and behaviors, such as anhedonia or depression, has the potential to offer 

significant value for earlier detection of drugs that cause serious neuropsychiatric events in 

humans. Intracranial self-stimulation (ICSS) is a model that quantifies changes in reward 

sensitivity. In this model, rodents are chronically implanted with electrodes in areas of the brain 

that mediate reward and are trained to respond on a manipulandum to receive a reinforcing 

electrical stimulation. When reward states are enhanced in animals (eg, with drugs of abuse), 

ICSS reward thresholds are lowered. Conversely, when reward states are suppressed (eg, during 

anhedonic states following withdrawal from drugs of abuse), reward thresholds are increased, 

reflecting a diminished sensitivity to rewarding stimuli. Data in the ICSS model with drugs that 

have been been associated with treatment-emergent neuropsychiatric events in humans are either 

lacking or inconsistent in the literature. Rimonabant is a cannabinoid 1 receptor (CB1R) 

antagonist/inverse agonist that was previously approved as an anti-obesity drug in 2006, but was 

subsequently removed from the market because increased incidence of severe psychiatric 

adverse events at clinically approved doses. Here, rimonabant (oral gavage at 1, 3, and 10 mg/kg, 

30 min pretreatment) was evaluated in ICSS in male rats previously trained to respond in a 

discrete-trial ICSS procedure. Food intake was also evaluated at these doses to determine the 

anorectic efficacy of rimonabant. Furthermore, eticlopride, a dopamine 2 receptor (D2R) 

antagonist associated with anhedonia in humans, was evaluated in the ICSS model for 

comparison. Although efficacy was achieved at all doses of rimonabant (ie, >30% decrease in 

food intake) and plasma concentrations reached clincially-relevant exposures, there were no 



effects of rimonabant on ICSS thresholds. By constrast, eticlopride (SC injection at 3, 10 and 30 

μg/kg, 30 min pretreatment) significantly increased ICSS thresholds at 10 and 30 μg/kg, which 

was consistent with suppression of reward processing and anhedonic-like states. Receptor 

occupancy estimates at the CB1R and D2R in these rat experiments are similar to those achieved 

in the clinic for rimonabant and D2R antagonists, respectively, at doses that induce 

neuropsychiatric events. These findings reveal that the predictive value of the rat ICSS model for 

assessing anhedonic risk may be dependent on the drug’s mechanism of action and/or may 

require optimization of dosing paradigms that more closely resemble clinical treatments. 
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Abstract: Rats exposed to acute uncontrollable tail shocks display a sequelae of anxiety- and 

depression-like behaviors, that includes exaggerated fear, impaired punishment avoidance, less 

social interaction, reduced interest in rewarding stimuli, and increased preferences for 

environments associated with drugs of abuse. Anxiety- and depression-like behaviors in rats 

have been shown to persist for approximately 72h post exposure to uncontrollable stress. While 

decades of research into this model have yielded several exciting discoveries concerning the 

development of anxiety- and depression-like behavior following uncontrollable stress, to the best 

of our knowledge not a single published study has characterized these behaviors in mice using 

the same paradigm. Therefore, we explored the impact of acute uncontrollable tail shock on the 

development of anxiety- and depression-like behavior in adult C57BL/6J mice using 1) shuttle 

box escape, 2) shock-elicited freezing behavior, 3) social exploration, 4) sucrose preference, and 

5) alcohol consumption. Separate cohorts of mice were tested on these behavioral tasks 1 and 5 

days following exposure to tail shock (uncontrollable stress) or being undisturbed in home cages 

(non-stressed controls). Data collection is currently underway. Since mice offer a greater degree 

of genetic control (e.g. knockout, transgenic, and selective breeding models) than rats, mice may 

offer a useful tool for further exploration of the mechanisms behind uncontrollable stress-

generated anxiety and depression behavior. 
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Abstract: Regular participation in physical activity is associated with a reported decrease in 

central-mediated fatigue, however, the precise mechanisms are not well understood. Adenosine 

is a product of cellular adenosine triphosphate (ATP) consumption and can act as a 

neuromodulator during metabolic demand. Adenosine signaling in the brain is known to play a 

significant role in the modulation of fatigue. Previous work from our group found that 6 weeks 

of wheel running potently reduces the adenosine 1 (AR1) & 2a (AR2A) receptor mRNA throughout 

the rat striatum. The purpose of this study was to determine if wheel running also reduces the 

expression of adenosine receptor protein in the striatum, as well as other brain areas where 

adenosine modulates fatigue behavior including the hippocampus, prefrontal cortex, and 

hypothalamus. Therefore, adult male C57BL/6J mice were individually housed with access to 

running wheels or in standard cages for 8 weeks. Following 8 weeks, mice were transcardially 

perfused with saline and paraformaldehyde. Immunohistochemistry was performed on thin brain 

sections to detect AR1 and AR2A. Brain sections were imaged and densitometry was performed to 

semi-quantitatively measure the density of adenosine receptors in brain regions. Data collection 

is underway. Preliminary data shows a trending decrease in AR1 and AR2A expression in the 

striatum. We hypothesize AR1 and AR2A expression will decrease across the all brain regions, as a 

result of peripheral increases of adenosine entering the brain during running. A widespread 

reduction in brain adenosine receptors may contribute to reduced sensations of fatigue in 

individuals that regularly exercise and may have implications for the pro-cognitive and anti-

depressant effects of exercise. 
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Abstract: Chronic stress promotes dysregulation of the innate immune system leading to 

enhanced inflammatory signaling often associated with depressive symptomology. Growing 

evidence suggests that innate immune cells such as microglia, promote neuroinflammation in 

response to stress by releasing danger associated molecular pattern (DAMP) molecules leading 

to increased inflammatory signaling through their ligation to pattern recognition receptors (PRR) 

such as toll-like receptor 4 (TLR4) and the receptor for advanced glycation end products 

(RAGE). Our previous studies show that microglial RAGE is upregulated in response to chronic 

unpredictable stress (CUS) and enhanced microglial RAGE expression coincides with the onset 

and recurrence of stress-induced depressive-like behaviors. Most importantly, constitutive 

RAGE KO mice show partial attenuation of stress-induced behavioral effects. These novel 

findings suggest that stress-induced depressive like behaviors is at least partially mediated by 

enhanced microglial DAMP signaling due to increased receptor availability. We therefore 

hypothesize that microglial RAGE or TLR4 deletion will attenuate depressive-like behaviors 

following stress due to suppressed DAMP signaling. Moreover, we hypothesize that the 

combined deletion of both microglial RAGE and TLR4 in RAGE/TLR4 double knockout mice 

(RGTR-DKO) will enhance resilience against stress-induced depressive-like behaviors. We will 

present data from ongoing studies that examine the role of RAGE and TLR4 signaling in the 

development of depressive-like behaviors following chronic stress. To test this hypothesis, we 

have generated RAGEfl/fl:CX3CR1CreERT, TLR4fl/fl:CX3CR1CreERT and RAGEfl/fl: 

TLR4fl/fl:CX3CR1CreERT mice and utilized tamoxifen-induced Cre recombinase system for cell-

specific knockout of microglial RAGE, TLR4 or both, respectively. Cre negative animals are 

used as controls. Tamoxifen-induced conditional knockout (KO) mice will be tested for 

cognitive, anxiety and depressive-like behaviors at baseline and after CUS exposure using novel 

object recognition (NOR), forced swim test (FST), open field test (OFT) and sucrose 

consumption test (SCT). Microglial morphology will be assessed immediately following CUS 



exposure to determine if microglial PRR deficient mice display reduced microglial reactivity 

following chronic stress exposure compared to littermate controls. Together, these data will 

provide novel insights into the role of microglial RAGE and TLR4 signaling in stress-induced 

microglial reactivity and the development of depressive-like behaviors. 
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Abstract: Bipolar Disorder (BD) is a multifactorial disease with both genetic and environmental 

factors contributing to it. The single nucleotide polymorphism (SNP): rs13166360 located at 

5p15.31 was identified to be one of the polymorphisms that associated with genome- wide 

significance with BD. This SNP is a deviation from the major allele G to T (minor allele) that 

encodes a Valine to Leucine missense codon in adenylate cyclase 2 (ADCY2). This 

polymorphism is speculated to cause functional variation in the protein that may affect BD 

susceptibility. However, the precise effect of this polymorphism on protein function and its 

influence on BD susceptibility is still not known. In order to study the differences in function of 

the major and the minor allele of ADCY2, we cloned the two variants of ADCY2 into expression 

vectors and will transfect cell lines with low level of endogenous ADCY2. Time-course assay 

and an end-point assay cAMP assays will be used to compare the differences in activity of the 

transiently overexpressed ADCY2 variants.To address the function of ADCY2 in vivo we 

generated a V151L mouse line mimicking this desired polymorphism in mice using the 

CRISPR/Cas9 system. In order to investigate the influence of this polymorphism on BD 

susceptibility, we screened for differences in anxiety, locomotion and stress coping behavior 

under basal housing conditions and under chronic social stress. Taken together, these approaches 

will help to validate the functional significance of the disease-associated SNP in ADCY2. 
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Abstract: Background: Selective kappa opioid receptor (KOR) antagonists, including CERC-

501 (formally LY2456302), are currently under clinical investigation for the treatment of stress-

related psychiatric disorders, such as depression. Evidence suggests that females are less 

sensitive than males to the effects of KOR ligands. Establishing whether this extends to CERC-

501 is of significant importance. As women are twice as likely to be diagnosed with depression 

as men, this information could directly inform sex-specific dosing in humans. Therefore, we 

investigated sex differences in response to the KOR agonist U50,488 (U50) and the KOR 

antagonist CERC-501 in mice, using an ethologically relevant indicator of overall well-being, 

nesting. Nesting is an innate spontaneously performed behavior in the mouse. Impaired nesting 

produced by stress may be indicative of negative affect, a common symptom in depression. 

Objective: We examined the following hypotheses; 1) U50 would suppress nesting and CERC-

501 would block U50-induced suppression of nesting and 2) females would require higher doses 

of these KOR ligands to affect nesting behavior. 

Methods: Nest building behavior was assessed in adult male and female C57BL/6J mice by 

providing individual mice with compressed square cotton nestlet material. Nesting was scored 

using a scale of 1 to 5 every half hour for five hours. The primary measures included the time it 

took to reach a criterion score of 3, in addition to the final additive score of the last two hours, 

when scores typically plateaued in value. First, intraperitoneal injections of U50 (5 or 10 mg/kg) 

were administered immediately prior to testing. Second, CERC-501 (1, 3, or 10 mg/kg) was 

administered 24 hours prior to vehicle or U50 (10 mg/kg), and nesting was again assessed. 

Results: U50 dose-dependently suppressed nesting at both doses in males. U50 suppression of 

nesting was reduced by CERC-501 at 3 and 10 mg/kg. In females, nesting was suppressed only 

at the highest dose of U50, and the effects of U50 were blocked by CERC-501 only at 10 mg/kg. 

Conclusions: Nesting is a behavioral measure that is sensitive to alteration by KOR signaling 

manipulations. Activation of KORs by U50 reduced nest building in males, an effect that was 



blocked by the KOR antagonist CERC-501. Activation of KORs also affected nesting in females, 

but required higher doses of both U50 and CERC-501. Overall, these findings agree with earlier 

preclinical investigations that demonstrated sex-differences in response to KOR ligands. Going 

forward, studies will address the role of KOR receptor availability, KOR signaling, and drug 

metabolism in mediating these sex-differences in response to KOR ligands. 
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Abstract: Introduction: bred High-Responder (bHR) and bred Low-Responder (bLR) rats 

present a novel rodent model of mood disorders. bHR animals emulate externalising mood 

disorders, and bLR animals emulate internalising mood disorders. bLRs have lower Fibroblast 

Growth Factor 2 (FGF2) expression within the hippocampus than bHRs. Early-life 

administration of FGF2 reverses this deficit, and also alters the bLR behavioural phenotype. 

Membrane-bound Heparan Sulfate Proteoglycans (HSPGs) mediate FGF2 binding with FGF 

Receptor-1 (FGFR1), particularly Syndecan-4 (Sdc4) and Glypican-1 (Gpc1). This study 

investigates the hippocampal HSPG profiles of bHR and bLR animals and the behavioural 

impact of altering the hippocampal glycome. Materials and Methods: Hippocampi were 

collected from male animals of the bHR and bLR colonies, homogenised and processed using 

RNA sequencing. Whole brain tissue was collected from adult male animals, and P14 male and 

female animals at baseline and with vehicle/FGF2 administered on postnatal day 1. Tissue was 

sectioned at 10μm, and in situ hybridisation for Gpc1 and Sdc4 performed using radioisotope 



labelling. Immunohistochemistry was performed on perfused brain tissue against Sdc4, Gpc1, 

GFAP and NeuN. Results: RNA Sequencing data revealed that Sdc4 and Gpc1 are differentially 

expressed within the bHR and bLR hippocampus. In situ hybridisation was used to confirm these 

results, revealing that bLR animals express greater levels of Gpc1 than bHR animals throughout 

all hippocampal regions and the basolateral amygdala at all ages assessed, and that Sdc4 was 

more highly expressed in juvenile bLR and adult bHR hippocampus. P1 FGF2 administration 

altered the expression patterns at P14 of both Gpc1 and Sdc4 in the bLR line and Sdc4 in the 

bHR line. Immunohistochemistry revealed that Gpc1 is expressed in neurons within the rodent 

hippocampus. Discussion: bHR and bLR animals demonstrate differential HSPG profiles within 

the hippocampus, which are modulated by early-life FGF2 administration. These results suggest 

that not only do bLR animals express less FGF2 within the hippocampus than their bHR 

counterparts, but that the signalling activity of FGF2-FGF Receptor-1 within this brain region is 

potentially altered. Studies are currently underway to alter the hippocampal glycome and 

determine the impact on emotional behaviours of bLR and bHR animals. 
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Abstract: Dopaminergic signaling in the central nervous system regulates several aspects of 

animal behavior. There are two classes of dopamine receptors in medium spiny neurons (MSNs) 

in the striatum, which can be differentiated by their output connectivity and their expression of 

dopamine receptors, D1 or D2 receptors (D1R or D2R). Notably, Ca2+-permeable, GluA2-

lacking glutamate AMPA receptors (CP-AMPARs) are important for gating synaptic plasticity 

and gene expression in MSNs. Moreover, CP-AMPAR expression in the nucleus accumbens 

(NAc) of the striatum affects several animal behaviors. However, differential roles of GluA2-

lacking AMPARs in D1R or D2R neurons have not been understood. Here, we employed the 

Cre-Lox recombination system to remove GluA2 selectively in D1R or D2R neurons to express 



CP-AMPARs and carried out multiple behavior assays. First, the open field assay revealed that 

D1R mutant animals showed increased locomotor activity, while D2R animals had the opposite 

behavior. The three-chamber test identified that D2R mice exhibited impaired sociability, but 

D1R animals showed normal social behavior. Moreover, deletion of GluA2 in D1R neurons 

induced fearless behavior in the elevated-plus maze and antidepressant effects during the tail-

suspension test. Conversely, D2R animals showed normal behaviors in these tests except D2R 

males exhibited depression-like behavior. Importantly, D1R animals exhibited an increase in 

body weight although they consumed less food than wild-type animals, while food intake and 

body weights were not affected by GluA2 knockout in D2R neurons. Finally, an accelerated 

rotarod test revealed that motor learning was significantly disrupted only in D2R animals. Taken 

together, GluA2 deletion in D1R and D2R pathway regulates behavior differently. 
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Abstract: The dysfunction of cholinergic signaling in the brain has long been known to be 

associated with depressive disorders. However, the functional effects of habenular cholinergic 

signals on specific depressive behaviors are not well known. We demonstrated that the 

expression levels of cholinergic signaling genes (CHAT, VACHT, CHT, CHRNA3, CHRNB3 

and CHRNB4) were down-regulated in a chronic restraint stress (CRS) rat model of depression, 

in which rats display depression-like behaviors such as anhedonia and mood despair. Moreover, 



knockdown of CHAT in rat habenula was enough to evoke anhedonia-like behavior. Anhedonia-

like behavior induced by CHAT knockdown was not reversed by the chronic administration of 

the selective serotonin reuptake inhibitor fluoxetine. To determine whether habenular cholinergic 

signaling regulates dopaminergic neurons in the ventral tegmental area (VTA) and serotonergic 

neurons in the dorsal raphe nucleus (DRN), we used CHAT::cre transgenic mice to express the 

Designer Receptors Exclusively Activated by Designer Drugs (DREADD). Pharmacological 

activation of habenular cholinergic neurons induces dopaminergic neuron excitation in VTA and 

reduces the immunereactivity of 5-hydroxytryptamine (5-HT) in DRN. Down-regulation of the 

Habenular cholinergic genes was recapitulated in postmortem habenula of suicide victims 

diagnosed with major depressive disorder (MDD). 
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Abstract: Mood disorders have complex etiologies that originate from an interplay between 

genetic and environmental factors. Although numerous gene expression changes have been 

described in adults with depression, anxiety, and other mood disorders, the underlying 

developmental mechanisms that predispose individuals for psychiatric disorders in adulthood are 

less well understood. In this study, we utilize a selectively bred rat model of high responder (HR) 

and low responder (LR) animals that represent extreme ends of the behavioral spectrum in their 

baseline propensity for anxiety- and depressive-like behavior, as well as their response to 

environmental factors such as stress. 

We identify molecules that are differentially expressed in HR and LR animals during 



developmental stages that are critical for establishing proper molecular and cellular composition 

of the postnatal hippocampus. Using gene expression analyses, cell fate studies, pharmacological 

manipulation, and behavioral testing we study the mechanisms that contribute to the proper 

development of the hippocampus, the response of these molecules to stress, and test their role in 

the emergence of anxiety- and depressive-like behaviors in adulthood. 
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Abstract: Background: We recently reported that chronic stress induces a down regulation of 

neuroligin-2, a key inhibitory postsynaptic protein, in the nucleus accumbens (NAc) that 

modifies behavioral responses to stress. Here we extend this observation by examining the role 

of two other inhibitory synapse constituents, vesicular GABA transporter (vGAT) and gephyrin, 

in the NAc of mice that underwent chronic social defeat stress (CSDS) and postmortem NAc 

from patients with major depressive disorder (MDD). 

Methods: In Exp. 1, we first performed whole cell electrophysiology recordings in the NAc of 

stress susceptible and resilient mice following 10 days of CSDS. In Exp. 2, we performed 

immunohistochemistry for vGAT and gephyrin proteint in the NAc from both populations. In 

Exp. 3, we performed transcriptional profiling of vGAT and gephyrin in postmortem NAc from a 

cohort of healthy control subjects, medicated and non-medicated MDD patients. 

Results: In Exp. 1, we observed that stress susceptible, but not resilient, mice exhibit decreased 

NAc medium spiny neuron mini inhibitory postsynaptic (mIPSC) frequency relative to control 

mice that do not undergo stress. Conversely, resilient mice exhibit increased mIPSC amplitude 



relative to controls. mIPSC frequency, but not amplitude, was correlated with social avoidance 

behavior. In Exp. 2, vGAT protein expression was decreased in susceptible mice. Both vGAT 

and gephyrin expression were significantly correlated with changes in social avoidance behavior. 

In Exp. 3, vGAT and gephyrin mRNA expression were decreased in the postmortem NAc of 

non-medicated depressed patients. 

Conclusions: Our results extend previous findings on the critical role of impaired inhibitory tone 

in the NAc following stress, and provide new neuropathological evidence for reduced levels of 

vGAT and gephyrin mRNA in human NAc from non-medicated MDD patients. This finding is 

corroborated in stress susceptible mice that have undergone CSDS at both the level of synaptic 

function and protein expression. These data support the hypothesis that regulation of inhibitory 

tone within the NAc plays a critical role the stress response. 
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Abstract: Child maltreatment (CM) is complex and difficult to study as there are many different 

subtypes, one of it being early life stress (ELS), and most cases are not being reported. 

According to the World Health Organization, more than a quarter of all adults state being 

physically maltreated, whereas the numbers for sexual abuse are even higher. CM can have 

lifelong consequences for mental and physical health, accompanied by molecular changes, like 

epigenetic changes as well as changes in the transcription of specific genes which can influence 

the brain development until adolescence and even adulthood. A gene that recently has been 

identified to increase the susceptibility to stress and depressive-like behavior in mice after 

induced ELS is the transcription factor Orthodenticle homeobox 2 (Otx2). It is mainly expressed 

in dopaminergic neurons of the ventral tegmental area (VTA) where it regulates the proliferation 

and differentiation of dopaminergic neurons. The study showed that stress at a specific postnatal 

period increased the susceptibility to adult social defeat stress due to long-lasting transcriptional 

alterations mediated by Otx2 which set the VTA to a depression-like state. An overexpression of 

Otx2 reversed the effects of ELS. In another study, mouse mutants overexpressing Otx2 in the 



hindbrain showed fluctuations in mania- and depressive-like behavior. We examined the 

behavior of adult rats that experienced maternal separation, as a model of induced ELS, in their 

early childhood (P2- P21) and with a second stressor in late childhood (P22-P40) compared to 

control animals. At adult age (P>60), all animals were examined in two different anxiety tests, 

followed by real-time PCR analysis of Otx2 mRNA levels in the VTA. No significant difference 

in Otx2 mRNA levels between sexes nor group was observed, even though a significant 

difference in anxiety-like behavior between male and female rats was shown, with male rats 

showing more anxiety-like behavior than females. However, a significant correlation was found 

between anxiety-like behavior and Otx2 mRNA levels in the control group (n=14) but not in the 

stress-exposed group (n=15), including both sexes. It seems that low levels of Otx2 mRNA 

correlate with high anxiety but that this correlation is disturbed after ELS. The found correlation 

is in line with previous findings that low levels of Otx2 mRNA are associated with depressive-

like behavior and underlines the new but relevant role of Otx2 in influencing the mood behavior. 
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Abstract: Chronic stress alters the structure and function of brain reward circuitry and can 

precipitate the development of depression. Previous work suggests that medium spiny neurons 

(MSNs) in the nucleus accumbens (NAc) undergo structural plasticity after stress, however the 

molecular mechanisms and behavioral significance are poorly understood. Here we show diverse 

morphologic adaptations in D1 and D2 receptor expressing MSNs in mice susceptible to social 

defeat stress. D1-MSNs undergo dendritic atrophy that is caused by upregulation of GTPase 

RhoA and its effector Rho-kinase. Reduction of activated RhoA in D1-MSNs prevents 



depressive outcomes to stress by preventing loss of dendritic arbor, while promotion of activated 

RhoA in D1-MSNs enhances depressive outcomes by reducing dendritic arbor. Activated RhoA 

in D1-MSNs is sufficient to promote depressive-like behaviors in stress-naïve mice, and Rho-

kinase can be targeted pharmacologically to reverse depression-like behavior after stress. In D2-

MSNs, dendritic complexity and RhoA are unaltered. Instead, we find increased D2-MSN spine 

density in susceptible mice. Together, our data demonstrate a role for cell-type specific dendritic 

remodeling in depression-like behavior. Our future experiments will address the molecular 

mechanisms underlying spine changes specifically in D2-MSN and their contributions to stress-

susceptibility. 
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Abstract: Although major depressive disorder (MDD) is more than twice as likely to be 

diagnosed in women compared to men, there are limited ethological animal models to explore 

the possible neurophysiological mechanisms underlying this disparity. Therefore, it is imperative 

to utilize non sex-reliant animal models to reveal possible sex-specific differences in the 

response to chronic psychosocial stress. These differences may contribute to the development of 

depressive or resilient behaviors in females and reveal new mechanistic insight for the 

development of sex-specific therapeutics. Recent work has demonstrated the importance of 

maintaining healthy activity of the dopamine (DA) neurons of the ventral tegmental area (VTA) 

in regulating mood. Further, the β isoform of the estrogen receptor (ER) is expressed in a 

population of dopaminergic neurons in the VTA. Since estrogen level fluctuations across the 

menstrual cycle are closely associated with changes in mood, we are investigating the role of 

estrogen in disturbances in the mesolimbic pathway found in depressive disorders. We utilize a 

preclinical mouse model of depression, called repeated variable social stress (RVSS), which, 



over ten days, uses a series of psychosocial stressors applicable to both sexes to induce a long-

lasting reduction in social preference in a subset of male and female C57BL/6J mice. 

Importantly, a subset of mice of both sexes are resilient to RVSS and show no change in social 

preference. Further, DA neurons in the VTA of susceptible mice exhibited hyperactivity, while 

firing activity remained similar to controls in the resilient subset. Potassium (K+) channel 

function was also selectively increased in DA neurons in both the male and female resilient mice. 

Using vaginal cytology to determine the estrous cycle and corresponding high- or low-estrogen 

state (diestrus and proestrus = high estrogen; estrus and metestrus = low estrogen) we found 

differences in K+ channel function at differing estrogen levels in non-stressed female mice. 

Therefore, to directly evaluate the contribution of estrogen to the behavioral response to 

psychosocial stress we utilized a modified one-day version of RVSS, called acute variable social 

stress (AVSS). 24 hours post AVSS, we found no changes in male social behaviors. 

Interestingly, female mice with high estrogen levels on the day of stress demonstrated increased 

social preference 24 hours post AVSS, as compared to females with low estrogen levels and non-

stressed females. Thus, we hypothesize that fluctuations in estrogen during chronic stress 

increases susceptibility, whereas high levels of estrogen acts to buffer the behavioral effects of 

acute stress. 
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Abstract: Major depressive and posttraumatic stress disorders share stress as an etiological 

contributor and are more common in women than in men. Over the past several decades it has 

become clear that gene expression changes conferred by molecular alterations to the genome, 



known as epigenetic modifications, underlie mood regulation and resilience to environmental 

stressors. The vast majority of preclinical studies to elucidate gene regulatory underpinnings of 

mood disorders are limited to male rodents, yet the human epidemiological and neurobiological 

literatures report female-specific stress responsivity. Cyclin-dependent kinase (Cdk5) is a 

neuronally expressed gene implicated in a number of neurological disorders and 

neurodegenerative diseases including major depressive disorder, Alzheimer’s disease, 

amyotrophic lateral sclerosis, and ischemia. While epigenetic modifications driving gene 

expression related to stress are widely documented, identification of the precise molecular 

mechanisms by which they regulate specific gene expression remains elusive. Cdk5 is known to 

regulate stress related behaviors and magnitude of these behaviors. Although there is much 

evidence on the function of Cdk5 protein, very little is known about the regulation of Cdk5 gene 

expression particularly in chronic stress. We hypothesize that (1) chronic stress sex-specifically 

regulates epigenetic activation of Cdk5 expression (2) histone modification(s) of Cdk5 is 

sufficient to regulate its expression, and influence sexually-dimporphic behavioral responses to 

chronic stress. We determined the spatiotemporal regulation of Cdk5 expression following 

chronic unpredictable stress (CUS) in male and female mice. We find that male, but not female, 

mice activate Cdk5 expression in response to 28-days of CUS, and that this activation is specific 

to the nucleus accumbens (NAc). We also found sex-specific behavioralal responses to 14 days 

or 28 days CUS. We then utilized targeted epigenetic editing to examine the behavioral and 

biochemical consequences of Cdk5 histone modifications in CUS. This work will provide a 

model of stress evoked chromatin remodeling at Cdk5, and reveal the causal relevance of Cdk5 

transcriptional regulation to stress induced behavior. The identification of such precise 

mechanisms in stress-mediated gene expression is necessary for the development of targeted 

therapeutic treatments. 
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Abstract: Whereas cortical GAD67 reduction and subsequent GABA level decrease are 

consistently observed in schizophrenia and depression, it remains unclear how these GABAergic 

abnormalities contribute to specific symptoms. We modeled cortical GAD67 reduction in mice, 

in which the Gad1 gene is genetically ablated from ~50% of cortical and hippocampal 

interneurons and characterizes them with in vivo microdialysis and behavioral assays. Mutant 

mice exhibited a cluster of effort-based behavior deficits including decreased home-cage wheel 

running (genotype × time interaction: F(1,120)=2.68, p<0.001) and increased immobility in both 

tail suspension (t(17)=4.51, p=0.0003) and forced swim tests (t(14)=−2.77, p=0.015). Since 

saccharine preference, progressive ratio responding to food, and learned helplessness task were 

normal, such avolition-like behavior could not be explained by anhedonia or behavioral despair. 

In line with the prevailing view that dopamine in anterior cingulate cortex (ACC) plays a role in 

evaluating effort cost for engaging in actions, we found that tail-suspension triggered dopamine 

release in ACC of controls, which was severely attenuated in the mutant mice (repeated 

measures ANOVA, F(1,45)=2.44, p=0.07, post-hoc test F(1,15)=22.1, p=0.00028). Conversely, 

ACC dopamine release by progressive ratio responding to reward, during which animals were 

allowed to effortlessly perform the nose-poking, was not affected in mutants (repeated measures 

ANOVA, F(1,36)=0.181, p=0.91). These results suggest that cortical GABA reduction 

preferentially impairs the effort-based behavior which requires much effort with little benefit, 

through a deficit of ACC dopamine release triggered by high-effort cost behavior, but not by 

reward-seeking behavior. Collectively, a subset of negative symptoms with a reduced 

willingness to expend costly effort, often observed in patients with schizophrenia and depression, 

may be attributed to cortical GABA level reduction. 
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Abstract: Several hypotheses have been postulated in order to elucidate the pathophysiology of 

depression. Among them, the implication of serotonergic system and neurogenesis in the adult 

brain are widely accepted. It is well established the regulatory role of the serotonergic system 

over hippocampal proliferation. However, little is known regarding the implication of 

proliferation in the modulation of different neurotransmitter systems. Here we study the effect of 

β-catenin ablation or stabilization in GLAST-expressing cells on the serotonergic system 

functionality in vivo. These transgenic mice present changes in hippocampal proliferation and in 

the anxious/depressive-like behavior (Vidal et al., 2018). 

Male mice with β-catenin deletion (Ctnnb1fl/fl, cKO) or stabilization (Ctnnb1 (ex3) fl/fl, cST) were 

crossed with a mouse line expressing CreERT under the control of the astrocyte-specific 

glutamate transporter (GLAST) promoter, inducible by tamoxifen (1 mg/day, 5 days; i.p.). After 

4 weeks, we evaluated the serotonergic system functionality: 5-HT1A and 5-HT1B receptors 

functional autoradiography, 5-HT1A and 5-HT1B agonist induced hypothermia and microdialysis 

studies. 

5-HT1A-receptor functionality: the [35S]GTPγS binding induced by 8-OH-DPAT agonist was 

reduced in some brain areas as the medial prefrontal cortex (p<0.001), CA1, CA2-3 and dentate 

gyrus of the hippocampus (p<0.05), and the hypothalamus (p<0.05) in β-catenin cKO mice. In 

contrast, the [35S]GTPγS binding was reduced in the dorsal raphe nucleus in cST animals 

(p<0.05). The cKO animals displayed a higher (+)8-OH-DPAT-induced hypothermic response 

compared to their controls (p<0.001), while in cST animals the hypothermic response was lower 

(t=15-45 min, p<0.001; t=60 min, p<0.01). 5-HT1B-receptor functionality: the 5-HT1B-induced 

[35S]GTPγS binding was lower in the caudate-putamen (p<0.05) and the hypothalamus (p<0.05) 

in the β-catenin cKO mice, while binding values were higher in the CA1 area of the 

hippocampus (p<0.05) in the cST animals. CP 94,253-induced hypothermia was lower in the 

cKO group (p<0.01), while no changes were observed in cST mice. In vivo microdialysis studies 

showed lower serotonin release after a pulse of veratridine and a reduction in the transient 

increase of 5-HT efflux (p<0.01) in the cKO mice (p<0.01). 

Our findings demonstrate that the deletion or stabilization of β-catenin levels in GLAST+ cells, 

modulate the serotonergic system functionality resembling either depressive- or antidepressant-

like behavior, respectively. This suggests a link between the main canonical Wnt/β-catenin 

signaling effector and the classical hypothesis of depression. 
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Abstract: Self-focus (i.e. the process by which one engages in self-referential processing) is a 

core issue in the psychopathology of major depression, which affects 350 million people 

worldwide. Previous studies have used functional neuroimaging to identify that the cortical 

midline structures, including the medial prefrontal cortex (mPFC), play a key role in self-

referential processing in depressed subjects. The current study investigates the hypothesized link 

between the mPFC and depression using an animal model of learned helplessness to measure 

self-referential processing. It is hypothesized that a decrease in symptoms of depression will be 

seen in animals that have undergone inhibition of the mPFC. This research holds significance in 

that it builds on previous studies, with conflicting results, that have aimed to link specific 

patterns of activity to the PFC as mediating symptoms of depression. Further examination of the 

mPFC is therefore warranted not only as a possible precursor to the implication of its 

involvement in mediating depression, but also in order to provide support for a theory of 

dominant pattern of brain activity (inhibition) which interacts with symptoms of depression. The 

current study utilized female Long Evans rats in order to more accurately generalize findings to 

the population of women, which make up the majority of depressed individuals in humans. 

Subjects were exposed to 28 days of randomized stressors during adulthood including forced 

swim, cage tilt, wet bedding, mild restraint and restriction of food and water. Control animals 

were housed in pairs, while animals exposed to randomized stress were housed in isolation. 

Following surgical placement of guide cannula animals were either infused with an inhibitory 

cocktail (0.3 nmol/0.5µl/side baclofen/0.3 nmol/0.5µl/side muscimol) or sham (artificial 

cerebrospinal fluid) before being tested for resiliency against learned helplessness. Subjects were 

tested for latency in a forced swim test and hot plate test, for motivation in a radial arm maze, for 

lethargy in an open field test, and for anhedonia using sugar pellets. To date, attenuation of 

learned helplessness symptoms have been found in stress-exposed animals which had undergone 

inhibition of the mPFC (having also had their self-referential processes inhibited) compared to 



controls. Collectively, these findings hold significance in that they build on recent research that 

has aimed to link areas of the PFC to symptoms of depression. 
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Abstract: Chronic social defeat and chronic unpredictable stress are widely used to induce 

depression-like phenotypes. Expression levels of brain derived neurotrophic factor (BDNF) in 

the hippocampus have been implicated in depression and the therapeutic action of antidepressant 

treatment. In this study, we compared chronic stress-induced changes in Bdnf expression in mice 

exposed to chronic social defeat stress (CSDS) or chronic unpredictable stress (CUS) and 

separated into stress susceptible and resilient subgroups. We found that 10-day CSDS decreased 

the levels of total Bdnf mRNA and exon-specific Bdnf transcripts (I, III, IV and VI) in the 

hippocampus. Based upon their social interaction ratio, socially defeated mice were divided into 

susceptible and resilient groups. Downregulation of total Bdnf mRNA and exon-specific 

transcripts in the hippocampus was observed in both stress-susceptible and resilient mice. In the 

CUS model, mice were subjected to a variety of stressors for 10 days. Susceptible and resilient 

mice were segregated based upon the female urine sniffing duration ratio. Contrary to CSDS, 

CUS decreased total Bdnf mRNA and exon-specific transcripts (I, II, IV and VI) in the 

hippocampus of susceptible mice but not resilient mice. CSDS and CUS resulted in distinct 

patterns of histone acetylation and methylation at Bdnf promoters. Moreover, total Bdnf mRNA 

expression was negatively correlated with depressive behavior in the CUS model but not in the 

CSDS model. Our results suggest that regulation of hippocampal Bdnf exon-specific mRNA 

expression may underlie stress susceptibility and the development of depressive behaviors. 
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Abstract: Enkephalins are primary endogenous ligands for delta opioid receptors (DORs) and 

are highly enriched in D2-medium spiny neurons (MSNs) in the striatum. Enkephalins are highly 

implicated in depression, as preproenkephalin knockout and DOR knockout mice display 

anxiety- and depression-like phenotypes. Furthermore, enkephalinase inhibitors can act as 

antidepressants. However, the specific the role of enkephalins, especially in the nucleus 

accumbens (NAc), a critical brain region for motivational behavior, in depression is not fully 

investigated. To provide insight into enkephalin function in this region we used mice that 

underwent chronic social defeat stress, after which the animals were either categorized as 

susceptible (displaying depression-like behavior) or resilient to social stress based on their 

performance in a social interaction test. First, we directly measured Met- and Leu-enkephalin 

levels within the NAc using radioimmunoassays after social defeat stress. Compared to non-

stressed control and resilient animals, the susceptible animals showed reduction in NAc 

enkephalin levels. Then we sought to investigate the mechanisms that reduce levels of 

enkephalins in the depression-like conditions by analyzing levels of different enzymes that can 

degrade or produce enkephalins. Our results indicate that the decrease in enkephalin levels 

observed in susceptible animals may be due to increased mRNA levels of enkephalinases and 

reduced proprotein convertase 1. To determine if the reduced enkephalin levels cause 

depression-like behavior through disrupted enkephalin-DOR signaling, we infused DOR agonist 

SNC80 into the NAc of the animals that experienced chronic social defeat stress. Our data shows 

that SNC80 can reverse the depression-like behavior in susceptible animals. Overall, results from 

our studies implicate that depression-like behavior induced by social defeat stress is caused by 

reduced DOR signaling resulting from lowered levels of enkephalins in the NAc, which may be 

mediated through elevated expression of enkephalinases and decreased proprotein convertases. 

Disclosures: H. Nam: None. R. Chandra: None. T. Francis: None. M. Lobo: None. 



Poster 

233. Depression and Bipolar Disorders: Animal Models: Neural Mechanisms 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 233.15/UU6 

Topic: G.04. Mood Disorders: Depression and Bipolar Disorders 

Support: PhRMA Foundation Starter Grant (V.D.) 

Title: Chronic pain evokes limbic dysregulation of MAPK phosphatases 

Authors: D. NERLAND, *L. SEMKE, V. DURIC 

Physiol. and Pharmacol., Des Moines Univ., Des Moines, IA 

Abstract: Clinical studies have shown a high co-morbidity between different chronic pain 

conditions and major depressive disorder. The exact brain mechanisms that connect these two 

neurological illnesses are still largely unknown; however, it is thought that chronic pain may 

produce negative effects on different limbic brain regions similar to chronic stress. Our previous 

studies have shown that expression of mitogen-activated protein kinase phosphatase-1 (MKP-1 

or DUSP-1) is both necessary and sufficient for the development of depressive-like behaviors in 

rodents. In the current study, we investigated the role of MKP-1 and other DUSP genes in 

affective pain processing within specific limbic brain areas. In male rats exposed to 21 days of 

peripheral inflammatory pain (i.e., hindpaw injections of Complete Freund’s Adjuvant; CFA) a 

robust increase in expression of MKP-1 gene was observed within the contralateral 

hippocampus, prefrontal cortex (PFC) and anterior cingulate cortex (ACC). Similar upregulation 

of hippocampal MKP-1 was also observed in female animals exposed to 21 days of CFA. 

However, the overall pattern of MKP-1 expression across various limbic areas differed in 

females exposed to chronic pain, as significant downregulation of MKP-1 was observed in the 

ACC, and no changes were detected within the PFC. Furthermore, similar region-specific 

variances in pain-related dysregulation were also observed for other DUSP genes (i.e., MKP-2 

and MKP-3). Overall, the results of this study suggest that chronic pain activates specific MAPK 

phosphatases within different limbic brain regions, which may underlie previously reported pain-

related decreases in MAPK signaling. Thus, dysregulation of MKP-1 and other DUSP genes may 

play an important role in the development of mood disorders associated with chronic pain state. 
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Abstract: Bipolar disorder (BP) and Schizophrenia (SZ) represent clinically distinct psychiatric 

illnesses yet are thought to display overlapping features such as alterations in mood and 

information processing by cortical gamma-aminobutyric acid (GABA)-ergic interneurons. For 

example, BP and SZ postmortem analyses reveal deficits in classic interneuron-related molecular 

markers including glutamic acid decarboxylase 67 (GAD67), calcium-binding proteins, and 

neuropeptide expression in several cortical regions. It should be noted that similar investigation 

of the anterior cingulate (ACg) and posterior cingulate (PCg) cortices have largely focused on 

the ACg of SZ subjects with effects highlighting diminished GAD67, parvalbumin (PV) and 

somatostatin (SST) mRNA. In contrast, potential abnormalities regarding the orchestration of 

GABA-ergic interneuronal networks are less understood in the ACg and PCg of BP subjects. 

Considering the ACg and PCg differentially contribute to behaviors linked to control of emotion 

and memory-based evaluative process, respectively, prospective gene expression changes may 

also generate new anatomical correlates. Therefore, the aim of the present study is to quantify 

and compare the relative distribution of GAD67 mRNA transcripts as well as those demarcating 

distinct GABA-ergic interneuron subpopulations that utilize differential synaptic contacts with 

pyramidal neurons. More specifically, we chose to examine PV (cell body, axon initial segment), 

SST (dendrites), and vasoactive intestinal peptide ((VIP); other interneurons)) in the ACg and 

PCg of both BP and SZ subjects. To achieve this, we performed in situ hybridization (ISH) using 

radiolabeled cRNA probes applied to 10 ɥm fresh-frozen ACg and PCg sections from control 

(n=16), SZ (n=19), and BP (n=19) subjects. With quantitation currently ongoing, preliminary 

results indicate similar SST and VIP mRNA layer-expression patterns within the ACg and PCg 

of controls while PV intensity level seems to depend on ACg subregion (BA24a vs. BA24b and 



BA24c). To better characterize distinct cingulate-localized interneuron subpopulations, we have 

developed complementary cDNA probes suitable for fluorescent ISH (FISH) to visualize the 

degree of specific mRNA colocalization. Moreover, we also look to illuminate the 3-dimensional 

neuroanatomical relationships between interneurons using CLARITY and iDISCO brain 

transparency methods. The results of these experiments will serve to further elucidate the 

underpinnings of GABA-ergic interneuron function in the ACg and PCg of patients diagnosed 

with BP and SZ. Support: The Pritzker Neuropsychiatric Disorder Research Consortium 
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Abstract: Significant loss, whether it is psychosocial, physical, or financial, is a devastating 

event that can precipitate the onset of depression symptoms. While loss is a commonly 

experienced phenomenon, little is known about the underlying mechanisms. Here we combine an 

animal model of loss with bioinformatics analyses to gain a deeper understanding of loss-

induced depression. 

We first simulated loss by exposing rats to, and then removing, environmental enrichment. This 

model consists of 3 experimental groups: environmentally enriched (EE), enrichment removed 

(ER), and control (CON). In the EE and ER groups, male and female rats are housed in groups of 

10 in large, multi-level cages that are filled with various toys that provide cognitive, physical, 

and social stimulation. CON animals are kept in standard pair-housing while EE animals remain 

in enriched housing throughout the protocol. To simulate loss in the ER group, animals are 



removed from enriched housing after 4 weeks and placed into standard pair-housing. The ER 

group exhibits an unusual depression phenotype compared to the EE and CON groups. These 

animals show increased immobility in the forced swim test, hypoactive HPA axis responses to 

restraint stress, and increased food consumption, all of which are rescued by antidepressants. 

In the present study, two weeks after enrichment removal male and female rats were sacrificed 

and brains were collected. Bilateral micropunches were taken to precisely dissect brain regions 

implicated in loss, including the infralimbic prefrontal cortex, basolateral amygdala, and medial 

amygdala. These regions were simultaneously analyzed using RNAseq, shotgun proteomics, and 

kinomics (n=5). This method allowed us to identify parallel changes in genes, proteins, and 

activity, yielding a more compelling argument for involvement in loss than one line of evidence 

alone. 

To investigate the molecular mechanisms underlying the observed behavioral changes, we will 

use a novel bioinformatic approach based on the combination of transcript expression, protein 

level, and kinase activity data to identify dysregulated pathways. Initial analyses suggest that ER 

altered synaptic function, apoptotic processes, and neuroendocrine activity. Bioinformatics 

analyses will continue to generate region- and sex-specific expression signatures for ER, relative 

to EE and CON. These signatures will offer a deeper understanding of the molecular 

mechanisms underlying the unique depression phenotype generated by this model. They will also 

suggest potential therapeutic targets that could prove useful in the development of novel 

antidepressants to help patients cope following loss. 
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Abstract: The RNA methylome, in contrast to the DNA methylome, has barely been explored in 

the context of normal and diseased brain development and function. RNA cytosine methylation 

(m5C), characterized by the addition of a methyl group on the 5’ position of a cytosine in RNA, 

is a novel modification only recently characterized in mammalian tissue and most abundant in 

tRNAs. NSUN2, a tRNA methyltransferase that methylates the variable loop of tRNA, is 

expressed at high levels in the central nervous system and has been linked to 

neurodevelopmental defects in humans and mice. Humans with a mutation in the NSUN2 gene 

exhibit intellectual disability accompanied by other neurological abnormalities, including 

microcephaly, speech delays, and other cognitive impairments. Likewise, adult NSUN2 

knockout mice exhibit deficits in cognitive and emotional behavior, a phenotype which may be 

related to altered methylation at distinct tRNA cytosines during embryonic stages of brain 

development leading to impaired neuronal survival and synaptic puncta in the cortex. However, 

it is still unknown whether tRNA methylation patterns regulate brain function or behavioral 

outcomes outside the realm of development. The current study focused on the regulation of RNA 

cytosine methylation in the mouse brain and its role in anxiety and depressive-like behavior. 

Here, we used viral overexpression of NSUN2 in the male and female adult mouse PFC to 

elucidate the effect of altered NSUN2 expression on 1) tRNA methylation and abundance of 

tRNA fragments in the PFC and 2) anxiety and depressive-like behavior. We used next-

generation RNA bisulfite sequencing and tRNA fragment sequencing to assess tRNA 

methylation and tRNA fragment abundance, respectively. We also performed various behavioral 

tests on NSUN2-overexpressing and control mice to test anxiety and depressive-like behaviors. 

Results indicate that overexpressing NSUN2 in the adult PFC alters emotional behavior in male 

and female mice in a sex-specific manner, which may be related to alterations in tRNA 

methylation and abundance of 5’ tRNA halves. Overall, understanding the role of tRNA 

methylation in the adult brain may elucidate mechanisms underlying aberrant brain function 

during adulthood. 
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Abstract: Major Depressive Disorder (MDD) is among the most devastating mental disorders 

characterized by disturbed symptoms in emotional states. MDD is a heterogeneous and multi-

factorial etiology, but the mechanisms underlying its pathologies remain to be elucidated. Here, 

we used the learned helplessness procedure in mice to examine the role of hippocampus, a brain 

region highly shown the structural and functional deficits in MDD patients. During the learned 

helplessness procedure, mice are subjected to an unpredictable and inescapable electrical foot 

shock, and subsequently develop coping deficits for aversive but escapable situations. These 

learned helplessness mice showed depressive-like behaviors. By using whole cell patch clamp 

and immunohistochemistry, we observed changes of GABAergic synaptic inputs and neuronal 

activity within hippocampus in learned helplessness mice. These finding provide direct evidence 

that GABAergic synaptic dysfunction of hippocampus is strongly linked to depressive-like 

behavior by learned helplessness. 
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Abstract: As one of the leading causes of disease burden and disability in the world, Major 

Depressive Disorder (MDD) is a major public health concern. Mounting evidence suggests that 

structural brain abnormalities may contribute to MDD pathology, although this remains a largely 

unexplored area of research. The extracellular matrix (ECM) plays a crucial role both in 

providing structural support to the brain and facilitating synaptic plasticity. We hypothesized that 

alterations to this complex network of proteins surrounding neurons and glial cells could regulate 

morphological processes that may be involved in MDD. Therefore, to understand the role of the 

brain ECM in MDD, we analyzed transcriptional profiles from the nucleus accumbens (NAc) 

and prefrontal cortex (PFC) in postmortem brain tissue of humans with MDD and matched 

controls. In order to develop a translational approach to study any identified ECM-specific gene 

targets from MDD patients, we also assessed transcriptional profiles of mice exposed to chronic 

variable stress (CVS). Numerous ECM-specific genes were identified as being differentially 

expressed in our datasets. For the greatest translational value, only genes identified as being 

similarly differentially regulated across species were selected for further investigation. Of such 

genes, relatively few were regulated similarly in the two brain regions studied and in both sexes. 

For example, Cyr61 and Htra1 were identified as being dysregulated only in males and 

specifically in the PFC or NAc, respectively. Interestingly, Cyr61 and Htra1 are both highly 

enriched in astrocytes. We are currently developing the viral and transgenic tools necessary to 

manipulate these genes selectively within astrocytes of the PFC or NAc in order to study their 

functional role in stress responses at the behavioral and molecular levels. Our findings thus far 

support the hypothesis that the ECM of the brain is a potentially important mediator of stress 

responding that is influenced in both a sex- and region-specific manner. 
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Title: Endogenous and CRISPR-mediated CREB-Zfp189 interactions regulate a resilient-

specific transcriptional network in mouse models of depression 
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Abstract: Only a subset of people exposed to stress develop depression. Accordingly, some 

animals exposed to chronic social defeat stress (CSDS) are resilient to this stress and do not 

develop depression-like behaviors. However, the broad transcriptional adaptations observed in 

resilience are not well understood. To explore this, we evaluated coexpression networks from 

resilient mice following CSDS. We identified a resilient-specific network in which Zfp189, 

which encodes a previously uncharacterized zinc finger transcription factor, is the top key driver 

and most connected gene in the network. Its expression is also decreased in PFC of human 

depression. We interrogated known binding motifs within this network and identified CREB as a 

predicted upstream regulator of the gene module. Previously published ChIP-chip data from our 

laboratory showed that endogenous CREB binds to Zfp189; this interaction is decreased 

following CSDS, and reversed by treatment with the antidepressant imipramine. In prefrontal 

cortex (PFC), viral overexpression of Zfp198 activated our identified resilient network, which 

was sufficient to reverse depression-like behavior in mice. Knockdown of CREB increased 

susceptibility, an effect mitigated by concomitant Zfp189 overexpression. However, it was 

unclear whether CREB’s regulation of depression-like behaviors was acting through its 

interaction with Zfp189. To explore this mechanism, we employed a novel CRISPR-mediated, 

locus-specific transcriptional reprogramming method to direct CREB selectively to the Zfp189 

promoter in mouse PFC. CRISPR-mediated targeted recruitment of CREB to Zfp189 was 

behaviorally pro-resilient and significantly activated our resilient network. These findings 

establish a causal role for CREB-Zfp189 interactions in regulating a resilient-specific 

transcriptional network and illustrate how the regulatory structure of coexpression networks can 

be targeted to affect both broad transcriptional patterns and behavior. Given the success of these 

CRISPR approaches, we have broadened our research to investigate targeted CREB binding to 

Zfp189 and other genes of interest in their causal contribution to the pathogenesis of addiction. 
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antidepressant treatment 
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Abstract: Most antidepressants, including selective serotonin reuptake inhibitors (SSRIs), 

initiate their drug actions by rapid elevation of serotonin, but they take several weeks to achieve 

therapeutic onset. This therapeutic delay suggests slow adaptive changes in multiple neuronal 

subtypes and their neural circuits over prolonged periods of drug treatment. Mossy cells are 

excitatory neurons in the dentate hilus that regulate dentate gyrus activity and function. Here we 

show that tonic firing of hippocampal mossy cells is enhanced by chronic, but not acute, SSRI 

administration. Behavioral and neurogenic effects of chronic treatment with the SSRI, fluoxetine, 

are abolished by mossy cell-specific knockout of p11 or Smarca3 or by inhibition of the 

p11/AnxA2/SMARCA3 heterohexamer, an SSRI-inducible protein complex. Furthermore, acute 

chemogenetic inhibition of mossy cells, using Gi-DREADD activation, impairs behavioral and 

neurogenic responses to chronic administration of SSRI. The present data establish that mossy 

cells play a crucial role in mediating the effects of chronic antidepressant medication. Our results 

indicate that compounds which target mossy cell activity would be attractive candidates for the 

development of new antidepressant medications. 
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Abstract: Although stress is known as a risk factor for psychiatric disorders, not every exposed 

individual develop diseases. This difference may be related to individual's ability to adapt to 

adversity, i.e. their resilience or susceptibility to stress. After exposure of rodents to Social 

Defeat Stress (SDS), two phenotypes are observed: one susceptible (SUS), that shows decreased 

social interaction (SI) and behavioral changes related to depression, and a resilient (RES), that 

does not show these alterations. An important molecule related to neuroplasticity and stress 

response is DeltaFosB. Its accumulation in mesocorticolimbic neurons is different between RES 

and SUS animals and it is related to depressive-like behaviors. However, little is known about 

the changes in DeltaFosB expression in brain areas related to the fear processing in these 

phenotypes. Thus, the aim of this study was to evaluate the DeltaFosB expression in brain areas 

related to defensive behaviors in RES and SUS rats to SDS. Male Wistar rats (n = 32) were 

exposed to 7 days of SDS (4 aggressive encounters with a male Long Evans rat, every other 

day). Control (CON) animals were not exposed to SDS. During this period the coat state was 

evaluated. After SDS animals were evaluated in the SI test to the segregation in RES and SUS by 

k-means cluster analyses using the interaction ratio (IR). Animals were perfused 24 hours later 

and brains processed for immunofluorescence staining of DeltaFosB in the amygdala (AMY), 

ventromedial hypothalamus (VMH) and periaqueductal gray (PAG). Data showed that SUS rats 

(stressed animals that developed social avoidance) presented increased coat state deterioration, a 

depression-like sign. RES rats showed an increase in DeltaFosB+ neurons in both hemispheres 

of the basolateral AMY (BLA), in the right hemisphere of the dorsolateral nucleus of the PAG 

(DLPAG) and a decrease in the right hemisphere of the central nucleus of the AMY (CeA). SUS 

rats showed increased DeltaFosB+ neurons in the right hemisphere of the medial nucleus of the 

AMY (MeA) and in the dorsomedial PAG (DMPAG). There were no alterations in the dorsal 

and ventrolateral parts of the VMH and in the lateral and ventrolateral PAG. Our results suggest 

differential molecular adaptations in RES and SUS rats to SDS in fear circuitry. RES rats showed 

altered DeltaFosB expression in the amygdaloid circuitry related to the fear processing of painful 



stimuli (BLA and CeA), whereas SUS rats showed altered expression in circuitry related to fear 

processing to aggressive conspecifics (MeA and DMPAG). Thereby, coping strategies to stress 

seems to be related to brain processing of painful stimuli and aggression from a conspecific 

animal. 
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Abstract: Major depressive disorder (MDD) is a devastating disease with increasing social and 

financial costs. Current treatments are ineffective in a substantial proportion of patients due to 

incomplete understanding of underlying molecular mechanisms. Rodent models suggest that 

dysfunction of the brain reward system, and particularly changes in activity and output of 

dopamine (DA) neurons in the ventral tegmental area (VTA), are necessary and sufficient for 

depressive-like phenotypes. Brain inflammation is a contributing factor in the development of 

MDD and microglia are key players in inflammatory processes of the central nervous system. 

Microglia undergo a phenotypic change upon activation including alterations in cellular 

morphology and upregulation of a number of genes. The aim of this study is to characterize the 

inflammatory status of the VTA in two well-established mouse models of depression, physical 

(PS) and emotional chronic social defeat stress (ES) that utilize experiencing (PS) or witnessing 

(ES) social subordination induced by short interactions with a dominant animal to cause long-

term changes in neuronal function and behavior. We use ionized calcium-binding adapter 

molecule 1 (Iba1) stain to study number, localization, morphology and activation of microglia. 

Tyrosine hydroxylase, a rate-limiting enzyme in catecholamine synthesis, will be used to 

visualize VTA DA neurons. Next, to assess microglial reactivity we will measure mRNA levels 

of genes known to be deregulated by inflammation such as innate immune receptor toll-like 



receptor 4, proinflammatory cytokines interleukin 1 beta, interleukin 6, and tumor necrosis 

factor, and anti-inflammatory cytokine interleukin 10. Changes in inflammatory signaling in 

neighboring dopamine-rich brain region, substantia nigra, will also be analyzed as a control. 

Preliminary data indicate a differential regulation of VTA inflammatory processes by PS and ES. 

This study seeks to identify the role of chronic stress in inflammation of the VTA, a key region 

of the reward circuit. Our findings have the potential to improve the understanding of 

fundamental cellular changes involved in development of MDD. 
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Abstract: Chronic pain increases risk for anxiety and depressive disorders, which may be 

mediated in part by alterations in the mesolimbic dopamine system. Regulation of this system 

involves projections to the ventral tegmental area from noradrenergic/galaninergic neurons of the 

locus coeruleus. Inflammatory pain induced by intraplantar injection of complete Freunds 

adjuvant (CFA) decreases monoamine function in this pathway. Whether this effect is mediated 

by galanin was examined in rats. Guide cannula were implanted in the nucleus accumbens core 

and lateral ventricle. 1-week later rats received hind-paw injections of CFA (50 ul) or vehicle 

followed by daily injections of a galanin receptor antagonist, M40, (12 ug/day, ICV) or aCSF for 

10 days. Following injections on Day 10, microdialysis probes were inserted into nucleus 

accumbens through the guide cannula and microdialysis testing was performed for 160 min. Rats 

were euthanized via rapid decapitation after behavioral testing and several brain regions were 

analyzed for levels of monoamines using HPLC. HPLC analysis of dialysate revealed that CFA 

reduced extracellular dopamine, DOPAC, norepinephrine, and 5HIAA levels in the nucleus 



accumbens. M40 did not alter the effects of CFA. These results suggest that galanin does not 

mediate the effects of CFA on the mesolimbic dopamine system; however further research is 

needed to rule out a role for galanin in the effects of chronic inflammatory pain on the central 

nervous system. 
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Title: Minocycline treatment reduces anxiety- and depressive-like behaviors in a genetic model 

of internalizing mood disorders 
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Abstract: Many psychological disorders, such as anxiety and depression, are strongly influenced 

by genetic factors. Our laboratory uses a selective breeding technique to study the 

neurobiological mechanisms underlying the propensity to develop mood disorders. Specifically, 

we have found that rats bred for high locomotor responses when placed into a novel environment 

(bHRs) exhibit low anxiety and are resilient to depression, whereas rats bred for low locomotor 

responses to novelty (bLRs) are highly anxious and vulnerable to depression. Among the 

possible factors underlying bHR/bLR differences in affective temperament, recent mRNA 

expression studies in our lab suggest that bLRs have elevated expression of key microglia-related 

genes within their hippocampus compared to bHRs, and these differences emerge as early as 

postnatal day 14. To test whether elevations in microglia activation are functionally related to the 

vulnerability of bLRs, we administered the antibiotic drug minocycline, which has been shown 

to suppress microglia, for 2 weeks in adult bLRs. We examined the behavioral effects of 

minocycline treatment under non-stress conditions (basal), as well as when it was administered 



concurrently with chronic mild stress. Whereas minocycline reduced anxiety in the elevated plus 

maze in non-stressed bLRs, the drug was ineffective when bLRs were challenged with stress, 

suggesting that microglia may play a role in the basal anxiety phenotype of bLRs, but not their 

anxiety response to stress. In contrast, minocycline reduced immobility time in the forced swim 

test regardless of stress exposure, indicating a robust anti-depressant effect of the drug in 

genetically vulnerable rats. Taken together, these studies reveal that natural variations in 

affective temperament may be at least partially explained by underlying differences in microglia 

gene expression and/or activation. To determine the role of microglia in the organization of 

emotional brain circuits, ongoing studies are examining the effects of early-life minocycline 

treatment on the emergence of the bLR phenotype. 
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Abstract: The hippocampus displays remarkable plasticity across the lifespan and is particularly 

sensitive to the effects of chronic stress. Notably, chronic stress alters hippocampal plasticity and 

the neuroimmune environment. Importantly, previous research indicates that the outcomes of 

chronic stress in females are dependent on ovarian hormones. Here, we examined the receptor 

mechanisms underlying the modulatory effects of estradiol on the neuroplastic and neuroimmune 

consequences of stress. Adult female mice (C57BL/6J) were ovariectomized or sham-operated, 

then given six weeks of daily subcutaneous injections of the ERα-selective agonist 

propylpyrazole-triol (PPT), ERβ-selective agonist diarylpropionitrile (DPN), estradiol (E2), or 

vehicle. Two weeks into hormone treatment, all mice received two injections of the DNA 

synthesis marker, bromodeoxyuridine (BrdU), then were assigned to four weeks of Chronic 

Unpredictable Stress (CUS), or to non-CUS conditions. The density of BrdU+ cells in the 



granule cell layer was examined, and hippocampal cytokine levels were quantified. Preliminary 

results suggest that CUS reduced the survival of BrdU+ cells, but this effect was prevented by 

E2, suggesting a combined role of ER α and β. Further, CUS increased hippocampal interleukin-

6 in ovariectomized mice, but this effect was prevented by E2 or PPT treatment, indicating that 

ERα activation may ameliorate inflammation in the hippocampus under chronic stress. Thus, 

estrogen receptor subtypes may differentially contribute to the neurogenic and neuroimmune 

consequences of chronic stress. Analyses of microglial density and morphology and other 

markers of synaptic plasticity are ongoing. 
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Abstract: The nucleus accumbens (NAc) has long been known to play a critical role in both 

hedonic processing and motivation and is likely involved in the development of depression-

relevant symptoms. Recent reports have detailed disruptions in NAc function and its 

dopaminergic input that are correlated with altered reward sensitivity in stress models of 

depression. To study the effect of stress on the encoding of primary rewarding and aversive 

stimuli by NAc neurons, adult male Sprague Dawley rats were implanted with intraoral catheters 

for tastant delivery and stainless steel microwire electrode arrays targeting the NAc core and 

shell for electrophysiological recordings. Single unit firing rates were recorded in response to 

intraoral infusions of sucrose and quinine both before and after a 14 day chronic variable stress 

(CVS) paradigm. Units were classified as excited, inhibited, or unaltered by the tastant infusion. 

A taste reactivity analysis of orofacial responses reflective of the hedonic perception of the 

tastants was performed offline. Consistent with prior studies, intraoral infusion of sucrose was 

found to reduce the firing rates of most responsive NAc neurons (68% inhibited, 32% excited). 

CVS experience reduced the number of neurons inhibited by sucrose in the shell of the nucleus 

accumbens (48% inhibited, 52% excited). Such inhibitory responses are typically associated with 



hedonic behavioral responses. However, following CVS, animals did not show a corresponding 

decrease in appetitive taste reactivity. Since hedonic perception appeared to be unchanged, we 

hypothesized that the altered encoding of sucrose could result in a disruption in the ability of 

rewarding stimuli to guide motivated behavior. This was tested with a Pavlovian autoshaping 

task in which the presentation of a CS+ or CS- lever predicted the delivery of a sucrose pellet or 

no reward delivery, respectively. Animals rapidly acquired a learned interaction with the CS+ 

lever. However, CVS experience delayed acquisition and produced reduced approach even after 

acquisition. Together, these data indicate that chronic stress alters the encoding of primary 

reinforcers in a manner that disrupts their ability to incentivize behavior. Ongoing experiments 

are examining the role of dopamine in this process. 
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Abstract: More than 36% of adults in the United States are considered to be obese. Obesity is 

comorbid with many other complications including depression and chronic inflammation. 

However, the relationship between diet, weight gain, and the development of inflammation and 

depression is not well understood. To further investigate this relationship, we placed male 

Sprague Dawley rats on either a control diet (15% fat) or a high fat diet (HFD; 45% fat) for three 

months and then tested their immune, endocrine, and behavioral differences. Furthermore, 



because some animals are resistant to weight-gain on the HFD, this group was subdivided into 

diet resistant (DR) and diet induced obesity (DIO) groups based on whether their weight gain 

was either above or below the control group mean. Consistent with previous observations, access 

to a HFD produces increases in weight gain, body fat (kidney, epididymal), and plasma leptin in 

some (DIO) but not all (DR) rats. From a behavioral perspective, while total fluid intake did not 

change, DIO rats exhibited decreases in sucrose preference compared to DR and control rats. 

DIO rats also exhibited decreases in latency to immobility in the forced swim test (FST). 

However, DR rats exhibit increases in immobility and decreases in active behaviors, specifically 

climbing behaviors, compared to DIO and control-fed rats. Collectively, these results suggests 

that beyond eliciting differential effects on endocrine and metabolic parameters, access to a HFD 

also differentially impacts the development of depressive-like behaviors. Moreover these results 

are consistent with the heterogeneous symptomatology of patients with major depressive illness, 

and thereby may provide insight into more targeted treatment strategies for patients with 

comorbid depressive illness and obesity. 
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Abstract: Changes to the central nervous system (CNS) are often reflected via 

neuroinflammation, which consequently plays a role in the pathology of many neurological 

diseases, including depression. In order to understand the neurochemical underpinnings of 

depression we are targeting the neurotransmitter systems of serotonin and histamine. We are 

interested in serotonin because of the long hypothesized notion that serotonin signaling is 

impaired during depression. We are interested in histamine because of this messenger’s well-

established role in peripheral inflammation and new data from the Hashemi lab showing that 

histamine release inhibits serotonin signaling. In this work, fast-scan cyclic voltammetry (FSCV) 

is used to simultaneously measure histamine and serotonin, in the posterior hypothalamus and 

fast-scan controlled adsorption voltammetry (FSCAV) is used to measure serotonin in the 

hippocampus of rodents following acute (peripheral injection of lipopolysaccharide) or chronic 

(high fat diet; 45 kcal % fat) neuroinflammation. Our results indicate that these inflammation 

models correspond to an increased histamine release, thereby further inhibiting serotonin release. 

We believe this relationship to be responsible for the decreased capacity of escitalopram to 

increase extracellular serotonin that we observe in these models. These results suggest that 

histamine plays a fundamental role in modulating serotonin during inflammation, thereby 

providing novel insights into the neurochemical basis for depressive illness. 
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Abstract: Background & Objective Major depressive disorder (MDD) is a chronic debilitating 

illness affecting yearly 350 million people worldwide. While most of the studies focus in 

neuronal malfunction during stress and MDD, we have recently established an important 

association of NG2-glia with MDD in a murine depression model of chronic stress (repeated 

social defeat stress, RSDS) in the adult CNS. The aim of the present study is the time-dependent 



characterization of the effects that RSDS has on the cellular dynamics of NG2-glia. Methods 

RSDS paradigm (10 days) was utilized to characterize the NG2-glial dynamics during the early 

(5 days) and post RSDS stages (10+2 days and 10+15 days), in 8-12 weeks old male mice 

(C57BL/6J and CSPG4-EGFP+ mouse lines). Throughout the RSDS paradigm all groups were 

given access ad libitum to thymidine analog BrdU (5-bromo-2'-deoxyuridine) dissolved in 

drinking water, for monitoring cell proliferation. Social interaction test was performed at the end 

of the paradigm to categorize the defeated mice to susceptible and resilient mice. Mice were then 

euthanized, and brains were isolated to study the MDD-affected areas of Prefrontal Cortex (PFC) 

and Hippocampus (HPC) (n=4-6/per group). Cell quantification and data analysis were blinded 

and performed by 2 different investigators in each experiment. Results Significant time-

dependent decrease in NG2-glial density (PDGFRα marker and CSPG4-EGFP+ reporter line) was 

observed in the PFC and CA1 region of the HPC in susceptible (S) mice compared to control (C) 

and resilient (R) animals at 5d, 10d+2d and 10d+5d. Given the highly active proliferation 

profiles of NG2 glia in adult CNS, the mitotic capacity (BrdU and Ki67) was examined during 

chronic stress. Both markers indicated reduced proliferation capacity at the S groups during and 

post the RSDS paradigm. In addition, BrdU labeling retention allowed us to monitor the NG2-

glial responses to the chronic stress-induced depression and determine their fate as well. 

Remarkably, the S groups indicated decreased differentiation rates of BrdU-labelled NG2-glia 

towards oligodendrocytes (GST-pi) and a concomitant switch towards NG2-glial production 

during the post RSDS stages. In addition, chronic stress also induced alterations in the NG2-glial 

morphology and branching in the S groups; features which are crucial for communication of 

NG2-glia with rest of glia as well as neurons. Conclusions NG2-glial cell homeostasis was 

swiftly compromised by chronic stress leading to significant time-dependent alterations of NG2-

glial proliferation capacity, cell density, viability and progeny contributing to the onset of 

depressive-like behavior in mice. 
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Title: Inflammation is associated with decreased functional connectivity between the amygdala 

and ventromedial prefrontal cortex in depressed patients with comorbid PTSD 
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Abstract: Biomarkers of inflammation are reliably elevated in patients with both major 

depressive disorder (MDD) and post-traumatic stress disorder (PTSD). Our recent studies 

showed that plasma inflammatory cytokines and C-reactive protein (CRP) correlated with 

decreased functional connectivity in corticostriatal reward circuitry in association with anhedonia 

and reduced motivation. These findings are consistent with previous work from our group and 

others demonstrating that exogenous administration of peripheral inflammatory stimuli affects 

the striatum and prefrontal cortical regions to drive relevant depressive symptoms. In addition to 

targeting corticostriatal circuitry, peripheral inflammation has also been shown to affect fear and 

anxiety-related brain regions, and particularly the amygdala. Many patients with MDD have 

comorbid PTSD or anxiety disorders; however, it is unknown whether increased inflammation in 

these patients is associated with altered functional connectivity within fear and anxiety circuits. 

Therefore, we investigated whether increased inflammation affects fear and anxiety-related 

circuitry to lead to symptoms of anxiety in MDD patients with or without comorbid PTSD. 

Resting-state functional magnetic resonance imaging was conducted on 48 medically-stable, 

unmedicated outpatients with major depression, 19 of whom had a secondary diagnosis of PTSD. 

Whole-brain, voxel-wise functional connectivity was examined as a function of plasma CRP 

concentrations using seeds for the right and left amygdala. In the group as a whole, increased 

CRP was associated with decreased functional connectivity between the right amygdala and the 

ventromedial prefrontal cortex (vmPFC; corrected p &lt; 0.05) which in turn correlated with 

increased symptoms of anxiety (r=-0.33, df=46, p=0.022). In addition to CRP, increased plasma 

IL-6 and IL-1 receptor antagonist also predicted decreased connectivity between the right 

amygdala and vmPFC (p’s &lt; 0.05). Of note, the relationship between inflammation-related 

decreases in amygdala-vmPFC connectivity and increased anxiety was significant only in 

patients with a secondary diagnosis of PTSD (r=-0.45, df=17, p=0.005) compared to those 

without PTSD (p=-0.10, df=27, p=0.646), and these findings were driven by females with PTSD 

(r=-0.60, df=15, p=0.011). These results suggest that increased inflammation compromises 

amygdala-prefrontal circuitry in association with increased anxiety in patients with depression, 

particularly those with comorbid PTSD. 
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Abstract: Brain function is regulated by a variety of intrinsic and extrinsic factors, and this 

regulation occurs, at least in part, at the level of gene expression within neurons. Many of these 

regulating factors alter the reduction/oxidation balance within brain cells (redox state). This 

effect is associated with a variety of neuropathologies, but the mechanisms by which redox state 

controls gene expression in neurons is unknown. Many neurons critical for such activities as 

memory, mood, and motivated behaviors orchestrate expression of select critical genes through a 

transcription factor called ∆FosB, a stable splice variant of the FosB gene. We show that the 

redox-dependence of the structure-function relationship of fos-family proteins found in vitro 

(Abate et al., 1990) is found in ∆FosB in vivo as well. Furthermore, this characteristic is 

preserved across the brain. 

Under non-reducing (oxidizing) fully denatured conditions, immunoprecipitation followed by 

Western blot reveals a shift in the molecular weight of ∆FosB from 37kDa to ~75kDa and ~150 

kDa. This could represent the binding of ∆FosB to other proteins through disulfide bridge 

formation between cysteine residues that has been demonstrated in vitro (Kouzarides and Ziff et 

al., 1988). We demonstrate that JunD and Smad3 are examples of potential binding partners. In 

contrast, under reducing conditions, ∆FosB remains at 37kDa, indicative of no covalent complex 

formation. Taken together, these data suggest that ∆FosB complex formation in the brain is 

directly regulated by redox state. Having a better understanding of how the structure-function 

relationship of ∆FosB is regulated by redox state may ultimately allow us to use ∆FosB as a 

therapeutic target for diseases that are associated with an altered redox state. 
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Abstract: Depression and anxiety are common and debilitating mood disorders, and they are 

more prevalent in females than males. Previously, we showed that 6 days of sub-chronic variable 

stress (SCVS) induced behavioral stress susceptibility in females but not males. These behavioral 

effects were accompanied by sex specific changes in circuit-specific pre-synaptic changes in 

synapses containing VGLUT1 and VGLUT2 in the nucleus accumbens shell sub-region (NAc) 

(Brancato et al., 2017). Here, we examined synaptic changes in the NAc shell as well as core 

sub-regions of male and female mice following 6 days of SCVS and 28 days of chronic variable 

stress (CVS). The NAc was examined as it shows sex specific regulation of plasticity that has 

been associated with the effects of stress on behavior (Brancato et al., 2017, Christoffel et al, 

2011, 2012). We hypothesize that different synaptic changes will emerge at 6 and 28 days within 

NAc shell and core. In particular, we are studying whether the synaptic changes in males and 

females after CVS follow the same or opposite patterns found after SCVS, and whether there are 

differences in the synaptic changes between the core and shell sub-regions. Specifically, we are 

using immunohistochemical analysis for expression of VGLUT1 and VGLUT2, presynaptic 

markers of glutamatergic inputs to the NAc, and PSD95, an excitatory postsynaptic marker, in 

the NAc core and shell sub-regions following 6 and 28 days of stress. Analysis of chronic and 

sub-chronic stress effects on synaptic plasticity in NAc sub-regions is ongoing. 
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Abstract: Sex differences in the prevalence, symptomology, and response to treatment in 

patients diagnosed with major depressive disorder (MDD) suggest the possibility that the 

underlying biological mechanisms of depression may differ between men and women, who are 

more than twice as likely to be diagnosed with depression. The immune system is altered in 

patients with MDD, with changes to numbers and ratios of immune cells as well as differences in 

inflammation, many of which appear to be oppositely regulated in men and women. 

Interestingly, women are also more susceptible to autoimmune diseases, and women with 

autoimmune disease are at an even higher risk of developing depression. Here, we compare sex 

differences in cytokine profiles for humans with MDD to a stress-based animal model. Serum 

was sampled from pre-menopausal women and age matched men with a diagnosis of MDD and 

from healthy controls. Cytokine protein levels were detected using multiplex enzyme-linked 

immunosorbent assays. Sex differences were examined by group effects and by correlation to 

quick inventory of depressive symptomology (QIDS) scores. In mice, subjects were given a 6- or 

28-day course of variable stress. Mice were exposed to a combination of foot shock (0.45 mA/ 2 

sec/ 100 in 1 hour), tail suspension and restraint stress, one stress per day, repeated for 6 or 28 

days. Following 6 days of stress, only females express behavior across a test battery consisting of 

splash test, novelty suppressed feeding, and forced swim. Both male and female mice display 

depression-like behavior following 28 days of variable stress. In mice, blood was sampled 

immediately after the final stress exposure, one day prior to behavioral testing, in order to 

examine cytokine levels and behavior in the same subjects. In both humans and mice, we 

determined that the overall pattern of peripheral cytokine expression in response to MDD or 

stress was different between males and females. In mice, a composite stress susceptibility score, 

calculated from individuals’ scores on the three behavior tests, was negatively correlated with 

GM-CSF in females following 6-days of stress, but positively correlated in males following 28 



days of stress. IL-9 expression was correlated with stress susceptibility following 6 days of stress 

in females only. In patients with MDD we found that IL-17a and MCP-1 significantly correlated 

with QIDS scores. When male and female data were analyzed separately, 12 cytokines were 

significantly regulated by depression in women and only 2 were significantly regulated in men. 

Additional cytokine analysis is ongoing. 
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Abstract: Stress is a risk factor for mood disorders such as depression, but not all individuals 

that experience stress go on to develop depression. The social defeat stress model has indicated 

that individual differences in behavior can identify which animals are stress susceptible, and 

which are stress resilient. Using this behavioral endpoint, numerous studies have identified 

molecular and circuit related mechanisms that contribute to individual differences in the stress 

response. However, the majority of this work was performed on male subjects, as there are 

difficulties associated with performing social defeat in females. The variable stress model allows 

researchers to expose both sexes to the exact same stress paradigm and examine behavioral 

responses across a test battery. The stress paradigm consists of 3 different stressors each given 

for an hour a day: foot shock (100, 0.45mA/ 2 seconds), tail suspension and restraint stress. After 

6 days of variable stress there are group effects on females but not males, following 28 days of 

stress both sexes engage in depression associated behaviors. Here we expand upon these studies 

to examine a longer timeline of stress exposure, the lasting effects of stress, and develop 

behavioral indicators that can be used to identify individual differences in the stress response 

within sex. Following extension of the stress paradigm to 56 days, female mice, as a group, 

expressed a resilient behavioral phenotype, whereas males responded to the stress in a similar 

fashion to that of 28 days of stress. When both the 6- and 28-day stress paradigms were altered to 

include a 30-day recovery period prior to behavioral testing, both female and male mice 

exhibited behaviors suggesting spontaneous recovery. Ongoing work examining individual 



responses across multiple studies to identify individual behavioral indicators of stress 

susceptibility and resilience will also be discussed. 
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Abstract: Gut dysbiosis is thought to play a role in the development of stress-related disorders, 

including major depressive disorder (MDD). Whether dysbiosis also plays a role in resistance to 

antidepressant treatment is unknown. Utilizing a novel avian model of treatment-resistant 

depression (TRD), we manipulated the gut biome using non-medicated vs medicated (with 

antibiotics) feed to study stress-responsivity and ketamine sensitivity. Socially raised chicks were 

exposed to either non-medicated or medicated feed for four days. On days 6-7, chicks were 

exposed to an isolation stressor for 90 min under increasing doses of ketamine (0, 5.0, and 10.0 

mg/kg IP). Patterns of distress vocalizations across the 90 min session representing anxiety and 

depression phases served as the dependent measure. No differences were detected across all 

conditions in the anxiety phase (0-5 min of isolation). Under saline, both medicated and non-

medicated groups displayed similar decrease in distress vocalizations as they entered into 

behavioral despair (i.e. depression phase, 30-90 min of isolation). Ketamine produced a dose-

dependent antidepressant effect in the non-medicated groups but was ineffective in the medicated 

group. These findings suggest antibiotic-induced dysbiosis influences response to the novel 

antidepressant ketamine and prompts further investigation into the relationship between 

antibiotic-induced gut dysbiosis and response to typical monoaminergic antidepressants. 
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Abstract: Cannabis is the most commonly used illicit substance among pregnant women, yet the 

effects of prenatal cannabis exposure on cognitive functioning in offspring remain largely 

unknown. With recreational cannabis laws now in effect in 8 states and counting, there is 

growing concern that maternal cannabis use during pregnancy could increase dramatically in the 

coming years. Thus, there is an urgent need to better understand the impact of prenatal cannabis 

exposure on cognitive functioning later in life. We investigated whether chronic exposure to 

vaporized cannabis during pregnancy alters cognitive flexibility in male and female offspring 

using an automated attentional set-shifting task. Female dams were passively exposed to 

vaporized cannabis extract (29.2% THC; 50 or 400mg/mL; 1 puff every 2 min for 1 hr, twice 

daily) or vehicle vapor throughout mating and gestation. Separate cohorts of dams were not 

exposed to any vapor during pregnancy. Beginning at postnatal day 55, all offspring were trained 

to press a lever that was paired with delivery of a cue light to receive a sugar pellet reward. On 

the day after learning criteria were reached, rats were tested in the set-shifting task, whereby they 

had to disregard the previously learned strategy in favor of an egocentric spatial strategy. On the 

final day of testing, rats were tested in a reversal-learning task that required them to press the 

lever opposite of the previous task. The number of trials required to meet criterion and the 

number errors, along with error type (perseverative, regressive, or never reinforced) were 

tabulated and compared across groups.Results indicate that rats prenatally exposed to cannabis 

vapor showed no impairment in visual cue discrimination, suggesting that they are capable of 

learning rule contingencies in a manner comparable to non-exposed rats. However, exposure to 

high (400 mg/ml) but not low (50 mg/ml) concentrations of vaporized cannabis extract resulted 

in significant impairment in attentional set shifting compared to no vapor control rats. 

Specifically, high-dose prenatal cannabis exposure led to an increased number of never-

reinforced and regressive errors, which is indicative of an inability to acquire and maintain the 

new rule. There were no deficits in reversal learning at either dose of cannabis and no significant 



sex differences in any endpoints. These data indicate that maternal cannabis vapor exposure 

dose-dependently impairs behavioral flexibility in adult offspring. Ongoing research is exploring 

differences in ventral striatal function and prenatal cannabis-induced alterations in dopamine- 

and endocannabinoid-related gene expression. 
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Abstract: Developmental neurotoxicity with maternal exposure during gestation is very well 

established for a wide variety of toxicants. In contrast, the effects of paternal exposure on 

offspring neurotoxicity is much less well studied. Preconception exposure to toxicants can have 

intergeneration effects via altering sperm epigenetic marks. Most, but not all of the genomic 

DNA methylation in sperm is normally removed after fertilization. Any remaining methylation 

may result in abnormal gene regulation and expression in the offspring. In the current study, we 

investigated the potential intergenerational effects of a 12-day exposure to 0 or 2 mg/kg/day (PO) 

of delta9-tetrahydrocanabinol (THC) in young adult male rats. These males were mated with 

drug naive females. Neurobehavioral function in their male and female offspring were examined 

in a battery of tests to assess locomotion, emotional function and cognition. This paternal THC 

exposure was not found to significantly impact the viability and growth of the offspring. 

However, it did cause a significant impairment in attentional performance in the offspring 

relative to controls when they were tested in adulthood. There was also a significant increase in 

locomotor activity in the offspring of the males exposed to THC prior to mating. This study 

shows that premating THC exposure can cause deleterious behavioral effects in the offspring. 

Further research should be conducted to determine the degree to which this type of risk is seen in 

humans and to investigate the mechanisms underlying these effects and possible treatments to 

ameliorate these adverse behavioral consequences of paternal THC exposure. 
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Abstract: Nicotine acts as a stimulant in the mammalian brain, and exhibits powerful 

dependency-inducing properties, with women less likely to quit than men. The difficulty in 

quitting is reflected in the staggeringly high number of pregnancies which are associated with 

smoking, or with the well-intentioned use of non-combustible abstinence aids which still include 

nicotine exposure. During brain development, nicotine acts as a teratogen, and disturbs the 

trajectory of neural development, including glutamate transmission. Changes in glutamate 

receptor function by prenatal nicotine exposure (PNE) have been linked to negative behavioral 

outcomes, such as learning and memory deficits. The LDT has been suggested to play a role in 

processes underlying learning and memory via cholinergic, glutamatergic, and GABAergic 

afferents directed to midbrain and thalamic centers. We have recently demonstrated functional 

changes of AMPA receptors in the LDT of young PNE mice. In the current study, we 

investigated potential PNE effects on the functionality of NMDA receptors (NMDARs) using ex 

vivo, whole-cell patch clamp recordings. In order to putatively phenotypically-identify LDT 

cells, we categorized LDT neurons into three types, as previously described. Type I neurons 

exhibit a fast after-hyperpolarization T-type calcium current and are mostly small cells, which 

are likely fast spiking, GABAergic interneurons. Type II cells exhibit an A-type transient 

outward potassium conductance and represent most of the cholinergic neurons. The type III LDT 

neuronal population exhibits both A and T type currents, and likely includes glutamatergic and 

cholinergic cells. Relative NMDA-mediated inward currents evoked at +20 and 0 mV in Mg+2-

containing ACSF were greater in Type 1 PNE LDT neurons vs. controls, and a significantly 

slower decay kinetic was seen in PNEs at -60 mV in Mg+2-free ACSF. In type III neurons, PNE 



induced a greater relative NMDAR-mediated, evoked outward current at +40 mV and a smaller 

relative inward current amplitude at +20 and 0 mV, with faster deactivation kinetics. No 

current/voltage or deactivation time constant differences were present in type II neurons between 

PNEs and controls. The observed changes in NMDAR function within the LDT could be 

associated with reduced output from excitatory projection neurons due to smaller direct 

excitation, as well as to enhanced local inhibition. Reduced output to cortical and subcortical 

targets could be expected to contribute to cognitive deficits observed in offspring exposed to 

nicotine during gestation. Further studies of PNE-associated alterations in glutamate signaling 

through NMDARs in the LDT are ongoing. 
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Abstract: Substance use disorder among pregnant women reached epidemic proportions, with 

nearly 6 out of 1000 hospital births affected by prenatal opioid exposure (POE). Opioid use 

during pregnancy can result in multiple complications including premature labor, intrauterine 

growth restriction and intrauterine death. The impact of POE on the developing fetus, and 

specifically on the developing brain, is incompletely characterized. To facilitate mechanistic 

inquiries, we created a preclinical model of POE. We hypothesized that POE in rats would alter 

brain and body development of offspring, characterized by increased inflammation, decreased 

myelination, and growth restriction. On embryonic day 16 (E16), osmotic mini pumps were 

implanted in pregnant Sprague Dawley rats for continuous methadone infusion with 16 mg/kg 

methadone or saline. Pups were born at E22 and remained with their dams, receiving methadone 



exposure via milk. Maternal and pup urine methadone levels were determined using a methadone 

ELISA. Pups were weighed daily. Pup serum and brains were collected at intervals from 

postnatal day 0-21 (P0-P21). Serum pro-inflammatory biomarkers were assayed using multiplex 

electrochemiluminescent immunoassays. Diffusion tensor imaging and Western blots were used 

to assess white matter microstructure, myelination and axonal injury. Group differences were 

compared with Student’s t-test or one-way ANOVA with posthoc correction; p<0.05 was 

considered significant. Methadone levels in urine were confirmed in dams (mean 11 ng/mL) and 

pups (mean 3.5 ng/mL). Pups exposed to methadone were significantly smaller at P0 and P21 

compared to saline controls (all p<0.05). At P10, significant increases in serum interleukin-1beta 

(IL-1β, p<0.001), IL-6 (p<0.05) and tumor necrosis factor alpha (TNFα, p<0.01) were observed 

in methadone exposed pups compared to saline, with continued elevations through P21. 

Additionally, POE resulted in a persistent 30% decrease in myelin basic protein expression in 

methadone pups compared to controls at P14 and P21 (p<0.001) concomitant with a decrease in 

the phosphoneurofilament/neurofilament ratio (p<0.05). Together, these data support the 

hypothesis that POE causes myelination and axonal injury concomitant with reduced body 

weights in pups similar to what is observed in human neonates following opioid exposure. 

Opioid exposure resulted in an increased inflammatory signature in pup serum throughout the 

first 3 postnatal weeks. Additional studies are necessary to characterize the effects of POE on the 

brain so that targeted interventions can be implemented to improve the long-term outcomes in 

this vulnerable patient population. 
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Abstract: Adolescent brain development is a dynamic process during which dendritic spines - 

the primary sites of excitatory synapses - in the prefrontal cortex undergo rapid proliferation, 

pruning and then refining into adulthood. This process creates a window of vulnerability during 

which disruption of dendritic spine stability and maturation may contribute to long-term 

susceptibility to drug addiction and related deficits in decision making. Of interest then, are 

molecular targets that promote dendritic spine stability in the postnatal prefrontal cortex. Here, 

we investigated whether β1-integrin, one subunit of the heterodimeric integrin cell adhesion 

receptor that has been implicated in postnatal cytoskeletal stability, is involved in cocaine 

seeking and action-consequence-based decision-making behaviors dependent on the orbitofrontal 

prefrontal cortex (oPFC). We hypothesized that loss of Itgb1 (the gene encoding β1-integrin) 

within the adolescent oPFC would: 1) exaggerate the reinstatement of cocaine seeking in cocaine 

self-administering mice; 2) impair action-consequence decision making, biasing mice toward 

habit-based behavior at the expense of oPFC-dependent goal-directed actions; and 3) that these 

neurobehavioral effects could be ameliorated by pharmacologically manipulating the β1-integrin 

signaling partners, Abl2/Arg kinase (Arg) and Rho-kinase 2 (ROCK2), during an adolescent 

sensitive period. In support of our hypothesis, adolescent-onset viral-mediated knockdown of 

Itgb1 selectively within the oPFC exaggerated cue-induced reinstatement of cocaine seeking and 

impaired action-consequence decision making, biasing mice towards engaging inflexible in 

habits. Further, pharmacological treatment with an Arg stimulator or a ROCK2 inhibitor during a 

sensitive period in adolescence blocked long-term deficits in decision making, facilitating goal-

directed action selection even after the cessation of drug treatment. Thus, developmental β1-

integrin-Arg-ROCK interactions appear to support action-consequence decision making and 

cocaine resilience. Activation of β1-integrin signaling events may correct maladaptive decision 

making in addiction. 
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Abstract: Cyclin-dependent kinase 5 (Cdk5) is a proline-directed kinase with critical roles in 

neuronal development, synaptic regulation, and drug abuse. Cdk5 enzyme activity is regulated 

primarily through binding to its protein partner p35, which can be cleaved by the calcium-

dependent protease calpain to produce a more stable subunit called p25. We measured Cdk5, 

p35, and p25 mRNA and protein levels in the ventral striatum of early adolescent and young 

adult male and female C57BL/6J mice, who were treated by repeated injections of either nicotine 

or saline. Overall, we found that the expression of Cdk5 and its regulators was highly sex- and 

age-specific. Moreover, Cdk5 expression was clearly asymmetric in adolescents (differed 

between the left vs. right hemispheres of the brain). For example, Cdk5 protein was 60% higher 

in the left (vs. right) hemisphere of adolescent females, the differences being highly significant. 

In adolescent males, it was 30% higher in the right (vs. left) hemisphere. In adolescent females, 

nicotine injections downregulated Cdk5 and eliminated its lateralization. In adolescent males, 

nicotine injections increased lateralization and reversed the direction of their lateralization, the 

differences again being highly significant. In adult males and females there was little, if any, 

lateralization of Cdk5 expression, and only small (but significant) changes in Cdk5 expression 

levels in response to nicotine (up in females, down in males). In adolescent males, the expression 

of p35 protein was increased 60% by nicotine injections, but this expression was symmetric 

between left vs. right hemispheres. Adolescent females and adults of either sex showed only 

minor (nonsignificant) changes in p35 expression after nicotine injections. We also observed 

pronounced, sex- and age-dependent differences in the formation of p25. Taken together, our 

observations of adolescent-specific asymmetry in Cdk5 protein levels, and age- and sex-

dependent differences in p35 and p25 protein levels, indicate that fundamental and sex-specific 

changes in this crucial signaling pathway are occurring during adolescent development. Nicotine 

injections profoundly altered the lateral asymmetry of Cdk5 expression in adolescents, 

presumably due to bilateral stimulation of the midbrain dopamine pathway by nicotine. 

However, nicotine affected Cdk5 lateralization in opposite directions in adolescent males vs. 

adolescent females, suggesting that sex-specific factors continued to modify the lateralized 

activity of the midbrain dopamine pathway even during bilateral activation by nicotine. 
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Title: CRISPR/Cas9 knockdown of alpha 6 nicotinic acetylcholine receptor subunit in the 

adolescent rat brain 
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1Pharmacol., 2Emergency Med., Univ. of California Irvine, Irvine, CA 

Abstract: While drugs of abuse have different mechanisms of action, they all provide 

reinforcing effects through activation of mesolimbic dopamine neurons in the ventral tegmental 

area (VTA). VTA dopamine neurons express a majority of the neuronal nicotinic acetylcholine 

receptors (nAChRs) in the brain. Alpha 6 (⍺6) nAChR subunits (encoded by the CHRNA6 gene) 

modulate dopamine release and regulate psychostimulant use in adults. It is currently unknown 

whether CHRNA6 influences psychostimulant use during adolescence, a sensitive developmental 

period when ⍺6 peaks in expression and may lead to unique developmental drug effects on the 

maturing limbic system. To investigate the role of CHRNA6 in adolescent psychostimulant use, 

we developed an adeno-associated virus (AAV) CRISPR/Cas9 method to selectively knock 

down CHRNA6 in the rat adolescent brain (postnatal day (P) 28-42)). In order to inject the 

packaged AAV into the VTA, we first determined exact stereotaxic coordinates in preadolescent 

(P24-25) rats using intracranial injections of cresyl violet. We then confirmed that our 

CRISPR/Cas9 system disrupts the coding sequence of CHRNA6 by analyzing restriction 

enzyme-digested DNA banding patterns from gel electrophoresis. Our results show that 

CHRNA6-targeting guide RNA (gRNA) changes the base pair length of isolated DNA compared 

to control scramble gRNA, suggesting formation of indels. Future experiments using DNA 

sequencing, immunohistochemistry, and gene expression analysis will confirm these results. This 

experiment provides anatomical stereotaxic coordinates needed for VTA injections in 

preadolescent rats and the feasibility of CRISPR/Cas9-mediated knockdown approach, which 

will assist in identifying the molecular mechanisms mediating adolescent substance use. 
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Abstract: Methylphenidate (MPH) is a weak psychostimulant which is used in the treatment of 

attention deficit hyperactivity disorder (ADHD), its effect is exerted by blocking reuptake of 

dopamine (DA) and noradrenaline (NA), and practically it has not effect on the serotonin (5-HT) 

transporter, unlike other psychostimulants as cocaine. It has been described that MPH may have 

some addictive potential, which has not been truly supported. Serotonin (5-HT) is a monoamine 

that has been linked to various affective disorders, particularly depression and anxiety; so that, 

citalopram (CIT), a serotonin reuptake inhibitor is one of the drugs of choice to treat such 

conditions. It is common the prescription jointly of these two substances in clinic for the 

treatment of disorders in comorbidity such as ADHD and depression and/or anxiety. In order to 

study if treatment with CIT is able to increase the psychostimulant effect of MPH on locomotor 

activity and promotes or increase its voluntary consumption, adult male Wistar rats of 60 

postnatal days were treated chronically (16 days), with either co-administered with 

methylphenidate (10mg/Kg) and citalopram (3mg/kg), or just methylphenidate (10mg/Kg), or 

just citalopram (3mg/kg), 40 min before evaluating the motor activity. Afterwards, the semi- and 

voluntary consumption of methylphenidate was evaluated. The co-administered group presented 

greater motor activity than the control group and those administered with a single drug. The 

group previously treated with only MPH, presented lower semi- and voluntary MPH 

consumption than the control group, and that the treated with only CIT, respectively. The co-

administration of MPH + CIT enhanced the effect on motor activity (greater distance wandered 

and number of explorations); however, no sensitization effect was observed due to chronic 

treatment for any group. The lowest semi-voluntary and voluntary MPH consumption observed 

in the group treated with only this drug (VEH + MPH) suggests that chronic administration of 

methylphenidate not only does not facilitate its further consumption, rather, it could prevent the 

high consumption of this drug. 
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Abstract: Antipsychotic drugs are used to treat pediatric psychiatric disorders, but little is 

known about the effects of these drugs on brain development. We have shown in rats that early-

life administration of the most widely prescribed antipsychotic drug in children, risperidone, 

leads to greater sensitivity to the locomotor effects of amphetamine in adulthood. The purpose of 

this study was to determine if early-life risperidone administration enhances the rewarding 

effects of amphetamine in adulthood. Female and male Long-Evans rats received daily injections 

of 3.0 mg/kg of risperidone or vehicle on postnatal days 14 through 28. Beginning on postnatal 

day 70, all rats were tested for amphetamine-conditioned place preference (CPP) - two doses of 

amphetamine (0.5 and 1.5 mg/kg) were compared. Adult rats administered risperidone early in 

life demonstrated a modest yet significant increase in the percentage of time spent in the 

amphetamine-conditioned chamber, mainly towards the end of the test period. A similar study in 

rats administered risperidone in an identical manner during adulthood did not reveal any 

significant effects on amphetamine CPP. These results suggest that developing brains are 

uniquely sensitive to antipsychotic drug administration and raise concerns about the impact of 

early-life use of these drugs on substance abuse liability later in life. 
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Abstract: Cannabinoids (CBs) are the most commonly abused illicit drugs among adolescents, 

and regular use of CBs during development is associated with adulthood psychiatric disease, 

including cocaine abuse/addiction. However, the underlying cause of this phenomenon is 



unclear. Research shows that CB exposure in adolescence has long-lasting effects on 

monoamingeric systems. Given the well-documented role of dopamine in cocaine reward, it is 

possible that CB exposure during this critical time window affects dopamine system maturation 

and may result in long-term effects on dopaminergic response to cocaine and cocaine reward. 

Indeed, we have previously shown that adolescent exposure to the synthetic cannabinoid WIN 

55,212-2 (WIN) dose-dependently attenuates conditioned place preference (CPP) for cocaine, 

and, in fact, adolescent treatment with a moderate dose of WIN results in cocaine conditioned 

pace aversion (CPA) in adulthood. However, it is counterintuitive that adolescent exposure 

should abolish cocaine reward, considering the reported increased incidence of cocaine abuse in 

individuals with CB experience. Human and animal studies outline opponent processes of 

cocaine administration: an initial period of cocaine reward/euphoria which then gives way to 

dysphoria and anxiety. Indeed, rats develop a CPP to the immediate effects of IV cocaine (0-

5min after administration) and a CPA to the delayed effects of the drug (15-20 min after 

administration). Thus, cocaine experience is the sum of these positive and negative effects, of 

which either may lead to future use through positive and negative reinforcement processes, 

respectively. Here we sought to examine how adolescent WIN exposure may expedite the switch 

from positive to negative experience of cocaine. Male rats were treated with WIN or vehicle in 

adolescence, and in adulthood they underwent place conditioning for the immediate effects of 

cocaine, however here we shortened the conditioning session (from 5 to 2min). Interestingly, 

when exposed to the conditioning environment for only 2min, both WIN-treated and control rats 

developed a CPP for cocaine, suggesting that adolescent CB treatment does not abolish cocaine 

reward in adulthood, but hastens the switch from positive to negative experience of the drug. It 

remains unclear how these alterations in cocaine reward translate to cocaine-seeking. However, 

cocaine-induced anxiety/dysphoria is hypothesized to promote binge use of the drug and reduced 

cocaine reward is associated with increased cocaine intake. Current research investigates the role 

of mesolimbic dopamine in these phenomena using fast scan cyclic voltammetry. 
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Abstract: Smoking directly causes 18% of all deaths in the United States, and most smokers 

begin their habit during adolescence. Adolescence itself is a time of vulnerability to the effects of 

multiple drugs of abuse, including nicotine, the main addictive compound in tobacco. Therefore, 

to understand tobacco smoking and resultant nicotine addiction, modeling adolescent exposure to 

nicotine is required. To this end, male Sprague-Dawley rats were chronically infused with 

nicotine for 6 weeks, beginning either in adolescence (postnatal day (p) 33) or adulthood (p68). 

Saline or nicotine at either a low (1.2mg/kg/day) or high (4.8mg/kg/day) dose was chronically 

infused via osmotic minipump. Beginning prior to and continued throughout the exposure period, 

behavioral tests and MRI scanning occurred at 2-week intervals. Immediately following the last 

behavior and scanning session, brains were removed and flash frozen. Using autoradiography 

techniques, we quantified nicotinic acetylcholine receptors (nAChR). [3H]-nicotine was used to 

measure receptor binding to all nAChRs, while [3H]-A-85380 specifically examined the α4β2 

receptor subtype, which comprises over 90% of all mammalian nAChRs. Regions of interest 

included those relevant to addiction, such as insula, caudate putamen, and ventral tegmental area, 

as well as regions known to undergo significant changes throughout the course of development, 

including frontal cortical regions. Preliminary quantification of prelimbic and insula cortices 

revealed nicotine dose-dependent increases in total nAChR density, and an interaction between 

nicotine exposure age and nicotine dose specifically in the prelimbic cortex, a region that 

undergoes significant changes over the course of regular development and is functionally 

homologous with the human prefrontal cortex. Since the prefrontal cortex regulates emotional 

cognitive control, which modulates tendencies like impulsivity and compulsivity, our 

preliminary data suggests nicotine exposure during adolescence may delay or inhibit prefrontal 

cortex development and lead to further drug-seeking behaviors. 
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Abstract: While there have been many studies observing the effects of natural and synthetic 

cannabinoids, relatively few have focused on the long-term effects of adolescent cannabinoid 

exposure on memory, sociability, and anxiety. As pointed out in Schneider’s (2009) review, 

perinatal exposure to cannabinoids often results in cognitive deficits in adulthood, but emotional 

changes exhibit a much greater degree of variability. For example, Biscaia et al. (2003) found 

anxiolytic-like responses after adolescent cannabinoid exposure whereas O’Shea et al. (2006) 

reported increased anxiety in adulthood. One possible explanation for this inconsistency is 

reduced food consumption and lack of comparable weight gain in cannabinoid exposed animals 

(see Biscaia et al., 2003; Schneider, 2009). The current study addresses this factor by providing 

half of the cannabinoid animals with supplemental Ensure, and yoking each control animal to a 

drug animal in terms of the availability of food and supplement. Male adolescent Long-Evans 

rats were injected with the synthetic cannabinoid, CP 55,940, for a two-week period beginning at 

puberty. Throughout the injection period, body weight and amount of food consumed were 

measured in half of the animals, and the other half were supplemented with Ensure in order to 

match the weight gain exhibited in untreated siblings. Four weeks following the last injection the 

animals were subjected to a battery of behavioral tests, including elevated plus-maze, social 

interaction, and object recognition on an open-field. Preliminary results suggest that reduced 

weight gain during adolescent exposure to cannabinoids may account for the emotional 

fluctuations observed in adulthood but not the cognitive deficits. 
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Title: Genetic contributions to the neuroinflammatory response following alcohol exposure in a 

mouse model of Fetal Alcohol Syndrome Disorders 
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Abstract: Fetal Alcohol Syndrome Disorder (FASD) remains the leading developmental 

disorder in the U.S., occurring in 5% of births. It causes long-term behavioral deficits including 

many serious aspects of cognitive function, musculoskeletal function, and others. 

Neuroinflammatory responses have been linked to the neurotoxic effects of neonatal alcohol 

exposure. Because 1) genetics have been shown to have a role in the severity of alcohol’s effect 

on the developing brain and 2) genetics can influence neuroimmune response, in the present 

study, we aim to test whether there is an interaction between genetics and neuroimmune 

responses following neonatal ethanol exposure using C57Bl/6J (B6) and DBA/2J (D2) mice. 

Neonatal ethanol exposure was examined because neonatal brain development in mice is 

equivalent to human brain development in the third trimester of human gestation. Postnatal day 

(P) 4-9 mice were treated by intra-esophageal gavage. Three groups were examined: 1) ethanol-

treated at 4 g/kg/d ethanol in Intralipid®, 2) vehicle-gavage controls, and 3) non-gavage, handled 

controls. On P10, mice were sacrificed and the hippocampus was dissected and flash frozen. 

Expression of pro- and anti-inflammatory cytokines and chemokines, expressed by microglia, 

were examined in the hippocampus, including IL-1β, TNF-α, IL-6, CX3CR1, and TGFβ1. 

Dependent variables were treatment, strain, sex, and interactions between these. Changes in 

expression were molecule-specific. Some markers showed differential expression with ethanol 

exposure in both strains or in a strain-specific manner. In contrast, some markers showed 

differential expression between strains or sexes but were not affected by ethanol exposure. As we 

have published previously, no differences were observed between handled and vehicle-gavage 

control groups. 

These results demonstrate a complex interaction between genetics, neuroinflammatory markers, 

and developmental alcohol exposure. Interestingly, sex appeared to be a factor in the level of 

change in expression after ethanol exposure. Therefore, genetics and sex should be considered 

when designing therapeutics targeting neuroinflammatory molecules for treatment of 

developmental alcohol exposure. Future studies are examining whether there are concomitant 

changes in protein expression as well as comparisons across other brain regions. 
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Abstract: The development of insulin resistance is a normal adaptation of pregnancy that 

ensures adequate carbohydrates for the developing fetus. These changes promote nutrient storage 

in maternal fat and allow shunting of high energy nutrients to the developing fetus by reducing 

their uptake in maternal tissues. We have recently demonstrated significant multigenerational 

effects of adolescent morphine exposure on metabolic outcomes, including an increased risk for 

metabolic syndrome in offspring. The current study examined potential modifications in 

maternal insulin resistance as a potential mechanism for the transmission of this risk. Females 

were administered morphine from age 30-39 days (MORF0) or received a matched volume of 

saline (SALF0). Following this 10-day exposure females remained drug free and as adults were 

mated with drug naïve males. On gestation day 20, fasting glucose and insulin levels were 

measured in dams. Additional glucose measurements were obtained from male and female 

fetuses. Data indicate normal glucose levels in both SALF0 and MORF0 dams, however, 

MORF0 dams demonstrated significantly reduced insulin levels, suggesting altered insulin 

sensitivity as a function of adolescent morphine exposure. Additionally, female but not male 

MORF1 fetuses had significantly blunted glucose levels. Such alterations could impact 

neurodevelopment given the critical role of glucose in this process. These outcomes will be 

discussed in the context of potential alterations in dam insulin receptor expression as well as sex-

specific placental gene expression. Together these data will be used to advance hypotheses 

regarding the forward transmission of epigenetic effects mediated by adolescent opioid exposure. 
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Abstract: Epigenetic regulation of gene expression occurs as a response to exposure to drugs of 

abuse including cocaine and alcohol; epigenetic changes (chromatin remodeling and DNA 

methylation, for example) contribute to pathological long-term neuroadaptations in the brain. 

One type of chromatin remodeling is histone acetylation, which is under the control of histone 

acetyl transferases and histone deacetylases (HDACs). Cocaine sensitization alters the intrinsic 

properties of dopaminergic neurons (DA) of the ventral tegmental area (VTA), which in turn 

alters dopaminergic transmission in the mesocorticolimbic network. One intrinsic properties of 

VTA neurons affected by exposure of drugs of abuse is the cation current activated by 

hyperpolarization called Ih, which is mediated by HCN channels. Previously, our laboratory has 

demonstrated that Ih current is reduced by ~40% in VTA neurons from cocaine-sensitized rats. 

The relationship between epigenetic modifications and alteration of intrinsic neuronal properties 

in VTA neurons by cocaine has not been characterized. Recent studies demonstrate that some 

behavioral and molecular changes induced by chronic alcohol can be reversed by histone 

deacetylase inhibitors (HDACi). However, it is not known whether HDACs regulate cocaine-

induced changes in Ih conductance of DA VTA neurons. Using the whole-cell patch clamp 

technique, we investigated the effect of an HDACi (SAHA, vorinostat) on cocaine-induced 



changes in Ih current. Additionally, we explored changes in rebound excitation and temporal 

summation in cocaine-sensitized rat slices treated with HDACi. In vitro incubation of midbrain 

slices with SAHA (3 µM for two hours) reversed the cocaine-induced reduction in VTA Ih 

current (cocaine-control 250 ± 5.0 pA vs cocaine-SAHA 460 ± 8.3 pA, **p<0.001). Current 

clamp traces also demonstrated HDACi reversal of cocaine-induced reduction of Ih concomitant 

with reduced AP firing (cocaine group 5 ± 1.4 pA vs cocaine HDACi group 1 ± 0.34 pA, 

*p<0.01). These results support the idea that the reduction of Ih current in VTA DA neurons 

after cocaine sensitization is epigenetically regulated, and suggests the possibility that HDAC 

inhibition could reverse some cocaine-induced neuroadaptations in reward circuits. 
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Abstract: Maternal overnutrition has been associated with increased susceptibility to develop 

obesity and neuropsychiatric disorders later in life. So far, most studies have focused on the 

metabolic consequences across generations following an early developmental nutritional insult. 

Recently, maternal high-fat diet (HFD) exposure was shown to alter offspring’s reward circuitry, 

which may be a risk factor for the development of addiction. Here we investigated the possible 

transmission of addictive-like and obesogenic phenotypes induced by maternal HFD in mice 

through the paternal lineage over three generations. We observed that offspring born to HFD 

ancestors displayed addictive-like behaviors as well as obesity and insulin resistance up to the 

third generation in the absence of any further exposure to HFD. This implicates that, the male 



germ line is a major player in transferring these phenotypic traits. These behavioral and 

physiological alterations were paralleled by reduced striatal dopamine levels and increased 

dopamine 2 receptor density. Interestingly, by the third generation a clear gender segregation 

emerged, where females showed addictive-like behaviors while male HFD offspring showed an 

obesogenic phenotype. However, methylome profiling of F1 and F2 sperm revealed no 

significant difference between the offspring groups, suggesting that the sperm methylome may 

not be the major carrier for the transmission of the phenotypes observed in our mouse model. 

Together, our study for the first time demonstrates that maternal HFD exposure causes sustained 

alterations of the mesolimbic dopaminergic system up to third generation and leads to a 

predisposition to develop obesity and addictive like behaviors across generations. 
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Abstract: Our previous studies suggested that high frequency stimulation (HFS) in the 

superficial layers of the rat medial prefrontal cortex (mPFC) typically induces long-term 

depression (LTD) in the deep layer mPFC. This LTD relies on intact GABAA receptor function 

and only occurs in adult rats (≥ 65 days old). Here, we investigated the potential role of 

dopamine receptors in the ontogeny of this LTD, the effects of amphetamine (AMPH) exposure 

on the expression of this LTD in adulthood, and the association between AMPH effects on 

synaptic plasticity and cognition in a behavioral flexibility task. In experiment 1, naïve male 

Sprague Dawley rats were sacrificed during peri-adolescence [postnatal day (P) 35 to P65] or 

young adulthood (P65 to P75 and P90+) for in vitro brain slice field potential recordings. We 

investigated the effect of D1 and D2 antagonists on HFS-induced LTD and the effect of D1 and 

D2 agonists on the field potential. We found that both antagonists blocked HFS-induced LTD 

and the emergence of this LTD in young adulthood coincided with a functional upregulation in 

both D1 and D2 receptors. In experiment 2, male and female rats were pre-treated with 3 mg/kg 



AMPH or saline (i.p.) every other day from P27 to 45 or P85 to 103. Approximately four weeks 

after the last injection, cognitive flexibility was assessed in a strategy set-shifting paradigm. 

Lastly, HFS-induced plasticity within the mPFC or in the mPFC-nucleus accumbens (NA) 

pathway was measured in vitro 1-7 days after the behavioral assessment. We found that in the 

mPFC, HFS triggered LTD in controls but LTP-like responses in AMPH-exposed rats. In the 

mPFC-NA circuit, HFS was more likely to induce LTP in AMPH-exposed rats vs. controls. 

These effects were more pronounced in adolescent-exposed rats and were associated with a 

greater deficit in strategy set-shifting behavior compared to controls and adult-exposed rats. 

Together, these results demonstrate that dopamine plays an important role in the ontogeny of 

HFS-induced LTD in the mPFC and that adolescent exposure to AMPH disrupts its development 

and is associated with deficits in behavioral flexibility. 
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Abstract: Drug users who are female and begin their use during adolescence often suffer greater 

consequences than male and adult-onset users. Although some studies using rodent models 

suggest that sex and age-of-onset are factors that confer increased vulnerability to problem drug 

use and its associated consequences on cognitive functioning, there has been limited research 

investigating these potential vulnerability factors in combination. We recently published studies 

showing rats that acquired methamphetamine (METH) self-administration (SA) under limited-

access conditions displayed stable METH intake that did not differ by sex or age-of-onset. In 

subsequent tests of strategy-shifting, we found drug-induced deficits in adolescent-onset females 

only. Here, we sought to extend these findings by using a long access (LgA) paradigm for SA 

that has been shown previously to encourage escalation of intake over time, which is a common 

drug-taking pattern in human abusers. Sprague-Dawley rats of both sexes were implanted with 

an indwelling jugular catheter on postnatal day (P) 32 or P82 for adolescent- and adult-onset 



groups, respectively. Starting on P41 or P91, rats were allowed 7 daily METH SA sessions under 

short access (ShA) conditions (2 h duration); this was followed by 14 daily LgA (6 h) sessions. 

After 7 days of abstinence, novel object (OR) or object-in-place (OiP) recognition was assessed. 

After an additional 7 days, rats were tested on the cognitive task they did not perform at the first 

assessment. We found that during LgA sessions, adolescent-onset rats escalated METH intake 

more rapidly than adult-onset rats, with adolescent-onset females earning the most infusions. 

Adolescent-onset rats exhibited modest deficits in OiP compared to adult-onset rats, but there 

was no sex difference in this effect and no groups differed in OR. Our findings in rats suggest 

that age-of-onset and sex may confer additive vulnerability to problematic patterns of drug-

taking, but not drug-induced cognitive dysfunction, that may contribute to the worse outcomes of 

drug use in these populations. 
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Abstract: Classical cannabinoids such as ∆9-THC and its analogs display potent analgesic 

effects that are CB1 receptor (CB1R) mediated. However, they are also known to produce rapid 

tolerance along with dependence. Here we report the in vivo pharmacological properties of a 

novel short-acting CB1R agonist, AM7438, as a controlled deactivation compound displaying 

improved efficacy and safety profiles. In this study we show that AM7438 is a novel short-acting 

cannabinoid with potent analgesic properties, and diminished in-vivo tolerance and dependence 

profiles compared to its long acting congener, ∆8-THC-DMH, a classical cannabinoid. We 

determined the potency and duration of action of AM7438 and ∆8-THC-DMH using the tail-flick 

latency analgesia assay in male CD-1 mice. The corresponding ED50 values (in mg/kg with 95% 

CI) were 0.21 (0.1692, 0.2767) for AM7438 and 2.2 (0.614, 3.053) for ∆8-THC-DMH.. Onset of 



effects for ∆8-THC-DMH was slow with an extended time-course; with functional, perpetual in -

vivo half-life of 17 hours. AM7438 had a quick onset of effect and short duration of action; with 

functional perpetual in vivo half-life of 5 hours. We also evaluated the tolerance profiles of 

AM7438 and ∆8-THC-DMH in male CD-1 mice using the tail-flick analgesia and hypothermia 

assays. Animals when administered with ∆8-THC-DMH (10mg/kg) chronically over 6 days, 

developed tolerance rapidly as seen in both assays. Beginning day-2, ∆8-THC-DMH produced no 

hypothermic or analgesic effects while AM7438 (1mg/kg) continued to produce significant 

analgesic effects and hypothermic effects until day-5 with a relatively slower onset of tolerance. 

Additionally, we looked at CB1R antagonist (rimonabant) precipitated withdrawal by measuring 

head-shakes and paw tremors in mice treated chronically with either AM7438 (1mg/kg) or ∆8-

THC-DMH (10mg/kg). Notably, mice treated with the short-acting CB1R agonist AM7438 over 

6 days displayed reduced rimonabant-precipitated withdrawal symptoms as compared to animals 

treated with ∆8-THC-DMH. Based on these data, we propose that controlled deactivation 

cannabinoids represented by one of our lead compounds AM7438, may act as promising 

pharmacotherapies for treating pain without producing tolerance or dependence. 
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Abstract: Problematic substance use poses a huge social and economic burden globally. 

Numerous imaging studies of SUDs to date have demonstrated MR volumetric alterations 

common across various substances of abuse. However, gross volumetric measures are unable to 



capture more localized subcortical differences that may either be generalizable across SUDs, or 

substance-specific. We quantified and examined subcortical shape variability across SUD groups 

(alcohol, nicotine, cocaine, meth, or cannabis) and controls, in a large multinational dataset from 

the ENIGMA Addiction working group. T1-weighted images from 1628 controls and 2277 

individuals with SUD across 34 imaging sites were processed with FreeSurfer 5.3. The 

segmented subcortical structures were then transformed to a mesh surface and reviewed for 

quality using a standardized protocol. Two vertex-level metrics - (i) the radial distance (RD) of 

structure surface from a medial curve, and (ii) the log of the Jacobian determinant (JD), that 

respectively describe (i) local thickness and (ii) surface area dilation/contraction, were then 

extracted for all subcortical regions. Mega-analyses were performed on measures of RD and JD, 

to test for the main effect of SUD, controlling for subject age, sex, intracranial volume, and 

imaging site. All outputs were corrected using a regional searchlight false discovery rate (FDR) 

method at q=.005. We found widespread differences across subcortical structures in SUDs 

relative to controls, driven primarily by users with an alcohol use disorder (AUD). AUD was 

associated with localized lower RD and JD across most structures (Fig. 1). Given the 

confounding influence of smoking status across both SUDs and controls, subcortical 

morphometry was further examined across a subset of NUD subjects (n = 565), others SUDs 

with nicotine use (n = 734), and non-smoking controls (n = 1001). NUD was associated with a 

greater RD and JD relative to non-smoking controls in multiple regions, particularly the bilateral 

hippocampus and left accumbens, reflecting substance-specific effects on subcortical structures. 
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Abstract: Heroin, nicotine, cocaine, and MDMA are abused by billions of people. They are 

believed to target midbrain dopamine neurons and/or serotonin neurons, but their effects on the 

dynamic neuronal activity remain unclear in behaving states. By combining cell type-specific 

fiber photometry of Ca2+ signals and intravenous drug infusion, here we show that these four 

drugs of abuse profoundly modulate the activity of mouse midbrain dopamine neurons and 

serotonin neurons with distinct potency and kinetics. Heroin strongly activates dopamine 

neurons, and only excites serotonin neurons at higher doses. Nicotine activates dopamine 

neurons in merely a few seconds, but produces minimal effects on serotonin neurons. Cocaine 

and MDMA cause long-lasting suppression of both dopamine neurons and serotonin neurons 

although MDMA inhibits serotonin neurons more profoundly. Moreover, these inhibitory effects 

are mediated through the activity of dopamine and serotonin autoreceptors. These results suggest 

the responses of dopamine neurons and those of serotonin neurons are more closely associated 

with drug reinforcing property and drug euphorigenic property, respectively. We envision that 

this methodology will facilitate further in-vivo interrogation of neural dynamics using animal 

models of drug addiction. 
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Abstract: Intentional solvent exposure constitutes a serious worldwide health problem which 

mainly affects children and adolescents. Volatile organic solvents, such as xylene (XYL), share 

effects with central nervous system depressants and are commonly inhaled to produce an altered 

state of consciousness. Volatile solvents may potentiate the activity of GABAA receptors, as well 

as benzodiazepines, such as diazepam (DZP), producing an anticonvulsant effect. On the other 

hand, pentylenetetrazole (PTZ) is a chemical convulsant and acts as a GABAA receptor 

antagonist, inhibiting GABAA-induced Cl- currents. However, the effect of co-administration of 

XYL and DZP on PTZ-induced convulsions is not known. The purpose of this study was to 

analyze the effect of co-administration of sub-effective doses of XYL and DZP on PTZ-induced 

seizures. Male Wistar rats were i.p. injected with either PTZ (50 mg/kg) or PTZ and DZP (0.3 

mg/kg), placed in a static exposure chamber and observed for 30 min during air or XYL 

exposure (1000 ppm). The parameters registered were the percentage of animals that presented 

tonic-clonic seizures, the number of clonic and tonic-clonic seizures, as well as the latencies to 

these responses. The results showed that exposure to XYL (1000 ppm) produced a tendency to 

protect against seizures produced by PTZ. In contrast, DZP (0.3 mg/kg) was not able to 

significantly protect against seizures. On the other hand, the combination of XYL + DZP had a 

greater protective effect against PTZ-induced convulsions. In conclusion, these results suggest 

that XYL and DZP co-administration produces a potentiation of anticonvulsant effect and that 

this effect could be mediated through GABAA receptors. 
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Abstract: Inhalants continue to be one of the most prevalent, and often first drugs abused by 

adolescents. Toluene, an archetypal inhalant, affects the function of neurons within key brain 

reward circuits including the prefrontal cortex, ventral tegmental area, and nucleus accumbens 

similar to other drugs of abuse. However, preclinical models used to study these toluene-induced 

adaptations employ passive exposure paradigms that do not mimic human abuse patterns. To 

address this shortcoming, we developed a self-administration paradigm (TOL-SA) and coupled 

this with whole-cell slice electrophysiology to examine changes in neuronal function in animals 

voluntarily administering toluene vapor. A custom-built self-administration apparatus containing 

active and inactive nose-pokes, flow-through vaporizers, and solenoid valves controlled by Med-

Associates software was used to train adolescent (~P28) male rats to nose poke for toluene 

vapor. Rats were first conditioned to low levels of toluene vapor delivered non-contingently for 2 

weeks prior to TOL-SA training. They were then allowed to nose poke for 15-second infusions 

(which also served as a time-out period) of toluene vapor (~750 ppm) using a fixed ratio 1 (FR1) 

schedule during 1-hour sessions. After 3 weeks of TOL-SA, slices containing the nucleus 

accumbens (NAc) were prepared and current-evoked spiking was measured in medium spiny 

neurons (MSNs) in the NAc core (NAcc). A second group of rats went through the TOL-SA 

paradigm followed by a 45-day withdrawal (WD) and an additional week of toluene vapor self-

administration. Rats quickly learned to self-administer toluene vapor and received an average of 

10.5 vapor infusions during each hour-long session. This increased to approximately 13.5 

infusions in rats that experienced a 45-day WD. These rats also exhibited significantly more nose 

pokes throughout the 15-second infusion during reinstatement than during the initial 3 weeks of 

TOL-SA training. Across all animals, NAcc MSN firing did not correlate with lifetime toluene 

exposure. However, spike firing was enhanced in rats that underwent withdrawal and 

reinstatement of TOL-SA. This is the first study to demonstrate self-administration of toluene 



vapor in rats and the findings suggest that adaptations in the NAcc may contribute to the 

development of toluene dependence in adolescents similar to other drugs of abuse. 
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Abstract: Methamphetamine (METH) is a highly addictive psychostimulant. Cognitive deficits 

are apparent in individuals with a history of METH abuse, and targeting cognitive function may 

be an efficacious approach to managing METH abuse and addiction. However, in order to 

develop a successful treatment for METH abuse, the consequences of METH-induced 

neurotoxicity must be better understood. METH exposure is known to be associated with damage 

to central monoamine systems, particularly dopamine signaling. Rodent models of such damage 

have revealed a decrease in the amplitude of phasic dopamine signaling and significant striatal 

dysfunction, including changes in molecular, systems, and behavioral functions of the striatum. 

Importantly, phasic dopamine signaling activates dopamine D1 receptors, which are involved in 

striatal synaptic plasticity, particularly long-term potentiation in D1 receptor-expressing striatal 

medium spiny neurons. We therefore hypothesize that METH-induced dopamine neurotoxicity 

will diminish D1 receptor-dependent striatal plasticity in mice. To test this hypothesis, mice were 

treated with a binge regimen of METH to induce neurotoxicity. This binge regimen (4 x 10 

mg/kg d,l-methamphetamine, s.c.) provides a reliable rodent model that recapitulates all of the 

known METH-induced neurotoxic effects observed in humans, including dopamine toxicity. 

Three weeks later, plasticity was tested using white matter high frequency stimulation (HFS) and 

striatal field recordings in coronal slices. While analysis is ongoing, we expect that HFS will 

result in long-term potentiation (LTP) in the dorsomedial striatum of control mice. However, we 

expect this LTP will be diminished in mice with METH-induced neurotoxicity, due to a METH-

induced disruption in phasic dopamine and consequently, D1 receptor signaling. Furthermore, 



we expect that HFS will result in long-term depression (LTD) in the dorsolateral striatum of both 

control mice and mice with METH-induced neurotoxicity, as this form of plasticity is not 

dependent on D1 receptor signaling. 
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Title: Chronic clobenzorex administration induce damage in motor activity and glial reactivity in 

striatum of rats 
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Abstract: Clobenzorex (CLBX) it´s an amphetamine-like compound widely used in the 

treatment of obesity. Long-term use of amphetamines can cause the loss of dopamine neurons in 

the nigrostriatal pathway and result in motor impairment. The neurotoxic mechanisms of 

amphetamines induce a neuroinflammatory response. This neuroinflammation is marked by 

reactive microglia and astrocytes, characterized by the overexpression of Iba1 and GFAP, 

respectively. However, the effect of CLBX on motor behavior and neuroinflammatory response 

is not known. The aim of this study was to evaluate the effect of chronic administration of CLBX 

on the motor behavior and the reactivity of astrocytes and microglia in the striatum. Twenty four 

Male Wistar rats (380-450 g) were used. Three experimental groups were formed; vehicle (SSI), 

amphetamine (AMPH; 2 mg/kg) and CLBX (30 mg/kg). All experimental groups received oral 

administration every 24 hours, for thirty-one days. Motor activity in open field test (Columbus 

Instruments, Columbus Oh.) was evaluated on day 2, 10, 20 and 30. Motor coordination was 

measured in the beam-walking test on day 3, 11, 21 and 31. All the motor behavior tests were 

evaluated before the drugs administration. The brains were obtained to assess the 

immunoreactivity of both GFAP and Iba1 in the striatum. The results show that chronic 

administration of AMPH or CLBX doesn´t impair motor coordination, evaluated in the beam-

walking test. However, AMPH administration decreased motor activity on day 10 (32%), 20 



(31%) and 30 (41%). CLBX administration decreased motor activity on day 20 (35%) and 30 

(31%). Finally, we observe that AMPH administration increase the immunoreactivity of GFAP 

(162%) and Iba1 (72%) in dorsal striatum. CLBX administration also increase the 

immunoreactivity of GFAP (300%) and Iba1 (117%) in dorsal striatum. In summary, the chronic 

administration of clobenzorex damage motor activity, but not motor coordination, and induce a 

neuroinflammatory response in striatum in a similar manner that amphetamine. These results 

suggest that clobenzorex is a neurotoxic amphetamine-like drug that affects nigrostriatal 

pathway. 
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Abstract: Drug addiction is considered one of the most common and dangerous health, social, 

and economic problems in Saudi Arabia and worldwide. This disorder is expanding in trend 

especially among young population. It has been reported that some drugs have been consumed 

illicitly, because they are easily available, relatively inexpensive and they can be used without 

prohibition. Noteworthy, Pregabalin is one of the recent drugs that has been found to be abused 

by young population in Saudi Arabia and worldwide. In this study, we examined the hypothesis 

that pregabalin has an abuse potential; different doses were tested using conditioned place 

preference (CPP) paradigm to assess pregabalin-seeking like behavior. Male BALB/c mice were 

separated into three groups; the first group was given vehicle (1ml/kg/day, i.p.) for 8 days during 

the acquisition phase. The second group received four i.p. injections of pregabalin (30mg/kg) 

every other day during the acquisition phase. The third group received four injections of 

pregabalin (60mg/kg, i.p.) every other day during the acquisition phase. The dose of 30mg/kg did 

not significantly change the time spent in drug-paired chamber as compared to the vehicle-paired 

chamber. Nonetheless, the time spent in drug-paired chamber as compared to the vehicle-paired 

chamber was significantly increased in animal treated with (60mg/kg) of pregabalin. These 

results demonstrated for the first time the abuse potential of pregablin in animal model of drug 

addiction. 
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Abstract: Preclinical studies in rodent models of opioid addiction are commonly used to 

characterize long-term effects on brain function. However, understanding the effects opioid 

agonists on cortical circuit activity may better elucidate the functional impact of opioids. Chronic 

opioid exposure and withdrawal has been shown to produce dynamic changes in oscillatory 

activity in brain areas central to the pathophysiology of drug addiction. Therefore, it is important 

to understand whether these dynamic changes can be observed in skull-level EEG recordings, 

which hold greater translational potential to clinical EEG studies. As such, we characterized the 

effects of chronic fentanyl exposure, withdrawal and abstinence on cortical EEG patterns. 

Fentanyl-treated rats exhibited significant physical dependence, as evidenced by transient weight 

loss and somatic phenotypes during withdrawal. Cortical EEG dynamics displayed distinct 

oscillatory signatures that varied according to the phase of fentanyl exposure or withdrawal. 

Fentanyl exposure caused a transient increase in delta (1-4Hz) and alpha (8-12Hz) power, and a 

transient decrease in gamma (30-80Hz) power. In contrast, spontaneous withdrawal was 

characterized by acute, transient increases in multiple frequency bands. Interestingly, alpha 

power remained increased above baseline levels during the subsequent three weeks of 

abstinence. These results demonstrate the profound impact of fentanyl on cortical circuit 

function. Normalization of opioid-induced changes in oscillatory dynamics, and subsequent 

rebound during withdrawal suggests the engagement of allostatic mechanisms that may 

compensate for the persistent activation of mu-opioid receptors. The persistent elevation of alpha 

power during protracted abstinence suggests that chronic fentanyl exposure has a long-term 

impact on cortical circuitry. 
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Title: Greater anhedonia during withdrawal from acute opioid exposure is associated with 

greater sensation-seeking in rats 
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Abstract: Greater sensitivity to the acute agonist effects of opioids and other addictive drugs has 

been associated with greater sensation-seeking in both humans and animals. However, the 

relationship between sensitivity to withdrawal from acute drug exposure and sensation-seeking 

has not been studied. The current study evaluated the relationship between morphine withdrawal-

induced anhedonia and sensation-seeking in rats. Rats were first tested for withdrawal sensitivity 

as measured by elevations in intracranial self-stimulation (ICSS) thresholds during both 

antagonist (naloxone)-precipitated and spontaneous withdrawal from acute morphine exposure 

(5.6 mg/kg, s.c.). After recovery from drug effects, rats were tested for sensation seeking as 

measured by spontaneous locomotor activity in a novel environment. Peak and average ICSS 

thresholds during both naloxone-precipitated and spontaneous withdrawal were positively 

correlated with distance traveled during locomotor testing (all r > 0.37, all p < 0.05). These 

results indicate that higher sensitivity to the anhedonic component of withdrawal from acute 

opioid exposure is related to higher sensation-seeking, consistent with previous evidence linking 

sensitivity to the acute agonist effects of drugs to sensation-seeking. Further work with this 

model could help identify common neurobiological pathways or genetic factors underlying 

vulnerability to addiction and comorbid mental disorders associated with sensation seeking (e.g,, 

manic depression). 
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Abstract: Inhalants, such as toluene, are one of the most commonly reported drugs of abuse 

among early adolescents. Drug use during adolescence can have lasting neurobiological and 

neurobehavioral consequences including impaired decision-making, increased risk taking and 

increased drug use. Despite toluene’s potent CNS depressant effects, there is a dearth of 

systematic investigations on what effect binge-toluene exposure during adolescence may have on 

the effect of other drugs of abuse later in life. This study exposed adolescent male Swiss-Webster 

mice (N=364) during postnatal days (PND) 28-32 to 0, 2000, or 4000 parts per million (ppm) of 

toluene vapor for 30 min/day using a static exposure chamber. These mice then had their 

locomotor activity recorded during cumulative dosing of ethanol (0, 0.5, 1, 2, 4 g/kg), cocaine (0, 

2.5, 5, 10, 20 mg/kg) or saline (5 control injections) at one of two time points (PND 36 or PND 

44). Results demonstrated that repeated toluene exposure dose-dependently increased locomotor 

behavior with repeated exposure to 4000 ppm producing sensitization and increasing locomotor 

activity across all 5-exposure sessions. When later challenged with other drugs, previous toluene 

exposure resulted in decreased activity (characterized as desensitization) to higher cocaine doses 

(10 and 20 mg/kg). Mice previously exposed to 4000 ppm and later challenged with ethanol 

showed a downward shift in locomotor activity at 4 g/kg as compared to air-exposed mice. These 

results are in agreement with the thesis that toluene exposure during adolescence, especially in 

“binge-like” patterns, can alter the effects of drugs of abuse later in life. This difference in drug 

effect may impact the propensity for drug use and addiction and increase the risk of later drug-

related disorders. 
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Title: Chronic treatment does not cause tolerance to diazepam’s effect of reducing dopamine 

release induced by amphetamine 

Authors: *J. Y. ESAKI1, C. DA CUNHA2 
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Abstract: Most drugs of abuse increase dopamine release in the nucleus accumbens. However, 

we have recently shown that an acute injection of the addictive drug diazepam not only causes 

the opposite effect, but also prevents amphetamine from increasing dopamine release in the 

nucleus accumbens of mice. The aim of the present study is to test whether rats develop 

tolerance to this effect. We used subsecond fast-scan cyclic voltammetry recordings at carbon-

fiber microelectrodes to measure phasic release of dopamine in the nucleus accumbens evoked 

by electrical stimulation of the ventral tegmental area in urethane-anesthetized adult male Wistar 

rats. We observed that both acute and chronic administration of 2 mg/kg diazepam injected 

intraperitoneally once a day for 15 days decreased dopamine release and prevented the increase 

of dopamine induced by a single intraperitoneal injection 5 mg/kg amphetamine administered 30 

min before the last dose of diazepam. Control groups received vehicle instead of diazepam and 

saline instead of amphetamine, which did not affect electrically evoked dopamine release. 

Neither the diazepam nor the amphetamine vehicles affected electrically evoked dopamine 

release. These results show that a chronic administration of diazepam does not cause tolerance to 

the attenuation it causes in dopamine release induced by stimulant drugs. This finding presents a 

promising use of diazepam as a treatment for substance abuse disorder. 
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Abstract: Drug naïve animals given a single dose of ethanol show changed responses to 

subsequent doses, including the development of ethanol tolerance and ethanol preference. These 

simple forms of behavioral plasticity are due in part to changes in gene expression and neuronal 

properties. Surprisingly little is known about how ethanol initiates changes in gene expression or 

what the changes do. Here we demonstrate a role in ethanol plasticity for Hr38, the sole 

Drosophila homolog of the mammalian Nr4a1/2/3 class of immediate early response 

transcription factors. Acute ethanol exposure induces transient expression of Hr38 and other 

immediate early neuronal activity genes. Ethanol activates the Mef2 transcriptional activator to 

induce Hr38, and the Sirt1 histone/protein deacetylase is required to terminate Hr38 induction. 

Loss of Hr38 decreases ethanol tolerance and causes precocious but short-lasting ethanol 

preference. Similarly, reduced Mef2 activity in all neurons or specifically in the mushroom body 

α/β neurons decreases ethanol tolerance; Sirt1 promotes ethanol tolerance in these same neurons. 

Genetically decreasing Hr38 expression levels in Sirt1 null mutants restores ethanol tolerance, 

demonstrating that both induction and termination of Hr38 expression are important for 

behavioral plasticity to proceed. These data demonstrate that Hr38 functions as an immediate 

early transcription factor that promotes ethanol behavioral plasticity. 
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Abstract: The negative affective states elicited during smoking abstinence are more intense in 

women than men, and the intensity of the withdrawal syndrome varies with peak levels of 

estradiol and progesterone. The present study compared sex differences and the role of ovarian 

hormones in the physical signs and negative affective states produced by nicotine withdrawal in 

female, ovariectomized (OVX) female, and male rats. We also assessed whether the magnitude 

of the behavioral effects of nicotine withdrawal was associated with peak levels of estradiol and 

progesterone. Briefly, female rats received either a sham or OVX surgery and 15 days later, all 

rats were implanted with an osmotic pump that delivered nicotine for 14 days. On the test day, 

separate groups received vehicle or a non-selective nicotinic receptor antagonist 

(mecamylamine) to precipitate withdrawal. Rats were then given a series of behavioral tests 

including the physical signs of withdrawal and 2 tests of anxiety-like behavior, including the 

elevated plus maze (EPM) and light/dark transfer (LDT) tests. After testing, trunk blood was 

collected and analyzed for plasma levels of the stress hormone, corticosterone and the ovarian 

hormones, estradiol and progesterone. Female rats also received vaginal lavage procedures to 

verify the phase of the estrous cycle on the test day. Our results revealed that nicotine withdrawal 

produced similar physical signs of withdrawal across all groups of rats. However, female rats 

displayed greater anxiety-like behavior in both the EPM and LDT tests and greater plasma levels 

of corticosterone during withdrawal as compared to OVX female and male rats. Interestingly, the 

magnitude of anxiety-like behavior in female rats was greater in rats that displayed lower 

progesterone and higher estradiol levels. In conclusion, these data suggest that female rats 

display intense negative affective states during nicotine withdrawal, and this effect was stronger 

during phases of the estrous cycle when progesterone levels are relatively low and estradiol 

levels are high. 
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Abstract: Tobacco use leads to 6 million deaths every year due to severe long lasting diseases. 

Alleviating tobacco dependence is therefore a major public health concern. While the main 

component of tobacco, nicotine, is recognized as one of the most addictive drugs, available 

therapies for smoking cessation have limited efficacy. This warrants the need for developing 

better therapeutic strategies, which depend on understanding the mechanisms that underlie 

tobacco dependence. 

Clinical and preclinical studies have demonstrated consistently that nicotine seeking is a complex 

behaviour controlled by complex interactions between nicotine and environmental cues 

associated to nicotine delivery. In particular, nicotine-associated cues can promote nicotine 

seeking due to their Pavlovian association with the primary reinforcing effects of nicotine. 

Nicotine can also enhance the reinforcing value of stimuli that are already reinforcing. 

Importantly, there is evidence that individuals may be differently responsive to these nicotine-

cue interactions, and this could explain the differences in smoking behavior, withdrawal 

symptoms, relapse timing and success to a quit attempt reported in the literature. Clinical studies 

suggest that the speed of nicotine metabolism may be a possible contributor to these nicotine-cue 

interactions. However, the exploration of the psychopharmacological mechanisms behind these 

individual differences in nicotine-cue interactions remains largely ignored. 

Here, using an intravenous nicotine self-administration paradigm in rats (n=59), we have 

evidenced subpopulations of individuals with distinct contributions of nicotine-cue interactions 

that drive their nicotine seeking. Rats were trained to self-administer nicotine paired with a 

discrete cue light, and then tested for nicotine seeking when (a) the cue was omitted during one 

session [cue-omission], (b) the dose was reduced by 50%, and (c) when the cue was omitted at 

this lower dose. In the first subgroup (n=22), cue-omission effects appear dose-independent, and 

appear predicted by the speed of nicotine metabolism. In the second subgroup (n=24), cue-

omission effects are strongly dose-dependent, with no association with nicotine metabolism. In 

the third subgroup (n=13), the contributions of cue and nicotine appear additive, with no 

association with nicotine metabolism. Altogether, this data supports that different 

psychopharmacological mechanisms at the intersection between nicotine and surrounding cues 

might support nicotine self-administration at the individual level. 
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Abstract: Tobacco use is the leading cause of preventable death in the United States and relapse 

rates remain extremely high. Aversive symptoms during withdrawal, including increased anxiety 

and anhedonia, are associated with a decline in successful quit attempts and increased risk of 

relapse. In humans, stimulants such as caffeine potentiate the aversive symptoms of withdrawal 

and caffeine precipitates reinstatement to nicotine, the primary psychoactive component in 

tobacco, in rats. However, the acute and chronic effects of caffeine on the anxiolytic and 

cognitive effects induced by nicotine withdrawal are relatively unknown. This study examined 

the effects of caffeine on aversive symptoms of nicotine withdrawal. Male Sprague-Dawley rats 

(n=8 per group) received nicotine (0.2 or 0.4 mg/kg) or saline daily via subcutaneous injections 

for two weeks. The acute and chronic effects of nicotine on anxiety were measured during the 

initial treatment phase to replicate the commonly found biphasic effect of nicotine on elevated 

plus maze responding. Nicotine treatment was stopped and caffeine (20 mg/kg) or saline was 

given for an additional two weeks, during which the impact of caffeine on anxiety (e.g. time 

spent in open and closed arms in an elevated plus maze) and memory deficits (e.g. errors in a 

radial arm maze) were examined. Additionally, somatic and anorectic effects of nicotine were 

compared between caffeine and saline groups. Both nicotine treatment and nicotine withdrawal 

altered elevated plus maze responding. Caffeine affected aversive symptoms of nicotine 

withdrawal, suggesting that co-use of stimulants may play a role in tobacco relapse. 

Disclosures: N. Swalve: None. E. Bierlein: None. S. Sowa: None. M. Yoder: None. 



Poster 

236. Addictive Drugs: Reward Mechanisms, Tolerance, Dependence, and Toxicity 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 236.17/XX5 

Topic: G.08. Drugs of Abuse and Addiction 

Support: DA036691 

 DA041839 
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intake in rats 
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Abstract: Smoking is the leading cause of preventable illness in the world with tobacco use 

killing 6 million people per year. Novel pharmacokinetic approaches to prevent nicotine from 

reaching the brain have been tested using vaccines, but such efforts have failed because antibody 

affinity and concentration are not sufficient to completely prevent nicotine from reaching the 

brain. In this study, we provide preclinical evidence of the efficacy of an enzymatic approach to 

reverse nicotine dependence, reduce compulsive-like nicotine intake, and prevent relapse in rats 

with a history of nicotine dependence. Animals were trained for 12 consecutive days to self-

administer nicotine (0.03 mg/kg/injection) for 21 h daily. Once a robust escalation of nicotine 

intake was established, treatment with NicA2-J1 started. Nicotine blood levels were measured 

and a battery of behavioral experiments was performed. Chronic administration of NicA2-J1, an 

engineered nicotine-degrading enzyme that was originally isolated from P. putida S16, 

completely prevented nicotine from reaching the brain and reversed somatic signs of withdrawal, 

hyperalgesia, and irritability-like behavior in nicotine-dependent rats with a history of escalation 

of nicotine self-administration. NicA2-J1 also decreased compulsive-like nicotine intake, 

reflected by responding despite the adverse consequences of contingent footshocks, and 

prevented nicotine- and stress (yohimbine)-induced relapse. These results demonstrate the 

efficacy of enzymatic therapy in treating nicotine addiction in advanced animal models and 

provide a firm grounding for the development of biological therapies for smoking cessation in 

humans. 
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Abstract: Administration of smoking cessation medications in anticipation of a nominated quit 

date can promote abstinence. How this occurs is not widely understood, but may be due to the 

disruption of contingencies between smoking behaviour and acute drug effects. To explore this 

relationship, we examined the effect of pre-quit nicotine replacement therapy on susceptibility to 

relapse in an animal model of nicotine dependence. Sprague Dawley (n=24) and Long Evans 

(n=32) adult male rats were trained to intravenously self-administer nicotine across 20 days. 

Continuous low-dose nicotine was administered via a mini-osmotic pump either 7 days prior to, 

or at the beginning of, a 6 day extinction training period where nicotine was withheld. Cue- and 

drug-induced reinstatement of responding were then measured with minipumps retained, the day 

after minipump removal or one week later. Prequit nicotine administration markedly reduced 

self-administration across the last days of training as the response-associated cues no longer 

reliably predicted an acute drug effect. Pre-quit, but not post-quit, nicotine administration 

significantly attenuated cue-induced reinstatement once minipumps were removed, indicating 

that the contingency disruption across training reduced the conditioned reinforcing properties of 

the cue at test. Both pre-quit and post-quit nicotine attenuated nicotine-primed reinstatement. No 

significant strain differences were detected at any stage. Together these results suggest that 

administration of a nicotine replacement prior to a nominated quit date may enhance resistance to 

relapse via disruption of the contingency between nicotine and its cues. 

Disclosures: K.J. Clemens: None. S. Ferguson: F. Consulting Fees (e.g., advisory boards); 

GlaxoSmithKline Consumer Healthcare, Chrono Therapeutics, Johnson and Johnson. 
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Abstract: Bupropion and varenicline are the only two non-nicotine pharmacological agents in 

the first-line of approved therapies for smoking cessation. Even with the help of these treatments, 

cessation rates remain marginally low. Preclinical research examining the effects of bupropion or 

varenicline primarily employ grouped subject designs. Current understanding of the effects of 

these drugs on an individual level is virtually unexplored. To start filling this gap, we began 

investigating individual differences in responding to bupropion or varenicline using preclinical 

animal model of drug self-administration. First, we used behavioral economics model to derive 

individual demand for nicotine (0.03 mg/kg/inf). Following acquisition of the demand for 

nicotine, we assessed the effects of bupropion (0, 10, 30, 60 mg/kg) or varenicline (0, 0.1, 1.0, 

3.0 mg/kg) on responding for nicotine reinforcement on a progressive ratio schedule of 

reinforcement. In the next phase, responding for nicotine was extinguished and rats were 

subjected to 3 separate reinstatement tests with nicotine or non-contingent cue presentation as 

triggers. Finally, because both bupropion and varenicline share stimulus effects with nicotine, a 

fourth reinstatement with bupropion or varenicline was conducted. Our results show that both 

bupropion and varenicline dose-dependently attenuated responding for nicotine, and this 

responding varied according to individual demand for nicotine. Specifically, rats with higher 

demand for nicotine showed greater decreases in responding for nicotine following pretreatment 

with bupropion or varenicline. Furthermore, rats with higher demand for nicotine showed higher 

magnitude of initial reinstatement triggered by nicotine and final reinstatement triggered by 

bupropion. Our results suggest that responding to pharmacological cessation treatments may 

differ from individual to individual and that understanding these effects may be critical for the 

development of more efficacious treatment strategies. 
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Abstract: Tobacco addiction is a chronic and relapsing disorder with an important genetic 

component that represents a major public health issue. Meta-analysis of large-scale human 

genome-wide association studies (GWAS) identified a frequent non-synonymous single 

nucleotide polymorphism in the gene coding for the α5 subunit of nicotinic acetylcholine 

receptors (α5SNP), which significantly increases the risk for tobacco dependence. To dissect the 

neuronal mechanisms underlying vulnerability to nicotine, we created rats expressing this 

polymorphism using Zinc Finger Nuclease technology. α5SNP rats self-administered more 

nicotine at high doses and exhibited higher nicotine-induced reinstatement of nicotine seeking 

than wild-type animals. Higher reinstatement was associated with altered neuronal activity in 

several discrete areas that are interconnected, including in the interpeduncular nucleus, a 

GABAergic structure that strongly expresses α5-containing nicotinic receptors. Our results 

suggest that the α5SNP increases the risk for reinstatement of nicotine seeking by disinhibiting a 

neuronal network involved in relapse. 

Disclosures: U. Maskos: None. M. Besson: None. S. Pons: None. P. Scholze: None. C. Morel: 
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Abstract: Neurobehavioral bases of tobacco addiction and nicotine reinforcement is complex, 

involving more than just nicotinic cholinergic or dopaminergic systems. A variety of neural 

systems are involved in tobacco addiction. This presents the opportunity for development of a 

variety of pharmacological approaches to aid smoking cessation. The current studies investigated 

the potential role of NMDA glutamate receptors in nicotine reinforcement, Memantine is an 

NMDA glutamate antagonist used to improve cognitive function in people with Alzheimer’s 

disease. Glutamate may be an important component of the reinforcing effects of nicotine. Two 

studies were conducted, one testing acute effects of memantine over a range of doses for 

changing nicotine self-administration and the other testing the chronic effects of memantine over 

a series of sessions. Acute memantine injections slightly, but significantly, increased nicotine 

self-administration in a dose-related manner. In contrast, chronic memantine treatment 

significantly reduced nicotine self-administration. During the first week of the chronic treatment, 

memantine-treated rats did not show any significant effect vs. controls. Starting in the second 

week of the chronic treatment there was a significant reduction of nicotine self-administration 

relative to controls. This was seen because memantine treatment prevented the increase in 

nicotine self-administration shown by controls with continued access. This memantine-induced 

reduced nicotine self-administration continued during the resumption of nicotine access after a 

week of enforced abstinence. There even continued to be a memantine-induced lowered nicotine 

self-administration during the week after the cessation of treatment. While acute memantine 

modestly increased nicotine self-administration, possibly due to short-term behavioral 

compensation to diminished reinforcement, chronic memantine significantly reduced nicotine 

self-administration over the longer term. Memantine or other drugs affecting NMDA glutamate 

receptors may be useful aids to smoking cessation. Full efficacy was seen as the NMDA drug 

treatment was given chronically. This research was funded by NIDA P50 Center grant 

DA027840. 
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Abstract: Alcohol (ethanol) is one of the most consumed substances in the world, its abuse has 

become in a public health problem (WHO, 2014). Ethanol is a central nervous system 

depressant; its prolonged use develops addictive disorders and toxicity (Liang and Olsen, 2014). 

This drug is capable to cross the blood brain barrier; it is the cause of characteristic effects of 

alcohol such as cognitive and neuronal impairments when there is a long-term consumption 

(Estruch, 2002). Several studies indicate that chronic alcohol consumption induces oxidative 

stress and inflammatory response in the brain, resulting in neurodegeneration. Recently, an 

alternative compound has been suggested to reduce the neurotoxicity that induces alcohol 

consumption, being the antioxidant molecules the most promise for this problem. Resveratrol 

(RSV) (trans-3, 5, 4´- trihydroxystilbene) is a polyphenol present in approximately 31 genera of 

plants such as grapes. It has antioxidant (Gonthier et al., 2012), anti-inflammatory and anti-

carcinogenic (Signorelli et al., 2005; Fukui et al., 2010) properties. Currently, the action 

mechanism of RSV is not well established. Previous reports of our group showed that this 

polyphenol can to promote an increase in dendritic morphology and spine density of the 

hippocampus and cortex neurons of aged rats (Hernández-Hernández et al., 2016). This study 

attempts to evaluate the effect of chronic RSV treatment (20mg/kg/day for 30 days) on memory 

and neuronal morphology changes induced by alcohol in rats. The memory was evaluated with 

the novel object recognition test; the Golgi-Cox staining method was used to evaluate neuronal 

morphology in the hippocampus. Memory data showed improvement in the short-term memory 

in the alcohol rats treated with RSV. Besides the histological analysis of the hippocampus 

showed that RSV reduce dendritic atrophy induces by chronic alcohol consumption. Our results 

suggest that RSV reverses memory deficits by stimulation of neuronal plasticity in the 

hippocampus of these animals (Supported by: CONACyT grants (No. 338275) to C R Mendoza-

Pérez). 
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Abstract: Aims: Methylenedioxypyrovalerone (MDPV), one of the most widely available 

synthetic cathinones (bath salts), has surfaced as a popular alternative to other amphetamine 

analogs such as methamphetamine (METH). In spite of MDPV posing growing neuropsychiatric 

complications, its neuropharmacological profile is dramatically less explored, comparing to 

classic amphetamines. This study determined the early behavioral (locomotor and emotional 

phenotype) and glial signature (WB and IHC analysis) of this new psychoactive substance in 

comparison with METH. Methods: Adult male C57BL/6 mice were injected with MDPV or 

METH binge (4x10 mg/Kg, two hours-apart, i.p.) and their striata and frontal cortices were 

analyzed after probing their locomotor and emotional phenotypes at 18-24 h post-injection, time-

window known to encompass the onset of classical amphetamines neurotoxicity. Differences 

between experimental groups (SAL; MDPV; METH, n=8-9) were compared using one-way 

ANOVA followed by Tukey multiple comparisons or Kruskal-Wallis followed by Dunn multiple 

comparisons. Results: MDPV mice showed normal vertical and horizontal locomotor activity in 

the open field. This was paralleld by unchanged emotional parameters as assessed by elevated 

plus maze (anxiety-like behavior), splash test (index of well-being) and tail suspension (despair-

like behavior). Molecular and cellular analysis showed that MDPV did not change glia as gauged 



by normal densities in Iba1 (microglia), GFAP (astrocytes), and MPB (oligodendrocytes). 

Finally, striatal receptor for advanced glycation end-products (RAGE; early responder to 

dopaminergic toxins) density in MDPV mice was not statistically different from control animals. 

In sheer contrast with MDPV, METH decreased general motor activity in mice. This was 

paralleled by a significant striatal TH depletion which was accompanied by changes in microglia 

arborization (Scholl analysis) and astrocytic hypertrophy (increased GFAP labeling), but normal 

MPB density. In spite of glial changes, RAGE levels were not significantly different from 

control animals. Additionally, both MDPV and METH failed to produce frontal-cortex molecular 

and cellular changes at this early time-point. This confirms that the neurotoxic effects of 

amphetamine analogues on different brain regions are time-dependent. Conclusion: This 

comparative study newly highlights that binge MDPV exposure comes without evident 

behavioral and glial changes in regions involved in drug addiction at this early time-point, when 

striatal neurotoxicity is already evident in METH mice. However, neuropharmacological MDPV 

signature needs further profiling. 
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Abstract: Chronic opioid exposure induces long lasting alterations in neurocircuitries, which 

may result in somatic and affective symptoms that make protracted abstinence a challenge to 

sustain in patients. While behavioral changes in affective domain and memory deficits have been 

reported in mice during the protracted abstinence period following opioids exposure, it is unclear 

whether there are other indications of an altered opioid system. To our knowledge, protracted 

opioid abstinence in rats has not been characterized, despite the routine use of rats in addiction 

studies. Furthermore, it is known that mice and rats respond to opioids differently. Current study 

focuses on rats chronically exposed to fentanyl, aims to confirm signs associated with physical 

dependence during the acute withdrawal period, as well as to assess nociception and response to 

opioid system stimulation during the protracted abstinence period. Adult male Sprague-Dawley 



rats were exposed to fentanyl (0.6mg/kg/day, via osmotic minipump) for 2 weeks. Physical 

dependence was measured during the acute withdrawal period. Thermo nociception and 

morphine response in hot plate test were assessed during the protracted abstinence period. 

Experiments were repeated in separate cohorts of animals to confirm the reproducibility of the 

findings. Chronic fentanyl exposure led to a reduced body weight gain. Withdrawal from 

fentanyl induced a significant loss in bodyweight, accompanied by reduced food and water 

intake up to 48 hours after minipump explant. During the protracted abstinence period, fentanyl 

group had a significant reduction in morphine analgesia in hot plate test, compared to vehicle 

group. This change was detectable from week one to week nine post fentanyl withdrawal. These 

results support the hypothesis that chronic exposure to and subsequent withdrawal from opioids 

lead to physical dependence and long-lasting changes in opioid neurocircuitry in rats. 
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Abstract: Recent reports state that opioid overdose takes more than 115 lives every day in the 

United States. Current therapy includes naltrexone, a non-selective antagonist that has shown 

excellent results in clinical trials. However, hepatotoxicity and individual reactions to this 

compound caused a reduction in the number of patients remaining on the treatment. Therefore, it 

is crucial to develop novel, structurally dissimilar, non-selective opioid antagonists to have more 

choices of individualized therapy for patients. Gliotoxin is a fungal metabolite with reported 

anticancer, antibacterial, and antiviral activities, and the ability to suppress the immune system. 

Its toxicity is mainly attributed to the presence of the disulfide bridge. Gliotoxin contains a 

tricyclic system that includes a diketopiperazine ring, a naturally privileged structure known to 

modulate selected G-protein coupled receptors (GPCRs). We hypothesized that removal of the 

disulfide bridge from the gliotoxin structure would yield analogs with the activity such as GPCR 



modulators, specifically at opioid receptors. Here, we report the design, synthesis and biological 

activities of gliotoxin-derived analogs lacking the disulfide bridge. All compounds were 

evaluated for their affinity to major groups of GPCR, using the primary binding assay. The 

secondary binding assay was performed for compounds that showed at least 40% of the 

inhibition of any GPCR. Our results identified several active analogs, where one was able to 

selectively inhibit the µ, δ, and κ-opioid receptor at 97.8% (Ki 262 nM), 97.4% (Ki 148 nM), and 

99.3% (Ki 197 nM), respectively. Next, compounds with significant activity were assessed for 

their ability to cross the blood-brain barrier and induce cytotoxicity (bEnd.3 cells and neurons 

extracted from the mouse). Obtained data confirmed that removal of the disulfide bridge 

abolished gliotoxin-related cytotoxicity in all our analogs at the concentrations ranging from 100 

nM to 100 µM. The blood-brain barrier permeability in-vitro assay (bEnd.3 cell monolayer) 

showed excellent penetration of tested compounds with the permeability coefficient (Papp) higher 

than selected CNS drugs. Finally, we have identified analogs with selective inhibition of opioid 

receptors at the nanomolar range. Because of the known overdose-reversing effect of the opioid 

antagonists, we believe that our analogs have potential for clinical implications in treating this 

condition. We envision that structure-activity-relationship studies of this new class of opioid 

antagonist will lead us to develop novel therapeutics that will significantly decrease the outcome 

of the existing opioid crisis. 
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Abstract: Rationale 

Drug addiction is a chronic neuropsychiatric disorder which is linked to neurobehavioral deficits. 

One of the main problems that drug addicts experience when trying to quit the habit of addiction 

is the adverse neuropsychological and behavioral deficits collectively known as withdrawal 



symptoms. Most prominently, these withdrawal symptoms include depression and impaired 

memory functions. It has been observed that the withdrawal symptoms increase the drug seeking 

behavior and chance of drug relapse with higher probability. Living in a healthy and enriched 

environment has powerful positive effects on physiological and pathological conditions. There 

are compelling data which represent the preventive effects of enriched environment against drug 

addiction. However, its effects on withdrawal symptoms during drug abstinence period are not 

explored so far. This study was, therefore, designed to investigate the effects of enriched 

environment on withdrawal symptoms during drug abstinence in rats. 

Methods 

After acclimation period, 48 rats were divided into four equally numbered groups (n=12) control, 

nicotine (0.6 mg/kg), caffeine (5 mg/kg) and diazepam (1 mg/kg). Addiction was induced in 

standard environment and half rats from each group were then reared in enriched environment 

during drug withdrawal for 21 days. Withdrawal symptoms were evaluated weekly using 

conditioned place preference (CPP) paradigm. Locomotor activity, depression and memory 

function were also monitored during withdrawal period using open field test, force swim test and 

Morris water maze, respectively. 

Results 

Drug injected rats kept in standard environment exhibited significantly increased drug seeking 

behavior, depression-like symptoms and impaired memory function during the time period of 

drug abstinence. Whereas, exposure to physically enriched environmental condition significantly 

reduced withdrawal symptoms in rats as evident by reduced time spent in drug-preferred area in 

CPP. Intensity of depression-like symptoms and impaired memory were also gradually reduced 

in rats kept in physically enriched environment during the exposure of three weeks. 

Conclusions 

Hence, this study highlights the significance of enriched environmental condition to diminish the 

severity of withdrawal symptoms and neurobehavioral deficits which are commonly observed 

during spontaneous withdrawal from addictive drug. It is, therefore, suggested from the present 

study that enriched environment diverts from addiction by providing healthy, intellectual and 

physical stimulation and thus may protect from drug relapse. 
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Abstract: Nicotine has long been viewed as the primary active component in tobacco products 

responsible for their effects on body weight. However, the limited success of nicotine 

replacement therapies to prevent post-cessation weight gain suggests that there may be other 

compounds within tobacco products that facilitate smokers’ reductions in weight gain. The 

nicotine-like compounds, minor tobacco alkaloids (MTA), which are found in low levels in 

tobacco products, may be such compounds. Like nicotine, the MTAs activate nicotinic 

acetylecholine receptors (nAChRs) within the brain, including the nAChR subtypes involved in 

mediating nicotine’s effects on food intake. Their lower potency and affinity for the receptors 

reduces their addictive potential, making them superior candidates for obesity pharmacotherapy. 

Based on this, we hypothesized that chronic MTA administration could prevent weight gain. To 

test this, we administered saline, nicotine (0.5 mg/kg) and 3 minor tobacco alkaloids 

(nornicotine: 6.0 mg/kg; anatabine: 3.0 mg/kg; anabasine: 3.0 mg/kg) to male rats housed in 

indirect calorimetry chambers for seven consecutive days (i.p.; n = 10/group). All drugs reduced 

weight gain and food intake relative to saline. Faster and significantly greater delays in weight 

gain and reductions in fat mass were seen with nornicotine and anatabine, while nicotine and 

anabasine both prevented any additional body weight and fat mass gain. All drugs, except 

anatabine, increased physical activity (PA) on day 1, although only nicotine and nornicotine 

increased PA across the seven days. There was a trend for increases in energy expenditure for all 

drugs tested, although these failed to reach significance. Based on their ability to promote the 

greatest weight loss, nornicotine and anatabine were then further evaluated in a new set of male 

rats. Nornicotine or anatabine was administered bilaterally into the arcuate nucleus (AN) 

(n=8/group; 0.03 - 3.00 ug/ul at a volume of 1uL per side). At the highest dose, anatabine 

directly into the AN reduced food intake and produced increases in cFos expression within this 

area, whereas nornicotine did not have any effect. Combined, these results suggest that 

nornicotine and anatabine are potential pharmacotherapies for treating obesity, and that 

anatabine, but not nornicotine, affects food intake via neurons within the AN. 
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Abstract: A single nucleotide polymorphism of the human fatty acid amide hydrolase (FAAH) 

gene leads to a missense mutation (C385A) that substitutes a proline residue for threonine 

(P129T). Carriers of this mutation are thought to have diminished FAAH influence in brain and 

peripheral lipid metabolism. Clinical studies report an association between the P129T mutation, 

reward-related pathologies and problem drug use. The current study employed a P129T knock-in 

(KI) mouse model to characterize the effects of this SNP on the rewarding effects of nicotine 

using conditioned place preference (CPP), operant intravenous self-administration (IVSA) and in 

vivo microdialysis procedures. For the CPP study, P129T KI and wild-type (WT) mice received 

3 days of drug conditioning with both nicotine (0 - 0.7 mg/kg, sc) and saline injections paired 

with distinct environments in a 3-chamber maze each day. On test day, the mice were allowed to 

explore all chambers of the maze in a drug-free state, and the time spent in the drug-paired 

environment was indexed as a measure of drug reward. In the IVSA studies, the nicotine dose-

effect function (0.05 - 0.25 mg/kg/inf.) was characterized under an FR-1 schedule, followed by 

evaluations of the motivation for nicotine under a progressive ratio (PR) schedule of 

reinforcement. Separate studies examined operant behavior under an extinction/reinstatement 

procedure. The microdialysis study employed a nicotine exposure regimen identical to the CPP 

study, with nucleus accumbens (NAc) microdialysates collected on the third day of drug 

exposure, and subsequently assayed for monoamines. The results revealed genotypic differences 

such that P129T KI mice exhibit enhanced sensitivity to low doses of nicotine reward relative to 

WT in the CPP paradigm. P129T KI mice also acquire nicotine IVSA more quickly, display an 

upward shift in the dose response, and achieve higher breakpoints during the PR probe. Operant 

behavior was rapidly extinguished in WT mice upon saline substitution, although P129T KI mice 

display “burst-like” responding during the first 2 saline substitution sessions that abated by the 

third session. Moreover, P129T KI mice exhibit enhanced nicotine-induced elevations in NAc 

dopamine levels than their WT counterparts. Preliminary findings using a chemo-proteomics 

approach reveal region-specific changes in FAAH activity in areas associated with nicotine 

reinforcement. Collectively, these data suggest that nicotine reward is enhanced in mice 

expressing the P129T mutation. The mechanisms by which genetic disruption of FAAH enhance 

sensitivity to nicotine likely involve dopamine transmission in terminal regions of the 

mesolimbic pathway. 
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Abstract: In addition to acting as a primary reinforcer, nicotine has been shown in many 

nonhuman studies to enhance the incentive value of non-nicotine stimuli conditioned through 

Pavlovian associations. Recently, our lab has examined nicotine’s reward-enhancing effects in 

humans using a novel virtual reality conditioned place preference (CPP) paradigm. 

Using a virtual reality (VR) CPP task, thirty nicotine-using undergraduates were randomly 

assigned to receive either a 2mg nicotine or placebo lozenge prior to conditioning. During each 

of six, three-minute conditioning sessions, participants were confined to one of two VR rooms. 

In one room, they received real chocolate M&Ms, whereas no M&Ms were administered in the 

other room. Following conditioning, a 3-minute free-access test session occurred in which 

participants had unrestricted access to both rooms without reward. Only participants who 

received nicotine exhibited a CPP by spending significantly more time in the room previously-

paired with M&Ms (p = 0.02). 

A second study was then conducted to examine differences in reward responding between 

nicotine users and non-users. Participants were given questionnaires evaluating nicotine 

dependence, cravings, sensation-seeking, impulsivity, and sensitivity to reward and punishment. 

Participants were also asked to rate standardized images from the International Affective Picture 

System (IAPS), and pictures of nicotine-associated stimuli. Nicotine users scored significantly 

higher on both disinhibition (p = 0.001) and experience (p = 0.001) subscales of the Zuckerman 

Sensation Seeking Scale, suggesting that they are more likely to participate in risky behaviors. 

Nicotine users also scored higher on reward subscales (p = 0.01) of the Sensitivity to Punishment 

and Reward Questionnaire, suggesting that they are more prone to show approach behavior 

toward rewards. Finally, compared to non-users, nicotine users rated nicotine-related images (p = 

0.001) and positively affective images as significantly more positive (p = 0.01). 

Combined, these studies support evidence that nicotine enhances sensitivity to reward and 

demonstrate the efficacy of utilizing the virtual CPP paradigm to understand behavioral 



mechanisms of substance dependence. These data also provide a foundation for future studies 

aimed at characterizing the reward mechanisms that underlie risks for maintaining nicotine use. 

Future studies will examine the effects of nicotine on human sympathetic nervous system 

responses via galvanic skin and electrocardiogram responses to determine whether CPP result in 

changes in the sympathetic response. 
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Abstract: The use of electronic cigarettes (e-cig) is projected to overtake traditional tobacco 

products within the next decade. Very little is known regarding the long-term impact of e-cig 

use, and several e-cig constituents are associated with deleterious health effects. Cigarette 

smoking is known to induce neuroinflammation, and the smoking population demonstrates 

increased risk for neuropathology and cognitive decline. In the present study, we assess the 

impact of e-cig exposure on neurovascular integrity and neuroinflammation using an in vitro 

blood brain barrier (BBB) model and murine in vivo model. C57BL/6 mice were exposed to 2 

hours of daily e-cig vapor for a duration of up to 2 months, beginning at 8 weeks of age. 

Endothelial cell and pericyte cultures were treated with e-cig infused media diluted to 

physiologically relevant concentrations and barrier integrity and leukocyte-endothelial 

interactions were evaluated. The impact of e-cig exposure on cognitive function (Y-maze), 

affective state (plus-maze, marble bury), microglial activation, BBB permeability, endothelial 

cell gene expression, and infiltration of peripheral immune cells was examined. Exposure to e-

cig induced gene expression alterations in brain microvascular endothelium and increased 

peripheral immune cells within the brain parenchyma. Our findings suggest that e-cig use has 

neuroinflammatory effects which are similar to traditional tobacco products. The impact of 



sustained neuroinflammation associated with long-term e-cig use remains uncharacterized and 

may have neurocognitive and affective consequences. 
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Abstract: Learning plays a large role in cue-induced drug craving. Long-lasting alterations 

within synapses that were strongly activated during learning are thought to encode the resulting 

memories. To identify and isolate activated synapses to identify their unique alterations during 

learning, we are developing a fluorescence activated synaptoneurosome sorting (FASS)-based 

proteomic approach to find markers of activated synapses in the dorsal striatum of the rat brain. 

Synaptoneurosomes contain the presynaptic terminal attached to a resealed post-synaptic spine. 

We injected a virus encoding the fluorescent protein eYFP (fused to channel rhodopsin) into 

either the motor and prelimbic cortices of rats to fluorescently tag synapses projecting to the 

dorsal striatum. Six weeks later, rats were administered a single injection of 5 mg/kg (IP) of 

methamphetamine. Following 0, 10, or 60 minutes, we then isolated synaptoneurosomes from 

the dorsal striatum using Percoll gradient centrifugation. Using calibration beads in a flow 

cytometer, we gated events around 0.7-1.4 μm and sorted them based on their eYFP fluorescence 

signal. We validated the synaptoneurosome characteristics before and after sorting by electron 

microscopy. 

We were able to sort 20 million eYFP-positive events from the dorsal striatal synapses coming 

from the motor and prelimbic cortices (n=4) at each time point (0, 10, and 60 minutes). Further 



proteomic analysis will be done using mass spectrometry to determine potential candidate 

markers of activated synapses. 
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Abstract: Learned associations between environmental stimuli and rewards drive goal-directed 

learning and motivated behavior. The prelimbic cortex (PLC) is known to play a role in this type 

of learning, although there is debate as to its specific role. Learned associations are thought to be 

encoded by specific patterns of sparsely distributed neurons called neuronal ensembles that are 

selectively activated by reward-predictive stimuli. The fundamental question of how ensemble 

neurons are functionally altered during learning, and which of these changes encode learned 

associations is unknown. To address this question, we examined intrinsic excitability in 

prelimbic cortex neuronal ensembles that were selectively activated during exposure to a 

cocaine-paired context. We used FosGFP transgenic mice to identify activated ensemble neurons 

(FosGFP+) and non-activated (or weakly activated) non-ensemble neurons (FosGFP-) in an ex 

vivo brain slice preparation. Using whole cell recordings of layer V pyramidal neurons, we found 

alterations in excitability of FosGFP+ neurons and FosGFP- neurons following re-exposure to a 

context previously paired with cocaine. Overall, these data suggest that there are specific 

functional alterations within ensemble neurons of the PLC that encode learned associations. 
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Abstract: Background: We previously found that functionally distinct neuronal ensembles in 

the ventral medial prefrontal cortex (vmPFC) mediate self-administration and extinction of 

cocaine-seeking. In the present study, we examined whether neuronal ensembles associated with 

cocaine self-administration or extinction project to different subregions of the nucleus 

accumbens (NAc). We then examined whether these activated projections differentially mediate 

the cocaine self-administration and extinction behaviors. 

Methods: For both experiments, we trained rats to self-administer cocaine for 14 days. Separate 

groups of rats underwent 0 or 7 extinction training sessions prior to test day. On test day, drug 

seeking was assessed in the absence of cocaine reward. We had previously shown that the self-

administration memory was reactivated in the 0 extinction session group while the extinction 

memory was reactivated in the 7 extinction session group. In the first experiment, we used 

fluorescent retrograde tracer cholera toxin B to label projections from the vmPFC to NAc core 

and shell and combined this with double-labeling for Fos in the vmPFC. In the second 

experiment, we performed a disconnection experiment where we combined Daun02 inactivaton 

of vmPFC neuronal ensembles associated with extinction of cocaine seeking followed three days 

later with inactivation of the NAc core or shell with SCH-39166 either ipsilaterally or 

contralaterally immediately prior to recall on test day. 

Results: The tracing experiment indicated that self-administration ensembles project 

preferentially to the NAc core, while extinction ensembles project preferentially to the shell. 

Contralateral inactivation of the extinction-related ensemble and NAc shell increased cocaine 

seeking when compared to cocaine seeking in the ipsilateral inactivation and vehicle controls. 

We are now performing disconnection experiments following Daun02 inactivation of the self-



administration ensemble in vmPFC. 

Conclusions: Different neuronal ensembles within the vmPFC mediate cocaine self-

administration and extinction of cocaine seeking. These ensembles are functionally distinct, and 

project to different anatomical subregions of the NAc to exert their effects. 
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Abstract: Background: 

Environmental stimuli paired with cocaine experience can provoke craving and relapse in 

humans, and elicit cocaine seeking in rats. Previous studies have shown that discrete cue- but not 

context-induced relapse to drug seeking progressively increases after withdrawal (incubation of 

drug craving). Here we developed a trial-based discriminative stimulus (DS+/DS-) procedure and 

tested whether the rats’ response to a DS that predicts cocaine availability incubates after 

withdrawal. 

Methods:  

We first trained rats to self-administer cocaine in the presence of a DS+ that signals cocaine 

availability (FR1 reinforcement schedule; 3-h continuous access; 0.75 mg/kg/infusion; 6 

sessions) and then transitioned them to a trial-based design (30 trials/session; 60-s lever 

availability/trial; multiple infusions available per trial; variable inter-trial interval; 2 sessions). 

Next, we introduced a DS- that signals the absence of cocaine and trained the rats to discriminate 

between the two DSs within the same session (60 trials/session; 30 each of DS+ and DS-; 2 

sessions of 3-h/day) for 6-10 days. Once the rats showed stable discrimination, we repeatedly 



tested them for DS-induced relapse to cocaine seeking during both DS+ and DS- trials (60 

trials/3-h; 30 trials each of DS+ and DS-) after 1, 21, 60, 120, 200 and 300 days of abstinence. 

Results:  

We observed reliable cocaine self-administration and discrimination in the trial-based procedure 

and robust DS-induced relapse to cocaine seeking at all time points. Further, we observed 

incubation of DS-induced cocaine seeking only during DS+ trials after 21, 60, and 120 days of 

abstinence. 

Conclusions: 

We have developed a trial-based procedure for studying incubation of DS-induced cocaine 

seeking. Future studies will investigate the role of DS-specific neuronal ensembles in mediating 

this new form of incubation of cocaine craving. 
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Abstract: Learned associations between cues and rewards play a major role in drug addiction. 

Different cues can become associated with the stimuli properties of different rewards such as 

cocaine and food. These separate learned associations are thought to be encoded by functionally 

distinct patterns of sparsely distributed neurons called ‘neuronal ensembles’. We previously 

demonstrated that neuronal ensembles in the ventromedial prefrontal cortex (vmPFC) mediate 

both food and cocaine seeking. However, it was currently unknown whether the neuronal 

ensembles mediating food-seeking are distinct from those mediating cocaine-seeking. In the 

current study, we hypothesized that functionally distinct neuronal ensembles within the vmPFC 

mediate food and drug memories. We trained all rats to lever press for palatable food pellets (3 



h/d) and cocaine infusions (3 h/d; 1.0mg/kg/infusion) on alternating days (3 weeks). During 

training, we also exposed the rats to one discrete choice session per week in which rats had 

access to both food and cocaine levers. All rats learned to lever press for both rewards, and the 

number of lever presses increased over time. On induction day, one week after the last training 

session, rats were allowed to press for the food or cocaine-associated lever for 1 h under non-

reinforced conditions to reactivate the reward-associated memory and related neuronal 

ensembles. Ninety minutes after the beginning of this induction session, Daun02 was injected 

into the vmPFC to selectively disrupt neuronal ensembles that were activated during the 1 h 

session. Three days later, all rats were tested for food and cocaine seeking. Selective inactivation 

of the food-associated neuronal ensemble decreased food lever-pressing on test day, without 

altering cocaine lever pressing. Likewise, inactivation of the cocaine-associated neuronal 

ensemble decreased cocaine lever-pressing without altering food lever pressing. Our results 

suggest that functionally distinct neuronal ensembles within the vmPFC encode the different 

operant memories for food and cocaine seeking. 
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Abstract: Expression of immediate early genes (IEGs) are routinely used as an indicator of 

strongly activated neurons in rodent behavioral procedures. Our lab and others have shown that 

neuronal ensembles, identified using the activity marker Fos, mediate relapse to food and drug 

seeking. To investigate brain-wide circuitry that was activated during behavior, we adapted a 

whole brain clearing and immunolabeling technique, called iDISCO+, to generate whole brain 



Fos maps in mice during relapse to food seeking. We trained mice to lever press for a palatable 

food pellet reward for seven days. We then tested the mice for relapse to non-reinforced food 

seeking (30 min test sessions) after 1, 15, or 60 abstinence days in homecage. We transferred 

these mice (test group) to their homecages immediately after the test session and perfused them 

60 min later; we also perfused no-test mice (homecage group) at the same time. We modified the 

recently published iDISCO+ method for uniform labeling of the proteins Fos. We optimized 

acquisition parameters to image immunolabeled brains using light sheet fluorescent microscopy. 

We observed reliable food self-administration from the mice, as well as robust relapse to food 

seeking during both early and late abstinence. We acquired whole brain Fos data from the 

experimental brains and are currently optimizing parameters to use the open source analysis 

package WholeBrain for data analysis. We will quantify Fos expression by brain area, generate 

distribution maps, and analyze Fos activation patterns across the whole brain. 
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Abstract: Learned associations between rewards, such as food or drugs of abuse, and reward-

predictive stimuli, are critical to motivated behavior. Associative learning is thought to be 

encoded by functional alterations within activity-dependent neuronal ensembles. The immediate 

early gene, Fos, can be used to identify these small, sparsely distributed populations of strongly 

activated neurons. The Fos-tTa transgenic mouse system in combination with viral technology 

can be used to identify, characterize, and ultimately manipulate Fos ensemble neurons. We used 

a cocaine conditioned place preference (CPP) procedure to study the association between an 

environmental context and cocaine reward in both wild type and Fos-tTa mice. To identify brain 



regions active during expression of cocaine CPP we used Fos immunohistochemistry and 

identified the prelimbic cortex as a particularly active region. All groups tested (wild type males, 

Fos-tTa males, and Fos-tTa females) demonstrated significant cocaine CPP. There was no 

significant difference in CPP scores between male and female Fos-tTa mice. Future studies 

include the validation of the Fos-tTa system as well as experiments to determine the time course 

of functional alterations in Fos-expressing ensembles. 
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Abstract: In vivo calcium imaging of awake behaving rats provides a dynamic, spatio-temporal 

view of task-related ensemble activity during the course of learning. Previous studies using the 

rat reinstatement model have implicated prelimbic cortex in reinstatement of palatable food 

seeking induced by non-contingent pellet priming. However, how the underlying neuronal 

population code in prelimbic cortex relates to pellet priming-induced reinstatement is unknown. 

To this end, we developed a miniature epifluorescent microscope and optimized surgical and 

behavioral procedures for long-term calcium imaging in prelimbic cortex of awake behaving 

rats.  

We trained rats to lever press for a palatable food pellet reward (FR1 reinforcement schedule; 3 

pellet reward delivered after presentation of a 10-s discrete cue) in a modified trial-based design 

(100 trials/session; 20-s lever availability/trial; variable inter-trial interval). Next, we 



extinguished the rats’ lever pressing in the presence of the discrete cue. We then tested the rats 

under extinction conditions for pellet priming-induced reinstatement (1 priming pellet 

delivered/trial preceding lever presentation) of food seeking. We observed reliable food self-

administration and extinction of food-reinforced responding in the trial-based procedure. We also 

observed robust pellet-primed reinstatement under extinction conditions.  

We use a local factorization approach to extract neurons from individual fluorescence videos, 

and then apply a recently published probabilistic model for session-to-session cell registration. 

Following cell-identification and across-session registration, we track the evolution of single cell 

firing properties, as well as the stability/degeneration of neuronal ensembles active throughout 

operant food-seeking, extinction learning, and pellet-primed reinstatement. 

*Financial support provided by NIDA/NIH. 
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Abstract: Learning plays a central role in cue-induced drug craving. Long-lasting alterations 

within synapses that were strongly activated during learning are thought to form the engram that 

encodes the long-lasting memory. To identify and characterize these activated synapses, we first 

need to isolate them from the surrounding less activated synapses. Arc is an immediate early 

gene product whose mRNA is found constitutively at the base of dendritic spines. Arc mRNA is 

translated into Arc protein that accumulates in activated synapses. Thus Arc protein could be a 

useful marker for isolating activated synapses. Here we used immunohistochemistry and 

immuno-electron microscopy (EM) from brain sections and flow cytometry of 



synaptoneurosomes to evaluate cocaine-induced Arc expression in activated synapses. 

Synaptoneurosomes contain the presynaptic terminal attached to a resealed post-synaptic spine. 

We administered one injection of 20 mg/kg (IP) of cocaine or the saline vehicle. Using 

immunohistochemistry, we detected an increase of Arc-positive cell bodies in the nucleus 

accumbens after cocaine but not saline injections. Using EM, we identified immunogold-labeled 

Arc protein within the postsynaptic compartment. Cocaine increased the number of post-synaptic 

densities associated with Arc (33% of all post-synaptic densities) compared with 20% in the 

saline vehicle group or 22% in a group of naïve rats. Finally, we developed a protocol to quantify 

Arc-positive synaptoneurosomes using PSD95 and Arc antibodies using flow cytometry. Within 

the gate chosen for synaptoneurosomes, 60-80% of them were PSD95-positive while only 4-11% 

were Arc positive. After further validations, we will use the flow cytometry approach to isolate 

and study molecular alterations in activated Arc-positive synaptoneurosomes associated with 

learning and cue reactivation in models of drug relapse. 
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Abstract: Background: Prevention and treatment of addiction have not been appreciably 

improved by neuroscientific research. One problem is that mechanistic circuit- or molecular-

related studies using rodent models do not incorporate social factors, which, for humans, play a 

critical role in addiction. Here we introduce an operant model of social choice in rats and 

demonstrate the profound impact of an alternative social reward on drug self-administration and 

relapse. 

Methods: We first determined whether rewarding voluntary social interaction would prevent 

extended access self-administration of methamphetamine or heroin; we also determined the 

boundary conditions for this effect. Next, we used the rat DSM-IV-based addiction model to 



determine whether such volitional social interaction would also prevent drug self-administration 

in the subpopulation of rats identified as “addicted.’’ 

Finally, we determined whether social-choice-based voluntary abstinence would prevent 

incubation of vulnerability to drug relapse and investigated brain mechanisms underlying that 

effect. 

Results: Independent of sex, drug class, drug dose, training conditions, abstinence duration, 

housing conditions (including social housing), and “addiction score” (DSM-IV-based model), 

volitional social interaction prevented drug self-administration. Only when we introduced a long 

delay between lever-pressing and social interaction, or punished the operant response for social 

reward, did the rats resume drug self-administration. 

Social-choice-based voluntary abstinence prevented incubation of drug craving and relapse, an 

effect associated with selective activation of central amygdala PKCδ-expressing inhibitory 

neurons. 

Conclusion: Our results illustrate the profound impact of volitional prosocial interaction on 

addiction and support wider implementation of social-based contingency-management programs 

to addiction treatment. 
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Abstract: Recent evidence from our laboratory has shown that cocaine-induced conditioned 

preference boosts both neural activity and the expression of perineuronal nets in the dorsal region 

of the posterior cerebellum. Moreover, the lesion of this region promotes the acquisition of 

preference for odour cues that predicts cocaine availability. Overall, these findings indicate that 



the cerebellum would be critical for the inhibitory control of drug seeking after the establishment 

of drug-cue memories. In the present research, a possible explanation for this facilitation effect 

was investigated. The hypothesis was that the cerebellar lesion changes neuronal activity at the 

level of the striatum and medial prefrontal cortex (mPFC). Quinolinic acid was infused into the 

dorsal region of lobule VIII before conditioning trials. Then, associative cue-drug training 

alternated between 8 cocaine and 8 saline pairings. Neural activity was assessed 24 hours after 

the preference test using cFOS and vGlut expression in different regions of the basal ganglia, 

thalamus and medial prefrontal cortex. To propose a neuroanatomical model for our findings, we 

addressed a tracing study with Fluoro-Gold and biotinylated dextran amine, as retrograde and 

anterograde tracers, respectively. Tracers were infused into the dorsal region of lobule VIII in the 

vermis, mPFC cortex and ventral tegmental area (VTA) in order to map the interconnections 

between these regions. Double immunofluorescence was used for simultaneous identification of 

cell types. A dorsal lesion in the posterior cerebellum increased neuronal activity in mPFC and 

all striatal regions except the ventrolateral striatum. The neuroanatomical model that emerges is 

that the dorsal region of the posterior vermis might control striatal and mPFC activity throughout 

the direct projections from the deep cerebellar nuclei to VTA. These findings point to an 

important role of the cerebellum in controlling the activity of the addiction circuit with important 

behavioural effects on drug seeking. 
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Authors: *C. S. LASKOWSKI1, K. M. WARD1, D. L. DORCHAK1, D. R. CHRISTENSEN2, 

D. R. EUSTON1 
1Neurosci., 2Hlth. Sci., Univ. of Lethbridge, Lethbridge, AB, Canada 

Abstract: INTRODUCTION: Individuals treated for Parkinson’s disease using dopamine 

agonists that preferentially target D3 receptors develop behavioral addictions at rates much 

higher than in the general population. We tested whether chronic administration of a D3 



preferring agonist, pramipexole dihydrochloride (PPX), could induce addiction-like behaviors in 

rats. 

METHODS: Thirty rats were implanted subcutaneously with either an osmotic or dummy pump 

after being trained to respond for reward delivered on a random ratio schedule of reinforcement 

requiring, on average, 50 responses for each reward. Osmotic pumps delivered PPX at a fixed 

rate over 28 days at doses of 1.0, 2.0, or 3.0 mg/kg/day. After implantation, animals were 

assessed for addiction-like behaviors using four behavioral assays. First, motivation for reward 

was assessed using a progressive ratio task in which response requirements to earn reward were 

increased gradually throughout the session. Second, difficulty limiting reward seeking was 

evaluated by calculating changes in rates of responding during periods when a cue light indicated 

that reward is no longer available. Third, persistence in the face of increasing negative 

consequences was evaluated using a progressive aversion task, during which reward was paired 

with increasing intensities of foot-shock. Finally, rates of relapse were assessed using a 

reinstatement paradigm which measured cue-induced response rates after a period of withdrawal. 

RESULTS: Our data indicate that chronic PPX administration significantly increases both 

motivation (progressive ratio: p = .032) and the likelihood of relapse (reinstatement: p = .032). 

PPX administration also interferes with rats’ ability to limit reward-seeking behavior when cues 

indicate that reward is not available (p = .026), but not when reward is paired with punishment 

(progressive aversion: p = .123). 

CONCLUSIONS: These data show that PPX can induce compulsive, addiction-like behavior in 

rats exposed to random ratio reward schedules. PPX combined with long-term training may 

hence be useful as a model of behavioral addiction in the rat. 
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Abstract: The medial prefrontal cortex (mPFC) plays an important role in the regulation of 

complex behaviors and its dysfunction can lead to a range of aberrant behaviors such as 

excessive alcohol seeking. Reinforcement of behaviors involves the association of environmental 

cues with the availability of a reward, a learning process that is thought to engage groups of 

neurons - neuronal ensembles - that are sparsely distributed throughout the brain including the 

mPFC. Specifically in the infralimbic area (IL), we have recently identified and characterized a 

functional ensemble that controls the seeking of alcohol and is also involved in the processing of 

natural rewards. These findings were obtained using cFos-dependent activity tagging and 

chemogenetic ablation of cue-related ensembles in the IL of the mPFC. Because of the snapshot 

nature of the cFos method, insights into the dynamics of these ensembles are lacking. To further 

investigate formation, specificity, distinction and plasticity of prefrontal ensembles we 

established an in-vivo microendoscopy pipeline to track the calcium transients of 30-150 

identified neurons across multiple behavioral sessions, while synchronously logging all relevant 

behavioral interactions of the rat with the operant conditioning chamber. Given the much greater 

behavioral flexibility compared to mice, rats are better suited for learning multiple or concurrent 

contingencies, but their strength and agility pose a challenge for microendoscopy. Here, male 

Wistar rats were trained in a customized operant conditioning chamber (Med Associates) to 

respond to cues associated with the availability of saccharin (0.2%) rewards. Recording was 

done using open source miniaturized epifluorescence microscopes (UCLA Miniscopes) that can 

be head mounted during the behavioral sessions. The miniscopes are coupled to implanted GRIN 

lenses (1 mm diameter) in the IL to allow optical access to neurons expressing GCaMP6f under 

the synapsin promotor. The data are analyzed using a combination of customized code and 

publicly available repositories (CNMF-E). Calcium traces of individual neurons synchronized 

with behavioral readouts permit high level analyses of neuronal ensemble activity during reward-

related behaviors in single recording sessions as well as across multiple sessions. Thus, long-

term observation of mPFC neuronal ensemble activity in different behavioral settings will enable 

new insights into the contribution of these ensembles to complex behaviors. 
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Abstract: Drug addiction and schizophrenia are complex brain disorders and pose tremendous 

socioeconomic challenges on individual productivity and the society. Nucleus accumbens (NAc) 

is the main reward center of the brain, while the hippocampus is essential for memory storage. 

The major output structure of the hippocampus is the subiculum. One role of ventral subiculum 

(vSUB) is thought to be in controlling context-dependent drug reinstatement. Consistent with 

this notion, vSUB provides substantial input to NAc. It is hypothesized that hyperactivity of 

vSUB-NAc circuit contributes to dopamine dysregulation associated with drug addiction and 

schizophrenia. Dopamine receptor type 1 (D1R)- or type 2 (D2R)-expressing medium spiny 

neurons (MSNs) in NAc count for 95% of the total neuronal population and their output onto 

ventral tagmental area (VTA), ventral pallidum (VP), prefrontal cortex (PFC), and amygdala 

drives reward behaviors. Despite mounting evidence supporting the importance of the vSUB-

NAc projection circuit, little is known regarding its cell-type-specific wiring of the circuit. The 

subiculum is populated by two electrophysiologically distinct principle neurons, identified as 

regular- (RS) or burst-spiking (BS) neurons. BS neurons are more abundant than RS cells (70-30, 

respectively) and these two types of neurons project in an unknown distribution and proportion 

to D1R- or D2R-MSNs in NAc. Consistent with previous reports, we show that ~70% of NAc 

projecting vSUB neurons are RS neurons. We further demonstrate that D1R and D2R MSNs in 

NAc receive disproportionate input from RS and BS subicular neurons. Finally, we observed that 

basal synaptic transmission and activity-dependent synaptic plasticity at vSUB-D1R and vSUB-

D2R synapses are fundamentally distinct. To the best of our knowledge, this study represents the 

first cell-type- and synapse-specific interrogation of the disease-relevant vSUB-NAc circuit. 
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Abstract: Inability to stop seeking and taking rewards despite adversity is one of the hallmarks 

of addictive behaviors. Many studies model this with operant responding in rats, by imposing a 

punishment upon each reward delivery, or by using conditioned aversive stimulus as deterrent 

for reward taking. While most of these approaches model the adverse consequences of obtaining 

rewards, few model adversity associated with the action made to obtain rewards. Here we 

measured the pursuit of reward taking in the presence of adversity, by modifying an existing 

procedure initially developed to produce abstinence (Cooper, Barnea-Ygael, Levy, Shaham, and 

Zangen, 2007). 

We trained rats to self-administer a reward (sucrose pellets or cocaine, 1.2 mg/kg/infusion) for 

seven days. Then, we introduced adversity, in the form of “electric barrier” (a portion of 

electrified floor), which rats needed to cross in order to respond for and obtain the reward. The 

length of the electric barrier was proportional to the length of the rats (30% longer than the 

distance between the fore paws and hind paws, measured when the rat was gently stretched into a 

reaching posture). The intensity of the electric barrier (i.e. the level of adversity) was tailored to 

each rat’s nociceptive threshold, and was increased daily, until rats stopped responding. 

As the level of adversity increased, rats reduced intake of rewards. Data fitted a sigmoidal-curve, 

which allows calculating (a) the intensity at which intake starts decreasing, (b) the point at which 

intake is suppressed to half the initial intake, and (c) Hill slope. We can also examine (d) the 

latency to obtain the first reward for each session. This variable is known to correlate with 

escalation of drug intake and has been used to assess seeking and the level of “hesitation” 

(conflict) to obtain a reward. This procedure can also measure (e) the number of unsuccessful 

approaches (rat entering the electrified zone, without responding for the reward), which provides 

an index of approach-avoidance that is related to the anxiety state of the rat. 

Overall, this procedure can be used to assess the amount of adversity that rats will withstand to 

reach a reward. This is different than the “breaking point” in the progressive ratio test, because it 

uses adversity (not workload) to modify behavior. Furthermore, the procedure has the advantage 

that can be tested over a short period of time (2 weeks), which allows studying behavior at 

distinct ages or after short-term interventions. In summary, this procedure represents a simple, 

practical, and short way to study responding for rewards in the presence of adversity, and could 

be used as an indication of addiction liability. 
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Abstract: Post-Traumatic Stress Disorder (PTSD) and Alcohol Use Disorder (AUD) are 

theorized to be disorders of learning and memory that share many overlapping neural circuits. 

These disorders are highly comorbid with rates as high as 41-79%. PTSD/AUD can induce a 

variety of behavioral deficits in patients including stress induced alcohol consumption and 

cognitive inflexibility. This set of studies tested the ability of N-acetylcysteine (NAC), a 

glutamatergic modulator, to attenuate behavioral deficits in an animal model of PTSD/AUD 

comorbidity. The first set of experiments examined the ability of NAC to prevent stress-induced 

increases in alcohol consumption. Rats were first exposed to acute restraint stress paired with an 

odor cue, and then trained to self-administer ethanol. NAC treatment occurred for five days prior 

to and five days following the stressor. After acquisition of alcohol self-administration, all rats 

received extinction training in which lever presses were recorded but did not result in ethanol 

delivery. Following extinction training, alcohol-seeking behavior was reinstated by exposure to 

the stress-related odor. It was found that stress exposure significantly increased alcohol intake, 

and exposure to the stress-related odor induced relapse-like behavior. Importantly, treatment 

with NAC prevented the stress-induced increase in alcohol consumption and cue-induced 

reinstatement of alcohol-seeking behavior. The second set of experiments tested the ability of 

NAC to treat stress-induced cognitive inflexibility; a cognitive deficit commonly associated with 

PTSD and one of the main barriers to successful treatment in the clinical population. Cognitive 

inflexibility was measured in an animal model using a set-shifting task. Rats were first trained to 

lever press for sucrose under a specific rule, and then their ability to switch to a new rule to 

receive the reward was assessed. As in the first set of experiments, rats were exposed to restraint 

stress and treated with NAC for five days before and five days following the stressor. Set-

shifting training began following the final treatment day. These results indicate that restraint 

stress was sufficient to induce deficits in cognitive flexibility and NAC treatment rescued this 

deficit. Further studies will seek to determine the mechanism by which NAC is working to 

achieve these effects. Together, these results suggest that NAC, a clinically available therapeutic, 



is successful in preventing stressed induced alcohol consumption and relapse-like behavior and 

enhances cognitive flexibility in animal models of PTSD. 

Disclosures: C.E. Smiley: None. J.T. McGonigal: None. S. Melton: None. T. Valvano: 

None. J.T. Gass: None. 

Poster 

237. Drugs of Abuse and Addiction: Learning and Circuitry 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 237.17/YY21 

Topic: G.08. Drugs of Abuse and Addiction 

Support: PHS grant PO1 DA031656 

 NINDS Grant P50NS091856 (Morris K. Udall Center for Excellence in Parkinson’s  

 Disease Research). 
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Abstract: Cognitive-motivational vulnerability traits are associated with increased risk for 

substance addiction and relapse. Sign-tracking (ST) behavior in rats is associated with poor 

attentional control, mediated by an unresponsive basal forebrain cholinergic system, and an 

increased risk for substance addiction/relapse. Goal trackers (GT), on the other hand, possess 

superior top-down cognitive control mediated by task-evoked increases in cholinergic 

neuromodulation. A separate literature links poor attentional control and cholinergic losses to 

increased fall risk in Parkinson’s disease. We first tested whether the relatively inferior 

attentional control of STs extends to complex movement control and a propensity for falls. ST 

and GT were tested using a beam traversal apparatus, the Michigan Complex Motor Control 

Task (MCMCT), which has been used previously to develop a model of Parkinsonian falls. STs 

were found to fall more often than GTs while traversing a straight rotating rod and, similar to 

human fallers, when taxed by a secondary task. Furthermore, STs fell more often while 

traversing a more challenging rotating zig-zag rod. GTs exhibited fewer falls from this rod by 

avoiding entry to the rotating zig-zag sections when in, or rotating toward, a difficult traversal 

state. Goal-tracking rats approached risky movement situations using strategies indicative of 

superior top-down control. Next, non-selective DREADD-mediated inhibition of basal forebrain 

neuronal activity with CNO (5 mg/kg) was found to increase fall rates in GTs but not STs. Fall 

rates in GTs expressing a non-DREADD control construct were not affected by CNO. These 



results suggest that the differential balance between bottom-up and top-down attention in STs 

and GTs, mediated by cholinergic mechanisms, extends to complex movement control. Thus, 

impairments in the cognitive-motor interface are likely to be comorbid with addiction 

vulnerability. Sign-tracking indexes an endophenotype that may increase the risk for a wide 

range of neurobehavioral disorders. 
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Abstract: Addiction mechanisms emerge from reward learning and motivation. They are 

manifestations of the ancient circuitry of foraging behavior, in which generalist foragers, such as 

the predatory sea-slug Pleurobranchaea californica, establish preferences and aversions to 

specific prey. We used our agent-based foraging simulator, Cyberslug*, which is based on the 

decision circuitry of Pleurobranchaea, to develop a simple model that captures the nature and 

course of the addictive process in terms of the foraging mechanisms from which it emerges. In 

this model, a single slug forages in a simulated environment with two different types of prey: 

Hermissenda, which are beneficial, and Flabellina, which are noxious, as well as one type of 

drug which provides very high reward when consumed. The prey and drug provide their own 

odor signatures which the slug can sense, track, and learn. By incorporating processes of 

homeostatic plasticity, manifested as habituation and sensitization, into the reward circuitry of 

Cyberslug, we could recreate the major hallmarks of the addictive process, as desensitization to 

reward received from drug consumption, withdrawal, and post-withdrawal cravings for the drug. 

It is interesting that, to fully simulate addictive mechanisms, it was necessary to distinguish 

between “liking” and “wanting” processes, as postulated by Robinson and Berridge's incentive-

sensitization theory; in our model these correspond to incentive and total reward response, 

respectively. In this model of addiction, we have found that during withdrawal, defined as a 

negative reward state, the addiction process accentuates the effect of hunger, causing the virtual 

slug to demonstrate less selectivity towards the prey types of different values. During high 

reward states, nutritional needs are often ignored in favor of drug consumption, causing the 

virtual slug to demonstrate an increased selectivity, particularly for the drug. Thus, if there is 



enough available drug in the environment, it inevitably leads to a high rate of drug consumption 

and a very low nutritional state, as seen in many physiological processes of addiction. 

* Brown JW, Caetano-Anollés D, Catanho M, Gribkova E, Ryckman N, Tian K, Voloshin M, 

Gillette R. (2018) Implementing Goal-Directed Foraging Decisions of a Simpler Nervous System 

in Simulation. eNeuro, 5(1), ENEURO. 0400-0417.2018. 
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Authors: *B. A. HUMBURG, E. J. GARCIA, A. N. BEESLEY, M. E. CAIN 

Psychological Sci., Kansas State Univ., Manhattan, KS 

Abstract: Abstinence period length positively correlates with drug seeking, termed incubation of 

craving. Environmental enrichment reduces cocaine and sucrose craving when compared to 

standard and isolated rats (Grimm et al, 2008; Chauvet et al, 2012). However, a full range of 

abstinence intervals has not been explored in differentially reared rats. Recent work suggests that 

incubation of craving of high fat food is accompanied by increased intracellular expression of 

AMPA subunit GluA1 without altering surface expression in the nucleus accumbens (NAc) 

(Dingess et al, 2017), and metabotropic glutamate receptor 5 (mGlur5) moderates cued sucrose 

reinstatement (Bobadilla, 2017). Therefore, the current experiments characterize glutamate 

receptor expression in the NAc following sucrose self-administration and varying abstinence 

intervals in differentially reared rats. Rats arrived 21 days of age and reared for 30 days in an 

isolated condition (IC) or an enriched condition (EC). The IC rats were housed singly in hanging 

metal cages and were not handled during the rearing period. EC rats were housed in a large cage 

with toys and cohorts, handled every day, and received daily toy changes. At 51 days rats lever 

press trained with 20% sucrose on an FR1 schedule and self-administered 20% sucrose for 15 

days in daily 1-hr sessions. After day 15 of self-administration, rats rested for 1, 7, 21, or 40 days 

and were tested in a sucrose seeking test. In the test, active lever presses resulted in cues but no 

sucrose reward. After the seeking test the NAc was removed. The GluA1 subunit and mGlur5 

expression was quantified with western blots. Our results indicate that sucrose craving is 



dynamic and moderated by environmental housing condition. Sucrose seeking between IC and 

EC rats are similar after 7 or 40 days of incubation period. However, IC rats show intensified 

craving after 21 days when compared to EC rats. Preliminary western blot data suggest that 

membrane-bound NAc GluA1 did not change across groups, but mGlur5 increased in both EC 

and IC rats after the 40 day incubation period. Thus, our results agree that mGlur5 is implicated 

in cued sucrose seeking, and we are currently analyzing western blots for differentially reared 

rats that were tested at abstinence day 7 and 21. 
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Abstract: The mammalian target of rapamycin in complex 1 (mTORC1) plays an important role 

in dendritic protein synthesis, synaptic plasticity, learning and memory [1]. We recently reported 

that excessive alcohol intake and withdrawal activate mTORC1 in the rat orbitofrontal cortex 

(OFC) [2], a brain region that plays a role in decision making and updating the value of predicted 

outcomes [3]. The aim of this study was to identify the role of mTORC1 in alcohol drinking 

behaviors. First, we tested whether inhibiting mTORC1 in the OFC alters alcohol self-

administration. We found that intra-OFC administration of the mTORC1 inhibitor, rapamycin, 

did not alter alcohol intake per se, but attenuated alcohol seeking. Next, we hypothesized that 

mTORC1 in the OFC is required for either goal-directed or habitual alcohol seeking. To model 

goal-directed and habit-driven behaviors, respectively, we used an operant paradigm in which 

rats self-administered alcohol under a random ratio (RR) or a random interval (RI) schedule of 

reinforcement, and tested whether rapamycin administration or knockdown of raptor, a main 

component of mTORC1, in the OFC alters goal-directed or habitual responding. We found that 

intra-OFC infusion of rapamycin, prior the devaluation test did not affect goal-directed alcohol 

responding in RR-trained rats but restored the sensitivity to devaluation in RI-trained rats 

suggesting that mTORC1 in the OFC in driving habitual responding for alcohol. Similarly, 

knockdown of raptor in the OFC restored the sensitivity to alcohol devaluation i.e. maintained 



goal-directed responding for alcohol. In contrast, intra-OFC infusion of rapamycin did not alter 

habitual responding for sucrose. Next, we elucidated the mechanism by which mTORC1 is 

activated by alcohol. Alcohol withdrawal enhances glutamatergic neurotransmission, and we 

found that mTORC1 activation during withdrawal was localized to c-Fos positive OFC neurons. 

We further observed that ex vivo activation of NMDAR stimulates mTORC1 in the OFC. 

Therefore, we hypothesized that the activation of NMDAR during withdrawal activates 

mTORC1 in the OFC which in turn drives habitual alcohol seeking. As predicted, we found that 

inhibition of NMDARs in the OFC attenuates both seeking and habitual responding for alcohol. 

Together, our data suggest that alcohol withdrawal promotes an NMDAR-dependent activation 

of mTORC1 in the OFC which in turn contributes to the expression of habitual alcohol 

responding. References 1. Buffington, Annu Rev Neurosci, 2014. 2. Laguesse, Addict Biol, 

2016. 3. Wallis, Annu Rev Neurosci, 2007. 
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Title: Contribution of direct and indirect medium spiny neurons in the dorsal striatum to action 

and habit learning 

Authors: *M. D. MURPHY, M. MALVAEZ, K. M. WASSUM 

Psychology, UCLA, Los Angeles, CA 

Abstract: Optimal behavior relies on a balance between two distinct strategies; one goal-

directed in which the relationship between actions and their consequences is considered, and one 

habitual, which allows routine tasks to be conducted without forethought of their consequences. 

The balance between these systems allows maximally adaptive and efficient behavior, but 

disruption of this balance can lead to symptoms characteristic of many neurodegenerative and 

psychiatric diseases. The goal-directed and habit strategies are known to rely on the anatomically 

distinct dorsomedial striatum (DMS) and dorsolateral striatum (DLS), respectively. But very 

little is known about the subregion-specific contribution of the two major subtype of medium 

spiny projection neurons, the direct (dMSN) and indirect (iMSN) pathway projections. Using 

chemogenetics and DRD1a-cre and A2A-cre driver mice we selectively inactivated dMSNs or 



iMSNs in either the DLS or DMS during instrumental lever press-->reward training. Behavioral 

strategy was assessed, manipulation free, with sensory-specific satiety devaluation. The data 

indicate both cell-type- and subregion-specific function of each striatal output pathway in goal-

directed and habit learning, suggesting the direct and indirect pathways differentially contribute 

to these learning strategies and the transition to habit, and that their contribution depends on 

striatal subregion. 
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Abstract: The superior colliculus (called optic tectum or OT in birds) plays a critical role in 

animals’ ability to select the location of the most salient or behaviorally relevant stimulus in the 

environment. Previous work in the barn owl has indicated that the OT implements an elegant 

winner-take-all-like selection process that is supported by competitive inhibition originating 

from a midbrain GABAergic nucleus called the isthmi pars magnocellularis (Imc). This work, 

however, has focused on selection between only two competing stimuli. Here, we extend this 

work to selection among more than two stimuli. Using electrophysiological experiments and 

computational modeling, we test two competing hypotheses for how the Imc-OT circuit resolves 

competition among multiple stimuli. Results provide evidence in support of one of the 

hypotheses, and, in doing so, reveal new insights into how inhibitory inputs are pooled in the 

Imc-OT circuit. This finding yields a deeper understanding of how the OT implements stimulus 

selection in cluttered scenes (analogous to real-world conditions) and makes testable predictions 

on the nature of the underlying neuronal computations. 

Funding: NIH R01EY027718 
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Neurosci., Technion - Israel Inst. of Technol., Haifa, Israel 

Abstract: Perceiving an object as salient from its surround often requires a preceding process of 

grouping the object (figure) and background (ground) elements as separate wholes. Homogeneity 

of background elements is a major cue for grouping, here we studied motion based grouping in 

barn owls. First, we performed behavioral experiments in owls trained for visual search tasks on 

a computer screen. Owls were shown displays of multiple circles on the screen with one circle 

moving oddly to the right while the remaining circles, either moved homogenously (all 

leftwards, all upwards or all downwards) or moved in mixed directions (each dot moving either 

leftwards, upwards or downwards). The owls spontaneously scanned the display while a head-

mounted camera was used to track their point of gaze. Search time and number of head fixations 

until the owls fixate on the oddly moving dot were measured. We found that a dot moving 

relative to a homogenously moving background is perceived by barn owls as more salient 

compared to a dot moving relative to a non-homogenous background. Like in humans, the 

homogeneity of the surround was found to be a more powerful cue for saliency than the motion 

contrast between the target and the surround. In the second part of the research, we recorded 

multi-unit neural activity from the optic tectum (OT) of barn owls. Recordings were performed 

in head-fixed owls passively viewing similar displays of moving circles as in the behavioral 

experiments. We found that in the intermediate/deep layers of the OT (and not in the retinal 

recipient superficial layers), neural responses to the oddly moving circle were stronger when the 

background was homogenously moving compare to when the background elements moved in 

mixed directions. Importantly the neural responses in the OT matched the perceived saliency of 

the stimulus as measured in the behavioral experiments. The homogeneity or regularity of the 

surrounding area plays a factor in the modulation of the responses, consistent with motion-based 

grouping for figure-ground-segregation. Our findings show similar principles of saliency-by-



motion in an avian species as in humans and suggest a locus in the OT where the underlying 

neural circuitry may exist. 
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finches during song learning 

Authors: *J. KATIC, Y. YAZAKI-SUGIYAMA 

Okinawa Inst. of Sci. and Technol. (OIST), Okinawa, Japan 

Abstract: Zebra finches learn to sing from vocalizations of conspecific adults, typically their 

fathers, during development. Juvenile song learning greatly improves through social vocal 

communication with tutors, while juveniles learn little from listening to recorded tutor songs. 

This suggests that social interactions modulate juvenile attention, leading to more effective song 

learning. The nucleus locus coeruleus (LC), in the pons of the brainstem, has been suggested as 

the control nucleus of attention and arousal level. We examined how social interaction with 

tutors affects LC neuronal activity of juvenile zebra finches, in order to determine its effect on 

song learning. We chronically recorded extracellular, single-unit activity from LC neurons of 

awake, freely behaving juvenile male zebra finches that were isolated from their tutors. LC 

neurons were tested with playbacks of several song stimuli, including tutor songs and songs of 

two conspecifics and one heterospecific. The majority of LC neurons responded to song 

stimulation (16 of 18 recorded LC neurons, from five birds), but none showed biased responses 

to particular songs. Juveniles were then introduced to a tutor and housed together for several 

days. Even after three days of tutoring, LC neurons showed no biased auditory responses to tutor 

song playbacks. However, LC neurons exhibited greater auditory responses to live tutor singing 

than to tutor song playbacks. Interestingly, LC neurons having high tonic spontaneous spiking 

activity showed offset responses to live tutor singing by decreasing firing rates, but not to 

playbacks of tutor, nor to other songs. Period duration of decreased neural firing to the song 

offset correlates with number of song motifs of tutor singing (it lasted from 0.5-1 sec for three or 

more song motif repetitions). We observed similarly decreased neuronal activity of LC neurons 

for several seconds upon tutor introduction into the cage, but not upon introduction of a control 

adult male bird. Previously we showed that auditory memories of tutor songs are formed in the 



zebra finch caudomedial nidopalium (NCM), analogous to the mammalian higher auditory 

cortex, and that tutor presence modifies auditory responsiveness of NCM neurons (Yanagihara 

and Yazaki-Sugiyama 2016). Further anatomical analysis identified projections from LC neurons 

to the NCM. Taken together, we suggest that social interactions with tutors modulate neuronal 

activity of the LC, which affects auditory responses of the NCM, resulting in memory formation 

of tutor songs. 
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Title: Neural circuits for top-down visual attention 
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Abstract: Top-down visual attention allows us to focus on the relevant stimuli and filter out 

irrelevant distractors. In mice, long-range corticocortical projections from the cingulate (Cg) 

region of the frontal cortex to the primary visual cortex (V1) exert powerful top-down 

modulation of visual processing. In addition to V1, Cg neurons also project to the superior 

colliculus (SC) and lateral posterior thalamic nucleus (LP). We found that activation of the 

projection pathways from the Cg to the SC and LP can also improve visual discrimination 

performance and induce gain increase in V1 cells. 
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Allen Inst. for Brain Sci., Seattle, WA 

Abstract: Claustrum, a thin sheet-like subcortical structure located between insular cortex and 

striatum, has widespread reciprocal connections with neocortical areas and has been 

hypothesized to play crucial roles in consciousness (Crick and Koch, 2005), cortical oscillation 

amplification (Smythies et al., 2012), salience detection (Remedios et al., 2014) and selective 

attention allocation (Mathur, 2014). A recent study combining transgenic and optogenetic 

techniques in mouse has demonstrated that claustrum coordinates cortical slow-wave activity 

(Shiozaki et.al., 2017). In contrast to extensive studies of its relationship with cortex, subcortical 

connections with the claustrum remain unclear or controversial, particularly as the claustrum 

border was recently reassessed with molecular markers (Mathur, 2014). To comprehensively 

understand subcortical afferents to the claustrum, we systematically analyzed subcortical 

injections (covering 178 brain structures) made in wild type C57BL/6J and Cre transgenic mice 

with anterograde viral tracers from the Allen Mouse Brain Connectivity Atlas 

(http://connectivity.brain-map.org/). We found that the claustrum receives input from most major 

brain divisions, including olfactory areas (8), hippocampal formation (4), cortical subplate (5), 

striatum (2), pallidum (4), thalamus (12), hypothalamus (6), midbrain (3), pons (3), and 

cerebellum (1) with different projection strengths. Projections to the claustrum were strongest 

from lateral amygdala nucleus, basolateral amygdala nucleus, dorsal piriform nucleus, nucleus of 

reunion, paraventricular nucleus, anterior olfactory nucleus, mediodorsal nucleus and 

anteromedial nucleus, moderately from postpiriform transition area, nucleus of the lateral 

olfactory tract, piriform-amygdalar area, posterior amygdala area, central medial nucleus and 

parataenial nucleus, and weakest from ventral tegmental nucleus, locus ceruleus and dorsal 

nucleus raphe. Two thirds of these structures innervate ipsilateral claustrum and one third are 

bilateral with ipsilateral dominance. We even identified weak innervation from a cerebellar 

nucleus to the contralateral claustrum. Results of the anterograde tracing data were confirmed 

with monosynaptic retrograde data in which starter cells were labeled in the claustrum. Our 

findings clearly show widespread subcortical afferents to the claustrum, with varying connection 

strengths, suggesting that the claustrum may act as a crucial hub gatekeeping information flow 

between cortex and subcortical structures. 
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Title: Inter-areal synchronization in visual cortex during a divided attention task 
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Ernst Strungmann Inst. (ESI) for Neurosci., Frankfurt Am Main, Germany 

Abstract: When processing a visual stimulus, neuronal ensembles in different brain areas along 

the visual hierarchy interact with each other. Attention is known to influence these interactions; 

attending to a visual stimulus increases the coherence between neuronal populations in V1 and 

V4 representing that stimulus (Bosman et al., Neuron 2011). It is unknown how dividing one’s 

attention over several visual stimuli impacts these interactions. Behavioral evidence in humans 

suggests that attention switches rhythmically between the stimuli (Landau & Fries, Current 

Biology 2012), but attention could also be truly divided between the stimuli. 

We recorded local field potentials (LFPs) from areas V1 and V4, as well as single and multi-unit 

activity (MUA) from higher visual areas in the superior temporal sulcus and on the prelunate 

gyrus, in two monkeys (Macaca mulatta) while they were engaged in a divided attention task. 

Two drifting gratings were presented, both of which had an equal probability of transiently 

changing their drift orientation slightly, after which the monkey was required to make an eye 

movement to this particular grating to obtain a fluid reward. LFP was recorded with 252- and 

480-contact electrocorticography (ECoG) grids covering the superficial parts of V1 and V4 that 

correspond to the central 8 degrees of visual angle. The two gratings were placed such that they 

activated separate neuronal populations in V1, but fell within the same receptive field of a 

chosen V4 or higher-order area site. Therefore, the coherence between these separate V1 sites 

and the V4 / higher-order area site could be studied as both stimuli were attended to. To date, 

only the V1-V4 data have been analysed sufficiently. 

When the stimuli were shown separately, many V1 sites were selectively activated by either 

stimulus, whereas V4 sites were activated by both stimuli. We trained a classifier on the LFP 

power in V4 during these separate presentations of the gratings, which resulted in 81% and 73% 

accuracy of determining which grating had been shown. We then applied the classifier to V4 

LFP power during presentation of both stimuli simultaneously. This analysis is still ongoing for 

the second monkey; the data from the first monkey showed that when V4 LFP power resembled 

that of one stimulus more, coherence between V4 and the V1 sites representing that stimulus was 

stronger and reaction times to the stimulus shorter, than when V4 LFP power resembled that of 

the other stimulus more. These analyses enable us to determine whether attention can be truly 

divided over, or instead switches between, multiple visual stimuli. As such, they provide 

important insights into the neural implementation of attention. 
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Abstract: The ability to select one stimulus over others is commonly referred to as selective 

attention. In the nonhuman primate, the midbrain superior colliculus (SC) causally contributes to 

behavior in selective attention tasks, but how it interacts with cortical attention mechanisms 

remains unclear. Here, using electrophysiological recordings and pharmacological perturbations, 

we reveal a novel attention-related area in the primate temporal cortex that is causally linked to 

SC, as well as to behavior in an attention task. 

Two monkeys performed a selective spatial attention task in which patches of motion were 

presented on either side of a central fixation point. In “Attend to motion” blocks, monkeys were 

rewarded for attending to the motion patches and releasing a joystick in response to a change in 

motion direction. In “Ignore motion” blocks, reward was delivered for ignoring the change in 

motion direction and instead, responding to a change in fixation point luminance. During 

performance in the attention task, we recorded from ensembles of neurons in a region previously 

identified by fMRI in the fundus of the superior temporal sulcus (aFST/IPa) of two macaques 

before (n = 244) and during (n = 223) SC inactivation. 

We report three main findings. First, we found that neurons in the aFST/IPa exhibited substantial 

attention-related modulation (12.5%) during the attention task, showing significantly higher 

activity for stimuli in their receptive field during the “Attend to motion” condition compared to 

the “Ignore”, indicating that this region reflects behavioral manipulations of attention. Second, 

the attention-related modulation of aFST/IPa neurons was substantially reduced during SC 

inactivation (61% reduction), demonstrating a causal link between SC activity and attention-

related modulation in aFST/IPa. Third, reversible inactivation in area aFST/IPa itself during task 

performance produced deficits in the monkeys’ ability to detect changes in either one or both of 

our task stimuli, establishing a causal role for aFST/IPa in the selective attention task. 

Together, our results demonstrate a novel attention-related area in the temporal cortex 

(aFST/IPa). The causal contributions of aFST/IPa to attention task performance - and its 

dependence on SC activity - indicate that it is a crucial link between the cortical and subcortical 

networks subserving the process of selective attention. 
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Abstract: The attentional system (AttS) is important for the survival and behavioral performance 

of the species. Cannabinoids have become a research interest in light of possible adverse effects 

that the use of marijuana can have. These substances bind to CB1 and CB2 receptors of the 

endocannabinoid system. Studies have reported that the use of cannabinoids can have a negative 

effect in cognition (including AttS). The CB2 receptor has recently been described in the SNC 

and there is little known about the effect that agonism/antagonism of this receptor can have on 

cognition (including AttS). The aim of this exploratory study is observe the effect cannabinoids 

can have on a temporal bisection attentional task (TBAT) using selective agonists (Anandamide -

AEA- and HU308) and antagonists (SR141716A and SR144528) of CB1 and CB2 cannabinoid 

receptors. Male adult wistar rats were trained in a TBAT using Skinner operant conditioning 

chambers. The TBAT has 2 phases: training and testing. Training phase: sessions consisted of 60 

trials. Trials initiated presenting a tone of either 2s (short -S-) or 8s (long -L-), each of which 

associated to a specific lever. Correct responses resulted in reinforcer delivery. When 80% 

accuracy in both levers for three consecutive training sessions was presented, testing phase 

began. Testing phase: sessions included the previous two S and L sounds, and 5 probe duration 

values (2.52, 3.17, 4.00, 5.04, and 6.35 s). Reinforces were not delivered after probe trials. This 

phase registers how many of the 5 probe durations the rat discriminates as a long/short stimulus. 

After 15 base-line testing phase sessions, rats were injected i.p. with previously reported 

effective doses of either AEA (CB1 agonist), SR141716A (CB1 antagonist), HU308 (CB2 

agonist), or SR144528 (CB2 antagonist). Rats were evaluated in testing phase under influence of 

these substances for 3 consecutive sessions. Results show that, when comparing to the control 



group: AEA significantly increases the number of errors for the S sound and significantly 

increases the number of omission errors for S and L sounds. SR141716A does not significantly 

differ in the number of correct responses and omissions to S and L sounds. HU308 significantly 

increases number of errors for L sound. SR144529 presents significantly more correct responses 

to the L sound. These results show that CB1 and CB2 receptors agonism significantly decreases 

the performance of the TBAT. Antagonism of CB1 receptors does not affect the performance, 

while antagonism of CB2 improves it compared to the control group. This study was conducted 

in the Universidad Iberoamericana, for which we are thankful for all the support provided. 
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Title: Resource depletion versus increased opportunity costs: A test of competing theories in rats 

performing a sustained attention task 

Authors: *K. B. PHILLIPS1, L. RYSZTAK2, M. SARTER1 
1Psychology, 2Neurosci., Univ. of Michigan, Ann Arbor, MI 

Abstract: Performance on sustained attention tasks declines over time, in response to distractors, 

and is generally more vulnerable in patients with impaired brain function. Traditionally, such 

performance decline has been interpreted as reflecting depletion of attentional or related 

cognitive resources. However, resource depletion models cannot explain invigorated 

performance following task switches or increased incentives to perform. An alternate hypothesis 

for this decline proposes that performers compute cost/benefit calculations for staying on task 

versus engaging in alternative action, termed opportunity costs (Kurzban et al., 2013). Increases 

in opportunity costs are subjectively experienced as increasing boredom, loss of motivation to 

perform, and attentional fatigue. Thus, task performance declines and alternative action becomes 

increasingly attractive. Here we employed manipulations of task variables to test conflicting 

predictions derived from these two theoretical perspectives in rats performing a Sustained 

Attention Task (SAT). The SAT requires the reporting of cues as well as non-cue events via 

separate levers, yielding four response categories (hits and misses; correct rejections and false 

alarms). Male and female rats trained to SAT criterion performed three versions of SAT: with 



sequences of repeated trial types (during which only cued or non-cued trials occur), with blocks 

where the intertrial interval (ITI) is shortened, and with blocks where the ITI is lengthened. 

Importantly, the two competing theoretical perspectives predict opposed outcomes of these task 

manipulations: trial repetition and long ITIs should not tax attentional resources but they should 

be neutral to, or elevate, opportunity costs. Conversely, shorter ITIs are thought to tax processing 

resources but may be neutral with respect to, or even decrease, opportunity costs. The outcomes 

of these manipulations are being determined in rats with relatively poor versus relatively high 

cholinergic-attentional capacities (sign versus goal trackers, respectively) to further determine 

the nature of these animals’ opponent cholinergic-attentional traits. Additionally, we are 

assessing the role of the basal forebrain cholinergic system on resource management versus 

opportunity cost tolerance by testing these parametric task manipulations in goal-trackers with 

cholino-selective basal forebrain lesions and thus with permanent impairments in SAT 

performance. Defining the precise cognitive and neuronal mechanisms mediating attentional 

decline is crucial for developing rational treatments of the cognitive instabilities that typify a 

wide range of disorders. 
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Abstract: Behavioral training of animal models is typically time-consuming and labor intensive. 

More hands-off or automated methods of behavioral training are preferable for their increased 

efficiency. However, contemporary automated training systems for rodents often involve 

expensive components and substantial technical expertise to implement. Moreover, few systems 

are available to train rodents in an automated fashion on visually based behavioral tasks. We 

develop an inexpensive and scalable automated system for training rodents on touch-screen 

based visual behavioral paradigms. In this system, the training schedule is managed by 

networked Raspberry Pi microcontrollers. Commercially available components together with 

custom software provide an affordable and flexible solution for presenting visual stimuli, for 

delivering appropriate reward and punishments, and for rodent monitoring and identification. In 

addition, this system is potentially compatible with the training being conducted within the 

familiar environment of the animal’s home cage. Modular in design, this system allows for 



straightforward potential integration of visual perceptual and cognitive tasks with neural 

recording and manipulation. 
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Title: Concomitant behavioral and prefrontal cortex neuronal responses following acute and 

chronic methylphenidate exposure in adolescent and adult rats 
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Abstract: There is growing concern that the psychostimulant Methylphenidate (MPD) is being 

abused for cognitive enhancement and recreation by healthy adults and adolescents seeking to 

improve their work or academic performance. This study concomitantly recorded the behavioral 

and prefrontal cortex (PFC) neuronal activity in freely behaving animals exposed to acute and 

chronic MPD doses (0.6, 2.5, and 10.0mg/kg MPD) in order to compare MPD effects on adult 

and adolescent rats. The PFC was selected because it is one of the primary brain areas affected 

by MPD and the drug of choice for treating ADHD. Moreover, the PFC is one of the last brain 

areas to complete development, suggesting that the behavioral and neurophysiological response 

to MPD may differ in adolescents and adults. In both adult and adolescent animals, it was 

observed that the same repetitive (chronic) dose of either 0.6, 2.5, or 10.0mg/kg MPD exposure 

elicited behavioral sensitization in some animals and tolerance in others, and the majority of PFC 

units recorded in animals expressing behavioral sensitization or tolerance to chronic MPD 

exposure responded by increasing and decreasing their neuronal firing rate, respectively. 

Behavioral sensitization and tolerance are experimental biomarkers indicating that the drug has 

the potential to elicit drug dependence. Overall, adult PFC units were more responsive to acute 

and chronic MPD exposure than adolescent PFC units. This difference may be related to the 

ongoing PFC development during the adolescent period. In addition, in both adult and adolescent 

animals, PFC neurons recorded from animals expressing behavioral tolerance exhibited a 

significantly (p<0.05) greater increase in PFC neuronal firing rate than PFC neurons recorded 

from animals expressing behavioral tolerance. This and the above observation suggest that it is 



essential to record the acute and chronic effect of psychostimulants on brain activity 

concomitantly with the animals’ behavior and to evaluate the neurophysiological responses from 

behaviorally sensitized animals separately from those recorded from behaviorally tolerant 

animals. 

Acknowledge: This research was supported by a National Institutes of Health (NIH) grant, DA 
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Abstract: Experiments in rodents have indicated that exposure to neurotoxins in pregnant rats 

has permanent adverse effects on the behavioral and cognitive functions of offspring. Prenatal 

exposure to VPA induces neural tube defects and impairment in social behaviors similar to that 

observed in patients diagnosed with autistic spectrum disorder. VPA can also induce fetal 

valproate syndrome, which has been associated with attention deficit hyperactivity disorder 

(ADHD).  

In this study we evaluated the effect of exposure to different doses of VPA (200 mg/kg and 600 

mg/kg) to pregnant Wistar rats on embryonic day 12 in order to analyze the effect in the 

performance of an auditory stimulus detection task in the pups when they reached the postnatal 

age of 60 days. 

Pregnant rats were divided into three groups. Rats from the control group received i.p. saline 

solution on embryonic day 12 (E12). The second group of pregnant rats received at E12 a dose of 

200 mg/kg of VPA, and the third group a dose of 600 mg/kg. Ten male pups from each group 

were selected and kept in separate boxes until the age of 60 days, which was the moment when 

the behavioral evaluation began. 

The auditory stimuli detection task consisted in the following: rats had to press a lever and keep 

it pressed until an auditory stimulus appeared (4 kHz, 100 ms, 60dB). Rats had to release the 

lever when detecting the stimulus. If they did it with a reaction time of less than 1 sec, they 

obtained water as a reinforcer. Three levels of difficulty of the task were evaluated (fixed interval 



1 sec, fixed interval 5 sec, variable interval of 2 to 5 sec). 

The results showed that the prenatal exposure to both doses of VPA affected the reaction time 

(F(2,54)= 7.70; 0.01) and produced an increase in the number of errors (F(2,54)= 8.10; 0.001) during 

the execution of the auditory detection task. Regarding the number of correct answers, no effects 

of the VPA exposure were observed in any of the groups. 

The VPA model provides a valuable tool to investigate the effects of prenatal exposure to 

neurotoxins (VPA) on cognitive processes such as attention. 
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Title: Functional evidence for a default mode network deactivation in the mice brain using 

functional ultrasound imaging (fUS) 

Authors: *J. FERRIER1, E. TIRAN3, T. DEFFIEUX5, M. TANTER4, Z. LENKEI2 
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Abstract: The “Default Mode Network” (DMN) has been highlighted in brain imaging studies 

as a set of interacting brain areas which are active during wakeful rest and inactivated during 

task-based stimulation. The DMN is thought to be involved in a number of internal and self-

related cognitive processes. Although the existence of an analogous network has been identified 

in small rodents using resting-state intrinsic functional connectivity (the so-called “DMN-like” 

network), there is no functional evidence supporting a deactivation of this network during high-

demanding cognitive/sensory tasks. Such a demonstration requires a highly-sensitive brain 

imaging modality that can be applied to awake animals. Here we used functional ultrasound 

(fUS) imaging in head-restrained awake mice to properly visualize functional connectivity (FC) 

patterns and to investigate their modulation during whisker stimulation. We identified 

reproducible and highly symmetric resting-state networks in awake mice. However, sensory 

stimulation induced an increase in locomotion resulting in a higher signal-to-noise ratio which 

altered FC outcome. We hence used low-dose medetomidine to induce a mild sedation while 



maintaining the animals alert. Under this state, we show that FC is similar to that in awake 

animals while significantly reducing epochs of activity during stimulation. Importantly, we find a 

decreased interhemispheric correlation within the restrosplenial cortex, a major hub of the DMN, 

during whisker stimulation compared to rest. Taken together, these results provide further 

evidence supporting an evolutionary preserved function of the DMN and could help improve 

translational relevance of preclinical models of neuropsychiatric diseases. 
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Abstract: Prior data from our lab and others has shown that that the anterior cingulate cortex 

(ACC) of the rat is critically involved in many aspects of executive function and cognitive 

control. Previously, we have shown that excitotoxic lesions of the ACC produced deficits in the 

ability of male rats to filter salient distractors. Additionally, these same subjects were unable to 

reverse reinforcement contingencies when tested with complex stimuli (Newman and McGaughy 

2011). These deficits in filtering were not attributable to impairments in conditional 

discrimination learning, impairments in reversal learning with uni-dimensional stimuli or a 

general distractibility to conspicuous, irrelevant stimuli. In the present study, male, Long-Evans 

rats were used to determine if lesions to the noradrenergic or cholinergic afferents to ACC could 

recapitulate the effects of excitotoxic lesions in the same area. Lesions were produced by 

infusion into rostral ACC of dopamine β hydroxylase saporin or 192 IgG-saporin to deplete 

norepinephrine or acetylcholine, respectively. After two weeks of recovery from surgery, rats 

were tested in an intradimensional/extradimensional set-shifting task. This test was selected 

because of it's utility in translational neuroscience and it’s sensitivity to several aspects of 

executive function including susceptibility to salient distractors, the ability to form an attentional 

set, the ability to shift an attentional set and reversal learning. Preliminary data show that 

noradrenergic, but not cholinergic lesions recapitulate some, but not all, of the impairments 

found after excitotoxic lesion of ACC. Specifically noradrenergic lesioned rats were more 



susceptible to salient distractors than sham-lesioned rats. In contrast to the effects of excitotoxic 

lesions, noradrenergic lesions did not impair the ability to reverse reinforcement contingencies 

when using complex stimuli containing salient, irrelevant stimulus dimensions. The extent of the 

lesions to ACC were assessed using markers for norepinephrine transporters and 

acetylcholinesterase. Together these data support the hypothesis that norepinephrine in the ACC 

is critically involved in the ability to filter salient distractors. The significance of these findings 

will be discussed in terms of the relevance of these data to the treatment of several 

neuropsychiatric disorders including attention deficit hyperactivity disorder, depression and 

addiction. 
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Abstract: The claustrum, a subcortical structure located between the putamen and the insular 

cortex, forms extensive reciprocal connections with most cortical areas. Such a widespread 

pattern of connectivity drove several hypotheses about its function, which encompass saliency 

detection and attention. However, due to the difficulty to specifically alter CLA activity without 

affecting surrounding brain areas, we are currently lacking causal evidence to its role. We used a 

transgenic mouse line expressing a Cre recombinase in glutamatergic CLA neurons to 

specifically study CLA connectivity and to modulate its activity. Viral tracing showed that while 

CLA neurons project to the entire neocortex, they preferentially innervate associative areas, such 

as the medial prefrontal cortex (mPFC). Using channelrhodopsin-assisted circuit mapping, we 

showed that CLA neurons exert a direct excitatory drive on mPFC pyramidal neurons. Calcium 

imaging of the CLA during the attentional set-shifting test (ASST), a task that evaluates 

cognitive flexibility, revealed the recruitment of specific ensembles of CLA neurons. To confirm 

the critical involvement of CLA neurons in this task, we either chemogenetically inhibited or 

optogenetically stimulated these neurons. All of these manipulations specifically impaired extra-



dimensional shifts. Given the established role of the mPFC to cognitive flexibility, we further 

characterized the role of CLA projections into the mPFC. First, we optogenetically stimulated 

CLA terminals in the mPFC, a modulation which disrupted ASST extra-dimensional shifts 

performance. Second, we demonstrated a monosynaptic excitatory drive on mPFC pyramidal 

neurons using channelrhodopsin-assisted circuit mapping. In conclusion, the activity of 

glutamatergic CLA projections to the mPFC is crucial to the ability to perform extra-dimension 

attentional shifts. 
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Title: Activity of basal forebrain neurons in a classical sustained attention task 
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Abstract: The basal forebrain (BF) plays key roles in multiple brain functions, including sleep-

wake regulation, attention and learning/memory. The BF consists of cholinergic, GABAergic, 

and glutamatergic neurons. Stimulation of BF cholinergic neurons enhances cortical processing 

and visual attention performance including the detection of sensory cues, in which projections 

from the horizontal diagonal band of Broca (HDB) to the prefrontal cortex are especially 

important. Less is known about potential involvement of BF GABAergic and glutamatergic 

neurons in attention. 

To test whether neurons of the HDB indeed show activity patterns correlated with attention, we 

trained mice on the 5-choice serial reaction time task (5-CSRTT), which measures the ability of 

rodents to sustain spatial attention over a large number of trials. We developed an automated 

training system, in which mice freely alternated between their home cage and a training cage 

according to a fixed time schedule. During training, mice had to pay attention to detect light cues 



and subsequently report to the illuminated port and nose-poke for water reward. We 

implemented both self-initiated and non-self-initiated versions of this task. To investigate the 

firing patterns of HDB neurons during attention; therefore we implanted tetrodes to the mouse 

HDB. To verify the placement of the implanted tetrodes immediately after the surgery we 

combined CT and MRI scans. 

We found that the automated training greatly improved learning speed. Mice maintained an 

average accuracy over 80% during recording. A number of neurons in the HDB responded 

phasically to light cues but decreased their firing rates during nose-poke events when the trial 

was rewarded. These neurons showed a smaller cue-response in error trials with no response 

during nose poke. Another population of neurons responded exclusively to reward. Firing rate 

changes in the ‘attention period’ preceding cue presentation were less frequent. These data 

indicate that HDB neurons may have a more distinct role in learning; however, a specific role of 

cholinergic cells in sustained attention is yet to be tested. 
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Abstract: In previous studies we have characterized a form of approach behaviour in which rats 

made volitional orofacial contact with inactive feeders between trials of a self-paced, competitive 

2-choice task termed ‘Matching Pennies’ (Gruber, 2018). This behaviour, termed extraneous 

feeder sampling (EFS), was never reinforced and therefore imposed opportunity and effort costs, 

yet persisted despite extensive training. The relative rate of EFS to operant responding increased 

with changes to the operant chamber, and also increased with devaluation of the reinforcement 

by pre-feeding. These data suggest that this behaviour is related to uncertainty. We hypothesized 

that the anterior cingulate cortex (ACC) promotes EFS because the ACC has been proposed to 

process information about uncertainty and exploration-related variables (Monosov, 2017). To 



test this hypothesis, bilateral excitotoxic lesions of the ACC were performed in male Long Evans 

rats. Control rats received sham lesions. Lesions of the ACC resulted in no significant changes 

on Matching Pennies task performance compared to a sham group. However, differences 

emerged once a certain degree of uncertainty was introduced into the task. We first altered a 

single aspect of the operant chamber: the length of a barrier separating a nose-poke port from the 

feeders. We allowed rats to perform the task for 100 trials with their customary 13 cm barrier 

separating the nose-poke from the feeders. We then took the rats out of the chamber and replaced 

the barrier with a longer one, a shorter one, or one the same length. Rats were then placed back 

in the chamber and allowed to perform an additional 100 trials. The relative EFS rate increased 

for either novel barrier length as compared to the familiar one for both the ACC and sham 

groups. We then tested rats on the same task in a larger chamber in a different room. ACC 

lesioned rats performed more trials and had a lower relative EFS rate than then the control group 

rats. These data suggest that rats with ACC lesions were either less distracted by novel features 

of the unseen chamber/room or less uncertain about task contingencies. 
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Abstract: Hypocretin (Hcrt) neurons in the lateral hypothalamus are well-known to play a role 

in arousal and driving motivated behaviors, more recently, pharmacological studies have also 

suggested a role for Hcrt in impulsivity. To further investigate this, optogenetic methods have 

been used to study the role of the Hcrt circuit in behavioral inhibition via recording and 

manipulating Hcrt neuron activity during the Go/NoGo task. Mice were trained to discriminate 

between two audio cues and, based on the cue, either exhibit (“Go”) or inhibit (“NoGo”) nose-

poking behavior in an operant chamber. Appropriate behaviors were rewarded with a 33% 

solution of sweetened condensed milk, inappropriate behavioral responses were neither punished 

nor rewarded. Hcrt-Cre mice received viral injections (recording study: GCamp6F; stimulation 



study: ChR2) and fiber-optic implants into the lateral hypothalamus. After recovery, calcium 

recordings (from Hcrt neurons in GCamp6f-injected mice) were carried out throughout a ten-

minute session of Go/NoGo trials to observe naturally occurring Hcrt activity. Additionally, 

behavior in the Go/NoGo task was observed during 40-minute sessions of Go/NoGo trials where 

mice received optogenetic stimulation (of Hcrt neurons in ChR2-injected mice) during specific 

period of Go/NoGo trials. Using these novel methods, we are able to show 1) changes in neural 

activity of Hcrt neurons over distinct trial periods within the Go/NoGo task (Precue period/Cue 

period/Reward period/Inter-trial interval); 2) differences in Hcrt activity in NoGo trials where 

behaviors must be inhibited compared to Go trials where nose-poking is appropriate; and 3) how 

manipulation of these Hcrt neurons can alter behavioral outcomes of impulsivity scores in the 

Go/NoGo tasks. These data strongly support a role for Lateral Hypothalamic neurons in 

behavioral inhibition and may lead to new therapeutic approaches for impulsive disorders. 
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Abstract: RATIONALE Norepinephrine (NE) levels are critical to attentional control (Arnsten et 

al., 2005, J. of Clin Neurosci (67), 7-12). Prior studies in this lab found that the selective NE 

reuptake inhibitor, atomoxetine (ATX), reduced attentional lapses without affecting sensorimotor 

processing speed in rats performing the two-choice reaction time task (2CRTT). The present 

study explores the specific involvement of α-2 noradrenergic receptors using the selective 



agonist, guanfacine. This drug is currently used to treat ADHD (Bidwell et al., 2010, Curr Psych 

Reports (12), 366-373). Reaction time is broken into initiation time (IT) and movement time 

(MT) to isolate attentional processes. IT is the time from stimulus presentation until rats first 

react to the stimulus. IT mode represents sensorimotor processing when rats are attentive. IT 

distribution skew (devmode; mean – mode) is thought to represent lapses in attention (Leth-

Steensen et al., 2000, Acta Psychologica (104), 167-190; Sabol et al., 2003, Behav Pharm (7), 

489-500). It is hypothesized that guanfacine will reduce attentional lapses (IT devmode) without 

affecting sensorimotor processing speed (IT mode). METHODS Twenty male Sprague-Dawley 

rats were tested in the 2CRTT. Rats nosepoked in a central aperture for a foreperiod that varies 

randomly between 0.3 and 6.0 sec. After the foreperiod, a stimulus light came on above an 

aperture to the left or right of the rat. The rat then removed its nose from the central aperture (IT) 

and entered the aperture underneath the illuminated light. A water drop was given for correct 

responses within an adjusting time criterion. Rats began new trials by entering the central 

aperture. Twice each week, guanfacine was administered thirty minutes before testing. Doses 

were assigned via the Latin square procedure and included saline, 0.01, 0.1, 0.3, and 1.0 mg/kg. 

Each rat received each drug dose two times. Data were analyzed with repeated measures 

ANOVA. RESULTS There was no effect of guanfacine on IT mode. Guanfacine reduced IT 

devmode at 0.1 and 0.3 mg/kg. DISCUSSION In our prior experiments, ATX reduced 

distribution skew (thought to represent attentional lapses) without affecting sensorimotor 

processing speed in attentive rats. Guanfacine administration revealed the same pattern of results, 

suggesting that α-2 receptor binding is responsible for the increased attentional control. The 

effect of guanfacine on distribution skew is consistent with guanfacine’s role in the treatment of 

ADHD, supporting a translational function for this animal model of attentional lapses. 
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Abstract: Norepinephrine (NE) signaling within cortical regions including the prefrontal cortex 

is critical for regulation of executive functions such as attention. This NE largely originates from 



the brainstem nucleus: locus coeruleus (LC). In some species, females have been shown to have 

more LC neurons and more complex dendritic arborization, but functional consequences of this 

dimorphism are largely unknown. Our previous studies in male subjects suggest that increasing 

tonic LC activity drives inattentive behavior, therefore the present study investigates this effect 

in females. Using designer receptors exclusively activated by designer drugs (DREADDs), we 

specifically and reversibly manipulated activity of LC neurons in female rats. Behavioral 

responses were tested using an operant two-alternative forced choice (2AFC) paradigm, in which 

rats discriminate visual stimuli to press the appropriate response lever for a sucrose reward. 

Female Long Evans rats (n=23) were infused with AAV vectors containing either PRSx8-

hM3Dq or PRSx8-mCherry to the LC before training on the 2AFC. An investigator blind to the 

genotype of the subjects carried out within-subject testing of LC activation using a latin-squared 

design across doses (0.1-1 mg/kg) of the DREADD activator clozapine-N-oxide. We found that 

LC upregulation with Gq-DREADDs in female subjects significantly reduces task engagement 

and accuracy while increasing distractibility and reaction time variability in the 2AFC task 

compared to vehicle injections and mCherry controls. This response phenotype is similar to that 

previously observed in males, however the dose-response relationship in females is shifted 

rightward and attentional measures are less severely disrupted than observed in males, indicating 

a functional dimorphism in response to LC upregulation between sexes. A major result of this 

study is an increased understanding of how attentional circuits work in both sexes. 
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Abstract: Cortical processing of sensory events is significantly influenced by context. For 

instance, repetitive or contextually redundant stimuli often elicit attenuated responses in primary 

visual cortex (V1), while unexpected or “deviant” stimuli elicit augmented responses. This 

contextual modulation of sensory processing is likely a fundamental function of neural circuits, 

yet a generalized understanding of how it is computed is still missing. Importantly, context 

processing is significantly altered in individuals with schizophrenia (SZ; e.g. reduced “mismatch 

negativity”), potentially relating to core pathophysiology and symptomatology. We measured 

neuronal activity in cortical volumes in V1 of awake mice using dual color and holographic two-

photon calcium imaging to explore how local, intralaminar, and interregional circuits process 

deviant and redundant events. A visual “oddball” paradigm was employed wherein full-field 

square-wave stimuli of 2 possible orientations (e.g. 45 vs 135 degrees) were presented with 

varying regularity (88% redundant orientation; 12% deviant or “oddball” orientation). Responses 

in this paradigm were compared to a “standard” context wherein stimuli of 8 possible 

orientations were randomly presented. As we have described (Hamm and Yuste, 2016), robust 

stimulus-specific adaptation (i.e. reduced responses to redundant) and genuine deviance 

detection (i.e. enhanced responses to deviants) were observed at the population level, after 

averaging over all neurons.Interestingly, cluster analysis indicated the presence of 3 distinct 

groups of neurons: 40% showing a preference for standard contexts (“general adapting”), 40% 

showing a preference for deviant contexts (“deviance detectors”) and 20% lacking contextual 

modulation. Only the first two subgroups showed orientation selectivity. These context-specific 

subgroups of cells were present in layers 2-5 of cortex, although “deviance detectors” were twice 

as common in layer 2/3. By imaging the activity of axons originating from distal regions, we 

show that these context-driven preferences are i) absent in bottom-up inputs from dLGN 

thalamus, and ii) present in top-down projections from PFC (area Cg). Optogenetic suppression 

of PFC inputs to V1 disinhibited neuronal responses, affecting context processing at a gross 

level, but left subgroup preferences intact. Our results suggest that sensory cortical ensembles 

can independently code for contextual information, such as stimulus novelty. This underscores 

the relevance of ensembles in SZ pathophysiology, given that ensembles are altered in 

pharmacological and genetic mouse models of SZ (Hamm et al, 2017). 
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Abstract: Dopamine plays a key role in attention and attention-related disorders. The frontal eye 

field (FEF) is an area of the prefrontal cortex causally implicated in the control of visual spatial 

attention. We have previously demonstrated that small dose injections of a dopamine D1 receptor 

(D1R) antagonist into the FEF modulates visually driven signals in posterior visual cortex in a 

way that resembles attentional modulation. We now examine how local application of dopamine 

agonists and antagonists affects attention-related activity within the FEF. We trained two rhesus 

macaques on an attention task and then recorded from FEF neurons while testing the effects of 

iontophoretically-applied D1R agonists and antagonists on neuronal activity during behavior. In 

a single trial of the attention task, the monkey initially maintains fixation while holding down a 

lever. Next, two targets appear followed by a central cue indicating which target to attend to. 

After a delay, the targets are briefly blanked (50-300ms). After the blank, both targets reappear, 

with the cued target in either the same or a different orientation. The monkey reports a detected 

change in target orientation by releasing the lever and reports ‘no change’ by keeping the lever 

pressed. While the animal performed this task, we recorded from FEF neurons and used 

iontophoresis to locally apply either a D1R agonist (SKF81297) or a D1R antagonist 

(SCH23390) with currents of either 20nA or 50nA. We examine the visually-driven signals of 

FEF neurons during the period between cue presentation and target-blanking. We obtain a 

measure of attentional modulation by contrasting this activity between trials in which the 

receptive field stimulus is cued (attended) or not cued (unattended). We then examine the effect 

of dopamine agonists and antagonists on this attention-related activity, as well as on pre-cue 

activity. Thus far, we find significant, selective changes in attentional modulation during 

iontophoretic application both of D1R agonists and antagonists. In a further experiment, we vary 

the contrast of the cued targets: indicating in advance that the trial will be more or less difficult 

than previous trials. Thus far, we find that attention-related activity in the presence of D1R 

antagonists varies with task difficulty in individual neurons. Our results show that the attention-

related activity of FEF neurons depends on D1Rs, and that and that this dependence can be 

shaped by task demands. These results demonstrate a role for dopamine, acting through D1Rs, in 

attentional modulation in the FEF and indicate a relationship between the variability of 

dopaminergic signals in the prefrontal cortex and behavior. 
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Abstract: The pulvinar nucleus of the thalamus plays an important role in vision and attention. 

Lesions and reversible inactivation of the pulvinar lead to attentional impairments (Petersen et 

al., 1987, Desimone et al., 1990), and pulvinar neurons increase their firing rate during covert 

visual attention (Saalmann et al., 2012, Zhou et al., 2016). The pulvinar can be broadly split into 

dorsal and ventral subdivisions, which have different anatomical connectivity patterns. While the 

dorsal pulvinar connects with posterior parietal and frontal cortex among others, the ventral 

pulvinar connects strongly with early visual areas, e.g. V1 and V2. If the dorsal and ventral 

pulvinar are interconnected, attention signals from frontoparietal cortex could influence visual 

areas through the pulvinar. Few studies have characterized in detail the effects of attention on 

dorsal and ventral pulvinar, and no studies have established whether the subdivisions of the 

pulvinar are anatomically or functionally interconnected. 

We recorded from hundreds of single and multi-units in dorsal and ventral pulvinar using linear 

microelectrode arrays in two macaque monkeys while the animals performed a spatial attention 

task. We found that neurons in the dorsal pulvinar, but not the ventral pulvinar, displayed 

elevated delay activity with attention. In addition, neurons in the ventral pulvinar, but not the 

dorsal pulvinar, showed attentional modulation of firing rate in response to a cued visual 

stimulus. Trial-wise variability of spike counts and spike-count correlations in the population 

were unaffected by attention in both subdivisions, which contrasts with commonly observed 

effects of attention across the cortex. Finally, we computed spike-field coherence and Granger-

causality across subdivisions to investigate functional connectivity between pulvinar 

subdivisions. Altogether, these results provide a comprehensive understanding of the pulvinar 

and its subdivisions during selective visual attention. 
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Abstract: Mounting evidence suggests that computation in many brain areas is performed 

through network-level phenomena, specifically, low-dimensional processes that underlie the 

activity of populations of neurons. Such processes have been shown to explain the often-puzzling 

responses of individual neurons, and to precisely relate neural activity to behavior on single 

trials. However, few studies have characterized such processes in the domain of cognition. Here 

we focus on the pulvinar, a higher-order nucleus of the thalamus, that has been shown to be 

engaged during visual selective attention. To characterize its activity, we used a recently 

developed deep learning method, Latent Factor Analysis via Dynamical Systems (LFADS), 

which attempts to uncover low-D structure underlying neural population activity on individual 

trials. We obtained spiking data from 348 multi-units in the pulvinar of a macaque monkey 

performing a selective visual attention task. Our first goal was to test whether low-D structure 

underlies population activity in the pulvinar, and our second goal was to characterize attentional 

effects on the firing activity of pulvinar neurons on single trials. If low-D structure does exist, 

then a given neuron’s activity should be well-described by the activity of other recorded neurons 

in the population. We tested this idea using a generalized linear model, and found that the 

spiking activity (binned at 20 ms) of a given multi-unit could be predicted from the activity of 

other simultaneously recorded multi-units with much greater accuracy than chance (p>0.0001 for 

92% of the recorded multi-units). We next tested whether LFADS could be used to uncover 

attentional effects from population activity. LFADS uses an artificial neural network to model 

observed population activity and to infer de-noised single-trial firing rates from neural spiking 

data. We found that LFADS inferred neural firing rates with 10-15 Hz oscillatory activity on 

single trials, which was not easily observed from the raw spiking activity of the neurons. In 

previous work, 8-15 Hz rhythmic spiking activity, typically phase-locked to oscillations in the 



simultaneously recorded LFP, has been observed to correlate with changes in attentional state on 

a trial-averaged level. Future analysis will focus on relating these de-noised firing rates to 

behavioral outcomes (e.g., response time during visual attention tasks) on single trials. 
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Abstract: The pulvinar nucleus of the thalamus plays an important role in vision and attention. 

Several parcellations of the pulvinar have been suggested (Stepniewska, 2004), based on 

cytoarchitecture, myeloarchitecture, neurochemistry, and receptive field (RF) maps. Except for 

the RF maps, these methods cannot be used to localize the pulvinar and its subdivisions in living 

animals; MRI atlases based on these methods need to be consulted. We can identify broad dorsal 

and ventral subdivisions of the pulvinar using T2-weighted MR images. However, because the 

pulvinar is deep and electrode tips are difficult to visualize, slight errors in depth measurements 

can lead to incorrect localization of the electrode. We present a method to distinguish dorsal and 

ventral pulvinar using neuronal and local field potential (LFP) responses to several tasks, and 

then we characterize differences in baseline activity, population coding, and attentional 

modulation across subdivisions. 

We recorded from hundreds of sites across the pulvinar using linear arrays in two macaque 

monkeys. We consistently identified a set of sites with a strongly negative evoked LFP response 

to a 100 ms full-field white stimulus. These sites also have LFP response fields that correspond 

to RF maps reported from single-unit recordings in the ventral pulvinar. Therefore, we classify 

these sites as the ventral pulvinar. Sites in the ~1.5 mm above these sites often exhibit strong pre-

saccadic modulation of firing rates as well as sustained suppression during attentive fixation, 



consistent with a previous finding (Bender and Youakim, 2001). We classify these sites as the 

dorsal pulvinar. 

We found differences in the latency of peri-saccadic activity, evoked LFP response shape, and 

baseline LFP power between dorsal and ventral pulvinar. In addition, selective visual attention 

acts differently on neurons in the two subdivisions. Neurons in dorsal pulvinar show elevated 

delay activity with attention, and neurons in ventral pulvinar show attentional modulation of 

firing rate in response to a cued visual stimulus. Altogether, these results can help guide 

neurophysiologists to target the pulvinar and its subdivisions and also improve our understanding 

of pulvinar function in vision, visuomotor behavior, and visual attention. 
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Abstract: Attention and memory are two core cognitive processes in primates, resulting from 

computations across large-scale neural networks. The functional interactions between these two 

cognitive domains are evident in our everyday life. However, at the neural level, attention and 

memory have been mainly studied in isolation. In the present project, we explored the functional 

interactions between these two cognitive domains using simultaneous multisite 

electrophysiology from macaque monkeys. We used a spatial attention task in which monkeys 

detected a contrast change by directing covert attention to a spatial location based on either a 

local spatial cue indicating the possible location of the target after a variable delay period 

(exogenous cue trials) or based on the color of the central fixation spot, which indicated one of 

four potential spatial target locations (endogenous cue trials). We performed simultaneous 

recordings from area V4 of the ventral visual stream, lateral intra parietal (LIP) cortex of the 

dorsal attention network, entorhinal cortex (EC) of the medial temporal lobe association memory 



system and dorso-lateral pulvinar, an area hypothesized to play an important role in regulating 

communication between cortical nodes during spatial attention. Previous studies have shown the 

emergence of behavioral rhythms (measured by hit rate) in similar tasks involving exogenous 

cue conditions, suggesting a rhythmic environmental sampling process. Here, monkeys showed 

similar behavioral oscillatory patterns during spatial attention, both in exogenous and 

endogenous cue conditions, indicating that a local stimulus-driven phase resetting is not required 

for setting up the attentional rhythms, rather it may be initiated by an attentional shift. 

Preliminary results of the neural data suggest differential roles of LIP and EC in processing 

exogenous and endogenous cue conditions. The role of pulvinar in regulating information flow 

from the ventral visual stream node V4 to EC and LIP appears to depend on the attentional 

demands associated specifically with to exogenous and endogenous cue conditions. Our work 

furthers an understanding of the functional interactions between attention and memory networks 

in the primate brain. 
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Abstract: Orexins are a class of neuropeptides that are associated with homeostatic functions, 

such as food intake, sexual behavior, and the sleep/wake cycle. Orexins also play a pivotal role 

in cognitive processes such as attention and memory. Orexinergic neurons project onto basal 

forebrain corticopetal cholinergic neurons, a neurotransmitter system that is necessary for normal 

attentional processing. Previous work in our lab showed that intracranial orexin A administration 

can attenuate attentional deficits following loss of basal forebrain corticopetal cholinergic 

neurons. In the present experiment, we tested the effects of intranasal administration of orexin A 

in FBNF1 hybrid rats (N = 12) on a visual attention task. This task required rats to discriminate 

between trials when a visual light was illuminated from trials when the light was not illuminated. 

Intranasal orexin A (100 nM) decreased accuracy in the visual sustained attention task, 

specifically on trials when the light was not illuminated. This task performance decline may be 

due to abnormally high stimulation of orexinergic receptors, which, in turn, led to over-excitation 



of basal forebrain cholinergic neurons. This conclusion is consistent with the effects of other 

manipulations that abnormally elevate cortical acetylcholine. 
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Abstract: Schizophrenia (SZ) is a psychiatric condition wherein those afflicted typically 

demonstrate a combination of positive symptoms, such as hallucinations and delusions, as well 

as negative symptoms, including alterations of processing that disrupt sociality, mood, and 

cognition. Aberrant attentional processing is thought to underlie several of the deficits in SZ. The 

NMDA receptor hypofunction model of SZ asserts that widespread failure of cortical inhibition - 

resulting from reduced NMDA receptor input to GABA interneurons - incites both the excessive 

subcortical excitation and hypofrontality that induce the positive and negative syndromes, 

respectively. Because the severity of negative and cognitive deficits more accurately predicts 

functional outcomes than does the prevalence of positive symptoms, pharmacotherapies which 

enhance attention, learning, and memory function for individuals with SZ are currently being 

explored. Orexin-A (OxA), a neuropeptide involved in wakefulness, appetitive drive, and 

incentive- and fear-linked behaviors, has also demonstrated cognitive-enhancing qualities in both 

neurotypical and pathological states. In the present experiments, we assessed the effects of OxA 

administration and orexin receptor blockade on attentional performance following administration 

of the NMDA receptor antagonist, dizocilpine (MK-801). Intranasal OxA administration 

decreased attentional accuracy following acute NMDA receptor blockade. Ongoing work is 

testing the effects of the dual orexin receptor antagonist filorexant (MK-6096) on attention 

following NMDA receptor blockade. The present results suggest that manipulations of 

orexinergic neurotransmission can alter attentional performance following NMDA receptor 

blockade in rats. 
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Abstract: Orexin neurons project to a number of brain regions that are implicated in attentional 

performance, including to the medial prefrontal cortex (mPFC), a brain region that is critical for 

attention.In particular the right mPFC specifically has been found to be crucial for attention. 

Orexin receptor blockade in the basal forebrain impairs attentional performance, whereas orexin 

A administration can be beneficial under some conditions. However, the role of mPFC orexin 

receptors in attention has not been well-characterized. Based on the results from experiments 

assessing the effects of orexinergic manipulations in the basal forebrain, orexin receptor 

blockade was hypothesized to impair attentional performance, particularly in the right 

hemisphere. Two orexin receptor subtypes exist, orexin 1 and orexin 2 (Ox1R and Ox2R, 

respectively). While the role of Ox1Rs in attention has been examined through in several studies, 

the contribution of Ox2Rs has not been assessed in such detail. The present experiment 

examined the effects on attentional performance of Ox2R blockage, via an Ox2R antagonist, 

(TCS-OX2-29), in the left and or right mPFC separately. Rats were trained in a two-lever 

sustained attention task that required discrimination between visual signal and no signal trials. 

Rats had guide cannula implanted into either the left or right mPFC and, after recovery and re-

establishing baseline performance, TCS-OX2-29 was intracranially administered (0nM, 1nM, 

10nM, 20nM). Consistent with our hypothesis, higher TCS-OX2-29 doses disrupted attentional 

performance. However, attention was enhanced at the lowest TCS-OX2-29 dose. We speculate 

that mild antagonism of Ox2Rs may increase receptor sensitivity for subsequent orexin 

transmission, leading to improvements in attention. 
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Abstract: Arousal and novelty responses linked to locus coeruleus noradrenergic (LC-NA) 

activity affect cognitive performance. However, the mechanisms that control modes of LC-NA 

activity remain unknown. Here, we reveal a local population of GABAergic neurons (LC-

GABA) capable of modulating LC-NA activity and arousal. Monosynaptic retrograde virus 

tracing shows that inputs to LC-GABA and LC-NA neurons arise from similar regions, though a 

few regions provide differential inputs to one subtype over the other. Extracellular targeted 

recordings to LC-NA and LC-GABA populations demonstrate two modes of LC-GABA 

responses whereby spiking is either correlated or broadly anti-correlated with LC-NA responses, 

reflecting anatomically similar and functionally coincident inputs, or differential and non-

coincident inputs, to LC-NA and LC-GABA neurons. Optogenetic modulation of the two 

populations shows that coincident inputs control the gain of phasic LC-NA mediated novelty 

responses, while non-coincident inputs, such as from the prefrontal cortex to LC, alter overall 

levels of LC-NA responses without affecting response gain. These findings demonstrate distinct 

modes by which an inhibitory LC circuit regulates the gain and tone of arousal in the brain. 
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Abstract: Primary sensory cortex has historically been studied as a low-level feature detector, 

but has recently been implicated in many functions typically attributed to higher-level cognition. 

For instance, after an animal learns that a light predicts water at a fixed delay, neurons in primary 

visual cortex (V1) produce “reward timing” activity (i.e., neural activity that represents the time 

between the light and the water). Experimental manipulations localized to this area implicate V1 

as both a site of learning as well as a site of producing this interval activity (as opposed to 

reporting this timing information from some other region via feedback/feedforward input). 

However, the mechanisms by which V1 circuitry produces reward timing is unknown. A formal 

model proposes how this timing information can be produced within V1 using a simple 

connection rule resulting in a broad distribution of inhibitory feedback across a population of 

excitatory cells. In previous studies, it has been shown that the activity of different interneuron 

subtypes (e.g., those expressing parvalbumin (PV), somatostatin (SOM), and vasointestinal 

polypeptide (VIP)) play unique roles in modulating ongoing excitatory cell activity during 

stimulus representation within V1. Yet, it is not clear what role/s, if any, these populations play 

in the representation of time. The model described above has formal predictions regarding the 

role of inhibitory elements which we test with mice exclusively expressing channelrhodopsin in 

different interneuron populations. Consistent with these predictions, we find that PV+ and 

SOM+ interneurons have a stereotyped activity pattern during the delay interval. Furthermore, 

we find that optogenetic activation of PV+, but not SOM+ nor VIP+, interneurons shortens the 

network representation of time. To assess the behavioral significance of PV+ interneuron 

activation within V1, we train mice on a novel action timing task. By combining computational 

modeling, in vivo electrophysiology, and optogenetic manipulations we dissect the circuit 

mechanism by which V1 produces a representation of time. 
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Neurosci., Univ. of Iowa, Iowa City, IA 

Abstract: Time-based decision-making is critical for daily functioning and is heavily impaired 

in neurodegenerative diseases that affect the striatum (e.g., Parkinson’s disease, Huntington’s 

disease, etc.). We conducted two studies to explore the striatum’s role in this deficit. Dopamine 

tunes striatal output by modulating distinct pools of medium spiny neurons (MSNs) that express 

either D1- or D2-type dopamine receptors. Therefore, we first investigated how striatal dopamine 

mediates time-based decision-making via D1 and D2 receptors. Specifically, we trained rodents 

on an operant task in which they were presented with a houselight and had to start responding 

just before and stop responding just 6 seconds elapsed. During testing, we infused either a D1 

antagonist (SCH-23390) or a D2 antagonist (Sulpiride) into the striatum. Blocking striatal D2 

receptors delayed the decision to both start and stop responding, whereas D1 blockade 

selectively delayed the decision to stop responding. These results suggested that D1- and D2-

MSNs play dissociable roles in guiding decisions based on time. To explore this, we used 

electrophysiology and optogenetics to assess how D1 and D2 MSNs fired around the decision to 

start and stop responding. Specifically, we recorded from striatal neurons while D1 and D2-cre 

mice, expressing cre-inducible channelrhodopsin, performed the task. We identified D1 and D2-

MSNs in our population by evaluating which neurons responded to laser stimulation. A subset of 

striatal neurons showed transient activation or suppression selectively around the decision to start 

or stop responding. Furthermore, population activity began to predict when a decision would be 

executed several seconds prior to the moment at which the decision actually occurred. Finally, 

D1-MSNs were more likely to encode the decision to stop responding, whereas D2-MSNs 

typically encoded start and/or stop decisions. However, no differences in time-coding between 

the two subtypes were apparent. Collectively, these results suggest that the striatum both 

mediates both time-keeping and decision-making, with D1 and D2-MSNs playing differential 

roles in the latter process. These results give important insight into the cognitive deficits caused 

by striatal dysfunction; a common symptom of neurodegenerative disease. 
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Title: Dissociation between monoaminergic medications within the prelimbic cortex during 

timing behavior 

Authors: *A. R. MATTHEWS1, M. BUHUSI2, C. V. BUHUSI3 
1Dept. of Psychology, 2Dept. Psychology, 3Interdisciplinary Program in Neurosci., Utah State 

Univ., Logan, UT 

Abstract: Dopaminergic and noradrenergic agonists are used to improve cognitive functioning, 

performance, and working memory, particularly for the treatment of patients with attentional 

disorders. Among the processes impaired by distracters, and whose dysregulation is documented 

in affective disorders, is the ability to time in the seconds-to-minutes range, i.e., interval timing. 

Previously we have shown that the presentation of emotional distracters during a peak-interval 

timing task results in delayed timing behavior (Matthews et al. 2012, Front Integr Neurosci 6: 

111). Delays in timing behavior may suggest that attentional and working memory resources are 

diverted away from the primary timing task and used to process a distracting stimulus, as 

proposed by the Relative Time Sharing (RTS) model (Buhusi & Meck 2009, Phil Trans R Soc B 

364: 1875-1885). According to the RTS model, a pool of attentional resources is allocated to all 

mental tasks a subject is currently performing. If a distracter is presented, timing precision is 

delayed. Here we aimed to investigate the role of specific neurotransmitters within the prelimbic 

cortex (PrL), which had been previously identified as a structure that was involved in interval 

timing behavior as well as the relative sharing of attentional resources that are reallocated 

following emotional distracter presentations (Matthews et al. 2012). Because in Matthews et al. 

2012 the drug used was a dopamine and norepinephrine reuptake inhibitor, we intended to 

further distinguish between the attentional effects of dopamine and norepinephrine reuptake. Our 

experimental setup allowed us to discriminate if either drug shifted attentional resources back to 

the primary timing task or if either drug differentially worked with emotional distracters. We 

hypothesized that either vanoxerine or atomoxetine would decrease time delay following the 

presentation of emotional distracters. We further hypothesized there would be a differential 

effect between the two medications. Our results indicated a discriminable effect between 

vanoxerine and atomoxetine within the prelimbic cortex. While it does not appear that 

vanoxerine significantly altered working memory, atomoxetine significantly decreased the time 

delay following the presentation of novel and emotional pre-exposed distracters, F(2,32)=3.30, 

p<0.05. Results are discussed in relation to the brain circuits involved in dopamine and 

norepinephrine, as well as the pharmacological management of affective disorders. 
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Title: Embedding-based decoding model for spike activity data 

Authors: *K. WATANABE, T. FUKAI 

Riken Ctr. For Brain Sci., Wako, Japan 

Abstract: Accumulating evidence suggests that information processing in the brain relies on the 

sequential activation of a neurons ensemble or cell assembly. However, the ability of the existing 

techniques (e.g., template matching, PCA and ICA) to detect cell assemblies is still severely 

limited. Here, we propose a novel method to extract repeated spatiotemporal activity patterns of 

a neuronal population. Our method uses an embedding technique, in which population activity 

data into a high-dimensional vector representation. This enables us to extract the repeated 

activation of cell assemblies and discuss their relationships to behavior. We tested the capability 

of our method using artificial data. Then, we apply the method to population neural data 

recorded simultaneously from the amygdala and hippocampus of behaving rats 

(https://crcns.org/data-sets/hc/hc-14). The data was previously recorded to show coincident firing 

of hippocampal and amygdala neurons during the consolidation of fear memory (Girardeau, 

Inema & Buzsáki, Nat Neurosci, 2017). Our method further reveals the presence of spike 

sequences of amygdala neurons and their relationships to animal’s behavior and hippocampal 

activity. We thank Joshua Johansen for directing our attention to this interesting problem and 

Gabrielle Girardeau and György Buzsáki for making their data available online. This work was 

partly supported by the Brain/MINDS project and the RIKEN Junior Research Associate 

Program. 
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Title: Neuronal activity cascades in the premotor cortex of Rhesus monkeys underlie periodic 

state trajectories during rhythmic tapping 

Authors: *J. A. GAMEZ, G. MENDOZA, L. PRADO, A. BETANCOURT, H. MERCHANT 

Inst. de Neurobiologia U.N.A.M. Campus Juriquilla, Queretaro, Mexico 

Abstract: Rhythmic timing is a fundamental element of human musical cognition. Recently, we 

showed that Rhesus monkeys are able to generate predictive isochronous rhythmic taps as 

observed in humans. However, the neuronal population code behind the generation of rhythmic 

tapping is practically unknown. Hence, we recorded the multiple single unit extracellular activity 

in the medial premotor cortex (MPC) of two monkeys performing an isochronous tapping task 

(ST) in synchrony with a visual metronome. We found that neural MPC populations showed a 

progressive pattern of activation, generating neuronal cascades that are repeated cyclically for 

each produced interval and that show two key properties: the number of neurons involved in 

each evolving activation patterns, as well as the duration of neural activation periods increased as 

a function of the target interval. In addition, we found that MPC neurons show a strong periodic 

pattern that becomes evident when its activity is projected into a lower dimensional state space. 

Interestingly, different tempos are encoded by circular trajectories of different radii, whose 

variability follows the scalar property. The neural state trajectories can predict the duration of the 

produced intervals in ST on a trial by trial basis. These oscillatory dynamics are not explained by 

the repetitive motor actions performed by the monkey. Finally, simulations of neural cascades 

revealed a tight relation between the number of neurons and the duration of their activation 

periods in the evolving pattern, the properties of the neural state trajectories, and the rhythmic 

tapping behavior of monkeys. Thus, our results support the notion that rhythmic behaviors are 

encoded by the dynamic state of MPC neural populations. 
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Title: Temporal dynamics of anticipatory negative contrast 
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Abstract: Anticipatory negative contrast is a phenomenon in which the experienced value of a 

good is diminished because a higher valued good is anticipated in the future, and is seen in 

rodents anticipating concentrated sucrose solutions (Flaherty 1996) as well as drugs of abuse 

(Grigson, 2008). Specifically, voluntary consumption of a low-concentration sucrose solution 

(8%), as well as the length of lick clusters, a proxy for ‘liking’ (Dwyer 2012), are decreased 

when rats anticipate access to a better reward (32% sucrose solution). In the present work, we 

asked whether this diminishment in value reflects the expected interval until the higher quality 

reward is available.In this procedure Sprague-Dawley rats (n=20) were given access to the low 

concentration sucrose solution for 3 minutes, and consumption and licking microstructure were 

recorded. Half the rats continued receiving the low concentration solution for another 3 minutes 

(the low-low group), whereas the other half of rats were instead given 3 minutes of access to the 

high concentration solution (the low-high group). In both groups, onset of a tone cue indicated 

availability of the solutions, and a houselight was presented during the second 3 minute period, 

to minimize “checking behavior” for the concentration change in the rats in the low-high group. 

The total number of licks made, as well as the number and length of lick clusters, and the interval 

between clusters were analyzed, focusing on the changes in these statistics as a function of time 

until the high concentration solution became available. Our results demonstrate that lick number 

(i.e., consumption), and lick cluster length (‘liking’), decline more rapidly during the first 3-

minute interval in the low-high group than the low-low group (Time x group interaction p<0.001 

and p<0.05, respectively). These results indicate that temporal expectations are an important 

factor in hedonic evaluation, and suggest that neural investigations into reward processing and 

associated dysfunction (i.e., addiction - Berridge, 2009) will profit from considering these 

temporal dynamics. 
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Title: Direct modulation of the perceived passage of time through optogenetic activation of 

somatosensory cortex 

Authors: *A. FASSIHI1,2, S. REINARTZ2, F. PULECCHI2, A. TOSO2, M. GIGANTE2, M. E. 
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Abstract: In humans and in rats, duration of a vibration influences its perceived intensity: longer 

duration feels stronger, shorter feels weaker. In this study, we first show that when rats judge 

vibration duration, vibration amplitude influences its perceived duration. Second, we ask by 

targeted optogenetic manipulation whether the amplitude-dependent bias in the perceived 

passage of time originates within barrel cortex. Vibrations were normally distributed velocity 

noise, each stimulus defined by mean speed (sp) and duration (T). One group of rats learned to 

compare the mean speeds of vibration pairs (sp1 versus sp2), while another group learned to 

compare the durations of vibration pairs (T1 versus T2). Psychometric curves, where choice was 

plotted as a function of the difference between the paired stimuli, verify that rats “duration rats” 

judged T1 versus T2 (while showing a bias based on sp1 versus sp2) whereas “intensity rats” 

judged sp1 versus sp2 (while showing a bias based on T1 versus T2). We injected AAV5-

CaMKIIa-hChR2(H134R)-EYFP in barrel cortex of the “duration rats”. After 4-6 weeks, an 

optical fiber accompanied by an array of moveable tungsten electrodes was inserted at the 

centers of injection sites (barrel cortex, D3-D4) to simultaneously record neuronal activity and 

deliver illumination. In 2/3 of duration comparison trials, the speeds of the two vibrations were 

equal while either Stimulus1 or Stimulus2 was paired with light stimulation. In the remaining 

trials, stimulus speed, as well as duration, were manipulated as a control to ensure that the animal 

did not alter strategy due to the optical stimulation. Tactile stimuli paired with optogenetic 

activation in barrel cortex were perceived as greater in duration in all rats tested (n = 4). To 

disentangle this effect from possible visual cues or distraction, we introduced control sessions 

where a light source, similar in strength and wavelength, was placed externally. The rats showed 

no bias related to external light during tactile stimulus presentation, confirming that the 

behavioral effect of barrel cortex stimulation was likely due to a light-evoked increase in spiking. 



Stimulation of barrel cortex opposite to the barrel field excited by the vibration also increased the 

perceived stimulus duration. These findings suggest that the vibration amplitude-dependent shift 

in the perceived passage of time originates in a signal processed within barrel cortex. Time 

perception appears to involve the accumulation of activity from sensory cortex, and the 

“accumulator” integrates input bilaterally. 
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Title: The peak pattern in the peak interval procedure shifts rightward by the administration of 

NMDA antagonist in rats 

Authors: *S. SAKATA1, M. HATTORI2 
2Inst. of Biomed. & Hlth. Sci., 1Hiroshima Univ., Hiroshima, Japan 

Abstract: Timing and time perception are fundamental to survival and goal approaching in all 

animals. It is known that animals have some special timing ability of intervals. However, neural 

mechanisms of time perception are still unknown. The purpose of this study is to investigate the 

effects of NMDA antagonist on timing behavior. Firstly, using six male rats of Wistar strain, 

approximately 3 month-old at the beginning of the experiment, we examined psychological 

expectation of the interval timing in laboratory experimental settings with the peak-interval (PI) 

procedure. Interval-timing refers to time estimation in the second-to-minutes range. In the PI 

procedure, rats were trained on a fixed interval schedule to press lever for food after a specified 

interval (30 seconds in this experiment) as signaled by a certain stimulus. The rats received 

reinforcement only for desirable response. Though with some individual variations, the 

distribution of the lever press responses eventually showed an apparent peak in the vicinity of 30 

seconds. Secondly, after 30 sessions of trainings, NMDA antagonist was administered directly 

into the septum region of the brain via microinjection. As a result, the peak time shifted 

rightward and lever press responses increased. This result of this study suggests that the 

comparison between the rats administered with NMDA antagonist, NMDA agonist, dopamine 

agonist and antagonist may clarify neural mechanisms of the interval timing. All experimental 

procedures were conducted in accordance with protocols approved by the Hiroshima University 

Animal Care Committee. 
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Title: A neuronal representation of elapsed time in the medial entorhinal cortex during 

immobility 

Authors: *J. G. HEYS, D. A. DOMBECK 

Neurobio., Northwestern Univ., Evanston, IL 

Abstract: The hippocampus and entorhinal cortex are thought to be necessary for encoding 

episodic memories (i.e. memories of specific personal experiences that occur in a spatial-

temporal context). In support of this idea, neurons in the hippocampus and medial entorhinal 

cortex (MEC) fire selectively as function of animal position within an environment (O’keefe and 

Dostrovsky 1971; Hafting et al. 2005), and are thought to encode spatial aspects of episodic 

memories. While the vast majority of studies in MEC have focused on neural representations of 

space, it is unclear if or how MEC supports temporal aspects of episodic memory. Moreover, 

nearly all studies of MEC focus on neural activity during periods of locomotion, leaving open the 

question of how MEC may support neural representations of time during periods of animal 

immobility. To answer these questions we developed a “Door-Stop” (DS) task for head-fixed 

mice in virtual reality that combines both a locomotion dependent, spatial navigation phase, and 

an immobile timing phase. We then performed cellular resolution functional imaging in MEC 

during the DS task. During the immobile timing phase, we found many individual neurons that 

fired at regular, fixed delay times from the moment that the animal stopped to wait at the door. 

Across the population of these simultaneously recorded temporal coding neurons in MEC, we 

found that different cells fire selectively at all phases spanning the temporal interval, and 

therefore provide a neural representation that could be used to encode the entire wait time 

interval. A comparison of the physical location of the somata of MEC neurons reveals that 

temporal coding neurons are spatially clustered in MEC compared to spatial encoding neurons, 

which were active during locomotion in the DS task, and compared to all active cells identified 

in the imaging field. Furthermore, we found that temporal encoding cells and spatial encoding 

cells exhibit a predisposition for encoding either time or space, respectively, when animals were 

switched between different environments. Finally, we found that the temporal coding neurons 



exhibit fully formed temporal representations from the first moments of exploration in a novel 

environment, suggesting that the MEC elapsed time-encoding sub-network does not require 

learning to form temporal representations. Our findings provide new insight into the functional 

domains of MEC and demonstrates the likely existence of different sub-circuits that encode 

either time during animal immobility or space during animal locomotion. 
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Title: Coordination of hippocampal-cortical activity during transient coherent theta oscillations 
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Abstract: The presence of coherent oscillations across brain structures is thought to reflect inter-

region activity coordination and information exchange. Coherent oscillations in the 6-12 Hz theta 

band are seen in rat hippocampus and prefrontal cortex (PFC), and are thought to signal the 

coordination of information that supports memory and decision making. These oscillations are 

observed continuously in the hippocampus during spatial exploration. However, theta 

oscillations in prefrontal cortex occur in brief bouts. How continuous hippocampal and transient 

prefrontal theta oscillations coordinate information between the two brain regions remains 

unclear. We identified transient coherent theta oscillations across hippocampus and prefrontal 

cortex. These periods of high coherence lasted approximately 1s and often occurred as rats 

approached choice points in a foraging task. To determine whether the structure of prefrontal 

cortex activity is altered during these transient coherence bouts, we examined the relationship 

between PFC gamma oscillations and hippocampal theta. We found evidence for phase-

amplitude coupling of low (25-55Hz) and high (80-120Hz) prefrontal cortical gamma 

oscillations to hippocampal theta phase. We further observed that this phase amplitude coupling 

changes with increased hippocampal-cortical theta coherence. Our results suggest the presence of 



distinct and transient periods of hippocampal-prefrontal activity coordination during ongoing 

behavior. 
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Title: Continuous sub-second alternation between alternative neural representations 
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Abstract: The ability to represent alternative scenarios is essential to a range of cognitive 

functions. Crucially, it has been argued that in natural biological settings, neural representation 

of alternatives operates at the sub-second timescale. Indeed recent work indicates that single 

scenarios are represented in ~100 ms in the hippocampus, a brain structure vital to cognition. Yet 

it has remained unknown whether the hippocampus (or the brain more generally) can 

consistently represent alternative scenarios this quickly. Here we report that the hippocampus 

can represent alternative scenarios many times a second. In navigating rats, we found that 

hippocampal neural activity represents mutually exclusive spatial experiences in continuous 

alternation at up to 16 Hz. This representation was moreover paced by the internally generated 

~8 Hz theta rhythm and often occurred in the absence of overt deliberative behavior. These 

findings suggest that cognitive functions dependent on representation of alternatives are 

expressed at the sub-second timescale. 
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Title: Apolipoprotein E4-induced hippocampal network activity deficits correlate with learning 

and memory impairments 

Authors: *E. A. JONES1,2, A. K. GILLESPIE3, S. YOON1, L. M. FRANK3, Y. HUANG1,4,2 
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Abstract: Alzheimer's disease is characterized by progressive cognitive decline, yet our ability 

to measure disease progression at functional level in animal models is limited. To address this, 

we built upon our previous finding that aged female apoE4 knock in (KI) mice show deficits in 

two hippocampal network signatures of learning and memory: reduced abundance of sharp wave 

ripples (SWR), the local field potential signature of place cell replay which are critical for 

memory consolidation, and reduced SWR-associated slow gamma power, which coordinates this 

replay across regions and hemispheres. We investigated whether these network deficits correlate 

with spatial learning and memory deficits. Our findings suggest that SWR abundance correlates 

with learning early in water maze in apoE4-KI mice, while SWR-associated slow gamma power 

correlates with memory during probe trials in apoE4-KI mice. We then measured progression of 

these network phenotypes by recording from mice every 3 months over aging and determined 

how well they predicted future learning and memory impairment. Preliminary results suggest 

that the onset of SWR-associated slow gamma power loss corresponds with the onset of 

GABAergic interneuron loss, and that this slow gamma power loss at early ages could predict 

memory impairment at later ages. These results provide evidence that SWR-associated slow 

gamma power could be used as a functional biomarker at the network-level to monitor in mouse 

models the progression of AD symptoms over aging or the success of therapeutic interventions. 
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Title: Behavioral sequences predict elapsed time in the peak-interval procedure 

Authors: *E. PETTER, W. H. MECK 

Duke Univ., Durham, NC 

Abstract: We sought to investigate behavioral strategies mice use in timing intervals in the 

multi-seconds range. To do this we trained five mice on a discrete-trial fixed-interval (FI) 

procedure. This procedure requires mice to press a lever after a fixed amount of time since signal 

onset in order to receive a reward. We used continuous behavioral tracking and classification, in 

order to assess potential behavioral sequences during interval timing. Importantly, behavioral 

classification was unsupervised, eliminating observer bias. Mice were filmed over consecutive 

sessions in order to assess how the temporal control of behavior was acquired. We observed that 

the structure of behavior changed as temporal precision improved during acquisition. 

Specifically, the probabilities of transitioning among different behaviors became more 

stereotyped, so that there was a greater probability of selecting a smaller subset of behavioral 

states. These behavioral states are supportive of temporal processing such that an increase in 

transition probabilities correlates with the temporal precision displayed in the FI procedure. We 

also observed that individual mice develop unique behavioral sequences, as opposed to 

reinforcement standardizing the same behaviors across mice. A multi-class support vector 

machine was used to classify individual time bins during the FI, based solely upon behavioral 

states. These classifications were better than chance, and showed improved performance for 

well-trained mice. While these results indicate that behavioral sequences emerge during interval 

timing, they don’t establish their necessity as disruption of the sequences doesn’t force a similar 

disruption in timing accuracy and precision. 
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Title: Mediodorsal thalamus projections to the prelimbic cortex are important for proper supra-

second timing behavior 

Authors: *N. A. LUSK, W. H. MECK 

Psychology & Neurosci., Duke Univ., Durham, NC 

Abstract: Multiple lines of evidence have demonstrated the importance of the reciprocal 

connections between the medial prefrontal cortex (mPFC) and mediodorsal thalamus (MD) in 

goal directed behavior, task acquisition, and maintenance of working memory over supra-second 

delays. While a growing number of studies have demonstrated correlations between neural 

activity within the mPFC and interval timing, there is substantially less work examining how 

MD afferents may contribute to the mPFC’s ability to support the temporal control of behavior. 

Though, previous lesion work provides compelling evidence for the importance for the MD in 

timing (e.g., Yu, Gupta, & Yin, 2010) the contributions of this thalamo-cortical pathway to 

interval timing is unclear. Here we implement pharmacological and optogenetic techniques in 

order to investigate the role of the MD and its projections to the mPFC in the ability to time 

supra-second durations. Muscimol injections into the MD disrupted timing behavior in a head-

fixed timing procedure using a 10-s target duration. Moreover, the effects of optical inhibition of 

MD projections terminating in the prelimbic cortex (PL) was also examined in mice trained on a 

peak interval operant timing procedure using a 30-s target duration. Video monitoring allowed 

for the tracking of behavior across the time course of the experimental session. In line with the 

muscimol infusions, optical stimulation lead to disruption of timing behavior. Importantly, 

behavioral recordings did not show a significant change in total body movement across 

conditions, making alterations in behavioral patterns an unlikely explanation for the current 

results. Taken together, these results provide some of the first evidence for the importance of the 

MD-mPFC pathway in interval timing, validating previous theoretical frameworks such as the 

striatal beat-frequency model of interval timing in which thalamo-cortical connections play a 

central role in sustaining timing dynamics within the cortex (e.g., Lusk, Petter, MacDonald, & 

Meck, 2016; Merchant, Harrington, & Meck, 2013). 
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Abstract: Circadian clock cued by light-dark cycle is important in regulating many cellular 

functions and animal behaviors, including cognitive ability. Previous studies have already shown 

that changes of external cues, e.g., constant light (LL), constant darkness (DD) and light/dark 

cycle switch (L/D CS), deeply affect animal’s circadian rhythm. Though mounting studies have 

suggested that animal’s biological clock can be adjustable to adopt changes of external cue 

accordingly, the underlying mechanism and the effect on the animal's behaviors still remain 

poorly understood. Currently, in vivo, study demonstrated that early experience on the disruption 

of L/D cycle has profound effect on the animal's learning behavior. In my study, my preliminary 

data has confirmed the flexibility of circadian rhythm in our animal model. The new circadian 

pattern can gradually develop to adopt a new L/D cycle after animal experienced L/D CS. 

Surprisingly, learning damage could be observed in the animals under the condition of LL and 

DD and L/D CS, but only L/D CS induced learning deficit could be recovered once new 

circadian pattern is adopted. To further research, even after a new L/D C was adopted and the 

learning damage was reversed, however, learning deficit could be observed again when early 

L/D SC experienced animal is aged. On the other hand, when flies experience LL and DD and 

L/D CS from lava stage, adult's learning impairment can be found on all of those phenotypes, 

delayed development only appears under the condition of LL. In conclusion, our study develops 

a novel framework for studying the circadian clock in the developmental stages, manipulating 

the progression of adults' growth and learning performance. 
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and long-term time intervals 
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Abstract: Recent experimental evidence suggest that memories acquired within few hours can 

be linked together. We investigated whether contextual memories can be bound when separated 

by different time intervals in contextual fear conditioning model in mice. Mice were allowed to 

explore a new context A and after 5 min, 30 min, 2 h, 5 h or 1, 3, 7, 30 or 120 days were exposed 

to a new context B, where they received a footshock. A separate group of mice initially received 

a footshock in the context B and 72 h later was allowed to explored the context A. 72 h after the 

training all mice were tested in the contexts A, B and the novel context C with intervals 24 h 

between the tests. A delay from 5 h to 30 days between the trainings resulted in mouse freezing 

in a neutral context along with the footshock context during the tests. This did not occur with 5 

min - 2 h and 120 d intervals, and also when mice were initially trained in the footshock context 

first. After testing mice that were trained in the two contexts with 5 min or 24 h intervals, we 

investigated overlap in populations of neurons of both engrams in the hippocampus, amygdala 

and cortex using the c-fos catFISH cellular imaging. An overlap during retrieval was higher with 

the 24 h delay than with the 5 min delay in CA1 and CA3, dentate gyrus, lateral amygdala and 

basolateral amygdala. We propose that shared populations of neurons in the hippocampus and 

amygdala allow the binding and associated recall of contextual memories. 
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Title: The abused inhalant toluene impairs risk/reward decision making in Sprague-Dawley rats 

independent of mPFC CB1R signalling 
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Abstract: Volatile organic solvents like toluene cause intoxication and changes in brain function 

similar to those produced by classic drugs of abuse. These include alterations in the signaling 

properties of neurons within the medial prefrontal cortex (mPFC), a region responsible for top-

down control of complex behaviors. For example, we previously demonstrated that, in brain 

slices containing the mPFC, acutely applied toluene caused a long-lasting, endocannabinoid-

dependent depression in glutamatergic synaptic transmission. The consequence of this effect is 

unknown, but would be expected to disrupt behaviors that require an intact mPFC. To test the 

hypothesis that toluene alters mPFC-dependent behavior via enhanced endocannabinoid 

signaling, we used the rodent model of risk/reward decision making, probabilistic discounting 

(PD). Sprague-Dawley rats were trained to lever press for a reward (20% sweetened condensed 

milk): one lever delivered a small, certain reward (30 µl, 100% of the time) while a second lever 

delivered a large, uncertain reward (90 µl, reinforcement probability fluctuates from 100% to 

6.25% or vice versa). Following stable responding, rats were placed in a toluene vapor chamber, 

exposed to abuse-level concentrations of toluene (6000 ppm or 10500 ppm) for 15 minutes, and 

then returned to their home cage for 30 minutes before PD testing. Interestingly, under 

conditions where reinforcement probability decreased, rats dramatically increased risky lever 

selection following toluene treatment. Conversely, when reinforcement probability increased, 

toluene exposed rats showed decreased risky lever selection. Separate cohorts of animals were 

then trained and implanted with a bilateral guide cannula directed at the mPFC. One group was 

microinfused with vehicle or the CB1R antagonist AM251 (5 or 50 ng) using a within-subject, 

counter-balanced design. Another group was microinfused with vehicle or AM251 and exposed 

to vapor chambers to generate three treatments: Vehicle + Air, Vehicle + 10500 ppm toluene, 

AM251 + 10500 ppm toluene. Results from these studies suggest that blocking CB1R signaling 

in the mPFC does not disrupt PD, nor mitigate the effects of toluene on flexible risk/reward 

decision making. However, CB1 antagonism does depress sensitivity to positive reinforcement 

as reflected in a reduction in win/stay strategy. Follow-up studies using the CB1R agonist WIN-

55,212-2 are investigating the effect of enhanced mPFC CB1R activity on PD. In summary, 

toluene drastically impairs probabilistic discounting in a manner suggestive of mPFC 

dysfunction, but independent of mPFC CB1R signaling. 
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Abstract: Executive functions represent a branch of higher order cognitive processes that 

include attention, behavioral inhibition, working memory, and cognitive flexibility. Cognitive 

flexibility requires reasoning and problem solving in order to shift behavioral strategies in 

response to changing environmental demands. Impairment of cognitive flexibility is common to 

neuropsychiatric disorders, such as ADHD. ADHD patients perform significantly worse than 

unaffected individuals in tasks requiring cognitive flexibility, especially when a particular task 

grows in difficulty. Disruption of executive function in ADHD is associated with improper 

regulation of catecholamine transmitters, dopamine (DA) and norepinephrine (NE), functioning 

within the prefrontal cortex (PFC). Drugs that enhance DA and NE within the PFC are the first 

line of treatment for patients with ADHD, but the specific dimensions of executive function that 

receive the most benefit from treatment with these agents have not been identified. 

Methylphenidate (MPH) is a pro-cognitive agent and ADHD medication that increases 

concentrations of DA and NE through inhibition of their respective reuptake transporters. In the 

present study, we utilized an automated operant strategy shifting task to investigate the effects of 

MPH on different components of cognitive flexibility and performance including strategy 

shifting, reversal learning, and processing speed. Rats learned one of two initial rules, either 

press the lever on a specific side of the chamber (i.e. egocentric response - left or right) or press 

the lever indicated by a visual cue. Following acquisition of the initial rule, rats were required 

adapt to a new strategy either by changing the rule across dimensions (egocentric vs visual cue) 

or reversal learning within a dimension. During initial learning, rats required more trials to 

acquire the visual cue vs response rule. MPH improved the retrieval of the visual cue strategy 24 

hours following initial acquisition. MPH also reduced overall choice latencies during retrieval, 

reversal learning, and strategy shifting tests, indicating enhanced processing speed. The effect of 

MPH on choice latencies were driven primarily by reducing reaction times on correct trials. 



These results begin to elucidate the potential for MPH to improve performance and behavioral 

efficiency within the operant strategy shifting task of cognitive flexibility. Further 

characterization of the mechanisms by which MPH improves performance across cognitive 

dimensions could lead to better understanding of behavioral parameters to investigate when 

considering treatment options for cognitive dysfunction. 
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Abstract: The medial subregion of the orbitofrontal cortex (mOFC) is thought to play an 

important role in value-based decision-making, as lesioning or inactivating this cortical region 

results in the adoption of choice strategies based more on observable (rather than previously 

learned) information. Despite this, its role in mediating basic instrumental and Pavlovian reward-

seeking behaviour is not entirely understood. The present series of experiments examined the 

role of the mOFC in (1) extinction and (2) cue-induced reinstatement of food-seeking behaviour, 

as well as (3) Pavlovian conditioned responding for reward. For experiments 1 and 2, rats were 

trained to lever press for a sucrose reward, contingent with the delivery of a tone and light cue. 

They then underwent extinction, followed by a reinstatement test where lever press produced the 

previously reward-paired cues alone. Intra-mOFC infusions of either saline or GABA agonists 

(to temporarily inactivate neural activity) were given prior to the first day of extinction, or the 

reinstatement test day in different cohorts of rats. (1) Inactivation of mOFC improved extinction 

performance (fewer lever presses) on the first day of instrumental extinction. However, on 

subsequent, drug free days, rats that received mOFC inactivation displayed retarded rates of 

extinction learning, making more active lever presses than the control group on extinction day 

3&4. (2) mOFC inactivation prior to reinstatement induced differential effects on cue-induced 

reinstatement that were dependent upon baseline performance. “Reinstater” rats that displayed 

robust responding under control conditions showed no reinstatement after mOFC inactivation. In 



contrast, for “non-reinstater” rats that showed little responding during reinstatement tests under 

control conditions, mOFC inactivation robustly increased reinstatement, suggesting perhaps that 

individual differences in reinstatement may be supported by differences in mOFC mediated 

representations of expected value. (3) Results pertaining to the involvement of the mOFC in 

Pavlovian conditioned responding will be discussed. These findings have important implications 

for understanding how the mOFC governs adaptive reward processing, and how dysfunction 

within this region may contribute to pathological patterns of reward seeking. 
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Abstract: We often face decisions requiring a choice between options that vary in terms of 

reward magnitude and uncertainty. In some situations, the probabilities of different outcomes can 

be inferred from different cues. For example, an experienced Blackjack player knows the odds of 

winning a hand are larger when the dealer is showing a “6” card compared to an “ace”. Studies 

with humans have revealed that - the nucleus accumbens (NAc) and amygdala are recruited 

during decision making under risk when participants are presented with explicit cues that inform 

them about the probabilities of winning a gamble. Preclinical studies with rodents have provided 

insight in the neural basis of risk/reward decision making, however, many of these studies have 

used tasks where choice is guided by internally-generated information, identifying a role for 

basolateral amygdala (BLA)-NAc shell circuitry in guiding probabilistic discounting. Yet, how 

these regions may contribute to decision making guided by external discriminative stimuli has 

not been explored. To bridge this gap between assays in humans and rats we developed an assay 

we have colloquially termed the “Blackjack” task. Using this task, we assessed the roles of the 

NAc shell-BLA circuitry in cue-guided risky decision making when animals are presented with a 

choice between a small/certain (1 pellet) and a large/risky (4 pellet) reward option. Crucially, in 

this task, the odds of obtaining the large reward vary unpredictably, and are explicitly signaled 



by discriminative auditory cues. Prior to a choice trial, one of two tones informs the rat that the 

odds of obtaining the larger reward is either 12.5% (poor odds) or 50% (good odds). Under 

control conditions, well-trained rats selected the large reward option more often when the odds 

were good vs. poor (~75% vs. 20%). Bilateral inactivation of the BLA increased risky choice on 

poor odds trials, in a manner similar to inactivation of the NAc shell (Floresco et al., 2018, J 

Neurosci). However, the role of these regions was distinct in that inactivation of the BLA was 

accompanied by pronounced alterations in how rewarded or non-rewarded choices influenced 

choice selection on subsequent trials, whereas inactivation of the shell only reduced sensitivity to 

non-rewarded outcomes. Furthermore, preliminary results indicate that disconnection between 

the BLA and NAc shell induce a similar profile in choice to bilateral inactivation of either 

structure alone. These findings point to a key role for BLA-NAc circuitry in guiding cue-guided 

risk/reward decision making to bias action selection away from options that are unlikely to yield 

rewards. 
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Abstract: Decision-making often requires weighing costs and benefits associated with different 

options that vary in terms of reward magnitude and uncertainty. Previous studies animals have 

used long-lasting inactivations of the prelimbic (PL) region of the medial prefrontal cortex to 

identify a key role for this region in updating choice biases in response to changes in reward 

contingencies and biases choice towards more profitable options when the reward probabilities 

change. However, it is unclear how choices are shaped by discrete periods of activity in the PL 

that occur at different points of the decision process (e.g.; prior to choices or when their 

outcomes are realized). To address this, we used optogenetic suppression of neural activity to 

investigate how temporally-specific phasic neural activity within the PL during different phases 

of the decision process influences choice. Rats received intra-PL infusions of AAV encoding the 

inhibitory opsin eArchT and were well-trained on a probabilistic discounting task, where they 



chose between a smaller/certain reward and a larger reward delivered in a probabilistic manner, 

with the odds of obtaining the larger reward changing over a session (50-12.5%). During testing, 

discrete ~5 s pulses of light were delivered via optic fibers into the PL to suppress activity 

around the time of specific task events; during periods “prior to choice” or after different “choice 

outcomes”. Preliminary results suggest that suppressing PL activity prior to choice biases choice 

away from their more preferred option, most prominently during the high, 50% probability 

block, suggesting that prior to choice selection, PL activity promotes actions directed towards 

uncertain yet more profitable outcomes. In contrast, inhibition following non-rewarded risky 

choices increased preference for the risky option during the low, 12.5% probability block, 

indicating that when action outcomes are realized, activity in the PL encodes information about 

non-rewarded actions to update optimal choice-strategies based on reward delivery probability. 

These findings provide novel insight into how discrete patterns of firing within the PL convey 

contrasting types of information that guide flexible decision making in situations involving 

reward uncertainty. 
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Abstract: Potentially aversive situations often require flexible allocation of action selection to 

avoiding punishment. For example, some situations may require an organism to make a response 

to actively avoid negative outcomes, whereas others may require behavioural suppression to 

ensure safety. Failure to coordinate behaviour discrimination in real-life conflicting situations 

can lead to aversive consequences because of improper inhibition of motor output when action is 

needed or, vice versa, when defensive actions are performed instead of withheld. Disruption of 

appropriate functioning in avoidance behaviours can lead to improper action selection and 

increase in negative outcomes seen in disorders such as substance abuse, anxiety and depression. 

Previous work by our group has shown that different regions of the nucleus accumbens are 

involved in regulation of avoidance behaviours assessed with an active/inhibitory avoidance task, 



with distinct roles in inhibiting behaviour and motivating action to avoid punishment. In the 

present study, we investigated the contribution of a main input to the nucleus accumbens, the 

prelimibic region (PL) of the medial prefrontal cortex, to regulating flexible instrumental 

avoidance. Male Long Evans rats were trained on a variation of a Go/No-Go task that required 

them to discriminate between two auditory cues presented pseudorandomly that indicated 

whether a mild footshock could be avoided by using an active or inhibitory avoidance strategy. 

Each trial began with presentation of one of the two cues and insertion of a lever. Active 

avoidance trials required rats to press a lever within 15s of cue/lever presentation to avoid a 

shock. Inhibitory avoidance trails required animals to withhold a press during presentation of 

another auditory cue. In well-trained rats, PL inactivation induced a marked reduction in the 

proportion of active avoidance responses. In contrast, during inhibitory avoidance trials, PL 

inactivation had no effect on performance. These results suggest a role for the PL cortex goal-

directed action in aversively motivated behaviours as separate from inhibition of punished 

actions, and adds a link in the neural network of avoidance processing to help further our 

understanding of how conditioned instrumental behaviours are processed by cortical and striatal 

regions. Furthermore, these findings may provide insight into how prefrontal cortical dysfunction 

may relate to pathological avoidance behaviors that may occur in neuropsychiatric disorders. 
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Abstract: Depression is a stress-related disorder characterized by a debilitating constellation of 

affective and cognitive symptoms. Though the etiology of depression is currently unknown, 

depressed patients show potentiated corticotropin-releasing factor (CRF) levels. Along with 

affective symptoms, depression also causes substantial cognitive impairments, including 

alterations in risk/reward decision-making. Previous work by our group has shown that excessive 

CRF alters effort-related decision-making, reducing preference to work harder to obtain larger 

rewards in a manner similar to that observed in depressed patients. In the present study, we 



assessed how increasing CRF activity alters choice behavior when rewards are uncertain. In so 

doing, we looked at two forms of risk/reward decision-making guided either by internally- 

generated information or by external cues. To this end, we trained separate squads of male rats 

on a probabilistic discounting task and external cue-guided “blackjack” task. The probabilistic 

discounting task required rats to choose between two response options; a small/certain option 

and a large/risky option that delivered a large reward with ascending (6.25-100%) or descending 

(100-6.25%) odds, requiring animals to keep track of changing reward probabilities. In the 

Blackjack task, rats choose between a small/certain option or a large/risky option. On different 

trials, distinct auditory cues signalled if the odds of obtaining reward were good (50%) or poor 

(12.5%). Intraventricular infusions of CRF (1 or 3 μg) did not affect choice on the probabilistic 

discounting task, but did increase trial omissions more prominently when delivery of the large 

reward was uncertain. In comparison, CRF infusion (3μg) altered choice on the Blackjack task in 

a manner dependent on baseline risk preference. In rats that were risk-preferring, CRF 

selectively reduced risky choice on good odds trials, when the risky option had greater utility. 

However, these treatments did not affect choice in risk-averse rats. Interestingly, one hour of 

restraint stress either reduced or increased choice of the large risky reward during trials in which 

the odds were most uncertain when risk/reward contingencies were internally represented or 

guided by external cues, respectively. Together these results reveal the complex effects of CRF 

on various aspects of cognition, some of which mirror those in depression. Specifically, 

increased CRF activity may selectively disrupt effective reward-related decision-making when 

guided by external stimuli that inform the likelihood of obtaining reward. 
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Abstract: Impairments in cost-benefit decision making are central to the pathophysiology of 

several psychiatric disorders. In experimental settings, these abnormalities are characterized by 

poor performance on probabilistic decision making tasks involving choices between certain but 

small rewards, and uncertain larger rewards.The basolateral amygdala (BLA) and medial 

prefrontal cortex (mPFC) are two reciprocally connected regions that contribute differently to 

risk/reward decision making, with the BLA supporting reward value representation, and the 

mPFC monitoring changes in reward contingencies to modify decision biases. Moreover, mPFC-

dependent modifications in decision biases are enacted via mPFC descending pathways to the 

BLA. However, it is not clear how neurons in the mPFC and BLA encode information regarding 

choice behavior and outcomes during decision making. Here, we examined firing of mPFC and 

BLA neurons during key task events (e.g. pre-choice, after rewarded/non-rewarded choice 

outcomes) in a probabilistic discounting task. To this end, we recorded multi-unit activity 

simultaneously from both regions using multi-tetrode arrays during performance of a task where 

rats chose between a small/certain reward and a large/risky reward, with risky reward 

probabilities changing over blocks of free-choice trials from 70% to 10%. Preliminary 

observations suggest that neurons in both regions are sensitive to changes in large/risky reward 

probability and the direction of choice, modifying their activity to key task events in a tonic and 

phasic manner. In addition, neurons in both regions were sensitive to different types of outcomes 

(large vs small vs no reward), suggesting activity in these regions may encode decision outcomes 

to update value representations and guide subsequent action selection. 

Disclosures: E.Ö. Einarsson: None. R. Fayyazi: None. J.K. Seamans: None. S.B. Floresco: 

None. 

Poster 

240. Animal Cognition and Behavior: Decision Making: Corticolimbic Circuits 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 240.09/BBB4 

Topic: H.01. Animal Cognition and Behavior 

Support: CIHR MOP 133579 

Title: Medial orbitofrontal projections to the nucleus accumbens and basolateral amygdala 

differentially influence efficient risk/reward decision-making 

Authors: *N. L. JENNI, Y. LI, S. B. FLORESCO 

Univ. of British Columbia, Vancouver, BC, Canada 

Abstract: Optimal choice in situations involving reward uncertainty relies on choice strategies 

that access representations of learned contingencies rather than on any immediately observed 

outcome. The medial subregion of the orbitofrontal cortex (mOFC) is thought to play a key role 



in this process. Previous work by our group has found inactivating the mOFC increases choice of 

larger, probabilistic rewards, by increasing win-stay behaviour - reflecting the adoption of a 

strategy based on immediate reward feedback, rather than what had been learnt regarding 

changes in profitability of the risky option over time. However, it remains unclear the subcortical 

regions through which the mOFC interacts with to support its role in risk/reward decision-

making. To address this, rats were well trained on a probabilistic discounting task where they 

choose between a small/certain (1 pellet) and a large/uncertain 4 pellet option, the odds for which 

decrease systematically across 5 blocks of trials (100-6.25%). In an initial experiment, an 

asymmetrical pharmacological disconnection was used to temporarily disrupt the transfer of 

information from mOFC◊nucleus accumbens (NAc). We then attempted to replicate this 

experiment using a chemogenetic approach. In these experiments, a cre-dependent DIO-

hM4D(Gi)-DREADD was infused into the mOFC and a retrograde rgAAV-CRE into the NAc or 

the basolateral amygdala (BLA) in separate groups of rats to exclusively express the Gi-

DREADD within mOFC neurons that projected to either the NAc or BLA. Pharmacological 

disconnection of mOFC-NAc circuits reduced choice of the risky option in the 100% trial block, 

and increased responding in the 12.5 and 6.25% trial blocks indicating that activity within this 

pathway is important for optimizing choice. Preliminary data show a dose dependent effect of 

CNO (1 or 3 mg/kg) relative to vehicle treatments in the mOFC◊NAc group that mimicked the 

alterations in choice induced by pharmacological disconnections - albeit to a seemingly smaller 

extent. For rats expressing the Gi-DREADD in mOFC◊BLA projection neurons, CNO (1 or 3 

mg/kg) dose-dependently increased risky choice in later blocks of trials when it was no longer 

advantageous, which could reflect an inability to update or access a previously learnt value 

representation of the risky option. In contrast, CNO had no effect relative to vehicle treatment in 

rats treated with mCherry virus controls. Together, these preliminary studies implicate mOFC-

subcortical circuits in optimal choice on the probabilistic discounting task, and support existing 

literature on the role of the mOFC in value-based decision-making. 
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Abstract: It is well-established that risky decision making is critically involved in the 

development and maintenance of addiction. Reward-concurrent cues may mediate this 

relationship, as previous results have indicated such stimuli enhance risk preference and may 

potentiate cocaine intake in rats. Despite extensive addiction research implicating the dorsal 

striatum in compulsive drug seeking, the role that dorsal striatal dopaminergic activity plays in 

the maintenance of risk preference driven by win-associated cues remains unclear. Accordingly, 

the present studies examined the effects of both acute and chronic inhibition or excitation of the 

dopaminergic nigrostriatal pathway on risky decision-making profiles in rats. Female TH:Cre 

rats (n = 47) and transgene negative litter mates (n = 44) were trained on the cued version of the 

rat gambling task (rGT), a rodent analogue of the human Iowa Gambling Task, to assess cue-

enhanced decision making. This task was designed such that the optimal strategy for earning 

sugar pellets over time is to favor options paired with lower per-trial gains, as these are 

associated with a higher probability of winning and shorter time-out penalties. Consistently 

selecting the high-risk, high-reward options ultimately results in longer and more frequent time-

out penalties, and therefore less reward overall. Adding salient reward-paired cues to this task 

results in a substantial proportion of rats exhibiting a risk-preferring choice profile. To assess 

nigrostriatal involvement in the cued rGT (crGT), inhibitory DREADD (designer receptor 

exclusively activated by a designer drug) hM4D(Gi) or excitatory DREADD hM3D(Gq) was 

infused into the substantia nigra prior to task training. After a statistically stable baseline was 

reached, rats were given an acute clozapine-N-oxide (CNO) challenge, followed by a chronic 

injection period in which CNO was given twice daily for 14 days. crGT performance was 

assessed while CNO was on board. While acute CNO administration did not affect choice, 

chronic administration shifted risk preference in a manner dependent on the rats’ previously 

established decision-making profiles. These results provide evidence for the involvement of the 

dopaminergic nigrostriatal pathway in the maintenance of risky decision making, and therefore 

shed light on its role in the development and maintenance of addiction. 
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Abstract: The audiovisual cues featured in human gambling are thought to enhance the 

addictive potential of play. Our group has modeled this phenomenon in rats using the cued rat 

gambling task (crGT), a variant of our original rat gambling task (rGT). In the crGT, audiovisual 

cues are presented with each win, and compared to the rGT, animals become more risky and 

some exhibit greater motor impulsivity. The cues associated with drug use likewise become 

powerful incentive stimuli, capable of evoking within individuals a greater desire for the drug, 

thereby facilitating the transition to addiction. Given the high comorbidity between drug 

addiction and gambling disorder, we primarily wondered whether cue-induced risky choice and 

impulsivity would impact the self-administration of cocaine. We also asked if cocaine self-

administration modulated the ongoing expression of these pro-addictive traits. 

We trained two groups of male Long-Evans rats to stability in either the rGT (n=16) or crGT 

(n=16) before implanting them with jugular catheters and allowing them to self-administer 

cocaine (FR1; 0.75 mg/kg/inf) for 10 days. Concurrent rGT/crGT testing was run prior to each 

self-administration session. 

Rats trained in the crGT were significantly riskier and more impulsive than those trained in the 

rGT. For rats trained in the crGT, baseline impulsivity was positively correlated with cocaine 

seeking, whereas no correlation was observed in the rGT group. These findings suggest that 

repeated exposure to reward cues may make individuals more impulsive as well as potentiate the 

pro-addictive power of trait impulsivity. 

Both groups exhibited reductions in state impulsivity following cocaine self-administration; this 

is consistent with the therapeutic efficacy of psychostimulants against disorders of impulse 

control and may support elements of the self-medication hypothesis of addiction. Cocaine-

induced decreases in impulsivity were not associated with ongoing decreases in cocaine seeking, 

which remained tightly coupled to baseline impulsivity throughout the self-administration phase 

of testing. 

While risky decision making was not associated with increased cocaine seeking/taking, a history 

of self-administration did cause an increase in risky choice in rats already risky at baseline. As 

individuals become risker, they become more prone to maladaptive cost/benefit decision making. 

It is therefore possible that risky decision making does not directly influence the acquisition of 

drug use, but rather influences the propensity of individuals to compulsively consume (i.e., in the 

face of aversive consequences) – a facet of addiction which we will explore in future studies. 

Disclosures: T. Hynes: None. J.N. Ferland: None. C. Winstanley: A. Employment/Salary (full 

or part-time):; Michael Smith Foundation. F. Consulting Fees (e.g., advisory boards); Shire 

Pharmaceutical. 



Poster 

240. Animal Cognition and Behavior: Decision Making: Corticolimbic Circuits 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 240.12/BBB7 

Topic: H.01. Animal Cognition and Behavior 

Support: CIHR Grant - PJT-148631 

Title: acute down regulation of mesolimbic dopamine on a rat gambling model 

Authors: *C. D. HOUNJET1, J.-M. N. FERLAND2, M. SILVEIRA3, C. A. WINSTANLEY4 
2Djavad Mowafaghian Ctr. for Brain Hlth., 1Univ. of British Columbia, Vancouver, BC, Canada; 
3Univ. OF British Columbia, Vancouver, BC, Canada; 4Psychology, Univ. British Columbia, 

Vancouver, BC, Canada 

Abstract: Behavioral research indicates that impaired decision making, response inhibition, and 

impulsiveness may be responsible for the uncontrolled, compulsive behavior in those with 

gambling disorders (GD). Lesions or inactivations of the Nucleus Accumbens (NAc) impair 

probabilistic decision making. The NAc has been deemed a “corticolimbic” interface, due to its 

critical role in integrating inputs from the affective corticostriatal loop. This system is biased by 

mesolimbic dopamine (DA), which is therefore suited to gate and integrate inputs to the NAc, 

regulating NAc firing. It may be appropriate to view behavioral impacts of this system as a 

dysregulation of input to the NAc.Using an animal model of the Iowa Gambling Task, the cued 

rat Gambling Task (crGT), we will elucidate the processes influencing decision making and how 

such processes may be disrupted in GD. Pilot data indicates that chronic down-regulation of DA 

release in the NAc improves decision making for subjects on the rGT; regulation of DA release 

from the VTA may bias subjects to make fewer risky choices. I will follow up this finding by 

acutely downregulating DA in the VTA and NAC.Male transgenic rats expressing cre-

recombinase in cells containing tyrosine hydroxylase will be used to target DA of the 

mesocorticolimbic system. hM4Di-DREADD will be infused into the Ventral Tegmental Area 

(VTA), which can be activated by systemic administration of Clozapine-N-Oxide (CNO) to 

inhibit DA release. Kappa Opioid Receptor DREADD will be infused into the NAc shell, which 

can be activated by systemic administration of salvinorin B (SalB), to downregulate DA 

receptors. Animals will undergo operant training on the crGT until they reach baseline stability. 

They will then undergo acute drug challenges on the crGT in a Latin-square design. Doses of 

CNO will be administered at 1 mg/kg via intraperitoneal injection at 0 mg/kg, 0.3 mg/kg, 1 

mg/kg, and 3mg/kg dissolved in 6% DMSO and 9% sterile saline. SalB will be administered at 2 

mg/kg via subcutaneous injection at 0 mg/kg, 7.5 mg/kg, 15 mg/kg, in a vehicle of 100% 

DMSO.We hypothesize that acute downregulation of DA within the VTA and NAc shell will 

improve decision making in a dose dependent manner. Repeated measures ANOVA, 



demonstrated that SalB improved decision making on the cRGT (dose x transgene: F2, 24 = 

4.694, p = .014). Dysregulation of decision making ability appears to potentiate addictive 

behavior. To understand potential interventions for GD, it is valuable to consider this as a 

decision-making disorder; understanding the influence of DA from the VTA to NAc could 

provide insight into the neurobiological mechanism underlying the behavioral dysregulation seen 

in GD. 
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Abstract: On a day to day basis, humans must routinely decide how to allocate their cognitive 

resources so as to obtain lucrative outcomes. While such processes may seem trivial, the 

consequences of not appropriately allocating cognitive effort can be quite severe. Indeed, 

reduced willingness to exert effort is observed in a wide range of psychiatric disorders including 

depression and schizophrenia, which can be debilitating to patients and detrimental to treatment 

outcomes. To probe the neural regions regulating decision-making with cognitive effort costs, we 

have developed an animal model of effort-based decision making, known as the rodent cognitive 

effort task (rCET). In the rCET, animals choose between hard or easy options varying in 

attentional demand and potential reward. Successful completion of the hard trial, which involves 

detection of a brief visuospatial light stimulus (duration = 0.2 s) results in receipt of twice the 

amount of sugar pellets compared to the easy trial (stimulus duration = 1 s). Previously we have 

demonstrated that the anterior cingulate cortex (ACC) and basolateral amygdala (BLA) regulate 

willingness to exert cognitive effort. Specifically, bilateral ACC inactivations decrease effortful, 

high reward choice (HR), while inactivations of the BLA bias rats away from their preferred 

option at baseline. However, it is unknown how these areas might interact to guide cognitively 

effortful choice. In the present investigation, thirty-seven male Long-Evans rats were trained on 



the rCET and the role of ACC-BLA signaling was probed. This was achieved by performing a 

functional disconnection, in which unilateral inactivation of ACC was paired with unilateral 

BLA inactivation in the contralateral hemisphere. Ipsilateral pathway inactivations, as well as 

single unilateral inactivations of the ACC and BLA were also conducted. Contralateral 

inactivations decreased effortful choice in a subset of subjects initially preferring the HR option 

(“workers”), but did not affect measures of attention. Subsequent experiments revealed that 

unilateral BLA inactivation similarly reduces effortful choice in “worker” rats, suggesting that 

the effects observed following BLA-ACC disconnection are likely explained by disrupted 

unilateral BLA signaling. In contrast, ipsilateral inactivations affected measures of attentional 

performance, effects which could not be accounted for by unilateral inactivation of either area 

alone. Together, these data suggest that disrupting BLA activity unilaterally can have marked 

effects on willingness to exert cognitive effort, but that perturbing ACC/BLA signaling can 

affect attentional ability. 
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Abstract: Selective dopamine D2/3 agonists, such as ropinirole (ROP), effectively treat the motor 

symptoms of Parkinson’s Disease (PD), and unlike L-DOPA, do not cause problematic 

dyskinesias after prolonged use. Thus, D2/3 agonists can be an attractive alternative to L-DOPA 

for the long-term management of PD. However, D2/3 agonists induce impulse control and 

gambling disorders in a substantial minority of patients, raising concern over the use of these 

agents. Adjunctive medications that could be safely administered with D2/3 agonists and prevent 

the development of such psychiatric side-effects would therefore be highly desirable. GPR52 is a 

Gs-coupled g-protein coupled receptor (GPCR) enriched in D2-receptor expressing neurons of 



the striatum. Activation of GPR52 has been demonstrated to attenuate behaviours associated 

with increased striatal dopamine release without altering basal function. We have shown 

previously that ROP increases preference for uncertain outcomes on a rodent test of gambling-

like decision making known as the rat betting task (rBT). This task measures preference for 

certain versus uncertain rewarding outcomes of equal utility. Although most rats maintain a 

constant preference for the uncertain outcome regardless of the amount at stake, some rats 

increase their preference for guaranteed rewards as the wager-size increases, even though the 

relative expected value of the two options remains constant. The choice strategy of these wager-

sensitive rats may be considered mathematically non-normative, and such irrational decision-

making patterns have been linked to the manifestation and severity of problem gambling. The 

degree of wager-sensitivity has been associated with the density of D2/3 receptors in the dorsal 

striatum. We therefore hypothesised that a GPR52 agonist may attenuate the ability of ROP to 

promote choice of uncertain outcomes in wager-sensitive rats. Healthy male rats performed the 

rBT prior to implantation of an osmotic pump that delivered either ROP (5 mg/kg/day) or saline 

for 28 days. After pump implantation, rats received a daily injection of either vehicle or the 

GPR52 agonist BD442618 (BD). The dose of BD increased incrementally throughout the 

experiment, such that rats received 0.3 mg/kg of BD for the first 12 days, 1 mg/kg for the next 8 

days, and 3 mg/kg for the remaining 8 days. We found that ROP robustly increased choice of the 

uncertain option, and that 3 mg/kg BD significantly reduced this effect in wager-sensitive rats. In 

conclusion, BD may be effective at reducing ROP-induced increases in risky decision-making in 

those vulnerable to iatrogenic gambling disorder. 
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Abstract: Organisms must frequently evaluate the amount of effort that must be invested in 

pursuit of future rewards. Research in the area of cost/benefit decision-making supports 

dissociable roles for ventral and dorsal cortical areas in decision making, in which lesions or 

inactivations of the anterior cingulate cortex (ACC) affect valuations of physical effort, while 

similar manipulations to the orbital frontal regions do not affect effort allocation but selectively 

affect decisions involving other costs. This distinction is largely based on the physical effort that 

discounts lucrative outcomes, but a growing literature has emphasized the cognitive effort costs 

representative of the decisions individuals face in modern societies. Akin to the physical effort 

literature, we previously demonstrated a causal role for the ACC in the processes by which 

rodents decide how to allocate attentional effort for lucrative outcomes, but the role of the orbital 

frontal regions has never been causally investigated. Indeed, the tendency to consider effort as a 

unitary construct may mask distinct cortical substrates regulating cognitive versus physical effort 

allocation. To address this, 24 female Long-Evans rats were trained on the rodent Cognitive 

Effort Task (rCET) and performance was assessed following temporary inactivation of the lateral 

orbitofrontal cortices (LOFC). The rCET is an adapted version of the standard 5-CSRTT, in 

which rats can decide at trial outset whether to detect an easy (1 s) or hard (0.2s) visual stimulus 

across five possible locations, and where successful completion of easy or hard trials results in 

one or two sugar pellets, respectively. Inactivations of the LOFC did not affect rats’ willingness 

to exert cognitive effort for larger rewards, and did not affect the attentional ability required to 

complete difficult, high reward trials. However, inactivations selectively increased choice 

omissions, and in keeping with previous literature, increased impulsive action. These effects can 

be contrasted with previous work on the rCET, in which inactivation of medial and dorsal 

cortical areas simultaneously affect willingness to exert cognitive effort as well as ability. 

Indeed, the current work suggests that cognitive deficits induced by cortical perturbation are not 

necessarily accompanied by shifts in effort allocation. More generally, this work provides further 

support for a dorsal/ventral divide in decision-making, with dorsal prefrontal regions recruited 

when decision costs are incurred on the individual (e.g. physical, cognitive effort), and 

orbitofrontal cortices involved when costs are inherent to the outcome itself (e.g. delay, risk). 
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Abstract: To better understand striatal neural processes underlying reward-based learning and 

movement control, we examined the responses of D1 and D2 medium spiny neurons (MSNs) in 

the -dorsomedial striatum of mice performing a probabilistic Pavlovian conditioning task. These 

neurons, which are components of the direct and indirect pathways, respectively, showed diverse 

arrays of reward- and tongue movement-related activity, but with quantitative differences. D1 

and D2 MSNs tended to increase and decrease activity as a function of reward value, 

respectively, suggesting striatal value representation by relative activity levels between D1 and 

D2 MSNs. D1 MSNs increased activity more strongly than D2 MSNs in association with lick 

offset, suggesting the involvement of D1 MSNs in suppressing licking behavior. In addition, 

rapid responses to negative outcome and previous reward signals were stronger among D2 than 

D1 MSNs, suggesting stronger contributions of D2 MSNs to outcome-dependent behavioral 

adjustment. These findings provide new insights into striatal neural circuit operations underlying 

reward-based learning and movement control. 
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Abstract: Neurons in the prefrontal cortex (PFC) are selectively responsive to variables that are 

relevant to a task at hand. To investigate how different interneuron subtypes contribute to such 

flexible representation of task variables, we examined discharge characteristics and inactivation 

effects of somatostatin (SOM)- and parvalbumin (PV)-expressing neurons in the mouse medial 

PFC during a probabilistic classical conditioning task. SOM neurons showed strong cue-related 

activity predicting an upcoming reward or punishment, and its inactivation suppressed cue-

related, but not outcome-related, activity of nearby pyramidal neurons. By contrast, PV neurons 

showed strong outcome- and cue-related responses after outcome delivery, and its inactivation 

suppressed both cue- and outcome-dependent responses of pyramidal neurons after, but not 

before, trial outcome. In addition, inactivation of PV, but not SOM, neurons delayed reversal of 

cue-related responses in neighboring pyramidal neurons when cue-outcome contingency was 

reversed. These results suggest different contributions of SOM and PV neurons to maintaining 

significant sensory information and evaluating trial outcome in reference to expected outcome. 
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Abstract: Progressive cognitive decline is a chronic side-effect of radiotherapy in brain cancer 

patients, especially in those treated during childhood. Major cognitive disabilities after cranial 

radiation arise from damage to, among other structures, the prefrontal cortex (PFC) and the 

hippocampus, whose connectivity is thought to be critical for different memory functions. To 

investigate how early age radiation-induced injury to these circuits affects memory performance 

in adulthood, we have here developed and initially evaluates, a model in which 21 days-old rat 

pups (n=60) received cranial radiation to either the whole brain or focused on the PFC or 



hippocampus. After two months, both irradiated and sham treated rats were tested in a novel 

object recognition (NOR) task and in an object location recognition (OLR) task. In this initial 

behavioral screen, no significant effects were observed between radiation groups in the NOR 

task, while the OLR task indicated differences between irradiated groups and sham controls. 

Thus, suggesting that cranial radiation does not impair recognition memory for objects per se but 

for object-place associations. To investigate the functional shortcomings in the PFC-

hippocampus circuits of the adult brain following early age cranial radiation in further detail we 

next used large-scale multisite neurophysiological recordings while the animals were challenged 

to solve a delayed non-match to sample task in a T-maze. In particular, functional connectivity in 

the PFC-hippocampus circuits under high working-memory demands were analyzed with respect 

to neuronal synchronization and correlated with behavioral performance in the task. 

Taken together, we here present a rodent model that allows us to apply both behavioral and 

neurophysiological experimental approaches to study cognitive dysfunction of the irradiated 

brain. A better understanding of the mechanisms that underlie the cognitive decline in cancer 

patients following radiotherapy will be an important first step towards improving the existing 

procedures and rehabilitation efforts. 
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Abstract: [Introduction] The cerebrovascular embolism (CE) could induce multiple 

microinfarction, resulting in cognitive dysfunction like the vascular dementia (VD). However, 

the suitable animal model representing multiple microinfarction is not established in VD and 

vascular parkinsonism. In this study, we proposed the novel rat CE model that exhibit VD-like 

memory dysfunction induced by microsphere (MS) administration. We have the relationship 

between MS particle number and various outputs including histological and behavioral 



changes.[Methods] CE were induced by MS (from 2,500 to 4,000 particles) injection into right 

internal carotid artery of rats with measurement of cerebral blood flow (CBF). The pathological 

output including motor functions (physical deficit score and rotarod) and cognitive functions 

(Morris water maze) were observed. Moreover, the effect of MS on progression of parkinsonism 

was also studied using 6-hydroxydopamine model rats. The progression of parkinsonism was 

evaluated by apomorphine-induced rotation and density of tyrosine hydroxylase (TH) positive 

neurons in substantia nigra (SN).[Results] MS injection dose-dependently aggravated the motor 

functions (score and rotarod) and the memory function (MWM), decreased CBF in both 

hippocampus and cortex, and exacerbated PD like symptoms (turning behavior and loss of TH 

positive neurons at SN). Especially, the injection of 3,000 particles of MS decreased in CBF 

(76.2 ± 6.7 % to control) at hippocampus and induced memory dysfunction without motor 

dysfunction. Therefore, 3,000 particles of MS injected rat would be more appropriate as a VD 

model. 

[Conclusion] MS injection dose-dependently induced memory and motor dysfunction, and 

accelerated the progression of PD. 
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Abstract: Attention-deficit/hyperactivity disorder (ADHD) is associated with deficits in risk-

based decision making, in which individuals with ADHD tend to make riskier choices as 

compared to control participants. Risk-based decision-making is assessed commonly by using 

probabilistic-discounting procedures. One common treatment for ADHD, d-amphetamine, 

increases risk-taking of rats on these procedures while atomoxetine, an alternative ADHD 



medication, has produced mixed effects. Results from previous studies with rats may result from 

genetic or neurochemical factors. Lewis (LEW) and Fischer 344 (F344) rats have neurochemical 

differences that may be relevant to risk-based decision-making and how drugs affect such 

behavior. Thus, the purpose of the current study was to evaluate dose-dependent effects of d-

amphetamine and atomoxetine on probabilistic discounting of LEW and F344. Male LEW and 

F344 chose between one food pellet delivered 100% of the time and three food pellets delivered 

following decreasing probabilities of delivery (i.e., 100%, 66.7%, 33.3%, 16.5%, and 8.25%). 

Following establishment of stable baseline choice, saline, d-amphetamine (0.1 - 1.8 mg/kg), and 

atomoxetine (0.1 - 7.8 mg/kg) were tested acutely. Following a three-week “wash-out” period, 

rats were sacrificed by live decapitation and brains were punched for the following tissue 

sections: locus coeruleus, hippocampus, frontal cortex, and striatum. Subsequently, Western Blot 

was used to quantify dopamine and norepinephrine transporter densities in these regions. LEW 

and F344 did not differ in choice at baseline. d-Amphetamine increased risky choice for both rat 

strains at low-to-moderate doses, although it did so at a lower dose (0.1 and 0.3 mg/kg) for F344 

as compared to LEW (0.3 mg/kg only). At high doses (1.0 and 1.8 mg/kg), d-amphetamine 

produced an overall disruption in choice patterns, increased frequency of omitted trials, and 

reduced reinforcer magnitude sensitivity. Atomoxetine had no effect on any outcome measures 

for either rat strain. Although LEW and F344 differ on tasks assessing motor and choice 

impulsivity, with LEW being the more impulsive of the two, the present results suggest that 

LEW and F344 do not differ in global measures of risk-based decision-making. Effects of d-

AMP on risk-based decision may be biology-dependent and given the absence of effects, 

atomoxetine may be an attractive alternative to stimulant medications for ADHD. 

Disclosures:  J. Ozga: A. Employment/Salary (full or part-time):; West Virginia University. C. 

Other Research Support (receipt of drugs, supplies, equipment or other in-kind support); Society 

for the Advancement of Behavior Analysis Innovative Student Dissertation Grant. C. Vonder 

Haar: None. K.G. Anderson: A. Employment/Salary (full or part-time):; West Virginia 

University. 

Poster 

241. Animal Cognition and Behavior: Executive Function: Models of Disorders 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 241.04/CCC2 

Topic: H.01. Animal Cognition and Behavior 

Support: NIH R01MH099660 

 NIH R01DC015776 

 NIH R21HD053114 

 NIH U54HD090260 
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Abstract: Hemizygous deletion of human chromosome 22q11.2 is associated with elevated rates 

of intellectual disability (ID), schizophrenia and autism spectrum disorder (ASD). However, how 

more than 40 protein-coding 22q11.2 genes contribute to diverse neuropsychiatric disorders is 

still poorly understood. Tbx1 is one of the candidate 22q11.2 driver genes. There are cases of 

TBX1 mutations associated with ASD and ID in humans, but those carriers also have other gene 

mutations and variants. In mice, Tbx1 heterozygosity alone alters neonatal social communication, 

adult social cognition and working memory. To further delineate the degree to which Tbx1 

contributes to developmental neuropsychiatric disorders, we examined dimensions of these 

mental illnesses in mice. We tested behavioral dimensions in the attentional set shifting (wild-

type (WT), n=7; heterozygous (HT), n=6), acoustic prepulse inhibition (WT, n=20; HT, n=28), 

non-acoustic prepulse inhibition (WT, n=29; HT, n=42), working memory in the T-maze (WT, 

n=13; HT, n=13) and reference memory in the Morris water maze (WT, n=14; HT, n=14) at 2 

months of age. We used qRT-PCR to examine mRNA levels of dopamine receptor subtypes in 

the medial prefrontal cortex (mPFC) and tyrosine hydroxylase (TH), a synthetic enzyme of 

dopamine, in the midbrain of congenic Tbx1 heterozygous (n=8) and wild-type (n=8) littermates 

at 2 months of age. Moreover, we applied Cre plasmid (1 μg/μl) and loxP-STOP-GFP plasmid 

(1μg/μl) by in utero electroporation at E15.5 to induce Tbx1 heterozygosity in layers 2/3 neurons 

in the mPFC of Tbx1flox/+ mice, and evaluated the density of dendritic spines at postnatal days 21-

23 (n=19 dendrites in 11 sections of three WT mice; n=62 dendrites in 13 sections of four HT 

mice). Our data show that Tbx1 heterozygosity reduced levels of cognitive flexibility in the 

attentional set shifting, sensorimotor gating in acoustic prepulse inhibition, working memory in 

the T-maze and acquisition of hippocampus-dependent reference memory in the Morris water 

maze (all P<0.05); no detectable effect was seen in non-acoustic prepulse inhibition, 

maintenance of hippocampal-dependent reference memory, or striatum-dependent reference 

memory. In the mPFC of Tbx1 heterozygous mice, D2 (but not D1 or D5) receptor mRNA was 

selectively reduced (all P<0.05) without a concomitant change in mRNA levels of TH. The 

density of dendritic spines was increased after cell-specific induction of Tbx1 heterozygosity in 

layers 2/3 neurons in the mPFC (p<0.01). Our data identify the effects of Tbx1 heterozygosity on 

a select set of cognitive, neuronal and synaptic dimensions relevant to developmental 

neuropsychiatric disorders. 
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Abstract: Cognitive dysfunction is implicated in multiple psychiatric disorders, including 

schizophrenia (SZ), and thought to arise from prefrontal cortex (PFC) dysfunction. Here we 

found PFC-dependent cognitive impairment in a rat model for SZ and revealed the 

neurobiological sequence of events causing this impairment. The APO-SUS rat line, which is 

selectively bred based on hyperactivity upon apomorphine injection, shows without genetic or 

pharmacological intervention similarities with SZ patients on behavioural, endocrinological and 

neurobiological level. In this rat line, we revealed, using transcriptomic analysis, decreased 

expression of genes related to the metabolism of the antioxidant glutathione in the medial 

(m)PFC. Levels of glutathione itself were also found to be significantly lower in the mPFC of the 

APO-SUS rats. Oligodendrocyte progenitor cells (OPCs) are extremely vulnerable to oxidative 

stress caused by decreased levels of glutathione, and we indeed identified a reduced proliferation 

and differentiation of OPCs in the APO-SUS mPFC. This was accompanied by a decrease in 



myelinated axon number and caliber, but no active demyelination was observed, indicating 

neurodevelopmental hypomyelination. Furthermore, the expression patterns of glutathione-

related genes were altered from birth onwards, while myelin-related gene expression was 

decreased only from post-natal day 28 onwards. We conclude that oxidative stress leads to 

defective OPC maturation and hypomyelination, contributing to prefrontal cognitive dysfunction 

in SZ, a finding with relevance for other psychiatric disorders. 
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Abstract: Midbrain dopamine neurons have been shown repeatedly to signal errors in reward 

prediction. We have previously shown that inputs from orbitofrontal cortex and ventral striatum 

contribute critically to the computation of reward prediction errors by dopamine neurons in rat 

ventral tegmental area (VTA). Since prior use of cocaine causes changes in processing of 

expected outcomes in orbitofrontal cortex and ventral striatum, cocaine may thereby affect 

dopaminergic error signaling. Here we tested this hypothesis by recording from putative 

dopamine neurons in VTA from rats after self-administration of either cocaine or sucrose. 

Recordings were made in a simple odor-guided choice task, which we have used previously to 

demonstrate prediction error signals in rat dopamine neurons. In this task, different odor cues 

signal that a sucrose reward is available in one of two nearby fluid wells. During recording, we 

independently manipulated the timing or size of reward across blocks of trials to induce both 

positive and negative reward prediction errors. Consistent with our prior work in this task, 

dopamine neurons in control rats (sucrose-experienced or naïve) exhibited robust error signals; 

activity in both single units and across the population showed a phasic increase to an unexpected 

reward and this firing declined with learning. After learning, the same neurons also suppressed 

firing upon omission of an expected reward and showed phasic activity to the predictive cues 

that differed according to their value. By contrast, dopamine neurons recorded in rats that had 



self-administered cocaine failed to suppress firing when an expected reward was omitted. In 

addition, these neurons also exhibited lower amplitude and imprecisely timed increase in firing 

on delivery of an unexpected reward and failed to show changes in firing to reward predictive 

odor cues. These results are similar to the effects of orbitofrontal and, to a lesser extent, ventral 

striatal lesions on dopaminergic error signaling. Thus, they provide a mechanism where by drug-

induced effects on the processing of expected outcomes in prefrontal and striatal regions may 

disrupt learning. 
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Abstract: Autism Spectrum Disorder (ASD) is characterized by social communication 

impairments and repetitive and restrictive behavior. One of the earliest identifiable features of 

ASD is altered attention, which may underlie the development of these core traits. Mice 

expressing the ASD-associated R451C mutation in the gene coding for the synaptic adhesion 

protein Neuroligin-3 (NL3) exhibit impaired reciprocal social interactions as well as repetitive 

and restrictive behaviors. Attention has not been scrutinized in this mouse model. Attention was 

assessed in NL3R451C mice using two well-established tasks in automated touchscreen chambers. 

In the 5-choice serial reaction task (5CSRT), rodents were trained to attend to touchscreen 

stimuli that appear in any one of 5 locations. In the continuous-performance test (CPT), animals 

were required to discriminate, and identify a visual target pattern over multiple distractor stimuli. 

In both tasks, NL3R451C mice displayed enhanced ability to attend to stimuli when task-load was 

low, but a reduced attentional ability when task difficulty was increased. NL3 mice also 

displayed high distractibility leading to reduced task participation and fewer impulsive 

responses. Although attentional deficits are frequently reported in clinical autism, this is the first 

time an ASD-associated gene mutation has been demonstrated to cause an attentional phenotype. 

The verification of these specific behavioral differences relevant to the symptoms of ASD further 



advances the translational validity of the NL3R451C mouse and provides a model for future study 

into the causes and treatment of ASD and its co-morbid complications 
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Abstract: The Spontaneously Hypertensive Rat (SHR) has been defended as having face, 

construct and predictive validity as an animal model of attention deficit hyperactivity disorder 

(ADHD). In addition to developing inattentiveness and hyperactivity at 3-4 weeks of age, SHR 

rats display impaired performance on a variety of learning and memory tasks. Methylphenidate 

has been shown to be effective in attenuating ADHD-like behavior and improving spatial 

learning and memory performance in SHR rats. The shift in circadian rhythms during 

adolescence combined with the demands of typical academic scheduling, particularly school start 

times, means that sleep time is often compromised in teen students. It is clear that a shortened 

sleep cycle can significantly impact performance on attentional tasks, especially in children 

diagnosed with ADHD. This study examined the effects of a chronic (3 week) shortened light 

cycle (8 hr light/16 hr dark or 6 hr light/18 hr dark) on spatial and object recognition learning 

performance in SHR and Sprague Dawley rats. While there was no difference in Morris Water 

maze performance between strains, SHR rats displayed impairments in the Novel Object 

Recognition task. Methylphenidate administration during learning acquisition did not affect 

learning performance in either strain. Immunohistochemical measurement of hippocampal c-Fos 

expression revealed that SHR rats had significantly fewer c-Fos positive cells compared to 

Sprague Dawleys. These results further validate the SHR model of ADHD and add to the 

understanding of the effects of a shortened sleep cycle on attention and learning. 
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Abstract: Parkinson’s disease (PD) is the second most common age-related neurodegenerative 

disorder after Alzheimer’s disease. PD was initially characterized as a motor disease; however, 

cognitive impairment has become increasingly recognized as an import component of PD 

physiopathology. In fact, deficits in executive function and other aspects of cognition such as 

memory, attention and cognitive flexibility occur in 50-60% of PD patients, even before the 

onset of classical motor symptoms. Alpha-synuclein (α-syn) is a major player in PD and 

individuals with increased α-syn gene copy numbers or PD-related mutations present cognitive 

alterations. However, robust and comprehensive assessment of executive function in PD α-

synucleinopathy mouse models is lacking. In this study, we used the automated and translatable 

touchscreen technology to determine executive function in the α-syn PD mouse model M83. It 

has been reported that Homozygous (HOM) M83 mice show α-syn pathology at 7 months and 

motor impairments at 10 months of age. We evaluated potential early motor impairments and 

observed that HOM M83 mice (5 months of age) presented increased locomotor activity 

compared to control mice, but no major differences were observed in wire hang and grip strength 

when compared to controls. Attention and cognitive flexibility were also assessed in M83 mice 

in the Five Choice Serial Reaction Time Task (5-CRSTT) and Pairwise Visual Discrimination 

(PVD) and reversal tasks. At 5-6 months of age HOM mice did not show any attention deficits in 

the 5-CRSTT. Interestingly, in PVD M83 HOM mice, 5-6 months of age, could learn the task but 

were impaired in the reversal learning suggesting that these mice present deficits in cognitive 

flexibility. This work provides an initial assessment of executive function in a mouse model of 

PD. These results and the evaluation of other mouse models of neurodegenerative diseases in 

touchscreen tasks will be deposited into an open-access database allowing for storage, searching 

and re-analysis of touchscreen data. Ultimately, the comparison of high-level of cognition 



amongst different PD mouse models and other mouse models of neurodegeneration may provide 

a combination of tests for early evaluation of therapeutic approaches to improve specific 

cognitive deficits in neurodegenerative diseases. 
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Abstract: Agenesis of the corpus callosum (AgCC) is a rare congenital condition characterized 

by the complete or partial absence of the corpus callosum. The goal of our study was to examine 

executive functioning in mice with AgCC. We compared the BTBR T+tf/J (BTBR) strain with 

AgCC to the C57BL/6J (B6) strain with an intact corpus callosum. Spatial working memory was 

assessed utilizing a delayed matching-to-position (DMTP) task, and sustained attention was 

tested with an operant task requiring mice to distinguish between signal and nonsignal stimuli. 

Both tasks required operant conditioning and discrimination between learned associations with 

two retractable levers. In the DMTP task, mice were trained to press one of two levers to receive 

liquid reinforcement, followed by a variable time delay, and then a choice phase between the two 

levers to receive the reinforcement. In the sustained attention operant task, the mice had to press 

the left lever following a signal event (a variable flash of light) and the right lever following a 

nonsignal event to receive a food reward. AgCC was confirmed via histological analysis. 

Interestingly, a subset of BTBR mice could not learn the associations which may be linked to 

variable loss of the hippocampal commissure. We found that both the BTBR and B6 groups 

demonstrated a predictable decline in performance as the time delays increased, but no 

significant differences in choice accuracy were found between the two strains on the DMTP task. 

We also found a predictable increase in accuracy as the length of stimulus light increased for 

both strains, but no significant differences in the level of function between the two strains on the 



sustained attention task. Overall, the results from the DMTP and sustained attention tasks 

indicate that complex executive functions may not be impacted by AgCC. 
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Abstract: Alterations in animal locomotive behaviors are important landmarks to study 

psychiatric disorders like Attention Deficit Hyperactivity Disorders (ADHD). These locomotive 

behaviors can be captured with video tracking software ranging from commercially available 

Ethovision to Ctrack, an open source software which requires Mathlab. In our lab, we have 

developed a user friendly Graphic User Interface (GUI) tracking algorithm to analyze single fly 

movements with behavioral outputs, using computer vision. We then applied this tool to study 

several locomotive phenotypes such as travel distance, velocity, wall preference in an open arena 

in the following ways. 1) We were able to validate the tool by comparing the behaviors of wild 

type and ADHD mutant flies from our software and those from Ethovision. 2) We explored the 

possible link between diet and ADHD and found that flies developed hyperactivities when bred 

on high sugar/low yeast diets, but not on high sugar/high yeast or low sugar/low yeast diet. Flies 

fed on the same diet right after hatching did not develop the same locomotive phenotypes and the 

phenotype was not affected by mutations in DAT1, encoding for the dopamine transporter 

involved in modulating the level of dopamine in neurons. Therefore, the hyperactivity effect by 

the high sugar diet was probably developmental rather than modulation of neural activities by 

high sugar, consistent with human studies which suggested epigenetic modification caused by 

prenatal diets are associated with ADHD. Taken together, we have established a new user-

friendly and open source tool to study ADHD in flies and this tool can be suitable for both 

research and educational purposes. 
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inhibition 
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Abstract: In our daily life, we inhibit our behavior according to situations (behavioral 

inhibition). It is known that we utilize various types of behavioral inhibition. Reactive inhibition 

is stopping a reaction according to the present external signal. Proactive inhibition is retarding 

reaction start depended on the circumstance changes. Some of previous studies suggest 

possibilities that these different types of behavioral inhibition share the same neuronal 

mechanism, however, no single theory has not been accepted. As the first step to approach the 

issue, we conducted stop-signal task for head-restrained rats by using a spout-lever and examined 

behavioral correlation among the multiple behavioral inhibition (64 sessions in nine male Long-

Evans rats). In our stop-signal task, rats had to respond to a go cue as quickly as possible (go 

trial). On the other hand, they did not have to respond if a stop cue followed the go cue (stop 

trial). The task alternated between a block of only go trials (G-block) and a block of go and stop 

trials (GS-block). By measuring the spout-lever movement after stop cue presentation, we 

directly evaluated reactive inhibition performance in the stop trials. Besides, we observed block- 

and trial-based proactive inhibition as delay of reaction time in go trials. The former was found 

in long-term circumstance changes of comparison between go trials in G- and GS-block. On the 

other hand, the latter was observed in shorter-term circumstance changes of comparison between 

go trials following go and stop trials. We tested behavioral correlation among the three types of 

inhibition. In the beginning, we checked about the two proactive inhibition. They did not show 

any correlation (Pearson’s correlation, r = 0.086, p = 0.499) even though their inhibition styles of 

retarding reaction start are very similar. Subsequently, we confirmed correlation between 

reactive and proactive inhibition. Reactive inhibition significantly correlated with trial-based 

proactive inhibition (r = -0.328, p = 0.008), however, did not correlate with block-based 



proactive inhibition (r = -0.010, p = 0.935). Our data suggests that reactive and trial-based 

proactive inhibition may share the similar neuronal mechanism, but block-based proactive 

inhibition may be regulated by a unique neuronal mechanism. 
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Title: Prefrontal-striatal functional encoding of impulsivity - A brief (3 seconds) history of brain 

time 

Authors: *M. ESTEVES1,2, A. M. CUNHA1,2, J. REIS1,2, A. ALMEIDA1,2, N. SOUSA1,2, H. 

LEITE-ALMEIDA1,2 
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Abstract: Impulsivity is an adaptive response allowing fast reaction to stimuli. However, its 

dysregulation is associated with disorders such as substance abuse or attention 

deficit/hyperactivity disorder (ADHD). Several prefrontal and subcortical areas are known to 

play a relevant role in response inhibition. How these areas interact across the temporal window 

preceding the execution of timed vs premature actions is yet to be described. 

We have therefore assessed local field potentials (LFPs) bilaterally in frontal and striatal areas: 

prelimbic and orbital prefrontal (OPF) cortices, caudate and nucleus accumbens (NAcc) during 

performance of the Variable Delay-to-Signal (VDS) task. During training, the animals learn that 

nosepoking in an orifice while its light is on is considered a timed response and is rewarded with 

a sugar pellet, while nosepokes performed within the 3 s delay before the light turning on are 

considered premature and punished with a timeout. The number of premature responses at the 

end of training is associated with action impulsivity. 



We determined that all these regions play a role in behavioral inhibition at specific time frames 

up to 3 seconds before the response (timed or premature). Three to 2 seconds before a nosepoke, 

all left regions, as well as the right NAcc, associate with the type of response (i.e. show different 

activation before a timed or a premature response). Interaction of this left lateralized network 

with the right hemisphere then culminates with differential activation of the right OPFC 

immediately before the response. 

In conclusion, brain activity in the studied network is markedly different in the temporal window 

preceding timed and premature responses. Evidence of behavioral (dis)inhibition can be found 

up to 3 seconds before the actual response and evolves in a time- and hemisphere-specific 

fashion. 
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Abstract: Prefrontal cortex (PFC) has been recognized as a critical brain region executing top-

down control of social behaviors such as aggression. However, the mechinisms of this regulation 

are unknown. Here, we found a role for dopamine D2 receptor (DRD2)-expressing neurons in 

the mPFC in the aggressive behaviors. Compared with the mice exhibiting normal social 

interaction in resident-intruder test, DRD2 signaling is upregulated in the PFC from the 

aggressive mice. Repeated exposure to social stimuli increases c-fos induction in the DRD2-

expressing cells but not DRD1-expressing cells in the mPFC from aggressive mice. Interesingly, 

blockade of DRD2-expressing neuronal activity by inhibitory DREADD increases aggressive 

behaviors without affecting anxiety levels and locomotor activity, whereas optogenetic activation 

of these neurons suppresses aggressive bursts and reduces the intensity of aggressive behaviors, 

but does not change the duration of the aggressive bursts. We also evlaluate the effect of 

prefrontal DRD2 inhition in three-chamber test, habituation-dishabituation test and tube test to 

assess the social motivation, social recognition and social hierarchy, respectively. Moreover, 

optogenetic activiation of prefronal-central amygdala (CeA) prejections is sufficient to swich 



“aggressive” mouse to “social” mouse, recapitulating the effects of mPFC DRD2 activation. 

These results suggest that the prefrontal D2 signaling regulate intermales aggression through 

connections with amygdala. 
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Title: Causal role for the subthalamic nucleus in interrupting cognition 

Authors: *J. HESTON1, M. BAQAI2, N. BAVAFA2, A. R. ARON3, T. S. HNASKO4 
1Neurosci., 2UCSD, San Diego, CA; 3UC San Diego, La Jolla, CA; 4Neurosciences, Univ. of 

California San Diego Dept. of Neurosciences, La Jolla, CA 

Abstract: Activity in the subthalamic nucleus (STN) increases inhibitory output from the basal 

ganglia and has long been hypothesized to have an anti-kinetic function, suppressing both 

ongoing and incipient behaviors. Indeed, much literature is consistent with a central role for the 

STN in interrupting action by suppressing motor commands in response to stop signals or 

unexpected events (UE). Recent evidence from human studies further suggests that unexpected 

events also recruit STN to interrupt cognition, thereby freeing animals to attend to new 

information. However, there has been no causal evidence demonstrating that STN activity is 

capable of interrupting cognitive function. Here we address this using optogenetics to activate or 

inhibit mouse STN during a cognitive task. We develop a delayed match to position task that 

requires mice to hold an action plan across a variable delay period and show that performance in 

this task decays with increasing delay length. Brief optogenetic activation of the STN during this 

delay impairs performance, providing evidence that STN activity is sufficient to decrement 

performance on a cognitive assay of working memory and goal maintenance. Finally, to test the 

necessity of STN activity in interrupting cognition we introduce a UE during the delay. Similar 

to ChR2-activation of the STN, introduction of a UE impairs performance in this task, and we 

test whether inhibiting the STN during UE presentation mitigates this effect. 
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Abstract: The serotonin 5HT1A receptor exists both as an inhibitory autoreceptor in raphe nuclei, 

and also postsynaptically in various cortical regions. Activation of the autoreceptor reduces 

serotonergic tone, because this receptor provides potassium-dependent inhibitory feedback. This 

population of 5HT1A may be relevant in anxiety, and in the efficacy of antidepressants. In 

contrast, postsynaptic 5HT1A are highly expressed in cortex, amygdala, and hippocampus. These 

may mediate impulsivity and are abnormally expressed in suicide attempters. While the 5HT1A 

receptor has been studied in animal models of impulsivity, this distribution would indicate a 

biphasic dose-response curve in impulsive-like behavior, with greater impulsivity reflecting 

decreased serotonergic tone, mediated by autoreceptor activity. This would be followed by a 

performance improvement, as a function of dose. We characterized effects of systemic 

administration of 5HT1A ligands on the paced Variable Consecutive Number with Discriminative 

Stimulus (VCN-SD) task in male rats. This task was developed to model waiting impulsivity 

without possible cognitive confounds. Animals initiated chains of responses on one operant 

lever, which retracted after each press, until a criterion was reached that varied between trials. A 

tone (SD) indicated that reinforcement was available via a single response on another lever. 

Premature responding reset the chain at zero. The main performance measure was percentage of 

completed chains. Due to the SD and variable criteria, the VCN-SD is not dependent upon 

working memory, timing, or counting processes, and is not sensitive to the anticholinergic drug 

scopolamine. The 5HT1A agonist 8-OH-DPAT impaired accuracy at the lowest dose (0.0125 

mg/kg), but higher doses improved performance. In fact, the highest dose tested (0.1 mg/kg) 

produced perfect performance in all animals (Exp. 1). In contrast with previous research, the 

antagonist WAY 100,635 had no effect per se (Exp. 2), but reversed effects of 8-OH-DPAT 

(Exp. 3). These results help reconcile disparate findings about the 5HT1A receptor and 

impulsivity. Future work is needed to elucidate the interaction of impulsivity and anxiety over a 

wide dose range of drugs that target this receptor. 
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Title: Genetic factors for inhibitory control and impulsivity 
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Abstract: The capacity to inhibit impulsive actions is critical for goal-oriented behaviors and 

survival in humans and animals. It is influenced by aging, genetics and environment. 

Dysfunctional inhibitory control is associated with multiple brain disorders including insomnia, 

attention deficit-hyperactivity disorder, and Alzheimer’s and Parkinson’s diseases. However, the 

factors and mechanisms for inhibitory control remain poorly understood. To investigate this, we 

developed a version of the Go/No-Go test to measure response inhibition and impulsivity in 

Drosophila. We used genetic approaches and found that the dopamine-D1-cAMP pathway is 

critical for impulsivity. In addition, we conducted unbiased genetic screens for the genes 

interacting with the dopamine system for inhibitory control. One of the novel genes that we 

identified is scully, a fly homolog of the Alzheimer’s Disease-associated gene 17-β-

hydroxysteroid dehydrogenase 10 (HSD17β10). The progress of this study will be presented. 

The finding of the study may offer novel insights into the impulsivity-associated brain disorders. 

This work was supported by the NIH/NIMH R21 R21MH109953, Brain & Behavior Research 

Foundation NARSAD and NIMHD 2G12MD007592 grants. 
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Abstract: Sleep is an essential physiological process and plays crucial roles in attention, 

decision making, learning and memory. Previous studies have demonstrated that sleep 

deprivation increases error rates in subjects performing the Go/No-Go test, indicating the 

important role of sleep in inhibitory control. However, the underlying neural and cellular 

mechanisms remain unclear. Our study aims to clarify how sleep affects inhibitory control. To 

address this, we investigated inhibitory control using a Go/No-Go test in Drosophila 

melanogaster. We manipulated fly sleep genetically or pharmacologically. In the genetic 

approach, we used the fly mutants with abnormal sleep including the dopamine transporter 

mutant fumin and the potassium channel mutants Shaker and Hyperkinetic. As a complementary 

approach, we examined the wild-type flies fed with different doses of caffeine that disrupts sleep. 

Both genetic and pharmacological manipulations led to impaired inhibitory control, supporting 

the notion that abnormal sleep causes impulsivity. The progress in this study will be presented. 

Our study may offer novel insights into the mechanisms by which sleep alters inhibitory control 

that is important for goal-oriented behaviors and survival. Supported by the NIH/NIMH R21 

R21MH109953, Brain & Behavior Research Foundation NARSAD and NNIMHD 

2G12MD007592 grants. 
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reward or to acute cocaine depending on when exposed to a gambling task 
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Abstract: Impulsivity is highly associated with the development of a number of psychiatric 

disorders, including addictions. In behavioral approach, the subtypes of impulsivity can be 

divided as impulsive action and impulsive choice in large. Rodent version of the gambling task 

(rGT) allows us to measure both impulsive action and choice in rat. In the present study, we 

examined how different starting time of exposure to a gambling task, continued and 3 weeks 

delayed after pre-training, differentially influences two different subtypes of impulsivity in rGT 

performances. Rats were trained in a touch screen chamber to learn the relationships between 4 

different light signals on the window of the screen and accompanied reward outcomes or 

punishments set up with different magnitudes and probabilities. Depending upon their stabilized 

pattern of preference upon free choice, rats were categorized as risk-averse or risk-seeking 

group. While passing through a series of experimental scheme, including extinction, re-

acquisition, and acute cocaine injection, rats were re-tested for their premature response during 

inter-time interval and for their choice preference toward 4 different windows in rGT. 

Interestingly, rats exposed continuously compared with those delayed to gambling task showed 

increased impulsive action especially during re-acquisition period. On the contrary, rats exposed 

delayed compared with those continued to gambling task showed increased impulsive choice 

after acute cocaine injection, but these results are only appeared in a sub-group pre-categorized 

as high impulsive and risk-averse group. These results suggest that different aspect of 

impulsivity can be differentially expressed in the process of decision-making, and influenced by 

the time when exposed to a gambling task. 
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Title: Dissociable roles of rat medial and lateral orbitofrontal cortex in visual reversal learning; 

GABAergic, glutamatergic and serotonergic modulation 

Authors: *M. E.-S. HERVIG1,2, L. FIDDIAN1, T. BOŽIč1, L. PIILGAARD1, J. ALSIÖ1, T. W. 
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Abstract: Background: Deficits in reversal learning, the ability to suppress prepotent 

associations and exhibit flexible behaviour on contingency changes, are observed in several 

neuropsychiatric disorders including schizophrenia, eating disorders and obsessive-compulsive 

disorder. Much work indicates that reversal learning is modulated by serotonin and mediated by 

a neurocircuitry involving the orbitofrontal cortex (OFC) as shown across species. There are 

indications that 5-HT2A and 5-HT2C receptors play important roles in mediating reversal 

learning, but their regional roles remain unknown. 

Aims: To define the role of lateral and medial OFC (lOFC and mOFC) and subregion-specific 5-

HT2A and 5-HT2C receptors in visual reversal learning in rats. 

Methods: Male Lister Hooded rats were trained in a touchscreen serial visual reversal task. We 

tested the effects of intra-mOFC and intra-lOFC microinfusions of baclofen/muscimol 

(1mM/side; inducing inactivation), dihydrokainic acid (0.5 or 1.0 μg/side; inducing 

overactivation) as well as 5-HT2A (M100 907) and 5-HT2C (SB 242084) receptor antagonists 

(1.0 or 3.0 μg/side) on performance in this task. We performed within-subject analyses of 

performance measures including perseverative errors, omissions and latencies. 

Results: lOFC inactivation increased early errors (i.e. perseverative errors), whereas mOFC 

inactivation reduced early errors. mOFC overactivation also reduced early errors. Investigation 

of the effect of lOFC overactivation is in progress. We have previously shown that Intra-lOFC 

SB 242084 reduces early errors (Alsiö et al. 2015) and here we saw indication that intra-lOFC 

M100 907 may increase early errors. In the mOFC, we saw no effects of 5-HT2A and 5-HT2C 

antagonism. 

Conclusion: We show that inactivating the lOFC and mOFC causes opposite effects on 

perseveration in reversal learning, and that, as opposed to intra-lOFC 5-HT2C blockade (Alsiö et 

al. 2015), intra-lOFC 5-HT2A antagonism may impair reversal learning. Overall, we show, for 

the first time, that both the mOFC and lOFC play important, yet dissociable, roles in visual 

reversal learning. 
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Title: Neural dynamics of selective inhibition in the dorsal premotor cortex of non-human 

primates 
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Abstract: The ability to selectively suppress actions in response to the environment changes is 

extremely relevant for both cognitive and executive aspects and it is an essential for adaptive and 

goal-oriented behaviour. Despite their relevance, the neural dynamics underpinning this 

behaviour are still poorly investigated.To directly tackle this issue, we recorded multi-unit 

activity (MUA) from 96 channels Utah arrays in the dorsal premotor cortex (PMd) of two male 

rhesus monkeys (Macaca mulatta) trained in a modified version of a reaching countermanding 

task (CMT). In this version, three different kinds of trials were randomly presented: on 60% of 

trials (no-signal trials) monkeys were instructed to reach a peripheral target as quickly as 

possible after a go signal presentation. On 40% of trials one out of two signals could follow the 

go signal after a variable and unpredictable delay (stop signal delay, SSD). One signal was the 

stop signal (stop signal trials, 20%) and monkeys were instructed to withhold their response. The 

SSD during signal trials was adjusted based on the performance following a tracking procedure. 

The other signal was the ignore signal (stop ignore signal trials, 20%) and monkeys were 

instructed to respond as they do during no-signal trials. We found that monkeys differently 

adapted their behaviour across sessions using two strategies for selective stopping. In the 

Independent Discriminate then Stop (IDTS) strategy monkeys first discriminated the signal, then 

decided to stop (or not). Differently, in the Stop then Discriminate (STD) strategy monkeys first 

inhibited the response whenever a signal occurred, then discriminated the signal and restarted a 

response on stop ignore trials. We found that MUA showed different dynamics related to the 

behavioral strategies. When monkeys adopted the IDTS strategy, MUA showed different pattern 

between trials when a movement was made (stop ignore signal and no-signal trials) and trials 

when the movement was withheld (correct stop signal trials). Differently, when monkeys 

adopted the STD, MUA showed the same pattern on stop ignore signal and stop signal trials, for 

about 180-200 ms after the signal. Following this period MUA activity in stop ignore signal trials 

modulated as in no-signal trials up to movement generation. These results show the presence of 

strong neural correlates of selective inhibition in the PMd of non-human primates. 
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Abstract: Gain-of-function mutations of the ERK/MAPK cascade in GABAergic interneurons 

induces a decrease in the number of cortical GABAergic neurons. This mutation, which models 

the RASopathy Noonan Syndrome, is associated with potential deficits in response inhibition 

capacity, related to those observed in Attention Deficit Hyperactivity Disorder. GABAergic 

deficient mice and healthy controls were trained in a Fixed-Minimum Interval (FMI) schedule of 

reinforcement, wherein the interval between a nose-poke and a head entry into a food trough 

define an inter-response time (IRT). IRTs longer than a criterion waiting requirement (0.5 s, 2 s, 

4 s, 8 s) were reinforced. Mutant mice took longer to adjust their IRTs to each waiting 

requirement and produced more variable IRTs, indicated by increased coefficients of quartile 

variation. Accordingly, acquisition of the waiting requirements differed between controls and 

mutants, such that controls reached asymptotic performance more rapidly. Thus, GABAergic 

interneurons are involved in the acquisition and maintenance of response-withholding 

performance, potentially reflecting a key role in response inhibition capacity. 
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subjects assessment of delay discounting and probability discounting in mice 
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Abstract: In addition to deficits in social function, individuals affected by autism spectrum 

disorders (ASD) often demonstrate abnormalities in motivated behavior and decision making. 

Autism spectrum disorders are highly sex- and gender-biased, affecting males:females at a 4:1 

ratio. These findings raise the question of whether sex-linked differences in the neurobiology of 

decision making may be connected to increased male vulnerability to autism. We investigated 

whether there are baseline sex differences in how male and female mice decide to distribute their 

actions over conditions of delayed reward (delay discounting) versus uncertain reward 

(probability discounting or risky decision making). Tasks were tested within subjects to allow 

direct comparison of delay and probability preference within individuals, and tested over 

multiple sessions to determine if impulsive choice behavior shifted over time with increased 

experience with each task. As expected, the length of delay significantly affected tendency to 

choose the larger reward. However, no significant differences were found between sexes in delay 

discounting, regardless of delay order presentation (ascending or descending delay). This 

similarity suggests that baseline differences in motivation and ability to assess reward values are 

minimal between sexes. The same mice were then shifted to a probability discounting paradigm 

to determine whether a willingness to take risk may affect the way mice evaluate reward value 

and decide between choices. Curiously, males were shown to be more likely to prefer the 

uncertain large reward significantly more frequently compared to females in session one of 

testing. However, this effect was only observed when the probability schedule was new to the 

animals, at a time of maximum uncertainty. As animals learned the relative probabilities of 

earning the large reward with increasing experience with the task, preference for risk was no 

different between males and females. We are currently comparing demand functions across time 

and across tasks to determine whether choice behavior is stable within an individual, as there 

were substantial individual differences in discounting within each sex. These data suggest that 

motivation for rewards and the ability to balance known costs with reward outcome does not 

differ between sexes, but behavior when learning about uncertain options does differ between 

sexes. 
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Title: Influence of medial prefrontal subregion inactivation on action control using a variable 
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Abstract: The rodent medial prefrontal cortex is important for execution and inhibition of 

reward seeking, with the prelimbic (PL) thought to guide execution of goal-directed behavior and 

IL thought to inhibit goal-directed, and promote habitual, behaviors. Differential regulation of 

action by mPFC subregions is frequently tested in a temporally staggered manner, such as using 

reward seeking and extinction, as in previous work by our group and others. However, tasks like 

the go/no-go or stop signal reaction time tasks probe action execution and inhibition in the same 

session, obviating the need for learning-associated changes in behavior, which occur during 

extinction. To better understand how mPFC networks regulate action control, we are performing 

chemogenetic manipulation of PL and IL during a variable ratio go/no-go task in which 

probability of go vs. no-go is changed across sessions. The rationale for this task design variant 

is to probe the impact of expectation bias (e.g., 80%/20% go vs. 80%/20% no-go) on behavioral 

performance and mPFC control. To characterize mPFC function during this task, male Long-

Evans rats receive an infusion of a virus to express the inhibitory DREADD hM4Di in either the 

PL or IL. Rats are then trained on a go/no-go task. In go trials, a lever extends and an 

auditory/visual cue signals that the rat should press the lever in order to obtain 0.1mL of 15% 

sucrose. In no-go trials, a lever extends and a different visual cue signals that rats should not 

press the lever in order to receive sucrose. After training, rats are tested on different response 

ratios (100/0, 80/20, 50/50, and 20/80) on separate days. On testing days, rats receive either 

clozapine-N-oxide (CNO) or vehicle, in a counterbalanced order. Rats are perfused after their 

final day of testing and immunohistochemistry is performed to label for virus expression and c-

fos in the PL and IL and related brain structures. Preliminary findings reveal that DREADDs 

were selectively expressed in either PL (n=4) or IL (n=2). Rats with PL DREADD inactivation 



during 100/0 ratio task performance substantially increased their proportion of well entries 

(n=3/4 rats). This is in accordance with our previous study in which pharmacological inactivation 

of dorsal mPFC increased reward seeking. DREADD inactivation of IL slightly increased the 

proportion of omissions (i.e., decreased go lever pressing). Additional rats are currently being 

tested and c-fos staining is being analyzed. This behavioral paradigm, combined with selective 

PL/IL DREADD inactivation will significantly advance our understanding of the prefrontal 

control of response execution and inhibition. 
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Abstract: HIV-1 associated neurocognitive disorder (HAND) is characterized by mild deficits in 

cognitive and behavioral abilities such as attention, impulsivity and inhibitory control. An HIV-1 

viral protein, the transactivator of transcription (Tat), is thought to cause synaptodendritic injury 

through excitotoxic Ca2+ and Na+ influx from upregulated NMDA and AMPA receptors. Tat’s 

effects largely affect the fronto-striatal-thalamo-cortical (FSTC) circuit which is responsible for 



regulating attention, impulsivity and inhibitory control. The present study is focused on assessing 

inhibitory control deficits in a Tat transgenic mouse model after prolonged Tat expression. This 

transgenic model utilizes a slow release of Tat under the control of a tetracycline on system to 

study deficits induced by Tat expression. To assess inhibitory control deficits, a Go/No-Go task 

was administered. In the Go/No-Go task, mice are required to perform different behaviors for 

two different stimulus arrangements. In the Go arrangement, mice perform a nose poke for a 

sugar pellet reinforcer and in the No-Go arrangement the mice are required to withhold their 

nose poke response to receive reinforcement. Fourteen animals were trained on this task and 

Pinhibition scores were gathered as an index of inhibitory control. Pinhibition calculates the number of 

correct omissions on No-Go trials while remaining sensitive to the number of incorrect 

omissions on Go trials. Following testing, animals were sacrificed and perfused in preparation 

for immunohistochemistry. Brain slices from the prefrontal cortex were then stained for 

cannabinoid receptor type 1 (CB1R). Images from the prelimbic and infralimbic cortex were then 

put through ImageJ to quantify the average intensity of the stain per pixel as a way to quantify 

CB1R expression throughout these two regions. Testing from the Go/No-Go task revealed a 

main effect of sex. Specifically, female Tat(+) animals showed significantly less inhibitory 

control than male Tat(+) animals, while Tat(-) animals did not differ. Furthermore, female Tat(+) 

mice showed significantly higher CB1R expression in the infralimbic cortex than any other 

group. Previous in vitro research in our lab has found CB1R to be neuroprotective against Tat, so 

it is possible that Tat resulted in synaptodendritic damage in female mice and the upregulation of 

CB1R represents a compensatory response to that injury. 
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Abstract: HIV-1 associated neurocognitive disorder (HAND) symptoms include mild deficits in 

attention, impulsivity, and inhibitory control. These symptoms are thought to be the result of 

synaptodendritic injury and the resulting loss of neuronal interconnections due to exposure to the 

transactivator of transcription (Tat), a viral protein produced by HIV-1. Tat’s effects stem from 

excitotoxic Ca2+ and Na+ influx into the affected neuron and primarily impact the fronto-striatal-

thalamo-cortical (FSTC) circuit, which is responsible for regulating attention and inhibitory 

control. Previous research in our lab has shown cannabinoid receptor type 1 (CB1R) to be 

neuroprotective against the damage precipitated by Tat. The effects of Tat in the brain can be 

studied using the Tat transgenic mouse which is characterized by a slow release of brain-specific 

Tat under the control of a tetracycline on system. Research with this transgenic line has shown 

time dependent effects on hippocampal-dependent memory with longer Tat exposure resulting in 

greater deficits. We used the Go/No-Go (GNG) task to study deficits in impulsivity and 

inhibitory control in the Tat mice. Mice were trained to perform different behaviors in two 

stimulus arrangements. In the Go arrangement, the mouse was required to perform a behavior for 

a sugar pellet reinforcer; in the No-Go arrangement, the mouse omitted the behavior from the Go 

arrangement for reinforcement. Two cohorts of mice were trained and tested after two weeks and 

ten months of Tat expression. At test, inhibitory control can be captured in a measure called 

Pinhibition. Testing at ten months revealed a main effect of sex on Pinhibition with females 

demonstrating significantly less inhibitory control than males. Specifically Tat(+) females 

showed significantly lower inhibitory control than Tat(+) males with no significant differences 

between Tat(-) males and females. Additionally, there was a main effect of sex on measures of 

impulsivity with females performing less premature responses than males. Tests after two weeks 

revealed no significant differences; following these null results, CB1R and cannabinoid receptor 

type 2 (CB2R) were antagonized in an attempt to induce dose-dependent deficits in inhibitory 

control. Results still showed no significant differences after CB1R, CB2R, or CB1R and CB2R 

antagonism. It is possible that after only two weeks of Tat expression, protein levels were not 

high enough to produce deficits on their own and thus antagonizing CB receptors did not 

noticeably modulate Tat induced damage. 
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Abstract: Impulsive behavior characterizes various psychiatric disorders, including drug 

addiction. The nucleus accumbens (NAc), a forebrain region classically implicated in reward, is 

central to the neural circuitry mediating impulsivity. Within the NAc, primary projecting 

medium spiny neurons (MSNs) receive feed-forward inhibition from parvalbumin-positive 

(PV+) interneurons. To investigate the role of PV+ interneurons on impulsive behavior we 

virally expressed within the NAc core of PV-Cre+ mice: (1) the calcium indicator GCaMP6m to 

monitor in vivo activity using fiber photometry; (2) the Gi-coupled hM4D DREADD receptor to 

inhibit these neurons using systemic CNO administration; (3) excitatory opsins to 

optogenetically activate these neurons using light. Impulsive behavior was measured using the 

five-choice serial reaction time (5-CSRT) task, in which a mouse withholds an operant response 

until it can be directed to a location indicated by a brief visual cue. Premature responses, defined 

as those occurring prior to the onset of the visual cue, are an index of impulsivity. Fiber 

photometry revealed that decreased PV+ interneuron activity precedes impulsive responses. 

Chemogenetically inhibiting PV+ interneurons increased premature responses without altering 

response latencies or open field locomotor activity. Conversely, preliminary data suggest that 

optogenetic activation of PV+ interneurons reduced impulsive behavior. These experiments 

indicate that PV+ interneuron activity shapes the selection and timing of behavioral responses, 

most likely through feed-forward inhibition of MSN activity and striatal output. 
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Abstract: Deficits in cognitive processes are associated with a wide range of neuropsychiatric 

conditions. Understanding how these cognitive processes are normally implemented will aid in 

the development of treatments to ameliorate such deficits. Two important cognitive processes - 

attention and impulse control - can be indexed in mice using the 5 choice serial reaction time 

task (5CSRTT), an operant task that requires animals to withhold responses to a visual cue 

presented randomly at one of five locations for a period of time. During each trial animals can 

either respond correctly, prematurely, incorrectly at a different location, or omit a response. 

Premature responses represent a measure of impulsivity, and incorrect/omission trials reflect 

lapses in attention. Lesion studies of the nucleus accumbens (NAc) and striatum have indicated 

their importance for attention and impulsivity in the 5CSRTT, but we know little about how 

specific cell types contribute to these effects. Medium Spiny Neurons (MSNs) account for 95% 

of the cells in this region, further subdivided by their expression of either D1- or D2- dopamine 

receptors. We virally expressed the inhibitory Designer Receptor Exclusively Activated by 

Designer Drugs (DREADDs), hM4D(Gi) in into D1- or A2a-MSNs by injecting into D1-Cre or 

D2-Cre mice respectively. Wild-type littermates not expressing Cre were used as controls, and 

administration of clozapine-N-oxide (CNO, 2 mg/kg) had no behavioral effects in control mice. 

However, chemogenetic inhibition of D1-MSNs increased omissions in the 5CSRTT in both 

male and female transgenic mice, implying a deficit in attention. Preliminary data suggests that 

chemogenetic inhibition of D2-MSNs decreases omissions while increasing correct responding 

in both male and female mice. Response latencies were not changed, suggesting these effects are 

not due to general changes in movement. Considering the divergent behavioral patterns of the 

inhibition of MSN subtypes on attention, this study highlights the importance of manipulations 

that leverage cellular specificity in studies of corticostriatal contributions to attention and 

impulse control. 

Disclosures: D.W. Leipold: None. P.E. Rothwell: None. 



Poster 

242. Animal Cognition and Behavior: Executive Function: Inhibitory Control 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 242.18/DDD13 

Topic: H.01. Animal Cognition and Behavior 

Title: Delay discounting of punishment during economic decision-making 

Authors: *A. VONGPHRACHANH1, D. B. GABRIEL2, N. W. SIMON2 
2Psychology, 1Univ. of Memphis, Memphis, TN 

Abstract: Addiction is characterized by ongoing substance abuse despite physical, financial, and 

social consequences. Critically, these negative outcomes are often delayed relative to immediate 

drug reinforcement, resulting in myopic decision-making that fails to appropriately respond to 

consequences. Discounting of delayed outcomes has been well studied in human and animal 

models, but these protocols primarily measure preference for immediate over delayed rewards. 

Systematic discounting of delayed consequences, which is associated with substance abuse, 

remains largely unexplored. To address this gap in the literature, we have developed the Delayed 

Punishment Decision-making Task (DPDT). In this task, rats choose between a small, single 

pellet reward and a large, three pellet reward accompanied by a mild foot shock (.35 mA). As the 

task progresses, a delay precedes the shock that is systematically enhanced with each 12 trial 

block (0s, 4s, 8s, 12s, 16s), followed by a final block in which the shock and delay are no longer 

present. For this study, we trained male (n=10) and female (n=10) Long Evans rats in the DPDT. 

Initially, rats engaged in two forced choice trials in which levers associated with a small, safe 

reward and large reward accompanied by a foot shock are extended to establish the difference in 

reward magnitudes. Next, rats chose their preferred lever for 10 free choice trials. After they 

showed >75% preference for the large reward throughout the session, foot shock amplitude was 

gradually increased by .5 mA increments, starting from 1.0 mA until reaching an amplitude of 

.35 mA. Upon reaching this shock level, subjects trained for an additional 15 consecutive 

sessions. We observed that rats discounted the negative value of delayed punishment, as 

indicated by a significant increase in choice of the large, punished reward as delay preceding the 

shock increased. These data were stable across the final five days of training, as indicated by a 

lack of block x session interaction. There was no significant difference in latency to choose the 

small vs large reward. Furthermore, there was no significant correlation between body weight 

and preference for the large reward. This preliminary study demonstrated that the ability of 

punishment to reduce reward preference is attenuated if punishment is delayed. Further 

experimentation will explore sex differences in punishment discounting, as well as the influence 

of acute and extended exposure to drugs of abuse. Development of the DPDT is the first step 

toward understanding the neural mechanisms underlying reduced valuation of delayed 

punishment, as well as how this process becomes pathological in substance abuse. 



Disclosures: A. Vongphrachanh: None. D.B. Gabriel: None. N.W. Simon: None. 

Poster 

242. Animal Cognition and Behavior: Executive Function: Inhibitory Control 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 242.19/DDD14 

Topic: H.01. Animal Cognition and Behavior 

Title: Dopaminergic influences on a novel task measuring preference for probabilistic vs. 

effortful rewards in rats 

Authors: *D. B. GABRIEL1, A. VONGPHRACHANH2, N. W. SIMON1 
1Psychology, 2Univ. of Memphis, Memphis, TN 

Abstract: Economic decision-making is the process by which one reward is chosen over another 

based on each reward’s relative value. Understanding the biological underpinnings of economic 

decisions is a key step in identifying causal factors for suboptimal decision-making, such as 

pathological gambling. Rodent models measure economic decision-making by offering subjects 

a choice between a small reward and a large one associated with a discounting factor that 

decreases preference for that reward. Common discounting factors include probability of reward 

omission and greater effort required for reward delivery. These tasks have successfully parsed 

apart much of the underlying neurobiology of multiple forms of economic decision-making. 

However, real-world decisions are typically more complicated than these simplified models, 

often involving the assessment and comparison between different discounting factors. To model 

this, we developed an “effort vs probability task” (EvP) in which rats were offered a choice 

between rewards of equal magnitude accompanied by different discounting factors. The 

probabilistic reward consisted of a 25% probability of delivery fixed throughout the session, 

whereas the effortful reward increased effort required throughout the session (1, 5, 10, and 20 

actions). We observed an increased preference for the probabilistic reward as effort requirements 

increased, quantified by a significant effect of block. Stable performance was achieved after 30 

sessions, quantified by no effect of day in a repeated-measures ANOVA over the last five 

sessions of training. 

We then measured the effects of D1 and D2 antagonists on the EvP. We found that both D1 and 

D2 blockade increased preference for the probabilistic reward over the effortful option. D1 

blockade during the EvP resulted in dose-dependent effects, with only the highest dose (.03) 

significantly increasing choice of the probabilistic reward. D2 blockade of increased preference 

for the probabilistic reward across all doses. There were no effects on locomotion or response 

latency by either drug, although high (.05) and medium (.03) doses of the D2 antagonist 

significantly increased trial omissions. Overall, these data suggest that dopamine receptor 

blockade biases decision-making toward uncertain rewards and away from high effort options. 
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Abstract: Excessive risk taking in the face of punishment is expressed across several forms of 

psychopathology. In particular, substance abuse is characterized by ongoing drug seeking despite 

the risk of social, financial, and physical consequences. Thus, elucidating the neural mechanisms 

underlying risky decision-making may have utility for identifying vulnerability to substance 

abuse disorders. The risky decision-making task (RDT) measures risk taking in a rat model by 

assessing preference between a small, safe reward and a large reward accompanied by a 

systematically increasing risk of punishment (mild foot shock). On average, rats shift preference 

away from the risky reward as the probability of punishment increases. However, the RDT 

reliably reveals substantial variability in performance, including a subpopulation of “risk takers” 

with a consistent preference for risky rewards even with high risk of consequences. To determine 

the neurobiological factors that are comorbid with risk-taking, we characterized rats in RDT, 

then used Fixed Potential Amperometry to measure the relationship between evoked dopamine 

release in the nucleus accumbens (NAC) and risk preference. We observed that risk preference 

was correlated with dopamine release in the NAC evoked by medial forebrain bundle 

stimulation, and that rats characterized as “risk-takers” demonstrated significantly greater evoked 

dopamine efflux than the rest of the population. Risk-takers also showed enhanced dopamine 

half-life in response to nomifensine, a dopamine reuptake inhibitor. These results were in 

contrast with delay discounting performance, which did not predict any NAC dopamine 

parameters. These data suggest that the risk-taking phenotype is likely related to dopamine 

release dynamics in the NAC. Furthermore, baseline risk-based decision-making is more closely 

associated with NAC dopamine sensitivity than delay based decision-making. 
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Abstract: Selective differences in behavior can shape vulnerability to substance abuse disorder. 

Understanding the genetic basis of these traits may be effective for identifying and treating 

addiction prone individuals. One such behavioral pattern is impulsivity, defined broadly as 

deficits in self-regulation. Impulsivity is a multi-faceted construct, with two elements that are 

readily quantifiable in rodent models: impulsive action, the inability to withhold a prepotent 

response, and impulsive choice, a preference for immediate gratification over larger, delayed 

rewards. Here, we assessed genetic patterns underlying different forms of impulsivity, as well as 

cocaine locomotor sensitivity and reinforcement. This was accomplished using inbred male and 

female Fischer 344 and Lewis rats obtained from different vendors (Charles River and Envigo). 

This genetic similarity between the substrains from different vendors enhances the ability to 

identify unique candidate genes underlying any heritable or comorbid behaviors of interest. We 

observed heritable phenotypic differences specific to each strain: impulsive action (but not 

choice) was enhanced in Lewis rats from Envigo but not from Charles River, and enhanced 

cocaine-induced locomotion was evident in Fischer rats from Charles River but not from Envigo. 

No differences between groups were observed in cocaine CPP, an indirect measure of cocaine 

reinforcement. Critically, the observed phenotypic differences were not comorbid across any 

substrains, which suggests that cognitive (impulsive action) and pharmacological (cocaine 

sensitivity) factors related to substance abuse arise from unique genetic origins. 
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Abstract: Neural synchronization has been suggested to play crucial roles in cognitive tasks. 

High frequency oscillations typically appear in association with cognitive processes and are 

thought to reflect temporal coordination of neuronal responses. However, recent research has 

indicated that low frequency oscillations are induced in the medial prefrontal cortex (mPFC) of 

the mice in coordination with cognitive processes. Also, previous studies in our laboratory have 

pointed out that the local field potential (LFP) powers in low frequency bands were reduced in 

the mPFC of the mice with impaired working memory. In this study, we examined whether 

stimulating the mPFC neurons with a low frequency oscillation in intact mice would improve 

spatial working memory. As recent study has shown that layer II/III neurons of prelimbic cortex, 

which is a part of medial prefrontal cortex, projects mainly to the nucleus accumbens or 

amygdala and is involved in the social spatial learning, a type of cognitive processes, we targeted 

layer II/III neurons specifically in this study. By using the in utero electroporation technique, we 

transfected Channelrhodopsin 2 (C128S mutant), which is very sensitive to the light stimulation, 

into the layer II/III neurons of the mPFC. The behavioral tests with or without the light 

stimulation were performed and the effect of the optogenetic stimulation was evaluated. We 

assessed working memory by the Y-maze test and motor activity and anxiety by the open field 

test. We also evaluated changes of LFPs and immunostained for c-Fos to see the excitation of 

neurons by optogenetic stimulation. Further electrophysiological analysis and immunostaining, 

use of other mutants of Channelrhodopsin 2 are in progress to investigate the effect of light 

stimulation onto the neural activities and working memory. 
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Abstract: Catecholamines (CAT) are thought to influence cognition. We previously observed 

that boosting CAT transmission with reuptake inhibitors significantly enhanced motivation but 

only has marginal effects on working memory in rhesus monkeys (Oemisch et al. 2016; Thurston 

et al. 2015; Kusi et al. 2017). Here we tested whether systemically depleting CAT transmission 

impairs working memory and reduces motivation. We first determined that limiting the intake of 

the CAT precursors tyrosine and phenylalanine in two adult, female rhesus monkeys reliably 

reduces the plasma concentrations of these essential amino acids by >80% after 3-4 hours. We 

then assessed during that period the animals’ working memory from their performance in a 

visual sequential comparison (VSC) task, which manipulates memory load. In addition, the 

animals’ motivation was assessed using a fixation task with progressive ratio (PR) schedule of 

reinforcement. We also considered task engagement – the proportion of VSC trials that the 

animals aborted – as an alternative measure of motivation. For each animal, data from 5 CAT 

depletion sessions were compared to 5 vehicle controls as well as >60 regular sessions. In one 

animal, CAT depletion marginally impaired her working memory capacity, but significantly 

reduced her motivation (lower breaking point) and VSC task engagement (more aborted trials). 

In the other animal, CAT depletion impacted her performance neither in the VSC task nor in the 

PR task, but it significantly lowered her VSC task engagement. These observations are in line 

with our previous work on enhancing CAT transmission. Overall, our findings suggest that CAT 

play a central role in motivation and exert an indirectly influence on working memory task 

performance. 
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Abstract: Recent models of memory depend on representations of a compressed temporal 

history of past events. Time cells, neurons that fire at particular times within a task, are one 

possible mechanism to support a representation of past time. Time cells have been observed 

extensively in mice and rats and they have also recently been discovered in primate lPFC. For 

models of memory to be able to account for tasks that require both item and temporal 

information, such as judgment of recency tasks, it is not sufficient that time cells fire during a 

circumscribed period of time, but that different stimuli initiate distinct sequences of time cells. 

These stimulus selective time cells would fire in response to particular stimuli at particular time 

delays. A recently published study reports stimulus specific time cells in macaque lPFC. We 

reanalyzed a dataset of neurons from macaque PFC and hippocampus using a maximum 

likelihood model to identify stimulus selective time cells during a paired associate learning task. 

We found robust stimulus selective time cells that tile the task duration in both hippocampus and 

PFC. Consistent with other reports, the temporal history was compressed, as shown by the spread 

in time fields and decreasing number density of time cells with the passage of time. Because of 

the way the task was organized, we were able to establish that the neurons in the hippocampus 

and PFC were representing a compressed temporal history of past events. We also used a linear 

classifier to determine how the cells encoded stimulus information. Cross-temporal classification 

in both PFC and hippocampus was consistent with stimulus specific time cells. These results are 

discussed in the context of other studies of time cell phenomena and mathematical models of 

memory representation. 
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Abstract: The capacity of working memory (WM) is limited to approximately four items. 

However, we rarely notice this constraint because we are able to implement mnemonic strategies 

to overcome this limitation, such as grouping items together into “chunks”. In visuospatial WM 

tasks, neural activity in lateral prefrontal cortex (LPFC) encodes the spatial information required 

to perform the task. We have recently shown that this spatial tuning is modulated by mnemonic 

strategies, in this case stereotyped sequencing of spatial targets. However, it remains unclear how 

these neurons contribute to other mnemonic strategies such as chunking. To assess this, we re-

analyzed data from two monkeys performing a spatial self-ordered search task with six identical 

visual targets. The subjects were required to saccade to each target, one at a time in any order, 

returning their eyes to the center after each target. Therefore, the subjects had to use WM to keep 

track of which targets had been visited and prepare for next target selection. To determine 

whether population activity represents multi-target spatial information in this task, first, we used 

linear discriminant analyses (LDAs) to categorically decode information about target locations or 

saccade orders from simultaneously recorded ensembles of LPFC neurons. Target locations were 

more accurately decoded than saccade orders, and the accuracy of the decoder to predict saccade 

orders increased when subjects performed more stereotyped selection. These results indicate that 

population activity in LPFC primarily represents multi-target spatial information. Next, we 

assessed how this relates to target chunking. We defined mnemonic chunking by groups of 

targets that were frequently recalled together and used graph theoretic approaches to quantify 

behavioral chunking in trial blocks. Preliminary data indicate that stronger chunking reduces 

error rates, consistent with the notion that chunking increases WM capacity. Using linear models, 

we can reconstruct two-dimensional spatial locations of targets held in WM from populations of 

LPFC neurons, and further analyses will combine these approaches to determine how chunking 

changes the spatial information represented by LPFC neurons. In addition, we will assess how 

these signals evolve within a trial, as the subjects update information held in WM. 
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Abstract: Understanding the neurological effects of obesity is imperative to public health, 

particularly with global projections indicating that obesity rates will continue to rise. While many 

studies have examined the peripheral effects of obesity, far fewer studies have examined central 

effects beyond the hypothalamus. Obesity has been shown to have a negative effect on executive 

functions attributed to the prefrontal cortex, such as working memory, inhibitory control, and 

decision making. However, little is known of the mechanistic pathway linking obesity and 

cognitive deficits, nor is the relationship between cognitive deficits and obesity well understood. 

Here, we investigate whether cognitive deficits exist prior to obesity development, whether 

obesity development leads to cognitive deficits, or if diet independent of weight gain leads to 

cognitive deficits 

In order to explore whether cognitive deficits exist prior to obesity, we utilized selectively bred 

obesity prone and obesity resistant rats. Obesity-prone and obesity-resistant rats tend to diverge 

in weight during early adulthood (roughly 70 days). Therefore, behavioral tasks which examine 

prefrontal cortex function were utilized prior to divergence in weight (~65 days). Tasks included 

Object in Place and Egocentric Morris Water Maze. Behavioral tests suggest no differences in 

cognitive function exist between strains prior to the onset of obesity. 

We next examined the effects of diet and/or obesity on cognitive function in outbred male 

Sprague Dawley rats. Rats were fed either a standard rat chow diet, a “junk food” diet, consisting 

of a mixture of typical highly palatable foods such as potato chips and peanut butter, or a high fat 

diet (60% fat). Animals fed a junk food diet increased food intake briefly (3-4 days) but did not 

gain significantly more weight than chow fed animals over time. High fat-fed animals 

gained significant weight compared to both chow and junk food fed animals. Following diet 

manipulation, prefrontal cortex-mediated tasks including Object in Place, Egocentric Morris 

Water Maze, and Attentional Set Shift task were run for each group. Our data suggest that 

cognitive deficits are not present in an obesity-prone model prior to obesity development. 



Furthermore, a highly palatable diet, independent of weight gain, did not lead to the development 

of cognitive deficits. Finally, outbred rats fed a high fat diet gained significantly more weight 

while displaying cognitive deficits in select behavioral tasks. Therefore, we propose that 

cognitive deficits are likely a result of obesity development and may be further exacerbated by 

genetic susceptibility. 
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Abstract: Marmosets are a valuable translational research model that can be used to study 

cognitive functions in primates. For example, these small monkeys have typical primate granular 

prefrontal cortex and can be used to explore various cognitive control processes. However, 

unlike macaques, marmosets are very sensitive to changes in the surroundings and they can 

become overly anxious upon removal from the familiar environment. The aim of the present 

research has been to develop an advanced automated in-cage testing apparatus for marmosets, a 

smart chair, that will be used for behavioral training, first, and for electrophysiology recordings, 

subsequently. The marmoset smart chair incorporates radio-frequency identification (RFID), 

proximity sensors, weighing mechanism, touchscreen, and a reward delivery system in a 

compact debris-resistant transparent enclosure. The information acquired by the system is 

recorded and available to the investigators, as needed. Having the freedom to interact with the 

chair at will, and the capacity to observe each other, increases the marmoset learning curve 

significantly. A family of four marmosets learned their way through the chair, touching the 

screen, and receiving their reward in a matter of days. These animals are in the process of 

learning a set of cognitive tasks of increasing complexity, starting with the delayed non-match to 

sample task, to explore gradually the limits of their working memory capacity. Among the main 

advantages of using the smart chair for cognitive experiments is the ability to control the task and 

observe the ongoing performance remotely and allowing the animals to learn at their own pace in 



a stress-free environment at the high level of their capacity. The smart chair tracks and records 

subject progress using the RFID tag to allow the monkeys to recommence their training from the 

last completed session. During a trial, the weight is measured regularly, allowing the detection of 

abrupt changes in weight during the day or between days, that can be alarming for this species. 

The proximity sensors provide feedback about the exact position of the animals inside the smart 

chair and can be coupled with the reward system to encourage the animals to excel at performing 

their task. 

Disclosures:  V. Zlatkina: A. Employment/Salary (full or part-time):; Rogue Research Inc.. C. 
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Abstract: Working memory is the neural system for short-term maintenance and manipulation 

of information. One critical property of this system is its limited capacity that is often seen as a 

‘bottleneck of cognition’. We recently showed that this capacity of working memory is 

comparable between crows and primates. 

It is well established that humans can maximize working memory capacity using attention, either 

prior to stimulus presentation (pre-cue), or even after stimuli have disappeared (post-cue). Here 

we explore this attentional control of working memory in crows. We trained two crows (Corvus 

corone) in touchscreen-equipped operant chambers on a change detection task. The animals were 

required to hold 2, 4 or 6 colors in working memory. On some trials, we used pre- or post-cues to 

direct the animals’ attention to one spatial location. A head-tracking system controlled the gaze-

direction of the animals during the task. 

We found that the animals benefit from both pre- and retro-cues compared with un-cued trials. 

These results show that crows, like humans can utilize attentional cues (pre-cue) to efficiently 

select critical stimuli for working memory maintenance. Importantly, the animals can also utilize 

cues to improve working memory capacity even after the stimuli are already held in working 

memory and no longer present on screen. This strongly implies that crows can engage in a form 



of executive control over information already held in working memory. In order to investigate 

the neuronal mechanisms of this attentional control over working memory, we now record local 

field potentials and single cell activity while the animals perform in this protocol. 

Disclosures: E. Fongaro: None. J. Rose: None. 
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Abstract: Impaired working memory (WM) performance is a central deficit in Alzheimer’s 

Disease (AD) and may provide biomarkers which inform early AD diagnosis. However, the 

electrophysiological mechanisms underpinning impaired WM performance are not understood. 

We conceived of these mechanisms as features which track WM performance. The goal for this 

exploratory research project was to identify the features that track WM performance. This work 

is a follow-up to the Salazar et al. 2012 study which found that visual objects are encoded in the 

fronto-parietal brain network during a delayed match-to-sample WM task performed by two 

female rhesus macaque monkeys. The dataset from that study was analyzed here to identify 

features which track WM performance in macaque monkeys using local field potential (LFP) 

brain activity during correct and incorrect trials of the WM task. Experiments were conducted to 

discover features in the time domain and the frequency domain that track WM performance. As 

part of those experiments, event-related potentials were constructed as voltage time series. A 

mutual information classifier was used to determine which time points during the task were most 

predictive of task performance. Artificial intelligence techniques including deep learning were 

used to discriminate between trial classes. Next, spectrograms were plotted using time-frequency 

LFP data. The multi-taper method was used for a time-frequency decomposition analysis of 

power and phase-based synchrony measures of coherence. Nonparametric permutation statistical 

tests were used to establish significant differences between trial classes. Time points in the late 

portion of the delay period of the task were found to discriminate between trial classes better 

than other time points. Late LFP voltages thus served as effective features in the time domain. 



Measures of theta power and beta coherence were found to track WM performance, thereby 

serving as frequency-based features. Discovery of these features sets the stage for human 

experimentation that utilizes novel measurement and stimulation protocols for early diagnosis 

and possible treatment of AD. 
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Abstract: The prefrontal cortex (PFC) plays a key role in the memory-guided behavior, but how 

memory-relevant information is encoded in different subpopulations of PFC neurons to guide 

behavior is unclear. Subthalamic nucleus (STN) is an important structure for motor control, and 

it is monosynaptically innervated by PFC layer 5 neurons, but whether or how STN-projecting 

PFC neurons contribute to memory-guided behavior is unclear. Here we use in vivo two-photon 

calcium imaging to monitor the activity of STN-projecting PFC neurons in mice during a 

delayed Go or No-Go auditory task. Compared to the No-Go trials, STN-projecting PFC neurons 

show rapidly reduced delay activity in Go trials. Such differential delay activities are not 

significant in V1-projecting PFC layer 5 neurons. Optogenetic manipulation reveals that 

activation of STN-projecting PFC neurons enhances the task performance by inhibiting 

inappropriate responses, while inhibition of STN-projecting PFC neurons impairs the 

performance. These data suggest that the projection from PFC to STN plays an important role in 

memory-guided behavior. 

Disclosures: B. Li: None. Y. Dan: None. 
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Abstract: Short-term memory enables information to be held, processed and utilized at a later 

time. This is a fundamental process for cognitive behaviors. In object based visual short-term 

memory a number of operations must unfold rapidly, likely involving disparate regions of the 

brain. Although this type of memory has been thoroughly investigated, little is known about the 

variations in local field potential (LFP) spectral power across the cortex as a whole during such 

cognitive tasks. In order to investigate this process we recorded broadband neural activity from a 

range of areas roughly spanning a cortical hemisphere in macaque monkeys trained to perform 

an object based delayed match-to-sample task (Dotson et al., 2017). When qualitatively 

comparing the median magnitude of spectral power during the task epochs (sample presentation 

period and delay periods) relative to the presample, fixation period, there are widespread and 

robust patterns of change. During stimulus presentation in the lower frequencies (delta-alpha) 

many prefrontal, and to a lessor degree parietal regions show an enhancement in power, with 

somatosensory and visual areas showing slight suppression. This low frequency enhancement in 

prefrontal regions increasingly falls off as the delay period progresses, and in some cases flips to 

a suppression in power relative to the presamable (fixation) period. At higher frequencies (beta-

gamma) early visual areas with a more foveal retinotopic representation show a strong sample 

evoked enhancement in power. This stimulus evoked enhancement in high frequency power 

quickly falls off during the delay period of the task. In prefrontal, frontal, somatosensory and 

parietal areas during the sample period a slight suppression in power is observed. As the task 

progresses into the delay periods and towards the match-onset this suppression in high-frequency 

(beta-gamma) power becomes even greater, especially in frontal motor and somatosensory areas. 

Converse to the above changes, many regions, such as the non-foveal early visual areas show 



only moderate changes in power, and overall show a balanced activity profile. In some cases, 

these changes might reflect processing and encoding of information in those areas (e.g. stimulus 

evoked enhancement in early visual areas), while in other cases these variations might reflect 

maintenance of information. These results demonstrate that there are widespread and robust 

changes in spectral power that occur in a task-dependent manner during visual short-term 

memory. 
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Abstract: Neurons in the Frontal Eye Field (FEF) part of the prefrontal cortex maintain an 

elevated, spatially-selective activity during the memory period of object working memory tasks 

(Clark et al. J Neurosci 2012). Whether and how this spatial signal in FEF contributes to the 

maintenance of object information in other brain areas remains unknown. To answer this 

question, we simultaneously recorded the neuronal activity in the inferotemporal cortex and the 

FEF of two monkeys performing an object working memory task (the delayed-match-to-sample 

task). In this task the animal had to remember a sample object throughout a delay period, and 

then choose the sample object when it was presented along with a distracter. In half of the trials 

the sample was presented at a location inside the FEF response field (RF), which also overlapped 

with the IT RF and in the other half the sample was presented 180 degrees opposite to that 

location. Target and distracter were always presented at two opposite locations, both 90 degrees 



away from the sample location. Simultaneously recording spiking activity and local field 

potentials in the FEF and IT cortices enabled us to quantify the relationships between location 

and object information carried in these areas. We have found that the magnitude of location 

signal in the FEF is correlated with the power of LFPs in IT cortex. Spike-field coherence within 

and between areas also varies based on the location and object held in working memory. This 

study provides insight into the interactions between prefrontal and temporal cortices underlying 

the maintenance of object information. 
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Abstract: The prefrontal cortex maintains working memory information in the presence of 

distracting stimuli. It has long been thought that sustained activity in individual neurons or 

groups of neurons was responsible for the maintenance of information in the form of a persistent, 

stable code. However, we have recently shown that information in the lateral-prefrontal cortex 

(LPFC) is reorganized or morphed after the presentation of a distractor into a different pattern of 

activity. This raises the question of how downstream neurons are able to decode the information 

before and after the distractor presentation in the presence of this code-morphing. One 

hypothesis is that there exists a subspace in which the pre-distractor (Delay 1) and post-distractor 

(Delay 2) responses overlap, thus allowing information to be easily decoded despite the code-

morphing. We investigated this hypothesis by using optimization techniques to identify a 

subspace transformation that minimized the distance between the Delay 1 and Delay 2 responses 

in a population of mixed selective LPFC neurons (n = 61 single units). The performance of a 

decoder trained and tested using Delay 1 responses in the transformed space was 74.6 ± 5.26%, 

and 75.5 ± 3.09% for Delay 2 responses. These performance values were not significantly 



different from those obtained using the original response space (p > 0.05 for both Delay 1 and 

Delay 2). Critically, in the transformed space, the decoders did not show any difference in 

performance when they were trained and tested in different delays (p > 0.05; performance when 

trained in Delay 1 and tested in Delay 2: 73.7 ± 3.02%; performance when trained in Delay 2 and 

tested in Delay 1: 73.4 ± 4.7%). This contrasts with performance values of 45.4 ± 3.94% and 

54.3 ± 3.7%, respectively, in the original response space. In order to gain a better understanding 

of code-morphing, we constructed a simple recurrent network model of prefrontal neurons, and 

showed that neurons with recurrent connections exhibited non-linear mixed selectivity and code-

morphing reminiscent of those observed in our data. We successfully trained a set of output 

neurons to decode information in a stable fashion in the presence of the code-morphing exhibited 

by the non-linear mixed selective neurons. We hypothesize that the connection weights between 

the recurrent neurons and the output neurons perform a subspace transformation similar to the 

transformation found above in our data. This suggests that mixed selectivity provides 

populations with the ability to represent information flexibly while preserving information in 

certain subspaces to facilitate readout by downstream neurons. 
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Abstract: Neural systems display avalanche behavior characterized by uninterrupted sequences 

of neuronal firing. Previous empirical and computational work has demonstrated that the 

distribution of avalanche size and duration obeys a power law, which is a hallmark of critical 

systems. Theoretical models of such critical systems suggest that these dynamics support optimal 

information transmission and storage. However, the mechanism by which avalanches support 

these information capacities or other computations in neural systems remains unknown. Here, we 

study a generalized spiking model composed of neurons connected in a directed network that 

produces neuronal avalanches whose size and duration are well-fit by power laws observed in 

empirical data. By estimating the average behavior of this model, we demonstrate analytically 

and via simulations that the network topology can be designed to best propagate and recover 

desired patterns of stimulation, as measured by the Euclidean distance between network states 

and mutual information. With this relationship between network topology and optimally 

propagating stimuli, we identify characteristic topological features that contribute to lasting 

stimulus propagation using network connectivity derived from microelectrode array data from 

mouse somatosensory cortex slice cultures. Specifically, we find that these networks are 

organized into clusters that each propagate a specific pattern of stimulation. In addition, these 

clusters are often composed of strongly and bi-directionally connected neurons. Collectively, our 

results suggest that cortical networks with avalanching behavior more fundamentally support 

cluster-based, long-lasting propagation and recovery of a few crucial patterns of stimulation. Our 

results further imply that avalanching neural networks could contribute to cognitive faculties that 

require persistent activation of neuronal patterns, such as working memory or attention. 
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Poster 

243. Animal Cognition and Behavior: Working Memory 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 243.14/EEE6 

Topic: H.01. Animal Cognition and Behavior 

Support: NIH R01MH085666 to Wen-Jun Gao 

 Dean’s Fellowship for Themed or Collaborative Research 2017 to Sarah Monaco 

Title: Conditional GSK3β knockout in GABAergic parvalbumin interneurons affects behaviors 

and electrophysiological properties in adult and adolescent mice 

Authors: *S. MONACO1, A. J. MATAMOROS3, G. HAN3, E. BLACK3, R. A. ESPAÑA2, W.-

J. GAO4 
2Neurobio. and Anat., 1Drexel Univ. Col. of Med., Philadelphia, PA; 3Drexel Univ., 

Philadelphia, PA; 4Dept Neurobiol & Anat., Drexel Univ. Col. Med., Philadelphia, PA 



Abstract: The ability to perceive, filter, prioritize, update and ultimately respond appropriately 

to incoming stimuli requires efficient prefrontal cortex (PFC)-dependent processing, with both 

N-methyl-D-aspartate receptors (NMDARs) and GABAergic interneurons playing a major role. 

However, what remains to be known is how NMDARs on GABAergic interneurons are regulated 

and how this affects cognitive function. We hypothesize that GSK3β is one common factor 

linking NMDARs, GABAergic signaling, and PFC-dependent cognition. Therefore disruption of 

this enzyme may serve as one underlying factor that successively leads to the downstream 

pathological phenotypes observed in schizophrenia. To elucidate the role GSK3β plays in 

GABAergic parvalbumin (PV) interneurons, we have developed a novel conditional mouse 

model in which GSK3β is genetically removed from PV-expressing neurons and labeled with a 

tdTomato reporter. PV-specific GSK3β KO mice require fewer days to learn a working memory 

task, but exhibit no differences on working memory at variable delays. PV-specific GSK3β KO 

mice demonstrate normal locomotion compared to control littermates. However, following 

amphetamine administration, male PV-GSK3β KO mice demonstrate a blunted response to 

amphetamine-induced locomotion. Correspondingly, male PV-GSK3β KO mice exhibited an 

increased acoustic startle response, demonstrating a dopaminergic dysregulation in males 

compared to females. Electrophysiologically, PV-GSK3β KO mice exhibit a lower action 

potential threshold as well as reduced sEPSC amplitude and frequency in pyramidal cells, which 

are the downstream targets of PV neurons. Gaining a better grasp on this signaling cascade will 

help provide an essential framework for understanding how GSK3β regulates NMDA receptors 

in the PFC, specifically within PV interneurons.  
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Abstract: Acetylcholine nicotinic a7 receptors (nACha7R) have been investigated as a 

therapeutic target to treat working memory and other cognitive deficits in dorsolateral prefrontal 

cortex (dlPFC) in schizophrenia. Clinical trials have shown mixed results from these compounds. 

Previous data from our lab on the effects of iontophoretic application of nACha7R agonists on 

neuronal activity in dlPFC in vivo indicate an inverted-U based response, suggesting these mixed 

results may be due to a narrow window of optimal therapeutic dose range. Acetylcholine 

muscarinic M1 receptors (M1R) are also expressed in cortex and PFC, show reduced expression 

in PFC in a subset of schizophrenic patients, and have been a more recent focus for therapeutic 

target development to treat cognitive deficits. In this study we assessed the effects of direct 

manipulation of M1Rs on neuronal activity in dlPFC of primates performing a spatial working 

memory task. We tested the effects of both selective antagonists and agonists, as well as a novel 

M1R-selective positive allosteric modulator (PAM). In parallel to the single cell experiments, we 

also tested these compounds on animal behavior to assess therapeutic potential. We performed 

both intra-PFC infusions in a delayed alternation T-maze in rats, and systemic application in 

primates performing a working memory task. At the cellular level, we found activation of M1Rs 

significantly enhanced activity during the delay period, and blockade of M1Rs significantly 

reduced neuronal activity during the delay. At the behavioral level, we found intra-PFC infusion 

of the M1R PAM improved performance and prevented performance impairment from 

simultaneous NMDA receptor blockade. Additionally, we found systemic treatment with the 

M1R PAM improved working memory performance in primates. These data suggest selective 

M1R PAMs may provide promise as a novel treatment strategy for cognitive deficits from dlPFC 

dysfunction in schizophrenia. 

Disclosures: V.C. Galvin: None. S. Yang: None. A.S. Lowet: None. T.C. Lightbourne: 

None. A.F. Arnsten: None. M. Wang: None. 

Poster 

243. Animal Cognition and Behavior: Working Memory 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 243.16/EEE8 

Topic: H.01. Animal Cognition and Behavior 

Support: NIH Grant 2R15NS060117-02 

Title: Role of IL-6 in obesity-induced cognitive deficit using the Morris water maze 

Authors: *T. SIMON, V. PEÑA-GARCIA, B. TENG, L. BANNER, A. OYETUNDE 

Biol., California State Univ. Northridge, Northridge, CA 

Abstract: High fat diets (HFD) have been shown to cause consistent low grade inflammation in 

the brain leading to cognitive deficits. This neuoinflammatory response is composed of a vast 



repertoire of immune signals and cellular components. A major contributor in this response is 

interleukin 6 (IL-6). IL-6 is a plurifunctioning cytokine denoting the fact that its function 

changes with concentration, cellular origin, and age of its host. In a physiological state, IL-6 is 

implicated in “filtering” unnecessary information during the consolidation stage of long term 

potentiation, however it can shift to an immune role in a pathological condition, such as 

neuroinflammation. Due to its notable part in inflammation, IL-6 is currently being considered as 

a potential therapeutic target, but the dynamic nature of IL-6 has made it difficult to study 

producing inconsistent results amongst researchers. To address the role of IL-6 in obesity-

induced cognitive decline we have studied the behavioral changes in IL-6 KO vs wildtype (WT) 

mice following consumption of a HFD. The Morris Water Maze is a Hippocampal –dependent 

learning that assesses spatial memory performance in rodents. ImageJ and Animal Tracker 

software has enabled various parameters to be tested during the Morris Water Maze such as: time 

to platform, distance to platform, velocity, and immobility time. Comparisons between four 

groups, WT (C57BI6/J) on Lab Diet, WT on HFD (60%), IL-6 KO on a lab diet, and IL-6 KO on 

HFD (60%), has been evaluated. These results suggest that removal of IL-6 from C57BI6/J mice 

allows for continued memory acquisition, void of notable negative effects to their spatial 

memory. 
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Abstract: Recording in the middle temporal (MT) area, Bahmani et al. (Neuron 2018) have 

recently shown that during a spatial working memory (WM) task, the power of local field 

potential (LFP) oscillations in the alpha-beta band (8-25 Hz) increases and the timing of spikes 



lock stronger to the phase of these oscillations. Whereas these oscillatory changes in the presence 

of a top-down WM signal do not result in an overall firing rate change, in the presence of a 

visual input these oscillations are associated with a greater gain of sensory signals. In order to 

account for these nonlinear interactions between top-down working memory and bottom-up 

sensory input, we developed a computational model based on local inhibitory circuits that 

exhibits LFP-like collective oscillations. The model provides predictions regarding how 

excitatory and inhibitory neurons should act differently in response to top-down and bottom-up 

inputs. We examined the validity of these predictions by re-analyzing the Bahmani et al. dataset. 

We segregated the broad spiking and narrow spiking neurons, as they are suggested to represent 

putative excitatory and inhibitory cells, respectively. We found that compared to inhibitory 

neurons, the timing of spikes in excitatory neurons exhibit a stronger locking to the LFP 

oscillation. The combination of neural results supported by the modeling findings provide 

valuable insight regarding the attentional modulation of sensory responses: top-down inputs, 

owing to distinct connectivity patterns, modulate bottom up linear response gain by activating 

the network in a nonlinear manner, producing emergent local rhythms and representational 

enhancement. 

Disclosures: B. Noudoost: None. W. Nesse: None. Z. Bahmani: None. 

Poster 

243. Animal Cognition and Behavior: Working Memory 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 243.18/EEE10 

Topic: H.01. Animal Cognition and Behavior 

Support: R01 EY-012135 

Title: Sequential presentation of spatial target may bias multi-item memory toward 

independence 

Authors: *C. D. HOLMES1, L. H. SNYDER2 
1Neurosci., Washington Univ. in St. Louis, Saint Louis, MO; 2Dept of Neurosci., Washington 

Univ. Sch. Med., Saint Louis, MO 

Abstract: Working memory, which encompasses the short-term storage of information, is 

critical for cognitive function. Working memory allows for multiple pieces of information to be 

stored at once. Yet, working memory has a finite capacity. An open question is how multiple 

memories are stored. At one extreme, multiple memoranda could be multiplexed together. For 

example, three points in space may be remembered as a (single) triangle. This is often referred to 

as “chunking”. At the other extreme, individual memorandum could be stored independently. If 

this were the case, we would expect individual pieces of information to interact little. 



We trained animals to perform one- and two-item spatial working memory tasks. Animals were 

presented with one or two targets before a delay. After the delay, the same targets were presented 

along with an additional novel target. The animal’s task was to make a saccade to the novel 

target. As expected, memory performance decreased when targets were closer together. 

However, performance was greater when targets were distributed between left and right visual 

hemifields, even when controlling for target distance. These data suggest that concurrent 

memory representations can interfere with one another, but also support a recent finding that 

each hemifield has its own memory store. 

We used a mathematical model to estimate individual target memory rates from hit and error 

rates. Because we did not explicitly test for memory of both items on each 2-item trial, we could 

not obtain an exact solution. Instead we solved for a range of possible solutions and then 

considered the extreme cases. For items presented simultaneously, the range of possible solutions 

included both constructive (chunking) and destructive (competitive) interference between two 

memorized items. For items presented sequentially, there was almost no interaction, suggesting 

that memorized information was maintained independently. 

Our findings suggest that multiple spatial memoranda may be stored competitively or be 

chunked together, but the effect size is small and approaches independence. We may be able to 

bias the extent to which representations are stored independently by separating memoranda in 

time. 

Disclosures: C.D. Holmes: None. L.H. Snyder: None. 

Poster 

243. Animal Cognition and Behavior: Working Memory 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 243.19/EEE11 

Topic: H.01. Animal Cognition and Behavior 

Support: Biotechnology & Biological Sciences Research Council (BB/M010732/1) 

 ONR (N00014-14-1-0681) 

 NIMH (R00MH092715) 

 NIMH (R37MH087027) 

 ONR MURI grant (N00014-16-1-2832) 

 Wellcome Trust (203139/Z/16/Z) 

 James S. McDonnell Foundation Scholar Award (220020405) 

Title: Intrinsic neuronal dynamics predict distinct functional roles during working memory 

Authors: *D. F. WASMUHT1, E. SPAAK2, T. BUSCHMAN3, E. K. MILLER4, M. G. 

STOKES5 
2Exptl. Psychology, 1Oxford Univ., Oxford, United Kingdom; 3Princeton Neurosci. Inst. & Dept 



of Psychology, Princeton Univ., Princeton, NJ; 4Picower Inst. Learning Memory, Massachusetts 

Inst. Technol., Cambridge, MA; 5Univ. of Oxford, Oxford, United Kingdom 

Abstract: Working memory (WM) is characterized by the ability to maintain stable 

representations over time; however, neural activity associated with WM maintenance can be 

highly dynamic. Here, we explored whether complex population coding dynamics during WM 

relate to the intrinsic temporal properties of single neurons. We analysed multi-electrode 

recordings from lateral prefrontal cortex (lPFC), the frontal eye fields (FEF) and lateral 

intraparietal cortex (LIP) of two monkeys (Macaca mulatta) preforming a complex change 

detection working memory task. For each neuron, we estimated the decay constant of baseline 

activity, also termed intrinsic timescale. We found that long timescale cells, played a greater role 

later during processing, dominating coding in the delay period. In contrast, cells with short 

timescales, carried memory information relatively early during memory encoding in lPFC and 

encoded mnemonic information with a higher temporal dimensionality. We also observed a link 

between functional connectivity at rest and intrinsic timescale in FEF and LIP. Our results 

indicate that individual differences in the temporal processing capacity estimated at rest predict 

complex neuronal dynamics during WM; ranging from rapid, dynamic encoding of stimuli to 

slower, but stable, maintenance of mnemonic information. 
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Abstract: Perineuronal nets (PNNs) are highly organized components of the extracellular matrix 

that surround mature neurons in the central nervous system. These structures play a critical role 

in restricting neuronal plasticity, particularly as the brain matures. Consistent with this, their 

presence has been associated with functional and structural stability of the neurons they are 

associated with. Recently, numerous studies have identified deficits in PNNs in the post-mortem 

tissue of individuals who suffered from schizophrenia and it is thought that their absence may 

contribute to dysregulation of neural plasticity. Unfortunately, little is known about the direct 

consequences of perineuronal net loss. The current study sought to examine behavioural changes 

after targeted disruption of PNNs in the medial prefrontal cortex of adult rats. We injected the 

enzyme Chondroitinase ABC into the mPFC of Long-Evans rats at ~ postnatal day 65. Over the 

next two weeks, we administered a battery of cognitive tasks including set-shifting, prepulse 

inhibition, crossmodal object recognition, and an oddity task. Animals treated with 

chondroitinase had impaired performance on the oddity task, recognizing and maintaining the 

representation of unique objects in their environment. Chondroitinase-treated animals were also 

unable to perform better than chance in the crossmodal object recognition task. Interestingly, 

animals treated with chondroitinase did not perform differently that controls on prepulse 

inhibition or set-shifting, assessments of sensorimotor gating and cognitive flexibility, 

respectively. We also confirmed posthumously that chondroitinase treatment resulted in a loss of 

extracellular matrix staining and PNN density. There was no change in parvalbumin inhibitory 

interneuron density, but there was a significant increase in the number of parvalbumin 

interneurons that expressed c-Fos in the chondroitinase-treated rats. These findings suggest that 

PNN loss alone can impair cognitive function, particularly in behavioural assessments related to 

recognition memory. Given the impairment of recognition memory in schizophrenia, changes in 

PNNs should be given continued consideration as part of the core pathophysiology of 

schizophrenia and related disorders. 
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Abstract: Perineuronal nets (PNNs) are extracellular matrix structures that surround subsets of 

neurons in the brain and are involved in neurodevelopment and synaptic stabilization. They can 

be degraded with the enzyme chondroitinase ABC (ChABC), which digests the 

glycosaminoglycan chains of one of their major components, chondroitin sulfate proteoglycans 

(CSPGs). PNNs are critical for normal firing of PV-containing GABAergic interneurons in the 

prefrontal cortex, which play a role in working memory. The trial-unique, delayed nonmatching-

to-location (TUNL) task is an automated touchscreen task that has been proposed to distinguish 

between processes involved in working memory and pattern separation, with the prefrontal 

cortex and hippocampus enabling working memory and pattern separation, respectively. In this 

experiment, the medial prefrontal cortex was targeted with ChABC to see how working memory 

would be affected following degradation of PNNs. Long Evans rats were habituated to the 

touchscreen chambers, shaped to nose-poke an illuminated stimulus to receive a food pellet 

reward, and then trained in the TUNL task. When a criterion of >70% accuracy on large 

separations was reached on 6s delay trials, surgery was performed with either infusions of 

penicillinase (PEN) as a control (n=12), or ChABC (n=12). Rats were then tested 5-8 days post-

surgery in order to allow time for recovery and food restriction. Initially, over the first 3 days of 

testing, rats performed the standard 6s TUNL format that they were accustomed to. No 

significant within group or between group differences were found prior to or after surgery (PEN 

pre-surgery= 72.83% task accuracy, PEN post-surgery= 71.19%, ChABC pre-surgery= 72.75%, 

ChABC post-surgery= 66.97%). Rats were then tested for interference using a 2s delay with 

minimal inter-trial interval (ITI), and no significant differences were observed (ChABC = 

74.95%, PEN = 75.96%). When presented with a novel 20s delay task to challenge working 

memory, the ChABC group did significantly better than the PEN group (ChABC = 58.04%, PEN 

= 52.47, p=0.027). There was no difference in selection trials between these groups. Overall, this 

suggests that breaking PNNs in the medial prefrontal cortex may affect the function of PV-

containing GABAergic interneurons and lead to a period of increased synaptic plasticity, 

allowing novel tasks that tax working memory to be acquired at a faster rate. 
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Abstract: Obesity alters cognitive and emotional processing. Paralleling clinical findings, we 

showed impaired extinction of learned fear and altered prefrontal-amygdala pathways in obese 

rats. Here, we investigated the novel idea that consumption of an obesogenic Western-like high-

fat diet (WD) alters the developmental trajectories of cued fear learning and extinction responses 

across adolescence. Lewis rats (postnatal day 28) were fed for eight weeks with either the 

experimental WD diet (41 % kcal from fat), the match control low-fat diet (LFD; 13 % kcal from 

fat) or control chow diet (17 % kcal from fat). Acoustic startle reflex (ASR) and fear potentiated 

startle (FPS) responses were assessed longitudinally at weeks 1, 4, and 8 after commencing the 

diets to determine startle, cued fear, and attentional processing. We found that one-week 

exposure to the WD impaired fear extinction learning. In agreement with previous findings, rats 

fed a WD for 4 weeks exhibited reduced ASR responses. We found that rats fed a WD for 8 

weeks exhibited impaired fear learning responses. Interestingly, the WD rats that underwent fear 

conditioning before the development of obesity exhibited normal fear responses at 8 weeks. We 

found reduced dopaminergic markers in the prefrontal cortex and amygdala in WD rats relative 

to LFD rats (WD vs. LFD: 38% reduction in dopamine receptor 1 and 53% reduction in tyrosine 

hydroxylase). Altogether, our findings demonstrate that consumption of an obesogenic diet 

during adolescence has a short- and long-term consequences in the developmental trajectories of 

conditioned fear responses. These results identify potential behavioral and molecular risk factors 

for psychopathology in the obese population. 
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Abstract: The cerebellum is a key cognitive region in the brain and recent work indicates that 

cerebellar stimulation may be therapeutic for cognitive dysfunction in disease. While effective, 

how cerebellar stimulation modifies cerebellar circuits to influence cognition remains unknown. 

Cognition can be investigated in rodents using timing tasks that require executive processes such 

as attention and planning. Our previous work indicates that inactivating the lateral cerebellar 

nuclei (LCN) with GABA agonist muscimol, impairs performance on an interval timing tasks 

where rodents make a motor indication to estimate the elapse of a temporal interval. To further 

probe the cerebellar role in this task and to understand how cerebellar transcranial magnetic 

stimulation which targets the cerebellar cortex and is unlikely to reach deeper structures like the 

nuclei, we infused a retrograde tracer into the LCN to identify regions of the cerebellar cortex 

that project there. In congruence with previous primate work, our results indicate that Crus I in 

the cerebellar cortex is densely connected to the LCN. To probe the role of Crus I in suprasecond 

time estimation, GABA agonist muscimol (0.5ul, 1 mg/ml) was infused into the right Crus I in 6 

rats trained in the interval timing task. We report that time estimation was significantly disrupted 

indicating a role for Crus I in cognitive processes. GABA antagonist GABAzine, (0.5ul, 

0.0002mg/ml) was also infused as an approach to stimulate Crus I and this manipulation did not 

have any effect on timing performance. Work is currently underway to pair these manipulations 

with Purkinje Cell recordings to further understand how cerebellar stimulation may influence 

cerebellar function and if stimulating Crus I may influence cognition in rodents that have frontal 

cortex dysfunction and timing impairments. This work supports a role for Crus I in the cerebellar 

cortex in cognitive function and may provide evidence for how cerebellar stimulation can 

improve cognition. 
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Abstract: Autism spectrum disorders involve abnormalities across brain systems, resulting in a 

constellation of symptoms including behavioral inflexibility, cognitive dysfunction, learning 

impairment, altered social interactions, and perceptive time difficulties. Recently, it was 

discovered that a common gene variant involved in non-canonical Wnt signaling, prickle2, was 

present in individuals with autism. Corroborated findings in prickle2 knock-out and 

heterozygous mice suggest patterns of behavior similar to individuals with autism including 

altered social interaction on the three-chambered social task and behavioral inflexibility on the 

Barnes maze. Additionally, prickle2 disruption results in hippocampal neuronal abnormalities 

including reduced dendritic branching, synapse number, and post-synaptic density size. Autism 

can also involve the cerebellum. As prickle2 is strongly expressed in Purkinje cells, this animal 

model presents a unique opportunity to investigate cerebellar abnormalities associated with 

autism-like phenotypes. We studied prickle2-disrupted mice on several cerebellar-associated 

timing tasks, including interval timing and eyeblink conditioning. Preliminary data suggest that 

prickle2-disrupted mice have timing-associated deficits, and a battery of motor tasks suggests no 

significant impairments. Additionally, we explored structural and physiological abnormalities in 

animals with prickle2 disruption using immunohistochemistry and whole-cell patch clamp 

recordings. These data suggest a role of the cerebellum in temporal processing and could inspire 

novel cerebellar-targeted treatments for cognitive impairments in autism spectrum disorders. 
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Abstract: The rat lateral cerebellar nucleus is homologous to the dentate nucleus of humans and 

non-human primates and appears to relay the majority of the cognitive output of the cerebellum 

to the cerebral cortex. The role of the cerebellum in cognitive processing is still unclear, but it is 

hypothesized that the cerebellum contributes through projections to association cortices like the 

prefrontal cortex, via thalamic relays. Consistent with this hypothesis, the cerebellum has been 

implicated in frontal cortex-dependent executive functions, and stimulation of the lateral 

cerebellar nucleus modulates single unit activity in the medial frontal cortex. The medial frontal 

cortex has been well established as necessary for spatial working memory and interval timing 

performance. Importantly, in instances of frontal cortex dysfunction (e.g., in neuropsychiatric 

disorders) cerebellar stimulation may help rescue performance in cognitive tasks. Here we 

investigated the individual contribution of the medial frontal cortex and lateral cerebellar nucleus 

to spatial working memory in the delayed alternation task, as well as supra-second interval 

timing in switch task and fixed interval procedures. We also tested whether pharmacological 

stimulation of the lateral cerebellar nucleus can rescue task performance during periods of 

pharmacological frontal disruption. We report that inactivation of the medial frontal cortex (e.g., 

via the GABA-agonist Muscimol) impairs performance in all of these tasks, while lateral 

cerebellar nucleus inactivation with Muscimol did not impair performance. Additionally, 

pharmacological stimulation of the lateral cerebellar nucleus using the GABA-antagonist 

GABAzine recovered performance in the fixed interval timing task when frontal D1-dopamine 

receptors were blocked pharmacologically. 
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Abstract: A debate exists on whether information is maintained in working memory based on a 

stationary or dynamic neural code. In order to examine how firing patterns of individual neurons 

determine population temporal dynamics, we analyzed data recorded from the dorsolateral 

prefrontal cortex of naïve monkeys and the same monkeys after training in a spatial working 

memory task. We examined the response patterns of 165 prefrontal neurons that responded 

selectively to the location of visual stimuli and maintained an elevated level of activity during 

the working memory period. Neurons active during the delay period of the working memory task 

could be divided into two main types. Neurons exhibiting a dynamic pattern of activity 

(characterized by ramping activity over the delay period - “anticipatory” neurons) become more 

numerous and less stationary in their spatial preference during the course of the delay period as a 

result of training. Neurons exhibiting a stationary pattern of activity (characterized by maintained 

firing in the delay period after a stimulus presentation - “sustained” neurons) were present both 

before and after training. Support vector classifiers were used to quantify the information content 

represented by the two types of neuron types. More information about the location of a visual 

cue could be decoded from the dynamic neurons in the last 500 ms of the delay period compared 

to the first 500 ms of the delay period, and this advantage was accentuated after training. In 

contrast, more information could be decoded from stationary neurons at the beginning of the 

delay period and information content decayed during the course of the trial. These results suggest 

that stationary and dynamic neurons play complementary roles in the representation of spatial 

information in working memory. Additionally, neurons with dynamic working memory coding 

are present in naïve subjects, but dynamic representation of information is further enhanced by 

training. Our findings explicate how the activity patterns of prefrontal neurons give rise to 

observed network dynamics. 
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Abstract: When observers compare stimulus features across time and space they retain 

information not only about these features but also about their location. We examined the 

contribution of the LPFC to this ubiquitous perceptual link between features and their locations 

as they are retained in visual working memory. We focused on the retention of visual motion and 

its location and used a behavioral paradigm that allowed direct comparison between the two 

types of working memory. In the memory for direction task, the monkeys compared two moving 

stimuli, S1 and S2 separated by a delay, and reported whether they moved in the same or in 

different directions. In the memory for location task, the two moving stimuli appeared at the 

same location or were spatially separated and the monkeys reported whether the locations of the 

two stimuli were the same or different. Neuronal recordings revealed striking parallels in the 

LPFC activity during these two tasks, with many neurons showing selectivity for the task 

relevant stimulus feature, followed by periods of selectivity during the delay in a pattern 

suggestive of a distributed network code (Wimmer et al, Ariadne 2016). This similarity in 

neuronal activity during memory-guided comparisons of directions and locations may be 

indicative of a common, or analogous neural substrate for representing sensory information 

during both working memory tasks. To assess the behavioral contribution of these neurons to 

memory-guided comparisons of direction and location, we made unilateral injections of 

muscimol (10µg/µl) into the LPFC (area 8Av). During each task, the precision with which the 

information about direction or location was retained, was measured by varying the difference 

between S1 and S2. The effect of inactivation on memory for direction was also assessed by 

measuring motion coherence thresholds. Thresholds were measured at short (0.25 and 0.5s) and 

long memory delays (1.5 and 2s) with 4-5o patches of moving random dots presented in 

contralateral and ipsilateral hemifields. Inactivation resulted in impaired location and direction 

thresholds and these deficits were limited to the contralateral stimuli and long memory delays. 

The similarity of the deficits in memory for location and motion produced by the temporary 

inactivation of the LPFC provides direct demonstration of the key role this region plays in 

retaining both types of information. The contralesional nature of the deficits observed during 

both tasks highlights the importance of the interactions between the LPFC, which carries 

behaviorally relevant visual signals from across the visual field, and sensory neurons processing 

and representing contralateral stimuli. 
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Abstract: The action of acetylcholine in the neocortex is critical for executive function. 

Cholinergic drugs can improve cognitive function in patient populations as well as normal adults. 

Recent studies in non-human primates have demonstrated behavioral improvement by bilateral 

intermittent electrical stimulation of the neocortical source of acetylcholine, the Nucleus Basalis 

(NB) of Meynert. Here we tested the effects of unilateral NB stimulation on prefrontal activity 

and behavior. Two adult male monkeys were implanted with electrodes targeting the Nucleus 

Basalis unilaterally; one subject in the left and one in the right hemisphere. Stimulation produced 

desynchronization of LFP power spectrum in the 5-15 Hz frequency range. The monkeys were 

trained to perform a spatial working memory task. They observed two stimuli presented in 

sequence with a delay period between them, and had to make a memory-guided eye movement 

toward the first stimulus if the fixation point was white, and the second stimulus if the point was 

blue. Intermittent stimulation, consisting of 60 pulses of stimulation delivered for 20 sec every 

minute, improved behavioral performance in the working memory task, particularly when the 

target stimulus appeared contralateral to the site of stimulation, and the distractor stimulus 

appeared ipsilateral. Neuronal activity was collected from 112 neurons in the dorsolateral 

prefrontal cortex of the two monkeys. NB stimulation increased neuronal activity, particularly 

during the delay period of the task, but did not affect phasic responses to visual stimuli in the 

receptive field, themselves. These results provide a neural mechanism behind the behavioral 

effects of cholinergic stimulation on cognitive function. Further, they demonstrate that unilateral 

stimulation is an effective means of improving cognitive performance. 

Disclosures: X. Qi: None. G.T. Pate: None. D.T. Blake: None. C. Constantinidis: None. 



Poster 

243. Animal Cognition and Behavior: Working Memory 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 243.29/EEE21 

Topic: H.01. Animal Cognition and Behavior 

Support: NIMH grant R01 EY017077 

 the Wake Forest Clinical and Translational Science Institute 

Title: Prefrontal mechanisms of feature working memory 

Authors: *H. TANG1, A. B. PERSILY1, M. C. ROBERTSON1, G. T. PATE1, X. QI1, D. T. 

BLAKE2, C. CONSTANTINIDIS1 
1Dept of Neurobio. & Anat., Wake Forest Sch. of Med., Winston Salem, NC; 2Dept. of Neurol., 

Med. Col. of Georgia, Augusta, GA 

Abstract: The mechanisms of working memory and the role of the prefrontal cortex have been 

the matter of much recent debate. Selective, persistent activity in prefrontal neurons during 

working memory tasks has long been thought to be the neural basis of working memory. Recent 

models have instead suggested that rhythmic discharges or “silent” non-spiking mechanisms 

mediate working memory, and that prefrontal cortex may only play a role in the representation of 

the locations of remembered stimuli rather than the contents of working memory. To understand 

how features of remembered stimuli are represented in memory, we trained a monkey to observe 

a Gabor grating presented over the fovea, and after a delay period of 1.6 s, to report which of two 

stimuli was identical to this sample. Performance in this task was independent of stimulus 

location. It depended instead on the similarity between the sample and test stimuli, and the use of 

marginally discriminable stimuli in behavioral trials allowed error rates to become appreciable. 

As the monkey performed the task, we recorded Multi-Unit Activity (MUA) from the 

dorsolateral prefrontal cortex with an array of chronic electrodes. A total of 37 MUA records 

obtained over eight sessions displayed selectivity for the orientation of the grating during the 

stimulus presentation or the delay period. When a MUA’s preferred stimulus was presented as a 

sample, error trials were characterized by lower activity during the delay period (paired t-test, 

p=1.3 x 10-7). In other words, when neurons generated less persistent activity following 

presentation of their preferred stimulus, the monkey recalled Gabor orientations that deviated 

from the actual stimulus. This was not the result of generalized, lower activation in error trials. 

When non-preferred orientations were presented, error trials were characterized by higher 

activity during the delay period (paired t-test, p=0.02). These results are consistent with a bump-

attractor model, whose peak of activity represents object features held in memory and whose 

drift causes incorrect recalls of features, consistent with fluctuations in individual neuron firing 

rate. While these results do not rule out the potential for non-spiking mechanisms to play a role 



in working memory, they do demonstrate a temporally causal relationship between prefrontal 

cortex delay period activity and behavioral choice. 
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Abstract: Hippocampal neurons show predictable, transient responses correlated with an 

animal’s experience. Extensive research in rodents has characterized this activity in terms of the 

responses to the animals’ spatial location, while research in primates has identified cells that 

respond based on where an animal is looking. It remains unclear whether the activity of neurons 

in the hippocampus are best described as having spatial responses or if this activity more 

accurately reflects reliable experiences, such as those structured by a task. Here, we investigated 

the activity of single neurons in the hippocampus as monkeys performed a spatial memory task 

in virtual reality. Monkeys were trained on a delayed-spatial-alternation task in a visually rich 

virtual Y-maze. Hippocampal neurons were simultaneously recorded from >60 channels using a 

chronically implanted hyperdrive with independently movable electrodes targeting the full 

anterior-posterior and medial-lateral extent of the hippocampus. Task-related variables were 

recorded, including the monkey’s avatar position and the monkey’s gaze relative both to the 

screen and in the virtual world. 



Although gaze in the virtual world was highly correlated with avatar location, we compared the 

predictive power of these features using inhomogeneous Poisson generalized linear 

models.  Models showed significant fit to location (117/271 cells tested) and virtual gaze 

(58/271). Cells with significant virtual gaze responses tended to have significant responses to the 

avatar’s location (47/58), likely reflecting the correlated nature of these behavioral features. A 

large portion (70/117) of cells with responses to location did not show responses to virtual gaze, 

suggesting that the avatar position can be independently tracked by the hippocampus. Gaze on 

the screen rarely returned significant model fits (6/271), perhaps reflecting the immersive nature 

of the VR environment. 

Our results indicate that single units show stable, reliable responses to distinct features of the 

task. These representations include place cells with consistent responses to the monkey’s 

position in virtual space, as well as cells that respond to virtual gaze location. In addition, we 

also identified neurons that respond to reward locations and during the delay period. These 

results suggest that hippocampal activity reflects the progress of the monkey through the task, 

exhibiting reliable responses to both spatial and non-spatial task features that span the entirety of 

each trial. 
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Abstract: Rules allow for abstract mapping between stimuli and responses. As environmental 

demands change, animals update rules and alter behavior. This can be challenging when rules 

need to be updated despite identical perceptual conditions. For example, when going to work, 

one may scan vehicles on the road for a yellow vehicle, a small pink mustache on a dashboard, or 

a large, boxy vehicle. Whether one is searching for a taxi, an app-enabled ride share, or a bus 

will determine attentional allocation. Studies have shown that updating attentional set is impaired 



in aging, but the mechanisms of this decline are unclear. The Wisconsin Card Sorting Task 

(WCST) is a classic test of the ability to shift attentional set. We adapted the WCST for use in 

monkeys. On each trial, monkeys fixated a central cross and then were presented with four 

stimuli on a computer screen. Each stimulus was comprised of color, shape, and texture (i.e., a 

blue striped star), and was chosen from a pool of 64 unique stimuli. Within a block of trials, one 

color, texture, or shape was the target, resulting in 12 possible rules. Responses were made with 

eye movements, and an 800ms fixation on one of the four stimuli in a display was taken as the 

monkey’s choice. The monkey recieved food reward for selecting the stimulus that contained the 

target feature. When the monkey made 8 consecutive correct responses or 16 out of the previous 

20 responses, the target feature was changed without any cue. This paradigm is similar in 

complexity to the human WCST, can be trained relatively quickly, and allows for the observation 

of between 10 and 40 learning events per experimental session. We compared the performance 

of 2 aged monkeys to 2 young monkeys, and we found that aged monkeys showed less flexibility 

than young monkeys. On average, old monkeys required 55.7 trials to learn each target to 

criterion, while young monkeys required only 42.0 trials (p<.001). In addition, learning in the old 

monkeys reflected a slow accumulation of ability, while learning in the young monkeys was 

more often characterized by a step-function, suggesting sudden insight. These data suggest that 

this task could be used to characterize the neurophysiological mechanisms of age-related decline 

in cognitive flexibility in a monkey model. 
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Abstract: Theta-frequency activity in the hippocampal local field potential is an important 

hallmark of attentive processing in rodents, reflecting coordinated activation and synchronous 

transmembrane currents across large populations of hippocampal neurons. However, theta-band 

activity has been difficult to study in the monkey, likely due to the irregularity of hippocampal 

oscillations in primates and signal contaminants, like volume-conducted artifact. Here, in order 

to isolate signal sources that are specific to the hippocampal laminae, we made MRI-guided 

acute recordings of the monkey (rhesus macaque) hippocampus using multisite linear probes. 

During recordings, the monkey actively watched movies of birds feeding, and attentive 

engagement was confirmed through analysis of eye movements. ICA-based deconvolution 

techniques were utilized to characterize the spatial topography of signals contributing to the local 

field potentials, allowing for localization of current sources and rejection of components that 

were common across all channels. Using this approach, we found that the local circuitry of the 

monkey hippocampus exhibits a narrow theta-band oscillation (~10Hz peak frequency) that 

occurs in intermittent bouts. Importantly, this oscillation gates intrinsic activity within the 

hippocampus, as demonstrated by robust phase-amplitude coupling of gamma-band activity in 

the local field potential and phase-locking of hippocampal neuron spiking. The transient nature 

of hippocampal theta in the monkey during attentive processing is notably different from the 

rodent, which exhibits virtually constant theta band activity during exploratory behaviors. These 

data suggest that the taxonomy of oscillatory processing states may be more diverse during 

awake behaviors in the primate hippocampus than the rodent, calling for a potential revision of 

the canonical binary division between attentive and quiescent states. 
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Abstract: It is unclear how the moment-to-moment activity of neurons in the hippocampal 

formation influences behavioral responses. In both monkeys and humans, pupillary responses 



have been shown to reflect general image novelty and recognition memory. Here we investigated 

the relationship between pupillary responses and single-unit activity in monkey entorhinal cortex 

(EC). 

Pupil size, gaze position and the spiking activity of individual EC neurons were recorded in two 

rhesus macaques freely viewing large, complex images for up to five seconds. Between image 

presentations, monkeys were rewarded for performing a directed saccade task, thus allowing eye 

calibration throughout the experiment. In each recording session, monkeys viewed 90-120 novel 

images that were each presented twice. 

The percent change in pupil size was computed across the two presentations of an image starting 

500 ms after image onset until the monkey looked away from the image or the trial ended 

(mnemonic pupillary response). This allowed pupil size to be compared for identical stimuli and 

after the typical pupil constriction at image onset. The difference in cell spike count was 

computed across the two presentations of an image in the time window 20-500 ms after image 

onset image (neuronal memory response). This allowed us to target early neural responses which 

potentially drive the mnemonic pupillary response. 

We found that in both monkeys, the size of the neuronal memory response was correlated with 

the size of the mnemonic pupillary response, on an image-by-image basis. Additional analyses 

showed that both of these responses also correlated with other changes in viewing behavior that 

reflect recognition memory for the images. 

Taken together, these findings identify a neural correlate for mnemonic pupillary responses in 

the EC, theoretically reflecting memory strength for unique images. Because the EC projects 

directly to brain areas implicated in motor control of the pupil (e.g., anterior cingulate cortex 

(Joshi et al., 2016, Munoz & Insausti, 2005)), it is possible that this EC activity drives mnemonic 

pupillary responses. Future research to determine how the output of the hippocampal formation 

impinges on motor structures in real time will provide a fundamental advance in our 

understanding of how memory influences behavior. 
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Abstract: The brainstem nucleus locus coeruleus (LC) is the major source of forebrain 

norepinephrine (NE). The NE system has been implicated in cognitive functions, including 

decision-making and behavioral flexibility. One hypothesis is that LC activation promotes rapid 

shifts in cortical attentional networks following changes in environmental contingencies. Recent 

work also supports the noradrenergic system as critical for mobilizing resources and preparing 

appropriate responses to deal with challenging situations. We recorded LC unit activity in rats 

performing in a self-paced automated T-maze where the rat initiated the trials. The maze size and 

layout allowed for a wide range of movement and rapid changes in response reward 

contingencies. A photodetector on the maze stem 20 cm from the start box triggered visual cue 

onset, while return arm photodetectors triggered the cue off. Rats were first trained to perform 

visual discrimination and then reward contingencies were changed to a left or right turn, still in 

the presence of the now irrelevant visual cue. In one rat, previously injected with a viral vector 

specifically targeting noradrenergic neurons, the noradrenergic identity of responsive units was 

confirmed optogenetically. LC unit firing rate increased just prior to light-triggering 

photodetector crossings. This increase was positively correlated with acceleration; moreover, LC 

activity onset preceded acceleration onset by about 35 ms. This is consistent with the LC-NE 

system being involved in mobilizing effort when the rat initiates a trial. Finally, in all three 

sessions where the animal shifted between task contingencies for the first time, the LC firing rate 

after VC onset increased significantly after the rule shift, before the animal adapted its behavior 

to the new contingency, supporting a role for LC in reorienting attention as environmental 

contingencies change 
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Abstract: Background: The locus coeruleus (LC) regulates arousal and has a significant effect 

on sensory processing and memory performance. During the preclinical Alzheimer’s disease 

(AD) phase, LC degeneration has a significant impact on executive function, working memory, 

and attention. For individuals with Down syndrome (DS) related AD, 60% or greater loss of LC-

NE neurons with a severe amyloid plaque and Tau neurofibrillary tangle. Based on this 

knowledge, we hypothesize that noradrenergic activity affects the progression of DS-AD. In the 

Ts65Dn mouse model of DS, LC degeneration occurs early and provides opportunities to study 

LC contributions to memory performance, adrenoreceptor (AR) signaling and 

neuroinflammation. 

Objective: To better isolate LC contributions to memory, we administered hM4 inhibitory or 

hM3 stimulatory designer receptors exclusively activated by designer drugs (DREADDs) via an 

adeno-associated virus into the LC under control of a synthetic PRSx8 promoter, to selectively 

control LC neuron activity by exogenous administration of the inert ligand, clozapine-N-oxide 

(CNO). 

Methods: Thirty minutes after CNO administration, we employed a series of behavioral tasks 

including open field locomotion, novel object recognition, and water radial arm-maze. 

Adrenoreceptor and inflammatory markers were quantified in the brain by immunofluorescence 

imaging. 

Results: hM3 stimulation of the LC enhanced performance in novel object recognition and water 

radial arm maze task while reducing hyperactivity in Ts65Dn mice. hM4 inhibition of the LC 

decreased performance in novel object recognition and water radial arm maze task with no effect 

on locomotion or hyperactivity in Ts65Dn mice. Notable proteomic responses occurred in 

adrenoreceptor levels and inflammatory markers after 10 days of LC inhibition. 

Conclusions: DREADDs enabled discreet control of LC activity in a neurodegenerative 

paradigm and allowed novel investigations of specific LC-specific contributions to memory 

performance, adrenoreceptor dynamics, and neuroinflammation. Adrenoreceptors seem to follow 

different compensatory response patterns to LC activity manipulation. 
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Abstract: Spatial working memory (SWM) is the ability to encode, maintain, and retrieve 

spatially-relevant information to guide a decision. Numerous studies have investigated the 

prefrontal mechanisms that support SWM processes, but it is not fully understood what spatial 

representations are supported by the medial prefrontal cortex (mPFC) during memory 

maintenance. Using in vivo electrophysiological recordings from rodent prelimbic (PL) and 

anterior cingulate (ACC) cortices (two sub-regions of the mPFC that have dissociable functional 

roles in behavior), we examined neuronal and population activity patterns during the delayed 

non-match to position (DNMP) task. The DNMP task provides a means to investigate neuronal 

activity during the encoding (sample) phase, maintenance (delay period) phase, retrieval (choice) 

phase, and inter-trial interval. We report that PL cortex population activity discriminates between 

the early and late portions of the delay, and the early and late portions of the ITI, possibly 

reflecting task-related preparatory processes. Interestingly, and in line with previous work 

examining mPFC activity, we demonstrate that PL cortex population activity discriminates 

between the end of the delay and inter-trial interval, suggesting that PL plays a role in task-

coding (discriminatory differences in neuronal activity that is dependent on a phase of the task). 

Finally, we are the first to our knowledge to report that PL cortex population activity 

distinguishes between trial-types (sample L-choice R vs sample R-choice L) on the DNMP task 

during early, but not late memory maintenance. Trial-type coding could reflect a recent or future 

experience, task-coding, or distinct trial-type experiences, which we collectively refer to as 

behavioral context. Thus, these findings suggest that representations in PL cortex monitor 

behavioral context and task-phase during SWM maintenance 
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Abstract: Spatial working memory (SWM) is defined as the ability to process and maintain 

spatially-relevant, goal-directed information over a temporal gap. An intact hippocampus (HPC) 

is known to be essential for SWM task performance. However, it is not known if HPC 

contributes to the encoding, maintenance, or retrieval of spatial information. One way to disrupt 

activity in the HPC is by suppressing activity in the medial septum (MS), one of the septal nuclei 

that projects to all cell fields of the HPC and provides the rhythmic drive for HPC theta 

oscillations. HPC theta is one of the most prominent oscillations in the HPC and is hypothesized 

to contribute to SWM. Therefore, we compared the effects of optogenetic suppression of MS 

activity that was delivered selectively during the encoding, maintenance and retrieval phases of 

two different HPC-dependent SWM tasks: a delayed non-match to position (DNMP) task and a 

visual-tactile conditional discrimination working memory (CDWM) task. During the DNMP 

task, suppression of the MS specifically during the maintenance phase impaired choice accuracy. 

During the CDWM task, suppression of the MS during the entire trial reduced choice accuracy, 

with further manipulations showing that this deficit is due to MS inactivation during the retrieval 

phase of the task. Together, these results suggest that the MS supports the maintenance of goal-

relevant information over a temporal delay during SWM tasks. This deficit may be due to an 

interruption of the ability to both maintain information over a temporal gap and plan a future 

decision using previously encoded information. 
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Title: Orchestrated ensembles activity constitute hippocampal memory engram 
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Abstract: It is hypothesized that a memory is encoded in a subset of neurons, which is activated 

by physiological input derived from a corresponding event, called engram. The c-fos-TetTag 

system has proven the engram theory, by manipulation of, activity-dependent, gene expression 

cells driven by learning. However, the physical and basic activities that occur during learning 

and post learning in that group of cells, is still poorly understood. Here we show that engram 

cells exhibit a remarkable synchronous activity representing the contextual memory in the form 

of several ensembles in engram cells. These ensembles carry on their activity not only during 

learning but also during post-learning sleep and retrieval sessions, in contrast to non-engram 

cells. A compatible imaging system was established to observe the neuronal activity of ⁓1000 

CA1 neurons and the labeled engram cells; through a photoconvertible fluorescent protein 

Kikume Green Red (KikGR). The neuronal activity of hippocampal CA1 neurons was observed, 

through Ca2+ influx with GCaMP7 in freely-moving animals by miniature head-mount 

fluorescent microscopy. Our advanced imaging system of engram cells and non-engram cells 

provides deeper insights into the dynamics of the neural activity during contextual memory 

processing. Engram cells exhibit highly repetitive activity corresponding to remarkable 

synchrony during novel context exposure. Population vector distance (PVD) analysis indicates 

that total activity patterns of engram cells are stable and consistent across other sessions; sleep 

(NREM and REM) and retrieval, not only during learning. Furthermore, Non-negative Matrix 

Factorization (NMF) analysis extracted characteristic ensembles activity that were constructed 

by a subgroup of engram cells, representing the persistent synchronous activity even during post-

learning sleep (NREM and REM) sessions and retrieval session, but not in a distinct context. In 

contrast, these features were not seen in non-engram cells. These results suggest that there are 

several fundamental characteristics of the engram cells that give them superiority in encoding the 

ongoing event and consolidating the past ones. 
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Abstract: The association of fear memory occurs when a conditioned stimulus (CS) is paired 

with an unconditioned stimulus (US). Although previous studies suggested that some of brain 

regions responded to CS and US signals, it is still unclear how the association regulates. Here we 

show that the cellular ensemble in Posterior Parietal Cortex (PPC) specifically modulates CS-US 

association without the processing of CS and US information. In the modified context-pre-

exposure facilitation effect (CPFE) paradigm, optical silencing of PPC neurons which responded 

to context exposure (CS), when mice received footshock (US) in the same context, failed to 

associate the context (CS) and the shock (US). On the other hand, optical activation of PPC 

neurons which responded to context exposure, when mice received footshock in a different 

context, generated an artificial CS-US associative memory, in which mice showed a freezing 

response in the initial context where mice did not received footshock, but not in the neutral 

context. Furthermore, 15 min optically silencing of PPC neurons that responded during 

reactivation of CS-US associate memory that has been once formed immediately after CS 

exposure 1 day after reactivation suppressed fear memory when mice were tested 1 day later 

without optical silencing. Thus, manipulating the PPC activity diassociate CS-US associative 

memory. Our finding suggests that PPC contributes to stimulus integration and association of 

fear memory. Furthermore, our finding suggests that fear memory association are regulated by 



manipulating the activity of PPC. This indicates that PPC is a novel therapeutic target in 

particular for the treatment of psychiatric disorders such as posttraumatic stress disorder (PTSD). 
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Abstract: Memories are formed through long-term changes in synaptic efficacy, a process 

known as synaptic plasticity, and are stored in the brain in specific neuronal ensembles called 

engram cells, which are activated during corresponding events. When two memories are 

associated, cell ensembles corresponding to each memory overlap and are responsible for the 

association. However, each memory has its own identity. How the brain stores and defines a 

specific memory identity out of intermingled memories stored in a shared cell ensemble remains 

elusive. Here, we show that synapse-specific plasticity represents specific memory entities, and 

that synaptic plasticity between specific engram assemblies is both sufficient and crucial for 

information storage. In auditory fear conditioning (AFC) in mice, after complete retrograde 

amnesia, optogenetic stimulation of the activated ensemble terminals of auditory cortex (AC) 

and the medial geniculate nucleus (MGm) in the lateral amygdala (LA) failed to induce fear 

memory recall, indicating that the memory engram no longer existed in that circuit. Complete 

retrograde amnesia of a given fear memory did not affect the linked fear memory encoded in the 

shared ensemble. Furthermore, potentiation or depotentiation of the plasticity at synapses 

specific to one memory affected the recall of that memory without influencing the linked 

memory. Thus, sharing of engram cells underlies the linkage between memories, while synapse-

specific plasticity guarantees the identity and storage of individual memories. 
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Abstract: The basal forebrain (BF) has widespread cholinergic, GABAergic and glutamatergic 

projections which are thought to mediate multiple cognitive functions including learning and 

attention. We recently demonstrated that BF cholinergic neurons respond to reward and 

punishment and this response is scaled by the unexpectedness of the reinforcer (Hangya et al, 

2015). Additionally, putative GABAergic neurons of the BF also display activation proportional 

to behavioral salience (Lin et al., 2008). These studies raise the possibility that the BF may be 

involved in broadcasting signals related to outcome expectations. To directly test this hypothesis, 

we trained mice on an auditory pavlovian cued outcome task, in which two pure tones of 

different pitch predicted likely reward (water) and unlikely punishment (air puff) or vice versa. 

Next, we recorded and optogenetically identified single neurons from the frontally projecting 

portion of the BF (horizontal limb of the diagonal band of Broca, HDB) while mice were 

performing the task. Both reward and reward predicting cues activated a subset of BF neurons, 

consistent with possible reward prediction error coding in the BF. Interestingly, we found that 

identified parvalbumin (PV) positive neurons were responding differentially to reinforcement 

valence by phasic activation to punishment but not to reward. On the other hand, cholinergic 

neurons were responding rapidly to both reward predicing cues and reinforcement and this 

response was scaled by the reward probability, partially consistent with a reward prediction-error 

coding behavior. We have also found a strong correlation of cholinergic activation with shorter 

reaction times during the task, therefore a stronger phasic answer of the colinergic neurons 

predicted a faster behavioral response. Understanding the circuitry of outcome expectancy during 

reinforcement learning may clarify how the BF participates in associative learning and facilitate 

translational research aiming at revealing the roles the BF plays in cognitive decline. 
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Abstract: Fragile X syndrome (FXS) is the most common inherited cause of mental impairment 

and the most common known monogenetic cause of autism. Classical symptoms include 

pronounced gaze aversion, excessive shyness, and acute anxiety. The emotional deficits observed 

in humans with FXS suggest dysfunction of the amygdala. Rodent models of FXS show 

impaired long-term potentiation (LTP) of the principal neurons in the basolateral amygdala. LTP 

like process in the amygdala is known to underlie the formation and recall of associative auditory 

fear memories. Moreover, auditory processing is known to be impaired in Fmr1 KO mice. Taken 

together this predicts that associative fear memory could be impaired in the FXS. Hence, in the 

present study, we examined the ability of a novel rat model of FXS to form and recall amygdala-

dependent auditory fear memories. In addition, we also explored the molecular and physiological 

correlates of fear memories. We used 2 months old rats from Fmr1-/y Sprague Dawley colony and 

exposed to fear conditioning in which conditioned stimulus (CS), elicits fear responses after 

being associatively paired with an aversive unconditional stimulus (US). Simultaneously, with 

fear behavior, auditory evoked potentials from the lateral nucleus of the amygdala were also 

recorded before and after fear conditioning. In addition, biotinylation with estimation of surface 

proteins and activation of mGluR5 in the amygdala was also performed. As a result, Fmr1 KO 

rats showed an impairment in the recall of auditory fear memory. Consistent with this, the slope 

and amplitude of auditory evoked potentials (AEPs) in response to the tone, is also lower in these 

rats. Moreover, Fmr1 KO rats also do not show a conditioning induced potentiation of AEP 

slope and amplitude in the amygdala. The lower expression of GluR1 and NR1 in the amygdala 

of KO rats at basal levels as well as after the recall of fear memory correlates with the reduction 

in AEP amplitude. Furthermore, the frequency of mEPSCs is also lower in the amygdala neurons 

of Fmr1 KO rats compared to WT neurons. A 10 min bath application of the mGluR5 agonist, 



DHPG increases the frequency of mEPSCs in the amygdala neurons of both WT and KO rats. 

This implies that an acute treatment with a mGluR5 agonist is sufficient to rescue the impaired 

frequency of excitatory currents in the amygdala of Fmr1 KO rats. This raises the possibility that 

an acute treatment with DHPG may also rescue the impaired amygdala LTP and impaired fear 

memory seen in Fmr1 KO rats. 
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Abstract: Long-term potentiation (LTP), expressed as an increase in synaptic strength, is 

considered an excellent approach to explain the cellular and molecular bases of learning and 

memory. Tambaleante mouse (tbl/tbl) presents a spontaneous mutation in the E3 ubiquitin ligase 

protein (HERC1), present a loss of Purkinje cells and suffers an ataxic syndrome. Given that the 

presence of a mutation in HERC1 in humans correlates with cognitive deficits, we investigated 

here whether tbl/tbl mice show alterations in short-term synaptic plasticity (STP) and long-term 

potentiation (LTP). Field excitatory postsynaptic potentials (fEPSP) were obtained from slices 

from control and tambaleante mice containing the amygdala, stimulating the cortical afferents 

(external capsule) or the thalamic afferents (internal capsule) and recording from the lateral or 

basolateral amygdala, respectively. After 10 minutes of basal stimulation at 0.2 Hz, a theta burst 

stimulation protocol was applied to induce LTP consisting in: 10 trains of 4 stimuli of 100 

microseconds duration, at 100 Hz, with an interval inter stimulus of 10 ms and with 200 ms 

between trains; this protocol was repeated 5 times every 5 seconds, to return immediately to the 

basal stimulation for 1 hour. We analyzed the slope and amplitude of the maximum peak of the 

fEPSP, and the magnitude of LTP after 1 hour of recording post protocol stimulation. In mutants, 

we observed a decrease in STP. LTP could not be detected in these mutant mice. These results 

suggest that the cognitive deterioration presented by individuals carrying a mutation in HERC1 



might be due in part to a decrease in synaptic strength and it could involve an alteration to the 

ubiquitin-proteasome pathway. 
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Abstract: Substantial evidence indicates that the medial prefrontal cortex (mPFC) plays a crucial 

role during shifts in cognitive strategy. For instance, inactivation of mPFC impairs the ability to 

shift between different cognitive strategies1-2, and electrophysiological recordings in behaving 

rodents have revealed mPFC neural activity that is temporally linked to strategy shifts3-4. 

However, it remains unclear how mPFC neural ensemble dynamics might underlie the brain’s 

representation of, and shifts between, different cognitive strategies. Here we used a miniature, 

head-mounted fluorescence microscope to image the calcium dynamics of hundreds of individual 

mPFC neurons in the prelimbic cortex (PrL) of mice performing a strategy-switching navigation 

task. In this task, mice switched between a hippocampus-dependent, allocentric (spatial) 

navigation strategy and a striatum-dependent, egocentric strategy (or vice versa) to earn a water 

reward. Bilateral inactivation of mPFC impeded the animals’ capacities to switch between these 

two strategies, but not their abilities to perform the task well when applying a fixed strategy. 

Analysis of the neural calcium imaging datasets revealed distinct subsets of PrL neurons with 

contemporaneous and anticipatory coding for multiple different task parameters, including the 

mouse’s spatial location and its receipt of reward. Notably, the dynamics of these neural 

populations were preferentially modulated during strategy switching trials, as compared to other 

trials with similar sensory stimuli and motor responses. We are presently studying how the 

ensemble level dynamics of these cell populations might reflect and underlie the representations 

of and shifts between different strategies. Overall, our work reveals the large-scale neural 

population activity of frontal cortical neurons in mice performing a task requiring cognitive 

flexibility and paves the way to future studies of the neural ensemble codes underlying other 



modes of cognitive control. References: 1. Birrell & Brown (2000) Medial Frontal Cortex 

Mediates Perceptual Attentional Set Shifting in the Rat. J Neurosci. 20(11):4320-4324; 2. 
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Abstract: To understand complex cognition neurophysiological studies of large-scale networks 

of neurons are necessary. While human studies using BOLD fMRI have shown evidence for 

task-related networks across the brain these studies lack the ability to evaluate mechanisms at the 

cellular level. Similar brain networks are assumed to support cognition across mammals (Lu et 

al., 2012), but the most common rodent and primate models present challenges in achieving 

high-volume multisite single-unit recordings in behaving animals. Rats are too small for large 

scale multisite recordings and primate research involves many practical and ethical issues. Here 

we present the domestic pig as a solution to some of these issues. Pigs have large brains and 

thick skulls allowing for large implants targeting multiple brain regions. We first trained pigs 

(Sus scrofa domesticus) to perform a conditional associative learning paradigm identical to a task 

used in humans. For the pig, the task was adapted to use a touchscreen interface. During the task, 

pigs learn to associate three arbitrary images with arbitrary responses. That is, one image is 

associated with a left snout touch, while another image is associated with a right snout touch. 

These two images comprise our fixed associations. The third image is associated with both a left 

and a right snout touch depending on the identity of the previous trial’s image. This is referred to 

as the conditional association. Correct responses elicited a tone coupled with the delivery of a 



food pellet. Incorrect responses triggered a buzzer and no food reward. Pigs were shaped on the 

rules of the task in less than 3 weeks. Pigs performed 600 trials a day with daily unique stimulus 

sets. On fixed associations performance reached ~95% accuracy after 25-30 trials. On 

conditional associations performance reached ~90% accuracy after 90-100 trials. Behavioral 

performance mirrored that observed in humans using the same task. Next, we developed a 

method for untethered chronic large-scale electrophysiological recordings in pigs. A 3D printable 

protective enclosure was designed to support eight separate chronic electrode probe assemblies 

each implanted in a different brain region. This approach proved stable enough to withstand the 

shock of collisions due to head hits and flopping over during sleep. 
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Abstract: Extinction learning is a fundamental process for animals to adapt to the ever-changing 

environment. During extinction, organisms learn to disconnect associations between certain 

events that have been previously learned. This process enables animals to re-learn about specific 

events which might have altered their contingencies over time. However, the originally learned 

memory trace is not erased during the process of extinction. Rather than simply forgetting the old 

memory, extinction learning establishes an inhibitory connection to prevent this memory from 

being retrieved. There is a large body of evidence supporting the hypothesis that the original 

memory trace persists, for example the renewal effect. It refers to the resurgence of the initially 

learned behavior once an organism is tested in a different context compared to the context in 

which it extinguished the association. Although the effects of renewal have been tested in a 

variety of experiments, electrophysiological data demonstrating how this type of learning is 

processed within the brain on a single neuron level is sparse. We conceived an experimental 

design in which animals go through all three stages of the renewal process (acquisition, 

extinction, renewal) during each experimental session. This setup enabled us to record steadily 



during the renewal phase within one animal over several months. We used pigeons (Columba 

livia) as experimental subjects and implanted them with electrodes to record from a higher 

cognitive structure within the bird brain, the nidopallium caudolaterale (NCL). Our recordings 

demonstrate that the NCL as an associative forebrain region encodes learning processes 

reflecting all learning stages of the experiment. Furthermore, the recorded neural signals are 

associated with contextual and relative reward processing. These preliminary results suggest that 

higher associative structures such as the NCL are strongly involved in learning and re-learning. 
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Abstract: Cognitive maps are thought to be important components of the neural systems guiding 

future actions in complex environments, but their neural implementation remains poorly 

understood. Here we studied cortical population dynamics in mice during a virtual-navigation-

based delayed match-to-sample task where the final choice of left or right turn relies on correct 

transitions and maintenance of cognitive states based on a learned internal model, possibly 

corresponding to states in a cognitive map. In this task mice navigated down a virtual Y maze to 

obtain a reward. In the initial segment of the maze (sample period), mice were presented with a 

visual cue (wall pattern). In the second segment of the maze (delay period) the sample wall 

pattern was removed. Upon arrival at the Y-junction (test period), the animal was presented with 

two choice arms: one arm had the same wall pattern as the sample period (match) and the other 

arm had a different pattern (non-match). Mice were rewarded for entering the arm with the wall 

pattern that matched the pattern during the sample period. Thy1-GCaMP6f mice learned to 

perform this task at >85% accuracy. Following training, we performed systematic mapping of 



cortical activity using large-scale cellular resolution two-photon calcium imaging across different 

cortical areas. A large (8mm x 6mm) cranial window provided chronic, bilateral optical access to 

the entire posterior dorsal surface of the cortex, including V1, most of extrastriate cortices, and 

higher-order association areas. We identified several cortical areas, including retrosplenial cortex 

(RSC), with neural activity that could be interpreted as a cognitive map of task relevant 

variables. Specifically, we observed the neurons in RSC fired at specific locations along the 

maze forming sequences of activity that spanned the entire trial. Individual cells may have 

distinct firing patterns corresponding to different task states, indicating global remapping due to 

neural network state change. Using deep learning techniques on time series from hundreds of 

simultaneously recorded cells, we were able to decode task-relevant information related to the 

animal's current position in the virtual environment, its upcoming choice, and the identity of the 

sensory cues held in short-term memory. Using a non-linear dimensionality reduction technique 

(seq2seq variational autoencoder), we found that the progression of population dynamics through 

different cognitive states can be explained by a low-dimensional manifold in the neural activity 

state space, which is strongly correlated with the animal’s behavior in single trials. 
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Abstract: While in vivo imaging offers an excellent view of the brain’s “macro” structure, it 

lacks the resolution and intensity markers required to identify details of interest to many 

neuroscientists. Histological sectioning offers the ability to identify chemical and 

cytoarchitectural markers, but does not maintain the structure of the intact brain. This 



necessitates methods of 3D histological reconstruction. A significant remaining challenge of this 

field is to balance the computation time with the accuracy of a reconstruction scheme. Previous 

work on histological reconstruction has used either intensity-based warping techniques, which 

are slow due to iterative image-wide multiplication, or landmark or feature-based registration 

which reduces computational complexity at the expense of accuracy (Pichat et al., 2018, Medical 

Image Analysis). We propose a new automated approach for histological leveraging recent 

advancements in machine learning to perform image registration using convolutional “spatial 

transformer networks”, which accurately perform non-rigid registration without iteration. Our 

method involves a global search strategy. First the MRI is resampled for a given θ-yaw, θ-pitch, 

z-position, xy-plane resolution, and z-plane resolution. These terms account for position and for 

shrinkage or expansion that occurs during sectioning. Next, histological sections are registered to 

the MRI, estimating x-position, y-position, θ-roll, and non-rigid terms for each section. These 

terms account for deformations that occur during the tissue mounting process. Next, a cost 

function is computed that considers: 1) The intensity-based similarity between the histology and 

MRI, 2) regularization terms that quantify the deformation energy of the registration, and 3) an 

estimate of the probability of reconstruction derived from pre-computed intensity-based 

similarity distributions S(dx,dy,dθ) between neighboring histological sections. This process is 

used to search θ-yaw, θ-pitch, z-position, xy-plane resolution, and z-plane resolution for the 

optimal solution. With these parameters selected, we overtrain the spatial transformer networks 

to find the best x, y, θ-roll, and non-rigid terms for each section. We find this approach is 

extremely accurate and drastically reduces execution time allowing researchers to integrate 

histological data into 3D structural MRI images quickly, accurately, and automatically. 

Applications include quick integration of new histological data into existing brain atlases, 

creation of de novo brain atlases, and construction of MRI-based probabilistic atlases that 

provide information on histological markers. 
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Abstract: The ability to revalue reinforced stimuli according to changing biological or 

psychological needs is critical for adaptive, reward-driven behaviors. Alteration in this cognitive 

function is known to occur during cognitive aging in both humans and macaque monkeys. 

Lesion and functional imaging studies suggest that interactions between the orbitofrontal cortex 

(OFC) and amygdala are critical for proper revaluation performance. Tracer-based anatomical 

studies in nonhuman primates suggest that the OFC and amygdala are monosynaptically 

connected via at least two separate white-matter tracts (e.g., Lehman et al., 2011): the uncinate 

fasciculus and the amygdalofugal pathway through the anterior segment of the internal capsule. 

Diffusion tensor imaging (DTI) approaches allow for quantitative estimates of white-matter 

integrity, and in humans these estimates have been shown to decrease across the lifespan in the 

uncinate fasciculus (Hasan et al., 2009), although no studies have examined the significance of 

this with respect to cognition. Our group has previously shown that, in macaques, the volume of 

the OFC is reduced with age, and that these alterations significantly correlate with reward 

devaluation performance (Burke et al., 2014). Given the data showing that OFC-amygdala 

disconnection lesions impact revaluation performance (Izquierdo and Murray, 2004), we 

hypothesize that communication between the OFC and amygdala should show age-related 

changes that relate to worsened revaluation performance. Here we apply DTI and probabilistic 

tractography to assess the uncinate fasciculus and amygdalofugal tracts. The data indicate a 

selective relationship between the integrity (fractional anisotropy: FA) of the UF of old animals 

and revaluation behavior. The amygdalofugal pathway did not show this relationship. These 

results suggest that, in nonhuman primates, age-related declines on revaluation abilities are not 

due to a general degradation of connectivity between the amygdala and OFC, but rather to 

changes specific to the fibers contained within the uncinate fasciculus pathway. 
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Abstract: Hearing loss, or presbycusis, is a hallmark of normative brain aging, with an estimated 

eighty percent of individuals over age 50 experiencing reduced hearing capacity to some degree. 

It has been known for some time that auditory processing abilities correlate with cognitive 

function, even when cognition is assessed using non-auditory tasks (e.g., Humes et al., 2013). 

Despite these relationships, no direct brain measurements have been made in an attempt to link 

age-related cognitive decline with presbycusis. To this end, we assessed a colony of adult and 

aged macaque monkeys 1) on a battery of behavioral tasks meant to probe multiple cognitive 

functions, 2) with temporally precise physiological estimates of auditory function (auditory 

brainstem and mid latency responses), and 3) with structural and diffusion-weighted magnetic 

resonance images to extract quantitative estimates of volume and connectivity between distinct 

auditory and cognitive brain regions using probabilistic tractography. Our results suggest that 

aged macaques are impaired on several tasks thought to require both frontal and medial temporal 

lobe function, as well as show a reduction in temporal processing of auditory information, both 

findings that have been reported previously (e.g., Hara et al., 2012; Ng et al., 2015). Only 

performance from specific tasks significantly correlated with estimates of temporal auditory 

processing, whereas other tasks did not relate to these same measures. Estimates of the white-

matter integrity along the thalamic auditory radiations correlated both with estimates of temporal 

auditory processing and with reversal learning memory, but not any other cognitive domain 

tested here. These correlations preliminarily suggest that the white-matter integrity of 

thalamocortical fibers may contribute to the observed relationships between specific aspects of 

cognitive decline and presbycusis. To expand upon this concept, these correlations will be 

presented alongside similar analyses using estimates from the thalamic radiations connecting 

anterior and midline thalamic nuclei with the prefrontal cortices and medial temporal lobes. 
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Abstract: Brain tissue contains autofluorescing elements that are potentially detrimental to 

accurate identification of neurons in brain tissue. In fluorescence imaging studies this 

autofluorescence can be visually indistinguishable from immunolabeled cells and can 

significantly impact the ability to detect the desired signal from noise. Because some 

autofluorescent bodies such as lipofuscin tend to accumulate with age, this can create a serious 

problem for studies examining multiple age groups. Lipofuscin is an intracellular collection of 

various lipids and trace metals within lysosomes that evades degradation and can amass to 

surround the entirety of a neuron’s cell body (Brizzee et al., 1974). This particular autofluor has 

been shown to possess a spectral profile which spans the emission ranges of commonly used 

fluorophores utilized in fluorescent microscopy (Edwin and Jackman, 1981; Feldman et al., 

2015). The most widely used method to combat this autofluorescence involves sequestering the 

fluorescent emission with lipophilic dyes such as Sudan Black B (Romijn et al, 1999). While 

effective, this treatment seems to come at the cost of potentially reducing and sometimes 

completely obscuring the emission of fluorescent probes used in immunohistochemical 

experiments (Schnell et al., 1999). Fortunately, with the advent of more sophisticated 

fluorescence detection systems, it is possible to record spectral data on a pixel-by-pixel basis. 

These methods can be used for a non-chemical, imaging-based approach for autofluorescence 

removal. The present study compares the spectral imaging and linear unmixing technique with 

the Sudan Black B (SBB) treatment method. Images of tyrosine hydroxylase- (TH) and 

calbindin-immunolabeled (Cb) cells from the midbrains of aged rhesus macaques are acquired on 

a Zeiss LSM880 inverted confocal microscope, and then undergo image segmentation analysis 

and cell counting. Results suggest improved preservation of fluorescence signal in Cb-Unmixed 



over Cb-SBB treated images based on an automated thresholding algorithm (on average 52 ± 3% 

fewer signal pixels after SBB-treatment). Furthermore, on average, more cells were counted in 

Unmixed images compared to SBB images (TH: 9.83 ± 2.48% and Cb: 33.56 ± 5.49%). 

Together these data suggest that the spectral imaging and unmixing method improves the 

visibility of individual immunolabeled cells for analysis and that this method is a viable 

alternative to Sudan Black B-treatment. 
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Abstract: As average life expectancies continue to increase around the world, it is critical to 

understand the normative characteristics of brain and cognition during aging. While it is well-

documented that certain changes in learning and memory are to be expected as we age, it is also 

well-appreciated that there is significant variability in the extent to which different domains of 

cognition are impacted in any given individual. To better understand the complexity of 

individual differences in cognition during aging across the lifespan, we designed a battery of 

behavioral tests that assess the functional integrity of distinct brain regions. This battery consists 

of the spatial and cued versions of the Morris watermaze, spontaneous object recognition (SOR), 

and a delayed matching-to-place working memory task. Male Fisher 344 rats were examined at 

three ages: young adult (6mo), middle-aged (15mo), and aged (23mo) at the beginning of testing. 

The first step in our analysis process is to assign cognitive category levels on the basis of 

performance on the hippocampus-dependent spatial version of the Morris watermaze: low, 

average, or high within a given age group. These spatial cognition categories were then 

compared to working memory performance within young animals: the high-performing animals 



on the spatial task were also high performing on the prefrontal cortex-dependent working 

memory task. The opposite was true for the aged group of rats, however, as the old animals that 

performed poorly on the spatial version of the water maze, performed well for their age group on 

the working memory version of the task. The middle-aged rats showed relationships between 

spatial and working memory that were intermediate between the young and aged groups. With 

respect to the perirhinal cortex-dependent object recognition memory task, there were significant 

differences across age, consistent with previous observations in aged rats, monkeys (Burke et al., 

2012), and humans (Ryan et al., 2012). These changes in recognition memory were not related to 

the spatial cognitive category for any age group, even though both the perirhinal cortex and 

hippocampus are required for adequately using cue recognition for processing spatial input 

(Burke et al., 2018 in press). Additionally, there was no correlation between SOR performance 

and working memory performance across age, where comparable delays were used in both tasks. 

Taken together, these data emphasize the importance of understanding the relationship between 

the function of these brain regions across age, as it may provide insight into how these processes 

can be optimized for the highest quality of life as human life expectancy continues to rise. 
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Abstract: Both the hippocampus and the medial portion of the entorhinal cortex (MEC) contain 

functionally distinct sub-networks of spatially modulated neurons which are believed to work 

cooperatively to support spatial navigation. The two broad categories of spatial feedback utilized 

to anchor and update the spatial firing of these cells are allocentric (i.e., external) and egocentric 

(i.e., self-motion). As with older adults, aged rats show robust impairments on a number of 

different spatial navigation tasks (Lester et al., 2017). There is some evidence that these 



navigation impairments are accompanied by a bias away from using an allocentric navigation 

strategy towards relying on an egocentric strategy. To test the degree and timing with which aged 

animals utilize these two forms of spatial information, a novel behavioral arena was developed in 

which rats are trained to traverse a circular track and to stop at a learned goal location that is 

fixed with respect to a panorama of visual cues projected onto the surrounding walls. By 

instantaneously rotating the cues we are able to put allocentric and egocentric reference frames in 

direct and immediate conflict and characterize how quickly and accurately aged animals utilize 

allocentric feedback to navigate to a new rotated goal location. Behavioral data collected from 

five young (9 - 15 mo) and four aged (23 - 30 mo) animals reveal that both age groups are able to 

update their behavior following cue rotation, although aged rats tend to perseverate to the 

original goal location more often. Young rats, by comparison, were more likely to stop at some 

intermediate location between the original and rotated goal location. These findings suggest that 

when spatial reference frames are put in conflict, young rats settle on a strategy that combines 

both sources of spatial information, while aged animals adhere more rigidly to only one spatial 

reference frame. We are currently collecting electrophysiology from both CA1 and MEC while 

animals perform the task. Based on our behavioral findings, we predict that when spatial 

reference frames are put into conflict, the CA1 place cells in young animals will show variability 

in terms of which reference frame they anchor to (as in Lee et. Al., 2004). We predict that aged 

CA1 place cells, by comparison, will have a greater tendency to remain anchored to the already 

established reference frame. If the age-related behavioral changes we observe are due to 

intrahippocampal network impairments, spatially-modulated cells of upstream MEC should show 

comparable realignment in both age groups. 
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Abstract: RNA Stress Granules (SGs) are dynamic cytoplasmic structures that assemble in 

response to various cellular insults. During this process, these non-membrane bound organelles 

sequester specific mRNAs causing inhibition of translation initiation, resulting in cell protection 

during times of stress. Upon stress removal, RNA SGs disassemble and translation is reinitiated. 

These changes in RNA SGs have been linked mechanistically to age-related neurodegenerative 

disease suggesting that they may play a key role in the aging process. In order to examine how 

SGs may be influenced by the aging process, we investigated the expression of RNA SG-

associated proteins including PABP, FMRP, TIAR and EIF2alpha and found that there is a 

region-specific distribution across rat brains, and that there are dynamic changes in the transcript 

levels of SG components in both flies and rats. Similar dynamic changes in rat brains were found 

for translation initiation factors EIF4G2, EIF4E-BP, EIF4A1 and EIF4E during aging. These 

molecular analyses were performed on brain regions isolated from young adults (6-8 mo, middle-

aged (15-17 mo) and old (23-25 mo) rats that were previously assessed for their spatial and 

working memory using the Morris watermaze. Reverse transcription (RT) qPCR analyses of rat 

cerebellum and hippocampus brain regions revealed that the PABPC1, EIF2alpha, EIF4G2, 

EIF4E-BP, EIF4A1 and EIF4E transcripts show no significant differences in young or old rats in 

the hippocampus, however middle aged rats show a significant increase in EIF4E transcript only. 

In the cerebellum, all tested transcripts show robust changes during aging and interestingly, 

EIF4E-BP transcript is significantly reduced in aged animals only. The Morris watermaze task 

revealed that aged rats were memory impaired compared to both middle aged and young 

animals, and middle aged rats were also memory impaired compared to young rats. A linear 

regression analysis between RT qPCR for each of the tested transcripts and spatial memory in 

the hippocampus revealed no significant correlation. The relatively small changes in transcript 

levels in the hippocampus may reflect a lack of involvement of RNA SGs in hippocampus-

dependent learning under normal conditions in aging. Because the changes in SG-associated 

transcripts were larger in the cerebellum, we are currently investigating an association of RNA 

SGs in that structure with motor system assays. In addition, we are investigating RNA SG 

component expression in the prefrontal cortex in relation to the working memory behaviors we 

have obtained from these animals. 
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Abstract: The hippocampus undergoes biological changes with age that are associated with 

changes in memory function. Subregions of the hippocampus receive major inputs from and send 

back projections to superficial and deep layers of Entorhinal Cortex (EC), respectively. Yet, how 

behaviorally-relevant neural activity in EC may change with age remains poorly understood. In 

contrast to the well-studied Medial Entorhinal Cortex (MEC), Lateral Entorhinal Cortex (LEC) 

neurons do not show substantial spatial selectivity in their firing patterns. Rather, LEC is thought 

to be involved in representing non-spatial features of experiences, including odors. In this study, 

we examined whether LEC and MEC neuron populations are selectively activated in response to 

distinct odors during track running, and hypothesize that aging may alter EC activity patterns 

that contribute to memory dysfunction. To test this, adult and aged rats were trained to run on a 

track in a constant environment. After training, one behavioral group (AA) experienced the same 

set of 6 odors around the track during two run sessions separated by 20 mins. A second group 

(AB) also ran two sessions, but the odor stimuli were distinct between the epochs. We used 

cellular compartment analysis of temporal activity by fluorescence in situ hybridization 

(catFISH) to visualize the time-dependent subcellular distribution of Arc mRNA in EC principal 

cells. We identified neurons activated during the first, second, or both sessions in superficial and 

deep layers of EC. We found that AA and AB behaviors elevated LEC and MEC activity 

compared to a control condition. Population activity, however, failed to distinguish the distinct A 

and B odor experiences. This suggests that EC neural population activity stably represents higher 

order features of the behavioral experience regardless of altered odor input. Surprisingly, more 

cells reached Arc activation thresholds during the second epoch than the first in LEC, but not in 

MEC. This may indicate that LEC circuits are sensitive to priming by similar past experience. 

Furthermore, a lower proportion of LEC neurons participated during the behavior in aged rats 

than in adult rats, while activation in MEC was preserved in aged animals. This result is in line 

with data from humans that show that anterolateral, but not dorsomedial, EC becomes 

hypoactive with age and that this reduction is related to cognitive deficits (Reagh et al., 2018). 

Exactly how the sparser network representations in aged rat LEC contribute to altered behavioral 

function across the lifespan awaits further investigation. 
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Abstract: Next generation RNA sequencing (RNA-Seq) provides the ability to construct an 

unbiased whole transcriptome map, digitally quantify transcript levels, and can interrogate splice 

form abundance. Specific RNA species are known to be expressed and can redistribute within 

hours or less to the dendrites where local translation can occur. Much is left to be discovered 

about the function of these dendritic mRNAs, however, evidence suggests that they play a key 

role in synaptic plasticity and transmission. We propose that the creation of a complete catalog of 

activity-regulated transcripts will enable a hypothesis-driven investigation of neurological 

disease with a focus entirely on verified activity regulated genes. In this study, we utilized RNA-

Seq to identify transcripts from total RNA obtained from laser-capture microdissected (LCM) 

sub-fields of the hippocampal formation (dentate gyrus [DG], CA1, and CA3) of 9 month old 

Fisher344 rats. Three adjacent 15 um thick cryostat sections were rapidly stained with 

fluorescent Nissl green, the cell soma and corresponding neuropil regions (10 different regions in 

total) were laser captured and the RNA isolated and prepared for sequencing using the SMARTer 

Stranded Total RNA-Seq Pico Input Mammalian Library Prep Kit (Clontech-Takara). Results 

from caged control (CC) animals and electroconvulsive shock (ECS) treated animals sacrificed at 

10 minutes, 30 minutes, 1 hour, 2 hours, 4 hours and 24 hours post exposure were analyzed and 

compared. Following ECS treatment, we found that known immediate early genes like Arc, 

Homer1, Egr1 and Fos were significantly differentially expressed in the different hippocampal 

regions. Of note however, specific patterns of activation were demonstrated. For example, 

Homer 1 only demonstrates activity regulation in the DG soma compartment. Arc, on the other 

hand, demonstrates activity regulation across the hippocampus and in both dendritic and soma 

compartments. We also explored the relationship between the neurotrophins and their receptors 

following ECS. Ngf is activity regulated in the DG soma, however the primary receptor for Ngf, 



Ntrk1, exhibits no activity regulation. Bdnf, on the other hand, is activity-regulated in the soma 

compartments across all three hippocampal sub-fields however its receptor, Ntrk2, is only 

activity-regulated in the DG soma. These initial findings demonstrate the utility of our 

experimental approach to confirm known and identify novel discoveries related to activity-

regulated transcription, potentially leading to a deeper understanding of the molecular 

mechanisms associated with cognition and possible treatments for neurological disease. 
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Abstract: Neuronal Pentraxin 2 (NPTX2) is an immediate early gene involved in binding and 

clustering of AMPA receptors at synapses and mediates homeostatic scaling of circuits. In the 

hippocampus, this involves the synapses of excitatory pyramidal cells onto inhibitory 

parvalbumin-containing basket cells. Thus, low NPTX2 levels may tilt the excitatory-inhibitory 

balance of hippocampal circuits toward excitation. NPTX2 has been proposed to play a role in 

protection of synaptic function in aging and the progression of Alzheimer’s disease (AD; Xiao et 

al., 2017), and levels of NPTX2 in brain are predictive of whether individuals with 

pathologically defined brain levels of amyloid plaques and tangles are cognitively symptomatic 

(demented) or asymptomatic (cognitively normal). That is, if levels of NPTX2 are high in brain, 

as in the case of normal controls and asymptomatic AD, then cognition is intact - if NPTX2 is 

low in brain, as in symptomatic AD, the individuals are demented. In fact, NPTX2 levels in CSF 

are a more sensitive predictor of cognitive status than are markers for amyloid or tau (Xiao et al., 

2017). To investigate this role of NPTX2, we have begun to examine behavior, brain structural 



integrity by high resolution MRI, and function with single unit and EEG recordings from area 

CA1 of the hippocampus in NPTX2 knockout (NPTX2 KO) rats compared to wild-type (WT) 

controls. The larger study will examine these variables across the lifespan at 6, 12, 18 and 24mo. 

We report here preliminary data from the young group. So far, we do not detect overall 

performance differences between the young NPTX2 KO rats in spatial or working memory 

versions of the Morris watermaze, in motor behavior on a rotarod, or in anxiety tests using the 

elevated zero maze. Interestingly, the NPTX2 KO rats exhibited twice as many interruptions of 

on-going behavior during the spatial and working memory tasks. In the spontaneous object 

recognition task, the WT animals spent more time than did NPTX2 KO animals with the novel 

object (mean ratio novel/familiar, KO= 1.26 +/- 0.11, WT = 2.10 +/- 0.05), suggesting poorer 

overall recognition memory. Additionally, the NPTX2 KO rats explored the objects considerably 

less than did WT rats (mean number object alternations, KO = 4.1 +/ -3.3; WT = 10.0 +/- 3.0). 

Hippocampal volume in this young age group of NPTX2 KO rats was not different compared to 

WT controls (mean normalized hippocampal volume KO = 0.041 +/- 0.0, WT = 0.040 +/- 0.0). 

Electrophysiological studies are on-going. The results of these experiments should lead to a 

better understanding of NPTX2’s potential role in the protection of synaptic function during 

aging and in neurodegenerative disease. 
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Abstract: Aging is characterized by hippocampal- and prefrontal-mediated cognitive deficits. A 

decrease in N-methyl-D-aspartate receptor (NMDAR)-mediated synaptic function contributes to 

impaired synaptic plasticity and is associated with cognitive impairments. Given NMDAR 

hypofunction in aging, D-serine, a NMDAR co-agonist, is a promising target for maintaining 



cognitive function in aging. Levels of serine racemase (SR), which synthesizes D-serine, decline 

with age. Thus, enhancing NMDAR function via increased SR expression in middle age, when 

subtle declines in cognition emerge, was predicted to enhance performance on a prefrontal-

mediated task sensitive to aging. Male Fischer-344 rats (12 mo; N=7) were injected bilaterally in 

the medial prefrontal cortex with 2µL of lentivirus (LV) for SR upregulation (LV-SR) or control 

virus (LV-GFP). Rats were 85% food restricted and trained on the operant attentional set-shift 

task to examine cognitive flexibility. This task includes visual discrimination (VD), where rats 

select one of two levers based on the location of a light cue. Correct responses resulted in food 

rewards. Rats then made an extradimensional shift to an egocentric response strategy, selecting a 

lever based on its location (right or left) irrespective of the light. An intradimensional shift 

required selection of the opposite lever from the previous trial type (from right to left). Rats had 

to reach criterion (8 consecutive correct responses) before advancing through each phase. Trials 

to criterion, errors, omissions, and percent correct responses were collected and analyzed. 

Following completion, rats were perfused to evaluate the location of viral infection. All rats 

required more trials to criterion for VD than the extra- or intra-dimensional shift (F1,5=12.68, 

p=0.02). Based on the reduced omission rate (t5=14.13, p=0.01) and trials to criterion (t5=2.23, 

p=0.07) during VD, LV-SR rats exhibited a faster learning rate compared to controls. Their 

capacity for the extradimensional shift was not impacted, though performance on the 

intradimensional shift was impeded in LV-SR rats, whereby correct performance was lower 

(t5=4.70, p=0.04) due to greater errors (t5=3.39, p=0.06) compared to controls. 

Immunohistochemical analyses displayed expression of LV-SR in the cortex and white matter. 

LV-SR significantly increased SR expression (t5=2.53, p=0.05), with an approximate 26% 

upregulation in the prefrontal cortex. Thus, prefrontal SR upregulation in middle age rats 

improved attentional selection during VD but impaired flexibility, suggesting NMDAR activity 

acts as a gate or switch between maintaining and shifting attention. 
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Abstract: A decrease in N-methyl-D-aspartate (NMDA) receptor synaptic responses during 

aging contributes to impaired synaptic plasticity and is associated with impaired cognition. 

Electrophysiological studies have described NMDA receptor hypofunction during aging, due to 

an oxidized redox state of neurons. The current studies employed extracellular field potential 

recordings to investigate contribution of GluN2A and GluN2B subunits in the induction of 

redox-mediated potentiation of NMDA receptor synaptic responses at CA3-CA1 hippocampal 

synapses in aged animals. Acute hippocampal slices were prepared from aged (~25 mo) male 

F344 rats. NMDA-mediated synaptic field potentials were isolated by addition of picrotoxin (20 

µM) and DNQX (30 µM). In most cases, a control slice was recorded in a separate chamber (n = 

19 slices). To determine if NMDA receptor activity was required for reducing agent, 

dithiothreitol (DTT)-induced potentiation of the NMDA receptor response, baseline field 

potentials were recorded followed by bath application of various antagonists (NVP-AAM077, 

0.4 µM, n = 5; ifenprodil, 5 µM n = 8; RO-6981, 4 µM, n = 5, or zinc, 1 µM, n = 3). An 

ANOVA indicated a treatment effect [F(4,36) = 3.87, p < 0.05]. Post hoc tests indicated that 

GluN2A receptor antagonist, NVP decreased the synaptic response (85 ± 8 mean percent 

decrease ± SEM) relative to vehicle, ifenprodil, or zinc. A new baseline was recorded, DTT (0.5 

mM) was bath applied, and the DTT-mediated potentiation of the NMDA response was 

examined. A treatment effect was observed for the DTT-mediated growth of the NMDA receptor 

synaptic response (p <0.001). DTT increased the synaptic response 63 ± 9% for control slices. 

The magnitude of DTT-mediated increase in the NMDA receptor response was reduced by NVP 

(8 ± 7%), and by GluN2B receptor antagonist, ifenprodil (20 ± 3%) or RO-6981 (21 ± 10%). The 

responses under antagonist conditions were not different from each other and were significantly 

(p <0.001) decreased relative to vehicle. Zinc had no effect on the ability of DTT to increase the 

response (61 ± 9%). The results suggest that GluN2A and GluN2B are involved in the induction 

of DTT-mediated growth of the NMDA receptor mediated synaptic response. 
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Abstract: Early-life events (inflammation, stress) can act through epigenetic mechanisms to 

promote the emergence of pathological phenotypes, later in life. As such, early-life events may 

contribute to individual variability in age-related cognitive decline. This study was designed to 

determine if infections during adulthood confers cognitive vulnerability with advancing age. For 

this study, male 6 month old Fischer 344 X Brown Norway hybrid rats were injected once a 

week for 7 weeks with lipopolysaccharide (LPS; 1 mg/kg) or control (n=8 per group). At 12 

months of age, animals were tested on an episodic version of the spatial water maze task. At this 

time point (i.e. 6 months post-treatment), no effect of treatment was observed for on cognitive 

performance. In contrast, a tendency (p=0.061) for a treatment effect was observed for episodic 

spatial memory, when animals were tested at 18 months of age (i.e. 12 months post-treatment). A 

trend (p=0.06) for an LPS mediated impairment was also observed for another hippocampal-

dependent task, inhibitory avoidance. Following behavioral characterization at 18 months of age, 

we performed next-generation sequencing on the CA1 region of the hippocampus to understand 

the mechanisms behind these behavioral differences. Transcriptional analysis revealed 202 genes 

that were upregulated with prior LPS treatment. Gene cluster analysis indicated upregulation of 

genes for biosynthetic process (1.2E-2). There were 372 genes that were downregulated due to 

prior LPS treatment. Specific genes that were downregulated with treatment included Camk2b, 

mTOR, and Nsmf, which are known to mediate neuronal plasticity. Further, enrichment analysis 

for downregulated genes indicated decreased expression of genes linked to the glioma KEGG 

pathway (4E-02), the dendrite (29 genes; 5.9E-3), postsynaptic density (16 genes; 2.1E-3), and 

histone modification (21 genes; 2.8E-2). This data suggests that infections during adulthood can 

interact with aging leading to long-term negative effects on transcription and/or cognitive 

performance. Due to the long-term nature of the effects, as well as altered gene expression linked 

to histone modification, we speculate that the differential expression of mRNA may occur 

through an epigenetic mechanism. Current studies are increasing the number of animals in the 

study and 

testing the idea that the interaction of age and inflammation on gene expression involves 

epigenetic mechanisms. 
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Abstract: Accumulating evidence indicates that hippocampal hyperactivity contributes to age-

related memory impairment in a circuit-specific manner. GABAergic interneurons within the 

hippocampus play a crucial role in maintaining network homeostasis by providing strong 

inhibitory control over principal cell firing. Disruptions in interneuron activation could greatly 

impact hippocampal networks and may underlie age-related decline in cognitive function 

mediated by the hippocampus. In this study, we used a subconvulsive dose (25 mg/kg, i.p.) of the 

muscarinic receptor agonist, pilocarpine, to induce neuronal activity in young (6 months) and 

aged (24 months) Long Evans rats that were behaviorally characterized in a hippocampus-

dependent water maze task. Performance reliably reveals substantial individual variability in 

aged rats such that approximately half perform on par with young (aged unimpaired), while the 

remainder display deficits indicative of hippocampal dysfunction (aged impaired). Histological 

sections through the dorsoventral extent of the hippocampus were processed for double 

immunofluorescence labelling of activated (c-Fos+) GABAergic interneurons (GAD67+) in 

young and aged rats that received either saline (young n = 5, aged n = 10) or pilocarpine (young 

n = 5, aged n = 10). The percentage of GABAergic interneurons double-labeled for c-Fos was 

subsequently quantified by exhaustively counting immunopositve cells at high magnification. 

Significantly more interneurons were activated in the hippocampus of rats that received 

pilocarpine than saline, confirming that the pilocarpine dose used was sufficient to induce 

neuronal activity (p < .001). Pilocarpine-induced inhibitory interneuron activation was 

significantly elevated in the hippocampus of aged rats compared to young (p = 0.046). The age-

related increase in activation was restricted to interneurons in the dorsal (p = 0.027) 

hippocampus (ventral hippocampus, p = 0.307), and was driven largely by aged impaired rats 

that, as a group, displayed significantly more activated interneurons than young (p = 0.017). 

Whether this effect is coupled with the CA3 hyperactivity previously reported in the aged 

impaired hippocampus remains to be determined. Overall, the data support the emerging theme 



that disrupted excitatory/inhibitory balance in the hippocampus is a significant driver of 

cognitive aging. 
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Abstract: Most research involving bodily motions occurs in open loop mode, whereby we 

collect data and examine it a posteriori to derive digital biomarkers of behavior from biophysical 

signals. This approach is informative of correlational states between the body and environmental 

sensory cues and/or context. However, we could also examine causal relations whereby the 

output signals from the nervous systems can be streamed in tandem and selectively re-

parameterized to give feedback to the person and monitor real time continuous changes. In such 

closed-loop scenarios, we have a better opportunity to systematically steer the person’s systems 

and learn about adaptive capacity. In this work, we designed a closed loop interface between a 

dyad of salsa dancers and a computer-music system, to selectively manipulate different levels of 

functionality in their nervous systems. We harnessed in tandem electroencephalography EEG 

(Neuroelectrics-Enobio 32 channels 500Hz) from the central nervous systems CNS; heart 

activity from the autonomic nervous system ANS (using one of the EEG leads) and peripheral 

PNS, kinematics using a grid of 10 sensors across the body (APDM 128Hz). We first 

transformed the biophysical time series signals from all sensors to micro-movement spikes, to 

standardize it and place it on similar number of frames. Then, we converted the spikes to sound 

and selectively played music back to the dancers using each of the channels and adapting the 

biorhythms in real time. For example, harnessing the female heart signals, streaming the sonified 

heart micro-movement spikes in real time and interfacing it with Max7 to play music back using 

the sound-features of the heart. This changed the heart stochastic signatures in the female. The 



change manifested differently when the choreography was well-rehearsed and staged vs. when it 

was spontaneously improvised. For staged pieces, the heart stochastic signatures initially shifted 

with the heart-enhanced music, but remained steady afterwards. The kinematics signals across 

the body were not affected for the female, but the male’s performance (who leads in the salsa 

dance) resulted in shifts of his legs signatures that mapped exactly to the female’s heart shifts. 

On the other hand, for the spontaneous improvisation, the heart variability continued to drift and 

resulted in the shifts of the legs stochastic signatures for both dancers. In the next steps, we will 

selectively repeat these closed loop sonifications with the EEG and the kinematics signals to 

compare staged vs. improvised regimes and learn about causal influences and adaptiveness levels 

across the CNS, PNS and ANS. 
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Abstract: Previous work has established two fundamentally different classes of complex 

movements (Torres 2011). The first being a goal-directed movement, which is a movement that 

has a specific end goal to accomplish under instruction. This is the movement an individual 

consciously intends to perform. The second movement class involves a consequential motion of 

the goal-directed movement, defined as the supplemental movement. The supplemental 

movement is not generally seen as the necessary movement in order to complete the goal of the 

intended movement. However, it has been found that the variability inherently present in these 

movements is highly informative of mental states, task context and the systems’ adaptive 

capacity. We assessed the interplay between the intended goal-directed and the consequential 

supplemental movements in the context of martial arts with an eye for kinematics invariance to 

changes in movement dynamics (Torres 2002). Kinematic analyses from these complex boxing 

routines revealed that when the movement is intended to a goal, its variability remains far more 

robust to changes in dynamics (e.g. speed and loads) than when the movement is consequential. 

Indeed, while the motion trajectories of the end effectors remain invariant to speed or loads 

during complex motions that pursue a goal, supplemental segments do change the trajectories 

with speed or loads. We here report that this feature remains as well in the configuration space of 



joint angles. Further, using different MOCAP systems (Polhemus Liberty 240Hz vs. Phase Space 

480Hz), we confirm that the motor variability of the supplemental motions can blindly inform 

the context of the task and the degree of learning and adaptation the system undergoes. Indeed, 

the stochastic signatures of these classes of motions can blindly separate intended from 

supplemental motions, and reveal the context of the task. We further explore the differences in 

variability of the ebb and flow of goal-directed and their consequential supplemental movements 

in the context of the tennis serve and during boxing routines collected in tandem with brain 

neural activity using electroencephalography (EEG). We compare the activities of the brain-body 

networks during actual performance and during motor imagery. We report on hypothesized 

differences between the fundamentally different mental states of deliberate goal-directed vs. 

spontaneous consequential control. Torres, E. B. (2011). Two classes of movements in motor 

control. Experimental brain research, 215(3-4), 269-283 Torres, E. B., & Zipser, D. (2002). 

Reaching to grasp with a multi-jointed arm. I. Computational model. Journal of 

neurophysiology, 88(5), 2355-2367 
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Abstract: Social interactions are ubiquitous in our daily existence, yet we are only aware of 

some visible aspects of these interactions. Those noticeable aspects include well-coordinated 

synergies within the body of each agent (intra-body) and synergies across the two bodies in 

motion (inter-body). Such couplings often gesture intended agreement (or disagreement) in 

conversation, prompting the agents to a next point along the cognizant continuum of their 

interaction dynamics. The latter tend to comply with some aim consciously set to steer the social 

exchange in a certain way. Because such activities are somewhat obvious and detectable by the 

naked eye, they have a higher probability of e.g. entering into the hand-coding of videos 

documenting the exchange, or being part of the description of behaviors that researchers carry on 



during subjective behavioral analyses (e.g. using scoring clinical inventories). Indeed, these 

descriptive observational techniques dominate much of the clinical and research areas of the 

medical field and are invariably carried on in a one-sided fashion, i.e. only one person of the 

dyadic exchange that takes place at a clinic (e.g. to diagnose the patient, or to track the progress 

of a medical condition) gets to evaluate the other individual. As such, there are many non-

obvious portions of the social dyadic interaction that are left out of the current behavioral 

analyses. These tend to spontaneously occur largely beneath awareness of the interlocutors and 

as such, they have escaped science and medicine. This work introduces new methods to assess 

dyads in a wholesome social context that objectively quantifies each participating individual in a 

personalized manner (coined here obvious digital biomarkers); but also includes self-emergent 

coupled dynamics (coined here non-obvious digital biomarkers) from the wholesome 

cohesiveness of the dyadic exchange. First, I introduce new data types to offer different 

parameterizations of motor signals from a plethora of wearable biosensors that capture a variety 

of motion outputs from multiple layers of the nervous systems. Then, I describe several 

analytical pipelines amenable to build biometrics to capture the continuous unfolding of self-

emergent coupled dynamics from the social exchange. The methods are proposed as a new 

generation of non-obvious digital biomarkers of social interactions offered to study physiological 

underpinnings of social behavior in general. 
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Abstract: The fields of cognitive science and neuromotor control have evolved in separate silos, 

producing a gap between the sciences of cognition and motor behavior. Embodied cognition has 

made an attempt to bridge this disconnect, yet it has not delivered proper quantitative tools to 

that end. While translating our basic science in embodied cognition to the medical space, we 

developed new experimental designs and biometrics to deploy a new way to study cognitive 



issues beyond mental theories and motor issues beyond biomechanics. Indeed, we offer a new 

suite of digital biomarkers with the potential to produce objective cognitive scales (Ryu and 

Torres, 2018) amenable to address neurodevelopmental and neurodegenerative disorders that 

affect both cognition and motion. A simple biomechanical pointing task was adapted to include 

decision making under varying degrees of cognitive loads (CL) and measure the integration of 

cognitive and motor performance. We here examine full upper body activity and introduce new 

parameterizations of the grid of 10 sensors we used to that end. Specifically, micro-movement 

spikes (Torres, 2013) capturing the moment-by-moment fluctuations in the peak amplitude and 

timings of the biophysical data are combined with weighted directed connected graphs to use 

Shannon information theory, network connectivity and stochastic analyses with an eye for self-

emerging patterns in the frequency and temporal domains. We consistently found that mutual 

information formed stronger connectivity patterns on the side of the dominant hand during the 

cognitive decision making, with supporting activity gradually emerging in the nodes of the non-

dominant side, as quantified by the signal to noise ratio. A stronger synergistic connectivity 

pattern on the dominant side of the limbs led as well to the gradual recruitment of the non-

dominant side as CL systematically increased. Further, the goal-directed segment intended to the 

target was separable from the spontaneous retractions, whereby the clustering coefficient within 

the network connectivity consistently distinguished increasing levels of CL. Unexpectedly, the 

unintended segments better predicted the level of CL, further underscoring the relevance of such 

spontaneous movements as consequential to intended motions and critical to guide adaptive 

learning. We position the work to empirically inform optimality models of intelligent movement 

generation and offer new digital biomarkers that serve as a proxy of objective scales of 

(embodied) cognitive performance. 
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Abstract: A plethora of studies using a variety of neuroimaging techniques have allowed us to 

identify the neural substrates and plasticity mediating the acquisition of novel sequences of 

motor actions. Yet, such knowledge is based solely upon the individual’s correct performance, as 

errors produced during practice are most of the time eliminated from the analysis. Consequently, 

there is little available information with regards to the neuronal circuitry engaged when errors are 

produced during practice. To fill this knowledge gap, we determined the behavioral and neural 

correlates of action errors during continuous stimulus-free execution of a motor task among 49 

young adults. Participants underwent fMRI scanning while repeatedly tapping an explicitly 

known 5-element sequence on a keypad using their non-dominant hand. All incorrect keys 

preceded and followed by correctly performed and completed sequences were considered as an 

error. Results showed that tapping speed during errors was significantly slower compared to 

correctly-performed sequences. Trial-by-trial analysis revealed that the drop in performance 

speed was associated with strong bilateral decreases in neural activity within the motor cortico-

striatal and associative fronto-parietal networks. Although no slowing in performance was 

observed immediately before or immediately after the errors, the observed global suppression of 

executive and associative motor regions preceded error onset. Such suppression was also 

paralleled by the rapid recruitment of an error-detection network, as reflected by a significant 

increase in neural activity within the pre-supplementary motor area, anterior cingulate cortex and 

anterior insula, bilaterally. However, during the post-error reinstatement of correct performance 

the error-detection network was rapidly disengaged. The motor system was simultaneously 

released from inhibition so that activity levels within motor cortical and subcortical areas did not 

differ from those measured during errorless performance periods. The observed error-specific 

changes in activity patterns were not associated with individual error-related changes in 

performance speed or error durations. Our results thus suggest that action errors are associated 

with global short-lived inhibition of the motor system, in line with the unified theory of 

unexpected events. Moreover, the present findings suggest that early onset of error-specific 

changes in activity patterns may constitute a neural mechanism that mediates the generation of 

errors and may serve as error predictors. 
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Abstract: The existence of multiple (e.g. conscious and non-conscious) learning systems is 

highly contentious. The Perruchet effect is considered by many to be the best available evidence 

for independent processes in human conditioning. It refers to a dissociation between conscious 

expectancy of an outcome and the strength of conditioned priming in anticipation of the 

outcome, when measured as a function of recent conditioning history. However, in the standard 

Perruchet effect design, conditioning history is perfectly confounded with response history, 

meaning that the dissociation may not be based on conditioning at all, but rather simple recency-

based priming. Here, we provide a novel solution to this methodological problem using 

transcranial magnetic stimulation (TMS) to probe motor preparation in the primary motor 

cortex—using motor-evoked potentials (MEPs) as an index of conditioned responding. 

Participants performed a go/no-go task in which they responded as quickly as possible to a "GO" 

cue and withheld responses to a "STOP" cue. The onset of each go/no-go cue was signalled by a 

fixation cross, which served as a preparatory stimulus and potential source of conditioned 

priming. In the intertrial interval, participants also rated their expectancy that the next trial would 

be “GO” vs. “STOP”. Critically, participants received single-pulse TMS on every trial, either 

during the fixation cross (cued-TMS) or the intertrial interval (before the fixation cross; uncued-

TMS). We replicated the Perruchet effect in the behavioural data: Participants were faster to 

respond to a go cue after longer runs of preceding go trials, indicating stronger response 

preparation (and slower to respond after longer runs of preceding no-go trials, indicating weaker 

response preparation) despite explicit ratings indicating that expectancy for the go cue followed 

the opposite trend. MEPs revealed a similar pattern of increasing motor excitability after 

successive go trials but, critically, only on cued-TMS trials. Despite carefully matching response 

recency relative to the cued-TMS trials, uncued-TMS trials did not show this trend, suggesting 

that the pattern of response preparation was strongly dependent on the presence of the 

preparatory stimulus. These results clearly demonstrate Perruchet's dissociation at the neural 

level and provide strong evidence that the observed trends in reaction times are the result of 

associative priming based on learning a cue-outcome association. Taken together, our findings 

support the notion that conditioned responding and motor preparation in primary motor cortex 

can operate independently of conscious expectancy. 
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Abstract: Iron deficiency (ID) and iron deficiency anemia (IDA) are among the most prevalent 

nutritional deficiencies in the world. The effects of ID include declines in physical performance, 

productivity, and deficits in perceptual and cognitive performance. However, there are two 

difficulties in this literature: (a) in the majority of studies, the memory tasks selected are rarely 

chosen on the basis of the brain regions that are affected by variations in iron; and (b) the designs 

of the studies are rarely if ever informed by behavioral and neurobiological theories of memory. 

The present study is motivated by the differential distribution of and reliance on iron across brain 

regions, with a particular concern for the neural systems that support procedural vs. declarative 

memory. Two groups of women, one ID and not anemic (IDNA), and a matched group of iron 

sufficient (IS) participants learned two categorization tasks. The first was a rule-based task, 

which differentially relies on the medial-temporal/frontal circuits that support declarative 

memory. The second was an information integration task, which differentially relies on the 

corticobasoganglial circuits that support procedural memory. Participants performed both tasks 

while concurrent electroencephalographic (EEG) data was collected. Stimuli were gabor patches 

that could vary on spatial frequency, orientation, and amplitude. We focus here on the data from 

the information integration task, and on instantaneous and cumulative global field power (GFP) 

of the EEG, which we have previously shown to be correlated with energy expenditure. Our 

results show that those in the IDNA group reliably differed from those in the IS group on 

measures of serum ferritin (sFt), mean corpuscular volume (MCV), and mean corpuscular 

hemoglobin concentration (MCHC), with there being no differences on measures of hemoglobin 

(Hb) or inflammation. Critically, in the period 400-600 ms after stimulus onset, both 

instantaneous and cumulative GFP were reliably lower for IDNA vs. IS participants, and both 

instantaneous and cumulative GFP in this period were positively correlated with sFt. We 

interpret these findings with respect to the effects of ID on monoamine signalling and energetic 

efficiency. 
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Abstract: Neuronal networks exhibit oscillatory activity that coordinates local processing and 

interregional neural communication through alternating windows of excitation and inhibition. In 

sensorimotor networks, this oscillatory activity occurs within mu (8-12 Hz) and beta (13-30 Hz) 

bands, and exhibits time-varying changes in phase and power. Invasive recordings demonstrate 

that sensorimotor oscillatory phase and power reflect variations in sensorimotor cortical function. 

However, the impact of oscillatory phase-power interactions on corticospinal excitability, an 

established marker of human motor function, is not known. We addressed this gap in knowledge 

by evaluating phase-dependency of corticospinal excitability across a continuous range of 

sensorimotor oscillatory power levels in 20 healthy adults. 

Single-pulse TMS was delivered to the scalp hotspot for the right first dorsal interosseous muscle 

at 120% of resting motor threshold during concurrent EEG. To isolate sensorimotor rhythms, 

data recorded from the C4 sensor (approximately overlying the stimulated motor cortex) were 

Hjorth-transformed (central: C4, surround: FC2, CP2, FC6, CP6). The instantaneous oscillatory 

phase in the mu and beta bands was estimated at the time of TMS, and pre-stimulus power in 

each band within 150 ms preceding TMS was determined. Phase-dependency of corticospinal 

excitability was evaluated across a continuous range of power levels using separate trial-by-trial 

linear mixed-effects models for each frequency band. 



For mu oscillations, there was no effect of PHASE or POWER (p>0.37), but a significant 

PHASE x POWER interaction (p=0.001), evident as a more positive relationship between mu 

power and corticospinal excitability at troughs relative to peaks. The direction of mu phase-

dependency was reversed with changing mu power levels, such that corticospinal excitability 

was higher during mu troughs compared to peaks when mu power was high, while the opposite 

was true when mu power was low. This interactive effect was frequency-specific, since no 

PHASE x POWER interaction was present for beta oscillations (p>0.10), although beta power 

was positively related to corticospinal excitability independent of beta phase (effect of POWER, 

p=0.007). 

These results demonstrate that frequency-dependent interactions between sensorimotor 

oscillatory phase and power influence human corticospinal excitability, reconciling previous 

inconsistent results obtained across heterogenous power levels. We conclude that oscillatory 

phase-power interactions determine human corticospinal excitability to an extent not accounted 

for by oscillatory phase or power alone. 

Disclosures: S.J. Hussain: None. L. Claudino: None. M. Bönstrup: None. G. Norato: 

None. C. Zrenner: None. U. Ziemann: None. E.R. Buch: None. L.G. Cohen: None. 

Poster 

246. Human Cognition and Behavior: Sensorimotor Processing 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 246.09/GGG13 

Topic: H.02. Human Cognition and Behavior 

Support: NIH Grant K01AG047926 

 Graduate and Professional Student Association JumpStart Grant 

Title: Using diffusion tensor imaging to identify structural neural correlates of motor learning 

and visuospatial processes in cognitively-intact older adults 

Authors: *J. LINGO VANGILDER1, M. C. FITZHUGH2, C. ROGALSKY2, S. Y. 

SCHAEFER3 
1Sch. of Biol. and Hlth. Systems Engin., Arizona State Univ., Gilbert, AZ; 2Dept. of Speech and 

Hearing Sci., 3Sch. of Biol. and Hlth. Systems Engin., Arizona State Univ., Tempe, AZ 

Abstract: We have recently shown that by testing older adults’ visuospatial function, we can 

predict their motor learning capacity. In fact, our studies show that older adults with above-

normal visuospatial scores retained up to four times as much skill as those with below-normal 

visuospatial scores, regardless of baseline upper extremity motor function, age, and other 

impairments in language, attention, or delayed memory. We hypothesize that visuospatial tests 

have predictive value because they probe the health of critical neural structures for motor skill 



learning. Classic neuropsychological studies have long supported the role of parietal cortex in 

visuospatial function and more recent neuroimaging studies have shown that the structural 

integrity of white matter tracts between parietal and frontal cortices is related to motor skill 

learning. More specifically, our preliminary data suggest that the right superior longitudinal 

fasciculus (SLF), a frontoparietal white matter tract, may be a candidate neural pathway for 

explaining our previous behavioral findings and for predicting motor skill learning in older 

adults. Although the parietal cortex has long been linked to visuospatial function, there are 

conflicting reports on the relationship between the structural integrity of neural pathways 

emerging from the parietal cortex (i.e., the right SLF) and different visuospatial abilities. Thus, 

the purpose of this ongoing study is to address the gap in knowledge of the relationship between 

right SLF structure and visuospatial function. Cognitively-intact older adults (n=5, age>65) 

completed the Rey Complex Figure Test and Recognition Trial (RCFT), an age-adjusted 

visuospatial exam that assesses visual construction and memory. Participants also underwent 

diffusion tensor magnetic resonance imaging to quantify right SLF fractional anisotropy (FA), a 

measure of white matter structural integrity. Results indicate that right SLF FA positively 

correlated with RCFCT overall score (R2=0.269), where higher right SLF FA values predict 

better RCFCT scores. These preliminary data serve as proof-of-concept and support our 

hypothesis that visuospatial processes may be integrated in the right SLF such that clinical 

visuospatial testing may predict right SLF structural integrity. The results of this study may 

indicate that paper-and-pencil visuospatial tests currently used in clinical settings could be used 

as a cost-effective proxy for neuroimaging, particularly in cases of contraindication or lack of 

imaging resources. 
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Abstract: Some degree of variability in movement is common in all motor tasks. This motor 

variability has long been considered an undesirable consequence of a dynamic environment 

paired with an imperfect nervous system. Motor variability is often exacerbated in individuals 

with sensorimotor impairment, contributing to decreased balance and mobility, and suggesting 

that it is a negative outcome of nervous system damage. Sensorimotor impairments can also alter 

the normal relationship (or mapping) between sensory input and motor output, leading to 

decreased movement accuracy. These individuals must adapt to this altered mapping despite 

greater variability. Recently, though, studies argue that variability is purposeful movement 

exploration, which contributes to how the sensorimotor system functions and may facilitate 

motor learning. Here, we determined how increased motor variability when walking affects 

visuomotor adaptation and generalization. Two groups of participants adapted to a new 

visuomotor mapping induced by prims lenses while performing a precision walking task that 

required them to step on the center of a target. In the balance-unchallenged group, participants 

(N=4) performed the task without any additional walking manipulation. In the balance-

challenged group, participants (N=6) performed the task with inflatable rubber hemispheres 

(radii: 8.5cm) attached to the soles of their shoes to reduce the control afforded by shifting the 

center of pressure under the base of support. This manipulation increased muscle activity 

(p=0.049) and motor variability (reflected by greater foot-placement error variability, p=0.005). 

Both groups adapted to the new visuomotor mapping, with the balance-challenged group 

showing a trend towards slower adaptation (first time constant of a double exponential fit, 

p=0.068). After the adaptation phase, participants then performed a single trial of the other 

group’s task (i.e., the non-adapted task) with non-prism lenses to assess generalization of the 

learned mapping. Both groups also generalized to the non-adapted walking task. However, the 

balance-challenged group showed greater generalization (transfer index, p=0.031). We argue that 

disrupting balance exposes the sensorimotor system to increased motor variability and allows for 

greater trial-to-trial exploration while moving. We propose that this leads to the construction of a 

more robust internal model and may explain the enhanced generalization. 
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Abstract: Modularity is a fundamental principle of whole-brain organization, supporting 

functional specialization and robustness to change. These two properties are widely believed to 

be fundamental to learning, which is supported by multiple memory systems and implies 

functional and structural changes. In recent years, the use of graph theory to construct and 

analyze formal networks from functional magnetic resonance imaging (fMRI) data has proven to 

be a productive methodology for investigating modular structure during learning, where modules 

are detected with time-resolved clustering methods applied to multi-slice networks (Bassett et al, 

PNAS, 2011; Bassett et al, Nat Neurosci, 2015). Here, we used these methods to investigate 

modular structure before, during and after performance of a sensorimotor adaptation task. On 

each of two MRI sessions, separated by 24 hours, 34 participants moved a virtual cursor (via the 

hand) to one of eight possible visual targets. After 120 baseline trials, an instantaneous 45 degree 

rotation of the cursor was introduced and participants performed another 320 trials under this 

new sensorimotor mapping. In such visuomotor rotation tasks, participants’ early task errors are 

thought to reveal the relative contributions of explicit and implicit learning processes. Based on 

these early task errors, we identified three highly distinguishable groups of participants. This 

group membership was not only predicted by the flexibility of modular structure during the task, 

but was also predicted by flexibility at rest, before even commencing the task on the first day. 

Group membership was also predicted by the propensity of brain regions to change modules 

independently of one another before the task, where this measure showed a negative correlation 

with early task error on the first day of testing, and a positive correlation on the second day. This 

finding suggests that learning on the first day changed the nature of the relationship between pre-

task modular structure and relearning on the second day. The number and (inversely) size of 

modules during rest (before learning) also showed this effect. No such measures were correlated 

with learning during resting-state scans after task performance on either day. These findings 

demonstrate that rates of learning can be predicted by spontaneous whole-brain modular 

structure prior to task performance, and suggest that learning modifies this structure prior to 

relearning. 
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Abstract: Perception and reasoning fluctuate with oscillatory bodily states. For instance, time-

locking visual events to distinct phases of the cardiac cycle alters the processing of this 

information. However, it remains unclear whether or not humans’ overt behaviour is 

continuously produced in synchrony with such inner bodily signal. In the current study we 

recorded the oculomotor behaviour and electrocardiogram (ECG) of 32 human participants 

during a visual search comparable to ‘the spot the difference’ task. Specifically, we recorded 

saccades and fixations while participants compared differences in coloration between two 

bilateral arrays. This paradigm allowed us to trace an average of 3600 saccades and 1150 

heartbeats per participant in ~16min of recording. We then computed histograms by calculating 

the number of saccades in consecutive bins from -200ms to 750ms after the R-wave, which 

signals the phasic change from diastole to systole in the ECG trace (from filling to ejecting the 

blood). We also calculated the total number of saccades and the length of the fixations in two 

time-windows of similar duration. The first window was bounded to the systolic phase at 

~200ms after the R-wave, which has been reported as the period of maximal effect of the 

baroreceptors upon cognition. The second was bounded to the diastole phase at ~500ms after the 

R-wave, which has been reported as the quiescent period of the baroreceptors. In the analyses of 

the histograms, our results show a main effect of time bin, suggesting that the number of 

saccades generated along the cardiac cycle varies in a consistent manner. Post-hoc analyses 

revealed that indeed more saccades were generated during the early phase of the cardiac cycle 

compared to the later diastole phase. Furthermore, the number of saccades produced in this latter 

phase were significantly smaller than those expected in a uniform distribution. In the analyses of 

the bounded time windows, the results show that a greater number of saccades were generated in 

the systole phase compared to the diastole. Moreover, the subsequent analysis of participants’ 

fixations supported this finding; longer fixations were found during diastole. In conclusion, by 

coregistration of eye movements and heartbeats signals, we found statistical evidence for a 

significant coupling of saccades and subsequent fixations with the heartbeat. Our results suggest 



that the different phases of the cardiac cycle and potentially the cardioballistic fluctuations of the 

ejected blood around the body, modulate overt behaviour. We believe that these results provide 

original evidence for a mechanism in which humans sample the world according to oscillatory 

bodily states. 
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Abstract: A critical component of motor skill acquisition is the ability to transfer motor learning 

from one context to a novel, or more complex scenario. In rehabilitative settings, some patients 

seem to easily transfer such newly learned skills during the same training session, while other 

patients demonstrate interference effects when introduced to novel tasks during the same session. 

Such ability to generalize, or transfer skills, has been shown to be affected by the way in which 

the initial motor skill is encoded, with differential mechanisms being utilized for implicit and 

explicit learning. Multiple studies have demonstrated that the development of explicit awareness 

during motor learning interferes with transfer to a novel task during a within training session. 

However, such studies have utilized an intentional paradigm with which to induce explicit 

awareness. Much less is known about the effects of incidentally developed explicit awareness, or 

discovery learning, on generalization. Utilizing a previously identified indicator of incidental 

explicit awareness, the current study explored the neurobehavioral correlates associated with 

successful transfer to a novel, more complex motor task. Behavioral results revealed that 

development of explicit awareness alone, was not predictive of success or failure to transfer 

motor learning. Subsequent movement-locked ERP EEG analysis provides data suggesting that 

successful transfer may depend on enhanced neural resources for error monitoring and error 

processing of both the stimulus and movement execution during the initial learning of the motor 

task. Subjects showing enhanced stimulus-locked P2 activity along with enhanced movement-



locked N2/Pe activity over mesial premotor regions during initial learning demonstrated 

successful transfer to the novel motor task. Subjects not demonstrating the enhanced movement-

locked N2/Pe activity failed to successfully transfer regardless of performance during the initial 

learning. As this movement-locked ERP activity is noted to appear early within the initial motor 

learning, the presented results may provide a tool with which to quickly identify the likelihood of 

successful generalization within a single training session. 
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Abstract: There is a debate in the literature as to whether free-choice (intention-based) and 

forced-choice (stimulus-based) action plans share similar or rely on different cognitive 

representational domains. If the feature codes representing the free- and forced-choice action 

plans are similar, they should interact when their feature codes represent the same action (e.g., 

right-hand response) vs. when their feature codes do not represent the same action (e.g., one 

represents a right-hand and the other a left-hand response). Past research shows that executing an 

action to an event can be delayed while retaining an action plan to another event if the two action 

plans partly overlap (e.g., require the same response hand but different keystrokes) vs. do not 

overlap (e.g., require different response hands and keystrokes). This partial repetition cost (PRC) 

occurs for forced-choice responses. We examined whether PRCs would occur when executing a 

free-choice response while retaining an action plan to a forced-choice response. If so, this would 

indicate that the representational domains for free-choice and forced-choice action plans are 

similar. Participants planned and retained an action to the first stimulus (A) in a sequence while 

executing an immediate response to a second stimulus (B), and then executed the retained action. 

We manipulated the feature overlap between actions A and B (partial or no overlap) and whether 

action B required forced- or free-choice responses. Results showed that PRCs occurred to a 

similar degree when action B required a forced- or free-choice response. Additionally, free 

choice responses for most participants showed either a hand bias or a bias to avoid partial feature 

overlap. This suggests that free-choice responses were selected to minimize response time and 

cognitive load. Moreover, the PRCs obtained for free-choice and forced-choice responses were 



similar for participants who showed little to no bias and for those who showed an extreme bias in 

their free-choice responses. This suggests that action plans for forced- and free-choice responses 

share the same representational domain and compete for selection within the same action control 

system. 
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Abstract: Although prior work has shown that increased motivation due to monetary incentives 

can lead to improved behavioral performance for a variety of learned motor skills, the neural 

mechanism by which this occurs remains unclear. Several studies have shown that skill-specific 

motor representations can be identified in cortical motor areas using multi-voxel pattern analysis 

(MVPA) on fMRI data. Here, examined both how the decoding of these representations change 

as a function of reward and whether specific changes in tuning in specific executive, motor, and 

reward-related brain regions can be related to changes in behavioral performance. 

In an initial fMRI session, we trained 30 human participants to perform two separate sequences 

in a discrete sequence production (DSP) task. In a subsequent fMRI session, participants 

performed these learned sequences with opportunities to earn $5, $10, or $30 for fast and 

accurate performance. Increasing incentive values coincided with enhancements in skilled 

performance. We trained a linear support vector classifier to distinguish between patterns of 

BOLD activity for the two trained sequences. Preliminary results suggest that sequence identity 

can be identified from several regions including premotor/motor areas, lateral frontal cortex, 

posterior parietal cortex, caudate, and the cerebellum. Furthermore, sequence decoding is more 

accurate and widespread at the highest levels of incentive. This suggests the tuning of skill 

representations may mediate the influence of monetary incentives on skilled performance. 
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Abstract: Introduction 

Consolidation of motor skill is defined as greater resistance to interference caused by another 

task (stability) and/or as performance improvements after a rest period (offline gains). Offline 

gains are typically reported to occur after 24 hours. An emerging view is that the brain 

opportunistically consolidates previously encoded memories whenever it is not otherwise 

occupied by encoding new memories (Mednick et al. 2011). In typical motor skill learning tasks, 

short periods of active practice alternate with short periods of rest. We here explored whether 

offline performance improvements are evidenced between short rest periods during the training 

session itself and studied candidate neural correlates. 

Methods 

Subjects (n=27) naïve to the task practiced typing a 5-item numeric sequence repetitively as fast 

and accurately as possible with the left non-dominant hand. Training consisted of 36 alternating 

practice and rest periods (10 seconds each) for 12 minutes. We measured the finger tapping 

speed of correct sequences (keypresses per second; kp/s) and tapping accuracy. To dissect 

learning into improvements occurring within practice or rest periods, we quantified the 

difference in tapping speed at the beginning of each practice period compared to the end, and at 

the end of each practice period compared to the beginning of the next. Simultaneous 

magnetoencephalography (MEG) recordings were obtained to identify spatiotemporal brain 

activity related to motor learning. 

Results 

Consistent with previous work using this task, 95% of maximum performance was reached at an 

early stage at trial 10.7 (3.6 min of training). Over these first trials, total learning was 2.37±1.26 

kp/s (non-parametric permutation test, p<0.001), within-practice learning was virtually nihil (-

0.32±4.0 kp/s, n.s.) while within-rest learning was 2.69±3.3 kp/s (p=0.003). Accuracy was stable 



along the entire training. Thus, total learning was completely accounted for by the rapid offline 

performance gains. Desynchronization of brain activity at beta (but not theta, alpha or gamma) 

rhythm during the rest periods in predominantly contralateral parietofrontal areas predicted the 

magnitude of trial-by-trial rapid offline learning. 

Conclusions 

Our results reveal a rapid form of offline consolidation during early motor learning, challenging 

classic measurements of online learning that mix within-session performance gains during 

periods of rest and practice. Beta desynchronization during rest periods could support 

strengthening of circuit connections required for rapid offline consolidation. 
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Abstract: To investigate the influence of cognitive processes on motor control, previous studies 

have examined movement preparation and its basis in the cortex. At the same time, mnemonic 

functions that could aid in movement preparation by drawing upon past experience, such as 

memory recall and statistical learning, have instead been examined primarily in the hippocampus 

and surrounding medial temporal lobe (MTL). How does memory recall and statistical learning 

facilitate movement preparation, and how do brain systems thought to be necessary for each 

interact? Using a timed-response variation of the visuomotor association task, we controlled the 

amount of time available to human participants to prepare a reaching movement to one of several 

possible targets. We measured the minimum Preparation Time (PT) necessary to reach towards 

the correct target under various conditions. When no prior target-information is available, the 

minimum PT should be longer than when the location of the target is indicated prior to 

movement onset, either by showing the target directly or by displaying a symbol that is 

associated with a target. In one experiment, participants memorized the associations between 

symbols and target locations in advance. In a second experiment, participants had to learn these 

associations in a cross-situational learning task; thus, the minimum PT for symbol-cued trials 



should initially match the trials with no cues but should converge to target-cued trials as learning 

occurs. Across 20 participants in each experiment, the mean minimum PT necessary to reach 

towards the correct target was approximately 270 ms when no cue was presented. When the 

upcoming target location was cued in advance, either directly or using a memorized symbol, the 

PT was essentially 0 ms. However, when the associations between symbols and targets had to be 

learned, the ability to use the symbols for movement preparation emerged gradually with 

experience in about 1 hour. When more symbols and targets were included, learning was slower, 

and when fewer symbols and targets were included, learning was faster. We will also investigate 

what information is encoded by motor cortical areas and the MTL during movement preparation 

in this task by repeating a version of this study during fMRI. We hypothesize that the 

hippocampus is important for learning the relationship between arbitrary symbols and target 

locations, and that once learned, it will retrieve and represent movement goals when cued with 

predictive symbols, to guide efficient motor behavior. 
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Abstract: Use-dependent learning relates to neuronal or behavioral modifications induced by the 

repetition of movements without systematic errors (Diedrichsen et al., 2010). In the current 

study, we used transcranial magnetic stimulation (TMS) to probe the neural plasticity induced by 

motor imagery and motor preparation. While excitability is facilitated during motor imagery, it is 

decreased (inhibition) during motor preparation. Here we ask whether a high level of 

corticospinal excitability is a prerequisite to use-dependent plasticity. During a pre-training 

session, we measured the direction of right thumb movements induced by TMS over left M1 

when at rest. In a first experiment, we asked participants to imagine moving their thumb (training 

session) at 110°, 60° or 0° of the pre-training direction. During the post-training session, we 

observed that TMS-induced movements were deviated proportionally and transiently, i.e. it 

returned to baseline 30 minutes after training. In a second experiment, we asked participants to 



prepare thumb movements in a direction perpendicular (90°) to the pre-training direction. 

Interestingly, the TMS-induced movements were not deviated during the post-training session. 

While motor imagery and motor preparation are two cognitive processes known to activate the 

motor system, only motor imagery, during which corticospinal excitability is facilitated, induces 

use-dependent learning. 
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Abstract: Background: In real life, prior information continuously influences the perception and 

processing of the information in the present. For example, a word is understood differently 

within sentences. This temporal integration, which occurs over multiple timescales, is processed 

within a hierarchical architecture in the human brain: higher order regions integrate information 

over longer timescales compared to lower order sensory regions (Hasson et al., 2015). We 

previously proposed a hierarchical computational model – HTRACX – that can account for the 

multi-scale properties of human sequence processing. We now set out to test a novel prediction: 

that individual brain regions maintain a local information context, and that low-level regions 

establish a new context rapidly, while higher order regions establish new context representations 

more gradually. 

Model Design: Our hierarchical model, HTRACX, is built by cascading a series of temporal 

auto-encoders, modified from a sequence learning model (French et al. 2011). Each level of the 

model learns the associations between sequences of elements and chunks in the input. 

Specifically, higher levels of the HTRACX model employ longer time constants, enabling them 

to preserve context over longer periods. 

Testing Hierarchical Context Construction: We hypothesized that lower levels of the model 

should establish context more rapidly compared to higher levels. To test this, we measured the 

time taken for context variables in the model to become synchronized, when the current input 

sequence is shared, but the input history is different. We found that higher levels of HTRACX 

took longer to synchronize their responses when the same input sequences were presented in 

different prior contexts. 



Context effect on brain response: To test this prediction in the brain, we performed a similar 

analysis in fMRI data. One group of 22 subjects listened to a 9 minutes auditory story in the 

fMRI scanner, and another group listened to a version of the story scrambled by sentences (mean 

duration 21.85s). We computed inter-subject pattern correlation across groups to measure the 

neural response within each sentence preceded by an intact or scrambled context. We found that 

the neural response gradually aligned, thus achieving a higher correlation in the later part of the 

sentence. As predicted by HTRACX, higher order regions reach such alignment slower than 

lower order regions. 

Conclusion: Our model, HTRACX, for simulating sequence processing in the cortical hierarchy, 

predicts that context is constructed on different timescales in different brain regions, a 

phenomenon that we confirmed in fMRI data within a naturalistic language paradigm. 
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Abstract: Statistical learning (SL) is a fundamental neurocognitive mechanism that enables us to 

extract complex probabilistic regularities embedded in the environment. However, individual 

differences in SL have not been comprehensively characterized yet. We hypothesized that SL 

would be influenced differently by individuals’ executive function (EF) and working memory 

(WM) capacity. The study included two sessions on two separate days. In Session 1, participants 

performed various neuropsychological tests known to be involved in EF and WM. In Session 2, 

participants performed the Alternating Serial Reaction Time (ASRT) task that has previously 

shown to capture statistical learning of probabilistic associations. Participants were asked to 

press one out of the four buttons which corresponded to the target presented on the screen. The 

ASRT task had three different trial types: pattern trials with high probability condition, random 

trials with high probability condition (random-high), and random trials with low probability 

condition (random-low). The difference between random-high and random-low trials was 



defined as ‘SL score.’ As random-high and random-low trials were separated solely by 

probability, we could examine pure SL effects. The learning task was divided into three periods 

to investigate the dynamic changes associated with learning. Also, we defined a ratio of bias as 

the number of incorrect responses when participants pressed the buttons of high-probability 

target instead of low-probability target. By calculating the bias, we could find whether 

participants achieved SL or not following the assumption that participants would expect an 

occurrence of a high-probability target more than a low-probability target over the course of SL. 

According to our results, participants showed significant SL both in terms of reaction times and 

accuracy. Regarding the bias, it increased significantly in the second period against the first 

period, suggesting increased expectation of high-probability targets as learning progressed. 

Similarly to previous studies, higher SL score seemed to be associated with weaker performance 

on some WM and EF measures, although these correlations did not reach significance. 

Interestingly, however, we found that higher SL score was significantly related to better 

performance (smaller conflict scores) on Stroop task [r = -0.403, p < 0.05], suggesting that 

inhibitory control may have a different role in SL compared to other aspects of WM and EF. Our 

findings can contribute to a better understanding of the neurocognitive underpinnings of SL. 
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Abstract: Researchers suggested that electrical and acoustic stimulation during sleep can have a 

positive effect on memory consolidation. They explained that entrainment of slow oscillation 

(SO) and sleep spindle through the stimulation during sleep can derive the improved memory 

consolidation. Over the years, related studies have reported that temporal relationship between 

SO and sleep spindle is also an important factor for the memory consolidation. In this study, we 



attempted to evoke SO activity by delivering pink noise after sleep spindle detection so that SO 

and sleep spindle can have temporal relation. 

Seven right-handed male participants (mean ± SD age: 27.5 ± 1.2 years) were recruited for this 

study. All the participants visited the laboratory three times for a nap on different days. The first 

nap was adaptation nap for measuring the sleep EEG data (32 channels including Cz for spindle 

detection) which were used to calculate a spindle power threshold of the sleep spindle detector. 

The second and third nap were stimulation or sham nap in pseudo-random order and they were 

spaced at least two weeks apart. During the stimulation nap, pink noise acoustic stimuli (62dB 

SPL, 50 ms) were delivered after the detection of the sleep spindle. Before and after the 

experiment, subjects conducted finger tapping task (tapping a five-digit sequence, e.g., 4-1-2-3-

1) for the motor learning. 

We found K-complex (KC) component from a trial-averaged waveform during the stimulation 

nap. KC is SO activity evoked by acoustic stimulation during the nap. Furthermore, an analysis 

for phase-locking component revealed that evoked KC was phase-locked with the stimulation 

onset. There is no other phase-locked component. After 15 minutes of stimulus began, a stronger 

delta band (1-4 Hz) activity was observed during the stimulation nap compared to the same time 

period of sham nap (p < 0.05). In the behavioral analysis, subjects showed a greater increment of 

finger tapping speed after the stimulation nap (p = 0.0194). 

In this experiment, we evoked SO after the spindle activity by delivering pink noise stimulation 

during the nap. We found the clear auditory evoked potential (KC) by the stimulation, and it 

derived higher delta activity during the stimulation nap compared to sham nap. Furthermore, we 

observed stronger memory consolidation effect after the stimulation nap. These results may 

imply that SO following sleep spindle activity may stabilize the slow wave sleep (SWS) for 

ongoing sleep and enhance the procedural memory consolidation. 
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Abstract: Anecdotally we know that a difficult problem can often be solved by ‘sleeping on it’. 

Sleep has been shown to benefit insight, gist-extraction and some motor tasks, but the 

computational mechanisms by which performance can improve without an external teacher 

remain unclear. We hypothesized that off-line learning could be driven by simulated experience 

generated by a previously-acquired forward model. Put simply, during the day we learn ‘if I do x, 

then y happens’ (forward prediction) and during the night we invert this to learn ‘if I want y to 

happen, then I should do x’ (inverse control). This scheme has multiple advantages: model-free 

reinforcement learning of inverse controllers is time-consuming and requires a lot of training 

data, while forward models are well-defined and can be learned efficiently through supervised 

methods. We developed a novel abstract sequence task which allowed separate probing of 

forward prediction and inverse control to test three predictions arising from our hypothesis: (1) 

there should be no off-line gains in forward prediction, (2) there should be off-line gain in 

inverse control, and (3) off-line inverse gains should depend on the accuracy of forward 

prediction. Our inverse control task required subjects to acquire targets by pressing left/right 

keys that moved a cursor through sequences of seven locations. Accuracy was determined from 

subjects’ ability to acquire targets with the minimum number of key presses. In separate tests of 

forward prediction accuracy, subjects were asked to predict with a mouse click where the cursor 

would end up after a given sequence of key presses. Between two consecutive days of task 

performance, we observed robust off-line gains in inverse control but not forward prediction. 

Moreover, off-line gains were greatest for those subjects who performed forward prediction well 

at the end of day 1. Since inverse and forward learning rates on day 1 were correlated, we used 

multiple regression to disentangle their combined influence on off-line inverse gains revealing a 

significant positive influence of only forward prediction accuracy. In a second experiment with 

three learning sessions each separated by 12 hours, we found that this relationship held only for 

overnight periods including sleep and not for day-time waking periods. Neural network 

simulations confirmed that off-line reinforcement learning using forward models is an efficient 

strategy to learn such inverse tasks. We suggest that this powerful and biologically plausible 

architecture provides a computational framework within which to interpret neural activity during 

sleep and the behavioural consequences thereof. 
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Abstract: In education, an important goal is to find the most effective way of presenting 

information to beginners. Several studies in the literature suggest multimodality is beneficial for 

music learning. However, these studies have used passive exposure (e.g. Loui et al., 2010) and 

neglected explicit instruction, which also plays an important role for the acquisition of musical 

knowledge. Here, we investigated the neural signatures of novel music sequence learning 

through active reproduction with auditory vs. audio-visual input, by studying the neural 

responses to high- vs. low-probability notes before and after learning. We expected that the 

event-related component N100 would be smaller in response to high- compared to low-

probability notes, as it has been found to be sensitive to statistical probabilities of melodic 

sequences (Carrus et al., 2013) 

In the training phase, participants (non-musicians) learned melodic sequences generated by an 

artificial musical grammar (Rohrmeier et al., 2011), which consisted of 18 different diatonic 

melodies, 8-22 notes long. For the testing phase, we presented melodies terminating with high- 

or low-probability notes with respect to the musical grammar, as calculated using the melodic 

expectancy model of Pearce (2005). The experiment took place on 4 consecutive days. On day 1-

3, participants were trained on the melodies through active reproduction on a keyboard: they 

listened to the first 2 notes of a melody, and only after they reproduced them correctly, the next 

segment was increased by one note and so on. The audio-visual group (N=20) had each note 

colour-coded on screen, whereas the auditory group (N=20) had no colour indication and needed 

to rely only on the acoustic information to reproduce the sequences. Participants’ learning of the 

melodic sequences was tested before and after training (days 1 and 4): they were presented with 

melodies and asked to judge if the final note was correct or incorrect, while EEG was recorded. 

At the behavioural level, we observed that participants successfully learned the melodies 

generated by the artificial grammar, but there was no significant difference between groups. At 

the neural level, we found an interaction between group and expectancy for the mid-frontal N100 

amplitude after learning. Particularly, the auditory group elicited a smaller negativity in response 

to expected than unexpected notes. This difference was not present in the audio-visual group, 

suggesting that they might have not been able to perform this early discrimination. Our findings 

support that multisensory presentation in fact impairs the learning of an artificial musical style, 

as indexed by the early brain responses. 
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Abstract: Rationale: Exercising after practice improves retention of motor skills (Roig et al., 

2012). Specifically, high-intensity interval training (HIIT) after practice of a motor skill leads to 

better task performance one day and one week later compared to low-intensity interval training 

(LIIT) or no exercise (Thomas et al., 2016). Neurochemicals released during HIIT are presumed 

to enhance neuroplastic mechanisms related to learning during early consolidation (Skriver et al., 

2014). The facilitating effects of HIIT have been demonstrated for the learning of implicit motor 

sequence tasks. However, little is known about the impact of HIIT on the consolidation of 

explicit motor skills in the context of real-world learning. Piano playing is a real-world task that 

involves explicit learning of motor sequences. In this exploratory study, we hypothesized that 

adults who perform HIIT after piano-sequence learning would exhibit better retention of the 

learned sequence than those who perform LIIT. 

Methods: We recruited healthy volunteers between the ages of 18 and 35 who were non-

musicians. Participants underwent a graded maximal exercise test (GXT) to determine their 

cardiorespiratory fitness (VO2peak) and their maximum power output (Wmax). At least one day 

later, participants practiced a piano sequence before completing an interval exercise protocol 

(IEP). The IEP consists of 3 repetitions of alternating intervals of 2-min low-intensity and 3-min 

high-intensity cycling (HIIT group: 60% & 90% Wmax; LIIT group: 8% & 12% Wmax). 

Participants were tested on the piano sequence one hour, one day, and one week after initial 

practice. 

Statistical Analysis: Performance was quantified by pitch and rhythm accuracy, which are 

defined as the proportion of correct key presses and correct timing of presses, respectively. 

Preliminary Results: We analysed data from 16 participants (n=7 HIIT, n=9 LIIT) using a two-

way mixed ANOVA with between-subjects factor of intensity (HIIT, LIIT), and within-subjects 

factor of retention interval (1 hr, 1 day, 7 days), and gender, fitness, and baseline performance 

during acquisition as covariates. No main effect of intensity was observed for pitch or rhythm 



accuracy (pitch: F(1,12) = 0.016, p = 0.902, eta2 = 0.001; rhythm: F(1,12) = 0.256, p = 0.623, 

eta2= 0.023). 

Conclusion: Preliminary analysis provides no evidence that HIIT enhances consolidation of 

piano learning. However, definitive conclusions must be reserved until data collection is 

complete. 
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Abstract: Today’s digital society offers diverse possibilities to provide instructive 'how-to' 

videos and to learn by observing them: video platforms allow uploading of self-made instructive 

videos, which in turn can be used for watching and learning.We investigated this facet of 

naturalistic human learning and interaction employing functional MRI: In order to create an 

instructive origami video we videotaped a highly trained, blindfolded instructor who folded an 

origami inside the MRI scanner. During the main experiment subjects had three attempts to 

learn: they viewed the instructive video three times inside the MRI with the task to memorize the 

foldings; right after each viewing they had to reproduce the sequence of foldings as far as they 

could. As a control, we videotaped the instructor folding similar but partly repetitive folds. While 

watching this control video subjects had only to count the number of folds to ensure cognitive 

processing. 

We found high similarity between the (HRF convolved) average optic flow motion of the videos 

and especially the observers’ BOLD activity not only in parietal but also somatosensory and 

premotor areas, reflecting motion related activity under naturalistic conditions in the Action 

Observation Network (AON).The broader aim of this study was to investigate voxel-wise 

similarities and synchronization between the instructor and observers to find common processes 

for learning, and for mere action identification (the control condition). We found the highest 



similarities in all conditions in the AON. Additionally, dorsolateral and medial prefrontal 

similarities were found esp. for the learning runs. When investigating time lags, a bootstrap 

procedure showed that while a vast part of the observer activity was either in sync or lag with the 

instructor, part of the somatosensory and premotor/MTG areas showed advancing observer 

activity during the initial learning condition. Thus performing a complex naturalistic task and 

observing it is accompanied by similar brain activity in several brain regions common to both 

participants, with the naturalistic design offering possibilities to show fine-grained differences 

between different types of action processing, i.e. memorization and identification. 
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Abstract: The acquisition of our everyday habits strongly relies on procedural learning. To 

change these habits, the associations underlying these behaviors need to be overwritten with new 

ones. Such rewiring typically involves inhibiting the old, automatic associations while 

developing new ones. These processes have mainly been investigated in the context of extinction 

learning, focusing on reward-related and drug-seeking behaviors, primarily in rodents. However, 

little research has been done on how rewiring occurs in other habitual behaviors and whether the 

findings of extinction learning holds for neutral stimuli as well. Here we aimed to investigate the 

basic neurocognitive functions underlying habit formation and change, independent of reward-

related processes. More specifically, we tested the role of inhibitory control and learning new 

associations during rewiring in a neutral context in humans. Thirty-two healthy young adults 



participated in the experiment. Procedural learning was measured by the Alternating Serial 

Reaction Time (ASRT) task in three sessions. On Day 1, participants acquired probabilistic 

associations embedded in an ASRT sequence. After 24 hours, a combined version of the Go/No-

go paradigm and the ASRT task was administered with a new sequence that partially overlapped 

with the previously practiced one. Some of the associations changed: highly probable ones 

became less probable, while less probable ones became highly probable on Day 2. Other 

associations remained unchanged. Participants were instructed to suppress their automatized 

responses for some of the originally high-probability associations (No-go trials) that became less 

probable on Day 2. In contrast, they had to respond to those that became more probable to 

acquire these new associations. After another 24-hr delay, performance was tested on both the 

original and the new sequence. Results show that associations learned on Day 1 could not be 

wiped out by the newly learned associations; instead, participants were able to flexibly switch 

between and express the knowledge on the associations learned on Day 1 and Day 2 in a context-

specific manner. The No-go manipulation seemed to impair the acquisition of the new 

associations instead of promoting it. These findings are mostly consistent with extinction and 

inhibitory learning studies showing that newly formed memories compete with the original 

memories for the control of behavior and suppressing automatic responses may be even 

detrimental during rewiring. Our study provides further insights into the neurocognitive 

underpinnings of habit change and can contribute to a better understanding of relapse behavior in 

addictions. 
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Abstract: Research suggests that automatic cognitive biases and action tendencies exist for 

addictive stimuli in people with problematic use. For example, Weirs, et al. (2011) found that 

alcohol-dependent individuals are quicker to approach and slower to avoid pictures of alcohol 

stimuli compared to neutral stimuli; this cognitive bias is not present in people without 



problematic drinking behaviors. Importantly, studies indicate that these cognitive biases can be 

manipulated to decrease problematic behavior and improve treatment outcomes (Weirs, et al., 

2013). The purpose of the current study is to replicate this cognitive bias effect in individuals at 

risk for problematic gambling behavior. 

132 undergraduates were recruited from the University of Connecticut for a 30-minute study. 

First, participants completed three questionnaires assessing gambling behavior: Massachusetts 

Gambling Screen (MAGS), South Oaks Gambling Screen (SOGS), and Problem Gambling 

Severity Index (PGSI). Participants then completed a cognitive bias task, in which they were 

seated in front of a computer equipped with a standard gaming joystick and headphones. 

Participants were instructed to pull the joystick in response to an irrelevant property of the 

stimuli (ie. if the image is tilted to the left), causing the stimuli to enlarge as if it is moving 

closer, and to push the joystick in response to the opposite irrelevant property (ie. if the image is 

tilted to the right), causing the image to minimize as if it is moving farther away (instructions for 

whether to push or pull in response to the tilt of the image depended on the condition the 

participant was randomly assigned to). Participants completed two test sessions total. Response 

time and accuracy were recorded by the computer. 

Initial analyses do not reveal any significant differences between the two groups, nor significant 

cognitive biases for gambling stimuli in either group. Future research will compare this lack of 

cognitive biases for gambling stimuli to cognitive biases for other behavioral addictions, such as 

pornography. Subsequent studies will also aim to use a cognitive retraining paradigm to reduce 

automatic cognitive biases and thereby decrease problematic behaviors. 
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Abstract: Sequence learning, which often occurs gradually and implicitly, underlies numerous 

motor, cognitive, and social skills. Previous models and empirical investigations of sequence 

learning in humans and non-human animals have highlighted cortico-striatal-cerebellar circuitry. 

To systematically examine the functional neuroanatomy of sequence learning in humans, we 

conducted a series of neuroanatomical meta-analyses. We used rigorous study selection criteria 

to control for visual, motor, and other confounds. This allowed us to target sequence learning 

itself, independent of other factors. With this approach, we found that sequence learning, as well 

as implicit sequence learning more specifically, yielded consistent activation only in the basal 

ganglia, across the striatum (caudate nucleus and putamen) and the globus pallidus. In contrast, 

when visuomotor and other factors were not controlled for, premotor cortical and cerebellar 

activation were additionally observed. The study provides solid evidence that sequence learning 

in humans, in particular implicit sequence learning, relies on the basal ganglia, with no evidence 

from these analyses for cerebellar or premotor contributions. The findings have both basic 

research and translational implications. 
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Abstract: The purpose of this study was to determine if training with a bimanual motor task 

would result in a motor skill memory that was enhanced over wakefulness in a manner consistent 

with developing an implicit memory for sequencing skills. To examine this idea, corticospinal 

excitability was measured at three time intervals: 1) in a baseline session 10 minutes before 



training, 2) at a 6 minute interval after training, and 3) at a 21 minute interval after training. 

Previous research with uni-manual sequencing tasks have revealed no decrease as well as 

increases in corticospinal excitability above baseline at similar and longer post-training intervals 

for tasks that are characterized by an enhancement of motor memory formation within 2-6 hours 

after brief bouts of training. In this study, transcranial magnetic stimulation (TMS) over left-

hemisphere M1 was used to generate motor evoked potentials (MEPs) in the right-hand first 

dorsal interosseous (FDI) muscle. Participants abducted-adducted the index fingers on the 

horizontal plane without seeing their fingers. A visual display of a circle template representing 

the coordination pattern of 90° and a dot representing the motion of the two fingers was 

presented on a monitor in front of the participants. Participants (n=15) were trained on the 90° 

pattern for 20 minutes and instructed that moving the dot around the circle would indicate they 

were producing the 90° coordination pattern between their fingers. It was predicted that post-

training MEPs at 6 and 21 minutes would not decrease compared to baseline and would be larger 

than baseline MEPs. The above predictions were statistically supported, ts (14) > 5.1, ps <= 

.0001. The training also resulted in performance improvements for the bimanual pattern as 

evidenced by significant reductions in error and significant increases in coordination stability 

across practice, ts (14) < -2.2, ps <= .01. Thus, brief training with the bimanual task resulted in 

corticospinal excitability increasing above baseline for an extended period after training, a novel 

finding for a bimanual task and a finding consistent with excitability levels found after training 

with sequencing tasks. This suggests that the motor memory for the 90° bimanual pattern was 

being encoded as an implicit motor task. 
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Abstract: Transcranial magnetic stimulation (TMS) is a noninvasive neuromodulation tool that 

shows promise as an adjuvant to skill learning paradigms. TMS can be applied in a myriad of 

ways, and the effects of changing its parameters, including site of stimulation, are not well 

understood. Furthermore, measures of behavior alone following TMS may not fully reflect the 

processes of neurophysiological plasticity that occur. Here we use a standardized voice treatment 

protocol (LSVT) for individuals with Parkinson disease (IWPD) as a model paradigm for TMS 

adjuvancy, along with resting state fMRI (RSMRI) connectivity measures, to examine the effect 

of TMS targeted on the primary laryngeal motor cortex (M1larynx) in the left and right 

hemispheres (affected in IWPD with voice deficits) and respective networks as described by the 

Directions Into Velocities of Articulators (DIVA) model of speech system. We hypothesized that 

compared to sham (STMS), TMS applied to the left M1larynx (LTMS) would increase 

connectivity to the feed forward speech network (FFSN) and behaviorally effect treatment 

duration, while TMS applied to right M1larynx (RTMS) would increase connectivity to the 

feedback speech network (FBSN) and impact the rate of learning. Fifteen IWPD (5 female, 

Hoehn and Yahr stage 2.6 ± 0.8) with voice deficits were enrolled in a double blinded, 

radomized, sham controlled clinical trial. Voice measures and RSMRI scans were performed at 

baseline, post treatment, and at 16 week follow up. Three thousand pulses of 5 Hz LTMS, 

RTMS, or STMS were delivered immediately preceding LSVT for 16 sessions over 4 weeks. 

Connectivity of LTMS and RTMS targets was measured by correlating LM1 and RM1 time 

courses to other regions and contrasting results on individual and group levels. Behaviorally, 

there was no significant difference between groups post-treatment in the primary endpoint of 

vocal loudness, but the RTMS group improved fastest during treatment (reaching endpoints at 

only 2 weeks) and the LTMS group showed the best retention of gains at follow up. Post 

treatment, RSMRI demonstrated greater connectivity of LM1 to FFSN in the LTMS group and 

of RM1 to FBSN in the RTMS group versus sham. At follow up, the RTMS group had no further 

changes while the LTMS group had increased FBSN connectivity. This exploratory study is 

novel in its use of RSMRI to demonstrate how the site of TMS stimulation differentially affected 

network changes even with similar primary endpoint behaviors. This suggests that a wider array 

of behavioral measures of learning may be needed when studying TMS adjuvancy and that 

RSMRI is useful for elucidating how specific TMS parameters affect cognitive changes during 

skill learning. 
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Abstract: Increasing variability in practice schedules has been shown to slow initial learning but 

lead to improved transfer after a consolidation period (Shea & Morgan, 1979). The underlying 

mechanisms for this process are not well-understood and there has been limited exploration of 

methods by which variability can be imposed during practice. The present study increased 

training variability by introducing random noise in inter-cue timing during learning of a purely 

implicit motor sequence learning task, the Serial Interception Sequence Learning (SISL) task. In 

this task, participants make a precisely timed response to a cue moving down a computer screen 

towards a target in one of four spatial locations. Participants are not told that a repeating 12-cue 

sequence is embedded within the task. This sequence has a consistent timing pattern of inter-cue 

intervals split between short (300ms initially) and long (600ms) intervals. The task speeds up 

with practice adaptively to each participants’ performance to keep the overall accuracy at ~80% 

correct and speed changes are reflected proportionally in the short/long intervals between cues. 

Variability during practice was created by adding normally distributed noise with a standard 

deviation of 100ms or 200ms during 6 blocks of training with 36 target sequence repetitions each 

block. Participants were 54 Northwestern University undergraduates randomly assigned to 1 of 

the 3 timing conditions during training. Sequence knowledge was assessed during a post-training 

test with no timing variability in which participants saw 3 sequences (1 trained and 2 novel foils) 

and sequence knowledge was measured as the increase in accuracy (percent correct) for the 

practiced sequence compared with foils. A one-way between subjects ANOVA of training 

variability condition revealed a significant linear effect of variability on test performance, 

F(1,52) = 9.6, p = .003. The normal timing condition (M = 17%, SD = 11%) was more accurate 

than the intermediate timing condition (M = 12%, SD = 8%) which was more accurate than the 

high variability timing condition (M = 7%, SD = 9%). This suggests that imposing timing 

variability slows learning of implicit motor sequences, reinforcing the idea that implicit learning 

is inflexible (Dienes & Berry, 1997; Gobel et al., 2011a, b). Future work will examine the effect 

of training variability on transfer of skill performance immediately and at a delay to assess if 

increasing inter-cue timing variability produces effects like contextual interference (Shea & 

Morgan, 1979) on implicit sequence learning. 

Disclosures: K.D. Schmidt: None. Y. Han: None. P.J. Reber: None. 



Poster 

247. Human Cognition and Behavior: Motor Learning and Memory 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 247.19/HHH9 

Topic: H.02. Human Cognition and Behavior 

Title: Partial transfer of implicit perceptual-motor skill to novel timing structure 

Authors: *Y. C. HAN, K. D. SCHMIDT, P. J. REBER 

Northwestern Univ., Evanston, IL 

Abstract: Implicit learning has been observed to be inflexible, with virtually no knowledge 

transfer of a covertly embedded perceptual motor sequence when relative inter cue timing was 

changed (Sanchez, Yarnik, & Reber, 2015; Gobel et al. 2011a, b). In the Serial Interception 

Sequence Learning (SISL) task, participants observe circular cues moving vertically down a 

screen towards one of four target zones, which follow an undisclosed 12 item repeating sequence 

with a timing structure of 6 long (600ms) and 6 short (300ms) inter cue intervals. Correct 

responses require a precisely-timed press of a key corresponding to cue location. Task speed is 

adaptively adjusted based on individual performance to maintain ~80% accuracy. Inter-cue 

timing is adjusted proportionally to maintain the long/short (2:1) timing ratio. Sequence 

knowledge is measured as accuracy during the repeating sequence minus accuracy on novel 

sequences, resulting in sequence-specific performance advantage (SSPA) assessment. 

Participants completed training with 6 blocks (540 trials/block, 216 total sequence repetitions) 

followed by SSPA assessments in three tests: (1) the same timing structure, (2) inverted 

long/short cue timings (replicating Gobel et al. 2011a, b), and (3) repeating sequence presented 

cues at equal fixed inter-cue timing. As seen previously, participants exhibited no sequence 

knowledge on the inverted timing test, replicating prior results (M = -2.28%, SE = 1.43 %). 

However, performance on the equally-spaced timing was reliably greater than chance (M = 

7.78%, SE = 1.26%), t(53) = 6.19, p < 0.01, reflecting partial transfer of implicit knowledge. 

Performance on this transfer test was reliably lower than performance on the test with the trained 

timing structure (M = 12.42%, SE = 1.43%), t(53) = 2.51, p = .015, indicating some inflexibility. 

This is the first study to observe partial transfer after implicit learning. Prior studies observed 

either full expression of sequence knowledge or complete inflexibility, transfer conditions being 

treated essentially as a novel sequence. Future research will test whether there is a general 

gradient across magnitude of timing change, which may indicate the precision of implicitly 

acquired, timed-action sequence neural representations. Alternately, equally spaced timing may 

reflect a special case that reveals separate representations of cue order information and ISI 

timing. Because of the limited flexibility seen selectively in implicit learning, the character of the 

underlying neural representations can be examined via assessing patterns of transfer. 
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Abstract: A bout of high intensity cardiovascular exercise seems to lead to an enhanced state of 

arousal as reflected by increased EEG beta (13-30 Hz) power after acute exercise (AE) (Crabbe 

& Dishman, 2004) and to trigger motor learning 24 h after exercise, i.e., motor memory 

consolidation, more than a resting control condition (Roig et al., 2012). So far, research on AE 

and motor learning mainly focused on motor tasks requiring power grips and matching force 

profiles by continuous wrist movements. EEG correlates after AE during motor performance in 

young adults have not been examined. Thus, this study aimed to investigate the influence of AE 

on motor learning in a fine motor task using a precision grip with index finger and thumb. 

Therefore, thirty high-fit young adults (18-34 years of age) performed a cardiovascular exercise 

test on a bicycle ergometer and were matched with respect to their cardiovascular fitness level 

into two groups; a high intensity exercise group (HEG; n=15, female: n=8; AE = warm up: 5 min 

cycling at 40% max Watt (mW), 3x3 min at 90% mW interspersed with 3x2 min at 60% mW, 

cool down: 5 min at 20% mW) and a low intensity exercise group (LEG; n=15, female: n=9; AE 

= 25 min cycling at 20% mW). Motor learning was assessed with a precision grip tracking task. 

Participants had to track a sine wave with their right dominant hand at baseline (immediately 

before AE: 8 trials of 15 sec (i.e., 1 block)) and three practice sessions (immediately, 30 min and 

24 h after AE: 4 blocks each). Tracking variability was operationalized as the root mean square 

error (RMSE). EEG was recorded at baseline and practice immediately and 30 min after AE. 

Beta task-related power (TRPow) was analyzed for frontal, central and centro-parietal electrodes. 

Data analysis is still in progress. We hypothesize that motor performance of the HEG is better 24 

h after AE as compared to the LEG, reflecting improved motor memory consolidation. With 

respect to the EEG, we expect the HEG to reveal stronger beta TRPow decreases immediately 

and 30 min after AE than the LEG, indicating enhanced cognitive and motor processing during 



motor performance. 

Crabbe, JB & Dishman, RK (2004). Psychophysiol, 41(4), 563-574. 

Roig, M, Skriver, K, Lundbye-Jensen, J, Kiens, B & Nielsen, JB (2012). PloS One, 7(9), e44594. 
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Abstract: Numerous studies revealed the capacity of older adults (OA) to learn new motor 

skills. To effectively design personalized motor learning interventions, it is crucial to predict 

potential learning outcomes and to isolate neural mechanisms that are associated with these 

predictions. Echo State Networks (ESNs), a variant of Recurrent Neural Networks, are 

particularly suitable to classify EEG data based on their critical spatiotemporal characteristics. 

We used ESNs to classify resting state EEG data of young (YA) and OA obtained before training 

a force modulation tracking (FM) task in precision grip with their right thumb and index finger. 

28 YA and 47 OA were trained in the FM task. 32-channel resting EEG was measured before the 

training. Based on their performance gain, OA were identified as good (OA+) or bad learners 

(OA-) by median split. Half of the EEG data per participant was used to train two ESNs to 

classify the other half of the data either as YA or OA, or as OA+ or OA-, respectively. 

Interestingly, the ESN that was trained to differentiate between YA and OA, classified OA+ to 

be more like YA but OA- to be like OA. Based on the classification, individual EEG data were 

split in segments that were classified as either YA, OA+, or OA- per participant. These segments 

were pooled within groups and are further analyzed with respect to their EEG signatures. These 

analyses will now provide evidence about the EEG components and therefore potential 

underlying neural mechanisms predicting good learning outcomes in OA. Analysis of resting 



EEG further revealed that OA+ and OA- differed with respect to alpha (8-12 Hz) and beta (13-30 

Hz) oscillatory power over several frontal, central, and parietal sites with OA- having more alpha 

and less beta power than OA+ at rest, even when controlled for baseline performance. YA had 

even higher alpha and lower beta power than OA-. Results indicate that OA+ compensate for 

age-related decline in learning capacity by using different processing strategies in the preparatory 

phase before motor training. Further, EEG data of OA+ contain signatures that are similar to YA 

but are not reflected in alpha and beta oscillations. 
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Abstract: Previous work has shown a striking difference in the brain between remembering 

meaningful, autobiographically-relevant memories versus laboratory-learned stimuli (e.g., 

Rissman et al., 2016). However, autobiographical memory research has been largely limited to 

small numbers of self-reported and subjective verbal memories or photographs collected over a 

short experimental time. Because of these limitations, work in autobiographical memory has 

been unable to probe the neural correlates of visual memories over a long time scale to look at 

questions such as how retrieving remote memories may differ from recent memories, and how 

different content of autobiographic memory is reflected in the brain. In the current study, 

participants were recruited for a 3T fMRI experiment from the userbase of the app “1 Second 

Everyday” - a popular social media app where users record a 1-second video every day of events 

in their lives. While one second is brief, these videos are also information-dense, with dynamic 

visual content that serves as highly salient cues to specific memories. Participants (N=16) were 

scanned in an event-related design while they viewed 300 randomly sampled videos across their 

recorded time span (on average, participants had 724 total recorded videos, or close to 2 years). 

Importantly, participants were experimentally paired based on similar matched demographics, 

and in addition to watching their own videos in the scanner, watched 300 videos of the other 



participant randomly interspersed with their own. These two matched participants will thus have 

identical perceptual experiences but opposite memory experiences. From this, we find 

significantly higher activation in several regions including the medial parietal cortex, medial 

temporal lobe (including the hippocampus), and the frontal pole when participants viewed their 

own memories versus another’s. Importantly, these same regions show sensitivity to the 

remoteness of a participant’s own memories. We additionally find significant neural patterns 

related to familiarity of the faces and scenes present within people’s memories. In sum, these 

large-scale real-world memories give us an unprecedented ability to look at detailed questions 

about the neural correlates of memories over different times and content. 

Disclosures: W.A. Bainbridge: None. C.I. Baker: None. 

Poster 

248. Human Cognition and Behavior: Human Long-Term Memory: Retrieval I 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 248.02/HHH13 

Topic: H.02. Human Cognition and Behavior 

Support: NSF Grant BCS-1461088 

Title: Fast sleep spindles associated with improved memory for specific objects 

Authors: *S. WITKOWSKI, J. D. CREERY, L. E. DIONISIO, K. A. PALLER 

Psychology, Northwestern Univ., Evanston, IL 

Abstract: Current theories of sleep postulate that memories can be strengthened through replay. 

This replay is thought to be engaged spontaneously during sleep, and has tentatively been 

associated with fast sleep spindles in EEG recordings (brief increases in oscillatory activity at 

13.5-15 Hz). In this study, we investigated EEG sleep physiology and memory for visual objects. 

Participants first learned the locations of 64 objects on a grid. They intentionally learned the 

locations of these objects, but did not know that they would need to recognize the specific 

objects later. Each object was presented concurrently with a related sound. After a pre-nap test of 

this spatial knowledge, participants took a 90-minute nap during which 32 object sounds were 

presented softly during slow-wave sleep. Upon waking, participants were given a surprise 

recognition test with 96 objects, including 32 new objects, 32 old objects (identical to those seen 

before), and 32 similar objects (different from one seen before but within the same category). 

Participants attempted to identify each object as old, similar, or new, and then took a post-nap 

spatial recall test. A recognition specificity score was calculated as the sum of correctly 

recognized old and similar objects from the object-recognition task. Fast spindle density during 

sleep (number of spindles per 30 seconds) correlated with the specificity score, but not with 

spatial recall accuracy. Slow oscillation density (number of slow oscillations per 30 seconds) and 



delta power during NREM sleep negatively correlated with the specificity score. Cues during 

sleep produced a relative improvement for top-half learners in spatial recall, as observed in 

previous studies of targeted memory reactivation (TMR). Recognition specificity was not 

influenced by TMR. Overall, these results provide further evidence that fast spindles play a role 

in memory consolidation during sleep, particularly for memory precision with respect to 

remembering which specific objects were seen previously. 
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Abstract: Episodic memories can be highly rich in detail, containing a wealth of multimodal 

sensory information. In reflection of such qualitative variability, the process of recollection is 

accompanied by increases in activity and functional connectivity of a widespread network of 

brain regions. Despite this behavioral and neural complexity, research has only recently begun to 

distinguish the fidelity of distinct episodic memory features from the overall probability of 

recollecting a previous experience. As such, it remains largely unknown how neural networks 

dynamically support qualitative aspects of memory retrieval, including the composition and 

precision of episodic memory details. It is also unknown how these neurocognitive processes 

might be modulated by factors such as emotion, which may bias the contents or fidelity of 

retrieval. To investigate these questions, we developed a novel memory paradigm using complex 

multimodal events where, in an MRI scanner, 28 participants studied a series of unique objects. 

Each object was presented in a specific location within a 360 degree panorama scene, in a 

specific color sampled from a continuous color spectrum, and was accompanied by either an 

unpleasant or a neutral natural background sound. In a memory test, participants were asked to 

recollect each object’s encoding event and reconstruct its original color and scene location, 

providing fine-grained measures of memory quality. Univariate analyses revealed that regions 

within the anterior temporal network and posterior medial network, particularly the angular 



gyrus, code for the precision of item and contextual features in memory over and above 

successful retrieval. Moreover, negative emotion modulated the relationship between posterior 

medial function and item color memory precision specifically. Planned analyses will use 

network-level functional connectivity and multivariate techniques to further specify how 

interactions between brain regions support memory for specific episodic features and the 

precision with which they are recollected. 
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Abstract: Retrosplenial cortex (RSC) is an important node in the human cortical memory 

network, showing strong anatomical and functional connectivity to the parahippocampal gyrus 

(PHG). RSC has been well established to be involved in complex scene analysis and the memory 

of fixed landmarks; however, it has not been investigated whether RSC is involved in processing 

of other ‘unique entities’ such as human faces. 

Here we studied the responses to human faces from 160 electrodes in RSC with a large patient 

cohort (n=65) who underwent neurosurgical implantation of intracranial electrodes for treatment 

of intractable epilepsy. To test activity in this region, we used a famous face identification task. 

To establish category selectivity, we also investigated responses to famous landmarks, common 

objects, face parts and scrambled faces. The broadband gamma activity (BGA; 70-150Hz) was 

measured in these electrodes and later compared to that of the activity in PHG. 

Our results show that RSC has distinct spatial regions of selectivity with the inferior aspects 

showing preferential activation to famous landmarks whereas the region centred around the 

subparietal sulcus shows a strong selectivity for human faces. Further investigation showed this 

Retrosplenial Face Area also shows sensitivity to the familiarity of the patients to the faces, with 

correctly identified faces showing significantly greater BGA. This familiarity effect is also 



apparent even when the patients were not performing a naming task but instead performed a 

visual discrimination task with the faces. We show the responses in RSC precede those in PHG 

by 45 ms both for discriminating faces from scrambled faces and for the emergence of the 

familiarity effect. 

These results together suggest RSC has an important role in the cortical memory network for 

identification of other people and may be one of the earliest stages for determination of whether 

another person is known or not. This finding is significant as RSC is typically the earliest region 

to show hypometabolism in pre-clinical Alzheimer’s and may be the cause of the familiarity 

deficits seen in the early stages of the disease which are usually attributed to PHG dysfunction. 
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Abstract: During the retrieval process of episodic memory, top-down control is considered to 

contribute to reinstatement of the target component of memory that is related to behavioral goal. 

However, it still remains unclear how top-down signals constrain cortical representations during 

episodic memory retrieval depending on behavioral goals. To address this issue, we performed 

an event-related functional magnetic resonance imaging (fMRI) experiment comprising separate 

learning and retrieval sessions. During the learning session, participants were presented with 6 

short movie clips. One day after the learning, the participants conducted the retrieval session 

inside the scanner. In this session, there were two retrieval tasks: event retrieval task and context 

retrieval task. During the event retrieval task, the participants were instructed to focus on 



recalling the core event while they were asked to attend to the recall of the context in which the 

event took place. We found that the same cortical regions, including lateral prefrontal, premotor 

and parietal areas, were activated in both retrieval tasks, and the contrast between the activation 

maps of the event and context retrieval tasks revealed little significant difference. Consistent 

with prior neuroimaging studies, which suggest that the posterior parietal cortex is involved in 

episodic memory retrieval, we found that significant decoding of individual episodic memory 

traces in the intraparietal sulcus during both retrieval tasks. However, the response patterns of the 

premotor cortex could be used to decode individual memory traces only during the event 

retrieval task whereas memory trace decoding was possible in the right planum temporale during 

the context retrieval task but not during the event retrieval task. These results suggest that while 

a general retrieval network is engaged in the retrieval process regardless of the nature of the 

recalled content, top-down signals constrain cortical representations to emphasize the target 

component of episodic memory. 

Disclosures: G. Kim: None. S. Lee: None. 

Poster 

248. Human Cognition and Behavior: Human Long-Term Memory: Retrieval I 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 248.06/HHH17 

Topic: H.02. Human Cognition and Behavior 

Support: F99 NS105223 

Title: Neural encoding of spatial information during visual perception and memory retrieval 

Authors: *S. E. FAVILA1, B. A. KUHL2, J. WINAWER1 
1Psychology, New York Univ., New York, NY; 2Psychology, Univ. of Oregon, Eugene, OR 

Abstract: Space is a critical dimension on which the neural basis of visual perception is 

organized, with over 20 maps of the visual field identified in human neocortex. Activity evoked 

in neocortical areas at the time of perception is thought to be reinstated during later memory 

retrieval. We used fMRI to investigate the extent to which memory-driven activity preserves the 

topographic organization of visually-driven activity across many cortical areas. To do this, we 

first trained human subjects to associate colored fixation dot cues with spatially localized stimuli. 

Stimuli were four unique radial frequency patterns presented at -3, -1, 1, and 3 degrees on the 

horizontal meridian. After subjects demonstrated reliable memory for the stimulus features and 

spatial location paired with each cue, we collected fMRI data while subjects performed matched 

perception and memory tasks. During perception trials, subjects fixated centrally and viewed a 

cue followed by the associated spatial stimulus while performing a 1-back task on the stimuli. 

During memory retrieval trials, subjects fixated centrally and viewed a cue, then recalled the 



associated stimulus in its spatial location from memory. Using independent population receptive 

field (pRF) estimates, we examined the BOLD response as a function of distance from pRF 

center to the viewed or remembered stimulus location. In early visual areas, we observed that the 

BOLD response during perception was maximal in voxels with pRF centers close to the stimulus 

location and dropped off rapidly within a few degrees. Spatial response profiles in these areas 

were broader during memory retrieval than perception, but memory responses still contained 

reliable information about stimulus locations. In higher visual areas, spatial response profiles 

during perception became progressively broader, consistent with estimates of increasing pRF 

size. However, unlike in early visual areas, parietal response profiles were equivalent during 

memory and perception. These findings suggest that visual areas differ in their relative 

sensitivity to externally driven versus internally driven stimulus representations. Planned 

experiments will manipulate subjects’ gaze position during memory encoding to test the 

hypothesis that retrieval activity reflects the spatiotopic coordinates of a previously viewed 

stimulus and can thus deviate substantially from retinotopically-organized activity during initial 

perception. 
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Abstract: Destination memory (DM) is defined as memory related to people that we told 

something to, and the concept of this memory is contrasted with that of source memory (SM) 

which is memory for people whom we were told by. One fMRI study reported that the 

parahippocampal gyrus showed significant activation in the successful retrieval of DM 

(Mugikura et al., 2016). However, functional neuroimaging evidence is still unavailable in how 

the neural mechanisms related to the successful retrieval of DM are different from those of SM. 

The present study investigated this issue. In the present study, we recruited 25 right-handed and 



college-aged healthy participants from the Kyoto University community. All participants 

performed one encoding and two retrieval tasks, and neural activation was measured only in the 

retrieval tasks. During encoding, participants were presented with two-letter Japanese kanji 

words as a target stimulus, and were required to read them orally to persons shown on movie 

clips in the DM condition, or to listen to them told by persons shown on movie clips in the SM 

condition. In addition, we prepared two control conditions for each experimental condition of 

DM and SM, in which participants read two-letter Japanese kanji words orally to an object 

picture (speaking control: SC) or listened to them sounded by Windows PC (listening control: 

LC). During retrieval, participants performed two-step retrieval tasks including the direction 

judgment and paired recognition. In the direction judgment, participants were visually presented 

with target words one by one, and were required to judge whether each word was what 

participants had told or had been told. In the paired recognition after the direction judgment, 

participants were presented with sets of a target word and two faces who had been shown in 

movie clips during encoding, and were required to choose one face paired with a target word. All 

trials in the direction judgment were categorized into hits, which included successful retrieval 

trials in both tasks of the direction judgment and paired recognition, and misses including other 

trials. Using the categorization of trials, we focused on the analysis of neural activation only in 

the direction judgment. Behavioral data demonstrated that hit rates in DM were significantly 

lower than those in SM. In fMRI data, successful retrieval activation in the ventromedial 

prefrontal cortex (vmPFC) was significantly greater in DM-SC than SM-LC. However, no 

significant activation was identified in the reverse contrast of SM-LC vs. DM-SC. These findings 

suggest that the self-referential processes involved in the vmPFC could contribute to the 

successful retrieval of DM, compared to SM. 
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Abstract: In the cognitive neuroscience of memory, knowledge of the world (i.e., semantic 

memory) is often contrasted with the vivid recollection of personal events (i.e., episodic 

memory). Behavioral and ERP data have dissociated these two forms of declarative memory 

from self-knowledge (Renoult et al., 2012). In particular, self-knowledge produces a Late 

Positive Component (LPC), an ERP correlate of episodic processing (Rugg & Curran, 2007), that 

is intermediate between semantic and episodic memory, whereas thinking of future selves does 

not differ from episodic memory (Tanguay et al., 2018). Although the LPC is associated with 

episodic processing, the greater LPC for self-knowledge relative to semantic memory could also 

reflect greater self-relevance and/or mental time travel. It is unknown how the degree of self-

relevance in semantic memory interacts with mental time travel. To disentangle such effects, 

here participants thought about their own traits in the present and in the future, and did the same 

for other people. Thus, our atemporal “semantic memory” condition became “temporal” to match 

the self-knowledge conditions. Additionally, we manipulated the proximity of other people 

between subject: some thought of the traits of their age group (group other, n = 31), or of a 

stranger of the same sex and age (generic other, n = 28), or of a close friend (close other, n = 31). 

Thinking of a close friend should increase self-relevance and possibly also episodic processing, 

thus decreasing the LPC difference between self and other. We extracted the mean LPC 

amplitude from 500 to 800 ms post-stimulus onset and entered it in a mixed ANOVA with 

knowledge type (self, other), temporal perspective (present, future), and parietal electrode 

(P3/Pz/P4) as within subject factors, and proximity to others (group other, generic other, close 

other) as a between subject factor. The LPC for self-knowledge was more positive than for other-

knowledge, and more positive for future- than present-thinking, as expected, and these effects 

did not interact. Thus, thinking of future others appears to engage the cognitive processes 

associated with the LPC in a way that is similar to future self-knowledge. The main effects of 

knowledge type and temporal perspective did not interact with the proximity to others. Hence, 

the LPC when thinking of close friends differs from self in a similar fashion to thinking of a 

group of people or a generic other. Our studies show that the LPC is sensitive to the temporal 

perspective and self-relevance of semantic aspects of declarative memory, and might not be 

solely a signature of episodic memory. 
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Abstract: Autobiographical memory (AM) retrieval, i.e., the remembering and re-experiencing 

of past personal events, usually begins with the search for an event, followed by a period where 

episode-specific details are integrated to form a vivid construct (memory elaboration). While the 

vividness of mental imagery has been linked to activity in early visual areas (e.g., Dijkstra et al. 

2017), and laboratory-based memory tasks have indicated a central role of the hippocampus in 

the sense of memory vividness (Ford & Kensinger, 2016), much less is known about the 

correlates of AM vividness. AM retrieval processes have been consistently shown to recruit a 

large network of brain areas located most notably in the prefrontal cortex, medial and lateral 

temporal structures, including hippocampus and parahippocampal regions, posterior midline 

regions, and lateral parietal cortex. Healthy participants (N = 26, 14 females, age 20-25 years 

old) were asked to retrieve AMs of varying types of valence and emotional intensity while their 

brain activity was recorded using functional MRI. Here, we examined whether activity in the 

nodes of that brain-wide network was modulated by a composite index of memory vividness 

collected prior to scanning. The index assessed three aspects of mental imagery: visual, auditory 

and spatial (Talarico et al. 2004). Inside the scanner, pre-screened verbal cues customized for 

each participant (e.g., “Trip overseas”) were displayed on the screen (3 s), and participants were 

instructed to press a button as soon as they were able to start recollecting the event associated 

with the cue. They were also requested to continuously relive the original experience by 

retrieving as many details as possible until the end of the trial (14 s). Based on the vividness 

index, we performed a parametric modulation analysis using SPM 12 (Wellcome Trust Centre 

for Neuroimaging), controlling for differences in emotional intensity. Regions of interest (ROIs) 

were defined using masks derived from the Harvard-Oxford atlas made available by the FMRIB 

Software Library (Jenkinson et al. 2012). Modulatory effects were examined in the voxels within 

each one of the ROIs (small-volume correction), and statistical significance was assessed using 

family-wise-error correction for multiple comparisons at a height threshold of p < 0.05. While all 

nodes in the putative AM retrieval network showed enhanced activity for the main effect of 

memory elaboration, modulatory effects associated with the vividness index were only observed 

in the right hippocampus. These results indicate that the hippocampus plays a critical role in the 

sense of vividness evoked during autobiographical memory elaboration. 
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Title: Memory reactivation in EEG patterns fluctuates rhythmically and is locked to a consistent 

theta phase 

Authors: C. KERRÉN1, J. LINDE-DOMINGO2, S. HANSLMAYR2, *M. WIMBER2 
1Sch. of Psychology, 2Univ. of Birmingham, Birmingham, United Kingdom 

Abstract: Computational and animal models suggest that the hippocampal theta rhythm provides 

time windows that are optimal for memory encoding at one phase of the oscillation, and for 

memory retrieval at the opposite phase1. Evidence in humans supporting these models is very 

sparse. The current study was aimed at testing whether neural indices of memory retrieval are 

indeed fluctuating and locked to a specific theta phase. 

We recorded scalp EEG (128 channels) while participants (n=24) were asked to study novel 

verb-object associations during an encoding phase, and to reproduce the object from memory 

when cued with the verb during a retrieval phase. Objects belonged to two different semantic 

classes: animate or non-animate. We trained time-resolved multivariate classifiers based on 

linear discriminant analysis (LDA) to detect memory reactivation in the EEG patterns. 

Confidence of the classifier in categorizing the retrieved object was used as an index of memory 

reactivation at each time point after presentation of the reminder. 

To test whether this neural index of retrieval was indeed fluctuating within a trial, we first 

performed a frequency transformation of the classifier outputs. This analysis revealed a power 

peak at 7-8Hz that was present for the real classifiers, but not for classifiers trained with random 

labels. We next tested if neural memory reactivation was locked to a specific theta phase, using a 

classifier-triggered average approach, conceptually similar to spike-triggered averages in the 

animal literature. We found that the time points of maximal classifier confidence, presumably 

reflecting successful retrieval in neural terms, occurred 250-300ms after a highly consistent theta 

phase, again specific to the 7-8Hz frequency range. This phase locked signal originated from 

medial temporal and late visual regions, areas different from the ones generating successful 

memory classification. These findings are consistent with a neural processing hierarchy where 

memory reactivation is initiated as a consistent phase of a (possibly hippocampal) theta 

oscillation, and the reactivated memory trace can then be detected with a delay of 200-300ms in 



neocortical regions. 
1 Hasselmo, M. E. 2005. What is the function of hippocampal theta rhythm?--Linking behavioral 

data to phasic properties of field potential and unit recording data. Hippocampus, 15, 936-49. 
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Abstract: Posterior parietal cortex (PPC) is activated during episodic retrieval across a variety of 

stimulus types, which has often been interpreted as reflecting content-general memory processes. 

However, recent neuroimaging studies using pattern-based analyses have indicated that PPC 

activation patterns reflect specific mnemonic contents during encoding and retrieval. Here using 

human fMRI, we consider the question of how PPC combines content-specific representations 

with content-general memory signals. Subjects were first exposed to hundreds of complex scene 

images containing a wide range of content and were then tested, during fMRI scanning, on their 

recognition memory for the images. We generated two different voxel-wise encoding models: 

one that explained voxel activation patterns based on the contents depicted in the images and one 

that explained voxel activation patterns based on content-general memory signals including 

confidence and accuracy. This allowed us to compare the relative influence of the two types of 

information (content and memory) for each voxel in PPC. We first assessed the overall cross-

validated accuracy of each model after controlling for the influence of the other model. We 

found that both the content model and the memory model successfully predicted trial-by-trial 

activation patterns in PPC. The accuracy was higher for the memory model, suggesting that 

content-general memory signals explain more variance in PPC activity. We next explored the 

spatial distribution of voxels that carried information about content vs. memory signals. Of 

interest was how/whether content representations and memory signals were shared within 

individual voxels. We found that the degree of overlap between content voxels and memory 

voxels was not greater than would be expected by chance, suggesting at least some spatial 



segregation between content-specific representations and content-general memory signals within 

PPC. Comparison of activation for old/new conditions across different image categories revealed 

that content-general old/new signals were generally additive to content-specific signals within 

the voxels sensitive to both kinds of information. Together, these results suggest that both 

content-specific and content-general signals can uniquely explain PPC activation during memory 

tasks, but the two signals are likely to be independent from each other, potentially originating 

from different sources. Additional analyses will consider sub-regions of PPC and specific 

relationships between content-specific information and different kinds of memory processes. 
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Abstract: An ongoing debate in the field of memory research revolves around the extent to 

which all features of an object are bound together as an integrated unit. Psychophysical 

observations suggest that non-spatial features of remembered objects such as their color or 

orientation can be forgotten independently in both working memory (WM) and long-term 

memory (LTM). However, an emerging view in the field of WM suggests that spatial 

representations may be an exception, serving as a mechanism for binding together non-spatial 

features in WM. In support of this view, recent EEG work finds that the topography of alpha 

band activity (8-12 Hz) on the scalp spontaneously tracks remembered locations even when they 

are not relevant for the task at hand, suggesting that spatial representations may serve as a means 

of maintaining bound object representations in memory. Here we apply this same approach to 

LTM and test whether or not an object’s spatial location is spontaneously reactivated during 

retrieval of non-spatial features. To answer this question, we conducted an experiment in which 

observers memorized the position and color of a collection of 24 unique shapes. The color and 

position of each shape were each randomly selected from a continuous 360 degree color and 

location space respectively. On Day 1, human observers memorized the color and location of 

each object. On Day 2, observers repeatedly retrieved the color or location of each shape while 

EEG were recorded. We used an interleaved block design in which observers alternated between 



reporting either the location of each item but not the color, and the color of all items but not the 

location during each block. Using an inverted encoding model (IEM) and 

electroencephalography (EEG) alpha-band activity (8-12 Hz), we found that we were able to 

track the precise spatial location of the cued object on both trials where observers retrieved the 

remembered location as well as on trials where observers retrieved the color of the remembered 

representation. These findings provide support for the idea that spatial representations are an 

integral component of online object memory representations both in WM and LTM. 
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Abstract: Visual perspective, recalling events from one’s own eyes or from an observer-like 

viewpoint, is a fundamental aspect of autobiographical memory (AM). Yet, how visual 

perspective influences the functional mechanisms supporting retrieval is unclear. In the current 

fMRI study, we used a multivariate neuroimaging analysis technique called partial least squares 

to characterize the spatiotemporal dynamics supporting AM retrieval from multiple visual 

perspectives. 20 participants were presented with bespoke spatial location cues and asked to 

construct specific AMs from a particular perspective and then elaborate by recalling as much 

detail as possible. Compared to a spatial visualization control task, we found that own eyes and 

observer perspectives engaged an AM retrieval network (i.e., hippocampus, anterior and 

posterior midline, lateral frontal and posterior cortices) that peaked during later retrieval periods 

but was recruited less strongly for observer perspectives. Functional connectivity analyses with a 

left anterior hippocampal seed region revealed that visual perspective also altered interactions 

among neural regions and their timing during retrieval. There was stronger hippocampal 

connectivity with a posterior medial network (i.e., thalamus, precuneus, posterior 

parahippocampal, retrosplenial, and posterior inferior parietal cortices) during the initial 

construction of AMs from observer perspectives and stronger connectivity with a medial 

temporal lobe network (i.e., posterior hippocampus, amygdala, ventromedial prefrontal and 

visual cortices) during later retrieval periods from own eyes perspectives, suggesting that visual 



perspective directs how neocortical systems guide retrieval. Our findings demonstrate that visual 

perspective influences AM retrieval by altering hippocampal-neocortical interactions and 

subsequently the strength of neural recruitment in the AM retrieval network during later retrieval 

periods, thereby supporting the central role of visual perspective in shaping the personal past. 
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Abstract: Successful memory judgments rely on both the available memory evidence and an 

appropriately biased decision criterion. Recent behavioral research suggests that criterion 

placement is a stable individual trait across various memory and decision-making tasks alike. 

However, it is unknown whether neural representations of criterion placement are similarly 

consistent. To test this, 29 healthy young adults performed recognition memory and perceptual 

decision-making tasks during fMRI scanning. In each task, criterion placement was manipulated 

by assigning monetary rewards/punishments to decision outcomes. To induce liberal criterion 

placement, one condition heavily punished misses (e.g. calling a studied stimulus in the memory 

task 'new'); another condition punished false alarms (e.g. calling an unstudied stimulus 'old') to 

induce conservative criterion placement. Decision evidence was also manipulated across 'low' 

and 'moderate' conditions, such that stimuli with moderate memory evidence were repeated 

multiple times during encoding, and perceptual stimuli had easier/harder targets to detect. As 

predicted, individuals set decision criteria similarly regardless of task, while discrimination 

performance (d-prime) was unrelated. We then applied a sparse Bayesian multi-task multi-kernel 

learning (SBMTMKL) approach to probe whether multivariate neural representations of decision 

evidence and criterion placement were shared across tasks. Inputs were contrast images (Hits > 

Correct Rejections) reflecting successful decision-related activity in each task, criterion 

condition, and low/moderate evidence conditions. Multiple linear kernels were constructed for 

each input by parcellating the brain according to the 400-region Schaefer atlas. Split-half cross-



validation was used to evaluate cross-task classification accuracy (i.e. training on memory data, 

testing on perception, and vice-versa). SBMTMKL significantly distinguished between 

liberal/conservative criterion conditions across tasks, with a network of frontoparietal regions 

providing the strongest contributions to the model. However, we did not identify consistent 

patterns of activity underlying low/moderate decision evidence across tasks. This suggests 

criterion placement may have a stable neural representation invariant to decision task, and 

moreover, that activity related to successful decisions reflects the extent to which one is 

monitoring evidence through careful criterion placement, not the strength of evidence itself. This 

research was sponsored by the Army Research Laboratory and accomplished under Cooperative 

Agreement Number W911NF-10-2-0022. 
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Abstract: Repetitive spatiotemporal patterns in spontaneous brain activities have been widely 

reported in nonhuman studies. It is suggested that such patterns reflect propagating activities 

along connections with various conduction delays and have roles in memory consolidation. In 

human magnetoencephalography (MEG) and electroencephalography (EEG) studies, however, 

propagating brain activities emerging in resting-state have not been extensively examined. Here, 

we reveal whole-brain propagating activities from resting-state MEG and EEG data using a 

recently proposed method, SpatioTemporal Pattern estimation (STeP, Takeda et al., 2016). 

Within 0.1 s, the propagating activities transiently showed spatial patterns that slightly but 

significantly resembled the following resting-state networks (RSNs): executive control, visual, 

sensorimotor, and default mode. This result suggests that the propagating activities reflected the 



cognitive functions the RSNs reflect, such as the self-generated thought based on visual and 

sensorimotor memories. The propagating activities were composed of multiple frequency 

components from delta (1-4 Hz) to gamma (30-50 Hz), indicating that these components 

exhibited fixed temporal patterns at the same time. This result suggests the existence of driving 

regions that trigger the propagating activities in these frequency bands. These results provide 

new insights into the resting-state activities of the human brain. 
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Abstract: Episodic memory gives us the ability to mentally time travel back to when an 

experience was encoded and to relive the sensory details of that experience. This kind of retrieval 

is assessed most commonly using behavioral measures of recall and recognition, along with 

source, confidence, or familiarity/recollection judgments. However, these measures provide only 

indirect assessment of a key prediction of episodic memory retrieval, reinstatement — i.e., that 

the brain is returned to the same state it was in at the time of encoding. Moreover, behavioral 

measures are sometimes unavailable, such as in pre-verbal infants or even older infants and 

toddlers who may struggle to follow instructions. This limits the field’s understanding of 

episodic memory retrieval in this important age range, when the hippocampus is developing 

rapidly, and when the memories that are formed later become inaccessible, resulting in infantile 

amnesia. Here we report a novel paradigm that uses fMRI to assess memory reinstatement 

automatically and without task demands. We take advantage of intersubject correlation methods 

developed for data obtained using continuous stimuli (e.g., movies), adapted to be used within 

rather than across participants. We hypothesized that the dynamics of activity during episodic 

retrieval — when cued with auditory information but in the absence of visual information — 

would mirror those from encoding of the corresponding visual information. We showed adult 

participants 10 pairs of 3-minute long animated movies in the scanner. Each pair consisted of one 

presentation of the intact movie and one presentation of the movie with audio intact but where 

the video went blank for 10 seconds several times. For half of the pairs, the intact movie 

presentation preceded the presentation with video blanks (allowing memory to reinstate the 

missing visual information from the audio and preceding video), whereas for the other half of 



pairs, the presentation with blanks preceded the intact presentation, preventing reinstatement 

from episodic memory. We assessed whether reinstatement occurred during the blanks of all 

movies by correlating these periods with the intact presentation of the same periods, either in 

space (over voxels at one time point) or in time (over volumes in one voxel). Preliminary 

evidence shows that correlations were greater between blank periods and their corresponding 

intact video time points when the intact movie was played first, suggesting that participants were 

able to fill-in missing visual information from episodic memory. This method could be used to 

measure episodic memory in infants and track how these representations change over 

development. 
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Abstract: Memory for music is reported to be selectively spared in neurodegenerative disorders 

like Alzheimer’s disease. One hypothesis for why this sparing occurs depends on the idea that 

memory for music is supported by areas of the brain that are only affected in late stages of the 

disease. Previous studies have investigated the neural correlates of music familiarity by 

comparing unknown and well-known music. However, well-known and unknown music may 

also differ in the presence of lyrics, emotional connection of the listener to the music, and 

preference. In this experiment, we controlled for these differences by familiarizing participants 

with half the clips from a novel musical and spoken stimulus set, comparing brain responses 

before and after familiarization, and characterizing how responses differed for musical and 

verbal material. 

Participants passively listened to 10 second long clips from 8 novel songs in the fMRI scanner. 

Subsequently, they listened to 4 (50%) of these songs (in their entirety) on a daily basis for 2-3 

weeks through an online player that tracked listening patterns. After the training period, 



participants again passively listened to 10 second clips from all 8 songs in the scanner. To 

examine differences between language and musical memory, 4 categories of stimuli were used: 

spoken words, a capella singing, instrumental music (no lyrics), and whole songs 

(instruments+lyrics). No musical or verbal material was repeated across stimuli. Behaviourally, 

forced choice memory paradigms probed memory for lyrics and for melodies to assess 

familiarity. 

At the end of training, participants scored 82% correct on the lyric memory task and 92% correct 

on the melodic memory task. The fMRI data were analyzed in SPM12. 

Average BOLD activity to the 10 second long clips was compared across conditions. 

Preliminary results from 14 participants show that familiarity (as measured by the number of 

listens during training) negatively correlated with activity in the superior temporal gyrus, 

indicating greater auditory activity to less familiar songs. As expected, all songs with lyrics 

produced activation in typical language networks. The interaction between familiarity and the 

presence of language showed greater activation in the medial and superior temporal gyri to 

familiar music with lyrics than to familiar music without lyrics or to unfamiliar music. These 

data show that familiarity with music alters auditory activity. Further investigation of these data 

will assess changes in functional connectivity as a result of familiarity to music and language. 
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Abstract: The process of retrieving an autobiographical memory (AM) recruits brain regions 

into complex networks supporting memory search, access, and content elaboration. Previously, 

we have characterized patterns of AM-related functional connectivity and temporal dynamics 

involving the hippocampus, PFC, and other regions during covert (silent) memory retrieval. 

Here, we extend this research with high temporal (TR = 1 second) and spatial (2mm isotropic) 

resolution multi-band EPI fMRI, and both covert and overt (spoken) retrieval to test theoretical 



accounts of dynamic AM retrieval. Subjects retrieved unrehearsed AMs during extended 

retrieval periods (approximately 24 seconds). In half of the runs, subjects overtly narrated their 

memories, which were recorded and transcribed, with each word coded by content category. We 

identified regions active earlier vs. later in retrieval and used functional connectivity and graph 

theory analyses to examine dynamic changes in AM retrieval processes. Broadly similar regional 

activation was observed during both covert and overtly retrieved AMs including activation of the 

hippocampus, mPFC, and PCC. As expected, overtly retrieved memories elicited greater activity 

in speech and motor production areas. Graph theory analysis of functional connectivity between 

overt and covert AM regions was performed to characterize differences in interregional 

connectivity. Finally, content categories (scene, action, face, object) identified from overtly 

retrieved speech during AM retrieval were used to characterize neural activity associated with 

online retrieval of AM content. Several similarities between regions activated during overt 

retrieval and regions associated with these content categories in previous fMRI studies of 

imagery and perception were observed. These results suggest that overt and covert AM retrieval 

in fMRI utilize broadly similar networks of brain regions, and that the time course of overt AM 

speech content can be used to examine the temporal evolution of content-specific activity during 

AM memory retrieval. 
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Abstract: Being able to accurately measure memory is important for understanding how 

episodic memories are remembered and forgotten over time. Most studies use simple stimuli and 

test memory within the same day. However, our real-world experiences are more contextually-

rich than the typical object or word memory paradigms and require recall of memories beyond a 

single day, as most forgetting occurs after 24 hours. Incorporating these components into an 

ecologically valid paradigm is crucial for mimicking naturalistic memory processing and for 



testing memory impairments in aging. We designed an episodic memory task that utilized video 

clips to create a more vivid and real-world encoding experience. We showed participants (young: 

N = 25, mean age = 22; old: N = 32, mean age = 77) short video clips and then tested their 

memory by examining their recognition of repeated scenes from the videos (targets), similar but 

different scenes from the videos (lures), and completely new scenes. The inclusion of similar 

lures taxes hippocampal pattern separation, a computation used to differentiate between very 

similar experiences. We also included emotional stimuli since the importance of an event 

strongly influences memory, and tested memory immediately and 24 hours later. Overall, we 

found that memory for targets and lures was impaired after 24 hours compared to immediately, 

with diminished ability to discriminate lures compared to recognizing targets. Interestingly, 

better memory performance immediately was associated with more forgetting over 24 hours. 

Emotional versus neutral videos were better remembered immediately but were also more likely 

forgotten over 24 hours. When comparing age groups, we found no major differences in 

forgetting. However, when older adults were split into age-unimpaired (AU) versus age-impaired 

(AI) based on a memory composite, we found the AU group was better at immediate recognition 

of targets compared to the AI group, but was no different after 24 hours. The AU group 

discriminated more neutral compared to emotional lures after 24 hours, while the AI group 

showed no difference between conditions. Our findings suggest that memory measures taken at 

one time point may not fully capture an individual’s memory performance. Further, the lack of 

age differences on this task suggests that using more contextually rich stimuli may better 

equalize young and older performance. However, the presence of subtle age-related differences 

in emotional lure discrimination after 24 hours is consistent with a specific impairment in gist 

versus detail trade-offs in AI individuals compared to young adults and AU individuals. 
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Abstract: Task functional Magnetic Resonance Imaging (fMRI) enables the identification of 

specific brain areas associated with particular tasks. While multiple brain areas are involved for 

performing various tasks, existing methodological approaches with fMRI focus on the magnitude 

of responses in a given region, rather than how they communicate (i.e., connectivity). Recently 

we developed a method, termed connectotyping, to efficiently model functional brain 

connectivity that has the potential to track changes in brain dynamics in individuals. Here our 

work aims to use connectotyping to reveal the progression of temporal brain connectivity 

patterns in task fMRI. Twenty-four participants (12 male, mean age 24.8 years, 2.57 std. dev) 

performed a widely-spaced event-related fMRI word vs. nonword lexical decision task. Stimuli 

were presented for 2.5 seconds followed by 17.5 seconds of a fixation screen. Imaging data was 

processed using a slightly modified version of the workflow pipelines from the Human 

Connectome Project and connectotypes (connectivity matrices) were calculated for each 

participant, at each time point, per word type. A Repeated Measures ANOVA applied on the 

connectotypes was used to characterize differences across time for words and nonwords. 

Exposure to words vs. nonwords resulted in significantly different temporal connectivity patterns 

between the frontoparietal and cinguloparietal cortices, areas known to be involved in adaptive 

cognitive control and memory retrieval, respectively. These results support the use of 

connectotyping as a tool for task fMRI analysis and provide a novel depiction of brain activity 

which resolves temporal changes in functional connectivity. 
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Abstract: Memory about a brand is associated with memory about the category of the brand’s 

product. The strength of mental association between a brand (e.g., BMW) and its product 

category (e.g., car) determines the top-of-mind accessibility of the brand in the product category 



and constitutes a fundamental aspect of the consumer-based brand equity. Consequently, when 

thinking about products of that category, that brand is likely to be recalled by the activation of 

the associative network and to be considered for choice. Despite its importance, the structure of 

mental association between a brand and a product category is largely invisible in traditional 

behavioral measurements. We posit that the mental association between a brand and its product 

category can be operationally defined as the similarity of the neural representations between the 

brand and the product category. Furthermore, we hypothesize that neural representational 

similarity between brand and product category will be predictive of mental accessibility of brand 

assessed by behavioral measurement such as brand recall. To test our hypothesis, in an fMRI 

study, we first recorded the process of car brand recall when consumers were cued by the 

product category “car” outside the scanner, and then recorded their’ brain activity in response to 

a variety of car brands and the concept of car. Results showed that the order of car brand recall 

was predicted by the similarity of neural representations between car brands and the product 

category car across a distributed brain network including ventral medial prefrontal cortex, 

posterior cingulate cortex, and lateral temporal cortex, which overlaps with the neural circuity 

involved in processing semantic knowledge and personal value. This implies that the degree to 

which knowledge of a brand is incorporated with the concept of a product category is critical for 

the mental accessibility of the brand in that product category. We further demonstrated that 

neural pattern similarity in ventral medial prefrontal cortex between car brands and car was 

predictive of the market share of car brands. Our measurement of neural similarity between 

brand and product category has potential to act as a new indicator for brand equity, and suggests 

a novel application of neuroscientific techniques to business. 
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Abstract: When recalling autobiographical memories, we can use our semantic knowledge about 

the spatial and temporal structure of the world (schemas) to help retrieve and elaborate on 



episodic details. One of the most salient features of an event is the spatial environment in which 

it occurred (Robin et al. 2018); notably, the brain network engaged by recall of naturalistic 

episodes contains regions critical for spatial navigation (Chen et al. 2016), including 

parahippocampal cortex (PHC) and retrosplenial cortex (RSC). By having subjects first learn a 

novel spatial environment and then recall information about objects in that environment, we can 

study how the reactivation of spatial layout information interacts with the retrieval of specific 

episodic content. 

Using principles borrowed from the method-of-loci mnemonic technique, commonly known as 

the “memory palace”, we custom-built a virtual reality environment made up of 23 distinct 

rooms, which subjects explored using a head-mounted virtual reality display. On the first day, 

subjects learned the layout of the environment by playing two foraging games for a total of 1 

hour, in which they first had to collect a cube from every room and then had to repeatedly 

navigate to designated rooms to collect additional cubes. Every 20 minutes, subjects were asked 

to draw a bird’s-eye-view map based on their current knowledge of the environment. Their 

learning performance was measured based on both their in-game performance (navigation 

efficiency) as well as the accuracy of their map drawings. On day 2 (1-2 days later), subjects 

were re-familiarized with the environment and then asked to memorize the locations of 23 

distinct objects randomly placed within each of the 23 rooms. Whole-brain fMRI data were 

recorded from subjects as they freely recalled the objects and the rooms in which they appeared, 

recalled objects along specific paths, and viewed videos of rooms and random walks through the 

memory palace. 

Preliminary data show that subjects learn the environment across the two days, showing 

reductions in excess path length during navigation (p=0.002) and increased accuracy of map 

drawings, with the mean Jaccard similarity coefficient between drawn and actual maps (the 

number of correctly drawn room connections divided by the sum of unique connections in the 

drawn and actual maps) increasing from 0.09 at initial exposure to 0.84 at the end of the second 

day. Subjects were also able to recall objects and their locations on day 2 with very high 

accuracy (99.1%). Planned analyses of the fMRI data include using a Hidden Markov Model to 

track mental trajectories through the environment based on the reactivation of room-specific 

activity patterns. 
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Abstract: Behavioral paradigms designed to tax hippocampal-dependent pattern separation 

processes in humans have largely focused on visual and spatial information. We note that while 

episodic memories often contain visual, spatial, and temporal information (e.g. the memory of a 

lecture) few studies have tested for the capacity to discriminate for temporal information, and the 

studies that have done so have focused only on the temporal order or antecedence of stimuli. We 

have therefore developed a behavioral paradigm to test the participants’ sensitivity to stimulus 

duration while controlling for attention, as attention is integral in time perception. The 

experimental paradigm consists of six continuous recognition temporal discrimination blocks and 

two blocks of a standard Posner attention task. During the temporal discrimination block, 

participants are presented with a series of images for either one or two seconds. All stimuli are 

followed by a static mask, after which participants are cued to make a response. For first-trial 

presentations, participants are prompted with one of three questions in reference to the stimulus. 

For Targets and Lures, participants were tasked with Target/Lure identification via “Longer, 

Same, Shorter” response options. Targets and Lures consist of the same stimulus with either the 

same or shorter (50% reduction) presentation time, respectively. “Longer” responses are used to 

control for whether participants are responding in reference to the original, or merely the 

antecedent, stimulus. Forty healthy, young adults participated in a pilot study. Bias-corrected 

scores indicate that participants are capable of temporal discrimination for stimulus duration, and 

further, their sensitivity is independent from their performance on the Posner paradigm. Follow-

up studies will use functional MRI to (A) identify regions in the medial temporal lobe associated 

with temporal discrimination and whether they differentiate from mnemonic discrimination for 

visual features and (B) to identify prefrontal and parietal regions that are differentially engaged 

in temporal versus attention tasks. 

Disclosures: N. Muncy: None. B. Kirwan: None. 

Poster 

248. Human Cognition and Behavior: Human Long-Term Memory: Retrieval I 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 248.24/HHH35 

Topic: F.08. Biological Rhythms and Sleep 

Support: Grant-in-Aid for Scientific Research, the Japan Society for the Promotion of Science  

 15K12055 

 Cooperative Study Program of National Institute for Physiological Sciences 

 Grant-in-Aid for Researchers from the Hyogo College of Medicine, 2015 

Title: Respiratory modulation of cognitive performance during the retrieval process 
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Abstract: Recent research suggests that cognitive performance might be altered by the 

respiratory activity generated in the brainstem. Previous human studies, however, have yielded 

inconsistent results when assessing task performance during distinct respiratory phases 

(inspiratory phase vs. expiratory phase). We therefore tested whether cognitive performance is 

regulated based on the timing of breathing components (e.g., expiratory-to-inspiratory (EI) phase 

transition) during the retrieval process. To determine the role of respiration in performance, the 

present study employed healthy subjects (n = 18) in a delayed matching-to-sample visual 

recognition task. Because this effect is assessed by task difficulty, we altered the degree of 

difficulty by using two sessions, which utilize less and more variable intervals between cue 

exposure. Here, we demonstrate that the response time (RT) of the task increased by 466 ms (p = 

0.003) and accuracy decreased by 21.4% (p = 0.004) when the retrieval process encompassed the 

EI transition (or onset of inspiration) during nasal breathing. The breathing-dependent changes 

were revealed during the retrieval process with more variable intervals between the cues, and 

were particularly prominent when the EI transition occurred during the middle step of the 

retrieval process. Meanwhile, changes in the RT and accuracy were not observed when the 

retrieval process encompassed inspiratory-to-expiratory phase transition (or onset of expiration). 

This is the first time that a certain phase transition in the respiratory cycle has been shown to 

modulate performance on the time scale of sub-seconds in a cognitive task. We propose that 

cancellation of these breathing-dependent cognitive fluctuations might be crucial for the 

maintenance and stability of successful performance in daily life and sports. 
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Abstract: The ventromedial prefrontal cortex (vmPFC) has been associated with valuation and 

with memory processes. In particular, recent evidence indicates that it codes for representations 



of elements from our everyday life (e.g., familiar people and places). Here, we test the 

hypothesis that this region does not just code for individual elements but also their associations. 

These associations build up with increasing experience with a given element and they are 

weighted by the element’s affective value. To test this hypothesis, participants arranged the 

names of personally familiar people and places on a two-dimensional surface to indicate how 

strongly they associate each element with the others (indexing associative centrality). 

Participants also indicated how familiar they are with each person and each place (indexing 

knowledge), and how much they like them (indexing affective value). A principal component 

analysis revealed that these three features indeed share a common factor, with an element’s value 

on this factor reflecting its relative importance. We used these importance values to estimate the 

structure of participants’ unique affective associative representations. In a following functional 

MRI session, participants vividly imagined interacting with each person and place, which 

allowed us to assess each element’s neural representation. Using representational similarity 

analysis, we examined the strength of the elements’ associations with each other as reflected in 

their neural similarity. The results support our hypothesis: The neural similarity structure in 

vmPFC (but not in the hippocampus) can best be accounted for by the structure of the estimated 

affective associative representation. 
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Abstract: When we experience aversive events, these often turn into unwanted memories. 

Simple reminders can then trigger the involuntary retrieval of these memories. However, prior 

evidence indicates that we can intentionally suppress the retrieval process to prevent unwanted 

memories from entering awareness. Such suppression can render memories less vivid and 

eventually cause forgetting. Here, we test the hypothesis that retrieval suppression weakens 

memories by compromising their unique neural representations. In an fMRI study, participants 

learned associations between reminders and aversive scenes. They were then repeatedly 

presented with the reminders. For some of these, participants were instructed to suppress the 

retrieval of the associated scene. Suppression was associated with increased activation in the 



right dorsolateral prefrontal cortex and a concomitant decrease in hippocampal and 

parahippocampal activation, a pattern that has been linked to the top-down inhibition of memory 

retrieval. Critically, we assessed the distributed activity patterns of individual memories (as a 

proxy for their neural representations) both before and after suppression. Using representational 

similarity analysis, we could thus track changes in the specificity of the memories’ 

representations. We observed that memories became less vivid after suppression, and that a 

stronger decline in vividness was associated with a greater reduction in the specificity of their 

parahippocampal representations. These preliminary results support the hypothesis that 

suppression deteriorates memories by compromising their unique neural representations. 
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Abstract: Hippocampal ripple oscillations are known to be relevant during memory replay and 

consolidation. These oscillations coordinate with cortical ripples to support a hippocampal-

neocortical dialogue in rodents. However, it is unknown if a similar oscillatory mechanism exists 

in humans and if such a mechanism would be cognitively relevant. Here we examined ripple 

oscillations in human electrocorticography and found robust coupling of ripples between the 

medial temporal lobe and association cortices. These ripple events were selectively enhanced 

during successful memory retrieval in a verbal episodic memory task. Our data provide evidence 

that coupled ripple oscillations between the medial temporal lobe and neocortex are a neural 

substrate for memory retrieval in the human brain. 
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Abstract: Our memory of semantic information, such as the meaning of the word “pencil” or our 

knowledge of how we could use a pencil if we saw a picture of one, is hypothesized to be 

facilitated by communication from the anterior temporal lobe to posterior temporal and parietal 

regions. In order to test this hypothesis, we have developed a task in which participants must 

rapidly recognize and categorize either a picture or a word with the same meaning. Here we 

present preliminary data from seven neurosurgical participants with intractable epilepsy who 

completed the task while intracranial EEG (iEEG) was being recorded to determine the epileptic 

focus. In two participants we also recorded spiking neuron activity from a 96-channel Utah array 

implanted in the anterior temporal lobe. For each participant, we contrast iEEG or 

microelectrode high-frequency power for two stimulus modalities (images and words) coming 

from four distinct categories (famous people, landmarks, animals, and tools). We search for 

electrodes that show item-specific, category-specific, and/or modality-specific differences in 

high-frequency power, and test whether spatially distributed patterns of activity can reliably 

predict the semantic meaning of a stimulus. 
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Abstract: Recalling a past event induces vivid reinstatement of information about the episode, 

which is echoed in the reactivation of neural activity present during encoding. The information-

via-desynchronization hypothesis suggests that this information reinstatement is facilitated by 

desynchronized alpha/beta frequency activity (8-20Hz; prevalent during episodic memory 

retrieval) as these oscillatory dynamics are ideal for the representation of information in 

neocortex. Here, we test this hypothesis by investigating whether an increase in pattern 

reinstatement correlates with a decrease in alpha/beta power (an index of neural 

desynchronization) during memory retrieval. Twenty-four participants took part in a paired 

associates memory task while undergoing simultaneous EEG-fMRI at 3T. While in the MR 

scanner, they learnt a series of words (n=192; across 4 blocks), paired with either a video or 

sound, and were later cued with the words and asked to identify the associated videos/sounds. 

Representational similarity analysis (RSA) revealed significantly greater encoding-retrieval 

similarity in the BOLD signal for videos of the same content relative to those of differing 

content, and searchlight analysis localized this pattern reinstatement to the fusiform gyrus. 

Critically, the degree of pattern reinstatement within the fusiform gyrus negatively correlated 

with EEG alpha/beta power. These results support a recently proposed computational model1,2 

wherein alpha/beta power decreases during memory retrieval play a very specific role, which is 

enabling the reinstatement of information-rich neural patterns coding the sensory content of a 

memory trace. 

1. Parish, G., Hanslmayr, S., Bowman, H. (2018) The Sync/de-Sync Model: How a synchronized 

hippocampus and a de-synchronized neocortex code memories. J Neurosci, 38 (14) 3428-3440. 

2. Hanslmayr, S., Staresina, B., Bowman, H. (2016) Oscillations and episodic memory - 

Addressing the synchronization / desynchronization conundrum. Trends Neurosci, 39, 16-25. 
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Abstract: During object perception, the neural representation of a stimulus is known to become 

increasingly abstract as the information travels forward along the visual processing hierarchy. 

Retrieving an object from episodic memory is known to involve the reactivation of the same 

neural patterns present during the earlier encoding of an event. However, our understanding of 

how information travels through the brain when we recall information from memory remains 

limited. We here test whether reactivated activity patterns are predominantly perceptual or 

semantic in nature, and when in time and where in the brain the different components re-emerge 

during retrieval. 

Participants studied novel associations between objects and action verbs in an encoding phase, 

and subsequently recalled the objects upon presentation of the corresponding verb. Importantly, 

objects were categorized into two perceptual and two semantic classes, which allowed us to 

explore the source of perceptual and semantic processes during retrieval. Multivariate 

representational similarity analyses allowed us to map the reactivation of spatial fMRI patterns 

onto the EEG time courses. At the hemodynamic level, we found similarity in neural activity 

patterns in posterior brain regions between encoding and retrieval. We also found spatial 

distinctions between the semantic and perceptual categories that were overlapping at encoding 

and retrieval. At the electrophysiological level, we found that semantic information was 

represented earlier and more robustly than perceptual information during recall, showing a 

reversed order relative to encoding. Finally, using second-order correlations to compare 

representational similarities between fMRI and EEG activity patterns, we were able to map these 

semantic components onto late visual and frontal brain areas. For the first time, we were able to 

zoom into the spatio-temporal neural patterns during retrieval, and to map the brain sources of 

memory-related electrophysiological activation patterns. 
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Abstract: Our ability to remember past events and experiences relies on the transition of labile 

memory traces into stable long-term representations, a process referred to as memory 

consolidation. Memory consolidation is facilitated by sleep, and it has been proposed that sleep 

spindles (10-16 Hz) and slow oscillations (< 1 Hz, SOs) play an essential mechanistic role. 

Importantly, recent studies suggest that it is particularly the precise timing between SOs and 

spindles, rather than the isolated events themselves, which facilitates memory consolidation. One 

intriguing hypothesis emerging from this is that newly formed memory traces are more likely to 

be reactivated during the co-occurrence of SOs and spindles than during any of these events in 

isolation. 

To test this idea, we first designed a new non-navigational spatial-temporal memory paradigm 

(the Memory Arena), geared at being sensitive to the beneficial effects of sleep on memory 

stabilisation. In the first (behavioural) study, a 2 (wake vs. sleep) x 2 (interference vs. no 

interference) between-subject design (N = 56) was used to test sleep effects on performance on 

the Memory Arena task. Indeed, we observed that the sleep group reliably outperformed the 

wake group on both spatial and temporal memory measures, especially in their resistance to 

retroactive interference. This result is in good agreement with previous findings showing that 

sleep stabilizes new memory traces. 

In the second study, high-density Electroencephalography (EEG) was used to test the particular 

role of SO-spindle coupling for memory consolidation in this paradigm. Participants (N = 22) 

performed the learning part of the Memory Arena and were tested after spending 2 hours 

napping in the sleep lab with full polysomnography. Intriguingly, we found a topographical 

distribution of SO-spindle coupling that differed from the topography of SO or spindle density 

per se. This difference was most pronounced at frontoparietal sites, thought to underlie 

successful learning in the Memory Arena task. 

Together, our data raise the possibility that sleep-dependent memory consolidation is driven by 

targeted deployment of SO-spindle complexes to learning-related cortical sites. 
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Abstract: Memory retrieval involves the reconstruction of a previous experience, sometimes 

with great detail and from an only marginally related cue. In recent years it has emerged that 

successful memory retrieval involves reinstatement of activity in the hippocampus, as well as in 

the cortical sensory and association areas that were involved in processing the original episode. 

However, little is known about how this reinstatement unfolds in time, i.e. what information 

becomes available at what point in time. A recent EEG study in our lab provides evidence for a 

reversal of the original information flow during reinstatement [1]: while sensory processing starts 

with simple perceptual features that are subsequently bound into complex semantic concepts, 

memory retrieval first accesses this higher level semantic information before reinstating low 

level perceptual details. 

Here, we address both the 'where' and the 'when' of memory reinstatement simultaneously and at 

a high resolution by using invasive recordings from epilepsy patients. Due to the implantation of 

Behnke-Fried micro electrodes, the intracranial recordings yielded both unit activity and local 

field potentials in the hippocampus, in addition to local field potentials from several cortical 

regions. The patients performed a memory task in which they learned to associate unique verb-

object pairs. In a later retrieval phase, patients recalled the object when cued with the verb. 

Objects differed in low level perceptual information (line drawings or photos) and/or higher level 

semantic information (animals or non-animals), allowing us to track the representation of 

perceptual and semantic information in the same set of stimuli. 

We report task-related single unit activity in the hippocampus and compare spike trains and 

population activity between the encoding and retrieval of the same object. In addition, using 

linear classifiers and Representational Similarity Analysis, we track the perceptual and semantic 

information in local field potentials across the brain and over time. Extending our previous 

results, we localise perceptual and semantic information to the relevant sensory and association 



areas and report reversed information flow during reinstatement in brain areas involved with 

high level processing. 

[1] Linde-Domingo et al. (16 April 2018). bioRXiv. doi: https://doi.org/10.1101/300913 
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Abstract: Empathy relies on the ability to mirror and to explicitly infer others’ inner states. 

Accumulating evidence supports the idea that our memories interact with empathy when building 

a representation of others’ inner states. However, direct evidence of a reactivation of 

autobiographical memories when it comes to empathizing with others’ inner states is yet to be 

shown. We collected electroencephalographic activity from 28 participants while performing an 

empathy (i.e., the pain decision task) and a retrieval task. For each trial, participants viewed 

pictures of faces and were required to imagine that individual in a context described by a written 

sentence representing either non-autobiographical or autobiographical experiences of painful and 

neutral events. Participants judged how much empathy they felt for each individual depicted in 

the specified context. The success of these manipulations was confirmed by participants’ higher 

self-reported empathy for faces depicted in autobiographical compared to non-autobiographical 

contexts. In the retrieval task participants were cued to imagine the painful and neutral contexts 

“in their mind’s eye”, and these data became the training set for a pattern classifier, which was 

then applied to data from the empathy task to test for evidence that the same memories were 

activated. The results showed evidence for the reactivation of autobiographical memories in 

preparation for the empathy judgement independent of the emotional content of the memory. 

These findings demonstrate that autobiographical memories are involved in drawing our 

empathy. 
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Abstract: The medial temporal lobe (MTL) is central to human episodic memory. Its anatomical 

connectivity pattern suggests that different subregions may support domain-specific and domain-

general aspects of memory. In particular, the perirhinal cortex (PrC) and parahippocampal cortex 

(PhC) are anatomically connected to ventral and dorsal visual regions, respectively. They are 

therefore well-suited to process object-related and spatial memory content in a domain-specific 

fashion. At the top of the MTL hierarchy, the hippocampus interacts with both PrC and PhC, 

thus thought to support memory independent of memory content (domain-generality). Here, we 

test the central prediction that retrieval of objects and scenes is supported by domain-specific 

contributions of PrC and PhC, and by domain-general retrieval in the hippocampus. Healthy 

volunteers (n=18) engaged in an associative memory task while undergoing fMRI (GE 3T, 

2.5mm isotropic voxels, TR=1s, 48 slices, multiband factor 3). The task was presented as a slow 

event-related design, consisting of two object and two scene runs. In each run, participants 

encoded a list of adjectives, each paired with an image of an object or scene. After a short rest 

phase, they were cued with the adjectives and asked to retrieve the associated object or scene 

from memory. We assessed brain activity averaged within bilateral MTL subregions hand-drawn 

in each participant’s native space. Consistent with our prediction, we found that the hippocampus 

was engaged during successful vs. unsuccessful recollection of both objects and scenes. 

Conversely, there was a double dissociation in the contributions of MTL cortical regions: While 

PrC was preferentially engaged during successful object recollection, PhC was preferentially 

engaged during successful scene recollection. Moreover, we show that within PrC, object 

recollection effects were driven by voxels that were object-selective during perception. 

Similarly, within PhC, scene recollection effects were driven by voxels that were scene-selective 

during perception. Our results support and extend previous findings, showing that the MTL 

supports episodic memory through both domain-specific and domain-general retrieval processes, 



and further demonstrating that domain-specific retrieval of objects and scenes is supported by the 

same voxels that are object- and scene-selective during perception. 
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Abstract: It is well known that actively and repeatedly retrieving information produces more 

durable memories than repeatedly studying that same information. On a neural level, it is still 

unclear why retrieval has such beneficial effects on long-term retention. Attempting to fill this 

gap, we here tested some key predictions derived from a recent framework proposing that 

retrieval acts as a fast consolidation mechanism, stabilizing memories through online 

reactivation, similar to memory replay during offline (e.g. sleep) consolidation. In this fMRI 

study, participants encoded scene-object pairs, and repeatedly retrieved or restudied the objects 

over two different sessions, two days apart. We analysed univariate and multivariate changes in 

brain activity specific to retrieval but not restudy, and tested whether the predicted changes occur 

rapidly (i.e., within a session) or evolve slowly, across the two days. If retrieval rapidly creates 

consolidated, integrated neocortical memory traces, we expected to observe categorical 

(semantic) pattern changes within the first session, along with an increase in neocortical and 

decrease in hippocampal activity. Results showed that ventromedial prefrontal cortex activation 

increased across retrieval trials within one session, consistent with a fast consolidation account. 

Hippocampal activity decreased not within but across sessions, suggesting a slower mechanism. 

Moreover, Representational Similarity Analyses (RSA) showed that consecutive retrieval 

attempts strengthen both higher-level semantic and episode-specific information in parietal areas, 

again across but not within sessions. Our results suggest that retrieval does support the creation 

of an additional neocortical trace, which becomes increasingly relevant at long delays when 

hippocampus-dependent episodic details would otherwise have faded. 
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Abstract: Successful memory for an event requires information about not only the content of the 

event (what happened) but also the temporal information about the event (when it happened, and 

the context of what happened before and afterwards). Digital memory augmentation (DMA) is a 

promising approach to improve memory for episodic details. We have developed a novel DMA 

application for both smartphone and web-based use, where one can record and review content. 

Indeed, we have recently found that by replaying event information using DMA, event-specific 

autobiographical memory content improved after one week, relative to non-replayed 

autobiographical information. However, we still know very little regarding the exact mechanism 

of replay as it relates to improving mnemonic performance. One open question is how replay 

affects memory for events sharing a temporal context. For example, does replay for one event 

boost memory for events that happened immediately before or immediately after, in line with the 

Temporal Context Model? Or does replaying one event actually block memory for temporally 

related events, in line with research investigating retrieval-induced forgetting? What is the 

optimal replay schedule, specifically in terms of the timing of the first replay relative to the 

original event? In the present study, we systematically investigated episodic memory for a 

naturalistic stimulus - Agatha Christie’s “Poirot”. After initial viewing in the lab, participants 

were administered a replay session using our web-based DMA, where they viewed 6 scenes from 

the episode, after either a short or long delay, and continued to view a pseudorandomized subset 

of those scenes up to 12 times over the course of the week between study and test. At the end of 

the week, we examined their memory for details of the episode using a free recall test. Control 

participants had the same initial encoding and 7-day delayed free recall test, but viewed no 

replay sessions. We asked whether number of details recalled was higher for replayed scenes, 

and for temporally adjacent scenes. Initial pilot data shows that memory was boosted for the 

replayed scenes relative to non-replayed scenes, and relative to scenes occurring immediately 

before or after the replayed scene. Future analyses will investigate if it is necessary to replay a 



memory within hours of the initial viewing, or whether replay occurring after natural 

consolidation is sufficient to boost memory. 
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Abstract: Autobiographical memory (AM) is memory about one’s self, and may contain both 

episodic and semantic content. Episodic AM information has been found to be more vulnerable 

to age-related memory decline, compared with semantic AM information. A promising approach 

to minimizing episodic AM decline is digital memory augmentation (DMA), in which a portable 

device is used to record daily events for later review. In the current study, we developed a novel 

DMA application for smartphone devices which allows users to create and review dynamic 

audiovisual memory cues. This novel DMA application is based on principles from the cognitive 

neuroscience literature outlining how to optimally learn and remember events. Thirty-three older 

adult participants (23 females; mean age = 70.67) used the DMA application for two weeks to 

create and review AM cues for real-world events. Importantly, these cues were assigned to either 

a “replayed” or “hidden” condition, with “replayed” events being reviewed using the DMA 

application and “hidden” events being never reviewed. This allowed for a within-subjects 

comparison to test the benefit of reviewing AM cues using our DMA application on AM recall. 

Using a cued recall task, we found that recall of “replayed” events contained significantly more 

event-specific AM details, compared with “hidden” events. At the same time, event-nonspecific 

AM details were recalled equally between “replayed” and “hidden” event. Also, we found that 

the boost in episodic detail from using our DMA application was specifically driven by enhanced 

recall for unique episodes, rather than for events that occurred daily, weekly, monthly, or 

annually. These results demonstrate that our DMA intervention selectively targets the episodic 



AM deficit seen with aging, opening up the possibility of an inexpensive, efficient, and 

scientifically-tested means of improving the quality of life of those affected by memory loss. 
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Abstract: Age-related memory decline is characterized by decreased recall of the details of 

unique autobiographical events. Digital memory augmentation (DMA) is one promising 

approach to mitigating memory decline. In DMA, portable devices are used to capture 

information about everyday episodes, making them available for later review. Although this 

approach has been shown to benefit autobiographical memory in older adults, the neural basis of 

these effects remains unclear. We addressed this issue by developing a novel, smartphone-based 

DMA application that allowed older adults (Mean age = 68.25) to create and review rich 

autobiographical memory cues. Importantly, memory review sessions were distributed both 

within and across days. Using a within-subjects design, autobiographical cues were randomly 

assigned to one of two conditions: replayed or hidden. Over a two-week period, participants 

created an average of 67.83 autobiographical cues, approximately half of which were reviewed 

an average of 8.47 times each. Content in the hidden condition was never replayed. We then used 

a cued recall test to measure behavioral memory performance. In addition, following a one-week 

delay, we used fMRI to probe for differences in neural representations related to retrieval of 

previously replayed and hidden autobiographical memories. Using a cued-recall test, we revealed 

a 30% boost in the number of event-specific autobiographical details retrieved in the replayed as 

compared to the hidden condition, while holding event significance, event frequency, and 

memory age constant. Replayed memories exhibited more distinct neural representations. A 



representational similarity analysis focused on the hippocampus revealed that voxel patterns of 

replayed memories were more dissimilar during retrieval than were voxel patterns of hidden 

memories. A whole-brain searchlight analysis revealed reliable differences in activity patterns 

between when retrieving hidden and replayed events within the core episodic memory network: 

posterior medial regions, angular gyrus, medial temporal, and ventromedial prefrontal cortex. 

Taken together, these findings indicate that reviewing rich autobiographical memory cues can 

boost retrieval of event-specific detail and promote orthogonal coding of pertinent information in 

the hippocampus. More generally, they provide novel insight into the neurocognitive effects of 

DMA, and they highlight the real-world value of translational memory research. 

Disclosures: C.B. Martin: None. B. Hong: None. R.N. Newsome: None. A. Xia: None. C.J. 

Honey: None. M.D. Barense: None. 

Poster 

250. Human Cognition and Behavior: Executive Function: Interference and Flexibility 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 250.01/HHH50 

Topic: H.02. Human Cognition and Behavior 

Support: DFG Grant SE 2771/1-1 

 ERC-2012-StG_20111124 

 Veni Grant 451-15-010 
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Abstract: Flexibly adapting our behavior to changing environments is crucial for goal-directed 

behavior. Response inhibition is required when the goals of our actions are no longer adequate or 

even harmful. The stop-signal task is widely used to study response inhibition [1]. Participants 

perform a two-choice response time (“go”) task. Occasionally, a stop-signal instructs participants 

to inhibit their response. Stop-signal performance is typically formalized as a race between two 

independent processes, a go and a stop process; if the stop process finishes first, the response is 

successfully inhibited; otherwise it is erroneously executed [1]. A fronto-basal ganglia stopping 

network has been identified comprising right inferior frontal gyrus (rIFG), pre-supplemental 

motor area, and the basal ganglia [2,3]. Individual differences in stopping performance may not 

only be reflected in the latency of successfully stopping a response (i.e., stop-signal RT, SSRT), 

but also in the probability of triggering the stop process (i.e., trigger failures). A recently 

developed Bayesian method enables researchers to to estimate the entire SSRT distribution, as 



well as a trigger failure parameter which represents the individual propensity for failing to react 

to the stop-signal [4]. Here, we used a model-based approach to study how the propensity for 

trigger failures is related to the neural signature of stopping. 

Thirty healthy participants (36.1 ± 14.7 years, 19 females) performed a visual stop-signal task 

during functional magnetic resonance imaging. We estimated the trigger failure parameter [4] 

and correlated it with brain activation during unsuccessful stop trials as compared to correct go 

trials. This revealed a negative correlation of the propensity for trigger failures with right inferior 

frontal gyrus activity (r=-.451, p=.006, BF-0=8.92). In an ongoing study we aim to replicate this 

finding in a large-scale data set. 

Our results show that right inferior frontal gyrus is critically involved in successfully triggering a 

stop process. The finding is well in line with the notion that a fast and efficient stop process is 

associated with strong activation of the stopping network including the right inferior frontal 

gyrus [5]. In summary, by using a complimentary model-based approach the present study 

provides insights into neural underpinnings of individual differences in stop-signal performance. 
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Abstract: The stop-signal task (SST) is a gold standard for assessing motor inhibition in the 

laboratory. In the classic SST, participants respond to “go” signals on every trial and attempt to 



withhold responses when presented with “stop” signals that sometimes follow the go signal. The 

action-stopping literature conceptualizes the interaction between go and stop processes as a race 

whose outcome depends on speed and relative onset of the two processes. Researchers study the 

neural underpinnings of stopping by quantifying differences between stop and go trials. 

However, assessment of these differences is complicated by the presence of an additional, 

infrequent signal during stop trials – the stop signal. So, purported neural indices of inhibition 

may be confounded by a requirement to detect an oddball stimulus. To address this, we designed 

a version of the SST where the stop signal was presented on all trials. 

Thirty participants completed two tasks during EEG recording: a visual SST where a stop signal 

was present on one-third of trials and a redesigned SST with an audio stop signal on every trial. 

In the second task, they were awarded 200 points for “beating” the stop-signal, 100 points for 

stopping successfully after the stop signal was presented, and penalized 100 points for failing to 

withhold their response following the stop signal. Thus, participants attempted both to respond 

before the stop signal and to stop following the stop signal. 

EEG data were cleaned and subjected to independent component analysis. For each participant, 

the independent component (IC) best representing the stopping P3 was selected based on the 

following criteria: a) earlier onset in successful versus failed stops and b) correlation of onset 

with participant stop signal reaction time. This independent component showed increased 

activity even in the version of the task that had stop-signals on every trial. This suggests the 

stopping P3 is indeed a “pure” index of inhibition, present even when stop-signals are not rare 

‘oddballs’. The use of a redesigned SST to investigate the interplay between going and stopping 

processes without the influence of infrequent events may inform basic theory and assist in 

understanding inhibitory deficits in clinical cases such as Parkinson’s Disease or ADHD. 
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Abstract: Goal-directed behaviors require monitoring of ongoing actions and evaluation of their 

outcomes, processes critically involving the primate medial frontal cortex (MFC). Specifically, 

previous studies have demonstrated MFC responses in tasks where stimuli contained conflicting 

information that corresponds to incompatible behavioral responses and the goal is to suppress 

one in favor of the other response option. This MFC activation induced by conflict, reflected in 

BOLD signal in human fMRI studies, is stimulus-onset triggered and could thus be involved in 

online control of the ongoing action.The MFC has also been shown to register self-generated 

errors and errors communicated by external feedback, and this error signal appears only after an 

erroneous action has been committed, suggesting that this area is capable of computing an 

evaluative signal triggered by actions. Does the MFC also monitor conflicts after a goal-directed 

action has been made? Such an internally generated signal, if exists, would be correlated with the 

subjective measure of action difficulty caused by conflicts in task-relevant information. 

Here we report single neurons in human dorsal anterior cingulate cortex (dACC) and pre-

supplementary motor area (pre-SMA), two major components of the MFC, that signal conflicts 

after action completion. We recorded single neuron activity from epilepsy patients while they 

performed the Stroop task and the multi-source interference (MSIT) task, both classical tasks for 

inducing cognitive conflicts. We confirmed the existence of conflict signals triggered by 

stimulus onset in both tasks as previously reported. We also found a significant proportion of 

MFC neurons that signaled conflict immediately before action onset. However, the post-action 

conflict neurons constitute a different class of neurons than conflict neurons with pre-action 

activation. The post-action conflict signal could not be explained simply by a continuation of 

stimulus-onset-triggered conflict. Preliminary analyses also suggested that these post-action 

conflict neurons could distinguish between the three levels of interference introduced in the 

MSIT task. Importantly, the ability of these post-action conflict neurons to distinguish between 

different levels of interference could not be explained by correlation with reaction time (which 

differed significantly between inference levels), as this spike rate difference remained significant 

even after controlling for the effect of reaction time. This signal thus represents a metacognitive 

mechanism that serves a putative role in evaluating the difficulty encountered during action 

performance due to conflict. 
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Abstract: Research has implicated motivation and reward in action inhibitory control, i.e., to 

implement a balance between proactive and reactive control. In this study, we used fMRI 

together with a stop-signal task to investigate neural correlates of (1) effects of positive and 

negative accidental rewards (i.e. PR and NR) and (2) interaction between motivation with PR 

and NR upon inhibition of an upcoming action. Two groups of participants were recruited for 

experiments under different contexts. For the first group of the participants, right before the 

occurrence of each stop trial, they received various accidental rewards (i.e., PR, NR, or a neutral 

one) which were randomly assigned to denote performance of the preceding go trial. We found 

that, compared to the neutral condition, both PR and NR significantly shortened the processing 

time of a stop-signal (i.e., the stop-signal reaction time, SSRT). In the BOLD data, although 

brain activities associated with PR and NR were widely spread, functional segregation in the 

dorsal and ventral medial striatum was revealed. While the ventral part encodes reward valences, 

the dorsal part represents more for the current task demands. For the second group of the 

participants, in addition to the trial-based reward manipulation, we included another factor to 

motivate the participants. That is, the participants could get a lump-sum monetary bonus by 

speeding up their go responses and stopping as accurate as possible. In this second case, the 

SSRT was shortened only for the PR condition. In the BOLD data, it was found, when compared 

to BOLD data of the first group participants, enhanced activities in the pre-SMA and right 

inferior frontal junction for processing the stop-signal when the participants were motivated. 

However, we found no significant effect for PR and NR for processing the stop-signal between 

the two groups, suggesting that motivation has an impact on the underlying mechanism induced 

by accidental reward. In summary, the accidental reward seems to boost inhibition control 

reactively, and motivation exerts its influence by adjusting the mechanism of reactive control. 
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Abstract: Cognitive control tasks, such as the flanker task, employ irrelevant distractor stimuli 

to introduce behavioural conflict during speeded choice responses. Despite consistent 

instructions, individual participants may choose to prioritize speed or accuracy. This choice will 

influence their overall performance in each of these domains relative to other participants but 

may also influence which performance domain is more influenced by conflict and what 

adaptations are made following conflict to improve future performance. The purpose of this 

study was to examine how individual flanker task performance in the speed and accuracy 

domains was associated with the influence of conflict on each of these domains. For each flanker 

trial, we measured reaction time, accuracy (correct vs. error), and correct-related negativity 

(CRN) amplitude, an EEG measure of conflict-related brain activity. Initial results show that 

individuals vary in the degree to which their overall performance is influenced by conflict (i.e., 

conflict effect on reaction time and accuracy combined) as well as what aspect of performance is 

more influenced by conflict (i.e., conflict effect on reaction time vs. accuracy). Within 

individuals, reaction time and accuracy relative to other individuals on both congruent and 

incongruent trials separately predicts which of these variables is more influenced by conflict and 

which variable is adapted following conflict. For example, better accuracy, even on congruent 

trials, predicts a greater conflict effect for reaction time than accuracy and an improvement in 

accuracy but not reaction time following high conflict trials. These findings indicate that the 

prioritization of speed or accuracy determines which domain is more influenced by conflict and 

how performance is adapted when conflict increases. The combined conflict effect on reaction 

time and accuracy predicts the conflict effect on CRN amplitude better than reaction time or 

accuracy conflict effect separately. This finding indicates that both speed and accuracy 

performance are associated with the conflict monitored by the CRN, but it remains unclear how 

this conflict-related activity may be related to the prioritization of speed or accuracy. Ongoing 

research is, therefore, examining how CRN amplitude is associated with performance depending 

on indicators of the strategy to prioritize speed or accuracy. 
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Abstract: Task switching involves the flexible allocation of attention between different stimuli 

or tasks by maintaining a sustained task-set and monitoring responses on a trial-by-trial basis. 

Here we used a mixed block and event-related analysis formerly reported by Braver et al. (2003) 

to isolate brain activity associated with the sustained and transient control processes during task 

switching. We extend previous work by examining event-related activity associated with mixing 

costs (comparing individual repeat trials during dual-task blocks to individual trials during 

single-task blocks). Young adults (N=21, 8 male, Mage = 19.43) completed a task-switching 

paradigm, the number-letter task, during fMRI scanning. Events and blocks were modeled 

separately to identify patterns of brain activity according to time scale (trial-by-trial vs. 

sustained) for both dual-task blocks and single-task blocks. We identified sustained activity in 

the right anterior prefrontal cortex (PFC) during the dual-task blocks when contrasted with 

single-task blocks, consistent with a role for this region in maintaining an active task-set in the 

context of switching (Braver et al., 2003). We also identified event-related activity associated 

with the switching events in left superior parietal cortex, left supplementary motor area, and the 

left anterior orbitofrontal cortex, similar to those previously reported by Braver et al (2003). 

Finally, our mixing costs analysis revealed transient activity in the anterior cingulate cortex 

(ACC) associated with repeat trials within the dual-task block when contrasted with events 

within the single-task block. We also found increased activity in the ACC during incorrect trials 

over correct trials, consistent with a role for this region in conflict monitoring. Mixing costs may 

not only be due to the sustained state of switching, but also to moment-to-moment processing 

implemented by ACC. The current results highlight the selective modulation of this region in 

relationship to mixing costs, suggesting the ACC is involved in conflict monitoring on a trial-by-

trial basis while the brain is maintaining a flexible switching task-set. 
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Abstract: Whether it be battling the impulse to grab an extra cookie or refraining from 

scratching a wound, we have all experienced an urge to act. Conceptual models of “urge” 

characterize the experience as moments in which there is a simultaneous drive to act and a need 

to withhold (Jackson, Parkinson, Kim, Schüermann, & Eickhoff, 2011). The mechanisms that 

underlie the withholding of urge, however, are largely unknown. We hypothesize that one 

component is a motor suppressive process. Further, because an urge is thought to consist of two 

incompatible motor intentions (to move, but to also withhold), we expect that it may evoke a 

state of conflict analogous to that observed in response conflict tasks. To test this, we designed a 

task that used heat to invoke an urge. Specifically, subjects had heat applied to the left arm and 

were given a button that could be pressed with the right hand to turn off the heat. Importantly, 

they were required to endure the heat and refrain from pressing for 9, 10 or 11 seconds. We used 

scalp EEG to test whether i) there was a sensorimotor suppressive process related to action-

withholding, ii) there was a neural response to the heat pain, iii) there was a dorsomedial conflict 

response, and iv) the suppressive or conflict processes would relate to the pain signature. Using 

independent component analysis, we identified a left sensorimotor component contralateral to the 

hand capable of pressing for relief. For this component, during the heat withholding period, there 

was greater beta band power compared to control conditions (p’s<.01). We interpret this as 

evidence for a motor suppressive process that is engaged during the urge to press. There was also 

a “pain signature” contralateral to the arm where the heat was applied, showing a stronger beta 

band desynchronization relative to control conditions. Strikingly, across subjects, those who 

“suppressed” more also demonstrated less of a putative “pain” response (r=.517, p<.05). Lastly, 

we showed that heat urge evoked a similar neural response to that observed in a response conflict 

task. Therefore, a state of conflict may be a core symptom of urge and might contribute to the 

challenge of withholding. Overall, these data suggest that conflict, akin to response conflict, does 

occur during urge, and further, that a motor suppressive process may be used to withhold during 

urge, and that the degree of recruitment of this process may relate to changes in sensory 

processing. 
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Abstract: Why are humans bad at multitasking? Model simulations, human behavior, and 

neuroimaging provide converging evidence that interference between task-relevant 

representations limits multitasking. 

Model simulations show that networks learn new task representations by exploiting existing 

representations that share relevant input or output dimensions (Musslick et al., 2016; 2017). The 

degree of overlap between two task representations predicts whether the tasks can be performed 

simultaneously, with more overlap (i.e. shared hidden units) predicting worse multitasking 

performance. Training the network to multitask leads to separation of representations, with more 

separation predictive of better multitasking performance. 

Human behavior is consistent with model predictions; while humans are able to multitask tasks 

with different relevant input and output features, they initially fail to multitask with two tasks 

that both require color processing (12 subjects, 7 days of training each). Training on performing 

these tasks together leads to significant behavioral improvements that cannot be explained by 

improvement in performing the tasks in isolation. Performance on a related transfer task suggests 

multitasking training does not globally improve multitasking performance; in fact, training could 

change representations in ways that impair performance on other tasks. 

Preliminary neuroimaging findings reveal how neural representations of task-relevant 

representations change with training (1 subject, 5 fMRI scanning sessions, 5000 trials of 

multitasking training). Over the course of five days of training, multitasking performance 

improves while correlations decrease between task representations that initially overlapped. 
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Abstract: Cognitive control refers to the ability to ‘focus’ on a task. Exerting cognitive control is 

well known to be accompanied by a subjective effort cost and people are generally biased to 

avoid it. However, the mechanisms underlying this effort cost of cognitive control are currently 

unclear. To begin to address this question, we build on recent theorizing suggesting that the cost 

of cognitive effort represents a motivational signal that facilitates switching to alternative tasks, 

hence promoting flexibility (Cools, 2016; Kurzban, Duckworth, Kable, & Myers, 2013). Inspired 

by these observations, we asked whether the effort cost of cognitive stability is higher than that 

of cognitive flexibility. Specifically, we tested this prediction in the domain of working memory 

by using (i) a delayed response paradigm that allows us to quantify the stability (distractor 

resistance) and flexibility (flexible updating) of working memory representations (as in Fallon et 

al. 2017), as well as (ii) a subsequent cognitive effort discounting paradigm that allows us to 

quantify the subjective effort costs assigned to performing the delayed response paradigm (as in 

Westbrook et al. 2013). We show strong evidence, in two different samples (28 and 62 

participants respectively) that subjective value decreases as a function of demand. Moreover, we 

demonstrate that the subjective cost of performing a task requiring cognitive stability (distracter 

resistance) is higher than that requiring flexible updating. This finding supports recent theorizing 

that the cost of control might represent a solution to the stability-flexibility dilemma (Musslick, 

Jang, Shvartsman, Shenhav, & Cohen, 2017). In ongoing work with this paradigm, we are 

assessing the role of brain dopamine in the tradeoff between stability and flexibility and 

associated effort costs. We also aim to adapt this paradigm to assess another key implication of 

this proposal, namely whether the cost of control varies with current task demands for stability 

versus flexibility, with higher costs in environment with greater demands for flexibility. 
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Abstract: Real life scenarios often involve a choice between multiple responses, and control 

networks in the brain must mediate between these options to implement adaptive behavior. 

Conflict refers to the competition between simultaneously activated responses that must be 

resolved to select the appropriate option. Previous literature has identified medial prefrontal 

cortex (MPFC) and lateral prefrontal cortex (LPFC) as key brain regions involved in conflict 

processing, and classical theories of conflict processing posit serial computations in which 

MPFC detects conflict before recruiting LPFC resources to resolve the conflict and execute the 

correct response. These theories are largely based on EEG and fMRI research examining 

temporal and spatial profiles of conflict resolution separately. A few intracranial studies in 

humans have confirmed the involvement of MPFC and LPFC, but the spatiotemporal dynamics 

of these regions and their relationships during conflict processing remain undefined. Notably, 

few studies have addressed the role of the insula (INS) in conflict tasks, despite its strong 

anatomical and functional connections with MPFC. We utilized the spatiotemporal resolution of 

intracranial recordings in epilepsy patients (iEEG; n = 11) performing a verbal color-word 

Stroop task to describe the activity profiles of local activity in MPFC, LPFC, and INS and to 

capture their interactions through connectivity analyses. Data preprocessing included removing 

epileptic and excessively noisy channels and epochs, bipolar re-referencing, and band-stop 

filtering line noise. The data were then filtered to 70-150 Hz to isolate high frequency activity 

(HFA) known to correspond to local population spiking. Although similar proportions of sites 

with conflict sensitive HFA (cluster-based permutations, p<0.05 FDR corrected) were observed 

in MPFC, LPFC, and INS, individual electrode sites revealed heterogeneous HFA time courses 

within each region, suggesting distributed functional networks were forming across regions at 

varying stages of conflict processing. These functional networks were then identified using pair-

wise correlations in HFA. Contrasting connectivity strength across conditions to determine 

relevance to conflict processing revealed that the greatest proportion of sites with significantly 

different correlations (null distribution via condition labels permutations, p<0.05 FDR corrected) 

were between pairs within INS and within MPFC, followed by pairs between MPFC-INS and 

LPFC-INS. These findings emphasize the role of the insula and of distributed network 

interactions in facilitating conflict processing and cognitive control. 
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Abstract: Objective: 

The present study investigated functional brain activation patterns in adults using functional Near 

Infrared Spectroscopy (fNIRS) during an event-related, Stroop task and neuropsychological tests 

of executive functioning as a more cost-effective tool measuring cortical hemodynamics and a 

behavioral paradigm. 

Methods: 

Eighteen adults were included in the study with a mean age of 31.0±3.5 years (range 26-37; 12 

female), and a mean education of 18.7±2.2 years (range 16-22). We adapted the color-word 

matching Stroop task in an event-related version which might suggest executive processes such 

as interference resolution and response inhibition, and measured prefrontal activity during task 

performance. Relating neuropsychological tests of other version of Stroop, verbal/design 

fluency, working memory and processing speed were also performed. The fNIRS data analysis 

was conducted on the concentration associated with the activation of each condition. Modified 

Beer-Lambert law (MBLL) is the main governing equation for NIRS, which extracts the 

concentrations of oxy-and deoxyhemoglobin by usinglight signals with two wavelengths. fNIRS 

data and behavioral measure were analyzed with repeated measure ANOVA including condition 

(congruent vs. incongruent) as a within-subjects factor. And correlation analysis was conducted 

among fNIRS, behavioral and neuropsychological data. 

Results: 

The results of the ANOVA analyses demonstrated a significant task-related activation of the 

PFC. 

It specially evoked cortical activations regarding Stroop interference on the dorsolateral 

prefrontal cortex and some anterior frontal area(Figure 1&2). Behavioral data including reaction 

time, accuracy, and interference ratio demonstrated the effect of cognitive interference during 



Stoop 

tasks and also different pattern of groups which might come from different cognitive strategy by 

individuals even in same task. 

Conclusion: 

Our results suggest that interference resolution and response inhibition are associated with 

different functional activation patterns in the frontal subregions. fNIRS could be a potential 

measure as an effective tool to investigate the contributions of prefontal function including 

DLPFC and aPFC to executive functioning. 
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Abstract: Introduction: Breachers are a specialized group of military personnel trained to use 

controlled explosions to blast holes through walls and doors to gain rapid entry. Breacher 

instructors are exposed to hundreds of low-level blast events, during their years of teaching 

assignments. The relationship between long-term occupational exposure to low-level blasts and 

human health is unknown, but data collected from professional breachers revealed that they 

suffer symptoms similar to individuals diagnosed with a concussion. This raises concerns that 

repetitive exposure to even low-levels of blast may produce adverse neurological effects. Using a 

novel visuomotor task that involves conditions where the individual has to think and move at the 

same time, Sergio and colleagues reported cognitive-motor integration (CMI) deficits in varsity 

athletes with a history of concussion even when they were asymptomatic1. In this study, we 

examined the impact of repetitive low-level blast exposures on CMI in a group of Canadian 

Armed Forces (CAF) breachers. Methods: Data were collected from 19 breaching 

instructors/range staff and 19 sex- and age-matched CAF controls. Study participants were tested 

on different eye-hand coordination tasks. While wearing a touch-screen glove, participants were 



instructed to place their finger on a central spot on the horizontally placed computer tablet and 

direct the cursor towards the target by sliding their finger on the touchscreen. In two of the four 

conditions, participants viewed the targets directly on the tablet while sliding their finger in the 

same (direct) or opposite direction (direct/feedback reversal) to move the cursor towards the 

target. In the other two conditions, participants viewed the targets and cursor on an external 

monitor in the vertical upright position while moving their finger in the same (plane 

change/direct) or opposite direction (plane change/feedback reversal). Results: Of the ten 

different outcome measures assessed from this task, breachers showed a greater variability in 

reaction time under all conditions except for when the target was presented in the plane 

change/direct condition. In addition, the breacher group tended to perform much slower on most 

of the visuomotor task conditions. Conclusion: The slower reaction times observed in the 

breacher group are consistent with previous reports on varsity athletes with a history of 

concussion. While there were no differences between the groups in all other outcome measures, 

we suspect breachers are highly trained individuals and are able to compensate for potential CMI 

deficits. 1Brown et al. (2015) BMC Sports Sci Med Rehab 7:25 
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Abstract: Cognitive control has been associated with a distributed network of frontal and 

parietal regions. In a previous study, we have shown that, across this network, task-related 

information is represented based on its behavioral relevance (Erez & Duncan, 2015). Previous 

studies have demonstrated that reward modulates multiple aspects of cognitive control, for 

example by improving behavioral performance and monitoring in various cognitive tasks. We 



and others have shown that overall activity across multiple brain regions increases when reward 

is introduced. In particular, it was demonstrated that reward leads to enhanced representation of 

task rules across the frontoparietal network (Etzel et al., 2016). Here we build on these findings 

and test for the effect of reward on the representation of behaviorally-relevant task content using 

a functional magnetic resonance imaging (fMRI) study (N=24, healthy adults). In a cued 

category detection task, displays contained an image from one of three semantic categories, and 

participants detected whether it was from a cued category or not. In each trial, the cued category 

served as a target (T). Of the two non-target categories, one was a target on other trials 

(inconsistent non-target, NI), and the other was never cued (consistent non-target, NC), thus 

creating three behavioral categories (T, NI, NC). On half of all trials, participants were offered a 

possibility of substantial monetary reward on correct completion of the trial within a time limit. 

Behavioral results showed decreased reaction times for the reward trials as compared to the non-

reward trials without a change in accuracy. Univariate whole-brain random effects analysis 

showed increased activity for reward trials compared to no-reward trials across multiple frontal 

and parietal regions. Multivariate pattern analysis (MVPA) showed representation of the task-

relevant behavioral categories, and particularly target vs. non-target, across the frontoparietal 

network. This pattern of response was modulated by reward, making the target category more 

distinguishable from the non-target categories. Our results support the view of reward as a 

facilitator of control processes by enhancing representation of behaviorally-relevant task 

information. 
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Abstract: Research studying the interaction between motivation and cognition has amassed a 

substantial body of evidence that rewards tend to enhance cognitive performance. While this 



finding has been represented in many cognitive domains, including selective attention, inhibitory 

control, and task switching, it remains unclear how rewards impact neural coding to bring about 

performance benefits. One proposal is that rewards boost task representations in prefrontal 

cortex, under which one would predict greater neural dissimilarity between task representations 

under high reward conditions. A competing proposal is that rewards boost sensory processing of 

stimulus features. Under this account, one would predict greater dissimilarity between feature 

representations in high reward scenarios. Here we present results from an experiment aiming to 

test these two hypotheses. Thirty participants (11 female, mean age = 23 years) made simple 

cognitive judgements about the colour and shape of stimuli, while rewards for fast and accurate 

responses were manipulated dynamically, on a trial-by-trial basis. While participants performed 

the task, their neural activity was measured using electroencephalography. Behaviourally, we 

found that our experimental manipulation was effective in modulating cognitive performance, 

eliciting faster reaction times (~20ms) and greater accuracy (~2%) under high reward conditions. 

We then used Representational Similarity Analysis to quantify the impact of reward on neural 

coding patterns. By fitting a selection of coding models to dissimilarity matrices over time, we 

found that reward coding, task coding, feature coding, and motor coding dominated neural 

activity patterns sequentially within trials. When comparing cells in the matrices that differed 

only as a function of task, we found no difference in the dissimilarity of task representations 

between high and low reward conditions. By contrast, we found that high reward increased the 

magnitude of feature coding and neural dissimilarity between relevant features during the 

response phase. In addition, we found that the magnitude of feature coding was significantly 

correlated with participants’ task performance. While preliminary, these results may suggest that 

rewards can improve cognitive performance by modulating feature representations needed for 

appropriate behavioural output. 
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Abstract: Introduction 

Response inhibition is the ability to suppress actions that are inappropriate in a given context or 

that interfere with goal-driven behavior. One method of assessing response inhibition is via a 

go/no-go task. Prior studies have implicated the inferior frontal gyrus (IFG) in executive control 

and inhibition of motor cortex. Although the neuroanatomy of response inhibition is well 

described in the fMRI literature, precise electrophysiological properties are still unclear, 

especially in the pediatric population. In particular, neural timing cannot be effectively 

investigated with fMRI, thus requiring electrophysiological methods. We recorded neural 

activity with subdural electrocorticography (ECoG) in pediatric patients during a go/no-go task 

to investigate response inhibition function associated with IFG and primary motor cortex (M1). 

Methods 

Six right-handed patients undergoing subdural ECoG for seizure localization were included in 

this study (7-16 years old, mean age 11.5, three with right hemisphere ECoG placement). The 

go/no-go tasks were optimized for children: the subject was asked to respond as quickly and 

accurately as possible on the appearance of a go signal (a lion), and not respond for no-go signal 

(a bear), with simultaneously ECoG recording. Representative electrodes from IFG and M1 were 

selected on the basis of peak high gamma (HG, 70- 200 Hz) activation. We extracted power 

spectrum using the square of the analytical amplitude output of the wavelet transform from 2-200 

Hz for each behavioral trial. We compared mean power and peak amplitude in theta (4-8 Hz) and 

high gamma (70-200 Hz) range in both IFG and M1 between go and no-go conditions but 

identifying statistically significant power values with a standardized permutation test. 

Results 

We observed higher HG activation in no-go trials relative to go trials within the IFG, regardless 

of hand used (3 of 6 patients, p <0.05). However, IFG power of the low frequency band (4-8 Hz), 

was higher in no-go trials than in go trials, but this pattern was not consistent and depended on 

contra- or ipsilateral hand use. Additionally, HG power in M1 contralateral to the hand used was 

significantly higher in go trials than in no-go trials (4 of 6 patients, p <0.05). 

Conclusion 

We observe that HG, and to a lesser extent theta, power in IFG is higher in no-go than in go trials 

particularly for older participants. Our results indicate that bilateral IFG based on high frequency 

power responses may have a role in response inhibition. Further studies may investigate the 

interactions between IFG and M1, as well as the development of power and interactions over 

age. 
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Abstract: Executive functions, and particularly inhibitory control (i.e.,the ability to withhold a 

prepotent response), play a critical role in academic success. While the effect of cognitive 

training on IC efficiency improvement has been studied either in children or in adults, the 

neurocognitive effects of IC training from childhood to adolescence is understudied. This is 

surprising given that childhood and adolescence is a developmental period defined by a high 

brain plasticity and environmental sensitivity during which the IC neural network become more 

specialized and integrated. We used anatomical, diffusion and functional magnetic resonance 

imaging on a 3T MRI scanner and a longitudinal design to test the effects of an intensive (25 

sessions, 15 min a day, 5 weeks) and individualized IC computerized adaptive training on tactile 

devices. 64 healthy children (27 males, 9 to 11- year-old) and 59 healthy adolescents (20 males, 

16 to 17-year-old) were randomly assigned to receive either IC (parametric Stroop and Stop-

signal tasks, SST) or active control (AC) (knowledge-based task) training. IC efficiency 

(assessed by SST performance) improved more in the IC than in the AC group. This behavioral 

change was paralleled by group- and age-specific morphometric changes in regional cortical 

thickness in prefrontal regions, in functional activations in the bilateral insula for ‘Successful vs 

Failed inhibition’ contrast in SST and in the white matter microstructure in cingulum bundle. 

Taken together, the results provided evidence of age-specific functional, anatomical and 

connectivity changes in the IC network pre- and post-training. 
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Abstract: fMRI studies on the dynamic representation of task contents exclusively focus on the 

cerebral cortex. However, neurophysiological studies also report coding of task-relevant features 

by striatal neurons (e.g., Ito & Doya, 2015, J Neurosci. 35:3499), fueling theories of basal 

ganglia involvement in cognitive decision making (eg., Hélie ea., 2015, Cortex 64:123). To 

investigate the feasibility of including basal ganglia in the non-invasive study of dynamic 

cognitive coding, we applied multivariate pattern analysis (MVPA) to individual, trial-wise 

fMRI data (n=12) collected during execution of 3 cognitive tasks (Erikson flanker, 2-back 

matching, response scheme switching) to establish if different task contents can be decoded from 

striatum. 

Participants completed 6 runs with 6 blocks per task in each run. Trial-wise activity was 

computed as the average cleaned BOLD signal over volumes 3 and 4 after trial onset. Analysis 

voxels were individually defined as grey matter voxels within specific ROI masks. Per ROI a 

pair-wise task classification was performed using support vector machine learning with leave-

one-run out cross-validation and recursive feature elimination. Statistical significance was 

assessed over 125 label randomizations in an otherwise identical procedure. 

Classification accuracy over the three tasks in bilateral lateral prefrontal cortex was 76.1±4.4% 

(p<0.001). Accuracy in bilateral striatum was lower, but still significant (59.9±4.1%, p<0.001). 

Similar results were obtained for other MVPA parameters and with a logistic regression 

algorithm. There were no subregion differences in classification. Accuracies were equal and 

significant (p <0.001) for left or right side striatum and for the three major subregions: ventral 

striatum (57.3±2.2%), and non-ventral putamen (57.4±2.8%) and caudate nucleus (58.9±3.4%). 

The lower accuracy in the striatum compared to cortex was not due to a dynamic regional shift 

with time on task, as the classifier trained on data from runs 1 and 2 generalized equally well to 

the last two runs 5 and 6 as to intermediate runs 3 and 4. There was also no evidence that the 

discrimination appeared earlier in ventral striatum than in the other subregions (Ito & Doya, 

2015), since decoding the upcoming task from activity induced by the cue preceding each task 

block was equally effective in all three subregions. 



We conclude that cognitive tasks invoke reliably distinctive activity patterns in all three major 

subregions of the striatum. This finding is consistent with the hypothesis that the basal ganglia 

contribute to the dynamic representation of cognitive task contents in the telencephalic brain. 
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Abstract: Executive functioning, such as sustained attention, response inhibition, and working 

memory, is necessary for flexible and adaptive human cognitions, emotions, and behavior. Much 

research suggests individual differences in executive functioning are strongly driven by genetic 

variation. For example, twelve years ago our group and collaborators established an association 

between variation in the KIBRA gene (WWC1) and episodic memory in healthy young and 

middle aged volunteers, which was independently replicated in an elderly group 

(Papassotiropoulos et al., 2006; Schaper et al., 2008). However, an emerging body of empirical 

research suggests that environmental factors are also influencing complex phenotypes by 

affecting the epigenome. We used a monozygotic (MZ) twin difference design to examine 

cotwin differences in methylation of CpG sites near WWC1 in relation to cotwin differences in 

executive functioning. The sample included 48 MZ twin pairs (51% male; 50% Non-Hispanic 

White, 14.6% Hispanic/Latinx, 8.3% African American, 4.2% Asian American), mean age = 8.5 

years, drawn from the Arizona Twin Project (Lemery-Chalfant et al., 2013). Comparing MZ 

twins allowed us to assess if environmentally driven differences in methylation affected 

phenotypes while controlling for the influence of genotype on methylation and task performance. 

We collected buccal cell samples and conducted tasks during home visits. DNA methylation was 

quantified using the Infinium MethylationEPIC BeadChip. Executive attention was assessed with 



the Flanker Task (Linear Integration Speed Accuracy Score [LISAS] for congruent and 

incongruent trials) and short-term memory (STM) was assessed with Digit Span (Total Forward 

and Backward). We extracted the first principal component from % methylation of 82 CpG sites 

near WWC1 after removing all sites with a < .3 loading (45 sites remained and variance 

explained was 43.29%). Next, we computed MZ difference scores representing % methylation 

and task performance for linear regression analysis controlling for sex. We found MZ differences 

in WWC1 methylation were not associated with STM but did predict executive attention 

performance. MZ differences in WWC1 methylation were negatively associated with executive 

attention performance on the Flanker Task (higher values indicate lower efficiency; LISA 

Congruent: b = 0.367, p = 0.022). Our findings suggest that methylation status of executive 

functioning genes may influence executive attention over and above genotype. Our results 

highlight the importance of the epigenome for executive control and memory processes central to 

cognitions, emotions, and behavior. 
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Abstract: Cognitive neuroscience has linked neural activity to a wealth of cognitive processes, 

yet struggles to produce a cumulative account of neural function. This slow progress has many 

causes, but is partially explained by the lack of systematic ontologies describing brain structure 

and mental function. While integrative brain atlases have been steadily improving, 

commensurate efforts to improve cognitive ontologies have been limited. 

We address this by developing a data-driven cognitive ontology derived from individual 

differences across a broad range of behavioral tasks, self-report surveys, and real-world 

outcomes. 522 participants completed 63 different measures on Mechanical Turk related to 

decision-making, working memory, cognitive control, impulsivity, and personality, amongst 

other psychological constructs. Interestingly, though subsets of the tasks and surveys putatively 



reflect similar constructs, we find that they bifurcate in the ontology. Using exploratory factor 

analysis, we identify two low-dimensional cognitive spaces that separately capture behavioral 

tasks and surveys. Hierarchical clustering within these spaces identify sensible clusters which 

capture psychological "kinds", related to, but separate, from the dimensions identified with factor 

analysis. Overall, this structure discovery reveals a simpler cognitive ontology than typically 

employed in the psychological sciences. 

As real-world relevance is an essential feature of theoretical constructs, we also evaluated 

whether tasks and surveys can predict real-world outcomes. We reduced the self-reported real-

world outcomes to 9 "target" factors (e.g. mental health, binge drinking), computed individual 

factor scores, and assessed predictive ability using cross-validated ridge regression. While 

surveys performed moderately well, tasks showed almost no predictive ability. 

Using a genetic algorithm, we identified a smaller number of behavioral tasks and survey 

questions that best captured the entire ontological space to use in an fMRI study. 100 participants 

completed 10 tasks and resting-state scans, from which we calculate ~40 unique contrasts. 

Contrasts were subjected to dimensionality reduction and clustered to reveal a neural similarity 

space that complements that derived from behavioral individual differences. 

Cognitive ontologies describe the psychological constructs through which most human 

neuroscience is understood. We demonstrate that data-driven structure discovery techniques can 

profitably improve these ontologies, and that doing so helps to contextualize brain states 

identified using fMRI. 
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Abstract: Research objective and rationale: Early executive functioning (EF) skills relate to and 

predict later outcomes. Given limited availability of tasks measuring processing speed, inhibition 

and early learning in children ages 18-70 months, we developed tablet-based tasks to study the 

development of these cognitive skills. Study aim: Test feasibility and associations of investigator 

created tasks assessing EF with existing measures of cognitive functioning. Methods: 65 

participants (40 male, 25 female), ages 18-70 months. Given interest in developing these tasks 

for toddlers, a subset of children ages 18-26 months was examined. Reaction Time Task: Child 

clicks on a stimulus as soon as it appears.Inhibition Task: Child clicks on a stimulus as soon as it 

appears, but avoids responding to another stimulus. Object Reversal Task for Infants (ORTi): 

Age-adapted based on principles of the probabilistic object reversal task. Cognitive measures: 

Mullen Scales of Early Learning, Wechsler Preschool and Primary Scale of Intelligence-Fourth 

Edition. Parent report of EF assessed by the Behavior Rating Inventory of Executive 

Functioning-Preschool Version (BRIEF-P). Results: Correlations between iPad measures, age 

and cognitive measures 

Task 
Age 

(n=64) 

MSEL Early 

Learning Composite 

(n=36) 

WPPSI-IV Full 

Scale IQ (n=23) 

BRIEF-P Global 

Executive Composite 

(n=33) 

Reaction Time 

Task 
    

reaction time 
rs = -.694, 

p=.000 
rs = -.023, p ≥ .05 

rs = -.116, p ≥ 

.05 
rs = .133, p ≥ .05 

omission errors 
rs = -.391, 

p=.001 
rs = .202, p ≥ .05 

rs = -.348, p ≥ 

.05 
rs = .054, p ≥ .05 

Inhibition Task     

correct responses 
rs = .604, 

p=.000 
rs = .054, p ≥ .05 rs = .276, p ≥ .05 rs = -.257, p ≥ .05 

omission errors 
rs = -.498, 

p=.000 
rs = -.073, p ≥ .05 

rs = -.099, p ≥ 

.05 
rs = .087, p ≥ .05 

commission 

errors 

rs = -.400, 

p=.001 
rs = -.020, p ≥ .05 

rs = -.332, p ≥ 

.05 
rs = .-087, p ≥ .05 

reaction time 
rs =-.624, 

p=.000 
rs = -.006, p ≥ .05 

rs = -.090, , p ≥ 

.05 
rs = -.202, , p ≥ .05 

ORTi     

number of sets 

achieved 

rs =.411, 

p=.001 
rs = .034, p ≥ .05 rs = .164, p ≥ .05 rs = -.137, p ≥ .05 

perseverative 

errors 

rs =-.671, 

p=.000 
rs = .215, p ≥ .05 

rs = -.140, p ≥ 

.05 
rs = .196, p ≥ .05 

set loss errors 
rs = -.211, 

p ≥ .05 
rs = .164, p ≥ .05 

rs = -.177, p ≥ 

.05 
rs = .109, p ≥ .05 

  



 

Toddler Performance 

 n Mean SD Range 

Reaction Time omission 

errors 
9 5.22 4.92 0-13 (max possible=20) 

Inhibition Task omission 

errors 
9 5.00 5.29 0-14 (max possible=24) 

Inhibition Task 

commission errors 
9 3.11 3.33 0-10 (max possible=16) 

ORTi number of sets 

achieved (in 30 trials) 
8 1.88 1.25 

0-4 (1 child was unable to achieve any sets, 2 children 

achieved 1 set, 5 children achieved 2 or more sets) 

ORTi perseverative errors 8 6.63 6.14 1-19 

ORTi set loss errors 8 1.38 .916 0-3 

  

 

Conclusions: Relationships between tablet-based tasks assessing developing cognitive skills (i.e. 

early learning, EF) and age, but not other cognitive variables (i.e. IQ, parent assessment of EF), 

suggest that these tasks measure a skill that is developing over time but is not well captured by 

current measures of global intellectual functioning or parent-reported EF, suggesting differential 

validity. Successful use of these tasks in young children indicates feasibility in this age range, 

with variability in performance that is potentially meaningful in terms of mapping early skill 

development. 

Disclosures: R. McLean: None. N. Schneider: None. S. Sholds: None. E. Mercer: None. J. 

Beck: None. V.A. D'Sa: None. S. Deoni: None. 
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Abstract: The human prefrontal cortex is known to be associated with many complex high order 

cognitive functions and is implicated in a range of neurological and psychological disorders, 

thought to involve abnormal network structure. It is widely accepted that prefrontal connectivity 

and organisation undergoes a prolonged period of development and can be influenced by 

external factors experienced during developmental phases. It is also understood that prefrontal 

cortex connectivity is more complex than other cortical regions. Although it is known that 

experiences of sibling aggression in childhood influence cognitive functions exhibited in 

adulthood, it remains unclear how commonly experienced childhood aggression can contribute to 

the development of complex prefrontal cortical networks and therefore differences in high-order 

processes exhibited in adulthood, specifically in terms of the role of sibling aggression in 

complex decision making processes. 

Utilising retrospective reports of sibling aggression and measures of current decision making 

style in 142 adult participants (>25 years), we revealed a previously undescribed link of using 

sibling aggression to maintain dominance in childhood with avoidant and spontaneous decision 

making styles exhibited in adulthood (p<.05). We also identified a significantly higher degree of 

avoidant decision making in mutual victims and perpetrators of sibling aggression when 

compared to those who had been sole victims (p<.05). The findings reported here indicate a 

possible role of sibling aggression in the development of avoidant decision making styles, thus 

implying an influence on underlying network structure. Notably, the relationship between 

perpetrators of sibling aggression and avoidant decision making is a surprising finding, given 

that avoidance is often considered a result of abusive childhood environments, which one might 

naturally associate with being a victim of sibling aggression over a perpetrator. 

These findings form an important basis on which to build further investigations into the 

structural development of decision making networks and the role of childhood experiences in 

this. Ultimately, an improved understanding of high order functional development, specifically 

decision making, will provide vital information from which the understanding of neurological 

and psychological disorders associated with decision making deficit e.g. schizophrenia, 

depression and autism, can be improved. 
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Abstract: Despite a plethora of research documenting the benefits of physical activity on 

different cognitive abilities, whether one can obtain immediate benefits from one session of 

exercise is still a debated topic. The potential mediating role of exercise type on these specific 

benefits also deserves further investigation. This series of studies examined the effect of a single 

exercise session of open- and closed-skill exercise on working memory and attention. In study 1, 

67 children (aged 6-8) were tested in a semi-randomised pre-post design, divided in 4 groups: 

open skill (soccer, basketball), closed skill (running races, circuit training, skipping), 

GoNoodleTM (‘Indoor Recess’ videos (‘Sport and Exercise’ category), selected for their 

moderate-to-vigorous exercise intensity), and no exercise. Digit span, Corsi Block Tapping test 

and motor span were tested, only the latter showed improvement after exercise. In Study 2 the 

same design was used to test 56 adolescents assigned to two groups: open-skill (table tennis) and 

closed-skill (skipping in pairs) on the Trail Making Test (TMT) 1 and 2. Results indicated a 

significant benefit of exercise, with greater improvement in the open-skill group in TMT2. A 

within participants design was used for Study 3, 21 young adults (18-29 years old) were tested 

on the Corsi Block Tapping test and the Enumeration test, assessing visual attention. Participants 

performed open-skill (table tennis), closed-skill (walking in pairs on treadmills) a week apart in 

counterbalanced order. A significant improvement was found only the visual attention, not 

modulated by exercise type. In conclusion, this series of studies shows some evidence for 

improvements after one bout of exercise in different age groups, however the need for 

standardization of methods is highlighted. 

Disclosures: A. Setti: None. J.M. O'Brien: None. J. Gilsenan: None. E. Hayes: None. J. 
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Abstract: Multitasking is typically studied by presenting two abstract tasks concurrently, e.g., 

parity judgements and tone discriminations. It is well known that under laboratory conditions, 

performance on such task combinations deteriorates with advancing age. However, it still is 

largely unknown whether a similar age-related decay occurs in everyday life. Indeed, everyday 

scenarios typically differ from laboratory conditions in that more than two concurrent tasks are 

present, and that those tasks are meaningful rather than abstract. We therefore decided to study 

age-related deficits of multitasking in a scenario that mimics the above characteristics of 

everyday life. 63 young (20-30) and 61 older (65-75) healthy persons used a driving simulator to 

follow a lead car that travelled at constant speed but occasionally slowed down for a short time. 

Participants also executed a mixed series of loading tasks (memory retrieval, reasoning, typing), 

presented visually or auditorily. Driving and loading tasks were administered separately as well 

as concurrently, to determine the costs of multitasking (MTC). In addition, participants 

completed eight standardized laboratory tests which assessed the executive functions updating, 

inhibition, task switching and dual-tasking. Complete data sets were obtained from 59 young and 

46 older persons. MTC of driving were significantly higher in the older group. Performance on 

executive function tests deteriorated in older age even if age-related slowing was accounted for. 

The age-related increase of driving MTC was fully attributable to the age-related decay of 

executive functions.We conclude that multitasking deteriorates in older age even in an 

ecologically valid scenario, and that training of executive functions may ameliorate this decay. 

Disclosures: O.L. Bock: None. U. Drescher: None. M. Haeger: None. C. Janouch: None. K. 
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Abstract: Susceptibility to interference increases with age. However, there is large inter-

individual variability in interference processing in older adults due to a number of biological and 

environmental factors. Surprisingly, only few studies evaluated interference processing across 

the lifespan. The present study aims at filling the gap by analyzing behavior and brain activity 

using ERPs in a Stroop interference task in young (n = 36, mean age 25 years), middle-aged (n = 

58, 46 years) and old (n = 152, 70 years) participants in three variants of the Stroop task with 

increasing difficulty. The old age group was divided into three subgroups based on individual 

drift rates as obtained by a drift-diffusion model. The drift rate reflects individual accumulation 

of evidence about the stimulus to make a correct decision and serves as valid indicator of 

performance. The results showed stepwise reduction of performance and an increase of Stoop 

interference with age. These behavioral effects were accompanied by an increase of the frontal 

P2 and a reduction of the N2 amplitude with increasing age which are associated with retrieval of 

stimulus-response mappings and interference resolution during response selection. Importantly, 

old high performers showed similar performance and ERP patterns like middle-aged or even 

young adults, suggesting large inter-individual variability in interference processing and 

neuronal activity beyond the age of seventy. 

Disclosures: P.D. Gajewski: None. M. Falkenstein: None. S. Thoenes: None. E. Wascher: 

None. 
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Abstract: Adults with Borderline Personality Disorder (BPD) - a severe psychiatric illness that 

begins in adolescence - show impaired saccadic control in response inhibition tasks. To test 

whether this pattern also exists in adolescents showing early signs of BPD, we measured saccade 

performance in female adolescents with BPD traits (ages 14-18) and age-matched female healthy 

controls while they performed an interleaved pro- and anti-saccade task. This task requires 



participants to generate anti-saccades (voluntary saccade away from salient target) or pro-

saccades (automatic saccade toward target) depending upon a central color instruction. This task 

is a sensitive marker of normal and pathological cognitive development. Adolescents with BPD 

generated more anticipatory saccades (saccade reaction time (SRT): <90 ms) on anti-saccade 

trials compared to controls, indicating dysfunction of saccadic preparatory suppression signals 

within the oculomotor network. Direction errors (i.e., a saccade was executed to the incorrect 

target stimulus), express saccades (SRT: 91-139 ms), and regular latency saccades (SRT: >140 

ms) did not differ between groups, suggesting intact functioning of visually-guided oculomotor 

signaling in BPD patients. These results depict the same behavior recorded in adults with BPD, 

suggesting that inhibitory dysfunction - specifically a failure to adequately prepare for an 

inhibitory command - develops early in disease progression. This result is distinct from other 

psychiatric disorders characterized by impulsivity in youth (i.e., ADHD) where dysfunction is 

evident by increased prevalence of direction errors during the propagation of express saccades 

and regular latency saccades. We hypothesize that impulsivity across clinical disorders in youth 

may correspond to distinct impaired signaling circuits within the frontostriatal regions of the 

oculomotor network. These findings could help identify biomarkers of distinct impulsive 

behaviors observed in clinic (i.e., difficulty planning versus risk-taking behaviors) and inform 

early intervention strategies for at-risk youth. 

Disclosures: O.G. Calancie: None. A.C. Parr: None. L. Booij: None. D. Brien: None. B.C. 
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Abstract: Research objective and rationale: Executive functioning (EF) skills, fundamental to 

child development, refers to a set of neurologically-based processes responsible for coordinating 



aspects of cognitive activity and behavioral/emotional regulation. Given limited data on precise 

neuroanatomy of EF in early childhood, this study aims to determine developmental trajectory of 

neural correlates with EF skills in early childhood in typically developing children. 

Methods: 119 typically developing participants (70 male, 49 female), ages 30-72 months; 

participants divided into 4 groups (12-month age intervals; 27-32 participants in each group). 

Executive Function: Parent report - assessed by the Global Executive Composite (GEC) of the 

Behavior Rating Inventory of Executive Functioning-Preschool version (BRIEF-P). 

Imaging: Siemens 3T Tim Trio (3D T1-weighted images of brain obtained using: 

TR/TE/FS=14/5.9/3, 150 flip angle, 128x128 acquisition matrix, 1.5mm slab thickness). 

Scanning completed on the day of BRIEF-P report. 

Image analyses - Voxel Based Morphometry (VBM) Each child’s map non-linearly aligned to 

study specific template (Deoni et al., 2012) using Advanced Normalization Tools software 

package (Avants et al., 2008). Images then normalized to MNI space and second-group analyses 

applied using SPM8 with Matlab 2016b. To determine developmental gain, a BRIEF correlation 

matrix was created for each group and contrasted the BRIEF matrix of each older group against 

the younger (following 12-month age increments). All analyses were corrected for age and 

gender for each group and included intracranial brain volume for global normalization. 

Results:  

Developmental Gain (significantly higher brain-BRIEF correlation with age) 

Age groups compared 
Brain Regions with stronger association with BRIEF 

in older age group 

BRIEF group 2 (38-48 mo) vs 

BRIEF group 1 (30-36 mo) 

Left superior frontal gyrus Right temporal occipital 

fusiform gyrus Left occipital fusiform gyrus 

BRIEF group 3 (50-60 mo) vs 

BRIEF group 2 (38-48 mo) 
Left middle frontal gyrus Left superior temporal gyrus 

BRIEF group 4 (61-72 mo) vs 

BRIEF group 3 (50-60 mo) 
Left middle frontal gyrus 

  

 

All results are at p<.05 and were family wise error (FWE) corrected for multiple comparisons.  

 

Conclusions: Progression of brain-BRIEF correlation with increasing age, from multi-regional 

(younger) to more focused (predominantly frontal lobe in older) demonstrates a pattern to 

development of EF circuits in typically developing children. This is one of the few studies 

demonstrating the role of the developing frontal lobe in a neurotypical preschooler’s use of 

executive function. 

Disclosures: V.A. D'Sa: None. R. Lockridge: None. M. Bruchhage: None. S. Sholds: 
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Abstract: A substantial body of work has shown that aerobic fitness is related to the 

neuroelectric mechanisms that underlie attentional control in adults and preadolescent children. 

Specifically, higher aerobic fitness has been associated with increases in the amplitude of the P3 

component of the event-related potential (ERP) waveform, and with decreases in the amplitude 

of the N2 component. P3 amplitude has been indicated as a marker of attentional resource 

allocation, whereas N2 amplitude has been indicated as an index of attentional inhibition, in the 

oddball task. In the present study, we investigated the relationship between fitness and the 

neuroelectric indices underlying attention in an early childhood population. Preschool and 

Kindergarten children (N = 16, 4 and 5 years old) underwent a 6-minute walking task to assess 

sub-aerobic fitness. During the task, children walked as quickly as they could for six minutes 

while wearing an accelerometer. Distance walked and the percent of time spent in moderate to 

vigorous physical activity during the task (%MVPA) were assessed, as well as resting heart rate 

pre- and post- task. On a non-consecutive testing day, participants completed an auditory oddball 

task during which event-related potentials were recorded at midline electrodes. Morphology of 

the P3 and N2 components of the ERP waveform was examined. Bivariate and partial correlation 

analyses indicated that the distance walked during the 6-minute walking task was positively 

associated with P3 and N2 amplitude for target stimuli, even after accounting for sex and age, 

but was not related to latency. Larger P3 amplitudes and smaller N2 amplitudes were elicited for 

higher fit, compared to lower fit children, suggesting that higher fit children extended more 

attentional control and less inhibitory control to relevant stimuli. However, higher sub-aerobic 

fitness was not associated with the speed of neural processing as measured by P3 and N2 latency. 

%MVPA was positively correlated with P3 amplitude, but this relationship did not persist after 

accounting for the variance due to age and sex. These data are consistent with prior work 



conducted in preadolescent children and suggest that the beneficial effects of aerobic fitness are 

established earlier in childhood than had been previously indicated. 
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Abstract: Cerebral palsy (CP) is a non-progressive syndrome due to a pre- or perinatal brain 

injury. Although CP is defined as a movement disorder, it frequently involves attentional and 

executive impairments, as well as specific learning disabilities. Seven children (5 males and 2 

females aged 9-16 years) with spastic CP (CPC) and 13 typically developing children (TDC) (6 

males and 7 females aged 9-16 years) participated in the study. Six CPC suffered from right-

sided hemiplegia, one was diplegic. Participants had normal IQ and normal or corrected-to-

normal visual acuity. CPC did not show visual field defects within ± 10° of visual angle, had 

normal verbal comprehension and were able to sit independently. Eye movements were recorded 

by an infrared eye-tracking system (Tobii X120, Sweden), while subjects performed a visually-

guided saccade task and a Posner cueing task. A square-shaped grey placeholder was displayed 

in each quadrant of the visual field at 7° of eccentricity from a central cross, on a black 

background of a pc screen placed at 80 cm in front of the subject. Participants had to make a 

saccade as fast as possible to a green target occurring inside one of the placeholders. In the 

cueing task, a non-informative cue (brief place-holder flash) unpredictably occurred 150 ms 

before the imperative target, either at the same (valid condition) or at a different (invalid 

condition) location. No differences in latency and amplitude were found between visually-guided 

saccades of both groups. By contrast, CPC had a great difficulty to suppress saccades towards 

task-irrelevant targets both during fixation and in the cuing task. Thus, the expectancy of a 

relevant target during central fixation elicited in 4 CPC saccades towards a place-holder in 20-

60% of the trials (<15% in TDC). Furthermore, while TDC made inappropriate saccades to the 



cue in only 0-30% of the trials, 5 of 6 CPC did so in a much larger percentage of trials (up to 

89%), with a remarkable preponderance for a specific quadrant or hemifield. Interestingly, we 

found no relationship between the hemifield of prevalent saccadic intrusions and the affected 

limbs by CP. In addition, in CPC we observed a significant correlation between the mean latency 

of visually-guided saccades and the percentage of trials in which saccades were erroneously 

made to the cue. Finally, by taking into account only the correct trials in the Posner task, in both 

groups saccade latencies were faster in the valid than in the invalid condition. This study shows 

that in CP, even in presence of a mild symptomatology, prefrontal inhibitory executive control is 

frequently impaired, in the absence of deficits in the low-level visuospatial attentive capabilities. 

Disclosures: L. Falciati: None. J. Galli: None. S. Micheletti: None. L. Turetti: None. M. 
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processing 
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Abstract: Since the 2016 FDA's warning on the negative effects of the use of general anesthetics 

over the children's brain development, a global effort has been made to investigate the possible 

effects of these drugs on different cognitive domains. It is known that brain development and 

cognitive domains has sensitive periods that can be affected by drug exposure. Executive 

function refers to abilities that facilitate the formulation of goals, planning and organization of 

thoughts and actions, regulated by the prefrontal cortex. The slow development of this area 

makes it more sensitive to external conditions, either positive (e.g. early stimulation) or negative 

(e.g. toxins) at later stages. Here, we evaluated the effect of general anesthesia in the cognitive 

functioning of Mexican preschoolers exposed whether a single procedure or multiple anesthetic 

procedures. To do so, we applied a standardized neuropsychological battery (BANPE) and an 

eye-tracking language processing protocol before and after the exposure to anesthetics. Until 



now, we have encountered that children exposed to anesthesia exhibit changes in overall 

performance of cognitive tasks demanding executive functions. Changes seem to be more 

pronounced in subtests involving cognitive flexibility. Moreover, exposed children appear to 

take longer times to see a figure after a verbal prompt. Based on these preliminary results, we 

believe that children at ages older than 3 years may also be considered vulnerable to general 

anesthetics since executive functions are still under development. 
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Abstract: Functional brain imaging studies - including position emission tomography (Fias, 

Lammertyn, Reynvoet, Dupont, & Orban, 2003; Pesenti, Thioux, Seron, & De Volder, 2000), 

functional magnetic resonance imaging (Bugden, Price, McLean, & Ansari, 2012; Dehaene, 

Piazza, Pinel, & Cohen, 2003; Holloway & Ansari, 2010) and event-related potential (Szűcs, 

Nobes, Devine, Gabriel, & Gebuis, 2013) studies in normal and pathological conditions - have 

provided evidence that the intra-parietal sulcus (IPS) plays a critical role in complex 

mathematical competences . Whilst most research has focused on which brain regions support 

numerical processing. The aim of the present study was to investigate the inverse issue, whether 

individual differences in neuroanatomy may have an influence on numerical abilities. To 

evaluate such early cerebral constraints on mathematical achievements it is important to examine 

neuroanatomical characteristics robust to neuroplastic effects, not affected by brain maturation 

nor learning. Sulcal morphology is a good candidate as it is determined in utero (; Mangin, 

Jouvent, & Cachia, 2010) and not affected by brain maturation and learning (Cachia et al., 2016; 

Tissier et al., 2018). Using such an approach, we have recently shown that early brain 

development contribute to cognitive efficiency in children, including inhibitory control (Borst et 

al., 2014; Cachia et al., 2016; Tissier et al., 2018) and reading abilities (Borst et al., 2016; 

Cachia, Roell et al., 2017). In the current study we investigated whether difference in the IPS 



morphology may explain part of the variability observed in mathematical abilities in children. 

Fifty nine right-handed typically developing children (mean age=9.89 ± 0.5 years; 34 females) 

were recruited from a public school in Caen (France). Analysis of the IPS sulcal morphology was 

performed using BrainVISA 4.2 software (http://brainvisa.info/). Linear models, with sex and 

age as covariates, revealed that the sulcal pattern of the IPS in both hemispheres predicted 

number estimation efficiency. In particular, participants with perpendicular branches segmenting 

the IPS required more time to perform a numerical estimation than participants without 

perpendicular segmenting branches (p<0.05). Interestingly, we found a cumulative effect, i.e. the 

greater the number of perpendicular branches segmenting the IPS in both hemispheres the longer 

the participant’s response times. Of note, we found no effect of IPS sulcal pattern on a simple 

visual recognition task. Our findings provide the first evidence that interindividual differences in 

mathematical abilities in children partly trace back to prenatal processes. 
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Title: The psychotomimetic ketamine abolishes thalamocortical spindle-like oscillations 
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Abstract: In schizophrenia, sleep disturbances are observed, and cortical EEG investigations 

reveal a deficit in sleep-related, thalamocortical (TC) spindle (sigma-frequency: 10-16Hz) 

oscillations. The underlying neural mechanisms are unknown. The thalamus is a key structure for 

attention-related sensorimotor and cognitive integration processes and for the generation of TC 

spindle oscillations, which would play a role in plasticity, learning, and memory. In the 

GABAergic thalamic reticular nucleus (TRN) neurons, NMDA receptors are essential in the 

generation of spindle rhythmic burst firing, which cyclically hyperpolarizes the postsynaptic TC 



neurons through the activation of GABA receptors. OBJECTIVE: We hypothesized that the 

deficit in sleep spindles recorded in schizophrenia involves a reduced function of NMDA 

receptors in TC-TRN systems. METHODS: Multisite electrophysiological cell-to-network 

recordings were used to investigate the psychotogenic effects of a single administration, at a 

psychosis-relevant dose (2.5 mg/kg), of the NMDA receptor antagonist ketamine in the 

somatosensory TC system of pentobarbital-sedated, adult male rats. RESULTS: Under the 

control condition, spontaneously-occurring sigma-frequency oscillations were simultaneously 

recorded in the cortical EEG, the extracellular field potential of the somatosensory thalamus, and 

in juxtacellularly recorded TRN cells (N=16). They all rhythmically exhibited, at the sigma-

frequency, robust high-frequency (300-500 AP/s) bursts of action potentials. Remarkably, in all 

experiments (N=16), ketamine consistently (relative to vehicle condition) abolished TC network 

spindle-like oscillations and switched the firing pattern of TRN cells from burst mode to tonic 

mode. These ketamine effects were accompanied by a significant increase in the power of 

ongoing TC gamma-frequency (30-80 Hz) oscillations. The cholinesterase inhibitor 

physostigmine (0.5 mg/kg) abolished TC spindle-like oscillations and, simultaneously, decreased 

the power of gamma oscillations. CONCLUSION: The present original findings support the 

hypothesis that the schizophrenia-related deficit in sleep spindles involves NMDA receptor 

hypofunction at least in TC-TRN systems. 
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Abstract: Chronic administration of phencyclidine (PCP) generates neurobiological and 

behavioral changes that mimic symptoms and micro-levels changes found in schizophrenia (sz). 



PCP impairs spatial learning and memory performance and flexibility of learning in addition to 

decreasing mRNA expression of markers including parvalbumin, NR2B, and GAD65/67. The 

neuropathology responsible for the onset of sz is still unknown. Thus, establishing valid animals 

models plays a vital role in characterizing the processes involved. A growing interest in 

quantifying functional network connectivity (FNC) has yielded clinical studies, which have 

identified abnormal activation in sz patients. The current study aims to evaluate the effects of 

chronic PCP exposure on resting state FNC in the rat. 

Adult male rats were pre-trained in the Morris Water Task (MWT) prior to a 4-week injection 

regimen. Rats received 14 intraperitoneal injections of either PCP (2.58 mg/kg) or 0.9% saline 

solution. Rats were anesthetized 72-hrs after their final injection & imaged in a 4.7T Bruker 

Biospin MRI scanner. Resting state fMRI BOLD data were collected after which rats were 

retested in the MWT to investigate long-term spatial memory and behavioral flexibility. Tissue 

punches from the medial and ventral frontal cortex, and parietal cortex were collected following 

the MWT retest. RT-PCRs were performed in order to examine gene expression for 

parvalbumin, calbindin, GAD67, ErbB4, NR2A, and NR2B. Group independent component 

analysis implemented in Group ICA of fMRI Toolbox (GIFT) was used to identify resting state 

networks. A total of 21 non-artifactual components were retained and consisted of 10 cortical, 4 

hippocampal, 1 thalamic, 3 striatal, 1 cerebellar, and 2 midbrain components. Initially, PCP 

exposed animals displayed increased FNC in striatal-cortical and cortical-cortical correlations. 

After the 1 week wash out period, PCP exposed animals displayed increased negative FNC in 

striatal-striatal, thalamic-hippocampal, striatal-hippocampal, and cortical-midbrain correlations. 

Performance during the MWT retesting phase indicated that PCP exposure induced a long-term 

spatial memory deficit but did not impair subsequent spatial learning. RT-PCR analysis 

determined that rats exposed to PCP show decreased expression for GAD67 in the ventral frontal 

cortex and increased calbindin expression in the medial frontal cortex. These results indicate that 

sub-chronic PCP exposure causes widespread alterations in FNC and mRNA expression in 

subcortical and cortical regions implicated in sz. 
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Abstract: Patients with schizophrenia, despite positive and negative symptoms, suffer from 

untreated cognitive deficits that have an enormous impact on their daily lives. Alterations in 

BDNF levels, which has a crucial role in synaptic function and plasticity through the activation 

of TrkB-full length (FL) receptor, may have a role in the molecular mechanisms underlying 

cognitive dysfunction in schizophrenia. Thus, this work aimed to characterize BDNF signalling 

in the subchronic phencyclidine (PCP) mouse model of schizophrenia. After subchronic 

treatment with PCP·HCl (10 mg/kg, i.p.) or vehicle, male C57BL/6 mice (10 week old) were 

subjected to behavioural tests (Open Field, Novel Object Recognition and Y-Maze Spontaneous 

Alternation tests) to confirm cognitive dysfunction. After behaviour, animals were sacrificed and 

samples from different brain areas were collected for molecular analysis.We observed impaired 

recognition memory (p***<0.001, n=6-7, student's t-test) and decreased spontaneous alternation 

behaviour (p*<0.5, n=5-7, student’s t-test) in PCP-treated mice. Importantly, we found decreased 

protein levels of TrkB-FL (p**<0.01, n=8, student’s t-test) and increased truncated TrkB, a 

negative modulator of TrkB-FL (p***<0.001, n=8, student’s t-test), in the prefrontal cortex 

(PFC) of PCP-treated mice. Moreover, we found a tendency for increased levels of truncated 

TrkB in the hippocampus of PCP-treated mice. Overall, data support BDNF signalling 

dysfunction in the PFC and hippocampus of the subchronic PCP model, brain areas involved in 

memory processes and known to be affected in schizophrenic patients. These results encouraged 

us to continue scrutinizing BDNF signalling in this pathology to evaluate whether its modulation 

could be part of a promising strategy in schizophrenia treatment. 
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Abstract: Successful drug discovery for schizophrenia relies on the development of more 

predictive animal models to better assess the efficacy at the preclinical stage. Clinical data have 

shown that the Auditory Steady-State Response (ASSR) which relies on the integrity of cortical 

pathways, was usually impaired in schizophrenia. Furthermore, preclinical studies suggested that 

ASSR could be also assessed in the rat. Therefore, we sought to investigate whether ASSR could 

be used as an efficacy biomarker in a rat model of schizophrenia using telemetry recording of 

EEG. 

A cohort of 24 rats was operated for implantation of electrodes at the surface of the primary 

motor cortex (leads fixed on the skull in contact with the dura) to allow telemetry recording of 

EEG. The body of the telemetry device was inserted subcutaneously in the flank. Animals were 

sub-chronically treated with phencyclidine (PCP) (5 mg/kg, ip, bid) or its vehicle during 7 days. 

After a wash-out period of 7 days, animals received a single injection of clozapine (0.3 mg/kg, 

sc) or its vehicle before undergoing a 1.5h sessions of auditory stimuli (25 clicks at 50 Hz) with 

EEG recording (analysis on [45-55Hz] band) to investigate ASSR. Memory performances were 

also assessed on the following days using the novel object recognition (NOR). 

The data revealed a significant impairment of the ASSR with a 208% deficit in evoked power 

and a 300% deficit in phase locking factor in PCP-treated rats compared to vehicle. A 22% 

deficit was also observed in the NOR in PCP-treated rats. Interestingly, clozapine was able to 

reverse the deficit observed in the NOR but not the impairment of ASSR. 

The discrepancy in the effect of clozapine in ASSR and NOR should be further investigated. 

However, our study suggests that the sub-chronic treatment with PCP impaired the integrity of 

cortical pathways and a deficit in their capacity to produce a synchronous activity. This 

highlights the value of ASSR as a translational efficacy biomarker during drug discovery. 
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Abstract: Working memory impairment is a hallmark feature of schizophrenia and is thought be 

caused by dysfunctions in the prefrontal cortex (PFC) and associated brain regions.However, the 

neural circuit anomalies underlying this impairment are poorly understood. The aim of this study 

is to assess working memoryperformance in the chronic phencyclidine (PCP) mouse model of 

schizophrenia, and to identify the neural substrates of working memory. To address this issue, 

we conducted the following experiments for mice afterwithdrawal from chronic administration 

(14 days) of either saline or PCP (10 mg/kg): (1) a discrete paired-trial variable-delay task in T-

maze to assess working memory, and (2) brain-wide c-Fos mapping to identify activated brain 

regions relevant to this task performance either 90 min or 0 min after the completion of the task, 

with each time point examined under working memory effort and basal conditions. Correct 

responses in the test phase of the task were significantly reducedacross delays (5, 15, and 30 s)in 

chronic PCP-treated mice compared with chronic saline-treated controls, suggesting delay-

independent impairments in working memory in the PCP group. In layer 2-3 of the prelimbic 

cortex, the number of working memory effort-elicited c-Fos+ cells was significantly higher in the 

chronic PCP group than in the chronic saline group. The main effect of working memory effort 

relative to basal conditions was to induce significantly increased c-Fos+ cells in the other layers 

of prelimbic cortex and the anterior cingulate and infralimbic cortex regardless of the different 

chronic regimens. Conversely, this working memory effort had a negative effect (fewer c-Fos+ 

cells) in the ventral hippocampus. These results shed light on some putative neural networks 

relevant to working memory impairments in mice chronically treated with PCP, and emphasize 

the importance of the layer 2-3 of the prelimbic cortex of the PFC. 
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Abstract: Synthetic cannabinoids such as Spice and K2 have become increasingly popular 

among teenagers, with increase psychotic symptoms and cognitive dysfunction thought to be 

among some of the deleterious long-term side effects. To test that prevailing thought, we 

exposed mice subchronically to a synthetic cannabinoid during adolescence and tested them for 

psychosis-like behavior and cognitive function during adulthood. Starting at 40 days old, male 

C57/BL6 mice were injected daily with a synthetic cannabinoid receptor agonist, WIN55,212-2 

(2 mg/kg, IP), or vehicle for three weeks, and behaviorally tested drug-free after 70 days old. 

When challenged with amphetamine (2 mg/kg) to assess dopamine-mediated responses, mice 

with a history of synthetic cannabinoid exposure showed reduced locomotor activity compared to 

vehicle controls, and normal responses to the reinforcing property of the dopamine agonist as 

measured by conditioned place preference. Our data therefore indicate that adolescent 

cannabinoid exposure did not lead to hyperdopaminergic function that underlies psychotic-like 

symptoms. The same mice were also tested for their cognitive function with a delayed matching-

to-sample task that assessed working memory. The mice exposed to the cannabinoid agonist 

performed surprisingly better than control mice, showing higher overall correct responses on a 

range of short retention delays. Together, these unexpected outcomes suggest that adolescent 

exposure to synthetic cannabinoids by itself is not sufficient to produce long term cognitive 

deficit or increase psychosis-like behavior; whether genetic makeups such as those that increased 

the risk for schizophrenia interact differently with cannabinoid exposure is currently under 

investigation. 

Disclosures: M. Koh: None. A. Sherwood: None. P. Ahrens: None. R.W. McMahan: 

None. M. Gallagher: None. 



Poster 

252. Schizophrenia: Animal Models: Pharmacological 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 252.07/III25 

Topic: H.03. Schizophrenia 

Title: Efficacy of antipsychotic treatments in rodent models of social recognition and social 

interaction 

Authors: *Q. CHANG, S. DAVIS, M. LANG, T. HANANIA 

PsychoGenics Inc., Paramus, NJ 

Abstract: Social withdrawal and impaired cognitive function have been associated with the 

negative symptoms of schizophrenia. Individuals with schizophrenia and depression show 

evident deficits in social interaction and social recognition. The social recognition or social 

memory task is an ethologically relevant learning and memory test used in lab animals, especial 

in rodents. This test is mostly based on the rat's olfactory discriminative capacities and it takes 

advantage of animal's innate desire to investigate its conspecifics. In rodents, social recognition 

has been used to evaluate the efficacy of antidepressants and antipsychotics. Rats treated with the 

NMDA receptor antagonist Phencyclidine (PCP) showed deficits in social interaction and social 

recognition. In the reciprocal social interaction paradigm, atypical antipsychotic treatments 

showed efficacy in reversing PCP-induced deficits and increased interaction time following 

acute administration. In the social recognition test in which rats were given 4 trials of exploration 

of a familiar stimulant rat and a 5th trial where they are exposed to a novel stimulant rat, PCP-

treated rats showed no recognition of the novel rat and their interaction time was significantly 

reduced compared to saline-treated rats. Treatment with either clozapine or olanzapine 

significantly reversed PCP-induced deficit of recognition memory. These results confirm that 

assays can serve preclinical models for the negative symptoms of schizophrenia and can be used 

to screen novel therapeutics. 
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Abstract: Schizophrenia is a neurodevelopmental psychiatric disorder with an age of onset in 

late adolescence and early adulthood. Although the precise pathogenesis and etiologies of the 

disease are remaining elusive, hypofunction of N-methyl-D-aspartate receptor (NMDAR) has 

been proposed to underlie the emergence of symptoms. NMDAR antagonists, such as MK-801, 

phencyclidine and ketamine, have been shown not only to induce schizophrenia-like symptoms 

in healthy subjects. These antagonists can also exacerbate existing psychosis in schizophrenia 

patients, suggesting they can be used as appropriate agents to study schizophrenic symptoms. 

NMDAR antagonists may produce aberrant behavioral phenotypes via several mechanisms, 

including disinhibition of glutamate release, disruption of synaptic plasticity, and disturbance of 

functional connectivity. Structural imaging studies show a decrease of dendritic spine density on 

pyramidal neurons (PNs), a structure for receiving the majority of excitatory synaptic input, in 

the prefrontal cortex of schizophrenia patients. Dendritic spines undergo activity-dependent 

morphological changes over the lifetime and subtle changes in dendritic spines may have marked 

effects on synaptic function and connectivity in neuronal circuits and even cognition and 

behavior. The exposure to enriched environments (EE) during early life influences brain 

development and leads to altered behavior. EE paradigm through increased stimulation induces 

experience dependent-plasticity, which increase the number of dendritic spines, the size of 

synapses on PNs, and enhance sensory and cognitive function. In animal studies, EE has been 

demonstrated to reverse key schizophrenia-like behaviors such as hyperactivity and sensorimotor 

gating deficits. However, the effect of EE on dendritic spine plasticity in animal schizophrenic 

models is still unclear. In this study, we aim to use in vivo two-photon transcranial imaging of 

adolescence fluorescent mice to investigate the structural plasticity of PNs’ dendritic spine in a 

chronic MK-801-treated schizophrenic mouse model. We found that repeated exposure to the 

NMDA receptor antagonist MK-801 induced schizophrenia-like behaviors and deficits of 

dendritic spine plasticity; while chronic treatment of EE ameliorated the synaptic and behavioral 

deficits. Further studies will focus on better understanding environmental modulation and 

NMDAR-mediated glutamatergic system interactions on synaptic and behavioral levels through 

manipulation of neuronal activity. 
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Abstract: Schizophrenia is a severe mental disorder affecting ~1% of the population that is 

characterized by hallucinations, delusions, negative symptoms (emotional disturbances), and 

cognitive dysfunction. While the antipsychotics currently on the market show some clinical 

efficacy for treating the psychosis associated with schizophrenia, they show only marginal 

efficacy in treating negative symptoms and cognitive impairments. In addition, these drugs also 

come with many unwelcome side effects, such as tardive dyskinesia and metabolic disturbances, 

which limits their use for many patients. We seek to identify novel therapeutics for treating 

schizophrenia that are both more effective and have less side effects when compared to existing 

drugs on the market. 

Here we examine the efficacy of the atypical antipsychotic, olanzapine, in behavioral tests for 

cognitive and sensorimotor functions using a classical rodent model of schizophrenia that is 

induced by a blockade of NMDA receptor with a psychostimulant, MK-801. Acute 

administration of olanzapine (1 mg/kg) blocked the hyper locomotor effects of MK-801. 

However, while olanzapine ameliorated the MK-801 induced deficit in the y-maze spontaneous 

alternation task, it failed to mitigate the MK-801 induced deficit in the novel objection 

recognition task. Furthermore, olanzapine exhibited no effect on MK-801 induced impairment in 

prepulse inhibition of the startle reflex. This suggests that olanzapine has limited therapeutic 

efficacy for treating cognitive dysfunction and aberrant sensorimotor gating processes. We 

continue to build data sets for a variety of antipsychotics in the above behavioral paradigms. In 

addition, we investigated the antipsychotics’ efficacy in neurophysiological parameters by 

measuring electroencephalogram (EEG) responses as these can serve as biomarkers and are 

frequently utilized to assess a proof of pharmacology in clinical trials. The results of these 

studies will be used as a benchmark for identifying novel drugs that are more effective in treating 

schizophrenia than the drugs currently available. 
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Abstract: Background: Converging lines of clinical evidence suggest that hypofunction of the 

glutamatergic N-methyl-D-aspartate receptor (NMDAr) is implicated in the pathogenesis of 

schizophrenia. NMDAr antagonists such as phencyclidine (PCP) exacerbate psychotic symptoms 

in schizophrenic patients, and mimic schizophrenia in healthy volunteers. Auditory novelty-

detection is an NMDAr-dependent process that is associated with an auditory-evoked potential 

(AEP), the mismatch negativity (MMN). MMN is reduced in schizophrenic patients and may 

represent a biomarker of NMDAr hypofunction in schizophrenia. The aim of this study was to 

determine whether sub-chronic PCP treatment impairs MMN in rodents and, if so, whether these 

deficits can be reversed by an NMDAr positive allosteric modulator (PAM: CAD-8688). 

Methods: 28 adult (200-250 g) male LH rats (Envigo, UK) were surgically implanted with 

telemetry transmitters (F40-EET; DSI, USA) for fronto-parietal EEG and EMG recordings. 

MMN was elicited in awake, freely-behaving rats by an auditory oddball paradigm in which a 

deviant (‘oddball’; DEV) tone occurred randomly within a sequence of identical tones 

(‘standards’, STD). AEP components were measured in difference (DIFF) waves that were 

generated by subtracting STD waves from DEV waves. After recording baseline MMN, rats 

were treated with PCP (5 mg/kg, i.p.) twice daily for seven days. MMN was tested after the first 

and last treatment with PCP, as well as after a seven days washout period. Rats were then treated 

acutely with vehicle (5 ml/kg, p.o.; n=12) or CAD-8688 (1 mg/kg, p.o.; n=12). 

Results: We found that, compared to baseline, sub-chronic treatment with PCP significantly 

reduced AEP amplitude in DIFF waves, thereby demonstrating impaired MMN in rats. 

Specifically, we found that MMN was already disrupted after the first PCP treatment and it was 

abnormal at the end of the treatment period. Furthermore, the deficits in MMN induced by PCP 



were maintained for at least seven days after the last treatment. Treatment with CAD-8688 (1 

mg/kg, p.o.), but not with vehicle, fully reversed the MMN deficits in PCP-treated rats. 

Conclusion: Our data demonstrate that schizophrenia-like MMN deficits are induced in the rat 

sub-chronic PCP model with deficits lasting after drug washout. Therefore, this model provides a 

powerful translational tool for testing novel therapeutics targeting schizophrenia. Reversal of 

sub-chronic PCP-induced MMN deficits in rats by the potent, drug-like NMDAr PAM, CAD-

8688, suggests a therapeutic potential to restore early auditory processing and cognitive function 

impaired by putative NMDAr hypofunction in patients with schizophrenia. 
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Abstract: Schizophrenia is a severe psychiatric illness most known for its psychotic symptoms, 

yet the associated cognitive deficits are more predictive of functional outcome and less 

responsive to treatment. The prefrontal cortex of schizophrenia patients contains fewer 

parvalbumin (PV)-expressing interneurons; such a loss of inhibitory GABAergic cells could 

disrupt the balance between excitation and inhibition in ways that affect cognition. This idea is 

supported by the role of PV cells in gamma oscillations, which increase in amplitude during 



working memory tasks in healthy people, but not in people with schizophrenia. Here, we 

examine the potential of prefrontal PV cells as a target for treating cognitive deficits. We 

administer an NMDA antagonist (MK801) to adolescent rats, which has been shown to reduce 

PV cells and recapitulate many of the endophenotypes seen in schizophrenia. Our 

electrophysiological data indicates an altered prefrontal excitation/inhibition balance in MK801-

treated rats, which is brought back to control levels by activation with CNO of a novel PV-

promoter driven excitatory hM3Dq DREADD in females, but not males. These changes are 

reflected in performance on a working memory task, wherein female rats treated with MK801 

perform worse than saline-treated females at the shortest delay interval, and improve 

performance if transfected with a virus carrying the PV-hM3Dq-DREADD and administered 

CNO, suggesting that upregulating the activity of remaining PV cells may be sufficient to rescue 

cognition. To further characterize these sex differences, we compare PV cell counts in MK801- 

and saline-treated male and female rats, and compare PV expression with task performance. 
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Abstract: GABAergic drugs contribute to the treatment of anxiety, depression, bipolar disorder, 

and have potential to treat the cognitive impairment associated with schizophrenia (CIAS), 

psychosis, and negative symptoms of schizophrenia. There are conflicting clinical data regarding 

the efficacy of TPA-023/MK-0777(7-(1,1-Dimethylethyl)-6-(2-ethyl-2H-1,2,4-triazol-3-

ylmethoxy)-3-(2-fluorophenyl)-1,2,4-triazolo[4,3-b] pyridazine), a benzodiazepine-like GABAA 

α2,3 subtype-selective GABAA partial agonist and α1/5 antagonist, and the neurosteroid, 

pregnenolone sulfate (PregS), a GABAA negative modulator and an N-methyl-D-aspartate 

receptor (NMDAR) positive modulator, to improve CIAS. The goals of this study were to 



investigate the effects of TPA-023 and PregS in mice, after acute or subchronic (sc) treatment 

with phencyclidine (PCP), followed by washout, on episodic memory, executive functioning, 

negative symptoms, and psychosis. We also investigated the effect of TPA-023 in combination 

with lurasidone (Lur), an atypical antipsychotic drugs (AAPD) or PCP, on neurotransmitter 

efflux (NT) in medial prefrontal cortex (mPFC) and dorsal striatum (dSTR) to identify NTs 

involved in the action of TPA023. We assessed the effects of TPA-023 on NOR, RL, SI, and 

LMA in scPCP-treated mice, and on cortical and striatal NT efflux using in vivo microdialysis in 

awake freely moving mice. Acute TPA-023 and PregS significantly reversed sc PCP-induced 

NOR, RL, and SI deficits. Co-administration of sub-effective dose (SEDs) of TPA-023 or PregS 

with Lur, reversed scPCP-induced NOR and RL deficits. Further, scTPA-023 significantly 

prevented scPCP-induced NOR deficit for five weeks. Also, TPA-023 given for 7 days following 

scPCP withdrawal reversed NOR deficit for one week. Co-administration of SEDs of TPA-023 

or PregS+Lur also rescued scPCP-induced SI deficit. However, neither TPA-023 nor PregS 

blunted acute PCP-induced hyperactivity. Systemic TPA-023 in mPFC and dSTR significantly 

blocked Lur-induced increases in cortical acetylcholine (ACh), dopamine (DA), and glutamate 

(Glu) and had minimal effect on basal release of these NTs. TPA-023 significantly inhibited 

PCP-induced cortical and striatal DA, 5-HT, NE, and Glu efflux. These and other findings 

suggest both TPA-023 and PregS diminish cortical activation and enhance neuroplasticity. These 

preclinical studies suggest both TPA-023 and PregS may be of benefit to treat some aspects of 

schizophrenia in patients where cortical hyperactivity is prominent. Further study is needed to 

determine if they may have potential for adjunctive treatment of psychosis, negative symptoms, 

and CIAS. 
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Abstract: Schizophrenia is a debilitating disorder that affects nearly 1% of the global 

population. For the goal of controlling symptoms, several new treatments are available for initial 

and maintenance therapy. However, most of the treatments cause a plethora of side effects. Thus, 

there is an un-met medical need for a therapy which alleviates neuropsychiatric symptoms with 

no or minimal side effects. SUVN-M8036 is a multimodal molecule having affinity for 5-

HT/dopamine receptors. SUVN-M8036 was evaluated in open field task using MK-801 and 

amphetamine challenge. The pro-cognitive potential was studied using object recognition task. 

Antidepressant potential was evaluated using forced swim assay. SUVN-M8036 was tested in 

brain microdialysis for modulation of dopamine, norepinephrine in prefrontal cortex and 

striatum. Rota-rod and catalepsy assays were used to study the effect of SUVN-M8036 on the 

motor system. SUVN-M8036 reversed hyperlocomotor effects of MK-801 and amphetamine. It 

also blocked the amnesic effects of MK-801. Dose dependent antidepressant effects were 

observed in the forced swim assay. SUVN-M8036 produced significant increase in dopamine 

and norepinephrine levels in prefrontal cortex with non-significant effects in striatum. The 

efficacy doses were devoid of motor impairment i.e., a clear separation was observed between 

the doses which produced efficacy and side effects. SUVN-M8036, a modulator of 5-

HT/dopamine systems could be a promising medication for psychiatric disorders. 
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Abstract: The serotonin 5-HT2A receptor (5-HT2AR) is an important target of atypical 

antipsychotics, such as clozapine and risperidone, and metabotropic glutamate receptor 2 

(mGluR2) agonists have been proposed as a novel class of antipsychotics. Crosstalk between 

mGluR2 and 5-HT2AR has been shown in both heterologous systems and rodent behavior 

models. Previous findings suggested increased 5-HT2AR and decreased mGluR2 density in 

postmortem frontal cortex samples of untreated schizophrenic subjects. A 5-HT2AR-mGluR2 

receptor heterocomplex has been proposed, and crosstalk between these receptors has been 

hypothesized to be a crucial element of antipsychotic effect. Use of pharmacologic agents with 

different targets, such as the NMDA receptor antagonist MK-801 or the dopamine transporter 

blocker amphetamine, can be used to determine the implications of this crosstalk for various 

neurotransmitter systems. We therefore used pharmacologically induced psychosis-related 

phenotypes in rodents to evaluate 5-HT2AR-mGluR2 crosstalk by determining the ability of an 

mGluR2/3 agonist, LY3792698 (LY37), to suppress hyperlocomotion in the presence or absence 

of 5-HT2AR-dependent signaling. Locomotion experiments were conducted in wild type and 5-

HT2AR knockout male and female littermates in a 129Sv background. Following a 90 minute 

habituation to an Omnitech locomotor response arena and 5 minute pretreatment with the 

mGlu2/3 agonist LY37 (5 mg/kg), or vehicle as a control, adult mice were treated with 0.5 

mg/kg MK-801 or 6mg/kg amphetamine to induce hyperlocomotion. The locomotor response 

was recorded for 120 minutes using infrared beams within the chamber and data were analyzed 

as total horizontal activity during the testing period. It was found that LY37 pretreatment is able 

to prevent MK-801-induced hyperlocomotion in wild type, but not 5-HT2A knockout mice. It was 

also found that amphetamine produces a greater degree of locomotor activity in 5-HT2A receptor 

knockout than wild type mice and that LY37 prevents amphetamine-induced hyperlocomotion in 

wild type mice. The automated nature of the recording system precluded the need for blinding. 

These findings further confirm crosstalk between the 5-HT2A and mGlu2 receptors and 



demonstrate differential influence of this crosstalk on the behavioral effects of pharmacologic 

agents targeting different neurotransmitter systems. 

Disclosures: J.M. Saunders: None. J. Gonzalez-Maeso: None. 

Poster 

252. Schizophrenia: Animal Models: Pharmacological 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 252.15/III33 

Topic: H.03. Schizophrenia 

Support: CIHR Grant 125984 

 CIHR Grant 153111 

Title: Antipsychotic-like effects of the T-type calcium channel antagonist, Z944, on behaviours 

characteristic of a schizophrenic-like phenotype in rats 

Authors: *W. N. MARKS1, A. J. ROEBUCK1, M. C. LIU1, N. B. TAHIR1, N. K. ZABDER1, 

S. M. CAIN2, T. P. SNUTCH2, J. G. HOWLAND1 
1Physiol., Univ. of Saskatchewan, Saskatoon, SK, Canada; 2Michael Smith Labs. & Djavad 

Mowafaghian Ctr. for Brain Hlth., Univ. of British Columbia, Vancouver, BC, Canada 

Abstract: The therapeutic action of antipsychotics is thought to largely arise from their role as 

D2 dopamine receptor antagonists. However, a number of classes of antipsychotics also act as T-

type calcium channel blockers. T-type calcium channels are heavily expressed in brain areas 

implicated in schizophrenia, therefore, it is possible that the therapeutic efficacy of 

antipsychotics may in part be associated with their activity on T-type calcium channels. 

Preclinical data suggests that T-type calcium channel antagonists may be effective for the 

treatment of the positive symptoms of schizophrenia; however, it is unknown whether these 

effects extend to the cognitive and social symptoms associated with the disorder. The purpose of 

the current study was to examine the effects of the novel and highly selective T-type calcium 

channel antagonist, Z944, on behaviours thought to be indicative of a schizophrenic-like 

phenotype in rats. We examined the effects of acute, systemic Z944 (5mg/kg; i.p.) on social 

aggression, MK-801-induced hyperlocomotion, and MK-801-induced impairments in a 

touchscreen-based paired associates learning task. Z944 significantly reduced social aggression 

in an open field social interaction task in male Wistar rats. Z944 also significantly reduced 

hyperlocomotion produced by MK-801 in male Long-Evans rats. Z944 failed to reverse the 

visuospatial associative memory impairments introduced by MK-801 in paired associates 

learning in male Long-Evans rats. These results suggest that further investigation into the 

regulation of T-type calcium channel activity may be useful towards developing new therapeutic 



approaches for the treatment of the positive and social symptoms characteristic of disorders such 

as schizophrenia. 
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Abstract: Analysis of the action of neurotransmitters in nervous system is important for 

elucidating the mechanism of neural network in nervous system. Then development of a probe 

which can track a specified neurotransmitter in real time with high selectivity has been required. 

Molecularly imprinted polymer (MIP), which is a molecular recognition material obtained by 

polymerization with a template-effect of the target molecule may be applicable for the probe. In 

this study, nanoparticle of MIP including fluorescent group (fMIP-NP) were developed as the 

probe of serotonin. The serotonin, as the template, was immobilized on glass beads by using 

mixed anchor of 3-aminopropyltrimethoxysilane (shorter anchor) and 3- (2-aminoethylamino) 

propyltrimethoxysilane (longer anchor) (1:1 in weight) with glutaraldehyde. The template-

immobilized beads were fluidized in a mixed solution of a fluorescent monomer, a template-

affinity monomer, and a crosslinking monomer under UV irradiation. The colloidal fMIP-NP 

was collected from the surface of the beads by washing with N,N-dimethylformamide at 60℃. 

And the dispersion medium of the colloidal fMIP-NP was replaced with 0.15 M phosphate 

buffer. The fluorescent intensity and the radius of the fMIP-NP was increased by addition of 

serotonin but was insensitive to L-tryptophan. The another fMIP-NP prepared with unmixed 

anchor (shorter anchor only, or longer one only) was also sensitive to serotonin and L-

tryptophan. The fluorescent nanoparticle prepared without the template was insensitive to both of 

serotonin and tryptophan. Those results indicate that the specific interaction between the 

serotonin and the serotonin-imprinted cavity in the enhances the fluorescent intensity and the 

size of fMIP-NP. The relative change in the fluorescent intensity of the fMIP-NP is 0.13% to the 



serotonin concentration of 0.25 μM which corresponds to the concentration of serotonin in the 

brain fluid and plasma. Thus, the serotonin secretion in nervous system can be detected by 

fluorescent voltage sensitive dye imaging system (e.g. MiCAM series in Brain Vision Inc.), 

which can detect relative change of 0.05% in fluorescent intensity. 
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Abstract: Real-time recording of basal dopamine concentrations in the brain would enhance our 

understanding neurotransmittion mechanisms and neuropsychiatric diseases. Conventionally, 

microdialysis is the most commonly used method for neurotransmitter monitoring, but 

weaknesses of this method are that it requires considerable sampling quantities, causes tissue 

damage, and has low spatiotemporal resolution. Fast-scan cyclic voltammetry has served as 

suitable technique for recording dopamine release in vivo because of its high spatiotemporal 

resolutiona and minimal tissue damege. However, fast-scan cyclic voltammetry is not able to 

measure basal dopamine concentrations because the technique is based on a differential method 

which can observe phasic (rapid) changes. Here, we describe the application of a new type of 

voltammetric technique, multiple cyclic square wave voltammetry (M-CSWV), for a robust 

analytical quantification of basal dopamine concentrations in vivo with high temporal resolution 

(every 10 seconds). We show that, M-CSWV enriches the electrochemical information which 

leads to higher sensitivity (Limit of detection, 0.17nM) and selectivity (against ascorbic, and 3,4-

dihydroxyphenylacetic acid and pH changes) by generating a two dimentional voltammogram. 

We also show robust basal dopamine quantification using two dimensional principle component 

analysis. We report that basal dopamine concentration in the anethetized rat striatum was 

122.1±0.14 nM (n = 7 rats, ± SEM). Pharmacological manipulation confirmed the technique’s 



selectivity for in vivo dopamine detection. Then, we applied our technique to measure basal 

dopamine level in the pig as a model of deep brain stimulation study. Our novel technique offers 

the potential to quantify basal dopamine level robustly in the brain which would be a critical clue 

for understanding neuropsychiatric dieases. 
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Abstract: Excitotoxicity is a common phenomenon in several neurological diseases, associated 

with an impaired clearance of synaptically-released glutamate by astrocytes, leading to 

overactivation of post-synaptic glutamate receptors. This starts an intracellular cascade of 

neurotoxic events, including exacerbated production of H2O2 and NH4
+ toxicity. Several 

therapeutic approaches focus on limiting glutamate release or blocking post-synaptic glutamate 



receptors. This type of permanent blockage interferes with physiological glutamate functions, 

generating side effects. 

We report the assembly and characterization of microreactors equipped with platinum 

nanoparticles (Pt-NP) that counteract cellular excitotoxicity in a neuroblastoma cell line. Pt-NP-

based microreactors were able to rescue cell viability when the cells were exposed to 100 µM 

H2O2 (N=3; p<0.01) and to 250 µM H2O2 (N=3-5; p<0.0001) . Furthermore, the microreactors 

were able to ameliorate cell viability when the cells were exposed to 2.5 mM NH4
+ (N=3-5; 

p<0.0001) and to 5 mM NH4
+ (N=3-5; p<0.05). 

We also report the successful co-encapsulation of two enzymatic pathways with up to five 

enzymes into compartmentalized microreactors. Specifically, we confirmed the activity of an 

encapsulated enzymatic cycle that conjugates the actions of glutamate dehydrogenase and 

glutathione reductase, using NADP+/NADPH as a common co-factor (N=3, p<0.01), as well as 

an encapsulated enzymatic cascade combining β-galactosidase, glucose oxidase, and catalase 

(N=3, p<0.05), representing a relevant advancement in encapsulated catalysis toward the 

assembly of therapeutic cell mimics, capable of degrading glutamate. 

The activity of the microreactors in primary neuronal cultures, obtained from Sprague-Dawley 

rats (embryonic day 16), is now being explored. We found that microreactors containing Pt-NP 

are able to ameliorate cell survival when the cell culture is exposed to exogenous H2O2 or NH4
+ 

(N=2). 

Taken together, our work represents the first attempt to create a simple artificial astrocyte to 

counteract excitotoxicity and it is, to our knowledge, the first study that focuses on enzyme and 

Pt-NP-based cell mimics as a therapeutic approach in a neuronal setting. 
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Abstract: Signal processing in the brain depends on the availability of energy for intrinsic 

neuronal firing and synaptic activity. The dependency of ATP generation by oxidative 

phosphorylation on the availability of oxygen makes the latter molecule a highly relevant marker 

for studying the interrelation between neuronal metabolism and computation. In order to bridge 

the gap between in vivo experiments in intact animals and in vitro slice recordings, a previously 

established semi-intact preparation of larval Xenopus laevis tadpoles with functional sensory 

organs (eyes and inner ears) and motor effectors was employed. Here, we describe the 

methodological approach for sustained recordings of neuronal activity in such preparations, 

while concurrently monitoring the oxygen level in the bath chamber and the brain during 

superfusion with Ringer solutions at various oxygen levels. Completely submerged amphibian 

preparations were fixed to the Sylgard floor of a central chamber that allowed continuous and 

stable extracellular recordings of a selected extraocular motor nerve. Oxygen levels, temperature, 

and pH were constantly monitored using electrochemical micro-sensors. The oxygen-sensitive 

electrodes were positioned in the bath chamber as well as in the open and accessible IVth 

ventricle of the hindbrain. The oxygen concentration could be fast and reversibly changed by 

aerating the Ringer solution with carbogen or nitrogen in a small separate container immediately 

upstream to the recording chamber. The use of carbogen necessitated HEPES- instead of 

bicarbonate-buffered frog Ringer to maintain a fixed pH of 7.4 at the different oxygen levels. 

The oxygen monitoring revealed that the oxygen level of 20% in the recording chamber at a 

distance from the semi-intact preparation was virtually depleted within the IVth ventricle. This 

indicates that the tissue and particularly the brain represents a considerable oxygen sink. 

Blocking all neuronal activity in the brain by bath application of 0.05% 3-aminobenzoic acid 

ethyl ester methanesulfonate (MS-222), as indicated by the absence of spontaneous spike 

discharge in the extraocular motor nerve, entailed a robust and reversible increase of the oxygen 

concentration from 0% to 5% in the IVth ventricle. This finding suggests that spontaneous spike 

activity in the brain consumes considerable amounts of oxygen. Thus, the employment of semi-

intact preparations with the possibility to physiologically activate various reflex circuits and to 

easily apply different drugs represents an excellent experimental model for studying the 

correlation between oxygen level and neuronal computation. 
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Abstract: Hybridization chain reaction (HCR) based fluorescent in situ hybridization (FISH) in 

iDISCO processed tissues, has potential to provide vital spatiotemporal information for 

molecular characterization and mapping of heterogeneous neuronal populations in the brain. 

HCR-FISH relies on binding of cDNA probes on target mRNAs to initiate chain reactions in 

which metastable fluorophore-labeled DNA hairpins self-assemble into tethered fluorescent 

amplification polymers. HCR method significantly improves sensitivity, efficiency, and 

amplifies the FISH signal. In our experience, iDISCO clearing method has shown the best 

compatibility for HCR-FISH with fresh frozen tissues, later has been preferentially used as the 

starting material for the radioactive/digoxigenin based in situ hybridization. We are using HCR-

FISH and iDISCO together to map behaviorally relevant key transcripts in the brainstem region. 

A great deal of study has shown that noradrenergic (NE) and GABAergic system play a 

significant role in the pathophysiology of depression, however much of the underlying specific 

mechanisms induced by the stress, still need to be understood. A circuit level investigation of 

gene expression would help us better understand the neurobiological mechanisms underlying 

such disorders. To achieve an optimal transcript signal for this mapping study, we first 

successfully optimized the probe hybridization efficiency and permeability in the fresh frozen 

tissues processed with modified iDISCO protocol. In the next step, we chose a few of the 

predominant genes from the NE/GABAergic systems- dopamine-beta-hydroxylase (Fig.1), 

somatostatin (Fig.2) and parvalbumin (Fig.3) to test and validate the mapping efficiency of 

HCR-FISH/iDISCO combination. By using light sheet theta microscope, we anticipate to capture 

a detailed transcript map of NE and GABAergic systems in the brainstem. A possible implication 

would be to utilize this developed system in behaviorally relevant animal model and assess the 

qualitative/quantitative molecular adaptations in the neuronal circuits. 
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Abstract: INTRODUCTION: Human pluripotent stem cell (hPSC) –derived neural cells are 

seen as a potential cell source for neural in vitro models [1]. Extracellular matrix (ECM) -

mimicking biomaterials can be utilized in 3D tissue models as scaffold to replace native ECM. In 

neural field, hydrogels are prominent due their brain ECM mimicking physical properties [2]. In 

addition to physical support, the optimal biomaterial also offers attachment sites to cells. 

In this study, composite hydrogel from hyaluronan (HA) and poly (vinyl alcohol) (PVA) with or 

without collagen was used as 3D scaffold for hPSC-derived neuronal cells. The aim of this work 

was to study neuronal cell adhesion on different materials. 

METHODS: Human neural cells used in this study were derived from either human embryonic 

http://files.abstractsonline.com/CTRL/76/6/c46/e13/1c3/4c3/794/c5a/4c2/977/b53/14/g8397_2.jpg


stem cells or human induced pluripotent stem cells. Cells were maintained and cultured 

according to previously published protocols [3]. Hydrogels were crosslinked via hydrazone 

crosslinking using aldehyde-modified HA component and hydrazide-modified PVA component 

[4]. After two to four weeks of culturing period, the neuronal networks were analysed using 

qPCR and immunocytochemical analysis. 

RESULTS & DISCUSSION: Hydrogel gelation via hydrazone crosslinking was successful 

with or without collagen as physical mixture. The hPSC-derived neuronal cells formed neuronal 

networks and had good viability in these hydrogels. Both HA and collagen are considered as 

supportive materials for neuronal cell cultures but they suffer from poor stability [2]. Based on 

the results one can say that in addition to remaining biologically active, the studied HA-PVA-

collagen based composite hydrogels were relatively stable due to the PVA component. 

CONCLUSIONS: Hydrazone crosslinked HA-PVA based hydrogel was found to be promising 

scaffold material for further in vitro neural studies. Especially combining natural polymers (HA 

and collagen) and synthetic polymers (PVA) in the scaffold was seen beneficial. 

REFERENCES: [1] I. Kelava and M. A. Lancaster, Cell Stem Cell, vol. 18, no. 6, 736–748, 

(2016). [2] A. R. Murphy et al., Acta Biomater. 54, 1–20, (2017). [3] J. T. Koivisto et al., 

Biomed. Mater., 1–38, (2017). [4] J. Karvinen et al., React. Funct. Polym. 124, 29–39, (2018). 
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Abstract: Modifying gene expression in the post natal brain is one of the most challenging task 

in the modern Neurosciences field, here we present a new polyplex-based approach that allow 

rapid, efficient and highly reproducible method to modify neuronal cells in the post natal rodent 

brain. 

By using stereotaxic approach we were able to deliver DNA straight to the brain without 

triggering inflammatory processes. Furthermore we were able to play with the diffusion process 



by modulating the injected volume . Finally targetting the neuronal specific potassium-chloride 

cotransporter 2, namely KCC2 using short hairpin RNA knocked down we were able to modify 

seizures suceptibility to convulsivant agent. This highlight first the large efficacy of our new 

design compound finally confirming the potency of this new method in modifying a large cell 

population. 
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Abstract: The microtubule-associated protein Tau plays a central role in neurodegeneration and 

is a leading therapeutic target for the treatment of Alzheimer’s disease (AD). Several lines of 

evidence suggest that post-translational modifications (PTMs) regulate the function(s) of Tau, 

including its subcellular localization, clearance, aggregation, toxicity, and pathology spreading. 

However, the lack of tools and methodologies that allow site-specific introduction of PTMs in 

Tau have limited our ability to dissect the role of PTMs in regulating Tau functions in health and 

disease. To facilitate deciphering the Tau PTM code, we have developed, for the first time, 

semisynthetic strategies that allow for the site-specific introduction of single or multiple 

physiological or disease-associated PTMs that occur within residues 246-441 of Tau, which 

includes the microtubule-binding domain (MTBD). As a proof of concept, we produced 

unmodified Tau and three Tau variants with single or multiple disease-associated PTMs that 

were not previously accessible as homogeneously modified proteins; AcK280, pY310, and 

pS396/pS404. We then focused on investigating the effect of acetylation at lysine280 (AcK280) 

on the structure, aggregation, and microtubule binding properties of Tau. Our results show that 

site-specific acetylation at K280 significantly enhances the aggregation rate of Tau and impairs 

microtubule assembly. Surprisingly, compared with unmodified Tau, which forms long and 



flexible filaments, AcK280 Tau forms predominantly globular oligomers and short fibrils (< 200 

nm) that exhibit a reduced propensity to assemble into long filaments. These findings are 

consistent with the increased aggregation propensity and pathogenicity of this mutant in animal 

models of AD and suggest that acetylation at this residue might enhance the seeding capacity or 

formation of toxic Tau species in vivo. Beyond acetylation and phosphorylation, the 

development of this semisynthetic strategy provides new opportunities to investigate other types 

of Tau PTMs and to study the cross-talk between PTMs that occurs within residues 246-441, 

which were previously inaccessible, thereby paving the way to deciphering the Tau PTM code in 

health and disease. 
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Abstract: Microprobes with an array of electroenzymatic sensing sites have emerged as useful 

tools for the monitoring of glutamate and other neurotransmitters in vivo; and implemented as 

such, they can be used to study many complex neurological diseases and disorders including 

Parkinson’s disease and drug addiction. Electroenzymatic sensors work by transducing highly 

selective enzyme-catalyzed turnover of analyte into measurable electrical signals. Typically, 

oxidases are used that catalyze reactions resulting in the generation of H2O2, which can then be 

oxidized at an underlying electrode to give a current signal. However, these sensors must include 

a permselective film to block unwanted, electrooxidizable species (e.g., ascorbic acid) other than 

H2O2 from reaching the electrode surface and generating a false current signal. The sensor 

therefore consists of a metal electrode upon which one or more permselective materials are 

deposited that is topped with a crosslinked enzyme layer. A detailed model has been constructed 

that describes diffusion and reaction of species in the sensor coatings, H2O2 electrooxidation, and 

current signal generation. Model simulations showed that sensor performance could be increased 

dramatically through optimal design modifications. Systematic experimental work guided by the 

model led to optimized glutamate sensors with a <5-μm-thick crosslinked glutamate oxidase 

layer and permselective films (polyphenylenediamine, polypyrrole and Nafion) reduced from ~6 



μm to sub-micron in thickness. These design modifications led to a nearly 6-fold improvement in 

sensitivity to 290±14 nA/μM/cm2 (n = 20) and a halving of the response time to <0.4 sec while 

maintaining excellent selectivity. A similar optimization process applied to choline sensors also 

led to excellent sensitivity 559±78 nA/μM/cm2 (n = 14) and a response time of ~1 sec. These 

biosensor improvements are enabling more accurate tracking of chemical signaling in the brains 

of laboratory rodents engaged in reward-seeking behavior. 
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Abstract: Sonication of amyloid fibers is conventionally used to create amyloid seeds that 

enable the investigation of the mechanisms that underlie amyloid formation and its propagation 

in cellular and animal models of disease. Sonicated fibers and the resulting amyloid seeds have a 

greater ability to seed amyloid formation from a pool of un-aggregated protein. The sonication 

process achieves this by breaking or shearing amyloid fibers into smaller pieces, thus opening up 

more ends for fiber elongation. However, standardizing input seeding material can be difficult. 

Conventional sonication with an immersed probe can produce variable results due to poor 

control of temperature and energy that is transferred to the amyloid sample. The Diagenode 

Bioruptor®, on the other hand, utilizes a sonication bath-based rotor in which tubes are rotated 

through an ultrasound field allowing for consistent exposure of energy. In addition, the 

combination of the Bioruptor’s ultrasound and isothermal processing preserve protein integrity 

and maximize sample recovery. Here we show that unlike probe sonication, the Bioruptor allows 

better control of the sonication time and temperature enabling consistent energy to be passed into 

the amyloid sample leading to reproducible amyloid seeding that is equivalent to a probe-

sonicated sample. Specifically, we have shown that Tau amyloid seeds can be produced 

consistently, thus allowing better control of their ability to seed amyloid formation as 

demonstrated by both a reproducible decrease in lag time as monitored by Thioflavin T, and in 

an increase in induction of intracellular Tau aggregation in a cellular model of seed propagation. 

We present field flow fractionation and electron microscopy data that analyzes the relationship 

between decreasing size of amyloid controlled by time of sonication in the Bioruptor and 



potency of seeding. Standardization of amyloid seed size will be beneficial in the reproducibility 

of many aspects of research where multiple batches of input amyloid material are required, such 

as high-throughput screening and in animal models of amyloid propagation. 

Disclosures:  M. Apostol: A. Employment/Salary (full or part-time):; ADRx, Inc. G. 

Naumann: A. Employment/Salary (full or part-time):; ADRx, Inc. M. Schultze: A. 

Employment/Salary (full or part-time):; ADRx, Inc. I. Panteleeva: A. Employment/Salary (full 

or part-time):; Diagenode. J. Kroonen: A. Employment/Salary (full or part-time):; Diagenode. 

R. Saxena: A. Employment/Salary (full or part-time):; Diagenode. J. Bertelsen: A. 

Employment/Salary (full or part-time):; Diagenode. G. Berguet: A. Employment/Salary (full or 

part-time):; Diagenode. J. Treanor: A. Employment/Salary (full or part-time):; ADRx, Inc.. 

Poster 

253. Molecular, Biochemical, and Genetic Techniques: Biochemical Techniques 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 253.12/III45 

Topic: I.01. Molecular, Biochemical, and Genetic Techniques 

Support: R41NS102049 (NINDS/NIH, USA) 

 T32AA007456 (NIAAA/NIH, USA) 
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Abstract: It is frequently necessary to quantify both amino acid and monoamine 

neurotransmitters in microdialysate, tissue, and other samples. The methods used to detect amino 

acids such as glutamate (Glu) and γ-aminobutyric acid (GABA), and monoamines such as 

dopamine (DA) and serotonin (5-HT) are traditionally quite different, requiring separate mobile 

phases, HPLC columns, and detector conditions for each group of analytes. Additionally, it is 

usually necessary to derivatize amino acids to make them more readily detectable by 

fluorescence or electrochemical detection. It is also possible to quantify both groups of analytes 

with a sufficiently sophisticated HPLC-mass spectrometry system; however, access to such 

systems for large numbers of samples is frequently unavailable to many neuroscientists. 

We present conditions for using a single mobile phase, separation column, and a set of detection 



conditions for both sets of analytes. This is accomplished by modulating the retention time of 

each set of analytes by the appropriate choice of derivatization agent. In this case, by reacting the 

monoamines with ortho-phthaldialdehyde (OPA) and sulfite to form isoindole sulfonate 

derivatives, and reacting the amino acids with OPA and a thiol to form alkylthio-isoindole 

derivatives. The resulting isoindole derivatives all have similar enough retention times on a C18 

column to make them amenable to separation in a single isocratic reversed phase HPLC analysis 

of 20 minutes or less. Careful selection of the thiol reagent and the ratio of sulfite to thiol can be 

used to bias the sensitivity of the combined analysis towards either amino acids or monoamines. 

The combination of these derivatization reactions should allow for higher throughput of samples 

requiring analysis of both monoamine and amino acid neurotransmitters by eliminating the time 

used to switch between alternate HPLC configurations and equilibrate them. 
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Abstract: We have fabricated flexible microelectrode arrays with the goal of creating a 

multiplexed implantable biosensor. Amperometric electrochemical methods of neurotransmitter 

detection involve the reaction of electroactive species on the surface of a microelectrode held at a 

constant potential, with the resulting change in current correlating to the release of the 

neurotransmitter of interest. In the case of non-electroactive molecules, such as glutamate and 

glucose, an enzyme layer is necessary to generate an electroactive intermediate that can then 

oxidize on the electrode, thus indirectly detecting the presence of that neurotransmitter. To create 

a truly functional multimodal biosensor, it is necessary to increase the robustness of chemical 

sensors and ensure multiple sensor types work in close proximity with little cross-talk. 

Polyimide-based neural implantable devices, designed and fabricated at Lawrence Livermore 

National Laboratory, were created for the simultaneous detection of neurotransmitters and 



electrical signaling. We studied methods to increase the robustness of our biosensors, which 

include optimized deposition methods to selectively immobilize the enzymes on sensing 

microelectrodes. Most current methods rely on manual deposition of a crosslinked protein 

solution onto the microelectrode surface. As this makes creating repeatable and reliable 

enzymatic layers difficult, electrochemical methods of immobilizing the enzymes onto 

microelectrodes were studied and optimized for sensitivity and selectivity. Soak tests mimicking 

components of the chemical environment of the brain were conducted to study the lifetime of 

these sensors in vitro. Our method also provides deposition selectivity between electrodes as 

close as 40 μm apart. By striving to increase the overall selectivity of these biosensors, chemical 

sensing on a multimodal level can be utilized to study changes in neurotransmitter release and 

their relation to electrophysiological signaling on a much longer timescale. 

This work was performed under the auspices of the U.S. Department of Energy by Lawrence 

Livermore National Laboratory under Contract DE-AC52-07NA27344. 
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Implications for npy functionality in skin 
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Abstract: The ultimate objective of this study was to evaluate Neuropeptide Y (NPY) in human 

eccrine sweat as a means to assess human performance. To that end chemical characterisitcs of 

NPY in sweat were evaluated using ELISA and mass spectrometry. Sweat NPY concentrations 

from different body locations and NPY stability in sweat were investigated. Full length NPY was 

observed to undergo rapid aspartyl peptidolytic cleavage in human eccrine sweat. ELISA results 

confirmed the presence of cathepsin D, an aspartyl protease, in sweat at concentrations ranging 

from 2 – 7 ng/mL. Filtration of sweat effectively removed cathepsin D, but also NPY. Aspartyl 



peptidase inhibitor Pepstatin A prevented ~60-80% degradation of NPY within 1 hour at body 

temperature, while other individual inhibitors such as aprotinin, bestatin, E-64, Leupeptin and 

AEBSF only provided very limited protection within the first 15 minutes. A combination of a 

DPPIV inhibitor and protease inhibitor cocktail fully stopped the hydrolysis of NPY. In the 

absence of protease inhibitors NPY was cleaved into NPY1-30 and NPY31-36 between Leu30-Ile31 

as confirmed by mass spectrometry results. This metabolic pathway is the same as that found in 

human brain (central nervous system CNS) but is different from that found in human blood 

where NPY is mainly cleaved into NPY3-36 at the N-terminus. Because of the presence of similar 

NPY fragments in CNS we hypothesize that sweat NPY may better reflect nervous system 

processes than blood NPY measures. This would be of great interest to the large effort currently 

underway in medicine to develop non-invasive wearable devices to detect biomarkers without 

the need to draw blood. Sweat biomarkers will play a central role in such devices. The fact that 

NPY rapidly degrades in sweat also informs device development, which will need to take into 

account such rapid degradation in order to accurately measure this biomarker. 
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Abstract: Stereology is a rigorous and unbiased methodology for quantifying features of 

biological tissues such as the size, shape, distribution, and quantity of objects. Although it is the 

gold-standard for quantification, wide-spread adoption of stereological analysis has been 

hindered because it is labor-intensive even with modern software tools. In contrast, high-

throughput automated cell detection methods are more widely used but fall victim to sampling 

bias and fail to account for differences in cell size and distribution within the region of interest. 

To address the need for accurate, unbiased, high-throughput cell quantification in a biological 

context, we have developed the first complete hardware and software system utilizing state-of-



the-art resonant scanning confocal microscope technology and automated stereological analysis 

software, FastCount. FastCount detects cell-like objects using computer vision segmentation 

techniques and modifies the segmentation using machine learning algorithms that identify cells, 

clusters, and fragments. During training, the classifier runs continuously to provide the user with 

the predicted detection rates of cells, clusters, and invalid objects. After the classifier has been 

applied to the collection of image sets, the population estimate is calculated that complies with 

the stereologic principle that each object has an equal opportunity to be counted once and only 

once within the region of interest. In the current study we validated automated stereology by 

performing a comparative analysis of the results from FastCount against ground truth data from 

manual stereology studies as well as against non-stereologic cell detection algorithms often used 

in cell counting studies. Total cell counts, false positive, false negative, true positive, and true 

negative detection rates were compared across these methods. Our results indicate that FastCount 

performed on par with manual stereology. We further demonstrate the impact of machine 

learning by applying the classifier created in a single training session to multiple animals in the 

experiment using batch processing. The utilization of machine learning algorithms in stereologic 

cell estimation methods also dramatically reduced the amount of user input and subjective 

judgments necessary for analyzing multiple image stacks resulting in substantial time savings 

compared to the manual stereology process. In summary, FastCount produces reproducible and 

unbiased results while increasing scientific throughput. 
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Roussel: A. Employment/Salary (full or part-time):; MBF Bioscience. A.D. LeDuc: A. 
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Abstract: White matter disease is characterized by factors such as demyelination, inflammation 

and gliosis, and is associated with aging, hypertension (HTN), and impaired cognition. Several 

methods identify abnormal white matter (AWM) on structural MR images, and classification of 

global AWM into subtypes may improve specificity of clinical associations. Common 

delineations include periventricular relative to deep AWM based on distance from ventricles, or 

global lobar designations; these may be biased by varied levels of atrophy or may lack 

sensitivity. We investigated novel classifications based on the anatomical distribution of AWM 

over a middle-aged sample from the Vietnam Era Twin Study of Aging (VETSA; n=250). 

Subtypes were defined as higher frequency clusters in MNI space delineated by lower frequency 

valleys. This data-centric, frequency-driven approach may identify anatomical regions where 

different mechanisms are driving the observed abnormalities. We present two region-of-interest 

(ROI) parcellation models and explore relationships with HTN. Multi-channel (T1, T2, PD) 

segmentations including AWM were non-linearly warped to MNI space to construct an AWM 

population frequency atlas. We investigated parcellations by varying inputs to the Insight 

Segmentation and Registration Toolkit (ITK) watershed algorithm. Parcellations were reverse 

warped back to each subject's anatomical space, and each AWM voxel was assigned to an ROI. 

Our parcellation model selection struck a balance between simplicity and perceived anatomical 

relevance, resulting in 5-ROI and 14-ROI models. Both separated frontal, posterior, deep 

subcortical, anterior periventricular (APV), and temporal stem areas; the 14-ROI further 

subdivided frontal, posterior, and deep subcortical areas. We performed stepwise logistic 

regression to determine the best fit combination of ROIs to predict HTN. For 5-ROI, the best 

model fit included solely APV as a predictor of HTN (p<0.005). APV white matter, located in a 

poorly vascularized arterial border zone, is particularly vulnerable to reduced oxygenation. For 

14-ROI, the best fit included only the inferior superior corona radiata (ISCR), lateral to the APV 

and supplied by the middle cerebral artery, as a predictor of HTN (p<0.005). The further 

subdivision of the deep subcortical area revealed a region which is a distinct predictor of HTN 

not apparent in the 5-ROI model. These findings may suggest an underlying anatomical 

distinction between the white matter vulnerability in these regions, supporting the potential for 

improved sensitivity with the use of frequency-driven parcellations. 
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Abstract: The widespread use of mouse models in the neuroscience research demands a 

standard space for mapping the structural and functional patterns during brain development as 

well as under various pathological conditions. Here we report an MRI-based high-resolution 

whole brain atlas, constructed from group-averaged C57BL/6J adult mouse brains with detailed 

labels for cortical and subcortical structures compatible with the Allen reference atlas (ARA). 

We further quantitatively examined the structural phenotypes of several mutant mouse models 

using this atlas. Both in vivo and ex vivo MR images were acquired from postnatal and adult 

mouse brains at an isotropic resolution of 100-125 µm. To transform the structural labels from 

ARA to our MRI data, firstly, MRI data were aligned to ARA using landmark-based rigid 

transformation, followed by intensity-based affine transformation and large deformation 

diffeomorphic metric mapping (LDDMM) (Fig. 1ai-aiii). Fine anatomical segmentations from 

ARA (Fig. 1bi) were then transferred into the MRI using regional LDDMM (Fig. 1bii) producing 

17, 5, 33, and 44 sub-regions within the cortex, hippocampus, amygdala, and thalamus, 

respectively. The adult mouse brain atlas was further transferred to several postnatal stages (P21, 

P28, P42 and P60). This atlas will be a useful tool for MRI-based studies, such as, locating 

anatomical structures, investigating the macroscopic structural connectivity in mouse brain with 

high throughput, examining potential disrupted connections/volumetric changes in genetically 

modified mouse strains and compare different mutant strains in a common template. To 

demonstrate this point, we used the atlas (Fig. 1c-d) to quantitatively measure macroscopic 

morphological and structural connectivity changes in the cortex and hippocampus in two mouse 

models with disrupted neuronal migrations. In conclusion, our proposed atlas and database will 

be useful for gene/connectome study providing the requisite template for cross-examination of 

different mutant strains. 
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Abstract: Dendritic spines are neural structures housing excitatory postsynaptic machinery on 

pyramidal cells in mammalian cortex. These structures reflect novel experience both via changes 

in their density as well as their shape. Currently, most of the analysis of dendritic spines is via 

manual interrogation of fluorescent images; semi-automated methods developed by individual 

labs are also available, but these usually do not transfer well to different datasets. Therefore, a 

generalizable, fully automated, and unbiased, approach to describe dendritic spines under 

different experimental and health conditions is needed to match the rise in large imaging datasets 

generated across labs. Here, we present an automated and reproducible process for detecting 

dendritic spines using fully convolutional neural networks (FCN), a deep learning approach. 

Two-dimensional maximum-intensity projected images from de-convolved confocal microscopic 

images were used as input into FCNs. A set of different FCN architectures were tested for each 

image. To reduce false positives, detections from the networks were further pruned by extraction 

of dendritic shaft. However, our results turned out not to be strongly dependent on this post-

processing step. Finally, the performance of the most successful FCN architecture was compared 

to the positions of dendritic spines annotated manually by two experts. The averaged distance 

between the predicted spines and manually annotated ones is 2.81 ± 2.63 pixels (0.082 ± 0.076 

microns) and 2.87 ± 2.33 pixels (0.084 ± 0.068 microns), respectively, based on the two experts. 

Moreover, our automated FCN detection achieves F scores of 0.82 and 0.85 on two sets of 

annotations from experts, outperforming two other existing spine detection software systems, 

NeuronStudio and Neurolucida, with statistical significance (p-value &lt 0.02). This 

improvement seems at least in part to be attributable to the better detection of thin spines by 

FCNs: out of the total of 213 true positives based on Reader 1’s annotations, FCNs detect 31 

more spines from the “thin” category than Neurolucida. To the best of our knowledge, this is the 

first instance of using deep learning methods towards automated dendritic spine analysis. We 



hope to extend this approach to 3D volumes, and diversify training sets, in order to increase 

generalizability and robustness of detection and segmentation of datasets of different origin. 
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Abstract: Whole brain profiling empowered by tissue clearing methods has revolutionized the 

landscape of neuroscience by offering data-driven, hypothesis-free approaches to study the brain 

of rodents. The unexplored challenge in this field would be to design a framework to efficiently 

share data between research groups and promote collaboration, so that researchers can fully 

exploit the potential of whole brain data as collective and massive knowledge and catalyze new 

discoveries. Recently, we reported a single-cell-resolution whole brain atlas, named CUBIC-

Atlas[1], where the whole brain is represented as a point cloud, i.e. an ensemble of cell 

coordinates with biological attributes. Because cell is the basic unit of living system, point cloud 

is a biologically natural and minimum representation of the whole tissue, as opposed to 

conventional raster representation. Built upon this novel approach, we have built CUBIC-Cloud, 

a computational framework to analyze, visualize and share whole brain data. CUBIC-Cloud is 

consisted of two modules, CloudMap and CloudEye. CloudMap is a library to map individual 

brains onto a common brain coordinate (e.g. CUBIC-Atlas) to perform quantitative comparison 

and analysis. CloudEye is a web-browser-based application that allows researchers to visualize 

tens of millions of cells and interact with them using devices with limited graphics capability 

(e.g. laptops). It can also be used to add annotations and publish the data for collaborators and 

research communities over the internet. Notably, the framework does not restrict itself to a 



particular clearing method or imaging modality and thus can be used in a variety of experimental 

settings. The capability of CUBIC-Cloud will be demonstrated by (1) analyzing the brain-wide 

projection using viral tracers, (2) investigating neuronal activity change under perturbation and 

(3) profiling cellular distribution with cell-type specific markers. The CUBIC-Cloud framework 

is available as an open source, and the widespread adoption and use of this framework in the 

community will further accelerate the collaboration-based whole brain profiling and help 

understand the brain architecture at the single-cell-resolution. 

Reference:1. Murakami et al. Nature Neuroscience 21, 625-637 (2018) 
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Abstract: To identify brain regions that mediate specific functions, researchers often rely on 

manipulating the candidate brain regions. However, in order to attribute a function to a specific 

brain region one must accurately assess where the manipulation has occurred. A common 

method for determining the location of neural manipulations (e.g. viral tools, lesions) relies on a 

qualitative assessment of the location of the region of manipulation (ROM), relative to a 

reference atlas. Qualitative assessments may produce inconsistencies or inaccuracies that go 

unnoticed across experiments or labs, but that could have important effects on results and data 

interpretation. Criteria for ROM size and location vary across labs, which means that 

publications on a particular brain region may include meaningful variance in the amount of the 

intended brain region and collateral regions covered by the ROM. Even when atlas images are 

included in publications, quantifying differences of expression across samples or publications is 

not possible. 

We have developed a method to quantify the distribution of ROMs relative to a reference atlas. 

The method is composed of three steps: 1) Creating a reference atlas, in which each brain region 

has a unique color-coded value (RBG value); the corresponding color code for each brain region 

is referenced in an Excel sheet; 2) Marking the ROM on the reference atlas for each subject and 



brain section; 3) Analyzing the ROM with respect to the reference atlas, using a Matlab script 

that compares the number of pixels of the ROM with respect to those in the reference atlas. With 

this method we are able to quantify the proportion of each brain region that contains the ROM 

and the proportion of the ROM that is located in each brain region. Researchers can implement 

this method into their lab simply by mapping ROM onto our reference atlas, using any pixel-

based imaging software. Our method still relies on proper imaging techniques and subjective 

mapping of ROMs from histological slices onto the color-coded reference atlas. However, our 

method eliminates the subjective qualitative assessment of the ROM and allows, instead, for an 

objective quantification. 

This ability to quantify ROMs objectively has multiple uses; for example one can establish “hits 

or misses” based on an objective quantification; results can also be used to perform correlations 

between ROM distribution patterns and experimental outcomes. Furthermore, distribution values 

can be published to allow other labs to compare ROMs across publications and against their own 

data, permitting for more accuracy and experimental reproducibility. 
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Abstract: Introduction: Many medical applications such as surgery or brain stimulation require 

the clinician to identify the internal location of a specific brain region. In this project we present 

a method to marker-less track a subject’s head to overlay and update a holographic rendering of 

the subject’s head in real time. This is done by tracking the face using a depth-sensing camera, 

which tracks facial features and sends location and rotation information to a see-through display 

to update a rendering of the head’s MRI data. Methods: An Intel RealSense SR300 RGBD 

camera was attached to the Microsoft Hololens and connected via USB to an external laptop. We 

developed custom software that uses the Intel RealSense SDK to track the world coordinates of a 

subject’s facial features and uses these coordinates to update the pose of a holographic head 

rendering in the Hololens display. To get the transformation from RealSense camera space to the 

virtual Hololens display space where the pose of the holographic head is rendered, we performed 



a calibration according to [1], to find the transformation matrix from Realsense depth camera to 

mixed reality display. Results & Conclusion: Figure 1 shows surface renderings (A,B) and a 

volumetric rendering (C) of the head overlaid on the subject viewed through the Hololens. Head 

translation and rotation was detected reliably for all three axes. Head tracking accuracy depended 

on camera distance and head rotation with respect to the camera with higher accuracy of 

2.2±1.9mm for a frontal face in 30cm distance from the camera distance up to 10.6mm±3.2mm 

for a face at 45o in 60cm distance to the camera. Our method to project a hologram on a subject 

based on facial feature tracking will allow clinicians in the future a high flexibility and simple 

localization of internal organs by just looking at the patient and without the need for time-

consuming calibration. [1] Garon et al. Real-time High Resolution 3D Data on the HoloLens, 

ISMAR 2016 
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Abstract: Objective: In our recent study to differentiate disease-specific regional atrophy 

between multiple sclerosis and Alzheimer’s Disease subjects, we have processed more than 

5,000 3T MRI brain scans with FreeSurfer 6.0 (FS), a software package that performs automatic 

segmentation. However, FS is imperfect, and to detect FS segmentation failures for gray matter, 

white matter, and subcortical regions, experts must review segmentations. We have provided a 

user-friendly, collaborative web service in which experts can remotely check available 

segmentations in the database to pass or fail them and leave comments. This tool can be used to 

cross-validate raters that participate in the quality control (QC) phase, and the final outcome is 

determined by a majority vote. To include all valuable collected MRI for our study, the failed 

brain scans must then be corrected manually, so we used the Virtual Brain Segmenter (VBS), a 

virtual reality (VR) tool, as an intuitive and efficient way to correct these failures. 

Methods: VBS, using the HTC Vive, is used for QC of MRI segmentation. We use FS to perform 

automatic segmentation of the MRI, then users correct any errors made using VBS. We provide 

4 scenarios for which we used VBS. In each case, a source image, a target image, and a 

corresponding failed segmented surface are overlaid. The user browses the image and removes 

voxels of the target volumes that do not belong to a specific region. When the user has finished 

editing the voxels, FS commands are used to regenerate correct surfaces. 

Results: We have shown that VBS can be used successfully for pial surface edits, white matter 

surface edits, lesion corrections, and optic nerve removal. User experience feedback was 

collected when these four use cases were demonstrated as part of an exhibit booth during the 

2018 American Academy of Neurology meeting to determine the advantages of our VR tool in 

these scenarios. 

Conclusion: We demonstrate the strengths and weaknesses of VR and crowdsourcing as methods 

for QC of MRI segmentation. We show how these methods can help researchers to correct 

segmentation errors more efficiently and intuitively in VR as well as the features of this platform 

that enable crowdsourcing among expert and non-expert users to expedite the process further. A 

faster segmentation program saves valuable time and resources during imaging analysis, which 

may significantly expedite our research on disease-specific brain atrophy. 
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Abstract: We created a representative anatomical template of the monkey brain, called the 

National Institute of Mental Health Macaque Template, or NMT for short (Seidlitz et al., 2017). 

The NMT is a nonlinear average of the T1-weighted in vivo MRI scans of 31 adult rhesus 

macaque monkeys. The NMT and its tools provide a volume and surface for alignment of 

anatomical and functional imaging data for individual or group analysis. Several data sharing and 

analysis platforms are providing the NMT and/or NMT-aligned data (e.g., PRIME-DE, AFNI, 

NeuroVault). 

Here we introduce updates to the NMT, including a novel Cortical Hierarchical Atlas of the 

Rhesus Macaque (CHARM-250). The revised NMT covers the whole-head and is symmetric. 

We reflected the left and right hemispheres of each subject before the iterative averaging 

process, effectively doubling our subject count to 62. We also provide rigid body registration 

parameters so the NMT’s AC-PC alignment, with its origin at the anterior commissure, can be 

put in (Horsley-Clarke) stereotaxic alignment, with the origin midway along the interaural 

meatus. This coordinate frame is beneficial for planning stereotaxic surgeries. 

The CHARM-250 is a 6-tiered hierarchical atlas that segments the cortical surface at various 

scales using a total of 250 regions. At the coarsest level, the cortex is divided into the four lobes. 

Cortical divisions at the finest level were largely based on warping the D99 digital atlas (Reveley 

et al., 2016) to the NMT. This map was manually edited to bridge discontinuities within an area, 

prevent areas from jumping across sulci, and fuse areas smaller than 13.5 mm3 with a neighbor 

so they can be reliably warped to the anatomies of other monkeys. At successive levels of the 

hierarchy, areas were combined based on contiguity, cytoarchitectonic similarity, shared 

membership in a cortical area or larger region (e.g., lobule, sulcus, or surface), and common 

function. The CHARM-250 permits description of whole-brain data sets at varying levels of 

generality, delineates the constituent areas of larger regions, and facilitates comparisons of 

anatomical descriptors across species. Data from individual monkeys can be warped to the NMT 

for volumetric or surface-based CHARM-250 analysis. Alternatively, the NMT and CHARM-

250 can be warped to an individual’s in vivo anatomical scan. Because the NMT is a population 

average of in vivo scans, these warps of the NMT and its hierarchical atlas tend to faithfully 

conform to individual anatomies. 
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Title: The NIF ontology: Brain parcels, cell types, and methods 
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Abstract: The Neuroscience Information Framework Standard Ontology (NIFSTD, 

http://ontology.neuinfo.org) has been in use and maintained for over a decade. Here we present 

an update on content of the ontology, focusing on three areas: brain parcellation schemes, 

neuronal cell types, and techniques and methods used in neuroscience. These are three major ares 

of terminology where NIF has collaborated with multiple projects including the BRAIN 

Initiative Cell Census Network, the Human Brain Project, the Blue Brain Project, and Center for 

Reproducible Neuroimaging Computation. The parcellation of the brain into regions is both a 

fundamental organizaing principle in neuroscience and of great practical importance in 

experimental neuroscience. It is difficult to keep track of how many parcellation schemes exist 

and are in use because new schemes are continually developed as new methods are developed 

and new atlases are released. We present the framework used by NIFSTD to manage parcellation 

schemes and the conceptual model for mapping between them as well as a fundamental model 

delimiting the possible ways to name parts of the brain where those parts are practically 

meaningful. Identifying and classifying cell types in the brain is a continual challenge in 

neuroscience and there are now a number of initiatives working to do this systematically across 

the whole brain in multiple species. Terminology for naming neuron types based on the 

phenotypes that neurons show when they are interrogated experimentally forms the basis for 

creating a data driven ontology of types and models that can transcend the experimental 

conditions under which they are studied. We present the results of applying our phenotype based 

model for experimental neuron types to existing neuronal datasets and the preliminary results of 

mapping experimental neuron types to classical higher level types. As alluded to above, both 

brain parcellation, and cell typing are dependent on the methods and techniques used to divide 

the brain and populations of cells in the brain into parts and types. However, traditional 

individual approaches to both tend not to treat methodology explicitly. Accounting for 

methodology explicitly could help as we start to integrate information from multiple source. To 



this end we have updated NIFSTD's modeling of methods, techniques, and protocols. We present 

NIFSTD's conceptual model for methods and techniques as well as their application to naming 

cell types and brain regions. 
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Abstract: The Human Connectome Project’s (HCP) minimal preprocessing pipelines (HCP-

MPP) have yielded major improvements to cross-subject alignment by analyzing multi-modal 

neuroimaging data with methods that respect the sheet-like 2D cortical and 3D globular 

subcortical geometries of the human brain. However, the application of these state-of-the-art 

advances has been limited to neuroimaging data collected via HCP-Style hardware and 

acquisition protocols designed to map and remove sources of geometric distortions across image 

modalities and maximize spatio-temporal resolution. Tens of thousands of imaging datasets 

collected via 'legacy' approaches do not meet HCP-MPP standards to varying degrees. These 

‘legacy’ datasets will benefit from adopting the surface-based framework that the HCP-MPP has 

pioneered via the Connectivity Informatics Technology Initiative (CIFTI), which enables 

improved cross-subject alignment while reducing deleterious effects of smoothing. In fact, recent 



efforts offer a framework that brings surface-based analysis to legacy datasets using the ciftify 

tool, which builds on FreeSurfer's outputs (https://github.com/edickie/ciftify). Here we present 

the Legacy Minimal Preprocessing Pipelines (L-MPP) - a processing route that parallels the 

HCP-MPP workflow within the same codebase but supports a wider variety of raw data that do 

not meet HCP-MPP standards. L-MPP supports the following scenarios: i) It can use both 

T1w/T2w images or use only a single T1w image (though without producing cortical myelin 

maps); ii) It can run FreeSurfer 5.3-HCP or 6.0 (or the latest version), incorporating features for 

expert file optimization, manual editing of segmentation errors, and support for longitudinal 

analyses. iii) The L-MPP fMRI workflow supports datasets lacking fieldmaps by instead using 

an adaptation of FSL's TOPUP tool for non-linear distortion correction. iv) Finally, L-MPP 

provides support for 'legacy' diffusion imaging data not collected with phase-encoding reversals. 

Collectively, we show that L-MPP, leveraging the same codebase, can yield HCP-style advances 

for ‘legacy’ imaging data. This offers CIFTI support for datasets previously incompatible with 

the HCP-MPP analytic framework. Importantly, the L-MPP extension of the core HCP-MPP 

functionality is intended to work in parallel with ciftify, which builds on FreeSurfer's outputs. 

The L-MPP workflow thus provides rapid and robust integration of legacy datasets into a CIFTI 

2D/3D format, which stands to appreciably improve multi-modal neuroimaging results for many 

existing datasets. 
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Abstract: Synaptic plasticity, the cellular basis for learning and memory, is mediated by a 

complex biochemical network of signaling proteins compartmentalized in dendritic spines. The 

ability to screen a high number of molecular targets for their effect on dendritic spine structural 



plasticity will require a high-throughput imaging system capable of stimulating and monitoring 

hundreds of dendritic spines in various conditions. As microscope systems capable of advanced, 

high-resolution imaging of molecular targets often rely on highly specialized and customized 

software controllers, they tend to lack automation capabilities. We have built a standalone 

Python tool which can be easily interfaced with various two-photon imaging programs, allowing 

users to specify an imaging/photostimulation timeline and track positions for 3D drift. Notably, 

our plugin includes a pre-trained, end-to-end, deep machine learning system based on the 

YOLOv2 architecture, allowing for the identification of dendritic spines with essentially no time 

lag. Therefore, once experimental parameters are set, users need only to click a single button to 

collect time-lapse imaging and photostimulation results from multiple dendritic spines within a 

single field of view. 
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Title: MNAP: Multimodal neuroimaging analysis platform for flexible, extensible and rapid 

analytic throughput 
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Abstract: A major challenge for human neuroimaging is flexible, robust and rapid deployment 

of state-of-the-art methods. The Multimodal Neuroimaging Analysis Platform (MNAP) provides 

a software ecosystem that collectively supports an extensible framework for data organization, 

preprocessing, quality assurance, and analyses across neuroimaging modalities. The MNAP suite 



is flexible and extensible by adding functions developed around its component interconnected 

modules: i) MNAP 'Connector' module developed to wrap various tools and functions 

throughout the MNAP suite. ii) MNAP 'neuroimaging utilities' [NIUtilities] module for 

parallelizable processing and analyses. NIUtilities processing manager supports both local and 

high-performance computing job management, and integrates tools from freely-available 

analysis packages in an efficient unified preprocessing workflow. iii) MNAP 'Matlab' module 

provides signal processing and statistical general linear modeling (GLM) functions for 

preprocessing and analyses that are invoked throughout the MNAP suite but can be used as 

stand-alone tools. iv) MNAP provides modified version of the Human Connectome Processing 

(HCP) minimal processing pipelines optimized for both 'legacy' single-band and multi-band data. 

v) MNAP 'Library' module provides support files, libraries, and data templates (e.g. atlases) used 

across the suite. Collectively, MNAP enables rapid and efficient handling of neuroimaging data 

across multiple workflows: from importing of DICOMs, preprocessing, advanced GLM task-

based analyses, functional and structural connectivity analyses, statistical testing and 

visualization. MNAP tools are built around a flexible architecture that facilitates massive 

parallelization across multiple cores of a single machine or across multiple nodes on a high-

performance cluster or in the cloud. This in turn enables rapid throughput of large-scale datasets. 

Collectively, we introduce the MNAP ecosystem [https://bitbucket.org/hidradev/mnaptools/], 

which is purpose-built for flexible, extensible and rapid analytic throughput. 
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Abstract: Corticotropin releasing factor (CRF) is a peptide hormone centrally involved in stress 

response and stress mediated addiction mechanisms in the brain. The differences in brain-wide 

distribution of CRF between male and female mouse brain is not well characterized. Here we 

present NeuroInfo, an automated system for mapping brain image volumes and CRF-positive 

cellular populations to a standardized reference space. This technology reconstructs a whole 

brain image from serial sections, detects cells in the 3D image, aligns the image to a reference 

atlas, and then partitions cell populations using the anatomic boundaries in the reference space. 

Automatically mapping cell populations to a standardized atlas allows researchers to objectively 

accumulate and compare results without the need for extensive expertise in neuroanatomy. 

This automated mapping system registers brain volumes and the detected cell coordinates to the 

Allen Institute for Brain Science’s Common Coordinate Framework (CCF). Following 

registration, anatomic delineations from the CCF are imposed on the cell counts to partition them 

into a list of counts within each anatomy. 

We analyzed CRF-positive cell populations in three female and male brains. Sections from the 

brains were automatically extracted, aligned, and compiled into full resolution 3D whole-brain 

images. Automatic cell detection was performed on the images, and images and counts were then 

automatically registered to the CCF using nonlinear transform optimization. Normalized 

differences between female and male brain regions were calculated and top 5th percentile of 

regional differences plotted. 

For validation, manual tracings and counts were compared in one brain for multiple regions. The 

accuracy of the automated registration was assessed by: 1) manually tracing hippocampal and 

amygdalar regions and comparing the areas and perimeters of delineations, and 2) calculating the 

distances between the centroids of manually and automatically delineated regions. In these brain 

regions, manual and automatic cell counts were compared to establish false negative and positive 

error rates. 

Here we present an application of technology that automatically maps cellular populations in 

reconstructed whole brain images to brain structures in a common reference space. This 

technology provides repeatable, objective measures that can be compared across experiments and 

laboratories. This automation also creates the possibility of increasing the efficiency of 

experimental workflows. Further work will increase the number of animals to establish the 

sensitivity of detecting differences in brain regions between male and female cohorts. 
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Title: CoordsFinder - software tool for systematic search for brain coordinates of interest for 

area-based meta-analyses 
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Abstract: Neuroimaging studies are accumulating fast. A significant number of these studies use 

functional magnetic resonance imaging (fMRI) and report stereotactic brain coordinates. In the 

last 15 years meta-analytic software tools have been developed to identify over-arching data 

agreement across studies (e.g., http://www.brainmap.org/). Meta-analytic studies help establish 

statistical concordance and quantitatively summarize large amounts of evidence. To date there 

are 944 papers on fMRI meta-analyses, as indexed by Web of Science (WOS; 28/04/18). Before 

analyzing coordinates researchers have to compile, systematically review relevant literature and 

extract stereotaxic coordinates. One process of pooling information from the articles requires 

manual search of the articles and manual extraction the relevant data, such as coordinates (i.e., 

foci), contrasts (i.e., experiments) and types of analyses (whole-brain or region of interest). 

Another available approach is offered by software with pre-extracted information, such as Sleuth 

(http://brainmap.org/sleuth/), Neurosynth (http://neurosynth.org/) and other open-source 

programs. Critically, these methods do not have up to date datasets covering only a limited 

number of studies (e.g., 11406 papers in the Neurosynth and 3294 papers in the Sleuth 2.4 at the 

28/04/2018), whereas, a WOS search for the keyword (“fMRI”) yields 61976 papers. 

To improve the quality of the manual search for area-based meta-analyses and increase the speed 

of the identification of the foci of interest, we developed CoordsFinder - standalone graphical 

interface software for addressing the challenge of processing multiple fMRI articles reporting 

data in coordinate space. The software is written using WPF (C# and XAML), based on .NET 

Framework 4.5.2, and it supports Microsoft Windows 7 operating system or higher. The 

CoordsFinder estimates the foci uploaded in the software manually and searches for it inside the 



specified folder, which contains the pdf files of the papers, as this is the most common file 

format for articles. Foci coordinates can be found both in tables and in a plain text of the articles. 

The foci file uploaded could contain MNI or TAL space coordinates, and the software can 

indicate each type. In the current version, CoordsFinder can explore only files stored at the user’s 

computer, and process 274 papers per minute for a typical computer. Practically this software 

provides a solution for automatically extracting coordinates from multiple articles for effectively 

organizing and further analyzing data already available in the literature. 
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Abstract: Objectives 

Data management becomes prone to user-errors when working with extensive multimodal and 

longitudinal datasets. Although outlined in the Good Laboratory Practice guidelines of the WHO, 

most labs store their data not in a standardized way and lack way behind clinical standards. In 

order to be prepared for big data initiatives in neuroscience and to improve standardization of 

data management, we have developed a cost-effective and user-friendly cloud-based relational 

database.  

Methods 

We are using tools provided by commercial software (Ninox Software GmbH, Berlin, Germany). 

The database accepts in vivo and ex vivo mouse data: type of surgery (stroke, fiber/virus 

implantation), behavioral test (cylinder, rotating beam, grid walk), MRI, electrophysiology, and 

histology. Each mouse is identified by an experiment-specific ID which relates to an 

experimental project, sub-group, mouse cage and mouse number. The raw data is stored on a 

central fileserver and linked in the database. Entries are logged by timestamp and user. The 

software is operating system independent and accessible via a web interface or an app - also 

simultaneously by many users.  

Results 

Our approach is different to existing data management tools such as REDCap and electronic 



laboratory notebooks (ELN). We provide a framework for efficient multi-user data entries. Here, 

the data is entered and organized in a relational way. A mouse and all related experiments are 

linked to each other. The database is indexed and enables filtering and a free text search, e.g., it 

is possible to list all T2-weighted MRI scans obtained during a specified period. We adapted a 

print function for animal permission-relevant data such as the time under anesthesia and details 

of surgery. Several automated procedures are included, which for example calculate the current 

animal age in weeks and several measures of the behavioral tests. There are different levels of 

user rights, which allow to blind users for the experimental group (e.g. sham vs. treatment) and 

lock access to experimental data. 

Conclusions 

Our relational database design for multimodal mouse data improves data accessibility, search 

efficiency, validity, and reporting. The database is especially useful for labs collecting 

longitudinal in vivo data and subsequent ex vivo measurements. There are only minimal 

programming skills necessary and the template can be easily adapted to other labs, collaborative 

work and other experimental conditions. 

Disclosures: M. Aswendt: None. N. Pallast: None. F. Wieters: None. M. Nill: None. G.R. 

Fink: None. 

Poster 

254. Software Tools Connectivity Analysis Macro/Micro Structure 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 254.17/III64 

Topic: I.07. Data Analysis and Statistics 

Support: American Heart Association, Scientist Development Grant (16SDG27130006) 

Title: Map Manager: Software to annotate and analyze image volume time-series 

Authors: *R. H. CUDMORE 

Dept. of Neurosci., The Johns Hopkins Univ., Baltimore, MD 

Abstract: The increasing availability of confocal, two-photon, and light sheet microscopes 

coupled with rapid developments in fluorescent reporters have made 3D imaging and analysis a 

central component of modern neuroscience research. The ease of acquiring 3D images from 

living neural tissue is creating progressively larger datasets, prompting the need for image 

analysis software that is both rapid and accurate. A major bottleneck in the analysis of 3D image 

data is its segmentation into discrete 3D annotations which is especially problematic for time-

series data where corresponding annotations need to be linked between time-points. Here, we 

present Map Manager, powerful and easy to use software written in Igor Pro that is optimized for 

the annotation, analysis, and curation of 3D image time-series data. Map Manager semi-



automatically links corresponding annotations between time-points without the need to pre-

process image volumes with alignment. Once a database of annotations is created, Map Manager 

provides a rich set of curation tools including searching, plotting, and report generation. A key 

benefit of Map Manager is that large datasets can be managed while focusing on the quality-

control of individual annotations in the context of their raw 3D image data. Built in time-series 

analysis includes tracking the addition, subtraction, and trajectories of annotations. In addition to 

the analysis of 3D point annotations, Map Manager has an extended set of features for neuronal 

spine dynamics and intensity analysis. To extend the analysis of datasets created in Map 

Manager, we provide a Matlab toolbox which allows experiment-specific customized analysis to 

be easily implemented. 
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Abstract: Behavioral experiments with non-human primates are typically controlled by 

computer software that presents stimuli and responds to subject actions. The ability to present 

and control stimuli precisely, both temporally and spatially, requires hardware (i.e., audio and 

graphics cards) and access to that hardware through a programmable interface (referred to as an 

Application Programming Interface or API). Both the hardware and interfaces are in constant 

development, thus for any software to remain compatible it must be actively maintained. To 

mitigate the work involved, we developed ARCADE (Application for Real-time Control of 

Actions and stimulus Display in behavioral Experiments), a freely-available modular stimulus 

presentation software, which simplifies software development and maintenance through 

compartmentalization. An additional advantage of modularization is that it lends itself well to 

modern CPU/GPU architectures designed for multitasking, such that modules can run 

independently with dedicated tasks. ARCADE is a suite of modules, written in C++ and 

MATLAB, running in parallel on Microsoft Windows using standard Windows libraries for 

inter-process communication. ARCADE simultaneously displays precisely timed visual stimuli 



(using the DirectX API) while tracking eye movements, controlling digital input/output, and 

providing online behavioral monitoring to the user via a MATLAB graphical interface. With the 

DirectX API and dynamically-compiled pixel shaders (referred to as fragment shaders in 

OpenGL), ARCADE provides users with a powerful tool for stimulus design and control. 

DirectX pixel shaders are small programs, written in the C-like High Level Shader Language 

(HLSL), which execute a user-defined routine for each pixel. The implementation of pixel 

shaders in ARCADE allows users to design and control stimuli, static or animated, with a user-

defined pixel shader function accepting a finite number of user-defined input parameters 

including pixel position and frame count. Experimental design in ARCADE has been simplified 

while maintaining flexibility through a state-machine design pattern in which the “states” are 

realized as parts of a trial (i.e., fixation, stimuli on, response, etc.). A user only needs to write one 

MATLAB script that defines the “states” (parts of a trial), the actions associated with those states 

(i.e., stimuli on/off), and the next state, which can be determined by subject behavior or state 

variables such as time elapsed. In summary, ARCADE is a modular state-based experimental 

stimulus presentation software providing online behavioral control with flexibility and simplicity 

for the present and future. 
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Abstract: Within the broad family of light-gated ion channels, anion selectivity was initially 

created by crystal structure guided re-design of natural cation-conducting channelrhodopsins 

(CCRs); anion selectivity was subsequently found to have naturally evolved in certain 

cryptophyte algae. Both designed and natural anion-conducting channelrhodopsins (dACRs and 

nACRs) have since been applied as optogenetic tools (enabling selective inhibition of targeted-

cell activity during behavior in many vertebrate and invertebrate animals), but each also exhibits 

performance limitations, underscoring key tradeoffs in channel structure/function relationships. 

For example, befitting their provenance from CCRs that achieved versatile applicability in part 



through engineered gating properties spanning ~6 orders-of-magnitude from several milliseconds 

to tens of minutes), dACRs offer a much wider range of kinetics relevant to neuroscience than do 

nACRs; on the other hand, nACRs exhibit larger photocurrents (despite high anion selectivity). 

Therefore, molecular and structural insight, jointly into both dACRs and nACRs, will be critical 

not only to understand the fundamental mechanisms of light-gated anion-channel function, but 

also to enable creation of next-generation optogenetic tools. Here we report the first high-

resolution crystal structures of an nACR (the most widely used variant GtACR1, at 2.9 Å), and a 

dACR (multiple structures of iC++ at pH 8.5 and 6.5, at 2.9 Å and 3.2 Å resolution respectively). 

The resulting series of structural, spectroscopic, electrophysiological, and computational 

analyses provided unexpected insights into ACR pH-dependence, substrate recognition, channel 

gating, and ion-selectivity. Finally, synthesis of insights from the structures of both iC++ and 

GtACR1 enabled design, verification, and practical application of the first ACR integrating all 

the 

key functional features of large photocurrent magnitude and 20-fold faster kinetics alongside 

exclusive anion selectivity. 
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Abstract: Microstimulation of few neurons can drive sensations and remarkably specific 

experiences in humans. Activating functionally-tagged populations in animals can modulate 

perceptual decisions and elicit specific behaviors. Conversely, much neural activity is likely 

outside awareness suggesting that circuit phenomena exist for selecting and amplifying specific 

pathways to drive distinct behaviors. Here, we study these phenomena using ensemble-level all 

optical read/write approaches. Mice are trained to discriminate grating orientations to high 

performance (d’ > 2). Functional ensembles are identified with volumetric two-photon calcium 



imaging (GCaMP6m) of superficial layers through layer 5 of primary visual cortex (≥0.7 x 0.7 x 

0.4 mm3). Ensembles (mean 41.5±13.5 neurons, n = 8 in 4 mice) specifically responding to 

visual targets (lick; Go) or visual distractors (no lick; No Go) are selected for two-photon, 

holographic-based ensemble optogenetic stimulation with cellular resolution, using a novel, red-

shifted excitatory opsin (MO20; ~1ms simultaneous stimulation of all cells using a custom 

multiple spatial light modulator system, MultiSLM1). Mice discriminate artificial ensemble 

stimulation without a visual stimulus present (d’ > 2). We investigate the same ensembles and 

surrounding populations every day across weeks (mean 54±5 days, n = 4 mice). Varying the 

number of neurons, cortical layer and timing of stimulation within ensembles we find that mice 

can discriminate activity in small numbers of neurons (min = 2 per ensemble in layer 5; min = 8 

in layer 2/3) especially when stimulated simultaneously, mapping the neural activity threshold 

for behavioral performance. Follow on activity patterns in non-stimulated neurons largely match 

between visual-only and optogenetic-only trials, indicated by high performance of a linear 

discriminant analysis (LDA) classifier trained on visual-only trials and tested on optogenetic-

only trials. The same classifier yields poor performance when random populations are 

stimulated—consistent with observed deficits in behavioral performance. Furthermore, 

stimulation of sub-ensembles of neurons leads to specific recruitment of held-out neurons within 

the full ensemble (p<0.0001 vs orthogonal populations, n = 4 mice). These results, and future 

studies building on these approaches, provide a mechanistic view of the critical point at which 

artificial activity integrates into the native circuit to drive broader networks and the perception 

and behavior of the animal. 
1Marshel et al. Wide field-of-view three dimensional all-optical neurophysiology with 

millisecond-resolution in vivo. Presented at SfN 2017. 
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Abstract: The processing of appetitive and aversive stimuli is essential to guide motivated 

behavior and is represented in many structures across the mammalian brain. The habenular 

complex is comprised of a transcriptionally diverse group of cells in the dorsal thalamus, divided 

into two anatomically distinct regions. The medial subdivision receives input from the limbic 

system, sends projections to the midbrain, and has been shown to play a role in behaviors related 

to processing of aversive and appetitive stimuli, including stress, nicotine withdrawal, and 

voluntary exercise. This region is smaller and less studied than its lateral counterpart, but it 

displays a strong degree of transcriptional heterogeneity, with cells expressing a wide variety of 

neuromodulatory receptors, neurotransmitters, and neuropeptides. Using multiplexed in situ 

hybridization we characterize the overlap of neuromodulatory cell type markers in habenular 

neurons. In transgenic animals, viral projection mapping and tissue clearing reveal that TH-, 

ChAT- and Substance P- expressing neurons show cell type-specific termination zones in the 

midbrain. Using Cre-mediated viral delivery in subpopulations of medial habenula neurons and 

fiber-based calcium recording during an operant conditioning task, we find that these three 

transcriptionally-defined cell types exhibit distinct reward dynamics: TH-expressing neurons 

respond to reward-predictive cues (%dF/F = -3.6, s.d. = 1.2, p =0.02, n= 5 animals), ChAT 

neurons are not significantly modulated by reward (%dF/F = -.65, s.d. = 0.44, n = 7 animals), 

and Substance P-expressing neurons show strong transient activation during reward omissions 

(%dF/F = 21.0 , s.d. = 13.9, p = 0.01 , n=4 animals), but persistent activity during delivered 

rewards (%dF/F = 7.1, s.d. = 5.5, p <0.01 , n= 5 animals ). Moreover, changes to reward 

contingencies and cue-reward associations trigger rapid adaptive changes in habenular activity. 

These data suggest that medial habenula neurons encode multiple aspects of reward responses 

and could serve as a mechanism to modulate motivated behavior in different emotional states. 
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Abstract: How cortical ensembles encode internal homeostatic states and coordinate with other 

structures throughout the brain to drive adaptive behavior remains a fundamental question in 

neurobiology. To achieve access to such cortical populations, we developed an expanded viral 

toolkit for permanent genetic labeling of activity-defined neuronal populations both for unbiased, 

whole-brain labeling, and for targeted, projection-specific labeling. In conjunction with a 

computational framework enabling automated quantification of cortical projections in atlas-

registered, cleared whole mouse brains, we performed a brain-wide screen for projections 

activated by hunger, and found increased activation of a projection from posterior insular cortex 

to the amygdala. Optogenetic stimulation of this projection was sufficient to increase food 

consumption in otherwise sated animals (two-way ANOVA, p = 0.042, n = 7 mice per group) 

without affecting water consumption, and elicit aversion of a neutral environment (paired t-test, 

p = 0.044, n = 7 mice), while optogenetic inhibition suppressed consumption in fasted animals 

(two-way ANOVA, p = 0.011, n = 6 mice per group). These findings demonstrate the utility of 

this new viral approach for activity-dependent input mapping, and support the role of posterior 

insula in top-down coordination of responses to perturbed homeostatic states. 
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Title: Divergent population states across the hypothalamus during homeostatic threats 
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Abstract: Animals living in changing environments encounter a variety of threats to 

homeostasis. Such threats can evoke behavioral and endocrine states believed to be implemented 

by the hypothalamus, which promote strategies to restore homeostasis and maintain health and 

survival. However, population dynamics across the hypothalamus, the specific cell types 

implementing these dynamics, and their effects on the rest of the brain are not well characterized. 

To study the mechanisms underlying behavioral responses to homeostatic threats, we used 

cellular-resolution activity imaging in behaving larval zebrafish, which allow for comprehensive 

functional characterization of neurons across the hypothalamus. Under head-fixed conditions, we 

found that larval zebrafish executed swimming responses to acute homeostatic threats (increases 

in salinity, acidity, or temperature). We performed brain-wide volumetric 2-photon calcium 

imaging during this behavior, and registered the resulting functional maps to a common brain 

atlas (Z-Brain Atlas; Randlett et al., Nat. Meth., 2015). Similar to previous reports in zebrafish 

and other species, we found movement-correlated cell types throughout the brain, with more 

cells localized to posterior parts of the brain such as the dorsal hindbrain. We also found neurons 

with sustained and transient stimulus responses throughout the brain, including many in the 

hypothalamus. Few hypothalamic cells showed common excitatory responses to multiple threat 

stimuli, and neurons correlated with stimulus-induced motor actions were negatively correlated 

with one another (heat vs salinity, r = -0.37; heat vs acidity, r = -0.24; salinity vs acidity, r = -

0.32; P<1x10-9). When compared across different types of threats, we observed that 

hypothalamic populations entered distinct network states upon stimulus onset, and recovered 

following stimulus offset. We further characterized the molecular identity of these functional cell 

types using an extension of MultiMAP (Lovett-Barron et al., Cell, 2017): we imaged the 

hypothalamus during behavior, then processed fish for triple fluorescent in situ hybridization, 

followed by cellular-resolution volume registration to align the activity of each cell with 

expression of neuropeptide genes. We found multiple peptidergic cell types correlated with the 

sensory and motor aspects of responses to homeostatic threats, including clusters of AVP+, 

OXT+, VIP+, SST+, and NPY+ neurons in the preoptic area. These findings reveal that different 

homeostatic threats evoke unique hypothalamic network states that encompass the 

transformation from threat sensation to action. 
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Abstract: The mammalian brain consists of an intricate tapestry of cell types, with diversity 

crucial for function that arises from both differential gene expression and circuit-specific 

anatomy. Yet, retrieving high-content gene-expression information while retaining 3D positional 

anatomy at cellular resolution has been difficult, limiting integrative understanding of brain 

structure and function. Here we introduce and apply a technology for 3D intact-tissue RNA 

sequencing in brains and other organs, termed STARmap (Spatially-resolved Transcript 

Amplicon Readout Mapping), which integrates a novel sequencing-by-ligation process, highly-

specific signal amplification, and new hydrogel-tissue chemistry. The initial instantiation of 

STARmap enabled cellular-resolution expression mapping via sequencing of 1,020 genes in all 

cells within mouse visual cortex slices. Applying quantitative single-cell STARmap, we 

identified diverse anatomically- and molecularly-resolved cell types within cortical layers 

(including interneuron and glial subtypes) and quantified expression of activity-regulated genes 

as a function of visual stimulation, spatial position, and molecularly-defined cell typology. In 

extending this approach to levels of throughput orders-of-magnitude larger than previously 

accessed even in 2D (>30,000 cells in cubic millimeter-scale volumes), we discovered a 

gradient-distribution of excitatory neuron subtypes contrasting with 3D clustering patterns of 

inhibitory neurons. 
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Title: Genetically encoded PhyB optogenetic tools in animal cells 
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Abstract: Tools providing high spatial and temporal resolution to control biological activity are 

indispensable for the study of neurological processes. Using structured illumination with PhyB 

optogenetics has the ability to control biological activity down to the subcellular level, making it 

a powerful tool to study neuronal networks. However, until recently, the requirement of an 

exogenous chromophore, phycocyanobilin (PCB), for light sensitivity has limited the use of the 

most well characterized and versatile red-light modulated systems. Our recent report 

demonstrated how to overcome this barrier, leading to the genetic encoding of the PCB 

production in animal cells. Using these findings, we optimized the PCB production system and 

combined it with a tissue penetrating red/far-red sensing PhyB optogenetic gene switch in animal 

cells. We further characterized this system in several mammalian cell lines using red and far-red 

light. The PhyB-PIF3 light-switchable gene system remains active for several hours upon a one-

minute red-light pulse and requires very small amounts of light for maximal activation. To 

facilitate the use of optogenetics, we designed a low-cost computer-controlled illumination 

system that attaches to most surfaces, including in cell culture incubators. We further extended 

the PhyB optogenetic toolbox to control several biological activities, including the control of 

endogenous genes, gene editing and as a tool for mapping neural connections. 
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Abstract: Optogenetic stimulation is a promising method for inducing seizures in rodents. 

Traditional temporal lobe seizure models, such as electrical stimulation and local drug injections, 

tend to be unpredictable. 

Wild-type mice were injected with AAV to achieve hippocampal channelrhodopsin (ChR2) 

expression. Glutaminergic neurons were targeted using a CaMKIIA promoter. After 

approximately three weeks, a custom, single-channel optic fiber-electrode (optrode) assembly 

was surgically implanted into the hippocampus for stimulation and EEG recording. Injection and 

optrode implantation use stereotactic surgical techniques to ensure accurate placement. 

Optogenetic stimulation trials with 473 nm laser with simultaneous EEG recording were 

performed to determine and refine optimal experimental parameters, including stimulation 

http://files.abstractsonline.com/CTRL/c5/6/ede/942/b3e/470/29a/d74/287/ee9/86f/e5/g15726_1.jpg


duration, pulse frequency, duty ratio, and optical intensity. Seizure occurrence and duration was 

determined using EEG and behavioral data. Optrode placement and ChR2 expression in the 

hippocampus was confirmed with immunohistochemistry. Two control experiments were used. 

ChR2-expressing mice were stimulated with 589 nm laser, and blank-AAV mice were stimulated 

with 473 nm laser. 

Six ChR2 expressing animals were each subjected to multiple sessions of laser stimulation. To 

produce the desired frequency of seizure events, the optimal experimental parameters were 

determined to be: a stimulation duration of 30 seconds, 10 Hz pulse frequency, 0.05 duty ratio, 

and terminal optical intensity of 5-6 mW. Stimulation periods and subsequent rest periods had a 

total time of two minutes. The optimal parameters resulted in an average frequency of 5.273 

generalized seizures per hour, and average seizure duration of 29.759 seconds (s=13.453). 

Seizure frequency decreased when the stimulation duration was reduced to 15 and 10 seconds, 

resulting 2.667 and 1.0 generalized seizures per hour, respectively. There was no significant 

difference in average seizure duration between the stimulation duration groups (p=0.559). No 

consecutive seizure events were produced. On the contrary, a seizure event is always followed by 

a significantly depressed EEG response to the next stimulation. Identical stimulation parameters 

using a 589 nm laser produced no changes of EEG signals. 

We successfully produced generalized seizures in wild-type mice using laser stimulation of the 

hippocampus with CHR2 expression. 
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Abstract: Optogenetics in non-human primates is challenged by limited set of genetic tools, 

large tissue volumes, and not well understood long-term effects of opsin over-expression. To 

investigate the impact of frontal lobe on parietal and temporal areas with optogenetics in rhesus 

monkeys (Macaca mulatta), we evaluated the protocol for viral vector injections which would 

result in large volume transduction and strong opsin expression in long-range axonal projections. 

We tested the local expression spread, axonal projections to target areas, and neuronal specificity 

for the frontal eye field (FEF) and dorsal and ventral premotor cortex (PMd and PMv) with two 

different opsins. One monkey was injected with an AAV2/5 virus carrying hChR2(H134R)-

eYFP and eNpHR3.0-mCherry constructs, both under the CaMKIIα promoter. The NpHR virus 

was injected into FEF with a single penetration - 7 µl distributed evenly by seven 1 µl deposits 

over 6 mm in depth. ChR2 was injected into the PMv with 3 penetrations at 1.5 mm triangular 

distance - 9 µl distributed by nine 1 µl deposits over 2 mm cortical depths. After 10 weeks, 

immunohistological analyses of 50 µm thick coronal sections were performed. Both constructs 

led to a robust transgene expression, restricted to cortical neurons, with no signs of 

inflammation, pathology or tissue damage. Consistent with the CaMKIIα promoter, expression 

predominantly occurred in pyramidal neurons. While ChR2-eYFP was almost entirely expressed 

on the cell membrane, NpHR-mCherry also accumulated in intracellular vesicular compartments. 

Both proteins displayed strong dendritic and axonal expression, including axonal projections 

terminating in layer 5/6 in respective target areas in the parietal and temporal lobe. Neurons were 

infected throughout the depth of cortical layers, fairly homogeneous across the volume, with the 

highest expression observed within 1 mm radius of each injection site. However, we also 

observed sparse transduced cell bodies many millimeters away from the injection site, only 

attributable to retrograde transport of the virus. To confirm these observations, three additional 

animals were injected with similar approaches. Histological examination is pending. 

Electrophysiological recordings from two of the animals confirm effective light-sensitivity of 

long-range axonal projections. In conclusion, the histological analysis indicates that the used 

viruses and injection protocol are well suited for efficient and large-scale transduction of frontal 

areas in the rhesus monkey, and axonal expression of the opsins allows for projection-specific 

light-induced (in-) activation in the temporal/parietal target areas. 
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Abstract: Ensembles of neurons related to particular functions in the cortex are spatially 

distributed and genetically heterogeneous, leaving few exploitable attributes to allow flexible, 

specific control of their activity with existing technologies. To address this challenge, we are 

developing a photoselectable variant of the red-activatable channelrhodopsin (ReaChR), which 

we term PReaChR. We identified three mutations (H174R, D196A, and R308N) in the ReaChR 

backbone that confer a desired tri-state stability: closed and unavailable, closed and primed, and 

stably open. In HEK293 cells, PReaChR candidates can open from a primed state by 1 second 

illumination with red-orange light (590 nm; typically 30 pA for the double mutant, typically 40 

pA with faster kinetics for the triple mutant). Currents were stable for > 30 seconds. Opening 

was dependent on the prior illumination of the channel. Illumination with ultraviolet light (405 

nm) closed the channel and allowed subsequent opening with 590nm. Illumination with 470nm 

closed the channel and prevented opening by 590nm illumination until further illumination with 

405nm. When the double mutant was expressed in barrel cortex, light was unable to reliably 

evoke action potentials in most expressing neurons. However, light did evoke local field 

potentials. Addition of a Kv2.1 soma-targeting sequence dramatically improved channel surface 

expression. We present new results with soma-targeted versions of these PReaChR candidates in 

awake, behaving mice. 
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Abstract: Fluorescent detection of targets in live cultured cells, including fluorescence 

microscopy, optogenetics, and fluorescence activated cell sorting (FACS) often require 

prolonged exposure to high levels of blue light. The wide use of green fluorescent protein (GFP) 

as a fluorescent protein tag in live cell imaging requires blue light (470 nm) excitation. Also, 

recently discovered optogenetic actuators often depend on light in the blue range of the visible 

spectrum for their photoactivation. Cell culture media and supplements often contain 

components that are converted to toxic free radicals by exposure to light of certain wavelengths 

and can lead to marked disruption of cellular metabolism and significant increases in 

cytotoxicity. We have developed a new suite of cell culture media and supplements in which 

distinct photo-toxic components have been removed or replaced. These media maintain 

exceptional support for cell function and viability in both neuronal and glial cell types during 

prolonged exposure of cells to blue light. Furthermore, the levels of auto-fluorescence and 

photobleaching is dramatically reduced in the media, thereby significantly improving the quality 

of data that can be obtained using fluorescent live cell imaging. 
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Abstract: The implementation of optogenetic tools to manipulate the activity of specific cell 

types in the nervous system has accelerated our understanding of the neural circuits underlying 

complex behavior. The most commonly used opsins are light-gated ion channels or pumps to 

control activity on millisecond timescales. While optogenetic activation can be precisely tuned 

across a wide range of firing frequencies, inhibition has proven to be much more problematic. 



The most commonly used inhibitory opsins are chloride or proton pumps, which require constant 

illumination, which can result in tissue damage. Additionally, biophysical constraints due to 

altered ion gradients can result in paradoxical excitation, rather than inhibition of activity. The 

development of opto-GPCR chimeras grants spatial and temporal control to control distinct 

intracellular signaling cascades. Unlike the binary on/off control of activity when using 

optogenetic ion channels or pumps, modulating endogenous activity patterns may more 

accurately reflect circuit dynamics. However, these rhodopsin-based approaches possess several 

limitations, including high photosensitivity and irreversible activation. 

Here we have identified a novel photoswitchable GPCR-based opsin that engages endogenous 

inhibitory signaling cascades to silence synaptic transmission. This UV/blue/green light-sensitive 

opsin couples to G-proteins to reversibly inhibit neuronal voltage-gated calcium channel 

function, with similar efficacy to endogenous GABABRs. Long-term optical inhibition can be 

achieved with pulsed light, does not desensitize, and most importantly, inhibition is rapidly 

reversed by illumination with amber or red light. This opsin can also be stimulated by 2-photon 

excitation, permitting subcellular activation of G-protein subunits, and may allow for precise 

patterns of inhibition deep within tissues. We are currently testing the ability of this opsin to 

suppress genetically-defined circuits in vivo. Finally, we have adapted this GPCR-based opsin to 

serve as a novel scaffold for next-generation opto-XR chimeras with photoswitchable control of 

Gs-, Gq-, and Gi-coupled signaling cascades. 
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Abstract: Microelectrode arrays (MEAs) monitor and manipulate cultured cell activity in vitro, 

providing insight into neuronal network interactions to inform “disease-in-a-dish” models, stem 

cell characterization, toxicology screening, and drug safety and development. Multiwell MEA 

systems, such as the Maestro, enable high-throughput assessment of functional endpoints at 



greatly reduced time and cost. While network activity may be monitored under spontaneous 

conditions, stimulation of neural activity allows evaluation of evoked activity measures, reduces 

well-to-well variability, reduces assay duration by increasing activity levels, and enables 

application-specific protocols to assess network connectivity. Optogenetics integrates fast, light-

activated channels (opsins) that allow targeted, precise manipulation of cellular activity, 

providing advantages such as targeting specific cell types, activity suppression, minimal stimulus 

artifact, and uniform stimulus delivery across a culture. Here, we demonstrate the application of 

the Lumos, a commercial multiwell optical stimulation system, to characterize the use of opsins 

for in vitro neurophysiology assays. ChR2, Chronos, and Chrimson were evaluated at multiple 

light intensities across four wavelengths (470nm, 530nm, 612nm, 655nm) to assess spectral 

separation in the neural response to single and paired pulse stimulations. As expected, ChR2 

exhibited a greater evoked response for 470nm light pulses than other wavelengths, whereas 

Chronos was slightly green-shifted, with consistent evoked response for 470nm and 530nm 

wavelengths. Chrimson had the broadest activity across wavelengths, but the peak response 

occurred for 612nm wavelength. The paired stimulation quantified aspects of network inhibition, 

by comparing the response to a second stimulus relative to the first at varying inter-stimulus 

intervals. Measures of evoked neural response for single and paired pulse stimulation were used 

to quantify changes in activity induced by pharmacological manipulation. Phenytoin and 

picrotoxin produced significant decrease and increase, respectively, in the evoked response for 

single pulses and the excitability for paired pulse stimulation. These findings demonstrate the 

potential of optically-integrated multiwell MEA systems to improve assessment of 

neuropharmacological effects. 
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Title: Dynamic closed-loop all-optical manipulation of neural circuits in vivo 

Authors: *Z. ZHANG1,2, L. E. RUSSELL1, A. M. PACKER1, O. M. GAULD1, P. 

DZIALECKA1, M. HAUSSER1 
1Wolfson Inst. for Biomed. Res., 2Dept. of Electronic & Electrical Engin., Univ. Col. London, 

London, United Kingdom 

Abstract: The ability to simultaneously read out and control neuronal activity using an “all-

optical” combination of imaging and photostimulation now allows interventions to be targeted to 

individual neurons based on their functional signature. However, this targeting has hitherto been 

performed only on neurons whose functional signatures have been characterized using offline 

analysis, typically by averaging activity across multiple trials. Since the activity of individual 

neurons can vary from moment to moment and from trial to trial, it is essential to be able to 

target photostimulation guided by online readout of activity. To address this challenge, we have 

recently developed an online feedback strategy to close the loop between optical readout and 

stimulation, and use it to demonstrate different classes of activity-guided circuit manipulations at 

cellular resolution in vivo. We integrated hardware and software tools to enable rapid online 

analysis of population activity acquired from two-photon calcium imaging, that is then used to 

tailor photostimulation patterns. We show how this closed-loop system can be used to control 

user-specified neurons in the circuit: clamping spike rates at different levels, boosting weak 

sensory-evoked responses, and activating network ensembles gated by detected activity. We also 

demonstrate that repeated optical ‘yoking together’ of neighboring neurons can be used to induce 

long-term changes in network dynamics. To improve our online readout of activity patterns, we 

have incorporated the open-source package ‘OnACID’ [1],[2], which includes motion correction, 

neuronal source extraction, activity denoising and deconvolution in real time. Integrating this 

framework into our closed-loop system further extends the flexibility of our control strategy, in 

particular as it allows neurons to be identified and tracked directly from raw data streams. We 

show that neurons can be automatically recruited into the photostimulation ensemble as they are 

progressively detected online. This closed-loop all-optical system thus enables powerful new 

types of experiments, such as correcting erroneous network trajectories recorded from animals 



performing decision-making tasks, guiding subsequent interrogation during the online mapping 

of functional connectivity, and preventing the propagation of cortical seizures. [1] Giovannucci, 

A., Friedrich, J., Kaufman, M., Churchland, A., Chklovskii, D., Paninski, L., & Pnevmatikakis, 

E. A. (2017). OnACID: Online Analysis of Calcium Imaging Data in Real Time. In Advances in 

Neural Information Processing Systems (pp. 2378-2388) [2] 

https://github.com/flatironinstitute/CaImAn 
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Abstract: The nematode Caenorhabditis elegans and its well characterized nervous system have 

provided an ideal model system in which to study neurobiology. Due to the organism’s rapid 

generation time and tractable genetics, numerous forward genetic screens have utilized C. 

elegans to identify a range of pathways and genes involved in processes such as synaptic 

transmission and axon regeneration. The ease of generating transgenes in these naturally 

translucent worms has also made them an ideal system in which to develop and use optogenetic 

tools, including channelrhodopsins. However, due to ChR’s need for an external light source and 

a photo-labile retinal co-factor, it is not easily applied to large screens of C. elegans. 

Luminopsins (LMOs) are dual opto- and chemical genetic tools that have the potential to be 

utilized in C. elegans screens to investigate a range of processes, such as neural development, 

regeneration, and plasticity. LMOs consist of a channelrhodopsin (ChR) tagged with an N-

terminus Gaussia luciferase (GLuc) and a C-terminus fluorescent protein. LMO proteins retain 

ChR’s functional response to an external light source but can also open when GLuc metabolizes 

coelenterazine (CTZ) to produce blue light. The GLuc-produced light in turn provides the nearby 

channelrhodopsin with the energy required to open the ion channel and depolarize a neural cell 

membrane. Chemical activation of LMO allows for non-invasive neural stimulation that can be 

scaled to large genetic screens in C. elegans. Additionally, titrated CTZ concentration would 

allow for interrogation of effects of neural firing over a range of excitation strengths, including 

subthreshold stimulation levels. LMOs can also be applied to study if there are differential 

effects of rapid light-induced neuron firing and chronic chemically-induced firing on processes 



such as axon regeneration and synaptic plasticity. Here, we present an adapted LMO that 

expresses in the C. elegans nervous system and preliminary work to validate LMO function. 
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Title: A light-gated K+ channel for sustained neuronal inhibition in freely moving animals 
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Consiglio Nazionale delle Ricerche, Milano, Italy 

Abstract: Currently available inhibitory optogenetic tools provide short and transient silencing 

of neurons but fail to provide long-lasting inhibition because of the requirement for high light 

intensities or ion gradients. Here, we present an optimized blue light-sensitive synthetic K+ 

channel, BLINK2, which expresses well in neurons across three species. The channel is activated 

by illumination with low doses of blue light and remains active over (tens) of minutes in the 

dark. This activation causes long periods of inhibition in neuronal firing in mouse neurons in ex 



vivo recordings and impairs motor neuron response in zebrafish in vivo. As a proof-of-concept 

for potential applications we show that, in a free moving rat model for neuropathic pain, 

activation of a small number of BLINK2 channels caused a remarkable long lasting (> 30 min) 

reduction in pain sensation. 

Disclosures: R. Tonini: None. L. Alberio: None. A. Locarno: None. A. Saponaro: None. E. 

Romano: None. V. Bercier: None. S. Albadri: None. F. Del Bene: None. F. Simeoni: None. S. 

Moleri: None. M. Beltrame: None. S. Pelucchi: None. E. Marcello: None. M. Di Luca: 

None. G. Romani: None. K. Kukovetz: None. A.J. Boender: None. A. Contestabile: None. S. 

Luo: None. A. Moutal: None. Y. Ji: None. R. Khanna: None. H.M. Colecraft: None. G. 

Thiel: None. A. Moroni: None. 

Poster 

255. Physiological Methods: Optogenetics II 

Location: SDCC Halls B-H 

Time: Sunday, November 4, 2018, 1:00 PM - 5:00 PM 

Program #/Poster #: 255.17/JJJ14 

Topic: I.04. Physiological Methods 

Title: Circuit mapping of nucleus accumbens connections to the lateral hypothalamus 

Authors: J. YEOH1, C. MITCHELL1, C. D. ADAMS1, J. S. BAINS2, G. P. MCNALLY3, B. A. 

GRAHAM1, *C. V. DAYAS4 
1Univ. of Newcastle, Newcastle, Australia; 2Hotchkiss Brain Inst., Univ. of Calgary, Calgary, 

AB, Canada; 3Univ. New South Wales, Sydney, Australia; 4Newcastle Univ., Callaghan, 

Australia 

Abstract: The cell bodies of orexin-expressing neurons are located exclusively within the 

hypothalamus and project widely throughout the brain to influence a range of motivated 

behaviors including effort based reward-seeking behavior. Orexin neurons receive inputs from 

cortical, striatal and amygdaloid regions, but how these inputs trigger orexin neurons remains 

unclear. In light of recent work showing that the activation of the nucleus accumbens shell 

(NACsh) to the lateral hypothalamus (LH) pathway reduces reward-seeking behavior, we were 

interested in how inputs from the striatum influence orexin neuron activity. To examine how 

NACsh terminals might influence orexin neuron activity, we used a genetic, electrophysiological 

and optogenetic approach. Our first angle involved injections of an AAV5-hSyn-ChR2-YFP into 

the NACsh of orexin-GFP mice. After a 4-week incubation period, hypothalamic brain slices 

were prepared for either immunohistochemistry or targeted electrophysiological recordings of 

orexin neurons. An examination of LH tissue revealed YFP terminals from NACsh that were in 

close proximity to orexin neurons. Interestingly, 473nm photostimulation identified projections 

from NACsh to LH orexin neurons that were either mono or polysynaptic based on their 

sensitivity to TTX. We then classified these monosynaptic or polysynaptic inputs as either 



GABAergic or glutamatergic based on sensitivity to glutamate antagonist CNQX or the GABA-

A receptor antagonist picrotoxin. 65% of light evoked projections to orexin neurons (17 cells, 

yield/animal = 5, n=7 mice) were both TTX and CNQX sensitive, and therefore considered 

polysynaptic glutamatergic. Of the remaining 35% (9 cells) that were sensitive to picrotoxin, and 

therefore termed GABAergic, 27% (7 cells) were TTX sensitive (polysynaptic), while only 8% 

(2 cells) were TTX insensitive (monosynaptic). In a separate approach we crossed Vgat-Cre mice 

with orexin-GFP mice to create a double transgenic mouse line. Mice then received injections of 

AAV2/5-CAG-FLEX-ChR2-tdtomato into the NACsh. These studies revealed a similar 

percentage of NACshorexin cell connections that were sensitive to both TTX and CNQX (30%, 

3 out of 10 cells, 2 mice). Together our findings suggest that the NACsh can influence the 

activity of orexin neurons through both mono and polysynaptic connections and likely involve 

modulation of local interneuron populations. 
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Abstract: For the rodent models, whose behavior is sensitive to the implanted foreign objects, 

investigation of the underlying neural circuits via invasive optogenetic and electrical 

neuromodulation devices poses a challenge. Remote deep brain stimulation with alternatiing 

magnetic field has been demonstrated to realize well-defined neural excitation. Here we 

developed a minimally invasive neuromodulation tool for magnetothermal deep brain 

interrogation of neural populations in freely moving rodents. This approach enabled temporally 

and spatially precise chemical manipulation of neural activity by local release of designer drugs 

in response to remote exposure to alternating magnetic fields. We achieved the implant-free 

convenience of magnetothermal neuromodulation together with the precision of chemoreceptors, 

and thus enabled spatial and temporal modulation for behavioral investigation. We anticipate that 

the magnetochemical tools will facilitate investigation of neural circuits during behavioral 



experiments and enable neuromodulation studies in rodent models incompatible with 

permanently implanted hardware. 
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Title: Non-invasive optogenetic excitation using focused-ultrasound-mediated delivery of virus-

encoded Chrimson and transcranial red-light exposure 
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Columbia Univ., New York City, NY 

Abstract: In conventional optogenetics, channelrhodopsin (ChR) is encoded by an adeno-

associated virus (AAV) delivered via direct injection into the brain and activated via blue-light 

illumination through implanted optical fibers. However, these invasive procedures are sources of 

morbidity and damage to the surrounding tissues and alter physiological brain responses. Here, 

we aimed at fully non-invasive optogenetic excitation using focused-ultrasound(FUS)-mediated 

viral delivery of the red-shifted ChR variant Chrimson and transcranial red light exposure. AAV 

encoding tdTomato-labelled Chrimson (peak absorption wavelength ~ 600 nm) was delivered 

into the brain of wild-type mice through FUS exposure in the presence of systemically 

circulating microbubbles. To remotely trigger neuronal activity, we transcranially illuminated the 

mouse brains using an LED source (635nm, beam size: 4 mm) 2 weeks after viral delivery. Mice 

were then sacrificed and their brains were imaged with fluorescence microscopy to confirm the 

presence of Chrimson and neuronal activation inferred by Arc and cFos expression. AAV was 

primarily delivered in the treated hemisphere (fig. A). Similar AAV delivery was achieved in 

both illuminated and control mice. Arc staining showed that neuronal activation occurred at areas 

of AAV expression, suggesting that light-sensitive channels were activated due to red light 

exposure. Arc activation was on average 66 ± 37 % higher on the ipsilateral side compared to the 

contralateral side in illuminated brains (fig. B). In contrast, the difference in Arc activation in 

non-illuminated mice was 4.57 ± 4.25 %. Although viral delivery was equivalent between 

illuminated and control mice (p > 0.05), Arc activation was significantly higher (p < 0.05) in 

mice exposed to red light. Finally, cFos upregulation overlapped with Chrimson-expressing 



neurons, suggesting light-mediated neuronal activation (figure C). Our initial findings indicate 

that neuronal activity can be triggered remotely in vivo using a combination of ultrasound and 

light exposure through the intact skull. 
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Abstract: Aggression is an evolutionarily conserved response to conspecifics, and an essential 

means to survive for animals from insects to human beings, yet the circuit mechanism is not well 

understood. Here, we identify a circuit mechanism from the basal forebrain to the midbrain to 

execute various aggression in different social contexts in which mice usually will not have 

aggressive behaviors. In addition, we uncover that the aggression executive role of the basal 

forebrain or the basal forebrain-midbrain circuit are controlled by the hypothalamus. 

Furthermore, we provide evidence to indicate that the sexual difference of aggression induced by 

the activation of hypothalamus to basal forebrain pathway was determined by the weaker 

strength of the projection and fewer basal forebrain neurons activated in female mice. Taken 

together, our study defines a disynaptic hypothalamus-basal forebrain-midbrain circuit through 

which aggression is generated, and the findings provide novel mechanistic insight into the 

aggression processing. Dysregulation of this ‘aggression circuit’ possibly contributes to 

pathological aggressions seen in humans. 
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