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Abstract: Dopamine circuits originating from the midbrain have diverse functions that include 

regulating motor function, affect, and high-level executive function. Disruption of these circuits 

and/or dopaminergic neurons is implicated in diseases such as Parkinson’s, schizophrenia, 

depression, and addiction. Animal models have been useful for studying these diseases, but the 

effectiveness of resulting clinical treatments has been variable. Human pluripotent stem cell 

(hPSC)-derived organoids permit the study of brain development, as well as disease etiology and 

progression in physiologically relevant tissue. Here we describe a matrix-free system to generate 

human midbrain organoids which can be applied to disease modeling of pathologies involving 

dopaminergic neurons. Single-cell suspensions of hPSCs (6 cell lines) were cultured for 6 days 

in AggreWell™800 plates containing organoid formation medium. The resulting organoids were 

cultured in midbrain organoid expansion medium from Day 6 - 25, and in midbrain organoid 

differentiation medium from Day 25 - 43. Finally, the organoids were cultured in maintenance 

medium from Day 43 onwards to support long-term culture. On Day 25, organoids were 

characterized for expression of floorplate precursor markers (LMX1A, EN1, and FOXA2) by 

RT-qPCR. On Day 50, organoids were characterized for expression of marginal zone dopamine 

neuron markers (TH, NURR1, GIRK2, and PITX3) by RT-qPCR and immunostaining. 

Compared to Day 25 dorsal forebrain patterned organoids, midbrain organoids expressed higher 

levels of LMX1A (p = 0.0129), EN1 (p < 0.0001), and FOXA2 (p < 0.0001) (n = 6 hPSC lines, 3 

- 15 organoids per cell line) and lower expression of early dorsal forebrain marker PAX6 (p = 

0.0090, n = 6 hPSC lines, 3 - 15 organoids per cell line, paired t-test). On Day 50, expression of 

TH (p = 0.0301), NURR1 (p = 0.0222), GIRK2 (p = 0.0005), and PITX3 (p = 0.0284) were 

elevated compared to dorsal forebrain patterned organoids (n = 6 hPSC lines, 3 - 15 organoids 

per cell line, paired t-test), while expression of mature dorsal forebrain marker TBR1 was 

comparatively lower (p = 0.0001, n = 6 hPSC lines, 3 - 15 organoids per cell line). Furthermore, 

bulk RNA-seq analysis provided a characteristic transcriptomic profile of day 50 midbrain 

organoids in comparison to dorsal forebrain organoids, confirming our RT-qPCR results. 

Immunofluorescent staining revealed abundant TH+ neurons throughout the apical regions of the 

midbrain organoids. These results demonstrate the STEMdiff™ Midbrain Organoid Kit can 



reproducibly generate tissue of an early human midbrain phenotype with the potential to model 

dopaminergic neurons of the substantia nigra region. 
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Abstract: Mitochondria are essential organelles that play important roles in energy metabolism, 

cell death, and signaling pathways. They continue to fuse, divide, and move within cells, thereby 

controlling their number, morphology, and subcellular distribution, which is known as 

mitochondrial dynamics. Aberrant mitochondrial fission during aging and in various 

neurodegenerative diseases leads to a progressive loss of mitochondrial function. However, the 

changes in mitochondrial dynamics and their involvement in the process of neuronal 

differentiation, which entails a significant transition in cell identity, remain largely unknown. In 

this study, we developed a molecular probe with improved performance and conducted high-

resolution imaging of mitochondrial dynamics in an in vitro neuronal differentiation model using 

H9 human embryonic stem (ES) cells. Our imaging data revealed that mitochondrial dynamics, 

including number, morphology, fusion-fission, and movement undergo dramatic changes, at 

different stages of neuronal differentiation, including the ES stage, neural progenitor cell (NPC) 

stage, and neuron stage. To gain further insights, we employed transcriptome, total proteomics 

and mitochondrial proteomics to find potential new regulators of mitochondrial dynamics at 

different stages of this process. Surprisingly, well-known mitochondrial regulators such as 

MFN1, MFN2, OPA1, DNM1L, and MFF did not exhibit significant alterations in both 

transcription and protein levels, suggesting that they may function downstream of mitochondrial 

dynamics as basic machinery. Subsequently, we performed a CRISPR screen and successfully 

identified several novel candidates that regulate mitochondrial dynamics during neuronal 



differentiation. Importantly, some of the identified candidates harbored genetic mutations 

associated with diverse neural diseases. Collectively, our findings established the importance of 

mitochondrial dynamics during neuronal differentiation and provided potential candidates for 

further investigation into the regulation of mitochondrial dynamics in both normal and diseased 

states. 
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Abstract: The human induced pluripotent stem cells (hiPSCs)-neuron differentiation technique 

is considered a reliable method for identifying the developmental neurotoxicity (DNT) of 

untested drugs and chemicals. In this study, we established a more efficient and rapid protocol 

for glutaminergic neurons differentiation by overexpressing neurogenin 2 (NGN2) and utilizing 

astrocytes as feeder cells in vitro. Immunostaining with β-III tubulin and MAP-2 revealed that 

the overexpression of NGN2 in hiPSC-derived neural precursor cells induced highly enriched 

glutamatergic neurons within two weeks. During neuronal differentiation from hiPSCs, we 

assessed the DNT of three chemicals (Chlorpyrifos, a pesticide; Bisphenol A, an endocrine 

disruptor; and PCB138, a persistent organic pollutant) associated with learning and memory. 

Immunocytochemistry and high-content imaging revealed that all three chemicals induced DNT, 

characterized by shortened neurite outgrowth and reduced synaptogenesis, at various IC50 

concentrations in vitro. These results highlight the reliability, speed, and robustness of our 

automated DNT screening platform for identifying untested chemicals and drugs. 
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Abstract: Neural progenitor cells (NPCs) are characterized by their capacity to expand and 

generate the major differentiated cell types of the central nervous system (CNS), such as 

forebrain neurons and astrocytes. Cryopreserved CNS-type NPCs can serve as a reproducible 

starting point and provide flexibility and consistency for downstream differentiation. We have 

developed a protocol to scale up production of highly pure human induced pluripotent stem cell 

(hiPSC)-derived NPCs using the hiPSC SCTi003-A cell line. SCTi003-A hiPSCs were seeded on 

hESC-qualified Corning Matrigel®-coated plates in complete STEMdiff™ Neural Induction 

Medium + SMADi. Three weeks of daily feeds and weekly passaging resulted in an average of 

27 NPCs per input iPSC, yielding > 500 million viable NPCs/batch. SCTi003-A-derived NPCs 

were then cryopreserved on day 21 in STEMdiff™ Neural Progenitor Freezing Medium at a 

density of 1.3 x 106 cells/mL and stored at -196°C. After thawing, the majority of the NPCs 

expressed PAX6 (96.4 ± 3.4%) and SOX1 (91.5 ± 2.4%), and exhibited little spontaneous 

neuronal differentiation (3.5 ± 1.3% βIIITUB+; mean ± SEM; n = 4). Thawed NPCs maintained 

in STEMdiff™ Neural Progenitor Medium and expanded for at least 5 passages displayed a 2.8 

± 0.5-fold increase (mean ± SEM; n = 4) in cell number/passage while retaining NPC phenotype 

(97.8 ± 1.3% PAX6+SOX1+). NPCs were differentiated immediately after thawing or after 

several passages to forebrain neurons or astrocytes using STEMdiff™ Forebrain Neuron or 

Astrocyte Differentiation Kits, respectively. NPCs differentiated immediately after thawing 

displayed high neurogenic differentiation towards forebrain neurons, as indicated by the high 

ratio of neuronal marker βIIITUB+ (94.0 ± 0.8%) to two glial markers, glial fibrillary acidic 

protein (GFAP) and S100 calcium-binding protein B (S100B) (1.3 ± 0.7%; mean ± SEM; n= 4). 

The number of βIIITUB+ cells steadily declined after each passage (34.0 ± 6.4% after 6 

passages), while the number of cells positive for gliogenic markers GFAP/S100B increased (36.0 

± 4.9% after 6 passages; mean ± SEM; n = 4). Conversely, gliogenic differentiation to astrocytes 

immediately after thaw resulted in a pure population of GFAP+ (82.4 ± 5.0%) and S100β+ cells 

(80.8 ± 4.6%), with low levels of immature neuron marker doublecortin (DCX) (3.2 ± 1.1%; 

mean ± SEM; n = 4), which were retained for up to 10 passages. In summary, we have generated 

highly pure, expandable, and multipotent hiPSC-derived NPCs suitable for large-scale neural 

research, and investigated their downstream differentiation potential over time to assess the 

acceptable windows to successfully generate neurogenic or gliogenic derivatives. 
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Abstract: Per- and polyfluoroalkyl substances (PFAS) are a large family of man-made persistent 

contaminants present in industrial and commercial products. PFAS are very resistant to 

degradation and recalcitrant in the environment; they were detected in drinking water, wildlife 

and human samples showing variable but very long half-lives. PFAS can cross the blood-brain 

barrier and have been found in placenta and umbilical cord. Epidemiological findings suggest 

associations with impaired fetal and postnatal growth. Neurodevelopmental in-vitro and in-vivo 

studies showed that PFAS exposure affects animal birth weight, behavior, and molecular 

mechanisms linking them to glutamatergic, cholinergic and dopaminergic systems. The aim of 

this study is to investigate how the exposure to PFAS impacts early brain development using 

human-derived models. Human cortical organoids (hCOs) were generated from human iPSCs 

and exposed to different concentrations of Perfluorooctanesulfonic acid (PFOS) and 

Perfluorooctanoic acid (PFOA), and other two known neurotoxins, chlorpyrifos (CPF) and 

camptothecin (CPT). Organoids were collected at different time points for early apoptosis and 

DNA fragmentation assays. We observed an increase in early apoptosis and DNA fragmentation 

induced by the exposure to CPF and CPT. We also observed an increased PFOS-induced 

apoptosis in one-month old organoids after one and three weeks of chronic exposure. We found 

that two-week old organoids appeared to have higher basal levels of apoptosis, and they were 

more sensitive to these compounds. To evaluate any transcriptional dysregulation elicited by 

PFAS exposure, we exposed the organoids for one month and performed a bulk RNA-seq 

analysis. Preliminary results suggest that translation-related processes including “cytoplasmic 

translation”, “ribosome biogenesis”, and “ncRNA processing” may be dysregulated in PFOS-

exposed organoids. Finally, the liquid chromatography, ion mobility spectrometry, and mass 

spectrometry was used to evaluate the presence of these PFAS in organoids and their media. 



Quantification demonstrated that organoids could absorb these compounds and that the ratio of 

PFOS in hCO:media was higher than that of PFOA, suggesting increased tissue penetration or 

accumulation of PFOS compared to PFOA. In conclusion, we developed an experimental design 

for the exposure of hCOs to PFAS, suitable for evaluating changes in cellular processes like 

apoptosis and gene expression. Our results suggest that PFOS may have a dose-dependent pro-

apoptotic effect and impact gene expression in the developing hCOs, which would require 

replication in hCO derived from additional cell lines. 
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Abstract: The cerebral cortex governs complex functions such as language and memory. 

However, its embryonic development has remained elusive due to the lack of suitable 

experimental models. Embryonic stem cells (ESCs), characterized by self-renewal and the ability 

to differentiate into several cell types, offer an alternative for studying central nervous system 

development. Thus, we can investigate the role of several molecules, such as prolactin (PRL), a 

hormone with over 300 physiological functions in vertebrates associated with maternal behavior 

and adult neurogenesis. Nonetheless, its possible involvement during embryonic cerebral cortex 

development remains unknown. Here, we determine the presence of the PRL receptor and the 

hormone´s effect on the differentiation of mouse ESCs into cortical neurons. We found an 

increase in the PRL receptor expression that correlated with the early emergence of neural stem 

cells, which was downregulated in the GFAP-positive cells at late stages in the protocol. On the 

other hand, when we tested several PRL concentrations during the proliferation and 

differentiation stages in a neural protocol, we did not find any statistical differences with the 

PRL treatments during proliferation in the number of Sox2+ and double Nestin+ and Edu+ cells. 

Also, all hormone concentrations induced an increasing trend in β-tubulin-III+ cells, but without 



reaching statistical significance. Interestingly, we observed a decrease in Map2+ and NeuN+ 

cells with the highest (20 mM) and lowest (0.2 mM) PRL concentrations, respectively. The PRL 

treatments did not yield any changes during the differentiation stage compared to the control 

group. Our study provides insights into the effects of PRL on the differentiation of mouse ESCs 

into cortical neurons, shedding light on the possible involvement of PRL and its receptor in 

corticogenesis. 
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Abstract: The cell lineages across developmental stages remain to be elucidated. Here, we 

developed single-cell split barcoding (SISBAR) that allows clonal tracking of single-cell 

transcriptomes across stages in an in vitro model of human ventral midbrain-hindbrain 

differentiation. We developed ‘‘potential-spective’’ and ‘‘origin-spective’’ analyses to 

investigate the cross-stage lineage relationships and mapped a multi-level clonal lineage 

landscape depicting the whole differentiation process. We uncovered many previously unchar-

acterized converging and diverging trajectories. Furthermore, we demonstrate that a 

transcriptome-defined cell type can arise from distinct lineages that leave molecular imprints on 

their progenies, and the multilineage fates of a progenitor cell-type represent the collective 



results of distinct rather than similar clonal fates of individual progenitors, each with distinct 

molecular signatures. Specifically, we uncovered a ventral midbrain progenitor cluster as the 

common clonal origin of midbrain dopaminergic (mDA) neurons, midbrain glutama-tergic 

neurons, and vascular and leptomeningeal cells and identified a surface marker that can improve 

graft outcomes. 
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Abstract: Microglia are the tissue-resident macrophages of the brain, accounting for 75-80% of 

leukocytes and 10-15% of total cells within the central nervous system (CNS). They survey 

neuronal function, play roles in neurogenesis, synaptic remodelling, are the first responders to 

infection, and are thereby implicated in various CNS diseases. The life sciences sector relies 

predominantly on rodent models to mimic disease states for drug discovery. However, animal 

models do not always recapitulate human cell and disease phenotypes. To bridge this 

translational gap, several in_vitro human models have been developed for the study of microglia, 

most typically primary microglia extracted directly from either embryonic, neonatal or adult 

tissue. However, primary cells are limited in supply, difficult to source, and often show donor-to-

donor and user variability. There is a need for functional, consistent, scalable disease-relevant 

human microglia cells for neuroimmune research and the development of therapeutic or 

preventive strategies for neurodegeneration. We used transcription factor mediated precision 

cellular reprogramming technology, opti-ox™, to rapidly and consistently generate mature, 

functional, and physiologically relevant microglia, named ioMicroglia, from hiPSCs, at scale. 

ioMicroglia, 10 days post-revival, display typical morphology and express key phenotypic 

markers including TMEM119, P2RY12, and IBA1. RNA sequencing demonstrates that 

ioMicroglia have a transcriptomic signature similar to primary adult and foetal microglia. 

ioMicroglia also express the complement-derived chemotaxin C5a receptor, which permits 

migration towards sites of inflammation and injury. Furthermore, ioMicroglia display both 



random chemokinetic movement and directional chemotaxis in response to C5a and a C5a 

gradient, in a dose dependent manner. Consistent phagocytic and cytokine secretion 

functionality, with various stimuli, including amyloid beta, has been demonstrated for 

ioMicroglia, across multiple independent laboratories within industry and academia, highlighting 

the experimental reproducibility of ioMicroglia. Importantly, ioMicroglia can be co-cultured 

with neurons to more closely mimic in_vivo brain function. In conclusion, with opti-ox™ 

precision cellular reprogramming, hiPSCs are rapidly converted into functional microglia 

offering a robust and scalable source of human microglia which can be used as a relevant 

in_vitro model to investigate the role of the CNS’s immune system in health and disease, and to 

develop novel therapies for neuroinflammation. 
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Abstract: The mature zebrafish retina contains Müller glia (MG), a relatively quiescent radial 

glial cell population with stem cell properties capable of regenerating the retina in response to 

acute lesions. In response to injury, MG cells will undergo a genomic reprogramming event, 



which gives them the ability to produce new cells to repair the retina. Using publicly available 

single-cell RNA-sequencing data, we found that msi1b is expressed in both quiescent and 

reprogrammed MG cells suggesting that it may play a potential role in regulating stem cell 

behavior and/or MG reprogramming. We characterized the expression profile of all musashi 

isoforms (msi1a, msi1b, msi2a, and msi2b) and found that while all were expressed in quiescent 

and reprogrammed MG cells, msi1b exhibited the highest expression level. Consequently, we 

used CRISPR/Cas9 to generate both transient msi1b F0 knockouts and stable germline mutants 

and found that msi1b alone is not necessary for MG reprogramming. Although the musashi 

protein isoforms showed relatively low amino acid sequence homology, the conservation of their 

RNA binding domains indicated potential redundancy in gene function, suggesting that a single 

knockout may not yield an observable phenotype. To address this, we performed knockouts of all 

four musashi isoforms in F0 fish and discovered retinal embryonic defects, indicating some 

redundancy in gene function among the musashi isoforms. We are testing this hypothesis by 

determining the minimal number of isoforms required for normal retinal development and MG 

reprogramming by generating combinatorial knockouts. 

Disclosures:  J. Stulberg: None. V. Tropepe: None. 

Poster 

PSTR001. Differentiation and Reprogramming Stem Cells 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR001.10/A10 

Topic: A.03. Stem Cells and Reprogramming 

Support: California Institute for Regenerative Medicine (CIRM) 

Title: Defects in cell polarity of Mucopolysaccharidosis type III (MPS III) forebrain neurons 

Authors: *J. HERNANDEZ, J. ACEVEDO, P. MATHEWS, M. IACOVINO;  

The Lundquist Inst., Torrance, CA 

Abstract: Mucopolysaccharidosis type III A and B (MPS IIIA/B) are rare pediatric inherited 

lysosomal storage diseases that causes the progressive degeneration of the central nervous 

system. Children with MPS III experience severe intellectual disability, developmental 

regression, behavioral issues, loss of brain volume and neuroinflammation soon after birth. MPS 

IIIA and B are caused by the loss of a lysosomal enzymes needed to degrade glycosaminoglycan 

(GAG), a complex sugar molecule. Children diagnosed with MPS III typically live until the 

second or third decade of life, since there is currently no effective treatment that exists. The early 

lysosomal and neurological mechanisms at play in MPS III remains to be fully understood. In 

our preliminary work, we utilized mass spectrometry to run a whole proteome analysis on brain 

organoids between a healthy patient and two MPS IIIB patients. Our mass spectrometry data 

show that several genes involved in the process of neurite formation are dysregulated in MPS 

IIIB brain organoids. Specifically, many proteins involved in lamellipodia formation (VASP, 



RAPH1, TUBB3, SNX2, WASF2, and BRSK2), in filopodia formation (IRSP53, FSCN1, 

NAV3, and FAK2), and axonal guidance (THY1, SEMA3A, SEMA5B, and SEMA3C) were 

significantly dysregulated in disease brain organoids when compared to healthy controls. To 

validate our findings, we differentiated MPS IIIA iPSC into forebrain neurons to evaluate neurite 

formation. Using MAP2 staining, we showed that approximately 60% of the MPS IIIA forebrain 

neurites do not properly develop dendrites and axons, while only 20% of healthy control neurons 

are in this stage, thus failing to advance to stage 2 and stage 3 during neuronal differentiation. 

We are measuring the length, thickness, and branching of the neurites in the MPS IIIA and 

healthy control forebrain neurons to further characterize MPS neuronal defects. 
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Abstract: Studying synapse formation and alterations in neuronal cell cultures would help to 

predict drug effects and pathological conditions of neurotransmission. Human induced 

pluripotent stem cell (iPSC)-derived neurons are particularly promising for developing in vitro 

disease models and assays. However, synaptic maturation has been reportedly difficult to 

reproduce in iPSC-derived neurons, which has limited their use compared to primary rodent 

neurons. Recently, we successfully generated functionally mature iPSC-derived neurons by a 

transcription factor (TF)-based differentiation method that accelerates neurogenesis, thus 

offering an unprecedented opportunity to address further progression into late developmental 

stages. In the present study, we demonstrate by a comprehensive time-course characterization 

that TF-induced iPSC neurons exhibit maturation of dendritic spines and synapses at around DIV 

70, as shown by RNA-sequencing, immunocytochemistry, and electrophysiological evaluation 

using high-density microelectrode arrays (HD-MEA). The neurons showed postnatal-like 

transcriptional features of brain development, including the upregulation of mature brain-specific 

markers such as 4R tau. The formation of adjacent presynaptic Synapsin I and postsynaptic 

drebrin clusters along MAP2-positive dendrites indicated the establishment of synaptic 

connections. Concurrent HD-MEA recordings revealed a time-dependent increase in network 

activity and complexity. Moreover, glutamate exposure induced NMDA receptor activity-



dependent drebrin exodus, which suggests that TF-induced iPSC neurons successfully acquire 

the molecular mechanism underlying synaptic plasticity as known in rodents. Finally, these 

results allowed us to develop a deep learning-based automated imaging assay of synaptic marker 

density in TF-induced iPSC neurons, which would contribute to the future development of drug 

screening platforms. Overall, we propose that mature TF-induced iPSC neurons are powerful 

tools to study human synapses and would be valuable for modeling neurocognitive and 

neurodevelopmental disorders. 
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Abstract: The Human microglia are essential immune cells that function to regulate homeostatic 

microenvironment of the central nervous system (CNS). Uncontrolled dysfunction of microglia 

is implicated in neurodegenerative diseases such as Alzheimer’s Disease (AD). For AD incident, 

a specific APOE allele and TREM2 are known to AD risk factors. Due to restricted availability 

for primary microglia from healthy and diseased tissues, generation of human microglia from 

gene modified induced pluripotent stem cells (iPSCs) will be a tailored source for 

pharmaceutical research and applications. The present study demonstrates efficient generation of 

homogeneous human microglia from iPSCs. We differentiated hematopoietic progenitors from 

wild type (WT) and APOE-TREM2 modified iPSCs, and then specified further into microglia 

fate. To characterize and evaluate features of microglia, APOE-TREM2 modified microglia were 

compared to WT microglia for culture morphology, lineage specific marker expression, and 

phagocytosis of amyloid β (Aβ) peptide. Our results showed that APOE-TREM2 modified 

microglia were less adherent with shorter ramified morphologies, lower expression of 

homeostatic surface markers such as P2RY12, CX3CR1 and TMEM119 as well as impaired 

phagocytosis of amyloid β (Aβ). Our results suggest that human microglia from APOE-TREM2 

modified hiPSCs induce transition of microglia into disease associated state. Therefore, gene 

modified hiPSC-based microglia can be a reproducible strategy for disease modeling and drug 

screening for AD. 



Disclosures:   R. Alvarez: A. Employment/Salary (full or part-time); BRAINXELL INC. K. 

Xu: A. Employment/Salary (full or part-time); BRAINXELL INC. A. Johnson: A. 

Employment/Salary (full or part-time); BRAINXELL INC. M. Hendrickson: A. 

Employment/Salary (full or part-time); BRAINXELL INC. S. Du: A. Employment/Salary (full 

or part-time); BRAINXELL INC. K. Choi: A. Employment/Salary (full or part-time); 

BRAINXELL INC. 

Poster 

PSTR001. Differentiation and Reprogramming Stem Cells 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR001.13/A13 

Topic: A.03. Stem Cells and Reprogramming 

Title: Scaled out human iPSC derived sensory neuron production 

Authors: *C. HILL, S. PAULSON, M. DAU, V. TRUONG, P. WALSH;  

Anatomic Inc., Minneapolis, MN 

Abstract: More effective, personalized treatment options are urgently required for chronic pain 

which affects 1 in 5 people worldwide. A scalable, rapid, and reproducible protocol to produce 

sensory neurons from multiple human induced pluripotent stem cell (hiPSC) lines would aid in 

better understanding the genetic basis of pain and accelerate drug discovery platforms for novel 

analgesics. In this study, three different hiPSC lines (WT- female, WT- male, Pain agnosia- 

female) were differentiated using small molecules and growth factors that modulated different 

signaling pathways through daily media exchanges. Different developmental stages were 

recapitulated within the ectodermal lineage over seven days until BRN3A+/PRPH+ and 

ISLET1+/TUJ1+ sensory neurons developed at a purity of greater than 95%. Initially, single cell 

seeding density titrations were carried out in 6 well plates to establish the best concentration for 

optimal differentiation before sensory neuron production was scaled up in flask format and 

cryopreserved. Sensory neurons were then thawed and matured for one week before being 

characterized via immunocytochemistry and qPCR for the pan-sensory neuron ion channels: 

NaV1.7, NaV1.8, NaV1.9, TRPV1, CAV3.2, P2RX3, and TRKA. The three different donor lines 

were found to have similar gene expression profiles. Lastly, sensory neurons derived from each 

line were matured on multi-electrode array (MEA) plates and baseline activity was recorded 

weekly over 4 weeks to look at functional differences in donor lines. These findings show a rapid 

7 day directed differentiation protocol can be applied to multiple hiPSC donor lines and 

successfully produce functional, sensory neurons for downstream assays. This process would 

allow researchers to test many biological samples with diverse backgrounds to better understand 

the genetic differences in pain and develop more effective, personalized treatment options. 
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Abstract: The Human blood brain barrier (BBB) is a protective microvascular system that 

encapsulates the central nervous system (CNS) and is crucial for maintaining a homeostatic 

environment for the brain. Breakdown of the BBB’s integrity is implicated in several 

neurodegenerative diseases: Alzheimer’s Disease (AD), Parkinson’s disease (PD), Amyotrophic 

lateral Sclerosis (ALS), Multiple Sclerosis (MS), and Hunting’s disease, to name a few. 

Unfortunately, availability of primary human BBB and its cellular components are limited. Thus, 

precise recapitulation of human BBB in vitro is an efficient tool for pharmaceutical research and 

applications. This study demonstrates efficient methods to differentiate human induced 

pluripotent stem cells (hiPSCs) into three cellular components to mimic human BBB in vitro. We 

differentiated, and identified each cell type by morphology and specific marker expression as 

follows: VE-cadherin+ZO1+Glut1+ endothelial cells (EC), PDGFRβ+NG2+ pericytes (PC) and 

GFAP+ astrocytes (AC). To characterize and assess barrier function of our human BBB in vitro, 

we optimized a tri-culture system with the hiPSC derived EC, PC, and AC, and measured the 

system’s transepithelial/ transendothelial electrical resistance (TEER) as well as permeability. 

Our TEER results indicate, the hiPSC-derived triculture of ECs, PCs, and ACs formed a 

monolayered which like a barrier. Because of its functional properties, the human BBB, is 

emerging as a critical target for pharmaceutical approaches. Therefore, hiPSC-based BBB 

modeling can be a reproducible strategy for disease modeling and drug screening in 

neurodegenerative diseases. 
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Title: Retina organoids develop photoreceptors and improve visual function after long distance 
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Abstract: Purpose. Retinal organoids (RO) derived from human embryonic stem cells (hESC) 

were shipped by flight to another facility using a special device and protocol. Organoids survival 

and visual improvement was studied after transplanted into immunodeficient Royal College of 

Surgeons (RCS) rats without the support of RPE, a rat model of retinal degeneration caused by 

RPE dysfunction. Methods. hESC-ROs were differentiated from the hESC line H1 (WA01. 30 - 

70 day of differentiation) and shipped with a special device to another location, and then 

transplanted into the subretinal space of RCS rats, aged 44-76 days. Before the transplantation, 

retinal organoids were analyzed by qPCR and immunofluorescence. The development of 

transplant organoids in vivo in relation to the host was examined by optical coherence 

tomography (OCT). Visual function was assessed by optokinetic testing (OKT) and superior 

colliculus (SC) electrophysiological recording. Cryostat sections were analyzed for various 

retinal, synaptic and donor markers. Results. Retinal organoids showed similar gene expression 

to human fetal retina Transplanted rats demonstrated significant improvement in visual function 

compared to RCS non-surgery and sham surgery controls by optokinetic testing (up to 6 months 

post surgery) and electrophysiological SC recordings (6-8 months post surgery). 2/8 rats with 

transplants showed responses to a flash of light with SC recording, while AMC and sham 

showed no response to the same light intensity. The transplanted organoids survived more than 

8.2 months, developed photoreceptors with inner and outer segments, and other retinal cells; and 

were well-integrated within the host. Conclusions. Our results showed that using our special 

device and protocol, the hESC derived retinal organoids can be shipped over long distance, and 



capable of survival and visual improvement after transplanted into the RD rats, even with host’s 

dysfunctional RPE. Our findings suggest that transplantation of organoid sheets from stem cells 

may be a promising approach/therapeutic for blinding diseases. Our data provide a proof-of 

concept for stem cell replacement mechanism and justify developing clinical therapies in RD 

patients with profound-to-total vision loss and fast-track FDA approval mechanism. 
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Abstract: Congenital hydrocephalus, a common birth defect affecting 1 in 770 infants, is 

characterized by expansion of the cerebroventricular system. One common cause of this disorder 

is infection, resulting in post-infectious hydrocephalus (PIH). We have developed a novel mouse 

model of PIH to analyze associated effects on the stem cell niche, the ventricle-subventricular 

zone (V-SVZ), located along the lateral wall of the lateral ventricles. 

V-SVZ stem cells generate new neurons and glia during embryonic and postnatal development. 

To determine how these populations are affected during the course of PIH, we performed 

unilateral, intraventricular injections of influenza or its non-virulent component neuraminidase 

(using heat-inactivated influenza and saline as controls) at two timepoints, embryonic day 16 

(E16) and postnatal day 4 (P4). Time points were chosen based on the changing composition of 

the ventricle wall. At E16, radial glia/stem cells together with some immature ependymal cells 

line the ventricle surface, thus exposing stem cells to direct infection. However, by P4, an 

ependymal cell monolayer is present with the stem cells relegated to the subependymal layer and 

retaining only a thin process in contact with the ventricle surface. 

At E16, intraventricular injections of neuraminidase had no effect; mice did not develop 

hydrocephalus, and the ependyma was intact. However, injections of neuraminidase at P4 

induced hydrocephalus in 58% of the mice based on MRI (11.7T) at P26-29. Ventricle expansion 



was restricted to specific regions and ependymal denudation and astrogliosis were found 

exclusively associated with the expanded regions. 

Intraventricular injection of influenza in E16 mice resulted in hypoxia with multiorgan vascular 

perturbations in all cases, even at a 100-fold dilution. For P4 mice, intraventricular injection of 

influenza resulted in a 76% hydrocephalus rate and unlike the neuraminidase cases (P4) which 

resulted in regional expansion, influenza injected mice developed global ventricle expansion. 

Surprisingly, the ventricle surface showed only limited ependymal denudation and astrogliosis. 

To determine stem cell output, we administered the thymidine analog EdU at P7, 3-days post-

injection, and then analyzed whole mounts of the lateral ventricle at P30. We found an increased 

number of EdU+ ependymal cells bordering regions of gliosis. Additionally, stem cell numbers 

and neurogenesis were assessed. Our studies demonstrate that while neuraminidase and influenza 

both result in hydrocephalus at P4, mice injected with influenza show that stem cell-mediated 

ependymogenesis can occur. 
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Abstract: Olfactory sensory neurons (OSNs) are generated from basal stem cells in the olfactory 

epithelium (OE) throughout life in mammals. However, the specialized subset of navigator 

OSNs, which help ensure accurate axonal targeting, are only present during the perinatal period. 

Despite this, several studies have demonstrated some degree of recovery of olfactory bulb (OB) 

innervation and/or odor-guided behavior after injury or methimazole (MMZ)-mediated OSN 

ablation. Here, we investigated the extent of functional regeneration of glomerular maps in adult 

mice, which lack navigator OSNs. We used chronic, weekly in vivo 2-photon imaging following 

cranial window implantation in OMP-GCaMP6s mice to track odor responses of OSN axons in 

the OB, before and after MMZ-mediated OSN ablation. We analyzed odor-evoked responses 

either at the level of individual glomeruli, or using an unbiased grid-based approach, which 

enabled us to detect odor-evoked responses in any location within the imaged region. Grid-based 

analysis showed that baseline odor-evoked activity (percentage of grid squares showing ethyl 



butyrate-evoked activity) was similar in mice that then received either MMZ (n = 4, median 

71%) or saline as a control (n = 3, median 69%, p = 0.49, Mann-Whitney rank sum test). One 

week after MMZ treatment, odor-evoked activity was completely absent, confirming successful 

OSN ablation. Five weeks after MMZ or saline injection, odor-evoked activity remained 

significantly lower in MMZ-treated mice (10% of grid squares) compared to saline-injected 

controls (52% of grid squares, p = 0.003, Mann-Whitney rank sum test). This suggests that 

despite the OE having the requisite 5 weeks to repopulate with OSNs, regeneration of OSN input 

to the dorsal surface of the OB remains incomplete. Hence, OE repopulation is necessary but not 

sufficient for functional regeneration of OB input. Furthermore, together with previous studies, 

this suggests that partial regeneration of OSN input may be sufficient to mediate odor-guided 

behaviors. 
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Abstract: Human cortical organoids hold great potential as tools for disease modeling, 

personalized medicine, tissue regeneration, and more. However, inadequate oxygen supply leads 

to necrosis in the organoid core during extended in vitro culture limiting their maturation. 

Previous work by us and others demonstrated that implanting human cortical organoids into 

rodent brain leads to xenograft vascularization, and facilitates development and maturation of 

human neurons (Wilson, Thunemann, et al. 2022). We previously demonstrated integration of 

implanted cortical organoids using electrophysiological recordings with transparent graphene 

electrode arrays, structural two-photon imaging, and post-mortem immunostaining (Wilson, 



Thunemann, et al. 2022). Combined with optical probes of neuronal activity, this approach can 

be used to measure activity of individual human neurons integrated into the mouse brain. Here, 

we used recombinant AAV with 7m8 serotype to transduce cultured organoids with a construct 

for GCaMP6s expression under control of the human synapsin promoter. After implantation into 

the retrosplenial cortex of adult immunodeficient mice, we observed GCaMP6s labeling of 

human neurons. We implanted GCaMP-labeled organoids into the mouse brain and performed 

longitudinal two-photon calcium imaging for up to 280 days after implantation. In parallel, we 

performed electrical recordings with transparent graphene electrode arrays. We observed 

changes in GCaMP6s fluorescence of individual cells synchronized with electrical activity 

measured from nearby electrodes. Over time, we observed a gradual shift in the activity pattern 

from low frequency, synchronous surges characteristic of an early fetal developmental stage to 

higher frequency, desynchronized events, consistent with neuronal maturation and network 

formation. In the future, we plan to extend this approach to patient-derived organoids and 

develop synthetic biomaterials to direct spatial patterning and maturation of the xenograft. 
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Abstract: Introduction. Stem cells (SC) are cells with the capacity for self-renewal and 

multipotency. The immediate progeny of SCs are progenitor cells. These cells are found in the 

adult brain, which allows the formation of new neurons. On the other hand, olfactory sensory 

neurons require constant replacement from olfactory progenitor cells located in the olfactory 

epithelium. Regarding the release of soluble molecules, one way to determine which molecules 

are released in response to a stimulus received by a certain type of cell is through the analysis of 



conditioned media (CM). Finally, previous studies show that there is a difference between 

molecules released in cells from young subjects compared to middle-aged adult subjects and 

their effect on progenitor cells of neural lineage. Goals. To determine the release profile of 

soluble factors obtained from conditioned media from progenitor cells of the olfactory 

epithelium isolated from subjects of two age groups. Methods. Obtaining and characterizing the 

precursor cells of the olfactory epithelium by immunodetection, BrdU incorporation, and 

determination of the population doubling time. Identification of soluble factors by 

immunodetection (Antibody array). Results. Progenitor cells of the olfactory epithelium 

expressed characteristic markers (SOX-2, Ki67, Nestin), of the progenitor and neuronal stage in 

both age groups. We found differential profiles of soluble factors between the two age groups, 

being less soluble factors secreted in the middle-aged group as compared to the young group. 

Conclusions. Differential expression profiles in soluble factors from subjects of different ages 

could be key when choosing a possible cell-free therapy for CNS pathologies 
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Abstract: INTRODUCTION: To make a working nervous system, two forces are necessary: 

excitation andinhibition. The impact of different ratios of GABAergic neurons on the functioning 

of local corticalnetworks is so far not completely known. In recent years mouse embryonic stem 

cells (mESCs) havebeen used as a promising tool for an in vitro recapitulation of many 

differentiation processes thatoccur during neurogenesis and neural development. So, it is 

possible to generate cultures withglutamatergic or GABAergic neurons.AIM: We aim to have a 

functional characterization of cortical cell cultures with different ratios ofinhibitory and 

excitatory neurons, with the purpose of observing neuronal differentiation, synapticformation, 

and neural activity by the use of intracellular Ca2+ live imaging, optogenetic 

andelectrophysiological tools (MEA).METHODS: The achievement of this goal was validated 

by qRT-PCR, immunocytodetection,calcium imaging experiments and electrophysiological 

analysis.RESULTS: With the use of Cyclopamine and SAG (Smoothened Agonist), we 

established newprotocols to create distinct cultures of excitatory and inhibitory neurons, 

observing cortical andstriatal gene markers, such as Pax6, Nkx2.1, Dlx1, Lhx8. We found 94% 



of vGlut2 positive neuronsand 80% of GAD65 and Parvalbumin positive neurons, respectively. 

We designed cortical cellpopulations with different E/I (excitation/inhibition) ratios, developing 

a physiological (80/20) andan experimental condition (50/50). By lentiviral transduction, we 

created a polyclonal cell line thatexpresses GcaMP6s, a genetically encoded calcium indicator, 

and we performed longitudinal calciumimaging to infer frequency and synchronization of neural 

activity. Preliminary results may providevaluable hints and a multidimensional profile for 

network activity, the single-neuron frequency andthe index of synchronization of these 

cultures.CONCLUSIONS: The setup of an in vitro model of cortical network could be useful to 

functionallystudy the activity and plasticity of cortical inhibitory networks and could help to 

comprehend diseasessuch as autism or schizophrenia. 
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Abstract: Neurodevelopmental disorders lead to disability or death, thus exerting a substantial 

burden on society. Neurodevelopmental disorders are often associated with disruptions of 

precisely coordinated events during brain development. During early brain development, the 

neural stem cell (NSC) pool is maintained through proliferation (a process known as self-

renewal) to generate the correct numbers of neurons, astrocytes, and oligodendrocytes. NR2E1 is 

a transcription factor known to play a role in NSC self-renewal in mice. In humans, mis-

regulation of NR2E1 is associated with schizophrenia, bipolar disorder, and aggression. 

However, it is unclear how NR2E1 affects human brain development. To investigate the role of 

NR2E1 in NSC maintenance in humans, we have generated NR2E1-knockout (NR2E1-KO) 

human embryonic stem cells (hESCs) using CRISPR-Cas9. We differentiated NR2E1-KO and 

wild-type (WT) hESCs into NSCs and performed neurosphere assays to assess self-renewal. We 

observed a reduction in the number and size of neurospheres from NR2E1-KO NSCs compared 

to neurospheres from WT NSCs (8 experiments, Student’s t test, p<0.0001). These results 

suggest that NR2E1 is required for self-renewal of human NSCs. Bulk RNA sequencing and 

immunofluorescence analyses of NR2E1-KO and WT neural rosettes revealed a possible role for 

NR2E1 in the extracellular matrix organization of NSC niches, which could contribute to NSC 

maintenance. To study the impact of NR2E1 on NSC differentiation into neuronal and glial cells, 

we generated cortical organoids from NR2E1-KO and WT ESCs. NR2E1-KO organoids were 



significantly smaller compared to WT from the early stage of organoid development (2 

experiments with 24 organoids per group, unpaired t test, p<0.0001). We performed quantitative 

PCR (qPCR) analyses using marker genes specific for different cell types present within the 

organoids. Marker genes for cell proliferation and upper layer neurons were downregulated, 

while marker genes for GABAergic neurons and early glial cells were upregulated in NR2E1-

KO organoids compared to WT organoids (2 experiments with 24 organoids per group, unpaired 

t test, p<0.0001). For cell type identification and molecular characterization of individual cells, 

we are conducting a time course single cell RNA-sequencing on NR2E1-KO and WT organoids. 

Our findings suggest that NR2E1 is required for NSC pool maintenance as well as the 

differentiation of NSCs to neuronal and glial cells during the initial phases of human brain 

development. This work will reveal the mechanisms of neurodevelopmental disorders arising 

from the defect in NSC functions. 
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health and schizophrenia with human organoid models of brain development 
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Abstract: Studies of cannabis use in teenagers have suggested that repeated exposure can 

modify cognitive development and puts users at heightened risk of developing psychiatric 

disorders, including schizophrenia (SZ). However, current research into the mechanisms behind 

these associations have been hampered by the necessity of using non-human models to study 

cerebral cortex formation at the cellular and molecular levels. To address this gap, we 

differentiated induced pluripotent stem cells (iPSCs) into 3-dimensional (3D) brain organoids 

and evaluated proteome differences between specimens produced from controls and patients with 

SZ with and without delta-9-tetrahydrocannabinol (THC) application to the maturation media. 

Our mass spectrometry (MS)-based proteomics analysis testing THC’s effect on early brain 

development demonstrated that organoids prepared from SZ patients had significantly lower 



levels of Glial fibrillary acidic protein (GFAP) than those from control individuals. Most 

interestingly, we also discovered that THC added to the culture of 125-days-old control 

organoids (chronic condition, 50 nM for the last 10 days) resulted in lower GFAP level. 

Together, these results suggest a connection between the expression of GFAP and cannabinoid 

signaling on one hand, and the possible contribution of aberrant GFAP levels to SZ on the other. 

Here, we present the characterization of the 6 hiPSC lines (3 SCZ patients and 3 healthy control 

individuals) used in our study. Second, we report the completed quantitative MS analysis of our 

6 iPSCs lines matured for 125 days as organoids where we identified 37 proteins, including 

GFAP, with significant differences in abundance between healthy control and SCZ specimens or 

resulting from THC application to the maturation culture media. Finally, we highlight ongoing 

imaging efforts at describing the specific GFAP-expressing cell types in unguided brain organoid 

models that are affected by THC, as well as related experiments done with our control and SZ 

iPSC lines differentiated in a monolayer fashion as astrocytes that explore the growth, 

maturation, and activity of these cells. Together, our efforts provide new insights about the 

impact of THC on cells expressing GFAP during prenatal stages of cerebral cortex development, 

as well as possible connections to the pathogenesis of SZ. 
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Abstract: Type III Neuregulin-1 (NRG1) is a transmembrane, bidirectional signaling molecule 

that regulates multiple aspects of neuronal development, including axonal outgrowth, synapse 

formation, and maturation. Axonal Type III NRG1 “back” signaling, activated by binding to 

ErbB4, regulates pre-synaptic release sites. Regulation of mitochondrial dynamics is necessary to 

maintain neuronal homeostasis, especially at presynaptic terminals. In this study, we asked 

whether Type III NRG1 signaling affects mitochondrial dynamics in axons of ventral 

hippocampal neurons, focusing on this region because of its importance in learning, memory, 



motivation, and in cognitive disorders like schizophrenia, for which NRG1 is a candidate gene. 

To examine possible effects of Type III NRG1 signaling on mitochondrial motility, we labeled 

mitochondria of P0 ventral hippocampal primary cell cultures with Mitotracker at DIV7. We 

measured movement patterns by live imaging before and after stimulation with ErbB4. Overall, 

stimulating NRG1 signaling reduced motility, with about 25% of dynamic mitochondria 

becoming stationary. We then fixed our cultures at various time points of ErbB4 stimulation and 

stained with antibodies recognizing Type III NRG1. These studies revealed that ErbB4 treatment 

increased colocalization between Type III NRG1 and mitochondria, consistent with our 

hypothesis of NRG1 signaling recruiting dynamic mitochondria. Next, we quantified 

mitochondrial volume and density in stimulated axons. We measured mitochondrial volume 

using Feret’s diameter and defined density as the number of mitochondria per unit axonal area. 

Mitochondrial volume transiently increased, peaking at 1-hour post-ErbB4 stimulation, and 

returning to baseline after 4 hours. Mitochondrial density transiently decreased before returning 

to pre-stimulation levels. During live imaging, we also observed changes in the number of 

mitochondrial fusion and fission events after ErbB4 stimulation. Ongoing experiments are 

probing the mechanisms by which NRG1 signals to mitochondria. We are measuring changes in 

mitochondrial motility and morphology in the presence of pharmacological inhibitors of the 

PI3K and ERK pathways (inhibitors include Wortmannin and U0126, respectively). Ultimately, 

we found that NRG1 signaling affects axonal mitochondrial movement and morphology in the 

ventral hippocampus, potentially implicating the fusion-fission balance or various signaling 

cascades that may be important for neuronal development, homeostasis, and transmission. 
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Abstract: Type III Neuregulin 1 (Nrg1) is important for neuronal development and function. 

Our earlier studies have shown Nrg1 signaling is required for cholinergic modulation of 

excitatory plasticity at cortical-BLA synapses and activation of cholinergic input from basal 

forebrain can enhance fear learning. However, the role of Nrg1 signaling in cholinergic 



modulation of fear-learning is not clear. We are using a mouse model with a psychosis-related 

Nrg1 mutation that impairs γ-secretase-mediated nuclear signaling, to investigate the 

contribution of Nrg1 signaling to cholinergic innervation of the BLA. We crossed the Nrg1 

mouse line with a Chat-TauGFP transgenic line in which cholinergic neurons and their 

projections are fluorescently labeled. Using these animals we are studying the basal forebrain 

cholinergic neurons in the nucleus basalis of Meynert (NBM) and cholinergic innervation to 

BLA from the second post-natal week through young adulthood (~PND15 - PND45). In wild 

type animals cholinergic neurons are present in the NBM by PND17. No cholinergic innervation 

of the BLA is seen at this point. At PND28 the BLA is highly innervated with cholinergic axons. 

We are currently refining the timing of cholinergic innervation of the BLA and examining the 

effect of reduced Nrg1 signaling on this process at this point. To complement these 

morphological studies, we are using optogenetic techniques to examine the effect of decreased 

Nrg1 signaling on the maturation of synaptic plasticity and cholinergic modulation of 

glutamatergic synapses from anterior cingulate cortex to BLA principal neurons. Our current 

study is helping to understand how Nrg1 local and nuclear back signaling contributes to 

development and cholinergic modulation of fear learning related circuits. 
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Abstract: Neuregulin-1 (Nrg1), a component of the epidermal growth factor family, is critical 

for neuronal differentiation, migration, and survival. Of the many Nrg1 isoforms, the cystine rich 

domain (CRD) Type III Nrg1 is unique not only in its structure, but in its potential for juxtacrine, 

bidirectional signaling: forward signaling via its ErbB receptor partner, and back-signaling into 

the Type III Nrg1-expressing cell. Studies using Type III Nrg1-/- mice have found it plays a 

critical role in synapse formation and maintenance as well as neuronal survival. Specifically, we 

have found that TrkA+ sensory neurons of the peripheral nervous system show reduced survival 

and abnormal pathfinding in Type III Nrg1-/- mice. In the central nervous system, basal forebrain 

cholinergic neurons (BFCNs) express TrkA, and their targets express its signaling partner, nerve 



growth factor (NGF). Together, NGF/TrkA signaling is crucial for normal development of 

BFCNs. We hypothesized that reductions in Type III Nrg1 could lead to reduced survival of 

TrkA+ BFCNs and impaired target innervation. These reductions in Type III Nrg1 would lead to 

long-term circuit vulnerability in BFCNs across lifespan. To test this, we first evaluated the 

density of BFCNs in young, 2.5 month old, WT and mice with heterozygous disruption of the 

Type III Nrg1 gene (CRD-HT). Preliminary data revealed fewer Chat+ neurons in the posterior 

basal forebrain (NBM/SI) as compared to WT mice. Next, we asked whether this deficit in 

cholinergic neuron number resulted in impaired innervation of target regions. Preliminary 

findings showed fewer cholinergic terminals in the BLA of CRD-HT as compared to WT 

animals. Finally, we asked whether this population of BFCNs in CRD-HT mice experienced 

abnormal, accelerated deterioration with age compared to WT counterparts. Surprisingly, 

preliminary data showed an equivalent number of Chat+ cells in the NBM/SI in aged CRD-HT 

and WT mice. Early data support a role for Type III Nrg1 in BFCN development that is 

compensated overtime by other factors. Ongoing studies assess the developmental trajectory of 

BFCN development and the time-course of the normalization of Chat-expression in CRD-HT 

mice. 
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Abstract: The motor functions of primary motor cortex (M1) emerge quite late, with previous 

work in anesthetized rats suggesting that M1 is not capable of motor control until postnatal day 

(P) 25. However, the developing motor cortex is not silent: Throughout early infancy, neural 

activity in M1 reflects sensory feedback from moving limbs. Then, around P20, neural activity in 

M1 co-occurs with movement. Before M1 contributes to motor behavior, the limb movements of 

infant rats are produced by the red nucleus (RN). Although we have long known that M1 and the 

RN develop on different timelines, we know very little about how M1 influences activity in the 

RN before the onset of M1-mediated motor control. Here, to examine neural interactions 

between M1 and the RN, we injected a retrograde AAV (AAV-Syn-Chronos-GFP) into the RN 



of developing rats, with the goal of expressing the opsin in RN-projecting neurons in M1. AAV 

injections were performed at P8, which is after M1 projections to the RN are established. We 

then wait 2 weeks for the virus to travel and be expressed in M1 cell bodies. At P22 to P24, rats 

were headfixed in the Mobile HomeCage, which allows unanesthetized rats at these ages to 

locomote and sleep. While recording extracellular activity in the RN, we optogenetically 

stimulated corticorubral neurons using an optrotrode in M1 as rats cycled between sleep and 

wake. M1 stimulation drove activity in both M1 and RN neurons. Interestingly, whereas optical 

stimulation affected M1 activity immediately, there was a significant lag in the effect on RN 

activity, suggesting that M1 is influencing the RN at these ages. Finally, during REM sleep, we 

observed a continuous and coherent theta oscillation in both M1 and the RN. When present, theta 

influenced how much activity resulted from optogenetic stimulation, with stimulation during 

trough of theta resulting in more neural activity, and stimulation during the peak of theta 

resulting in less neural activity. Current work is focusing on whether M1 stimulation influences 

movement, and whether the patterning of M1-RN interactions are influenced by sleep-wake 

states. 
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Abstract: Synchronous electrical activity is a hallmark of the developing CNS, playing critical 

roles in neuronal maturation and circuit refinement. In the mouse somatosensory cortex (S1), 

spontaneous neuronal activity (SNA) during the early postnatal stage is organized in columns 

and is required for sensory map formation. While thalamic inputs are thought to coordinate layer 

(L) 4 activity, the source of the robust L2/3 activity at this early stage is unknown. In addition, 



there is still considerable debate on whether the columnar activation reflects smaller cortical 

columns consisting of neurons originated from the same radial glia lineage, or whether it is 

organized in barrel columns as early as the 1st postnatal week (PNW). Using a novel microprism 

preparation and in vivo 2-photon imaging in neonatal mice, we showed that SNA in S1 was 

synchronized translaminarly from deep to superficial layers and corresponded to functional 

barrel columns. To identify the source of L2/3 activation, we performed slice electrophysiology 

throughout the first three PNWs. We found that L2/3 pyramidal neurons received large L5 inputs 

but relatively weak L4 inputs during the 1st PNW. L4 to L2/3 inputs drastically increased in 

strengths from the 1st to the 3rd PNW, while L5 to L2/3 input strengths remained stable. Results 

from rabies transsynaptic tracing experiments support that L2/3 pyramidal neurons receive large 

number of presynaptic inputs from L5 during the 1st PNW, before the number of L4 presynaptic 

inputs increases as the canonical thalamocortical circuit matures. Preliminary data suggest 

silencing L5 synaptic outputs chemogenetically or by selectively expressing tetanus toxin light 

chain (TeLC) resulted in a reduction in L2/3 SNA in the 1st PNW, as well as abnormal L4-L2/3 

connectivity and whisker-evoked activation in the 3rd PNW. Our results demonstrate that early 

SNA in S1 is organized in barrel columns and driven by L5 pyramidal neurons, and that strong, 

transient L5 to L2/3 inputs play a pivotal role in providing the activity required for the 

maturation of L2/3 pyramidal neurons and L4-L2/3 connection, thus supporting the formation of 

the columnar organization in the barrel cortex. 
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Abstract: Perineuronal nets (PNNs) are crucially important for neurodevelopment, however 

there is no sex-specific timeline as to how they develop or if they develop differently in males 



and females. PNNs are unique non-neuronal structures in the brain that surround neurons, 

especially GABAergic, parvalbumin (PV) positive inhibitory interneurons. PNNs help regulate 

functions such as the formation and stabilization of synaptic connections and 

excitation/inhibition balance in the brain. Alterations in plasticity and excitation/inhibition 

imbalances have been linked to developmental disorders, making PNNs a relevant structure that 

may be associated with changes that occur in the brain when a neurodevelopmental disorder is 

present. In this study we used immunohistochemistry to label PNNs and determine a timeline of 

PNN development in juvenile Sprague Dawley rats aged postnatal day (p)14, p16, p18, and p22 

in regions CA1, CA2, CA3 and the dentate gyrus (DG) of the hippocampus. These ages were 

chosen because PNNs have been found to begin to develop in the hippocampus around p14 and 

start to mature around p21, but exact ages and if those ages differ by sex, is unknown. We 

expected to see an approximate linear increase in the number of PNNs as age increased in both 

male and female rats, though we hypothesized that males would have more PNNs by p18 than 

females due to previous published work from our lab. Although the data are preliminary, there 

were significant main effects of age in regions CA3 and the DG, with PNNs increasing with age, 

as hypothesized. There was also a significant interaction between age and sex, surprisingly 

showing that females had more PNNs than males at p22 (p<.001) in both CA3 (p = .001) and DG 

(p = .003). Looking across the timeline, female rats exhibited a steady increase in PNN numbers 

with age, but male PNN numbers were more variable or even stayed constant as animals aged. 

This sex difference in the timeline of PNN development adds insight into the known sex 

difference seen in etiology of neurodevelopmental disorders associated with excitation/inhibition 

imbalances such as autism spectrum disorder (ASD), epilepsy, attention deficit hyperactivity 

disorder (ADHD) and schizophrenia. 
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Abstract: Gene dosage of GABRA5 has been implicated in severe neurodevelopmental 

disorders including Angelman Syndrome (AS) and Dup15q syndrome. Both in humans and 



rodents, GABRA5 is highly expressed in early postnatal development. GABAA α5 receptors 

have been shown to promote dendrito- and synaptogenesis. Recently, a monoallelic de novo 

missense variant in GABRA5 resulting in a V294L amino acid change was identified in patients 

with severe early-onset epilepsy (EOE). Importantly, the GABRA5 p.V294L variant was 10-

times more sensitive to GABA indicating that the underlying cause is a gain of function of the 

receptor. How a gain-of-function mutation that is expected to result in increased GABAergic 

signaling causes severe EOE is unclear at present. Here, we investigated the development of 

L2/3 pyramidal neurons in the somatosensory cortex from a mouse model harboring the point 

mutation found in EOE patients, Gabra5+/V294L, and compared it to a mouse line with a 

heterozygous deletion of a gene cluster encoding the α5, β3, and γ3 subunits of GABAA 

receptors commonly found in AS, Gabr+/-g3a5b3. We used patch-clamp electrophysiology in brain 

slices and combined it with immunohistochemistry of biocytin-filled neurons, confocal 

microscopy and molecular biology. Parietal cortex of Gabra5+/V294L mice had normal expressions 

of Gabra5 mRNA, while Gabr+/-g3a5b3 mice showed the expected reduction of Gabra5, Gabrg3, 

Gabrb3 mRNA. L2/3 pyramidal neurons of Gabra5+/V294L mice showed increased responses to 

bath application of isoguvacine supporting a gain of function of the GABAA α5 receptors. 

Analysis of miniature IPSCs showed a faster decay time constant in Gabr+/-g3a5b3 mice at P8 

confirming the decreased contribution of GABAA α5 receptors to synaptic transmission in early 

development. However, there were no major changes of the other parameters across 

development. In contrast, there was a pronounced upregulation of mEPSC frequency in 

Gabra5+/V294L mice, which was paralleled by increased spine density on the morphological level. 

These preliminary results indicate that a gain of function mutation of GABAA α5 receptors can 

cause profound changes of both GABAergic and glutamatergic inputs, and may have important 

implications for defining an optimal temporal treatment window in the related disorders. 
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Abstract: Prefrontal cortex (PFC) and the basal ganglia are interconnected through a series of 

cortico-striato-thalamo-cortical (CSTC) loops that are critical for higher-order cognitive and 

motor functions, and whose dysfunction is implicated in multiple neurodevelopmental disorders. 

Whereas the role of cortical activity in regulating striatal development is well established, how 

striatal activity shapes the maturation of upstream cortical circuits remains unknown. Striatal 

spiny projection neurons (SPNs) expressing dopamine 1 receptor (D1-SPNs) and dopamine 2 

receptor (D2-SPNs) play opposing roles in regulating the activity of CSTC loops. Our previous 

work has shown that unilateral focal ablation of D1-SPNs reduces by postnatal day 14 (P14) 

population activity in upstream PFC regions that innervate manipulated striatal regions. By 

contrast, D2-SPN ablation causes the opposite phenotype resulting in cortical hyperactivity. 

Together, these experiments demonstrate that striatal circuits already modulate cortical activity 

during postnatal development. Here we further characterized how unilateral focal ablation of 

striatal D1- or D2-SPNs alters the developmental trajectory of PFC connectivity. At P14-15, we 

intracellularly recorded excitatory and inhibitory miniature postsynaptic currents (mPSCs) onto 

L2/3 pyramidal neurons (PNs) in the hemisphere neonatally injected with a Cre-dependent 

caspase-3. D2-SPN ablation in A2A Cre+ pups did not affect the frequency of mEPSC onto PNs 

in PFC, but it decreased GABAergic connectivity onto PNs 1.5-fold. In contrast, D1-SPN 

ablation in D1-Cre+ pups increased inhibitory mPSC connectivity 1.4-fold. These distinct 

connectivity effects extend our previous population-level findings and, taken together, indicate 

that imbalanced striatal output affects the establishment of prefrontal inhibitory GABAergic 

connectivity at P14-15. 
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Title: Hyperglycaemic culture conditions for rodent primary neurons creates a metabolic 

environment different to that in vivo 

Authors: D. M. ROBERTS1, *S. SWAIN1, S. CHOWDHRY2, R. B. RENDEN3;  
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Abstract: Among the many factors involved in maintaining rodent primary neuronal cultures, 

the media we use to culture them is one of the most important. The standard modern approach to 

primary neuronal culture grows neurons in a high glucose environment, in media containing 

~25mM glucose. This hyperglycaemic condition is much higher than the in vivo concentration of 

glucose (1 to 2.5 mM) found in the interstitial spaces of the human brain. We were curious to see 

if hyperglycaemic culture conditions affect the balance of ATP maintenance produced by 

glycolysis and mitochondrial respiration in cultured neurons, relative to neurons grown in more 

physiological glucose conditions. We grew relatively pure neuronal cultures, with <10% glial 

contamination, from neonatal C57bl6 mice for 14 days in commercially available media 

(Thermofisher Neurobasal Plus, 25 mM Glucose) and media (Thermofisher Neurobasal A, No 

Glucose) with 5 mM glucose added. We found neurons grew healthily in both glucose 

concentrations until at least 14 days in vitro, forming synapses, and exhibiting network activity. 

When testing for ATP levels using a luciferin luminescence assay, we found neurons grown in 

25 mM glucose opted to use glycolysis as their primary pathway for ATP, with minor production 

of ATP by mitochondrial oxidative phosphorylation (OxPhos). Neurons grown in 5 mM glucose 

showed a more balanced dependence on glycolysis and OxPhos. This report shows that neurons 

cultured in high glucose media are predisposed to use glycolysis over OxPhos. This finding 

stands in opposition to what is known for in vivo neurons which are more dependent on OxPhos 

as the primary pathway for ATP maintenance. Our work challenges the validity of using standard 

primary neuronal culture systems to represent physiologically relevant neuronal respiration and 

suggests previous studies on neuronal metabolism in primary neuronal cultures may require 

critical review. 
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Abstract: Parvalbumin (PV) interneurons represent the most abundant subclass of cortical 

interneurons and are essential for gating and pacing the activity of excitatory neurons. PV 

interneurons have a very protracted development and only begin acquiring their mature 

properties toward the end of the second postnatal week in mice. Cortical activity is thought to 

regulate the maturation of PV interneurons, but the molecular mechanisms through which this is 

achieved remain poorly understood. Using chemogenetic tools that modulate the excitability of 

prospective PV interneurons, as well as interfering with glutamate release and the formation of 

excitatory synapses contacting PV interneurons, we found that the maturation of these cells is 

modulated by neuronal activity. This process requires PGC-1α (peroxisome proliferator activated 

receptor-gamma coactivator 1 alpha), a transcriptional co-modulator upregulated by PV 

interneurons towards the end of the first week of postnatal development. Developmental loss of 

PGC-1α prevents the maturation of PV interneurons, which fail to express many characteristic 

markers of adult PV cells. Single-cell RNA-sequencing analysis of conditional PGC-1α mutants 

revealed broad transcriptional changes across multiple cellular domains, suggesting that this 

factor is a master regulator of the terminal differentiation of PV interneurons. Overall, our results 

indicate that PGC-1α functions as a molecular switch that translates neural activity into 

transcriptional programmes promoting the maturation of PV interneurons. 
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Abstract: In rodent models of epilepsy, transplanted interneuron precursors incorporate into 

recipient cortical areas, increase synaptic inhibitory signaling events, and reduce seizures (1, 2). 

The mechanisms by which transplants improve seizure phenotypes are not fully understood, but 

one plausible hypothesis is that interneuron transplantation counteracts epileptogenic 

hyperexcitability by increasing synaptic inhibition onto recipient neurons. However, in some in 

vivo models, transplantation has also been associated with increases in recipient synaptic 

excitation (3), which perhaps results from homeostatic processes that engage in the recipient. It 

remains unknown whether transplants must increase net inhibition in order to suppress seizures, 

or if they can improve seizure phenotypes without shifting recipient inhibitory-excitatory 

balance. Here we used wild type organotypic hippocampal slice cultures (OHSCs), a model of 

epileptogenesis that generates spontaneous seizure-like activity, to evaluate how transplantation 

alters key determinants of synaptic inhibition and excitation in the context of seizure correction. 

As in in vivo epilepsy models, transplanted interneuron precursors migrated, survived, and 

differentiated into mature interneurons in OHSCs. Transplants also increased inhibitory signaling 

onto slice neurons and corrected slice seizure phenotypes. Surprisingly, while transplantation 

increased synaptic inhibition onto recipient slice cells, it did not change recipient cellular 

inhibitory-excitatory balance. Additionally, we found that measures of synaptic excitation, 

including miniature excitatory postsynaptic currents, were increased in both excitatory and 

inhibitory cell populations of the OHSCs. Moreover, slice excitatory and inhibitory populations 

also exhibited increased excitability in the transplant condition. Altogether, our results indicate 

that, rather than simply boosting inhibition in epileptogenic circuits, interneuron transplantation 

may drive more widespread changes in recipient inhibitory and excitatory synaptic connectivity, 

as well as recipient cellular excitability. Our findings furthermore provide evidence that 

interneuron transplantation can correct seizure activity without altering or correcting inhibitory-

excitatory balance. 1. S. C. Harward, D. G. Southwell Neurosurg. Focus. 48, E18 (2020). 2. B. 

Zhu, J. Eom, R. F. Hunt Nat. Commun. 10, 5156 (2019). 3. M. A. Howard, J. L. R. Rubenstein, 

S. C. Baraban Proc. Natl. Acad. Sci. U. S. A. 111, 492–497 (2014). 
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Abstract: Disinhibition mediated by vasoactive intestinal polypeptide (VIP)-positive 

GABAergic interneurons (INs) is a robust circuit motif found in multiple cortical areas. VIP INs 

inhibit other types of cortical GABAergic INs, but its inhibition of dendrite-targeting 

somatostatin (SST)-positive INs is particularly strong, leading to the disinhibition of pyramidal 

neurons. This cortical disinhibitory circuit motif has been shown to play an important role in 

sensorimotor integration, selective attention, gain control, and circuit plasticity. However, the 

mechanisms by which this robust circuit motif emerges during early development are largely 

unknown. We first investigated the temporal profile of synaptic connectivity from VIP INs to 

SST INs. We found that VIP INs provided functional synaptic connections to SST INs as early 

as postnatal day (P) 6-7, while pyramidal neurons received synaptic inputs from VIP INs later, 

starting from P12-13. We then asked how the spontaneous activity of VIP INs during early 

development affects the connectivity from VIP INs to SST INs and pyramidal cells in adulthood. 

Alteration of the spontaneous activity of VIP INs during the earlier time window (P5-12), when 

VIP IN to SST IN connections are established, permanently impaired the synaptic connectivity 

from VIP INs to SST INs in adulthood. However, the manipulation of VIP INs activity during 

the later window (P13-20), when VIP INs synapse onto pyramidal cells, did not affect the 

connectivity from VIP INs to either SST INs or pyramidal cells. The impaired inhibition from 

VIP INs to SST INs leads to highly synchronized and enhanced activity of SST INs during 

locomotion. Interestingly, during the period of VIP IN-to-SST IN connectivity establishment, 

GABA release from VIP INs depolarized SST INs but switched the polarity around P13-14. The 

suppression of NKCC1 expression in SST INs during this early developmental period led to the 

decreased inhibition from VIP INs to SST INs in adulthood, implying that the depolarization of 

SST IN by VIP INs during the synaptic connection period is important for the strong 

connectivity from VIP INs to SST INs in adulthood. Together, the early synaptic establishment 

from VIP INs to SST INs, when GABA from VIP INs depolarize SST INs, results in the strong 

synaptic connection from VIP IN-to-SST IN. Alteration of VIP IN activity or GABA polarity in 

SST INs during early development leads to permanent impairment in cortical disinhibitory 

circuits in adulthood. 
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Title: Early sensory deprivation influence on infragranular pyramidal neurons in rodent primary 
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Abstract: Multisensory integration recruits higher-level association cortex, but also first-level 

sensory areas like the primary auditory (A1), somatosensory (S1), and visual cortex (V1). The 

underlying anatomical pathways include direct intracortical connections between A1, S1, and 

V1. We have previously shown that during postnatal development, the anatomical and functional 

strengths of these intracortical multisensory connections as well as the dendritic morphology and 

spine density of potential supragranular pyramidal target neurons are substantially altered after 

early auditory, somatosensory, and visual. Here, we investigated how the loss of early sensory 

experience influences the dendritic morphology and spine distribution of infragranular pyramidal 

neurons in A1. Young Mongolian gerbils were deprived by bilateral sciatic nerve transection at 

postnatal day (P) 5, ototoxic inner hair cell damage at P10 (i.e., before ear canal opening) or eye 

enucleation at P10 (i.e. before eye opening). At P28, which demarcates the end of the critical 

period, brain sections of the deprived and control animals were stained using the Golgi-Cox 

method. Afterwards, the morphology of 36 infragranular pyramidal neurons was studied using 

the Neuro Lucida system. Sholl- and branch-order analyses showed that early sensory 

deprivation of either type leads to a slight decrease of the dendritic branching (intersections) and 

dendritic length in particular of apical dendrites of the layer V pyramidal neurons in A1. The 

spine number and spine density of basal and apical dendrites are generally increased. This is in 

some contrast to our previous findings on layer III pyramidal neurons where we observed a 

general decrease of the spine number and density following somatosensory, auditory and visual 

deprivation. In conclusion, our results suggest that the loss of early sensory experience induces a 

refinement of intracortical multisensory connections by a proliferation of dendritic spines in 

infragranular but a pruning of spines in supragranular layers of A1 in young animals. Based on 

present and previous own results and on findings from the literature, we propose a 

developmental scenario for morphological changes of pyramidal neurons in A1 following early 

sensory deprivation. 
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Title: Melanopsin-dependent changes in gene expression and synaptic refinement in the 

developing mouse visual system 
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Abstract: Light plays an important role in the development of the visual system prior to eye-

opening. During the first postnatal week in the mouse, intrinsically photosensitive retinal 

ganglion cells (ipRGCs) respond to light via the photopigment melanopsin, which drives ipRGC 

depolarization independently of rod/cone input. Genetic deletion of melanopsin or ablation of 

ipRGCs has been shown to impact retinal vasculature development, cholinergic spontaneous 

retinal activity, eye-specific retinogeniculate refinement, and synapse formation in the cortex. 

However, whether melanopsin signaling regulates molecular changes in ipRGCs or their central 

targets in the developing brain is not well understood. In this work, we sought to determine 

whether melanopsin signaling regulates gene expression (in the retina and brain), local protein 

translation in ipRGCs, and retinofugal synapse formation from M1 type ipRGCs to the brain’s 

master circadian pacemaker, the suprachiasmatic nucleus (SCN). Using a combination of bulk 

RNA-seq, ipRGC-targeted translating ribosome affinity purification (TRAP), and single-

molecule localization super-resolution microscopy we provide evidence for melanopsin-

dependent impacts on the development of ipRGCs and their synaptic connections in the SCN 

prior to eye-opening. 
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development in the dentate gyrus 
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Upstate Med. Univ., Syracuse, NY 

Abstract: During development, changes in neuronal physiology and form are required to meet 

the demands of adult-level circuit activity. Although recent work has begun to detail how 

calcium-sensitive gene expression enables developmental changes, regulatory mechanisms that 

coordinate activity-dependent neuronal maturation remain elusive. We utilized the immediate 

early gene Npas4 to generate a reporter mouse model (DevATLAS) that tags individual neurons 

as they begin the process of activity-dependent circuit maturation. We previously established that 

DevATLAS-tagged dentate gyrus granule cells (GCs) have more active synapses than un-tagged 

GCs and that DevATLAS GCs functionally contribute to the emerging memory ability in young 

mice. In this study we utilized multiomic single-nuclei RNAseq and ATACseq to identify 

transcriptional regulatory mechanisms that contribute to the functional maturity of dentate gyrus 

circuits. At P20 we reveal the presence of three distinct stages of GC development: immature, 

growth, and synaptic. These GC subgroups have increasing proportions of DevATLAS-tagged 

GCs and exhibit distinct transcriptional phenotypes and chromatin landscapes. Our results 

indicate that a transcription factor known to contribute to dentate gyrus GC development (Klf9) 

and a Ras-responsive transcription factor (Rreb1) are poised to coordinate activity-dependent GC 

development. Rreb1 and Klf9 RNA expression significantly varied across GC subgroups and 

was increased in DevATLAS-tagged GCs. The enrichment of platforms of consecutive, 

overlapping Rreb1 and Klf9 motifs suggest that these two factors act cooperatively. In addition, 

Smad3 appears to facilitate the targeting of activity-dependent AP1 transcription factors in 

synaptically mature, DevATLAS-tagged GCs. Critically, we find that the Rreb1/Klf9/Smad3 

transcriptional regulatory program is present in a subset of interneurons within the P20 dentate 

gyrus sample, indicating that this mechanism may help balance excitation and inhibition in 

maturing hippocampal circuits. By manipulating this program through elevated Ras activation, 

we increased the number of active excitatory and inhibitory synapses in vivo, substantiating the 

relevance of this novel developmental regulatory mechanism. 
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Title: Two-step collateralization for multiple-targeting of association projections from intra-

telencephalic (IT)-type neurons in layer 5a in the mouse cerebral cortex 
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Abstract: The intra-telencephalic (IT)-type of neurons is one of the major classes of 

glutamatergic neurons in the cerebral cortex and constitutes association projections that connect 

the cortical areas. Among the IT-type neurons, those in the primary somatosensory cortex (S1) 

projecting their axons to the primary motor cortex (M1) are involved in fine regulation of 

movements both in mice and in humans. Optogenetic inhibition of the activities of IT-type 

neurons in S1 and M1 in mice disrupts fine regulation of finger movements in handling food 

pellets for eating. Fiber structure abnormalities between S1 and M1 are correlated with lower 

behavioral scores for dexterous finger movements in patients of developmental coordination 

disorders, a frequent comorbid for autism spectrum disorders (ASD). Anatomically, the IT-type 

neurons are mainly located in layer 2/3 and layer 5a. We previously reported our single neuron 

analysis demonstrating that in mice, association projections from layer2/3 IT-type neurons in S1 

to the motor cortex are formed as the one and the longest interstitial collaterals among those 

protruding from the earlier extending callosal axons (Oka et al., Cereb. Cortex, 2021). In this 

study we examined the developmental processes of layer 5a IT-type neurons at a single neuron 

resolution and compared with those of the layer 2/3 neurons. We found the association projection 

to the motor cortex by layer 5a neurons in S1 was formed in a similar way with those by layer 

2/3 neurons. As expected from the order of their birthdates, layer 5a IT-type neurons projected 

their cortico-cortical axons earlier than the layer 2/3 IT-type neurons. In some neurons, the 

longest collateral projecting to the motor cortex had two major sites of ramification, possibly 

corresponding to future M1 and M2. Interestingly, the branches to the one of the two sites were 

collaterals from those projecting to the other. Furthermore, few branches of the longest collateral 

directed to the regions other than the two sites. These results suggest that the target-directed, 

secondary collateralization may be the underlying mechanisms for multiple-region targeting by a 

single collateral, which was observed in cortico-cortical projection from the adult mouse V1 and 

monkey S1. 
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Abstract: Sensory experience during critical periods sculpts the development of nascent 

neocortical circuits. Experience-dependent plasticity has been studied extensively in the mouse 

whisker somatosensory cortex (S1) due to its orderly somatotopic map and ease of manipulating 

tactile experience by removing whiskers. Previous studies have extensively characterized S1 

neurons and circuits, revealing the physiological basis of many features of experience-dependent 

plasticity. In contrast, the transcriptional changes underlying plasticity during critical periods 

remain poorly understood, particularly at the resolution of the 100+ transcriptomically distinct 

cell types that are present in S1. Since 80-90% of autism spectrum disorder patients present 

tactile hyper- or hypo-sensitivity that may reflect atypical development of S1 circuits, 

understanding how experience regulates transcriptomic cell type plasticity may shed light on 

how circuit dysregulation emerges in S1 in autism. 

Here, we performed single-nucleus mRNA sequencing (snRNA-seq) on whisker S1 tissue 

obtained from normal and whisker-deprived mice to determine the experience-dependent 

molecular changes in this cortical region. To test the hypothesis that whisker experience is 

required for cell type development in S1, snRNA-seq was performed at two time points spanning 

two established critical periods in whisker-deprived and control mice. We employed two distinct 

whisker deprivation paradigms: 1) 1-day deprivation of B- and D-whisker rows from P21 to P22 

to induce rapid competitive map plasticity across alternating spared and deprived S1 columns, 

and 2) a 10-day bilateral full-face deprivation from P12 to P22 to test the overall influence of 

whisker experience on cell type development. Unsupervised and supervised machine learning 

approaches (dimensionality reduction, clustering, graph embedding, and classification) were 

used to identify transcriptomic cell types at each time point and assess the influence of whisker 

experience on their maturation. After identifying a subset of cell types that were uniquely 

regulated by development and whisker experience, we conducted hybridization chain reaction 

fluorescence in situ hybridization (HCR-FISH) experiments targeting candidate genes to validate 

the cell type-specific experience-dependent alterations observed in the snRNA-seq data. Our 

findings provide predictions regarding S1 cell types that could be selectively affected by 

neurodevelopmental disorders such as autism. Our experimental and computational workflows 

establish a blueprint to test these hypotheses using mouse models of autism spectrum disorder. 
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Abstract: The neuromodulator acetylcholine is associated with arousal and attention in adult 

animals, facilitating sensory processing in cortical areas such as the visual cortex. However, how 

acetylcholine might also mediate behavioral states and spontaneous activity in sensory areas 

during development remains unclear. Here, we investigated the correlation between 

acetylcholine dynamics and the neuronal activity in the primary visual cortex (V1) of mice 

during the second postnatal week, before eye opening. We combined genetically encoded 

cholinergic and calcium indicators to image the network dynamics with dual-color widefield 

imaging and the cellular activity with two-photon microscopy. Simultaneously, we evaluated the 

behavioral states by monitoring the mouse body and facial movements. We found that 

acetylcholine levels were elevated during active states, showing a positive correlation with both 

body and facial movements. Furthermore, increased levels of acetylcholine during active 

behavioral states were associated with changes in spontaneous activity patterns within and 

between V1 and higher visual areas. At the cellular level, high acetylcholine levels disrupted 

synchronous activity between neurons, whereas the application of atropine, a muscarinic 

acetylcholine receptor blocker, enhanced neuronal correlations. Our results highlight the role of 

acetylcholine in arousal states during development, which may modulate the processing of 

spontaneous activity in the mouse visual cortex before the onset of visual experience. 
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Abstract: Synaptogenesis occurs independent of neural activity, but maturation and refinement 

of nascent connections is an activity-dependent mechanism. Intrinsic patterned spontaneous 

activity (SA) occurs in several brain regions during development, including the visual and 

auditory systems. Interestingly, SA in these sensory systems occurs prior to the onset of external 

stimuli (in mice, ear canals and eyes open after P10), highlighting the importance of SA during 

neural circuit formation. In the auditory system, intrinsic SA originates embryonically in the 

cochlea and propagates throughout the ascending auditory pathway. Globular bushy cells 

(GBCs) located in the ventral cochlear nucleus (VCN) project contralaterally and innervate 

principal cells (PCs) in the medial nucleus of the trapezoid body (MNTB) forming the calyx of 

Held (CH) nerve terminal. The CH:MNTB synaptic connection is utilized as a model system for 

studying the role of SA during neural circuit formation, in part because growth of the CH occurs 

rapidly (postnatal day (P)2-P6) resulting in mono-innervation, and key biophysical properties 

have been characterized. Previous manipulations to eliminate SA at the developing CH have 

involved genetic strategies that also affect cochlear function, and may induce homeostatic 

compensatory mechanisms in GBCs. To address this confounding factor, we directly 

manipulated synaptic transmission at the CH:MNTB connection through viral vector mediated, 

rapid-onset expression of tetanus neurotoxin (TeNT). Following unilateral viral vector injections 

into the VCN at P0, mCherry fluorescence (co-expressed with TeNT) was detectable within 48 

hours in CHs innervating the contralateral MNTB. Whole-cell patch-clamp recordings from 

transduced P6 PCs (n = 11), compared to control, non-transduced ipsilateral MNTB PCs (n = 

12), shows a decrease in the frequency (0.7 ± 0.4 Hz vs 3.2 ± 2.1 Hz; p < 0.05), increase in decay 

rate (1.2 ± 0.3 ms vs 0.7 ± 0.1 ms; p < 0.05), and no change in the amplitude (63.0 ± 18.2 pA vs 

66.2 ± 15.8 pA; p = 0.61) of spontaneous excitatory postsynaptic currents. P6 MNTB PCs 

innervated by transduced CHs show a delayed transition from tonic to phasic firing (0% 

phasic/100% tonic vs 93% phasic/17% tonic), where the percentage of phasic PCs at early 

developmental ages fit to a Boltzmann function resulted in a V50 = P3.5. P9 immunostaining 

shows impaired growth of the CH expressing TeNT with reduced volume (706 ± 340 μm3 vs 

1601 ± 294 μm3; p < 0.05) and increased thickness (2.3 ± 0.6 μm vs 1.3 ± 0.2 μm; p < 0.05). This 

study is ongoing and highlights an important role for SA triggering rapid growth of the CH and 

the synchronous maturation of the MNTB PC biophysical properties. 
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Abstract: Serotonergic neurons of the brainstem provide a profuse innervation to the whole 

central nervous system. As previously shown, interfering genetically or pharmacologically 

(fluoxetine treatment) with serotonin (5-HT) homeostasis in the adult is sufficient to alter 

reversibly the correct serotonergic axonal wiring, suggesting that proper serotonin homeostasis in 

the adult brain is crucial to preserve circuitry and that 5-HT fibers maintain a high degree of 

structural plasticity to adulthood, being bidirectionally reshaped by fluctuations of 5-HT 

content1-3. Here we investigate whether fluoxetine treatment early in life impacts 5-HT circuitry, 

and whether this is reversible or lifelong. To this aim, we chronically treated Tph2-GFP knock-in 

heterozygous mice with the antidepressant fluoxetine early in life, and combined GFP 

immunofluorescence with confocal microscope imaging for 3D-reconstruction of serotonergic 

fibers from birth to adulthood. Results revealed that mice exposed to fluoxetine, in addition to 

the expected appearance of anxiety- and depression-like behaviors4 (i.e. paradoxical behavior), 

they also showed a dramatic reduction density of 5-HT fibers innervating the hippocampus. 

These data suggest that fluoxetine induced permanent remodeling of the serotonergic circuitry 

and that this may contribute, at least in part, in mediating the induced paradoxical behavior. 
1 Migliarini et al 2013. PMID: 23007167 2 Pratelli et al, 2017. PMID: 28413824 3 Nazzi et al, 

2019. PMID: 31243951 4 Ansorge et al, PMID: 15514160 
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Abstract: The onset of sensory experiences in the early life critical period of an organism 

regulates neuronal circuit reprogramming and refinement. During this brief time window, 

external and internal factors modify brain networks that in turn enable the proper development of 

sensory circuits. Studies on critical period plasticity (CPP) in mammals have shown that along 

with sensory experiences, neuromodulators also play an important role in guiding the direction of 

plasticity during the critical period. However, the mechanisms by which CPP is affected by 

neuromodulators like serotonin (5-HT) is unclear. Here, we employ the genetically amenable 

primary olfactory processing center of the Drosophila melanogaster to study the role of 

serotonin in CPP. We used previously established odor exposure protocols to induce structural 

plasticity in the CO2 specific V-glomerulus to investigate the role of 5-HT in modulating the 

olfactory circuit during the critical period. We find that blocking the release of synaptic 5-HT in 

the antennal lobe prevents structural plasticity in the V-glomerulus following chronic 5% CO2 

exposure. We also identified serotonin receptors (5-HTRs) 5HT1B, 5-HT2B and 5-HT7 as 

required for CPP. Knocking down 5-HT2B in the CO2 specific olfactory sensory neurons (OSNs) 

was not sufficient to block CPP but knocking down this receptor in all OSNs was sufficient to 

block CPP. Also, knocking down NMDA receptor-2 (NMDAR-2) or NR2 receptors in the CO2 

specific OSNs was sufficient to impede critical period plasticity. We hypothesize that serotonin 

signaling in the OSNs might act through 5-HT2B to modulate NMDAR activity in the cognate 

glomerulus and influence structural plasticity as seen in in vitro studies in mammals. 

Furthermore, 5-HT7 receptor expression by a subset of GABAergic local interneurons (LNs) was 

also required for CPP. Our results are congruous with recent studies that showed the involvement 

of GABAergic inhibition in the Drosophila antennal lobe during the critical period. Taken 

together, our results indicate that serotonin modulates both the cognate sensory circuit through 

OSNs and the global inhibitory circuit through LNs to promote structural plasticity in the V 

glomerulus during the critical period. 
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Abstract: Viral gene delivery systems extend our ability to dissect genetic and molecular 

mechanisms that guide the development and function of nervous systems. In non-human 

primates (NHPs), the establishment of transgenic animals is time-consuming, labor-intensive, 

and costly, restricting the genetic tractability of neural circuitry in primates. Recent work with 

recombinant adeno-associated viruses (AAV) has shown examples of early, widespread 

introduction of transgenes across the brain, providing safe and long-term access to defined cell 

populations. In the present study we aimed to apply this work to NHPs by developing a 

minimally invasive nonsurgical technique for efficient AAV-mediated transduction of the fetal 

brain. Ultrasound visualization was used to deliver AAV vectors into the cerebroventricular 

system, allowing cell transduction at different developmental stages. After first establishing this 

method in rats, we now use this technique to routinely deliver AAV vectors to the nervous 

system of both rats and marmosets. This approach results in dense and ubiquitous transgene 

expression throughout the brain, particularly in the cerebral cortex, and additional structures 

within the central and peripheral nervous system. Restriction of gene expression can then be 

achieved through the postconception timing of the injections as well as use of cell-type specific 

promoters and enhancers. For instance, we recently implemented an intersectional strategy in 

marmosets, using AAV-based nestin-dependent expression of Cre recombinase, to selectively 

transduce cells born or in very early stages of differentiation within a certain time window. Co-

delivery of the nestin-Cre construct with Cre-dependent AAV vectors in the third trimester of 

pregnancy isolated late-born neurons in selected regions of the brain, such as the rostral and 

medial migratory streams. The widespread and rapid onset of transgene expression starting in the 

womb offers new experimental opportunities to study the establishment, maturation, and 

plasticity of anatomical and functional circuits most critical to human cognition. 
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Abstract: Understanding the developmental trajectory of functional activity of human brain 

organoids is highly relevant to their use as a tool to study neurological conditions as well as a 

substrate for transplantation-based neural repair. The ability of calcium imaging analysis to 

capture the activity and spatial location of a large number of neurons is highly valuable, 

especially given the rudimentary laminar architecture present in cortical organoids. In addition, 

this non-terminal approach enables longitudinal analysis of the same organoid samples. Here, the 

genetically encoded calcium indicator GCaMP8m and a custom-designed culture plate were used 

to perform longitudinal multiphoton imaging of forebrain organoids, offering increased spatial 

resolution of organoid neural activity without perturbing organoid growth in suspension. 

Organoids were grown from an induced pluripotent stem cell line derived from a healthy 

volunteer. At differentiation day (dd) 40, the organoids were sliced at a thickness of 500μm, with 

repeated slicing every 30 days. Viral transduction was performed on dd45 with AAV expressing 

GCaMP8m under a human synapsin promoter. Neural activity was assessed at two time points: 

dd120 and dd180 (n=7 organoids). Analysis of the videos was performed in MATLAB. Motion 

correction was performed using the FluoroSNNAP platform, region of interest (ROI) selection 

was performed using an adapted version of the EZCalcium toolbox, and custom scripts were 

created for further analysis. Calcium transient events were identified and the timing of the events 

was used to explore functional characteristics of the organoids and their evolution as they 

matured. As compared to dd120 organoids, timing measures such as a reduction in inter-transient 

interval and an increase in events per minute indicated elevated frequency of activity in the 

dd180 organoids. Further, measures of synchronicity and connectivity, such as the spike time 

tiling coefficient and Pearson’s correlation coefficient respectively, indicated the potential 

emergence of synchronous, non-homogenous neural populations in the maturing organoid. These 

results suggest that long-term brain organoids cultures undergo functional maturation, yielding 

more complex neural behavior as they develop. Taken together, these findings help create a 

foundation for understanding the developmental trajectory of neural activity in long-term 

organoid cultures. 
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Abstract: Precise neuronal connectivity underlying higher brain functions in mammals is 

established through activity-dependent circuit reorganization during postnatal development. We 

and others previously found that the NMDA-type glutamate receptors (NMDA receptors) play a 

crucial role in circuit refinement using gene knockout techniques (e.g. Iwasato et al., Neuron 

1997, Nature 2000; Mizuno et al., Neuron 2014). In the barrel cortex, layer 4 (L4) spiny stellate 

neurons expand their basal dendrites asymmetrically toward the barrel center, where termini of 

thalamocortical axons transmitting information from a single whisker form a cluster. Since these 

morphological features of barrel cortex L4 neuron dendrites are formed during neonatal stages in 

an activity-dependent manner, dendrite refinement of these neurons is an excellent model for 

developmental circuit refinement. Single-cell knockout of NR1, the essential NMDA receptor 

subunit, impairs dendrite asymmetry of L4 neurons in the mouse barrel cortex, suggesting cell-

autonomous functions of NMDA receptors in dendritic refinement (Mizuno et al., 2014). 

However, because there is no gene knockout system whose temporal control is sufficiently fast, 

roles of NMDA receptors in specific steps of dendritic refinement remain unexplored. To address 

this issue, we here used the auxin-inducible degron 2 (AID2) technology, which is a recently 

developed protein knockdown system (Yesbolatova et al., Nature Commun. 2020). With this 

system, 5-Ph-IAA administration induces depletion of a target protein fused with an mAID tag in 

the presence of the OsTIR1(F74G). By using EGFP-mAID reporter mice, we found that the 

AID2 enables to knock down the reporter protein efficiently and rapidly in the postnatal mouse 

brain. We then generated NR1-mAID knock-in mice and found that these mice die soon after 

birth if 5-Ph-IAA is administered via mother. This phenotype is similar to NR1 global knockout 



mice, suggesting that the synaptic NR1-mAID protein is an effective target of the AID2. 

Developmental stage-specific roles of NMDA receptors in dendrite refinement of barrel cortex 

L4 neurons revealed by using the AID2 will be discussed. 
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Abstract: The proper establishment of neuronal networks during development is critical to the 

correct functioning of the nervous system in adulthood. In the rodent hippocampus, during the 

first post-natal week, immature neuronal networks are characterized by spontaneous network 

activites (SNA) that synchronize large populations of neurons. It is believed that SNAs play a 

critical role in the neuronal network organization and function. In vitro, SNA are generated by 

internal hippocampal networks and particulary GABAergic interneurons. While GABAergic 

neuronal activity plays a critical role in SNA generation in vitro, recent evidence suggests that 

this may not be the case in-vivo. Indeed, in vivo, SNA called ‘early sharp waves’ (eSPWs), are 

triggered by spontaneous myoclonic contractions transmitted via the entorhinal cortex (Valeeva 

and al., 2019). How immature hippocampal neurons integrate eSPW information is still poorly 

understood. Here, combining extra-cellular electrophysiology with optogenetics in transgenic 

neonatal mice, we investigated how in-vivo neonatal SNA modulates the activity of on different 

classes of hippocampal neurons. We observed that the response of CA1 hippocampal neurons 

during eSPWs is heterogeneous: while 60% of neurons fire strongly at the onset of eSPWs, 5% 

fire moderately at the offset and 35% do not change their activity. The proportion of onset 

neurons decreases with age, leaving place to a majority (75%) of offset neurons in the end of the 

first post-natal week. However, it seems to be no difference between glutamatergic and 

GABAergic neurons (located above the pyramidal layer) activity during eSPWs. But we 

observed a majority (80% at postnatal day -P-4) of neurons that are located bellow the pyramidal 

cell layer are of the onset type, suggesting that they are strongly recruited during eSPWs. Given 

their anatomical location, these neurons are likely of the GABAergic type. We are currently 

investigating their putative GABAergic identity. The fact that a subclass of hippocampal neurons 



is strongly activated at the onset of eSPWs suggests that these neurons may play an important 

role in the establishment of hippocampal networks. 
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Abstract: The proper development of neural circuits is paramount for normal brain function. A 

long-standing hypothesis for the rule of neural connections is the Hebbian rule, which proposes 

that neurons that fire together wire together. However, there has been no direct evidence of this 

role, and its impact on brain function has remained elusive. In this study, we sought evidence for 

the Hebbian rule by artificially inducing synchronous firing during the developmental process of 

neural circuit formation in the mouse visual cortex, a region known for its structural-

physiological correlation between neural circuit designs and brain function. Using non-invasive 

transcranial optogenetic stimulation, we induced synchronous firing in ChR2-positive neurons 

during the critical developmental period. Subsequent investigations revealed a higher probability 

of connections between synchronously fired neurons compared to ChR2-negative neurons or 

control w/o-optostimulation groups. Two-photon calcium imaging of the orientation selectivity 

of stimulated neurons revealed that synchronously fired neurons exhibited similar orientation 

selectivity. Considering previous studies that neurons with similar orientation selectivity have a 

higher probability of connection, these results suggest that developmental synchronous firing 

influences the formation of synaptic connections and may play a role in shaping brain function. 
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Abstract: Cyclin-dependent kinase-like 5 (CDKL5) is a serine-threonine kinase enriched in the 

forebrain to regulate neuronal development and function. Patients with CDKL5 deficiency 

disorder (CDD), a severe neurodevelopmental disorder caused by mutations of CDKL5 gene, 

present early-onset epilepsy as the most prominent feature. However, spontaneous seizures have 

not been reported in neonates of CDD mouse models, raising vital questions on the human-

mouse discrepancy and the roles of CDKL5 in early postnatal brains. Here, we firstly measured 

electroencephalographic (EEG) activities via a wireless telemetry system coupled with video-

recording in neonatal mice. We found that mice lacking CDKL5 exhibited spontaneous epileptic 

EEG discharges, accompanied with increased burst activities and ictal behaviors, specifically at 

postnatal day 12 (P12). Intriguingly, those epileptic spikes disappeared after P14. We next 

performed an unbiased transcriptome profiling in the dorsal hippocampus and motor cortex of 

Cdkl5 null mice at different developmental timepoints, uncovering a set of age-dependent and 

brain region-specific alterations of gene expression in parallel with the transient display of 

epileptic activities. Finally, the gene expression alterations of multiple differentially expressed 

genes (DEGs) were validated at the transcript as well as the protein levels, supporting the 

relevance of these genes to CDKL5-regulated neuronal excitability. Our findings revealed early-

onset neuronal hyperexcitability in mouse model of CDD and identified novel molecular targets 

to tackle neonatal epilepsy, providing new insights into the etiology of CDD. 
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Abstract: Microtubule associated proteins (MAPs) are mostly expressed throughout the central 

nervous system and are involved in cell proliferation, myelination, neurite formation, axon 

specification, outgrowth, dendrite, and synapse formation. Here, we report 12 individuals from 

eight families harboring predicted pathogenic variants in NAV3 gene, encoding neuron navigator 

3 (NAV3) a microtubule positive tip protein known to be involved in organogenesis. All the 

affected individuals have intellectual disability (ID). However, some affected individuals also 

demonstrate other clinical features, including microcephaly, skeletal deformities, eye anomalies 

and behavioral problems. In silico analysis of human fetal RNA expression from public 

databases revealed NAV3 expressed throughout the nervous system, with more prominent 

expression in postmitotic, excitatory, inhibiting, and sensory neurons. When over-expressed, 

wild type and most of the ID-associated variants, except p.Trp332*, harboring NAV3 in COS7 

cells form dendrite like growths, typically required for axonal outgrowth. However, we also 

observed ID-variants harboring NAV3 proteins cause instability of microtubules in the presence 

of the microtubule inhibiting drug nocodazole. Finally, our nav3 zebrafish morphants based 

study show developmental abnormalities, behavioral deficits, and microcephaly. Specifically, 

midbrain and hindbrain regions show reduced outgrowth of neurons. Collectively, our data show 

involvement of NAV3 in early neurogenesis along with visionary and neuromuscular responses 

and identify it as a new ID-causing candidate gene in humans. 
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Abstract: Children with ADHD show poorer executive functions and motor skills compared to 

typically developing children. Interestingly, paired-pulse transcranial magnetic stimulation 

(TMS) measures of intracortical function, notably short intracortical inhibition (SICI), has been 

shown to be lower in children with ADHD, and related to symptom severity. However, it is yet 

unclear if this relationship extends to ADHD-related symptoms, including alterations in motor 

skills and executive function, in non-ADHD, typically developing children. Additionally, the 

physical determinants of TMS response in healthy children remain unknown. Thus, the goals of 

this study were to: 1) investigate the relationship between intracortical processes, executive 

functions, and motor dexterity in healthy children; and 2) assess the link between TMS measures 

and physical elements related to neuroanatomy (scalp-to-cortex distance (SCD), cortical 

thickness (CT), and apparent fiber density (AFD)). 21 healthy children aged 9-10 were recruited 

and underwent an extensive TMS protocol, including the main measures of intracortical function, 

and an MRI session consisting of an anatomical T1, and a diffusion sequences (64 directions). 

The Behaviour Rating Inventory of Executive Function (BRIEF) questionnaire was completed 

by parents and the Grooved Pegboard test was administered to assess dexterity. For the first aim, 

Spearman correlations and general linear models were performed, with BRIEF and Grooved 

Pegboard scores as outcome variables, and TMS measurements as predictors. Preliminary results 

show a significant correlation between intracortical facilitation (ICF; ISI 10ms) and the total 

number of pegs inserted with the dominant hand on the Grooved Pegboard (r = -0.58; p = 0.02), 

as well as between the baseline motor evoked potential (MEP) amplitude and the initiative 

subscale of the BRIEF (r = 0.53; p = 0.03). However, no significant regression models were 

observed between TMS measurements, executive function, and motor skills. For the second aim, 

the same statistical approach was used using this time TMS measurements as outcome variables 

and brain measurements as predictors. ICF 10 and 15ms significantly correlated with SCD 

(rICF10 = -0.58; rICF15= -0.69; pICF10 = 0.01; pICF15 = 0.0006). Models for both ICF 10 and 

15ms also came out as significant (pICF10 = 0.08; pICF15 = 0.03) with SCD being the main 

predictor (pICF10 = 0.03; pICF15 = 0.007). These results raise questions about the 

developmental gap in motor and executive functions between typically developing children and 



those with ADHD. They also show how SCD can influence the measurement of TMS derived 

metrics in children. 

Disclosures:  S. Remahi: None. M. Langlois: None. S. Cote: None. F. Rheault: None. M. 

Descoteaux: None. K. Whittingstall: None. J. Lepage: None. 

Poster 

PSTR003. ADHD, SLI, Dyslexia, and other Specific Disorders of Neurobehavior 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR003.04/B27 

Topic: A.07. Developmental Disorders 

Support: SuRE grant: 226141380A 

NIH SURE: Genetic dissection of dementia 

Title: Kekkon5 interacts with dopamine for inhibitory control 

Authors: *J. AGUIRRE, B. HERNANDEZ, P. SABANDAL, E. B. SALDES, K.-A. HAN;  

Col. of Sci., the Univ. of Texas at El Paso, El Paso, TX 

Abstract: Abnormal dopamine signaling is involved in neurodevelopmental disorders such as 

ADHD, autism spectrum disorder and substance use disorder. The underlying mechanism, 

however, remains largely unclear. To address this knowledge gap, we performed an unbiased 

genetic screen for the genes interacting with dopamine signaling for dysfunctional inhibitory 

control in Drosophila. One of the genes we found is Kekkon5 (kek5), the homolog of human 

LRFN1 (Leucine Rich Fibronectin 1). While the heterozygous kek5 or fumin (dopamine 

transporter mutant) flies display normal inhibitory control, the double heterozygous kek5/+; 

fmn/+ flies show dysfunctional inhibitory control. Kek5 codes for a synaptic adhesion molecule 

and is a negative regulator of the Bone Morphogenetic Protein signaling pathway. Kek5 is 

mainly expressed in the mushroom body αβ neurons. Thus, we hypothesize that Kek5 in the 

mushroom body αβ lobes interact with the presynaptic dopamine neurons for inhibitory control. 

We are currently testing this hypothesis. This study will advance the knowledge about the 

mechanism by which cell adhesion molecules play a role in inhibitory control. 
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Abstract: Cortical thickness is an index of neurodevelopment and presents a U-shaped trajectory 

from childhood to late adolescence. Studies suggest reduced cortical thickness in children born 

<37 weeks, but the associations between cortical thickness in late childhood (8-10 years) and 

cognitive abilities are not well understood. We examined differences in cortical thickness and 

their association to cognitive abilities in children with/without a history of premature birth, 

without medical problems. We used baseline data from the ABCD study. Data Release 4.0 

(October 2021), which included 11875 children (M=9.9 y, SD=0.62) from 21 sites nationwide 

(USA). Children without a medical diagnosis with gestation <37 weeks(premature) and full-term 

peers were included. We excluded children with missing data for prematurity, and/or cognitive 

ability and twins. The sample size was 10,235 (87.7% born full-term & 12.3% preterm). Cortical 

thickness measurements included 35 regions/hemisphere (Desikan-Killiany atlas). We conducted 

linear mixed-effects models for the association between cortical thickness and preterm birth 

status controlling for: Age, Sex, Race, Ethnicity, Puberty, Marital Status, Parental Education, 

Parental Substance Use and scanner/sites (21 sites). We used the NIH toolbox, for total cognitive 

ability, fluid cognition (real-time processes) and crystalized cognition (e.g. memory). Children 

born<37w., exhibit distinct patterns of regional cortical thickness that significantly differ (27 

brain regions) from those of the full-term peers. Children born<37 w presented increased cortical 

thickness in the left entorhinal cortex, left parahippocampal gyrus, left rostral anterior cingulate 

cortex, cuneus (left/right), lateral occipital (left/right), lateral orbitofrontal (left/right), medial 

orbitofrontal (left/right), peri calcarine (left/right), and right superior frontal gyrus. In contrast, 

children born<37 w presented more cortical thinning in the left inferior parietal lobule, caudal 

middle frontal gyrus (left/right), middle temporal gyrus (left/right), pars orbitalis (left/right), pars 

triangularis (left/right), rostral middle frontal gyrus(left/right), right transverse temporal gyrus, 

and right insula. Causal mediation analysis on the 27 brain regions demonstrated that the effect 

of preterm birth on cognitive abilities (Total Cognition & Crystallized Composite) is partially 

mediated by increased thickness in the left hippocampus (p=0.0008). Findings suggest that there 

is a difference in cortical thickness in regions related to memory and these differences may be 

related to cognitive abilities that rely on memory. 
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Abstract: Developmental dyslexia (DD) is a prevalent developmental condition characterized by 

difficulties in reading despite typical educational opportunity and cognitive ability. While the 

cause of dyslexia is debated, heavy emphasis has been placed on difficulties with phonological 

decoding, though not all DD diagnoses manifest in this way. DD can also be characterized by 

slow, laborious reading, reflected in timed reading fluency tasks. The neural underpinnings of 

untimed reading have been extensively investigated, but less is known about the neural correlates 

of reading fluency and how reading becomes fast and automatic. The cerebellum may contribute 

to automatizing cognitive abilities and is well-positioned to support rapid, fluent reading. Right-

lateralized posterolateral cerebellar regions are engaged during a range of reading and reading-

related tasks and are functionally connected to the cortical reading network, and cerebellar 

activation patterns have been associated with poor fluency metrics in DD children. To determine 

whether the right posterolateral cerebellum is a specific modulator of reading fluency, we 

examined the effect of transcranial direct current stimulation (tDCS) targeting the right 

posterolateral cerebellum (lobules VI/VII) on reading speed, reading accuracy, rapid naming, and 

general processing speed in a sample of young adults with typical reading development (n = 25, 

19.9 ± 2.0 yrs) and with a diagnosis of DD (n = 9 to date; 19.4 ± 2.3 yrs). Participants completed 

a battery of reading (accuracy, fluency), rapid naming, and processing speed measures after 20 

minutes of 2mA anodal (excitatory), cathodal (inhibitory), or sham (control) tDCS in a within-

subjects design. We predicted that right cerebellar tDCS would specifically impact reading 

fluency and rapid naming measures without affecting reading accuracy or general processing 

speed. In the readers with typical reading development, cathodal tDCS disrupted reading fluency 

(puncorrected = 0.02) without impacting reading accuracy, rapid naming, or general processing 

speed measures. In the DD group, preliminary results suggest cathodal cerebellar tDCS disrupted 

reading accuracy (puncorrected = 0.052) relative to sham tDCS, with no impact on other measures. 

Future analyses will also compare DD results directly to individuals with typical reading ability 

to determine if the cerebellum differentially contributes to reading in these populations. 
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Abstract: Perception of time seems to be associated with symptoms of ADHD. Research 

suggests that individuals diagnosed with ADHDmay experience a subjectively accelerated sense 

of time and reduced accuracy in estimation of the duration of events. Choosing a small 

immediate reward over a larger delayed reward is considered Impulsive choice, especially when 

the larger reward is objectively optimal in terms of potential long-term gains. The purpose of this 

study was to determine the effects of two behavioral interventions targeting temporal estimation 

on early-age rats, to reduce impulsive choice in adulthood. Twenty-four male and twenty-four 

female Wistar rats were divided into four groups. At early ages, the rats had free access to food 

but were deprived of water for 14 hours per day. Half of the subjects (n = 24) were exposed to a 

Differential Reinforcement of Low Rates (DRL10 s) schedule, and the rest to a Variable Interval 

(VI 10 s) schedule between postnatal days 25-40, with milk-formula as reinforcement. At 

postnatal day 90, the rats were exposed to a delay discounting task while being food-deprived 

and maintained at 85 % of their ad libitum weight. Forty-five-milligram pellets were delivered as 

reinforcement. A reduction in preference for the impulsive alternative was observed in the 

majority of the subjects. Additionally, differences between sexes and interventions were found. 

Preliminary results indicate that early behavioral interventions targeting temporal estimation may 

have an effect on impulsive choice in adulthood. These findings could contribute to developing 

interventions for individuals with ADHD diagnosis, as they tend to showcase more impulsive 

choices in intertemporal choice tasks due likely to difficulties in delaying gratification and 

making decisions that involve waiting for long-term rewards. 
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Title: Sensory-motor training improvement in reading performance and eye movement in 

children with dyslexia 

Authors: *J. A. BARELA1, C. SILVA2, P. R. JESUS2, M. T. B. DUMAS2, A. M. F. 

BARELA3, G. A. FIGUEIREDO2;  
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Abstract: Dyslexia is associated to deficient literacy, reading and writing, despite adequate 

intellectual ability and sufficient education provision. However, several studies have shown that 

besides phonological deficits, children with dyslexia also show poor motor coordination and 

postural control that might be related to the use of sensory cues to their actions accurately. A few 

studies have shown improvement in reading performance due to active video games and specific 

oculomotor training. Therefore, the goal of this study was to examine the effects of a sensory-

motor intervention in reading performance and eye movements of children with dyslexia. Ten 

dyslexic children (11.1± 2.2 years old) performed texts reading displayed in an IPad (12.9”) 

while wearing an eye-tracking system (ETG-SMI 2.0). Total reading time was computed by 

inspecting the eye coordinates and fixation and saccades were also obtained during reading. 

Afterwards, children were enrolled in a 2-month intervention motor activity program, composed 

of 50-min sessions with lomocotor, balance, and manipulative activities, twice a week. In the 

remaining days, children performed computer based oculomotor activities (visual rapid memory, 

motion detection, saccades to the right, and saccades to the next line), three times a week, lasting 

about 15-min. After the 2-month intervention, children performed the reading test again. Results 

showed that total reading time decreased after the intervention varying from 10 to 20%. Results 

also showed that fixation and saccades frequency decreased and fixation duration during reading 

increased after the intervention program. These results suggest that the combination of motor and 

eye movement training can improve reading performance in dyslexic children and that such 

improvement is related to eye movement changes during reading. 
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Title: Effects of fetal EtOH exposure in humans on biomarkers of affective dysregulation 

Authors: *M. E. SELZER1, N. DARBINIAN2, N. MERABOVA3, G. TATEVOSIAN3, M. F. 

MORRISON4, A. DARBINYAN6, H. ZHAO5, L. GOETZL7;  
1Neurology; Neural Sci., Lewis Katz Sch. of Med. At Temple Univ., Philadelphia, PA; 2Shriners 

Hosp. Pediatric Res. Ctr., Temple Univ., Philadelphia, PA; 3Med. Col. of Wisconsin-Prevea 

Hlth., Green Bay, WI; 4Psychiatry; Ctr. for Substance Abuse Res., 5Ctr. for Biostatistics and 

Epidemiology, Dept. of Biomed. Educ. and Data Sci., Lewis Katz Sch. of Medicine, Temple 

Univ., Philadelphia, PA; 6Pathology, Yale Univ. Sch. of Med., New Haven, CT; 7Obstetrics and 

Gynecology, Univ. of Texas, Houston, Houston, TX 

Abstract: Introduction: Children with fetal alcohol spectrum disorders (FASD) exhibit 

behavioral and affective dysregulation, including hyperactivity and depression. Activities in 

serotonergic (5-HT) and dopaminergic (DA) signal transmission regulate mood, so abnormal 

monoaminergic signaling might be present, even prenatally. Many women who use alcohol 

(EtOH) during pregnancy suffer from comorbid depression, and take selective serotonin reuptake 

inhibitors (SSRIs), which might influence these monoaminergic pathways in the fetus. 

Alternatively, monoaminergic pathway abnormalities might be a direct effect of EtOH on the 

fetal brain. To distinguish between these possibilities and determine whether monoaminergic 

pathway constituents might serve as markers for the affective dysregulation seen in FASD, we 

measured their expressions in fetal brains and in fetal-derived brain exosomes (FB-Es) isolated 

from the mothers’ blood. Methods: Fetal brain tissues and maternal blood were collected at 9-23 

weeks of pregnancy. EtOH groups were compared with unexposed controls matched for 

gestational age (GA). The expression of 84 genes associated with DA and 5-HT pathways were 

analyzed by qRT-PCR on microarrays. FB-Es also were assayed for serotonin transporter protein 

(SERT) and brain-derived neurotrophic factor (BDNF) by ELISA. Results: Six EtOH-exposed 

human fetal brain samples were compared to SSRI- or polydrug-exposed samples and to 

unexposed controls. EtOH exposure was associated with dysregulation of serotonin and DA 

signaling. DA receptors D3 and D4, and 5-HT receptor HTR2C were upregulated 4-fold, while 

HTR3A and HTR4 were downregulated. Monoamine oxidase A (MAOA), MAOB and caspase-3 

were upregulated 4-30-fold, while mitogen-activated protein kinase 1 (MAPK1) and the 

serine/threonine kinase AKT were downregulated 9-20-fold. ETOH was associated with 9-fold 

upregulation of the DA transporter gene, with reciprocal downregulation of SERT. There were 

significant correlations between EtOH exposure and a) caspase-3 activation, b) reduced SERT 

protein levels, and c) reduced BDNF levels. SSRI exposure independently increased caspase-3 

activity and downregulated SERT. Reduced SERT and BDNF levels were strongly correlated 

with reduction in eye diameter, a somatic manifestation of FASD. Conclusion: Maternal use of 

EtOH and SSRI during pregnancy each were associated with changes in fetal brain monoamine 

pathways that were consistent with potential mechanisms for the affective dysregulation 

associated with FASD. 
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Abstract: Previously, we reported that prenatal exposure to high cortisol induced attention 

deficit-hyperactivity disorder (ADHD)-like behaviors with cognitive deficits after weaning. In 

the present study, cellular mechanisms underlying cortisol-induced cognitive dysfunction were 

investigated using rat pups (Corti.Pups) born from rat mothers that were repetitively injected 

with corticosterone (s.c., 20 mg/kg /day, 21 days) during pregnancy. In results, Corti.Pups 

exhibited the failure of behavioral memory formation in the Morris water maze (MWM) test and 

the incomplete long-term potentiation (LTP) of hippocampal CA1 neurons. Additionally, 

glutamatergic excitatory postsynaptic currents (EPSCs) were remarkably suppressed in 

Corti.Pups compared to normal rat pups. Incomplete LTP and weaker EPSCs in Corti.Pups were 

attributed to the delayed postsynaptic development of CA1 neurons, showing a higher expression 

of NR2B subunits and lower expression of PSD-95 and BDNF. These results indicated that high 

cortisol might potently downregulate the BDNF-mediated signaling critical for the synaptic 

development of hippocampal CA1 neurons during brain development, and subsequently, induce 

learning and memory impairment. Our findings suggest a possibility that the prenatal 

dysregulation of cortisol triggers the epigenetic pathogenesis of neurodevelopmental psychiatric 

disorders, such as ADHD and autism. 
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Title: Resting-state functional connectivity is altered in young adults with convergence 

insufficiency compared to binocularly normal controls 
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Abstract: This study sought to investigate the underlying resting-state functional connectivity 

(RSFC) in Convergence Insufficiency (CI) patients compared to binocularly normal controls 

(BNC) using functional Magnetic Resonance Imaging (fMRI) under The Convergence 

Insufficiency Neuro-mechanism Adult Population Study. A total of 101 participants were 

eligible for this study. After removing datasets with motion artifacts, 49 CI and 47 BNC resting-

state fMRI datasets were analyzed. CI was diagnosed with the following signs: 1) receded near 

point of convergence (NPC) of greater than 6 cm, 2) reduced positive fusional vergence of less 

than 15∆ or failing Sheard’s criteria of twice the near phoria, and 3) near phoria of at least 4∆ 

more exophoric compared to distance phoria and symptoms using the Convergence Insufficiency 

Symptom Survey (CISS) of greater than 21 points. RSFC was assessed using a group-level 

Independent Components Analysis (ICA) and Dual Regression. A behavioral correlation analysis 

was assessed using clinical measures and RSFC for both CI and BNC datasets. Results showed 

decreased RSFC within the Frontoparietal Network (FPN), Default Mode Network (DMN) and 

Visual Network (VN) in CI patients, compared to the BNC participants. The DMN RSFC 

strength was significantly correlated with the Positive Fusional Vergence (PFV), Near Point of 

Convergence (NPC), and the differences between the horizontal phoria at near compared to far 

(Diff-Phoria), but not to CISS. This study supports altered RSFC in CI patients compared to 

BNC participants and suggest these differences in underlying neurophysiology may in part lead 

to the differences in optometric visual function used to diagnose CI. 
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Abstract: Dyslexia is a reading disability that affects children across language orthographies, 

despite adequate intelligence and educational opportunity. If learning disabilities remain 

untreated, a child may experience long-term social and emotional problems, which may 

influence future success in all aspects of their lives. Early detection and intervention will help to 

close the gap between typically developing and reading impaired children in acquiring reading 

skills. We have demonstrated that animal models of dyslexia, genetic models based on candidate 

dyslexia susceptibility genes, and children with specific reading impairment show a common 

deficit on a virtual Hebb-Williams maze task. Since virtual maze task does not require oral 

reporting (rapid access to phonological processing) or rely on text, performance is not influenced 

by a potential difference in reading experience between groups. Although the correlation 

between dyslexia and the performance in the virtual Hebb-Williams maze task has been 

demonstrated, classification of atypical participants (i.e., dyslexic participants) through real-time 

observation of their performance on the virtual Hebb-Williams maze task is not feasible at this 

time. A computational model that can predict reading ability based on maze learning 

performance, would enable real-time feedback of the performance in the form of at-risk 

percentages for reading. Reading data and maze learning outcomes were analyzed from 227 

school-aged children (8-14 years of age). Applying multiple variables (e.g. biological sex, age, 

time to complete the task, and deviation from the true path) into machine-learning based 

computational models resulted in prediction accuracy above 80%. Successful development of 

this predictive model would allow for early detection of risk for reading impairment, which can 

lead to early interventions to close the gap between typically developing and reading impaired 

children in acquiring reading skills. 
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Abstract: Attention deficit hyperactivity disorder (ADHD) is a neurodevelopmental disorder 

with the core symptoms of hyperactivity, impulsivity, and inattention that tend to present 

differently in males and females. While males are more likely to present hyperactive and 

impulsive symptoms, inattention and stress-related comorbidities are more common in female 

patients. There is generally a higher prevalence of stress-related psychopathologies in females. 

Patients with post-traumatic stress disorder (PTSD) are four times more likely to develop 

ADHD, and stress has been shown to exacerbate ADHD symptoms. To identify a potential 

neurobiological basis for this relationship between stress, sex, and behavior, we first developed a 

dual-hit mouse model of early-life variable stress (ELVS) in C57bl/6J mice, administered during 

the postnatal period and late adolescence. Following ELVS exposure or daily handling (control), 

mice were evaluated for anxiety, attention, hyperactivity, and impulsivity. Preliminary data 

indicate that relative to control mice, female ELVS mice display hyperactivity and disrupted 

short-term memory, while there were no changes seen for these behaviors in male ELVS mice. 

Both male and female ELVS mice demonstrated reduced anxiety relative to control mice. Then, 

because neurons in the noradrenergic locus coeruleus (LC) are implicated in attention, arousal, 

and ADHD or related disorders, the electrophysiological properties of LC neurons were 

evaluated in male and female mice of both groups using whole-cell current-clamp 

electrophysiology. Female ELVS mice exhibited decreased spontaneous and evoked LC 

excitability in comparison to controls, while ELVS males displayed an opposing increase. These 

changes in excitability were decreased when steady state current injection was adjusted to 

maintain the membrane potential at -60 mV. Further analysis of the action potential maximum 

afterhyperpolarization (mAHP) amplitudes were also significantly increased in female ELVS 

mice compared to controls. Future studies will target this pathway to determine specific cellular 

mechanisms and subsets of cells that may be responsible for driving sex-specific behavioral 

changes. Using this novel animal model, we have identified sexual dimorphic changes in 

behavior that are paralleled by basal changes in LC neuronal activity. These results suggest that 

sexual dimorphism of the LC and its response to stress may lead to sex differences at the 

behavioral level. This indicates that sex and stress should be considered biological variables in 

specific drug treatments, particularly in ADHD and related disorders. 
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Abstract: AKT/PKB signaling plays a critical role in regulating cellular functions and is 

involved in neural development. However, the specific roles and molecular mechanisms of Akt 

signaling in the cerebellar development remain to be determined. Pancreas specific 

transcriptional factor 1a (PTF1A) is a transcription factor that is essential for driving neural 

precursors to differentiate into GABAergic neurons in the developing cerebellum. In this study, 

we identified that PTF1A is a new enzymatic substrate of AKT in developing cerebellum. AKT 

binds to PTF1A and phosphorylates it at Serine 154. Phosphorylation of PTF1A by AKT 

enhances its transcriptional activity toward Lhx1 and Lhx5 those are responsible for the 

generation of GABAergic neurons. Moreover, PTF1A phosphorylation by AKT copes it from 

ubiquitin-proteasomal system (UPS)-dependent degradation, reducing its interaction with 

FBXW7, rather caged in nucleus. Thus, our findings suggest that Akt signaling activates a bHLH 

transcription factor, PTF1A via phosphorylation, leading to induction of GABAergic neurons 

during cerebellar development. 
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Abstract: Premature births affect approximately 15 million infants worldwide each year. Among 

preterm infants born before 30 gestational weeks (GW), a significant portion (20-40%) develop 

germinal matrix hemorrhage (GMH), which leads to devastating neurodevelopmental sequelae 

with enormous socio-economic burdens. Despite its clinical significance, the underlying factors 



contributing to the region-specific vulnerability of the germinal matrix remain unclear. The 

germinal matrix, also known as ganglionic eminences (GEs), of the prenatal human brain is 

known to harbor abundant neural stem and progenitor cells responsible for the development of 

GABAergic interneurons. Furthermore, this region exhibits robust angiogenesis driven by 

diverse endothelial and mural cells. Despite the immense interest in this area, there is a 

fundamental gap in our understanding of how immune cells regulate blood vessel formation and 

disruption in the GEs. The objective of this study is to investigate the role of the brain's innate 

immune cells in the regulation of angiogenesis and the susceptibility of blood vessels in the GEs 

to hemorrhage. We show that IBA1+ immune cells exhibit age-dependent interactions with 

nascent vasculature and are required for angiogenesis in GEs, but not cortical plates. Using 

single-cell transcriptomics and high dimensional flow cytometry, we identify distinct subsets of 

CD45+ immune cells that employ diverse signaling mechanisms to promote the formation of 

vascular networks in GEs in the prenatal human brain. Similar transcriptomic profiling of CD45+ 

cells from preterm infants with germinal matrix hemorrhage show that activated neutrophils and 

monocytes utilize a combination of bactericidal factors and chemokine CXCL16 to disrupt 

vascular integrity and promote hemorrhage in GEs. These results underscore the critical roles of 

the brain's innate immune cells in region-specific angiogenesis and how proinflammatory factors 

from these immune cells perturb this process, leading to GMH in preterm infants. 

Disclosures:  J. Chen: None. J. Choi: None. E. Crouch: None. E.J. Huang: None. 

Poster 

PSTR004. Molecular Mechanisms of Neurodevelopmental Disorders I 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR004.03/B39 

Topic: A.07. Developmental Disorders 

Support: NSFC 81871079 

Title: G3bp1/2 variants are associated with neurodevelopmental disorders and impair stress 

granule dynamics 

Authors: *B. DU1, X. JIA2, S. TAN3, H. GUO4, K. XIA5;  
1Central South Univ., Chang Sha, China; 2Central South Univ., Changsha, China; 3Central South 

Univ., hunan, China; 4central south university, hunan, China; 5central south university, changsha, 

China 

Abstract: Stress granules (SGs) are membrane-less compartments in eukaryotic cells that are 

dynamically induced by environmental stresses. G3BP1 and G3BP2 have the highest centrality 

within the core SG network and play a crucial role in SG assembly. However, their roles in 

neurodevelopment and neurodevelopmental disorders (NDDs) risk are not clear. By leveraging 

data from 40,853 individuals with NDDs, we found a nominally significant burden of de novo 

variants compared to random occurrence. Through GeneMatcher, we recruited five additional 



NDD individuals with de novo missense variants in G3BP1 or G3BP2. By generating G3BP1 or 

G3BP2 knockout cells and fluorescence recovery after photobleaching method, we found 

disorder-related de novo missense variants in G3BP1/2 significantly suppressed the liquid-liquid 

phase separation and SG formation. Our findings implicate G3BP1 and G3BP2 are new NDD 

risk genes and suggest the SG pathology in NDDs. We are now generating G3BP1 and G3BP2 

knock-in mouse to further investigate the underlying mechanisms. 
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Abstract: The pericentriolar material 1 protein (PCM1) is a component of the centriolar 

satellites and regulates the biogenesis and function of the centrosome and cilium in the nervous 

system. In response to paracrine signaling, firing patterns in neurons are modified to 

accommodate changes in the cellular distribution of centriolar satellite proteins at the 

centrosome. Here, we demonstrate that unique PCM1 spliced isoforms are translated in specific 

cell lines and brain regions and that these protein isoforms are localized to discrete cellular 

compartments in neurons. Using mass spectrometry, we identified new protein networks that are 

complexed together with either the long or short PCM1 spliced isoforms. We also show how a 

long and a short isoform can coordinate post-translational modifications in tubulin in vitro and 

during the development of the brain. Electron tomography of synaptic terminals in the adult 

hippocampus highlight how PCM1 isoform products can modify the size and density of synaptic 

vesicles. Taken together, our data characterize a new role for centriolar satellite protein isoforms 

in the modification of tubulin and ciliogenesis. 
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Abstract: Retinoic acid-induced 1 (RAI1) haploinsufficiency causes Smith-Magenis syndrome 

(SMS), a genetic disorder with symptoms including hyperphagia, hyperlipidemia, severe obesity, 

and autism phenotypes. Rai1 is a transcriptional regulator with a pan-neural expression pattern 

and hundreds of downstream targets. The mechanisms linking neural Rai1 to body weight 

regulation remain unclear. Here we find that hypothalamic brain-derived neurotrophic factor 

(Bdnf)-TrkB signalling is disrupted in SMS (Rai1+/-) mice. Selective Rai1 loss from all Bdnf-

producing cells or from Bdnf-producing neurons in the paraventricular nucleus of the 

hypothalamus (PVH) induced obesity in mice. Electrophysiological recordings revealed that 

Rai1 ablation increased inhibitory synaptic transmission to PVHBdnf neurons and decreased 

intrinsic neuronal excitability. Chronic treatment of SMS mice with a partial agonist of 

tropomyosin receptor kinase B (TrkB), the cognate Bdnf receptor, delayed obesity onset. This 

treatment also partially rescued disrupted lipid profiles, insulin intolerance, and stereotypical 

repetitive behaviour in SMS mice. These data argue that Rai1 regulates body weight and 

metabolic function through hypothalamic Bdnf-producing neurons and that targeting TrkB 

signalling might improve associated SMS phenotypes. 
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Abstract: The spatiotemporal patterning of transcription factor expression has a well-

appreciated role in the fate and function of many cell types. In the brain, hippocampal area CA2 

is enriched with the Mineralocorticoid Receptor (MR; Nr3c2), a ligand-inducible transcription 

factor labile to stimulation by the stress hormone corticosterone. Recently, we discovered that 

MR is required for the acquisition and maintenance of the molecular, physiological, and 

behavioral features of CA2 by investigating embryonic and postnatal MR knockout mice. One 

curious contrast between these models was a disruption of hippocampal afferents from the 

supramammilary nucleus (SuM) in the embryonic, but not postnatal, model of MR loss. This 

result is suggestive of a specific role for MRs in establishing hippocampal neural connectivity 

during embryonic development. To test this assertion, we used a pharmacological model to 

perturb MR activity in utero. We implanted subcutaneous slow-release pellets containing the MR 

antagonist Spironolactone in dams during mid-gestation. In resulting litters, CA2 connectivity, 

CA2 molecular marker expression, and CA2-dependent behaviors were examined at adult ages. 

We assessed CA2 efferents to dorsal CA1 using a linear region-of-interest (ROI) through CA1 

from alveus to stratum lacunosum-moleculare to capture signal intensity of fluorescently-labeled 

CA2 axons across CA1 layers in coronal sections. We found a significant main effect of 

treatment on fluorescence intensity across CA1 layers (p<0.01) that was due to Spironolactone 

treated animals having decreased fluorescence signal in CA1 stratum oriens, where CA2 axons 

preferentially project, relative to control animals. We assessed hippocampal afferents from SuM 

using immunohistochemical detection of the vesicular glutamate transporter 2 (vGluT2), which 

is expressed on SuM terminals. We found that vGluT2 fluorescent signal was significantly 

decreased in both CA2 (p<0.01) and dentate gyrus (p<0.001) in Spironolactone-treated animals. 

In contrast, we detected no significant effect of treatment on somatic stain for CA2 protein 

markers, suggesting that prenatal MR perturbation does not have lasting effects on CA2’s 

distinct gene expression. Behaviorally, we found that Spironolactone-treated animals exhibited 

increased reactivity to novel objects (p<0.05), also in accordance with embryonic knockout of 

MR. However, we found no difference in preference for social novelty between the treatment 

groups. These findings suggest that developmental impairment in MR signaling, potentially 

mediated by maternal stress in early life, may have persistent effects on circuitry and behavior. 
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Abstract: Prenatal and perinatal hypoxic injury affects over a million births annually, eventually 

leading to neurodevelopmental disability in one-third of those children. Yet, we lack targeted 

interventions for improving outcomes. A limitation toward developing therapeutics is that we 

lack understanding of the multifaceted, cell type-specific molecular consequences of this 

transient insult on the developing brain. To address this gap, we performed joint single nucleus 

RNA-sequencing and assay for transposase-accessible chromatin sequencing from the cortex of 

mice immediately after prenatal hypoxia exposure (8 hours of 5% inspired oxygen at embryonic 

day 17.5). This animal model phenocopies mild hypoxic injury seen in neonatal children. Over 

140,000 nuclei were sequenced from 16 total samples evenly divided between normoxia and 

hypoxia as well as males and females. We identified clusters of known neuronal and glial cell 

populations. Prenatal hypoxia led to a slight increase in endothelial cells but no further changes 

in cell number for other cell types. Genes that were dysregulated by hypoxia in all cell types 

were enriched for pathways related to metabolism and RNA splicing and processing. RNA 

splicing-related gene dysregulation was associated with global disruption of RNA velocity, the 

single cell ratio of unspliced to spliced transcripts. Furthermore, we found several cell type-

specific disruptions in gene expression and regions of chromatin organization after prenatal 

hypoxia. Most remarkably, we discovered that hypoxic glutamatergic neurons had a selective 

disassociation between global chromatin organization and gene expression. Glutamatergic 

neurons, which develop synapses postnatally, also demonstrated dysregulation of genes 

associated with neuron structure and function after prenatal hypoxia. To test whether these 

changes in the fetal brain suggested which cells and pathways may be disrupted by hypoxia in 

mature neurons, we used Golgi staining and whole-cell patch-clamp electrophysiology in 

juvenile mice to examine their structure and function. We found that glutamatergic neurons had 

decreased dendritic spine density and disruptions in excitability and one month after the hypoxic 

insult. Many of the potassium channels associated with hyperpolarization were not expressed in 

fetal glutamatergic neurons at baseline, but about 80% of these genes had abnormalities in 

nearby chromatin accessibility after prenatal hypoxia. Together, these findings suggest that 

prenatal hypoxia disrupts the organization of chromatin and the transcriptome in glutamatergic 

neurons, leading to persistent disruption of neuronal maturation and structure. 
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Abstract: The wiring of the adult nervous system underlies its correct function. Its precise 

connectivity is shaped during early and postnatal developmental. Collectively known as 

developmental neuronal remodeling, these postnatal processes include neurite pruning often 

followed by regrowth as a conserved strategy to refine neural circuits in both vertebrates and 

invertebrates. Impairments in neuronal remodeling were implicated for a long time in a wide 

variety of neuropsychiatric disorders such as Autism Spectrum Disorder and Schizophrenia 

(SCZ). However, the mechanisms by which remodeling leads to neuropsychiatric disorders are 

still mostly unclear. Specifically, we aim to address this gap by understanding the link between 

impairments in neuronal remodeling to SCZ. SCZ is a neuropsychiatric disorder that affects ~1% 

of the population worldwide, and yet its causes (genetic, developmental, environmental), 

mechanism of action, and treatments mechanisms are not well understood. SCZ patients 

experience positive symptoms that refer to delusions and hallucinations (i.e. additive 

experiences, hence the term positive symptoms) along with negative symptoms such as 

anhedonia and more (i.e. lack of normal functions). It is known from MRI studies that SCZ 

patients experience loss of grey and white matter already at the onset of the disease compared to 

healthy subjects. This was hypothesized by I. Feinberg 1982, to occur by over-pruning occurring 

during developmental neuronal remodeling. We aim to find a link between common Single 

Nucleotide Polymorphism (SNP) among SCZ patients and neuronal remodeling during 

development. Using the stereotypic remodeling of the Drosophila mushroom body (MB), 

required for learning and memory mostly of olfactory stimuli, I screened 39 fly genes which are 

orthologues of genes containing SNPs in SCZ GWAS studies. Using RNAi to knockdown each 

of these genes within the MB- γ neurons I found that 11 genes-knockdown result in abnormal 

MB phenotype. At this point I am further exploring these candidates. 
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Abstract: Genetic variants in the TANC2 gene are associated with a range of 

neurodevelopmental disorders including autism spectrum disorder, intellectual disability, and 

developmental delays. In addition, variants in TANC2 have been associated with Lennox-

Gastaut Syndrome, a severe form of epilepsy with childhood onset that is often accompanied by 

treatment resistant epilepsy. Despite the known clinical implications of TANC2 variants, its 

mechanistic role in the brain in health and disease remains unclear. In rodents, TANC2 is highly 

expressed throughout the brain during development and TANC2 deficiencies are embryonically 

lethal. Previous studies have also linked TANC2 to a variety of roles ranging from synaptic 

scaffolding at dendritic spines to inhibiting mTOR signaling. To further explore the role of 

TANC2 in neuronal cell signaling and brain development, we developed in vitro CRISPR/Cas9 

knockout models of TANC2 deficiency and a TANC2 overexpression cell line by transfection 

into neuron-like mouse Neuro-2a and human SK-N-SH cells, with and without differentiation by 

retinoic acid. We hypothesized that overexpression of TANC2 would inhibit mTOR pathway 

signaling and that knocking out TANC2 would result in mTOR pathway hyperactivation. We 

observed no changes in mTOR pathway signaling after TANC2 KO, as measured by Western 

blot of PS6 (Ser240/244) and P4E-BP1 (Thr37/46). In addition, there was also no effect on 

dendrite outgrowth or soma size (both hallmarks of mTOR pathway hyperactivation). Lastly, 

overexpressing TANC2 in N2a cells did not result in mTOR pathway inhibition. Based on these 

findings, TANC2 does not play a regulatory role in mTOR signaling but may play a role in 

alternative cell signaling cascades that modulate developmental processes in the brain. Further 

work is necessary to elucidate the mechanistic role of TANC2 and how its genetic variants play a 

role in neurodevelopmental disorders. 
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reticulum stress mediated apoptosis under hyperglycemic conditions 
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Abstract: Background: Binding of Immunoglobulin heavy chain protein (BIP) is a major 

endoplasmic reticulum (ER) chaperone facilitating the assembly of newly synthesized proteins in 

the ER. Microglial cells vigorously respond to brain injuries and eliminate the damaged neuronal 

and apoptotic cells through phagocytosis in the central nervous system. However, 

hyperglycemia's mechanism of BIP-mediated microglial cell function is unclear. We explored 

the molecular mechanism of BIP in microglial function during hyperglycemia conditions. 

Methods: Hyperglycemia was induced in C57BL/6J mice by two consecutive intraperitoneal 

injections of streptozotocin (STZ 100/kg) and confirmed by measuring the blood glucose from 

day 2 to day 14. After 14 days of experimental condition, mice were sacrificed, brains were 

collected, and tissue lysate was prepared for ER chaperone studies. In-vitro hyperglycemia was 

induced by exposing HMC3 cells to 25mM glucose for 5 days and proteins involved in ER 

stress, apoptosis, and autophagy were analyzed. 

Results: In hyperglycemic conditions, the major ER chaperone BIP protein expression was 

dramatically reduced in HMC3 cells, which led to increased apoptosis through the activation of 

CHOP and mitochondrial pro-apoptotic proteins (Bax, Bad, cleaved caspase-3). The flow 

cytometry results also indicate hyperglycemia-induced apoptosis and reactive oxygen species 

(ROS) production. Interestingly, the BIP inducer X restored the apoptosis in microglia through 

the de-repression of BIP and inhibition of ER stress. These results suggest that the ER chaperone 

BIP is required for the microglial function and protects from apoptosis in hyperglycemia. A 

better understanding of the molecular mechanisms and the role of BIP in microglia function may 

contribute to developing novel therapies for microglia dysfunction-associated neurodegenerative 

diseases. 
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Abstract: The Vacuolar Protein Sorting 13 Homolog B (VPS13B) is a large transmembrane 

protein that is associated with Cohen syndrome (CS), a neurodevelopmental disorder. However, 

its precise function and cellular pathogenic mechanism are not fully understood. In this study, we 

found that the loss of VPS13B resulted in abnormalities in both mitochondrial morphology and 

function. Our analysis using electron microscopy and immunostaining revealed that VPS13B KO 

cells have enlarged mitochondria, which results in impaired membrane potential, and dynamics 

of mitochondria, compared to WT. Interestingly, our transcriptomic analysis showed that 

mitochondria associated genes are dysregulated. Indeed, mRNA expression levels of DCN 

(Decorin), a mitophagy associated proteoglycan, and Mfn2(mitofusin2), a key player in 

mitochondria fusion, were significantly reduced in VPS13B KO cells. Moreover, mitochondrial 

proteins such as TIM23, ubiquitinated parkin or PINK1 accumulated in VPS13B KO cells. 

Mitophagy flux was also impaired, leading to accumulation of damaged mitochondria in 

VPS13B KO cells. More intriguingly, CS iPSC(induced pluripotent stem cell)-derived neurons 

have larger mitochondria, a reduced mitochondria membrane potential, an accumulation of 

PINK1 protein, and reduced Drp1 protein level compared to control neurons. Taken together, we 

provide novel roles of VPS13B on regulation of mitochondria and a new pathogenic mechanism 

of CS associated with mitochondrial dysfunction. 
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Abstract: Malformations of cortical development (MCD) are a common cause of medically 

refractory epilepsy. The most common type of drug-resistant epilepsy in children results from 

focal cortical dysplasia (FCD type 2; FCD2), a type of MCD. FCD2 is most commonly caused 

by variants in genes that encode proteins forming the GATOR1 complex (NPRL3, DEPDC5, and 



NPRL2)- a negative regulator of the mTOR pathway. FCD2 phenotypes such as abnormal 

neuron morphology and cortical dysplasia are linked to mTOR hyperactivation. While NPRL3 

and DEPDC5 variants are well defined, NPRL2 variants are emerging as another frequent cause 

of FCD2. We hypothesize that Nprl2 KO will result in mTOR-dependent alterations in neuronal 

morphology in vitro and cortical dyslamination in vivo. An Nprl2 KO line was generated by 

targeting exon 5 of Nprl2 via CRISPR/Cas9 in mouse Neuro2a cells (N2aC). N2aC WT, 

scramble control (SC), and KO cells were treated with mTOR inhibitors (rapamycin and torin1) 

or treated with amino acid-free media to assess phosphorylated ribosomal S6 levels or 

LAMP2/mTORC1 co-localization. Cell lines were treated with vehicle or mTOR inhibitors and 

visualized via immunofluorescence staining with F-actin to measure soma size. Time-lapse 

imaging was used to capture aggregation patterns in each cell line with or without mTOR 

inhibitors. Cell size and process outgrowth was assayed via F-actin or MAP2 probing and 

spinning disk confocal microscopy. CD1 mouse embryos underwent in utero electroporation 

(IUE) using Nprl2 CRISPR/Cas9 or scramble plasmids at E14. Dams were injected with 

rapamycin 24 hrs after surgery. At P3, brains were dissected from IUE pups and processed by 

immunohistochemistry using primary antibodies recognizing GFP, SATB2 (layer II/III), and 

CTIP2 (layer IV-VI) and then secondary antibodies. Brain sections were imaged on a Keyence 

microscope and analyzed by binning images into cortical layers I,-III, IV-VI, and white matter 

zones. Nprl2 KO resulted in mTOR-dependent increases in pS6. KO cells also showed mTOR-

dependent increases in soma size and process outgrowth vs. WT cells. Additionally, KO cells 

showed inappropriate localization of mTORC1 to the lysosome during amino acid starvation and 

formed abnormal aggregates compared to control cells. Further, there were a greater number of 

cells in each aggregate in the KO cell line. Nprl2 IUE mice displayed GFP-positive heterotopic 

neurons in the sub-cortical white matter while Scram IUE neurons displayed GFP+ cells only in 

layer II and III. Nprl2 KO results in mTOR hyperactivation, altered morphology, inappropriate 

localization of mTORC1 to the lysosome, and cortical dyslamination which is consistent with 

FCD phenotypes. 
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Abstract: DNM1L, a gene encoding the Drp1 protein involved in mitochondria and peroxisomes 

division, has been associated with a spectrum of clinical symptoms ranging from mild optic 

atrophy to severe epileptic encephalopathy. However, the functional implications of different 

DNM1L mutations, particularly in the symptom-related neurological context, remain poorly 

understood. In this study, we employed neuronal models to investigate the effects of DNM1L 

mutations associated with varying clinical severities. We introduced vectors containing each 

DNM1L mutation into developing mouse brains via in-utero electroporation. Overexpression of 

mutations associated with mild symptoms resulted in postnatal migration defects, while 

mutations associated with severe symptoms caused reductions in cell number, axon branching, 

and dysgenesis of the corpus callosum. Notably, the phenotypic differences were not attributed 

to abnormalities in prenatal apoptosis or proliferation, but rather emerged during the early 

postnatal stage, suggesting a distinct stage-specific mechanism for severe symptom-related 

variants. Furthermore, using DNM1L Tet-Off human neural progenitor cell lines with the 

knockout of the endogenous allele, we characterized the differential impact of mutations on 

organelle dynamics. Our findings provide valuable insights into the symptom-related functional 

consequences of DNM1L mutations and their clinical implications in neurodevelopmental 

disorders. 
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Abstract: The function of the immune complement (C) pathway embodies neuroimmune 

adaptations, playing a pivotal role in synaptic plasticity. In fact, disruptions in the C pathway 

have been linked to devastating brain diseases exhibiting pathological synaptic loss, such as 

schizophrenia (SCZ) and Alzheimer’s disease. Our group previously demonstrated that 

increasing the levels of the SCZ risk gene, complement component 4 (C4) – a member of the 

immune complement cascade – leads to hypoconnectivity of developing cortical neurons. A 



long-standing dogma in the neuro-immune field is that cells in the brain can release complement 

proteins into the extracellular space, where they modify the connectivity of neurons through the 

activity of the complement receptor 3 (CR3) and the recruitment of microglia. However, our 

preliminary data show that overexpression of C4 (C4-OE) via in utero electroporation (IUE) in 

transgenic mice lacking the CR3 leads to a decrease in the density of postsynaptic dendritic 

spines of layer (L) 2/3 PFC pyramidal neurons compared to controls, suggesting that C4 acts 

through an independent, non-canonical mechanism. Using co-immunoprecipitation in HEK293T 

cells, we show that C4 interacts with Sorting Nexin 27 (SNX27), an endosomal protein. 

Importantly, IUE of both C4 and SNX27 leads to an increase in the density of dendritic spines 

and rescue of the miniature excitatory postsynaptic current frequency of L2/3 PFC neurons, 

undistinguishable from that of controls, indicating that increased levels of SNX27 could rescue 

C4-induced hypoconnectivity. Using STED super-resolution microscopy in brain slices, we 

demonstrate that C4-OE leads to a reduced amount of AMPA receptor subunit GluR1 in Rab11a-

positive recycling endosomes while increasing the amount of subunit in the Lamp1-positive 

lysosomes in dendritic spines in L1 apical tufts, a circuit implicated in controlling states of 

consciousness, attention, and learning. We also demonstrate that C4 is colocalized with SNX27 

nanoclusters in dendritic spines, suggesting that this immune molecule is associated with the 

intracellular endosomal machinery. Overall, we show that in the dendritic spines of PFC neurons, 

C4 disrupts the function of SNX27, which leads to dysregulation of the endosomal machinery, 

increased degradation of GluR1, and decreased connectivity. Our new model provides one of the 

first pieces of evidence of neuron-autonomous mechanisms of complement-dependent synaptic 

weakening and suggests that synaptic engulfment by microglia might be a consequence of 

neuronal synaptic plasticity.  
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Abstract: Autism spectrum disorder (ASD) is characterized by impairments in social 

communication and social interactions as well as the presence of restrictive and repetitive 

behaviors. Chromatin and transcriptional regulators are among the class of genes most 

commonly mutated in ASD. Absent, Small, Or Homeotic-Like (ASH1L) is a major genetic risk 

factor for ASD, and it encodes for a histone methyltransferase that deposits two methyl groups 

on lysine 36 on histone H3 (H3K36me2). Previous work from our lab suggests that ASH1L 

modulates molecular mechanisms governing neuronal morphogenesis. However, the molecular 

signatures that are regulated by ASH1L in human neuronal development are unknown. Here, we 

generated disease variants in ASH1L that are associated with a range of phenotypes including 

ASD, seizures and with variable degrees of intellectual disability (ID). We used genome editing 

to generate nonsense pathogenic mutations in the chromatin binding domain (R2426*) and the 

catalytic domain (E2143*) of ASH1L in human induced pluripotent stem cells (iPSCs) from a 

neurotypical male individual. Through bulk RNA-sequencing (RNA-seq) of iPSC-derived 

cortical excitatory neurons containing the ASH1L mutations, we observed widespread 

dysregulation of multiple gene expression programs. In addition to changes in gene expression, 

we also observed extensive differential isoform usage and alternative splicing changes in the 

ASH1L mutants. Lastly, we performed chromatin immunoprecipitation approaches followed by 

sequencing or CUT&TAG to determine how levels and positioning of specific histone 

modifications are altered in the ASH1L mutant iPSC-derived neurons. Integration of the 

transcriptomic and epigenomic datasets in this study will allow us to uncover the molecular 

underpinnings associated with ASH1L dysfunction in human neurons. 
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Abstract: Copy number variations (CNVs) at the chromosomal region 16p11.2 are associated 

with autism spectrum disorder, intellectual disability and other neurodevelopmental disorders 

(NDDs). Converging evidence from mouse models and human studies points to MAPK3, a gene 

located in the 16p11.2 region, as a key factor for NDD. MAPK3 encodes for ERK1, a protein 

kinase of ERK signalling cascade, which regulates neurodevelopment, cognition and behavioural 

plasticity. Moreover, recent data suggest that dysfunctions in the cortico-striatal connectivity 

underlie NDDs in both patients affected by NDDs and mouse models of 16p11.2 deletion. To 

better elucidate the role of ERK signalling in the pathophysiology of NDDs associated with 

16p11.2 CNVs, we employed both mouse models of 16p11.2 CNVs and human iPSCs-derived 

neurons. In addition, human carriers of 16p11.2 deletion and duplication were screened for 

peripheral alterations of ERK signalling components.Our data demonstrate that MAPK3/ERK1 

genetic alterations are reflected in corresponding biochemical changes in blood samples human 

16p11.2 deletion and duplication patients.In addition, converging evidence from our mouse 

models and iPSCs-derived neurons points to a potential dysregulation of dopaminergic signalling 

in 16p11.2 CNVs. Altogether, our results suggest that peripheral signalling intermediates may 

become reliable biomarkers for NDDs. Moreover, the 16p11.2 CNVs may be implicated in 

cortico-striatal dysfunctions underlying NDDs. 
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Abstract: A naturally occurring spontaneous mutation was discovered in Taconic Biosciences’ 

wildtype C57BL/6NTac mice that is strongly associated with early-onset thyroid dysplasia. 

Whole genome sequencing of affected vs unaffected animals revealed that the genetic variant 

was caused by transposition of a L1 long interspersed nuclear element (LINE) which inserted 

into an intron within the Thyroglobulin (Tg) gene. The presence of the LINE-1 interferes with 

splicing, resulting in exon 26 to be excluded from most Tg transcripts as shown by RNAseq 

analysis of the thyroid transcriptome of homozygous animals. The resulting phenotype is 

inherited in an autosomal dominant manner with affected mice exhibiting thyroid follicular cell 

dysplasia that progressed to thyroid adenoma by 12 months of age with incomplete penetrance. 

Here, we studied the functional consequences of the LINE-1 transposition by running Wild-type, 

Heterozygous and Homozygous C57BL/6NTac males for that mutation through a battery of 

behavioral and metabolic tests. The behavioral tests included circadian activity, open field, 

SHIRPA, grip strength, rotarod, fear conditioning and formalin pain test. The metabolic cohort 

consisted of blood chemistry, electrocardiogram, Echocardiography, Oral Glucose Tolerance 

Test and energy expenditure upon 10-week treatment with a GAN NASH diet. The results will 

be presented at the meeting. 
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Abstract: The human placenta is essential for the development and survival of a developing 

fetus. It is the main communicator between fetus and mother and is responsible for producing 

hormones and growth factors for correct fetal development during pregnancy. Maternal Immune 

Activation (MIA) plays a role in antagonizing the placenta and increasing risk of 

neurodevelopmental disorders, by causing a proinflammatory state. This information is known 

from human epidemiological studies and animal models, but the human placenta is severely 

understudied. There is a gap in the scientific field for a human specific placenta model to better 

understand the interplay of MIA and neurodevelopmental disorders. Primary human trophoblast 

stem cells (hTSC) and human pluripotent stem cells (hPSC) differentiated to hTSC can 

potentially model placental processes in vitro. Yet, it remains controversial how the 

differentiation of human pluripotent stem cells to trophectoderm relates to in vivo development 

and the factors required for this differentiation. Here, we demonstrate that the primed pluripotent 

state retains potency to generate trophoblast stem cells by activating EGF and WNT and 

inhibiting TGFb, HDAC and ROCK signaling without exogenous BMP4 (named TS). We map 

this specification by temporal single cell RNAseq compared to activating BMP4 or activating 

BMP4 and inhibiting WNT. TS conditions generate a stable proliferating cell type that is highly 

similar to six-week placental cytotrophoblasts with activation of endogenous retroviral genes and 

without amnion expression. Multiple primed iPSC and ES lines differentiate to iPS-derived-

TSCs that can be passaged for at least 30 passages and differentiate to pure populations of 

multinucleated syncytiotrophoblasts (STB) and extravillous trophoblast cells. Having establish 

that primed IPSC and ES lines can be used to make an in vivo model of TSC, we were able to 

use this to create a model to study MIA and neuroinflammation with, specifically, STB as the 

mediator. We show that by exposing STBs to a RNA viral analog, they produce proinflammatory 

cytokines, mimicking MIA. 
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Abstract: Post-transcriptional regulation of gene expression is critical for proper neuronal 

development and function. Many of these highly coordinated post-transcriptional regulatory 

events are mediated by an evolutionarily conserved and ubiquitously expressed RNA processing 

complex, the RNA exosome. Recent clinical reports have linked autosomal recessive missense 

mutations in the genes encoding structural subunits of the RNA exosome to distinct tissue-

specific disorders with shared neurological features. Disease-linked mutations in RNA exosome 

subunit genes: EXOSC3 and EXOSC9 cause distinct subtypes of a devastating 

neurodevelopmental disorder, Pontocerebellar Hypoplasia. In contrast, mutations in RNA 

exosome subunit gene EXOSC2 cause a novel syndrome, SHRF (Short stature, Hearing loss, 

Retinitis pigmentosa, and distinctive Facies), with mild cerebellar atrophy. These observations 

indicate tissue-specific function for the RNA exosome and an enhanced requirement for the 

complex in neurodevelopment. Towards understanding the biological mechanism of RNA 

exosome-linked neuronal dysfunction, my studies will focus on systematically investigating and 

comparing the cell type/tissue-specificity of pathogenic variants in distinct RNA exosome 

subunits in the fly brain. Thus, I have engineered flies modeling pathogenic mutations in RNA 

exosome Cap subunit genes: EXOSC2 (fly Rrp4), EXOSC3 (fly Rrp40), and Core subunit gene 

EXOSC9 (fly Rrp45) via CRISPR/Cas9. My preliminary studies show that distinct pathogenic 

variants within different or the same RNA exosome gene cause a spectrum of organismal 

phenotypes including reduced viability, behavioral defects, and defects in brain morphology 

compared to wildtype control flies. In addition, I have extended my analysis to survey the 

transcriptome of each disease-linked RNA exosome mutant fly compared to wildtype flies and 

have identified aberrant levels of key functionally important neuronal transcripts via bulk and 

single-nuclei transcriptomic approaches. Moreover, we have employed quantitative mRNA 

imaging technology throughout the entire Drosophila brain via Hybridization Chain Reaction 

(HCR) RNA-FISH to visualize defects in proper mRNA expression and localization. 

Furthermore, to examine RNA exosome complex/integrity, we utilized mass-spectrometry based 

approaches in brain-enriched tissue of RNA exosome mutant flies compared to wildtype 

controls. In sum, this study advances our understanding of RNA exosome-linked neurological 



disease and provides insight into the distinct tissue-specific consequences caused by alterations 

in subunits within a single RNA processing complex. 
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Abstract: Germline mutations in the tumor suppressor gene PTEN result in a spectrum of 

multisystem disorders collectively referred to as PTEN hamartoma tumor syndrome (PHTS). 

Manifestations may include benign tumor-like growths (hamartomas), increased cancer risk, and 

neurological comorbidities such as macrocephaly, autism spectrum disorder, intellectual 

dysfunction, and in some cases, epilepsy. Here we developed murine and human neuronal cell-

based models of PHTS to support drug discovery efforts. Adenoviral PTEN shRNA transduction 

of primary mouse hippocampal neurons on the first day in vitro (DIV) resulted in almost 

complete loss of PTEN protein expression by DIV10. By DIV14, knockdown of PTEN resulted 

in an increase in neurite outgrowth and branching, increased pAKT levels, and an increase in 

network burst duration as measured by multielectrode array (MEA). Similarly, knockdown of 

PTEN by ≥50% using an antisense oligonucleotide (ASO) approach in human iPSC-derived 

neurons led to increased pAKT levels and an increase in network burst duration. We utilized 

these models to screen tool compounds against PI3K pathway targets. Pan-PI3K pan inhibition 

or mTOR inhibition normalized pAKT levels and reversed the PTEN KD-induced 

hyperexcitability phenotype. Interestingly, whereas the PI3Kα inhibitor, alpelisib, restored pAKT 

levels, the PI3Kβ inhibitor, GSK2636771, had no effect. Given that dysregulation of PI3K 

signaling is a common feature of other disorders, including Fragile X syndrome and Rett 

syndrome, determining the mechanisms by which the PI3K pathway drives pathophysiology may 

inform treatment of diseases with overlapping manifestations. In sum, these cell-based models 

can be used to finely dissect signaling pathways underlying PTEN dysfunction in neurons to 

support the identification of candidate drugs to address the neurological manifestations of PHTS. 
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Abstract: A hallmark of brain metabolism is the dynamic coupling between energy demand and 

supply that involves a constant regulation of mitochondrial bioenergetics at prenatal and 

postnatal stages of brain development. The brain is highly dependent on mitochondrial 

homeostasis for ATP production via oxidative phosphorylation. 

Our study focuses on the SYNGAP1 syndrome, an intractable neurodevelopmental disorder, 

with the long-term objective of designing novel therapeutic avenues. Its pathogenic mechanisms 

remain elusive due to its ultra-rare frequency of 1/10,000 and its relatively recent documentation 

as a neurodevelopmental disorder. The SYNGAP1 syndrome is caused by sporadic pathogenic 

nuclear variants mapping in the SYNGAP1 gene, known to play an essential role in brain 

development and functions. The SYNGAP1 gene encodes a brain-specific synaptic Ras GTP-ase 

activating protein essentially localized in dendritic spines of cortical pyramidal neurons. Patients 

with the SYNGAP1 syndrome exhibit neurodevelopmental delay, intellectual disability, epileptic 



encephalopathy, and autism spectrum disorder. 

The main question addressed in this study is whether the SynGAP1 syndrome could be in part 

due to a dysregulated mitochondrial energy metabolism. Our study focused on a 3-year-old male 

born with initial clinical manifestations of seizures, developmental motor and sensory delays 

accompanied by speech delay and social issues, all evocative of mitochondrial etiology. We 

undertook a comprehensive genetic analysis of the mitochondrial and nuclear genomes by long-

range PCR followed by massively parallel sequencing (MitoNGS) and whole exome sequencing 

(WES), respectively. While the MitoNGS analysis did not reveal any mitochondrial pathogenic 

variants or large deletions, the WES analysis revealed the pathogenic heterozygous nuclear 

variant c.1783del (p.L595Cfs*55) in the SYNGAP1 gene causing a frameshift variant located in 

exon 11 of 19. 

To elucidate the SYNGAP1-mediated mitochondrial energy signature, we opted for patient-

derived fibroblasts since the nuclear-mitochondrial genetic background alters metabolic 

efficiency. Using the Seahorse technology, we found a profound deficit in the spare energy 

capacity that is required for cells to sustain a high energy demand. Furthermore, the patient’s 

fibroblasts displayed a defective mitochondrial metabolic plasticity preventing the use of 

glycolysis to curtail the energy deficit. 

In conclusion, our study provides the first evidence of dysregulated mitochondrial energy 

metabolism associated with the SYNGAP1 syndrome in an ex vivo patient-derived cellular 

model. 
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Abstract: Gestational diabetes (GD) is a global health problem with severe consequences at 

different levels in newborns. Few studies report the impact on neurodevelopment and its 

association with biological and clinical biomarkers. In this regard microRNAs (miRNAs) show 

excellent characteristics to be used as indicators of pathophysiological status. Therefore, the aim 

of this project was to perform a comparative analysis of miRNA expression and to relate them to 

aspects of neurodevelopment in order to understand the pathophysiology of the disease. The 

study consisted in the analysis of two groups of newborns, the first one exposed in-utero to GD 

and the second one was a control group. Neurodevelopmental assessment was performed using 

the EDI scale before 6 months of age and the extraction of mirNAs from Guthrie Cards, to later 

perform next generation sequencing by Illumina. The GD group showed a decrease in the Apgar 

index and gestational age as well as the presence of macrosomia and/or some metabolic 

alterations or malformations. Regarding the EDI index, the GD group showed decreased gross 

motor skills, language skills and increased biological risk factors. In the sequencing results, 29 

differentially expressed miRNAs were found, interestingly all underexpressed within which mir 

103a.1.5p, mir 103a.3p, mir 107, mir 122.3p, mir 187.5p, mir 1910.3p, mir 3135b, mir 3160.5p 

and mir 4268 stand out. Enrichment analysis showed relationship with pathways associated with 

cell division, gland development, chromatin modification, tube morphogenesis, response to 

hypoxia, brain development, embryonic stem cell differentiation and carbohydrate metabolism. 

These results will allow us to further understand the pathophysiology of the disease and identify 

new therapeutic targets or early diagnostic or prognostic biomarkers. 
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Abstract: Tuberous sclerosis complex (TSC) is a genetic disorder caused by heterozygous 

variants in either TSC1 or TSC2, and it is associated with epilepsy, autism spectrum disorder 

(ASD), and intellectual disability. On a molecular level, loss of TSC1/2 leads to disinhibition of 

the mechanistic target of rapamycin complex 1 (mTORC1), a central kinase involved in growth 

and proliferation. Many neuronal abnormalities in TSC have been attributed to the increased 



phosphorylation of known mTORC1 targets. However, several studies have identified 

transcriptional changes in TSC1/2-deficient neurons, but the mechanisms underlying these 

changes remain poorly understood. We found that the immediate early gene, EGR1, was down-

regulated at the transcript and protein levels in cortical neurons in an animal model of TSC. In 

addition, we observed reduction of EGR1 and several of its transcriptional targets in TSC2-

deficient human stem cell-derived neurons. To further understand the mechanism of decreased 

expression of EGR1 in TSC2-deficient neurons, we examined the activity dependence of the 

EGR1 promoter. Remarkably, we found that activation of the EGR1 promoter due to 

depolarization was significantly impaired in TSC2-deficient neurons. These data demonstrate 

that EGR1 is dysregulated due to loss of TSC in neurons and that this alteration may be 

associated with dysfunction within the signaling pathways activated by neuronal activity. 
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Abstract: In selected patients with drug resistance focal seizures, epilepsy surgery is a safe and 

effective treatment. The spectrum of structural brain lesions histologically-detected is wide: 

Malformation of Cortical Development (MCD), particularly the different Focal Cortical 

Dysplasias (FCD), hippocampal sclerosis and low grade developmental tumor are highly 

represented both in children and adults. Histological diagnosis, currently based on 

microscopically visible alterations and on the level of expertise of pathologists, largely influence 

the post-surgical seizure outcome. For certain pathologies, the diagnosis based on microscopic 

hallmarks remains challenging and their incidence and clinical presentation show several 

discrepancies among centers. Thus, there is an urgent need to integrate the standard 

neuropathological workup with new and unconventional techniques. Matrix assisted laser 

desorption/ionization imaging mass spectrometry (MALDI IMS) is a powerful technique for 

label-free bioanalysis used to investigate, in a single tissue section, the spatial distribution of 

thousands of biomolecules which can be correlated with traditional histological evaluation. To 

optimize “standard operating protocol” for MALDI IMS analysis of peptides on formalin-fixed 



paraffin embedded tissue sections (FFPE), we present preliminary experiments using tissue 

sections from patients with a histological diagnosis of type II FCD, a developmental cortical 

malformation frequent cause of drug-resistance epilepsy. Histology and immunohistochemistry 

were used for a meaningful interpretation of the MALDI IMS data. Unsupervised classification 

of the spectra, achieved by hierarchical clustering or by principal component analysis, is able to 

differentiate distinct histopathological features, such as gray matter and white matter boundaries, 

the core of the dysplastic lesion and the adjacent perilesional area, as validated on 

immunoreacted-adjacent sections. Moreover, we show a good correlation between peptide 

intensity map and immunohistochemistry of the correspondent protein. We also identify a list of 

peptides that discriminate the lesion core from the perilesional tissue. An optimized “standard 

operating protocol” for MALDI IMS on FFPE was developed to enhance spatial resolution and 

reproducibility. The identification of discriminant peak lists will be relevant in cases where 

diagnostic uncertainties and controversies persist or when small or fragmented biopsy samples 

are available. This will allow us to expand its applicability for different epileptogenic lesions 

more challenging in routine diagnostic practice. 
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Abstract: Dendritic spines, the postsynaptic compartments atexcitatory synapses, are capable of 

changing their shape and size to modulatesynaptic transmission. The actin cytoskeleton and a 

variety of actin-bindingproteins play a critical role in the dynamics of dendritic 

spines.Abnormalities of spine dynamics are implicated in several psychiatricdisorders, such as 

schizophrenia and Autism Spectrum Disorder (ASD). Class Imyosins are monomeric motor 

proteins that move along actin filaments using theenergy of ATP hydrolysis. Of these class I 

myosins, myosin Id has been reportedto be expressed in neurons, whereas its subcellular 

localization in neuronsremained unknown. The linkage analysis suggests that myosin Id is a 

potentialrisk gene for ASD implied that myosin Id might play an important role indendritic 

spines. Here, we investigated the subcellular localization of myosinId and determined the domain 

responsible for it. We found that myosin Id isenriched in the dendritic spines of primary 



hippocampal neurons. The mutantform lacking the TH1 domain is less distributed in dendritic 

spines than is thefull-length form.Taken together, our findings reveal that myosin Idlocalizes in 

dendritic spines through the TH1 domain. Our results showing thatmyosin Id is enriched in 

dendritic spines raise the possibility that myosin Idregulates synaptic transmission in dendritic 

spines and, furthermore, that itsdysfunction would result in ASD. These results provide the first 

clues tounderstand the role of this molecule in the development and pathophysiology ofASD. 

Disclosures:  T. Sasaki: None. Y. Takei: None. 

Poster 

PSTR005. Presynaptic Mechanisms, Organization, and Structure 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR005.01/B59 

Topic: B.04. Synaptic Transmission 

Support: Australian Research Council 

Title: An exciting new tool for neuroscience: reverse engineering viral induced synaptogenesis 

Authors: *S. KEATING1, J. BINGHAM1, K. ARDIPRADJA1, J. BROADBENT2, U. BOSE2, 

V. SUNDARAMOORTHY1;  
1CSIRO, Geelong, Australia; 2Univ. of Queensland, Brisbane, Australia 

Abstract: Advancement in neuroscience research has unravelled many key aspects about the 

dynamics and formation of synapses which are the communication ports between neurons. 

However, there is still more to learn about the molecular mechanisms that initiate and control 

filopodia formation and establishment of synaptic contacts. In this project, we propose to utilise 

the unique trans-synaptic transfer ability of rabies virus as an innovative tool to investigate 

synaptogenesis. 

The glycoprotein of rabies virus is known to be essential for the specific trans-synaptic 

transmission of rabies virus. In our study, we identified that glycoprotein derived from a highly-

neuroinvasive rabies strain has an ability to drastically increase filopodia and synapse formation 

in cultured neurons. This increased synapse formation enabled efficient transfer of the virus 

particles. We hypothesised that the investigating this novel ability of rabies glycoprotein to 

increase filopodia and synapse formation will reveal new information about synaptogenesis. 

Using proximity labelling based interactome analyses, this project has successfully identified a 

range of synaptic proteins that interact directly with the rabies glycoprotein to increase filopodia 

and synapse formation. These are now being further characterised through proteomic assays, 

western blot analyses and ELISAs with hopes of unravelling their specific role in synapse 

formation. This could lead to the identification of new signalling mechanisms controlling 

synapse formation. Advanced imaging techniques such as confocal and super-resolution 

microscopy are also being employed to examine the precise localisation and role of rabies 

glycoprotein and its interacting proteins in influencing synapse formation. This comprehensive 



approach aims to expand our understanding of the complex processes governing synapse 

development and provide valuable knowledge about the intricate neural networks that comprise 

the brain. 
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Abstract: The subiculum serves as the major output of the hippocampal formation, and it’s 

involved in a variety of complex physiological functions. However, in pathological conditions, 

its local excitatory circuits are able to generate hypersynchronous discharges that may propagate 

to distant cortical regions. Despite numerous studies providing evidence of two distinct 

populations of subicular pyramidal neurons (intrinsically bursting and regular firing IB, RF, 

respectively), the diversity of the presynaptic inhibitory inputs remains unknown. Yet, this is 

crucial for understanding how specific populations of GABAergic cells physiologically regulate 

functionally distinct pyramidal neurons. Moreover, since parvalbumin-expressing interneurons 

(PVs) have been implicated in the generation of epileptiform activity, exploring differences in 

their terminals may uncover new aspects of circuit regulation. Here, we investigated the role of 

µ-opioid receptor (MOR) expression in PV terminals targeting IB and RF subicular pyramidal 

neurons. To classify cells, their excitability and firing patterns were initially evaluated using 

potassium-based intracellular solutions. Then, the same neurons were re-patched with pipettes 

containing cesium and QX314 and held in voltage-clamp at +10 mV to record outward inhibitory 

postsynaptic currents (IPSCs), which were triggered by brief blue light pulses (0.5 ms) in slices 

prepared from PV-channelrhodopsin mice. IPSCs were recorded at 0.1 Hz and, after a baseline 

of 3 minutes, the µ-opioid receptor agonist DAMGO (5µM) was applied for 12 minutes. We 

found a similar steady-state reduction (~45%) of IPSC amplitude in IB (n=17) and RF(n=19), but 

different kinetics. In both cases, the effect of DAMGO was blocked by the opioid receptor 

antagonist naloxone (10µM, n=6 IB and n=6 RF). The kinetic difference in the effect of 

DAMGO on the IPSC recorded in IB vs RF was abolished in the presence of the metabotropic 

glutamate receptor antagonist MCPG (500µM, n=5 IB and n=6 RF). We are currently testing the 



hypothesis that DAMGO activation of glial MORs triggers a transient glutamate release 

specifically acting on metabotropic receptors selectively expressed by IB cells. 
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Abstract: Communication in the nervous system relies on neurotransmitter release at synapses 

with heterogeneous properties. Neurotransmitter release is triggered by Ca2+ influx through 

voltage-gated Ca2+ channels (VGCCs) localized at active zones. How or if VGCC levels 

determine probability of release (Pr) has been debated recently, so we investigated how channel 

levels correlate with Pr at distinct excitatory synaptic subtypes. We take advantage of two 

glutamatergic neuronal subtypes at the Drosophila neuromuscular junction, type Ib and Is. Type 

Is active zones have higher action-potential induced Ca2+ influx and a higher Pr than type Ib, 

providing a model to study VGCC organization at two closely related synapses with distinct 

release properties. We have endogenously tagged the sole Drosophila Cav2 channel and, using 

functional imaging, found that VGCC levels are highly predictive of Pr at individual active zones 

within both type Is and type Ib subtypes. However, when comparing between these neuronal 

subtypes, VGCC levels no longer predict Pr. To explain this paradox, we used STORM single 

molecule localization microscopy and found underlying differences in VGCC density, but not 

number, between subtypes, suggesting that organizational differences in VGCC contribute to 

their distinct release properties. We next investigated the composition of VGCC auxiliary 

subunits, which influence both channel trafficking and function, at each synaptic subtype. To 

determine auxiliary subunit molecular composition at type Ib and Is synapses, we endogenously 

tagged the sole Drosophila β subunit Ca-β and the two ɑ2δ subunits, Straightjacket and Stolid, 

shown to function in motor neurons. All three subunits are expressed in the larval brain, albeit 

with different expression patterns. However, only Ca-β and Straightjacket are observed at the 

neuromuscular junction. Ca-β is expressed at similar levels between type Ib and Is synapses. In 

contrast, Straightjacket is expressed at lower levels at the high-Pr type Is active zones. Similarly, 



active zone cytomatrix protein Bruchpilot/CAST levels are lower at type Is synapses. Together, 

our findings reveal a context-specific role for VGCC levels in determining release probability. 
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Abstract: Distinct dynamic state in synaptic vesicle release captured by time resolved cryo-

electron tomography 

Changlu Tao1,2*, Chongli Tian1,2*, Yuntao Liu1,3*, Zhenhang Lu1,2, Lei Qi1, Dongqing Shi1, 
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Synaptic vesicle (SV) release is the predominant mode of neural transmission and depends on 

precisely regulated SV exocytosis. Here, we have established a pipeline of imaging intact 

cultured hippocampal neurons with cryo-electron tomography that enables visualization of intact 

synapses at molecular resolution. Our data shows there are three distinct types of SVs interacting 

with the presynaptic membrane: ‘tethered’, ‘contacting’, and ‘omega-shaped’ SVs. A “flash-

freeze” scheme of sample preparation with time-resolved optogenetic stimulation allows for 

capturing snapshots of synaptic dynamics and revealing the distinct types of SVs are the 

intermediate states of SV exocytosis. Our data shows that synaptic vesicle exocytosis undergoes 

two phases: a fast phase as the vesicle fused with a narrow pore for transmitter release 

accompanied by rapid vesicle shrinkage; then these vesicles can detach from or fuse completely 

with the presynaptic membrane, corresponding to the ‘kiss-and-run’ and ‘full collapse’ 

processes, respectively. One action potential can trigger a bulk of vesicle release, and ‘kiss-and-

run’ is the predominant mode of vesicle recycling. In summary, we provide a picture of the 

dynamic process of vesicle release in the native synapse at high spatiotemporal resolution. 

Keywords: Synaptic transmission, Vesicle exocytosis, Cryo-electron tomography 
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Abstract: In the central nervous system, most synapses exhibit potentiation of neurotransmitter 

release by cAMP, although the underlying presynaptic mechanism still remains elusive. Here, 

taking advantages of direct axonal bouton recordings, we examined how cAMP controls synaptic 

outputs from a Purkinje cell (PC), an inhibitory cerebellar neuron. By an adeno-associated virus 

(AAV) vector, we fluorescently labelled cultured PCs. First, simultaneous somatic patch-clamp 

recordings were performed from a PC and its target neuron. Increase in intracellular cAMP by 

forskolin, a cell membrane-permeable adenylyl cyclase activator, unexpectedly, weakened the 

evoked IPSC in amplitudes. Additionally, the synaptic delay was increased after the forskolin 

application in a manner dependent on the axon length, suggesting a novel action of cAMP on a 

PC in clear contrast to previous studies on other neurons. To examine the underlying mechanism, 

we performed dual recordings from a PC soma and its axon. Forskolin slowed the axonal action 

potential (AP) propagation and attenuated the AP amplitude, suggesting that cAMP slows and 

attenuates the AP conduction in PC axons. By a direct patch-clamp recording from a PC axon, 

we also found that the axonal currents through voltage-gated Na+ channels were decreased by 

forskolin. Next, we performed dual recordings from a PC axon terminal and its target neuron. 

Voltage command with an AP waveform was applied to the voltage-clamped terminal, and the 

resultant presynaptic Ca2+ influx and evoked IPSCs were recorded. Weakened AP waveforms, 

mimicking attenuation of AP by forskolin, showed a decrease in the Ca2+ currents and IPSCs, 

suggesting that the AP-attenuation by cAMP was responsible for the diminished presynaptic 

Ca2+ influx and subsequent smaller synaptic vesicular release. Furthermore, we attempted to 

clarify the effect of cAMP on release machinery independently from the AP conduction, and 

quantitatively measured the Ca2+ influx, Ca2+ sensitivity of release, and size of readily releasable 

pool (RRP) of synaptic vesicles. Taken all these results together, our data indicate that cAMP 

modulates both the axonal AP conduction and presynaptic neurotransmitter release, dynamically 

controlling the timing and efficacy of synaptic outputs from PCs. 
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Abstract: The significance of synaptic vesicle (SV) priming for accurate neural information 

transferring has been well-established. However, the specific molecular model for dynamic 

identity of SV derpiming that revert trans-SNARE complex assembly, has yet to be identified. 

As a result of using N-ethylmaleimide (NEM), which inhibits NSF activity, and genetical mutant 

mice lacking the presynaptic proteins involved in SV priming and fusion, we found that the SV 

depriming doubled down on vesicular release probability and inhibited the rate of short-term 

depression. In particular, SV depriming only occurred after Munc13 priming activity and 

furthermore, the C1 domain in Munc13-1 was an absolutely required the dynamic regulation of 

the priming-depriming activity equilibrium prior to SV fusion. We speculated that the SV 

depriming activity may allow primed SVs to remain in a fairly heterogeneous dynamic state 

rather than in a stable waiting-for-fusion state, allowing synaptic plasticity through stable and 

sustained changes in synaptic transmission. 
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Abstract: In mammals, the cerebral cortex consists of six layers. Neural migration must be 

regulated appropriately to form layered cortical structures at the embryonic stage. In the 

developing neocortex, excitatory neurons born at the ventricular zone migrate toward the pial 

surface using two different migration modes, multipolar migration and locomotion. We have 

previously reported that subplate neurons (SpNs) facilitate the conversion of migratory modes 

through synaptic transmission (Chiaki Ohtaka-Maruyama et al, science 2018). However, the 

molecular mechanisms regulating the synaptic transmission are unknown. Subplate (SP) layers 

are rich in proteoglycans, such as HSPGs and CSPGs, and extracellular matrix, such as 

fibronectin and collagen. Furthermore, we have previously found that Hs3st4 (heparan sulfate-

3O -sulfotransferase 4), which modifies the sulfate group to the heparan sulfate chains, is highly 

expressed in the SP layer. But their physiological significance is unknown. In this study, we 

analyzed the function of Hs3st4 in SpNs. SpNs are known to regulate neuronal migration via 

synaptic transmission and the formation of the thalamocortical neural circuit. We hypothesized 

that Hs3st4 might be involved in these functions. We then investigated which heparan sulfate 

proteoglycans are expressed explicitly in SpNs using RNA Scope in situ hybridization. Neurexin 

1 (synapse organizer) is highly expressed in the SpNs and co-expressed with Hs3st4. We also 

screened postsynaptic proteins expressed in migrating neurons using microarray data of 

migrating neurons and found that Neuroligin2, known as a Neurexin-specific ligand, is expressed 

in those neurons. These results suggest that Neurexin1 and Neuroligin 2 might be involved in the 

transient synaptic transmission between SpNs and migrating neurons. Also, there is a possibility 

that Hs3st4 regulates the function of Neurexin 1 by adding a sulfate group at the SP layer. While, 

Hs3st4 was also expressed in axons, projecting from subplate neurons to cortical layer IV at the 

postnatal stage. Hs3st4 may also be associated with the projection of the thalamocortical axon to 

the cortical IV layer. These results raised the possibility that Hs3st4 regulates synaptic 

transmission and thalamocortical projections by modifying the sulfate group to Neurexin 1 in the 

SP layer. 
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Abstract: The diversity of information encoding by neuronal circuits is regulated by the 

magnitude and location of Ca2+ entry though voltage-gated Ca2+ channels (CaV). In the 

mammalian central nervous system (CNS), CaV2.1 is the critical subtype for CNS function, since 

it is the most efficient CaV2 subtype triggering action potential (AP) -mediated synaptic vesicle 

(SV) release. The AZ comprises of a dense network of proteins that regulate synaptic function. 

CAST/ELKS are highly conserved large multidomain core active zone proteins that regulate 

presynaptic CaV2 channel levels and synaptic transmission. However, the molecular mechanisms 

by which CAST/ELKS regulate presynaptic calcium channel targeting are unknown. To identify 

specific domains in CAST/ELKS which regulate presynaptic calcium channel targeting, we 

expressed mutant CAST/ELKS protein which deleted known binding sites to other active zone 

proteins at CAST/ELKS null presynaptic calyx of Held terminals. Direct presynaptic Ca2+ 

current recordings were made using whole cell patch clamp electrophysiology to measure the 

impact of the mutant CAST/ELKS proteins on presynaptic calcium current levels. Based on our 

work, we have identified binding sites for CAST/ELKS that regulate presynaptic CaV2 levels. 

These results and their impact on synaptic transmission will be discussed. 

Disclosures:  M. Bendale: None. H. Li: None. S.M. Young: None. 

Poster 

PSTR005. Presynaptic Mechanisms, Organization, and Structure 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR005.09/C4 

Topic: B.04. Synaptic Transmission 

Support: Wellcome Trust - Technology Development Grant 221295 

Title: SV2A is expressed in subpopulations of glutamatergic and GABAergic synapses: 

implications for PET brain imaging 

Authors: *T. WONG1, Z. QIU1, C. WIMBERLEY1, C. ALCAIDE-CORRAL2, T. E. F. 

MORGAN2, H. MCERLAIN3, A. SUTHERLAND3, A. TAVARES2, S. G. N. GRANT1;  
1Ctr. for Clin. Brain Sci., 2Ctr. for Cardiovasc. Sci. and Edinburgh Imaging, Univ. of Edinburgh, 

Edinburgh, United Kingdom; 3Sch. of Chem., Univ. of Glasgow, Glasgow, United Kingdom 

Abstract: Loss or damage of synapses underlies a wide variety of brain disorders and there is a 

pressing need to monitor synapse pathology in living individuals. Positron emission tomography 

(PET) radiotracers that target synaptic vesicle protein 2A (SV2A) have shown promise in animal 

and human studies. SV2A tracers have been reported to target all synapses and PET 

measurements are used as a correlate of the synapse density in brain regions. Here, we ask 

whether SV2A is found in all synapses and if the PET tracer signal correlates with the density of 



SV2A-positive synapses. Using fluorescent immunolabelling and confocal spinning disk 

microscopy at single-synapse resolution, we compared the expression of SV2A with a panel of 

presynaptic and postsynaptic protein markers targeted to glutamatergic and GABAergic 

terminals in mouse (N=3) and human (N=3) brain tissue. Only 65% of presynaptic terminals and, 

interestingly, 40% of postsynaptic terminals were colocalised with SV2A expression in mouse 

cortex, hippocampus, thalamus and striatum. In human cortex, only 23% of inhibitory synapses 

and 30% of excitatory synapses express SV2A. Furthermore, SV2A-labelled synaptic terminals 

showed a wide range of sizes and intensity indicating that SV2A PET tracer signals will be 

affected by the populations of these synapses. Our findings show that, in both mouse and human 

brain, SV2A is present in subsets of excitatory and inhibitory synapses. Crucially, this indicates 

that SV2A is unlikely to be a reliable correlate of synapse density in all brain regions and, 

consequently, that PET imaging data utilising SV2A tracers may not capture all synapse 

pathology. Further studies are required to fully understand how we should interpret such PET 

studies in monitoring human diseases, including whether SV2A synapses are among those 

subtypes differentially vulnerable or resilient in each disease, and testing whether brain regional 

PET signal can be matched to SV2A subtype distributions. This will help identify patient 

populations that would benefit most from SV2A PET imaging. 
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Abstract: The perforant path provides excitatory input to the hippocampus. Due to its role in 

information processing and coding, entorhinal projections to the dentate gyrus have been studied 

in considerable detail. Nevertheless, synaptic transmission between individual connected pairs of 

entorhinal stellate cells and dentate granule cells remains to be characterized. In this study, we 

used mouse organotypic entorhino-hippocampal tissue cultures of either sex, in which the 

entorhino-dentate (EC-GC) projection is present and EC-GC pairs can be studied using whole-

cell patch clamp recordings. The properties of EC-GC synapses formed by the lateral and medial 

entorhinal cortex were compared in wildtype cultures and differences in short-term plasticity 

were identified. Since the perforant path is severely affected in Alzheimer´s disease, we used 

tissue cultures of amyloid-precursor protein (APP)-deficient mice to examine the role of APP at 

this synapse. APP deficiency altered excitatory neurotransmission at medial perforant path 

synapses, which was accompanied by transcriptomic and ultrastructural changes. Moreover, 

presynaptic but not postsynaptic APP deletion in conditional APPflox/flox tissue cultures 

increased the excitatory transmission efficacy at perforant path synapses. In summary, these data 

suggest a physiological role for presynaptic APP at medial perforant path synapses that may be 

adversely affected under altered APP processing conditions. 
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Abstract: The Abl kinase family, comprising two members, Abl1 and Abl2, exhibits tissue-

specific and context-dependent behaviors. In response to various extra- and intracellular signals, 

Abl can initiate processes such as DNA repair, cell death, cell differentiation, proliferation, 

migration, or retraction. The role of Abl kinase in the central nervous system (CNS) involves 

neurulation, axon guidance, and synaptic transmission. Our previous research demonstrated that 

Abl1 influences presynaptic release, while Abl2 regulates postsynaptic responses. We discovered 

that Abl2 activity affects the current density in excitatory synapses through the AMPA and 

NMDA receptors, while the downstream effects of Abl1 on the presynapse remain unknown. To 

address this question, we examined changes in the phosphorylation levels of synaptic proteins 

using mass-spectrometry. In three independent sets of biological replicates, we detected and 

quantified 3812 phosphorylation sites belonging to 1161 unique proteins. Our phosphoproteomic 

analysis provided a comprehensive understanding of the molecular consequences of Abl kinase 

activity. Activation or inhibition of Abl kinase led to significant alterations in phosphorylation 

patterns in hippocampal neurons, indicating the involvement of numerous protein kinases. 

Notably, kinases such as Src, PKA, PKC, ERK1/2, CDK5, casein kinase 2, and GSK3, which 

have known roles in regulating synaptic activity, plasticity, and development, were prominently 

affected. Bioinformatic analysis further supported the potential contribution of Abl kinase 

activity to synaptic transmission and maintenance. Among the 65 synaptic phosphoproteins 

showing enrichment, several were implicated in active zone composition (e.g., Bassoon, RIM, 

Piccolo) and docking, priming, and fusion processes (e.g., munc18, munc13, syntaxin 1, 

synaptotagmin, complexin). Complexin 2 and synaptotagmin 2 exhibited the strongest 

correlation with Abl kinase activity. Synaptotagmins and complexins exert opposing effects on 

both spontaneous and evoked release events. Previous studies have demonstrated that 

phosphorylation of presynaptic proteins, including complexins and synaptotagmins, profoundly 

influences neurotransmission in both stimulated and spontaneous contexts. Complexins play a 

crucial role in presynaptic maturation and synapse development related to spontaneous release. 

Additionally, our data align with previous findings indicating that Abl activation induces 

phosphorylation of NCAM1, eIF3a, and dephosphorylation of eIF4B, which are associated with 

neuronal activity, synapse development, and pruning. 

Disclosures:  M. Kabirova: None. I. Michaelevski: None. 

Poster 

PSTR005. Presynaptic Mechanisms, Organization, and Structure 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR005.12/C7 

Topic: B.04. Synaptic Transmission 

Title: Investigating the Synaptic Effects of CASK deficiency in Human Neurons 

Authors: *Y. NG1,2, J. A. JANAS2, Z. LIU2,3, J. S. POLEPALLI1, T. SÜDHOF2,3;  
1Dept. of Anat., Natl. Univ. of Singapore, Singapore, Singapore; 2Inst. for Stem Cell Biol. and 



Regenerative Med., Stanford, CA; 3Dept. of Mol. and Cell. Physiol., Howard Hughes Med. Inst., 

Stanford, CA 

Abstract: Calcium/Calmodulin-dependent serine kinase (CASK) is a member of the MAGUK 

family of proteins and is located on the X chromosome. CASK deficiency results in 

microcephaly with pontine and cerebellar hypoplasia (MICPCH). CASK was first identified as 

an interactor with Neurexin-1 and studies have shown it to be a Mg2+-independent protein 

kinase that phosphorylates itself and Neurexin-1 via its PDZ domain. However, the role of 

CASK in organizing synapses is still unclear. To study CASK deficiency in human neurons, we 

used the CRISPR/Cas9 system to selectively target the first coding exon, yielding CASK 

knockout human ES cell lines. Using a previously published system of overexpressing the 

transcription factor Ngn2, we generated large number of human induced neurons (iN cells) for 

subsequent studies. We examined the expression levels of a panel of synaptic proteins to 

examine the synaptic effect of CASK deficiency. In addition, we examined the change in 

network activity in the CASK-deficient neuronal cultures and observed decreased network 

activity in CASK KO neurons. Future work will further examine the roles of various domains in 

CASK in order to elucidate the role of CASK in organizing synapses. 
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Abstract: High-affinity methylaminoisobutyric acid(MeAIB)/glutamine(Gln) transport activity 

regulated by neuronal firing occurs at the plasma membrane in mature rat hippocampal neuron-

enriched cultures. Spontaneous Ca2+-regulated transport activity was similarly inhibited by 

riluzole and by novel naphthalenyl substituted aminothiazole derivatives such as SKA-378. Here, 

we report that spontaneous activity is stimulated by 4-aminopyridine (4-AP) and that phorbol-

myristate acetate (PMA) increases high K+ stimulated transport activity that is inhibited by 

staurosporin. 4-AP-stimulated spontaneous and PMA-stimulated high K+-induced transport is not 



present at 7 days in vitro (DIV) and is maximal by DIV~21. The relative affinity for MeAIB is 

similar for spontaneous and high K+-stimulated transport (Km~50υM) suggesting that a single 

transporter is involved. While riluzole and SKA-378 inhibit spontaneous transport with equal 

potency (IC50~1υM), they exhibit decreased (~3-5X) potency for 4-AP-stimulated spontaneous 

transport. Interestingly, high K+-stimulated MeAIB transport displays lower and differential 

sensitivity to the two compounds. SKA-378-related halogenated derivatives of SKA-75 (SKA-

219, SKA-377 and SKA-375) preferentially inhibit high K+-induced expression of MeAIB 

transport activity at the plasma membrane (IC50<25υM), compared to SKA-75 and riluzole 

(IC50>100υM). Ca2+-dependent spontaneous and high K+-stimulated MeAIB transport activity is 

blocked by ω-conotoxin MVIIC, ω-agatoxin IVA, ω-agotoxin TK (IC50~500nM) or cadmium 

(IC50~20υM) demonstrating that P/Q-type CaV channels that are required for activity-regulated 

presynaptic vesicular glutamate (Glu) release are also required for high-affinity MeAIB transport 

expression at the plasma membrane. We suggest that neural activity driven and Ca2+ dependent 

trafficking of the high affinity MeAIB transporter to the plasma membrane is a unique target to 

understand mechanisms of Glu/Gln recycling in synapses and acute neuroprotection against 

excitotoxic presynaptic Glu induced neural injury. 
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Abstract: G-protein βγ heterodimers (Gβγ) liberated upon activation of presynaptic inhibitory 

G-protein Coupled Receptors (Gi/o GPCRs) prevent neurotransmission downstream of Ca2+ 

influx through direct interactions with the ternary N-ethylmaleimide-sensitive factor attachment 

protein receptor (SNARE) complex. The ternary SNARE complex is composed of synaptosomal-

associated protein, 25kDa (SNAP-25), syntaxin-1A, and synaptobrevin-2. Previous work from 

the Hamm lab has shown that the primary site of Gβγ-SNARE interactions involve the C-

terminus of SNAP-25 and the N-termini of Gβ1γ2. Therefore, our hypothesis is that Gβγ 

competes with the Ca2+-sensor synaptotagmin for binding to the C-terminus of SNAP-25 in order 

to inhibit fusion. However, the precise mechanism underlying Gβγ-mediated inhibition remains 

unclear due to the lack of high-resolution structural data available for the Gβγ-SNARE complex. 

To address this, we have expressed and purified a pre-fusion ternary SNARE mimetic containing 



a C-terminal truncation of synaptobrevin-2 which prevents full zippering of the SNARE 

complex. This partially zippered SNARE construct has a higher affinity for Gβ1γ2 than the fully 

zippered version as determined by microscale thermophoresis (MST). We stabilized the Gβ1γ2-

SNARE interaction using a crosslinker and purified the complex via gel filtration 

chromatography. Peak fractions were analyzed using negative stain and cryo-electron 

microscopy. Our current low-resolution initial model suggests that Gβ1γ2 interacts with ternary 

SNARE only through the C-terminus of SNAP25. The region of Gβ1γ2 involved in Gα subunit 

interactions does not appear to overlap with the binding site for SNAP-25. We are currently 

collecting and processing additional cryo-EM data to provide an atomic resolution structure. 
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Abstract: Parkinson's disease (PD) is the second most common neurodegenerative disease due 

to the massive death of dopamine neurons in the substantia nigra. In the past several decades, 

postmortem studies demonstrated that polyploidy or mutation of human αSynuclein (hαSyn) can 

cause accumulation of hαSyn oligomers, forming Lewy bodies, resulting in familial and sporadic 

PD. Although hαSyn has been found to interact with exocytotic machinery, little is known about 

how hαSyn replication or pathogenic mutation may regulate fusion pore kinetics during 

catecholamine release. Here, we used single-vesicle amperometry to detect the real-time 

exocytotic events in PC12 cells overexpressing control, hαSyn, or the pathogenic mutant (hαSyn-

A53T). First, we found that upon KCl depolarization, cells overexpressing hαSyn or hαSyn-

A53T decreased secretion rate compared to the control. In addition, we analyzed two forms of 

exocytotic events detected in amperometric recordings, i.e., full-fusion (FF) and kiss-and-run 

(KR) events. We found that hαSyn-A53T significantly increased the fraction of KR events 

compared to hαSyn, suggesting that hαSyn-A53T may preferentially increase the release from 

KR fusion pores. Moreover, by analyzing the spike characteristics of individual FF events. We 

found that hαSyn-A53T decreased peak amplitude and prolonged spike half-width, decay time, 

and whole duration compared to hαSyn. By contrast, the whole event area (proportional to the 

total released amount of catecholamines) was not changed by hαSyn or hαSyn-A53T compared 



to the control, suggesting that hαSyn-A53T may prolong catecholamine release, without altering 

the amount released. With further analysis of the prespike foot (PSF), representing the initial 

fusion pore followed by full fusion, we found that the PSF duration was significantly increased 

by hαSyn or hαSyn-A53T compared to the control. According to the proposed kinetic model of 

fusion pores, we calculated the rate constants for fusion pores towards closure (kc) and dilation 

(kd). Both hαSyn and hαSyn-A53T decreased kc to a similar level (70%) compared to control. By 

contrast, hαSyn reduced kd to 80% and hαSyn-A53T reduced kd to 60% compared to the control, 

suggesting that hαSyn-A53T may profoundly prevent fusion pores from dilation. Together, 

despite of secretion rate reduced by both hαSyn and hαSyn-A53T, the pathogenic mutant hαSyn-

A53T may preferentially prolong catecholamine release and stabilize fusion pores. Thus, the 

polyploidy and mutation of αSyn may differentially regulate fusion pore kinetics during 

catecholamine release. 
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Abstract: Enteroendocrine cells (EECs) are a heterogenous group of chemo- and 

mechanosensitive cells in the gut epithelium that transmit information from the gut to the central 

nervous system via the release of peptide hormones and neurotransmitters. Recent studies 

indicate that EEC subtypes regulate processes such as food reward and aversion (Bai et al., eLife, 

2022), feeding behavior and gut motility (Hayashi et al., eLife, 2023), visceral pain and anxiety 

(Bayrer et al., Nature, 2023), or sodium appetite (Liu et al., Science Advances, 2023). Despite 

their role in mediating important physiological processes and behaviors, little is known about the 

cell biological and molecular mechanisms underlying stimulus-induced vesicle fusion, 

transmitter and peptide release, and signaling to neurons in specific EEC subtypes. To gain a 

better understanding of the functional organization of secretory vesicle pools in genetically 

identified EEC subtypes, we established and characterized an in vitro experimental workflow 

combining mouse genetics, 2D-monolayer cultures of mouse gut epithelium, and single-cell 

electrophysiology and electrochemistry. We anticipate that our approach will make it possible to 



understand the molecular control underlying gut-brain-axis signaling by specific EEC subtypes 

in health and disease. 
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Abstract: Neurons maintain seamless signaling by recycling presynaptic components through 

endocytosis. In C. elegans neuromuscular junctions and mouse hippocampal neurons, this 

process is mediated by clathrin-independent ‘ultrafast endocytosis’. However, it is unclear 

whether this ultrafast mechanism is conserved in the human brain. Being blind to the 

morphological changes occurring within human synapses as they communicate is detrimental to 

our understanding of typical and dysfunctional brain states. Determining if ultrafast endocytosis 

is a conserved process will contribute novel insight into the field of human neurobiology. To 

explore this mechanism, we use live human neocortex slices, extracted from patients who have 

undergone epilepsy surgery. We have adapted an advanced electron microscopy (EM) technique, 

‘zap-and-freeze’ EM typically used with cultured cells, for use with these intact human brain 

slices. Zap-and-freeze EM utilizes electric field stimulation and high-pressure freezing to 

visualize synaptic membrane trafficking dynamics with high temporal and spatial resolutions 

(milliseconds and nanometers). Our use of intact brain tissue (i.e. resected cortical areas that are 

removed to access deeper hippocampal seizure locations) allows for more ‘native’ results—as 

the synapses are known to be established coming from an adult human brain and situated within 

an intact parenchyma allowing for natural cytoarchitectures. Using our technique, we have 

discovered that ultrafast endocytosis is recycling synaptic vesicles in human cortices (n=2, 30-

year old male patients). We are currently investigating the endocytosis dynamics of different 

synapse types (excitatory/inhibitory) that are situated in the same brain slice. Our eventual goals 

are to expand into testing aged and diseased brains—offering unique data about the functionality 

and ultrastructure of synapses that are the best of both electrophysiology and electron 

microscopy worlds. 
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Title: The spatial organization of synaptic proteins in mammalian synapses and Drosophila 
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Authors: *M. GALKOV1, K. PATIL3,5,6, G. TAVOSANIS3,5,6, M. FUHRMANN4, D. 

DIETRICH2, S. SCHOCH1;  
1Dept. of Neuropathology, 2Dept. of Neurosurg., Univ. Hosp. Bonn, Bonn, Germany; 3Dynamics 

of Neuronal Circuits, 4Neuroimmunology and Imaging Group, German Ctr. for 

Neurodegenerative Dis. (DZNE), Bonn, Germany; 5The Life and Med. Sci. Inst. (LIMES), Univ. 

of Bonn, Bonn, Germany; 6Inst. for Developmental Biol., RWTH Aachen Univ., Aachen, 

Germany 

Abstract: In recent years, the progress has been made in resolving the ultrastructure of the 

presynaptic cytomatrix. However, we still lack a detailed understanding of the 3-D organization 

of individual active zone (AZ) members. In this study, we aimed to investigate the spatial 

orientation of AZ proteins using the effect of linear dichroism (LD) detected by two-photon 

polarization microscopy. We validated our approach by demonstrating high LD in methoxy-X04 

stained amyloid plaques and in a membrane-bound eGFP variant expressed in HEK293T cells 

and primary neurons. We also fused the actin filament reporter LifeAct to eGFP via several 

linkers and found that even non-structured linkers provide clear LD. Moreover, we next inserted 

the membrane-bound eGFP in neurexin1α to target the construct to synapses and showed that the 

reliable LD can be registered in the presynaptic membrane as well. Then LD was measured in 

synapses of cultured mouse primary neurons and in Drosophila larval NMJs expressing key AZ 

proteins fused with eGFP via non-structured linkers. We did not observe LD for the tested AZ 

proteins and also proved that LD is not disturbed by the eGFP-tagged protein molecules that are 

not integrated into the AZ cytomatrix. Thus, the regular spatial orientation of the AZ proteins can 

be excluded. However, certain radial regularities of their arrangements would remain undetected. 

Our data form the basis for further analyses aiming at resolving the spatial orientation of AZ 

members. 
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Abstract: Hippocampal somatostatin-expressing (Sst) GABAergic interneurons (INs) exhibit 

considerable anatomical and functional heterogeneity. Recent single cell transcriptome analyses 

have provided a comprehensive Sst-IN subtype census, a plausible molecular ground truth of 

neuronal identity whose links to specific functionality remain incomplete. Here, we designed an 

approach to identify and access subpopulations of Sst-INs based on transcriptomic features. Four 

mouse models based on single or combinatorial Cre- and Flp- expression differentiated 

functionally distinct subpopulations of CA1 hippocampal Sst-INs that largely tiled the morpho-

functional parameter space of the Sst-INs superfamily. Notably, the Sst;;Tac1 intersection 

revealed a population of bistratified INs that preferentially synapsed onto fast-spiking 

interneurons (FS-INs) and were both necessary and sufficient to interrupt their firing. In contrast, 

the Ndnf;;Nkx2-1 intersection identified a population of oriens lacunosum-moleculare (OLM) 

INs that predominantly targeted CA1 pyramidal neurons, avoiding FS-INs. Overall, our results 

provide a framework to translate neuronal transcriptomic identity into discrete functional 

subtypes that capture the diverse specializations of hippocampal Sst-INs. 
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Title: More Efficient Synaptic Vesicle Release With Smaller Active Zone Protein Complexes 
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Abstract: The efficiency of vesicular neurotransmission depends on a complex interaction of 

presynaptic proteins in the so-called presynaptic active zone with each other and with vesicular 

and membrane proteins. Details of those interactions determine the fundamental properties of 

neurotransmission and information storage in the brain. Interactions of active zone proteins are 

still incompletely understood as their spatial arrangement and stoichiometry in the mammalian 

synapse are only partially revealed. In this work, we compare the distribution and amount of 

presynaptic proteins between functionally very distinct cerebellar synapses: very efficient 

climbing fiber synapses (cfs) showing a high release probability and low efficient parallel fiber 

synapses (pfs) characterized by a low release probability. We established quantitative volume 

electron microscopy (FIB-SEM) of phosphotungstic acid (PTA)-stain tissue. PTA is known to 

reveal a regular grid of protein complexes, so-called dense projections, likely containing high 

concentrations of active zone proteins. These dense projections were reported to have a 

stereotypical appearance across many synapse types and species. Our results show that dense 

projections strikingly differ between cfs and pfs: The more efficient cfs contain thinner, smaller, 

and fewer (per active zone area) dense projections compared to the less efficient pfs. We 

estimate that each dense projection of cfs contain ~25 MDa of active zone proteins whereas 

individual dense projections of less efficient pfs show a ~2-fold higher protein content (~50 

MDa). The data show that dense projections substantially differ between types of synapses and 

indicate that their composition and/or stoichiometry reflects functional specialization. Moreover, 

the results shine new light on the role of the amount and distribution of presynaptic proteins as 

they suggest that highly efficient neurotransmission correlates with a smaller amount of active 

zone proteins. 
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Abstract: During repetitive activity, most synapses exhibit a gradual run-down in their efficacy. 

This synaptic depression typically depends on the frequency of activity, with more depression 

occurring at higher frequencies. One notable exception is found in the cerebellum: synapses 

between Purkinje cells (PCs) and deep cerebellar nucleus (DCN) neurons exhibit frequency-

independent transmission that allows this synapse to follow high-frequency activation faithfully 

by maintaining constant synaptic strength (Cell Rep. 17:3256). Synapsins are a family of 

synaptic vesicle proteins that are involved in clustering and mobilization of synaptic vesicles for 

exocytosis (Mol. Cells 38:936). Here we examined the role of synapsins in frequency-

independent transmission by recording inhibitory postsynaptic currents (IPSCs) from DCN 

neurons while electrically stimulating axons of presynaptic PCs in cerebellar slices from 

synapsin triple-knockout (TKO) mice and control triple wild-type (TWT) mice. In the absence of 

synapsins, IPSC amplitude was not sustained during prolonged stimulation (10-100 Hz). In 

particular, there was more synaptic depression at higher frequencies of stimulation in TKO mice 

compared to TWT mice. By measuring the total amount of synaptic charge evoked by 

stimulation (J. Neurosci. 36:6742), we calculated that the rate of vesicle mobilization was 

significantly reduced in TKO mice (19 ± 9 pC/s) in comparison to TWT mice (78 ± 18 pC/s), 

while the size of the readily releasable pool (RRP) was similar in both genotypes. These results 

indicate that synapsins play an important role in maintaining frequency-independent transmission 

at PC-DCN synapses via enhancing vesicle mobilization during synaptic activity. To determine 

whether synapsins participate in the short-term synaptic facilitation that also significantly 

contributes to frequency-independent transmission at PC-DCN synapses (Nature 551:503), we 

examined synaptic transmission when external calcium concentration was lowered (from 1.5 to 

0.5 mM) to reduce release probability and minimize synaptic depression. In TWT mice, this 

unmasked a synaptic facilitation that increased transmission up to 2-fold during repetitive 

stimulation. Surprisingly, this facilitation was completely absent in TKO mice. Our results 

indicate that synapsins are important for the persistence of transmission at PC-DCN synapses 

and work by regulating both synaptic vesicle mobilization and synaptic plasticity. 
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Abstract: SFN Abstract: 

Title: Removing the Gβγ - SNAP25 brake on exocytosis exposes sexual dimorphisms in 

metabolic and thermal regulation systems 

Authors: Montana Young, Ryan P. Ceddia, Analisa Thompson Gray, Zack Zurawski, Dianxin 

Liu, Julio E. Ayala, Owen P. McGuinness, Sheila Collins, Heidi E. Hamm Abstract: Regulation 

of neuronal exocytosis directs countless physiological processes in mammals, but the sex 

differences between males and females is under-appreciated in contemporary biomedical 

research. The Hamm laboratory has previously developed a mouse model that expresses a 

truncated form of SNAP25 (a key component of the SNARE complex) thereby preventing the 

inhibition of vesicular exocytosis via Gβγ - SNARE interaction. Utilizing this SNAP25α3 mouse 

model, we have observed significant phenotypical differences between homozygous male and 

female mice when environmental temperature is increased. We have previously shown both male 

and female SNAP25α3 mice display markedly increased insulin sensitivity, protection against 

diet induced obesity, and increased white adipose tissue beiging. However, this phenotype is 

abolished – only in males – when the mice are housed at thermoneutrality. We hypothesize that 

this difference in hypothalamic temperature regulation is tightly correlated with the estrous 

cycle, and this central nervous system effect is translating to the innervated adipose tissue of 

female SNAP25α3 mice. This temperature independent phenotype poses the Gβγ-SNARE 

interaction as a prime cellular mechanism to investigate the convergence of the nervous system 

and metabolic homeostasis, as well as sexual dimorphism in thermal regulation. To unpack this, 

we plan to conduct in-vivo metabolic studies with SNAP25α3 ovariectomized female mice 

compared to intact wild-type and intact SNAP25α3 females in standard room temperature (22 

C) housing as well as thermoneutral (30 C) housing. We aim to correlate the metabolic and 

tissue architectural changes between the ovariectomized and intact SNAP25α3 females with the 

presence of the estrous cycle. These changes will be apparent through diet induced obesity, 

glucose tolerance, uncoupling protein 1 (UCP1), and adipose tissue beiging. 
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Abstract: Synapses exhibit striking diversity in morphology, release probabilities, response 

kinetics, and short-term plasticity. Although extensive progress has been made in characterizing 

the molecular machinery of synaptic transmission, the range of mechanisms that generate 

functional synaptic diversity across neuronal subpopulations is still being elucidated. To begin 

addressing this question, we focused on two neuronal populations, tonic and phasic 

glutamatergic motoneurons (MNs), that innervate Drosophila larval abdominal muscles. Tonic Ib 

and phasic Is MNs show diversity in synaptic connectivity, bouton organization, dendritic 

patterning, intrinsic excitability, and release properties, providing an attractive neuronal 

subpopulation to characterize molecular and structural differences that contribute to these 

features. Gal4 drivers specific for each MN subtype were used to genetically label or manipulate 

them to characterize differences in synaptic transmission using optogenetics, electrophysiology, 

and quantal imaging. Is synapses displayed enhanced calcium influx, higher synaptic strength, 

and greater release probability per active zone (AZ) than Ib synapses, consistent with prior 

studies. Stimulated emission depletion (STED) nanoscopy and transmission electron microscopy 

(TEM) analyses revealed Ib and Is AZs show differences in nanoscopic organization, AZ area, 

T-bar length, and synaptic vesicle size and distribution that likely contribute to differences in 

their synaptic output. To investigate molecular mechanisms contributing to differences in 

synaptic strength and AZ organization, isoform Patch-Seq RNA profiling of the two 

glutamatergic motoneuronal subtypes and their postsynaptic muscle targets was performed. 

Genetic analysis identified distinct synaptic properties that mapped onto gene expression 

differences for several cellular pathways, including signaling ligands, cytoskeletal organization, 

membrane trafficking, post-translational modifications (PTMs), and intracellular calcium 

buffers. Differential PTMs (sialylation and ubiquitination) were also found to regulate Ib or Is 

NMJ growth and AZ structure in a synapse-specific manner. These data identify differences in 

AZ organization, transcriptomes, and PTMs that contribute to functional synapse diversity at 

Drosophila larval NMJs. 
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Abstract: The synaptic vesicle (SV) protein Synaptotagmin-1 (Syt1) docks/primes SVs and 

forms part of the Ca2+-dependent vesicle translocation machinery that enables fast 

neurotransmitter release. Studies that combined genetic deletion with site-directed mutations 

suggest that Synaptotagmin-7 (Syt7) has overlapping yet partially independent functions to Syt1, 

but how Syt7 exert those functions remains poorly understood. To investigate the putative 

redundant role of Syt1/Syt7 in vesicle docking we performed high-pressure freezing and electron 

microscopy on hippocampal cultures from Syt1/7 double knockout and Syt7 knockout mice. We 

find that Syt7, similarly to Syt1, supports docking function. Syt1/Syt7 functional redundancy in 

priming and exocytosis of SVs were examined using electrophysiological recordings on 

excitatory hippocampal autaptic neurons. Supporting previous findings, Syt1/Syt7 both 

supported SV priming and clamping of spontaneous release in a redundant fashion. The lentiviral 

rescue experiments of Syt7 carrying charge-neutralizing and membrane-binding mutations 

located at distinct regions of its C2 domains also demonstrated that these functions are lost upon 

mutating the putative Ca2+-binding site of the C2A but not the C2B domain. We found no 

evidence that Syt7 supports slow or fast Ca2+-triggered release. Controlled coexpression 

experiments of Syt1 and Syt7 showed that release probability was inversely correlated to the 

relative expression levels of Syt7, arguing that Syt7 may outcompete Syt1 in its Ca2+-triggering 

function. Based on these results we conclude that Syt7 regulates release probability and short-

term plasticity by acting as a competitive antagonist against Syt1 rather than as a high-affinity 

sensor for asynchronous release. 
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Abstract: α-Synuclein is a presynaptic protein that normally regulates synaptic vesicle (SV) 

exocytosis and endocytosis. In Parkinson’s disease (PD), α-synuclein aberrantly accumulates 

throughout neurons, including at synapses. During neuronal activity, α-synuclein is reversibly 

phosphorylated at serine 129, which modulates synaptic transmission and plasticity. While 

pS129 α-synuclein (pS129) comprises ~4% of total α-synuclein under physiological conditions, 

it dramatically increases ten- to twenty-fold in diseased brains. However, the impacts of excess 

pS129 on synaptic function are currently unknown. We show here that wild-type (WT) and 

pS129 have similar lipid binding profiles with selectivity for lipids enriched in synaptic 

membranes. Compared to WT, pS129 exhibits increased binding and oligomerization on 

synaptic membranes in vitro and enhances SV clustering in vesicle turbidity assays, suggesting 

they may produce different effects at synapses. To test this, pS129 was acutely injected into 

reticulospinal axons of sea lamprey (Petromyzon marinus), a vertebrate with particularly large 

synapses (1-2 µm) that are amenable to detailed ultrastructural analyses using light and electron 

microscopy. When injected, recombinant human WT and pS129 α-synuclein robustly localized 

to lamprey synapses, as shown by colocalization with SV2. Without stimulation, pS129 caused 

no appreciable changes to synapses at the ultrastructural level. In contrast, stimulated synapses 

(20 Hz) injected with excess pS129 had a significant loss of SVs, partially compensated by an 

increase in putative endosomes (cisternae) and plasma membrane. pS129 did not alter the 

number of clathrin coated pits or vesicles, unlike WT α-synuclein which consistently impairs 

clathrin-mediated SV endocytosis. Additionally, pS129 caused a significant loss of total synaptic 

membrane, potentially explained by the dispersion of SVs away from the synaptic vicinity. Some 

small bundles of SVs were observed stretching away from the active zone, suggesting that pS129 

crosslinks SVs in so-called ‘microclusters’. A nearest neighbor analysis revealed that excess 

pS129 induced greater SV declustering compared to WT α-synuclein and controls. Live imaging 

further revealed slower FM destaining kinetics with pS129, consistent with impaired vesicle 

cycling. Thus, excess pS129 caused an activity-dependent inhibition of synaptic vesicle 

trafficking via altered SV clustering. This work suggests that accumulation of pS129 at synapses 

in diseased states could have profound effects on SV dynamics. 
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Abstract: Globular bushy cells (GBCs) located in the ventral cochlear nucleus (VCN) extend 

axons innervating principal neurons (PNs) of the medial nucleus of the trapezoid body (MNTB), 

forming the largest terminal in the mammalian brain called the calyx of Held (CH). Early in 

development, MNTB PNs receive exuberant innervation, with most synapses located on the 

dendrites, followed by a rapid growth phase (postnatal day (P)2-4) where protocalyces form with 

a surface area covering half of the PNs soma. By P6 about 75% of MNTB PNs are innervated by 

a single CH. After hearing onset; in mice opening of the ear canal occurs at P10-12, the CH 

undergoes a second major transformation, from a spoon-like structure with thin collaterals to a 

digitiform structure with fenestrations containing ~300 active zones (AZs) in an adult mouse. In 

this study, we leverage electron tomography (ET), to demonstrate that the CH undergoes 

ultrastructural modifications at AZs during development which eventually results in the 

formation of a fast and precise relay synapse. Two mice at each age: young at P12 and adults at 

P30 were processed and 300 nm-thick serial sections were collected for ET. Dual axis 

tomograms of CHs were collected from multiple cells in the medial high frequency region of the 

MNTB on a 300 kV scope and reconstructed using IMOD software. Seg3D software tools were 

used to segment and analyze the ultrastructure of the AZs. Only completely captured AZs within 

each tomogram were analyzed. At both ages, we observed multiple synaptic sites contained 

within each CH swelling. These AZs were recognized by the pre- and postsynaptic membrane 

curvature and the presence of postsynaptic densities (PSDs). SVs in direct apposition with the 

presynaptic membrane were determined as docked vesicles. At P12, an average of 4.5 (SD 2.8) 

vesicles per active zone were docked (n=6 AZs), whereas at P30, this number increased to 7.2 

(SD 2.7) (n=24 AZs). This increase in docked vesicles is accompanied by an increase in other 

AZ material as evidenced by a decrease in “free space” available within a 40 nm radius 



juxtaposed to the presynaptic membrane. Free space was defined as the volume devoid of any 

AZ material such as SVs, tethers, and other electron-dense objects. At P12, an average of 

62.73% free space (n=9 AZs) was estimated whereas by P30, the free space available was only 

35% free space (n=27 AZs). We propose that this decrease in free space constrains diffusion of 

Ca2+ ions to reach Ca2+ sensors and facilitate rapid transmission of signals with ultrashort 

synaptic delay between presynaptic Ca2+ current and exocytosis. 
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Abstract: Somatostatin, a peptide hormone that activates G protein-coupled receptors, is known 

to have inhibitory actions on the secretion of many other hormones. In this study, we employed 

amperometry recording to investigate the impact of somatostatin on Ca2+-triggered exocytosis of 

catecholamine from mouse chromaffin cells. We analyzed individual fusion events (spikes) for 

various properties of fusion pores at different stages, including the permeability of late-stage 

fusion pores. We used two different stimulation protocols to induce exocytosis, high KCl and 

caffeine. In addition, fluorescence imaging with Oregon Green 488 BAPTA-1 was used to 

monitor the rise in free intracellular calcium following KCl or caffeine application. Our results 

show that while the spike frequency differs between the two induction methods, somatostatin 

reduced spike frequency in both circumstances. We observed prolonged pre-spike foot duration, 

increased spike rise time, and extended spike half-width in the presence of somatostatin, 

indicating that somatostatin slowed the initial and expanding phases of fusion pores. 

Furthermore, the permeability of fusion pores reaches a plateau during the late stage, and this 

plateau is not changed by somatostatin. Imaging showed no significant effect of somatostatin on 

fluorescence increases after stimulation, suggesting that the inhibitory effect was not caused by 

reducing the rise in intracellular free calcium. In conclusion, our results demonstrate that 

somatostatin influences the initial and expanding stages of fusion pores, while having no effect 

on late-stage fusion pores. These findings provide insights into the mechanism by which 



somatostatin modulates exocytosis and enhance our understanding of the complex dynamics of 

cellular secretion. 
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Abstract: Synaptic persistence relies on the maintenance of synaptic functionality through 

processes such as synaptic vesicle exocytosis and endocytosis. One crucial aspect of achieving 

this goal involves the assembly and disassembly of fusion machinery, such as the SNARE 

complex. The disassembly of the SNARE complex, facilitated by NSF (N-ethylmaleimide 

sensitive fusion protein), is particularly important for the next round of synaptic vesicle fusion. 

However, the specific physiological function of NSF at CNS synapses in this regard remains 

relatively unexplored. In this study, we aimed to investigate the physiological role of NSF in 

synaptic persistence. To accomplish this, we utilized a pHluorin-based assay combined with 

shRNA targeting NSF to monitor consecutive synaptic transmission and synaptic vesicle 

retrieval in neurons lacking NSF. Our findings revealed significant impairments in synaptic 

transmission and retrieval in neurons where NSF was knocked down (NSF-KD). Remarkably, 

repetitive stimuli in NSF-KD neurons led to the identification of three distinct synaptic 

phenotypes, indicating variations in exocytosis and endocytosis. Furthermore, the introduction of 

shRNA-resistant NSF cDNA effectively restored the physiological diversity observed in NSF-

KD neurons. These results demonstrate that NSF is necessary for both synaptic transmission and 

retrieval, highlighting its role in fine-tuning the functional variabilities of synapses for synaptic 

persistence. 
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Abstract: Synapses are the fundamental unit of information transfer in the central nervous 

system (CNS) and are composed of highly complex molecular machinery that tightly regulates 

synaptic transmission and neuronal circuit output. The α2δ proteins (α2δ1-4) are extracellular 

proteins initially identified as auxiliary subunits of voltage-gated Ca2+ (CaV) channel complexes. 

Mutations in α2δ1-4 are linked to a wide range of disorders, including neuropathic pain and 

epilepsy, and α2δ1-2 are targeted by drugs used to treat these disorders. Multiple roles have been 

described for the α2δ isoforms in independently regulating synaptic function and CaV channel 

complexes. Many CNS synapses contain a mixture of α2δ1-3, which are found in both the pre 

and postsynaptic compartments, with α2δ4 mainly restricted to the retina. Currently, studies of 

α2δ are mostly done using global mutant/knockout (KO) models or in cell culture. While 

powerful, these studies prevent conclusions on the presynaptic functions of α2δ in an in vivo 

circuit. To elucidate the presynaptic regulatory roles of α2δ1-3 in a native neuronal circuit, we 

developed a novel α2δ1-3 conditional KO mouse model and ablated α2δ1-3 at the calyx of Held, 

a large glutamatergic axosomatic synapse in the lower auditory brainstem. Using this animal 

model, we ablated all three isoforms using a Helper-Dependent Adenovirus that expresses Cre 

recombinase at postnatal day 1. Subsequently, using a multidisciplinary approach, we analyzed 

how loss of α2δ1-3 at the adult-stage (P18 onwards) calyx of Held impacted synaptic function. 

Results will be discussed. 
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Abstract: Synaptic vesicle lipid composition regulated by Phospholipid Flippase 

ATP8A1confers neurotransmitter release at high frequency 

Hongfei Xu1, Juan A. Oses-Prieto2, and Robert H. Edwards1 
1Departments of Physiology and Neurology, UCSF School of Medicine, San Francisco, CA 

The nervous system encodes information through the timing and frequency of neuronal firing. To 

convey information about timing, synapses rely on the speed and synchrony of neurotransmitter 

release. To convey information about frequency, synapses must release neurotransmitter in a 

graded manner over the range of firing frequencies. These two modes of signaling require 

different machinery because the fast, synchronous release tends to produce synaptic depression 

due to synaptic vesicle (SV) depletion, limiting the ability to release with repeated stimulation 

and particularly at high frequency. Conversely, a more linear response to firing rate requires a 

small synchronous response in response to a single action potential, which limits information 

about timing. These mechanisms enable synapses to decode information stored in the pattern of 

firing. Synapses that depress in response to repeated stimulation are generally considered to have 

a high release probability that results in SV depletion. In contrast, synapses that facilitate are 

thought to have a low initial release probability that requires stimulation at high frequency. This 

model presumes that all the synaptic vesicles in an individual neuron are homogeneous and 

hence differ only in their position along a single pathway to exocytosis. However, SVs are 

generally considered to recycle either directly from the plasma membrane or from endosomes by 

adaptor protein AP-3. How these two biogenesis pathways contribute the properties of SVs are 

still unclear. In this study, the use of pH-sensitive GFP variant ecliptic pHluorin-based reporters 

has enabled us to identify a subpopulation of SVs that responds specifically to high firing rates. 

VAMP7-pH labels this SV subpopulation and consistent with a role for AP-3 in its production, 

loss of AP-3 selectively impairs the response of VAMP7-pH at high frequency. In contrast, 

VGLUT2-pH labels a population of SVs that responds to low frequency stimulation, depresses at 

high frequency and does not depend on AP-3. Proteomics reveals that AP-3 targets phospholipid 

flippase ATP8A1 to SVs, and loss of ATP8A1 recapitulates the defect in SV mobilization at high 

frequency observed with loss of AP-3. The mechanism involves recruitment of synapsin by the 

cytoplasmically oriented phosphatidylserine translocated by ATP8A1. Thus, ATP8A1 enables 

this subset of SVs made by AP-3 to release at high frequency. 
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Abstract: Estimation of the storage capacity of the brain’s neural circuits is one of the important 

neuroscience questions. It has been hypothesized that temporally coordinated neurons, or cell 

assemblies (CAs), represent mental or perceptual entities. Thus, evaluation of the number of CAs 

is key to answering this question. Previous modeling studies using a spiking neural network with 

axonal conduction delays and the add spike-timing-dependent plasticity (add-STDP) rule have 

shown that many more CAs than that of the Hopfield nets were detectable (Izhikevich, 2006). 

One limitation of this study was its focus on a single network structure, the cortex. Another 

significant limitation of this study is the unrealistic, bimodal distribution of connection weights 

that results from the add-STDP rule. In the real brain, the synaptic connection weights are known 

to be distributed lognormally both globally (all synapses) and locally (synapses for single 

neurons). Thus, we have implemented a lognormal spike-timing-dependent plasticity rule (log-

STDP, Gilson & Fukai, 2011) into networks of Izhikevich spiking neurons inspired by the cortex 

and hippocampal CA1 region. First, we verified that a global lognormal distribution of the 

synaptic weights was achieved in both the cortex and hippocampal CA1 simulations. As for the 

local synaptic weight distributions surrounding single neurons, we found that they trend toward 

skewed, heavy-tailed distributions in the hippocampal CA1 simulations but not for the cortex 

simulations. Next, we detected CAs in the Izhikevich nets using the unsupervised method 

proposed by Russo and Durstewitz (2017). We found that the log-STDP rule produced more cell 

assemblies in the cortex simulations than add-STDP. However, in the hippocampal CA1 

simulations, far fewer assemblies were produced, and those simulations with the add-STDP rule 

produced more than the log-STDP rule. The main difference between the cortex and 

hippocampal CA1 simulations is the number of recurrent excitatory connections. Therefore, 

these simulation results suggest that the cell assembly capacity of spiking neural networks is 

related to the number of excitatory-to-excitatory connections in the network. 
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Abstract: There are two main types of structures in the synaptic connectivity between neurons in 

the cortex: the first structure is essentially binary - the existence (or lack) of connections between 

any two neurons. It is believed that this adjacency structure is determined, to a large extent, by 

the geometrical arrangement of the dendrites and axons, and is relatively stable over time. The 

second form of synaptic structure involves the strength of synaptic connections between neurons. 

These weights are subject to change through neural activity-induced plasticity mechanisms. To 

understand the structure of neural networks in the brain, it is important to develop an 

understanding of the interplay between the statistics of the two structures. In this work, we aim to 

provide first steps toward this goal. We examine the statistics of sub-graphs of the network 

(motifs), quantified by measures called motif strengths, and develop a self-consistent theory to 

approximate the dynamics of these statistical measures in networks of linear Poisson neurons, in 

which synapses are subject to spike timing dependent plasticity. Previously, this has been done 

for motifs that consist of up to two edges (G.K. Ocker, A. Litwin-Kumar, B. Doiron, PLoS 

Comput. Biol., 2020). Here we extend the previous work by considering also three edge motifs. 

The main challenge is that there are many more motifs to consider. Consequently, the task of 

deriving analytic equations for the dynamics of motif strengths, by hand, is impractical. To deal 

with this difficulty we developed a graphical method to derive a set of self-consistent equations, 

that can be implemented by a computer algorithm. We found that for some cases, like the fully 

connected case, both second and third order approximations give very accurate results, but in 

Erdős-Rényi networks with moderately sparse connectivity (e.g. p = 0.5), treating only second 

order motifs gave inaccurate predictions, while the self-consistent equations for motifs up to 

third order remained very accurate. In future work, we intend to extend the analysis to networks 

with other forms of adjacency statistics. In conclusion, our study has successfully developed an 

automated process to derive a closed self-consistent set of equations for motif strength dynamics. 

The model provides a set of analytic equations that can be solved numerically without the need 

to simulate the dynamics of individual synapses and are potentially amenable to further study 

using analytic tools. 
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Abstract: Neurophysiological experiments have revealed that STDP is both ubiquitous and 

diverse. The specific STDP form, i.e. the dependence of synaptic weight variation on pre/post 

spike time lag, differs among synapses linking different cell types. Additionally, STDP form 

depends on the average firing rate. 

While numerous theoretical and modeling studies on STDP exist, a normative theory accounting 

for STDP characteristics has yet to be established. Some aspects of STDP, such as the causal 

window (i.e. postsynaptic spike following presynaptic), can be understood as an extension of 

Hebbian plasticity in a spike-timing dependent context. However, other features, like the "anti-

causal" window (i.e. presynaptic spike following postsynaptic), still remain paradoxical and in 

need of a functional explanation. 

In this study, we demonstrate that many characteristics of STDP naturally emerge from a novel 

approach that models neurons as feedback controllers responsible for stabilizing synaptically 

linked loops of neurons. To formulate a biologically plausible model of a neuron as a controller, 

we employ the recently developed DD-DC methodology in which the neuron implicitly identifies 

the dynamics of the rest of the loop and optimizes control through the Linear Quadratic 

Regulator (LQR) formulation. 

Our model provides an explanation for the "anti-causal" window of STDP because, in the 

presence of a feedback loop, a postsynaptic spike may traverse the loop and cause a presynaptic 

spike, effectively rendering the “anti-causal” window causal. Specifically, for synapses 

connecting inhibitory to excitatory (excitatory to inhibitory) neurons, our model predicts 

Hebbian (anti-Hebbian) STDP forms. The dependence of the metabolic costs of spiking on the 

cell type can be modeled by varying the LQR parameters resulting in the modulation of the 

synaptic plasticity rules. Furthermore, our model successfully reproduces the dependence of the 

STDP form on the average firing rate. 

Overall, our findings contribute to a deeper understanding of STDP and support modeling 

neurons using the DD-DC framework. 
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Abstract: One of the effective surgical interventions that improves quality of life in patients with 

movement disorders such as dystonia is Deep Brain Stimulation (DBS). Despite recent 

advancements in clinical applications of DBS, the underlying mechanism of DBS is not yet well 

understood. It is hypothesized that a deficit of inhibition and abnormal plasticity within basal 

ganglia could be a key feature in the pathophysiology of dystonia.Previous studies have 

demonstrated that synaptic depression can be induced by paired pulse DBS with short 

interstimulus intervals (ISI) (between 20 to 40 msec). Moreover, another study indicated that 

DBS at 10 kHz produces clinical benefits in patients with movement disorders. However, these 

studies were mostly conducted on Parkinson’s patients and the effect of high frequency 

stimulation on Evoked Potentials (EP) is still unknown.To test the effect of very short ISIs, we 

have conducted two protocols: the first study uses paired pulse DBS with ISIs 0.3, 0.5, 1, 3 and 5 

msec applied to Globus Pallidus internal segment (GPi) of a dystonic patient. Paired pulse 

depression was evaluated by the ratio of EP followed by each pulse recorded from Ventral 

Oralis/Subthalamic Nucleus (VoSTN). We found that using ISIs less than 1 msec, EP due to the 

2nd pulse is completely inhibited. The second protocol investigates the effect of high frequency 

stimulations such as 900 Hz by comparing the EP produced by a train of low frequency 

stimulations like 80 Hz before and after high frequency stimulation. The average EP of post-HFS 

detected in VoSTN showed less peak to peak amplitude compared with pre-HFS.Our results 

show that short inter-stimulus intervals produce a depression of evoked responses, both 

following paired pulse and following longer pulse trains, when the ISI is less than 1 msec. This 

suggests an inhibitory phenomenon that may be similar to what is seen in TMS paired pulse 

protocols. Further research is needed, but our results suggest the possibility of using this type of 

inhibition to change brain activity and potentially improve motor function in patients with 

movement disorders including dystonia. 
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Abstract: Information is stored in the brain by synaptic plasticity, which is elicited by specific 

neuronal activity patterns. For example, timing-dependent long-term depression (tLTD) is 

induced by the millisecond relative timing of pre- and postsynaptic spiking in connected neurons. 

In the tripartite synapse model, astrocytes play a crucial role in plasticity induction. However, it 

is unclear how astrocyte signaling — which occurs through intracellular calcium transients on a 

timescale of seconds — can meaningfully impact plasticity that operates on milliseconds. We 

therefore decided to decipher astrocyte signaling in tLTD. To verify the need for astrocytes in 

tLTD, we abolished astrocyte function with sodium fluoroacetate (NaFAC). Using quadruple 

patch clamp, we recorded from connected layer-5 pyramidal cells in postnatal day (P) 11-16 

C57BL/6J mouse acute visual cortex slices. tLTD was induced by 20-Hz spiking pairings at Δt = 

-25 ms timing difference. Compared to no-induction controls with and without NaFAC 

(after/before = 101% ± 3%, n = 14), unitary EPSPs depressed without (74% ± 6%, n = 7, p < 

0.01) but not with NaFAC (103% ± 7%, n = 7, p = 0.76; all t-tests after ANOVA, p < 0.01; all p 

values were Bonferroni-Dunn post-hoc corrected). NaFAC alone did not cause EPSP rundown 

(103 ± 4%, n = 6, p = 0.46). Using 2-photon microscopy, cell morphologies with and without 

NaFAC were grossly indistinguishable. However, data inclusion rates were lower with NaFAC 

(13/31=42%) than without (15/23=65%, p < 0.001), suggesting that NaFAC affects plasticity 

experiments. However, this also demonstrates the critical role of astrocytes in synaptic 

transmission. Taken together, we conclude that tLTD depends on astrocytes. Since astrocytes 

likely signal via calcium to control tLTD, we imaged astrocyte calcium events across 

development to see when they matured. With age (n = 36 astrocytes), calcium signals became 

shorter (r = -0.54, p < 0.001), more frequent (r = 0.63, p < 0.001), and decorrelated (r = -0.54, p 

< 0.01). These properties stabilized at ~P15, i.e., after eye opening. Overall, our findings support 

the view that astrocytes govern tLTD. Precisely how slow astrocyte signaling can influence 

millisecond tLTD remains mysterious, which warrants further study. 
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Abstract: Spike timing-dependent plasticity (STDP) is a type of synaptic plasticity that relies on 

the precise timing of pre- and post-synaptic activity. Conventionally, timing-dependent long-

term potentiation (t-LTP) occurs when an excitatory post-synaptic potential (EPSP) is followed, 

after a few milliseconds, by one or more postsynaptic action potentials (APs). Conversely, 

timing-dependent long-term synaptic depression (t-LTD) is induced when an EPSP is preceded 

by one or more postsynaptic APs. STDP is a complex rule influenced by various factors, 

including specific activity patterns, neuromodulators, dendritic spikes or extracellular calcium 

(Ca2+). Astrocytes, which can release gliotransmitters like D-Serine or glutamate, or locally 

modulate Ca2+ levels, have control over these factors and can modulate synaptic transmission. 

However, the role of astrocytes in the STDP rule is still poorly understood and described. 

Moreover, recent findings show that the induction of t-LTP or t-LTD may not always be 

achievable in vivo, primarily because previous in vitro investigations were conducted under non-

physiological circumstances, specifically involving non-physiological calcium levels. It is highly 

likely, therefore, that the STDP rule requires in addition to timing one or more factors to exist. 

Could astrocytes be the key to gate the induction of synaptic plasticity? Our recent findings have 

shown that stimulation of astrocytes near the soma of layer 5 pyramidal neurons, potentiated 

integration of subthreshold distal inputs, and prolonged the time window during which 

suprathreshold distal inputs can interact with proximal inputs, by overriding firing adaption 

evoked by distal inputs. This effect was mediated by S100β, a calcium-binding protein, which 

alters the extracellular level of Ca2+. Here we further examine how extracellular Ca2+ levels and 

astrocytic manipulations influence synaptic and axonal plasticity in layer 5 pyramidal neurons of 

the visual cortex. These findings will help increasing our understanding of how astrocytes 

contribute to neuronal computations in general and visual function specifically. 
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Abstract: The A-type potassium current (IA) is a vital regulator of neuronal excitability and 

synaptic plasticity. In hippocampal CA1 pyramidal cells, this current is carried primarily by 

voltage-gated Kv4.2 K+ channels. Along with other voltage-gated ion channels localized in the 

somatodendritic compartment of pyramidal cells, Kv4.2 contributes to dendritic integration and 

excitability. Kv4.2 functions in a macromolecular complex together with the auxiliary subunits 

K+ channel interacting proteins (KChIPs) and DPLP(s) in the mouse hippocampus. Proper 

assembly and dynamic regulation of this complex is integral in facilitating its role in neuronal 

signal processing and plasticity. Using a TAP-mass spectrometry screen, we identified a 

molecular cascade involving p38 kinase-mediated Pin1 isomerization of a C-terminal motif in 

Kv4.2 as a crucial regulator of Kv4.2-DPP6 binding dynamics. To probe the role of this p38-

Pin1 cascade in regulating the Kv4.2 complex and neuronal function, Crispr-cas9 technology 

was utilized to generate a knock-in mouse model (Kv4.2TA) with abolished p38 and Pin1-Kv4.2 

binding. We have used whole-cell patch clamp electrophysiology to investigate the consequences 

of this impaired binding and loss of dynamic regulation on neuronal physiology and behavior. 

Kv4.2TA mice display reduced neuronal excitability which is traced to an increase in IA density 

in CA1 pyramidal neurons. In multiple behavioral tests of hippocampal-dependent learning and 

memory, Kv4.2TA mice demonstrated enhanced reversal learning, indicative of improved 

cognitive flexibility. To decipher the mechanisms underlying this enhancement in reversal 

learning, single-cell measures of spike timing-dependent long-term potentiation (STD-LTP) and 

long-term depression (LTD) were performed in CA1 pyramidal neurons in acute hippocampal 

slices. Intriguingly, while synaptic plasticity from basal state is preserved in Kv4.2TA mice 

relative to WT, a notable enhancement in the removal of STD-LTP (depotentiation magnitude) is 

observed in Kv4.2TA mice, suggestive of a synapse state-dependent difference in synaptic 

plasticity in hippocampal area CA1. Pharmacological manipulations during the induction of 

depotentiation have revealed a distinction in the mechanisms driving this metaplasticity in 

Kv4.2TA mice relative to WT. Investigations into how these mechanisms are linked to reversal 

learning are on-going. In sum, we have identified, for the first time, Kv4.2 and its regulation as a 

key modulator of metaplasticity and reversal learning in the hippocampus. 
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Abstract: Synaptic plasticity is a fundamental mechanism involved in modifying synaptic 

strength, which underpins learning, memory, and adaptive behaviors. While Protein Kinase C 

(PKC) has been widely recognized as a key regulator of synaptic plasticity across various brain 

regions, its role in the striatum - a critical region for motor and reward functions is yet to be fully 

understood. Although GluD2, a member of the ionotropic glutamate receptor family, is known to 

play a role in PKC-dependent plasticity at the PF-PC synapse, the specific contribution of 

GluD1, which is abundantly expressed in the striatum, remains relatively unexplored. Our 

research aims to investigate the role of GluD1 in PKC-dependent synaptic plasticity within the 

dorsal striatum. Our observations revealed distinct changes in excitatory post-synaptic currents 

(EPSC) mediated by NMDARs and AMPARs in GluD1 wild-type and knockout animals, 

highlighting the critical involvement of GluD1 in modulating synaptic activity. Upon PKC 

activation, we observed a reduction in the amplitude and frequency of NMDAR-mediated 

miniature EPSC (mEPSC) in both GluD1 WT and KO animals, while AMPA mEPSC remained 

unchanged in GluD1 WT, but increased in both amplitude and frequency in GluD1 KO animals. 

These findings suggest a critical role for GluD1 in modulating PKC-dependent changes in 

NMDAR and AMPAR-mediated activity. Building upon previous research emphasizing the role 

of the Ser945 residue in GluD2's C-terminal for PKC-dependent plasticity, we designed a 5-

amino acid peptide targeting the analogous Ser944 residue in GluD1's C-terminal. Our results 

demonstrated that this peptide selectively reduced NMDAR-mediated EPSC in GluD1 WT but 

had no impact in GluD1 KO animals. These findings imply that the Ser944 residue in GluD1 

may play a specific role in the regulation of NMDAR responses, potentially in a PKC-dependent 

manner. The findings shed light on the interplay between GluD1 and PKC in synaptic plasticity 

and highlight the potential utility of the designed peptide for selectively manipulating GluD1-

dependent synaptic plasticity. Further research is needed to uncover underlying mechanisms and 

explore therapeutic applications arising from these findings. 
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Abstract: Understanding how neurons encode synaptic input across a range of network activity 

regimes is essential to understanding how the brain processes information. For neocortical 

pyramidal neurons, integration is further complicated by the fact that they receive excitatory 

input onto spines distributed along dendritic branches. Local dendritic nonlinearities including 

NMDA-dependent branch “spikes” boost the response to spatially clustered and synchronous 

input. How this translates into the integration of complex patterns of ongoing activity remains 

unclear. To examine dendritic integration during such regimes, we utilize two-photon glutamate 

(2p-glu) uncaging to repeatedly activate multiple dendritic spines at random intervals. We 

previously reported that for the proximal dendrites of extratelencephalic (ET) layer 5 pyramidal 

neurons in the mouse motor cortex, spatially restricted synchrony is not a prerequisite for 

dendritic boosting. Instead, a model based on the total input rate onto a dendritic branch captured 

2p-glu driven voltage responses to uncorrelated spine stimulations at a fixed mean Poisson rate. 

Here, we use this input-rate based model to make predictions and experimentally test how more 

complex patterns of activity engage NMDA-dependent branch spikes. Consistent with model 

predictions, experiments using 2p-glu stimulation show greater entrainment of the voltage 

response to slow (3 Hz) compared to fast (15 Hz) oscillations in mean input rate. Next, we tested 

how the proximal dendrites integrate stimuli that replicate network activity during the transition 

into slow wave sleep. VGLUT2 immunohistochemistry suggests that ~15% of excitatory 

synapses onto M1 L5 ET pyramidal neuron basal dendrites are of thalamic origin. We find that 

stimuli patterned from thalamocortical relay neuron burst firing observed in vivo during non-

REM slow wave sleep onto 10-15% of targeted spines do not recruit supralinear voltage 

responses on their own, but when combined with the Poisson-distributed stimulation (to mimic 

cortical firing rates) they evoked NMDA spikes well-timed with the “thalamic-like” bursts. 

Finally, to assess how synaptic dynamics can shape branch integration, we included use-

dependent synaptic dynamics (short-term depression and facilitation) in our model and 

stimulation regimes. Our model predicts that the dendritic branch supralinearity counteracts input 

rate gain normalization caused by synaptic depression and enhances the sensitivity to transient 

shifts in input rate. These results suggest that dendritic nonlinearities amplify certain patterns of 

synaptic input and thereby shape how neurons encode network activity. 
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Abstract: While traversing through the natural world, we experience our surroundings as a 

continuous stream of information over time. This constantly changing stream of stimuli has been 

observed to evoke a spatiotemporal pattern of spike activity in ensembles of neurons in the brain. 

But how downstream populations discriminate one spatiotemporal pattern from another remains 

unclear. Surprisingly, the brain ‘replays’ the spatiotemporal pattern usually evoked by a stimulus 

in its absence. Replay is notably seen in the hippocampus, where place cells both fire 

sequentially over seconds as a rodent traverses a linear track and fire sequentially over tens of 

milliseconds—in the same sequence—after this behavior. Intriguingly, these two time scales are 

bridged by the NMDA plateau potential observed in a dendrite, which has an onset of a few 

milliseconds and a duration of several hundred milliseconds. In a compartmental model of a 

reconstructed layer 2/3 pyramidal cell with GABAB/KIR (inwardly rectifying potassium) 

channels blocked, as is typically done in vitro, activating NMDA receptors across few microns of 

a basal dendrite evoked a plateau potential that spread hundreds of microns, making this branch 

good at detecting a coincidence but not a sequence. Unblocking KIR rescued the dendrite’s 

ability to detect a sequence, both by shortening the distance a plateau spreads along the dendrite 

to about ten microns and by preventing activated AMPA receptor-channels alone from 

depolarizing a spine to the NMDA threshold, unless further depolarized by the spread of a 

nearby plateau potential, thereby advancing the plateau a few microns. Thus, spikes delivered 

consecutively to spines a few microns apart propel the plateau potential towards the soma. This 

sequence-detection mechanism robustly operated with KIR expressed either on a spine head or a 

dendrite shaft, as well as in a smooth dendrite with NMDA and KIR expressed on the shaft. 

Thus, a stretch of dendrite could detect an ensemble’s spatiotemporal pattern of spike activity, 

provided that its afferent axons permute themselves along this stretch to activate its synapses 

consecutively. 
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Abstract: Unlike spiking neurons, non-spiking neurons utilize a graded potential as a medium to 

encode and process sensory and motor information. The non-spiking neuron has difficulty in 

carrying potential changes distally because of the decay of the membrane potential in its 

amplitude. Instead, the non-spiking neurons possibly perform different computations from the 

spiking neuron by using local processing with a graded potential. Central nervous system (CNS) 

in invertebrates such as insects contains non-spiking neurons in the neural circuitry besides the 

spiking neurons. However, how and which subcellular regions in non-spiking neurons process 

the sensory information remains unclear. To address this issue, we examined intracellular Ca2+ 

dynamics induced by the sensory stimulus in the wind-sensitive non-spiking neurons of crickets. 

They have a pair of mechanosensory organs called cerci to detect surrounding airflow. The 

directional information of airflow is processed by a local circuit within the terminal abdominal 

ganglion (TAG) and conveyed to the brain by ascending projection neurons, including giant 

interneurons (GIs). GIs have distinct selectivity to the airflow direction in the stimulus-evoked 

spikes. Several spiking and non-spiking local interneurons are identified within the TAG and 

thought to be involved in forming the GIs’ directional selectivity. The previous study has 

reported that some of the local non-spiking interneurons (LNIs) also have directional selectivity 

in the graded potential changes. We measured the membrane potential and Ca2+ responses to 

airflow applied from eight angles in three types of LNIs. These LNIs showed spatially 

heterogeneous patterns in their Ca2+ responses. The time course of the Ca2+ responses varied in 

similarity between local regions depending on their intracellular distance. In contrast, the 

directional selectivity in the Ca2+ responses did not necessarily follow the intracellular distance 

but rather depended on the direct distance. This suggests that directional selectivity reflects 

synaptic input properties based on spatial maps of afferents rather than the stimulus-evoked 

electrical activity. In the insect CNS, the local processing by the LNIs may allow a single neuron 

to substitute for the functions of multiple spiking neurons, resulting in conserving the number of 

neurons. 
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Abstract: In mouse prefrontal cortex (PFC), layer 5 pyramidal cells can be distinguished based 

on their dopamine receptor expression patterns. D1, D2, or D3 dopamine receptor-expressing 

(D1R+, D2R+, D3R+) pyramidal cells have distinct morphologies, intrinsic properties, and 

projection targets. D1R+ and D2R+ pyramidal cells map onto intratelencephalic (IT) and 

pyramidal tract (PT) subclasses, respectively. D1R+ IT neurons have “thin” apical dendritic 

shafts and apical tufts that have few branches and a narrow expansion within layer 1, whereas 

D2R+ PT neurons have “thick” dendritic shafts and highly arborized tufts, with extensive layer 1 

lateral projections. D3R+ neurons appear to be a subclass of IT-projecting neuron that, oddly, 

share dendritic branching features with PT neurons, including an extensive layer 1 tuft. These 

anatomical differences suggest that these intermingled neuronal subclasses may integrate 

information differently, including how they integrate backpropagating signals from the soma 

with incoming synaptic input. To test this, we assessed dendritic calcium associated with 

backpropagating action potentials (bAPs) in D1R+, D2R+, and D3R+ pyramidal cells. We found 

that bursts of APs resulted in robust dendritic calcium supralinearities that were far greater than 

the linear sum expected from isolated APs, especially in D3R+ neurons. In D3R+ neurons, 

supralinearities were due to the combined activation of dendritic T- and L-type calcium channels. 

By contrast, D1R+ pyramidal cells exhibited modest dendritic supralinearities. Our data suggest 

that in these neurons, L-type calcium channels couple to large conductance calcium-activated 

potassium channels (BK), which limit dendritic depolarization, suppressing supralinearities. 

Consistent with this, blockade of BK channels resulted in an increase in supralinear linear 

calcium transients. Unlike in D1R+ and D3R+ pyramidal cells, bAP-evoked dendritic calcium 

transients in D2R+ pyramidal cells were largely linear. As with PT cells in other brain regions, 

we found that these neurons are enriched with hyperpolarization-activated cyclic nucleotide-

gated (HCN) channels that likely limit temporal windows for bAP integration in dendrites. 

Consistent with this idea, we found that blocking HCN channels unmasked dendritic 

nonlinearities in D2R+ pyramidal cells. Taken together, our data demonstrate that PFC layer 5 

pyramidal cell classes have different complements of ion channels expressed in their dendrites 

that result in distinct dendritic calcium properties and suggest that information flow across these 

three neuronal subtypes is specifically integrated and regulated. 
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Abstract: The dendritic morphology of cortical pyramidal neurons is organised to integrate 

information from different input streams, however the nature of this processing in vivo remains 

unclear. In this study, we investigated whether compartment-specific information processing is 

used by dendrites during the performance of a closed-loop goal-oriented task. Using the 

International Brain Laboratory’s open-source task, the position of a visual stimulus was 

determined by rotating a steering wheel. To investigate error signalling, the direction of the 

wheel-stimulus coupling was reversed mid-trial in a subset of trials. During task performance, 

two-photon calcium imaging was performed pseudo-simultaneously in distal tuft and basal 

dendrites of single neurons expressing Syn.GCaMP7f within the posterior parietal cortex. Here, 

the majority of dendritic calcium events occur simultaneously across the dendritic arbour, 

however, there was an increase in local tuft dendrite activity in sessions which included the 

reversal trials. In contrast, basal dendrites did not change their level of local activity throughout 

the behavior. These results indicate that modulating closed-loop behaviour can invoke 

differential activation of tuft dendrites compared to basal dendrites, providing further insight into 

the laminar-specific role of different dendritic compartments. 
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Abstract: How sensorimotor information is represented across individual pyramidal cell 

dendritic trees in awake behaving animals remains obscure. The three key limitations are: a lack 

of technologies that can rapidly measure activity from entire dendritic arbors in 3D in real-time; 

brain motion artefacts which can severely distort signals generated by fine caliber structures like 

dendrites; and not having an analysis framework for exploring activity patterns that could 

manifest across entire dendritic trees during behavior. To overcome these challenges, we 

combined our recently developed nonlinear 3D acousto-optic lens two-photon microscope with 

real-time 3D brain motion correction along with novel Ca2+ imaging analysis pipelines to 

discover how sensorimotor information is represented by patterns of dendritic activity in motor 

cortical layer 2/3 excitatory neurons during spontaneous naturalistic behaviors. Arboreal 

scanning confirmed that a strong, highly correlated, and putatively cell-wide Ca2+ signal is the 

dominant activation mode in vivo. We find independent branch-specific local events are rare, 

and when observed, are largely accounted for by contaminating signals. Applying nonlinear 

dimensionality reduction techniques to the global signals, we discovered specific dendritic 

regions that covary with uninstructed spontaneous movements. These dendritic modulations 

(spread over > 20 μm compartments) were superimposed on the global signals and were dynamic 

across behavioral epochs including quiet-rest, locomotion, active whisker touch, and unexpected 

sensorimotor stimuli. Remarkably, regression analyses suggest that modulations in the activity of 

dendritic segments are more informative about specific behaviors than the activity at the soma 

for most cells. Our results indicate that L2/3 pyramidal cell dendritic activity patterns are 

multidimensional and represent several innate behavioral features simultaneously. 
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Abstract: Synaptic inputs are integrated spatially and temporally in the somatodendritic 

compartment of a neuron. Despite intensive studies for decades on synaptic integration in the 

somatodendritic compartments, its spatio-temporal dynamics remain obscure because of the 

technical limitation to obtain local potentials at multiple regions. To address this issue, we used a 

genetically-encoded voltage indicator, which enables us to detect membrane potential changes as 

fluorescence intensity changes, together with local uncaging of glutamate on cultured 

hippocampal neurons. Fluorescent voltage imaging using a modified version of ASAP1 (St-

Pierre et al., 2014) exhibited asymmetric spreading of excitatory postsynaptic potentials 

(EPSPs): EPSPs amplified during propagation toward the distal end whereas attenuated toward 

the soma. We also found that the local amplification of EPSPs was abolished by the inhibition of 

TTX-resistant Na+ channels and KCC2, a K-Cl cotransporter. These results suggest that low 

concentration of intracellular Cl- ([Cl-]in) in distal dendrites is important for the asymmetric 

spreading of EPSPs. To confirm this idea, we directly measured the resting membrane potential 

in a thin dendrite by the patch-clamp method. Surprisingly, the dendritic resting potential was 

more negative than the somatic one. In addition, the relative leak conductance became higher in 

a dendrite farther away from the soma. The deeper resting potential in dendrites was abolished 

by a KCC2 inhibitor. These data suggest that lower [Cl-]in and/or higher Cl- conductance in distal 

dendrites than in the soma underlies deeper resting potential in dendrites. To confirm that the 

deeper resting potential depending on the specific [Cl-]in regulation in dendrites is involved in the 

local augmentation of EPSP, we constructed a simple biophysical model. Simulation of the 

model exhibited the asymmetric augmentation of excitation depending on the TTX-resistant Na+ 

channels and Cl- conductance accompanied with deeper dendritic resting potential. Accordingly, 

voltage imaging showed that the simultaneous inhibition of Cl- conductance and Na+ channels 

strongly suppressed the local augmentation of EPSP in a distal dendrite. Taken all these results 

together, our findings identified a novel Cl--dependent mechanism underlying the unique 

asymmetric processing of the electrical signal in dendrites. 
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Abstract: Spontaneous activity of the local GABAergic synaptic network in the external globus 

pallidus (GPe) causes GPe neurons to fire with irregular inter-spike intervals. While the local 

synapses are powerful, they make up only a small portion of synapses in the GPe. Most synapses 

are formed by the axons of indirect pathway striatopallidal neurons (iSPNs) and axon collaterals 

of direct pathway striatonigral neurons (dSPNs). It is well established that both pathways are 

highly convergent. It is assumed that each of the individual connections in these pathways is 

weak. To determine the strength of iSPN-GPe and dSPN-GPe connections, we measured unitary 

SPN-GPe synaptic currents. We collected 10-degree tilted parasagittal mouse brain slices to 

preserve the striatopallidal pathways. Because SPNs are not spontaneously active in slice 

preparations, we used slices from Ai32 x A2A-Cre mice and Ai32 x Tac-Cre mice to allow us to 

induce asynchronous repetitive firing in iSPNs and dSPNs by activating channelrhodopsin 

(ChR2) current with blue light. We collected whole-cell voltage clamp recordings of GPe 

neurons’ membrane current while driving SPNs expressing ChR2 to fire with low levels of 

illumination, localized in the striatum. Unitary inhibitory postsynaptic currents (IPSCs) from 

both iSPNs and dSPNs had significantly smaller amplitudes and slower kinetics than local 

synaptic currents. To determine the relationship between the number of striatopallidal synapses 

and the spiking responses of neurons in the GPe network, we injected waveforms with dynamic 

clamp that simulated unitary striatopallidal conductance and summated multiple waveforms to 

modulate the number of striatal synapses. In the absence of the local network, the input from 

roughly 5-10 SPNs was required to reliably reset oscillatory firing. In the presence of the local 

network, phase resetting caused by SPNs did not last beyond a single inter-spike interval due to 

the continuous de-regularization of spontaneous firing by the local network. This suggests that 

by de-regularizing neuronal firing, the local network limits the ability of SPNs to synchronize 

GPe neurons beyond a single inter-spike interval. Because GPe neurons innervate neurons in all 

nuclei of the basal ganglia, they may be a major source of their irregularity and active 

decorrelation. 
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Abstract: Neurons process tens of thousands of inputs arriving at their dendritic arbor to 

compute reliable, tuned output in response to specific stimuli. Layer 2/3 pyramidal neurons in 

mouse visual cortex, with their broad dendritic arbors across superficial layers, offer a relevant 

model for studying the dendritic mechanisms by which a myriad of synaptic inputs are integrated 

to generate stimulus feature specific responses. Of these, orientation tuning is one of the 

fundamental computations performed by these visual cortical neurons. Using direct dendritic 

patch-clamp recordings in awake mice, we previously found that locally generated, NMDA 

receptor-dependent dendritic spikes are not only visually evoked, but also exhibit reliable 

orientation tuning. However, a detailed understanding of how and under what conditions the 

heterogeneous synaptic inputs trigger tuned dendritic spikes, and how reliably the latter instructs 

neuronal outputs is still lacking. Recent technical advances in two-photon calcium (2P Ca2+) 

imaging using genetically encoded calcium indicators, e.g., GCaMP8m, have enabled functional 

input mapping with dendritic spine-level resolution. This approach enables longitudinal 

examination of the spatial distribution of presynaptic inputs carrying various orientation tuning 

signals along the dendritic arbor. 2P Ca2+ imaging can also identify the site of dendritic spike 

generation as local dendritic hotspots of Ca2+ increase, and the generation of neuronal output 

observed as a global Ca2+ transient backpropagating towards distal dendrites. Here we report 

that while the simple linear sum of the tuning curves of individual synaptic inputs can predict the 

preferred orientation of the neuron, it produces broader tuning. A simple linear sum of the tuning 

curves of local dendritic Ca2+ hotspots, however, recapitulated both the preferred orientation and 

the tuning width of the neuronal output. Moreover, chronic functional imaging of the same 

dendrites over up to 6 months revealed several cases in which drifts in preferred orientations 

have been observed that were coupled with drifts in the summed tuning of dendritic spine 

activity. Lastly, chronic functional imaging is a powerful tool for monitoring pathological 

progression in neurodegenerative diseases. Performing chronic intrinsic signal optical imaging 

on two different strains of mouse models of tauopathy (rTg4510 and PS19), we have identified 

specific visual cortical areas of vulnerability including the primary visual cortex (V1) and medial 

higher visual areas (HVAs). Focusing on these visual areas, we will discuss how dendritic 

integration is affected as the pathology progresses. 
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Abstract: Neocortical layer 2/3 (L2/3) pyramidal cells are a major component of the canonical 

cortical circuit. Although these cells are the most numerous cortical pyramidal cell type, 

restricted access to their fine dendritic protrusions has limited our understanding of the somato-

dendritic conductances governing the activity of these cells. Hyperpolarization-activated 

nonselective cation (HCN) channels are known to play an essential physiological role in the 

more well-characterized (e.g., L5) pyramidal cell types. In L5 pyramidal neurons, HCN channels 

regulate resting membrane potential and are crucial for the temporal normalization of synaptic 

events arriving at spatially mismatched locations. In contrast, L2/3 pyramidal cells are widely 

regarded as lacking this conductance due to the absence of the characteristic “sag” potential. 

Here we report that L2/3 pyramidal cells express functionally relevant HCN channels throughout 

the cortex. Importantly, HCN channels strongly constrained neuronal AP firing by altering the 

resting membrane potential and input resistance of L2/3 cells. In L5 cells, HCN channels 

strongly regulate distal synaptic events due to their enrichment within distal apical dendrites of 

this neuron type. In contrast, we found that only proximal synaptic events were altered in L2/3 

cells after pharmacological HCN blockade. Thus, this unique L2/3 HCN distribution may 

preferentially regulate information arriving from bottom-up synaptic pathways, as opposed to 

top-down information in L5 cells. We also found that direct HCN modulation through 

serotonergic receptor (5-HT7R) activation significantly altered AP firing in L2/3 neurons. 

Finally, we confirmed that these channels have behaviorally relevant functionality in the adult 

brain for maintaining accurate visual processing in V1 cortex. Together our results demonstrate 

that L2/3 pyramidal cells not only express dendritic HCN channels but also employ these 

conductances in a previously unobserved manner. 
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Abstract: Neurons receive the majority of their excitatory synaptic inputs on dendritic trees, 

which can differ in shape, size, and density of active conductances. This diversity can 

differentially affect dendritic integration and hence neuronal computations. While the role of 

dendrites in computations performed by excitatory neurons has been substantially investigated, 

much less is known about the influence of dendritic integration in GABAergic interneurons 

(INs). This is particularly true in the neocortex where interneurons are particularly diverse. In 

here we used a multidisciplinary approach to characterize the dendritic integration properties of 

parvalbumin (PV)-positive and somatostatin (SST)-positive INs in the mouse sensory cortex. 

Using two-photon glutamate uncaging (2PGLU) we observed that PV-INs display mostly 

sublinear subthreshold input-output relationships, while SST-IN dendrites integrate quasi-

synchronous inputs supralinearly in a NMDA-dependent manner. We subsequently analyzed 

synaptic distributions on those two different populations of INs using STED imaging of 

immunolabelled PSD-95 puncta (proxy for glutamatergic synapses) as well as a publicly-

available EM dataset (MICrONS dataset). Surprisingly, estimates of synapse distributions 

revealed that PV- and SST-INs use different strategies to distribute synaptic inputs along their 

dendrites. In SST-INs, linear synapse density is relatively constant along single dendritic 

branches. In contrast, in PV-INs, proximal dendrites have linear synapse density that is 2-3 times 

higher than in SST-INs that progressively decreases with distance from soma. Interestingly 

2PGLU revealed that such asymmetric synapse distributions are accompanied by synaptic 

integration gradients. In PV-INs proximal dendritic segments integrate inputs in a predominantly 

linear fashion, whereas distal dendritic segments exhibit predominantly sublinear integration. 

Initial results from numerical simulations suggest that the sharp decrease in synapse density 

along the somatodendritic axis of PV cells reduces sublinear processing in their distal dendrites 

during normal cortical function. We are presently using visual stimulation and two-photon 

imaging to test the link between sensory integration and dendritic properties in the primary visual 

cortex of awake mice. Notably, we are testing the impact of NMDARs in SST-INs in shaping the 

spatial selectivity of neuronal responses. In conclusion, our data demonstrate that IN-specific 

dendritic integration properties further contribute to the already diverse functional differences 

between PV+-INs and SST+-INs in neocortical microcircuits. 
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Abstract: Morphologically elaborate dendritic trees endow cortical pyramidal neurons with the 

ability to differentially integrate multiple streams of information. Although prior calcium 

imaging studies have shown that active dendritic processes can represent task-relevant features in 

behaving animals, it remains unclear how such dendritic activity is related to somatic spiking due 

to interference from backpropagating action potentials (bAPs). To study the relationship between 

somatic and dendritic activity, we employed soma-targeted optogenetic inhibition to suppress 

bAPs generation during multi-plane two-photon in vivo GCaMP imaging of apical dendrites. 

Experiments were performed in the mouse retrosplenial cortex during navigation in a virtual 

reality paradigm. We observed widespread and highly correlated somato-dendritic activity in 

cortical layer 5 pyramidal neurons under control conditions, as has been reported previously. 

However, during optogenetic inhibition of bAPs generation, many independent local GCaMP 

events in distal apical tuft branches were revealed. Ongoing experiments are focused on 

characterizing the visual inputs and behavioral correlates of these events compared to somatic 

bAPs. Our approach provides a new avenue for investigating how dynamic compartmental 

computations in dendrites contribute to neuronal tuning and cortical circuit processing during 

behavior. 
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Abstract: Temporal lobe epilepsy (TLE) is a neurological disorder characterized by focal 

seizures originating from the hippocampus, hippocampal sclerosis, and cognitive dysfunction. 

Many TLE patients are unresponsive to current epilepsy treatments, highlighting the need to 

understand the mechanisms underlying hippocampal hyperexcitability that drive the seizure 

onset. In the hippocampus and cortex, STriatal-Enriched protein tyrosine Phosphatase (STEP61) 

is membrane-bound and negatively regulate s excitatory synaptic transmission by inducing 

dephosphorylation and internalization of two major glutamatergic receptors including N-methyl-

D-aspartate (NMDA) and α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) 

receptors. Recently, we have reported that the STEP inhibitor, TC-2153, decreased the severity 

of kainate (KA)-induced seizures and activity of acute hippocampal slices compared to DMSO 

vehicle control. Further, TC-2153 treatment of cultured hippocampal neurons decreased their 

excitability and ¬the hyperpolarization-activated current (Ih¬), highlighting a potential novel 

regulation of hyperpolarization-activated cyclic nucleotide-gated (HCN) channels by STEP61. 

To test this hypothesis, we first demonstrated that STEP knock-out (KO) mice displayed reduced 

excitability of hippocampal CA1 neurons and similar severity of KA-induced seizures between 

TC-2153 and DMSO treatment, indicating that anti-seizure action of TC-2153 is STEP-specific. 

To investigate if STEP61 regulates HCN channels, we next performed surface biotinylation in 

Chinese hamster ovary (CHOhm1) cells transfected with HCN2 and wild-type (WT) STEP61, or 

a catalytically inactive mutant of STEP61 [C/S]. Although HCN2 colocalizes with STEP61 WT 

and [C/S] , co-expression of STEP61 WT nor STEP61 [C/S] did not alter total expression of 

HCN2 compared to empty vector control. Interestingly, co-transfection of STEP61 [C/S] 

significantly increased HCN2 surface level compared to STEP61 WT. Together, these results 

suggest that TC-2153 reduces seizure susceptibility in a STEP-specific manner and that STEP61 

regulates surface expression of HCN2. We are currently testing whether STEP61 affects voltage-

dependent activation, current density, and tyrosine phosphorylation of HCN2 channels. 
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Abstract: Rationale: Current anti-seizure medications are insufficient for managing seizures in 

epilepsy patients, as one third of patients are resistant to current anti-convulsants. One promising 

disease-specific target for reducing seizures is SUR1-TRPM4, a sodium conducting ion channel 

minimally expressed in healthy brain that upregulates de novo after status epilepticus and other 

seizure-related pathologies like stroke. SUR1-TRPM4 upregulation has been successfully 

targeted to reduce stroke pathology through preclinical studies and clinical trials. Here we 

investigated whether SUR1-TRPM4 upregulation contributes to chronic seizure susceptibility in 

epilepsy. Methods: SUR1-TRPM4 expression was examined by immunohistochemistry (IHC) in 

epilepsy patient resected brain tissues electrographically sorted as normal or epileptic, as well as 

in brains from mice undergoing pentylenetetrazol (PTZ) kindling compared to sham controls. To 

assess SUR1-TRPM4 contribution to chronic seizures, the effects of TRPM4 inhibition were 

studied in vivo and in vitro. An adapted PTZ kindling model was used to assess differences in 

chronic seizure threshold between global TRPM4 knock-out (KO) and littermate wildtype 

controls (WT). PTZ doses were started at 15mg/kg and escalated by 5mg/kg every 3 doses until 

seizures were seen in either group, after which that dose (25mg/kg) was used. To assess the 

mechanism that SUR1-TRPM4 expression promotes seizures through neuron hyperexcitability, 

rat cortical cultures were recorded with microelectrode array (MEA), treated with low Mg2+ or 

control aCSF daily, and co-treated with either TRPM4 inhibitor CBA or vehicle. Results: 

Compared to controls, SUR1-TRPM4 expression was increased within epileptic tissues resected 

from patients (p<0.05, paired t-test) and in PTZ kindled brains (p<0.05, unpaired t-test). 

Furthermore, TRPM4 KO significantly attenuates (p<0.05, logistical regression analysis) the 

development of seizures induced by PTZ kindling and pharmacological inhibition of SUR1-

TRPM4 in vitro reduces (p<0.01, 2-way ANOVA) neuronal population hyperactivity induced by 

low Mg2+. Conclusions: These findings suggest that SUR1-TRPM4 is overexpressed within 

seizure-specific tissue from epilepsy patients. Furthermore, this channel is upregulated in mouse 

PTZ kindling and TRPM4 KO in this model reduces seizure susceptibility. In vitro data suggest 

SUR1-TRPM4 contributes to seizure development through neuronal population 

hyperexcitability. Overall, this work suggests SUR1-TRPM4 is a clinically relevant biomarker 

and potential therapeutic target to manage seizures in epilepsy patients. 
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Abstract: Epilepsy is a prevalent neurological disorder characterized by recurrent seizures, 

affecting millions of individuals worldwide. Among various forms of epilepsy, childhood 

absence epilepsy (CAE) is particularly common in pediatric patients and is believed to have a 

strong genetic component. Despite its familial clustering, CAE does not follow a simple 

Mendelian inheritance pattern, suggesting a complex polygenic nature. In addition to seizure 

activity, cognitive impairments and social behavior abnormalities are frequently observed in 

neurodevelopmental disorders, including CAE. However, the behavioral aspects of 

developmental and epileptic encephalopathy (DEE) and their response to anti-seizure 

medications are not well understood. 

In this study, we investigated the combined effects of heterozygous mutations in two human 

CAE and/or ASD (autism spectrum disorder)-associated genes, CACNA1A and CACNG2, 

which encode the α-subunit of P/Q-type calcium channels (Cav2.1) and a transmembrane AMPA 

receptor regulatory protein (TARP) named stargazin, respectively. Using a digenic mouse model 

(DiGstg+1A) carrying both mutations, we demonstrated that these genetic alterations led to the 

development of CAE and alterations in social novelty preference. Furthermore, we evaluated the 

efficacy of ethosuximide, a commonly prescribed anti-CAE medication, in this mouse model. 

While ethosuximide successfully suppressed absence seizures, it failed to restore social novelty 

preference in the DiGstg+1A mice. This observation aligns with clinical findings that 

neurocognitive impairments persist in CAE patients, even with successful seizure control under 

first-line anti-seizure medications like ethosuximide. 

Our findings present the first digenic animal model that replicates the complex inheritance 

patterns observed in human CAE. The DiGstg+1A mice exhibit altered social behavior that is 

resistant to ethosuximide treatment, mirroring the condition observed in human patients. This 

study provides valuable insights into the intricate heredity of CAE and lays the foundation for 

the development of novel therapeutic interventions to address this disorder in the future. 
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Abstract: Forebrain neurons deprived of activity become hyperactive when activity is restored. 

Rebound activity has been linked to spontaneous seizures in vivo following blockade with the 

sodium channel blocker tetrodotoxin (TTX). Here we measured the time course of rebound 

activity and contributing circuit mechanisms using calcium imaging, synaptic staining and whole 

cell patch clamp of organotypic slice cultures of mouse neocortex. Calcium imaging revealed 

hypersynchronous activity increasing in intensity with longer periods of deprivation. While 

activity partially recovered three days after slices were released from five days of deprivation, 

they were less able to recover after ten days. However, even after the longer period of 

deprivation, activity patterns eventually returned to baseline levels. Pharmacological blockade of 

NMDA receptors indicated that elevated rebound activity did not require Hebbian plasticity 

evoked during synchronous firing. Single neuron recordings revealed that input resistance 

roughly doubled with a concomitant increase in intrinsic excitability. Synaptic imaging of pre- 

and postsynaptic proteins revealed dramatic changes in the number of presumptive synapses with 

larger effect on presumptive inhibitory than excitatory synapses. Presumptive excitatory 

synapses colocalizing PSD-95 and Bassoon declined by 39% and 56% following five days and 

ten days of deprivation, but presumptive inhibitory synapses colocalizing gephyrin and VGAT 

declined by 55% and 73% at these time points. More modest changes in pre- and postsynaptic 

puncta size also occurred. The results suggest that with prolonged deprivation, a progressive 

reduction in synapse number is accompanied by a shift in the balance between excitation and 

inhibition and increased cellular excitability. 
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Abstract: The spike-wave seizure (SWS) is the hallmark of Childhood Absence Epilepsy 

(CAE), a disease that affects up to 8 per 100,000 children under 15 years of age. Currently 

available anti-seizure medications reduce seizure occurrence but are associated with 

unacceptable freedom from treatment failure rates (~50%) due to intolerable side effects. 

Understanding the mechanisms of SWS generation is a necessary step for developing better, 

targeted treatments. Prior research suggests that SWSs are driven by hypersynchronous neural 

circuits of the cortex and thalamus. However, beyond this general conclusion, many significant 

questions remain. For example, which structures actively contribute to the generation of a seizure 

(“actively driving”), and which ones are only passively active during a seizure (“passively 

following”)? Importantly, only structures that are “actively driving” seizures are reasonable 

targets for treatment strategies. To resolve this question, we recorded single-unit activity in 

awake head-fixed epileptic mice to resolve the contribution of all thalamic nuclei to SWS 

generation. The activities of single neurons were aligned to the SWS onset, revealed by 

simultaneously recorded cortical electrocortigram electrodes. Preliminary findings (n=7) indicate 

that most thalamic nuclei are recruited during the SWS and fire sparsely but synchronously 

during each cycle of the SWS. The results of this study – a single-neuron resolution activity map 

during the SWS - is an essential first step for the development of novel therapeutic strategies for 

a common childhood form of epilepsy associated with unacceptable failure rates. 
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Abstract: Mesial temporal lobe epilepsy (mTLE) is a prevalent type of epilepsy with a high rate 

of drug resistance and surgery relapse. The ictogenesis of mTLE is not well understood. A better 

understanding of how mTLE seizures begin may offer new therapeutic opportunities. 

We modeled mTLE seizures with optogenetic stimulation to the hippocampus. In mice, we 

transduced ChR2 in putative glutamatergic neurons unilaterally in CA1 of the hippocampus. A 



fiber cannula was implanted at the site of ChR2 transduction for optical stimulation, and 

electrodes were implanted bilaterally in the CA1 and DG of the hippocampus to simultaneously 

monitor the EEG activity. We demonstrate that focal to bilateral tonic-clonic seizure can be 

induced in awake-behaving mice by 10Hz optical activation of unilateral CA1 glutamatergic 

neurons. 

At first, optical stimulation of the ChR2-expressing neurons evoked an immediate EEG activity 

measured near the stimulation site. EEG activity at the corresponding contralateral hippocampus 

was observed with approximately 5ms delay, validating bilateral hippocampal connectivity. To a 

continual stimulation, a stereotypical secondary discharge emerged in both the ipsilateral and 

contralateral EEG. This secondary discharge was found 20-50ms delayed from each stimulation 

pulse. The secondary discharge led into the seizure onset and thus denotes a critical transition 

from a reactive, stimulation-driven neural response to a self-sustaining seizure. We demonstrate 

that the secondary discharge may have been initiated in the ipsilateral DG, then amplified by the 

contralateral hippocampus. Overall, EEG activity appeared to alternate between the ipsilateral 

and contralateral hippocampus, approximately 90° out-of-phase. We believe this is the result of 

the neural signal rebounding between ipsilateral and contralateral hippocampus through its 

bilateral re-entrant structure. It is likely that the continual optically stimulation propelled the 

derived contralateral response to the magnitude that it activated a re-entrant response on the 

ipsilateral side, and this triggered the secondary discharges. Further reinforced by the external 

optical stimulation, both ipsilateral and contralateral secondary discharge intensified and led to a 

seizure. 
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Abstract: The prevalence of epilepsy is about 1% of the US population and nearly 1 in 3 

epilepsy patients fails to respond adequately to anti-epileptic drugs. Development of new 

therapeutic options depends on an understanding of how seizures start and spread through the 

brain. Two main features of seizure propagation are the excitation/inhibition balance across the 

brain, and the specific brain regions involved in individual seizures to form a seizure network. 

To examine excitation and inhibition balance across the cortex, we selected a bilateral 

neocortical brain network consisting of somatosensory (S1) and frontal cortex (M2). We applied 



widefield calcium imaging across the dorsal cortex during awake focal 4-Aminopyridine (2.5 

mM) seizures in mice to study how seizures initiate and spread, imaging Thy1+ excitatory 

neurons and PV+ interneurons with simultaneous electrophysiology. We found that, prior to 

seizure onset, both cell types show activity increase at the focus, though there was no significant 

timing difference between these cell types. After seizure onset, seizures either propagated 

contiguously, spreading from the 4-AP focus, or by first propagating through axonal connections 

to ipsilateral M2. After this, some seizures then propagated to the opposite hemisphere. When 

this occurred, our imaging revealed that bilateral propagation always occurred earlier in frontal 

cortex than other more posterior regions. Contralateral S1, despite direct callosal connection with 

the seizure focus, was recruited significantly later than contralateral M2. This finding suggests 

that bilateral seizure propagation may depend on the dynamics of cross-callosal projections: we 

hypothesize that callosal projections from S1 may serve to inhibit contralateral S1, while callosal 

projections from M2 may preferentially excite contralateral M2. Regardless of the mechanism, 

our data suggests that specific choke points may exist within seizure networks and provides a 

potential target for cell-type-specific or surgical intervention to prevent bilateral seizure spread. 
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Abstract: In this study, we explored the progression of seizures kindled from the basolateral 

amygdala (BLA) using an amygdala rapid kindling rat model Responses were measure in to the 

ipsilateral parietal cortex (PC), fastigial nucleus (FN), and the brainstem reticular formation (RF) 

and nucleus tractus solitarius (NTS), Adult male Wistar rats were surgically implanted with 

bipolar electrodes, enabling real-time, high-resolution local field potential (LFP) recordings pre-, 

and postictally. Utilizing a combination of graph neural network (GNN) and Granger Causality 



(GC) analyses, we transformed raw LFP data into discernible patterns of functional connectivity. 

We observed a strengthened GC connectivity from the BLA to NTS, FN, PC, and RF during 

seizure progression associated with once daily stimulation of the BLA over 3 weeks. 

Interestingly, post-kindling stages presented a shift in seizure centrality from the BLA to the 

ipsilateral PC, which demonstrated stronger connections to NTS, RF, and FN, while BLA 

connectivity appeared to diminish. This distinct pattern of activity flow and synchronization 

suggested a coherent progression of seizures from supratentorial regions to subcortical and 

cardiorespiratory hubs within the brainstem. Statistical analyses further supported these findings, 

showing significant increases in synchronization and coherence metrics during seizure 

propagation compared to baseline states. Remarkably, these synchronization patterns correlated 

with the severity of Racine scored seizures. Brainstem seizure activity correlated with the degree 

of respiratory dysfunction, establishing a quantitative link between neural activity and systemic 

physiological impacts. By elucidating the complex neural network dynamics of kindled seizures, 

our study provides a perspective on seizure propagation into the brainstem and the associated 

seizure semiology and physiological consequences. 
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Abstract: Despite not being traditionally associated with epilepsy or seizures, the cerebellum 

has emerged as a potentially critical node in seizure networks. Chronic epilepsy is associated 

with cerebellar alterations including disrupted functional and structural connectivity, volume, 

and perfusion. During seizures themselves, alterations in cerebellar blood flow and phase locking 

of single cell activity occur, but it is unclear how these alterations influence ongoing cerebellar 



processing. It is critical to understand exactly how seizures and chronic epilepsy influence 

cerebellar dynamics, as cerebellar deficits can coincide with cognitive impairments and can even 

predict sudden unexplained death in epilepsy (SUDEP).To address these major questions, we 

recently developed a novel method for chronic mesoscale recordings of the of the cerebellar 

cortex in head fixed, behaving mice using cerebellar windows. Using PcP2-GCaMP6s mice, the 

activity of Purkinje cells, the primary output neurons of the cerebellar cortex, is recorded across 

lobules IV-VII of both vermis, simplex, and Crus I regions of the cerebellar cortex. Combined 

with simultaneous hippocampal LFP recordings in mice that had previously received unilateral 

intrahippocampal kainic acid injections, our approach allows for the quantification of Purkinje 

cell modulation during chronic, spontaneous hippocampal electrographic seizures. We find that 

hippocampal electrographic seizures evoke widespread alterations in Purkinje cell activity 

throughout the dorsal cerebellar cortex. Importantly, these seizures lack any overt motor 

symptoms, indicating that cerebellar modulation cannot be attributed to pure changes in motor 

output. In addition to being engaged by the seizures themselves, changes in cerebellar activity 

precede hippocampal seizures, with dramatic reductions in synchrony observed between 

cerebellar networks during preictal periods. Together, these results indicate that hippocampal 

seizures can profoundly influence cerebellar activity, and suggest that alterations in cerebellar 

dynamics might potentially serve as a predictor of seizure onset in temporal lobe epilepsy. 

Disclosures:  M. Streng: None. B.W. Kottke: None. E.M. Wasserman: None. L. Zecker: 

None. L. Luong: None. T.J. Ebner: None. E. Krook-Magnuson: None. 

Poster 

PSTR008. Epilepsy: Networks Changes and Modifications 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR008.10/C54 

Topic: B.08. Epilepsy 

Support: NIH NINDS K22NS104230 

Title: Mc4rs facilitate fear extinction learning and acth-driven neuroprotection after early life 

seizures 

Authors: *M. KHALIFE1,2, P. JASINSKI2, K. ABED RABBO3, M. OUARDOUZ2, M. 

MAHONEY4, R. C. SCOTT1,2,5, A. E. HERNAN1,2;  
1Psychological and Brain Sci., Interdisciplnary Neurosci. Grad. Program - Univ. of Delaware, 

wilmington, DE; 2Neurol., Nemours Children's Hlth., Wilmington, DE; 3Neurosci., Univ. of 

Vermont, Burlington, VT; 4The Jackson Lab., Bar Harbor, ME; 5Neurosciences Unit Univ. Col. 

London, Inst. of Child Hlth., London, United Kingdom 

Abstract: Pediatric epilepsy is a common neurological disorder characterized by recurrent 

unprovoked seizures, but often associated with severe cognitive impairments and psychiatric 

comorbidities that are detrimental to the patient’s quality of life. Current treatment approaches do 



not address the disease associated cognitive and psychiatric comorbidities. Rodents with a 

history of early life seizures (ELS) have significant deficits in spatial learning and memory, 

sociability, attention, and fear extinction learning. We have shown that exogenously 

administered adrenocorticotropic hormone (ACTH), a hormone in the hypothalamic-pituitary-

adrenal (HPA) axis, is effective at preventing learning impairments in fear extinction and anxiety 

phenotype in light/dark box after ELS. The objective of this study is to investigate the 

mechanism behind the cognitive improvement and learning impairment prevention of ACTH 

after ELS. Here we show that the cognitive improvement is dependent on melanocortin 4 

receptors (mc4r), neuropeptide receptors agonized by ACTH that are expressed on neurons and 

glia in the brain. To investigate the mechanism behind the improvement, both male and female 

wildtype and mc4r knockout mice were distributed into three groups: control, ELS with no 

treatment and ELS with ACTH treatment. Mice experience seizures between p10 and p14 

followed by in vivo single unit recording implantation in the prefrontal cortex (PFC) at p45. In 

vivo single unit recordings performed at baseline (n=24 wildtype and n=18 mc4r knockout p50 

mice) and during a fear extinction task (n=18 wildtype and n=13 mc4r knockout p50 mice) 

reveal that ELS and ACTH treatment are associated with long-term alterations in PFC neuronal 

firing modulation. These results suggest that ACTH treatment improves cognitive outcome after 

ELS through a mechanism that bypasses the systemic effects of cortisol release and potentially 

normalizes local PFC networks independently from altering seizure parameters. Taken together, 

these data elucidate the mechanism behind the improvement in ELS outcome with ACTH 

treatment and suggest that MC4R agonists may be a novel therapeutic strategy for improving 

outcome in pediatric epilepsy. 
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Abstract: In the United States, nearly 400,000 children suffer from developmental epileptic 

encephalopathies characterized by intellectual disability, behavioral comorbidities, higher rates 

of mortality and increasing drug resistance risk with age. Although involvement of inhibitory 

circuits in modulating abnormal neuronal networks and seizure development is known, our 



understanding of GABAergic interneurons in epileptic encephalopathies remains limited. Here, 

we used a C1qa KO mouse model of epilepsy that exhibits clinically relevant 

electrophysiological (EEG) and behavioral features of refractory childhood epilepsies, 

particularly Lennox-Gastaut syndrome (LGS). We investigated EEG abnormalities, inhibitory 

neuronal network changes and behavioral phenotypes. Data was obtained from juvenile adult 

C1qa KO mice and aged-matched controls between 60-80 days postnatal (n = 22 WT, 30 C1qa 

KO). EEG signals were acquired using a tethered head-mounted video-EEG monitoring system 

and analyzed offline using SireniaScore software (Pinnacle Technologies). In an additional 

cohort of mice, we performed two independent behavioral assays: open field test and dark light 

preference test, to assess anxiety-like behaviors and general locomotor activity. 

Immunofluorescence labeling for somatostatin (SST)-expressing interneurons, DAPI and c-Fos 

was performed in the same cohort of mice. Measurement of interneuron numbers was performed 

in somatosensory cortex layers (I-VI). Cortical excitatory and inhibitory synaptic transmission 

was also evaluated using in vitro electrophysiology. Here, we present four major findings: C1qa 

KO mice showed (1) a prominent bi-hemispheric irregular spike and slow wave activity pattern, 

(2) a transient period of hyperactivity during open field testing, and decreased time spent in the 

light compartment while in a dark/light box, both associated with anxiety-like behaviors, (3) 

decreased number of SST interneurons and c-Fos positive cells in layer 6 of somatosensory 

cortex, (4) increased amplitude and frequency of spontaneous EPSC in deep layers of 

somatosensory cortex. These results uncover cortical network abnormalities and behavioral 

phenotypes in a C1qa KO mouse model of epilepsy. 
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Abstract: Repeated generalized tonic-clonic seizures (GTCSs) are the single most significant 

risk factor for sudden unexpected death in epilepsy (SUDEP). Others have demonstrated that 

animals with ion channel mutations causing epilepsy have postictal apnea. We reported last year 



that repeated PTZ-induced seizures gradually lead to fatal postictal apnea, related to the plasticity 

of the GluA1 subunit of AMPA receptors. We tested whether similar mechanisms operate in the 

kindling model of temporal lobe epilepsy. We induced repeated GTCSs using the hippocampal 

kindling model. We generated global knockout (K.O.) mice of AMPA receptor subunit GluA1 

and compared EEG, breathing, and heartbeat in GluA1 K.O. and W.T. littermates. Kindled mice 

underwent hypoxia (10% O2) and hypercarbia (5% CO2) gas challenge every other day before 

kindling from naïve to fully kindled states to determine if there are any gas sensitivity changes 

before apnea development. Breathing frequency and variability were recorded in 

plethysmography chambers. Next, we kindled activity reporter TRAP2 mice to label and map 

neuronal circuits active during postictal apnea. Because the amygdala has been shown to be 

involved in apnea, we injected Cre-dependent AAV9 GFP virus in the amygdala of TRAP2 mice 

that express Cre only in the activated neurons. Injection of 4-hydroxytamoxifen in these mice 

after postictal apnea allowed us to trace only activated anatomic projections from the amygdala 

through the brainstem during apnea. We used immunohistochemistry and NeuroInfo software to 

create a 3D brainstem reconstruction map of activated brainstem nuclei during postictal apnea. 

We found that repeated hippocampal kindling-induced GTCSs also led to fatal postictal apnea. 

Mice without GluA1 subunit of AMPA receptors neither attained nor sustained GTCSs 

compared to W.T. littermates. 60% of GluA1 K.O. mice remained unkindled despite stimulation, 

their seizure threshold was higher (GluA1 K.O.: 157.10 ± 37.65 µA, n = 10 mice; W.T.: 64.00 ± 

14.70 µA, n = 10 mice; Mann Whitney test, p = 0.022), seizure severity lower (p < 0.05), seizure 

duration shorter, and none of them died compared to W.T.s. The experiments mapping neuronal 

circuits active during hippocampal GTCSs-induced apnea in TRAP2 mice and sensitivity to 

hypoxia and hypercarbia during kindling are ongoing. We propose that neuronal plasticity leads 

to seizure-induced apnea. 
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Abstract: Rationale: Although epilepsy patients spend minimal time experiencing seizures, 

significant physical injury and psychological distress is associated with the unpredictability of 

these transient, debilitating events. Despite four decades of EEG-based predictive modeling of 

neural features such as LFP band power changes and single neuron firing rates, the transitions 

between baseline, pre-seizure, and seizure brain states remain unclear and unpredictable. 

Methods: In contrast, our approach uniquely models time-varying epileptic network connectivity 

across seizure development to reveal predictable, distinct connectivity states across seizure 

development. We analyze intracranial EEG (iEEG) recordings from three patients with drug-

resistant epilepsy, tracking coherence between electrode contacts. High-dimensional connectivity 

data is projected into low-dimensional latent space using principal component analysis. Data 

points are grouped into stages of seizure development by temporal proximity to seizure, and 

clustering of points within and between stages is quantified. 

Results: Our results in three subjects demonstrate that within subjects and across multiple 

seizures, grouping data points based on temporal proximity to seizure explains significantly more 

variance in connectivity state than can be attributed to the temporal dependence inherent to time-

series data (p &lt; 0.0001). This suggests that network connectivity evolves through predictable, 

distinct connectivity states across seizure development. Specifically, we find that changes in high 

gamma band coherence (70-200 Hz) drive the majority of variance and that theta (4-8 Hz) and 

alpha (8-12 Hz) coherence optimally separate pre-seizure from baseline states. 

Conclusion: Our results characterize a distinct pre-seizure connectivity state, which is separable 

from both baseline and seizure states. Identification of this state could provide a dynamic target 

for seizure prediction. Our initial analyses temporally defined stages of seizure development and 

assessed whether these temporal stages exhibited significant differences in network connectivity. 

Future work will challenge the assumption of our initial temporal grouping, finding optimal 

borders of distinct connectivity states in time relative to seizure. 
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Abstract: Seizures are common and greatly impact patients’ lives because they are abrupt and 

difficult to predict, thus developing biomarkers that can reliably signal seizures’ approaches is of 

great interest. Prior work on seizure prediction has focused on monitoring passive changes in 

EEG. An alternate strategy is to monitor the response to perturbations, which is based upon 

critical slowing from dynamic systems theory. In this study, we forecast seizure retrospectively 

in a rat temporal lobe epilepsy model using pre-seizure features associated with critical slowing. 

Tetanus toxin (TeNT, 25 ng/ul) was infused into the left hippocampal CA3 of six male Sprague 

Dawley rats; three control rats were injected with vehicle alone. Four EEG screw electrodes were 

implanted anterior or posterior to the ipsilateral and contralateral hippocampi respectively. From 

the second day after TeNT injections, intermittent electrical stimuli (pulse incidence, 0.3 Hz; 

pulse length and amplitude: 0.5 & 0.5 ms, biphasic 1.2 mA; 100 pulses in a train, and the inter-

train interval = 5 min) were delivered through the two EEG screws flanking the ipsilateral 

hippocampus as a consistent source of perturbations. The first electrographic seizures presented 

in the first two weeks after TeNT injections, and the rats remained epileptic for 8 weeks. 

Recording and stimuli lasted over 2 months after injections. We characterized several response 

features (curvature, point of deflection, spectral band power [1-64 Hz], etc) that were successful 

at suggesting that seizure risk was rising in the 0-30 minutes prior to seizures. For each subject, 

we built a custom seizure forecasting algorithm through the comparison of features between 

interictal periods and pre-seizure periods. We tested how this method could be implemented in 

real-time preparation for an online evaluation of seizure risk in the same model of epilepsy. 
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Abstract: Background: Temporal lobe epilepsy (TLE) is one of the most common types of 

epilepsy, with seizures originating from the hippocampus and is associated with aberrant DNA 

hydroxymethylation and glucose hypometabolism. Approximately 5% of glucose feeds into the 

Hexosamine Biosynthetic Pathway (HBP), which is a precursor to the glycosylation pathway, 

generating the sugar nucleotide UDP-N-acetyl-glucosamine (UDP-GlcNAc) substrate. The O-



GlcNAc Transferase (OGT) and O-GlcNAcase (OGA) catalyze the addition and removal of the 

O-GlcNAc moiety at serine and threonine residues, respectively. In the present study, we 

investigated whether OGT recruits Ten-Eleven Translocation (TET) proteins, like TET1, to 

facilitate the conversion of 5-methylcytosine (5-mC) to 5-hydroxymethylcytosine (5-hmC) at 

gene regions associated with chronic epilepsy. We hypothesize that altered TLE associated 

glucose metabolism contributes to abnormal O-GlcNAc signaling to TET1 DNA 

hydroxymethylation mechanisms in the epileptic hippocampus. Methods: Male Sprague Dawley 

rats were injected with saline or 10mg/kg of kainic acid (KA) to induce Status Epilepticus (SE). 

Six weeks following SE induction, the hippocampus was sub-dissected out and tissue processed 

for TET1 and OGT interactions in nuclear protein extraction. TET1, OGT and O-GlcNAc levels 

were detected by western blotting. The physical interaction of TET1-OGT was assessed by co-

immunoprecipitation (co-IP). O-GlcNAcylation of TET1 was determined by succinylated wheat 

germ agglutinin (sWGA) assay. Results: Co-immunoprecipitation analysis revealed that 

endogenous TET1 complexed with OGT in the hippocampus. Specifically, we found a 

significant increase in the ratio of OGT binding to TET1 in the epileptic hippocampus compared 

to non-epileptic controls. Furthermore, we observed a significant reduction in TET1 O-

GlcNAcylation levels. Conclusions: Together, these findings indicate an increased association 

between OGT and TET1 proteins in the hippocampus of epileptic rats compared to non-epileptic 

controls. To our knowledge, this study is the first to demonstrate an endogenous interaction of 

OGT-TET1 in the epileptic hippocampus suggesting a possible dysregulation in the following: 1) 

glucose metabolism, 2) expression/activity of OGT/OGA, 3) cellular stress response or 4) other 

epigenetic mechanism influencing the expression of genes involved in HBP. Our future work 

will focus on elucidating the observed alterations in TET1-OGT interaction and TET1 O-

GlcNAcylation gene regions in the epileptic hippocampus. 
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Abstract: Early life seizures (ELS) can have long-term consequences on cognitive function, 

leading to persistent cognitive deficits and intellectual disability. We have previously shown that 

ELS elevate neuronal excitability and increase the expression of GluA2-lacking AMPARs. In 

addition, ELS can block critical period cortical plasticity, and cause synaptic long-term 

potentiation (LTP) deficits in hippocampal CA1. Since the re-appearance of GluA2-lacking 

AMPARs play a critical role in aberrant plasticity in the hippocampus after ELS, we investigated 

whether a single seizure episode affects specific populations within the hippocampus, and 

whether early intervention through antagonism of GluA2-lacking AMPARs can prevent long-

lasting dysfunction in neuroplasticity at adulthood. Using an activity-dependent genetic labeling 

transgenic mouse model (FosTRAP;Ai14), we permanently labeled the ELS-activated neuronal 

population by pairing kainic acid with 4-OHT injections at postnatal day (P)10. The ELS-

activated neurons, tagged by tdTomato (tdT+), were assessed at P28-35. A subset of mice 

received an intraperitoneal injection of IEM-1460, a GluA2-lacking AMPAR antagonist, at 5 

mg/kg, 1 hr post-seizures and 3 more injections every 12 hrs. We found a robust population of 

tdT+ neurons in CA1 (93.5 ± 8.9%), and these neurons showed increased inward rectification 

consistent with synaptic insertion of GluA2-lacking AMPARs compared with surrounding tdT- 

neurons and saline control mice (rectification index, tdT+: 3.58 vs tdT-: 1.84 vs saline: 1.64, p < 

0.05, one-way ANOVA), as well as impaired LTP (Kruskal-Willis ANOVA, p < 0.05; Dunn’s 

post-test, Sal vs tdT+ cells, p< 0.05, and tdT- vs tdT+, p < 0.05), and diminished long-term 

depression (LTD; one-way ANOVA, p < 0.001; Tukey’s post-test, Sal vs tdT+ cells, p < 0.01, 

and tdT- vs tdT+ cells, p < 0.001). However, the surrounding tdT- showed robust LTP and LTD, 

comparable to the saline controls. Importantly, we found that early treatment with IEM-1460 at 

P10 could prevent the GluA2-lacking AMPARs accumulation onto synapses of tdT+ neurons at 

P28-P35 (ELS+IEM vs ELS+Veh, Mann Whitney test, p < 0.05), and at the same time, rescue 

LTP (one-way ANOVA followed by Tukey's test, ELS+IEM vs ELS+Veh, p < 0.001) and LTD 

deficits (one-way ANOVA followed by Tukey's test, ELS+IEM vs ELS+Veh, p < 0.05) in the 

CA1 neurons. In summary, this study emphasizes the significant role played by GluA2-lacking 

AMPARs in a particular subset of neurons that are impacted by ELS, ultimately leading to 

dysfunction within the hippocampal network and emphasizes the need to prioritize preventive 

measures in individuals affected by ELS. 
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Abstract: While central autonomic cardiorespiratory dysfunction underlies sudden unexpected 

death in epilepsy (SUDEP), the specific neural mechanisms that lead to SUDEP remain to be 

determined. Here we took an advantage of single cell neuronal Ca2+ imaging and 

intrahippocampal kainic acid (KA)-induced chronic epilepsy in 8-10 weeks old male C57BL/6 

mice to investigate progressive changes in key cardiovascular and respiratory brainstem circuits 

during chronic epilepsy. Experiments were performed in accordance with the European 

Commission Directive 2010/63/EU and the UK Home Office Scientific Procedures Act (1986). 

Mice were randomly elected from the cage and assigned to injection group (respiratory 

retrotrapezoid nucleus (RTN) n=9, cardiovascular rostral ventrolateral medullary (RVLM) n=9 

or control n=6). Following induction of status epilepticus (SE), we observed that the adaptive 

ventilatory responses to hypercapnia were reduced in mice with chronic epilepsy for 5 weeks 

post-SE with its partial recovery at week 7. These changes were paralleled by post-SE alterations 

in the chemosensory responses of neurons in the RTN. Neurons that displayed adapting 

responses to hypercapnia were less prevalent and exhibited smaller responses over weeks 3-5, 

whereas neurons that displayed graded responses to hypercapnia became more prevalent by week 

7. Over the same period, chemosensory responses of the presympathetic RVLM neurons showed 

no change. Mice with chronic epilepsy showed enhanced sensitivity to seizures, which invade 

the RTN and possibly put the chemosensory circuits at further risk of impairment. Our findings 

establish a dysfunctional breathing phenotype with its RTN neuronal correlate in mice with 

chronic epilepsy and suggests a potential functional non-invasive biomarker test, based on 

respiratory chemosensitivity, to identify people with epilepsy at risk of SUDEP. 
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Abstract: The reversal potential of GABAA receptors (EGABA) is dependent upon the chloride 

concentrations on both sides of the neuronal membrane. We recently discovered that the 

extracellular chloride concentration is non-uniform and half the chloride in bulk cerebrospinal 

fluid. We also observed that removal of polyanionic glycosaminoglycans (GAGs) from the 

extracellular space, mimicking injury-induced metalloprotease (MMP) activation, results in a 

shift toward higher local extracellular chloride concentrations. We used 2-photon Fluorescence 

Lifetime Imaging (FLIM) of a custom chloride-sensitive fluorophore constrained to the 

extracellular space by conjugation with 10 kilodalton dextran in acute and organotypic cultures 

of hippocampal slices. We used slice injury as well as 2-photon photolysis of single neurons 

within organotypic slices to model acute brain injuries. Intraneuronal chloride was measured 

with the ratiometric reporter Super Chlomeleon. Having discovered that the extracellular 

chloride ([Cl-]o) between neurons both in vitro and in vivo is only about half that of bulk CSF 

chloride, and that digestion of a prominent sulfated GAGs in the brain (chondroitin sulfate) leads 

to release of these anionic moieties and a shift to higher chloride concentrations, we next asked 

what would happen to [Cl-]o when the sulfated moieties of the matrix are freed by endogenous 

MMPs after brain injury. We found a strong dependence of [Cl-]o vs distance from injury, with 

Cl concentration increasing to the ACSF levels near the injured surface of acute slices or 

proximity to photolysed neurons in organotypic slices. These changes in [Cl-]o should also alter 

the neuronal intracellular chloride via the activity of the high-velocity equilibrative membrane 

chloride transporters. We compared [Cl-]o and intracellular chloride ([Cl-]i) in each of these 

models, and confirmed results in vivo using cortical window implantation of adolescent mice. 

Finally, the release of sulfates and subsequent changes to [Cl-]o/i should be inhibited by MMP 

antagonists. We confirmed that broad-spectrum inhibition using the zinc chelator ZX-1 or the 

more specific MMP-2/9 inhibitor SB3CT also reduced [Cl-]o/i and neuronal volume after injury. 

These changes were evident at the cut surface of acute brain slices and in proximity to 

photolysed neurons. In conclusion, [Cl-]o is partially displaced by sulfates in the extracellular 

matrix. Damage to the extracellular matrix following brain injury alters the distribution of 

chloride in both the extra- and intracellular spaces. These findings have immediate implications 

for the treatment of cytotoxic edema and seizures after acute brain injury. 
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Abstract: Genetic mutations that cause hyperactive mTOR signaling in the cerebellum lead to 

disrupted cerebellar growth, debilitating motor impairments, and may contribute to the 

development of epilepsy. mTOR inhibitors can reduce seizures and prevent behavioral 

impairments but are associated with serious side effects. Thus, a critical need for better therapies 

to treat individuals with hyperactive mTOR induced motor impairments and epilepsy remains. 

Vitamin D has been shown to suppress mTOR signaling and abate seizure severity. However, it 

has not been determined if vitamin D can ameliorate the development of motor impairments and 

epilepsy induced by hyperactive mTOR signaling. Here, we determine the effects of high dose 

vitamin D on cerebellar growth, mTOR signaling, and markers of vitamin D signaling and 

metabolism in a mouse model of hyperactive mTOR induced epilepsy and ataxia. Male and 

female neuronal subset specific Pten knockout (KO) and wildtype (WT) mice were provided 

either a diet supplemented with 20,000 IU/Kg of vitamin D3 or a standard mouse chow 

containing 1,500 IU/Kg of vitamin D3 at 4-weeks-old. At 6 weeks, mice underwent testing for 

motor performance in the sticker removal, spontaneous activity in a cylinder and rotarod tests. 

Motor seizures were recorded during weeks 9 and 10. The cerebellum was weighed and then 

analyzed for alterations to vitamin D and mTOR signaling. KO mice exhibited baseline 

impairments in expression of the vitamin D receptor, Vdr, and in Cyp24a1, a key enzyme in 

vitamin D catabolism. KO mice showed increased phosphorylation of AKT, S6 (S240/244) and 

S6 (S235/236) in the cerebellum, and were found to have increased cerebellar weight, motor 

seizures, and impaired motor performance in all behavioral tasks. S6 (S235/236) was marginally 

suppressed by high dose vitamin D. However, no other measures were corrected by high dose 

vitamin D and instead led to increased cerebellar growth in WT mice and impaired rotarod 

performance in both KO and WT mice. In addition to confirming motor impairments and 

describing motor seizures in the NS-PTEN KO mice, we also provide evidence that KO mice 

may exhibit intrinsic impairments in vitamin D signaling. Although high dose vitamin D at this 

dose had no effect on mTOR signaling, led to increased cerebellar growth in WT mice, and 

impaired rotarod performance in all mice, these data may suggest that this dose lies on the far 

side of a U-shaped curve of effects, leading to impairments. Future work determining a dose 

response curve of vitamin D on neuronal mTOR signaling are expressly needed. 
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Abstract: Epilepsy is a neurological disorder characterized by the presence of chronic seizures. 

It is a major public health concern because of the economic burden and medical issues it brings 

to patients with epilepsy and society. While epileptic seizures can be controlled through 

pharmaceutical therapies, approximately 30% of patients with epilepsy can develop refractory 

epilepsy, which does not respond to medication. Refractory epilepsy is associated with a higher 

risk of sudden unexpected death in epilepsy (SUDEP), the leading cause of mortality in epilepsy 

patients. Thus, there is a critical need to develop targeted therapeutics for patients with refractory 

epilepsy. Here, we examined the role of mitochondrial Ca2+ transport in regulating neural 

hyperexcitability and seizures. The mitochondrial calcium uniporter (MCU) is a highly 

conserved pore-forming subunit of the MCU complex that mediates Ca2+ uptake into the 

mitochondrial matrix. Deletion of MCU resulted in impaired Ca2+ uptake into mitochondria in 

neurons, inhibited mitochondrial Ca2+ dysregulation and excitotoxicity in brain mitochondria. 

We found that MCU deletion prevents the induction of epileptiform activity by chemo-

convulsant agents in vitro. In a model of maximal electroshock-induced (MES) seizures, global 

MCU deletion in mice (CD1 background) produced strong anticonvulsant effects. Furthermore, 

neuron-specific deletion of MCU (C57BL/6 background) significantly increased the threshold of 

seizure induction, and markedly reduced severity of seizures. When examining the specific roles 

of MCU in excitatory and inhibitory neurons, we found that MCU deletion in inhibitory, but not 

excitatory, neurons was sufficient to produce a significant anticonvulsant effect. Extensive 

behavioral testing did not detect any significant changes in sensory, motor, or cognitive functions 

in MCU KO mice. These results indicate that MCU could represent an attractive novel molecular 

target for the development of new anticonvulsant therapeutics. 
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Abstract: Interleukin-1 (IL-1) is an inflammatory cytokine with neuromodulatory properties in 

the CNS. IL-1 expression is increased in both epilepsy patients and animal models of epilepsy, 

and exogenous application of IL-1 has proconvulsive properties. Here we test if interfering with 

intracellular signaling cascades initiated with IL-1 binding to its type 1 receptor (IL-1R1) will 

suppress epileptogenesis and/or alter the severity of the seizures in epileptic mice. We use a 

transgenic mouse model of adult-onset, spontaneous epilepsy. The mice overexpress brain 

derived neurotrophic factor (BDNF) in the forebrain under the CAM kinase II alpha promoter 

(TgBDNF). TgBDNF mice develop generalized tonic/clonic seizures (GTCSs) at ~3 months of 

age which worsen with each episode. Seizures are elicited via tail lifts and cage agitation only. 

GTCSs become more severe as indicated by increased duration of postictal cortical activity 

suppression associated with loss of posture/consciousness. In more advanced stages, the mice 

expire following a long period of postictal generalized EEG suppression (PGES) resulting in 

cardiorespiratory arrest. Here we crossed TgBDNF mouse strain with a strain that lacks IL-1R1 

globally to assess the epileptogenesis of the bigenic homozygote offspring. We included IL-1R1 

deficient homozygotes as negative controls and TgBDNF mice with normal expression of IL-

1R1 as positive controls. We surgically implanted subdural cortical electrodes on the mice skulls 

prior to the first seizure episode (3- channel EEG system, Pinnacle Technology, KS) to record 

seizure EEG across four months of seizure assessment weekly. The recordings targeted time 

periods of onset, moderate and severe phases of GTCSs progressively. With successive GTCSs, 

positive control TgBDNF mice showed progressively heightened severity of seizures as 

evidenced by increased duration of PGES associated with loss of posture/consciousness, and 

death risk. In contrast, in TgBDNF mice with deficient IL-1R1-/- the onset of GTCSs were either 

delayed or were completely abolished. Moreover, when the TgBDNF mice with IL-1R1 

deficiency developed GTCSs, the PGES duration was brief, with rapid recovery to baseline and 

did not show dynamic worsening associated with successive GTCS events that is normally seen 

in the TgBDNF strain. Negative controls did not develop any EEG epileptiform activity. These 

findings implicate a role for IL-1R1 signaling in an animal model of adult-onset GTCSs that 

progressively increase in severity with clinical relevance for sudden unexpected death following 

generalized seizures. 
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Abstract: Organophosphate (OP) nerve agents produce dangerous and sometimes fatal effects 

involving perturbation of AChE in the central and peripheral nervous systems. Developing more 

effective countermeasures is crucial, as standard therapeutics are often ineffective due to limited 

penetration of the blood-brain barrier (BBB). We recently established a rat brain slice assay to 

evaluate the efficacy of AChE reactivators in regions involved in seizure generation after acute 

exposure to OP-based AChE inhibitors (Thinschmidt et al. 2022). The assay detected 

hyperexcitation induced by the AChE inhibitor 4-nitrophenyl isopropyl methylphosphonate 

(NIMP) in voltage-clamped basolateral amygdala (BLA) neurons, which was dependent on 

activation of M1 muscarinic acetylcholine receptors and was reversed by treating slices with the 

AChE reactivator HI-6. In an extension of this work, we established an anesthetized (isoflurane) 

rat model that enables recordings of sustained OP-induced respiratory depression and 

electrographic seizure-like activity in the BLA following intravenous delivery of NIMP (0.5 - 

0.75mg/kg). Field recordings in the BLA and measures of respiratory function were used to 

monitor reversal of NIMP-induced seizure-like activity and respiratory depression following 

intravenous administration of a non-selective muscarinic antagonist, and a reduction of 

respiratory depression following intravenous administration of an AChE reactivator against low 

doses of NIMP (0.375mg/kg). However, we found an AChE reactivator could not reverse 

seizure-like activity when administered alone using intravenous delivery at doses up to 80mg/kg. 

These findings suggest that this assay could be a valuable tool for assessing the efficacy of novel 

counteracting agents against OP poisoning. The results align with the compounds' ability to cross 

the BBB, as AChE reactivators generally exhibit limited permeability, while atropine readily 

crosses the BBB. Comparing in vitro and in vivo data may indicate the ability to cross the BBB 

in compounds effective in reversing OP effects both in brain slices and after systemic 

administration. Conversely, compounds effective in brain slices but ineffective systemically may 

indicate an inability to cross the BBB. While our in vitro model uses exogenous ACh, this assay 

enables monitoring of hyperexcitation produced by endogenous cholinergic activity. It includes 

intact cholinergic projection pathways and allows monitoring of respiratory rate, providing a 

comprehensive assessment of OP-induced effects. 
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Abstract: Changes in Tanycytes in Preclinical Epilepsy: Implications for 

MetabolicHomeostasisSeizures can induce injury, ectopic neurogenesis, and metabolic 

dysfunction andsevere seizures can propagate to the hypothalamus. The hypothalamus has 

regulatoryinfluence over important functions including sleeping, cardiorespiration, emotion 

andeating. Tanycytes are cells in the hypothalamus that surround the third ventricle andfacilitate 

communication between the CSF and local hypothalamic regions to ensuremetabolic 

homeostasis. Here, we tested the hypothesis that seizures dysregulatetanycytes in preclinical 

epilepsy using Kv1.1 knockout mice, a preclinical model ofspontaneous recurrent seizures. We 

used fluorescent immunohistochemistry andrandom systematic stereology to determine changes 

along the dorsal-ventral aspect(alpha and beta tanycytes, respectively) and along the anterior-

posterior aspect of thethird ventricle. In preclinical epilepsy, we found a reduction of (i) GFAP, a 

marker forall tanycytes (p <0.01); (ii), GLUT1, a functional marker of glucose transport(p 

<0.01); (iii) and BLBP, a functional marker for brain lipid binding (p <0.01). Thesechanges 

occurred in specific subtypes along the dorsal-ventral and anterior-posterioraspects of the third 

ventricle. The reduction indicates either a reduction in the numberof tanycytes, or an increase in 

the neurogenic and proliferative properties of tanycytes.However, we found no difference in 

DCX (doublecortin, a marker of neurogenesisand proliferation), suggesting the reduction may be 

due to cell death. These changesoccurred in specific regions in preclinical epilepsy, indicating 

the changes inmetabolic homeostasis will influence local hypothalamic nuclei and their 

respectivefunctions. 

Disclosures:  P. Rafiei: None. H. Mian: None. S. Iyer: None. S. Draves: None. M. Dunlay: 

None. T.A. Simeone: None. K.A. Simeone: None. 

Poster 

PSTR009. Animal Models of Epilepsy: Mechanisms 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR009.06/D5 



Topic: B.08. Epilepsy 

Support: NIH RO1 NS111122 

Title: Gabaergic signaling and epilepsy in novel mouse models of vitamin B6 deficiency 

Authors: *B. WANG1, W. CHI2, X. ZHUANG1;  
1Univ. of Chicago, Chicago, IL; 2Neurol., Northwestern Univ., Chicago, IL 

Abstract: Development of long-term non-invasive epilepsy treatments are crucial as more than 

one third of patients do not respond to anti-epilepsy drugs (AEDs) or develop resistance over 

time. One class of drug-resistant epilepsies occurs in humans with mutations in the pyridoxal-5-

phosphate oxidase (PNPO) gene. The PNPO protein is involved in conversion of dietary vitamin 

B6 into pyridoxal-5-phosphate (PLP), a coenzyme critical for synthesis of neurotransmitters 

GABA and dopamine, among others. Severe and rare loss-of-function PNPO mutations can 

directly cause neonatal epilepsy. In addition, PNPO was identified as 1 of 16 most significant 

epilepsy risk genes, suggesting that some common PNPO variants cannot cause epilepsy by 

themselves, but may contribute to epilepsy susceptibility through interactions with other genes or 

the environment (i.e., diet). Despite this interesting spectrum of functional consequences, the 

mechanism of PNPO contribution to epilepsy has not been well-studied. We generated knock-in 

fly (PNAS 119:e2115524119; Hum Mol Genet. 28:3126) and mouse models containing the 

human epilepsy D33V and R116Q PNPO point mutations (56% and 16% enzymatic loss-of-

function, respectively). Self-crosses of D33V/+ and R116Q/+ show normal Mendelian ratios at 

birth. Homozygous D33V mutants exhibit spontaneous seizures at P15 and require 

supplementary PLP feeding for survival. Heterozygotes of both mutant alleles are healthy and 

fertile but exhibit increased seizure susceptibility upon flurothyl inhalation, increased 

hyperactivity, and impaired spatial learning and memory, especially carriers of the more severe 

D33V mutation. These behavioral deficits are correlated with reduced PNPO expression in both 

knock-in mice and altered PNPO localization in R116Q knock-in mice. Continuous wireless 

iEEG also revealed a prevalence for low frequency cortical activity in heterozygous D33V 

knock-in mice, suggesting increased seizure susceptibility at baseline. In-vivo photometry after 

viral expression of an extracellular GABA sensor suggested reduced GABA release in mutants. 

We aim to use these mice to understand the contribution of PNPO-mediated GABA deficiency 

and gene-diet interactions in seizure development, and to develop treatments for this type of 

drug-resistant epilepsy. 

Disclosures:  B. Wang: None. W. Chi: None. X. Zhuang: None. 

Poster 

PSTR009. Animal Models of Epilepsy: Mechanisms 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR009.07/D6 

Topic: B.08. Epilepsy 



Title: Eeg phenotyping as a loop translation tool to address the pathophysiology of gaba-a-

signaling-associated brain disorders 

Authors: *V. DUVEAU1, A. EVRARD2, B. MANDÉ-NIEDERGANG3, C. ROUCARD4, Y. 

ROCHE5;  
1Synapcell SAS, St Ismier, France; 2SynapCell SAS, St Ismier, France; 3SynapCell, St Ismier, 

France; 4SynapCell, Saint-Ismier, France; 5Synapcell, St Ismier, France 

Abstract: Developing neurotherapeutics requires appropriate tools to improve the translatability 

of preclinical data into clinical outcomes. Recent progresses in “omics” research have enabled to 

better understand disease pathophysiology and identified different subgroups of patients within a 

same brain disorder. The future of medicine relies on the ability to deliver a more tailored and 

personalized medicine to patients. Moving back to preclinical trials, finding the most 

translational models that are relevant to these disease subtypes or pathways count among the 

most promising avenues to make CNS drug development more effective. In this work, we took 

advantage of quantitative electroencephalography (qEEG) to characterize one humanized 

transgenic mouse line carrying GABA pathway mutation observed in patients with rare diseases. 

EEG recordings were conducted on freely-moving animals (WT, heterozygote and homozygote) 

from adult males and females equipped with appropriate electrodes, and quantified offline 

(epileptic events and full spectral analysis). We first evaluated the occurrence of epileptic events 

in this mouse line. Heterozygote mice showed intermittent epileptic activity, whereas 

homozygote mice showed a near continuous epileptic activity, this phenotype being present in 

both males and females. The power spectra from the three genotypes differed prominently over a 

frequency range from ~4 to ~30 Hz. In particular in the frontal cortex, the spectral power was 

graded between genotypes, with lower values in WT animals (both genders) to higher values in 

homozygote animals (both genders). The maximum power in most genotypes was in the theta 

range, between 4 and 8 Hz. This frequency range was quantified in all animals. A significant 

effect of genotype was found (F2,34 = 75.98, p < 0.0001) with no effect of the sex (F1,34 = 

0.0001617, p = 0.9899). Paired comparisons indicated that both male and female homozygote 

had significantly higher power in the theta range, compared to their WT counterparts. The 

difference between heterozygote and WT was not significant. Conclusion: EEG sensitivity 

allows dynamic characterization and differentiation of translational humanized models of brain 

disorders. The combination of translational preclinical models and EEG represents the next step 

in translating preclinical trials into clinical practice, opening the era of precision medicine for 

patients. 
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Abstract: A mutation in the ASH1L gene is known to be a major risk factor for epilepsy and 

autism. 1/3 to 2/3 of all children with an ASH1L mutation has epilepsy. Further, epilepsy and 

autism have a 30% comorbidity. Very little is known about how ASH1L causes these seizures. 

The ASH1L or “Absent, Small, or Homeotic 1-Like” gene is a histone methyltransferase thought 

to methylate lysine 36 (H3K36) and lysine 4 (H3K4) on histone 3, which are essential for 

transcriptional initiation and elongation. ASH1L’s absence is thought to enable polycomb 

repressive complex-2 (PRC2) to bind to DNA and disrupt expression of genes essential to 

normal development. ASH1L haploinsufficiency in our gene-trap mouse model mirrors the 

mutations we see in humans, who are observed to always be haploinsufficient for ASH1L when 

carrying the mutation. An EEG conducted on the whole brain showed most seizures in 

ASH1Lgt/+ mice in the C57BL/6J background are isolated in the hippocampus, though some 

generalized seizures were present. In this study, we asked if intrinsic properties of neurons in the 

hippocampus of ASH1Lgt/+ mice can elucidate the mechanism of seizure activity observed in the 

EEG. Whole-cell patch-clamp electrophysiology was done on pyramidal neurons in the CA1 of 

coronal brain slices of WT and ASH1Lgt/+ C57BL/6J mice; allowing us to directly measure the 

membrane potential and the amount of current passing across the cell membrane. Preliminary 

results showed intrinsic excitability in the hippocampus is increased in ASH1Lgt/+ mice compared 

to wildtype mice, suggesting a functional difference in ASH1L haploinsufficient neurons during 

development. We find that ASH1Lgt/+ mice require significantly less injected current to fire the 

first action potential, at approximately 45 picoamps versus 55 picoamps in wildtype mice, 

possibly due to premature firing relative to neurons in wildtype mice. We also find that action 

potentials fire more frequently in ASH1Lgt/+ mice than wildtype mice in the same window of 

time. Concurrently, we saw that ASH1Lgt/+ mice have a normal membrane resistance, resting 

membrane potential, and cell capacitance for their age. These results describe a neuronal 

phenotype within the hippocampus of ASH1L haploinsufficient mice. We have also shown that 

the ASH1L gene trap mouse model recapitulates epilepsy in humans very well. Lastly, the trends 

in the intrinsic properties of the CA1 neurons raise the question of whether development in the 

hippocampus is disrupted. 
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Abstract: Studies show seizure induced aberrant hippocampal neurogenesis contribute to the 

development of chronic seizures. Our lab reported that 2-week-old (2w) adult-born granule cells 

(abGCs) in the mouse dentate gyrus display elevated Ca2+ activity after pilocarpine (pilo) 

induced seizures compared to sham. Moreover, this amplified Ca2+ activity is reduced by 

chemogenetic DREADDs/hM4Di silencing in pilo treated mice. The molecular mechanisms by 

which elevated Ca2+ activity drives aberrant hippocampal neurogenesis and, in turn, 

epileptogenesis is unknown. Hence, we hypothesize that early activity in abGCs alters Ca2+ 

mediated gene expression that promote aberrant maturation, including ectopic migration of 

abGCs associated with spontaneous recurrent seizures. RNA-sequencing analysis from FACS 

sorted 2w old abGCs after pilo treatment and hM4Di silencing revealed differentially expressed 

genes, i.e., gene expression downregulated with pilo treatment and upregulated with hM4Di 

silencing, among which Timp3 was one of the most significantly differentially expressed genes. 

Because Timp3 is widely reported to regulate migration and invasion of tumor cells by 

modifying matrix metalloproteinases, we hypothesized that seizure induced changes in the 

expression of Timp3 may play a role in controlling aberrant abGC migration. First, we confirmed 

in RNAscope analysis that Timp3 is expressed in abGCs which is downregulated in pilo treated 

mice. To determine the role of Timp3 in aberrant abGC development, we used the LXR agonist 

T0901317 reported to knockdown its expression. Treatment of mice with T0901317 for 2w 

resulted in an increased number of hilar ectopic abGCs and granule cell dispersion. These results 

suggest that alterations in Ca2+activity within 2w old abGCs after pilo leads to changes in gene 

expression, including Timp3, which could play a role in aberrant migration of abGCs. 

Furthermore, our preliminary experiments suggest that T0901317 mediated downregulation of 

Timp3 leads to non-convulsive seizures in mice. Our work also demonstrates a new way to 

manipulate potential aberrant gene regulatory pathways and define the functional role of our top 

candidate gene - Timp3 - in aberrant adult neurogenesis. Future experiments aim to address the 

function of Timp3 in generating seizure-like activity by using human embryonic stem cell-

derived cortical and subpallial organoids. 
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Abstract: Mutations in the SLC13A5 gene, which encodes a plasma membrane citrate 

transporter, result in early infantile epileptic encephalopathy (EIEE25), a neonatal neurological 

disorder characterized by multi-focal seizures, severe hypotonia and intellectual delay. Human 

genetics has identified commonly occurring deletion and missense mutations that abolish citrate 

transport by SLC13A5, but it is not known how distinct mutations cause disease. To determine 

whether missense mutants show features of SLC13A5 deficiency, we embarked on the 

characterization of an array of SLC13A5 mutant mice: i) ablation of endogenous Slc13a5 gene 

(null), two of the most frequently occurring patient missense mutations- ii) G222R mutation 

(equivalent to human G219R mutation), and iii) T230M (mouse equivalent of human T227M 

mutation). Our epileptiform electroencephalogram (EEG) analysis indicates that the Slc13a5 null 

mouse shows few seizures with abnormal spike activity that is not statistically different from 

wild type (WT) control. G222R and T227M mice however display significantly more interictal 

spiking activity, with >50% mice showing status epilepticus at 2 and 3 months. This indicates a 

disease pathogenesis that is distinct from the absence of SLC13A5. These functional changes are 

correspondingly associated with cellular abnormalities that are most significant in G222R, 

followed by T230M, including reduced parvalbumin interneurons in CA1 compared with WT 

and null. MAG and CC1 oligodendrocytes in G222R and T227M white matter are also reduced 

compared with WT and SLC13A5 null, while astrocytes and CAMKII excitatory neurons appear 

unaffected across SLC13A5 mutants. Preliminary morphological analysis of cortical neurons 

cultured from G222R mice revealed reduced neurite length and branching, suggesting aberrant 

development. Recombinant human WT and SLC13A5 T227M mutant proteins are localized at 

the plasma membrane of cultured mouse cortical and hippocampal neurons while G219R mutant 

protein is primarily detected with GP96 chaperone in endoplasmic reticulum. Similar 

observations were obtained in mouse astrocytes and HEK293T cells. These results indicate that 



neuronal hyperactivity is differentially regulated by distinct SLC13A5 mutations. Our 

observations support the notion that loss of SLC13A5 underlies epileptiform activity, but 

specific missense mutations may increase neuronal vulnerability through additional mechanisms 

that exacerbate hyperexcitability. 
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Title: Mir-324-5p inhibition during epileptogenesis in mice alters eeg power bands during 
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Abstract: Rationale: Epilepsy is often caused by an initial brain insult that is followed by 

epileptogenesis and finally the development of spontaneous recurrent seizures. The details 

underlying epileptogenesis remain largely unknown. MicroRNAs regulate mRNA translation and 

stability and are often altered in epilepsy. Antagonism of a specific miRNA, miR-324-5p, before 

brain insult and in a model of chronic epilepsy has been shown to decrease seizure susceptibility 

and frequency. Here we tested the hypothesis that antagonism of miR-324-5p inhibits 

epileptogenesis following a brain insult. Methods: We used the intrahippocampal kainic acid 

(IHpKa) model to induce status epilepticus and initiate epileptogenesis in 43 wild type male 

C57/Bl6 mice aged 6-8 weeks. Twenty-four hours after kainic acid injection, we administered a 

miR-324-5p (21 mice) or scrambled control (22 mice) antagomir intracerebroventricularly and 

implanted cortical surface electrodes for EEG monitoring. EEG data was collected for 28 days 

and analyzed for seizure frequency and duration. In addition, we analyzed interictal spike 

activity and EEG power at early (days 7-9 post-Ka) and later (days 25-27 post-Ka) stages of the 

disease progression. Mouse brain tissue was collected for assessment of dentate granule cell 

dispersion and CA1 cell death. The study was exploratory in nature, specifically assessing the 

effect of miR-324-5p inhibition during epileptogenesis. Results: IHpKa reliably initiated 



epileptogenesis. Histological analysis showed that IHpKa caused hippocampal damage 

characteristic of the model in the majority of mice and that the extent of the injury did not vary 

based on treatment. EEG analyses showed that antagomir treatment did not affect latency, 

frequency, or duration of spontaneous recurrent seizures or frequency of interictal spikes or spike 

trains. Antagomir treatment did, however, alter EEG power of specific frequency bands over 

time with significant interactions between time and treatment for the absolute power of select 

frequency bands: delta, theta, alpha, beta, and gamma 1. Conclusions: Overall, our results 

suggest that while miR-324-5p inhibition does not inhibit the development of spontaneous 

seizures within the first four weeks after status epilepticus, it may change overall brain 

excitability, which could affect seizures and related brain function at later stages of the disease. 
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Abstract: Epilepsy is a chronic condition characterized by repeated self-generated seizures. 

Epileptogenesis is a dual process whereby seizure thresholds lower to the point where self-

generated seizures are observed as well as the increase in frequency, duration, and severity of 

seizures. Epileptogenesis is a serious health problem with no effective treatment. Here we 

exploited a new animal model of epileptogenesis that selectively kills GABAergic interneurons 

in the dentate hilar area leading to a cascade of events which induces epileptogenesis and dentate 

initiated seizures without behavioural status epilepticus and associated lethality. This was done 

by injecting the selective neurotoxin: Saporin conjugated with Stabilized Substance P (SSP-SAP) 

(0.04 ng/nL) at four longitudinal sites in the hilar region of the rat hippocampus to selectively 

ablate inhibitory interneurons. During the same surgery, rats also received chronically implanted 

bipolar recording electrodes in the granule cell layer. 

The endocannabinoid system dampens neuronal activity and thus may aid in slowing or 



prevention of epileptogenesis. Specifically, the CB1 receptor and its endogenous ligands are 

found abundantly in the hippocampus and have been demonstrated to modulate temporal lobe 

seizures. Young adult Sprague Dawley rats received either the CB1 agonist WIN55 212-2 (2 

mg/mL, i.c.v.) or the FAAH inhibitor URB597 (8.3 mg/mL, i.c.v.) or vehicle immediately after 

SSP-SAP administration through an indwelling cannula to the lateral ventricle over a 2-week 

period via an osmotic minipump. Continuous 24-hour video-EEG was recorded for all rats for a 

period of 2-weeks. Afterwards, all brains were extracted and examined for hippocampal sclerosis 

(loss of principle excitatory cells and astrogliosis). Epileptiform activity was observed a day after 

SSP-SAP administration. Behavioural seizures with associated epileptiform discharges were 

typically observed on day 4 through 7, while epileptiform activity continued to occur. The 

behavioural seizures were again observed after approximately one month. Our preliminary 

results with the WIN55 212-2 and URB597 show reduced number of behavioural and associated 

electrographic seizures within the first 2 weeks. Overall, administration of SSP-SAP to the rat 

dentate hilar area results in epileptogenesis and a CB1 agonist and FAAH inhibitor both slowed 

down its progression. 
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Abstract: Seizure disorders are common, affecting both the young and the old. Currently 

available antiseizure drugs are ineffective in a third of patients and have been developed with a 

focus on known neurocentric mechanisms, raising the need for investigations into alternative and 

complementary mechanisms that contribute to seizure generation or its containment. 

Neuroinflammation, broadly defined as the activation of immune cells and molecules in the 

central nervous system (CNS), has been proposed to facilitate seizure generation, although the 

specific cells involved in these processes remain inadequately understood. The role of microglia, 



the primary inflammation-competent cells of the brain, is debated since previous studies were 

conducted using approaches that were less specific to microglia or had inherent confounds. 

Using PLX3397, a selective approach to target microglia without such side effects, we show a 

broadly beneficial role for microglia in limiting chemoconvulsive, electrical, and hyperthermic 

seizures and argue for a further understanding of microglial contributions to contain seizures. 
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Abstract: Repeated, uncontrolled seizures put patients at risk for cardiorespiratory failure (CRF) 

and Sudden Unexpected Death in Epilepsy (SUDEP). The mechanism(s) leading to CRF remain 

unclear and there are no established ways to predict or prevent SUDEP. Humans have a 

nocturnal susceptibility to SUDEP, which is thought to occur following generalized tonic-clonic 

seizures (GTCS), which then leads to post-ictal EEG suppression, central apnea, bradycardia, 

and terminal apnea/asystole. Here we studied seizure-related death events in a rat model 

susceptible to audiogenic GTCSs (SSKcnj16-/- rats) in which we have shown previously that 

repeated seizures (1/day for up to 10 days) in this model leads to ictal apnea, progressive post-

ictal respiratory suppression, and increased mortality. We tested the hypothesis that repeated 

seizures in SSKcnj16-/- rats results in CRF that follows a sequence of events like those in human 

SUDEP. Male and female SSKcnj16-/- rats were implanted with a pressure telemeter and housed in 

a chronic monitoring plethysmograph to continuously measure breathing, blood pressure (BP) 

and heart rate (HR). The rats were exposed to an audio stimulus (2 mins) shortly before the onset 

of the dark (active) period to elicit 1 seizure a day for up to 10 days. As shown before, repeated 

GTCSs induced ictal apnea/asystole followed by decreased HR, increased BP and ventilatory 

suppression. These studies also documented CR dysfunction leading up to seizure-related death 

events in this model for the first time. SSKcnj16-/- females had a 14% survival probability (12 of 14 



died) when seizures occurred shortly before the onset of the dark phase compared to our 

previously reported 88% survival rate (1 of 8 died) throughout the light phase. Characteristics of 

these death events included a steady decline in BP with an elevated HR over ~2 hrs post-ictal. 

We also noted a breathing pattern (tidal volume and total ventilation below baseline with normal 

ventilatory rate) prior to simultaneous terminal apnea/asystole. Our data suggest that repeated 

seizures in this model may induce CRF through post-ictal respiratory suppression (tidal volume-

mediated hypopnea) and progressive hypotension leading to death, where time of day for seizure 

induction/death likely contributed to a higher mortality rate, particularly in females. This model 

may therefore be useful towards the ultimate goal of identifying biomarkers to reduce the risk of 

SUDEP in patients with epilepsy. 
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Abstract: Evidence shows that maternal prenatal stress may affect early brain development in 

the offspring. Our previous results showed that neonates from stressed mothers displayed higher 

status epilepticus (SE) severity than control rats. The goal of this study was to evaluate the effect 

of maternal restraint stress during pregnancy on neonatal SE-induced brain injury in rats. 

Gestational stress was induced by immobilization of pregnant Wistar rats from gestation days 12 

to 20, twice a day during two 2 h sessions. Control rats were kept in standard housing conditions. 

On postnatal day 7, SE was induced with the lithium-pilocarpine model (LiCl 5mEq/kg, i.p.; 

pilocarpine hydrochloride 320mg/kg, s.c.). 24 h after SE, rats were anesthetized and 

transcardially perfused with 0.9% NaCl and 4% paraformaldehyde. Brains were paraffin-

embedded, and coronal sections (10μm thickness) were obtained and mounted on gelatin-coated 

slides. Neurodegeneration was assessed by Fluoro-Jade C staining. The results showed that 

neonates from stressed mothers had higher neurodegeneration scores than control rats in several 



brain areas including the motor cortex, CA1, CA2, and CA3 hippocampal fields, the basolateral 

amygdala, the ventral and lateral thalamus, and the hypothalamus. Male rats showed more 

injured brain areas than female rats. In conclusion, our data suggest that maternal stress during 

pregnancy has a negative impact on the offspring favoring seizure susceptibility and 

neurodegeneration. 
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Abstract: Preclinical research is a vital step in the development of treatment for epilepsy that 

aims to reduce seizure burden. Currently, the gold standard for detecting seizures in animal 

models is invasive EEG analysis, which is time- and resource-intensive. Non-invasive seizure 

screening methods are available but have limited specificity as they rely on movement and other 

behavioral measures of seizures rather than the neural activity at the source. This leads to a 

higher false positive detection rate when compared to invasive EEG analysis. To reduce this 

false positive detection rate, we used the dynamics of seizure onset as captured by piezoelectric 

(‘piezo’) motion sensors to create machine learning models for the rodent model of temporal 

lobe epilepsy. All tasks performed in this study were approved by the Institutional Animal Care 

and Use Committee (IACUC) of the University of Kentucky. Wistar rats (n=24) treated with 

lithium-pilocarpine were monitored continuously for several weeks using piezo platforms (Signal 

Solutions, LLC) under the cage floor. The recorded signals were processed using a line length-

based algorithm that responds to fluctuations in power to produce an initial set of candidate 

seizures. We then manually reviewed video data to label each of these events as true seizure 

(rated 3-5 on the Racine scale) or false positive. Normal behavior occurring at the same time in 

neighboring cages were extracted as interictal baseline samples. Thirty-second-long segments of 



piezo signals centered on the initial event detection times were extracted for 500 random events 

of each type (total 1500). Four features representing measures of signal power, variance, and 

entropy were computed from each segment from one second windows with a 0.5 second overlap. 

Two data-driven dynamical models, one a Long Short-Term Memory (LSTM) neural network, 

and the other a Hidden Markov Model (HMM), were fitted to a continuous and discretized 

feature vector time series, respectively. The models were trained and tested using a 10-fold cross 

validation scheme. Model performance was evaluated in terms of the F1 score - a measure of 

accuracy that combines precision and recall - and specificity. Mean F1 scores were 70±1% and 

52±3%, while mean specificities were 82±1% and 59±7% for the LSTM and HMM, 

respectively. The performance of our models shows that seizure-related movement dynamics 

may be consistent enough for seizure detection with greater specificity than simple signal power-

based methods. We plan to compare our models against static classifiers to test whether this 

translates into gains in specificity, and to apply them to continuous, chronic data rather than 

isolated segments. 
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Abstract: Several studies have shown that EEG signals recorded from the brain, like other 

dynamical systems, exhibit critical slowing down before critical transitions, such as seizures 

(Maturana et al. 2020). Here, we used intracranial EEG data recorded from tetanus toxin rat 

model of epilepsy. Tetanus toxin has been shown to induce spontaneous seizures in rodents that 

wax and wane over a period of around 6 weeks. The response to periodic electrical stimulation 

was recorded along with the background intracranial EEG in six rats (Crisp et al. 2020). We 

fitted the parameters of a neural mass model to the background EEG, allowing us to analyze the 

response of the model neurons to stimulation and investigate the critical slowing down 

biomarker for seizure prediction.The neural mass model developed for this study consists of 

three interconnected layers representing a cortical column: layers 2/3, 4, and 5 (Zarei Eskikand et 



al. bioRxiv 2022). Each layer contains one population of excitatory neurons and one population 

of inhibitory neurons. We employed an Unscented Kalman Filter to fit the connectivity weights 

of the model to the background EEG data recorded from rats. Once the connectivity weights 

were optimized to fit the background EEG data, we simulated the model and applied stimulation 

to the neuronal populations at each layer to observe their responses. The recovery time, defined 

as the time from stimulation until the membrane potential returns to 1% of baseline, was 

measured.The results revealed that recovery times in the responses of the computational model 

fitted to the EEG data were longer during 5 min periods preceding seizures compared to 1 hr 

before seizures in four rats. However, for two rats (T4 and T6), opposite results were observed. 

Analyzing the EEG recorded in response to electrical stimulation also showed that the recovery 

time during the 5 min preictal period was longer compared to the period within 1 hr before a 

seizure in the same four rats as the computational model results. Interestingly, for rat T4, the 

recovery times were longer within 1 hr before seizures, similar to the computational model 

results. On the other hand, the results for rat T6 indicated that the recovery times were longer 

during the 5 min preictal period compared to 1 hr before seizures, contradicting the modelling 

results.The critical slowing down phenomenon was observed in the EEG data recorded from four 

of six rats in response to electrical stimulation. The results of the data-driven model aligned with 

these findings in five rats. This study underscores the significance of computational models in 

enhancing our understanding of complex neurological disorders such as epilepsy. 
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Abstract: Purpose: 

Patients diagnosed with various forms of epilepsy, including autoantibody-associated epilepsies 

as seen in anti-leucine-rich glioma-inactivated 1 (LGI1) encephalitis, often present with 

comorbid sleep disorders. Patients with LGI1-Abs and seizures show reductions in sleep time 



and architecture. However, it remains unclear as to when, during the course of the encephalitis, 

these sleep disorders develop, as recording patients continuously is difficult. We therefore seek 

to use data available from a novel passive-transfer model to quantify changes in resting patterns 

in anti-LGI1 encephalitis. 

Methods: 

Video-EEG telemetry recordings were performed in a passive transfer model of anti-LGI1 

encephalitis in P21 Wistar rats using the Neuroarchiver software (Open Source Instruments). 

1271 eight-second epochs of wakeful and resting behaviour, defined as the rat being immobile 

and having closed eyes for at least 40 seconds, among control-Ab-treated rats (n=5) and LGI1-

Ab-treated rats (n=5) were visually classified. Support vector machines were used to predict the 

behavioural state of each rat during each epoch throughout seven days based on the epochs of 

hippocampal EEG recordings, with manually labelled classification from video-EEG data being 

the gold standard. The accuracy of our predictions was determined systematically by training the 

classifier on a random 80% of our labelled data and testing it on the remaining 20%, which was 

repeated using 1000 iterations. 

Results: 

Our receiver operator characteristic (ROC) analysis showed that our classifier yielded an average 

accuracy of 83-87%. Our control rats, after the residual effect of the anaesthetic and surgery had 

waned, showed clear diurnal variation in total rest time (TRT) per hour with a midday maximum. 

Restful behaviour on average lasted over longer consecutive epochs during daytime compared to 

the night (p=0.0157). The rodents rested for shorter consecutive intervals than previously 

described. However, the polyphasic nature of our rodent model’s rest patterns is congruent with 

previous work. Using these quantitative parameters, we tested for statistically significant 

differences in total rest time and in the fragmentation and diurnal variation in resting behaviour 

between controls and LGI1-Ab-treated rats. 

Conclusion: 

Our visually labelled behavioural data was sufficient to quantify longitudinal changes in control 

rats. This method allows for the quantitative analysis of changes in resting behaviour, which in 

future can be applied to quantitatively characterise behavioural state alterations during disease 

progression in novel disease models, such as the LGI1-Ab rats. 
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Abstract: Rationale: Neurostimulation is increasingly used to treat drug-refractory epilepsies. 

Tuberous sclerosis (TSC) is one of the most common single-gene disorders associated with 

epilepsy, often complicated by drug-refractory focal epilepsy. The Tsc1GFAPCKO mouse model 

has been developed to better understand the mechanisms and potential treatments of epilepsy in 

TSC, including abnormal neuronal growth and seizures. Our group has been using this model to 

evaluate the effects of neurostimulation; however, acquiring EEG and EMG data during 

neurostimulation trials is difficult due to stimulation artifacts; removing this is critical to evaluate 

the effects of neurostimulation on normal brain physiology and seizures. 

Methods: A bandpass filter was first applied to the EEG/EMG signal. To isolate the timing of the 

stimulation artifact in the EEG/EMG signal, the signal was convolved with a variety of kernels 

with trains of different pulse shapes, including sine, uniphasic Dirac, and biphasic Dirac, each 

with a kernel width of 30 seconds. After detecting the stimulation artifact, it was removed, and 

the residual stimulation artifact signal was quantified. After identifying the kernel shape with the 

minimal average residual artifact, the EEG/EMG signal was again convolved using this optimal 

shape across a range of kernel widths (10-150 sec) to optimize its width. 

Results: For a kernel width of 30 sec, the average duration of the residual stimulation artifact was 

1.57 (SD 3.17), 1.44 (SD 3.08), and 1.17 sec (SD 2.79) for the sine wave, uniphasic Dirac, and 

biphasic Dirac kernels, respectively. The biphasic Dirac kernel was the most sensitive, with 

12,641 detections, followed by uniphasic Dirac (12,598) and sine (12,539). The biphasic Dirac 

demonstrated both the lowest average duration of residual stimulation artifact and was the most 

sensitive. The average residual stimulation artifact duration for this kernel was minimized when 

using a 10-second convolution kernel width. 

Conclusions: The most effective combination observed for removing the stimulation artifact in 

EEG and EMG signals was found to be a biphasic Dirac convolution with a kernel width of 10 

seconds. It is hypothesized to be optimal because shorter kernels overemphasize anomalies, 

while larger kernels reduce signal strength. These findings provide valuable insights into 

improving the process of EEG/EMG signal cleaning, specifically for removing stimulus artifacts. 

These improvements will facilitate the evaluation of the effects of neurostimulation on normal 

brain physiology and seizures. 
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Abstract: In the central nervous system, mature, myelinating oligodendrocytes differentiate 

from oligodendrocyte precursor cells. The precise study of the distinct molecular functions of 

this glial lineage is critical for investigating their roles in neurotransmission, plasticity, and 

response to brain injury and disease (Levine et al., 2001, Mount and Monje, 2017). Investigation 

of this lineage has been limited by a lack of specific and sensitive genetic tools. In particular, 

existing Cre-driver mouse lines targeting the oligodendrocyte lineage exhibit off-target 

expression in other neuronal and glial cell populations, including motor neurons in Olig2-Cre 

(Kessaris et al., 2005) or pericytes in Ng2-Cre (Zhu et al., 2008). Alternatively, inducible 

CreERTM lines require the administration of tamoxifen, a hazardous drug whose administration 

in neonates may adversely affect development. We used CRISPR-Cas gene editing to generate a 

novel mouse line constitutively expressing Cre-recombinase from the locus of Gpr17, a gene 

whose expression is restricted to the oligodendrocyte lineage in the postnatal CNS (Chen et al., 

2009). Using crossbreeding with a transgenic reporter mouse line, we demonstrate that Gpr17-

Cre expresses Cre-recombinase in the majority of oligodendrocyte lineage cells and a small 

subset of astrocytes (Fig. 1). We compare Gpr17-Cre and Olig2-Cre sensitivity and specificity in 

the brain and spinal cord by co-staining for markers of oligodendrocyte, OPC, neuronal, and 

astrocytic identity. We will present the results of blinded, automated cell counting from 

confirmatory studies to quantitatively compare the specificity and sensitivity between the two 

lines (n = 5 animals per genotype, including both males and females). This novel mouse line will 

enable sensitive and specific observation and manipulation of oligodendrocyte lineage cells 

without temporal induction, allowing improved dissection of their development and function in 

health and disease. 

Figure 1. Endogenous tdTomato signal (red) and DAPI (blue) staining in a Gpr17-Cre;Ai14 

mouse perfused at P20. 
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Abstract: Myelin is an insulating sheath that wraps axons and is critical for proper nervous 

system function in vertebrates. In the central nervous system (CNS), myelin is made by 

specialized glial cells known as oligodendrocytes (OLs). OLs differentiate from OL precursor 

cells (OPCs), which are highly proliferative and motile cells that populate the entire CNS in early 

development. OPCs display the tyrosine kinase receptor-platelet derived growth factor receptor 

alpha (PDGFRa)-that binds to the mitogen PDGF-A. PDGF-A promotes the survival, 

proliferation and motility of OPCs. In order to better study the role of PDGF signaling in OPCs 

during early development, we used Cre-lox methods to specifically knock out PDGFRa in OPCs. 

Using immunohistochemistry and fluorescence imaging analysis, we examined OPC and OL 

densities, and myelination throughout the CNS in conditional PDGFRa KOs (PDGFRa cKOs) 

http://files.abstractsonline.com/CTRL/F7/F/F92/FFC/A71/4CC/892/CE8/4B0/F2B/B8A/08/g2462_1.jpg


and littermate controls. While the development of oligodendroglia appeared normal across most 

of the CNS, we found that certain regions lacked OPCs, OLs, and myelin in PDGFRa cKOs. 

These results suggest that PDGF signaling is necessary for complete OPC occupation of the CNS 

and we present a novel mouse model for examining the regional absence of oligodendroglia. 
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Abstract: The main function of oligodendrocytes is to assemble and maintain myelin that wraps 

and insulates axons in the CNS. Myelin structure, including thickness, was thought to be 

extraordinarily stable in adults. Intriguingly, emerging evidence suggests that the thickness of 

myelin can be changed dynamically in the adult CNS, contributing to myelin plasticity. 

Nevertheless, the mechanisms governing myelin thickness in the adult CNS remain elusive. 

Upon ER stress, activation of PERK adapts cells to stressful conditions by phosphorylating 

eIF2α, which suppresses global protein translation but stimulates certain cytoprotective gene 

expression. Interestingly, we found that impaired ERAD in oligodendrocytes via Sel1L knockout 

in CNP/Cre; Sel1LloxP/loxP mice does not affect developmental myelination, but leads to late-

onset, progressive myelin thinning in the CNS of adult mice, which is accompanied with PERK 

activation and attenuation of myelin protein translation. Using an inducible Sel1L knockout 

mouse model (PLP/CreERT; Sel1LloxP/loxP mice), we further found that Sel1L knockout in mature 

oligodendrocytes leads to PERK activation, attenuation of myelin protein translation, progressive 

myelin thinning in the adult CNS. Moreover, we found that PERK inactivation in 

oligodendrocytes reverses attenuation of myelin protein translation in oligodendrocytes and 

restores myelin thickness in the CNS of CNP/Cre; Sel1LloxP/loxP mice. Importantly, using 

PLP/Fv2E-PERK mice that allow for temporal activation of PERK specifically in 

oligodendrocytes by administration of AP20187, we showed that PERK activation in mature 

oligodendrocytes suppressed myelin protein translation and led to myelin thinning but no 



oligodendrocyte loss in the CNS of adult mice. Collectively, the findings suggest that the PERK 

pathway in mature oligodendrocytes controls myelin thickness in the adult CNS by regulating 

myelin protein translation. 
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Abstract: C1QL1 protein promotes maturation of oligodendrocytes.Shahnawaz Alam1, Zeynep 

M. Altunay1, Joyshree Biswas1, Hiu Cheung1 , Robert S. Pijewski1, Alexander D. Schouw1, 

Akiko Nishiyama1-3, Steve J. Crocker1,3, David C. Martinelli1,3,* 

1Department of Neuroscience, University of Connecticut Health, Farmington CT 06030 
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nervous system (CNS) myelin is made by a specialized class of glia cell called oligodendrocytes 

and is crucial for brain development and cognitive function. Oligodendrocyte precursor cells 

(OPCs) have the capacity to regenerate oligodendrocytes and myelin. The mechanism which 

underlies the maturation of OPCs into mature oligodendrocytes is poorly understood. Previous 

studies have shown that alteration in glia-glia communication may underlie the failure of 

remyelination in multiple sclerosis (MS). Multiple members of the C1q/TNF superfamily of 

proteins are involved in the regulation of synaptic organization and functions in various brain 

regions. C1Q-like (C1QL) proteins bind to the adhesion G protein-coupled receptor GPCR B3 

(ADGRB3; a.k.a. BAI3) and act at synapses but its possible role in OPC maturation into 

oligodendrocytes has not yet been investigated. Therefore, in the present study, we have 

investigated the role of C1QL1 protein in regulating OPC maturation in vitro. To study the 

mechanism which underlies C1QL1 influence over OPC maturation, we prepared primary OPC 

cultures from neonatal rats via an immuno-panning method. A purified recombinant C1QL1 

protein was added to experimental wells. We found that C1QL1 caused a significant increase in 

the fraction of OLIG2-positive cells which differentiated into mature oligodendrocytes, 



supporting our hypothesis that C1QL1 can promote the maturation of OPCs. We further 

investigated if C1QL1 can signal to astrocytes, which express ADGRB3. We found that 

application of C1QL1 to primary astrocyte cultures causes astrocytes to upregulate the secretion 

of several factors which were previously shown to regulate OPC maturation. Our results suggest 

that C1QL1 can cause an increased fraction of OPCs to mature into oligodendrocytes, and that 

this may involve C1QL1 signaling to astrocytes.Supported by: Department of Defense, Multiple 

Sclerosis Research Program (Grant:13212139), Award number: W81XWX-21-1-0707/A 
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Abstract: Oligodendrocytes produce myelin, a lipid rich membrane that wraps neuronal axons in 

the central nervous system to provide them with metabolic and trophic support and allow for 

faster action potential propagation. Developmental myelination requires precise spatial and 

temporal regulation that likely involves communication between oligodendrocytes and neurons, 

and it is essential for normal nervous system function. In the mature brain, neuronal activity 

promotes oligodendrocyte progenitor cell (OPC) proliferation, differentiation, and myelination. 

To test how neuronal activity modulates OPC differentiation in the early developing brain, we 

used designer receptors exclusively activated by designer drugs (DREADDs) to 

chemogenetically inhibit or increase activity in post-mitotic Nex-expressing cortical neurons in 

young mouse pups. Activation of inhibitory Gi-DREADD by clozapine N-oxide (CNO) in mice 

from P2-P8 resulted in reduced cFos expression in DREADD-expressing Nex neurons, 

suggesting a reduction of neuronal activity. Unexpectedly, our preliminary data suggest that 

chemogenetic decrease of neuronal activity in the cortex during this period caused OPCs to 

differentiate prematurely in both the corpus callosum and the cortex. Here we identify gene 

expression changes in these cells in response to reduced neuronal activity. Further, we 

investigate the molecular mechanisms governing this premature OPC differentiation as well as 



the timing of the impact of increased or decreased neuronal activity on oligodendrocyte 

maturation. 
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Abstract: Abstract: Oligodendrocyte progenitor cells (OPCs) are the only glial cells to form 

synapses. Signaling at axo-OPC synapses promotes remyelination by OPCs. The glutamate delta 

1 receptor (GluD1) belongs to the delta family of ionotropic glutamate receptors, but it does not 

function as a conventional ligand-gated ion channel. Instead, GluD1 is critical for formation 

and/or maintenance of glutamatergic synapses. The potential role of GluD1 in OPC regulation 

has not been explored. In this study, we investigated the role of GluD1 in OPC-mediated 

myelination during basal (development) and pathophysiological (cuprizone-induced 

demyelination) settings. Initially, we sought to determine the expression pattern of GluD1 in 

OPCs and found a significant colocalization of GluD1 puncta with neuron-glial antigen 2 (NG2, 

a OPC marker) in the motor cortex as well as in dorsal striatum. Importantly, we found that the 

ablation of GluD1 leads to an increase in the number of myelin-associated glycoprotein (MAG+) 

cells i.e., mature OLs in the corpus callosum and motor cortex at P40 without affecting the 

number of NG2+ OPCs in these regions, indicating that the loss of GluD1 selectively facilitates 

the differentiation of OPCs into OLs but not the proliferation of OPCs. Further, deletion of 

GluD1 enhanced myelination in the corpus callosum and motor cortex, as indicated by increased 

myelin basic protein (MBP) staining at P40, suggesting that GluD1 may play an essential role in 

the developmental regulation of myelination during the critical window period. On the contrary, 

in cuprizone-induced demyelination, we observed reduced MBP staining in the corpus callosum 

of GluD1 KO mice. Furthermore, cuprizone-fed GluD1 KO mice showed more robust behavioral 

motor deficits including shorter latency to fall in rotarod test and hypolocomotion in open field 



test. Collectively, our results demonstrates that GluD1 plays a critical role in OPC regulation and 

myelination in normal and demyelinating conditions. 
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Abstract: In periods of rapid growth and development, myelin-producing glial cells 

(oligodendrocytes, OLs) wrap lipid-rich myelin segments around axons, supporting fast 

communication across different regions of the brain. White matter increases in frontotemporal 

brain regions during adolescence and this corresponds with improvements in executive 

functioning, complex cognitive processing, and stress regulation. These functions are impacted 

early in degenerative diseases like Frontotemporal Dementia and Alzheimer’s Disease, 

suggesting the integrity of white matter tracts interconnecting these regions may be impaired. It 

is therefore important to better understand the cellular dynamics of OLs during adolescence and 

the temporal and spatial patterns of new myelin formation during this critical developmental 

period. A major challenge in the field has been visualizing and tracking de novo myelin sheath 

formation. Herein we have successfully distinguished between new and previously formed 

myelin using a double transgenic conditional mouse reporter line (NG2-CreERt: Tau-mGFP). By 

combining this approach with double/triple immunofluorescent labeling and confocal imaging, 

we have discovered that there is rapid differentiation of OLs and formation of new myelin 

throughout frontotemporal white matter regions including the forceps minor of the corpus 

callosum, the anterior commissure, as well as white matter tracts of the hippocampus and 

amygdala. Using CLARITY and light sheet microscopy we generated a 3D map of myelinated 

tracts that were formed during adolescence and remain in these frontotemporal regions well into 



adulthood at 6 months of age. The cellular dynamics of OLs may change across the lifespan and 

affect myelin maintenance and the function of these frontotemporal circuits, leaving these 

pathways susceptible to degeneration. These findings could have significant implications for 

identifying targets and timelines of therapeutic intervention as individuals age. 
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Abstract: Lipids are one of the major components of myelin and contribute to the insulation of 

action potentials of nearby axons. These myelinated axons form white matter and act as cables to 

propagate information to distinct brain regions (Nave, 2010). Human MRI studies show that 

learning and training, such as playing the piano and juggling, lead to structural changes in white 

matter (Sampaio-Baptista and Johansen-Berg, 2017; Scholz et al., 2009). In mice, MRI studies 

have also found similar structural changes associated with increased expression of myelin-related 

proteins (Sampaio-Baptista et al., 2013).Impaired regulation of myelin related protein caused 

myelin dis-regulation resulted in motor learning deficits (Kato et al., 2020). Accumulated 

evidence suggested that motor learning requires activity-dependent myelination and regulation of 

temporal pattern of the neural activity which is essential for effective learning process. However, 

it is unclear whether lipid synthesis changes during motor learning and if so, whether this change 

contribute to neural populational activity regulation that required for motor learning. Here, we 

conducted in vivo two-photon imaging to quantify lipid synthesis changes during a lever-pull 

task in the primary motor cortex (M1). Three motor learning phases were examined: early, 

middle, and late. Increased movement-related calcium activity amplitudes correlated positively 

with both early and late lever-related neural activity. Next, to identify if myelin specific lipids 

are altered in response to changes in the neural circuitry associated with motor learning. We 

performed MALDI-IMS and LC-MS/MS of the M1 for mice in each phase of motor learning 

process, and quantified levels of different sphingomyelin (SM), galactosylceramide (GalCer) and 



sulfatide. We showed that the SM are associated with the increase in task-related neural activity 

during early stage of learning, while the increase in GalCer is associated with synchrony of 

neural activity during the late stage. As GalCer is synthesized from SM via the 

galactosyltransferase (CGT) enzyme, we further evaluate its role in triggering or maintaining 

motor learning neural synchrony by oligodendrocyte (OLs) specific CGT inhibition using adeno 

associate virus induced short-hairpin RNA (shRNA). Finally, inhibition of GalCer synthesis via 

OLs specific CGT shRNAi resulted in motor learning impairment. These results suggest that the 

myelin lipid synthesis is regulated in a neural activity-dependent during motor learning. This 

study will be the key to understanding the mechanisms in neurodegenerative diseases related to 

altered lipid synthesis. 
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Abstract: Myelin is a specialized, cholesterol-dependent membrane that facilitates neuronal 

communication. Loss of myelin in inflammatory demyelinating conditions such as multiple 

sclerosis has been linked to local cholesterol biosynthesis disruptions. This suggests that 

pathogenic cues may curtail cholesterol production and, conversely, blocking these pathways 

may be therapeutic. We previously demonstrated that Protease Activated Receptor 1 (PAR1) 

knockout mice show accelerated myelin development and increases in myelin regeneration 



across models of demyelinating disease. In this study, we identify that the improvements in 

myelin production observed in PAR1 knockouts are linked to increases in key regulators of 

cholesterol and lipid biosynthesis. Using bulk RNA sequencing of the spinal cord from P120 

adult mice (n=4 PAR+/+ and PAR1-/-; female), we find that PAR1 knockouts show increased 

expression (>Log2-FC; FDR<0.05) of the requisite transcripts needed for de novo cholesterol 

biosynthesis, including Hmgcs1 and Sqle. Targeted quantitative PCR from the spinal cord of 

mice at the peak of myelination (P21), and in early adulthood (P45) (n=3-4/group; male/female) 

confirmed increases (p<0.05; One Way ANOVA) in Hmgcs1 in PAR1-/- mice compared to 

PAR+/+ controls. Biological pathway analysis of the differentially expressed genes between 

PAR1+/+ and PAR1-/- reveals cholesterol biosynthesis, axon ensheathment, and lipid 

biosynthesis as the most significantly enriched gene sets. Next, we modeled the impact of PAR1 

deletion in acute focal demyelination (lysophosphatidylcholine injection in ventral spinal cord 

white matter; n=5-8; male; P70) or chronic demyelination (cuprizone feeding for 6 wk + 4 wk 

recovery; n=4-5; male; P70). When challenged with remyelination, Olig2+ PAR1-/- 

oligodendrocytes had greater expression of master regulators of lipid and cholesterol 

biosynthesis, SREBP1 and SREBP2, compared to wild type mice. In turn, PAR1-/- 

oligodendrocytes also showed increases in HMGCS1, a key enzyme in the cholesterol 

biosynthesis pathway. Finally, using GC-MS and LC-MS, we report the differences in total, free, 

and esterified cholesterol, and in several lipid species in the whole spinal cord and in the myelin 

enriched fraction between PAR1+/+ and PAR1-/- mice (n=3-5; female; P21 and P60). These 

results underscore the importance of PAR1 in modulating key factors involved in cholesterol and 

lipid biosynthesis in myelin producing cells developmentally and during remyelination in the 

adult CNS. Further work targeting this receptor may prove important in restoring cholesterol and 

lipid homeostasis to restore myelin in neurological injury and disease. 
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Abstract: Synaptic plasticity is considered the primary neural mechanism underlying learning 

and memory, but recent research reveals that myelin-forming glia, oligodendroglia, are involved 

in many forms of learning. As a result, there have been several reviews on activity-dependent 

myelination, which are redundant and targeted to researchers in the myelin biology field. Our 

synthesis provides a fresh viewpoint to consider cellular mechanisms of oligodendroglia in 

learning and memory but from the reference frame of memory researchers, not myelin 

researchers. We integrate such new findings into the established conceptual framework and 

nomenclature used by neuroscientists and psychologists in the field of learning and memory. We 

show how oligodendroglia and their progenitor cells are involved in information acquisition, 

storage, and retrieval, including their involvement in short-term and long-term memory. In 

addition to participating in implicit memory, procedural, spatial, and fear memory, current 

evidence suggests the involvement of oligodendroglia in declarative memory, working memory, 

and the influences of attention, emotion, neuronal excitability, and sleep on memory. 

Oligodendroglia contribute to learning by responding to experience-driven changes in neural 

impulse activity to optimize the speed of impulse conduction in neural circuits through 

modifications of myelin and by influencing synaptogenesis and synaptic function. Participation 

of oligodendroglia expands beyond the classical synaptic plasticity to system-wide network 

function where precise spike time arrival, coherence, and neural oscillations synchrony are 

essential for information processing, storage, and retrieval. By integrating the role of 

oligodendroglia and their progenitors into the larger literature of learning and memory, we 

illuminate the contribution of oligodendroglia in ways synaptic plasticity alone cannot 

accomplish and provide answers to long-standing questions in the field of learning while raising 

new questions to help bridge the gap between the two areas of research. 
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Abstract: Neural circuits involved in regulating stress responses undergo maturational processes 

during adolescence including myelination of axons, and new myelin formation may also be an 

adaptive and experience-driven process. Indeed, early life adversity leads to higher functional 

connectivity between the prefrontal cortex and central amygdala (CeA) later in adulthood, which 

is accompanied by heightened corticotropin releasing factor (CRF) stress peptide in this region. 

Alternatively, chronic alcohol exposure reduces myelin and oligodendrocyte gene expression and 

CRF peptide levels in the CeA, but these effects may rebound following removal of alcohol. The 

goal of the current study was to test the following hypotheses: 1) new myelin is added to CeA 

axons following a history of adolescent alcohol drinking, and 2) a proportion of these myelinated 

axons contain CRF peptide. We used our inducible transgenic mouse reporter line (NG2CreERt: 

Tau-mGFP) to tag and track oligodendrocytes forming new myelin in the CeA following 

adolescent binge drinking. Adolescent male and female mice were exposed to 20% v/v alcohol 

or water (n=9-11 per group) starting at postnatal day 28 using a modified drinking in the dark 

(DID) paradigm for 2 weeks. Cumulatively, mice consumed an average of 38.66 g/kg of alcohol 

with an average of 4.16 g/kg/4h per session. Following 2 months of abstinence, mice were 

intracardially perfused, and brains were extracted and sectioned. Immunohistochemistry was 

used to fluorescently co-label GFP (“new myelin”) and CRF. Our results indicate that myelinated 

axons coming into or going out from the CeA is colocalized with CRF peptide expression. 

Further analyses will determine if a history of alcohol exposure during adolescence followed by 

long-term abstinence is sufficient to induce increase myelination of these CeA axons, which 

could lead to changes in stress responsivity. 
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Abstract: Peripheral nerves are highly vascularized tissues because of their high metabolic 

demands and often run parallel to blood vessels (BVs) in the body. Schwann cells (SCs) are 

peripheral neuronal glia that protect nerve fibers and play a crucial role in neuronal support as 

well as axon regeneration associated with BVs during peripheral nerve injury. In light of their 

ability for repair functions and potential clinical applications, cutaneous SCs are attracting 

attention since the skin is an easily accessible tissue and a rich source of SCs. Yet, the 

involvement of SCs in skin homeostasis has not been clarified although the importance of 

sensory afferent fiber innervation is recognized as crucial for skin homeostasis. In this study, we 

aimed to clarify the morphological features and distribution of SCs in human skin to determine 

the function of sensory innervation to skin homeostasis focusing on the association of SCs and 

the microvasculature. First, we observed the morphology of SCs with nerve fibers and BVs in 

skin specimens from humans at various ages. Immunohistochemical staining was performed by 

labeling p75NTR for SCs, CD31 for BVs and PGP9.5 for nerve fibers. In the subepidermal area, 

thin and densely localized branching of SCs near capillary loops and thicker SCs along with BVs 

were observed, and those decreased with age. During our study, we noticed that BVs lost nerve 

fiber innervation with age, which may imply that the lack of innervation results in the loss of 

BVs. To investigate the involvement of sensory innervation to cutaneous BVs, we used a 

humanized skin model in which iPS-derived sensory neurons sprouted into human skin explants. 

We found that not only PGP9.5-positive nerve fibers were increased but also p75NTR-positive 

cells surrounding the newly sprouted nerve fibers, indicating that nerve fiber sprouting integrated 

with the resident SCs in skin explants. Moreover, the nerve sprouting skin model showed that the 

CD31-positive structure and NG2-positive pericyte coverage of BVs was maintained. These 

results suggest that reconstructed glio-neural complexes are involved in the maintenance of BVs 

in skin organ culture. Finally, permeability assays for Human Umbilical Vein Endothelial Cells 

(HUVECs) were conducted using monolayer cultures. IL-1β was used for barrier disruption to 

assess the effects of SCs on the vascular permeability of HUVECs. The conditioned medium 

showed protective effects on the IL-1β barrier disruption. Our results reveal the detailed 

cutaneous SC morphology and distribution in human skin during aging. In addition, we 

demonstrate the role of SCs to maintain the BV structure/integrity and contribute to skin 

homeostasis. 

Disclosures:   M. Tsutsumi: A. Employment/Salary (full or part-time); Shiseido Co., Ltd. A. 

Kikuchi: A. Employment/Salary (full or part-time); Shiseido Co., Ltd. M. Yano: A. 

Employment/Salary (full or part-time); Shiseido Co., Ltd. C. Suttinont: A. Employment/Salary 

(full or part-time); Shiseido Co., Ltd. K. Kajiya: A. Employment/Salary (full or part-time); 

Shiseido Co., Ltd. 

Poster 

PSTR010. Oligodendrocyte Mechanisms 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR010.13/D31 

Topic: B.09. Glial Mechanisms 



Support: GSS suport 

Title: Oligodendrocyte dynamics during short-term cuprizone treatment. 

Authors: *M. OSO1, H. LEE2, J. MCDONOUGH2, R. CLEMENTS3;  
1Biomed. Sci., 2Kent State Univ., Kent, OH; 3Kent State Univ., kent, OH 

Abstract: The cuprizone animal model is widely used to study toxic demyelination and 

subsequent remyelination in the central nervous system. Cuprizone, a copper chelator, is 

therefore frequently used to model multiple sclerosis as well as other demyelinating and 

degenerative diseases. Studies have shown that acute demyelination in the cuprizone model 

occurs around 5-6 weeks in various brain regions (corpus callosum and cortex). Our previous 

work indicates that cuprizone causes permeability in the blood-brain barrier as early as 3 days, 

with subsequent microglial and astrocyte activation before demyelination. Recent studies suggest 

that it only takes the first 3 weeks of Cuprizone exposure to cause demyelination at 6 weeks. In 

the present study, we aim to understand the dynamics of oligodendrocytes and oligodendrocyte 

progenitor cells (OPCs) during Cuprizone treatment at early time points (3 days, 1 week, and 3 

weeks) prior to overt demyelination. Mice were treated with 0.3% cuprizone for up to three 

weeks sacrificed, brains removed and either fixed and sectioned or immediately frozen on dry 

ice. Immunohistochemistry was utilized to stain fixed brain sections after sacrifice for OPCs, 

myelin, and mature oligodendrocytes (OLGs) after 3 days, 1 week, or 3 weeks of cuprizone 

treatment. The number of cells, the quantity of cell markers, and morphology were quantified. 

QTR-PCR was used to analyze the gene expression of myelin-associated genes (MOG. MBP. 

MAG) and PDGFRA. Our results document oligodendrocytes dynamics, and it’s gene 

expression profile during short-term cuprizone treatment compared to control 

brains.Understanding changes in oligodendrocyte dynamics that precede demyelination is 

important for developing methods to prevent or reverse neurological impairment. 
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Abstract: White matter injury (WMI) is the most common type of brain injury in preterm infants 

(babies born at less than 37 weeks of completed gestation). Preterm WMI has no effective 

treatments, and is associated with adverse neurological outcomes, including motor and cognitive 

disability and seizures. Oligodendrocytes (OLs) and their precursors (oligodendrocyte precursor 

cells, OPCs) comprise the major cell types implicated in preterm WMI, which involves an arrest 

of differentiation of OPCs and a reduction in mature OLs and myelin formation. Thus, the OL 

lineage is an ideal target for therapeutics aimed at promoting recovery after preterm WMI. 

Clemastine is a first-generation antihistamine previously shown to promote OL differentiation, 

myelination and motor recovery in animal models of preterm WMI. Clemastine is an excellent 

candidate treatment for preterm WMI, but the minimum effective dose that promotes neonatal 

brain repair is unknown. Identification of the minimum effective dose would allow for 

determination of the target exposure and target plasma levels in future clinical trials in human 

neonates. Here, we tested 4 doses of clemastine to determine the minimum effective dose in a 

chronic hypoxia model of preterm WMI. Male and female C57BL/6 mice aged P3 to P10 

(equivalent to human gestation weeks 23-40) were exposed to 10% oxygen for 1 week, 

mimicking a known risk factor for WMI in human neonates. This model recapitulates the 

histopathological features and adverse motor outcomes of human preterm WMI. We found that 

mice treated with clemastine at 7.5 mg/kg/day and above had significantly increased mature 

(CC1+) OLs compared to vehicle-treated animals (p<0.01, n=10-26 mice/condition). Mice 

treated with clemastine at 7.5 mg/kg/day and above also displayed significantly increased myelin 

(myelin basic protein [MBP] intensity) staining as compared to vehicle-treated animals (p<0.05, 

n=10-26 mice/condition). CC1+ OLs and MBP intensity did not differ significantly between 

mice reared in normal oxygen and hypoxia-exposed animals treated at a clemastine dose of 7.5 

mg/kg/day and above. Lower doses were not effective at promoting myelination after chronic 

hypoxia. These results establish the lowest effective dose of clemastine in a mouse model of 

preterm WMI, and pave the way for future clinical trials of this medication in neonates. 
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Abstract: Multiple Sclerosis (MS) is an inflammatory, demyelinating disorder that damages 

oligodendrocytes, resulting in myelin loss and eventual axonal degeneration. While 

demyelination occurs throughout the central nervous system (CNS), increasing evidence 

suggests that gray matter demyelination is directly correlated with impaired cognitive and motor 

dysfunction. Current disease modifying therapies mitigate the frequency of demyelinating 

events, but are not thought to promote lesion repair potentially leading to cumulative damage and 

functional impairments. There is an unmet need to develop innovative therapeutic approaches 

that focus on restoration of function through remyelination. Vagus nerve stimulation (VNS) 

drives neuronal activity and plasticity, leading to functional recovery from neuronal injury in 

stroke, tinnitus and traumatic brain injury. However, whether VNS can be utilized to drive 

myelin repair and plasticity remains unexplored. We applied chronic VNS to mice following 

cuprizone-mediated demyelination and used longitudinal two-photon in vivo imaging to examine 

the loss and regeneration of oligodendrocytes and myelin in primary forelimb motor cortex over 

time. We found that VNS enhances the generation of new oligodendrocytes. Moreover, when 

paired with successful reach outcomes, VNS modulates myelin sheath replacement, enhancing 

the restoration of the original myelin pattern. Importantly, paired VNS drives long-term motor 

functional improvement that correlates with the degree of myelin pattern restoration. Together, 

these findings highlight the beneficial impact of VNS on myelin repair and motor function 

recovery following demyelination, supporting its potential as a therapeutic approach for 

demyelinating diseases. 
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Abstract: Senescent glia and neurons that accumulate in the aged brain are associated with 

neurological dysfunction. However, the molecular identities of senescent brain cells and their 

regional heterogeneity in aging remain poorly understood. We and others previously discovered 

that myeloid and oligodendrocyte progenitor cell (OPC) subpopulations in the aged brain harbor 

canonical senescence markers. Due to the dynamic roles of OPCs in brain homeostasis, 



discovery of senescent identities may illuminate mechanisms of impairment in the aged nervous 

system. Here, we investigated whether OPC subpopulations assume senescent cell fates in the 

aged brain. We cross-referenced published single-cell RNA-sequencing (scRNAseq) datasets of 

the aged mouse brain to verify that OPCs constitute a significant senescent cell population based 

on canonical and candidate marker expression. Then, we analyzed OPC identities in aged white 

matter regions through RT-PCR, immunofluorescent (IF) imaging and imaging mass cytometry 

(IMC). Analysis of scRNAseq data showed an age-dependent increase in the cell number and 

percentage of Cdkn2a+ (p16+) OPCs. Ingenuity pathway analysis of differentially expressed 

genes in this OPC cluster revealed an activation of senescence-associated pathways. From the 

same transcriptomic data, we identified age-upregulated, OPC-specific candidate senescence 

markers and found an upregulation of these factors in aged versus young white matter via RT-

PCR. IF imaging demonstrated an age-associated decrease in the number and density of 

PDGFRa+ OPCs in the fimbria of the hippocampus. Aged OPCs were also found in close 

proximity to IBA1+ microglia, whereas young OPCs were more distant. Transgenic clearance of 

p16-expressing cells in old p16-INK-ATTAC mice did not rescue the density change but shifted 

the interaction profile of old OPCs and microglia towards the young profile. Using IMC, we 

observed colocalization of senescence markers with aged OPCs. Overall, these studies describe 

region-defined characteristics of aged OPCs and contribute to emerging knowledge of glial 

interactions in brain microenvironments. Continued integration of high dimensional data will 

enable comprehensive mapping of OPC fates in the aged mouse brain. Future experiments will 

also describe the functional consequences of these age-associated changes to inform regenerative 

strategies targeting OPCs. FUNDING: SenNet Consortium TDA (UG3CA275669) and 

R00AG058798 
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Abstract: The white matter is composed of myelinated axons, which act as cables connecting 

different brain regions. Clinically, elderly people and Alzheimer's disease (AD) patients with 



white matter lesions showed significant impaired cognitive function. Furthermore, abnormalities 

in molecular expression specific to oligodendrocytes (OLs) and their progenitor cells (OPCs) 

have been reported in AD pathology, suggesting the pathological association between white 

matter abnormalities with impaired cognitive function. However, the detailed causality of OLs 

and myelin impairment with cognitive decline is unknown. Here, we aimed to clarify the 

dynamic and functional response of OLs/OPCs in aging and AD model mice to elucidate the 

functional pathological mechanism for OLs/OPCs to show cognitive decline. We first 

investigated functional responses of OLs/OPCs in the white matter of 2-month-old wild type 

mice (2M WT) and 6-month-old AD model mice (6M AD) with in vivo Ca2+ imaging using two-

photon microscopy. We found that the intensity and latency of Ca2+ activity was increased in 6M 

AD mice compared to 2M WT mice. In addition, Ca2+ activity of OLs/OPCs in 6M AD mice 

increased during the motor learning but not associated with learning process. It is unclear 

whether these changes in activity are not normal compared to WT, but these results lead us to 

consider why learning efficiency was declining despite the increase in Ca2+ activity of 

OLs/OPCs. To answer this question, we observed the morphology of the OLs/OPCs in 2M WT, 

6M WT, and 6M AD mice. We quantified the process domains of OPCs and found that were 

reduced in aging and AD pathology. We then measured the number of OLs/OPCs and changes in 

expression levels of myelin related protein by immune-histochemistry and protein quantification. 

The number of OPCs decreased, while the number of OLs increased in aging and AD pathology. 

Furthermore, the expression of myelin basic protein was increased due to the increased number 

of OL, suggesting promotion of the myelin sheath repairment. In fact, the ultrastructure of the 

myelin sheath analyzed by electron microscope showed that the repair of the myelin sheath was 

impaired in 6M AD. These results suggest that, in aging and AD, altered Ca2+ activity of 

OLs/OPCs occurs to induce myelin sheath repairment, resulting in learning deficit. We anticipate 

that these experiments will provide new insights into the mechanisms of cognitive decline in 

aging and AD pathology and identify potential therapeutic targets for the future. 
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Abstract: Oligodendrocytes (OL) are the myelin-forming cells of the central nervous system 

(CNS), facilitating fast neuronal signal transmission by enabling saltatory conduction, as well as 

providing metabolic support to the neurons they enwrap. Numerous efforts have been and are 

being made to study the physiologic and pathologic characteristics of OLs, and a large 

proportion of this research has been done in vitro, with rodent primary OLs. In this study, we 

present a new method of primary OL culture, which is a compilation of existing new and old 

methods for oligodendrocyte progenitor cell (OPC) isolation, along with suggestions for optimal 

media compositions for the proliferation and differentiation of isolated OPCs and OLs. For OPC 

isolation, cerebral cortices of postnatal day 1 rats were dissected and dissociated, and the cell 

suspension was passed through two sequential steps of density centrifugation in 12% and 6% 

OptiprepTM (Iodixanol), which yield approximately 1-2*106cells/brain. Colonies composed of 

OPCs (90-95%) and neurons (2-3%) were observed after 5 days of proliferation, and comparison 

of OPC proliferation media compositions revealed that DMEM/F12 + 2%B27 + 1% GlutaMAX 

+ 20ng/mL PDGF + 10ng/mL FGF + 10ng/mL EGF produced the best results, a two fold 

increase in viable cell number measured by the WST-8 assay compared to other DMEM or 

DMEM/F12 based formulas and a 10-fold higher cell number compared to Neurobasal based 

formulas. After passaging and redistribution, OPCs were proliferated for and additional 2 days 

for stabilization, in the optimal OPC proliferation media without EGF due to its property to 

hinder uniform spatial distribution. Differentiation of OPCs to OLs was performed, and 

branching MBP+ processes were visible in 45-50% of the cells at day 2 of differentiation which 

further developed into web-like sheets of myelin by day 4. Comparison of OL differentiation 

media compositions showed that Neurobasal + 2% B27 + 1% N2 + 1% GlutaMAX + 40ng/mL 

Triiodothyronine (T3) produced the most morphologically complex OLs as analyzed by the Sholl 

analysis. We lastly confirmed the capacity of OLs obtained through our revamped culture 

procedure to enwrap neurons and aligned nanofibers. In summary, we present an optimized 

method for primary OL culture, improving efficiency of the procedure. We observed robust 

proliferation and differentiation of cells, alongside their capability to myelinate structures, which 

is the core function of OLs. We also provide suggestions for optimal media formulations at each 

stage of the culture/cells for desired results, which are applicable to OLs obtained through 

different isolation methods. 
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Abstract: Alzheimer’s Disease (AD) is a chronic neurodegenerative disease characterized by the 

accumulation of disease associated microglia (DAM) surrounding amyloid beta (Aβ) plaques. 

Previously, we discovered a novel E3 ubiquitin ligase IDOL that serves as a major post-

transcriptional regulator of three brain ApoE receptors in the low-density lipoprotein receptor 

(LDLR) family. We showed that both genetic deletion and pharmacological inhibition of IDOL 

led to a reduction in the number and size of Aβ plaques and increased expression of genes 

associated with DAM phenotype. Here we show acute knockdown of IDOL increases microglial 

phagocytosis of Aβ plaques and the expression of DAM markers, including ApoE and TREM2. 

Additionally, long-term inhibition of IDOL reduced the number and size of Aβ plaques, 

decreased plaque-associated neuritic dystrophy, and improved cognitive function in human APP 

knock-in mice. Furthermore, RNA sequencing data shows that LDLR expression is increased in 

phagocytic microglia following knockdown of IDOL. These findings suggest that inhibition of 

IDOL may serve as a potential therapeutic strategy to delay of the progression of Alzheimer’s 

disease. 
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Abstract: Alzheimer’s disease (AD) is the most common dementia. Two types of proteins are 

usually involved in the disease, amyloid beta (Aβ) and Tau protein. Amyloid-beta precursor 

protein (APP) express in many tissues and concentrated in the synapses of neurons; its 

processing could lead to the accumulation of Aβ. One of the earliest regions affected by AD is 

the olfactory system. However, the role of the olfactory system in AD pathophysiology has 

remained elusive. This study investigated the relationship between the adenosine A2A receptor 

(A2AR), the olfactory system, and AD pathology. A2AR modulates synaptic transmission and 



neuroinflammation by regulating neuron and glial cells. The OB mediates olfaction via A2AR 

neurons in mice. The olfactory impairment will appear before AD symptoms. Our studies have 

shown that the abnormal expression of A2AR appeared before the App accumulation in the 

olfactory bulb of AD mice. We further examined the olfactory bulb and striatum expression 

patterns of A2AR by immunostaining and western blotting of AD and WT mice. Data showed 

that the A2AR expression in AD model mice was higher than in WT mice. The western blotting 

results showed that A2AR expression became higher age-dependently when there were no 

significant changes in WT mice. In addition, we used caffeine and adenosine as antagonist and 

agonist of A2AR in the SH-SY5Y cell line and primary neurons extracted from WT and AD 

mice. Results showed that the blockade of A2AR using caffeine could maintain the morphology 

of cells when the adenosine could contribute to the morphology changes in the cells. The RT-

PCR results showed that the different concentrations of caffeine would regulate the A2AR 

expression. The further co-staining of A2AR and Amyloid β-Protein 1-42(Aβ1-42) showed that 

Aβ1-42 accumulated near the cells overexpressing A2AR in OB and striatum in AD model mice 

but not in WT mice. It will somehow be related to Aβ1-42 formation, and the pathology needs 

further study. In conclusion, our results showed that the A2AR regulation to the Aβ is similar in 

the olfactory system and brain. The A2AR dysregulation in the olfactory system appeared earlier 

than in the striatum, and the timely detection of this abnormality could be a new therapeutic 

target for AD. 
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Abstract: Background: The previous study found that inhibition of Phosphodiesterase 2 

ameliorates cognitive impairment in Aβ1-42 oligomers (AβOs) treated mice through antioxidant 

and antiapoptotic pathway. However, whether PDE2 inhibition produces neuroprotective effects 

against neuronal damage induced by mild traumatic brain injury (mTBI) in Aβo treated neuronal 



and glial cells remains unclear. 

Methods: HT-22 cells co-cultured with Aβo-exposed BV2 cells were preteated with PDE2 

inhibitor Bay 60-7550 (0.5 μM) for 30 min. The cells were subsequently subject to mild cell-

based TBI (m-CTBI) by cell injury controller 30 min after they were exposed to AβOs at 0.5 

μM. The cell death was determined by lactate dehydrogenase (LDH) assay 24 h after m-CTBI. 

The levels of cAMP, cGMP and cytokines such as NF-κB and IL-1β were also detected. 

Results: The results suggested that m-CTBI induced AβOs-treated BV2 cells lesion, which 

caused co-cultured HT-22 cells death as evidenced by increased LDH value in HT-22 cells. 

However, pretreated BV2 cells with PDE2A inhibitor Bay 60-7550 protected HT-22 cells against 

m-CTBI plus low dose of AβOs’ insults. While treated co-cultured cells with either 0.5 μM 

AβOs or m-CTBI did not cause HT-22 cells lesion. The further results showed that the 

expression of NF-κB and IL-1β was increased in AβOs-treated co-cultured HT-22 cells after m-

CTBI. However, these effects were rescued by pretreatment with Bay 60-7550. PKA or PKG 

inhibitor H89 or KT5823 prevented this protective effect, suggesting the involvement of 

cAMP/cGMP signaling in the effect of Bay 60-7550. 

Conclusion: These results provide proof-of-principle for the effectiveness of PDE2A inhibition 

on modulation of neuronal inflammation and death with TBI-induced AD progression. 

Key words: Traumatic brain injury; phosphodiesterase 2A; Alzheimer’s disease; LDH assay; 

neuroinflammation 
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Abstract: Multiple studies implicate herpes simplex virus type-1 (HSV-1) as initiators or 

accelerators of Alzheimer’s disease (AD) because they increase dementia risk and elicit the same 

pathological characteristics seen in AD, including amyloid accumulation, neuroinflammation, 



neurodegeneration, and cognitive impairment. In a parallel body of literature, early AD is 

characterized by smell loss, amyloid deposition in the olfactory epithelium (OE), and olfactory 

sensory neuron (OSN) dysfunction. Previous experiments found the differential gene and protein 

expression in the olfactory bulb (OB) and olfactory tract (OT) of familial AD (FAD) individuals 

carrying the autosomal dominant presenilin 1 E280A paisa mutation and age-matched controls. 

In FAD samples, RNA sequencing showed a transcription profile consistent with (1) viral 

infection in the OB; (2) inflammation in the OT that carries information via entorhinal cortex 

from the OB to hippocampus, a brain region essential for learning and memory; and (3) 

decreased oligodendrocyte deconvolved transcripts, indicating dysregulation of myelination. In 

order to understand the consequence of viral infection on olfactory epithelial function, we 

infected undifferentiated human olfactory epithelium cell cultures with HSV-1 (MOI=0.00001, 

McKrae strain). We found that HSV-1 productively infects the olfactory epithelial cultures by 

increasing HSV-1 DNA. Using immunofluorescence, we found that acute HSV-1 infection 

elicited a large increase in the expression of β amyloid and cyclic nucleotide-gated channel 

subunit 2 (CNGA2, a marker of mature olfactory sensory neurons). These findings raise the 

possibility that viral infection may disrupt olfactory and downstream hippocampal functions, 

contributing to the acceleration of FAD progression. 
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Abstract: Inhibition of PDE10 ameliorates cognitive deficits in Alzheimer’s disease by 

regulation of neuroinflammationYuqing Yan, PhD, Ying Xu, PhD/MD * 

Department of Anesthesiology, Rutgers University, the State University of New Jersey, Newark, 

NJ 07103 

Background: Phosphodiesterase10A (PDE10A) is a dual-substrate enzyme that hydrolyzes both 

cAMP and cGMP. The initial findings showed that PDE10A is highly expressed in the striatum 

of brain, which led to most of studies focused on psychotic functions and the development of 



PDE10A inhibitors for treatment of schizophrenia. Recent studies suggested that high levels of 

PDE10A co-localize with synaptophysin in pyramidal neurons in the hippocampus, placing it in 

key position to regulate synaptic transmission and learning and memory. Alzheimer’s disease 

(AD) is an intractable disease characterized by progressive impairment of the cognitive function 

and accompanied by psychiatric disorders. However, the role of PDE10A in regulation of AD 

related memory deficits and psychiatric symptoms remains unestablished. 

Method: The present study investigated the effects of PDE10A inhibition on cognitive deficits 

associated with depression- and anxiety-like behaviors in APP/PS1 mouse model of AD. Chronic 

treatment of PDE10A inhibitor MP-10 (6 mg/kg, i.p.) for 3 weeks significantly improved 

memory impairment in Novel object recognition (NOR) and Y-maze tests in 8-month of age 

APP/PS1 mice. The single cell RNAseq and KEGG analyses were used to further analyze the 

cell types and related signal 

pathways that were responsible for the amelioration of learning and memory disorder in AD 

mice. 

Result: The behavioral tests suggested that PDE10A inhibitor MP-10 dose-dependently 

improved cognitive dysfunction in 8 months of age APP/PS1 mice, as evidenced by increased 

discrimination index in NOR and decreased escape failure in Y-maze tests. The subsequent 

single cell RNAseq analysis suggested that 22 cell types in the hippocampus were extracted 

among 42 cell clusters. Further enrichment of KEGG analysis suggested that the changes in cell 

types and the signaling pathways in AD mice were closely involved in the imbalance of 

neuroinflammatory and immunity function. Conclusion: These findings demonstrate that 

inhibition of PDE10 plays an important role in AD mice by regulation of the imbalance in 

immunity and inflammatory function. 

Key words: PDE10 inhibitor, MP-10, Alzheimer’s disease, neuroinflammation, single cells 

RNAseq analysis; KEGG analysis. 
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Abstract: Alzheimer's disease (AD) is a progressive neurodegenerative disorder characterized 

by the accumulation of amyloid plaques and neurofibrillary tangles in the brain. This study 

investigates the role of ubiquitin-specific peptidase 15 (USP15) in the development of amyloid 



plaque formation by influencing mitophagy in AD. Mitophagy is a selective form of autophagy 

crucial for maintaining mitochondrial quality control and cellular homeostasis. Recent evidence 

suggests that USP15, a deubiquitylating enzyme, is highly expressed in the brain and may 

contribute to the etiology of neurodegenerative disorders. So, enhancing mitophagy has the 

potential to prevent tau hyperphosphorylation and improve memory in AD models. To 

investigate the role of USP15 dysregulation and mitochondrial dysfunction in AD, we examined 

the expression patterns of USP15 in the olfactory bulb and hippocampus, regions more prone to 

pathological protein aggregation, using immunostaining in AD model mice. Our findings 

revealed USP15 increased expression in the brains of AD model mice and exhibited co-

localization with Ibal and Aβ1-42 in an age-dependent manner in AD mouse models compared to 

wild-type mice. Additionally, expression of USP15 is decreasing with aging, which provide the 

potential of being a biomarker in preclinical stage of AD. In vitro experiments utilizing SH-

SY5Ycells treated with urolithin A (UA) showed decreased expression of Aβ1-42 and 

USP15.These results suggest that enhancing mitophagy may lead to reduced Aβ1-42 and USP15 

expression. Subsequently, RNAi-mediated knockdown of USP15 followed by western blotting 

demonstrated that the expression of LC3B and Aβ1-42 was ameliorated, confirming that 

deregulation of USP15 expression can rescue the over-expression of Aβ1-42 by enhancing 

mitophagy. Furthermore, western blotting analysis revealed higher expression of LC3B in AD 

model mice, indicating deficient mitophagy. Notably, in wild-type mice, USP15 expression 

increased in the presence of aggregated amyloid β. These findings suggest an interaction between 

USP15 and Aβ1-42 in AD, leading to dysregulation of mitophagy through the induction of LC3B. 

In conclusion, USP15 plays a critical role in the development of amyloid plaques in AD by 

suppressing mitophagy. Dysregulation of USP15-mediated mitophagy impairment results in 

increasing Aβ1-42 production, ultimately contributing to the pathogenesis of AD. Further 

investigations are warranted to validate USP15 as a potential therapeutic target for AD treatment. 
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Abstract: Alzheimer’s disease (AD) is the most common cause of dementia worldwide and 

currently lacks disease-modifying therapies. Abnormal accumulation of extracellular amyloid 

beta (Aβ) leads to a cascade of neuropathological changes resulting in gliosis, impaired synaptic 

function, neuroinflammation, and neuronal death. Previous work has shown that astrocyte-

specific knockout (KO) of beta-secretase 1 (BACE1), the enzyme responsible for generation of 

Aβ, significantly reduced Aβ pathology in a mouse model of AD. Analysis of differentially 

expressed genes from single-cell transcriptomic studies on BACE1 KO astrocytes revealed a 

significant upregulation of C-X-C motif chemokine ligand 14 (CXCL14). CXCL14 is a secreted 

chemoattractant protein for peripheral immune cells such as monocytes and neutrophils. 

Interestingly, genome-wide association studies have identified several single nucleotide 

polymorphisms near the CXCL14 gene locus associated with increased risk of AD pathology. 

However, the role of CXCL14 in AD and its effect on glial cell function are unknown. A 

previous report demonstrated that CXCL14 stimulated phagocytosis in peripheral monocytes 

suggesting CXCL14 may enhance phagocytosis in other immune cell types. Here, we investigate 

the effect of CXCL14 on microglial function and phagocytosis in vitro. Chamber slides were 

plated with 1 x 104 BV2 immortalized microglia overnight and then pretreated with 100 ng/mL 

human recombinant CXCL14 or PBS for 2 hours. Next, green pHrodo e. coli bioparticles were 

added to each chamber at a final concentration of 100 ug/mL for 1 hour. Cells were then fixed 

with 4% paraformaldehyde, counterstained with phalloidin, mounted and cover slipped. Using 

confocal microscopy, 10 images (~250 cells) per sample were obtained and analyzed using 

ImageJ software quantifying mean raw internal density of bioparticle signal per cell. Sample 

means were then averaged per condition. Our results demonstrate that CXCL14 significantly 

increased uptake of pHrodo bioparticles in treated cells compared to control (p = 0.002, student 

T-test, n = 3). This data suggests that CXCL14 enhances BV2 microglial phagocytosis in vitro 

making it a potential target for modulating microglial phagocytosis of Aβ in AD. 

Additionally, we outline the development of a novel tetracycline-controlled transactivator 

CXCL14 overexpression mouse line. We will cross this overexpression mouse line with the 

5xFAD mouse line to test the effect of CXCL14 on alleviating AD-related memory deficits and 

AD pathology in vivo. These studies could help identify CXCL14 as a novel therapeutic target 

for AD. 
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Abstract: Alzheimer’s disease (AD) is the most common neurodegenerative disease affecting 

our aging population, and it is characterized by the presence of beta-amyloid plaques 

extracellularly, and the formation of tau tangles within neurons. Current research focuses on the 

extent and manner in which these two pathological hallmarks compromise neuronal health. 

However, further evidence has implicated the immune system as another contributing factor to 

neurodegenerative disease progression. The brain itself contains various immune cells, of 

particular note are microglia, which function to maintain homeostasis within the brain as well as 

contribute to neuronal health. Genetic variants expressed primarily in microglia have been shown 

to have both negative and positive effects on risk for developing AD, further emphasizing the 

importance of this subset of cells on neuronal health. Specifically, a protective genetic variant in 

the phospholipase C gamma 2 (PLCG2) gene of microglia was recently discovered in a small 

cohort of AD cases. This genetic mutation, P522R, affords protection from AD-related cognitive 

decline even in the presence of beta-amyloid plaques. Recent evidence has shown that microglia 

with this mutation show an increase in both phagocytosis and inflammatory cytokine secretion. 

Although PLCG2 is highly expressed in brain-resident microglia, it is also expressed at lower 

levels in peripheral immune cells, including monocytes, B-cells, and natural killer cells. 

However, whether the P522R mutation has any effect on these cell types has been largely 

overlooked. For this reason, we investigated whether peripheral immune cells carrying this 

mutation may also show functional differences. We performed a whole blood stimulation assay 

to determine the inflammatory phenotype of blood resident immune cells, as well as flow 

cytometry on splenocytes, peripheral blood mononuclear cells, and the brains of P522R variant 

carrier mice. We determined that mice that carry the P522R mutation have a different peripheral 

inflammatory phenotype upon stimulation, as well as changes in peripheral cell populations. 

Based on this we concluded that peripheral immune cells that carry the P522R mutation do have 

altered function compared to wild type peripheral immune cells. Additionally, this altered 

function could suggest that those that carry this mutation may also display a protective immune 

phenotype outside of the brain. 
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Abstract: Alzheimer's Disease (AD) is the most common cause of dementia. AD patients had 

increased extracellular amyloid β plaques and intracellular hyperphosphorylated tau (p-tau) in 

neurons. Recent studies have shown an association between the Renin-Angiotensin System 

(RAS) and AD. The involvement of RAS has been mediated through Angiotensin II (AngII), 

which is overexpressed in aging brains. However, the exact mechanism of how AngII contributes 

to AD is unknown. Thus, we hypothesize that AngII increases brain inflammation activating NF-

kB pathway and ROS generation. In the human cortical neuron cell line, HCN2, treatment with 

AngII increased p-tau, and the AT1R antagonist, Losartan, blocked this effect. In addition, the 

effects of AngII were studied in human microglial cells (HMC3), resident innate immune cells of 

the central nervous system (CNS). In HMC3 cells, treatment with AngII upregulated the gene 

expression of IL-6 (3.9 folds ± 1.2, p<0.01, n=4) and increased IL-6 concentrations by 83% 

(p<0.05, n=4), as measured by ELISA. The changes in IL-6 were blocked by the AT1R 

antagonist, Losartan. Also, AngII induced the production of TNF-α, increasing its concentration 

by 90% (p<0.05, n=4), an increase that was also blocked by Losartan. To study a possible 

mechanism, we used the NF-κB (p65) Transcription Factor Assay Kit and found that AngII 

increased NF-kB transcriptional activity by 64% (p<0.05, n=4) compared to the control, and this 

effect was blocked by Losartan. We then quantified Nitric Oxide (NO) production and reactive 

oxygen species (ROS) production by using Griess Reagent and MUSE Oxidative Stress assay, 

respectively. In these cells, NO and ROS production was significantly increased by AngII 

(p<0.05, n=4), and treatment with Losartan blunted their production (p<0.05, n=4). In addition, 

AngII treatment induced iNOS overexpression (2.5 folds ±0.8, p<0.05, n=4). These results 

suggest that AngII can activate microglial cell pro-inflammatory responses through NF-kB 

pathway and increased ROS production, which may contribute to the pathophysiology of CNS 

inflammation and AD. 
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Abstract: Microglia are the resident innate immune cells of the brain. Microglia survey, 

phagocytize and prune neuronal synapses during healthy brain development and maintenance. 

This supportive role of microglia becomes disrupted during the progression of Alzheimer’s 

disease (AD), a neurodegenerative disorder characterized pathologically by the presence of 

amyloid beta (abeta) plaques and phosphorylated tau tangles. To better understand the functional 

changes microglia undergo in AD, we had previously profiled microglia from control and AD 

brain, with single nuclei RNA sequencing and discovered a diversity of microglial AD associated 

phenotypes. Here we aimed to model microglial diversity in vitro for the purpose of hypothesis 

testing using human induced pluripotent stem cell derived microglia (iMGs). We exposed iMGS 

to three conditions: 1) vehicle 2) 1uM abeta, and 3) 1uM etoposide for 24 hours followed by 

single cell RNA sequencing. Etoposide causes DNA damage and was chosen to model the 

accumulated DNA damage in AD and aging. After QC, our dataset contained over 75,000 

microglia. The microglia grouped into twelve transcriptionally distinct clusters. This highlighted 

the heterogeneity of microglia in vitro in addition to the known heterogeneity in vivo. We then 

utilized gene set enrichment analysis (GSEA) to determine biological pathways that correlate to 

the gene expression for each cluster. We found that abeta treatment led to an increased 

proportion of two clusters, “cluster 2” and “cluster 11” compared to control and etoposide 

treatment. Cluster 2 was defined by enrichment of cell cycle genes and pathways. Cluster 11 

showed an upregulation of TREM2 and APOE, two AD risk genes implicated in AD 

pathogenesis. Cluster 11 was enriched for endolysosomal pathways, regulation of plasma 

lipoprotein, interferon signaling and amyloid beta clearance similar to the AD associated cluster 

we find in human AD brain. Validation experiments will include protein expression 

immunocytochemistry to detect highly expressed genes specific to these different 

subpopulations. Our data highlight the diversity of microglia phenotypes even in vitro and 

suggest both that hiPSC are a good model of microglia and can assist in the identification of 

mechanistic biology behind cellular responses to AD pathology. 
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Abstract: Compelling evidence from genome wide association studies and human brain 

transcriptomics implicate non-neuronal cell contribution to Alzheimer’s disease (AD) pathology 

and progression. Microglia, the innate immune cells of the brain, take on multiple distinct 

transcriptomic and morphological phenotypes associated with AD pathology. However, it 

remains unclear how each distinct AD-associated microglia subpopulation contributes to 

neurodegeneration. A recent single-nucleus RNAsequencing analysis of microglia isolated from 

the brains of individuals with AD and age-matched controls revealed a subpopulation of 

microglia significantly increased in AD brains and distinguished by upregulated expression of 

cytosolic DNA/RNA recognition genes. Here, we investigate the mechanisms driving cytosolic 

accumulation of nucleic acids in this subset of microglia using a co-culture of human induced 

pluripotent stem cell (hiPSC) derived microglia and neurons. To distinguish between soluble and 

insoluble factors driving nucleic acid accumulation, we cultured microglia with a) healthy 

neurons, b) neurons exposed to UV damage, and c) healthy neurons in conditioned media from 

UV injured neurons. For all three co-culture conditions we assessed morphology and cytosolic 

double stranded DNA (dsDNA) using immunocytochemistry (ICC), and transcriptomic profile 

via single-cell RNAsequencing (scRNAseq) of CViA2 wild type (WT) microglia and CViA2 

EOFAD PSEN2 heterozygous mutant (HET) microglia following one week of co-culture with 

neurons. Analysis of ICC revealed that under control conditions microglia-neuron co-cultures 

exhibited no dsDNA accumulation and took on highly ramified morphology. When cultured in 

the presence of UV-injured neurons, regardless of genotype, microglia became smaller and less 

ramified, and significant cytosolic dsDNA accumulation was observed. Furthermore, while 

morphological trends remained consistent, more modest dsDNA accumulation was also observed 

in both WT and HET microglia cultured with healthy neurons when in UV-conditioned media, 

suggesting soluble factors also contribute to microglial nucleic acid accumulation. We are now 

assessing these three microglia-neuron co-culture conditions using scRNAseq to determine how 

soluble and non-cell autonomous factors can influence microglial transcriptomic diversity and 

the regulation of distinct biological pathways. Together, these findings exhibit the utility of in 



vitro hiPSC derived co-cultures in modeling AD-associated microglia subpopulations in order to 

gain insight into therapeutically relevant microglial mechanisms contributing to AD pathology. 
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Abstract: In response to changes to the brain microenvironment, microglia undergo vast 

rearrangements in transcriptional programs to alter its functional repertoire and cellular state. 

Altered microglial states are thought to mediate neuroinflammation and exacerbate 

neurodegeneration. Yet, the spectrum of cellular states adopted by microglia in response to aging 

or disease are poorly understood. This is in large part due to the low numbers of microglia that 

have been profiled from postmortem human brains, limiting our understanding of the role of 

these cells in the pathobiology of neurological diseases. Here, using single-nucleus sequencing 

(snRNA-seq), we report the transcriptomes of 194,000 microglia isolated from 444 human 

subjects across six brain regions. Of these individuals, 220 displayed varying degrees of 

Alzheimer’s disease (AD) pathology. Our data reveals the molecular signatures of 12 distinct 

microglial states, including inflammatory and lipid processing states that were present in 

significantly increased proportions in AD individuals and positively correlated with levels of 

amyloid plaque and tau tangle burden. Using transcription factor-driven regulatory networks, we 

inferred master regulators of microglial state transitions, and defined the regulatory relationship 

between microglial states. In addition, we demonstrate that forced expression of regulators of 

microglia homeostasis could induce homeostatic features in microglia-like cells (iMGLs) derived 

from human induced pluripotent stem cells (iPSCs). Additionally we leveraged iMGLs to 

recapitulate transcriptional programs that governs microglial response to the phagocytosis of 

amyloid beta fibrils, uncovering a temporal program of inflammatory microglia state transitions 

that map to snRNA-seq of aged human brains. Collectively, our study provides a roadmap to 

design microglia state specific therapies aimed at curbing neuroinflammation and halting 

Alzheimer’s disease progression. 



Disclosures:  A. Ni Scannail: None. N. Sun: None. M. Victor: None. X. Xiong: None. N. 

Leary: None. S. Prosper: None. S. Viswanathan: None. X. Luna: None. C. Boix: None. B. 

James: None. Y. Tanigawa: None. K. Galani: None. H. Mathys: None. X. Jiang: None. A. 

Ng: None. D. Bennett: None. L. Tsai: None. M. Kellis: None. 

Poster 

PSTR011. Neuroimmune Mechanism of Neurodegeneration 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR011.13/D50 

Topic: C.07. Neurotoxicity, Inflammation, and Neuroprotection 

Support: NIH Grant 1R21NS094881 

NIAID Grant R21 AI148409 

NIAID Grant 2R42AI122574 

Title: The impact of AD on white matter function 

Authors: *S. BALTAN, S. ZERIMECH, H. NGUYEN, H. OFFNER;  

OHSU, Portland, OR 

Abstract: Multiple sclerosis (MS) is a chronic disease with prominent axon dysfunction that 

affects over 2 million patients globally. Demyelinating lesions and optic neuritis are hallmarks of 

MS, and current treatments are disease-modulating drugs. The strongest genetic effect in MS has 

been attributed to the major histocompatibility complex (MHC). Experimental autoimmune 

encephalomyelitis (EAE) is a commonly used MS mouse model to develop and validate disease-

modulating therapies. Previous studies using an EAE model demonstrated that major 

histocompatibility complex Class II constructs can reverse ongoing clinical signs of severe EAE. 

These constructs block binding and downstream signaling of macrophage migration inhibitory 

factors (MIF-1/2) through CD74, thereby inhibiting phosphorylation of extracellular signal-

regulated kinase (ERK) activation and tissue inflammation and promoting remyelination. In our 

study, we directly assessed axon function properties and tested the restorative value of DRhQ 

using two distinct white matter (WM) tracts, corpus callosum (CC) and optic nerves (MON), in 

an EAE mouse model. Male C57BL/6 mice (8-12 weeks) were immunized with subcutaneous 

(s.c) injection of an emulsion of an encephalogenic peptide in complete Freund’s adjuvant to 

induce EAE and were treated with 5 daily s.c. injections of DRhQ or vehicle at onset of clinical 

signs of EAE for a total of 10 days. On the day of experiments, DRhQ-treated mice had scores of 

~1 whereas vehicle treated mice had scores of ~4.5. Evoked extracellular compound action 

potentials (CAPs) across the CC and MONs were recorded from control, DRhQ and vehicle 

treated mice. On CC, CAPs displayed a typical 2-peak shape, representing myelinated and 

unmyelinated conducting axons. On MONs, CAPS displayed a 3-peak shape, representing fast, 

intermediate, and slow conducting axons. The functional integrity of axons was monitored by 

quantifying the CAP area. The excitability of axons was tested by evoking CAPs at various 

stimulation intensities. EAE drastically altered axon conduction characteristics by targeting axon 



integrity and damaging myelin correlated with oligodendrocyte loss while leading to microglial 

and astrocyte activation. These architectural changes also underlined the increased vulnerability 

to a subsequent ischemic attack. DRhQ administration after the onset of EAE promoted WM 

integrity and function and reduced subsequent vulnerability to ischemic injury. 

We provide direct evidence that DRhQ has “repair” capacity, for it reversed EAE damage in 

WM, therefore we propose DRhQ as an effective therapeutic with possible clinical application 

for MS patients. 
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Abstract: Despite decades of research, Alzheimer’s disease (AD) remains a severe public health 

crisis, affecting nearly 6.7 million Americans and accounting for 60-80% of dementia cases 

worldwide. The confounding and complex nature of possible mechanisms behind AD-associated 

pathologies has limited the ability to identify successful targets for therapeutic intervention. 

Growing evidence implicates microglia as a key player in the neuroinflammatory processes that 

underlie a number of neurodegenerative diseases, including Alzheimer's Disease and AD-related 

dementia (ADRD). However, extensive in vitro characterization of both primary and stem cell-

derived microglia (iMGs) has shown rapidly shifting cell “states”, marked by changes in form, 

function, and gene expression patterns in response to their culture environment. These responses 

to the ex vivo environment can render cell states that do not mirror those found in vivo, which 

limits the study of human microglia-specific mechanisms. Interestingly, recent studies 

demonstrated that xeno-engraftment of cultured human iMGs into rodent brains in vivo can 

effectively drive cell states that are more similar to microglia found in the human brain. The 



success of these xenograft studies suggests that a hybrid system, effectively combining the 

human microglia genotype (human iPSC-derived cells) with a physiologically relevant 

microenvironment, is needed to produce human microglia phenotypes appropriate for studying 

human diseases like AD. Here, we present a hybrid in vitro model combining human iMGs and 

rodent-derived cortical cells to form a three-dimensional xenograft culture for the study of 

complex human microglial behaviors in neuroinflammatory mechanisms that underlie AD. GFP-

labeled human iMGs are engrafted into primary three-dimensional cortical “microtissues” and 

monitored in real time via live confocal imaging. Healthy and AD-mutant iMG behaviors are 

assayed for acute and longitudinal response to neuroinflammatory stimulation. We demonstrate 

use of an in vitro culture system that uniquely allows us to decipher influences of AD-promoting 

genetics on microglial functional phenotypes during neuroinflammatory processes thus 

expanding in vitro techniques to further probe cell-specific influences of microglia in AD. 
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Abstract: Extracellular vesicles (EVs) have emerged as crucial mediators in understanding 

neurodegenerative diseases, including Alzheimer's disease (AD), due to their ability to transfer 

pathogenic molecules. Capturing cell type-specific EVs from patient-derived body fluids or 

biopsies and profiling their contents by transcriptomic or proteomic analyses provide a useful 

method to study the pathophysiology of AD. However, information on cell type-specific EV 

proteomic datasets from human samples is still very limited. In this study, we sought to define 

human CNS cell type-specific EV protein signatures that could be employed for cell type EV 

isolation and investigate their potential roles in AD pathology. We performed combined label-

free and tandem mass tag-labeling based quantitative mass-spectrometry of EVs isolated from 

human induced pluripotent stem cells (hiPSCs) and AD brain tissues to conduct a comprehensive 

EV proteomics study on AD. Novel cell type-specific EV protein markers were identified from 

hiPSC-derived excitatory neurons (e.g., NCAM1, ATP1A3), astrocytes (e.g., LRP1, ITGA6), 

microglia-like cells (e.g., CD300A, ITGAM) and oligodendrocytes (e.g., LAMP2, FTH1). The 

weighted protein co-expression network analysis (WGCNA) of brain-derived EV proteomics 

from 11 healthy controls, 8 mild cognitive impairment (MCI) and 11 AD patients identified a 

protein module, which were enriched with astrocyte-derived EV (AEV) markers and plasma 

membrane molecules (e.g., integrins), was most significantly associated with AD pathology and 

cognitive function. Furthermore, molecular characterization of EVs derived from human primary 

astrocytes confirmed the upregulation of integrins under inflammatory condition compared to the 

quiescent condition. Functional studies demonstrated that these integrins-enriched AEVs 

promoted increased neuronal uptake and negatively impacted neurite differentiation and neuronal 

firing. Overall, our study presents novel human neural cell type-specific EV markers, highlights 

the dynamic role of astrocyte-derived EVs in the pathogenesis of AD, and provides a valuable 

framework for future EV studies on neurodegenerative diseases. 
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Abstract: Adult rats, with their fully developed central nervous system (CNS), exhibit similar 

pathological changes and symptoms as observed in ageing CNS of humans experiencing 

neurodegenerative conditions. This makes mature rats a superior model for studying 

neurodegenerative disease compared to neonatal animals. An animal ex vivo model, mimicking a 

human brain sulcus, is the closest representation of the cell’s natural 3D orientation, having all 

types of CNS cells and keeping endogenous signalling pathways intact. However, there is 

evidence that tissue derived from adult rats demonstrates limited viability in ex vivo culture, 

typically not exceeding a duration of 7 days. 

We aimed to obtain an intact interhemispheric fissure from adult rat coronal brain slices that can 

model a human brain sulcus and determine metabolic activity and survival of fissure-containing 

slices derived from different anatomical areas. 

Sequential coronal slices (300μm) were cultured in Millicell Culture Plate Inserts. Medium 

enriched with different concentrations of FBS (0-10% FBS) were compared to investigate the 

effect on viability. Metabolic activity was determined by testing of supernatant with 

alamarBlue™ reagent every 7 days. Cortical slices were significantly more metabolically active 

(p<0.001, N=4) in media enriched with 10% of FBS compared to groups cultured in reduced 

FBS concentration. The new approach prolonged the viability of the slices up to 21 days in vitro. 

Results were supported by a viability/cytotoxicity assay. As an acute response to the culture 

environment, the tissue slices started to swell. Changes in slice area were monitored over time. 

The first 7 days in vitro (DIV) were marked as crucial for the slices’ recovery and establishment 

of a sustainable system. Any further experimental manipulations took place after that period. 

Caudal slices (~Bregma point -1.33 mm) were significantly more metabolically active (p<0.05) 

than rostral regions. 

Our model introduces a distinctive and novel possibility to utilize adult organotypic brain slices 

as an ex vivo research platform for investigating neurodegenerative disease, encompassing drug 

testing and the analysis of cortical pathology in conditions such as multiple sclerosis. Obtaining 

the interhemispheric fissure provides the opportunity to mimic human sulci. Furthermore, the 

variation in metabolic activity along the rostral-caudal axis emphasises the significance of 

tracking the anatomical origin. This novel information aids in establishing an optimal culture 

setup for cortex-focused ex vivo experiments. 
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Abstract: The aging population is increasing, and the number of Alzheimer’s disease (AD) cases 

is projected to increase dramatically. Recently, studies on neuroinflammation and the role of the 

nucleotide-binding domain (NOD)-like receptor protein 3 (NLRP3) inflammasome have gained 

considerable attention, largely due to the COVID-19 pandemic. NLRP3 activation has been 

associated with aging-related diseases, including AD. Considering that NLRP3 activity is 

influenced by oxidative stress, we hypothesized that changes in redox status might play a crucial 

role in the low-grade inflammation associated with aging, known as "inflammaging.". This study 

aims to investigate how abnormal metabolic activity in antioxidant-related pathways and NLRP3 

activation contribute to neuroinflammation in AD. In this study, we used cultured cells 

(monocytic leukemia cell line THP-1) and postmortem brain tissues to investigate the 

mechanism by which oxidative conditions stimulate inflammasome activity and to compare their 

sensitivity to NLRP3 activation, both during priming (i.e., gene expression) and activation (i.e., 

IL-1β formation) stages. PCR and Western blots analyses were conducted to compare human 

frontal cortex samples from postmortem cases, aiming to better understand the link between 

inflammaging and neurodegeneration. An ELISA assay was performed with the THP-1 cells to 

further identify redox-related pathways that regulate NLRP3-dependent secretion of IL-1β. PCR 

analysis conducted on postmortem brain tissue from male and female subjects belonging to 

different age groups (young: 0-16 years, older: 67-80 years, AD: 71-83 years) demonstrated an 

association between expression of the transsulfuration enzyme cystathionine-β-synthase (CBS) 

and NLRP3 mRNAs . The expression of NLRP3 in the frontal cortex was significantly higher in 

older subjects compared to younger ones but significantly lower in AD brains compared to older 

controls. However, NLRP3 activity, as measured by caspase-cleaved IL-1β, was higher in older 

control and AD samples compared to young controls. THP-1 cells treated with the protein kinase 

C (PKC) activator phorbol 12-myristate 13-acetate (PMA) served as a study model for amyloid 

beta (Aβ) induction of IL-1β secretion. Our study demonstrates that mRNA expression levels of 

NLRP3 and IL-1β genes are abnormal in postmortem AD brains compared to elderly control 

subjects, suggesting that aging-related changes contribute to NLRP3 inflammasome activation in 

AD. However, further studies are required to comprehend the relationship between NLRP3 and 

oxidative stress in AD. 
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Title: Gamma Sensory Stimulation Alters the Microbiota-Gut-Brain Axis 
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Abstract: Gamma entrainment using sensory stimulation (GENUS) has been shown to offer 

protective effects in multiple mouse models of neurodegeneration. Given the compelling role of 

the brain-gut microbiome axis in driving neurodegenerative diseases, most of which are strongly 

associated with aging, we sought to examine whether GENUS could alter the gut microbiome 

using wildtype aged mice. Here, we report that non-invasive gamma (40Hz) audio and visual 

sensory stimulation reduced intestinal levels of tissue-resident macrophages and alpha-

synuclein—a protein relevant to Parkinson’s disease (PD). Analyses via fecal microbiome 

sequencing and metabolomics revealed significant changes in specific bacterial strains as well as 

levels of short-chain fatty acids. We next sought to identify whether GENUS could engage brain 

regions involved in brain-gut axis circuitry; thus, we examined the insular cortex. Notably, we 

found that GENUS significantly increased levels of insular cFos, while reducing microglia 

number and markers of microglial activation. Together, these data suggest that gamma 

stimulation can have far-reaching effects in the periphery, and that these effects may be mediated 

through insular cortex circuitry projecting to the peripheral organs. Therefore, GENUS may be 

an effective tool for holistically promoting healthy microbiota-gut-brain function. 
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Title: 40 hz auditory and visual stimulation promotes glymphatic clearance  
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Abstract: The glymphatic system promotes brain metabolic waste clearance through the 

exchange of cerebrospinal fluid (CSF) and interstitial fluid (ISF). Alzheimer’s disease (AD) 

mouse models exhibit impaired glymphatic clearance which is thought to contribute to amyloid 

and tau accumulation in the brain. In previous studies, we have shown gamma entrainment using 

sensory stimuli (GENUS) can induce 40 Hz neural activity in multiple brain regions, reduce 

amyloid burden, and improve performance in tasks involving learning and memory. Here, we 

sought to test if GENUS can promote amyloid clearance in part through glymphatic routes by 

using 6-month-old 5xFAD mouse model. First we confirmed GENUS induces a 40 Hz neural 

response in frontal cortex. 40 Hz auditory and visual stimulation decreased the amyloid burden 

in medial prefrontal cortex (mPFC). Interestingly, after one hour 40 Hz stimulation, we observed 

increased CSF tracer accumulation. Glymphatic clearance is known to be mediated by arteriolar 

vasomotion, which is coupled with neural gamma oscillations. Thus, we measured arterial 

pulsatility, and observed increased vasomotion from 40 Hz stimulation. Furthermore, 40 Hz 

stimulation increased amyloid accumulation in cervical lymph nodes, further suggesting 

glymphatic clearance routes. Together, our results suggest that 40 Hz stimulation can promote 

amyloid clearance in part through glymphatic routes and likely involves vasomotion. 
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Abstract: Loss of function (LoF) variants in ATP binding cassette subfamily A member 7 

(ABCA7) increased the risk of developing Alzheimer’s disease (AD) by an odds ratio (OR) ~2. 

The mechanisms by which ABCA7 LoF increases AD risk and the cell types most strongly 

affected remain unclear. Here, we performed single-nuclear RNA-sequencing of 41 human post-

mortem samples from the prefrontal cortex (PFC) of ABCA7 LoF carriers and matched control 

individuals. We identified perturbed processes related to metabolic, lipid, cell cycle, and synaptic 

genes across multiple cell types. Excitatory neurons showed profound perturbations in gene 

clusters indicating mitochondrial dysfunction, DNA repair defects, and reduced lipid 

biosynthesis. We performed lipidomics in patient PFC and in iPSC-derived neurons to 

characterize the lipid dysregulation caused by ABCA7 LoF, and find altered levels of numerous 

phospholipid species, including phosphatidylcholine. This study provides a detailed atlas of 

ABCA7 LoF in the human brain and suggests that lipid dysregulation in neurons may be the 

underlying insult by which ABCA7 LoF increases AD risk. 
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Abstract: Activation of innate immunity in the brain is a prominent feature of Alzheimer’s 

disease (AD). The present study investigated the regulation of innate immunity by wild-type 

serum injection in a transgenic AD mouse model. We found that treatment with wild-type mouse 

serum significantly reduced the number of neutrophils and microglial reactivity in the brains of 

APP/PS1 mice. Mimicking this effect, neutrophil depletion via Ly6G neutralizing antibodies 

resulted in improvements in AD brain functions. Serum proteomic analysis identified vascular 

endothelial growth factor-A (VEGF-A) and chemokine (C-X-C motif) ligand 1 (CXCL1) as 

factors enriched in serum samples, which are crucial for neutrophil migration and chemotaxis, 



leukocyte migration, and cell chemotaxis. Exogenous VEGF-A reversed amyloid β (Aβ)-induced 

decreases in cyclin-dependent kinase 5 (Cdk5) and increases in CXCL1 in vitro and blocked 

neutrophil infiltration into the AD brain. Endothelial Cdk5 overexpression conferred an 

inhibitory effect on CXCL1 and neutrophil infiltration, thereby restoring memory abilities in 

APP/PS1 mice. Our findings uncover a previously unknown link between blood-derived VEGF 

signaling and neutrophil infiltration and support targeting endothelial Cdk5 signaling as a 

potential therapeutic strategy for AD. 
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Abstract: Amyotrophic lateral sclerosis (ALS) is a progressive and fatal neurodegenerative 

disease for which there are no effective treatments. Motor neuron loss in the brain and spinal 

cord, a hallmark of ALS, results in muscle atrophy and paralysis. Biomarkers of 

neuroinflammation, including increased microglial activation, elevated proinflammatory 

cytokines, and leukocyte infiltration, are commonly found in ALS patients. The choroid plexus, 

an epithelial-endothelial convolute within brain ventricles that forms the blood-cerebrospinal 

fluid barrier and houses immune cells, is a known entry point for immune cell infiltration. A 

recent postmortem study of ALS patients showed choroid plexus barrier damage and 

macrophage accumulation, suggesting choroid plexus involvement in regulating ALS 

inflammatory responses. We aim to gain a deeper understanding of choroid plexus inflammation 

in ALS using a mouse model. The C9orf72 gene is one of the most frequently mutated genes in 

ALS. A loss-of-function C9orf72 knockout (KO) mouse line was created by Drs. Cat Lutz and 

Robert Baloh to model neuroinflammatory aspects of ALS. We studied choroid plexus 



inflammation using this model. Through histological analysis, we recapitulated key findings 

from human pathology, including choroid plexus immune cell infiltration and barrier 

inflammation. Samples included multiple litters with both male and female mice, and all 

quantification methods were conducted blindly. Further, our lab has developed a two-photon live 

imaging platform to investigate fluorescently labeled cells of the choroid plexus. We studied 

choroid plexus macrophages in C9orf72 KO mice and wildtype littermate controls by evaluating 

their mobility, motility, and trafficking longitudinally and in real time. Our data point towards 

enhanced immune activation in the choroid plexus of C9orf72 KO mice. Future studies will 

investigate the impact of existing and pre-clinical ALS therapeutics on choroid plexus pathology. 

Collectively, our work sheds light on how systemic neuroinflammation in ALS may disrupt 

choroid plexus structure and function, ultimately helping to guide the development of novel ALS 

treatments targeting neuroinflammation. 
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Abstract: Excessive alcohol consumption, a characteristic of alcohol use disorder (AUD), is 

known to result in neurodegeneration and neuroimmune activation. Given the chronic and 

relapsing nature of AUD, individuals are at a high risk of incurring further damage with 

subsequent drinking. Our lab has previously demonstrated that a four-day exposure to ethanol 

not only induces neurodegeneration but can shift microglia into a primed state. Primed microglia 

may cause a sensitized pro-inflammatory reaction and subsequent damage when re-exposed to 

ethanol. Whether priming persists long-term sufficient to potentiate damage is not known. 

Therefore, adult male and female Sprague-Dawley rats were administered two cycles of four-day 

binge ethanol exposure separated by 28 days. During both binges, rats were gavaged with either 

ethanol diet (25% w/v) or an isocaloric control diet in vanilla Ensure Plus® every 8 hours for 4 

days. The dose of ethanol administered was determined by intoxication behavior which produced 

a mean dose of 9.4±0.4 g/kg/day in the first binge and a similar 8.9±0.4 g/kg/day in the second 



binge. These doses resulted in similar mean blood ethanol concentrations (BECs) of 461.1±30.3 

mg/dL and 456.8±12.0 mg/dL respectively. Following the last dose of ethanol, animals were 

monitored for withdrawal severity using a 4-point scale for 17 hours. Withdrawal behavior 

averaged 1.2±0.2 in the first binge and 0.9±0.1 in the second binge which were both equivalent 

to hyperactivity, and peaked (maximum score) at 3.2±0.2 and 3.2±0.1 respectively which were 

both equivalent to head tremors. Rats were then sacrificed two days later via transcardial 

perfusion, and brains were removed, post-fixed, and sectioned in a 12 series of 40µm sections. 

Brains were stained with FluoroJade B (FJB), a marker for neurodegeneration, and FJB+ cells 

were quantified under blue light excitation (fluorescent microscopy). When compared to control 

animals, a one-way ANOVA revealed a significant increase in FJB+ cells in piriform cortex 

(p<0.001; p<0.0001), posterolateral cortical amygdala (p<0.001; p<0.001) perirhinal/entorhinal 

cortex (p<0.001; p<0.001), and the hippocampal dentate gyrus (p<0.0001; p<0.0001) of both 

single and double binge rats (respectively). However, the extent of neurodegeneration in the 

double binge rats was comparable to a single binge exposure. Thus, these data suggest that 

microglia priming is likely to resolve after a long period of abstinence. 
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Abstract: Parkinson’s disease (PD), dementia with Lewy bodies (DLB) and other 

synucleinopathies associated with Alzheimer’s-related dementia (ADRD) are characterized by 

the accumulation and release of abnormal aggregates of misfolded α-synuclein (αSyn) from 

neurons. Compelling evidence reveals that misfolded αSyn triggers chronic neuroinflammation, 

marked by a vicious cycle of prolonged microglial activation, and an upregulation of 

inflammasome and other related neuroinflammatory cytokines and chemokines. Interactions 



between environmental factors and PD pathogenic gene defects are key to understanding disease 

pathogenesis. In this regard, we recently demonstrated that the environmental neurotoxic 

Parkinsonian metal manganese (Mn) interacts with αSyn to induce protein aggregation and the 

subsequent proinflammatory inflammasome signaling cascade in microglial cells. However, the 

precise upstream molecular mechanisms governing the activation of microglia by Mn-induced 

αSyn aggregation remain enigmatic. Since m6A epitranscriptomic mRNA modification 

represents a major top-tier regulator of mRNA cellular dynamics, we investigated the possible 

role of m6A epitranscriptomic mRNA modifications in Mn-αSyn-induced neuroinflammation. 

Herein, we show that METTL3, the main catalytic component of the m6A methyltransferase 

complex, is robustly upregulated in the Mn-exposed C20 human-derived microglial cell model. 

Our analysis of nuclear and cytoplasmic localization reveals that METTL3, canonically 

considered a nuclear protein, was more highly abundant in the cytoplasm compared to nuclear 

expression following Mn insult. Immunofluorescence analysis further demonstrates that 

METTL3 was positively correlated with activated caspase-3 in response to Mn and aggregated 

αSyn. Moreover, analysis of the global m6A modification level showed direct correlation with 

METTL3 expression following Mn treatment, further suggesting METTL3 to be a key 

epitranscriptomic modulator of Mn-αSyn-induced neuroinflammation. Collectively, our data 

suggest that Mn upregulates overall METTL3 expression, induces its subcellular mislocalization, 

contributes to caspase-3 activation, and leads to aberrant changes in global m6A modifications of 

RNA in microglial cells. Future studies will explore the functional significance of the observed 

METTL3 upregulation and subcellular translocation in relation to the neuroinflammatory 

processes stimulated by Mn. Overall, our data demonstrate that the m6A writer METTL3 may be 

a major regulator of environmental factor-induced chronic inflammation in synucleinopathies. 
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Abstract: An important aspect of neuronal function and communication in the central nervous 

system is the maintenance and refinement of synaptic networks through the selective pruning of 

synapses, which occurs predominantly, but not exclusively, during development. Interestingly, 

these processes are also triggered in neurodegenerative diseases and are thought to be 

responsible for the observed loss of synapses in these disorders, which include Alzheimer's 

Disease, Frontotemporal Dementia, and other related dementias. Astrocytes and microglia are 

known to contribute to synaptic pruning during development and thereby play an important role 

in activity-dependent synapse remodeling. Numerous pathways have been implicated in this 

process, including the activation of the complement cascade, which is proposed to prime the 

synapses for removal by exposing so-called ‘eat me’ signals onto neuronal synapses. Here, we 

sought to uncover “eat me”, but also ‘spare me’ signals deposited onto neuronal synapses in 

C9orf72 Frontotemporal Dementia (FTD) using patient-derived induced pluripotent stem cells 

(iPSC) differentiated into cortical neurons. To study proteins at the synaptic level, a series of 

centrifuge-based fractionations were performed to obtain a synaptosome preparation where the 

final fraction is enriched in synaptic proteins. These synaptosome preparations will be generated 

from neuronal monocultures as well as neuron-glia (astrocytes and/or microglia) co-cultures and 

compared between disease and healthy control. We will investigate candidate protein expression, 

including protein members of the complement cascade pathway, via standard western blot 

analysis. In addition, we will perform unbiased protein and local mRNA analyses via proteomics 

and transcriptomic assessments, respectively. Proposed synapse loss will be assessed in sister 

cultures via measurements of neuronal firing and quantification of synapse density via 

fluorescent immunostaining of pre-and postsynaptic marker proteins. Candidate synaptic proteins 

will be assessed mechanistically through genetic and/or pharmacological (including blocking 

antibodies) manipulations in the iPSC models. 
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Abstract: Parkinson’s disease (PD) most commonly affects patients late in life, but it is 

estimated that the neurodegenerative processes begin decades earlier than the diagnostic 

symptoms. Mitochondrial dysfunction appears an early and persistent mediator of PD pathology. 

Genetic and environmental PD-risk factors impinge on mitochondrial function, resulting in the 

release of mito-stress signals, such as reactive oxygen species (ROS). ROS and other 

mitochondrial stress signals are immunogenic, directly activating resident immune cells of the 

brain. The activated immune cells then produce more ROS, which ultimately leads to 

neurotoxicity. Therefore, we hypothesized that if we could noninvasively track ROS, this mito-

immune stress signal could serve as a biomarker for PD pathogenesis. We developed a positron 

emissions tomography (PET) ligand, [18F]ROStrace, that crosses the BBB and is selectively 

retained in the brain after the tracer is oxidized by superoxide or related ROS (1). [18F]ROStrace 

retention was quantified using dynamic 60min PET/CT acquisitions over the course of PD-like 

progression in 2 mouse models with mitochondrial DNA (mtDNA) defects- MitoPark and 

ND6P25L. MitoPark mice have a DA-specific deletion of TFAM (transcription factor A 

mitochondrial, which causes mitochondrial dysfunction, the release of mtDNA, and constitutive 

activation of STING signaling, resulting in neuroinflammation and progressive nigrostriatal 

deterioration within 6mo. of age. The complex I ND6P25L mutation causes progressive slowing 

of EEG, loss of REM sleep, L-DOPA-responsive bradykinesia, and increased sensitivity to 

immune challenge. Our PET/CT results show that [18F]ROStrace increases early in the course of 

PD-like pathology in both models, preceding DA-degeneration and correlating with microglial 

activation. In addition, ROStrace retention is increased 78% in young ND6P25L mice after 

peripheral LPS injection, which accelerated the motor impairment and neuroinflammation. 

Together, our results demonstrate the potential of [18F]ROStrace as a first-in-class PET tracer 

for quantifying mito-immune stress in the prodromal phase of neurodegenerative disease. 

[18F]ROStrace may enhance clinical trial design by identifying at-risk PD patients who are most 

likely to benefit from mitochondrial therapeutics. 
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Abstract: Astrocytes are getting attention for their involvement in neuroinflammation and 

etiology of neurodegenerative diseases. To enable drug development targeting astrocytes, we 

establish a method to induce neurotoxic astrocytes and gene network analysis. We performed 

gene network analysis using a public gene expression dataset of the brains from healthy people 

of various ages, and we confirmed that reactive astrocyte gene expression is induced around age 

of 60 following to microglial gene induction starting from ages of 30 to 40. To reproduce the 

neurotoxic reactive astrocytes, we first treated human iPSC-astrocytes (hiPSC-astrocytes) with 

IL-1a, TNFa, and C1q, which are reported to induce the neurotoxic reactive state in mouse 

astrocytes (Liddelow et al., 2017). The three factors induced the expression of the complement 

component 3 (C3) gene, a typical marker of reactive astrocytes, to some extent, but they did not 

lead hypertrophic morphology or neurotoxicity in hiPSC-astrocytes. We speculated that the 

difference was due to species difference in cytokine response between rodents and human. We 

looked for different combinations of cytokines, and we found a condition to induce strong 

neurotoxicity in human astrocytes. Using the condition, we screened for compounds that inhibit 

acquisition of neurotoxicity, and we identified compounds including JAK inhibitors. For target 

validation, we performed gene knockdown, and we found that JAK1 knockdown was enough to 

inhibit neurotoxicity induction. To understand neurotoxicity induction mechanism in more detail, 

we ran gene network analysis using a gene expression dataset of hiPSC-astrocytes treated with 

neurotoxicity inducing factors. By knockdown about 500 genes selected from the network, we 

identified a novel target gene involved in astrocyte neurotoxicity. The target reliability was 

further confirmed using target inhibitors. These results indicate that the combination of 

neurotoxic hiPSC-astrocyte induction and gene network analysis is a powerful tool to develop 

new drugs for neurodegenerative diseases and other nervous system related disorders. 
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Abstract: Exosomes are small vesicles of the endosome origin released by various cell types, 

including neurons and glial cells in the central nervous system (CNS). They have been 

implicated in the clearance and spreading of toxic proteins associated with neurodegenerative 

diseases. However, the role of astroglia-specific exosomes in the progression of amyotrophic 

lateral sclerosis (ALS) remains less understood. In current study, by selectively isolating 

exosomes using size-exclusion chromatography (SEC) and the next generation ZetaView 

nanoparticle tracking analysis (NTA), we showed that treatment of inflammatory cytokine 

mixture ITC (IL1a, TNFa, and C1q) significantly reduces exosome secretion from both NTg and 

SOD1G93A+ astrocyte cultures. Although mutant hSOD1 protein has been detected in astroglial 

exosomes (A-Exo) isolated by ultracentrifugation, we found no mutant hSOD1 or misfolded 

SOD1 proteins in SEC-isolated SOD1G93A+ A-Exo. SEC-isolated A-Exo are protective against 

glutamate-induced excitotoxicity in cortical neurons and SOD1G93A+ spinal motor neurons, 

which is completely diminished by the pre-treatment of ITC mixture. In addition, ITC-NTg A-

Exo. also selectively induces death of SOD1G93A+ (but not cortical neurons or SOD1G93A-) 

spinal motor neurons. Subsequent proteomic analysis of NTg, ITC-NTg, SOD1G93A, and ITC-

SOD1G93A A-Exo. found that protein cargoes in A-Exo. is drastically altered by both ITC pre-

treatment and overexpression of hSOD1G93A. In particular, glia-specific cell adhesion protein 

HepaCAM is significantly down-regulated in A-Exo by the ITC pre-treatment. Genetic and 

biochemical studies with HepaCAM-deficient A-Exo prepared from HepaCAM KO mice further 

showed that HepaCAM is essential in mediating protective effect of NTg A-Exo against 

glutamate-induced excitotoxicity. By employing cell-type specific exosome reporter mice 

(hCD63-copGFPf/f) and a single and focal injection of AAV2/5-GFAP-Cre into the ventral horn 

of spinal cords, we further examined the in vivo changes of A-Exo in the SOD1G93A ALS 

model. We observed long-distance spreading of astrocyte-derived exosomes from the focal 

injected area in the spinal cord of NTg and SOD1G93A mice. Interestingly, the overall spreading 

distance of A-Exo is reduced in diseased (P100-110) SOD1G93A mice compared to age-

matched NTg mice. Taken together, our current study reveals that inflammatory cytokines (and 

hSOD1G93A mutant) induces dysfunction of A-Exo through the reduced surface HepaCAM 

expression, providing a new mechanism about the role of A-Exo in ALS and how cytokines 

contribute to motor neuron and axon neurodegeneration in ALS. 
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Abstract: The glymphatic system clears metabolic waste from the brain, which is impaired in 

aging and Alzheimer's disease (AD). In this study, we investigated the effects of multisensory 

gamma stimulation on glymphatic clearance of amyloid clearance in the 5XFAD mouse model 

of AD. snRNA-seq following 1 hour of noninvasive gamma stimulation in 6-month-old 5XFAD 

mice revealed transcriptional changes in several cell types, including upregulation of genes 

related to ion buffering in astrocytes. High resolution imaging revealed gamma stimulation 

promotes the polarization of AQP4, which is known to be important for glymphatic clearance. 

We also identified upregulation of genes related to neuropeptides in vasoactive intestinal peptide 

(VIP) neurons. Chemogenetically attenuating VIP neuronal signaling abolished the amyloid 

clearance effects of gamma stimulation in 6-month-old 5XFAD mice. These findings provide 

novel insights into AQP4- and VIP-dependent mechanisms underlying glymphatic clearance of 

amyloid by noninvasive gamma stimulation. 
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Abstract: Alzheimer's disease (AD) is a progressive neurological disorder that leads to dementia 

in an increasingly aging population. Recent evidence indicates synaptic dysfunction and 

impairment of the limbic circuit in the early stages of the disease, even before the deposition of 

amyloid plaques, where intracellular Aβ (iAβ) has been reported. The nucleus accumbens (nAc) 

is a key component of the limbic reward system, involved in cognitive and emotional behavior 

such as pleasure, apathy, and motivation, all of which are affected in AD. However, the effects 

of the early iAβ accumulation in the nAc on synaptic transmission, plasticity, and excitability of 

medium spiny neurons (MSNs) remain unclear. We first performed immunofluorescence 

analysis on brain slices from 3-month-old WT and APP/PS1 (2xTg) mice and found abundant 

iAβ, but no extracellular plaques in the nAc. To investigate whether the early presence of iAβ 

influences synaptic transmission and neural plasticity in the nAc, we carried out patch-clamp 

electrophysiology on brain slices. Here, we applied a high frequency stimulation (HFS) protocol 

to induce long-term depression (LTD) in the nAc of 3- and 6-month-old WT and 2xTg mice. No 

significant differences were observed in the percentage of LTD between the two genotypes at 3 

months. Interestingly, LTD was strongly decreased in 6-month 2xTg mice (WT: 47 ± 8% vs. 

2xTg: 11 ± 6%). Additional analysis of synaptic transmission in MSNs showed no significant 

changes in the frequency of the mEPSCs at 3 and 6 months between WT and 2xTg mice, thereby 

discarding presynaptic mechanisms involved in the decrease in LTD. Furthermore, to examine 

synaptic strength, we measured the ratio of AMPAR- and NMDAR-EPSC amplitude in 6-month-

old WT and 2xTg brain slices and found a significant decrease in the AMPA/NMDA ratio in the 

2xTg mice (WT 1.5 ± 0.3 vs. 2xTg 0.9 ± 0.1), suggesting a postsynaptic mechanism for the 

reduced LTD. To further explore if the early postsynaptic effects of amyloid pathology in the 

nAc were selective, we analyzed passive and active membrane properties recording evoked 

action potentials (APs) elicited by current injection in brain slices. The data showed a significant 

increase in the frequency of APs in the 2xTg mice accompanied by a decrease in amplitude, with 

no change in threshold, duration, or resting membrane potential. Overall, these findings indicate 

that accumbal MSNs are an early brain target of amyloid pathology, with impaired synaptic 

plasticity and neural excitability, and suggest that AD pathology might initiate in mesolimbic 

areas contributing to non-psychiatric symptoms, such as apathy and loss of motivation. 
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Abstract: AbstractThere is a bidirectional relationship between Alzheimer's disease (AD) and 

sleep: sleep disturbances increase AD risk, and AD is associated with sleep disturbances. Down 

Syndrome (DS) is associated with sleep abnormalities and highly penetrant, early-onset AD (DS-

AD). Factors involved in early onset DS-AD may also play a role in the manifestation of sleep 

and circadian disturbances in DS, which could promote the development of AD neuropathology. 

We aim to determine the role of trisomy 21 gene overexpression in sleep, cognitive, synaptic, 

and AD-related pathology in a mouse model of DS (Dp16). In theory, the sleep abnormalities, 

and cognitive deficits in the Dp16 mice could be caused solely by triplication of the App gene. 

Even so, this hypothesis has never been formally tested. However, our published and 

unpublished data suggest that another chromosome 21 gene triplicated in DS, Regulator of 

calcineurin1 (Rcan1), may contribute to or drive these phenotypes. RCAN1 is a crucial regulator 

of the phosphatase calcineurin (CaN), and DS-associated neurological deficits may be partly 

linked to abnormal neural CaN activity. CaN controls many neurobiological processes such as 

cognition, sleep, and circadian function. We have previously shown that mice overexpressing a 

human RCAN1 isoform show early age tau pathology and cognitive and synaptic defects. We 

now have new evidence demonstrating age-dependent sleep and circadian abnormalities in 

RCAN1TG mice and rescue of sleep deficits in Dp16 mice following the restoration of RCAN1 

expression. Our central hypothesis is that RCAN1 triplication in DS promotes sleep disturbances 

and exacerbates AD-related pathology, and we will test this hypothesis using Rcan1 and App 

gene dose-corrected Dp16 animals. 
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Abstract: Alzheimer's Disease (AD) is the leading cause of dementia in the United States. While 

progress has been made using rodent AD models, there is a need to validate large animal models 

of AD to better understand the disease process in animals that are more like humans. Pigs have 

long been regarded as the ideal preclinical model for drug development in biomedical research 

due to their substantial similarities to humans across major organ systems, and are increasingly 

favored in translational neuroscience (e.g., traumatic brain injury, neurotoxicity). However, pig 

AD models have yet to be generated that reflect human behavioral symptoms. Thus, we 

developed a pig model of AD by manipulating the Presenilin-1 gene (PSEN1) because human 

mutations of this gene are the most common cause of early-onset familial AD (FAD). PSEN1 

encodes the catalytic subunit of the gamma-secretase enzyme, which breaks down amyloid beta 

precursor protein (APP) into smaller subunits, including beta-amyloid (Aβ) peptides. Mutations 

of PSEN1 increase the production of Aβ42, the more toxic form that is prone to aggregation and 

formation of the dense, insoluble oligomers known as “plaques” that are a hallmark pathology of 

AD. We created a pig model lacking functional PSEN1 by using CRISPR/Cas9 system and 

began validating them for cognitive and molecular characteristics of AD. In the cognitive 

domain, our expectation was that PSEN1 pigs would have memory deficits compared to controls, 

especially in spatial and working memory domains. Here, we tested pigs in using a fully 

automated T-maze apparatus (17’ x 13’) designed to tax spatial working memory in which pigs 

were rewarded for correctly alternating choices at the T-junction. Our evaluations focused on the 

delayed spatial alternation task, which forced pigs to wait in the starting area during randomized 

delays (from 5 sec to 240 sec) and burdened spatial working memory. We did not observe 

differences in PSEN1 and control pigs at the shortest delays, suggesting they were similarly 

capable and motivated to alternate for the food reward. However, PSEN1 pigs were significantly 

impaired at longer delays (≥60 sec), demonstrating a spatial working memory deficit. This 

pattern of results is reminiscent of memory deficits in rodent AD models and in mild-to-

moderate stages of AD human patients. We are also investigating the molecular and histological 

characteristics (brain and blood) in the PSEN1 pigs to compare with markers in AD patients. 

This work is a part of a larger program to establish pigs as a model species for behavioral 

neuroscience and specifically towards translational goals to better understand AD progression, 

pathology, and therapeutic interventions. 
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Abstract: Plaques of amyloid-beta (Aβ) is one of the main pathological features in the 

Alzheimer’s disease (AD) brain. Early-onset familial forms of AD (FAD) caused by mutations in 

the gene for the amyloid precursor protein (APP) result in pathology by altering Aβ production 

or by generating aggregation-prone Aβ species. Recently, we identified the Uppsala APP 

deletion (APPUpp), which is pathogenic by a triple mechanism. In addition to an increased β-

secretase and an altered α-secretase APP cleavage, leading to increased overall levels of Aβ, the 

mutant species adopt a unique conformer that undergoes a rapid aggregation and deposition 

process. Here, we aimed to further explore the effects of APPUpp in vivo to increase our 

knowledge of the pathophysiological mechanisms of this FAD mutation. We generated a 

transgenic mouse model (tg-UppSwe), which expresses human APP with the APPUpp deletion, 

together with the APPSwe mutation (to increase total Aβ expression). The amount of Aβ 

pathology was analyzed in mouse brains at different ages. Moreover, in vivo amyloid-PET 

imaging was conducted in aged tg-UppSwe mice. Finally, glial responses to Aβ pathology was 



studied in the mouse brain tissues. At 5-6 months, tg-UppSwe mice displayed an increased β-

secretase cleavage and a suppressed α-secretase cleavage, associated with the formation of 

diffuse plaques that were dominated by the mutated version of Aβ42 (AβUpp1-42Δ19-24). 

Contrary to what has been seen for several other tg APP models, tg-UppSwe mice were 

[11C]PiB-PET negative. Moreover, tg-UppSwe mice did not display any clear glial responses to 

Aβ pathology. In summary, the tg-UppSwe mouse model recapitulates previously reported 

pathological features of brains from Uppsala APP mutation carriers. Interestingly, the presumed 

structural properties of AβUpp1-42Δ19-24 aggregates make them negative for [11C]PiB-PET and 

less apt to elicit Aβ-mediated glial responses. 
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Abstract: Alzheimer’s disease (AD) is a devastating neurodegenerative disease. The prevalence 

is rapidly increasing due to an ageing population worldwide, creating a looming population 

health crisis. Many rodent models of AD have been created, but none capture the full 

symptomatology without massively overexpressing multiple human mutations in transgenes. The 

aim of this project was to create large animal models of AD with single mutations in native 



genes. Sheep have larger bodies and a gyrencephalic brain similar to human. Importantly, they 

naturally develop plaques and tangles as they age. Major AD-related genes, such as APP, PSEN1 

and PSEN2, and the APP cleavage sites which produce the Aβ peptide, are highly conserved 

between human and sheep. Also and importantly, sheep are naturally fixed for the APOE4 allele 

associated with late onset AD in humans. They can also be efficiently bred in large numbers and 

simply maintained in a normal farming situation. Two gene edited sheep lines were produced by 

injection of CRISPR-Cas9 RNP complexes, including a single strand donor DNA carrying the 

PSEN1 E280A or APP Swedish mutation, into single cell zygotes, which were then implanted. 

Five founder animals were born carrying the PSEN1 E280A mutation. One ewe is homozygous, 

two ewes are heterozygous, and two rams are hemizygous with frameshift mutations on their 

non-E280A allele. Two rams were heterozygous for the APP Swedish mutation. The founder 

lambs were genotyped by PCR and whole genome sequenced to confirm zygosity. No off-target 

editing was detected. All animals are outwardly healthy and growing normally. Repeated plasma 

biomarker analysis of the PSEN1 E280A animals revealed that Aβ1-42:Aβ1-40 peptide ratios are 

increased in the mutation carriers. The APP Swedish lambs had greatly enhanced Aβ1-40 and Aβ1-

42 concentrations. Both of these phenotypes correspond with human mutation carriers. For the 

PSEN1 E280A founders, one heterozygous ewe and one ram have been used to create F1 lines 

carrying the mutation. The mutation carrying offspring from the ewe lamb have inherited the Aβ 

biomarker phenotype, as expected. The offspring from the ram have just been born and will be 

part of a life history study. For the APP Swedish founders, one ram has been used to create an F1 

line, which will also be part of a natural history study. If these animals can recapitulate the entire 

disease from a single gene cause, they will likely shed light on the underlying mechanisms of 

AD that have proven elusive with small animal models. These animals are also likely to be 

useful for preclinical pharmaceutical testing. 

Disclosures:  N.E. McKean: None. C. McMurray: None. R.R. Handley: None. C. 

McLaughlan: None. S.R. Rudiger: None. J. Kelly: None. H. Zetterberg: None. J. Pearson: 

None. S. Reid: None. P. Verma: None. J.F. Gusella: None. M.J. Owen: None. J.A. Hardy: 

None. H.J. Waldvogel: None. R.L. Faull: None. S. Bawden: None. R.G. Snell: None. 

Poster 

PSTR012. APP/Abeta Pathway: Cellular and Animal Models I 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR012.06/E1 

Topic: C.02. Alzheimer's Disease and Other Dementias 

Support: AMED JP19dm0207092h0001 

Title: Generation of a transgenic common marmoset model of Alzheimer’s disease 

Authors: *E. N. MINAKAWA1, N. KOHRI3, T. NAKATANI1, J. OGURA1, M. 

SHIDAHARA4, K. IKEGAMI3, A. KAWANOBE1, Y. NAKAMURA1, A. KOSUGI1, H. 

YAGIHARA1, S. GAOWA3, T. TAKEUCHI5, Y. SAITO6, K. KATO2, I. TOMIOKA3, K. 



SEKI1;  
1Dept. of Neurophysiol., 2Administrative Section of Radiation Protection, Natl. Inst. of 

Neuroscience, Natl. Ctr. of Neurol. and Psychiatry, Kodaira, Japan; 3Lab. of Applied 

Reproductive Science, Fac. of Agr., Shinshu Univ., Ina, Japan; 4Dept. of Quantum Sci. and 

Energy Engineering, Grad. Sch. of Engin., Tohoku Univ., Sendai, Japan; 5Life Sci. Res. Institute, 

Kindai Univ., Osaka-Sayama, Japan; 6Dept. of Neuropathology, Tokyo Metropolitan Inst. for 

Geriatrics and Gerontology, Itabashi-ku, Japan 

Abstract: Alzheimer’s disease (AD) is the leading cause of dementia worldwide. Translational 

research of AD has faced challenges due to genetic, anatomical, and physiological differences 

between humans and rodents used in preclinical studies. Establishment of more relevant AD 

models is awaited. Recent gene modification techniques enabled the generation of genetically 

modified NHPs including common marmosets. We previously established a transgenic marmoset 

model of polyglutamine (polyQ) disease, a neurodegenerative disease, recapitulating behavioral 

and neuropathological abnormalities. In this study, we aimed to generate a transgenic marmoset 

model of AD harboring human APP and PS1 genes with causative mutations for familial AD 

(FAD) under a systemic (CMV) or neuron-specific (CamKII) promoter. CamKII promoter was 

used to eliminate the systemic toxicity of the overexpressed protein observed in our polyQ 

disease model. A lentiviral vector carrying either of these promoters and the transgene was 

injected into marmoset embryos, which were transferred to surrogate mothers. Out of 19 

surrogates, ten became pregnant, and nine delivered a total of 12 offspring. Embryonic 

developmental rate was higher than the polyQ disease model, possibly due to lower cytotoxicity 

of the transgenic product compared with polyQ proteins. Eight out of the 12 offspring carried 

and expressed the transgene in skin fibroblasts derived from each offspring. Notably, one 

second-generation offspring carried the transgene. Using these marmosets, longitudinal 

phenotypic assessment is ongoing. Plasma and cerebrospinal fluid were longitudinally collected 

from 3 and 12 months of age, respectively, and were subjected to AD biomarker measurement, 

such as amyloid β (Aβ), phosphorylated tau, and neurofilament light chain, using ultrasensitive 

enzyme-linked immunosorbent assay. Brain positron emission tomography (PET) scan using 

tracers for Aβ and neuroinflammation was performed at 12 months of age. Additional PET scan 

including tracers for tau is scheduled at 24 months of age. Continuous monitoring of the 

circadian rhythm and sleep-wake patterns was performed using an infrared sensor. This novel 

marmoset model of AD may bridge the translational gap and facilitate the development of 

effective disease-modifying treatments for AD. 

Disclosures:  E.N. Minakawa: None. N. Kohri: None. T. Nakatani: None. J. Ogura: 

None. M. Shidahara: None. K. Ikegami: None. A. Kawanobe: None. Y. Nakamura: None. A. 

Kosugi: None. H. Yagihara: None. S. Gaowa: None. T. Takeuchi: None. Y. Saito: None. K. 

Kato: None. I. Tomioka: None. K. Seki: None. 

Poster 

PSTR012. APP/Abeta Pathway: Cellular and Animal Models I 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 



Program #/Poster #: PSTR012.07/E2 

Topic: C.02. Alzheimer's Disease and Other Dementias 

Support: HU21C0157 

Title: Ebp1 depletion in mice forebrain elicits the phenotypes of Alzheimer's disease : proposing 

a novel animal model of Alzheimer's disease 

Authors: *B.-S. KIM1, J.-Y. AHN2;  
1Sungkyunkwan Univ. Sch. of Med., Suwon, Korea, Republic of; 2Mol. Cell Biol, 

Sungkyunkwan Univ. Sch. Med., Suwon, Kyonggi-do, Korea, Republic of 

Abstract: Alzheimer’s disease (AD) is a neurodegenerative disease characterized by abnormal 

protein deposits, progressive memory loss, cognitive impairment and body malfunction, which 

eventually leads to death. Despite the increasing prevalence and long study periods of AD, no 

AD mouse model fits sporadic late-onset AD (LOAD) phenotypes without any genetic 

mutations. Here, we introduce forebrain-specific Ebp1 knockout mice as a novel AD murine 

model. Ebp1 deletion in cortex and hippocampus via Camk2a-cre driver induces prominent 

neuronal cell death, declined learning and memory function, elevated amyloid beta (Aβ) 

accumulations and neurofibrillary tangles (NFT). Furthermore, GFAP-positive astrocytes were 

increased in hippocampus of 10M Ebp1-CKO, indicating neuroinflammatory responses. Ebp1 is 

greatly reduced and inversely correlated with Aβ in the brains of 5x FAD mice, the 

representative animal model of AD, and human AD patients. Interestingly, Ebp1 has protective 

effects on APP cleavage and loss of Ebp1 elicits the failure to block the interaction between APP 

and Presenilin (PS), a catalytic core of γ-secretase, in AD conditions. Reinstatement of Ebp1-WT 

into Ebp1-null mice brain or 5x FAD brains result in alleviation of Aβ production, along with 

cognitive improvement. In this study, we explore the progressive neuropathological phenotypes 

in aged Ebp1Camk2a-cre mice, proposing a potential for LOAD mouse model. Moreover, we suggest 

that functional Ebp1 maintenance is a novel therapeutic target by interrupting the association 

APP with PS. 
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Abstract: Although Amyloid Precursor Protein (APP) is best known as the source of beta 

amyloid peptides that accumulate in Alzheimer’s Disease (AD), APP can also regulate a variety 

of important functions in the developing and mature nervous system, including neuronal 

migration, synaptogenesis and plasticity, and adaptive responses following injury. Early studies 

in cell culture suggested that APP can act as an unconventional G protein-coupled receptor that 

stimulates the heterotrimeric G protein G-alpha-o (Go) to induce calcium-dependent responses, 

while chronic activation provoked calcium overload and apoptosis. Some APP mutations linked 

with familial forms of AD can also provoke Go hyperactivation in cell culture, while elevated G 

protein activity in the brain correlates with the severity of cognitive decline in AD patients. 

However, authentic roles for APP-Go signaling have remained controversial. We have used 

Manduca as model system to demonstrate that insect APP (APPL) regulates neuronal migration 

in the developing enteric nervous system (ENS) via Go-dependent pathways. APPL and Go 

colocalize in the leading processes of migratory neurons, similar to APP-Go colocalization in 

cultured mouse hippocampal neurons. APP family proteins also co-immunoprecipitate with Go 

from insect and mammalian brain lysates (including human samples), while expressing split-

GFP-tagged constructs of APPL and Go in Drosophila showed that they directly interact in vivo. 

In addition, Manduca Contactin is expressed by ensheathing glial cells and functions as a ligand 

for neuronal APPL, aligning with evidence that mammalian Contactins also bind APP family 

proteins. These results demonstrate that Manduca provides a useful discovery system for 

interrogating the mechanisms of this evolutionarily conserved pathway. We have now identified 

two candidate effectors for APP-Go signaling. One candidate is RhoGEF2, an ortholog of 

mammalian PDZ-RhoGEFs that activates the small GTPase RhoA. Initial studies suggest that 

APPL engagement induces Go-dependent stimulation of RhoGEF2, resulting in RhoA activation. 

The second candidate is TRPL, an insect ortholog of TRP family channels that induces calcium-

dependent retraction responses. Notably, TRP channels also interact with APP family proteins in 

mouse brain. We are currently investigating how the coordinated engagement of these two 

effector pathways provides integrated responses to APP signaling in the developing nervous 

system. In turn, by deciphering the normal mechanisms of APP-Go signaling in this model 

system, this work may also help identify new targets for treating diseases like AD in which this 

pathway is misregulated. 
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Abstract: Alzheimer’s Disease (AD) is a heterogeneous disease diagnosed clinically by memory 

impairment and cognitive decline. The presence of amyloid plaques and neurofibrillary tangles 

on autopsy provides a definitive diagnosis. However, a subset of cognitively intact individuals 

also has significant AD neuropathology on autopsy. To identify factors driving such cognitive 

resilience to AD neuropathology, we studied transgenic mice expressing mutant human amyloid 

precursor protein (APP mice, Line J20). Despite a similar history of spontaneous seizure activity 

as their susceptible APP littermates, approximately 30% of these mice develop resilience. 

Resilient APP mice stop having seizures and epileptiform activity and exhibit normal spatial 

memory around 3 months of age, while their susceptible littermates exhibit progressively 

worsening memory and continued seizure activity. Resilient and susceptible APP littermates also 

produce amyloid β (Aβ) and develop plaques with the same time course. To investigate genetic 

factors driving this phenotypic divergence, we examined an RNA-seq dataset generated using 

dentate gyrus samples from resilient APP mice, susceptible APP mice, and nontransgenic (NTG) 

littermate controls. We identified oxytocin receptor (Oxtr) as a potential resiliency factor, as it 

was decreased in the resilient group compared to both susceptible and NTG groups. Because 

reductions in Oxtr expression can be driven by increased oxytocin signaling, we hypothesized 

that resilient APP mice with decreased Oxtr might have higher oxytocin levels. Using 

immunohistochemistry, we identified a concomitant increase in oxytocin-expressing cells of the 

paraventricular nucleus (PVN) of the hypothalamus in resilient APP mice. To determine what 

upstream genetic changes might be driving increased oxytocin expression, we investigated 

activity-dependent genes. We focused on the activity-induced transcription factors c-fos and 

ΔFosB given the seizure history present in APP mice and the critical roles played by ∆FosB in 

regulating gene expression in APP mice. We identified co-labeling of ΔFosB and oxytocin in the 

PVN of APP mice, suggesting ΔFosB could play a role in regulating oxytocin expression. Given 

oxytocin’s role in social behavior and evidence that social interaction can delay AD onset and 

help to mitigate cognitive decline, identifying and manipulating genetic regulators of oxytocin 

expression could prove therapeutically beneficial in conferring resilience to AD progression. 
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Abstract: Alzheimer's disease (AD) is a progressive neurodegenerative disorder, which is 

pathologically characterized by extracellular amyloid-β (Aβ) plaques and intracellular 

neurofibrillary tangles composed of highly phosphorylated tau. The exact cause of AD remains 

unknown; however, it is believed to arise from an intricate interplay between genetic and 

environmental factors. While prolonged exposure to high levels of stress increases the risk for 

the development or progression of the disease, the specific underlying mechanisms remain yet to 

be identified. Thus, the objective of this study was to investigate the effects of chronic stress on 

Aβ and tau pathology in different brain regions of mouse models overexpressing mutant human 

APP, PS1 and tau proteins at different ages. Experiments are currently underway to evaluate the 

effects of different types of stress on the progression of neuro pathologies and associated 

cognitive impairment. Future studies will identify the sites and mechanisms of stress hormones 

in both APP and tau mouse models 
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Abstract: Early neural evidence of Alzheimer's disease (AD) involves abnormally 

phosphorylated pre-tangle tau proteins in locus coeruleus (LC) neurons. Cellular toxicity and 

mitochondrial damage via aggregation of these abnormal tau proteins are thought to induce 

neurodegeneration early in the progression of AD by compromising metabolic resources in LC 



neurons, potentially through its effect on L-type calcium channels. In the current study, 

behavioral and cognitive functions, along with mitochondrial ultrastructure, were analyzed in a 

human pre-tangle tau rat model. We infused an adeno-associated viral vector carrying a human 

tau gene pseudo phosphorylated at 14 sites in 5-month-old TH-Cre rats. Behavioral testing, 

which took place 10 months post-infusion, showed poorer performance in the spatial and odor 

discrimination tasks in the pseudo phosphorylated human tau infused animals. Following 

behavioral testing, the animals were perfused, and tissue was embedded for transmission electron 

microscopy (TEM). Mitochondrial ultrastructural damage was assessed in LC neuronal cell 

bodies. Results demonstrated a significant increase in mitochondrial damage in the tau infused 

rodents. These results have the potential to significantly advance our understanding of the early 

involvement of mitochondrial damage in AD which may lead to earlier detection and potentially, 

novel therapies for this devastating disease. 

Disclosures:  J. Piche: None. A. Flynn: None. C. Hemsworth: None. T. Omoluabi: None. Q. 

Yuan: None. A.C.W. Weeks: None. 

Poster 

PSTR012. APP/Abeta Pathway: Cellular and Animal Models I 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR012.12/E7 

Topic: C.02. Alzheimer's Disease and Other Dementias 

Support: NSERC Graduate Scholarship - Doctoral 

CAMH Discovery Fund 

Title: Assessing the impact of sleep disruption on cognition, stress, and proteostasis in 

transgenic AD mouse models 

Authors: *D. WEAR1,2, C. D. MORRONE2, D. SIMPSON1,2, F. AZHAR5,3, A. SEREGIN5,3, R. 

ALAM6,2, H. YU1,2,4;  
1Pharmacol. & Toxicology, Univ. of Toronto, Toronto, ON, Canada; 2Brain Hlth. Imaging, 
4Geriatric Mental Hlth. Res. Services, 3Ctr. for Addiction and Mental Hlth., Toronto, ON, 

Canada; 6Biol. Sci., 5Univ. of Toronto Scarborough, Toronto, ON, Canada 

Abstract: Alzheimer’s disease (AD) impacts over 55 million people worldwide according to the 

World Health Organization. Canonical hallmarks include amyloid-β plaques and neurofibrillary 

tangles, but people living with AD also have other biochemical changes including elevated 

neuroinflammation and oxidative stress inducing protein damage, and autophagic deficits 

increasing the accumulation of aberrant proteins. Subsequent neurodegeneration in the cortex 

and hippocampus leads to the eventual cognitive decline observed in AD patients. AD 

development and progression is a multi-factorial process and knowledge gaps limit our ability to 

effectively halt disease progression. Risk factors can include anxiety/depression and sleep 

disruption, and preliminary work from our lab has demonstrated that sleep disruption-associated 



autophagic impairments precede cognitive decline in an AD mouse model. Consequently, this 

project examines the link between chronic sleep disruption and anxiety-like behaviours on 

cognition, proteostasis, and neurodegeneration in mouse models of AD pathology. Chronic stress 

response is induced using unpredictable aversive light and high-frequency tones over 2-weeks 

causing sleep disruption in 6-month-old human amyloid precursor protein knock-in mice. 

Following this, we assess home-cage behaviour, cognition, and stress, followed by biochemical 

and immunohistochemical analyses of their brains. Significant sex differences were observed in 

a home-cage assessment with sleep-disrupted females sleeping significantly more during the 

dark cycle, when mice are typically active, while males were unaffected. Overall, mice slept 

more over the first 24-hour period following sleep-disruption and built better nests after 18 hours 

compared to non-sleep-disrupted control mice. Our sleep disruption paradigm resulted in trends 

for male-specific enhancements in exploratory activity and increases in anxiety-like behaviours. 

Finally, elevated levels of the autophagic flux and protein aggregate marker, P62, in the 

hippocampus of female mice indicated that autophagy disruptions and proteinopathy may be 

promoted with chronic-sleep disruption. Similarly, preliminary data indicates that sleep-

disrupted human tau knock-in mice may have altered home cage and anxiety-like behaviours 

ameliorated by the anti-insomnia drug suvorexant. By delving deeper into the impact of chronic 

sleep disruption on cognitive abilities, stress levels, and proteostasis, we can enhance our 

understanding of AD development and potentially uncover a novel target for drug development 

that could halt AD progression. 
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Abstract: Neuronal decline associated with aging is evident in many neurodegenerative 

diseases, including Alzheimer’s disease (AD). Neurons rely on mitochondria ATP to maintain 

ionic gradients and generate axonal and synaptic membrane potentials. Alteration of synaptic 

plasticity and cognitive decline in aging and AD is linked to dysregulation of calcium ions 

(Ca2+). In the calcium hypothesis of aging and AD, increased cytosolic Ca2+ via L-type calcium 



channels (LTCC) could lead to mitochondrial dysfunction and neuronal degeneration. 

Mitochondria contribute to intracellular Ca2+ signaling, and proper Ca2+ levels in the 

mitochondrial matrix regulate oxidative phosphorylation activity, which maintains the rate of 

ATP production. In this work, we study the role of LTCCs in pre-tangle tau (soluble precursor of 

neurofibrillary tangles) pathology in a rat model. The earliest abnormality associated with AD is 

the presence of pre-tangle tau in the noradrenergic locus coeruleus (LC) neurons. Pre-tangle tau 

is first seen in neurons of the LC and spreads to other brain regions. We have previously shown 

that pre-tangle tau in the rat LC impaired memory and cognition, paralleled by fiber degeneration 

and cell loss, implicating that the neuronal health of the LC is vital in brain health. However, 

how pre-tangle tau affects LC neuronal health is unknown. In this study, we hypothesize that LC 

neuronal health impairment by pre-tangle tau results from LTCC-mediated Ca2+-mitochondria 

dysregulation. We infused a pseudophosphorylated human tau gene in the LC of 2-5 or over 12-

month-old tyrosine hydroxylase-Cre rats. Control rats received virus infusion except for the 

absence of the pre-tangle gene in the control virus. Seven months post-virus infusion, an LTCC 

antagonist, nimodipine, was administered intraperitoneally for six weeks. Rats were later 

exposed to batteries of behavioral tests to index memory and cognitive function. The preliminary 

result showed that pre-tangle tau elevates LTCC, and chronic nimodipine administration rescued 

spatial and olfactory behavioral deficiencies induced by pre-tangle tau. Our data support the 

involvement of Ca2+ in AD and suggest that therapeutics targeted at the LTCC-mitochondria-LC 

pathway could be beneficial in AD intervention. 
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Abstract: Individuals with Alzheimer’s disease (AD) have an increased incidence of epilepsy, 

which is often underestimated due to the prevalence of non-convulsive seizures and their 

preferential occurrence during sleep. Several transgenic mouse lines that express human amyloid 



precursor protein (APP) carrying AD-linked mutations also exhibit epileptiform activity 

primarily during sleep. We found that APP mice from line J20 exhibit epileptiform spikes that 

are most frequent during rapid eye movement (REM) sleep at early stages of disease and become 

more abundant during nonrapid eye movement (NREM) sleep with age and disease progression. 

The mechanisms that underlie the increased susceptibility to epileptiform activity during sleep 

and the age-related shift in incidence of epileptiform spikes are unclear. Norepinephrine, a 

neuromodulator reported to have antiepileptic effects, exhibits a pattern that is opposite of AD-

related epileptiform activity: norepinephrine abundance is low during sleep and high during 

wakefulness. We hypothesized that norepinephrine dynamics could explain the preferential 

occurrence of epileptiform activity during sleep, and that a gradual dysfunction of 

norepinephrine neurotransmission may underlie the age-related increase in incidence of 

epileptiform spikes during NREM sleep. To investigate whether AD-related epileptiform activity 

is indeed modulated by norepinephrine, we enhanced norepinephrine tone through treatment with 

reuptake inhibitors or chemogenetic stimulation of the locus coeruleus in female and male APP 

mice implanted with electrodes for chronic EEG recordings. Epileptiform spikes were quantified 

and sleep scoring was performed to assess epileptiform spike rates across the sleep-wake cycle. 

Both the treatment with norepinephrine reuptake inhibitors and the chemogenetic stimulation of 

the locus coeruleus led to acute and reversible decreases in spike abundance, especially during 

NREM sleep. Effects were most pronounced shortly after administration and gradually subsided 

over the course of several hours. These results demonstrate that norepinephrine levels influence 

the abundance of epileptiform activity in APP mice, and suggest that enhancing norepinephrine 

tone may be a compelling therapeutic avenue in the context of AD-related epilepsy. 
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Abstract: 8-Oxo-2'-deoxyguanosine (8-oxodG) is the most frequent oxidative stress-induced 

DNA lesion and is commonly associated with neurodegenerative diseases such as Alzheimer's 

disease (AD) and Parkinson’s disease (PD) as well as aging process. The accumulation of 8-

oxodG in non-dividing cells, such as the neurons, has been shown to induce transcriptional 



mutagenesis (TM), but its contribution to neurodegenerative conditions yet to be elucidated. Our 

recent study demonstrates that novel mutant mRNA species of alpha-synuclein generated by the 

TM process could lead to PD pathogenesis. This interesting finding prompts us to investigate if 

8-oxodG-mediated TM could similarly contribute to AD. Here we investigate whether8-oxodG 

accumulation results in TM-mediated novel Amyloid precursor protein (APP) mRNA mutant 

species that yield amyloid-beta (Aβ) accumulation using both cell culture and mice models. To 

achieve 8-oxodG accumulation, we first established 8-oxoguanine DNA glycosylase-1 (OGG1) 

knock down in ReN VM, human neuronal progenitor cells and employed Ogg1 KO mice. Under 

oxidative stress conditions, inhibition of OGG1 resulted in increased nuclear accumulation of 8-

oxodG. It has been reported that Aβ42 treatment causes oxidative stress. To determine 8-oxodG 

levels, differentiated ReN VM was treated with Aβ42. Following treatment with Aβ42 oligomers 

for 24 hours, a significant increase in nuclear 8-oxodG levels, approximately 1.8-fold higher 

(p=0.0181), was observed in the OGG1 KD cells treated with 5µM Aβ42 compared to the 

control condition. Hippocampal injection of Aβ42 similarly increased 8-oxodG accumulation in 

Ogg1 KO mice. Next, we analyzed the region of APP containing Aβ (between amino acid (aa) 

670 and 724; Aβ1-42, aa 672-713) where all known pathogenic APP mutations causing familial 

AD (fAD) are found, predicting total 16 TM-derived missense mutations within this region. 

Among them are TM variants, A713E, T714K, T719N, and L723M, that are located in the 

transmembrane domain and predicted to readily generate Aβ42. We established ReN VM stably 

expressing each TM variant and found that T719N exhibits significant increase in Aβ42 

compared to WT using ELISA, confirming that APP TM variants potentially contribute amyloid 

pathology. Overall, this study highlights the significance of novel APP TM in AD pathogenesis 

mediated by 8-oxodG. Furthermore, it is anticipated that this research will serve as a 

fundamental understanding of the underlying mechanisms and the development of therapeutic 

approaches of AD in the future. 
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Abstract: Mitochondrial dysfunction, oxidative stress and mTOR dysregulation occur in 

neurodegenerative disorders like Alzheimer’s disease (AD), but how these processes 

mechanistically promote neurodegeneration is still poorly understood. We recently discovered 

‘Nutrient-induced Mitochondrial Activity’ (NiMA), an inter-organelle signaling pathway 

whereby amino acid stimulation of lysosomal mTORC1 regulates oxidative phosphorylation and 

mtDNA synthesis in perikaryal mitochondria in neurons in culture. We also reported NiMA to be 

negatively regulated by extracellular amyloid-β oligomers (xcAβOs; Norambuena, et al. 2018. 

EMBO J 37: e100241). The mechanism involves xcAβO activation of mTORC1 at the neuronal 

plasma membrane (Norambuena, et al. 2017. Alzheimers Dement 13: 152-167) and its associated 

inhibition at lysosomes. The latter leads to upregulation of superoxide dismutase 1, a major 

regulator of cellular redox (SOD1; Norambuena, et al. 2022. Neurobiol Dis. doi: 

10.1016/j.nbd.2022.105737). We now report NiMA inhibition in live brain by a mechanism 

involving the GSK3β-mTORC1-SOD1 signaling pathway. By tracking mitochondrial 

metabolism in APP knock-in mouse brain (APPKI; Jackson Lab) with two-photon fluorescence 

lifetime imaging of NAD(P)H and multi-parametric photoacoustic microscopy, we found NiMA 

to be downregulated in 4-month-old APPKI mice and completely blocked in 6-month-old 

animals. Disruption of NiMA, thus occurs ~2-3 month before cognitive decline and other 

pathological AD features detected in this amyloid-β mouse model. Mechanistically, we found 

that GSK3β signals through mTORC1 to regulate SOD1 and mitochondrial activity. 

Pharmacological inhibition of GSK3β in 4-month-old APPKI mice partially restored 

mitochondrial functioning. These observations suggest that the GSK3β-mediated regulation of 

NiMA may control SOD1’s ability to interact with cytosolic regulators. Proximity-dependent 

biotin identification assays followed by mass spectrometry identified PDE4D5 as a potential 

SOD1pT40-dependent interacting partner. Also, a lentiviral-mediated shRNA screen targeting 96 

mTOR substrates was performed to seek regulators of the NiMA pathway in NPC-derived 

human neurons. Seventeen mTOR substrates were found to regulate NiMA, including AKAP1, a 

major mitochondrial regulator of PKA activity. Thus, we are unveiling a fundamental 

mechanism connecting nutrient sensing, mTORC1 kinase activity, cytosolic redox regulation and 

PKA activity to perikaryal mitochondrial functioning in mammalian neurons. Also, our results 

suggest that NiMA disruption is an early event in AD pathogenesis. 
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Title: Enhancing noradrenergic activity using Atomoxetine improves olfactory discrimination 

learning in rats. 
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Abstract: The locus coeruleus (LC) experiences a critical loss of neurons throughout the 

progression of Alzheimer's disease (AD). The LC is the primary source of norepinephrine (NE) 

in the brain, increasing NE transmission has been suggested to delay AD pathogenesis. There are 

two distinct firing patterns of LC neurons, phasic which occur when exposed to novelty, and 

tonic. Previous work conducted in our lab demonstrated that phasic LC neuron activity aids in 

learning and memory. Meanwhile high tonic firing results in the increase of stress indicators in 

rodents. Furthermore, phasic, but not tonic, chronic optogenetic LC activation has been shown to 

prevent neurotoxicity and cognitive impairment in an LC pretangle tau model. For therapeutic 

purposes, it is important to investigate the effects of LC phasic activation using non-invasive 

approaches. Here we test the effect of Atomoxetine (ATM), an FDA-approved norepinephrine 

(NE) transporter inhibitor for olfactory functions in wild-type rats. ATM enhances the phasic-to-

tonic signal ratio in the LC and may be a useful candidate to test the therapeutic effect of 

regulating LC-NE circuitry in AD. Rats were observed in an odour discrimination learning task 

where they learned to discriminate against odours with a reward. The lowest concentration of an 

odour to trigger a sniffing behaviour was measured, this is known as the odour detection 

threshold. We compared the performance of aged vs. young rats as well as the ATM dose of 0.3 

mg/kg vs 1 mg/kg vs. vehicle-injected rats. Preliminary results indicate no age-related decline in 

odour discrimination and ATM in a dose of 1mg/kg significantly improved odour discrimination 

in adult rats. The threshold to detect the reward-trained odour and a novel odour was not altered 

by ATM. This study highlights the potential of ATM as a therapeutic intervention for AD by 

targeting the LC and enhancing NE transmission. As olfactory deficits are one of the earliest 

signs of AD, the improvement of odour discrimination learning by ATM has an implication for 

alleviating olfactory and other cognitive deficits in AD. 
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Title: High glucose impairs neuronal Aβ degradation through TRIM16-mediated lysophagy 

defects 
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Abstract: Although lysosomal dysfunction is a pathogenic connection that may explain the 

causative linkage between diabetes and Alzheimer's disease, there is no evidence on how the 

regulation of hyperglycemia in neuronal lysophagy modifies lysosomal function. Here, we aim to 

determine the effect and regulatory mechanisms of high glucose-suppressed lysophagy on 

neuronal Aβ accumulation and cognitive impairment. We have used human induced-pluripotent 

stem cell (hiPSC)-derived neurons, mouse hippocampal neurons, and SH-SY5Ys (n = 5) exposed 

to high glucose, immunofluorescence assay, and electron microscopy to identify the underlying 

mechanisms. Streptozotocin-induced diabetic mice (n = 5) and behavior test were used to 

elucidate whether the lysophagy contributes to cogntivie impairment. We find that by causing 

lysosomal membrane permeabilization due to reactive oxygen species and impairing lysophagy, 

high glucose induces neuronal lysosomal dysfunction. With regard to lysophagy-related factors, 

AMPK-mammalian target of rapamycin complex 1 (MTORC1)-mediated suppression of 

transcription factor EB (TFEB) activity downregulates tripartite motif containing 16 (TRIM16) 

expression both in neuronal cells exposed to high glucose and in the hippocampus of diabetic 

mice. pcDNA3.1-Trim16 transfection restores neuronal lysophagy through the recruitment of 

ubiquitin, p62, and microtubule-associated protein 1A/1B-light chain 3 to damaged lysosomes, 

which blocked the high glucose-accumulated Aβ and phosphorylated tau. Pharmacological 

enhancement of TFEB improves cognitive impairment in diabetic mice by restoring hippocampal 

lysophagy. These results suggest that through TRIM16-mediated lysophagy deficiencies, high 

glucose inhibits neuronal Aβ degradation. Taken together, a potential strategy for the prevention 

of diabetes-related Alzheimer's disease pathogenesis is to modulate TRIM16-mediated 

lysophagy. 
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Abstract: Alzheimer’s disease (AD) is a complex neurodegenerative disease that involves the 

accumulation of β-amyloid (Aβ) and tau in the brain. Recently, several therapeutic antibodies 

have been developed including donanemab which target a specific form of Aβ, pyroglutamate-

Aβ (pE3-Aβ), a highly toxic, aggregation-prone derivative of Aβ. pE3-Aβ is gaining attention as 

a potential key player in AD pathology and a promising therapeutic target, but its specific role 

for AD pathogenesis remains poorly understood. The goal for this study was to identify spatial 

interactomes for Aβ and pE3-Aβ to better understand their role in the precipitation of amyloid 

pathology in the brain. Here, we determined the interactome of Aβ and pE3- Aβ in the brain of 

70-week-old transgenic rats (TgF344-AD) using in situ proximity labeling method called 

biotinylation by antibody recognition (BAR). TgF344-AD rats co-express mutant human 

presenilin 1 (PS1ΔE9) and mutant human amyloid precursor protein (APPsw). Anti-Aβ antibodies 

4G8, 6E10, and anti- pE3-Aβ antibody D5N5H were used to BAR label total Aβ and 

pyroglutamate Aβ, respectively. BAR-labeled proteins were purified and identified via liquid 

chromatography-tandem mass spectrometry (LC-MS/MS). Pathology was characterized by 

immunohistochemistry (IHC) and immunofluorescence multiplexing. IHC characterization 

revealed widespread Aβ plaques across the neuroaxis of TgF344-AD rats. Antibodies 4G8 and 

6E10 labeling was less specific for plaques, as we saw appreciable staining in the apparent 

neurons of TgF344-AD rats and, to a lesser extent, staining in wild-type (WT) rats. In contrast, 

anti- pE3-Aβ antibody, D5N5H, showed high specificity for plaques, with no observable staining 

in apparent neurons or the WT rat brain. Tau pathology was minimal, with spurious 

immunoreactive tangles observed in the hippocampus of TgF344-AD rats. Subsequent LC-

MS/MS of BAR labeled fractions revealed many enriched proteins for capture antibodies 4G8, 

6E10, and D5N5H in the brain. Analysis of BAR data showed that 4G8 and 6E10 interactomes 

are very similar to one another but distinct from pE3-Aβ interacting proteins. These results point 

to the special role of pE3-Aβ in the formation of Aβ plaques. Top hits identified for pE3-Aβ 

interactions were APOE, CLU, and APP (i.e., target protein), which are known participants in 

AD pathogenesis. Anti-pE3-Aβ antibody D5N5H specifically labeled plaques in the brain of 

TgF344-AD rats. BAR-D5N5H identified three pE3-Aβ interacting proteins, all well-described 

AD risk genes. Future studies should focus on functional interactions between APOE, CLU, and 

pE3-Aβ. 
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Abstract: Ischemic strokes are considered a leading cause of death and disability worldwide, 

with increasing evidence for post-stroke cognitive impairment (PSCI). An emerging hypothesis 

relates to PSCI and Alzheimer’s disease (AD) sharing common pathologies across all age 

groups. This converging pathology lead us to investigate if being genetically pre-disposed to AD 

would accelerate cognitive disfunctions following a stroke. We hypothesize that Alzheimer’s-

predisposed (APP/PS1 positive) mice expressing amyloid beta proteins at a pre-symptomatic age 

show cognitive disfunction following ischemic stroke. This study used electrophysiology and 

behavior to assess memory impairments following a 30min Middle Cerebral Artery Occlusion 

(MCAO) stroke. To assess the effect of stroke on hippocampal long-term potentiation (LTP), a 

well-accepted cellular model of learning and memory, extracellular field recordings of sch-CA1 

neurons were performed in acute hippocampal slices prepared 30 days after MCAO in both 

APP/PS1 expressing and littermate wildtype control mice. Under control conditions, a 

physiological theta burst stimulation (40 pulses, 100Hz) resulted in LTP that increased the slope 

of fEPSP to 192.3% ± 15.39 (n=6) of baseline. However, APP/PS1 expressing MCAO mice 

showed impaired LTP (143.2% ± 13.89, n=5, p<0.05). While behavioral studies are currently 

ongoing, we are hopeful these data will further confirm our hypothesis that being genetically pre-

disposed to AD can increase the likelihood of developing AD following stroke. 
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Abstract: In the brain of aged subjects with Alzheimer’s disease (AD), amyloid β (Aβ) 

accumulates and forms neurotoxic oligomers (Aβo) and fibrils, which impair neuronal viability 

and evoke inflammation. This pathogenic process is believed to be the primary cause of 

neurodegeneration, resulting in cognitive deficits and memory loss. We have shown that p3-Alcβ 

peptides are generated from neuronal precursor Alcadein β/Clstn3 in a similar fashion to Aβ 

generation (Hata et al., 2009). We found that p3-Alcβ enhanced the mitochondrial activities of 

neurons and protected the neurons against Aβo-induced toxicity. In this study, we examined the 

ability of p3-Alcβ to preserve neuronal health against Aβ toxicity in vivo. [Procedures] 

Functionally active 11-amino acid peptide, p3-Alcβ9-19, of p3-Alcβ37 (a major p3-Alcβ of 37-

amino acid) was injected subcutaneously in AD mice (AppNL-F/NL-F). Successful transfer of p3-

Alcβ9-19 into the cerebrospinal fluid (CSF) was confirmed with a specific sELISA. Neuronal 

viability was investigated by monitoring brain mitochondrial function using PET imaging with a 

[18F]BCPP-EF probe which detects mitochondrial complex I activity. The level of 

neuroinflammation was assessed in parallel with PET imaging using [11C]DPA713, a TSPO PET 

radiotracer. [Results] AD mice showed a significant decrease in [18F]BCPP-EF SUVR in the 

cortex and hippocampus compared with age-matched wild-type (WT) mice. Interestingly, SUVR 

values in AD mice were restored to levels in WT mice after a single injection of p3-Alcβ9-19 

(1mg/kg weight). In AD mice, SUVRs of [11C]DPA713 showed a significant inverse correlation 

with those of [18F]BCPP-EF in vehicle injections. This inverse correlation changed to a positive 

correlation with a single injection of p3-Alcβ9-19. [Conclusion] Mitochondrial impairment 

which decreases survival in neurons is associated with an increase in neuroinflammation evoked 

by Aβ burden in AD mice. Administration of p3-Alcβ9-19 showed the neuroprotective property 

against Aβo toxicity in vivo. [Discussion] The administration of p3-Alcβ9-19 may be a 

promising treatment for restoring and protecting brain function in early AD patients who show 

lower endogenous p3-Alcβ37 levels in CSF compared to those in age-matched nondemented 

subjects. 
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Abstract: Alzheimer’s disease (AD), the most common aging-related neurodegenerative 

disorder, is clinically characterized by progressive memory loss and other life-limiting cognitive 

impairments. Current treatments mainly provide transient symptomatic relief, highlighting the 

pressing need for effective anti-AD drugs and early intervention. Here, we leveraged the 

longstanding history of herbal decoctions used in traditional Chinese medicine for the treatment 

of cognitive symptoms to investigate the effects of an herb pair named Tiansi Yin (TSY) on 

memory function. TSY treatment via daily oral gavage for 28 weeks enhanced the behavioral 

performance of aged C57BL/6 mice in the exploratory open-field test. TSY treatment also 

enhanced synaptic functions in both young adult and aged mice, as reflected by increased long-

term potentiation. These findings are concordant with the traditional use of TSY for the 

treatment of memory loss. Moreover, TSY administration in the APP/PS1 transgenic mouse 

model of AD significantly reversed the long-term potentiation deficits in both young and aged 

mice. Furthermore, in cultured hippocampal neurons, TSY treatment promoted dendritic spine 

density and the expression of pre- and postsynaptic proteins crucial for synaptic functions (i.e., 

VGluT1 and PSD95) while facilitating excitatory neurotransmission. Corresponding proteomic 

analysis of these neurons also suggests that TSY mediates neuroprotective effects on synaptic 

plasticity at the molecular level. These findings collectively suggest that TSY functions to 

support synaptic functions and enhance memory performance. 
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Abstract: Background: Neurofibrillary tangles (NFTs), a defining hallmark of AD and other 

tauopathies, are formed by the aggregation of the microtubule-associated protein tau into 

pathological oligomers and fibrils. Although NFTs are believed to play a pivotal role in the 

disease process, we have a poor understanding of how their formation, toxicity, and spread 

across brain regions is regulated. Recent data suggest that tau seeding behavior is governed by 

patterns of posttranslational modifications and varying filament structures. Understanding how 

tau-associated proteins regulate the oligomerization, pathological accumulation, and seeding of 

tau in affected neurons and glia is of critical importance for AD therapy development. 

Method: We have established novel proximity-dependent biotin-identification (BioID) 

approaches to identify the composition and proximal molecular environment of insoluble protein 

aggregates in cells and brain tissue. Using an in vitro and ex vivo model approach coupled with 

mass spectrometry, we identified proteins enriched in proximity to hyperphosphorylated tau 

aggregates, assessed its endogenous and overexpression in its interactions with tau and validated 

their expression levels with NFTs in the context of human AD pathology. To study its functional 

relationship with tau, we utilized a tau seeding model and observed its impact on tau aggregate 

formation and toxicity. 

Result: To determine the physiological and aggregate specific interacting partners of tau, we are 

comparing wild type tau with mutant tau carrying three tauopathy-associated mutations 

(A152T/P301L/S320F) that form hyper-phosphorylated and thioflavin S-positive aggregates. 

The proteomic analysis from our combined proteomic datasets revealed that proteins 

significantly enriched with mutant vs. wild-type tau include candidates involved in RNA 

processing, as well as protein ubiquitination and proteasome degradation. Our validation 

experiments revealed that a key protein is present specifically in NFTs in human AD and 

primary tauopathy brain tissue. We also confirmed co-localization of this protein in tau 

aggregates in our tau seeding model, allowing us to test and assess its druggable potential for 

tauopathies. 

Conclusion: We have identified a key protein that interact with different stages of tau in the 

disease process, giving us insight into the therapeutic window of opportunity in NFT 

development. Further confirmation of this protein in a tau seeding model will allow us to test 

how they mediate the toxic effect of NFTs, facilitate the formation of pathological tau aggregates 

and prevent the aberrant phase transition of tau into pathological fibrils.  

Disclosures:  J.H. Lee: None. D. Morderer: None. M.C. Wren: None. B. Khalil: None. C.L. 

Smith: None. C.L. Croft: None. Y. Carlomagno: None. A.M. Ly: None. F. Liu: None. C. 



Tsai: None. M.R. Salemi: None. M. DeTure: None. D.W. Dickson: None. B. Phinney: 

None. C.N. Cook: None. T.E. Golde: None. L. Petrucelli: None. W. Rossoll: None. 

Poster 

PSTR013. Tau: Aggregation and Phosphorylation 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR013.02/E17 

Topic: C.02. Alzheimer''s Disease and Other Dementias 

Support: Alzheimer’s Association (AA) Grant AARF-22-722571 

NIH/NIA Grant U19AG074879 

NIH/NIA Grant R01 AG019771 

NIH/NIA Grant P30 AG072976 

NIH/NIA Grant U01 AG072177 

NIH/NIA Grant U01 AG068057 

Title: Spatial transcriptomic patterns underlying regional vulnerability to amyloid-β and tau 

pathologies and their relationships to cognitive dysfunction in Alzheimer’s disease 

Authors: *M. YU1, S. L. RISACHER2, O. SPORNS3, A. J. SAYKIN2;  
1Indiana University-Purdue Univ. Indianapolis, Indianapolis, IN; 2Indiana Univ. Sch. of Med., 

Indiana Univ. Sch. of Med., Indianapolis, IN; 3Olaf Sporns, Indiana Univ., Bloomington, IN 

Abstract: Amyloid-β (Aβ) and tau proteins accumulate within distinct neuronal systems in 

Alzheimer’s disease (AD). Although it isn’t clear why certain brain regions are more vulnerable 

to Aβ and tau pathologies than others, gene expression may play role. We studied the association 

between brain-wide gene expression profiles and regional vulnerability to Aβ (gene-to-Aβ 

associations) and tau (gene-to-tau associations) pathologies leveraging two large independent 

cohorts (n = 715) of participants along the AD continuum. We identified several AD 

susceptibility genes and gene modules in a gene co-expression network with expression profiles 

related to regional vulnerability to Aβ and tau pathologies in AD. In addition, we identified 

distinct biochemical pathways associated with the gene-to-Aβ and the gene-to-tau associations. 

These findings highlight the distinct genetic contribution to the vulnerability of specific brain 

regions to Aβ and tau pathologies. Finally, we propose a novel analytic framework, linking the 

identified gene-to-pathology associations with cognitive dysfunction in AD, to facilitate the 

translation of gene-to-pathology associations to clinical utility. 
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Abstract: Pathological aggregation of hyperphosphorylated protein tau in brain is a hallmark of 

a group of neurodegenerative diseases known as tauopathies that currently include over 25 

diseases. Different tauopathies are characterized by specific types of tau lesions present in 

affected brain areas. These lesions include neurofibrillary tangles, Pick bodies, neuropil threads, 

neuritic plaques, or astrocytic plaques. Recent studies have demonstrated that tau filaments 

isolated from different tauopathies have distinct structures that potentially underlines 

morphological diversity of tau lesions. Factors that modulate structural diversity of pathological 

tau species or mediate their neurotoxic effects remain poorly understood, highlighting the 

importance of studying proteomes associated with different tau aggregate types. In this study we 

utilized an in situ probe-dependent proximity profiling (ProPPr) approach to identify the 

proteomes associated with phospho-tau aggregates in Alzheimer’s disease (AD), corticobasal 

degeneration (CBD), and Pick’s disease (PiD) cases in formalin-fixed paraffin-embedded (FFPE) 

frontal cortex sections from the Mayo Clinic Florida brain bank. We have identified over 1000 

proteins associated with phospho-tau aggregates in frontal cortices. 228 proteins were associated 

with phospho-tau in all diseases. Analysis of protein-protein interaction network for this protein 

set revealed presence of several clusters of functionally related proteins. Most notable clusters 

included chaperones, cell adhesion molecules, proteins involved in vesicle transport and energy 

metabolism. Analysis of protein differential abundance between conditions revealed set of 

proteins with altered association with phospho-tau aggregates in different tauopathies. Overall, 

the proposed in situ ProPPr method optimized in our lab can be successfully used for 

characterization of neuropathologic aggregate-associated proteomes using archived FFPE tissue. 
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Abstract: Up to 64% of people with Alzheimer’s Disease (AD) also experience seizures which 

we and others have shown is associated with worsened cognitive and pathological outcomes. 

Recent data suggest that through neuronal activity, pathological hyperphosphorylated (p)-tau can 

spread transsynaptically, transmitting p-tau to the postsynaptic neuron. In the context of AD, the 

spread of p-tau is correlated with cognitive decline. Given that tau can be spread through the 

brain via neuronal activity, we hypothesized that seizure-related hyperactivity would enhance the 

spread of p-tau and exacerbate cognitive decline. To model tau spread we injected human AD-

derived tau (AD-tau, 2 µg total) into the right hippocampus and the overlying cortex of a novel 

cross between the Five times familial AD (5XFAD) model and a Fos driven targeted 

recombination in active populations (FosTRAP) mouse line (5X-TRAP). 5X-TRAP mice and 

their littermates, control WT-TRAP mice, underwent AD-tau injection at 3 months of age, 

followed by an established pentylenetetrazol (PTZ) kindling protocol to induce seizures starting 

at 2-3 weeks post-injection. The 5X-/WT-TRAP mice allowed for permanent labelling of Fos+ 

cells that were activated during seizures to quantify seizure-induced neuronal activity. At 3 

months following AD-tau injection, mice underwent cognitive testing and were subsequently 

euthanized for p-tau AT8 [Ser202; Thr205] immunohistochemistry (IHC). During the kindling 

protocol, on average, 5X-TRAP mice developed tonic-clonic seizures quicker than their WT-

TRAP counterparts (p=0.059) and had more seizure-induced neuronal activation (TRAP-

labelled) in the dentate gyrus (DG) (p<0.05) suggesting that 5X-TRAP mice are more susceptible 

to seizures. In addition, a genotype x kindling interaction revealed that PTZ-treated 5X-TRAP 

mice performed worse on novel object recognition compared to saline administered 5X-TRAP 

mice (p<0.05). IHC revealed that AD-tau seeded 5X-TRAP mice that received PTZ had 

significantly elevated AT8 coverage in the DG and CA1 of the hippocampus contralateral to the 

injection site when compared to 5X-TRAP mice who received saline (p<0.05). Further, in the 

ipsilateral hippocampus, there was a trend towards increased AT8 coverage in the DG across 

kindled groups (p=0.083) and 5X-TRAP mice displayed increased AT8 coverage in the CA1 

compared to WT-TRAP (p<0.05). Overall, we found that seizures enhanced tau spread after tau 

seeding, exacerbate cognitive deficits, and that AD transgenic mice are more susceptible to 

seizures. Thus, targeting seizure activity through pharmacological methods may slow cognitive 

decline and pathological progression in AD. 
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Abstract: The spread of tau along neuronal connections is central to AD progression and 

pathological tau may be transmitted by neuronal activity. Tau has been shown to interact with the 

presynaptic vesicle protein, Synaptogyrin-3 (SYNGR3), and, thus, may facilitate the trans-

synaptic spread of tau. On the post-synapse, data indicate that tau internalization can be mediated 

by interactions with lipoprotein related-related protein 1 (LRP1) and may be enhanced by loss of 

Bridging Integrator 1 (BIN1). Up to 64% of AD patients display epileptiform activity and we 

have previously shown that seizures increase phosphorylated tau in the temporal cortex of AD 

patients and worsen cognitive outcomes. Thus, we hypothesized that seizures may exacerbate the 

spread of pathological tau in AD through dysregulation of synaptic proteins. To examine seizure 

effects on tau spread, we quantified postmortem tau pathology scores from 18 brain regions in 

AD patients with a known seizure history (AD+Sz) and those without (AD-Sz). To determine 

whether seizures may alter synaptic machinery to facilitate tau spread, we performed western 

blot for SYNGR3, BIN1, and LRP1 in. In parallel, we used the five times familial AD (5XFAD) 

mouse model. To induce tau spread in 5XFAD and WT littermates, we used an establish tau 

seeding model, involving unilateral injection of AD brain-derived tau lysate (AD-tau) into the 

hippocampus and overlying cortex (1 µg/site) at 3 months of age. Mice then underwent a 

pentylenetetrazol (PTZ) kindling protocol and brains were harvested for western blot 3 months 

post AD-tau seeding. We found that AD+Sz show worsened tau pathology across several cortical 

regions, including the middle frontal gyrus (p<0.05), the angular gyrus (p<0.01), and the 

cingulate gyrus (p<0.05), without change in subcortical regions (n=11 (AD+Sz); 130 (AD-Sz)). 

Similarly, western blot revealed significantly increased phosphorylated tau (AT8) in the frontal 

cortex contralateral to tau injection in 5XFAD subjected to PTZ-induced seizures compared to 

control 5XFAD mice (p<0.05; n=5-9). We also found that AD+Sz showed increased 

SYNGR3/Synaptophysin (p<0.05; n=11-19) and decreased BIN1 (p<0.05; n=8-9), but no change 

in LRP1 compared to AD-Sz in the temporal cortex. Similarly, kindling decreased BIN1 across 



WT and 5XFAD mice in the hippocampus ipsilateral to tau injection (p<0.05; n=9-12), with no 

change in SYNGR3 and LRP1. Overall, these results indicate that seizures may dysregulate 

synaptic proteins to facilitate the spread of tau and therefore targeting seizure activity may slow 

AD progression. 
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Abstract: Alzheimer’s disease (AD) is a neurodegenerative disease that is characterized by 

diminished cognitive functioning that leads to memory loss. Pathologically, AD is characterized 

by the presence of amyloid beta (Aβ) plaques, neurofibrillary tangles (NFTs), and chronic 

neuroinflammation. NFTs are composed of hyperphosphorylated tau proteins (pTau) that are 

found in the cell bodies of neurons. Tau proteins are responsible for the microtubule assembly 

and maintenance of their structural durability. Phosphorylation of tau protein allows trafficking 

of cargos throughout the cells, however, in AD brains, hyperphosphorylation leads to the 

inability of tau to attach to the microtubules, resulting in the collapse of these structures, 

resulting in the accretion of NFTs. Previous studies have demonstrated that female patients with 

AD have significantly higher levels of tau detected than males. With two-thirds of AD patients 

being women, there is a need to further research how male and female brains differ in terms of 

tau pathologies, considering historically most research has been centered around the male brain. 

Investigation into tau pathologies and how they differ between sexes is critical to deepening our 

understanding of AD. To assess this, we utilized the well-established Tau P301S mouse to 

investigate differences in tau pathology between male and female mice through cellular and 

molecular techniques, including Western blot. These techniques were used to evaluate several 

protein targets that have been demonstrated to differ in other animal models of AD. Investigation 

of these targets through implementation of our male and female tau models provided a better 

understanding of the prevalence of tau pathologies amongst the sexes. This study demonstrates 

how tau and tau-related proteins compare between males and females, providing insight into the 

prevalence difference between sexes in AD. 
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Abstract: Alzheimer’s Disease (AD) is a neurodegenerative disease that is clinically described 

as progressive learning and memory deficiencies. Pathologically, AD is characterized by the 

presence of three core features, beta-amyloid plaques (Aβ), neurofibrillary tangles (NFT) 

composed of hyperphosphorylated tau protein, and chronic neuroinflammation. The activation of 

the immune response through glia cells is associated with neuroinflammation and has been 

shown to promote and exacerbate both Aβ and NFT pathologies. Alterations in gamma amino 

butyric acid (GABA), the principle inhibitory neurotransmitter in brain, shown to be involved in 

several processes, have been demonstrated in AD patients. In addition, GABAergic signaling 

markers, including the metabotropic receptor GABAB, have also been shown to be altered in an 

AD animal model (Salazar 2021). GABAB receptors are expressed on glia and demonstrate anti-

inflammatory properties. Loss of this receptor could play an important role in exacerbating the 

disease.To investigate this, our lab developed a novel mouse model with the loss of the GABAB 

receptor restricted to glia (GAB/CX3ert). In our recent publication, we reported transcript and 

network activity changes in the GAB/CX3ert mice, that were consistent with the APP/PS1 

amyloid model, indicating an overlap in the pathways altered (Osse 2023). Additionally, when 

we crossed the GAB/CX3ert mice with the APP/PS1 mice (GAB/CX3ert x APP/PS1), there were 

significant increases in Aβ-40 and Aβ-42 (Osse 2023). To determine if the alterations in the 

GAB/CX3ert mice and the exacerbation of Aβ is specific to amyloid pathology, we crossed the 

GAB/CX3ert mice with a well-established tau model, Tau P301S. The GAB/CX3ert x Tau 

P301S mice were evaluated by several cellular and molecular techniques, including 

immunohistochemistry, qRT-PCR, and Western blot. Males and females were included in the 

study to assess both sexes for alterations. 
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Abstract: Background: Depression is among the most common neuropsychiatric comorbidities 

in many Tauopathies, including Alzheimer’s disease (AD). Apart from its anti-depressive and 

anxiolytic effects, selective serotonin reuptake inhibitor (SSRI) treatment also offers intracellular 

modifications that may help to improve neurogenesis, amyloid burden, Tau pathology, and 

neuroinflammation. Despite its multifaceted impact in the brain, the exact physiological and 

molecular mechanism by which SSRIs such as Citalopram improve neurogenesis and 

synaptogenesis in dementia is poorly understood. Purpose: In the present study, we explored 

phosphorylated Tau (pTau) related cellular changes in AD, as well as protective effects of 

Citalopram on the dorsal raphe nucleus (DRN), which is the largest serotonergic nucleus in the 

brain. Methods: We investigated pTau, TPH2, SERT, 5HTR1a, Synaptophysin and PSD95, 

mRNA and protein levels by RT-qPCR, immunoblotting and immunofluorescence analyses in 

Citalopram treated and untreated Tau mouse models as well as in serotonergic RN46A-B14 

neurons, transfected with wild-type and mutant Tau cDNA. Additionally, we also conducted cell 

survival and mitochondrial bioenergetics (Seahorse) analyses on the RN46A-B14 neurons, and 

behavioral studies and Golgi-cox staining on the mice. Results: Citalopram treatment reduced 

pTau, SERT, and 5HTR1a levels, while up-regulating Synaptophysin and PSD95 levels in both 

mouse and cell models of Tau. These findings were endorsed by the increased dendritic spine 

density and improved cognitive behavior of the treated mice compared to that of the untreated 

ones. Further, Citalopram also increased cell survival and maximal oxygen consumption rate in 

RN46A-B14 neurons that express p-Tau. Statistical significance was determined, using one-way 

ANOVA. Conclusions: Taken together these findings suggest that pTau could be playing a 

critical role in the serotonergic pathway and therefore, Citalopram could not only be a promising 

therapeutic drug for depression, but also to delay the disease progression in AD patients. 
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Abstract: Background and Purpose: Alzheimer’s disease (AD) in an incurable disease that 

affects millions of elderly across the globe. Currently, mild cognitive impairment (MCI), a 

precursor to AD, is diagnosed using the Montreal Cognitive Assessment (MoCA) test in clinical 

settings. Brain atrophy as measured by structural magnetic resonance imaging (MRI) scans is a 

potential marker of MCI/AD, yet to be established. In the rural community of West Texas, there 

is an observed heterogeneity among individuals aged 60-90 years, with some maintaining their 

cognitive abilities while others experiencing cognitive decline. The purpose of this study is to 

investigate how MRI images can provide insights into cognitive abilities as assessed by the 

MoCA test within this population. Methods: This ongoing, longitudinal prospective cohort study 

hopes to recruit 1000 cognitively healthy and 500 MCI/AD patients to understand the 

associations between structural brain atrophy and cognitive health. This is done by conducting 

MoCA tests and MRI scans. Overall MoCA scores, MoCA sub scores and structural brain 

atrophy is analyzed to identify any links, patterns, and/or irregularities in brain structure or 

function that may indicate cognitive decline. Results and Discussion: Currently our study is in 

year one and has recruited 25 healthy and 5 MCI/AD patients. Our preliminary data strongly 

indicates that poor overall scores on the MoCA and MoCA memory subscores, are directly 

associated with the incidence of brain atrophy as seen through MRIs. Conclusion: Based on our 

current data, it is evident that there is an association between cognitive status as determined by 



the MoCA test and brain atrophy. This investigation has the potential to advance our 

understanding of the neurological changes associated with cognitive function and improve early 

detection and monitoring of conditions like MCI/AD and other types of dementia. 
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Abstract: Background and Purpose: Alzheimer's disease (AD) is a worldwide pandemic that 

affects the elderly, causing devastating consequences without a cure. Dementia's contributing 

factors include lifestyle choices, genetics, epigenetics, and socio-economic circumstances. In 

rural West Texas, cognitive health varies among those aged 60-90, some experience no 

impairments, and age gracefully while others face progressive decline with age. The underlying 

factors for these differences are not clearly understood. Our study examines the lifestyle and 

biological factors associated with successful cognitive aging in this region. Methods: Our 

longitudinal cohort study investigates factors impacting cognitive status in individuals aged 60-

90. We aim to enroll 4000 cognitively healthy participants and 500 with MCI and AD/ADRD. 

The objective is to identify factors that contribute to delayed aging by exploring genetics, 

epigenetics, ethnicity, biology, culture, and lifestyle. To gather relevant data, we will assess 

participants' cognitive abilities using the Montreal Cognitive Assessment (MoCA), record 



anthropometric measurements, analyze blood profiles, and administer socio-demographic and 

behavioral questionnaires. Results and Discussion: At present, our study is in its first year and 

has successfully recruited 25 cognitively healthy individuals and 5 patients with AD. Through 

the assessment of bloodwork and questionnaires, we have observed that the cognitively healthy 

population exhibits higher levels of physical and mental well-being. Additionally, we have 

identified a correlation between a healthy lifestyle, including factors such as sleep, diet, and 

exercise, and successful aging in the cognitively healthy group. Conclusion: Our current data 

indicate a clear association between scores on the MoCA test, blood biomarkers, and 

psychosocial parameters. The findings of the study are highlighting the pivotal significance of 

sufficient nutrition and lifestyle factors in preserving cognitive well-being and mitigating the risk 

of cognitive decline and its progression to dementia. These findings are significant and 

contribute to our understanding of healthy aging in the rural West Texas population. The 

outcomes of our study are anticipated to provide fresh and valuable insights into the factors 

influencing successful aging in this specific region. 
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Abstract: Abstract: RalBP1 (Rlip) is a stress-activated protein that believed to play a large role 

in aging and neurodegenerative diseases such as Alzheimer’s disease (AD) and other 



tauopathies. The purpose of our study is to understand the role of Rlip in mutant Tau-expressed 

immortalized hippocampal HT22 cells. Methods: In the current study, we used mutant Tau 

(mTau) expressed HT22 neurons and HT22 cells transfected with Rlip-cDNA and/or RNA 

silenced, and studied cell survival, mitochondrial respiration, mitochondrial function, 

immunoblotting & immunofluorescence analysis of synaptic and mitophagy proteins and 

colocalization of Rlip and mTau proteins. We found Rlip protein levels were reduced in mTau-

HT22 cells, Rlip silenced HT22 cells and mTau + Rlip RNA silenced HT22 cells; on the other 

hand, increased Rlip levels were observed in Rlip cDNA transfected HT22 cells. Results: We 

found cell survival was decreased in mTau-HT22 cells and RNA-silenced HT22 cells. However, 

cell survival was increased in Rlip-overexpressed mTau-HT22 cells. Significantly reduced 

oxygen consumption rate (OCR) was found in mTau-HT22 cells and in RNA-silenced Rlip-

HT22 cells and even greater reduction in mTau-HT22+Rlip RNA-silenced HT22 cells. 

Significantly increased OCR was found in Rlip-overexpressed HT22 cells and in all groups of 

cells that overexpress Rlip cDNA. Mitochondrial function was defective in mTau-HT22 cells, 

RNA silenced Rlip in HT22 cells and further defective in mTau-HT22+Rlip RNA-silenced HT22 

cells; however, it was rescued in Rlip overexpressed in all groups of HT22 cells. Synaptic and 

mitophagy proteins were decreased in mTau-HT22 cells, further reductions were found in RNA-

silenced mTau-HT22 cells. However, these were increased in mTau+Rlip overexpressed HT22 

cells. An increased number of mitochondria and decreased mitochondrial length were found in 

mTau-HT22 cells. These were rescued in Rlip overexpressed mTau-HT22 cells. Conclusions: 

These observations strongly suggest that Rlip deficiency causes oxidative stress/mitochondrial 

dysfunction and Rlip overexpression reverses these defects. Overall, our findings revealed that 

Rlip is a promising new target for aging, AD and other tauopathies/neurological diseases that 

showed the relevance of oxidative stress and mitochondrial dysfunction in the disease process. 
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Abstract: MicroRNA (miRs) are small, single-stranded, non-coding RNA molecules reported to 

be involved in RNA silencing and post-transcriptional regulation of gene expression in cells. 

Multiple miRs have been studied in our lab, but overexpressed miR-455-3p in mice (miR-455-3p 

Tg mice) was observed to increase cognitive and memory functions and increase lifespan five 

months longer than the wild-type (WT) mice, whereas miR-455-3p knockout (KO) mice lived 

four months shorter than WT mice, but the exact mechanism of increased lifespan in miR-455-3p 

Tg mice is unknown. In Alzheimer’s disease (AD), defective mitophagy, selective removal of 

dead/damaged mitochondria, was observed in AD cells, AD mice, and AD brains. We 

hypothesize that mitophagy may play a key role in the enhanced lifespan of miR-455-3p Tg mice 

compared to its WT counterparts. Messenger RNA and protein levels of 17 genes that are 

associated with mitophagy, were studied using the cortical brain tissues of miR-455-3p Tg, miR 

455-3p KO, and WT mice at two timepoints: 2 months and 12 months. The overall, early 

preliminary data revealed mitophagy genes and proteins had an increase in expression in MiR-

455-3p Tg mice and a decrease in expression in MiR-455-3p KO mice compared to their WT 

counterparts, indicating an increase in mitophagy in the cells in MiR-455-3p Tg mice compared 

to WT mice. These results suggest that enhancement of mitophagy in MiR-455-3p Tg mice 

compared to their WT counterparts may be contributing to the increased lifespan in mice, and 

thus may have a protective role in AD and other age-related diseases. 
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Abstract: The role of RLIP76 (AKA Rlip) in Alzheimer’s and other neurodegenerative diseases 

is not known completely. Several converging lines of evidence from our group and others 

support a potential role of Rlip in neurodegenerative disorders, including AD. Because oxidative 

stress appears to play an important role in the pathophysiology of AD and progression of the 

disease, the purpose of the present study is to determine the role of Rlip in the brains of AD 



patients and control subjects. To achieve our goals, we used frozen tissues, and formalin fixed 

paraffin-embedded postmortem brains from AD patients with different Braak stages and age 

matched controls subjects. Our immunohistology and western blot results demonstrates that 

expression of Rlip protein gradually and significantly decreased (p<0.0001) with AD progression 

and being lowest in Braak stage IV-V. Rlip was colocalized with Amyloid beta (Aβ) and 

phosphorylated tau (p-Tau) as observed by IHC staining and co-immunoprecipitation studies. 

Lipid peroxidation, 4-HNE generation and H2O2 production were significantly higher (p<0.004 

and 0.0001 respectively) in AD patients compared to controls accompanied by lower ATP 

production in AD (p<0.0009). Oxidative DNA damage was measured by 8-Hydroxyguanosine 

(8-OHdG), in tissues lysates by ELISA and COMET assay. AD 8-OHdG levels were 

significantly higher (p<0.0001) compared to controls. COMET assay was performed in brain 

cells, isolated from frozen postmortem brain samples. The control samples showed minimal 

DNA in comets representing few DNA strand breaks (<20%), (score-0-1). However, AD group 

showed an average of 50% to 65% of DNA in comet tails (score-4-5) indicating numerous DNA 

strand breaks. Difference between two groups was significant (p<0.001), as analyzed by Open 

Comet by ImageJ. Elevated DNA damage was further examined by western blot analysis for 

phosphorylated histone variant H2AX (γH2AX), Induction of γH2AX is very significant 

(p<0.0001) and confirmed the double DNA strand breaks and damage. Overall, our results 

indicate an important role for Rlip in maintaining neuronal cell health and homeostasis by 

suppressing cellular oxidative stress and DNA damage. Based on our findings, we cautiously 

conclude that Rlip is therapeutic target for ALZHEIMER’s DISEASE. 
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Abstract: The metabolic syndrome (MetS) and Alzheimer’s disease share several pathological 

features, including insulin resistance, abnormal protein processing, mitochondrial dysfunction, 

and elevated inflammation and oxidative stress. The MetS constitutes elevated fasting glucose, 

obesity, dyslipidemia, and hypertension and increases the risk of developing Alzheimer’s 

disease, but the precise mechanism remains elusive. Insulin resistance, which develops from a 

diet rich in sugars and saturated fatty acids, such as palmitate, is shared by the MetS and 

Alzheimer’s disease. Extracellular vesicles (EVs) are also a point of convergence, with altered 

dynamics in both the MetS and Alzheimer’s disease. However, the role of palmitate-induced 

insulin resistance in the brain and its potential link through exosomes to Alzheimer’s disease is 

unknown. We demonstrate that palmitate induces insulin resistance and amyloid precursor 

protein (APP) phosphorylation in primary rat embryonic cortical neurons and human cortical 

stem cells. Palmitate also triggers insulin resistance in oligodendrocytes, the supportive glia of 

the brain. Palmitate enhances APP secretion from cortical neurons via EVs, which induces tau 

phosphorylation when treated to naïve neurons. Additionally, EVs from palmitate-treated 

oligodendrocytes enhance insulin resistance in recipient neurons. Overall, our findings suggest a 

novel theory underlying the increased risk of Alzheimer’s disease in MetS mediated by EVs, 

which spread Alzheimer’s pathology and insulin resistance. The authors received funding 

support from the NIH (U24DK115255, R01DK130913). The authors would like to thank the 

Sinai Medical Staff Foundation, the Robert E. Nederlander Sr. Program for Alzheimer’s 

Research, the Andrea and Lawrence A. Wolfe Brain Health Initiative Fund, the A. Alfred 

Taubman Medical Research Institute, and the NeuroNetwork for Emerging Therapies. The 

authors appreciate the support from the Michigan Diabetes Research Center for the confocal 

imaging. 
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Abstract: Until recently, Alzheimer's disease (AD) has been widely accepted as a 

neurodegenerative disorder; however, the coexistence of cerebrovascular changes with cognitive 

decline implies this may be more in line with a vascular disorder. Two biomarkers, 

Neurofibrillary tangles (NFTs) and amyloid beta (AB), signal the presence of AD and have been 

shown to appear following ischemic stroke as well. In rodents, it has been shown that amyloid 

precursor protein accumulates 3 days after stroke while its cleaved product, amyloid beta, 

accumulates 7 days after stroke. Furthermore, tau hyperphosphorylation, which leads to the 

formation of NFTs, has been shown to manifest at a much earlier time point of 24 hours. 

To further investigate tau phosphorylation after stroke we employed a photothrombotic ischemic 

stroke model in the motor cortex of 6 non-human primates (NHPs). Furthermore, we 

administered an electrical simulation protocol to the peri-infarct area of 2 of these animals to 

potentially improve clearance of this pathological tau isoform in a clinically relevant animal 

model. Stimulation (60 mA, 5 biphasic pulses per burst at 1 kHz, 450 ms pulse width, 50 ms 

interphase interval, 5 Hz burst frequency) occurred in six ten-minute blocks interspaced with 2-

minute resting blocks. Brains were harvested 3 hours later during the hyperacute phase of stroke, 

and immunohistochemistry staining was performed to identify specific phosphorylated sites of 

tau (Ser422, Ser202, Thr205). 

For the first time with this stroke model, we have identified phosphorylation of the Ser422 site in 

the peri-infarct area at a time point much earlier than previously reported. This marker 

colocalized to both the somas and axons of neural and non-neural cell populations. On the 

stimulated side of the lesion we saw a reduction in the number of cells with tau-Ser422 

phosphorylation. As a control, we performed staining on the contralesional hemisphere, and as a 

result, found no positive staining. 

It is well documented that AD biomarkers appear after stroke, yet here we show the earliest time 

point that has yet to be investigated with a clinically significant animal model. During the 

hyperacute phase of stroke, the necrotic core is still expanding into the penumbra, leaving a peri-

infarct area rich with information about how neurodegeneration may be occurring through 

vascular disorder. Our preliminary results indicating abnormal tau phosphorylation in this region 

demonstrate spatial dependence of tau disruption which is an observation highly relevant to the 

emergence of AD. Additionally, electrical stimulation has demonstrated a neuroprotective effect 

by mitigating the pathological tau phosphorylation. 
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Abstract: Title: Real-time monitoring of tau aggregation in a human in vitro model of tau 

pathology 
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Abstract:Tau protein and the insoluble aggregates it forms have been implicated in over twenty 

neurodegenerative diseases known as tauopathies, including Alzheimer’s disease (AD) and 

frontotemporal dementia (FTD). Pathogenic tau aggregates exhibit a diverse array of post-

translational modifications and structures. Due to this variation, there is considerable 

heterogeneity among tauopathies. This poses a considerable challenge for the study of these 

diseases and the development of widely applicable models, while also highlighting the need for a 

patient-specific precision-medicine approach to tauopathy treatment. To that end, we have 

developed a model system for the in vitro study of tauopathies using human induced pluripotent 

stem cell (iPSC)-derived excitatory neurons to mimic the environment of the frontal cortex. 

Paired with our fluorescence resonance energy transfer (FRET) biosensor for aggregated tau, this 

model provides a promising tool for the study of tauopathies. To build the model, dual chamber 

microdevices were seeded with stem cell-derived neurons expressing the biosensor. One 

chamber contained neurons exposed to aggregated tau seeds derived from cell lysates or 

solubilized postmortem human brain tissue. The brain tissue was obtained from AD, FTD, and 

control patients. The other chamber contained neurons not exposed to tau seeds. We 

demonstrated the biosensor’s ability to fluorescently report tau propagation from the human 

brain and cell lysates and quantified the propagation of aggregated tau within the microdevice. 

The model’s capacity for real-time imaging of spreading tau pathology, which is impossible in in 

vivo models, provides a promising template for further studies on the mechanisms of tau spread. 

Furthermore, we aim to improve the system by adding iPSC-derived astrocytes and microglia to 

better mimic the in vivo environment. This immunorepresentative system will have greater 

biological relevance and will allow for us to further understand the interaction of these cell types 

with tau aggregates and afflicted neurons. 

Figure : Experimental Summary 
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Abstract: Nonfluent aphasia is characterized by simplified sentence structures and word-level 

abnormalities, including reduced use of verbs and function words. The predominant 

understanding of the disease mechanism is that a core deficit in syntax processing causes both 

structural and word-level abnormalities. Under this agrammatic account, it remains unclear why 

nonfluent patients choose semantically richer verbs and may have a spared comprehension of 

verbs and function words. While often dismissed by the agrammatic account, these unexplained 

features may point to a distinct language process critical for communication in nonfluent aphasia. 

Here, we hypothesize that the word-level features of nonfluency constitute a distinct 

compensatory process that augments the information content of sentences to the level of healthy 

speakers. We use a computational approach based on Language Models (LMs) to measure 

sentence information through surprisal, a metric calculated by the average probability of 

occurrence of words in a sentence, given their preceding context. We apply this method to the 

language of patients with nonfluent primary progressive aphasia (nfvPPA) (n=36) and healthy 

controls (n=133) as they partake in a picture description task. We found that nfvPPA patients 

produced sentences with the same sentence surprisal as healthy controls using richer words in 

structurally simpler sentences. Furthermore, higher surprisal in nfvPPA sentences correlated with 

the canonical features of agrammatism: a lower function-to-all-word ratio, a lower verb-to-noun 

ratio, a higher heavy-to-all-verb ratio, and a higher ratio of verbs in gerund forms. Using 

surprisal enables testing an alternative account of the disease that regards the word-level features 

of nonfluency as adaptive, rather than defective, symptoms, a finding that would call for 

revisions in the therapeutic approach to nonfluent language production. 
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Abstract: Background: Alzheimer’s disease (AD) is defined by the deposition of amyloid-β 

beta (Aβ) plaques and neurofibrillary tangles (NFT) composed of phospho-tau (p-tau). However, 

coexisting pathology in AD is commonly observed, including age-related tauopathies such as 

4R-tau predominant argyrophilic grain disease (AGD). The impact of AGD on Aβ pathology was 

previously reported at the neuropathologic level, but how AGD pathology associates 

biochemically with AD is not fully understood yet. 

Methods: We investigated the temporal cortex from a large, neuropathologically-defined cohort 

of AD and control who had available APOE genotypes (n=365). APOE genotype groups 

included: APOE2 (n=46, including APOE2/2 and APOE2/3), APOE3 (n=162, consisting of 

APOE3/3), and APOE4 (n=157, including APOE3/4 and APOE4/4). Biochemical amounts of 

major AD-related molecules were measured by ELISA and included: Aβ40, Aβ42, total tau , p-

tau181, and apolipoprotein E (apoE). 

Results: We found that cognitive impairment in dementia cases is dependent on neuropathology. 

More specifically, Mini-Mental State Examination (MMSE) scores in the cohort were correlated 

with a neuropathologic diagnosis of AD. Amounts of AD-related molecules in the brain of 

dementia cases were associated with the presence of tau lesions characteristic of AD (referred to 

as AD tau), but not with tau lesions consistent with the presence of AGD (referred to as 4R tau). 

Cognitive decline as shown by MMSE was also linked to the presence of AD tau, but not 4R tau. 

When assessing AD cases, our biochemical data demonstrated that the presence of 4R tau 

neuropathologic lesions consistent with an AGD diagnosis was associated with lower Aβ42 and 

p-tau181 levels. 

Conclusions: These results support the neuropathologic evidence that co-occurrence of AGD 

with AD is associated with lower Braak stage and Thal phase, with the presence of 

neuropathologically defined 4R tau lesions associated with lower levels of AD-related molecules 

in mixed AD cases. 
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Abstract: The goal of our study is to assess the neuropathology and cognition in older 

individuals free of Alzheimer’s disease (AD) neuropathological changes, the most common 

cause of dementia in the older population. However, in advanced age there are multiple 

morbidities other than AD that may have an impact in cognition as demonstrated by clinical; and 

postmortem studies. Using pooled data from the Johns Hopkins Alzheimer’s Disease Center 

including participants from the Baltimore Longitudinal Study of Aging (BLSA)(n=62) and 

Clinic cohort(n=15), we examined the neuropathological and cognitive outcomes of 77 

participants, ≥ 80 years of age, whose brains were free of neuritic plaques, i.e., CERAD 0 

(average age of death: 89; men: 74%). Diffuse Aβ plaques were present in 15 brains (19%). The 

Braak NFT scores ranged from I to IV (96%) with the presence of neurofibrillary tangles in the 

medial temporal lobe close to universal (99%). Vascular lesions were present in 46 brains (60%), 

infarcts in 37 (48 %), hemorrhages in 4 (5%), and mixed lesions in 5 brains (7%). Lewy body 

pathology (LBP) was noted in 13 brains (17 %). TDP-43 proteinopathy ,i.e., LATE 

neuropathologic change (NC), was observed in 23% of brains with a cumulative frequency 

distribution indicating that LATE-NC+ increase drastically around 95 years of age. Cognitive 

impairment occurred in 51% of the participants, and 39% of them were fully demented at their 

last clinical evaluation. Logistic regression analyses showed a significant association between 

LATE-NC+ and cognitive impairment (p=0.03; OR 4.83, 95% CI). The other variables didn’t 

show statistical significance. In conclusion, our study indicates that even in the absence of AD, 

the older population has a very high risk of cognitive impairment. This information is relevant to 

public health approaches to aging, dementia, and also the eventual pharmacological prevention 

of AD. 
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Abstract: Lewy body disease (LBD) represents the second major cause of neurodegenerative 

dementia after Alzheimer's disease (AD) and is characterized by the intracellular accumulation of 

α-synuclein-containing aggregates in neurons and neuronal processes (Lewy bodies and 

neurites). Ninety percent of LBD cases also present AD pathological hallmarks, including 

neurofibrillary tangles and amyloid-β aggregates. Although regional pathological progression has 

been well characterized in LBD, with diffuse Lewy body disease (DLBD) presenting abundant 

cortical Lewy bodies, little is known about the selective vulnerability of specific neuronal 

subpopulations. We applied single-nucleus RNA-sequencing (snRNA-seq) to human brain tissue 

from donors with DLBD to characterize the vulnerable and resistant neuronal subtypes in the 

DLBD brain and the similarities and differences between DLBD and AD. We profiled the 

prefrontal cortex (BA9) and the amygdala from 16 donors (7 females and 9 males) with a median 

age of 80 years (53 - 94), of which, 3 had intermediate AD pathology (Braak III-IV) and 13 had 

high AD pathology (Braak V-VI). We integrated DLBD data with previously generated snRNA-

seq data from AD and healthy controls comprising a total of ~630, 000 nuclei. In addition, we 

studied the neuronal subtype-specific distribution of Lewy bodies by combining RNA in situ 

hybridization (RNAscope) and phospho-α-synuclein immunohistochemistry. Our data represents 

a resource for the study of selective cell vulnerability in DLBD. 
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Abstract: Cortical Basal Degeneration (CBD), a subtype of frontotemporal dementia, is a 

neurodegenerative disease in which pathologic tau accumulation is seen in many brain regions 

including the frontal lobe, temporal lobe, and subcortical brain structures. This results in 

progressive loss of verbal communication ability, motor function, and other cognitive deficits. 

While clinical and behavioral symptoms differentiate CBD from other dementias, the unique 

underlying pathobiology of CBD is not fully understood. This lack of insight has led to a lack of 

disease modifying therapeutic treatment options and preventative mechanisms. The basal 

forebrain cholinergic neurons (BFCNs) are a primary target of tau accumulation in 

neurofibrillary tangles which lead to cell death in Alzheimer’s Disease (AD). We investigated 

whether BFCNs are also a primary target for tau protein pathology and degeneration in human 

postmortem brain tissue from five individuals clinically and pathologically diagnosed with CBD 

compared to five participants with AD. Immunohistochemistry with antibodies to choline 

acetyltransferase (ChAT) and low affinity neurotrophin receptor (p75LNTR) were used to 

visualize BFCNs. The AT8 antibody was used to visualize tau inclusions. Using unbiased 

stereology to quantify ChAT-, p75LNTR-, and tau-positive BFCN, 53%-81% of ChAT positive 

BFCNs contained p75LNTR and 44%-72% contained tau protein inclusions. In contrast to what 

has been reported in AD, we did not observe a negative correlation between the density of 

ChAT- and AT8-positive BFCN. Participants with similar densities of ChAT-positive BFCN 

displayed substantially different densities of AT8-positive BFCN. The density of 

acetylcholinesterase-positive cortical cholinergic axons, which originate from the BFCN, was 

significantly higher than the density in AD brains. These findings suggest that BFCNs in CBD 

may be resilient to tau protein induced neurodegeneration, and that the species of pathologic tau 

may be different in AD when compared with CBD. Our findings also imply that cholinergic 

based therapies used for treatment of AD and other dementias are likely to be ineffective in 



treating CBD and further research is needed to understand the characteristics of tau pathology in 

CBD and to identify new therapeutic targets. 
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Abstract: The concept that neuroinflammation plays an important role in the pathogenesis of 

neurodegenerative conditions such as Alzheimer’s and Parkinson’s disease has gained traction in 

recent years, culminating in trials of immunotherapies in these conditions. Far less is known 

about the role of inflammation in progressive supranuclear palsy (PSP) and corticobasal 

degeneration (CBD), two rare “Parkinson-Plus” neurodegenerative tauopathies that currently 

have no effective treatments. Herein we sought evidence of neuroinflammation in pathogenesis 

of both PSP and CBD relative to age-matched controls in the prefrontal cortex (PFC) and 

putamen. We report on gene expression differences in post-mortem brain tissue from 10 PSP, 10 

CBD, and 10 age- and sex-matched controls using the nCounter® Neuroinflammation and Glial 

panels (~1,500 genes). Differential gene expression analysis revealed regional differences 

between disease tissue and controls and within the disease cohort (PSP vs. CBD). Compared to 

controls, inflammatory genes were upregulated in CBD PFC, while the putamen was relatively 

unaffected. In contrast, an inflammatory signature was found in both the putamen and PFC in 

PSP, suggesting more wide-spread neuroinflammation. Within the PFC, the transcriptional 

signature seen in CBD was immune related whilst in PSP many of the genes upregulated were 

related to oligodendrocyte function. In the PFC and putamen, cell type profiling revealed 

increased microglia, infiltrating macrophages and neutrophils in both CBD and PSP compared to 

controls. Oligodendrocyte scores were higher in the PSP samples. Pathway analysis of the PFC 

revealed increased expression of immune and inflammatory pathways in both conditions, with 

highest enrichment of neutrophil degranulation, IL-6/JAK STAT3 signalling and complement 



pathways and downregulation of neuronal genes. When comparing the two diseases, these 

immune-related pathways were more highly enriched in CBD. In the putamen, immune pathways 

were enriched in CBD vs controls, but more so in the PSP samples. IFN signalling and response 

pathways were most enriched in the PSP brains. Together these data show that 

neuroinflammation plays a role in the pathogenesis of both PSP and CBD, but that inflammation 

is more localised to the PFC of the CBD and more widespread in PSP. Validation using the 

GeoMx® Digital Spatial Profiler is underway. This will enable us to better understand 

differences in disease-specific regional signatures, including covariates such as tau localisation. 
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Abstract: Frontotemporal dementia (FTD) is a rare neurological disorder that affects the 

prefrontal and anterior temporal cortex, leading to unusual behaviors, emotional problems, 

communication difficulties, and mobility issues. It represents 12-20% of dementia cases and 

commonly manifests in individuals aged 45 to 64. For many years, research focused on 

identifying proteins or substances in the blood or cerebrospinal fluid, to monitor disease 

progression and assess treatment effectiveness. More recently, scientists are investigating ways 

to enhance brain imaging techniques and neuropsychological testing. Electroencephalogram 

(EEG) has emerged as a cost-effective and easily accessible tool for diagnosing and categorizing 

the severity of dementia. Developing EEG biomarkers to complement neuropsychological tests 



for FTD detection is a desirable choice over other neuroimaging devices due to its low cost and 

accessibility. In this research study, we constructed personalized dynamic "brain" network 

models (DNMs) based on scalp EEG data from each patient. Using these DNMs, we examined a 

novel EEG biomarker known as the "sink index," which characterizes how each brain region 

(node) is influenced by other regions in the brain network. In the model, sources refer to brain 

regions that exert a significant influence on other regions but are not themselves influenced, 

while sinks represent influenced regions that do not exert influence on others. Based on this, we 

hypothesized that brain regions associated with frontotemporal dementia behave as sinks and 

present higher sink indices compared to healthy brain regions. We tested our hypothesis on a 

cohort of 23 FTD patients and 29 Healthy Controls (HC) obtained from the open dataset of the 

Department of Neurology of AHEPA General University Hospital of Thessaloniki. For the 

analysis, we matched ages for the FTD (67.5 ± 4.5), and HC (68.5 ± 7.2) groups, respectively. 

Our preliminary results revealed normality test differences for the Sink-Index Distribution of 

FTD (p < 0.001) and HC (p > 0.1) suggesting clear pathological state detection. As well, the 

Sink-Index of the EEG electrodes associated to the frontal-temporal brain regions 

(Fp1,Fp2,F3,F4,F7,F8,T3,T4) and other regions (O1,T5,O2,T6,Cz,Pz,P3,Fz,P4,C3,C4) display 

noticeable differences between FTD (1.3389 ± 0.0895 vs. 0.8444 ± 0.0651) and HC (0.8978 ± 

0.0453 vs. 0.9116 ± 0.0457). These findings highlight the potential of the sink-index as an EEG 

biomarker to help in the detection and diagnosis of FTD. A further utility of the sink index is to 

measure efficacy of treatment by quantifying how much the treated brain returns to more of a 

healthy state. 
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Abstract: Alzheimer's disease (AD) and chronic traumatic encephalopathy (CTE) are incurable 

neurodegenerative diseases, both of which are characterized by the presence of 

hyperphosphorylated tau accumulations, which form neurofibrillary tangles. One of the 

hallmarks of these conditions is progressive axonal degeneration associated with the 

accumulation of hyperphosphorylated tau. However, the role of myelin degradation, a process 

that accompanies axonal degeneration, remains relatively unexplored in the pathogenesis of AD 

and CTE. This study aimed to investigate and visualize myelin degradation in AD and CTE 

using high-resolution imaging techniques at both microscopic (≤0.5 μm) and mesoscopic (~12 

μm) scales. We utilized birefringence microscopy (BRM) and polarization-sensitive optical 

coherence tomography (PS-OCT) to image and evaluate myelin degradation. We employed a 

custom-built PS-OCT system for mesoscale imaging, allowing us to quantify tissue optical 

properties across large volumes at a resolution of ~12 μm. Additionally, we utilized co-registered 

microscopic imaging with our custom-built BRM system to examine the details of myelin 

degradation at a higher resolution. Thirteen human brain samples from the dorsolateral prefrontal 

cortex were imaged and analyzed, including three age-matched normal controls (NC), five late-

stage AD cases, and five late-stage CTE cases. The PS-OCT system revealed an increase of the 

optical scattering coefficient (p<0.1) and elevated backscattering/scattering ratio in both AD and 

CTE brain samples, compared to NC. To understand the underlying causes of the changes in 

optical properties, the high-resolution BRM imaging provided further insights, demonstrating 

that these changes in optical parameters were associated with damaged myelinated axons, 

leading to fragmented and disoriented myelin structures. Our findings suggest that myelin 

degradation has the potential to serve as a valuable biomarker for AD and CTE, contributing 

significantly to alterations in optical scattering within brain tissue. Notably, the severity of 

myelin degradation appeared to be more pronounced in CTE compared to AD, which could be 

attributed to repeated head trauma in CTE cases. Importantly, the lower-resolution PS-OCT 

system we employed allows for label-free volumetric imaging of large samples, offering a more 

efficient and cost-effective alternative to routine pathological assessment. This imaging 

technique holds promise as a valuable tool for future research endeavors, aiding in the 

understanding of the underlying mechanisms of neurodegenerative diseases such as AD and 

CTE. 
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Title: Mathematically modelling Alzheimer’s disease; the role of clearance in neurodegeneration 
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Abstract: Every day, over 28,000 people are diagnosed with dementia, making it a leading cause 

of death and economic burden worldwide. The most common form of dementia is Alzheimer's 

disease (AD). Insights gathered from experiments have highlighted the fundamental importance 

of the brain's clearance mechanisms in the potential onset and trajectory of tauopathy and a 

relationship between impaired brain clearance and increased concentrations of toxic proteins. In 

response to clinical observations, our research delivers the first mathematical model of coupled 

brain clearance and AD progression, and our data-driven computational approach simulates 40 

years of AD progression on a network model of the human brain in less than 14 seconds of 

computational time (see Figure of simulated clearance-mediated spreading of tau through a 

human brain). We use a reaction-diffusion dynamical system to yield theoretical insights into the 

neurodegeneration process and its coupled relationship with brain clearance. Computational 

results, on high-resolution brain graphs constructed from the data of 426 patients, suggest that 

clearance deficits do indeed play an important role in neurodegeneration. A key finding is that 

the coupling between proteopathic spreading and regional brain clearance may not only alter the 

trajectory of AD but also provide a potential window into understanding AD subtypes. Further, 

we extract and analyse regional clearance rates on the brain network from the human gadobutrol 

tracer intensity data of Eide et al (2021). We apply this human CSF-ISF-mediated clearance data 

to our mathematical model, which highlights the potential impact of sleep deprivation, and 

heterogeneity in regional brain clearance, on advancing AD pathology. Mathematical modelling 

of AD offers an avenue for safe, ethical, and cost-effective in-silico experimentation and 

exploration of the role of clearance in AD pathology.  
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Abstract: The glymphatic system, generally thought to be a system for waste clearance and 

other functions, consists of a system of interconnected perivascular spaces carrying cerebrospinal 

fluid (CSF) bordered by astrocytic vascular endfeet that express the water channel aquaporin-4 

(AQP4) [1]. The current understanding of perivascular CSF flow is that a peristaltic flow is 

driven by secondary effects of blood pressure. However, this understanding remains incomplete, 

as it is unclear what mechanisms produce a net flow of CSF in the perivascular space[2]. We 

propose that a potential biasing in flow direction is created by the efflux of CSF into astrocyte 

end-foot gaps in addition to aquaporin 4 channels, which expand upon positive pressure and 

contract under negative pressure. Using a finite element model in COMSOL Multiphysics, we 

examine the possibility of both elliptical and circular cross-sectional end-foot gap shapes, and 

demonstrate their potential roles in producing a net flow of CSF in the direction of blood flow. 

The results suggest that normal astrocytic endfeet function may be critical in net CSF flow in 

healthy individuals. Endfeet dysfunction may result in insufficient net CSF flow and waste 

removal from the brain parenchyma, compromising brain homeostasis in neurological disorders 

such as Alzheimer’s disease or migraine.[1] Jessen NA, Munk AS, Lundgaard I, Nedergaard M. 

The Glymphatic System: A Beginner's Guide. Neurochem Res. 2015 Dec;40(12):2583-99. doi: 

10.1007/s11064-015-1581-6. Epub 2015 May 7. PMID: 25947369; PMCID: PMC4636982.[2] 
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Abstract: Cerebral autosomal dominant arteriopathy and subcortical infarcts and 

leukoencephalopathy (CADASIL) is the most common monogenic inherited form of small vessel 

disease (SVD) leading to dementia, caused by mutations in NOTCH3. CADASIL shares many of 

the clinical and pathological features of sporadic forms of SVD, albeit its prevalence is known to 

be much lower among SVDs. However, we still lack understanding of how functional vascular 

changes in SVD are linked to cerebral microcirculation and oxygenation. Here, we performed 

multimodal optical imaging of cerebral microcirculation, oxygenation, and relative cerebral 

blood volume in a clinically relevant mouse model of CADASIL longitudinally over months. We 

showed that CADASIL leads to abnormal hemodynamic response to functional activation at an 

early age of 4 months and impaired hemodynamic response to mild hypercapnia at an even 

earlier age of 3 months. These impairments were followed by gradual decreases in the mean 

capillary RBC flux and pO2 over 4 months. All measurements were performed in awake mice. 

Altogether, these data suggest a gradual increase in microvascular dysfunction causing a 

mismatch between oxygen supply and demand that may eventually lead to tissue hypoxia in 

CADASIL. These results also suggest a step towards a targeted CADASIL therapy by providing 

guidelines about the timing of treatments at various stages of the disease. 
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Abstract: HIV-1-associated neurocognitive disorders (HAND) are highly prevalent in the era of 

combination of antiretroviral therapies. Recent study suggests that the damage of blood-brain 

barrier (BBB) is an early biomarker of human cognitive dysfunction. The BBB is a target site of 

entry for HIV-1 virus and HIV-infected monocytes and macrophages that can traverse the BBB 

either paracellularly or transcellularly. Particularly, HIV-1 viral proteins can attack tight 

junctions at the BBB and directly compromise its integrity, resulting in the entry of the virus into 

the brain. This study determined the effects of HIV-1 transactivator of transcription (Tat) protein 

on the morphological profiles of primary mouse cortex endothelial cells and the endothelial cell-

mediated gene expression. The cortex endothelial cells were isolated from three-month-old 

C57BL/6J mice and exposed to 12.5 nM recombinant Tat1-86 (rTat1-86) for 6, 12, 24, or 48 hours, 

respectively. The cells were subsequently immunostained with CD31 as a marker for endothelial 

cells, anti-Tat, DAPI or phalloidin for labeling actin filaments and harvested for RNAseq. 

Results show that 48-hour Tat exposure reduced the CD31-positive endothelial cells and 

increased immunofluorescence staining of phalloidin. Moreover, the phalloidin staining showed 

that actin cytoskeleton structure was disrupted in the endothelial cells after 48-hour Tat exposure. 

In a separate study, human brain microvascular endothelial cells were exposed to 12.5 nM rTat1-

86 for 8 hours and subsequently gene expression was analyzed by RNAseq. We found that 72 

genes were upregulated, and 21 genes were downregulated. Ongoing studies are to test whether 

in vivo Tat expression in inducible Tat transgenic mice replicates the in vitro Tat-induced 

morphological changes and whether Tat and cocaine synergistically exacerbate the Tat’s effect 

on endothelial cells. These findings highlight a role for the HIV-1 Tat protein in the compromise 

of BBB integrity, a critical feature of HAND development. 
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Abstract: The increased use of dangerous opioids such as fentanyl have been observed in this 

current opioid epidemic. Infection of Human immunodeficiency virus (HIV) is a common co-

morbibity with people who inject drugs. HIV infection can lead to the development of HIV 

associated neurocognitive disorder (HAND), even in the age of antiretroviral therapy. HAND is 

triggered by the infection of immune cells, including microglia, which creates a reservoir for 

HIV in the brain. Infected microglia can in turn elevate the inflammatory response in the brain 

and damage surrounding neurons. Thus, it is important to understand if opoids will enhance the 

progression of HAND. In order to investigate the role of opioids on HIV transcription through 

microglia, we used a human microglia-like cell line which contains a stably integrated, and non-

replicative HIV provirus with a luciferase-based reporter (HIV-NanoLuc CHME-5 E9). To 

determine whether these cells express opioid receptors, we analyzed mu and delta opioid 

receptor immunoreactivity by both immunohistochemistry as well as Western blot, which 

showed that the receptors are indeed expressed in these cells. Exposure of this cell line to various 

concentrations of opioids, such as Fentanyl and Methadone, did not change luciferase activity up 

to 24 hr. These results were also confirmed with a surface biotinylating assay, showing that the 

delta receptor was internalized by exposure to fentanyl, while the mu receptor was not. Thus, it 

appears that opioids do not affect HIV transcription in our model of HIV infection of microglia. 

As a positive control of the experiments, cells were exposed to LPS, a TLR4 agonist that directly 

increase transcription of HIV through its ability to increase the transcription factor of NF-

kappaB. LPS significantly increased luminescence within 24 hr, proving the HIV promoter in 

this model can be activated. These results show that both fentanyl and methadone minimally 

activate transcription of the HIV provirus. Together, these results suggest that in our model of 

HIV infection in microglia, opioids that act on mu opioid receptors do not increase transcription 

of HIV. Therefore, we suggest that commonly prescribed and abused opioids do not enhance 

activation of transcription of HIV, indicating that therapy with methadone might be a suitable 

avenue for treating addiction in people living with HIV. 
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Abstract: Decline in physical movement with aging is supposed to a cause of age-associated 

lowering of the brain function. However, no direct evidence showed that skeletal muscle atrophy 

caused cognitive decline. Our previous study revealed that the skeletal muscle atrophy shifted the 

onset of memory dysfunction earlier without increasing the deposition of amyloid-beta in young 

mice model of Alzheimer’s disease (AD). The atrophied muscles secreted hemopexin, and i.c.v. 

infusion of hemopexin induced cognitive impairment in young AD model and wild-type mice. 

This indicates the possibility that hemopexin is directly involved in the onset of cognitive 

impairment. However, these data were obtained in familial AD model mice, so that it was 

complicated only muscle atrophy was predisposing factor for the onset. This study aimed to 

elucidate the onset of the skeletal muscle atrophy-driven memory impairment and establish a 

new strategy to prevent cognitive impairment by approaching skeletal muscle hemopexin. 

Normal mice (ddY, 11-13 weeks old) were used. To investigate effects of skeletal muscle 

atrophy specifically, we used young mice rather than aged or accelerated senescence mice. The 

bilateral hindlimbs were immobilized by cast-attachment for 14 days. After the cast 

immobilization, wet weights of tibialis anterior and triceps surae were significantly lower in cast-

attached mice than those in non-cast mice. At the same time, object recognition memory in the 

cast-attached mice was impaired although in age-matched non-cast mice showed normal memory 

function. The hindlimb muscles were isolated for organ culture, and conditioned media (CM) 

was collected. Hemopexin levels in the CM, skeletal muscle and hippocampus were increased in 

cast-attached mice. To investigate the neuronal activity after increasing hemopexin concentration 

in the brain, we are currently measuring the expression level of c-Fos using primary cultured 

hippocampal neurons. We are investigating prevention of memory deficit by hemopexin 

antisense oligo injected mice. These evidences indicate that skeletal muscle atrophy induces 

cognitive impairment in young non-AD mice, and hemopexin secreted from skeletal muscle is 

possibly involved in the phenomenon. 
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Abstract: Alzheimer’s disease (AD)-Related Dementias is a group of progressive 

neurodegenerative disorders with mid to late life onset, including Lewy body dementia, 

frontotemporal dementia (FTD) or mixed etiology dementia (MED) such as AD exhibiting TDP-

43 pathology. In efforts to clarify disease mechanisms and identify therapeutic targets for this 

disorder, a critical need is the availability of new multi-dimensional mouse models that replicate 

combinations of co-occurring pathological features of human dementia. Recent studies indicate 

that TDP-43 proteinopathy, initially associated with amyotrophic lateral sclerosis and FTD, is 

also found in 30-60% of AD cases and correlates with worsened neurodegeneration and 

cognitive functions. How TDP-43 pathology contributes to neuron loss and cognitive deficits 

remains elusive. Our previous work supporting the view that loss of TDP-43 splicing repression 

of cryptic exons underlies neurodegeneration led us to hypothesize that in MED, loss of such 

TDP-43 function exacerbates AD pathologies and/or neuron loss. To address this question, we 

generated a mouse model for MED (APPswe/PS1ΔE9;Tau4R;CaMKIIαER;TDP-43F/F) by a 

crossbreeding strategy with our previously characterized inducible model lacking TDP-43 in 

forebrain neurons (CaMKIIαER;TDP-43F/F) and inducible tau (Tau4R) and β-amyloidosis 

(APPswe/PS1ΔE9) mouse models. To test the influence of TDP-43 on tauopathy-dependent 

neurodegeneration, we deleted TDP-43 temporally in excitatory hippocampal neurons through 

oral administration of tamoxifen citrate for 4 weeks in 12 month-old “MED” mice as well as 

CaMKIIαER;TDP-43F/F and APPswe/PS1ΔE9;Tau4R control littermates and these mice were 

subsequently sacrificed and analyzed at 20-month of age. As expected for CaMKIIαER;TDP-

43F/F, we observed selective vulnerability of CA2/3 neurons. As compared to control mice, such 

vulnerability is exacerbated in the MED model. Interestingly, we found a marked loss of granule 

neurons in the dentate gyrus and CA1 subregion of hippocampus of MED mice. We 

characterized the pathological conversion of endogenous tau using immunohistochemistry and 

observed that, as compared to control littermates, TDP-43 loss in MED mice accelerated the 

pathological conversion of endogenous tau. Thus, these intriguing observations are consistent 

with the idea that loss of TDP-43 function accelerates tauopathy-dependent neuron loss in AD 

exhibiting TDP-43 pathology and this novel mouse model holds promise as a faithful mimic for 

this type of MED. 
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Abstract: Transactive response (TAR) DNA-binding protein 43 (TDP-43) is widely expressed 

nuclear protein which regulates the expression of a variety of genes via regulating RNA splicing, 

trafficking, and/or stabilization. Under pathological context, TDP-43 is mislocalized to 

cytoplasm and aggregated into insoluble inclusions, leading to neurodegeneration in various 

neurodegenerative diseases, such as Amyotrophic lateral sclerosis (ALS), Frontotemporal 

dementia (FTD), and Alzheimer's disease (AD). However, our understanding of the pathological 

mechanisms of TDP-43 proteinopathies remains elusive. Therefore, it is critical to identify the 

regulation mechanisms of TDP-43 pathology to develop novel therapeutic interventions. To 

identify a novel regulation of TDP-43 expression, we developed a cellular model of TDP-43 

proteinopathies using neuronal cells. Using this cellular model, we identified 

Phosphatidylinositol binding clathrin assembly protein (Picalm) as a novel regulator of TDP-43 

expression. We validated that the protein levels of Picalm is dramatically decreased upon TDP-

43 overexpression. Furthermore, we demonstrated that overexpression of Picalm strongly 

suppressed the TDP-43 expression. Our data suggest that Picalm is a novel regulator of TDP-43 

expression and may represent a novel therapeutic targets for TDP-43 proteinopathies. In the 

further study, we will dissect how Picalm regulates TDP-43 expression. 
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Abstract: TAR DNA-binding protein-43 (TDP-43) pathology is characterized by the 

mislocalization of the protein from the nucleus into cytoplasmic deposits where it undergoes 

hyperphosphorylation, ubiquitination and proteolytic fragmentation. The presence of large 

phospho-TDP-43 (pTDP-43) positive aggregates is the major neuropathological hallmark in 

~97% of ALS and ~50% of FTD cases, two progressive and devastating neurodegenerative 

disorders with overlapping genetic, clinical, and histopathological features. TDP-43 pathology 

can be classified into distinct subtypes based on the distribution and morphology of the 

aggregates, but the composition of the aggregates and the nature of these differences remains 

unknown. As a limitation of current technologies, the in-depth characterization of 

neuropathologic TDP-43 inclusions has historically been difficult to address, since these 

aggregates are detergent-insoluble, and thus refractory to classical affinity purification methods. 

Current cellular and animal models of TDP-43 pathology do not authentically replicate aggregate 

formation and spread observed in human pathological disease entities and are therefore not 

suitable to address this important question. To address the limitation of current approaches, we 

are using the novel spatial proteomics method developed by Syncell for the proximity-labeling, 

purification, and proteomic profiling of pathological TDP-43 aggregates from fixed human 

patient tissue, using both sporadic and familial FTD/ALS cases with abundant pTDP-43 

pathology. The Microscoop system facilitates optical biotinylation of cytoplasmic pTDP-43 

structures using patented nano-laser technology and guided by AI-trained image processing. 

Purification of the isolate has been analyzed by quantitative mass-spectrometry to obtain the first 

de novo pathological TDP-43 proteomes from human brain of over 450 proteins. Future studies 

aim to focus on the differences between FTD/ALS diseases with morphologically divergent 

patterns of TDP-43 pathology and candidates will be validated in larger post-mortem cohorts, to 

determine the functional roles of these aggregate-associated proteins in TDP-43 mislocalization 

and aggregation. This knowledge will be critical for developing new biomarkers and therapeutic 

strategies to track and target aberrant phase separation in ALS/FTD and other devastating 

neurodegenerative disorders with TDP-43 proteinopathy. 
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Abstract: TDP-43 neuropathologic changes are associated with Alzheimer’s disease (AD) and 

cognitive impairment in older adults. Whether loss of TDP-43 function occurs early in the aging 

brain is unknown. The association of TDP-43 proteinopathy with Alzheimer’s disease 

neuropathologic changes (AD-NC) and its contribution to decline in different cognitive domains 

in the aging population are not fully understood. We assessed TDP-43 neuropathologic changes 

and AD-NC in 309 autopsied brains from the Baltimore Longitudinal Study of Aging (BLSA) 

and 24 autopsied brains from a younger forensic cohort. We show that nuclear clearance of TDP-

43 and TDP-43 loss-of-function judged by inclusion of cryptic exons occurs since 50s, preceding 

by a decade the appearance of the earliest TDP-43+ neuronal cytoplasmic inclusions (NCIs). 

Accumulation of a cryptic exon-encoded neoepitope is observed in neurons exhibiting nuclear 

clearance of TDP-43. In the BLSA participants, age at death, female sex, high CERAD NP score, 

and high Braak NF stage significantly increase the odds of TDP-43+ neuronal cytoplasmic 

inclusions (NCIs) presence. Using linear mixed effects models, TDP-43+ NCIs positivity 

showed significant association with the cognitive trajectories of California Verbal Learning Test 

(CVLT) immediate recall, Card Rotation Test, MMSE and category fluency test. The 

associations of TDP-43+ NCIs positivity with CVLT immediate recall (memory function) and 

Card Rotation (visual-spatial function) Test remain significant after adjusting for AD-NC. This 

study shows that loss of TDP-43 function is preceded the aggregates of TDP-43 protein in the 

NCIs, and TDP-43 proteinopathy is associated with the decline of memory and visuo-spatial 

ability in the aging population and that this association is independent of AD. 
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Abstract: Frontotemporal lobar degeneration (FTLD) is a type of dementia characterized by 

degeneration of the frontal lobes, temporal lobes, and basal ganglia, with clinical features such as 

loss of cognitive function, behavioral changes such as compulsivity, and personality changes. On 

the other hand, amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease that affects 

the motor system and causes progressive muscle weakness, including respiratory muscle 

weakness, but also shows compulsive tendencies, as in patients with FTLD. Despite these two 

diseases have different clinical features, there is overlap regarding associated molecules and 

behavioral changes, such as compulsive tendencies. In this study, in order to develop a 

translatable indicator between humans and marmosets for FTLD/ALS, a probabilistic reversal 

learning (PRL) task was performed on humans and model marmosets. To generate FTLD/ALS 

model marmosets, fused in sarcoma (FUS), one of the common factors of FTLD and ALS was 

focused on. 90 ALS patients and 127 cognitively normal participants performed the PRL task. 

Data from 56 ALS patients and 60 control participants were valid. Based on these data, four 

indicators of heuristic learning strategies in PRL: "win-stay," "lose-shift," "win-shift," and "lose-

stay were calculated and compared between 2 groups. In addition, participants performed MRI 

scans. These MRI data were conducted for VBM analysis and resting-state network analysis. As 

a result, there were no significant differences in scores on the PRL task between the ASL group 

and the control group. However, in a comparison of four indicators, the number of "lose-shifts" 

was significantly reduced overall, before and after a reversal in human ALS patients compared to 

healthy controls. For experiments with marmosets, we designed shRNAs against the marmoset 

FUS gene and generated an AAV9 virus encoding the most effective shRNA against FUS. The 

AAV encoding shFUS was introduced into the bilateral caudate heads of marmosets, whereas 



AAV encoding randomized shRNA was injected as a control. Next, marmosets conducted a PRL 

task to investigate decision-making abnormalities. As a result, MRI analysis revealed that 

compared to control marmosets, the FUS-KD marmosets reduced neural connectivity between 

PFC and caudate nucleus. However, there were no significant differences between the two 

groups in PRL task scores and in the four indices. These results suggest that the PRL task can be 

used as a new index for early diagnosis of ALS patients. However, the PRL task for marmosets 

needs to be adjusted to be used as a translatable indicator between humans and marmosets. 
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Abstract: Immunotherapy targeting tau has emerged as a promising therapeutic strategy to 

provide disease-modifying treatment for Alzheimer’s disease (AD) and other tauopathies. A 

number of monoclonal antibodies have reached AD clinical trials. However, no effective 

antibody therapy has been approved thus far. Therefore, searching for exceptional strong binders 

to pathological tau is still needed. Binding affinity and potency of antibodies to multimeric 

targets such as aggregated tau can be greatly enhanced by avidity. Here, we generated 

monovalent, bivalent, and tetravalent tau antibodies and investigated if increased valency 

improves sensitivity and efficacy of a tau antibody to pathological tau species. PHF1, a 

monoclonal antibody selectively binding to pathologically phosphorylated tau at S396/404, was 

used as the parent antibody. We have created a tetravalent PHF1 to increase avidity through 

recombinant fusion of single chain variable fragments of PHF1 to the N-terminal ends of PHF1 

heavy chains, forming a novel tetravalent molecule called TetraPHF1. We were able to produce 



this TetraPHF1 at high yield and purity similar to its parent PHF1, without compromising 

biophysical properties required for effective drug development. To reduce the valency of PHF1, 

we also engineered a monovalent PHF1 antibody called AB095PHF1 by replacing one arm of 

the PHF1 Fabs with sequences that does not recognize tau. Surface Plasmon Resonance (SPR) 

and ELISA demonstrated that, compared to the bivalent parent PHF1, TetraPHF1 had much 

stronger binding to both recombinant phosphorylated tau aggregates and human AD brain MC1-

immunopurified tau species, while retaining intermediate binding to tau phosphorylated 

monomers and a pS396 containing tau peptide (20 aa in length). AB095PHF1 showed 

diminished binding compared to both TetraPHF1 and the parent PHF1, suggesting a crucial role 

of avidity for tau aggregate binding of PHF1. In addition, we observed that TetraPHF1 mediated 

significantly higher levels of tau aggregate uptake in N9 and SIM A9 microglia cells than 

observed for the bivalent parent. This result was supported by in-solution complexation and 

SEC-MALS analysis where TetraPHF1 formed higher order complexes than the parent PHF1. 

Furthermore, in vitro immunoprecipitation with human AD brain lysate, SIMOA analysis, and 

seeding study in tau biosensor cells indicated that TetraPHF1 immuno-depleted more seeding 

competent tau compared to its parent PHF1. Together, this study introduces a novel multivalent 

design of anti-tau antibody with increased valency to promote binding avidity to pathological tau 

species. 
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Abstract: Amyotrophic Lateral Sclerosis (ALS) is a devastating neurodegenerative disease 

affecting both upper and lower motor neurons. Clinical studies indicate that ALS can start 

focally and then spread within the spinal cord and in the cortex. Multiple lines of evidence 

indicate that the disease-causing mutant proteins identified in ALS patients, such as C9orf72-



associated dipeptide repeats (DPRs), superoxide dismutase 1, or transactive response DNA-

binding protein 43, and can form aggregates and these aggregates can spread from cell-to-cell in 

different ALS models. Understanding how these proteins propagate in ALS models can reveal 

novel therapeutic targets that can potentially slow down or halt this propagation. One way cell-

to-cell communication occurs is through extracellular vesicles (EVs). Exosomes are a major type 

of EVs that are derived from the endosomal pathway through the formation of intraluminal 

vesicles that occur with negative curvature of the endosomal membrane. 

Interestingly, several studies have identified an increase in sphingomyelin (SM) and ceramide in 

either ALS patients or transgenic mice models. Ceramide is an integral component of exosomal 

membranes. A major source of ceramide production is through the hydrolysis reaction of SM by 

the action of neutral sphingomyelinase 2 (nSMase2). Inhibition of exosome biogenesis by 

nSMase2 both at genetic and pharmacological level, has been shown to halt amyloid-beta 

aggregation and tau propagation in different Alzheimer’s Disease models. Interestingly, 

nSMase2 inhibition has also been shown to play a role in the production of amyloid-beta albeit 

independent of its involvement in EV production. We hypothesize that exosome-mediated 

secretion of DPRs is one of the major contributing factors to cell-to-cell propagation of these 

aggregates, although their role in causing cell injury remains unclear in patients as well as 

endogenous expressing models. Using an in vitro model system, we detected DPR species in 

isolated EV fractions, in agreement with the current literature. Preliminary experiments suggest 

that these DPRs can propagate into new recipient cells. Furthermore, using a non-competitive 

inhibitor against nSMase2 - phenyl(R)‐(1‐(3‐(3,4‐dimethoxyphenyl)‐2,6‐dimethylimidazo[1,2‐

b]pyridazin‐8‐yl)pyrrolidin‐3‐yl)‐carbamate (PDDC) - in a C9-AAV mouse model suggests that 

nSMase2 inhibition has the potential to decrease DPR burden. 
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Abstract: Title: Sortilin Inhibition with VES001 and Elevation of Progranulin as a Novel 

Therapeutic Approach in FTD-GRN and Other Neurodegenerative Diseases. 

Authors: Louise Klem, Pontus Klein, Manuel Cases-Thomas, Paul Little, Anders Nykjaer, Mads 

Kjolby. 

Aims: Progranulin deficiency is associated with different neurodegenerative disorders, including 

GRN-related frontotemporal dementia (FTD-GRN), and is associated with exacerbated 

neuroinflammation. Heterozygote carriers of null GRN mutations have 50% PGRN levels 

relative to healthy controls. Vesper Bio has developed novel sortilin inhibitors for oral 

administration and are investigating the therapeutic potential within different neurodegenerative 

diseases. The lead candidate, VES001, will enter Phase 1 clinical trials Q4 2023. 

Methods and materials: Characterization of VES001 included quantification of target affinity 

by Grating-Coupled Interferometry, competition binding with PGRN by flow cytometry, and 

PK/PD studies in different species. The PK/PD studies included two rat studies that a) quantified 

changes in plasma following a range of single doses of VES001, and b) quantified changes in 

plasma, CSF, and brain interstitial fluid following repeated administration of VES001 in a 

microdialysis experiment. Pharmacodynamic changes in PGRN were quantified relative to 

baseline levels. 

Results: VES001 shows a high affinity for sortilin across multiple species and inhibits PGRN 

binding. VES001 was measured in all compartments. Single-dose VES001 administration 

increased plasma PGRN up to 1.5-fold, and repeated dosing increased progranulin in plasma, 

CSF, and brain PGRN ~2-fold with the selected dose-range. The vehicle groups did not show 

changes in PGRN. 

Conclusion: Sortilin inhibition increases progranulin in different compartments and holds 

promise as a novel therapeutic approach to attenuate neuroinflammation and neurodegeneration 

for different neurodegenerative disorders, including FTD-GRN. 

Keywords: sortilin, progranulin, neurodegeneration, neuroinflammation, FTD, FTD-GRN, PD, 

ALS, AD 
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Abstract: Down syndrome (DS) is the most common and best-known chromosomal disorder in 

humans and the most frequent cause of intellectual disability of genetic origin, affecting about 6 

million people worldwide. Individuals with DS may develop Alzheimer disease (AD) by age 55-

60 years, and sometimes as young as 40 years due to the triplication of the amyloid β precursor 

protein (ABPP) gene, which is located on chromosome 21. The AD neuropathological phenotype 

observed in individuals with DS includes amyloid-β (AB) deposition (parenchymal and vascular) 

and neurofibrillary tangles (NFTs) comprised of tau protein. Aβ peptide species ending at 42 

(AB42) are the main component of senile plaques and diffuse deposits in AD and AD in DS, 

while Aβ peptides ending at position 40 (AB40) are the predominant Aβ peptides found in both 

leptomeningeal and cortical vessels. Whether there is a difference in the structures of AB and tau 

filaments between AD in DS and AD, is unknown. The recent characterization by cryo-electron 

microscopy (cryo-EM) of the structure of AB and tau filaments in AD and related disorders 

allows researchers to gain further insights into similarities and differences between AD and AD 

in DS, by comparing the structure of AB and tau filaments between the two. Herein, we used 

cryo-EM to characterize AB and tau filaments extracted from the brain of two individuals with 

DS. Presence of AD pathology in both cases was neuropathologically confirmed. Trisomy 21 

was verified by chromosomal microarray analysis on genomic DNA from brain tissue. We found 

two types of AB42 filaments (I and II) identical to those found in sporadic and familiar AD and 

two novel AB40 filaments that differ from those previously reported in sporadic AD. We also 

characterized the filamentous tau inclusions deposited in DS. Tau filaments (PHFs and SFs) were 

identical to those in AD, supporting the notion of a common mechanism through which amyloids 

trigger aggregation of tau. This knowledge is crucial for understanding AD in DS and assessing 

whether adults with DS could be included in AD clinical trials. 
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Abstract: Niemann-Pick Disease type C (NPC) is a rare neurodegenerative disorder caused by 

mutations in the genes Npc1 or Npc2, with Npc1 accounting for 95% of cases. The Npc1 and 

Npc2 genes encode for the NPC1 and NPC2 proteins, respectively, which are believed to be 

responsible for the transport of cholesterol from the late-endosome/lysosome to other 

compartments of the cell. Loss of function of these proteins results in intracellular cholesterol 

accumulation, calcium dysregulation, oxidative stress, lipid peroxidation and a proinflammatory 

environment. The mechanisms by which these pathological hallmarks are linked within a 

pathogenic network are not well understood. Within the brain, cerebellar Purkinje cells are 

particularly sensitive to NPC1 mutations. Purkinje cells, GABAergic inhibitory neurons, are the 

sole output from the cerebellum, and they serve multiple functions to optimize motor 

coordination, learning, memory and, uniquely, they are one of the few cells with 

neurosteroidogenic properties. Within Purkinje cells, neurosteroid synthesis occurs in the 

mitochondrial inner membrane and relies on cholesterol as a precursor. Npc1-/- models 

demonstrate a decrease in neurosteroid synthesis, due to unavailability of cholesterol. This is 

significant because neurosteroids play a critical role in mitochondria by regulating Ca2+ 

homeostasis. Accordingly, we hypothesize that impaired neurosteroidogenesis in Purkinje cells 

may contribute to cell death in NPC through dysregulated calcium signaling in mitochondria 

which would exacerbate oxidative stress resulting in lipid peroxidation and a proinflammatory 

environment. To address our hypothesis, we utilized a genome-wide cerebellum transcriptome 

analysis of pre-symptomatic Npc1-/- mice and age-matched wild-type mice, and we report that, 

indeed, there are significant differences in the expression of genes involved in 

neurosteroidogenic and calcium homeostasis pathways between healthy and Npc1-/- mice. 

Because these differences occur prior to disease onset, our findings support a causative role for 

neurosteroid synthesis dysregulation and mitochondrial Ca2+ dyshomeostasis in NPC 

pathogenesis. 
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Abstract: Dysfunction or loss of GABAergic inhibitory neurons has been implicated in the 

epileptogenesis of multiple neurodegenerative diseases. Our recent work has revealed a fatal 

seizure phenotype in Cln2R207X mice, which models CLN2 disease, a common form of 

childhood-onset neurodegenerative disorders called neuronal ceroid lipofuscinoses (NCLs). 

CLN2 disease is caused by a deficiency of the soluble lysosomal enzyme TPP1. These mice 

display an early loss of several cortical inhibitory neuron populations including those positive for 

parvalbumin, somatostatin and calbindin, although those neurons in the hippocampus are 

relatively spared. These findings led us to hypothesize that cortical interneuron loss may 

contribute to the epileptogenesis associated with CLN2 disease. We have been investigating this 

hypothesis using two complimentary strategies. Firstly, we selectively enhanced interneuron 

activities in Cln2R207X mice using Designer Receptors Exclusively Activated by Designer Drugs 

(DREADDs). This was achieved by orally administrating the novel DREADD ligand, 

deschloroclozapine (DCZ), to Vgat-Cre: Cln2R207X mice expressing Cre-dependent hM3Dq. 

Longitudinal EEG monitoring has shown that chronic DCZ administration exacerbated 

spontaneous seizures and interictal abnormalities in the hM3Dq-expressing Vgat-Cre: Cln2R207X 

mice compared to the control mCherry-expressing Vgat-Cre: Cln2R207X mice, suggesting that 

modulating interneuron activity can exert influence over epileptiform abnormalities in CLN2 

disease. Secondly, we have generated interneuron-specific Cln2R207X mice using our transgenic 

mice expressing hTPP1 tethered to the transmembrane portion of lysosomal associated 

membrane protein 1 (LAMP1). This TPP1LAMP1 fusion protein is biologically active but not 

secreted extracellularly, allowing us to study the cell-autonomous effects of TPP1 deficiency in 

vivo. After confirming that homozygous expression of LoxP-flanked TPP1LAMP1 rescued 

neuropathological and behavioral abnormalities of Cln2R207X mice, we have crossed these mice 

with Vgat-Cre mice to introduce interneuron-specific TPP1 deficiency. We are currently 

exploring whether this impacts seizure generation through longitudinal EEG recording. We will 

report the outcome of these studies to determine whether interneuron network dysfunction is 

sufficient to trigger the spontaneous seizures and other neuropathological changes that 

characterize CLN2 disease. 
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Abstract: Dementia with Lewy Bodies (DLB) is the second most common neurodegenerative 

cause of dementia after Alzheimer’s disease. Clinical features of DLB include variable attention 

and alertness, spontaneous parkinsonism, rapid eye movement sleep disorder, and recurrent 

visual hallucinations. DLB is characterized by: 1) aggregates of, alpha-synuclein (α-syn) Lewy 

bodies (LBs), amyloid-beta (A𝛽;) peptides as plaques and, to a variable extent, 

hyperphosphorylated tau protein as neurofibrillary tangles (NFTs); 2) Nigrostriatal degeneration; 

and 3) DLB-relevant behavioral symptomatology. Aggregated co-occurring proteinopathies in 

DLB are particularly prominent in cortical (temporo-occipital) and limbic (entorhinal cortex, 

cingulate, hippocampus CA1) regions. Some characteristics of DLB such as LB and plaque co-

pathologies have been replicated in rodent models. However, no rodent model has recapitulated 

the full spectrum of DLB. Thus, we are developing a novel DLB rat model by combining the 

transgenic (Tg) F344 rat model of Alzheimer’s Disease (AD) with specifically targeted 

intracerebral injections of mouse α-syn preformed fibrils (PFFs). The TgF344-AD rat model 

expresses mutant human amyloid precursor protein and presenilin 1 genes resulting in age-

dependent accumulation of plaques and NFTs, cortical and hippocampal neurodegeneration, and 

cognitive disturbances. Nigrostriatal α-syn PFF injections result in accumulation of pathological 

α-syn in cortical, limbic and nigrostriatal regions, followed by nigrostriatal degeneration and 

motor deficits. Total of 14 male F344 wildtype (WT) and AD Tg rats have received bilateral 

intranigral injections of α-syn PFFs or α-syn monomer (control) at 6 months of age, which will 

be followed by additional bilateral intrastriatal PFF and monomer injections at 10 months of age. 

Rats will be assessed for behavioral performance prior to euthanasia at 14 months of age. We 

hypothesize that PFF injected TgF344-AD rats will exhibit: 1) abundant LBs, plaques, and NFT 

co-pathologies with upregulation of neuroinflammatory markers in cortical and limbic brain 

areas; 2) significant nigrostriatal degeneration; and 3) behavioral impairments. Postmortem 

assessments will focus on the amygdala, entorhinal cortex, cingulate cortex, hippocampus, 



striatum and substantia nigra to determine the impact of plaques + NFTs with and without LB 

co-pathology; glial reactivity; and neurodegeneration. A rodent model that integrates the entire 

repertoire of DLB co-pathologies and related behaviors will increase understanding of the 

proteinopathy in DLB and facilitate preclinical assessment of novel disease modifying therapies. 

Disclosures:  M. Hore: None. C.J. Kemp: None. J.R. Patterson: None. J.W. Howe: None. M. 

Kubik: None. M. Gifani: None. C.E. Sortwell: None. S.E. Counts: None. 

Poster 

PSTR014. Dementias and Proteinopathies: Mechanisms and Pathology 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR014.27/G7 

Topic: C.02. Alzheimer's Disease and Other Dementias 

Support: ADTP T32 2T32AG052354-06A1 

Title: Expression of TMEM106B C-Terminal Fragment Drives Neurodegenerative 

Proteinopathy in Transgenic C. Elegans 

Authors: *R. RIORDAN1,5, A. SAXTON5,2, P. MCMILLAN5, C. LATIMER3, D. C. KEENE3, 

N. LIACHKO5,4,3,2, B. KRAEMER5,4,3,2;  
2Div. of Gerontology and Geriatric Med., 3Dept. of Pathology, 4Dept. of Psychiatry and 

Behavioral Sci., 1Univ. of Washington, Seattle, WA; 5Geriatrics Res. Educ. and Clin. Ctr., 

Veterans Affairs Puget Sound Hlth. Care Ctr., Seattle, WA 

Abstract: Neurodegenerative diseases such as Alzheimer’s Disease (AD) and frontotemporal 

lobar degeneration (FTLD), commonly involve aging related protein aggregation of specific 

proteins, which leads to neuronal impairment or death. In many cases of AD and AD related 

dementia (ADRD), one or multiple aggregating proteins form inclusions driving 

neurodegenerative disease. Diseases driven by dysfunctional aggregated proteins are called 

proteinopathies and exhibit aggregates of Aβ1-42, FUS, Synuclein, tau, TDP-43, and/or UBQLN2. 

Understanding the mechanisms through which protein aggregation drives neurodegeneration as 

well as the interplay between distinct pathological proteins is vital for developing and improving 

therapeutic interventions for such disease. Genetic variation of lysosomal protein, 

transmembrane protein 106B (TMEM106B) is known as a risk factor for a diverse range of 

neurodegenerative disorders, especially FTLD with progranulin (GRN) haplo-insufficiency, 

though the mechanisms involved are not yet understood. Through advances in cryo-electron 

microscopy (cryo-EM), aggregates of the C-Terminal domain of TMEM106B (TMEM CT) were 

discovered to make up previously unidentifiable protein aggregates in the brains of human 

FTLD, AD, progressive supranuclear palsy (PSP), and dementia with Lewy Bodies (DLB) 

patients. While it is currently unknown what role TMEM CT aggregation plays in neuronal loss, 

its presence across a variety of neurodegenerative diseases indicates involvement in multi-

proteinopathy driven neurodegeneration. To determine the TMEM CT aggregation propensity 



and neurodegenerative potential, we characterized a novel C. elegans model expressing the 

TMEM CT fragment constituting the fibrillar core in FTLD cases. We found that C. elegans pan-

neuronal expression of TMEM CT causes neuronal dysfunction as evidenced by behavioral 

analysis. Behavioral dysfunction was accompanied by neurodegeneration as illustrated by loss of 

GABAergic neurons. To investigate the mechanisms driving TMEM106B proteinopathy, we 

aimed to explore the impact of GRN loss on the neurodegenerative effect of TMEM CT 

expression. To this end, we generated TMEM CT expressing C. elegans with either full or partial 

loss of progranulin-1 (PGRN), the C. elegans equivalent of human GRN. Neither full nor partial 

loss of PGRN altered the motor phenotype of our TMEM CT model, indicating the role of 

PGRN may be too far upstream in pathology to observe in our model. Taken together, our data 

suggest expression of TMEM CT in C. elegans neurons provides a useful model for the 

functional characterization of TMEM106B proteinopathy in neurodegenerative disease. 
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Abstract: Mitochondrial dysfunction is one of the major pathologic hallmarks in aging and late 

onset Alzheimer's disease (LOAD). Several alterations in mitochondrial function are described 

such as reduced mitochondrial membrane potential (MMP), lower ATP levels and enhanced 

reactive oxygen species (ROS). These alterations are strongly related to a decreased effectivity of 

the respiratory chain (OXPHOS). In addition, the protein expression of several complexes of the 

OXPHOS including complex I is reduced in aging and LOAD. Previous data from our group 

showed, that complex I-derived ROS shift Amyloid precursor protein (APP) processing towards 

toxic Amyloid β (Aβ) generation, initiating this vicious cycle. Therefore, we analyzed whether 

plant extracts such as Ginkgo biloba or other potent antioxidant extracts affect mitochondrial 

dysfunction! First, to investigate protective effects of a selection of 48 defined plant extracts on 



mitochondrial function, a screening was performed by measuring ATP levels (n=6) in SH-SY5Y 

Mock cells in physiological conditions. To evaluate basal effects, we used piracetam (metabolic 

enhancer) as positive control and rotenone (complex I inhibitor) as negative control. Our results 

allowed us to select extracts regarding their significant increase in ATP formation. 20 plant 

extracts proved to be very promising. Second, we investigated effects of these plant extracts on 

MMP and complex I activity (n=6). This suggests that they have beneficial effects on improving 

mitochondrial function. To analyze alterations in protein expression in future experiments, we 

already treated cells with extracts for 24 h during the screening process. In conclusion, we 

identified 10 highly interesting plant extracts with protective effects on mitochondrial function! 
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Abstract: Although many cohort studies have shown an association between poor oral function 

and the development of dementia and cognitive decline, the molecular physiological mechanisms 

linking poor oral function and dementia are not clear. In Alzheimer's disease, neuronal cell death 

occurs in the locus coeruleus (LC) early in the dementia. Recently, it was reported that tooth 

extraction decreases the number of neurons in the locus coeruleus. When bite pressure is applied 

to the teeth, primary sensations are transmitted from the periodontal ligament (PDL) to the 

trigeminal ganglion (TG) and the trigeminal mesencephalic nucleus (Me5), and from the muscle 



spindles of the masseter muscle to the Me5. Primary sensory neurons are usually located outside 

the brain (e.g., dorsal root ganglion, trigeminal ganglion, and ganglia of glossopharyngeal and 

vagus nerves). However, the Me5 is exceptionally located inside the brainstem, adjacent to the 

LC. Neurotrophic factors such as NGF and BDNF and axon guidance proteins including Wnt 

family are known to be involved in neurite outgrowth. The rPDL cells expressed Ngf, Bdnf, Ntf4 

and Wnt5a. Only Wnt5a in rPDL cells increases in a stimulation-period dependent manner, and 

enhances neurite outgrowth in trigeminal ganglion neurons (Takahashi, et al., 2022). We 

hypothesize that factors released from mechanically stimulated PDL cells similarly regulate 

survival and maintenance of the Me5 neurons.We established primary PDL cell lines derived 

from rat molar tooth. The rPDL cells were loaded with periodic mechanical stimulation (0.5 Hz, 

15% elongation). The culture medium for the primary mouse Me5 neurons was replaced with the 

supernatant media of the rPDL cells with or without mechanical stimulation. The supernatant 

medium of the mechanically stimulated rPDL cells enhanced the neurite outgrowth and this 

effect was suppressed by anti-Wnt5a antibody. One month after tooth extraction, Wnt5a protein 

in Me5 was predominantly reduced compared with that of control mice (p=0.016, n=4, paired t-

test) using ELISA. These results suggest that Wnt5a, produced by mechanically stimulated rPDL 

cells, regulates neurite outgrowth of Me5 neurons. 
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Abstract: Sensory stimulation is an emerging therapeutic approach for the treatment of 

Alzheimer’s disease (AD). A recent study (Overture, NCT03556280) in mild-to-moderate AD 

participants showed that daily home-use of Cognito Therapeutics’ gamma frequency Sensory 

Stimulation System significantly slowed decline of function (AD Cooperative Study Activities of 

Daily Living (ADCS-ADL)), cognition (Mini Mental State Exam (MMSE)), and MRI whole 

brain volume. Separately, several groups have investigated the relationship between resting-state 



EEG (rs-EEG) and severity of AD. As rs-EEG offers an accessible physiological measurement, 

we characterized the relationship between rs-EEG and key clinical markers at baseline from 

Overture, a randomized, sham-controlled, 6-month clinical trial. Rs-EEG parameters included 

90-180s recording of eyes-open and eyes-closed via a 32- or 64-Channel Waveguard Cap (ANT 

Neuro). EEG data from 70 participants with mild-to-moderate AD were bandpass filtered, 

referenced to a common average, and divided into 2-second epochs with 1-second overlap via 

MATLAB. Power spectra (Welch's method) were computed for all epochs and all available 

channels plus occipital-specific channels. Automated artifact detection was used to reject 

individual epochs, and estimates of relative power were estimated as the median of retained 

epochs. In addition, alpha/theta ratio was computed, as others have associated this with AD. 

Each metric was averaged across 30 channels of a 10-20 montage to a single estimate for each 

metric. Resulting EEG estimates were correlated with MMSE, ADCS-ADL, and normalized 

whole brain volume, which consists of structural T1-weighted MRI processed by Biospective 

Inc. and normalized by intracranial volume. Some datasets were missing or excluded due to 

quality. As this was an exploratory analysis, corrections for multiple comparisons were not 

performed. Occipital alpha/theta ratio was the strongest correlate for normalized whole brain 

volume (occipital left (OL): r=0.47 p=0.0008 n=48, occipital right (OR): r=0.46 p=0.0008 n=49), 

relative occipital alpha power for ADCS-ADL (OL: r=0.32 p=0.0107 n=61, OR: r=0.32 

p=0.0115 n=62), and for MMSE (OL: r=0.41 p=0.0011 n=61, OR: r=0.38 p=0.0024 n=62). 

These findings broadly align with other groups who have established a relationship between 

decreased alpha power and increased volumetric atrophy/decreased MMSE scores in AD. By 

investigating the relationship between rs-EEG and disease state, we aim to establish a foundation 

for evaluating the effects of Cognito Therapeutics’ Sensory Stimulation System on disease state 

as reflected by rs-EEG. 
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Abstract: Preclinical transgenic mouse models of Alzheimer’s disease (AD) have shown that 

non-invasive, visual and auditory gamma sensory stimulation diminishes AD-related 

pathologies. The Sensory Stimulation System is a home-use gamma sensory stimulation device 

developed by Cognito Therapeutics, Inc. (Cambridge, MA) to evoke steady state, EEG-

confirmed, gamma oscillations in humans for the treatment of AD. In the FLICKER study 

(NCT03543878) ten, amyloid positive participants with MCI were recruited from the Emory 

Goizueta Alzheimer's Disease Research Center (ADRC) and received 4 or 8 weeks of daily, one-

hour gamma sensory stimulation. Cerebrospinal fluid (CSF) was collected at baseline, 4- and 8-

week follow-up time points. Unbiased proteomic analysis of CSF samples was conducted to 

characterize underlying mechanism of action and assess effects of treatment using sensory 

stimulation. Unbiased proteomic quantification and analysis was conducted (Emtherapro, 

Atlanta, GA) using tandem-mass tag mass spectrometry (TMT-MS) of CSF collected from 

FLICKER participants. CSF proteome of FLICKER participants were mapped to the brain-

derived co-expression modules to characterize underlying mechanism of action at a molecular 

level and, to assess effect of treatment on participants (Johnson et. al., 2022). A total of 2,785 

CSF proteins were detected across all CSF samples. Differential expression analysis of proteins 

from baseline (N=5) vs. FLICKER treatment (N=5, 8 weeks) revealed 110 proteins that met the 

significance threshold of p<0.05 with 60 proteins upregulated and 50 proteins downregulated as 

result of treatment. Treatment had a significant impact on CSF proteins linked to AD biologies 

represented by brain modules related to Complement/acute phase (M26), Synapse/neuron (M1), 

Oligo/myelination (M3), Post synaptic density (M5), and Neurotransmitter regulation (M36). 

Ongoing analysis is focused on mapping CSF proteins to cell-type specificity to identify cells 

involved in gamma sensory stimulation. These results show human biomarker support 

demonstrating the broad mechanism of gamma sensory stimulation on white matter changes, 

synaptic regulation, glial function, and immunological responses. 
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Abstract: Background: Synaptic vesicle glycoprotein 2A (SV2A) is a transmembrane synaptic 

vesicle protein that regulates vesicle exocytosis and neurotransmitter release. Positron emission 

tomography (PET) studies reveal that the levels of SV2A are decreased in the brains of patients 

with Alzheimer’s disease (AD) and other brain disorders. Whether changes in SV2A PET signal 

are caused by a loss of synapses or a loss of SV2A protein is unclear and an impediment to 

developing novel treatments for neurodegenerative diseases. The goal of this study is to 

determine the biological underpinnings of reduced SV2A signal in individuals with AD. Method: 

We examined post-mortem brain samples from the entorhinal cortex (EC) and cerebellum 

(CBM) in AD patients and age- and sex-matched controls without neurological conditions (EC 

n=19 AD, 15 controls; CBM n=11 AD, 12 controls). We explored differences in synaptic density 

and synaptic ultrastructure using array tomography and electron microscopy, and analyzed data 

using linear mixed-effects models (with post-hoc Tukey comparisons) and Spearman 

correlations. Results: SV2A puncta density measured with array tomography in both brain 

regions strongly correlates with synaptophysin puncta density, the gold standard marker for 

synapse density in post-mortem brain tissue (p=0.87EC, p=0.72 CBM, p<0.001 both regions). 

We observed regional differences in SV2A densities between CBM and EC and slightly higher 

SV2A puncta density in AD CBM (p=0.006) cases compared to controls. There were no 

difference in the proportion of synaptophysin puncta labelled with SV2A in AD vs control 

(p=0.39). Electron microscopy revealed immunogold labelled SV2A protein localized 



specifically to presynaptic vesicles and no difference in the number of immuno-gold labelled 

SV2A particles per synapse (p=0.53). Conclusion: Our data indicate that the loss of SV2A PET 

signal reported in vivo in patients with AD is likely caused by a loss of synapses and not the loss 

of SV2A protein within remaining synapses. These findings indicate that changes in SV2A PET 

signal are due to synaptic loss and that strategies for reversing synaptic loss or associated 

neuropathophysiological effects may be important to the treatment of AD and other 

synaptopathies. This work is part of the SV2A PET Project, a program of the FNIH Biomarker 

Consortium. 
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Abstract: Background: Cellular senescence is a stress response characterized by resistance to 

apoptosis, cell cycle arrest, and the release of senescence-associated secretory protein (SASP) 

implicated in Alzheimer’s disease and related dementias (ADRD). Previous studies in our 

laboratory have identified an upregulation of CDKN2D/ p19INK4d expression in neuronal 

senescent cells in postmortem human brains with various levels of AD neuropathology. We 

hypothesized that overexpressing Cdkn2d would induce senescence in mouse neurons in vivo. 

Methods: Experimental Cdkn2d-GFP, or control GFP gene expression were delivered using 

adeno-associated virus 9 (AAV9) with the neuron specific human Synapsin I (hSyn1) promoter. 

Precise delivery of 0.5µl of 1013 IU virus into four neuronal populations per mouse, bilateral 

hippocampal CA1 and cortical layer 5 neurons was accomplished with the assistance of a 

stereotaxic robot. Male and female wild type, human tau transgenic and mouse tau knockout 

mice were used (12-13 months-old, n=10-14 per group). Mice were euthanized at either two 

weeks or eight weeks post-surgery to determine the short- and long-term effects of Cdkn2d 

expression. GeoMx digital spatial profiler was utilized to quantify protein expression between 

Cdkn2d infected and uninfected neighboring neurons along with protein expression across 



genotypes and injection groups. Results: Histological analyses confirmed p19INK4d protein 

expression in AAV9-GFP infected cells. GeoMx DSP analyses were performed on the 

hippocampus, cortex, and thalamus comparing the infected and uninfected neurons within each 

region. The results revealed a protein expression pattern consistent with senescence (i.e., 

resistance to apoptosis), in Cdkn2d-expressing neurons of the hippocampus and cortex. In 

contrast, proteins associated with apoptosis were higher in the thalamus compared to the cortex 

and hippocampus. Analyzing these same regions across tau genotypes has revealed interactions 

between tau and effects of p19INK4d expression. Conclusion: The data indicates that AAV9-

hSyn1-Cdkn2d-GFP is an appropriate method to increase p19INK4d expression in mouse neurons 

in vivo. Over-expressing p19INK4d caused neurons to acquire a protein expression signature 

consistent with senescence. Further studies are needed to continue exploring the effects of 

Cdkn2d on neuronal senescence, and how tau protein may influence this stress response. 
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Abstract: Early identification of Alzheimer’s disease (AD) risk is crucial to slow progression. 

However, quantifying beta amyloid (Aβ) accumulation through imaging is expensive. Aβ 

accumulation may subtly impact the recruitment and coordination of different cognitive 

functions needed to perform a complex task like grocery shopping. The purpose of this study was 

to identify if performance of a grocery shopping task could differentiate older adults (OA) at 

high risk of developing AD (Aβ+), OA at low risk of developing AD (Aβ-), and young adults 

(YA), and if Aβ accumulation could predict grocery shopping performance in OA. METHODS: 

Twenty-two Aβ+ without cognitive impairment (79±5 years old, 9 females), 33 Aβ- without 



cognitive impairment (78±5 years old, 15 females), and 29 YA (31±3 years old, 18 females) 

participated. Participants performed four grocery shopping trials, with the best and worst 

performances analyzed. The elapsed time to select the prespecified grocery item, the number of 

fixations on the grocery note naming the prespecified grocery item, and the percentage of time 

fixating on any grocery item, on grocery items on the correct shelf, and on grocery items from 

the correct brand were recorded. Linear mixed effect ANOVAs compared outcome measures by 

group (Aβ+, Aβ-, and YA). Additional linear mixed effects regressions estimated the effect of 

Aβ accumulation (continuous variable) on outcome measures in the OA. RESULTS: There was 

no difference between Aβ- and Aβ+ in the time to select a grocery item (p>0.05). Aβ+ looked at 

the grocery note more often than did YA (p=0.036), and a higher Aβ predicted a greater number 

of glances at the grocery note in OA (p=0.035). YA and Aβ- fixated on grocery items for a larger 

percentage of time during their worst relative to their best performances (YA: p<0.001; Aβ-: 

p<0.001). Continuous Aβ values did not predict percentage of time fixating on grocery items in 

OA (p>0.05). Aβ+ and YA fixated on the correct shelf for a smaller percentage of time (YA: 

p=0.002; Aβ+: p<0.001) during their worst trials relative to their best trials, and a higher Aβ 

predicted that an OA would look at the correct shelf (p=0.049) and the correct brand (p=0.037) 

for a smaller percentage of time during their worst performance. CONCLUSIONS: Aβ+ 

individuals and individuals with higher Aβ accumulation exhibited less efficient grocery item 

search strategies. This was evident through more glances at the grocery note and less time 

fixating on the correct shelf or brand, despite no difference in time to select an item between 

groups. Less efficient search strategies may be the result of preclinical deficits in working 

memory or executive function. 
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Abstract: Amlexanox (Aphthasol) is an anti-inflammatory drug used to topically treat apthous 

ulcers. While its mechanism of action is not clear, it may reduce histamine and leukotriene 

release from inflammatory cells. After we found that PDE inhibitors potentiates lysosomal 

functions via increasing cAMP levels, we high-throughput screened an FDA-approved drug 

library for possible PDE inhibitors. Amlexanox was found to be one of the candidates, and we 

examined whether it has a lysosomal-potentiating effect in cultured cortical astrocytes. In 

addition, we tested whether amlexanox has an beneficial effects in 5X FAD mice model. In test 

tube experiments, amlexanox inhibited all forms of PDEs with similar IC50s, indicating that it is 

rather a broad-spectrum PDE inhibitor. In cultured cortical astrocytes, addition of amlexanox (10 

μM) increased cAMP levels in a concentration-dependent manner. Concurrently western blots 

for phosphorylated forms of protein kinase A substrates showed that amlexanox increased PKA 

activity; addition of PKA inhibitor blocked the amlexanox effect. When cultured cortical 

astrocytes were treated with bafilomycin A1, a selective and potent inhibitor of vATPase, the 

lysosomal proton pump, shifted lysosomal pH to the alkaline direction as shown by LysoSensor 

fluorescence, and blocked autophagy flux as indicated by an increase in p62 levels. Addition of 

amlexanox restored the lysosomal acidity almost to the control levels, and normalized autophagy 

flux as well. These effects were reversed by the addition of PKA inhibitor H-89. Next, we 

examined whether amlexanox would have beneficial effects against Aβ-induced lysosomal 

dysfunction. Aβ alone was sufficient in altering lysosomal pH and increasing p62 levels. Again 

amlexanox reversed both effects by Aβ. Finally, we treated 5X FAD mice with 2.5 mg/kg 

injections of amlexanox for 3 months (from 3 - 6 month). In water maze tests, amlexanox-treated 

mice performed significantly better. Postmortem brain examinations showed that amlexanox 

treatment reduced Aβ and p-Tau deposition in cortex and hippocampus. Present study showed 

that amlexanox re-normalizes lysosomal functions in cultured cortical astrocytes, and has 

beneficial effects in a mouse model of AD. Since amlexanox is being used in human asthma and 

allergy patients, its potential side effects may not be great and thus clinical trials may need less 

time than novel chemicals. 
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Abstract: The established relationship between cerebrovascular dysregulation and cognitive 

impairment led to a search for model-based “physiomarkers” of cerebral hemodynamics for 

improved non-invasive, early detection of mild cognitive impairment (MCI) and Alzheimer’s 

Disease (AD). Dynamic vasomotor reactivity (DVR) quantifies the cerebral flow response to 

end-tidal CO2 changes and is extracted from dynamic modeling of time-series data collected at 

the middle cerebral arteries (MCA) by a transcranial doppler (TCD) probe. DVR is lower in 

people with cognitive impairment compared to cognitively normal (CN) controls. Here we 

investigate whether the relationship between DVR and white matter hyperintensity (WMH) 

volume and cognitive testing differs by cognitive group. Our study yields important information 

about interpreting relative DVR values. We scanned 55 older adults (31 CN, 11 MCI, 13 mild 

dementia with clinical diagnosis of AD; age 74 ± 7.5; Siemens 3T MRI) at the University of 

Southern California or University of Kansas Medical Center. Participants underwent the Uniform 

Data Set (UDS) Version 3 Neuropsychological Test Battery and TCD-derived DVR. WMHs 

were measured on FLAIR MRI (SPM’s LGA toolbox). We selected tests evaluating DVR-

relevant domains: category fluency (vegetables), Craft story - delayed recall, multilingual 

naming test (MINT) total score, and MoCA - delayed recall. All continuous measurements were 

z-scored. In separate multiple linear regression models (RStudio 4.2.2), we evaluated the 

interaction between cognitive diagnosis and DVR on 1) WMH volume and 2) 

neuropsychological test performance, covarying for age, sex, years of education, and APOE4 

genotype, and for intracranial volume on the WMH analysis. Correcting for site did not affect the 

results. We used the false discovery rate method to correct for multiple comparisons. DVR was 

higher overall in CN versus MCI (p=0.0003, z=-3.58) and AD (p=0.008, z=-2.64) groups. Higher 

DVR was associated with lower WMH volume in CN and MCI groups, but higher WMH volume 

in AD (FDR p=0.04, β=0.65 ± 0.31). Higher DVR was associated with higher MINT test scores 

in the CN group, but lower scores in MCI and AD groups (FDR p=0.02, β=-0.70 ± 0.23). We 

performed secondary analyses using amyloid-beta (Aβ) positivity as a covariate and then as an 

interaction term (n=40, Aβ+=19). Positivity was established with a cutoff of 1.08 for florbetaben 

PET global standardized uptake value ratio (SUVR). Aβ analyses did not modify the results, 

suggesting that in people with AD, altered vascular reactivity may be related to some other 

physiological stressor concurrently injuring the brain and driving worse cognitive performance. 
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Abstract: Cognitive declines associated with preclinical Alzheimer’s disease (AD) overlap with 

typical age-related declines in cognition in healthy older adults (OA). Distinct tests of executive 

function and processing speed are not sensitive enough to differentiate between those with 

preclinical AD (e.g., beta amyloid (Aβ) accumulation) and typical age-related declines, but the 

rate of improvement (ROI) while learning new tasks that incorporate these cognitive functions 

may be more sensitive. The purpose of this study was to determine how age group, amount of 

practice, demographics, and performance on neuropsychological tests predict ROI during two 

novel cognitive tasks, and if Aβ accumulation impacts ROI in OA. METHODS: Fifty-five OA 

(78±5 years of age, 24 females) and 28 young adults (31±3 years of age, 17 females) 

participated. Aβ accumulation was assessed in OA. Participants completed neuropsychological 

tests, including the Comprehensive Trail Making Test (CTMT), Digit Symbol Substitution Test 

(DSST), Coding subtest, and Auditory Verbal Learning Test (AVLT). Demographic data, 

including gender and years of education, were collected. Participants learned two novel cognitive 

tasks: the stop-go normal task (SGNT), a test of processing speed, and the stop-go reverse task 

(SGRT), a test of executive function. ROI was analyzed as the percent change in cognitive 

performance from the first to second practice and from the first to third practice trials using a 

linear mixed effect model for the SGNT and SGRT. The basic model included age group, the 

two ROI values, and the interaction between age group and ROI, with subsequent models 

adjusting for demographic and neuropsychological test covariates. The second basic model 

mimicked the previous model but included Aβ accumulation, in lieu of age group. RESULTS: 

More practice resulted in a greater ROI for the SGNT (p=0.001) and SGRT (p<0.001). Age 

group, years of education, and gender did not impact ROI for either task (all p>0.05). None of 

the neuropsychological tests predicted ROI for the SGNT (all p>0.05). For the SGRT, better 

CTMT Total Composite Index (p=0.003), CTMT Inhibitory Control Index (p=0.003), CTMT Set 

Shifting Index (p=0.01), DSST (p=0.04), and Coding (p=0.02) performances predicted a smaller 

ROI; however, better performance on the AVLT predicted greater ROI (p=0.04). There was a 

non-significant trend of more Aβ accumulation resulting in a smaller ROI for both tasks 

(p>0.05). CONCLUSIONS: Executive function and processing speed of participants impacted 

ROI on the SGRT, with no difference between OA and YA. A larger sample size is needed to 

explore the trend of more Aβ accumulation in OA resulting in a smaller ROI. 
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Abstract: Alzheimer’s disease (AD), the most common form of dementia, is associated with two 

pathological hallmarks: parenchymal beta amyloid deposition and intraneuronal neurofibrillary 

tangles formed from hyperphosphorylated tau. However, lack of understanding of how these 

primary pathologies result in cognitive deficits remains a hurdle to the development of 

meaningful therapeutics. To investigate a translatable model related to tau pathology, we 

undertook a study of changes in electroencephalography (EEG) characteristics with age in the 

P301L tauopathy mouse model. P301L mice overexpress the 4R/2N isoform of human tau under 

control of the CaMKIIα promoter on a C57BL/6 background. In this experiment, C57BL/6 will 

be used as controls and their EEG profile will be compared to the transgenic P301L in order to 

evidence a potential EEG biomarker related to the P301L mutation, or the lack thereof. In P301L 

mice and WT controls, monopolar electrodes were implanted bilaterally over the frontal cortex 

and over parietal cortex on one side. A depth electrode was also implanted in the hippocampus, 

with a reference electrode over the cerebellum. Animals were recorded for two hours once a 

month, beginning at 4 months of age. A Fast Fourier Transform (FFT) was performed on EEG 

signal from each electrode for frequencies ranging from 1 to 140Hz. In P301L mice up to 9 

months of age, we observed a decrease of power in all classical frequency bands (from Delta to 

Epsilon) in the hippocampus as compared to WT. There was a persistent trend for an increase in 

high Delta in frontal cortex, and for a decrease in Theta in parietal cortex. Interestingly, this 

general pattern of change was evident from 4 months of age, the earliest time point recorded and 

evidenced little change out to 9 months of age. This study highlights the utility of EEG to 

identify subtle and persistent changes in brain function in response to AD-relevant tau pathology. 

Further characterization of the model, including study of the potential pharmaco-sensitivity of 

the phenotype to therapeutic intervention is ongoing. 
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Abstract: Mild cognitive impairment (MCI) is a disorder wherein an individual’s cognitive 

decline is accelerated relative to their age group. MCI can progress to dementias such as 

Alzheimer’s disease (AD). Canine ageing is associated with cognitive decline that is linked to 

neuropathological changes paralleling human AD. This includes amyloid-beta (A-beta) 

deposition, dystrophic neurites, neuronal loss, neuroinflammation, microgliosis and astrogliosis. 

The current study assessed cerebrospinal fluid (CSF) biomarkers of AD progression, 

neuroinflammation and neuronal cell damage in people with (Pw) MCI, PwAD and the aged 

canine model of AD. CSF from PwMCI, PwAD and age matched controls (n=15 per group) were 

obtained from a biobank. CSF was collected from three groups of beagles (n=13-15 per group): 

young (under 6 years), middle-aged (between 6 and 10 years) and aged (over 10 years). Protein 

biomarkers were analysed using the MESO QuickPlex SQ platform (Meso Scale Discovery). 

The A-beta peptide panel included A-beta38, A-beta40 and A-beta42. The cytokines interleukin 

(IL) -2, IL-6, IL-8 and tumor necrosis (TNF)-alpha were quantified. Neurofilament light chain 

(NfL) was also investigated. Data were analysed by one-way ANOVA or Kruskal-Wallis.In 

PwMCI and PwAD the A-beta42 / A-beta40 ratio was significantly decreased compared to age 

matched controls (p<0.001). The A-beta42 / A-beta40 ratio was significantly decreased in middle 

aged (p<0.01) and aged (p<0.001) dogs compared to young. In PwAD a significant increase in 

IL-6 (p<0.05) and IL-8 (p<0.01) was observed compared to age matched controls. In aged dogs a 

significant increase in IL-6 (p<0.01) and IL-8 (p<0.01) was seen compared to the young group. 

NfL was significantly increased in both middle aged (p<0.01) and aged (p<0.001) dogs 

compared to young.Recent therapeutic advances in the AD field have increased the need for 

translational models of disease progression that mimic the behavioural and neuropathological 

features of sporadic AD. Canine ageing is associated with cognitive impairment and 

pathophysiological changes in the brain that show similarities to AD. In this study, we report a 

comparable CSF protein biomarker profile in PwAD and the aged canine model of AD. A-beta 

CSF levels in aged dogs are altered in line with what is observed in PwMCI and PwAD. The 

inflammatory profile in aged dogs is comparable to that observed in PwAD. NfL, a marker of 

axonal damage in CSF associated with neurodegenerative disease, is increased during canine 

ageing. These data suggest the aged dog as an effective and translational model of AD. 
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Abstract: Many researchers have tried to finding and analyzing persistently Alzheimer’s disease 

(AD) biomarker in biofluid likes cerebrospinal fluid (CSF) and blood. In our study, we collected 

CSF and blood 15 cynomolgus monkeys of different age, and analyzed AD biomarker. We 

shared 3 cynomolgus monkey groups with old group (16-20 years old), middle group (12 years 

old), and young group (6 years old) according to their age. For using ELISA, we collected blood 

sample through lateral saphenous vein, and CSF sample by using cisterna magna (CM) route. We 

quantified Aβ-40, Aβ-42, neurofilament light chain (NFL), glial fibrillary acidic protein (GFAP) 

level in plasma, but the results were not significantly changes between three groups. We 

quantified Aβ-40, Aβ-42, p-Tau(T181), t-Tau, ApoE4, FABP3, Ferritin, TREM2 in CSF, and we 

found that pTau(T181) and TREM2 level were increased in two cynomolgus monkeys of old 

group. These results corresponded with other research that AD patients had level of p-tau(T181) 

and TREM2 higher than health group in CSF. In this study, we verified for increasing AD 

biomarker level in CSF of several aged cynomolgus monkeys. These findings are very useful 

references for analyzing AD pathology in old cynomolgus monkey. 
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Title: Selective serotonin reuptake inhibitors attenuate the cognitive deficits in the 5xFAD 

Alzheimer’s disease model mice. 

Authors: *H. CHOI1,2,3, S. AHN1,2,3, S. YU1,2,3, C. JEONG1,2,3, Y. PARK1,2,3, H. SEO1,2,3;  
1Hanyang Univ., Ansan-si, Korea, Republic of; 2Ctr. for Bionano Intelligence Educ. and Res., 

Ansan-si, Korea, Republic of; 3Inst. for Precision Therapeut., Ansan-si, Korea, Republic of 

Abstract: Alzheimer’s disease (AD) is themost common type of dementia accompanied by 

cognitive impairment, memory loss,and emotional impact with behavioral changes. Although the 

major causes of ADhave not been fully understood, previous reports have demonstrated that 

theamyloid plaques, neurofibrillary tangles, neuroinflammatory responses areassociated with the 

progressive neurodegeneration in AD. Recently, there wereseveral reports for the anti-

inflammatory effects and amyloid-beta clearanceeffects of selective serotonin reuptake inhibitors 

(SSRIs) in AD models. However,the underlying mechanisms of SSRIs in AD pathological 

environments are notclearly understood yet. In this study, we hypothesized that the 

chronicadministration of SSRIs improves the AD-like behaviors and recover the cellsfrom the 

neurotoxic environment in the AD models. We daily administeredsertraline (SER) and fluoxetine 

(FLX) into 5xFAD AD model mice for 4 weeks (10mg/kg, i.p.). After the injection of SER or 

FLX, we performed multiplebehavioral tests, including Morris water maze test, elevated plus 

maze test,and tail suspension test, to measure the effect of SSRIs on the cognitivefunction in AD 

model mice. 5xFAD mice showed 25% decrease of the time spent intarget quadrant in Morris 

water maze indicating cognitive deficit. SERincreased 9% of the time spent in the target 

quadrant and FLX increased 21.1 %of the time spent in the target quadrant compared to vehicle 

treatment group.FLX also significantly reduced the immobility time in tail suspension 

test,compared to the vehicle treatment group. We also found the significantlydecreased level of 

mRNA expression of inflammatory markers including IL-1 beta,IL-10 in AD model. These 

results suggest that chronic SSRI treatment attenuatesthe cognitive impairment and 

neuroinflammation in AD pathology. 
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Abstract: Alpha synuclein (α-syn) has a critical role in the development of synucleinopathies, 

being the presence of neuroinflammatory processes an important feature in the pathogenesis of 

this neurodegenerative diseases, resulting in microglial activation and upregulation of pro-

inflammatory mediators, thus favoring the accumulation of α-syn. Recent studies have shown the 

anti-inflammatory and anti-immune effects of bee venom (BV) in various conditions that present 

with this background. In this sense, the aim of this work was to investigate if the BV could 

modulate α-syn accumulation after lipopolysaccharide induction. The effects of BV over the 

expression of α-syn and tyrosine hydroxylase (TH) after intranigral application of 

lipopolysaccharide (LPS) were measured in Male Wistar rats (200-250 g) that were injected with 

LPS (2.5 µg) (LPS group) or vehicle (SHAM group) in the substantia nigra (SN). From the fifth 

day after the animals were treated with 6 repeat doses of BV (1.5 mg/kg, by injection into 

acupuncture point ST36, every 48 h). The results were compared with Naïve and SHAM group. 

The expression of α-syn and TH proteins was measured by western-blot at 30 days-post-injection 

(DPI) of LPS or vehicle. We find that LPS induced an increase in monomeric α-syn in SN 

(*p=0.02 vs Naïve) and in STR (*p=0.02 vs Naïve) and the treatment with BV maintain the α-

syn expression at levels of Naïve group in both SN and STR (*p=0.01 and p=0.04, respectively, 

vs LPS). Furthermore, the expression of TH was observed decreased after the LPS injection in 

SN (**p= 0.005 vs Naïve) and in STR (*p= 0.03 vs Naïve) in both ipsilateral areas, while BV 

treatment kept the TH expression at levels of Naïve group only in STR (*p= 0.04 vs LPS). These 

results indicates that BV counteract the LPS-induced α-syn overexpression, possibly controlling 

the neuroinflammatory mediators generated by the stimulus further preserving nigral 

dopaminergic neurons, highlighting the BV as a compound of interest in the field of study of 

pathogenesis, prevention and treatment of synucleinopathies. 
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Abstract: Parkinson’s disease (PD) is the most common neurodegenerative movement disorder 

and the debilitating neuropsychiatric symptoms such as depression and anxiety precede the onset 

of hallmark motor symptoms of PD. α-Syn propagation has been highlighted to link with the 

progression of PD. However, the relationship between a-syn propagation and non-motor 

symptoms of PD remains elusive. Here, we investigated that depression/anxiety-like behaviors 

(induced by chronic restrain stress) and α-SYN propagation (induced by α-SYN PFF injection 

into the brain) might trigger each other in the mouse model system. Here, we demonstrate that 

chronic restraint stress (CRS) substantially increased depression/anxiety-like behaviors deficits 

and aggravated α-synuclein pathology induced by α-syn PFF injection into the brain, and a-syn 

propagation also enhanced depression/anxiety-like behavior deficits induced by CRS, which was 

accompanied by c-fos induction and robust microglial activation in different brain regions, such 

as the cingulate cortex, amygdala, and entorhinal cortex. The administration of T5224, a 

selective inhibitor of c-Fos/activator protein-1, ameliorated both depression/anxiety-like 

behavior deficits and a-syn pathology induced by both CRS and a-syn injection. These results 

indicate that behavioral deficits related to nonmotor symptoms facilitate the formation of α-SYN 

pathology synergistically, and c-Fos may be a promising target for developing therapeutics for 

PD nonmotor symptoms and related α-synucleinopathies. 
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Abstract: Progressive spreading of α-synuclein (α-Syn) aggregates in the brain plays a key role 

in the prodromal phase of Parkinson’s disease (PD). While several preclinical models of 

synucleinopathies have been developed for studying the neurotoxicity of prion-like α-Syn 

aggregate spreading, they remain to be systematically explored with regards to early pathological 

events that could potentially be targeted to delay or ultimately prevent progression of PD. Using 

3D whole-brain light sheet fluorescence microscopy (LSFM), the present study aimed to provide 

detailed spatiotemporal insight into the transmission of misfolded, pathological α-Syn in the α-

Syn pre-formed fibril (PFF) mouse model of PD. 8-weeks old C57BL/6 male mice received two 

unilateral intrastriatal injections of mouse α-Syn PFFs (mPFFs, 5 µg per injection site). Mice 

were terminated at 1-, 4-, 8-, or 12-weeks post injection, and whole-brains were immunolabelled 

for α-Syn phosphorylated at serine-129 (pS129), cleared, and scanned using LSFM. Deep-

learning computational analysis enabled fast 3D mapping and quantification of whole-brain 

pathological α-Syn architecture at cellular resolution. Our LSFM pipeline revealed distinct 

phases and morphological features of endogenous α-Syn aggregate spreading and toxicity in a 

neural circuit-dependent manner, notably in neuronal axons and soma co-labelled for pS129-

αSyn and tyrosine hydroxylase (TH), indicating high vulnerability of midbrain dopaminergic 

neurons to the progressive burden of α-Syn aggregation. In conclusion, we report 3D whole-

brain architectural signatures of early- and late-stage PD in an industry-standard α-Syn PFF 

mouse model of PD. Our LSFM-deep learning pipeline is instrumental for whole-brain mapping 

of potential neuroprotective drug effects in preclinical development for PD and other 

synucleinopathies. 
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Abstract: Parkinson’s Disease (PD) is the most common neurodegenerative disease after 

Alzheimer’s Disease, characterized by dopaminergic deprivation in the basal ganglia, and the 

symptomatic therapy used in PD currently focuses on dopamine replacement strategies (Schapira 

et al., 2017). Approximately 5-15% of PD patients have mutations in the GBA gene, establishing 

it as the most prominent genetic risk factor for PD in terms of numerical significance (Smith & 

Schapira, 2022). Thanks to the cellular reprogramming protocols, induced pluripotent-stem-cell 

(iPSC) revolutionized stem cell research providing access to a huge variety of human cell lines 

(Takahashi & Yamanaka, 2006), allowing to realize of both healthy and pathologic in vitro 

models (Park et al., 2008). Specifically, the human iPSC-derived neurons model of PD studied in 

vitro highlighted how PD is characterized by different neuronal morphology, connectivity, and 

electrophysiological activity (Ronchi et al., 2021). In the last decades, microelectrode arrays 

(MEAs) emerged as a promising technique to allow a non-invasive recording of the extracellular 

activity. MEAs are considered the leading platform in the field of brain-on a-chip for 

investigating neuronal functions and dysfunctions, neurotoxicity and drug screening. In this 

work, MEAs technology was used to characterize the spontaneous electrophysiological activity 

of both healthy and diseased dopaminergic neurons. In particular, the aim of this work was to 

investigate the impact of L444P GBA mutation on functional activity. Wild type and 

dopaminergic neurons carrying the L444P GBA mutation were generated from iPSCs from 

healthy and PD patients. Neurons derived from the two different phenotypes were co-cultured 

with primary astrocytes onto MEA devices. The preliminary functional characterization revealed 

distinct electrophysiological behaviors between the two phenotypes, particularly in terms of burst 

duration. L444P GBA mutation Parkinson phenotype exhibited a significantly lower value of 

burst durations, consistent with the results of Ronchi et al. (Ronchi et al., 2021). 
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Abstract: The accumulation and aggregation of α-synuclein are the hallmark of Parkinson’s 

disease (PD), but the molecular mechanisms responsible for the pathology are not fully 

understood. Post-translational modifications (PTM) of α-synuclein regulate its functions and 

properties including degradation, interactions with other proteins, aggregation and degradation. 

Small Ubiquitin-like modifier (SUMO) is a highly dynamic PTM process involved in various 

nuclear and extranuclear processes, such as subcellular protein targeting, mitochondrial fission 

and synaptic plasticity. Although deconjugation (deSUMOylation) is known to be catalyzed by a 

family of cysteine proteases, SUMO-specific proteases (SENPs), the consequences of 

(de)SUMOylation are not fully elucidated. We have characterized that SENPs are involved in 

detaching SUMO1 from α-synuclein protein after preformed fibrils of α-synuclein (PFF) 

exposure, which provides insights of understanding the idiopathic mechanisms of PD. We found 

that the level of SENP1 protein was significantly higher than other SENP isoforms in PD models 

(in vitro, in vivo & human PD patients). SENP1 is enriched in nuclear foci that partially overlaps 

with promyelocytic leukemia (PML) nuclear bodies. In this study, we have generated two sets of 

double point mutants of the nuclear localizing sequences (NLS) of SENP1 gene and transfected 

them into the N27p cells. In stable cell lines with the overexpression of Wildtype (WT) or NLS 

Mutated (Mut 1 or 2) SENP1 genes, we found that mutant SENP1 overexpressing N27p cell 

lines showed significantly elevated cell viability and diminished cytotoxicity compared to WT-

SENP1 overexpressing N27p cells against PFF toxicity. The levels of ROS and protein 

aggregates derived from PFF were also significantly reduced in NLS mutated SENP1 

overexpressed N27 cells, compared to WT or vehicle overexpression. Taken together, our results 

strongly suggest that the inhibition of SENP1 nuclear translocation can be broadly applied to halt 

the pathology of diverse neurodegenerative diseases including PD, due to the prevention of 

oxidative stress and protein aggregation. The interactions of SENP1 with target proteins and 

genes in nucleus still need to be explored for understanding the SENP1-mediated neuropathology 

in PD models. 
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Abstract: Insoluble aggregates (Lewy bodies) consisting of the misfolded protein alpha-

synuclein (αSyn) progressively accumulate in the nervous system of most Parkinson’s disease 

(PD) patients. This process can affect multiple cellular functions, such as mitochondrial 

respiration, stress response, and autophagy/lysosomal pathways, eventually leading to neuronal 

death. In the current study, the aim was to identify targets involved in modulation of αSyn 

aggregation using an in vitro model. Based on literature evidence, 20 targets were chosen for 

their potential involvement in αSyn aggregation pathways, such as regulation of αSyn 

expression, post-translational modifications, or autophagy/lysosomal degradation. Lentiviral 

shRNAs, aimed for down-regulation of target, were added to primary mouse embryonic (E18) 

cortical neurons one day after plating and αSyn aggregation was induced by addition of pre-

formed fibrils (PFFs) 6 days later. Using an unbiased automated image analysis workflow, the 

effect of selected mRNAs on αSyn aggregation (assessed by phosphorylation of Ser129) was 

evaluated one or two weeks after PFF addition. In addition, cell health was evaluated as number 

of NeuN-positive neurons and area of MAP2-positive neurites. Lentiviral shRNA-mediated 

downregulation of some targets caused effects on neuronal survival. However, one week after 

PFF addition, targeting Zscan21 (a transcription factor regulating αSyn), Vps35 (retromer 

complex component affecting lysosomal function) and Fyn (a kinase regulating αSyn uptake) 

resulted in an increase, whereas targeting Ppp1r15a (a stress-induced protein phosphatase 

regulator), USP14 (a deubiquitinase affecting autophagy) and Bach1 (a transcriptional repressor 

regulating cellular redox homeostasis) resulted in a decrease in αSyn aggregation without effects 

on neuronal health. Two weeks after PFF addition, targeting Atp13a2 (a lysosomal ATPase), Fyn 

and Aimp2 (a known modulator of αSyn aggregation) increased, and targeting Ppp1r15a, Rhot1 

(involved in mitochondrial homeostasis), Ttbk1 (regulates phosphorylation of Tau) and Bach1 

decreased αSyn aggregation without effects on neuronal health. For some of the targets, the 

effect on αSyn aggregation was thus time dependent. We conclude that our in vitro model is 

useful for identification of targets involved in modulation of αSyn aggregation and for 

understanding the αSyn aggregation process over time. We provide a list of potential targets for 

modulation of αSyn aggregation, which should be further investigated in αSyn aggregation 

models in human neurons and in vivo, aiming to develop disease-modifying therapies for PD. 
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Abstract: Mood and motor disturbances in Parkinson's disease: A new α-synuclein-based mouse 

model Authors*F. VAHID-ANSARI, P.R. ALBERT, SH HAYLEY; Neuroscience, Carleton 

University and University of Ottawa, Ottawa, ON, CADisclosuresF. Vahid-Ansari: None. P.R. 

Albert: None. SH Hayley: None. 

Depression is a common non-motor symptom that often emerges early, during the prodromal 

phase, of Parkinson's disease (PD). Emerging evidence has associated such depressive pathology 

with the distribution of α-synuclein (α-syn; PD-neuropathological hallmark) in brainstem and 

limbic regions. Depression in PD is also linked to deficits in serotonergic (5-HT) functions 

before any clear degeneration of the dopamine (DA) system is evident. Accordingly, we 

developed a new α-syn based model of PD to examine the progression of non-motor and motor 

deficits associated with 5-HT and DA impairments. We performed unilateral icv infusion of wild 

type and A53T mutant α-syn preformed fibrils (PFF) in adult male C57/BL6 mice to evaluate the 

brain-wide direction of pathological α-syn spread and aggregation. To assess the behavioural 

changes forced swim, sucrose preference and open field tests were performed after ½, 1, 2, 3, 

and 4-months post-surgery. We found that the PFFs (particularly the A53T mutant form) induced 

signs of anxiety and depressive-like behaviors at multiple times up to 4-month post-surgery, 

whereas minimal motoric changes were observed. However, Digigate analyses did reveal 

significant gait difficulties at the 4-month time. Initial p-α-syn immunostaining showed signs of 

accumulation within the basolateral amygdala, hippocampal regions, nucleus accumbens and 

cortex at 1- and 4-months post-surgery. Ultra-resolution imaging approaches will be used to 

further characterize the nature of the α-syn aggregates. These preliminary results support the 

contention that α-syn might act as a common stimulus for both mood and motor pathology in PD. 
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Abstract: Parkinson’s disease (PD) is a neurodegenerative disorder characterized by severe limb 

motor dysfunction. PD is diagnosed clinically when limb motor function deteriorates, which 

coincides with substantial loss of dopaminergic neurons in the midbrain. Alpha-synuclein (a-

syn), a synaptic protein encoded by the SNCA gene, forms toxic aggregates in cell bodies and 

synapses, which are thought to be a contributing factor in neuronal cell death. Notably, 

individuals with PD often present with vocal motor impairments, including changes in pitch, 

amplitude (loudness), and timing, prior to the onset of limb motor dysfunction. This highlights 

the importance of investigating the genes and neural circuitry involved in PD-related vocal 

deficits as early biomarkers for this disease. We use the zebra finch songbird model 

(Taeniopygia guttata) to study the role of a-syn in modulating early vocal impairments. We have 

shown that adeno-associated virus (AAV)-driven overexpression of human (h) a-syn in the basal 

ganglia song nucleus, Area X, results in PD-like song changes (reduced singing, monoloudness, 

shortened syllable duration) compared to AAV-GFP control finches. Therefore, our objective is 

to assess how a-syn overexpression alters neuronal firing patterns in Area X, within the cortico-

basal ganglia-thalamo-cortico loop. We predict that a-syn aggregation in hSNCA-overexpressing 

finches will cause decreased firing activity in medium spiny neurons (MSNs), resulting in an 

increased firing rate in globus pallidus-like projection neurons, ultimately manifesting in a PD-

like vocal phenotype. To test this hypothesis, we employed in vivo recordings of Area X neurons 

using fixed array electrodes in anesthetized finches to examine neuronal waveforms and firing 

patterns between AAV-SNCA, AAV-control, and surgically naive finches. Preliminary results 

indicate that putative MSNs show lower peak firing activity and greater after-hyperpolarization 

potentials in the AAV-SNCA group compared to AAV-control finches. On-going work includes 

immunohistochemistry to clarify time- and cell type dependent features of a-syn pathogenesis 

that map onto the initial PD-like song changes. These results will aid in the identification of 

neural activity networks that contribute to neuropathological changes in vocalization, in an early 

PD state, and therefore have the potential to facilitate development of more effective early 

interventions. 
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Abstract: Aggregation of misfolded α-synuclein (α-syn) is a key characteristic feature of 

Parkinson’s disease (PD) and related synucleinopathies. The nature of these aggregates and their 

contribution to cellular dysfunction is still not clearly elucidated. We employed mass 

spectrometry-based total and phospho-proteomics to characterize the underlying molecular and 

biological changes due to α-syn aggregation using the M83 mouse primary neuronal model of 

PD. We identified gross changes in the proteome that coincided with the formation of large 

Lewy body-like α-syn aggregates in these neurons. We used protein-protein interaction (PPI)-

based network analysis to identify key protein clusters modulating specific biological pathways 

that may be dysregulated and identified several mechanisms that regulate protein homeostasis 

(proteostasis). The observed changes in the proteome may include both homeostatic 

compensation and dysregulation due to α-syn aggregation and a greater understanding of both 

processes and their role in α-syn-related proteostasis may lead to improved therapeutic options 

for patients with PD and related disorders. 
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Abstract: Parkinson's disease (PD) is characterized by dopaminergic neuron loss and alpha-

synuclein inclusions but its underlying molecular mechanisms are still unclear. In this study, we 

aimed to reproduce early molecular and cellular phenotypes of PD by treating a human induced 

pluripotent stem cell (iPSC)-derived midbrain neuron and microglia co-culture system with 

exogenous alpha-synuclein fibrils. Human iPSC-derived neural progenitor cells generated using 

the STEMdiff™ Neural Induction kit monolayer protocol were plated into STEMdiff™ 

Midbrain Neuron Differentiation Medium. Midbrain neuronal precursors were passaged after 

one week into STEMdiff™ Midbrain Maturation Medium and cultured for an additional week 

before treatment with 600 nM of alpha-synuclein preformed fibrils (PFFs) from the wild type 

(WT) form or the A53T mutant (linked to familial PD). In separate experiments, we co-cultured 

the midbrain neurons with microglia generated using the STEMdiff™ Microglia system for 2 

days. The co-culture was then incubated with 600 nM of WT or A53T alpha-synuclein PFFs. 

After 14 days of treatment, the cells were fixed and stained for phosphorylated alpha-synuclein 

at serine residue 129 (pS129), a pathological post-translational modification of the protein 

observed in sporadic and genetic forms of PD, as well as β-tubulin III (βIII-TUB), tyrosine 

hydroxylase (TH), and ionized calcium binding adaptor molecule 1 (Iba1) for microglia. After 

treatment with WT and A53T PFFs, the number of pS129+ midbrain neurons increased by 1.59 

± 0.60-fold and 5.15 ± 2.39-fold, respectively, while the number of TH+ cells decreased by 0.61 

± 0.16-fold for WT and 0.66 ± 0.09-fold for A53T PFFs (mean ± SD; data normalized to 

untreated control; n = 6 from 3 cell lines). The addition of A53T PFFs also resulted in a 

decreased number of βIII-TUB+ cells (467 cells) compared to the untreated control (1057 cells), 

while this decrease was not observed when the neurons were co-cultured with microglia (971 

cells; mean of n = 2) . These results suggest that α-synuclein fibrils promote phosphorylated α-

synuclein accumulation and reduce the number of TH+ and βIII-TUB+ cells, contributing to the 

development of PD. Co-culture with microglia may mitigate this effect, suggesting a potential 

protective role of microglia during early stages of PD. This in vitro model of PD using α-

synuclein PFFs in a co-culture of iPSCs-derived midbrain neurons and microglia provides a 

valuable tool for studying the molecular mechanisms of disease initiation and progression. 
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Title: Impact of a-synuclein pathology on corticostriatal synapses in Parkinson's disease 
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Abstract: Parkinson’s Disease (PD) is the most common neurodegenerative motor disorder, 

pathologically characterized by proteinaceous ɑ-synuclein aggregates, collectively termed Lewy 

pathology. Normally, ɑ-synuclein is highly expressed in the presynaptic terminals of excitatory 

neurons. Lewy pathology is found in a subset of cortical layer 5 neurons, which project to the 

striatum. However, little is known about how Lewy pathology affects corticostriatal synapses. 

The M2 cortex is the only cortical brain region in which neurodegeneration occurs in PD. Our 

research aims to induce ɑ-synuclein pathology in the M2 cortex to decipher the impact of 

aggregated ɑ-synuclein on the morphology of M2-corticostriatal synapses. To recapitulate ɑ-

synuclein aggregation in in vivo rodent models, we utilize the preformed fibril (PFF) model. 

PFFs are generated from recombinantly expressed monomeric ɑ-synuclein and injected into mice 

brains to corrupt endogenously expressed ɑ-synuclein to form insoluble aggregates. PFFs or 

control ɑ-synuclein monomers were injected into the M2 cortex to study M2-specific inputs in 

the striatum. To study corticostriatal synapses, we developed an image acquisition and analysis 

pipeline by combining the high-resolution imaging technique Expansion Microscopy (ExM), and 

IMARIS software for synapse morphology analysis. M2-cortical PFF injections caused robust 

somal and neuritic pathology in layer 5 neurons of the M2 cortex and the neighboring primary 

motor and anterior cingulate cortex. We also found pathology in brain areas projecting to M2, 

including the amygdala and orbital area. We also observed neuritic pathology in the striatum, 

which predominantly overlapped with the cortical, presynaptic terminal marker vGlut1. Using 

our combined ExM and synaptic loci analysis approach with IMARIS, we found a significant 

reduction in corticostriatal synaptic loci in the dorsal striatum of M2-PFF injected animals. 

Additional preliminary data indicate morphological changes to the volumes of cortical 

presynaptic terminals upon aggregate formation. Our results suggest that aggregated ɑ-synuclein 

in the cortex affects the synaptic density and morphology of excitatory synapses in the striatum. 

These findings are consistent with human PD and non-human primate PD models showing 

excitatory synapse loss in the striatum. Furthermore, our data points to an important role of 

cortical Lewy Pathology on the functionality of corticostriatal synapses, and future studies will 



elucidate the mechanisms of how abnormal ɑ-synuclein accumulations disrupt corticostriatal 

synapses and how this contributes to symptoms of PD. 
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Abstract: Parkinson's disease (PD) is characterized by the accumulation of misfolded alpha-

synuclein (aSyn) protein, which forms toxic aggregates leading to cellular death. Inhibition of 

aSyn aggregation represents a crucial therapeutic approach in PD. In this study, we aimed to 

characterize the in vitro properties of a DNA-based aptamer, asyn-2, that binds to aSyn 

monomers to prevent aggregation and reduce the spread of PD-associated pathology. Using an in 

vitro SH-SY5Y model system, we exposed the cells to aSyn preformed fibrils (PFFs) and 

examined the spatiotemporal pattern of aSyn aggregation. We then investigated the inhibitory 

effect of asyn-2 on aSyn aggregation in SH-SY5Y cells. Our results demonstrate that aSyn PFFs 

induced a dose- and time-dependent aggregation of aSyn in SH-SY5Y cells (p < 0.001). 

However, treatment with asyn-2 significantly reduced aSyn aggregation in SH-SY5Y cells, 

reaching a peak reduction of 46% (p < 0.001). These findings provide evidence for the potential 

of asyn-2 as a key therapeutic strategy for studying and halting PD pathology by targeting aSyn 

monomers to inhibit aSyn aggregation using exogenous aptamer treatments. 
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Abstract: Parkinson’s Disease (PD) is a progressive neurodegenerative disease characterized by 

degeneration of dopaminergic cells within the substantia nigra pars compacta (SNpc). As these 

cells degenerate, connectivity from the SNpc to the striatum through the nigrostriatal pathway 

becomes impaired, leading to a loss of dopamine in the striatum that causes the classic motor 

symptoms of PD. Accumulation of alpha-synuclein (α-syn) protein fibrils within axons and 

neuronal somata - leading to Lewy body formation - is the pathophysiological hallmark of PD. 

To better understand synucleinopathy, we have developed a three-dimensional anatomically-

inspired in vitro model referred to as the tissue engineered nigrostriatal pathway (TE-NSP). The 

TE-NSP is biofabricated using human induced pluripotent stem cells (hiPSCs) differentiated into 

dopaminergic neurons and striatal neurons seeded at opposite ends of the lumen of a hydrogel 

micro-column generally spanning >1cm in length. Through a series of experimentation, we 

found that dopaminergic aggregates seeded at one end of the TE-NSP extended long bundled 

axonal tracts (>15 mm). When a population of medium spiny striatal neurons was added, we 

observed axonal-dendritic integration between the two discrete cell populations by 28 days in 

vitro (DIV). To explore the utility of the TE-NSP in probing mechanisms of synucleinopathy, we 

injected pre-formed α-syn fibrils (PFFs) and cultured TE-NSPs for 14 additional days. We found 

that at DIV 42, 50% of the dopaminergic neurons and 40 % striatal neurons within the treated 

TE-NSPs stained positive for α-syn- phosphorylated serine 129 (pS129) in comparison to only 1-

5% of the respective neuronal populations in untreated controls. The presence of a pathological 

form of α-syn in the dopaminergic and the striatal neurons suggests intra-axonal α-syn transport 

and subsequent transmission to the striatal neurons. Co-staining of pS129 with tyrosine 

hydroxylase (TH) revealed significantly lower mean intensity of TH staining in the dopaminergic 

neurons of treated TE-NSPs in comparison to the untreated controls. Ongoing studies will further 

elucidate the mechanism of alpha-synuclein transmission between the two discrete neuronal 

populations. This novel approach of utilizing a tissue engineered brain pathway to mimic the 

fundamental aspects of PD using human neurons may be instrumental in understanding the key 

mechanisms of disease progression and neurodegeneration in PD patients. 
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Abstract: Parkinson’s Disease (PD) and other synucleinopathies are characterized by 

aggregation of toxic alpha-synuclein (αSyn) within Lewy bodies. Extensive research suggests a 

prion-like spreading of αSyn, but the mechanism for neurotoxicity mediated by this spreading is 

unclear yet crucial to developing therapeutics that halt disease progression. Recent work from 

our group demonstrated magnetic resonance imaging (MRI)-derived signatures of widespread 

brain atrophy upon striatal inoculation of pre-formed αSyn fibrils (PFF) in the M83 transgenic 

mouse model expressing the human αSyn A53T mutation (Tullo et al., 2022), suggesting a prion-

like spread of pathology. Here, we test the specificity of this spread by inoculating another 

highly connected network hub; the hippocampus. Hemizygous (hemi) M83 mice were injected 

with 2.5 μL saline (PBS) or PFF into the right dorsal hippocampus (n=~5 group/sex/timepoint). 

Mice underwent in vivo MRI scanning (T1-weighted images; 100 μm³ isotropic voxels; 7T 

Bruker Biospec) at -7, 30, and 90 days post-injection. Neuroanatomical measures were obtained 

using deformation-based morphometry (DBM) with linear mixed effects model (LMER; fixed 

effects: treatment-by-days post-injection (dpi) interaction and sex; random effects: subject, 

scanner version, breeder supplier) analysis at the voxel level to assess whole-brain volumetric 

change longitudinally. Unlike our previous work demonstrating widespread atrophy after striatal 

injection, DBM results after FDR correction demonstrate significant focal volumetric reduction 



of bilateral hippocampi in PFF-injected mice. Specifically, we observe significant reduction in 

the dentate gyrus, CA3 and CA1 (Fig.). Our results demonstrate a limited degree of prion-like 

spreading and atrophy after hippocampal PFF inoculation, possibly due to the choice of seed 

region (i.e.: the disease epicenter). These findings suggest that the whole-brain transmission of 

αSyn is particularly tuned to spreading through the motor network and may not be generalizable 

to disease epicenters in alternate network hubs. 
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Abstract: Dysfunctions in protein degradation pathways are listed among the underlying causes 

of many neurodegenerative conditions, like Parkinson’s disease. A hallmark autopsy finding in 

the brain of Parkinson’s disease patients is neuronal Lewy pathology. Lewy bodies are insoluble 

inclusions containing modified alpha-synuclein protein. GDNF, a growth factor, can eliminate 

the formation of pre-formed fibril (PFF)-seeded Lewy body-like inclusions in dopamine neurons. 

We examined GDNF’s effects, in vitro and in vivo, with models combining proteasome 

inhibition by lactacystin and PFF-induced alpha-synuclein aggregation in the midbrain neurons. 

PFF-seeded midbrain cultures were incubated with lactacystin for 1 or 2 days. At both time 

points and with varying concentrations, the drug was highly detrimental to dopamine neurons. 

Lactacystin did not cause the formation of Lewy body-like inclusions in dopamine neurons in the 

absence of PFFs. However, in the presence of PFFs, lactacystin treated cultures had less of these 

inclusions. While GDNF was not protective against lactacystin-induced neurodegeneration, it 

continued to attenuate the formation of alpha-synuclein aggregation in the surviving neurons. In 

vivo, control or AAV-GDNF vectors were infused into the region above the substantia nigra of 

mice (N=80). A week later, the mice were unilaterally injected with PFFs to the striatum and 

lactacystin to the midbrain. Animals were sacrificed 2 weeks after the PFF/lactacystin injections. 

Behavioral tests performed after the treatments showed significant motor asymmetry for most of 

the mice. Spontaneous activity of mice that received both lactacystin and PFFs, but not AAV-

GDNF, was significantly reduced. Similar to our in vitro findings, lactacystin did not cause 

Lewy-like pathology in vivo in the absence of PFFs, at least at the tested time point, whereas 

GDNF attenuated PFF-induced alpha-synuclein pathology in the midbrain, even in the presence 

of lactacystin. Immunohistochemical staining could only partly explain the behavioral results. 

Infusion of AAV-GDNF above the substantia nigra resulted in DAT and TH downregulation in 

the brain dopaminergic system. These findings show that GDNF can eliminate Lewy body-like 

pathology even in the presence of proteasomal inhibitor and that GDNF effects is at least partly 



independent of proteosome activity. Hence, activation of GDNF signaling pathways can be 

protective against the formation of Lewy bodies in Parkinson’s disease brain. Novel therapies 

targeting protein aggregation in the disease should consider the interplay with the modulation of 

protein homeostasis. 
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Abstract: Parkinson’s disease (PD) is characterized by loss of dopamine (DA) neurons in the 

nigrostriatal tract and manifests as motor deficits in patients. The histological hallmark of the 

disease is the presence of intraneuronal inclusions called Lewy bodies, which are primarily 

composed of alpha-synuclein (aSyn) protein. Irrespective of the complexity of PD, the available 

pre-clinical models of the disease recapitulate only limited disease characteristics. The 

development of more holistic models could improve testing of candidate drugs and their 

interaction with different pathological features of the disease. 

In our study, we tested a combination of aSyn pre-formed fibrils (PFFs) and a mitochondrial 

toxin to develop a mouse model of PD exhibiting both Lewy body-like aSyn aggregation and DA 

neuron loss in a feasible timeframe. 7-9 weeks old C57BL/6J mice received unilateral, 

intrastriatal injections of PFF and the toxin at an interval of 2 weeks and were sacrificed after 14 

weeks. Furthermore, we studied the possible neurorestorative effects of cerebral dopamine 

neurotrophic factor (CDNF) in this model. It has been reported to provide neurorestoration in 

toxin rodent models of PD and to interact with aSyn both in vivo and in vitro. In our study, 



CDNF was injected intrastriatally 2 weeks after toxin injection. The pathology was assessed by 

quantifying the DA neurons and phosphorylated aSyn (paSyn)-positive inclusions. Behavioural 

tests were conducted at regular intervals to assess the motor function of these mice. 

We found that at 14 weeks timepoint, the PFF + toxin-injected mice had significant loss of DA 

neurons in the substantia nigra and their fibers in the striatum. This was observable in the 

amphetamine-induced rotation test where these combination-injected mice rotated significantly 

more than the control group. There was also the presence of paSyn aggregates in these animals. 

The single intrastriatal injection of CDNF was neither able to restore the nigrostriatal system nor 

affect the aSyn pathology in this robust PD model. However, at behavioral level, in cylinder test, 

the paw-usage bias was alleviated in CDNF-treated mice compared to the combination-injected 

mice. 

We conclude that the combination model of PFF + toxin is a viable option to mirror the PD 

pathology in mice. Additionally, we speculate that the dosing of CDNF was not sufficient and 

that multiple dosing or chronic infusions of the protein could lead to better neurorestorative 

effects. With this study, we shed light on the complexity of experimental disease modeling for 

multifactorial diseases such as PD and assert the need for multi-stressor models recapitulating 

more than one feature of the disease. 
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Abstract: Parkinson’s disease (PD) is characterized by motor and non-motor function deficit 

with neuropathological characterization of Lewy body in the brain, which is composed of 

phosphorylated, insoluble alpha synuclein (SNCA). Single amino acid changes in the alpha 

synuclein gene can cause familiar early onset PD. To date, most synucleinopathy mouse models 



involve overexpression of α-synuclein-encoding cDNA driven by a heterologous promoter. To 

understand the pathogenesis of α-synuclein driven PD, we hypothesized that a knock-in (KI) of a 

disease-causing mutation into the Scna locus in mice will permit better assessment of regional 

vulnerability and phenotypic progression. To this end, we generated three different Scna point 

mutation KI mouse models (SncaA30P, SncaE46K, and SncaG51D). The SncaG51D KI mice, out of the 

three different KI models, shows the most noticeable difference in the motor behavior test from 9 

months of age. Before the age of behavioral deficits appeared, homozygous SncaG51D animals 

display abnormalities in olfactory function and slower gut transit time from 6 months, showing 

early non-motor symptoms of PD. They also exhibit phospho-S129 α-syn positive staining in 

olfactory tissue, cerebral cortex, entorhinal cortex, enteric nerve in the colon and dorsal motor 

neuron of vagus nerve from 3 months of age, where early alpha synuclein pathology found in 

PD. These findings suggest that the SncaG51D KI mouse model is a useful tool for studying 

biology of α-syn related diseases in mice. 
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Abstract: Parkinson's disease (PD) is a prevalent neurodegenerative disorder that affects 

millions of people. SNCA encodes alpha-synuclein, and is frequently mutated in familial PD 

patients. Studies have shown that distinct SNCA mutations influence alpha-synuclein 

aggregation and PD pathology by altering the fibril structure. In order to investigate how SNCA 

mutations affect PD pathology in vivo, we generated transgenic mouse models for SNCA 

E46KA53T (B6-hSNCAM2) and SNCA A53T (B6-hSNCAM1) based on C57BL/6 mice. We 

systematically evaluated the characteristics of B6-hSNCAM2 and B6-hSNCAM1 mice and 

observed that both models exhibited PD-like phenotypes. Pathological examinations revealed 

that B6-hSNCAM2 exhibited more severe loss of TH+ neurons and accumulation of alpha-

synuclein compared to B6-hSNCAM1, as indicated by immunohistochemical analysis. 

Moreover, B6-hSNCAM2 presented with motor deficits that were significant before 3 months of 



age, whereas B6-hSNCAM1 exhibited comparable symptoms at 4 months of age. Interestingly, 

in contrast to B6-hSNCAM1 mice, B6-hSNCAM2 mice displayed an early onset of motor 

deficits but had a slower disease course and survival endpoint. In conclusion, the results suggest 

that various SNCA mutations may have an impact on the pathological and behavioral 

progression of PD in vivo, leading to distinct features of disease progression. 
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Abstract: Parkinson’s disease (PD) is the most common neurodegenerative movement disorder 

and is characterized by the accumulation of alpha-synuclein protein aggregates in the PD brain. 

These inclusions, accompanied with the degeneration of dopaminergic neurons are the 

neuropathological hallmarks of this incurable disease. Currently a lot of effort is put into 

studying the involvement of different forms of alpha-synuclein, i.e. monomeric, oligomeric, 

fibrillar and aggregated forms or different post translational modifications of the protein, and 

their contribution to disease progression. Targeting alpha-synuclein thus has an important 

therapeutic value. Since the research field lacks good and consistent animal models for 

preclinical research, we are developing mouse models based on the administration of sonicated 

preformed fibrils (PFF), either alone or in combination with viral vectors. Unilateral and bilateral 

stereotactical injections in the dorsal striatum of young wild type mice with sonicated mouse 

PFF’s showed clear pathology and robust neurodegeneration at varying time points (4-13 weeks) 

after PFF administration. Since an increasing interest in more translational models is observed, 

and treatments are targeting human alpha-synuclein specifically, the development of models 

combining human PFF’s and expression of human alpha synuclein via viral vectors is initiated. 

Different administration routes (including intrathecal, intravenous and stereotactical injections) 

using different AAV vectors were explored. Since combined administration of hPFF and 

AAV2/7-human-aSyn did not worsen the previously described phenotype observed by Oliveras-



Salvá et al; 2013, newly developed AAV vectors expressing GFP were injected either intrathecal 

or intravenous and the GFP expression levels were assessed to define the region and level of 

protein expression. Depending on the outcome we will combine the most efficient viral vector 

with administration of human PFF’s to induce seed and spread pathology of human alpha-

synuclein. These alpha-synuclein based models can be of great importance to the research field 

to assess in vivo therapeutic interventions based on targeting human alpha-synuclein pathology 

and more specifically the spreading of human alpha-synuclein. 
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Abstract: The aggregation of α-synuclein (α-SYN), which is encoded by the SNCA gene, is the 

pathological hallmark of synucleinopathy, including Lewy body disease (LBD). LBD affects 

various neuronal subtypes in distinct brain regions, such as dopaminergic neurons in the 

midbrain associated with Parkinson's disease (PD), as well as excitatory neurons in the cortical 

regions linked to dementia with Lewy bodies (DLB). However, our understanding of the 

pathophysiology of α-SYN in LBD, particularly in excitatory neurons, remains limited. In this 

study, we generated human cortical synucleinopathy models by differentiating induced 

pluripotent stem cells (iPSCs) derived from LBD patients with SNCA gene triplication into 

cerebral organoids. After two-month culture period, we observed significantly elevated levels of 



total α-SYN, phosphorylated α-SYN, and aggregated α-SYN in the SNCA triplication organoids 

compared to control organoids. Notably, single-cell RNA sequencing (scRNA-seq) analysis 

revealed that the SNCA gene was predominantly expressed in excitatory neurons. Pathway 

analysis of scRNA-seq data indicated synaptic and mitochondrial dysfunction as the top 

pathways associated with SNCA triplication, which we further validated through measurements 

of neuronal activity using multi-electrode array (MEA) and mitochondrial respiration using 

Seahorse analysis. To strengthen the relevance of our organoid model for studying α-SYN 

pathogenesis, we performed single-nucleus RNA sequencing analysis on the superior temporal 

cortex of human LBD brains, including carriers with SNCA duplication and triplication. Our 

findings from human LBD brains corroborated the observations from the organoid model, further 

supporting the utility of our approach. To address α-SYN aggregation, we screened FDA-

approved drugs and identified potential inhibitors of α-SYN seeding using the Real-Time 

Quaking-Induced Conversion (RT-QuIC) assay. Four drugs significantly reduced α-SYN 

aggregates and alleviated mitochondrial dysfunction in SNCA triplication organoids. Altogether, 

our study provides insight into cortical synucleinopathy models and the discovery of drugs 

targeting α-SYN aggregation in LBD. 
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Title: Serotonergic dysfunction impairs locomotor coordination in spinal muscular atrophy 
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Abstract: Neuromodulation by serotonin (5-HT) regulates the activity of neuronal networks 

responsible for a variety of essential behaviors. 5-HT is intricately involved in the production of 

locomotor activity and gait control. Although dysfunction of serotonergic neurotransmission has 

been associated with mood disorders and spasticity after spinal cord injury, whether and to what 

extent such dysregulation is implicated in diseases affecting motor control has not been firmly 



established.Here, we investigated whether 5-HT neuromodulation is affected in spinal muscular 

atrophy (SMA), a neurodegenerative disease caused by ubiquitous deficiency of the SMN 

protein. The hallmarks of SMA are death of motor neurons, muscle atrophy, and impaired motor 

control, both in humans and mouse models of disease. We utilized the SMNΔ7, a severe SMA 

mouse model, that recapitulates the symptoms of Type I SMA patients, the most common form 

of the disease.Utilizing mouse genetics, optogenetics, physiology, morphology, and behavioral 

analysis, we report a severe dysfunction of 5-HT neurotransmission in the spinal cord of SMA 

mice, both at early and late stages of disease. We found that the modulatory effect of serotonin 

on the monosynaptic spinal reflex is reduced by up to 80% in SMA. This dysfunction is followed 

by reduction of 5-HT synapses on both somatic and dendritic compartments of vulnerable motor 

neurons. We demonstrate that motor neurons innervating axial and trunk musculature are 

preferentially affected compared to the those innervating distal muscles, suggesting a possible 

cause for the proximo-distal progression of disease. We also demonstrate that the 5-HT 

dysfunction is caused by SMN deficiency in serotonergic neurons themselves in the raphe nuclei. 

The behavioral significance of the dysfunction in serotonergic neuromodulation is underlined by 

inter-limb discoordination in SMA mice, suggesting dysregulation of the neuromodulation at the 

motor circuit level. The locomotor discoordination is greatly ameliorated following selective 

genetic restoration of SMN in 5-HT neurons.Our study uncovers an unexpected dysfunction of 

serotonergic neuromodulation in SMA and indicates that, if normal function is to be restored 

under disease conditions, 5-HT neuromodulation should be a key target for therapeutic 

approaches. 
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Abstract: Spinal muscular atrophy (SMA) is a neuromuscular disease of young children that 

leads to motor neuron death in the spinal cord and atrophy of their innervating muscles. SMA is 



caused by mutations of deletions of the survival motor neuron 1 (SMN1) gene. Interestingly, 

SMN deficiency has little or no effect on sensory neurons. The number of sensory neurons is 

similar in the dorsal root ganglia of wildtype and Smn-/-;SMN2 mice. However, little is known 

about the effect of SMN deficiency on sensory neurons in the trigeminal nervous system. In this 

study, we investigated the number and cell size of sensory neurons in the trigeminal ganglion 

(TG) of two different mouse models of SMA, namely Smn2B/- and Smn-/-;SMN2 mice. Three 

wildtype and 3 Smn2B/- mice at postnatal day 21 were used in this study. Five C57BL/6 wildtype 

and 5 Smn-/-;SMN2 mice at postnatal day 5 were also investigated. These animals were deeply 

anesthetized with tribromoethanol (Avertin) and transcardially perfused with 4% 

paraformaldehyde in 0.1 M phosphate buffer (pH 7.4). The TG was dissected, frozen-sectioned 

at 8 μm thickness and processed for Nissl stain. By a macroscopic analysis, the TGs in wildtype 

mice were large and had 2 thick nerves, the opthalmo-maxillary and mandibular nerves. The TG 

in Smn2B/- mice also had a large ganglionic body, and thick opthalmo-maxillary and mandibular 

nerves. In Smn-/-;SMN2 mice, however, the length, width and thickness of the TG was severely 

decreased and the two nerves were small. At the microscopic level, numerous sensory neurons 

were detected in the TG of wildtype mice. These neurons mainly had small and medium-sized 

cell bodies. Smn2B/- mice showed no remarkable change in the number and cell size of TG 

neurons. In Smn-/-;SMN2 mice, however, the number of sensory neurons dramatically decreased 

in the TG. Many TG neurons with medium-sized to large cell bodies disappeared in Smn-/-;SMN2 

mice. These findings suggest that the different severity of disease in the two mouse models have 

different effects on the TG during developmental stages. 
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Abstract: In chronic neurodegenerative diseases, such as spinal and bulbar muscular atrophy 

(SBMA) commonly observed phenotypes include the abnormal accumulation of disease-causing 

proteins and the formation of nuclear and cytoplasmic inclusions. We examined the effects of the 

natural flavonoid kaempferol in cultured cell models of neurodegenerative diseases expressing 

mutant androgen receptor (AR), huntingtin, atrophin-1 and ataxin-1. We administrated 

kaempferol to AR-24Q and AR-97Q SBMA transgenic mice at doses of 0 mg/kg or 30mg/kg 

respectively everyday via oral gavage from age 6 to 30 weeks and examined various neurological 

and behavioral parameters.Kaempferol preferentially decreased the expression of those causative 

proteins in the neuronal cell models. The expression levels of the autophagic marker LC-3 II and 

phospho-beclin-1 were significantly elevated in the cells after treatment with kaempferol. 

Kaempferol also decreased the expression of p62. Kaempferol treatment showed improvement of 

motor dysfunction, alleviated body weight loss and enhanced survival rate in comparison with 

vehicle treated SBMA transgenic mice.These findings demonstrated that kaempferol induced 

autophagosome formation and enhanced the preferential degradation of the disease-causative 

proteins, and is a potential therapeutic reagent for the prevention of neurodegenerative diseases 

associated with the accumulation of polyQ-expanded proteins. 
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Authors: *N. COTTAM, M. HARRINGTON, P. SCHORK, J. SUN;  

Biol., Delaware State Univ., Dover, DE 

Abstract: Spinal muscular atrophy (SMA) is an autosomal recessive disease that affects 1 out of 

every 6,000-10,000 individuals at birth, making it the leading genetic cause of infant mortality. A 

deletion or mutation in survival motor neuron 1 (SMN1) gene, the disease-determining gene for 

SMA, results in lower motor neuron dysfunction and degeneration, leading to progressive muscle 

atrophy, weakness, and paralysis. There are 5 subtypes of SMA, type 0 to 4, which differ by 

SMN2 copy number of SMN2 and age of onset. However, there is substantial genetic 



heterogeneity across these subtypes, which can be explained, at least in part, by a number of 

disease-modifying genes that are both SMN-dependent and -independent. Among these are 

several genes encoded exclusively on the X chromosome, such as plastin 3, Ubiquitin Specific 

Peptidase 9 X-Linked, and Ubiquitin Like Modifier Activating Enzyme. In many other 

neurodegenerative disorders, sex is a significant risk factor. Reports of sex differences in SMA 

patients are largely inconsistent or incomplete, with some studies pointing to a higher severity 

and occurrence rate for males, and some reporting no sex differences altogether. To date, when 

employing animal models to study SMA such as the SMNΔ7 mouse model, sex as a contributing 

biological variable has been largely overlooked. The popular SMNΔ7 mouse model of severe 

SMA is regularly employed to investigate pathologies and test therapeutic effectiveness. 

However few studies have compared sex differences, and they do not point conclusively to one 

answer. 

In this study, we investigated differences in SMA occurrence, lifespan, and phenotype between 

male and female mice of the SMNΔ7 strain. To do this, 23 mouse litters were tracked and 

common phenotypic assessments, including body and brain weights, righting reflex, and negative 

geotaxis task were performed. We found that the likelihood of a male or female pup being SMA-

affected does not differ significantly, survival periods are the same across sexes, and that sex is 

not a significant source of phenotypic variation in mice. Overall, this study affirms that sex is not 

a biological variable that contributes to differences in disease severity in the SMNΔ7 mouse 

model, and thus does not have to be controlled when planning experiments with this model. 
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Abstract: Background: Spinal muscular atrophy (SMA) is a hereditary progressive motor 

neuron disease. Nusinersen, an antisense oligonucleotide, targeting SMN2 gene is effective in 

both children and adults with SMA. It is surprising that about two fifth of adult SMA patients not 

only showed stabilization of disease but demonstrated meaningful motor functional improvement 

after nusinersen treatment. However, the mechanisms behind such a benefit are still unclear. 



Rationale: We used a mouse model of adult SMA at the late stage to fully represent adult SMA 

patients and avoid influence by neuromuscular development and plasticity at young age. This 

study is aimed to investigate the effects and mechanisms of nusinersen treatment in adult SMA 

mice at the late stage with emphasis on status of spinal motor neuron and neuromuscular junction 

(NMJ). Methods: Adult SMA mice (Smn-/-SMN2+/+) were treated with two shoots of 

nusinersen (each 2 µg/g) or normal saline (control) via stereotaxic injection into cerebroventricle 

at the age of 12 and 13 months and were sacrificed at 14 months. Each mouse received monthly 

motor function assessment using rotarod maintenance test from the age of 11 to 14 months. 

Nerve conduction study was conducted on sciatic nerves to analyze motor unit number 

estimation (MUNE) before and after treatment. The pathology of lumbar spinal cord and 

hamstrings muscle were investigated using immunohistochemistry for motor neuron density and 

architecture of neuromuscular junctions (NMJs). The pathology of adult SMA mice at 12 months 

of the age was used to represent pre-treatment conditions. Results: Nusinersen treatment led to 

dose dependent increase of SMN protein and transcripts in brain and spinal cord. SMA mice that 

received nusinersen treatment showed significant improvement in motor functions using rotarod 

maintenance test at both accelerated and fixed modes. Nusinersen treatment increased MUNE in 

adult SMA mice while untreated SMA mice revealed a trend toward reduction of MUNE. At 14-

month-old, nusinersen-treated SMA mice showed similar spinal motor neuron density as 

compared to untreated SMA mice; however, nusinersen treatment prevented reduction of density 

of spinal motor neurons having axons innervating muscles. In addition, nusinersen treatment not 

only prevented NMJ denervation, but promoted NMJ innervation in late-stage adult SMA mice. 

Conclusion: Nusinersen treatment can improve motor function in late-stage adult SMA mice, 

via mechanisms of enhancement in NMJ innervation and increase of functional motor neuron 

number, namely activation of functionless but still alive motor neurons to functional motor 

neurons. 

Disclosures:   L. Tsai: 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.; Biogen. H. Lai: 

None. C. Kao: None. Y. Tsai: None. S. Tai: None. W. Weng: 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.; Biogen. 

Poster 

PSTR017. Other Motor Neuron Diseases: SMA, SBMA, and Childhood ALS 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR017.06/K8 

Topic: C.06. Neuromuscular Diseases 

Support: Roche support 



Title: Three dimension stem cell spinal cord model to study the therapeutic mechanisms of 

risdiplam-like compound for spinal muscular atrophy. 
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Abstract: Spinal Muscular Atrophy (SMA) is a severe neurological disorder characterized by 

early onset and degeneration of lower motor neurons due to mutations in the SMN1 gene. To 

reproduce reliable human models, we generated and phenotypically characterized human spinal 

cord organoids from induced pluripotent stem cells (iPSCs) of SMA type 1 subjects (n=3) and 

healthy controls (n=2). Our study aimed at improving the treatment of SMA by investigating the 

efficacy of a Risdiplam-like compound on 3-dimensional (3D) spinal cord model. Treatment, 

whose main action is restoring SMN protein level, was started at different time points during the 

first 80 days of organoid development which parallels the first trimester post conception and was 

provided as daily therapy every two days. We observed that SMA samples present a pervasive 

cellular and molecular developmental alteration in multiple cell populations, including neural 

progenitors, beyond motor neurons. This was ascertained using bulk transcriptomics, single cells 

RNAseq, and multi-electrodes array analysis, along with immunophenotypic characterization. 

Our preliminary results on treatment demonstrated that 1) Risdiplam-like compound modulates 

at least 15% of disease affected genes; 2) long-term in vitro treatment is well-tolerated; 3) ratio 

between full length SMN2 and Δ7 is robustly restored; 4) pathological hallmarks are reverted, all 

in all supporting the idea that SMA organoids represent a reliable model to explore drug kinetics 

and therapeutic consequences. Moreover, our study highlights the early-onset and pervasive 

developmental nature of SMA pathogenesis, which can be further disentangled exploiting 

organoids. Optimizing Risdiplam-like therapy for all SMA patients and developing combined 

therapeutic approaches is a key aspect in clinical perspective and can be achieved by 

understanding the whole drug mechanisms of action. Our study precisely contributes to the 

optimization of Risdiplam therapy and to the identification of targets for complementary 

treatment intervention in SMA patients. 
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Abstract: Spinal Muscular Atrophy (SMA) is an autosomal-recessive disorder caused by 

mutations in the SMN1 gene, leading to an early onset and degeneration of cells in the ventral 

horn of the spinal cord. Although ubiquitous expression of SMN, lower motor neurons are the 

most vulnerable neuronal type to protein decreasing, with a resulting clinical phenotype of 

progressive muscular atrophy. Recently, breakthrough therapeutic strategies developed to restore 

the levels of SMN have received FDA/EMA approval and are currently in clinical use; altogether 

have dramatically changed the clinical prognosis of SMA. Although growing clinical data show 

that approved treatments also provide benefits in the chronic phase, an unmet therapeutic need 

remains for patients treated after symptom onset, and it is not yet clear which are the interfering 

factors with the efficacy of the treatment. In addition, explanations for the observed variability in 

treatment response along with the impact on tissues other than the spinal cord still need to be 

addressed. Therefore, a better understanding of SMA mechanisms in the early disease stages, 

even prenatally, is pivotal to optimizing current therapeutic approaches by increasing efficiency, 

targeting/biodistribution, and developing new clinical strategies.Moreover, it is necessary to 

understand SMN’s role in reliable biological models to optimize the available treatments and 

facilitate the development of novel compounds. To this aim, we generated and phenotypically 

characterized human SMA type 1 central nervous system (CNS) organoids derived from multiple 

donors. Single-cell transcriptomics analyses revealed a pervasive transcriptional alteration in 

multiple cell populations, beyond motor neurons, including neural progenitors. Functional 

analyses showed consistent defects in SMA brain and spinal organoids activity, supporting a 

model of widespread pathogenesis in the SMA central nervous system.We also tested newly 

developed peptide-conjugated antisense oligonucleotides targeting SMN expression levels at the 

early stages of organoid development. Results showed that the treatment can rescue 

morphological and functional deficits in SMA spinal cord organoids.Our molecular, 

morphological, and functional findings demonstrate the early-onset and pervasive developmental 

nature of SMA pathogenesis, which needs to be considered in the therapeutic perspectives, and 

provide evidence that SMA organoids represent a reliable model to explore drug kinetics and 

efficacy. 
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Abstract: Amyotrophic lateral sclerosis (ALS) is a fatal disease affecting motor neurons. 

Recently, patients were identified with de novo mutations in the gene SPTLC1, leading to an 

ALS onset as early as 3 years of age. SPTLC1 is a subunit of serine palmitoyltransferase (SPT), 

the rate-limiting enzyme of sphingolipid (SL) synthesis. SLs are an essential lipid class which 

are particularly abundant in myelin and enriched in the nervous system. The ALS-linked 

mutations occur within a transmembrane domain (TMD) of SPT required for its negative 

regulation; structural data predict these mutations cause unrestrained SL synthesis. These are the 

first metabolic mutations linked to ALS; no previous animal models of this syndrome existed. 

We hypothesized that mice expressing ALS-mutant Sptlc1 will would produce excessive SLs 

and exhibit neurodegeneration. 

Mouse and human protein sequences are highly conserved in the affected TMD, making 

precision mouse modeling ideal to investigate consequences of these mutations. We generated 

mice with the A20S disease-linked mutations in the endogenous locus to examine 

neurodegeneration and SL production. SLs are elevated in mutant tissues, especially in 

homozygotes. Both A20S animals exhibit signs of neurodegeneration revealed by thin 

myelination and increased levels of neurofilament light chain, a protein that accumulates in 

serum following axonal breakdown. Mutants exhibit progressive age-related neurodegeneration. 

By 1 year, A20S animals show TDP-43 mislocalization, a defining pathological feature of 

human ALS rarely observed in mouse models. These mice provide a preclinical model to test 

therapies for patients with Sptlc1 ALS-linked mutations and can be leveraged to study how high 

SL levels lead to neurodegeneration. 
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Abstract: Spinal muscular atrophy (SMA) is a neurodegenerative disease due to the lack of 

Survival Motor Neuron (SMN) protein: SMA is characterized by lower MN degeneration 

(MND) and muscle atrophy. However, we also observed a selective degeneration of motor cortex 

(CRTX) layer V pyramidal neurons in SMAΔ7 mice (a severe SMA murine model), compared to 

WT controls. Even if SMA genetic causes are well known, many aspects of its pathogenesis 

remain unclear and the available therapies still show many limits. Intriguingly, neuroprotective 

effects of GABA-targeting drugs were reported in SMA, suggesting a possible dysregulation of 

GABA and inhibitory interneuron (IN) pathways at CRTX level, as a common etiology shared 

with other neuronal diseases. Indeed, we have strong preliminary results showing perturbation of 

GABA metabolism and Parvalbumin (PV) INs functions in SMAΔ7 mice sensorimotor (SM) 

CRTX, in the late disease stage (postnatal day 12), in comparison with WT. By 

immunofluorescence (IF), we observed a significant reduction of GABAergic signal (-57%, 

p<0.01) and reduced density of GABA+-cells (-25%, p<0.01) in SMAΔ7 SM CRTX, along with 

an impaired distribution and reduction of GAD65 and GAD67 (GABA synthesis enzymes) signal 

(-60% and -65%, respectively, p<0.05) and GAD67+-cells (-20%, p<0.05), underlying 

neurotransmitter synthesis defects. Moreover, PV INs were found significantly reduced in 

number (-34%, p<0.05) and morphologically altered, suggesting possible failure in their 

inhibitory functions. Immunoblotting further confirmed a reduction in GAD65/67 protein levels 

in the SMAΔ7 SM CRTX (-25%, p<0.05). Furthermore, IF analyses in SMAΔ7 motor CRTX 

showed a reduction of GABAergic synapses contacting-neurons in L2/3 (-28%, p<0.01) and L5 

(-38%, p<0.001), suggesting loss of GABAergic contribution to cortical excitatory/inhibitory 

homeostasis. Overall, the results show for the first time GABAergic dysregulations in the SM 

CRTX of SMA mice, possibly contributing to the SMA onset of MND. Further studies aimed at 

fully understanding and pharmacologically rescuing GABA pathways will pave the way for new 

SMA treatments. 
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Abstract: Spinal Muscular Atrophy (SMA) is an autosomal recessive neurodegenerative 

disorder characterized by pathological symptoms such as limited motor functions especially in 

children. This is caused by the degeneration of α-motor neurons at the anterior horn region of the 

spinal cord. Primary cause of SMA is deletion in the Survival Motor Neuron 1 (SMN1) gene 

which leads to reduced level of SMN protein. SMN is involved in actin dynamics by 

sequestrating profilin2a (PFN2). In the absence of SMN, hyper activity of PFN2 is observed, 

which is a major pathology of SMA. Hence, PFN2 is a potential target to regulate SMA 

pathophysiology. This study aimed to target PFN2 by in-silico small molecule screening. Crystal 

structure of PFN2 (PDB ID: 1D1J) was obtained and loops were modified using ModBase tool. 

The quality was then assessed by ERRAT value and was subjected to molecular docking with 

two ligand libraries (ZINC synthetic and Chemdiv natural small molecule library) using 

Schrӧdinger Maestro ((Schrӧdinger release 2022-1: GLIDE, Schrӧdinger, LLC, New York, NY, 

2021) and subsequently ADME properties using Quikprop (Schrӧdinger release 2022-1: 

Quikprop, Schrӧdinger, LLC, New York, NY, 2021) was performed for selected molecules. The 

ERRAT score of the refined crystal structure was found to be 99.413 which was then subjected 

to docking using GLIDE module of Schrӧdinger Maestro. Natural ligand N-({1-[3-(4-

fluorophenyl)-1H-pyrazol-5-yl]piperidin-4-yl}methyl)-1H-indo le-3-carboxamide and synthetic 

ligands ZINC000076125568 and ZINC000071927976 showed notable binding with PFN2 with 

minimum glide score of -5.838, -8.648 and -8.883 KCal/Mol respectively. Their interaction 

residues overlap with those of SMN. Results from ADME properties suggests that the natural 

molecule N-({1-[3-(4-fluorophenyl)-1H-pyrazol-5-yl]piperidin-4-yl}methyl)-1H-indo le-3-

carboxamide has high GI absorption of 85.3%, whereas the synthetic ligands has very poor or no 

GI absorption. All the three ligands does not violate the Lipinski’s rule of 5. Though the ligands 

show poor ADME properties, they could act as a potential therapeutic molecule for the treatment 

of SMA. In conclusion, our results suggests that three molecules, N-({1-[3-(4-fluorophenyl)-1H-

pyrazol-5-yl]piperidin-4-yl}methyl)-1H-indole-3-carboxamide, ZINC000071927976 and 

ZINC000076125568 act as potential ligands of interest for the treatment of spinal muscular 



atrophy. However, further in-vitro and in-vivo analysis is required for the optimization and 

potential use of these ligands for treatment of SMA. 
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Abstract: SCYL1 is a multidomain protein thought to regulate several essential cellular 

functions including membrane protein trafficking, nucleocytoplasmic shuttling of tRNAs, and 

transcription via interactions with several molecular complexes. In both humans and mice, 

inactivating SCYL1 mutations cause a multisystem disorder characterized by recurrent episodes 

of liver failure, growth retardation and progressive motor dysfunction resulting from the loss of 

spinal motor neurons. However, the molecular mechanisms underlying this syndrome has 

remained elusive. Here we report the characterization of an allelic series of Scyl1 separation-of-

function mutations in mice and show that although defective protein trafficking and faulty 

transcription were viewed as major disease mechanism, mice harboring mutations in Scyl1 that 

prevented interaction between SCYL1 and various factors involved in protein trafficking or 

DNA binding showed no overt abnormalities. Importantly, however, mice expressing mutant 

forms of SCYL1 that prevented the ability of SCYL1 to oligomerize, interact with specific 

membrane phospholipids or perturb its subcellular localization along the secretory pathway 

exhibited loss-of-function phenotypes. Together, these findings indicate that defective lipid 

trafficking and/or metabolism may represent a major disease mechanism in SCYL1 deficiency 

syndrome. Ongoing omics studies have begun to illuminate metabolic pathways deregulated in 

Scyl1-deficient mouse tissues. 
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Abstract: Methamphetamine (meth) is a highly addictive psychostimulant, and its rates of abuse 

in the US have increased in recent years (NSDUH 2021). In addition to being addictive, meth is 

also neurotoxic. Chronic (28-day) in vivo meth (5 mg/kg) administration results in the 

degeneration of substantia nigra pars compacta (SNc) dopamine neurons in male mice, which is 

associated with meth-induced mitochondrial oxidant stress (Graves et al., Nat Neurosci 23(1):15-

20, 2020; Du et al., Neuropharmacol 200:108817, 2021; Graves et al., Neurobiol Dis 

156:105409, 2021). The consequence of chronic in vivo meth administration on mitochondria in 

the SNc is unclear. Existing literature shows that an acute meth binge decreases parkin 

expression and 26S proteasome-ubiquitin activity, suggesting a deficit in mitophagy 

(Moszczynska et al., J Neurochem 116(6):1005-17, 2011). We, therefore, hypothesize that 

chronic meth administration will increase mitochondrial density in SNc neurons. To test this 

hypothesis, male C57BL/6J mice (approximately 8 weeks of age) were administered saline (10 

ml/kg; i.p.; n=4 mice) or meth (5 mg/kg; i.p. n=4 mice) for 28 consecutive days, after which 

mice were sacrificed; brains were fixed using 4% paraformaldehyde and sectioned (40 µm). 

Brain slices throughout the SNc were collected, and every sixth section was stained for tyrosine 

hydroxylase (TH) to label dopamine neurons. Slices were counterstained for the voltage-

dependent anion-selective channel protein 1 (VDAC1) to label mitochondria. High-resolution z-

stacks (0.101 µm x 0.101 µm; 0.3 µm steps), entailing the soma of SNc neurons, were acquired 

using an Apotome fluorescence microscope (Zeiss). Imaris MeasurementPro software was used 

to generate 3D reconstructions of the soma of SNc neurons and estimates of mitochondrial 

density calculated as the volume occupied by mitochondria (VDAC1 staining) in the somatic 

compartment divided by the total somatic volume (TH staining) using the surface object 

function; 14-20 neurons were collected per mouse per group and data analyzed using a nested t-

test. Chronic meth administration increased mitochondrial density in the soma of SNc 

(p<0.0001) neurons in male mice (saline: n= 66 neurons/4 mice; meth: n= 70 neurons/4 mice). 

Further study is needed to determine whether chronic meth similarly impacts SNc mitochondrial 

density in female subjects. 
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Abstract: Methamphetamine (meth) is an addictive stimulant with neurotoxic effects. In 

substantia nigra pars compacta (SNc) dopamine neurons meth increases axonal but not somatic 

mitochondrial oxidant stress and this meth-induced mitochondrial oxidant stress is prevented by 

monoamine oxidase (MAO) inhibition (Graves et al., Nat Neurosci 23(1):15-20, 2020; Du et al., 

Neuropharmacology 1;200:108817, 2021). Similarly, meth increases MAO-dependent 

mitochondrial oxidant stress in axons of locus coeruleus (LC) noradrenergic neurons (Du et al., 

Front Cell Neurosci 16:949923, 2022). Chronic (28 day) in vivo administration of meth (5 

mg/kg) results in degeneration of both SNc (Du et al., Neuropharmacology 1;200:108817, 2021; 

Graves et al., Neurobiol Dis 156:105409, 2021) and LC neurons (Du et al., Front Cell Neurosci 

16:949923, 2022) which is also prevented by MAO inhibition, suggesting that the degenerative 

process starts in the axonal compartment. We therefore hypothesized that chronic meth 

administration would result in axon loss prior to somatic loss in SNc and LC neurons. To test this 

hypothesis, male C57BL/6J mice (~8 weeks old) were administered saline or meth (5 mg/kg; 

i.p.) for 14, 21, or 28 days and brain sections (40 µm) entailing the SNc and dorsolateral striatum 

(DLS) as well as sections entailing the LC and motor cortex collected. SNc dopamine neurons 

and axons in the DLS were stained for tyrosine hydroxylase (TH+). LC noradrenergic neurons 

were stained for TH+ and LC axons in the motor cortex for the norepinephrine transporter 

(NET+). The number of TH+ neurons in the SNc and LC and TH+ and NET+ axon length in the 

DLS and motor cortex, respectively, were stereologically quantified by a blinded experimenter; 

data analyzed using unpaired t-tests (n=6 mice/group). In male mice 14- (p=0.0012) and 21-day 

(p=0.0043) meth treatment resulted in decreased TH+ axon length in the DLS without somatic 

loss in the SNc, whereas 28-day meth resulted in axonal (p=0.0050) and somatic (p=0.0092) 

loss. Similarly, 14- (p=0.0131) and 21-day (p=0.0010) meth treatment resulted in decreased 

NET+ axon length in the motor cortex without somatic loss in the LC, whereas 28-day meth 

resulted in both axonal (p<0.0001) and somatic (p=0.0002) loss. Presented data suggest that 

chronic meth causes a progressive dying-back pattern consistent with that observed in the SNc 

(Kordower et al., Brain 136(8):2419-2431, 2013) and LC (Doppler et al., Brain 144(9):2732-

2744, 2021) in patients with Parkinson’s disease, a progressive neurodegenerative disorder for 

which people with a history of meth abuse are at increased risk (Curtin et al., Drug Alcohol 

Depend 146:30-8, 2015). 
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Abstract: Methamphetamine (meth) is an addictive and neurotoxic psychostimulant. Our lab has 

previously shown that chronic 28-day administration of meth (5 mg/kg) results in degeneration 

of substantia nigra pars compacta (SNc) dopamine (Du et al., Neuropharmacology 200:108817, 

2021) and locus coeruleus (LC) norepinephrine neurons in male mice (Du et al., Front Cell 

Neurosci 16:949923, 2022). Female mice are resistant to nigrostriatal neurotoxicity induced by 

an acute binge administration of meth (Dluzen et al., Ann. N.Y. Acad. Sci. 1074:282-294, 2006); 

whether female mice are similarly resistant to chronic meth-induced degeneration of SNc and LC 

neurons is unclear. To determine the consequence of chronic meth on SNc and LC neurons in 

female mice, adult female C57BL/6J mice (approximately 8 weeks of age) were administered 

saline or meth (5 mg/kg) intraperitoneally for 28 days after which brains were harvested, tissue 

sectioned, and immunostained for tyrosine hydroxylase (TH+) as in prior studies (Du et al., 

Neuropharmacology 200:108817, 2021; Du et al., Front Cell Neurosci 16:949923, 2022). The 

number of TH+ SNc and LC neurons were stereologically quantified by a blinded experimenter. 

In contrast to previous results in male subjects (Du et al., Neuropharmacology 200:108817, 

2021; Du et al., Front Cell Neurosci 16:949923, 2022), chronic 28-day meth administration had 

no effect on the number of TH+ neurons in the SNc (p=0.7397) or LC (p=0.8692) in female 

mice; n=6 mice/group. In male rats trained to self-administer meth (Kousik et al., Eur J Neurosci 

40:2707, 2014) and male mice administered a sub-chronic regimen of meth (Graves et al., 

Neurobiol Dis 156:105409, 2021), degeneration becomes apparent after a period of abstinence. 

To determine whether female subjects remain resistant to degeneration during abstinence, female 

mice were treated with saline or meth (5 mg/kg; IP) for 28 days and sacrificed after 56-days of 

abstinence. Brains were harvested, sectioned, stained and the number of TH+ SNc and LC 



neurons stereologically quantified by a blinded experimenter. The number of TH+ neurons in the 

SNc (p<0.0001) and LC (p=0.0033) were decreased after protracted abstinence from chronic 

meth administration. Saline and meth treated groups were compared and analyzed using unpaired 

t-tests; n=6 mice/group. Current results indicate that, while female mice show resistance to the 

deleterious effects of chronic meth, degeneration does appear to emerge after a period of 

abstinence. 
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Abstract: Bipolar disorder (BD) is a genetically inherited mood disorder characterized by 

extensive disruption in circadian function. Lithium is a mood stabilizer used to treat BD, but 

many patients do not respond to treatment. Lithium may stabilize disruptions in circadian rhythm 

caused by BD and is neuroprotective. However, mechanisms underlying lithium’s regulation of 

circadian rhythm and cell death in BD are not well understood. Studies in murine cell lines have 

examined the effects of lithium on expression of genes regulating circadian rhythms and report 

that lithium increases the expression of Period 2 (PER2) and decreases the expression of PER3. 

PER1 also plays an integral role in maintaining the circadian rhythm and lithium could affect 

PER1 to prolong circadian period. We have also found previously that PER1 is also involved in 

regulating programmed cell death. In the current study we examined the effect of lithium on 

expression of PER1 in a human neuronal model of BD using induced pluripotent stem-cell 

(iPSC) technology. We used neural progenitor cells (NPCs) derived from iPSCs from lithium 

responsive (Li-Rs) and lithium nonresponsive (Li-NRs) BD patients and age-matched control 

subjects. Methamphetamine (Meth) is a drug that stimulates release of the neurotransmitter 

dopamine and produces cell death at high concentrations. Increased dopamine release is 

observed in the manic phase of BD; therefore, we used Meth to model neuronal loss associated 

with mania and determine whether cell death and PER1 expression differed between Li-R, Li-

NR and control NPCs. NPCs from each group were incubated with Meth (1 mM), lithium (Li; 10 



mM) + Meth or saline, and were processed for fluorescent immunocytochemistry to determine 

neurotoxicity (Image-IT DEAD) and expression of PER1. NPCs were imaged and quantified 

with ImageJ in a blinded fashion. We have recently shown that pre-treatment of NPCs with 

lithium before Meth reversed the neurotoxic effects of Meth in control NPCs, whereas Li-NR 

showed less protective benefit. Li-R cells showed decreased levels of IT-DEAD cells after Meth 

and comparatively high viability, and lithium treatment did not increase viability any further. We 

add to these findings to show that neither Meth nor pre-treatment with lithium altered PER1 

expression in NPCs from control, Li-R or Li-NR BD donors. Future studies will determine 

whether Meth differentially affects expression of other Period genes in Li-R and Li-NR NPCs, as 

lithium alters PER2 and PER3 to regulate circadian function. Therefore, the current in-vitro 

system can be further researched to investigate circadian rhythm disruptions and cell death in BD 

and biomarkers for lithium responsiveness. 
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Abstract: Ototoxicity and permanent hearing loss occur in 20-50% of patients treated with 

aminoglycoside antibiotics for bacterial ear infections. Inflammatory responses in the cochlea 

enhance the ototoxicity of aminoglycosides. The mechanism by which inflammatory responses 

potentiate aminoglycoside ototoxicity is not well understood. Preliminary data shows that 

inflammatory responses in the cochlea and brain of animal models and auditory cell lines involve 

the upregulation of proinflammatory long noncoding RNAs (lncRNAs). In LPS-induced 

endotoxemic mice, lncRNA Nostrill was significantly upregulated 2.1 ± 0.3fold. AK15331 was 

upregulated 2.3 ± 0.1fold and lincRNA-Cox2 and lincRNA-Tnfaip3 were upregulated 2.3 ± 

0.3fold and 2.5 ± 0.4fold, respectively. Proinflammatory genes ccl2, iNos, Tnf-α, Cxcl2, Il-1β 

were significantly upregulated in cochlea tissue 24hr after LPS injection. Interestingly, RT-qPCR 

analysis of TLR4 knockout mice showed that knockout of TLR4 expression significantly reduces 

the upregulation of lincRNA-Tnfaip3 and lincRNA-Cox2 following LPS stimulation but does 

not block LPS-induced upregulation of Nostrill. LPS-induced, proinflammatory cytokine 



expression was suppressed in TLR4KO mice. Genome-wide single cell expression analyses were 

used to identify cell types expressing upregulated and downregulated genes during the 

inflammatory responses. RT-qPCR and in situ were used to validate and localize differentially 

expressed lncRNA in the nervous system of the in vivo mouse model. Additionally, in vitro 

studies in auditory cell lines are currently underway to investigate the mechanisms by which 

lincRNAs regulate endotoxemia and increased aminoglycoside-associated ototoxicity. 
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Abstract: Alcohol consumption is prevalent in sub-Saharan Africa and globally with associated 

harmful effects on the central nervous system. Alcohol use is further associated with metabolic 

deficits contributing to the pathogenesis of Type 2 Diabetes (T2D). Diabetes and alcohol are 

independently reported to induce neuroplasticity deficits and apoptosis in several brain regions 

resulting in dementia and cognitive deficits. While some alcohol-induced neurobehavioral effects 

are considered reversible with sobriety, the molecular and resulting structural perturbation of 

alcohol in a diabetic state remains unclear. Therefore, this study aims to investigate the 

concomitant effect of alcohol in a diabetic state on the cortical size, white matter profile, and 

mRNA levels of plasticity proteins in the frontal lobe and cerebellum. Male Sprague Dawley rats 

were divided into 4 groups of six rats each including, NC (untreated groups), AL (normal rats 

treated with 10% ethanol), DB (diabetic rats), and DAL (diabetic rats treated with 10% ethanol). 

After ninety days of treatment, the rats were terminated, the brains were excised for, quantitative 

PCR of apoptosis (caspase-3, BAX, and BCL2) and plasticity (DLG4, mTOR, and 

synaptophysin) mRNA levels, and Nissl and Luxol Fast Blue stains for histomorphology analysis 

of cortical volume and myelin profile of white matter tracts respectively. Our results show that 

AL reduced cortical thickness, and white matter tracts in the frontal lobe and cerebellum, while 



DB significantly impacted all the parameters investigated. However, DAL significantly reduces 

cortical thickness and white matter tracts despite elevated caspase-3, BAX, and BCL2 and 

downregulated DLG4, mTOR, and synaptophysin in the frontal lobe and cerebellum. These 

findings indicate that alcohol use in diabetes may induce some antiapoptotic response amid 

exacerbated apoptosis, with declining cortical histomorphology and neuroplasticity that may 

adversely impact neurological health. 
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Abstract: As the global population continues to rise, so too has the consumption of material 

goods. One of the most common commodities on the market in recent decades is plastics, with 

their global production reaching 460 million tons in 2019 and continuing to grow almost 

exponentially. Despite the societal advancements plastics have allowed, the mismanagement of 

plastic waste has become a pressing global issue, especially the leakage of microplastics (MPs). 

Microplastics (plastic particles <5mm in size) have been shown to induce negative health 

outcomes such as oxidative stress, inflammation, and decreased cell viability in marine 

organisms. Current research suggests that these MPs may be transported throughout the 

environment; however, research into their overall health effects, especially in mammals, is still 

limited. Moreover, minimal research has been done to study the effects of MPs at the smallest 

end of the microplastics spectrum. This has led our group to explore the biological and cognitive 

consequences of 0.1 and 2 µm pristine polystyrene MPs (PS-MPs) exposure using both in vitro 

and in vivo models. At the cellular level, viability assays using U-2 OS cells showed decreased 

cell survival following exposure to PS-MPs and fluorescence imaging revealed perinuclear 

accumulation of MPs. These adverse outcomes prompted further investigation at a higher level. 

Following a three-week exposure to fluorescently-labeled PS-MPs via drinking water, young (4 



months) and old (21 months) female C57/BL6J mice were assessed using behavioral assays, such 

as open-field and light/dark preference, followed by tissue analyses, using Western blot, qPCR, 

and immunohistochemistry. These analyses revealed detectable MPs in each tissue examined, 

including brain. Data from these assays additionally suggests that short-term exposure to MPs 

induced striking neurobehavioral changes as well as alterations of immune markers in liver and 

brain, with changes appearing to occur in an age-dependent manner. These findings suggest the 

need for further research to better understand the mechanisms by which microplastics may 

induce physiological and cognitive alterations. 
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Abstract: Deteriorated air quality is one of several critical pathways through which climate 

change may have large-scale impacts on human health. Wildfires across the United States have 

steadily increased over the past 40 years, largely as a result of climate change. Smoke from 

wildfires can cause a number of cardiovascular and respiratory diseases, with new studies 

highlighting potential neurological outcomes. Ozone, produced by the reaction of sunlight with 

gaseous precursors, is another climate change-related pollutant that can cause similar 

extrapulmonary outcomes. Factors that modulate the neurological effects of these inhaled 

toxicants remain largely unstudied. To address the impact of dietary factors, we introduced 

supplemented standard chow enriched with saturated and polyunsaturated fats (PUFAs) in order 

to investigate how different fatty acids may impact neuroinflammation acutely following air 

pollution exposure. Fatty acid diet types included coconut oil (saturated fat) soybean oil, (PUFA, 

Omega-6), flaxseed oil (PUFA, Omega-3) and a standard grain chow. 24 hours after a single 4-h 

air pollution exposure, brain tissue was collected for lipidomics, metabolomics, and gene 

expression assays. Primary mouse brain endothelial cells were treated with serum from exposed 

or control mice and assayed for barrier integrity evaluation using electric cell-substrate 

impedance sensing (ECIS). Metabolite profiles within the brain changed with both ozone 



inhalation and diet type. The coconut oil diet significantly decreased levels of serotonin within 

the brain. Phenylalanine and kynurenine levels also demonstrated diet and exposure dependent 

changes towards a more health-adverse phenotype. Gene expression data demonstrated higher 

levels of claudin 5 within the brain with ozone exposure. This potentially indicates a protective 

compensatory mechanism in response to a toxic interaction at the blood-brain barrier. Both the 

gene expression and ECIS data demonstrate the ability of diet to impact cellular integrity and 

interact with the adverse neurological outcomes of ozone inhalation. Primary endothelial cells 

treated with the supplemented diet serum demonstrated higher resistance between cells, 

indicating tighter junctions, but little impact of the ozone exposure.These data highlight the 

critical roles of dietary lipids in modulating the neurometabolic outcomes of inhaled pollutants; 

further research detailing the mitigation of toxicity could lead to public health-based 

recommendations following air pollution events. 
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Abstract: An increasing frequency and intensity of wildfires represents a significant public 

health concern and is expected to cause an annual U.S. mortality of >40,000 by the end of the 

21st century. Wildfire smoke (WFS) releases a high concentration of PM2.5 (≤ 2.5 µm particulate 

matter) that spreads widely in the atmosphere and creates an unhealthy, toxic atmosphere over 

long distances. Respiratory complaints from WFS are very common and hospitalizations due to 

cardiovascular morbidities also increase in areas impacted by WFS; however, impacts to brain 

health and particularly neurodegenerative disease pathogenesis remains poorly understood. PM2.5 

from engine combustion sources has shown an alarming increased risk for neurodegenerative and 

other neurological outcomes, raising the concern of a similar burden with WFS. To address this 

gap, this study employed an unbiased neuroproteomic investigation into the pathobiological 



outcomes following 3-weeks of 4h/day exposure to inhaled real-world WFS particulate (100 

µg/m3). Focus was placed on the hippocampus, a key region of pathogenesis in Alzheimer’s 

Disease and related dementias. Of 2,649 unique proteins assessed, 785 were significantly 

responsive to WFS in terms of their abundance, post-translational modifications, and distribution 

between cytosolic and membranous cellular compartments. Enrichment analysis showed strong 

associations with neurodegenerative disease pathways for Alzheimer’s and Parkinson’s, with 

>20% of protein findings connected. Notably, aggregating proteins tau, amyloid and synuclein 

associated with neurodegeneration were all increased two-fold or greater and shifted in their 

localization in the cell, supporting their aberrant accumulation in accord with disease 

pathogenesis. Hyperphosphorylated tau was evident by microscopy broadly across the 

hippocampus, while amyloid pathology was evident more localized, particularly in the granular 

layer for amyloid protein accumulation and the molecular layer for Aβ-42 peptide. Further 

pathway analysis indicated an increase in autophagy, specifically enriched in association with 

aggrephagy (FDR 3.5e-6), the selective phagocytosis and degradation of aggregated protein. 

Reduced levels of beta-catenin further supported an auto-feedback maintenance of autophagic 

activity. Together, this study provides new insights into the relationship between WFS and 

pathogenesis of neurodegenerative disease relevant proteinopathy and underscores the need to 

understand longer-term health implications and development of suitable interventions to protect 

against WFS exposure. 
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Abstract: Metformin ameliorates neuroinflammatory environment for neurons and 

astrocytes during in-vitro and in-vivo stroke and tobacco smoke chemical exposure: Role of 

Nrf2 activation Authors *KA. AKTER1, S. SHARMA1, SR. ARCHIE1, Y. ZHANG1, TJ. 

ABBRUSCATO1; 1Department of Pharmaceutical Sciences, School of Pharmacy, Texas Tech 



University Health Sciences Center, Amarillo, TX 79106, USADisclosuresKA. Akter: None. S. 

Sharma: None. SR. Archie: None. Y. Zhang: None. TJ. Abbruscato: NoneAbstractDespite 

the protective nature of the blood-brain barrier and brain-protecting tissues, some types of CNS 

injury, or stress can cause cerebral cytokine production and profound alterations in brain 

function. Neuroinflammation, which can also be accompanied by increased cerebral cytokine 

production, has a significant impact on the pathogenesis of many neurological illnesses, 

including loss of BBB integrity and ischemic stroke, yet effective treatment choices are currently 

lacking. Although little is known about metformin (MF), a commonly prescribed first line 

antidiabetic drug, prior research suggested that it may be useful in preventing BBB deterioration 

and the increased risk of stroke caused by tobacco smoking (TS). Therefore, reducing 

neuroinflammation by increasing anti-inflammatory cytokine production and decreasing pro-

inflammatory cytokine production is an effective therapeutic goal for ischemic stroke. Hence, the 

present study was designed to explore the potential role of MF against stroke and TS induced 

neuroinflammation and ROS production in vitro and in vivo. Our studies revealed that, MF 

suppressed the release of pro-inflammatory mediators like tumor necrosis factor-α, interleukin-

1β by targeting nuclear factor kappa B (NF-κB) signaling pathway in primary astrocytes and 

neuron. MF also upregulated anti-inflammatory mediators, such as interleukin-10, interleukin-4 

by the upregulation of Nrf2-ARE signaling pathway. Adolescent mice receiving MF along with 

TS also showed significant decrease in NF-κB expression compared to the mice not treated with 

MF and significantly decreased the level of TNF-α, IL-1β, MCP-1 and MIP-2 and increased the 

level of IL-10 and IL-4 through the activation of Nrf2-ARE pathway. These results suggest that 

MF has anti-neuroinflammatory effects via inhibition of NF-κB signaling through the activation 

of Nrf2-ARE. These studies support that MF could be an excellent candidate drug for the 

treatment and or prevention of tobacco smoke induced neuroinflammation and ischemic stroke. 

Future studies will test the effects of nicotine exposure from e-Cig exposure. The work was 

supported by R01NS117906. 
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Abstract: Alzheimer’s disease (AD) is the leading cause of dementia, and reports implicate a 

potential role for disrupted immune cell trafficking in the disease. Evidence supports that 

environmental factors play a role in AD etiology, and epidemiology reports have linked ozone 

(O3) exposure to increased AD incidence. O3 is a reactive oxidant that is confined to the 

respiratory tract after inhalation and is unable to translocate to the brain, highlighting a potential 

role for the pulmonary immune response in central nervous system (CNS) effects (The Lung-

Brain Axis). Recently, genome-wide association studies have identified loss of function Trem2 

(Triggering Receptor Expressed on Myeloid Cells 2) mutations, indicating myeloid cell-specific 

mutations can convey AD risk. We have previously shown O3
 disrupts the chemotactic 

microglial response to amyloid plaques and disturbs the disease-associated microglia phenotype 

in 5xFAD mice. These are processes regulated by TREM2, supporting a role for TREM2 in the 

CNS effects of O3. However, the role of TREM2 in the lung-brain axis has yet to be directly 

tested, and whether TREM2 regulates the O3-induced peripheral immune mechanisms that could 

impact the brain is unknown. To begin to address these questions, male Trem2-/- mice and 

Trem2+/+ control mice were exposed to either filtered air, 1 ppm O3 or 2 ppm O3, and 

bronchoalveolar lavage fluid (BALF), plasma, cervical lymph nodes (deep and lateral, CLNs), 

and brains were collected. Data revealed 2 ppm O3 exposure caused an increase in the percent of 

neutrophils in the BALF of Trem2-/- mice compared to Trem2+/+ mice. Trem2-/- mice also showed 

transcriptional changes indicative of modified neuroinflammatory response in the cortex and 

midbrain. In cortex and midbrain, Tnf expression trended higher in 2 ppm O3-exposed Trem2+/+ 

mice compared to filtered air controls, but Tnf expression remained unchanged in Trem2-/- mice 

after O3 exposure. Quantitative analysis of midbrain cDNA showed a genotype-exposure 

interaction in Il-1β and Nlrp3 expression. CLN transcriptional changes were analyzed and 

revealed that 1 ppm and 2 ppm O3 exposures changed gene expression patterns indicative of 

modified immune cell trafficking, which was dependent upon Trem2 genotype. For example, 

Trem2-/- mice exposed to O3 showed changes in gene expression patterns indicative of an 

increase in T-cells, which did not occur in Trem2+/+ mice. Collectively, these findings indicate 

that TREM2 regulates O3-induced immune cell trafficking as well as neuroinflammation in the 

lung-brain axis, illustrating TREM2’s impact in the periphery may very well affect the CNS 

neuroimmune milieu and regulate CNS health and disease. 
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Abstract: In 1991, the USA and allies sent nearly one million troops to the Persian Gulf in the 

first Gulf War. Among the troops who participated in the conflict, between 25 and 35 percent 

became ill with a multi-symptom and often debilitating malaise now termed Gulf War illness 

(GWI). Many of those afflicted show symptoms 32 years after termination of the conflict and the 

cause and persistence of GWI remain unknown. Animal models have been developed to mimic 

the exposures experienced by the troops and among the many exposures proposed, one 

promising exposure scenario is exposure to organophosphate compounds (OP) - including sarin 

nerve gas- coupled with high circulating glucocorticoids. The exposure regimen leads to 

enhanced neuroinflammatory response to the inflammagens. The endpoint indicative measures 

include increased expression of pro-inflammatory cytokine genes, particularly Il1b. In addressing 

the chronic nature of the disease, we performed an experiment to identify genes whose 

expression has been altered by DNA methylation in our animal model. We exposed male and 

female C57BL/6J (B6) and DBA/2J (D2) mice to corticosterone in their drinking water for one 

week followed by injection of diisopropyl fluorophosphate (DFP), a sarin surrogate, at 4 mg kg-1 

i.p. Control animals received normal husbandry only. Twelve weeks later, we harvested the 

medial prefrontal cortex for methylome analysis by whole genome MBD-seq. Overall, 68 CpG 

regions across the genome showed methylation changes caused by exposure or exposure by 

strain interaction. One strong signal was observed in an intron near the aldo-keto reductase 

(Akr1c14) gene. Methylation signals were observed near three additional genes, neuronal tubulin 

glutamylation (Ttll7), choline transporter (Slc44a4), and RUN and SH3 Domain Containing 2 

(Rusc2). Moreover, the strain-by-exposure interaction showed that Akr1c14 methylation in the 

B6 strain decreased with treatment, whereas it did not in D2 mice. In conclusion, we show the 

efficacy of this genetic approach to understanding individual differences in the epigenetic 

consequences of exposure to OP and consequently the chronicity of GWI. 
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Abstract: Increased expression of caspases 3 and 8 and decreased Bcl-2 in frontal cortex, 

hippocampus and cerebellum in rats exposed to ozone and subjected to the Kindling model. 
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1 

ABSTRACT Background: Air pollution is one of the most important problem on public health, 

and the Ozone (O3) is one of the primary air pollutants. It is formed by a photochemical reaction 

of volatile organic compounds (VOC), nitrogen oxides (NOx), and sunlight. According to the 

World Health Organization (WHO), O3 levels above 100 µg/m3 for a daily exposure time of 8 

hours or more are harmful to health. O3 causes oxidative stress, causing lipid oxidation, 

inflammation, metabolic and cell signaling changes, and possibly the onset of cell death in 

sensitive brain areas. It is known that inflammation and oxidative stress can induce cell death, 

mainly through the apoptosis pathway. Apoptosis is programmed cell death characterized by the 

activation of caspases, DNA fragmentation, and apoptotic bodies formation. Objective: This 

study aims to recognize the expression of the pro-apoptotic proteins and the anti-apoptotic 

protein Bcl-2 in an acute O3 exposure context in rats' frontal cortex, cerebellum, and 

hippocampus. Methods: Twenty Wistar rats (250-300 g) were divided into two groups. For 12 

hours, the control group (n=10) was exposed to polluted free air, whereas the experimental group 

(n=10) was exposed to 1ppm of O3. After the exposure, they were sacrificed for 

immunofluorescence and Western blot analysis. A t-test was used for independent samples, and 

both groups' arbitrary units of pro-apoptotic proteins and Bcl-2 were compared. Results and 

conclusions: We found significant differences in caspase-3 and 8, Bcl-2, and TUNEL, showing 

that acute O3 exposure can initiate the neuronal apoptotic machinary mainly through the extrinsic 

pathway in the hippocampus, cerebellum, and frontal cortex. 

KEYWORDS: apoptosis, ozone, toxicity, intrinsic pathway, extrinsic pathway, oxidative stress 
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Abstract: Effect of oxidative stress on SOD activity and NFkB intracellular distribution in 

substantia nigra and intestine of rats exposed to low ozone doses.Miranda-Martínez Alfredo, 

Rodríguez-Martínez Ana Erika, Hernández-Orozco Eduardo, Marlen Valdés Fuentes, Rivas-

Arancibia Selva Departamento de Fisiología, Facultad de Medicina Universidad Nacional 

Autónoma de México CDMX, México.Abstract Environmental pollution is one of the most 

critical public health problems due to its relationship with chronic-degenerative diseases. It has 

been shown that repeated exposure to low ozone doses increases reactive oxygen species, 

causing a chronic state of oxidative stress. This redox imbalance is produced by the inability of 

antioxidant systems to counteract the reactive species. The objective of this work was to study 

the effect of oxidative stress on SOD activity and the intracellular distribution of NFkB in the 

jejunum, colon, and substantia nigra in rats exposed to ozone (O3). For this purpose, 36 male 

Wistar rats were divided into six experimental groups (n = 6). Group 1 was exposed to ozone-

free air, and groups 2, 3, 4, 5, and 6 were exposed to 0.25 ppm ozone 4 hours a day for 7, 15, 30, 

60, and 90 days respectively. Once the treatments were finished, the animals were deeply 

anesthetized (NOM-033-SAG-ZOO-2014), and the jejunum, colon, and substantia nigra were 

extracted. The tissues were treated for biochemical (peroxidized lipids), colorimetric (SOD 

activity), and immunohistochemical (intracellular distribution of NFkB) techniques. The results 

show a significant increase in oxidized lipids in the jejunum, colon, and substantia nigra from 7 

to 30 days of exposure (p < 0.05), an increase in SOD levels, and a decrease in SOD activity (p < 

0.05). Nuclear NFkB immunoreactivity also increased significantly in substantia nigra, jejunum, 

and colon from 7 days of ozone exposure to 90 days. (p < 0.05). In conclusion, the results 

indicate that exposure to ozone causes a chronic state of oxidative stress, decreasing the 

antioxidant capacity of total SOD and leading to a loss of regulation of inflammatory processes, 



similar to what can occur in patients with Parkinson's disease. Funded by Grant IN-221521 to 

S.R.A PAPIIT-UNAM and CONAHCYT CVU 385286 for A.M.M. 
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Abstract: Lithium is a simple alkali metal with chemical properties similar to those of sodium. 

However, it is highly effective in mitigating depressive or manic episodes in affective disorders 

and can diminish suicidal ideation. Recent studies also suggest that lithium may be useful in 

treating other psychiatric and neurological disorders, such as autism spectrum disorders and 

Alzheimer's disease. Despite its effectiveness, lithium does have its drawbacks. Firstly, the exact 

mechanisms underlying lithium's therapeutic effects remain largely unknown. Secondly, the 

therapeutic range of lithium is narrow, and it can have several side effects even at therapeutic 

concentrations. 

To gain insights into the fundamental mechanisms underlying the efficacy and toxicity of 

lithium, we have been utilizing Drosophila genetics. Through our gene expression profiling 

analysis using adult flies, we identified CG15088, a putative amino acid transporter of the solute 

carrier 6 (SLC6) family, as one of the genes significantly upregulated in response to lithium 

treatment. Therefore, we named the transporter gene Lithium-inducible SLC6 transporter or List. 

Interestingly, loss-of-function mutations in List lead to a significant increase in sensitivity to 

lithium toxicity. The lithium sensitivity of List null mutants exhibits sexual dimorphism, with 

male mutants showing higher mortality than female mutants when fed lithium-containing food. 

List is primarily expressed in the nervous system, hind gut, and Malpighian tubules, which serve 

as the functional equivalent of the human kidney. Tissue-specific gene knockdown experiments 

using the GAL4/UAS binary expression system with List-RNAi indicate that reduced List 

expression in the Malpighian tubules is responsible for lithium-induced death in List mutants. 

Consistent with the assumed function of the LIST protein, the lithium sensitivity of List null 

mutants is mitigated by supplementing lithium-containing food with certain amino acids, 



including glycine. 

Overall, our studies have suggested that amino acids transported by the LIST protein in the 

kidney-like Malpighian tubules play a crucial role in resistance and sensitivity to lithium toxicity 

in Drosophila. It would be interesting to examine the extent to which these mechanisms are 

conserved in mammalian species, including humans. 
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Abstract: Lepidium meyenii (Peruvian Maca), is an edible plant that has been used as a 

nutritional supplement worldwide due to its medicinal properties. Thus, macamides, the major 

bioactive compounds of Maca, are a unique class of non-polar, long chain fatty acid N-

benzylamides with fertility-enhancing, neuroprotective, neuro-modulatory, anti-fatigue, anti-

osteoporosis and potential anti-tumor effects. However, most of the studies have focused on the 

pharmacological activities of the extracts rather than their chemical composition. Recently, we 

showed that some extracts of L. meyenii roots may cause cytotoxicity in in-vitro culture of 

glioma cells. In contrast, macamide extracts exhibited potent anti-glioma activity in the same 

cultured cells. In this study we synthetized three macamides (M1, M2 and M3) and analyzed 

their cytotoxicity in pheochromocytoma PC12 cells. For that, confluent PC12 cell were treated 

with M1, M2 and M3 in concentration ranging from 0.1 - 500 µM for 48 h, and the cell viability 

was analyzed by MTT Test. We observed that concentrations higher than 250 µM of M1, 500 

µM of M2, and higher than 250 µM of M3 were cytotoxic in PC12 cells. These results reinforce 

the bioactivity of macamides in neural tumor cells and provide the rationale for synthesizing 

synthetic derivatives of macamides to study their molecular mechanisms and potential 

neuroprotective and antitumor effects. 
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Abstract: Radiation exposure has detrimental effects on tissue, causing DNA damage which can 

lead to necrosis. The eyes are a radiovulnerable organ, so exposure to radiation can cause 

cataract and damage to the retina that will lead to visual impairments. However, little is known 

about the impact of radiation on the circadian visual system. In space, astronauts are chronically 

exposed to whole body space radiation that can lead to the disruption of sleep and reduced 

performance in cognitive tasks, both factors that indicate possible issues at the level of the 

circadian visual system. Here we examined the eyes of animals exposed to galactic space 

radiation, at levels which will be experienced during a trip to Mars, to determine how the 

circadian visual system will be impacted by exposure. Adult female Wistar rats were exposed to 

radiation, 10 cGy of ⁴He ions (He) or Galactic Cosmic Ray Simulation - a mixture of ions and 

energy (GCRsim), and compared to sham controls. All animals received a unilateral injection of 

fluorescently labeled cholera toxin beta subunit into the left eye. After incubation, animals were 

PFA perfused and tissue collected including the lens, retinas, and brains. Damage to the lens of 

animals that received radiation was dramatically visible during extraction. Cloudy lens were 

observed in 66% of the GCRsim mice and 85% of He mice but only 25% of the sham animals. 

Additionally, both of the radiation groups contained many more malformations and 

disintegration of the structure. Previous work has indicated a reduction in general retina size after 

space radiation exposure. Therefore, we are quantifying melanopsin staining of ipRGC cells at 

the level of the retina, determining the level of tract tracer labeling within brain and 

histologically quantifying brain atrophy along the Retinohypothalamic Tract and in 

sleep/cognitive regions. Our previous work has demonstrated changes in brain structures based 

on temporal niche, aging and radiotherapy exposure; here, we will determine the impact of space 

radiation on the circadian visual system. 



 

Disclosures:  D.D. shuboni-Mulligan: None. A. Blackwell: None. R. Britten: None. A.J. 

Gall: None. 

Poster 

PSTR018. Mechanisms of Neurotoxicity I 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR018.18/N2 

Topic: C.07. Neurotoxicity, Inflammation, and Neuroprotection 

Support: NRF- 2020M2C8A2069337 

NRF-2020R1C1C1006659 

Title: The effects of low-dose-rate ionizing radiation on type II diabetes-induced cognitive 

impairment in db/db mice: Insights in to hippocampal gene profiling 

Authors: Y. SON, Y. CHOI, S.-H. LEE, Y. JEONG, *H.-J. LEE;  

Korea Inst. of Radiological & Med. Sci., Seoul, Korea, Republic of 

Abstract: Diabetes is a chronic metabolic disorder that affects the body's ability to regulate 

blood glucose levels. Cognitive impairment is a prevalent complication of diabetes, significantly 

impacting affected individuals' quality of life. However, the effects of low-dose-rate radiation 

(LDIR) on the cognitive function and gene expression of db/db mice have not been extensively 

studied. Here, we used male diabetic (db/db) mice at 6 weeks of age as experimental animals and 

allowed them to acclimate for one week before starting the experiment. To investigate the effects 

of low-dose-rate radiation on the locomotor activity and cognitive function in db/db mice by 

conducting open field (OF) test and novel object recognition memory (NOR) tests. Additionally, 

we performed RNA sequencing (RNA-seq) analysis to study gene expression profiles in the 

hippocampus to elucidate the molecular mechanisms of LDIR-induced brain function changes. 

The OF test results showed a significant decrease in total distance, time spent in the center, and 

distance traveled in the center by db/db mice. However, no significant changes in locomotor 

activity were observed in db/db mice following LDIR exposure. In NOR test, LDIR exposure 

ameliorated the cognitive dysfunction observed in db/db mice. RNA-seq revealed 234 

differentially expressed genes in the hippocampus of db/db mice compared with wild-type (WT) 

mice. Notably, immediate-early gene (IEG) expressions, associated with learning and memory 

http://files.abstractsonline.com/CTRL/62/8/3D0/A44/FE6/43B/38A/FA7/FE9/22F/1AF/0C/g12168_1.jpg


function in brain were significantly decreased in db/db mice compared to WT mice. However, 

exposure of low-dose-rate radiation resulted in a significant increase in IEGs expression 

compared with sham-exposed db/db mice. Therefore, our finding suggest that the ameliorative 

effect of low-dose-rate radiation on cognitive dysfunctions in db/db mice might be associated 

with changes in IEGs expression in the mouse brain. 
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Abstract: Radiation-induced enteropathy is progressive disease of the intestines that occurs after 

abdominal or pelvic radiation therapy as well as the event of nuclear accidents or radiological 

terrorism. Exposure to a high dose of radiation cause severe damage of gastrointestinal (GI) 

regeneration with depletion of the pool of intestinal stem cells. Enteric neuron was first reported 

for its major role in intestinal motility, but is now known to be responsible for many aspects of 

intestinal physiologic functions to maintain intestinal homeostasis. to stress challenge. Here, we 

explored the roles of enteric neuron for the management of radiation-induced impaired 

regeneration. We identified that radiation-induced enteropathy were characterized by a reduced 

number of enteric neurons defining neuropathy and delayed GI motility. Treatment of 

prucalopride, a well-known 5-HT4 agonist and prokinetics, resulted in prevention of delayed 

intestinal motility and significantly increased the number of peripherin, HuC/D, and nNOS-

positive enteric neurons with recovered histological damage in irradiated (IR) mouse. We also 

determined that enteric neuron of longitudinal muscle/myenteric plexus reinforced epithelial 

regeneration and mitigated acute radiation-induced enteropathy in intestinal organoids and 

mouse model. Especially, neuropeptide Y (NPY), a neurotransmitter secreted by enteric neuron, 

accelerated regenerative ability of intestinal organoids on radiation damage. Finally, we found 

that NPY application alleviated acute radiation-induced enteropathy mouse model. Taken 

together, these results indicated that enteric neuron reinforced epithelial regeneration in 



radiation-damaged epithelial cells and that protection of ENS is a novel therapeutic target that 

can be used to alleviate radiation-induced GI damage. 
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Abstract: Sterile Alpha and TIR Motif Containing 1 (SARM1) is a key protein involved in the 

degeneration of axons. Through dimerization of its toll-interleukin receptor (TIR) domain, 

SARM1 hydrolyzes nicotinamide adenine dinucleotide (NAD+) to nicotinamide and cyclic 

adenosine diphosphate ribose (cADPR). SARM1's NADase activity plays a crucial role in the 

process of axon degeneration. Upon axonal injury or damage, SARM1 is activated leading to the 

depletion of NAD+. This results in the disruption of energy production and fragmentation of the 

axon, contributing to axonal degeneration. Hence, inhibiting SARM1 function is an attractive 

neuroprotective strategy in neurodegenerative diseases. In this study, a luminescence-based 

enzymatic assay was developed in which the SARM1 TIR domain was activated by 

immobilization leading to the hydrolysis of NAD+. Utilizing this assay, we screened a diverse 

small-molecule library of 155,000 compounds. The screening campaign identified multiple hit 

compounds that demonstrated SARM1 inhibition. These hits were validated using counter assays 

followed by dose-response studies. Several compounds were confirmed to selectively inhibit 

full-length SARM1. Using surface plasmon resonance and thermal shift assays we demonstrated 

the inhibitors exhibited an NAD+-dependent uncompetitive mechanism of inhibition. 

Furthermore, structure-activity relationship (SAR) analysis to elucidate the chemical features 

responsible for modulating SARM1 activity led to the development of a series of potent 

inhibitors. X-ray co-crystal structures revealed the formation of an inhibitor-ADPr adduct, 

thereby confirming the NAD+-dependent mechanism of action. This structural information 

enabled the identification of key structural motifs and functional groups critical for activity, 

offering valuable insights for further optimization. Ultimately, a low nanomolar SARM1 

inhibitor was optimized exhibiting cellularSARM1 inhibition and favorable pharmacokinetic 

properties. The compound was evaluated in a mouse sciatic nerve axotomy model and showed in 

vivo target engagement based on neurofilament light chain (NfL) modulation. Overall, our high-



throughput screening strategy led to the identification of small molecule modulators of SARM1 

activity that were characterized using a comprehensive set of biochemical, biophysical, and 

cellular assays. These modulators hold promise as tools to further study the role of SARM1in 

various neurodegenerative disease models. 
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Abstract: Dugesia dorotocephala is an abundant species of aquatic planaria that has emerged as 

an attractive model organism for screening of neurotoxic compounds and potential antidotes. 

Planaria possess homologs to most of the major neurotransmitter systems found in mammals, 

and they have demonstrated specific behaviors in response to pharmacological stimuli that 

parallel those of mammals. In particular, planaria exhibit seizure-like activity such as writhing, c-

shaped hyperkinesias, and corkscrewing when they’re exposed to known convulsant compounds. 

The goal of this study was to verify that planaria can serve as a non-mammalian screening tool 

for neurotoxic compounds and associated antidotes. In this study, planarians were exposed to one 

of five convulsant compounds: soman, picrotoxin, strychnine, methyl hydrazine, 4-

aminopyridine, and nicotine. After preliminary dose-ranging studies for each convulsant, 

chemicals were co-applied with the benzodiazepine midazolam to determine if this first-line 

anticonvulsant could prevent neurotoxic effects in the planaria model system. During each 1-

hour exposure, Ethovision 17.0 software was used to track distance traveled and activity of 

individual planarians in a 24-well plate. Worms exposed to 4-aminopyridine, soman, methyl 

hydrazine, and strychnine all had significant dose-dependent reductions in activity over the first 

10 minutes of exposure, with 180µM midazolam fully attenuating motor symptoms. Alternately, 

midazolam enhanced seizure-like activity of nicotine and prevented the prolonged tetanic state 

induced by nicotine alone. Notably, doses of midazolam above 100µM were generally required 

for therapeutic efficacy, but when administered in the absence of other chemicals they induced 

seizure-like activity in the planaria model. Overall, our results indicate that Dugesia 

dorotocephala consistently demonstrate seizure-like activity in response to known convulsants 

with differing mechanisms of action and respond to treatment with the benzodiazepine 

midazolam, making them promising as a high-throughput screening model for seizurogenic 

compounds and anticonvulsant countermeasures. 
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Abstract: Peripheral nerve transection is a common clinical problem that requires acute surgical 

repair usually carried out by end-to-end neurorrhaphy. However, neuropathic pain, paralysis, and 

muscle weakness may persist for several months or even become permanent. After axonotmesis, 

Wallerian degeneration (WD) takes place in the distal stump, and axonal regeneration is slow 

resulting in limited sensorimotor recovery, causing muscle atrophy. A groundbreaking approach 

is the axon fusion acutely after injury, using polyethylene glycol (PEG) as a fusogen, avoiding 

WD, and resulting in prompt electrophysiological recovery. The present study aimed to evaluate 

the effectiveness of 4-hydroxy-tempo (Tempol) in combination with PEG fusion following 

sciatic nerve transection. Thus, adult female Lewis rats were subjected to a sciatic nerve 

transection followed by either end-to-end neurorrhaphy (NRR, N=6) or Tempol-PEG-fusion (T-

Fusion, N=3). Electroneuromyography was used to record the compound action potential (CAP) 

evoked proximal to the surgical repair. Latency, amplitude, and duration of the CAPs were 

compared between groups, and sensorimotor function was evaluated with the walking track test 

(CatWalk system) up to the eighth-week post-injury and repair. The rats were then euthanized 

and the nerves were evaluated with Sudan black staining and immunohistochemistry against 

neurofilaments. The experiments were approved by the Institutional Committee for Ethics in 

Animal Use (CEUA/IB/UNICAMP, Brazil, protocol number 5875-1/2021). Electrophysiology 

demonstrated that T-Fusion rescued close-to-normal latency (p=0.0007), duration (p<0.0001), 

and amplitude (p=0.0006) immediately after repair, in contrast to NRR, which showed complete 

loss of function. T-fusion also showed significant improvement in the peroneal functional index 

(p=0.0275), and max contact (p=0.0032) throughout the evaluation period, which was aligned 

with the nerve environment preservation seen with the Sudan black and neurofilament 

immunolabeling analyses. Overall, the results suggest that the T-Fusion protocol produces 

greater motor improvement compared to end-to-end neurorrhaphy, the gold standard surgical 

treatment for peripheral nerve transection. 
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Abstract: Brain glucose homeostasis is critical to the physiological condition of humans and its 

dysregulation is critical to the pathophysiology of several diseases including diabetes mellitus 

and Alzheimer´s disease. Alternative/non-caloric sweeteners, have become the mainstay of food 

industries to strategically reduce the prevalence of glucose-related disorders including diabetes 

mellitus and its co-morbidities. However, their acceptance has been greeted with mixed reactions 

regarding their effect on glucose homeostasis. This study investigated the effect of aspartame and 

stevia on behavioral indices, glucose homeostasis and redox status in head of streptozotocin 

(STZ)-induced lobster cockroach (Nauphoeta cinerea [Blattodea: Blaberidae]) model of brain 

glucose metabolic dysregulation. The cockroach nymphs (male and female) were divided into 6 

groups (of 40 cockroaches per group) of control (group 1), 4% dietary inclusion of aspartame 

alone (group 2) 4% dietary inclusion of stevia alone (group 3), STZ-induced (20 µL of 74 mmol 

dorsal-thoracic injection of STZ/nymph; group 4), STZ-induced+ dietary inclusions of 4% 

aspartame (group 5) and STZ-induced+ dietary inclusions of 4% aspartame (group 6) for seven 

days. Thereafter, the cockroaches were observed for survival rate, behavioral markers followed 

by head homogenization and assay for glucose, trehalose and triglyceride contents, as well as 

redox markers. The results showed that STZ significantly impaired the behavioral patterns of the 

cockroaches including total distance traveled, maximal speed and turn angle among others. 

However, a significant amelioration was observed in STZ-induced cockroaches administered 

stevia when compared to aspartame. Furthermore, there was significant amelioration in the 

elevated brain glucose, reactive oxygen species, lipid peroxidation, catalase and glutathione-S-

transferase activity, as well as reduced trehalose and triglyceride levels in STZ-induced 

cockroaches administered stevia compared to aspartame. These results therefore suggests that 

stevia rather than aspartame significantly mitigates behavioral and biochemical indices of brain 

glucose metabolic dysregulation in lobster cockroaches and might be considered choice 

sweetener under glucose metabolic dysregulation. 
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Abstract: Prolactin (PRL) is a peptide pleiotropic hormone. In the brain is associated with 

several functions including maternal behavior, neurogenesis, among others. Recently, it has been 

reported that PRL has an important role in neuroprotection against excitotoxicity damage, 

produced by both, glutamate (Glu) and kainic acid (KA), in vitro and in vivo models. However, 

the molecular mechanisms involved in PRL’s neuroprotective effects in the hippocampus have 

not been completely understood. The aim of the present study was to assess the signaling 

pathway by which PRL promotes neuroprotection in primary cultures of rat hippocampal 

neurons that were administrated with Glu excitotoxicity (Glu, 50 μM/1h). Hippocampal neurons 

were exposed to different treatments: 20 ng/ml of PRL, PRL+Glu (20 ng/ml/ 50μM), inhibitor 

LY294002 (50 μM/ml) and the combination LY294002+PRL+Glu (50 μM, 20 ng/ml/ 50μM). 

Here we show, that phosphoinositide 3-kinases/Protein Kinase B (PI3K/AKT) signaling pathway 

activation was observed after PRL treatment promoting neuronal survival. In addition, 

subsequent AKT activation and its target protein NF-κB, promoted the up-regulation of the 

survival gen Bcl-2 and antioxidant gen Nrf2 expression. Conversely, after Glu administration and 

the inhibition were abolished. Our result suggests that PI3K/AKT and NF-κB signaling pathways 

are involved to PRL-induced neuroprotection, promoting survival genes expression. Decoding 

signaling pathways induced by PRL during neuroprotection in the hippocampus is relevant in the 

design for futures therapies to reduce the damage in neurodegenerative diseases. This study 

received funding from PAPIIT, UNAM, IN228420. 
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Abstract: Erythropoietin is a glycoprotein with neuroprotective properties against ischemic 

damage; however, the high doses usually used to exert neuroprotection are associated with 

undesirable side effects. Hormesis is characterized by a biphasic dose-response in which low or 

intermediate doses of a molecule provide greater benefits; however, the underlying mechanisms 

of the hormetic effect of erythropoietin remain poorly understood. In this sense, the aim of this 

work was to evaluate the hormetic effect of recombinant human erythropoietin (rhEPO) on 

cytoprotection and gene expression of erythropoietin, erythropoietin receptor, beta common 

receptor, and anti-apoptotic gene Bcl-xL in a model of oxygen and glucose deprivation (OGD) 

and reoxygenation damage. SH-SY5Y cells were subjected to 5, 15, and 24 h of OGD (98% N2 

and 2% O2) and 20, 24, and 24 h of reoxygenation, respectively. To determine the hormetic-like 

effect of erythropoietin on cytoprotection the cells were treated with different concentrations of 

rhEPO (100, 75, 50, 25, and 12.5 U/mL) during the 24 h reoxygenation period and after 15 h of 

OGD.SH-SY5Y cells were subjected to 5, 15, and 24 h of OGD (98% N2, 2% O2) and 20, 24, 

and 24 h of reoxygenation, respectively. To determine the hormetic-like effect of erythropoietin 

on the cytoprotection the cells were treated with different concentrations of rhEPO (100, 75, 50, 

25, and 12.5 U/mL) during the 24 h reoxygenation period and after 15 h of OGD. Cell viability 

was evaluated using the MTT assay, and the relative gene expression was measured using real-

time PCR and the 2-ΔΔCt method. Our findings revealed a hormetic-like cytoprotective response, 

in which only the dose of 50 U/mL resulted in a statistically significant decrease in cell viability 

loss compared to the OGD group (p<0.05). We did not observe changes in the mRNA expression 

of the receptors or anti-apoptotic genes after a 4 h erythropoietin treatment neither in the optimal 

dose (50 U/mL) or the high dose (100 U/mL), likely due to the short exposure duration. 

Nevertheless, an increase in erythropoietin mRNA expression was observed following oxygen 

and glucose deprivation and reoxygenation damage. These results demonstrate the hormetic-like 

cytoprotective response of erythropoietin against this type of injury; however further 

investigations with longer erythropoietin treatments are necessary to assess changes in the gene 

expression of receptors and anti-apoptotic molecules. 
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Abstract: Oxidation of cellular proteins and lipids is a shared signaling mechanism across 

diverse neuronal injuries and diseases. As cannabinoids can display anti-oxidant properties, we 

tested whether delta-8 THC would provide neuroprotection against an oxidative injury. An 

optimal concentration of hydrogen peroxide (H2O2) was determined empirically with a dose-

dependent curve, and the concentration that killed approximately 30% of the cells was selected 

for other experiments. Differentiated SH-SY5Y cells were then incubated with delta-8 THC 

before, or concurrently, with H2O2. Cell viability was determined using a chromogenic MTT 

reaction detected with a spectrophotometric plate reader. We find that delta-8 THC, alone, did 

not result in a change in cell viability. Additionally, delta-8 was not effective at attenuating the 

loss of cell viability associated with the H2O2 injury. We are continuing our investigation of 

cannabinoid neuroprotection in different cell lines and with different injury models. 
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Abstract: We recently found that the neurosteroid allopregnanolone (3α,5α-THP) decreases 

proinflammatory cytokine and chemokine levels through inhibition of the MyD88-dependent 

toll-like receptor (TLR) signaling pathways in macrophages and brain. The MyD88-dependent 

TLR4 pathway is mediated by the adaptors MyD88 and TIRAP and operates at the plasma 



membrane. TLR4 also signals through a TRIF-dependent pathway that is initiated by the 

adaptors TRIF and TLR4-specific TRAM in endosomes. Additionally, activation of the p110δ 

isoform of PI(3)K is known to induce anti-inflammatory IL-10 after the TLR4 transition from the 

plasma membrane to endosomes, while inducing TIRAP degradation and thus dampening 

TIRAP-MYD88-mediated proinflammatory signaling (Aksoy et al. 2012). We examined the 

effects of 3α,5α-THP on the levels of IL-10 as well as on activation of both TRIF-dependent 

endosomal TLR4 and PI(3)K-p110δ in the male and female amygdala of alcohol-preferring P 

rats that demonstrated innately activated TLR4. The administration of 3α,5α-THP (10 mg/kg, IP) 

elevated IL-10 (+13.2±6.5%, p=0.04) and BDNF (+21.1±11.5%, p=0.04) levels in males, but not 

females. Accordingly, in males, there was also elevation of phosphorylated/activated pTRAM 

(+86.4±28.4%, p=0.0007) indicating activation of the endosomal TRIF-dependent TLR4 signals, 

whereas in females, pTRAM (-16.2±7.2%, p=0.04) was inhibited by 3α,5α-THP. In males, the 

TRAM-dependent TLR4 activation is accompanied by elevation of the transcription factor SP1 

(+122.2±74.9%, p=0.03) and PI(3)K-p110δ (+61.6±21.6%, p=0.009), as well as a reduction of 

TIRAP (-13.7±6.0%, p=0.02). In contrast, other evaluated potential signaling pathway members 

pCREB, HSP70 and c-Maf demonstrated no response to 3α,5α-THP, while the level of pAkt (-

34.2±26.4%, p=0.04) was inhibited by 3α,5α-THP. Moreover, 3α,5α-THP facilitated TLR4 

(+26.2±15.7%, p=0.048) but not TLR3 accumulation in endosomes and facilitated the transition 

between early (EEA1 levels: no difference, p=0.60) and late (Rab7 levels: +60.5±29.5%, p=0.04) 

endosomes. To further determine whether the TRIF-dependent TLR4 signaling pathway is 

involved in the IL-10 production, RAW264.7 cells that innately expressed TLR4 were 

transfected with TRIF siRNA (20nM, 72h). The downregulation of TRIF (-88.3±43.3%, p=0.04) 

led to the reduction in IL-10 (-41.6±14.2%, p=0.01). Overall, this work demonstrates that 3α,5α-

THP can enhance endosomal TLR4-TRIF anti-inflammatory signals and elevate anti-

inflammatory IL-10 while inhibiting MyD88-dependent TLR pro-inflammatory signals and pro-

inflammatory mediators. 
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Abstract: Polyglutamine (polyQ) diseases, including spinocerebellar ataxias and Huntington's 

disease, are progressive neurodegenerative disorders caused by CAG triplet-repeat expansion in 

the coding regions of disease-associated genes. In this study, we found that neurotoxic small 

CAG (sCAG) RNA species, microscopic CAG RNA foci, and protein aggregates exist as 

independent entities in cells. Synaptic defects and neurite outgrowth abnormalities were 

observed in mutant polyQ-expressing mouse primary cortical neurons. We examined the 

suppression effects of the CAG RNA-binding peptide beta-structured inhibitor for 

neurodegenerative diseases (BIND) in mutant polyQ-expressing mouse primary cortical neurons 

and found that both impaired synaptic phenotypes and neurite outgrowth defects were rescued. 

We further demonstrated that BIND rescued cell death through inhibiting sCAG RNA 

production, mutant CAG RNA foci formation, and mutant polyQ protein translation. 

Interestingly, when the expanded CAG repeats in the mutant CAG transcript was interrupted 

with the alternative glutamine codon CAA, BIND's inhibitory effect on mutant protein 

aggregation was lost. We previously demonstrated that BIND interacts physically and directly 

with expanded CAG RNA sequences. Our data provide evidence that the BIND peptide 

associates with transcribed mutant CAG RNA to inhibit the formation of toxic species, including 

sCAG RNA, RNA foci, and polyQ protein translation and aggregation. We further developed a 

BIND peptide variant which displays improved bioactivities against polyQ toxicities. 
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Abstract: Infantile neuronal ceroid lipofuscinosis (CLN1) is a devastating lysosomal storage 

disease, whose symptoms include blindness, seizures, and psychomotor dysfunction leading to 

premature death by 5 years of age. CLN1 is caused by mutation of palmitoyl-protein thioesterase 

(PPT1), a depalmitoylating enzyme. Loss of function of this critical depalmitoylation enzyme 

results in the aggregation of overly palmitoylated proteins in the lysosome, generating a cardinal 

histological feature of CLN1 known as autofluorescent storage material (AFSM). These 

intraneuronal accumulations coincide with microglial activation and reactive gliosis. 

Importantly, disruption of proteostasis, microglial activation and reactive gliosis are also present 

in common, multifactorial neurological diseases including Alzheimer's Disease. Therefore, 

investigations into the pathological mechanisms of CLN1 will have broad implications for 

therapeutic development across diseases. Here, we studied the effect of supplementation with a 

PPT1 mimetic small molecule that cleaves palmitate from palmitoylated proteins, N-tert-butyl 

hydroxylamine (NtBuHA), in the Ppt1-/- mouse model of CLN1. Treatment of Ppt1-/- mouse 

primary neuron cultures with NtBuHA resulted in a dose-dependent reduction of AFSM 

accumulation. Similarly, chronic oral administration of NtBuHA to Ppt1-/- mice significantly 

diminished AFSM aggregation at 2 crucial disease-relevant time points. Furthermore, NtBuHA 

significantly ameliorated GFAP expression, a marker of neuroinflammation, and partially 

reversed pro-inflammatory microglial morphology compared to untreated Ppt1-/- animals. 

Additionally, we tested the effect of NtBuHA treatment on locomotor function, as ataxia is 

characteristic of PPT1 deficiency. Our data indicate that treatment with NtBuHA rescues motor 

coordination. Finally, unilateral motor and visual cortical EEG recordings in freely-behaving 

Ppt1-/- mice treated with NtBuHA,demonstrated that drug treatment completely attenuated 

epileptic activity at the disease endpoint. These findings point to NtBuHA as the potential first 

clinical treatment for CLN1 disease, suggesting therapeutic replacement could potentially 

attenuate the deficits of PPT1 -/- alongside varieties of other neurodegenerative diseases. 
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Abstract: Increasing speech production in patients with expressive aphasia as a consequence of 

stroke or other brain lesions remains a challenge; novel approaches are needed. Literature from 

decades ago as well as our clinical experience demonstrate that expressive aphasia patients can 

readily produce antonyms, but have significant difficulty with producing synonyms. A recent 

case report suggested further exploration of sentence completion as a tool to use in treatment of 

patients with expressive aphasia. Recently released large language models (LLMs) are very 

useful for generating sentences or phrases to be completed and antonyms or other related type 

prompts. For a patient with post-stroke expressive aphasia, we found that with LLM-generated 

prompts the patient was able to produce half of target words not said after an initial sentence 

description clue. We found that when the target word was at the end of the sentence or phrase to 

be completed this was a more powerful queue/prompt than if the target word was elsewhere (e.g., 

Call 911 in case of emergency. vs. The canary in the coal mine. Other powerful cues were 

antonyms (e.g., “Not a smile but a frown”), opposites (“Ladies and gentlemen”), and what we 

call “pseudo-opposites,” e.g., “Not a lime but a lemon." Conversely, surprisingly, rhymes were 

not useful as prompts, e.g., “Word beginning with ‘c’ rhyming with antelope,” did not evoke 

“cantaloupe” as a response. A LLM based approach, for example utilizing a phone app, has a 

number of advantages over traditional speech therapy: (1) the app can be with the patient at all 

times. The app makes moot issues of time, money, logistics to generate sentence completion and 

other prompting cues, (2) in particular, scene-aware apps should be developed. For example, 

taking a picture of a restaurant menu and prompting the patient based on this, (3) Crucially, 

LLMs work in any language which is particularly useful if the speech therapist does not speak 

the patient’s preferred language, (4) LLMs can learn to individualize prompts. The potential 

utility of LLM prompting for patients with aphasia is consistent with feedforward models of 

speech production. Further study and development LLMs to generate sentence completion, 

antonyms, opposites and other prompts to generate useful speech in patients with expressive 

aphasia are warranted. Privacy concerns also need to be studied. 

Disclosures:  E. Altschuler: None. M. Thornton: None. J. Sayegh: None. N. Thornton: 

None. J. Iozzia: None. R. Pak: None. A. Lekshminarayanan: None. E. Villamor: None. 

Poster 

PSTR020. Stroke Recovery: Non-Pharmacological Approaches to Therapy I 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR020.02/O6 

Topic: C.09.Stroke 

Support: NIH Grant RF1AG058603 



Title: Photobiomodulation treatment inhibits stroke-induced cerebrovascular senescence and 

enhances angiogenesis 

Authors: *X. ZONG, Y. FENG, Z. HUANG, X. MA, Q. ZHANG;  

Louisiana State Univ. Hlth. Sci. Ctr. Neurol. Dept., Shreveport, LA 

Abstract: Photobiomodulation Treatment Inhibits Stroke-induced Cerebrovascular 

Senescence and Enhances Angiogenesis 

Department of Neurology, Louisiana State University Health Sciences Center, Shreveport, 

LA, 1501 Kings Highway, LA 71103 USA. 

Abstract Recent work indicates that photobiomodulation (PBM) can beneficially alter the 

pathological status of several cerebrovascular diseases. However, the underlying mechanism 

remains unclear. This study aimed to investigate the effects of PBM on vascular senescence and 

angiogenesis in rats using the photothrombosis (PT) stroke model. Additionally, we sought to 

explore the effect of PBM treatment on oxygen-glucose deprivation (OGD)-induced cellular 

senescence and angiogenesis related signal in vitro. We demonstrated that 2-minute daily PBM 

(CW, 808 nm, 350 mW/cm2 at scalp level) for 7 days significantly reduced cerebrovascular 

permeability, as confirmed by FITC staining. Furthermore, PBM treatment inhibited the 

expression of senescence associated markers (senescence green and p21), while increased the 

vessel associated Ki67 level in the peri-infarct region after ischemic stroke. To further validate 

the effects of PBM on cerebrovascular cells, we conducted experiments using brain endothelial 

cells. Our study revealed that single-dose PBM treatment could decrease the senescence 

associated marker (p16 and p21) in brain endothelial bEND.3 cells. Simultaneously, PBM 

treatment increased the levels of Ki67 and vascular endothelial growth factor (VEGF), while 

decreasing the endostain level following OGD exposure. In summary, our results indicate that 

PBM treatment is effective in reducing vascular permeability, mitigating the vascular 

senescence, as well as promoting angiogenesis. The potential mechanisms are associated with up 

regulated VEGF and down regulated endostain levels following ischemia and PBM therapy. 

Keywords: angiogenesis, cerebrovascular senescence, photobiomodulation, stroke 
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Abstract: BCI interventions have the potential to enhance motor deficits even in the chronic 

phase after stroke. The effectiveness of such interventions, however, varies considerably among 

individual patients. This in turn might be related to interindividual differences in the ability to 

learn to control the BCI. In this study, we aimed to investigate whether residual structural 

connectivity as assessed by diffusion-weighted imaging (DWI) might serve as a predictor of BCI 

performance. We performed a clinical study in 21 chronic stroke patients (5 females, age: 60.8 ± 

8.7, time since stroke in months: 53.8 ± 44.5), randomized into experimental (n = 11) and control 

groups (n = 10) in a longitudinal crossover design with delayed start. Both groups underwent 6 

days of BCI training and were assessed pre- and post-training using the Fugl-Meyer Upper 

Extremity (FM-UE) clinical scale of motor impairment. The BCI training consisted of wrist 

dorsiflexion motor imagery while receiving visual and tactile feedback. Baseline, pre-training, 

post-training, and follow-up functional and structural MRI scans were conducted for all 

participants. Here, we used voxel-wise fractional anisotropy (FA, computed from the diffusion 

tensor) at baseline for correlation with the accuracy in BCI performance. Our results show that 

patients learned to control the BCI but exhibited high inter-individual variability. On average, the 

greatest improvement in accuracy was present on the second day of training, and followed by 

stable performance across the following days. We found that FA was positively correlated with 

improved accuracy in non-lesioned brain regions including the superior longitudinal fascicle, 

corona radiata, corticospinal tract, and inferior fronto-occipital fascicle. Our findings 

demonstrate a connection between residual white matter microstructure supporting brain 

connectivity and BCI performance after stroke. 
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Abstract: Altered circadian rhythms may increase the risk of stroke by disrupting the associated 

immunological processes. The circadian clock modulates the regulation of immune cells and 

neurotransmitters, indicating that circadian rhythms can influence the progression and recovery 

of stroke or intracerebral hemorrhage (ICH). Investigations are needed to determine how 

circadian rhythms are linked with ICH progression and recovery in the aspects of immunological 

regulations. In our current project, we detected that normal rhythms were affected after inducing 

ICH in mice when tested on day 3 and day 10. However, after recovery, the difference in 

rhythmic behavior between the ICH mouse model and the control was reduced, suggesting that 

recovery from ICH induces correction of the circadian rhythm. We also noted that the expression 

levels of core clock genes in the hypothalamus were altered in the case of ICH as compared to 

the control. Moreover, these gene expression alterations remained the same even at day 30 of the 

ICH. On the other hand, the altered expression levels of two of the core clock genes (Cry2 and 

Per1) were reversed at day 10 of ICH. We are currently confirming these results and we are 

planning to investigate these connections by inducing ICH in clock mutant or knockout mice 

models. Moreover, through positron emission tomography, we have observed significant 

alterations in glucose uptake levels or physiological function of different brain regions of mice. 

The lowest glucose uptake level was found on day 3 after inducing stroke, which was increased 

on day 7 and remained constant until day 10. We will next study the regulation of the immune 

system in ICH under different light and dark schedules as well as in different clock mice models 

(mutant or knockout). Based on the details provided here, we suggest that for better treatment 

response in ICH or stroke patients, circadian rhythms should be corrected through 

pharmacological interventions. 
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Abstract: Transcranial direct current stimulation (tDCS) paired with arm training may improve 

post-stroke reaching performance. Previous studies applied tDCS based on the Interhemispheric 

Inhibition Model to inhibit an overactive contralesional motor cortex (cM1). However, evidence 

supporting this model is equivocal as only some individuals benefit from tDCS. A subsequent 

Bimodal Balance-Recovery (BBR) Model considers individual differences since cM1 

overactivity may depend on the brain’s residual level of structural reserve. We evaluated the 

BBR Model and defined structural reserve as the degree to which the corticospinal tract (CST) is 

preserved. A greater overlap between the stroke lesion and CST is indicative of less structural 

reserve (and greater motor impairment). Hypotheses: 1) participants with less CST reserve will 

improve reaching performance more when tDCS with the anode is applied to cM1 (A-cM1); 2) 

participants with more CST reserve will improve reaching performance more when tDCS with 

the cathode is applied to cM1 (C-cM1). We tested 25 people (sample of convenience; 22 men; 

mean 60.6 +/- 11.46 yrs) living with late sub-acute to chronic (> 3 mo and < 5 yr) stroke. At 

baseline, participants underwent magnetic resonance imaging and standardized clinical 

assessments. On separate days separated by two-week washout periods, participants practiced 

goal-directed reaching while receiving one of 3 types of tDCS (1mA 20 min, 5x7cm2 electrodes 

in sponges): sham, A-cM1, C-cM1. Experimenters and participants were blind to study 

condition. Reaching performance was characterized by endpoint and joint kinematics (6 markers 

on trunk and arms, Optotrak Certus, 120 Hz). The primary outcome, Trunk-based Index of 

Performance, is a measure of skilled reaching performance incorporating endpoint speed and 

accuracy while accounting for compensatory trunk displacement. The secondary outcome is 



trunk displacement during reaching, reflecting movement quality. Data was analyzed with linear 

mixed models adjusting for age and time since stroke. The amount of CST reserve did not 

differentially affect skilled reaching performance in response to either A-cM1 or C-cM1 

(F(1,22)=0.76, p=0.39). There was a trend towards the amount of CST reserve differentially 

affecting trunk displacement (F(1,21)=3.47, p=0.08). Participants with less CST reserve reached 

with less trunk compensation when A-cM1 was applied. The same individuals used more trunk 

compensation when C-cM1 was applied. Findings provide modest support for the BBR model 

and suggest that it may be important to consider the CST reserve when deciding the type of 

tDCS to apply during rehabilitation. 
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Title: Motorized intervention during split crank pedaling improves interlimb phasing, changes 

paretic motor output, and induces aftereffects in people with stroke 

Authors: T. RUOPP, B. SCHMIT, *S. SCHINDLER-IVENS;  

Marquette Univ., Milwaukee, WI 

Abstract: Our prior work used split crank pedaling to identify causes of lower limb movement 

dysfunction after stroke (Cleland et al., 2019). We found that reduced muscle output of the 

paretic limb and abnormal interlimb coordination were distinct yet interrelated contributors. We 

suggested that rehabilitation should target both impairments and then we developed a novel 

intervention (i.e., CUped) to address the issue. CUped employs a motorized, split crank pedaling 

device. Participants are asked to pedal with both limbs while maintaining a 180° phase 

relationship. When the desired phasing is not achieved, motors assist the lagging limb and/or 

resist the leading limb until phasing is restored. This study asked whether CUped improves 

interlimb coordination and paretic motor output and whether effects depend on the type of 

motorized intervention applied: assistance (A), resistance (R), or both (AR). 19 stroke survivors 

were enrolled; they pedaled with each type of intervention. During pedaling, net mechanical 



work (W) of the paretic limb was computed, as was the mean (μ) and standard deviation (σ) of 

interlimb phasing errors (E). Values were compared across interventions and to pre- and post-test 

conditions without intervention. Results showed that each intervention reduced μE (p≤0.036). 

Effects were largest for AR (p=0.016) and for participants with large baseline values for μE 

(p<0.001). A similar trend was observed for σE; wherein intervention decreased σE in 

individuals with large but not small initial values for σE (p<0.001). Motorized A reduced W 

(p=0.002); and motorized R increased W (p=0.007). The AR strategy had no significant effect on 

W (p=0.079). Changes in W were related to changes in μE (p<0.001). Larger reductions in μE 

were often associated with larger reductions in W. Increased W was sometimes associated with 

increased μE. When the intervention was withdrawn, improvements in μE were not sustained 

(p<0.001), and values for σE increased beyond baseline (p<0.013). Post hoc analysis revealed 

increased variation in pedaling velocity at the post-test, suggesting that participants alternated 

between slowing one leg and rapidly progressing the other to complete the task. We conclude 

that motorized intervention during split crank pedaling improves interlimb coordination post-

stroke, especially when baseline deficits are marked. Intervention type has a substantial effect on 

paretic motor output but not interlimb coordination. Aftereffects suggest that stroke survivors 

can modify interlimb coordination. Training parameters should be tuned to improve interlimb 

coordination while promoting paretic motor output and simultaneous movement of both limbs. 
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Abstract: Despite its role in protecting the brain from potentially harmful agents, converging 

lines of evidence seem to indicate that a sustained overstimulation of the innate immune system 

can disrupt the flow of information in the brain, resulting in cognitive deficits, and can 

negatively affect brain recovery after stroke. Studies from our lab showed that DMXAA, a 

specific STING (STimulator of Interferon Genes) agonist, robustly preconditioned against 

transient ischemia in mice by activating Interferon type-I antiviral response. Here, we 

hypothesize that STING plays a pivotal role in both memory formation and brain recovery after 

stroke. To test this hypothesis, we injected 6-8 weeks old WT mice with DMXAA (IP, 25mg/Kg) 



and performed a wide variety of molecular, electrophysiological, and behavioral studies. Real- 

time pcr analysis revealed that STING stimulation triggered a sustained increase in Chemokine 

(C-C motif) ligand 5 (CCL5) expression, a protein well-known to negatively correlate with 

memory formation and brain recovery after stroke. Consistent with that scenario, we found that 

DMXAA significantly reduced hippocampal Long- Term Potentiation (LTP), an effect found 

absent in STING-/- mice, and hippocampus-dependent memory formation. In addition, we 

observed increased motor function recovery after Middle cerebral artery occlusion (MCAO) in 

STING-/- mice. 
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Title: Rehabilitation Program for severely hemiparetic upper limb in chronic stroke survivors: A 

Case Study 
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Abstract: Introduction: Rehabilitating severe hemiparetic upper limb in chronic stroke survivors 

is challenging, leading to reduced limb usage and diminished quality of life. The Purposeful 

Activity with Electrical Stimulation Therapy (PA-EST) program was developed to address this 

issue. This study investigates the relationship between changes in brain hemodynamics 

(measured by fNIRS) and motor function improvements through PA-EST. Methods: A 57s male 

with right hemiplegia resulting from a left capsular hemorrhage participated in the 3-month PA-

EST program. Motor function was evaluated using Fugl-Meyer Assessment (FMA), goal 

attainment with Goal Attainment Scaling (GAS), and brain function with fNIRS. 

Oxyhemoglobin levels were analyzed during hand and wrist movements. Results: Following the 

PA-EST program, the participant showed improved FMA (6 to 16) and GAS-Light (25.2 to 56.2) 

scores, indicating enhanced motor function and adaptability. fNIRS results revealed increased 

Oxyhemoglobin values in the bilateral palmar area. Conclusion: The PA-EST program positively 



influences motor function and brain hemodynamics in severe upper limb paralysis from chronic 

stroke. This home-based program holds promise for improving rehabilitation outcomes. Further 

research with a larger sample size is needed to validate these findings. Ethics: This study 

obtained approval and informed consent from participants, following the Helsinki Declaration. 
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Abstract: Loss of nervous system tissue after severe brain injury is a main determinant of poor 

functional recovery. Cell transplantation is a promising method to restore lost tissue and 

function, yet it remains unclear if transplanted neurons can demonstrate the population level 

dynamics important for movement control. Here we present a comprehensive approach for long-

term single neuron monitoring and manipulation of transplanted embryonic cortical neurons after 

cortical injury in adult mice performing a prehension task. Strikingly, the observed patterns of 

population activity in the transplanted network strongly resembled that of healthy networks. 

Specifically, the task-related spatiotemporal activity patterns of transplanted neurons could be 

represented by latent factors that evolve within a low dimensional manifold. We also 

demonstrate reliable modulation of the transplanted networks using minimally invasive epidural 

stimulation. Our approach will allow greater insight into how restoration of cell-type specific 

network dynamics in vivo can restore motor function. 
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training for chronic stroke survivors 
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Abstract: Error augmentation (EA) techniques have emerged as a promising approach in 

bimanual therapeutic training, using both haptic forces and distorted visual displays. With the 

recent cost reductions for visual displays, we performed a two-arm, randomized, controlled trial 

where we investigated the impact of visual EA alone on clinical and kinematic performance by 

manipulating the cursor position of the paretic limb in the direction of error. A cohort of 38 

chronic stroke survivors (post injury duration greater than 8 months) participated in a bimanual 

reaching exercise for approximately 40 minutes, 3 days per week, for three weeks. Both groups 

demonstrated an average of 2.2 improvement in Upper Extremity Fugl-Meyer (p=0.005, 

F=5.612), and retained it to a follow-up evaluation 7-9 weeks later (average 1.5), but did not find 

superiority to our EA treatment. This was not clinically meaningful, which for chronic stroke 

survivors is 5.2 points1. However, our study specifically focused on short-term effects. Our 

device found similar results with a composite metric that considered range of motion, 

asymmetry, and execution time (p=0.031, F=3.70). These findings emphasize the importance of 

exploring non-pharmacological interventions for stroke recovery and advancing the 

understanding of error augmentation techniques in neurorehabilitation. 
1Page SJ, Fulk GD, Boyne P. Clinically important differences for the upper-extremity Fugl-

Meyer Scale in people with minimal to moderate impairment due to chronic stroke. Phys Ther. 

2012;92(6):791-798. 
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Title: Astrocytic OptoSTIM1 stimulation of astrocyte enhance post-stroke recovery in chronic 

capsular infarct model 

Authors: J. CHO1, S. LEE2, J. PARK1, W. HEO3, C. LEE2, *H.-I. KIM1;  
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Abstract: The emphasis on neuronal mechanism in post-stroke recovery has been well-

established, particularly through the process of synaptic plasticity. However, it is now recognized 

that astrocyte, traditionally viewed as supportive cells, have a more complex role in brain 

functions, including their ability to influence synaptic remodeling. To fully understand the 

unique contribution of astrocytes in stroke recovery, it is crucial to selectively activate these cells 

and investigate their underlying mechanisms. Nonetheless, there is ongoing controversy 

regarding the selective activation of astrocyte and their actual contribution to promoting 

functional recovery in stroke models. In this study, we employed an optogenetic stimulation 

technique using viral vectors including Lenti-GFAP-ChR2-eYFP (ChR2 Stim. Group: CSG) to 

manipulate astrocyte ion channels and Lenti-GFAP-OptoSTIM1-eYFP (OptoSTIM1 

Stim.Group: OSG) to directly activate Ca2+ release-activated Ca2+ (CRAC) channels. Following 

two weeks of astrocytic stimulation in the ipsilesional sensori-parietal cortex, OSG showed a 

significant functional recovery in chronic capsular infarct, whereas CSG demonstrated no 

recovery. Longitudinal 2-deoxy-2-[18F]-fluoro-D-glucose microPET (FDG-microPET) imaging 

showed a significant reduction in cortical diaschisis volume in OSG, which correlated with 

motor recovery. FDG-microPET also showed an activation of corticocortical circuit, presumed to 

be responsible for functional recovery. Furthermore. The OSG demonstrate an increased 

expression of c-Fos and brain derived neurotrophic factor (BDNF) in both neurons and 

astrocytes, indicating a potential interaction between neurons and astrocyte, ultimately leading to 

increase the brain plasticity. These findings indicate that astrocytic activation through 

endogenous calcium elevation using OptoSTIM1 can be considered as a therapeutic option to 

enhance post-stroke recovery in capsular infarct. 
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Title: Differences in Factors Influencing Responsiveness to Combined Intervention of Robot-

assisted Gait Training and Noninvasive Brain Simulation in Stroke Patients - Neuroimaging 

Study 

Authors: *J. LEE1, E. KIM2, Y.-H. KIM2;  
1Kumoh Natl. Inst. of Technol., Gumi, Korea, Republic of; 2Sunkyunkwan Univ., Suwon, Korea, 

Republic of 

Abstract: Gait ability in stroke patients is associated with their activities of daily living and 

quality of life. To achieve satisfactory improvement of gait ability in stroke patients, the 

simultaneous intervention of robot-assisted gait training (RAGT) and transcranial direct current 

stimulation (tDCS) was suggested. However, the effectiveness of combined RAGT and tDCS 

intervention was varied according to previous studies. This study was conducted to investigate 

differences in patient characteristics between good and poor responders of combined RAGT and 

high-definition transcranial direct current stimulation (HD-tDCS) intervention through 

neuroimaging-based subgroup analysis. Twenty-four chronic stroke patients participated in this 

study. The subjects were randomly allocated to either the experimental group (RAGT with real 

HD-tDCS) or the control group (RAGT with sham HD-tDCS). All participants completed 10 

sessions over four consecutive weeks. Participants were classified into good and poor responder 

groups based on gait speed improvement after the intervention. Neuroimaging measures, 

including fractional anisotropy (FA) values of the corticospinal tract (CST) and corona radiata 

(CR) and network efficiency and network density of the functional network, were obtained from 

neuroimaging data, including diffusion tensor imaging, resting-state functional MRI, at pre-

intervention. The CST and CR FA values and network efficiency were higher in the good 

responder group compared to the poor responder group in the experimental group. In contrast, 

these values did not show a significant difference between good and poor responder groups in 

the control group. This study result can be used to decide candidates among chronic stroke 

patients for receiving combined RAGT and tDCS intervention and will contribute to increasing 

the clinical value of the combined intervention. 
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Abstract: Stroke is a prevalent source of motor impairment worldwide. While survivors 

experience some level of spontaneous motor function recovery during the acute phase, the 

progress may plateau. Emerging evidence suggests that brain-computer interface (BCI)-based 

rehabilitation therapies may surpass this plateau by fostering neuroplasticity and functional 

recovery (Cervera et al., 2018; Mansour et al., 2022). Motivated by these findings, the present 

study aims to investigate the underlying neurophysiological mechanisms of BCI-driven post-

stroke rehabilitation by recruiting a cohort of 21 chronic stroke patients (5 females, age: 60.8 ± 

8.7, time since stroke in months: 53.8 ± 44.5), randomized into experimental (n = 11) and control 

groups (n = 10) in a longitudinal crossover design with delayed start. Both groups underwent a 6-

day BCI training and were assessed pre- and post-training using the Fugl-Meyer Upper 

Extremity (FM-UE) clinical scale of motor impairment. The BCI training consisted of wrist 

dorsiflexion motor imagery while receiving visual and tactile feedback. All participants 

underwent baseline, pre- and post-training, and follow-up functional and structural MRI scans. 

The rs-fMRI data was preprocessed using CONN toolbox (Whitfield-Gabrieli et al., 2012). Seed-

based connectivity maps were estimated using denoised and bandpass filtered data (four seed 

regions of default mode network (DMN), defined from CONN toolbox's ICA analyses of HCP 

dataset). To evaluate the group effect of the intervention, we constructed and fitted the flexible-

factorial model. Recent studies have demonstrated that stroke can disrupt the DMN, leading to 

changes in brain connectivity and function that contribute to post-stroke motor deficits (Cassidy 

et al., 2022; Olafson et al., 2022). Our findings revealed an increase in connectivity between the 

medial prefrontal cortex (mPFC) of DMN (seed 001), and the premotor, superior parietal cortices 

and SMA. Notably, we found that the FMA-UE significantly correlated with the increase in 

connectivity between the mPFC, and M1 and premotor cortex.In the behavioral domain, 

participants learned operating the BCI, with the greatest improvement in accuracy on the second 

day. Importantly, the 6-day training resulted in improvement in upper limb motor function as 

assessed by FMA-UE. Our results suggest that even a short-term BCI intervention induces a 

clinically relevant improvement in motor function in chronic stroke. The underlying mechanisms 

involve neuroplastic changes in functional connectivity between DMN and motor-related areas. 
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Abstract: Stroke is one of the leading causes of death and individuals surviving from it mostly 

tackle upper-limb motor control. Therefore, the rehabilitation platforms such as planar robotics 

have been designed to mitigate the problem and assist patients through upper-limb extremity 

(reach-return) training. However, regarding user interface and mechanical motion, such 

rehabilitation platforms (e.g. with belt-based mechanism) lack proper smoothness and 

transferability of the driver mechanism. Here, we introduced a magnetic-based driver mechanism 

as a novel technique to transfer the force between the planar robot and human wrist hand in a 

seamless way for extremity training. This technology will not only improve the usability of the 

overall system but also provide a lock/unlock mechanism for the patient’s hand through a 

controllable magnetic force field (e.g. electromagnetic strategy). To test the achievability of our 

theory and mechanism, we designed a one-dimensional planar robotic device embedded with 

magnetic actuators for exercising shoulder movements horizontally. We observed that the motion 

from our motor-driven mechanism can smoothly transfer from a permanent magnet as the 

“driver” to another permanent magnet as the “follower”. The driver and follower were separated 

by plexiglass for improving the user interface. For investigating the characterization of the static 

and dynamic behavior of the overall system, we had the bottom magnet stay still, and horizontal 

forces about 15 Newton caused instant detachment. Whereas the same amount of vertical force 

did not lead to disengagement when the bottom magnet was moving with 20 RPM of motor 

speed, and offset was maintained around 3 centimeters. However, that was when the human hand 

was not involved. Therefore, we developed a closed-loop online Extended Kalman Filter (EKF) 

algorithm to estimate the offset between the positions of the magnets and then prevent 

detachment by regulating the driver magnet’s speed using an PID controller. Overall, our system 

demonstrated promising results and a more improved human-machine interaction experience in 

planar robotic platforms. 
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Abstract: Motor rehabilitation can improve upper limb impairment following stroke but there is 

often considerable room for further improvement. Motivation to engage in rehabilitative training 

can contribute to the magnitude of its success. Previous studies have indicated that a socially 

enriched environment and social interactions have positive effects on functional recovery after an 

ischemic stroke. Here we investigated the possibility that social competition in the performance 

of motor rehabilitative training could enhance its efficacy in improving forelimb function. This 

was tested in a rat model of chronic post-stroke upper limb impairments resulting from ischemic 

infarcts of primary motor cortex. 

Forty-three socially housed male Long Evans rats underwent pre-stroke training to establish a 

skilled reaching task, followed by infarct induction, and rehabilitative training in skilled 

reaching. During the pre-stroke training phase, the rats learned the single pellet retrieval task, in 

which they reach through a narrow window to retrieve individual banana-flavored food pellets. 

Their social hierarchy status was also determined. Subsequently, stroke was induced by topically 

applying endothelin-1 to the caudal forelimb area of motor cortex opposite their trained forelimb. 

The animals were then divided into two groups: a social competitive group and an individual 

training group. In the competitive group, pairs of rats were trained in chambers facing each other 

to reach for the same pellet at the same time, i.e., they competed to retrieve individual food 

rewards. Both groups underwent daily rehabilitative training for four weeks. 

Rats had similar success rates in the reaching task before and immediately after the stroke. 

However, during the four-week rehabilitative training period, dominant rats in the social 

competitive group exhibited significantly higher success rates per reach attempt compared to the 

individual training group. Subordinate rats of the competitive group performed similarly to those 

of the individual training group. Analysis of lesion volume and extent in Nissl-stained sections 

did not reveal any differences between the groups. These findings demonstrate the beneficial 

impact of social competition in dominant rats during motor rehabilitation and underscore the 

potential influence of social hierarchy on post-stroke recovery in social settings. 
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Abstract: Background: Post-stroke exercise need to be encouraged to facilitate optimal recovery 

and to improve both physical and mental health. However, stroke survivors are easily 

predisposed to sedentary lifestyle due to physical impairment and functional compromise. 

Moreover, many clinicians as well as patients tend to be discouraged by exercise-related risk of 

injury of falls or comorbidities. 

Methods: This study is a randomized controlled trial. Subjects were randomly assigned to either 

intervention or control group. Subjects in intervention group completed 16 sessions of 90-minute 

moderate-to-high intensity group-based exercise for 8 weeks. Isometric muscle strength and grip 

strength of the affected and unaffected side, 10 repetition sit-to-stand test (STS10), 60 second sit-

to-stand test (STS60), Short Physical Performance Battery (SPPB), multidirectional reach test, 

Berg’s Balance scale (BBS), 10-meter walk test, 6 minute walk test, Timed-up-and-go test, 

physiological cost index, Korean version of modified Barthel index, Fugl-Myer Assessment 

(FMA) and Korean version of Montreal Cognitive Assessment (MoCA-K) were measured at 

baseline and postintervention. Bone density and body composition were analyzed by dual energy 

X-ray absorptiometry (DEXA) at baseline and postintervention. 

Results: Total 32 stroke survivors were enrolled in the study and 18 were randomized to group-

based moderate-to-high exercise and 14 were randomized to home-based low intensity exercise. 

Intervention group showed high compliance as well as high attendance rate. Adverse event was 

only 2 uneventful falls in 1 subject. After 8 weeks of moderate-to-high intensity group exercise, 

subjects showed significant improvement in isometric muscle strength of hip extensors and knee 

flexors and grip strength both in affected and unaffected limbs, and isometric muscle strength of 

affected shoulder abductor. Also, STS60, SPPB, BBS, FMA and MoCA-K were significantly 

improved in the intervention group after 8-week of moderate-to-high intensity exercise. Femur 

bone density and lean mass improved after the exercise in group exercise subjects. 

Conclusions: Moderate-to-high intensity group-based exercise is feasible and safe and improves 

physical and cognitive function of chronic stroke survivors. 
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Abstract: Background: Gait impairments and diminished ankle motor control are prevalent 

among stroke survivors, resulting in a long-term decrease in quality of life. Transcranial direct 

current stimulation (tDCS) is a non-invasive brain stimulation technique that has been 

demonstrated to prime motor learning and performance in stroke survivors. High intensity 

interval training (HIIT) is an effective form of gait rehabilitation for improving gait speed. 

Speed-based HIIT (HISTT) yields greater gains in power and fatigue resistance compared to 

classic HIIT. However, there remains a gap in the combined effect of tDCS with HISTT on ankle 

motor control in stroke survivors. Additionally, the association between ankle motor control and 

treadmill belt speed during HISTT has not been studied Exploring the potential synergistic 

benefits of these interventions could provide valuable insights into enhancing gait rehabilitation 

outcomes for this population. 

Objective: The purpose of the study is to evaluate the potential benefits of combining tDCS with 

HISTT on ankle motor control in chronic stroke survivors. We also aim to determine the 

association of ankle motor control with treadmill belt speed. 

Methods: Data were collected as a part of a larger clinical trial where participants with chronic 

stroke performed 12 sessions of HISTT, which involved alternating periods of walking at the 

maximum tolerated treadmill speed and recovery speed. Participants were randomly assigned to 

one of two groups: tDCS + HISTT (n = 6) and HISTT (n = 6). The HISTT group received 40-

minute sessions of high-intensity speed-based treadmill training over a period of 4 weeks (3 

sessions/week), while the tDCS + HISTT group received anodal tDCS prior to the HISTT during 

each session. To measure ankle motor control, participants performed ankle plantarflexion and 

dorsiflexion movements while tracking a sinusoidal target. Spatiotemporal error was calculated 

between the ankle position and target. 

Results: Spatiotemporal error was significant lower in the tDCS + HISTT group compared to the 

HISTT group (t = -2.6797, p < 0.05). The tDCS + HISTT group showed greater improvement 

(7.8%) on the ankle motor tracking task after 12 sessions (mean = 0.19) compared to the HISTT 

group (mean = 0.22). The treadmill belt speed had a significant positive effect ankle 

spatiotemporal error with an estimated coefficient of 0.095387 (p < 0.01). The results indicated a 

weak relationship between the two variables (R2
Adj = 0.04362, F = 7.522, p < 0.01). 

Discussion: Our results suggest that combining HISTT with tDCS could result in improved 



ankle motor control in chronic stroke survivors, surpassing the benefits observed with HISTT 

alone. 
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Abstract: Primary afferent depolarization (PAD) mediated by GABAA receptors was believed to 

modulate sensory flow by inhibiting sensory axons in the spinal cord to sculpt neural inputs into 

skilled motor output. Recent studies in rodents revealed that these GABAA receptors reside at 

afferent branching points, and PAD prevents action potential failures, challenging its long 

believed inhibitory role on sensory transmission. While PAD is pertinent to fine motor control, 

most experimental data came from animal models that lack sophisticated neural circuits to 

support skilled motor control. Here, we investigated the controversial role of PAD on sensory 

gating directly in the monkey cervical spinal cord through observing sensory evoked spinal 

activity, motor output, and supraspinal field potentials. 

We used an acute setup in anesthetized monkeys (n=3) to stimulate sensory afferents and record 

along the sensorimotor pathway. We placed a bipolar nerve cuff on the deep radial nerve and a 

bipolar stimulation probe on dorsal rootlets (C6-T1) to activate primary afferents. We recorded 

PAD in a distally severed dorsal rootlet with a silver hook electrode, electromyography (EMG) 

from arm and hand muscles, intraspinal activity from the C5/C6 spinal cord with a linear 

microelectrode array (32 Ch) placed dorsoventrally throughout the spinal laminae, as well as 

thalamic and sensory cortex (S1) field potentials with a deep brain electrode and an intracortical 

array, respectively. 

To evaluate the function of PAD, we first stimulated the afferents with single, doublet, and burst 

pulses. Then, we intrathecally applied bicuculline, a GABAA inverse agonist, to remove PAD, 



and repeated the experiments. In the dorsal spinal cord, we observed minimal change in the 

afferent volley, but PAD peak amplitude significantly reduced after bicuculline, confirming that 

PAD is mediated by GABAA in spinal gray matter in monkeys. Further, we found an overall 

increase in spinal spontaneous firing after bicuculline, while in contrast, sensory input related 

units decreased in firing, indicating a sensory specific facilitation by PAD. In addition, single 

pulse evoked EMG responses were significantly suppressed after bicuculine, and interestingly, 

multi-pulse stimulation exhibited increased response failures to subsequent pulses. Finally, 

sensory evoked field potentials in the thalamus and S1 were also significantly suppressed after 

bicuculline. Our results in monkeys support the facilitatory role of GABA on sensory 

transmission, which can increase spinal and cortical neural responses to sensory inputs, changing 

our understanding of generation and perception of movement. 

Disclosures:  L. Liang: None. A.A. Mahrous: None. J. Balaguer: None. J.C. Ho: None. E.M. 

Grigsby: None. V. Karapetyan: None. A. Damiani: None. D.P. Fields: None. P. Gerszten: 

None. J.A. González-Martínez: None. D.J. Bennett: None. C.J. Heckman: None. M. 

Capogrosso: None. E. Pirondini: None. 

Poster 

PSTR020. Stroke Recovery: Non-Pharmacological Approaches to Therapy I 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR020.19/Q6 

Topic: C.09.Stroke 

Title: Investigating Cold Spreading Depolarization (cold-SD) in Rodent Brain Slices 

Authors: *D. A. HANCOCK, E. R. N. KIARIE, P. J. GAGOLEWICZ, R. D. ANDREW;  

Queen's Univ., Kingston, ON, Canada 

Abstract: Neuronal damage induced by mild hypothermia (<15°C) was first demonstrated in 

non-hibernating mammals where cold temperatures caused cerebral edema, with an associated 

accumulation of Na+ intracellularly and K+ extracellularly (Thauer & Brendel, 1962). As well, a 

so-called ‘chill coma’ has been documented in insects (locusts, fruit flies) when they are exposed 

to near-freezing (n/f) temperatures, evoking spreading depolarization (SD) (Robertson et al., 

2020). We propose that, surprisingly, exposure to n/f temperature causes an SD-like event in 

mammalian higher brain, which we term `cold SD`. SD is a mass wave of propagating cellular 

depolarization caused by failure of the Na+/K+ pump particularly in neurons. SD during 

ischemia causes cell swelling, neuronal injury, and death as during stroke, traumatic brain injury, 

and sudden cardiac arrest. We hypothesize that cold-SD can be caused by compromised Na+/K+ 

pump function due to reduced ATP production at n/f temperatures. This study builds on research 

that shows neuronal swelling and dendritic beading in rodent slices upon cooling to ~6°C (Kirov 

et al., 2004) and on our previous lab findings that n/f temperature (3-6°C) evokes cold SD in 

rodent slices, observable by imaging changes in light transmittance (LT). As bath temperature 

dropped from 10oC to 3-6°C over 200 to 300 seconds, LT decreased in neocortex coinciding 



with a slow positive drift in extracellular voltage of 2-3 mV recorded with a KCl pipette. Then, 

when SD initiation was imaged, a negative DC shift of 2 to 4 mV coincided with the front 

passing the pipette, so this is a classic SD event with a slower propagation and reduced peak cell 

swelling as compared to OGD-SD. As well, slices that underwent cold SD when slowly warmed 

could generate OGD-SD, demonstrating clear recoverability from cold-SD. The TRPM8 receptor 

is involved with cold reception, but its specific antagonist PBMC (25nM) did not affect cold SD 

parameters. We conclude that 1) the standard technique of preparing rodent slices at n/f 

temperatures often induces cold SD from which slices recover upon warming; 2) Surprisingly, 

energy to drive cold-SD is maintained even in n/f mammalian gray matter because the Gibbs-

Donnan equilibrium remains intact by Na+/K+ ATPase transport. The pump maintains the 

chemical and electrical energy differential between the intra- and extracellular compartments. 

So, while heat can be pulled from the tissue by lowering temperature, SD can still be generated 

so long as the pump functions. 3) Although non-hibernating mammals cannot survive n/f 

temperatures due to systemic failure, certain bat species likely undergo cold SD and survive in 

the real world, much like insects. 
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Abstract: Stroke is the second leading cause of death and third leading cause of disability 

globally. It is caused by cerebral hypoxia that quickly results in irreversible neuronal injury. The 

main therapeutic options are confined to reperfusion therapy at the acute phase, and there are no 

effective therapeutic options after that. Stem cell therapies potentially protect the host neurons 

from further damage and/or replace the lost neurons. However, this strategy is hindered by the 

poor survival of the neural precursor cells (NPCs) transplanted into the inflammatory ischemic 

core. Here we develop a chemical cocktail consisting of fibrinogen and maraviroc to promote the 



survival of the transplanted NPCs in the ischemic core of the mouse cerebral cortex. This is 

achieved by blocking the activation of CCR5 on the NPCs, thus protecting the NPCs from 

apoptosis induced by pro-inflammatory factors. The surviving NPCs divide and differentiate to 

mature neurons within 2-4 weeks, filling the infarct region with vascularization and reduced 

gliosis. Over time, the transplanted cortical neurons grow out axons and undergo long-distance 

growth from the cortex to the brainstem and spinal cord, reconstructing the corticospinal tract 

and correcting the motor deficits of the grafted mice. Our cocktail enables the survival of the 

transplanted NPCs in inflammatory neurological conditions like stroke. Our findings highlight 

the prospect of reconstructing neural circuits through long-distance axonal growth by 

transplanted human NPCs. 
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Abstract: Ischemic stroke induces immoderate inflammatory responses that cause secondary 

damage to the tissue. This inflammatory process involves both CNS resident microglia and 

peripherally derived macrophages. Arginase-1 (Arg1), an anti-inflammatory marker of polarized 

immune cells, has the potential to modulate the post-stroke inflammatory microenvironment. 

However, the specific role of Arg1 following ischemic stroke remains unclear. Therefore, this 

study aimed to investigate the functional role of Arg1 in mice with photothrombotic ischemic 

stroke. The expression of Arg1 significantly increased at the border of the lesion core in a time-

dependent manner. Immunohistochemistry analysis revealed that the majority of Arg1 expressed 

in Iba-1 positive immune cells. In addition, Arg1 expression was predominantly observed in 

infiltrating macrophages marked by LysM+ in LysM-Cre::Rosa26-eYFP mice, rather than in 

CX3CR1+ microglia in CX3CR1-GFP mice. This suggests that infiltrating macrophages express 



Arg1 following ischemic stroke. To assess the functional role of Arg1 in post-stroke recovery, 

LysM-cre::Arg1fl/fl conditional knockout (Arg1 cKO) mice were generated. Remarkably, motor 

functional behavior tests conducted for up to 4 weeks post-stroke revealed improved functional 

recovery of forelimb use and skilled walking in Arg1 cKO mice. These findings suggest that 

Arg1 may have detrimental effects on functional recovery after ischemic stroke. Histological 

analysis showed that Arg1 cKO mice had reduced levels of fibronectin and chondroitin sulfate 

proteoglycans (CSPGs, CS56), indicating a potential role for Arg1 in regulating post-stroke 

fibrotic scar development. Furthermore, decreased levels of peri-neuronal nets were observed in 

the peri-infarct region of Arg1 cKO mice. Interestingly, Arg1 cKO mice displayed a significantly 

higher number of excitatory synapses in the peri-infarct area. To further elucidate the underlying 

microenvironmental changes in Arg1 cKO mice after stroke, cytokine profiles of peri-infarct 

microglia were analyzed at 7 days after stroke. The analysis revealed a decrease in TGF-beta 

signaling and pro-inflammatory cytokines in Arg1 cKO mice. Additionally, expression of 

microglial phagocytic markers was decreased. Together, these findings suggest that infiltrating 

macrophages expressing Arg1 may regulate the development of fibrosis and pro-inflammatory 

microglial environment. Currently, we are evaluating the potential cross-talk between Arg1-

expressing macrophages and microglia involved in post-stroke inflammation and recovery. 
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Abstract: The majority of stroke survivors have chronic upper limb paresis that limits their 

ability to perform daily tasks. Most daily tasks require bimanual arm and hand use. Superior 

bimanual function is associated with better functional independence in stroke. Yet, stroke 

rehabilitation research and interventions generally focus on promoting unimanual gains. 

Unfortunately, unimanual gains do not fully transfer to improved bimanual abilities. In this 

study, we are testing the hypothesis that non-invasive brain stimulation delivered to 

contralesional higher motor cortices (cHMC) using repetitive transcranial magnetic stimulation 

(rTMS) combined with bimanual motor training will lead to favorable effects on bimanual motor 

function and control in chronic stroke survivors. CHMC are anatomically specialized to control 

bimanual movement given their dense interhemispheric, crossed and uncrossed connections. Our 

ongoing triple-blinded pilot randomized controlled study will estimate the effects of delivering 

multiple sessions of cHMC rTMS in combination with bimanual rehabilitation in persons with 

chronic stroke. Participants 18-90 years of age who are >6 months post unilateral ischemic or 

hemorrhagic stroke are included. Individuals are required to have ≥10º wrist, finger and thumb 

extension but score ≤11/14 points on the hand section of upper extremity Fugl-Meyer (UEFM). 

Participants are randomized to receive cHMC rTMS or sham rTMS immediately preceding 

rehabilitation 2x/week for 6 weeks. Rehabilitation consists of 100% bimanual functional task 

practice. Assessments of bimanual motor function and control, neurophysiology and resting-state 

functional connectivity are made twice at baseline and repeated at end-of-treatment. Motor 

function and control tests are also repeated at 1-month follow-up. Nine participants have 

completed baseline testing so far. Of the 7 participants who completed post-test, bimanual motor 

function measured with Bimanual Assessment Measure (BAM) increased from 83.6 ± 5.9 (mean 

± SD) to 88.7 ± 3.7, while unimanual motor impairment scores (UEFM) improved slightly (43.1 

± 8.5 to 45.1 ± 10.1). This may indicate bimanual training specifically improves bimanual 

function. Paretic force contribution in bimanual motor control test also increased from 31.7% ± 

8.8% to 36.7% ± 4.5% (typically 50% in healthy individuals), indicating more involvement of 

the paretic hand in bimanual force control. Enrollment will end September 2023 and group 

results (anticipated n=14) will be presented. Effect size estimates will be generated to determine 

sample sizes for future investigation of bimanual function in stroke. 
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Abstract: Stroke is the leading cause of long-term disability and a risk factor for dementia. 

Hence stroke therapies are urgently needed to improve the quality of life for stroke survivors, 

especially women who are at a greater risk for stroke after menopause. Our previous studies have 

modeled this population using acyclic middle-aged female rats. This group has lower circulating 

levels of the peptide hormone Insulin-like Growth Factor (IGF1) and display worse outcomes 

after a stroke than young adult female rats. ICV administration of IGF1 to this group decreases 

infarct volume, improves sensory motor performance and reduces cytokine levels in the ischemic 

hemisphere. Despite this neuroprotection, icv IGF1 treatment did not reduce peripheral 

inflammation or improve cognitive in the chronic phase of stroke. In view of the evidence that 

stroke induces gut dysbiosis, and that gut dysfunction is implicated in cognitive behaviors, we 

hypothesize that, unlike icv IGF1 treatment, which is restricted to the brain, systemic (ip) IGF1 

treatment would repair the gut, attenuate peripheral cytokine levels and improve long-term 

behavior outcomes. Acylic middle-aged Sprague Dawley female rats (9-11 mos) were subjected 

to endothelin-1 induced middle cerebral artery occlusion (MCAo) or sham operation. Animals 

received ip IGF1 injections 4h and 24h post MCAo, or icv infusions, while controls received 

vehicle. Sensory motor tests, blood and gut samples were acquired pre and post MCAo. Animals 

were terminated either in the acute phase (2d) or chronic phase (30d). The latter group was also 

subject to tests of cognition. In contrast to icv treatment, ip-IGF1 did not reduce infarct volume 

or acute sensory motor impairment but significantly attenuated circulating levels of IL-6 and IL-

17 and attenuated the post stroke cognitive deficits as assessed by the Barnes Maze assay and 

Novel Object Recognition Test. IP-IGF-1 reduced post stroke gut dysmorphology, by preserving 

villus:crypt ratio and attenuating crypt hyperplasia in the acute phase and resulted in preservation 

of the major phyla of the gut microbiome in the chronic phase, as well as the abundance of the 

lactobacillus family which has been shown to produce neuroprotective short chain fatty acids. 

Our data suggest that systemic IGF1 may be a better therapeutic option for long term cognitive 

behaviors after stroke. 
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Abstract: Stroke remains a major cause of death in the United States and around the world. 

Survivors are left with debilitating motor and neurological deficits. The limited treatment options 

indicate finding novel strategies for stroke. Stem cell-based therapy stands as an experimental 

treatment for stroke. However, clinical trials of stem cell transplantation in stroke has mostly 

demonstrated safety and not efficacy likely due to lab-to-clinic translational hurdles. Here, we 

performed vis-a-vis comparison of different routes of transplantation, namely intracerebral, 

intraarterial, and intranasal delivery of expanded human CD34+ stem cells, called 

ProtheraCytes®, in the established stroke model of transient middle cerebral artery occlusion 

(MCAO) using adult Sprague-Dawley rats. Following optimization of the dose and subacute 

timing of cell delivery, animals were randomly assigned to receive either ProtheraCytes® or 

vehicle. Motor and neurological assays from day 7 to day 28 post-stroke revealed significant 

functional recovery across all three delivery routes of ProtheraCytes® compared to vehicle-

treated stroke rats. Additionally, ProtheraCytes®-transplanted stroke rats displayed significantly 

reduced infarct size and cell loss in the peri-infarct area coupled with enhanced neurogenesis and 

angiogenesis compared to vehicle-treated stroke rats. Mechanistically, ProtheraCytes® may 

secrete extracellular vesicles, in particular CD-63, which appear to be associated with the 

observed upregulation of neurogenesis and angiogenesis. These findings support the safety and 

efficacy of transplanting ProtheraCytes®, including via the minimally invasive intranasal route, 

in affording robust and stable behavioral and histological therapeutic effects in an animal model 

of stroke. 
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Abstract: Stroke is a leading cause of motor disability worldwide. Even in mild stroke it is often 

difficult for patients to regain their prior level of function due to persistent impairments in fine 

hand movement. This is especially true for skilled hand tasks such as computer and smartphone 

use. Deviations from normal finger individuation are common post-stroke and have been 

quantified using the Finger Individuation Index (FI Index). The index ranges from zero to one, 

where the FI index approaches zero for a hand with preserved independent finger movement, and 

approaches 1 for a hand with no independent finger movement. Here we present a prototype 

touch-screen app developed by our Brain Rehab and Recovery Lab in collaboration with the 

Human Computer Interaction Lab that uses the FI Index to quantify fine motor impairments post-

stroke. We demonstrate that kinematic measures obtained at bedside using this app can quantify 

common patterns of post-stroke hand impairment. Feasibility data for two types of severe hand 

impairment are presented in Figure X, showing that that the app is usable by patients across a 

range of hand impairment severities. This work contributes to a growing body of evidence for the 

use of tablet-based tasks in stroke rehabilitation. It also offers a means to make detailed 

kinematic analysis accessible beyond the walls of the research lab by deploying affordable, 

portable technologies that can be used at the bedside or in the community, and are easy to setup 

by any clinician or caregiver familiar with basic smartphone technology. 
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Abstract: Ischemic stroke results in brain damage and impaired function due to disrupted blood 

flow. Given the limited clinical therapeutic options, there is a need for novel therapeutic 

approaches. Carbon dioxide (CO2) is a potential vasodilator that regulates cerebral blood flow 

(CBF). Preconditioning is a potential strategy to reduce brain damage and deficits. Thus, this 

study aims to investigate the protective effects of CO2 inhalation preconditioning in an acute 

focal ischemia-reperfusion rat model. Male Wistar rats (270-320g) inhaled 20% CO2 mixed gas 

before a 90-min transient middle cerebral artery occlusion (tMCAO). CO2 inhalation increased 

regional cerebral blood flow (rCBF) in the MCA territory (160.05 ± 9.44% vs. baseline, 

p<0.001). Without CO2, tMCAO caused a 93.3% rCBF decrease, recovering by 82.61% after 

reperfusion. During tMCAO, rCBF decreased by 11.03 ± 3.04% after inhalation, rising to 113.74 

± 13.25% post-reperfusion (p<0.001). CO2 inhalation raised pCO2 (43.62 ± 6.54 mmHg vs. 

33.15 ± 4.98 mmHg, p=0.001) and lowered pO2 and pH (7.48 ± 0.4 vs. 7.43 ± 0.04, p=0.0039.). 

Neurological deficits were assessed at 24 h after tMCAO. CO2-preconditioned tMCAO rats had 

lower mNSS compared to tMCAO rats (6±2.0 vs. 11±1.3, p<0.0001). In rotarod test, latencies in 

the sham and CO2-preconditioned sham groups were both 300 sec, but CO2-preconditioned 

tMCAO rats had significantly longer latency compared to tMCAO rats (99.5±53.5 sec vs. 

27.5±8.7 sec, p=0.0006). CO2 preconditioned tMCAO rats also had a smaller infarction size 

compared to tMCAO rats (17.4±4.1% vs. 30.8±3.7%, p<0.0001). Western blot analysis showed 

higher levels of ZO-1 (0.86 ± 0.77 vs. 0.49 ± 0.25, p=0.03), occludin proteins (0.97 ± 0.28 vs. 

0.61 ± 0.2, p=0.0205), and PDGFRβ (1.11 ± 0.3 vs. 0.57± 0.28, p=0.0157) in the CO2-

preconditioned tMCAO group, indicating improved tight junction and BBB integrity. 

Immunofluorescence staining confirmed enhanced expression and localization of PDGFRβ, ZO-

1, and occludin in the CO2-preconditioned tMCAO group. Furthermore, CO2 preconditioning 

reduced oxidative stress (8-OHdG), brain damage (MMP-9), and apoptotic cell death (cleaved 

caspase-3) in tMCAO group. In conclusion, our study demonstrates that CO2 inhalation 

preconditioning effectively reduces brain damage, improves neurological outcomes, and 

modulated physiological parameters in tMCAO-induced brain injury. Moreover, CO2 

pretreatment significantly reduces oxidative stress and BBB disruption. These findings suggest 

CO2 inhalation holds promise as a promising therapeutic approach for ischemic stroke, providing 

insights into key mechanisms involved. 
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Abstract: Background: Prism adaptation therapy (PAT) is an effective treatment to reduce 

Spatial Neglect (SN) and improve function in people post-stroke. PAT may modulate output-

associated cognitive processing deficits known as ‘Aiming’ SN. However, cortical plasticity 

mechanisms related to the behavioral effects of PAT are poorly understood. Non-invasive 

sensorimotor electrical stimulation (estim) upregulates corticomotor excitability and is used as a 

therapeutic adjunct to motor training. We predict that estim modulates input-associated cognitive 

processing known as ‘Where’ perceptual-attentional, or representational SN (Where SN). But, 

the feasibility, interactive effects, targeted neural substrates, and mechanisms of combining estim 

with PAT for the treatment of SN are not known. Purpose: To evaluate novel spatial-motor 

treatment strategies that combine PAT with estim and elucidate their effects on corticospinal and 

intracortical excitability. Methods: 10 young able-bodied individuals and 10 individuals with 

right hemisphere stroke (40-90 years, >3 months with SN) will participate in the study. We 

evaluated the effects of a single session of PAT training with estim vs. sham estim on 

visuospatial bias, corticomotor and intracortical excitability, and the associations of these 

neurophysiologic effects with the magnitude of PAT-induced sensorimotor adaptation. Before 

and after PAT, we evaluated SN (using behavioral pointing and computerized line bisection 

tasks) and corticomotor and intracortical excitability (using the amplitude of motor evoked 

potentials (MEPs) elicited in response to single and paired-pulse transcranial magnetic 

stimulation (TMS) delivered to M1. Results: Preliminary results on 8 able-bodied control 

participants (6Female, 2Male) provide pertinent information about the neural mechanisms of 

PAT in the unimpaired neurophysiological system. Our results show that PAT with estim 

induces larger increases in MEP amplitude (+0.39±0.54mV) versus PAT with sham estim (-

0.49±1.23mV). We also observed a larger after-effect in proprioceptive pointing in PAT with 

estim (-2.64±2.11cm) and PAT with sham estim (-1.88±2.27cm). Discussion: Combining PAT 

and non-invasive estim can target neural substrates and SN mechanisms that neither therapeutic 

intervention can target alone, therefore improving both Aiming and Where cognitive processing 

deficits associated with SN. Our study will inform novel combinatorial motor spatial retraining 

approaches to enhance the rehabilitation of SN and motor function post-stroke. 
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Abstract: After a stroke, areas physically near the lesion core (i.e., peri-lesion areas) experience 

increases in plasticity triggered by the injury. Plasticity also depends on neural activity in critical 

windows post-stroke. For example, rehabilitative training with the forelimb impaired by motor 

cortical stroke leads to adaptive plastic changes in the peri-lesion cortex. However, the role of 

plasticity in the less-affected hemisphere in recovery from stroke remains unclear. Compensatory 

reliance of the less-affected limb leads to maladaptive plasticity in both hemispheres; as such, 

limiting use of the less-affected limb, including physically constraining it, is a common 

therapeutic technique. Yet, contra-lesion plasticity appears to aid in recovery under certain 

conditions such as larger lesion volume. This study aims to illuminate activity-dependent plastic 

dynamics across hemispheres of the brain to help decipher the neural underpinnings of both 

impaired forelimb rehabilitation and coordinated use of both forelimbs. 

Unimanual and bimanual rehabilitative training paradigms are used to compare activity-

dependent structural plasticity in peri-infarct cortex and homotopic contra-lesion cortex after 

photothrombotic sensorimotor cortical stroke in Thy1-GFP mice. Bilateral cranial window 

implantations allow the use of in vivo two-photon imaging to compare dendritic spine dynamics 

between hemispheres for individual mice. After photothrombotic motor cortical ischemic stroke, 

mice either trained unimanually, bimanually, or received no training (Controls). The single seed 

reaching task targets the use of one forelimb (Unimanual) and is also used to assess impaired 

limb function. The Bimanual task is also a skilled reaching task but differs in that both forelimbs 

must be used cooperatively to retrieve a food reward. 

Simultaneous activity-dependent plastic changes in both hemispheres are anticipated for both 

rehabilitative training groups (Unimanual and Bimanual). Preliminary results indicate different 

patterns of dendritic spine plasticity not only in mice with different rehabilitative experience, but 

also between hemispheres of each individual mouse. Early behavioral results suggest that 

unimanual rehabilitative training leads to the greatest functional recovery of the impaired limb. 



Interhemispheric patterns of dendritic spine changes indicate that greater degrees of change in 

one hemisphere relate to an inverse pattern in the opposite cortex. 
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Abstract: Background: Changes in oscillatory brain patterns have been observed in several 

neurological disorders, including stroke. Evoked neural oscillations in the gamma range have 

recently shown the ability to restore and maintain intrinsic homeostatic processes in the brain. 

However, the causal relationship between stimulation and restoration of function is not well 

understood. Aim: Here, we aimed to determine the mechanisms behind the observed 

neuroprotective effects following optogenetic stimulation at 40 Hz by characterising 

electrophysiology and genomic profiling of inhibitory neurons. Method: We used optogenetic 

stimulation together with laser speckle imaging, electrophysiology, and RNA sequencing in a 

photothrombotic stroke model in awake mice, to investigate the effects of gamma-waves 

modulation in the acute phase after stroke. Result/Conclusion: We show that optogenetic 

stimulation at 40 Hz drives activation of inhibitory neurons specifically. We found that following 

stroke induction in the motor area (M1), 40 Hz stimulation enhances interregional 

communication between M1 and the parietal association area (PTA), and interestingly this is still 

present 24 hours after stimulation. Cross-correlogram analysis indicates that optogenetic 

stimulation of inhibitory neurons in the gamma range leads to an increase in functional synaptic 

plasticity observed 24 hours after stroke induction. Our results suggest that modulation of 

cortical oscillatory dynamics may serve as a target for neuroprotection after stroke by 

modulating synaptic connections. 
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Abstract: Traumatic brain injury (TBI) is the leading cause of cognitive and behavioral deficits 

worldwide with millions of occurrences annually. Astrocyte reactivity, which is assessed by 

GFAP immunohistochemistry, is widely used in TBI studies for evaluating the injury severity 

and mechanism and effectiveness of therapeutic interventions. There are currently two common 

methods for quantifying astrocyte reactivity: manual labeling and intensity thresholding. 

However, manual labeling is tedious and time-consuming, and intensity thresholding is very 

sensitive to staining and imaging process, requiring many manual adjustments. There is a strong 

need for automatic and accurate detection of TBI-induced astrocyte reactivity. In this study, we 

explored several state-of-the-art Computer Vision-based segmentation approaches for identifying 

astrocyte pixels in the 113 images of size 512x640 curated from 2 microscope images of TBI-

induced ferret brain slices with GFAP staining. All the images were normalized to have same 

overall average intensity on the pixels containing tissues prior to their use by the segmentation 

models. One of the major drawbacks in the use of modern deep learning approaches for astrocyte 

reactivity detection is the need for a large dataset. To overcome this, we used two different data 

augmentation techniques, namely ColorJitter and horizonal flipping, to increase the size of the 

dataset by three times. We compared six segmentation approaches, namely FPN, Unet, Unet++, 

MAnet, Linknet, and PSPnet, where the backbone encoder architecture was set to be Resnet101. 

We ran each of the six models on the original dataset as well as the augmented dataset to 

evaluate its performance effect. All the models were taken from the implementations available in 

the PyTorch libraries. We used 5-fold cross validation, where each fold ran for 20 epochs of 

going through the images one at a time. To compare the approaches, we used different metrics - 

accuracy, F1, Sensitivity, Specificity, and IOU. The experimental results indicated that Unet++ 

was the best method with the values for the above metrics being 99.42%, 0.8415, 0.8457, 0.9974, 

and 0.7528, respectively. It was also observed that the applied dataset augmentation approach 

helped improve the performance for all models. Specifically, for Unet++, the metric values 

obtained were 99.55%, 0.8918, 0.8904, 0.9979, and 0.8167 respectively. These results indicated 

that using neural networks and applying data augmentation techniques can significantly help 

advance the detection and quantification of astrocyte reactivity following TBI and pathology 

evaluation in general. Funding from UTSA and partially by NSF-2138719. 
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Abstract: Traumatic Brain Injury (TBI) resulting from head impacts, blast exposure, or 

whiplash-like phenomena, are a major cause of death and disability, especially in the military. 

We developed an injury model for TBI in the ferret, designed to be similar to that encountered 

from combat exposure. To enhance translatability, we also studied posthumous samples from 

military personnel exposed to blast TBI. Blast TBI leads to chronic and diffuse inflammatory 

markers, with increased GFAP (astrocytes) and IBA1 (microglia) immunoreactivity, lasting at 

least 6-months post injury in the ferret and many years in people. Since increased astrogliosis 

occurs at interfaces of tissue with differing density, we measured the complexity of astrocytes at 

several of these sites in the ferret, and at neocortical blood vessels in the human. While ferret 

astrocytes were significantly more complex after injury, human astrocyte morphology altered 

significantly to appear beaded/fragmented, and often lost fine branches. As astrocytes are highly 

involved in central nervous system homeostasis, we measured changes in expression of several 

involved proteins. Aquaporin-4 (AQP4), a water channel protein, is expressed in the endfeet of 

astrocytes making up the glial limitans of the blood brain barrier and is crucial to the glymphatic 

system. Connexin-43 (conn43), a gap junction protein, allows astrocytes to perform spatial 

buffering and form glial syncytia. Ferrets show increased AQP4 after injury with significant 

GFAP colocalization at neocortical interfaces, indicating altered AQP4 localization; AQP4+ 

astrocytes do not exist as a distinct population in ferrets. Control human tissue, however, shows 

largely equal sub-populations of AQP4+ and GFAP+ astrocytes, while injured tissue 

demonstrates a shift towards GFAP+, with abnormal morphology, or reactivity for both 

GFAP+/AQP4+. Human tissue stained for conn43 co-labels with AQP4+ astrocytes while 

GFAP+ astrocytes remain a separate population, indicating AQP4+ astrocytes act as homeostatic 

regulators. Occasionally, an astrocyte appears conn43+ and GFAP+ but shows phenotypically 

normal morphology after TBI, suggesting AQP4+ astrocytes shift from a homeostatic regulator 

toward a reactive state. Phosphorylated conn43, however, contributes to inflammation and layer 



1 astrocytes in human samples increase expression of p-conn43 after injury. Finally, to determine 

if blast TBI may induce autoimmunity, we observed IgG reactivity after injury, predominantly 

labeling pyramidal neurons, as well as interlaminar astrocytes. These same cells also co-label 

with complement C3, indicating autoantibody mediated complement targeting. 
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Abstract: Recapitulating the injury mechanisms and manifestations observed in humans is 

necessary to maximize translational relevance in preclinical studies of traumatic brain injury 

(TBI). For mild TBI, that means closed-head rotational acceleration to load injurious forces 

proportional to brain mass, resulting in less than 30 min of unconsciousness and no focal lesions 

to match clinical diagnostic criterea. A relatively large gyrencephalic brain with high white 

matter content similar to humans is necessary to allow for scaling up rotational acceleration to 

compensate for lower brain mass and achieve the injurious forces generated in human TBI. 

Acceleration would need to be scaled up 8000x in the small, licencephalic, low white matter 

brains of rodents, which—despite attempts made with the misinformation-laden CHIMERA 

“model”—cannot be achieved. Currently, the only model in use that can recreate these TBI 

mechanisms and manifestations utilizes head rotational acceleration in swine. Our group has 

previously conducted in-depth histological analyses of microglia over time following mild TBI 

in this swine model. However, the only analysis performed for astrocytes was cursory scoring of 

“reactivity” based on GFAP staining. Astrocytic responses to injury cannot be summarized by 

such analysis. Therefore, we sought to delve deeper by testing for changes in the key astrocytic 

proteins GLT-1 (a glutamate transporter responsible for preventing excitotoxicity at the synapse) 

and AQP4 (a water channel that is involved in maintaining optimal intracranial pressure). 

Following injury, GLT-1 levels decrease, disrupting cerebral metabolism and creating an 

excitotoxic environment; and AQP4 increases, which has been implicated in contributing to 

edema. These astrocytic proteins perform essential functions for brain health, and after injury 

their disruption has major implications for secondary injury. Studying these cellular changes in a 



clinically relevant large animal model of TBI provides significant insight into mechanisms of 

secondary injury and elucidates potential therapeutic targets. 
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Abstract: Closed-head rotational injury is the most common form of traumatic brain injury 

(TBI) and increases the risk for cognitive impairments, neurodegeneration, and substance abuse. 

Additionally, reduced immune functionality is common after TBI, causing an increased 

vulnerability to infection, which is associated with poorer neurological outcome. However, the 

relationships between TBI, neuropathological endophenotypes, and immunological dysregulation 

have never been studied in a clinically relevant model of closed-head rotational injury. To 

investigate these relationships, we employed a translational preclinical model of diffuse closed-

head rotational TBI to characterize the extent and distribution of neuropathology and the 

correlating changes to the immune system over time. We hypothesized that acute damage to 

specific regions of the brain would temporally correlate with disruptions to peripheral immune 

cell composition and function. To test this, female Yucatan minipigs experienced a sham (n=3) 

or a moderate-to-severe TBI (n=7; 105-115 rad/s). Sham animals and a subset of TBI animals 

(n=4) survived for 14-days post injury, while the remaining animals survived 3-days post injury. 

Peripheral whole blood was collected prior to injury and at multiple timepoints post injury for 

each animal. Extracted brain tissue was stained with hematoxylin and eosin to assess gross 

pathological changes; fibrinogen to ascertain BBB breakdown; and Iba1 to identify microglia 

density and morphology. Peripheral blood mononuclear cells (PBMCs) were extracted from 

whole blood with a Ficoll density gradient and were phenotypically characterized with flow 

cytometry. We identified an increase in BBB breakdown 3-days post TBI, with evidence of 



microthrombi, larger vessel occlusion, and serum extravasation into the brain parenchyma. Most 

of the observed BBB pathology was localized to white matter regions of the brain, primarily 

paraventricular and ventral regions. Furthermore, we observed changes to microglial morphology 

3-days post TBI, with evidence of microglial cells aggregating in white matter regions of the 

brain. These cellular aggregates were not observed following a sham procedure or 14-days post 

TBI. In tandem, the number of circulating PBMCs increased 3-days post injury (p&lt0.001) 

while PBMC composition was changed 6 hours after injury with an increase in the fraction of 

circulating myeloid cells (p&lt0.01). Together, these data suggest that there are co-occurring 

changes in the brain and periphery 3-days post TBI. Ongoing, analyses seek to characterize the 

extent of neuropathological burden in regions known to modulate peripheral immune function. 
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Abstract: Traumatic brain injury (TBI) frequently occurs in combination with polytrauma. 

Polytrauma injuries to vital organs like lungs, liver, kidneys and heart resulted in devastating 

compounded pathophysiological effects. After TBI or polytrauma, a cascade of events leads to 

an array of secondary injury processes and cell death responses. Several TBI studies have 

ascertained that mitochondrial dysfunction is an acute first-indicator of cellular damage, and 

plays a critical role in long-term disease progression. Extending our understanding of post-injury 

mechanisms following TBI, we collected multi-organ reference data in a swine model. The 

swine model has recently come to the forefront as their large brain mass and gyrencephalic 

architecture are key features in replicating the biomechanics and pathophysiological progression 

of closed-head TBI and polytrauma pathophysiology in humans. At 4hr post-craniotomy, 

mitochondria from Yorkshire swine (30-35g) vital organs were isolated for bioenergetics and 

Ca2+ buffering capacity assessment. Stored mitochondria were assessed for membrane integrity, 

oxidative stress, and apoptotic markers using immunoblotting. Compared to other organs, brain 

and heart displayed the maximum bioenergetics and Ca2+ buffering capacity.Likewise, both 



organs showed higher expression of membrane proteins cytochrome C and VDAC. Antioxidants 

superoxide dismutase, thioredoxin and peroxiredoxin revealed organ-specific differential 

expressions. Interestingly, catalase expression was highest in the liver. We observed muti-organ 

and brain region-specific differences in mitochondrial parameters in control swine. The vital 

organs are equipped with unique profiles to combat pathological insults. Multi-organs reference 

values may provide valuable insights into developing mitochondria-targeted therapeutic 

interventions for TBI and polytrauma. 
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are the private views of the author(s), and are not to be construed as official, or as reflecting true 

views of the Department of the Army or the Department of Defense. Research was conducted 

under an IACUC-approved animal use protocol in an AAALAC International - accredited 

facility with a Public Health Services Animal Welfare Assurance and in compliance with the 

Animal Welfare Act and other federal statutes and regulations relating to laboratory animals. 
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Abstract: Ether phospholipids are glycerophospholipids that contain an ether bond at the sn-1 

position of the glycerol backbone. They are major components of membrane lipid raft, play an 

important role in membrane trafficking and cell signaling, and provide protection to the 

membrane structure against oxidative stress. They constitute almost 20% of brain lipids. Their 

deficiency has been implicated in different neurodegenerative diseases. However, how ether 

phospholipids are regulated after traumatic brain injury (TBI), a devastating neurodegenerative 

disease caused by the impact of external forces to the brain due to fall, accident or assault is not 

clearly known. In this study, we determined the levels of ether phospholipids in the cortices of 

sham and TBI mice using liquid chromatography tandem mass spectrometry (LC-MS/MS) based 



lipidomic analysis. Our data showed a significant decrease in ether phospholipid abundance in 

the injured mouse cortices following controlled cortical impact (CCI) induced TBI as compared 

to the sham mice. This is at least in part due to the dysregulation of ether phospholipid synthesis 

in the brain following TBI. Ether phospholipid synthesis begins within the peroxisome 

generating ether-phospholipid precursors that are converted into fully formed ether 

phospholipids in the endoplasmic reticulum (ER). We detected a marked decrease in the levels of 

peroxisomal ether phospholipid synthesizing enzymes - fatty acyl-CoA reductase 1 (FAR1) and 

glyceronephosphate O-acyltransferase (GNPAT) in the cortices of TBI mice as compared to that 

of sham mice. This suggests that peroxisomal ether phospholipid synthesis is impaired in the 

mouse brain following TBI. To restore ether phospholipids level in the injured brain, we fed TBI 

mice with an ether phospholipid precursor - 1-O-octadecylglycerol (OAG) to bypass 

peroxisomal ether phospholipid synthesizing steps. The levels of several ether phospholipids in 

the injured cortices of mice fed with OAG were partially restored as compared to the untreated 

TBI mice. We detected a decrease in inflammatory markers in the injured cortices of mice fed 

with OAG as compared to that of untreated TBI mice. We also observed functional improvement 

in these mice as compared to the untreated injured mice. Taken together, our data demonstrate 

that ether phospholipid is dysregulated in the cortices after TBI at least in part due to 

peroxisomal impairment and its restoration in the injured brain by its precursor treatment is 

beneficial in restricting functional deficits in TBI mice. 
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Abstract: Traumatic Brain Injury (TBI) is a global health concern that can cause neurological 

deficit, neurodegeneration, and death. TBI leads to secondary inflammatory responses in the 

nervous system due to neuronal cell death and release of endogenous Damage Associated 

Molecular Patterns (DAMPs). We recently demonstrated that macroautophagy (autophagy), a 

lysosome-dependent cellular catabolic pathway, is inhibited in activated microglia and 

infiltrating monocytes after TBI in a mouse model, and that this contributes to inflammation. 



Both inhibition of autophagy and inflammation were exacerbated in mice with 

microglia/macrophage specific knock out of the essential autophagy mediator Becn1. Becn1 

regulates both canonical autophagy and a non-canonical pathway termed LC3-associated 

phagocytosis (LAP), each of which has been implicated in regulation of inflammation. While 

LAP shares some components, such as Beclin1 and LC3, with autophagy, it uniquely requires 

presence of the type III PI3 kinase component, Rubicon and the phagocytic mediator NOX2. 

LAP is involved in phagocytosis of extracellular cargoes such as dead/dying cells and DAMPs, 

which are abundant after TBI. Therefore, we hypothesized that LAP inhibits neuroinflammation 

and promotes recovery after TBI. Our data suggest that LAP is involved in the clearance of 

DAMPs and myelin debris released after injury. TBI induced accumulation of LAPosomes 

(LC3+NOX2+ phagosomes) in activated macrophages and microglia. TBI in Becn1 KO mice 

resulted in DAMP accumulation in the injured cortex tissue and reduced phagocytic capacity of 

microglia. Furthermore, TBI led to impaired neurological functional outcomes in Becn1 KO 

mice and altered pro-inflammatory responses in Rubcn KO mice. In addition to dead cells and 

DAMPs, TBI leads to generation of abundant myelin debris, and we hypothesized that LAP may 

be involved in its removal. Consistently, in vitro assays using Rubcn deficient bone marrow-

derived macrophages (BMDMs) demonstrated that LAP deficiency leads to increased 

accumulation of myelin debris and lipid droplets within these cells. Together, these findings 

indicate that LAP participates in phagocytosis and degradation of debris and lipids in 

macrophages/microglia, thereby contributing to resolve neuroinflammation and promoting 

recovery after TBI. 
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Abstract: Concussions represent a significant public health burden in the United States and 

around the globe due to the somatic, emotional and cognitive symptoms that plague individuals 

following this type of injury. Longitudinal studies suggest that up to half of concussion patients 

suffer from persistent adverse symptoms that may last months or even years after the initial 

injury. Emotional symptoms and mood disorders are especially concerning as elevated rates of 

depression and suicide are observed in those with persistent post-injury symptoms. Long-term 

alterations in glutamatergic signaling proteins have been identified as a possible link between 

traumatic brain injury (TBI) and depression due to independent observations of glutamate 

transporter downregulation and N-methyl-D-aspartate receptor (NMDAR) subunit expression 

changes in both TBI and major depressive disorder (MDD) patients. We assessed the 

development of depression-like behavior at four, eight- and twelve-weeks post-injury in a 

preclinical model of concussion. A closed-head controlled cortical impact (cCCI) model was 

used in adult male rats. The splash test, three-chamber sociability and social novelty tests were 

used to measure deficits in self-care/apathy and social preferences, respectively. Decreased 

grooming behaviors, indicative of self-care deficits, were observed by eight weeks in injured 

animals and maintained through twelve weeks. Loss of social novelty preference emerged by 

four weeks, while sociability deficits were evident by eight weeks in injured animals, with 

deficits in both behaviors persisting through twelve weeks. Brain tissue was collected at twelve 

weeks post-injury and Western blot was used to assess expressional changes in NMDAR 

subunits GluN1, GluN2A and GluN2B, as well as astrocytic glutamate transporters GLT-1 and 

GLAST, in the frontal cortex and hippocampus. Significant increases in both GluN1 and 

GluN2A were observed in the frontal cortex of injured animals, while the hippocampus exhibited 

no significant changes in expression of proteins of interest at this timepoint. Together these 

findings suggest that chronic depression-like behavior resulted from a single closed-head impact 

and, in some cases, did not emerge until several weeks following injury. Furthermore, injured 

animals demonstrated increased expression of NMDAR subunits in the frontal cortex which may 

have been in response to decreased extracellular glutamate levels at this timepoint. Future work 

should evaluate longitudinal alterations in extracellular glutamate concentration post-injury in 

addition to investigating sex as a biological variable in this context. 
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Abstract: Traumatic Brain Injury (TBI) is extraordinarily heterogeneous in clinical presentation 

and results in diffuse white matter injury, inflammation, vascular damage, and neuronal 

dysfunction. The lack of reliable temporal molecular signatures and translational biomarkers can 

limit relevance of animal models to human TBI. The Closed Head Impact Model of Engineered 

Rotational Acceleration (CHIMERA) is a non-surgical model of impact-acceleration injury that 

mimics the biomechanics and pathophysiology of human TBI. We investigated histological and 

molecular changes in the diffusely injured murine brain after CHIMERA TBI using light sheet 

microscopy (LSM) and spatial transcriptomics (10X Visium). c-FosTRAP2 mice, which stably 

express neuronal c-Fos upon tamoxifen injection, were randomly assigned to a TBI or sham 

group. Animals were assessed for acute neurological deficits and blood was collected at 6 hours 

post-TBI for injury-related biomarker assessment. SHIELD-fixed passively cleared whole brains 

were imaged using LSM equipped with a specialized whole-brain imaging chamber. For Visium, 

immunohistochemical readouts were first established to map gene expression profiles to glia and 

neurons. Sections then underwent cDNA synthesis and library construction, followed by 

Illumina NextSeq500 sequencing. Reads were quantified via SpaceRanger and Seurat R package. 

We found prolonged loss of righting reflex and neurological severity score as well as elevated 

plasma neurofilament light chain and glial fibrillary acidic protein levels in TBI group compared 

to sham at 6h post-TBI. We developed a pipeline for image stitching, rendering, cell 

segmentation and registration with Allen Mouse Brain Atlas using ARIVIS and BrainQuant3D 

software and identified unique 3D spatial patterns of c-Fos+ cell density in the TBI group 

indicating distinct alterations in neuronal activity pattern. Using Visium, we obtained 

transcriptomic information for 55-µm diameter circular regions tiling an entire section of brain 

(4992 sequenced regions/section) with strong replicate reproducibility within groups. Within an 

initial dataset of >1B reads, we identified differential gene expression and unique clusters in TBI 

compared to sham groups across two distinct atlas regions (bregma -2.0 and -3.0 mm) containing 

isocortex, hippocampus, thalamus and amygdala. Importantly, we observed decreased 

interneuron labelling in TBI compared to sham mice - consistent with interneuron dysregulation 

and/or death following TBI. This study established proof-of-concept data supporting the 

hypothesis that TBI results in brain-wide changes in gene expression and neuronal activity. 
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Abstract: Traumatic brain injury (TBI) is a silent epidemic, and many survivors face debilitating 

long-term consequences ranging from depression and dementia to increased suicidal tendency. 

Adverse effects on neurovascular physiology and rodent behavior are apparent early after injury, 

however there is a gap in our understanding of long-term deficits arising after TBI. Previously, 

we observed vascular recovery in the cortex around TBI using in vivo 2photon-microscopy in 

rodents (Lin et al 2022). In our study we longitudinally investigated the recovery of 

neurovascular structures and physiology in male and female mice for up to 60 days post injury 

(dpi). Adult C57/BL6 male and female mice underwent a moderate controlled cortical impact 

injury (1mm depth). At baseline, 3-, 7-, 14-, 30-, and 60-dpi MRI (9.4T) assessments included: 

T2-weighted, T1-pre/post and contrast-enhanced perfusion (gadolinium via tail vein, 0.1µmol/g). 

Foot-fault, open-field, and social behaviors before each MRI session were acquired. Cerebral 

blood flow (CBF) was reduced in TBI animals vs. shams at 3dpi that extended from the cortical 

impact site to adjacent and even to distant brain regions including somatosensory, piriform, 

hippocampus, caudate, and hypothalamus. CBF transiently recovered at 7-30 dpi but then 

decreased by 60dpi that mirrored a loss of vasculature at the impact site. Behaviorally, TBI 

animals exhibited decreased cage-mate preference at 60dpi vs. shams. Our temporal 

neurovascular findings demonstrate CBF recovery followed by latent decrements that coincide 

with vascular and behavioral impairments. Thus, late changes in perfusion may underlie the 

emergence of psycho-social decrements observed in TBI subjects later in life. These data can 

guide translational TBI research into future therapeutics. 
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Title: Microglia drive radiation-induced brain injury by chemotactic recruitment of CD8+ T 

lymphocyte 
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Abstract: Interactions between the adaptive immune system and the central nervous system 

(CNS) have gained increasing attention for their critical roles in many neurological diseases, but 

the underlying mechanisms remain underinvestigated. Radiation-induced brain injury (RIBI) is a 

chronic neurological disease and the most common complication of cranial radiotherapy in 

patients with head and neck tumors. Here, we applied single-cell RNA and TCR (T cell receptor) 

sequencing to analyze lesioned brain tissues surgically removed from patients with RIBI. We 

found infiltration and clonal expansion of CD8+ T lymphocytes in the lesioned brains. Using a 

gamma ray-induced RIBI mouse model, we demonstrated that systemic ablation of CD8+ T cells 

effectively ameliorated brain lesions. Furthermore, we identified CCL2- and CCL8-expressing 

microglia as the key mediator for the infiltration of CCR2+ CD8+ and CCR5+ CD8+ T cells, 

whereby genetic or pharmacological interruption of the chemotactic axis significantly reduced 

parenchymal CD8+ T cells and alleviated brain lesion in the RIBI mice. We further confirmed 

that the same chemotactic interaction mediating CD8+ T cell infiltration is involved in the 

development of cerebral infarction in a mouse model of ischemic injury. Together, our findings 

reveal a previously unidentified chemotactic recruitment of CD8+ T cells into brain parenchyma 

by microglia, providing a new therapeutic strategy for RIBI and ischemic stroke. 
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Abstract: Traumatic brain injury (TBI) induces excessive and prolonged inflammation which is 

a contributing factor to poor prognosis in TBI patients. Resident microglia and infiltrating 

monocytes are major mediators of the pro-inflammatory response. We recently showed that 

autophagy, a lysosome-dependent intracellular catabolic pathway, is inhibited in microglia and 

infiltrating monocytes after TBI, and that this contributes to their exacerbated pro-inflammatory 

phenotype. However, the mechanism of autophagy inhibition needs to be addressed. Brain tissue 

is very rich in lipid, particularly cholesterol, and our data show a significant change in the lipid 

composition of perilesional TBI tissue confirmed by DESI-MSI lipid imaging, and LC-MS/MS 

lipidomic analyses. This study tests the hypothesis that phagocytosis of lipid debris, especially 

cholesterol-rich fragmented myelin, in the microenvironment of TBI lesion by monocytes 

inhibits lysosomal degradation in these cells, leading to autophagy dysfunction. Our lipidomic 

analyses revealed pronounced accumulation of lipids in cell-sorted monocytes and in lysosomes 

purified from the peri lesion area. This included myelin components (cholesterol esters, 

sphingomyelin, and ceramides) and neutral lipids (triglycerides) consistent with lipotoxicity. We 

also observed neutral lipid accumulation and lipid droplet formation in activated monocytes after 

TBI, shown by both immunofluorescent staining and flow cytometry, reaffirming that monocytes 

uptake lipid rich debris. Autophagy markers, LC3-II and P62/SQSTM1, accumulated in the same 

phagocytes that showed lipid accumulating phenotype, suggesting lipid accumulation and 

autophagy inhibition are connected. We next tested the causation between lipid phagocytosis and 

autophagy inhibition and the potential mechanism of the effect in vitro. We treated murine 

primary bone marrow derived macrophages (BMDM) with purified myelin and observed 

phagocytosis-dependent accumulation of intracellular myelin and formation of lipid droplets. 

Myelin phagocytosis led to autophagy inhibition, as confirmed via western blotting, 

immunofluorescence, and flow cytometry. Moreover, by two functional activity assays, we 

detected significant decrease in the activity of lysosomal enzymes, Cathepsin-D and N-acetyl-

glucosaminidase (NAG), confirming lysosomal dysfunction. In conclusion, our data indicate that 

auto-lysosomal degradation is inhibited in monocytes due to excessive lipid phagocytosis after 

TBI, and support the need for further investigation of the link between lipid metabolism, 

autophagy and inflammation as a potential therapeutic target for TBI. 
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Abstract: Traumatic brain injury (TBI) is defined as an alteration of brain function or other 

evidence of brain pathology caused by an external force. Microglia activation plays a key role in 

protecting and repairing the brain against the damage of a TBI. Microglia morphology may 

reflect their function and ability to respond to immunological stimuli depending on the hour of 

the day. Previous work from our laboratory found differences in the length of the branching of 

the cells; however, we consider that this analysis is insufficient for the complexity that microglia. 

This work aimed to analyze the morphological changes through fractal analysis of the microglia 

after a TBI in the motor cortex (M1) depending on the time of day.In a rat model of TBI, from 

histological samples immunolabelled with Iba-1+ antibody, which recognizes microglia cells, 

two groups were considered: TBI during the Day group and TBI Night group, each one with its 

respective control group (n=3) analyzed 24 hours after the trauma. Photos of individual microglia 

cells in the motor cortex (M1) were taken (n=76). Then they were processed with the ImageJ® 

and Fiji® Software. Finally, a morphological fractal analysis was applied and we analyzed five 

features: 1) fractal dimension, 2) lacunarity, 3) density, 4) span ratio, and 5) circularity.In the 

control groups, statistically significant lower logarithmic values were found for the fractal 

dimension t (126) = 2.603, p = 0.0103; and for the density t (151) = 3.243, p=0.0015, in the 

Night group compared to the Day group; while the rest of features did not show significant 

changes. Meanwhile, in the experimental group, statistically significant logarithmic values were 

found for two parameters: for the fractal dimension, higher significant differences were found in 

the Night group p<0.0001, compared to the Day group p=0.0058. For lacunarity, significant 

differences were found exclusively between the day groups p<0.0001, being lower in TBI.We 

conclude that there is greater homogeneity in the microglia 24h after TBI, exclusively in the day 

group. This may reflect that there is less branching during the day and therefore suggests greater 

activation. On the other hand, there is an increase in complexity during the Day and Night 



groups; however, this difference is more significant at night, suggesting less activation at night 

than during the day. This could be partially explained because we have only considered 24h after 

TBI. 
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Abstract: The ubiquitin-proteasome system (UPS) is a major protein degradation system that 

maintains cellular homeostasis by regulating protein turnover. In neurons, the UPS plays a 

significant role in maintaining synaptic plasticity by removing damaged or misfolded proteins. 

Previous reports indicate that after a traumatic brain injury (TBI), the UPS is dysregulated, 

affecting synaptic plasticity and neuronal connectivity, ultimately leading to neuronal 

degeneration. Understanding how the UPS is regulated will potentially help to develop therapies 

that restrict damage caused by trauma to the brain and prevent further stress on neurons. 

Preliminary data from our lab suggest that cypin interacts with a subunit of the proteasome. 

Upon further investigation, we found that cypin overexpression leads to accumulation of 

ubiquitinated proteins and affects the proteasome activity. We used lentiviral and adeno-

associated viral vectors, both in vitro and in vivo, to overexpress cypin and identify the 

underlying mechanism that underlies cypin regulation of the proteasome system and protein 

ubiquitination process. We observed significant changes to the total levels of synaptic proteins 

and the ubiquitination status of these proteins. We found that cypin promotes a specific type of 

poly-ubiquitin chain linkage. Thus, we hypothesize that overactivation of cypin can attenuate 

glutamate-induced excitotoxicity by regulating the UPS and promoting neuronal recovery. Taken 

together, our results further our understanding of the role of the UPS in neuronal recovery and 

reveal how cypin can be used as a therapeutic target after brain trauma. 
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Abstract: Individuals with histories of traumatic brain injury (TBI) commonly exhibit prolonged 

recovery after peripheral injuries and experience chronic pain. Our recent data suggest that 

dysregulated descending pain-facilitating circuits could be involved. We hypothesized that TBI 

exacerbates pain in response to a subsequent soft tissue injury dependent upon pain-facilitating 

neurons in the rostral ventromedial medulla (RVM). After mild TBI in mice, we observed 

bilateral hindpaw allodynia lasting up to 7 days. After recovery, hindpaw incisions in animals 

with prior TBI displayed sensitization lasting up to 38 days, while incisions in control animals 

caused only 7 days of sensitization. Furthermore, acute blockade of central but not peripheral 

mu-opioid receptors (MORs) led to mechanical sensitization in the hindpaws in animals 

recovered from TBI, while control animals and those with incision alone did not display changes 

in their pain thresholds after MOR blockade. Increased neuronal activation, marked by c-Fos 

staining, was observed in RVM in animals recovered from TBI after central MOR blockade. 

Lastly, microinjecting dermorphin-saporin into the RVM and ablating the RVM MOR+ neurons, 

which are known for their pain-facilitatory property, attenuated the development of allodynia in 

animals after TBI and subsequent incisional injury. Acute MOR blockade in dermorphin-

saporin-treated animals after they recovered from TBI did not produce mechanical sensitization 

in the hindpaws. Collectively, these data suggest that dysfunction of the RVM pain-facilitatory 

neurons is responsible for the slow resolution of pain after peripheral injury in the setting of TBI. 

The central endogenous opioid system is important to counteract the dysfunctional pain 

facilitation for the subsequent recovery of pain sensitivity after TBI but not after peripheral 

injury alone. Identifying ways to enhance endogenous pain control mechanisms may help those 

with pain after TBI. 
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Abstract: The CHIMERA (Closed-Head Impact Model of Engineered Rotational Acceleration) 

is a relatively new traumatic brain injury (TBI) model; its known effects in a gyrencephalic 

brain, however, are limited. We previously reported pathological changes following blast 

exposure in the ferret, which mimic those seen in humans. To determine if different types of 

brain injury diversely affect brain regions, we compared the effects of CHIMERA with a blast 

injury. A blast shock wave causes global damage of blood vessels and the blood brain barrier 

whereas rotational acceleration causes shear strains resulting in neural and axonal damage. 

Abnormal tau phosphorylation is prevalent during neurodegeneration and the ratio of the tau 

isoforms 3R to 4R also changes in neurodegenerative diseases and after blast injury in ferret. Our 

objective was to determine the differences in pathology across the brain after each injury in the 

ferret. We evaluated mild CHIMERA brain injury using a head interface device at an impact 

energy of 26-31 J and compared the results with 2 repetitive blast brain injury models: 4B1D - 4 

blasts (16-psi) within one hour or 4B4D - 1 blast (16-psi) a day over 4 consecutive days. We 

used western blot at 4 weeks post injury to assess protein levels in: Prefrontal cortex (PFC), 

Frontal cortex (Frontal), Cingulate gyrus (CG), Sensorimotor cortex (SM), Occipital cortex-

medial and lateral (OCCmed, OCClat), Hippocampus (HIP), Cerebellum-medial and lateral 

(CERmed, CERlat), and Brainstem (BRSTM). We evaluated proteins related to 

neurodegeneration: total tau, pTau (phosphorylated tau, CP13), and the 3R and 4R tau isoforms. 

The blast injuries generally caused greater pathological protein expression across brain regions 

compared with CHIMERA. However, the CHIMERA resulted in greater expression of 

phosphorylated tau and total tau proteins in the PFC; total tau in the HIP; 3R isoform in the 

BRSTM; and the 4R isoform in the CERmed. When comparing between the 2 repetitive blast 

models, 4B4D produced greater expression of all the pathological proteins in the PFC, HIP, 

CERmed, CERlat, and BRSTM with a few exceptions. The 4B1D produced greater pathological 

protein expression in the CG, Frontal, OCCmed, SM cortices, also with a few exceptions. These 

findings demonstrate that the CHIMERA and repetitive blast injury resulted in different and 

distinct regional neuropathological tau protein changes. The repetitive blast resulted in greater 

and more widespread elevations in pathological proteins, whereas the CHIMERA injury revealed 



select brain regions where tau-related proteins were more highly elevated than following blast 

exposure. 
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Abstract: Traumatic brain injury (TBI) is a common source of persistent morbidity in both 

military and civilian populations, with blast injury being one of the primary drivers of TBI in 

veterans of the Afghanistan and Iraq wars. In order to create a more realistic TBI model in a 

gyrencephalic animal (the ferret), we used a combination of injuries consisting of multiple 

primary blast waves interspersed with rotational head injuries (CHIMERA) over a period of 2 

weeks. The role of the cerebellum in ongoing TBI pathology is currently understudied and could 

be a source of persistent pathology. Ferrets were exposed to varying amounts of stress and 

sacrificed at 4 weeks and 6 months post injury. Antibodies directed against Calbindin, Myelin 

Basic Protein (MBP), IBa1, GFAP, and SOX2 characterized cerebellar architecture, including 

Purkinje cells and their axons, Bergmann glia, astrocytes, and microglia. Subjects at 4 weeks and 

6 months post injury showed diffuse loss of Purkinje cell soma and decreased dendrite density, 

with the greatest loss noted in animals sacrificed at 6 months and exposed to stress. Marked 

variation in the degree of Purkinje cell soma loss was noted between injured animals within the 

same cohorts, indicating a role for intrinsic protective factors. The greatest decrease in Purkinje 

Cell/Calbindin expression was seen in the superior and posterior lobules with greater pathology 

in medial cerebellar regions. Bergman glial architecture was largely maintained in injured 

animals irrespective of the degree of Purkinje cell loss. A substantially decreased thickness of the 

SOX2+ cell population occurred in the Purkinje cell layer in the injured animals compared to 

control/sham. Cerebellar regions with greater amounts of damage showed less SOX2+ cells 



compared to regions with more intact Calbindin staining. We also analyzed the Calbindin 

immunoreactivity in Purkinje cell axons and its colocalization with MBP. A one way ANOVA 

showed significantly decreased colocalization of MBP and Calbindin at 4 weeks (p = 0.0314) 

and 6 months (p = 0.0021) post injury, especially in the white matter tracts of the posterior and 

superior lobules of injured animals compared to control, indicating an interruption of Purkinje 

cell axons. Given that Purkinje cells are the only output cell of the cerebellum, axonal disruption 

exists as a potential mechanism for persistent functional deficits following combination TBI. 

These findings as a whole indicate ongoing and evolving cerebellar pathology following 

combination TBI. 
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Abstract: Traumatic Brain Injury (TBI) comprises the majority of injuries occurring in military 

conflicts. Several recent advances aid in the detection of biochemical markers for TBI in service 

members exposed to head injuries. These include different forms of tau, including 

phosphorylated tau, and the isoforms 3R and 4R. In this study, we evaluate Prion protein, a 

glycoprotein found in the extracellular membranes of neurons in the central nervous system 

(CNS) and postulated to be aberrantly expressed in TBI. We studied changes in protein 

expression through Western Blot analysis in Ferrets. Ferrets, as the smallest mammal with a 

gyrencephalic neocortex are an excellent model to study TBI. We evaluate alterations in the 

expression levels of Prion Protein after two different types of injuries: explosive Blast and the 

Closed Head Injury Model of Engineered Rotation and Acceleration (CHIMERA) at 4 weeks 



post injury. This important analysis will aid in understanding both the global injury effect of each 

injury in the brain as well as and the distinction between them. We assessed different regions of 

the Ferret brain: including Frontal Cortex, Prefrontal Cortex, Primary Somatosensory Cortex, 

Occipital Lobe, Hippocampus, and Brainstem and across different 3 temporal distribution of 

injuries: 1 blast per day for 4 days (4B4D) compared to 4 blast injuries in one 1 day (4B1D), a 

single CHIMERA injury. In general, Prion protein increased expression in Blast injuries 

compared to CHIMERA in all brain regions except the Brainstem. More specifically, the 

expression of Prion Protein in relation to the temporal distribution of Blast injuries was more 

variable. Animals receiving multiple blast injuries over 1 day (4B1D) had significantly more 

expression of Prion Protein in the Frontal and Primary Somatosensory regions than the 4B4D 

animals, receiving single blast injuries over 4 days. In contrast, 4B4D animals exhibited more 

Prion Protein expression in the Prefrontal Cortex and the Hippocampus than the 4B1D animals. 

Other neocortical regions showed similar Prion Protein expression for both delivery time frames 

(4B4D and 4B1D). Overall, our work demonstrates that Prion Protein expression increases in the 

brain after different types of Traumatic Brain Injury and varies in extent across the brain. Blast 

injury generally resulted in greater Prion Protein expression than CHIMERA injury. This also 

suggests that Prion Protein may contribute to the long term pathology associated with TBI, 

including difficulties with sleep, depression, and headache. 
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Abstract: Traumatic brain injury (TBI) causes diffuse axonal injury which can produce chronic 

white matter pathology and subsequent post-traumatic neurodegeneration with poor patient 



outcomes. Tau modulates axon cytoskeletal functions and undergoes phosphorylation and mis-

localization in neurodegenerative disorders. The effects of tau pathology on neurodegeneration 

after TBI are unclear. We used mice with neuronal expression of human mutant tau to examine 

effects of pathological tau on white matter pathology after TBI. Adult male and female 

hTau.P301S (Tg2541) transgenic and wild type (Wt) mice received either moderate single TBI 

(s-TBI) or repetitive mild TBI (r-mTBI; once daily x 5), or matched sham procedures. Acutely, 

s-TBI produced more extensive axon damage in the corpus callosum (CC) as compared to r-

mTBI. After s-TBI, significant CC thinning was present at 6 weeks and 4 months post-injury in 

Wt and transgenic mice, with homozygous tau expression producing additional pathology of late 

demyelination. In contrast, r-mTBI did not produce significant CC thinning except at the chronic 

time point of 4 months in homozygous mice, which exhibited significant CC atrophy (-29.7%) 

with increased CC microgliosis, but not astrogliosis. Serum biomarker quantification 

demonstrated neurofilament light detection of early axonal damage one day post-injury in Wt 

and homozygous mice. At 4 months, high tau and neurofilament in homozygous mice implicated 

tau in chronic axon pathology. Conclusions: Neuronal tau pathology differentially exacerbated 

CC pathology based on injury severity and chronicity. Ongoing CC atrophy from s-TBI became 

accompanied by late demyelination. Pathological tau significantly worsened CC atrophy during 

the chronic phase after r-mTBI. 

Disclosures:  F. Yu: None. D. Iacono: None. D.P. Perl: None. C. Lai: None. J. Gill: 

None. T.Q. Le: None. P. Lee: None. G. Sukumar: None. R.C. Armstrong: None. 

Poster 

PSTR021. Brain Injury and Neurodegeneration: Cellular and Molecular Mechanisms 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR021.20/T10 

Topic: C.10. Brain Injury and Trauma 

Support: W81xWH1910309 

R01AG075092 

K01-AG056673 

R56-AG066782-01 

Title: Cell-type-specific alterations of BAG3 and tau phosphorylation in mouse and human 

brains with traumatic brain injury 

Authors: *N. SWEENEY1, T. KIM2,1, C. MORRISON1, L. LI1, J. LIANG1, D. ACOSTA1, S. 

CHEN2,1, H. HUANG3, J. FITZGERALD1, K. KARELINA5, C. E. BRAY1, Z. M. WEIL5, G. 

HUANG TAN1, D. SCHARRE4, G. E. SERRANO6, T. G. BEACH6, J. P. GODBOUT1, O. 

KOKIKO-COCHRAN1, T. SAITO7, T. SAIDO7, H. FU1;  
1Neurosci., 2Biomed. Sci. Grad. Program, 3Med. Scientist Training Program, 4Neurol., Ohio 

State Univ., Columbus, OH; 5Neurosci., West Virginia Univ., Morgantown, WV; 6Brain and 



Body Donation Program, Banner Sun Hlth. Res. Inst., Sun City, AZ; 7Neurocognitive Sci., Brain 

Sci. Inst, RIKEN, Wako, Japan 

Abstract: People living with Traumatic brain injury (TBI) experience an increased incidence of 

Alzheimer’s disease (AD) and related dementias (ADRD), which tau pathology is a major 

pathological hallmark. Recently, we identified BCL2 associated athanogene 3 (BAG3), a 

facilitator of autophagy that controls tau homeostasis and intrinsic vulnerability to tau pathology. 

We hypothesize that BAG3 decreases in cells vulnerable to tau pathology but increases in cells 

resistant to tau accumulation in mouse and human brains with TBI. To test this hypothesis in 

mouse models with TBI, we utilized the controlled cortical impact (CCI) model (velocity 3.00 

m/s, depth 0.8 mm, dwell time: 200ms). The CCI model induced tau hyperphosphorylation, 

gliosis, and cognitive deficits in wild type (C56BL6/J), human tau knock-in, and double-knock in 

mice (hAPP/hTau). Using immunofluorescent (IF) staining of fixed mouse brain floating 

sections, we measured the protein level of BAG3 in cells with PHF1 (pS396/S404 tau) positive 

staining and adjacent PHF1-negative cells. We found that neurons (SATB2+) and 

oligodendrocytes (Olig2+) with higher BAG3 level had lower PHF1+ phosphorylated tau (ptau) 

accumulation than cells with low BAG3 level. We also found that BAG3 level is upregulated in 

cells resistant to ptau accumulation, such as astrocytes (GFAP+ cells) and microglia/macrophage 

(P2RY12+ cells), compared to sham controls.To validate our findings in human post-mortem 

brain sections from the inferior parietal lobe (IPL, a major region affected in TBI), we used IF 

staining to evaluate the protein level of BAG3 and PHF1 in multiple disease conditions (AD, 

TBI, and AD with TBI) and control brains. In accordance with our mouse data, we observe that 

neurons and oligodendrocytes with higher BAG3 level have lower PHF1+ ptau accumulation 

than cells with lower BAG3 level. We also show that GFAP+ and P2RY12+ cells with resistance 

to ptau accumulation exhibit increased BAG3 levels across disease conditions. In conclusion, 

TBI reduces the specific expression of BAG3 in neurons and oligodendrocytes in mouse models 

and human post-mortem brain tissue, contributing to pathological tau accumulation in these cell 

types. TBI also promotes upregulation of BAG3 in astrocytes and microglia, which may 

contribute to their resistance to ptau accumulation. Future studies will investigate the molecular 

mechanism underlying tau clearance by BAG3 and how TBI affects this process. 
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Abstract: Chronic traumatic encephalopathy (CTE) is a debilitating neuropathic condition 

characterized by the accumulation of hyperphosphorylated tau within the brain. CTE is often the 

result of repeated mild traumatic brain injuries or acceleration/deceleration brain injuries and can 

result in severe symptoms such as depression, memory loss, and impulsivity over time. Despite 

its prevalence and associated severe consequences, very few treatment options exist. To more 

accurately approximate clinical scenarios, we require a greater diversity of animal models for 

effectively simulating CTE. Here, we adopt a novel approach of leveraging wild woodpeckers' 

unique drumming and nest excavation behaviors that result in exposure to frequent high-

deceleration forces on the brain as a model for identifying natural mechanisms against CTE. Our 

investigation focuses on two crucial areas: (i) identifying the presence of neuropathological 

markers associated with CTE, and (ii) examining the transcriptome of the brain and meninges—

both of these elements have been shown to be significantly affected by traumatic brain injury in 

humans and other animal models. Comparative analysis revealed that Downy Woodpeckers 

(Dryobates pubescens) have fewer brain regions with hyperphosphorylated tau (pTau S404), an 

early CTE-related neuropathy marker, compared to the non-drumming Tufted Titmouse 

(Baeolophus bicolor). The connection between neuroinflammation and CTE remains 

understudied. Thus, we also measured neuroinflammation-associated transcripts such as 

interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-α), and Substance P across the brains of 

four bird species, providing a nuanced understanding of the neuropathological responses to high-

impact forces. Concurrently, we are surveying species- and sex-specific transcriptomics of 

woodpecker and titmouse meningeal tissue, aiming to identify distinct regulatory molecular 

pathways associated with neuroprotection. This research has the potential to elucidate how 

woodpeckers' unique adaptations to high-impact forces can offer valuable insights into the 

biology of CTE. The findings may open up new avenues for exploring CTE prevention and 

intervention strategies, thus allowing for an improved and complementary model of CTE 

research. 
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Abstract: Primary low-intensity blast (LIB) exposure frequently causes mild traumatic brain 

injury (mTBI) in military and civilian settings. Blast-induced mTBI is known as an “invisible 

injury”, as neuroimaging often detects no abnormalities in the acute and subacute phases. Yet, 

brain damage occurs at the nanoscale level, and results in behavioral adverse. In some cases, 

those adverse behaviors persist for months to years following injury. This heterogeneous 

response complicates clinical diagnosis, urging researchers transition from using “classical” 

research methods (i.e., group-level comparisons). Group-level comparisons for mild conditions 

are low-resolution and often insensitive to detect the consequences of blast-induced mTBI. 

Moreover, while pre-clinical researchers compare behaviors and neuropathological outcomes at 

the group level between blast-exposed and unexposed animals, clinicians evaluate patients 

individually. The purpose of this research was to implement a within-individual correlation 

analysis approach to evaluate male and female mice with repetitive LIB exposure using the open 

field “Missouri Blast” model. Three months post-exposure, the mice were subjected to a series of 

behavioral tests measuring daily living, learning and memory, and anxiety-related behaviors. The 

brains were then collected and Tau-related proteins were analyzed using immunohistochemistry. 

Data analysis focusing on injured mice individually revealed significant behavioral and 

histological differences. Differences extended beyond the individual level, with genotype, sex, 

and blast exposure significantly affecting learning capabilities. Immunohistochemistry revealed a 

related increase of phosphorylated-Tau in the CA3 subregion of the hippocampus. In conclusion, 

the use of individual evaluation methods increases our understanding of the heterogeneity of 

blast-induced mTBI pathologies. Applying the high-resolution and sensitive individual analyses 

in preclinical settings can improve the clinical translational value of findings. 
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Abstract: The neurological consequences of combat blast-induced neurotrauma (BINT) pose 

important clinical concerns for military service members and veterans. Previous studies showed 

low-intensity blast (LIB) results in BINT with multifaceted changes in mice exposed to open-

field blast (OFB) in the prone position. Although the prone position is natural for rodents, 

experimental models of blast injuries using this position do not represent common scenarios of 

humans standing while being exposed to blast during deployment or military training. In this 

study, we designed a 3-D printed device in which mice were held in the upright position during 

OFB. Quantitative proteomics and multiple bioinformatic approaches were used to analyze brain 

tissue taken from representative brain subregions during the acute post-OFB injury phase. We 

identified 1) region-specific blast-induced proteome changes, which were significantly and 

differently influenced by animal positioning (upright vs. prone): animals receiving OFB in the 

upright position showed more significant protein alterations in the cortex and cerebellum, and 

less significant in the striatum as compared to those in the prone position; 2) we detected OFB-

induced synapse- and mitochondrion-related brain damage in both positions; and 3) some 

pathways were differentially regulated due to the two positions, e.g., differences in autophagy 

and sirtuin pathways. Furthermore, assessment using the automated home-cage monitoring 

system revealed position-dependent differences in learning and cognitive flexibility at 30 days 

post-OFB injury. In sum, this study unveiled position-dependent differences in molecular 

signatures, protein networks, and associated cognitive flexibility and learning defects during the 

acute and sub-acute phases of OFB. This study illustrates the importance of addressing positional 

dependence of biological responses to blast, aiming to better align experimental research models 

with militarily and clinically relevant scenarios, thus providing translational value to develop 

strategies to prevent, mitigate and treat primary blast injuries. 
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Abstract: Neurofilament light protein (NF-L) is detected at informative levels in blood, CSF and 

other fluids associated with a variety of neurodegenerative states using assays from Uman 

Diagnostics, Quanterix and others. We show that both monoclonal antibodies used in these 

assays bind to a peptide in the middle of the NF-L “Coil II” sequence. We made a novel panel of 

monoclonal and polyclonal antibodies to this region. Surprisingly, all such antibodies do not 

recognize typical neurofilament rich profiles in healthy neurons and their processes in sectioned 

material, instead recognizing a few rare profiles which have the appearance of 

neurodegeneration. Following a mid-cervical spinal cord contusion injury in rats, these 

antibodies reveal numerous strongly stained beaded, sinusoidal or discontinuous nerve fibers in 

regions expected to contain compromised processes. The unmasking of the degeneration specific 

epitopes can be mimicked by treating sections of healthy tissue with proteases, which results in 

previously unreactive NF-L containing profiles becoming strongly reactive with this specific 

type of NF-L antibody. We also show that the NF-L Coil II region contains many more epitopes 

hidden in healthy neurofilaments but revealed on degeneration and that the homologous Coil II 

regions of NF-M and NF-H also contain epitopes hidden in healthy cells but revealed on 

degeneration. We propose that the hidden epitopes are part of functionally important binding 

sites important for neurofilament assembly. This panel of novel reagents are robust, excellent 

and specific markers of neurodegeneration of wide utility in future studies of CNS disease and 

injury. 
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Abstract: Human apolipoprotein E allele ε4 (ApoE4), a major risk factor for neurodegenerative 

disorders (i.e. AD), is associated with reduced temporal cortex thickness and hippocampal 

volume predicting lower working memory in healthy children. Astrocytes, the primary source of 

ApoE4 in the brain, are central in the pathophysiology following neonatal HI, but whether 

ApoE4 alters these responses is unknown. We hypothesize that ApoE4 leads to persistent 

astrocytic reactivity and dysfunction to adulthood in response to neonatal HI characterized by a 

pro-inflammatory state and impaired glutamate recycling capacity resulting in early 

neurodegeneration and cell death. Cerebral HI injury (Vannucci model) was produced on 

postnatal day (P)10 ApoE -/- mice genetically humanized by global ApoE ε3 or ε4 allele knock-

in. Controls were HI and sham wildtype (wt) C57BL6 mice and sham ApoE mice. Hippocampus 

of survivors was interrogated at 6 mo of age for RNAseq and a combination of immunoblotting 

and IF-IHC with Imaris processing for GFAP, EAAT2 (GLT1), HK1, TNF-α, and Ser396 

phosphorylated Tau+ cells. 6 mo old HI-ApoE4 hippocampus had upregulated RNA levels for 

astrocyte reactivity markers (RNAseq, FDR-p-value <0.05 vs. sham), including the C1q-C3 

cascade linked to chronic astrocytic activation. Increased GFAP protein levels in HI-ApoE4 

hippocampus (vs. sham) correlated with rise in ApoE4 levels. Astrocyte number and complexity 

were also increased. Sholl analysis showed more branching mainly in the CA3 of HI (blue) 

ApoE4 mice vs. sham (maroon) or hypoxia-alone (contralateral to HI, green), complexity that 

directly correlated with the number of dying pTau+ cells. Astrocytic pro-inflammatory gene 

profile in RNAseq was supported by TNF-α expression within reactive astrocytes. Decreased 

glutamate transporter EAAT2 (GLT1) gene expression and protein levels occurred along with 

profound decrease in hexokinase 1 (HK1), an enzyme essential for ATP-dependent EAAT 



function. ApoE4 leads to persistent reactivity and dysfunction of hippocampal astrocytes to 

adulthood after neonatal HI. This dysfunction is characterized by a pro-inflammatory state and 

decreased glutamate recycling capacity, which may lead to ongoing excitotoxicity and cell death 

and early neurodegeneration, beyond injured non-ApoE4 carriers. We propose chronic astrocytic 

reactivity and dysfunction as a central mechanism involved in suspected late life consequences 

of perinatal brain injury in ApoE4 carriers. 
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Abstract: There are marked alterations in extracellular amino acid levels following a 

concussion, contributing to delayed neuronal damage, but the consequences of repeated 

concussions prior to complete recovery are less known. This study investigated in adult rats, 

acute changes from a single or repeated concussive trauma. A weight-drop injury model and in 

vivo cerebral microdialysis were used. Primary outcome includes amino acid levels and 

secondary outcome includes righting time. Samples were taken in 10 min increments for 60 min 

prior to, during and for 60 min following impact, and analyzed for glutamate, GABA, taurine, 

glycine, glutamine, and serine using HPLC. For repeated concussion cases, a second injury was 

induced 60 min after the first, and 6 additional samples were collected for 60 min. Following the 

first concussion, glutamate, taurine, and glycine levels as well as righting times and excitotoxic 

indices were significantly increased compared to sham injured animals. Following the second 

concussion, glutamate and taurine levels were significantly increased again, albeit only halfway, 

compared to sham injured animals. Righting times took significantly longer after the second 

concussion, while glycine levels were comparable to sham injured animals. These results suggest 

that single and repeated concussion induce an acute increase in certain amino acids. While these 

changes were less pronounced following a second impact, neurological symptoms as seen 



through righting times had worsened, suggesting acute cumulative effects of repeated concussion 

on neurological function. 
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Title: Single-cell RNA-seq analysis of mice brain following cranial irradiation 
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Abstract: Though cranial irradiation (IR) is often used to treat brain tumors, it could result in 

long-lasting side effects, including cognitive impairment and depression. The mechanism of the 

brain dysfunctions after IR is not well understood, chronic neuroinflammation is among the 

underlying mechanisms. Single-cell RNA sequencing (scRNA-seq) was used to investigate cell-

type specific gene expression in brain from sham (0 Gy)-irradiated and 10 Gy-irradiated mice. 

Using marker genes, we uncovered the presence of three of microglial subpopulations. Among 

them, we detected the number of one subtype is reduced following cranial IR. Differentially 

expressed genes (DEGs) of microglia is selectively analyzed between sham- and 10 Gy-

irradiated group. Gene ontology analysis suggests that inflammatory response-related pathway is 

up-regulated compared to sham-irradiated group. Our results indicate that changes in microglial 

phenotypes are involved in radiation-induced brain dysfunction, which needed further studies to 

unveil detailed variable gene expression of microglia following IR exposure. 
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Title: Characterizing perceptual differences in supralesional EES-evoked sensations in persons 

with complete spinal cord injury. 
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Abstract: Spinal cord injury (SCI) is a debilitating condition, often resulting in chronic 

impairment of sensorimotor function, and affects between 249,000 and 363,000 Americans. 

Recent preclinical and clinical research has indicated that epidural electrical stimulation (EES) of 

the spinal cord below the level of injury can restore motor ability. While this represents a novel 

potential treatment for chronic SCI, sensation below the lesion remains impaired. Previous 

studies have established that the simultaneous application of peripheral sensory feedback 

improves functional performance of people using prosthetic upper- and lower-limbs, and that 

EES to the intact spinal cord can evoke sensation. Crucial to the effective application of sensory 

EES is an understanding of how changes in the applied stimulation are transformed by ascending 

neural circuits, leading to modified neural representations evoked by stimulation and eventual 

perception. As part of an ongoing clinical trial (NCT04302259), we implanted an epidural spinal 

cord stimulation array in one participant spanning T1-T3, above the injury site (T4). During the 

10-day inpatient phase of the study, we assessed the diversity and quality of stimulation evoked 

percepts across a large EES input space. Evoked sensations emanated from similar regions across 

participants, chiefly from dermatomes projecting to spinal levels underlying the implant. We 

assessed the sensitivity of stimulus detectability and discriminability of changes in EES 

parameters. We identified expected sigmoidal detectability relationships for stimulation 



amplitude and pulse width, and identified detectability improvements for a narrow band of 

stimulus frequencies. Finally, using a novel participant-controlled stimulation interface, we 

examined the way in which participants navigated through parameter-space in a perception 

matching task. We found that participants “trade-off”stimulus dimensions to achieve perceptibly 

identical evoked sensations. These tasks enabled us to gauge the diversity, sensitivity, and 

identifiability of EES evoked sensations. Understanding these complex relationships will enable 

future sensory restorative neuroprostheses to better encode perceptual information, readying this 

technology to improve the lives of people living with complete SCI. 
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Abstract: Spinal cord injury (SCI) often results in permanent impairment of sensory, motor, and 

autonomic function. Foundational preclinical and clinical research has demonstrated that 

epidural electrical stimulation (EES) applied over the lumbosacral spinal cord can restore 



locomotion following SCI and enable voluntary control of previously paralyzed musculature. 

However, EES below the SCI lesion does not restore sensation, preventing the execution of 

finely tuned movements. We hypothesized that translesional EES could provide useful sensory 

feedback during EES-enabled motor tasks in humans with sensorimotor complete SCI. Here, we 

present first-in-human results from two participants with sensorimotor complete SCI in a clinical 

trial (NCT04302259) demonstrating simultaneous somatosensory feedback and lower extremity 

motor activation enabled by two EES paddles implanted rostral and caudal to the SCI lesion, 

respectively. We determined optimal EES parameters by leveraging modern deep learning 

methods to establish stable mappings between EES inputs and sensorimotor outputs. Through 

self-directed, manual stimulation control, participants identified additional EES parameters that 

elicited qualitatively and quantitatively distinct perceptions. Utilizing these optimized 

stimulation parameters, we applied spatiotemporally modulated EES rostral to the lesion 

synchronized with leg movement, enabling participants to accurately report leg position. We then 

simultaneously applied spatiotemporal EES rostral and caudal to the lesion to enable intentional 

participant-directed control over leg movements with sensory feedback while supine. 

Additionally, translesional EES provided sensory feedback during functionally relevant phases 

of EES-enabled treadmill stepping (i.e., toe-off and heel strike), which the participants used to 

identify foot strike consistently and accurately. Through the translesional EES approach, we 

demonstrate that EES applied above the SCI lesion produces sensory percepts that can be used 

by participants with complete SCI to encode lower extremity limb position, with and without 

neuromodulation-enabled motor activation. Our translesional EES framework represents the first 

steps towards developing a next-generation sensorimotor neuromodulation approach to improve 

the quality of life in individuals with neural dysfunction. 
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Abstract: Spinal cord stimulation (SCS) is a neuromodulation technique commonly used as a 

treatment for chronic pain. Researchers have recently reported the use of SCS to deliver sensory 

feedback from a prosthesis. However, the most common perceptual effect of SCS is paresthesia. 

We hypothesized that this altered perception is accompanied by altered electrophysiological 

activity in the somatosensory cortex. Here, we describe differences in size and spectral makeup 

of somatosensory potentials evoked by naturalistic (lower limb movements) and artificial (SCS) 

stimuli in awake nonhuman primates. We implanted two animals with epidural spinal stimulating 

electrodes and intracortical recording electrodes in area 2 of S1. The animals were trained to 

passively allow their lower limbs to be positioned by a robotic apparatus while trains of SCS 

either replaced or accompanied the limb movement. 

Movement and SCS, separately, correlated with evoked potentials (EPs) that were similar in size, 

measured via the rectified area-under-the-curve (rAUC). We hypothesized that applying SCS 

during movement would engage gating mechanisms that diminish the cortical responses, 

compared to identical pulses delivered at rest. In contrast, we observed that simultaneous 

movement and SCS elicited potentials with larger rAUCs than either stimulus alone. These 

results suggest that SCS can produce neural input that coexists with ongoing sensory activity. 

Next, we measured the spectral power of EPs in the following frequency bands: beta (15 - 30 

Hz), gamma (30 - 60 Hz), high-gamma (60 - 120 Hz) and “spike-related” (120 - 1000 Hz). The 

magnitude of the SCS-evoked spectral peaks was proportional to stimulation amplitude across all 

bands. In contrast, movement-evoked power in the beta band was lower than at baseline, a 

phenomenon known as event-related desynchronization (ERD). These results suggest that SCS 

may disrupt movement-related beta-band activity. 

Our results identify neurophysiological dimensions along which the effects of SCS are similar or 

distinct from the effects of natural movements. Future studies should identify perceptual 

correlates of these observations, towards developing stimulation strategies that deliver 

naturalistic perceptual feedback. 
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Abstract: Spasticity emerges in over 75% of spinal cord injured (SCI) individuals contributing 

to a range of debilitating symptoms including increased muscle tone, involuntary movements, 

and hyperactive reflexes. Transcutaneous spinal cord stimulation (tSCS) has been shown to 

decrease spasticity in SCI individuals. Similarly, we have previously shown that tSCS can 

restore reflex modulation and spinal hyperexcitability to improve spasticity and increase motor 

output after SCI in rodents. However, it remains to be determined whether improvements in 

spasticity are retained without further stimulation sessions. In this study, we aim to evaluate the 

persistence of these effects once tSCS is discontinued. 

Adult female Sprague-Dawley rats received a severe T9 contusion injury (250 kdyn) and were 

randomly assigned to the stimulated group (tSCS) or sham group. tSCS was administered 

starting 5d post-SCI for 6 weeks. Stimulation was administered 5 days per week with intensities 

alternating between at supra-(1.2T) and subthreshold (0.8T) in alternating 3-minute bouts (1 ms 

pulses, 0.2 Hz) for 18 minutes. A retention period of 4 weeks followed where no tSCS or sham 

treatment was administered. Spasticity was evaluated from the EMG activity in hindlimb 

muscles in response to ankle stretches in the awake animals throughout the study. Other 

behavioral measures for movement and sensation included BBB and dorsal Von Frey tests pre-

injury (baseline), pre-treatment, mid-treatment, post-treatment, and post-retention period. 

Terminal experiments to examine rate modulation and presynaptic inhibition of the H-reflex 

were performed at the end of the experimental timeline after 6 weeks of tSCS and 4 weeks of 

retention. We found that functional and electrophysiological improvements in spasticity and 

hyperreflexia following 6 weeks of repeated tSCS were maintained to the end of the 

experimental timeline. Together, our results suggest that the effects of tSCS persist following a 

4-week retention period and that functional benefits are retained after discontinuation of tSCS. 
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Abstract: Approximately 75% of individuals with a spinal cord injury (SCI) develop spasticity. 

Unfortunately, many of the current pharmacological treatment options available for patients have 

serious side effects and limit motor recovery. Recent studies utilizing transcutaneous spinal cord 

stimulation (tSCS) after SCI have demonstrated its feasibility and potential to treat spasticity. 

However, animal studies investigating stimulation-based therapies have only focused on efficacy 

when treatment is administered in the acute phase of injury which is less clinically relevant. Our 

previous work has demonstrated that repeated tSCS in the acute phase of injury improves 

spasticity and increases membrane-bound KCC2. However, additional rodent studies are needed 

to bolster available information regarding tSCS’s therapeutic potential and further solidify the 

efficacy of repeated tSCS after SCI to improve spasticity in the chronic phase of injury. The 

objective of this study is to investigate the impact of repeated tSCS on spasticity and the 

mechanisms underlying improvement using female Sprague-Dawley rats with a chronic severe 

(250kDa) T9 contusion injury. Animals (n=18) were randomly assigned into one of two 

experimental groups: chronic SCI+tSCS (n=9) or chronic SCI+sham stimulation (n=9) as a 

control. Stimulation sessions began 4-weeks post-injury (5 days/week for 6 weeks). Rate 

modulation and presynaptic inhibition of the plantar H-reflex were used in a blinded terminal 

experiment to assess spasticity and restoration of inhibitory circuits after tSCS. Because chloride 

homeostasis is known to be disrupted after SCI, quantification of the membrane-bound 

potassium-chloride co-transporter KCC2 was performed to probe restoration of chloride 

homeostasis and explore its role in improvement of spasticity after tSCS. Our results indicate 

that tSCS initiated in the chronic phase of injury increases frequency dependent depression of the 

H-reflex and re-establishes membrane-bound KCC2. However, presynaptic inhibition of the H-

reflex did not improve after tSCS in the chronic phase of injury. These findings suggest that 1) 

tSCS in the more clinically relevant chronic phase of SCI improves spasticity via upregulation of 

KCC2 and that 2) presynaptic inhibition does not mediate improvement in spasticity after tSCS 

in the chronic phase of injury. 
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Abstract: Spasticity manifests in approximately 80% of spinal cord injury (SCI) patients. 

Pathological characteristics can involve a combination of involuntary muscle movements, co-

contraction of antagonistic muscles, and hyperreflexia; all of which contribute to making daily 

activities challenging. Pharmacological intervention can aid in reducing these spastic symptoms; 

however, these treatments can have severe side effects such as seizures and dizziness, and 

depress overall spinal reflex excitability and muscle activity, further impeding motor recovery. 

Here, we examine epidural stimulation (ES) as an alternative strategy to decrease hyperreflexia 

following SCI. ES studies have historically centered on locomotor recovery, and the efficacy of 

ES has relied heavily on optimization in humans or the use of pharmacology in rodents. Little is 

known regarding if ES can serve as a form of treatment for spasticity following SCI and if it 

requires similar optimization. As a first step, we investigated the therapeutic potential of acutely 

administered individually tailored ES stimulation protocols after chronic SCI in rats featuring a 

severe contusion injury (250kdyn). A 15-channel epidural electrode array was positioned over 

hindlimb motoneuronal pools with close resemblance to electrodes used in SCI people to allow 

for individually optimized ES with the control of both anode and cathode positions. During a 

terminal experiment performed nine weeks post-injury, animals received a single ES treatment 

session (15 minutes, 40Hz, 0.8T) where specific anode and cathode positions were tested for 

each animal. The rate-dependent depression of the H-reflex was recorded from the plantar 

muscle in response to stimulation of the tibial nerve. Presynaptic inhibition was also probed via 

the effect of a stimulation to the posterior biceps-semitendinosus (PBSt) on the H-reflex. A 

significant increase in both the rate-dependent depression and presynaptic inhibition of the H-

reflex was observed following optimized ES treatment. Our results suggest that tailored ES has 

the potential to decrease spasticity in SCI individuals without the use of pharmacological 

intervention. 
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Abstract: Over the last few years, several electrical stimulation modalities have emerged as 

potential therapies for restoring movement after spinal cord injury (SCI). Electromyogram 

(EMG) responses evoked from epidural stimulation (ES), dorsal root stimulation (DRS), or 

transcutaneous stimulation (TS) of the lumbosacral spinal cord may be used to guide selection of 

electrical stimulation parameters to improve motor function in persons with SCI. However, it is 

not known how evoked responses across spinal cord stimulation modalities differ within 

individuals. Here, we examine similarities and differences across ES-, DRS-, and TS-evoked 

responses in lower extremity muscles captured via skin surface EMG.At the time of this abstract 

submission, participants (n=8) underwent temporary implantation of percutaneous bilateral 

electrodes abutting the dorsal root ganglia and epidural regions. Symmetric, charge-balanced, 

biphasic pulses (pulse width: 250 µs; pulse frequency: 0.5 Hz) were delivered to DRS (0.5-6 

mA) or ES (0.5-15 mA) electrodes as single or paired pulses spaced 15-400ms apart) while 

participants were in a relaxed, supine position. Prior to surgery, transcutaneous spinal cord 

stimulation (symmetric, charge-balanced, biphasic, 0.5 Hz, 5-100mA) was delivered to T10-L2 

vertebral levels via skin surface electrodes, activating similar circuitries as ES and DRS. All 

stimulation modalities enabled lower-limb-evoked EMG responses. We observed significant 

differences in evoked EMG amplitude, latency, paired-pulse suppression, and muscle selectivity 

(left/right or proximal/distal) across the three stimulation modalities (p<0.05, Friedman Test with 

a Dunn’s multiple comparisons posthoc test).These results demonstrate that ES, DRS and TS 

engage distal muscle targets through distinct mechanisms. In parallel to this work, we aim to 

leverage these data to build a patient-specific model of ES current distribution to aid in 

stimulation parameter selection for improving motor function after SCI. 
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Abstract: Lower urinary tract (LUT) dysfunction affects 94% of people living with spinal cord 

injury (SCI), and is consistently rated a top rehabilitation priority. One promising method to treat 

LUT dysfunction is epidural spinal cord stimulation (SCS), which we have used previously to 

activate LUT afferents, hypothesizing that this targeted neural recruitment would provide a 

mechanism to modulate LUT functions. However, it is challenging to experimentally evaluate 

the relative effects of the different nerves that contribute to LUT function and how the complex 

anatomy of the sacral cord affects SCS-driven activation. We explored this question in a highly 

realistic anatomical model of the sacral spinal cord. 

First, we generated a 3D finite element model of the cat sacral spinal cord, using a high-

resolution MRI scan of a postmortem cat spine, from the L5 vertebra to the sacrum. We used 

diffusion tensor imaging and tractography to generate morphologically realistic neural 

trajectories representing axons from the pelvic, pudendal, and sciatic nerves. We then performed 

finite element method simulations to compute the electromagnetic fields produced by electrodes 

spanning the sacral cord and cauda equina, and determined the recruitment threshold for each 

neural fiber in the model through electrophysiological modeling. Using these recruitment 

predictions as inputs to a network model of the pudendo-vesical bladder reflexes, we determined 

SCS-driven changes in bladder pressure. Finally, we repeated this process to generate a human 

sacral spinal cord model and predict neural recruitment under clinical conditions. 

We found that the recruitment amplitudes of afferent and efferent neurons varied substantially 

between segmental levels; differences were high for the rostral segments, but no significant 

differences were found for the most caudal segments. These segmental differences were 

confirmed experimentally in anesthetized animals. This suggests that the unique anatomy of the 

sacral spinal cord region requires its own computational models, as models of the cervical, 

thoracic and lumbar spine typically predict exclusively afferent recruitment for clinically 

relevant stimulation amplitudes. Furthermore, we found that the LUT nerves are recruited across 

the full extent of the sacral cord and cauda equina, and that stimulation evokes frequency-

dependent bladder contraction or continence reflexes throughout this region. Finally, in a human 

model, SCS also recruited LUT afferents, motivating further investigations of strategies to 

improve bladder function after SCI, and laying the groundwork for clinical studies using 

personalized SCS models. 
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Abstract: Introduction: Various forms of electrical stimulation may improve outcomes 

following injury to the central nervous system. Still, mechanisms underlying benefit are not 

understood. We have developed a spinal stimulation system that can access ventral (VSS) and/or 

dorsal (DSS) aspects of the spinal cord. We hypothesize that dorsal and ventral stimulation 

induce unique expression changes which can be independently leveraged to improve outcomes 

following SCI. Methods: Rats were given a right sided injury using an OSU impactor. One week 

after injury, an electrode was placed at the C6 spinal level dorsally or ventrally. Animals were 

sacrificed and RNA was extracted or perfused for immunohistochemistry. Results: At one hour 

and one week of stimulation, dorsal and ventral stimulation produced unique changes in 

transcription with major transcriptional pathway differences. A gene ontology assessment 

indicated that transcriptional changes following acute dorsal and ventral stimulation (1 hour) 

were largely immune/inflammatory related, while at 1 week changes were associated with 

extracellular matrix remodeling and vascularization. We observed significantly more 

transcription of plasticity/regenerative associated genes with ventral stimulation after one week 

when compared with dorsal stimulation. RNAscope analysis after 1 week of stimulation revealed 

transcription gradients along the dorsoventral axis with ventral stimulation influencing ventral 

transcription more, whilst dorsal stimulation preferentially impacted transcripts in the dorsal 

spinal cord. Discussion/Conclusion: When ventral stimulation is compared with the effects of 

dorsal stimulation at the transcriptional level, we observed major differences in response to 

electrical stimulation. Transcriptional responses to stimulation location indicate location of 

spinal stimulation is a critical factor. Transcription gradients dependent upon the location of 



stimulation as well as ontological shifts in affected pathways highlight that ventral and dorsal 

stimulation target unique cells and circuits. 
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Abstract: Electrode location variability in A-beta and off-target stimulating thresholds: 

Implications for human spinal lead migration 

Introduction: Electrical stimulation of the spinal cord, using an implanted epidural electrode has 

been used to treat multiple chronic pain syndromes. Despite significant improvement in some 

subjects, the effects of lead migration are significant, as leads can migrate an average of 12 

millimeters in human subjects1. This can result in lead revision surgery, and inherent additional 

risk. Movement of electrodes from a position of efficacy can result in decreased therapeutic 

effect, and off-target muscle activation. Measuring stimulation evoked epidural spinal responses 

(ESR) in the spine, has great potential in elucidating fundamental mechanisms, as well as 

providing an understanding of contact location to on and off-target thresholds. 

Methods: In this study, clinical Octrode™ leads, were placed in the spinal canal of a swine 

model. We obtained biplane CT scans of the electrode positions post-implantation. Using ESRs, 

such as evoked compound action potentials (eCAPs) of the spine, and electromyography of off-

target muscles, such as the intercostal and longissimus, we recorded activation thresholds and 

dose response curves. 

Results: Our study demonstrated that changes in contact location, as little as 3 mm can result in 

changes to the threshold for activation of targeted a-betas, and off-target activation of 

surrounding muscles. This suggests that the movement of leads following implantation could 

significantly change the activation threshold in humans as well, limiting efficacy. 

Conclusion: The location of stimulating contacts relative to the underlying anatomy during spinal 

cord stimulation (SCS) is important in understanding the mechanism and risk associated with 

SCS. As such, the postoperative period, when leads migrate, should be factored into the final 

lead position. Additionally, the results of our study suggest that using the eCAP components of 

ESR may indicate optimal locations to limit off-target affects and increase efficacy and should be 

optimized following the scarring-in period. 
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Abstract: Objective: To determine the effect of therapeutic neurostimulation on mitochondrial 

biogenesis after spinal cord injury and explore the associated increase in neuronal 

Nr4a1.Rationale: We present the working hypothesis that therapeutic spinal cord stimulation 

induces mitochondrial biogenesis to promote neuronal regeneration after injury. Horner lab has 

demonstrated a cell-type specific upregulation of Nr4a1 in neurons 1 hour after stimulation. 

Nr4a1 is an early transcription factor with DNA-binding ability, and is exported from the nucleus 

at times of stress, such as stimulation.1 In the cytosol, Nr4a1 can bind to bcl-2 and is transported 

to the mitochondria to induce fission.2 This short-lived mitochondrial challenge induces 

mitochondrial biogenesis.Methods: We quantified Nr4a1 and TFAM, a mitochondrial 

transcription factor required for mitochondrial DNA replication, using immunohistochemistry in 

neurons (NeuN) after 8 weeks of daily ventral spinal cord stimulation at C6 following hemi-

contusion-induced injury at C4 on the rat’s dominant side. Control animals received the same 

injury, but a sham stimulation. Confocal images were collected from the dorsal and ventral 

horns, injured and uninjured sides of the spinal cord, with 3 tissue slices/animal and 3 random 

images from each ROI/slice. Images were blindly analysed to quantify total TFAM, total Nr4a1, 

and nuclear-localized Nr4a1 using the interpolation tool of ImageJ. Results: Preliminary results 

demonstrate that both Nr4a1 and TFAM are increased on both dorsal and ventral horns after 

stimulation (n=4 animals each group, >300 neurons per region; p<0.05). In addition to overall 

Nr4a1 increase, we also report an increase in both nuclear and cytosolic Nr4a1 

(p<0.01).Conclusions: These results indicate that 8 weeks of neurostimulation increase 

mitochondrial biogenesis and likely improve ATP production as a mechanism that helps to 

promote neuronal survival through neurostimulation. Continuing work will examine 

mitochondrial dynamic and functional changes. 

References1.Li H, Kolluri SK, Gu J, et al. Cytochrome c release and apoptosis induced by 

mitochondrial targeting of nuclear orphan receptor TR3. Science 2000;289:1159-1164.2.Lin B, 
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Abstract: Background/Objectives: Functional electrical stimulation (FES)-assisted arm and leg 

(A&L) cycling is a rehabilitative exercise paradigm that is less labour intensive to administer, 

more cost-effective, and more generalizable to the community compared to body weight assisted 

overground walking interventions. Furthermore, FES-A&L cycling interventions have exhibited 

the ability to increase walking function after an individual has experienced an incomplete spinal 

cord injury (SCI) classified as ASIA Impairment Scale (AIS) C or D according to the 

International Standards for Neurological Classification of Spinal Cord Injury (ISNCSCI). The 

goal of this study is to build upon this previous knowledge and examine whether the inclusion of 

non-invasive forms of transcutaneous spinal cord stimulation (tSCS) in conjunction with A&L 

could result in improvements for individuals living with a motor complete SCI.  

Methods: This case study focused on a participant with an AIS B SCI classification. Cervical 

and lumbar tSCS were applied and combined with FES-assisted A&L cycling administered 



1hr/day, 5 days/weeks. The participant completed 44 weeks of the 48-week training program. 

Periodical assessments included AIS, training load produced while cycling over time, and the 

time able to stand assisted with support from a walker and a physiotherapist to prevent the 

participant’s knees from buckling. 

Results: From pre-training to the most current assessment (44 weeks of training), there were no 

differences in the AIS scores. However, one key finding was that the total power output that was 

generated by the participant through tSCS paired FES-A&L cycling continuously improved over 

the sessions. Furthermore, the ability of the participant to stand supported with the aid of a 

physiotherapist and a walker increased to 33.5 s at 36 weeks of training from the initial 10s that 

occurred at pre-training. This ability to stand was further perpetuated when combined with tSCS, 

as at 36 weeks the participant could stand for 38.5 s. 

Conclusion: This novel study demonstrates that combining FES-assisted A&L cycling with 

tSCS may be an effective exercise paradigm that can result in increased training load and 

assisted standing duration. Additional assessments will be included throughout the completion of 

this study to provide further improvements into the participants functional mobility and well-

being. Finally, future studies will examine the benefits that arise from the coupling of epidural 

spinal cord stimulation with FES-assisted A&L cycling, in an individual who has experienced a 

motor complete SCI. 
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Abstract: Introduction: Spinal cord injury (SCI) presents many complications such as the 

inability to stand and walk. While an intervention to restore functional mobility does not yet 

exist, spinal cord neuromodulation has shown great promise. Two spinal cord stimulation (SCS) 

modalities are currently under investigation, epidural spinal cord stimulation (ESCS) and 

intraspinal microstimulation (ISMS), which pass electrical currents through electrodes targeting 

the lumbar enlargement. ESCS uses an array placed on the dura mater of the spinal cord with 

electrical fields indirectly activating the locomotor-related networks residing in the ventral horn. 

ISMS involves inserting ultrafine wires into the ventral horn, more directly targeting the 

locomotor networks. Due to the differences between the locations of stimulation provided by 

ESCS and ISMS, the mechanisms of action are likely different. To the best of our knowledge, 

this comparison has not been examined. The focus of this project was to develop a method to 

perform this comparison. Methods: In 4 female domestic pigs, 2 underwent 3 hours of ESCS. 

One of these pigs was anesthetized with sodium pentobarbital and the other with propofol. The 

remaining 2 pigs underwent 1.5 hours of unilateral hindlimb muscle stimulation, one under 

pentobarbital and the other under propofol anesthesia. Following the experimental protocol, the 

animals were euthanized, perfused, and the spinal cords were harvested for 

immunohistochemical (IHC) analysis. IHC analysis involved using a neuron-specific antibody 

and antibodies against cFos, a marker of neural activity, to determine where in the grey matter 

the cells bodies of active neurons resided. Comparisons were made between the pentobarbital 

and propofol anesthesia to determine which anesthetic regime was the most appropriate. Results: 

In both experimental conditions, propofol appeared to interrupt the expression of c-fos in spinal 

motor neurons. This was not the case with pentobarbital where positive, nuclear staining was 

seen. ESCS with pentobarbital demonstrated activation in the dorsal horn and intermediate 

region on the stimulated and unstimulated side of the cord but only ventral activation on the 

stimulated side of the cord. ESCS appeared to show a larger number of cFos expressing motor 

neurons than seen with direct hindlimb muscle stimulation. Significance: This research 

demonstrates that the type of anesthesia chosen during surgery is important for studying neural 

activation and provides a method for examining such in female domestic pigs. This will provide 

a protocol for future research examining the distribution and type of neural activation following 

ISMS and ESCS. 
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Abstract: Introduction: Intraspinal microstimulation (ISMS) is a novel technique that 

stimulates locomotor circuits in the ventral horn of the lumbar spinal cord using penetrating 

microelectrodes. ISMS has demonstrated promising results in restoring standing and walking 

after spinal cord injury in small animals (rats and cats). However, the long-term stability and 

functionality of ISMS implants in large mammals and humans remain a question. The larger size 

and higher range of motion of the spinal cord in humans could potentially lead to electrode 

dislodgement and failure of the implant. The objective of this study was to design, fabricate, and 

characterize a fully-implantable ISMS device suitable for humans, and test its functionality in a 

clinically relevant large animal model, which is the pig. Methods: The microelectrodes were 

fabricated from 50µm microwires (Pt-Ir, 80%-20%, insulated with polyimide) using 

femtosecond laser (1030nm, 343 nm) micromachining. The strain-relief system was developed 

using microcoils embedded in a silicone elastomer (OD:170µm) made from 25µm 

microelectrodes. The microcoils were joined to the microelectrodes using laser micro-welding 

(1070nm). An array of electrodes (16 electrodes) was fabricated and connected to a custom 

wirelessly controlled stimulator. The mechanical properties of the strain-relief system and joint 

breakage force (JBF) of the welded region were evaluated by the uniaxial tensile test. The 

electrochemical properties of the microelectrodes were tested. Moreover, the ISMS system was 

implanted and tested in 9 female domestic pigs to evaluate the isometric joint forces and 

kinematics of the evoked movements using ISMS. Results and conclusion: Fabricated 

microcoils were elastically stretched up to 30% of their initial length, which is more than the 

~11% length change in the thoracolumbar region of the pig spinal cord. Laser peak power of 

100W (Energy=100mJ, Pulse width=1ms) resulted in the highest JBF of 296.32mN, with failure 

of the samples occurring at the bare metal rather than at the weld region. This JBF was 10 times 

larger than the force causing electrode dislodgement. The impedances of electrodes measured at 

1kHz were 3.2±0.2 KΩ and 20.5±2.0 KΩ in vitro and in vivo, respectively. The charge injection 

capacity of microelectrodes was 36 µC.cm-2.ph-1 and 16 µC.cm-2.ph-1 in vitro and in vivo, 

respectively. These values provide sufficient current amplitudes for the generation of functional 

movements in vivo. Angle changes in the hip, knee, and ankle joints evoked by ISMS generated 

a full range of motion. The results show the potential for future long-term use of these ISMS 

implants in humans. 
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Abstract: Introduction: Neuromodulation of spinal circuitry via non-invasive transcutaneous 

spinal cord stimulation (tSCS) is a potentially impactful approach for studying motor function 

and locomotion circuitry, and developing enhanced rehabilitation treatments after neurological 

impairment. The current study assessed the behavior of two tSCS stimulators as well as the effect 

of stimulation amplitude on the modulation of cervical-lumbar connectivity. The two stimulators 

were DS8R (Digitimer, Welwyn Garden City, UK) and NeoStim-5 (Cosyma Inc, St Petersburg, 

Russia).Methods: Adult, neurologically intact study participants (n=12; 6 female, 6 male) were 

recruited for the study. Two electrodes serving as the cathodes were placed on the C3-C4 and 

C6-C7 spinous processes of the neck, and two anodes were placed on the iliac crests. The 

stimulation threshold resulting in a spinally evoked potential in the biceps brachii muscle was 

determined. The amplitude for each stimulator was then slowly increased until reaching each 

participant’s maximal tolerance level. The Hoffmann (H-) reflex and motor evoked potentials 

(MEPs) were used to assess the modulatory effects of cervical tSCS on the soleus and tibialis 

anterior (TA) muscles, respectively. H-reflexes and MEPs were obtained during tSCS 

stimulation at threshold and at maximal tolerance amplitudes for the two stimulators and 

compared to measures obtained without tSCS.Results: H-reflexes were obtained from 10 

participants and MEPs from 9 participants. The maximum tolerated tSCS amplitude delivered by 

the DS8R stimulator (47.50 ± 12.66mA) was significantly lower than that delivered by the 

NeoStim-5 stimulator (60.90 ± 19.73 mA) (p=0.0011). Interestingly, there was no significant 

difference between H-reflex and MEP amplitudes evoked while applying tSCS using either 

stimulator nor during the application of tSCS at the threshold or maximal tolerable amplitude [H-

reflex: F(4,45)=0.083, p=0.9872; MEP: F(4,40)=0.3761, p=0.8243]. Conclusions: In the current 



study, there was a difference in sensation and tolerability of mainstream stimulators used in the 

field, with the NeoStim-5 having a more tolerable sensation on individuals. Unlike previous 

work, cervical tSCS did not facilitate or suppress the soleus H-reflex, nor did it influence TA 

MEPs. Moreover, stimulation intensity does not affect the amplitude of the H-reflex nor the MEP 

responses, in the soleus and TA, respectively. Delivering stimulation at the threshold intensity 

will have the same effect as delivering at maximum tolerable intensity. 

Disclosures:  S.G. Hemakumara: None. Z. Karamzadeh: None. D.J. Mann: None. M. Adib: 

None. T.S. Barss: None. V.K. Mushahwar: None. 

Poster 

PSTR022. Spinal Cord Injury: Neuromodulation Therapies I 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR022.16/V14 

Topic: C.11. Spinal Cord Injury and Plasticity 

Support: Natural Science and Engineering Research Council 

Canada Foundation for Innovation 

Canada Research Chairs 

Title: Effect of Transcutaneous Spinal Cord Stimulation on Bimanual Arm Movements 

Authors: B. PARHIZI1, T. S. BARSS2, *V. K. MUSHAHWAR2;  
1Neurosci. & Mental Hlth. Inst. and SMART Network, 2Dept. of Med. and SMART Network, 

Univ. of Alberta, Edmonton, AB, Canada 

Abstract: Introduction: Bimanual arm movements are a critical ability that facilitates the 

performance of numerous daily tasks. This ability is compromised after conditions such as spinal 

cord injury (SCI) or stroke. The overarching goal of this project is to develop an activity-based 

therapy that improves bimanual arm function after neural injury or disease. The focus of this 

study was on investigating the cortical substrates underlying bimanual arm movements and the 

modulatory effects transcutaneous spinal cord stimulation (tSCS) has on the performance of 

bimanual reaching movements and on modulating the associated cortical activity. Methods: 

Adult, neurologically-intact study participants sat in front of a bimanual KINARM exoskeleton 

and performed 3 visually-guided goal-directed reaching tasks: unimanual reaching, bimanual 

common-goal reaching in which both arms cooperatively reached to a common point in space, 

and bimanual dual-goal reaching in which each arm reached to a different point in space. 

Another group of participants performed the same movements with and without the application 

of cervical tSCS. Movement kinematics, electroencephalogram (EEG) spectral power density 

and interhemispheric connectivity (using coherence analysis) were assessed. Results: Dual-goal 

reaching movements had significantly larger movement time and movement error relative to 

unimanual and common-goal movements. Power in the EEG alpha band was significantly higher 

in the primary motor and sensory cortical regions during common-goal movements relative to 



unimanual and dual-goal movements. Interhemispheric connectivity was also elevated in the 

common-goal task. During tSCS, movement time and error were significantly reduced in the 

common-goal movements. tSCS had no significant effect on these metrics in the unimanual and 

dual-goal movements. Spectral power density increased during tSCS in the sensorimotor cortices 

across all movements, especially in the beta band, while there was generally no effect of tSCS on 

interhemispheric connectivity. Conclusion: Goal-conceptualization is a critical factor in defining 

the behavioral outcome of bimanual movements. tSCS increased the synchronization of neural 

activity in sensorimotor regions, pointing a suppressive effect at the cortical level. Surprisingly, 

there was increase in interhemispheric connectivity with tSCS during the common-goal task even 

though kinematic performance was improved. Understanding the effects of tSCS on bimanual 

common-goal movements after neural injury or disease can pave the way for enhanced 

interventions that improve bimanual common-goal arm movements after these conditions. 
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Abstract: Epidural spinal cord stimulation (ESS) can produce or facilitate various functional 

lower limb movements such as stepping or standing after paralysis from spinal cord injury. 

However, due to natural anatomical variations in spinal roots and the broad distribution of 

charges from electrode contacts, it can be difficult to find appropriate stimulation parameters to 

produce task-relevant movements. For example, higher ESS amplitude risks producing 

coactivation of agonist and antagonist muscles and higher ESS frequencies might be susceptible 

to frequency dependent depression which reduces overall motor output. Targeting additional 

specific muscles with neuromuscular electrical stimulation (NMES) may help address these 

difficulties by fine tuning ESS evoked movements and muscle activation patterns. Additionally, 

“wide pulse” width NMES (1 ms) can recruit sensory proprioceptive afferents within the muscle, 

which project to various homonymous and/or heteronymous muscles. This could potentially 

provide a means to facilitate or inhibit muscles recruited by ESS enabling a broader range of 

control. To evaluate these possibilities, we measured electromyography (EMG) and kinematics 

in anesthetized rats in response to single ESS and NMES biphasic pulses. We performed 



stimulation trials with various combinations of parameters such as amplitude and interstimulus 

pulse delay. NMES was delivered in ankle muscles using intramuscular electrodes. ESS was 

delivered using polyimide-based electrodes with 300-micron diameter gold contacts. We found 

that flexor EMG activity evoked by ESS is facilitated when ESS pulses are preceded by a medial 

gastrocnemius NMES pulse by 5-20 milliseconds (n = 10 rats). This facilitation was increased 

with increasing NMES intensity and disappeared with longer interstimulus pulse delays. To 

validate whether this facilitation is dependent on recruitment of sensory afferents and therefore 

spinal reflex circuitries, the dorsal roots were cut, and the stimulation paradigm was repeated (n 

= 3 rats). We observed that the facilitation was abolished after this cut, demonstrating that 

sensory afferents were indeed involved in this effect. We also observed some cases of inhibition 

and facilitation of proximal muscles at different NMES amplitudes and delays. These results 

suggest that augmenting ESS with NMES might be able to tune the flexion and extension 

movements evoked by ESS enabling new ways to improve lower limb movements during a 

rehabilitation protocol. 
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Abstract: Regaining upper-limb function is the main priority for rehabilitation for people living 

with cervical spinal cord injury (SCI) (Anderson, 2004). Task-specific training is currently the 

most effective intervention for upper-limb rehabilitation (Dietz and Fouad, 2014) and has been 

shown to promote recovery of upper-limb function when combined with transcutaneous 

electrical stimulation (TCES) of the spinal cord (Inanici et al., 2021). We compared the effects of 

4 weeks (12 sessions) of task practice and 4 weeks of task practice combined with TCES on 

manual dexterity, brain plasticity and spinal plasticity in people living with cervical SCI. 

Five participants (mean age = 48 ± 11, F = 5, injury from C3 to C7) volunteered: three 

participants underwent 4 weeks of upper-limb task practice (ULTP) followed by 4 weeks of 

ULTP paired with cervical TCES (ULTP+TCES) while two underwent 4 weeks of ULTP+TCES 

followed by 4 weeks of ULTP. Before and after the 4 weeks of ULTP and ULTP+TCES we 

assessed participants’ manual dexterity via the Graded and Redefined Assessment of Strength, 



Sensibility and Prehension (GRASSP). We ran a linear mixed-effects model to investigate the 

effects of Hand, Time and HandXTime interaction on the GRASSP scores. In two participants, 

we also measured brain excitability via motor-evoked potentials (MEPs) recorded using 

transcranial magnetic stimulation and spinal excitability (SEPs) via cervical stimulation of 

upper-limb muscles as participants underwent the two conditions. 

The mixed-effects model revealed a non-significant HandXTime interaction (F = 0.801, p = 

0.608), a significant effect of Time (F = 46.742, p < 0.001) and a non-significant effect of Hand 

(F = 0.260, p = 0.624). Pairwise comparisons between the baseline and post-interventions 

showed a non-significant increase in GRASSP scores after ULTP (p = 0.086), and a significant 

increase after ULTP+TCES (p = 0.007). Brain excitability increased by 60% after ULTP and 

remained constant after ULTP+TCES in P1; increased by 32% after ULTP+TCES and decreased 

by 42% after ULTP in P2. Spinal excitability decreased by 46% after ULTP and by 45% after 

ULTP+TCES in P1; decreased by 37% after ULTP+TCES and increased by 58% after ULTP in 

P2. 

Our findings suggest that combining ULTP with TCES improves manual dexterity in people 

living with SCI more than ULTP alone. ULTP and ULTP +TCES had similar effects on neural 

plasticity, evidenced by increases in brain excitability and decreases in spinal excitability. 

Combining non-invasive spinal stimulation with task practice is a promising technique for 

promoting neural plasticity and improving manual dexterity in cervical SCI patients. 
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Abstract: Motivation Spinal cord injury (SCI) damages corticospinal motor circuitry and leads 

be paralysis. Epidural electrical stimulation (EES) has been demonstrated to recover voluntary 

control of lower limb motor function for patients with spinal cord injury. However, the 

mechanism of EES to improve the motor function of lower limbs was unclear. Corticomuscular 



coherence is a common and beneficial method to study the mechanism of cerebral cortex’s 

control of muscle activity. In this study, we used corticomusclar coherence to explore the 

mechanism of EES. Methods Three participants with cervical-level chronic SCI in AIS C, and 

the range of post-injury years was from 1 to 2 years, and the average age was 49.3 ± 19 years at 

the time of implant. They encountered rehabilitation with EES in rehabilitation sessions five 

times per week, and we collected corticomuscular coherence between electrocortical signals with 

electroencephalography (EEG) and lower limb with surface electromyography (sEMG) in pre-

surgery and after-surgery for 15 weeks. Significant corticomuscular coherence was observed in 

the beta- (13-30 Hz) and gamma-range (31-60 Hz) for isotonic exercise. Results and conclusion 

We observed improvement in lower limb motor function and significant muscular EMG activity 

from three participants. Gamma-range corticomuscular coherence after-surgery for 15 weeks was 

more increased than pre-surgery. In the previous paper, Gamma-range corticomuscular 

coherence was observed in the healthy subject during isotonic exercise. Moreover, the muscular 

EMG activity of the lower limb and gamma-range corticomuscular coherence showed the same 

trend. Finally, the effectiveness of EES may be evaluated by gamma-range corticomuscular 

coherence. 
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Abstract: Some interneuronal circuits in the spinal cord that synapse directly onto motor 

neurons may be organized for modular muscle control, i.e. as synergy groups, rather than 

individually. Electromyogram (EMG) recordings can detect the modular structures output by of 

these circuits and their inputs to motor pools as premotor drives, allowing inferences of modular 

spinal circuit changes after a spinal cord injury (SCI) and rehabilitation. Using dimensionality 

reduction techniques on hindlimb EMG, our lab has previously demonstrated modular spinal 

circuit structures in neonatal, adult, injured and uninjured rats. In the current study, we employed 



these techniques to study changes in spinal circuits throughout rehab using combination therapies 

for SCI in rats. A combination of therapies may be most effective in improving function after a 

SCI. Although each therapy modality, i.e. rehab robotics training, biological (viral), and epidural 

stimulation (ES) improves function individually, we understand little about their synergistic 

interactions on function. We also have limited knowledge of the effects of combination therapies 

on muscle activation patterns and their underlying neuronal circuits, which may reflect different 

neuronal control strategies for motor coordination through recovery. Our lab has demonstrated 

enhanced locomotor outcomes in rats with complete thoracic 9/10 SCI after combining robot 

training with viral BDNF and ES. Prior work further revealed a potential critical period during 

the initial two weeks of training, where ES likely attenuates some spasticity development that 

can be an effect of the BDNF treatment on motor function. Spasticity can result in the eventual 

collapse of gained motor function in ~40% of rats. Broad-current spread ES centered at L2 and 

S1 prevented collapse over 6 weeks when combined with viral BDNF and robot training. In the 

current study, we tested if combined therapies with ES can prevent collapse beyond 6 weeks of 

rehab and if more selective ES can further improve stepping. We hypothesized that the combined 

treatment using localized ES would more selectively target the central pattern generators at L2 

and S1, resulting in improvement in weight-supported stepping. We also hypothesized that 

modularity analysis of the hindlimb muscles will reveal patterns of spinal circuit reorganization 

and preservation of spatial synergy structure across the different rehab treatments and outcomes. 
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Abstract: Spinal cord injuries result in life-long impairments that drastically reduce quality of 

life. With only 1% of spinal cord injury survivors making a full recovery, research into this field 

is essential. One method of treatment that has recently found promise is electrical epidural 

stimulation (EES). Unfortunately, electrical stimulation is not neuron-type specific and thus it is 

difficult to uncover exactly what pathways are contributing most to recovery, and how. Here we 

use the chemogenetic tool Designer Receptors Exclusively Activated by Designer Drugs 

(DREADDs) to better enable circuit tracing, quantification of plasticity, and move towards 

selective activation of neuronal sub-types. We injected adeno-associated viral vectors (AAV2) 

containing an expression cassette for the excitatory DREADD (hM3Dq) bilaterally into the L3-

L5 dorsal root ganglia (DRG). These DRG are thought to provide important feedback to the 

lumbar central pattern generator, and this excitation of afferents during treadmill training may be 

analogous to tonic EES. Kinematic data were gathered at 3, 5, 6, 7, 8 and 9 weeks post-injury 

using high-speed cameras. We used DeepLabCut (DLC) to extract 2D features from the two high 

speed video views, and then reconstructed the 3D coordinates with custom code. The study 

population contained two groups: contusion-DREADDs-CNO and contusion-mCherry-CNO 

animals. In this contused animal cohort, contusion-DREADDs-CNO animals displayed 

kinematics that were further from baseline during withdrawal of the DREADDs activator CNO 

(withdrawal of CNO was done in weeks 7 & 9 to determine its necessity). This suggested that 

plasticity in the spinal cord still relies on afferent activation to have observable behavioral 

outcomes. This is in contrast to a prior study in the hemisection model, where we found that 

withdrawal of CNO did not cause consistent changes in behavior. Based on our recent findings 

of afferent sprouting in the Clarke’s columns and motor pools in the hemisection model that may 

underly these changes, we currently seek to trace the underlying changes in the contusion model 

for comparison. 
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Abstract: Spinal cord injury (SCI) commonly results in both sensory and motor dysfunction. 

Current rehabilitative strategies provide modest benefits, but these deficits persist in the majority 

of patients. Vagus nerve stimulation (VNS) is a promising treatment strategy that serves as an 

adjunct to traditional rehabilitative therapies to increase recovery after neurological injury. 

Preliminary data from an early feasibility study show that VNS paired with isolated upper limb 

movements appears to improve motor recovery after SCI. The degree of VNS-induced recovery 

is directly impacted by the therapy experience, and it is possible there would be more clinical 

benefit if VNS was paired with more complex upper limb movements as opposed to isolated 

movements. In this study, VNS was paired with performance of more complex activities of daily 

living (ADLs) was an effective method to treat functional deficits. A 33-year-old male with 

incomplete spinal cord injury (SCI) who was previously recruited in the ongoing early feasibility 

study (EFS) (NCT0428824) and was previously implanted with the ReStore VNS device 

received VNS paired with self-selected ADLs. The participant completed 36, 1-hour long 

sessions of VNS paired with rehabilitative training. Upper extremity function was assessed using 

the Graded Redefined Assessment of Strength, Sensation, and Prehension (GRASSP). ADL 

performance was assessed qualitatively by the time to complete each ADL and objectively by 

two therapists blinded to the experimental condition of the participant. Quantitative measures 

revealed a 16-point improvement in the participant’s GRASSP score and a 63% reduction in task 

completion time. Initial data indicate that VNS paired with a functional, task-based paradigm is a 

promising approach to restore motor function after SCI.  
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Abstract: Spinal cord injury (SCI) often leads to increased spontaneous activity (SpA) and 

responsiveness to nociceptive and non-nociceptive sensory feedback. This hyperexcitable state 

contributes to the development and maintenance of SCI-related neuropathic pain (SCI-NP). 

Generally, characterization of SpA and responsiveness to sensory feedback after SCI focuses on 

the dorsal horn, which is traditionally linked to sensory processing. SpA and sensory 

transmission after SCI are considerably less understood in the integrative intermediate gray and 

the motor-dominant ventral horn. Thus, it is unclear whether deep interneurons may contribute to 

clinical signs of sensory hyperexcitability (e.g., SCI-NP, spasticity, and spams). Here we 

characterize the firing dynamics of dorsal and ventral interneurons in vivo in neurologically 

intact rats and rats with chronic SCI with and without SCI-NP. 

Experiments were approved by the IACUC of WUSTL and were conducted in adult, male 

Sprague-Dawley rats (17 intact rats; 14 rats with chronic T8 contusion, 7 with SCI-NP). Using 

microelectrode arrays spanning the dorso-ventral extent of the spinal gray matter at the L5 dorsal 

root entry zone, we characterized the firing dynamics of neurons during SpA and multi-modal 

sensory transmission (innocuous and noxious forces applied to the ipsilateral L5 dermatome). 

Primary outcomes included the number of spontaneously active neurons and neurons implicated 

in spinal pain processing (nociceptive specific [NS] and wide dynamic range [WDR] neurons) as 

well as spatiotemporal features of neural transmission during SpA and multi-modal sensory 

transmission throughout the gray matter (e.g., firing rate as function of anatomical region). 

Animals with SCI exhibited changes in deep interneuron firing dynamics consistent with a role 

in sensory hyperexcitability. For example, the mean firing rate of spontaneously active neurons 

in the intermediate gray (IG) of SCI-NP animals (12.52±1.00Hz) was higher than in 

neurologically intact animals (7.18±0.35Hz, p=0.0001). In addition, NS and WDR neurons were 

rarely found in the ventral horn of neurologically intact animals and those with SCI but no signs 

of SCI-NP, whereas ~34% of NS and ~14% of WDR neurons were identified in the ventral horn 

of animals with SCI-NP. The mean firing rate of these ventrally-located neurons during SpA and 

nociceptive transmission was indistinguishable from NS and WDR neurons in regions classically 

associated with spinal pain pathways. Together, our results suggest that ventral neurons may 

further exacerbate pathological sensory transmission after SCI. 
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Abstract: Spinal cord injury (SCI) leads to debilitating physiological changes at and below the 

level of injury (e.g., reduced motor output, pelvic floor dysfunction and SCI-related neuropathic 

pain [SCI-NP]). Electrical spinal stimulation is a promising approach to treating these issues. 

Yet, spinal stimulation-based therapies for SCI are typically parametrized for motor 

rehabilitation alone; potential off-target effects are rarely assessed, and intentional multi-modal 

paradigms are lacking. Interestingly, the therapeutic benefits of motor-targeted spinal stimulation 

may rely, at least partially, on neural mechanisms that overlap with those presumed to underlie 

the ability of spinal stimulation paradigms to ameliorate signs of neuropathic pain stemming 

from non-SCI etiologies. Thus, here we explore whether motor-targeted spinal stimulation 

concurrently reduces spinal responses to nociceptive feedback. 

We used spike train analyses to characterize the effects of motor-targeted intraspinal 

microstimulation (ISMS) on nociceptive transmission in 15 adult, male Sprague-Dawley rats 

with chronic SCI, including rats with and without behavioral signs of SCI-NP. Experiments were 

approved by the IACUC of Washington University. We conducted electrophysiological 

recordings &gt6 weeks after a T8 contusion using microelectrode arrays implanted at the L5 

dorsal root entry zone. Sensory feedback was induced by mechanical stimulation of the 

ipsilateral L5 dermatome. ISMS was delivered to the spinal motor pools as a series of discrete 

pulses, 7Hz, ~90% motor threshold. Primary outcome measures centered about changes in the 

firing rate of nociceptive specific (NS) and wide dynamic range (WDR) neurons during induced 

nociceptive feedback during and after 30 min of ISMS. 

We found that 30 min of motor-targeted ISMS resulted in net depression of spinal 

responsiveness to nociceptive sensory feedback. Specifically, ~60% of both NS and WDR 

neurons exhibited reduced firing rates during induced nociception after ISMS compared to pre-

ISMS. WDR neurons also exhibited a progressive reduction in firing rate as ISMS duration 

increased, which remained depressed after ISMS was discontinued. 

These results suggest that motor-targeted ISMS is capable of immediately modulating spinal 

nociceptive transmission, even in the chronically injured spinal cord. These actions appear to 

result in a net decrease in spinal responses to nociceptive sensory feedback, which would be 



predicted to reduce behavioral signs of SCI-NP. They also suggest that it may be possible to 

develop an ISMS paradigm that affords multi-modal therapeutic benefits. 
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Abstract: Intrinsic active membrane properties are an essential component of motoneuron and 

wide dynamic range (WDR) neuron firing dynamics, modifying the input-output function of the 

cell to appropriately calibrate its responsiveness to the context in which it is recruited. After 

spinal cord injury (SCI), adaptive changes in the metabotropic receptors that govern active 

membrane properties often lead to supersensitivity and/or constitutive activity in neurons below 

the lesion. While these changes are intended to compensate for lesion-induced reductions in 

neuromodulatory drive, they often result in maladaptive sensorimotor consequences because they 

pathologically increase spinal responsiveness to sensory feedback. In motoneurons, this 

hyperexcitability contributes to debilitating spasms; in WDRs, SCI-related neuropathic pain 

(SCI-NP). Here, we asked whether active membrane properties also shape the firing dynamics of 

spontaneous neural transmission following SCI. Such a finding could offer insights into 

mechanisms contributing to the persistence of SCI-NP and the perception of pain in the absence 

of overt stimuli. All procedures were approved by the IACUC of WUSTL. We implanted 

microelectrode arrays in vivo into the lumbar enlargement of adult male Sprague-Dawley rats 

with chronic moderate to severe sensorimotor impairments following mid-thoracic contusion 

injury, including rats with SCI-NP. This approach enabled us to access single-unit spiking 

activity from a diverse population of interneurons spanning the dorso-ventral extent of the L5 

spinal segment. It also enabled recording of both spontaneous neural transmission and evoked 

responses to varying modalities of sensory feedback, which were used to functionally classify 

neurons as WDR, nociceptive specific, etc. We show that spontaneous neural transmission is 



indeed shaped by intrinsic active membrane properties, and across a wider extent of spinal 

interneurons than previously recognized. Specifically, we find the following discharge patterns 

in interneurons in the dorsal horn, intermediate gray, and ventral horn: (1) patterns consistent 

with the presence of robust persistent inward currents, including secondary (acceleration) and 

tertiary (stable) firing ranges as well as hysteresis with deceleration prior to de-recruitment; (2) 

self-sustained firing consistent plateau potentials; (3) switching between meta-stable functional 

states, such as endogenous bursting to plateau; and (4) spontaneous windup including de novo 

responsiveness to different modalities of sensory feedback. These exaggerated discharge patterns 

may reflect an endogenous spinal pain generator in SCI-NP. 
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Abstract: Spinal cord injury (SCI) results in debilitating sensorimotor impairments in regions 

innervated by spinal segments below the lesion. Among these is debilitating SCI-related 

neuropathic pain (SCI-NP). An integral component of SCI-NP is pathologically increased spinal 

responsiveness to both nociceptive and non-nociceptive sensory feedback. Interestingly, it has 

recently been found that intraspinal microstimulation (ISMS) intended to enhance voluntary 

motor output below a SCI simultaneously depresses spinal responsiveness to nociceptive 

feedback in neurons integral to SCI-NP. Here, we sought to determine whether an ISMS 

paradigm that specifically targets sensory-dominant regions of the spinal cord would be more 

efficacious at reducing spinal responsiveness to nociceptive feedback. All experiments were 

terminal, approved by the IACUC WUSTL, and conducted in 7 neurologically intact Sprague-

Dawley rats. A laminectomy was performed at the T13-L2 vertebrae, and a dual shank 

microelectrode array was implanted into the gray matter of the L5 spinal segment. Single- and 

multi-unit neural transmission was recorded throughout the dorso-ventral extent of the gray 



matter while mechanically probing the L5 dermatome to induce nociceptive or non-nociceptive 

cutaneous feedback before, during, and after sensory-targeted ISMS. ISMS was delivered in the 

deep dorsal horn as a series of discrete pulses, 7Hz, ~90% motor threshold. Outcome measures 

included the number and phenomenological type (i.e., wide dynamic range [WDR] or 

nociceptive specific [NS]) of neurons recorded during sensory transmission and spatiotemporal 

features of single and multi-unit discharge characteristics (e.g., firing rates). Surprisingly, 

sensory-targeted ISMS did not robustly modulate spinal responsiveness to sensory feedback. No 

changes in discharge characteristics were evident in response to either 2 or 10 min epochs of 

ISMS, and 30 min of sensory-targeted ISMS led only to a minor depressive effect in the mean 

firing rate of NS neurons. Multi-unit patterns of neural transmission were highly variable, with 

1/4 rats exhibiting a net increase in responsiveness to sensory feedback, 1/4 exhibiting a 

decrease, and 2/4 being effectively invariant. These findings appear to suggest that motor-

targeted, not sensory-targeted, ISMS is more efficacious at reducing spinal responsiveness to 

nociceptive feedback. However, it is unclear at present whether the apparent lack of effect is 

related to the ISMS parameters, which were chosen to mirror those used for motor-targeted 

ISMS, or if it is instead related to the neuromodulatory profile of motor-targeted ISMS. 

Disclosures:  G.N. Moreno Romero: None. M. Bandres: None. J. McPherson: None. 

Poster 

PSTR022. Spinal Cord Injury: Neuromodulation Therapies I 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR022.27/V25 

Topic: C.11. Spinal Cord Injury and Plasticity 

Support: NIH NIDA RO1 DA047637 

Louis and Harold Price Foundation 

H & H Evergreen Foundation 

J. Yang Family Foundation 

Title: Dorsal and Ventral Cervical Epidural Electrical Stimulation Opposes Opioid-Induced 

Respiratory Depression via Different Respiratory Neural Circuits 

Authors: *J. PEYER1, R. HUANG1, E. GARNER2, Y. ZHOU1, D. CHIOU1, M. 

MADHAVAN1, A. PATEL1, M. YAMAMOTO1, S. WANG3, T. HOMSEY2, T. LUO2, H. 

VINTERS2, N. SALAMON4, M. NUWER5, I. WU6, J. C. LEITER7, D. LU1;  
1UCLA Neurosurg., Los Angeles, CA; 2UCLA Neurosci., Los Angeles, CA; 3UCLA Intrnl. 

Med., Los Angeles, CA; 4Radiology, David Geffen Sch. of Med. at UCLA, Los Angeles, CA; 
5UCLA Neurol., Los Angeles, CA; 6UCLA Anaesthesiology, Los Angeles, CA; 7Dartmouth 

Med. Sch., Lebanon, NH 

Abstract: Opioids are a leading cause of overdose-related deaths in the US, accounting for 

70.6% of fatalities in 2019 due primarily to respiratory depression. Epidural electrical 



stimulation (EES) has emerged as a novel approach for facilitating rhythmic movement such as 

respiration in humans and rodent models. To reveal the mechanism underpinning modulation of 

respiratory neural circuits, we compared the effects of dorsal and ventral cervical epidural 

electrical stimulation (D-CEES, V-CEES) on respiration after opioid-induced respiratory 

suppression or depression (OIRD) via administration of remifentanil in anesthetized patients 

undergoing medically necessary spinal cord surgery. We hypothesized that V-CEES activates 

ventral horn motoneurons while D-CEES recruits local spinal circuits and tracts to supraspinal 

structures. We enrolled 43 patients receiving opioids during ventral (n = 25) and dorsal (n = 18) 

cervical spinal surgery. EES was delivered to the spinal cord (C2-C7) for <90 seconds at an 

optimal intensity (0.5-5mA) at 5Hz or 30Hz. The subjects’ vital signs were recorded 

intraoperatively. Electromyograms (EMG) were used to monitor respiratory and upper extremity 

muscles such as the diaphragm, laryngeal, intercostal, genioglossal, and deltoid muscles 

bilaterally. The anesthesia stage was measured via electroencephalogram (EEG). A pneumotach 

recorded each patient’s airway pressure. An independent anesthesiologist, tasked with ensuring 

patient safety, maintained a stable surgical plane of anesthesia via propofol in conjunction with 

minimal remifentanil prior to EES. We divided the responses into 2 states: ON- and OFF-State. 

The ON-State condition was defined as suppressed, but still present, respiration compared to 

baseline through an additional dose of remifentanil (0.001-.05mcg/kg/min). OFF-State condition 

was produced by dosing the subject with the lowest sufficient concentration of remifentanil 

(0.05-0.1mcg/kg/min) necessary to induce apnea. We observed four main differences between D- 

and V-CEES in regulating respiration in the presence of remifentanil: 1) D-CEES alone induced 

inspiratory phase resetting; 2) D-CEES induced longer lasting respiratory modulation after EES 

cessation; 3) D-CEES induced both frequency and tidal volume changes of respiration while V-

CEES modulated the tidal volume more significantly; and 4) D-CEES respiratory modulation 

was inhibited more significantly during the OFF-state, while the most responsive spinal level to 

V-CEES, C6/7, maintained its respiratory modulation in both ON- and OFF-States. These 

observations suggest D- and V-CEES facilitate respiration via different neural circuits. 
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Abstract: Trunk control plays a pivotal role in many essential activities such as controlling 

posture, facilitating voluntary limb movements, and improving gastrointestinal functions. 

Deficits of trunk control are prevalent in patients with spinal cord injury (SCI), compromising 

their life quality and limiting their capacity for independent living. However, interventions for 

improving trunk control in patients living with SCI remains under-studied. The lack of 

quantitative and standardized scales to measure trunk control in subjects with SCI is one of the 

main factors that limits therapy development. Due to the relative static nature in the kinematics 

of trunk control and the complexity of the coordination of muscles involved, the correlation 

between trunk control and the specific spinal level and injury severity has yet to be established. 

To understand how SCI impairs trunk stability, we established a random-forest-based (RF) 

regression model to perform multiplexed detection of biomechanics markers in order to identify 

SCI-specific alterations in the trunk control. Seven healthy control subjects and eighteen subjects 

with varying injury levels (high cervical to low thoracic) and severity (American Spinal Injury 

Association, ASIA, Impairment Scale A-D) of traumatic SCI were recruited to perform an array 

of seated trunk tasks. Three types of data were collected during the task: the success rate for 

completing the trunk task without the recruitment of additional body parts to aid in stabilizing 

the trunk, the three-dimensional (3D) kinematics features extracted from 18 motion capture 

markers placed bilaterally on the test subject, and the concurrent electromyography (EMG) data 

acquired bilaterally from four pairs of core muscles. The model was cross validated by two types 

of leave-one-out (leave one test or one patient out) with 67% accuracy. Our novel approach is 

promising and can be applied to predict the specific outcome in trunk function for SCI patients, 

thus allowing for individually tailored rehabilitation programs that target specific muscle groups 

responsible for motion impairments. By employing this machine learning-enabled multiplex 

biomechanics quantification, clinicians and researchers can gain valuable insights into trunk 

control deficits in SCI patients and advance rehabilitation strategies to enhance their functional 

outcomes. 
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Abstract: Optogenetic modulation of peripheral motor activity is an attractive tool for 

rehabilitating motor deficits in conditions such as spinal cord injury (SCI) as it possesses a 

number of potential benefits over electrical stimulation. In addition, prior studies using 

intramuscular virus injections for optogenetic labelling of peripheral motor nerves have 

suggested that these techniques may eventually be translatable to clinical use in humans. 

However, physiologic changes associated with SCI such as muscle atrophy, remodeling of 

neuromuscular junction (NMJ) structures and altered immune system activity may present 

challenges to the application of optogenetic techniques in a chronic SCI setting. In this study, we 

sought to determine the time window after SCI during which viral-mediated expression of 

optogenetic proteins in peripheral nerves is feasible, as well as compare timelines and levels of 

opsin expression in rat SCI models vs. non-injured rats. Fischer344 rats received a hemi-

transection, contusion, or complete transection SCI at vertebral level T9 followed by a waiting 

period of two or four weeks. Next, rats received intramuscular virus injections in either the left or 

bilateral tibialis anterior muscles to target channelrhodopsin (ChR2) expression to the 

corresponding peroneal nerve(s). Weekly testing sessions were performed with each rat from two 

until twenty weeks after virus injection to evaluate functional opsin expression. For each session, 

transdermal optical stimulation sequences were applied to the target nerve while recording 

intramuscular electromyograms (EMG) from the injected muscle; force measurements were also 

made in a subset of rats. Nerve and muscle samples were examined for opsin expression and 

NMJ changes using immunohistochemistry at the conclusion of the experiment. Onset of optical 

sensitivity in targeted nerves was similar for all groups; rats began to produce EMG responses to 

optical stimulation between two and six weeks after virus injection. Optical stimulation also 

evoked foot movements in injured rats that could not voluntarily move their hindlimbs. Offset of 

optical sensitivity was variable across groups; rats stopped responding to optical stimulation as 

early as eight weeks after virus injection, though optical stimulation produced visible movements 

at twenty weeks after injection in many animals. Overall, these results demonstrate that 

optogenetic protein expression in peripheral motor axons via intramuscular virus injection is 

feasible following chronic SCI, offering further support for optogenetic stimulation as a potential 

rehabilitation therapy for restoring paralyzed movements. 
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Abstract: A major goal of systems neuroscience is to understand how the brain represents 

sensory information. This is difficult to achieve in the olfactory system, as odor stimuli are 

complex and difficult to manipulate. Odors activate subsets of olfactory bulb (OB) glomeruli, 

which respond sequentially throughout the sniff cycle. The glomeruli project, via OB mitral and 

tufted cells, to the piriform cortex (PCx), where different odors activate distinct ensembles of 

neurons. Current models propose that the PCx functions as a coincidence detector, where 

individual neurons respond to specific combinations of co-activated glomeruli to form holistic 

“odor object” representations. However, there is little in-vivo evidence to support this 

combinatorial coding scheme. To understand how OB inputs are integrated in the PCx, we 

performed a series of experiments using patterned optogenetic stimulation of OB glomeruli while 

recording spiking in the PCx of the awake mouse. We first stimulated pairs of glomerulus-sized 

spots starting at inhalation onset, and varied the time interval between the spots, from 0-70ms. 

Surprisingly, synchronous stimulation rarely evoked supra-linear responses. Instead, neurons 

exhibited distinct temporal tuning curves that peaked at different inter-stimulus intervals. The 

shape of the two-spot tuning curves could often be predicted by summing the responses evoked 

by each spot in the pair. These results argue against a simple coincident input detector 

model.Instead, our results suggest that PCx neurons are tuned to the timing of their inputs 

relative to respiration. To test this hypothesis directly, we stimulated different spots distributed 

across the OB every 300ms, in pseudorandom order, and then binned each trial by its respiration 

phase. PCx neurons exhibited stimulation phase tuning, and the distribution of preferred phases 

of the population of neurons tiled the sniff cycle. Remarkably, a neuron’s preferred phase was 

consistent across different stimulation sites. Blocking the ipsilateral nostril attenuated phase 

tuning, indicating that respiratory-modulated activity in the PCx has a peripheral origin. These 

results suggest that PCx neurons may receive similarly phase-tuned OB inputs. Our results 

indicate that individual PCx neurons are optimized to read out OB activity occurring during a 

particular window of the respiration cycle. This phase-to-rate coding scheme may allow for 

efficient representation of glomerular activity across the respiration cycle and demonstrates how 

temporal coding can facilitate information transmission across brain regions. 
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Abstract: Representational drift refers to over-time changes in neural activation accompanied by 

a stable task performance. Despite being observed in the brain and in artificial networks, the 

mechanisms of drift and its implications are not fully understood. We use chronic imaging of 

odor responses in the piriform cortex in combination with theory and simulations to develop and 

validate the model of this phenomenon. Here, we study the drift in a continual learning scenario, 

induced by the stochastic presentation of stimuli in a two-layer neural network. By decomposing 

the learning dynamics into the normal and tangent spaces of the minimum-loss neural manifold, 

we show the former correspond to a finite variance fluctuation, while the latter could be 

considered as an effective diffusion process on the manifold. Consistently with earlier 

experiments, we show that the drift rate is slower for a more frequently presented stimulus. Our 

model yields the prediction that drift should occur along the manifold of minimum loss, and, as 

such drift direction is restricted to the odor space which contains the representations of individual 

odorants. We collect data on chronic Ca imaging of odor responses in the piriform cortex. These 

data are used to test our theoretical predictions. Overall, our analysis yields a theoretical 

framework for better understanding of the drift phenomenon in biological and artificial neural 

networks. 
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Abstract: To understand the sense of smell, it is crucial to investigate the relationships among 

odor chemical structures, neural activities, and behavioral responses. The relation between odor 

chemical properties and neural activities has mainly been investigated using animal models. 

Those studies have suggested that the encoding of chemical information in the brain undergoes a 

gradual reshaping process, leading to the neural foundations of perception. However, knowledge 

regarding the human olfactory system is limited. To date, only a few fMRI studies have reported 

that odor chemical and perceptual information is represented at distinct regions of the olfactory 

cortex. Due to the low temporal resolution of fMRI, the dynamic changes in chemical 

representation over time in the human brain remain unclear. Moreover, even in rodents, it 

remains uncertain whether the initial chemical representation serves any purpose beyond a 

precursor to the formation of perceptual representations. Thus, in this study, we conducted two 

types of EEG experiments to examine the temporal dynamics and functional significance of odor 

representations. In Experiment 1, we recorded EEG responses to structurally and perceptually 

diverse odors. Using time- and frequency-resolved representational similarity analysis, we 

investigated the relationships between the chemical properties of odors, their perceptual 

properties, and neural activities. We also assessed the inter-subject correlation between the 

degree of chemical representation in the brain and odor discrimination ability to understand the 

functional role of these neural representations. In Experiment 2, we recorded EEG responses 

while participants performed an odor discrimination task and analyzed the differences in odor 

decoding accuracy between correctly and incorrectly answered trials. Our findings revealed that 

neural representations of odor chemical information emerged prior to perceptual representations, 

particularly in the theta and delta frequency bands. In the early theta band, the degree of 

chemical representation exhibited a positive correlation with odor discrimination ability, and the 

accuracy of odor decoding was higher in trials where subjects correctly answered the odor 

discrimination task. These results provide insights into the spectro-temporal dynamics of odor 

representation in the human brain and suggest that, during early latency, the neural 

representation of chemical information serves as a foundation for odor discrimination 

performance at the behavioral level. 
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Abstract: The olfactory bulb projects to multiple olfactory cortical areas including the anterior 

olfactory nucleus and tenia tecta (AON for simplicity), which then connects to the downstream 

structures that are crucial for odor-guided behaviors. The anatomical connections and functions 

of the AON to its downstream targets are not well established. To gain genetic access to the 

AON neurons, we performed a differential gene expression search in the Allen Brain Atlas and 

identified the neuromedin B receptor (NMBR) gene as a molecular marker for the AON neurons. 

Using the CRISPR-Cas9 gene-editing approach, we generated an NMBR-Cre knock-in mouse 

line. Anatomical tracing from the AON neurons revealed specific reciprocal connections with the 

nucleus of lateral olfactory tract (NLOT) of the cortical pallial amygdala. Whole-cell patch 

clamp recordings combined with optogenetic activation confirmed that AON neurons make 

monosynaptic connections onto NLOT neurons. Furthermore, in vivo fiber photometry revealed 

odor and/or sniff induced Ca2+ signals in the AON neuron axonal terminals in the NLOT as well 

as in NLOT neurons (specifically targeted in the SLA-Cre mouse line) of freely behaving mice. 

Finally, ablation of excitatory neurons in the NLOT not only impaired olfactory guided food 

search and social discrimination but also disrupted aversive behavior to a synthetic predator 

odor. Consistently, chemogenic inhibition of NLOT projecting AON neurons also disrupted 

olfactory guided behaviors. Taken together, these results indicate that the NLOT and AON-

NLOT pathway play a critical role in a variety of odor-guided behaviors. 
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Abstract: Animals must learn to both discriminate between and generalize across different odors 

to survive. For example, a mouse foraging for food must learn to discriminate the odor of a 

rotten fruit from a fresh fruit. At the same time, the mouse must be able to generalize across 

different types of fruit odors. Where and how these two processes are implemented remains 

unclear. The piriform cortex (PCx) is only two synapses away from the olfactory epithelium and 

is the first and largest region in the olfactory pathway. The PCx contains two types of projection 

neurons, pyramidal cells (PYRs) and semilunar cells (SLs). PYRs form an extensive recurrent 

intracortical network while SLs do not receive recurrent input. In addition, both cell types project 

to different regions making them suitable candidates to implement different computations during 

olfactory learning. We have optotagged hundreds of SLs and PYRs and recorded their spiking in 

head-fixed mice performing odor discrimination in a two alternative forced choice task, and have 

found that cell-specific odor representations emerged after odor learning. Mice were initially 

trained to discriminate between two distinct odorants. After becoming proficient, mice were 

presented with the two odorants and mixtures of the two at varying ratios. SLs and PYRs spiking 

activity was recorded during the first session (S1) after introducing the mixtures and the last 

session (S2) when mice were fully proficient at the task. We found that both cell-type responses 

to the odorants and mixtures were decorrelated during S1. Interestingly, by S2 responses to the 

odorant mixtures clustered with the dominant mixture component, which matched the mouse’s 

behavior. This suggests that both cell types can support discrimination and generalization 

depending on the learning stage. However, when training a classifier to explicitly generalize 

across mixtures with the same dominant component, the ability of SLs to generalize did not 

change across sessions but the ability of PYRs changed dramatically. PYRs performance was at 

chance levels during S1 and almost perfect during S2, outperforming SLs. This suggests that 

PYRs responses are highly plastic and adapt better to the behavioral demands. Our data indicate 

that odor discrimination and generalization are implemented in PCx, and suggest that distinct cell 

types - with distinct downstream projections - perform subtle but distinct computations to 

transform sensory input to ultimately drive appropriate behaviors. In general, our findings shed 

light on the role of segregated cortical circuits and provide insight into how their specific 

computations might be linked to behavior. 
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Abstract: The anterior olfactory nucleus (AON) is a secondary olfactory network receiving 

afferent input from the olfactory bulb and efferent input from the ventral hippocampus (vHC), 

among other areas. We and others have shown that connections from the vHC to the AON are 

important in associating odors with physical context. For example, both the vHC and AON are 

required to solve a context-modulated olfactory discrimination task, whereas when textures 

rather than odors are used as the primary stimulus, the vHC is still required but the AON is not. 

We hypothesize that coordinated neural activity between these areas is more coherent and 

organized during this contextually modulated odor discrimination task, in which required 

contextual information is transferred from the vHC to the AON, compared to similar odor 

discrimination tasks in which the physical context is irrelevant. We here record simultaneous 

local field potentials in the AON and vHC of awake/behaving rats performing either a simple or 

a context-modulated odor discrimination task. We hypothesize that interareal LFP dynamics will 

be more strongly coherent and directional when vHC input to the AON is needed to solve a task 

than when it is not. 

Disclosures:  D.E. Scott: None. D. Scott: None. O.D. Escanilla: None. M. Einhorn: 

None. D.M. Smith: None. T.A. Cleland: None. C. Linster: None. 

Poster 

PSTR023. Olfaction: Central Mechanisms and Behavior I 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR023.07/W9 

Topic: D.04. The Chemical Senses 

Support: ERC 

Title: Novelty detection and efficient coding in the zebrafish homolog of piriform cortex 
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Abstract: Area Dp of the teleost forebrain is the main synaptic target of the olfactory bulb and 

homologous to piriform cortex. Its structure and function suggest that it might store odor 

memories. Consistent with this hypothesis, we found that bilateral lesions of Dp in adult 

zebrafish impaired memory recall in an olfactory discrimination task. To explore Dp function in 

vivo, we measured odor-evoked calcium signals in the ventral portion of posterior Dp (vpDp) 

using 2-photon imaging through a microprism in awake head-fixed fish. Neurons in vpDp 

respond to stimulation with distributed and dynamical activity patterns. Responses were 

attenuated in an odor-specific manner after the first application of a novel odor. During 

subsequent trials, neuronal population activity underwent further changes that resulted in a 



sparsening and gradual stabilization of odor-evoked neuronal population activity. Although 

population responses exhibited considerable trial-to-trial variability they allowed for decoding of 

odor identity by a simple linear classifier. As mean activity decreased over trials, linear decoding 

accuracy remained stable or even improved. Hence, information about odor identity became 

represented more efficiently by fewer action potentials. Together, these observations suggest that 

Dp represents both the identity and the novelty of odors by at least partially separable 

components of population activity patterns. Consistent with this hypothesis, we discovered that 

neural dynamics is confined to odor-specific nonlinear manifolds in state space, separating 

responses according to identity and novelty. Taken together, our results indicate that novelty is 

an attribute of olfactory stimuli that is strongly represented in Dp. As novelty detection requires 

the comparison of sensory input against memory, this observation supports the notion that Dp 

(and piriform cortex) perform memory-based classification of odor representations. Moreover, 

our results indicate that young memories become increasingly efficient while remaining 

informative about odor identity, which is consistent with computational models of memory that 

have recently received attention. We are currently investigating how odor-reward associations 

modify representations of specific odors in Dp. 
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Abstract: The cerebellum has been associated with voluntary and spontaneous movement 

planning functions, maintenance of balance and posture, cognition, memory, vestibular function, 

and recent studies have also established the involvement of the cerebellum in the olfactory 

system. However, the specific pathway through which olfactory information reaches the 

cerebellum remains unknown. One potential communication route involves the Ventral 

Tegmental Area (VTA) and the hypothalamus, connected to the primary olfactory cortex and the 

cerebellum. This study aims to investigate the potential role of the VTA and the posterior lateral 

hypothalamic area as mediators of olfactory information transmission between the olfactory bulb 

and the cerebellum. To conduct the research, 24 male Wistar rats were utilized. Unipolar 

electrodes were surgically implanted in three target areas: the olfactory bulb, Crus I of the 

cerebellum, and the VTA or the posterior lateral hypothalamic area. Following recovery, 



multiunit activity (MUA) recordings were obtained while stimulating the rats with three distinct 

odorants: (1) almond scent to activate the primary olfactory system, (2) woodshaving from cages 

of sexually receptive females to stimulate the accessory olfactory system, and (3) clean 

woodshaving as a control stimulus. Preliminary results indicate MUA signal amplitude and 

frequency changes at the recording sites during stimulation with different odorants. Furthermore, 

temporal changes in MUA between the recording sites were analyzed to explore the pathway of 

olfactory information transmission from the olfactory bulb to the cerebellum via the VTA or the 

posterior lateral hypothalamic area. 
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Abstract: In the mammalian olfactory bulb (OB), gamma oscillations in the local field potential 

are generated endogenously during odor sampling, and slower beta oscillations arise when the 

OB couples dynamically with piriform cortex (PCx). Such oscillations arise from dynamical 

systems that generate organized periodic behavior in neural circuits, and correspond to spike 

timing constraints at millisecond timescales. As spike timing control on these timescales has 

clear implications for synaptic integration efficacy and spike timing-dependent plasticity, we 

explored the capacity of timing control on this scale to encode odorant information. First, we 

used OB slices to examine the spike timing dynamics evoked by “fictive odorants” generated via 

the spatiotemporally patterned optogenetic stimulation of olfactory sensory neuron axonal 

arbors. We found that a small proportion of principal neurons phase-locked strongly to the fast 

oscillations evoked by fictive odorants, and exhibited tightly coupled spike-spike synchrony on 

the gamma timescale during this stimulation. Moreover, the specific population of synchronized 

neurons differed based on the “quality”, but not the “concentration”, of the fictive odorant 

presented, and was conserved across multiple presentations of the same fictive odorant. Second, 

we analyzed the coordination of OB and PCx spike timing in vivo, using a public dataset of 

simultaneous electrophysiological recordings from both structures (pcx-1, NSF CRCNS.org, 

contributed by Bolding & Franks). Odor stimulation evoked characteristic epochs of gamma and 

beta oscillations, which became coherent during the beta epoch. Ensembles of principal neurons 



in OB and PCx phase-locked to these evoked gamma and beta oscillations, and synchronized 

with one another in odor-specific patterns. Interestingly, we found that neural representations 

based on principal neuron synchronization patterns exhibited different properties than the 

traditional metric predicated on spike rates. For example, in OB slices, representations based on 

synchrony discarded nearly all concentration-based variance, whereas spike rates still 

incorporated concentration information. Second, in vivo, following odor onset, both the OB and 

PCx demonstrated rapid increases in both the mean firing rate and spike synchronization of 

principal neurons; however, whereas firing rates in PCx rapidly dropped back to baseline, the 

elevated spike-spike synchronization levels persisted for the duration of the odor stimulus. Spike 

synchronization patterns are likely to underlie superior metrics for understanding neural 

computation and interareal communication. 
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Title: Robustness to noise in the olfactory system: behavioral and neural mechanisms 

Authors: *S. LYONS, P. A. ALICEA-ROMÁN, J. A. GOTTFRIED;  
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Abstract: The natural odors we encounter every day are complex, volatile mixtures that shift 

dynamically through space and time, face interference from other stimuli, and appear across a 

wide variety of contexts. The noise that arises from these common sources of spatiotemporal and 

contextual variability poses a significant challenge to the olfactory system. However, we know 

very little about how the olfactory system manages such noise to support robust odor 

identification and learning. We hypothesize that olfactory noise is processed in a manner 

consistent with approximate Bayesian inference. Whereas precise information is amplified and 

used to update beliefs about odor identity, noisy information is suppressed. By suppressing noisy 

information and amplifying precise information, the olfactory system can then make reliable 

perceptual judgments. Neurobiologically, we hypothesize that neuromodulatory systems mediate 

this process by amplifying the gain of neural populations carrying precise olfactory information 

and dampening the gain of neural populations carrying noisy olfactory information. To test these 

behavioral and neural hypotheses, we developed a probabilistic olfactory learning paradigm 

under 7T fMRI in which participants identified the dominant odor in mixtures of β-pinene (pine) 



and isoamyl acetate (banana). We manipulated the noise of the dominant odor by varying the 

ratios of the odor mixtures along a continuum from 100% pine to 100% banana. Consistent with 

our hypothesis, participants encoded information about the noisiness of the dominant odor and 

used this information to proportionately update their beliefs about its identity. Moreover, our 

neural data preliminarily support the role of neuromodulatory centers in the basal forebrain and 

brainstem in weighting the noise of olfactory information, as evidenced by measures of 

functional connectivity with piriform cortex. Overall, these results are consistent with our 

hypothesis that the olfactory system amplifies precise information and suppresses noisy 

information in the service of robust odor identification and learning. Furthermore, these results 

suggest a more general Bayesian processing scheme in the olfactory system that should be 

investigated in future research. 
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Abstract: Early Life Adversity (ELA) significantly increases the later risk for depression with 

sex disparities in humans. Depression has been associated with disturbances in the hedonic 

perception of odorants. Olfaction serves a primary role in social interactions, food intake, and 

hedonic responding to daily pleasures. Thus, the study of altered olfactory perception and 

hedonic processing of chemosensory cues after ELA may provide insights into basic 

neurobiological disturbance underlying pathology. Further, such studies may identify key 

pathways that impact quality of life, contributing to the development and severity of depressive 

symptoms as well as sex differences in risk. Here, we used the limited bedding and nesting 

protocol in mice to model ELA in the form of fragmented maternal care. The aim of this study 

was to determine whether ELA altered the hedonic processing of odorants in adult male and 

female mice, and to identify neural substrates underlying those effects. First, we found that male 

and female pups showed delays in somatic growth around the time of ELA but that females 

quickly compensate for this loss during the peri-adolescent period, an effect that was not as 



robust in males. Finally, we found evidence of depressive-like outcomes and altered perception 

of pleasant odorants in adult male but not female mice with history of ELA. We used fine 

structural analysis of neurons, cellular imaging and fiber-photometry to decipher the neural bases 

of ELA. We found sex-selective effects on the morphology and activity of the neurons in the 

olfactory bulb of ELA reared mice in response specifically to pleasant odorants. Additionally, in 

adult males only, we found altered recruitment of the reward system with changes in the 

functionning of the olfactory tubercle and ventral tegmental area, key structures involved in the 

odor hedonic coding. These results highlight potential impacts of ELA on network development 

and response to exogenous signals, diminishing interest in pleasant odorants with sex specificity. 

The current results point to ELA altering the neural substrates involved in olfactory sensory 

function and reward in males, with implications for understanding sensitivity or resilience for 

anhedonia and symptom severity in individuals at risk for depression associated with prior 

history of ELA. 
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Title: Detecting lung cancer using honeybee olfactory neural circuits 
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Abstract: Metabolic processes are altered in cancer cells, and these changes are manifested in 

the volatile organic compound (VOC) composition of exhaled breath. Several studies using gas 

chromatography - mass spectrometry (GC-MS) and other engineered gas-sensing platforms 

indicate that individual VOCs can be up- or down-regulated due to cancer. However, due to the 

component-wise identification of VOCs used by GC-MS, it struggles to classify the entire 

complex mixture of thousands of low concentration VOCs present in human breath (parts-per-

billion to parts-per-trillion range). Biological VOC sensing systems (olfactory sensory systems) 

are extremely sensitive, able to detect multiple volatile chemicals at low concentrations, and 

have evolved to classify complex mixtures found in natural environments. Here, we used an 

intact insect (honeybee) brain to harness the odor-evoked spiking responses of an olfactory 

neural circuit (antennal lobe) as a VOC sensor for lung cancer detection. The insect antennae, 



analogous to vertebrate noses, contain sensory neurons that interact with VOCs. Signals from 

these sensory neurons travel to the antennal lobe in the insect brain, within which a biological 

spatiotemporal coding scheme is used to detect upwards of trillions of odor mixtures. To achieve 

our goals, we combined in vivo extracellular recordings from the antennal lobe with an 

electrophysiology platform and employed biological neural computation schemes of antennal 

lobe circuitry for data analysis. We analyzed electrophysiology recordings using both semi-

automated spike sorting and fully automated root mean squared (RMS) filtering methodologies. 

Our results demonstrate that honeybees can reliably detect and distinguish nine different putative 

lung cancer biomarkers and can classify mixtures of these biomarkers that mimic exhaled breath 

samples of lung cancer patients and healthy subjects. To perform the classification analysis, 

responses from individual recording sites are combined to produce odor-evoked population 

neural response vectors that capture the spatiotemporal information encoded within the brain. A 

simple linear classifier using Euclidian distance and winner-take-all scheme achieved more than 

85% accurate classification of cancer biomarkers. We also achieved 100% classification success 

of synthetic breath mixtures of lung cancer patients vs. healthy subjects, demonstrating that 

honeybee olfactory neuron response-based classification is sensitive and reliable. This study, 

along with our previous work using locusts to detect human oral cancer cell lines, provides a 

framework for the use of insect olfactory systems for cancer detection. 
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Title: Employing the locust olfactory system for the noninvasive detection of endometriosis 
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Abstract: Endometriosis is a gynecological disease characterized by the presence of endometrial 

tissue outside the uterus. It affects approximately 15% of reproductive age women and is 

associated with various non-specific symptoms. Definitive diagnosis is delayed an average of 7-



10 years after the onset of symptoms due to heterogeneity of symptoms and absence of specific 

biomarkers. Currently, laparoscopic surgery is the only acceptable method for the diagnosis of 

endometriosis and efforts to find non-invasive biomarkers have proved unsuccessful. The 

application of gas sensing technologies for the detection of endometriosis is rare, but has been 

used to noninvasively detect other metabolically linked diseases through the analysis of volatile 

organic compounds (VOCs). Several studies have utilized gas chromatography-mass 

spectrometry for the analysis of VOCs however this method uses a component-wise 

identification approach that is suitable for the identification of specific biomarkers. Since 

specific biomarkers have not been identified in the diagnosis of endometriosis, we carried out a 

non-specific approach to analyze VOC gas mixtures which may serve as an indicator of a 

diseased state within the body. Biological olfactory systems have evolved to detect minute 

differences in complex VOC mixtures in natural environments. Here, we address the challenge 

of detecting endometriosis noninvasively through a novel olfactory neuron-based sensor where 

we leverage the capacity of the entire biological olfactory sensory system of an insect brain 

(locust) and analyze neural responses to discriminate gas mixtures emitted from endometriotic 

vs. non-endometriotic cell lines. Our results demonstrate that this novel biosensing technology 

can discriminate between multiple types of endometriotic and non-endometriotic cell lines. For 

this study, VOC mixtures emitted from the cell cultures were delivered to the biological 

chemosensory array (antennae) and the neuronal responses (extracellular neuronal voltage 

signals) were obtained from the locust antennal lobe. Our analyses of cell culture headspace-

evoked neural responses show that individual neurons can distinguish each cell line by its ‘smell’ 

(emitted VOC mixture). By combining the neural responses across experiments, we obtained 

high-dimensional population neural response templates that were used to classify unknown gas 

mixtures to achieve high classification accuracy. This innovative approach harnesses the full 

power of a biological olfactory system for the detection of endometriosis via VOC gas mixture 

analysis and lays the foundation for a novel detection tool to aid in the diagnosis of this disease. 
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Abstract: LEARNING-INDUCED BIDIRECTIONAL ENHANCEMENT OF 

INHIBITORY SYNAPTIC METAPLASTICITY 

Sankhanava Kundu, Blesson Paul, Iris Reuevni, Raphael Lamprecht and Edi BarkaiSagol 

Department of Neurobiology, Faculty of Natural Sciences, University of Haifa, Haifa, Israel. 

Training rodents in a particularly difficult olfactory-discrimination (OD) task, results in 

acquisition to perform the task superbly, termed as ‘rule learning’. Following learning, in 

addition to enhanced intrinsic cellular excitability and synaptic excitation in piriform cortex 

pyramidal neurons, rule learning results with increased synaptic inhibition too at whole circuity 

level to the point where it precisely maintains the balance between inhibition and excitation in 

the cortical network. The mechanism underlying such precise inhibitory enhancement is yet to be 

explored. Here we use brain slices from transgenic mice (VGAT-ChR2-EYFP), enabling 

optogenetic stimulation of single GABAergic neurons and recordings of unitary synaptic events 

in pyramidal neurons. Minimal stimulus experiments revealed that the calculated quantal size of 

the evoked inhibitory events in trainedanimal’s neurons [12.2±4.1 pA, n=10] was significantly 

higher [F2,26= 3.62, p=0.041] than controlanimal’s neurons [naïve (8.9±2.1 pA, n=8), 

pseudotrained (8.7±2.8 pA, n=10)]. Next, we examined the plasticity of synaptic inhibition-

induced longlasting intrinsically evoked spike firing in postsynaptic neuron. Repetitive 

depolarizing current pulses from resting (-70mV) or hyperpolarized (-90mV) membrane 

potentials induced long-term depression (LTD) and long-term potentiation (LTP) of synaptic 

inhibition, respectively. We found a profound bidirectional increase in the ability to induce both 

LTD (evoked responses were reduced by [-40.4% ±19.6, n=20] from trained gr. compared to 

naïve [-17.5% ±16.5, n=14] and pseudotrained [-19.1% ±16.5, n=13]), mediated by L-type Ca+2 

calcium channels and LTP (evoked responses were elevated by [28.0% ±32.5 (n=19)] for trained 

gr. compared to naïve [6.6% ±21.9, n=14] and pseudotrained [3.9% ±21.2, n=13]), mediated by 

R-type Ca+2 channels. Blocking GABAB-receptor reversed the effect of intrinsic stimulation at -

90mV from LTP to LTD. In conclusion, we infer that intrinsic cellular adjustment for inhibitory 

inputs is bi-directionally strengthened following learning. Such cellular alteration allows fine 

tuning of inhibition on each principal neuron, thereby stabilizing the network to maintain the 

memory of rule learning. 
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Title: Investigating Mice's Behavioral Response to Predator Odors and Neural Correlations: A 

Wireless Monitoring Approach 

Authors: *H. LEE1, D. LEE2, D. KIM1, Y. LEE2, K. KIM2, S. LEE1;  
1ETRI, Daejeon, Korea, Republic of; 2KBRI, Daegu, Korea, Republic of 

Abstract: The olfactory sensory system, governed by the olfactory nerve (I) among the 12 pairs 

of cranial nerves emerging directly from the brain, is responsible for the sense of smell. This 

nerve facilitates the transmission of olfactory information from the nose to the brain, where it 

undergoes processing and interpretation. The sense of smell plays pivotal roles in taste, memory, 

and emotion, while also ensuring survival by aiding animals in detecting natural predators and 

potential threats. Many animals possess heightened olfactory senses, enabling them to detect 

predator scents and avoid danger. Smell also helps identify toxic substances or harmful elements 

like spoiled food or poisonous plants, enhancing animals' chances of survival. This research aims 

to examine mice's behavioral response to predator odors and correlate it with neural signals. We 

selected 2,4,5-trimethylthiazole (TMT), a compound derived from fox scent, as the olfactory 

stimulus. To facilitate unconstrained brain activity data collection and real-time brain activity 

analysis during unrestricted movement, we developed a customized wireless neural signal 

gathering system. This system, powered by a battery, incorporates an ARM Cortex-M4 

microprocessor unit (MPU), an INTAN amplifier chip, and a Bluetooth module. We focused on 

monitoring the amygdala regions of the brain for neural signals. Understanding resting and 

seizure behaviors of mice in response to predator odors holds significant importance. In a 36 L 

volume box equipped with a video recording instrument, we placed 5 uL of TMT, alpha-pinene 

(ALP), and saline separately and introduced the mice. Their behaviors were analyzed using a 

Python-based movement tracking algorithm. Results showed a 35% higher occurrence of resting 

or seizure-like movements with TMT exposure compared to saline. However, exposure to 5 uL 

of ALP yielded similar resting or seizure-like movements as TMT exposure. Differentiating 

responses to TMT, representing predator odor, and ALP, disliked by mice, solely through 

behavioral analysis is challenging. Thus, we employed a wireless device to monitor and analyze 

the amygdala's local field potential, known for its involvement in fear perception as well as 

behavioral analysis such as occupancy and seizure-like movement together showing increased 

gamma oscillation during TMT exposure compared to ALP exposure. Our study is significant 

because it presents research methodologies for both individual responses to particular odors as 

well as various situation of social interaction behavior of multiple individuals to various odors. 
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Abstract: Gastrin Releasing Peptide Receptors Modulate Gustatory Cortex Circuits 

Excitability and FunctionMaria Isaac1,2, Carlo T. Fontanini1 and Arianna Maffei1,21-

Department of Neurobiology and Behavior; 2- Graduate Program in Neuroscience, Stony Brook 

University, Stony Brook, NY  

Eating is a dynamic process driven by internal states, sensory and visceral information, and 

experience-based associations formed with food. The study of appetite regulation primarily 

focuses on hypothalamic circuits, although recent evidence points to the gustatory insular cortex 

(GC) as a fundamental component of feeding behavior. Gastrin releasing peptide (GRP), a 

neuropeptide that is highly expressed in the gustatory cortex (GC), induces meal termination in 

human and animal studies, when injected systemically. GRP signals through gastrin releasing 

peptide receptors (GRPRs), but the neurons expressing GRPRs in the gustatory system have not 

been identified. Furthermore, the role of GRP in modulating the native circuit within the GC 

remains unexplored. Here we used a transgenic mouse line labeling GRPR-expressing cells and 

report that they are enriched in GC. GRPR-GC cells comprise a histologically heterogenous 

population of neuronal cells. This heterogeneity was further verified by in situ hybridization and 

analysis of membrane properties using patch clamp recordings in acute slice preparations. 

Comparison of the prevalence of GRPR cells between male and female mice revealed a larger 

prevalence of GRPR expressing cells in males, unveiling possible sex differences in GRP 

signaling. Electrophysiological recordings showed that bath application of GRP substantially 

increases inhibitory drive onto GRPR expressing cells. Additionally, GRP application decreases 

excitatory drive onto GRPR expressing cells, while increasing it in GRPR- neurons. These 

results show that satiety signals like GRP exert a powerful influence on GC by engaging diverse 

populations of cells largely by increasing inhibition on GRPR positive cells. 
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Title: Extrasynaptic GABAAreceptors in the gustatory cortex and taste-dependent behavior 

Authors: *P. YEVOO, A. FONTANINI, A. MAFFEI;  

Stony Brook Univ., Stony Brook, NY 

Abstract: The gustatory cortex (GC) - a portion of the insular cortex - processes taste, reward 

expectation, and decisions about food intake in adults, making it a relevant model for studying 

cortical mechanisms underlying feeding behaviors. Structural and chemical anomalies in the 

insular cortex have been associated with dysfunctional eating. The Gabaergic system regulates 

food intake, but the substrates for this modulation are unknown. Here we test the hypothesis that 

altered tonic, neurosteroid-modulated, GABAergic inhibition levels in GC contribute to taste-

dependent impulsive choices, using the neurosteroid allopregnanolone and analyzing 

consummatory behavior and GC circuit excitability. We assessed the effect of local neurosteroid 

infusion in GC on sucrose preference and showed an increase in sucrose preference. This 

increase was associated with a neurosteroid-induced alteration of the animals' approach to food 

in a Go/No-Go task. To determine the neural mechanisms underlying the effects of 

allopregnanolone, we examined the patterns of expression of δ-GABAARs, the primary target of 

this neurosteroid, and report that these receptors are localized in different proportions on the 

somata of both inhibitory and excitatory neurons in GC. To explore the receptor's functionality, 

we employed patch-clamp recordings from neurons in acute slices to test the magnitude of tonic 

inhibitory currents. Our data show an increase in tonic currents following allopregnanolone 

application. Our findings reveal that increased sucrose preference is associated with changes in 

motivation to consume. This data supports the hypothesis that GC plays a central role in 

controlling ingestive behaviors and that tonic inhibition is a likely mechanism for controlling 

food-seeking behavior. Understanding the mechanisms underlying inhibitory control deficits will 

provide novel biomarkers for diagnosing, treating, and preventing neuropsychiatric disorders 

characterized by impaired motivational states and inhibitory control. 
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Abstract: Frontotemporal dementia (FTD) is the second most prevalent form of presenile 

dementia. Patients with FTD show a pathological sweet tooth and decreased ability to identify 

flavors. Taste perception depends on neural processing in chemosensory regions such as the 

insular cortex - a brain region that also contains the primary taste cortex, gustatory cortex (GC). 

The chemosensory deficits in FTD may be related to GC damage as insular cortex is one of the 

primary targets in FTD disease progression. Little is known on how circuitry changes related to 

FTD lead to abnormal activation of GC and to deficits in taste processing in FTD. The goal of 

this project is to test the hypothesis that the chemosensory deficits in a mouse model of FTD are 

related to abnormal patterns of neural activity in GC. TDP-43 inclusions are a significant 

pathological feature in 50% of FTD cases, thus we use a transgenic mouse model overexpressing 

human transactivating response region (TAR) DNA binding protein (TDP-43) with a Q331K 

mutation (Q331K mutants) To assess chemosensory deficits, we relied on a taste-based two 

alternative forced choice (2AFC) task probing the ability to discriminate sucrose/NaCl mixtures. 

Q331K mutants make more mistakes and show significant deficits in the mixture discrimination 

2AFC task. To monitor neural activity, we relied on electrophysiological recordings using 

chronically implanted tetrodes in alert Q331K mutants and control mice. Activity in GC was 

probed as mice licked multiple gustatory stimuli (sucrose 200mM, sodium chloride 50mM, 

quinine 0.5mM, citric acid 10mM). Classification analysis shows that taste decoding decays 

faster in Q331K mutant mice relative to control mice. Principal component analysis confirms 

that population activity dynamics evoked by the different gustatory stimuli are more similar in 

Q331K mutants than in control mice. Overall, these results demonstrate taste deficits in a mouse 

model of FTD and provide evidence for altered taste processing in GC of Q331K mutants 

compared to control mice. 
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Abstract: Cortical circuits for sensory systems undergo protracted maturation during the 

postnatal period. This circuit refinement is sensitive to experience and ultimately supports 

complex functions like perception and cognition. The gustatory insular cortex (GC), the primary 

sensory region for taste, regulates taste-based behaviors including taste preference, decision 

making and memory formation. At weaning, animals transition from relying on their mother’s 

milk to foraging for food, experiencing an abundance of novel tastes. This early taste experience 

influences the development of taste preferences. However, there is very little information 

regarding the time course of circuit maturation in GC. Here we used whole-cell patch-clamp 

electrophysiology, immunohistochemistry, and neuronal reconstructions to track postnatal 

changes in GC of male and female mice. In GC pyramidal neurons, we found an increase in 

spontaneous inhibitory postsynaptic currents (IPSCs) and no relative change in spontaneous 

excitatory postsynaptic currents (EPSCs) from pre-weaning to early adult ages, suggesting 

developmental regulation of the excitatory-to-inhibitory ratio. The changes in synaptic inhibition 

were accompanied by increases in parvalbumin (PV) fluorescence intensity in PV-expressing 

interneurons (PV+ INs) and accumulation of perineuronal nets on PV+ INs. We also observed 

morphological changes in pyramidal neurons, and a temporary decrease in excitability. These 

results suggest that maturation of GC circuits are largely associated with maturation of PV+ INs, 

and that these developmental processes may be sensitive to taste experience. We are currently 

mapping the local connectivity of inhibitory synapses onto pyramidal neurons and assessing how 

connectivity patterns and dynamics of these synapses change across postnatal development. 
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Title: Discrimination learning leads to enhanced representation of taste-guided decisions in the 

mouse gustatory insular cortex 
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Abstract: The ability to discriminate between overlapping sensory stimuli is essential for 

survival. This phenomenon, known as discrimination learning, has been extensively studied in 

the visual, auditory, somatosensory, and olfactory systems, using operant tasks paired with 



neural recordings in behaving animals. Discrimination learning is especially important in the 

case of taste, where it could mean the difference between ingesting a nutritive meal and a poison. 

Despite this, few studies have addressed the mechanisms of taste discrimination learning. Based 

on work in other sensory systems, two general mechanisms have been proposed; i) sharpening of 

sensory representations or ii) enhanced ability of “higher-order” decision-making circuits to 

interpret sensory evidence. Importantly, these mechanisms are not mutually exclusive. The 

gustatory insular cortex (GC) plays an important role in mediating ingestive choices by encoding 

both sensory and decision-related information in time-varying patterns of neural activity, but its 

role in taste mixture discrimination remains unclear. To study the role of GC in discrimination 

learning, six head-fixed mice were trained to perform a taste mixture discrimination two 

alternative choice (2-AC) task. Two photon calcium imaging was used to record neural activity 

as mice learned to discriminate between increasingly similar pairs of taste mixtures. The task 

includes a delay epoch to separate sensation from action, allowing for examination of the 

evolution of neural responses across task trials. Single neuron and population decoding analysis 

demonstrate early sensory responses emerging directly after stimulus presentation, with binary 

responses to the upcoming choice emerging later in the delay. Further, after extensive training on 

the mixture discrimination task, a selective enhancement of decision-related responses in the 

delay was observed. These results demonstrate that while both sensory and decision-related 

information is encoded in GC ensembles in the context of a taste-mixture discrimination task, 

learning and improved performance is associated with a specific enhancement of decision-related 

responses. 
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Abstract: As present in diverse levels of sensory information processing, perceived sweetness to 

prolonged exposure of sweet compounds declines over time. This so-called sweet adaptation has 

long been known to be mediated by the internalization of sweet receptors at the apical tip of taste 

buds. Here, we report that there is an alternative mode of sweet adaptation occurring within the 

taste bud, possibly mediated by intercellular interaction between glia-like type I and sweet-

sensing type II cells. First, exploiting volumetric microscopy on fungiform taste buds in vivo, we 

revealed that the downstream afferent nerve terminals exhibit a higher degree of sweet 

adaptation compared to the upstream type II cells. Next, we identified that purinergic crosstalk 

from type II to type I cells is mediated by a specific subtype of P2Y receptor. Pharmacological 

activation of type I cells resulted in significant attenuation of taste-evoked ATP release from type 

II cells and neural calcium activity in the afferent nerves, indicating that type I cells provide 

inhibitory modulation to the peripheral transduction of sweet information. Taken together, our 

results substantiate that peripheral sweet adaptation is not only mediated by receptor 

internalization, but also by intercellular crosstalk between type II and type I cells. 
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Abstract: Geniculate ganglion houses cell bodies of pseudounipolar neurons that relay taste 

information from the tongue to the brain. As a relay station, geniculate neurons are known to 

respond on time to orally delivered taste stimuli to transfer taste identity to the brain in a timely 

manner. To reliably record neuronal responses to taste stimuli, we surgically secured optical 

access to the geniculate ganglion in an anesthetized mouse and performed widefield calcium 

imaging on it while controllably delivering taste substances on the anterior tongue. We used six 

single taste substances (sweet, bitter, sour, umami, low salt, high salt) and all possible binary 

combinations of six single tastes to see whether interaction between tastes affects the neurons in 



a geniculate ganglion. Intriguingly, we observed that simply averaging calcium responses 

responding to each single taste wasn’t fully fit with calcium responses responding to binary taste 

mixtures, implying synergistic/antagonistic interaction between specific tastes initiates from 

peripheral nervous systems. As we consume tastes in a form of mixture of various tastes rather 

than a form of single taste substances in our daily life, robust in vivo imaging of geniculate 

ganglion enables us to infer the expected sensation of a specific combination of tastes without 

direct foretaste. 
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Abstract: Sweet, bitter and umami tastes are transduced via taste GPCRs and a signaling 

cascade that includes phospholipase Cβ2 (PLCβ2). In addition, glucose and certain sugars are 

believed to act on taste cells via transmembrane transporters, independent of GPCRs and PLCβ2, 

and stimulate cephalic phase insulin release (CPIR). We tested a panel of sugars and an artificial 

sweetener to determine if any might evoke PLCβ2-independent responses in gustatory neurons of 

the geniculate ganglion in vivo. We recorded taste-evoked Ca2+ responses in geniculate ganglion 

neurons in male and female Plcb2-/- (ko) mice or heterozygous littermates in which GCaMP3 is 

expressed in sensory neurons. As expected, taste-evoked responses to brief exposure (5 sec) of 

NaCl (250 mM) or citric acid (10 mM) showed no significant difference between Plcb2 ko and 

heterozygous mice (p=0.85 and 0.09, respectively; n=7 ko, 6 het; Mann-Whitney). By contrast 

and as expected, brief taste stimulation with 300mM sucrose or a bitter mixture (0.3 mM quinine, 

1 μM cycloheximide) rarely elicited responses in Plcb2 ko mice. Yet, to elicit CPIR, 

experimenters use long duration stimulation (≥ 30 sec) and high concentrations (up to 1M) of 

sugars. Thus, we applied 30 sec stimulation with 1M glucose, maltose, sucrose, or fructose, or 15 

mM AceK. Under these conditions, responses to these sweeteners were now observed in Plcb2 

ko mice, albeit often not as large as those in het mice. Importantly, responses to 1M glucose were 

not significantly different between Plcb2 ko and heterozygous mice (glucose p= 0.11; other 



sweeteners p=0.01 to 0.02; Mann-Whitney 

test). As a control, we recorded responses to brief (5 sec) application of high concentrations of 

sweeteners, presented for only 5 sec. We observed very few responses in Plcb2 ko mice, a 

dramatic difference from heterozygous mice. In summary, responses in gustatory afferent 

neurons to extended stimulation with glucose, the primary trigger for CPIR, are similar between 

Plcb2 ko and heterozygous mice, suggesting that glucose is detected via a non-GPCR/Plcb2 

transduction pathway. In contrast, the data are consistent with the other sweeteners we tested 

being detected through canonical GPCR/Plcb2 transduction, as extensively documented. 
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Abstract: Understanding how sensory systems drive behavior requires knowledge about the 

identity, connectivity, and response patterns of the population of neurons involved in detecting, 

transforming, and integrating sensory information. Gustation, despite its medical and 

physiological importance, is the least understood of the main sensory systems. The moth 

Manduca sexta is an excellent model for studies of gustation. It has a relatively simple nervous 

system yet exhibits complex gustatory behaviors, allows for electrophysiological recordings, and 

the analysis of multiple brain regions in awake animals while presenting real taste stimuli. 

Previous work showed that gustatory sensory neurons (GSNs) in the periphery and second order 

neurons (SONs) in the primary taste brain center, the sub-esophagus zone (SEZ), use a 

population code to represent individual taste chemicals rather than broad taste categories (Reiter 

et al, 2015). However, it is still unclear how taste information is transformed as it moves to other 

brain areas. To further understand this process, we combined anatomical and 

electrophysiological approaches. To assess the possibility that tastes elicited coordinated 

population activity, we recorded local field potentials (LFPs) from the SEZ while presenting 

pulses of tastants to the proboscis (Boronat et al, 2017). Taste pulses elicited strong, regular LFP 

oscillations of ~ 20-50 Hz, with a peak at ~40 Hz. Recordings with sharp intracellular electrodes 

made from SONs revealed taste-elicited oscillatory responses in the membrane potentials of 



these neurons that correlated with those in simultaneously recorded LFPs. Further, taste-induced 

oscillations were reversibly and significatively reduced or abolished by injecting picrotoxin, a 

GABA antagonist, but not saline, into the SEZ, suggesting inhibitory neurons may participate in 

coordinating the oscillatory activity. These findings emphasize the complexity of the gustatory 

circuit. However, several important questions remain unanswered, such as the role, if any, played 

by this pattern of activity in processing gustatory information. Our studies will provide a more 

comprehensive understanding of the gustatory system. 
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Abstract: Gustation (the sense of taste) is essential for distinguishing nutritious foods from 

toxins and enhancing quality of life. Yet, the mechanisms underlying gustation are still debated. 

There are two main hypotheses about how gustatory signals are encoded: 1) labeled line, which 

posits that relatively few taste categories exist and are encoded by parallel, independent paths 

through the brain, and 2) combinatorial codes, which suggests that tastes, potentially of many 

kinds, are encoded by combinations of simultaneously active neurons that each respond to 

multiple tastes. Results obtained from the moth Manduca sexta indicate first and second-order 

gustatory neurons use a combinatorial coding mechanism. Here, we test these ideas in 

Drosophila melanogaster because it allows for comprehensive and reproducible experiments to 

address this controversy at the level of single, identifiable neurons. Because the labeled line idea 

specifies pathways for different tastes will not converge, we used anatomical and physiological 

approaches to test for the convergence of multiple types of first-order gustatory receptor neurons 

(GRNs). We focused on an identified second-order suboesophageal zone (SEZ) interneuron 

G2N-1 (Miyazaki et al, 2015). First, with GFP Reconstitution Across Synaptic Partners 

(GRASP), we found that G2N-1 receives direct input from GRNs expressing receptors PPK23 

(responds to high concentrations of salt and bitter tastants), PPK28 (responds to water or low 

concentrations of salt) and GR64f (responds to sugars). Next, we stimulated neurons expressing 

GR64f or PPK28 optogenetically, and, using calcium imaging, found that G2N-1 responded. 

And finally, we showed that G2N-1 is activated when pulses of high concentration sucrose or 

high concentration NaCl are delivered to the fly’s proboscis. To understand how responses of 



second-order neurons are processed downstream we are seeking their follower neurons. Recent 

research points to several brain regions that could function as third order gustatory processing 

areas. We focused on the superior medial protocerebrum and superior lateral protocerebrum. We 

are exploring the connectivity to these two regions using TransTango. Together, these 

experiments will provide a more comprehensive view of how the gustatory system encodes taste. 
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Abstract: Electrophysiological recordings in the gustatory portion of the nucleus tractus 

solitarius (NTS) have revealed that both taste-responsive and motor-related cells respond to 

exploration of solid food. Further, when a rat engages with food, the firing patterns of NTS cells 

align in a predictable way, suggesting an organizational shift. Moreover, many cells respond in 

anticipation of contact with food, prior to any contact. We hypothesized that this orderly 

alignment, as well as the anticipatory (potentially olfactory) activity, may be directed by cortical 

input. To test this hypothesis, we optogenetically silenced the projections of the gustatory cortex 

(GC) to the NTS just before the rat enters a “well” filled with solid food. Initially, an adeno-

associated viral construct encoding halorhodopsin-EYFP (eNphR3.0) was infused unilaterally 

into the GC. Rats were later implanted with a drivable microelectrode bundle in the ipsilateral 

NTS and allowed to recover. An experimental chamber contained a variety of solid foods placed 

in the wells positioned at the corners. Custom software defined invisible “zones” surrounding 

two of the wells where a breach of the zone triggered a train of laser pulses that remained on 

until the rat’s head left the well. A 589 nm laser was used to inhibit GC terminals in the NTS. 

Following each trigger, a pulse train (15ms pulses, 25Hz, 8-10 Watts) was delivered through the 

tip of the fiberoptic. The remaining two wells were filled with matching foods but well entry did 

not trigger the laser. Foods were dark chocolate (90% cacao), milk chocolate chips (37% cacao), 

Granny Smith apples or salted peanuts. An infrared beam across the entrance to each well 

recorded well entry and exit. Food sessions were videotaped and scored offline for eating. 

Results from 12 NTS cells showed that silencing GC input to the NTS as the rat approached a 

food well had effects that varied across cells. These effects included: suppressing the number of 



laser-associated well entries, enhancing or attenuating the response to well entry for some foods 

and/or shortening the anticipatory response to well entry. In addition, GC-NTS silencing 

modulated high frequency (60-100 Hz) activity associated with approach and entry of the head in 

the well. This result may reflect a disruption of upstream communication about food. 

Collectively, these data suggest that GC input to the NTS exerts a subtle but consequential 

organizational effect on the neural responses to appetitive and consummatory behavior. In 

addition, effects of GC-NTS silencing on NTS responses prior to well entry suggests that the GC 

may be delivering food-related olfactory input to the NTS to hone food acceptance or rejection. 
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Abstract: Type III cells in the taste buds are known for encoding sour taste, as well as sensing of 

water taste. Here we report a novel functional role of type III cells in encoding of sweet off-

response. Using in vivo functional imaging of genetically-targeted type III cells in fungiform 

taste buds, we observed that a subpopulation of sour-sensing type III cells exhibits calcium 

activity in response to sweet offset, but not the onset, amidst the termination of prolonged sweet 

stimuli. The longer duration of sweet stimuli was more effective in evoking the sweet off-

response, implying the existence of an underlying cumulative phenomena. Pharmacological 

inhibition experiments suggested that hyperpolarization of type III cells, which is analogous to 

the mechanism of off-response auditory neurons, underlies the sweet off-response. Taken 

together, these results may indicate that taste buds are capable of generating secondary signals 

through cellular interaction. 
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Title: Early-life ingestion of non-nutritive sweetener associated with lowered expression of 

sweet taste cell markers in the circumvallate lingual epithelium and smaller circumvallate taste 

bud field size in adult rats. 
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Abstract: Non-nutritive sweeteners (NNS) are promoted as healthier choices than sugar, but 

they may have negative long-term health impacts, especially when consumed during critical 

developmental periods. We previously found that food-restricted rats exposed early in life to 

NNS lick fructose more avidly than unexposed rats and have lower expression of one of the 

sweet taste receptor genes, Tas1r3, in the lingual epithelium of their tongue that contains the 

circumvallate (CV) papillae. This could be accompanied by other expression and/or structural 

differences in the CV taste field. Thus, here we assessed differences between rats exposed early 

in life to NNS and unexposed control rats in terms of 1) expression of SGLT1 (a glucose 

transporter), GLUT5 (a fructose transporter), PLCβ2 (a marker of Type-II taste cells), and SHH 

(indicative of taste cell maintenance) in the previously analyzed tissue, and 2) span and taste bud 

density of the CV in three phases of other rats. Male and female rats were from postnatal day 

(PND) 26-76 given daily access to the NNS acesulfame potassium (AceK; 0.1% at 15 ml/kg); 

another group of rats received no AceK and served as the control group (CNTL). After PND 76, 

rats were allowed to age until ~PND 220. Some rats were euthanized at ~PND220 and others 

were euthanized after behavioral taste-testing protocols at ~PND300. The lingual epithelium 

containing the CV was extracted from some rats, and other rats were transcardially perfused, 

after which their CV was sliced coronally on a cryostat (20 µm). The lingual epithelium was run 

through qPCR, and the sliced tissue was mounted on slides, Nissl stained, and the number of 

slices of CV that contained taste buds and the number of buds in two slices halfway rostral and 

caudal to the midpoint of the CV were quantified (viewed at 10x by an experimenter blind to 

group). GLUT5, PLCβ2, and SHH mRNA expressions were significantly lower in food-

restricted NNS rats (n=5), compared to CNTL rats (n=6). NNS rats (n=8) also had fewer slices 

across the CV field than did CNTL rats (n=5), although this was only analyzable in male rats, 

which is pertinent because female CNTL rats (n=5) also had smaller CV fields than did male 

CNTL rats (n=5). No differences due to early-life NNS exposure was seen in terms of the 

number of taste buds in the slices analyzed or in SGLT1 expression. This suggests that early-life 

NNS ingestion lowers mRNA expression of multiple aspects of taste machinery and, at least in 

males, decreases CV field size. Overall, these data align with our previous data and further 



suggest that early-life exposure to NNS has long lasting impacts on taste-based behavior and 

physiology. 
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Abstract: How animals use sensory information changes throughout development. This is 

especially clear during the first few weeks of life as new behaviors arise. These behavioral 

changes often occur as discrete shifts. Work in other sensory areas suggests that the rapid onset 

of new behaviors is preceded by changes in neural circuits. To determine if this principle can be 

applied to the taste system, we examined taste responses in the rat gustatory cortex around 

weaning age. Weaning is an essential developmental timepoint for many animals because it 

requires a dramatic shift from full dependence on the dam to active food exploration. This 

behavior requires a functional taste sense, but it has not been determined whether the 

development of gustatory processing precedes weaning or how neonatal taste responses compare 

to mature processing. To examine how changes in cortical taste processing relate to this 

behavioral transition, we recorded responses to passively presented taste stimuli from the 

gustatory cortex of awake, freely moving, neonatal rats between P13 and P19. Multielectrode 

arrays and intraoral cannulas (IOCs) were chronically implanted at ages ranging from P12 to P17 

with daily recordings starting the day after surgery. Both local field potentials and single unit 

taste responses were obtained and analyzed. We found circuit-level activity patterns with several 

mature features, including taste-evoked event related potentials and 20-40 Hz induced 

oscillations, as well as a nonspecific increase in power at frequencies above 60 Hz with respect 

to baseline. Response patterns were taste-specific, and observed in animals as young as P13, well 

before the onset of foraging. This suggests that the gustatory cortex acquires mature features at a 

relatively early age with respect to the behavioral transition from suckling to active food 

exploration around P18. 
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Abstract: Obesity and related metabolic disorders have been linked to the dysregulation of food 

intake. Several gut peptides have been implicated in the mediation of feeding behaviors and the 

accumulation of body mass. These circulating peptides influence appetite through their actions 

on the hypothalamus, the brain stem, and the autonomic nervous system. The powerful influence 

of these peptides on food intake and the accumulation of body mass underscores their potential 

value as treatments for obesity and related metabolic disorders. In previous reports, we have 

shown that the hormone peptide YY (PYY), a member of the Neuropeptide Y family of peptides, 

is present in the saliva of both humans and mice and that the augmentation of salivary PYY(3-36), 

using either genetic or pharmacological approaches, affects taste responsiveness, as well as food 

intake and body weight in diet-induced obese mice. However, it is unknown exactly how these 

peptides, when present in saliva, impact upon this responsiveness. Indeed, a significant number 

of metabolic polypeptides, including those of the Neuropeptide Y family, have been shown to be 

present in saliva or expressed in taste bud cells (TBCs). The presence of these peptide signaling 

systems either in or near to tissues of the peripheral gustatory system suggests that these 

compounds may play a role in modulating TBC function and potentially, the propagation of taste 

information to the CNS. As such, we assessed whether specific metabolic peptides could directly 

impact upon the functioning of TBCs by measuring the response properties (via calcium imaging 

and adenosine triphosphate release measurements) of human fungiform TBCs in culture, 

stimulated with prototypical taste stimuli, in the presence or absence of these peptides. Data from 

these experiments suggest that the responses of human TBCs themselves are differentially 

modulated by Neuropeptide Y family peptides; for example, bitter-evoked ATP release was 

significantly augmented by NPY exposure but significantly suppressed by PYY(3-36) exposure (p 

< 0.05, ANOVA). This work provides compelling new evidence supporting the hypothesis that 

the gustatory periphery can be dynamically modulated in the context of an animal’s metabolic 

state and/or environmental circumstance. 
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Title: Obesity alters GABAergic neuron activity in the lateral hypothalamus 
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Abstract: Obesity is a global health issue that has been linked to several factors, including 

overconsumption beyond homeostatic needs promoted by the taste and high palatability of added 

sugars. The Lateral Hypothalamic Area (LHA) is a brain region that has been implicated in the 

regulation of feeding behavior. Studies have shown that obesity can affect the transcriptional 

profile of LHA glutamatergic neurons, weakening their activity and leading to overeating and 

obesity. However, it is not yet clear how diet-induced obesity alters the activity of GABAergic 

LHA neurons in response to the palatability of sucrose. To address this question, we used a Vgat-

IRES-Cre mouse model to express the calcium indicator GCaMP6m in GABAergic neurons in 

the LHA. We divided the mice into a diet-induced obesity group (HDF: fed with High-Fat Diet) 

and a reference group (CHOW: fed with a normal chow diet). We then used in vivo 

microendoscopic recordings to measure Ca2+ activity from individual GABAergic neurons in 

response to a brief access taste test (BATT). The BATT comprised a 4-second reward period 

during which mice could lick a sipper to receive an empty sipper, water, 3%, or 18% sucrose. 

The average number of licks per second (lick rate) and the size of the bouts (bursts of rhythmic 

licks separated by a pause of at least 0.5 s) were used as direct measures of oromotor palatability 

responses. We found that LHAVgat neurons from HFD mice became progressively more 

responsive to the most palatable option (18% sucrose) over the 12-week study period. This 

suggests that diet-induced obesity can lead to increased sensitivity of GABAergic LHA neurons 

to the palatability of sucrose, which may contribute to the development of obesity. Our findings 

provide new insights into the neural mechanisms underlying the development of obesity. Further 

research is needed to determine whether targeting GABAergic LHA neurons could be a potential 

therapeutic strategy for the treatment of obesity. 
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sensitizing chorda tympani nerve cut at adulthood 
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Abstract: Injury-induced plasticity of central terminal fields occurs in multiple sensory systems 

when peripheral nerves are cut or damaged at adulthood. However, this plasticity induced at 

adulthood is not universal. Indeed, the occurrence of the effects appears to relate to the inherent 

plasticity of the specific sensory system. Moreover, an initial injury to a peripheral nerve may 

cause a supersensitive response when the nerve is injured later. We show here that a similar 

phenomenon occurs for the central gustatory system. The organization of the terminal fields of 

the chorda tympani (CT), greater superficial petrosal (GSP) and glossopharyngeal (IX) nerves, 

all of which project to the rostral portion of the nucleus of the solitary tract (NST), change in 

intact mice when experimental manipulations first occur at adulthood. Therefore, the terminal 

field organization of these nerves may also be especially plastic in response to nerve injury 

sustained at adulthood. In our first study, we show that cutting the CT (CTX) in adult mice 

results in a terminal field size decrease of 66% at 30 and at 60 days post CTX. Since our nerve 

labeling procedure required cutting the CT before applying an anterograde tracer to the same 

nerve at 30 or 60 days post CTX, this means that the CT was cut twice. For this procedure, the 

GSP and IX remained intact. In our second study, we did the same procedure as in the first; 

however, we also cut and labeled the GSP and IX when the second CTX was done. Surprisingly, 

we found that the CT terminal field size increased from what we found in the first experiment to 

be like that in control mice. The change in size occurred within 48 hrs. Thus, the CT terminal 

field nearly doubled in size when the GSP and IX were also cut with the second CTX. These 

results indicate that the initial CTX alters (i.e., “conditions”) the environment in the NST such 

that CT terminal field expands dramatically and rapidly. We are currently examining the effects 

of multiple CTX procedures at adulthood on the terminal field sizes of the GSP and IX, and 

potential competitive interactions among the three nerves. 
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Title: Male and female rats categorized by sucralose acceptance display differential intake of 

ethanol but comparable responses to naltrexone administration 
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Abstract: Individual variability in taste processing contributes to differences in food and fluid 

intake. Variability in ethanol intake is driven by differences in oral and post-oral cues including 

association of reward-related signals. When presented water and sucralose in a two-bottle 

preference test, as sucralose concentration increases some rats drink more sucralose (sucralose 

preferers; SP) than water and some drink less sucralose (sucralose avoiders; SA). Here, female 

and male rats categorized for sucralose acceptance were presented 4% ethanol across 4 daily 60-

minute test sessions under fluid-restricted conditions. For both female and male groups, SP rats 

drank significantly more 4% ethanol than their SA counterparts suggesting that SA/SP phenotype 

is associated with differential intake of ethanol. It has been previously reported that compared to 

SA rats, SP rats treat sucralose more qualitatively sucrose-like, thus it is possible that SP rats 

treat ethanol as more sucrose-like than SA rats. Next, 0.01, 0.05, 0.1, 0.5, and 1.0 mg/kg 

naltrexone, an opioid receptor antagonist, was administered (i.p.) before ethanol presentations. 

Compared to ethanol intake following saline injections, naltrexone decreased 4% ethanol intake 

in a dose-dependent manner across all groups. Naltrexone had comparable effects on same-sex 

SA/SP groups thus sucralose acceptance does not appear to predict responses to an opioid 

receptor antagonist. Together these findings suggest that SA/SP phenotype is associated with 

differential ethanol intake which is not likely driven by differences in endogenous opioidergic 

signaling. It remains possible that differences in the qualitative features of ethanol at least 

partially contribute to the SA/SP differences in intake 
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Abstract: Taste detection and internal state dynamically regulate the decision to begin eating 

and drinking. To study how neural circuits generate context-dependent ingestion decisions, we 

combined connectomics with cell-type specific genetic tools to define a gustatory sensorimotor 

circuit for ingestion initiation in adult Drosophila melanogaster. This circuit connects appetitive 

gustatory sensory neurons to a required motor neuron through three intermediate layers. In 

hungry and thirsty flies, most neurons in this pathway are necessary and sufficient for proboscis 

extension, an ingestion initiation behavior. This pathway is largely dedicated to the detection of 

sugar in hungry flies, but it shifts to encode both sugar and water in thirsty animals. Pathway 

activity is amplified by hunger and thirst signals that act at select second-order neurons to 

promote feeding or drinking in a need-dependent manner. In contrast, the ingestion initiation 

circuit is inhibited by a bitter taste pathway that impinges on premotor neurons, illuminating a 

local motif that weighs attractive and aversive taste detection to adjust behavioral outcomes. 

Together, these studies reveal central mechanisms for the integration of external taste detection 

and internal state to flexibly execute a critical ingestion initiation decision. 
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Abstract: Activity in Gustatory Cortex (GC) and Basolateral Amygdala (BLA) is known to 

evolve as a sequence of approximately 3 states during the ~1.5 seconds following tastant 

delivery onto the tongue of the rat. During these states (early, middle, late), GC activity reflects 

somatosensation, identity (taste quality), and palatability (hedonic value) respectively, while 

BLA activity reflects identity and palatability jointly during the middle state. Previous work 

using symmetric connectivity measures has shown that GC and BLA remain strongly interacting 

throughout all 3 states, however, the “pattern” of interaction between the regions is different in 



every state. To parse this interaction more finely, we characterized the dynamics of the 

directional influence between BLA and GC using 1) lags in the population state transitions, 2) 

spike-field coherence, and 3) spectral Granger causality. Furthermore, given previous work 

which has suggested that GC-to-BLA projecting neurons show patterns of activity distinct from 

GC at-large, we sought to determine whether the directional interaction between the two regions 

is mediated by distinct subpopulations using Poisson Generalized Linear Modelling of the two 

populations. We found that: 1) BLA seems to send input to GC during the early epoch (spike-

field coherence), however, this input does not seem to significantly impact GC activity (Granger 

causality), 2) GC and BLA show strong bidirectional connectivity during the middle epoch, and 

weaker bidirectional interactions during the late epoch, 3) GC-to-BLA and BLA-to-GC 

“influencing” neurons belong to overlapping populations. These results further support the 

importance of the BLA-GC interaction during taste processing and invite further investigation 

into the interaction with other regions in the taste circuit (e.g. gustatory thalamus) during the 

evolving taste response. 
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Abstract: Survival is inextricably tied to consumption decisions; toxic foods can lead to 

illness/death, while nutrient-rich foods promote good health. Thus, it is useful to associate cues 

(e.g., the color of a fruit) with a post-consumption outcome (e.g., eating green, unripe fruit made 

me sick) to guide approach-avoidance decisions. While cue-driven-association research is 

common, little research focuses on the decision-making which follows food-cues and leads to 

food consumption/avoidance. To address this gap, we have developed a novel version of a 

classic go/no-go task, wherein a rat must trigger a cue and then decide whether to retrieve a 

reward. This framework allows us to probe the anticipation of food advertised by cues in a 

multisensory setting designed to separate behaviors elicited by cues from those related to 

consumption. The task pairs audio-visual cues with palatable (sucrose) and aversive (quinine) 

taste stimuli. We tested whether rats successfully learn cue-taste associations by determining if 

they differentially respond to cues corresponding to more preferred tastes. Here, we show rats 



tend to approach only palatable stimuli advertised by the cue, suggesting that cue-taste 

association was learned. Furthermore, the occasional responses to cues advertising aversive taste 

were long-latency compared to those advertising palatable taste, suggesting uncertainty about a 

cue’s meaning may elicit more careful consideration in making the decision. In the future, this 

paradigm will be expanded to include electrophysiological interrogation of neural representations 

of anticipation, decision, and response in GC to understand the neural underpinnings of the 

differential behavior for different palatability cues. 
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Abstract: Primary visual cortex (V1) in primates is innervated by an array of neuromodulatory 

nuclei, and shows distinct expression patterns of modulatory receptors. There is high cholinergic 

innervation of V1 from the basal forebrain and highly selective β2 subunit-containing nicotinic 

receptor expression in thalamic axons arriving in layer 4c. In anesthetized primates it has been 

shown that activating β2-containing nicotinic receptors with nicotine increases responsiveness 

and lowers the contrast threshold of neurons in layer 4c. How (or whether) these changes in 

response gain in layer 4c impact propagation of information through visual circuits is unknown. 

We investigated the effects across a cortical column of activating β2-containing nicotinic 

receptors in layer 4c. Our results indicate changes to responsiveness and contrast thresholds 

propagate to both supragranular and infragranular layers within a visual column. 
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Title: Acetylcholine (ACh) and Norepinephrine (NE) in visual cortex correlate with neural 

response and goal-directed behavior in nonhuman primates. 
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Abstract: Acetylcholine (ACh) and Norepinephrine (NE) agonists and antagonists can modify 

the responsiveness of neurons in primary visual cortex. However, it has been difficult to measure 

changes in ACh and/or NE fluctuations and relate these to neural activity and behavior in real-

time. A way around these restrictions is to use neurotransmitter-specific genetically encoded 

sensors whose fluorescence can be measured with fiber photometry. This method enables the 

monitoring of local neurotransmitter release fluctuations during the execution of behavioral 

tasks. Here, we describe the use of GRAB-ACh3.0, GRAB-rACh1.7, and GRAB-NE1m to 

examine the effect of cholinergic and noradrenergic modulation in primary visual cortex (V1) of 

a rhesus macaque. We used fiber photometry to measure Ach and NE activity with simultaneous 

single-cell electrophysiology and eye tracking while the animal was engaged in a smooth pursuit 

task. Our first result indicates a peak at 3Hz (delta wave) in the power spectrum of the ACh 

fluorescence signal in V1, which correlates with task engagement. A similar peak was found in 

the frequency spectrum of the LFP signal. In parallel, we found increases in ACh signal 

correlated with increases in neural firing. A second set of results indicates that ACh and NE 

signals are correlated in time and frequency during task performance. In particular, ACh and NE 

exhibit a rise in magnitude at the time of reward in a trial-based analysis. These results have 

important implications for understanding the role of ACh and NE in the visual cortex during task 

engagement (attention, arousal, and vigilance). GRAB sensors represent a novel tool that should 

be useful for investigating the role of modulatory neurotransmitters in processes such as attention 

and perceptual learning in the nonhuman primate. 
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Abstract: ON and OFF thalamic afferents from the two eyes converge in primary visual cortex 

to form binocular receptive fields. Differences in ON-OFF structure and position between the 

two monocular receptive fields are thought to be important for depth perception. However, 

quantifying these differences has been challenging because the eyes become misaligned during 

anesthesia. To address this challenge, we simultaneously recorded from multiple groups of 

neurons with multielectrode arrays in the anesthetized cat visual cortex, and quantified the eye 

misalignment in three different axes by calculating the average difference in receptive field 

position and orientation across 32-64 recording sites. Our results demonstrate that most receptive 

fields are binocularly matched with exquisite precision across multiple stimulus dimensions 

including receptive field position, ON-OFF structure, ON-OFF dominant polarity, response time 

course, response latency, orientation preference, direction preference, orientation selectivity and 

direction selectivity. The binocular match is most precise for orientation preference (r=0.94, 

p<0.0001), but is also significant for orientation selectivity (r=0.52, p<0.0001), response latency 

(r=0.44, p<0.0001), direction preference (r=0.58, p<0.0001), and direction selectivity (r=0.51, 

p<0.0001, n=549 receptive fields for all comparisons). After correcting for the eye misalignment, 

the binocular mismatch for receptive field position is very small and its average is 1/10th (0.53° ± 

0.49°) of the average receptive field size (5.9° ± 1.23°), with the horizontal-vertical disparity 

difference being also small but significant (0.6° ± 0.51° versus 0.46° ± 0.46°, p<0.0001, n=586). 

Monocular receptive field structures are also highly correlated between the two eyes when 

measured separately with light or dark stimuli (r=0.80, r=0.82, n=586 and p <0.0001 for both), 

but they are not identical. When the monocular receptive fields are aligned to reach their 

maximum spatial correlation, the alignment distance is negatively correlated with the maximum 

spatial correlation (r=-0.87, p<0.0001, n=193 receptive fields with signal to noise ≥ 10). This 

relation can be closely replicated by simulating monocular receptive fields with different ON-

OFF structures but not different positions (the maximum spatial correlation of identical receptive 

fields with different positions is always one). Our results provide strong support to phase models 

of binocular disparity and demonstrate that small but frequent binocular mismatches in ON-OFF 

structure are needed to efficiently sample local light-dark binocular mismatches in the visual 

world. 

Disclosures:  F. Olianezhad: None. J. Jin: None. J. Alonso: None. 

Poster 

PSTR025. Visual Cortex: The Function of Neuronal Ensembles and Circuits 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 



Program #/Poster #: PSTR025.04/X14 

Topic: D.06. Vision 

Support: NIH Grant R01MH128176 

Title: Adolescent microglial contribution to mature frontovisual circuitry for visual context 

processing 

Authors: *D. A. RICCI, A. M. RADER, C. L. WEST, H. S. DALWAI, T. J. SUTTON, J. A. 

WARGO, G. BASTOS, J. PRAHL, J. M. ROSS, J. P. HAMM;  

Neurosci. Inst., Georgia State Univ., Atlanta, GA 

Abstract: The processing of sensory stimuli in their spatiotemporal and behavioral context is 

crucial for survival. Stimuli which are unexpected in their current context elicit augmented 

cortical responses, an effect termed “deviance detection” (DD). In humans, electrophysiological 

indicators of DD such as the P300 and mismatch negativity (MMN) have been reported to 

strengthen as adolescence progresses. Looking across adolescence in mice, our lab has 

previously shown that the refinement of long-range circuitry between prefrontal and sensory 

regions, marked by increased synchrony, is coupled with the development of DD in visual 

cortex. Together this suggests that the development of adult-level context processing depends on 

the adolescent development of cortical circuits. It is known that microglia (MG) support synaptic 

refinement in neocortex, including synaptic pruning as well as pre-adolescent synaptogenesis, 

but the significance of MG in adolescent circuit development remains unclear. Furthermore, both 

DD and microglial function may be impacted in schizophrenia, which onsets during adolescence. 

Here we investigated the potential role of MG in the shaping of frontovisual circuits responsible 

for DD during adolescence. In male and female mice, we administered the drug PLX-5622, a 

CSF1-inhibitor which reversibly eliminates cortical microglia, in mouse chow for one week 

during pre-adolescence (P28-P35), late-adolescence (P42-P49), or early adulthood (P84-P91), 

depleting MG by 60-95%. We focused on primary visual cortex (V1) and anterior cingulate area 

(ACa; a prefrontal region known to project to V1 to support visual context processing), and 

quantified DD in adulthood via stimulus-evoked responses to a visual oddball paradigm. In this 

experiment, visual stimuli are presented rapidly, with unexpected “deviant” stimuli interspersed 

among expected “redundant" stimuli. The MMN, or difference between these responses, indexes 

DD. We also quantified long-range synchrony between ACa and V1 during the paradigm. To 

confirm PLX-5622’s depletion of MG, we utilize a MG-GFP mouse line to quantify MG in ACa 

and V1 for each age group. Our results indicate that depletion of MG in adolescence and early 

adulthood leads to altered long-range synchrony, although DD was present in all mice. The data 

are consistent with findings that MG dysfunction in adolescence alters normal cognitive 

maturation. These findings have implications for understanding neuropsychiatric diseases like 

schizophrenia, which display deficits in context processing, alterations in immune function, and 

onset during late adolescence. 
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Abstract: The primary visual cortex (V1) in primates integrates visual information from both 

eyes to generate a unified binocular output. Although the precise neuronal mechanisms 

governing this binocular combination remain incompletely understood, it can be described as a 

process of divisive normalization operating between the eyes (i.e., interocular normalization) 

within binocular neurons. However, the extent to which interocular normalization is expressed 

across the laminar microcircuitry of V1 remains unexplored. In this study, our objective was to 

investigate the spatial distribution of interocular normalization in V1. To accomplish this, we 

employed linear microelectrode arrays to record spiking activity across all six cortical layers of 

V1 while monkeys passively viewed grating stimuli. These gratings were either shown to one 

eye (monocular), to both eyes with equal contrast levels (binocular balanced), or to both eyes 

with different contrast levels (binocular imbalanced). Subsequently, we applied both an 

interocular normalization model and a model that linearly sums contrast between the eyes to fit 

the binocular data. By comparing the performance of these models, we derived an index of 

normalization strength as a function of cortical depth. Our findings revealed that neurons located 

in layers 2/3 and 5/6 of V1 exhibited the highest degree of normalization, while neurons in the 

granular input layer 4C displayed the weakest normalization and the most linear summation of 

contrast between the two eyes. These results offer insights into the laminar specificity of 

normalization processes within the early visual cortex, providing further understanding of the 

circuit mechanisms underlying binocular integration. 
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Abstract: The brain undergoes extensive synaptic plasticity and circuit refinement during 

learning and development. Understanding how neuronal connections and activity are adaptively 

remodeled to accommodate a changing world remains an outstanding question in neuroscience 

research. Recent technological innovations provide unprecedented access to address this. Here, 

we investigated the circuit mechanisms that reconfigure neuronal ensembles in mouse primary 

visual cortex (V1) during perceptual learning. Using volumetric two-photon (2P) calcium 

imaging, we longitudinally tracked the activity of thousands of neurons in V1, with single-cell 

resolution, throughout a visual learning Go/No-Go paradigm. We find that novel cortical 

ensembles emerge in expert mice that encode for specific phases of the behavioral task. In 

response to visual task demands, cortical ensembles shift their response properties to “give” 

salience to relevant features in visual space. Our findings will provide new insights to the circuit 

mechanisms that establish homeostasis in neuronal activity while simultaneously yielding 

sufficient flexibility to accommodate learning. Future experiments will combine 2P optogenetics 

and a spatial light modulator (SLM) to holographically activate and inactivate specific 

functionally and/or molecularly defined subpopulations of neurons. These experiments will thus 

probe the interactions between expert cortical ensembles to causally uncover the circuit elements 

that underlie cortical plasticity. As many neuropathological states arise when this balance is 

disrupted, a greater understanding of physiological circuit function will contribute to the 

development of novel therapeutics to treat disorders of the nervous system. 
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Abstract: Primate visual cortical areas are organized in hierarchical manner and interconnected 

by feedforward and feedback pathways. These pathways serve distinct roles in processing of 

visual information, contributing to various aspects of cognition and perception. However, the 

precise nature of the interactions between feedforward and feedback processing in the visual 

cortex remains uncertain. To address this, we exploited the phenomenon of apparent motion-

induced masking. Apparent motion (AM) is the illusory motion perception induced between two 

stimuli presented alternately at separate locations, and several behavioral studies reported that 

this internal representation impairs the detection of stimuli with visual features similar to that of 

the interpolation between the AM-inducing stimuli (Yantis and Nakama 1998; Hidaka et al., 

2011; Chong et al., 2014). Since several types of illusory perception including AM are thought to 

be driven by feedback processing, this masking of feedforward sensory input could be caused by 

presumed feedback processing. We trained two rhesus monkeys to report the absence or location 

of a visual target flashed within alternating inducers by making a saccade to one of three decision 

dots while recording from primary visual cortex neurons. Gabor wavelets with 8 orientations 

separated by 22.5 degrees were used as target stimuli, with two contrast levels (12% and 32%). 

The inducer's orientation and contrast remained consistent at 90 degrees and 100%, respectively. 

Both monkeys exhibited high performance above 80%. However, detection accuracy was 

reduced when the targets had orientations similar to the inducers. As ascending feedforward 

projections and descending feedback projections can be distinguished based on laminar 

differences in projection patterns, all cortical layers that received inputs from different regions 

were simultaneously recorded using laminar electrodes. The CSD calculation was utilized to 

approximate the laminar boundaries. In the granular layer, when the orientation of the target was 

close to that of the inducer, the neural response to the target was reduced compared to the case 

where the orientations were dissimilar. The most significant reduction in response occurred when 

the target and inducer orientations matched. This suppression of activity in the granular layer is 

consistent with previous studies of computational models (Van Humbeeck et al., 2016) and 

human fMRI (Shen et al., 2020). However, the orientation of target did not affect the neural 

response to the target in the supragranular layer. Our findings suggest that the effect of AM 

manifests differently depending on the specific cortical layer. 
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Title: Layer-specific plasticity of feedforward and contextual neuronal populations in mouse 

visual cortex 

Authors: K. SEIGNETTE1, P. PAPALE2, L. DE KRAKER1, P. NEERING1, M. VAN DER 

AA1, B. HOBO3, C. VAN DER TOGT1, M. W. SELF2, *C. N. LEVELT4;  
1Mol. Visual Plasticity, 2Vision & Cognition, 3Neuroregeneration, Netherlands Inst. for 

Neurosci., Amsterdam, Netherlands; 4Mol. Visual Plasticity, Netherlands Inst. For Neurosci., 

Amsterdam, Netherlands 

Abstract: Our brains are extremely efficient in interpreting and responding to constant streams 

of highly complex sensory information. One increasingly influential concept of how the brain 

achieves this is predictive coding. It views the brain as a hypothesis-testing machine that 

compares an internal model of the environment with sensory inputs it receives. It tries to 

minimize the difference between the two by calculating errors in the prediction and using these 

to update the internal model. This requires neurons that encode the internal representation, and 

those that encode prediction errors. Identifying the cell types that encode prediction errors or 

internal representations has been extremely challenging, mainly because responses to visual 

inputs and predictions are strongly intertwined. Here, we used occlusion of natural visual scenes 

to separate visual and predictive responses across layer 2/3 (L23) and layer 5 (L5) in mouse 

primary visual cortex (V1) and study the effect of visual training on these responses. We 

recorded activity from L23 or L5 neurons in mouse V1 using chronic two-photon and widefield 

calcium imaging in awake mice. We mapped population- and single cell receptive fields (RFs) 

and then presented six (partially) occluded and full natural scenes. To study the effects of 

learning, we trained mice to detect a subset of these natural scenes in full condition while leaving 

the others out. This resulted in familiarity with some, but not other images. Single-cell responses 

to full and occluded scenes were recorded again after training. Finally, we used a convolutional 

neural network (CNN) to model visual responses and most exciting inputs (MEIs) to compare 

visual properties between populations of neurons. For all analyses we only included neurons that 

had their RFs in the occluded region of the images. L23 neurons responded exclusively to either 

the full images or the occluded images. Perceptual learning decreased responses to familiar 

images but increased those to novel images. In L5, responses to the full images dominated and 

those to novel images enhanced even more after training. Responses to occluded stimuli were 

weaker and did not change with experience. Finally, decoding image identity from occluded 

responses was possible both in L23 and L5 and slightly increased after training. Our results show 

that different subsets of pyramidal neurons in L23 and L5 respond selectively to full and 

occluded images and are strongly influenced by experience. We will discuss these results in the 

framework of predictive coding. 
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Abstract: The anterior cingulate cortex (ACC) is a prefrontal brain area implicated in a broad 

range of functions including cognitive control, emotion regulation and pain perception in mice. 

Also, ACC receives direct input from the visual cortex (VIS) and responds to visual stimuli. Our 

previous work demonstrated that patterned visual experience drives plasticity in mouse ACC. 

Here, we seek to understand the circuits responsible for visual encoding and experience-

dependent plasticity in mouse ACC. We investigate anatomical connectivity of ACC and VIS by 

using anterograde and retrograde viral tracing tools and immunohistochemistry. We show that 

ACC receives monosynaptic inputs from both primary visual cortex (V1) and medial secondary 

visual cortex (V2M), with a stronger input coming from V2M. Finding of anatomical inputs 

originating from visual areas becomes our motivation to explore functional anatomy of VIS-

ACC projections. For this, we perform chemogenetic manipulation of VIS-ACC projections and 

combine this approach with in vivo visually evoked local field potential (VEP) recordings in 

awake mice to assess the functional role of VIS-ACC projections in visual information 

processing. We study sequence plasticity which is a particular type of experience-dependent 

plasticity and is established by repeated presentations of a familiar visual sequence. We confirm 

that sequence plasticity in ACC and V1 is driven by an extended presentation of visual 

sequences which helps us to monitor temporal changes in VEPs across four days. In addition, we 

investigate the potential consequences of chemogenetic inhibition of V1 or V2M during stimulus 

presentation on sequence plasticity in ACC. With ongoing in vivo studies, we aim to better 

understand the importance of VIS-ACC projections for visual input encoding and also sequence 

plasticity. Our anatomical and functional characterization of VIS-ACC circuitry in wild-type 

mice will also support our parallel studies focusing on how sequence plasticity is interrupted in a 

mouse model of a neurodevelopmental disorder namely Angelman syndrome (AS). 
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Abstract: Patterned sensory stimulation (PSS) has gained interest as a non-invasive technique 

for manipulating the activity and states of the brain (Adaikkan & Tsai, 2020). PSS in the gamma 

range (centered at 40 Hz) causes neural entrainment to rhythmic oscillations and elicits 

behavioral and cognitive changes. However, the underlying mechanism remains unclear. Here 

we examine the responses of diverse types of cortical neurons to PSS at different frequencies 

using a data-driven bio-realistic model of the mouse primary visual cortex (V1). The model is 

built based on a previously published model of mouse V1 (Billeh et al., 2020). It consists of 

nearly 300,000 neurons from 19 major cell classes, including layer-specific groups of excitatory 

neurons, and parvalbumin, somatostatin, and VIP interneurons, with realistic geometry, neuronal 

densities, and connectivity. Neurons are simulated using generalized leaky integrate and fire 

point-neuron models constrained by experimental measurements. The model enables simulations 

of arbitrary visual stimuli and exhibits good agreement with data from large-scale extracellular 

electrophysiology recordings in vivo. 

To simulate the visual PSS, we present the model with a full-field square wave light flicker at 

different frequencies (5 Hz, 8 Hz, 40 Hz, and 40 Hz with random intervals from a Poisson 

process). Power spectral analysis using the population activity of each neuron type shows that 

most neuron types exhibit rhythmicity at the stimulus frequency for the 5, 8, and 40 Hz stimuli. 

We also quantify the entrainment of each individual neuron by computing the pairwise phase 

consistency of their spikes to the stimulus cycle. In order to examine the contribution of each 

inhibitory cell type, we systematically block the synapses from each of the three interneuron cell 

types. We describe how blocking synapses from each type of inhibitory neuron affects the 

activity and entrainment of other neuron types, with specific and distinct contributions from 

parvalbumin, somatostatin, and VIP populations. Together, these results provide insights into the 

roles of cell types and circuit properties mediating the effects of PSS and can guide focused 

experimentation in the future. 
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Abstract: The relationship between neurons’ input and spiking output is a fundamental aspect of 

brain computation. In silico work confirms that the shape of input-output functions is important 

to network operation, impacting both the learning efficiency and performance of artificial neural 

networks. In the brain, prior work in vitro and in anesthetized animals suggests that neurons’ 

transfer functions can vary as a function of network activity (Anderson et al., 2000; Hansel and 

van Vreeswijk, 2002; Miller and Troyer, 2002; Carandini, 2004). However, the shapes of in vivo 

transfer functions, and the operating point of neurons on these curves during the awake state, are 

not well known. Here, we measure input-output functions in awake mice using two-photon 

stimulation of single neurons at different levels of activity, and find that neurons hover near the 

top of a prominent supralinearity in their transfer function. This supralinearity, generated by 

ongoing intracortical activity, means that as cells are suppressed, their responses to input are 

dramatically decreased. Thus, our results describe a cortical mechanism by which inputs can be 

attenuated: attenuation-by-suppression. 

To directly measure the shapes of input-output functions, we study excitatory neurons (N=367) 

in primary visual cortex (V1) of awake mice. We measure cells’ activity with two-photon 

calcium imaging during both spontaneous conditions - that is, in the absence of visual stimuli - 

and during vision. We find that as cells increase their firing rate due to visual input, responses to 

a constant optogenetic input remain largely unchanged (i.e. linear response; N=70; p=0.3, K-S 

test), before eventually saturating. On the other hand, as cells are suppressed below their 

spontaneous activity levels, optogenetic responses are reduced dramatically (N=101; p=10^-7). 

Thus, the average input-output function of V1 neurons is characterized by a supralinear regime 

followed by a substantial linear regime before response saturation. Moreover, cells operate near 

the transition point from nonlinear to linear during spontaneous activity levels. Taken together, 

this work suggests that ongoing activity in cortical networks can enhance sensory processing of 

external stimuli by selectively filtering extraneous features of sensory input via attenuation in 

suppressed cells (Chen et al., 2022; Azadi et al., 2023). 
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Abstract: As we interact with the world, we receive streams of sensory input that change over 

time. How do sensory cortical networks process such dynamic input? In many artificial 

networks, recurrent connections between nearby neurons can produce selective responses to 

input based on temporal context. To understand how cortical neurons’ activity interacts across 

time, we use two-photon stimulation to give input to groups of neurons at single-cell resolution. 

Using this approach, we test and confirm a hypothesis for the function of recurrent connections 

in primary visual cortex (V1): that recurrent connections amplify sequences of input patterns that 

correspond to natural visual inputs. In V1, simple stimuli like gratings generate responses in 

numerous cells, while dynamic inputs like natural movies generate strong and sparse responses. 

We first test if the context of a dynamic visual movie can amplify a relevant input pattern. We 

image the response to a single frame of a natural movie, then play back the evoked response 

pattern at the correct time point in the movie and find that this input is amplified in the correct 

natural dynamic context compared to when presented during a control natural movie that is 

mismatched (avg. resp. matched 36±1.8% df/f, mismatched 26±1.5% df/f). The response to a 

pattern in the correct movie context is also sparser (pop. sparsity matched = 0.88; mismatched = 

0.71). We then use sequences of two-photon stimulation alone, without visual input, to identify 

how this sequence amplification can occur. We find that a single input pattern generates 

suppression in some off-target (non-stimulated) neurons and this suppression is sustained over 

several later movie frames (FWHM=225±1ms). We also find that suppression leads to attenuated 

response to input. Taken together, this explains how some sequences can be amplified by the 

cortex: local, cell-specific suppressive interactions allow the response to one movie frame to 

influence responses to later frames. We test this mechanism by generating two-photon pattern 

sequences predicted to be amplified, and find that indeed such patterns produce both stronger 

and sparser responses compared to patterns predicted to be suppressed. In sum, we propose that 

sequence amplification is a general mechanism by which cortical networks filter dynamic inputs, 

boosting sequences of input relevant to natural sensation and behavior. 
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Abstract: The human brain performs unparalleled complex computations while consuming only 

a few watts of energy. In contrast, advanced artificial intelligence can require megawatts of 

electricity, equivalent to powering thousands of homes in a small town, to learn basic cognitive 

operations like image classification. How does the human brain achieve such computational 

efficiency? One possibility is that the human brain employs multiple neural coding schemes to 

efficiently represent information. For example, in addition to population spike rate coding, 

differences in the precise timing of spiking activity can create unique sequences for efficient 

information representation. However, despite evidence from animal models, the contribution of 

neuronal sequences to human cognition remains poorly understood. It is unclear whether 

neuronal sequences serve a general information coding function and whether they are redundant 

with population spike rate coding. To address these questions, we directly recorded 2,110 single 

units from 8 participants using micro-electrode arrays in the anterior temporal lobe during a 

visual categorization task with various taxonomic categories (e.g., PEOPLE, ANIMAL, PLACE, 

OBJECT). Our findings confirm that population spike rate can differentiate stimulus information 

from different visual categories. More importantly, population spiking activity tends to organize 

in bursts, with units spiking closely in time within a range of 50-150 ms. Within each burst, the 

precise spiking timing of activated units varies, creating unique spiking sequences for stimuli 

from individual categories. Formal analyses show that the stimulus information conveyed by the 

temporal order of a unit's spike timing and the number of spikes within a burst are separable and 

non-redundant. Furthermore, units contributing more to population rate coding tend to spike 

earlier in a burst sequence. Collectively, our data suggest that the human brain may employ 

multiple neural codes to synergistically and efficiently represent higher-level visual information. 
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Abstract: Understanding how the brain adapts to novel stimuli is crucial for comprehending 

animal behavior in realistic environments. Recent research demonstrates that stimulus novelty 

alters cortical dynamics in a cell subclass-specific manner (Garrett, bioRxiv, 2023). In this study, 

we utilized the Allen Institute's Visual Behavior dataset (http://portal.brain-

map.org/explore/circuits/visual-behavior-neuropixels) to investigate how novel stimuli reshape 

cell-type specific dynamics in layer 2/3 of the mouse primary visual cortex. We used the 

Stabilized Supralinear Network (SSN) model to capture the population-level dynamics of 

excitatory population and three populations of inhibitory subclasses—parvalbumin (PV) 

somatostatin (SST), and vasoactive intestinal peptide (VIP)—during the image presentations and 

omissions in familiar and novel contexts. We constrained the model parameters—the connection 

weights—with results from multi-patch synaptic physiology and electron microscopy (EM) 

datasets (https://portal.brain-map.org/explore/connectivity/synaptic-physiology, 

https://www.microns-explorer.org/cortical-mm3).With a systematic model optimization strategy, 

we found many (~30,000) sets of parameters that successfully reproduced the firing rate traces of 

all subclasses from in vivo Neuropixels recordings, including complex shifts in VIP population 

activity between the familiar and novel context. By analyzing changes in the sets of model 

parameters between familiar and novel contexts, we identified that connections from excitatory 

cells and PV cells were important for distinguishing the two stimulus contexts. Specifically, we 

found that the transition from the familiar context to the novel context is marked by inhibition of 

the excitatory population and excitation of the PV and SST populations. Furthermore, our results 

highlight the unique contribution of connections to the VIP population in differentiating temporal 

data segments such as stimulus and omission periods. Our study blends multiple large-scale 

datasets—in vivo Neuropixels recordings, EM connectomics, and multipatch synaptic 

physiology—to uncover a possible neural mechanism underlying cortical responses to familiar 

and novel stimuli. Our model generates testable hypotheses for future experiments that can 

uncover how cortical circuits dynamically respond to changing environmental and cognitive 

demands. 
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Abstract: Recent years have seen significant progress in our understanding of the neural basis of 

perception and prediction by studying sophisticated variants of oddball tasks. Specifically, by 

differentiating between so-called local (1st order) versus global (2nd order) oddballs, it has 

become possible to dissociate automatic mechanisms of prediction from context-driven forms of 

predictive processing. Cortical responses to local oddballs occur reflexively, even under deep 

anesthesia. Cortical responses to global oddballs, on the other hand, require conscious 

processing. However, little is known about the neural circuitry supporting these two types of 

stimuli. Prior work in mice suggests that V1 reflects the same response patterns found in other 

species (sequence learning and local oddball detection). Yet, inter-areal, laminar-resolved data 

are needed to localize the origins and feedforward vs. feedback propagation of these effects, and 

the global oddball paradigm has not yet been studied in this way. We performed simultaneous 

NeuroPixels recordings spanning 6 areas along the mouse visual cortical hierarchy while animals 

viewed sequences with either predictable local oddballs or unpredictable global oddballs. At the 

population level, aggregating thousands of single units across recorded areas, we found a robust 

local oddball detection signal and a weaker, but reliable, global oddball detection signal. 

Analyses with respect to cortical area revealed signatures of both oddball detections could be 

seen spanning the hierarchy, global oddball detections were seemingly not limited to higher-

order cortex. These findings confirm that signatures of local and, more surprisingly, global 

oddballs can be found at the level of neuronal spiking and also demonstrate that these selective 

signals exist at the earliest stages in sensory cortical processing. 
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Abstract: The OpenScope platform, an evolution of the Allen Institute's Allen Brain 

Observatory, offers an innovative model for neuroscience research. Established as a public 

observatory of the mind, OpenScope provides the global scientific community with free access to 

a high-quality, standardized neuroscientific experimental platfom, fostering a collaborative 

environment analogous to astronomical observatories that survey the night sky. 

OpenScope harnesses cutting-edge Neuropixels recordings and two-photon calcium imaging 

techniques in conjunction with advanced behavioral training methods. These strategies facilitate 

brain surgery, animal training, neuronal recordings, and brain reconstruction, embodying a 

comprehensive data collection pipeline. Previous data collections under similar conditions have 

resulted in the public release of calcium imaging data from ~60,000 cells from 221 running mice 

and Neuropixels electrophysiology recordings from ~100,000 cells from 100 mice. The richness 

of these datasets has enabled sophisticated analyses of neural activity, fueling the generation of 

novel hypotheses regarding brain function. 

Projects are accepted on a yearly cycle, where they are reviewed for feasibility and scientific 

merit by a panel of leading experts, including the OpenScope Scientific Steering Group. This 

process includes an initial screening of Letters Of Intent (LOI) by internal Allen Institute 

reviewers, followed by the submission and review of full, six-page proposals by the top-scoring 

applicants. 

Data produced are curated, standardized, and shared via Neurodata Without Borders (NWB) files 

in the cloud following a one-year embargo, eliminating the need to disseminate large files and 

facilitating efficient meta-analysis across experiments. This platform fosters an atmosphere of 

open scientific discourse, facilitating selected teams to analyze and submit their outcomes to 

bioRxiv and peer-reviewed journals. 

Through the conduct of selected experiments and subsequent data release, OpenScope continues 

to catalyze progress in neuroscience. This platform builds a supportive community through a 

yearly workshop and data portal, enabling past, present, and potential future awardees to 

communicate their research projects effectively. By implementing the observatory model, 



reducing variability across experiments, and lowering barriers to idea validation, OpenScope 

accelerates progress toward an integrated understanding of neural circuits. 
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Abstract: Recent technological advances have dramatically increased the number of sites that 

can be simultaneously recorded in the cortex of awake, behaving animals. It is now possible to 

study how neural activity evolves across hundreds to thousands of recording sites within a single 

cortical area, or across distributed networks spanning multiple regions, at the same time. These 

large-scale data sets invite new and exciting research questions, but they also present new 

challenges. Specifically, there is a need for new signal processing methods designed to analyze 

the neural activity patterns that dynamically evolve across these large-scale recordings, and to 

relate these spatiotemporal patterns to behavior. To address this challenge, we introduce a 

method for detecting repeated spatiotemporal patterns in neural activity. When a specific, 

distributed pattern of activity occurs more often than expected by chance, we call this a 

"spatiotemporal motif". Using a recently introduced technique to characterize the phase of 



fluctuating, broadband signals, we represent spatiotemporal patterns of neural activity as patterns 

of phases. We then introduce an index to quantify the similarity between these phase patterns, 

which allows us to define a rigorous mathematical procedure to measure the degree of similarity 

between “movies” of neural activity. The relationships of similarity between patterns are then 

collected into a network that characterizes how spatiotemporal activity evolves across an entire 

recording session. Using techniques from spectral graph theory, we can then analyze this 

network and find “communities” of similar spatiotemporal patterns, in an unsupervised manner. 

Applying this technique to spontaneous activity during Utah array recordings in marmoset area 

MT, we find specific spatiotemporal motifs indeed repeat more often than chance in these data. 

We hypothesized that these motifs may be related to the clustered, feature-specific connectivity 

in MT. Consistent with this hypothesis, identified motifs are associated with upregulation of 

ongoing undriven activity among neurons with shared feature preference and changes in 

perceptual sensitivity in marmosets performing a challenging visual detection task. These results 

demonstrate that this method can find meaningful spatiotemporal patterns of activity in neural 

recordings that can then be directly related to behavior. 
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Abstract: A central question in neuroscience is what are the sources and functional 

consequences of variability in the activity of cortical neurons. As a simple example, identical 

presentations of a visual stimulus yield variable responses and this variability is correlated with 

perceptual choices made in visual tasks. One source of variance is intrinsic fluctuations in 

synaptic activity that vary from moment-to-moment. Rather than synchronous or statistically 

independent, these fluctuations often have organized spatiotemporal structure across neuronal 

populations, for example in the form of traveling waves (Davis*, Muller* et al. Nature 2020). 



We have developed a spiking network model in which these waves reflect patterns of spiking 

activity as they traverse long range horizontal projections (Davis*, Benigno*, et al. Nat. Comm. 

2021). Anatomical studies suggest that these horizontal projections, to some extent, 

preferentially connect neurons that share tuning preference. When we incorporate these long 

range feature-selective connections into our model, we find that some spatiotemporal patterns in 

the network tend to repeat. We refer to these as “motifs”. To test the model predictions in vivo, 

we have reanalyzed data that we previously collected using Utah arrays in Area MT of 

marmosets as they performed a challenging visual detection task. Consistent with the model, we 

find evidence for motifs in ongoing intrinsic activity. Further, we find that motif patterns are 

associated with the preferential modulation of spontaneous spiking among neurons with similar 

tuning preferences. The coincidence of a motif with tuning preference for the direction of motion 

of the target in the detection task predicts increases in evoked gain and improved detection 

performance. These results are consistent with the view that the spatiotemporally structured 

activity in a cortical area is shaped by the anatomical organization of horizontal fibers. We 

speculate that these horizontal fibers have come to reflect statistical regularities in the visual 

environment and that they may play a role in supporting internal representations of the external 

world based on how they modify sensory input. 
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Abstract: Neural oscillatory phase synchronization can provide deeper insights into the temporal 

dynamics of visual processing. Previous studies have shown that phase coherence (or phase-

locking) in particular frequency bands can reflect behavioral performance in visual detection 

(Busch et al., 2009), discrimination (Drewes & VanRullen, 2011), and visual awareness 

(Mathewson et al., 2009). Notably, Fries (2005) proposed that the communication between 

different groups of neurons might be subserved effectively through phase coherence. However, 

the exact relationship between rhythmic oscillations and corresponding sensory processing 



requires further investigation (VanRullen, 2016). In this study, we hypothesized that changes in 

phase coherence might be associated with the variability in visual discrimination ability in 

backward masking. We have used the EEG data of two backward masking experiments in which 

the target visibility was manipulated by the contrast ratio/magnitude or polarity of the mask 

across different onset timing conditions (SOAs) while the observers performed a contour 

discrimination task. The behavioral results of the contrast ratio (n=16) and polarity (n=14) 

experiments overall indicated typical U-shaped masking functions in which the target visibility 

was strongly suppressed at the intermediate SOAs (around 50-80 ms). However, in the opposite 

mask polarity condition, the masking function was a monotonic increasing function such that the 

target visibility was strongly suppressed at an SOA of 10 ms. We employed time-frequency 

analyses with cluster-based permutation tests (Maris & Oostenveld, 2007) on the EEG data to 

assess inter-trial phase coherence across these different masking conditions. The analyses 

revealed significant modulations in the alpha and early beta (around 9-20 Hz) frequency bands. 

Furthermore, in the intermediate SOAs, when visibility suppression occurred in both the contrast 

ratio and same polarity conditions, the target-locked phase synchronization was notably 

increased after the mask presentation, and this synchronization was further enhanced with the 

masking amount. Also, in the early SOA of the opposite polarity condition, target-locked phase 

synchronization was disrupted by the presence of the mask. Remarkably, we observed 

modulations in the phase synchronizations consistent with the changes in behavioral 

performance values associated with perceived target visibility. Based on previous theoretical 

studies on visual masking, these observed changes in phase coherence values may be attributed 

to inhibitory interactions between (and within) neural pathways. 
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Abstract: Albinism is a rare genetic pathology characterized by abnormal melanin synthesis, 

affecting eyes, hair and skin pigmentation. Albinism has profound effects on the development of 



the human visual system, including foveal hypoplasia and aberrant crossing of optic nerve 

through the optic chiasm, resulting in functional deficits such as reduced visual acuity, 

strabismus, nystagmus and amblyopia. In particular, excessive crossing of contralateral optic 

nerve fibers can lead to an aberrant representation of the ipsilateral visual field and abnormal 

retinotopic representation in V1. While albinism has been studied in a variety of animal models, 

only a few studies have involved non-human primates. Here we describe the impact of a genetic 

mutation in the tyrosinase-related protein 1 (TYRP1) gene on the morphology of the eye and the 

optic chiasm, and on the functional organization of primary visual cortical areas, in a rhesus 

macaque with a golden/blond hair coat phenotype. In humans, mutations in TRYP1 lead to a 

phenotype of oculocutaneous albinism type 3 (OCA3) that is associated with mild visual 

abnormalities. In this case, color retinal fundus images and optical coherence tomography (OCT) 

scans revealed reduced ocular pigmentation and foveal hypoplasia. MRI also revealed a smaller 

optic chiasm when compared with age and sex matched controls. Intrinsic optical imaging (IOI) 

did not reveal functional abnormalities in the basic organization of striate cortex with respect to 

ocular dominance columns (ODCs), orientation pinwheels and color blobs. Anticipated 

abnormalities in retinotopy were absent, especially along the vertical meridian (V1 and V2 

border). However, we did observe cortical magnification asymmetries in the contralateral vs. 

ipsilateral inputs. Unexpectedly, the cortical magnification factor (mapping of visual eccentricity 

on cortex) and the population response (size of cortical activity elicited by a visual stimulus) 

were smaller for the contralateral than ipsilateral eye for vertical square wave gratings. Given 

evidence for aberrant projections from the two eyes in OCA3, we propose that differences in 

projections from the two eyes into their respective ODCs could account for this difference. 

Investigations of an OCA3 rhesus model will lead to a better understanding of the neural 

mechanisms underlying the visual abnormalities present in the many albinism phenotypes. 
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Abstract: Introduction. Neuronal pathways underlying primate colour vision pass through 

primary visual cortex. It has previously been shown (Johnson et al., 2001) that neurons in 

primary visual cortex can be classified according to their responses along an achromatic-



equiluminant axis. Neurons near the achromatic end of this axis respond better to spatial patterns 

varying in luminance, while cells near the other end of the axis respond more to constant-

luminance patterns varying in their long- (L-) and medium- (M-) wavelength content. How does 

this spread of response type arise? We addressed this question with a signal-processing model 

focussed on the midget/parvocellular pathway in macaque monkeys. Methods. The model 

comprised neurons ranging in type from cones to excitatory cells in layer 4Cβ of primary visual 

cortex. Each cell was represented by a differential equation, and all equations were solved 

simultaneously to obtain response time courses. Cone locations in the visual field were based on 

a triangular array: L- and M-cones were randomly assigned to array nodes. Ganglion cells were 

located on a triangular array perturbed with Gaussian deviates in both the horizontal and vertical 

directions. All geniculocortical synapses were initially assigned the same strength, and a Hebbian 

development process changed the strengths to optimise cortical responses. The stimulus during 

development was an achromatic drifting grating, to simulate the effect of retinal waves before 

eye opening. The grating was presented with a variety of orientations and spatial frequencies. 

Results. After development the model was stimulated with both achromatic and equiluminant 

gratings. Many cells responded better to achromatic than to equiluminant stimuli, while the 

reverse was true for other cells, and a substantial number of cells were orientation selective: 

these findings reflect published work. We also looked at the origins of individual cell 

preferences. Achromatic-preferring cells owe their preferred orientation to spatial clustering of 

ganglion cells: off- and on-subfields correspond to higher densities of off- and on-centre 

ganglion cells, respectively. In contrast, equiluminance-preferring cells have L- and M-

dominated subfields that correspond to retinal areas in which most cones are L- and M-type, 

respectively. Conclusions. According to the model, the spread of cell types in primary visual 

cortex depends on inhomogeneities in the cone and ganglion cell arrays. Reference. Johnson EN, 

Hawken MJ, Shapley R (2001) The spatial transformation of color in the primary visual cortex of 

the macaque monkey. Nature Neuroscience. 
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Abstract: Hubel and Wiesel's famous "ice-cube model" proposed that, V1 orientation and ocular 

dominance (OD) functional maps intersect orthogonally to optimize wiring efficiency. Although 

this proposal has gained support from optical imaging studies, maintaining orthogonality among 

multiple functional maps is geometrically difficult. Moreover, evidence supporting orthogonality 

mainly comes from pixel-based functional maps, which needs to be validated by cellular 

information. Here we conducted two-photon calcium imaging of thousands of V1 superficial-

layer neurons in FOVs similar in size to hypercolumns (850 x 850 μm2) in four awake, fixating 

macaques. We calculated each neuron's preferences for orientation, OD, and spatial frequency 

(SF), constructed respective functional maps at cellular resolution, computed the geometric 

gradients of stimulus preferences with each neuron, and subtracted the intersection angles among 

gradients. The functional maps demonstrated often complete orientation and OD representations, 

but limited SF representation (mainly higher SFs) within each FOV. Importantly, intersection 

angles among orientation, OD, and SF maps were widely distributed without consistent 

tendencies towards any specific angles. Additional analysis showed similar results when 

intersections of neurons with high gradients were considered, or when more data points were 

added to cellular functional maps using a natural neighbor interpolation method before each map 

was smoothened by a two-dimensional Gaussian (σ = 25 μm). In contrast, Gaussian-smoothened 

pixel maps showed slight trends of orthogonal (Ori-OD & SF-OD) or parallel (Ori-SF) 

intersections among maps in some FOVs, resembling previous reports (e.g., Nauhaus et al., 

2016). Together our results suggest that V1 hypercolumns, while fully covering at least 

orientation and ocularity, may have no further geometric constraints to allow coexistence of 

multiple functional maps. Previous pixel-based results might have been affected by additional 

factors such as blood vessels and neuropils. 
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Abstract: In primary visual cortex (V1), both long-range lateral connectivity and feedback from 

higher order visual areas contribute to shaping neural responses based on spatial context. 

However, it is unclear exactly how and to what extent lateral and feedback connectivity 

individually contribute to contextual modulation of neural responses in V1. Developments in 

ultra-high-field functional magnetic resonance imaging (fMRI) have enabled non-invasive 

imaging of cortical lamina in humans, which can be exploited to examine the cortical origins of 

neural signals underlying blood-oxygenation-level-dependent (BOLD) contrast. We acquired 

data from six participants using 7T fMRI at 0.6 mm isotropic resolution to measure the influence 

of visual context on BOLD response profiles across cortical depth in V1. Participants viewed 

sine-wave grating disks (2 cycles per degree, 40% contrast, 2-degree diameter at 3 degrees 

eccentricity) embedded in 20-degree diameter surround gratings with matched spatial frequency 

and contrast. Two context conditions were delivered by adjusting either the relative orientation 

or relative phase of the surround with respect to the target. These were measured against a third 

condition that lacked any segmentation cues between the target and surround. A fourth surround-

only condition was used to assess the effects of feedback on V1 in the absence of feedforward 

input. The context conditions allowed us to isolate the effects of orientation-tuned surround 

suppression (OTSS), a canonical example of contextual modulation in V1, from non-orientation 

dependent figure-ground modulation (FGM). We found significant modulation of BOLD signal 

in center-selective voxels in the absence of feedforward input, suggesting that feedback and 

recurrent connections can drive strong BOLD responses in V1. Surprisingly, we found only 

weak signatures of OTSS that were primarily localized to superficial layers. We conclude that a 

large fraction of the BOLD signal measured in V1 cannot be attributed to feedforward 

mechanisms and that feedback appears to modulate the BOLD response broadly across cortical 

depth. 
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Title: Characterizing neurons in anesthetized macaque V1 with multi-photon imaging via a 

chronically implanted window 
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Abstract: One of our major goals for multi-photon imaging in the macaque primary visual 

cortex (V1) is to be able to characterize the physiology of as many neurons as possible in a local 

3D block of tissue, ultimately allowing functional information to be compared against a 

connectomic map determined post-mortem. However, to derive meaningful tuning functions 

from nearly all V1 neurons may require the use of a variety of visual stimuli. Our preliminary 

results comparing drifting gratings to small flashed spots suggest that neither set alone is 

sufficient to drive all V1 neurons well and that some regions within the functional architecture 

contain neurons that are more selective to gratings while other regions contain neurons that are 

more selective for small spots. We injected a Macaca nemestrina with PHP.eB-CAG-GCaMP6s 

and PHP.eB-hSyn-GCaMP6s in V1 and implanted a sealed, chronic imaging window with an 8 

mm coverglass centered over the injection sites. After 26 days, during which two recovery 

imaging sessions were carried out to assess wide-field functional architecture (eye dominance 

and orientation domains), a multi-day, terminal 2-photon imaging session commenced under 

anesthesia (sufentanil, isoflurane), with paralysis to reduce eye movement. We presented drifting 

sinewave gratings (size 2-6 deg, 4 Hz, 2 sec duration) to measure direction and spatial frequency 

preference and presented small, randomly-placed white and black spots (0.2-0.5 deg squares, 7x7 

grid, 0.5 sec, gray background) to measure RF location, size and ON/OFF preference. For each 

ROI (determined by Suite2P), we computed a signal-to-noise ratio (SNR) that divided the 

modulation in the tuning curve by trial-to-trial variance. We analyzed >10,000 ROIs from 40 

fields of view (~440 x 440 um) across >200 um of depth within layer 2/3. We found that ROIs 

that responded well to sinewaves (top 10% of SNR) tended to occur in clusters that were 

spatially separated from the ROIs that responded well to small spots, and clusters were broadly 

consistent across depth in cortex. We observed a much weaker tendency for units to cluster on 

the basis of receptive field maps that were dominated by ON response vs. those dominated by 

OFF responses. Our results bear on cortical functional architecture and demonstrate the 

importance of testing diverse stimulus sets to determine optimal characterization paradigms for 

activating the vast majority of V1 neurons. We aim to further test this with both multi-photon 

imaging and high-density electrode recording. In addition to reporting our clustering results, we 

will describe our novel chronic imaging window and wide-field imaging system. 
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Abstract: Even a simple and localized visual stimulus excites millions of neurons in the primate 

primary visual cortex, each encoding a small window of visual field, and each with its own 

selectivity for features such as orientation or spatial frequency. Hence, resolving coarse-scale 

features—like stimulus shape—requires the pooling of responses across large populations of 

neurons. The way such information is extracted is an open question. A popular hypothesis has 

been a labeled line decoder—a decoder that knows the specific selectivities of all its individual 

units and uses that information to identify overall stimulus shape. Our lab has accumulated some 

support for an alternative hypothesis: a decoder that exploits retinotopy—a topographic 

organization in the visual cortex in which nearby neurons encode nearby portions of the visual 

field - creating a one-to-one map of the visual field across the surface of the cortex. Our 

hypothetical retinotopic topographic decoder ignores the selectivities of individual neurons, 

instead distinguishing shape solely from the retinotopic spread of activity evoked across the 

cortex. We have trained macaque monkeys in a simple shape discrimination task in which 

subjects are to report the aspect ratios of small 2-D Gaussian visual stimuli. In parallel, we have 

developed an all-optical platform for reading out neuronal activity via widefield calcium imaging 

and simultaneously writing in activity with specific retinotopic shapes using a DMD pattern 

projector to activate a soma-targeted, red-shifted opsin. Leveraging this setup, we can conduct 

biasing experiments to attempt to influence animal judgment using artificially induced neuronal 

activity patterns that only hold information at the retinotopic scale, indiscriminate to tuning 

properties such as orientation selectivity. We find that injected retinotopic information does 

affect the perceptual judgment of stimulus shape, systematically biasing the animal’s reports of 

shape as predicted by the retinotopic decoder. To further our interpretation of the results, we 

performed an in silico experiment in a realistic V1 encoding model to see how retinotopic-scale 

stimulation affects task performances of a labeled line and a retinotopic decoder. In silico, we 

observed no systematic biasing effects for a labeled line decoder in response to retinotopic-scale 

stimulation, contrasting the bias seen in our experimental results. Therefore, our preliminary 



results provide the first direct evidence for a retinotopic topographic decoder, indicating that the 

coarse retinotopic spread of activity across the surface of the cortex is an integral part of the 

neural code for stimulus shape. 
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Abstract: The responses of many neurons in primate V1 decrease when a stimulus exceeds an 

optimal size, and this effect varies with the properties of the surround stimulus. The mechanisms 

mediating such size tuning and surround modulation effects are not known. The goal of the 

current study is to examine specific hypotheses regarding those underlying mechanisms at the 

population level, focusing on the role of V1 inhibition and the interplay between feedforward 

inputs, recurrent computations within V1, and feedback from higher visual areas. To address this 

goal, we took advantage of the cell-type specificity afforded by viral approaches and used 

widefield imaging of the genetically encoded calcium indicator GCaMP6f in macaque V1 to 

record responses from either excitatory populations, via the CaMKIIa promoter, or inhibitory 

populations, via the pan-inhibitory h56D promoter (Mehta et al., 2019). We compared V1 

responses across the two cell classes to predictions of three candidate models of size tuning: 

suppressive surround, supralinear stabilized network (SSN), and a model where size tuning in V1 

is inherited from LGN inputs. Our results do not support any of these models, demonstrating 1) 

similar size tuning responses to flashed circular sine wave gratings of increasing size across cell 

types and stronger surround modulation in inhibitory vs. excitatory cells, inconsistent with 

suppressive surround, 2) similar contrast response functions to large flashed sine wave gratings 



across cell types, inconsistent with SSN, and 3) selective surround effects to stimuli with center 

and surround discontinuities of either orientation or phase, inconsistent with surround 

modulation solely inherited from LGN inputs. Instead, we find highly elevated V1 population 

activity along the retinotopic representation of the occluding edge that is formed when a center 

and surround differ in orientation or only in phase. Given these results, we propose an alternative 

model wherein size tuning and surround modulation are mediated by a recurrent or feedback 

mechanism that facilitates V1 population response within a short distance from the 

representation of occluding edges. This elevated occluding-edge response is withdrawn from the 

center population as stimulus size increases, leading to the observed population size tuning and 

surround modulation. We are currently developing a population model that captures these results. 

Future work will test the predictions of this occluding-edge model of surround modulations. 
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Abstract: The primate primary visual cortex (V1) is functionally organized into two-

dimensional topographic maps that represent visual features. One such feature is orientation, 

which is encoded at both a fine-scale of single neurons and a coarse-scale of orientation columns 

containing thousands of neurons. A key open question is whether downstream circuits exploit 

this coarse columnar-scale topography as part of the neural code for orientation - i.e., a 

topographic code hypothesis. The alternative is that decoding circuits take into account the 

specific tuning properties of each neuron in the population (labeled-line hypothesis). To causally 

test the topographic code hypothesis, we first developed optical-genetic methods for 



simultaneous read-write in the cortex of a behaving macaque. We used viral vectors to co-

express GCaMP6f and soma-localized ChRmine in V1 excitatory neurons (expression area of 

~16mm2). We then identified orientation-selective columns via widefield calcium imaging, prior 

to the simultaneous recording and stimulation (i.e. ‘read-and-write’) of sets of columns with 

widefield imaging (sCMOS camera) and patterned optogenetics (DMD-projector). Second, we 

asked whether optogenetic stimulation (optostim) that mimics the columnar response to an 

oriented visual stimulus can bias perceptual judgments of orientation towards the orientation 

preferred by the stimulated columns. We trained a macaque monkey to perform a coarse 

orientation discrimination task on horizontal or vertical gabors presented at 4-5 contrast levels to 

vary difficulty. Within each block, in each trial we randomly stimulated either vertical, 

horizontal or no columns as the visual Gabor was presented. The animal was rewarded only for 

correct judgments on visual stimuli. We found, for the first time, that columnar optostim of 

vertical or horizontal columns significantly biases the animal’s orientation judgments in the 

expected direction, and such biasing is reflected in simultaneously measured optostim-driven 

columnar-scale neural responses in V1. Our preliminary results provide strong causal evidence in 

support of the topographic code hypothesis, particularly as the animal is only rewarded for 

correct judgments of the visual gabor and is thus incentivized to ignore the optogenetic 

stimulation. Further, our work provides a foundation for the next-generation of cortical 

neuroprosthetics, where feature-specific signals can be inserted in large contiguous cortical areas 

via columnar-scale stimulation. 
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Abstract: The covariability of neural responses in the neuron population is highly relevant to the 

information encoding. Cognitive processes, such as attention, are found to modulate the 

covariability in visual cortex to improve information encoding, suggesting the existence of 

computational advantage of covariability modulation in the neural system. However, is the 

covariability modulation a general mechanism for enhanced information encoding throughout the 

information processing pathway, or is it only adopted in certain processing stages, depending on 

the property of neural representation? In this study, we used ultra-high-field MRI and a slow 

event-related design to investigate the covariability in neural responses of V1 and posterior 

parietal cortex (PPC) in the human brain under different attention states. In each trial, after a 

spatial cue, two gratings were briefly presented in different visual fields. Participants (n=11; five 

females; aged 23 to 28 years) had to discriminate the orientation of the cued grating. 

Covariability was estimated by calculating the noise correlation of trial-to-trial fMRI response 

variabilities between each voxel pair, and the quality of information encoding was estimated by 

the decoding performance of orientation information in each brain region. Our results showed 

that while attention decreased the covariability to improve the stimulus encoding in the early 

visual cortex, covariability modulation was not observed in PPC, where covariability had little 

impact on information encoding. Further, attention generally promoted the information flow 

between early visual cortex and PPC, which was partially contributed by a flow from high- to 

low-dimensional representations, suggesting the existence of a reduction in the dimensionality of 

neural representation from early visual cortex to PPC. Finally, the neural response patterns in 

PPC could predict the amplitudes of covariability change in early visual cortex, indicating a top-

down control from PPC to early visual cortex. Our findings reveal the specific roles of sensory 

cortex and PPC during attentional modulation of covariability, determined by the complexity and 

fidelity of the neural representation in each cortical region. 
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Abstract: Theta burst stimulation (TBS) is a repetitive transcranial magnetic stimulation (rTMS) 

protocol with the added benefit that it requires shorter stimulation time compared to traditional 

rTMS protocols. This increases efficiency and compliance in both research and clinical settings. 

Even though TBS applications in the primary motor cortex (M1) have been well-explored, scant 

attention has been paid to its impact on the primary visual cortex (V1) and parameter 

optimisation. TBS includes two variants: Intermittent TBS (iTBS; excitatory) and continuous 

TBS (cTBS; inhibitory). In our lab, previous neuroimaging studies including magnetic resonance 

spectroscopy (MRS) and resting state functional magnetic resonance imaging (rs-fMRI) did not 

lead to notable alterations in gamma-aminobutyric acid (GABA) concentration in V1 or 

functional connectivity in whole-brain analyses when V1 was stimulated with either cTBS or 

iTBS (Cohan et al., 2023; Stoby et al., 2022). However, we previously found significant effects 

when applying low frequency (1Hz) rTMS to V1. This emphasises the need to understand TBS 

effects on visual brain areas and optimise TBS protocols accordingly (Rafique et al., 2016; 

Rafique & Steeves, 2020, 2022). In this study, we explored cTBS' influence on M1 and V1 

utilising MRI-guided stereotactic neuronavigation. We investigated the disparities in biophysical 

parameters such as scalp-to-cortex distance (SCD), electric fields at hotspots and stimulation 

intensities between M1 and V1. We used motor thresholds (MTs) for M1 stimulation and 

phosphene thresholds (PTs) for V1 stimulation as markers. Our preliminary results suggest that 

PTs are significantly higher than MTs despite longer SCD at V1, and shorter SCD at M1. In 

addition, we found that post-cTBS PTs increased in comparison to sham stimulation, hinting at 

an inhibitory aftereffect. However, both active and sham cTBS in M1 yielded to increased MTs. 

A profound understanding of the varied stimulation parameter effects and their location-specific 

variations is crucial for effective and efficient TMS protocol application in research and 

therapeutic contexts. These insights will facilitate tailoring TMS approaches to each target 

region's unique requirements, enhancing the overall effectiveness of TBS in vision research and 

clinical settings. 
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Abstract: Area V4 is an intermediate processing stage of the ventral visual stream. V4 neurons 

are selective for color and for shape features of intermediate complexity (e.g., curved edge 

elements and non-Cartesian gratings). However, current computational models of V4 neurons 

cannot predict more than a fraction of the response variance observed under naturalistic 

conditions. Thus, we performed long-term, large-scale neurophysiological recordings of V4 

neurons during stimulation with full-color nature videos. This produced a data set of 

unprecedented size, consisting of up to 7 hours of 60Hz video data recorded from single V4 

neurons. We then developed the biologically plausible hierarchical convolutional energy model 

(HCE). In this model, a stimulus is first log-polar-transformed to mimic cortical magnification in 

V1. Then, it is passed through a stack of simple and complex cell subunits, which represent the 

visual hierarchy from V1 to V4. The HCE model was fit separately to each of the 326 V4 

neurons in the sample. The fit models achieved high prediction performance on a withheld test 

set. Each model was used to synthesize a predicted optimal pattern (POP) video, which is 

predicted to elicit the maximal response of the corresponding neuron. These POPs were analyzed 

to recover the spatial, chromatic and temporal tuning properties of the V4 population. The POPs 

recapitulate previous findings from V4 and reveal new V4 tuning properties. For example, in the 

spatial domain V4 neurons differ in their tuning for low versus high frequencies, radial versus 

concentric gratings, texture versus contour, and contour curvature. In the color domain V4 

neurons differ in their selectivity for monochromatic versus color patterns, and for blue-yellow, 

green-magenta and red-cyan patterns. Finally, in the time domain V4 neurons vary from fast 

phasic (peak 33-50 ms from stimulus onset), slow phasic (peak 67-83 ms from stimulus onset), 

and sustained patterns. In a control, we found that the HCE model outperforms a cartesian HCE 

model. POPs from the cartesian model are less likely to contain curves, possibly because the 

model builds curves using multiple aligned edges. In contrast, the log polar transform allows the 

HCE model to produce curves as a function of edge orientation. Currently, the HCE model is the 

only biologically plausible spatiotemporal model to accurately predict V4 responses under 

naturalistic conditions. POPs produced from this model consist of multiple overlapping spatial 

frequency, orientation, and color patterns. These patterns suggest that V4 neurons represent 

amplitude-modulated filters, which may play a critical role in scene segmentation of the natural 

world. 
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Abstract: TITLE: Sustained and transient responses in human visual cortex 

ABSTRACT:The temporal dynamic features of perceptual neurons encode rich information that 

allows us to adapt to the rapidly changing world. Previous neuroimaging and computational 

model studies have proposed a two-channel model in the visual system. According to this model, 

temporal processing in visual cortices is mediated by a sustained channel showing lasting 

responses throughout stimulus presentations and a transient channel showing rapid responses to 

stimulus onsets and offsets. However, direct empirical evidence supporting this model has been 

lacking. To address this gap, we utilized intracranial electroencephalogram (iEEG) to investigate 

and characterize these channels within the human visual cortical hierarchy.We recorded iEEG 

data from 26 participants (7 females) with drug-resistant epilepsy who underwent stereo-

electrode implantation for clinical purposes. Using 3° x 3° checkerboard stimuli presented at 

different spatial positions (Experiment 1), we identified 211 sites with robust visually evoked 

high gamma activities (HGAs) across the primary visual cortex (V1, n = 67), lower visual cortex 

(V2-V3 or LVC, n = 80), and higher visual cortex (HVC, n = 64). We found that sites across the 

visual hierarchy exhibited sustained or transient-like HGA profiles in response to visual stimuli 

at their receptive field (RF) centers, with a stronger weighting towards the transient channel as 

the RF eccentricity increased. Interestingly, when the stimulus was moved from the RF center to 

the RF edge, we observed more transient responses in the sustained sites, indicating that the 

sustained channel possesses superior spatial resolution. Additionally, we found that the sustained 

sites in V1 received stronger feedback modulations compared to transient sites when stimulated 

at the RF center, with this difference diminishing when stimulated at the RF edge. We further 

presented a subset of participants (n = 8) with grating stimuli (Experiment 2). Our findings 

revealed that sustained sites demonstrated more temporally stable encoding of orientation 

features 

than transient sites. In summary, our study provides a comprehensive characterization of the 

sustained and transient channels in the human visual system. We highlight their distinct 

characteristics, including the topological distribution, receptive field structure, connectivity 

patterns, and feature encoding properties. These findings offer fundamental support for a unified 

theoretical framework elucidating the dynamic encoding mechanism of visual information. 
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Abstract: Recent analyses have found waves of neural activity traveling across entire visual 

cortical areas in awake animals. These traveling waves modulate the excitability of local 

networks and perceptual sensitivity. The general computational role of these spatiotemporal 

patterns in the visual system, however, remains unclear. Here, we hypothesize that traveling 

waves endow the visual system with the capacity to predict complex and naturalistic inputs. We 

present a network model whose connections can be rapidly and efficiently trained to predict 

individual natural movies. After training, a few input frames from a movie trigger complex wave 

patterns that drive accurate predictions many frames into the future solely from the network’s 

connections. When the recurrent connections that drive waves are randomly shuffled, both 

traveling waves and the ability to predict are eliminated. These results suggest traveling waves 

may play an essential computational role in the visual system by embedding continuous 

spatiotemporal structures over spatial maps. 
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Abstract: Human high-level visual cortex selectively responds to different categories (e.g., 

faces, places). To what extent is sensory experience a mandatory prerequisite for this functional 

architecture to arise and develop? In this study, congenitally blind and deaf participants were 

presented with audio-only and video-only versions of the live-action movie 101 Dalmatians, 

respectively. Three control groups of participants either watched and/or listened to the 

audiovisual, the audio-only, and the video-only versions of the movie. Using fMRI data from an 

independent group of participants who watched the feature movie, The Grand Budapest Hotel, 

and performed a visual category functional localizer task, individualized category-selective 

topographies were successfully predicted in either congenitally blind or deaf participants by 

projecting the localizer data into their individual cortices using transformation matrices based on 

connectivity hyperalignment. Specifically, category-selective topographies in the ventral visual 

pathway in congenitally blind participants were highly comparable to those in sighted 

participants. Functional connectomes were notably similar across the entire cortex, regardless of 

the modality of sensory input or the content of the stimuli. When visual or auditory information 

was shared between groups, participants’ connectomes showed higher similarity in the 

corresponding visual and auditory cortices. Connectomes in the bilateral superior temporal 

cortices, which are involved in multisensory information processing, were analogous across all 

participant groups. Thus, this study, under real-world conditions, demonstrates that the 

connectome maintains a similar organization across varying sensory modalities and content, and 

shows that development of the functional organization of the human high-level cortex can occur 

independently of prior sensory experience. 
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Abstract: Visual cortical areas contain complex neural ensembles that segregate information 

into discrete processing streams to efficiently represent features like form and motion in complex 

visual scenes. Studies of these neural ensembles have benefitted from technical advances in 

functional imaging and neuroanatomy, and methods for coregistration of functional and 

anatomical datasets across multiple brain areas are now crucial to advancing our knowledge of 

visual cortical circuitry. We collected fMRI, dMRI and cytoarchitectonic data spanning cortical 

visual areas V1 through V4 in adult macaque monkeys, to examine correlations between 

functional and anatomical measures of areal and modular boundaries across macaque visual 

cortex. fMRI was collected using a 3T Siemens scanner, using localizers for retinotopy, color, 

motion, and category-selective domains (eg. face patches) to document functional and modular 

boundaries across visual areas. Postmortem 3T dMRI was collected following transcardial 

perfusion with paraformaldehyde, to document the anatomical location and orientation of major 

fiber tracts underlying visual cortex and evaluate macroscale shifts in brain size between pre- and 

post-mortem scans. Perfused brain tissue spanning V1 through V4 was cryosectioned coronally 

at 100μm and fluorescently labeled to identify cell nuclei (DAPI), myelin basic protein (MBP), 

non-phosphorylated heavy-chain neurofilaments (SMI32) and parvalbumin (PV). These four 

histological stains, when combined in individual sections, consistently identify cortical areal 

boundaries, laminar and modular boundaries within cortical areas, excitatory (SMI32-positive) 

and inhibitory (PV-positive) cell types, and individual axonal trajectories within white matter 

tracts. Coregistration of all data modalities is ongoing, and preliminary work demonstrates 

correlations between areal and modular boundaries of early visual cortical areas across functional 

and anatomical datasets. Future work will integrate optical physiology and spatial 

transcriptomics with the current experimental modalities, which will provide single-cell 

measures of transcriptomic cell type and neural function within the areal and modular boundaries 

identified by fMRI, dMRI and cytoarchitectonics across macaque visual cortex. 
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Abstract: Humans perceive the world veridically and this is largely invariant across individuals. 

What we “see” is a complex process that involves a cascade of transformations of the retinal 

image in visual cortical areas. We know from retinotopic mapping studies that visual inputs are 

distorted when they are projected onto the cortical surface of the brain. So do these distorted 

projections have any relations to one another and how do they ultimately transform our distorted 

projections of the physical world into a non-distorted percept? High resolution fMRI scans of 

retinotopic visual areas (V1, V2, V3) have shown us that retinal images are distorted at each step 

of the visual processing cascade. Precisely how much visual inputs are distorted when moving 

through the visual processing cascade has largely remained unexplored. We quantified the 

geometric distortions of the retinal image projections on visual areas V1 and V2 for each 

quadrant of the visual field (upper left, upper right, lower left, lower right) using the recently 

proposed quasiconformal quantification framework (Ta, et al., 2021), which is based on the 

principles of computational conformal geometry and quasiconformal Teichmuller theory. It can 

precisely quantify the amount of distortions in retinal image projections onto cortical surfaces 

with the Beltrami coefficient (BC), a differential geometry concept that measures angle 

distortions in quasiconformal maps. We compared distortions of the retinal image in visual areas 

V1 and V2 using their computed Beltrami coefficient maps (BCM) from Human Connectome 

Project(n=181) retinotopic data. The average BC magnitude from the visual field to visual areas 

V1 and V2 by region (left dorsal, left ventral, right dorsal, right ventral) was V1=(0.497±0.187, 

0.500±0.184, 0.337±0.135, 0.339±0.133) and V2=(0.484±0.206, 0.573±0.191, 0.307±0.140, 

0.446±0.135). The results suggest that retinal image projections between V1 and V2 have similar 

distortions in the dorsal region (lower quadrants of the visual field) [ZLL1] but significantly 

higher distortions in the ventral region (upper quadrants). With better fMRI data for higher level 

visual cortical areas, we plan to investigate if this result also holds true. 
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Abstract: How does the human brain make sense of complex naturalistic visual stimuli? While 

many models have been developed to tackle this problem, activity flow (ActFlow) models can 

provide unique insights into the network processes underlying visual comprehension. ActFlow 

modeling is a flexible analysis approach that uses empirical brain connectivity to simulate the 

generation of task-evoked brain activations. This provides empirically supported insights into 

how neurocognitive processes, including face selectivity in the fusiform face area (FFA), are 

generated from the flow of activity across brain connections. However, their application to the 

dynamic and complex stimuli of movie data, known for their ability to rapidly probe a variety of 

neurocognitive functions, remains uncharted territory. We hypothesized that ActFlow models, 

when applied to movie data, would not only replicate established category selectivity but also 

accurately predict the brain’s response to a wide range of stimuli. The analysis was conducted on 

the high resolution 7T movie watching Human Connectome Project (young adult) fMRI dataset. 

This dataset includes 859 diverse features from visual and auditory stimuli to complex actions. 

As a proof of concept, we focused our analysis on face selectivity in FFA. Face selectivity was 

calculated as the ratio of activation for faces in FFA to the average activation for all other 

features in that area. Next, we simulated the network processes driving activation in FFA using 

an Actflow model, which considers both the resting-state functional connectivity of that region 

with all others and their actual activations. Moreover, to account for stimulus-driven simulation 

of FFA activity, we employed the ActFlow model based on the primary visual cortex (V1) 

activation and functional connections and observed significant face selectivity in FFA. Lastly, 

we extended the ActfFlow model to generate activations for all 859 movie features and all 360 

cortical brain regions, indicating robust predictions of response profiles (population receptive 



fields; p-values<0.0001, Bonferroni corrected). Importantly, this demonstrates that our 

methodology can be extended to investigate category selectivity in a wide variety of brain 

regions. There is also potential to construct empirical encoding models for brain areas like V1, to 

better understand the transformations leading to complex representations such as category 

selectivity. Overall, these results demonstrate that network encoding models explain various 

visual and non-visual neural responses, setting the stage for broader investigations into the 

generation of brain-wide information dynamics. 
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Abstract: We present a shared functional and structural MRI dataset that can be used to advance 

our understanding of plasticity in the human visual system. Macular degeneration refers to a 

group of diseases of the retina that result in their late stages in loss of photoreceptors in the 

macula, the part of the retina responsible for central vision. After central vision loss, patients’ 

visual experiences are profoundly altered. Central vision can no longer serve its typical 

functions: e.g., reading, examining attended objects, etc. To the degree that patients use vision in 

daily life, they must learn to use peripheral vision. This represents a massive change in attentive 

use of the brain circuits that support peripheral vision.The Macular Degeneration and Plasticity 

project is part of the Human Connectome Project, Connectomes in Human Diseases. We 

collected data from patients with macular degeneration, and age, gender, and education-matched 

controls, allowing group-level comparisons examining the effect of MD. Use of participants with 

MD also supports a within-subject approach to examining brain plasticity. Participants with 

macular degeneration have portions of the visual field which lose sensation (scotoma), portions 

where input stays the same (spared peripheral visual fields), and many participants have a 



portion of the visual field that is regularly used for attention-demanding tasks (preferred retinal 

locus). Because many brain areas are retinotopically mapped, these different portions of the 

visual field are represented in distinct regions of the cortex. Thus, this dataset allows 

examination of the impact of both increased and decreased usage in the same participant. These 

data will be available for examining plasticity in a macular degeneration model. We include 

partial datasets in the repository to increase the utility of the dataset for a range of uses; there are 

38 participants with macular degeneration and 30 controls. Briefly, datasets, collected over 6 

extensive sessions include: MRI measures, retinal health, behavior, neuropsychology, and 

demographics. This dataset has produced a number of interim publications, and will be available 

to the public on the NIMH Data Archive and the Connectome Coordination Facility. We look 

forward to the innovative analyses that the neuroimaging community will perform on this 

singular dataset, which has potential to help the field understand the scope of neural plasticity in 

the visual system. 
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Abstract: Achromatopsia (ACHM) is a rare inherited disorder rendering retinal cone 

photoreceptors non-functional. As a consequence, the sizable foveal representation in the visual 

cortex is congenitally deprived of visual input. This spurs the hypothesis that the cortical 

representation of the central visual field in achromatopsia patients is remapped to take up 

processing of paracentral inputs (Baseler et al. 2002). Such plasticity might result in an 

enhancement of visual functions that are limited by cortical resources, such as visual hyper-



acuity. At the same time, they might confound the success of current target developments of 

gene-addition therapies in ACHM (Michalakis et al. 2022). To test the hypothesis that visual 

hyperacuity is increased in ACHM in particular for scotopic conditions, we compared 

conventional visual acuity (cVA) and hyperacuity (hVA) in ACHM (n=8; 6 CNGB3-related and 

2 CNGA3-related; age range: 16 - 53 years; ERG-confirmed absence of cone function) and age-

matched controls (HC, n=7). We applied photopic (maximal luminance 220 cd/m2) and scotopic 

conditions (maximal luminance 0.004 cd/m2; 40 min of dark adaptation) for white optotypes on 

black background to reduce glare effects in ACHM (Freundlieb et al. 2020). For photopic 

conditions both cVA and hVA were significantly worse in ACHM compared to HC, i.e., 

resulting in higher logMAR VA-values in ACHM (HC vs ACHM: cVA 0.0±0.04 vs 1.0±0.11; 

hVA -0.9±0.09 vs 0.5±0.22). For scotopic conditions there was a non-significant trend to worse 

cVA and hVA in ACHM (HC vs ACHM: cVA 1.0±0.04 vs 1.23±0.05; hVA -0.1±03 vs 

0.1±0.08). In sum, for the critical scotopic testing condition, if any effect, there is a reduction of 

visual acuity (cVA and hVA) in ACHM. In conclusion, no improvement of visual function is 

found in ACHM that might indicate functionally relevant visual cortex plasticity. This is in line 

with recent MRI investigations that indicate the lack of maturation of various aspects of visual 

cortex structure and function in ACHM (Lowndes et al. 2021; Molz et al. 2022). 
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Abstract: The death of photoreceptors in inherited retinal disorders, e.g. retinitis pigmentosa, 

can lead to blindness. Since photoreceptor death induces remodeling of bipolar cells (BCs), it is 

likely mediated by altered gene expression. We utilized a gene-embedding manifold to ask how 

BC transcriptomes change as a consequence of degeneration and genetic correction in a mouse 

model of retinitis pigmentosa. Mice with a floxed neomycin cassette inserted into the Cngb1 



locus (Cngb1neo/neo) were crossed with Grm6-GFP mice; offspring exhibit slow rod degeneration 

and express green fluorescent protein (GFP) in ON BCs. Littermates heterozygous for the 

neomycin cassette were controls. In the uncorrected degeneration group, retinas were sampled at 

P30 (70% rod loss and 2% cone loss), P90 (30% rod loss and 5% cone loss), and P210 (96% rod 

loss and 35% cone loss). Therapy was performed early (P30) and late (P90); retinas harvested at 

P150. Mice were sacrificed, retinas dissociated using papain, and sorted via FACS into GFP+ 

and GFP- cell populations at these times. RNA was extracted from (relatively) pure populations 

of sorted BCs and bulk RNA sequenced using Illumina MiSeq. Data were analyzed using 

manifold learning: genes with similar expression levels were near each other, and neighborhoods 

of genes identified those that follow similar expression trajectories. We found >2000 genes 

differentially expressed in ON BCs throughout photoreceptor degeneration in the Cngb1neo/neo 

ON BC transcriptome. Gene families known to change during degeneration, such as synaptic 

signaling, neuron projection, and stress response, had results predicted from prior studies, 

confirming the methodology. Importantly, developmental genes were largely upregulated over 

time in Cngb1neo/neo ON BCs but downregulated in heterozygous cells, independent of age-

related genes. However, genes related to synaptogenesis were not upregulated as a class, 

suggesting rewiring bipolar cells failed to create new synapses. Finally, we found degeneration-

affected gene subsets that were uncorrected by gene therapy, some that were corrected by 

therapy, and a distinct subset differing from both controls and degenerated. These results provide 

new avenues for therapeutic targets related to preventing or reversing remodeling, as well as 

inducing neuroplasticity for cell replacement and regenerative technologies for photoreceptor 

degenerations. 
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Abstract: The dorsal lateral geniculate nucleus (LGN) of the thalamus is driven by inputs from 

retina, which are then relayed to primary visual cortex. Diseases like glaucoma that impact 



retinal ganglion cells (RGCs), the output neurons of the retina, can cause loss of driving inputs to 

LGN neurons. However, surprisingly little is known about neurophysiological changes in the 

LGN following RGC damage. Prior work showed that LGN neurons with receptive fields 

immediately surrounding the lesion-projection zone (LPZ) of a laser-induced retinal scotoma 

shifted their receptive fields (Eysel et al.,1982, Nature). Here, we asked if RGC damage leads to 

other changes in LGN responses, and if the X and Y parallel processing streams are similarly or 

differentially impacted. We hypothesize that RGC damage would differentially impact X and Y 

neuronal responses to visual stimuli, since transmissions of visually-evoked activities from 

RGCs to LGN neurons in cats are selectively modulated in X channel but not in Y 

channel(Bullier and Norton, 1979, Journal of Neurophysiology), and these differences would 

depend on distance to the scotoma. To kill RGCs, we injected 5 µL of 2mM kainic acid (KA), an 

excitotoxin, intravitreally into a single eye in ferrets. Before and after the injection, we measured 

the thickness of the RGC layer complex (RNFL+IPL+GCL) using Optical Coherence 

Tomography (OCT). We then used multi-electrode arrays to record the responses of LGN 

neurons to a variety of visual stimuli both contralateral and ipsilateral to the retinal lesion in 

anesthetized and paralyzed ferrets. We estimated the relative eccentricities of recorded LGN 

neurons based on electrode tracts, in addition to computing the area and eccentricity of RGC loss 

histologically. We found that a significant portion of LGN neurons with receptive fields in the 

LPZ were unresponsive or lacked tuning to visual stimuli. LGN neurons with receptive fields 

near the scotoma boundary often lacked tuning for spatial frequency and showed altered tuning 

to luminance contrast and temporal frequency. These tuning shifts were present in both sustained 

(X) and transient (Y) LGN neurons. Sustained/X neurons displayed greater variability in baseline 

firing rates and response latency relative to transient/Y neurons. These data suggest significant 

shifts in tuning responses among LGN neurons with receptive fields in or near the LPZ, 

regardless of cell type. However, sustained/X neurons appeared more impacted in terms of 

response timing and precision. Our findings lay the groundwork for ongoing efforts to recruit 

and restore visual processing at multiple levels of the visual system after retinal lesions. 
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Abstract: Although experience-dependent ocular dominance (OD) plasticity has been 

extensively studied in the primary visual cortex (V1), little is known about the subcortical nuclei 

and high-order visual cortex. Using high-resolution 7T fMRI, we found two distinct but 

cooperating adaptive mechanisms in the visual thalamus and high-order visual cortex of human 

adults. Short-term monocular deprivation (MD) of contrast input significantly enhanced the 

deprived eye’s sensitivity compared to the nondeprived eye in the parvocellular subdivisions of 

the lateral geniculate nucleus (LGN) and the ventrolateral pulvinar, but not in the superior 

colliculus. Although the deprivation effect in V1 varied substantially across subjects, it showed 

significant correlation with and feedback connectivity to the LGN in the binocular but not 

monocular stimulus conditions. Perceptually, the deprived eye became more sensitive in contrast 

detection and more dominant in binocular phase combination. In the lateral occipital area (LO) 

and V3ab, MD enhanced the nondeprived eye’s sensitivity and their connectivity from V1. 

Inputs to the nondeprived eye also generated faster and more accurate 3-D shape-from-shading 

perception. These opposing MD effects demonstrate that in the adult human brain, homeostatic 

mechanism in the visual thalamus cooperates with Hebbian-like mechanism in the high-order 

visual cortex to rapidly and adaptively adjust interocular balance to abnormal binocular inputs. 

Using high-resolution 7T fMRI, we show that short-term MD in human adults shifts interocular 

balance to the deprived eye in the LGN of the thalamus, but to the nondeprived eye in high-order 

visual cortex. Eye dominance in low-level and high-level visual perception also changes in 

opposite directions. These findings demonstrate that homeostatic adaptive mechanism in the 

visual thalamus cooperates with Hebbian-like mechanism in the high-order visual cortex to 

rapidly and adaptively adjust interocular balance to abnormal binocular inputs. 
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Abstract: Normal interocular balance, the relative strengths of left and right eye inputs to the 

central visual pathways, is an important prerequisite for normal binocular vision. Human 

psychophysical studies have demonstrated a disruption of interocular balance following a period 

of short-term (1-3 hours) monocular deprivation (STMD). The unexpected outcome of STMD is 

a relative increase, not decrease, in the deprived eye (DE) gain post-STMD. This example of 

adult neural plasticity is opposite in sign to that expected by traditional monocular eye-patching. 

The mechanisms underlying this STMD response are largely unknown. We have previously 

conducted functional optical imaging STMD studies in V1 of adult macaque monkeys, 

demonstrating an increased V1 response to DE stimuli relative to non-deprived eye (NDE) 

stimuli after STMD. Multiple single-unit recordings additionally revealed correlates of the 

STMD paradigm in V1, most notably the alteration of responses during and after STMD of 

neurons that are dominated by the NDE even though the stimuli provided to the NDE is 

unaltered during the STMD. These alterations of the NDE-dominated neurons include a greater 

shift in the post-STMD responses to the DE and a disruption of the pattern of the NDE ocular 

dominance columns (ODCs). We further explored these STMD sequelae in human V1 through 

high-resolution 7T fMRI, enabling the measurement of activity specific to each of the two sets of 

ODCs, before, during and after STMD. A preliminary study was conducted in a male subject 

with normal vision. Baseline (before) scans were conducted prior to STMD, afforded by a 

translucent patch over the right (dominant) eye. The STMD lasted 8 hours, with "during" scans 

conducted at 2, 4 and 8 hours, followed by an "after" STMD (unpatched) scan. As with the 

primate studies, the DE responses post-STMD were elevated relative to baseline, primarily in the 

NDE ODCs. Overall, the NDE-stimulated responses were elevated during STMD, dropping back 

to baseline levels post-STMD. The same fMRI sessions included resting state (eyes closed) 

functional connectivity (FC) measurements. STMD also influenced the level of FC between 

ODCs. Before STMD, there was a stronger FC between ODCs with alike compared to unalike 

ocular preference -- STMD increased this bias. However, for pairs of ODCs with shorter 

distances (<16 mm), this effect was short-lived, reversing post-STMD, whereas for pairs with 

longer distances (>21 mm), the increased like-like ODC FC was still evident even after patch 

removal. These human fMRI results largely matched the prior primate studies and extend our 

understanding of the impact of STMD on the binocular interactions in early visual cortex. 
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Abstract: To produce adaptive behavior, capable of both learning and memory, neural networks 

must balance between plasticity and stability. Computational work has demonstrated that 

network stability requires plasticity mechanisms to be counterbalanced by rapid compensatory 

processes. However, such processes have yet to be experimentally observed. Here, we 

demonstrate that repeated optogenetic activation of excitatory neurons in visual cortex (area V1) 

in macaque monkeys induces a population-wide dynamic reduction in the strength of neuronal 

interactions over the timescale of minutes during the awake state, but not during sleep. This 

novel form of rapid plasticity was observed only in the correlation structure but not firing rates, 

which remained stable across trials. A balanced computational network model confirmed 

experimental findings and revealed that inhibitory plasticity is responsible for the decrease in 

correlated activity in response to repeated light stimulation. Changes in I-E connectivity was then 

confirmed experimentally. These results provide the first evidence for rapid homeostatic 

plasticity that primarily operates during wakefulness, which stabilizes neuronal interactions 

during strong network co-activation, counteracting fire-together wire-together mechanisms.  
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Abstract: Training on simple perceptual tasks can lead to improved behavioral performance, 

which is referred to as perceptual learning. Perceptual learning is a key experimental paradigm 

for studying the plasticity of the brain, especially the visual system. The early visual cortex is 

generally thought to be involved in visual perceptual learning, whereas the characteristics of 

training-induced neural mechanisms in human early visual cortex have yet to be revealed. In the 

current study, we use high spatio-temporal resolution intracranial electroencephalogram (iEEG) 

technology to investigate the neuronal mechanisms of visual perceptual learning in human early 

visual cortex (V1, V2, and V3).We recorded iEEG signals from ten patients (four females) with 

drug-resistant epilepsy implanted with stereo-electrodes while they simultaneously learned to 

perform an orientation discrimination task for three days. The subjects showed substantial 

behavioral improvement in the trained orientation after three days of training. We identified a 

total of 84 visually responsive contacts in the early visual cortex (V1, n = 43; V2/V3, n = 41) that 

showed robust high-gamma activities (HGAs) to visual stimuli. All V1 contacts showed 

augmented HGAs to the trained orientation after training in both early (0 to 200 ms) and late 

(200 to 400 ms) response windows, while in V2/V3 contacts, augmented HGAs were only found 

in the late response window. Interestingly, training also led to a reduction of HGAs to the 

untrained orientation, in both V1 and V2/V3 contacts. Besides, by calculating the pairwise 

Granger causality index in each subject, we observed increased feedforward connections from 

V1 to V2/V3 after training, whereas the feedback connections from V2/V3 remained unchanged. 

Further analysis showed that, relative to the response to the untrained orientation, the response to 

the trained orientation nearly unanimously increased after training across all V1 and V2/V3 

contacts, whether they preferred the trained or untrained orientation at the single-contact level 

before training. Another seven patients (three females) enrolled in the control group without 

training, and none of the above findings were present in the control group. 

In summary, our study revealed several training-induced electrophysiological changes in human 

early visual cortex, which provide new evidence for the key role of human early visual cortex in 

visual perceptual learning. 
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Abstract: Orientation selectivity is a core property of primary visual cortex (V1) in mammals, 

yet patients with V1 damage can relearn to discriminate orientation at trained, blind-field 

locations. What neural machinery gives rise to orientation selectivity in V1-damaged patients? 

Here, we explore 2 possible mechanisms involving plastic changes in: 1) perilesional V1 and 2) 

pathways that bypass V1 and transfer information directly to extrastriate cortex, which may then 

use this input to construct orientation-selective signals. We studied 2 stroke patients (age: 45 & 

63 years, 2 females). One patient had a large lesion in right V1 that resulted in a left 

homonymous hemianopia. The other patient had a lesion in right V2/V3 that spared V1, but 

resulted in left homonymous quadrantanopia. We also studied 2 age- and gender-matched 

controls. Subjects were scanned with BOLD fMRI while performing a demanding task at 

fixation and viewing task-irrelevant gratings in the periphery. Stimuli consisted of small (2.5 deg 

radius), oriented (45° or 135°), sinusoidal gratings, presented peripherally (7.1-8.6 deg 

eccentricity), either deep in the blind field or at a mirror-symmetric location in the intact visual 

field. Each subject also underwent additional imaging for retinotopic mapping, an MT localizer 

(moving vs. static dots), and T1-weighted structural scans. We first asked whether hMT+ was 

visually responsive in the absence of V1. All subjects had reliable responses in hMT+ (defined 

by a cortical atlas) to both full-field, moving dot stimuli, and to grating patches presented in the 

blind field, consistent with earlier studies showing that MT retains activity after V1 damage, 

presumably through circuits that bypass V1. We next evaluated orientation selectivity in hMT+. 

In the patient with a large V1 lesion, we could decode grating orientation from hMT+, but not 

from earlier cortical areas. In the patient with a V2/V3 lesion that spared V1, we could only 

decode orientation from V1, but not from hMT+. Control subject data revealed reliable 

orientation decoding in V1 but much weaker decoding in hMT+. Our findings suggest that after 

V1 damage, orientation selectivity seems to emerge from circuits that bypass V1 and project to 

MT, likely via koniocellular layers of the lateral geniculate nucleus and/or via the pulvinar. 

When V1 is spared, these alternative circuits do not generate strong orientation-selective BOLD 

signals in hMT+. This double dissociation raises intriguing questions about the mechanisms 

underlying plasticity for low-level visual features within the residual, adult visual circuitry after 

loss of a key processing node. 
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Abstract: Ischemic damage to primary visual cortex (V1) causes devastating vision loss in the 

contralateral hemifield. Yet, we recently discovered that this loss is not immediate and absolute, 

with preserved, conscious direction discrimination inside a small proportion of perimetrically-

defined blind fields <3 months post-stroke (E Saionz et al., 2022; Brain). Given the close 

functional links between orientation and direction processing (J Moon et al., 2022; Psychonomic 

Bulletin and Review), we now ask if patients with preserved motion discrimination also have 

preserved static orientation discrimination abilities.Fine direction discrimination thresholds were 

measured using random dot stimuli and controlled fixation in 25 subacute stroke patients as part 

of an ongoing clinical trial (NCT04798924). Fine, static orientation discrimination thresholds 

were measured using 100% contrast Gabors tilted left or right of vertical.Preserved direction 

discrimination within the blind field was detected in 7/25 patients, 3 of whom were further 

assessed for orientation preservation. None of these 3, nor the remaining 18 patients tested were 

able to discriminate orientation above chance. Patient age, deficit size, and sex ratios were 

equivalent between preserved and non-preserved patients. In contrast, preserved patients were 

found to be earlier post-stroke (2.5+/-1.1 months) than non-preserved patients (3.9+/-0.8 months; 

unpaired t-test, p = 0.005). This prompted us to investigate differences in retrograde degeneration 

as a possible substrate. Optic tract integrity was assessed with structural MRI, and integrity of 

the retinal ganglion cell complex was assessed with OCT. A laterality index (LI) was calculated 

for both to quantify shrinkage relative to structures subtending intact vision. While optic tract LI 

was similar between groups, there was significant inner retinal thinning in non-preserved patients 

relative to those with preserved blind-field motion abilities (unpaired t-test, p = 0.009). Our 

findings provide new evidence about the motion specificity of conscious discrimination abilities 

after V1 damage in humans, and suggests a neural substrate that survives early post-stroke, is 

evident at the level of the retina, but degenerates over time. Ongoing studies seek to determine if 

this preserved ability can be boot-strapped to enhance efficacy of training interventions, and to 

define neural substrates of perceptual training approaches that recover both motion and 

orientation discrimination in cortically-blinded fields. 
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Abstract: The visual system is equipped with a powerful plasticity mechanism, perceptual 

learning (PL), which serves to improve perception. However, the neural underpinnings of PL 

remain a matter of debate. Plasticity could act on representations within visual cortex, and/or 

enhance information transmission to and read out by downstream areas. A critical test of the 

former hypothesis is that plastic changes in neural representations should also persist in the 

absence of a task. Here, we test this prediction by tracking orientation information before and 

after learning through multi-voxel pattern analysis (MVPA) in macaque visual cortex during 

passive viewing.We acquired blood oxygenation level dependent (BOLD) functional magnetic 

resonance imaging (fMRI) activity in one male adult macaque monkey at two time points: before 

and after learning fine orientation discrimination. During scanning, we presented full-field Gabor 

gratings (6 orientations) in a block design. We trained a support vector machine (SVM) classifier 

on BOLD activity patterns of V1, V2, V3, V4, and TEO. Average decoding accuracies were 60% 

(SD 0.06) for V1, 62% (SD 0.06) for V2, 59% (SD 0.07) for V3, 56% (SD 0.08) for V4, 58% (SD 

0.06) for TEO, and 62% (SD 0.05) for all visual areas combined. Decoding was statistically 

significant against baseline in all areas before training (all p<10-6, corrected for multiple 

comparisons), except in V4 (p=0.37, corrected for multiple comparisons). After training, 

orientation decodability was significantly enhanced in all tested areas (all p<10-4, corrected for 

multiple comparisons), especially in V4 (p=0.007, interaction time point × area p=0.003). 

Together, these results show 1) that fine orientation information is decodable from macaque 

visual cortex using MVPA, and 2) that PL can lead to long-term plastic changes of neural 

representations even at the absence of a task. This study thus reveals hitherto unexplored 

orientation information in MVPA of the macaque visual cortex and posits that PL may change 

neural representational spaces more permanently than previously thought. 
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Abstract: Visual perceptual learning serves as a window into the study of brain neural plasticity. 

However, the limited spatial resolution and signal-to-noise ratio of EEG, along with the limited 

temporal resolution of fMRI, restrict our exploration of neural mechanisms underlying 

perceptual learning. Here, we utilized magnetoencephalography (MEG) technology to record 

high temporal-resolution neural signals from subjects who underwent extensive training in a 

visual motion direction discrimination task for eight days. We measured their behavioral 

performance and recorded MEG signals before (Pre), immediately after (Post1), and two weeks 

after training (Post2). After training, we observed long-lasting behavioral improvement at the 

trained direction. Based on MEG signals from occipital sensors, we built time-resolved 

classifiers to decode motion directions. Training significantly reduced the latency in the 

decoding time course and strongly increased the decoding accuracy. Notably, peak decoding 

accuracies were negatively correlated with behavioral thresholds. Further, we employed a time-

resolved multivariate inverted encoding model (IEM) to track the ongoing time courses of 

direction-specific neural representations of motion stimuli. By decomposing and reconstructing 

the neural signals, we showed that training enhanced the direction-selective responses and 

increased the representation fidelity at the trained direction. Importantly, none of the above 

changes was found at untrained directions. Moreover, our Granger Causality Analysis, following 

MEG source reconstruction, indicated that training strengthened the feedforward connection 

from early visual cortex (EVC) to V3A.Taken together, our study provides evidence that 

extensive training modifies early-stage neural responses and feedforward connections in visual 

processing, shedding new light on the neural basis for behavioral performance enhancements. 
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Abstract: While the functional connectivity patterns in the adult brain have been well 

investigated, quantitative study of individual-specific plasticity in functional connectivity have 

been more limited. We examine this in people with late stage Macular Degeneration (MD). 

These patients lose the sensory receptors for central vision and often use locations in peripheral 

vision for daily tasks requiring vision. Because of the retinotopic organization of early visual 

areas, different parts of the cortex experience sensory deprivation and increased usage. Two 

participants with similar sensory loss may develop individual-specific neural strategies for 

adaptation to vision loss. Our aim is to examine experience-dependent plasticity in functional 

connections for the deprived area of cortex (lesion projection zone, LPZ), an area of increased 

use (the preferred retinal locus (PRL), and a control region (unpreferred retinal locus, URL) 

corresponding to areas in V1 in individuals with MD. We performed seed-to-voxel analyses 

(fingerprints) from the cortical correspondence of LPZ, PRL, and URL in 21 MD and 23 control 

participants. This allowed us to examine how ‘typical’ the whole-brain functional connection 

pattern is for each participant, that is, how similar the pattern is to that of a typical healthy vision 

control. Given that LPZ and PRL experienced different usage in MD participants, we 

hypothesized that their cortical representations would have less typical fingerprints in MD 

participants than in controls. Our approach also allowed a within-subject control, as we expect no 

difference for the URL. Our results indicated that both LPZ and PRL fingerprints are less typical 

in MD than control. Further, within the MD participants, LPZ and PRL fingerprints are less 

typical than URL fingerprints, showing within-subject effects. We also assessed LPZ and PRL 

fingerprint similarities to compare increased vs decreased usage of the retinal regions. In MD 

patients, the PRL fingerprints were less typical than the LPZ fingerprints, whereas this difference 

was less pronounced within the control group. These findings support the idea that functional 

connections from V1 maintain the capacity to adapt in the adult brain and that these adaptations 

may be idiosyncratic to the individual's experiences. 
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Abstract: During fetal development, sulci emerge at different time-points. The earliest emerging 

sulci are more spatially consistent, better predict functional regions, and are hypothesized to be 

under closer genetic control than later developing sulci. However, it is unknown how anatomical 

features of the earliest emerging sulci develop in the first year of human life. By combining 

structural and quantitative MRI, we longitudinally examined the development of sulcal depth, 

cortical thickness, and tissue microstructure (R1 relaxation rate) of the earliest emerging sulci in 

human infants across four timepoints (Nnewborn= 27, 10 females, Meanage ± SD: 29.1 ± 9.92 days; 

N3-months= 27, 14 females, 105.8 ± 18.63 days; N6-months = 20, 10 females, 189.3 ± 15.82 days; and 

N12-months= 4, 2 females, 376.0 ± 16.43 days). Higher R1 indicates higher tissue density and a 

more developed cortex. We focus on 12 major sulci that emerge in utero between 16 - 31 

gestational weeks, for their stability and consistency across infants. We used cortex-based 

alignment to align each sulcus, drawn on the adult average FreeSurfer cortical sheet, onto each 

individual infant’s brain. The reliability of automated sulcal fold mapping was validated by 

comparing the accuracy of automated versus hand-drawn sulci using dice coefficients. Our data 

reveal four main findings. First, from birth to one year of life, we find significant increases in 

mean sulcal depth of all sulci, except for the calcarine sulcus. Surprisingly, sulci that emerge 

early in gestation are deeper at birth than later emerging sulci, but deepen after birth more slowly 

than later emerging sulci. Second, 9/12 of these sulci significantly thicken from birth to 12 

months of age, except for the calcarine, central sulcus, and lateral occipital sulcus. Sulci that 

emerge earlier are also thicker at birth than later emerging sulci but develop more slowly than 

later emerging sulci. Third, all 12 sulci show significant increases in R1 from birth to 12 months 

of age, illustrating profound microstructural cortical growth after birth. Finally, using linear 

mixed models, we tested if development of R1 and/or thickness predicts sulcal deepening and 

find that R1 alone better predicts sulcal depth in infants as compared to R1 and thickness 

combined. Together, these findings suggest that differential changes in sulcal depth may be 

associated with the development of cortical tissue properties in the first year of human life. 
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Abstract: Iron is an essential metal and micronutrient for brain health and generation of cortical 

myelin. It is well established that iron deficiency can lead to cognitive impairments like autism 

and motor learning difficulties in childhood. However, the role iron plays in typical human brain 

development postnatally remains largely unknown. By combining quantitative susceptibility 

mapping, effective transverse relaxation rate (R2*[s-1]) and longitudinal relaxation rate (R1[s-1]) 

in 14 infants (age range: 16-479 days) and 10 adults (23-42 years), we tracked the distribution of 

iron and myelin in subcortical basal ganglia (BG) nuclei and gray and white matter (WM) tissue 

of primary sensory-motor areas (M1, S1, A1, and V1). Higher R2* and R1 values are linearly 

related to higher iron content and higher tissue density, respectively. Our data reveal three main 

findings: First, in BG nuclei and primary sensory-motor areas, there are linear increases in R2* 

and R1 with log10(age). However, R2* and R1 increase faster in BG nuclei than in primary 

sensory-motor areas, suggesting differential changes in tissue properties across the brain during 

development. Further, magnetic susceptibility (χ) reveals more paramagnetic (iron-like) 

properties in adult than infant BG nuclei, but diamagnetic (myelin-like) properties in sensory 

cortices across ages. Second, we estimated the contribution of iron (CFe) and myelin (CMy) from 

R2* and χ using empirical linear models1 (Eqs. 1 and 2), estimated iron levels from a prior 

postmortem study2, and a least square solver: Eq1: R2*(cFe, cMy) = aFe * cFe + aMy * cMy + a0; Eq2: 

χ(cFe, cMy) = bFe * cFe + bMy * cMy + b0. CFe maps resemble R2* maps, consistent with the idea 

that R2* is a better proxy for iron than myelin. CMy maps are more similar to R1 than R2* maps in 

primary sensory areas, further highlighting the dominant role of iron in R2* contrast. Third, we 

tested how R2* and R1 vary as a function of cortical depth in primary sensory areas. In adults, 

R2* and R1 both increase from cortex to WM, illustrating a corresponding relationship between 

iron and myelin cortical profiles. In newborns, however, both R2* and R1 are higher in cortex 

than in WM and this pattern reverses around 3 months for R1 and around one year for R2*, 



suggesting differential iron and myelin profiles during infancy. Together, our results pave the 

way to estimate concentrations of iron and myelin in infant brains from in vivo measurements, 

which is critical for establishing global standards to identify iron deficiency in the brains of 

developing infants and provide effective postnatal care. References: 1] Stüber, C., et al. (2014). 

Neuroimage. 2] Hallgren, B., & Sourander, P. (1958). J. of Neurochem. 
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Abstract: Children, but not adults, often maintain or regain cognitive functioning after extensive 

cortical damage. The mechanisms underlying this capacity remain poorly understood. Plasticity 

in childhood might allow functional remapping or compensation through changes in functional 

connectivity between brain areas distal to the epileptogenic zone, i.e., the intact hemisphere. In 

this study, we recorded BOLD responses from patients with drug-resistant epilepsy after large 

cortical resections (n = 14, 7 left and 7 right affected hemispheres, age range: 7-37, n = 6 male) 

and controls (n = 36, age range: 9-32, n = 22 male) as they viewed and listened to an 11-minute 

segment of a movie in an fMRI scanner. To examine functional connectivity at the hemisphere 

level, we parcellated the intact hemisphere of the patients and both hemispheres of the controls 

into 180 parcels using an anatomical atlas (Glasser et al., 2016) and calculated all pairwise 

statistical dependencies (Anzellotti et al., 2017). We further sorted the edges between the 180 

parcels into edges belonging to 22 networks and further into edges between 8 large-scale regions 

to determine whether reorganization is more likely to emerge at a certain level in the hierarchy of 

networks in the brain. For each patient group (intact left or right hemispheres), we assessed the 

statistical dependencies of the entire hemisphere connectivity, the connections within and 



between networks, as well as specific edges, against controls at each network level using inter-

subject correlation analysis and linear mixed effects modelling. Three main results emerged: 1) 

the intact hemisphere connectivity profiles of both patient groups differed significantly from 

controls, suggesting reorganization of the relative distribution of strong connections in both 

hemispheres, 2) global measures of within- and between-network connectivity were preserved in 

the left hemisphere intact group but reduced in the right hemisphere intact group, and 3) at the 

more local level, right hemisphere intact patients had widespread reductions in connectivity 

while differences in the left hemisphere intact patients were sparse and in both directions. These 

findings reveal the specificity in the connectivity changes following cortical resection. The large-

scale reorganization of networks in the intact, preserved hemisphere might reflect emergent 

plasticity in the service of maintained and/or retained cognitive function. 
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Abstract: Visual perception in primates depends on many regions of the cerebral cortex, 

including a series of retinotopically organized areas (V1, V2, V3). What computational objective 

is carried out by the retinotopic organization—by the division into hemifield (upper versus lower 

visual field), by eccentricity (fovea versus periphery), and by visual area (V1, V2, V3, V4)? To 

address these questions, we measured fMRI responses in two alert macaque monkeys trained to 

fixate a screen on which we displayed gratings that varied in spatial frequency, color, and 

saturation. We also obtained data in the same animals using retinotopic mapping stimuli that 

allowed us to parcellate the visual cortex by hemifield, eccentricity, and area. We analyzed the 

data with a novel variant of sparse linear discriminant analysis (sLDA) that discovers a 

combination of stimulus features that best separate the retinotopically defined parcels. Fitting the 

model to responses constrained only by each voxel’s eccentricity preference uncovered a single 

component (reflecting responses to a combination of stimuli) that separates cortical fields by 

their eccentricity preference, from fovea to periphery. This component maps onto expected 

dimensions that govern eccentricity representations, namely spatial frequency and S-cone 

response. We then fit the model to voxel responses considering each voxel’s dorsal/ventral 



representation and retinotopic area. The model discovered two components. The first separated 

dorsal/ventral subdivisions of all areas, and the second separated retinotopic areas according to 

their location in the putative visual processing hierarchy. Ventral regions compared to dorsal 

regions were characterized by increased response to colors associated with natural daylight 

(orange/blue) and decreased response to luminance contrast. Meanwhile, earlier visual regions 

(V1) compared to later visual regions (V4) were characterized by greater responses to contrast 

and saturation. Interestingly, the separation of dorsal and ventral subdivisions by component 1 

was progressively larger for increases in component 2 (from V1 to V4). These results may 

resolve persistent debate concerning V4: known asymmetries in the response properties of the 

candidate dorsal/ventral subdivisions have encouraged an hypothesis that these candidate 

subdivisions are not part of the same visual area. The present work suggests they are part of the 

same area, and that they inherent and amplify their asymmetries from biases evident in V1. 

Taken together, these results and analysis show that sLDA is a powerful data-driven tool for 

discovering hypotheses about cortical function and behavior. 
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Abstract: Categorization and memory are hallmarks of cognition, often studied with color, a 

controllable, continuous variable of behavioral relevance. One question has been the extent to 

which categorization and memory are impacted by language. The question has been challenging 

to answer, not only because all cultures have language, but also because sets of colors used to 

assess categorization and memory are defined by color spaces assumed to be perceptually 

uniform, an assumption known to be only approximate. Macaques, who have the same cone 

types and a similar cortical organization as humans but obviously lack language, provide an 

opportunity not only to assess these behaviors in the absence of language, but also to evaluate 

assumptions about the perceptual uniformity of color spaces. Four macaque monkeys were tested 

in multiple weekly sessions over several years (~220,000 trials) in an alternative forced-choice 

color-matching task adapted from a study of humans in which systematic errors in color matches 

provide a metric of color categories (Bae et al., J Exp Psychol Gen, 2015). The macaques learned 

to perform the task at above chance levels within ~5000 trials and plateaued at ~85% accuracy 

(chance = 25%) for the easiest color discriminations within ~30,000 trials. The data were fit with 

a mixture model where errors are a mixture of guessing and noisy memory. The analysis shows a 



common pattern of errors across the four animals, consistent with two color categories. These 

line up with human designations of warm (hue angle = 13° in CIELUV, SD = 17°) and cool (hue 

angle = 210° in CIELUV, SD = 13°). Some of the monkeys also showed additional idiosyncratic 

pattern of errors, stable over time, providing evidence of individual differences in color 

categorization. We next asked about the underlying causes of the errors. One possibility is that 

they have a cognitive origin; another possibility is that they reflect unrecognized non-

uniformities in the presumed uniform color space. These possibilities cannot be distinguished by 

a mixture model but we show they can be distinguished with a modification of the "target 

confusability competition model" (Schurgin et al., Nat Hum Behav, 2020). The analysis shows 

that the pattern of errors common to all four animals are best explained by a previously 

unrecognized non-uniformity in color space (delta-Akaike Information Criterion = 2x103), while 

the individual differences appear to have a cognitive origin. Finally, we used the monkeys’ 

behavioral results to estimate the non-uniformities, to reconstruct a color space that is 

perceptually uniform and uncontaminated by language. 
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Abstract: Luminance and chromatic light edges play critical roles in human vision. In primary 

visual cortex (V1), edges are encoded by simple and complex cells. Some simple cells encode 

luminance edges and others encode chromatic edges. Simple cell outputs are received by 

complex cells. Some complex cells are sensitive to both luminance and chromatic edges, while 

others are only sensitive to luminance edges. None are only sensitive to chromatic edges. The 

reason why the color tuning distribution of complex cells differs from the simple cells that 

underlie them is not immediately obvious. One possibility is that the color tuning of complex 

cells facilitates efficient object recognition in natural images. To test this hypothesis, we 

experimented on convolutional neural networks (CNNs) trained for object recognition. Because 

CNNs perform a single task, any features we observe are likely useful for that task. We 

replicated previous V1 experiments on six CNNs that span a wide range of architectures and 

were all trained to recognize objects in the ImageNet dataset. We presented these CNNs with 



colorful grating stimuli and analyzed collections of stimuli that drove a common response from 

individual units. The colors of these “isoresponse stimuli” are represented in a three-dimensional 

color space where each axis represents the value of a color channel. In this space, isoresponse 

stimuli form surfaces that provide clues to the computations that units perform. We focused on 

the isoresponse surfaces of CNN units that were invariant to the phase of the grating stimuli, 

making them analogous to V1 complex cells. These surfaces are similar to surfaces associated 

with V1 complex cells. Some surfaces were ellipsoidal or hyperbolic, similar to those associated 

with complex cells jointly sensitive to luminance and chrominance. Other surfaces were planar, 

indicating sensitivity to a single color direction orthogonal to the plane. All planar surfaces were 

orthogonal to luminance. Thus, like V1 complex cells, all complex units sensitive to one color 

are sensitive to luminance. These observations are consistent with the idea that a subset of V1 

complex cells and CNN units combine luminance and chrominance in a manner that is well 

suited for object recognition. The paucity of purely chromatic complex cells in V1, and their 

counterparts in CNNs, suggests that such signals are relatively unhelpful for object recognition. 

These results provide valuable insight into the mechanisms underlying human visual perception. 

Disclosures:  L. Bun: None. G. Horwitz: None. 

Poster 

PSTR028. Processing of Contrast, Form, and Color 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR028.04/Z21 

Topic: D.06. Vision 

Support: NSFC 31822023 

NSFC 31871053 

Title: Neural Code of Object and Illuminant Color in the Ventral Visual Pathway 

Authors: *G. ZHANG, L. CHANG;  

Inst. of Neuroscience, Key Lab. of Primate Neurobiology, CAS Ctr. for Excellence in Brain Sci. 

and Intelligence Technology, Chinese Acad. of Sci., Shanghai, China 

Abstract: Our visual system provides a robust representation of object category, identity, and 

object-related features. One of the major challenges for our brain is the extraction of the object’s 

surface color independent of the illumination color, known as the “color constancy” problem. It 

remains unclear how the visual system dissociates the confounding information and computes 

the color of the object. In the present study, we investigated the neural code of object color at 

different stages of the macaque ventral visual pathway and examined the extent to which object 

color is encoded with the dissociation of other confounders in the color selective areas. We 

presented realistic object models with different object colors (i.e., the reflectance) in the 3D 

scene rendered under different color illuminants, and we recorded single-neuron responses to 

these stimuli in V4, PLC (posterior lateral color patch) and ALC (anterior lateral color patch) in 



the inferotemporal cortex. Along the ventral visual hierarchy, there was an increase in the 

representation of object color from V4 to PLC, to ALC, and a group of ALC neurons represent 

the object color invariant to illuminant changes. Furthermore, we observed strong representations 

of object shape and position in PLC, which are often mixed with the representation of object 

color in a gain-modulated manner. The representation of shape and position and their interactions 

with color information were much weaker in ALC. This suggests that the object color and other 

properties are still entangled in PLC, but are dissociated in ALC, so that the representation of 

object color is more condition-general in ALC. Our results reveal the neural code of object color 

in a more realistic and complex situation across the ventral visual pathway, and provide insights 

into the dissociation of object color and other confounding factors in the color selective areas. 
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Abstract: The diversity of sexual signals is thought to arise in part from conflicts between 

natural and sexual selection. Sexual selection favors conspicuousness and can arise from animal 

mate preferences whereas natural selection penalizes detectability to avoid predators. 

Evolutionary trade-offs to address this conflict are a common explanation for sexual signal 

diversity. The processing bias hypothesis (Renoult & Mendelson 2019) suggests that signals 

evolve to exploit perceptual biases for both effective and efficient information processing, which 

suggests that natural and sexual selection may not be in conflict for animal patterns. Indeed, one 

strategy to reduce detectability is background matching, yet, human studies suggest that 

background matching could also be visually attractive, as people tend to prefer images that 

match the statistics of natural scenes. This preference derives from an adaptation of sensory 

systems to efficiently process those natural statistics. The processing bias hypothesis predicts 

that once detected, camouflage patterns should also be attractive. This is an important and 

untested prediction suggesting that camouflage could serve as an evolutionary precursor of 



sexual signals. Here, using humans as an animal model, we test whether camouflage patterns are 

intrinsically visually attractive. We first used a detection task to assess the camouflage 

effectiveness of patterned stimuli that varied in their background matching level. In a second and 

third task, we tested the attractiveness of those patterns, using the same stimuli as in task 1 but 

removing the detectability constraint by circling and centering the targets. Stimuli were 

presented either against a gray background to assess the baseline attractiveness of the target 

stimuli (task 2) or against the same patterned backgrounds as for the detection task (task 3). 

Preferences were assessed using a two-alternative-forced-choice design. A total of 1757 

participants completed our online study, with each participant completing the detection task and 

one preference task, in a random order. As predicted, we found that the most effectively 

camouflaged stimuli (detection task) were also the most attractive stimuli when rendered 

detectable. We further found that the absolute preference peak is also aligned with the average 

statistics of natural scenes and that a patterned background modulates those preferences. Our 

results support the hypothesis that camouflage patterns possess intrinsic visual attractiveness. 

This suggests that natural and sexual selection may share similar selection optima with 

camouflage potentially serving as an evolutionary precursor of sexual signals. 
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Abstract: Our visual world is rich in color information. The perception of color is commonly 

described in reference to three color dimensions: hue, saturation or chroma and value or 

lightness. With hue referring to the peak of the color spectrum, saturation (or chroma) referring 

to the spread of the color spectrum, and value (or lightness) referring to the overall intensity of 

the color spectrum. Previous psychophysical studies on humans have suggested that red (hue) 

stimuli and those with high saturation have a strong effect on arousal. Electrophysiological 



studies conducted on both human and non-human primate visual cortices have demonstrated a 

red dominance in neural responses compared to other colors, but have done so without 

considering saturation levels. A more recent study looking in primate V1 found a significant 

effect of the background on responses. Since the gamma (γ) band is often associated with 

cognitive function such as attention and stimulus awareness in V4, we hypothesized that it might 

be the saturation of a colored stimulus that drives the power of gamma band activity in color 

perception rather than the hue of a stimulus. To test this hypothesis, we used linear depth probes 

to record local field potentials (LFP) and multi-unit activity (MUA) in V4, while presenting 

isoluminant color stimuli both within responsive fields (RF) and as full field stimuli. We 

calculated the power spectrum density (PSD) of the LFP signals to six isoluminant hues (red, 

orange, green, cyan, blue, purple) with varying saturation levels (color distance along the 

saturation axe of each hue is 0.02 DE in CIE Lu’v’ color space, three to nine levels depending on 

the gamut). We found that color patches of all hues induced significantly higher power in both 

the γ-low (30-50Hz) and γ-high (50-100Hz) bands at higher saturation levels. Furthermore, when 

comparing different chromatic stimuli at the same saturation level, we observed no specific hue 

that exhibited a greater γ-band power response. In conclusion, high saturation color patches of all 

hues representing the chromaticity drive a significantly enhanced γ-band response. This increase 

in γ-band response does NOT depend on the hue of the colored stimulus but rather is dependent 

on the saturation of the color. 
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Abstract: This study used a novel short-term drowsiness paradigm to investigate the effects of 

yellow and blue light exposure on drowsiness in a dimly lit environment using the Karolinska 

Sleepiness Scale (KSS). Thirty-two participants were randomly assigned to two groups, which 

underwent a 10-minute dark adaptation stage followed by two 10-minute colored light 

exposures. One group had blue followed by yellow light exposure, and the other followed the 

reverse path. The study hypothesized an increase in drowsiness after the dark adaptation stage, a 

rise in KSS scores over 30 minutes of the experiment, and a significant interaction between color 



and order of light exposure. The results supported the first two hypotheses but not the third. 

There was a statistically significant increase in drowsiness levels after the dark adaptation stage, 

t(31) = 3.003, p < .01, two-tailed. There was an overall trend of the sleepiness measure to 

increase in a 30-minute experiment regardless of the light order exposure during the second and 

third stages of the investigation, F(1,30) = 6.177, p = .019, partial η² = .171. The hypothesis 

about the potential impact of the color order was rejected for this study due to its statistical 

insignificance. However, since the effects of yellow light exposure after dark adaptation were 

approaching significance, t(15) = 2.097, p = .053, it was concluded to investigate this 

phenomenon further in future studies. The findings suggest that various light colors can impact 

drowsiness levels, provide insights into the relationship between light exposure and drowsiness 

during the daytime, and highlight the importance of considering color order in future studies, 

contributing to the understanding of light exposure on human performance. 
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Abstract: Formal colour spaces capture similarity relationships based on behavioural data but 

there are discrepancies between these models and perception. Here, we collected 

Magnetoencephalography (MEG) data to test the extent to which these discrepancies can be 

accounted for by the neural representation of colour. Using a dense sampling of colour space, we 

recorded brain responses in humans evoked by hundreds of colours to measure how perceptual 

colour-space geometries unfold over time. Our stimuli varied in hue such that the entire hue 

circle was finely sampled, allowing us to model fine-grained differences in the neural response 

with millisecond temporal resolution. First, we used established approaches to test data quality 

and colour information at a coarse level. Specifically, we analysed eyetracking data to ensure 

central fixation, examined evoked responses across different colours and used time-resolved 

pairwise decoding to differentiate between broad colour categories. Second, we used an inverted 

encoding model with equally spaced tuning functions to associate MEG-sensor activity at each 

timepoint with distances between different hues in CIECAM02 colour space. Using independent 

MEG data, we then predicted stimulus colour from the neural data and assessed similarities and 

differences between the neural and behavioural representations of colour. In line with previous 

findings (e.g., Rosenthal et al., 2021, Current Biology; Teichmann et al., 2019, NeuroImage; 



Teichmann et al., 2020, JNeurosci), our results show that colour information is present in the 

neural signal from ~100 ms onwards. However, we found that colour space geometries unfold in 

a non-uniform way. These findings demonstrate that continuous, multivariate predictors afford a 

high sensitivity to disentangle unique colour representations from MEG data. Our findings 

provide novel insights into how individual colour geometries emerge and unfold in the human 

brain. 
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Abstract: Mechanisms in V1 that process retinal signals at the center-of-gaze (the fovea) 

underlie both high-acuity spatial vision and color vision. But knowledge of these mechanisms is 

limited, due to difficulty tracking the tiny eye movements that occur even when fixating. Such 

microsaccades can be on the same scale as the predicted size of foveal V1 receptive fields, 

approaching one arc minute. It has often been assumed that foveal V1 receptive fields are simply 

finer versions of parafoval receptive fields. Yet this assumption might not be valid given distinct 

anatomical, physiological, and behavioral characteristics of foveal vision, including higher cone 

density, precise cone sampling by retinal circuits, and overt attentional mechanisms. Non-foveal 

V1 neurons pool over many cones; it is an open question how the limited cone pooling of tiny 

foveal receptive fields determine how spatial and color vision are processed in V1.Here, we 

recorded neuronal activity from foveal V1 in alert fixating macaque monkeys using two chronic 

multielectrode arrays in one hemisphere and an acute laminar array inserted perpendicularly to 

the cortex in the other hemisphere. We elicited neural responses using spatio-chromatic noise 

defined in a physiologically defined cone-opponent color space which reflects the structure of 

color processing in lateral geniculate nucleus, and we used model-based eye tracking that used 



the fine spatial structure of foveal RFs recorded across the chronic arrays to infer eye-position at 

the resolution of foveal V1 neurons. We then studied the spatial and chromatic processing of 389 

V1 neurons sampled across cortical depth recorded across many foveal V1 positions using the 

acute laminar probe. We observed V1 spatio-chromatic RFs spanning as little as 6 arcminutes 

with fine-scale features measuring 1-2 arcminutes. Notably, these features were consistently 

finer when assessed for stimuli that combine across cone types (yielding luminance) than for 

stimuli that subtract cone types (yielding color). Even in cells strongly modulated by both 

luminance and color, the luminance subregions were on average 24% smaller than L-M or S 

subregions. Furthermore, stronger color modulation was generally associated with larger RF size. 

These results indicate a preferential encoding of high-resolution shape processing in foveal V1 

through luminance signals. Our measurements offer the first detailed insights into the spatial-

chromatic processing occurring in foveal V1 and begin to bridge the gap between retina and 

visual perception at the center of gaze. 
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Abstract: Environmental light detected by photoreceptors is transduced and ultimately 

integrated by retinal ganglion cells (RGCs), which relay visual information to the brain. 

Approximately 5% of these retinal ganglion cells are intrinsically photosensitive, able to directly 

detect blue light via the photopigment melanopsin and consequently signal downstream 

processes independent of rod and cone input. Importantly, ipRGCs contribute to visual 

processing and are key players in modulating the effect of light on numerous non-image forming 

processes such as circadian photoentrainment, mood, cognition, sleep, feeding, body 

temperature, and pupil constriction. The varied effects of ipRGCs on these behaviors is 

consistent with data demonstrating that ipRGCs are morphologically and physiologically diverse. 



To better understand the influence of light on health, we aim to illuminate behavioral 

contributions of ipRGCs at a finer scale. 

Improved cellular resolution in sequencing technologies has provided a method to further 

explore the heterogeneity of ipRGCs and their contributions to non-image forming processes. To 

date only a handful of genes are known to define subpopulations of ipRGCs. The first is the 

transcription factor Brn3b, whose lack of expression labels approximately 200 ipRGCs which are 

sufficient to drive circadian photoentrainment. Recent studies have also indicated that the genes 

Tbx20 and Rasgrp1 are differentially expressed among ipRGCs, although it’s unclear whether 

expression of these genes define functionally or morphologically distinct subpopulations of 

ipRGCs and how they may impact behavior. 

In this work, I analyze publicly available single cell sequencing atlases of the mouse retina to 

reveal a robust molecular signature for a morphologically distinct type of ipRGC known as the 

M4 (ON sustained alpha ganglion cell). I further identify M4 axon innervation to central targets 

associated with both visual and non-image forming behaviors via dual recombinase 

intersectional viruses. Finally with a combination of viral and genetic tools to intersectionally 

encode DREADD hM3D(Gq) or hM4D(Gi), I chemogenetically manipulate the M4 cell type to 

investigate its contribution to visual and non-image forming behaviors. 

This work expands our knowledge of the M4 ipRGC beyond ex vivo retinal physiology and 

establishes a viable strategy to interrogate behavioral contributions of retinal cell populations 

based on a two-gene signature. To our knowledge this is the first study to isolate and investigate 

the impact of a classic ipRGC subtype in vivo. 
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Abstract: In primary visual cortex (V1), responses to stimuli at a neuron’s preferred orientation 

can be suppressed by superimposing an orthogonal stimulus within the receptive field. This 

cross-orientation suppression can be at least partly explained by nonlinear contrast coding in the 

retinogeniculate pathways upstream of V1. However, the strength of this contextual masking 

(normalization) effect varies widely from neuron to neuron. We explored the sources of this 

variation by asking how other neuronal response properties and laminar location in cortex relate 



to contrast normalization. We made extracellular recordings from V1 in 9 macaque monkeys, 

using single microelectrodes or Neuropixels arrays. We measured responses to gratings at 

multiple contrasts at the preferred orientation, with and without a superimposed 50% contrast 

orthogonal grating. Most cells were assigned to cortical layers based on postmortem histology. 

Cross-orientation masking effects can be described by a ratio of the response to high contrast 

plaids and a linear prediction made by summing the responses to the component gratings. Across 

the population, this measure revealed response patterns ranging from strong suppression to 

facilitation by the orthogonal mask. Facilitation was almost exclusively observed in complex 

cells recorded in the supragranular layers. Normalization can be more sensitively quantified by a 

mask-induced rightward shift in the contrast response function (a change in contrast gain). V1 

neurons also differed widely by this measure, and a substantial number of V1 neurons showed 

little or no normalization. Normalization was strongly related to contrast sensitivity, with more 

sensitive neurons showing a stronger effect. We used a cluster analysis to learn how variations in 

normalization strength were associated with other neuronal response properties. Each of the 

principal clusters showed a unique distribution of sensitivity and response dynamics and was 

biased toward a particular subset of cortical layers. Two clusters contained many neurons with 

low thresholds and strong masking effects; these clusters had short response latencies and were 

concentrated in layer 4C. A long-latency supragranular complex cell cluster showed particularly 

low contrast sensitivity and minimal contrast gain effects. Our results suggest that subcortical 

nonlinearities in contrast coding explain a balanced relationship across the V1 population 

between contrast sensitivity and modulation by local contrast, but that the variation across 

clusters of cortical cells is largely determined by intracortical processing. 
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Abstract: Throughout the brain, fine time scale coordination of neural activity is associated with 

the presence of fast oscillations, which have been hypothesized to serve a range of functions, 

including synchronization, communication, and information processing. Extensive research has 

focused on these brain rhythms in the mammalian visual thalamocortical system, where recent 

studies in mice have identified a prominent narrowband (NB)-gamma rhythm (centered at 50 - 

70 Hz, with a narrow bandwidth of 5 - 7 Hz; Saleem et al., 2017). NB-gamma is elicited by full-

field visual stimuli with uniform, high luminance, but it is suppressed by stimuli with high 

contrast. This stimulus selectivity of NB-gamma raises questions about its functional relevance 

in visual information processing. Specifically, the role of NB-gamma remains unclear under 

natural conditions, where visual input involves complex spatio-temporal distributions of 

luminance and contrast. Here, we show that NB-gamma tracks local luminance in natural scenes 

and recruits V1spiking with retinotopic specificity. Using extracellular recordings in head-fixed 

mice and data from the Allen Neuropixels Visual Coding project, we show a tight correlation 

between the NB-gamma power in the V1 local field potential (LFP) and local luminance in static 

natural scenes, specifically in the region of the scene covered by the receptive fields of the 

recorded population. Such tracking of local luminance was unique to NB-gamma, as the power 

of neighboring frequency bands was instead correlated with the images’ local spatial-frequency 

power. Importantly, high local luminance not only predicted NB-gamma power in the V1 LFP, 

but also recruited spiking activity of individual V1 neurons with retinotopic specificity. 

Furthermore, we observed a similar representation of local luminance by NB-gamma for natural 

movies, where bursts of NB-gamma oscillations in the V1-LFP were preceded by local increases 

in luminance. These findings suggest that NB-gamma can serve as a temporal organizer of local 

V1spiking activity in conditions of high local luminance in naturalistic stimuli. Through 

contributions to the encoding of local luminance information, NB gamma might thus have a 

potential functional relevance for natural vision. 
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Abstract: Predictive coding model has provided the viewpoint of studying the human brain as 

the organ of inference (Friston, 2018), with evidence from many findings that the top-down 

effect of predictive information can be reflected even in the earliest sensory neural activities 

(Rao & Ballard, 1999). However, it remains as a question whether those predictive effects can 

indeed lead to enhancement in low-level perceptual performance. Therefore, this study aimed to 

examine the impact of predictive information on contrast sensitivity, one of the fundamental 

human visual abilities. Gabor patches were selected as the visual stimuli to test contrast 

sensitivity and to generate prediction. The experimental task was a 2-alternative-forced choice 

task of reporting the tilted orientation of the target Gabor patch with keyboard press (i.e., left or 

right). Importantly, preceding the target, a stream of three Gabor patches were presented 

according to the three conditions; two prediction conditions, matching and nonmatching, and a 

control condition without prediction. For the prediction conditions, three Gabor patches whose 

orientations differed in regular steps of 30° were presented sequentially as preceding 

information, thus inducing the impression of rotation. In the matching condition, the target Gabor 

patch was presented in the angle matching the direction of stream rotation while the nonmatching 

target was in the orthogonal angle. The angles of preceding stimuli in the control condition were 

selected randomly and irregularly to prevent the generation of any predictive information. The 

contrast sensitivity of 50% threshold was measured by the adaptive 1-up-1-down staircase 

procedure. Threshold for each condition was measured by individual staircases. The result 

showed enhanced contrast sensitivity in the matching condition, compared to the nonmatching or 

the control conditions. Importantly, contrast sensitivity in the nonmatching condition was not 

lower than in the control condition—the participants made a response based on their perceptual 

experience, rather than passively reporting in a biased way following the preceding information. 

The current finding suggests that preceding predictive information can lead to enhancement in 

contrast sensitivity to the following target. This supports the idea that the predictive processing 

paradigm can also be extended to low-level visual perception, providing evidence for the link 

between the previous neural findings and behavior. 
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Abstract: The visual system processes light and dark stimuli with ON and OFF visual pathways 

that respond differently to contrast. ON pathways have higher contrast sensitivity than OFF 

pathways in the retina, thalamus, and visual cortex of several species and, in human visual 

cortex, the ON-OFF sensitivity differences increase with luminance range (defined as the 

maximum minus luminance in the scene). Here, we demonstrate that, in human retina, the ON-

OFF sensitivity differences also increase with luminance range and are affected by myopia, a 

visual disorder that elongates the eye and blurs vision at far distances. Human retinal responses 

were recorded with electroretinography using Dawson-Trick-Litzkow electrodes (13 females, 13 

males; 29.9 ± 8.9 years old; eye axial lengths: 21.82 to 29.53 mm). ON and OFF retinal 

responses were driven with the onset of light and dark flashes presented on a bright background 

of 500 cd/m2 in a Ganzfeld globe (ColorDome; Espion system). Contrast response functions 

were measured at two different luminance ranges, 500 and 250 cd/m2, and fit with Naka-Rushton 

functions to extract three function parameters: the voltage response at 100% contrast (R100), the 

luminance contrast generating half-maximum response normalized by the luminance range 

(C50n), and the response latency. Our results demonstrate that ON retinal pathways have higher 

contrast sensitivity (lower C50n) than OFF retinal pathways at both luminance ranges (ON/OFF 

C50n for 500 and 250 cd/m2 range: 0.40 ± 0.09/0.61 ± 0.07, p = 2x10-9 and 0.55 ± 0.13/0.71 ± 

0.15, p = 0.011, Wilcoxon tests). They also demonstrate that increasing retinal illuminance 

makes contrast sensitivity higher in ON than OFF retinal pathways and responses stronger in 

OFF than ON retinal pathways. As a consequence, retinal illuminance is significantly correlated 

with both the OFF/ON ratio of contrast sensitivity and the OFF/ON ratio of response strength 

(OFF/ON C50n: r = 0.64, p = 0.0009; OFF/ON R100: r = 0.81, p = 1 x 10-6). Our results also 

demonstrate that myopia makes ON pathway responses weaker, less sensitive to contrast, slower, 

and less effective and slower at driving pupil constriction (pupil constriction is driven by ON 

pathways in mammals). As a consequence, eye axial length is significantly correlated with ON 

pathway response strength, latency, and mean pupil size (R100: r = -0.51, p = 0.007; latency: r = 

0.51, p = 0.007; mean pupil size: r = 0.41, p = 0.009). Based on these results, we conclude that 

contrast sensitivity is higher in ON than OFF retinal pathways but is compromised in myopia, a 

visual disorder that makes ON pathways weaker, slower, and less effective at protecting the 

retina from bright light. 
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Abstract: Prof. Semir Zeki is a prominent investigator of the functional architecture of the 

primate (including Homo Sapiens) visual brain and has contributed substantially to our 

knowledge concerning the neural basis of color vision. His claim (in his “A century of cerebral 

achromatopsia”, p.1765) that cortical achromatopsia on the one hand, and visual agnosia with 

intact color vision on the other, constitute two opposite neurological conditions, however, is not 

neuroanatomically well substantiated. As early in 1892, the Swedish neurologist Salomon 

Eberhard Henschen already classified hemianopia (in which the visual consciousness for the 

affected visual field is lost) and agnosia (i.e., “Seelenblindkeit” as this condition was referred to 

at his time) are a pair of opposite neurological classes: The former is with lesion in the primary 

visual cortex (V1, or “calcarine cortex” as referred to at his time) and with largely intact extra-

striatal cortical areas, whereas the latter is just the opposite - that is, with intact V1 and damaged 

extra-striatal cortex. Moreover, he used these two neurological conditions as positive and 

negative cases to establish V1 as the “vision center” in the human brain (in his “Klinische und 

anatomische Beiträge zur Pathologie des Gehirns”, vol.2, p.280) . Here I present a meta-analysis 

of the relevant neurological cases described by Henschen himself and several more visual 

disorder cases reported after Henschen in the neurological literature. Some of these cases have 

clear neuroanatomical information regarding the patients’ brain lesions, available through either 

autopsy neuroanatomical analysis (including some of the brains studied by Henschen, with brain 

damage patterns carefully drawn and presented as Karte G & H in his work cited above) or PET 

scanning / fMRI imaging in living patients. Overall, this analysis indicates that (1) Henschen’s 

characterization of hemianopia vs. agnosia as two opposite neurological conditions is more 

appropriate than Zeki’s view concerning cortical achromatopsia vs. agnosia, in terms of the brain 

damage patterns associated with these neurological conditions; (2) V1 is in fact what Henschen 

states as the “vision center” in the sense that it is a neural substrate for a primary type of visual 

consciousness - namely, the sensation for light and colors. Presently, Henschen’s conclusion 

about V1 has largely been forgotten; but here I attempt to reinstate this conclusion with an 

analysis of a set of relevant neurological cases as well as from an associationism’s point of view 

which had precisely summarized by the prominent Scottish scientist James Clerk Maxwell as “all 

vision is color vision” (Nature, vol.4, p.13). 
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Abstract: Understanding how specific stimulus properties are maintained and distributed in the 

brain is critical to understanding how we are able to process and respond to varying perceptual 

phenomena in our everyday environment. Using cross-correlation between EEG signals and 

random luminance sequences, it was found that a luminance change leads to a long-lasting 

“echo” in the alpha frequency range (VanRullen & Macdonald, 2012). The neural origin of these 

echoes and the precise stimulus features that induce them have not been extensively studied. 

Here, we presented stimuli that vary randomly over time in their luminance values or contrast 

value and also manipulate the visual field location of the stimuli in order to examine the origin of 

the responses in early retinotopic areas. We found that the initial wave of the echo showed a 

clear polarity reversal based on upper or lower visual field location and then the phase difference 

quickly disappeared, suggesting that the echo begins in the primary visual cortex (V1) and then 

propagates up the visual system. We found a similar pattern for both luminance-based echoes 

and contrast-based echoes, although the contrast echoes were shorter-lived. Our results shed new 

light on stimulus properties that produce visual echoes as well as provide novel evidence that the 

echoes behave as traveling waves originating in V1. 
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Abstract: Introduction: Although each neuron in visual cortex is like a spotlight that responds 

to a specific region of the visual field, its response can also be modulated by stimuli surrounding 

that spotlight through horizontal connections. These contextual effects have generally been 

studied in the context of simple grating stimuli, but it is unclear how they operate in the context 

of naturalistic stimuli. Using new machine learning techniques, we design optimal surround 

stimuli that incorporate naturalistic features. In the process, we better capture the functioning of 



visual cortex in everyday life. 

Methods: We present visual stimuli to a macaque monkey on a computer monitor, and record 

from early visual cortex (V1) using a Plexon laminar electrode. Our machine learning algorithm 

was pioneered by Ponce et al. (2019) and consists of two components: an image generator and an 

optimizer. The image generator, a generative adversarial network or “GAN,” is trained on over a 

million natural images and can flexibly produce a wide range of stimuli that resemble textures, 

objects, and landscapes. Meanwhile, our optimizer, a co-variate matrix adaptation evolution 

strategy or “CMA-ES,” uses neural feedback to iteratively evolve these stimuli and maximize the 

firing rate of a target neuron in visual cortex. 

Results: Our results validate a new method of studying surround modulation in visual cortex. By 

combining an image generator and an optimizer, we can consistently develop “optimal surround 

stimuli” that outperform traditional surrounds such as oriented gratings. These optimal surround 

stimuli tend to incorporate preferred orientations and colors as measured by single-modality 

tasks, showing how these features optimally combine in naturalistic images. However, they also 

include suboptimal orientations and colors, as well as more complex features like textures and 

shapes not traditionally associated with early visual cortex. These findings reveal the diverse 

tunings of early visual cortex in response to naturalistic stimuli. 

Discussion: In this study, we demonstrate the power of using machine learning and neural 

feedback in stimulus design. Optimal surrounds stimuli outperform traditional, single-modality 

surrounds and incorporate a diverse range of visual features such as color, shape and texture. 

This supports an overarching view of visual cortex as encoding multi-faceted, naturalistic 

features rather than simple, single-modality features like orientation or color alone. Furthermore, 

it shows how neural feedback can be used to guide stimulus design and discover new properties 

of neural circuits. 
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Abstract: Time perception is a fundamental cognitive process that is altered in many brain 

disorders. Interval timing, operationally defined as the perception of time ranging from 

millisecond to minute durations, is believed to be modulated by striatal dopamine and is often 

measured using instrumental learning tasks that present subjects with intervals of time then 

positively reinforce correct behavior. These task structures, as well as the evidence that interval 

timing is modulated by striatal dopamine, have led to the hypothesis that interval timing behavior 

can be explained using reinforcement learning theory. To investigate the intersection of 

reinforcement learning and interval timing mechanisms, we first sought to characterize the 

effects of reinforcement on interval timing behavior. We executed three studies (PIP-neutral, 

N=24, PIP-same-magnitude, N=24; and PIP-reinforcement, N=40), each implementing a 

variation on a three-interval timing task to measure participants ability to reproduce 1000ms, 

3000ms, and 5000ms intervals of time in the presence and absence of reinforcers with different 

valence and magnitude. We found that interval timing behavior is altered based on reinforcement 

(presence or absence), valence (positive or negative) and magnitude (scaled to interval duration 

or fixed). Specifically, we found reinforced cues produce significantly higher rates of initial error 

but also higher rates of learning over repeated trials compared to non-reinforced cues for the 

1000ms duration, but not the 3000ms or 5000ms durations (mixed effects ANOVA; p < 0.05). 

We observed that reinforced tasks elicit temporal behavior that generalizes across reinforcement 

valence (positive, negative, neutral; pairwise t-tests; p < 0.05). Additionally, we show that 

reward prediction errors (better or worse than expected rewards) on previous trials are correlated 

with performance prediction errors on subsequent trials (linear regression model; p < 0.05). The 

results of these experiments may serve as an initial step to integrating an understanding of 

reinforcement learning theory, interval timing, and potentially shared dopaminergic mechanisms. 
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Abstract: Effects of Transcranial random noise stimulation (tRNS) on TIME PERCEPTION 

DEFICITS IN ADHDFatima Asad1, Matthew Peterson12,3,4 & Martin Wiener1,2, 1. Cognitive and 

Behavioral Neuroscience Program, 2.Interdisciplinary Program in Neuroscience, Human Factors 

and Applied Cognition Program, Center for AdvancingHuman-Machine Partnerships, 

Department of Psychology, George Mason University, Fairfax VA and Department 



ofPsychology, George Mason University, Fairfax VA.ADHD is the most prevalent mental 

disorder affecting children, characterized by inattention, impulsivity, andhyperactivity. It is 

widely recognized as a lifelong condition which can significantly impact various areas of 

anindividual's life, such as academic and career pursuits, social relations, and daily activities etc. 

As of 2016, it wasestimated that approximately 6.1 million children in the United States aged 2-

17 years old (which amounts to 9.4% ofthis age group) had received a diagnosis of ADHD. 

Although not used as a diagnostic symptom, time perception is acommon deficit found in ADHD 

individuals, with individuals with ADHD tending to overestimate time compared tonormally 

developing controls. When asked to reproduce time in a task, individuals with ADHD tend to 

produce longerintervals compared to controls. Previous work has suggested that the source of 

ADHD deficits in timing comes fromprefrontal cortical sites, characterized by over-activation in 

this region. We hypothesized that applying transcranialrandom noise stimulation (tRNS) over 

prefrontal regions in ADHD may improve timing performance. Two groupsof individuals, age 

18-40, with and without a diagnosis of ADHD (n=20 ea.) were tested on a time reproduction 

task(0.6-1s) while receiving either sham or active stimulation to the F2 region of the brain. The 

results demonstrated thattRNS to control subjects lengthened time estimates, consistent with 

previous results. However, tRNS had no effecton individuals with ADHD. These findings 

support differential prefrontal mechanisms in ADHD that modulate theeffects of brain 

stimulation and suggest that underlying differences in attention may relate to heterogeneity in 

brainstimulation effects. 
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Abstract: Introduction: Decision making is a complex process that relies on situational 

awareness and experience to create a potential list of actions while weighing the benefits and 

pitfalls of each action. Evaluating decision making amongst team members in a real-life 

environment where perception and action are coupled is critical to understanding decision-

making in service members. There is a dearth of data evaluating decision-making for service 



members during the performance of ecological tasks. Purpose: To create military specific room 

breaching and clearing scenarios in augmented reality with distinct room environments to assess 

decision making capabilities in service members. Methods: One-hundred ten military service 

members from Fort Benning Georgia participated in this project. Service members completed 

three room breaching and clearing scenarios (empty room, a hostile environment with a civilian 

(Go-No-Go) and an incorrect positioning of a unit member) in an augmented reality environment 

with three digital avatar unit members. Three dimensional position data from the Microsoft 

HoloLens 2 headset was captured and used to compute temporal measures of room breaching 

and clearing events. Temporal outcomes included time to enter room, time to fire first shot, time 

in fatal funnel, and total trial time. Results: Linear mixed effects revealed between scenario 

differences for all scenarios (p < 0.0001). Pairwise comparisons between the incorrect position 

scenario and the Go-No-Go condition demonstrated no difference in time to enter the room (2.36 

s in both scenarios); however, time to fire the first shot in the Go-No-Go scenario was longer 

(0.97 s to 0.58 s) while time in fatal funnel (2.58 s to 3.31 s) and time to trial completion (7.46 s 

to 8.41 s) was longer in the incorrect position scenario. Conclusions: These data reflect a change 

in decision making capabilities during a military specific, ecological, team based scenarios when 

altering the environment inside of the room. Future studies are planned to evaluate the effects of 

mild traumatic brain injury on service member team performance. 
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Abstract: Background. The use of cannabis has become increasingly prevalent, raising 

questions about its potential impact on neural dynamics and cognitive processing. Although 

research has shown that cannabis dependence is associated with increased brain complexity 

using a single-scale index (Laprevote et al., 2017), it is currently unknown how cannabis use 

effects underlying neural dynamics across temporal scales. Multiscale entropy (MSE) analysis 

provides nuanced insight into underlying brain dynamics by examining changes in signal 

complexity across fine and coarse temporal scales, reflecting local and global information 

processing, respectively. Method. The current study analyzed resting-stage EEG data from 61 

participants (62.3 % female) grouped by frequency of use (frequent users, low-frequency users, 

and non-users) to determine whether group differences exist in signal complexity across 



temporal scales. MSE was implemented using the EntropyHub toolkit for Python. MSE values 

were calculated on independent channels before averaging across all channels for each 

participant. Subsequently, MSE values were averaged across subjects to obtain MSE curve 

profiles for all three groups. Between-group differences in MSE values were obtained using a 

one-way MANOVA. Results. Preliminary data suggest that frequent cannabis users exhibit 

decreased complexity at both fine and coarse scales compared to non-users and low-frequency 

users with markedly decreased complexity levels in frontal lobe channels. Conclusions. Initial 

findings suggest that frequent cannabis users exhibit less complex brain activity, potentially 

reflecting less efficient and flexible information processing both locally and globally, with most 

noticeable alterations in the frontal lobe region. These contrasting results with prior research 

highlight the importance of accounting for the multiple time scales inherent in physiological 

systems to capture the full range and complexity of underlying neural dynamics. 
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Title: Determining individualized neural event boundaries using fMRI 
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Abstract: Our ongoing experience is segmented into a nested series of discrete events, 

behaviourally and neurally separated by boundaries (Zacks et al., 2007). This segmentation is so 

strongly associated with shifts in brain activity patterns, that researchers can decode event 

transitions in movies and auditory narratives using fMRI (e.g., Baldassano et al., 2017). Current 

neural state segmentation techniques manage the inherent noisiness of fMRI data by identifying 

state transitions within group-averaged data, with the logic that neural state transitions that are 

related to event boundaries are shared whereas noise is idiosyncratic (Baldassano et al., 2017; 

Geerligs et al., 2021). While this is a reasonable starting point, the consistent variability in 

behavioural event boundary agreement (e.g., Zack & Tversky, 2001; Baldassano et al., 2017) 

suggests that the perception of event boundaries is itself idiosyncratic, such that averaging across 



people too early in the pipeline could miss much of the tool’s potential to capture this 

information. As such, we aim to assess whether the Greedy State Boundary Search (GSBS) 

algorithm (Geerligs et al., 2021) can reliably identify individualized neural boundaries. As a first 

step, we applied GSBS to individual participant data in a publicly available fMRI dataset where 

67 children ages 5-21 watched a clip of the movie Despicable Me (Alexander et al., 2017). We 

have promising preliminary results in the posterior parietal cortex, a region known to correspond 

well with normative judgments at the group-level (Baldassano et al., 2017). When we 

subsequently averaged these individualized boundaries across participants, the timeseries 

correlated well with normed behavioural boundary timing (p<.0001). Further, both the number of 

neural boundaries (p<.0001) and the correspondence of inter-subject boundary timing (p<.0001) 

increased with age, mirroring developmental patterns found in boundary judgements (Benear et 

al., 2023; Ren et al., 2021; Yates et al., 2022). And while motion estimates negatively correlated 

with the number of boundaries, they do not explain these developmental trends. Together, these 

results suggest that GSBS could be used to identify meaningful individualized neural boundaries. 

Finally, we will explore the effects of different denoising and aggregation procedures on our 

ability to reliably detect individualized boundaries, ending with recommendations for best 

practices. These promising preliminary results highlight the importance of developing and 

validating fMRI tools for the individual level of analysis; what meaningful insights could we be 

missing when we average away what makes each of us unique? 
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Abstract: Pupil size has been used as an indicator of cognitive load since diameter increases 

with task difficulty and reflects changes in attention and arousal mediated by the autonomic 

nervous system. This study investigated the potential of detecting the precise onset of cognitively 

loading events by analyzing pupil and eye movement responses across a variety of laboratory-

based tasks for which stimulus onset was known. Participants (n=58) completed the Dot Probe 

Task (DPT), Mental Arithmetic (MA), Psychomotor Vigilance Task (PVT), and Visual Working 

Memory (VWM) while eye-tracking parameters (i.e. pupillometry and gaze position) were 

recorded. The problem was framed as a binary classification task, labeling 1-second windows as 



"1" if they occurred immediately after a trial onset, and "0" otherwise. A Convolutional Neural 

Network (CNN) architecture was employed as the model for training the tasks, and the model's 

performance was evaluated using the F1 score metric. Among the tasks, the DPT demonstrated 

the highest F1 score of 0.91, followed by MA (0.82), PVT (0.80), and VWM (0.39). When 

training all four tasks together, the model achieved an F1 score of 0.72, indicating limited 

generalization ability. Although the general model underperformed compared to the individual 

DPT, MA, and PVT tasks, it displayed promising results beyond random guessing. The average 

F1 score using both pupil size and gaze position was 0.72, only slightly dropping to 0.67 when 

gaze position was excluded. The CNN model effectively detected common patterns in pupil size, 

where the pupil initially constricted after the onset and followed by a pupil dilation related to 

cognitive workload. Our preliminary findings suggest that after the onset, the constriction in 

pupil size indicated participants' attentional shift toward the newly presented problem, with 

pupillary light reflexes only making a minor contribution to the constriction. The shifting focus 

took about 0.6 to 0.8 seconds. Subsequently, the pupil dilation indicated the onset of cognitive 

workload, with the peak of pupil size and the latency of the peaks strongly influenced by the 

cognitive workload magnitude and task duration. For short tasks such as PVT, peaks occurred 

around 0.5 to 1 second after the onset, while medium tasks like VWM and DPT exhibited peaks 

around 1.5 to 2.5 seconds. Longer tasks like MA typically showed peaks after approximately 3.5 

seconds. These findings emphasize the potential of machine learning to accurately predict 

cognitive load based on pupil and eye movement responses, contributing to advancements in 

personalized learning and optimizing neurocognitive workload allocation. 
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Abstract: How we can hear one voice while another voice is not heard, and the how the situation 

reverses naturally during music listening are still not well understood. Here, we examined the 

modulations of frontotemporal connectivity from the left inferior frontal gyrus (IFG) to the right 

Heschl's gyrus (HG) in response to the Twinkle Twinkle Little Star (TTLS) melody, as 

participants listened to Mozart's Variations KV 265. Our findings reveal that frontotemporal 

connectivity, specifically from the left IFG to the right HG, undergoes dynamic changes at the 

conclusion of repeated musical phrases. Interestingly, these connectivity changes coincide with 

the perceptual reversal of the TTLS melody, where it transitions from being perceived as the 

prominent figure during the initial phase to the lower voice being processed as the figure in later 

repeated phrases. The observed figure-ground reversal in repeated passages was strongly 

reflected in the modulation of frontotemporal connectivity. This study provides compelling 

evidence for how the human brain dissects voices from the multidimensional structures of 

continuously changing music and reconstructs them through momentary switches in figure-

ground processes. The implications of these findings shed light on the neural mechanisms 

underlying voice perception in complex musical environments. 
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Abstract: Humans use shape and color to identify and select objects. Prior work has raised three 

questions about this behavior: Are learning rates different for shapes and colors? Does 

knowledge of color-shape associations impact color perception? Why are the colors of “objects” 

more likely to be warm than cool? We tested macaques, a model of humans, to address these 

questions. We collected data over four years in two juvenile macaques using in-cage touch 



screens. All experiments involved 12 “objects” (2-D colored shapes) in which color and shape 

were equally diagnostic of identity. Colors were six equally saturated hues of both luminance 

polarity that evenly sample hue angle in CIELUV color space. Phase I tested and trained 

selection of an object’s color or shape. Trials began by presenting an object. In some trials 

monkeys were rewarded for choosing from four options the blob of matching color; in other 

trials, they were rewarded for picking the matching colorless shape. Phase II tested the learned 

color-shape associations. Trials began with a colored blob or colorless shape of one of the 12 

objects, and monkeys were rewarded for selecting the associated shape or color. Using a 

reinforcement-learning framework, we estimated initial performance, learning rate, and plateau 

performance. Monkeys learned to match objects to shapes faster than to colors (Phase I, 

likelihood ratio test, p<0.01), and learned to match shape cues to color faster than color cues to 

shape (Phase II, p<0.01), akin to human toddlers. Monkeys began near chance on Phase II, 

showing little evidence of cognitive penetration of color-shape knowledge. At plateau 

performance (Phase II, 96.8% accuracy), we began Phase III to assess how shapes and colors, 

when equally diagnostic, are used to identify objects. Trials began with one object followed by 

two options: 80% of trials, one option was a direct match; 20% of trials, both options matched 

either the object’s shape or color. Humans (n=96) completed an analogous task online. Humans 

and monkeys: (1) matched objects to shape more often than to color (t-test, p<10-4); (2) were 

more likely to use color for objects of positive luminance-contrast polarity (ANOVA, p=10-4); 

(3) were less likely to choose color for yellow or purple objects. Interestingly, humans were 

more likely than monkeys to match objects to color for warm-colored than for cool-colored 

objects (ANOVA, human: p=0.006; monkey: p=0.72), suggesting that the diagnostic use of color 

by humans reflects a prior about colors of behaviorally relevant things, not an innate preference 

for warm colors. 
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Abstract: Our conception of time is essential to episodic memory, providing a frame of 

reference with which we can (1) distinguish specific events from one another and (2) generalize 

knowledge across them. For example, memory of a specific morning may allow you to recall that 

you ate breakfast at 8 AM (specific temporal memory) while integration of temporal information 

across different mornings (e.g., breakfast at 8 AM and 9 AM) may enable abstraction of the 

knowledge that breakfast typically occurs at 8:30 AM (general temporal knowledge). These 

specific and general facets of temporal memory are thought to alternately rely on within-event 

and between-event memory processes, which may develop at different ages. Past developmental 

work indicates that children can recall precise temporal details of single events (Reese et al., 

2011), but less is known about whether they generalize temporal information across events. 

Given that the ability to integrate across events shows protracted development (Bauer, 2021), 

one proposition is that children may be less likely to form general temporal knowledge. Here, we 

test this idea, assessing whether there is a bias toward specific temporal memory earlier in life 

before general temporal knowledge emerges. To that end, individuals 7-28 years completed a 

child-friendly adaptation of an adult temporal memory task (Bellmund et al., 2022) in which they 

learned a sequence of five events and were asked to remember the precise time of each (Specific 

Time; Event 1 - 8 AM, Event 2 - 11:30 AM). Critically, participants were exposed to four 

separate sequences, each adhering to the same 5-event structure, such that generalization across 

events in the same temporal position was also possible (General Time; Average time of Event 2 

across sequences). Preliminary results (n=61) show non-linear development of memory for 

specific time, with the largest improvement in childhood (7-10 years) and linear increases into 

adulthood. In addition, we show that specific temporal memory was biased toward average times 

at all ages, suggesting that even children extracted general temporal knowledge. Importantly, 

general temporal knowledge tracked with specific temporal memory, particularly among 

children, such that greater generalization tracked lower specificity. Together, the findings 

suggest that temporal generalization interacts with children’s ability to reconstruct specific event 

times, with this imprecise temporal framing leading to specificity errors. We speculate that, in 

contrast to adults who effectively form both specific and general temporal memories, children 

may rely on general temporal memory to compensate for underdeveloped specific memory. 
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Abstract: Have you noticed that your anticipation of a green light is increasing as waiting longer 

at a crossroad? This dynamic prediction of when an event will take place can be described by the 

hazard function, a conditional probability of an event (the green light) to occur at a specific time, 

given that it has not occurred yet. However, temporal prediction in real life could be established 

by learning hierarchical statistical regularities such as predicting the timing of the next beat 

based on priors of single beat and multi-beat sequence in music, and it remains unclear how the 

brain represents the hierarchical temporal prediction. Here, foreperiod (FP) is the time interval 

between warning and target stimuli, and the participant needed to quickly respond to the target 

by considering two levels of probability distributions of the FP. For example, the FP could be 

50% short and 50% long (first level: single FP), but could be 100% short when the precedent FP 

was short (second level: two-FP sequence). Therefore, the temporal prediction can be described 

by two hard functions, HF1 and HF2, respectively based on the first- and second-level 

probability distributions. Behaviorally, a linear mixed-effect model incorporating both HF1 and 

HF2, compared to only HF1 and only HF2, was the most effective predictor of reaction time. 

This suggested that two-level regularities were collectively employed to formulate temporal 

predictions. Moreover, we adopted a forward encoding model to capture correlations between 

two hazard functions and dynamics of EEG diploe sources. We found significant correlations in 

the hippocampus, premotor area, and cerebellum. Interestingly, HF1 was dominantly represented 

in the left cerebellum while HF2 was dominantly represented in the right cerebellum. Our 

findings revealed that multi-scale statistics for making temporal predictions were jointly encoded 

in distributed and hierarchy-specific lateralized brain networks. 
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Abstract: Prior memory research reveals how shifts in contextual states organize the content of 

episodic memory. For example, separate events experienced across a shift in context (i.e., event 

boundary) are judged as being experienced farther apart in time than equally separated events 

experienced within the same context. However, while emotion has a well-known impact on 

episodic memory, whether emotional states affect temporal organization of memory remains 

underexplored. For example, is information encoded in an emotional state perceived as occurring 

closer or farther in time than a neutral context? In this project, we investigated whether the 

emotional nature of contextual states affects temporal distance judgements for neutral 

information encoded within or across neutral and emotional contexts. Twenty-eight participants 

encoded pictures of neutral everyday objects, paired with a picture of a neutral scene image that 

was repeated across six consecutive trials. Critically, scene contexts were either associated with 

threat, defined as the possibility of receiving an unpredictable mild electrical shock to the wrist, 

or safety, defined as the absence of a possible shock. Threat and safety were explicitly indicated 

to the participant by the corresponding word presented below the scene context image. 

Physiological arousal was confirmed through measures of skin conductance level in the threat 

versus safety contexts. Immediately after encoding, participants viewed two neutral objects that 

had been presented either within or across contexts that were always separated in time by three 

intervening trials. Participants judged how close or far apart in time the two objects were 

presented during encoding. Results confirmed an effect of event boundaries on temporal 

judgements, such that objects presented across a context shift were judged as being farther apart 

than equally spaced objects presented in the same context. Interestingly, however, the emotional 

nature of the context did not affect temporal judgements either within or across event boundaries. 

Altogether, these findings suggest that emotional arousal did not determine temporal order 

judgements, perhaps indicating dissociation between the effects of emotion on separate aspects 

of mnemonic organization. Further research is needed to probe other aspects by which emotion 

impacts long-term episodic memory organization. 
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Abstract: Ausaf F. & Cansel I.Time perception is our subjective view of the time passage and 

relates to the duration of comprehension, order, and pace of events in our environment. This 

complex process includes the integration of information from numerous sensory inputs along 

with higher-order cognitive functions including attention, recollection, and decision-making. It is 

well known that demands on attention, working memory, decision making, difficult perception, 

memory recall cause greater pupil size. Hence, during any type of effortful work, pupil size 

increases. We suggest that there are two different types of task demands in a prior study. Load 

(1) that is connected to what is being done right now, such enhanced working memory or 

attention. This type of load, which we refer to as load 1, is widely known. Yet, we propose a 

distinct and unidentified type of cognitive load (load 2). The duration of the present task episode 

has an impact on this load. This load results in us completing lengthy actions as a single unit, 

such as writing emails and shopping, rather than carrying out each of their numerous component 

acts separately. Longer tasks need the organization and regulation of thought and behavior over a 

longer time. We previously demonstrated that load 1 increased pupil size whereas load 2 lowered 

it. We put these predictions to the test in the present study using a duration replication task in 

which 30 subjects were recruited (22 women, aged 18–27). Subjects were presented with a cue 

screen with a target time duration (such as 11 seconds). On the next screen, subjects were asked 

to pay attention to the passage of time and perform a keypress when they think they reached the 

target duration. After the key press, subjects were presented with how much they deviated from 

the target interval. They were asked to replicate short (8–12 seconds) and long (14–18 seconds) 

intervals (two conditions). This was demonstrated by higher deviations during the longer 

intervals. The longer intervals, however, involved paying attention to the passing of time for a 

longer amount of time, which equated to a longer work episode, thus this requirement was 

associated with load 2. If as is often believed, any type of load increases pupil size, the effect 

should be greater when subjects reproduced a task for a longer period. Pupil size would be lower 

when subjects reproduced longer periods, yet, if pupil size declined as task length increased (i.e. 

load 2). We discovered that along the replication of longer intervals, pupil diameters were in fact 

lower, both early on and later on. We demonstrate that a particular type of cognitive load, 

contrary to the more well-known type of load, does not raise, but rather decreases pupil size. 
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Abstract: Individuals with autism spectrum disorder (ASD) have atypical time perception. 

Recent investigations demonstrated that individuals with high autistic traits are reported to not 

adapt to prior stimuli effectively. Previously, we found a positive aftereffect of prior asynchrony 

in tactile synchrony judgment (SJ) (Widjaja et al., 2019; 2022, Soc Neurosci Abst). Here, we 

further investigated the relationship between the autistic traits of the participants and the 

magnitude of the aftereffect in tactile SJ. Typically developed participants (n = 24) were engaged 

in an SJ task. In each trial, the participants either received an asynchronous [stimulus onset 

asynchrony (SOA): ± 100 ms] or a synchronous (SOA: 0 ms) adaptor stimulus pair. Then, 500 

ms after the adaptor stimulus pair, the participants received a test stimulus pair (SOA: ± 80, ± 30, 

± 10, or 0 ms) and judged whether the stimulus pair occurred synchronously or not. Each 

participant completed 378 trials of the task. The autistic traits of each participant were measured 

using the Japanese version of the Autism Quotient (AQ) (Wakabayashi et al., 2004, Jpn J 

Psychol). Consistent with our previous findings, we observed a positive aftereffect of prior 

asynchrony on SJ. That is, after the asynchrony adaptor was presented, the participants judged 

the test stimulus pairs as occurring asynchronously with greater frequency compared to that of 

the synchrony adaptor. Notably, the magnitude of the positive aftereffect exhibited a significant 

negative correlation with specific subscales of the AQ, namely the Attention to Detail and 

Communication traits. The more severe these autistic traits, the weaker the positive aftereffect is. 

Meanwhile, the correlation with the total AQ score did not reach a significant level. A previous 

study also reported weakened positive aftereffect in tactile temporal order judgment (TOJ) of 

individuals with higher autistic traits (Wada et al., 2023 J Autism Dev Disord). However, the 

significant negative correlation was observed between the magnitudes of the aftereffect and total 

AQ scores. SJ reflects the smaller psychological and neuronal components involved in human 

time processing (e.g., Miyazaki et al. 2016, Sci Rep). Accordingly, our results suggest that the 

magnitude of the positive aftereffect in tactile SJ reflects specific psychological and neuronal 

components associated with autistic traits, particularly the tendency to focus on fine aspects of 

information and the difficulty in communication. 
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Title: Applying the Bayesian estimation model of human timing to virtual baseball batting 
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Abstract: Psychophysical studies have indicated that the Bayesian estimation operates in timing 

tasks. That is, the brain utilizes the prior distribution (mean and variance) of target timing to 

optimize the task performance. In this study, we investigate the applicability of the Bayesian 

estimation model to the timing behavior in virtual baseball batting. Participants performed ball-

speed judgment and batting tasks in a virtual batting system. Each participant completed 240 

trials of each task. The time interval from the pitching of the ball to the ball reaching the home 

base was sampled from short-time prior (500-1000 ms, i.e., fastball) or long-time prior (1000-

1500 ms, i.e., slowball). Each prior was assigned to the trials 1-120 or 121-240. In the ball-speed 

judgment task, the participants judged whether the current pitched ball was faster or slower than 

the average ball speed in the first sessions (20 trials), for each prior. The precision of the speed 

judgment was lower for the long-time prior than for the short-time prior, which was consistent 

with the scalar variability theory. In the batting task, the participants swinged a virtual bat to hit 

the pitched ball. The results showed that the batting timing was biased toward the respective 

means of the priors (“central tendency”), which was consistent with the basic Bayesian 

estimation model. However, the central tendency was smaller for the long prior than for the short 

prior, which was contrary to the prediction of the Bayesian estimation model, including the 

effects of scalar variability. Notably, the participants report that, in the batting task, they 

observed the slowballs (long-time prior) until just before they reach the home base. Under this 

strategy, the estimation of time intervals becomes shorter, which results in smaller scalar 

variability. The smaller scalar variability induces a smaller central tendency, according to the 

Bayesian estimation model. This suggests that we should consider such task strategies when 

applying the Bayesian estimation model to daily behavior with greater degrees of freedom than 

that in simple psychophysical tasks. 
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Abstract: During sensorimotor tasks, the brain can learn regularities in target stimuli and exploit 

this prior knowledge to optimize task performance. Because events with different statistical 

properties can occur in natural environments (e.g., fastball/slowball in baseball batting), it is 

critical that multiple prior distributions can be learned and retained. Our research group 

previously found that when two prior distributions are assigned to different body parts to make 

timing responses, participants concurrently acquired both priors (Matsumura et al., FENES2020). 

However, in complex environments, linking every prior to a distinct body part is likely to 

become impractical. In the current study, we focused on supplementary vocalization that is often 

observed in sports. Participants (n = 36) performed a coincidence timing task in which three 

sequential visual stimuli (S1, S2, and S3) were presented to the right or left of a fixation point. 

The time interval between S1 and S2 was equal to that between S2 and S3 in each trial. 

Participants attempted to press a handheld button with their dominant thumb such that its onset 

coincided with that of S3. Stimulus intervals presented on the left and right were randomly 

sampled from either a short (500-980 ms) or long (1100-1580 ms) prior distribution. Participants 

were divided into three groups: the all-vocalization group voiced the syllable “Ba” in time with 

every button press response; the selective-vocalization did so only when stimuli were presented 

on one side of fixation (corresponding selectively to either the short or long prior); whereas the 

non-vocalization group always pressed the button without vocalization. Participants’ response 

timings were fitted with a Bayesian estimation model, allowing evaluation of the differences 

between the priors acquired for each interval distributions. Results showed greater separation 

between prior means in the selective-vocalization group, suggesting that selective assignment of 

supplementary vocalization can facilitate concurrent acquisition of multiple prior distributions. 
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Abstract: It is of great interest how background music affects concurrent learning, due to its 

ubiquitous presence in daily life such as work and study. One mechanism through which it could 

help relates to the schema theory of memory, which suggests that new information that can be 

associated with a prior memory structure can be acquired faster. Music, especially familiar 

music, is a highly predictable sequence of events, with a stable tonal and temporal structure. 

However, current literature has shown mixed results for how music listening modulates non-text-

based information learning. We designed a series of experiments to test whether predictable 

music, as a form of prior knowledge, can provide a sequential template and help encoding of 

sequences of other modalities. In our first experiment, we utilized fMRI and tested this 

possibility via an abstract shape sequence learning task, paired with background music designed 

with different levels of predictability. Our results showed that visual sequences learned with 

music had a better memory performance compared to those paired with control isochronous 

streams. Within music conditions, learning performance was higher for visual sequences learned 

with regularly-structured and familiar music. fMRI results revealed multiple potential 

mechanisms for the benefits of music familiarity and regularity: overall, music was associated 

with decreased activity in the parahippocampal gyrus when encoding visual sequences. 

Moreover, regularly-structured (predictable, as opposed to violating music syntax) music showed 

decreased activity in working memory system circuitry and default mode network areas, and 

there was greater engagement of the reward system during predictive music listening. 

Importantly, familiar music increased the functional connectivity between prefrontal cortices, the 

medial temporal lobe, and the striatum, a network important for how prior knowledge 

supplements new information encoding. We designed a second, ongoing fMRI experiment to 1) 

replicate the results with more real-world stimuli, and 2) manipulate and model how prediction 

errors from music structure affect memory encoding. The latter will reveal more about how 

different types and levels of predictability of music will affect sequential learning. Most 

importantly, we aim to investigate how reward system and memory system coordinate when 

sequences of different modality interacts. 
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Abstract: Various temporal information in the environment can be used to predict the timing of 

an upcoming stimulus and promote the perceptual processing of the expected stimulus. Although 

it has been shown that both rhythm- and sequence-based temporal expectation enhanced 

perceptual performance, it remains unclear if and how the nested structure of temporal 

expectation can benefit perceptual performance. To answer this question, here a nested structure 

of temporal expectation was constructed to show how the visual perception of the expected 

stimulus was modulated when the stimulus was predicted by either the low-frequency rhythm, 

the sequence, or a combination of the two. Meanwhile, the electroencephalographical (EEG) 

signals were also recorded to examine if different forms of temporal expectation were underlined 

by distinct neural mechanisms. 

In combination with a Drift Diffusion Model (DDM), the behavioral data showed that the 

rhythmic and sequence information additively increased the accumulation speed of the sensory 

evidence and lowered the decision threshold. The EEG results showed that the neural activity in 

the visual cortex was entrained by the low-frequency rhythms and the entrained neural 

oscillation persisted even after the cessation of the rhythmic stream. Importantly, the amplitude 

and the phase of the pre-stimulus alpha activity showed distinct roles. The alpha amplitude was 

mainly modulated by the rhythmic information, with fluctuations in alpha amplitude aligned to 

the phase of the entrained low-frequency oscillation (i.e., strong phase-amplitude coupling). 

Moreover, the trial-by-trial perceptual processing could be predicted by the rhythm-modulated 

alpha amplitude. The alpha phase, on the other hand, was modulated by both rhythm- and 

sequence-based expectations, with increased inter-trial coherence of the alpha phase in response 

to both rhythmic and sequence information. The combination of rhythm-based and sequence-

based expectations effectively biased the alpha phase to an optimal phase, promoting the 

perceptual processing of the expected stimulus. 

Overall, the findings suggested that multiscale brain oscillations, such as entrained low-

frequency rhythms and alpha oscillations, are coordinated to modulate the visual perception in a 

nested structure of temporal expectation. 
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Abstract: Models for reading include the “visual word form area” (VWFA) in the lateral 

occipital temporal cortex that has demonstrated neural selectivity for written words (Glezer et al., 

Neuron, 2009; Kronbichler et al., Neuroimage, 2004; Lochy et al., PNAS, 2018). However, 

studies also report that spoken words activated the VWFA (Price & Devlin, Trends Cogn Sci, 

2011; Cohen et al., Neuroimage, 2004; Dehaene et al., Science, 2010), suggesting a possibility 

that the auditory speech network provides input to the VWFA. However, connectivity between 

the written and auditory speech networks remains understudied. Here, we test whether the two 

systems are connected either by 1) a direct connection between the VWFA and the auditory word 

form area (AWFA), an analogous spoken word lexicon to the VWFA in the mid-anterior 

superior temporal gyrus (Damera et al., Neurobiol Lang, 2023), or 2) an indirect connection from 

the AWFA to the inferior frontal cortex (IFC), an area associated with higher-order processing 

for written and auditory speech (Pugh et al., J Commun Disord, 2001; Rauschecker & Scott, Nat 

Neuro, 2009; Hickok & Poeppel, Nat Rev Neurosci, 2007), then to the VWFA. We first 

examined the functional connectivity (FC) between individually-defined ROIs for the VWFA, 

AWFA, and IFC (N=35) during spoken word processing and found significant positive FC 

(AWFA<->VWFA, VWFA<->IFC, AWFA<->IFC: all p<0.001). To delineate these connections 

more precisely and gain insight into directionality and timing, we re-analyzed the MEG data 

from the Mother of all Unification Studies database (MOUS; Schoffelen et al., Sci Data, 2019) 

and used beamforming to calculate signal coherence (N=95) between anatomically-restricted 

group ROIs derived from the averaged coordinates of the individually-defined ROIs. This 

identified significant low-frequency coherence between the AWFA and VWFA (p<0.005; 

starting at 20ms for 6Hz and 42.5ms for 8Hz), but, crucially, not between the IFC and AWFA or 

the IFC and VWFA. Activation time courses also supported a direct interaction between AWFA 

and VWFA rather than an indirect route via the IFC. An effective connectivity analysis using 

Group Iterative Multiple Model Estimation (GIMME; Lane & Gates, Struct Equ Modeling, 

2017) confirmed the AWFA->VWFA connectivity in a majority of participants at the individual-

subject level and also provided evidence that the VWFA<->IFC correlation reflected input from 

the VWFA to the IFC rather than top-down input. These results provide evidence for a direct 



connection between the AWFA to the VWFA that interfaces the auditory “what” stream with the 

reading network. This direct connection could be instrumental in shaping the VWFA. 
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Abstract: The integration of sensory inputs from different senses is a crucial aspect of sensory 

perception and the production of corresponding behavioral decisions. However, whether such 

multisensory integration occurs at specific stages of neural processing, for example after initial 

processing of unisensory information but preceding the formation of a behavioral choice, 

remains unclear. Two brain regions, the anterolateral motor cortex (ALM) and the superior 

colliculus (SC) have been implicated as important structures for both multisensory integration 

and decision-making, suggesting that they are part of a cortico-subcortical loop that transforms 

multisensory inputs into behavioral decisions. To study the role of these areas in multisensory 

integration and decision-making, we trained mice in a multisensory discrimination task, where 

animals had to integrate visual and tactile information over time to identify the target stimulus 

side. We then performed simultaneous neural recordings in ALM and SC, using high-density 

Neuropixels probes, in task-performing animals. We found robust visual and tactile responses in 

ALM and SC, with a clear separation of modalities between superficial and deep SC layers 

(dSC). To ensure that multisensory responses were not driven by correlated movements, we used 

a generalized linear model that included rich behavioral information to separate stimulus-related 

from movement-related neural activity. Aside from sensory responses, both ALM and dSC 

showed strong choice-predictive activity during stimulus presentation and a subsequent delay 

period. Interestingly, visual and tactile choices were differently encoded in ALM, with no clear 

relation between visual and tactile choice neurons. Moreover, neurons that encoded multisensory 

choices were clearly distinct from unisensory choice neurons. In contrast, dSC neurons encoded 

choice signals independently of the sensory modality. To causally confirm these results, we 

performed optogenetic inactivation in each area during simultaneous Neuropixels recordings. 



Optogenetic inactivation of both ALM and dSC strongly reduced animals’ choice performance 

during the stimulus and delay period and disrupted choice-related dynamics in both regions. This 

suggests a hierarchical transformation of multisensory information into behavioral decisions, 

where the SC sends multisensory information to ALM, which creates modality-specific decisions 

that are then returned to the SC to create motor outputs. 
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Abstract: Dysfunction in sensory processing and multisensory integration is often observed in 

patients with autism spectrum disorder (ASD). Deletion in the Shank3 gene is well-known to 

cause autistic phenotypes in both humans and mice. However, it is still unclear whether and how 

Shank3 deficiency causes changes in anatomical and functional connectivity in the cortical areas 

that process and integrate sensory information. One of the key area that is important for sensory 

processing, integration, and decision making is the posterior parietal cortex (PPC). Therefore, we 

examined the cortical projections to the posterior parietal cortex (PPC) throughout the brain in 

Shank3 deleted (Shank3Δ14-16) mice. We first characterized distinct connectivity patterns within 

the PPC subareas defined by the medial-to-lateral (ML) axis. We found that the anterior visual 

area (VISa), the middle part of the PPC, receives dense and balanced inputs from both frontal 

and sensory areas. We further found that these inputs were significantly reduced in the 

Shank3Δ14-16 mice. Next, we used the wide-field calcium imaging and measured functional 

connectivity between VISa and other cortical regions. We found a significant reduction in the 

calcium activity correlation between retrosplenial area (RSP) and PPC in Shank3Δ14-16 mice. 

Collectively, our data demonstrate that anatomical and functional connectivity is weakened in 

the posterior parietal cortex in Shank3Δ14-16 mice. 
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Abstract: The ability to combine sensory signals from different modalities is essential for 

effective behavior. In mice, tactile sensations from their whiskers are combined with visual 

information to identify objects or navigate their environment. To test the hypothesis that these 

sensory systems share common inputs and could potentially share a similar functional 

organization in the cortex that could be used to translate information from one system to another, 

we trained water-restricted animals to discriminate between stimulations of top and bottom 

whiskers during goal-directed behaviors. After becoming experts, we suddenly replaced the 

tactile stimuli with top and bottom visual cues on a screen. When stimuli from different 

modalities were congruent in space, mice were able to instantaneously transfer knowledge from 

one task to another without affecting overall performance. However, when the rule was reversed, 

and incongruent stimuli were rewarded after transfer, mice failed to solve the task. Using multi-

scale imaging tools and anatomical approaches, we characterized visuo-tactile integration in the 

mouse cortex. Transgenic mice expressing GCaMP6f in cortical layer 2/3 were implanted with a 

cranial window offering a wide optical access to primary and associative sensory cortices. 

Animals were imaged while being presented tactile, visual, or combinations of visuo-tactile 

stimuli spanning the vertical axis. We identified two associative areas subject to visuo-tactile 

integration belonging to the ventral and dorsal streams, respectively. Topographical mapping of 

tactile and visual stimulations in these areas was aligned along the vertical axis and evoked 

multisensory interactions. When visuotactile combinations were congruent in space, neuronal 

responses were enhanced compared to unisensory responses. Finally, targeted expression of 

tetanus toxin light chain in visuotactile associative regions using viral vectors effectively 

suppressed activity in these areas before behavioral training. This led to a drastic drop in 

performance during transfer learning, showing the critical role of these areas for cross-modal 

transfer learning. 
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Abstract: The primate insula is a heterogeneous region implicated in a variety of functions 

including basic energy regulation, sensorimotor integration, and the generation of a sense of self. 

Knowledge about insula structure and function comes primarily from two sources: (1) human in 

vivo neuroimaging data and (2) non-human primate (primarily macaque monkey) post mortem 

histological data. Functional imaging of the human insula shows that this region is nearly 

ubiquitously activated across task domains and is a hub in a domain-general functional network 

supporting predictive bodily regulation and the brain’s modeling of its sensory consequences 

(i.e., the interoceptive-allostatic network). Meta-analyses of task-based and resting state 

functional imaging work alike suggest that the human insula can be reliably divided into 3-4 

functional subregions: one each for socioaffective, chemosensory, sensorimotor, and cognitive 

processing, although each with substantial overlap and coactivation. Histological assessment of 

the macaque insula shows that the insula can be divided into 3 cytoarchitectural subregions (i.e., 

granular, dysgranular, and agranular) and tract tracing experiments demonstrate that these 

subregions have varying connectivity with the rest of the cerebral cortex and subcortex. In order 

to build a translational bridge between the wealth of human neuroimaging data on the insula and 

the highly detailed histological data available on the macaque insula, we characterized the 

macaque insula in vivo using the same tools available for human research—resting state 

functional MRI (fMRI) and diffusion MRI (dMRI). We collected fMRI and dMRI data from 

N=19 group-raised and group-living male rhesus macaques (Macaca mulatta). Using nominal 

clustering techniques, we demonstrated that resting state fMRI of the macaque insula suggests 

the presence of 3 clusters similar to those suggested for the human insula. We also demonstrated 

that the organization of intra-insular functional connectivity can be described as hierarchical 

gradients primarily along an anterior-posterior axis and secondarily along a dorsal-ventral axis, 

which appear to be consistent with gradients of cytoarchitectural features previously established 

using histology. Analyses of diffusion data suggested convergent results with the functional data. 

Taken together, our data suggest that the macaque is a good model for studying human insula 

function and opens the possibility for translational studies further characterizing the structure of 



the macaque insula and directly relating in vivo and histological measures in ways that human 

studies cannot. 
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Abstract: Learning and memory enables organisms to make predictions about the outcomes 

associated with specific stimuli. While anesthesia prevents the formation of explicit memories, it 

does not prevent implicit memory formation (Samuel et al., 2018). The neural mechanisms 

underlying implicit learning and memory formation under anesthesia are understudied, especially 

for learning and memory of multisensory associations. We recorded neural activity in early 

visual cortex of two rhesus macaques under propofol anesthesia in order to determine how 

neuronal responses are modulated during a trace conditioning procedure in which visual stimuli 

(CS) were probabilistically associated with delayed somatosensory stimulation of the fingers 

(US). One set of visual cues was associated with a high probability of somatosensory stimulation 

while the other was associated with a low probability. Pupillometry was used to verify that 

conditioned associations were learned under anesthesia. Visual cues associated with a higher 

likelihood of somatosensory stimulation elicited increased pupil dilation. Implicit learning was 

also evident in the responses of visual cortical neurons. In a subset of the neurons recorded from 

areas V2 or V4, activity was suppressed immediately following the offset of a visual cue that 

predicted that somatosensory stimulation was likely (p(US) = 0.75), up until receipt of 

somatosensory stimulation. Similar suppression of early visual cortical responses was not 

observed following the offset of visual cues that predicted somatosensory stimulation was 

unlikely (p(US) = 0.25). During trace conditioning we used a linear classifier to accurately 

decode from population activity in early visual cortex, both the predictability of the conditioned 

stimulus and the receipt of somatosensory stimulation. These results imply that under anesthesia 

implicit multisensory associations can modulate early visual cortical responses. These findings 



have practical implications for understanding how implicit learning and memory formation occur 

under anesthesia and potentially leads to negative outcomes following anesthetic events. 
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Abstract: Partial hearing loss in adulthood is known to induce crossmodal plasticity in the 

audiovisual cortex, which is characterized by an increased proportion of neurons now overtly 

responsive to visual stimulation. In the present study, we used a rat modal to investigate whether 

this hearing loss-induced crossmodal plasticity manifests solely from intrinsic changes in the 

audiovisual cortex itself, or via a combination of intracortical and thalamocortical effects. In 

Experiment 1, adult rats were exposed to loud noise and two weeks later, laminar 

electrophysiological recordings were performed in their audiovisual cortex before and after 

pharmacological cortical silencing to ultimately examine the thalamocortical contributions to 

crossmodal plasticity. Using current source density analysis of the local field potential (LFP) 

data, we observed that, noise exposure enhanced the visual-evoked activity solely within the 

granular layer of the audiovisual cortex, indicative of an increase in visual-evoked 

thalamocortical input. Despite this increased visual input, there was no change in the overall 

strength of the postsynaptic activity between the control and noise-exposed groups, suggesting 

that there was a re-allocation of inputs post-noise exposure. In Experiment 2, we investigated 

whether the increase in visual responsiveness following noise exposure occurs, at least in part, 

because of pre-existing anatomical connections becoming unmasked by the resultant acoustic 

deprivation. To that end, we used an epidural electrode array that spanned the higher-order 

sensory cortices, and compared the visual-evoked LFP responses before- and immediately after 

loud noise exposure in the same adult rats. As predicted, noise exposure resulted in a loss of 

auditory responsiveness across all sound intensities, as well as an immediate manifestation of 

crossmodal plasticity—characterized as an increase in visual-evoked amplitudes and a decrease 

in response latency—across all recording sites. Interestingly, the rapid emergence of crossmodal 

plasticity appeared to be dependent on the intensity of the visual stimulation, as the brighter the 

visual stimulus, the greater the relative change from baseline following hearing loss. Taken 



together, our collective results have shown that noise-induced crossmodal plasticity alters 

thalamocortical processing of visual stimuli and emerges immediately following acoustic trauma 

within the higher-order sensory cortices; findings in support of the working hypothesis that 

crossmodal plasticity manifests, at least in part, by the unmasking of pre-existing anatomical 

connections. 
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Abstract: Multisensory integration is a sensory processing mechanism that integrate input 

information from different sensory modalities, occurring during sensory reception and 

perception. Previous study showed that the anterolateral visual area (AL) plays a pivotal role to 

response audio-visual stimuli compared to the primary visual or auditory area. Another study 

proved AL neurons showed stronger response in tasks requiring integration of multisensory 

inputs compared to other secondary visual cortexes. Given the role of AL in sensory integration, 

this study focused on the multisensory information processing mechanisms that receive and 

integrate sensory information in AL. We first detected cortico-cortical projection from the 

primary sensory cortexes (S1BF, V1, and A1) to AL using anterograde and retrograde labeling. 

Also, we used eGRASP technique to visualize the synaptic connections from these primary 

sensory cortexes to AL. We revealed the axonal projection and synaptic connection between 

these cortico-cortical pathways, suggesting that AL directly receive sensory inputs from the 

multisensory primary cortexes. The neuronal responses in AL to sensory input (whisker 

stimulation, visual and auditory representation) by in vivo Ca2+ imaging detected neuronal 

populations that respond to single or multiple sensory inputs. We found that some AL neurons 

responded to only a single sensory stimulus, while others responded only when presented with 

multiple sensory stimuli. To determine the function of these neurons, we analyzed neuronal 

activities during the multisensory discrimination task. Moreover, we are trying to elucidate the 

role of multisensory responded neurons by correlating the these neuronal activity induced by 

holographic stimulation with the mice behavior. 
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Abstract: Somatosensory (SS) cortex and projections play a critical role in processing sensory 

information related to touch, temperature, pain, and body position, which consists of seven 

primary and one secondary subregions. Researchers have explored the architecture and 

organization of these projections using various techniques, but a whole-brain level study of 

single full morph cells has not been conducted until now. In this study, we performed 

computation-assisted reconstructions to obtain full morph dendrites and axons of single neurons 

across different regions in the SS cortex using Vaa3D-TeraVR from a whole brain image stack 

acquired with a two-photon fluorescence micro-optical sectioning tomography system (2p-

fMOST). Neurons were sparsely labeled using tamoxifen-inducible Cre driver lines crossed to a 

bright GFP reporter. Reconstructed from different layers of all eight subregions in SS cortex, the 

full morph cells were classified based on combined transcriptomic and morphological features. 

The cortical-cortical (CC) and cortical-subcortical (C-subC) connectomes of different SS cell 

types were quantitatively analyzed in terms of clustering analysis, targeting probability and 

targeting strength, and further compared with the connectomes detected by commonly used bulk 

injections. Laminar distributions of axonal projections of individual cell types were also 

performed for dominant cortical targeting regions. Multiple organization principles of neuronal 

network were refined at a single cell level, shedding new light on the organization and function 

of CC and C-subC connectomes of SS cortex. Moreover, limitations of bulk injections were 

revealed in detecting projection targets in the studied neuronal connectomes, which may have 

implications for future research. 
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Abstract: In humans, vision loss has divergent effects on broader sensory perception depending 

on its age of onset. Before puberty, it enhances tactile acuity (cross-modal plasticity), whereas in 

adulthood, it causes visual illusions. In our previous study (Hashimoto et al., 2023 Cell Reports), 

we observed a similar phenomenon in mice subjected to monocular vision deprivation (MD) at 

different ages. MD in 2-week-old mice, akin to partial vision loss in childhood, improved 

learning rates in a whisker-based discrimination task (cross-modal plasticity). In contrast, MD in 

5-week-old mice, akin to partial vision loss in adulthood, conferred no similar benefit. The 

improvement in 2-week-old MD mice was associated with increased inhibitory synapse stripping 

resulting in heightened neuronal activity in the secondary visual cortex (V2L) during whisker 

stimulation. Microglia, through their enwrapping of neuronal somas, were mechanistically 

responsible, as confirmed by the prevention of these phenomena through microglia ablation. In 

the present study, we investigate mechanisms of plasticity in adulthood in more detail. We use a 

more severe model of binocular vision deprivation (BD) in 5-week-old mice, akin to complete 

blindness in adulthood. In 5-week-old BD mice, neuronal activity with or without whisker 

stimulation in V2L is reduced but its synchronicity is increased. Furthermore, this is associated 

with changes in V2L astrocyte physiology with their numbers, Ca2+ activity and synchronicity all 

increasing. RNA sequencing also reveals up-regulated GABAA receptor-related genes which 

could facilitate these Ca2+ influx-related changes in astrocytes. Taken together, the results of 

these two studies suggest that microglia and astrocytes facilitate different types of neuronal 

circuit rewiring. Moreover, their differential recruitment by similar stimuli is age dependent - 

microglia in childhood, astrocytes in adulthood. Thus, glial cells may play a pivotal role in the 

age-related divergence in the phenotypes resulting from vision loss-induced circuit remodeling. 
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Abstract: Comparative studies provide important insights into general features of brain 

organization as 

well as features that are derived evolutionarily. These derivations in brain organization are due 

to specialized adaptations in body morphology, behavior and lifestyle. In the current study, we 

quantified aspects of cortical organization across a number of major mammalian lineages: 2 

species of Chirpotera (bats), 5 species of Marsupiala (marsupials), 9 species of Rodentia 

(rodents), and 4 species from other orders. These species have a broad range of unique 

morphological specializations and engage in a variety of behaviors including swimming, 

burrowing, and climbing. For all species examined, the cortex was pealed from the brainstem 

and thalamus, manually flattened between glass slides, and cut tangentially on a freezing 

microtome. Tissue was then processed for myelin and cytochrome oxidase. For most species 

we examined 3 different individuals, but in some cases, our numbers were limited to 1 or 2 

individuals. We performed a microscopic analysis of the entire series of sections from each 

brain in the collection and drew the boundaries of cortical fields. We limited our analysis to 

cortical fields whose boundaries could be clearly identified such as primary and secondary 

visual areas (V1 and V2), primary and second somatosensory areas (S1, S2), auditory cortex, 

motor cortex and divisions of posterior parietal cortex. Next, we digitized the data to allow for 

quantification of the size of neocortex and pyriform cortex, and for cortical field size and shape. 

We then collected information on relevant aspects of lifestyle such as mode of locomotion (e.g. 

swimming, climbing), diel patterns, and morphological specializations (e.g. specialized digits, 

wings, whiskers) for correlation with our results on cortical field quantification. This study 

allows us to appreciate similarities and differences across orders and within orders that 

correlate with morphological specializations, aspects of lifestyle and even rearing conditions. 

Finally, we report progress on a novel analysis technique, in which multi-layered perceptrons 

were trained to classify the area identity at each location on the cortical sheet, simultaneously 



for the arealization patterns of multiple species. This technique allows us to investigate the 

structure and complexity of gene networks involved in arealization, and to interpolate between 

the arealization patterns of different species, with a view to establishing how these patterns 

have evolved and might continue to evolve. 
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interoceptive system 

Authors: *Q. ZHAO1,2, C. YU2, R. WANG2, Q. XU2, R. DAI PRA2, L. ZHANG4, R. CHANG3;  
1Dept. of Neurosci., Yale Univ., New Haven, CT; 2Dept. of Neurosci., 3Dept. of Neuroscience; 

Dept. of C&M Physiol., Yale Sch. of Med., New Haven, CT; 4Yale Sch. of Medicine, Dept. of 

Neurol., New Haven, CT 

Abstract: Understanding our body's internal state is a fundamental life-ensuring process vital for 

regulating physiological homeostasis, fueling our motivations, and shaping our thoughts and 

emotions. At the core of this intricate body-brain connection lies the vagal interoceptive 

system—a crucial axis responsible for transmitting a myriad of signals from the respiratory, 

cardiovascular, gastrointestinal (GI), endocrine, and immune systems to the brainstem. However, 

how the vagal interoceptive system is organized to present numerous and diverse body signals to 

the brain remains shrouded in mystery. In this study, we aim to unravel the underlying coding 

strategy employed by the vagal sensory neurons (VSNs), focusing on three pivotal physiological 

features of interoceptive signals: the visceral organ, tissue layer, and stimulus modality. Through 

extensive single-cell profiling of VSNs from seven major organs using advanced multiplexed 

organ-barcodes, a remarkable "visceral organ" dimension emerges. This dimension comprises 



differentially expressed gene modules that intricately encode VSN target organs along the body's 

rostral-caudal axis. Intriguingly, our investigation uncovers another "tissue layer" dimension, 

characterized by distinct gene modules that encode the precise ending locations of VSNs along 

the organ's surface-lumen axis. Using calcium imaging-guided spatial transcriptomics, we show 

that VSNs are organized into functional units to sense similar stimulus modalities across organs 

and tissue layers, constituting a third ‘stimulus modality’ dimension. The three independent 

feature-coding dimensions together specify many parallel VSN pathways in a combinatorial 

fashion and facilitate complex VSN projection in the brainstem. Together, our study highlights a 

novel multidimensional coding architecture of the mammalian vagal interoceptive system for 

effective signal communication. 
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Abstract: Latexin is an intracellular marker that has been well-defined in claustrum and dorsal 

endopiriform nucleus of multiple species. In claustrum and endopiriform nucleus of rat and bat, 

co-expression of latexin with markers of inhibitory neurons has never been reported, suggesting 

that the latexin immunoreactive neurons of these regions are excitatory neurons. Calretinin is a 

calcium binding protein, which, along with parvalbumin and calbindin, is traditionally used to 

describe subpopulations of interneurons producing GABA throughout the brain, including 

inhibitory neurons in claustrum and endopiriform nucleus. The distribution of calretinin labeling 

has also been helpful in describing the boundaries of claustrum in several species. Claustrum is 

composed of multiple subregions, including the most commonly described “core” and “shell” 

subregions, each with differing levels of immunoreactivity for calretinin and for latexin. In 

describing the relationship between the distributions for latexin and multiple calcium binding 

proteins, we found that there was a small subset of claustral neurons that were immunoreactive 

for both latexin and calretinin, specifically in the shell region of claustrum. We conclude that the 

calretinin + / latexin + cells are an excitatory cell subpopulation in the claustrum of the bat, i.e., 



there are at least two different kinds of excitatory cells in claustrum (latexin+/calretinin- and 

latexin+/calretinin+). 
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Abstract: Recent studies have revealed that the auditory cortex (AC) not only processes auditory 

information but is also involved in behavioral output and is modulated by other sensory 

information. We have previously shown that the mouse AC contains a group of cells that are 

influenced by visual information 1. These neurons are mainly found in the deep layers of the 

auditory cortex. To identify likely sources of this visual information, we aimed to map the areas 

that project to deep AC, using localized microinjection of retrograde tracers using iontophoresis. 

Four C57/BL6 mice (Age at injection: P49-83) were injected with a viral mixture of AAV2retro-

hsyn-EGFP and AAV9-hsyn-ChR2-mCherry in the right auditory cortex (Depth: -0.75mm) by 

iontophoresis injection. After 3-4 weeks, we perfused their brains and then sliced them. EGFP-

positive cells were analyzed using Aligning Big Brains & Atlases (BioImaging And Optics 

Platform) with reference to the Allen Brain Atlas (2017 CCF v3). EGFP-positive cells were 

scattered throughout the whole brain, but 96.9% were found in the isocortex. The somatosensory 

cortex accounted for 15.2% and the visual cortex for 8.52%, while the auditory cortex accounted 

for 52.7% of the total signal. A closer look at the visual region revealed that while the primary 

visual cortex (VISp) accounted for 0.55%, EGFP-positive cells were also observed in higher 

visual cortices. While VISa: 0.93% and VISal: 2.54% were well represented and are located 

adjacent to the auditory cortex, the regions far from the auditory cortex also showed a certain 

percentage (VISam: 0.41%, VISpm: 0.15%, VISpor: 1.3%). These results provide evidence that 

the iontophoresis method can reveal the circuit structure of localized cells in the auditory cortex. 

The deep layers of the mouse auditory cortex, which have been thought to receive input from the 

medial higher visual cortex 2, actually receive input, large or small, from each of the visual 

cortex regions identified in this study. 

1. Morrill and Hasenstaub. (2018). Visual Information Present in Infragranular Layers of Mouse 

Auditory Cortex. J. Neurosci. 38, 2854-2862. 2. Banks et al. (2011). Descending projections 



from extrastriate visual cortex modulate responses of cells in primary auditory cortex. Cereb. 

Cortex 21, 2620-2638. 
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Abstract: Loss of vision causes robust plasticity in auditory cortex well into adulthood, but the 

multimodal structures that might instruct this plasticity remain elusive. For many years, adult 

plasticity was thought be restricted mainly to cortex, but here we report robust plasticity in 

higher order and primary auditory thalamus following 6-8 days of dark exposure. Measuring 

miniature postsynaptic events in slice, we find near complete loss of functional input to higher 

order auditory thalamus (MGBd) in direct contrast to potentiation of inputs to primary auditory 

thalamus. These complementary changes suggest that paraleminiscal and leminiscal pathways 

may act in concert to benefit sensory processing and allow for compensatory plasticity. Further, 

this work reveals thalamus as an important site of adult plasticity. 
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Title: A Myelin Map of Trunk Folds in the Elephant Trigeminal Nucleus 
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Abstract: Elephants are the largest extant terrestrial animals and rely on their trunks for a series 

of tasks, mainly to acquire food. While the musculature and its innervation have already been 

studied, the sensory integration of the trunk in the brain is still poorly understood. The sensory 

input from the trunk to the brain has to relay to the trigeminal nuclei. Here we study brainstem 

trunk representations in the elephant trigeminal nuclei. For this purpose, we collected and treated 

trigeminal nuclei from Asian (Elephas maximus) and African (Loxodonta africana) Elephants. 

These samples were cryo-sliced and metabolic staining, antibody staining, or classic histological 

staining were performed. Following these experiments, we were able to draw several 

conclusions. The trigeminal nuclei receive dense neurofilament-H positive sensory innervation 

and form a huge bump on the ventral brainstem, a structure previously referred to as elephant 

inferior olive. Furthermore, dense vascularization and the most intense cytochrome-oxidase 

reactivity of all elephant brainstem structures distinguish an elongated putative trunk module. In 

this module, the neuron density is low and glia outnumbers neurons by ~108:1. The dendritic 

trees are elongated along the axis of axon bundles (myelin stripes) crossing the trunk module. 

We show a remarkable correspondence of trunk module myelin stripes to trunk folds in terms of 

number, orientation, patterning, and species-specific trunk fold differences. We argue stripes 

represent a myelin map of trunk folds rather than a classic white matter supply system. As 

myelin stripes have little to no branching in the module, their thickness shows no relation to the 

number of target neurons. Mapping myelin stripes to trunk folds allows determining neural 

magnification factors across the module, which change from 1000:1 proximally to 5:1 in the 

trunk finger. In Asian elephants, magnification analysis reveals an enlargement of the 

representation of trunk parts, with which Asian elephants wrap objects. We conclude the 

elephant trigeminal trunk module is exquisitely organized into trunk fold-related submodules. 

The observation of a myelin map of trunk folds challenges our thinking about white matter 

function solely in terms of connectivity. 
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and visuo-auditory integration in the mouse superior colliculus 
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Abstract: Localizing an object in a complex environment and instantaneously evaluating its 

saliency is a fundamental brain function critical for survival. To achieve this, the brain needs to 

receive, process, and integrate sensory information from various modalities. A model to study 

spatial sensory integration is the superior colliculus (SC), a midbrain structure that contains 

aligned spatial maps of visual, auditory, and somatosensory space, and contains multimodal 

neurons with aligned spatial receptive fields (RFs). The SC then integrates these inputs to 

promote an appropriate motor response. A combination of graded molecular cues and activity-

dependent refinement is used to create the point-to-point map of visual space in the SC. 

However, it remains unknown how the computed auditory map of space in the SC develops and 

becomes aligned and integrated with the visual map. Here we describe a set of experiments 

designed to test the hypothesis that sensory experience is required to align the visual and 

auditory maps of azimuth in the mouse SC. To test this hypothesis, we have manipulated visual 

and auditory experience in CBA/CaJ mice and determined the slopes of the visual and auditory 

SC maps (RF azimuth vs. anteroposterior SC position) using large-scale in vivo physiological 

recordings of SC neurons in response to spatially restricted visual and auditory stimuli. Our data 

show that neither retinal input nor visual experience is required for the formation of the auditory 

topographic map of space in the mouse SC. We do find, however, that auditory experience is 

required to form a normal auditory map, but not for forming the visual map, leading to their 

misalignment in the absence of auditory experience. Taken together, these results suggest that 

the visual map is not used as a template to form an auditory map of space and that auditory but 

not visual experience is required to form and align auditory and visual maps in the SC. 
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Title: Behavior-relevant top-down cross-modal predictions in mouse neocortex 
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Abstract: Animals rely on predicting their environment and the consequences of their actions to 

adapt to a constantly changing world. The predictive coding hypothesis proposes that the brain 

generates predictions and continuously compares them with bottom-up sensory inputs to guide 

behavior. However, how the brain reconciles conflicting top-down predictions and bottom-up 

sensory information during behavior remains unclear. To address this question, we 

simultaneously imaged neuronal populations in the mouse somatosensory cortex and the 

posterior parietal cortex during an auditory-cued texture discrimination task. After mice learnt 

the task with fixed tone-texture matching, mismatched pairing caused conflicting tone-based 

texture predictions and actual texture inputs. When top-down interaction was dominant, texture 

representations in both areas were modified and mice decided based on the predicted rather than 

actual texture, whereas dominant bottom-up interaction corrected the representations as well as 

behavioral choice. Our findings provide evidence for hierarchical predictive coding in the mouse 

neocortex and open new avenues for understanding higher cognitive functions. 

Disclosures:  S. Han: None. F. Helmchen: None. 

Poster 

PSTR030. Cross-Modal Processing: Neural Circuitry and Development 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR030.19/BB12 

Topic: D.08. Multisensory Integration 

Support: NIH Grant EY031532 

Tab Williams Family Foundation 

Title: Experience develops specific visual-nonvisual multisensory integration capabilities 

Authors: S. A. SMYRE, N. L. BEAN, B. E. STEIN, *B. A. ROWLAND;  

Wake Forest Univ. Sch. of Med., Winston Salem, NC 

Abstract: Using the multisensory neuron in the cat superior colliculus (SC) as a model, we 

found that the brain develops its ability to integrate visual and non-visual (auditory and/or 

somatosensory) stimuli during early postnatal life based on experience with specific cross-modal 

combinations. For example, precluding visual-auditory experience by rearing animals in 

darkness or omnidirectional masking broadband sound blocks the maturation of visual-auditory 

integration capabilities. Individual SC multisensory neurons fail to show their characteristic 

ability to synthesize inputs from congruent visual-auditory cues and thereby enhance their 

responses. Animals also fail to show normal multisensory performance benefits, retaining the 

neonatal or “default” computation whereby these sensory inputs inhibit one another. This 

condition is only modestly ameliorated when such animals are exposed to a normal environment 

as adults. However, the defect can be overcome via special multisensory training paradigms in 



which spatiotemporally congruent visual-auditory stimulus pairs are repeatedly presented at a 

single location in space. With this exposure, visual-auditory SC neurons whose receptive fields 

encroach on the exposure location change their multisensory computation from competition to 

one in which congruent visual-auditory stimuli elicit the enhanced responses typical of the 

normal brain. These physiological changes are paralleled by changes in behavior: after 

multisensory training, the detection and localization of congruent visual-auditory pairs are now 

greatly enhanced at the exposure location. These findings reinforce that multisensory experience 

is crucial for multisensory development at all ages, and that multisensory training can greatly 

accelerate this development in adults relative to the uncontrolled multisensory experience offered 

by normal environments. 

Disclosures:  S.A. Smyre: None. N.L. Bean: None. B.E. Stein: None. B.A. Rowland: None. 

Poster 

PSTR030. Cross-Modal Processing: Neural Circuitry and Development 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR030.20/BB13 

Topic: D.08. Multisensory Integration 

Support: NIH Grant EY026916 

Tab Williams Family Foundation 

Title: Visual Pattern Discrimination After the Rehabilitation of Hemianopia by Cross-Modal 

Exposure 

Authors: *N. L. BEAN, B. E. STEIN, B. A. ROWLAND;  

Wake Forest Sch. of Med., Winston Salem, NC 

Abstract: Damage to visual cortex on one side of the brain often induces an enduring blindness 

on the opposite side of space (“hemianopia”). A cross-modal exposure paradigm involving 

repeated exposure to spatiotemporally congruent visual-auditory stimuli has been shown to 

restore the ability to detect and respond to contralesional visual stimuli. The paradigm is believed 

to reinvigorate visual processing in circuits mediated by the midbrain superior colliculus (SC) by 

exploiting its capacity for multisensory plasticity. The present study examined whether the 

functions restored by the rehabilitation technique were limited to SC-mediated visuomotor 

detection and approach behaviors or, as suggested by recent studies, if they might include the 

ability to discriminate visual spatial patterns in the recovered hemifield. Animals were trained on 

a standard visual detection/localization task and a series of visual pattern discrimination tasks 

which required a judgement of whether a pair of brief (100ms) simultaneously-presented visual 

stimuli were the ‘same’ or ‘different’. The stimuli were either identical or systematically 

different along a chosen feature dimension (shape, size, direction of motion, or orientation). Pairs 

were presented within or across hemifields while animals fixated. They registered their decision 

by button press. Initially, animals could readily detect/approach visual stimuli and make pattern 



discriminations well above chance on both sides of space. A large unilateral lesion of all 

contiguous areas of visual cortex rendered them hemianopic on one side of space. Several 

sessions of the multisensory exposure paradigm not only restored visual detection/localization in 

the contralesional hemifield, it restored the ability to discriminate visual patterns in the 

contralesional hemifield and across hemifields. Although discrimination ability was well above 

chance after rehabilitation, the animals’ overall performance and sensitivity were impaired 

relative to pre-lesion levels. The results indicate that the visual processing restored by the cross-

modal exposure paradigm extends well beyond the visually-guided behaviors commonly 

associated with midbrain circuits to include a broader set of visual discrimination capabilities 

more commonly associated with cortex. 
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Abstract: Extensive damage to the visual cortex on one side of the brain often induces profound 

blindness in contralesional space (hemianopia). Recently, a non-invasive multisensory training 

paradigm has been shown to restore visual responsiveness within weeks. The paradigm consists 

of repeated pairings of auditory-visual stimuli in the blinded hemifield. Converging empirical 

evidence suggests that this training induces a functional reorganization within the remaining 

visual circuits that involve the midbrain superior colliculus (SC). The present study extends our 

computational model of this visual circuit (Cuppini et al., 2018) to explain the basis for this 

functional reorganization, as well as the return of visually guided behaviors and multisensory 

integrative abilities. In the model, lesions of visual cortex render neurons of association cortex 

(AES) and the multisensory (deep) layers of SC (SCd) unresponsive to visual cues. The return of 

visual function via multisensory training is explained by the operation of a normalizing Hebbian 

algorithm (Yu et al., 2018) within the residual visual circuit. In the model, elimination of 

afferents from visual cortex permits plasticity within the remaining circuit. During auditory-

visual training the Hebbian algorithm strengthens the residual visual inputs, including a 

functional loop that involves SCd and association cortex. This restores visual responsiveness to 

neurons in AES and SCd, thereby supporting the restoration of visually guided behaviors to 

stimuli in the formerly blind hemifield. The model explains all empirical findings to date, 



including the return of visual and multisensory processing, within a plausible unified 

neurocomputational framework. 
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Abstract: Combining noisy information originating from different sensory modalities to make 

more accurate and sensitive decisions is an efficient strategy adopted by many species, yet its 

underlying neural mechanisms remain unclear. Here we trained two macaque monkeys to utilize 

visual and vestibular evidence to perform a heading-discrimination task, during which we 

simultaneously recorded or manipulated neuronal activity in the caudate nucleus (CN). We found 

that the performance of both monkeys got significantly enhanced in the multisensory condition 

compared to unimodal condition. As to neural responses, a considerable proportion (more than 

30%) of CN single neurons encoded both modality and choice-related signals. At the population 

level, CN activities represented upcoming choices but not sensory heading stimuli. Across time, 

temporal dynamics of CN activity were proportional to vestibular acceleration but visual speed, 

indicating that different temporal signals were employed for linear heading perception, which 

was also seen in other sensory-motor transformation areas including the parietal and frontal 

cortex. In the bimodal condition, moment-by-moment choice signals linearly weighted individual 

cue evidence according to their everchanging reliability. Finally, unilateral microstimulation 

(around 60 microamperes, 300Hz) applied to CN frequently biased monkeys' decisions about 

heading direction. In conclusion, CN plays an important role in multisensory heading perception. 
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Abstract: Dysregulated catalytic activity of the Na,K-ATPase α-subunit has been implicated in 

neurological disorders associated with the cerebellum. In addition to its pumping function, the 

Na,K-ATPase exhibits pump-independent roles, wherein the α-subunit serves as a signaling 

scaffold, and the β-subunit isoforms, namely β1 and β2, function as cell adhesion molecules. 

Recent research has focused on unraveling the physiological significance of the pump-

independent functions of Na,K-ATPase, particularly those attributed to its β-subunit. We aim to 

elucidate the specific role of the β1-isoform in the differentiation of cerebellar granule cells and 

cerebellar development. 

We selectively deleted the β1-subunit in cerebellar granule cells in mice. The absence of β1 

mRNA and protein in the cerebellum of homozygous knockout (KO) mice was confirmed by 

cerebellar genomic DNA analysis, immunoblotting, and β1 RNA in situ hybridization. Deletion 

of the β1-subunit in cerebellar granule cells resulted in complex neurological deficits. 

Heterozygous KO mice performed Barnes maze tests for learning and memory and social 

interaction and compared to their same-sex littermates exhibited deficiencies in these tasks. 

Homozygous KO mice, on the other hand, displayed symptoms consistent with cerebellar ataxia 

that worsened with age. Moreover, homozygous β1 KO mice had a shorter lifespan compared to 

heterozygous KO mice or control littermates. Interestingly, the phenotype observed in mice 

lacking the β1-subunit was markedly distinct from mice with deletion of the β2-subunit, 

suggesting that the β1-isoform plays a crucial and unique role in cerebellar granule cells and the 

development of the cerebellum. 

To characterize the morphological changes in the cerebellum of adult mice lacking the β1-

subunit, histology, immunohistochemistry, transmission electron microscopy, and magnetic 

resonance imaging (MRI) analyses were performed. Hematoxylin and eosin (H&E) staining did 

not reveal any discernible differences in cerebellar granule cells or the overall cerebellar 

architecture between the homozygous KO, heterozygous KO, and control littermate mice. Ex 

vivo, high-resolution MRI analysis of the cerebellum further confirmed the lack of significant 

structural differences between KO and control mice, although we observed a reduction in 

cerebellar volume in homozygous KOs. The reduction in volume was likely attributable to the 

smaller body size of the homozygous KO mice. Studies to identify molecular and 

electrophysiological changes underlying the morphological and functional deficiencies in mice 

with deletion of the β1-subunit in cerebellar granule cells are ongoing. 
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Title: Input-dependent micromodules in the cerebellar granule cell layer: anatomical detection 

and computational modeling of the emergent process 
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Abstract: The cerebellar granule cell layer (GCL) refines inputs through mossy fiber (MF)-

granule cell (GC) connections and relays them to Purkinje cells (PCs) via GC axons, parallel 

fibers (PFs). Since presumably identical GCs are densely packed, finding out governing rules for 

the GCL network seemed highly intricate. Considering the short dendrites of GCs, the 

connection probability of the MF-GC network was often assumed to be exclusively distance-

dependent between them. Previously, we developed a technique for labeling a subgroup of GCs 

maturing at the same time, resulting in the band-shape of PF labeling in the molecular layer. By 

labeling two separate subgroups of GCs through our technique and ratiometric analysis 

compared with the network models representing possible cases, we showed that the MF-GC 

network has subtle heterogeneity that correlates with the developmental order of GCs; GCs that 

developed at the same time tended to connect to the same MF. We also showed that GC 

developmental order-dependent heterogeneity in MF-GC connection correlated with MF origins 

such as dorsal column nuclei (DoCN) or pontine nuclei (PN). Desynchronized time courses 



between maturation of DoCN and PN MFs were detected, suggesting that the temporally 

matched development between MF and GC underlies the input-dependent heterogeneity. 

Because the subtle input-dependent heterogeneity could be interpreted as highly overlapping 

modules conveying different information, we developed a computational model that emulates the 

MF-GC network construction process. The model included the gradual migration and positioning 

of GCs and an origin-dependent MF maturation time course and allowed MFs and GCs to 

connect based on Euclidean distance and the coincidence of postulated spontaneous activities. 

Our model could regenerate the heterogeneity and parametrize its extent. We also implemented 

synaptic weight-dependent pruning of GC dendrites to mimic the known fact that immature GCs 

put out 2-3 times more dendrites than fully grown GCs. As the activities of MFs and GCs 

evolved synaptic weights by spike-timing dependent plasticity, the synapses with the lowest 

weights were pruned, and the overlapping modules that we found in the construction model 

emerged. For confirmation, we prepared several separated modules and induced overlaps 

between them, resulting in the regeneration of our prior model results. These imply that GCL 

may blend multimodal input information and provide a fused representation onto PCs. Further 

analysis of the resultant network parameters may reveal how GCL precisely orchestrates a 

variety of inputs for tasks where accuracy matters, such as smooth motor control. 
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Abstract: Regularly organized cerebellar network structure is formed through dynamic 

developmental events during postnatal period, and developing granule cells (GCs) have been 

reported to coordinate this process. Whereas molecules involved in GC-mediated cerebellar 



development have been identified, the regulatory mechanisms are not entirely understood. Given 

a general concept that developmental gene expression is tightly regulated based on necessity, it is 

reasonable to hypothesize that molecules in GCs exhibiting temporal variations in expression are 

highly relevant to a specific developmental process. Here we investigate the effects of the 

knockdown (KD) of multiple epidermal growth factor-like domains protein 11 (MEGF11), 

whose expression is substantially increased at the later developmental stages of GCs, on 

cerebellar postnatal development. We found that KD of MEGF11 in GCs resulted in several 

abnormal cerebellar structures, such as extensively ectopic Purkinje cell (PC) somas, disrupted 

GC migration, and abnormal excitatory synaptic formation, as well as in severely impaired motor 

functions, indicating that MEGF11 in GCs is required for the cerebellar development. The 

overexpression of MEGF11 in neurons restored most of abnormal cerebellar structures triggered 

by MEGF11 KD, confirming that the abnormal phenotypes arose from reduction of MEGF11 

expression in GCs. Because MEGF11 KD at late stage of cerebellar development had only minor 

effects, there is a time window that MEGF11 works for proper network formation. We also 

detected abnormal synaptic transmission from parallel fibers (PFs), GC axons, to PCs by 

MEGF11-KD, which occurred before the emergence of any abnormal cerebellar structures we 

analyzed. This raises a possibility that the structural alterations were attributed to the functional 

changes in synaptic transmission. Indeed, blockade of this abnormal presynaptic release restored 

most of the cerebellar structures. Based on these results, we conclude that the impairment of 

cerebellar network formation caused by MEGF11-KD in GCs were mediated by abnormal PF 

synaptic transmission. In other words, MEGF11 in GCs promotes the establishment of cerebellar 

networks through regulating presynaptic release from PFs during postnatal developmental 

period. 
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Abstract: Episodic ataxia type 2 (EA2) is a debilitating movement disorder characterized by 

periods of severe ataxia and dyskinesia (motor attacks) that are triggered by ethanol, caffeine, or 

stress. EA2 is caused by loss of function mutations in the CACNA1A gene that encodes the 

pore-forming α subunit of the P/Q-type voltage gated calcium channel. Using the tottering mouse 

model of EA2, it has been shown that cerebellar Purkinje cell dysfunction is both necessary and 

sufficient for trigger-induced motor attacks. We have recently shown that stress can induce 

attacks through noradrenergic modulation of cerebellar Purkinje cell firing in a Casein Kinase 2 

(CK2) and calmodulin dependent manner. We have also explored how ethanol triggers motor 

attacks in EA2. Like with stress, shRNA-mediated knockdown of CK2 in the cerebellum 

effectively prevented ethanol-induced motor attacks. However, in contrast to stress and caffeine-

triggered attacks, ethanol did not increase phosphocalmodulin levels in Purkinje cells. Moreover, 

we found that ethanol did not directly affect CK2 kinase activity in vitro. Major targets of 

ethanol in the cerebellum are thought to be GABAergic and glutamatergic (NMDA-mediated) 

transmission. Low concentrations of ethanol can increase tonic inhibition in the cerebellar cortex 

that is mediated by δ subunit-containing GABA type A receptors (δ-GABAARs). This increase 

requires the reduced activity of nitric oxide synthase in Golgi cells and an increase in GABA 

release onto cerebellar granule cells. We tested this possibility with the δ-GABAAR-specific 

agonist THIP and found that it did not trigger attacks in tottering mice. Furthermore, modulation 

of nitric oxide synthase activity did not affect ethanol-induced attacks. Ethanol can also increase 

GABAergic inhibition by enhancing astrocytic production of GABA from ethanol metabolites. 

However, we found that metabolism of ethanol was not required for ethanol-induced attacks. 

Ethanol has also been shown to inhibit post-synaptic α6-subunit containing GABAARs (α6-

GABAARs) on cerebellar granule cells. In line with this, attenuating α6-GABAAR transmission 

in the cerebellum with furosemide was sufficient to trigger attacks in tottering mice. NMDA 

receptors (NMDARs) are also inhibited by low concentrations of ethanol, and we found that 

inhibition of NMDARs in the cerebellum is sufficient to trigger motor attacks. Given these 

findings, it would be prudent to explore whether inhibition of α6-GABAARs or NMDARs 

requires CK2 activation and may be the mechanism by which ethanol triggers attacks in the 

tottering mice. 
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Title: Feed-forward networks of unipolar brush cells extend and diversify sensory signaling in 

the cerebellum 

Authors: *H. N. HARIANI, A. B. ALGSTAM, C. T. CANDLER, I. F. WITTEVEEN, J. K. 

SIDHU, T. S. BALMER;  

Sch. of Life Sci., Arizona State Univ., Tempe, AZ 

Abstract: Sensory signals are processed by the cerebellum to coordinate movements across time 

scales from milliseconds to seconds. Numerous cerebellar functions are thought to require the 

maintenance of a sensory representation that extends beyond the input signal. How the cerebellar 

circuit extends brief sensory signals for long durations is not well understood. Granule cells 

constitute the main cell type that receives sensory input, but they do not prolong the signal and 

are thus unlikely to maintain a sensory representation for much longer than their inputs. Another 

cell type that could prolong signals is the unipolar brush cell (UBC). UBCs are excitatory 

interneurons that receive sensory input that they extend and modify before projecting to granule 

cells. UBCs can be divided into ON and OFF subtypes that transform sensory input into 

prolonged increases or decreases in firing. Further extension and diversification of the input 

signal could be produced by UBCs that project to one another. Although there is evidence that 

UBCs target one another, it is unclear whether ON and OFF subtypes form distinct parallel 

pathways or if the ON and OFF subtypes innervate one another. Here we examine feed-forward 

networks of UBCs and explore how they could transform spiking patterns. We characterized two 

transgenic mouse lines electrophysiologically and immunohistochemically to confirm that they 

label ON and OFF UBC subtypes, and then crossed them together, revealing that ON and OFF 

UBCs innervate one another. A Brainbow reporter was used to label UBCs of the same ON or 

OFF subtype with different fluorescent proteins, which showed that UBCs innervate their own 

subtypes as well. An optogenetic approach confirmed that ON UBCs synapse directly onto other 

ON UBCs. Finally, we develop computational models that predict that these feed-forward 

networks of UBCs extend the length of bursts or pauses and introduce delays—transformations 

that may be necessary for cerebellar functions from modulation of eye movements to adaptive 

learning across time scales. 
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Abstract: Interneurons are key to guide information processing in neuronal networks. At the 

cerebellar input stage, Golgi cells (GoCs) are known to integrate parallel fiber (pf) and mossy 

fiber (mf) synaptic inputs on their apical and basal dendrites. However, the functional relevance 

of this input segregation has not been revealed yet. Recently, a detailed computational model 

(Masoli et al., PLoS Comput Biol. 2020 Dec 30;16(12):e1007937) predicted that GoC apical 

dendrites control spike back-propagation toward basal dendrites, eventually regulating NMDA 

receptor (NMDAR) channel unblock at mf-GoC synapses. The NMDARs would thus operate as 

coincidence detectors of mf and pf activity and drive spike-timing dependent plasticity (STDP) 

depending on the relative phase of mf and pf activity. Here, we investigated experimentally 

whether mf-GoC STDP would actually occur following patterned mf and pf stimulation. We 

performed whole-cell patch-clamp recordings (n=97 GoCs total) in acute coronal slices of 

cerebellum in GlyT2 transgenic mice by repeating (at 4 Hz for 60 times) mf-pf stimulus pairs 

with specific phase differences (±10, ±25, ±50, ±100 ms). Mf-GoC plasticity showed a peculiar 

temporal order-dependence, with LTP (long-term potentiation) or LTD (long-term depression) 

occurring when mf anticipated or followed pf stimulation, respectively, configuring typical 

STDP. The phase and timing between mf and pf inputs were the two critical determinants of the 

direction and degree of mf-GoC plasticity. In the presence of NMDAR inhibitors (100 μM APV 

and 50 μM 7-Cl Kyn), STDP was abolished. These experiments fully confirm model predictions 

that mf-GoC STDP is driven by apical-to-basal dendritic communication under NMDAR control. 

In addition, we investigated the eligible frequency window for mf-GoC STDP induction by 

varying the repetition interval of stimulus pairing. We found that STDP was optimally induced 

with 4 Hz pairing but vanished when pairing mf and pf inputs at 1 and 10 Hz. This suggests that 

mf-GoC STDP is instrumental to confine learning in the theta-band (4-8 Hz), at which granule 

cells and GoCs show oscillations and resonance. We can therefore set out the novel hypothesis 

that GoCs, thanks to their double dendritic arborization (that allows pf and mf input 

combinations), the specific expression of ionic channels (that allow spike backpropagation), and 

synaptic NMDA receptors (that allow voltage-dependent Ca-entry in the basal dendrites), operate 

as circuit coincidence detectors between the granular and molecular layer. This detector is tuned 

on the theta-band, which provides a preferential frequency band for cerebellar computation and 

learning. 

Disclosures:  E. Pali: None. T. Sorbo: None. F. Prestori: None. E. D'Angelo: None. 

Poster 

PSTR031. Cerebellum: Cell Types and Circuit Physiology 



Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR031.07/BB23 

Topic: E.02. Cerebellum 

Support: OIST Graduate University 

Title: Multiplexed coding in a heterogenous ion channel density branch-specific Purkinje cell 

model 

Authors: G. CIRTALA, *E. DE SCHUTTER;  

Okinawa Inst. of Sci. and Technol., Onna-Son, Japan 

Abstract: Purkinje cell (PCs) are the most prominent cell types in the cerebellum and represent 

the only output of the cerebellar cortex. Their dendritic trees are characterized by complex and 

extensive branching, offering PCs the ability to receive more inputs than any other cell type in 

the brain. PCs receive sensorimotor information through parallel fiber (PF) and encode it with 

immense accuracy. Elucidating how PCs encode the information provoked a lot of debate over 

the last years, with some authors suggesting that PCs encode the PF via linear encoding, while 

others observing a burst-pause coding response. The emergent theory known as multiplexed 

coding, unifies these two different observations and suggests that the brain is highly optimized to 

process information and therefore, uses a combination of linear and burst-pause coding. 

Evidence of multiplexed coding was found in the human basal ganglia, somatosensory cortex, in 

the basal forebrain, and was recently captured in the cerebellum through a computational PC 

model by Zang and De Schutter (2021). When simulating clustered PF input, the authors 

discovered that most dendritic branches of the PC linearly integrate PF, while few others 

generate localized all-or-none dendritic spikes. Based on this model, our research explores the 

multiplexed coding in PCs in response to a clustered PF input and shows how changing the 

biophysical properties of the cell, results in a shift of the coding strategy. We developed the first 

heterogenous ion channel density PC model, in which each branch of the PC is characterized by 

its own ion channel conductance density and we simulated PF input on each branch of the PC. 

We recorded the amplitude response with respect to the activated PF synapses, and we 

determined whether this response is bimodal or linear. We show that by altering various ion 

channel conductance densities such as P type Calcium channel (CaP), potassium Kv4 channel 

and small conductance calcium activated potassium (SK2) channel, we can shift the encoding 

strategy from linear to bimodal step-plateau and vice-versa, therefore obtaining a uniform 

mechanism throughout the cell. We determined the minimum number of activated PF required to 

generate the bimodal step-plateau response in each branch and we discuss the morphological 

factors that might contribute to this variation. We show how the dendritic spikes initiate and 

propagate within each activated branch and we investigate the effect at the soma by quantifying 

the somatic pauses. Lastly, we discuss co-activation of different branches, its effect on the 

bimodal response and its minimum PF threshold, and we show how the somatic pauses compare 

to the single activated branches. 
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Abstract: The selective loss of cerebellar Purkinje cells (PCs) is a common hallmark of several 

neurodegenerative movement disorders. The mechanism underlying their selective vulnerability 

has not been yet identified. Here we show that endocytic adaptor AP-2, previously described to 

be required for functional autophagosome trafficking in neurons, is essential to maintain the 

survival of PCs. By combining mouse genetics, proteomics, adeno-associated viruses-based 

tracing, 3D reconstructions, ex vivo-calcium imaging and behavioral approaches we reveal that 

mice lacking the µ subunit of the AP-2 complex in cerebellar PCs develop severe gait 

abnormalities accompanied by PCs progressive degeneration. Importantly, synaptic inputs 

dysfunction, characterized by a dominance of parallel fiber (PF) over climbing fiber (CF) 

synapses precedes the PCs loss. We identified Delphilin as a novel AP-2 binding partner in the 

cerebellum. Delphilin is a postsynaptic scaffolding protein selectively expressed at the parallel 

fiber-PCs synapse. Delphilin interacts with the glutamate δ2 receptor (GRID2) and is proposed 

to control the PC functions by linking GRID2 to the actin cytoskeleton and signaling molecules. 

GRID2 is essential for cerebellar long-term depression, motor learning and PF synapse formation 

and its loss in humans causes spinocerebellar ataxia type 18. AP-2-deficient PCs reveal loss of 

synaptic Delphilin and accumulation of GRID2 to distal dendrites, a phenotype which results in 

PF/CF misbalance in the cerebellum of conditional AP-2 KO mice. Moreover, proteomics data 

obtained from the cerebellum of these mice show upregulation of proteins involved in processes 

such as synaptic pruning and downregulation of proteins related to long term depression and 

spinocerebellar ataxia. Interestingly, overrepresentation of PF leads to PC hyperexcitation that 

can be rescued by facilitating synaptic glutamate clearance. Our data suggest that AP2 prevents 



motor gait dysfunction by dendritic levels of GRID2 in PCs, which is required to maintain 

synaptic connectivity in the cerebellum. 
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Abstract: The acquisition and storage of learned responses in the cerebellar circuit are primarily 

mediated by long-term changes in synaptic strength at parallel fiber (PF)-Purkinje cell (PC) 

synapses. The activity patterns and cellular mechanisms required for long-term potentiation 

(LTP) or depression (LTD) at these synapses have been studied in detail. However, both 

behavioral experiments and computational models suggest that mechanisms must also exist to 

regulate the level of plasticity possible at individual synapses for proper response acquisition and 

retention. For example, in early stages of learning, it is advantageous for PF synapses to be 

highly plastic, thus allowing for rapid and large changes in synaptic strength, whereas late in 

learning, it is beneficial for synapses to have relatively stable synaptic strengths, which allow for 

fine-tuning and retention of learning. However, cellular mechanisms mediating metaplasticity in 

the cerebellum are still unclear. Elucidation of mechanisms that mediate metaplasticity is 

fundamental for an accurate understanding of how learned responses are acquired and stored in 

the cerebellar circuit. Previous studies have shown that pharmacological or genetic ablation of 

CB1Rs prevents LTP and LTD induction at PF synapses and impairs cerebellar learning. Further 

we have shown that CB1R expression is a plastic property of PF synapses, suggesting changes in 

CB1R expression may regulate PF plasticity. To test this hypothesis, we used Depolarization 

Induced Suppression of Excitation (DSE) to measure CB1R activity. Our results show that DSE 

is highly variable across PF synapses. Further, we found a strong correlation between CB1R 

activity (measured by DSE) and the magnitude of subsequent LTD induced at the same synapses. 

Likewise, we found that partial inhibition of CB1Rs by subsaturating AM-251 (10-100nm) 

inhibit DSE and LTD induction to a similar extent. Together, these data suggest that differences 



in presynaptic CB1R activity are a critical determinant of LTP induction at PF synapses. Finally, 

we measured DSE amplitude before and after LTD induction at the same synapses; we found 

that DSE is significantly reduced following LTP induction, suggesting a down-regulation of 

CB1R activity. Interestingly, the change in DSE following LTD induction is highly correlated 

(r=0.92) with the magnitude of LTD. These data suggest CB1R activity is reduced following 

synaptic plasticity, limiting further plasticity at the same synapses. Our data indicates that 

presynaptic PF CB1Rs may be key to balancing acquisition and retention of functional memory 

by managing transitions between levels of plasticity. 
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Abstract: The cerebellum is involved in motor coordination, learning, and execution. In normal 

conditions, it enables the animal to perform smooth and accurate movements by predicting and 

steering the outcome of ongoing actions. Yet, numerous studies show that, in stressful situations, 

proper movement execution can be impaired, thus pointing to a potential effect of stress on 

cerebellar function. However, mechanisms underlying stress-induced deficits in motor accuracy 

remain poorly understood. In the brain, acute stress primarily activates the noradrenergic system, 

particularly the Locus Coeruleus (LC). The LC releases norepinephrine (NE), a neuromodulator 

known to regulate neuronal excitability and synaptic gain to promote vigilance and optimal 

performance. Recent evidence from our laboratory showed that NE signaling in the cerebellum is 

responsible for the onset of stress-induced motor attacks in a mouse model of cerebellar ataxia, 

through direct modulation of cerebellar Purkinje cells (PCs). The goal of this project is to 

understand the LC NE-dependent modulation of sensorimotor integration by PCs. PCs are the 

main computational unit, and the sole output of the cerebellar cortex. They are spontaneously 

active and fire regularly, allowing them to encode somatosensory information conveyed by 

granule cells and molecular layer interneurons with high precision. We found that bath-

application of NE in acute cerebellar slices of wild type mice (1) reduced the regularity of 

spontaneous firing in PCs and (2) either potentiated or reduced their responses to granule cell 

inputs. Using Slc6a2-Cre (NET-Cre) mice to selectively explore and manipulate the LC-NE 



projections, we found that LC sends NE fibers to the entire cerebellum, suggesting that it has a 

large potential for exertion of its modulatory effects throughout the cerebellum. Finally, specific 

expression of ChR2 in LC-NE neurons showed that optogenetic release of endogenous NE from 

LC projections was sufficient to (1) slow down and (2) reduce the regularity of spontaneous 

firing in cerebellar PCs. Our experiments provide an approach for investigation of how stress 

influences the neuronal computations and the physiology of the cerebellum. 
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Abstract: A core function of the cerebellum is the integration of sensory and motor information 

in view of an optimal planning and control of movement. The final cerebellar stage of synaptic 

signal integration are the Purkinje cells (PCs), each of them integrating many thousands synaptic 

inputs from afferent excitatory parallel fibers (PF), originating from mossy fiber input-receiving 

granule cells, and climbing fiber (CF) synapses, originating from inferior olive neurons, as well 

as inputs from a diverse set of inhibitory synapses. A recent study reported a bi-directional 

cerebellar control of movement in head-fixed mice running on a wheel (Lanore et al, 2021). By 

using axonal calcium imaging for the monitoring of PF activity, those authors found that distinct 

sets of PFs were active during the active state (AS), when the animals were running, versus quiet 

wakefulness (QW), when the mice were resting on the wheel. 

For gaining an understanding of the downstream processing of these opposite synaptic signals in 

PCs, we devised an approach for functional two-photon single-synapse imaging in head-fixed, 

behaving mice. For this purpose, we electroporated plasmids of either a genetically-encoded 

calcium indicator, such as GCaMP8m, or of the genetically-encoded glutamate indicator 

iGluSnFR3 (Agarwal et al, 2023) into individual PCs. In both cases, the corresponding sensor 

was successfully expressed a few days later, allowing calcium and glutamate imaging in spiny 

dendrites of PCs, respectively, for many consecutive recording sessions during the following 



days and weeks. Our results demonstrate the feasibility of in vivo functional single synapse 

visualization and separation of PF and CF inputs, using both calcium or glutamate imaging. 

Particularly insightful for the analysis of the integration of afferent sensorimotor synaptic signals 

was glutamate imaging, as it offers the possibility to measure PF inputs at single event 

resolution. In individual PCs we identified two highly distinct groups of PF synapses. One group 

was highly active exclusively during the AS, while the second group was active, displaying a 

characteristic burst pattern, exclusively during QW. 

Thus, by using two-photon glutamate imaging of single synapses in awake, head-fixed mice 

running on a wheel, we demonstrate that the individual PCs can integrate apparently opposing 

afferent sensorimotor input signals to form output signals, consisting of simple spike activity, 

that are conform with the behavioral requirements. 
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Abstract: Purkinje cells act as a central hub of the cerebellum, receiving numerous inputs, and 

combining them to fine-tune movement. The cells also spontaneously fire simple spikes either 

regularly (Tonic) or in bursts. An understanding of their biophysics and intrinsic properties will 

help elucidate how they integrate various signals and contribute to the cerebellar function. 

Zebrafish provide an excellent system where physiological recordings can be easily done in an 

awake and behaving animal. However, the physiology and biophysics of their cells remain 

unclear. Larval zebrafish Purkinje cells show large calcium currents. Studies in mammalian 

systems have also pointed toward the role of dendritic calcium spikes in modulating bursting, 

firing frequency, and bistability. 

We, therefore, decided to look at the role of calcium channels in driving zebrafish Purkinje cell 

activity We used 6- 8 days-old larvae for all our experiments. We performed in vivo whole-cell 

patch clamp electrophysiology to identify calcium channel subtypes and their effects on Purkinje 

cell spontaneous activity. 

By performing voltage clamp experiments with pharmacological agents, we found that the 



calcium current is mainly contributed by L and T-type voltage-gated calcium channels. We then 

observed the effect of various channel antagonists on the spontaneous activity of these cells in 

the current clamp mode. We found that blocking L-type channels caused simple spike frequency 

to decrease in the tonic mode. We also observed a broadening of spikes with an increase in decay 

time, implicating these channels in the repolarization mechanism, presumably via calcium-

dependent potassium channels. Interestingly, blocking SK channels mimicked the effects of the 

L-type block. 

We further confirmed this with a reduced, biophysical model of tonically firing cells. The output 

of the model was validated with our in vivo data. The model also showed an L-type channel-

driven activation of SK channels helps maintain a pool of sodium channels to drive simple 

spikes. 

Together, these results point show that L-type calcium channels mediated SK channel activation 

is central to maintaining tonic activity in zebrafish Purkinje cells. 
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Abstract: During movements such as saccades and reaching, Purkinje cells (P-cells), the output 

cells of the cerebellar cortex, not only modulate their firing rates, but also temporally 

synchronize their simple spikes. How does this temporal coordination arise? We hypothesized 

that the molecular layer interneurons (MLIs), such as basket and stellate cells, precisely time 

their activities in order to organize the simple spikes of P-cells across a population, 

synchronizing them during specific phases of a movement. 

We recorded from the oculomotor vermis using high-density silicon probes in marmosets while 

they performed saccadic eye movements. These probes allowed us to simultaneously record from 

multiple layers of the vermis, enabling us to not only identify different putative cell types, but 

also their spike interactions. P-Cells were definitively identified because of a suppression of the 

simple spikes via complex spikes. However, the identification of other cell types was more 



challenging. To distinguish cell types, we examined their electrophysiological signatures, 

including spike waveforms, relative positions on the electrode compared to P-cells, and auto- and 

cross-correlograms. The molecular layer was identified by observing negative, low-frequency 

shaped complex spikes, the absence of stereotypic triphasic mossy fibers, the presence of sparse 

and small interneurons near P-Cells (MLIs), and the inhibition of P-cells by these cells on a 

millisecond time-scale. 

Next, we investigated the interaction between putative MLIs and P-cells during movement. We 

utilized linear and non-linear statistical methods to measure the distance between the joint 

probability of spiking in two neurons and the expected probability in statistically independent 

neurons. These results provided a time-dependent measure of temporal coordination among the 

neurons' states. By employing this approach, we quantified how the cell-cell interactions 

changed during a movement, irrespective of the firing rate. To dissociate the effect of firing rate 

on temporal coordination, we used trials shuffling as a control. 

We found that during saccades, P-cells synchronized their simple spikes with other P-cells, and 

MLIs synchronized their spikes with other MLIs. This synchronization was task related, 

direction-dependent, and much greater than during baseline conditions. Critically, MLIs 

exhibited stronger inhibition of P-cells during saccades than during baseline. Thus, it appears 

that during saccades, MLIs and P-cells not only synchronize their spikes with each other, but that 

MLIs play a role in promoting synchronization of P-cell simple spikes. 
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Abstract: Selectively knocking out the GABAAα1 subunit of GABA receptors in Purkinje cells 

produces a phenotypic tremor reminiscent of that seen in essential tremor patients. Purkinje cells 

only express the alpha one subunit, and do not upregulate any other alpha isoforms when alpha 1 

is knocked out. Therefore, loss of the GABAAα1 subunit from PCs results in a complete loss of 

GABAA mediated inhibition to Purkinje cells. As such, animals with a loss of GABAAα1 

selectively in Purkinje cells provide a means to examine the role of precisely timed inhibition to 

Purkinje cells in cerebellar physiology, including activity in the downstream cerebellar nuclei 



(DCN). Purkinje cells provide inhibitory connections to the DCN, including the medial, fastigial 

nucleus (FN). We examined how activity in the FN is affected by the pathophysiology of 

Purkinje cells in the GABAAα1 knock out (KO) model. Using broad viral targeting of the FN to 

express RCaMP, we performed calcium imaging with fiber photometry in freely moving animals 

during open field testing. While DCN neurons are inhibited by asynchronous firing of Purkinje 

cells, they can also show rebound firing following synchronized inputs. We hypothesize that loss 

of GABAAergic inhibition to Purkinje cells will increase their synchronization, and thereby 

increase activity in downstream DCN neurons (despite Purkinje cells being inhibitory neurons). 

We predicted that this would result in an increase in both the amplitude and frequency of calcium 

events recorded in the FN in KO animals compared to wild-types (WT). We found that KO mice 

(n=6) had a significantly increased amplitude of events in the FN when compared to WT 

littermates (n=4) (average z-score amplitude, WT: 3.47±0.25, KO: 4.76±0.45; p = 0.043, Mann-

Whitney), and there is a trending increase in frequency (WT: 0.22±0.01 Hz, KO: 0.44±0.07 Hz; 

p = 0.11, Mann-Whitney). This shows that loss of inhibition to Purkinje cells can, somewhat 

counterintuitively, increase activity levels in the downstream DCN. Ongoing work examines 

how the behavioral state of the animal, including locomotion, may impact activity in the DCN 

and the impact of loss of inhibition to Purkinje cells on the activity in the DCN, the impact on 

downstream structures, including the thalamus, and how this pathophysiology may relate to 

behavioral phenotypes. 
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Title: Highly synchronized inhibition from Purkinje cells entrains cerebellar output in zebrafish 
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Abstract: The cerebellum is a brain region involved in motor control and coordination. 

Cerebellar Purkinje cells (PCs) integrate inputs from two major excitatory pathways: parallel 

fibers and climbing fibers. PCs provide convergent inhibitory inputs to cerebellar output neurons 



in the deep cerebellar nuclei (DCN) in mammals and eurydendroid cells (ECs) in zebrafish. It is 

known that both PCs and DCN (Thach,1978; Heck et al.,2007) as well as ECs (our results and 

Harmon et al.,2020) show elevation in firing either coincident with or around the onset of 

movements. These results demonstrate that PCs and ECs do not share an inverse average firing 

rate relationship. Therefore, we hypothesized that PCs modulate the activity of DCN/ECs over 

millisecond time scales, i.e. EC spikes will be time-locked to PC inter-spike intervals due to 

relief from inhibition. In this study we tested whether this is true using a combination of 

optogenetics and electrophysiology in larval zebrafish. In transgenic larval zebrafish expressing 

channelrhodopsin specifically in PCs, we were able to elicit reliable responses to high frequency 

light pulses. We were able to modulate the extent of synchrony in PC population from very low 

to near perfect estimated synchrony by varying the intensity of light pulses. Next, we recorded 

the activity of ECs while precisely regulating the synchrony of PCs. We found that even though 

PC firing rate consistently more than doubled during stimulation, there was no consistent change 

in EC activity during the same period. EC spike probability dips to a minimum around 10ms 

after the PC stimulation is over. However, this modulation of EC activity does not happen when 

PCs are asynchronously activated. These results suggest that spike timing synchrony is a 

plausible mechanism to modulate cerebellar output. 
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Abstract: Dystonia is a movement disorder charactered by involuntary sustained or intermittent 

muscle contractions, which results in repetitive twisting movements or abnormal postures. While 

the deep cerebellar nuclei (DCN) have been implicated in dystonia, the exact roles of distinct 

neuronal subpopulations in the DCN for controlling these dyskinetic behaviors are unknown. 

Here we used the Prrt2-deficient mice, an animal model of Paroxysmal Kinesigenic Dyskinesia 

(PKD), to dissect the functions of DCN glutamatergic, GABAergic and glycinergic neurons in 

dystonia attacks. We used cell-type targeting, recording, manipulating and ablating strategies to 



identify the critical groups of DCN neurons that mediating the featured dyskinetic movements. 

Calcium signals recording with fiber photometry revealed that DCN glutamatergic, glycinergic, 

GABAergic inferior olive (IO) projecting and GABAergic non-IO projecting neurons were all 

sustainably activated during dystonic movements in Prrt2-deficient mice (n = 14-20 trials for 

each group from 3-5 mice). Optogenetically activating DCN glutamatergic and GABAergic non-

IO-projecting neurons rather than glycinergic and GABAergic IO projecting neurons induced 

dystonia-like behaviors (n = 16 trials for each group from 4 mice). Ablation of DCN 

glutamatergic neurons eliminated aberrant outputs of the cerebellum to the ventral thalamus and 

alleviated cerebellum-originated dyskinetic movements in Prrt2-deficient mice (n = 5 mice). 

These results suggest that aberrant activation of DCN glutamatergic neurons underlies the 

neuropathological mechanisms of paroxysmal dyskinesia. 
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Abstract: Handedness is a human-specific feature of motor control, characterized by higher 

quality of skilled movements on the dominant side. According to the dynamic-dominance 

hypothesis, the key factor that results in the better performance on the dominant side is the 

control of limb dynamics [1]. We hypothesized that handedness is not a motor execution 

problem per se but a trajectory shape-selection problem. For example, when writing a letter “A” 

with your non-dominant hand it looks wrong, but it is executed just as well as when you copy the 

“bad” A with your dominant side. On the non-dominant side, there seems to be a mismatch 

between what you want the A to look like and how it comes out. This is not that different to 

being bad at drawing, which is clearly not a low-level motor control problem but more a problem 

of resolution - you want that tree branch to come out in all its detail, but a crude stick comes out 

instead. This can be considered a form of involuntary coarse-graining - details are smoothed out 

that you don’t want to smooth out. To test this “shape-selection” idea, we first devised a novel 



experimental setup of 3D center-out reaching task and measured 3D kinematics with a marker-

less method. We performed three experiments on young, healthy, right-handed subjects. In the 

first experiment, the subjects reached to five different targets. In the second experiment, subjects 

performed the same task but with a 5 lbs weight on their wrists, which altered limb dynamics. In 

the third experiment, we “elongated” the subjects’ forearms by attaching a stick, mimicking tool 

use. We compared the 3D end-effector trajectory shapes using statistical shape analysis. Our 

results showed that in the first experiment, the non-dominant side showed higher variance but no 

trajectory shape differences. In the second experiment, the variance in both groups increased 

significantly but there was no effect on shape on either side and no difference between sides. In 

the third experiment, the variance again increased significantly on both sides but did so more on 

the non-dominant side. Most notably, there was also a significant shape change between the stick 

and no-stick conditions as well as between right and left of the stick reaches. We conclude that 

non-dominance is brought out when the shape or geometry of a movement is stressed, which is 

the case with tools. The difference may be due to a kind of information bottleneck, where there is 

a cost to having fine-grained resolution that maps between a target goal and the number of 

command options available to achieve it. Practice, which has a large opportunity cost, may 

overcome this. References:1. Sainburg, R. Exp Brain Res (2002) 142:241-258 
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Abstract: According to the ‘Touch Paradox’, despite the fact that tactile perception is crucial to 

motor performance, tactile perception is frequently suppressed in movement contexts. Peripheral 

signals block tactile perception during movement execution. Central signals block tactile 

perception during movement planning when upcoming tactile inputs are predictable. The aim of 

our study is to investigate the influence of expertise on tactile suppression during the planning of 

an expert motor task (i.e., a piano key press), comparing expert pianists to musically untrained 

individuals. We hypothesized that expert pianists will show more tactile suppression in planning 



a piano key press than musically untrained individuals. This is the first-known study to test 

whether tactile suppression during movement planning is expertise-dependent. 

We plan to study 24 right-handed participants (18-60 y): 12 expert pianists (Expert) and 12 

musically untrained individuals (Untrained). We have currently tested 5 Experts (2 male, 3 

female; mean: 40.8 y) and 5 Untrained (3 male, 2 female; mean: 28.8 y). 

We tested tactile perception by presenting weak electrical currents from a Digitimer DS-4 

stimulator to the skin under 3 conditions of a piano key press: 1) baseline (i.e., at rest); 2) 

planning (i.e., 300 ms prior to key press); 3) execution (i.e., synchronous with key press). The 

perceptual threshold was defined as the stimulus intensity level at which 50% of stimuli would 

be perceived. Tactile suppression during movement execution was used as a control measure. 

The main outcome measure of tactile suppression was the difference between perceptual 

thresholds at planning versus baseline (Planning), and execution versus baseline (Execution). We 

conducted a mixed ANOVA with 2 groups (Expert vs. Untrained) x 2 conditions (Planning vs. 

Execution). There was a main effect of condition (F(1, 8) = 46.298, p<0.001), no main effect of 

group (F(1, 8) = 0.006, p = 0.940), and no interaction effect (F(1, 8) = 0.132, p = 0.726). 

Preliminary findings in the sample tested thus far suggest that there is no difference in tactile 

suppression between expert pianists and musically untrained individuals. They suggest that 

suppression can occur in both experts and untrained individuals during movement planning, and 

that more suppression occurs during execution than planning. These findings contribute basic 

knowledge about tactile suppression during movement planning. This knowledge can serve as a 

stepping stone for future studies of the Touch Paradox, in which tactile suppression during 

planning can be studied for its relationship to motor performance outcomes. 
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Abstract: If one tries to point straight ahead with an extended arm, one feels perfectly able to do 

so. What does one control when performing this task? One could assume that one would 

continuously monitor the perceived orientation of the arm and correct for any deviations from 

straight ahead (position control). Alternatively, one could move the arm into the desired 

orientation and subsequently keep it static (velocity control). These two strategies may seem 

equivalent at first sight, but they result in quite distinct behavior in the presence of noise. For 

position control, noise will result in fluctuations around an equilibrium posture. For velocity 



control, in contrast, noise will result in a random walk of the arm. On average, this random walk 

will move the arm away from its initial orientation. 

I measured the pointing behavior of blindfolded human participants, and determined various 

characteristics of the resulting trajectories, such as the Hurst exponent and how the average 

distance from the initial orientation and the variance depend on time. I found a Hurst exponent 

close to 0.5 and a variance that continuously increased with time. These results corresponded 

very well to simulations of a pure random walk combined with low-pass filtering. I found no 

evidence for a substantial contribution of position control, in contrast to the continuous use of 

position control in goal-directed movements. 
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Title: Task-dependent, flexible processing of sequence actions in fast trans-cortical feedback 

motor circuits. 
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Abstract: Everyday behavior involves performing a sequence of actions to achieve a goal. 

Sequence execution involves combining successive actions with shorter goals into larger actions. 

A fundamental question is whether sequence execution is a cognitive or a motor skill? Some 

studies show that individual movements are reshaped to maximize the efficiency of sequence as 

a whole, consistent with a transition from concatenation of independent components to holistic 

planning of the sequence. Alternatively, (Zimnik et al., 2021) showed that during rapid sequence 

execution, the second target is expressed late in the motor response, just before the completion of 

first reach, and interpreted late cueing as an external trigger applied to the motor system. It 

remains unknown whether late cueing of second target, and holistic sequence planning can be 

explained at the level of motor processing.To address this problem, we simulated a feedback 

controller controlling a point mass object in a two-reach sequence task. The simulations showed 

that the task objective – a requirement to stop/no-stop at first target – determined how much the 

control of first movement depended on the second target. When the agent was not required to 

stop at the first target, feedback gains throughout the first movement were tuned to the second 

target. Consequently, a perturbation applied early in the first movement produced different hand 

paths tuned to the second target. In contrast, when required to stop, dependency on the second 

target emerged near the end of the first reach. Importantly, both early reshaping and late cueing 



emerged as optimal solutions of the control problem, and did not require any external trigger 

from an independent system. Thus, our simulations predicted that the instructions about the 

intermediate targets mediate how much the controller during the first reach depends on the 

second target, predictions that we validated experimentally. Human subjects (N=15) performed 

the two-reach task and showed early changes in kinematics dependent on the second target. Step-

loads applied early in the first reach revealed that long latency feedback responses (LLFRs, 50-

100 ms latency) were tuned to the second target. In a second experiment (N=14), subjects were 

asked to stop at the first target, and we observed that the change in kinematics related to the 

second target and differences in LLFRs disappeared as predicted in the model. Overall, we 

developed an ideal actor model of sequence execution and validated the model predictions with 

human experiments. The results suggest that disparate properties of sequence execution are a 

consequence of flexible, task-dependent processing in feedback motor system. 

Disclosures:  H. Kalidindi: None. F. Crevecoeur: None. 

Poster 

PSTR032. Movement Selection and Execution of Skilled Movements 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR032.05/CC12 

Topic: E.04. Voluntary Movements 

Support: NIH-R37-HD087089 

NIH-R01-CRCNS-NS120579 

NSF-M3X-1825942 

Title: Ringing a Bell: Human Control Strategies for Contact-Rich Physical Interactions 
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Abstract: In daily activities, humans constantly interact with complex objects, such as carrying a 

bag of groceries or a cup of coffee. Understanding the skillful control of these interactions is 

critical to advance our understanding of human motor control of natural behaviors. Our previous 

research on a task emulating the transport of a cup of coffee showed that humans increase 

predictability and stability of the complex object dynamics. However, the question of how 

humans manage contact-rich interactions remains unexplored; while seemingly easy for humans, 

the problem is highlighted in robot control. For example, ringing a bell results in intermittent 

contacts between clapper and bell, which poses a difficult control problem due to the nonlinear 

and discontinuous internal dynamics. To address this question, human subjects were asked to 

ring a virtual bell, consisting of a clapper hanging inside a bell, that moved on a horizontal line. 

To interact with the bell-and-clapper system, humans moved a robotic manipulandum that also 

provided haptic feedback of the contact dynamics. Subjects were asked to ring at a stable 



rhythm, both at a comfortable tempo and at a fixed frequencies signaled by a metronome; they 

were free to pick their movement amplitude. Subjects repeated 60 trials (20s duration) over 3 

days; their kinematic and kinetic data were analyzed to determine their convergence toward a 

preferred pattern. Four control objectives were hypothesized: 1) subjects reduce effort by 

minimizing force 2) they exploit natural dynamics to minimize energy expenditure 3) they 

prioritize stability to reduce the impact of sensorimotor noise or 4) they maximize the 

predictability of the system. To test these hypotheses, we inverse-simulated the bell-clapper 

model, assuming sinusoidal bell motion on a horizontal line. Simulating over viable 

combinations of amplitudes and frequencies of bell movements, the expended force, energy, 

stability, and predictability were computed, leading to solution spaces that summarized varying 

effectiveness for each control objective. Overlaying subjects’ chosen amplitude/frequency pairs 

onto these spaces allowed for an analysis of which control objectives were prioritized. 

Preliminary analyses indicated that subjects preferred small amplitude movements, which 

minimized interaction forces while satisfying stability and predictability. Although prior work 

showed that humans prioritized predictability in their interactions with complex objects, this 

work provided evidence that when contacts are added, the control objective tends towards 

minimization of interaction forces, possibly to minimize the unfavorable feeling of the collision. 
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Abstract: Interactive multimodal perception is of paramount importance in the interaction with 

objects of unknown shape, material, and content. Object properties become particularly 

challenging for humans to learn if the object has internal dynamics; for instance, the sloshing 

liquid in a cup of coffee can generate complex interaction forces that need to be preempted, 

compensated, or corrected for. While humans can dexterously transport a cup filled with coffee, 

there is limited understanding about the control mechanisms and the contribution of different 



sensory modalities to a successful action. This study investigated the effect of visual and haptic 

information on humans’ exploratory interactions with a simplified ‘cup of coffee’, an object with 

nonlinear internal dynamics. Subjects were instructed to rhythmically transport a virtual cup with 

a rolling ball inside between two targets at a specified frequency, using a robotic interface. The 

cup and targets were displayed on a projection screen, and force feedback from the cup-and-ball 

dynamics was provided via the robotic manipulandum. Subjects were encouraged to explore and 

prepare the dynamics by ‘shaking’ the cup-and-ball system to find the best initial conditions 

prior to the rhythmic task. Two groups of subjects received full haptic feedback about the cup-

and-ball dynamics during the task; however, for one group the ball and its movements were 

visually occluded, while the other group could see the ball. Analysis of kinematic and kinetic 

data showed that visual information about the ball movement had three distinctive effects on the 

performance: seeing the ball reduced preparation time needed to understand the dynamics, the 

exploratory movements converged faster towards the task-required rhythm, and, importantly, 

preparation led to simpler, more linear input-output interactions between hand and object. These 

findings highlight the roles of visual and haptic information in the interactive perception and 

exploration of complex objects. 
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Abstract: When a waiter carries a cup of coffee in a café, they must swerve around tables to 

avoid collisions. In doing so, the waiter exerts forces onto the cup and coffee, which, in turn, act 

back on the hand. These internal dynamics can interfere with task goals, and, for example, coffee 

can spill from the cup. How do we deal with such internal dynamics that are generated by our 

own actions? Studies in motor control have examined how humans respond to perturbation 

during movement; however, the source of the perturbation has often been external. In naturalistic 

settings, self-generated dynamics are the more frequent scenario. Extending our previous work, 



this study modeled a 3D cart-and-pendulum system moving in a horizontal plane, where the cart 

was displayed as a semi-spherical cup, and the pendulum bob was displayed as a ball rolling 

inside. The dynamics represent the challenges of transporting a cup of coffee: underactuation and 

nonlinearity. Subjects interacted with the system in a virtual environment, where they moved a 

displayed cup, and received haptic feedback via a robotic manipulandum. The task was to 

transport the cup and ball from a “home” position to a target and back, passing through a via 

point located lateral to the target direction. Subjects had to move as fast as possible without 

losing the ball, and task difficulty was manipulated by moving the via point farther from the 

home-target line. In a control condition, subjects also performed the task with a rigid cup, 

without any internal dynamics. We evaluated performance by analyzing movement path, 

duration, and smoothness, each assessed at early and late stages of practice and with regard to 

different via-points. We also evaluated the degree to which cup and ball behaved in-phase as a 

measure of predictable interactive dynamics during performance. Individuals converged to a 

variety of chosen movement paths, however, they all arrived at solutions that reduced movement 

time, and increased smoothness. Contrary to expectations, subjects achieved time-normalized-

smoother movements in cup and ball condition, compared to the rigid-cup condition, although in 

exchange for longer movement durations. Additionally, the cup movement phase, as directly 

controlled by subjects, gradually evolved to match the ball movement phase, i.e., the internal 

dynamics, through practice. This indicated a strategy to keep both the actuated (cup) and 

underactuated (ball) dynamics synchronized to avoid self-induced disruptive internal dynamics. 

These results are first steps to shed light on how humans exploit the dynamics of objects to 

manage self-induced perturbations in their complex interactive experiences. 
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Abstract: Decisions about actions are thought to arise from a competition between 

simultaneously activated movement plans, biased by variables such as movement costs, rewards 



or task rules, until a threshold is reached and an action is executed. In support, reaction times 

(RT) are longer in situations of increased competition, such as during incongruent trials in 

Flanker tasks or equiprobable target locations (point of subjective equality; PSE) in hand 

selection tasks. Still, action competition has mostly been studied in contexts in which the target 

goal is instructed or in which overt execution of both responses is possible, limiting the evidence 

for a lower-level, action-based competitive process evolving within a single cortical hemisphere. 

Therefore, we aimed to investigate the effect of decisional uncertainty on RTs in a free choice 

task where overt execution of both responses was impossible. We developed an obstacle 

avoidance task in which healthy human participants (n = 11; preliminary results; n = 30; targeted 

sample) had to reach toward a visual target using their right (dominant) hand while avoiding an 

obstacle positioned along the movement path. Participants were free to avoid the obstacle to its 

left or its right but had to initiate their movement within 500ms of obstacle presentation. The 

target was positioned straight ahead of participants and remained unchanged across trials (400). 

Uncertainty was manipulated by placing a 9cm obstacle on participants’ direct path to the target 

(i.e., at the PSE) (maximal uncertainty condition; 100 trials), or an 18cm obstacle shifted 

laterally by ±4.5cm from the PSE location (minimal uncertainty condition; 50 trials for both left 

and right). Importantly, this setup equated movement trajectories across conditions, allowing us 

to isolate the influence of uncertainty on RTs. Results revealed that RTs were significantly 

slower in the maximal uncertainty condition (375ms ± 32) as compared to the minimal 

uncertainty condition (355ms ± 28; p=0.0005). This suggests that a competitive process also 

underlies action-based free-choice decisions. In contrast, movement times did not differ across 

conditions (262ms ± 48 and 261ms ± 47 for maximal and minimal uncertainty conditions, 

respectively; p=0.97), supporting the similarity of movement kinematics. It has been proposed 

that pre-movement β activity could reflect response competition in the sensorimotor cortex but 

evidence to that effect remains contradictory and limited in action-based decisions. Considering 

that, collection and analysis of electrophysiological data is currently underway to investigate the 

modulation of β activity in our task. 
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Abstract: This work presents experimental evidence of pervasive Brownian processes in 

different human motor tasks ranging from static posture to continuous motion. Brownian 

processes, also known as random walks, are characterized by two distinctive signatures: (i) a 

power spectrum decaying at -20 decibels per decade; and (ii) an unbounded variance growing 

linearly with time. Such processes are inherently unstable and are apparently incompatible with 

common observations of human motor behavior; e.g., we can maintain upright posture without 

evidence of unbounded variance. 

Three different motor tasks were investigated in healthy subjects: rotating a crank, maintaining a 

static hand posture, and maintaining upright standing posture. The first task was selected as it 

allows unbounded continuous motion within a finite configuration space. The second and third 

are instead representative of two common postural tasks involving the upper and lower limbs 

respectively. 

All three tasks presented evidence of Brownian behavior. Nonetheless, only the crank turning 

task showed evidence of variance growing without bound since the task allowed for a limitless 

range of angular positions. In the postural tasks, the variance initially grew but reached a bound, 

in line with expectations. These results show that Brownian processes provide an adequate 

description of the observed positional data; however, some additional control action must limit 

the position variance during static posture. 

Different models were implemented to identify a unifying descriptive motor control framework 

capable of reconciling the whole experimental evidence i.e., the presence of Brownian behavior 

with limited position variance in postural tasks and unbounded position variance in continuous 

motion tasks. The only model capable of reproducing all the observations required forward-path 

velocity commands corrupted by stationary noise. Moreover, we identified intermittent control 

actions as the key underlying mechanism to limit variance during postural tasks. 

This work provides the first independent behavioral evidence supporting the theory that the 

central nervous system encodes motion commands in terms of velocity. 
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Abstract: Humans excel at physically interacting with their environment. Yet it seems that to do 

so, they employ elementary dynamic actions that result in only "good-enough" control 

performance. In this work, we focused on constrained motions, specifically turning a horizontal 

crank. In previous work, we observed that forces generated by human subjects included 

unproductive normal force components that varied periodically with crank angle. Using a model 

of human interactive dynamics with observed normal forces and motions revealed roughly 

elliptical zero-force trajectories—hypothetical but well-defined trajectories that subjects would 

have followed in the absence of forces. In principle, a zero-force trajectory may be identified 

independent of interactive dynamics (Hogan 2014, 2017). In the current study, we aimed to 

verify the elliptical zero-force trajectories without making any modeling assumptions about 

human interactive dynamics. We reasoned that if the crank constraint path were deformed to 

match the estimated zero-force trajectory, normal forces should vanish. Conversely, if the crank 

constraint path were deformed to be orthogonal to the estimated zero-force trajectory, normal 

forces should be enhanced. 12 subjects turned a virtual crank, rendered by an InMotion robot, at 

a visually-instructed constant rotational speed. Unbeknownst to subjects, the constraint had three 

different shapes: (i) circular; (ii) elliptical (closely aligned to the previously estimated zero-force 

trajectory); and (iii) orthogonal to that ellipse. Subjects performed 45 trials, and from these trials, 

RMS normal forces were calculated. The mean RMS normal force increased (by factors of 10% 

and 40%) as the constraint deviated further from the zero-force trajectory ellipse. Post-hoc two-

sample t-tests with Bonferroni correction were conducted to confirm that the observed increase 

in normal force was significant (p < 0.001). These findings support the hypothesis that humans 

tend to employ elementary “building-block” dynamic actions—in this case, oscillatory zero-

force trajectories and mechanical impedances—even for complex actions. This “good-enough” 

control would incur a cost of decreased performance in some circumstances. As the intended 

action diverged more from the result of employing those “default” actions, performance 

deteriorated. Hogan N. A general actuator model based on nonlinear equivalent networks. 

IEEE/ASME Trans Mechatronics 19: 1929-1939, 2014.Hogan N. Physical interaction via 

dynamic primitives. In: Springer Tracts in Advanced Robotics, edited by Laumond JP, Lassere 

JB, Mansard N. Springer, 2017, p. 269-299. 
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Abstract: Choice of arm use is made by comparing energetic costs associated with using two 

arms. We previously showed that use of one arm can be promoted by reducing energy associated 

with using the arm (‘reward’ on using the targeted arm). Conversely, the arm use could also be 

promoted by increasing energy of using the other arm (‘penalty’ on using the other arm). It has 

previously been shown, however, that reward and penalty work fundamentally different when 

guiding motor adaptation. The question thus remains regarding their differential effects when 

used in a choice task; will the two contrasting approaches (reward vs. penalty) lead to a different 

behavioral adaptation (i.e., change in the arm choice) even when a similar level of effort 

asymmetry is implemented? To answer this question, fifteen neurologically-intact subjects 

participated in an experiment where they reached towards visual targets in a virtual-reality 

environment. Energetic cost of reaching was modulated either amplifying the range of motion 

(ROM) of their nondominant arm, or by reducing the ROM of their dominant arm. Three 

different levels of energy asymmetry were used for each condition (i.e., 25%, 50%, 75% increase 

in nondominant arm ROM; 5%, 10%, 15% decrease in dominant arm ROM). We found that 

reduction of the dominant arm ROM (penalty) leads to significantly larger changes in the 

nondominant arm use, when compared to the cases that similar levels of energy ratio were 

achieved by amplification of the nondominant arm ROM (reward); a significant difference was 

observed in the sensitivity of the arm use to the energy ratio between the conditions (% change in 

the arm use per 100% change in the energy ratio: 25±15% in the reward condition vs. 195±70% 

in the penalty condition; p < 0.001). In both conditions, when the data from all subjects were 

analyzed, a significant degree of reduction was observed only in the reaction time of the 

nondominant arm, while the difference in the dominant arm was not found significant. 

Interestingly, between-subject variability in the arm use changes could be explained by the 

change in the reaction time of dominant arm (penalized) in the penalty condition (r = -0.38; p = 

0.02), but by the change in the reaction time of nondominant arm (rewarded) in the reward 

condition (r = 0.36; p = 0.03). For the arm choice task, therefore, the use of non-dominant arm 

can be promoted by imposing penalty on the dominant arm (energy increase), which in turn 

energizes the action ‘initiation’ of the non-dominant arm. Such indirect promotion appears to 

have a greater impact on arm choice than directly rewarding use of the nondominant arm (energy 

reduction). 
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Abstract: Humans often use either the lower or upper extremities to perform point-to-point 

movements, for example reaching with the hand and walking to a destination. The speed 

trajectories for each movement type have characteristic features that are explained by disparate 

principles. Reaching movements seem to maximize accuracy, whereas walking movements 

appear to minimize energy expenditure, although neither explanation explains how the respective 

durations increase with distance. It seems reasonable that both movement types should share 

common principles, since humans often walk and reach to fetch objects beyond an arm’s length. 

Here we show that a combined objective of Energy and Time explains movement trajectories, 

durations, and peak speeds of both reaching and walking. Both tasks have different dynamics 

that yield different predictions, tested experimentally by humans reaching a range of distances, 

and separately walking a range of distances, all at self-selected pace. All movements had modest 

accuracy requirements, and so accuracy was not predictive of either task. These results suggest 

that common principles may underlie point-to-point movements for both upper and lower 

extremities, making it unnecessary to treat the two as entirely distinct. Humans may value both 

Energy and Time regardless of how they get to a destination. The differences between reaching 

and walking in part due to their different dynamics. Much of the Energy of reaching is explained 

by the work and rapid force production needed to accelerate the limbs, here in the horizontal 

plane of a planar manipulandum supporting the arms. Much of the Energy of walking is for 

mechanical work performed by muscles to redirect the body center of mass between pendulum-

like steps under gravity. All of these costs decrease in different ways with longer movement 

durations, opposed a Time trade-off proportional to movement duration with coefficient , a 

valuation of time. That valuation appears related to resting metabolic rate but also an individual’s 

subjective movement preferences. Optimal control predicts the trajectories and other features 

reasonably well, but may be summarized by simple power laws as a function of movement 

distance. The prediction accuracies were reasonable, with R2 > 0.8 for both movement types (P < 

0.001 for all cases, reaching 5-50 cm N=9, walking 1.5-12.5 m N=10). 
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Abstract: Adaptive behavior requires selecting the best available option. Studies that examine 

target selection prior to reach initiation report a strong preference for the least effortful option. In 

contrast, studies that examine target re-selection during ongoing movement report a weak 

influence of relative effort. This pattern suggests that the behavioral context, selection before 

movement versus re-selection during movement, is an important influence on the weighting of 

effort in target preference. However, the contrasting studies also have different mechanical 

contexts which confound the issue. Here we report two experiments on target preference 

designed to have the same mechanical setting but different behavioral settings. Participants 

reached forward to a single target that was occasionally replaced by a target pair surrounding the 

original (± 1, 2, 3 cm), referred to as a “target split”. Owing to the arm's inertial anisotropy, mid-

reach redirections to the leftward targets involve more effort than redirections to the rightward 

targets. The average left-right difference in required torque was ~45% greater than our earlier 

study because of the arm configuration at the mid-reach Location: here 45° shoulder, 90° elbow; 

before 30° shoulder, 90° elbow. In Experiment 1 (n = 12), reach initiation was cued by the 

default target filling. The typical trial involved just this one target but for the randomly inter-

mixed split trials two target options replaced the default after the hand moved ahead by 3 cm. In 

Experiment 2 (n = 12), the default target and two flankers were all visible and unfilled during a 

wait period. On typical trials, reach initiation was cued by the default filling and the flankers 

disappearing, whereas on split trials the flankers filled and the default disappeared. Thereby, 

participants could decide which flanker was preferred before moving. Experiment 2 also 

presented a via target directly between the start and default end target, which required a forward 

reach then lateral deviation like the motion pattern of Experiment 1; hence, the mechanical 

setting of the two experiments was similar. Participants showed a significant bias to the 

rightward/less effortful option in Experiment 1 unlike our earlier study of online decision-

making: median = 65% (37 IQR) vs 52% (16 IQR), one-sided rank-sum test, p = .033. 

Experiment 2 resulted in even more bias than Experiment 1 - median = 89% (27 IQR), one-sided 

rank-sum test, p = .026. Taken together, our results indicate that effort influences re-selecting a 

target during movement but less than selecting a target before movement. 
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Abstract: Environments with dynamically changing options may require us to abandon a 

pursued but voided target and re-select among others currently available. We recently showed 

that online decisions for reaching automatically select the target options that are nearest to the 

original. To better understand the inherent preferences of target re-selection, we examined the 

impact of color and shape, features known to strongly impact the efficiency of visual search but 

are processed relatively slowly through the ventral visual pathway. In Experiment 1 (n = 18), 

participants were instructed to ignore the color or shape of the new target options and reach to 

the one nearest the original (1 cm versus 3 cm). In Experiment 2 (n = 12) and Experiment 3 (n = 

12), participants were instructed to ignore the proximity of target options (1 cm versus 3 or 5 cm) 

and reach to the target having the same color or shape, respectively, as the original. In 

Experiment 1, initial error rates were higher to the instructed near-target when its color was 

incongruent with the original target - Δ19% (26% SD), p = 0.0015. And even when correct, the 

online reaction times (oRTs) were slowed - Δ30 ms (43 ms SD), p < 0.001. There was a similar 

trend for target shape although the difference in oRTs did not obtain significance - 7% (15% 

SD), p = 0.0385; Δ10ms (12 ms SD), p = 0.103. Experiment 2 and 3 complemented these results. 

When instructed to obtain the target with the same color, then oRTs were modestly slower when 

the correct target was the further option - Δ13 ms (15 ms SD), p = 0.00726, and no effect on 

initial error rates was found - Δ1% (13% SD), p = 0.7862. A stronger impact of proximity was 

present in Experiment 3, where initial errors were greater when the correctly shaped target was 

the further option, Δ7% (10% SD) p = 0.0097, and oRTs were slower to the further option - Δ16 

ms (20 ms SD), p < 0.001. Together these results show that the target option closest to the 

original target (in both location and visual features) is automatically preferred during online 

decision-making, consistent with the notion of a priority map for organizing behavior. 
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Abstract: In this work we investigate the human ability to predictively generate task-specific 

impedance, and specifically stiffness, to complete a challenging ballistic release task in multiple 

directions. The task required subjects to exert a given force against a physical constraint, and - 

when the constraint was suddenly released - they were instructed to reach a pre-defined specific 

target position aligned with the direction of the applied force. The experimental task was 

designed to heavily penalize corrective actions, thus encouraging subjects to pre-set their arm 

impedance to successfully complete the task. Data from 20 healthy subjects were collected while 

performing the ballistic release task in a horizontal plane in four different directions (forward, 

backward, left and right) while the arm was held in a gravity-neutral configuration. In each 

direction, multiple target forces (15, 20, 25 N) and reaching displacements (2.5, 5, 7.5 cm) were 

tested. Each of the nine possible force-displacement configurations was repeated 9 times. The 

task nominal end-effector stiffness ranged from 200 to 1000 N/m. The arm end-effector position 

and force were measured and used to identify the arm end-effector impedance by fitting these 

data to a second order dynamical system (mass, spring, and damper). This model proved to be 

the most parsimonious capable of correctly describing the whole experimental evidence. Subjects 

completed the task in all required directions and force-displacement combinations. The identified 

stiffness showed that subjects could generate the required nominal task stiffness independently 

from the direction of motion. This is particularly interesting because it suggests the capability of 

subjects to adapt to the high directionality of the arm end-effector stiffness ellipse. Moreover, the 

stiffness estimates highlighted the subjects’ preference to complete the task with the minimum 

possible stiffness for every force-displacement combination. This supports the hypothesis of an 

effort minimization strategy in stiffness generation. More importantly, subjects proved to be 

limited, not by the amount of required force (all subjects could generate the maximum target 

force), but only by the amount of end-effector stiffness they had to produce (higher failure rates 

were observed in higher stiffness conditions). This supports the observation that in some physical 

interaction circumstances, especially pushing, human neuro-muscular performance is not limited 

by force exertion but by stiffness production. 
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Abstract: Our recent study has shown that humans can predictively control their arm end-point 

impedance in a challenging ballistic release task in different movement directions and arm 

configurations. Subjects could successfully perform this task primarily by tuning their arm 

stiffness. Subjects were required to hold a handle at a certain force level against a robot arm for a 

random duration, at which point the robot resistive force was set to zero, triggering a ballistic 

movement. Subjects then arrested the handle within a target displacement to succeed in the task. 

Any corrective movement during or after the ballistic release was penalized. The task was 

performed in a horizontal plane spanning four orthogonal directions: rightward, leftward, 

forward and backward. Three force and three displacement targets were presented, leading to 

nine levels of stiffness conditions. Surface EMG was recorded from eight muscle groups - wrist 

Flexor (Flexor carpi radialis, FCR) and Extensor (Extensor carpi ulnaris, ECU), Bicep (Biceps 

brachii, short head), Tricep (Triceps brachii, long head), anterior (Deltoid, anterior head) and 

posterior Deltoid (Deltoid, posterior head) and Pectoralis (Pectoralis major) and Trapezius 

(Trapezius). Principal Component Analysis of the recorded EMG during the force-hold, pre-

movement phase showed that muscle activity was largely contained in at most three, and 

sometimes only in two, of the potential eight dimensions. Interestingly, the angle between these 

subspaces (a measure of similarity) for different pairs of conditions such as direction, force and 

displacement were found to be close to π/2, indicating vastly varied muscle activations across 

conditions. Moreover, single and multi-variate linear models were used to fit the EMG activity 

and task parameters. This analysis showed that the EMG signals fit the target force (R-squared: 

0.76) and nominal stiffness (R-squared: 0.62) better than target displacement (R-squared: 0.39). 

EMG in the force null-space (EMG data projected onto the null-space of the matrix obtained 

from linear fit between force and EMG) also fit stiffness better than displacement. This shows 

that subjects could tune their pre-movement muscle activity to achieve both the required target 

force as well as the task-related stiffness through co-activation of different pairs of muscles. 

They could achieve these results despite the different muscle configurations required in different 

directions of motion. 
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Abstract: We are interested in whether subjects can preset the impedance of their arms to 

achieve near-ballistic, accurate reaches in different directions. To test this idea, we designed a 

task in which subjects pushed a manipulandum against various levels of resistance which were 

suddenly released. Successful trials required terminating the movement at specific distances 

without corrections. Two rhesus monkeys (Macaca mulatta) were trained to grasp a force-

sensing manipulandum on a linear track. They exerted a specified level of isometric force in a 

specific direction on a fixed handle for a random duration. The handle was then released, 

producing a near-ballistic movement. The monkeys were rewarded for stopping the handle in a 

target range within a limited time. Force and displacement were shown in real-time on a screen 

in the form of cursor position. We recorded force and displacement data as monkeys performed 

the task. We have also collected neural and muscle data in one monkey. Single-unit neural 

activity was recorded using a Utah array implanted in primary motor cortex. Surface EMG was 

recorded from six electrodes placed on three pairs of antagonist arm muscles corresponding arm 

and wrist movements. A 2nd-order dynamical system (mass, spring and damper) was used to 

estimate the endpoint impedance based on the force and displacement of the hand. Consistent 

with our human study [Tessari et al., SfN 2023], stiffness was correlated with both the target 

force and displacement task conditions across directions. Muscle activity was found to vary 

across directions, and single unit neural activity was found to modulate with task parameters 

such as force, displacement, and direction. Grant: R01 #NS111148 funded by National Institute 

of HealthRef: Tessari F. et al., Direction-independent stiffness regulation in a challenging 

ballistic release task highlights human neuro-motor performance limitations, Neuroscience 2023, 

Society for Neuroscience 
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Abstract: Previous research on interlimb asymmetries in reaching movement performance have 

shown unique characteristics of the dominant and nondominant arms for movement control. 

While most studies tested right handed individuals, our previous study in left handers showed 

similar characteristics but with significantly reduced interlimb asymmetries. This reduction was 

due to the right nondominant arm superior performance over the left nondominant arm in right 

handers. Other studies in right handers showed that interlimb asymmetries associate with hand 

selection behavior. For example, reduced interlimb asymmetries by occlusion of visual feedback 

during movement or a long-term sports training led to a relative decrease in the right dominant 

arm bias during hand selection tasks in right handers. We now ask whether left handers show 

reduced left dominant arm bias in hand selection behavior. To date, 16 left-handed and 6 right-

handed healthy young volunteers completed the hand selection task consisting of 12 blocks of 20 

trials each to pseudorandomized targets distributed systematically in the frontal space. In 

addition, they have also completed non-choice unimanual reaching tasks to assess their arms 

movement performance and determine the level of interlimb asymmetries. Preliminary results 

showed that, like in right handers, there is a significant dominant (left) arm bias in selection 

frequency (58% vs. 50%, t1,15 = 6.6, p < .0001). However, this dominant (left) arm bias in left 

handers is significantly smaller than observed in the prior study the dominant (right) arm bias in 

right handers (58% vs. 68%, t1,15 = 8.2, p < .0001). These results show reduced bias for dominant 

arm selection in left handers and indicate a plausible association with interlimb asymmetries, 

which are also reduced. These findings suggest a significant effect of handedness in hand 

selection behavior, which should be taken into consideration when tailoring sports training or 

rehabilitation to left handers. 
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Abstract: Previous research on interlimb asymmetries in reaching movement performance have 

shown distinct specialization of the dominant and nondominant arms for movement control. 

More recent studies showed that these interlimb asymmetries associate with hand selection 

behavior. For example, a reduction in asymmetries by occlusion of visual feedback during 

movement or a long-term sports training leads to a relative decrease in the dominant arm bias 

during hand selection tasks. Our understanding of hand selection behavior and underlying neural 

mechanisms could help with development of novel approaches to sports training or 

rehabilitation. In this study we developed a novel virtual reality (VR) application to test hand 

selection behavior. Ultimately, we aim to develop a reliable VR tool to provide athletic trainers 

and rehab clinicians with a quick and easy assessment of hand selection behavior. To date, 40 

healthy young volunteers completed the hand selection task consisting of 20 blocks of 18 trials 

each to pseudorandomized targets (balloons) distributed systematically in the frontal space. 

Preliminary results showed that there is a significant bias towards the dominant arm in selection 

frequency (55% vs. 50%, t1,38 = 2.7, p < .01). However, this dominant arm bias is significantly 

smaller than observed in the prior study using non-VR experimental setup (55% vs. 68%, t1,38 = 

7.7, p < .001). These findings suggest that interlimb asymmetries in 3D VR environment are 

likely to be smaller. This is consistent with previous observations of reduced asymmetries in a 

less constrained 3D space. 
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Abstract: Background: The ability to perform visually-guided motor tasks requires the 

transformation of visual information into programmed motor outputs. When the guiding visual 

information does not align spatially with the motor output (cognitive motor integration, CMI) , 

the brain processes rules to integrate the information for an appropriate motor response. 

Performance on such tasks is affected in individuals at risk of and in the early stages of dementia, 

and may affect their activities of daily living. Using mobile technology with older individuals 

may provide us with a more sensitive and accessible metric for assessing cognitive and 

functional motor abilities, when compared to traditional neuropsychological assessments. Here, 

we investigate the relationship between a traditional neuropsychological test battery and tablet-

based visuomotor skill performance. Methods: 38 participants, between the ages of 56 and 86, 

ranging from healthy to early Alzheimer’s disease completed the WMS-IV neuropsychological 

test battery which took about 180 minutes. They also performed three tablet-based tasks that 

tested the participants’ CMI abilities which took about 15 minutes. Specifically, participants 

performed 1) a standard condition requiring direct interaction with visual targets on a 

touchscreen, 2) a CMI condition requiring one level of decoupling in which movements on the 

tablet had reversed visual feedback, and 3) a CMI condition requiring two levels of decoupling in 

which the finger was moved on the lower half of the screen, while moving the cursor to targets 

with reversed visual feedback on the upper half of the screen. Thus, there was a spatial 

dissociation between the gaze and hand movement. Outcome variables included reaction time, 

movement time, accuracy, precision, path length, and number of direction reversals. Results: 

Using a hierarchical linear regression analysis, we observed that 5 of our 6 CMI outcome 

measures were predictive of four tests from the WMS-IV battery, once variability for sex and age 

were accounted for (p<0.05). These tests include measures related to visuospatial skills, 

executive function, and memory. Conclusions: Our findings suggest that, to some extent, mobile 

technology that involves multi-domain cognitive-sensory-motor processing may provide 

feasible, automated, and remotely deployable assessment alternatives to the current standard 

methods. 
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Abstract: Early kinematic analysis may provide insight into upper limb motor recovery after 

stroke. Movement smoothness is an indicator of motor coordination and proficiency. Stroke 

survivors often exhibit jerky movements with the paretic upper limb. Trunk displacement may 

also increase to overcome shoulder-elbow flexion synergy during reaching. These deficits are 

well-understood at the chronic stage but less so at the sub-acute stage. It is possible to predict 

upper limb functional outcomes of individual patients within the first 2 weeks of stroke using the 

PREP2 prediction tool. PREP2 sequentially combines clinical, demographic and 

neurophysiological assessments. Although PREP2 has an overall accuracy of 75%, patients who 

are predicted to make a good recovery either achieve the predicted outcome by 12 weeks (good 

recovery), take longer than expected to reach the predicted outcome (late recovery), or do not 

reach their predicted outcome (poor recovery). Our study examines kinematic measures of 

reaching movement smoothness with the paretic upper limb and trunk displacement for 

distinguishing between these recovery phenotypes. As part of an ongoing registered clinical trial, 

data from 20 participants were randomly selected for analysis. Kinematic and clinical 

assessments were made at 4, 12, and 26 weeks post-stroke. Data from one participant shown in 

Figure (Male 73y, Day3 SAFE=1, ARAT=4, MEP+, 12w ARAT=39, Good Recovery). A. Fifty 

reaches were made in separate blocks with either the paretic or non-paretic side. B. Data 

processing was undertaken using OpenPose to compute 3-D reach trajectories. C. Trunk tilt 

angle was calculated between the start and end of reach. D. Spectral arc length (SPARC) 

quantified smoothness of the wrist trajectory. A linear mixed-effect model investigated effects of 

time and recovery phenotypes. SPARC increased and trunk tilt angle reduced over time and 

interacted with recovery phenotype. Prediction of upper limb outcome after stroke may benefit 

from early reaching kinematic analyses. 
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Abstract: The repertoire of a freely behaving animal is traditionally characterized by extracting 

dozens of features of the body and clustering movements based on similarities in feature 

distributions. These clusters divide the continuous space of movements into a discrete set of 

movement types, where the set size depends on the clustering features. Such descriptive 

approaches are unable to provide meaning to the differences between individual movements, 

lack a mechanism underlying movement generation, and provide limited insights on movement 

neural control - all are gateways to understand the principles of movement sequencing. 

Here, we treated freely behaving larval zebrafish movements as a response of a dynamical 

system to a sparse control signal. We modeled the system transfer function as a pair of 

differential equations implementing a low-level internal oscillator with feedback on its 

amplitude, and a high-level control signal which represents the decision. The model reliably 

reconstructed the complete spatio-temporal tail dynamics of 82% of movements. 

Our model reduces sequences of complex high-dimensional movements into sparse low-

dimensional control signals. These low-dimensional signals have simple and intuitive 

interpretation, allowing a meaningful comparison between single movements. Moreover, these 

signals suggest an efficient neural representation of movements, and predict neural control 

strength and onset time, as well as neural oscillation frequency. Together, the model provides a 

firm basis for understanding decision making and movement generation processes, from both 

experimental and theoretical perspectives. 
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Abstract: Humans have a remarkable ability to control their physical interaction with the 

environment across a wide range of tasks, but our understanding of how these motor commands 

are controlled by the central nervous system remains limited. Impedance control plays a 

significant role in the control of wrist movements during dynamic perturbations even when 

alternative control strategies, such as torque control, are possible (Farrens et al. 2023). This 

suggests that torque and impedance control can act simultaneously, thus making it difficult to 

dissociate the contributions of different brain regions to each process independently. To 

overcome this, we are using a neuromuscular model to predict the activation response to 

different tasks, as a first step towards optimizing the design of an fMRI study that aims to 

identify the neural correlates of wrist torque and stiffness in healthy individuals. 

While most neuromuscular models based on optimal control cannot predict muscle impedance, 

the Stochastic Optimal Open-Loop Control (SOOC) framework (Berret and Jean, 2020) was 

developed to account for both torque and impedance control. SOOC models the dynamical 

uncertainty to predict optimal muscle responses for a given task by minimizing effort and 

variance. While SOOC was originally developed for whole-arm reaching movements, we 

modified SOOC to a 2-DOF wrist task, and we tested the model with three force conditions (no 

force, constant force, divergent force), which were selected to elicit different levels of wrist 

torque and stiffness. 

One key prediction of SOOC is that torque and stiffness responses are coupled under increases in 

perturbation amplitude in the presence of sufficient motor noise. For example, in the constant 

force condition, an increase in perturbation amplitude of 0.1 Nm (16.7% increase from 0.6 Nm) 

would result in an increase in joint torque of 0.1 Nm (27.9% increase) and joint stiffness of 0.36 

Nm/rad (5.9% increase). Similarly, increasing constant and signal-dependent motor noise also 

increases optimal stiffness (sensitivity of constant noise: 20.11, p<0.0001; signal-dependent 

noise: 6.98, p<0.0001). The relative cost of final variance relative to effort costs also has a 

positive relationship with optimal stiffness (sensitivity: 0.91, p<0.0001). 

We are now validating these predictions with behavioral task data, where we are measuring 

torque and stiffness via electromyography placed on four wrist muscles. Our goal is to define 

model-informed experimental conditions such that we can decouple the expression of joint 

torque and stiffness to use in a later fMRI study. 
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Abstract: Several studies have shown that spontaneous respiration modulates neural oscillations 

across a wide network of brain areas including sensory cortex. One implication of this coupling 

between respiration and brain activity is that the excitability of the sensory cortex fluctuates with 

phase of respiration. We tested this hypothesis in the auditory cortex by measuring sound-evoked 

response and evaluating if the amplitude of this response had a systematic relation with the phase 

of respiration. We recorded 64-channel electroencephalography (EEG) signals from an adult 

participant and intracranial EEG from an epileptic patient in response to a 1 kHz pure tone 

[100ms duration, 1.5 to 3s ISI]. Subjects listened to the tones without any task while the 

respiration signal was being simultaneously acquired using an abdomen belt. After a total 

number of 750 trials in the EEG and 600 trials in the intracranial EEG were presented, trials were 

sorted according to the phase of respiration at the tone onset. Linear regression models, with 

phase of respiration as explanatory variable and single trial tone evoked potential as outcome 

variable, were fitted at every time point spanning 200ms before and 500ms after the tone onset. 

Responses at all electrodes of the EEG and 4 contacts from the Heschel’s gyrus (HG) in the 

intracranial EEG were considered for analysis. We found that amplitudes of evoked responses at 

Parieto-temporal sites in the EEG and contacts at posteromedial HG (primary auditory cortex) in 

the intracranial EEG were statistically significantly related to phase of respiration around 200ms 

post-stimulus onset. Plot of event related potentials vs phase of respiration showed that 

magnitude of the evoked response was stronger during the inhalation phase of respiration. Our 

pilot data confirms the hypothesis. Further data collection is in progress to test the 

neurophysiological, perceptual, and behavioral consequences of variation of excitability of the 

auditory and other sensory cortices including visual with the phase of respiration. 
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Title: Repeat audiogenic seizures in Sprague-Dawley rats with Kcnj16 mutations lead to 

ventilatory dysfunction 
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Abstract: Epilepsy is a neurological disease characterized by the recurrence of seizures. 

Repeated generalized tonic-clonic seizures (GTCSs) have been shown to cause apneas and 

ventilatory chemoreflex impairment and are also associated with a greater risk for Sudden 

Unexpected Death in Epilepsy (SUDEP). However, the pathophysiological consequences of 

repeated seizures resulting in SUDEP, including respiratory dysfunction, remain unclear. 

Previous data from our lab showed that knockout of Kcnj16 (which encodes Kir5.1 channel 

subunits) in Dahl Salt Sensitive rats (SSkcnj16-/-) led to sound-induced (audiogenic) seizures, 

which when repeated (1/day for 10 days) caused ictal apnea, progressively greater post-ictal 

respiratory suppression and increased seizure-related mortality. Here we characterized the effects 

on respiratory control of repeated seizures in three different Kcnj16 mutations in a non-

hypertensive genetic background (Sprague Dawley; SD). We tested the hypothesis that Kir5.1 

mutations SD rats would lead to susceptibility to audiogenic seizures, which when repeated 

would cause a progressive post-ictal respiratory depression and high mortality. Breathing in 3 

homozygous mutant lines of SDKCNJ16 -/- males was measured via whole-body plethysmography 

before, during and after an acoustic stimulus (2 min) to elicit a seizure once a day for 10 days. 

Our preliminary results show that M7, M8 and T64I SDKcnj16-/- rats experience audiogenic GTCS 

with ictal apnea as predicted. However, we did not observe seizure-related mortality after 

repeated seizures in the all three lines of SDKcnj16-/- rats. Post-ictal respiratory suppression was 

also observed in all 3 strains of SDKcnj16-/- rats but the degree of depression was less than SSkcnj16-

/- rats. Interestingly, after 10 days of repeated seizures, baseline pulmonary ventilation (VE) was 

increased 57.1% in the T64I strain (n=3), 64.7% in the M8 (n=4) and 92.1% in M7 (n=4) mainly 

due increase in tidal volume. Additionally, all rats homozygous mutant SD lines tested showed 

an increased VE/VO2 ratio after the 10 days seizure protocol, indicating that repeated seizures 

induced hyperventilation. Overall, our results show that SDKcnj16-/- mutant rats also experience 



audiogenic seizures but that the effects of repeated seizures are less severe than SSkcnj16-/- rats 

likely due to differences in the genetic backgrounds. 
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Abstract: It is well known that the thalamus acts as a ‘gateway’ to relay sensory signals from the 

external world to the cortex. However, its role with respect to signals from the internal body such 

as respiration is not understood. Although a few studies in animals have shown that thalamus 

represents state of respiration [Chen et al, 1992, PMID: 1455102] and that it can inhibit 

spontaneous respiration when stimulated electrically [Baird et al, 1951 PMID: 14948448], 

evidence for relation between respiration and activity of the thalamus in humans remains scarce. 

We recorded local field potentials (LFPs) from the thalamus in 3 human patients with intractable 

epilepsy undergoing intracranial EEG for seizure focus localization. Recordings were made in 

the operating room while the patients were (i) breathing spontaneously in fully awake state (ii) 

breathing spontaneously without any support in general anesthesia induced unresponsive state 

and (iii) breathing with ventilator support in anesthetized and paralyzed state. Across all subjects, 

data from 19 bipolar contacts covering the anterior-posterior and dorsal-ventral axis of the 

thalamus were recorded. Respiration signal was recorded using abdomen belt. Data analysis was 

performed at each contact separately calculating power spectral density, coherence, and Granger 

causality between the respiration and LFP. In the awake state, 6 out of 19 showed statistically 

significant coherence between respiration and LFP with direction of causality ‘from respiration 

to the LFP’. When spontaneously breathing under anesthesia, a similar number (7 out of 19) 

showed significance coherence between respiration and LFP with the direction of causality 

remaining the same as in the awake state. However, none of the contacts showed significant 

coherence or causality between the respiration and LFP when breathing with ventilator support. 



Our data suggests that rhythm of spontaneous respiration both under the awake and unresponsive 

state is represented in the thalamus. However, its absence of representation when breathing with 

ventilator support implies that this representation is not due to bottom-up sensory effects (e.g., of 

lung contractions) but is possibly due to an efferent copy from the brainstem respiratory 

oscillator. 
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Abstract: The neural basis of breathing in the forebrain is an understudied research topic. Even 

though it is well-known that the spontaneous rhythm of breathing is controlled at the brainstem 

level, it receives inputs from the forebrain to modulate the spontaneous respiration according to 

the current behavioral needs (Rhone et al., 2020), for instance, during the production of speech, 

laughter, etc. Furthermore, the representation of respiration when breathing in different states of 

being awake, unresponsive under anesthesia, sleep, and breathing with ventilator support is not 

known. In this work, we address this issue by recording local field potentials (LFPs) from human 

epileptic patientsSimultaneous recording of LFPs and respiration signals from 8 patients (3 male, 

5 female) with medically intractable epilepsy undergoing iEEG monitoring for seizure focus 

localization was made in 4 states: (i) spontaneous breathing in the awake state (ii) spontaneous 

breathing under anesthesia (iii) breathing with ventilator support (iv) spontaneous breathing 

during sleep. After de-noising the data, the correlation between inspiration peak locked averaged 

respiration and LFP was computed at each channel. Statistical significance was assessed using 

surrogate distribution from randomly aligned epoch averages. Changes in brain network across 

different states were assessed using block partial directed coherence at respiration frequency. 

The results across all subjects were summarized using linear mixed effects.Analysis of 

respiration signals showed a variance of inter-breathing-interval decreased from awake to sleep 



to anesthesia. Computation of power spectral density showed a peak of power in the LFPs 

matching to respiration frequency in multiple brain areas including sensory, motor, and parietal 

across all states. Our findings indicate that temporal brain regions exhibit greater entrainment to 

breathing during the awake state, while parietal regions showed higher entrainment during 

anesthetized states. The amygdala and hippocampus exhibit entrainment to breathing during 

sleep, while motor areas exhibit entrainment across all states. Connectivity analysis revealed the 

middle frontal, orbital gyrus amygdala, and precentral gyrus to be hubs for respiration-related 

entrainment.To conclude, our data shows a wide forebrain network of brain areas is entrained by 

spontaneous respiration in all states of arousal. The behavioral, perceptual, and emotional 

consequences of this wide entrainment to respiration need to be investigated further. 
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Abstract: Persistent apneas following the end of a seizure (postictal apnea) contribute to Sudden 

Unexpected Death in Epilepsy (SUDEP), the most common cause of death in intractable 

epilepsy. However, the neural mechanisms underlying postictal apnea are not known. The 

current study examines the neural basis of apnea that persists beyond the end of a seizure. 20 

human subjects (age 3-59; 16 male, 4 female) were studied during intracranial 

electroencephalographic (iEEG) seizure monitoring. We evaluated respiratory outcomes from 

direct electrical stimulation to induce seizures and to functionally map the brain. SpO2, airflow, 

and chest wall motion were measured during stimulation mapping. Machine learning was used to 



predict where apnea and persistent apnea were most likely to occur based on MNI coordinates of 

stimulated sites. To evaluate connectivity between the amygdala and brain regions not sampled 

with iEEG, one patient underwent electrical stimulation plus functional MRI (es-fMRI). In 18 

subjects we observed apnea upon electrical stimulation of the amygdala or with seizure in 

amygdala. Sites outside the amygdala never elicited respiratory changes. In 5 subjects, apneas 

persisted beyond end of stimulation or stimulation-induced seizure. Subjects were unaware their 

breathing was disrupted, exhibited no air hunger, and showed no sign of distress. In some 

subjects, periods of apnea persisted for over 10 minutes. No changes in event related band power 

were observed during persistent apneas. Across subjects, machine learning identified a focal 

region of the amygdala where persistent apnea was most likely to occur. This area was within the 

previously described amygdala inhibition of respiration (AIR) site. Due to the persistence of 

apnea in the postictal or poststimulation period, we refer to this sub-site as the persistent 

amygdala inhibition of respiration (pAIR) site. Stimulation of the pAIR site concurrent with 

functional MRI resulted in BOLD signal changes in the pons, medulla and insula. Although a 

minority of subjects developed persistent apnea, those who did demonstrated no awareness of 

their apneas, even more than 10 minutes after stimulation or seizure end. Stimulation of the focal 

site which resulted in persistent apnea (pAIR site) altered BOLD in areas implicated in 

respiratory control and interoceptive processing. This suggests that some patients with medically 

intractable epilepsy may be more prone to developing postictal apnea, and a subregion of the 

amygdala is likely the locus of this effect. The pAIR site may be a future therapeutic target in the 

prevention of SUDEP. 
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Abstract: Sudden unexpected death in epilepsy (SUDEP) is the most common cause of death in 

intractable epilepsy. Animal models and human studies suggest impaired breathing following 



seizures as one of the leading causes of SUDEP. In our previous work (Dlouhy et al, 2015; 

PMID: 26180203), we identified a focal circumscribed site in the amygdala, referred to as the 

amygdala inhibition of respiration (AIR) site, stimulation of which either by spread of seizure or 

by electrical means causes cessation of respiration (apnea) without air hunger or alarm. The AIR 

site, therefore, is posited as a brain region that may mediate seizure-induced inhibition in 

SUDEP. However, the pathways via which the AIR site inhibits respiration are unknown. To 

determine these neural circuits in humans, we combined electrical stimulation of the AIR site 

while simultaneously acquiring whole brain fMRI BOLD signal to assess its causal influence on 

other brain areas. We conducted esfMRI in seven patients with intractable epilepsy undergoing 

intracranial EEG for seizure focus localization. Electrical stimulation (current range: 6-12mA, 

frequency: 100Hz) was applied in blocks of 30s, with a stimulation OFF block following every 

stimulation ON block in a 3T MRI scanner. Data was analyzed and summarized with a fixed 

effect analysis within the general linear modelling framework using SPM. Strikingly, AIR site 

stimulation caused reduced (negative) BOLD signal in the dorsal brainstem, thalamus, posterior 

cingulate and cerebellum. Although the significance of negative BOLD is debated, multiple 

studies suggest it represents suppression of neural activity. Thus, reduction of BOLD activity 

following AIR site stimulation suggests inhibition of sites in the pons and medulla, a region of 

the brainstem previously implicated in the control of breathing. We also found increased BOLD 

activity in ventral insula which is known to process interoceptive physiological changes in 

breathing, including air hunger. In conclusion, the AIR site has excitatory causal influence on a 

network of brain areas involved in representing and processing respiration. It exerts inhibitory 

causal influence on pontomedullary sites in the brainstem which may be the putative pathway via 

which respiration is inhibited in SUDEP. 
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Abstract: Selective activation of oxytocin signaling in the mouse respiratory parafacial region 

activates breathing.Emmanuel V. Araújo1, Phelipe E. Silva1, Cleyton R. Sobrinho3, Ana C. 

Takakura2, Daniel K. Mulkey3, Thiago S. Moreira1.1-Department of Physiology and 

Biophysics; Institute of Biomedical Sciences, University of Sao Paulo, São Paulo, Brazil.2-

Department of Pharmacology; Institute of Biomedical Sciences, University of Sao Paulo, São 

Paulo, Brazil.3-Department of Physiology and Neurobiology; University of Connecticut, 
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The neuropeptide oxytocin has been shown to stimulate breathing by activation of Gq coupled 

receptors that are widely expressed throughout the brain. Oxytocin is produced by neurons in the 

paraventricular nucleus of the hypothalamus (PVN) and recent evidence suggests oxytocin-

expressing PVN neurons make monosynaptic projections to an important respiratory center 

called the ventral parafacial region (pF). Therefore, the goal of this study is to determine whether 

oxytocin modulates breathing at the level of the pF. Experiments were performed in urethane 

anesthetized wild type mice and mice that express channelrhodopsin-2/EYFP fusion protein in 

cre-recombinase dependent manner (Oxtcre+/-, Ai32) maintained on a C57B6/J background. We 

used immunohistochemistry to show that oxytocin terminals are present throughout the ventral 

respiratory column, including the pre-Btzinger complex and ventromedial aspect of the pF region 

(pFV). We then performed pharmacological and optogenetic experiments to manipulate oxytocin 

signaling in the pFV while recording intercostal muscle activity (intEMG) as an index of 

inspiration. We found that unilateral pFV microinjection of a selective agonist of oxytocin 

receptors (TGOT; 1 µM/30nL) increased IntEMG amplitude (16.3 ± 11.0 vs. saline: 2.7 ± 4.2%) 

and minute ventilation (fR x ampl) (17.4 ± 10.7 vs. saline: 4.3 ± 11%), without changing 

respiratory frequency (3.4 ± 12 vs. saline: -3.7 ± 6.6%). Similarly, unilateral optogenetic 

stimulation of oxytocin terminals in the pFV enhanced IntEMG amplitude (18.7 ± 8.3% of 

baseline) and minute ventilation (22.7 ± 5.8% from baseline), without changing respiratory 

frequency (3.65 ± 6.9% from baseline). These results suggest oxytocin signaling in the pFV 

increases breathing by preferentially stimulated tidal volume but not frequency. Financial 
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Abstract: Chemosensitive neurons in the retrotrapezoid nucleus (RTN) regulate breathing in a 

CO2/H+-dependent manner. Astrocytes contribute to RTN chemoreception by providing a 

CO2/H+-dependent purinergic drive that enhances neural activity directly and indirectly by 

maintenance of vascular tone. Pharmacological evidence suggests that RTN astrocytes sense 

CO2/H+ by inhibition of Kir4.1/5.1 channels. This would result in reduced astrocyte K+ buffering 

capacity allowing for the accumulation of [K+]o to further augment neural activity, a result we 

demonstrate here in RTN slices from WT mice. However, it remains unclear whether and how 

astrocyte Kir4.1 channels contribute to RTN chemoreception. Here, we generated an inducible 

astrocyte-specific Kir4.1 knockout (Kir4.1 cKO) by crossing GFAPcreERT2/+ mice with Kir4.1f/f. 

We found that Kir4.1 cKO mice breathe normally under room air conditions but show a blunted 

ventilatory response to CO2 (p=0.0004), which could be partly rescued by bilateral RTN 

injections of AAV5-gfaABC1D-eGFP-Kir4.1 overexpress Kir4.1 in RTN astrocytes. Further, 

bilateral injections of AAV5-Gfap-eGFP-iCre into the RTN of Kir4.1f/f mice to generate RTN 

astrocyte-specific Kir4.1 cKO mice, also blunted minute ventilatory response to CO2 (p=0.0025). 

CO2/H+-inhibition of Kir4.1/5.1 has been shown to depolarize RTN astrocytes, a result we 

confirmed by expressing a genetically encoded voltage indicator AAV5-Gfap-eGFP-Archon1 in 

astrocytes. We found that ~75% of RTN astrocytes in slices from control mice are depolarized 

by CO2, whereas only ~50% of RTN astrocytes in slices from Kir4.1 cKO mice respond to CO2. 

We also found that CO2/H+-dependent purinergic drive to chemosensitive RTN neurons is 

reduced in Kir4.1 cKO mice, suggesting deletion of Kir4.1 from astrocytes disrupted the ability 

of these cells to release ATP in response to CO2/H+. These results support the possibility that 

astrocyte Kir4.1 channels contribute to RTN chemoreception. 
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Abstract: KCNQ channels are a type of voltage-gated K+ channel that activates at subthreshold 

potentials to regulate rest membrane potential and neural activity. The retrotrapezoid nucleus 

(RTN) is an important site of central respiratory chemoreception‒ the mechanism by which the 

brain regulates breathing in response to changes in tissue CO2/pH‒ and previous and preliminary 

work showed that KCNQ2 (Kv7.2) channels regulate activity of chemosensitive RTN neurons. 

RNA sequencing results also suggest that RTN neurons express an H+-dependent myo-inositol 

(myo) cotransporter (Slc2a13, HMIT) that is capable of importing myo to support production of 

phosphatidylinositol 4,5-bisphosphate (PIP2), a cofactor required for KCNQ2 channel activity. 

Based on this, we tested whether HMIT regulates activity of RTN neurons in a KCNQ-

dependent manner. To examine this, we used slice-patch electrophysiology to determine the 

activity of RTN neurons during exposure to myo under control conditions and in the presence of 

high CO2, when KCNQ channels are blocked with XE991 or when the PIP2 production was 

inhibited. For these experiments, chemosensitive RTN neurons were identified by location in the 

ventral parafacial region, their characteristic CO2/H+-sensitivity, and expression of the 

transcription factor Phox2b (a marker of RTN neurons) visualized using a cre-dependent Phox2b 

reporter mouse (Phox2bcre::Ai14). We found that under control conditions (5% CO2; pH 7.3) 

bath application of myo (5 mM) decreased activity of RTN chemoreceptors by average -0.8 ± 0.2 

(p=0.0062). Consistent with the proton-dependent nature of HMIT, the inhibition during myo (5 

mM) exposure under hypercapnic conditions (10% CO2; pH 7.0) was potentiated ( -1.1 ± 0.2; 

p=0.0071). However, when PIP2 production was inhibited by UNC3230 (100nM), an inhibitor 

of a PIP5K1C necessary for the conversion of myo to PIP2, myo-dependent inhibition responses 

were blunted (-1.5 ± 0,5 control vs 0.2 ± 0.6; p= 0,0340). Further, when KCNQ channels were 

blocked with XE991 (10 μM) a subsequent exposure to myo presented a blunted response (0.9 ± 

0.1 control vs 0.03 ± 0.09 XE991; p=0,0063). These results show that HMIT regulates activity of 

RTN neurons by a KCNQ-dependent mechanism that presumably involves rapid conversion of 

myo to PIP2 in close proximity to KCNQ channels. 
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Abstract: TRPA1 and TRPV1 are thermosensory TRP channels known to be mainly expressed 

in myelinated A-delta and unmyelinated C-fibers of peripheral nerves found in the spinal, vagus, 

and trigeminal nerve axons. The sensation of nociceptive spinal signals projects to the lateral 

parabrachial nucleus (LPB) of the pons via the dorsal horn, and LPB has also known as the 

system of inspiratory-expiratory (I-E) phase switching, which contributes to the control of 

respiratory rate. Thus, the tight interaction between respiration and pain signals as nociception-

respiration coordination would be expected in LPB. However, the relationship between 

respiratory rhythm and pontine-level nociception has not been thoroughly investigated. In this 

study, we investigated the effects of TRPA1 and TRPV1 on the respiratory rhythm of pons-

medulla-spinal cord preparations isolated from postnatal day 0-2 rats. Respiratory activity was 

recorded from the cervical fourth (C4) ventral nerve root. The TRPV1 channel receptor agonist 

facilitated respiratory rhythm, but TRPA1 agonists inhibited respiratory rhythm and reduced 

respiratory activity. These effects were shown for preparations with pons but not without pons. 

Optical imaging using voltage-sensitive dye detected the responded area of LPB from C8 dorsal 

root stimulation as a sensation input. A whole-cell patch clamp recorded The LPB neurons from 

the responded area. Non-respiratory neurons in the LPB received C8 dorsal root stimulation and 

showed a post-inhibitory rebound (PIR) when hyperpolarizing the current pulse by TRPV1. The 

LPB neurons increased firing rates and depolarized membrane potentials by TRPA1. 

Furthermore, we investigated whether TRPA1-induced suppression was involved in GABAergic 

inhibition. Since the GABAA antagonist bicuculline blocked respiratory depression, we realized 

that the GABAergic inhibitory system might mediate TRPA1 and have descending depression in 

response to nociception. These results suggested that 1) TRPV1 regulated that the non-

respiratory LPB neurons, which expressed PIR, might be contributed to the onset-switching 

mechanism of the nociceptive-respiratory coordination network; 2) the analgesic effect of 

TRPA1 on respiration might be suppressed by excitation of the neurons in the LPB and the 

identity of this inhibitory system probably GABAergic neurons. 
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Abstract: Cervical spinal cord injury (SCI) is a debilitating condition frequently leading to 

ventilatory complications, requiring mechanical ventilation, reduced quality of life, and 

increased mortality. Clinically, the hypercapnic ventilatory response is often used to evaluate a 

patient's readiness for weaning off mechanical ventilation. Therefore, it is essential to have a 

comprehensive understanding of ventilation and adaptive breathing in this context. While recent 

investigations into cervical excitatory interneurons (eIN) have demonstrated that these cells are 

essential for sustaining breathing following cervical SCI, the role of these neurons in the 

hypercapnic ventilatory response and other forms of adaptive breathing has yet to be 

investigated. Here we examine the role of cervical eINs in the hypercapnic ventilatory response 

as well as investigate the extent to which they are integrated into the respiratory network in both 

health and cervical SCI. 

Using cellular-specific in vivo calcium imaging, we have established that populations of cervical 

eINs exhibit heightened activity in response to elevated carbon dioxide levels, suggesting their 

involvement in the hypercapnic ventilatory response. In line with this, chemogenetic silencing of 

cervical eINs in awake, freely moving animals revealed that these neurons are essential for the 

hypercapnic and hypoxic ventilatory response in uninjured states, but not so in cervical SCI, 

indicating an alteration in their function following injury. To investigate the connectivity of these 

interneurons, we employed retrograde monosynaptic rabies and transsynaptic pseudorabies viral 

techniques in transgenic mice expressing cre-recombinase in glutamatergic or serotonin neurons, 

respectively. This revealed connections between serotonergic neurons in the brainstem raphe 

nucleus and cervical eINs. Finally, we explored the modulation of this circuit to assess its 

potential for improving ventilatory function in response to respiratory challenges. These findings 

demonstrate a novel circuitry in respiratory plasticity and lay the groundwork for future 

therapeutic interventions targeting cervical eINs in respiratory disorders, including SCI. 
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Abstract: Loss- and gain-of-function (GOF) mutations in KCNQ2 channels are a common cause 

of developmental and epileptic encephalopathy (DEE), a condition characterized by seizures, 

developmental delays, respiratory problems and early mortality. To understand how KCNQ2 

dysfunction impacts behavior, we focus on control of breathing by Phox2b-expressing neurons in 

the retrotrapezoid nucleus (RTN) that function as respiratory chemoreceptors (regulate breathing 

in response to changes in CO2/H+). We found that Phox2b-expressing RTN neurons 

preferentially express Kcnq2 transcript and protein in the absence of other Kcnq isoforms. Based 

on this, we hypothesize that the RTN is vulnerable to dysfunction by KCNQ2 pathogenic 

variants. To test this, we used the cre-loxP system to conditionally delete Kcnq2 

(Phox2bCre/+::Kcnq2fl/fl) or express a DEE-associated Kcnq2 GOF variant 

(Phox2bCre/+::Kcnq2R201C/+) in Phox2b neurons. Consistent with expectations, we found that 

deletion of Kcnq2 from Phox2b-expressing cells increased baseline breathing, whereas 

expression of Kcnq2R201C in Phox2b+ cells preferentially blunted the ventilatory response to 

CO2 during the light/inactive state when inhibition of KCNQ2 channels in RTN neurons by 

wake-on neurotransmitters is expected to be minimal. At the cellular level, CO2 sensitive RTN 

neurons expressing Kcnq2R201C exhibit decreased baseline activity and a blunted firing response 

to CO2. Further, bath application of a pan-KCNQ blocker (ML252; 10 uM) increased activity of 

RTN neurons in slices from control and Phox2bCre/+::Kcnq2R201C/+ mice and negated differences 

between genotypes. These results represent the first evidence for a role of KCNQ2 channels in 

control of breathing, and identify RTN chemoreceptors as a likely basis for breathing problems 

in DEE. 
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Abstract: The respiratory cycle at rest presents an active inspiratory phase, while expiration is a 

passive process. Active expiration is recruited under increased respiratory demand, resulting in 

an essential compensatory mechanism for increasing ventilation. Several studies have 

demonstrated that the lateral parafacial region (pFL) is important in generating active expiration 

and the simultaneous sympatho-excitation in response to increased respiratory demand, such as 

hypercapnia/acidosis and hypoxia. Besides, hypertensive animals present sympathetic 

overactivity and active expiration. However, the involvement of the pFL neurons in the control 

of cardiovascular function is still unknown. We hypothesized that the activation of pFL neurons 

increases the arterial pressure and heart rate of rats. Our aim was to evaluate the contribution of 

pFL neurons in the control of cardiovascular function of non-anesthetized rats. All protocols for 

Animal Experimentation were approved (#3/2019). The pFL neurons were activated by 

clozapine-N-oxide (CNO - 1mg/kg) after their transfection with an adeno-associated viral vector 

(AAV) to express the DREADDs - HM3D(Gq). Thirty days after the AAV injection, we 

recorded the diaphragm muscle activity and the pulsatile arterial pressure in non-anesthetized 

rats to evaluate the effects of pFL activation on the duration of inspiration (DI) and expiration 

(DE), respiratory frequency (fR), systolic arterial pressure (SAP), diastolic arterial pressure 

(DAP), mean arterial pressure (MAP), and heart rate (HR). We recorded individual neurons in 

the pFL region expressing HM3D(Gq) to evaluate the effects of CNO on their electrical activity 

using whole-cell patch clamp recordings in acute medullary slices. Recordings in slices 

confirmed that the DREADDs ligand CNO excited the HM3D(Gq)-positive pFL neurons 

(p<0.001). Systemic injection (i.p.) of CNO decreased the DI (0.14 ± 0.01 vs. 0.24 ± 0.07 s; p = 

0.004), increased the DE (0.25 ± 0.03 vs. 18 ± 0.04 s; p = 0.001) but did not affect the fR of rats 

expressing the HM3D(Gq) in the pFL region (n=5). Additionally, systemic injection of CNO 

increased SAP (153.19 ± 8.63 vs. 130.18 ± 11.05 mmHg; p < 0.0001), DAP (104.08 ± 9.26 vs. 

86.78 ± 8.89 mmHg; p < 0.0001), MAP (125.36 ± 8.77 vs. 105.87 ± 9.55; p < 0.0001), but did 

not affect the HR (n=6). On the other hand, systemic injection of CNO vehicle did not produce 

changes in rats expressing HM3D(Gq) in the pFL region (n=6). Moreover, systemic injection of 

CNO did not produce changes in rats that did not express the HM3D(Gq) in the pFL region 

(n=2). These data indicate that pFL neurons control the expiratory activity and the vascular 

function of non-anesthetized rats. 
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Abstract: The lateral hypothalamic area (LHA) is a subregion of the hypothalamus that is 

critical for the maintenance of many innate behaviors such as sleep/wake, arousal, metabolism, 

and stress/anxiety. These behaviors can be attributed to the diversity of cell types that are located 

within this region. One understudied LHA population is thyrotropin releasing hormone (TRH) 

neurons (LHATRH). In the paraventricular nucleus of the hypothalamus, TRH neurons are known 

to participate in the hypothalamic-pituitary-thyroid axis and TRH is released in response to 

decreased levels of thyroid hormone. In other areas, nonhypophysiotrophic TRH neurons have 

been shown to be a hypothalamic integrator of energy metabolism and are involved in behaviors 

such as arousal, respiration, and body temperature. Previous work has also indicated that 

exogenous in vivo microdialysis of TRH leads to prolonged stimulation of ventilatory output in 

rats. While the distribution of LHATRH neurons has been previously reported, their downstream 

projection targets have been not been identified and their functional relevance at the cellular and 

whole animal level, particularly with regard to respiratory function, have not been probed. Here, 

we use a Trh-ires-cre mouse model to identify projection targets of LHATRH neurons, 

characterize their intrinsic electrophysiological properties, and determine whether chemogenetic 

activation of this population may influence respiratory behavior. To identify projection targets of 

LHATRH neurons, we made bilateral LHA injections of AAV-hSyn-DIO-mCherry in Trh-ires-

cre+/- mice and in doing so identified labeled fibers in the dorsal septal nucleus, basolateral 

amygdala, the periaqueductal gray, and the nucleus tractus solitarius. Passive and active 

electrical properties were characterized in whole-cell current-clamp mode; most LHATRH neurons 

exhibited tonic (32 out of 50 cells) and/or burst-like (36 out of 50 cells) firing properties, with a 

subset of neurons that exhibited spontaneous rhythmic bursting behavior (6 out of 50 cells). To 

determine the role of LHATRH neurons in respiratory behavior, we chemogenetically activated 

the LHATRH population and used whole body plethysmography to characterize baseline breathing 

under room air conditions following systemic injection of CNO (n=3). We found that activation 

of LHATRH neurons had negligible effect on the depth, frequency, or pattern of respiratory 

activity. These results provide the first insight into projections and firing behavior of TRH 

neurons and suggest that LHATRH neurons may not be directly involved in the control of 

breathing. 
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Abstract: In epilepsy, central apnea is strongly associated with Sudden Unexpected Death in 

Epilepsy (SUDEP), resulting in the deaths of approximately 7,000 persons with epilepsy each 

year in the USA and Europe alone. Currently, there are no neuromodulatory strategies for 

respiratory facilitation and apnea rescue that may prevent SUDEP. Thus, understanding the 

cortical breathing modulation networks will confirm the already known regions of respiratory 

control and identify other potential centers and help develop these strategies. We recorded 

stereotactic EEG in patients with epilepsy undergoing breathing tasks, constructed a functional 

network of their brain activity and analyzed the resulting dynamics. Specifically, we computed 

the Forman’s curvature for each network—an analogue of the standard notion of curvature, 

adopted for discrete structures, such as datasets, networks and graphs. This measure enables a 

geometric view on data, e.g., it allows tracing the flow of information across the network, akin to 

liquid flow on curved surfaces. An important practical advantage of Forman’s approach is its 

contextual flexibility: the effective geometry of the network can be defined through “weights” 

that empirically characterize the contribution of nodes and edges. Nodes with high absolute 

curvature are “hubs” of information represented by the selected weights; edges with high 

Forman-curvature dominate the information flow. To obtain complementary descriptions of the 

network dynamics, we used different measures for weighing the individual signals (e.g., entropy, 

power spectral density) and the couplings between signals (correlation, mutual information, 

power-time correlation). In particular, we found that different measures consistently highlight 

breath-controlling brain areas. Second, the precise dynamics of Forman-curvature evaluated for 

individual patients appears to capture the specifics of breathing dynamics at several timescales. 

These results provide novel insight into the neurophysiology of breathing modulation, and may 

enable targeted brain stimulation for the prevention of SUDEP. 
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Abstract: Mouse ultrasonic vocalizations (USVs) exhibit a wide range of shapes and lengths, 

posing challenges in clustering the syllables into distinct groups. The underlying mechanism 

responsible for such variability remains unknown. However, recent studies have suggested an 

association between USV syllable length and breathing speed. In this study, we monitored the 

breathing patterns of adult male mice during interactions with females to explore the temporal 

relationship between breathing and USV production. We recorded two signals simultaneously: 

the local field potential (LFP) signal from the olfactory bulb (OB) and the temperature signal 

reflecting the direction of nasal airflow. Our findings reveal that the breathing pattern underlies 

both the timing and shape of USV syllables. Firstly, we analyzed the positioning of USV 

syllables within the breathing cycle and established a strong association between syllable length 

and the speed of breathing rhythm. For instance, faster breathing rhythm involved shorter 

vocalizations. In addition, the onset of syllables were phase-locked to a certain window within 

the breathing cycle, while longer syllables spanned a larger portion of the cycle. Interestingly, 

OB LFP signal and temperature signal exhibited distinct temporal profiles with respect to USV 

syllables. Secondly, to assess the extent to which variations in syllable shapes could be predicted 

from the underlying breathing pattern, we performed clustering analyses on OB LFP and 

breathing traces, grouping syllables occurring during specific breathing patterns. Although 

syllable shape cannot be deterministically predicted due to the inherent variation in various 

parameters, the information derived from the breathing pattern accounted for a significant 

portion of the variation in syllable frequency modulations. In conclusion, our study provides 

compelling evidence that the breathing pattern plays a pivotal role in determining the timing and 

shape of USV syllables in mice. Understanding the intricate relationship between breathing and 

vocalization may shed light on the underlying mechanisms of vocalizations in mammals. 
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Abstract: The dorsal motor nucleus of the vagus nerve (DMV), which provides parasympathetic 

innervation onto the intracardiac nervous system (ICN), has been shown to have a 

cardioprotective role following remote ischemic pre-conditioning (RIPC), which protects the 

organism from the pathological effects of myocardial infarction. However, the mechanism 

behind the DMV’s cardioprotective effects is not well understood. Previous literature has shown 

that the DMV and the nucleus ambiguus (NA), another vagal motor nucleus, innervate different 

cell types within the ICN, and that DMV neurons project to many other organs in addition to the 

heart. In addition to the DMV cell bodies, the peptide Pituitary Adenylate Cyclase-Activating 

Polypeptide (PACAP), which is believed to play a role in cardioprotection, has also been found 

to be expressed in the fibers innervating the ICN, where it is colocalized with the 

parasympathetic marker, ChAT. It is unknown whether these PACAP+ fibers originate from the 

DMV, from the NA, or from other ICN neurons. Since there has not been any organ-specific 

comparison done amongst DMV neurons, specificity of these biomarkers to cardiac-projecting 

DMV is unknown. We are working towards understanding the pathway of cardioprotection from 

the DMV to the ICN by identifying biomarkers of DMV neurons that project specifically to the 

ICN and biomarkers of DMV fibers distinguishable from other fibers at the level of the ICN. To 

identify cardiac-specific biomarkers within DMV, we are gathering and comparing 

transcriptomes of DMV neurons that project to the ICN to those of DMV neurons that project to 

other organs. We are also obtaining transcriptomic data from NA neurons that innervate the ICN, 

in order to distinguish DMV fibers from other fibers innervating the ICN. Our preliminary 

single-cell and spatial transcriptomic data has identified biomarkers of interest through analysis 

of relative gene expression differences between the DMV and the NA, as well as distinguishing 

cardiac-projecting DMV neurons versus DMV neurons that are not cardiac-projecting. Analysis 

of the datasets has identified two mRNA biomarkers of interest: Adcyap1 and Cartpt, which are 

transcripts for the peptide PACAP and the protein CART, respectively. Recent research has 

suggested that one of the identified biomarkers, PACAP, plays a role in cardioprotection and our 

data has led us to hypothesize that these cardioprotective effects may arise from cardiac-

projecting DMV neurons following RIPC. Testing the specificity of PACAP, and other 

biomarkers, to the DMV neurons that project only to the ICN, facilitates identification of 

potential targets for treatment of heart-related issues. 
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Abstract: Reversible loss of consciousness (LOC) induced by general anesthetics is a useful 

model for exploring the process of recovery of consciousness. Loss of the righting reflex 

(LORR) has been widely used to assess anesthetic state and evaluate LOC in animal 

experiments. We have recently observed that, at different periods of LORR, animals were able to 

respond at different levels to external stimuli, suggesting that the level of consciousness probably 

varied during LORR. We established a new rating scale for assessing the level of consciousness 

during LORR. This new method complemented use of LORR and helped to assess different 

levels of consciousness by measuring behavioral responses to external stimuli. We performed 

experiments in adult C57BL/6J mice and LORR was induced by intraperitoneal injection of 

propofol, pentobarbital or ketamine, separately. We observed and tested the following behavioral 

parameters, the spontaneous and cotton filaments evoked blinking reflex, response to noise (70 

dB), olfactory response to unpleasant odor, response to mechanical stimulation on hind-paw 

plantar, somatic response to a given body position flip and spontaneous persistent tremor. 

Recordings began when the mice's righting reflex disappeared, the behavioral responses were 

recorded every 5 minutes, one point was assigned for a response and zero for no response. A 

stainless-steel, toothless alligator clip was also used to pinch the ventral skin surface between the 

footpad and the heel to test the pain response of mice during LORR. LORR began quickly after 

intraperitoneal injection of propofol, pentobarbital or ketamine. The scale scores decreased from 

a full score of 7 immediately after LORR to a score of 4-3 within 10-15 min, to a score ≤3 within 

15-20 min, reaching bottom scores 0-2 within 25-35 min. We further defined the minimum 

responsive state (MRS) during LORR as an animal having an overall score ≤3 (0-3). Animals in 

the MRS, which lasted for about 45 min during the 15- to 60-min period after anesthetic 

injection, had the lowest level of consciousness and were unable to respond to external stimuli 

including the painful pinch. Some animals in the MRS could occasionally exhibit spontaneous 

limb, trunk or tail shaking. We tested the evoked responses and recorded the spontaneous 

behaviors of animals immediately after anesthetic application, throughout LORR, and to 



recovery of the righting reflex (RRR). This new method complemented our use of LORR and 

helped to assess different levels of consciousness by measuring behavioral responses to external 

stimuli. This uniform scale helps to identify the shared molecular mechanisms under LOC 

induced by the diverse anesthetics. 
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Abstract: A neuronal subepithelial network (SeN) receives chemotactile sensation in the oral 

veil in the sea slug Pleurobranchaea californica. The SeN encodes two separate modes of 

sensation: (1) the first represents incentive and sums with excitation state in the feeding motor 

network as appetitive state, and (2) the second is an average of sensory stimulation across the 

oral veil, predicting the most likely source direction and acting as a motor template for the turn 

motor network in approach-avoidance responses. Our work tests the role of smaller axons of 

peripheral dopaminergic SeN neuron cell bodies in mediating incentive, and the role of larger 

axons with central cell bodies innervating the SeN in controlling the turn motor network 

responses. This network can be implemented in a computational model for motor control and 

attention. 
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Abstract: Understanding how the sensory feedback modulates the motor actions is one major 

task in neuroscience. Here we focus on the sensory feedback in courtship process in Drosophila 

melanogaster males. The courtship ritual in males consists of a series of ordered behaviors that 

include orienting, tapping, singing, licking, attempting copulation and copulation. As the last 

step of the ritual, copulation is critical for the reproductive success. Successful execution of these 

motor actions requires integration of multiple sensory cues. By performing behavioral screening, 

we identified a group of sensory neurons which is essential for copulation. Ablating or silencing 

these neurons causes the failure of copulation, with no change in early courtship behaviors. 

Moreover, acute activation of these neurons induces copulation-like motor behavior. By using 

EM connectome and generating split lines, we are currently exploring the circuit mechanisms 

underlying this sensory feedback. 
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Abstract: It has often been suggested that insights into brain organization may be found by 

considering its evolutionary history. Here, we use that approach to develop a hypothesis on the 

organization of mammalian circuits for selecting between and within different classes of actions. 

We begin with comparative work in early vertebrates suggesting that the pallial forebrain can be 

subdivided into a medial system for long-range exploration of the environment (hippocampal 

complex) and a ventrolateral system for interaction with the immediate environment. The latter 



can be further subdivided into ventral, lateral, and dorsal pallial systems, which we suggest are 

involved, respectively, in identifying key stimuli, signaling interoceptive states, and detecting 

affordances in the environment. When our mammalian ancestors became nocturnal, the dorsal 

system (neocortex) was elaborated with stronger downstream projections and took on a major 

role in the control of distinct classes of actions. These included aspects of foraging such as 

searching, handling, and feeding, as well as defensive actions such as freezing or flight. We 

propose that each of these behavior types was guided by partially distinct “action maps” sensitive 

to the relevant affordances, each with a specific somatotopy of sensory input and motor output, 

as well as dedicated loops through the basal ganglia. We suggest that in modern mammals, the 

selection between different types of behavior (e.g. feeding vs. searching for food) takes place via 

selective invigoration from the basal ganglia through diffuse thalamocortical projections 

targeting a specific cortical action map. Once a type of behavior is chosen in this manner, the 

selection of a particular movement within that type (e.g. ingesting one piece of food vs. another) 

is made through competitive interactions within the activated action map. We propose that along 

the lineage from early mammals to primates, the action maps differentiated along with the 

expanding behavioral repertoire, particularly in the context of “handling” behaviors, giving rise 

to the complexity of primate fronto-parietal circuits. Our hypothesis makes a number of specific 

predictions about patterns of brain activation during natural behavior, some that are already 

supported by existing data and some that remain to be tested. 
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Abstract: The ability of a neonate to use sensory cues to recognize caregivers from strangers is 

fundamental for survival. Some of our very first social interactions involve communicating 

hunger, avoiding dangerous stimuli, and interacting with siblings. Social recognition is also an 

important component of social decision-making, as infants must distinguish caregivers from 

strangers and display the appropriate behavior in a given social context. Despite the importance 

of the early stages of social cognition, it remains unclear how the developing brain processes 

sensory information to make context-appropriate decisions. Ranitomeya imitator tadpoles are 

excellent models of complex social behaviors as they display parental recognition and 



communication of their needs using a robust motor display (e.g. begging) with high energy cost. 

We have discovered that olfactory cues are necessary and sufficient for caregiver recognition in 

R. imitator tadpoles. We show that R. imitator tadpoles differentially beg to their own species 

compared to a conspecific species (Ranitomeya variabilis), who place their predatory tadpoles 

into R. imitator pools. Tadpoles beg when presented with mom odors paired with a gray object, 

suggesting they will beg to any visual stimulus that smells like mom. In a series of experiments, 

we determine whether tadpole begging can increase towards non-caregiver cues by presenting 

tadpoles with a reward after exposure to a range of stimuli including an R. variabilis frog and R. 

variabilis odor paired with a custom-made robotic frog. We also explore in vivo imaging in R. 

imitator tadpole brains for decoding the neuronal circuits underlying olfactory recognition of 

caregiver by using calcium-sensitive dyes and multiphoton microscopy. 
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Abstract: We have recently developed a mechanical acupuncture instrument (MAI), which 

applies mechanical stimulation to acupuncture points. Our previous studies have shown its 

effectiveness in treating hypertension and addiction in animal models. However, it remains 

unclear whether MAI has an analgesic effect on inflammatory pain. Thus, this experiment was 

designed to address two main objectives. First, we aimed to determine the optimal duration of 

MAI treatment at any given acupuncture point to achieve a better analgesic effect. Second, we 

aimed to investigate whether MAI treatment, or transient receptor potential vanilloid 1 (TRPV1) 

inhibition, would exhibit an analgesic effect and influence the expression of TRPV1 in the spinal 

cord as well as glial cells. We used the capsaicin test to identify the most effective acupoints and 

optimal treatment times for MAI. Additionally, we induced inflammatory pain in mice by 

administering a 2% carrageenan via intraplantar injection. To assess the analgesic effects of MAI 

treatment and TRPV1 inhibition, we evaluated pain-related behaviors using von Frey filaments 

and a thermal stimulator applied to the hind paw. In our study, we observed that applying MAI 

treatment for 60 seconds at the ST36 acupoint showed better analgesic effect compared to other 



treatment conditions. Furthermore, this treatment demonstrated an analgesic effect in 

inflammatory pain-related behaviors. To investigate the involvement of TRPV1 in the analgesic 

effects, we administered capsazepine intrathecally, which reduced carrageenan-induced 

mechanical allodynia and thermal hyperalgesia. Additionally, we found that MAI treatment and 

capsazepine administration effectively suppressed the carrageenan-induced upregulation of 

TRPV1 and glial cells in the spinal cord. The findings from the present study provide evidence 

that the application of MAI at the ST36 acupoint effectively alleviated inflammatory pain 

behaviors and suppressed the activation of spinal TRPV1. These results strongly support the 

notion that MAI has the potential to serve as a valuable clinical therapy for the management of 

inflammatory pain. 
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Abstract: Honey bees have been an important model for studying circadian rhythms for over a 

century. Yet very little is known about the neuroanatomy and inner workings of the bee's 

molecular clock. One of the main reasons for this has been the lack of tools to identify the 

circadian clock cells in vivo. To address this, we have developed the first of a series of tools to 

label the Pigment Dispersing Factor positive neurons in the bee brain. This tool drives GFP using 

the putative honey bee PDF promoter. Using primary cell cultures of pupal bee brains, we 

determined that our construct drives PDF specifically in PDF+ neurons with a 90% 

colocalization with the honey bee anti-PDF immunostaining. The addition of this tool will now 

allow us to study the properties of PDF neurons and their interactions with changes in circadian 

patterns and complex behaviors honey bees are known for. 
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Abstract: Orientation, movement with respect to an object, is a complex behavior many animals 

perform, integrating both external sensory cues and self-motion cues. Celestial cues, like the sun, 

allow animals such as Drosophila to orient in a stable direction for hours. A previous study 

tested Drosophila in a rigid tether arena where the fly cannot rotate and found that they orient to 

a sun stimulus and adopt individual headings that are maintained for hours. However, how visual 

and self-motion cues affect sun orientation has yet to be established in a rotating tether arena, 

where the fly can freely rotate around its yaw axis. To explore this behavior in the context of 

self-motion cues, we conducted 20-minute flight trials in the rotating tether arena. Like the rigid 

tether study, flies selected a heading relative to the sun and continued with their initial heading 

during the entire flight trial when the sun stimulus did not move. We found that 5 minutes is 

sufficient for a fly to select and maintain its heading as 76% of flies had less than a 45-degree 

difference between 5- and 20-minute headings. Unlike the previous sun orientation study in 

which flies were deprived of rotational cues, flies in our rotating tether arena adopted a new 

heading when the sun position shifted every 5 minutes. To examine how changes in visual 

stimuli and motor state impact heading direction, we tested flight behavior with various visual 

stimuli during flight or rest. Each experimental paradigm included a 5-minute sun orientation 

period, a 5-minute varied visual stimuli period, and a second 5-minute sun orientation period. 

The varied visual stimuli period was conducted under two different motor states, flight or rest. 

Regardless of the motor state or visual stimuli during the varied visual stimuli period, only 

moving the sun caused flies to select a new heading. To probe how long flies continued their 

heading when the sun did not move, flies were tested in a 5-minute flight trial, removed from the 

arena for 1, 2, 6, or 8 hours, and had a second 5-minute flight trial. We discovered that flies 

continued their initial heading for up to 6 hours but select new headings after 8 hours. Our 

findings show that when flies have rotational cues they can select and maintain a heading for up 

to 6 hours if the sun remains in the same position. However, this behavior is greatly affected by 

sun position change whereas other visual stimuli and motor states do not have large effects. 

Overall, our findings indicate that orientation is sensitive to specific changes in visual stimuli but 

not motor states, which lay a foundation to understand how the nervous system differentially 

processes sensory and motor cues during behavior. 
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Abstract: Obsessive-compulsive disorder (OCD) is in some instances sensitive to external 

sensory feedback, an aspect that ensures optimal outcomes from psychotherapeutic interventions 

that are dependent on sensory stimuli, e.g. exposure-response prevention. Animal models of 

compulsive-like behavior are valuable tools that expand our understanding of repetitive, but 

seemingly goal-directed behaviors. Although several rodent models of behavioral persistence are 

described in literature, it remains difficult to elucidate the cognitive underpinnings of these 

phenotypes. In one such model, adult deer mice (P. maniculatus bairdii) of both sexes variably 

and spontaneously present with persistent and excessive large nesting behavior (LNB). However, 

it has not yet been determined if such behavior is dependent on visual feedback, which if true, 

could resemble a behavior akin to inflated goal-directed action-outcome processing. Here, we 

aimed to explore this question by employing 24 normal nesting (NNB) and 24 LNB-expressing 

mice (ethics no.: NWU-00769-22-A5). All mice were allowed to nest over one week to be 

classified as either NNB or LNB. Then, half of each group was reassessed under standard dark 

conditions (i.e. in the presence of low ambient light), while the other half was reassessed under 

conditions of absolute visual deprivation (VD; no ambient light). The following parameters were 

scored: i) total nesting score after one week, ii) nesting roundness and firmness, and iii) variance 

in terms between-day nesting performance. Our results show that LNB is persistent, consistent, 

and entirely dissociated from visual dependency (p > 0.05 for all comparisons of LNB behavior 

in ambient vs. VD conditions). In contrast, NNB varies significantly between testing days in both 

light conditions, with a greater degree of inconsistency shown under conditions of absolute VD 

(p < 0.05 for comparisons between NNB and LNB expression under conditions of VD). We 

conclude that LNB is a persistent behavioral habit, either learnt or innate, rather than a goal-

directed behavior that is founded upon visually guided action-outcome processing. This is a 

vitally important finding, since it paves the way for investigations that seek to explore the 

naturalistic mechanisms that underlie habit-forming biobehavioral processes, which in turn, will 

elucidate our current views on the role of habit-proneness in the promulgation of compulsive 

symptoms. 
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Abstract: To cope with nutrient deprivation, animals often reprioritize behaviors to favor 

feeding and rest over exploration. Because nutritional requirements and reproductive strategies 

differ by sex, this reprioritization can be sexually dimorphic. Work from our lab and others 

indicates that C. elegans exhibits sexually dimorphic behavioral and neuronal responses to 

nutrient availability. However, the mechanisms by which biological sex regulates neuronal 

function to produce sex-specific responses to nutrient status are poorly understood. In C. elegans, 

starvation and re-feeding provides a paradigm to understand how nutritional status and biological 

sex intersect to modulate behavioral state priority. Here, we investigate sex differences in 

behavioral priority by profiling distributions of locomotor states in fed and starved males and 

hermaphrodites. C. elegans exhibit stereotyped locomotor states (roaming, dwelling, and 

quiescence) that correspond to exploration, feeding, and sleep respectively. To observe these 

locomotor states, we recorded previously fed or starved adult C. elegans hermaphrodites and 

males on a high-quality bacterial food (HB101). From these recordings, we trained a Random 

Forest supervised machine learning model to identify these three states in both sexes. Our results 

indicate that male worms exhibit nutrient-dependent strategies distinct from hermaphrodites: 

males maintain exploration (roaming) and quiesce less than hermaphrodites even following 

substantial nutrient deprivation. To ask how biological sex may regulate nutrient-dependent 

locomotor states, we manipulated the genetic sex-determination pathway to sex-reverse specific 

tissues. These results suggest that the sexual states of both the nervous system and the intestine 

play a nutrient-dependent role in regulating locomotor state. To determine how nutritional status 

might be modulated by biological sex, we tested insulin and IGF signaling (IIS) pathway mutants 

for changes in nutrient-dependent locomotor behavior in both sexes. Preliminary results suggest 

that increased insulin signaling in males may promote sex-specific nutrient-dependent behavior. 

These studies will provide an opportunity to explore potentially conserved mechanisms by which 

genetic sex can regulate neuronal and behavioral responses to nutritional status. 
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Abstract: Neurophysiological work has shown that neurons in premotor and prefrontal regions 

of macaque monkeys respond to motor action goals performed with different effectors (i.e. hand 

and mouth), as well as to social stimuli within the visual and acoustic domain. Notably, studies 

in macaques and marmoset have demonstrated that the behavioral context of heard vocalizations 

influences the neuronal activity in these regions. Historically, electrophysiological studies in 

nonhuman primates have involved the restraining of the animal, limiting its movements and 

therefore the repertoire of behaviors it could produce. This has been an evident obstacle to 

reliably studying the neural correlates of spontaneous, ecological behaviors, especially for 

physical and auditory social interactions. We built an experimental platform (EthoCage) 

involving a large enclosure in which we recorded wirelessly the neuronal activity of freely-

moving macaques (alone or in pairs), while their behavior was tracked by a system of cameras 

and microphones. This experimental setup allowed us to acquire data on a wide range of 

ecologically-relevant behaviors.The first goal of this study was to investigate the neuronal 

activity in the ventral premotor cortex (F5) and in the dorsolateral prefrontal cortex (45a, 46v) 

during socially relevant spontaneous physical interactions between pairs of monkeys. We 

recorded from 128 channels chronically implanted in each of two individuals. The individuals 

were performing hand and mouth actions aimed at different social and non-social goals (i.e. allo-

grooming, self-grooming, foraging).The second goal was to study in the same areas the encoding 

of auditory interactions. We recorded from individuals alone in the EthoCage, and played back 

vocalizations. For both social interaction modalities, we found interesting significant 

modulations of the single- and multi-unit activity in both regions. Preliminary data indicate that 

there is an encoding of the social context of motor actions, and that behavioral context affects the 

neural correlates of vocal exchanges. These finding highlight the importance of a new ecological 

approach to neuroscience in order to uncover new brain functions. 
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Abstract: Organisms alter their levels of arousal to match environmental cues. Heightened 

arousal is necessary to attend to important tasks, while reduced arousal is necessary for rest. The 

inability to appropriately modulate arousal is a symptom of several neurological disorders 

including schizophrenia, generalized anxiety, and depression. Neural circuits that control subtle 

changes in waking arousal that are environmentally driven are largely unknown. To address this, 

we have developed a behavioral paradigm in zebrafish where brief exposure to water flow results 

in a heightened but transient arousal state characterized by increased visual sensitivity and 

locomotor activity. To identify the neurons required for the movement component of arousal, we 

systematically ablated distinct neuronal populations by crossing Gal4 enhancer trap lines to 

UAS:nitroreductase. Ablation of neurons in the Gal4 y294 pattern - those present in the 

mesopontine tegmentum, rostral hypothalamus, dorsolateral hindbrain, habenula, and dorsal 

raphe - led to muted hyperactivity in response to the flow stimulus. Ablation of neurons just in 

the habenula or in the dorsal raphe did not result in any changes in the movement response to 

flow, suggesting these populations on their own are not necessary for this aspect of flow-induced 

arousal. To identify the relevant neurons, we performed whole brain neural activity labeling by 

performing fluorescent in situ hybridization for the early immediate gene cfos, and found that 

most brain regions are more active post-flow, with significantly elevated activity particularly in 

the lateral line ganglion, hypothalamus, and parts of the tegmentum. Finally, we identified 

potential neuromodulators involved in flow-induced arousal. Exposure to bromperidol and 

haloperidol (drugs that are known to block the dopamine 2 receptor) led to muted flow 

responses. However, knocking down all three zebrafish dopamine receptors (drd2a, drd2b, and 

drd2l) via CRISPR-Cas9 G0 injections did not alter the arousal response, suggesting these drugs 

may suppress the arousal response independent of dopamine signaling. Intriguingly though, 

exposure to bromperidol led to strong activation of a cluster of neurons in the mesopontine 

tegmentum that are spatially coincident with adcyap1a expressing y294-Gal4 neurons. Further 

investigation will determine which neuromodulators and neurons within the y294 pattern are 

involved in arousal modulation and which neuromodulators regulate arousal. 
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Abstract: Sensory stimuli that might signal threatening events are parsed by the brain to select 

behavioral responses that promote survival. Over the lifespan of an individual, however, constant 

revision of the threat value of stimuli in the environment is equally essential for optimizing 

behavioral selection (Evans et al. 2019). Recently we have described a new behavioral paradigm 

where laboratory mice learn to suppress their innate escape response to looming stimuli, in a 

stimulus-specific manner (LSE, Lenzi et al. 2022). Here we have investigated the neural 

mechanisms of LSE. We first recorded single unit activity in the midbrain and found that 

neurons involved in the execution of escape in both deep superior colliculus (SC) and dorsal 

periaqueductal gray (PAG) are less responsive to looming stimuli following LSE and that LSE 

leads to an upregulation of baseline activity in putative PAG inhibitory interneurons. To 

understand how this experience-dependent change in activity arises we then performed 

anatomical tracing experiments that revealed a putative disinhibitory pathway from the Tail of 

the Striatum (TS) to the SC/PAG via the SNr that we hypothesize could be involved in the 

experience-dependent regulation of escape. Pharmacological lesions of the TS and/or its 

dopaminergic input from the Substantia Nigra pars Lateralis (SNL) abolish normal escape 

behavior suggesting that this circuit could gate or otherwise modulate escape. Furthermore, both 

D1R- and D2R-expressing neurons in the TS showed reduced responses following LSE, 

indicating that they are modulated by escape experience. To evaluate whether the SNL could 

signal changes in threat intensity (Menegas et al. 2018) that may be used to update escape 

decisions, we next injected AAV5-TRE-GCaMP6f into the SNL of dopaminergic-neuron-

specific tTA expressing (DAT-tTA) mice and recorded photometry signals from SNL 

dopaminergic axons in the TS. We observed reliable, large calcium responses to looming stimuli 

that correlated with stimulus saliency and escape probability. These calcium responses were 

reduced during and following LSE. Further, we found that recent threat escape experience, which 

occludes LSE, prevents attenuation of these SNL calcium signals recorded in the TS. We suggest 

that dopaminergic TS signals form part of the neuronal circuitry required for flexible escape 

behavior that is dependent on prior experience of threat. Further electrophysiology recordings, 

and optogenetic manipulations of glutamatergic inputs to the TS, particularly those arising from 

thalamus or cortex, will elucidate the mechanistic role of the SNL-TS circuit in the experience-

dependent modulation of escape. 
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Abstract: Humans have evolved a dramatic increase in cortical connectivity, which is thought to 

underlie our cognitive abilities; by contrast, impairments in cortical connectivity have been 

associated with neurodevelopmental disorders. However, how changes in cortical connectivity 

lead to enhanced or impaired learning and cognition remains poorly understood. Our previous 

work studying a human-specific gene duplication, SRGAP2C, showed that it mediates an 

increase in cortico-cortical connectivity; moreover, when expressed in mice, SRGAP2C 

improves sensory learning. Our current work seeks to investigate how SRGAP2C, as a human-

specific modifier of cortical architecture, alters the circuit function underlying sensory 

processing and behavior. To achieve this, we perform in vivo wide-field calcium imaging of 

neuronal activity in SRGAP2C and wild-type (WT) mice both during passive sensory 

processing, and as they learn a sensory-based behavioral pipeline that tests multiple cognitive 

domains. This mesoscale approach, which enables access to the entire dorsal cortex, allows us to 

understand how neural dynamics propagate between cortical regions at specific time points 

during a behavioral task, including sensory processing, information integration, and motor 

planning and output. 

Our results reveal distinct and widespread spatiotemporal neural dynamics in response to a 

sustained whisker stimulus that are altered in SRGAP2C mice as compared to WT controls, 

suggesting that the increase in long-range connectivity mediated by SRGAP2C modifies the 

temporal recruitment of cortical regions in response to sensory input. Furthermore, analysis of 

behavioral performance across our multi-phase behavioral pipeline suggests that specific 

cognitive domains involved in sensory learning, such as memory and cognitive flexibility, are 

differentially affected in SRGAP2C mice. By using SRGAP2C to investigate how modifying 

specific circuit motifs impacts neural dynamics and behavior, we provide insights into the unique 

role human-specific genes play in shaping the structure and function of cortical circuits. 
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Abstract: Animals that exploit active sensing behaviors adjust motor behaviors to control 

sensory acquisition. These behaviors aid in the sampling of information across space and time. 

We investigated adaptive sensorimotor behaviors in echolocating bats performing naturalistic 

sonar tasks of navigation and target tracking. As the bats performed these tasks in the laboratory, 

we simultaneously recorded from populations of neurons in the midbrain superior colliculus 

(SC). We hypothesized that differences in SC population-level pre-motor signaling are driven by 

population-level sensory activation. To test this hypothesis, we employed a dynamical systems 

analysis technique to understand the relationship between changes in sensory and motor 

signaling in the population of recorded neurons. We analyzed windows of SC activity, beginning 

at echo arrival (sensory signal) until the onset of the subsequent sonar vocal-motor command to 

probe changes in population coding over time. Our results show that sensory processing and 

motor preparation phases have different neural state space trajectories, indicating a population 

level encoding of behavioral state. Furthermore, bats adjust in real-time their echolocation call 

rates and call patterns (sonar sound groups), based on immediate task demands. Strikingly, we 

were able to identify distinct neural state space trajectories, for each of these adjustments, 

indicating a population level encoding of real-time sensory acquisition requirements. This 

analytic approach can inform changes in population-level activity of neurons supporting adaptive 

sensorimotor behaviors. Future work will focus on how particular sensory states lead to distinct 

motor commands. 
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Abstract: Vocal learning in songbirds provides a powerful experimental model for motor skill 

learning, the acquisition of a stereotyped goal behavior through the refinement of variable 

actions. The cortico-basal ganglia pathways that mediate vocal learning in zebra finches 

(Taeniopygia guttata) are localized in two parallel circuits. These circuits traverse a cortical 

region (LMAN), a specialized region of the basal ganglia essential for vocal learning (Area X), 

and a region of dorso-medial thalamus (DLM). The output circuits of mammalian basal ganglia 

include a direct pathway that increases thalamic activity, as well as an indirect pathway that 

inhibits thalamic activity. This functional connectivity suggests that these pathways are involved 

in positive and negative reinforcement of behavior, respectively. Area X contains both striatal 

and pallidal neurons and includes projections that form functional analogs of mammalian direct 

and indirect pathways (Farries et al., 2005). Direct pallidal neurons of Area X send projections 

directly to DLM, whereas indirect pallidal neurons form intrinsic projections onto DLM-

projecting neurons. We used tract-tracing techniques to label direct pallidal Area X→DLM 

projection neurons and immunohistochemical techniques to label neurons expressing the 

transcription factor FoxP2 (adult male zebra finches, n = 4). FoxP2 plays a critical role in human 

language development, with mutations leading to speech disorders such as childhood apraxia. 

Similarly, knockdown of the FoxP2 protein in Area X of juvenile songbirds impairs vocal 

learning. Based on previous research (Xiao et al., 2021), we predicted that direct neurons that 

send a projection to DLM would not express FoxP2. Our results support this hypothesis: DLM-

projecting neurons in Area X never expressed FoxP2 (n = 467). We also observed a population 

of large pallidal-like neurons that did express FoxP2, but were not back-labeled from DLM. A 

marker of striatal neurons (DARPP-32) did not coexpress with FoxP2 in these large neurons, 

providing evidence that these putative indirect neurons are pallidal. Our findings offer FoxP2 as 

a possible marker for pallidal indirect neurons and support the existence of different 

subpopulations of neurons that likely correspond to direct and indirect pathways within Area X. 
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Abstract: Behavior is a strong predictor of sensory input. Movements with unexpected sensory 

consequences drive strong responses in primary sensory cortex that reflect a mismatch between 

experience - sensory input from the periphery - and expectation. The motor cortex is thought to 

be an important component of the cortex’s prediction circuitry, specifically for its role in 

generating expectations via an internal model. However, it remains unknown whether or how 

motor cortical activity encodes the sensory consequences of movement or whether this encoding 

reflects expectation and experience. Here, we show that mouse motor cortex neurons are 

responsive to passive sounds, driven in part through long-range inputs from the auditory cortex. 

When a silent movement unexpectedly produces a sound, many individual motor cortical cells 

have rapid, sound-locked responses that cannot be accounted for by changes in behavior but 

instead can be accounted for by a model incorporating sound and movement responses. Through 

optogenetic tagging of auditory-projecting M2 cells, we find that activity evoked by the novel 

self-generated sound is relayed to auditory cortex, indicating that corollary discharge signals 

from motor cortex are not purely motor in nature. Interestingly, following several days of motor-

sound coupling, motor cortical neurons become unresponsive to the same self-generated sound 

that previously drove a large response, suggesting a gating of responses to self-generated sounds 

based on expectation. Together, these findings reveal that the motor cortex transiently encodes 

the unexpected sensory consequences of a movement and reverts to stable, motor-centric 

dynamics once a sensory consequence becomes predictable, consistent with an important role for 

the motor cortex in the brain’s prediction circuitry. 
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Abstract: Many of the sensations experienced by an organism are caused by their own actions, 

and accurately anticipating both the sensory features and timing of self-generated stimuli is 

crucial to a variety of behaviors. In the auditory cortex, neural responses to self-generated sounds 

exhibit frequency-specific suppression, suggesting that movement-based predictions may be 

implemented early in sensory processing. By training mice to make sound-generating forelimb 

movements, we recorded detailed neural responses while mice produced and experienced sounds 

that met or violated their expectations. We identified suppression of responses to self-generated 

sounds that was specific across multiple acoustic dimensions and to a precise position within the 

trained movement. Prediction-based suppression was concentrated in L2/3 and L5, where 

deviations from expectation also recruited a population of prediction-error neurons. Prediction 

error responses were short latency, stimulus-specific, and dependent on a learned sensory-motor 

expectation. Recording when expected sounds were omitted revealed expectation signals that 

were present across the cortical depth and peaked at the time of expected auditory feedback. 

Building on these findings, we are pursuing two new experimental directions. First, we are 

implementing simultaneous recordings from identified subregions of the auditory cortex and 

thalamus to understand how prediction signals traverse the distributed auditory circuit with 

millisecond resolution. Second, we are developing acoustic augmented reality home cage 

behaviors and freely moving recording techniques to understand how neural responses to a given 

external stimulus can shift dynamically to suit the needs of divergent behavioral contexts. 

Together, these experiments can identify circuit mechanisms that enable predictive processing 

across multiple interacting areas, and can provide insight into how these predictive processing 

circuits and other modes of contextual modulation are multiplexed across a fixed neural 

population. 
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Abstract: The abilities to detect errors and improve performance following mistakes are 

paramount to behaviors such as speech and musicianship. Although hearing is instrumental for 

monitoring and adapting these behaviors, the neural circuits that integrate motor, acoustic, and 

goal-related signals to detect errors and guide learning in mammals remain unidentified. Here, 

we show that the mouse auditory cortex encodes error- and learning-related signals during a 

skilled sound-generating behavior, and that auditory-cortical activity is necessary for learning 

from mistakes. We developed a closed-loop, sound-guided behavior that requires mice to use 

real-time acoustic feedback to guide their ongoing forelimb movements. Large-scale 

electrophysiology recordings from auditory cortex during behavior revealed that individual 

neurons encode rich information about sound, movement, and goal. Functional clusters of 

auditory cortex neurons signal errors and predict within-trial and across-trial changes in 

behavior. Brief, behavior-triggered optogenetic suppression of the auditory cortex hinders 

behavioral corrections on both rapid and long time scales, indicating that cortical error signals 

are necessary for learning. Together, these experiments identify a cortical role for detecting 

errors and learning from mistakes, and suggest that the auditory cortex may subserve skilled 

sound-generating behavior in mammals. 

Disclosures:  G. Zempolich: None. D.M. Schneider: None. 

Poster 

PSTR034. Sensorimotor Control of Action and Behavior 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR034.20/EE20 

Topic: F.01. Neuroethology 

Support: NIH Grant 1R01-DC018802 

Title: Motor-sensory experience reshapes neural manifolds in auditory cortex to reflect acoustic 

expectations 

Authors: *W. ZHOU1, A. BALWANI2, S. CHUNG1,3, D. SCHNEIDER1;  
1New York Univ., New York, NY; 2Georgia Inst. of Technol., Atlanta, GA; 3Flatiron Inst. Ctr. 

for Computat. Neurosci., New York, NY 

Abstract: Neural activity in auditory cortex (ACtx) is influenced by animal’s motion expressed 

as a marked suppression of sound-evoked responses during movement compared to rest. This 

suppression of sound responses can be shaped by learning to reflect the acoustic features of self-

generated sounds. This process, called predictive coding, is thought to involve the comparison 

between what an animal expects and what it hears. Yet it remains unknown how expectations are 



represented in the ACtx; where expectation signals emerge with experience; nor how 

expectations alter the population dynamics of auditory cortical ensembles. Here, we show that 

ACtx is necessary for developing acoustic expectations; and that representation of auditory 

prediction emerge in ACtx and reshape population geometry following motor-sensory 

experience.We trained mice to push a lever to receive a water reward. Once mice mastered the 

lever behavior, we paired each lever press with a predictable tone and recorded in ACtx on the 

first and last days of experience with the sound-generating lever. We found that two thirds of 

ACtx neurons significantly changed their activity during movement hundreds of milliseconds 

prior to the self-generated tone, resulting in an overall ramping-up of baseline firing rates in 

ACtx. When averaged across all recorded neurons, movement-related changes were similar prior 

to and after motor-sensory experience. However, after motor-sensory experience movement-

related activity became concentrated in neurons that are responsive to the expected tone 

frequency. Using a data driven matrix factorization approach, we found that these movement-

related changes were concentrated in neurons with rapid but prolonged sound responses and is 

correlated with these neurons’ relative tuning towards the expected frequency. PCA analyses 

showed that movement-related activity in ACtx was originally largely orthogonal to the neural 

dimension that encodes sound frequency; but this was altered by motor-sensory experience, 

resulting in a significant overlap in motor and acoustic dimensions, which is consistent with 

movement signals encoding an expectation for the paired sound. Predictive suppression, 

reallocation of movement signals, and reshaping of the cortical manifold could all be eliminated 

by selectively silencing the ACtx during motor-sensory experience. Together, these findings 

reveal that expectations about self-generated sounds emerge in ACtx, are encoded by movement-

related activity, and reshape the population geometry of auditory cortex, which may facilitate 

predictive processing during behavior. 
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Abstract: Virtual reality (VR) has become an important tool in modern systems neuroscience, 

allowing researchers to couple experimentally controlled sensory feedback to an animal’s real-



time behavior. Most VR systems yoke sensory feedback to an abstract measure of behavior (e.g. 

running speed) or to a contrived, non-natural behavior (e.g. operating a lever). Yet in nature, the 

consequences of one’s action are often reproducibly coupled to specific behavioral kinematics 

(e.g. the moment one’s foot hits the ground). Moreover, while many extant VR approaches focus 

on a single sensory modality, most natural behaviors have multimodal sensory consequences. 

Here, we developed a more naturalistic visual-acoustic VR system. We performed real-time 

locomotion tracking and gait kinematics analysis to provide artificial footstep sounds that were 

tightly yoked to a precise phase of the step cycle, creating an ethological and experimentally 

manipulable form of auditory reafference. While running on the treadmill and hearing footstep 

sounds, head-fixed mice repeatedly traversed two different contextual environments, each 

consisting of a distinct visual corridor accompanied by distinct footstep sounds. Using this 

system, we asked whether neural activity in the auditory cortex reflects predictions about the 

sound that footsteps are expected to produce, and whether prediction-related processing is 

modulated by context. Following behavioral acclimation, we made high-density neuronal 

recordings from primary auditory cortex as mice traversed the two VR environments and 

experienced either expected or deviant footsteps. We observed overall strong suppression of 

neural responses to self-generated sounds compared to the same sounds heard passively. We 

identified subsets of neurons that robustly showed a significant contextual modulation, 

responding differently to the same sound heard in the expected versus the unexpected context. 

These expectation violation-like signals emerge almost immediately after a mouse enters a new 

context, suggesting a rapid updating of predictions in parallel with behavior. We noted the 

presence of neurons with strong context-dependent modulation in infragranular cortex, consistent 

with other forms of predictive processing. Preliminary population-level analysis suggests that 

context information is embedded in auditory cortex population activity. Ongoing analyses are 

assessing how real-time footstep VR compares to more traditional speed-based VR systems. 

Overall, our results suggest that the auditory cortex combines auditory and motor signals with 

visual cues for flexible, context-dependent processing of self-generated sounds. 
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Abstract: While moving on natural surfaces, mice produce broadcast sounds that alert potential 

predators to their location. Studies in wild mice show that mice actively adapt their locomotor 

behavior to minimize self-generated acoustic cues. Although laboratory mice are bred in 

captivity for generations, they retain innate predator avoidance behaviors such as preferring the 

periphery of an open arena and running for shelter in response to a looming visual cue. It remains 

unknown whether laboratory mice, like their wild counterparts, adjust their walking behavior on 

noisy surfaces to help avoid dangerous situations. Here, we made audio and video recordings of 

mice in a controlled laboratory setting as they walked on natural surfaces including sand, 

pebbles, and dry leaves. Different natural surfaces produce distinct sounds in frequency bands 

that are detectable by mouse predators. Deep quantification of open field behavior reveals that 

mice uniquely adapt their behavior on each surface. When a mouse’s ears are plugged they 

behave as if they are on a quieter surface than they actually are, indicating the importance of 

acoustic self-monitoring for driving these surface-dependent behaviors. These experiments 

identify an innate behavior through which mice adjust their locomotion using acoustic self-

monitoring, and which may facilitate predator avoidance. 
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Abstract: Animals construct a neural representation of their environment by combining sensory 

information captured by different sensory systems. The CNS is responsible for filtering, 

weighting, and integrating continuously captured signals to improve information processing, 

increase the reliability of perceived information, eliminate noise, etc. Our goal is to identify the 

dynamics of multisensory integration mechanisms that animals use to combine signals perceived 

by different sensory structures during their free behaviors. To achieve this, we built a swim 

tunnel to study multisensory integration during instinctive rheotaxis behavior of freely-

swimming adult zebrafish, Danio rerio. Zebrafish perform rheotaxis by orienting their bodies 



against the water flow to maintain their position without drifting in the flow. We place an 

obstacle in the water to obscure the flow, creating a local low-gradient regime for the fish to 

swim with less energy. When the obstacle is moved perpendicular to the water flow, the 

zebrafish senses these movements using their visual and mechanosensory systems and tracks the 

movement of the obstacle. Understanding the individual contributions of these sensory systems 

requires independent control of visual and mechanosensory cues presented to the fish. To 

implement this, we used a D-shaped cylindrical transparent tube attached to a linear actuator. 

The movement of this tube provides mechanosensory cues for the fish without creating any 

visual information. Inside this transparent tube, we placed a neon LED light strip attached to a 

different linear actuator. The independent movement of this light stripe provides visual cues 

without affecting the mechanosensory systems. We conducted multisensory conflict experiments 

with N=5 adult zebrafish to identify the filtering characteristics of the multisensory integration 

process in zebrafish. We estimated the frequency response to a sole mechanosensory, a sole 

visual, and a combined stimulus. Our results showed that mechanosensory stimulus trigger the 

tracking response of zebrafish. However, sole visual stimulus does not initiate movement. 

Nevertheless, the combined stimuli increase the performance of the fish as compared to 

mechanosensory only. This suggests that there is a nonlinear multisensory integration 

mechanism adopted by these fish. We are currently developing mathematical models to capture 

the characteristics of this process. 
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Abstract: Animals constantly combine information from multiple sensory systems to control 

their movement. This is performed by CNS via integrating information from multiple sensory 

modalities. In addition, animals dynamically adjust the contributions of each sensory modality to 

this process in order to increase their perceptual performance. Our objective is to demonstrate the 

relationship between the salience of the sensory information and the weights associated with 

various sensory systems. We designed and built an experimental setup to estimate the weights 

that weakly electric fish, Eigenmannia virescens, assigns to their visual and electrosensory 



systems during refuge tracking behavior. In particular, we constructed a nested refuge structure, 

where we first have an inner transparent refuge connected to a linear actuator. This refuge is not 

visible to the fish, however, its movements stimulate the electrosensory receptors of the fish. We 

attached a second opaque white refuge encapsulating the transparent one and used another linear 

actuator to generate independent movement. This outer refuge is placed at a distance from the 

transparent refuge to solely generate visual stimulus without stimulating the electrosensory 

receptors. In that way, visual and electrosensory cues can be controlled independently. We 3D-

printed three types of opaque refuges that have various window numbers to change the reliability 

of visual information. We modified the visual salience by changing the outer refuge in 

continuous experiments to observe the dynamic weighting of sensory modalities. Also, we 

changed the conductivity of the water (by adding a salt mix) continuously to observe the 

dynamic weighting when electrosensory salience is modulated. We experimented with N=4 fish 

under various sensory conditions to estimate the corresponding sensory weights. We observed 

that fish reacts to the changes in sensory salience by retuning its sensory weights. We are 

currently modeling this adaptation strategy to reveal the underlying mechanisms of dynamic 

reweighting during multisensory integration. 
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Abstract: Active sensing movements—additional motor actions to improve sensing— are 

employed by various organisms including weakly electric fish. The studies on understanding the 

mechanisms of active sensing behavior are gaining more interest due to biological implications 

and engineering applications. However, the studies on weakly electric fish exclusively focus on 

fish’s response in a stationary environment. However, in their natural habitats, these fish 

experience varying flow speeds that possibly effect the active sensing movements used by these 

fish. This study presents a novel investigation into the effects of different flow speeds on the 

smooth pursuit tracking and active sensing movements of weakly electric fish, addressing the 

gap in the literature. To achieve this, we developed a special experimental setup that allows 



weakly electric fish to engage in refuge-tracking behavior under controlled flow conditions. The 

experimental setup includes a refuge attached to a linear actuator, providing visual and 

electrosensory stimuli for the fish.We experimented with N=5 Apteronotus albifrons, with a 

complex stimulus movement profile consisting of a combination of 13 different frequencies 

ranging from 0 to 2 Hz. The experiments were repeated under various flow speeds (0-15 cm/s), 

illumination levels (light and dark), and refuge structures (with and without windows). 

Kinematic responses were recorded for five replicates under each sensory condition. In addition 

to the experiments, we conducted simulations using Matlab to further investigate the effects of 

flow speed. The analysis revealed that as flow speed increases, the tracking gain and phase lag of 

the fish decrease. Furthermore, active sensing movements were observed to increase in dark, 

which was consistent with the simulation results. The impact of increasing flow speeds on active 

sensing movements was found to be statistically significant (p < 0.05). Understanding the 

biological motivations behind active sensing movements is crucial for their application in 

engineering contexts. Therefore, studying these behaviors in the presence of water flow is of 

critical importance in understanding the natural motivations of active sensing in weakly electric 

fish. 
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Abstract: Multisensory behavioral control is a fundamental process in which the central nervous 

system combines and processes sensory signals from multiple sources, makes decisions based on 

perceived information, and generates motor actions to implement these decisions. This whole 

process works in a seamless closed-loop nature, where the dynamics of the sensory systems are 

tightly coupled with the dynamics of the locomotor systems. On the one hand, this coupling 

makes it quite challenging to analyze the sensory and motor systems during a multisensory 

behavioral control task. On the other hand, it enables animals to modulate the spatiotemporal 

features of the sensory information they receive from the environment using ancillary motor 

movements. These additional movements, termed active sensing movements, received 



considerable attention from the neuroscience and engineering communities. However, a vast 

majority of the studies in the literature focus on the effects of active sensing on a single sensory 

channel. However, animals continuously combine available information from multiple sensory 

sources to improve their task-dependent perception. Therefore, it is essential to analyze active 

sensing within the context of a multisensory behavioral control task. In this work, we use a 

species of weakly electric fishes, Eigenmannia virescens, to reveal the underlying dynamics of 

active sensing movements during a multisensory behavioral task—the natural refuge tracking 

behavior. In their natural habitats, Eigenmannia prefers to hide within the tree trunks or other 

vegetative litter to shelter. Moreover, these fish track the moment-to-moment movements of their 

shelters by swimming forward and backward. During this amazing behavior, Eigenmannia 

continuously integrates information from their visual and electrosensory systems and generates 

ancillary active sensing movements to improve their perception. We developed a new 

experimental setup to analyze and model the role of active sensing movements during the 

multisensory refuge tracking the behavior of these fish. In simulation using the computational 

models of the actual fish, we showed that the proposed one-step ahead predictive uncertainty-

based active sensing model outperforms the stochastic resonance generator and open-loop noise 

generator type models in terms of capturing the characteristics of the fish’s refuge tracking 

response. In the near future, we plan to extend this model by directly fitting the input-output data 

from the fish to better explain the interaction between the multisensory integration and active 

sensing processes. 
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Abstract: The sensory and motor systems in animals are linked: the central nervous system 

generates motor actions using sensory feedback, while motor movements, in turn, shape the 

sensory information. Animals benefit from this inevitable phenomenon by producing ancillary 

active sensing movements to improve the sensory feedback they receive from the environment. 

Despite the ubiquitous nature of this behavior across taxa, the underlying mechanism of active 



sensing is not yet fully understood.This study aims to identify the behavioral mechanisms of 

active sensing movements performed by a species of weakly electric fish, Eigenmannia 

virescens. These fish live in small shelters in the water to avoid predators in their natural habitat. 

Moreover, they tend to follow their refuge if it is in motion. We developed an experimental setup 

to mimic the natural behaviors of the fish in the laboratory. A PVC refuge, whose movement can 

be controlled by a motion control system, stimulates the fish's refuge tracking response. In light, 

Eigenmannia virescens quite accurately tracks the movements of the refuge using feedback from 

their visual and electrosensory systems. However, while performing this behavior in the dark, 

fish exhibit high-frequency movements in addition to their regular tracking response. We 

hypothesize that this high-frequency movement generated by the fish is an active sensing 

movement to increase the state estimation performance.To test our hypothesis, we created a 

musculoskeletal and sensory model of the fish in a simulation environment. In addition, we 

developed a state estimator based on Extended Kalman Filter to model the sensory perception of 

the fish. Different from the recent works, we modeled the active sensing generator as a closed-

loop system, which produces ancillary active sensing movements based on the predictive 

uncertainty of the stochastic closed-loop system model. This closed-loop process aims to choose 

the optimal active sensing action, which minimizes the predictive uncertainty of the subsequent 

movement. In our model---as in the literature---, active sensing inputs act as a disturbance to the 

behavioral controller. Thus, the optimization routine weighs both the state-estimation 

performance and the energetic cost of input. We validated the performance of our model using 

actual refuge tracking data from N=3 fish. We used leave-one-out cross-validation over ten 

replicates for statistical evaluation of our results. Our results showed that the proposed active 

sensing generator produces refuge-tracking responses within the actual fish's trial-to-trial 

variability range. 
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Abstract: Social isolation, the state of prolonged absence of social contact or meaningful social 

interactions, has been recognized as a significant stressor that can impact various aspects of an 

individual's well-being and is a risk factor for the development of mood disorders. Studies 

examining the impact of social isolation have demonstrated alterations in both structural and 

functional changes in the brain. During the COVID-19 pandemic, widespread social isolation 

was a significant stressor on the global population. Thus, clarifying how social isolation impacts 

the brain is a necessary step in reducing the burden that the pandemic will impose on public 

mental health. In this set of studies, we aim to clarify how chronic social isolation stress affects 

the function of and neuroinflammation in the noradrenergic nucleus locus coeruleus (LC), a 

bilateral brainstem structure that provides noradrenergic tone to the central nervous system 

whose activity is tightly correlated with indices of behavioral arousal. Prior observations from 

our laboratory show that different stressors increase anxiety-like behavior, alter LC physiological 

properties, and increase penetrance of LC by activated pro-inflammatory microglia. Here we 

show that social isolation stress selectively increases freezing behavior in the open field in 

female, but not male rats, and the adoption of a passive coping strategy in the defensive shock 

probe burial task in males. We aim to further clarify the relationship between social isolation 

stress and anxiety-like and stress coping behavior, and determine the effects of social isolation 

stress on LC physiology and neuroinflammation throughout the brain. 
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Abstract: While a role for T lymphocytes in the stress response is well-documented, 

appreciation for the involvement of B cells has been historically understudied. Importantly, 

emerging evidence suggests that B cell profiles are fundamentally shifted in the context of stress 

and that animals deficient in B cells show susceptible phenotypes. We aimed to characterize B 

cell profiles following a single psychological stress exposure. We hypothesized there would be 



time-point and tissue-specific differences in B lymphocyte expression following stress exposure. 

Specifically, we anticipated that acute stress would induce general lymphopenia that would 

recover as time since stress exposure increased, while some subsets of B cells (e.g. plasma cells) 

would be elevated. 3-month-old male and female C57BL/6J mice experienced either 6hrs of 

restraint or 12-14hrs of social isolation; control mice remained group-housed in their home 

cages. One-way ANOVA followed by multiple comparisons of flow cytometry data (percent 

parent population) discerned B cell subsets in blood, spleen and brain among mice whose tissues 

were collected day of stress, 4 days (4D) or 7 days (7D) post-stress (N=10/group). We observed 

stressor, tissue, and time-specific effects, distinct to the stress paradigm. For restraint-exposed 

mice, there were no differences in B cells in any tissue initially. B cells were higher in spleen 

(p=0.005), blood (p<0.001) and brain (p<0.001) 4D post-stress. The increase in B cells in the 

brain may be driven by B1a cells (p<0.05). Interestingly, males exhibited elevated B1a cells at 

4D while females showed elevated B1a cells at 7D. The T:B ratio was lower in blood at 4D 

(p<0.05) and 7D (p<0.05) post-restraint-stress compared to non-restrained mice, whereas the T:B 

ratio decreased at 4D post-stress (p=0.005) in the brain and at 7D post-stress (p<0.01) in the 

spleen. Following social isolation, B cell counts were initially reduced in blood (p<0.005) and 

brain (p<0.05). B cell counts in spleen were decreased only 7D post-stress (p<0.05). 

Interestingly, B1a cell counts were not altered in any tissue at any timepoint. The T:B ratio 

initially increased in both blood (p<0.005) and brain (p<0.05) before returning to baseline. 

Spleen showed no T:B ratio changes. These findings demonstrate that B cell profiles in distinct 

tissues respond differently to stress and show that varying types of psychosocial stress elicit 

different responses. Future work is needed to understand the functional significance of B cell 

changes post-stress. 
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Abstract: Exposure to chronic stress can contribute to major depressive disorder. To mimic 

several aspects of depression, the chronic unpredictable stress (CUS) mouse model is extensively 

used. Increasing evidence suggests that quantitative changes in several cell types related to the 

blood-brain barrier (BBB) and neuroinflammation are associated with depressive behavior. 

However, a complete catalog of the heterogeneous cell types found within the CUS mouse brain 

is lacking and the underlying mechanisms of stress-induced depression remain elusive. Here, we 

used single-cell transcriptomics to examine approximately ~96,000 cells from the whole brain of 

CUS mice (n=4) and controls (n=4). We identified 20 broad cell types and 47 molecular clusters. 

Among 20 cell types, endothelial cells and pericytes were significantly decreased in the CUS 

mouse brain. Conversely, T cells and B cells were increased. The functional annotation of 

differentially expressed genes enriched in immune activation and immune cell migration along 

with endothelial cell dysfunction. We present evidence that stress-induced neuroimmune 

activation could be associated with BBB breakdown. Collectively, this study provides a 

comprehensive single-cell atlas of the CUS mouse brain and molecular foundation for 

investigating cell type-specific responses to chronic stress. 
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Abstract: Maternal immune activation during fetal development is a potential risk factor for 

neuropsychiatric disorders in adulthood. Addition stressful events later in life have been 

associated with the onset of neuropsychiatric conditions. One signature of stressful events in the 

nervous system may be changes in microglial remodeling, particularly in brain regions linked to 

autonomic circuits. In mouse models of maternal immune activation, the inflammatory response 

can be initiated by activating a range of different toll-like receptors (TLRs). In the current study, 

we utilized the TLR7 agonist resiquimod as a pro-inflammatory initiator to mimic a viral 

infection. On gestation day (G) 12.5, we administered resiquimod (2.0 mg/kg) to timed pregnant 

mice. On postnatal day (P) 21, the offspring from these dams were subjected to acute restraint 

stress for 20 minutes, followed by a recovery period of 60 minutes. Afterward, the offspring 



were transcardially perfused with 4% paraformaldehyde, and the brainstems were subsequently 

extracted for immunolabeling with ionized calcium binding adhesion molecule-1 (IBA-1) to 

identify microglia, as well as calcitonin gene-related peptide (CGRP), a potent vasodilator. The 

objective of this study is to determine the distribution of microglia and CGRP across the nucleus 

of the solitary tract (NTS) from its rostral to caudal aspects and investigate how this distribution 

changes after stress in juvenile mice. Microglia exhibited a higher density in the area postrema 

adjacent to the caudal NTS, along with larger microglial morphologies. Immunoreactive CGRP 

fibers were observed lining the area postrema adjacent to the NTS, and maternal immune 

activation resulted in reduced CGRP levels in both restraint and nonrestraint groups. These 

findings suggest differences along the area postrema-NTS border that may impact NTS neuronal 

perception of vagal nerve stimuli. As the area postrema is a circumventricular organ with 

fenestrated capillaries, it may be particularly interesting to examine the interactions between 

these adjacent regions with differential blood brain barrier function. This study adds to the 

characterization of the NTS chemoarchitecture in our lab and begins to tease out potential effects 

of stressful challenges during the lifespan. 
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Abstract: While many studies of intestinal permeability (IP) are focused on those with 

gastrointestinal (GI) disorders, there is a rising trend to analyze IP among individuals with 

mental health (MH) conditions, including posttraumatic stress disorder (PTSD), with/without 

diagnosed GI conditions. This interest stems from the association between gut dysbiosis and 

chronic inflammation, mechanisms linked to stress-related somatic and MH conditions. Efforts 

have resulted in exploration of non-invasive and feasible measures to identify an IP biomarker 



that could also serve as a treatment target. Additionally, those conducting studies regarding IP 

often recruit relatively healthy individuals without acute/chronic health problems and compare 

the levels to those obtained from participants with conditions of interest. This study aimed to 

assess correlations between IP blood-based biomarkers, as well as examine associations between 

blood-based biomarkers of IP and MH symptoms. Blood was sampled from seventeen military 

Veterans with variable severity of PTSD symptoms per the Posttraumatic Checklist for DSM-5, 

and analyzed blood biomarkers of IP including citrulline, diamine oxidase, glucagon-like 

peptide-2, intestinal fatty-acid binding protein, lipopolysaccharide binding protein, 

lipopolysaccharide, and zonulin. Correlations between the IP blood-based biomarkers ranged 

from of -0.31 to 0.35 (Spearman test for correlation coefficient). None of the measured 

biomarkers were significantly correlated to PTSD symptom severity scores (-0.34 to 0.05; 

Spearman test for correlation coefficient). Our results call into question the specificity of blood-

based biomarkers of IP when: (1) studying persons with/without PTSD symptoms in whom 

clinical GI disorders are not necessarily the focus of the scientific endeavor; and (2) comparing 

IP results among individuals with more characterized disease states to those without the disease. 

Studies are needed to explore the role of external factors on IP and to determine if the 

biomarkers studied are appropriate for measuring IP in people with a range of symptoms related 

to PTSD. 
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Abstract: Threat enhances neurobiological indicators of defensive motivation and attention. 

Social threat has been shown to also elicit an enhanced immune system response, but it is unclear 

whether non-social threat (e.g., shock) also elicits an enhanced immune system response. 

Immune activation has also been linked to depression, such that a larger immune response is 

associated with greater depressive symptoms. No study has examined whether this relationship 

exists in the context of non-social threat. In a sample of 123 young adults, the present study used 

a between-subjects design to examine the startle reflex and both probe N100 and P300 event-

related potentials during a modified no, predictable, and unpredictable threat (NPU-threat) task 



using electric shocks. Saliva samples were collected via passive drool before and after the NPU-

threat task to assess IL-6, TNF-α, IL-1β, and IL-8. Current depression and anxiety symptoms 

were assessed using the Inventory of Depression and Anxiety Symptoms - Expanded Version. 

The startle reflex, probe N100, and probe P300 were all modulated by threat, relative to no 

threat, such that the startle reflex was potentiated, the probe N100 was enhanced, and the probe 

P300 was suppressed. Across all participants, IL-6 and TNF-α decreased after threat exposure, 

irrespective of whether the threat was predictable or unpredictable. However, a greater increase 

in IL-8 after threat exposure was associated with greater depression symptoms. The present study 

suggests that a non-social threat can elicit increased neurobiological defensive motivation and 

attention. Further, a non-social threat elicits an increased immune response but only among 

people who endorsed greater depressive symptoms. 
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Abstract: Introduction: Brain development is a multifaceted process regulated by genes and 

shaped by environmental experiences. Early stress and exposure to traumatic events negatively 

affect the nature and trajectory of normal development.Methods: A literature review of the main 

psychiatric diagnoses associated with childhood adversity and the neurophysiological 

mechanism involved was conducted followed by a cross-sectional study with 2457 students in 

Mexico. The Adversity in Childhood International Questionnaire (ACE-IQ) was used to assess 

ACEs, including forms of psychological, physical and sexual abuse, as well as dysfunction in the 

home; the Depression Scale (PHQ-9), Beck anxiety inventory, Alcohol Use Disorders 

Identifications Test (AUDIT) and Drug Abuse Screening Test (DAST-10) for substance use. 

Multiple logistic regression models were used to examine associations between ACE global 

score, PHQ-9, and medical and mental health risk behaviors/comorbidities after controlling for 

potential confounders.Results: 73.8% of participants reported at least one ACE, and 13.2% 

reported four or more ACEs. Increased ACEs were associated with increased risk of alcohol use 

(adjusted odds ratio [AOR] = 2.17, 95% confidence intervals [CI] 2.09-2.56), psychoactive 

substance use (AOR = 4.17, 95% CI 2.71-5.18), depression (AOR = 3.73, 95% CI 3.51-3.84), 

and suicide risk (AOR = 1.23, 95% CI 1.03-1.42) in adulthood. When confounders were taken 

into account, the effects of each RCT component on risk behavior and health varied.Discussion: 

When individuals experience adversity, they often mobilize endocrine, immune, and nervous 

system responses that, in turn, involve neuroplasticity mechanisms that prepare them to respond 

to learned environmental contingencies and future threats. In this study, ACEs were associated 

with increased odds of risky behaviors and mental disorders in adulthood after controlling for 

relevant demographic and socioeconomic factors. 
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Title: The role of heme and hemopexin in urologic chronic pelvic pain syndrome in mice 
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Abstract: Introduction: Urologic chronic pelvic pain syndrome (UCPPS) is a chronic pain 

condition characterized by pelvic hypersensitivity, often presenting with increased urinary 

frequency and urgency. Currently, the etiology of UCPPS is unclear and likely multifaceted 

which makes it difficult to develop effective therapeutics. Epidemiological data suggest stress is 

an important factor in pain associated with UCPPS in a sex-dependent fashion. Metabolism of 

heme, an organic porphyrin molecule, has been linked with both stress and regulation of 

nociceptive processes. However, a role for heme in pain associated with UCPPS has not been 

explored. Hemopexin (HPX) is a heme scavenging protein that transports free heme to the liver 

for degradation. The aim of the current study was to explore the relationship between stress, 

heme scavenging, and pelvic/visceral nociception in HPX-deficient mice.Methods: Adult male 

and female HPX knockout (KO) mice and wild type (WT) littermate controls were included in 

all experiments. Sensory testing was performed to assess hindpaw, pelvic floor, and urinary 

bladder sensitivity at baseline and following exposure to acute water avoidance stress (WAS). A 

simplified up-down method with von Frey monofilaments was used to assess mechanical 

sensitivity of the pelvic region and hindpaw. The void spot assay VSA) was used to quantify 

spontaneous urine voiding. In female mice, visceromotor responses (VMRs) to bladder 

distension were subsequently quantified to assess bladder nociception. All of the experiments 

were approved by the Institutional Animal Care and Use Committee (IACUC) at University of 

Alabama at Birmingham. Results: The results demonstrate that, overall, HPX KO mice had 

significantly greater mechanical sensitivity in the pelvic region (p<.001) but not in the hindpaw. 

A significant sex difference in number of voids and total area of voids during VSA was observed 

(p<.001). Following WAS exposure, female HPX KO mice had significantly greater VMRs 

compared to WT (p<0.05, one-tailed). Conclusions: These findings indicate that although 

hemolysis may be a systemic phenomenon, some tissues or organs, like bladder, are more 

susceptible to hemolytic effects. 
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Title: Chronic stress induces sex-dependent neuroinflammation physiological dysregulation in 
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Abstract: Stress is a physiologic neuroendocrine response to a stressor that promotes organism 

survival through adaptive biological processes and behaviors. While adaptive in the short term, 

chronic or traumatic stress are known risk factors for the development of anxiety disorders. 

Other key risk factors in the development of anxiety disorders have also been identified, such as 

sex. Generally, females have higher rates of anxiety disorder diagnosis than males. In response to 

stress, stress-responsive systems such as the Hypothalamus-Pituitary-Adrenal (HPA) axis and the 

locus coeruleus (LC)-Norepinephrine (NE) system are activated. Chronic activation however can 

disrupt negative feedback loops that suppress their function and contribute to HPA axis and LC-

NE system dysregulation, often leading to anxiety-like phenotypes in animal models. Studies 

have also demonstrated the role of chronic stress in inducing neuroinflammation. However, The 

role of sex and the link between chronic stress exposure, neuroinflammation, and LC 

dysregulation in the development of anxiety-like behaviors has not been elucidated. This study 

demonstrates the sex-dependent neuroinflammatory and neuronal changes in the rodent LC using 

elevated plus maze (EPM), ex-vivo electrophysiology, and immunohistochemistry (IHC). To 

model chronic stress, male and female adolescent (8-week-old) Sprague Dawley rats were 

restrained and exposed to predator odorant for two hours per day for ten days over two 

consecutive weeks. Here we report that stressor exposure leads to increased anxiety-like 

behavior in the elevated plus maze, an effect that was accompanied by increased LC spontaneous 

firing frequency as well as disruption of other measures of LC neuronal physiology. IHC staining 

for IBA-1, a microglial marker, and Major histocompatibility II (MHC-II), an activation marker 

within the LC, reveals a reveal a significant increase in penetrance of LC by activated microglia 

in stressed males relative to controls. In contrast, an opposite trend was noted in females. 

Furthermore, correlation analysis between percent weight change, a measure of stress induction, 

and IBA-1 cell counts within the LC demonstrates a significant negative correlation in males but 

no correlations in females, suggesting increased male LC neuroinflammation in response to 

chronic stress. Our results indicate that chronic stress exposure induces sex-dependent LC 

neuroinflammation, which may lead to alterations in LC neuronal physiology and influence 

rodent anxiety-like behaviors. 
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Abstract: Major depressive disorder (MDD) is a leading cause of disability worldwide, creating 

an immense burden on countless individuals and the greater global population. One prominent 

symptom associated with MDD, is anhedonia: the loss of interest for hedonic stimuli. In parallel, 

several clinical and pre-clinical studies have linked exposure to stress and MDD, a stress-related 

psychiatric disorder, with alterations of the peripheral immune system. However, the 

neuroimmune mechanisms that lead to brain circuit alterations and ultimately to behavioral 

alterations are not well understood. Here, we investigate the impact of stress on blood-brain 

barrier (BBB) integrity, peripheral immune marker infiltration into the brain, and subsequent 

effects in brain reward centers controlling anhedonia. We then assess reward deficits in a mouse 

version of the probabilistic reward task (PRT) after chronic exposure to social defeat stress 

(CSDS) and with or without manipulating BBB integrity or peripheral immunity. This task, first 

developed in humans, is well-positioned to extract stress-induced reward deficits relevant to 

MDD. Our group has shown that, in mice exposed to CSDS, alterations of the BBB lead to 

infiltration of peripheral monocytes into the ventral striatum. Here, we found that a direct 

consequence of this infiltration is a perturbation of the neuronal function in the nucleus 

accumbens and subsequent reward sensitivity deficits in the PRT. Namely, following CSDS, 

susceptible mice showed a blunted response bias but not unstressed control or resilient mice. 

Next, we found that artificially opening the BBB using a viral knock-down of the Claudin-5 tight 

junction protein led to an exaggerated impact of a sub-threshold stressor on reward sensitivity in 

the PRT. Our results indicate that chronic stress causes systemic inflammation and that 

alterations of the BBB lead to an infiltration of immunity markers into the ventral striatum, 

altering neuronal function and, ultimately, causing major reward deficits. To bring a translational 

dimension to this project, we work with the Depression and Anxiety Center at Mount Sinai on 

using human PRT datasets and blood samples to inform our preclinical findings through an 

existing liquid biomarker pipeline established by our groups. This study provides a better 

understanding of the neuroimmune influence on reward deficits in MDD and offers new 

perspectives in the development of new personalized immune-based therapeutics to treat 

depression. 
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Abstract: BACKGROUND: Stress disorders such as major depressive disorder (MDD) 

represents the leading cause of disability, affecting over 300 million people worldwide. Largely 

characterized behaviorally, it is critical to identify biological changes associated with MDD. 

Emerging literature recognize a correlation between MDD and chronic low-grade inflammation; 

however it is not fully known how this inflammation is initiated. Recently, several inflammatory 

conditions have been associated with increased intestinal permeability. We hypothesize that 

chronic psychosocial stress disrupts gut barrier integrity, allowing translocation of gut microbial 

byproducts into circulation, triggering systemic inflammation associated with depression-like 

behavior. 

METHODS: To capture behavioral and biological changes relevant to human psychiatric 

disorders in an animal model, we used the 10-day chronic social defeat stress (CSDS) paradigm 

in mice. We subsequently measured gut inflammation by flow cytometry, and intestinal 

permeability by orally gavaging mice with FITC-Dextran. To identify neurocircuitry regulating 

stress-induced intestinal pathophysiology, we used retrograde tracing and chemogenetic 

strategies to manipulate brain-gut circuits. 

RESULTS: Mice exposed to CSDS showed increased pro-inflammatory Th1 cells and 

decreased anti-inflammatory Th2 cells in the colon compared to unstressed control mice. 

Moreover, stressed mice exhibited greater intestinal permeability, along with elevated circulating 

lipopolysaccharide (LPS) levels. Using retrograde tracing from the enteric neurons in the colon, 

we found that corticotropin-releasing hormone (CRH)-expressing neurons in the paraventricular 

nucleus of the hypothalamus (PVH) innervate the gut. Further, using chemogenetic activation or 

inhibition of PVH CRH+ neurons, we found that these neurons can regulate intestinal 

inflammation, barrier permeability, and social avoidance behavior induced by CSDS. 

CONCLUSIONS: Collectively, our results illustrate a brain-gut circuit where stress activates 

specific neurons in the brain to trigger intestinal inflammation and disrupt intestinal barrier 

function, potentially promoting depression-like behavior. 
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Abstract: Background: Major depression is a serious public health concern and is commonly 

comorbid with alcohol use and abuse. Previous work highlights the role of blood brain barrier 

(BBB) tight junctions in appropriate stress-responding, but less is known about how these 

proteins are involved in alcohol-related behaviors. To address this gap, the following 

experiments investigated the role of Claudin 5 (CLDN5), the tight junction protein, in stress-

induced alterations in alcohol reward. Methods: Adult male mice were exposed to chronic social 

defeat stress and then given intermittent access to alcohol (20%; three 24-hour bouts/week) in a 

volitional drinking paradigm that models moderate binge drinking and is thus very relevant to 

both recreational and potentially problematic alcohol consumption. After eight weeks of alcohol 

exposure mice were tested in a behavioral battery to assess stress reactivity. To further 

investigate the role of CLDN5in alcohol reward we adopted a virally-mediated approach to 

down-regulate CLDN5 in the nucleus accumbens and assessed alcohol-related behaviors 

(escalating preference paradigm [water vs alcohol 3, 6, 10, 20%] and alcohol conditioned-place 

preference (CPP) [1.0 and 2.0 mg/kg]). Results: Stress-exposed mice drank more alcohol across 

the duration of the drinking paradigm and did not show any attenuation of stress-related deficits. 

Knockdown of CLDN5 in nucleus accumbens (NAc) of male mice increased their drinking 

behavior at lower doses of alcohol (3%) compared to their control counterparts. In a separate 

group of mice we assessed the effects of CLDN5 knockdown in NAc on alcohol CPP and found 

that Claudin 5 knockdown promoted preference for lower doses of alcohol. Interestingly, 

exposure to a subthreshold stressor shifted alcohol preference regardless of CLDN5 knockdown. 

Conclusions: These data suggest that alcohol-induced stress-susceptibility can be recapitulated 

by artificially opening the BBB. Furthermore, in the absence of stress or alcohol, artificial 

downregulation of CLDN5 shifted the rewarding properties of alcohol by enhancing preference 



for lower concentrations of alcohol. These data highlight that BBB integrity plays a role in the 

rewarding properties, and thereby abuse liability, of alcohol. 
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Abstract: Acute-phase proteins (APP) are liver-produced plasma proteins, whose concentration 

changes in the blood during inflammation. APPs include proteins of the complement pathway, 

coagulation cascade, transporter proteins, antiproteases, hormone regulating proteins and many 

more. They are involved in restoring homeostasis, regulating the immune response, protein 

transport, and tissue protection from damage, therefore, are considered as part of the innate 

immune response. The APP response has been an indicator of inflammation, but recent studies 

hint that non-inflammatory, psychological stress can induce APP response. However, the 

mechanism that induces the APP response during stress remains unknown. In our study, we map 

APP changes after stress and reveal the mechanism behind this phenomenon. We track selected 

APP expression in the liver following two different stress models in mice - restraint stress and 

swim stress. We show that psychological stress without inflammation can induce robust changes 

in APP expression in the liver for example, mannose-binding lectin 2 showed 30% reduction 

after restraint stress (control 1±0.03, restraint stress 0.7±0.02, t.test, p.value<0.0001) and 20% 

increase after swim stress (control 1.02±0.07, swim stress 1.2±0.06, t.test, p.value<0.05). During 

stress, the brain activates two main pathways - the hypothalamic-pituitary-adrenal (HPA) axis 

and the sympathetic nervous system (SNS). We demonstrate that the HPA axis is not involved in 

this process - artificial activation of this axis by corticosterone and inhibition of this axis by 

adrenalectomy does not affect APP transcription in the liver. However, injection of noradrenaline 

(NA), the mediator of the SNS, recapitulates most of the change in APP shown after stress while 

blockade of this axis abolishes APP changes after stress. SNS activation can result in pro-

inflammatory cytokines such as interleukin 6 (IL-6) which is the key regulator of APP in an 

inflammatory context. However, IL-6 receptor blockade did not affect APP changes seen after 

NA injection implying the involvement of a different mechanism in stress-induced changes in 



APP. Therefore, to assess the direct effect of NA on the liver we stimulated hepatocytes ex-vivo 

with NA which resulted in changes in APP expression demonstrating the capacity of local 

activation of the hepatic SNS to modulate APP expression. This is a novel mechanism of 

neuronal control over one of the fundamental processes that were attributed solely to 

inflammatory signals. The local SNS in the liver can alter the hepatocytes' protein production 

and activate APP response, therefore, regulate systemic physiology. 
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Abstract: Alterations of the gut microbiome contribute to various inflammatory disorders 

including major depression, autism spectrum disorder, and anxiety disorders. These disorders 

have been linked to changes in systemic inflammation and circulating levels of cytokines. The 

'leaky gut' hypothesis (Maes et al, 2008) suggests that peripheral inflammation may result from 

leakiness of the gut intestinal barrier, thereby permitting gut microbiota, metabolites, and/or 

cytokines to infiltrate other parts of the body, including the brain. Chronic stress is a well-known 

trigger for emotional disorders, and stress has been shown to shift gut microbiota composition, 

however this body of research was largely conducted in only male mice. Depression and anxiety 

disorders are 2x more likely to occur in women than men, mechanisms underlying this effect 

remain poorly understood. Here we examined how chronic stress alters gut compositions over 

time in male and female C57BL/6J mice. We exposed male and female mice to a variable stress 

paradigm that consists of three stressors (2 second foot shocks across 1hour; restraint for 1 hour; 

tail suspension for 1 hour) alternated daily during a set stress period. In the present study, we 

hypothesized that variable stress would trigger changes in the gut microbiome of male and 

female subjects’ sex specifically, and that these changes would be correlated strongly with 

circulating cytokines at the timepoint where dysbiosis is observed. Thus, male and female mice 

were exposed to 28-days of variable stress or control condition (n=6 per group). Fecal samples 



were collected from all subjects at three time points: before stress; after 6-days, and after 28-days 

of variable stress (or control condition). Fecal samples were prepared for next-generation 

sequencing; 16S rRNA amplicon sequencing data was collected and analyzed utilizing RStudio 

and various 16s amplicon sequencing and statistical analytics packages (DADA2, Phyloseq, 

DESeq2, and Corrplot). We found that there were more microbial changes in males compared to 

females following 28-days of variable stress. Relative abundance of the microbial families 

Erysipelotrichaceae and Lactobacillaceae were altered in opposite directions sex dependently. 

Cytokines involved in eosinophil-related immune activity were altered in males and females 

following stress and are correlated with significantly altered microbes. This exploratory analysis 

of compositional changes in the gut will elucidate some of the mechanisms by which stress 

dysregulates mood via the microbiome-gut-brain-axis in a sex specific manner. 
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Abstract: Chronic stress causes physical and mental disorders and leads to weakened immune 

system. This is associated with a bidirectional pathway that includes complex interactions 

between the gut and brain. The host’s microbiome can play a role in regulating this gut-brain 

axis. Therefore, it is important to elucidate the relationship between chronic stress and the gut 

microbiota, but it is poorly understood. In this study, we investigated behavioral changes and 

alteration in gut microbiome composition in mice exposed to chronic stress induced by electric 

foot shock. We conducted behavioral evaluation through an open field test. We extracted mice 

brain at the end of the experiment and measured their weight. Body weight can be an indicator of 

pain experienced by the animal. Therefore, it was monitored until the end of the experiment. We 

collected feces from chronic stress-induced mice for microbiome analysis through 16S rRNA-

based taxonomic profiles. We found that electric foot shock-induced chronic stress resulted in 

increased anxiety-like behavior and decreased brain weight. In the foot shock group, body 

weight and weight gain decreased compared with the control group, but it did not decrease 

compared to before the experiment. The foot shock group had altered gut microbiota 



characterized by increased Firmicutes/Bacteroidetes ratio and decreased species richness. At the 

species level, the foot shock group had higher abundance of Faecalibaculum rodentium, 

Clostridium celatum group, Lactobacillus murinus group, Lactobacillus reuteri group, and 

Lactobacillus gasseri group and lower abundance of Helicobacter japonicus, Akkermansia 

muciniphila and Lactobacillus intestinalis than the control group. Our results suggest that the gut 

microbiome may play a role as a key regulator of physiological pathogenesis caused by chronic 

stress. 
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Abstract: Physiological and psychological forms of stress influence appetite and impose 

significant health burdens. However, the neural substrates underlying stress and feeding 

responses are unresolved. Adrenergic tyrosine hydroxylase (TH) neurons in the nucleus tractus 

solitarius (NTS) respond to stress, yet their downstream targets are not well-established. We 

have shown that NTSTH inhibits melanocortin-4 receptor (MC4R) neurons in the paraventricular 

hypothalamus (PVH) and activation of this pathway is important for hypoglycemic hunger, a 

form of physiological stress. Based on the capacity of NTSTH neurons to respond a variety of 

stressors, we hypothesized that NTSTH→PVHMC4R function as a general stress effector circuit. 

As an initial step towards testing this hypothesis, we performed fiber photometry to monitor how 

various stressors influence circuit dynamics. With Axo-GCaMP, we found that physiological and 

psychological stressors robustly activate NTSTH axons in the PVH. Using the fluorescent 

norepinephrine reporter, NE2h, we found that stress-induced NTSTH projection activity is 

mirrored by rapid norepinephrine release onto PVHMC4R neurons. Using GCaMP, our results 

show that stress also inhibits PVHMC4R neurons. These responses are consistent with a stress 

sensitive inhibitory NTSTH→PVHMC4R connection. We next assessed the functional role of 

PVHMC4R neurons on emotional valence. A conditioning/real-time place preference assay with 

halorhodopsin showed that PVHMC4R suppression is aversive. Lastly, we found that 



chemogenetic PVHMC4R activation blocks LiCl-induced aversion, suggesting that PVHMC4R 

inhibition is necessary for negative valence caused by LiCl. Taken together, our findings indicate 

a critical role for the NTSTH→PVHMC4R pathway in stress response. Based on the importance of 

NTSTH and PVHMC4R neurons in appetite, future experiments are needed to clarify the role of this 

circuit in stress related feeding disorders. 
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Abstract: Obsessive Compulsive Disorder (OCD) is a highly disruptive chronic condition that 

affects approximately 1.2% of the adult U.S. population. OCD is commonly characterized by the 

presence of thoughts (obsessions) that trigger the execution of repetitive behaviors 

(compulsions). Rodent models of OCD typically examine highly stereotyped behaviors such as 

grooming. Self-grooming increases in the presence of stress in numerous rodent models. 

Mechanisms underlying this process remain to be delineated. We propose that a stressor triggers 

activation of BLA, synapses in the NAc, which in turn drives a striatonigral pathway known to 

induce grooming. We used tracing approaches in Fischer 344 rats to assess this pathway. Rats 

received a unilateral PHA-L (anterograde tracer) iontophoretic injection in the BLA and a 

complimentary ipsilateral/unilateral red Retrobead (retrograde tracer) injection in the SNr. We 

identified PHA-L labeled terminals in both the NAc and in the ventromedial aspect of the SNr, 

indicating the existence of BLA projections. Subsequent experiments examined grooming (in 

multiple contexts) as a parameter for stress-responsive behavior, as a means of identifying a 

reproducible model of stress grooming. Fischer 344 rats (a strain known for high levels of 

grooming) were exposed to two versions of elevated plus maze (EPM) tests (traditional/closed 

arm removal) paired with restraint stress. F344 rats exhibiting low baseline grooming 

significantly increased grooming behavior in the traditional EPM test following restraint 

exposure, consistent with stress enhancement of behavior. Removal of the EPM close arm 

enclosure in EPM-trained markedly increased grooming behavior in all rats, consistent with 

selection of an alternative coping strategy in the absence of the darkened recess. These data 

identify behavioral strategies to 1) explore individual differences in stress-induced grooming and 

2) test the ability to increase grooming behavior by removal of environmental safety signals. 



Follow-up studies tested the role of BLANAc circuitry in control of stress-induced grooming. 

F344 rats infused with Gq DREADD in BLANAc projections were exposed to CNO injected in 

home cage conditions (to test the strength of the pathway in the absence of stress cues) and in the 

context of EPM+restraint with closed arm removal. These studies test whether BLA circuitry 

subserve a stress-coping in an anxiety context. 
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Abstract: Humans frequently transition between different emotional states, each eliciting a 

unique neural pattern. These transitions can be conceptualized as neural trajectories, representing 

the underlying dynamic changes in emotional neural patterns. However, it is unknown whether 

these neural trajectories remain consistent or vary depending on the direction of the shift (e.g., 

neutral to negative vs. negative to neutral). The neural trajectory of the present emotional state 

can be influenced by past experiences, such as prior stimuli, as well as stressful life events. This 

highlights the inherent nature of the human brain and its potential impact on emotional 

processing based on history. To better understand this, we conducted an EEG experiment with 40 

healthy college students (50% females).Participants viewed sequences of four images (two 

neutral, two negative, each 4.5 seconds) from the IAPS collection. Affect transition was induced 

by changing from neutral to negative or negative to neutral conditions, repeated 18 times. We 

applied support vector machine to decode the opposite neural trajectories pair ( neutral to 

negative and negative to neutral). Our results revealed the following: 1) Neural trajectories 

‘neutral to negative’ and ‘negative to neutral’ were robustly decoded above chance (Group 

average accuracy = 56.1%, p = 0.00017). 2) This differentiation was associated with increased 

frontal alpha power and decreased frontal beta power. 3) Individuals with lower perceived stress 

showed marginally greater differentiation in neural trajectories compared to those with higher 

stress levels (two-sample t-test, t = 1.96, p = 0.06).These findings suggest that the direction of 

emotional shift critically influences neural trajectories between emotional states. Moreover, these 

trajectories may contribute to adaptive responses and behaviors, as indicated by the relationship 

with perceived stress.In summary, our study elucidates the dynamics of emotional transitions and 

highlights the role of neural trajectories in adaptive processes. These findings contribute to our 

understanding of emotional regulation mechanisms and may inform interventions targeting 

emotional well-being. 
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Abstract: Coping involves behavioral and cognitive processes that enable one to respond and 

adapt to stress. Coping strategies can be active or passive. Active coping is associated with less 

stress, and depressive symptoms, whereas passive coping (i.e., avoidance) is often maladaptive. 

Effective coping strategies play an important role in preventing stress-induced neuropsychiatric 

conditions, but little is known about the underlying biological processes and neurocircuitry that 

regulate effective coping strategies. The shock-probe defensive burying (SPDB) test is a well-

established animal model to test the coping behaviors of rodents. Our previous studies showed 

that adrenergic receptor signaling and galanin signaling in the lateral septum (LS) differentially 

regulated defensive burying responses (active coping) and immobility (passive coping) in the 

SPDB test. The LS receives glutamatergic input from the medial prefrontal cortex (mPFC), 

which has been implicated in the modulation of stress-related behaviors including the 

impairment of coping behaviors. Therefore, in the current study, we proposed that the mPFC-LS 

pathway is involved in the regulation of coping behaviors in the SPDB test. To test this 

hypothesis, a retrograde AAV5 virus that expresses Cre recombinase (rgAAV-Cre) and a virus to 

deliver a recombinase-dependent designer receptor exclusively activated by designer drugs 

(DREADD) were injected into LS and mPFC, respectively. In non-stressed rats, chemogenetic 

inhibition of the mPFC-LS pathway decreased active burying and shifted coping behavior from 

active to passive, indicated by a decrease in the burying ratio (bury time/bury time + immobility 

time). When the mPFC-LS pathway was activated by a Gq-DREADD, there was no effect on 

immobility or burying. Chronic unpredictable stress (CUS) induced a significant decrease of the 

burying ratio compared with non-stressed rats. Chemogenetic activation of mPFC -LS pathway 

reversed the effect of CUS by decreasing the latency to bury, reducing immobility, and restoring 



the burying time and bury ratio to unstressed control levels. Our results suggested that mPFC-LS 

pathway plays an important role in modulating coping responses to environmental stimuli. 
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Abstract: Previous research has shown that adverse experiences can cause profound, lifelong 

changes in the brain and behavior, with the bulk of knowledge surrounding combat-related post-

traumatic stress disorder (PTSD). Many symptoms seen in individuals suffering from PTSD—

anxiety, aggression, etc.—can be categorized as hyperarousal symptoms. a. Changes in reflexes 

to these pulses (unconditioned responding, UR) following dEBC are denoted as conditioning-

specific reflex modification (CRM), and this is used to represent the hyperarousal of reflexes 

seen in PTSD. To explore a potential mechanism for this, we are examining the role of the 

perineuronal net (PNN). PNN maturation in early life coincides with the closure of the critical 

period of learning in several brain regions, prior to which an individual’s experiences do not 

result in recorded memory. Altered development of the PNN during this critical period may be 

responsible for hyperarousal of the eyeblink UR, especially in the deep cerebellar nuclei (DCN) 

and basolateral amygdala (BLA), two structures shown to be heavily involved in sensorimotor 

learning. We use confocal microscopy on brain slices to visualize Wisteria floribunda agglutinin 

(WFA)-stained PNN and MAP2-stained neuronal soma. In the BLA and DCN tissue of rats 

undergoing paired conditioning, we expect to see a higher ratio of WFA+/MAP2+ signal 

compared to controls, representing a greater density of PNN-positive neurons. Preliminary 

behavioral data suggests that paired dEBC rats do show hyperarousal in the form of CRM. 

Analysis of posttest EMG responses to the series of periorbital pulses show a peak latency that is 

left-shifted, a higher peak amplitude, and a “double-peak” UR morphology in paired animals 

when compared to pretest, which was not seen in the unpaired group. Prior published data from 

our lab shows a higher density of PNN-positive neurons in paired dEBC animals, and that 

animals with a digested PNN have conditioned eyeblink responses (CRs) with smaller 

amplitudes and with smaller areas compared to saline-administered vehicle rats. This study aims 



to establish CRM in the rat in order to further support CRM as a model for PTSD-like 

hyperarousal, by showing this behavioral modification in a second species of animal model. 
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Abstract: The paraventricular thalamic nucleus (PVT) innervates several forebrain areas through 

their excitatory axon collaterals and are involved in important emotional and motivational 

functions. Activation or inhibition of PVT result in major changes in processing fear, arousal or 

stress related signals and alteration in homeostatic behaviors indicating that the optimal balance 

of excitation and inhibition is essential for its function. However, the origins of glutamatergic 

and GABAergic afferents to PVT is presently unclear. A major cell population of PVT contains 

calretinin (CR). These cells provide most of the thalamic inputs to the prelimbic cortex, 

amygdala and n. accumbens and selectively express c-Fos following stress. Whether PVT/CR+ 

neurons also selective regarding their afferentation remains to be established. Thus, in this study 

we aimed to explore i; the origins of excitatory and inhibitory inputs to PVT. ii; how selective 

these inputs are for PVT/CR+ cells iii; to what extent the different inputs converge or segregate 

in the PVT. In our experiments, we used retrograde and anterograde viral labelling in vGLUT2-

Cre, vGAT-Cre, and vGLUT2-Cre/vGAT-Flp double transgenic mouse strains to analyse 

subcortical inputs and Rbp4-Cre, NTSR1-Cre, FoxP2-Cre strains to label cortical inputs. We 

found that the subcortical afferents to PVT are widely distributed but the origin of excitatory and 

inhibitory inputs largely segregate. Co-innervation of PVT by both GABAergic and 

glutamatergic afferents was only observed from the periaqueductal gray. Axons from different 

subcortical areas overlapped significantly and were highly selective for the CR+ zone in the core 

region of PVT. In contrast the majority of cortical inputs arising from layer 5 pyramidal cells 

targeted the lateral, transient zone of PVT which contains fewer CR+ cells. Significant cortical 

inputs to the core region were only found in FoxP2 animals, which labels deep layer 6 cells. 

These results demonstrate that the PVT integrates excitatory and inhibitory information arising 

from distinct subcortical centers and that these subcortical inputs mainly target CR+ neurons. 

Cortical L5 inputs largely segregate from subcortical afferents and target a more lateral cell 



population. In summary, the data show that cortical and subcortical information is process by 

distinct cell populations in the PVT. 
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Abstract: Inappropriate inflammation has been linked to stress-related psychiatric disorders such 

as anxiety disorders, mood disorders, and posttraumatic stress disorder. Increasing evidence 

suggests that the microbiota, particularly a category of microorganisms referred to as “Old 

Friends”, is an important determinant of immunoregulation. However, how these “Old Friends” 

are able to exert their immunoregulatory effects is not fully understood. Subcutaneous (s.c.) 

injection of heat-inactivated Mycobacterium vaccae NCTC 11659, a saprophytic “Old Friend” 

from mud, has been shown to have a protective effect on anxiety- and depressive-like behaviors 

in several animal models of stress. For example, administration of M. vaccae prior to stress 

exposure has stress resilience effects in the juvenile social exploration test in male rats exposed 

to inescapable tail shock stress (IS) in a model of learned helplessness, but the mechanisms 

involved are not fully understood. Previous studies have shown that anxiety- and depressive-like 

behaviors are associated with an increase of circulating Ly6CHi inflammatory monocytes in 

mice. One hypothesis is that M. vaccae NCTC 11659 may be exerting its effects in part through 

its interaction with these inflammatory monocytes. This experiment characterized the effects of 

s.c. M. vaccae NCTC 11659 (three weekly s.c. injections of 0.1 mg of M. vaccae NCTC 11659 

in 100 µl of sterile borate-buffered saline) or vehicle on leukocyte subpopulations after IS or 

home cage control conditions (n = 6-8 per group) in rats using a nine-color flow cytometry 

immunophenotyping panel that identified neutrophils, inflammatory and anti-inflammatory 

monocytes, natural killer cells, B cells, and CD4+ and CD8+ T cells. Compared to home cage 



controls, IS increased the relative abundance of neutrophils but decreased the relative abundance 

of lymphocytes in peripheral blood six hours after IS. Additionally, IS increased the relative 

abundance of inflammatory monocytes, suggesting that the stress-induced effects of IS may be 

due in part to increases in the relative abundance of inflammatory monocytes. These novel data 

are consistent with the hypothesis that inflammatory monocytes are involved in the pathogenesis 

of stress-induced anxiety-like defensive behavioral responses. Prior administration of M. vaccae 

NCTC 11659 not only attenuated the increase of inflammatory monocytes, but caused an 

increase of NK cells. Our data suggest that M. vaccae NCTC 11659 may exert its 

immunomodulatory effects in part by reducing the number of inflammatory monocytes. 
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Abstract: Post Traumatic Stress Disorder (PTSD) is a human disorder with a variety of long 

term effects, such as extinction and fear memory deficits. An animal model commonly used to 

model symptoms of fear in rodents is the Single-Prolonged Stress (SPS) model. Previously, it has 

been shown that SPS modulates activity in many stress related brain regions, such as the 

basolateral amygdala (BLA) and the bed nucleus of the stria terminalis (BST). It has also been 

shown that the BST plays an important role in the generalization of a threat. The BLA appears to 

have a stronger effect on imminent fear, while the BST appears to have a stronger effect on 

contextual sustained fear over longer periods of time. Here we investigated the effects of SPS on 

threat generalization and on activation in the BST (anterolateral and anteroventral subnuclei) and 

BLA, via c-fos staining. After acquiring animals with either an imminent (1 min) or delayed (9 

min) shock, we tested them by placing them in a novel context with no shock to determine the 

degree to which they generalized a threat. The animals were euthanized 90 minutes after testing 

to allow for the quantification of activated c-fos. There appears to be decreased freezing in the 1-

minute shock control animals on testing day compared to the 9-minute shock control animals, 

suggesting less generalization of threat, just with a different shock time. Further analysis will 



determine molecular and behavioral differences between groups as we examine effects of both 

shock time and stress. Understanding the role of SPS in threat generalization will help us better 

understand potential mechanisms of stress processing and the long-term effects of post-traumatic 

stress. 
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Abstract: Early life stress is a consistent predictor of later-life obesity. In hamsters, a two-week 

exposure to chronic social stress in adolescence causes a consistent 10% increase in weight gain, 

food intake, and body fat. To examine possible differences in food-related motivation, we tested 

hamsters under a food hoarding and food conditioned place preference (CPP) task. Male Golden 

Hamsters (n=10/group) were exposed to a resident-intruder or clean cage control condition for 

20 minutes per day from postnatal day 28 (P28) to P42 (early- to mid-adolescence) and a CPP 

protocol from P38 to P42. On food hoarding training days, stressed and non-stressed subjects 

both spent more time in the food wing, yet stressed subjects collected twice as much food as 

controls. However, on the CPP day, while control hamsters spent more time in the food-

associated wing, stressed subjects spent equal amounts of time in all wings. CPP differences are 

likely associated with a form of frustration associated with lack of expected rewarding stimuli. In 

a previous study, similarly stressed hamsters spent less time in areas previously associated with 

food rewards under unexpectedly long delays. Brains of subjects (n=10/group) were 

immunocytochemically labeled for orexin and images of regions related to motivation and 

metabolism were taken. Axonal innervation was quantified via counting intersections with a 

cycloid grid and transformed to surface area. Of regions quantified, none showed group 

differences in innervation. However, orexin innervation in the dorsal raphe nucleus (DR) 

displayed a positive correlation with body weight, rate of weight gain, fat mass, and food 

hoarded in stressed subjects and no such relationship in controls, with the difference being 

statistically significant. These findings may reflect stress-sensitive mechanisms in orexin’s 

influence on serotonergic activity related to feeding, arousal, and energy expenditure that alter 

lifelong metabolic processes. 
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Title: Transient elevation of corticosterone supports psilocybin's anxiolytic effects 
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Abstract: Investigation into the clinical use of the serotonin (5HT-2A) receptor agonist 

psilocybin in conjunction with psychotherapy has shown promising therapeutic results in the 

treatment of psychiatric disorders. Correlations between drug-induced cortisol elevation and 

treatment outcomes have been reported for human studies during psilocybin-assisted 

psychotherapy; however, the mechanistic relationship between psychedelic-associated alterations 

in plasma corticosterone (CORT) responses and the anxiolytic efficacy remains unclear. A time 

course for psilocybin to induce anxiolysis in the absence of any intervention was conducted with 

C57/Bl6 mice and LC-MS/MS. Serum samples tested at doses of 0.3, 1, and 3 mg/kg found peak 

concentrations at 15 min post-injection. In the open field test 15 minutes post-injection, mice that 

received 3mg/kg psilocybin demonstrated decreased center time, while the 0.3 mg/kg exhibited a 

dose-dependent increase. However, at 4 h post-injection, the reverse was found, in that 0.3mg/kg 

psilocybin decreased center time. This dose-dependent interaction correlates with psilocybin-

induced increases in CORT levels that peak at 15 min and return to baseline by 4 h. In addition, 

the non-hallucinogenic compound lisuride and NDMAR antagonist ketamine were used and 

demonstrated a transient increase in corticosterone concentrations at 15 min and returned to 

baseline by 4 h. When tested in the novelty suppressed feeding test, all three compounds reduced 

the latency to feed 4 h post-injection. Although following exposure to chronic oral CORT and 

when administered the glucocorticoid antagonist, mifepristone, both psilocybin and ketamine lost 

this anxiolytic effect. Chronic exposure to CORT and mifepristone suppressed the psilocybin-

induced stress response and increased CORT. At a dose of 3 mg/kg IP psilocybin was found to 

have post-acute anxiolytic-like effects that were not altered by pretreatment with the non-

hallucinogenic 5-HT2AR antagonist, ketanserin. In addition, psilocybin has demonstrated 

sustained antidepressant effects following a single administration, although the neuronal 

population supporting these effects remains unresolved. Given that changes in neural activation 

patterns may be directly relevant to psilocybin’s anxiolytic efficacy, whole brain clearing and 

cFos staining was used to quantify changes in neural activation. Cleared whole-brains were 



imaged, cell-counted, registration to the Alan Brain Atlas as preliminary data. These results 

suggest that psilocybin-induced stress response, and increased plasma CORT levels, are 

supportive of the observed anxiolytic effects. 
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Abstract: In mice exposed to social defeat stress, nest-building behavior is delayed (Otabi et al., 

Behav Processes., 2016; 2017), but the underlying mechanism remains unclear. Reportedly, the 

activation of arginine vasopressin (AVP) neurons in the hypothalamic paraventricular nucleus 

inhibits nest building (Bendesky et al., Nature., 2017). In this study, we focused on the 

relationship between hypothalamic AVP, which is involved in nest building, and stress 

regulation, to identify the mechanism responsible for delayed nest building in mice exposed to 

acute social defeat stress (ASDS). We hypothesized that ASDS induces the activation of 

hypothalamic AVP neurons and elevates AVP concentration, which, in turn, inhibits nest 

building. Eight-week-old male C57BL/6J mice (B6) were subjected to physical stress for 5 min 

by aggressive ICR male mice. Subsequently, the B6 mice were transferred to the opposite side of 

the transparent partition in the same cage to induce psychological stress (Otabi et al., Behav 

Processes., 2017). Blood and hypothalamus were collected 1, 6, and 24 hours after ASDS, and 

AVP concentration was measured using EIA. After injecting (i.p. or i.c.v.) a vasopressin 1b 

receptor antagonist (SSR149415; SSR), the mice were exposed to ASDS, and the nest-building 

behavior was assessed using the nest score (Deacon, Nat Protoc., 2006). Hypothalamic AVP 

levels decreased 24 hours after ASDS exposure compared to that in the control group, but no 



significant differences were observed at other time points between the groups. Neither i.p. nor 

i.c.v. administration of SSR could restore or improve the delayed nest-building behavior in 

ASDS-exposed mice. These findings suggest that hypothalamic and peripheral AVP may not be 

involved in nest-building deficits observed in ASDS-exposed mice. Our results differ from 

previous findings reported by Bendesky et al. (Nature., 2017). The decrease in AVP protein 

expression in the hypothalamus 24 hours after ASDS may be considered a novel finding; 

however, further investigations are necessary to ascertain the physiological significance of this 

phenomenon. 
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Abstract: Symptoms of psychosis are observed in numerous neuropsychiatric disorders 

including PTSD and schizophrenia and are thought to be driven by aberrant dopamine 

transmission in mesolimbic brain regions. Earlier work has revealed a key circuit that modulates 

dopamine activity in the ventral tegmental area (VTA) that includes the ventral hippocampus 

(vHipp), paraventricular nucleus of the thalamus (PVT), nucleus accumbens (NAc), and ventral 

pallidum (VP). Dysfunction at any of these brain regions can lead to disinhibition of VTA 

dopaminergic neurons, resulting in psychosis-like symptoms. The 5-hydroxytrptamine 4 (5-HT4) 

receptor is highly expressed in some of these brain regions and is being examined as a potential 

therapy for depression and anxiety. Given this, we believe it may also have utility in treating 

symptoms of psychosis. In this study, we used two different rodent models (MAM and two-day 

foot shock) that display psychosis-like symptomatology to investigate the role of 5-HT4 

receptors in the regulation of dopamine neuron activity. We performed electrophysiological 

recordings in the VTA of rats and found elevated levels of spontaneously active dopamine 

neurons in our models used to study psychosis. Interestingly, the systemic administration of 

BIMU8 (1 mg/kg i.p.), a selective 5-HT4 receptor agonist, was able to reverse aberrant dopamine 

system function in both models. Furthermore, intracranial injections of BIMU8 (7.5 ug) into the 

NAc were also able to normalize dopamine system function, suggesting that 5-HT4 receptors in 



the NAc are mediating this effect. Taken together, the results of this study suggest that 5-HT4 

receptors may be involved in the regulation of VTA dopamine transmission under pathological 

states and could be a potential therapeutic target for disorders where symptoms of psychosis are 

present. 
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Abstract: Suicide is the fourth leading cause of death among young people aged 15 to 19 

worldwide (OMS, 2019). The etiology of suicidal behavior is complex and multifactorial; 

psychiatric illnesses have been correlated with suicide. Mann et al. (1999) found that 

approximately 95% of suicide victims had a mental illness such as depression, bipolar disorder, 

etc. From the neurobiological point of view, a model of diathesis or predisposition has been 

proposed with stressors of daily life and pathophysiological factors, such as aggressive and 

impulsive personality traits, which trigger suicidal crises independently of psychiatric disorders 

(Nugent et al., 2019). Although these findings have contributed to explaining the 

pathophysiology of suicidal behavior, much remains to be discerned about the molecular 

mechanisms, especially in aspects of gene regulation induced by miRNAs.Therefore, in this 

study, we examined differentially expressed miRNAs and mRNAs in brain tissue from suicide 

victims and brain tissues from healthy individuals by extracting four Gene Expression Omnibus 

(GEO) datasets. The first analysis consisted of extracting the differential expression profile of 

miRNAs (GSE344120, GDE101521), were we found 23 differentially expressed miRNAs from 

suicide victims versus healthy individuals, 5 of these miRNAs (miR-17-5p, miR-20a, miR-155, 

miR-181a y miR-497) were previously associated with suicide and suicide behavior. We found 



18 miRNAs downregulated in both datasets and 5 miRNAs upregulated. In addition, the 

expression profile of mRNA (GSE66937, and GSE101521) was obtained, finding 6 mRNAs 

differentially expressed, NFKBIA, SVIL, C1QA, ITGA2B, RBP1and CD59, we carried out the 

search for the miRNAs that regulate these mRNAs, finding that NFKBIA and CD59 are 

regulated with 7 miRNAs that we found differentialy expressed. In both cases, with the 

differences in expression profiles, a gene regulation network model was created (transcription 

factors and mRNA-targets) generated by SAM and confirmed by LIMMA. Finally, an analysis 

of functional enrichment by KEGG signaling pathways and biological processes by Gene 

Ontology (GO) was performed. 
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Abstract: Rodent studies have demonstrated that the gut microbiota shapes the development and 

responsiveness of the Hypothalamic Pituitary Axis (HPA). In humans, the administration of 

probiotics has been shown to improve stress responses, and the composition of the gut 

microbiota in infants has been linked to cortisol reactivity following exposure to stressors. 

Furthermore, individuals with anxiety who also exhibit HPA dysregulation have been found to 

have a distinct gut microbiota signature compared to healthy controls. However, there are 

currently no examinations of the connection between the composition of the gut microbiota in its 

homeostatic state and HPA reactivity in healthy adults. Our study (N=134) investigated whether 

variations in individuals' cortisol responses following a physical stressor (the Cold Pressor Task) 

were associated with differences in their microbiota composition. Analysis using PERMANOVA 

on Weighted UniFrac at both the species and genus levels did not reveal any significant 



association between cortisol increase after stress and gut microbiota composition. Even though 

our sample was more than double the size of previous studies in humans, it is possible we are 

underpowered to detect such an effect. Alternatively, the observed associations between the gut 

microbiome and HPA axis activity in previous human studies may depend on specific population 

characteristics. To explore these possibilities, further research could offer valuable insights. 
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Abstract: The C58/J inbred mouse strain has a behavioral profile that reflects the core symptoms 

of autism, including deficits in sociability, impaired communication, and overt motor 

stereotypies. These mice have been extensively studied in the context of social behavior and 

communication deficits. However, little is known about any anomaly in neuropeptide circuitry in 

these animals. Recently, neuropeptide arginine vasopressin (AVP) ascending circuits' role on 

behavior has been extensively studied. AVP influences several emotional disturbances such as 

anxiety, depression, exaggerated fear, etc., as well as promotes social interaction upon 

homeostatic challenges.To evaluate the influences of AVP in autism spectrum disorder (ASD) 

behavioral expression in C58/J mice, we first mapped the AVP expression in the whole brain of 

C58/J, comparing it with C57BL mice. Using immunohistochemistry, we found potentiated 

peptide and atypical innervation patterns in the nucleus basalis of Meynert (NBM), zona incerta, 

the bed nucleus of stria terminals, and the medial amygdala. Interestingly, we observed the 

innervation of NBM showed an orthogonal migration/innervation pattern of AVP cells and fiber 

from the paraventricular nucleus of the hypothalamus. 
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Abstract: In humans, stress is often correlated with a change in eating behaviors, increasing 

caloric intake in many individuals. The underlying hormonal and neural signaling pathways 

behind stress-induced binge-eating behaviors have yet to be determined. This is largely due to 

the lack of validated behavioral models linking stress and binge eating despite the common 

patterns observed in humans. Here, we focused on the development and characterization of a 

stress-induced binge-eating mice model using forced swim stress and a highly palatable diet 

(HPD). We found that stressed mice consumed significantly more HPD relative to their baseline 

consumption using both swim stress and foot shock. In contrast, this binge-eating phenotype was 

not seen in a calorically demanding wheel-running assay. The dynorphin (dyn)/kappa opioid 

receptor (KOR) neuropeptide system is well known for playing a crucial role in mediating the 

dysphoric/anhedonic aspects of stress. We thus investigated the potential role of KOR in our 

behavioral model. Injection of the KOR selective agonist U50,488H (5 mg/kg) resulted in an 

increase in HPD consumption while the KOR selective antagonists aticaprant (5 mg/kg) and 

norBNI (10 mg/kg) blocked forced-swim induced binge-eating behaviors, indicating a prominent 

role for dynorphin/KOR signaling in this behavior. We used cFos mapping to determine brain 

regions of interest and found that the claustrum (CLS), a subcortical structure with highly 

abundant expression of KORs, shows significant increases in cFos expression after stress and/or 

HPD exposure. Local norBNI injected in the claustrum recapitulated systemic injection, blocking 

stress-induced increases in HPD intake. Fiber photometry recordings in the claustrum using the 

fluorescent dynorphin sensor kLight revealed elevated dynorphin release. Injection of retrograde 

virus rAAV-DIO-GFP and slice imaging in Pdyn-Cre mice traced these dynorphin releasing 

neurons back to the insular cortex. We also injected CaMKII-GCaMP into the claustrum and 

observed elevated activity matched to HPD feeding onsets. Finally, we stimulated synaptic 

terminals in the claustrum of the insular cortex Pdyn-Cre neurons infected with AAV-DIO-

Chrimson and found a small increase in HPD consumption. Our results demonstrate a robust 

behavioral model for stress-induced binge eating. Furthermore, the dynorphin/KOR system in 

the CLS appears to be important for this elevation in HPD intake after stress. This assay will 

allow researchers to begin to study the underlying hormonal and neural determinants behind 

stress-induced binge-eating behaviors mimicking eating disorders in humans. 
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Abstract: Periaqueductal gray matter (PAG) is one of the brain regions rich in kappa-opioid 

receptors (KOR). KOR in PAG mediates behavioral responses related to pain integration, and 

panic response, among others. Its participation in the addiction phenomena has been poorly 

studied. In this research, its function during alcohol withdrawal on anxiety-type behaviors and 

alcohol relapse was explored. Juvenile male Wistar rats were unexposed (A-naïve group) or 

exposed to alcohol for 5 weeks and then restricted (A-withdrawal group). Posteriorly, animals 

received intra dorsal-PAG (D-PAG) injections of vehicle (10% DMSO), salvinorin A (SAL-A; 

0.1 nmol/0.5 μl) a potent selective agonist of KOR, or 2-Methyl-N-((2'-(pyrrolidin-1-

ylsulfonyl)biphenyl-4-yl)methyl)propan-1-amine (PF-04455242; 0.1 nmol/0.5 μl) a novel highly 

selective KOR-antagonist. Subsequently, defensive burying behavior (DBB) paradigm and 

alcohol preference was evaluated. SAL-A markedly increased burying time, height of bedding, 

alcohol consumption and preference in A-withdrawal, while in A-naïve rats it slightly increased 

height of bedding. PF-04455242 decreased both burying and immobility duration, whereas 

increases latency to burying, frequency of rearing, and the number of stretches attends besides 

decreased alcohol intake and preference in A-withdrawal rats. In general, stimulation/blockade 

of KORs in A-withdrawal animals exert higher responses compared to alcohol-naïve ones. SAL-

A produced anxiety-like behaviors and increased alcohol intake/preference, especially/solely in 

alcohol-withdrawal, while PF-04455242 augmented exploration with no effects on alcohol 

intake/preference. Our findings suggest hyperreactivity of the KORs in PAG during alcohol-

withdrawal. 
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Abstract: Stress is considered the main predisposing factor for the development of depression-

like behaviors. Motivational deficits and anhedonia are one of the most affected areas. However, 

the differential impact depending on the kind of stressor and the sex of the subjects are not 

considered in many studies. For all this, the main goal of this research was to analyze the 

hedonic reaction and motivation in an animal model of unpredictable chronic stress and social 

isolation in male and female Wistar rats. Particularly, we used chronic unpredictable stress 

battery (CUSB) and post-weaning social isolation (PWSI). We evaluated the motivation with the 

test of progressive ratio (PR) and the conditioned place preference test (CPPT). Additionally, we 

use the saccharine preference test (SPT) and free choice task (FCT) for the hedonic reaction. We 

found a sex divergence in males with CUSB and PWSI induced anhedonia. This was observed 

through the decrease in saccharine and evaporated milk consumption in SPT and FCT tests. 

However, the females with CUSB don’t decrease their consumption. On the other side, PWSI 

increments the intake of evaporated milk. Additionally, the males with CUSB had a minor 

breaking point, increased latency to retrieve a reward and more consumption of water in the PR 

test. All those results support the motivational impairment with CUSB, while PWSI has not. This 

dissociation was not found in females. In conclusion, the dissociation of hedonic reaction and 

motivation is sex and stressor-type dependent. The above demonstrate how important are 

considerate stressor type and sex in depression and stress models. 
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Title: Characterization of the stress response in Octopus maya: Behavioral changes produced by 

acute white bright light exposure. 

Authors: *D. GONZÁLEZ-NAVARRETE1, N. TRUJILLO-GUTIÉRREZ2, F. SÁNCHEZ-

FLORES2, F. AYALA-GUERRERO2, D. B. PAZ-TREJO3, H. SÁNCHEZ CASTILLO2;  
1Univ. Nacional Autónoma De México, Ciudad de México, Mexico; 2Univ. Nacional Autónoma 

de México, Ciudad de México, Mexico; 3Univ. Nacional Autonoma de Mexico, Mexico City, 

Mexico 

Abstract: In the environment, the organisms are exposed to stressful stimuli that require 

behavioral and physiological adaptation. In this fashion, the stress response becomes extremely 

important, because its activation allows the individuals to increase the probability of survival. 

Unfortunately, the evaluation of the stress response in octopuses is one poorly studied area. So, 

the knowledge about the effects of environmental stressors that may have on behavior and 

cognition remains unclear. Octopuses have been shown to be inactive inside a den throughout the 

day, avoiding light so as not to be detected by predators. For this reason, we propose the white 

bright light as environmental stressor in order to study the stress response in octopus. So, the 

main goal of this study was to evaluate the behavioral changes in O. maya produced by an acute 

stress exposure of bright light. Four individuals of Octopus maya were used and maintained in 

tanks with a closed circulation seawater system in a 12:12 LD cycle. They were divided into 2 

groups: a group exposed to a low intensity red light 30lx (control) and a group exposed to white 

bright light 130lx (experimental). The experiment was performed in an experimental tank 

(60x40x30cm) and the exposure to the white bright light was made for 12 hours (08:00-20:00). 

We evaluated the time and frequency of rest and locomotion behavior in octopus. The obtained 

results showed that the exposure to acute stress (12h) decreased the time and frequency of 

locomotion behaviors (climbing and jet propulsion) and has no effects in crawling and rest 

behaviors in comparison with the control group in O. maya. Those results suggest that the use of 

the white bright light as an environmental stressor triggers the stress response and provoke a 

change in the behavior of the octopus. This is good precedent for future research in this field and 

encourage to pay more attention to the environmental stimuli that we use in the laboratory 

conditions. 
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Title: Modulation of mGluR5 on depression-like, anxiety-like behaviors and spatial memory 

induced by predator stress exposure. 
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Abstract: The prevalence in the development of stress-related disorders is higher in women than 

in men. However, findings on the underlying mechanisms as well as the evaluation of 

pharmacological treatments of stress-related disorders have been reported mostly in males. 

Exploration of biological systems of stress-induced depression-like and anxiety-like behaviors in 

females is necessary to have a better understanding of the effects of stress, prevalence, 

symptomatology, prognosis, and treatment of stress-related disorders in females. On the other 

hand, the involvement of the glutamatergic system has been an alternative in the explanation of 

the mechanisms that modulate the stress response. For example, it has been reported that the 

administration of MTEP, an inhibitor of mGluR5 receptors, has antidepressant and anxiolytic 

effects. Exposure to stress increases the expression of mGluR5 receptors in the prefrontal cortex, 

amygdala, and hippocampus, so these receptors may be associated with stress-induced 

depression-like, anxiety-like, and fear-like behavior. However, no studies have been conducted 

on the effects of MTEP administration under stress conditions in females. The goal was to 

evaluate the intracerebroventricular administration of MTEP in females after exposure to 

predator stress. Female Wistar rats (12 weeks old) were used. Subjects were divided into a 

vehicle group and 3 different concentrations of MTEP groups (1ug/ul, 5ug/ul, and 10ug/ul), half 

of the subjects were stressed, and the other half were kept in non-stressed conditions (n=10 per 

group). After stress exposure, they were evaluated with the Barnes maze test, open field test, and 

forced swim test. The results found in the Barnes maze were stress decreases escape latency and 

the number of errors in the training phase, however, in the reversal training phase stress increases 

escape latency and the number of errors, and this is improved with the administration of the 

highest concentration of MTEP (10 ug/ul) but not with the lowest concentration of MTEP 

(1ug/ul). In the open field test stress decreased the time spent in the center of the arena and 

increased the time spent immobile in the forced swim test, while the stress-exposed group 

administered the highest concentration of MTEP (10ug/ul) increased the time spent in the center 

and decreased the time spent immobile, but not with the lowest concentration of MTEP (1ug/ul). 

The observed effects of MTEP administration can reverse stress-induced effects, indicating an 

important role of mGluR5 receptors in modulating stress in females. 
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Abstract: Using single-cell RNAseq to identify novel target genes and pathways in stress 

responses and antidepressant action 

Authors: Shofiul Azam, Betty Bigio, Neelu John, Yotam Sagi, Chaitan Khosla, Carla Nasca 

The ventral hippocampus is emerging as a central hub and critical for the regulation of the 

responses to chronic stress and antidepressant drugs. Our and other laboratories showed 

transcriptome-wide alterations in the ventral hippocampus after chronic stress, with a specificity 

of changes in the ventral dentate gyrus (vDG), and that administration of acetylcarnitine (LAC) 

rapidly ameliorate stress-induced effects on these transcriptomic profiles. Here, we used 10X 

Genomics droplet-based technology to perform Single Cell RNAseq (scRNAseq) for identifying 

the effects of chronic stress and antidepressant drugs of interest on each cell type of the ventral 

hippocampus, including the vDG. Our preliminary data showed a robust dissociation of single 

nuclei from the ventral hippocampus as shown by the integrity of nuclei as well as the absence of 

nuclear aggregates and cellular debris. Next, using 10x Genomics Chromium Controller System 

and Illumina Novaseq6000, we obtained high-quality reads (95% of reads with quality>= Q30) 

with a sequencing depth of 37300 reads/nucleus from a total of 10411 nuclei/sample. Our 

preliminary scRNAseq data and advanced bioinformatic analysis also showed ~20 distinct cell-

type clusters based on their expression patterns. Ongoing experiments are aimed at identifying 

gene expression profiles of specific cells that are known targets of chronic stress and 

antidepressant drugs. The single-cell approach here serves as a model for identifying new 

markers and underlying mechanisms of predisposition to diseases and antidepressant action that 

may be useful in translational research. 
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Abstract: Exosome-mediated transfer of functional biological material is a recent addition to 

fundamental regulatory mechanisms that contribute to the modulation of brain plasticity. 

Preclinical studies have shown that the release of exosomes is regulated by glutamatergic 

neurotransmission, and that patients suffering from major depressive disorder show increased 

peripheral levels of neuronal exosomes. Here, we provide an RNA-seq roadmap for two stress-

sensitive brain areas, the ventral dentate gyrus (vDG) and basolateral amygdala (BLA), capturing 

transcriptome-wide alterations in these regions after 21 days of chronic restraint stress (CRS), a 

paradigm which has previously been shown to result in glutamate overflow as compared to non-

stressed controls. Advanced bioinformatic analyses showed 395 differentially expressed genes in 

the vDG and 115 in the BLA (FDR < 0.15, |log(fold change)| ≥ 1.3). 43 of these overlap, and are 

related to exosomal processes across the two interconnected brain regions. Ongoing analyses are 

aimed at testing the role of the metabotropic glutamate receptor-2 (mGlu2), a key inhibitor of 

spontaneous glutamate release, in the regulation of exosome signaling in the CRS paradigm. 

These findings provide a starting point for the creation of a novel mechanistic framework for 

brain plasticity in the response to chronic stress. 
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Abstract: Stress is a primary risk factor for the development of mood and cognitive disorders. 

Prior work showed that 2 hours of daily restraint for 21 days leads to pronounced behavioral 

deficits, and that administration of the novel epigenetic modulator of glutamatergic function 

Acetyl-L-carnitine (LAC) rapidly ameliorates the effects of stress. At present, technologies for 

monitoring the progression of the effects of stress on complex behaviors are not available. Here, 

we assessed the behavioral effects of sub-chronic (7 and 14 days) and chronic (21 days) restraint 

stress on emotional and cognitive outcomes using traditional tests and compared them with new 

data that we generated using a cutting-edge, automated, high-throughput behavioral system for 

continuous recording from mice in their home cages to capture the progression of stress 

responses over time. We also linked these behavioral phenotypes to underlying changes in 

signaling pathway in specific brain regions. Our data show a progressive manifestation of stress-

induced behavioral abnormalities, with specific behavioral deficits occurring at 21 days only 

(n=12/group, p<0.05). Ongoing work is aimed at testing the effects of administration of LAC and 

standard antidepressant drugs in ameliorating the effects of stress on brain plasticity using this 

novel home-cage recording system. The continuous, automated, home-cage behavioral recording 

is particularly important because it will help us to obtain integrated measures of multi-faceted 

domains altered by chronic stress. 
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Abstract: Research has shown a strong association between post-traumatic stress disorder 

(PTSD) and cardiovascular dysfunctions. However, the mechanisms linking PTSD and cardiac 

functions are poorly understood. Previous studies have elucidated that the brainstem contains 



centers that regulate both stress response and cardiac functions. The nucleus ambiguus (NA) in 

the brainstem sends direct neuronal projections to the heart and is a primary parasympathetic 

regulator. While several neuropeptides are expressed in the NA, studies have shown that 

pituitary adenylate cyclase-activating polypeptide (PACAP) is highly expressed in the NA. 

PACAP regulates central and peripheral stress responses. Thus, we hypothesized that NA-

PACAP neurons play a role in coordinating stress-related fear responses and cardiac function. To 

test this hypothesis, we injected AAV-expressing designer receptors (DREADDs) to allow 

activation/inhibition of NA-PACAP neurons in Adycap1-Cre mice (~n=5/group). We used 

stress-enhanced fear learning (SEFL) to assess fear expression, and open-field light gradient task 

to measure anxiety-like phenotype. We also employed telemetry in conjunction with behavioral 

analysis to capture real-time cardiac changes. At the end of the study, we collected the brain to 

check for viral placement and blood and bone marrow to analyze immune cell expression using 

spectral flow cytometry. Our results demonstrated that NA-PACAP chemogenetic activation 

with clozapine increased freezing behavior, blood monocytosis, and myeloid hematopoiesis in 

stressed mice, like unstimulated stressed mice. However, unstimulated and NAPACAP-activated 

stressed mice did not exhibit changes in heart rate deviation (HRD). This indicates that NA-

PACAP neurons are activated in response to stressors but do not influence associated cardiac 

functions. Chemogenetic inhibition of NA-PACAP alone in stressed mice increased freezing, 

blood monocytosis, and myeloid hematopoiesis in unstressed mice. Chemogenetic inhibition of 

NA-PACAP in stressed mice increased anxiety-like phenotype while lowering HRD, which 

indicates a reduction in parasympathetic activity or increased sympathetic dominance. Our 

results suggest that NA-PACAP inhibition may lead to a domination of sympathetic fear 

response, anxiety-like phenotype, and lower HRD. Thus, a genetic and cell-type specific 

regulation via the NA-PACAP pathway regulates stress-induced changes in behavior, immune 

cell trafficking, and cardiac function in stressed mice. Our results are relevant for understanding 

the mechanisms linking stressors, behavioral outcomes, and cardiovascular changes as observed 

in PTSD. 
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Abstract: Post-traumatic stress disorder (PTSD) has a long-lasting adverse impact on brain and 

body health and behavior. Preclinical research suggests that broad stimulation of the vagus 

nerve, a major parasympathetic pathway, is effective for counteracting some PTSD symptoms in 

humans. However, the specific cell populations that drive this effect are unknown. Research 

suggests that pituitary adenylate cyclase-activating polypeptide (PACAP), which is expressed in 

the vagal nodose ganglion (NDG), is integrally involved in stress mechanisms. Thus, we 

hypothesized that selective stimulation of the PACAPergic pathway stemming from the NDG is 

sufficient to reduce behavioral and physiological effects of stressors in mice. To achieve this, we 

selectively stimulated PACAPergic neurons in the NDG and studied the effect on contextual 

fear, cardiorespiratory function, and anxiety-like behavior in mice. We micro-infused separate 

cohorts of Adcyap1-2A-Cre mice with AAV8-hSyn-DIO-rM3D(Gs)-mCherry into the NDG and 

utilized the designer drug clozapine to chemogenetically activate PACAPergic neurons. We 

sacrificed the first cohort (n=2) and performed cFos staining in brain areas known to regulate 

stress. The second cohort (n=25) was tested for stress-enhanced fear learning (SEFL) and 

contextual fear extinction. In a subset of mice (n=12) we also performed non-invasive pulse 

oximetry during behavior to acquire heart rate deviation (HRD) data. Finally, we assessed 

anxiety-like behavior in the elevated plus maze (EPM) in a subset of mice (n=13). Following 

chemogenetic activation of PACAPergic neurons in the NDG we observed an increase in cFos+ 

cells in the nucleus of the solitary tract, locus coeruleus, central amygdala, and paraventricular 

nucleus of the hypothalamus. NDG PACAPergic stimulation did not affect freezing behavior 

during SEFL. However, following contextual fear extinction in stressed animals paired with 

chemogenetic PACAPergic stimulation in the NDG, we observed a significant reduction in 

freezing behavior compared to stressed AAV8-hSyn-mCherry controls. PACAPergic stimulation 

in stressed mice also resulted in a rescue of HRD prior to extinction and an increase in open arm 

exploration in the EPM compared to controls. Our results indicate selective chemogenetic 

stimulation of NDG PACAPergic neurons alters neural activity in brain areas involved in stress 

regulation and coordinates peripheral cardiorespiratory signals with central responses to 

stressors. This research highlights the need to interrogate brain and body interactions via 

genetically defined vagal neurons to advance novel therapeutics for stress-related conditions like 

PTSD. 
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Abstract: Metabolomics, proteomics and DNA methylome assays, when done in tandem from 

the same blood sample and analyzed together, offer an opportunity to evaluate the molecular 

basis of post-traumatic stress disorder (PTSD) course and pathogenesis. We performed separate 

metabolomics, proteomics, and DNA methylome assays on blood samples from two well-

characterized cohorts of 159 active duty male participants with relatively recent onset PTSD (< 

1.5 years) and 300 male veterans with chronic PTSD (> 7 years). Analyses of the multi-omics 

datasets from these two independent cohorts were used to identify convergent and distinct 

molecular profiles that might constitute potential signatures of severity and progression of PTSD 

and its comorbid conditions. Molecular signatures indicative of homeostatic processes such as 

signaling and metabolic pathways involved in cellular remodeling, neurogenesis, molecular 

safeguards against oxidative stress, metabolism of polyunsaturated fatty acids, regulation of 

normal immune response, post-transcriptional regulation, cellular maintenance and markers of 

longevity were significantly activated in the active duty participants with recent PTSD. In 

contrast, we observed significantly altered multimodal molecular signatures associated with 

chronic inflammation, neurodegeneration, cardiovascular and metabolic disorders, and cellular 

attritions in the veterans with chronic PTSD. Activation status of signaling and metabolic 

pathways at the early and late timepoints of PTSD demonstrated the differential molecular 

changes related to homeostatic processes at its recent and multi-system syndromes at its chronic 

phase. Molecular alterations in the recent PTSD seem to indicate some sort of recalibration or 

compensatory response, possibly directed in mitigating the pathological trajectory of the 

disorder. 
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Abstract: During the day, the brain receives exogenous and endogenous stimuli and stored 

information are consolidated during the night (Fattinger, et al. 2017). Deepest sleep (N3) is an 

important sleep stage of our brain involved in memory function, synaptic and network plasticity 

(Geva-Sagiv, et al. 2023). Phase synchrony represents a mechanism for enabling efficient large-

scale neural communication (Nayak, et al. 2017). This work aims to study how sleep affects 

phase synchrony in humans.We computed the Phase Locking Value (PLV) between cortical 

regions outside the epileptogenic zone between 2 and 250Hz to evaluate the phase 

synchronisation LFP signal. We acquired an average of 10 minutes of spontaneous activity in 

wake condition (eyes-closed) and during the N3 from 36 drug-resistant focal epileptic patients 

undergoing invasive presurgical evaluations. We excluded inter-ictal epileptic spikes from the 

analyses as they might inflate instantaneous phase synchronisation.Compared to wake, in N3 

sleep the global level of phase synchronisation was significantly higher (p<0.05 Kruskal-Wallis 

with Benjamini/Hochberg correction) in the sigma band (10-15 Hz). We found statistical 

differences in four frequency bands: theta (6-9 Hz), sigma (10-15 Hz), beta (25-35 Hz), and 

high-frequencies oscillations (150-190 Hz). The largest difference occurs in the sigma band 

where the Default Mode Network, Dorsal Attention Network(DAN), Temporal Parietal and 

Control systems are more tightly coupled than in wake condition. DAN shows high values of 

synchronisation in theta band with limbic, Salience/ Ventral Attention network, and 

Somatomotor networks in wake in comparison with N3. The main difference in high-frequencies 

oscillations is a higher connection between Temporal Parietal system with Control and Default 



Mode in wake than N3. In Beta band, Temporal Parietal system shows a tight synchronization 

with Control A in wake while in N3 this network has a larger difference is with Dorsal Attention 

Network and Limbic system.These results suggest that during the night the brain regions show 

high synchronisation in the sigma frequency range with respect to the wake stage. This band of 

frequencies is typically associated with the sleep spindle of thalamus-cortical activity that 

supports memory consolidation through the synchronisation of large cortical areas (Lindemann 

et al. 2016). Nayak, et al. 2017, with a EEG study, reported an increase of synchrony in beta 

band from wake to N3. This could argue the synchronisation of Temporal Parietal system with 

Limbic system and DNA network of our results in this frequency band. 
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Abstract: Functional relationships between the hippocampus and amygdala are detected during 

the encoding, retrieval, and consolidation of emotional memories. Previous research has 

highlighted electrophysiological signatures of the hippocampus in establishing communication 

through synchrony during sleep as a potential mechanism for memory consolidation. Sleep 

spindles are transient activities in the sigma range (9-16 Hz) occurring during N2 and N3 of non-

rapid eye movement (NREM) sleep that reach cortico-thalamic neurons and seem to participate 

in long-term memory. We explored and compared the basic properties of sleep spindles and 



sigma activity among the amygdala, hippocampus, and neocortex to shed light on the potential 

mechanisms of NREM sleep underlying emotional processing. Simultaneous to intracranial 

(iEEG) recordings, standard all-night polysomnography, including 17 EEG derivations, were 

performed on 4 patients with intractable epilepsy candidates for neurosurgery. iEEG electrodes 

were placed stereotaxically using the occipital parasagittal technique in the amygdala-

hippocampal axis. Recordings took place in a soundproof room in the Neurology and 

Neurosurgery Ward of the Hospital General de México after the Research and Ethics Committee 

approved the study and all patients signed the informed consent. Sleep spindles of N2 were 

automatically detected. We found shorter spindles in subcortical than cortical regions. The 

properties of slow spindles (9-12 Hz) are masked by fast spindles (12-16 Hz) when analyzed 

together. Sigma power was significantly higher during N3 and N2 than during waking and REM 

sleep in the amygdala, but especially in the hippocampus, which shows higher power than the 

amygdala during slow and fast sleep spindles. Hippocampal-cortical synchrony in the sleep 

spindle frequencies was spread across the cortex, whereas the amygdala showed punctual higher 

synchronization with the temporal lobe. Nonsignificant changes in phase synchrony were 

observed between the amygdala and hippocampus across brain states. The dynamics of sleep 

spindles in a brain circuit that is involved in emotion and memory support the existence of a 

mechanism that depends on NREM sleep for the stabilization and refining of emotional 

memories. 
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Abstract: Sleep plays a pivotal role in learning and memory. Although the current understanding 

has been based primarily on research in a single memory system, another line of research has 

suggested that different memory systems interact when there is a common rule between them. It 

remains unclear whether sleep facilitates learning interactions, and if so how. Here, we 

investigated the effects of sleep on interactions of procedural and declarative memories and the 

neural basis. In Exp.1 (n=29), participants were trained on a motor sequence and a visual 



memory task, which had the same or different sequence structures. Participants were retested on 

the tasks after an overnight sleep. A group of different subjects was trained and retested 

intervening a period of wakefulness. Motor task performance improved significantly after sleep, 

without sacrificing visual memory performance, only when the tasks shared a common sequence 

structure. No significant improvement was found after wakefulness. In Exp.2 (n=15), we 

investigated sleep spindle activity in the supplementary motor area (SMA), a core region for 

motor sequence learning, and connectivity between brain regions crucial for visual memory. 

After participants were trained on motor and visual tasks, they took a 90-min nap with 

polysomnography, then they were retested on the tasks after nap. Coherence analysis was 

performed on source-localized EEG data, time-locked to sleep spindles originating in the SMA, 

to investigate the connectivity between brain regions involved in motor and visual memory. 

Motor task performance improved significantly after nap only for the same-sequence group, 

replicating the results of Exp.1. We found significantly smaller coherence values between the 

SMA and the early visual areas and between the right hippocampus and anterior cingulate cortex 

(ACC) in the same than the different-sequence group. The coherence values between the ACC 

and the left hippocampus were larger in the same than the different-sequence group. These 

results suggest that sleep enhances learning interactions via reconfiguration of brain networks 

involved in procedural and declarative memory systems during sleep for facilitation of plasticity 

and sequence information transfer. 

Disclosures:  X. Li: None. M. Uji: None. R. Katsumata: None. A. Saotome: None. S. 

Aritake: None. M. Tamaki: None. 

Poster 

PSTR037. Oscillations During Sleep and Rest: Human Studies 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR037.04/Web Only 

Topic: F.07. Biological Rhythms and Sleep 

Support: (NSF/BMBF grant 01GQ1706) 

Title: Stimulating the stimulated cortex - simultaneous acoustic and electric stimulation during 

slow wave sleep 

Authors: T. HAUSDORF1, A. FERDINAND1, M. MÖLLE2,1, *L. MARSHALL4,3;  
1Univ. of Lübeck, Lübeck, Germany; 2Ctr. for Brain, Behavior and Metabolism, Luebeck, 

Germany; 3Ctr. for Brain, Behavior and Metabolism, Lübeck, Germany; 4Univ. of Luebeck, 

Univ. Med. Hosp. SH, Luebeck, Germany 

Abstract: Closed-loop acoustic stimulation (CLAS) enhances endogenous slow oscillations 

(SO) but has an inconsistent effect on memory formation. Anodal tDCS (atDCS) is associated 

with a modulation in cortical excitability possibly related to a shift in (noradrenergic) 

neuromodulation [1]. To investigate whether a different level of cortical excitability can impact 



CLAS efficacy on electrophysiological and behavioral responses of memory consolidation and 

post-sleep encoding, we combined these two non-invasive stimulation techniques in a within-

subject single blinded, pseudo-randomized study on healthy humans (N=24; 17 female; 18 - 30 

years, 21.92±2.93, mean± SD). Subjects completed two sessions of nocturnal sleep undergoing 

either CLAS or CLAS and atDCS. Stimulations were applied during slow wave sleep. Memory 

consolidation was assessed by a non-sense word paired associate task (NSWP) and a figural 

paired-associate task, and post-sleep encoding by a word paired-associate task. Cognitive ability 

was determined in a separate session. Combined atDCS and CLAS did not affect behavioral 

performance overall. Retention performance on the NSWP task for individuals with higher 

cognitive ability was impaired in atDCS + CLAS as compared to CLAS alone (p=0.016; N=10; 

Student’s t test), whereas individuals with lower cognitive ability showed no significant 

difference (p=0.892; N=8; Student’s t test; F(1,16)=19.809, p<0.001 for the interaction 

Condition X Cognitive ability, N=18). In terms of electrophysiological data, atDCS+CLAS 

tended to enhance values reflecting the SO hyperpolarisation Down-state compared to CLAS 

alone over frontal areas (p<0.05; N=20, ANOVA). This increment in the hyperpolarizing phase 

may underlie the measured increment in SO duration (p<0.05; N=20; ANOVA). Interestingly, 

the increased SO hyperpolarization Down-state was more pronounced in the subgroup of 

individuals with higher cognitive ability (p<0.05; N=10; Fisher’s LSD). Results support previous 

findings on the influence of trait-like cognitive abilities on the efficacy of non-invasive 

stimulation, and a potential influence of anodal tDCS on a homogenous subset of subjects. 1. 
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Abstract: Memory consolidation refers to the process whereby freshly encoded memories are 

strengthened and retained over time. There is ample evidence indicating that sleep facilitates the 

consolidation of both procedural and declarative memories. While memory traces are believed to 

be reactivated and reprocessed during non-rapid eye movement (NREM) sleep in synch with 

specific events, like slow waves and spindles, it is unclear whether similar mechanisms subserve 

consolidation of different memory types or not. We reported previously that procedural memory 

consolidation is related to spindles grouped in ‘trains’ (i.e., occurring less than 6 seconds apart). 

Here, we investigated whether the same holds for the consolidation of declarative memory by 

demonstrating that: (1) a 90-minute nap improves declarative memory consolidation and (2) 

sleep-related memory performance correlates with spindle train metric(s). In a mixed 

experimental design, participants were assigned to either nap (N=23; mage=24.09 yrs.) or no-nap 

(N=15; mage=25.47 yrs.) groups and were required to perform an object spatial location task in 

which participants learned locations of 36 images in a 6-by-6 matrix before and after sleep or an 

equivalent wake period, respectively. Parametric and non-parametric tests compared group 

differences in memory performance and its association with spindle train metrics (proportion of 

spindles in trains) for the nap group only. The mean percentage of fully consolidated items was 

significantly higher for the nap group (M = 84.27, SEM = 3.10) than the no-nap group (M = 

75.83, SEM = 6.25); [t(36)=2.35. p=0.03]. Only 20% of participants had retest gains in the no-

nap group, as compared to 65% in the nap condition [χ2 (df=1) = 7.45, p<0.001]. Furthermore, in 

the nap group, the memory performance correlated significantly and positively with the 

proportion of spindles clustered in slow trains recorded on the frontal (Fz) electrode (r=0.352, 

df=21, p = 0.05) and with the local spindle density on electrodes Pz and Fz (p = 0.03 and p = 

0.05 respectively). Our results align with the literature indicating that a 90-minute nap improves 

declarative memory consolidation. This improvement is associated with NREM2 spindle train 

metrics, stating that clustering of spindles in trains or slow/fast spindles alone is not enough, 

however slow spindles clustered in trains recorded on the frontal (Fz) scalp electrode is 

important for declarative memory consolidation. 

Disclosures:  V. Mutreja: None. P. Gupta: None. O. Lungu: None. M. Sharp: None. L. 

Lazzouni: None. H. James: None. J. Carrier: None. A. Boutin: None. E. Gabitov: None. J. 

Doyon: None. 

Poster 

PSTR037. Oscillations During Sleep and Rest: Human Studies 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR037.06/GG20 

Topic: F.07. Biological Rhythms and Sleep 

Title: Frequency-based algorithm for sleep and wake detection 



Authors: *G. EYLON1, M. HACOHEN2, I. DINSTEIN3;  
1Cognitive and Brain Sci., Ben Gurion Univ., Beer Sheva, Israel; 2Cognitive and Brain Sci., Ben-

Gurion Univ., Beer Sheva, Israel; 3Simons Fndn., Simons Fndn., New York, NY 

Abstract: Objectives: To develop and test an automatic algorithm that can accurately identify 

sleep onset and final awakening from recordings obtained with clinical Polysomnography (PSG) 

systems while taking into account individual baseline differences. Such an algorithm is an 

essential first step for enabling large-scale research into the neurophysiology of sleep using large 

PSG databases. 

Background: While neural activity patterns recorded by electroencephalogram (EEG) exhibit 

distinct differences during sleep and wake states, it is often difficult to identify transitions 

between sleep and wake states due to different artifacts and movement noises and because of 

heterogeneity in recorded brain activity across individuals. During wake states, EEG data is 

dominated by Beta (13-25 Hz) and Alpha (8 – 12 Hz) activity. In the transition to sleep Beta and 

Alpha waves gradually decrease in amplitude, and lower-frequencies in the Theta (4 – 8 Hz) and 

Delta (1-4 Hz) bands increase. However, large individual differences exist in the absolute 

baseline amplitudes of these different frequency bands. 

Design/Methods: Data was obtained from The Simons Foundation Autism Research Initiative 

(SFARI) database and included 56 overnight PSG recordings from children with ASD (N = 26) 

and typically developing (TD) controls (N = 30). First, we calculated spectral power, variance, 

kurtosis, mobility, complexity, correlation between channels and amplitude range in 30 second 

epochs of the PSG. We excluded epochs with extreme values in any of these variables and 

identified sleep onset and final awakening using a combination of Alpha/Theta ratio, Alpha-

Theta difference, Alpha amplitude, and Theta amplitude. Importantly, thresholds for all of these 

measures were individually defined/calibrated according to the baseline of each participant. 

Results: Algorithm identified sleep onset and final awakening was compared to manual 

annotations according to American Academy of Sleep Medicine (AASM) guidelines. The 

algorithm estimates of sleep onset times did not differ significantly from manual annotations 

(mean bias = -6.1 min, t(55) = 1.6, p = 0.1). Similarly, the algorithm estimates of final 

awakening times did not differ significantly from manual annotations (mean bias = 6.6 min, t(55) 

= -1.8, p = 0.08). 

Conclusions: The developed and implemented workflow provides a valuable method for 

cleaning and analyzing large datasets of PSG, opening the door to large scale studies of human 

neurophysiology of sleep. 
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Abstract: Transcutaneous auricular vagus nerve stimulation (taVNS) is a non-invasive 

neuromodulation technique that applies an electrical current to the auricular branch of the vagus 

nerve. We proposed an innovative approach combining taVNS and electroencephalography 

(EEG) in a closed loop to modulate Delta waves (0.5 - 4 Hz) during sleep. EEG Delta power is a 

well-studied neural marker of sleep and has been used to detect states and disorders of 

consciousness such as delirium, which is the most common neuropsychiatric disorder observed 

in hospitalized patients, especially the elderly, and is characterized by acute deficits in 

awareness, attention, and cognition. Our EEG-gated auricular vagal afferent nerve stimulation 

(EAVANS) approach delivers targeted stimulation during specific phases of the Delta rhythm, 

with the goal of enhancing arousal and reducing neuroinflammation, two contributing factors to 

delirium. We propose that Delta phase-specific taVNS could enhance arousal by activating 

ascending noradrenergic pathways via the nucleus tractus solitarius in the brainstem and 

potentially disrupting a cycle of Up/Down states. As Delta power also characterizes non-rapid 

eye movement sleep, we applied a prototype of EAVANS on healthy volunteers (N=7) during 

sleep to establish preliminary validation. We used a wireless EEG system to acquire 

neuroelectric signals and state space models to estimate instantaneous Delta phase. The 

stimulation was delivered when Delta phase was rising in the interval between -π/2 and 0 radians 

using custom-built electrodes placed within the cymba conchae of the ear. We found that Delta 

power decreased during EAVANS with moderate to large effect sizes (η² = 0.65) and that this 

reduction was greater compared to 1) absence of stimulation, 2) stimulation during descending 

Delta phase, and 3) control stimulation at sites not innervated by the auricular branch of the 

vagus nerve. Further validation of EAVANS in the peri-operative period is needed to target 

delirium. Given the lack of effective treatments for delirium, this novel non-pharmacological and 

non-invasive closed-loop neuromodulatory device could be used peri-operatively to prevent or 

treat patients at risk of developing delirium. 
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Abstract: Structural changes emblematic of the developing brain, e.g., synaptic pruning and 

myelination, are theorized to impact sleep architecture, local sleep physiology, and sleep-

dependent cognition. Conventional analyses of sleep in development, relying on absolute or 

relative power from electroencephalography (EEG) to capture the functional impact of sleep 

rhythms on cognition, have disregarded the 1/f EEG power law as “neural noise”. However, 

evidence tying steepness (1/f exponent) and intercept (1/f offset) of the power law curve to 

excitatory-inhibitory balance and asynchronous population spiking in underlying neuronal 

populations necessitate a reexamination of developmental sleep EEG spectra. Here, 19 healthy 

children and adolescents (ages 11-17, 11 girls) underwent overnight polysomnography with 128 

channel EEG. Inhibitory control was assessed following sleep using inhibition scaled score (ISS) 

on a Color Word Interference Test. Spectral parameterization (fooof) was applied to NREM 

multitaper absolute spectra (0.5-40Hz) to extricate oscillatory from aperiodic features (1/f 

exponent, 1/f offset, and residual oscillatory power). Topographical correlations between 

parameterized median NREM spectra, age and ISS were obtained with 5000-permutation 

threshold free cluster enhancement. Bootstrapped multiple regressions adjusting for age and sex 

modeled the association between ISS and parameterized neural spectra. Age showed widespread 

negative topographical correlations with broadband absolute spectral power, but these effects 

vanished in correlations with all oscillatory residuals except slow sigma (11-13Hz), which 

showed a modest negative trend over a central cluster. Remarkably, age also showed widespread 

negative associations with 1/f offset, while age and 1/f exponent showed a negative trend over 

central channels. ISS was not significantly correlated with absolute power or with oscillatory 

residuals in canonical bands but was strongly negatively associated with 1/f exponent in a 

bilateral parietal arc. The cluster average of exponents from this parietal association significantly 

predicted next day ISS performance, adjusting for age and sex (B = 0.803, p = 0.013). Broadband 

changes in developmental NREM spectra may therefore be driven by aperiodic rather than 

oscillatory activity, and developmental inhibitory control while awake may partly be explained 

(independent of age) by parietal excitatory-inhibitory balance during sleep. More broadly, 

aperiodic features may serve a complementary role to neural oscillations in balancing local and 

systemwide information processing demands to support cognition in this cohort. 

Disclosures:  A. Dave: None. K.K. Lui: None. I.Y. Chen: None. M. Chappel-Farley: None. S. 

Radom-Aizik: None. R.M. Benca: None. A.B. Neikrug: None. B.A. Mander: None. 



Poster 

PSTR037. Oscillations During Sleep and Rest: Human Studies 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR037.09/HH3 

Topic: F.07. Biological Rhythms and Sleep 

Title: Patterns of Activity in Deep Brain Nuclei During Sleep in Humans 

Authors: *S. SEYYED MOUSAVI1, S. JAVADZADEH NO2, J. NATARAJ3, J. MACLEAN4, 

Y. SUN3, T. D. SANGER5;  
1Electrical Engin. and Computer Sci., 2BME, Univ. of California Irvine, Irvine, CA; 3EECS, 

Univ. of California, Irvine, Irvine, CA; 4Dept. of Neurol., Children’s Hlth. Orange County, 

Orange, CA; 5Electrical Engin., UCI, Redondo Beach, CA 

Abstract: The activity of deep brain regions in humans during sleep versus wakefulness has 

been a long-standing question in the field of sleep science. Previous studies on this topic have 

largely utilized electrophysiologic recordings of transgenic animals, which may not be 

completely comparable to activity in the human brain. Advances in modern techniques such as 

deep brain stimulation (DBS) have provided the opportunity for us to revisit this topic and study 

patterns of neural activity in sleep vs. wakefulness in humans. We first aim to examine how 

patterns of neural activity in human deep brain regions change during sleep stages compared to 

wakefulness using spike and spectral analyses. Secondly, we aim to investigate the structural 

origin of oscillations that contribute to characteristic activity of different sleep stages using 

coherence analysis. For this purpose, we utilized intracranial and electroencephalogram (EEG) 

data of three pediatric subjects who underwent a staged implantation of DBS electrodes. Up to 

12 stereoelectroencephalography (sEEG) electrodes were implanted in potential DBS targets that 

include subthalamic nucleus (STN) and globus pallidus interna (GPi), in basal ganglia; ventral 

intermediate nucleus (VIM) and ventral anterior nucleus (VA) in thalamus; and 

pedunculopontine nucleus (PPN) in brainstem. Each implanted electrode has 10 microelectrode 

contacts that enable us to record neural activity. Spike analysis demonstrates that firing rates of 

all detected neurons decrease significantly in all recorded deep brain regions during sleep 

compared to wakefulness. Spectral and coherence analyses provide further explanation about the 

origin of sleep stages. Results from this and similar studies have the potential to improve our 

understanding of the mechanisms of sleep. This could provide valuable insight into the treatment 

of sleep disorders such as insomnia or hypersomnia. 
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Abstract: In order to better understand the functional role of rapid eye movement (REM) sleep, 

we need a deeper understanding of the differences between neural activity during REM sleep and 

while awake. Specifically, interest lies in the temporal directionality of communication and 

coupling in neural activity between different areas of the brain during REM sleep and awake 

activities. One theory suggests dreaming, which occurs predominantly during REM sleep, may 

be a rehearsal mechanism for humans to incorporate information learned during the day, 

reflecting the memory consolidation function of sleep. Both mental imagery and dreaming are 

internally generated percepts, while sensory processing is more externally generated, though 

similar neural regions are utilized. The difference in information flow between REM sleep, 

mental imagery, and stimuli perception may help us understand which regions of the brain and 

neural processes are key for the functional role REM sleep may serve. Participants with no 

history of neurological disorders provide electroencephalogram (EEG) data, while other 

participants provide intracranial data with electrodes surgically implanted as part of their 

epilepsy treatment plan. Both sets of human participants are monitored during visual stimuli 

processing, imagery, and REM sleep. The visual stimuli involve identifying clock angles. The 

imagery task involves imagining two clock times and comparing their angles after an auditory 

stimulus. Both of these are applied in random order across multiple trials before and after sleep 

for performance comparisons. Brain activity during sleep is recorded during an overnight stay. 

The intracranial participants provide data for internal structures of the brain with access to more 

localized results, such as more low frequency activity observed in the hippocampus during REM. 

Participants undergoing the study with conventional EEG give a better distributed image of the 

entire brain. Results from 17 EEG participants show clear differences in the spectral content of 

certain regions of the brain when comparing the average power differences between visual 

stimuli, imagery, and REM. In particular, there is more power frontally and centrally in the delta 

and theta frequency bands in REM compared to the other two tasks, while the power is higher in 

these bands occipitally in the visual perception task. Beyond a better understanding of the neural 

dynamics underlying mental imagery, visual perception, and REM sleep, these results may help 

to derive better brain machine interface algorithms and provide more insight into diseases 

associated with REM sleep problems, such as Parkinson’s, narcolepsy, and depression. 
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Abstract: Increases in midfrontal theta (4-8 Hz) EEG power have been observed in two 

markedly different conditions: during high cognitive demand and in sleep. Previous work has 

shown that theta power was elevated during working memory or cognitive conflict tasks and was 

positively correlated to response time (RT). On the other hand, sleep restriction and mental 

fatigue caused widespread increases in frontocentral theta power, both during resting state and 

during task performance. Interestingly, these two similar in topography phenomena have 

contradictory interpretations: first, as a marker of cognitive control; and second, as local sleep 

waves in awake state, which reflect, a detrimental to cognition, homeostatic sleep pressure. In 

this study (N=22 subjects), we explored this paradox by implementing a psychomotor vigilance 

task in the overnight EEG study. Across the 12-hour sleep deprivation period, we investigated 

which EEG dynamics were linked to time-of-night and to task performance (assessed via RT). 

We applied a linear mixed-effect model incorporating both RT and time-of-night variables to 

pre-stimulus and post-stimulus time epochs for a logarithmically spread range of EEG 

frequencies in a trial-by-trial fashion. In line with previous literature, midfrontal theta increased 

after stimulus onset relative to pre-stimulus baseline and this activity showed positive 

correlations with RT with a peak at 4.3 Hz. Furthermore, the time-of-night effect revealed a 

persistent pre-stimulus increase in the theta band that peaks at 8 Hz. Therefore, these two 

phenomena, cognitive and drowsy theta, can be disentangled within the theta band by their 

distinct spectral characteristics. Our results suggest that these high and low theta frequencies 

reflect independent neural processes, which explain the so-called theta paradox, and shed new 

light on the cognitive relevance of these commonly reported brain signals. Furthermore, this 

work provides a basis for neuroimaging investigations of the neural circuit dynamics underlying 

these oscillatory patterns. 
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Abstract: Cerebrospinal fluid (CSF) surrounds and cushions the brain while also clearing waste 

products. CSF flow pulses at high rates during sleep, suggesting that the brain maintains active 

control over fluid flow. Previous work has shown that neural activity is coupled to and modulates 

CSF flow, but the specific relationship between these two processes remains unclear. To 

investigate the influence of neural activity on CSF flow dynamics, we used a machine learning 

model to test which aspects of EEG dynamics can predict CSF flow in the human brain. We 

acquired electroencephalogram (EEG) recordings simultaneously with resting state fast 

functional magnetic resonance imaging (fMRI) for both healthy controls and patients with 

depression. Subjects were instructed to keep eyes closed and were allowed to sleep during the 

scan. We placed the imaging volume at the edge of the fourth ventricle to capture the CSF inflow 

signal (N=22 sessions; 15 subjects). The spectral power of CSF flow between 0.05Hz to 0.2Hz 

was estimated using a one-minute sliding window. EEG spectral power in these windows was 

estimated in the low delta, high delta, theta, beta, and alpha bands. We trained a random forest 

regression model to predict CSF power using EEG band power as features. 75% of the dataset 

(n=275 segments) was used as the training set, and 25% (n=92 segments) as the test set. We 

found that the predicted CSF power was significantly correlated with true CSF power (Pearson’s 

r= 0.62, p= 9.0e-11), with an R2 of 0.38. We next tested how modifying the EEG input features 

affected model performance. When EEG delta power was removed as a feature, the model fit 

quality decreased substantially (R2 = 0.04) even though the predictions remained significantly 

correlated to the actual values (Pearson’s r=0.35, p= 8.8e-4). We then ran the model with three 

features (low delta, high delta, and each of the other EEG bands), and found that the model fit 

was the highest (R2=0.24) and the correlation was the strongest (Pearson’s r=.50, p= 4.2e-7) 

when using theta and delta as inputs. Overall, the results demonstrate that a significant amount of 

the low-frequency cerebrospinal fluid signal during sleep can be predicted from neural activity, 

particularly EEG theta and delta bands. Understanding the coupling between neural activity and 

CSF dynamics may inform our understanding of disease states such as Alzheimer’s disease 

where CSF flow is disrupted. 
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Abstract: Simultaneous EEG-fMRI (electroencephalography and functional magnetic resonance 

imaging) combines the high temporal resolution of EEG with the high spatial resolution of fMRI, 

but their joint analysis is challenging. Traditional approaches convolve the EEG with a 

hemodynamic response function (HRF), but relationships that do not follow the HRF’s 

assumptions may be missed. Therefore, as a data-driven alternative, we use linear machine 

learning to identify fMRI patterns that predict the simultaneous EEG. EEG and fast fMRI 

(TR=0.367 ms; 2.5mm isotropic voxels) were collected from subjects (n=21) resting with eyes 

closed, drifting in and out of sleep. Sequences of 60 TRs (~22s) of fMRI signals from 84 

parcellated brain regions were input into a linear regression model with L2 regularization, trained 

with stochastic gradient descent to predict delta (1.2-4Hz) and alpha (9-12Hz) EEG power. 

Validation was conducted on a held-out subject. As control, fMRI data was circularly shifted by 

2000 TRs (~740s) prior to training and validation, breaking the true relationship between EEG 

and fMRI. We found that both delta (r=.38 between predictions and truth; control r=.05, p<.001) 

and alpha (r=.30; control r=.05, p=.005) were predicted from fMRI. We then trained the model 

on subsets of parcellated regions (cortex, subcortex, and ‘physiological’ regions—global white 

matter, representing blood flow, and ventricles). Distinct groups were predictive of each EEG 

band, with cortex best for delta (r=.36, vs. r=.27 for alpha) and subcortex best for alpha (r=.39, 

vs. r=.23 for delta). Physiological regions only predicted delta (r=.21, vs. r=.07 for alpha), likely 

owing to the known coupling between delta and cerebrospinal fluid/hemodynamic oscillations. 

To identify unique contributions from neural (cortical/subcortical) fMRI areas, we trained the 

model to predict EEG from each neural region. For the delta model, given its coupling to 

physiology, we also included the physiological areas—prediction differences could thus 

highlight neural effects not captured by global hemodynamics. Results revealed relationships not 



detected with conventional approaches: alpha was strongly predicted by dorsal striatum (r=.28; 

also predicted by thalamus at r=.29, though the latter is established in the literature), while delta 

favored a diffuse pattern across the frontal and cingulate cortices (r=.30), and the putamen 

(r=.33). Taken together, our results demonstrate that fMRI dynamics can predict EEG rhythms 

on out-of-sample subjects, highlight EEG-fMRI relationships that elude traditional analyses, and 

further our understanding of brain networks involved in arousal states. 
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Abstract: In light sleep and drowsiness, blood oxygen level dependent (BOLD) signals 

throughout the brain exhibit low-frequency oscillations. Precisely how these dynamics are 

related to behavior is not well understood. The thalamus is a core structure comprised of sub-

nuclei with diverse functional roles in cognition, which exhibit distinct activity patterns during 

awakening from sleep. However, it is unclear how thalamic activity is linked to the ongoing 

oscillatory global waves of BOLD activity that occur during light sleep. These waves are locked 

to changes in respiratory variation which is a marker of changing arousal state. Furthermore, 

wave peaks and troughs propagate across the brain, from unimodal (early sensory processing) to 

transmodal (higher-order cognition) regions, indicating that they have some functional and 

spatial structure. However, it is unknown how this oscillatory activity is linked to behavior, or 

what differences exist between waves. We used ultra-high field (7 Tesla) functional magnetic 

resonance imaging (fMRI) to capture high resolution (n=5 subjects, temporal resolution 247 ms, 

2.5mm3 voxels) dynamics across the brain. Subjects performed a simple button pressing task to 

track behavioral state, and were also allowed to fall asleep inside the scanner. We then clustered 

BOLD activity across thalamic voxels using unsupervised machine learning. This analysis 

captured both how temporal dynamics vary across the thalamus spatially and between individual 



waves in the oscillation. We identified two distinct clusters of thalamic activity dynamics: one 

with low-amplitude fast oscillations, and one with slower, larger oscillations. In addition, we 

found that thalamic activity was coupled to behavior in a state dependent manner, with changes 

of behavior occurring more strongly in specific clusters of thalamic dynamics during oscillation 

peaks. Overall, this study reveals functional differences in thalamic oscillatory activity linked to 

drowsiness and light sleep, and identifies distinct patterns for how thalamus is coupled to 

behavior depending on the current brain arousal state. 
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Abstract: The human electroencephalogram (EEG) consists of neural oscillations at different 

frequencies, including alpha oscillations (8-13 Hz) often associated with relaxation. However, 

the extent to which various EEG components, including alpha oscillations, reflect the level of 

relaxation remains uncertain. In this systematic review, we investigated studies concurrently 

measuring EEG and reference indices of relaxation in healthy adults and conducted meta-

analyses to assess their correlation. A computerized search was performed using the Web of 

Science, Scopus, PubMed, JDreamIII, and Ichushi-Web to identify relevant studies published 

between January 1st, 1940, and January 14th, 2021. Two authors (HK and KS) independently 

identified eligible studies, extracted data, and conducted a risk of bias assessment following the 

Risk of Bias Assessment Tool for Nonrandomized Studies (RoBANS). Meta-analyses were 

performed using a random-effects model and robust variance estimation, with Fisher’s Z-

transformed correlation coefficients as the dependent variable. Thirty-nine studies identified for 

the qualitative synthesis used a variety of relaxation measures. Some studies employed 

electrocardiographic indicators related to the parasympathetic nervous system activity, while 

others utilized subjective indicators obtained through questionnaires. Meta-analysis of 30 studies 

with low to moderate risk of bias showed no significant correlation between the intensity (i.e. 

power and amplitude) of alpha oscillations and reference relaxation indices (standardized mean 



difference (SMD) = 0.14, 95% CI [-0.13-0.40]), but with the existence of moderate heterogeneity 

among the studies (I2 = 46.4%). Subsequent subgroup meta-analyses for each group of sensors 

(e.g. frontopolar, frontal, central, parietal, occipital) revealed a strong positive correlation 

between relaxation indices and the intensity of alpha oscillations in the frontopolar region (SMD 

= 0.95, 95% CI [0.18-1.73]). A weak but significant correlation was also found in the frontal 

(SMD = 0.15, 95% CI [0.03-0.28]) and central regions (SMD = 0.24, 95% CI [0.10-0.38]). No 

significant correlation was found in the parietal and occipital regions. The other EEG frequencies 

were not correlated with relaxation indices. These findings suggest that the intensity of alpha 

oscillations may represent relaxation, but their relationship varies depending on the position of 

EEG measurements. It is also important to note that equating alpha oscillations solely with 

relaxation would be inappropriate, as their strength can fluctuate with sleepiness, fatigue, and 

attentional state. 
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Abstract: In the United States, about a third of its population suffers from obesity, and the 

prevalence is higher in people which suffer from major depressive disorder. Previous, Genome-

Wide Association Studies (GWAS) have identified the receptor tyrosine kinase ErbB4 as a risk 

gene for obesity and for major depression disorder. We show that ErbB4 is expressed in the 

paraventricular nucleus of the hypothalamus (PVH), a region known to regulate metabolism. To 

investigate whether ErbB4 in the PVH regulates weight gain, we deleted ErbB4 by injecting a 

Cre-expressing virus into the PVH and found that PVH ErbB4 deletion increased weight gain 

without altering food intake in male mice. Moreover, ErbB4 PVH deletion reduced nighttime 

locomotor activity and decreased intrascapular brown adipose tissue (iBAT) thermogenesis. We 

further show that deletion of ErbB4 in the PVH reduces O2 consumption, CO2 consumption and 

heat generation, indicating reduced energy expenditure. Immunostaining experiments show that 

ErbB4+ neurons in the PVH are positive for oxytocin (OXT) and ErbB4 PVH deletion reduces 

serum levels of OXT. Our data suggest that ErbB4 in the PVH neurons regulate metabolism by 

controlling OXT expression. To test this hypothesis, we characterized mice where ErbB4 was 

specifically mutated in OXT+ neurons. Mice With OXT ErbB4 deletion showed reductions in 



energy expenditure, phenotypes similar to PVH ErbB4 deletion. Taken together, our data 

indicate that ErbB4 in the PVH regulates metabolism likely by controlling the expression of 

OXT, reveal a novel function of ErbB4 and provide insight into pathophysiological mechanisms 

of depression-associated obesity. 
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Abstract: Insulin signaling plays a key role in controlling metabolic homeostasis and is heavily 

implicated in processes underlying reproduction, aging, and stress resistance. Insulin-producing 

cells (IPCs) in Drosophila are functional analogues to mammalian pancreatic beta cells and 

produce different Drosophila insulin-like peptides (DILPs). DILP release is dependent on 

nutrient availability, and IPCs are hypothesized to sense glucose levels in the brain. Therefore, 

we performed an in-vivo electrophysiological characterization of nutrient sensing in IPCs. Our 

results demonstrate that the nutritional state strongly modulates IPC activity. In 24h starved flies, 

the IPCs were basically quiescent, while they were firing at about 1 Hz in flies fed ad libitum. 

Interestingly, while changes in the IPC activity remained negligible when we perfused high-

glucose saline over the brain of starved flies, re-feeding flies with a high-glucose diet strongly 

increased the IPC activity. This was reminiscent of the incretin-effect described in humans and 

other mammals, where the ingestion of glucose leads to a significantly higher release of insulin 

as compared to intravenous application of glucose.Due to the central role of insulin in 

maintaining metabolic homeostasis, IPC activity needs to be continuously adjusted to ever-

changing internal demands. This is achieved by inputs from modulatory neurons impinging on 

the IPC population. We capitalized on the genetic toolkit available in Drosophila to characterize 

the modulation of IPCs in-vivo. First, we mapped receptor expression profiles across the IPC 

population and found that these were strongly heterogeneous, with each IPC expressing different 

sets of modulator receptors. To assess the functional significance of these receptor profiles, we 

recorded IPC activity using in-vivo calcium imaging and patch clamp recordings while 



optogenetically activating different populations of peptidergic and aminergic neurons. We 

identified several modulatory populations that were able to shift the IPC population activity 

towards a more excited or a more inhibited regime. Interestingly, activating specific modulatory 

populations had heterogeneous, sometimes antagonistic effects on individual IPCs, with some 

IPCs exhibiting inhibitory, and others excitatory responses. These heterogeneous inputs add 

another layer of complexity to the modulation of IPCs, since they permit a nuanced control of the 

IPC population activity. Our approaches provide new insights into the regulation of IPC activity 

by other modulatory systems, which enables fine-controlled insulin release across various 

internal and behavioral states. 
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Abstract: The paraventricular hypothalamic nucleus (PVN) is known to secrete corticotropin-

releasing factor (CRF), a neuropeptide that plays a crucial role in regulating the hypothalamic-

pituitary-adrenal axis. Emerging evidence suggests that CRF plays physiological roles in 

behaviors beyond the neuroendocrine stress response, such as in immunity, wakefulness, and 

anxiety-like behaviors. To further assess the role of PVN-derived CRF in such diverse roles, we 

used a loss-of-function approach by stereotaxically injecting AAV-Cre recombinase in the PVN 

of adult male Crh-flox mice. As anticipated, we observe reduced plasma corticosterone levels 

compared to littermate GFP-injected male Crh-flox control mice. Intriguingly, these mice 

exhibited rapid weight gain and increased daily food intake. Glucose and insulin tolerance tests 

revealed elevated blood glucose levels in the Cre-injected Crh-flox mice. Additionally, using the 

CLAMS monitoring system, we noted reduced energy expenditure and locomotor activity in 

these mice. To assess behavioral implications, we subjected the Cre-injected Crh-flox mice to the 

open field and light-dark box tests, which revealed slightly elevated anxiety-like behaviors. In 

order to confirm that our results were due to genetic knockout and not a confounding effect, we 

decided to repeat these results on a wild-type genetic background. Unexpectedly, we found 

similar phenotypic alterations in adult wild-type mice stereotaxically injected with AAV-Cre at 



the same concentration (>1x1013 vg/mL) in the PVN, suggesting that our observations may not 

be attributable to the depletion of CRF. Cre-injected wild-type mice displayed increases in body 

weight and food intake, as well as elevated anxiety-like behaviors. To further probe the potential 

confounding effects of Cre recombinase, we then examined the PVN of Crh-flox mice using 

immunohistochemical markers for known peptides. With this, we observed decreased 

immunofluorescence of both CRF and oxytocin as compared to littermate controls, indicating 

Cre recombinase interactions with other PVN cell types. Together, these results identify viral 

vector-mediated Cre recombinase activity as a potential confound in studying hypothalamic 

regions like the PVN and highlight the need for comprehensive controls when studying adult 

conditional knockout mouse models. 
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Abstract: We previously showed that a high-fat diet (HFD) induced inflammation in both the 

hypothalamic arcuate nucleus (ARC) and ventral tegmental area (VTA) in the brain of mice. It is 

shown that hypothalamic inflammation induced by HFD occurs prior to substantial body weight 

gain with glial cell activation, and that the inflammation causes resistance to leptin and insulin, 

resulting in impairment of energy homeostasis through increased food intake and decreased 

energy expenditure. In addition, HFD-induced inflammation with glial cell activation in the VTA 

is suggested to affect the function of dopaminergic neurons and cause abnormal eating behaviors 

accompanied by insulin resistance in the VTA. Although exercise therapy is well known to be 

important in the treatment of obesity, the impact of exercise on HFD-induced inflammation in 

those areas in the brain remains unclear. In the present study, we investigated the effects of 

voluntary exercise on HFD-induced inflammation in the ARC and VTA. We divided 8-week-old 

male C57BL/6J mice into four group; a chow-fed sedentary group (CD/EX- group), HFD-fed 

sedentary group (HFD/EX- group), a chow-fed exercise group (CD/EX+ group), HFD-fed 

exercise group (HFD/EX+ group). We used wireless running wheels for voluntary exercise. Four 

weeks after the start of the experiment, the ARC and VTA were dissected from mice. We 

evaluated the mRNA expressions of inflammation-related cytokines (TNFα, IL1β, IL6, IL10) 

and glial markers (Iba1, GFAP, CD80) in the ARC and VTA by quantitative real-time PCR. In 

both the ARC and VTA, the mRNA expressions of TNFα and CD80 (microglial M1 marker) in 



HFD/EX- group were significantly higher than those in CD/EX-, CD/EX+ and HFD/EX+ 

groups. Of note, there were no significant differences in the expressions of TNFα and CD80 

among the CD/EX-, CD/EX+ and HFD/EX+ groups. These results indicate that voluntary wheel 

running suppresses HFD-induced inflammation in the ARC and VTA. The decreased mRNA 

expressions of TNFα and CD80 in HFD/EX+ suggest that voluntary exercise may have an anti-

inflammatory effect by suppressing the polarity change to M1-type microglia. Our data provide 

an insight into the mechanism by which voluntary exercise prevents HFD-induced obesity. 
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Abstract: Dopamine neurons of the ventral tegmental area (VTA) confer salience, reward, and 

motivational properties to external and internal cues as they relate to appetitive and motivated 

behavior. Importantly, these neurons are sensitive to peptides that signal metabolic status, such 

as insulin. VTA insulin signaling decreases dopamine release and the contextual associations of 

palatable food and psychomotor responses to cocaine. Insulin in the VTA induces long-term 

depression (LTD) of glutamatergic projections to VTA dopamine neurons. The 

pedunculopontine tegmental nucleus (PPTg) is a region that encodes sensorimotor and reward-

related stimuli and sends strong projections to the VTA and activation of its terminals in the 

VTA can increase dopamine release in the nucleus accumbens (NAc). Insulin in the VTA can 

suppress PPTg-evoked dopamine in the NAc. However, it is unknown if insulin regulates PPTg 

terminals in the VTA and how this changes with fluctuating or disrupted physiological insulin, as 

occurs with fasting. Here, we will use optogenetics and slice electrophysiology to stimulate 

PPTg glutamatergic projections to VTA dopamine neurons and measure changes in insulin-

induced LTD with metabolic status. Male and female mice were given ad libitum access to 

standard chow and received bilateral injections of a viral construct containing ChR2 (AAV2 

CamKII-hCHR2(H134R)-EYFP) into the PPTg. Activation of ChR2 with blue light (5 mW, 0.2 

ms, 473 nm) in the presence of picrotoxin produced robust optically-evoked excitatory 



postsynaptic currents (oEPSCs) from PPTg terminals in dopamine neurons recorded from 

horizontal VTA slices. Insulin induced LTD in compound PPTg oEPSCs, which were afterwards 

confirmed to contain both polysynaptic and monosynaptic input as determined by treatment with 

tetrodotoxin (TTX) and 4-aminopyridine (4-AP). Roughly 80% of PPTg oEPSCs to lateral VTA 

dopamine neurons contained monosynaptic input. Future experiments will test the hypothesis 

that VTA insulin sensitivity increases, and insulin-induced LTD of PPTg oEPSCs is stronger, 

following fasting. 
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Abstract: Obesity affects >40% of the US population and is characterized by excessive food 

consumption and a sedentary lifestyle that causes weight gain. Yet, incomplete understanding of 

how the brain controls feeding and movement behaviors has hindered development of weight 

loss therapies. Experimentally activating lateral hypothalamic (LHA) neurons expressing 

neurotensin (LHANts neurons) transiently increases water intake and body weight, but over 24 

hr it suppresses feeding and increases energy expenditure to promote weight loss. The weight 

reduction effects, but not the drinking, are mediated by Nts signaling via neurotensin receptor-1 

(NtsR1), which is robustly expressed by dopamine neurons in the Ventral Tegmental Area 

(VTA). Intriguingly, there may be distinct subsets of LHANts neurons that project to different 

brain areas to mediate drinking vs. feeding suppression. We hypothesized that LHANts neurons 

projecting to the VTA promote weight loss but not drinking. To test this, we used optogenetics to 

activate all LHANts neurons or only the subset of neurons projecting from the LHA to the VTA 

and assessed how they modulate feeding, drinking, moving and body weight. We observed that 

acutely activating all LHANts neurons does not impact feeding, but increases drinking. 

Conversely, activating only the LHANts neurons that project to the VTA reduced feeding 

without invoking a drinking response. These data suggest that biasing LHANts neuronal 

signaling to the VTA may have potential to support weight loss behaviors. Going forward, 



understanding how central Nts signaling regulates feeding vs. drinking could suggest new 

strategies to support weight loss and address the obesity epidemic. 
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Abstract: MC4R-expressing neurons in paraventricular hypothalamus (PVHMC4R) are a critical 

circuit node through which hunger-promoting NPY and satiety-promoting αMSH peptides 

regulate energy balance. Receptors for these peptides regulate intracellular cAMP, but the second 

messenger’s spatiotemporal dynamics and role in energy balance are controversial. We show that 

photostimulating AgRP or POMC axons in PVH triggers probabilistic, all-or-none, NPY-

dependent cAMP decrements or αMSH-dependent cAMP increments in PVHMC4R neurons. We 

trace the unpredictability of cAMP signaling to stochastic and spatially restricted peptide release 

events. NPY and αMSH exhibit competitive effects on cAMP signals, as reflected by hunger-

state-dependent differences in the amplitude and persistence of cAMP transients evoked by each 

peptide. During feeding, elevated αMSH release and suppressed NPY release cooperatively 



sustain elevated cAMP in PVHMC4R neurons, potentiating feeding-related excitatory inputs and 

promoting satiation across minutes. This study highlights how state-dependent integration of 

opposing, quantal peptidergic events by a common biochemical target calibrates energy intake. 
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Title: Melanin-concentrating hormone-mediated feeding in the lateral septum 
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Abstract: Melanin-concentrating hormone (MCH) is a neuropeptide produced in the lateral 

hypothalamus and is well-established to regulate feeding and energy balance. 

Intracerebroventricular administration of MCH increases feeding in male rodents, but the 

specific brain regions underlying the orexigenic effects of MCH are not well-defined. The lateral 

septum (LS) receives dense projections from MCH neurons, expresses the MCH receptor 

MCHR1, and is inhibited by MCH treatment. Interestingly, LS inhibition stimulates feeding, thus 

it may mediate the orexigenic actions of MCH. Here, we determined if MCH stimulates feeding 

via the LS and investigated the spatial relationship between MCH fibers and MCHR1 expression 

to elucidate how MCH transmission mediates feeding in the LS. We bilaterally infused MCH (2 

μg) directly into the LS of male (N = 6) and female mice (N = 8) and found that MCH elicited a 

rapid and long-lasting 2-fold increase in chow feeding in male, but not female, mice. However, 

when fed a highly palatable high sugar diet, MCH infusion also increased feeding in female 

mice, but this effect in females was short-lived. Importantly, infusing the MCHR1 antagonist TC 

MCH-7c (2 μg) into the LS completely blocked the orexigenic actions of MCH regardless of 

diet, thus MCH-mediated feeding is MCHR1-dependent. To determine how MCH may reach 

MCHR1-expressing LS cells, which are marked by ciliary MCHR1 immunoreactivity, we 

immunolabeled LS cells using neuronal nuclear protein (NeuN) and performed dual-label 



immunohistochemistry to define MCH-immunoreactive (MCH-ir) fibers and MCHR1-ir cilia on 

NeuN-labeled LS cells. We recently showed high spatial overlap between the distribution of 

MCH fibers and MCHR1-LS cells, but although MCH-ir fibers were adjacent to MCHR1-LS 

neurons, very few MCH-ir varicosities formed appositions at the cilium or soma of MCHR1- LS 

neurons. Therefore, MCH may travel across the extracellular space to reach its LS cell target. To 

determine if the LS cells that are innervated by nerve terminals from MCH neurons are also 

MCH-sensitive, we expressed an AAV encoding channelrhodopsin-mCherry in the 

hypothalamus of Mch-cre mice and performed whole-cell patch-clamp recordings from LS cells. 

About 38% of LS cells recorded received monosynaptic glutamatergic contacts from 

channelrhodopsin-expressing Mch-cre fibers, but the majority (80%) of these LS cells were not 

MCH-sensitive thus suggesting that MCH may act via volume transmission. Taken together, 

these findings indicated that MCH can stimulate feeding via the LS and suggested that MCH 

may diffuse proximally within the LS to regulate even those cells that are not immediately 

adjacent to MCH fibers. 
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Title: Melanin-concentrating hormone-producing neurons in the zona incerta promote excessive 

consumption 
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Abstract: Melanin-concentrating hormone (MCH) is a neuropeptide produced in the lateral 

hypothalamic area (LHA) and zona incerta (ZI) that promotes food intake. The LHA and ZI are 

dissociated anatomically and functionally, yet the distinct roles of these two populations of MCH 

neurons has not been evaluated. Given recent findings linking the ZI with binge-eating behavior, 



here we assessed the role of ZI MCH neurons in consumption of palatable food high in fat and 

sugar (HFHS) in a short-access excessive eating model. To activate ZI MCH neurons, a virus 

containing an excitatory Designer Receptor Exclusively Activated by Designer Drugs 

(DREADDs) driven by an MCH promoter was administered selectively to the ZI. Following 7 

training sessions where nonrestricted rats had free access to HFHS for 10min in an arena outside 

of the home cage, the rats reliably consumed ~50% of their 24hr kcal intake during the 10-min 

HFHS access period. In a post-training test session with 30min HFHS access, results revealed 

that chemogenetic activation of ZI MCH neurons (via CNO injections) increased consumption of 

HFHS relative to vehicle (n=18). Next we assessed the role of ZI MCH neurons in normal eating 

behavior and motivation to work for HFHS in an effort-based choice task. Surprisingly, ICV 

CNO significantly decreased both 24hr home cage standard chow intake and motivation to work 

for HFHS (n=14). Consistent with these gain-of-function results, caspase-mediated ablation of ZI 

MCH neurons reduced HFHS consumption in the short-access excessive eating model and 

increased 24hr home cage chow intake (n=10 caspase, n=10 sham). Using in vivo fiber 

photometry, we next recorded ZI MCH neuron Ca2+ activity during HFHS or chow consumption 

via a GCaMP6s virus driven by an MCH promoter selectively administered in the ZI. In the 

short-access excessive eating model, ZI MCH neuron Ca2+ activity significantly increased during 

HFHS eating bouts relative to interbout intervals and this effect was predictive of total calories 

consumed (n=6). In contrast, during consumption of standard chow following an overnight fast, 

ZI MCH neuron Ca2+ activity significant decreased during chow eating bouts relative to interbout 

intervals and this effect was also highly predictive of total calories consumed (n=9). Overall, 

these results show that ZI MCH neurons potentiate consumption of palatable foods, while having 

opposite effects on intake of consistently accessible bland foods and motivation to work for 

palatable foods. 
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Abstract: Hypothalamic melanin-concentrating hormone (MCH)-expressing neurons are 

thought to promote food consumption and play a role in the integration of internal metabolic 

signals with appetitive sensory cues. Previous work has pointed to functional interactions 

between the mesolimbic dopamine (DA) reward system and MCH, and suggested a role for the 

MCH system in learning. These interactions have not yet been fully characterized in vivo. We 

characterized the rapid dynamics of the MCH and DA systems during consumption of food-

rewards, or during food-motivated Pavlovian and instrumental conditioning, by using in vivo 

fiber photometry to monitor GCaMP6s fluorescence in MCH neurons within the lateral 

hypothalamus, or MCH terminals in the nucleus accumbens (NAc). We also used fiber 

photometry with dLight1.1 or GRAB-rDA to track changes in DA release within the NAc. Both 

male and female pMCH-cre driver mice were used in these experiments, and no significant sex-

differences were observed. We found that both neuron systems are activated during food 

consumption, and in anticipation of food-rewards (n=6, p<0.05 paired student t-tests on group-

mean z-scored fluorescence during response vs. baseline phases). Both systems become activated 

by food-predictive sensory cues after conditioning (n=6, group-mean z-scored fluorescence 

response to tone vs. baseline p<0.05). We further investigated whether the MCH system directly 

influences DA release in the NAc in these paradigms. After mice were trained and DA/MCH 

responses stabilized, we suppressed the MCH system’s function either by pre-treating with an 

MCH-receptor 1 (MCHR1) antagonist (SNAP-94847, 10-30mg/kg I.P.), or by chemogenetic 

inhibition of MCH neurons, while performing simultaneous DA release photometry in the NAc. 

We found that pre-treatment with the MCHR1 antagonist enhanced DA release in the NAc in 

response to food rewards (n=5; p<0.05 vehicle vs antagonist, paired t-tests on group mean z-

scored fluorescence response vs. baseline). We therefore hypothesize that the MCH peptide may 

tonically suppress DA release in the NAc via MCHR1, a phenomenon which has been suggested 

previously based on knock-out studies of the pMCH or MCHR1 genes. Preliminary 

chemogenetic inhibition studies have also demonstrated a trend towards enhanced DA release in 

the NAc after pre-treatment with the DREADD ligand clozapine-N-oxide (CNO, 3-10mg/kg) in 

MCH-HM4Di mice, but not HM4Di-negative controls (n=6, two-by-two design). Future 

experiments will attempt to isolate the effects of glutamatergic signaling by MCH neurons on 

DA release and NAc function, and make use of optogenetic and pharmacological approaches. 
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Abstract: Animals must make informed decisions about what and how much to eat in order to 

maintain energy balance. Yet homeostatic need is not the sole factor in the decision to eat. Non-

homeostatic motivators to eat are common, such as craving of sugary or fatty foods even when 

sated. Dysregulation of such non-homeostatic motivators can contribute to the development of 

eating disorders. Melanin-concentrating hormone (MCH) neurons of the lateral hypothalamus 

(LH) and zona incerta are a relevant neural target for both homeostatic and non-homeostatic 

motivators to eat. MCH neurons project to many brain areas including the arcuate nucleus, 

nucleus accumbens (NAc), and cerebral cortex, and have a role in numerous behaviors including 

feeding, sleep, learning, and reward. Injection of MCH peptide into the NAc increases feeding, 

and chemogenetic activation of MCH neurons that project to the NAc slightly increase food 

intake in male but not female mice. We hypothesize that MCH projections to the NAc promote 

hedonic motivations to consume food but do not have a role in sleep-wake regulation. To address 

this hypothesis, we instrumented MCH-ChR2 mice with EEG/EMG headcaps and optic fibers 

placed either over the MCH neurons in the LH or their terminals in NAc, and investigated how 

optogenetic stimulation affected feeding and sleep behavior in different behavioral contexts. 

When optogenetic stimulation was delivered continuously (473nm, 20Hz, 1s ON 4s OFF for 

3hr), we observed that mice with stimulation of MCH neurons in the LH (n = 4) spent more time 

in REM sleep as well as transitioned into REM sleep bouts more frequently (p &lt; 0.05), while 

mice with terminal stimulation in the NAc (n= 13) did not show a sleep effect. This continuous 

stimulation did not significantly increase feeding, regardless of optic fiber location. However, 

when given the opportunity to choose between a port which delivers both food and acute 

optogenetic stimulation or a port which delivers stimulation alone, mice with terminal 

stimulation in the NAc had a significant preference for food paired with stimulation (p &lt; 

0.0001), while mice with cell body stimulation of all MCH neurons in the LH did not. 

Furthermore, these results were consistent between female and male mice. These findings begin 

to elucidate a mechanism by which MCH neurons differentially regulate feeding and arousal as a 

function of downstream projection area. 
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Abstract: The central nervous system plays a critical role in controlling energy homeostasis. 

Multiple GPCRs and their ligands modulate neuronal activity to regulate food intake and energy 

expenditure. Whereas most of our understanding of the central control of feeding focuses on 

various hypothalamic nuclei, the amygdala is emerging as an important brain region in 

controlling food intake. In this study, we investigated the role of the Prokineticin Receptor 2 

(PKR2) in regulating food intake and body weight. PKR2 is a GPCR coupled to Gαq/11 and 

regulated negatively by the Melanocortin Receptor Accessory Protein 2 (MRAP2). PKR2 

activation by its agonist PK2 is potently anorexigenic. Interestingly, we found that, while PKR2 

is expressed both in hypothalamic and amygdala neurons, the anorexigenic response to PK2 is 

mediated by amygdala PKR2 neurons. Moreover, our results suggest that PKR2 is especially 

important for the control of the circadian aspect of food intake since deletion of PKR2 in the 

amygdala results in increased daytime feeding in mice. Deletion or overexpression of MRAP2 in 

PKR2 neurons results in increased or decreased anorexigenic activity of PK2 respectively. 

Overall, this study identifies a new pathway for the circadian control of food intake involving 

amygdala PKR2 neurons and modulated by MRAP2. 
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Abstract: Traditional calorie restriction (CR) is usually employed as a weight loss strategy; 

however, it also causes stress and anxiety decreasing patients’ treatment adherence, which 

induces their weight regain in 5 years in average. Thyrotropin-releasing hormone (TRH) is a 

tripeptide that is considered a neuromodulator that among other brain areas is synthesized in 

amygdala, which is responsible for fear and anxious behavioral responses; in fact, an 

intracerebroventricular injection of TRH is able to reduce anxiety parameters in the defensive 

burying behavioral test, and the amygdalar TRH mRNA expression is negatively correlated with 

rats’ anxiety parameters. Intermittent fasting (IF) is used as an alternative feeding regime 

because limits food consumption to the activity phase of the day and reduces body weight but not 

generating stress, however, anxiety behavior display has not been evaluated. This study 

compares anxiety parameters of rats under CR, IF and CR+IF vs. controls. Male Wistar rats kept 

divided into 4 groups: C=food ad libitum all day; CR with all day 30% food restriction of its 

energy requirements; IF with ad libitum food between 9-17 h; CR+IF with restriction of 30% of 

its requirements between 9-17 h, (10/group), throughout 4 weeks. IF, CR and CR+IF groups 

showed 8%, 14%, 25% less weight, respectively than C; IF ate 25% less food than C. At the end 

of the experiment, rats performed the elevated plus maze test for 5 min, analyzing the latency 

and number of entries to open (o.a) and closed arms (c.a). The results showed that CR induced 

more anxiety than C, since the number of entries to o.a was 45% lower accompanied by 2.3 

times longer latency; IF and CR+IF had similar number of entries to o.a and lower latency than 

CR. Thirty minutes after the test, all rats were sacrificed, trunk blood and brain extracted and 

maintained at -70°C. Serum corticosterone levels in IF were similar to those of C, but CR and 

CR+IF increased vs C. In amygdalar slices an in situ hybridization histochemical study for TRH 

expression revealed that in the basolateral nucleus it decreased in all experimental groups, but IF 

and CR+IF showed it higher than that of CR, supporting that the decreased anxiety of IF group 

might be associated to a greater amygdalar TRH mRNA expression than in CR. In the present 

study we concluded that the IF regime does not induce stress or anxiety and that animals with 

CR+IF did not present the increased anxiety parameters observed in rats only with CR. 

Therefore, IF seems a better body weight reduction alternative treatment than CR, given that it 

does not generate anxiety or stress-induced negative emotions. 

Disclosures:  J. Trujillo-Barrera: None. P. Soberanes-Chavez: None. P. De Gortari: None. 

Poster 

PSTR038. Ingestion and Energy Balance: Neuropeptides and Hormonal Control 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR038.14/HH23 

Topic: F.08. Food and Water Intake and Energy Balance 



Support: NIH Grant DK115762 

NIH Grant DK021397 

NIH Grant DK133627 

Title: Regulation of energy balance by the locus coeruleus 

Authors: *S. M. FORTIN1, J. C. CHEN1, M. C. PETTICORD1,2, G. GODIN2,3, F. J. 

RAGOZZINO3, J. H. PETERS3, M. R. HAYES1;  
1UPenn, Philadelphia, PA; 2Haverford Col., Haverford, PA; 3Washington State Univ., Pullman, 

WA 

Abstract: Efforts to fully characterize the diversity of mechanisms underlying energy balance 

control have led to the identification of atypical sites of action for metabolic signals. Here, 

contribution of the locus coeruleus (LC) to food intake and body weight regulation is described. 

Using complementary pharmacological, behavioral, electrophysiological, immunohistochemical 

and genetic approaches in rats, we identify involvement of both LC glucagon-like peptide-1 

receptors (GLP-1Rs) and calcitonin receptors (CTRs) to energy balance control. Using 

microinjections of GLP-1R and CTR agonists to the LC, we show that activation of either LC 

GLP-1Rs or CTRs potently inhibit food intake and body weight. While aspects of autonomic 

output related to energy expenditure (i.e. heart rate and body temperature) were affected by 

either drug manipulation, only LC GLP-1R activation induced kaolin consumption and a 

suppression of gastric emptying, supporting the hypothesis that LC GLP-1Rs, but not CTRs, 

contribute to nausea/visceral malaise. In addition to our behavioral data, evidence of pre- and 

post-synaptic mechanism within the LC for the GLP-1R and CTR, respectively, suggest that that 

the LC is capable of modulating energy balance through dissociable mechanisms. Additional 

studies are required to identify the relevant downstream outputs of LC neurons engaged by GLP-

1R and CTR signaling and how these circuits interact within the complex network of nuclei that 

control food intake and body weight regulation. 
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Abstract: Dual amylin and calcitonin receptor agonists (DACRA) are shown to be more 

effective in reducing body weight than amylin receptor agonists alone. Salmon calcitonin (sCT), 

a naturally derived DACRA, acts in several brain regions to suppress food intake, promote 

energy expenditure, and ultimately reduce body weight. However, sCT produces malaise when 

administered systemically, and the neural mechanism of which remains largely elusive. In the 

present study, we tested the hypothesis that sCT acts in the locus coeruleus (LC) to induce 

visceral aversion via enhanced neuronal activity of LC neurons. Intra-LC sCT administration 

potently suppressed feeding behavior in both fed and fasted mice, and produced conditioned taste 

aversion. Using slice patch clamp electrophysiology, we tested the effect of sCT on the neuronal 

activity of the LC. Bath application of sCT enhanced LC pacemaker activity by approximately 

30% and this enhancement was blocked by pre-treatment of calcitonin receptor antagonist, 

AC187. To further investigate the intracellular mechanisms of sCT, we recorded the channel 

currents of different types before and after bath application of sCT. We found a decrease in L-

type calcium currents and medium afterhyperpolarization currents. The latter is associated with 

the small conductance potassium (SK) channel, which is associated with the LC pacemaker 

activity. Since intracellular calcium regulates L-type calcium channels, which in turn governs SK 

channel activity, we investigated the intracellular calcium release mechanism that is responsible 

for the effect of sCT on the LC. We found that intracellular application of barbadin, BAPTA, or 

2-APB, but not PKA, PKC, ERK or JAK/STAT inhibitors, blocked the enhancement effect of 

sCT on LC pacemaker activity. This indicates that calcitonin receptors in the LC require β-

arresting mediated intracellular calcium release to inhibit L-type calcium channels, which 

associatively reduces SK channel activity, and ultimately increases the pacemaker activity of the 

LC. Taken together, sCT acts in the LC to produce malaise via enhanced pacemaker activity as a 

result of reduced SK channel activity. These findings elucidate the key intracellular signaling 

pathway in the LC neurons that sCT acts on, and provide potential targets for improving the 

applicability of DACRA in the treatment of obesity. 
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Abstract: Central nervous system (CNS) control of metabolism plays a pivotal role in 

maintaining energy and glucose homeostasis. In the brain, Glucagon-like peptide 1 (GLP-1), 

encoded by the proglucagon ‘Gcg’ gene, produced in a distinct population of neurons in the 

nucleus tractus solitarius (NTS), has been shown to regulate feeding behavior leading to the 

suppression of appetite. However, neuronal networks that mediate endogenous GLP-1 action in 

the CNS on feeding and blood glucose are not well understood. This is mainly due to the 

presence of diverse neuronal subtypes and complex central neuronal connectivity. We 

systematically analyzed the distribution of GLP-1 receptor (GLP-1R) neurons and axonal 

projections of NTSGcg proglucagon expressing neurons in the mouse brain. GLP-1R neurons 

were found to be broadly distributed in the brain and specific forebrain regions, particularly the 

hypothalamus, including the arcuate nucleus of the hypothalamus (ARC), received dense NTSGcg 

neuronal projections. In addition, we validated the neuronal map of CNS connecting to the 

pancreas and identified the GLP-1R neurons which might play a role in pancreatic function. We 

further used this data to study sexual dimorphism in the central innervation of the pancreas. Our 

result confirmed sex-related difference in the pancreatic innervation. For this reason, the impact 

of GLP-1 signaling in the ARC, a brain region known to regulate energy homeostasis and 

feeding behavior was examined. Application of GLP-1R specific agonist Exendin-4 enhanced 

the ARC pro-opiomelanocortin (POMC) neuronal population’s action potential firing frequency 

and miniature excitatory postsynaptic spontaneous currents amplitude. Using a chemogenetic 

approach to activate the ARC GLP-1R neurons by using Cre-dependent hM3Dq AAV, we 

established that activation of the ARC GLP-1R neurons significantly suppressed food intake with 

an increase in insulin secretion. These results highlight the importance of central GLP-1 

signaling within the ARC that express GLP-1R which upon activation, regulates energy 

homeostasis. 
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Abstract: The advent of targeting of GLP1 receptors (GLP1R) in the clinical treatment of 

diabetes and obesity has reignited interest in pharmacotherapies for feeding and metabolic 

conditions. While the specific receptor system is well characterized pharmacologically, its 

neuroanatomical distribution is large and the impact of altering its signaling in specific brain 

areas remains an open set of questions. A key area in the control of feeding and metabolism is 

the brainstem nucleus of the solitary tract (NTS). The NTS receives direct viscerosensory 

afferent information via the vagus to convey the status of the gastrointestinal tract and integrates 

this information with endocrine and local signals. The NTS is well known to control feeding, 

including the processes of satiety, and both the NTS and vagal afferent neurons are reported to 

contain GLP1R expressing cells, including astrocytes. While selective agonists and antagonists 

exist for GLP1Rs, determining the contribution of astrocyte to changes in neurotransmission is 

much more challenging. This set of studies aims to determine the cellular effects of GLP1R 

activation of glutamatergic neurotransmission and determine the extent to which astrocytes 

contribute to these effects. We utilized patch-clamp electrophysiology and fluorescent calcium 

imaging in the ex vivo brainstem slices and cultured primary afferent neurons to delineate the 

contributions of GLP1R and astrocytes in brainstem glutamatergic signaling in the NTS. We 

found GLP1R activation with exendin 4 (Ex-4) increased the frequency of spontaneous 

glutamate release in a subpopulation of NTS neurons. This effect was reversed following 

pretreatment with the competitive GLP1R antagonist exendin 9-39 (Ex 9-39). Preliminary data in 

isolated vagal afferent neurons demonstrated Ex-4 can directly increase cytosolic calcium in a 

subpopulation of afferents, suggesting GLP1R may be mediating increased glutamate release via 

the central vagal terminals in the NTS. In parallel, metabolic disruption of NTS astrocytes with 

fluorocitrate strongly suppresses glutamate release, while astrocyte activation with PAR-1 

agonism increase glutamate release. The effects of GLP1R on glutamate signaling may be 

mediated via astrocyte to neuronal signaling, as reported previously using complementary 

approaches, and will be determined directly using astrocyte selective pharmacology on Ex-4 

signaling. Together our data support the ability of GLP1Rs to control glutamate signaling in the 

NTS, possibly via presynaptic vagal terminal activation or perhaps via recruitment of astrocyte 

signaling. 
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Abstract: Eating behavior is regulated by integrating information from the external environment 

and internal body state for efficient survival. It is paramount for the brain to compute real-time 

information and send feed-forward signals to our body to drive feeding behavior. In this context, 

it is legitimate to say that our body needs to prepare the termination of eating behavior 

beforehand to avoid over-feeding through preemptive satiation. However, the mechanism of 

preemptive satiation and where in our brain this phenomenon takes place remains unclarified. 

In our research, activation and inhibition of DMH GLP-1R neurons significantly and 

immediately increased and decreased eating behavior, respectively. Further, in natural eating 

behaviors , DMH GLP-1R neurons are significantly activated upon food availability before the 

initiation of eating behavior. Whereas these neurons are deactivated when eating is terminated. 

These results imply that DMH GLP-1R neurons encode preemptive satiation. Using miniscope 

(nVoke) during eating behaviors, single-cell neural activities of DMH GLP-1R neurons are 

monitored to distinguish which neurons are activated at food availability or food consumption 

time points. In addition, micro-endoscope distinguished a subpopulation of DMH GLP1R 

neurons that respond to GLP-1 injection. Furthermore, a clinical trial comprised of phase-

specific food sensory delivery and corresponding questionnaires is performed to study the effects 

of GLP-1 administration on preemptive satiation in humans. Collectively, our research 

demonstrate that DMH GLP-1R neurons regulate preemptive satiation. This study can give a 

new perspective on the mechanism of anti-obesity drugs and the development of future obesity 

treatment. 
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Abstract: Activation of glucagon-like peptide 1 receptors (GLP-1R) in the bed nucleus of the 

stria terminalis (BNST) suppresses food intake. To investigate the mechanisms for this effect, we 

examined feeding effects of chemogenetic activation of BNST GLP1R neurons. Male and female 

GLP-1R-Cre mice received intra-BNST injection of AAV to induce hM3Dq-mCherry (n = 6M, 

6F) or control mCherry (n = 5M, 5F) in GLP-1R neurons. Mice were housed in the BioDAQ 

continuous food intake monitoring system for measurement of intake and meal pattern variables. 

They received IP injection of either vehicle or CNO (1 mg/kg) 20 min before dark onset, in 

counterbalanced order separated by 48 h. Chow intake was significantly suppressed by CNO for 

the first 6 hours of dark in mice that expressed hM3Dq in GLP-1R neurons (23-44% reduction, 

p’s<0.05), along with first meal size (53% reduction, p<0.05), but there were no effects in 

control mice, and no sex differences were observed. We previously showed that GLP-1R 

stimulation directly inhibits 60% of GLP-1R-expressing BNST neurons, and that some BNST 

GLP-1R neurons project to the lateral hypothalamus (LH). Because the BNST GLP-1R neuron 

population is heterogeneous, we hypothesized that those that project to LH affect food intake 

differently than those that project elsewhere. To test this, GLP-1R-Cre mice were injected with 

AAVs as described above, and bilateral cannulas were implanted in the LH for chemogenetic 

activation of GLP-1R neuron terminals. Intra-LH vehicle (VEH) or CNO injections were made 

30 min before dark onset in counterbalanced order separated by at least 48 h. CNO had no effect 

on chow intake in hM3Dq mice (n=7M, 7F) or controls (n=4M, 4F). We then asked if CNO 

could attenuate the effect of 15-min restraint stress prior to dark onset, because we have 

previously reported that BNST GLP-1Rs have a role in stress-induced hypophagia. However, 

stress suppressed intake similarly in both groups regardless of CNO treatment. Next, we 

examined effects on high-fat diet (HFD, 60% fat) intake. Mice were maintained on HFD for 4 

weeks and then received intra-LH VEH or CNO. hM3Dq mice (n=7M, 9F) significantly 

increased cumulative HFD intake after CNO by 25-45% at multiple timepoints (p’s<0.05), with 

no effect in controls (n=6M, 8F), and no sex differences were observed. Meal size tended to 

increase after CNO in hM3Dq mice, but we saw no significant effect on meal pattern variables. 

We conclude that the GLP-1R BNST-to-LH neuron projection influences food intake under 

some circumstances, and the anorexic effects of BNST GLP-1R neuron activation are mediated 

by neurons that project elsewhere. 
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Abstract: The central melanocortin system is essential for the regulation of food intake and body 

weight in both humans and rodents. Agouti-related protein (AgRP) is the sole orexigenic 

component of the central melanocortin system and is conserved across mammalian species. 

AgRP is currently known to be expressed exclusively in the mediobasal hypothalamus, and 

hypothalamic AgRP-expressing neurons are essential for feeding. Here we describe a previously 

unknown population of AgRP cells in the area postrema (AP) and the adjacent subpostrema area 

(SubP) and commissural nucleus of the solitary tract (cNTS) of the mouse hindbrain (termed 

AgRPHind herein). AgRPHind cells consisted of locally projecting neurons as well as tanycyte-like 

cells, and hindbrain AgRP expression was low under ad libitum fed condition but increased upon 

food deprivation. In adult mice that lacked hypothalamic AgRP neurons, chemogenetic 

activation of AgRP neurons resulted in hyperphagia and weight gain. In addition, transcranial 

focal photo-stimulation of AgRP cells above the AP area with a step-function opsin with ultra-

high light sensitivity (SOUL) stimulated feeding in mice with or without hypothalamic AgRP 

neurons, suggesting that the hyperphagic effects of AgRPHind neurons are independent of 

hypothalamic AgRP neurons. Thus, our findings delineate the existence and function of a 

previously unknown population of AgRP cells in the mouse hindbrain that drives feeding. This 

study may pave the way for future anti-obesity therapeutic interventions targeting AgRP neurons 

in the area postrema, an area outside the blood-brain barrier that enables easy access of 

therapeutic agents. 
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Abstract: Dehydration is a common occurrence in response to water scarcity caused by drought, 

limited access to clean water, or disease. Drinking and feeding are coordinated homeostatic 

events, illustrated by the phenomenon of dehydration-anorexia, but our understanding of the 

development of converging hypothalamic neural circuits that link drinking and feeding remains 

rudimentary. Moreover, many environmental factors influence formation of neural circuits 

during the early postnatal period, leading to long-term physiological changes. Agouti-related 

peptide (AgRP) neurons originating in the arcuate nucleus of the hypothalamus (ARH) are 

substrates of developmental programming, responding to nutritional cues during a postnatal 

critical period of development to reach downstream targets. The paraventricular nucleus of the 

hypothalamus (PVH) receives inputs from both the ARH and the median preoptic nucleus 

(MePO) to regulate energy and fluid homeostasis, respectively, representing a possible node of 

integration. To determine the age at which MePO projections reach the PVH, we used Fos-

labeling in response to dehydration in wild-type neonatal mice and used DiI axonal labeling to 

visualize development of projections. Our results indicate neurons in the MePO respond to a 

hypertonic saline (HS) stimulus by the end of the first week of life while densities of Fos-labeled 

nuclei in the PVH do not peak until the second postnatal week, preceding innervation of the PVH 

by AgRP neurons. Based on these observations, we hypothesized hyperstimulation of MePO 

neurons in neonatal mice may impact the formation of AgRP circuitry with sustained changes in 

energy balance. To test this hypothesis, neonatal mice were exposed to HS treatment daily from 

postnatal day (P) 5 to P15 and immunohistochemistry was used to evaluate the density of AgRP 

innervation in the MePO and PVH at P60. Adult male mice that received HS treatment from P5-

P15 (HSPN) displayed significantly increased densities of AgRP axons in the PVH, while female 

mice displayed a significant decrease in the MePO. When exposed to a high fat diet, food intake 

in adult male HSPN mice was greater than in control mice. Observed perturbations in food intake 

suggest dehydration-anorexia may also be impacted by HSPN treatment. We are testing this 

notion experimentally, and using TRAP2 mice and whole-brain imaging to identify 

subpopulations of neurons where drinking and feeding signals converge. Together, these results 

suggest development of feeding circuits is impacted by postnatal hyperactivation of neural 

circuits regulating drinking, with lasting consequences for energy balance regulation. 
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Abstract: Recent interest has grown in utilizing ethologically relevant stimuli in the laboratory 

setting to characterize important behaviors such as fear learning or risk-based foraging. One 

approach has been to utilize simulated aerial predator attacks in rodents such as a simulated 3D 

owl during open field foraging. Comparing these with other forms of aerial threat such as 

projected looming stimuli could reveal the range of responses to specific threat that animals may 

experience and underlying differences in neural processing. However, due to the relatively 

unrestricted behavior of animals in such tasks, connecting the wide range of behaviors available 

to subjects to moment-to-moment neural activity can be difficult. To address this, the current 

study utilized pose estimation from Deep Lab Cut combined with further analysis of behaviors 

using the package Simple Behavioral Analysis (SimBA), to characterize a range of behaviors in 

response to a simulated aerial attack from a 3D printed owl in a repeatable fashion. The behavior 

took place in a large foraging arena in which subjects are habituated to foraging for food and 

returning to a closed end of the arena that serves as a safe hide for 5 minutes a day. After eight 

days of habituation, a 3D printed owl (40cm wing span) was introduced above the far end of the 

arena, attached to a swing arm controlled by Arduino software. For the subsequent two days, 

each time the subject came within ~20 cm of the food, the owl surged down and forward into the 

arena in a simulated attack. The behaviors of mice (CFW, CD1, C57/B6) and rats (Sprague-

Dawley) was examined and included group vs individual housing conditions and sex, in order to 

understand the conditions under which strong or weak fear responses might be elicited in this 

paradigm. Subjects demonstrated a range of behaviors both within and between groups including 

fleeing an attack event, freezing, or spending increased time in the safe zone of the arena even 

before the initial attack event. Results revealed that generally, rats exhibit a stronger fleeing 

response following an attack event than mice. Additionally, foraging behavior in mice varies 

depending on individual vs. group housed conditions as well as inbred vs. outbred strains. Across 

all groups, the presence of the owl reduced the amount of time spent in the arena when the owl 

was present (45.4s ±10.2) compared to the last three days of habituation (130.7s ± 7.5). Taken 

together, these results point to a need to consider the extraneous conditions and strain used when 

considering a response to predator threats under controlled conditions and a range of behavior 

needs to be measured to capture both individual and group variability. 
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Abstract: Understanding the mechanisms underlying our responses to threats and other stressors 

is crucial since they contribute to our susceptibility to developing trauma-related disorders. 

Specifically, we focus on the role of the bed nucleus of stria terminalis (BNST) that has been 

implicated in aspects of anxiety and threat processing. While our field has characterized some of 

the neural signaling in the BNST that promotes fear and threat responses, the specific role of the 

BNST in associative fear learning is still unclear and yet to be investigated. Prior research in our 

lab identified two sub-populations of BNST cells that exhibited distinct neural firing patterns 

during cued fear learning. “Ramping” BNST cells’ firing rates corresponded with learning; their 

activity was positively correlated with fear expression, suggesting that ramping cells may encode 

long-term information about stimuli predicting danger. “Phasic” BNST cells were most active 

during the initial stages of forming the association between the cue and aversive outcome. Phasic 

cells were active when mice did not express much freezing behavior, suggesting that they may 

encode more ambiguous threats, and may be important for decision-making in the face of 

uncertain stimuli. In addition, other studies have shown that two types of cells in the BNST are 

activated during fear memory consolidation. These include corticotropin-releasing factor-

expressing (CRF) and somatostatin-expressing (SOM) neurons. Our current work takes 

advantage of transgenic mice and cell-specific chemogenetics to understand how CRF- and 

SOM-expressing cells in the BNST contribute to early cued fear learning. 
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Abstract: Active avoidance (AA) is an adaptive defensive strategy employed to minimize threat 

encounters. However, excessive avoidance is a core feature of anxiety disorders in humans, thus 

highlighting the necessity of understanding the neural mechanisms that underlie avoidance 

behaviors. A key brain region involved in the expression of avoidance is the nucleus accumbens 

(NAc), located within the ventral striatum. Inactivation of the NAc diminishes avoidance, and 

dopamine (DA) release within this region is classically associated with both the learning and 

execution of avoidance behavior. For instance, DA release immediately after successful 

avoidance responses (termed 'safety period') is thought to mediate avoidance learning via 

positive reinforcement. Still, the mechanisms that shape this process remain unknown. Here, we 

discovered that NAc-projecting neurons of the paraventricular nucleus of the thalamus (PVT) - a 

structure that is critical for the expression and maintenance of AA behavior - are selectively 

engaged during the safety period of the AA task. Importantly, optogenetic inhibition of the PVT-

NAc pathway during the safety period diminished avoidance learning. These data suggested that 

safety related DA signaling in NAc and modulation of PVT input during these episodes might be 

related. In agreement, we found that activation of PVT terminals can promote DA release in NAc 

and that silencing the PVT-NAc pathway impairs safety-related DA. Additional evidence 

collected from us point at local modulation of cholinergic interneurons as a plausible mechanism 

by which the PVT shapes DA release in NAc. Overall, our results provide novel evidence of a 

thamostriatal pathway that is critical for the learning of active avoidance likely by promoting the 

reinforcing actions of DA release during the safety period. 
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Abstract: Learning induced perceptual switch in the primary somatosensory cortex 
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Abstract 

Increasing evidence suggests that during learning, multi-dimensional inputs are integrated within 

the sensory cortices. However, the strategies by which the sensory cortex employs to achieve 

learning remain poorly understood. We studied the neural cording of trace eyeblink conditioning 

(TEC) learning in head-fixed freely running mice, where whisker deflection was used as a 

conditioned stimulus (CS) followed by an air puff to the cornea (unconditioned stimulus, US) 

after an interval. A set of behavior changes, including maintaining the closure of eyelids, and 

decreased reverse running between CS and US onset, are hallmark features of animal who 

learned the task. The local blockade of S1 activities with muscimol abolished the behavior 

learning suggesting that S1 is required for the TEC. In naive animals, based on the response 

properties to the CS and US, responsive primary neurons (PNs) were divided into two subtypes: 

CR neurons (i.e. CS-responsive neurons) and UR neurons (i.e. US-responsive neurons). After 

animals learned the task, CR neurons become less responsive to CS, while UR neurons gain 

responsiveness to CS, a phenomenon we coined as ‘learning induced perceptual switch (LIPS)’. 

To explore the potential mechanisms underlying LIPS, we found that systemic and local (i.e. in 

S1) administration of the nicotinic receptor antagonist during TEC training blocked the LIPS, 

and concomitantly disrupted the behavior learning. Additionally, we monitored responses of 

three types of cortical interneurons (INs) and observed that the responses of the somatostatin-

expressing (SST), but not parvalbumin-expressing (PV) INs’ are negatively correlated with the 

learning performance, suggesting that SST-INs contribute to the LIPs. Thus, we conclude that 

L2/3 PNs in S1 encode discriminability efficiently by LIPS like mechanisms, and cholinergic 

pathways and cortical interneurons are involved in the formation of LIPS. 
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generalization 

Authors: *S. MITRA, M. K. ASTHANA;  

Indian Inst. of Technol. Roorkee, Roorkee, India 

Abstract: Background: Fear generalization involves eliciting conditioned fear responses to novel 

stimuli which share perceptually or conceptually similar properties with the conditioned stimulus 

(CS). Overgeneralization of fear plays a significant role in the acquisition and maintenance of 

anxiety disorders. However, fear generalization is also adaptive since it may prevent individuals 

from experiencing the same negative outcome by avoiding situations that predict negative 

consequences. The reinforcement levels of the unconditioned stimulus (UCS) impact fear 

acquisition and generalization. The current study explored the effect of UCS reinforcement (i.e., 

continuous and partial) on the threat expectancies in conceptual fear generalization due to 

category-based similarity using a visual aversive UCS. Methods: Fear generalization can be 

studied using the category-based conditioning paradigm, where individuals are conditioned to 

members of a specific category rather than a single stimulus. Further, the generalization of 

conditioned responses is tested with novel exemplars from the same category with which prior 

conditioning has not occurred. The CSs were exemplars from four categories, i.e., animals, 

insects, appliances, and mechanical tools. The UCS was an aversive image (No. 3051) with 

negative valence and high arousal, selected from International Affective Picture System (IAPS) 

database. A required sample size of 15 was determined using G*power analysis with an alpha 

value of 0.05, power of 0.95, and a predetermined medium effect size of 0.40 using one-way 

repeated measures ANOVA. Twenty-two healthy participants 18 to 21 years (M=19.18, SD= 

0.17) underwent fear acquisition with exemplars from the four stimulus categories, with varying 

UCS reinforcement levels (0%, 37.5%, 62.5%, and 100%). Subsequently, fear generalization was 

tested with novel unreinforced exemplars from each category. Online UCS expectancy ratings 

were obtained using a 9-point Likert scale in each experimental phase.Results: Repeated 

measures ANOVA reflected a significant effect of reinforcement on the UCS expectancy and 

CS-UCS contingency ratings. UCS expectancy ratings increased with increasing reinforcement 

levels in the generalization phase [F (1.593, 33.454) = 59.423, p <0.001, ηp
2= 0.739]. 

Conclusions: The current study suggests that partial and continuous UCS reinforcement levels 

directly impact conceptual fear generalization. Our study shows that individuals tend to 

overgeneralize fear when the threat is unpredictable. Furthermore, our findings demonstrate how 

fear generalizes using less aversive stimuli (visual) as the UCS. 
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Abstract: Biologically relevant odors, including those related to predators, will induce fear and 

anxiety-like behaviors, including risk assessment, avoidance and freezing in laboratory animals. 

In addition, animals previously exposed to predator odors will show conditioned place 

avoidance. In contrast, animals exposed to non-biological, but aversive odors, such as 

formaldehyde, will also exhibit defensive behaviors, but importantly, they do not show 

conditioned place avoidance. While there are many studies examining the effect of predator 

odors on defensive responding in rats and mice, there is currently a dearth of information using 

hamsters as test subjects. In this study, biological and non-biological odors were used to evaluate 

both unconditioned and conditioned defensive responses in male Syrian hamsters. Specifically, 

we examined whether coyote predator odors will elicit unconditioned avoidance behaviors in 

hamsters using a novel runway box. We compare these effects to formaldehyde, a non-biological 

odor. We found that while subjects exposed predator odors elicited a significantly higher level of 

defensive behaviors and avoidance compared to both the control and formaldehyde group, no 

significant differences were observed on the conditioned responses. These results not only add to 

the existing literature regarding the neurobiological basis of innate avoidance behavior, it also 

demonstrates key species differences in defensive behaviors in response to predator odors. 
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Abstract: Post-traumatic stress disorder (PTSD) is a debilitating disorder often characterized by 

intrusive thoughts and flashbacks that are connected to the traumatic event previously 

experienced. Often, PTSD patients will experience symptoms even when in a safe setting. This 

phenomenon, referred to as generalization, is believed to occur with time, and reflects the 

possibility that fearful and traumatic memories become less context-specific as time passes. 



Previous research has shown that similarities between contexts, testing order, and sex all 

influence contextual generalization. Of note however, these previous findings have produced 

mixed results, potentially due to procedural variations between studies. Here, we sought to 

expand our understanding of contextual generalization by examining the role of tactile and visual 

cues within a context in male and female mice. Male and female C57BL/6J mice were exposed 

to a 3-shock contextual fear conditioning protocol. Following fear conditioning, mice were 

separated into a 24-hour or 15-day group, and were tested either 24hrs after training, or 15 days 

later. On test day, mice were tested in either context A (the original context) or context B (a 

novel context with alternate flooring and walls). Freezing behavior during the test was recorded 

and scored manually, and brains were harvested and processed for c-Fos immunohistochemistry. 

Results showed a main effect of both Time and Context on the levels of freezing, as well as a 

Time X Context interaction, indicating generalization. We found no main effect of Sex, nor any 

Sex-based interactions, indicating that males and females did not differ in either freezing or 

generalization. Immunohistochemistry for c-Fos, a marker of neuronal activity, found that there 

was increased activation of the ventral hippocampus in the 15-day group. Indeed, we only 

observed a significant main effect of time for c-Fos expression in the ventral hippocampus. Our 

results provide further evidence that contextual generalization can arise over time, and that sex 

may not affect this under certain parameters. Lastly, our results show that the ventral 

hippocampus may be involved in contextual generalization. Future studies are needed in which 

we investigate more remote time points, different contextual feature changes, as well as 

activation patterns of areas beyond the ventral hippocampus. 
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Abstract: Humans and animals are constantly presented with conflicting information. However, 

little is known regarding how contradictory information is processed in the brain, particularly 

when the conflict originates as part of the same event. One way this can be studied is through 

second-order fear conditioning. A standard protocol consists of three stages. In stage 1, rats are 



exposed to pairings of an initially innocuous stimulus, S1 (e.g., a tone), with an innately aversive 

unconditioned stimulus (US, e.g., foot shock; first-order conditioning of S1). In stage 2, rats are 

exposed to pairings of another initially innocuous stimulus, S2 (e.g., a light), with the already-

conditioned S1 (second-order conditioning of S2). Finally, in stage 3, rats exhibit fear (freezing) 

when tested with presentations of S2 alone. A distinct feature of this protocol is that while S2 is 

paired with the learned source of danger S1, it also comes to be correlated with the absence of 

the US i.e., while S2 is present the US never occurs. We hypothesized that during S2-S1 

pairings, S2 encodes two conflicting associations: specifically, S2 signals the learned source of 

danger, S1 (S2-danger) whilst simultaneously signaling safety as the US never occurs when it is 

present (S2-safety). The present study tested this hypothesis by exploiting the fact that safety 

associations are often encoded in a specific region of the medial prefrontal cortex: the infralimbic 

cortex (IL). Specifically, using female and male Long-Evans rats, we examined whether 

silencing neuronal activity in the IL (via infusions of the GABA agonist, muscimol) would 

enhance second-order conditioning by preventing encoding/expression of the S2-safety 

association. The results showed that silencing the IL during S2-S1 pairings in stage 2 or 

presentations of S2 in stage 3 resulted in enhanced freezing to S2; and this was conditional on 

the absence of the US in stage 2. These findings are taken to support our hypothesis that two 

contradictory associations are encoded concurrently during second-order conditioning and that 

these associations stand in competition with each other. 
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Abstract: Novel encounters with stimuli that signal the potential for threat necessitate the 

generalization of defensive responding. One factor that contributes to the degree of 

generalization is the passage of time. A brain region that has been consistently linked with 

modulation of fear memory expression is the medial prefrontal cortex (mPFC). How mPFC 

synaptic plasticity over time is associated with changes in fear memory generalization is 



unknown. To test this question, ArcCreERT2 x eYFP transgenic mice were leveraged to visualize 

“neuronal ensembles” in the prelimbic (PL) and infralimbic (IL) subregions of the mPFC. In 

these experiments, all mice were fear conditioned using a 5-kHz auditory CS. Later, at recent (7 

day) or remote (30 day) timepoints, mice were presented with either the CS again, a novel 

“ambiguous” 3-kHz tone, or no tone (context control). Measurements of co-activated cell 

populations at the recent time point revealed a greater number of co-activated cells in L2/3 IL 

were associated with the “ambiguous” stimulus. At the remote time point, fewer L2/3 IL 

reactivated cells were associated with the ambiguous tone. While generalization did increase 

modestly over time, throughout these experiments we observed high variability in freezing to the 

ambiguous cue. A cluster analysis of freezing responses revealed no differences in the number of 

reactivated cells between mice that exhibited “high generalization” or “low generalization” at 

either recent or remote timepoints. Next, we silenced the IL using chemogenetics during the 

presentation of the ambiguous stimulus. IL inactivation promoted generalization, supporting a 

role for the IL in reducing fear to ambiguous, but potentially threatening, stimuli. Overall, these 

data identify plasticity of IL ensembles that are formed, and perhaps, suppressed over time in 

response to an ambivalent threatening stimulus. These data also indicate that IL activity may not 

necessarily linearly scale with the freezing response, but rather, may signal to downstream 

structures the presence of a novel stimulus with ambivalent threatening properties. Finally, these 

data support a role for the IL in modulating fear responses in the presence of an ambiguous 

stimuli. 
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Abstract: In the natural environment, rarely do environmental stimuli occur in the same place or 

take the same form. An essential mechanism that allows for the transfer of learned experience to 

other stimuli and contexts is known as stimulus generalization. While the ability to generalize 

stimuli is adaptive, overgeneralization of stimuli is maladaptive, and has been linked with 



clinical disorders such as anxiety and post-traumatic stress disorder (PTSD). Various associative 

learning components, including fear conditioning, generalization, and extinction, are used for 

studying maladaptive behaviors and circuits likely dysregulated in PTSD. A well-recognized 

feature of both fear generalization and extinction is high variability. It has been proposed that 

preclinical models of trauma-related disorders should include the study of individual differences. 

In this series of experiments, we screened a large cohort of ArcCreERT2 X eYFP mice 

(C57BL/6J background) on anxiety tests (elevated zero maze and the novel open field) and cued 

fear generalization and extinction tests. Results revealed a wide spectrum of cued fear 

generalization. Subsequent cluster analysis producing “high generalization” and “low 

generalization” phenotypes uncovered a relationship between generalization performance and 

extinction performance in males; the greater the generalization, the greater the extinction deficit. 

In females, there was no relationship between generalization and extinction. Rather, 

generalization performance was correlated with anxiety-related behavior; the greater the 

generalization, the greater the anxiety-like behavior. Interestingly, neither fear conditioning nor 

extinction performance were predictors of anxiety, making generalization a unique predictor of 

both extinction performance and anxiety. These data shed new light on a sex-dependent 

relationship between fear generalization performance and both unconditioned and conditioned 

fear. These data underscore the importance of considering both inter-individual and sex 

differences in fear conditioning for the preclinical study of trauma- and stressor-related disorders 

such as PTSD. 

Disclosures:  T. Tsukuda: None. A. Bauman: None. R. Subramanian: None. H.C. 

Bergstrom: None. 

Poster 

PSTR039. Fear Generalization and Threat Avoidance 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR039.11/II12 

Topic: G.04. Emotion 

Support: ISF-NSFC joint research program (grant No. 3459/20) 

BSF grant No. 2019186 

Title: Distinct neural activity in the social brain network of SD rats during affiliative and 

aversive social interactions 

Authors: *S. R. JOHN, S. NETSER, S. WAGNER;  

Sagol Dept. of Neurobio., Univ. of Haifa, Haifa, Israel 

Abstract: This study aims to investigate the neural mechanisms underlying social behavior in 

SD rats. Social behavior is a natural phenomenon that is essential for survival across the animal 

kingdom. An environmental stimulus can elicit a repertoire of behavioral responses, and the 

animal will decide whether to approach or avoid the stimulus based on the positive or negative 



valence of the stimulus. Despite the importance of social behavior, many fundamental questions 

remain unanswered in our understanding of brain circuits and the underlying neural mechanisms 

of social behavior.Our main working hypothesis is that coordinated neuronal activity across the 

social brain reflects differential behavioral responses of social approach or avoidance. To test 

this hypothesis, we implanted custom-made multielectrode array probes in the brains of adult 

male SD rats and recorded electrophysiological activity from multiple brain regions 

simultaneously while the rats performed the Social Preference task using novel social stimuli. 

We analyzed both multiunit spiking activity and local field potential signals recorded from 

various brain regions, including the amygdaloid complex, a central hub for driving emotional 

behaviors.The results showed that changes in power of LFP frequencies were dependent on the 

valence of the social stimulus, as reflected by the rat's behavior towards the social stimulus. 

Approach or avoidance behaviors were differentially correlated with significant changes in 

power of Theta and Gamma oscillations in specific areas of the amygdaloid complex, including 

the medial, central, stria terminalis, and anterior amygdala. In contrast, MUA in the social brain 

regions did not show significant changes except in the brain areas of AA and STIA during 

appetitive and aversive states. Additionally, Theta and Gamma oscillations showed differential 

coherence patterns between social brain regions during affiliative and aversive social encounters. 

We also observed changes in vocalization, with rats producing more ultrasonic calls 50kHz when 

prosocial and long 22kHz calls when stressed.This study provides insight into the neural 

mechanisms underlying socio-emotional internal states of SD rats during both affiliative and 

aversive social behaviors. The findings suggest that specific oscillatory activities in the amygdala 

complex are involved in the estimation and processing of social stimuli and the expression of 

adaptive behavioral responses. These results could be beneficial in understanding changes in 

brain activity involved in brain pathologies associated with atypical social behavior, potentially 

leading to improved therapeutic interventions. 
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Title: Distinct subpopulations of prelimbic cortex neurons encode the salience or the 

motivational value of reward-cues during approach-avoidance conflict test in rats 
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Abstract: To survive in nature, animals need to identify environmental cues associated with 

reward or threat and make adaptive responses. Neurons in the prelimbic (PL) subregion of the 

medial prefrontal cortex change their firing rates in response to reward- and threat-associated 

cues and play an essential role in encoding contextual information. The PL contains two non-

overlapping subpopulations of neurons that project to either the paraventricular nucleus of the 

thalamus (PVT) or the nucleus accumbens (NAc), both regions involved in action-selection and 

risky decision-making. However, it remains unclear how these two subsets of PL neurons 

respond during situations of conflict when reward and threat cues occur together. To explore this 

question, male adult Long-Evans rats previously trained to press a lever for sucrose during the 

presentation of audiovisual cues were implanted with single-unit recording electrodes in the PL. 

Rats were then exposed to an approach-food vs. avoid-predator odor conflict model comprised of 

three phases: (i) reward phase, only food cues presented, (ii) cat odor phase, only a fear-inducing 

cat odor presented, and (iii) conflict phase, food cues concomitantly presented with cat odor. The 

next day, rats were returned to the same chamber and exposed to the food cues in the absence of 

the predator odor (fear-inducing context). Rats displayed increased defensive behaviors and 

reduced food seeking during the conflict phase compared to the reward phase. Tracking the 

activity of the same cells across the phases revealed that most PL neurons (230 out of 413 

neurons, 29 rats) changed their firing rates in more than one phase, and ~70% of these cells 

responded in opposite directions, suggesting valence encoding. Using a combination of single-

unit recordings and optogenetics to photoidentify PL neurons based on their projection target, we 

found that PL-PVT neurons responded to food cues with a similar magnitude in both reward and 

conflict phases. In contrast, PL-NAc neurons that were excited or inhibited during the food cues 

in the reward phase responded in the opposite direction in the conflict phase. Consistently, 

during fear-inducing context exposure, a subset of PL-NAc neurons that were excited during the 

food cues when rats failed to press the lever (i.e., risk-avoiding trials) did not respond when they 

pressed (i.e., risk-taking trials). Together, our results suggest that PL-PVT neurons encode 

information about the salience of the food cues during both reward and conflict phases, whereas 

PL-NAc neurons encode changes in the motivational value of the food cues from reward to 

conflict phases according to the behavioral choice of the animals. 
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Abstract: Adult rats emit distinct types of ultrasonic vocalizations (USVs) that reflect the 

valence of their emotional states. 22 KHz USVs are emitted during negative emotional states 

(aversive), whereas 50 KHz USVs occur mostly during positive emotional states (appetitive). 

However, there is still some debate on whether the emission of aversive vs. appetitive USVs by 

an emitter rat can bidirectionally regulate the behavioral responses of a receiver rat. Also unclear 

is which brain regions encode both types of USVs. One candidate region is the prelimbic 

subregion of the prefrontal cortex (PL), a structure implicated in the regulation of social 

behaviors and decision-making processes. Male adult Long-Evans rats with single-unit recording 

electrodes implanted in PL were exposed to pre-recorded aversive and appetitive USV playbacks 

during the same session. A 22 KHz artificial sound was used as a control stimulus. An analysis 

of 375 neurons recorded from 20 rats revealed two subpopulations of PL cells that responded to 

either aversive USVs (14.4%, 7.4% excited and 7% inhibited) or appetitive USVs (11.8%, 4.6% 

excited and 7.2% inhibited), indicating that PL neurons can discriminate between appetitive and 

aversive vocalizations. Interestingly, ~65% of PL neurons that changed their firing rates in 

response to 22 KHz USVs did not respond to 22 KHz artificial sound, suggesting that distinct 

populations of cells in PL encode USV calls vs. sounds of the same frequency. Next, to check 

whether aversive and appetitive USV playbacks affect animal’s behavior, rats previously trained 

to press a lever for sucrose during the presentation of a light cue were exposed to the USV 

playbacks (22 KHz or 50 KHz) or the artificial 22 KHz sound either 10 s before or during the 10 

s of the sucrose cue presentations. We found that aversive or appetitive USV playbacks before or 

during the sucrose cues did not change sucrose-seeking. To test if live emission of aversive 

USVs is required to affect reward seeking in the receiver rat, a separate subset of animals was 

used. Demonstrators were given electrical foot shocks in a chamber while observers were 

pressing for sucrose in an adjacent chamber separated by a grid. Interestingly, observers exposed 

to demonstrators that emitted aversive USVs during the foot shock session had lower sucrose 

seeking and higher freezing responses compared to either baseline or demonstrators that didn’t 

emit aversive USVs. Together, our results establish a role for PL neurons in the discrimination of 

USVs of different emotional valences, and reveals that the communicative function of aversive 

USVs requires a richer social context to elicit behavioral changes in the receiver animals. 
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Abstract: Motivation and sensation signals arise from deep brain regions, such as amygdala, 

insular cortex, and hypothalamus. However, it is unclear how these signals affect the voluntary 

movements. Here, using ChR2-assisted circuit mapping, we identify a group of medial prefrontal 

cortex (mPFC) motor cortex projecting (MP) neurons linking the deep brain regions (amygdala 

and insular cortex) with the somatic motor regions (primary motor cortex and striatum). 

Applying single-unit extracellular recordings and opto-tagging approach in awake mice, we find 

that MP neurons encode movement phases, but not valence and motor command in a persistent 

licking task. Optogenetically inactivation of MP neurons impairs the initiation of persistent 

licking movement. Interestingly, cross-correlation of spike data reveals that the licking signal is 

not triggered by the valence signal. A computational model suggests that a short but continuous 

sensory stimulus activate MP neurons mediating the initiation of movement. Together, our 

results reveal a brain mechanism that transforms sensation inputs to voluntary movement 

outputs. 
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Title: Orbitofrontal and infralimbic neuronal processing of adaptive versus maladaptive avoidant 
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Abstract: Active avoidance is an evolutionarily beneficial behavior wherein aversive events 

may be prevented through proactive, threat mitigating behaviors. However, continued patterns of 



avoidant behavior in the absence of any threat, or in the presence of safety signals, are 

maladaptive. The orbitofrontal (OFC) and infralimbic (IL) cortices are critical regions for 

processing and integrating motivational information to guide adaptive responses. Furthermore, 

dysregulated OFC and IL functional activity is commonly associated with maladaptive patterns 

of avoidant behavior and inefficient use of safety signals. Understanding how these regions guide 

and regulate active avoidance may give critical insight to the etiology of disorders associated 

with perseverative avoidant behavior.Here, we created a novel mixed operant/Pavlovian safety 

learning task in which male and female Long Evans rats learn to press a lever to prevent a mild 

footshock signaled by an auditory fear cue. This active avoidance response ends the fear cue and 

activates a visual safety signal indicating successful avoidance. In a subset of “safety” trials, the 

safety cue is presented either alone or concurrently with the fear cue. These trials are always 

shock free, making avoidant responses unnecessary. Once trained, electrode arrays are surgically 

implanted in OFC and IL within the same hemisphere (counterbalanced across subjects) to 

record single unit activity during 2 behavioral probe sessions. In these probes, rats are presented 

for the first time with a choice of 2 levers during a safety shock-free trial: one that has been 

associated with liquid sucrose, and another that has been associated with shock avoidance. Thus, 

avoidant lever presses reduce rewarding outcomes, indicating a maladaptive bias toward 

perseverative avoidant behavior. In the second probe, both reward and avoidance levers are also 

presented during active avoidance trials. Unlike safety trials, avoidant responses in these trials 

are still necessary to obtain optimal outcomes. Thus, this assesses rats’ ability to maintain 

distinct goal-oriented behaviors, i.e. avoid punishers and pursue rewards. This novel mixed 

operant/Pavlovian safety task offers the opportunity to assess the behavioral development and 

neuronal underpinnings of maladaptive avoidant behaviors common in clinical disorders that can 

be resistant to treatment. 
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Abstract: Approach-avoidance conflict arises when individuals are confronted with stimuli or 

situations involving both rewarding and aversive contingencies. Psychiatric disorders, including 

depression and addiction, often manifest with maladaptive conflict resolution strategies. 

Therefore, it is important to understand the neural mechanisms underlying decision-making 

during approach-avoidance conflict. In this study, we performed single-cell in-vivo calcium 

imaging in the ventromedial prefrontal cortex (vmPFC), a key area of the brain involved in threat 

suppression and executive control, of mice while training in an approach-avoidance conflict task. 

Over six days, mice were first trained to nose poke for sucrose rewards, with nose pokes 

reinforced by an Ensure reward during a 30-second light cue. Subsequently, mice underwent ten 

days of conflict training in the platform-mediated avoidance task. Conflict was introduced by 

presenting a 30-second tone cue that co-terminated with a foot shock. In order to avoid getting 

shocked, mice had to forgo reward seeking and step onto a plexiglass platform on the corner 

opposite of the reward port before the end of the tone cue. The tone had complete, partial, or no 

overlap with the reward cue, generating high, medium, or minimal conflict trials, respectively. 

We employed a neural encoding model to identify the behavioral and task variables encoded in 

the vmPFC. Our findings revealed that the proportion of neurons encoding nose-poking behavior 

and light cue stimulus increased across training days, consistent with the behavioral findings that 

mice displayed increased nose-poking behavior during the cue. During the approach-avoidance 

conflict phase, we observed neurons in the vmPFC encoding various stimuli, including the light, 

tone, co-presentation cue, shock, and nose-poking behavior. Ongoing analyses are underway to 

determine whether there are distinct neural representations in the vmPFC for active versus 

passive behaviors and whether these shift dynamically throughout training. These findings 

provide valuable insights into the neural circuits and encoding patterns that underlie the 

modulation of approach and avoidance strategies during motivational conflict. 
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benefit decision-making and learning 
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Abstract: Mood-related disorders prevalence and diagnosis have increased over the last few 

decades. Although we have an improved understanding of the underlying pathophysiology, we 

still lack a thorough understanding of brain structures and circuitries that could underlie these. 

For this purpose, we attempted to investigate two cortical regions, key components of a critical 

corticostriatal circuitry: the pregenual anterior cingulate cortex (pACC) and the caudal 

orbitofrontal cortex (cOFC) in non-human primates. The pACC previously has been linked to 

learning, decision-making and mood regulation. However, the cOFC, a posterior part of the 

orbitofrontal cortex (OFC), has received limited scientific attention; most research on the OFC 

has focused on more medial or lateral parts of this cortical region. In order to achieve a better 

understanding of this circuitry, we trained two adult macaque monkeys (one male, one female) 

on a visually guided approach-avoidance (Ap-Av) task. A similar version of this task has been 

previously used in both non-human primate and human research. During the task, monkeys, 

previously implanted with standard chronic platinum iridium probes or acute S-probes, had to 

choose either to accept or reject offers indicating conjoint, specific amounts of reward and 

punishment. In addition to electrophysiological recordings and task performance measurements, 

physiological measures, including pupil diameter, lick rates and pulsimetry, were recorded to 

estimate the behavioral state of the animals. After both animals mastered the task, and exhibited 

stable behavior throughout, and during separate days, electrical microstimulation (EMS) was 

delivered. Analysis of the electrophysiological data during learning showed that units in both 

pACC and cOFC are responsive to most task events, with pACC being more active than the 

cOFC during the cue offer onset period, and cOFC more active during the outcome period, 

especially during the delivery of negative outcome (i.e., airpuff). EMS during a number of 

sessions, and in specific small sites within either region, induced increased avoidance behavior, 

i.e., avoiding most offers. These results demonstrate a complimentary role of pACC and cOFC in 

cost-benefit decision-making processes, while at the same time demonstrating their causal 

relationship to mood regulation. 
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Abstract: While stress is a virtually unavoidable aspect of life, how individuals respond to 

similar situations can vary quite significantly. For some, the experience of a potent stressor will 

elicit transient negative emotional states followed by rapid recovery to normal affect, while for 

others, this experience can lead to persistent traumatic states such as post-traumatic stress 

disorder (PTSD), anxiety or depression. One of these individual risk factors depends on whether 

individuals perceive that they can exert control over a stressful situation (i.e., actions can alter or 

mitigate aversive outcomes) versus situations under which they have no control, a phenomenon 

termed “learned helplessness”. This well-established approach in rats has demonstrated those 

with behavioral control typically show resilience to future stressors, while those lacking control 

show susceptibility to other stressors. This difference appears to depend on signals from the 

prefrontal cortex, where manipulations such as pharmacology or lesions abolish the ability for 

rats to benefit from a behaviorally controllable experience. However, to date, there has been no 

recording of neural activity prefrontal cortex or related limbic targets to characterize the 

computations necessary for learning about controllable versus uncontrollable stressors. In this 

study, we recorded single-unit activity in the prelimbic (PL) prefrontal cortex and the nucleus 

accumbens core (NAc) in male and female rats who were assigned to one of three groups in a 

cued variant of a stressor controllability task: (1) Escapable Shock (ES), where rats could rotate a 

wheel to terminate an unavoidable tail shock, (2) Inescapable Shock (IS), where rats received 

shocks onset/offset yoked to an ES rat, but could not rotate the wheel, and (3) homecage controls 

(HC), who received the shock-associated cue alone without aversive consequences. To assess the 

trans-situational effects of ES/IS on both reward and aversion, these rats were then run on a 

Pavlovian reward task (3d), followed by fear conditioning task. Neural firing in both PL and 

NAc showed greater phasic activity for ES stimuli (cue/shock) than either IS or HC. In the 

subsequent Pavlovian reward task, ES rats showed greater phasic activity in NAc (but not PL) to 

reward-predictive cues over repeated experience with the task compared to IS rats. In the fear 

conditioning task, male and female IS rats showed significantly greater fear than either ES or HC 

rats to both cues and context. Overall, these data suggest that differential phasic activity during 

ES/IS can predict individual susceptibility to later motivational and aversive experiences. 
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Abstract: Higher levels of motivation are likely to increase an individual's behavioral control, 

making them more confident in their ability to carry out the behavior. This, in turn, increases the 

likelihood that they will engage in goal-directed behavior. The present study aimed to investigate 

the role of periaqueductal gray neurons in signaling reward outcomes and their impact on 

primate engagement and performance in goal-directed behaviors. Our results revealed that 

periaqueductal gray neurons were strongly excited in the context of low reward expectations. We 

observed a correlation between this neuronal activation and an increase in saccadic eye 

movements toward the outside of the target area, subsequently decreasing the monkey's 

engagement in the task. Conversely, periaqueductal gray neurons were tonically suppressed in 

the context of high reward expectations, which correlated with an increase in holding gaze inside 

the target area. This, in turn, suppressed unnecessary eye movements and increased the monkey's 

engagement in the task and performance of subsequent goal-directed behaviors. Additionally, we 

conducted experiments involving the injection of the GABA agonist muscimol into the 

periaqueductal gray, which induced a deceleration of eye movements and remarkable relaxation 

in the monkeys. Intriguingly, this induced severe relaxation and suppression of even necessary 

task performance behaviors and led to drowsiness. Overall, our study provides compelling 

evidence for the participation of the periaqueductal gray in signaling reward expectations and its 

impact on primate oculomotor engagement and performance in goal-directed actions. The 

periaqueductal gray exhibits extensive connectivity with various brain regions involved in 

reward expectation, eye movement control, and motivational behaviors. Notably, these 

connections encompass the lateral habenula, superior colliculus, and oculomotor nuclei, 

suggesting that the involvement of the periaqueductal gray extends beyond the regulation of eye 

movements and modulation of the oculomotor system during motivational behaviors. Further 

research in this area holds promise for deepening our understanding of the complex interplay 

among motivation, emotion, and eye movement control, with potential implications for diverse 

clinical investigations. 
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Abstract: Reinforcement schedules analyze reward-seeking behavior, voluntary drug intake or 

drug self-administration to identify the maladaptive behaviors and drug target in animal models. 

Progressive ratio (PR) schedule of reinforcement is a method of quantitative estimation of 

motivation which an animal will make to obtain a reward. Inbred C57BL/6J and outbred ICR 

(CD1) mice showed differences in locomotion, cognitive flexibility, or aggression. However, 

these strains have not been compared on a PR schedule of reinforcement to analyze motivation 

during early adolescence. Male and female C57BL/6J and CD1 mice were evaluated by open 

field to analyze locomotion at P21. We used a PR3 schedule for ten consecutive days (P30-P40). 

PR3 performance was evaluated by the breakpoint, and the mathematical principles of 

reinforcement (MPR) was used to dissect motivation, impulsivity, and motor skills to manipulate 

the operandum in mice (P30-P40). CD1 mice showed a higher locomotor activity than C57BL/6J 

independently of sex, p < 0.001. CD1 mice had a higher breakpoint, however, male CD1 mice 

produce a gradual increase of breakpoint until the last session, p < 0.001. In MPR model, CD1 

mice showed a decrease in fixed paused (impulsivity) than C57BL/6J independently by sex, p = 

0.001. Therefore, our data suggest that the origin of the higher breakpoint in CD1 strain may 

related to the impulsivity. MPR model can be useful to analyze the origin of breakpoint 

dissecting factors such as motivation, impulsivity, and motor skill during a PR in adolescents 

CD1 and C57BL/6J mice. These findings are important to stablish the behavioral phenotypes 

between CD1 and C57BL/6J mice and the potential predisposition to use them in several animal 

models of substance-use and misuse. 
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Title: Dissociable encoding of motivated behavior by parallel thalamo-striatal projections 
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Abstract: The successful pursuit of goals requires effectively carrying out and ending actions 

that lead to positive outcomes. This process relies on internal motivational states driven by 

factors like hunger or fear. However, we still lack a complete understanding of how the brain 

monitors and influences motivational states to shape goal-oriented actions. The paraventricular 

nucleus of the thalamus (PVT), located in the midline thalamus, plays a role in guiding 

motivated behaviors via its projections to the nucleus accumbens (NAc) and has been shown to 

monitor internal states through interoceptive inputs from the hypothalamus and brainstem. 

Recent research has identified two distinct subpopulations of PVT neurons: Type1PVT and 

Type2PVT. These subpopulations differ in their genetic characteristics, functionality, and 

connections with other brain regions, including the NAc. In this study, we utilized fiber 

photometry to investigate the real-time dynamics of these two PVT neuron types in mice 

engaged in a reward foraging task. Our findings revealed that Type1PVT neurons encode the 

execution of goal-oriented actions, while Type2PVT neurons are involved in signaling the 

termination of such actions. Additionally, Type1PVT neuronal activity was correlated with 

motivational parameters like vigor and satiety, whereas Type2PVT cells did not show such 

correlations. Remarkably, these characteristics remained largely intact even when focusing on 

the activity of PVT projections specifically targeting the NAc. Altogether, our study 

demonstrates the presence of two distinct thalamo-striatal projections through which the brain 

dynamically regulates the pursuit of goals. It sheds light on the mechanisms by which the brain 

tracks motivational states to shape purposeful actions. 
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Abstract: Corticotropin releasing factor (CRF) neurons are traditionally assumed to generate 

aversive stress states (George et al., 2012). However, other evidence shows that CRF neurons in 

nucleus accumbens (NAc) and central amygdala (CeA) can generate positively-valenced 

incentive motivation to pursue and consume rewards (Lemos et al., 2012; Peciña et al., 2006). 

For example, optogenetic laser stimulation of CRF neurons in the CeA and NAc of crh-Cre rats 

intensifies and focuses pursuit of a laser-paired sucrose or cocaine reward over an equal reward 

without laser stimulation, and also supports laser self-stimulation of CRF neurons indicating 

positive valence of CRF neuronal excitation in CeA and NAc (Baumgartner et al., 2021, 2022). 

However, several major issues remain. First, CRF neurons co-release other neurotransmitters. 

Thus, it is unknown whether CRF itself versus other neurotransmitters mediate the positively-

valenced motivation. To specifically test the role of CRF peptide, we administered i.c.v. 

microinjections of a nonspecific CRF antagonist or of vehicle prior to CeA or NAc laser self-

stimulation by crh-Cre rats, or prior to 2-choice tasks in which rats could choose to earn either 

laser-paired sucrose reward or identical sucrose reward without laser. Preliminary results suggest 

that CRF receptor blockade reduces incentive motivation effects from optogenetic stimulation of 

CRF neurons in CeA and NAc, indicating a positively-valenced role for CRF neurotransmitter. 

We are now exploring the relative roles of CRF projections from the CeA to the lateral 

hypothalamus, dorsal medial striatum, and ventral tegmental area. A second major issue 

remaining is that the motivational valence effects of CRF in extended amygdala have been 

posited to become more negative after chronic drug exposure, growing as an aversive b-process 

to produce withdrawal, distress, and relapse in addiction (Koob, 2010). A potential CRF switch 

in motivational valence from positive to negative is consistent with reports that severe stress 

experiences reverse the motivational valence of CRF signaling in NAc (Lemos et al., 2012). To 

test whether CRF neuronal activation in CeA or NAc similarly switches valence from positive to 

negative after extensive drug consumption, we give crh-Cre rats 2 weeks exposure to daily 6-

hour long access cocaine self-administration. We then assess the motivational valence of 

optogenetic CRF neuronal stimulation in CeA using laser self-stimulation, laser avoidance, and 

sucrose two-choice tasks. This work helps clarify the multiple roles for CRF neurons in CeA and 

NAc in driving motivation that could contribute to addictive relapse and drug seeking. 
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Abstract: In fMRI studies, the anterior insula (AI) is recruited in a wide variety of tasks, 

indicating that it fulfills a core function needed in many contexts. In keeping with this, fMRI and 

LFP recording studies in humans suggest that the AI encodes the salience of stimuli and 

deviations from expectations, signals that can mobilize cognitive resources and facilitate 

learning. However, BOLD signals and LFPs do not have sufficient resolution to assess how these 

codes are distributed across AI cells. Here, we addressed this question using multi-site single unit 

and LFP recordings in Long Evans rats performing a novel reinforcement learning task. In this 

task, hungry rats are presented with tones associated with different reward amounts (CSs) and 

noxious stimuli. Rats are trained to nose-poke at one end of the arena, triggering the presentation 

of one of three tones (CS1; 60 db; 0.7 s) that signal how many food pellets can be retrieved at the 

other end (0, 1, or 3 food pellets for tones of 0.5, 4, or 8 kHz tone). Rats then run to the arena’s 

midpoint where they must nose-poke a second time, triggering a second tone (CS2), which is 

either the same (80% of trials) or a different tone (15% of trials) than CS1, confirming or 

challenging their reward expectations, respectively. Most AI neurons (78%) showed significant 

task-related activity (signed-rank tests p<0.01): 56% changed their firing rates in response to one 

or more of the CSs, 47% in anticipation of reward delivery, and 23% in response to the noxious 

sound. Of the CS responsive cells, 29% had no response or an inhibition to CS1 and increased 

their firing rate to CS2, 41% showed the opposite, 24% were excited by both, and 5% were 

inhibited by both. To assess salience encoding by AI neurons, we examined whether they 

responded to both the noxious and reward-predicting tones. We found extensive overlap: 94% of 

cells excited by the noxious sound were also excited by one or more of the appetitive CSs; 39% 

of cells excited by appetitive CSs were also responsive to the noxious noise. Thus, a large 

proportion of AI neurons encode salience. To assess AI encoding of prediction errors (PE), we 

compared their responses to the same CS2 when it was preceded by the same (congruent) or a 

different CS1 (incongruent). 54% of AI cells showed a congruency effect (response to congruent 

CS2 < response to same incongruent CS2), whether the incongruent CS2 signaled an increase or 

decrease in reward, consistent with an unsigned PE signal. Overall, our results indicate that AI 

cells concurrently respond to several variables, shedding light on the role of the AI in signaling 

salience and deviations from expectations, both core cognitive functions required in many 

contexts. 

Disclosures:  L.F. Gomez-Alatorre: None. A. Amir: None. A. Karki: None. M. Herzallah: 

None. D. Pare: None. 

Poster 



PSTR040. Neuronal Circuits, Motivation, and Emotion 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR040.13/II25 

Topic: G.03. Motivation 

Support: JSPS KAKENHI 18H04943 

JSPS KAKENHI 18H05131 

JSPS KAKENHI 18K19497 

JSPS KAKENHI 20H03555 

JSPS KAKENHI 20H05469 

JSPS KAKENHI 20H05063 

JSPS KAKENHI 21K07259  

JSPS KAKENHI 21J40030 

JSPS KAKENHI 21K19428 

JSPS KAKENHI 21H05169 

JSPS KAKENHI 22H04998 

Takeda Science Foundation  

Title: Selective silencing of the ventral striatum-ventral pallidum pathway enhances approach 
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Abstract: Motivation in decision-making varies depending on the conflict types. When faced 

with two desirable job offers (i.e., an approach-approach (Ap-Ap) conflict), we can make 

decisions with high motivation. On the other hand, when we need to decide whether to accept or 

reject a job providing a high salary but entailing a heavy workload (i.e., an approach-avoidance 

(Ap-Av) conflict), the decision-making can be challenging, leading to reduced motivation. 

However, the neural system underlying motivation in conflict conditions remains unknown. The 

pathway from the ventral striatum (VS) to the ventral pallidum (VP) has been implicated in both 

seeking rewards and avoiding aversive situations. We thus hypothesized that the VS-VP pathway 

plays a causal role in regulating motivation, particularly in the context of Ap-Av conflict. To 

address this, we trained two macaque monkeys to perform two tasks: the Ap-Ap task in which 

they had to choose between rewarding options, and the Ap-Av task in which they had to decide 

whether to accept or reject an offer of paired reward and aversive air-puff (each ranging from 0 

to 100%). To manipulate the VS-VP pathway, we introduced the inhibitory hM4Di receptor gene 

into VS neurons using a viral vector (AAV2.1-CaMKII-hM4Di) and locally infused 

deschloroclozapine (DCZ) to the VP to suppress input from the VS. We observed a significant 

elevation in the monkeys’ motivation in the Ap-Av task after DCZ infusion. The pathway 

manipulation significantly reduced the frequency of omission error (t-test, P < 0.05) and the 



reaction time for the target selection (t-test, P < 0.01), as compared to the control condition. We 

further observed the increase in the Ap choice (t-test, P < 0.05) and obtained the sharpened 

tuning curve (t-test, P < 0.01), especially when the offered air-puff was strong (i.e., > 75%). 

Importantly, the DCZ infusion did not change the motivational state in the Ap-Ap task (t-test, P 

> 0.05). To characterize the functional role of the VP, we recorded the cue-period activity from 

173 neurons therein and found predominant activities correlated with either positive value (n=41 

out of 51 value-coding activities) or motivation (n=27 out of 45 motivation-coding activities). In 

line with the characteristics of VP neurons, we found that manipulating the VS-VP pathway 

increased both motivation and valuation in decision-making. Our findings suggest that 

disinhibiting VP neurons may potentially result in increased motivation and positive valuation, 

particularly under the Ap-Av conflict. The present results support the idea that the VS-VP 

pathway is crucial in regulating motivation, especially in situations involving aversive contexts. 
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Abstract: Cost/benefit analyses are disturbed in substance use disorders and have been 

suggested to be mediated by interactions between cortico-limbic-striatal circuits. Within these 

circuits, the basolateral amygdala (BLA) has been shown to be critical for aversive costs like 

punishment to produce flexible changes in actions. Yet, it remains unclear how the BLA 

facilitates such flexibility. Here, we used in vivo 1-photon imaging, fiber photometry, and 

optogenetic manipulation in male mice to detail BLA function during cost/benefit decision 

making, identifying a BLA to nucleus accumbens shell (NAcSh) projection that contributes to 

action flexibility. Mice were first trained to discriminate between one reward port that delivered 

a large amount of milkshake reinforcement, and another that delivered a small amount. Mice 



then received risky decision-making task (RDT) sessions whereby selection of the large reward 

was associated with a minor footshock that ascended in likelihood across three trial blocks (0, 

50, and 75% probability). Selection of the small reward option was never punished. Throughout 

training and RDT sessions, GCaMP6-based fluorescence was imaged using microendoscopic 1-

photon imaging. During reward magnitude training, subsets of BLA neurons displayed consistent 

responses to rewarded events during the pre-choice and post-choice period, while others 

developed or lost responsivity over multiple days of training. The introduction of punishment 

risk during the RDT dramatically affected behavior: mice deliberated longer prior to making a 

choice, displayed behaviors characteristic of anxiety-related indecision, and gradually shifted 

their choice towards the small, safe reward. This shift was associated with changes in BLA 

neuron activity: for example, many neurons encoded footshock punishment, with most being 

recruited from a pool of cells that were not reward-excited. We next assessed whether signaling 

in a discrete BLA-NAcSh pathway was sensitive to risk and causally related to flexibility. Using 

projection-specific fiber photometry and 1-photon imaging, we observed that the BLA-NAcSh 

population was less sensitive to footshock punishment than the overall BLA population, but 

pathway activity preceding actions was significantly inhibited by punishment risk. To test 

whether this inhibition causally contributed to actions, we optogenetically excited BLA terminals 

in the NAcSh, which produced a robust increase in risk-seeking. These data provide novel 

insight into the manner in which BLA processes punishing information, with ongoing 

experiments exploring further differences in projection-specificity and transcriptional profile. 
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Abstract: The ability to efficiently process information and make decisions is critical for animal 

survival during constantly changing environments. Medial septum (MS) has long been 

implicated in motivated behavior, although precise functions have not yet been identified. One 



major issue of previous studies was that manipulations were not selective. The MS contains 

different cell types, including GABAergic, cholinergic, and glutamatergic neurons. GABAergic 

neurons are the most numerous. We sought to understand the roles of MS GABAergic neurons in 

motivated behavior. Although we previously reported that optogenetic stimulation of MS vGAT 

(GABAergic) neurons does not reinforce behavior, recent work reported that the stimulation of 

GAD2 GABAergic neurons induces real-time place preference. Therefore, we hypothesized that 

only a subset of MS GABAergic neurons may respond to rewarding stimuli. To confirm this, we 

injected vGAT-Cre and GAD2-Cre mice with AAV5-syn-FLEX-rc[ChrimsonR-tdTomato] and 

placed the animal in an ICSS task 2 weeks later. We found that GAD2-cre mice rapidly learned 

to lever press for stimulation, while vGAT-Cre mice did not. To understand the natural functions 

of MS GAD2 neurons, we used fiber photometry calcium imaging to detect MS GAD2 neuron 

activity during mice performed Pavlovian conditioned responses with water and footshock. 

AAV9-syn-FLEX-jGCaMP7f-WPRE was injected in GAD2-Cre mice, and a probe implanted 

into the MS. Mice were presented with three different tones paired with a 100%, 50%, or 0% 

chance of receiving water or a foot shock. We found that conditioned tones predicting water and 

water decreased the activity of MS GAD2 neurons (n=6). Conversely, conditioned tones 

predicting footshock and footshock increased the activity of MS GAD2 neurons. In addition, 

GAD2 neurons responded to the presentation of bright light or loud noise. These results suggest 

that positive stimuli inhibit MS GAD2 neurons, while negative stimuli excite them, and the 

pattern of the results is paradoxical given the finding that the stimulation of MS GAD2 neurons 

serves as a positive stimulus, reinforcing behavior. We are currently testing the hypothesis that 

MS GAD2 neurons enable mice to actively cope with the type of stimuli that trigger stress 

responses. 
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Abstract: The glucocorticoid receptor (GR) has been implicated in the pathophysiology of 

several psychiatric disorders such as impulse control disorders and substance use disorder. The 

mechanism by which GR impacts behaviors relevant to psychiatric disorders in the absence of 

external stress remains to be determined. We postulate that the involvement of GR in psychiatric 

disorders is due to the role it may play in mediating individual differences in the propensity to 

attribute incentive salience to a reward-paired cue. When a lever-cue is repeatedly paired with 

food delivery, sign-tracker rats (STs) assign predictive and incentive salience to the lever-cue, 

whereas goal-tracker rats (GTs) assign only predictive value to the cue. Additionally, it has been 

reported that, relative to GTs, STs are more impulsive on tasks assessing impulsive action, have 

attentional deficits, and are more likely to exhibit cue-induced reinstatement of drug-seeking 

behavior. These findings indicate that STs lack inhibitory control over their behavior. Inhibitory 

control is believed to derive from the cortex, at least in part, via its “top down” connections to 

reward-processing centers. Here, we assess the effect of GR knockdown in neurons of the 

prelimbic cortex (PrL) that have glutamatergic afferents to the nucleus accumbens core (NAcC). 

To achieve knockdown, we used Sprague Dawley transgenic rats of both sexes that contain flox 

sites on the 3rd exon of the GR gene (fl/fl; n=24). As Cre-mediated recombination results in GR 

knockdown, we used a dual viral vector approach to specifically knockdown GR within the PrL-

NAcC circuit. Thus, floxed rats and their wildtype counterparts (wt/wt; n= 14), received an 

infusion of EF1a-fDIO-Cre in the PrL and EF1a-Flpo in the NAcC and subsequently underwent 

PavCA to evaluate their propensity for incentive salience attribution. Post surgical behavior of 

wt/wt rats was compared to fl/fl rats. GR knockdown within the PrL-NAcC pathway appears to 

increase the propensity to sign-track regardless of sex. In both males and females, GR 

knockdown resulted in a significant increase in sign-tracking behavior when compared to wt/wt 

controls (F1,37 = 5.78, p=0.021). This behavior remained apparent across all PavCA sessions. 

These results are pending circuit specific knockdown of GR via immunofluorescence. These 

findings suggest that GR within this top-down corticostriatal circuit acts to inhibit the tendency 

to attribute incentive motivational value to reward cues and resultant behaviors related to 

impulse control. 
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Abstract: The ventral striatum is recognized as a key brain region for the processing of reward 

and motivation and has been implicated in the pathophysiology of psychiatric disorders such as 

obsessive-compulsive disorder (OCD). While research in rodents has suggested the existence of 

functional and anatomical differences within the anterior and posterior segments of the ventral 

striatum, it remains unclear whether such heterogeneity also exists in primates. To address this 

issue, we examined the behavioral effects of local blockade of neuronal transmission at mirror-

symmetric sites along the anterior-posterior axis of the ventral striatum in two male rhesus 

monkeys. This inhibition was achieved by local injection of a GABAA agonist muscimol (3 

µg/µl, 2 µl/site) using CT-MRI imaging guidance. Behavioral effects were assessed in two 

contexts: free movements in a cage and motivational behavior. In the free-moving context, 

anterior injections reduced activity and increased resting time in the cage compared to control 

sham injections. On the other hand, posterior injections resulted in hyperactivity and the 

manifestation of atypical behaviors, such as pecking at the corners of the cage. Motivational 

behavior was assessed using a reward-size task, in which the monkeys had to perform a simple 

bar release to earn juice rewards (1 to 8 drops) indicated by visual cues at the beginning of each 

trial. The error rates, which reflect the subjects’ estimation of incentive-value and motivational 

state, were used as a measure of motivational behavior. Anterior injections did not alter the error 

rate but reduced the number of trials completed compared to the control. Conversely, posterior 

injection increased the error rate while leaving the number of trials completed unaffected. These 

results and hierarchical clustering analyses showed that these behavioral dichotomies emerged 

consistently in both contexts, depending on the anterior-posterior position of the injection, and 

were also consistent between the two monkeys. Our results provide evidence that functional 

heterogeneity along with the anterior-posterior axis is also present in the primate ventral 

striatum, which has important implications for understanding the neural network mechanisms 

underlying such functional heterogeneity and its relationship to clinical symptoms, especially in 

OCD cases. 
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Abstract: The dorsal striatum is a critical brain region for learning, decision-making, and 

motivated behaviors. Stress is a common abiotic factor that dysregulates many mammalian 

behaviors, including decision-making, learning, and memory. Corticosterone (CORT) activates 

the primary stress receptor, glucocorticoid receptor (GR), producing neuroendocrine changes 

which underlie stress pathology. However, the effects of CORT and GR activation on the 

neuronal epigenome and how this affects learning and motivated behaviors remain unknown. To 

characterize these effects, we chronically expose mice to CORT and subject mice to an operant 

training paradigm. This learning paradigm allows us to contrast limited and extended training 

periods to study how motivated behaviors become inflexible over time. We then profile dorsal 

striatum expression and post-translational histone modifications using RNA-seq and ChIP-seq, 

respectively, through operant training with and without CORT. We find that CORT produces 

some similar and some sex-specific differential gene expression and histone modification 

enrichment at plasticity genes, which may predispose sex-specific patterns of inflexible decision-

making. 

Disclosures:  M.D. Murphy: None. K.S. Krick: None. S. Zhang: None. E.A. Heller: None. 

Poster 

PSTR040. Neuronal Circuits, Motivation, and Emotion 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR040.19/JJ3 

Topic: G.03. Motivation 

Support: DA048280 

Title: Aversion encoding by nucleus accumbens medium spiny neuron populations 

Authors: *B. E. COTE1, D. S. WHEELER1, E. M. GRAFELMAN1, L. VLACH1, J. R. 

MANTSCH2, M. C. HEARING1, R. A. WHEELER1;  
1Marquette Univ., Milwaukee, WI; 2Med. Col. of Wisconsin, Med. Col. of Wisconsin, 

Milwaukee, WI 

Abstract: More than 90% of the neurons in the nucleus accumbens (NAc) are GABAergic 

medium spiny neurons (MSNs) that express either D1- or D2-like dopamine receptors (DRD1 



and DRD2), while approximately 5% express both. These NAc neuronal subtypes have been 

thought to exert opposing influences on behavior, as DRD1 MSN activity has been associated 

with reward-related behavior, while DRD2 MSN activity has been associated with aversion. 

However, recent studies suggest that this view may be overly simplistic. Stimulated DRD2 MSN 

activity has been found to increase reward-related behaviors, and DRD1 and DRD2 MSNs have 

been found to respond similarly to rewarding and aversive stimuli. To investigate how innately 

aversive experiences are encoded by NAc MSNs, we measured calcium activity in NAc MSN 

subpopulations using fiber photometry. Adora2 Cre+ mice (n=3) were injected with the calcium 

sensor, GCaMP6f in the NAc core as well as a chronically-implanted optic fiber. After allowing 

sufficient time for viral expression, mice were tested in daily sessions in which they were 

intermittently exposed to an aversive 90db white noise, and a milder 72db white noise (7db 

above ambient noise) presented in the same manner on alternating days. White noise was 

presented for 10 sec (20 presentations/session in a pseudorandom schedule with ITIs ranging 

from 50 to 90 seconds while in vivo calcium activity was recorded. Photometry recordings were 

aligned to stimulus onset and white noise-induced calcium activity changes were analyzed. 

Results indicate that DRD2 MSN calcium activity significantly increased at the onset of the 

aversive white noise (t(2)=6.49; p<0.05) while the less aversive noise did not significantly 

change activity (t(2) =2.35; p>0.05). This pattern of results aligns with the hypothesis that 

DRD2 MSN activity encodes aversive experiences. Ongoing experiments are comparing these 

findings with in vivo DRD1 MSN activity in response to white noise. Additionally, previous 

work from our lab has found that aversive stimuli (including 90db white noise) cause significant 

reductions in NAc dopamine. To understand the relationship between this dopamine signal and 

the MSN response to aversive stimuli, ongoing experiments using patch-clamp slice 

electrophysiology are examining how DRD1 and DRD2 MSN activity is modulated by different 

concentrations of dopamine. Together, this work will further our understanding of the 

mechanism by which aversive experiences are encoded by MSN subtypes in the nucleus 

accumbens. 
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Title: Lay it on me: electrophysiological evidence from a newly developed social incentive delay 

task using personalized stimuli adapted from Instagram 
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Abstract: Despite a growing interest in social reward and social punishment, existing studies are 

constrained by the challenges of replicating real social interactions in the laboratory. However, 

with social interactions increasingly taking place online, a more ecological approach would be to 

use stimuli adapted from popular social media platforms such as Instagram. To address this, we 

developed a novel electroencephalography-compatible social incentive delay task, which was 

implemented in thirty healthy young adults (Mage = 23.03, SD = 3.03, 70% females) as they 

viewed a photo from their own or other participants’ Instagram account, followed by a cue 

indicating the potential to see a positive (reward condition) or a negative comment (punishment 

condition) about the photo. After the cue, participants had to respond as quickly as possible to a 

target to receive a “Like” followed by a positive comment in reward conditions and avoid a 

“Dislike” followed by a negative comment in punishment conditions. Participants were led to 

believe that the comments were written by an external group of young people that evaluated their 

photos a week prior to the experiment. Reaction times to the target were significantly slower for 

punishment than for reward cues, but only on trials where participants viewed their own photos. 

This pattern suggests a response slowdown to see the negative comments, and it is consistent 

with participants’ higher levels of curiosity to see the negative comments for their own (M= 8.21, 

SD = 2.22) than for other participants’ photos (M=5.34, SD = 3.01). In line with the behavioral 

results, participants showed an increased Feedback-P3 Event-Related Potential when they 

received a “Dislike” on their own photos compared to the other conditions, indicating heightened 

salience of negative feedback. Interestingly, receiving a “Dislike” on participants’ own photos 

also evoked the highest midfrontal theta oscillatory power compared to the other conditions, 

coherent with an increasing number of studies suggesting that theta power is involved in the 

processing of cues that convey social threat. Overall, results align with recent studies 

emphasizing the attention-grabbing nature of negative comments on social media, and most 

importantly, they also provide evidence for the incentive salience hypothesis in the digital era, 

which posits that it is possible to feel a strong motivational urge for information, even if there is 

no anticipated hedonic experience upon receiving that information. 
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Abstract: An influential idea in behavioral economics is that people derive pleasure from the 

moments leading up to a reward in addition to the reward itself (anticipatory utility, 

Loewenstein, 1987). Recent studies integrating a computational model of reward anticipation 

with an established information-seeking paradigm (Bromberg-Martin and Hikosaka, 2009) have 

suggested that humans prefer to obtain advanced information about future outcomes to enhance 

their experience of anticipation (Iigaya et al., 2016; 2020). However, to our knowledge, this 

anticipatory utility framework has not been applied to understand psychiatric conditions. In this 

work, using a transdiagnostic approach, we validate the suitability of the information and reward 

anticipation task across self-reported psychopathology in a large sample of online participants. In 

a web-based version of the task we developed, participants were first informed in each trial about 

the time delay prior to the delivery (or lack thereof) of a video reward. Participants could then 

choose to either receive immediate information or opt to remain uninformed about the upcoming 

result. Visual cues reflecting that choice, by either communicating or withholding the future 

outcome, would then remain onscreen for the duration of the delay; participants experienced the 

delay irrespective of the choice they made. In our setup, rewards were compelling videos in 

participants' preferred category (e.g., cute puppies), allowing for immediate consumption upon 

delivery. Participants displayed a wide range of information-seeking patterns. We found that 

participants who preferred to obtain advanced information about the outcome self-reported 

higher levels of anticipatory pleasure in established questionnaires. In a factor analysis that 

separated relevant psychopathology dimensions across multiple questionnaires, we found that 

higher expression of an Apathy-Anhedonia dimension was present in participants with lower 

information-seeking preference in the anticipation task. Our findings suggest that this new 

approach can offer quantitative behavioral measures for reward anticipation (RDoC construct) 

deficits, commonly expressed across clinical populations. 
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Abstract: Progressive ratio (PR) tasks are used to quantify the effort subjects will expend to 

obtain a reward. In this task, the number of operant responses required to obtain each subsequent 

reward escalates until they reach the break point, where rats no longer exert the required effort. 

Break point depends on reward quality and schedule difficulty. PR tasks typically use food, 

water, or drugs as rewards, the value of which may be confounded with satiety or tolerance. 

Instead, brain stimulation reward (BSR) acts as a non-satiating, tolerance-resistant reward. We 

hypothesized performance on a BSR-reinforced PR task would depend on both schedule 

difficulty and reward stimulation frequency without the need for food restriction to motivate 

behavior or the confound of satiation in determining break point. Once the minimal reinforcing 

stimulation amplitude was determined for each subject they were trained to stable performance 

on a rate frequency task to identify threshold (theta) and maximum responding (alpha) 

frequencies. Reward frequencies for PR were calculated as 95%, 50%, and 25% of alpha, which 

were shown to be highly discriminable. Rats were tested on the PR task using three reward levels 

(95%, 50%, or 25% of alpha) and two schedules (low or high effort). For any given reward level, 

rats earned significantly more rewards for the low compared to the high effort schedule. 

However, break point occurred at fewer cumulative presses on the low effort schedule. 

Comparing across reward frequencies and schedules, we saw no difference in the number of 

rewards obtained for 95% and 50% reward level. However, rats obtained fewer rewards on both 

schedules for the 25% reward.Overall, we found BSR to act as a non-satiating and highly stable 

reward when used in PR responding. The use of BSR in PR tasks avoids issues with other 

reinforcers while supporting a high level of discrimination and motivated behavior. 
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Abstract: The basal ganglia (BG) have been widely associated with controlling motor actions 

and reward perception. Dopamine (DA) is known to modulate these behaviors, where movement 

vigor is directly influenced by the degree of perceived reward. This is especially relevant in the 

case of Parkinson’s Disease (PD) in which low DA levels reduce patients’ motor ability. 

Lowered DA levels also impact the encoding of reward prediction errors. DA neurons in the 

midbrain are activated when a presented reward is greater than predicted. Events that signal this 

positive reward prediction error are thought to modulate movement vigor through a transient 

increase in DA release, although this relationship is poorly understood. Multi-armed bandit tasks 

have been widely implemented to understand reinforcement learning and the exploration-

exploitation tradeoff - a dilemma that decision-makers face when balancing between exploring 

uncertain choices and maximizing reward. Here we report data from a motoric two-armed bandit 

task, comparing outcomes across healthy controls and patients with subthalamic nucleus (STN) 

deep brain stimulation (DBS) to treat PD. We investigate the influence of choosing between high 

and low rewarding options on movement vigor. Participants quickly learn which is the optimal 

bandit, as measured by changes in choices and movement speed. Furthermore, a central question 

we have addresses whether STN DBS modulates this learning process. This task implements 

“forced-choice” trials in which participants are required to choose one of the bandit options. 

These forced-choice trials ensure that the less rewarding target is still selected even after learning 

occurs, permitting deeper insights into the role of reward on movement speed. Indeed, we predict 

movement times between bandits to be comparable pre-learning but different once participants 

learns the optimal bandit to choose. Preliminary results suggest that movement speed is slower 

with a lower previous reward compared to movement times after moderate and high rewards. 

Overall findings from this study will ultimately expand our understanding of how the BG serves 

as a central hub in the integration of reward perception and motoric movement. 
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Abstract: Reward predictive cues can acquire their own motivational value. The physical 

manifestation of this motivation is often cue-triggered Pavlovian conditioned approach, 



commonly referred to as sign-tracking. In dynamic environments, inflexible responding to 

reward cues may become detrimental, suggesting that behavior should be sensitive to these 

environmental changes and flexibly adjust. Indeed, sign-tracking has been previously shown to 

flexibly change after introduction of an omission schedule, where deflection of a lever-cue 

cancels delivery of the reward (Chang and Smith, 2016). Conversely, sign-tracking is historically 

known to be quite persistent in situations such as extinction, in which cues are no longer paired 

with rewards. It is unknown how animals adjust their sign-tracking responses to accommodate—

or remain persistent—in response to new cue information. To address this, the microstructure of 

cue-evoked behavioral responses (rather than lever pressing alone) in sign-tracking animals 

during omission, extinction, and reacquisition schedules were evaluated. Altogether, our results 

allow for deeper exploration of dynamic and naturalistic motivation that goes beyond traditional 

measures of sign-tracking (i.e., lever presses). Further, we parse out deeper phenotypes and 

individual differences in persistence and flexibility of cue attraction and motivation. 
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Abstract: Despite extensive knowledge of the link between frustration and substance use 

disorders tracing back as early as the 1940s, there is not much research assessing the role of 

frustration in motivation-related disorders. In recent years, a novel model for quantifying 

frustration-related behavior has enabled us to study motivation- and frustration-related behavior 

simultaneously in real time by measuring barpress durations during operant tasks. In this study, 

we employ this novel tool to explore the fundamental relationship between motivation and 

frustration. Our previous work showed that frustration affects motivation, but the question of 

motivation affecting frustration had not yet been sufficiently explored. To this end, we used 

satiety-based devaluation strategies to manipulate motivation and resulting frustration-related 

behavior for sucrose pellets was assessed. In some cases, we were able to affect motivation 

without changes in frustration-related behavior, but in other cases, changes in motivation also 

affected frustration. Differential effects were contingent upon factors such as length of session 

and reward size. 
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Abstract: Impulsivity is characterized by a deficit in planning and making choices for 

immediate gratification with reduced concern for long-term negative outcomes. While 

impulsivity is a personality trait encompassing a normal spectrum among healthy individuals, an 

excess of impulsive choices is associated with a wide range of maladaptive behaviors and 

adverse life events. Patients with chronic pain show higher impulsivity, and this is associated 

with the development of psychiatric comorbidities including anxiety and depression as well as a 

higher risk for the misuse of prescription opioids. It is therefore important to understand the 

mechanisms underlying pain-induced impulsivity to better treat chronic pain and its associated 

manifestations. Previously, we showed that female rats with persistent inflammatory pain were 

more impulsive compared to male subjects. The goal of the present study was to determine the 

role of gonadal hormones on sex differences in pain-induced impulsivity. Male and female 

Sprague-Dawley rats underwent gonadectomy. Persistent inflammatory pain was induced by 

hind paw injection of complete Freund’s adjuvant (CFA). Impulsivity was measured using a 

delay discounting task in which rats were given a choice between a lever providing a small 

amount of food delivered immediately or one providing a larger amount of food delivered after a 

delay. Rats were categorized as either high- or low-impulsive according to their baseline 

response. To test the effect of gonadal hormones, rats were supplemented with 17-beta-estradiol 

or testosterone, given via subcutaneous injection at a dose and schedule meant to represent 

physiological levels. In high-impulsive males, gonadectomy decreased impulsivity, while in low-

impulsive males gonadectomy had no effect. CFA treatment gradually heightened impulsivity in 

high- and low-impulsive male rats regardless of testosterone supplementation. Morphine blocked 

CFA-induced impulsivity in rats that were given testosterone; however, this effect was blunted in 

the castrated rats that did not receive hormone replacement. In female rats, ovariectomy did not 

alter baseline impulsivity, while CFA treatment enhanced impulsivity over time. The effect of 



CFA was similar in groups that did or did not receive estradiol replacement. Morphine blocked 

the pain-induced impulsivity in both ovariectomized rats as well as those receiving hormone 

supplementation. These results suggest that gonadal hormones contribute to baseline and pain-

induced impulsivity and that these effects may be sexually dimorphic. 
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Abstract: The peripartum period produces dramatic hormonal changes. In mammals, estradiol 

levels increase up to 100-fold during late pregnancy, but rapidly drop to pre-pregnancy levels 

after birth. The resulting postpartum estradiol withdrawal state is believed to play a role in the 

etiology of postpartum mood and anxiety disorders, which affect approximately 1 in 8 birthing 

people. Previous research in our lab and others has shown that postpartum estradiol withdrawal 

affects the nucleus accumbens (NAc) and motivated behaviors. However, specific neural 

mechanisms connecting peripartum estradiol fluctuations to brain and behavioral changes are not 

well understood. We therefore used a hormone-simulated pseudopregnancy (HSP) in adult 

female C57BL/6 mice to model postpartum estradiol withdrawal and subsequently characterized 

mesolimbic dopamine dynamics in the NAc core with ex-vivo fast-scan cyclic voltammetry 

(FSCV). Adult female mice were ovariectomized and given daily hormone injections that 

simulate estradiol levels during pregnancy. In one group of mice (n = 5), estradiol was 

withdrawn following HSP, simulating the rapid drop in estradiol during the postpartum period. 

In another group (n = 5), estradiol levels were sustained at high levels after HSP. Both groups 

were compared to a control group (n = 5) that received vehicle injections throughout the duration 

of the experiment. Five days after the mice were split into withdrawn or sustained conditions, 

they were euthanized and dopamine release and reuptake were measured with FSCV. We found 

that sustained high-dose estradiol administration during the simulated postpartum period 

decreased dopamine release and reuptake rate in the NAc core compared to mice who were 

withdrawn from estradiol or vehicle controls. Ongoing experiments aim to replicate these 



findings and draw connections between peripartum estradiol fluctuations, mesolimbic dopamine 

dynamics, and behavioral changes. 
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Abstract: Most rodent navigation tasks use of cue-rich reward areas to encourage learning or 

adverse stimuli such as electrical foot shocks to elicit place avoidance. However, rats can also 

learn to enter and avoid unmarked areas that trigger future rewards or punishments. Both reward 

and avoidance locations have been shown to influence the properties of hippocampal place 

fields. Many studies have also shown that the spatial navigation circuits of the hippocampus are 

influenced by inputs from the medial (MEC, self-motion, path integration) and the lateral (LEC, 

sensory processing including landmarks and cues, local frame of reference) entorhinal cortices. 

We focused on the roles of visual cues on the ability to interact with unmarked local (no cue, no 

boundary) positive and weakly cued (no boundary, small mark on the floor) negative zones on a 

circular open field arena. When the rat entered the positive unmarked zone, it was rewarded at a 

random feeder on the circumference of the arena, away from the zone. When the rat entered the 

negative zone, the feeder that was cued was de-activated and a delay was initiated before another 

reward location became active. 

Each experimental session was divided into two epochs, baseline and manipulation. During 

baseline, a cue on the arena wall and a distal cue on the curtain surrounding the arena were 

associated with the zone. During the manipulation, 3 conditions were tested: the cues and the 

zone moved together; the cues moved, but the zone remained unchanged; or the zone moved, and 

the cues remained unchanged. 

Rats learned to enter the positive zone in both the baseline and manipulation epochs for all 

conditions. During manipulation, when moving the zone to a new location unassociated with the 

cue, the rat would enter the zone that was active during baseline more often than any control 

zones. However, this effect was not significant in the condition when only the cue was moved. 



During the baseline section, the rats learned to avoid the negative zone by gradually adjusting 

their trajectories around it. Rats were able to navigate more accurately and avoid the negative 

zone when the cues and zone moved together, but less so when the cues and zone were moved 

independently. However, they still learned and avoided the negative zone more than the control 

zones during the manipulation epoch. 

These results suggest that rats did not significantly rely on visual cues to locate an unmarked 

positive zone. However, the added floor cue in the negative condition did significantly affect 

navigation. Rats therefore may predominantly use self-motion (MEC inputs) in positively 

motivated conditions and sensory perception (LEC inputs) in negatively motivated conditions. 
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Abstract: While behavioral measures for general social exploration in mice are established, few 

measurements exist for social motivation. Social motivation differs from social exploration as 

the animal subject must exert effort to access a presented social stimulus (another mouse). We 

have created two novel behavioral tasks to measure social motivation in mice. The first task, the 

weighted doors task (adapted from Borland et al., 2017, J Neurosci Methods), requires mice to 

push open a one-way swinging door to access a social stimulus. The door is first unweighted and 

weights are then added to the door with each successive trial to increase the difficulty to access 

the social stimulus. The second task, the ladder task, requires mice to climb a ladder to access a 

platform containing a social stimulus. The height of the platform and angle of the ladder is 

successively increased with each trial. All social stimuli used in our tasks were same-sex, same-

strain, age-matched, weight-matched conspecifics. All subject mice were evaluated for motor 

skill, reflexes, and general health to identify any confounding variables in behavioral results. To 

validate the novel social motivation behavioral tasks, we measured behavioral outcomes across 

multiple measurements of social motivation, correlated outcomes across these measures, and 

compared these social motivation measurements with classic social exploration tasks. 

Additionally, we compared behavioral outcomes across sex (male, female) and across three 

mouse strains (C57, DBA, and BTBR). We found statistically significant positive correlations 

within social motivation tasks (r = 0.58, n = 31, p < 0.001). Social motivation measures were not 

correlated with sociability as measured by the three-chamber task (ladder task: r = -0.11, p > 



0.05; weighted doors: r = -0.29, p > 0.05). A mixed methods ANOVA indicated that sex was not 

a significant variable in social motivation variability as measured by the ladder task or weighted 

doors task, but that strain had a significant effect on social motivation in both tasks (ladder task: 

F(2, 45 = 19.02, p < 0.001; weighted doors: F(2, 41) = 13.08, p < 0.001). These novel 

measurements of social motivation allow for the investigation of unique neurochemical and/or 

neural pathway contributions to social motivation. Specifically, the roles of neuromodulators 

such as oxytocin, which has variable social behavior impacts in both rodent models and humans, 

may be further elucidated by more specific social behavior measurements. 
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Abstract: Background: Measuring cognitive behaviors are important for many neuroscientific 

disciplines, but large-scale studies can be hampered by the prohibitive cost of traditional operant 

behavioral apparatuses and the time needed to run large mouse cohorts. Here, we develop a 

protocol using the open-source Feeding Experimentation Device version 3 (FED3) to assess 

multiple aspects of cognitive performance in male and female mice. To validate the protocol, we 

first investigated response-reward contingency on operant performance. Next, we ascertained 

construct validity of a cognitive flexibility task using orbitofrontal cortex lesions, as this region 

is known to impact Reversal Learning (RL) while sparing Discrimination Learning (DL). 

Finally, we demonstrated feasibility by measuring cognitive deficits in mice with the P129T 

Fatty Acid Amide Hydrolase (FAAH) mutation, which is associated with problem drug use and 

addiction-like behaviors. 

 

Methods: Mice were food restricted to 16h/day in group-housed home cages, and each mouse 

has a dedicated testing cage for the 8h sessions with the FED3 as the only food source. All 

testing was performed during the animals’ dark cycle. Response-reward contingency and operant 

performance was measured in adult C57BL6/J males during 8h sessions of Free Feeding or Fixed 

Ratio (FR) reinforcement schedules. Construct validity of the DL/RL task was performed in 

adult C57BL6/J males with ibotenic acid lesions or sham controls. Aged (150+ days) P129T KI 



and WT males and females were run through a behavioral test battery consisting of DL/RL, 

Progressive Ratio, and punished intake (via quinine adulterated pellets), and extinction and 

reinstatement. 

 

Results and Discussion: Initial findings demonstrate that genotype (wild-type versus P129T KI) 

had no significant effects on performance during DL or RL, though there were main effects of 

sex on DL acquisition. Additionally, there were no main effects of sex or genotype on Quinine 

consumption or Reinstatement. But KI animals consumed significantly fewer pellets before 

breakpoint during the Progressive Ratio task and made significantly fewer pokes on the first day 

of Extinction. Together, these results demonstrate the FED3 is a valid alternative to traditional 

operant chambers which can be used to measure operant behavior in large cohorts of animals. 
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Abstract: Dementia-related illnesses are a proliferating concern for the healthcare industry as 

the population ages. While many studies track the rate of cognitive decline in later stages of 

dementia, there has been little research on rates of decline during early dementia. Determining 

differences in early cognitive decline between males and females will allow for better 

individualized healthcare and increased understanding of how cognition wanes across the 

lifespan. Additionally, focusing on sex differences is imperative to confirm whether 

neuroprotective hormones, such as estrogens and androgens, affect cognitive decline before and 

during the onset of dementia (Bimonte-Nelson, et al., 2021). We hypothesized that juvenile, 

postnatal day 21 (P21) female mice would exhibit equal performance to males, but would 

undergo less drastic cognitive decline than males into middle-age. Cognitive changes across the 

lifespan were examined in both male and female C57BL/6J juvenile (P21) and middle-aged (10 

months old) mice (n = 12 per group) using a pairwise visual discrimination task. During this 



task, animals learn to associate choice of one shape with a reward of sweetened condensed milk. 

After 10 days, the correct shape is switched to analyze reversal learning. We found that while 

juvenile male and female mice were able to discriminate between two shapes equally, female 

mice, regardless of age, were faster to initiate each trial (p < 0.01) and choose an image (p < 

0.001). Juveniles initiated and responded faster to trials during early stages of shaping (p< 0.05). 

In addition, juveniles demonstrated significantly more correct choices during visual 

discrimination (p < 0.05), but no age differences were found for reversal learning. This current 

work establishes age-related changes in both males and females on the visual discrimination task, 

a translatable task to humans, which will be used to quantify changes in neural pathology and 

brain structure in future studies. 
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Abstract: Spontaneous neural fluctuations including oscillations and traveling waves are 

prevalent in the brains of behaving mammals. Given the topographical connections between 

various brain areas, we hypothesized that these moment-to-moment neural fluctuations and 

traveling waves are coordinated across cortical and subcortical areas. Using widefield calcium 

imaging across the dorsal cortex of awake mice, we identified that 3-6 Hz oscillations are 

globally distributed, with highest power in retrosplenial and visual cortices. Traveling waves, 

including spirals, emerge during 3-6 Hz oscillations. Spiral waves are highly concentrated in the 

center of the somatosensory cortex (SSp), and we discovered that this activity pattern reflects a 

striking circular bias in the orientation of intracortical axons in this region. These activity 

patterns are coordinated between left and right hemispheres, as well as between anterior and 

posterior cortex, consistent with topographically organized connectivity linking these areas. 

Computational simulations with a Kuramoto model of weakly-coupled oscillators confirm that 

biased axonal connectivity in SSp and topographically connected maps can reinforce the 

development of spiral activity patterns. By measuring activity simultaneously across cortex and 

densely in subcortical areas including thalamus, striatum and midbrain, we observed that 

moment-to-moment cortical wave position and traveling direction were reflected in subcortical 

activity. Together, we have demonstrated that spiral waves are observed in the awake mouse 



cortex, and that these waves are coordinated topographically across cortical and subcortical 

areas. Spatiotemporal coordination of traveling waves across the brain will inevitably modulate 

population neural dynamics, with fundamental implications for sequential behavior encoding to 

be elucidated. 
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Abstract: Curiosity is a well-known phenomenon in the psychology of motivation. Its innate, 

spontaneous drive reduces negative states and fosters learning and exploration that may reveal 

beneficial opportunities for growth and advancement. However, our knowledge of the brain 

circuits and neural underpinnings of curiosity is still incomplete. Our previous fMRI imaging 

study in marmosets (Callithrix jacchus) identified the prefrontal cortex as a primary contributor 

to curiosity (Tian et al., Cerebral Cortex 2021). We hypothesized that curiosity is an integrative 

process in which the serial prefrontal pathway plays an important role in balancing cognition and 

emotion. Here, we test this hypothesis by performing large-scale, high-density in-vivo 

electrophysiological recordings in the prefrontal cortex of one of the marmosets used in the 

previous study. We implanted a 128-channel matrix electrode in the prefrontal cortex of the 

marmoset subject and recorded neuronal activities as the animal performed the same curiosity-

driven visual text described in (Tian et al., Cerebral Cortex 2021). Analysis of the ephys data 

revealed that: 1). Curiosity-driven behavioral performance could reflect from Prefrontal 

responses. 2). Neurons in the Prefrontal cortex could acquire information representations, and 

some exhibit presentations of the novel stimulus. 3). As an integration hub, the medial prefrontal 

cortex (mPFC) might balance the serial prefrontal pathway. Compared with other Prefrontal 

subregions, its activity can significantly drive or inhibit the execution of curiosity-related 

behaviors. All in all, our new results provide a new understanding of curiosity and facilitate 

future studies of neuroscience and psychology of curiosity. 
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Abstract: During adolescence, humans develop higher tolerance for delayed rewards and 

acquire new prosocial behaviors. Tolerance for delayed rewards is measured by delay 

discounting tasks, whereas prosocial decision making can be tested by reward allocation tasks. 

The emergence of adult-like social and non-social behaviors depends on the successful 

remodeling of amygdalo-prefrontal circuits. The long-term goal of this project is to capture these 

behavioral changes and determine their neural underpinnings. As a first step, we measured the 

performance of 6 adolescent (ages 28-45 mo) and 2 adult (ages 8 yr) male rhesus macaques on a 

version of a delay discounting task in which subjects chose between an immediate, small reward 

(1 banana pellet) or a delayed larger reward (3 banana pellets) received after delays ranging from 

0 to 25s. The delay increased gradually across sessions until the subject systematically chose the 

small immediate reward. An arctangent function was fitted to individual choice behavior to find 

the delay at which monkeys picked each reward option 50% of the time (indifference point). We 

found large individual variation in indifference points between the subjects (ranging from 7.4s to 

17.3s) that did not correlate with age. Interestingly, indifference points were significantly lower 

(by 3.2 to 11.0s; p = 0.0078, Wilcoxon signed-rank test) when the delays gradually decreased 

across sessions, indicating that all monkeys, regardless of age, were less tolerant to delays after 

they experienced longer delays. To test for the emergence of prosocial behaviors, the same 

animals performed a reward allocation task in which they chose between rewarding only 

themselves or themselves and a pair-bonded partner in one context (self/both); and between 

rewarding only their partner or dispensing a reward into a container both participants can see 

(other/neither). Three of the four adolescents who have completed this task chose more 

frequently to give their partner a reward in both trial types. Eight months later, all four 

adolescents became significantly more other-preferring in the other-neither context, with two 

significantly preferring to reward themselves and their partner in the self/both context. Both tasks 

will be readministered at landmark stages of development and aligned to morphometric, 

endocrine, and ethological variables. Our findings so far suggest that age is not the sole predictor 

of delay tolerance. It is possible that macaques, unlike humans, develop adult-like discounting 

behavior very early in adolescence. Age, however, appears to be a good predictor of 

developmentally dependent increases in prosocial behavior. 
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Abstract: Effort is conceptualised as a decision-making problem: the inherent cost of effort is 

weighed against the incentives to expend effort. Effort allocation/preparation is based on this 

cost-benefit calculation. Until now, effort evaluation has not been systematically separated from 

the preparation stage where the aversive nature of effort is translated into invigoration to ensure 

successful task performance. Effort-based decision-making studies (where effort is not 

necessarily exerted after a decision about effort is made) have provided evidence of effort 

discounting of reward in the brain. However, effort-expenditure studies, where a cue informs 

participants of the reward and demand level of the upcoming task, uncovered that high demand 

can also motivate effort allocation. Most effort, as indexed by recruitment of neural structures 

underlying effortful control, is exerted in a high demand context when the incentive is high. In 

the present fMRI study we explored effort as a dynamic process involving both evaluation 

(decision-making) and allocation (preparation for task) in a within-participants study (n = 40, 

females and males) to reconcile the earlier, seemingly contradictory, findings in the effort 

literature. Human participants completed a speeded cognitive control task, alternating between 

four cueing conditions that differed in the incentive level (high vs. low reward) and demand level 

(easy vs. difficult). A trial began with an ‘evaluation cue’ (e-cue) that informed the participants 

of the condition, prompting evaluative processing of the upcoming effort condition. An e-cue 

was succeeded by an ‘allocation cue’ (a-cue), during which preparation for the coming task took 

place, followed by the actual task (5 targets in a row). Delta functions on the different cue and 

target onsets, depending on the four event types, were entered into a GLM. With this GLM, the 

whole-brain activity within the evaluation phase and the allocation phase were tested separately. 

By conceptualising effort as a multi-stage, dynamic process, we were able to tease apart stages of 

effort in evaluative and attentional control networks. We hope this operationalization of effort 



provides researchers and clinicians a way to zoom in on the components of effort expenditure in 

both healthy and disrupted effortful behaviour. 
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Abstract: The way people perceive effort in everyday life is highly variable across individuals 

and can have significant implications for their mental health and overall well-being. For 

example, inflated perception of effort can lead to a withdrawal from goal-directed activities, as 

observed in people with low motivation or clinical apathy. Previous studies have examined how 

people value effort vs. reward when making decisions whether to act, and which action to 

choose. However, the features that make an action effortful remain unknown. Here, we sought to 

examine these features. Young adult participants (n=90) performed a computerised physical 

effort task. On each trial, they were asked to exert force using a hand dynamometer, so as to 

make ‘mercury’ in a visually displayed ‘thermometer’ reach a target zone for 3 seconds, within a 

7-second time window. The target force magnitude on each trial was pseudorandomly selected 

from a set of forces {20%, 40%, 60%, 80%, 100%} relative to participant’s maximum voluntary 

contraction, which was measured at the start of the experiment. After exerting the force, visual 

feedback was displayed indicating whether the participant successfully reached the target zone 

for the required time. Participants were then asked to rate their perceived effort on that trial using 

a 0-100 visual-analogue scale. Using a generalised linear mixed effect model, we found that 

people’s effort perception on each trial was influenced by both across- and within-trial variables 

of the task. Specifically, across trials, target force (reflecting the goal), trial number (reflecting 

fatigue) and previous effort rating (perseveration) were positive predictors, while ‘success’ 

feedback (reward) and increased target force in the previous trial (force anticipation) were 

negative predictors. Within-trial, overall force everted and force variation were positive 

predictors, while initial force peak was a negative predictor of perceived effort. Our findings 

suggest multiple sensorimotor and cognitive features of an action that contribute to the 

experience of effort, over and above the action goal and work exerted. Individual differences in 



these features may differentially contribute to clinical states of inflated effort perception such as 

apathy. 
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Abstract: In classical conditioning experiments, sign tracking (ST) places motivational and 

reward value on the conditioned stimulus (CS). Goal tracking (GT) describes using the CS to 

obtain the reward without attributing value to the CS. ST is correlated with impulsivity, 

aggression, and poorer attention. Because GT and ST relate to motivation and response to 

reward, there are potential implications for substance use disorders. Limited preliminary studies 

show that eye-tracking can be used to measure ST vs GT in humans. We are developing a simple 

sign tracking task to explore the characteristics of sign tracking for both natural rewards and 

drug-related rewards in participants with tobacco and cocaine use disorder and healthy controls 

without requiring any special equipment. Here we present preliminary data on healthy controls 

(n=33 (17M)). We hypothesized that this ST task would identify a range of ST behavior in 

healthy controls. Images are presented on the screen for two seconds. If participants want to 

continue seeing the image, they must press a button at least once per second. Images can be 

viewed for an additional 13 seconds. If they stop pressing, a white plus sign will appear for the 

remainder of the time. Periodically, an image of $5 appears to monitor engagement with the task. 

Participants earn $5 if the keep the image up for the maximum time. Other images include liked 

foods (to assess motivational value of a cue without the possibility of the reward), disliked foods 

(to control for responding due to boredom), drugs (to compare ST for natural rewards and drug 

rewards). Before the task, participants are asked to rate a variety of foods on a scale of 1 to 9. 

The task selects the highest and lowest rated foods to present during the ST task. The task takes 

about 20-25 minutes to complete. It is scored based on number of button presses and the duration 

images are kept on the screen, corrected for disliked foods. The results showed that 84% of 

participants earned all $5 rewards, indicating high engagement with the task. Sign tracking 

behavior was evenly distributed from no ST (no button presses for pictures other than $5) to 

complete ST behavior (keeping all liked food images up for the maximum time allowed). 



Healthy controls exhibited very little ST towards drug cues. These preliminary results show that 

the task succeeded in identifying ST in humans and that it behaves like a continuous variable. 

Our next steps are to assess the stability of ST behavior across time and to assess ST for natural 

and drug cues in individuals with cocaine use disorder or tobacco use disorder. 
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Abstract: Touch is a powerful medium for transmitting emotional and social bonding 

information. However, it remains unclear whether touch can also stimulate interpersonal 

attraction, and if so, what are the underlying neural mechanisms? This study aimed to fill this 

knowledge gap. We measured interpersonal neural synchronization (INS) between opposite-sex 

strangers using functional near-infrared spectroscopy-based hyperscanning, while pairs of 

participants either touched or gazed at each other. We found that touch induced higher 

interpersonal attraction and INS compared to gaze. Importantly, analysis of the phase lag of INS 

showed that synchronized neural activity between brains (in-phase INS) was associated with 

interpersonal attraction, while negatively correlated neural activity between brains (out-of-phase 

INS) showed no such correlation. Furthermore, we identified gender-specific effects in the touch 

and gaze conditions. In the touch condition, the phase lag of in-phase INS led by men was 

associated with interpersonal attraction, while in the gaze condition, the phase lag of in-phase 

INS led by women correlated with interpersonal attraction. This research sheds light on the 

neural underpinnings of touch in inducing interpersonal attraction, with potential implications for 

understanding social bonding processes. Additionally, our findings expanded the in-phase and 

out-of-phase connections from the single-brain to the multi-brain level. 
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Abstract: The locus coeruleus (LC) is a brainstem pontine nucleus that is the primary site for 

norepinephrine (NE) production in the human brain. The LC-NE system plays prominent roles in 

several higher order cognitive functions. Furthermore, degeneration and early cell loss of LC-NE 

neurons is a hallmark of neurodegenerative disorders such as Alzheimer’s and Parkinson’s 

diseases. We first confirmed inclusion of the LC in dissected tissue samples from postmortem 

human pons using single molecule fluorescent in situ hybridization (smFISH). We then 

generated a spatial map of gene expression in human LC (n=5 neurotypical donors; n=2-4 

sections/donor) using the 10x Genomics Visium spatial transcriptomics platform, and performed 

10x Genomics single nucleus RNA-sequencing (snRNA-seq) on a subset (n=3) of the same 

donors to define molecular profiles for LC cell types. We defined spatial gene expression 

signatures across the LC core and surrounding regions, followed by characterization of 

molecular profiles for cell types in this region at single nucleus resolution. These analyses 

revealed expression of cholinergic marker genes within LC-NE neurons, which we confirmed 

with smFISH. Comparison of this data with published molecular profiles in rodent LC revealed 

partial conservation of cell types and gene expression patterns across species. In conclusion, we 

characterized the gene expression landscape of the human LC at spatial and single nucleus 

resolution, and provided an interactive web resource to explore the data. 
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Abstract: People often attempt to motivate themselves using specific thoughts and imagery, 

with mixed effectiveness. Real-time fMRI neurofeedback training can be a powerful tool to train 

individuals to link specific mental processes with brain activity. We have previously 

demonstrated that individuals can learn to upregulate and sustain BOLD activation in the ventral 

tegmental area during neurofeedback using self-relevant motivational thoughts and imagery. The 

present study aimed to replicate these findings in a larger sample and extend these findings by 

examining whole-brain activity during neurofeedback (compared to partial-volume data in the 

original study). In our current study (n=33), participants were instructed to motivate themselves 

while increasing a thermometer display of real-time VTA fMRI signal (activate trials) or to count 

backwards (count trials). To examine transferability, participants completed test trials without 

neurofeedback before and after training. Whole-brain and ROI analyses replicated the main 

finding that individuals can learn to increase VTA activity during real-time neurofeedback. 

Whole-brain analyses revealed significant activation in regions involved in episodic simulation 

(inferior parietal lobule, dorsolateral prefrontal cortex, inferior parietal lobule, precuneus), 

reward (midbrain), emotional memory and learning (hippocampus, striatum, amygdala), and 

visual processing. Targeted ROI analyses also showed significant activation in the nucleus 

accumbens during neurofeedback training. Examinations of post > pre-training change in 

activation during motivational enhancement (without neurofeedback) revealed reduced 

recruitment of the dorsomedial prefrontal cortex and greater recruitment of the cingulate cortex. 

Collectively, these findings indicate that neurofeedback training can successfully increase VTA 

activity and reorganize prefrontal engagement during self-motivation. 
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Abstract: Visium (10x Genomics) measures spatial gene expression in ~5000 individual spots, 

each containing a mixture of cell types. Coupled with immunofluorescence (IF) for cell type 

markers, Visium Spatial Proteogenomics (Visium-SPG, formerly Visium-IF) allows for 

simultaneously measuring gene expression while quantifying the number of immunolabeled cell 

types per spot. Several computational approaches, including SPOTlight, Tangram, and 

cell2location, have been developed to perform cell type deconvolution of Visium spots. Here we 

benchmarked these software methods in post-mortem human dorsolateral prefrontal cortex 

(DLPFC) using Visium-SPG IF antibodies for 4 broad cell types. Tissue sections from 4 adult 

neurotypical control donors were collected on Visium arrays and immunolabeled for GFAP, 

NeuN, OLIG2, and TMEM119 to identify astrocytes, neurons, oligodendrocytes, and microglia, 

respectively. Tissue was counterstained with DAPI to label individual nuclei. Multi-channel 

fluorescent images were acquired using spectral imaging, and nuclear segmentation of DAPI 

signals was performed using cellpose. An expert manually classified 342 cells across different 

Visium spots using Samui Browser, and a decision-tree classifier was trained (88% accuracy) to 

classify cells on the remaining spots and IF samples. Following imaging, complementary Visium 

RNA-sequencing libraries were prepared and sequenced. Leveraging paired single nucleus RNA-

sequencing DLPFC data, Tangram, cell2location, and SPOTlight softwares were used to map 

individual cells, with their corresponding cell-type annotation, onto particular spots measured in 

the Visium-SPG gene expression data. Software-estimated and image-derived counts were 

compared using correlation and root mean squared error (RMSE). In addition, cell compositions 

were treated as probabilities, and two composition estimates were compared with measures such 

as Kullback-Leibler divergence. Depending on the metric used, Tangram or cell2location 



performed the best, suggesting that either tool is appropriate for spot deconvolution and selection 

can be guided by the downstream use case. In summary, we provide a benchmark Visium-SPG 

dataset and analysis framework to evaluate emerging spot deconvolution algorithms that seek to 

add cellular resolution to Visium spatial gene expression data. The spot deconvolution results 

can be interactively explored at http://research.libd.org/spatialDLPFC/. 
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Abstract: The lateral septum (LS) is a subcortical brain region along the medial boundaries of 

the lateral ventricle. It is involved in many social processes including aggression, sexual 

behavior, social novelty recognition, and maternal care. These behaviors are frequently altered in 

neurodevelopmental disorders such as autism and schizophrenia. Our laboratory also recently 

demonstrated that TrkB-expressing neurons in the LS play an important role in social novelty 

recognition in mice (Rodriguez et al., 2022). Despite its involvement in a number of critical brain 

functions, the LS lacks comprehensive molecular characterizations of its cell types. This is 

particularly true in the human brain where the LS is challenging to isolate anatomically. As such, 

molecular profiles of human LS cell types have not been available for cross-species analyses 

with existing rodent data. To address this gap, we generated molecular data from LS tissue 

blocks dissected from fresh-frozen postmortem human brain slabs (n=3 donors, without 

documented history of neuropsychiatric illness). The presence and location of LS on each tissue 

block was confirmed by probing for markers of the LS (TRPC4) and surrounding brain areas 

including the fornix (MBP), striatum (PPP1R1B), and medial septum (ELAV2) using RNAScope 



multiplex single-molecule fluorescence in situ hybridization (smFISH). Based on this data, we 

scored each tissue block to enrich for the LS, and then generated single-nucleus RNA sequencing 

(snRNA-seq) data using the 10x Genomics 3’ Gene Expression Chromium platform. We 

compared this data to our previously generated snRNA-seq data from rodent LS tissue to identify 

divergence and convergence in gene expression across LS cell types in humans and rodents. 

These cross-species analyses will further our understanding of the molecular signatures within 

different LS cell types that can be used to study behaviors modulated by the LS. 
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Abstract: The habenula (Hb) is an epithalamic brain region that plays a critical role in cognition 

and reward. Dysfunction of the Hb has been associated with both neuropsychiatric and substance 

use disorders. The Hb is organized into two main regions, the medial habenula (MHb) and the 

lateral habenula (LHb), which are functionally and cellularly distinct. Due to its small size, few 

studies have investigated the molecular profile of the human Hb and little is known about the 

transcriptomic signatures of LHb and MHb cell types in the human brain. Here we sought to 

generate a molecular map of the human Hb at single cell and spatial resolution using single 

nucleus RNA-sequencing (snRNA-seq) combined with single molecule fluorescent in situ 

hybridization (smFISH). To locate the Hb for molecular studies, we conducted smFISH for 

established Hb marker genes to identify LHb and MHb divisions as well as surrounding white 

matter tracts. Using the 10x Genomics 3’ Gene Expression platform, we performed snRNA-seq 

on postmortem human Hb from 7 neurotypical adult donors. We identified seven distinct LHb 

populations and three distinct MHb populations. We defined unique marker genes for these 

neuronal populations and validated a subset of them using smFISH with RNAscope technology. 

Finally, we performed cross-species analyses and evaluated the conservation of LHb and MHb 

subpopulations between the rodent and human brain. In summary, we present the first single cell 



molecular atlas of the human Hb and provide an interactive web resource for the scientific 

community to explore the data. 
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Abstract: The amygdala is a complex brain structure critical for emotional learning and 

memory. In humans, aberrant activity in the amygdala is implicated in stress-related disorders 

including depression, anxiety, and post-traumatic stress disorder. Despite prominent importance 

in behavior and disease, molecular characterizations of the amygdala with spatial and cellular 

resolution are lacking, particularly in the human brain. Here, we molecularly characterized the 

major input region of the human amygdala, the basolateral complex (BLA), using single nucleus 

RNA-sequencing (snRNA-seq) and spatially-resolved transcriptomics (SRT). Blocks containing 

the amygdala complex were dissected from fresh-frozen postmortem human tissue slabs (n=5 

neurotypical donors). The blocks underwent quality control to ensure inclusion and identify 

boundaries of the BLA using choline acetyltransferase staining and single-molecule fluorescent 

in situ hybridization (smFISH) for marker genes of key amygdala cell populations, including 

neurons (SLC17A7, TAC1, NTS, PDYN, SST, and PVALB) and oligodendrocytes (MBP). 

Histological staining and smFISH were used to guide scoring of the tissue block to isolate and 

collect the BLA. We then used the 10x Genomics 3’ Gene Expression Chromium platform on 

NeuN+ sorted nuclei for snRNA-seq (n=5) and the 10x Genomics Visium Spatial Gene 



Expression platform for SRT (n=1). Hierarchical clustering of single nuclei revealed a wide 

variety of excitatory (SLC17A7+) and inhibitory (GAD2+) neuronal cell types, including 

inhibitory clusters with high expression of well-known marker genes for intercalated nuclei. 

Spatially-informed, unsupervised clustering methods revealed spatial domains that accurately 

corresponded to BLA subregions, such as the basal and lateral nuclei, as well as islands of 

intercalated cells. Finally, differential expression analysis of spatial domains revealed novel 

marker genes for identifying and distinguishing the basal and lateral subnuclei of the BLA. 

These data are an important resource for better understanding the molecular composition of the 

human basolateral amygdala, and provide guidance for future, large-scale single cell and 

spatially-resolved transcriptomic studies in the human amygdala. 
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Abstract: Sexual arousal (SA) is a determining physiological state for an individual's optimal 

sexual response. Among the different stimuli used to generate an AS state at the experimental 

level is erotic texts. Erotic text often includes aggressive content that has not been evaluated in 

relation to SA. The aim of this work was to compare cortical functionality by recording 

electroencephalographic activity (EEG) in young women when reading a sexually explicit text 

(SET) and a sexually explicit text with aggression (SETA). Twenty-seven healthy women 

between 20 and 30 years old participated. The EEG activity of frontal, temporal and parietal 

areas was recorded during the reading of both texts. Participants rated the SET as pleasant 

compared to the SETA. Both texts were classified as generators of general activation and sexual 

activation. During the reading of the SETA, a greater absolute power (AP) of the alpha1, alpha2 

and beta 1 bands was observed in frontal areas, of theta, alpha1, alpha2 and beta1 in the left 

parietal, as well as of alpha1, alpha2, beta1 and gamma in right parietal with respect to the SET. 

Regarding the degree of EEG coupling, during the SETA a greater interhemispheric correlation 

between frontals (F3 and F4) in delta, and alpha1 and a greater intrahemispheric correlation 

between frontal-temporal left in alpha2 and beta 1 was observed. These data show that cortical 

functionality during a state of sexual activation in women varies depending on the type of 



content and context of the erotic reading. This cortical EEG changes could be associated to 

mechanisms that underlying the processing and incentive value assignment of stimuli with sexual 

and aggressive connotations in young women. 
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Abstract: Introduction: Cognitive distortions are automatic and biased thought patterns that can 

lead to misinterpretations of reality. They are distorted mental processes that affect how we 

perceive, process, and remember information. When we are under stress, our minds tend to be 

more vulnerable to these cognitive distortions, which can exacerbate feelings of anxiety, worry, 

and emotional distress. Objective: To describe and analyze the relationship between cognitive 

distortions and perceived stress, anxiety, and depression in the Mexican population. Method: A 

descriptive and correlational study was conducted; the research design was cross-sectional and 

observational. Mexican participants of legal age were evaluated. The Automatic Thoughts 

Inventory, Perceived Stress Scale, and Beck's Anxiety and Depression Inventories were used as 

instruments. The correlational structures of the variables of interest were explored using non-

parametric analysis, with a significance level set at 0.05. Results: A total of 809 individuals were 

collected, 74.8% (n=605) of the participants were women. In the total population, there was 87% 

with high levels of perceived stress, 33.8% moderate/severe anxiety, and 38% moderate/severe 

depression. The results indicate that cognitive distortions are related to stress, with the most 

frequent distortions being: interpretation of thoughts (W = 91616, p-value = 0.001876), 

catastrophic thinking (W = 80682, p= 0.002), fallacy of control (W = 87278, p = 0.006), 

emotional reasoning (W = 77052, p= 0.004), global labeling (W = 91683, p = 0.002), guilt (W = 

83175, p= 0.019), should statements (W = 90530, p= 0.000), divine reward (W = 48411, p= 

0.006088). Cognitive distortions of polarized thinking (W = 81996, p = 0.015), 



overgeneralization (W = 90697, p= 0.000), emotional reasoning (W = 74668, p= 0.04056), and 

fallacy of justice (W= 7107, p=0.00) were related to anxiety, while the relationship between 

cognitive distortions and depression was found in fallacy of reason (W = 92817, p= 0.000) and 

divine reward (W = 48450, p= 0.005). Conclusion: we found that the variables of stress, anxiety, 

and depression are indeed related to different cognitive distortions. It is important to note that 

stress influences the onset and persistence of cognitive distortions. When we are under a chronic 

stress burden, our minds may become more prone to adopting distorted thought patterns to 

process information quickly and efficiently, even if it is inaccurate. To manage stress and 

associated cognitive distortions, it is beneficial to work on developing healthy coping skills and 

identifying and challenging cognitive distortions. 
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Abstract: The effects of social rejection and isolation may differ between individuals based on 

personal factors such as past experiences, social support, and resilience. Rural communities are 

often at greater risk of negative childhood experiences like abuse and neglect and often lack 

adequate social support or the resources to overcome these experiences, which may affect the 

way these communities respond to rejection. However, this relationship has not been explored. 

We hypothesized that individuals with adverse childhood experiences (ACEs) would have 

increased sensitivity to social rejection. As part of an interdisciplinary study on rural health, we 

recruited 42 participants living in rural communities (28 women 18-75 years old) to play a 

cyberball game used to create feelings of rejection by alternating between including and 

excluding participants from an online game of catch while undergoing 24 channel EEG. 

Participants completed the Brief Resilience Scale and the Adverse Childhood Experiences 

Questionnaire. EEG power spectral density was calculated for canonical frequency bands across 



frontal, temporal and posterior brain regions. Relative theta power decreased during the rejection 

condition across frontal t(28)=-2.48, p=.019, temporal t(28)=-2.57, p=.015 and posterior t(28)=-

2.12, p=.043 regions when compared to the inclusion conditions, consistent with previous work. 

Connectivity analyses found significant interaction between rejection/inclusion and resilience 

(p’s<.05) for delta band connectivity for primarily left posterior 28 connections, with 3 surviving 

FDR correction. Individuals with higher resilience scores tended to have lower delta connectivity 

during the rejection condition and individuals with lower scores tended to have lower delta 

connectivity during the inclusion conditions, suggesting a trend toward low frequency activation 

in response to social rejection in rural individuals with low resilience. No significant differences 

were found for ACE count on power or connectivity analyses, potentially due to most individuals 

showing high ACE counts (58% above threshold of 3 ACEs). These results suggest that although 

resilience does not directly mediate regional brain processes in response to rejection, it does 

impact neural communication in response to rejection. The results support the concept that 

personal factors may interact with environmental impacts to affect neural processing 

vulnerabilities. The information gained from this study can be used to better understand the 

common experiences in rural communities and the effects these experiences can have on brain 

development, processes, and overall functioning. 
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Abstract: The prolonged hospital stay of patients can cause discomfort in the emotional state 

and the way of coping with their health status. The objective of this study was to determine the 

degree of emotional discomfort and coping of patients hospitalized for a prolonged period at the 

General Hospital of Irapuato. The Emotional Discomfort Detection questionnaire was applied to 

a sample of 28 patients from the internal medicine, traumatology, and surgery services of the 

General Hospital of Irapuato. It was obtained that patients hospitalized for a long period identify 

at least one issue that worries them, and that significantly affects their state of mind and the way 

they cope with the current situation they are going through. These results suggest that prolonged 

hospitalization negatively affects emotional state and coping with the disease. 
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Abstract: Introduction and Methods: Recent reports indicate that placebos achieve around 80% 

of benefits of antidepressants. This highlights the urgency to minimize placebo responses in 

clinical trials, but also to understand the mechanisms and predictors of expectation effects and 

their utility in clinical practice. Previous research shows strong involvement of prefrontal 

mediated top-down regulation, suggesting a critical impact of goal-directed attentional control, 

but this has not yet been systematically studied. Here, we investigated the role of attentional 

resources and cognitive control in effects of positive expectation on emotional processing. Forty-

nine healthy volunteers (30 women, mean age 27 years) participated in a cross-over, randomized 

and controlled 2-day fMRI study in which expectancy of improvements in mood and emotional 

processing was induced by an alleged oxytocin nasal spray. In the scanner, participants 

performed a spatial cueing paradigm (Brassen et al., Biological Psychiatry, 2011) that 

manipulated attentional load on emotional face distractors. Results and Conclusions: Following 

the induction of positive expectations, participants reported higher mood ratings and showed a 

reduced distractibility by fearful compared to happy faces, but only when more attentional 

resources were available to process faces. Task effects were directly related to individuals’ 

general cognitive control ability. Imaging analyses, including effective connectivity analyses, 

demonstrate modulation by expectation in networks involved in emotion perception and 

regulation, including the anterior cingulate cortex, precuneus, middle frontal gyrus, and 

amygdala. Changes in networks involved in the control of visuospatial attention were directly 

correlated with individual cognitive control ability. Taken together, these findings suggest that 

expectations can modulate the preference for processing specific emotional information by 

activating top-down attentional orienting, which is driven by individual control ability and 

attentional context. These findings are of particular relevance regarding the potential benefits of 

positive expectations in patients with major depressive disorder, who often demonstrate a 

negativity bias as well as reduced cognitive control capacity. 
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Abstract: Yoga-based practices are thought to affect top-down and bottom-up emotional 

attention, but empirical evidence remains incipient. This pilot study tested whether long-term 

yoga experience (years of practice divided by age, to avoid age-related confounds) and current 

weekly hours of practice (postures, breathwork, and meditation time in the past 3 months) 

predicted less emotional interference in two emotional spatial cueing tasks (ESCTs). ESCTs 

manipulated exogenous or endogenous orienting (150ms or 900ms SOAs), using fearful and 

neutral faces of high, low, and broad spatial frequencies. It was hypothesized that greater yoga 

experience and practice would delay attentional engagement, especially to low-spatial frequency 

fearful faces, under exogenous orienting (as bottom-up emotional attention), and accelerate 

attentional disengagement, especially from high-spatial frequency fearful faces, under 

endogenous orienting (as top-down emotional attention). Twenty healthy long-term practitioners 

participated (sex: 60% female; age: 46.60±12.37; years of experience: 16.40±13.02; years of 

experience/age: 0.34±0.21; practice hours/week: 7.39±5.60). Participants completed self-report 

measures, then ESCTs on PsychoPy (264 trials each; 80% cue validity). Yoga experience, but 

not practice, interacted with ESCTs’ RTs, in 2(emotion) x 3(spatial frequency) x 2(validity) 

GLMs. The exogenous ESCT revealed an emotion*validity*experience effect, F(1,18)=5.29, 

p=.03, np
2 =.23, decomposed as attentional engagement (Mean RTneutral valid - Mean RTfearful valid), 

and disengagement scores (Mean RTfearful invalid - Mean RTneutral invalid). Regression models showed 

a trend of experience’s effect on disengagement, R2=.14, F=2.91, b=.056 [95%CI: -.013, .125], 

SE=.033, t(18)=-1.71, p=.10, but not on engagement, p=.62. The endogenous ESCT revealed an 

emotion*validity*spatial frequency*experience interaction, F(2,34)=6.50, p=.004, np
2 =.28, 

decomposed as engagement and disengagement scores for each spatial frequency. GLMs showed 

no effects for engagement, ps>.05, but a spatial frequency*experience interaction for 

disengagement, F(2,34)=5.31, p=.01, np
2 =.24. As experience increased, broad cues elicited 

faster disengagement away from fearful cues, b=.-119 [95% CI: -.226, -.011], SE=.051, t(17)=-

2.33, p=.03, np
2 =.24, but high/low cues did not. Thus, long-term yoga experience predicted a 



facilitated attentional disengagement away from fearful faces, more strongly under endogenous 

orienting, which suggests its primary influence on top-down processes of emotional attention. 

Specific spatial frequency hypotheses were not confirmed. 
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Abstract: Mood states can affect our attention processing of emotional stimuli. Emotional 

attention can also be altered in affective disorders, commonly observed as mood-congruent 

attention bias but little is known about whether neural dynamics play a role in this relationship. 

This study utilised resting-state fMRI to examine how brain global synchrony and metastability, 

and depressive severity modulate the effects of mood induction on attention to emotional stimuli. 

Forty-six healthy adults (19 males; age: M=30 years, SD=11.3 years) were randomly allocated to 

either sad or control mood induction where they listened to a 10-minute sad or neutral music 

excerpt. Participants’ attention to emotional words was then measured by the Emotional Stroop 

task - they had to identify the colour of target word stimuli (positive, negative, neutral) and their 

reaction time was recorded. Before mood induction, global synchrony and metastability were 

measured using resting-state fMRI. We first evaluated the effects of mood induction and 

corresponding mood change on participants’ Positive vs. Neutral, Negative vs. Neutral, and 

Negative vs. Positive interferences. We then investigated whether global synchrony and/or 

metastability of BOLD signals in ROIs across whole brain and depressive severity modulated the 

effects of mood induction. Regression and SEM analyses controlling for age and gender were 

conducted at 5000 bootstrapping. Sad mood induction resulted in sadder mood (F=6.90, 

p=0.012), such that mood change mediated the effects of mood induction on the difference in 

attention to negative and positive stimuli (i.e., Negative vs. Positive interference) (effect=0.04, 

95% CI [0.003 0.087]). Global synchrony was also associated with mood change post-sad-



induction (ρ=-0.55, p=0.005) and moderated the indirect effect of mood change on the 

relationship between mood induction and Negative vs. Positive interference (effect=0.39, 95% CI 

[0.012 1.102]). Depressive severity was not related to global synchrony but was directly related 

to mood change post-induction (ρ=-0.31, p=0.035). Introducing the latter association in the SEM 

model revealed that specific effects of depressive somatic symptoms on mood change added to 

the significant moderated mediation on Negative vs. Positive interference (effectsynchrony-

induction=0.39, 95% CI [0.055 0.927]; effectsomatic=0.01, 95% CI [0.0002 0.0214]). Together, 

individuals with higher neural synchrony (usually relating to lingering in a state) and more 

depressive somatic symptoms experienced stronger sad mood after sad mood induction and 

hence, attended longer to (or were more interfered by) mood-congruent emotional stimuli. 
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Abstract: Individuals who lack clarity about the nature of their own emotions (i.e., emotional 

ambiguity tendency) also struggle to accurately perceive others’ emotions. This often leads those 

individuals with heightened emotional ambiguity tendency to avoid social situations due to 

difficulties in processing emotional information, particularly because emotions in social 

situations are often expressed in nuanced and ambiguous ways. Recent studies have highlighted 

the significance of the inferior frontal gyrus (IFG) in perceiving emotions and its role in 

detecting subtle changes in emotional context. The current study aims to investigate the 

interactive effects of an individual's emotional ambiguity tendency and IFG activation on 

avoidance behavior by focusing on situations of social conflict as they induce more diverse 

emotions. In particular, we examined whether the IFG activation during the processing of 

ambiguous emotional expression can predict avoidance behaviors in social conflicts. We have 

recruited 28 young adults (M=21.33±4.04; 50% females) and measured 1) their avoidance 

behavior tendency in a competition and victim rescue behavioral tasks, 2) IFG activation level as 

a proxy of the neural index of an emotion processing using fMRI task that measured their 

perception of facial expressions with morphed faces from angry (AN) to neutral (NE) to happy 

(HA). Additionally, the Difficulties in Emotion Regulation Scale was administered to capture 

emotional ambiguity tendencies. The results revealed a significant association between 

emotional ambiguity tendency and avoidance behavior such that individuals with higher 



emotional ambiguity tend to avoid social interactions in general (r = 0.394, p = 0.038), and the 

trend is stronger in socially ambiguous conflicts (r = 0.455, p = 0.015). Importantly, IFG 

activation level, especially in response to ambiguous facial expressions (≤15% morphing from 

NE to either AN or HA), showed a negative correlation with avoidance behavior (r = -0.388, p = 

0.041), suggesting that individuals with higher IFG processing for the ambiguous information 

tend to avoid conflicts less. However, there was no direct link between IFG and the emotional 

ambiguity tendency (p = 0.574). In conclusion, the findings suggest that the IFG may assist in 

reducing social avoidance by enhancing sensitivity to emotional cues presented subtly. These 

results contribute to our understanding of the role of emotional ambiguity and IFG activation in 

avoidance behavior, particularly in the context of social conflicts. 
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Abstract: Introduction: Movie paradigms have gained increasing popularity due to their higher 

ecological validity as compared to traditional repeated stimulus-response paradigms. Movies 

provide a temporally evolving narrative, wherein individuals can engage, disengage from and re-

engage in their own time and pace. However, it has been a challenge to track this rich emotional 

experience and identify its neural underpinnings. We assessed the potential of using subjective 

annotations of emotion experiencing to identify discrete moments of engagement and 

disengagement. 

Methods: To this aim, we analyzed independent data sets using two sad and one neutral movie 

clip together with fMRI and subjective annotations of emotional arousal in healthy individuals 

(21 Grams and Son’s Room (n=21, 28.1, ±6.5 years; Borchardt et al. 2018); Sophie’s Choice 

(n=45, 26.7, ± 4.7 years; Raz et al. 2016). We derived a group manifold from individual time 



courses of subjective annotations of emotional arousal using Principal Component Analysis 

(PCA). We then identified episodes of rises and falls within the fluctuations of the group 

manifold, which we call here engagement and disengagement, respectively. To assess neural 

responses underlying momentary engagement and disengagement, we constructed a whole-brain 

voxel-wise general linear model with either engagement or disengagement episodes as 

regressors. Specifically, we used a contrast design with Engagement > Disengagement & 

Engagement < Disengagement. To find movie neural patterns conjunction analysis proposed by 

(Price and Friston 1997) to find voxels with significant conjoint effects across different data sets 

using the same contrast, e.g sample1/movie1 (Engagement > Disengagement) ∩ sample2/movie2 

(Engagement > Disengagement). 

Results: The conjunction analysis revealed common brain patterns across all three movies. 

Engagement was underpinned by higher activation in visual and attention regions. In contrast 

disengagement was underpinned by greater activations in default mode regions, i.e. the bilateral 

middle and superior temporal gyrus and sulcus (MTG/STG and MTS/STS). 

Discussion:Together our findings suggest that engagement and disengagement are underpinned 

by distinct neural response patterns. Engagement drew on brain regions supporting attention 

shifts towards affective stimuli, whereas disengagement involved brain regions supporting self-

referenced processing, possibly in the context of emotion regulation (Mohanty and Sussman 

2013). 

Conclusion: Fluctuations in subjective markers of arousal draw on common brain patterns during 

movie viewing. Further research is needed to validate our results. 
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Abstract: When we converse with someone for the first time, we often underestimate how much 

the person enjoyed the conversation, a phenomenon known as the liking gap. However, as 

conversations tend to fluctuate in various domains, it remains uncertain what features we use to 

generate an overall evaluation. Here, we evaluated how salient events, valence, and 



primacy/recency influence predictive accuracy. To study this, gender-matched participants 

(N=20 dyads; 95% female) followed a 9-question prompted conversation. Questions were 

randomly presented and evenly split between positive, neutral, and negatively-valenced topics 

about the personal opinions and experiences of the participants. Following the conversation, 

participants rated their own enjoyment and made predictions of their partner’s enjoyment both 

for the overall conversation and individual prompts. We found that participants significantly 

underestimated how much their partner enjoyed the entire conversation (M = -0.83; SD = 0.98; p 

< 0.001). Using a composite score of these actual and predicted ratings, we ran a lasso regression 

to identify what features of the individual prompts most strongly influenced the overall 

assessment. We found that the order in which a question was presented (i.e., primacy and 

recency effects) did not influence overall judgments. However, we found that positive questions 

contributed to the overall prediction accuracy (M = 0.45; SD = 0.16; p < 0.01) more than 

negative questions (M = 0.19; SD = 0.13). Additional analyses include exploring how linguistic 

features (e.g., vocal tone, individual and overall valence) of responses influence prediction 

accuracy, as well as identifying the neural correlates of these different linguistic features via an 

ongoing fMRI experiment that uses the conversations as stimuli. 

Disclosures:  I. Leiva: None. S. Reisman: None. R. Gamboa: None. C. Helion: None. V. 

Murty: None. J. Jarcho: None. 

Poster 

PSTR042. Modulation of Positive and Negative Emotional States: Human Studies 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR042.11/KK12 

Topic: G.04. Emotion 

Support: Sustainable Human Centric Next Generation Manufacturing 

Title: Development of Emotion Estimator for Dynamic States Using Electroencephalogram and 

Galvanic Skin Response 

Authors: *A. NARIKAWA1, W. WEN1,2, H. HAMADA1, A. CHANG1,2, Y. HONDA1, S. 

KANDA1, H. MIZOGUCHI3, E. KAKEHASHI1, M. NISHIO4, K. MAKINO5, A. 

YAMASHITA1, H. ASAMA1;  
1The Univ. of Tokyo, Bunkyo-ku, Tokyo, Japan; 2Rikkyo Univ., Niiza-city, Saitama, Japan; 
3Tokyo Information Design Professional Univ., Edogawa-ku, Tokyo, Japan; 4R&D and Engin. 

Mgmt. Div., 5Advanced Project Promotion Div., TOYOTA MOTOR CORPORATION, Toyota-

city, Aichi, Japan 

Abstract: For designing production systems, evaluation of mental states in dynamic situations is 

important. Although there are many studies that considered emotion estimation using 

questionnaire or physiological signals, few studies conducted experiments in dynamic situations 

and no method for evaluation of mental states during work involving motion has been 



established, yet. Therefore, whether it is possible to estimate mental states during dynamic work, 

based on physiological signals is not cleared. In this study, we developed emotion estimator for 

dynamic states using physiological signals. Specifically, our aim is to identify the psychological 

states during tasks involving movement using physiological measures. In the experiment, we 

conducted a task simulating order picking, where participants had to retrieve parts from boxes 

within a time limit and place them in a cart. Seven healthy participants were included (two males 

and five females; mean age = 27.3 ± 6.8 years). The experiment manipulated two factors: task 

difficulty (easy vs. difficult) and social-comparative feedback (negative vs. positive). During the 

experiment, questionnaire about three items (mental stress, a sense of achievement, and 

motivation) and electroencephalogram (EEG) and galvanic skin response (GSR) were measured. 

We used k-nearest neighbors (k-NN) machine learning for development of emotion estimator. As 

input data, we extracted wide frequency bands (θ: 4-8 Hz, α1: 8-10 Hz, α2: 10-13 Hz, α: 8-13 

Hz, β1: 13-22 Hz, β2: 22-30, β: 13-30 Hz, and γ1: 30-47 Hz) from EEG and mean and maximum 

value of GSR. Then, we used independent variables of the experiment and subjective ratings 

through questionnaires as the ground truth labels. Across all the participants, we achieved high 

accuracy in classification of difficulty levels and mental stress levels: 87.9% in classifying 

difficulty levels and 96.5% in classifying mental stress levels on average across all the 

participants. This suggests that the experiment successfully influenced physiological signals. 

EEG and GSR have been widely used as indicators of autonomic nervous system activity and are 

likely to reflect difficulty and mental stress, leading to high accuracy. 
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Abstract: Treatment-resistant depression affects one-third of the 300 million people with 

depression worldwide. Electroconvulsive therapy (ECT) is a common treatment for these 

individuals that induces a generalized seizure impacting multiple networks in the brain, including 

those linked to emotion regulation, reward processing, and motivation. Mechanisms involved in 

processing rewarding and punishing experiences are clearly impacted in depression, yet it is 

unclear exactly how valence-specific learning and affective processes vary in this disease state or 

are affected by ECT. We hypothesized that: i) computational depictions of learning and affective 

processes can characterize differences in behavior and brain processes underlying treatment-

resistant depression and ii) there are changes in how learning signals affect emotional states in 

patients with treatment-resistant depression. To test these hypotheses, we recruited patients 

consented to start ECT (pre-ECT: N=28) for treatment-resistant depression, as well as 

participants with or without a diagnosis of depression (non-ECT depression, N=40; no 

depression controls, N = 41). Participants completed a monetarily incentivized probabilistic 

reward and punishment learning task while undergoing functional magnetic resonance imaging 

(fMRI). We also administered the Hamilton Depression Rating Scale to all participants to 

confirm diagnosis status. Computational models fit to i) choice behavior and ii) self-reported 

subjective feelings during 1/3 of all trials’ outcomes revealed significant differences in how 

patients with treatment-resistant depression i) learned and changed their behavior to positive and 

negative feedback and ii) reacted emotionally to sequences of rewarding or punishing outcomes 

as measured by objective learning signals such as valence-partitioned expected values and 

prediction errors compared to participants with and without depression. Posterior estimates from 

each of these two models fit for each individual participant using Bayesian methods were 

subjected to a leave-one-out linear discriminant analysis. We report that model parameters from 

the second model (i.e., predicting emotional dynamics from objective learning signals) classify 

each of the three participant groups - pre-ECT, non-ECT depression, and no depression - with 

perfect accuracy and precision (AUC=1). Analysis of fMRI data is ongoing, with preliminary 

results suggesting significant differences in valence and salience networks across these three 

groups. Our results suggest neural mechanisms to target in patients with depression. 
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Abstract: Corresponding Emotional Representations BetweenProcessing of Affective Scenes in 

Convolutional Neural Networks and Human Visual Pathwaysl Pathways 

Yujun Chen1, Lihan Cui1, Mingzhou Ding1, 1University of Florida 

Convolutional neural networks (CNNs) are shown to be good models of the human visual 

system. In particular, when processing visual object information, tthe earlier layers of CNNs 

behave similarly to low-level visual areas in the human cortex (e.g., V1), whereas the deeper 

layers of CNNs behave similarly to high-level visual areas (e.g., inferotemporal cortex). In this 

study we sought to examine the similarity and difference in CNNs and human visual pathways 

when processing affective scenes. FMRI data were recorded from human participants viewing 

pleasant, neutral and unpleasant images from the International Affective Picture System (IAPS). 

The VGG 16 trained on ImageNet data and DeepGaze were taken to the CNN models of the 

human visual system. hat is trained on affective images can sufficiently predict human-rated 

valence. When tested with images occluded by DeepGaze, the CNN performed significantly 

worse, implying the high-level salience information captured by DeepGaze are emotion related. 

To establish a CNN and brain correspondence in emotion processing, we propose to examine the 

emotional representations between CNNs and fMRI response from human brains using 

representational similarity analysis (RSA). Using the images from the International Affective 

Picture System (IAPS), we aim to correlate the representational structures from these two 

modalities (1) by emotion categories of pleasant, neutral, and unpleasant and (2) by emotion 

category combined with subcategories of objects and scenes. Through the emotion 

representational structureApplying the representational similarity analysiss, we aim to (1) 

characterizetrace emotion processing in the early visual cortex, the dorsal visual cortexl pathway, 

and the ventral visual cortex, pathway (2) characterize emotion processing in the CNN models, 

(3)by quantifying the proportion of explainable brain RDM variance captured by 

specificsampled CNN layers, (4) visualize the emotion representations in visual pathways and 

CNN layers using multi-dimensional scaling (MDS), and (5) decodes emotion representations in 

visual pathways using emotion representations from features of CNN layers. 
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Title: Visual, semantic, and inter-individual factors guiding gaze behavior during implicit 

processing of dynamic emotional face stimuli 
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Abstract: The efficiency with which we can extract information from human faces reflects the 

importance of face processing for navigating the many social interactions of our day-to-day lives. 

While most prior face processing research has used static stimuli and highly structured 

paradigms, recent evidence suggests that dynamic stimuli and unstructured paradigms may elicit 

more reliable and ecologically valid behavior. Here we describe the use of a novel eye tracking 

paradigm, the free viewing faces task, to investigate the visual, semantic, and inter-individual 

factors guiding gaze behavior during implicit emotional face processing. Healthy adults (n=55; 

37 female, 18 male; 18-50 years of age) freely viewed 10 min of dynamic video in which the 

content changed (in the form of a new clip) every 2-4 sec. 60% of the clips were “no face” clips, 

featuring natural landscapes, animals, building/street scenes, and human activities, and 40% were 

“face” clips, featuring human faces expressing positive, neutral, and negative emotions. Face 

clips were independently rated for valence and arousal and annotated frame-by-frame for face 

regions of interest (ROIs). Numerous metrics were derived from participants’ gaze behavior, 

recorded at 500 Hz using an Eyelink 1000 Plus, and their associations with low-level clip 

properties, high-level clip properties, and inter-individual neuropsychological measures 

investigated. Compared to no face clips, face clips elicited more frequent saccades characterized 

by smaller amplitudes, smaller eccentricities from screen center, and shorter fixation durations. 

These differences were evident as early as the first saccade made following a clip change. On a 

clip-by-clip basis, larger faces were associated with more frequent, large amplitude saccades 

separated by shorter fixation durations, and an increased gaze probability within face ROIs. For 

neutral faces, higher arousal scores were associated with increased gaze probability within face 

ROIs. On an inter-individual basis, gaze probability within face ROIs was positively associated 

with measures of interpersonal emotion regulation and negatively associated with measures of 

anxiety and depression. Finally, despite comparable gaze behavior overall, male participants 

made longer fixation durations on positive and neutral face clips relative to female participants. 

Together, these findings provide novel insight into the visual, semantic, and inter-individual 

factors guiding gaze behavior during the implicit processing of dynamic emotional faces. This 

work has implications for improved understanding of how emotional face processing may be 

altered in neuropsychiatric disorders. 
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Abstract: Learning requires attention, but the regulation of cognitive and emotional demands on 

attention is a complex executive skill for young children. We investigated the impact of 

cognitive load and negative affect on attention in school-aged children across time. Using 

innovative game-like computerized cognitive tasks, novel proof of concept data were collected 

and analyzed from 3 typically-developing children at 2 time points (first and second grades). All 

children were screened for comparable age-appropriate language and nonverbal intelligence and 

were right-handed, English monolinguals with no history of neurological/learning disorders. 

Task 1 measured the impact of cognitive load on attention using a dual-task paradigm. The 

primary task was a congruent Simon attention task, and the secondary task was a word-level 

speech recognition task presented in quiet and in speech-shaped noise (+10 dB SNR). Task 2 

measured the impact of emotional valence (V) and arousal (A) on attention using a facial affect 

task. Children mirrored line drawings depicting happy (+V, +A), angry (-V, +A), and sad (-V, -

A) facial expressions. To measure attention, children pressed a button when they saw a line 

drawing of a neutral chimpanzee ape face. Both tasks were presented randomly in a block design 

with practice. We predicted that cognitive load and negative emotions would trade off with 

executive attentional resources, and regulating this trade off may improve over time. Accuracy 

and reaction time were analyzed with linear mixed-effects modeling in R. For Task 1, children 

were less accurate and responded faster when listening in noise compared to quiet. Performance 

did not improve over time. For Task 2, children responded fastest during happy, slower during 

angry, and slowest during sad emotional states. Children responded faster over time, but the 

pattern between emotions remained the same. These findings suggest that early childhood 

attention is sensitive to changes in emotional states. Listening to speech in noise typical of a busy 

classroom can increase cognitive load and trade off with attention flexibility, which impacts 

children across grade levels. Likewise, negative affect trades off with processing speed, even 

across the maturational development of these emotions. Next, we will test the relationship 

between these behavioral patterns and physiological measures of cognition (fNIRS brain 

imaging) and emotion (thermal infrared imaging). These findings provide new insight about 

optimal learning conditions for young children and across life. The goal of this work is to 

translate such combined behavioral/neuroscience studies to benefit clinical groups. 
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Abstract: Older relative to young people experience less anxiety; consistent with the ‘positivity-

effect’ in aging, however, the neural processes supporting this age-related difference remain less 

clear. Negative emotions can enhance as well as impair memory depending on the learned 

context. Here, we examined how memory of negative emotional images varied with age and 

whether the underlying neural processes reflect age-related differences in anxiety. Fifty-one 

healthy adults (age 22 to 80 years, 23 women) participated in clinical assessment with the 

Spielberg State Trait Anxiety Inventory (STAI) and underwent brain imaging with a memory 

encoding task where negative and neutral emotional images were displayed pseudo-randomly. 

Post-scan, participants recognized “new” and “old” images. Sensitivity (true positive rate) and 

bias (false positive rate) were quantified for individual participants. The results showed that age 

was negatively correlated with both STAI state score and sensitivity, controlling for bias, in 

negative emotional memory. However, STAI state score and sensitivity were not significantly 

correlated. In whole brain regression, STAI state score was correlated with higher activity of the 

right middle/superior temporal gyri and temporo-parietal junction (MTG/STG/TPJ) for the 

contrast of “negative correct - incorrect” - “neutral correct - incorrect” trials. Further, 

MTG/STG/TPJ activity (β) was also negatively correlated with age. Mediation analyses 

supported a complete mediation model of age -> less anxiety -> less MTG/STG/TPJ β and 

incomplete mediation of age -> less MTG/STG/TPJ β -> less anxiety. Earlier literature has noted 

implications of MTG/STG/TPJ in emotion processing, emotion enhancement of memory as well 

as social cognition. Together, present findings demonstrated age-related changes in negative 

emotional memory and how age-related reduction in anxiety is reflected in diminished temporal 

cortical activities during encoding of negative emotional memory. 
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Abstract: Acetylcholine (ACh) signaling is implicated in the etiology of depression, but is also 

important for learning, memory, and attention, suggesting that optimal levels are beneficial, 

while excessive increases are detrimental to affective health. Prolonged ACh signaling during 

highly stressful events could therefore lead to negative encoding bias, in which stressful 

experiences are both attended to and encoded more potently, leading to increased depressive 

symptoms. Therefore, we recorded ACh transients from medial prefrontal cortex (mPFC) during 

induction of learned helplessness (LH) behavior to evaluate parameters under which cholinergic 

signaling might alter information processing during stressful events. To this end, GRABACh 3.0 

was infused into mPFC of male and female mice, and a fiber was implanted above the injection 

site. In the LH procedure mice undergo two days of 1h trials of inescapable shocks (induction 

trials) and were tested for active avoidance on Day 3 (30 trials, 0.3 mA). Expectedly,escape 

latencies were significantly longer in mice following inescapable shock. During induction, 

mPFC ACh transients rose at each shock initiation and stayed high across presentation, 

decreasing slowly at termination. Both male and female mice displayed escape deficits, but 

intensity of ACh signaling across shock presentations correlated positively with escape deficits 

only in males. We then used a chemogenetic approach to ascertain if modulating cholinergic 

signaling via excitation or inhibition of ChAT neurons in the mPFC was sufficient to influence 

LH escape behavior. In males infused with a Gq-DREADD, CNO administration increased 

escape latencies in active avoidance testing, while Gi-DREADD-mediated inhibition reduced 

escape latencies, consistent with fiber photometry data. In females however, both Gi- and Gq-

DREADD expression led to increased escape latency following CNO administration, suggesting 

an optimal range of ACh mPFC signaling is required for optimal LH outcomes. To conclude, we 

identified robust mPFC ACh responses during induction of LH behavior that correlate 

significantly with escape during active avoidance and identified a potentially important sex 



difference, indicating that stress-induced depressive symptoms may be differentially regulated by 

mPFC ACh signaling in males and females. 
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Abstract: Associative learning links predictive sensory stimuli from the environment with their 

outcomes. The accuracy of this learning will depend on reliable integration of sensory inputs that 

result in behavioral adaptations to ensure an animal’s survival. Several cortical and limbic brain 

areas have been identified as sites for associative learning. However, the role of thalamic 

structures that relay sensory information is largely unknown. The medial geniculate body 

(MGB), or auditory thalamus, is a site of convergence for auditory as well as somatosensory 

information and is crucial for associative learning (e.g. in fear conditioning). It receives 

feedforward sensory as well as neuromodulatory inputs. One prominent neuromodulatory 

cholinergic input to MGB originates in the pedunculopontine tegmental nucleus (PPT). 

However, the role of brainstem cholinergic inputs to MGB during associative learning remains 

elusive. Here, we use a combination of deep brain calcium imaging techniques such as fiber 

photometry and miniaturized microscopes combined with optogenetics to unravel the functional 

role of cholinergic projections in MGB during associative fear learning in freely moving mice. 

We found that optogenetic manipulation of cholinergic PPT inputs in MGB during fear 

acquisition affects learning. Furthermore, we show that cholinergic projections from the 

brainstem modulate sensory responses of MGB neurons during fear conditioning. This study 

identifies a role of brainstem cholinergic inputs in multimodal sensory integration during fear 

conditioning in MGB, which broadens our view on how neuromodulators contribute to 

associative learning in thalamic areas. 
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Abstract: An important feature common to many stress- and mood-related disorders is the 

disruption of healthy coping strategies in the face of acute stress, leading to transition towards 

more maladaptive coping behaviors. Clinical and preclinical research have highlighted 

acetylcholine (ACh) and norepinephrine (NE) as key mediators of stress reactivity; both 

neuromodulators converge on the basolateral amygdala (BLA), an important node in stress 

circuits. Interactions between these two neuromodulatory systems appear to be critical for 

producing adaptive coping responses tailored to the type of stressor. To investigate the 

independent and cooperative roles of ACh and NE in coping behavior, and how they change with 

the controllability of the stressor, we performed fiber photometric recordings of extracellular 

ACh and NE in the mouse BLA during escapable and inescapable stress. Escapable stress was 

modeled by the looming shadow test, in which mice were presented with an expanding disc 

mimicking a descending aerial predator; in this assay, mice exhibit a passive coping response by 

freezing, or an active coping response by fleeing into a shelter. Inescapable stress was modeled 

by the tail suspension test, during which mice transition between bouts of struggling (active 

coping) and immobility (passive coping). Fiber photometric recordings using a GPCR-

Activation-Based (GRAB) ACh sensor revealed that BLA ACh levels increased preceding active 

coping responses, regardless of stress controllability. Using the GRAB NE sensor, fiber 

photometry showed that NE was elevated during passive coping to escapable stress, but active 

coping to inescapable stress. Furthermore, these data identified interesting temporal differences 

in release dynamics: ACh release is more transient and time-locked to behavior, whereas NE 

release is sustained over longer time periods, suggesting that perhaps quick bursts of ACh drive 

attention to threats and signal motor responses, while NE integrates information about the nature 

of escapability of the stressor. Dual-channel recordings to measure levels of both 

neuromodulators simultaneously will refine understanding of the temporal relationships between 

these systems, and chemogenetic and optogenetic manipulations of cholinergic and 

noradrenergic inputs to the BLA will identify causal relationships between release dynamics and 

behavioral outcomes, providing further insight into the circuits controlling stress responses. 
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Abstract: Adolescence is a period of dynamic change that involves increased risk taking, which 

may be a necessary part of developing into an independent adult. However, risk taking can also 

lead to engagement in maladaptive behaviors and challenges. Adolescent exposure to these 

challenges combined with dramatic neurodevelopmental changes potentially convey increased 

vulnerability for psychiatric disorders, some of which may manifest later in life. The studies 

described here employed a mouse model to examine the propensity of adolescent nicotine 

exposure and stress exposure to produce adult maladaptive phenotypes that model 

endophenotypes of psychiatric disorders such as addiction and anxiety and the contribution of 

genetics, sex, and changes in acetylcholinergic function to these endophenotypes. Male and 

female adolescent mice of mixed genetic backgrounds were exposed nicotine. In addition, other 

adolescent mice were exposed to social stress. Exposure occurred only during adolescence. In 

adulthood, anxiety-like behaviors (elevated plus maze and exploration of an open field) along 

with changes in the cholinergic system were assessed. Adolescent nicotine exposure produced 

sex-specific changes in adult anxiety-related behavior that was moderated by genetic 

background. Adolescent nicotine exposure also decreased adult sensitivity to nicotine and had a 

sex specific effect on nicotine metabolism. Similar to adolescent nicotine exposure, adolescent 

stress exposure altered adult anxiety-related behavior. These results demonstrate that challenges 

in adolescence such as nicotine exposure or social stress altered adult responses and mediated 

changes in adult endophenotypes of psychiatric disorders. These effects were moderated by sex 

and genotype. Together, these studies speak to the critical role of adolescent development in 

adult psychiatric health. 
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Abstract: Type III Neuregulin 1 (NRG1) is a bi-directional transmembrane signaling protein 

that supports neurodevelopment and has been identified as a candidate gene for schizophrenia in 

genomic studies. NRG1 regulates the surface expression of cholinergic receptors on hippocampal 

axons but its effect on cholinergic axons is unknown despite evidence that disruptions in 

cholinergic signaling cause cognitive distortions related to psychosis. We used spatial 

transcriptomics in wild-type mice to measure expression of NRG1 across the basal forebrain and 

observed that medial septum cholinergic neurons have less expression than in the nucleus 

basalis. We tested whether NRG1 expression is important for cholinergic development using 

primary cultures of the basal forebrain and measured changes in cellular morphology and axonal 

branching with respect to NRG1 and its stimulation by Erbb4. Cholinergic projections form 

highly branched axonal arbors that require a healthy pool of mitochondria at pre-synaptic 

terminals. Mitochondria are actively transported into terminals and maintain the ability to 

transition between motile and non-motile states. Changes in motility are driven by local 

signaling. We tested whether NRG1 signaling during development altered axonal branching via 

modulation of mitochondrial motility states. We tracked mitochondrial movement in response to 

NRG1 stimulation using a cholinergic specific mito-GFP tag and observed increases in motility 

that was dependent on downstream activation of PI3K and different than the pausing behavior 

observed in hippocampal neurons. We predicted that cholinergic-specific responses to NRG1 

signaling were related to the presence of the receptor, TrkA, that is uniquely expressed on 

cholinergic axons. NGF/TrkA signaling has been shown to increase mitochondrial recruitment to 

terminals of sensory axons and similarly modulates mitochondrial motility via PI3K. We saw 

decreases in motility in projections after NGF starvation and interestingly, stimulation of NRG1 

in starved cultures had neuron-specific effects that we predict are associated with differences in 

its expression. We’re now characterizing the effect of NRG1 x TrKA interactions on 

mitochondrial distribution in axons during different timepoints of development and its effect on 

axonal maturation. These data reveal a novel mechanism for NRG1 regulation TrkA and 

mitochondrial dynamics in the basal forebrain and provide further evidence for the importance of 

NRG1 for the survival of cholinergic neurons. 
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Abstract: The ventral pallidum (VP) is involved in encoding hedonic value of external stimuli. 

The VP is comprised of a variety of cell types including cholinergic neurons, whose function, 

until recently, was unclear. We have previously found two distinct subpopulations of VP 

cholinergic neurons that differentially encode valence: one subpopulation activated in response 

to a positive valence stimulus (appetitive odor), and a second, non-overlapping subpopulation 

activated in response to a negative valence stimulus (aversive odor). VP cholinergic neurons 

primarily project to the basolateral amygdala (BLA), a region also identified as having distinct 

neuronal subpopulations that encode valence. Whether valence encoding VP cholinergic neurons 

form functional connections with valence encoding BLA neurons remains unknown. To 

determine if VP cholinergic neurons work in conjunction with the BLA to encode valence of 

olfactory stimuli, we first examined changes in BLA activity induced by valence-specific odors. 

We found that both the appetitive and aversive odor significantly increased cFos activation in the 

BLA. Furthermore, both odors induced acetylcholine release in the BLA. Next, using in-vivo 

single-cell calcium imaging, we identified valence encoding neurons in the BLA that were 

exclusively activated by each odor. In comparison to negative valence BLA neurons that were 

only activated in response to the aversive odor, a greater percentage of BLA neurons were 

classified as positive valence neurons (i.e., neurons activated only by the appetitive odor). To 

investigate the relationship between VP cholinergic neurons and valence encoding BLA neurons, 

we examined the effects of optogenetic stimulation of VP cholinergic terminals on valence 

identified BLA neurons. Preliminary results revealed that pairing odor delivery with optogenetic 

stimulation of VP cholinergic terminals in the BLA changed the ratio of identified positive vs. 

negative valence BLA neurons. BLA neurons became increasingly responsive to the aversive 

odor and resulted in corresponding behavioral changes. Although optogenetic stimulation did not 

alter avoidance to the aversive odor, stimulation of VP cholinergic terminals in the BLA 

abolished approach to the appetitive odor. Ongoing studies specifically target and manipulate 

negative vs. positive valence VP cholinergic neurons and map their functional connections with 

valence encoding BLA neurons. 
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Abstract: Exercise is known to have beneficial effects on mood and cognition. These effects 

have been hypothesized to result from increases in adult hippocampal neurogenesis. Serotonin 

(5-HT)is known to be a critical regulator of adult hippocampal neurogenesis, and mice that 

completely lack brain 5-HT, tryptophan hydroxylase 2 (Tph2), fail to increase neurogenesis 

following exercise.However, whether partial loss of Tph2 activity would also prevent exercise-

induced neurogenesis and/or the antidepressant-like behavioral effects of exercise is unknown. 

The current study used Tph2 (R439H) knockin mice (KI), which exhibit 60-80% reductions in 

brain 5-HT, to determine the effects of low levels of brain 5-HT on behavioral and neurogenic 

responses to exercise. The behavioral consequences of exercise were evaluated using four 

common tests of antidepressant-like or anxiolytic behavior: the novelty suppressed feeding 

(NSF) test, the forced swim test (FST),the novel open field (NOF) test, and the elevated plus 

maze (EPM). Following behavioral testing, immunohistochemistry was used to quantify cellular 

proliferation in the dentate gyrus (with antibodies against bromodeoxyuridine (BrdU)) and the 

number of immature neurons (with antibodies against doublecortin (DCX)). 

In females, exercise significantly reduced immobility time in the FST and latency to feed in the 

NSF test. However, a significant genotype-by-exercise interaction was observed by two-way 

ANOVA in which these effects were more pronounced in WT mice compared to KI animals.In 

males, exercise did not lead to an antidepressant-like effect in the FST, but a significant 

genotype-by-exercise interaction was observed in the NSF, with only WT mice experiencing 

asignificant reduction in feeding latency. These results suggest that low levels of brain 5-HT are 

required for some of the antidepressant-like effects of exercise. However, the ability of exercise 

to promote hippocampal neurogenesis was not impaired in Tph2KI mice relative to WT 

animals.Rather, Tph2KI females were more sensitive to the neurogenesis promoting effects of 

exercise than their WT counterparts, despite being less sensitive to several behavioral effects of 

exercise.This suggests that the magnitude of antidepressant-like effects of exercise is not 

dependent on the magnitude of the neurogenesis-promoting effects of exercise. These results 

provide new in sight into the importance of 5-HT and neurogenesis in the antidepressant-like 



effects of exercise, and ultimately suggest that exercise may represent a potential alternative to 

SSRIs for individuals with impaired 5-HT synthesis. 
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Abstract: Serotonin is known to regulate the development of anxio-depressive behavior. To 

understand the establishment of these behaviors we focused on two early time windows, namely: 

Postnatal and Juvenile windows. To modulate levels of serotonin we used a Selective Serotonin 

Reuptake Inhibitor (SSRI), Fluoxetine. Postnatal Fluoxetine (PNFlx) evoked long-lasting 

increases in anxio- depressive behavior, whereas Juvenile Fluoxetine (JFlx) elicited persistent 

decreases in anxio- depressive behavior. To understand the underlying molecular mechanisms 

that could lead to such differential behavioral effects we investigated the global transcriptome in 

the medial prefrontal cortex (mPFC) of animals with a history of PNFlx and JFlx. The starkly 

differing behavioral outcomes were accompanied by differential global transcriptome changes in 

the mPFC, with minimal overlap in gene regulation. Further analysis highlighted a differential 

regulation of gene clusters involved with mitochondria, metabolism, synapse, and dendritic 

development with PNFlx and JFlx. Opposing effects on proteins involved in mitochondrial 

biogenesis and function were observed, with a decline in PNFlx animals in contrast to the 

increase following JFlx treatment. In addition, we found opposing effects on the ATP levels and 

Oxphos efficiency with a significant decline observed with PNFlx in contrast a significant 

increase was observed with JFlx.Our microarray showed regulation of gene clusters involved in 

synaptic and dendritic arborizations. We observed a significant downregulation of mTOR 

pathway components with PNFlx opposing to this a significant increase was observed with JFlx. 

We observed a significant decrease in the total length and number of apical dendrites with PNFlx 

contrasting to this we observed a significant increase with JFlx treatment in layer II/III pyramidal 

neurons of the infralimbic (IL) region of the mpfc.Since PNFlx showed a significant increase in 



the anxio- depressive behavior accompanied by a decline in mitochondrial protein levels and 

OxPhos efficiency. We hypothesized that the decrease in the ATP levels with PNFlx could 

contribute to the anxiogenic and pro-depressive effects observed with PNFlx. Upon 

administration of the mitochondrial booster Nicotinamide (NAM) to animals with a history of 

PNFlx. We observed a significant increase in the levels of ATP and alleviation of the pro-

depressive effects observed with PNFlx.Our findings highlight two distinct windows of early life 

in which SSRI exposure evokes starkly differing effects on behavior, gene regulation, and 

bioenergetics while establishing a link between bioenergetics and despair-like behavior. 
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Abstract: Neurons in the cortex are heterogeneous in their neurophysiological and 

neuropharmacological properties and form diverse subsystems that have distinct roles. The 

piriform cortex plays a key role in olfaction and is known to be a site of epileptogenesis. 5-

hydroxytryptamine (5-HT; serotonin) is a key neurotransmitter that is known to modulate 

neuronal activity in a wide variety of brain centres, including the piriform cortex. Indeed, the 

piriform cortex receives input from 5-HT-releasing neurons and a sub-population of neurons 

within the piriform cortex are known to respond to exogenous serotinergic agonist application. 

However, previous studies have not fully explored the diversity in agonist-induced responses to 

5-HT in this brain region. In this study, we used a multielectrode array (MEA) to record 

spontaneous action potential activity of piriform cortex neurons in brain slices prepared from 

mice before and after local delivery of 5-HT. Overall, application of high concentrations of 5-HT 

(100 µM) led to a significant increase in firing rate in certain subpopulations of piriform cortex 

neurons. However, we uncovered significant diversity in these agonist-evoked responses, 

including sustained increases, sustained decreases, transient increases and delayed increased. 

These results indicate that 5-HT can dynamically shape the properties of neural circuits in the 



piriform cortex in a complex manner. These findings are potentially important in interpreting the 

actions of psychoactive drugs that may interact with serotonergic receptors. 
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Abstract: Major depressive disorder affects approximately 13% of adolescents in the United 

States. While classical antidepressant treatments effectively reduce depressive symptoms in 

adolescents, low remission rates and potential adverse effects, such as suicide-related thoughts, 

highlight the need for the development of novel pharmacotherapies for the treatment of 

adolescent depression. During adolescence, there is a surge in steroid gonadal hormones that 

impact behavior and brain functions in both humans and mice. Stress in the form of victimization 

and bullying is prevalent among adolescents and, when combined with increased gonadal 

hormones, is associated with adolescent depression and suicidality. We hypothesize that the 

increased risk of depression in adolescents is due to the combined effects of increased stress and 

heightened production of gonadal hormones in both sexes. Therefore, we propose that targeting 

gonadal steroid hormone systems could serve as an intervention for adolescent depression and 

suicidality. To test this hypothesis, we subjected adolescent male and female mice to acute foot-

shock stress and assessed the development of anhedonia, social preference deficits, and anxiety-

like behavior using the sucrose preference test, social interaction test, and light/dark box test, 

respectively. We found that stressed adolescent mice displayed social interaction deficits, but no 

changes were observed in anxiety behavior or anhedonia. To investigate the role of gonadal 

hormone systems in these effects, we conducted RNAseq analysis on the prefrontal cortex of 

depressed patients, comparing adults and adolescents. Intriguingly, the gene ontology analysis 

for biological processes revealed significant downregulation in cholesterol metabolic and 

biosynthetic processes in adolescent patients compared to adult patients. Cholesterol serves as 

the precursor for most steroid gonadal hormones. Additionally, pathway enrichment analysis 



indicated downregulation in steroid biosynthesis. These findings suggest that dysregulation in 

steroid gonadal hormone synthesis during adolescence may elevate the risk of developing 

depression. Consequently, targeting these systems could represent a novel strategy for treating 

adolescent depression. 
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Abstract: Social deprivation can have devastating consequences in many species including mice 

and humans. However, the underlying mechanisms that link social deprivation to differential 

behavioral consequences are not well understood. Oxytocin is a neuropeptide that is a key player 

in the regulation of social behaviors. Here we focus on the effects of long-term adult social 

isolation on the oxytocinergic system and its consequences on the development of depressive-

like behaviors in male mice. We found that social deprivation from the age of two to three 

months reduced the expression of oxytocin in male mice compared to controls (evaluated by 

qPCR, N=14-15 mice per group, p<0.05).Based upon this observation, we delivered intranasal 

oxytocin to increase levels of this peptide during prolonged social isolation. We treated the mice 

three times a week for the four week-long isolation period with a dose of 8 ng of oxytocin or 

PBS as control. We found that intranasal oxytocin prevented the depressive-like behaviors 

induced by social isolation (evaluated in the Forced Swim Test, N= 13-15 mice per group; 

grouped PBS vs. isolated PBS p<0.05, isolated PBS vs. isolated oxytocin p<0.05). To investigate 

the cell type responsible for these effects, we focused on astrocytes which are capable of 

expressing oxytocin receptors to modulate mood behaviors. We hypothesized that oxytocin 

signaling in astrocytes might be responsible for the protective effect of oxytocin against social 

isolation induced depressive-like behaviors. To test this hypothesis, we generated an inducible 



oxytocin receptor conditional mouse specifically in astrocytes and tested the effect of exogenous 

oxytocin to alleviate depressive-like behaviors induced by social isolation. We found that 

isolated male KO mice were no longer protected by oxytocin (N= 6 mice per group; isolated KO 

PBS vs. isolated KO oxytocin p=0.40). This data suggests that oxytocin signaling in astrocytes 

may be a key player in the protection against depressive-like behaviors induced by oxytocin in 

the context of social isolation. 
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Abstract: Seasonal affective disorder (SAD) is characterized by depressive symptoms during the 

fall and winter. While the behavioral and psychological effects of daytime light deficiency are 

well known, the underlying neural mechanisms are unclear. Previous work in our lab using 

diurnal Nile grass rats (Arvicanthis niloticus) demonstrates that compared to animals housed in 

summer-like bright light/dark cycle (brLD, 1000 lux), animals housed in winter-like dim light 

(dimLD, 50 lux) exhibit deficits in sleep quality and anhedonia, as well as neural consequences 

including reduced orexin and sex- and brain region-specific inflammation. The objective of the 

present study is to test the hypothesis that the sleep disturbances, anhedonia, and 

neuroinflammatory responses observed in animals housed in winter-like dimLD are due to 

attenuated orexinergic output. Using a programmable minipump (iPrecio; SMP-310R) delivering 

ICV orexin peptide in dimLD animals, we predicted that the increased orexin would alleviate 

deficits in sleep and anhedonia and reduce pro-inflammatory response in animals housed in 

dimLD. Male and female grass rats were housed in dimLD (14 hr dim light:10 hr dark) for 4 

weeks and received 6 hours of daily minipump-driven ICV infusion of orexin-A (OXA) in week 

4 at the start of their light phase (ZT0-ZT6). Control animals housed in dimLD received infusion 

of vehicle (aCSF). In-cage locomotor activity and sleep/wakefulness were continuously 

monitored using infrared motion sensors and a piezoelectric system. A saccharin-solution 

preference (SSP) test was performed at the end of the infusion to assess anhedonia. Compared to 

vehicle-treated controls, OXA-treated animals had longer sleep bouts throughout the night, 

indicating improved sleep quality, and higher SSP, indicating reduced anhedonia. Following the 



SSP test, brains were collected for immunohistology and qPCR to analyze markers of 

neuroinflammation. Data from males are still being collected, but data obtained in females 

suggest that OXA treatment decreases the microglia activation marker CD11b in the CA1, 

decreases IL-6 in the medial prefrontal cortex, and increases TNF-a expression in the basolateral 

amygdala. This study provides further understanding of the orexinergic system as a therapeutic 

target in light-induced neuroinflammatory-related disorders, such as SAD, as well as the 

mechanisms through which light influences the brain and behavior. 

Disclosures:  A. Costello: None. K. Linning-Duffy: None. J.S. Lonstein: None. L. Yan: None. 

Poster 

PSTR043. Animal Models of Mood Disorders: Neuromodulation 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR043.13/LL10 

Topic: G.05. Mood Disorders 

Title: Characterization of multiple progesterone withdrawals in intact and ovariectomized rats in 

experimental anxiety and depression. 

Authors: *D. ISLAS-PRECIADO, E. ESTRADA-CAMARENA;  

Lab. de Neuropsicofarmacología, Dirección de Investigaciones en Neurociencias, Inst. Nacional 

De Psiquiatría "Ramón de la Fuente Muñíz", Mexico City, Mexico 

Abstract: Introduction Experimental approximations to study premenstrual anxiety and 

depression have been focused on a single induction of progesterone withdrawal (PW), that could 

affect construct validity, as the progesterone drop occurs in a repeated manner due to menstrual 

cycle. Thus, we aimed to characterize the effect of multiple PW on anxiety and depressive-like 

behavior in different models in intact and ovariectomized to assess the consistency of PW in both 

endocrine conditions. Stress response was determined through allopregnanolone (ALLO) and 

corticosterone (CORT) peripheral levels. Method Intact and ovariectomized Wistar rats were 

treated with 2mg/kg of progesterone for 5 consecutive days with a 48h washout period, until 

completion of 3 cycles of PW. Twenty-four hours after the last progesterone administration, 

animals were tested in the elevated-plus maze (EPM), light-dark test (LDT), and open field test 

(OFT). The behavioral despair was evaluated 48h after the last progesterone injection in the 

forced swimming test (FST). Behavioral assessments occurred in every PW cycle. Results PW 

increased anxiety-like behavior in OVX in EPM, while in intact the anxiogenic effect was 

observed in LDT. The PW increased behavioral despair in OVX rats in the first cycle of PW 

(p0.05). Interestingly, PW induced higher immobility in the 1st PW in OVX, while in intact 

animals subsequent PW increased immobility behavior (p0.05). CORT increased in OVX rats 

regardless of PW (p0.05). ALLO was increased in PW animals in intact and OVX rats after FST 

exposure (p0.05). Conclusion The anxiogenic effect of multiple PW was observed depending on 

the behavioral model. Multiple PW could increase vulnerability to behavioral despair. PW may 

induce ALLO and significantly increased in response to stress due to FST, perhaps as a stress-



compensatory mechanism. The potential effect of re-exposure to behavioral assessments cannot 

be disregarded. These results may help improve the preclinical models' construct validity to 

evaluate premenstrual anxiety and depression. 

Disclosures:  D. Islas-Preciado: None. E. Estrada-Camarena: None. 

Poster 

PSTR043. Animal Models of Mood Disorders: Neuromodulation 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR043.14/LL11 

Topic: G.05. Mood Disorders 

Support: NIMH R01-111604 

NIAID R01-168014 

NIMH R01- 121829 

NICHD R01-072968 

NIDA  R01-040621 

NINDS R01-085171 

Title: Androgen Receptors in vHPC projection neurons to NAc regulates sex-specific responses 

to stress 

Authors: *I. LAKIC1, E. WILLIAMS2, R. M. BASTLE4, I. S. MAZE5, A. J. ROBISON3;  
1Michigan State Univ., Haslett, MI; 3Neurosci., 2Michigan State Univ., East Lansing, MI; 4Ichan 

Sch. of Med. at mount Siani, New York, NY; 5Home, Icahn Sch. of Med. At Mount Sinai, 

Ossining, NY 

Abstract: Androgen Receptors in vHPC projection neurons to NAc regulates sex-specific 

response to stress 

Authors: Ivana Lakic, Elizabeth Williams, Ryan Bastle, Ian Maze, AJ Robison 

Depression is a leading cause of disability in the U.S and is nearly twice as prevalent in females 

as it is in males, but the molecular underpinnings of this discrepancy remain unclear. We 

previously showed that female mice have higher baseline excitability in ventral hippocampal 

(vHPC) neurons projecting to the nucleus accumbens (NAc) than do males, and that this higher 

excitability causes susceptibility to stress-induced anhedonic behavior (Williams et al., Biol 

Psych, 2020). This work also showed that the sex differences in both excitability and anhedonic 

responses to stress are dependent on adult testosterone, but the mechanisms of these testosterone 

effects are unknown. Neurons in the vHPC strongly express androgen receptors (ARs) which are 

capable of affecting cell excitability. Thus, the present study examined whether testosterone-

mediated resilience to stress-induced anhedonia in mice is dependent on AR expression 

specifically in the vHPC-NAc circuit. Using a novel intersecting viral strategy, we knocked out 

AR expression specifically in vHPC cells projecting to NAc in transgenic Cre-inducible Rosa-

eGFP-L10a male mice floxxed for AR, then exposed them to subchronic variable stress (SCVS) 



or chronic unpredictable stress (CUS). We then used a battery of behavioral tests to examine the 

role of vHPC-NAc AR expression in responses to stress, including sucrose preference as a 

measure of anhedonic responses. Circuit-specific AR knockout was validated using dual label 

immunofluorescence. We found that knocking out the AR in the vHPC-NAc decreased sucrose 

preference compared to AR intact controls in stressed males. Furthermore, in order to understand 

the molecular mechanisms driving sex differences in vHPC-NAc excitability, we used RT-PCR 

to examine gene expression differences in the vHPC from adult male and female non-treated, 

gonadectomized, DHT treated, and/or and stressed mice. We found that baseline gene expression 

differences are seen in the vHPC with differential expression seen in KCCN3, CACNA1D, CHr1, 

CHr2, and SVIL. These genes are involved in both cell excitability and stress responses. Taken 

together, these data results provide exciting new avenues to study sex-specific hormone-driven 

changes in brain circuit function driving behaviors central to depression and may provide insight 

for future gene targets for therapeutic intervention in mood disorders. 

Keywords: stress, depression, androgen receptor, sex differences, nucleus accumbens, ventral 

hippocampus 
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Abstract: Sex-differences in the expression of symptoms across anxiety and major depressive 

disorders is well established through epidemiological studies. However, the underlying 

molecular mechanisms driving these differences across stress-responsive circuitry are not well 

understood. Several studies have implicated ventral hippocampus (vHipp) glutamatergic 

projections to the nucleus accumbens (NAc) as a key modulator of depressive-like behavior in 

males. Our group has shown that sex-specific differences in the excitability of vHPC-NAc 

projecting neurons drive susceptibility to anhedonia-like behavior following subchronic variable 

stress (SCVS). Importantly, chemogenetic alteration of the excitability of this projection or the 

sex-hormone status of the mouse (orchiectomy with and without testosterone replacement in 

males, or testosterone treatment in females) had opposing effects on anhedonia-like behaviors 



following sub-chronic variable stress across sex. We now have preliminary data indicating that 

androgen receptor (AR) is highly expressed in the vHPC CA1 subregion and significantly alters 

intrinsic excitability of these neurons in male mice. Here, we explored the effects of vHPC 

neuron excitability on NAc ensemble activity utilizing in vivo cell type-specific calcium 

imaging. We determine whether testosterone- or AR-dependent changes in vHPC neuron 

excitability drive differential activation of D1- or D2-type medium spiny neurons in the NAc in 

awake and behaving male and female mice. Moreover, vHPC neurons also project to basolateral 

amygdala (BLA) to regulate anxiety-like behaviors and fear learning. Therefore, future 

directions will investigate the roles of sex hormones and stress on vHPC modulation of ensemble 

activity in both NAc and BLA while mice are assessed in both anxiety-like and motivated 

behaviors. 

Disclosures:  S. Simmons: None. C. Sugimoto: None. A. Eagle: None. A. Robison: None. 

Poster 

PSTR043. Animal Models of Mood Disorders: Neuromodulation 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR043.16/LL13 

Topic: G.05. Mood Disorders 

Title: Estrogen administration and withdrawal in a model of hormone-simulated pregnancy leads 

to alterations in behavior and gene expression but does not induce depression-like phenotypes in 

mice 

Authors: K. BUCKHAULTS, *B. SWACK, B. SACHS;  

Villanova Univ., Villanova, PA 

Abstract: Pregnancy and the post-partum period are associated with substantial fluctuations in 

hormone levels and are frequently associated with significant stress. Many individuals also 

experience affective disturbances during the peri-partum period, including anxiety, the ‘baby 

blues,’ and post-partum depression. However, the extent to which these affective changes result 

from rapidly altering hormone levels, increased stress, or the combination of both remains 

largely unknown. The current study sought to evaluate the consequences of pregnancy-like 

hormonal changes on behavior and gene expression in c57BL6 mice in the absence of stress 

using a hormone-simulated pregnancy model. Our results reveal that animals receiving hormone 

injections to simulate the high levels of estrogen observed in late pregnancy and animals 

withdrawn from estrogen to mimic the rapid decline in this hormone following parturition both 

exhibit increased anxiety-like behavior compared to ovariectomized controls in the novel open 

field test. However, no other significant anxiety- or depression-like alterations were observed in 

either hormone-treated group compared to ovariectomized controls. Both hormone 

administration and estrogen withdrawal were shown to induce several significant alterations in 

gene expression in the bed nucleus of the stria terminalis and the periventricular nucleus of the 

hypothalamus. In contrast to the estrogen withdrawal hypothesis of post-partum depression, our 



results suggest that this method estrogen withdrawal following hormone-simulated pregnancy in 

the absence of stress does not induce phenotypes consistent with postpartum depression in 

c57BL/6 mice. However, given that estrogen withdrawal does lead to significant gene expression 

changes in two stress-sensitive brain regions, it remains possible that estrogen withdrawal could 

still contribute to affective dysregulation in the peripartum period by influencing susceptibility to 

stress. Future research is required to evaluate this possibility. 
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Abstract: Hormonal contraceptives, including oral contraceptives (OCs) are a critical part of 

healthcare, with broad health and economic benefits. For many users, OCs have beneficial mood 

effects, with decreased premenstrual mood changes and overall improved mood. Yet for 4-10% 

of people, OCs trigger adverse mood effects and increased risk for depression. We used a mouse 

model of OC exposure, newly developed in our laboratory, to identify how commonly used OC 

formulations regulate stress responses and contribute to the vulnerability to stress-induced 

behavioral changes. In this project, we aimed to understand the mechanisms by which OCs 

modify the hypothalamic-pituitary-adrenal (HPA) axis. Female C57Bl6/N mice were given 

ethinyl estradiol (EE, 0.02μg) and levonorgestrel (LVNG, 0.75μg)- daily in 0.25mL 10% 

sucrose; control animals received 0.25mL of 10% sucrose. All treatments were given for at least 

2 weeks prior to, and throughout, behavioral testing. At these doses, EE+LVNG suppresses the 

estrous cycle, has no gross effects on locomotor activity, and does not increase anxiety-like 

behavior. However, EE+LVNG does decrease sucrose preference suggesting a specific 

anhedonia-like effect and increases risk-assessment behavior suggesting more subtle changes in 

anxiety-related processes. Consistent with reliable findings from people using OCs, mice treated 

with EE+LVNG, show a significantly blunted acute stress response, as measured by 

corticosterone levels. Here, we hypothesize that OCs increase levels and expression of FKBP5, 

which in turn blunts the peripheral stress response. We determined OC-induced changes in 

glucocorticoid receptors, mineralocorticoid receptors, and FKBP5 levels/expression in the 



paraventricular nucleus, amygdala, and hypothalamus to identify molecular mechanisms by 

which OCs interact with stress. Together these findings demonstrate that the modulation of the 

HPA axis are key mechanisms for vulnerability and resilience to OC-triggered depression. 

Identifying individual differences in stress responsivity may help predict which individuals will 

benefit from which OC formulations, improving precision medicine. 
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Abstract: Approach motivation is a construct under the positive systems domain of the NIMH 

Research Domain Criteria (RDoC) that includes cue-directed behavior. Deficits in approach 

motivation are an understudied aspect of chronic stress-related disorders, such as major 

depressive disorder (MDD) and likely involve synaptic and structural alterations in the prefrontal 

cortex. Glucocorticoid increases in REDD1 (regulated in development and DNA damage 

responses-1; aka, DDIT4/RTP801) and the resulting disruption of mTORC1 (mammalian target 

of rapamycin complex-1) function have been implicated in the effects of chronic stress on the 

prefrontal cortex. The present study investigated the contribution of corticosterone (CORT) and 

increased REDD1 expression in the prelimbic cortex (PrL) to chronic unpredictable stress (CUS) 

induced deficits in conditioned approach behavior, as assessed using Pavlovian autoshaping in 

adult, male Sprague Dawley rats (3-4 months old). CUS (twice daily stress exposure over 14 

days) or oral exposure to 50 µg/mL of CORT over 14 days in the drinking water selectively 

reduced cue-directed behavior (P <0.001) as assessed in the autoshaping task. Consistent with 

previously reported post-mortem measurements of REDD1 in the DLPFC of individuals 

diagnosed with MDD, CUS increased PrL REDD1 expression and decreased phosphorylation of 

Raptor (P <0.01), a key regulatory protein for the stability and function of mTORC1, measured 4 

hours post-CUS. To examine the impact of REDD1overexpression on conditioned approach and 



PrL regulation, we injected AAV9-CaMKII-REDD1-mCherry or control AAV into the PrL, 4 

weeks prior to testing for autoshaping. The effects of PrL REDD1 overexpression on cue-

directed behavior will be reported. Finally, CUS produced deficits in excitatory transmission in 

layer V pyramidal neurons in the PrL that project to the nucleus accumbens core, suggesting that 

chronic stress causes CORT-mediated motivational deficits by increasing REDD1 levels and 

decreasing mTOR1 signaling in PrL pyramidal neurons that comprise a key output pathway to 

the nucleus accumbens. Ongoing studies are examining effects in female rats. These findings 

have implications for our understanding of stress-related disorders such as MDD and have the 

potential to guide novel therapeutic approaches. 
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Abstract: Social isolation during adolescence has been found to increase the risk of mental 

disorders. However, the epigenetic mechanisms underlying neuropsychiatric disorders caused by 

social isolation remain unclear. Here we found 6-week social isolation (SI) after weaning causes 

anxiety in adult female mice. Increased methylation of histone H3 at lysine 9 (H3K9) and its 

methyltransferase, SUV39H1 and SETDB1, are observed in prefrontal cortex (PFC) in SI female 

mice. Additionally, SI significantly elevates the gene levels of GABA receptor, Gabrb2/g2/d, and 

reduces neuronal excitability. SI also reduces the release of neurotransmitters, as evidenced by 

decreased mRNA level of STX1A, and lowered neuronal activity, as indicated by reduced 

expression of immediate early genes, Npas4, Arc, and C-Fos. Besides, SI increases H3K9me2 

occupancy around Arc enhancer, which causes the decreased expression of Arc. Furthermore, we 

found that inhibiting H3K9-specific methyltransferase with the compound UNC-0642 attenuates 

anxiety. Mechanistically, it recovers the neuronal activity. Our results shed light on a novel 

epigenetic mechanism and a potential therapeutic target for anxiety induced by chronic social 

isolation in adolescence. 
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chronic corticosterone-induced depressive behaviours through regulating Akt/GSK3β/CREB 
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Abstract: Hormonal imbalance causes depressive behaviours in chronic mental disorders. The 

use of natural products to relieve depressive symptoms is getting attention due to its minimal 

side effects and multiple health benefits. The present study aims to test the hypothesis that 

Camellia nitidissima Chi leave extract (CNC) could have antidepressant effects and whose 

underlying mechanisms could be related to promote hippocampal neurogenesis. Firstly, we 

conducted quality control study and identified 17 active compounds in the CNC extract. Then, 

we performed a series of behaviour tests to evaluate the antidepressant effects in a chronic 

corticosterone (CORT)-induced depressive mouse model. CNC extract significantly ameliorated 

CORT-induced depressive behaviours, whose effects were similar to sertraline. Interestingly, 

CNC extract decreased the levels of CORT and ACTH in the plasma and increased 5-HT in 

plasma and hippocampus. CNC extract promoted adult hippocampal neurogenesis in the CORT-

treated mice in vivo. The neurogenic effects of CNC were also confirmed in primary cultured 

hippocampal neurons and hESCs with CORT challenge in vitro. Furthermore, CNC enhanced the 

phosphorylation of Akt, GSK3β and CREB in the hippocampus of CORT-treated mice in vivo as 

well as CORT-treated PC12 cells in vitro. Co-treatment of wortmannin abolished the effects of 

CNC. Taken together, CNC could be an effective functional food to stimulate hippocampal 

neurogenesis for anti-depressant treatment. The neurogenic mechanisms could be related to 

regulating hypothalamic-pituitary adrenal axis and activating Akt/GSK3β/CREB signaling 

pathway. 

Disclosures:  B. Tsoi: None. C. Gao: None. S. Yan: None. Q. Du: None. H. Yu: None. P. Li: 

None. J. Deng: None. J. Shen: None. 



Poster 

PSTR044. Preclinical Models of Anxiety 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR044.03/LL18 

Topic: G.06. Anxiety Disorders 

Support: Colby College Psychology Department 

Maine INBRE GR1019 
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Abstract: With the high prevalence of anxiety disorders, there is a major need to understand 

how their development and persistence can be mitigated. After a stressful experience, various 

coping mechanisms can be utilized such as drug use and seeking social support. For example, 

people may consume nicotine by smoking cigarettes or vaping. Alternatively, they may chat with 

family, friends, or even strangers. Recovery methods can be combined such as smoking and 

chatting with a friend. The use of these coping mechanisms varies among individuals and has 

been reported to have contrasting effects on fear memory and feelings of anxiety. How is 

preference for nicotine as a stress recovery method influenced by social environments? How do 

these recovery preferences affect extinction learning and anxiety-like behavior? To investigate 

how nicotine exposure and social environments interact to shape preferred stress recovery 

methods, 96 Sprague-Dawley (M = 48, F = 48) were presented with stressful events followed by 

recovery periods. During the stress induction phase, rats were presented with white noise (WN) 

that co-terminated with a mild (0.8 mA) footshock. Immediately after was the recovery phase, 

during which rats were injected subcutaneously with saline or nicotine (0.1 mg/kg) and then 

placed in one side of a 2-chamber conditioned place preference (CPP) box. They recovered in the 

CPP chamber either alone, with their cagemate (friend), or with a rat from a different cage 

(stranger). To assess recovery preference, rats underwent the stress induction phase and then 

were placed in the CPP box with both the nicotine- and saline-paired chambers accessible. We 

found that rats preferred to recover in contexts associated with nicotine alone or with a stranger. 

In contexts associated with a friend, female rats showed no recovery preference while male rats 

preferred the saline-paired chamber. We tested the effects of preferred recovery contexts on fear 

extinction to the WN and the anxiolytic effects of nicotine using the open field test but there 

were no significant findings. Overall, these results highlight the complex interplay between 

nicotine and social environments in shaping recovery preferences. These data have led us to 

further investigate whether rats prefer to recover with nicotine in the context of a friend or 

stranger and the influence of these recovery methods on fear extinction and anxiety-like 

behavior. Elucidating the interactive effects of different recovery methods (e.g., nicotine and 



social environments) can help us better understand preferred coping mechanisms in response to 

stressful events and their lasting effects on fear memories and anxiety. 
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Abstract: Chronic stress can have a wide variety of negative effects on physical and 

psychological well-being, including increased anxiety and depressive clinical symptoms. An 

estimated 31.2% of adults in the United States experience an anxiety disorder at some point in 

their lives. Previous studies demonstrate that p70 S6 kinase 1 (S6K1), a mTORC1 downstream 

effector, influences anxiety-like and depression-like behavior in rodent models; however, 

exceedingly few studies have investigated the involvement of S6K1 in chronic stress and 

anxiety. Using a four-week chronic mild stress (CMS) paradigm in adult male C57/Bl6 mice, we 

demonstrate that CMS results in anxiety-like behavior on the elevated plus maze and the open 

field task. Western blotting analysis of the prefrontal cortex and hippocampus of CMS mice and 

their wild-type littermates showed a decrease in phosphorylated to total ratios of S6 ribosomal 

protein, suggesting downregulation of S6K1 activity. Using PF-4708671, a selective inhibitor of 

S6K1, we demonstrate that downregulation of S6K1 is sufficient to induce anxiety-like behavior 

in the elevated plus maze and open field compared to vehicle treated mice. Our results 

demonstrate that decreased activity of S6K1 results in anxiety-like behavior in mice, supporting 

the role of S6K1 in the pathogenesis of anxiety-like behavior in male mice. 
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Abstract: Stress-coping involves innate and active motivational behaviors that reduce anxiety 

under stressful situations. However, the neuronal bases directly linking stress, anxiety, and 

motivation for reward are largely unknown. Here, using in vivo fiber photometry, we show that 

acute stressors activate mouse GABAergic neurons in the interpeduncular nucleus (IPN). 

Monitoring dynamic activity patterns of IPN GABAergic neurons revealed that stressor-induced 

increases in activity were opposed by stress-coping behaviors including self-grooming, as well as 

by sucrose reward consumption. Optogenetic silencing IPN GABAergic neuron activation during 

acute stress episodes mimicked coping strategies and alleviated anxiety-like behavior. 

Interestingly, reduction of IPN neuronal activity during sucrose consumption was increased with 

larger stressors, suggesting that acute stressors may motivate reward-seeking to decrease IPN 

activity. Using a mouse model of stress-enhanced motivation for sucrose seeking, we found that 

photoinhibition of IPN GABAergic neurons reduced stress-induced motivation for sucrose; 

whereas, photoactivation of IPN GABAergic neurons or excitatory inputs from medial habenula 

potentiated sucrose seeking. Single cell-sequencing, fiber photometry, and optogenetic 

experiments revealed stress-activated IPN GABAergic neurons that drive motivated sucrose 

seeking express somatostatin. Together, these data suggest that stress induces innate behaviors 

and motivates reward-seeking to oppose IPN neuronal activation as an anxiolytic stress-coping 

mechanism. 
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Abstract: Although anxiety disorders have a lifetime prevalence of almost 30%, few therapeutic 

targets have been identified. Strikingly, obesity is particularly associated with substantially 

increased risk for anxiety with a prevalence rate of 40%. Furthermore, obese rodents, whether by 

virtue of a high fat diet or genetic predisposition to obesity, also display increased anxiety-like 

behavior. The mechanistic link for the relationship between obesity and anxiety, however, is 

unknown. In 2016, our lab discovered asprosin, a fasting-induced hormone that is highly 

expressed in adipose tissue. Upon secretion, asprosin stimulates appetite and hepatic glucose 

release. Asprosin is a ~30 kDa C-terminal cleavage product of fibrillin-1 that normally circulates 

in cerebrospinal fluid (CSF) and plasma at nanomolar levels, and is significantly elevated in 

obesity. Importantly, we have demonstrated that anti-asprosin monoclonal antibodies (mAbs) are 

a dual-effect pharmacologic therapy that targets the two key pillars of metabolic syndrome (MS) 

- overnutrition and blood glucose burden with obesity. Recently we have also identified the 

neural target for asprosin, Protein tyrosine phosphatase receptor δ (Ptprd), which is highly 

expressed throughout the brain. This study suggests that elevated levels of asprosin promote 

anxiety, thereby providing a potential mechanistic link with obesity and a potential therapy. 

Specifically, my results indicate that (1) pharmacologic asprosin neutralization mitigates anxiety-

like behavior regardless of metabolic state (2) genetic inhibition of asprosin and its receptor leads 

to decreased levels of anxiety (3) asprosin neutralization is an effective treatment in treating 

anxiety. Future studies will delineate the central circuit necessary for asprosin-mediated 

modulation of anxiety. My studies thus far suggest a novel function of asprosin in the control of 

anxiety, and that the anti-asprosin mAb could be a novel anxiolytic agent that may have 

particularly enhanced benefits for individuals with obesity-associated anxiety, significantly 

improving the quality of life in these individuals. 
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Abstract: Repeated stress is a risk factor for the development of alcohol use and emotional 

disorders, which severely impact health, disability, and well-being worldwide. Chronic 

intermittent ethanol (CIE) vapor exposure is a widely used predictive animal model that induces 

ethanol dependence over several weeks via adaptations in reward, stress, and decision-making 

circuitry. Here, we test the hypothesis in mice that exposure to rat predator odor, a model of 

psychosocial stress, promotes the development of 1) increased ethanol intake or preference in the 

CIE model and 2) anxiety-, depressive-, or irritability-like behaviors. In experiment 1, adult male 

C57BL/6J mice (n=8-10/group) were subjected to 3 cycles of 4-day exposure to CIE vapor (16h 

on/ ascending blood ethanol level targets 100-250 mg/dl) or Air, alternated with 5-day access to 

2-bottle choice voluntary ethanol intake (15% w/v). During the last two drinking cycles, mice 

received 30-min predator odor stress or control cage exposure immediately before each drinking 

session. In ongoing experiment 2, adult male and female TRAP2-Ai9 reporter mice received 10 

exposures to predator odor or control cage and then were successively tested 3-14 days post-

stressor for elevated plus maze, marble burying, bottle brush, light-dark box, “supersac” 

preference (3% glucose + 0.125% saccharin), and sucrose splash behaviors (n=5-15/group). As 

expected, CIE exposure increased ethanol intake by the 3rd cycle in unstressed mice. A stress x 

CIE x time interaction showed that stressed-CIE mice presented increased ethanol intake vs. their 

stressed-Air control earlier - by the 2nd cycle. Unexpectedly, predator odor reduced ethanol 

preference ratios irrespective of CIE vs. Air condition, with increased water intake. Data in 

experiment 2 so far show that repeated stress decreased the number of marbles buried in the 

marble burying test and defensive behaviors in the bottle brush test. Moreover, predator odor 

increased the latency to enter the light side in the light-dark box test and reduced preference for 

“supersac” solution. Also, females showed increased “supersac” intake and preference vs. males. 

However, no stress or sex effects were detected for parameters evaluated in the elevated plus 

maze and sucrose splash tests. In sum, predator odor stress accelerated CIE-induced increase in 

ethanol intake. In addition, repeated stress reduced compulsive-like marble burying, defensive-

like responses to a bottle brush, and preference for “supersac” reward, and increased anxiety-like 

behavior during exploration in the light-dark box. Further collection of behavioral data and 

striatal ensembles TRAPped during stress are in process. 
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Abstract: Pre-clinical and clinical studies suggests that probiotics can produce anxiolytic and/or 

antidepressant effects. However, these effects have not been evaluated in a pre-clinical model of 

treatment-resistant depression. The chick social-separation stress paradigm is a dual-drug 

screening assay that produces both an anxiety-like phase followed by a depression-like phase. 

Utilizing this paradigm, the goal of this study was to evaluate the potential anxiolytic and/or 

antidepressant effects of probiotic administration in the stress-vulnerable, treatment-resistant 

Black Australorp genetic line. Male Black Australorps were housed under standard conditions 

and were divided into four treatment groups: saline-saline, probiotic-saline, saline-fluoxetine, 

and probiotic-fluoxetine. Each animal in a probiotic-treatment group received 450,000,000 CFUs 

of probiotic in 0.05 mL cold physiological saline orally twice daily. Fluoxetine 10 mg/kg was 

mixed and administered via i.p. once daily. Saline was administered both orally and/or via i.p. 

depending on treatment group. All treatments were administered for 9 days. On day 10, animals 

were exposed to a 90-minute isolation stressor and distress vocalizations (DVocs) were recorded. 

Separate one-way ANOVAs were conducted to determine anxiolytic or antidepressant effects. 

Post-hoc analysis using Fisher’s LSD was conducted to determine specific group differences. 

The ANOVAs revealed a significant effect for probiotic treatment in the anxiety phase [F(3, 

38)=4.761; p = 0.006]. Further analysis revealed a large effect size (ηp
2 = .273). Post-hoc analysis 

using Fisher’s LSD revealed the probiotic-saline -treated group displayed significantly reduced 

DVoc rates compared to the saline-saline -treated group during the first five minutes of isolation 

indicative of an anxiolytic-like effect. This anxiolytic effect was absent in the saline-fluoxetine 

and probiotic-fluoxetine treatment groups. Statistical analyses failed to reveal a significant 

treatment effect for the depression phase for any of the treatment groups. Our results suggest that 

probiotics may be useful in treating the clinical population suffering from anxiety, particularly 

panic disorder. However, the co-administration of an SSRI may inhibit probiotic’s anxiolytic 

effects. Our results also suggest that probiotics may not be a useful treatment option for those 

suffering from treatment-resistant depression. 
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Abstract: Surveys show that one-third of the population is affected by an anxiety disorder. 

These are mostly treated with benzodiazepines, which can induce dependence disorders through 

tolerance and resistance mechanisms. This highlights the need for safer and more effective 

anxiolytic drugs. Recently, marine natural products have proven to be a rich chemical space for 

drug discovery and development. Specifically, tropical marine algae produce a wide range of 

metabolites with diverse biological activity, including neuroprotection. We propose to study the 

anxiolytic effects of natural products derived from marine tropical brown algae using the 

invertebrate fly model Drosophila melanogaster. Our research aims to chemically characterize 

brown algae extracts, use these extracts for anxiety-related behavioral tests using D. 

melanogaster, and identify the chemical components responsible for anxiolytic activity. The 

methodology consists of performing Open Field Tests using young adult flies to compare the 

behavior between the negative control group (n=48), which are not exposed to extracts, and the 

experimental groups (n=48), that include acute expositions (6 hours) and chronic expositions 

(oviposition to adulthood) to algae extracts. The parameter measured was the distance each fly 

traveled from the center of the Open Field Arena to the walls. To determine if the results of the 

experimental assays with each alga were statistically significant, we performed the Mann-

Whitney U test and considered a p-value <0.05. We have previously reported anxiolytic effects 

in D. melanogaster after the chronic administration of the crude organic extract of Stypopodium 

zonale. Our recent data has proven that this alga has anxiolytic effects in acute expositions as 

well (p-value: <0.001); thus, its effect is comparable to the effect of diazepam, a benzodiazepine 

used as our positive control. Statistically significant anxiolytic effects were also obtained for 

Dictyota cervicornis (<0.001) and Padina boergesenii (<0.001) in chronic expositions, although 

no relevant anxiolytic effects were observed for Ulva (0.1650), Symploca (0.0345) and 

Sargassum sp (0.6869). Our research represents an unprecedented approach to anxiolytic drug 

discovery as it improves our understanding of Puerto Rico’s marine algae and their natural 

products’ chemo-diversity. In addition, to address the gap between safer anxiolytics and better 

models for their discovery, this project aims to assess the anxiolytic effects of marine algae 



natural products in a D. melanogaster model to describe new anxiolytic agents and correlate 

behavioral anxiety to key biochemical pathways involved in anxiety disorders. 
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Abstract: Childhood neglect can induce deficits in reward, aversion, and social behaviors. 

Investigations into the neural mechanisms mediating early life stress-induced impairments have 

largely focused on dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis and its 

release of the stress hormone corticotropin-releasing factor (CRF), but less is known regarding 

the role of extrahypothalamic neural substrates. To model early life stress, our lab uses a mouse 

maternal separation with early weaning (MSEW) protocol, which alters behavior across the 

lifespan. Previously, by using a variety of tools that allow us to record and manipulate neural 

activity, we have identified the bed nucleus of the stria terminalis (BNST) as a major regulator of 

the behavioral deficits observed in mice with a history of MSEW. We have published causal 

evidence that MSEW induces heightened activity in the BNST as seen through chemogenetic 

inhibition of BNST neurons which mitigates some of the behavioral deficits we observe. 

Likewise, chemogenetic excitation of BNST neurons in non-stressed control mice mimics 

behavioral deficits seen following MSEW. The overarching goal of our present work is to 

identify the neuronal circuits underlying MSEW-induced behavioral deficits, which include 

regions such as the BNST and the paraventricular nucleus of the hypothalamus (PVN). We are 

using a variety of tools including chemogenetics, in vivo electrophysiology, and 

immunohistochemistry to understand how MSEW alters neural circuitry to incite last effects on 

social behavior. 
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Abstract: Anxiety is the adaptive response to a stressful or unpredictable life event. This 

response can be helpful at times, but anxiogenic responses can also lead to distress and cognitive 

dysfunction depending on duration and intensity. Recent anxiety-related rodent and human 

studies have identified cortico-limbic dysfunction in several brain regions, including the 

prefrontal cortex (PFC), amygdala, and ventral hippocampus. The PFC plays a critical role in 

regulating anxiety. Disruption of this brain region results in impaired cognitive functioning, 

including deficits in flexible decision-making, similar to the effects seen in anxiety disorders. 

Norepinephrine (NE) is a neurotransmitter synthesized in the locus coeruleus (LC) and released 

in the PFC that is highly associated with arousal, attention, decision-making, stress, and anxiety. 

However, our understanding of the precise nature of NE signaling in the PFC and its 

contributions to anxiety-like behavior and cognitive dysfunction remains limited due to the 

difficulties associated with detecting NE in vivo. A recent study revealed that a novel fluorescent 

biosensor for NE, GRAB-NE, allows for specific in vivo detection of NE dynamics in real-time. 

We implemented fiber photometry to monitor changes in NE in the mouse prelimbic cortex using 

the GRAB-NE biosensor while mice engaged in approach-avoidance conflict tasks. In addition, 

changes in NE were evaluated during repeated exposure to an aversive foot shock fear 

conditioning and anticipatory fear behavior 24 hours following shock exposure. These 

approaches enabled us to detect prefrontal NE signals during discrete behavioral events and 

determine if NE dynamics in the PFC are related to anxiogenic states. Results suggest that NE 

signaling in the PFC shows opposing dynamics in fearful or anxiety-provoking contexts 

compared to safe contexts. These identified dynamics illustrate the importance of PFC-NE 

dynamics in anxiety-like and aversive behavior. This pre-clinical work may provide novel 

insight into possible therapeutic approaches involving alterations of brain-region- and circuit-

specific neuromodulator activity. 

This work was supported by the NIH R21MH121836, R01MH131053, and PA CURE Grant 

SAP # 4100085747 to WJ Gao. 
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Abstract: Hatano rats (high-avoidance animal, HAA; low-avoidance animal, LAA) are inbred 

strains derived from Sprague-Dawley (SD) rats based on the performance of avoidance learning 

tests. In elevated plus maze tests (EPM), anxiety-like behavior, which is defined as an avoidance 

of open arms in rodents, is higher in HAA than LAA. We previously demonstrated that in the 

hippocampus, the expression level of the Adenylate cyclase activating polypeptide (Adcyap1) 

gene, which encodes the pituitary adenylate cyclase activating polypeptide (PACAP), is lower in 

HAA than LAA, which suggests that PACAP in the hippocampus might inhibit anxiety-like 

behavior in LAA. Although intracerebroventricular administration of PACAP has been reported 

to increase anxiety-like behavior, the direct involvement of PACAP in the hippocampus has not 

been confirmed. Therefore, the aim of this study is to determine whether PACAP exhibits 

anxiolytic propertries of injecting the antagonist directly in the hippocampus of SD rats. To 

confirm the effects of drug administration, fear conditioning tests were conducted, since PACAP 

antagonists have been reported to decrease fear responses in the hippocampus. Cannulation 

surgery was performed on the hippocampus of 24 ten-week-old SD rats. Then at 11 weeks, 

behavioral tests were conducted after intrahippocampal administration of either a 40 pg/ml 

solution of the PACAP antagonist (PACAP-6-38) or 2 µl of artificial cerebrospinal fluid. An 

EPM test was conducted to measure the duration of open arm exploration, the number of open 

arm entries, and the total distance traveled in 5 minutes. In the fear conditioning test, rats 

received two foot-shocks (0.6 mA/sec) after a 2-minute habituation period, and then freezing 

behavior was measured for 3 minutes in the same apparatus 24 hours later. The cannula insertion 

site was confirmed using brain sectionings later. Only the individuals with cannula correctly 

inserted into the hippocampus were included in the analysis. The effect of the PACAP antagonist 

in the hippocampus was confirmed in all these subjects through the fear conditioning test. The 

EPM test showed that intrahippocampal administration of the PACAP antagonist showed 

anxiolytic effects rather than an increase in anxiety, with no effect on the total distance traveled. 

Therefore, contrary to our expectations, PACAP in the hippocampus of SD rats is suggested to 

have the potential to promote anxiety-like behavior. 
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Abstract: Social anxiety is a common health condition that is more prevalent in women than 

men in adulthood. Adolescence is an important time period where this sex differences develop 

after puberty. The bed nucleus of stria terminalis (BNST) is an important nucleus modulating 

social approach and vigilance, behaviors that are stress-sensitive. This area is also known to 

present both functional and structural sex differences. The California mouse (Peromyscus 

californicus) is an ideal model species to study the sexual differentiation of stress responses. 

Prior research showed that gonadal hormones act during puberty to reduce immediate-gene 

responses in the BNST after stress. Here we use fiber photometry to measure calcium transients 

in the BNST during social interactions in threatening and non-threatening contexts. Males were 

randomly assigned to either a pre-pubertally castrated group or sham condition. When tested as 

adults, our results show that both castrated and sham mice showed increased activity when 

engaging in nose-to-nose sniffing with an aggressive mouse (β=10.22, z=2.05, p=0.04) while 

only castrated males showed increased activity when engaged in nose-to-nose sniffing with a 

non-aggressive mouse (Fig. 3E, β=13.2, z=2.23, p=0.03). The castrated group also showed 

increased calcium transients when engaging in anogenital sniffing with non-aggressive target 

mice (β=6.12, z=2.06, p=0.04) and when attacked by aggressive target mice (β=5.71, z=2.67, 

p=0.008). Importantly, neither group showed changes in neural activity during bouts of freezing 

behavior. These results demonstrate that gonadal hormones contribute to sexual differentiation of 

BNST responses by reducing activity in less threatening social contexts. Ongoing experiments 

are testing the extent to which these results generalize to females. Together these results shed 

light on how pubertal development shapes behavioral responses to social stressors in adulthood. 
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Abstract: Maladaptive transcriptional alterations within complex neurocircuitries are central to 

many stress- and trauma-related disorders. However, how gene expression changes concertedly 

across brain regions remains largely unknown. We generated spatial transcriptomics RNAseq 

(stRNAseq) data in C57BL/6 mice exposed to auditory threat conditioning (n=8 per group), 

capturing the early memory consolidation period. Tissue sections at bregma -1.8 were placed on 

a 10X Visium chip and used for downstream analyses. RNAscope and AAV-mediated shRNA 

knockdown experiments provide additional insight into spatial gene regulation in threat 

conditioning. Unsupervised clustering analysis of stRNAseq data reveals 33 subregions in 

concordance with known anatomical structures. Cluster specific expression markers are in 

alignment with in-situ hybridization data of the Allen Brain Atlas. Differential gene expression 

analysis between threat conditioned and control animals results in a total of 415 DEGs (p.FDR < 

0.05) across subregions and RNAscope analyses confirms the expression differences in selected 

subregions. In addition, network analyses show a coordinated transcriptional response to fear 

conditioning across multiple brain regions. We selected 4 genes (Dek, Cep19, Aldh5a1, and 

Tsfm) for AAV-mediated shRNA knockdown and provide further evidence for their function in 

threat memory formation. This includes an increase in fear expression in Cep19 knockdown 

animals. Our results indicate that multiple brain regions show a coordinated transcriptional 

response to threat conditioning. Knockdown of the selected genes provide evidence for their role 

in threat conditioning. 
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Abstract: Cannabidiol (CBD), a principal constituent of the Cannabis sativa plant, is a drug that 

is gaining traction as a treatment option for neuropsychiatric disorders. Specifically, CBD 

displays anxiolytic (Masataka, 2019; Onaivi et al., 1990) and anti-depressant properties (Xu et 

al., 2019) with little to no psychotropic effects (Alves et al., 2020), suggesting it is a promising 

treatment avenue for anxiety and depressive disorders. However, the therapeutic utility of CBD 

is limited by its pharmacokinetic properties, including poor oral bioavailability, solubility, and 

stability (Brenneman et al., 2018; Xu et al., 2019). Therefore, a novel cocrystal of CBD with the 

co-former tetramethylpyrazine (TMP) was developed to modify the pharmacokinetic properties 

of CBD whilst retaining the pharmacological drug activity. TMP is a constituent of the 

Ligusticum plant species commonly used in Asian traditional medicine (Lin et al., 2022). This 

cocrystal is called CBD:TMP (or ART12.11). We sought to investigate the pharmacotherapeutic 

potential of CBD:TMP compared to CBD in the treatment of anxiety and depressive phenotypes. 

For this integrative research project, we investigated the dose-dependent effects of oral 

administration of CBD:TMP (5 mg/kg, 10 mg/kg, 15 mg/kg) compared to CBD (10 mg/kg) on 

anxiety, depression, social, and cognition behaviours in adult male Sprague Dawley rats 

following a 2-week chronic unpredictable stress protocol. We then ran molecular analyses of 

anxiety and depression biomarkers, along with whole brain and blood plasma concentration 

analyses of CBD, TMP, and their respective metabolites. Further, we performed pharmacokinetic 

studies to analyze the bioavailability of CBD:TMP (10 mg/kg) vs. CBD (10 mg/kg) in male 

Beagle dogs. In our behaviour studies, we report that CBD:TMP induced anxiolytic effects and 

reversed the behavioural effects of chronic stress such that animals that received CBD:TMP 

demonstrated reduced anhedonia, reduced learned helplessness, and increased pro-social 

behaviour - all of which are associated with an anti-depressant drug phenotype. In all cases, 

CBD:TMP significantly out-performed CBD. In our pharmacokinetic studies, we found the mean 

value for Cmax/Dose of CBD was increased and that CBD and its metabolites showed enhanced 

levels after oral administration of CBD:TMP compared to CBD alone in a fasted state. 

Altogether, these results suggest the cocrystal CBD:TMP improves the efficacy and 

bioavailability of CBD. Overall, this research supports the development of CBD:TMP as a 

promising and superior alternative to CBD in the pharmacotherapeutic treatment of anxiety and 

depressive symptoms and phenotypes. 
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Abstract: There has been a recent renewal of interest in the therapeutic potential of serotonergic 

psychedelics for the treatment of mood-related disorders. Here, we uncover the essential role of 

ventral hippocampal GABAergic interneurons in the anxiolytic effect evoked by the serotonergic 

psychedelic 2,5-dimethoxy-4-iodoamphetamine (DOI). Integrating anatomical, pharmacological, 

and genetic approaches, we show that 5-HT2A receptors in the CA1/subiculum region of the 

ventral hippocampus are required for the anxiolytic action of DOI in mice and rats. In vivo 

electrophysiology indicates that DOI enhances the firing rate of hippocampal fast-spiking cells. 

Notably, restoration of 5-HT2A receptors in parvalbumin (PV)-positive inhibitory interneurons in 

a loss-of-function background reinstated the anxiolytic responses evoked by DOI in the vHpc 

CA1/sub region. Collectively, our results localize the anxiolytic action of a serotonergic 

psychedelic to 5-HT2A receptors in the ventral hippocampus, and specifically identify 

parvalbumin-positive fast-spiking cells as a cellular trigger for the psychedelic-induced relief of 

anxiety-like behavior. 
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Abstract: Removal of social enrichment can induce stress & exacerbate underlying psychiatric 

disorders. The goal of this study was to evaluate a novel stress-induced animal model in 

adolescent male (n=28) and female Sprague-Dawley rats (n=28). Stress was induced by suddenly 

transitioning Experimental rats to 4 weeks of standard enrichment (Day 77-106) following 5 

weeks of high social enrichment (Day 34-76). Control rats experienced high social enrichment 

throughout. High social enrichment included housing in large cages with multiple toys, frequent 

handling, and 4 weekly “playdates” with 12 same sex non-cagemates. High Performance Liquid 

Chromatography was used to evaluate dopamine, norepinephrine, and serotonin levels in post-

mortem tissue from targeted areas of cortico-basal ganglia-thalamic circuits (prefrontal cortex, 

motor cortex, anterior cingulate cortex, orbitofrontal cortex, amygdala, hypothalamus, dorsal 

hippocampus, lateral thalamus, medial thalamus, dorsal striatum, and ventral striatum). Removal 

of enrichment decreased monoamines in the prefrontal cortex, motor cortex, and lateral thalamus 

of both sexes. Sex was found to influence the effects of removal of enrichment. In the anterior 

cingulate cortex, serotonin in males increased, but decreased in females. In the hypothalamus, 

norepinephrine in males increased, but decreased in females. In the dorsal striatum, 

norepinephrine in males increased, but decreased in females. The table below summarizes 

change in neurotransmitter levels of Experimental rats versus Control rats. Better understanding 

of the neurophysiological consequences of a sudden removal of social enrichment (such as 

experienced during the COVID pandemic) has important translational value for treatment of 

psychiatric disorders. 
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Abstract: Anxiety is a psychological and behavioral state where a threat to survival is perceived. 

Although this state is an adaptive function, it can transition to a pathological state if stress 

conditions become chronic. This results in maladaptive behaviors and contributes to the 

pathogenesis of anxiety disorders such as post-traumatic stress disorder and obsessive 

compulsive-disorders. However, how chronic exposure to threats can rewire brain circuits and 

contribute to anxiety is unclear. Recent evidence identified that stress and anxiety may have 

overlapping molecular and circuit mechanisms. In this study, we use predator odors to study the 

http://files.abstractsonline.com/CTRL/78/A/FE0/5A9/ADB/4AB/686/A88/E05/E24/D0D/CC/g2706_2.png


neural mechanisms involved in stress and anxiety. As a model of innate fear and chronic stress, 

we used the artificial predator odor 2,5-dihydro-2,4,5-trimethylthiazoline (TMT) which was 

previously described to activate neural circuits that are associated with maladaptive behaviors. 

To determine how chronic stress induced by predator odor could affect anxiety-like behavior, we 

exposed male mice to 5 µl of undiluted TMT for 1, 7, 15 or 30 days or water as the odorless 

control. The behavioral consequences of predator odor exposure were assessed with Elevated 

Plus Maze and Novelty Suppress Feeding behavioral tasks. We found that mice exposed to TMT 

for 15 and 30 days showed significant increase in the latency to feed, in the time spent in the 

closed arms and a decrease in time spent in the open arms compared to the controls. However, 

mice exposed to TMT for 1 and 7 days showed no behavioral differences when compared to 

controls. Using c-fos mapping to determine which brain regions are important in inducing these 

effects, we found that the lateral septum was among the brain regions with the highest c-fos 

expression after TMT exposure. Our results demonstrate that chronic TMT exposure elicits a 

time-dependent increase in anxiety-like behavior, suggesting that a specific circuit rewiring 

mechanism may be critical for these changes. Our data also suggest that this rewiring may occur 

within the lateral septum. Overall, our study serves as framework to study the neural basis of 

anxiety and to understand the underpinnings of neuropsychiatric stress disorders. 
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Abstract: The ventral tegmental area (VTA), which is commonly associated with reward 

processing, has recently been shown to be important for aversion processing and experiences 

plasticity following stress exposure. VTA gamma aminobutyric acid (GABA) releasing neurons 

are well-poised to be involved in the effects of stress due to several lines of evidence: (1) VTA 

GABA neurons make dense reciprocal projections to areas associated with fear, anxiety, and 

aversion, (2) VTA GABA Ca2+ activity tracks aversive and negatively valenced stimuli in both 



Pavlovian and operant conditioning contexts, (3) optogenetic activation of VTA GABA neurons 

can induce fear responses, and (4) chemogenetic inhibition of VTA GABA neurons induces an 

anxiolytic and antidepressant phenotype. Recent evidence has shown that the expression of 

restraint stress-induced anhedonia is produced by aberrant activity of VTA GABA neurons. 

Therefore, we were interested in exploring if VTA GABA neuron activity can influence anxiety-

like symptoms induced by stress and if these effects are generalizable to other forms of stress. 

Male and female C57BL/6J, GAD67-eGFP, and GAD-Cre mice (7-10 wk) were used for these 

experiments. We used a shock stress protocol consisting of a 20-min session with exposure to 20 

electric foot shocks randomly interspaced at 30, 60, or 90 s. Control animals were exposed to the 

same chamber but did not experience foot shocks. The potential impact of sex in subsequent 

experiments was assessed utilizing a 2-way ANOVA. If no interaction was identified, data were 

pooled and analyzed via a Student’s t-test or Mann-Whitney test, where appropriate. The shock 

stress protocol produced a significant anxiogenic phenotype in the light/dark box (LD) test 24 h 

after exposure (t = 5.397; p < 0.0001; n = 12-13). One day following shock stress, VTA GABA 

neurons in acutely isolated midbrain slices were hyperexcitable, as seen through an increase in 

the membrane resistance (t = 2.775, p = 0.0089), increase in baseline firing rate (U = 100, p = 

0.0030) and decrease in rheobase (U = 91.50, p = 0.0012; n = 20-21). Furthermore, 

chemogenetic excitation of VTA GABA neurons in shock-stress naïve animals is sufficient to 

produce an anxiogenic phenotype in the LD test (t = 4.018, p = 0.0008, n = 11-13). Finally, 

preliminary data indicate that chemogenetic inhibition of VTA GABA neurons ameliorates 

anxiety-like behavior in the LD test induced by shock stress. In ongoing efforts, we are 

elucidating mechanisms underlying hyperexcitability evoked by shock stress, extending 

assessment of stress-induced plasticity of VTA GABA neurons to in vivo contexts, and 

evaluating other anxiety-like behaviors. 
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Abstract: Anxiety is a mental disorder with a growing worldwide incidence due to the SARS-

CoV-2 pandemic. Pharmacological therapy includes drugs such as benzodiazepines (BDZs) or 

azapirones like buspirone (BUSP) or analogs, which unfortunately produce severe adverse 

effects or no immediate response, respectively. Medicinal plants or their bioactive metabolites 

are a shared global alternative to treat anxiety. Palmitone is one active compound isolated from 

Annona species due to its tranquilizing activity. However, its influence on neural activity and 

possible mechanism of action are unknown. In this study, an electroencephalographic (EEG) 

spectral power analysis was used to corroborate its depressant activity in comparison with the 

anxiolytic-like effects of reference drugs such as diazepam (DZP, 1 mg/kg) and BUSP (4 mg/kg) 

or 8-OH-DPAT (1 mg/kg), alone or in the presence of the GABAA (picrotoxin, PTX, 1 mg/kg) or 

serotonin 5-HT1A receptor antagonists (WAY100634, WAY, 1 mg/kg). The anxiolytic-like 

activity was assayed using the behavioral response of mice employing open-field, hole-board, 

and plus-maze tests. EEG activity was registered in both the frontal and parietal cortex, 

performing a 10 min baseline and 30 min recording after the treatments. As a result, anxiety-like 

behavior was significantly decreased in mice administered with palmitone, DZP, BUSP, or 8-

OH-DPAT. The effect of palmitone was equivalent to that produced by 5-HT1A receptor agonists 

but 50% less effective than DZP. The presence of PTX and WAY prevented the anxiolytic-like 

response of DZP and 8-OH-DPAT, respectively. Whereas only the antagonist of the 5-HT1A 

receptor (WAY) inhibited the palmitone effects. Palmitone and BUSP exhibited similar changes 

in the relative power bands after the spectral power analysis. This response was different to the 

changes induced by DZP. In conclusion, brain electrical activity was associated with the 

anxiolytic-like effects of palmitone implying a serotoninergic rather than a GABAergic 

mechanism of action. 
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Abstract: Anxiety disorders are leading causes of disability worldwide and are major 

contributors to substance use disorders (SUDs). Together, these disorder affect ~16% of the 

population and disproportionately affect men and women. A previous study by our laboratory 

demonstrated that intracerebroventricular (ICV) administration of oxytocin (500 ng) reduced 

anxiety-like behavior in male and female mice, with increased efficacy in males. Additionally, 

others have shown that mu opioid receptor (MOR) activation can reduce anxiety-like behavior 

and early studies suggest that the opioid receptors regulate the oxytocin system in relation to 

stress responses. Thus, we hypothesized that modulation of the opioid system mediates the sex 

differences observed in response to oxytocin treatment. To determine whether endogenous 

opioids mediated the effects of oxytocin, we systemically administered an opioid receptor 

antagonist, naloxone (1-4 mg/kg), prior to an effective dose of oxytocin (500 ng; ICV) in both 

males and females. Contrary to our initial hypothesis, our studies demonstrated that naloxone 

potentiated the anxiolytic-like effect of oxytocin. Using a MOR-selective antagonist, CTAP, and 

a kappa opioid receptor-selective antagonist, norbinaltorphimine, we demonstrated that MOR 

blockade potentiated the anxiolytic-like effect of oxytocin, whereas kappa-opioid receptor 

blockade inhibited oxytocin-induced anxiolytic-like effects. Our findings indicate that blockade 

of the opioid system may eliminate observed sex differences in the anxiolytic-like effects of 

oxytocin. Altogether these results suggest that endogenous opioids modulate the oxytocin system 

with respect to emotion regulation and have implications for the development of novel clinical 

treatments for anxiety disorders. As current clinical trials and treatment strategies include 

oxytocin or naltrexone (an opioid receptor antagonist), these findings have clinical implications 

for the prevention and treatment of SUDs that often arise because of self-medication in persons 

diagnosed with anxiety-disorders or contribute to emotional distress (hyperkatiefia) that can 

further exacerbate SUDs. 
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Abstract: Over the last two decades, opioid overdose has become the leading cause of accidental 

deaths in the United States, causing nearly 500,000 deaths from 1999 to 2019. Recent evidence 

suggests that glial activation and the related neuroimmune signals may be involved in the 

dependence-inducing properties of opioids. Although some treatments, like methadone 

buprenorphine naltrexone or naloxone, have proven effective, relapse rates remain high. 

Therefore, the identification of new non-opioid targets for the treatment of OUD is urgently 

needed. The main purpose of this study is to investigate the role of neuroimmune systems in 

opioid withdrawal-related behavior in rats. We first measured hyperalgesia and the aversive 

effects of heroin withdrawal in adult male (n=22) and female (n=23) Wistar rats. Hyperalgesia 

was assessed using the von Frey and Hargreaves tests, for mechanical and thermal sensitivity, 

respectively, after two weeks of repeated heroin administration. We also investigated the heroin 

withdrawal-induced conditioned place aversion (CPA) and naloxone-precipitated somatic 

withdrawal. Then, we quantified 17 cytokines and chemokines in whole brains of both saline- 

and heroin-treated rats by a FirePlex immunoassay. The data showed that two chemokines 

(CCL2 and CXCL1) and a cytokine (IL-10) were significantly upregulated in male rats that 

received heroin but not in females. Based on these results, we investigated whether an acute 

injection of a CCL2 antagonist could reverse the heroin-induced hyperalgesia, CPA and somatic 

withdrawal symptoms in heroin-dependent male (19) and female (20) Wistar rats. Results 

showed that the antagonist significantly reversed mechanical and thermal hyperalgesia, and 

attenuated CPA and somatic withdrawal symptoms in males and females. In summary, our 

findings suggest a sex-dependent proinflammatory effect of heroin withdrawal in the rat brain 

and that CCL2, CXCL1 and IL10 may be involved in the etiology of OUD. Our data also shows 

that CCL2 may contribute to motivational and somatic signs of opioid withdrawal in both male 

and female Wistar rats. Together, these investigations might lead the discovery of novel 

neuroimmune targets, such as chemokine antagonists, for opioid dependence and contribute to 

medication development for OUD. 
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Abstract: Anxiety disorders are among the most prevalent psychiatric disorders, with symptoms 

often beginning early in life. To model the pathophysiology of human pathological anxiety, we 

utilized Designer Receptors Exclusively Activated by Designer Drugs (DREADDs) in a 

nonhuman primate model of anxious temperament to selectively increase neuronal activity of the 

amygdala. Subjects included 10 young rhesus macaques; 5 received bilateral infusions of AAV5-

hSyn-HA-hM3Dq into the dorsal amygdala, and 5 served as controls. Subjects underwent 

behavioral testing in the human intruder paradigm (HIP) following clozapine or vehicle 

administration, prior to and following surgery. Results of linear mixed effects (LME) analyses 

revealed a significant Group (hM3Dq vs. control) x Treatment (clozapine vs. vehicle) x 

Timepoint (pre- vs. post-surgery) interaction (F1,376 = 4.22, p < 0.05), such that, relative to 

vehicle, clozapine treatment led to relatively greater increases in freezing behavior during the 

post-surgical period across all contexts of the HIP in hM3Dq subjects and not in control subjects. 

Similarly, a significant Group x Treatment x Timepoint interaction was present for locomotion 

(F1,376 = 15.25, p < 0.001), such that, relative to vehicle, clozapine treatment led to relatively 

greater decreases in locomotion during the post-surgical period in hM3Dq subjects, while such 

decreases were not observed in control subjects. These results complement our previously 

published finding of a significant decrease in anxiety-like responses following DREADD-

mediated inhibition of dorsal amygdala neurons. In the current study, similar effects on freezing 

(F1,142 = 13.37, p < 0.001) and locomotion (F1,142 = 16.81, p < 0.001) were again observed 

approximately 1.9 years following surgery, indicating the long-term functional capacity of 

DREADD-induced neuronal activation. Additionally, experiments performed at this time point 

with deschloroclozapine (DCZ), a clozapine analog with greater selectivity for DREADDs, also 

demonstrated similar effects on freezing (F1,142 = 4.756, p < 0.05). In DREADD expressing 

monkeys, [11C]DCZ PET imaging demonstrated amygdala hM3Dq-HA binding, and 

immunohistochemistry revealed that hM3Dq-HA expression was most prominent in the neuropil 

of the basolateral amygdala. Electron microscopy demonstrated expression was predominantly 

on neuronal membranes. Together, these data demonstrate that activation of primate amygdala 

neurons is sufficient to induce increased anxiety-related behaviors, further supporting increased 

activity of the amygdala as a mechanism mediating pathological anxiety in humans. 
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Abstract: Stress is a major risk for the onset of several neuropsychiatric disorders including 

pathological anxiety. Social connection is a fundamental need for social animals including mice - 

it encompasses affiliative care, social play, vocal communication, and allogrooming among 

conspecifics. Prolonged involuntary isolation induces a sustained negative affective state that can 

precipitate maladaptive avoidance, a hallmark of pathological anxiety, in genetically susceptible 

individuals. Pathological anxiety is prevalent in up to 59% of patients with Tuberous Sclerosis 

complex (TSC), a neurodevelopmental disorder caused by loss-of-function mutations in genes 

for Tuberin (Tsc2) and/or Hamartin (Tsc1) that together comprise the eponymous protein 

complex. Anxiety in TSC patients can manifest as generalized anxiety in the form of excessive 

worrying, or can be episodic in the form of sudden, unexplained panic attacks. The neural circuit 

for stress has been extensively studied, and oxytocin (OT) signaling has been firmly established 

as a crucial component for moderating the outcome of stress response. The physiological effects 

of OT are mediated through its membrane-bound G-protein coupled receptors (OTRs) that are 

expressed in specific cells (OTRCs) distributed across the brain in state- and sex-dependent 

manner. OT is also well-known for its role in mediating behavioral and physiological responses 

to social exposure and for conferring social salience. In the absence of social environment, the 

OT’s functional involvement in modulating the effects of stress is likely to be even more 

prominent. We hypothesized that selective disruption of TSC complex in OTRCs might cause 

heightened susceptibility to social isolation and precipitate maladaptive anxiety-related 

behaviors. On the basis of this hypothesis, we systematically carried out conditional knock out of 

an allele of Tsc2 in OTRCs across the brain and body, and examined the effects of prolonged 

social isolation on anxiety-related behaviors in male and female mice. We further examined the 

restorative effects of administering drugs targeting distinct downstream effectors of TSC, and 

identified integrated stress response (ISR) as the molecular mechanism precipitating emotional 

susceptibility to social isolation in both sexes, albeit with striking sex differences in the indices 

of anxiety. Finally, we identified OTRCs in medial prefrontal cortex as the cellular loci that can 

be targeted for correcting behavioral phenotypes and electrophysiological signatures of aberrant 

network inhibition in male mice. 
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Abstract: Background: Obsessive-compulsive disorder (OCD) is characterized by obsessions 

(i.e. intrusive thoughts) and compulsions (i.e. repetitive actions/mental rituals). OCD is 

frequently refractory to treatment and can have a profoundly deleterious effect on quality of life. 

While environmental interventions and novel rapid-acting antidepressants have been shown to be 

beneficial in the context of psychiatric disorders such as depression, such effects have not yet 

been comprehensively investigated in a preclinical model of OCD. Gastrointestinal function has 

also not been assessed preclinically, despite reports of gastrointestinal problems occurring in 

OCD. Given the lack of research in this area, we set out to conduct an exploratory investigation 

using a common preclinical mouse model of OCD-like behavior. 

Methods: We used the SAPAP3 knockout (KO) mouse model, which displays an anxiety-like 

and over-grooming OCD-like phenotype. Female and male 8-wk-old SAPAP3 KO and wild-type 

(WT) mice were exposed to exercise or environmental enrichment (EE) (vs standard housing) for 

4 weeks, followed by behavioral testing and assessment of gut function (n=7-12 (p/grp)). A 

second cohort of 10-wk-old SAPAP3 KO mice and WT control animals were administered a 

single dose of either saline (intraperitoneal injection, i.p.) or ketamine (an NMDAR antagonist; 

30 mg/kg, i.p.) (n=13-17 (p/grp)). These mice underwent behavioral testing at baseline (i.e. 

before ketamine treatment) and at 1 hr, 24 hrs, 72 hrs, and 7 days after ketamine administration. 

Experimenters were blinded to genotype/treatment groups when scoring behavioral tests. 

Results: SAPAP3 KO mice spent more time grooming than WT controls, an effect that was more 

pronounced in male KO animals. The KO mice also had a more ritualistic approach to grooming 

(i.e. an increased number of grooming chains), and showed increased anxiety-like behavior (on 

an approach-avoidance conflict test), decreased locomotion, and gut dysfunction. These 

impairments were not ameliorated following either environmental intervention, and 

paradoxically exercise worsened grooming behavior generally. In addition, we found that acute 

administration of ketamine did not cause a reduction in anxiety-like or grooming behavior. 

Conclusion: Our study is the first to assess grooming microstructure and gut function in SAPAP3 

KO mice, and is also the first to report a sexually dimorphic effect (accentuated in males) of 



grooming in young-adult SAPAP3 KO mice. In addition, we found no beneficial effect of 

exercise, EE or the NMDAR antagonist ketamine in this model, and unexpectedly revealed a 

deleterious effect of exercise on some outcome measures. 
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Abstract: The hippocampus, as well as dopamine circuits, coordinate decision-making in 

anxiety-eliciting situations. Yet, little is known about how dopamine modulates hippocampal 

representations of emotionally-salient stimuli to inform appropriate resolution of approach versus 

avoidance conflicts. We here study dopaminoceptive neurons in mouse ventral hippocampus 

(vHipp), molecularly distinguished by their expression of dopamine D1 or D2 receptors. We 

show that these neurons are transcriptionally distinct and topographically organized across vHipp 

subfields and cell types. In the ventral subiculum where they are enriched, both D1 and D2 

neurons are recruited during anxiogenic exploration, yet with distinct profiles related to 

investigation and behavioral selection. In turn, they mediate opposite approach/avoidance 

responses, and are differentially modulated by dopaminergic transmission in that region. 

Together, these results suggest that vHipp dopamine dynamics gate exploratory behaviors under 

contextual uncertainty, implicating dopaminoception in the complex computation engaged in 

vHipp to govern emotional states. 
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Abstract: Alcohol use disorder (AUD) is characterized by excessive drinking which can lead to 

a dependence on alcohol. Approximately 15 million Americans are affected, and more than 

88,000 Americans die annually from alcohol related deaths. Those with AUD and higher rates of 

alcohol drinking are more likely to have health issues, such as liver problems, cognitive 

dysfunction, psychiatric disorders, and a more frequent rate of illness. Several factors contribute 

to the development and progression of AUD, including impulsivity, motivation, and attention. 

Previous studies have investigated these behavioral facets using the 5-Choice Serial Reaction 

Time Task (5-Choice) with a sugar-based reward. Recently, our lab published a study using 

alcohol as a reward and identified alcohol preference, as determined by a 2-bottle choice 

paradigm, as a predictor to 5-Choice performance for alcohol, not sugar. In the current study, we 

reapproached this data in a novel way that describes a stronger relation between groups of mice 

based on engagement. We recategorized 48 male C57BL/6 mice into high-engaged (HE) and 

low-engaged (LE) as determined by a median split of their average number of correct responses 

during the last week of training. Early- and Late-stage behavior showed a clear difference in 

overall standard performance measures. Interestingly, over half of HE mice had an alcohol 

preference greater than 80 percent while LE had only a third. Additionally, alcohol preference 

correlated average correct responding across Early- and Late-stage training in the HE mice, but 

not for LE. After training, these mice underwent two bottle choice intermittent access (IA2BC), 

where they received 20 percent alcohol three days per week for three weeks. Following IA2BC, 

LE mice significantly increased overall performance for the alcohol reward, while HE mice did 

not. In comparison to the preference and consumption analyses in the previous study, 

engagement presented a clearer description of individuals that will work for alcohol and suggests 

that low alcohol engaged individuals may be at greater risk of AUD development after protracted 

drinking. 
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Abstract: Prolonged alcohol (EtOH) misuse is associated with neuroadaptations in the brain that 

influence the emergence of addiction behavior, including impairments in cognitive function. We 

and other laboratories have noted similar deficits in rats exposed to chronic intermittent EtOH 

(CIE) vapor and shown that these cognitive impairments are both long-lasting in abstinence and 

involve dysfunctions in cortical brain regions, such as the medial prefrontal cortex (mPFC). 

More recently, we employed a large-scale analysis of the mPFC proteome to reveal a deficiency 

in the phosphorylation of mu-type opioid receptors (MOR) of dependent rats displaying 

cognitive inflexibility. As deficits in phosphorylation may allude to mechanisms that modulate 

opioid receptor sensitivity, here we examined whether non-selective opioid receptor blockade 

using the therapeutic naltrexone (NTX) influenced EtOH-induced cognitive dysfunction. Male 

Long-Evans rats were first trained to lever press for food pellets in operant chambers, followed 

by CIE vapor exposure for 6 weeks (14h/daily; blood EtOH levels= 191.25±7.51 mg/dL). 

Dependent rats and their EtOH-naïve counterparts were then trained on an operant model of 

strategy set-shifting, beginning with a visual discrimination task in which levers were presented 

along with a cue light that signaled the reinforced lever. On day 10 of abstinence, rats were given 

a single dose of NTX (2 mg/kg, IP; n=14-15/group) and introduced to an automated sequence 

beginning with the “visual cue” rule, followed by a switch to the spatial location task, in which 

only one lever was reinforced. Overall, EtOH dependence was associated with an increase in the 

total errors committed when switched over to the spatial location task (p<0.05), and this effect 

was undifferentiated from their NTX-treated counterparts. Interestingly, the total omissions 

committed after the switch also increased unanimously in NTX-treated rats (p<0.01), although 

these increases tended to be higher in naïve vs. dependent rats (p=0.064). The findings suggest 

that dependence is associated with prolonged desensitization of MOR in the mPFC, and 

diminished pharmacological influence on some aspects of cognitive performance. While clearly 

shown in the clinic to reduce high-level EtOH consumption, it is not clear whether therapeutics 

like NTX address other hallmark symptoms of alcohol use disorder (e.g., cognitive dysfunction). 

Current studies are evaluating the possibility that CIE exposure impairs intracellular kinases 

known to phosphorylate MOR and promote receptor desensitization. 
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Abstract: The dorsal striatum (DS) has been known to shape context-dependent decision-

making. In the DS, the direct- and indirect-pathway medium spiny neurons (dMSNs and iMSNs) 

orchestrate and yield biased behavior in reward-seeking exploratory tasks according to the 

existence of approach and avoidance conflict. Accumulative evidence suggests that the anterior 

and posterior DS subregions have distinctive roles in context-dependent reward-seeking 

behaviors. However, little is known about how the coordinated activities of the neurons in the 

DS subregions encode the specific responses to different rewards. In addition, it is still elusive 

whether repeated ethanol exposure affects this coordination.Using multi-regional fiber-

photometry calcium imaging, we examined the spatiotemporal activities of the neurons in the 

dorsomedial striatum (DMS) and tail of striatum (TS) simultaneously in a three-arm reward 

choice task that consists of the modified y-maze arena for unconstrained access to water, sucrose 

(15%, w/v), and ethanol (15%, v/v) solutions for 10 minutes. A fluorescent calcium sensor, 

GCaMP6, was selectively expressed in dMSN and iMSNs of transgenic mice expressing both 

Cre-dependent GCamP6s and D1R-Cre or D2R-Cre. We compared whether the cellular profiles 

could be affected by the exposure to chronic intermittent ethanol (CIE) paradigm. Briefly, mice 

were exposed to air or vapored ethanol in vapor inhalation chamber for four weeks. Each week 

consisted of four consecutive days of ethanol exposure for 16h followed by 8h of abstinence in 

their home cage. The remaining 3 days consisted of no exposure to ethanol.We observed that, in 

the ethanol-naïve mice, the time spent in the sucrose zone is significantly higher compared to the 

time in ethanol zone. Interestingly, at 72h withdrawal from the CIE exposure, mice showed the 

increased time spent in the ethanol zone without changes to the time spent in the sucrose zone 

compared to those of ethanol-naïve counterparts. In conjunction with these findings, while the 

ethanol-naïve mice showed a decrease in Ca2+ transients of the dMSNs in the DMS when 

approaching the ethanol zone, the Ca2+ transients in the CIE mice were robustly increased when 

approaching the ethanol zone. No significant changes were observed in the Ca2+ transient 

patterns of the TS neurons as the mice approached the ethanol zone.Our results indicate that the 

dMSNs’ activities in the DMS are responsive to ethanol, which could be oppositely increased 



upon repeated ethanol exposures, suggesting that the neuronal activities represent reward-

dependent behavioral flexibility and shape the progressive transition of the ethanol value as a 

reward. 
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Abstract: Behavioral Markers and Endophenotypes Underlying Individual Differences in 

Ethanol UseAnna Kalinowski, Hannah Manning, Kelsey Alimandi, Ethan O’Keefe, Haily 

Knapp, Blake Tower, Megan Deane, Sergios CharntikovAlcohol Use Disorder (AUD) is a 

chronic disease with a high relapse rate, affecting a substantial proportion of the global 

population. This disorder represents the third leading cause of death, contributing to 

approximately 3 million fatalities per year. Despite abundant research on ethanol use in 

preclinical settings, individual effects associated with ethanol use remain largely unexplored. 

This study seeks to assess the various individual effects along the ethanol use continuum. The 

primary aim is to ascertain if rats exhibiting a higher preference for ethanol, quantified by their 

"economic" demand, also show increased ethanol self-administration despite negative 

consequences and show high rates of relapse during cue-induced reinstatement of ethanol 

seeking. A concurrent study will investigate the neural substrates involved in cue-induced 

reinstatement, utilizing both group and individual levels of assessment. In this study, twelve 

female and twelve male rats were trained in operant chambers to self-administer ethanol using a 

long-access self-administration model (10 hours). Subsequently, the rats were individually 

assessed for their economic demand for ethanol and their responses to ethanol in the presence of 

negative consequences (a mild electric shock). Following this, the rats underwent extinction 

training and cue-induced reinstatement. For the first time, we demonstrate that individual 

variability in economic demand for ethanol can predict relevant behaviors within the substance 

use cycle. Specifically, our results indicate that rats with a high demand for ethanol persist in 

responding to ethanol despite negative consequences and show a vulnerability to cue-induced 

reinstatement. Our ongoing research aims to leverage this individual variability to examine the 



neural substrates involved in cue-induced ethanol seeking, potentially offering novel targets for 

future studies. Further research focusing on individual variations in ethanol consumption is 

crucial to validate our findings. Such investigative efforts could greatly enhance our 

understanding of the complex behavioral and neural mechanisms that underpin ethanol use. 
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Abstract: Sex differences in the effect of alcohol withdrawal on sleep and circadian 

rhythmsAuthors: Alain Altamirano-Espinoza, Rong Guo, Camryn Forbes, Yanhua Huang, Mary 

M Torregrossa. Affiliation: Department of Psychiatry, University of Pittsburgh, Pittsburgh, PA, 

United States. 

Alcohol is the most widely available substance of abuse world-wide. The brain systems and 

neurotransmitters orchestrating the sleep-wake cycle are highly susceptible to the 

pharmacological properties of alcohol. Consequently, alcohol is commonly used as a sleep aid, 

and this can lead to alcohol misuse. Further, abstinence from alcohol use in heavy drinkers or 

those with alcohol use disorder (AUD) is associated with chronic changes in sleep quality, 

including increased REM sleep pressure, that is associated with relapse propensity within 6 

months. However, individual differences in REM sleep quality and sleep homeostasis during 

withdrawal, particularly with regard to sex differences, have not been fully examined. Thus, in 

these studies, we used male and female (n=11 and n=12, respectively) EEG/EMG-implanted 

Long Evans rats to determine baseline measures of sleep quality immediately prior to alcohol 

intake and in withdrawal (21 days) from 3 weeks of intermittent access two-bottle choice 

(IA2BC) alcohol (20% v/v) drinking. Results. As previously reported by our lab and others, 

female rats drank significantly more alcohol in g/kg relative to male rats. Sleep files were then 

scored using Somnivore software to identify different sleep/wake states (wake, non-rapid eye 

movement [NREM] sleep, and REM sleep). In females, we found no significant differences in 

the time rats spent in any sleep/wake state. In contrast, there was a shift in the time male rats 



spent in all states and phases (except dark phase REM). Moreover, we found differences in light-

dark transitions to all states in female rats, indicating a change in circadian rhythms that was not 

as apparent in male rats. Finally, bout analysis showed differences in the number of bouts of 

REM sleep during the light phase selectively in males. These results suggest that alcohol 

exposure induced changes in one or more brain regions regulating sleep and circadian rhythms in 

the brain, (e.g. suprechiasmatic nucleus, habenula, etc.), with differential effects in males and 

females. In conclusion, our results suggest that alcohol intake differentially shapes specific 

aspects of the sleep-wake cycle in male and female rats, while more studies are required to 

identify the underlying mechanisms for such differences. 
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Abstract: Social dominance plays an important role in the generation of motivated behaviors. 

Dominance has specifically been shown to play a role in motivation toward ethanol 

consumption. However, many of these experiments focused on dyads, examining the relationship 

between one dominant and one submissive subject. In the present study, we focus on mischiefs 

of 4 mice, as it represents a more ethologically valid setting. We hypothesized that ethanol 

consumption would be predicted by social rank, and that this effect would be independent of 

anxiety/exploration. Male and female C57BL/6J mice were housed in same-sex groups of 4 (8 

males and 8 females) and put through the open field test (OFT), 4 days of the social dominance 

tube test (SDTT), and one cycle of a two-bottle choice drinking in the dark (DiD) paradigm. 

After drinking, mice were put through another 4 days of the SDTT and OFT. We found that one 

week of DiD did not significantly affect social rank. Social rank predicted ethanol preference on 

the first day and trended toward predicting ethanol preference on the fourth and final day of 

ethanol exposure, such that the higher ranked a mouse, the more likely they were to prefer 

ethanol. Social rank also related to exploratory behavior in a sex-specific manner: males of a 

higher social rank explored more of the OFT, while females of a higher social rank trended 

toward exploring less of the OFT. Furthermore, within sex and within a cage, the weight of a 

mouse had no effect on that mouse’s social dominance score. This work expands on previous 



literature examining how motivation is affected by social rank. The opposite relationship of 

social dominance and exploration between sexes also bears future investigation. Future work 

should also explore the shared neurobiological underpinnings of social rank and alcohol 

consumption. Furthermore, the possibility of the relationship between social dominance and 

ethanol preference changing with repeated weeks of the DiD paradigm should be investigated. 

Such a result could disentangle whether the observed ethanol preference is a product of either 

novelty preference or genuine ethanol preference. The overarching goal of this work is to 

establish a predictive index of social traits that suggest an increased propensity to consume 

alcohol and risk for developing an alcohol use disorder. 
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Abstract: Through December 2021 to late July 2022, we evaluated 62 (24 Men, Age: 51.2 

(mean) ± 10.9 (std)) patients who met the criteria for Alcohol Use Disorders (AUD). The 

participants were selected from a pool of patients of the Massachusetts General Brigham 

hospitals that were billed for an ICD-10 code for AUD with and without Pain. We evaluated the 

patients using a series of questions on their health history, medical care, as well as any other 

substance use. Our results showed that in this population, at any given point in time whether it be 

current or past substance use, 82% of patients who met the criteria for AUD also use or had a 

history of using some kind of substance. We also found that the conditions that impacted 50% or 

more of the population surveyed were: High Blood Pressure (52%), Pain (55%), Sleep Problems 

(60%), and Psychiatric Disorders (73%). Some patients were selected based on also having an 

ICD-10 code for pain, which may explain finding pain among the conditions. We also found that 

the percentage of patients with certain self-identified conditions was significantly different from 

the percentage of patients who had received a formal diagnosis and treatment for such 

conditions. Less than 50% match was noted for Major Head Injury/TBI (48%), Dizziness or 

Vertigo (48%), Cognitive/Memory Problems (43%), and Fainting Spells/Blackouts (29%). The 

severity of the diagnoses and the mismatch between the medical care received, suggests that this 



patient population has complex healthcare needs that are not being adequately addressed for 

unknown reasons. 
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Abstract: Rationale: While preclinical and clinical research shows that ketamine, an NMDA 

receptor antagonist, is efficacious in treating depression, studies have not considered comorbidity 

between depression and alcohol use disorders (AUD) or the safety of repeated infusions of 

ketamine in depressed alcoholic patients. Given alcohol and ketamine’s overlapping mechanisms 

of action, it is important to consider how alcohol may influence the reinforcing effects of 

repeated ketamine treatment. Objective: To determine in male and female rats whether a history 

of chronic social isolation and alcohol alter the reinforcing properties of ketamine. Methods: For 

12 weeks, adult male and female pair-housed or socially isolated rats intermittently drank alcohol 

(20%) or water. Subsequently, rats underwent acquisition of intravenous ketamine self-

administration (0.5 mg/kg/infusion) under a fixed ratio schedule 1, followed by extinction 

training, and one session of cue-induced reinstatement, after which rats were terminated and their 

nucleus accumbens were processed for examination of dendritic spine morphology using a 

diolistic labeling approach. Results: Our results suggest that 1) During acquisition, female rats 

self-administer more ketamine than male rats; 2) A history of alcohol increases responding for 

ketamine during acquisition phase in both sexes, regardless of housing, 3) Isolation stress 

increases the reinforcing properties of ketamine in male but not female rats, 4) All experimental 

groups extinguished similarly and there were no clear differences in reinstatement between 

ketamine and saline exposed rats. Conclusions: Overall, our data show that a history of alcohol 

increases the reinforcing properties of ketamine and thus suggest that ketamine doses used for 

treating depressed patients with comorbid AUD can be lowered. We are currently analyzing 

dendritic spines in the nucleus accumbens to determine whether these changes can represent a 

neurobiological basis for interactions between alcohol and ketamine. 
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Abstract: Beta Endorphin (β-E) is an opioid peptide that has been linked to the behavioral 

effects of ethanol (EtOH). For example, β-E provides negative feedback to inhibit the 

hypothalamic-pituitary-adrenal (HPA) stress axis, and neuroadaptation of this system to EtOH 

may facilitate sex differences in disordered drinking. Locomotor sensitivity to EtOH also may 

influence the risk for addiction, however the role of β-E in psychomotor effects of EtOH is not 

fully understood. We examined the influence of β-E and sex on locomotor effects of EtOH using 

adult male and female wild-type C57BL/6J and β-E deficient B6.129S2-Pomctm1Low/J mice in 

a parallel rod floor apparatus following 0.75 or 2.0g/kg EtOH. Beginning 15 min after 

intraperitoneal injection, we recorded foot slips, distance traveled, slips per meter, first instance 

of immobility and total time spent off-balance (lying on the floor) for 15 min, and collected 

blood for analysis of EtOH concentration 60 min after injection. Overall, β-E deficient mice were 

more sedated and ataxic following EtOH; at the lower dose they slipped more frequently and had 

a higher rate of slips per meter traveled. At the higher dose, β-E deficient mice were 

predominantly sedated, slipping less frequently and traveling less, as well as spending more time 

off-balance and becoming immobile sooner. Genotype interacted with sex in that male β-E 

deficient mice had the greatest slip count and slips per meter at the low dose, suggesting that the 

β-E may elicit sex dependent effects of EtOH induced ataxia. Blood EtOH concentration did not 

differ between any group, suggesting that behavioral differences result from altered sensitivity to 

EtOH. Our data support the contention that β-E modulates the locomotor effects of EtOH and 

may influence ataxia in a sex dependent manner. These findings help elucidate the role of β-E in 

diverging behavioral responses to EtOH and may aid the development of risk factor 

classification and targeted treatments for alcohol use disorders. 
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Abstract: Alcohol withdrawal seizures (AWSs) are severe neurological conditions associated 

with drinking. One specific target of alcohol in the brain is the sodium-calcium exchanger 

(NCX), which can function in a forward or reverse mode. The forward mode drives the extrusion 

of Ca2+ and the entry of Na+, while the reverse mode (NCXrev) drives the entry of Ca2+ and the 

extrusion of Na+. We have previously reported that suppressing NCXrev activity significantly 

reduces the incidence and severity of acoustically evoked AWSs, suggesting that NCXrev activity 

could play a role in alcohol consumption. Here, we investigated the potential role of NCX 

reverse mode activity type 1 (NCX1rev) and 3 (NCX3rev) in voluntary alcohol consumption in 

adult male and female Sprague-Dawley rats. SN-6 and KB-R7943 were used to block NCX1rev 

and NCX3rev, respectively. Over four weeks, animals were first trained to drink ethanol (7.5% 

vol/vol in water) using the two-bottle choice paradigm, one with ethanol and the other with 

water. Animals were then randomly divided into eight groups (n=8), each consisting of male or 

female rats treated with either KB-R7943 (3 or 10 mg/kg, p.o.) or SN-6 (3 or 10 mg/kg, p.o.). 

We measured ethanol intake, ethanol preference, water intake, and total fluid intake per kilogram 

of body weight after 2 or 24 hours of access. We also monitored the estrous cycle to find that all 

females were in the estrus cycle. The results showed that inhibiting NCX1rev activity reduced 

alcohol consumption in both male and female rats, with a long-lasting effect observed in females. 

SN-6 also reduced alcohol preference in females but did not change water intake in either sex. 

Blocking NCX3rev activity only lowered alcohol consumption in female rats without altering 

water intake or alcohol preference. Our findings suggest that increased NCXrev activity may 

contribute to voluntary alcohol consumption. 
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Title: Alcohol drinking in rats is differently modulated by the type of sugar added: regulation by 

melanin-concentrating hormone 
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Abstract: Sugars in alcoholic beverages increase palatability and facilitate intake, furthering the 

development of alcohol use disorder. Some added sugars like glucose can also directly impact 

brain activity. Melanin-concentrating hormone (MCH) neurons in the lateral hypothalamus (LH) 

are sensitive to glucose and regulate sugar and alcohol intake. This study seeks to establish 

drinking patterns of alcoholic cocktails containing either glucose or fructose and to determine the 

impact of MCH function in modifying intake of these cocktails. Adult female and male Wistar 

rats were intracranially infused with an adenovirus vector delivering an excitatory Designer 

Receptor Exclusively Activated by Designer Drugs (DREADD) targeting LH MCH neurons. 

Rats were trained to drink either 10% glucose or 10% fructose cocktails in four-hour sessions, 

five days per week. The dose of alcohol increased weekly (1.25%, 2.5%, 5%, 10%). Once 

trained, the alcohol dose varied weekly in a Latin square design. During test sessions, MCH 

neurons were activated by clozapine-n-oxide or vehicle. The systemic effects of the MCH 

receptor antagonist GW803430 or vehicle were also determined. Volume drank was estimated 

via optical lickometers and changes in bottle weight. Sugar type dose-dependently affected 

drinking for both female and male rats: glucose increased drinking, alcohol intake, and caloric 

intake compared to fructose at 1.25% and 2.5% alcohol, while fructose increased intake at 10% 

alcohol. In males, MCH receptor antagonism decreased alcohol intake of cocktails containing 

glucose or fructose at a moderate alcohol concentration. MCH neuronal activation decreased 

alcohol intake only at the highest alcohol concentration containing fructose. Sex differences will 

be detailed during the poster session. The LH MCH brain circuit may be an important 

mechanism for how sugars and alcohol influence patterns of intake and subsequent behavioral 

symptoms associated with alcohol use disorder. 

Disclosures:  I.R.K. Kuebler: None. G. Zimmerman: None. S.Q. Ng: None. H. Schneider: 
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Title: Exploration of Novel Chemotypes as GPR88 Agonists: Design, Synthesis, and SAR 

Studies of (4-Substituted-phenyl)acetamides Based on the Reversed Amide Strategy 

Authors: *M. RAHMAN, D. GUAN, H. CHAMINDA LAKMAL, A. M. DECKER, D. L. 

HARRIS, C. JIN;  

RTI Intl., RTP, NC 

Abstract: Central Nervous System (CNS) disorders such as alcohol use disorder (AUD), 

schizophrenia, and Parkinson’s disease (PD) remain mostly unmet which poses significant 

economic burden to the society. As a result, there is much interest in GPR88 as a potential drug 

target, which has been proven to play crucial roles in these psychiatric and neurodegenerative 

diseases. Although the endogenous ligand for GPR88 is yet to be discovered, extensive 

medicinal chemistry campaigns have uncovered highly potent and brain-penetrant agonists such 

as RTI-13951-33 and RTI-122. Although these agonists have been used as effective probes to 

study GPR88’s functions in the brain, there is still need for further optimization. With the aim of 

further improving the pharmacotherapeutic properties, as well as gaining access to new chemical 

space, we have developed novel (4-substituted-phenyl)acetamides based agonists for GPR88 that 

arise from bioisosteric replacement of amide functionality of the 2-AMPP scaffold. The rational 

design, synthesis, SAR, and computational docking studies based on the recently elucidated 

cryo-EM structure of GPR88 will be presented. 
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behavior and ethanol self-administration in male and female mice 
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Abstract: A small proportion of individuals that drink alcohol become dependent or develop 

alcohol use disorder. We are investigating this susceptibility versus resilience to addiction-

related, anxiety-like, and depression-like behaviors using the animal model environmental 

enrichment. Enriched mice are group-housed in a large environment with several conspecifics 

and plastic objects that are regularly changed and rearranged while isolated mice are single 

housed in standard cages. Previous work has found that enriched rodents are resilient to anxiety-



like and addiction-related behaviors. Here we examined whether environmentally enriched mice 

compared to isolated mice showed alterations in anxiety-like, depression-like behavior, and 

ethanol self-administration. Male and female mice were housed in enriched or isolated 

conditions from weaning for a minimum of 30 days before behavioral testing including sucrose 

neophobia, sucrose preference, elevated plus maze, forced swim test, open field test, and ethanol 

self-administration. Environmental enrichment did not significantly alter body weights after 

differential rearing, although females had lower body weights compared to males. When exposed 

to a novel taste in the sucrose neophobia test, there were no differences in sucrose solution intake 

between enriched and isolated male and female mice after 30 minutes and 24 hours of exposure. 

Environmentally enriched females showed a trend towards a decrease in preference of a sucrose 

solution over water compared to isolated females with no changes in males. We also examined 

environmental enrichment versus isolation on ethanol self-administration using a two-bottle 

choice paradigm. Mice were given access to water and ethanol (20% v/v) for 24 hours on a M-

W-F schedule for a total of 20 drinking days with free access to water on intervening days. 

Females overall drank more ethanol compared to males, however there was no effect of 

environmental enrichment or isolation. We also found a significant effect of ethanol drinking day 

over the intermittent access protocol, suggesting changes in intake over time in all groups. There 

were no significant main effects of sex or enrichment on water intake and preference for ethanol. 

Ongoing assessments will evaluate differences in anxiety-like behavior with elevated plus maze, 

depression-like behavior with forced swim test, and activity levels with open field testing. 

Overall these data suggest increases in anhedonia-like behavior in environmentally enriched 

females and show that female mice self-administer more ethanol compared to males, regardless 

of differential rearing environments. 
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Title: Sex differences in alcohol consumption posterior to naltrexone treatment in rats with low 

and high alcohol intake 
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Abstract: Naltrexone (opioid antagonist), is used to treat alcohol abuse. However, in 

experimental studies, there is evidence that alcohol consumption is increased after naltrexone 

treatment when it´s administered in a period of time without alcohol exposition. Apparently, this 



phenomenon is due to opioid antagonists produce an up-regulation of mu opioid receptors after 

several days of treatment increasing the availability of this receptor and contributing to increased 

reinforcing effect of alcohol. Moreover, there are sex differences in alcohol consumption in rats, 

females tend to drink more alcohol in comparison with males. However, it is not known, at the 

present time, a possible different response to alcohol intake after naltrexone treatment in male 

and females. On this basis, forty male and female Wistar rats were exposed to alcohol at 10% to 

establish the base line during 8 days. Then, they were treated with naltrexone 1mg/kg or saline 

solution 1ml twice a day intragastrically for 6 days. Then, they were re-exposed to alcohol at 

10% during 8 days. In the period posterior to the treatment, an enhancement in alcohol 

consumption was observed in all groups regardless of naltrexone treatment. Due to a high 

variability intragroup, the subjects were divided between high and low alcohol consumers during 

their base line. In females with low base line consumption, the enhancement didn´t occur after 

naltrexone treatment, while in those with high base line consumption, alcohol consumption was 

enhanced compared to control group. In males, the enhancement occurred in both, those with 

high and low base line consumption regardless of the treatment with naltrexone. These results, 

suggest that the enhancement of alcohol consumption after naltrexone treatment, depends on sex 

and on the level of base line consumption. 
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Title: Behavioral effects of long-term SSRI exposure in mice 
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Abstract: Selective Serotonin Reuptake Inhibitors (SSRIs), including fluoxetine, are the most 

commonly prescribed and studied antidepressants, though most preclinical work has not involved 

treatment periods of more than a month or two. We assessed the behavioral effects of six month 

exposure to fluoxetine through drinking water starting during adolescence (PND 36) in 

C57BL/6N mice (16 female, 16 male), relative to age-matched groups drinking plain water. To 

our knowledge, such long-term exposure has not previously been seen in the literature. Binge 

drinking was evaluated at several time points across development using a variation of the 

Drinking in the Dark procedure. In adulthood, behaviors related to anxiety and depression were 

also assessed. By three weeks of exposure, fluoxetine-treated mice weighed more than controls, 

and this difference persisted throughout the experiment. This weight gain was more significant in 



the females. Using the Drinking in the Dark procedure, we found that female mice drank 

significantly more ethanol compared to male mice across all ages, but there was no consistent 

effect of fluoxetine treatment. In the Forced Swim Test, we found that fluoxetine significantly 

increased immobility in females, but not males. This could indicate behavioral despair in the 

drug group, although immobility could also indicate decreased anxiety and concomitant escape 

behaviors. Finally, in our last behavioral assay, the Light Dark Transition Test, we saw a trend 

towards increased anxiety in males on fluoxetine. Our findings suggest that long-term chronic 

SSRI exposure, beginning in adolescence, may result in effects contrary to those seen with short 

term drug treatment. Future research on supra-chronic SSRI use, especially relating to anxiety, is 

needed to determine the mechanisms and generality of our findings. 
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Title: Personal space during social isolation affects alcohol sensitivity in crayfish 
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Abstract: Social isolation causes detrimental impacts on human health, including an increase in 

alcohol use. Despite this, our understanding of the neural basis behind the interactions of social 

isolation and alcohol intoxication is limited. Prior work in our lab demonstrated that crayfish are 

a suitable model to investigate the neurobehavioral and neurocellular mechanisms underlying the 

interplay between prior social experience and ethanol (EtOH) sensitivity. Specifically, we found 

that acute EtOH exposure in juvenile and adult crayfish elicited a sequence of discrete behavioral 

changes, which included spontaneous tail-flips followed by motor incoordination. Moreover, one 

week of social isolation significantly reduced behavioral EtOH sensitivity compared to group-

housed animals. These social effects were also observed on the level of single neurons - namely, 

the giant interneurons that control tail-flip behavior. In our current work, we focused on how 

different conditions of isolation (i.e., variation in personal space) impacts EtOH sensitivity. To 

study this, we isolated crayfish in tanks of two different sizes for 7 days, prior to EtOH exposure. 

Interestingly, we discovered that crayfish isolated in larger tanks (LT) produced EtOH-induced 



spontaneous tail-flipping much later compared to animals isolated in smaller tanks (ST), 

indicating that isolation space affected EtOH sensitivity. Next, we used systemic injections of an 

antagonist against muscarinic acetylcholine receptors (mACh-Rs) before EtOH exposure to 

explore if the relationship between isolation space and EtOH sensitivity is regulated by changes 

in cholinergic neurotransmission. Because the sensory pathway that excites the lateral giant (LG) 

escape neurons, which mediate tail-flipping, contains nicotinic cholinergic synapses between the 

sensory afferents and interneurons as well as autoinhibitory mACh-Rs on the afferents, we 

hypothesized that different isolation conditions might lead to differences in ACh release and/or 

mACh-R expression. Our data show that blocking mACh-Rs significantly increases EtOH 

sensitivity in crayfish of both groups (LT & ST), and initial findings suggest a larger effect in 

animals that were isolated in LT. Taken together, our results indicate that larger personal space 

during isolation correlates with lower EtOH sensitivity in crayfish, and this reduction in EtOH 

sensitivity might be modulated, at least partly, by a change at the ACh synapses that are 

presynaptic to the tail-flip neurons. To confirm this hypothesis, we will employ intracellular 

electrophysiology and neuropharmacology on the LG circuit of animals with different isolation 

experiences. 
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Title: Effect of binge-like alcohol exposure on extinction learning and subsequent voluntary 

drinking in adolescent vs adult CB57BL/6J female mice 

Authors: *X. LAY;  
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Abstract: Post-traumatic stress disorder (PTSD) and alcohol use disorder (AUD) are common 

comorbid conditions that affect a large part of the population, especially females. Studies have 

shown that it has sex and age-dependent effects on behavior as well. Fundamentally, we aimed to 

elucidate the effect on extinction learning after binge-like alcohol exposure on adolescent and 

adult female C57BL/6J mice to further understand the effect of binge-like alcohol consumption 

on learning memory and subsequent alcohol intake. We implemented a context fear conditioning 

(CFC) and context fear extinction (CFE) paradigm combined with a Single Episodic Ethanol 

(SEE) paradigm on both female adolescent (PD 28-53) and adult (PD 55-79) followed by an 

every- other-day (EOD) drinking procedure. Adolescents and adults were cycled prior to and 

during experimental procedures days. Adolescent and adult female mice that received ethanol 

injections during the SEE exposure did not exhibit any difference when compared to the mice 

that received saline injections during all three context fear extinction trials. When analyzing data 



segregated by estrous stage, ethanol injected adolescents in estrus during extinction trials exhibit 

more freezing during the third trial than saline injected mice. Ethanol injected adults in diestrus 

during the extinction trials exhibit less freezing during the second trial. During EOD, both adults 

and adolescent females showed no difference in consumption between the ethanol and saline 

groups. We conclude that binge-like alcohol exposure after context fear conditioning, in both 

adult and adolescent female C57BL/6J wild type mice, does not affect fear extinction learning 

and subsequent voluntary ethanol consumption nor preference. Furthermore, estrous staging data 

suggests there is an influence of cycle stage on context fear extinction learning after binge-like 

alcohol exposure. 
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Abstract: Alcohol use disorder (AUD) is a serious health problem that impacts about 30 million 

individuals, both youths and adults, in the United States each year. Demographic data from 

Substance Abuse and Mental Health Services Administration (SAMHSA) suggest that AUD has 

cross cultural impacts and certain groups (e.g., multi-race individuals, indigenous populations) 

may be particularly vulnerable to developing problematic behaviors with alcohol. Behavioral 

observations suggest that escalating use of alcohol may be associated with behavioral 

sensitization, or the increase in reinforcement value of alcohol following repeated administration. 

However, efficient examination of factors related to related to AUD are complicated by the 

finding that many laboratory-based translational studies utilize rodent models, many of which 

have inherent limitations (cf, Nieto et al. 2021). Thus, finding reliable methods to evaluate 

factors contributing to AUD is paramount to better understanding the disorder. One proposed 

metric of behavioral sensitization is voluntary wheel running behavior following drug 

administration (Niculescu et al. 2022). We used a between subject design to evaluate the effect 

of acute and subchronic administration of ethanol across a range of doses (0.1-0.5 g/kg) or 

vehicle in both male and female Long Evans rats (n=24). Subjects experienced a 10-d procedure 

with ethanol administration occurring on days 1-5. On day 10, all animals received a challenge 

dose of the intermediate dose of ethanol. Voluntary wheel running trials were measured on days 

1, 5, and 10. No behavioral manipulations or assessments occurred on days 6-9. A repeated 



measures two-way factorial analysis of variance (ANOVA) was performed to analyze the effects 

of ethanol dose treatment and days on wheel running behavior across the duration of the 

experiments. Data suggested a trend such that administration of the lowest doses resulted in 

increased mean wheel running behavior across the 10 days whereas the highest dose examined 

tended to decrease wheel running behavior across days. Taken together, these data may suggest 

that voluntary wheel running behavior might be useful and serve as a metric of behavioral 

sensitization to the effects of ethanol administration in some strains of rodents. 
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Title: Central Amygdala Activity During an Ethanol Self-administration Task Dynamically 

Tracks Motivation State 

Authors: *M. CASTRO1, C. DRIEU2, D. OTTENHEIMER4, T. DONG2, S. ZHANG2, P. 

JANAK1,2,3;  
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Abstract: The central nucleus of the amygdala (CeA) is likely involved in regulating 

motivational drive to consume ethanol (EtOH) and other rewards. Our lab has recently described 

a subpopulation of CeA neurons that was modulated during EtOH consumption in a free-

drinking task. We next sought to understand how CeA neurons fire as an animal must work to 

self-administer a reward, a process that is sensitive to changes in motivation. Here we recorded 

extracellular spike activity of CeA neurons while rats self-administered EtOH using a discrete 

trials 3 (DT3) task, in which Long Evans rats (n=6 4F/2M, age>P60) had to make 3 lever presses 

within 60 sec of lever insertion after which the lever was retracted and 0.2 ml 10% EtOH was 

delivered in the adjacent port (30 rewards or 50 trials per session; 30s ITI). We collected 877 

neurons over 15 recording sessions. Many neurons displayed significant responses to events 

related to the cue, lever press, and alcohol consumption. To test whether neural correlates 

changed as motivation to drink waned, we compared neural responses to the first 5 and last 5 cue 

presentations (e.g., lever insertion) and found significantly larger responses to the first 5 lever 

insertions compared to the last 5 lever insertions, as determined by area under the curve (paired 

one-tailed t-test; inhibitions, p<0.005 / excitations, p<0. 0001). Next, we classified individual 



trials as high or low motivation based on the latency to first lever press and plotted the respective 

deviations in event-related firing from the baseline. The most pronounced difference between 

these curves occurred at the time of the lever insertion cue. We then sought to determine if the 

strength of the cue-evoked activity was correlated with behavioral metrics for task engagement, 

namely latency to first lever press, time taken to complete the 3 lever press ratio, and time to port 

entry following ratio completion. We found that cue-evoked activity was significantly negatively 

correlated with log-transformed latency to first press in 12% of neurons (Pearson’s correlation; 

p≤0.05), suggesting that some CeA neurons are more activated by lever insertion when 

motivation to engage with the task is high. We also analyzed CeA activity during EtOH lick 

bouts; using a Rayleigh test, we found that ~44% of neurons were lick-modulated, and that all 

rats displayed lick-modulated neurons. Lick-modulated neurons tend to fire early in the lick 

cycle, just after the lick is made. Taken together, our work supports the notion that the CeA 

reflects motivational state over the course of drug self-administration. 
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Title: Anchor protein modulates ethanol-related behaviors in a drosophila knockdown model 
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Abstract: Recent molecular evidence suggests that mammalian GPR155, a marker of the 

dorsolateral striatum, could play a role in mechanisms underlying ethanol-related behavior. Here, 

we focus on anchor, the Drosophila homolog of GPR155. We performed a behavioral screen 

with a pan-neuronal knockdown of anchor in Drosophila melanogaster in order to rapidly and 

efficiently clarify its role in ethanol related behavior. We found that both male and female flies 

with pan-neuronal anchor knockdown sedated significantly slower in the presence of ethanol 

vapor compared to genetic control lines. In a measure of olfactory ethanol attraction, consistent 

with published results, virgin control males were attracted to ethanol, while mated control males 

were repelled by it. However, these ethanol preferences were reversed in pan-neuronal anchor 

knockdown males. Similarly, while both mated and non-mated control females are repelled by 

the scent of ethanol, anchor knockdown females were attracted to it. Overall, results indicate that 

anchor knockdown increases Drosophila resistance to ethanol-induced sedation and that it 



reverses olfactory ethanol preference. Findings not only identify a behavioral role of anchor but 

also suggest that it could be a novel target of ethanol research. We plan to use findings to inform 

future studies of rodent ethanol-induced sedation and ethanol preference. 

Disclosures:  E. Johnson: None. K. Chesnut: None. F. Vonhoff: None. L. Sutton: None. 

Poster 

PSTR045. Alcohol Cognitive and Behavioral Effects 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR045.21/NN9 

Topic: G.09. Drugs of Abuse and Addiction 

Support: NIH Grant 5P20GM103642 

NSF Grant 1736026 

NIH Grant 2R25NS080687 

5R25GM061151-19 

NIH Grant P20GM103475 

NSF Grant 1633184 

NSF Grant 2131647 

NSF:HRD-2008186 

Title: Epigenetic modeling involved in ethanol response affects sleep behavior of Drosophila 

melanogaster 
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Abstract: According to the National Institutes of Health (NIH), a significant percentage of 

adults (7-19%) experience insufficient sleep, and approximately 60 million Americans suffer 

from chronic sleep disorders. Additionally, alcohol abuse has been shown to cause sleep 

disturbances by affecting gene expression and sleep homeostasis. Using Drosophila 

melanogaster flies to assess the neuroadaptations induced after ethanol exposure, has made it 

possible to identify several alcohol-responsive genes involved in these processes. Particularly, 

transcriptomics approaches have shown epigenetic mechanisms as essential to ethanol sensitivity 

and tolerance acquisition. Here we focus on investigating the role of epigenetic modulators genes 

that encode the histone acetyltransferases in modulating Drosophila’s sleep behavior. The 

ventrolateral neurons (LNv) are considered the "main core" of the fly's circadian rhythms and 

control sleep homeostasis; thus, we wonder whether epigenetic mechanisms involved in ethanol 

neuroadaptation affect sleep behavior in Drosophila. We disrupted two epigenetic modulators 

genes (Tip60 and nej), which encode the histone acetyltransferase TIP60 and CBP, respectively. 

For this, we used the UAS-GAL4 system to express RNAi to knock down these genes into the 

LNv neurons and monitored the effects of this manipulation on sleep behavior in adult female 



flies. Our data show that flies expressing RNAiTip60 in the LNv neurons have decreased 

fraction of time sleeping, suggesting Tip60 knockdown into LNv plays a role in modulating 

sleep behavior in flies. Moreover, expressing RNAinej increases the fraction of time sleeping in 

flies. We propose epigenetic modulators play a role, not only in regulating ethanol responses in 

flies but also in modulating sleep homeostasis with ethanol-responsive genes as modulators of 

LNv gene expression necessary to develop normal sleep behavior. 
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Title: Binge ethanol exposure during the brain growth spurt has long-lasting effects on memory 

engrams in mice 
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Abstract: Prenatal exposure to alcohol is a widespread cause of intellectual disability, leading to 

a range of effects known as Fetal Alcohol Spectrum Disorders. The detrimental impact of 

ethanol on the fetal brain can occur at any stage of pregnancy, including the crucial final 

trimester when significant brain growth occurs. Exposure to ethanol during this late pregnancy 

period can result in long-lasting learning and memory impairments extending into adulthood. 

Research indicates that these deficits may be a consequence of apoptotic neurodegeneration 

within the posterior limbic memory system. This intricate system encompasses specialized 

neuronal populations within interconnected regions including the retrosplenial cortex, 

hippocampal formation, and anterior thalamic nuclei. This study tested the hypothesis that third-

trimester-equivalent ethanol exposure would result in long-lasting alterations in memory 

engrams in these brain regions. To test this hypothesis, Fos2A-iCreER/1(TRAP2) mice crossed 

with ROSA26-CAG-stop-floxtdTomato were injected at postnatal day 7 (P7) with 2 doses (2 hr 

apart) of 2.5 g/kg of ethanol or saline subcutaneously and left undisturbed until adulthood. 

Contextual fear conditioning was performed and 4-hydroxytamoxifen was injected ~2 hr after 

memory retrieval (on day 2 of the behavioral paradigm) to cause translocation of Cre 



recombinase to the nucleus and drive expression of tdTomato in activated neurons. Brains were 

sectioned in the coronal plane with a cryostat and mounted in media containing the nuclear stain, 

DAPI. Images were obtained with an Axioscope slide scanner. The numbers of tdTomato 

positive neurons in the retrosplenial cortex, hippocampal formation, and anterior thalamus were 

quantified using QuPath software using a brightness threshold and density counts. Ethanol 

exposure significantly (p=0.0026) reduced the percent freezing time on day 2 by 23%. The CA1 

and CA3 hippocampal regions exhibited a greater abundance of td-Tomato-positive cells, 

indicating heightened activation of a distinct memory engram in ethanol-exposed animals. 

Conversely, no notable differences were observed in the dentate gyrus, retrosplenial cortex, or 

anterior thalamus. These findings imply that the activation of distinct hippocampal neuronal 

populations is associated with ethanol-induced memory retrieval disruptions. Ongoing studies 

aim to explore whether this increased hippocampal activation contributes to deficits in memory 

retrieval or functions as a compensatory mechanism to address impairments in other nodes of the 

limbic memory network. 
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Abstract: Two of the most popular and legal drugs around the world are caffeine and alcohol. 

Both drugs are easily accessible in America, and this has led to the two drugs being used in 

frequent combination with one another. Large quantities of caffeine can have adverse effects 

alone and drinking alcohol while consuming caffeine can pose additional health concerns. It has 

been theorized that consuming alcohol while also consuming caffeinated beverages may modify 

or "disguise" an individual’s perceived consciousness of intoxication. The probability of 

partaking in various harmful behaviors while inebriated could rise as a consequence of the 

suggested reduction in perceived intoxication, which could have catastrophic repercussions. 

Although each substance has been extensively studied individually, the implications of co-



consumption are still not entirely known. Previous research has resulted in mixed effects, thus 

the combination warrants further investigation. A recent study from our lab suggested dose- 

dependent effects where intermittent access (IA) to consistent levels of low (0.015%) but not 

moderate (0.03%) caffeine increased alcohol consumption in male C57BL/6J mice. In the current 

study, the effects of increasing caffeine concentrations (0.01-0.03% w/v) on a consistent, low 

alcohol concentration (10% v/v) were studied. C57BL/6J mice (n=24; 12 males and 12 females) 

were exposed to the experimental drug bottles intermittently every 24 hours. Fluid consumption 

was recorded daily for four weeks and mice were then individually tested in an open field test 

(OFT) to assess anxiety-like behaviors during withdrawal approximately 6 hours after removal of 

the drug bottles. Similar to previous results, male mice consumed more alcohol overall when it 

was mixed with caffeine compared to male mice exposed to alcohol alone; this pattern was not 

found in female mice, however, as females exposed to 10% alcohol alone consumed relatively 

high amounts of alcohol throughout the entirety of the experiment. The results from the OFT 

revealed no significant difference between experimental groups and no differences between male 

and female mice. These results are consistent with a dose- and sex-dependent nature of caffeine-

mixed alcohol consumption in mice. More research is necessary to determine the psychological 

effects of withdrawal from these drugs. 
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Abstract: Adverse events promote states of stress. Stress models in the early stages of 

development in animal models are widely used in various fields of neuroscience. Maternal 

separation (MS) in rodents is an animal model of early stress, causing neurochemical and 

behavioral alterations in the offspring that persist into adulthood. We used an MS model after 

birth in male Wistar strain rats. The rats used were housed within a regular light cycle (0800 to 

2000). We compare two temporary-term MS model procedures: the short-term was achieved 



during postnatal days 2 to 15 (180 minutes, 1100 to 1400). The long-term was executed during 

postnatal days 2 to 21 (180 minutes, 1100 to 1400). The animals had free access to food and 

water in their house case. At postnatal day 50, we start the alcohol test procedure. During the 

habituation phase, four days before the experiment, the water bottle (500 ml) was removed from 

each cage and replaced with two smaller water bottles (100 ml). Then, animals were exposed to 

an alcohol solution in gradually increasing concentrations. We use four different concentrations, 

corresponding to 2%, 4%, 6%, and 8% v/v. Each of these concentrations was offered for four 

consecutive days, to which the animals had free access. The location placement of the water 

bottles and alcohol in the cage was changed daily in position to avoid place preference, and their 

volumes were weighed every 24 hours. Alcohol concentrations were prepared fresh every day by 

mixing the corresponding ethanol solution with tap water. The amount of alcohol consumed was 

calculated individually for each rat. The amount of consumption is expressed as g/kg. The 

alcohol preference ratio was also determined as alcohol intake versus water intake.Our results 

showed that animals exposed to three weeks of MS showed a lower preference for alcohol 

compared to animals with two weeks of MS. Also, animals treated with MS showed higher 

levels of anxiety compared to controls. This is in concordance with other literature data that also 

report changes related to the time of separation. In terms of neurobiological consequences of MS, 

conclusive data are sparse and one of the future challenges will be identifying and characterizing 

underlying neurobiological mechanisms, especially in the individual animal. 
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Abstract: INTRODUCTION. The mesocorticolimbic dopamine (DA) system plays a key role in 

mediating addictive effects of ethanol (EtOH). This system is comprised of DA neurons in the 

ventral tegmental area (VTA) that project their axons to nucleus accumbens (nAcc) and other 

limbic structures. Although mesocorticolimbic DA system is the main neurochemical substrate 



for regulating the addictive effects of EtOH, other neurotransmitter systems modulate DAergic 

function in nAcc such as acetylcholine (Ach). Ach is released from cholinergic interneurons in 

nAcc and their actions are induced through binding to nicotinic and muscarinic Ach receptors. 

Previously, we reported that intra-accumbal administration of nicotinic Ach receptor agonist 

cytisine increased oral self-administration of EtOH. GABAB receptors in the nAcc are expressed 

in the DAergic nerve endings and play an inhibitory role in the regulation of DA release into the 

nAcc and could modulate the effects of cytisine on oral self-administration of EtOH. The present 

study was designed to assess the effects of intra-accumbal administration of the GABAB 

receptor agonist baclofen (BCF) on the effects of cytisine on oral self-administration of EtOH. 

METHOD. Male Wistar rats were used. Rats were water deprived for 23.30 h, and then trained a 

lever-press for water reinforcement on a FR1 schedule by 3 days. Then, rats were trained to 

lever-press for EtOH (0.01 ml of EtOH in water at 12%) on a FR1 schedule by 3 days. After this 

training, the reinforcement contingency was changed to FR3 for EtOH access until response rate 

remained stable at 80%. After this behavioral training, rats received intra-accumbal injection of 

BCF (0.01, 0.02, 0.04 μg) or cytisine (0.8, 1.6, 3.2 μg) or the combination of BCF (0.04 μg) + 

cytisine (0.8, 1.6, 3.2 μg). Each dose per session test, cannulae were implanted at nAcc shell (AP 

+2.0 mm of Bregma, ML ± 0.8 mm, DV -4.5 mm). RESULTS. The data showed that intra-

accumbal injections of cytisine increased oral self-administration of EtOH, while BCF reduced 

the oral self-administration of EtOH. The effects of cytisine was reduced by BCF administration 

These findings suggest that GABAB receptor agonist modulate the increase of oral self-

administration of EtOH produced by cytisine. 
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Abstract: During the last years, multiple clinical and epidemiological studies have revealed that 

the presence of chronic pain is closely related to Alcohol Use Disorder (AUD). However, there is 

only a limited number of preclinical studies approaching this problematic and therefore the 

specific effect of pain on AUD remains not fully discern. In this study we aimed to deeply 

explore wether the development of an inflammatory pain condition induced by the intraplantar 

injection of the Complete Freud Adjuvant (CFA) could impact alcohol self-administration (ASA) 

in animals with a previous history of alcohol exposure. For that, after being exposed to alcohol in 

their homecages using the drinking in the dark protocol during 2 weeks, male and female rats 

were trained to self-administer 20% alcohol in a FR3 schedule of reinforcement. Once ASA was 

stable across days, rats were injected with CFA or saline into their hind-paws. Then, they were 

subjected to a dose-response test, consited of 3 consecutive sessions for each of the alcohol doses 

(20%, 30% and 50%), presented in a randomly assigned, ascending or descending manner. Our 

results show that only CFA treated females increased their total alcohol intake at the higher dose 

of 50% alcohol. However, in males, there was not an effect of inflammtory pain on alcohol 

intake levels. These findings may contribute to the better understanding of the intersection 

between pain, AUD and the potential sex differences, and to the development of more 

individualized treatments for chronic pain patients with a history of alcohol abuse. 
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Abstract: How does binge drinking alcohol change synaptic function, and do these changes 

maintain binge consumption? The anterior insular cortex (AIC) and dorsolateral striatum (DLS) 

are brain regions implicated in alcohol use disorder. In male, but not female mice, we found that 

binge drinking alcohol produced glutamatergic synaptic adaptations selective to AIC inputs 



within the DLS. Photoexciting AIC --> DLS circuitry in male mice during binge drinking 

decreased alcohol, but not water consumption and altered alcohol drinking mechanics. Further, 

drinking mechanics alone from drinking session data predicted alcohol-related circuit changes. 

AIC --> DLS manipulation did not alter operant, valence, or anxiety-related behaviors. These 

findings suggest that alcohol-mediated changes at AIC inputs govern behavioral sequences that 

maintain binge drinking and may serve as a circuit-based biomarker for the development of 

alcohol use disorder. 
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Abstract: Alcohol use disorder has been linked to sustained cognitive dysfunction. Increasing 

evidence suggests prolonged alcohol consumption impairs adaptive behavioral control over 

alcohol-seeking behavior. Prior studies have shown that chronic alcohol exposure induces 

aberrant plasticity in the dorsomedial striatum (DMS), a critical structure involved in flexible 

behavior. However, the degree to which chronic alcohol exposure has long-term impacts on 

flexible decision processes and underlying neuronal dynamics in the DMS remains unclear. We 

hypothesized that chronic alcohol exposure reduces animals’ ability to adapt their behavior in 

non-stationary environments and evoke aberrant representations of choice and outcome in the 

DMS. To test this hypothesis, 17 male Long Evans rats were trained to perform a dynamic 

probabilistic reversal learning task with binary choices that contained blocks with varying reward 

(10% sucrose water) probability schedules. Rats were either exposed to ethanol vapor in a 

chronic intermittent (CIE, n=8) schedule over 4 weeks to mimic human alcohol dependence level 

(>150mg/dl of blodd) or air (n=9, control) in the same condition. After 10 weeks withdrawal, we 



collected behavioral data and recorded DMS neural spikes. We found that CIE rats showed a 

slower reversal speed (λ = 0.21) than the air controls (λ = 0.4) when the reward probabilities 

transitioned from a relatively low uncertainty setting to a relatively high one (p = 0.012). CIE 

rats also exhibited other behavioral differences to controls across multiple domains. Support 

vector machine traied with a multi-dimensional behavior dataset pooled from above domains 

achieved ~67% accuracy on predicting 2 group memberships, and ~43% on predicting 17 

individual identities. To reveal how CIE alters the computations underlying choice behavior, we 

fit reinforcement learning models on trial-basis behavioral data and found that CIE enhanced the 

learning rate on the rewarded outcome. To understand how alcohol alters the encoding of choices 

and outcomes in the DMS, we fit a multivariate regression model on striatal spikes as a function 

of the history of choices and outcomes. We found that the representation of the current trial 

outcome was stronger, whereas the representation of the choice-outcome interaction was weaker, 

in CIE rats than in air controls. These results indicate that CIE alters goal-directed decision 

processes in the DMS, thus leading to a loss of adaptive control of action selection. Together 

these findings unveil the behavioral and neural processes that underpin the detrimental effects of 

chronic alcohol use on cognitive functions. 
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Abstract: During withdrawal, many individuals with Alcohol Use Disorders (AUD) report 

having strong cravings for sweet products. Research has revealed that individuals with high 

cravings for sweeter products take ten times longer to attain abstinence and have higher relapse 

rates than those who do not have high sweet cravings. Furthermore, research has indicated that 

sugar intake alone can induce changes that are similarly produced by drugs of abuse and AUD. 

Animal studies using alcohol preferring (P) rat models have observed functional changes which 

occur in the reward pathways (mesocorticolimbic and nigrostriatal pathways) of the brain when 

sugar is consumed; these studies have further indicated that sugar can have a similar effect on the 

reward pathways as alcohol intake. The current project aims to use an incentive contrast 



paradigm to explore response sensitivity to shifts in time access intervals for both sugar and 

ethanol concentrations. Preliminary results suggest that P rats can discriminate between time 

changes for sucrose; demonstrated behaviorally by changing their responses in nose poke rates, 

licking rates, and consumption depending on the time access. However, this did not translate to 

ethanol, instead P rats had a generalization effect between the time access trials. Preliminary 

results also imply that P rats show trends for positive contrast but not negative contrast for 

sucrose and the opposite for ethanol. The current project also aims to compare neuroanatomy of 

the striatum (putamen and caudate) and the nucleus accumbens (NAc) between P rats and Wistar 

strain by comparing dopaminergic fibers (tyrosine hydroxylase stain), and total cell counts 

(nissl). This research could provide insight to the connection to high sugar diets, sugar 

addictions, and AUD. 
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Abstract: According to the CDC, 29.5 million Americans had a diagnosis of alcohol use 

disorder (AUD) in 2021. Shared reward pathways in the brain unveil the potential for the 

development of dependence on a variety of substances, including commonly recognized drugs of 

abuse and, more insidiously, sugar. Sugar overconsumption has been associated with 

compulsivity and impulsivity repetitive behaviors which are predictors of later substance abuse. 

Furthermore, previous research has shown that rats can develop symptoms mirroring addiction 

such as binging, craving, tolerance, and withdrawal in response to sugar alone. Motivation 

research has indicated that impaired reward relativity is a key component of vulnerability to 

addiction. The ability of an animal to discriminate between differing levels of rewards for the 

amount of work exerted to receive that reward may predict later addictive behavior to a variety 

of substances. This study examined the appetitive and consummatory behavior of female Wistar 

rats in self-administration tasks of sucrose and ethanol solutions. The rats had ad-libitum access 

to food and water and relative reward effects were evaluated by using trials that differed in time 

of access to the reward (20s vs 10s vs 5s). Data of volume consumed, nosepoke latencies, lick 



rate, and lick latencies were reviewed. These were then analyzed to examine incentive contrast 

effects and to determine if previous behavior in response to sucrose had predictive potential of 

later response to alcohol. Preliminary results show increased consumption of sucrose in 

comparison to ethanol and indicate that Wistar rats discriminate between trial types for both 

sucrose and ethanol. The rats also showed predictable incentive contrast responses to trials 

involving sucrose. Notably, they displayed faster nosepoke latencies during positive contrast 

ethanol trials while maintaining similar lick latencies and consumption volume, suggesting more 

sensitivity during the appetitive than consummatory phase. Overall, the Wistars showed more 

sensitivity for sucrose compared to ethanol, as they drank less ethanol and showed lower levels 

of incentive contrast. The incentive contrast paradigm used in the current study allows a closer 

examination of the motivational processes shared by alcohol and sugar that could result in 

addiction. Using natural reward sensitivity to predict future addiction could aid significantly in 

preventing and treating substance use disorders. 
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Abstract: Exposure to marketing media for legal substances has a significant impact on 

subsequent substance use, with under-age youth especially susceptible to influence. Guidelines 

for regulating cannabis advertising are needed to protect underage youth in states where cannabis 

is legal. Identifying key features appealing to youth is an important step in specifying guidelines. 

The Content Appealing to Youth (CAY) index, developed for alcohol and tobacco 

advertisements (Padon et al. 2017, 2018), indicated key advertising features that are appealing to 

youth. We sought to modify the CAY index for cannabis ads using both behavioral and neural 

responses using fMRI, with an overall aim to inform policy guidelines for cannabis marketing. 

After modifying the CAY index using online surveys and focus groups, we presented cannabis 

ads (mostly social media posts) to youth and adults (range: 16-36 years old) during fMRI 

scanning. We identified non-cannabis control ads that matched cannabis ads for appearance. 



After each ad presentation (20 s), participants rated how much they liked it. Eleven of 37 

participants scanned used cannabis regularly. We first compared brain responses to cannabis and 

control ads to determine brain activation specific to cannabis content. Then, we compared 

responses to ads with low and high CAY content across age. We focused a priori on the ventral 

striatum and amygdala, given the role of these regions in reward processing, but exploratory 

whole-brain analyses were also conducted. We found that cannabis ads elicited greater activation 

in the amygdala and ventral striatum than control ads. This activation significantly correlated 

with participants’ ad liking. Whole brain analyses showed greater activation in the precuneus for 

cannabis vs. control ads (Z>3.1, P<0.05). We observed an interaction of age and CAY on both ad 

liking and ventral striatum and amygdala responses to cannabis ads, such that youth showed 

greater ad liking and greater brain activation in these areas for high vs. low CAY ads, and adult 

responses to the two CAY levels were indistinguishable (both in liking ratings and brain 

activation). No effects of regular cannabis use were found in any analyses. These preliminary 

results indicate that the cannabis-sensitive CAY Index is validated by behavioral and brain 

experiments. They also indicate an important role for brain regions that underlie appetitive 

responses to drug cues in evaluating ad content. With respect to implications for policy, our 

results suggest that advertisements with features that are low on the CAY index will be effective 

for adults but potentially less so for youth. Guidelines may suggest to avoid high CAY content in 

ads. 
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Abstract: With changing state-level legislation and more drug availability than ever, data from 

the National Survey on Drug Use and Health revealed that approximately 2.1 million Americans 

aged 12-25 reported initiating use of cannabis in 2022 (NSDUH, 2020). Importantly, the 

initiation of use during adolescence and young adulthood is of particular importance due to a 

heightened vulnerability of the developing nervous system (Mooney-Leber & Gould, 2018). It is 

widely known that cannabis use can increase appetite. This change in hunger state appears to be 

mediated via endocannabinoid activity in the hypothalamus (Pagotto et al., 2006), but the nature 

of appetite and reward signaling in this region is complex with various overlapping 



neurobiological pathways. Thus, assessing the effects of cannabinoid exposure on known hunger 

peptides, including Neuropeptide Y (NPY), may elicit an increased understanding of the 

hypothalamic circuitry. However, studies of cannabinoid exposure in adolescent rats in our 

laboratory have consistently revealed a reduction in body weight and food intake following 

administration, thus necessitating a nutritional control (Biscaia et al., 2003; unpublished data). 

Therefore, adolescent rats were randomly assigned to one of three conditions; drug+supplement, 

yoked+supplement, and weight-control. The supplement groups were allowed access to Vanilla 

Ensure throughout the injection period (CP-55,940 or vehicle; i.p.) from post-natal day (PND) 

35-49. Following a battery of behavioral tests, animals were injected with sodium pentobarbital 

then transcardially perfused. Brains were extracted, post-fixed for 24 hours, then stored in PBS 

until processing. A vibrating microtome (Leica VT1000S) was used to coronally slice the whole 

brain into 40-micron sections. A 1:8 tissue series was utilized to examine the expression of NPY 

in the paraventricular nucleus of the hypothalamus following standard immunohistochemistry 

protocols with a 3% normal goat serum and rabbit anti-NPY primary antibody (BMA 

Biomedicals). NPY expression in the paraventricular nucleus was quantified via densitometric 

analysis of representative photomicrographs obtained using a BX-43 microscope (Olympus) and 

associated Q-Capture software (n = 9-10/group). Pixel density was determined using 

thresholding analysis within the Image J software package (NIH). One-way ANOVA failed to 

reveal any significant differences in NPY expression levels between groups, indicating a need for 

further investigation into the complicated mechanisms underlying the relationship between 

hunger and cannabinoid reward pathways within the hypothalamus. 
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Abstract: Worldwide drug consumption is estimated at 275 million people, of whom 31 million 

suffer from a substance use disorder (SUD), the most used drug is marijuana with 192 million 

users (UNODC, 2018). Diverse long-life experiences have been linked to the use of substance of 

abuse, including neglectful care, physical or sexual abuse, social interactions, and absence of 

religiosity or mysticism (Beck et al., 1973; Dermota et al., 2013). In this observational 

descriptive study pretend to describe whether parenting style, adaptive capacity, emotion 

identification, loneliness, and religiosity influence developing SUD. A total of 118 participants 

were evaluated (76 males, 42 females) between 18 to 54 years old. They were recruited through 

social networks. All participants signed an informed consent letter and responded register format, 

marijuana consumption questionnaire, parental bonding instrument (Parker, Tupling y Brown, 

1979), theory of mind inventory (Hutchins et al., 2010), attitudes towards religiosity (Tinoco-

Amador, 2006), substance use stigma mechanisms scale (Laramie, 2016), loneliness scale 

(Russell et al., 1980) and resilience scale (Gómez Valdez, 2010). The results reveled that 91% of 

the participants have consumed any substance of abuse, at least once in their lives. 61% of them 

having used marijuana. Age onset for marijuana consumption was 16 years. Positive social 

relationships are believed to promote physical and mental well-being and prevent substance 

abuse, while negative interactions may contribute to SUD. 
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Abstract: The increasing prevalence of cannabis use in the United States highlights the need for 

a deeper understanding of its effects. This study explores the hypothesis that cannabis exerts its 

influence on prefrontal cortex (PFC) activity by modulating the function of parvalbumin positive 

(PV+) neurons through its impact on perineuronal nets (PNNs).PNNs have been recognized as 

key regulators of neuronal excitability and intrinsic properties on PV+ neurons. Prior studies 

have shown that intraperitoneal administration of THC resulted in reduced PNNs associated with 

PV+ interneurons in male periadolescent rats. However, the influence of sex on PNNs and 



cannabis use remains unclear. Work from our group has shown female rats consistently self-

administer more cannabis vapor than male rats regardless of age and strain suggesting that sex 

and sex hormones may be playing a role in cannabis self-administration (CAN-SA). Estradiol 

and testosterone, key sex hormones, have been implicated in PNN regulation. However, no study 

has investigated the combined effects of sex hormones and cannabis use on PNN regulation. To 

address this gap, male and female Sprague Dawley rats (PND 60)underwent castration 

(gonadectomy in males, GDX; and ovariectomy in females, OVX)with or without hormone 

replacement (GDX+ or OVX+), or sham surgery, and were trained to self-administer whole plant 

cannabis vapor. Following CAN-SA, rats were euthanized and analyzed using 

immunohistochemistry for PV and Wisteria floribunda agglutinin, a commonly used PNN 

marker. Consistent with prior findings, females exhibited higher CAN-SA than males 

(p<0.0001). Preliminary results indicate that, regarding PNNs, CAN-SA increased WFA 

intensity in WFA+PV+ neurons within the prelimbic prefrontal cortex in females across all 

groups (Sham: VEH: 100.0±1.4, CAN:117.2±7.5; OVX: VEH: 84.3±1.5, CAN: 94.6±6.5; 

OVX+: VEH: 100.3±2.5, CAN:112.6±3.3; p<0.01) and ovariectomy resulted in a reduction in 

WFA intensity, which was rescued with estradiol (p<0.01). In the infralimbic prefrontal cortex, 

ovariectomy led to a decrease in WFA intensity in WFA+PV+ neurons that estradiol did not 

reverse. Ongoing experiments in males and females will further elucidate the role of sex and 

hormones in modulating PNNs. These findings currently indicate that cannabis exposure 

modulates PNNs differentially within the prefrontal cortex. Further investigations are necessary 

to unravel the functional significance of PNN plasticity in neuronal function and its implications 

for cannabis-seeking behaviors. 
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Abstract: Palmitoylethanolamide (PEA) is an endogenous fatty acid amide, belonging to a class 

of lipid signaling molecules, the N-acylethanolamines (NAEs) that includes the endogenous 

cannabinoid anandamide (AEA). There are numerous preclinical studies showing PEA is an 

effective analgesic, anti-inflammatory agent and anticonvulsant in different rodent models. The 

actual mechanism of action for PEA, i.e. molecular targets, and neural circuits, is unknown. PEA 

is a promiscuous molecule that impacts multiple signaling pathways. It is thought to have an 

“entourage effect ”, enhancing the levels of AEA by indirectly competing with FAAH the 

primary enzyme for degrading both NAEs. Functional magnetic resonance imaging in awake 

animals provides a mean of evaluating the effect of exogenous PEA on global brain activity. 

Specifically, pharmacological MRI (phMRI) provides a view of the integrated neural circuits that 

respond in a dose-dependent manner to a test compound. When combined with resting state 

functional connectivity (rsFC) the key nodes and connections in these circuits can be identified. 

The present studies were undertaken to characterize or “fingerprint” the functional activity of 

exogenous PEA on brain activity in awake rats using BOLD imaging. Given the reported 

behavioral effects of PEA, we hypothesized it would interact with neural circuitry associated 

with pain, e.g., parabrachial n. periaqueductal gray, ventral posterolateral thalamus as identified 

in other awake imaging studies on rodents and the anterior thalamus and other key node 

associated with the genesis of clonic-tonic seizures . PEA affected all of these sites, but to our 

surprise the drug showed a negative BOLD, inverse dose response with the lowest dose (1mg/kg) 

response having the greatest increase on negative BOLD changes across much of the brain. This 

response is interpreted as a decrease in brain activity. 
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Abstract: The increasing legal status of cannabis and the high comorbidity between cannabis 

use disorder and post-traumatic stress disorder (PTSD) creates a need to understand how stress 

and cannabis interact in the brain. Although the use of cannabis has been suggested to self-

medicate PTSD, the literature is mixed on whether cannabis improves or aggravates PTSD 

symptoms. Using acute restraint stress combined with a rat cannabis self-administration 

paradigm, I recently found that cannabis use promotes two primary PTSD-like symptoms, 

avoidance coping behaviors and the generalization of stress-coping responses to a neutral 

stimulus not previously associated with stress exposure. These changes were accompanied by a 

reduction in spine density in the nucleus accumbency core (NAcore) and a further decrease in 

spine head diameter after exposure to the stress-conditioned stimulus (stress-CS). Here we 

sought to determine whether stress and cannabis exposure also affects matrix metalloproteinases 

(MMPs), and the perisynaptic astroglial processes. For this purpose, male rats were restraint 

stressed for 2h and simultaneously exposed to an odor that became the stress-CS. Control rats 

were exposed to the same odor in the home cage. Three weeks after acute stress, rats self-

administered cannabinoids (delta9-tetrahydrocannabinol+cannabidiol; THC+CBD) or vehicle for 

10 days, and the stressed rats consumed more THC+CBD than sham rats. After 10 days of 

extinction, we evaluated the effect of the stress-CS on MMP-2,9 activity, astrocyte morphology, 

and coping strategies in a defensive burying task (DBT). To this end, rats were microinjected 

with FITC-quenched gelatin into the NAcore immediately before 15 min of DBT. In THC+CBD-

trained rats, the stress-CS prevented active coping (burying) while increasing avoidant coping 

(immobility-burying ratio and self-grooming). Moreover, the stress-CS increased MMP-2,9 

activity only in THC+CBD-trained rats, and this increase is correlated with avoidant coping 

strategies. Furthermore, withdrawal from THC+CBD decreased the astroglia-synapse proximity, 

and reduced the re-association of astrocytes to the synapse during exposure to stress-CS. 

Additionally, the synaptic proximity by astroglia is positively correlated with the active coping, 

suggesting that THC+CBD potentially exacerbates stress responses by reducing the astrocyte 

coverage. These findings will help to identify new targets for regulating PTSD and CUD 

comorbidity. 
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Abstract: The roles of the CB1 receptor (CB1R) in cannabinoid effects and the µ opioid 

receptor (MOR) in opioid effects are well characterized. However, there is growing research 

interest into the functional interactions between these two receptors, particularly at the cellular 

level. One hypothesis is that there is a direct interaction between CB1R and MOR, possibly 

through receptor heterodimers, that affects behavioral and pharmacological responses to 

cannabinoids and opioids. Although numerous studies support this hypothesis, many others do 

not. The current study aims to address this discrepancy using conditional CB1R- or MOR-

knockout mice. A central hypothesis is that if a direct interaction occurs at receptor level, both 

receptors should be colocalized on the same GABA or glutamate neurons and selective deletion 

of one receptor should alter or attenuate pharmacological responses to another. To test this 

hypothesis, we first examined whether selective deletion of MOR or CB1R from GABA or 

glutamate neurons alters the classical pharmacological effects of Δ9-THC (a major psychoactive 

component in cannabis) or oxycodone (a potent synthetic opioid). We found that conditional 

MOR deletion from either GABA neurons or glutamate neurons failed to alter Δ9-THC-induced 

tetrad (analgesia, hypothermia, catalepsy, and immobility) effects, and conditional CB1R 

deletion from GABA neurons also failed to alter oxycodone-induced analgesia and hypothermia. 

These findings do not support the cannabinoid-opioid interaction hypothesis. Using RNAscope 

in situ hybridization, we found that the majority of cells in the paraventricular area of the 

thalamus (PVT) are VgluT2-positive glutamate neurons and that CB1R and MOR colocalize in 

~30% of all PVT cells. In the nucleus accumbens (NAc) and substantia nigra pars reticulata 

(SNr), where the majority of neurons are GABAergic, CB1R-MOR colocalization was observed 

in <10% of all cells. Because we found that most CB1R and MOR mRNAs are expressed in 

different populations of neurons in the PVT, NAc and SNr, our receptor imaging data also failed 

to provide solid evidence supporting the CB1R-MOR interaction hypothesis. 
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Abstract: Cannabinoid signaling plays a crucial role in the regulation of diverse neurological 

processes. However, the complex interactions between exogenous and endogenous cannabinoids 

in the human body remain unclear. The endogenous endocannabinoid system (ECS) modulates a 

broad spectrum of neurological functions, including pain perception, appetite, mood, memory, 

motor function, and inflammatory responses. Moreover, dysregulation of the ECS has been 

implicated in the pathogenesis of many disorders such as chronic pain, inflammatory disease, 

neurological disorders, and cancer. Exogenous phytocannabinoids are a diverse group of 

bioactive compounds found in Cannabis sativa that have been shown to act as exogenous ligands 

for the ECS, exerting diverse physiological effects on ECS-regulated pathways. As a result, there 

is significant interest in exploring the potential therapeutic applications of these compounds for 

ECS-modulated ailments. However, quantifying cannabinoids and their metabolites present 

unique challenges due to their low abundance and structural variability. A novel targeted UPLC-

MS/MS method based metabolomic panel was developed to investigate the potential relationship 

between cannabis use and endocannabinoid levels in plasma samples from consenting young 

adults (age 18-25) diagnosed with cannabis use disorder (CUD) based on DSM-5 criteria. Our 

analysis measured up to eleven endocannabinoids, fifteen phytocannabinoids, and their 

associated metabolites. Statistically significant differences were observed between the CUD 

samples and the control group. As expected, tetrahydrocannabinols including delta 9-THC, delta 

8-THC, and CBN, as well as human metabolites 11-COOH-THC and 11-OH-THC, were 

significantly elevated in the CUD group compared to the control group. Conversely, multiple 

neurotransmitter-conjugated acyl amide endocannabinoid metabolites were significantly reduced 

in individuals with CUD. Interestingly, these acyl amides are synthesized by the enzyme fatty 

acid amide hydrolase (FAAH), which previous studies have shown to be differentially expressed 

in young adult cannabis users. Therefore, the use of our cannabinoid targeted metabolomics 

panel reveals for the first time an indirect correlation between plasma levels of phytocannabinoid 

metabolites and neurotransmitter-conjugated acyl amide endocannabinoids in individuals with 

CUD. Moreover, our study supports the use of targeted metabolomics in providing novel insight 

involving phyto- and endocannabinoid signaling. 
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Abstract: Cannabis use has increased dramatically over the last decades. Yet, the impacts of 

prenatal cannabis exposure (PCE) on infant brain development are not well characterized. To 

address this gap, we followed cannabis-using and non-using pregnant women prospectively, 

from their second trimester to 9 months postpartum. All were tested periodically for alcohol, 

tobacco, and illicit drugs. Cannabis use was tracked via weekly survey during the second and 

third trimesters. Potency and quantity information were used to calculate mean THC dose (mg). 

Postnatal behavioral and brain imaging assessments were conducted when the infants were 

between 6-9 months of age (PCE; n=21, M=8.1, SD=2.1, Control; n=25, M=7.9, SD=1.7). Infant 

temperament was assessed using the Infant Behavior Questionnaire-Revised (IBQ-R). MRI was 

performed under natural sleep with COVID safety protocols. An olfactometer presented 

phenylethyl alcohol, a rose-like pure odorant. Two block design runs were collected with four 

nine-second odor trials separated by an inter-trial interval (ITI) of 18 s. Quiet BOLD fMRI scans 

were obtained on a 3T Philips Elition X with a 32-channel head coil (TR/TE=1500/30ms, 2.5 

mm3 isotropic, MB=3, SENSE factor=2, 72 dynamics). Data analyses were performed using 

FSL. Preprocessing included motion correction, brain extraction, band pass filtering, detrending, 

distortion correction, and registration. A basis function with a hemodynamic response optimized 

for infants was entered into the GLM. FLAME was used for the correlation contrast and 

thresholded at z > 2.3, corrected. Independent samples t-tests on the IBQ-R factor scores 

revealed elevated Surgency (p<.05) in PCE compared to CON infants, but no differences in 

Negative Affect or Regulation scores. Secondary linear regression analysis between daily THC 

and surgency was not significant. However, in male infants, greater THC dose was associated 

with elevated surgency (r= .653, p<.05). In addition, we analyzed the relationship between brain 

activation and surgency. 27 infants, (14 PCE, 13 control) provided valid fMRI data. Higher 

levels of surgency were associated with lower levels of activation in the anterior insular cortex 

and right amygdala. Our results provide preliminary insight into potential sex-related 

relationships between THC exposure during pregnancy and infant temperament. Further 

longitudinal research with a larger group of infants is necessary to confirm these findings. 
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Abstract: Approximately 10-30% of lifetime cannabis users meet criteria for Cannabis User 

Disorder (CUD). Despite the growing need for CUD therapeutics, FDA-approved 

pharmacological treatments remain to be developed. The endogenous cannabinoid 

(endocannabinoid) system has been proposed as a primary target for CUD treatment 

development, somewhat similar to agonist replacement therapies for nicotine or opioid 

dependence. The endocannabinoid anandamide (AEA) binds to and activates cannabinoid 

receptors CB1 and CB2, and is primarily hydrolyzed by the enzyme fatty acid amide hydrolase 

(FAAH). Published data indicate that URB597, an irreversible FAAH inhibitor, is effective in 

blocking somatic cannabinoid withdrawal signs in rodents presumably through increased AEA 

signaling along with other minor endocannabinoids that serve as FAAH substrates. However, the 

efficacy of FAAH inhibition to normalize changes in emotionality and motivation during 

cannabinoid withdrawal, which humans often report, remains unknown. Therefore, we tested the 

efficacy of the FAAH inhibitor URB597 in normalizing disruptions in digging behavior via the 

marble burying test and sucrose preference of rats during withdrawal from the potent synthetic 

cannabinoid agonist CP-55,940. Adult male and female Long-Evans rats (postnatal day 150) 

were trained to consume sucrose water (3% wt/vol) in daily two-bottle choice testing for one 

week. Then, CP-55,940 (0.4 mg/kg, s.c.) or vehicle (1:1:18; ethanol:Kolliphor:saline) was 

administered twice daily for 5 days while two-bottle choice testing continued. On Day 6, rats 

were pretreated with URB597 (5.0 mg/kg, i.p.) or its vehicle (1:2:7; DMSO:Tween80:saline). 

One hour later, all rats received the CB1 antagonist/inverse agonist rimonabant (1 mg/kg, i.p.) to 

precipitate withdrawal. Testing began 30 min after rimonabant injection. Following rimonabant 

administration, CP-55,940-treated rats showed significant reductions in sucrose consumption and 

sucrose preference. While CP-55,940 treatment did not affect digging behavior as has been 

previously reported, CP-treated rats displayed diminished locomotor habituation during marble 

burying testing. Notably, pretreatment with the FAAH inhibitor URB597 did not normalize these 

withdrawal-induced disruptions in behavior. These data indicate possible low utility of FAAH 

inhibition for normalizing changes in emotionality and motivation during cannabinoid 

withdrawal. Furthermore, this study underscores the importance of modeling anxiety-like and 

depressive-like behaviors when assessing candidate CUD therapeutics. 

Disclosures:  B. Mulholland: None. J. Blanchette: None. D.M. Hayes: None. M.L. eckard: 

None. 

Poster 

PSTR046. Cannabinoids: Behavioral and Neural Mechanisms and Addiction 

Location: WCC Halls A-C 



Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR046.11/OO9 

Topic: G.09. Drugs of Abuse and Addiction 

Support: DA000633 

1FI2GM138065-01 

Title: Brain CB2 receptor is a new therapeutic target for treating opioid use disorders: 

Supporting evidence from a new CB2-KO-eGFP reporter mouse line 

Authors: *O. SOLER-CEDENO1,2, H.-Y. ZHANG3, G.-H. BI1, H. ALTON1, E. XIONG1, P. 

BHATTACHARJEE4, Q.-R. LIU5, M. R. IYER4, Z.-X. XI1;  
1Natl. Inst. on Drug Abuse, Baltimore, MD; 2Natl. Inst. of Gen. Med. Sci., Bethesda, MD; 3Natl. 

Inst. on Mental Hlth., Bethesda, MD; 4Natl. Inst. on Alcohol Abuse and Alcoholism, Bethesda, 

MD; 5NIA/NIH, Natl. Inst. on Aging, Baltimore, MD 

Abstract: We previously reported that CB2 receptor (CB2R) agonists effectively reduce 

cocaine, nicotine, and methamphetamine self-administration. However, little is known whether 

they are also effective in reducing opioid self-administration and reinstatement of drug-seeking 

behavior. In addition, brain CB2Rs are thought to be mainly expressed in microglia. However, 

direct evidence demonstrating CB2R expression in microglia is still limited, and growing 

evidence indicates neuronal CB2R expression in rats and mice. We generated a new CB2-KO-

GFP reporter mouse line in which the GFP gene sequence replaced the endogenous CB2R-

coding region. Next, we used a GFP antibody and immunohistochemistry to examine CB2R-

driven GFP expression in the mouse brain. Lastly, we tested the effects of MRI-2594 (a novel 

CB2R agonist) on heroin self-administration and reinstatement of drug-seeking behavior in rats 

and mice. In this new mouse line, we detected a high-density CB2R-GFP signal in midbrain 

dopamine (DA) neurons and cortical and subcortical glutamate neurons, whereas a weak CB2R-

GFP signal was detected in microglia, indicating CB2R expression in both neurons and 

microglia, but much higher in neurons. Notably, CB2-KO-GFP mice showed higher basal levels 

of locomotion than their wildtype littermates. Systemic administration of MRI-2594 dose-

dependently inhibited heroin self-administration and heroin-triggered reinstatement of drug-

seeking behavior in rats and wildtype mice, but not in CB2-KO-GFP mice. In addition, MRI-

2594 dose-dependently inhibited intracranial self-stimulation (ICSS) maintained by optical 

stimulation of midbrain DA neurons in DAT-Cre mice, but it did not alter oxycodone-induced 

analgesia, as assessed by hot-plate test. Together, these findings suggest that CB2Rs are highly 

expressed in midbrain DA neurons, and that activation of CB2Rs by MRI-2594 inhibits DA-

dependent optical ICSS and heroin self-administration. Therefore, MRI-2594 deserves further 

research as a new pharmacotherapy for opioid use disorders. 
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Abstract: Drug dependence develops faster in women versus men for cannabinoids and other 

drugs, which suggests that sex plays an important role in this process. Here we empirically 

characterized self-administration, withdrawal, and reinstatement of seeking for a synthetic 

cannabinoid, WIN55,212-2 (WIN), in adult male and female rats. Following jugular 

catheterization surgery, rats were trained to press a lever to obtain an infusion of WIN or vehicle. 

Female rats were given access to 6.25 µg/kg in 100 µl volume infusions over a 2-hour period 

while male rats were given access to 12.5 µg/kg WIN. Correct lever responses were paired with 

a light and tone cue, while incorrect responses had no consequences. Following self-

administration, withdrawal was allowed to occur spontaneously over four days. One week after 

the final self-administration session, extinction training began wherein active lever pressing was 

extinguished by removing drug access and cue delivery. Finally, reinstatement of drug seeking 

was assessed using cue-, drug-, and yohimbine stress-primed reinstatement with extinction 

sessions alternating between each test day. Both male and female rats responding for WIN 

demonstrated discrimination for the active over the inactive lever [Males F(5, 57)=5.726, 

p<0.05; Females F(2,24)=68.56]. Females pressed the active lever at about the same rate as 

males despite earning only half the dose. Females responding for WIN showed greater lever 

discrimination than control rats responding for vehicle [F(1,16)=5.417, p<0.05], however male 

rats failed to show this same separation. Withdrawal from WIN administration was evident in 

both males and females, albeit slightly higher and more prolonged in male rats. Initial extinction 

of lever pressing was identical in female and male rats. Following reinstatements, females given 

access to WIN took longer to re-extinguish lever pressing. WIN self-administering female rats 

pressed the active lever more than saline self-administering controls in all three types of 

reinstatement. In males, lever pressing was higher following cue and drug primed reinstatement 

but not following stress primed. These results suggest that sex may play a role in self-

administration of cannabinoids as females acquired lever pressing and were slower to extinguish 

behavior despite being given access to only half the dose of the males. To further investigate this 

effect, we are comparing these results to ongoing studies in which male and female rats are given 

access to two identical escalating doses of WIN during acquisition of self-administration. 
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Title: Cannabinoid type 2 receptor neuro-immune crosstalk following microglia and 
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Abstract: CB2 cannabinoid receptor (CB2R) is a component of the endocannabinoidome 

(eCBome) - an expanded endocannabinoid system (ECS) that plays a role in neuroinflammation. 

This collaborative research using multidisciplinary approaches from different laboratories 

utilized a battery of in-vivo behavioral tests including traumatic brain injury (TBI) models of 

CNS function, and in-vitro assays of immunoblotting, gene expression profiling, 

immunohistochemistry and IPSCs, to determine the neuro-immuno-modulatory effects of 

CB2Rs. CB2R conditional knockout (cKO) mice with deletion of CB2Rs from dopamine 

neurons, DAT-Cnr2 and those with deletion from microglia Cx3cr1-Cnr2 displayed differential 

phenotypes. DAT-Cnr2 cKO mice displayed hyper-psychomotor responses and were insensitive 

to the rewarding effects of alcohol but not to cocaine, whereas Cx3cr1-Cnr2 cKO mice failed to 

display hyperactivity but were sensitive to the rewarding effects of alcohol and 

psychostimulants, and exhibited increased weight gain compared to the DAT-Cnr2 and wild type 

(WT) controls. The behavioral effects of cannabidiol a non-psychoactive cannabinoid was 

evaluated in the cKO, WT and the social interaction tests in BTBR mice model of idiopathic 

autism that was enhanced in the BTBR mice that are otherwise socially deficient. We report that 

1). Neuroinflammation pathways of PI3K/AKT/mTOR, MAP/ERK and NF-kβ were 

differentially affected by the cell-type specific deletion of CB2R in cerebral cortexes of the cKO 

and WT mice. 2). CB2Rs in dopamine neurons and microglia upregulated the expression of 

NLRP3 inflammasone pathway including NLRP3, cleaved-caspase 1, and mature form of 

interleukin II1β in striatal region compared with the WT controls. 3). Microglia activation using 



markers for M1 and M2 states were higher in microglia CB2R cKO mice after 

lipopolysaccharide (LPS-0-48 hrs) exposure. 4). There was increased expression of 

proinflammatory cytokines TNF-α, IL-6, IL-1α, and IL-1β in the frontal cortexes of the cKO 

mice following subacute treatment with 8% alcohol compared to the vehicle treated mice. In 

summary, we demonstrate that selective deletion of CB2Rs from either dopamine neurons or 

microglia differentially modifies behavioral effects with biased inflammation signaling 

pathways. Thus, the CB2 cannabinoid receptor neuroimmune crosstalk could be exploited as 

therapeutic targets in CNS disorders associated with neuroinflammation. 
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Abstract: We have previously shown that selective inhibitors of enzymes responsible for 

endocannabinoid degradation have bidirectional effects on locomotor activity in mice. We 

observed that inhibition of Fatty Acid Amide Hydrolase (FAAH) and Monoacylglycerol Lipase 

(MAGL) caused respectively, inhibition and elevation of locomotor activity. Here we evaluated 

whether these manipulations also modulate the microstructure of locomotory episodes. We used 

selective inhibitors of endocannabinoid degradation enzymes (MJN110 and PF3845) to elevate 

the signaling of 2-Arachidonoylglycerol (2-AG) and Anandamide (AEA), respectively. High-

speed, high-resolution marker-based 3D motion capture system (Qualisys) was used to track 3D 



trajectories of male C57BL/6 mouse trunk and hind limbs during voluntary open field 

exploration and vertical climbing tasks (n=10 per group). We found that every locomotory 

episode (defined by maintained displacement of the mouse at speeds over 40 mm/s) is composed 

of smaller, 1-2 s activity bouts (“locobouts”) during which the mice accelerate and decelerate in 

a repetitive fashion. Unlike highly variable locomotory episodes, the duration of the locobouts 

and intervals between them was remarkably invariant regardless of treatment and other 

experimental conditions. Thus, while PF3845 (30 mg/kg) significantly decreased the total 

number of locomotory episodes compared to vehicle (p=0.013) and MJN110 (p=0.0026), and 

increased the length of pauses between them, it did not affect the duration and intervals of 

locobouts. However, PF3845 caused a significant decrease in the acceleration of the locobouts 

(p<0.001). In contrast, locobout properties were unaffected by MJN110 (2.5 mg/kg), despite a 

significant increase in number of locobouts per locomotory episode (p<0.05). Interestingly, the 

slight activity-suppressing effect of a well-known cannabinoid receptor agonist CP55,940 (0.3 

mg/kg) was accompanied by an increase in the duration of pauses between locomotory episodes 

without affecting acceleration and duration of the locobouts or their intervals. Our results 

indicate that the number of locomotory episodes reflects the overall locomotor activity level, 

while the microstructure of locomotory behavior remains unchanged. The changes in the 

locomotory episode structure can provide valuable information about the mechanisms underlying 

observed behavioral effects. 
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Abstract: Ventral tegmental area (VTA) dopamine (DA) signaling plays a key role in reward 

and drug dependence. VTA DA cell activation is regulated and inhibited in part by local GABA 

interneurons. We previously identified a cannabinoid type 1 receptor (CB1R)-dependent form of 

long-term depression (LTD) at the excitatory synapses onto these VTA GABA cells of young 



mice, induced via high frequency stimulation (HFS). This LTD is dependent on metabotropic 

glutamate receptor 5 (mGluR5) activation and 2-acylgylcerol (2-AG) production. Interestingly, 

while adults continue to express both functional CB1 receptors and mGluR5-mediated synaptic 

depression, they require a doubling of the HFS protocol (2x HFS) to induce LTD, and thus adult 

plasticity is quantitatively different from plasticity in young mice. Because adolescents are more 

susceptible than adults to the cognitive and addictive effects of THC, we sought to understand 

age-dependent differences in VTA GABA cell plasticity altered by THC. Therefore, we 

examined the impact of THC on plasticity in adults versus adolescents using ex vivo whole cell 

electrophysiology in VTA transverse brain slices with extracellular stimulating electrodes after 

in vivo THC exposure. We previously reported that following chronic (7 days) Δ9-

tetrahydrocannabinol (THC) injections, LTD is eliminated in both young or adult mice, while a 

single day of THC exposure does not affect LTD in either young or adult mice. To build off of 

these findings, we sought to determine if the number of in vivo THC exposures required to 

eliminate LTD is effected by age. Thus we treated young and adult mouse with THC for only 3 

days, after which we attempted to induce LTD ex vivo. Interestingly, LTD is eliminated after 3 

days of THC exposure in young mice (n = 10, p = .107 compared to baseline), but LTD 

continues to be present in adult mice (n = 6, p < .001, compared to baseline). These are also 

significantly different from each other (p < .001). This is the first time that age-dependent 

differences in drug-induced plasticity in the VTA have been discovered. These findings suggest 

that age-dependent differences in THC impact on VTA GABA cell plasticity may contribute to 

the increased vulnerability of adolescents to the negative effects of THC. Currently, we are 

examining if these age-dependent THC-induced alterations in plasticity correlate with mRNA 

expression of various endocannabinoid and addiction-related genes using RT-PCR in flow sorted 

VTA GABA cells. Further research is warranted to explore age-dependent differences in 

plasticity in other brain areas and cell types. 
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Abstract: Humans are constantly receiving sensory information from the environment. Because 

the brain has limited processing resources it deploys a collection of filtering mechanisms to boost 

the processing of behaviorally relevant information and suppress processing of potentially 

distracting information. This collection of filtering mechanisms is referred to as selective 

attention, and has been regularly explored in humans and animals. While there is clear evidence 

from animal work and human neuroimaging that attention influences sensory processing in 

primary visual cortex (V1), there remains a debate about whether initial afferent activity in V1 

can be modulated by selective attention. One way we can measure initial afferent activity in 

humans is by the C1, the earliest component in the visual event-related potential (ERP). Due to 

the retinotopic organization of the striate cortex, in which upper and lower visual hemifields are 

mapped on the lower and upper banks of the calcarine fissure, respectively, the C1 reverses in 

polarity depending on upper vs. lower visual-field stimulation. Together with its early onset, 

typically peaking at 60-90 ms, and repeated source localization, the C1 is considered to index the 

earliest stages of feedforward processing in V1. Here, we specifically tested whether initial 

afferent activity in V1—as indexed by the C1 component—is modulated by a well-documented 

neural marker of selective sensory suppression: increases in alpha-band (8-14 Hz) over areas 

representing task-irrelevant sensory information. Participants identified targets at a cued location 

while ignoring stimuli presented at a non-cued location (at the opposite hemifield location). We 

first replicated previous findings, demonstrating an increase in alpha power contralateral to the 

cued target location prior to the onset of the target stimulus. We then tested for a relationship 

between C1 amplitude to unattended stimuli and pre-stimulus alpha power. Our results 

demonstrate that higher alpha power is associated with a lower-amplitude C1 at the unattended 

condition (i.e., when a stimulus is irrelevant to the task at hand). These findings provide further 

evidence from humans that selective attention can modulate initial afferent activity in V1, 

specifically showing that anticipatory changes in alpha power (i.e., changes occurring during a 

cue-target delay) are associated with a reduced sensory signal in response to task-irrelevant 

information. 
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Abstract: Visual information from a speaker’s face can help improve speech comprehension, 

particularly when speech is difficult to understand from auditory information alone (e.g., in a 

noisy environment). The extent to which visual information aids speech perception differs 

among individuals, yet the mechanism behind these individual differences is not fully 

understood. Past research has shown that an individual’s visual benefit can be predicted by their 

gaze position during easy-to-understand speech. That is, even though people tend to shift their 

gaze to the mouth during noisy speech, not everyone benefits from this shift equally. We 

hypothesized that differences in covert attention drive individual differences in audio-visual 

speech integration: individuals who prefer to fixate the eyes may still be covertly attending to the 

eyes during the noisy speech task even though they are fixating the mouth. To test this 

hypothesis, participants (n=21) completed a silent vowel identification task during which gaze 

was fixed to the center of the face (confirmed by eye-tracking), but covert attention was 

manipulated by an exogenous cue (i.e., a red rectangular box) outlining the eyes or the mouth of 

the speaker. We observed a strong effect of covert attention, such that when attention (not eye-

gaze) was directed to the mouth rather than the eyes, individuals’ response times were faster 

during correct vowel identification (p = .02). We additionally measured each participant’s visual-

only speech perception ability, auditory-only speech ability, and naturalistic eye gaze tendencies 

during clear speech. A series of mixed effects models showed that these individual difference 

measures were significant in predicting response times during the silent vowel identification 

task. The attentional benefit was modulated by individual gaze behavior in free viewing during 

clear speech, such that individuals who spent more time on the mouth in free viewing were faster 

on mouth trials. By controlling attention, we have shown that even when fixating the same 

location on a face, different individuals are covertly attending to and perceiving different 

information, resulting in different behavioral and likely different neural consequences. It is 

crucial to better understand individual differences in attention to understand the neural 

computations that support speech perception. 
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Title: Investigating the effects of reward motivation on the allocation of feature-based attention 
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Abstract: The allocation of cognitive resources is fundamental to human cognition, and the 

influence of motivation on this allocation has been a longstanding interest in cognitive 

neuroscience. It is often assumed that resources, such as visual attention, are limited and that 

allocating resources to one stimulus results in reduced allocation to others. This being the case, 

resource allocation is thus thought be to determined by a cost/ benefit analysis based on task 

demands and anticipated rewards. However, in an influential study using frequency tagged EEG 

responses to flickering stimuli, Andersen and Müller (2010) demonstrated that attentional 

enhancement of target features and suppression of distractor features followed distinct time 

courses, suggesting the involvement of separate cognitive resources. Building upon these 

findings, we aimed to explore how motivation modulates these distinct aspects of attention using 

a similar visual attention paradigm: Participants engaged in a visual attention task where two 

Random Dot Kinematogram (RDK) stimuli, one red and one blue, were presented around 

fixation. Each of the RDK stimuli were systematically flickered at distinct frequencies (10hz and 

12hz), allowing us to track attention allocation to both target and nontarget stimuli via Steady-

State Visual Evoked Potentials (SSVEPs). A cue indicated the target color, and participants were 

instructed to respond to coherent motion in the target dots while ignoring non-target dots. Before 

each trial, an additional cue indicated the potential bonus reward that could be earned (relatively 

large or small) for accurate and fast responses. Preliminary results indicate that reward 

motivation increased attentional enhancement of target-frequency SSVEPs, signifying a greater 

allocation of attention to these stimuli. However, reward motivation did not result in increased 

distractor suppression. Instead, we also observed a slight increase in the response to distractor-

frequency SSVEPs under high-reward conditions. Furthermore, behavioral data revealed 

elevated hit and false alarm rates, suggesting that participants adopted a more lenient response 

threshold when motivated by reward. Further analyses will investigate the temporal dynamics of 

these effects by examining the time-course of behavior, pupil dilation, and EEG effects. These 

findings contribute to our understanding of the interplay between reward motivation and 

attentional processes, shedding light on the nature of resource allocation under reward. 
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Abstract: We have previously shown (Barnas & Greenberg, 2016, 2019), behaviorally, that 

shifts of object-based attention are asymmetric: there’s a horizontal (vs. vertical) shift advantage 

(the Shift Direction Anisotropy ;SDA) which is larger when shifting attention across the visual 

field meridians. Here, we used fMRI in 19 healthy volunteers to investigate whether meridian 

crossing and shift direction modulate attention reorienting signals in posterior parietal cortex 

(PPC), a critical node controlling attention shifts. We hypothesized that, when subjects shift 

across the meridians, we would observe differences between horizontal and vertical reorienting 

signals indicating more efficient reallocation of attention during horizontal shifts (Hughes et al., 

VSS2022). Subjects were endogenously cued to attend the vertex of an L-shaped object (at one 

of 2 screen locations) and performed a target detection task with 5 possible target locations: (1) 

at the object vertex (valid); on the horizontal object arm (invalid-horizontal) at either a (2) near, 

non-crossing or (3) far, meridian crossing location; on the vertical object arm (invalid-vertical) at 

either a (4) near, non-crossing or (5) far, meridian crossing location. We used trials from one 

object location to identify regions of interest in PPC and extracted event-related averages time-

locked to target onset for the other object. Results yielded greater activation on invalid (vs valid) 

trials (4 to 7 s; ts > 2.9, ps < 0.005) but not during the initial (cue-related) orienting (-4 to -1 s; ts 

< 1.4, ps > 0.15), confirming an expected validity effect. A repeated measures ANOVA with 

crossing condition (crossing, non-crossing), shift direction (horizontal, vertical), and time (4, 5, 

6, 7 s) as within-subjects factors revealed all significant main effects (crossing condition: F(1, 

18) = 30.0, p < 0.001; shift direction: F(1, 18) = 8.1, p < 0.005; time: F(3, 18) = 32.9, p < 0.001). 

The crossing X shift direction interaction was also significant, F(1, 18) = 4.9, p = 0.028. Post-

hoc comparisons revealed greater activation during all crossing trials (vs. non-crossing), t(18) = 

2.5, p = 0.023, d = 0.67. However, no crossing trial timepoints showed a significant difference 

between horizontal and vertical shifts (all ps > 0.60). Thus, while meridian crossing condition 

influenced PPC, there was no difference between horizontal and vertical reorienting across the 

meridians. We, therefore, conclude that the SDA arises not from a shift direction bias in PPC but, 

instead, via a more efficient exchange of information between (vs. within) hemispheres during 

horizontal (vs vertical) shifts, reflecting attentional resource limitations. 
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Abstract: Attention plays a critical role in determining what to encode into memory, by focusing 

our cognitive resources on target information and ignoring irrelevant distractions. However, little 

is known about how selective attention could modulate target representations in order to form 

long-term memory and reduce interference. To address this gap, twenty-seven adults (11 males, 

aged 21.96±2.53 years old) were recruited to perform a selective attention and memory 

recognition task in two consecutive days in the scanner. During the selective attention task, 

participants were instructed to pay attention to the target picture and ignore the non-target picture 

presented simultaneously according to the attention cues. A surprising recognition test (half old 

and half new) was conducted the next day. Behaviorally, attention benefited the long-term 

memory of targets, with higher accuracy and shorter response time compared to the non-target 

pictures. Using multi-voxel pattern analysis, we found that selective attention enhanced both 

category- and item-level target representations in the parietal and visual cortex. In addition, 

proactive attention shifted the regions involved in the item-specific representation, such that 

significant item-specific pattern similarity was found in the parietal cortex for the targets 

presented with non-target pictures, whereas item-specific pattern similarity was found in the 

visual cortex when the targets were presented without distraction. Interestingly, during retrieval, 

target and distracted pictures presented simultaneously in the attention task (paired pictures) 

showed lower pattern similarity than non-paired pictures in the parietal cortex. This repulsion of 

pair-specific pattern similarity was positively correlated with memory performance. These 

results suggested that attention can enhance the target representations, shift the representations to 

a more distractor-resistant area such as the parietal cortex, and orthogonalize the pattern to 

reduce interference from distractors. Our results emphasize the multiplex role of attention in 

shaping memory representations. 

Disclosures:  H. Hu: None. G. Xue: None. 

Poster 

PSTR047. Attention I 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR047.06/Web Only 

Topic: H.01. Attention 

Support: PAPIIT-UNAM #IN217221 

PAPIIT-UNAM #IA205218 

PAPIIT-UNAM #IN202822 

CONACYT #1083933 



Title: Healthy aging: More years are not always synonymous of cognitive decay 
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Abstract: Attention allows the selection of relevant stimuli whereas it inhibits the processing of 

irrelevant ones; however, some stimuli fail to be filtered, capturing attention and diverting it 

from goal-directed behaviour. Attentional competition of stimuli requires two attentional 

mechanisms: amplification (the selection of the relevant information) and suppression (the 

inhibition of the irrelevant information). Failure of either of those mechanisms during 

information encoding has a negative impact on working memory efficiency (WME). Several 

functional and behavioural changes in cognitive functions such as attention and working memory 

have been reported while ageing; however, protective factors have been reported to prevent or 

delay existing age-associated changes in attention and working memory; thus, understanding the 

mechanisms of cognitive loss and preservation of cognitive abilities is important for the 

understanding of healthy ageing. The aim of this study was to detect factors that might be 

associated with the protection of age-related effects on amplification and suppression 

mechanisms of attention, by means of the duration of eye movements, as well as the working 

memory efficiency (WME), measured by the inverse efficiency index. Two-hundred and eight 

healthy volunteers responded to an experimental task with three conditions, where scenes and 

faces were presented simultaneously during the encoding phase, and participants were asked for 

them during the probe phase: Attending faces/ignoring scenes, Attending scenes/ignoring faces; 

and Passive view condition, where participants only watch images, and they were asked for 

responding for the direction of an arrow during the probe phase. Participants also reported their 

years of schooling and completed a cognitive reserve questionnaire, the Montreal Cognitive 

Assessment. Years of schooling predicted positively the amplification mechanism (duration of 

attending faces minus duration of passive view), but age did not; whereas age predicted 

negatively the suppression mechanism (duration of passive view minus duration of ignoring 

phases). On the other hand, WME for attending faces was negatively predicted by age, and 

positively predicted by cognitive function and cognitive reserve; whereas for ignoring faces, 

WME was negatively predicted by age and positively predicted by years of schooling. Thus, our 

data suggest that cognitive function, cognitive reserve and years of schooling could be protective 

factors for declining attention mechanisms and WME. 
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Abstract: Attention can be guided by either voluntary (top-down) or involuntary (bottom-up) 

influences. In real-world vision, voluntary attention can be directed by a wide range of influences 

such as reward, priming, meaning, experience, selection history, and volition. However, 

cognitive neuroscience studies of voluntary attention do not adequately capture all of these 

factors. Laboratory studies of voluntary attention have commonly used attention-directing cues, 

although self-generated, volitional shifts of attention (willed attention) in the absence of external 

cues are increasingly of interest (Bengson et al., 2014; Nadra et al., 2023). Prior willed attention 

studies have exclusively focused on neural activity that predicts the intent to shift covert spatial 

attention, but this has not been investigated in non-spatial attention. In a feature-based attention 

paradigm, we have investigated whether the pattern of brain electrical activity (EEG alpha, 8-12 

Hz) can predict which color will be attended (orange or purple) when participants are presented 

with the free choice between the options. Behavioral measures indicate that attention is being 

adequately allocated to the different color options, with reaction time detriments when only the 

unattended target appears. Using support vector machine decoding on EEG signals, we found 

significant differences in alpha-band power for when attention was directed to orange vs when 

attention was directed to purple, demonstrating that there are distinct electrophysiological 

correlates underlying willed decisions to attend to different colors. 
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Title: The unconscious selection bias in temporal order judgment task with tactile stimulation 

after presentation of numbers. 

Authors: *T. HORAGUCHI;  

Gunma Paz Univ., Takasaki, Gumma, Japan 

Abstract: Introduction: It is known that presentation of numbers leads spatial attention bias to 

the left and right space. This is considered to be because the numerical processing in the brain 

activates the mentally and horizontally aligned number line on the imaginary space (mental 

number line). The ascending / descending direction of the mental number line is considered to be 

due to the cultural habit of reading and writing direction (type 1) or finger counting habit (type 

2). In temporal order judgement task (TOJT), two stimuli were delivered with time difference 

and subjects are required to judge the one delivered earlier. The shorter the difference, the more 

random the judgments become. Previous study using TOJT with visual stimulus after the 

presentation of numbers showed clear involvement of type 1 mental number line on the task 

performance. In the present study, the author examined whether TOJT with tactile stimulus on 

finger after the presentation of numbers shows involvement of type 2 mental number line after 

presentation of number. 

Methods :A total of 39 healthy subjects were participated (mean age: 20.6±2.1). 35 were right-

handed, 3 were left-handed and 1 was ambidextrous. Of those, 24 were classified as R-starter 

(counting from right fingers) and 15 as L-starter (counting from left fingers). In the TOJT, an 

one-digit number (1, 2, 8 or 9) was presented for 500 msec on a computer monitor and then a 

pair of tactile stimuli was delivered to the participants’ index finger with intervals of 5, 15, 30, 

40, 50, 75, 100 and 150 ms. The participants were required to respond by pushing the button 

below index finger by the finger stimulated first. The entire sequence of events from presenting 

the number to responding with finger was defined as a trial. Each participant underwent a total of 

256 trials. All procedures used in this research were approved by the local ethical committee of 

Gunma Paz University. 

Results: The author analyzed the results in the intervals of 5 and 15 msec only because the grand 

average of success rates in these intervals were almost chance level (<60%). The rate of response 

with right index finger was significantly higher if large number was presented in R-starter 

whereas it was significantly higher if small number was presented in L-starter (p < 0.05). 

Conclusion: The results strongly showed that TOJT with tactile stimulus on finger after the 

presentation of numbers shows involvement of type 2 mental number line after presentation of 

number, suggesting that different types of mental number lines are activated depending on the 

type of stimulus delivered to the specific space. 
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Abstract: Representational similarity analysis (RSA; Kriegskorte 2008) has allowed researchers 

to characterize a number of cognitive processes, including visual object recognition (e.g Cichy 

2014, Kaneshiro 2015) and audiovisual integration (Cecere 2017). Here, we tested whether RSA 

could be applied to the similarity structures of internal cognitive control states rather than those 

of external stimuli, using auditory selective attention as our experimental paradigm. On each 

trial, subjects were presented with a mixture of 4 overlapping syllables. Depending on the 

condition (21 in total), subjects (N=19) were cued to use spatial attention, non-spatial attention, 

or passive listening, and, on attention trials, to report the identity of one target syllable from the 

mixture. fMRI data (TE = 3.48 ms, TR = 650 ms, SMS8, 2.3 mm isotropic,) were collected and 

preprocessed. Each subject’s data were registered into the MNI152 standard space. Trial-wise 

activation maps were generated using the least-squares separate approach (Turner 2012), fitting a 

separate general linear model for each subject and each trial. For each subject and region of 

interest (ROI), we measured dissimilarity between pairs of conditions by training a support 

vector machine (SVM) with 12-fold leave-one-run-out cross-validation. Anatomical ROIs were 

drawn from Destrieux (2010); searchlight ROIs had radius 4mm. Within auditory processing 

regions in superior temporal gyrus (STG), we primarily observed attention trials separated from 

passive listening, but with minimal difference between spatial and non-spatial attention. In the 

parietal lobe, along the intraparietal sulcus (IPS) and superior parietal lobule (SPL), we observed 

much stronger separation between spatial and non-spatial attention, as well as spatial attention 

separated more strongly from passive listening than was non-spatial attention. Searchlight-level 

analyses localized these findings more precisely, showing strongest results in posterior regions of 

STG and inferior portions of SPL, but consistent throughout the IPS. These results are consistent 

with previous findings that traditionally-construed auditory and visual processing networks 

respond differently to spatial versus non-spatial auditory tasks (Michalka 2015, 2017, Deng 

2019). The RSA approach allows us to characterize the neural representation of internal states 

even in the absence of stimulus-level differences between conditions. 
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Abstract: The stimulus location dependence of visual perceptual performance as a function of 

polar angle at isoeccentric locations across the visual field is termed performance field (PF). In 

humans, performance tends to be superior near the lower vertical meridian compared to the 

upper vertical meridian, and better near the horizontal meridian compared to the vertical 

meridian. While these differences have traditionally been attributed to sensory factors, several 

studies suggest that the allocation of spatial attention may also play a crucial role in modulating 

the PF. The goal of this study was to investigate the intricate interplay between sensory and 

attentional effects in shaping the PF, using visual discrimination tasks. Firstly, we established 

performance fields for dynamic stimuli, specifically focusing on direction discrimination 

thresholds for moving random dot patterns at four iso-eccentric cardinal locations. Subsequently, 

we explored whether directing focal attention to specific stimulus locations would yield different 

effects on discrimination thresholds compared to a condition where attention was distributed 

broadly. To provide a proof of concept, we conducted a pilot study. We observed lower direction 

discrimination thresholds for targets along the horizontal meridian in comparison to the vertical 

meridian. But there were no significant differences in discrimination thresholds between the 

lower and upper vertical meridians. Furthermore, directing spatial attention resulted in more 

homogeneous discrimination thresholds across the four locations. These results establish the PF 

for motion direction discrimination performance in humans and its modulation by focused spatial 

attention. 
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Abstract: Inhibition of distractors is crucial to accurate processing of task-relevant stimuli. 

Previous work has demonstrated that distractor suppression in goal-oriented paradigms can 

facilitate performance and that the effect may depend on properties of the distractor stimulus. In 

the present study, we use a single-stream rapid serial visual presentation (RSVP) paradigm to test 

how features and experience with distractors within the RSVP stream, termed "fillers", impacts 

adaptation to task-irrelevant stimuli. Specifically, we investigated whether changing visual 

features or varying the amount of exposure to fillers impacted task performance. We found that 

the adaptation response to low- and high-level fillers was different, with high-level feature 

changes producing negative priming effects. Performance based on exposure to fillers was 

influenced by two distinct but interacting processes. Based on these results, we propose that 

adaptation to low versus high-level feature changes in temporal attention uses distinct 

mechanisms and that distractor suppression and target facilitation interact to influence target 

identification in an exposure-dependent manner. 
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Title: Reasoning about social and physical causes engages the left lateral prefrontal cortex in the 

human brain 
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Abstract: Causal reasoning lets us explain the past, predict the future, and intervene effectively 

on the present. We reason about both physical causes (“The ice made the car skid”) and 

psychological ones (“The clown made the girl laugh”). How is causal reasoning implemented in 

the brain? Is it one aspect of a system that is also responsible for other cognitive tasks like 

holding information in working memory, logical reasoning, and planning? Or might causal 

reasoning instead be implemented in a distinct brain mechanism not shared with other cognitive 

processes? A third possibility is that causal reasoning recruits domain-specific mechanisms 

specialized for understanding and predicting physical and social events. Here we tested these 

three hypotheses by scanning 18 participants with fMRI while they performed a sentence 

matching task. We used a blocked 2x2 design crossing causal vs. non-causal events and physical 

vs. social events. In each block of the causal task, participants viewed four phrases each 

describing causes or effects, arrayed across the top and bottom of the screen respectively. They 

were asked to sequentially match each cause to the corresponding effect (e.g., “He was late for 

work” -> “Tom was scolded by his boss”). Each block of the non-causal condition was the same 

except the phrases on the bottom and top described the same entity: physical objects (e.g., “The 

brightest object in the sky”, “The closest star to Earth”) or social agents (e.g., “She educates 

children”, “She works at a school”). 16 out of 18 participants showed higher responses in the left 

lateral prefrontal cortex (LPFC) to causal compared to non-causal conditions (p < 0.001 

uncorrected within each participant). We then used half of the data in each participant to identify 

the causal > non-causal voxels in LPFC and computed response magnitudes for each of the four 

conditions in held-out data. We found that causal conditions evoked greater responses than non-

causal conditions in both physical domain (18/18 participants; average beta: causal = 0.7; non-

causal = -0.2; p < 10-6) and social domain (17/18 participants; average beta: causal = 0.6; non-

causal = 0.1; p < 10-5). There was no significant difference in the average response to physical 

versus social conditions, indicating the domain-general nature of this response. Control analyses 

show that the selective response to the causal condition is unlikely to reflect linguistic confounds 

(word count, word length, grade level) or task difficulty. Taken together, our study provides 

preliminary evidence for the existence of a region specialized for causal reasoning in human left 

lateral prefrontal cortex. 
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Abstract: Background: Psychological experiments and research on the cognitive performance 

are lack in Mongolia. This test is a widely used method in many types of research in psychology 

and neuroscience. In our study, we were examinedparticipants simple to difficult form of the 

interactive Stroop test in Mongolian language using a computer-based version. We aimed to 

investigate the cognitive parameters, and examine their correlationwith psychological outcomes. 

Methods: A sample of 108 working-aged (range 18-55) were randomly selected in equal 

numbers from urban and rural regions, participated in the research. The study utilized the Stroop 

test for cognitive parameters, and Big Five personality test, Depression, Anxiety Stress Scale 

(DASS-21), and Brief COPE as psychological outcomes. The Kolmogorov-Smirnov test was 

conducted to assess the normality of the distribution of the data, which was found to be 

nonparametric. Results: The analysis revealed regional differences, with individuals residing in 

rural areas displaying slower cognitive reaction times compared to their urban counterparts. 

Furthermore, marital status was found to influence cognitive reactivity, as married participants 

demonstrated decreased cognitive response times compared to unmarried participants. 

Spearman's rank order correlation analysis indicated an inverse relationship between 

agreeableness personality traits (Big Five), and incorrect word responses in the stroop test (r = 

0.217, p= 0.024). And indicated an inverse relationship between problem focused coping style, 

and incorrect word responses in the Stroop test (r=-.196, p=.043). Comparison of response times 

and errors with demographic data revealed regional differences in RT_Black (p<0001), 

RT_Color (p<001), and RT_Word (p<0001). Interestingly, non-anxious (DASS-21) participants' 

incorrect word responses in the Stroop test were inversely correlated with depression scores 

measured by the (r =.316, p =.008). Conclusion: This study contributes to the understanding of 

the relationship between the Stroop test and psychological outcomes in Mongolia. The findings 

underscore the significance of considering personality traits, coping styles, regional differences, 

and psychological outcomes, including depression, when examining cognitive parameters in the 

context of the Stroop test. Further research in this area is warranted to gain a more 

comprehensive understanding of the cognitive processes and psychological outcomes involved in 

Stroop test performance. 
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Abstract: Intracortical brain-computer interfaces (iBCIs) have made great strides in restoring 

function to people with paralysis. However, these gains have been primarily limited to the 

laboratory environment, with little research done to examine iBCI performance in real world 

conditions involving high cognitive load or distractions. We used a dual-task design to challenge 

cognitive load during iBCI performance. A 36 year old male with tetraplegia due to cervical 

spinal cord injury used a motor iBCI to control 2D cursor translation+click with and without 

simultaneously performing an n-back (n=1 or 2) auditory working memory task. EEG (g.tec, 16 

channels, 256 Hz sampling rate, 1-59 Hz bandpass filter) was recorded to measure 

neurophysiological correlates of attention including frontal region theta (3-7 Hz) power, which 

increases with attention, and parietal region alpha (8-12 Hz) power, which decreases with 

attention. We also quantified sensorimotor rhythm (13-30 Hz beta band) desynchronization 

during iBCI control. Frequency band power was computed using the first 6 seconds of each trial, 

normalized to the average power measured during a 2s intertrial interval. Success rates were 

similar across the three task conditions, however completion times were significantly slower 

during concurrent 1-back task performance as compared to the iBCI task alone or the 2-back 

distraction tasks, which were not significantly different from each other. The participant 

generally reported higher levels of mental effort (scale of 1-10) for test blocks with the n-back 

test as compared to without, although the difference was not significant. Performance loss in the 

1-back condition was accompanied by an increase in frontal theta power compared to normal 

iBCI control, which may indicate increased attention however we also observed an increase in 

parietal alpha power compared to both normal control and the 2-back distractor, which typically 

indicates decreased attention. Increased alpha has been in found some studies during tasks 

involving high working memory load, auditory stimulation, or fatiguing tasks, all factors which 

may be responsible for the increased alpha in this study. Beta band desynchronization was 

strongest during the 2-back distractor, indicating stronger movement-related neural modulation, 

which may have contributed to the participant’s ability to maintain iBCI performance during this 

condition. These results establish the feasibility of using EEG to measure attention and 

movement-related neurophysiologic changes during iBCI performance and provide support for 

further investigation of BCI performance in more complex situations. 
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Abstract: Auditory cortical responses to speech obtained by magnetoencephalography (MEG) 

show robust speech tracking in the high-gamma band (70-200 Hz), but little is currently known 

about whether such responses depend at all on the focus of selective attention. In this study we 

investigate differences in high-gamma cortical responses to male and female speech, and we 

address whether these responses, thought to originate from primary auditory cortex, depend on 

selective attention. Twenty-two human subjects listened to concurrent speech from male and 

female speakers and selectively attended to one speaker at a time while their neural responses 

were recorded with MEG. The male speaker’s pitch range coincided with the lower range of the 

high-gamma band. In contrast, the female speaker’s pitch range was higher, and only overlapped 

the upper end of the high-gamma band. Neural responses were analyzed using the temporal 

response function (TRF) framework. As expected, the responses demonstrate robust speech 

tracking in the high gamma band, but only to the male’s speech. Responses present with a peak 

latency of approximately 40 ms indicating an origin of primary auditory cortex. The response 

magnitude also depends on selective attention: the response to the male speaker is significantly 

greater when male speech is attended than when it is not attended. This is a clear demonstration 

that even very early cortical auditory responses are influenced by top-down, cognitive, neural 

processing mechanisms. Supported by the National Institutes of Health (R01-DC019394) and the 

(National Science Foundation (SMA 1734892). 
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Abstract: The difficulty of tracking multiple moving objects among identical distractors 

increases with the number of tracked targets. Previous research has shown that the number of 

targets tracked modulates activity in brain areas related to visuospatial attention, giving rise to 

so-called ‘attention response functions.’ While the hemifield/hemispheric effects of spatial 

attention (e.g., hemispatial neglect, hemifield capacity limits) are well described, whether these 

effects also impact attention response functions was previously unknown. Using functional 

magnetic resonance imaging, we show that the number of tracked objects modulates activity in a 

large network of areas bilaterally. Contralateral tracking load significantly covaried with activity 

throughout the visual system, while both contra- and ipsilateral load significantly influenced 

activity in the parietal and frontal lobes, specifically the dorsal attention network. Further, some 

areas were significantly more sensitive to contralateral than ipsilateral load. We replicate 

findings showing that a diverse set of brain areas contribute to tracking multiple targets and 

extend the canonical attention response functions to include hemifield bias. Given the hemifield-

specific nature of speed and capacity limits to multiple object tracking, we suggest that those 

areas that show strong hemifield preference may be the source of overall tracking capacity and 

speed limits. 
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Abstract: Goal-directed behavior requires continuous performance monitoring to flexibly recruit 

the necessary neural resources. These adaptations are presumably orchestrated by a cognitive 

control network centered in the posterior medial frontal cortex (pMFC) but the mechanisms 

underlying post-error changes in task-relevant attentional and perceptual areas are only poorly 

understood. 

Here we aimed to investigate the interplay between performance monitoring and visual selective 

attention. 33 adult human participants performed a new visual attention paradigm (color 

orientation interference task) while undergoing functional magnetic resonance imaging (fMRI) 

and pupillometry. 

We found that after errors were committed, pupil dilation, as index of attentional effort, as well 



as response times were increased. These effects were accompanied by activity in the pMFC and 

bilateral insula. Moreover, multivariate pattern analyses showed post-error upregulation of visual 

attention in the bilateral superior parietal lobules and enhanced representations of task-relevant 

features in visual areas. 

Taken together, these results indicate that cognitive control mechanisms mediated by the pMFC 

allocate attentional resources after errors. These specific adjustments in attention and perceptual 

processing might contribute to performance improvements and facilitate adaptive behavior 

following errors. 
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Abstract: A central unanswered question in the study of Object-Based Attention (OBA) is 

whether attention spreads automatically to the entire object (Chen & Cave, 2006) or whether the 

pattern of results is driven by other non-obligatory factors, i.e. prioritization of target locations 

(Shomstein & Yantis, 2002). However, virtually all behavioral measures attributed to OBA are 

based on examining performance on invalid-cue trials, the inclusion of which confounds the 

assessment of the automaticity hypothesis. A critical test of the hypothesis would be to determine 

whether or not effects of OBA can be observed in a 100% valid cueing paradigm. In this paper 

we investigate the obligatory nature of OBA by leveraging the spatial specificity of functional 

magnetic resonance imaging (fMRI) and the retinotopic organization of the early visual cortex. 

We aimed to identify potential neural correlates of OBA in the complete absence of invalid trials. 

Using fMRI, we had participants perform a version of the classic two-rectangle OBA paradigm 

while simultaneously measuring changes in BOLD signals arising from retinotopically organized 

cortical areas V1, V2 and V3. In the first half of the experiment, the cue was 100% valid. In the 

second half, we reduced cue validity to more closely match standard OBA paradigms (runs 

containing invalid trials). We sorted BOLD signals arising from our regions of interest (roi) 



according to their topographic correspondences with the ends of the rectangles in the visual field. 

We then compared responses in each roi according to where the cue occurred (Cued, Uncued-

Same-Object, Uncued-Other-Object location). We replicated this procedure in Experiment 2, but 

changed the layout of the two rectangles from vertical to horizontal configuration. Critical result: 

we observed statistically significant effects of OBA in V3 (Experiment 1) and V1-2 (Experiment 

2) in both the 100% and runs containing invalid trials. Moreover, the effects of OBA were no 

smaller in the 100% runs compared to runs containing invalid trials. Conclusion: we see BOLD 

modulation at the uncued locations consistent with neural correlates of OBA. 

Disclosures:  T.K. Lytchenko: None. M.R. Maechler: None. N.H. Heller: None. S. Saleki: 

None. P.U. Tse: None. G.P. Caplovitz: None. 

Poster 

PSTR047. Attention I 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR047.19/PP6 

Topic: H.01. Attention 

Support: NS114191 

Title: Determining the spatial flexibility of distracter suppression in the tactile modality 

Authors: *A. IGNACO1,2, N. SERINO3, M. GOMEZ-RAMIREZ1;  
1Brain and Cognitive Sci., 2Biomed. Engin., Univ. of Rochester, Rochester, NY; 3Psychology, 

The City Col. of New York, New York City, NY 

Abstract: Selection of behaviorally-relevant sensory information is key for accurate recognition 

and manipulation of objects with the hand. Selective attention plays an important role in this 

process by enhancing neural signals encoding relevant tactile information, while also suppressing 

irrelevant information. However, the underlying properties of how active suppression is 

deployed in the somatosensory system are relatively unknown. In particular, it is unclear whether 

distracter suppression can be flexibly allocated to selectively suppress distracters impinging on 

different locations on the hand. Here, we test whether distracter suppression utilizes either a 

single vs. divided spotlight mechanism to actively suppress distracters in noncontiguous 

somatotopic areas. To test this hypothesis, we performed a series of psychophysical studies in 

humans with attended and distracting stimuli delivered to the hand. Attended stimuli were 

always presented on the medial pad of the middle finger, with distracters either in a flanking vs. 

non-flanking arrangement. A visual cue indicated to participants the location of distracter(s) on 

every trial. Attended stimuli were of 200 Hz vibration frequency and 1000 ms duration. 

Distracters had the same frequency and duration as attended stimuli, but were half the intensity. 

Participants reported whether they felt an increase or decrease in vibration intensity at the 

attended location only. The data showed that cueing the distracter location enhanced threshold 

and perceptual sensitivity functions of behaviorally-relevant stimuli, indicating that suppression 



mechanisms can be actively deployed to irrelevant/distracting touch locations. However, we also 

observed decreased performance in vibration discrimination and increased reaction time for 

flanking vs. non-flanking distracter trials, suggesting that tactile distracter suppression operates 

as a single (and not divided) spotlight mechanism. These findings further our understanding of 

the mechanism underlying the spatial deployment of distracter suppression, and its potential 

association with the integration of information across fingers when manipulating objects with the 

hand. 
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Abstract: Microsaccades (MS) are tiny, involuntary eye movements that occur during fixation. 

They are controlled by a network involving the frontal eye fields and the superior colliculus and 

are believed to represent the unconscious continuous exploration of the environment. Recent 

findings, predominantly in vision, suggest that this sampling is affected by the attentional state of 

the individual: MS incidence reduces during -and in anticipation of- task-relevant events and 

under high load. Despite the potential wealth of information conveyed by MS, our understanding 

of how auditory perceptual processes interact with the attentional mechanisms that regulate MS 

is limited. We report on a series of experiments (each N=~30) in which we investigated how 

sounds, and listener engagement with sound, affect MS dynamics. We employed various 

auditory tasks that captured different aspects of auditory attention, including listening effort, 

bottom-up attentional capture, and selective attention. Our results demonstrate that auditory 

attention modulates MS dynamics. Specifically, auditory-evoked microsaccade inhibition (MSI; 

rapid reduction in MS rate) was influenced by bottom-up attentional capture, exhibiting more 

pronounced effects for perceptually salient events. MS dynamics were also modulated by top-

down attention, such that sounds in an attended stream elicited larger MSI than sounds in an 

ignored stream. In experiments where participants performed a speech-in-noise task, MS rate 

was specifically modulated at critical points in the sentence (keywords) where attentional 

demands were highest. A comparison between concurrently recorded MS and pupil dilation (a 

common index of instantaneous and sustained arousal) indicate that MS rate specifically indexes 



the allocation of instantaneous auditory attention - that is distinct from the modulation of arousal 

indicated by pupil dilation. Overall, these findings uncover the intricate interplay between 

auditory attention and the attention network controlling MS, establishing microsaccades as a 

valuable tool for measuring auditory attentional allocation and related deficits. 
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Abstract: Reinforcement learning (RL) refers to learning to maximize reward and avoid 

punishment. This process relies on the brain’s ability to build a value representation of stimuli 

and actions, and to use this representation to select behaviors that maximize future rewards. The 

neural computation behind this function is known to be implemented across motivational regions 

that learn the value of stimuli and define behavioral goals, and motor-related regions which 

define and learn the actions to achieve those goals. Current theories of RL suggest that a single 

value representation in the brain drives learning, independently of the motor system involved. 

Here we present two complementary studies to challenge this current view. In the first study we 

tested 23 macaque monkeys, including 12 control, 8 amygdala and 3 VS lesion monkeys on two 

versions of a three-arm bandit task, where choices were made with either the oculomotor 

(saccade) or the skeletomotor (reaching) system. In both tasks we constantly presented the 

monkeys with explore-exploit tradeoffs by periodically replacing familiar options with novel 

options that had unknown reward probabilities. Thus, exploration was required to learn if novel 

options could lead to increased future rewards. We found that monkeys were less prone to 

explore and showed better learning with reaching movements relative to when choices were 

made with saccades. VS lesions caused the monkeys to be more explorative with arm 

movements and less explorative with saccades, and amygdala lesions reduced the monkeys’ 

ability to discriminate options by reward probabilities only when choices were made with a 

saccade. These results show that learning reward value associations to manage explore-exploit 

behaviors is motor-system dependent and suggest that a different value representation might be 

driving learning in the oculomotor and skeletomotor systems. To test this hypothesis, in a second 

study we trained a macaque monkey in a two-arm bandit task in which we randomly intermixed 

blocks of 30 trials that required the monkey to make a choice either with a saccade or a reaching 



movement. We confirmed better performance in reaching blocks compared to saccade blocks. 

We recorded ~2500 neurons from motivational regions, including amygdala and VS, and motor-

related areas controlling the oculomotor and skeletomotor systems, including premotor cortex, 

posterior prefrontal cortex, caudate, putamen, and globus pallidus pars interna. The application 

of RL models to our data will allow us to investigate whether and how stimulus- and action-

values for the two motor systems are differently represented in the brain and make hypothesis on 

how they drive learning. 
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Abstract: Decisions are made with different degrees of consistency, and this consistency can be 

linked to the confidence that the best choice has been made. Theoretical work suggests that 

attractor dynamics in networks can account for choice consistency and change-of-mind. In these 

network models, decisions are made when network activity settles into one of two attractor 

basins. Change-of-mind and variability in decision making is accounted for by assuming that 

transient stimuli or noise pushes neural activity from one attractor basin to another. 

Theoretically, choice consistency and change-of-mind can be explained by the shape of the 

energy landscape around the attractor basins. When energy landscapes have steep sides and deep 

basins, corresponding to a high hill between the valleys, decisions will be made consistently, 

because it is hard to drive activity from one basin to another. However, when energy landscapes 

are relatively flat and attractor basins are shallow, decisions will be made less consistently, 

because it is easier to drive activity between attractor basins. 

In this work, we provide empirical evidence that the energy landscape around attractor basins in 

population neural activity in prefrontal cortex reflects choice consistency. We trained two rhesus 

monkeys to make accept/reject decisions based on pretrained visual cues that signaled reward 

offers with different magnitudes and delays-to-reward. Monkeys made consistent decisions for 

very good (high reward, short delay - accept) and very bad (low reward, long delay - reject) 

offers. However, their decisions were less consistent for intermediate offers of reward and delay. 

To estimate the energy landscape in the biological network of prefrontal neurons, we analyzed 



neural activity in the state space spanned by the firing rates of individual neurons. Guided by 

dynamical systems theory, we computed the flow field of neural activity by taking temporal 

derivatives of neural trajectories in the state space, and then empirically reconstructed the neural 

energy landscape by taking spatial integrals of flow vectors. We observed the emergence of two 

attractor basins around the time of choice. Moreover, we found empirical evidence that the 

energy landscape is steeper following offers that led to consistent decisions. Our finding was 

supported by examining a dynamical system model fit to the neural data. Therefore, we provide 

neural evidence that energy landscapes predict decision consistency, which reflects decision 

confidence. 
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Abstract: Reinforcement learning (RL) is the behavioral process of learning to associate stimuli 

or responses with gaining and losing positive reinforcers. Recent studies revealed that RL is 

mediated by a broad set of cortical and subcortical regions, which can be grouped into ventral 

and dorsal systems. The ventral circuit is critical for specifying behavioral goals by updating and 

maintaining the value of stimuli, and the dorsal circuit is critical for orchestrating actions to 

obtain the goals (H. Tang et al., 2022). However, how value-relevant information flows across 

the ventral circuit during learning of gains and losses has not been examined. To address this 

question, we simultaneously collected neural activity in the orbitofrontal cortex (OFC, n = 606), 

ventral striatum (VS, n = 829), amygdala (AMY, n = 1607), and medial portion of the 

mediodorsal (MD, n = 1035) thalamus from two rhesus macaques using multi-contact silicon 

probes as they performed a two-armed bandit token reward learning task. In each block of 108 

trials, monkeys learned the values of four novel images that led to increases (+2, +1) or 

decreases (−1, −2) of tokens. The tokens accumulated across trials and were periodically 

exchanged for drops of apple juice. In each trial, two images were presented, resulting in 6 

choice conditions (e.g., +2 vs. -1). The monkeys’ behavior was strongly modulated by the 

number of tokens accumulated and the updating (gaining vs. losing) of tokens after they made a 



choice. We fit the monkeys’ behavior with a Markov Decision Process (MDP) model that linked 

tokens to primary rewards. The model predicted the monkeys’ choice, and in addition estimated 

state value, driven by accumulated tokens and trials to cash out. State values were maintained in 

the neuronal populations of all recorded areas, most strongly in OFC. The neuronal populations 

in each area also represented token updates. We are currently examining information flow related 

to value updating within the circuit we recorded, exploring the hypothesis that neural dynamics 

across the circuit will maintain and update state value information. Our results suggest a 

distributed representation of state values in the ventral frontostriatal system during RL. 
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Abstract: Economic decisions rarely have ‘correct’ responses. Instead, decision makers must 

deliberate and determine the most valuable option prior to making a choice. Deliberation can be 

computationally demanding as values are often dependent on combinations of factors including 

context, alternatives, and internal states. To investigate the psychological and neural processes 

for managing computationally complex deliberations, we developed the ‘knapsack task’ based on 

the eponymous problem from computer science. The objective of each knapsack trial was to 

select subsets of items presented on a touchscreen in order to maximize juice reward, without 

exceeding a fixed limit of 0.8 ml. We categorized the animals’ solutions according to the 

proximity to established computer algorithms. The animals exhibited clear signatures of 

combinatorial reasoning. In both animals, the deliberation times preceding the first selection, and 

subsequent inter-selection intervals, reflected the number of operations prescribed by the 

corresponding algorithms at each step. We performed single-unit recordings in the dorsolateral 

prefrontal cortex (dlPFC). Single unit responses reflected a variety of task-related variables, 

including as value, deliberation, and constraints. These results provide strong evidence that the 

animals adapted algorithmic strategies and employed combinatorial reasoning to manage 

complex deliberations, and begin to reveal the neural substrates for deliberation. 
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Abstract: Uncertainty is an intrinsic factor in most decisions and, therefore, properly managing 

uncertainty is crucial for making good decisions. Decision theory recognizes different forms of 

uncertainty, including risk, when potential outcomes and their probabilities are known, and 

ambiguity, where the probabilities are not known. Human decision makers prefer the certainty of 

known probabilities to the uncertainty of unknown probabilities, even if that preference is costly. 

We and others have shown that ambiguity aversion is also detectable in nonhuman primate 

(NHP) decision makers, thus establishing a model to study the neural basis of ambiguity 

aversion. Here, we demonstrate that ambiguity aversion is a persistent feature of NHP decisions 

and that it is influenced by both reward values and information accessibility. Risky gambles were 

presented via informative visual bar cues: these informative visual cues independently indicated 

the potential magnitudes and their associated probabilities using a two-dimensional scale, and 

ambiguity was introduced by masking the probability dimension. Monkeys (n = 3) made gaze-

directed choices. As in previous studies, the monkeys were generally risk seeking and their 

behavior satisfied first and second order stochastic dominance, indicating that the monkeys were 

making valid economic choices. Ambiguity aversion was observed in all our animals in paired-

lottery tasks. The probability of choosing a particular option was diminished when the 

probability was hidden, compared to when it was explicitly displayed on the screen. The 

magnitude of this ambiguity aversion was dependent on overall value: the monkeys were more 

ambiguity averse when the potential rewards were larger. To examine how much the explicit 

visual information about probabilities drove behavior, we compared choices between options 

presented to the animals using the 2-dimensional explicit cues and options presented using well-

learned fractal cues. The fractals were trained for thousands of trials. Despite that, when the 

outcomes and probabilities between the gambles were the same, the animals displayed a strong 

preference for gambles indicated by explicit visual information. This result suggests that 

information accessibility is a driving factor in ambiguity aversion. Finally, we replicated these 

experiments in free-moving animals using an in-cage touchscreen system. We found that 

measured behavioral effects remained stable across the behavioral contexts. Overall, these results 



establish a robust behavioral basis for the study of uncertainty in decision-making and the neural 

basis of subjective probability beliefs. 
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Abstract: Economic decision-making under risk - the process of selecting between options with 

different values and uncertain outcomes - concerns many aspects of our lives. Past studies have 

demonstrated representations of economic decision variables across various regions of the frontal 

cortex. These studies, however, either measured neural signals with coarse spatial and temporal 

resolution (e.g. using fMRI) or from small neural populations using electrophysiology. 

Therefore, a detailed understanding of how fine-grained neural signals from various frontal 

regions contribute to economic decisions is currently lacking. To address this, we devised a 

visual economic decision-making task in head-fixed mice, akin to those previously used in 

studies of non-human primates. In each trial, mice had to choose between two simultaneously 

presented abstract visual stimuli that differed in their magnitude of associated water reward, and 

reward probability, resulting in choice options with different expected values and risks. We 

found that mice’s choices were sensitive to the expected value of stimuli: mice consistently 

selected stimuli with higher expected values. Moreover, we observed diverse risk attitudes across 

mice, from risk seeking to risk averse. The risk attitude of each mouse was largely stable over 

both short and long time scales: it did not fluctuate as a function of the recent trial history of 

wins and losses and remained stable throughout several days of testing. We used high-density 

large-scale electrophysiological recordings to measure neural signals across many frontal regions 

during the task. Using population decoding, we show that neural signals across various frontal 

regions encode economic value, albeit with graded strength. We next investigated whether neural 

responses reflected individual risk preferences and found that trials with the same expected value 

but different risk were better decodable from neural responses of risk-sensitive mice, which 



preferred or avoided risky stimuli, compared to risk-neutral mice. Our work reveals graded 

representations of economic value across the frontal cortex, and provides a platform for 

investigating the neural basis of economic decision-making at a large scale with high spatial and 

temporal resolution. 
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Abstract: The prefrontal cortex (PFC) plays a crucial role in learning and decision-making. 

Neurons across the PFC exhibit diverse responses reflecting a range of sensory, motor, and 

cognitive variables relevant to decision-making. However, the organizing principles that give 

rise to these diverse representations in PFC remain unclear. Past studies investigating the 

’projectome’ of PFC neurons in mice have identified the dorsomedial striatum (DMS) and 

claustrum (CLA) as two of the PFC’s main subcortical projection targets. DMS has been found 

to contribute directly to decision-making through its role in action selection, while CLA has been 

implicated in processes such as attentional control and impulsivity. We hypothesized that the 

heterogeneity of PFC responses may map onto differences in their downstream projection 

targets. To test this hypothesis, we combined a two-alternative economic decision-making task, 

high-density large-scale electrophysiology, and projection-specific optotagging in mice. In 

particular, we recorded the activity of a large number of neurons across the PFC using 

Neuropixels probes during the economic decision-making task. We then identified a subset of 

these PFC neurons as projecting to the DMS or CLA using antidromic optogenetic stimulation of 

PFC axons in these two downstream regions. Neurons across PFC as well as the subpopulations 

projecting to DMS or CLA displayed a rich representation of task variables. We highlight two 

differences among PFC cells depending on their projection targets: first, DMS- and CLA-

projecting PFC neurons display a different distribution across PFC subregions, and second, DMS 



and CLA-projecting PFC neurons respond to different combinations of task events. Our ongoing 

analyses seek to further investigate these projection-specific neural signals as well as PFC 

population signals during economic decisions. Our work bridges the gap between two levels of 

insights into the neural basis of decision-making: large-scale neural activity and circuit-specific 

neural signals. In doing so, we are paving the way to a better understanding of the roles PFC 

circuits play in decision-making. 
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Abstract: Adolescent brain development provides a window of opportunity for learning. A key 

feature of adolescence is the rapid expansion of knowledge about the world. This growing 

knowledge provides a scaffold for generalizing any one particular experience to other similar 

experiences. This allows individuals to integrate multiple separate memories to build an internal 

predictive model. However, while this process of learning and generalization has been previously 

studied in adults, it remains unclear how generalization supports value-based inference during 

adolescence. From childhood to adulthood, connectivity between the striatum and distributed 

cortical regions strengthens, which may support the developmental emergence of flexible 

generalization of value. To test this, we designed a reward-based learning task that leveraged 

object categories as a form of general knowledge. Participants chose between pairs of objects for 

the chance to receive a monetary reward. Objects were sampled from 33 distinct categories 

which were, on average, worth different amounts of reward (e.g., balloons = ~80¢, masks = 

~20¢), allowing participants to learn the object category value. We tested whether individuals 

generalized category value to guide decisions when they were presented with novel objects from 

previously learned categories. To index explicit awareness of the category value structure, 

participants self-reported category values after learning. We examined age-related differences in 

participants aged 10 to 25 years-old. Because retrieving and updating category knowledge relies 

on cortical systems that continue to mature during adolescence, we hypothesized that flexible 

category generalization would emerge with age. We found that 10-12 year-olds did not use 



category value to guide decision making. However, generalization increased with age, and older 

adolescents and adults were more likely to generalize category value. Surprisingly, although 

younger adolescents did not generalize category value to guide decision making, they still 

reported explicit awareness of the category values following the task. This reveals that younger 

participants learned category value, but they did not generalize this learning to guide adaptive 

inference. Together, these findings demonstrate that younger adolescents experience a 

knowledge-behavior gap: they can explicitly express value knowledge but don’t apply it to guide 

value-based decision making. Future work will identify how ongoing brain development 

supports the emergence of flexible generalization. 
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Abstract: Dopamine is an important neuromodulator that underlies learning from previous 

experiences. In reinforcement learning accounts, dopamine is thought to encode reward 

prediction errors, or the difference between experienced and expected reward, in order to update 

a recency-weighted running average of previous outcomes to predict future rewards and adjust 

behavior accordingly. A parameter in reinforcement learning models called the learning rate 

determines the temporal integration window, with a faster learning rate integrating over fewer 

trials in the past. Importantly, these models assume a fixed recency weighting (i.e., a static 

learning rate). We used high-throughput training to collect well-powered datasets from hundreds 

of rats (N=240) performing a temporal wagering task with semi-observable states (blocks of 

large or small rewards) distinguishable only by their reward statistics. We found that rats 

modulated how quickly they initiated trials using previous rewards. However, around hidden-

state transitions, when state uncertainty was high, rats integrated over a shorter window (1-2 

trials back) compared to periods of low state uncertainty (7-8 trials back), so that rats can more 

quickly adjust to the new state. Using computational modeling, we found that this behavior was 

well-described by a model that integrates over previous trials using a dynamic learning rate that 

changes in proportion to estimated state uncertainty. Finally, to validate the uncertainty-based 

dynamic learning rate, we measured dopamine release in the nucleus accumbens core using fiber 

photometry and GRABDA sensors. We found that, consistent with an increased learning rate, 



phasic dopamine release was enhanced in periods of high state uncertainty relative to trials with 

comparable reward prediction errors but low uncertainty. Our work provides novel insights into 

the role of state uncertainty in shaping both behavior and dopamine dynamics. 
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Title: Estrogenic gain control of reward prediction errors during reinforcement learning 
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Abstract: Despite the broad influence of gonadal hormones throughout the brain, little is known 

about how these hormones influence cognitive behaviors and their underlying neural substrates. 

Exogenous estrogenic hormones are known to modulate dopamine signaling in the nucleus 

accumbens, which is thought to instantiate reward prediction errors (RPEs) for reinforcement 

learning, raising the intriguing possibility that hormones might influence reinforcement learning. 

Here we show that endogenous estrogenic hormones that fluctuate over female rats' reproductive 

cycles enhance reinforcement learning by increasing the dynamic range of dopamine signaling in 

the NAcc, producing a multiplicative gain on RPEs. We trained rats to perform a temporal 

wagering task with different reward states. Rats adjusted how quickly they initiated trials across 

states, balancing effort against expected rewards. In fertile stages, females showed greater 

sensitivity to reward states, which we show is driven by enhanced encoding of dopamine RPEs 



in the NAcc that increase or decrease the perceived value of the environment. During fertile 

stages, dopamine transporters were reduced in expression, and computational modeling showed 

that reduced reuptake could increase the gain of RPEs. Preliminary data suggests that genetic 

suppression of estrogen receptors in midbrain dopamine neurons eliminates hormonal 

modulation of behavior. Thus, estrogenic hormones control the rate of reinforcement learning by 

regulating dopamine reuptake, providing a mechanism by which hormones influence neural 

dynamics for motivation and learning. 
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Abstract: Frontal cortical neurons often have complex responses and have been shown to 

encode multiple task-relevant variables in cognitive paradigms. This complexity may be a core 

feature of the frontal cortex and indicate that neuronal representations of task-relevant variables 

are encoded at the level of the population, instead of by individual neurons or subpopulations. 

However, it remains unclear whether downstream circuits sample from sufficiently diverse 

frontal cortical neurons to adequately interpret complex population dynamics. An alternative 

possibility is that downstream brain regions receive only a subset of cortical responses, such that 

individual task-relevant variables are encoded by subpopulations of frontal cortical projection 

neurons. 

We performed anatomical tracing using fluorescently conjugated cholera toxin subunit B (CTB-

Alexa488 and CTB-Alexa647) of corticostriatal projection neurons from the lateral orbitofrontal 

cortex (lOFC) to the dorsolateral (DLS) and ventral (VS) striatum. We found that projections to 

these functionally distinct regions of the striatum are composed of non-overlapping populations 

of neurons located in different layers of lOFC. To characterize the task-relevant dynamics of 

these subpopulations, we have used viral methods to express channelrhodopsin in projection-



specific neurons. We combined optogenetic stimulation of DLS or VS axon terminals and 

Neuropixels probes in the lOFC to identify projection-specific neurons on the basis of short 

latency (10.54+5.4ms), low jitter (1.70+1.17ms) antidromically activated action potentials as rats 

perform a rich temporal wagering task our lab has developed. We present our evidence for 

identifying antidromically activated neurons, and preliminary findings of their task relevant 

responses. 

We have also identified other neurons with much longer latency responses or even inhibition 

following antidromic activation of corticostriatal projection neurons, providing insight into the 

larger network connections these neurons have within the lOFC. Interestingly, neurons inhibited 

following optogenetic stimulation show consistent responses to task events, suggesting that 

striatal projection neurons might inhibit functional cell classes with shared task-relevant 

responses. Altogether, these experiments hold promise for revealing the circuit logic by which 

projection-specific subpopulations interact within the OFC and ultimately route information to 

downstream circuits. 
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Abstract: Midbrain dopamine (DA) neurons are thought to be critical for reinforcement learning 

and motor control. One important target for DA neurons is the striatum where different 

subregions are innervated by different midbrain DA neurons. A great deal of evidence suggests 

that DA release in the ventral striatum acts as a reward prediction error (RPE) while DA 

manipulations in the dorsolateral striatum produce gross effects on movement. The dorsomedial 

striatum (DMS), located between the ventral and dorsolateral striatum, may represent an 

intermediate position along the continuum of value to action coding in the striatum. To address 

how value and action are represented by DA in DMS, we trained rats on a novel value-based 

decision making task that includes reward-and motor-related components at distinct points in 

time that facilitates relating DA to different aspects of behavior. Fiber photometry measurement 

of DA release in DMS reveals that only some event-aligned phasic DA signals are accompanied 

by movement, the amplitude of which predicts the vigor of the upcoming contralateral 

movement. Phasic DA in the absence of movement signals RPE by conveying reward magnitude 

and probability. Chemogenetic inhibition of DMS impaired rats’ ability to adapt their choices 



depending on the current reward context. To address which aspect of value processing is 

impaired, we simulated behavioral data with a Bayesian-inference-based model with softmax 

policy. We find that the qualitative features of inactivation data are captured by a high softmax 

parameter, suggesting that DMS inactivation renders policy more explorative. These data suggest 

that the heterogeneous DA signal in DMS supports value-based decision-making by promoting 

movement and learning at distinct timepoints for action policies. 
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Abstract: Orbitofrontal cortex (OFC) is a key structure involved in decision making. OFC is 

known to represent information about the value, effort, and likelihood of success of various 

options. However, it is unclear whether this information is used prospectively, to advise future 

decisions, or retrospectively, to learn from past outcomes. To study the nature of choice coding 

in OFC, we train rats to perform a temporal wagering task in which they must decide the optimal 

time to wait for a reward. We record neural dynamics in lateral OFC as the animals perform this 

task. Here we present evidence that rodent OFC encodes information about decisions before the 

choices are made. Further, we identify robust cell categories with dynamics which predict the 

oncoming decision with high accuracy. These findings support the hypothesis that OFC plays a 

causal role in decision making. 
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Abstract: Orbitofrontal cortex (OFC) has been implicated in myriad aspects of value-based 

decision making. However, the precise role of OFC in value-based decision making is still 

unknown. We trained rats on a novel temporal wagering task that requires rats to determine how 

long to wait for a water reward. The amount of time rats are willing to wait for each reward 

provides an explicit behavioral readout of rats’ subjective value for the offered reward volume. 

Rewards are presented in blocks of trials with different reward distributions. Rats wait longer for 

the same reward when the opportunity cost, or the expected reward that is given up by 

continuing to wait, is lower (“low” reward blocks) compared to when it is higher (“high 

blocks”). Transitions between reward blocks are not cued, creating partially hidden states. 

Bilateral muscimol inactivation of lateral OFC (lOFC) reduces modulation of wait time by 

reward state. Rats are slower to adjust their wait times after a block transition when lOFC is 

inactivated. This suggests that lOFC is necessary to infer the current reward state based on 

knowledge of the task structure. To generate hypotheses about how lOFC may contribute to 

inference, we fit a behavioral model that reproduces several aspects of rats’ behavior, and 

includes interpretable parameters that map onto different aspects of the decision-making process. 

The model uses Bayes’ Rule to predict the identity of the current reward state. It includes 

parameters representing the opportunity cost in each block (which dictates the wait time in 

different blocks), and a parameter capturing the extent to which rats use an optimal prior, which 

contains knowledge about block length, transition probabilities, and reward history. Muscimol 

inactivation systematically reduced the prior parameter, but not other parameters, suggesting that 

rats use a less informative prior when lOFC is inactivated. Electrophysiological recordings in 

lOFC and latent variable modeling show encoding of the prior at the level of single neurons and 

populations. Tensor components analysis reveals groups of cells that fire preferentially for 

particular prior probabilities over reward blocks. Regression analysis further suggests that neural 

activity is more strongly modulated by the prior than other correlated variables, including the 

posterior and identity of the current block. These data suggest that neurons in lOFC represent 

rats’ subjective belief distributions over partially observable states of the environment, thus 

supporting hidden state inference. 
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Abstract: Our behavior is continually shaped by our internal state - a partially hidden variable 

that influences our perceptions, decisions, and actions. While several approaches have been 

developed to probe the neural mechanisms underlying such states, such as measuring the 

influence of pupil dilation or locomotion on sensory processing, our understanding of how 

internal state reorganizes activity within, and communication between, brain areas to support 

state-dependent behaviors remains poor. Here, we combine an unsupervised modeling 

framework that formalizes internal state as a statistical model of behavior (Bolkan, Stone et al 

2022; Ashwood, et al 2022) with high-density, multi-region Neuropixels 2.0 probe recordings of 

the anterior cingulate cortex (ACC) and dorsomedial striatum (DMS) to examine how internal 

state influences cortical and striatal neural dynamics in mice performing an evidence 

accumulation decision-making task (Pinto, Koay, et al 2018). We find that even on trials when 

mouse decision-making behavior is overtly identical (e.g. correct choices toward a leftward goal) 

neural activity in both ACC and DMS is sufficient to decode the model-derived internal 

decision-making state of an animal (task-’engaged’ or ‘disengaged’). Single neuron encoding 

and population decoding reveal a greater representation of sensory evidence and earlier 

representation of upcoming choice in both ACC and DMS during the task-engaged state. These 

state-dependent differences are starker in ACC than in DMS, and also arise earlier in the 

temporal progression of a trial in ACC than in DMS. Ongoing work is examining how these 

internal decision-making states reshape the communication of task-relevant information across 

time, state, and brain area. To date, our work uncovers state-dependent differences in the neural 

dynamics across multiple brain areas that support decision-making behavior. 
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Abstract: Anterior cingulate cortex (ACC) is implicated in critical aspects of cognition, 

including attention, action selection, and task engagement. Similar to other cortical areas, ACC is 

a layered structure with predominant connections from superficial to deep layers; however, the 

computational function of this layered organization remains unclear. We performed 2-photon 

calcium imaging and Neuropixels 2.0 recordings across layers of ACC, while mice performed a 

spatial navigation-based evidence accumulation task in a virtual reality setup, to ask what 

information is communicated across layers, and how this cross-layer communication changes 

with task engagement. Superficial layer neurons (layer 2/3) fired sparsely relative to deep layer 

neurons (layer 5), and task variables (such as choice, evidence and outcome) were better 

represented in the deep layer. Moment-by-moment decoding of sensory evidence and choice was 

highly correlated across layers during the evidence accumulation epochs, more so than that of 

outcome during the outcome epoch, suggesting preferential communication of decision-related 

information across layers. Statistical characterization of cross-layer interactions with reduced-

rank regression (Semedo et al., Neuron, 2019) and canonical correlation analysis (Steinmetz et 

al., Nature, 2019) further confirmed that interactions from superficial-to-deep layers are strongest 

during the evidence accumulation epoch, and that the communication subspace is best aligned to 

the choice axis. Next, we applied a hidden Markov model with generalized linear model 

observations (GLM-HMM) to identify spontaneous transitions in task engagement state (Bolkan 

et al., Nat Neuro, 2022). This revealed remapping of sensory evidence representations across 

task engagement states, most dramatically in the superficial layers. Ongoing analyses are focused 

on understanding how this remapping affects cross-layer communication. Altogether, this work 

demonstrates that decision-related information is preferentially routed from superficial to deep 

layers within the ACC, and that sensory evidence representations are remapped in the superficial 

layer across fluctuating levels of task engagement. 
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Abstract: Previous research has shown neural representations of stimulus attributes are 

integrated to compute an overall value judgment. As our goals and needs change we benefit from 

modulating the value of relevant items, necessitating flexible rather than static value 

representations. However, it remains unclear how our brain implements this flexible value 

modulation on an attribute level for complex objects. One hypothesis is that the value of 

attributes adapt to changing goals while the integration into an overall value judgment remains 

stable. An alternative possibility is that flexible value computation is accomplished by adapting 

the integration mechanism while attribute representations remain stable. 

To differentiate between these hypotheses, we designed a paradigm that probes participants’ 

(N=35) value judgments on a set of 75 unique clothing items across 3 goal contexts, while we 

obtained functional MRI data. To extract attributes of these high-dimensional stimuli we 

collected participant ratings for subjective attributes (e.g. comfort) and used methods from 

computer vision for objective attributes (e.g. contrast). Behavioral modeling shows that the 

weights describing how attributes are integrated into an overall value judgment change across 

contexts. In further support of the prediction that flexible value is driven by changing integration 

weights, we find that neural activity reflects the encoding of measured attributes rather than 

representations of attributes in value space. After integration across attributes, the overall flexible 

value representation is encoded in the medial frontal cortex. Taken together these results suggest 

that changes in attribute integration underlie flexible value computation. 
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Abstract: We make all kinds of errors in our daily life. Some errors are caused by exogenous 

events, such as a frozen app or flat tires on the road; some are our own, such as dialing the wrong 

number because we are distracted by the TV. The former is useful for learning the values of 

different options while the latter is useful for optimizing allocation of cognitive control 

resources. The medial frontal cortex (MFC) is one of the key substrates for signaling reward 

prediction errors (RPEs) as well as action errors. A major open theoretical question is whether 

RPEs and action errors are detected and signaled by the same or different neural substrate. We 

propose that action errors, which are signaled by the error-related negativity (ERN), reflects a 

local process within the MFC that compares a corollary discharge of the executed action with a 

predicted action outcome generated by action forward models. The RPE, on the other hand, is a 

result of input from midbrain dopamine neurons to the MFC. If this hypothesis is true, these two 

types of error signals should involve separate groups of MFC neurons. In this study, we tested 

this hypothesis by designing a novel task that elicits uncorrelated action errors and reward 

prediction errors. The task requires a skilled action to obtain reward, generated by two reward 

sources of different pay out probability. We recorded single neurons in the MFC in 5 patients 

implanted with hybrid depth electrodes for evaluation for drug resistant epilepsy. Subjects made 

action errors in ~20% of trials in attempting to reach the chosen option. These errors did not 

prevent the subjects from learning about the option values and from attempting to choose the 

more valuable options, thereby allowing reward learning driven by RPEs. We analyzed the 

encoding of action errors and reward prediction errors (RPE) at the neuronal level. We found 

that, across the N=109 recorded MFC neurons, ~23% of neurons signaled action errors and 

~22% of neurons signaled reward prediction error. Remarkably, there was little overlap between 

these two groups of neurons. On the population level, these two groups of error neurons support 

robust decoding of action errors and RPEs. Evoked potentials showed a similar dissociation 

between action error and RPE coding. These results support our hypotheses that the action errors 

and RPE are separate signals in the MFC, useful for updating different representations: the 

former for updating the state of cognitive control, whereas the latter for updating the value of 

choices in the external world. 
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Abstract: Real world decisions require not only the ability to learn about the value of choice 

alternatives but also the acquisition of skills to implement choices and acquire consequent 

outcomes. However, the computational and neural mechanisms by which the human brain 

balances learning across reward and action domains remains an open question. Crucially, it is 

unclear how neural representations of learning signals respective to each domain, reward 

prediction errors (RPE) and action prediction errors (APE), are specifically configured in regions 

relevant for both actions and rewards, such as the basal ganglia and frontal cortex. Whether 

neural substrates of action versus reward dynamics are separable or overlapping in these key 

regions is particularly important and understudied in ecologically-valid learning contexts where 

both types of learning are necessary for successful decision-making. 

To elucidate the domain generality versus specificity of learning in the brain, we present a new 

experimental paradigm designed to elicit dissociable reward and action learning signals. 

Participants (n=34) completed a novel reward learning task while undergoing fMRI scanning. 

Critically, in order to select the chosen alternative, participants were required to execute a skilled 

continuous action in a virtual physical system. The task therefore demanded learning the value of 

the choices as well as how to execute the action necessary to implement choice. Participants 

indeed learned across both reward and action domains and we found evidence of stereotyped 

action trajectories, characterized by decreased variance in their continuous actions across trials, 

emerging over time and predictive of successful action execution. We present a computational 

model in which distinct reward and action learning mechanisms are integrated into a combined 

utility to predict choice. Model-based analysis of uncorrelated prediction error signals revealed 

distinct encoding in bilateral dorsal versus ventral striatum for APEs and RPEs, respectively. 

While these signals remained spatially separable in mPFC, we found overlapping uncertainty 

representations across domains in the frontal pole. Our study reveals that the dynamic and 

intertwined relationship between action and reward learning is supported by both specific and 

general representations in the human brain. 
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Abstract: Decision making in the real world involves a complex interplay of different 

environmental factors and internal states. One mechanism that has been proposed to contribute to 

the orchestration of cognitive processes in the brain is the modulation of the amplitude of high 

frequency neural oscillations by the phase of low frequency waves, known as phase-amplitude 

coupling (PAC). PAC is believed to allow coordination between local and global brain activity, 

and it may act as a gatekeeping mechanism for high frequency oscillations. It may control and 

direct localized activity during cognitive processes, including decision making. We observed 

such phase-amplitude modulation in stereo-electroencephalography (sEEG) recordings obtained 

from human subjects performing two different decision-making tasks. One was based on the card 

game "War", the other a risky multi-attribute decision task in which patients are asked to choose 

between two options with different win or loss amounts and probabilities. We have previously 

(Subritzky-Katz et al. 57th Annual Conference on Information Sciences and Systems (CISS). 

IEEE, 2023.) reported the modulation of gamma/high gamma (40-200 Hz) amplitude by theta (4-

8 Hz) phase during one of our decision-making tasks. Across all subjects for the “War” task, the 

period immediately proceeding the outcome presentation showed 45 (10.8%) fewer significant 

channels than the period following the outcome. Across all subjects for the multi-attribute 

decision task, the period immediately proceeding the outcome presentation showed 13 (3.3%) 

more significant channels than the period following the outcome. We found, in agreement with 

previous observations, that this specific type of PAC is associated with the decision-making 

process. PAC was present in multiple structures involved in decision making, such as the 

hippocampus, amygdala, and the anterior end (pole) of temporal cortex. Here, we expand this 

analysis to identify and include spectro-temporally defined parts of the spectrogram that differ 

significantly between task conditions, for instance between positive and negative outcomes, e.g., 

when participants won vs. lost virtual (in the War task) or real (in the multi-attribute decision 



making task) money. Significant differences in spectral power were assessed on a region-by-

region basis using a nonparametric cluster-based procedure to identify specific time and 

frequency ranges of interest. We then targeted the PAC analysis to those time-frequency ranges 

to investigate task-related differences in modulation at these specific regions of interest. 

Additionally, we show the effects of using different sEEG referencing schemes. 
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Abstract: Real-world decisions typically require the consideration of multiple options, each of 

which is defined by multiple attributes. To study such multi-attribute decisions, we have 

implemented a tablet-based task offering participants the choice between two different options. 

On two thirds of the trials (the “win domain”), both options offered cash rewards of different 

amounts and with different probabilities. On one third (the “loss domain”) both options resulted 

in losing money, again with specified amounts and probabilities of losing. Attributes types 

(amounts and probabilities) are represented by separate symbols and these symbols mask the 

attribute values which are only displayed (unmasked) when participants click on the respective 

symbol. Participants can freely select as many times as desired which attributes they view but 

only one attribute of one option may be inspected at a time. When the participant has come to a 

decision, they select the chosen option by tapping on a dedicated symbol. This sequence of 

events gives us the ability to precisely observe when each piece of decision-relevant information 

is being collected. 

To study the neural correlates of this decision process, we collected stereoelectroencephalogram 



(sEEG) recordings from patients undergoing treatment for medically intractable focal epilepsy 

while they performed the multi-attribute decision task (85+/-72 win domain trials and 40+/-36 

loss domain trials from 13 patients, mean and standard deviation across patients). Event-aligned 

spectrograms were computed for the beginning of each trial of the task, the inspection 

(unmasking) of all attributes of all options, taps on “select” to indicate a chosen option, and the 

moment when the outcome of the trial is displayed. Spectral power across frequency and time 

adjacent to these events was then tested with a nonparametric cluster-based test for significant 

differences depending on task condition, such as: win vs. loss, likely vs. unlikely outcome, 

amount inspection vs. probability inspection, win domain inspection vs. loss domain inspection. 

Further, spectral power was tested for significant correlation with task defined variables, such as: 

inspected attribute magnitude, inspected option expected and subjective value, chosen option 

expected and subjective value, and win or loss amount. Significantly task-related activity was 

identified in a range of cortical and subcortical regions, including the orbitofrontal cortex, 

dorsolateral frontal cortex, mesial frontal cortex, insula, amygdala, and hippocampus. 
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Abstract: Humans and animals are constantly confronted with complex, value-based decisions 

which require accurate collection of information about the available options. While there has 

been progress in understanding behavioral principles underlying multi-attribute decision-making, 

much less is known about their neural correlates. In macaques, it has been previously suggested 



that pre-Supplementary Motor Area (pre-SMA) neurons have a role in updating internally 

generated motor plans and thus may encode information related to multi-attribute motor 

decisions. Two macaques were trained to make a motor decision related to risky choice. On each 

trial, the monkeys were presented with two visual stimuli, corresponding to two options the 

monkeys could choose from. Each option was characterized by the amount of liquid reward the 

animal could obtain and the probability of receiving it. Neural activity was recorded from pre-

SMA and analyzed during 6 separate periods corresponding to different stages of the task. One 

of the key periods of interest is the information gathering (IG) period, when animals fixate 

attributes to gain information about the two options. We find significant millisecond timescale 

synchrony in the jitter-corrected cross-correlograms (Amarasingham et al, J. Neurophysiol. (2) 

517-31, 2012) in 35% (45/127) of pairs when analyzing data across the whole trial (permutation 

test, p < 0.01). When analyzing the six task periods separately, we find strong synchrony in all 

periods of interest, with the largest number of significant pairs (24) occurring during the IG 

period, followed by the post-reward period (22) and the pre-Response period (18). Additionally 

we compared the distribution of the synchrony between the IG period and other trial periods 

using a jitter-based synchrony index (JBSI; Agmon, Neural Systems \& Circuits 2.1: 1-15, 

2012). We find no significant differences in the strength of synchrony in any comparison 

(Kolmogorov-Smirnov, p>0.05). Within the information-gathering period, we observe 20 

significant pairs during initial fixations to attributes, compared to 4 significant pairs during 

repeated fixations to the same attributes. This suggests that millisecond timescale synchrony may 

encode novel information. These results add to the existing literature suggesting that stimulus 

and behavior-modulated synchrony supports the cortical organization of cognitive motor 

processes and decision-making. 
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Abstract: A binary economic choice entails the computation and comparison of two offer 

values. When monkeys chose between different goods, two groups of neurons in orbitofrontal 

cortex (OFC) encode the two offer values. Importantly, experiments using electrical stimulation 

demonstrated a causal relationship between the activity of offer value cells and choices. Given a 

value range, the tuning curves of offer value cells are quasi-linear and independent of the 

distribution of the offers. The gain of the tuning curves (i.e., the slope of the encoding) is 

inversely proportional to the value range (range adaptation). In previous work, we developed a 

theory of optimal coding for offer values (Rustichini et al, 2017). The central concept is that the 

encoding of offer values is optimal if tuning curves ensure maximal expected payoff (i.e., 

maximum chosen value). The theory is based on a linear decision model, where choices are 

determined by the difference between the activity of the two groups of offer value cells. The 

theory indicates that quasi-linear tuning curves are optimal only if the two value ranges are equal 

and the joint distribution of offer values is uniform within the relevant domain of offers. (Since 

this condition is not satisfied in our experiments, quasi-linearity can be viewed as an inflexible 

trait of the tuning functions, presumably advantageous in an evolutionary perspective.) The 

theory also demonstrates that, for linear tuning curves, range adaptation ensures maximal 

expected payoff. Finally, indicating with A and B the two offered goods, with ΔVA and ΔVB the 

two value ranges, and with JA and JB the efficacy of synapses for which offer value A and offer 

value B cells are pre-synaptic, the theory predicts the relation JA/JB = ΔVA/ΔVB. We have now 

generalized this prediction for a decision model that (a) includes the other groups of neurons 

identified in OFC (encoding the chosen good and the chosen value) and (b) is fully connected. 

We have also tested the prediction using estimates for the synaptic efficacies derived from 

network inference analysis (Ising model) applied to populations of 20-120 neurons recorded 

simultaneously. Preliminary results based on a limited data set support the theoretical prediction. 

This finding validates the theory and supports the understanding that offer value cells in OFC are 

optimally tuned for economic choices. 
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Abstract: While the functional form of value encoding has not yet been resolved, it is clear that 

the perceived value of an object is influenced by the other objects presented simultaneously. 

Importantly, this value distortion also occurs when stimuli that were initially encountered within 

a fixed context, i.e. pair, are seen outside of this original context (Bavard et al., 2018). Here we 

present results of three online experiments (N=287, 129 women) that demonstrate that value 

distortions remain stable across different learning modalities (experience vs. description) and 

memory elicitation methods. Furthermore, we show that the direction of these distortions can be 

predicted from the architecture of the learning task. 

In all experiments, participants first completed a learning task where they encountered eight 

different options presented in fixed contexts. The options differed in valence, magnitude and 

probability of obtaining a non-zero outcome. Immediately afterwards, participants performed 

two memory tests. In the implicit test, participants had to select the best option from each 

possible pairwise combination, while in the explicit test, they had to recall the non-zero outcome 

of each option. 

Participants’ responses in the memory tests were used to calculate the explicit and implicit 

rankings of each option. The rankings were highly correlated with each other and reflected a mix 

of the option’s global rank (compared to all other options) and its local rank (compared to its 

learning pairmate). This indicates that value encoding is universally distorted. Crucially, the 

rankings were not affected by the learning modality. While participants who learnt from 

description exhibited higher learning accuracy compared to those who learnt from experience, 

their implicit and explicit rankings in the memory tests were qualitatively similar, suggesting that 

increasing the amount of information given to the participants does not affect value encoding. 

Furthermore, by manipulating the learning architecture across experiments, we were able to alter 

the local ranks while keeping the global ranks stable, thereby revealing that both the implicit and 

explicit rankings change based on the local rank. 

We thus demonstrated that the observed value distortion is universal and systematically emerges 

from learning architectures that favour contextual learning, rather than learning modality or any 

intrinsic properties of the options themselves, bringing us a step closer to understanding the 

cognitive mechanisms of value representation. 
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Abstract: Addiction vulnerability and compulsive drug-seeking are associated with traits such as 

attentional control, action impulsivity, and cue-reactivity. To characterize the genetic bases of 

these traits, we conducted a genome-wide association study (GWAS) in a cohort of 1,612 

phenotypically and genetically diverse N/NIH Heterogeneous Stock (HS) rats. HS rats were 

tested in a reaction time task, in which rats were required to maintain attentional control and 

respond to a visual stimulus for a water reinforcer. We characterized individual differences in 

attentional control by measuring reaction time and action impulsivity by measuring incorrect and 

premature responses during the task. GWAS yielded 22 unique quantitative trait loci (QTLs) 

across 24 phenotypes. Among the most heritable were reaction time, premature responses, and 

trial completion (h2 = .19-.22). QTLs identified for reaction time and premature response were 

located on chromosomes 1, 2, 5 and 14 which varied in interval size and the number of candidate 

genes within these regions. For example, the QTL for action impulsivity contained Fancl and 

Vrk2, both of which were previously identified in human GWAS for smoking (Linnér et al. 

2019), depression (Nagel et al. 2018) and antidepressant efficacy (Li et al. 2019). Expression-

QTL in mesocorticolimbic regions of the brain revealed both novel candidate genes (e.g. Sucnr1, 

Myh6) as well as genes previously implicated in substance use disorders by GWAS in humans 

(e.g. Ctsc, P2ry12). Thus, we demonstrate that HS rats are useful for investigating the genetic 

variants underlying complex behavior and in identifying candidate genes for future testing. 
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Title: Cognitive-motor interactions in neurotypical children and young adults using mobile 

brain-body imaging (MoBI) show age-related differences in neurophysiology and response 

inhibition task performance 
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Abstract: Cognitive-motor (C-M) interference is a phenomenon during which demands from 

concurrent cognitive and motor tasks create competition for available neural resources, causing 

performance decrements in one or both modalities. Research can introduce this competition 

using dual-task designs to compare performance on single-task situations to dual-tasks, which 

require both motor and cognitive engagement. However, recently ~50% of a group of young 

adults (YAs) improved performance on an RI cognitive task when walking, contrasting the idea 

of C-M interference. The improvers displayed significant differences in neurophysiological and 

gait profiles, while no differences were observed in non-improvers. This demonstrates that while 

some individuals experience C-M interference, others have a more integrative effect, presenting 

as better adaptation to multi-modal demands. Little is known about how this C-M relationship 

develops, nor what factors play a role in the integration observed in some. Using an RI task to 

compare ERPs of children and adults, inhibition has been shown to be less widely distributed and 

more frontally-focused with increased age, but it is unknown how this will present when dual-

tasking. To examine this, we use Mobile Brain-Body Imaging, which permits synchronous 

recording of neurophysiologic (electroencephalography/EEG), kinematic (motion-tracking), and 

behavioral (task performance) data. This is the first study to use these methods in those &lt; 18 

years old. Participants complete a Go/NoGo RI task while sitting and walking on a treadmill. We 

record a cognitive assessment, physical activity survey, and biometrics. We hypothesize children 

will display greater C-M interference compared to YAs, evidenced by greater decline in task 

performance when walking, and lesser EEG differences between motion states. Additionally, the 

proportion of improvers will be greater in YAs. Preliminary data shows differences in YAs and 

children between motion states at expected latencies and loci of the event-related potentials 

(ERPs) N2 and P3. Children’s ERP loci have a wider distribution compared to YAs. When 

walking, children improve their task performance more often than YAs. Behavioral assessments 

show no significant correlations with change in peak N2 amplitude or task performance when 

walking, suggesting the differences observed there cannot be related to single modal abilities for 

either age group. This work hopes to reveal how components of C-M interaction develop and 

elucidate markers of those who are able to access mechanisms that lead to improvement when 

dual-tasking. More data collection is needed to compare age groups with suitable power. 
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Abstract: Differences in brain organization and processing between women and men have been 

a subject of ongoing debate. Additionally, it has been observed that inhibition processing varies 

across hemispheres in relation to sexual differences. The present study aims to investigate brain 

responses during a Go/NoGo task in women and men. Participants were exposed to 150 stimuli 

(red, blue, and green circles) with a duration of 1.6 seconds each. The stimuli were presented 

using a classical random block design specific to each gender group. Following each run, 

participants (n = 21 males, n = 21 females) indicated the location of the stimuli (right or left side) 

using their dominant hand on a PC keyboard. No response was required for green stimuli. Eye 

movement data was recorded using electrooculogram (EOG) electrodes. Results revealed 

significant differences in brain activity between women and men during inhibitory processing. 

However, an analysis of behavioral data did not yield any significant differences in response 

patterns. Electroencephalographic activity was used to analyze absolute potential (AP) (p &lt 

0.05). Women exhibited higher activity in the Delta, Theta1, Theta2, Alpha1, Alpha2, Beta1, and 

Total bands during the task. These findings provide evidence supporting the hypothesis of 

distinct functional brain organizations associated with inhibition processing in women and men. 
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Abstract: The diversity of neuron types poses great challenge to decode neuronal network 

dynamics, especially the numerous types of cortical interneurons. Chandelier cell(ChC), a 

GABAergic interneuron with unique morphological characteristics that target the axon initial 

segments(AIS) of pyramidal neurons, is one of the most fascinating interneuron subtypes in the 

cortex. However, the in vivo electrophysiological (ephys) profile of ChC has long been missing 

due to technical restrictions. Combining in vivo multichannel ephys recording with optogenetic 

identification, we acquired the long-term in vivo firing activities of ChCs in layer II of the medial 

prefrontal cortex (mPFC) in free moving mice. We found that optogenetic activation of ChCs 

produced inhibitory effects on a large number of neurons, including pyramidal neurons and 

interneurons. Firing activities of ChCs are only phase locked to high frequency oscillation (>100 

Hz) of mPFC local field potential. This regulation is restricted to the axon spanning range of 

ChCs. ChCs increased their firing rates with adaptive activity changes when mice were placed 

under different behavioral tasks including open-field, high platform, social recognition and T-

maze tasks. At the neural network level, the firing frequency of ChCs increased with pyramidal 

neuron ensemble activity. Optogenetic inhibition of pyramidal neurons lead to diminished 

activity of ChCs. These results demonstrated a nonselective firing pattern of ChCs, thus 

preventing the overexcitation of neural network. We conclude that ChCs in the mPFC play an 

important role in balancing excitation and inhibition of neural networks under natural 

physiological status. 
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Abstract: Transcranial alternating current stimulation (tACS) is useful for improving cognitive 

abilities non-invasively. One of the essential cognitive abilities is the capacity to effectively 

regulate task-irrelevant or distracted information processing, referred to as “inhibitory control”. 

This is predominantly processed in the dorsal anterior cingulate cortex (dACC) and dorsolateral 

prefrontal cortex (DLPFC), the primary centers of the inhibitory-control network. In this study, a 

functional magnetic resonance imaging (fMRI) experiment was conducted to investigate if a 

tACS with a phase lag (0 and 180 degrees) across the dACC and left DLPFC modulated 



inhibitory-control performance. Twenty-five healthy participants performed a Stroop task while 

being scanned using fMRI before and during the phase-lagged tACS treatment. Differences in 

brain activation were analyzed between the in-phase (0 degree) and out-of-phase (180 degree) 

conditions. Specifically for the incongruent condition, significantly better performance was 

observed in the 180°-phase-lag tACS condition compared to the 0°-phase-lag tACS condition, 

which was also reflected in activation changes in the putamen area. Presumably, the out-of-phase 

tACS across the dACC and DLPFC assisted in facilitating the inhibitory regulation of 

incongruent information processing. Taken together, this study exhibited a neuromodulatory 

feasibility of a phase-lagged tACS on the inhibitory-control function. 
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Abstract: Online repetitive Transcranial Magnetic Stimulation (rTMS) combines noninvasive 

brain stimulation with a task to causally study cognitive processes. A 2009 study by Sack et. al. 

demonstrated a superiority of active rTMS over sham stimulation on a numerical Stroop task 

(NST), using individualized fMRI targeting. With many technological advancements since 2009, 

we sought to replicate the rTMS effect on the NST. Our study used updated MRI parameters, a 

robotic arm to hold the TMS coil, electrical sham stimulation, increased task practice, and a 

larger sample size. In the NST, two digits varying in physical and numerical size were displayed 

and subjects had to select the numerically larger digit. Three conditions were tested: Congruent, 

the numerically larger digit was physically larger; Incongruent, the numerically smaller digit was 

physically larger; Neutral, both digits were the same size. Nineteen healthy adults (5 male, 39 ± 

14 years old) were enrolled. In a first session, subjects practiced and then performed the NST 

during fMRI acquisition. Individualized TMS targets were defined in the right intraparietal 

sulcus. In a second session, after practicing, active and sham rTMS was delivered during the 

NST. Analysis of reaction time (RT) with a repeated measure ANOVA on 14 subjects (four 

withdrew, one outlier was removed) uncovered a learning effect and a significant interaction 



between Stimulation (active/sham), Congruency (incongruent/congruent/neutral), and 

Stimulation Order (active first/sham first) (F(2,24) = 4.08; p = 0.03). Lower RTs were found 

with active rTMS in incongruent trials, but only for participants who received sham rTMS first. 

Like Sack et al., we stimulated at 60% of the maximum stimulator output; however, the relative 

intensity varied greatly between subjects, ranging from 94 % to 188% rMT (128 ± 6% on 

average). Computing rTMS effect as the % change in RT with active compared to sham 

stimulation, we found a significant correlation (r = -0.72, p = 0.004), with higher stimulation 

intensity relative to rMT resulting in a stronger rTMS effect. We could not replicate the 

difference in RT with active rTMS versus sham. Our training results suggest Sack et al.’s rTMS 

effect may be a result of learning during experimental blocks. With our larger sample size, we 

evaluated stimulation order and found a potential cumulative rTMS effect, suggesting that active 

and sham stimulation should occur on separate days. Further, by determining rMT, we identified 

stimulation intensity as a confound and suggest individualizing the intensity rather than using a 

fixed intensity. Our work suggests further improvements are necessary to optimize this 

experimental paradigm. 
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Abstract: Feedback is crucial for keeping people engaged in cognitively demanding behavioral 

tasks. Previous research has demonstrated real-time feedback could enhance behavioral 

performance in tasks involving working memory. However, the effects of real-time feedback on 

cognitive control functions, such as conflict monitoring, and its influence across different age 

groups remain unclear. To address these questions, we developed a web-based speech-Stroop 

application that provided real-time feedback to users from three age groups: young adults (18-40 

years), middle-aged adults (41-60 years), and older adults (61-80 years). The study aimed to 

investigate how feedback affected conflict expectation and stimulus incongruency in the speech-

Stroop task, while manipulating the ratio of congruent and incongruent trials in different blocks. 

Overall, older adults exhibited slower and less accurate responses compared to the younger 

groups, indicating a decline in executive function with aging. Additionally, older adults 

experienced greater cognitive interference from incongruent stimuli. Importantly, real-time 

feedback resulted in longer response times, suggesting that the feedback made participants more 

cautious. However, no significant interactions were observed between feedback, task factors, or 

age groups. Furthermore, feedback did not affect overall accuracy levels. Nevertheless, real-time 

feedback amplified the interactive effects between conflict expectation and stimulus 

incongruency on accuracy. In trials without feedback, comparable degrees of cognitive 

interference were observed across different block types with varying ratios between congruent 

and incongruent stimuli. Conversely, trials with real-time feedback exhibited significantly 

increased cognitive interference in blocks where incongruent stimuli were rare and unexpected. 

Notably, these feedback effects on the interaction between conflict expectation and stimulus 

incongruency were consistent across all age groups. Together, our study provides valuable 

insights into the influence of real-time feedback on cognitive control processes. The findings can 

guide the development of user-friendly and engaging cognitive monitoring and training 

applications suitable for all age groups. 
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Abstract: Motor impulsivity, or the inability to restrain a response despite potentially negative 

consequences, is a symptom shared by bipolar disorder, ADHD and OCD. Stress is known to 

exacerbate impulsivity in these psychiatric conditions. In previous work we found that chronic 

unpredictable stress (CUS) increased premature responding in a rodent test of motor impulsivity. 

We have also shown orbitofrontal neurons projecting to dorsomedial striatum (OFC to DMS 

projection) are activated during the test. In this study we address whether CUS alters the 

activation state of this projection during performance, and whether chemogenetic manipulation 

of the projection can overcome the response to stress. Motor impulsivity was measured with the 

1-choice serial reaction time test (1-CSRTT). Premature responses in this test signal the inability 

of the subject to “wait” for a signal to receive a reward. Animals are trained to master a task with 

“wait” time of 5 seconds (intertrial interval, ITI 5), then on a separate day they are tested at a 

longer ITI (ITI 8 sec), that increases premature responding (“challenge” condition). First, we 

determined if CUS affected activation of the OFC to DMS projection. Rats were injected with 

retrograde AAV-EGFP in the DMS, trained in the 1-CSRTT to reach stable performance at ITI 5 

and given one session of ITI 8. One group of rats was then subjected to CUS, and one group 

remained in housing for 2 weeks. Following 3 days of reminder sessions, all rats were divided 

into 3 groups: a group performed the test at ITI 5, one at ITI 8 and one did not perform the 

behavior. One hour later perfused brains were collected for immunohistochemical analysis of the 

OFC using anti-GFP and anti-Fos antibodies. We found that compared to the non-stressed group, 

CUS rats showed decreased activation of the OFC to DMS projection at ITI 8. We also observed 

decreased Fos expression in non-DMS projecting OFC neurons. To establish whether reduced 

activation in the OFC to DMS projection was responsible for the behavioral effect of stress we 

used a floxed-hM3D-Gq/CRE adenoviral approach to activate the OFC-DMS projection in 

stressed rats. A control group received floxed-mCherry. Activating OFC-DMS neurons did not 

reverse the stress effects at ITI 8. In conclusion, we identified an OFC-DMS projection that is 

activated during a motor impulsivity task. Activation of this projection is dampened in stress rats. 

However, selectively activating this projection does not rescue the behavioral effects of stress. 

Since CUS causes a general decrease in OFC activation during challenge, it is likely the 

behavioral effects of CUS are mediated by an interplay of DMS-projecting and non-DMS 

projecting OFC neurons. 
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Abstract: Maintaining a healthy weight requires exertion of inhibitory control when exposed to 

food stimuli. Individual differences in food-related inhibitory control may therefore help to 

explain why some individuals are more likely to develop excess weight than others. Maternal 

obesity is associated with greater risk of obesity in offspring but underlying neural and 

behavioral mechanisms are not well-understood. We therefore aimed to investigate the influence 

of maternal overweight on food-related inhibitory control and underlying neural circuits in 

adolescent offspring. We hypothesized adolescents with raised familial obesity risk would show 

reduced food-related inhibitory control and altered activation of inhibitory control circuits. We 

recruited 71 14-18y olds (33M, 38F), of whom 22 were lean with a lean biological mother (lean 

low-risk, ‘lean-LR’), 19 were lean with a biological mother with obesity/overweight (lean high-

risk, ‘lean-HR’), and 30 had obesity/overweight (‘overweight’). All underwent fMRI scanning 

during a simple food go/no go task in which ‘go’ trials used a picture of green broccoli, and ‘no 

go’ trials used a picture of either French fries or vanilla ice cream in a red bowl (depending on 

participant preference). Adolescents underwent the task on two separate days: on one they 

consumed a 474 ml preload of water pre-scan (0 kcal, fasted condition); on another (counter-

balanced) a 474 ml milkshake pre-scan (480 kcal, fed condition). The three groups did not differ 

on age, sex, race, or behavioral performance indicators. Imaging data revealed ‘no go’ trials 

activated posterior-medial-frontal cortex, insula and fusiform gyrus across groups, with patterns 

of activation in fasted and fed conditions being largely similar. In the fasted state, both the lean-

HR and overweight groups engaged anterior cingulate cortex to a greater extent than the lean-LR 

group. Additionally, the lean-HR group showed increased activation in superior frontal gyrus 

compared to the lean-LR group. In the fed state, the lean-HR group showed increased activation 

in caudate, insula, inferior parietal cortex and middle frontal gyrus compared to both the lean-LR 

and overweight groups. Our results demonstrate activation of inhibitory control circuits as well 

as regions implicated in food reward during a food go/no task, and suggest raised familial obesity 

risk among adolescents who are currently lean may impact the neural mechanisms engaged 

during food-related inhibition, potentially reflecting a heightened reward response paired with 

greater effort required to inhibit responses to food. 
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Abstract: Smartphone overuse is a social problem that deserves attention from society. 

Particularly concerning is the significant rise in unhealthy smartphone usage, which can 

detriment individuals’ everyday life activities. In fact, excessive and problematic use of 

smartphone is considered one form of behavioral addiction. According to the dual-process model 

of addiction, increasing inhibitory control can strengthen control over the problematic use of 

smartphones. In the current study, we used a modified Go/No-go task as an implicit inhibitory 

training task and assessed its effects on explicit and implicit evaluation of smartphone apps. A 

total of96individualsat high-risk of smartphone addictionparticipated in this study and were 

randomly assigned to the Nogo, Go, or Control group. During training, the Nogo group was 

manipulated to withhold responses to 90% ofaddictivesmartphone apps (e.g., entertainment)and 

release responses to 90%of utility apps (e.g., mail); this pairing of app-response was reversed in 

the Go group. The control group equallyreleased and withhold responses for addictive and utility 

apps. Before and after the training, participants completed the implicit association task (IAT) 

with various app words and the craving rating task (CRT) with pictures of apps. These apps 

included addictive and utility apps used in the Go/No-go training task. Changes in inhibitory 

control was assessed using the stop signal task(SST).Electroencephalography (EEG) data were 

recorded throughout the entire procedure using a 64-channel Neuroscan system and CURRY8 

software. Event-related potentials (ERPs) to pictures of apps during the CRT were analyzed 

focusing on P3 responses obtained in the central-posterior area (CPz, Pz) with a time window of 

350 to 500 ms after stimulus onset. Preliminary data analysesindicated that the pre-post reduction 

of the P3 responses to addictive apps was greater in the Nogo group as compared to the control 

group. The P3 responses to utility apps did not statistically differ between the groups.ERPs 

during the SST were also analyzed, focusing on N1 responses (Fz, FCz; 80 to 130 ms post 

stimulus onset). Overall, the Nogo group tended to elicit reduced N1 responses to pictures of 

apps compared to the control group during the SST.These ERP results suggest that implicit 

inhibitory training over smartphone apps using a Go/No-go task may have the potential to 

modulate neural mechanisms related to individuals’ responses to smartphone apps and may help 

mitigate the risk of developing problematic use. 
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Abstract: Historically, the orbitofrontal cortex (OFC) has been implicated in a variety of 

behaviors ranging from reversal learning and inhibitory control to more complex representations 

of value and task space. While more modern interpretations of the OFC’s involvement suggest a 

role in outcome evaluation, these cognitive processes often require an organism to inhibit 

alternative or maladaptive responses or strategies. Single unit recordings from the OFC in rats 

performing a novel variant of the stop-signal tasks showed that while the OFC seemed minimally 

involved in the inhibition of an inappropriate response, units in the OFC responded highly to the 

previous experience of conflict, and this heightened activity correlated with slower movement 

times of the following trial. In order to investigate the role that the OFC plays in conflict 

adaptation we expressed halorhodopsin (eNpHR3.0) in neurons in the OFC and tested rats on the 

stop-signal task. In line with the single unit data, yellow light LED activation of the eNpHR3.0 

construct did not alter stop signal performance relative to within session no light control trials. 

However, examination of trial sequence revealed a significant decrease in accuracy on stop trials 

that followed go trials (gS trials). gS trials are often the most difficult trial type, as repeated 

experience with relatively habitual go trials often encourages subjects to perform future trials 

faster. Interestingly, optogenetic inhibition only disrupted stop signal performance when the 

yellow LED was active at the start of the trial, and did not alter performance when the yellow 

LED was active on the previous go trial. This suggests that contrary to the implications of the 

previously described single unit data that the OFC does play a direct role in inhibitory control 

processes. Future research is needed to understand how this role in inhibitory control contributes 

to current theoretical frameworks implicating the OFC in value and task space representations. 
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Abstract: Background: Long-term cigarette use is associated with inhibitory control 

dysfunction, which is exacerbated in the context of smoking cues. Long-term nicotine use is 

associated with altered activity in the default mode (DMN), executive control (ECN), and the 

salience (SN) functional brain networks. Less is known about their role in inhibitory control and 

cue salience during nicotine abstinence. The goal of this study was to identify the neural 

substrates of inhibitory control on cigarette cues for abstinent smokers. Methods: Abstinent 

smokers (N=34) completed a cigarette cue task and a cigarette craving question prior to an fMRI 

smoking go/no-go (GNG) task that was designed to engage smoking incentive salience and 

inhibitory control. Participants were presented with smoking and non-smoking pictures bordered 

in blue or yellow and were instructed to press a button box or inhibit their response depending on 

the border color. Whole brain voxel-wise analyses contrasted inhibition-related brain activation 

between task blocks with pictures bordered by go and no-go colors vs. only go colors and cue-

related activation between task blocks with pictures of smoking and non-smoking stimuli vs. 

only non-smoking stimuli. Whole-brain voxel-wise correlation analyses determined if brain 

activation was related to GNG task accuracy and cigarette craving scores. Results: There were 

statistically significant regional inhibition-related activation increases in twelve brain clusters 

encompassing SN, ECN, and DMN regions. However, there were no statistically significant 

smoking cue-related regional brain changes. Increased accuracy on the GNG task was related to 

increased inhibitory activation in the SN and occipital lobe but decreased inhibitory activation in 

the primary motor and somatosensory motor cortices. Increased craving scores were related to 

decreased inhibitory activation in the left orbitofrontal cortex and right thalamus/caudate. 

Increased craving scores were associated with increased cue-related activation of the posterior 

cingulate cortex and precuneus (i.e., DMN) as well as the occipital lobe, ventral tegmental area, 

and cerebellum. Conclusion: Overall, these results confirm that the DMN, SN, and ECN are 

important neural substrates for engaging in inhibitory control in the context of smoking cues. SN 

activation during abstinence may be involved in cognitive performance. Although DMN 

activation was not associated with inhibition accuracy, there was evidence of aberrant DMN 

activation during inhibitory control. Additionally, DMN activation in response to smoking cues 

may contribute to craving during abstinence. 

Disclosures:  K.Z. Salinas: None. K.R. Houser: None. C.R. Bordner: None. A. Fendrich: 

None. J. Foulds: 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.; U01-DA045517, 

R01-DA048428. A. Bellon: None. Q.X. Yang: None. J.E. Muscat: None. S.J. Wilson: 



None. J. Liao: None. A.L. Hobkirk: 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.; K23 DA045081. 

Poster 

PSTR049. Inhibitory Control and Disorders of Executive Functions 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR049.13/QQ14 

Topic: H.04. Executive Functions 

Support: Phyllis M. Taylor Center for Social Innovation and Design Thinking 

Title: Music training is related to late ERP modulation and enhanced performance during the 

Simon but not the Stroop task 

Authors: *M. VELASQUEZ1, J. WINSTON4, S. SUR5, K. A. YURGIL6, A. UPMAN4, S. 

WROBLEWSKI2, A. HUDDLE3, P. J. COLOMBO2,3;  
2Brain Inst., 3Dept. of Psychology, 1Tulane Univ., New Orleans, LA; 4Psychological Sci., Loyola 

Univ., New Orleans, LA; 5Johns Hopkins Sch. of Med., Baltimore, MD; 6Loyola Univ. New 

Orleans, Loyola Univ. New Orleans, New Orleans, LA 

Abstract: There is increasing evidence that music training is positively correlated with 

performance on tasks used to measure components of executive function. The Stroop and Simon 

tasks both measure responses to congruent and incongruent information reflecting cognitive 

conflict resolution. However, there are many more reports of a music-training advantage in the 

Simon than in the Stroop task. The Stroop task may engage conflict resolution earlier, at a 

sensory stage, while the Simon task may do so at a later motor output planning stage. We 

hypothesize that music experience selectively improves conflict resolution at the late motor 

output stage. To test this, behavioral responses and event-related potentials (ERP) were measured 

in people with varying musical experience while they performed the Stroop and Simon tasks. In 

specific, we hypothesized that musical experience is positively correlated with performance in 

the Simon but not the Stroop task, and that this relationship is reflected in ERP components in 

the later stage of motor output processing in the Simon task. All participants (N=22) completed 

the Goldsmith Musical Sophistication Index and were split at the median into high and low 

music training groups. Electrical brain activity was recorded while they completed visual Stroop 

and Simon tasks. Formal music instrument training was negatively correlated with behavioral 

measures of the Simon effect but not the Stroop effect which is consistent with previous reports. 

Mean amplitude difference (incongruent - congruent) was greater for the high-music training 

group than the low-music training group at N100 for sites Cz and Pz in the Simon task and Cz 

and Fz in the Stroop task, and at N450 at Cz and Pz in the Simon task. N450 difference peaks 

occurred earlier in the high-music training group than the low-music training group at Pz. 

Overall, the differences between the high and low music training groups at N100 indicate that 



music training may be related to better sensory discrimination. These differences, however, were 

not related to better behavioral measures of conflict resolution. Differences in N450 responses 

between groups with high and low levels of music training, particularly in regions encompassing 

the motor and parietal cortices, suggest a potential role of music training in aiding action 

selection during response conflict situations. These results are consistent with our hypothesis that 

music training selectively enhances cognitive conflict resolution during late motor output 

planning stages. 
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Abstract: Experience with mindfulness practices has been associated with improved attentional 

abilities, especially in the domain of conflict resolution. Previous reports have focused on the 

effects of extensive mindfulness experience, or the effects of weeks-long mindfulness 

interventions on novices. To our knowledge, no study has examined the effects of a single 

mindfulness intervention on conflict resolution in long-term meditators and non-meditators. To 

address this gap, 20 long-term meditators and 20 non-meditators were recruited and assigned to 

either a mindfulness condition or a control condition. Each group completed a Stroop Word-

Color Task (SWCT) to assess conflict resolution, before and after a mindfulness or a control 

intervention, while undergoing neural imaging with functional near-infrared spectroscopy. 

Performance on the Stroop task, and neural activation patterns, were measured among long-term 

meditators and non-meditators at baseline to determine the effect of long-term mindfulness 

practice. The pre-post changes in performance on the Stroop task and neural activation patterns 

were compared between mindfulness and control groups to determine the acute effect of the 

mindfulness intervention. No significant differences in performance were found between non-

meditators and meditators at baseline in the SWCT, indicating that long-term meditation 

experience does not impact conflict resolution ability. We found no main effect of intervention 

or expertise on conflict resolution performance in the repeated measures ANOVA, however, only 



meditators assigned to the mindfulness condition exhibited improvement in pre-post 

comparisons. At baseline, meditators displayed greater right-lateralized activation in the 

prefrontal cortex during conflict resolution compared to non-meditators. Of interest, only the 

non-meditators who engaged in meditation showed a significant increase in neural activation 

from pre to post. Specifically, there was an increase in neural activation in the right dorsolateral 

prefrontal cortex. Overall, these findings suggest that long-term meditation experience may alter 

the lateralization of attention networks involved in conflict resolution. Engaging in mindfulness 

before conflict resolution may be beneficial for individuals already experienced in mindfulness. 

For those with no experience, mindfulness may tax cognitive resources and impair conflict 

resolution performance immediately afterward. 
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Abstract: Inhibitory control is an essential executive function for goal-directed behavior. It 

allows individuals to resist inappropriate behaviors and enhance self-regulations in order to 

maximize future rewards. Previous work suggests that multiple neuromodulatory systems 

throughout the entire brain play a role in regulating inhibitory control. However, the extent to 

which the noradrenergic and cholinergic systems, as well as their interplay, modulate inhibitory 

control remains poorly understood. Using genetically encoded norepinephrine (NE) and 

acetylcholine (ACh) fluorescent biosensors, we simultaneously measured the NE and ACh 

dynamics in the brain of mice performing an inhibition control task. In this behavior paradigm, 

water-deprived animals were trained to withhold their habitual licking of the water spout for a 

variable period cued by a tone. Premature licking resulted in a brief punishing air puff to the 

face, while successful withholding was rewarded with sweet water. Our data revealed a strong 

coherence between NE and ACh dynamics at the frequency of 0.3 to 0.8 Hz, with dynamic phase 

relationships (i.e. synchronous coupling and oscillatory states). Our data further indicated a 

significant correlation between behavioral outcomes and the interaction of the NE and ACh 



systems, specifically with increased switching from coupled to oscillatory states in failed trials 

compared to successful trials. We hypothesize that this correlation is modulated by the locus 

coeruleus (LC)-basal forebrain (BF) circuitry. To validate our hypothesis, we expressed 

retrograde DREADDs in different transgenic mouse lines and selectively inhibited the BF-

projecting LC neurons or LC-projecting BF neurons through CNO treatment. Our data showed 

that following the inhibition of BF-projecting LC neurons, animals achieved a lower 

performance of withholding their licks and waited longer time before collecting the water 

reward, together with a decreased correlation between behavioral outcomes and the NE-ACh 

interaction compared to the control or possible LC-projecting BF neurons manipulation group. 

Taken together, our findings provided insights into the functional significance of the interplay 

between the noradrenergic and cholinergic systems and suggested the relevance of the LC-BF 

circuitry in modulating inhibitory control processes. 

Disclosures:  Y. Liu: None. C. Martinez: None. J. Feng: None. G. Li: None. Y. Li: None. Q. 

Wang: Other; Qi Wang is the co-founder of Sharper Sense, a company developing methods of 

enhancing sensory processing with neural interfaces. 

Poster 

PSTR049. Inhibitory Control and Disorders of Executive Functions 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR049.16/QQ18 

Topic: H.04. Executive Functions 

Support: Progetti H2020 - Collaborativi - Sapienza University N. 

PH120172B9427FA1 

Title: Motor decision is influenced by the difficulty of solving a numerical comparison in a 

selective stop signal task 

Authors: I. MARC1,2, M. SEGRETI1, V. GIUFFRIDA1,2, S. RAMAWAT1, A. PAUL1,2, G. 

BARDELLA1, P. PIERPAOLO1, S. FERRAINA1, *E. BRUNAMONTI1;  
1Sapienza Univ., Roma, Italy; 2Behavioral Neurosci. PhD Program, Sapienza Univ., Rome, Italy 

Abstract: The environment's variability often requires us to assess whether an ongoing action 

should be completed or promptly interrupted in the event of an unforeseen circumstance. In 

experimental settings, these environmental interactions are simulated through selective versions 

of the Stop Signal Task (selective SST). These tasks require evaluating whether to cancel or not 

a planned movement based on the information provided by signals discriminated for the different 

perceptual characteristics. A theoretical model has been developed to explain the task's 

outcomes, wherein a Go and a Stop process engage in a race towards a common finish line. 

Within this framework, interpreting an event occurring during motor preparation as a 

countermanding input has been found to influence the race's dynamics. However, sometimes, 

deciding whether to ignore a stop signal requires going beyond simple perceptual processing and 



evaluating its impact on the ongoing decision. In our study, we investigated how the difficulty in 

the engaged cognitive operation for interpreting an external stimulus as a command to 

countermand ongoing action influences action inhibition. To do so, we designed a stimulus-

selective version of the SST, where 18 participants were required to engage in a selective finger 

movement or inhibition, based on a numerical comparison. They were instructed to make a 

comparison between two numbers presented in the opposite positions of the screen and lift the 

index finger if the number on the left side of the screen was higher or lift the middle finger for 

the opposite arrangement of the numbers. After a variable delay, randomly chosen between two 

possible values, in 40% of trials the higher number on the screen was replaced by a smaller 

number (Stop signal) or by a larger number (Ignore signal) than the target one. By manipulating 

the numerical distance between the numbers to be compared, whereas reaction time was longer 

when comparing close numbers such as 5 vs. 6 than distant numbers such as 5 vs. 9. This 

subsequently influenced both the probability of correctly stopping a programmed movement and 

the corresponding reaction time to the stop signal (SSRT). Specifically, we found a significantly 

lower proportion of correctly inhibited movements for shorter numerical distances compared to 

longer ones (two-way ANOVA, ps < .05), and a gradual decrease in SSRT with increasing 

numerical distance (one-way ANOVA, p < .05). Overall, our results suggest that cognitive 

operations need to be considered in understanding how action inhibition occurs in complex 

contexts. 

Disclosures:  I. Marc: None. M. Segreti: None. V. Giuffrida: None. S. Ramawat: None. A. 

Paul: None. G. Bardella: None. P. Pierpaolo: None. S. Ferraina: None. E. Brunamonti: 

None. 

Poster 

PSTR049. Inhibitory Control and Disorders of Executive Functions 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR049.17/QQ19 

Topic: H.04. Executive Functions 

Support: NIH grants AA025451 

AA025451-05S1 

AA013526 

MU internal funds 

Title: Individuals with Low Sensitivity to Alcohol Exhibit Dysregulated Inhibitory Control Task 

Performance and Neural Circuit Function: A Pilot fMRI Study 

Authors: *S. UPTON1, R. U. COFRESI1, M. RODGERS1, A. A. BROWN1, R. EBADA1, T. 

M. PIASECKI2, B. D. BARTHOLOW1, B. FROELIGER1;  
1Univ. of Missouri, Columbia, Columbia, MO; 2Univ. of Wisconsin, Madison, Madison, WI 



Abstract: Background: Low sensitivity (LS) to the acute pharmacological effects of alcohol 

confers risk for alcohol use disorder (AUD). Although alcohol-related cues can impel alcohol 

approach behavior among individuals with LS, the ability of LS individuals to exert inhibitory 

control (IC) over behavioral impulses remains under-explored. In this study, we used an event-

related fMRI IC task to explore IC and its neural mechanisms among LS (n = 16; 56% female) 

and high sensitivity (HS; n = 17; 59% female) individuals aged 18-23 yrs (M=20.42; SD=1.25). 

Methods: The LS and HS groups were determined based on scores on the Alcohol Sensitivity 

Questionnaire (ASQ). IC was assessed using a Go-Go / NoGo (GGNG) task - a well-validated 

task probe of the hyperdirect pathway, including the right inferior frontal gyrus (rIFG), and right 

supplementary motor area (rSMA). Task performance (% correct omissions on NoGo trials) 

along with blood oxygenation level-dependence (BOLD) response within these regions and 

effective connectivity (EC) between regions were analyzed. Results: Controlling for individual 

differences in alcohol use quantity-frequency across the past year, the following was observed: 

(i) a non-significant group difference (LS < HS) in NoGo trial accuracy: MD ± SED= -9.54 ± 

5.81, T(30)=-1.64, p=.111; (ii) a significant group difference (LS < HS) in the magnitude of 

BOLD response during correct NoGo trials in the rIFG and rSMA: MD ± SED= -1.24 ± 0.60, 

T(30)=-2.05, p=.049; MD ± SED= -1.28 ± 0.38, T(30)=-2.05, p=.002; and (iii) collapsing across 

groups, a marginally significant medium-size positive association of NoGo accuracy with EC 

from the rIFG to the rSMA: r(30)=+.31, p=.088. Conclusions: These findings suggest that 

disrupted hyperdirect pathway function during IC may contribute to an LS endophenotype. Such 

IC deficiencies may give rise to LS individuals' difficulty stopping once a drinking episode has 

been initiated. However, further research is needed to examine whether: (a) hyperdirect pathway 

EC mediates IC and drinking behavior; (b) strategies for potentially treating dysregulated IC 

(e.g., repetitive transcranial magnetic stimulation); and (c) whether LS individuals are more 

amenable, relative to HS individuals, to novel approaches for treating dysregulated IC. 
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Abstract: Cognitive flexibility (CF) is an executive function helping individuals to adjust their 

behavior based on changes in the environment and internal needs. Paradigms for determining set 

shifting (shifting between rules) and reversal learning (reversing the current rule to swap the 

reward contingencies of options) are successful in measuring CF in a variety of species. But the 

transferability of the data is low, due to differences in how these tasks are adapted to each 

species. Here we assess CF for both rhesus macaques and humans without species-specific task 

modifications.We developed a novel computerized paradigm, combining elements of set shifting 

(intradimensional (ID) and extradimensional (ED) shifts) and reversal learning (discrimination 

and reversal stages) tasks. Four stimuli, target, distractor and 2 neutrals, appear on a touchscreen. 

Each stimulus combines a shape, color and motion direction, the latter used in a set shifting 

paradigm for the first time. In each cycle (discrimination-reversal pair) one of the features is 

relevant and subjects find the target by trial and error. A trial ends when a target or distractor is 

touched. With neutrals, we allow for a foraging approach as they disappear upon touch without 

terminating the trial.We assessed cognitive flexibility of 11 rhesus macaques and 25 adult 

humans with our task, which required little to no training (1 day for humans and an average of 6 

days for monkeys). In the monkeys we observed a strong selection bias for the stimulus located 

towards the bottom of the screen. To identify whether this bias has been induced by the structure 

of our task, we assessed, with 4 animals, a configuration of stimuli where each stimulus is 

equally distanced from the start button. Animals still show a preference for certain locations, 

different for each, suggesting that what might be considered a location could instead be a 

strategy for reducing the number of options and therefore the corresponding cognitive load of 

each trial. CF was consistent across different feature dimensions in both species, suggesting that 

the same mechanism is responsible for dealing with a rule change, regardless of the feature 

dimension of the sensory input. Thus, visual motion is a suitable feature dimension for CF tasks. 

We observed that humans perform better during ID compared to ED shifts, shifting between 

rules within the same and different feature dimension, respectively. As we do not see such a 

difference for the monkeys, the two species might be using different strategies to solve the task, 

with humans showing a level of flexibility that is categorically different from that of rhesus 

monkeys. 
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Abstract: We often find ourselves in situations in which well-learned and nearly automatic 

responses conflict with our goals. Imagine making a right turn while driving in the United 

Kingdom after years of driving in the United States. You would likely have an automatic 

tendency to turn into the near lane and cognitive control is required to make the goal-directed 

response of turning into the far lane instead. This process of interference resolution is typically 

studied using conflict tasks such as the Simon task. Studies using fMRI and non-invasive brain 

stimulation that have examined conflict tasks have repeatedly implicated the right dorsolateral 

prefrontal cortex (DLPFC) in the interference-resolution process. However, it is unclear from 

these data whether this brain region is responsible for inhibiting prepotent responses, enhancing 

goal-directed processing, or some combination of both. We argue that the reason is twofold. 

First, the typical approach of using free RT to index interference resolution using RT difference 

scores cannot reveal the temporal dynamics of prepotent and goal-directed processing. Second, 

computational models capable of quantifying the underlying processes associated with prepotent 

and goal-directed processing are only weakly informed by data obtained using free RT. We 

believe a way forward in understanding the role of DLPFC in cognitive control is by specifically 

investigating the time course of interference resolution using a new task paradigm called the 

“forced-response method”. Participants performed a version of a Simon task in which they were 

forced to respond at a predetermined time. In the forced-response paradigm, stimulus onset is 

varied and participants are trained to respond at a specific time, transforming the time available 

for response preparation into an independent variable controlled by the researcher. This method 

lends itself well to a probabilistic model of response preparation that is able to tease apart the 

preparation of prepotent and goal-directed responses by estimating the latency of the cognitive 

processing required for each response. Just prior to task performance, we used a transcranial 

magnetic stimulation (TMS) protocol, continuous theta-burst stimulation (cTBS), to transiently 

disrupt activity in right DLPFC to investigate its causal role in interference resolution. 

Preliminary evidence suggests that, relative to stimulation over a control site, DLPFC disruption 

disinhibits the preparation of prepotent responses and has a minimal impact on the latency of 

goal-directed responses. These results provide strong causal evidence for the precise role of right 

DLPFC in interference resolution. 

Disclosures:  J. Sellers: None. T.J. Adkins: None. H. Zhang: None. J. Jonides: None. T.G. 

Lee: None. 

Poster 

PSTR049. Inhibitory Control and Disorders of Executive Functions 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR049.20/QQ22 

Topic: H.04. Executive Functions 



Support: R01MH057414 

R01MH117785 

Title: Amygdala and hippocampal innervation of projection neurons and interneurons in the 

nucleus accumbens shell of rhesus monkeys 

Authors: *L. MARSHALL, H. BARBAS;  

Boston Univ., Boston, MA 

Abstract: The Nucleus Accumbens (NAc) is critical for motivated behavior and its dysfunction 

is associated with several psychiatric disorders, such as substance use disorder and depression. 

The shell of the NAc is innervated by both the hippocampus and amygdala, thus positioning it as 

a key interface between the limbic and motor systems. There are primate-specific specializations 

in the NAc shell circuitry that challenge the translation of scientific advances from rodent models 

to humans. One difference pertains to the significant increase in interneuron populations in 

primates. To address this issue in the rhesus macaque, we first conducted a detailed stereological 

analysis of the population of the projection neurons, which were labeled with DARPP-32, and 

two non-overlapping populations of interneurons, labeled with calretinin (CR) or parvalbumin 

(PV). We found that from the combined population of neurons, approximately 76% were 

DARPP-32+ projection neurons, 16% were CR+ interneurons, and 8% were PV+ interneurons. 

These estimates do not include the sparse cholinergic interneurons. These findings show a 

significant shift in primate NAc interneuron populations compared to rodent estimates of 5-10%, 

and in which PV+ interneurons are the dominant subtype. We then studied innervation patterns 

by tracer-labeled pathways from the amygdala and the hippocampus onto three types of striatal 

neurons which were fluorescently tagged for CR, PV, or DARPP-32. Appositional analysis with 

confocal microscopy revealed that both pathways disproportionately innervated intrinsic 

interneurons over projection neurons based on their respective populations. Additionally, the 

pathway from the amygdala apposed CR+ interneurons three times more frequently than the PV+ 

interneurons. The shift in neuron populations and increased innervation of the intrinsic circuitry 

by limbic pathways suggest specializations in primates that underscore the complex functions 

attributed to the NAc shell for motivated behavior and disruption in psychiatric diseases. 
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Abstract: The thalamocortical (TC) circuit has a key role in cognitive sensory-motor processing, 

memory, emotion, and sleep spindle generation during wakeful and sleep states. 

Topographically- and functionally-organized interactions between the cortex, thalamus, and 

inhibitory thalamic reticular nucleus (TRN) underlie these diverse functions, including 

specialized reciprocal communication between the TRN and thalamic neurons through open or 

closed loop connections. The circuit is further subdivided into two functionally and anatomically 

distinct circuits: the core and matrix. Core circuits are more involved with sensory processing, 

while matrix circuits are more involved with limbic processing. While rodents and primates both 

have similarly organized thalamocortical circuits, they critically differ in the presence of local 

thalamic interneurons (IN); rodents have a very limited thalamic IN population in contrast to the 

extensive population of thalamic INs found in primates. We developed a rodent and primate 

biophysical neural model of the core and matrix thalamocortical circuits, based on recent 

physiological and anatomical data. Our model allowed us to investigate patterns of synchrony 

and spindling through spatiotemporal maps and band-passed neural signal averages. Our primate 

model was able to generate synchrony faster than the rodent model regardless of the arrangement 

of the TRN-thalamus interactions. With regards to spindle patterns, our primate matrix spindles 

had higher amplitudes than rodent matrix spindles and the open-loop primate spindles had an 

overall higher spindle density than open-loop rodent spindles. Our model provides a platform for 

understanding how the differences in the rodent and primate TC circuits can lead to network and 

spindle pattern differences that could have functional implications with memory consolidation. 
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Abstract: The hippocampus (HPC), entorhinal (EC or A28), and perirhinal (PRC) (composed by 

A35 and A36) cortices in the medial temporal lobe (MTL) contribute to multiple aspects of 

memory processing. The EC and PRC receive cortical input from multimodal association areas 



and the amygdala. The EC primarily receives feedforward projections from the PRC that 

terminate largely in layers I-III and sparsely in layer V, while the EC sends feedback projections 

to PRC. The PRC projects to EC, which then projects to the dentate gyrus of HPC, shaping the 

EC as the gateway to hippocampus. The complex processing in EC and PRC is fine-tuned by 

functionally and neurochemically distinct types of inhibitory neurons labeled for calretinin (CR), 

parvalbumin (PV), and calbindin (CB), which account for most of the inhibitory neuronal 

population in the primate cortex. Here we characterized the inhibitory populations in each layer 

of the EC and PRC of the rhesus macaque. We used stereological methods to estimate the 

density of CR, PV, and CB neurons in the rostral regions of the EC and PRC. Our results showed 

that in EC and PRC, CR neurons had the highest density followed by CB, while PV neurons had 

the lowest density. Agranular A35 had an overall lower density of all neurochemical classes of 

inhibitory neurons in comparison to dysgranular A36. The medial subdivisions of the rostral EC 

had a higher density of CR neurons in the deep layers, particularly in layer Va. In contrast, the 

density of PV neurons was higher in the deep layers of the lateral subdivisions of the rostral EC, 

especially in layer Va. Since the EC receives the output from the HPC via layer Vb and is 

thought to send projections to other cortical areas and PRC via layer Va, the inhibitory profile of 

these sublayers can shed light on the potential impact of inhibitory neurons in these circuits. The 

EC and PRC are affected in neurodegenerative disorders such as Alzheimer’s disease, with 

atrophy and neuronal loss in the ventral temporal cortex. These findings provide the basis for 

future comparison with information from neurotypical human brains and in neurodegenerative 

diseases. 
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Abstract: Amphetamine and other substance use disorders (SUD) are characterized by a diverse 

population of patients and no pharmacological treatment options. Effectively treating everyone 

suffering from SUD requires a better understanding of the neural mechanisms that underlie the 



differences between SUD populations like the large sex differences that exist. For example, 

females transition from initial use to dependance quicker, and report more adverse withdrawal 

symptoms. Cognitive impairments contribute to the maintenance of SUD. However, the sex 

differences in the SUD-related cognitive impairments or mechanisms behind these impairments 

are unknown. Dorsal striatal dopamine is implicated in both optimal cognitive performance and 

the sex differences found in SUD. To understand the sex differences in SUD-related cognitive 

impairments, we trained mice on an interval timing task, which requires cognitive processes such 

as working memory and attention. We recorded their performance throughout amphetamine 

withdrawal. Once trained, mice were exposed to chronic amphetamine (2.5 mg/kg i.p. daily) for 

14 days followed by a forced withdrawal period of 14 days during which they performed the 

interval timing task daily. My preliminary data suggests that during withdrawal, females in the 

diestrus stage of their reproductive cycle displayed anticipatory responding, i.e., these mice 

responded earlier compared to baseline. Interestingly, both females in the estrus stage of the 

cycle and males did not display differences compared to baseline performance. This suggests an 

estrus-dependent change in their interval timing during amphetamine withdrawal. To determine 

if dorsal striatal dopamine dynamics contribute to this behavioral difference, we will use dLight, 

a florescent dopamine indicator to observe sub-second changes in relative dopamine dynamics 

during the interval timing task. Understanding dorsal striatal dopamine dynamics during 

amphetamine withdrawal will inform sex-specific mechanisms of cognitive dysfunction in SUD, 

and will inform novel treatment options for SUD. 
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Abstract: Background. While instances of vertical transmission following prenatal exposure to 

SARS-CoV-2 are rare, it is important to consider alternative mechanisms through which child 

neurodevelopmental changes can occur. Maternal immune activation, for instance, can act as a 



‘neurodevelopmental disease primer,’ potentially influencing child neurodevelopment. Previous 

data on infants exposed to maternal SARS-CoV-2 infection prenatally, using both parent-

reported and observational measures, did not suggest an association with adverse 

neurodevelopmental outcomes at 5-11 months of age. Here, we investigated whether similar non-

significant associations are observed at 24-32 months of age, in a subset of mother-infant dyads 

enrolled into the COVID-19 Mother Baby Outcomes (COMBO) Initiative. Methods. A subset of 

mother-infant dyads with documented (exposed) SARS-CoV-2 infections and matched 

unexposed dyads enrolled into the COMBO Initiative were included here. Toddler 

neurodevelopment was assessed using the telehealth adapted Developmental Assessment of 

Young Children, 2nd edition (DAYC-2), which was conducted over Zoom when the toddlers 

were between 24- and 32-months old. The primary outcome of interest was age-adjusted 

standard scores on five DAYC-2 subdomains: cognitive, gross motor, fine motor, expressive 

language, and receptive language. The association between DAYC-2 age-adjusted standard 

scores and SARS-CoV-2 exposure was assessed using adjusted linear regression models. Data 

were analyzed from 169 toddlers. Results. When adjusting for sociodemographic variables, our 

analysis revealed no significant association of SARS-CoV-2 exposure with child 

neurodevelopment on any of the five subdomains of the DAYC-2. Conclusions. Preliminary 

results did not suggest an association between SARS-CoV-2 in utero exposure and toddler 

DAYC-2 scores on any subdomains at 24-32 months. Additionally, the longitudinal stability of 

age-adjusted subdomain scores will be examined by analyzing data from 65 dyads who 

completed both the 5-11 month and 24-32 month DAYC-2 assessments.  
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Abstract: Social recognition (SR) is the ability to distinguish between conspecifics based on 

previously acquired information. Research has shown that both estrogens and oxytocin (OT) play 



significant roles and are needed for SR. For example, gene knockout of estrogen receptors (ERs), 

OT, or OT receptor (OTR) each impairs SR. From this research it was proposed that estrogens 

and OT may interact to affect SR. A model of this interaction was hypothesized (Choleris et al., 

2003, PNAS) where estrogens binding to the ERs expressed in the paraventricular and supraoptic 

nuclei (PVN and SON) of the hypothalamus, where the majority of OT is produced in the brain, 

to facilitate the production/release of OT. The OT will then bind to the OTR in the medial 

amygdala (MeA), which also receives projections from the olfactory bulbs. The OT/OTR 

binding allows the incoming olfactory information to be used to recognize a familiar conspecific. 

This research tested whether this interaction occurs as described above and if it occurs through 

estrogens rapid mechanisms. In these experiments SR was tested using a rapid “difficult” SR 

paradigm. This paradigm has 2 sample phases, in which 2 stimulus mice are presented to the 

experimental mouse for 5 minutes. This is followed by a 5-minute test phase where 2 stimulus 

mice are presented again, however one is a novel mouse. Since mice prefer novelty, if the novel 

mouse is investigated more than the previously met mouse, it indicates SR. In the first 

experiment, we found that 17b-estradiol (E2) infused into the PVN rapidly facilitated SR (at 

doses of 25 and 50nM) in female but not male mice, and this facilitation was blocked by the 

infusion of an OTR antagonist (OTRA) into the MeA at a subeffective dose (75nM) that by itself 

dose not block SR. Next, we investigated which ERs in the PVN mediate this interaction by 

infusing agonists for ERb (DPN) or GPER (G1) into the PVN. We found that both DPN (at 100 

and 150nM) and G1 (at 100 and 200nM) rapidly facilitated SR and the facilitation caused by 

each was blocked by infusing the same OTRA does to the MeA. Lastly, we demonstrated that 

this interaction also occurs in the SON. Infusions of E2 (at 25 and 50nM) rapidly facilitated SR 

and this facilitation was also blocked by MeA infusion of the subeffective OTRA dose. Taken 

together these results indicate that E2 in both the PVN and SON of female mice mediates SR by 

interacting with the OTR in the MeA and the facilitation of SR that occurs in the PVN is 

mediated by both ERb and GPER. These results also support the proposed idea that estrogens 

and OT interact to rapidly mediate SR in female mice and that this interaction occurs in the way 

the model described. 
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Abstract: Conceptual categorization is a fundamental cognitive ability underlying human 

intelligence, such as thinking and reasoning. Behavioral studies have shown that monkeys are 

able to categorize food/non-food and animate/inanimate objects with respect to biologically 

important objects. However, past studies have had issues that the indices are indirect or the 

experimental environment is uncontrolled. In the present experiment, we tested category 

representations in the prefrontal cortex (PFC) and inferior temporal lobe (ITC) using an 

experimental design in which categories were explicitly discriminated using symbols and natural 

movie stimuli.Two monkeys (M. fuscata) were trained to perform an animate/inanimate 

symbolic category task. Subjects were trained to select the "animate symbol" when presented 

with a 2-second movie clip depicting a moving animal, and to select the "non-animate symbol" 

for a moving non-living object under free gaze. Electrocorticography was conducted from the 

ITC (128 channels) and PFC (64 channels). Averaged event-related potentials showed mainly 

transient responses immediately after the onset of stimulus presentation, and sustained responses 

were not evident. Event-related spectral perturbation revealed a sustained response in the high-

frequency (γ) band in response to animated stimuli. Population decoding analysis of the ITC and 

PFC showed that their accuracy was highest immediately after the start of the movie, but that 

both areas maintained high accuracy for 2 sec until the end of the movie. γ-band signals, in 

particular, showed significantly higher accuracy during the sustained period. Decoding was also 

performed using independent components to identify the spatial distribution of categorical 

information. The results showed that the most informative components were localized in the 

superior temporal sulcus (STS) for ITC and in the dorsomedial region for PFC (dmPFC). We 

also conducted a stepwise searchlight decoding to verify the importance of spatial patterns of 

activity. Compared to single-channel decoding, multiple-channels searchlight decoding improved 

performance, suggesting the importance of spatial activity patterns. In addition, spatial activity 

patterns, including STS channels, performed better in the ITC, while patterns including dmPFCs 

performed better in the PFC. These results suggest that frequency-specific spatial activity 

patterns of the STS and its surrounding areas and dmPFC and its surrounding areas, are sustained 

during gaze following objects in the natural moves, thereby maintaining the category 

representation of animate and inanimate objects and forming links to symbols. 
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Abstract: In multi-agent systems, interactions among agents pose critical challenges during 

efforts to optimize the system (Rossi 2018). In particular, the pursuit of individual goals can have 

detrimental effects on the entire system, as agents with similar behaviors may come into 

competition. This problem can be often observed in certain scenarios such as traffic jams, which 

occur when all agents choose the same shortest route that is observed to be ideal in the single-

agent condition (Sugiyama 2008). Previous studies in the area of deep reinforcement learning 

have suggested that this problem can be handled by considering other agents’ behaviors as part 

of the environment (Nguyen 2019), but this approach has limited applicability in high-

dimensional scenarios due to the increased computational cost. Here, we show that clues can be 

found from the classical fuzzy theory (Klir 1995), in which uncertainty during the decision-

making process can be utilized to achieve the optimization of a complex system. Similarly, we 

demonstrate that randomness in individual behaviors can be utilized as a multi-agent 

optimization strategy. We simulate a multi-agent road traffic model in which agents navigate a 

grid-shaped road towards their destinations. The average speed of each road is periodically 

updated, and agents are provided with the shortest path information. We found that when all 

agents strictly follow the "ideal" path, congestion occurs and the average time cost increases 

dramatically as the group size increases. Intriguingly, when we allowed all agents to deviate 

occasionally from the ideal path and choose a random path at each intersection, the congestion 

was significantly resolved. Specifically, the average time spent increased more slowly with the 

number of agents compared to that in the group following the ideal path. Moreover, by varying 

the probability of each agent choosing a random path rather than the navigated path, we found 

that there exists an optimal level of randomness that increases monotonically as the number of 

agents increases. Overall, our findings demonstrate the effectiveness of incorporating individual 

random behavior in multi-agent system optimization, thus providing insight into the possible 

benefits of random behaviors observed in humans and animals. 
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Title: Differential and temporally-dynamic involvement of primate amygdala nuclei for social 

and reward information processing 
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Abstract: At a restaurant, we may perceive the same food differently when served by a robot 

clerk or by a real person clerk. Our decision-making is thus influenced by the expected appetitive 

and aversive outcomes but is also influenced by social aspects, such as who offered the 

outcomes. Among many brain areas which have been implicated in valence coding, the 

amygdala is also implicated in processing social information. However, it is still being 

determined whether they are computed separately or conjointly. To this end, we had two 

macaques make saccades to a target presented on the left or right of a central fixation point (FP), 

under different social and reward contexts. The context was created by presenting one of eight 

images with two attributes, social reality: a monkey or cartoon face, and reward: large or small. 

The image was presented twice in a trial, after an FP (S1) and before saccades (S2). During S2, 

half of the faces always gazed toward (congruent) and the other half always gazed away from 

(incongruent) the future target. Thus, visual images carried information about social reality (real 

monkey or cartoon face), the expected amount of rewards (large or small), and congruency of 

gaze direction and saccade targets. We found that neurons in the distinct amygdala sub-nuclei 

encoded social reality and reward information separately, with distinct temporal dynamics. As a 

population, the lateral nucleus (La) neurons responded stronger to monkey- than cartoon- faces 

during the S1. The basal (Ba) and central (Ce) nuclei neurons showed stronger responses to 

large- than small-reward-associated faces. The reward-dependent modulation was characterized 

by a continuous time course but was more conspicuous during the S1 in the Ba and during the S1 

and S2 in the Ce. In all sub-nuclei, neurons modulated solely by a social or a reward factor, and 

those modulated by both factors coexisted. Some neurons in La showed a stronger response to 

incongruent than congruent stimuli, supporting its involvement in social information analyses. 

These results indicate anatomically- and temporally- distinct social reality and reward 

information processing: La’s social reality, Ba’s reward information at the sensory encoding 

phase, and Ce’s continuous reward information processing. 
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Title: A subanesthetic dose of (R,S)-ketamine induces an aversion to harming a cage mate in rats 
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Abstract: There is currently no pharmacotherapeutic that alleviates dysfunction in the ability to 

perceive and understand the emotions of another i.e., affective perspective taking (APT) which is 

a core aspect of empathy. While the complexities of human empathy are difficult to model in 

rodents, behavioral paradigms utilizing rats which study decision making in social contexts may 

provide a translational framework for assessing biological, pharmacotherapeutic, and 

environmental interventions. The objective of this study was to assess the efficacy of the rapid-

acting antidepressant (R,S)-ketamine in the harm aversion task (HAT); a behavioral paradigm 

that models APT in rats. The HAT measures the willingness of rats to forego pressing a lever to 

receive a sucrose pellet in order to prevent their cage mate from receiving an electric shock. 

Same-sex pair-housed adult rats (P90; n=47 male pairs, n=40 female pairs) were assigned as 

either the observer, which had access to the lever, or the demonstrator, which would receive 

shocks. After training the observer to press the lever to receive sucrose pellets, the demonstrator 

was placed into an adjacent chamber at which point lever responses would also deliver a shock. 

If the observer did not press the lever, no shock and no sucrose was delivered. Seven daily 

testing sessions were conducted with treatment occurring after the first session. An overall sex 

difference in harm aversion was observed in untreated rats with males (n=18) displaying greater 

aversion to harming their cage mate relative to females (n=15). A sub-anesthetic dose of (R,S)-

ketamine (10 mg/kg s.c.; n=15 males, n=13 females) ameliorated this sex difference and 

increased harm aversion overall relative to saline-treated controls (n=14 males, n=12 females). 

Additionally, relative to controls, (R,S)-ketamine treated rats displayed lower activity counts 

within the reward tray immediately following shock delivery to their cage mate, suggesting they 

chose to investigate their cage mate over obtaining the sucrose reward. Thus, (R,S)-ketamine 

facilitates harm-aversion. This increased willingness to forego personal gain in order to protect 

their cage mate could be via strengthening APT in rats. Dysfunction in APT is observed as an 

endophenotype in various spectrum disorders including autism, for which (R,S)-ketamine may be 

an effective therapeutic. Further work is required to assess the neural mechanisms underlying 

this finding. 
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Abstract: The infusion of testosterone (T), 17β-estradiol (E2), or dihydrotestosterone (DHT) 

into the bed nucleus of the stria terminalis (BNST) of adult castrated (CX) male mice rapidly 

facilitated Social Recognition (SR). Next we sought to identify the specific steroid receptors 

involved, either androgen (AR) or estrogen receptors (ERs). Adult male mice were bilaterally 

injected into the BNST with CRISPR/Cas9-containing AAVs to selectively Knock Down (KD) 

either the AR, ERα, ERβ or G protein-coupled estrogen receptor (GPER). After 4 weeks, mice 

were CX and implanted with bilateral cannulas targeting the BNST to allow infusion (10-14 days 

later) of doses of T, E2, DHT previously shown to facilitate SR. Fifteen minutes after infusion, 

mice were tested in a "difficult" SR paradigm, in which CX mice are impaired. The results of this 

experiment revealed that ERα and/or ERβ are each required for the rapid facilitation of SR by T 

and E2 in the BNST, whereas DHT facilitates SR through the AR. Surprisingly, GPER KD did 

not affect SR facilitation by any of the steroids. The BNST contains steroid-regulated 

vasopressinergic (AVP) neurons that project to the lateral septum (LS). Previous work found that 

a subeffective (that per se does not block SR) dose of a selective AVP 1a receptor antagonist 

(V1aRA) in LS can block the facilitating effects of T and E2, but not those of DHT, on SR. To 

identify the specific ER involved in this Estrogen/AVP interaction, male CX mice received the 

infusions of V1aRA into the LS just before effective doses of PPT (ERα agonist) or DPN (ERβ 

agonist) into the BNST. The facilitative effects on SR of both PPT and DPN were blocked by 

infusion of V1aRA into LS demonstrating the rapid interaction between each of these ERs and 

AVP neurons in the BNST-LS circuit. These results also suggest that T is mainly converted to 

E2 into the BNST and, by binding ERα and ERβ, modulate the activity of AVP neurons 

projecting to the LS. Instead, the AR drives the rapid facilitating effects of DHT on SR through 

non V1aR-dependent mechanisms yet to be understood. Identifying the mechanisms involved in 

the rapid modulation of social behavior by AR and ERs may lead to new therapeutic approaches 

for psychopathologies of social behavior with marked sex differences. 
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Abstract: Introduction: Social memory, or the ability to recognize individuals, is critical to the 

survival of social animals. Impairments may underlie social behavior deficits in conditions such 

as autism spectrum disorder where an estimated one third of adults have difficulties in face 

individual identity recognition. Social memory tests in rodents are commonly based on novelty 

where recognition is determined by the subject’s preference to interact with a novel, rather than a 

familiar, target. However, this method depends on the categorical recognition of novelty and not 

individual recognition. To our knowledge, individual recognition tasks which allow for the 

inclusion of both sexes, are ethologically relevant and easily replicable across laboratories do not 

exist. Methods: We developed paradigms to test individual recognition for two familiar social 

targets using C57BL/6 mice. Subjects were trained through multiple interactions with two sex-

matched social targets: a neutral mouse and a mouse associated with a negative experience. The 

aversive experience was either attacks from an aggressive mouse or electric shocks presented 

during interactions with one of the social targets. Following experiences with the neutral and 

agonist or shock-associated mouse, interaction time was measured in a social discrimination test. 

Results: Male mice spent less time interacting with the agonist (n = 22, p = 0.023) and shock-

associated (n = 31, p = 0.002) mice compared to neural targets. Males that were not previously 

exposed to either social target, exposed to both targets in the absence of aversive stimuli, or who 

were tested with novel social targets were used as controls to confirm that the decrease in 

interaction was specific to the agonistic and shock-associated social targets. This decrease was 

not observed in female mice (attack conditioned: n = 14, shock conditioned: n = 32). However, 

in a social novelty preference test males and females preformed similarly in their ability to 

identify novel social targets. Conclusions: Female C57BL/6 mice can identify novel social 

targets to a similar extent as males but perform poorer in tests of individual recognition. Attack 

and shock conditioning may be used to examine neural mechanisms of individual recognition, 

sex differences, and impaired recognition in conditions, such as autism spectrum disorder and 

schizophrenia, in brain regions critical to social memory. 
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Abstract: Social hierarchy in animal groups carries a crucial adaptive function by reducing 

conflict and injury while protecting valuable group resources. Social hierarchy is dynamic and 

can be altered by social conflict, agonistic interactions, and aggression. Understanding social 

conflict and aggressive behavior is of profound importance to our society and welfare. In this 

study, we developed a quantitative theory of social conflict. We modeled individual agonistic 

interactions as a normal-form game between two agents. We assumed that the agents use 

Bayesian inference to update their beliefs about their strength or their opponent’s strength and to 

derive optimal actions. We compared the results of our model to behavioral and whole-brain 

neural activity data obtained for a large population of mice engaged in agonistic interactions. We 

find that both types of data are consistent with the first-level Theory of Mind model (1-ToM) in 

which mice form both “primary” beliefs about their and their opponent’s strengths as well as the 

“secondary” beliefs about the beliefs of their opponents. Our model helps identify brain regions 

that carry information about these levels of beliefs. Overall, we both propose a model to describe 

agonistic interactions and support our quantitative results with behavioral and neural activity 

data. 
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Abstract: Following the COVID19 pandemic, the need to understand behavioural and 

physiological effects of long-term and developmental social isolation is more evident than ever. 

Zebrafish behavioural research has shown immense potential for modeling neuropsychiatric 

diseases, particularly neurodevelopmental disorders and social deficits. When presented with a 

live or animated social stimulus, zebrafish typically move closer to the stimulus (within 10 cm) 

and this reduction in social distance is associated with the dopaminergic system. Groups of 

socially-naive isolated fish exhibit abnormally greater distances between shoal-mates but it is 

unclear whether this social deficit results from abnormal visual or social processing due to 

developmental isolation itself or because socially inexperienced isolated fish serve as suboptimal 

and less attractive social stimuli for each other. To differentiate between the two possibilities, our 

goal was to examine the behavioural and physiological responses of isolated zebrafish to 

animated social stimuli that have been validated as attractive social stimuli and only provide 

visual information after life-long deprivation of visual social cues. We compared socially-naive 

and socially-experienced adult zebrafish (mixed sex, 6-months of age, n = 10-13 for each group) 

while presented with animated social stimulus and found that socially-naive isolated fish 

responded to the animated fish stimulus by reducing distance to the presentation side as well, but 

did not remain close afterwards as socially experienced fish do. Also, despite the robust 

behavioural response, animated stimulus presentation did not affect levels of neurotransmitter 

dopamine, its metabolite (3,4-Dihydroxyphenylacetic acid, DOPAC), and physiological stress 

marker, cortisol, in isolated fish, indicating that developmental social isolation has dynamic and 

lasting effects on social function. The identified behavioural and physiological differences 

between socialized and isolated fish can be exploited to further understand visual social 

processing during zebrafish social behaviour and its regulation in zebrafish models of 

neuropsychiatric disorders. 

Disclosures:  S. Shams: None. R.T. Gerlai: None. 

Poster 

PSTR050. Animal Behavior and Social Cognition I 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR050.10/RR7 

Topic: H.06. Social Cognition 

Support: NSERC Grant 400212 



Title: Gonadal hormone regulation of social learning: Interactions with dorsal hippocampal D2-

type dopamine receptors in male and female mice 

Authors: *N. BASS1, S. MCGUINNESS2, E. CHOLERIS3;  
1Univ. of Guelph, Thornhill, ON, Canada; 3Elena Choleris, 2Univ. of Guelph, Guelph, ON, 

Canada 

Abstract: Social learning, or learning by watching or observing others, is a critical tool used in 

numerous species to help navigate complex social environments. The underlying neurobiological 

mechanisms of social learning are poorly understood and may be tested using the social 

transmission of food preference (STFP) paradigm. The STFP has implicated the dorsal 

hippocampus (DH), the dopamine (DA) system, and sex hormones in social learning. We 

previously showed that DH infusions of a D2-type DA receptor antagonist blocked social 

learning in gonadectomized (GDX) but not gonadally intact male and female mice, suggesting 

that DH D2-type DA receptors interplay with gonadal hormones to regulate social learning. The 

specific hormones at play remained unknown. Here, we GDX animals and replaced hormones 

one at a time to determine whether they could protect against the impairing effects of DH D2-

type DA receptor antagonism on social learning. In males, gonadal testosterone may act at 

androgen receptors or at estrogen receptors following aromatization to estrogens. In study 1, 

adult castrated (CAS) male “observer” (OBS) mice received subcutaneous long-term estradiol 

benzoate (EB) or vehicle (VEH) silastic capsules (experiment 1), or dihydrotestosterone (DHT), 

a potent androgen, or VEH capsules (experiment 2). In study 2, ovariectomized (OVX) female 

mice received subcutaneous long-term EB or VEH silastic capsules. In study 3, CAS 

(experiment 1) and OVX (experiment 2) OBS received long-term subcutaneous slow releasing 

progesterone or VEH pellets. In all studies, after 10 days of continuous hormone replacement, 

GDX OBS received bilateral infusions of the D2-type DA receptor antagonist raclopride (20 

µg/µL for males or 18 µg/µL for females) into the DH 10-minutes prior to a 30-minute social 

interaction with a recently fed, same-sex, familiar “demonstrator” (DEM). Then, OBS underwent 

an 8-hour choice test between two novel flavored food diets. When social learning occurs, the 

OBS prefers the DEM diet. In all studies, long-term hormone replacement protected against the 

impairing effects of DH D2-type DA receptor antagonism on social learning. Findings from 

these studies will help elucidate the hormonal regulation of the social brain via interactions with 

neurotransmitter systems. Funded by NSERC. 
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Abstract: Composed of trillions of microbes, the gut microbiome, also known as the "forgotten 

organ," is essential for health and wellbeing. Contemporary neurobiological studies underline its 

profound impact on cognition and behavior through the brain-gut-microbiome axis, with 

dysfunctions in this pathway having been linked to various health problems, including heart 

disease, cancer, and depression. Yet, the forces that ultimately shape the gut microbiome remain 

opaque. Perhaps the most poorly understood, yet potentially most consequential of forces that 

can shape the gut microbiome is one’s social environment. Work in humans and nonhuman 

primates has suggested that cohabitation and frequent social interaction are responsible for 

similarities in gut microbiome composition. In turn, these studies have noted changes in 

behavioral and cognitive functioning as a result of these microbiota shifts. However, it is difficult 

to assess causation in these studies, and interpretations are complicated by the influence of 

uncontrolled but correlated factors known to directly impact the gut microbiome, such as diet. 

Here, we performed an investigation of the impact of changes in social environment on gut 

microbiome composition in a cohort of male cynomolgus macaques (Macaca fascicularis, ages 7 

- 9yrs) while controlling for diet. Our longitudinal study design tracked 13 captive males through 

three 6-month phases of social living conditions (single housing to divided social living and back 

to single living) over an 18-month period, during which we collected feces and hair samples to 

assess changes in gut microbiome composition and systemic cortisol levels, respectively. We 

found that social living conditions significantly increased animals’ cortisol levels, consistent with 

a physiological stress response associated with increased social interactions in males. 

Concomitant with these physiological effects, we also observed changes in gut microbiome 

composition above and beyond what could be explained by diet alone, indicating a direct effect 

of changes in social environment on gut biodiversity. Together, these findings suggest that 

changes in sociality can impact the physiology of primates at multiple biological levels, which 

may underlie the known relationship between social environment and individual wellbeing. 
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Abstract: Chronic social isolation during adolescence disrupts normal social behavior and is a 

risk factor for anxiety and depression. Proper social functioning during adolescence is also 

essential for development of adult social behavior. Yet, our knowledge of which brain regions 

and circuits are affected by social isolation is incomplete. Based on our previous work (Dawson 

et al., 2023), the activity of hypocretin neurons - a cluster of neurons endemic to the lateral 

hypothalamus that govern arousal and motivation - is essential for normative social behavior. 

Our project builds on these findings to test our hypothesis that chronic social isolation produces 

deficits in social interaction by disrupting the normal functioning of hypocretin neurons. To do 

this, we first performed in vivo calcium recordings from hypocretin neurons in female and male 

control (group-housed) and isolated (single-housed) mice and examined the differences in 

hypocretin activity during social interaction. We quantified social interaction behavior using an 

automated behavioral classifier. Here, we show that hypocretin neuron activity increases in 

female and male control and isolated mice upon initial interaction with a same-sex stranger 

conspecific. However, the amplitude of interaction-induced hypocretin activity is significantly 

reduced in female and male isolated mice, compared with controls. Quantification of social 

behavior showed that isolated mice displayed deficits in social interaction when compared with 

control mice. Next, we used a social fear conditioning paradigm to examine how chronic social 

isolation influences social valence learning. To assess the interaction between chronic social 

isolation and induced social fear, we performed fiber photometry in conditioned control and 

isolated mice during a social interaction assay. These experiments elucidate how hypocretin 

neuron activity is modulated with social anxiety and provides the framework for targeted 

stimulation to overcome social deficits. 
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Abstract: Implantable neural probes based on SiNAPS technology offer the capability of 

monitoring large brain ensembles at cellular resolution in animal models. Integrating this probe 

technology in smart systems for behavioral studies in freely moving animals provides an 

unprecedented opportunity to investigate the electrophysiological correlates of animal behaviour. 

Toward this objective, we designed and realized a platform enabling chronical implantation of 

SiNAPS probes in freely behaving mice monitored by video imaging. For the implant we took 

advantage of the very small footprint of single-shank 256 electrodes SiNAPS probes and 

integrated these devices on a small form factor (1.7 cm2) printed circuit board (PCB). The total 

weight is less than 3 g. A custom interconnecting cable (19 wires in total) is connected from the 

probe to a commercial commutator, which provides the electrical connectivity to an FPGA-based 

instrument for data acquisition and device control. The same FPGA generated control signals for 

the video cameras, thus ensuring a synchronous recording of neural electrical data and behavioral 

video data. Results show preliminary results demonstrating the stability of recordings collected 

from chronically implanted SiNAPS probes and of the functionality of acquiring multimodal data 

from mice. Implantation procedures and devices were also assessed with respect to the 

possibility of keeping multiple implanted animals in the same cage. These results pave the way 

for studies on neurodynamics at the mesoscale in freely moving animals and disease models. 
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Abstract: Core behavioral deficits of autism spectrum disorder (ASD) have been reported in 

humans with CNTNAP2 mutations. CNTNAP2 gene encodes a neuronal transmembrane protein 

member of the neurexin superfamily, which is involved in neuron-glia interactions and clustering 

of K+ channels in myelinated axons. The Cntnap2 knockout mice exhibit an ASD-like behavioral 

phenotype. Among the numerous signaling molecules of the central nervous system (CNS), nitric 

oxide (NO•) occupies a special place in the brain. At low concentrations, NO• serves as a 

signaling molecule, taking part in the regulation of synaptic activity, synaptic plasticity, and 

vesicle trafficking. However, at high concentrations, NO• might be toxic, possibly leading to 

modified phenotypes and cell death. It has been reported that NO• plays a role in 

neurodegenerative diseases. However, little is known about the role of NO• signaling and S-

nitrosylation (SNO, the NO-mediated posttranslational modification) in neurodevelopmental 

disorders (NDDs), including ASD. In this study, we tested the hypothesis that a mutation in the 

Cntnap2 gene in mice induces an increase in NO• production, leading to nitrosative stress that 

ultimately converges into synaptic and behavioral deficits. Our results show significantly 

elevated levels of 3-nitrotyrosine in the cortex of the Cntnap2 mutant mice, indicating both 

oxidative and nitrosative stress. To this end, the Cntnap2-/- mice were treated with a selective 

inhibitor of neuronal NO synthase (nNOS). Follow-up experiments were conducted to examine 

the potential effects of inhibiting NO• signaling on molecular, synaptic, and behavioral 

phenotypes. Administering nNOS inhibitor to Cntnap2-/- restored the expression levels of 

synaptophysin, a marker of synaptogenesis. The treatment also led to a significant increase in the 

dendritic spine density in the somatosensory cortex of the mutant mice. Moreover, the treatment 

resulted in the restoration of Glutamatergic (NR1) and GABAergic (Gad1 and Vgat) markers 

levels. Furthermore, the pharmacological intervention led to a reversal in the social deficits, 

anxiety-like behavior, and an increase in novelty-seeking in the mutant mice. These findings 

provide compelling evidence that NO• plays a key role in ASD associated with the Cntnap2 

mutation. Targeting NO• signaling is a promising therapeutic approach for ASD. 

Keywords: autism spectrum disorder, nitric oxide, synaptogenesis, behavioral dysfunction, 

excitatory/inhibitory neurotransmission. 
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Abstract: Observational learning can be defined as a change in behavior that follows the 

observation of another performing a task rather than personally performing the task. From an 

evolutionary aspect, it is beneficial to learn from a conspecific rather than expending energy or 

exposing oneself to danger during trial-and-error learning. Our lab has developed an 

observational learning paradigm, with two conjoined operant chambers. “Learner rats” must 

attend to watch a “teacher rat” in the other chamber respond at one nose poke and then choose 

the corresponding nose poke in their own chamber. The behaviors of both the teacher, learner 

and their interactions are tracked and related to the trial’s success or failure. The automated 

nature of this task allows for multiple trials per session and results in rapid social learning. The 

current task encompasses 80 observation trials per session, allowing for an in-depth analysis of 

the behaviors. In addition, precise behavioral assessment of both the learner and teacher rats is 

possible through a machine learning assisted program, DeepLabCut (Mathis et al., 2018). 

Performance of the learner is measured, as well as distance and heading orientation to the teacher 

throughout the task. While successful observation is of course based on the behavior of the 

learner rat, the behavior of the teacher rat is also important. Therefore, we also determined what 

behavioral characteristics of the teacher rat facilitated successful observational learning. To 

accomplish this, we use a variety of teachers and see which animals and behaviors are related to 

better performance in the learners. Traditional approaches to understanding successful 

observation, such as proximity, location and orientation will be used. In addition, we will also 

monitor dyadic interactions using a recurrence quantification analysis (RQA). This will further 

extract and differentiate behaviors related to successful and unsuccessful learning in the 

dynamical processes of social learning in rats. 
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Abstract: Primates have a complex social life that requires monitoring and understanding the 

actions and choices of the other group members and learning from others' behavior. While prior 

behavioral studies have shown monkeys' remarkable observational learning abilities, how the 

information learned by observation is encoded at the neural level has not been studied yet. In this 

study, we recorded single-unit activity in the dorsal premotor cortex (PMd) while two macaque 

monkeys performed a human-monkey interaction version of an associative learning task, the 

"object-in-place" (OIP). In the OIP task, the monkeys were presented with four associative 

problems, wherein two objects, one rewarded and one unrewarded, were consistently positioned 

in the same positions within a scene characterized by a unique background. The human actor 

interacted with the monkey sitting next to the monkey and performing the task while observed by 

the monkey. Each trial started with a central target (CT) to be held by the monkey/ human actor 

until the problem was presented and the delay period started. Thereafter, the CT turning off acted 

as a "go" signal to touch the chosen object. Once the touch on the selected object was maintained 

for a "pre-feedback" period, a visual feedback around the object appeared for a feedback period. 

In each recording session, we introduced a set of four novel problems. Initially, during the 

Learning period (LP), the monkey observed the human actor performing the task correctly in the 

first 60 trials, where all four problems were presented for the first time. Subsequently, in the Test 

period (TP), the monkey's ability to learn the correct object of each problem by observation was 

assessed in 15 trials. Finally, during the Interaction period (IP), the monkey and human took 

turns performing the task until the session ended. Both monkeys completed the TP without 

errors, providing compelling evidence that they had learned the correct object associated with 

each observed scene. Applying a decoding approach, we investigated the ability of the PMd 

neural population to represent the human's forthcoming action during the delay period across the 

LP and IP periods. The representation of human action started to increase during learning from 

the late stage of the LP period to reach its peak in the later IP period. These findings indicate the 



involvement of the PMd not only in individual learning but also in associative learning through 

observation. 

Disclosures:  F. Ceccarelli: None. L. Ferrucci: None. S. Nougaret: None. F. Londei: 

None. G. Arena: None. A. Genovesio: None. 

Poster 

PSTR050. Animal Behavior and Social Cognition I 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR050.17/RR14 

Topic: H.06. Social Cognition 

Title: Reconfiguration of the network activity during goal-action transformation in primate 

frontal cortex studied at the cell assembly level 

Authors: *F. LONDEI1,2, F. CECCARELLI1, G. ARENA1,2, L. FERRUCCI1, A. 

GENOVESIO1;  
1Dept. of Physiol. and Pharmacol. "Vittorio Erspamer", Sapienza Univ., Rome, Italy; 2PhD 

Program in Behavioral Neuroscience, Sapienza Univ., Rome, Italy 

Abstract: Cell assemblies are functional clusters of neurons with a specific temporal firing 

pattern and with distinct information-encoding properties. We studied the formation of cell 

assemblies in the macaque prefrontal and premotor cortex using a temporal and a distance 

discrimination task requiring to discriminate either the farthest from screen center or the longest 

stimulus of two stimuli presented sequentially, respectively. After the presentation of the second 

stimulus, there was a delay period followed by the presentation of the two stimuli on the right 

and left sides of the screen that acted as the go-signal. Only after the go-signal the memory of the 

stimulus with the highest magnitude (the goal) could be transformed into the action for selecting 

it. We studied the network reconfiguration after the go-signal examining the assembly activation 

of simultaneously recorded neurons. From the overall neuronal activity, we extracted the spikes 

fired during each assembly activation (assembly-spikes), which were compared to the full 

spiking activity (all-spikes). Interestingly, we found that a single neuron can participate in 

multiple assemblies, potentially encoding different variables or even the same variable but with a 

different coding preference. Thus, while a neuron has fixed coding properties, new properties 

emerge when considering its involvement in different assemblies. These properties encompass 

multiplexing, flexibility, and multiple selectivity, resulting in distinct neural responses depending 

on the specific assembly in which a neuron coordinates its activity. In a previous study on the 

same dataset, we described neurons switching goal preference in the transition between the pre- 

and post-go epochs that could indicate a network reconfiguration. To test the reconfiguration 

hypothesis, we quantified the participation of neurons in different assemblies. We found that 

even considering only neurons with a similar above-baseline activity in the two epochs in terms 

of all-spikes, 18% (compared to 2% in control epochs) of neurons were active with their 

assembly spikes either before or after the go-signal in different assemblies showing a full 



reconfiguration. This result suggests that information was transferred from the network 

maintaining the goal in memory to the network involved in action execution. We also estimated 

how many neurons have at least a partial reconfiguration, where neurons are active in an 

assembly in only one of the two epochs. In this case, the percentage increases to 85% (compared 

to 45% in control epochs). These results provide evidence for a network reconfiguration during 

the goal-action transformation. 
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Abstract: Actions require constant updating of response preparation, which may involve 

suppressing or executing the action depending on context. Many studies have shown that the 

dorsal premotor cortex (PMd) is a key area for controlling the level of movement preparation. 

However, it is still unclear how contextual information is integrated to regulate movement 

preparation. To address this issue, we investigated the neuronal population dynamics and 

network organization in different motivational contexts. We recorded neuronal activity from 

PMd of two monkeys (Macaca mulatta), performing a a stop-signal reaching task. The task 

required to respond to a Go signal as fast as possible (Go trials), and to inhibit the response if an 

unexpected Stop signal (Stop trial) was presented. Before each trial, a Cue signal indicated in 

which motivational context (Go+: higher reward for correct Go than Stop trials; Stop+: higher 

reward for Stop than Go trials; Neutral: same amount for both correct trials) the current trial 

would run. We used spike density function (SDF) to perform neuronal analysis on well-isolated 

single unit activity. We extracted the neuronal dynamic by mapping the neuronal population 

activity in a Low-Dimensional State Space using a Principal Component Analysis (PCA). We 

also investigated the multiscale network topology by using the node-based multifractal analysis 

framework (NMFA) and minimal spanning tree analysis (MST). Behavioral results show that in 

both animals (M1 sessions=2; M2 sessions=5) the motivational context affected motor 

preparation by lengthening response times (RT) and increasing the ability to inhibit in the Stop+ 

condition compared to the Go+ condition. Analysis of the neuronal state space showed that in Go 



trials of the Stop+ and Neutral conditions, the neural trajectories from the Go signal to motion 

generation evolved similarly, while in the Go+ condition, the trajectories followed a different 

evolution. The functional network analysis revealed that PMd has a more complex organization 

when deciding to stop than when deciding to move in the Go+ condition. However, this 

difference in complexity wasn’t present in the Stop+ and Neutral conditions. The MST identified 

the topological backbone of the network revealing a network endowed have with hubs present 

the Go+ condition in both trial types, absent in the other conditions with a more dispersed 

functional communication between neurons. These results indicate that the motivational context 

influences the movement preparation in PMd. At neuronal level, these influences can be detected 

as changes in the neuronal dynamics, as well as in the complexity and topological organization 

of the network. 
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Abstract: Transitive reasoning provides us with the ability to decide among alternatives by 

connecting previously learned knowledge on an abstract mental representation. We 

experimentally investigated the neuronal correlates of this ability by recording, through a 96-

channels array, the neuronal activity of the dorsal premotor cortex (PMd) of two male macaque 

monkeys performing a computer-controlled version of the Transitive Inference task (TI). 

Monkeys had first to acquire, by trial and error, the rank order of pairs of adjacent items as, A>B, 

B>C, C>D, D>E, E>F (learning phase) of a set of ordered items as A>B>C>D>E>F, then they 

had to infer the ordinal relation between items never paired in the previous phase as BvsD or 

CvsE (test phase). In the test phase novel pairs were randomly intermingled with pairs of 

adjacent items presented during the learning. Both, a symbolic distance (SDe) and a serial 

position (SPe) effect typically characterize the behavioral outcome in the test phase. The SDe 

shapes the behavior by increased performance and shorter reaction times (RTs) between items 



with different ranks than those with similar ranks (BvsE easier than BvsC), while the SPe 

characterizes the performance as decreased accuracy and longer RTs in comparing pairs of items 

in middle positions of the list than extreme ones (AvsB and EvsF is easier than CvsD). These 

behavioral effects are hypothesized to emerge, after the completion of the learning phase, once 

items adjacent ranks are arranged on a spatially organized mental schema. In the test phase, this 

schema is explored by inward scanning of the list, starting from the extreme items. In line with 

the hypothesized cognitive mechanisms, here we observed that the behavior of both monkeys 

was significantly shaped by the SDe and SPe. Accordingly, this behavioral modulation was 

reflected in the PMd average power of local field potential obtained through time frequency 

analyses, confirming an involvement of this brain area in the manipulation of the acquired 

mental schema. Interestingly, a reflection of the SPe and the corresponding modulation of it was 

not observed during the learning phase, suggesting these effects emerge only after the acquisition 

of a mental schema. Overall, our results are in line with the hypothesis that PMd processes the 

information for completing this task and that a learning process models the neuronal activity for 

accomplishing the task’s demands. 
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Abstract: Social N400 studies reported larger amplitudes of the N400 event-related brain 

potential (ERP) when participants had privileged information about the stimulus that needed to 

be set aside to build a common ground with a confederate. This was found when participants and 

the confederate viewed the same visual stimuli together while they were within the visual 

periphery of each other. However, it remains unclear whether these social N400s are primarily 

due to the participants' ability to see the confederate's stimulus or simply due to the other’s 

presence. To test this, we ran a first study where images were presented to participants in the 

presence of a stranger (STs), such that none could see each other's stimuli. Prior to each block of 

image presentations, participants were announced whether the images would be identical or 



different from those shown to the other. Due to the private stimulus presentation, they had no 

way to verify the truth of these announcement, which were untrue (i.e., inconsistent with reality) 

half of the times. Surprisingly, we found that these images evoked significantly smaller N400s (p 

< 0.001) in STs (n = 29) than in those who were alone (n = 30). Subsequently, we ran a second 

experiment (n = 30) using a within-subject design where the announcements were always true. 

This time, there was no reduced N400, failing to replicate our initial results. Currently, we are 

conducting a third experiment to investigate whether we can replicate the smaller N400s when 

the stimulus announcements are untrue. An absence of smaller N400s in this case would suggest 

that participants of the first experiment somehow realized the inconsistencies with the 

announcements, and developed a specific processing strategy that minimizes N400s. If this were 

the case, future studies involving noticeable deceptions should further explore this type of 

strategies. Conversely, if smaller N400 responses are observed, it would raise the possibility that 

being in an unknown social context can trigger late joint processing effects (Bouten et al., 2015; 

preprints: Haffar et al., 2018; Jeuland et al., 2022). These findings might bring new insights as to 

the functional significance of the N400. On the other hand, as the building of a common ground 

is likely to be impaired in psychiatric patients, these results could open a new avenue of research 

as to the mechanisms of these impairments. 
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Abstract: Social connectedness, such as pair bond relationships, is crucially important in the 

regulation of emotions. Despite separation from pair mates having significant effects on physical 

and psychological stress responses, the neurobiological mechanisms underpinning these 

phenomena are not well understood. The kappa opioid system has been proposed as an important 

pathway for mediating separation responses through the modulation of oxytocin (OT) release, 

however the spatial temporal interactions between KOR and pair bonding stressors remain 

unclear. Titi monkeys (Plecturocebus cupreus), a socially monogamous non-human primate, 



provide a unique and novel model for investigating the role of KORs in separation because they 

enable rigorous, clinically relevant behavioral measures of separation distress. Given the 

differences in both opioid and OT receptor distributions between rodents and primates, it is 

unclear whether [11C]GR103545 positron emission tomography (PET) will be an effective means 

to assess KOR occupancy in titi monkeys. In this study, we evaluated the feasibility of 

noninvasive [11C]GR103545 PET to assess KOR receptor occupancy in titi monkeys. Six adult 

titi monkeys were imaged on a dedicated primate brain PET scanner (PiPET, Brain Biosciences) 

under baseline conditions and after administration of: 1) a KOR antagonist (LY2456302; 

0.3mg/kg), and 2) a KOR agonist (U50,488; 3mg/kg). PET image data were motion-corrected 

and coregistered with a corresponding T1-weighted brain MRI scan (1.5T HDxt scanner, General 

Electric) acquired for each subject. Image data were parcellated into anatomical regions of 

interest (ROIs) via non-rigid warping of a titi monkey brain atlas (46 brain regions) to each 

subject’s MR scan. The non-displaceable binding potential (BPND) was calculated across ROIs 

using the Logan Reference Tissue Model. The blocking agents were well tolerated at 

administered doses. Compared to baseline scans, administration of LY2456302 significantly 

reduced radiotracer binding in oxytocinergic areas such as the hypothalamus (p = .016) and 

pituitary gland (p = .031) suggesting high sensitivity of [11C]GR103545 to assess KOR 

occupancy. We observed significantly less reduction in tracer binding after application of 

U50,488. This discrepancy may be due to facets of the KOR specific to titi monkeys as variation 

in binding affinity to these compounds is seen across primates. Nonetheless, these results 

indicate [11C]GR103545 PET is a powerful tool for monitoring KOR status in titi monkeys and 

will enable assessment of the KOR system concurrent with pair bonding behavioral assays. 
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Abstract: Processing social information is an important component of navigating our 

environment. Both humans and monkeys can use information coming from conspecifics, as an 



alternative to nonsocial sources, to make decisions including threat detection or foraging. Yet, it 

is unclear if the processing of social information (i.e., eyes/faces), in comparison to nonsocial 

information, is encoded differently in the brain. Processing of this information has been linked to 

many brain regions including the anterior cingulate cortex (ACC), specifically the ACC gyrus. 

Here, we asked whether this region preferentially encodes information from a social source 

relative to a nonsocial source, particularly when the desired actions are the same. To test this, we 

trained two female rhesus monkeys to perform a reward localization task. The task required 

monkeys to use visual guides, either social or nonsocial, to locate a reward cue. Visual guides 

were divided into social images (i.e., pictures of monkey faces, gazing to the left or right) and 

nonsocial images (i.e., arrows on a complex background, pointing to the left or right). Monkeys 

had to use these visual guides to successfully locate a reward cue between two identical squares. 

During testing, we preformed acute neurophysiological recordings, targeting the ACC gyrus (N = 

214). We also targeted the prearcuate cortex (PAC, N = 228), which includes the frontal eye 

fields, as this region has not been implicated in selectivity for social information. We found that 

monkeys were able to locate the rewarding target above chance levels (50%) and were 

significantly better at nonsocial images compared to social. Neither ACC nor PAC preferentially 

responded to social compared to non-social stimuli. However, in ACC there were more neurons 

that encoded unique social images, compared to nonsocial images, whereas this was not 

observed in PAC. Therefore, the ACC might contribute to social cognitive functions by tracking 

unique social identities. 
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Abstract: Rett syndrome (RTT) is a neurodevelopmental disorder caused by loss-of-function 

mutations in the X-linked MECP2 gene, affecting mostly females with a prevalence of 1:10,000 

births. Social memory impairments and underlying circuit-level deficits have been demonstrated 

in the monosynaptic projection from the ventral hippocampus (vHIP) to the medial prefrontal 



cortex (mPFC) of male Mecp2 knockout (KO) mice, an established mouse model for RTT. This 

projection is also dysfunctional in neuropsychiatric disorders such as non-syndromic autism and 

schizophrenia. The hippocampal network is hyperactive in RTT mice, and such atypically 

heightened neuronal activity propagates to the mPFC through this monosynaptic projection, 

resulting in altered mPFC network activity and social memory deficits. However, the underlying 

mechanism of cellular dysfunction within this projection between vHIP pyramidal neurons 

(PYR) and mPFC PYRs and parvalbumin interneurons (PV-IN) resulting in social memory 

impairments in Mecp2 KO mice has yet to be elucidated. We confirmed social memory deficits 

in Mecp2 KO mice and wildtype (WT) controls using a novel 4-chamber social memory assay, 

where the test mouse is placed in the center chamber surrounded by 3 chambers separated by 

perforated plexiglass partitions. This novel arena is customized to reduce the impact of the 

optical fiber tethering required for in vivo neuronal recordings simultaneously with behavioral 

monitoring by reducing the distance that the test mouse needs to cover to interact with the 

surrounding chambers compared to the classical linear 3-chamber arena. We performed fiber 

photometry of the Ca2+ sensor GCaMP8m expressed in mPFC excitatory PYR (CamkII 

promoter) and the Ca2+ sensor FLEX-GCaMP8f expressed in mPFC of PV-Cre mice to 

characterize their respective activity during social interactions with novel and familiar mice. In 

addition, we performed structural analyses of vHIP synaptic inputs onto mPFC PYRs and PV-

INs using near super-resolution confocal microscopy in Mecp2 KO mice and WT controls. This 

work aims to elucidate underlying mPFC cellular populations that are targets of vHIP 

innervation, providing insight and potential therapeutic targets for psychiatric disorders 

associated with vHIP-mPFC dysfunction. 
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Abstract: In mammalian brains, the dorsal medial frontal cortex includes regions of rostral 

cingulate and premotor cortex that have complimentary roles in task engagement and movement 

planning. While these regions have been implicated in social behavior, there has been an absence 

of integrative theories on function, propelling explorations linking neural activity with animals' 



social-behavioral context. One challenge to using natural behavior is that social motivation and 

interaction differ widely between species, raising the need--and opportunity--to use comparative 

approaches that identify generalized principles of frontal computation, while also leveraging 

species' individual specializations. The present work examined neural activity patterns in dorsal 

medial frontal cortex and hippocampus in freely-moving degus during a series of social and non-

social stimulus exposures. Degus, a caviomorph rodent native to Chile, are highly gregarious, 

show extended face-to-face greetings, and can exhibit cooperative behavior with unrelated peers. 

Preliminary observations from four degus reveal that neuron population activity and the local, 40 

to 70 Hz gamma oscillation increased in the frontal cortex during social investigation relative to 

investigation of non-social objects. Population activity was higher around the onset of social 

interactions, though the activity of individual neurons was inconsistent within measured 

behavioral categories. Consistent with other rodents, hippocampal theta oscillations increased 

frequency with self-motion velocity, though only weak correlations were observed between 

hippocampal theta and frontal activity. These results contribute to our knowledge about the 

medial frontal cortex during social behavior and provide a step toward understanding 

mechanisms underlying the social behavioral dynamics of degus. 
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Abstract: Social interaction behavior is critical for social animals, including humans. Although 

there are significant individual differences in social behaviors, reduced sociability is one of the 

features of autism spectrum disorders (ASDs). It has been reported that inhibitory neuron marker 

proteins were slightly decreased in autistic brains, suggesting that the excitatory/inhibitory (E/I) 

balance is important for social behavior. However, the neural mechanisms of inhibitory 

modulation in social behavior remain unclear. Recently, it has been reported that injuring the 

insular cortex (IC) causes impairments in empathic responses. In addition, our laboratory 

previously reported that information on social interaction behavior was encoded in the neural 



ensembles named “Social Cells” in IC excitatory neurons of mice [Miura et al., 2020], 

suggesting that IC is one of the critical brain regions for social behavior. It has been reported that 

some patients with ASDs showed higher neural activities in IC. From this point of view, we 

considered that inhibitory interneurons in the IC may modulate social behavior. To address this 

question, we conducted cell type-specific neural activity recording of IC in mice during social 

behavior. We examined inhibitory parvalbumin (PV)-positive interneurons or excitatory 

CaMKII-positive neurons. For interneuron analysis, we injected the AAV-syn-flex-GCaMP6f 

viral vector into the IC of PV-cre transgenic mice and recorded cellular activities of the PV 

interneurons by microendoscopic calcium imaging during social interaction in the home cage. As 

a result, 11.7% of PV interneurons were activated during social interaction, suggesting that social 

behavior information is encoded in the neural ensembles of PV interneurons in the IC. 

Furthermore, we analyzed the activities of PV+ neurons during social or object interaction in a 

linear chamber. In the linear chamber test, 7.0% of PV neurons were activated during the social 

interaction and 2.6% were activated during object interaction. Interestingly, different cell 

populations of PV+ neurons were activated in social or object interaction, suggesting that 

different neural ensembles encode social or object information. For CaMKII-positive neuron 

analysis, we injected AAV-CaMKII-GCaMP6f into the anterior IC. 19.9% of CaMKII-positive 

neurons were activated during social interaction and 4.3% were suppressed in the home cage 

social behavior test. Taken together, our study indicates that both subpopulations of IC 

pyramidal neurons and inhibitory interneurons encode social information and may modulate 

social behavior by mutual control among excitatory and inhibitory circuits. 
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Abstract: Neural mechanism of social reward of cooperation in rat 

Miaoyaoxin Wang1, Zuo-Ren Wang1*1 Institute of Neuroscience, State Key Laboratory of 
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Abstract: Cooperation is common in nature and pivotal to the development of human society. 

Reciprocity is believed to play a significant role in the evolution and maintenance of 



cooperation. However, the mechanism of how reciprocity contributes to the evolution and 

maintenance of cooperation remains poorly understood. To address this gap, we designed an 

automated reciprocity behavior paradigm modified from a mutualism task previously established 

by our lab. In our paper, we found that the social experience of reciprocity (being helped or not) 

could manipulate rats' preference for their helper and non-helper in a three-chamber task. 

Moreover, we demonstrated that activities of single neurons in the anterior cingulate cortex 

(ACC) and orbitofrontal cortex (OFC) in rats differed between social water (received during the 

cooperation task) and individual water (received during the non-cooperation task). Additionally, 

by recording the dynamics of dopamine (DA) release with a genetically encoded fluorescent DA 

sensor using in vivo fiber photometry, we found a higher DA sensor signal in the nucleus 

accumbens (NAcc) when rats received social rewards compared to individual rewards (equal 

quantity of water). Based on these results, we hypothesize that the higher DA signal in the NAcc 

may represent heightened positive feelings that contribute to the evolution and maintenance of 

cooperation. However, dopamine has two different types of receptors with opposite effects on 

neurons. Elucidating which type of dopamine receptor receives these dopamine signals in the 

NAcc is part of our future plan. Manipulation of specific neurons (D1 receptor or D2 receptor) in 

both the reciprocity task and the manipulation of reciprocity experience could help us understand 

what kind of information is encoded by dopamine in the NAcc. 

Key words: Reciprocity, Social behavior,Dopamine,Photometry,NAcc. 
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Abstract: Social interactions are critical for development, survival, and reproduction in almost 

all animals. Impaired social interaction is one of the core deficits of autism spectrum disorder 

(ASD). The social motivation theory of autism posits that social interaction may be less 

rewarding in autism. How the nucleus accumbens (NAc), as a key hub of reward circuitry, 

encodes social interaction and whether these representations are altered in ASD remain poorly 

understood. Here we performed calcium imaging using miniaturized microscopes (UCLA 

Miniscope) and identified NAc ensembles which encode social interactions. At the population 

level, NAc activity patterns and specifically D1 receptor-expressing medium spiny neuron (D1-



MSN) activity predicted social interaction epochs. NAc-based decoders showed higher 

performance than decoders trained with medial prefrontal cortex (mPFC) or dorsal hippocampal 

CA1 (dCA1) activity. Interestingly, there were distinct NAc ensembles active during social 

interaction and during sucrose consumption, suggesting distinct pathways for different reward 

modalities. Despite high turnover of NAc neurons modulated by social interaction across days, 

we found a stable population code for social interaction by performing cross-day decoding. 

Intriguingly, this stability was impaired in the Cntnap2-/- mouse model of ASD. Therefore, social 

interactions are preferentially, specifically, and dynamically encoded by NAc neurons and social 

representations are degraded in Cntnap2-/- autism mouse model. To dissect the neural 

mechanisms of NAc social representation, we used optogenetics to inhibit the activity of 

different populations of NAc neurons during social interaction. Surprisingly, inhibition of all 

neurons in the NAc core increased social interaction time and improved sociability in Cntnap2-/- 

mice. Selective inhibition of D1- or D2-MSNs had reciprocal effects. Inhibition of D1-MSNs 

decreased social interaction time while inhibition of D2-MSNs increased social interaction time, 

suggesting D1- and D2-MSNs drive distinct downstream targets and play opposing roles in 

motivating social interaction. Cell-type specific modulation of NAc may play a critical role for 

regulating social interactions in multiple disorders where these interactions are affected. 
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Abstract: It has been reported that the activity of the amygdala is increased in patients with high 

social fear. The medial prefrontal cortex (mPFC) and basolateral amygdala (BLA) modulate 

social behavior and fear memory. However, the neural mechanism of the amygdala projecting to 

the mPFC underlying social fear is unknown. We specifically evoked a high level of social fear 

in the social fear conditioning (SFC) paradigm, but not in object fear conditioning (OFC). By 

using whole-cell patch clamp recordings, we found that neuronal excitability was increased only 

in the SFC group of the mPFC projecting BLA neurons, but not in the OFC group. 

Halorhodopsin (NpHR)-mediated photoinhibition of the BLA-mPFC pathway attenuates social 

fear in the conditioned group. These results indicate that the BLA-mPFC pathway is necessary to 



evoke the expression of social fear. Our findings suggest that the BLA-mPFC circuit is critical in 

governing social fear behavior. 
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Abstract: The dedicated face-selective patch network positioned in the macaque visual cortex is 

assumed to play a pivotal role in social cognition by processing facial cues. However, how this 

network operates under more naturalistic, social demands remains poorly understood. Here we 

used contrast-agent enhanced, high-field (4.7T) functional MRI to measure movie-evoked 

activity in the visual cortex of three adult rhesus macaques (Macaca mulatta). While in the 

scanner, these animals were shown movies of different social interactions that varied in valence 

(positive vs. negative), arousal (high vs. low) as well as social distance (interaction vs. 

observation). While motion sensitive areas such as MT were activated more by movies classified 

as high arousal (e.g., aggressive fights between conspecifics and mounting behaviors) than 

movies classified as low arousal (e.g., grooming behaviours), the face-patches, defined using 

independent localizer data, were activated more by movies classified as direct interactions (e.g., 

a conspecific directing affective behavior towards the subject) than movies classified as 

observations (e.g., multiple conspecifics directing their behavior towards each other, and not the 

subject). Multi-voxel pattern analysis employed at the level of the inferior temporal cortex, 

defined as the combination of the cytoarchitectonic regions known as TE, TEO, and the Superior 

Temporal Sulcus, showed that interaction movies evoked a different pattern of activity across 

voxels than observation movies. We used a psychophysiological interaction (PPI) analysis, 

seeded on the canonical face- and body- patches, to identify functional connectivity changes 

across direct and observed social interactions. Taken together, these results reveal that the visual 

cortex has two modes of operation that support social cognition under different circumstances; 



interaction mode is triggered by the subject’s direct inclusion in a social interaction, whereas 

observation mode is triggered by watching third parties interact with each other. 
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Abstract: The frontal association cortex (FrA) is considered to have important roles in receiving 

and sending information for cognitive processes including memory formation and working 

memory. However, the role of FrA in social behavior has not been explored yet. Social 

interaction refers to either affiliative or aversive behaviors with conspecifics in rodents, which 

can be measured through observation of social interaction as well as by characterizing appetitive 

or aversive ultrasonic vocalizations (USVs). In the current studies, we investigated the role of 

FrA and connected brain regions using circuit mapping, c-Fos activation, and DREADD 

manipulation. We used adeno-associated virus (AAV) and fluorescent retrobeads to trace 

anterograde or retrograde neuronal circuits in the male Long-Evans rat brain. We bilaterally 

injected 500 nl of pAAV8-hSyn-eGFP into the FrA (AP +5.2 ML ±1.8 DV -2.4) and fluorescent 

retrobeads into either mediodorsal thalamus (MD, AP -3.1 ML ±0.45 DV -5.4) or basolateral 

amygdala (BLA, AP -2.6 ML ±4.7 DV -8.2). After incubation periods, we tested social behavior 

and quantifying interaction event bout number and interaction time between a novel same-sex 

juvenile stimulus rat and the adult experimental rat. We also recorded USVs to analyze 

communication and affective state during social interaction. Rat brains were obtained 60 minutes 

after social interaction for immunohistochemical labeling of c-Fos and neuronal circuit tracers. 

We observed the robust amount of eGFP tagged virus expression in FrA and its axon projection 

from FrA to dorsal and ventral medial prefrontal cortex (dmPFC, vmPFC), MD and paracentral 

thalamus, and BLA. Rats showed more affiliative than aversive behaviors as measured by 

increased affiliative bouts, longer affiliative event duration, and the higher percentage of 

appetitive (~50 kHz) USV calls relative to aversive behaviors. In alignment with previous 



results, we confirmed that that social interaction activated neurons in vmPFC, MD, and BLA 

through c-Fos immunohistochemistry staining (social interaction group) compared to arena 

exploration in the absence of social interaction (no-social exploration group). In addition, we 

also observed that c-Fos expression levels in FrA were decreased in the social interaction group 

compared to those in the no-social exploration group. Our results suggest that FrA might be a 

novel brain region regulating social interaction through strong connections with well-

characterized social neural hubs, and that further understanding of this brain region will expand 

our knowledge of the neural circuits underlying social behavior. 

Disclosures:  E. Cho: None. S. Matsui: None. D.E. Moorman: None. 

Poster 

PSTR051. Circuits and Neural Mechanisms for Social Behavior 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR051.10/SS8 

Topic: H.06. Social Cognition 

Support: NIH Grant DA022340 

Title: Characterization of simultaneous fiber photometry recordings in anterior cingulate cortex 

and ventral tegmental area during a pavlovian social outcome paradigm with deeplabcut pose 

estimation 

Authors: *S. M. RYAN1, L. Y. ZHANG1, A. Y. KIM1, M. R. ROESCH2, J. F. CHEER1;  
1Neurobio., Univ. of Maryland Sch. of Med. Program In Neurosci., Baltimore, MD; 2Univ. of 

Maryland at Col. Park, College Park, MD 

Abstract: The ability of social animals to modify their behavior based on the experiences of 

their peers is an important skill in social learning and empathy, which are impaired in psychiatric 

disorders such as psychopathy and autism spectrum disorder. In this study, we expanded upon 

prior work to describe the neural mechanisms driving social behaviors related to empathy in 

rodents. Littermates of C57BL/6J mice were divided into experimental and conspecific subjects. 

Experimental mice were injected in the anterior cingulate cortex (ACC) and ventral tegmental 

area (VTA) with a viral vector carrying GCaMP6f and implanted with fiber optic cannulae in the 

same regions to enable simultaneous fiber photometric recording of localized neuronal activity. 

Conspecific mice are unsurgerized control mice that were group-housed with their experimental 

partner. Both experimental and conspecific mice underwent a Pavlovian social outcome 

paradigm in which an outcome-specific auditory cue and subsequent directional light cue 

preceded a pseudorandomized outcome. These outcomes were reward, shock, or neutral, and 

were experienced by the mouse with an active directional light cue. Throughout the session, 

video of both mice was recorded and synchronized to photometry recordings. Post-hoc posture 

estimation was conducted using DeepLabCut analysis of video recordings. Using these datasets, 

we can compare temporal encoding with millisecond precision between the VTA and ACC, as 



well as provide behavioral context for distinct patterns of neural activity via synchronized 

DeepLabCut analysis of stereotyped social behaviors. Early results in well-trained mice indicate 

that activity in the ACC shows a strong association with all cues and outcomes, supporting prior 

studies indicating the ACC’s role as a signal of attention. VTA activity in well-trained mice 

shows variation due to outcome type, and minor variations due to social context. Results from 

mice in early training are being processed; we expect that encoding in the ACC will be affected 

by social context and outcome type, and VTA activity should encode positive or negative 

reactions to conspecific reward and shock. These results, coupled with the behavioral context 

provided by DeepLabCut analysis, should provide a novel perspective on how social context 

affects encoding in the VTA-ACC circuit. 
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Abstract: Despite the lack of a direct monosynaptic connection, manipulation of the cerebellum 

can modulate activity of the hippocampus. We hypothesize that the supramammillary area of the 

hypothalamus (SuM) is a potential intermediary between the cerebellum and the hippocampus, 

as the SuM has been shown to receive projections from the cerebellar fastigial nucleus (FN) and 

is known to innervate hippocampal CA2 and the dentate gyrus (DG). Connections from the SuM 

to the hippocampus are believed to be important for signaling social (SuM→CA2) and spatial 

(SuM→DG) novelty. In contrast, the connection from the FN to the SuM has not been 

previously explored. With a transsynaptic anterograde adeno-associated virus (AAV) strategy in 

mice (n=4) we observe that SuM cells that receive synaptic input from the FN subsequently 

project to hippocampal CA2. To examine the specific function of FN→SuM signaling we use a 

dual-virus cre-dependent AAV optogenetic strategy. Our preliminary results suggest that specific 

optogenetic stimulation of FN→SuM neurons can modulate hippocampal local field potentials 

(n=2). Using this same viral paradigm, we are testing the effects of FN→SuM optogenetic 

stimulation on social behavior in mice in an open arena social task. Our early results indicate a 



trend that mice receiving optogenetic stimulation of FN→SuM neurons (n=5) have diminished 

social recognition behavior compared to opsin-negative controls (n=8). Given our preliminary 

results that in vivo optogenetic stimulation of FN→SuM neurons during behavior results in an 

alteration of social recognition processing and our observations with AAV1 experiments, 

suggesting a FN→SuM→hippocampal CA2 pathway, we hypothesize that FN→SuM neurons 

are involved in hippocampal dependent social processing. Ongoing and future work will further 

characterize the functional connectivity of FN→SuM neurons and their involvement in social 

and spatial behaviors. 
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Title: Neural circuits underlying social touch deficits in mouse models of autism. 
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Abstract: Social touch, an important aspect of social interaction and communication, is essential 

to kinship across animals and humans. Individuals with autism spectrum disorders (ASD) are 

apprehensive to social touch, but the underlying circuit mechanisms have not been thoroughly 

investigated in animal models, in part due to the lack of appropriate assays. We designed a novel 

head-fixed assay for social touch in mice, in which the experimenter has complete control to 

elicit highly stereotyped bouts of social touch between two mice. We determine the number, 

duration, context, and type of social touch interactions while monitoring with high frame rate 

cameras an array of complex behavioral responses. We focused on social touch to the face 

because of its high translational relevance. We validated this assay in two different models of 

ASD, the Fmr1 knockout model of Fragile X Syndrome and maternal immune activation mice. 

We observed increased avoidance, hyperarousal, and more aversive facial expressions to social 

touch, but not to object touch, in both autism models compared to controls. Because this new 

social touch assay for head-fixed mice can be used to record neural activity during repeated 

bouts of social touch, we then used Neuropixels probes to chronically record single-unit activity 

of behaviorally relevant neuronal populations in barrel cortex (S1BF), dorsal striatum and 



basolateral amygdala (BLA), all of which showed high cFos expression during social touch (in 

TRAP2 mice). We identified individual neurons in all three regions whose activity is modulated 

by social touch and that show context preference for social versus object touch. Furthermore, we 

found a higher proportion of touch-responsive cells and significantly reduced adaptation to 

repetitive bouts of social touch in the activity of touch-responsive cells of Fmr1 knockout mice 

in S1BF and BLA. We will also present data that correlates neuronal activity in these brain 

regions to the maladaptive behaviors to social touch. Thus, our novel assay for mice shows a 

strong translational potential for investigating behavioral responses to social touch in autism. 
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Abstract: The ventral hippocampus, in particular its CA1 subfield (vCA1), is implicated in 

social discrimination (Meira et al., Nat Communi 2018, Okuyama et al., Science 2016). In many 

mammals, this memory-guided behavior relies on social odor (Sanchez-Andrade and Kendrik., 

Behav Brain Res 2009). The social odor information is thought to be integrated by vCA1 via a 

circuit encompassing the lateral entorhinal cortex and dorsal CA2 (Leitner et al,. Nat Neurosci 

2016, Lopez-Rojas et al., Neuron 2022). However, there is some evidence indicating that vCA1 

receives axons from the endopiriform nucleus (EN), which anatomically sits at the intersection 

between vCA1 and the olfactory system thus, may contribute to social/odor discrimination 

processing in vCA1. Nevertheless, we know very little about its circuit organization and 

function. By combining viral circuit tracing, ex vivo electrophysiology, optogenetics, 

chemogenetics, and behavioral analysis on adult mice (both sex), we found axons from EN 

project to, and preferentially connect to interneurons in vCA1 in a layer-specific manner. 

Photostimulation of EN axons evoked little excitatory postsynaptic current (EPSC) but the robust 

inhibitory postsynaptic current (IPSC) on vCA1 pyramidal neurons (22.26 pA ± 29.25 vs 376.76 

± 310 28 pA (mean ± SD); n = 22, p < 0.001 (signed rank test)), suggesting EN axons primarily 

inhibit pyramidal neurons by recruiting local interneurons in vCA1. Monosynaptic rabies tracing 



revealed that the vCA1-projecting neurons in EN mainly receive input from the piriform cortex 

known to process odor information. Chemogenetic inhibition of vCA1-projecting neurons in EN 

impaired social discrimination but not sociability. These findings thus suggest that the EN to 

vCA1 circuit contributes to social discrimination processing via feed-forward inhibition of vCA1 

pyramidal neurons. 
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Abstract: Social interaction affects almost every aspect of our lives and relies on rapid 

integration of social cues like gaze direction and facial expression to produce appropriate social 

behavior. However, brain circuits underlying this extremely complex function are not currently 

well understood. Macaques, like humans, exhibit complex social behaviors, and possess highly 

similar brains, rendering them an ideal model system for investigating the neural basis of social 

interaction. Here, we employ a multimodal approach to gain a mechanistic understanding of 

social interaction, combining whole-brain functional magnetic resonance imaging (fMRI), 

electrical microstimulation, and high-density electrophysiology using Neuropixels probes in 

macaques. Our approach incorporates naturalistic social interaction stimuli within a virtual 

reality (VR) environment and using closed-loop interaction with a virtual avatar, simulates real-

world social experiences. Through this innovative framework, we identify a comprehensive 

network of cortical brain regions encompassing perception, cognition, emotion, and behavioral 

domains, that perform integration of social cues and enable bidirectional social interaction. 
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Abstract: Within a social group, animals engage in frequent and repetitive interactions with one 

another. During these interactions, animals recognize others as unique individuals, retrieve and 

update the value information assigned to the individual. These abilities are essential for 

establishing and maintaining social relationships in cohesive social groups. However, the neural 

mechanism underlying association between social identity and reward value remain poorly 

understood. To identify neural activities related to individual identity as well as associated 

reward values in the dorsal CA1, we developed Go-NoGo social discrimination paradigms that 

required subject mice to distinguish between familiar mice based on their individually unique 

characteristics and associate them with reward availability. Through a brief nose-to-nose 

investigation, mice could discriminate between conspecific mice associated with rewards and 

those associated with no rewards, and this ability was found to depend on the dorsal 

hippocampus. Notably, the social memory established during the task remained stable for a 

week, even though the subject mice were single-housed. Two-photon calcium imaging revealed 

that dorsal CA1 hippocampal neurons represented reward expectation during social, but not non-

social tasks, and these activities were maintained over days regardless of the identity of the 

associated mouse. Furthermore, hippocampal neurons accurately discriminated between familiar 

mice either in the reward or no-reward category at both the single-cell and population levels. We 

also demonstrated that an ever-changing subset of dorsal CA1 neurons, which allow a certain 

degree of overlap in mouse-selective neurons, contributes to the stable encoding of individual-

specific information over days. Taken together, our findings suggest that the neuronal activities 

in CA1 provide possible neural substrates for associative social memory. 
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Abstract: The estrogen 17β-estradiol (E2), rapidly facilitates short-term memories of Social 

Recognition (SR) and the Social Transmission of Food Preferences (STFP) in ovariectomized 

(OVX) mice. E2 rapidly facilitates SR when infused into the medial amygdala (MeA), and this 

rapid facilitation depends upon the activity of oxytocin (OT) receptors (OTR) in the MeA. In 

addition, infusion of E2 into the Paraventricular nucleus of (PVN) the hypothalamus where the 

largest population of OT neurons is found in the mouse brain, facilitated SR and increased 

extracellular oxytocin in the MeA. Medial Prefrontal Cortex (mPFC) also has high estrogen 

receptors (ERs) and OT receptors expression and receives OT neuron projections from the PVN. 

Therefore, we examined whether E2 also rapidly facilitated SR in the mPFC, which ERs 

mediated the rapid SR facilitation if present, and whether E2 in the mPFC rapidly facilitated 

social learning in the STFP, as well as non-social types of short-term memory (Object 

Recognition (OR) and Object Placement (OP)). We additionally assessed whether E2 infusions 

induced an increase in mPFC extracellular OT level. Our results showed that E2 infused into the 

mPFC of OVX mice rapidly facilitated SR and STFP short-term memory, but not non-social 

short-term memory in the OR and OP tasks. We also found that the facilitation of SR was 

replicated by administration of agonists for each of the three main ERs, ERα, ERβ, and G 

protein-coupled ER 1 (GPER1). However, a microdialysis study showed that E2 in the mPFC did 

not rapidly increase extracellular OT level. Altogether, this study reveals estrogens’ role on rapid 

facilitation of social, but not nonsocial cognition in mPFC of female mice and suggests that this 

rapid facilitation does not require an increase in extracellular OT, thus requiring further 

investigation of alternative mechanisms. 
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Abstract: Cholinergic receptors are differentially distributed across the cortex and the activation 

of nicotinic acetylcholine receptors (nAChRs), located on principal neurons and GABAergic 

interneurons (GABAINs), modulates synaptic plasticity and behavior. Despite their undisputed 

importance, functional consequences of selective activation or inhibition of nAChRs expressed 

by the different types of cortical neurons is not well understood. We used two different methods, 

Cre-loxP and CRISPR/Cas9-based approach, to delete the most abundant beta2 nicotinic subunit 

in the mouse prefrontal cortex (PFC). First, we used fluorescent in situ hybridization to 

characterize the expression of beta2*nAChRs in different types of cortical neurons. Then, we 

prepared different cohorts for behavioral testing. We injected in the PFC a first group of beta2-

flox/flox mice with AAV-Cre virus. Alternatively, we crossed a mouse line expressing Cas9-

GFP in a Cre-dependent manner with NPY-Cre or Htr3a-Cre: litters were injected with an AAV 

carrying sgRNA targeting CHRNB2 (gene coding for beta2 nicotinic subunit). The CRISPR-

induced mutations in CHRNB2 gene in the PFC of NPY- and Htr3a- expressing neurons led to 

changes in sociability, while the broader Cre-loxP-mediated deletion of beta2-nAChRs had little 

effect on the behavioral phenotype. Finally, we performed binding assays to compare the 

efficiency of the two methods in deleting nAChRs. In conclusion, selective deletion of nAChRs 

in specific neuronal types can be achieved by CRISPR/Cas9-based approach and the effects on 

behavior depend on the type of the targeted neurons. 
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Abstract: Human social interactions are complex and depend on our ability to communicate 

effectively with others. These verbal interactions are dynamic and can vary broadly in content or 

theme; together reflecting some of the core constructs of human social behavior. Understanding 

the basic cellular processes that underlie natural social communication in humans, however, has 

remained a significant challenge. Here, we used a rare opportunity to perform semi-chronic 

recordings from frontotemporal neurons in participants engaged in natural dialogue as well as 

linguistic tools and speech tracking approaches to discover detailed cellular representations of 

their social interactions. By mapping their activities across hundreds of interaction events, we 

find neurons that reflected the social agency, emotionality, clout, allure, and tone and their real-

time dynamics. We show how distinct neurons represented the agency of interaction and how 

they transitioned across agents. We also show how their activity patterns reliably predicted not 

only the types of interaction but also the other’s social agent’s upcoming response. Together, 

these findings begin to shed light on some of the basic cellular building blocks that underlie 

natural social communication in humans and provide a reference point from which to better 

understand social behavioral and communication disorders at a neuronal level. 
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Abstract: Humans are constantly confronted with sensory signals that have emotional meaning, 

which they rapidly detect and interpret. Facial expressions are particularly important signifiers of 

emotion, and are thought to be processed by a network of brain regions including amygdala and 

posterior superior temporal sulcus (pSTS). Previous work suggests that pSTS integrates dynamic 

facial movements and maps this information to emotional meaning, whereas amygdala tracks 

salient information conveyed by faces. However, less is known about what computations these 

regions perform, and whether expression-specific representations are present in both regions. To 

probe the brain representations of visual emotion signals, we used artificial neural networks 

(ANNs) optimized for two different tasks: recognizing emotions from faces (Toisoul et al., 2021) 

and classifying the emotion schema from visual scenes (Kragel et al., 2019). We used these 



ANNs to process the movie 500 Days of Summer and extract features relevant to facial 

expressions and the broader visual context, respectively. Then, using fMRI data from subjects 

viewing the movie (Aliko et al., 2020), we fit encoding models using multivariate regression to 

map these features to activity in the amygdala and pSTS. We predicted that activity in later 

layers of the facial expression recognition model would meaningfully explain activity in the 

pSTS and not the amygdala, with the opposite pattern for the emotion schema model. We found 

partial support for this hypothesis: only the emotion schema model significantly explained 

amygdala activity, whereas both the facial expression and schema models significantly explained 

pSTS activity. This effect was present using activity in late, but not intermediate layers of the 

ANNs (F2,38 = 7.42, p = .005, partial η2 = .281). To determine whether each of these explained 

unique variance in pSTS activity, we tested a model that combined features from both ANNs and 

found that it explained more variance than either model alone. This suggests that the pSTS 

contains representations of facial expressions and the broader visual context. The amygdala, on 

the other hand, may not operate on categorical representations of facial expressions, such as 

‘fear’, ‘anger’, and ‘joy’, but encodes emotional significance from visual information more 

broadly. This work has implications for the role of these regions in face processing and sensory 

encoding of emotion in more naturalistic contexts. Although ANNs are far from veridical 

reproductions of brain mechanisms, they can illuminate what information is represented in a 

given brain region, allowing for a more fine-grained understanding of neural processing. 
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Abstract: Chd7 deficiency in postmitotic ACC neurons reduces innate anxiety and 

enhances social behaviors in mice 

Emily Dew, Shalini Saggu, Kai Jiao, Qin Wang 

CHD7 is a SNF2-like ATP-dependent chromatin remodeling factor, and heterozygous CHD7 

loss of function mutations in humans result in CHARGE syndrome (coloboma, heart defects, 



atresia choanae, growth retardation, genital abnormalities, and ear abnormalities), which also 

presents neurological deficits. CHD7 facilitates proliferation, quiescence, and migration of 

neural stem cells and is necessary for migration of neural crest cells. However, its expression and 

function in adult postmitotic neurons remain largely unknown. We have identified that Chd7 

expression is enriched in excitatory neurons in the anterior cingulate cortex (ACC) in adult mice. 

In order to study the role of Chd7 in postmitotic ACC neurons, we employed Chd7loxp/loxp mice 

and introduced Cre expression in the ACC through an adeno-associated viral system. ACC 

deficiency of Chd7 led to decreased anxiety-like behavior in open field, elevated zero maze, and 

light/dark tests. These phenotypes were observed only in male, but not in female, mice, 

indicating sexual dimorphism of CHD7 function. Furthermore, the male Chd7 conditional 

knockout mice showed increased sociability in both a three-chamber social interaction test and a 

free social interaction test. Our study suggests that CHD7 in postmitotic ACC neurons is 

important in regulating both anxiety-like and social behaviors. 
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Abstract: Few decisions are as important to an animal as choosing when and with who to mate, 

while maintaining the metabolic needs, referred as “resource-allocation problem”. These mate 

decisions contribute to both the fitness of individuals and the emergency of the evolutionary 

diversity, yet we know little about their neurobehavioral mechanisms. In our recent published 

work, we defined a genetically determined circuit—extending from the accessory olfactory bulb 

to the posterior medial amygdala—that reinforces female mouse behaviors to promote mate 

selection1. We further characterized that this topographically segregated reward circuit in the 

medial amygdala (MeA) expresses nNOS, neuronal nitric oxide synthase. Here, I present further 

evidence regarding this sexually mono-morphic reward circuit, MeA-nNOS, and how it may 

contribute to mate selection also in male mice. To test whether MeA-nNOS neurons are required 

for the reinforcement of social interactions with females, we first developed a social-preference 

based decision task that establishes a direct trade-off between social and non-social rewards. This 

trade-off task uses the fundamental premise that time spent in social interaction is directly 

proportional to social interest, allowing us to measure the value of each social cue relative to the 

value of a common reference (the water reward). In this decision task, we simply quantify the 

temporal trade-off between social and water rewards- by contrasting time spent in a social 



interaction with a delay in receiving the water reward. We show that male mice form a robust 

preference of female cues with a rank order that remains stable over many months, suggesting 

that animals maintain these social-value representations over long periods. We demonstrate that 

the preference for a specific social cue can be adjusted by manipulating the amount of water 

reward that an animal receives, establishing a direct trade-off between social and non-social 

rewards, and that the time spent with a cue is related to social preference as well as the 

magnitude of the water reward. Hence, male mice impose a relative value on every social 

interaction. Lastly, we show that silencing of MeA-nNOS during this reward task, suppresses 

social interest towards social cues. Thus, the MeA-nNOS integrates sensory information with 

internal reproductive states to reinforce social behaviors that optimize mate seeking in both 

genders. In future studies, we plan to characterize the projections of these MeA-nNOS to 

prefrontal brain regions to further study the neuronal instantiation of relative value in social 

decision-making. References: 1. Demir E, et. al.Nature. 2020 Feb;578(7793):137-141 
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neural transcription 
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Abstract: Natural variation in brain oxytocin receptor (Oxtr) expression contributes to diversity 

in social behaviors. In socially monogamous prairie voles (Microtus ochrogaster), variation in 

Oxtr expression in nucleus accumbens (NAc) is associated with variation in pair bonding, 

alloparental behavior and resilience to neonatal social neglect. Previously, we found a set of nine 

single nucleotide polymorphisms in and near the Oxtr gene that largely explain individual 

variation in Oxtr expression, specifically in NAc (r2>0.7). Here, we apply bulk ATAC and RNA-

seq, and single nucleus RNA-seq (snRNA-seq) on two vole genotypes that produce low or high 

NAc OXTR to investigate how variation in NAc OXTR expression affects brain transcription. 

We confirm differential expression (DE) of NAc Oxtr and reveal widespread neural 

transcriptional changes. We find an enrichment for DE genes (DEGs) and open regions on the 



Oxtr chromosome (Padj<0.1). The Oxtr chromosome harbors several C-type lectin receptors 

(CLRs) in a genomic region known as the natural killer gene complex (NKC). CLRs are 

involved in self-recognition and cell adhesion; and positioned to regulate the shaping of neural 

circuitries. Specifically, we find two CLRs to be strongly DE: Clec12a and Klrb1a (Padj<0.01). 

Using snRNA-seq, we confirm DE of Oxtr, Clec12a and Klrb1a (Padj<0.01). We find that 

Clec12a is specifically expressed in microglia (P<0.001), and that Klr1b1a expression strongly 

localizes to cell types that express Oxtr (P<0.01). Interestingly, many DEGs are present in 

astrocytes and oligodendrocytes, cell types that express little or no Oxtr. These findings suggest 

strong trans effects of genotype on neural transcription. To understand how variation in OXTR 

density leads to altered Clr expression, we used Oxtr knock-out (KO) prairie voles produced on a 

high OXTR genetic background. Again, we confirm DE of Oxtr, Clec12a and Klrb1a 

(Padj<0.01). However, expression of Clec12a and Klrb1a in Oxtr KO animals (Padj<0.01) mirrors 

low OXTR genotypes, demonstrating that variation in OXTR signaling - not genetic variation 

per se - drives Clr DE. Considering the emerging role of immune pathways in 

neurodevelopmental processes, for example through microglial pruning of synapses, we 

hypothesize that variation in OXTR signaling during development influences NKC activity and 

profoundly impacts neural circuit functioning, thus providing a potential mechanism by which 

early nurturing and social experience can shape adult social behaviors. Here, we present the 

prairie vole as a unique model to investigate how immune pathways shape neurodevelopment, 

and the role OXTR signaling plays herein. 
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Abstract: The activity of mouse mPFC neurons is correlated with the interaction with 

conspecifics and is thought to encode social memories used to establish hierarchical social 

rankings. Atypical social behaviors are prevalent in neurodevelopmental disorders, and a mouse 

model of Rett syndrome shows impaired social memory caused by heightened activity of the 



monosynaptic projection from the ventral hippocampus to the mPFC. We performed the classical 

‘tube’ test over 6 consecutive days to establish the social hierarchy within groups of 3 age-

matched male mice of the same genotype. This assay revealed that Mecp2 KO mice failed to 

form stable social ranks, displaying fewer dominant behaviors inside the tube than WT mice. We 

followed the ‘tube’ test with a novel ‘warm’ spot test, where the same 3 age-matched mice of 

each genotype compete to stand on a single warm spot in a cage with a cooled floor. As 

expected, the ‘dominant’ WT mouse occupied the ‘warm’ spot far longer than the other 2 mice 

(‘intermediate’ and ‘submissive’), while Mecp2 KO mice equally shared the ‘warm’ spot 

regardless of their social rank, showing fewer dominant behaviors than WT mice. In vivo Ca2+ 

imaging with head-mounted miniscopes to follow neuronal activity in unrestricted mice poses a 

significant challenge to study Mecp2 KO mice because they begin to have neurological 

impairments around P50. To overcome this, we performed a single surgery to inject AAVs 

expressing CaMKII-driven GCaMP6 and implant a GRIN lens in the mPFC of WT mice at P25. 

After 2 weeks, WT mice displayed stable social ranks in the ‘tube’ and ‘warm spot’ tests, 

indicating that GRIN lens implantation in one hemisphere’s mPFC did not affect this social 

behavior. In vivo Ca2+ imaging from pyramidal neurons in the prelimbic mPFC confirmed the 

presence of social-ON and social-OFF cells, i.e., neurons that increase and decrease activity 

during social interactions, respectively. mPFC pyramidal neurons in Mecp2 KO mice showed 

fewer and smaller Ca2+ transients during baseline, as well as during social interactions in the 

‘warm spot’ test. The activity of social-ON and social-OFF neurons in Mecp2 KO mice seems to 

be less synchronous than in WT mice. To further reduce the number of surgeries and their 

duration, we tested pre-coating the GRIN lenses with a mixture of jGCaMP-encoding AAV and 

silk fibroin. Preliminary results in WT mice show that the silk-coating yield comparable numbers 

of jGCaMP-expressing neurons without affecting the optical performance of GRIN lenses, 

assessed by raw jGCaMP intensity and the amplitude and kinetics of its Ca2+-dependent dF/F 

transients. 
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Abstract: The coordinated activity of heterogeneous cell types across multiple brain regions 

including the medial prefrontal cortex (mPFC) underlies the representation of salient information 

during social behavior. SHANK3 is strongly associated with autism spectrum disorders (ASD) 

and mutation of the protein in mice and humans results in abnormal social interactions. Mice 

modeling mutations in SHANK3 show cortical hyperexcitability and elevated excitation; how 

these changes in cellular and synaptic properties affect the representation of social interaction is 

not well understood. We have previously shown that mice lacking SHANK3 have pathologically 

elevated activity of prefrontal neurons during home cage exploration and social interaction 

(Frost, 2021), however the specific contributions of different cell types to this altered activity are 

not known. We therefore sought to understand how different populations of cells are recruited to 

ensembles underlying social behavior, and how this composition may be altered in mice lacking 

SHANK3. Following social interaction, we isolated nuclei from the mPFC and cerebellum from 

a total of 247,779 cells from 14 WT and 4 KO mice in actinomycin-D to prevent artificial 

transcriptomic perturbations (Wu, 2017). We then utilized a transcriptomic approach to identify 

heterogeneous cell types within the mPFC and cerebellum, and then identify cells expressing 

immediate-early genes (IEGs) as a marker of activity during social interaction. Examination of 

IEG+ cells from heterogeneous clusters revealed that social interaction resulted in varied 

recruitment across heterogeneous excitatory and inhibitory neuron populations within the mPFC. 

Social interaction resulted in the activation of partially overlapping IEGs within heterogeneous 

cell types in the mPFC and cerebellum at both 10 minutes and 35 minutes after interaction. 

Finally, in mice lacking Shank3, we observed significantly increased recruitment of layer 2/3 

excitatory neurons within the mPFC, consistent with increased excitability of these neurons (Ali, 

2021; Yoo, 2019). Taken together, these data suggest that information salient to social 

interactions is represented by a heterogeneous ensemble of neurons, and composition of this 

ensemble is altered in mice lacking SHANK3. 
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Abstract: Oxytocin has been the subject of numerous investigations in human social behavior. 

Its intranasal administration (OXT IN) is able to modify core social behaviors, but has faced 

obstacles due to lack of research replication, reliable methodological development and 

transparent experimental practices.The aim of this study was to identify the determinants of 

performance on different tests of emotional recognition and cognitive and affective empathy 

based on social cognition and to evaluate the effect of OXT IN in neurotypical subjects. It is a 

comparative, double-blind, cross-sectional, quantitative, placebo-controlled study. The 

Interpersonal Reactivity Index (IRI) and the Reading the Mind Through Eyes Test (RMET) were 

used as assessment instruments.Seventy subjects participated in three groups: oxytocin (OXT 

IN), placebo (PLB) and control (CTL). A dose of 24 IU of oxytocin or placebo was administered 

intranasally, followed by cognitive testing after 40 minutes. Results were analyzed with Kruskall 

Wallis and Wilcoxon tests, where women scored higher on empathic concern (Mdn=26; 

Range=6) compared to men (Mdn=22.5; Range=6.5) (W=4851.5, p<0.05, g Hedges=0.612). In 

addition, the severe anxiety group had more hits than the normal, mild and moderate anxiety 

groups on the fantasy (H(3)=27.40, p<0.001), empathic concern (H(3)=17.44, p<0.001) and 

personal distress (H(3)=19.48, p<0.001) subscales.No evidence was found in this study to 

support previous research, however, it opens possibilities to understand the mechanisms involved 

in empathy and interpersonal trust, and also highlights the importance of receiving psychological 

or psychiatric care to improve empathic concern, reduce personal distress, prioritize the other 

and remain calm in adverse situations. 
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Abstract: Perineuronal nets (PNNs) are a specialized extracellular matrix comprised of 

chondroitin sulfate proteoglycans (CSPGs) that encase select populations of neurons, including 

parvalbumin (PV)-expressing interneurons and hippocampal CA2 pyramidal neurons. CA2 



neurons are unique among hippocampal subfields; in addition to having PNNs, they also lack 

typical long term potentiation (LTP). Yet, in slices, LTP can be enabled in CA2 upon enzymatic 

degradation of PNNs with chondroitinase (ChABC) (Carstens et al., 2016). Others have reported 

impaired social memory, which is dependent on CA2, after direct hippocampal injection of 

ChABC in mice (Cope et al, 2022). Although these findings implicate PNNs in regulating 

synaptic plasticity and social behavior, it is unknown whether the effects are due to PNNs on 

CA2 pyramidal neurons or those on PV cells. To overcome this limitation, we developed a cre-

dependent conditional knockout (cKO) mouse strain (i.e., ‘floxed’) for the primary CSPG of 

PNNs, aggrecan (ACAN). Floxed ACAN mice bred with either Amigo2-cre mice, which express 

cre in CA2 pyramidal cells, or PV-cre mice, which express cre in PV interneurons resulted in 

selective KO of PNNs: Amigo2-cre; ACAN cKOs (CA2 ACAN KOs) lacked PNN staining in 

CA2 but retained PNN staining on PV cells. Conversely, PV-cre; ACAN cKOs (PV ACAN 

KOs) lacked PNN staining on PV cells but retained PNN staining in CA2. We assayed several 

behaviors in these two strains, including preference for social novelty and response to a 

chemoconvulsant, to determine the behavioral role of PNNs on each cell type independently. In 

the three-chamber social task, we found that both control and PV ACAN KO animals showed the 

typical preference for social novelty, but CA2 ACAN KOs did not show this preference. Both 

CA2 and PV cells are implicated in seizure activity and PNNs are dysregulated in models of 

epilepsy, so we asked whether response to a chemoconvulsant would be differentially affected in 

the two ACAN KO strains. Mice were injected with kainic acid (5 mg/kg, ip) every 30 min until 

they reached status epilepticus (SE) as a means of measuring seizure susceptibility and 

subsequent severity. CA2 ACAN KOs did not differ from controls in the number of KA 

injections required to reach SE. However, once mice reached SE, CA2 ACAN KOs were more 

likely than controls to die during SE, suggesting increased seizure escalation and severity in mice 

lacking PNNs in CA2. In contrast, PV ACAN KOs required more KA injections than controls to 

reach SE, suggesting an increased seizure threshold for mice lacking PNNs on PV cells. These 

findings support a role for CA2 PNNs in social memory and both CA2 and PV PNNs in 

regulation of neuronal excitability. 
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Abstract: Autism spectrum disorder (ASD) is a heterogeneous neurodevelopmental condition 

characterized by persistent deficits in social communication along with highly restricted, 

repetitive behaviors. One of the comorbidities frequently observed in Individuals with ASD is 

social memory impairment. A series of previous studies have shown that hippocampal ventral 

CA1 (vCA1) neurons and its microcircuits in the hippocampus are essential for social memory 
[1,2]. We recently reported that the neurophysiological representation of social memory in the 

vCA1 neurons is disrupted in ASD-associated SH3 And Multiple Ankyrin Repeat Domains 3 

(Shank3) knockout mice [3]. However, it is still unclear whether the dysfunction of Shank3 in 

vCA1 causes the social memory impairment observed in ASD. In this study, we found that 

vCA1-specific Shank3 conditional knockout (cKO) by the adeno-associated virus (AAV)- or 

specialized extracellular vesicle (EV)- mediated in vivo gene editing was sufficient to 

recapitulate the social memory impairment observed in individuals with ASD. Furthermore, the 

utilization of EV-mediated Shank3-cKO allowed for a quantitative examination of the role of 

Shank3 in social memory. The results suggest that there is a certain threshold for the proportion 

of Shank3-cKO neurons required for social memory disruption. Our study provides insight into 

the population coding mechanism of social memory in vCA1, as well as the pathological 

mechanisms underlying social memory impairment in ASD. [1] Okuyama et al., Science (2016); 

[2] Watarai et al., Curr Opin Neurobiol (2021); [3] Tao et al., Mol Psychiatry (2022) 
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Abstract: Social identity, characterized by the combination of multimodal information 

encompassing genetic, physical, and behavioral attributes, plays a crucial role in the recognition 

and interactions of individuals. In mice, neurons in the ventral hippocampus process a variety of 

behaviorally relevant information, store social memories of familiar individuals, and exhibit 

temporally organized activity patterns. However, the neural mechanisms by which these various 

social properties are integrated to represent social identity, particularly in terms of additive or 

interactive processes, remain unclear. In the present study, we implemented a social specification 

paradigm, facilitating interaction between the subject mouse and four familiarized conspecifics 

differentiated by strain and sex. By recording electrophysiological activity of ventral CA1 

neurons using high-density 128-channel silicon probes while mice were performing the task, we 

revealed that a significant fraction of neurons exhibited non-linear responses to the presence of 

specific individuals. Through the analysis of neuronal population activities, we successfully 

decoded the strain, sex, and specific identity of the interacting conspecifics. These findings 

indicate that ventral hippocampal neurons encode multidimensional social information in an 

experience-dependent manner. Such encoding could substantially contribute to the organization 

of distinct dimensions within the hippocampal cognitive map. 
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Title: Ventromedial prefrontal neurons represent self-states shaped by vicarious fear 
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Abstract: Perception of fear induced by others in danger elicits complex vicarious fear 

responses and behavioral outputs. In rodents, observing a conspecific receive aversive stimuli 

leads to escape and freezing behaviors. It remains unclear how these behavioral self-states in 

response to others in fear are neurophysiologically represented. In this study, we explored the 

function and neural representation of neurons in the ventromedial prefrontal cortex (vmPFC), an 

essential site for empathy, in an observational fear (OF) paradigm using male B6 mice (12-20 

weeks old). To objectively classify the complex behaviors during OF, we employed DeepLabCut 

(DLC) with dimension reduction clustering using t-distributed stochastic neighbor embedding (t-

SNE) and identified eight types of stereotypic behaviors. Optogenetic inhibition of the vmPFC 

specifically disrupted OF-induced escape behavior, but not freezing behavior. In vivo Ca2+ 

imaging revealed that both stereotypic behaviors and freezing could be decoded from vmPFC 

neuronal activities. We identified two distinct neural subpopulations that are activated and 

suppressed when observing a demonstrator receiving foot shocks (i.e., other-shock). Neural 

activities of other-shock activated and suppressed neurons were negatively and positively 

correlated with self-freezing, respectively, revealing a mixed neural representation of other- and 

self-states in vmPFC neurons. By inhibiting the input from the anterior cingulate cortex (ACC) 

or basolateral amygdala (BLA) to the vmPFC during Ca2+ imaging, we found that this mixed 

selectivity, or the representation of the self-state in the other-shock activated and suppressed 

neurons, required neural inputs from the ACC-vmPFC and BLA-vmPFC, respectively. 

Optogenetic inhibition of either the ACC-vmPFC or BLA-vmPFC resulted in the acceleration of 

escape behavior. Our study suggests that mixed population coding in vmPFC neurons represents 

self-states shaped by the other-state to elicit OF-induced escape behavior. 
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Abstract: Long-term memories are stored as stable configurations of neuronal ensembles, 

termed engrams. While investigation of engram cell properties and functionality in memory 

recall has been extensive, less is known about how engram cells are affected by forgetting. Here, 

we investigated a specific form of forgetting: retroactive interference. This occurs when new 

incoming information impairs the consolidation or retention of a recently encoded memory. By 

using activity-dependent cell labelling, we assessed the effect of retroactive interference on the 

formation, expression, and functionality of engram cells in the hippocampus dentate gyrus. We 

found that interference results in decreased engram cell reactivation during recall trials, and that 

optogenetic stimulation of the labelled engram cells is sufficient to induce memory retrieval 

following interference. Forgotten engrams may also be reinstated via the presentation of similar 

or related environmental information. Furthermore, we demonstrated that engram activity is 

necessary for interference to occur. Taken together, these findings indicate that forgetting 

modulates engram expression in a manner that is both reversible and updatable. Interference may 

constitute a form of adaptive forgetting, where in everyday life new perceptual and 

environmental inputs modulate the natural forgetting process. 
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Abstract: Infantile amnesia, a pervasive form of memory loss in mammals, remains a complex 

and poorly understood phenomenon. The underlying biological conditions and effects on 

memory engrams are yet to be fully elucidated. We employed engram labeling technology and 

mouse models of infantile amnesia to investigate the neurobiology of this developmental 

memory loss. We discovered that male offspring in maternal immune activation models of 

autism spectrum disorder do not demonstrate infantile amnesia. Using optogenetic techniques, 

we successfully reactivated forgotten infantile memories by targeting engram cells in the dentate 

gyrus that were labeled during critical infant developmental experiences. Importantly, we 

demonstrate the reversible nature of infantile amnesia, by permanently reinstating lost memories 

through artificial manipulation of the memory engram. Lastly, we provide evidence that the 

effect of immune activation on infantile amnesia is mediated by the downstream effector 

cytokine IL-17a. 
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Abstract: Environmental thermal challenges trigger the brain to coordinate both autonomic and 

behavioral responses in order to maintain optimal body temperature. It is unknown how 

temperature information is precisely stored in the brain, and how it is converted into a whole-

body physiological response. Recent studies have shown that mental state can have an influence 

on bodily functions and that associative learning processes can modify peripheral immune and 

neuroendocrine responses. However, studies have yet to directly link a memory of a learned 

experience to immediate physiological changes in the body for host adaptability. We investigated 

whether memories can control whole-body metabolism by training mice to remember a thermal 

challenge. Animals were conditioned to associate a particular context with a specific 

temperature, by combining thermoregulatory pavlovian conditioning with engram labelling 

technology and optogenetic approaches. We found that if mice are returned to an environment 

where they previously experienced a cold-challenge, they increase their metabolic rates 

regardless of the actual environmental temperature. Moreover, mice develop a conditioned place 

aversion for the cold context, and avoid a cold environment if given the choice. Additionally, we 

show increased hypothalamic activity when animals are exposed to the cold, and that a specific 

network emerges between the hippocampus and the hypothalamus during the recall of a cold 

memory. Moreover, both natural retrieval and artificial reactivation of cold-sensitive memory 

engrams in the hippocampus mimic the physiological responses that are seen during a cold-

challenge. Together, we demonstrate that retrieval of a cold memory causes whole-body 

autonomic and behavioral responses that enable animals to maintain thermal homeostasis. 
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Abstract: Frequent exposure to sub-concussive impacts is associated with memory impairments 

and increased risk of neurodegenerative disease, however, the mechanisms by which mild head 

impacts cause cognitive impairment, and whether lost cognitive functions can be regained, are 

not well understood. Here, we explore the neural mechanisms of retrograde contextual fear 

amnesia following high-frequency head impact (HFHI) in mice. 

TRAP2/Ai32 transgenic mice express channelrhodopsin-2/EYFP fusion protein in c-Fos 

expressing neurons following novel memory exposure, allowing us to visualize the memory 

engram. While HFHI does not affect the size of the hippocampal memory engram, HFHI mice 

do have retrograde contextual fear amnesia. We found that dentate gyrus engram neurons in 

sham mice undergo synaptic plasticity when exposed to natural recall cues, including an increase 

in the AMPA:NMDA ratio, AMPA-weighted tau, and dendritic spine volume. This plasticity 

differentiates engram neurons from their surrounding non-engram counterparts. In contrast, 

HFHI engram neurons do not experience this plasticity, and have reduced engram reactivation 

and memory failure. To demonstrate that HFHI-induced contextual amnesia is caused by a 

failure of plasticity, we successfully used in vivo optogenetic stimulation to artificially activate 

the engram and drive memory recall in HFHI mice. 

We determine that it is possible to reinstate a forgotten memory in the head impact brain and 

establish that chronic cognitive impairment after HFHI is a result of deficiencies in synaptic 

plasticity instead of a loss in neuronal infrastructure. Targeting synaptic plasticity may have 

therapeutic potential for treating memory impairments caused by repeated head impacts. 
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Title: Assessing the role of adhesion molecules for engram formation and memory function 

Authors: *C. ORTEGA-DE SAN LUIS1,2, O. CLEMENT3,4, M. YUROVA1, E. URRIETA1, 

G. GUILLAUME-BOULAIRE1, C. A. HERRING3,4, L. MARKS1, R. LISTER3,4, T. J. 

RYAN1,2,5,6;  
1Sch. of Biochem. and Immunol., 2Trinity Col. Inst. for Neurosci., Trinity Col. Dublin, Dublin, 

Ireland; 3Harry Perkins Inst. of Med. Research, QEII Med. Ctr. and Ctr. for Med. Res., 4ARC 

Ctr. of Excellence in Plant Energy Biology, Sch. of Mol. Sci., The Univ. of Western Australia, 

Perth, Australia; 5Melbourne Brain Centre, Florey Inst. of Neurosci. and Mental Hlth., Univ. of 



Melbourne, Melbourne, VIC, Australia; 6Child & Brain Develop. Program, Canadian Inst. for 

Advanced Res. (CIFAR), Toronto, ON, Canada 

Abstract: Learned information is translated into the brain as a subset of plastic changes that 

affect engram cells. The activation of engram cells is sufficient and necessary to recall a 

memory. It has been hypothesized that long-term information is stored through the specific 

connectivity patterns of engram cells across brain regions We investigated how the formation 

and function of engram cells is regulated by transsynaptic adhesion molecules. We focused on 

assessing the role of clustered protocadherins (cPcdhs), a superfamily of cell surface proteins that 

act as a barcode system for cell to cell recognition and synapse specification. Combining RNA 

detection tools and engram labelling technology we investigated how experiences are translated 

into cPcdh expression changes in the hippocampus. We further explored how manipulation of 

cPcdh expression influences behaviour and engram formation by combining engram labelling 

with loss of function mutant models. Altogether, our research supports that cPcdhs act as a 

molecular mechanism to determine memory formation and biology and influence engram 

function. 
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Abstract: Behavioral neuroscience encompasses the study of both innate behaviors (instincts) 

and learned behaviors (memory). However, recent advances have challenged the notion of fixed 



instincts, highlighting their potential for change through experience. This study investigated the 

plasticity of the innate defensive response to visual looming stimuli. We developed a visual 

looming paradigm where repeated exposure to visual looming stimuli resulted in a significant 

attenuation of defensive behavioral responses, akin to extinction learning. Interestingly, a single 

footshock was sufficient to reinstate these defensive responses. This behavioral paradigm 

allowed us to study what happens within the brain during “unlearning” of an innate behavior, and 

how a “relearned” behavior compares to an equivalent innate behavior. First, we examined the 

activity patterns of the superior colliculus (SC) and periaqueductal gray (PAG) by the expression 

of the immediate-early gene c-Fos. We found reduced c-Fos expression in the SC and PAG 

following extinction, and reduced correlation of c-Fos expression between these two regions. 

When behavioral responses were reinstated, there was recovery of c-Fos expression in the PAG, 

but the correlation in activity between SC and PAG was not recovered. To gain a deeper 

understanding of the neural dynamics, we performed in vivo calcium activity recordings in the 

SC and PAG using fiber photometric recordings of GCaMP fluorescence. Following extinction 

training, we observed a reduction in the response of the PAG to looming stimuli, while the SC 

response remained intact. This suggests that while threat detections in the SC persists across 

extinction, transmission of this information to the PAG is disrupted. Following reinstatement, the 

PAG remained unresponsive while the activity of the SC was suppressed during looming 

stimulus presentation. These findings suggest the existence of an alternative pathway beyond the 

canonical SC-PAG circuitry, mediating the reinstated behavioral response to visual looming 

stimuli. Overall, our study uncovers the experience-dependent plasticity of the innate looming 

response and provides insights into the underlying neural mechanisms. These findings have 

implications for understanding the interplay between instinctual and learned behaviors, paving 

the way for future investigations in adaptive behavior and memory processing. 
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Abstract: Memory is supported by ensembles of neurons known as engram cells. These cells 

have been well characterized within the hippocampus and related brain regions, however little is 

known about the cellular properties of engram cells in sensory cortical areas. This study used 



activity-dependant engram tagging technology, in vivo calcium imaging and patch clamp 

electrophysiology to characterize the somatic and dendritic properties of engram cells within the 

auditory cortex. Using tone fear conditioning in c-fos-tTA transgenic mice, we identify a 

population of layer 5 pyramidal neurons which are reactivated by natural tone memory recall. 

Moreover, optogenetically photoactivating these cortical engram cells induced freezing 

behaviour. In vivo calcium imaging revealed a decreased and synchronized pattern of evoked 

activity in the dendrites of engram cells during memory recall. Ex vivo patch-clamp recordings 

from cortical engram cells identified that Ih currents, key regulators of dendritic excitability, are 

increased in engram cells compared to non-engram cells. Taken together, these network and 

intrinsic properties combine to suggest that cortical engram cells may be critical to synchronize 

the evoked activity within the auditory cortex during memory recall. 
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Title: Microglial Plasticity as a Modulator of Infantile Amnesia 
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Abstract: Infantile amnesia describes the inability to recall memories formed during a critical 

period of development in infancy and early childhood. The neurobiology of this highly 

conserved phenomenon remains poorly defined. Research in rodents has demonstrated that 

memories formed prior to the onset of infantile amnesia are not completely lost but rather 

maintained across the lifespan in a latent and inaccessible state. Furthermore, our previous work 



has shown that immune challenge during pregnancy, maternal immune activation (MIA), 

prevents infantile amnesia in male offspring suggesting an important role of immune cells and 

signalling in the neurobiology of this phenomenon. Here, we characterised the mechanistic 

relationship between MIA, immune signalling, and infantile amnesia with a focus on microglial 

cells. Microglia, the resident immune cells of the brain, are known to play an important role in 

synaptic refinement during postnatal development and are also perturbed by MIA. We found that 

inhibition of microglial activity during a specific postnatal window prevents infantile amnesia for 

a contextual fear memory. We trained infant mice at postnatal day 17 on a contextual fear 

conditioning task and inhibited microglial activation using the tetracycline antibiotic 

minocycline. We then investigated the effect of microglial inhibition on recall of this fear 

memory 1 (pre-amnesia) and 8 (post-amnesia) days post-training. We found significantly 

elevated levels of freezing 8 days post-training in mice treated with minocycline compared to 

controls. Our results suggest that microglial activity during postnatal development may affect 

engram plasticity and memory accessibility. Using activity-dependent ensemble labelling, we 

have labelled infant memory engram cells and through histological analysis we have explored 

the characteristics and changes in these cells pre- and post-amnesia as well as characterising 

microglial structure across this critical postnatal window. To explore the overlap between MIA, 

microglia activity and infantile amnesia we are currently manipulating microglia in MIA 

offspring to elucidate the effect on memory, as well characterising microglial-engram 

interactions histologically and microglial gene expression both embryonically and postnatally 

following MIA. Our results suggest that microglia may play an important role in the 

neurobiology of infantile amnesia. 
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Abstract: The performance of artificial neural networks (ANNs) heavily relies on the 

availability of training data, which can be limited in certain domains. Additionally, training 



datasets are often imbalanced, with some categories occurring more frequently than others, 

resulting in reduced accuracy of ANNs. In contrast, the human brain demonstrates the ability to 

learn quickly from just a few examples. It has been suggested that memory replay during 

biological sleep can strengthen memories learned during wakefulness. In this study, we 

investigated the role of sleep and its impact on improving the performance of ANNs trained with 

limited data. Initially, the ANN was trained on the MNIST dataset using backpropagation and 

subsequently mapped to a spiking neural network (SNN) with the same architecture, 

incorporating sleep. During the sleep phase, the SNN's activity was driven by randomly 

distributed Poisson spiking input, and synaptic weights were updated based on local Hebbian-

type plasticity rules. After the sleep phase, the SNN was remapped back to the ANN, and its 

accuracy was evaluated again. When the ANN was trained with the full dataset, it achieved an 

accuracy of over 90%. However, when less than 10% of the data was used during training, 

accuracy significantly declined. We found that when only 2-10% of the data was used for ANN 

training, the sleep phase resulted in a substantial (20-30%) increase in accuracy. However, we 

also observed a slight (10-12%) decrease in performance when more than approximately 20% of 

the data was employed for ANN training. This decrease in performance could be mitigated by 

fine-tuning the ANN after sleep using the original (limited) training data. Thus, by incorporating 

both sleep and fine-tuning, we were able to maintain performance on models trained with the full 

dataset while still achieving performance gains on models trained with limited data. Next, we 

examined accuracy when a large class imbalance was introduced in the training set. Here, the 

sleep phase proved effective in increasing model accuracy on underrepresented classes while 

preserving accuracy on well-trained classes. Analysis of the confusion matrix revealed that 

networks trained with limited data can exhibit biases towards a few classes, whereas after sleep, 

they demonstrated a more balanced response. Overall, sleep increased the sparsity of responses 

by reducing synaptic weights. This study sheds light on a potential synaptic weight dynamics 

strategy employed by the brain during sleep to enhance memory performance when training data 

are limited or imbalanced. 
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Title: Understanding offline statistical learning: Consolidation of information in short waking 

rest periods after task 
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Abstract: Statistical learning (SL) involves extracting meaningful regularities by utilizing 

distributional information from the environment. While SL is typically studied in online tasks, 

there is evidence supporting the consolidation of learning and encoding during rest periods 

following tasks, even in short periods of waking rest (Wamsley, 2019 & 2022; Wamsley & 

Summer, 2020). Recent research suggests that short waking rest periods between tasks may aid 

in memory consolidation and learning decoding. This study aimed to explore the brain regions 

and networks associated with statistical learning and memory consolidation during short waking 

rest blocks following a statistical language learning task involving non-adjacent dependency 

rules. To achieve this, an fMRI experiment using an implicit measure of learning was conducted. 

The task involved detecting a target word within 3-word phrases, with language structures 

consisting of rule and no-rule patterns. Rule blocks followed an A-X-C structure, where "C" (the 

target word) was predicted by "A." No-rule blocks followed an X-X-C structure, with no 

predictor for "C." The experimental block was divided into three runs. In each run, two task 

conditions (Rule/NoRule) were presented, counterbalanced between participants, followed by 

two periods of walking rest (After Rule/After NoRule). Each task consisted of a 4 minutes block, 

followed by a 30 sec waking rest period. Each run was analyzed separately, considering different 

learning and waking rest stages. When comparing the waking rest periods following Rule and 

NoRule blocks in the first run, we observed higher activation in bilateral superior temporal lobe 

(STL), medial temporal lobe (MTL), and both hippocampi. In the second run, higher activations 

for the rest period following Rule were focused on the left MTL and right cerebellum. However, 

no significant differences were observed between Rule-waking rest and NoRule-waking rest in 

the last run. Comparing contrasts globally, both the rest periods following Rule and NoRule 

conditions showed higher activity in the first run compared to the second and third runs. This 

suggests a greater allocation of cognitive resource during the initial consolidation of rules during 

rest . Notably across all runs, the left MTL consistently showed activation. In conclusion, these 

preliminary results confirm that statistical learning and encoding continue after tasks, with brain 

activity during waking rest associated with learning and encoding (hippocampus, temporal lobe 

involved from early stages). The MTL seems to play a relevant role in consolidation during rest 

periods of statistical learning of non-adjacent dependencies. 

Disclosures:  B. Quintero-Manes: None. A. Chica: None. E. Camara: None. R. De Diego-

Balaguer: None. 

Poster 

PSTR052. Consolidation and Reconsolidation: Molecular and Circuit Mechanisms 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 



Program #/Poster #: PSTR052.11/TT13 

Topic: H.07. Long-Term Memory 

Support: NIH K99NS119737 to J.K. 

NIH 5K02NS093014 to K.G. 

VA Merit 1I01RX001640 to K.G. 

Title: Causal role of PFC-M1 coordination during long-term motor memory consolidation 

Authors: *J. KIM1,2, L. HE1,2, K. GANGULY1,2;  
1Univ. of California San Francisco, San Francisco, CA; 2Neurol. and Rehabil. Service, San 

Francisco Veterans Affairs Med. Ctr., San Francisco, CA 

Abstract: Systems consolidation is a process by which new experiences are initially encoded in 

the hippocampus and subsequently transferred to the cortex, facilitating integration into long-

term memory networks. Our recent study showed that the precise temporal dynamics of cross-

area coupling between prefrontal cortex (PFC) and primary motor cortex (M1) can demarcate the 

transition to cortical stabilization and task performance, reducing involvement of the 

hippocampus. Here, we demonstrate the causal role of precise coupling in PFC-M1 sleep slow 

oscillation (SO) for motor memory stabilization. Using a skill learning task, we monitored cross-

area coupling during NREM sleep and changes in reach-to-grasp motor task performance. 

Optogenetic interventions were applied to manipulate PFC-M1 SO coupling. Interestingly, 

disturbances in PFC activity during PFC-M1 coupled SO in sleep led to delayed increases in 

PFC-M1 coordination and slower stabilization of motor task performance - suggesting the causal 

impact of PFC-M1 coupling on evolving cortical representations during systems consolidation. 

Notably, the slower increases in PFC-M1 SO coupling were associated with disruptions and 

delayed enhancements of cross-area coupling during spindle trains, occurring in temporal 

clusters. Specifically, our results indicate that PFC SO could serve as predictors of the 

occurrence of M1 spindle trains. These results provide evidence for the causal role of PFC-M1 

dialogue in memory representations during long-term motor learning and adaptation. 
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Abstract: Environmental enrichment prevents the maintenance of LTP in the insular 

cortex 

B. Gutiérrez-Vera, S.E. Reyes-García, M.L. EscobarDivisión de Investigación y Estudios de 

Posgrado, Facultad de Psicología, Universidad Nacional Autónoma de México, 04510, Cd. Mx., 

México 

It has been shown that exposure to an enriched environment (EE) can modulate the physiological 

impact of aversive stimuli in animals, promoting adaptive attitudes and the development of 

resilience to stressful situations. Likewise, it is known that EE can modulate synaptic plasticity, 

as is the case of long-term potentiation (LTP). Our previous studies have shown that prior 

training in conditioned taste aversion prevents the subsequent induction of LTP in the projection 

from the basolateral nucleus of the amygdala (Bla) to the insular cortex (IC) in vivo, as well as, 

that previous exposure to environmental enrichment is capable of reducing the strength of an 

aversive memory trace, restoring the brain-derived neurotrophic factor (BDNF) levels in a 

neocortical region of the adult brain. The aim of the present study was to analyze the effects of 

exposure to an enriched environment on the in vivo IC-LTP. To do so, adult rats were exposed to 

an EE before LTP induction in the Bla-IC pathway. Our results demonstrate that exposure to an 

EE allows induction but prevents maintenance of LTP in the insular cortex. These results provide 

evidence that exposure to an enriched environment promotes homeostatic regulation in a 

neocortical region of the adult brain. 

Keywords: Environmental enrichment, Insular cortex, Amygdala, LTP, Homeostatic Plasticity. 
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Abstract: Memories are thought to be stored in the brain in engrams, that is, neurons active 

during initial memory acquisition that are then re-activated during the memory retrieval process. 



Fear memory engrams, in particular, have been found to be present throughout the whole brain in 

mice, indicative of a fear memory circuit responsible for the storage and retrieval of that 

memory. However, the brain region connectivity between fear engram containing regions has not 

been completely elucidated. Additionally, there is no brain-wide dataset targeted towards 

research of brain regions involved in suppression of fear memories through exposure therapy. In 

order to advance research in the field, we labeled engrams in TetTag mice during contextual fear 

conditioning and divided them into two groups, one which received a single contextual retrieval 

trial and one which underwent extinction training through repeated contextual exposure followed 

by a final contextual retrieval trial. Ninety minutes after the last contextual retrieval in both 

groups, mice were sacrificed, and their brains collected for brain-wide engram reactivation 

analyses and cell activation using the immediate-early gene zif-268. As expected, our results 

confirm that fear engram reactivation within the basal amygdala is reduced following fear 

extinction in mice. Further, most importantly, our data reveals altered brain region activation 

following fear extinction training, as well as shows putative brain region connectivity during fear 

retrieval as well as fear extinction memory retrieval through network analyses. 
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Abstract: Stress-induced increases in cortisol can enhance encoding for individual emotionally 

salient experiences. Yet most work examining cortisol’s effect on memory has focused on 

negative effects and pre-defined brain regions. Here we aimed to define whole-brain mechanisms 

by which cortisol enhances memories for individual experiences. We developed a novel analytic 

approach by combining dynamic metrics of whole-brain connectivity with connectome-based 

predictive modeling (CPM). This approach enabled us to capture neural mechanisms supporting 

memory and arousal states that fluctuate on a trial-by-trial basis. 

Data was collected using a double-blind, placebo-controlled, within-subjects design. Participants 

(N = 26) encoded associations between photographs of objects and scenes during 2 fMRI runs (N 

= 40 trials/run; 1 run = emotional, 1 run = neutral). Memory was assessed 24hr later. Participants 



completed this twice, once receiving 20 mg hydrocortisone prior to encoding and once receiving 

a placebo, resulting in a 2x2 design combining emotionality (neutral vs emotional) and 

pharmacology (cortisol vs placebo). Subjective arousal during encoding and memory success 

were recorded per trial. 

Consistent with our hypothesis, cortisol enhanced memory for emotionally salient objects 

(p=.01). To understand trial-level neural mechanisms underlying this benefit, we divided the 

brain into nodes (Goldfarb et al., 2022) and applied Hilbert transformation to derive whole-brain 

phase synchrony between all node pairs per trial. Using CPM, we predicted trial-level memory 

and arousal with phase synchrony and successfully derived predictive networks under each 

emotional and pharmacological condition (all ps < .001). We then examined the function and 

architecture of these memory-predictive and arousal-predictive networks. Generally, arousal 

networks had stronger engagement and more overlaps under cortisol while memory networks 

were stronger and overlapped more under placebo. Critically, we found that shared neural 

resources promote both arousal and memory under cortisol but not placebo. First, there was more 

overlap between memory and arousal network edges under cortisol than placebo. Second, the 

memory-predictive network could generalize to track trial-level arousal under cortisol, but not 

placebo. Finally, we observed greater coherence between memory-predictive and arousal-

predictive networks throughout runs encoded under cortisol than placebo. 

Together, the above results indicate that cortisol promotes integration of widespread neural 

networks supporting memory and arousal, thus potentiating the formation of emotionally salient 

memories. 
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Abstract: The basolateral amygdala (BLA) and nucleus accumbens (NA) play critical roles in 

modulating the consolidation of inhibitory avoidance (IA) and cued-response learning. Prior 

research suggests that bilaterally disconnecting the BLA and NA blocks the memory-enhancing 



effects of posttraining synthetic glucocorticoids on IA retention. Furthermore, concurrent 

dopamine release in the BLA and NA shell after training is required to modulate IA retention. 

Regarding cued-response learning, stimulating the BLA-medial entorhinal cortex pathway after 

training impairs cued-response retention, though the pathway that positively modulates this 

learning is unknown. However, previous research indicates that the BLA and NA are involved in 

other types of cued learning such as cued sucrose and cued alcohol seeking. Together, this points 

to the idea that these structures likely interact to modulate both IA and cued-response memory 

consolidation, yet it is unknown whether the BLA-NA shell pathway is the mechanism by which 

this modulation occurs. To address this question, male and female Sprague-Dawley rats were 

given intra-BLA AAV injections containing the inhibitory opsin eNpHR3.0 under the control of 

the CaMKIIα promoter and then optical fiber implants were aimed at the NA shell. For IA 

experiments, rats underwent a 2-min pre-exposure trial where they freely explored the IA 

apparatus and, 24 h later, were trained on a single-trial step-through IA task. For cued-response 

experiments, rats underwent four consecutive training trials on a Barnes maze in which a single 

intra-maze cue indicated the correct escape port. Immediately after training on either task, rats 

received 15 minutes of optical inhibition of the BLA-NA shell pathway. Retention testing 

occurred 48 h after training, and latency to enter the shock compartment (IA) or latency to find 

the escape port and duration spent in the target quadrant of the maze (cued Barnes maze) were 

measured. Results revealed that rats that received inhibition of the BLA-NA shell pathway 

immediately after training had decreased latencies to cross into the shock compartment at the IA 

retention test. Similarly, at the cued Barnes maze retention test, animals that received inhibition 

had increased latencies to find the escape port and decreased time spent in the target quadrant of 

the maze. Together, these findings indicate that inhibiting this pathway after training impaired 

consolidation for both types of learning. Ongoing experiments are examining whether 

stimulating this pathway immediately after training modulates retention. 
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Title: The nucleus reuniens mediates memory generalization during hippocampo-cortical 

coupling in sleep 
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Abstract: Consolidated memories are characterized by a degree of generalization and 

abstraction of prior experience. The nucleus reuniens of the thalamus plays a key role in 

controlling memory generalization, thanks to its bidirectional connections with the hippocampus 

and the medial prefrontal cortex (mPFC). The synchronization of hippocampal sharp wave 

ripples (SWRs) and mPFC slow oscillations during sleep is essential for hippocampo-cortical 

communication and is thought to be the central mechanism by which specific recent experiences 

are integrated into existing neocortical networks. Here, we test the hypothesis that the 

generalization of memory is regulated by the reuniens during the coupling of hippocampal SWRs 

and mPFC slow waves in sleep. Combining fear conditioning, closed-loop optogenetic 

manipulations, spike/local field potential recordings and in vivo intracellular recordings in mice, 

we show that the generalization of contextual fear memory depends on the activity of the 

reuniens during sleep. Transient optogenetic silencing of the reuniens during SWRs enhanced the 

specificity of contextual fear memory but did not affect cued fear memory. Reuniens firing was 

significantly increased when hippocampal SWRs were followed by prefrontal slow waves in 

comparison to weakly-coupled SWR-slow waves. In vivo intracellular recordings of the mPFC 

and the thalamus showed that hippocampal SWRs drive synaptic activity within a subset of cells 

in the nucleus reuniens and in mPFC neurons. SWRs were associated with the emergence of 

local active states in the mPFC that preceded thalamic inhibition in the mediodorsal, 

ventromedial, ventrolateral and centromedian nuclei. We conclude that, by mediating the 

communication of hippocampal SWRs to the mPFC, the reuniens controls the progressive 

integration of specific experiences replayed during SWRs into generalized schemas represented 

in the prefrontal network. 
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Abstract: Memories acquired during wakefulness are consolidated during slow-wave sleep. This 

process involves the interplay between the hippocampus and the neocortex. Specifically, the 



coupling of hippocampal ripples (100-250 Hz) and neocortical slow waves (-1 Hz) is crucial for 

memory consolidation, but the specific region that mediates this interaction has not yet been 

disclosed. One candidate is the retrosplenial cortex (RSC), which is connected to both the 

hippocampus (or subiculum) and the neocortex. Indeed, hippocampal ripples are transmitted to 

the RSC; however, the characterization of slow wave activity in the RSC remains to be 

elucidated. The RSC contains two distinct populations of excitatory neurons with different 

intrinsic membrane properties: i) regular-spiking neurons, which are prevalent in the other 

neocortical regions, and ii) late-spiking neurons, which are found only in some regions such as 

the RSC. To describe the activity of each cell type during slow waves, we used in vivo whole-

cell patch-clamp recordings to monitor the membrane potentials of RSC neurons in urethane-

anesthetized mice, together with local field potential recordings of slow waves. We determined 

the cell type by measuring the intrinsic membrane properties of individual cells. Out of a total of 

40 neurons recorded, 21 neurons exhibited UP/DOWN membrane potential dynamics that were 

synchronized with slow waves, while 19 neurons displayed brief and frequent depolarizations 

that were not phase-locked to neocortical slow waves. Analysis of the intrinsic membrane 

properties revealed that the non-synchronized neurons were late-spiking neurons, whereas 

typical UP/DOWN cells were regular-spiking neurons. These data suggest that late-spiking 

neurons receive inputs from areas outside the neocortex, most probably hippocampus-relevant 

regions, while regular-spiking neurons receive inputs from the neocortex. This finding implies 

parallel processing of these two inputs in the RSC. 
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syndrome is a rare developmental disorder characterized by multiple congenital anomalies and 

intellectual disability. UTX, which encodes a histone demethylase, is one of the two major 

pathogenic risk genes for Kabuki syndrome. To investigate how UTX regulates cognition, we 

generated Utx conditional knockout mice and found that Utx deletion downregulated calmodulin 

transcription by disrupting H3K27me3 demethylation. Importantly, Utx knockout mice showed 

decreased phosphorylation of CaMKII, impaired LTP and deficit in remote contextual fear 

memory, all of which could be rescued by an FDA-approved drug desipramine. We use the cFos-



ERT2CreERT2 x UTX-flox mice to investigate the mechanism of UTX during different periods 

of long-term memory. We also performed whole-brain engram network tracing for different 

stages of long-term memory. 
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Abstract: Inhibition of protein synthesis with the amnestic agent emetine causes robust 

neural suppression Memory consolidation has been studied for over one hundred years, yet the 

biological mechanisms remain enigmatic. A nearly axiomatic idea in the field of neuroscience is 

that, ultimately, the fixation of the synaptic changes thought to represent learning processes in 

the brain is completely dependent on the production of new proteins. This conjecture relies 

mainly upon behavioural studies of memory function using inhibitors of protein synthesis. 

However, growing evidence has shown that there are serious confounding influences of these 

types of drugs that might, in and of themselves, cause memory loss. Such effects include severe 

impairment of neurobiological function, including induction of apoptosis, disruption of synaptic 

release, and the inactivation of neural activity. Our lab has previously provided clarifying 

evidence on the inactivating effects related to the use of translational inhibitors. 

Intrahippocampal infusions of either anisomycin or cycloheximide at concentrations previously 

shown to induce amnesia were shown to produce profound and long-lasting silencing of synaptic 

and post-synaptic activity that was correlated with the extent of protein synthesis inhibition. In 

this study, we evaluated the impact of intrahippocampal administration of another translation 

inhibitor, emetine, on neural activity. Results indicated a marked reduction in hippocampal 

neural activity following a modest inhibition of protein synthesis, as measured by 

autoradiographic techniques. A correlation was observed between the extent of inhibition of 

protein synthesis and the magnitude of disruption in neural activity. 
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Abstract: Astrocytes have a variety of functions that are critical for proper brain function. There 

is increasing evidence for roles of astrocytes in regulating circuit function. Many functions of 

astrocytes are mediated at least in part through their dynamic calcium activity. We investigated 

the effects of manipulating hippocampal astrocyte calcium during contextual fear conditioning 

on subsequent memory recall. We used viral tools in adult mice of both sexes to enhance or 

abolish calcium activity during learning (sample sizes at least six per group). Increasing astrocyte 

calcium enhanced recall of the contextual fear memory (measured by freezing behavior), 

whereas abolishing astrocyte calcium worsened recall. These behavioral effects were 

accompanied by corresponding increases or decreases in reactivation of the neuronal ensembles 

that were active during learning. Ongoing experiments are examining transcriptional 

dependencies of this function of hippocampal astrocytes. These results add to our understanding 

of the ways in which astrocytes regulate circuit function. 
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Title: Hippocampal indexing during sleep prevents catastrophic forgetting by constraining the 

network to evolve along memory manifolds 
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Abstract: Continual learning is foundational to human intelligence. Not only do we learn with 

minimal forgetting, but we learn better when new information is related to past knowledge to 

improve upon the representations of both. Sleep has been shown to play a critical role in memory 

consolidation in biological systems, and it is thought that interactions between the cortex and 

hippocampus provide a substrate for these processes. Using biophysical models of the cortex, we 

previously demonstrated periods of sleep can recover performance on memories following 

retroactive interference induced by sequential training of competing tasks. Here we expand on 

this by developing the idea of “memory manifolds” which describe various synaptic weight 

states which robustly represent specific memories to show how sleep evolves the network 

through this landscape. This framework revealed that sleep applied after sequential tasks training 

evolves the network towards one of multiple attractors on the memory manifold (i.e. representing 

each task independently, and representing a joint-task state), which are stable under sleep 

dynamics. While, in principle, capable of reaching a state supporting both memories, this 

continual learning strategy requires fine-tuning the training durations, and evolving the network 

through “off-manifold” regions of synaptic weight space (i.e. regions where the network could 

not perform well on either task). To mitigate these issues, we took inspiration from Systems 

Consolidation Theory, and implemented a model of hippocampal indexing by providing input, 

encoding the new memory, to the cortex near the Down-to-Up state transition of each slow wave. 

This forced the cortex to replay the new memory at the beginning of each Up state during sleep, 

while the old memory was still replayed during later phase of Up state. Under this protocol, the 

network was able to reliably encode the new memory while the initial memory was being further 

consolidated simultaneously. In other words, including hippocampal indexing changed the 

evolution of the network under sleep dynamics to ensure that it always remained “on-manifold”. 

These results emphasize the importance of balancing old and new memory replays to ensure that 

the new memory is embedded into the cortical network structure without erasing the old ones. 

Hippocampal indexing changes how the network encodes the new memory, restricting the 

network to trajectories which stay “on-manifold”, and converging on significantly sparser 

solutions (i.e. synaptic weight matrices) than can be attained through sequential training and 

sleep protocols. 
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Abstract: Cortical slow (< 1Hz) oscillation (SO) dominates stage 3 of non-rapid-eye-movement 

(NREM) sleep. It consists of alternating Up and Down states and is believed to play a critical 

role in memory consolidation. While the properties of large-scale brain activity during SO have 

been described through magneto-/electro-encephalography (M/EEG) and local-field-potential 

(LFP) recordings, how macro-scale SO emerges from the interaction between micro-scale 

neuronal dynamics and cortical network connectivity is still poorly understood. 

To bridge this gap, we developed a multi-scale, “whole-brain”, computationally efficient 

thalamocortical network model that exhibits the essential activity states of NREM sleep. The 

model has ~10,200 cortical columns equally positioned across the surface of one hemisphere. 

Each column has pyramidal and inhibitory neurons arrayed in 6 layers. Intra-columnar 

connections follow the canonical cortical circuit. The modeled thalamus has ~640 columns, each 

with a matrix and core element comprised of thalamo-cortical and reticular neurons. Long-range 

cortical connectivity is based on DTI tractography between parcels determined by the Human 

Connectome Project, originating and terminating in layers according to the parcel’s relative 

hierarchical positions. To investigate the role of connectivity in emerging SO, we modified the 

range and density of cortical connections, as well as synaptic weights and distance-dependent 

synaptic delays, and quantified their effect on the resulting large-scale slow-wave dynamics. 

We found that sparser networks have reduced overall activity and generate waves with lower 

frequency and amplitude. A similar outcome is observed when weakening synaptic weights, but 

with a stronger effect on frequency than amplitude. In both cases, synchronized Up and Down 

states are maintained across the cortex. In contrast, as connection range is reduced, specific 

regions exhibit local SO that fail to spread through the cortex. This results in reduced global SO 

amplitude, although frequency stays relatively unchanged. Increasing synaptic delays also leads 

to oscillations with lower amplitude and less synchronized onsets and offsets. 

Our results highlight the role of connection density and strength in maintaining and timing 

cortical activity during SO. We found that local connections can generate local slow waves, 

while long-range connectivity plays a critical role in generating global SO dynamics. Our 

innovative multi-scale model of the entire brain elucidates how the global structure of 

intracortical connections gives rise to the spatio-temporal properties of sleep SO. 
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Abstract: Systems Consolidation Theory posits that the hippocampus encodes new information 

for cortical consolidation during non-REM sleep. Specifically, phase locking of cortical slow 

oscillations (SOs) and hippocampal sharp-wave/ripples (SWRs) is thought to allow for 

hippocampal replay of recent memories which index corresponding cortical traces to be replayed 

for long-term storage. Despite the success of Systems Consolidation Theory in explaining many 

experimental findings regarding how consolidation is coordinated, many of its central predictions 

remain untested. To understand the details of this coordination, we analyzed single-unit activity 

from the medial prefrontal cortex (mPFC) and CA1 of the hippocampus from rats trained to run a 

spatial sequence memory task. First, we analyzed the distribution of SWR times and found they 

tend to occur immediately after the down-to-up transition of SOs. To investigate how this phase 

preference affects the efficacy of hippocampal indexing, we developed a biophysically-realistic 

thalamocortical network model capable of transitioning between awake and sleep states, and 

equipped with spike-timing-dependent plasticity between pyramidal cells. Using this model, we 

systematically applied artificial indexing cues at various phases of the SO to assess the 

relationship between the phase of the SO when indexing occurs and the extent of synaptic 

consolidation. We found that the phase interval which facilitated robust synaptic consolidation 

was contained within the preferred phase for SWR arrival times, i.e., immediately after the 

down-to-up transition of SOs. Next, we focused on characterizing this preferred phase. We found 

that the von Neumann entropy of the cortical activity is a suitable proxy to measure transient 

sensitivity to external perturbations, while the PC dimension can capture persisting effects of the 

perturbation throughout a SO. Using these measures, we found evidence that SWRs can 

transiently bias cortical activity during any phase of the cortical SO, but there is an optimal phase 

just after the down-to-up transition during which SWRs can maximally bias persistent activity 

and drive robust consolidation. Importantly, our results indicate that von Neumann entropy may 

be employed to distinguish experimentally-relevant SWRs (i.e. SWRs that affect the activity of 

the particular cortical region being recorded) from experimentally-irrelevant ones. Thus, our 



findings provide a functional and computational account for SO-SWR phase-locking - 

maximizing consolidation by ensuring SWRs arrive during a phase of SO in which the cortex is 

most responsive to incoming signals. 
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Abstract: Neuronal protein synthesis is indispensable for long-lasting synaptic plasticity and 

long-term memory. Although translational regulation in plasticity and its dysregulation in disease 

has been well characterized in neurons, it is unknown whether this process is cell autonomous, or 

whether other cell types are involved. Because astrocytes are known to secrete a wide range of 

trophic, supporting factors that promote neuronal survival and function, we first sought to 

determine whether astrocytes can regulate neuronal translation. Using primary mouse astrocyte 

cultures, we collected astrocyte-conditioned medium (ACM) and used this ACM to treat mouse 

cortical neuron cultures. We labeled newly synthesized proteins by spiking into the medium 

puromycin, an aminonucleoside that enters the ribosomal A site to transfer to a growing peptide, 

leading to premature chain termination and release. Neurons treated with ACM displayed 

increased puromycin signal, suggesting that astrocytes release factors that increase neuronal 

protein synthesis. In addition, the upregulation in de novo protein synthesis was further increased 

by treating the astrocytes with brain-derived neurotophic factor (BDNF) prior to ACM 

collection. BDNF-treated astrocytes did not display increased puromycin signal, suggesting that 

the increased neuronal protein synthesis is dependent on the upregulation of specific astrocyte-

secreted factors, rather than an increase in overall astrocyte protein synthesis. Taken together, 

these findings suggest that astrocytes can regulate neuronal protein synthesis in a physiological, 

non-cell autonomous manner that may be important for long-lasting synaptic plasticity and 

memory. Moreover, disruption of this astrocyte-neuron communcation might underlie impaired 

protein synthesis observed in neurodegenerative diseases such as Alzheimer’s disease. This work 

was supported by NIH grants T32MH019524 (W.J.L), NS034007 and NS122316 (E.K.). 
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Abstract: Sleep after learning something (“post-learning sleep”) actively consolidates what was 

learned. Yet, the underlying cellular and molecular mechanisms remain elusive. In this study, we 

combine in vivo calcium imaging, optogenetic manipulation, sleep recording, DNA sequencing 

technologies, and mice behavior assays to examine how epigenetic mechanisms such as DNA 

methylation contributes to the memory consolidation process during sleep. We focus on the 

basolateral amygdala (BLA) complex, an important memory storage site (i.e. memory engram) 

but a poorly studied brain region for its neuronal activity during sleep and its memory-related 

epigenetic changes. Here, we present our preliminary data showing that: (1) BLA neurons show 

increased activity during REM sleep, compared to that in non-REM (NREM) sleep; (2) a sub-

group of BLA neurons are active at the time of receiving foot shock in the fear conditioning 

memory paradigm; (3) BLA neurons have more synchronized activity during post-fear 

conditioning learning sleep; (4) inhibiting BLA during post-fear conditioning learning rapid eye 

movement (REM) sleep might impair memory performance; (5) a DNA methyltransferase, 

DNMT3A, in the memory engram cells is necessary for proper memory recall function. In 

conclusion, our data suggest that epigenetic changes and BLA activity during post-learning REM 

sleep are important for fear memory consolidation. 
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Abstract: Regulation of proteostasis is a crucial rate-limiting step during memory consolidation. 

The evolutionarily conserved integrated stress response (ISR) pathway regulates proteostasis by 

tuning protein synthesis in response to intracellular stress and thereby functions as a central 

molecular switch promoting the formation of long-term memories. Previous studies have shown 

that inhibiting the phosphorylation of the α-subunit of eIF2 (p-eIF2α), the main component of the 

ISR, by genetic and pharmacologic manipulations improves memory formation. However, the 

role of activating transcription factor 4 (ATF4), the major downstream effector of ISR that is 

translationally upregulated upon stress-induced phosphorylation of eIF2α due to the presence of 

upstream open reading frame, in memory consolidation is not precisely known. To this end, we 

used molecular genetics to knockout Atf4 in excitatory and inhibitory neurons and confirmed its 

cell-type-specific depletion by dual RNA in situ Hybridization (ISH) and Immunohistochemistry 

(IHC). We found that Atf4 depletion in the excitatory neurons, which comprises the largest 

percentage of the neuronal cells in the neocortex, enhanced contextual fear memory in mice. 

Biochemical analyses of the synaptic proteins extracted from the excitatory neuron specific Atf4 

knockout mice showed enrichment of several postsynaptic density proteins compared to the 

controls. Taken together, our study demonstrates that the inhibition of the ISR effector, ATF4, in 

excitatory neurons promotes long-term memory formation. 
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Abstract: Active DNA methylation in neurons following learning is necessary for long-term 

memory formation. Therefore, DNA de-methylation through TET mediated enzyme activity is 

associated with enhancements in memory fidelity. Here, we show that reducing TET enzyme 

activity in memory circuits and engrams enhances spatial and social memory. Using a 

conditional Tet2 KO allele and activity-dependent Cre drivers, Tet2 knockout in engram cells 

was found to enhance the lifetime of memory in mice, using long-term object location memory 

and social memory tasks. Additionally, the single dose of Bobcat339, a small molecule Tet 

enzyme degrader, was sufficient to enhance spatial memory in mice, suggesting therapies that 

target the Tet enzymes might be used to enhance memory function. 
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Abstract: 

In the wild, locating and remembering the location of a food source is critical for survival, as 

well as the ability to adapt when the availability of that food source changes. The hippocampus 

exhibits reward-related firing at reward locations. However, the neural mechanisms underlying 

how the hippocampus might represent changes in other aspects related to a reward, such as value 

(i.e., quantity and quality), remains unclear. In our study, mice (N = 13; 9 females, 4 males) learn 

there is a large reward (30 uL sucrose) on one side of a figure-8 maze and a small reward (5 uL 



sucrose) on the other (large reward preference: 84.23% +/- 1.58). After showing a preference (3-

4 days), the large reward is devalued to 5 uL (i.e., both reward sides are equal) while the small 

reward is maintained stable for the duration of the experiment (preference for devalued side: 

68.21% +/- 3.87). Mice that did not demonstrate significant adaptation to the reward downshift 

went through an additional extinction phase (preference for extinguished side: 42.5% +/- 5.95). 

To assess neural mechanisms of adjustment to reward devaluation, we performed high-density, 

single-unit recordings in hippocampal CA1 in mice (N = 4; 2 females, 2 males). Our data point 

towards a two-fold increase in sharp wave ripple (SWR) rate during post-behavior sleep sessions 

following the devaluation of the large reward (77 +/- 24 per sleep session) compared to earlier 

sessions when reward values were unequal and stable (40 +/- 9 per sleep session) (p = 0.09, 

paired t-test). This observation suggests that the change in reward value is being updated and 

consolidated in sleep immediately following the experience. Additionally, we are exploring how 

awake SWR activity is modulated by changes in reward content. Together, these data aim to 

contribute to our understanding of how the hippocampus integrates information to support goal-

directed behavior. 

Disclosures:  B.L. Boublil: None. G. Tarcsay: None. G. Irizarry-Martinez: None. N. Masala: 

None. C.B. Dang: None. L.A. Ewell: None. M. Sabariego: None. 

Poster 

PSTR053. Learning and Memory: Hippocampal Physiology 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR053.02/UU3 

Topic: H.08. Learning and Memory 

Title: Bilateral coordination of hippocampal theta rhythm is important for spatial working 

memory in healthy and focal epileptic rodents. 

Authors: M. PASDARNAVAB1, L. KUECK1, G. TARCSAY2, *L. EWELL4,3;  
1Univ. of Bonn, Bonn, Germany; 2Anat. and Neurobio., 3Ctr. for Learning and Memory, UC 

Irvine, Irvine, CA; 4UC - Irvine, Irvine, CA 

Abstract: Several recent reports indicate that hippocampal cell assemblies comprise neurons 

from left and right hippocampus, which suggests a critical role for temporal coordination of 

activity between the two hemispheres. We observe that mice with right focal temporal lobe 

epilepsy (KA mice) are impaired on a spatial working memory task (KA n=13, control n=9, KA 

performance= 62.15±5.34%, control performance= 73.4±1.89%, p<0.05, two-way ANOVA). We 

hypothesized that the deficit may be driven by the dis-coordination of activity between left and 

right hippocampus during the task. To test this, mice were implanted with bilateral tetrode arrays 

and local field potentials from the CA1 cell layer were analysed. In mice with right temporal 

lobe epilepsy, we found a reduction in theta power (5-12 Hz) on the right side (median; 1050, 

IQR; 702 uV2) compared to theta power on the right side of healthy control mice (median; 1608, 

IQR; 1013 uV2). Though reduced, theta power was non-zero, allowing us to perform a coherence 



analysis. We found that epileptic mice showed a reduction and bilateral theta coherence in both 

stem-choice (KA n=6; 0.74 ± 0.09, control n = 4; 0.81 ± 0.05, p<0.01, unpaired t-test) and outer 

arm zones of the maze (KA n=6; 0.71 ± 0.73, control n = 4; 0.78 ± 0.05). Finally, in epileptic 

mice, there was a significant correlation between bilateral theta coherence and working memory 

performance for the stem-choice zone of the maze (R2 = 0.34, p<0.034). Together these data 

suggest that bilateral theta coordination is important for supporting spatial working memory and 

is impaired in focal temporal lobe epilepsy. 
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Abstract: When encoding memories, it is often necessary to separate similar experiences to 

avoid interference between memories. This process is thought to be performed by the dentate 

gyrus (DG) of the hippocampus through a physiological process called pattern separation. 

However, it is unclear how the separated signals impact downstream regions with respect to task 

demand, such as goal-directed reward retrieval, and whether pattern separation is the driving 

mechanism of behavioral discrimination. To investigate these questions, we developed a novel 

automatized task that is performed in an octagonal-shaped arena, where each wall is equipped 

with a liquid reward port and with an LED cue. Mice must discriminate between adjacent LED 

cue pairs to obtain rewards at two distinct locations. A foraging phase is incorporated in the task 

to enable the exploration of how the different contexts are spatially represented in the 

hippocampus. We tested the task with 14 mice (8 female and 6 male). We found that females 

learned the task in 9+/-2 days and males in 8+/-1 days (mean+/-SEM). To assess the role of DG 

in the task, we lesioned bilateral dorsal DG of the expert mice (2 lesion and 2 control) and then 

retested them. Our preliminary data indicate an impaired performance that is recovered over days 

(40+/-4% on day 1 and 70+/-7% on day 4 for lesion group, 63+/-9% and 66+/-1% for control 

group; mean+/-SEM), suggesting that mice may use DG when it is intact, but they can 

effectively develop an alternative strategy to solve the task when DG is damaged. To explore 

how the output of the hippocampus represents the different contexts, we performed one-photon 

calcium imaging from large ensemble of CA1 neurons during the task using miniscope (N=1 

mouse, 280 extracted spatial component). We were able to identify reward-modulated units and 

cells that are spatially tuned during locomotion. Most strikingly, cells with distinct spatial 



activity in the two contexts were found, indicating a separate representation of the contexts. In 

the future we will investigate the neuronal representation of the two contexts in DG and in CA3, 

and the information flow between these two regions by performing electrophysiological 

recordings during the task. 
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Abstract: In addition to representing spatial environments, the hippocampus represents 

appetitive memories and spatial reward maps, with place cells from the dorsal CA1 area that tune 

and increase their activity nearby reward sites. Despite the fact that acquiring and storing new 

memories based on reward information is crucial for the basic natural survival, little is known if 

these representations are plastic and how they may be updated in the face of reward unreliability. 

Our previous data suggest that the adaptation to reward devaluation is hippocampal dependent. 

On a figure 8 maze mice (female=9; male=4) learn there is a large reward (30uL sucrose) on one 

side and a small reward (5uL) on the other (preference to large reward is 84.23% +/- 1.58). After 

showing a preference for the large reward (3-4 days), such reward is devalued to 5uL for the 

remaining trials, while the small reward is maintained stable (preference to devalued side is 

68.21% +/- 3.87). Mice that did not show significant adaptation to the reward downshift went 

through an additional extinction phase (preference to extinguished side is 42.5% +/- 5.95). To 

address how reward representation is learned in the hippocampus as well as how it might drive 

behavioral adaptation to reward loss, we performed calcium imaging experiments from large 

populations of CA1 neurons, in freely moving mice (3 mice, 410 cells). CA1 neurons showed an 

overrepresentation and clustering of their place fields near large reward sites (42% neurons with 

place field activity only near the big reward site; 13% neurons with place field activity only near 

the small reward site and 45% neurons with place field activity near both the big and the small 

reward site). Furthermore, they showed remapping after reward devaluation (26% neurons with 

place field activity near the downshifted reward site; 30% neurons with place field activity near 

the small reward site and 44% neurons with place field activity near both the shifted big and the 



small reward site). Altogether these results suggest the existence of a hippocampal code that 

encompasses reward features like quantity or preference, which accurately predicts reward-

seeking behaviors 
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Abstract: Recent studies in rodents and monkeys have demonstrated that, along with spatial 

locations, hippocampal neurons conjunctively code multiple aspects of behavioral task 

structures. These additional aspects of experience include representations of abstract value, 

consistent with a broader view of the nature of the hippocampal cognitive map. However, it is 

unclear how these representations develop during learning. To study this, we developed tasks of 

naturalistic free foraging in virtual reality, in which monkeys learn spatial or visual rules linked 

to abstract value maps. Monkeys were trained to use a joystick to navigate in an open-field 

virtual arena and were rewarded for sequentially harvesting rewards by colliding with visual 

targets. In one version of the task (feature association), the color or shape of the targets was 

associated with a reward value (a high, medium, or low bolus of food slurry), and the monkeys 

learned the feature-value associations through foraging. Monkeys were free to harvest the targets 

in any order, and once a target was harvested, the target disappeared from the arena. Critically, 

monkeys were given a limited time to harvest targets (30 s/trial); therefore, learning the feature-

reward association map resulted in greater reward. In a second version of the task (spatial 

association), we specified a mapping between the location of the targets within the arena and 



reward value, and all targets were visually identical. Given the limited foraging time, monkeys 

could obtain maximal reward by learning to prioritize targets in the higher value locations. 

Monkeys demonstrated rapid learning in both tasks, on average within three minutes for the 

feature association and within 10 minutes for the spatial association (significant and stable value 

ranking for at least five consecutive trials, Kolmogorov-Smirnov test, one-sided, p<0.05). As 

monkeys learned to choose targets in descending order of reward value, their efficiency (defined 

as the value of each chosen target divided by the highest value available at that time) increased 

and was higher than chance after only 90 seconds of foraging in the feature association task and 

after four minutes in the spatial association task (t-test, one-sided p<0.05). Unlike other 

behavioral tasks that can take many months for monkeys to learn, these tasks take advantage of 

naturalistic and intuitive foraging behavior and enable efficient and robust learning within a 

single behavioral session. This novel behavioral paradigm offers the opportunity to study how 

spatial, visual, and abstract value representations arise in the monkey hippocampus using 

electrophysiological approaches. 
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Abstract: Rapid learning and generalization across learning experiences is a hallmark of animal 

behavior. However, studying this in non-human primates has so far been challenging owing to 

the long training times typically required for their tasks. To address this we developed a 

stimulus-reward association-based learning paradigm based upon a naturalistic saccade-based 

visual search foraging behavior. Under this saccade foraging task the monkey freely explores an 

array of 16 or 24 visual stimuli for 15s on each trial and harvests associated rewards by fixating a 

chosen stimulus for a specified duration (1.2s or 0.9s). While every harvest was rewarded, the 

monkey can learn to maximize reward receipt by preferentially selecting stimuli that are 

associated with larger reward magnitudes. Stimuli were associated with different levels of 



rewards, with the stimulus features (e.g. color, shape, category) predictive of reward size varying 

between problem sets. The monkey successfully learnt stimulus-reward associations with 

stimulus sets containing hierarchies between 3 or 4 distinct color-reward associations or even 2 

natural categories (e.g. faces, vehicles) within single sessions, demonstrating remarkably rapid 

within-session learning. Hierarchies were flexibly learnt for multiple problem sets of each type, 

usually within ~50-100 trials and sometimes even fewer, after which the monkey’s harvest 

efficiency, i.e. tendency to choose the highest available reward for every harvest, was close to 

maximum. Learning across multiple problem sets exhibited effects of previously learnt sets and 

introduced systematic biases in search and harvest patterns that affected the overall speed of 

learning. Ongoing analysis of the monkey’s saccadic behavior is focused on determining how 

search strategy evolves with learning. Ongoing neuronal recordings employ large scale multi-

electrode arrays to examine neuronal population encoding during task performance in brain 

regions involved in oculomotor control - frontal eye field (FEF), lateral intraparietal area (LIP), 

and superior colliculus (SC) - as well as brain areas engaged in reward based learning and 

memory, including orbitofrontal cortex (OFC) and hippocampus. Through analysis of 

simultaneous recording from subsets of these brain regions, we aim to determine how rapidly 

learned stimulus-reward associations are transformed into effective search strategies during this 

naturalistic decision making task. 
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Abstract: Rapid storage of new information, an essential cognitive process, is thought to be 

facilitated by alterations in synaptic strength within neural circuits. The hippocampus, 

specifically its CA3 subregion, plays a critical role in this process, rapidly forming activity 

patterns that represent spatial, temporal, and additional variables necessary for episodic memory. 

Existing models and theories for online one-shot learning predominantly focus on Hebbian-like 



synaptic plasticity, which requires complex synapses and unrealistic, non-interfering, 

uncorrelated activity patterns. Here we show that temporally symmetric behavioral timescale 

synaptic plasticity (BTSP), a plasticity rule found in the CA3 subregion, enables pattern 

decorrelation within recurrent networks, thus optimizing memory storage and retrieval. Our 

findings suggest a novel synaptic mechanism for pattern separation and completion in the 

hippocampus, providing a new perspective into the role of the hippocampus in episodic memory 

and one-shot learning. 
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Abstract: Hippocampal area CA3 is thought to play a central role in memory formation and 

retrieval. Although various network mechanisms have been hypothesized to mediate these 

computations, direct evidence is lacking. Using intracellular membrane potential recordings from 

CA3 neurons and optogenetic manipulations in behaving mice we found that place field activity 

is produced by a symmetric form of Behavioral Timescale Synaptic Plasticity (BTSP) at 

recurrent synaptic connections among CA3 principal neurons but not at synapses from the 

dentate gyrus (DG). Additional manipulations revealed that excitatory input from the entorhinal 

cortex (EC) but not DG was required to update place cell activity based on the animal’s 

movement. These data were captured by a computational model that used BTSP and an external 

updating input to produce attractor dynamics under online learning conditions. Additional 

theoretical results demonstrate the enhanced memory storage capacity of such networks, 

particularly in the face of correlated input patterns. The evidence sheds light on the cellular and 

circuit mechanisms of learning and memory formation in the hippocampus. 
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Abstract: The place cells (PCs) in the hippocampal CA1 are known for using both self-centric 

(egocentric) and world-centric (allocentric) reference frames to support a cognitive map. How 

these two reference frames are combined to drive PC activity, and the role of experience in this 

process, remain poorly understood. Here we longitudinally recorded CA1 PCs while mice 

performed a spatial learning task on a linear treadmill. In a familiar environment, the CA1 

representation comprised of both allocentric PCs and egocentric PCs. The distinct spatial 

preferences and the inverse correlation between the fraction of each PC type suggested that they 

are formed competitively. However, the introduction of a novel environment altered the pre-

established hybrid map into a homogeneous egocentric map. Besides, individual allocentric PCs 

adaptively transformed into egocentric PCs in a novel environment. Finally, our results revealed 

that behavioral time scale synaptic plasticity (BTSP) preferentially stabilized pre-formed place 

fields for allocentric PCs while abruptly introduced new place fields for egocentric PCs after the 

reward switch. The results suggest that experience binds the CA1 PC representation flexibly to 

allocentric and egocentric reference frames through BTSP for behavioral adaptations. 
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Abstract: Humans have a foveated visual system that can sample high-fidelity information from 

only one location at any given time. When tasked with recalling previously encountered 

information, the visual system faces a unique challenge: to select information that is most likely 

to be consistent with the information sampled during encoding. How does this process occur? To 

address this question, we recorded the eye movements of 20 healthy observers while they 

participated in a natural scene recall task with 200 unique scenes presented across two sessions. 

Each scene appeared once, twice, or three times, with a duration of 3 seconds per presentation. 

Observers were free to move their eyes to examine the scenes. At the end of each trial, they 

reported whether they had seen the image or not, along with rating their confidence on a six-

point scale. First, we found that the observers achieved a high accuracy (average percent correct 

95.6%) on the task. Second, observers explored a significantly higher fraction of the scene 

during the first viewing compared to the second and third viewings. Moreover, from the second 

to the seventh fixation, repeated viewing of the scene was associated with significantly increased 

fixation durations. Thirdly, we employed computational modeling to characterize the role of 

stimulus features (at the pixel, object, and semantic levels), visual salience, and image 

memorability in determining fixation locations and durations. Although we did not find any 

significant differences in features driving fixation locations with repetitions, we found that 

repeated viewing had a significant interaction effect with the local memorability at the fixated 

locations. This interaction revealed that memorable locations were fixated longer only when 

images were repeated. In summary, our results indicate that the visual system employs a 

sophisticated information selection strategy that balances visual exploration and the sampling of 

more memorable regions that may support recall in a scene memory task. 
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Abstract: Memories are encoded in neural ensembles during learning and stabilized by post-

learning reactivation. Integrating recent experiences into existing memories ensures that 

memories contain the most recently available information, but how neural ensembles accomplish 

this critical process remains unknown. Here we show that in mice, a strong aversive experience 

drives the offline ensemble reactivation of not only the recent aversive memory but also a neutral 

memory formed two days prior, spreading the fear from the recent aversive memory to the 

previous neutral memory. We find that fear specifically spreads retrospectively, but not 

prospectively, to neutral memories across days. Consistent with prior studies, we find 

reactivation of the recent aversive memory ensemble during the offline period following 

learning. However, a strong aversive experience also increases co-reactivation of the aversive 

and neutral memory ensembles during the offline period. Surprisingly, we find that this ensemble 

co-reactivation occurs during wake rather than during sleep. Finally, inhibiting hippocampal 

reactivation during this offline period abolishes the spread of fear from the aversive experience 

to the neutral memory. Taken together, these results demonstrate that strong aversive experience 

can drive retrospective memory integration through the offline co-reactivation of recent memory 

ensembles with memory ensembles formed days prior, providing a neural mechanism by which 

memories can be integrated across days. Ultimately, these results lend insight into how the brain 

draws inferences about causal associations across long timescales. 
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Abstract: Memory updating is critical in dynamic environments because updating memories 

with new information promotes versatility. However, little is known about how memories are 

updated with new information. To study how neuronal ensembles might support memory 

updating, we used Miniscope calcium imaging in a memory updating task to measure 

hippocampal ensemble dynamics when mice switched navigational goals. Distinct neuronal 

ensembles were identified by their coordinated activity, and during an updating test we observed 

that a fraction of the total detected ensembles decreased their coordinated activity across time. 

The proportion of these “fading” ensembles correlated with performance during the updating 

test, and interestingly middle-aged mice, who were impaired during the updating test, had fewer 

fading ensembles. While this is indicative of fading ensembles aiding performance, we turned to 

modeling the system to precisely determine the function of these ensembles. We developed a 

neural network with one hidden layer to perform the same water reward port task using the 

reinforcement learning algorithm PPO. We identified fading ensembles in the model during the 

updating test using the same analysis and then “ran the model back in time” and turned them off 

during the updating test. We observed that turning off fading ensembles alters model 

performance, suggesting that fading ensembles support memory updating. Future work will aim 

to characterize whether there is also an emergence of new ensembles during the updating test to 

represent the integration of new information. 
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Abstract: How are aversive experiences linked with past memories to influence future behavior? 

Many studies have focused on how individual memories are stabilized in the brain, but relatively 

little is known about how the brain dynamically updates and integrates new memories with past 

experiences. Integrating recent experiences into previously learned memories is critical so that 

memories contain the most recent available information. We found that increasing the 

aversiveness of an experience leads to transfer of fear from the aversive context to a neutral 

memory which was formed several days prior. Such memory linking across distinct contexts 

implies a representational change in which two ensemble activity patterns become more similar 

as a result of the aversive experience. Previous studies have suggested that a shared neural 

ensemble, co-active between two contexts, can promote similar representations and thus 

facilitate linkage of two memories. However, it is unclear whether a change in which neurons 

participate in the shared ensemble is sufficient, or if changes in firing patterns also contribute. 

To address this question, we first quantified the firing rate similarity across the entire ensemble 

of dorsal CA1 neurons between the neutral and aversive contexts. Following aversive 

experience, we observed a significant increase in ensemble similarity in those mice that exhibited 

fear transfer to the previously neutral context. Furthermore, we found that the overlapping 

ensemble between the two memories underwent a greater representational drift in the neutral 

context specifically in fear-transferred mice, and this direction of drift was not random but 

instead reflected an update in neural activity space towards the aversive context. These findings 

reveal a neural mechanism of memory linkage from a representational similarity perspective: 

fear memory generalization across contexts involves not only a change in which neurons 

participate (overlap) but also involves a representational shift in the ensemble activity pattern of 

overlapping neurons, where the previously neutral context becomes more similar to the aversive 

context. 
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Abstract: A central way in which abstraction contributes to cognition is by allowing information 

learnt from specific instances to be flexibly and efficiently applied to general and novel 

situations. The neural mechanisms underlying this flexibility remain poorly understood. To study 

how the brain learns and applies generalized rules, we trained rats to perform a learning set task 

comprising a series of odor discrimination problems. Each problem is conducted on a continuous 

T-maze and involves two unique odors; on each trial, we presented rats with one of the two 

odors, chosen randomly and indicating whether to turn left or right to receive a reward. This task 

has a simple abstract structure such that a win-stay/lose-shift strategy yields perfect performance 

after the initial trial of each problem reveals the mapping between the odor pair and turning 

directions. In rats trained on tens of problems, we found evidence for learning of the abstract 

rule. Specifically, rats’ performances on the first trial of the second odor encountered in each 

problem were significantly above chance levels, showing they had inferred the underlying task 

structure. To examine the neural basis for this, we used a head-mounted miniature microscope to 

perform longitudinal imaging studies of the Ca2+ dynamics of hundreds of individual CA1 

hippocampal pyramidal cells as rats acquired and applied the abstract rule. The data revealed two 

subsets of pyramidal cells whose activity may relate to the abstract task structure. About 9% of 

odor-encoding cells responded across multiple problems to different odors that all signaled the 

same turning direction; these cells seem to encode odor identity as it relates to the task structure. 

About 12% of place cells with place fields on the central stem of the T-maze but before the 

choice point exhibited rate-remapping that was predictive of the rat’s upcoming choice across 

multiple problems; these cells seem to encode the animal’s response on each trial. Both groups of 

cells emerged during the intermediate stage of learning, when rats were familiar with the task but 

not yet reliably using the abstract rule. Late in this stage of learning, a separate set of odor-

encoding cells with long response latencies (>700 ms after odor onset) emerged whose activity 

arose and stabilized on the first few trials of a problem and was specific to individual problems. 

These cells appear to provide a temporal link between the abstract representations of odor 

identity and the motor response, and thus might reflect the mapping of specific odors from a 

given problem onto the abstract rule of the task. In our ongoing work, we are exploring the 

mechanisms by which this mapping occurs. 
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Title: Sharp-wave ripple doublets induce complex dendritic spikes in parvalbumin interneurons 

in vivo 

Authors: *S.-J. LINDA1, B. CHIOVINI2, G. JUHASZ4, D. PALFI4, Z. MEZRICZKY4, Z. 
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Abstract: Neuronal plasticity has been shown to be causally linked to coincidence detection 

through dendritic spikes (dSpikes). We demonstrate the existence of SPW-R-associated, branch-

specific, local dSpikes and their computational role in hippocampal PV+ interneurons in awake 

animals. To measure the entire dendritic arbour of long thin dendrites during SPW-Rs, we used 

fast 3D acousto-optical imaging through an eccentric deep-brain adapter and ipsilateral local 

field potential. Our approach revealed the existence of SPW-R-dSpikes in vivo. These were 

initiated in a minority of dendrites in distal dendritic regions from multiple hot spots and, 

following a time delay, they propagated towards the soma and to the more distal part of the 

dendrite. In contrast to our previous in vitro work, the amplitude of the SPW-R-dSpike had a 

pronounced amplitude increase at the critical spatial threshold (~150 µm from the soma) in 

distant dendritic segments. A novel supralinear dendritic summation emerged during SPW-R 

doublets when two successive SPW-R events coincide within a short temporal window (~150 

ms), e.g., during more complex association tasks, and generated large dSpikes. Our results 

indicate that these doublet-associated dSpikes can work as a dendritic-level temporal and spatial 

coincidence detector for the two input assemblies generated by the two events of SPW-R 

doublets in awake mice. Moreover, we were able to investigate doublets which never occurred 

under in vitro conditions and described an about 2.5-3-fold increase in the amplitude of the 



dSpike during doublets which revealed a novel, dendritic computational level for coincidence 

detection. 
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Title: Phase coding across the saccade-fixation cycle in human hippocampus 
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Abstract: Natural vision is an active sensing process that entails moving the eyes multiple times 

per second to sample the environment. Nonetheless vision is often studied using passive viewing 

with eye position held constant. Using closed-loop eye-tracking, with saccade-contingent 

stimulation and simultaneous intracranial recordings from human Medial Temporal Lobe 

(hippocampus and amygdala), we found that passive viewing does not capture critical 

components of natural vision. Saccades elicit a predictive phase reset, which aligns neural 

ensemble excitability oscillations to enhance response to visual input. Saccades also modulate 

network connectivity. Finally, visual information appears to be phase-coded across the saccade-

fixation cycle. The saccade-fixation cycle thus emerges as a fundamental unit of information 

sampling, organizing specific neural operations and information coding. These findings 

underscore the importance of accounting for the active nature of vision to fully understand the 

neural mechanisms of visual information processing. 
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Title: Ca1 local field potential activity contains sufficient information to decode trial-specific 

non-spatial information 
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Abstract: The hippocampus is known to play a critical role in the memory of sequences of 

events. To shed light on the hippocampal mechanisms supporting this capacity, we recorded 

neural activity in dorsal CA1 while rats performed a non-spatial odor sequence memory task. In 

this task, rats receive multiple presentations of a given sequence of odors in the same port and, 

for each odor, are required to correctly determine whether it was presented in sequence (e.g., 

ABC⋯) or out of sequence (e.g., ABD⋯). In our previous work, we showed that information 

about trial content, such as the identity of the odor presented and whether it was presented in or 

out of sequence, could be accurately decoded from the ensemble spiking activity. Here we tested 

the hypothesis that information about trial content can also be decoded from the local field 

potential (LFP) activity alone, and that the content varies across the proximal-distal axis of 

dorsal CA1. To achieve this, we leveraged recent developments in graph neural network models 

to identify patterns in the LFP activity across electrodes that significantly predicted trial-specific 

information (in this case whether the odor was presented in or out of sequence). We found that 

significant nodes (tetrodes) and significant edges (relationships between tetrodes) clustered 

primarily in the distal region of the hippocampal axis, and this pattern of significance could be 

detected before the animals’ decision. These findings suggest that CA1 LFP activity contains 

sufficient information to decode non-spatial memory-guided decisions, and that such 

representations are more pronounced in the segment of CA1 more strongly associated with the 

lateral entorhinal cortex. 
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Title: Compartmentalized dendritic plasticity in the retrosplenial cortex integrates memories 

across time 
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Abstract: Events occurring close in time are often linked in memory, providing an episodic 

timeline and a framework for those memories. Recent studies suggest that memories acquired 

close in time are encoded by overlapping neuronal ensembles, but the role of dendritic plasticity 

mechanisms in linking memories is unknown. Using activity-dependent labeling and 

manipulation approaches, longitudinal one- and two-photon imaging of somatic and dendritic 

compartments, and computational modeling, we show that memory linking is not only dependent 

on ensemble overlap in the retrosplenial cortex, but also on branch-specific dendritic allocation 

mechanisms. The same dendritic segments are preferentially activated by two linked memories, 

and spine clusters added after each of the two linked memories are allocated to the same 

dendritic segments. Our results demonstrate a causal mechanistic role for dendritic plasticity in 

memory integration, and reveal a novel set of rules that govern how linked and independent 

memories are allocated to dendritic compartments. 
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Abstract: The medial entorhinal cortex (MEC) contains a diversity of spatially-tuned cells. 

These cells are typically recorded and characterized as animals randomly forage for food. 

However, real-world behaviors include a variety of actions beyond random foraging, and it is 

unclear to what degree is spatial coding affected by the actions the animal performs. Here we 

recorded from the MEC of flying bats as they engaged either in random foraging flights, or in 

one of two distinct actions: takeoff and landing. Bats flew in a large flight-room in which 6-11 

identical rest-platforms were placed at various locations. The area around each platform allowed 

us to investigate the neural code in the same spatial location but under different actions: random-

foraging fly-bys next to the platform vs. landing on the platform vs. takeoff from the platform. 

We found that a substantial fraction of cells in the deep layers of MEC (but not superficial 

layers) fired at specific locations - i.e. at the vicinity of specific platforms - only under specific 

actions. These cells fired near the platform either when the bat performed landing or takeoff from 

the platform, but not when it flew through the same location in random foraging without taking a 

distinct action. Thus, these MEC neurons encoded position by action. We show that in the 

reinforcement learning framework, while grid cells provide a low-dimensional basis of space 

under random foraging, a signal encoding position by action, as found here, acts as the low-

dimensional basis of spaces under directed action. 
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Abstract: Hippocampal circuits in the brain participate in two distinct cognitive functions: 

building spatial maps for navigation and storing sequential episodic memories. The dual role of 

this structure in general episodic memory and spatial memory functions is an enduring enigma. 



Here we present a neocortical-entorhinal-hippocampal network model that exhibits high-capacity 

spatial and non-spatial memory with graceful degradation, using biologically plausible one-shot 

learning. The model factorizes content storage from the dynamics of generating high-capacity 

error-correcting stable states. Next, we show that pre-structured spatial representations are an 

essential feature for constructing episodic memory: unlike existing episodic memory models, 

they enable high-capacity memorization of sequences by abstracting the chaining problem into 

one of learning transitions within a rigid low-dimensional grid cell scaffold. Remarkably, this 

model also recapitulates and explains a wealth of hippocampal phenomenology, such as the 

observation of splitter cells, directional grid and place cells, and context and route dependent 

cells.Finally, we show that previously learned spatial sequences in the form of location-landmark 

associations can themselves be re-usably leveraged as robust scaffolds for association with 

neocortical inputs for even-larger capacity and more-accurate one-shot memory, providing the 

first circuit model of ``memory palaces'' that enable the striking feats of memory athletes. 
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Abstract: During their daily activities, non-human primates frequently need to orient in their 

environment in order to locate themselves, remember relevant sites, and plan routes. This ability 

depends on a variety of neurons, amongst which Head direction cells (HDC) that encode 

allocentric head orientation, akin to a “neuronal compass”. 

To date, HDC have mostly been studied in rodents, typically single individuals foraging in 

simple environments. This fails to capture some key aspects of primate behavior: primates rely 

more on their visual system than rodents, have higher cognitive abilities, exhibit a wide range of 

social behaviors, and move in 3D. 

In view of this, we have designed a freely-moving setup for marmosets (Callithrix jacchus), 

based on a large enclosure (4 m3) densely filled with assorted enrichments that reproduce the 

natural arboreal substrate. We use a retroreflective markers-based motion capture system with 24 

cameras to robustly track multiple animals’ head movements simultaneously, and we plan to use 

data loggers to record up to 64 channels of neuronal data for up to three hours. 

Six marmosets have been trained to enter the setup by pairs. We designed training techniques to 



establish a consistent and stress-free routine across experimental sessions. Marmosets spend up 

to 3 hours per session in the enclosure, in pairs, and exhibit a large range of natural behaviors. 

They can be trained to visit remote-controlled reward dispensers. This methodology will pave the 

way for ethologically-relevant investigation of the navigation system. 
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medial prefrontal cortex 
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Abstract: The ability to perceive spatial environments and locate oneself during navigation is 

crucial for the survival of animals. The entorhinal cortex and hippocampus are the most studied 

areas for spatial representation during navigation behavior. Mounting evidence also suggests a 

role of the medial prefrontal cortex (mPFC) in spatially related behaviors, such as goal-directed 

actions, path planning, and strategy switching in spatial working memory tasks. However, the 

properties of mPFC spatial encoding and how it is influenced by animal behavior are poorly 

defined. Here, we train the mice to perform three tasks differing in working memory and reward-

seeking: a delayed non-match to sample (DNMTP) task, a passive alternation (PA) task, and a 

free-running (FR) task. Working memory is required for the animals to perform in the DNMTP 

task, while it is not required in the PA or FR task. Rewards are provided in the DNMTP and PA 

tasks but not in the FR task. Single-unit recordings in the mPFC show that while individual 

mPFC neurons exhibit spatially selective firing in mean firing rate maps during the three tasks, 

they do not reliably represent the animal location from trial to trial. Despite the low spatial 

information carried by single neurons, with a Bayesian decoder, we can decode the animal 

location from population neuron spiking activities. These results suggest that the mPFC encodes 

the animal location at the population level as opposed to the single-cell level. Notably, the spatial 

information index of single neurons, as well as the coding accuracy of animal locations by neural 

populations is highest in the DNMTP task, lower in the PA task, and lowest in the FR task. 

These findings indicate that both working memory and reward-seeking increase the accuracy of 



location coding at the mPFC. This study reveals an approach by which the mPFC encodes spatial 

positions and how it is impacted by behavioral variables. 
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Abstract: Every day, we navigate between connected rooms to reach goals. This requires a 

mental map of the environment based on two reference frames: one for each room (local 

reference frame) and one including spatial relationships between all connected rooms (global 

reference frame). Recent studies in rodents suggest that the retrosplenial cortex (RSC) may 

simultaneously code for both reference frames. Indeed, single unit recording in rats exploring 

two symmetrical connected rooms show that RSC contains two distinct functional cell 

populations: head direction cells (HDC) firing when the animal faces a particular direction 

regardless the number of rooms thus providing a global directional signal; and bi-directional 

cells (BDC) displaying distinct directions each specific for one room, suggesting that their 

activity is anchored to a local space. Here we tested whether these two populations of cells still 

provide global and local directional signals in environments with two or four visually different 

connected rooms. We found that HDC firing direction is maintained regardless of the number of 

rooms. Furthermore, BDC fire in two directions when rodents navigate between two different 

connected rooms and tend to fire in four directions in four connected rooms. We also observed 

that non-directional RSC cells show identical spatial activity but reversed between connected 

rooms, similarly to BDC. This indicates that coding of local and global spaces is not limited to 

HDC and BDC. Altogether, these results confirm that RSC may form global and local reference 

frames necessary for the construction of a cognitive map which allows navigation in complex 

environments. 
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Abstract: The reptile forebrain shares a layered cortical architecture with mammals, as 

presumably did their common ancestor. Indeed, the reptilian dorsomedial and medial cortices are 

transcriptomically similar to the mammalian hippocampal CA fields and DG respectively. Our 

aim is to characterize the conserved and divergent molecular, structural and functional features 

of the limbic system in amniotes. We present here data on the septum, a key region of this 

system. The septum occupies 12.1% of the forebrain’s subpallial volume (µCT scans of Bearded 

dragon lizards Pogona vitticeps, at 8.42µm resolution). Its function in reptiles, and how it 

compares with that in mammals, however, are not well understood. We thus set out to 

characterize the anatomy, architecture, connectivity, gene-expression patterns and 

electrophysiological features of the Pogona septum. We used data from scRNAseq (Tosches et 

al., 2018; Hain, Gallego-Flores et al., 2022) to identify septal sub-clusters. Genes extracted from 

those clusters were used in multiplexed HCR RNA-FISH and spatial transcriptomics to establish 

the spatial distribution of cell clusters across the septum. Next, we used viral (AAV2/rg, 

AAV2/9) and tracer injections (BDA, Fluorogold, Neurobiotin) to map the connectivity of the 

septal subdivisions. Finally, we carried out chornic recordings from the septum using 

Neuropixels probes. During sleep, sharp-wave ripples (SWR) lagged behind those recorded in 

the claustrum but preceded those in hippocampus. In freely moving lizards (open-field arena, 

n=6 males120-300 grams), activity in isolated single units was correlated with some aspects of 

the behavior (measured with a GLM procedure). We found septal cells that displayed selectivity 

for speed, head-direction, position and, surprisingly, egocentric boundaries. This stands in 

contrast to the allocentric nature of septum reported so far in mammals. In summary, we applied 

modern molecular and electrophysiological tools to conduct an exhaustive exploration of the 

lizard septum, yielding insights into the potential evolution of spatial representation systems 

among amniotes. 
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Abstract: The medial entorhinal cortex (MEC) is critical for navigation and spatial memory. 

MEC contains two distinct spatial-coding cell types known as the ‘grid cells’ and the ‘non-grid 

spatial cells’. In an open environment, grid cells fire regularly at specific locations arranged in a 

hexagonal ‘grid’ pattern, while non-grid spatial cells fire selectively at one or two locations and 

do not display spatial periodicity. Interestingly, when an animal navigates across distinct 

environments, grid cell populations coherently translate their periodic firing fields to ‘realign’ 

with the novel environment, while non-grid spatial cells randomly rearrange firing fields 

independent of each other. It is unclear what circuit mechanisms lead to their distinct responses 

to novel environments. Previous work showed that inhibition of MEC parvalbumin (PV)-

expressing interneurons disrupted the spatial selectivity of grid cells, but not non-grid spatial 

cells. Conversely, inhibition of somatostatin (SOM)-expressing interneurons exclusively 

disrupted the spatial selectivity of non-grid spatial cells but not grid cells. Building on these 

findings, we propose that MEC contains two parallel circuits: 1) a structured network consists of 

PV+ interneurons and grid cells with rigid synaptic connections; 2) a more flexible network 

consists of SOM+ interneurons and non-grid spatial cells that is well suited to mediate 

experience dependent plasticity. Previously using 2-photon Ca2+ imaging combined with 

transgenic mouse strains, we specifically recorded the activity of PV+ and SOM+ interneuron 

types while the mouse was navigating through different virtual environments. We found that 1) 

the mean population activity of PV+ interneurons is elevated during the ~10 mins interval 

navigating in novel environments; 2) the mean population activity of SOM+ interneurons did not 

change but individual cells show heterogeneous response to novel environments. To further 

investigate whether activity changes of PV+ and SOM+ interneurons are required for remapping 

in MEC, we are using the DREADDs system to manipulate the activity of either PV+ or SOM+ 

interneurons while the mouse was exposed to novel virtual environments. We hypothesize that 1) 

inhibiting PV+ interneurons will disrupt the spatial selectivity and stability of grid cells in novel 

environments and 2) inhibiting SOM+ interneurons will make the spatial fields of non-grid 

spatial cells to emerge earlier in novel environment but become less stable over time. Together, 

these findings will help uncover the MEC circuit mechanisms responsible for navigation in novel 

environments. 
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Abstract: Navigation is a high order cognitive ability which is crucial for the survival of fish and 

almost all animals. This makes it an excellent model system for understanding the development 

of cognitive abilities across all vertebrate classes. This study explored how depth is represented 

in the brains of fish, the largest group of vertebrates. Fish navigate in an aquatic environment 

where the density of water is about 800 times greater than air. This makes fish navigation 

fundamentally different from surface-dwelling or avian species; namely, the depth axis is 

fundamentally different from the horizontal axis since hydrostatic pressure allows for direct 

sensing of position along the depth axis. Previous study has found that goldfish encode position 

using boundary vector cells, measuring distance and direction from salient features in the 

environment. A subset of these neurons, found in the central telencephalon of the goldfish brain, 

had firing rates that gradually increased or decreased with swimming depth, suggesting a gradual 

monotonic encoding of the fish's position in the depth dimension. Here, we investigated the 

contribution of hydrostatic pressure in these cells for position encoding in goldfish. We show 

results from two experimental assays- the first freely goldfish swimming in an invariant visual 

scene while varying the water level leading to changes in hydrostatic pressure. In the second 

experiment, we used an adjustable pressure chamber where other sensory cues remain constant. 

In both setups the neuronal activity of position encoding neurons was modulated by hydrostatic 

pressure variations. Using a hydrostatic cue for position encoding such as shown here provides a 

new perspective of place encoding in the brains of vertebrates, which might compensate for the 

need of fish to navigate in the underwater world. 
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Abstract: Head-direction (HD) neurons are thought to contribute to hippocampal navigation and 

memory by providing a compass-like signal, which exclusively represents the animal's direction 

in space. We recorded from identified neurons in the anterior thalamus of awake mice and found 

that HD neurons reliably code for sensory stimuli with high temporal precision. Specifically, 

auditory and somatosensory stimuli evoked robust short-latency responses in identified HD cells, 

but not in non-HD neurons. The activity of HD cells, but not that of non-HD neurons, was also 

tightly correlated to spontaneous brain state fluctuations, showing precise coupling to pupil and 

whisker-pad motion dynamics. Social interactions dynamically modulated the gain of the HD 

representation, indicating that ethologically relevant behaviors engage these mechanisms. 

Collectively, our data show that sensory information and behavioral state map onto the HD 

representation, pointing to a new role for the internal compass in relaying sensory and behavioral 

features of experience into the hippocampal memory system. 
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Abstract: Sequential neuronal patterns and travelling wave-like activity are believed to support 

information processing in the cortex, yet their origin is still a matter of debate. We used 64-

channel linear electrode arrays to conduct simultaneous population recordings along the DV axis 

of the head-direction cortex (HDC, i.e., post-subiculum) in adult male mice during sleep. As 

observed in other cortical areas, neuronal activity alternated between hyperpolarized DOWN 

states and activated UP states. Interestingly, HDC neurons were sequentially activated along the 

HDC dorso-ventral (DV) axis at the transition from DOWN to UP states. This travel originated 

locally at the UP-state onset as upstream thalamic nuclei shifted to UP states homogeneously. 

Decoded population activity also showed that the head-direction that was encoded during the 

sequential activation was preserved along the DV axis, suggesting that a common directional 

signal is conveyed downstream. To understand the mechanism underlying this gradient, we built 

a computational model with a linear array of recurrently connected units and compared the 

spatiotemporal properties of DOWN states generated by various biophysical gradients. The 

model uniquely matched experimental observations with a gradient in the strength of 

hyperpolarization-activated currents (Ih), which we confirmed in ex vivo slice experiments. 

Hence, varying amounts of Ih current across cortical neurons could result in travelling wave-like 

neuronal patterns, independent of other network properties. These findings open up the 

possibility that travelling activity upstream to the entorhinal-hippocampal formation organises 

large-scale neuronal activity supporting learning and memory during sleep. 
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Abstract: Successful navigation requires the production of signals that remain consistent, 

irrespective of changes in the environment. This can be achieved by constraining neuronal 

activity to low-dimensional subspaces that are mapped onto spatial features of an animal's 

behavior. During sleep, a period of reduced external input, pairwise coordination is maintained 

within different areas of the spatial navigation system. This coordination is notably seen between 

grid cells of the entorhinal cortex (MEC) and head-direction (HD) cells in the anterodorsal 

nucleus (ADn) of the thalamus. This supports the idea that activity in this network remains 

organized in all conditions. Since the ADn is necessary for the formation of grid cells, we 

hypothesized that the organization of neuronal activity within MEC requires a coherent HD input 

signal. To test this possibility, we performed simultaneous electrophysiological recordings in the 

ADn and MEC during periods of wakefulness and sleep. We first showed that coordination 

between HD cell pairs in ADn and MEC is preserved after environmental changes, as 

demonstrated in a cue rotation experiment. In addition, the preferred direction angular offset of 

ADn-MEC HD cell pairs predicted pairwise correlation during sleep. Lastly, the correlation 

among cell pairs in ADn was more stable over time, suggesting a more rigid structure in ADn 

compared to MEC. In conclusion, our findings suggest that organized activity in the MEC is, at 

least in part, controlled by the coherent HD signal arising from the ADn across brain states. 

References: 1. Peyrache et al. (2015) Nat. Neurosci. 18, 569-575. 2. Gardner et al. (2019) Nat. 

Neurosci. 22, 598-608. 3. Winter et al. (2015) Science. 22, 870-874. 
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Abstract: Primary sensory cortical areas are characterized by low-level representations of 

sensory inputs, but whether these representations are stable over a long period of time or whether 

they are continuously renewed is still unclear. The head-direction (HD) signal is essential for the 



spatial navigation system, where it has previously been found that place representation is 

unstable over long periods of time. In the cortex, the HD signal is processed by the head-

direction cortex (HDC – i.e. the postsubiculum). HD cells constitute a vast majority of HDC 

principal neurons. Each HD cell fires towards a specific direction of the head of the animal in the 

horizontal plane. To address the question of representational stability in this signal, we used one-

photon calcium imaging with portable microscopes (‘miniscopes’) to longitudinally monitor 

ensembles of HD cells in the HDC over several months in freely moving mice both in single and 

multiple environments. We found the representation of the HD signal to be stable at two levels. 

First, the pairwise offset between HD neurons was preserved for months and across 

environments, indicating that the subcortical representation of the HD signal is certainly itself 

stable and that thalamocortical integration is rigid. Second, the orientation of the HD signal at the 

population level was maintained in a given environment over four consecutive weeks in a single 

environment. This orientation was preserved even when the environment was not explored for 

six weeks, suggesting that the HD system preserves long-term memories of spatial orientation in 

different environments. Last, we show that the stability of spatial orientation memories is 

retained even if environments are visited in a random weekly order. Similarly, stability remains 

even if an environment is visited only once a week or once a month. These findings shed light on 

how spatial information is represented over time in the brain’s navigation system. 
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Abstract: Continuous attractor networks support various cognitive functions, yet the neuronal 

dynamics and circuits supporting these dynamics in-vivo remain unclear. The HD circuit is a 

canonical example of such network. HD cells each fire for a specific direction of the animal’s 

head. In the anterodorsal nucleus of the thalamus (ADn), HD cells project to the postsubiculum 

(PSB) located in the cortex and maintain their mutual coordination during sleep, when sensory 

inputs are virtually absent, supporting the view of an attractor-driven system. 

The rigid organization of HD cell activity in the ADN begs the question of the origin of these 

structured patterns. The upstream structure, the lateral mammillary nucleus (LMN), is thought of 



as a central component of the HD signal generator circuit and receives feedback from PSB. We 

thus investigated the organization of LMN activity across brain states, and its relationship to 

ADN and PSB. To this end, we recorded both ADN-LMN and PSB-LMN neuronal ensembles 

during exploration and sleep. 

HD cells in the LMN during Rapid Eye Movement (REM) sleep were coordinated exactly as 

during exploration - as in the ADN and PSB. In contrast, during non-REM sleep, the 

coordination of LMN HD cells was reduced while simultaneously recorded ADN neurons or 

PSB neurons maintained the same level of mutual coherence. The decreased level of correlation 

in LMN resulted, at least in part, by a switch to hypersynchronous spiking activity in which 

neurons co-fired irrespective of their mutual preferred direction. Inter-spikes intervals (ISIs) 

during the transition to a preferred direction revealed a discrete activation of ADN neurons as 

opposed to a continuous activation of LMN neurons. More notably, the coordination of LMN 

activity was even lower when PSB was optogenetically inactivated during sleep, but not during 

wake, suggesting that LMN maintains a level of coordination that depends on PSB feedback in 

state-dependent manner. Our results suggest that non-linear integration of LMN inputs to ADN 

and cortical feedback from PSB are sufficient to maintain the coordinated activity in the ADN 

and the PSB during nREM sleep. 
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Abstract: The mammalian hippocampus contains a "cognitive map": a representation of an 

animal’s environment that can be used to support navigation and generate offline simulations for 

the purposes of recall, planning, and the consolidation of memories. It has been hypothesized 

that this cognitive map relies on a network architecture in which excitatory connections between 

cells with similar spatial tuning produce an attractive neural manifold that reflects the structure 

of space, and that this spatial tuning can emerge from learning to predict sensory input. However, 

it remains unknown whether the spatial representation learned by predictive learning reflects an 

underlying attractor manifold that can produce replay, or whether predictive learning can 

produce a cognitive map in realistically complex environments wherein spatial location is non-

trivially related to an animal’s sensory data. We report that while spatially-tuned cells reliably 

emerge in recurrent neural networks trained to predict egocentric sensory input, the presence of 

spatially tuned cells is not sufficient to guarantee the presence of a cognitive map. Instead, the 

emergence of a cognitive map requires the use of recurrent connections to predict multi-step 

observation sequences in the presence of an orienting head direction signal. Once learned, this 

map can autonomously simulate plausible trajectories offline, which can be queried by the head 

direction signal and biased towards recently experienced locations to effectively "replay" those 

experiences. Motivated by these results, we develop a predictive RNN architecture inspired by 

the hippocampal theta oscillation, in which the cyclical prediction of sequences of future sensory 

input is used to rapidly form cognitive maps. Together, these results provide a unifying model 

for hippocampal functions and a platform for hippocampal-inspired approaches to artificial 

intelligence. 
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Title: View cells in macaque hippocampus and lateral prefrontal cortex during virtual navigation 
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Abstract: View cells, cells that are selectively activated by a particular view of an environment, 

have been mainly described in the primate hippocampus (HPC), and area that integrates high 

level visual information from the dorsal and ventral pathways. Here we explore the possibility 

that view cells are also found in other brain areas than similarly integrate visual information from 

both pathways. We focus on the lateral prefrontal cortex (LPFC), which is located at the top of 

the visual processing hierarchy and assess view selectivity in both the HPC and the LPFC of 

macaques during a virtual environment task. 

We trained four male macaques (Macaca mulatta) to use a joystick to navigate a virtual 

environment presented on a screen to complete a learning task where they had to chose between 

two discs and learn in which context which disc as better than the other. We tracked their eye 

position to verify where on the screen, and where in the virtual environment, they were looking. 

We recorded neural activity from the HPC in two animals, and the LPFC in the other two 

animals. We compared selectivity of single neurons for screen coordinates during two different 

task periods, where the animal held the same eye-on-screen position, but the view of the 

environment changed. We also used generalized linear models (GLM) to assess whether the 

colour of the object had any impact on the view selectivity. We used permutation tests to assess 

whether the coefficients were significant. 

Neither area showed much selectivity for gaze directed at specific screen coordinates during 

navigation (where multiple parts of the environment were visible over the course of navigation), 

but HPC had 20% of cells that were selective for a view during the decision, and LPFC had 40% 

of cells selective. When we used a GLM to assess view and object colour at the same time, we 

found that 33% of HPC cells that were selective at all, were selective for object colour, but 

almost all of these had an interaction with view, with only 2% that were not affected by view. 

For the LPFC, 45% of the significant cells were selective for colour, but this time 8% had pure 

colour selectivity, and 35% had some selectivity for both view and colour, the majority having 

an interaction. 

We described view selectivity of neurons from the HPC and LPFC of macaque monkeys in a 

virtual environment. Both areas have units that can be affected by changing small features of the 

view, like the task relevant object's colour, but most were unaffected by these changes and could 

be selective for the particular layout of the objects and the environment. 
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Abstract: Introduction Based on results of studies on spatial navigation in rodents, the 

hippocampus has been referred to as a Global Positioning System (GPS) where neurons 

selectivity for spatial locations (place cells) are essential components of a cognitive map of the 

environment (O’Keefe & Dostrovsky, 1971). However, studies conducted in other species such 

as primates have not fully to replicated the range of neuronal spatial selectivities found in the 

hippocampus of rats and mice during navigation tasks. Thus, it is unclear whether the analogy of 

the hippocampus as a GPS also applies to primates. In this study, we investigate the exploration 

strategies of marmosets during 3D navigation as we continuously tracked marmoset body 

position and head direction, and recorded wireless neural activity from the hippocampus (CA3 

and CA1). We analyzed visual behavior correlates in single neuron, ensembles and local field 

potentials (LFP) and propose a mechanism that could support the formation of a visual cognitive 

map. Results We found that marmosets explore their environment via rapid head-gaze shifts 

while remaining stationary and then locomote toward targets minimizing such head-gaze 

movements. This is different from rats that mainly move the head at lower velocities as they 

locomote. We recorded a total of 331 neurons. A total of 204 cells were classified as putative 

pyramidal and 127 were classified as putative interneurons. We found a predominance of 3D 

view, head direction and place coding in putative pyramidal cells, and a mix of 3D angular head 

velocity (AHV) and translation speed (TS) in putative interneurons. We used a generalized 

additive model (GAM) to explore encoding of spatial and speed variables as either single or 

mixed encoding (encoding of multiple variables) by single neurons. Across all cell types, 48.3% 

significantly encoded at least one variable; amongst all encoding cells, mixed selectivity was 

predominant over single selectivity. In the putative pyramidal model, place was exclusively 

encoded in combination with either view or head direction. For the putative interneuron model, 

we found 73% mixed selective cells (AHV + TS). We report that rapid head movements ‘reset’ 

LFP theta oscillations in the hippocampus, which coincides with an increase in the response of 

interneurons followed by modulation of pyramidal neurons’ firing. Conclusion Cognitive maps 

of space in the marmoset and likely in other primates may be driven by mixed coding of visual 

features used as landmarks for navigation. Head-gaze phase-resetting seems to play a role in 



synchronizing theta oscillations to increase the efficiency of information encoding in the 

marmoset hippocampus. 
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Abstract: Navigating our daily lives requires the judicious use of limited cognitive resources to 

yield preferred outcomes, called cognitive control, which is known in humans and animals to 

depend on the prefrontal cortex (PFC), including the anterior cingulate cortex (ACC). During a 

hippocampus-dependent (but not PFC) active place avoidance task to avoid a stationary shock 

zone on a slowly-rotating arena, ensemble recordings from dorsal hippocampus (HPC) show a 

robust cognitive control signal that alternates between representing the stationary or rotating 

locations every few seconds, matched to purposeful frame-specific spatial behavior. We 

performed single-photon miniscope calcium imaging in the ACC and HPC of freely-behaving 

rats to determine if a cognitive control signal is expressed in PFC ensemble discharge and 

whether it is coordinated with HPC discharge. Rats were transfected with AAV9-CaMKIIa-

GCaMP8m in HPC dorsal CA1 and ACC, then gradient refractive index lenses were implanted 

above the injection sites. Rats were trained in the active place avoidance task on a rotating arena 

that can deliver a mild 0.2 mA shock in a 60° sector of the stationary room frame. Rotation 

requires rats to judiciously localize themselves and locations of shock within two reference 

frames at any time (the rotating arena frame comprised of local cues and the stationary room 

frame comprised of distal cues). Because room and arena cues continuously change their 

relationships, avoiding shock requires cognitive control. Rats readily learn frame-specific place 

avoidance and single-unit activity in both CA1 and ACC demonstrate strong location-specific 

activity. Analysis of the momentary positional information (Ipos) time series computed from 

separate CA1 and ACC ensembles express coherent spatial frame-specific representations of 

current location that flexibly alternate between the arena and room frames according to the rat’s 

distance from the room shock zone, demonstrating cognitive control in both regions. 

Interestingly, this signal is present in ACC even though previous lesions of PFC do not impair 



task acquisition or memory. This is the first demonstration of a bona fide cognitive control signal 

in rodent PFC, which during active place avoidance, like in HPC, changes along with spatial 

behavior after avoidance learning and appears more dispersed across ACC ensembles compared 

to CA1. The findings demonstrate both strong spatial and cognitive control representations in 

ACC and HPC, establishing a paradigm to investigate mechanisms of how two distinct brain 

circuits coordinate neural population activity during cognitive control of spatial information 

processing and memory. 
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Abstract: It is a general assumption that spatial representations in the Hippocampus (HPC) 

emerge from stereotyped connections and dedicated information channels, but the degree to 

which structured inputs are necessary for memory function in HPC is not known. We aim to 

investigate if unstructured connections are sufficient to reproduce features characteristic of the 

HPC, specifically, those we study in vivo such as mixed tuning, place cell remapping, memory-

associated assemblies, and multiple place fields in large environments. We investigate the 

expressiveness of a simple leaky integrate and fire (LIF) recurrent neural network model of 

excitatory (E) neurons, with random multimodal positional tuning in the inputs along with 

random all-to-all fixed weights, and found that positional selectivity in the network can emerge 

from the random inputs by the introduction of LIF inhibitory (I) neurons. Parametrically 

increasing the homogeneous inhibitory weights abruptly switches the network from a disordered 

phase to an ordered phase, revealing sparse and spatially tuned excitatory assemblies firing in 

reliable sequences. During test simulations with stochastic behavioral trajectories, positions can 

be decoded from network activity using trial-averaged templates from training simulations with 

constant trajectories, and surprisingly, we also found temporal primacy representations 

organizing network activity based on rank ordered sequences of E activation (first to n spikes, 

n>5). These neuronal sequences can carry similar or sometimes greater average pairwise mutual 

information than the aforementioned spatial sequences. Moreover, cell-assemblies derived from 



the top neurons in the temporal sequence can represent contextual information to downstream 

readers. Lastly, we show that the network can utilize a sparse, high firing rate assembly to 

represent special “reinforced” positions that are coupled to higher firing rates in the random 

inputs. Using this feature to naively probe for positional selectivity and train the network in a 

place memory task, we programmed learned associations between these high firing E assemblies 

and place avoidance (i.e. change direction) in one context, and associated a different context with 

freezing responses using relevant temporal primacy assemblies along with an aversive training 

signal, effectively training the network to recall correct responses (spatial avoidance and non-

spatial freezing) in a context dependent manner after removing the training signals. Our findings 

suggest that the nonlinear dynamics of unstructured LIF networks with inhibition are expressive 

enough to model several features of memory in the HPC. 
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Abstract: Fragile X Syndrome is the most prevalent form of genetically caused intellectual 

disability and autism spectrum disorder due to a silencing mutation and consequent loss of 

fragile X messenger ribonucleoprotein 1 (FMRP). Loss of FMRP represses mRNA translation 

leading to activity-dependent abnormalities of synaptic function and plasticity, as well as 

cognitive inflexibility, but no clear impairments of learning and memory in the absence of 

cognitive conflict. FMRP loss also causes dysregulation of protein expression, indicating 

complex consequences of the mutation, likely involving compensatory changes. We thus 

investigated the transcriptomes of Fmr1-null mice that were killed 1-h after testing memory for 

an active place avoidance that was conditioned across 3 trials one week prior. The memory 

causes and requires persistent synaptic strengthening in hippocampal dentate gyrus (DG) and 



Ammon’s horn. We carried out RNA-seq analysis of the supra- and infra-pyramidal blades of 

DG in Fmr1-null (n=23 ea. sex) and wildtype (WT) mice (n=23 ea. sex); half the mice learned 

the place avoidance and half were yoked controls that had a physically similar experience as a 

trained mouse but experienced the shock in random locations. As expected, compared to WT, 

Fmr1 expression was significantly reduced in the null mice, yet learning-related behavior was 

similar between the genotypes. Using Weighted Gene Co-expression Network Analysis 

(WGCNA), we discovered that the activity of only one gene module (regulating cellular energy 

homeostasis) was dependent on genotype, possibly indicating compensatory processes in Fmr1-

nulls. Similarly, only one module (involved in synapse organization) differed between trained 

and yoked mice. The activity of several modules involved in the glial function and synaptic 

transmission varied significantly between supraDG and infraDG. Finally, we analyzed the 

expression of candidate genes previously implicated in learning and memory processes, 

including Long-Term Potentiation (LTP), astrocyte function, and immediate-early genes. We 

note that Prkcz expression was significantly greater in supraDG than infraDG. Prkcz encodes the 

atypical protein kinase C isoform, PKMζ that is crucial for the persistence of WT LTP and the 

avoidance memory. Prkcz expression was also greater in Fmr1-nulls, and further increased after 

training, consistent with a crucial role for PKMζ in memory persistence. Taken together, our 

results demonstrate 1) transcriptional dysregulation in Fmr1-nulls, suggestive of compensation 

for loss of FMRP 2) transcriptional support for PKMζ’s role in memory 3) the distinct value of 

both unbiased and candidate gene analyses. 
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Abstract: Mammalian navigation relies on a cognitive map assumed to require a stable and 

accurate sense of allocentric direction that is anchored to physical environmental features for 

orienting ("north"). However, the sense of direction is subjective, internally-organized, and 

persistent in the absence of external stimuli, which can make navigation inaccurate. In this work, 

we recorded large ensembles of cells (n~150) from the anterior dorsal nucleus of the thalamus in 



freely-behaving and head-fixed mice. In the absence of vestibular stimulation, the head-fixed 

mice navigated a cue-rich environment on an air cushion. Using the IsoMap algorithm, we 

projected the ensemble spike trains into a 2-dimensional neural ensemble-activity space, which 

revealed a head-direction (HD)-ring manifold population geometry. The head-fixed HD-ring 

collapsed during stillness, but was normal during active locomotion, even though single cell HD 

tuning was lost, compared to freely-behaving. The head-fixed HD-ring dynamics persisted but 

did not stably anchor to external environmental features, as evidenced by unchanged cell cofiring 

on sub-second time scales because of subjective, transient, multistable registrations of the 

internal direction sense to different allocentric bearings. A continuous attractor model confirmed 

that the observations can be explained by a dynamically erroneous estimation of angular head 

velocity during head-fixation. Because the internally-organized head direction sense is not stably 

anchored to an allocentric bearing, it can shift episodically and subjectively to create what would 

appear to an external observer as inaccurate navigation. These findings challenge the standard 

model of the stable, reliable, allocentrically anchored head direction sense, and emphasize its 

subjectivity, internal organization, and independence from external stimuli. 
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Abstract: Mutations that silence the Fragile X Messenger Ribonucleoprotein 1 (FMR1) gene 

cause Fragile X Syndrome, the most common genetic cause of autism and intellectual disability. 

Fmr1-null mutant rodents do not express the protein FMRP, modeling the genetic defect. Fmr1-

nulls express numerous neurobiological abnormalities, and behavioral deficits, compared to 

wild-type. We reported abnormal experience-induced synaptic function and plasticity changes 

but normal hippocampus CA1 place cell firing fields and abnormally coordinated discharge 

amongst principal cells and interneurons in Fmr1-null CA1 compared to wild-type. Because 

complex systems afford multiple solutions to most problems, we considered the hypothesis that 



instead of being deficits, neurobiological abnormalities in Fmr1-nulls indicate diverse ways that 

the Fmr1-null brain can accomplish cognitive behavioral goals. We examined Fmr1-null mice in 

object and social recognition memory tasks, and recorded source-localized hippocampal local 

field potentials during active an place avoidance task that requires cognitive control of spatial 

information and memory, and is one of the most sensitive tasks to hippocampal dysfunction. 

Because medial perforant path (MPP)-originating dentate spikes (DSm) initiate hippocampus-

wide coordinated neural activity and information recollection, we examined DSm and lateral 

perforant path (LPP)-originating dentate spike (DSl) prevalence during home-cage and active 

place avoidance behaviors, in addition to how the avoidance training changes MPP synaptic 

responses. Fmr1-null mice are competent at each task, despite differing from wild-type. Both in 

vivo DSm and MPP-synaptic responses in dentate gyrus are also different from wild-type; in the 

supra- but not the infra-pyramidal blade of dentate gyrus, avoidance training weakens wild-type 

MPP fEPSPs to the level of fEPSPs of task-naïve Fmr1-nulls, which do not change with training. 

The ratio of DSm/DSl is elevated in Fmr1-nulls in the home cage and during place avoidance. 

Fmr1-null rates of sharp wave ripples are like wild-type during place avoidance training, but 

excessive in the home cage after a 24-h retention test. Thus Fmr1-null mice express neurodiverse 

systems-level neurophysiology and social behavior differences, but also equally competent 

cognitive abilities compared to wild-type. The findings challenge our presuppositions that the 

differences are deficits, and indicate that Fmr1-null mice may be better understood as 

neurodiverse and cognitively competent, rather than impaired. 
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Abstract: Learning and memory enables the organism to update knowledge of the world through 

experience and allows it to navigate through a myriad of stimuli to facilitate survival. Lesions or 

inactivation of the hippocampus impair the encoding and retrieval of spatial memories. 

Hippocampal place and head direction (HD) cells activity have long been proposed to represent 

one’s location and heading direction in space. Yet, how place and HD neuronal population 

dynamics change with spatial learning and how this activity drives navigation to a learned goal is 

poorly understood. To address these questions, using wire-free miniaturized microscopy of 

GCAMP7f, we imaged the activity of CA1 neurons during spatial learning of a target oriented 



two-dimensional navigational task, the Morris Water Maze - a gold standard task for spatial 

navigation. Using generalized linear models (GLM) we were able to disentangle the activity of 

place cells and HD cells in CA1 as animals navigate in the maze. Our results demonstrate that 

the tuning of space and HD cells becomes significantly more selective as mice learn to navigate 

to the goal (n=5 animals). Concomitantly, the prediction of spatial location and HD from the 

population activity using deep learning-based decoding methods showed a significant 

improvement after learning. To investigate the plasticity mechanisms driving our results, we 

performed identical experiments in GluA1C2KI knock-in mice and their controls, these mice have 

been shown to have impaired Schaffer collateral long-term potentiation (LTP) in CA1 without 

any deficiency in the basal synaptic transmission (Zhou et al., 2018). We first confirmed loss of 

100 Hz tetanus-induced LTP in knock-in mice. Our preliminary results show that in contrast to 

WT littermate controls, HD selectivity did not increase in LTP-deficient mice (n=3 mice) during 

learning. Conversely, spatial selectivity improved during learning to a similar extent to what was 

measured in controls. Consistently, decoding of HD from population activity did not improve 

with learning in LTP-deficient mice while it improved in controls. In contrast, decoding of 

spatial location improved to a similar extent in LTP-deficient mice and controls. Surprisingly, 

our preliminary results show faster navigational learning in LTP-deficient mice (as measured by 

escape latencies) as compared to their controls and similar target quadrant occupancy in probe 

trials. Therefore, while LTP is necessary for the improvement of HD, this improvement was not 

essential for spatial navigation learning. Further experiments will explore the improvement in 

spatial tuning of CA1 neurons during learning, and whether it is critical for learning. 
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Abstract: Humans adaptively infer the nature of the surrounding environment based on 

observational sensory data. The arousal system is thought to play an important role in the 

encoding of uncertainty which is essential in determining the confidence in predicting what will 

or will not happen next. Recent computational models assume psychotic symptoms, such as 

delusions and hallucinations, are a cause of maladaptive inferences. However, little is known 

about the neural mechanisms underlying the disturbance of inference processes in patients with 

schizophrenia. To address this issue, we compared the performance on an active inference task 

between schizophrenia patients (N=25) and healthy controls (N=25), and concurrently measured 

pupil diameters, a parameter thought to predict uncertainty when performing an active inference 

task. In the active inference task, participants were instructed to predict each subsequent number 

to be presented in a series, such that the average error made on all predictions would be 

minimized. Participants were required to rely directly on unobservable task representations to 

estimate the likely outcomes, and update their predictions at several discrete change points in 

which an outcome generation criterion was changed. We found that healthy controls tended to 

provide values which were closer to the mean on the outcome-generating distribution right after 

a change point. However, schizophrenia patients showed difficulty in the convergence of 

prediction indicating an inaccurate estimation of the outcome-generating distribution. 

Furthermore, the trial-wise pupil dilation changed its association with trial-wise uncertainty, as 

estimated by an optimal Bayesian inference model, in a performance dependent fashion in the 

healthy control group, but not in the schizophrenia group. These findings suggest that impaired 

active inference in patients with schizophrenia is linked to altered noradrenergic responsivity to 

prediction uncertainty. 
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Title: Continuous inhibition of N-methyl-D-aspartate (NMDA) receptors with ketamine 

predominantly affects male rather than female mice. 
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Abstract: Ketamine is a non-competitive inhibitor of the glutamatergic N-methyl-D-aspartate 

(NMDA) receptors. It is commonly used as an anesthetic, a treatment for depression, as a 

recreational drug and even as a pharmacological model of schizophrenia. However, it is currently 

unclear whether extended exposure to ketamine impacts behavior and whether this impact differs 

based on gender. Therefore, we evaluated the outcome of continuous administration of ketamine 

(14 consecutive days at 30 mg/kg) on the performance of C57BL/6J male and female mice in 

different behavioral tests. These tests evaluated memory, social interaction, anxiety, movement, 

and executive function. We analyzed each behavioral test with DeepLabCut, a program that 

utilizes a Deep-neural-network to track the movement of the mice and provides precise 

information on mouse position. According to the results, continuous administration of ketamine 

impaired the performance of male and female mice in the novel object recognition test, which 

assesses short-term memory. Interestingly, this effect was more pronounced in males. Ketamine 

also affected social interaction since we observed decreased frequency and reduced duration of 

mice interaction intervals. Like the novel object recognition test, the effect of ketamine on social 

interaction was more pronounced in male mice compared with females. On the contrary, no 

significant effect of ketamine or gender was detected in the light/dark transition test (anxiety); 

the wheel maze test (motor system); and the puzzle box test (executive function). Altogether, 

these results suggest that continuous ketamine administration affects brain regions related to 

memory and social interaction, such as hippocampus, amygdala, and cortex, and that ketamine 

effects are more pronounced in male than female mice. 
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Abstract: Background: Delusion and hallucination are common symptoms in 

schizophrenia(SCZ).Several researches also demonstrated collaborative neural 

underpinningregarding delusion and hallucination. The intrinsic networks based on the 

triplenetwork theory (i.e.,default mode, salience, central executive network)are recruitedduring 

delusional or hallucinatory phenomena, reflecting some brain modules mightbe overlapped when 

the symptoms arise. A quadripartite model trying to explain theprocess during hallucinations, 

might also be interpretable for delusions due to itsinvolvement of the aforementioned triple 

network and hippocampus. Moreover, theprecise prediction of these two symptoms is not yet 

understood. We hypothesized thecrucial differences between delusion and hallucination might be 

detected throughaforementioned brain networks and provide as key features for machine-

learningmodels to classify SCZ and healthy controls.Methods: A total of 341 HC and 213 SCZ 

patients were recruited in this study.Ensemble empirical mode decomposition was employed to 

decompose voxel-wisedresting-state functional Magnetic Resonance Imaging (rs-fMRI)data into 

intrinsicmode functions (IMFs)within regions according to the quadripartite model. Wetrained 

multiple classifiers with the various features extracting from the IMFs,including instantaneous 

frequency, amplitude, and phase, as well as mean frequency,amplitude, standard deviation and 

sample entropy of rs-fMRI data.Results: In hippocampus, the detection of SCZ could be well 

predicted via originalvoxel-based rs-fMRI signal of instantaneous amplitude and frequency with 

theF1-socre of 1 by multiple models (e.g.,KNN, logistic and SVM models).Furthermore, linear 

discriminant analysis model performed best in IMF4 ofinstantaneous frequency with the F1-

score of 0.86 for detection of delusion; whilelogistic model performed ideally in IMF2 of sample 

entropy with the F1-score of 0.95for detection of hallucination. Naive Bayse model with IMF2 of 

instantaneousfrequency had the F1-score of 0.87 for predicting both symptoms.Conclusion: Our 

study shows the precise diagnosis for SCZ is feasible. In addition,the prediction of delusion and 

hallucination help to clarify the influence from onebrain network to another, which might 

indirectly shed light on the network dynamicsand structural connectivity. 
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Abstract: The idea of the Gnathonemus petersii (G. petersii) species elevating the modelling of 

schizophrenia is based on the fish’s electrolocation and electrocommunication abilities enriching 

the modelling of all, positive, cognitive and negative schizophrenia symptoms including specific 

symptoms, which are untreatable using current medication. We exposed 24 individuals of G. 

petersii species to the NMDA antagonist ketamine in two distinct series differing in the dose of 

ketamine. The main finding revealed ketamine-induced disruption of the relationship between 

electric signalling and behaviour indicating impairment of fish navigation as an animal analogue 

to cognitive symptoms of schizophrenia. Moreover, the lower dose of ketamine significantly 

increased locomotion and erratic movement, whereas the higher dose of ketamine significantly 

reduced the number of electric organ discharges, both indicating successful induction of positive 

schizophrenia-like symptoms. Additionally, a low dose of haloperidol was used to test the 

normalisation of the positive symptoms to suggest a predictive validity of the model. However, 

though successfully induced, positive symptoms were not normalised using the low dose of 

haloperidol; hence, more doses of the typical antipsychotic haloperidol and probably also of a 

representative of atypical antipsychotic drugs need to be examined in the future to confirm the 

predictive validity of the model. 
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Abstract: Early identification of individuals who at clinical high risk (CHR) for developing 

psychosis can improve prognosis, however, that identification is imprecise and subjective. We 

address those issues by administering quantitative behavioral tasks to a sample that includes 

CHR individuals (N = 154) as well as matched psychiatric controls (N = 139), and healthy 

controls (N = 100) along with assessments to measure paranoia, delusions, and other psychiatric 

symptoms. Task performance is paired with generative computational modeling, which warrants 

inferences about participants’ beliefs and belief-updating. We compare learning on two different 

cognitive tasks, probabilistic reversal learning (PRL) and Kamin blocking, that have shown 

relationships to paranoia and delusions, respectively. We find that CHR status does not result in 

different behavior on the PRL (p = 0.81), but that an individual’s level of paranoia is associated 

with excessive switching behavior (p < 0.001). During the blocking task, paranoid individuals 

did not significantly learn differently about the blocked cue (p = 0.09). However, they also had 

decreased learning about the control cue, suggesting more general learning impairments (p = 

0.015). Delusions were associated with aberrant learning about the blocked cue (p = 0.015) but 

intact learning about the control cue (p = 0.47), suggesting specific impairments in learning 

related to cue combination. We fit task-specific computational models to behavioral data to 

explore how latent parameters vary within individuals between tasks, and how they can explain 

symptom-specific effects. We use a Hierarchical Gaussian Filter (HGF) model for PRL data, 

allowing for tracking volatility-driven belief-updating. For the blocking task, we utilize a 

modified Rescorla-Wagner model with a Pierce-Hall learning rate that updates stimuli 

representations throughout the task. We find that paranoia is associated with a decreased value of 

a parameter controlling volatility belief-updating (more rigid volatility beliefs) in the PRL (p = 

0.0022), as well as low dynamic learning rates in the blocking task (p = 0.023). For the blocking 

task, delusions were related to a parameter, , which controls the degree and direction of similarity 

between cue updating during simultaneous cue presentation. Delusions were associated with 

increased update similarity for the separate elements of compound cues (r =-0.12, p = 0.021). 

These results suggest that paranoia and delusions involve dissociable deficits in learning and 

belief updating, which - given the transdiagnostic status of paranoia - may have differential 

utility in predicting psychosis. 
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Abstract: Stigma and misunderstanding often surround schizophrenia (SCZ), leading to 

challenges in patient care and social integration. We aimed to address this problem by 

investigating the efficacy of virtual reality (VR) simulations and written prompts in fostering 

empathy and attitudes towards SCZ, with an emphasis on how stress levels (measured with 

salivary cortisol) could influence in empathy change. There were 7 male, 34 female, and 3 non-

binary participants, randomly assigned to 1 of 4 conditions for a 2 (VR with and without sound) 

x 2 (SCZ prompt and no SCZ prompt) mixed ANOVA design. The VR conditions were 2 

episodes of individuals experiencing SCZ episodes from a 1st person perspective, including 

auditory hallucinations. The control condition contained the same videos without sound. 

Empathy levels were measured with the Attitudes Toward SCZ Questionnaire (ATSQ) and the 

Multidimensional Emotional Empathy Scale (MDEES). Stress was assessed via cortisol pre and 

post-intervention by ELISA. Written prompts depicted challenges for an individual with SCZ vs. 

a control individual experiencing daily stressors.A borderline significant difference in in the 

ATSQ was observed in the SCZ (M = 67.60, SD = 8.35) compared to the control prompt 

condition (M = 62.05, SD = 11.29), [F(1,36) =3.920, p = .055]. Cortisol remained stable across 

time points and conditions (ps > .05). MDEES scores were consistent across all conditions (ps > 

.05). However, when we included proximity to someone with SCZ as a variable, that created 

significant differences for the MDEES and the ATSQ independent of manipulation (ts > 2.16, ps 

< .037), where both were higher in participants who knew someone with SCZ.The findings 

suggest that, contrary to expectations, VR did not significantly alter cortisol levels. Written 

prompts, however, demonstrated the potential to increase ATSQ scores. The findings with 

personal relationships underline the value of real-life experiences in shaping attitudes. These 

observations have considerable implications for VR based training approaches. Specifically, 

while VR can provide a safe and controlled environment for healthcare professionals, they likely 

cannot replace lived experiences connecting with real people. A significant limitation in the 

present study was the user could not interact with the environment of the simulation. However, 

advancements in virtual and augmented reality may provide more visceral methods for 

experiencing diverse individual perspectives. Therefore, while these strategies can and should be 

adapted in tandem with developing technologies, integrating real person interaction could 

significantly boost empathy development. 
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Abstract: Individuals with schizophrenia and other psychosis disorders have consistent deficits 

in cognitive control. People with psychosis typically exhibit lower accuracy rates when using 

proactive and reactive control, but researchers have also noted slower reaction times. To better 

understand the underlying mechanism that produces these proactive and reactive cognitive 

control deficits in psychosis we decided to take an evidence integration perspective. We fit 

hierarchical drift diffusion models to the behavior of participants from the Psychosis Human 

Connectome Project (123 with psychosis, 70 first-degree relatives, and 51 controls) on a 

cognitive control task, and then used XGBoost classification to determine which of these 

parameters were most informative for differentiating between groups. 

Participants performed the dot pattern expectancy (DPX) task, in which participants are provided 

sequences of cue-probe pairs that require different responses to the probe given a cue. Cues (A or 

B) were followed by probes (X or Y) after a delay of 2.5-3.5 s. The predominant AX sequence 

(60% of trials) required one response, while the AY, BX, and BY sequences required another. 

Drift diffusion models separate the evidence integration process into four independent 

components: drift rate - v, response threshold - a, non-decision time - t, and response bias - w. In 

the hierarchical model, we permitted the drift rate, response threshold, and non-decision time to 

vary by sequence type and the response bias to vary by the cue. 

We found that people with psychosis showed slower drift rates when utilizing proactive control 

(BX, BY conditions) and longer non-decision times than controls and relatives on oddball trials 

(AY, BX, BY conditions). The XGBoost classification model found that the most important 

parameters for differentiating between the groups were, in order of utility, the degree of bias on 

proactive control trials (w-B), the drift rate on proactive control trials (v-BY), and the non-

decision time on incongruent trials (t-AY, t-BX). The XGBoost classification of DDM 

parameters better differentiated group membership than traditional measures (i.e., accuracy, 

mean reaction times, d'-context and the proactive behavioral index). We found that d′-context, an 

ubiquitously used measure of contextual processing, was less useful for differentiating between 



individuals with and without psychosis than raw reaction times and error rates. These analyses 

suggest that cognitive control deficits in individuals with psychosis are best characterized as 

slower evidence integration and longer motor-preparation/perceptual times. 
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Abstract: Cannabis is the most commonly used illicit drug worldwide, with a past-month 

prevalence of 5%. Between 2009-2016, cannabis use prevalence during pregnancy has risen 19% 

in young women (18-24 years), with smoking and edibles being the most popular routes of 

administration. Furthermore, mothers who use cannabis are more distant, rejecting and 

withdrawn from their children than non-using mothers. Clinical studies have shown a dose-

response relationship between childhood trauma and psychotic symptoms. In addition, prenatal 

cannabis might increase susceptibility to co-occurring environmental stressors during or after 

prenatal life, amplifying the risk of schizophrenia in later life. This combination represents a 

"double-hit" hypothesis for schizophrenia risk in children, whereby a prenatal 

neurodevelopmental insult might make offspring more vulnerable to environmental stressors 

postnatally, dramatically increasing disease risk. This research aims to assess the long-term 

consequences of prenatal THC exposure and early stress exposure in the context of 

schizophrenia risk and to determine the neuronal and molecular mechanisms associated with 

these exposures. We hypothesized that prenatal THC edible exposure might potentiate the long-

term impairments induced by early life stress in offspring and increase risk factors associated 

with schizophrenia. Specifically, we propose that prenatal Δ9-THC exposure will dysregulate 

neuronal activity states and activate multiple molecular signalling pathways associated with 

schizophrenia risk in the PFC-HIPP circuitry. Pregnant Wistar rats were exposed to edible THC 

(5 mg/kg) or vehicle during the gestational day (GD) 7 to 2. Then, the litters were separated into 

two groups; a maternal separation group (daily 3 hours of maternal separation, from postnatal 

day 2 to 15) and a control. Then, male and female offspring's behavioural phenotypes were 



examined during adolescence and adulthood using the following pre-clinical tasks: sucrose 

preference, social interaction, novel object recognition, open field, and pre-pulse inhibition. After 

behavioural testing, rats were assigned for western blot or electrophysiological analyses. Tissue 

extractions were taken from the prefrontal cortex (PFC) and ventral hippocampus. Then, the 

expression levels of several schizophrenia-related risk markers, including the AKT/GSK3 

pathway, dopamine receptor expression and markers of GABA and glutamatergic signalling, 

were analyzed. PFC and ventral hippocampus neurons were recorded for electrophysiological 

studies, and single-unit activity patterns were analyzed. 
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Abstract: The association between cardiovascular activity levels and cognitive performance was 

examined in 36 adults with psychotic disorders with average age 30,2 years (SD=7,18). As part 

of the “e-Prevention” project, 18 male and 5 female adults with schizophrenia, as well as 6 male 

and 7 female adults with bipolar disorder carried a commercial smartwatch (Samsung Gear S3) 

with multiple sensors of biometric data for a long period of 24 consecutive months. 

Cardiovascular activity was continuously measured with photoplethysmogram. After data 

collection, long-and short-term diurnal changes of heart rate variability (hrv) were calculated as 

indexes of autonomic activity. Upon the beginning of the study, an extensive neuropsychological 



battery was administered covering domains of cognition (speed of processing, working memory, 

sustained attention, set shifting, cognitive inhibition, verbal learning, verbal fluency, 

vocabulary). Based on Neurovisceral Integration model, which suggests a neural connection 

between cortical brain areas that are involved in executive functions, subcortical areas that are 

involved in autonomic regulation and the heart via the vagus nerve, we attempted to explore the 

connection between the high frequency component of heart rate variability (hf-hrv), which is 

indicative of parasympathetic regulation and cognitive performance. Our results show a 

significant correlation between hf-hrv measured during sleep, but not waking hours performance 

in Verbal Fluency test only for patients with schizophrenia (Controlled Oral Word Association 

Test COWAT) (r = 0.57, p < 0.05). Besides, preliminary analysis of the performance on an 

inhibitory task (Go/ No Go) shows a specific relation between parasympathetic regulation and 

cognitive stability (intra-individual variation of response latency) again only in schizophrenia 

patients (r = -0.53, p < 0.05). These results suggest a common underlying neurophysiological 

mechanism connecting physiological regulation and cognitive ability. 
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Abstract: Priors and Delusions in Clinical High-Risk for Psychosis Authors *Seth 
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Delusions are defined as false beliefs maintained with conviction in the face of contradictory 

evidence and are one of the core symptoms of psychosis. We have shown that alterations in 

inference may underlie delusional pathology in schizophrenia, and have proposed an inferential 



failure mode which offers a parsimonious model for delusion formation and maintenance. In this 

study, we aim to investigate whether delusions in those at clinical high-risk (CHR) for psychosis 

can be explained by similar inference alterations. We carried out an established, incentivized 

information sampling task (a modified beads task) in a sample of CHR individuals (n=43). In 

this task, participants chose whether to guess the identity of a hidden jar (one of two possible 

choices) or to sample information from it which might inform their guess, while reporting 

probability estimates for the hidden jar’s identity at each stage of the task. Different experimental 

conditions featured jars with different bead ratios (e.g. 60:40 vs 90:10). As in our previous study 

in schizophrenia, we found an association between delusional ideation and increased information 

sampling (i.e. increased draws-to-decision slope across conditions; Pearson r=0.26, p=0.048). 

Model-based analyses of probability estimates drew from a formal model comparison which 

produced a winning Bayesian model variant with a single prior weight parameter , capturing 

primacy and recency biases over prior beliefs, as well as different likelihood weight parameters 

for each experimental condition. Of these parameters only the prior weight correlated with 

delusional ideation (Pearson r=0.27, p=0.038), just as in our previous work. Further analysis of 

choice behavior using a partially-observed Markov decision process (POMDP) model revealed 

that, among all model parameters, only this prior weight correlated with both delusional ideation 

and information-seeking (Pearson r=0.28, p=0.034). Our results suggest that a common 

mechanism underlies the delusional pathology experienced by CHR individuals and those 

experiencing full-blown psychosis, and are consistent with the notion that an inferential 

mechanism characterized by prior overweighting underlies the development of delusions as well 

as their maintenance. 
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Abstract: Hallucinations are common in clinical and nonclinical groups, can be difficult to treat, 

and often predict poor functioning. Excess striatal dopamine has been strongly implicated in the 



development of hallucinations but the precise circuits and cognitive processes that link this 

neurochemical alteration to false perception remain unclear. Here, medication-free patients with 

schizophrenia (N=68) in the fMRI scanner were presented with speech, non-speech, and blank 

stimuli at varying probabilities in a blocked structure and were asked to report when they heard 

speech. Speech false alarms during the task specifically correlated with hallucination severity but 

not negative symptoms or general psychopathology (partial Spearman 𝝆;=0.37; p=2.44x10-3). 

Speech false alarm rates also significantly varied with the block probability manipulation (mixed 

effects logistic regression p=1.14x10-5). To clarify this finding, we built a computational learning 

model that updates trial-by-trial speech expectations and integrates these expectations with 

current sensory evidence and a perceptual bias term to form a percept. Fitting the model to 

response data showed that individual biases correlated with both speech false alarm rates 

(Spearman 𝝆;=0.91; p=2.56x10-26) and clinical hallucination severity (Spearman 𝝆;=0.41; 

p=6.98x10-4). To explore the role of dopamine in these altered computations, we collected 

neuromelanin-sensitive (NM)-MRI, a validated proxy measure of nigrostriatal dopamine 

function, in a subset of patients (N=29). We found that hallucination severity (Spearman 

𝝆;=0.66; p=3.46x10-4), speech false alarm rates (Spearman 𝝆;=0.64; p=5.67x10-4), and fitted 

values of the bias parameter (Spearman 𝝆;=0.58; p=2.13x10-3) correlated with NM-MRI signal 

in the substantia nigra. Our results are consistent with a model of hallucinations whereby excess 

nigrostriatal dopamine drives changes in perceptual processing and increases the probability of 

experiencing false percepts. 
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Abstract: Psychosis is a multifaceted syndrome characterized by perceptual, cognitive, and 

emotional disturbances in schizophrenia spectrum disorders. While research has shown that 

clinical symptoms of psychosis exist on a continuum—ranging from subclinical occurrences in 

the general population to clinically significant psychotic symptoms in clinical populations—

additional scientific investigation is required to determine whether this continuum exists 



neurobiologically. Understanding its existence could aid in more accurate diagnosis and 

prediction of psychosis conversion in at-risk groups. Previous studies have demonstrated a link 

between nigrostriatal dopamine function and psychosis in clinical groups. We therefore 

investigated a potential underlying neurobiological mechanism of this continuum by using 

neuromelanin-sensitive MRI (NM-MRI)—a novel proxy measure that captures 

hyperdopaminergic function in psychosis—to assess relationships with severity of clinical and 

subclinical psychosis-like symptoms. Our sample consisted of unmedicated individuals with 

schizophrenia (n=42), individuals at clinical high risk (CHR) for psychosis (n=53), and healthy 

controls (n=52). Severity of delusions and hallucinations were assessed using the Peters et al 

Delusions Inventory (PDI) and the Cardiff Anomalous Perceptions Scale (CAPS), respectively. 

NM-MRI data was acquired using an optimized 2D GRE-MT sequence. We first investigated 

relationships with average NM-MRI contrast within a region-of-interest in the ventral substantia 

nigra (SN) previously shown to relate to psychosis severity (Cassidy et al., 2020). While we 

found the expected correlation with PDI and CAPS in schizophrenia, we failed to detect a 

correlation across schizophrenia, CHR, and healthy individuals (PDI: r=0.04, p=0.64; CAPS: 

r=0.03, p=0.73). Results were similar for exploratory voxelwise analyses within the whole SN, 

which identified significant interactions of the relationship between NM-MRI contrast and 

psychosis-like experiences by group. We then identified a subset of items on the PDI and CAPS 

that were strongly correlated with clinician-measured psychosis severity in individuals with 

schizophrenia to better capture psychosis-relevant features; results held when using these items. 

Overall, these results do not provide evidence for a common relationship between NM-MRI 

contrast and psychosis existing on a continuum across healthy, subclinical, and clinical psychosis 

populations. While preliminary, this evidence may be more consistent with the notion of distinct 

neurobiological mechanisms driving psychosis-like symptoms across the clinical continuum. 
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Abstract: Delusions are rigid, certain beliefs despite contradictory evidence. In sequential belief 

updating tasks, healthy individuals tend to underweight older information when forming new 

beliefs, leading to a recency bias. It’s been shown that patients with delusions have a reduced 

recency bias, leading to more certain and rigid beliefs in a manner like delusions. Given this, we 

sought to identify where prior-weighted beliefs are represented in the brain across the 

schizophrenia spectrum and health. Our sample included 41 patients with schizophrenia, 

schizoaffective disorder, or schizophreniform disorder, and 33 healthy controls. All reported 

analyses were conducted across the full sample of patients and controls (N = 74) as there were no 

significant differences between groups in these analyses. In an MRI scanner, subjects estimated 

the draw-by-draw probability that a box was filled with mostly blue or green beads based on 8 

sequentially drawn samples from the box. The order of the sequences were systematically 

manipulated and an incentive-compatible belief-elicitation procedure was used. Across patients 

and controls, greater prior underweighting corresponded to stronger recency biases.To identify 

belief-updating neural signals, we conducted a first-level GLM using the draw-by-draw absolute 

logit posterior beliefs (based on reported probabilities) as a parametric modulator. ROIs were 

defined based on significant clusters from this analysis. We derived model-based draw-by-draw 

posterior beliefs using the fitted parameters from a Bayesian model with prior weighting. A first-

level GLM analysis was conducted using the model-based absolute logit posterior beliefs as a 

parametric modulator. Only activation in a region within the paracingulate cortex correlated 

across the model-agnostic and model-based fMRI analyses, suggesting that this region represents 

prior-weighted posterior beliefs. For additional support, we fit a model with no prior weighting 

to subjects’ data and analyzed the fMRI data based on the fitted absolute logit posterior beliefs. 

Formal model comparison favored the model with prior weighting specifically in the 

paracingulate-cortex region. Our results suggest that the paracingulate cortex represents prior-

weighted posterior beliefs. Because there were no group differences in parametric modulation of 

the fMRI signal, these results suggest that the mechanisms underlying prior weighting may be 

similar in the schizophrenia spectrum and health. Future analyses will examine whether this 

region is involved in integrating priors and likelihoods and the connection between neural 

representations here and the severity of delusions.  
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Abstract: Introspective agents can recognize the extent to which their internal subjective 

perceptual experiences deviate from the actual states of the external world. This ability, also 

known as insight, is critically required for reality testing and is impaired in psychosis, yet very 

little is known about its cognitive underpinnings. We developed a Bayesian modeling framework 

and a novel psychophysics paradigm to quantitatively characterize this type of insight. To induce 

strong perceptual distortions, we created a task based on a variant of the motion after-effect 

(MAE) illusion. Across two experiments with 44 healthy participants total, we asked people to 

report their subjective percepts (‘See’ condition) and used the implicit nulling method (Hiris and 

Blake, 1993) to quantify the strength of their MAE illusions. To measure insight in a quantitative 

manner, we quantified participants’ ability to report beliefs in which they attempted to 

compensate for their perceptual distortions due to the MAE. When participants were required to 

infer the actual direction of motion (‘Believe’ condition), we found that people could compensate 

for the illusion. In a second experiment, a parametric choice of the test stimuli allowed us to 

apply our Bayesian model of perceptual insight to the participants’ responses and confidence 

reports and found that it provided a good fit to the data (Mihali et al, 2022). This model revealed 

that a possible mechanism for belief compensation is incorporating knowledge of the perceptual 

distortion into the likelihood and thus the decision. Furthermore, confidence reports, reaction 

times and pupil dilation patterns shifted in tandem with the psychometric curves, suggesting 

changes in uncertainty during belief compensation and supporting an interpretation in terms of 

adjustments at an intermediate inference stage. An application of the drift diffusion model (Shinn 

et al, 2020) to the choice and reaction times data identified changes in drift rate and importantly 

the starting point in the “Believe” condition relative to the “See” condition, but no differences in 

the decision bound, thus ruling out a response-bias mechanism for compensation. In sum, we 

show that healthy individuals may plausibly perform insightful inference and compensate for 

internal distortions through adjustments in perceptual-decision variables. 
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Abstract: Auditory verbal hallucinations (AVHs) are a quintessential symptom of psychosis that 

affects ~70% of patients with schizophrenia. AVHs cause significant distress and are viewed as 

emblematic of mental illness from a societal standpoint. Thus, understanding their 

neurobiological mechanisms could have disproportionate effects for destigmatizing these 

conditions. Modern methods for characterizing AVH-related patterns of neural activity and how 

they relate to speech-evoked patterns (e.g., MVPA, RSA) have yet to be applied to the study of 

AVHs. We used a speech discrimination paradigm with an fMRI clustered temporal acquisition. 

For each trial of the task, individuals were presented either a speech stimulus, a non-speech 

stimulus or no auditory stimulus, and were asked “Did you hear any voices?” AVH events were 

defined as reports of hearing voices on trials where no auditory stimulus was presented; blank 

events were defined as reports of not hearing voices on those trials. 59 unmedicated patients with 

schizophrenia completed the task—of those, 8 had sufficient AVH and blank events for 

decoding. First, for each subject, we defined individual speech-selective auditory cortex regions 

as voxels exhibiting the strongest differential responses to speech stimuli over non-speech 

stimuli. We then used MVPA within these regions to develop individual-level decoders for 

classifying AVH and blank events. We could successfully decode AVHs at the group level 

(mean accuracy = 56.7%, P = 0.001), with significant accuracy at the individual level in 4 

subjects. A cross-classification analysis (train speech vs non-speech) was not able to successfully 

cross-classify AVH events in any of the 8 subjects, suggesting distinct activation patterns for 

speech and AVH events. To further characterize the distinctness of AVH and speech-evoked 

activation patterns, we performed RSA and found that AVH activation patterns were most 

similar to those for blank events, followed by non-speech events, and lastly speech events. A 

mediation analysis found that expression of AVH patterns mediated the relationship between 

speech expectations based on previous trial report and current trial report (path axb = 40.45, P = 

0.013), suggesting that AVH patterns are related to the history of perceived speech and 

potentially facilitate a prior-dependent mechanism. Taken together, our results demonstrate an 

unambiguous role of speech-selective auditory cortex in the pathophysiology of AVH. They 

further place AVH activation patterns within the context of computational models of psychosis 

that posit a central role of enhanced context-dependent prior expectations in the generation of 

psychosis. 
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Abstract: Describing the normative developmental trajectories of neuroimaging phenotypes is a 

critical step toward contextualizing alterations in neuropsychiatric disorders. The resting-state 

fMRI measure of intrinsic neural timescale (INT) reflects the time window of neural integration 

and can serve as an index of excitation-inhibition balance (E/I) in cortical microcircuits. E/I is 

impacted in neuropsychiatric illness and is critical to cognitive functions such as working 

memory (WM). We have shown reduced INT in patients with schizophrenia (Wengler et al. 

2020), but it remains unclear how these relate to neurodevelopment and WM deficits. INT maps 

were estimated as in our previous work in two large-scale neuroimaging datasets (55% female) 

from the Human Connectome Project: Development [HCP-D] (n = 591, 6–21 years old) and 

Young Adult [HCP-YA] (n = 1010, 22–37 years old). Developmental INT curves were 

calculated for each parcel using GLMs: INT = B0 + B1*age + B2*age2 + B3*sex + B4*motion. 

Inflection points were calculated as the peaks of the fitted quadratic functions. The relationship 

with WM was evaluated in the HCP-YA sample by partial correlation between N-back 

performance and average INT in parcels significantly activated by the N-back task (contrast: 2-

back > 0-back). Permutation tests were used to determine statistical significance and correct for 

multiple comparisons. Nearly all parcels showed significant age effects characterized by an 

inverted-U shape with an increase in INT across early childhood/adolescence and a decrease in 

INT in adulthood (age: 180/188 parcels positive effect, P < 0.05, P_FWE,permutation = 0.001; 

age2: 182/188 parcels negative effect, P < 0.05, P_FWE,permutation = 0.001). Inflection points 

ranged from ~21–36 years of age and occurred later in higher-order brain regions (Pearson r = 

0.75, P_permutation = 0.001). Sex-stratified analysis showed that females had later inflection 

points than males (mean difference = 4.20 years, t = 18.6, P_permutation = 0.001). Results were 

robust to controls for motion. Critically subjects with better cognitive performance had longer 

INT in brain regions activated by the N-back task (r = -0.09, P_permutation = 0.012). Additional 

analyses include investigating effects with alternative hierarchies and relationships between 

developmental trajectories of cognition and INT. Our results describe an inverted-U-shaped age-

related developmental patterns of INT and confirm the theoretical link between temporal 

integration windows at rest and the ability to maintain information in WM, supporting the 

potential value of INT for studying developmental cognitive dysfunction in neuropsychiatric 

illness. 
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Abstract: During decision-making in non-stationary environments (e.g. restless bandit problems 

often examined in reinforcement learning), human learners use a mixture of random and directed 

exploration (i.e. preferential sampling of options with information gain). Recurrent neural 

networks (RNNs), on the other hand, solve these problems using a combination of 

hyperperseveration and uncertainty avoidance. Informed by past work on human habit formation, 

we incoporated higher-order perseveration into an established bayesian learning model for 

restless bandit problems. The extended model decomposed perseveration behavior into a 

parameter reflecting the degree of temporal integration, and a standard perseveration bonus 

parameter. The extended model accounted for both human and RNN behavioral data better than 

previous models without high-order perseveration. Accounting for higher-order perseveration 

increased directed exploration effects in both human and RNN data. Furthermore, while the 

overall perseveration bonus was substantially larger in RNNs, human learners and RNN 

exhibited a similar degree of temporal intergration of their individual choice history. In contrast 

to our earlier work, accounting for hyperperseveration yielded positive (albeit numerically small) 

exploration bonus parameters in RNN behavior, suggesting the presence of a reliable but small 

directed exploration effect in RNNs. Findings highlight common mechanisms underlying 

perseveration and exploration behaviour in human learners and RNNs, and confirm that 

accounting for higher-order perseveration effects is crucial in the computational modeling of 

reinforcement learning tasks. 
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Recognition and Psychiatric Symptoms in Schizophrenia 
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Abstract: Background The speech-in-noise recognition (SR) and auditory emotion recognition 

deficits are associated with psychiatric symptoms in patients with schizophrenia (SCH). 

However, how the prosody embedded in target speech affects SR and relates to psychiatric 

symptoms in SCH remains unclear. This study examined the association of emotional SR with 

psychiatric symptoms and its neural mechanism in SCH. Methods The study was approved by 

the Medical Ethics Committee of Peking University (IRB00001052-21119). Fifty-four SCH and 

59 healthy control participants (HCs) underwent the SR task (under the noise masking, the 12-

character Chinese pseudo sentences were uttered in neutral, happy, sad, angry, fear, and disgust 

prosody; participants were asked to repeat the target sentences as accurately as possible), positive 

and negative syndrome scale (PANSS) assessment, and magnetic resonance imaging scanning. 

We used multivariate analyses of partial least squares (PLS) regression and mediation analyses 

to explore the associations among the six emotional SR, brain gray matter volume (GMV), and 

psychiatric symptoms. Results Negative prosody worsened SR and reduced SR changing rates. 

SCH had lower emotional SR and SR changing rates than HCs. Emotional SR was associated 

with acoustic features. A brain GMV (especially the association cortex, insula, cuneus, and 

cingulate cortex) component was associated with the anger, fear, and neutral SR in HCs and the 

disgust SR in SCH. The emotional SR component was associated with a psychiatric-symptoms 

profile (the negative syndrome, motor retardation, poor attention, conceptual disturbance, and 

poor insight), mediated by the brain GMV component (39.3% variances explained) in SCH. 

Conclusions The emotional SR abnormities and psychiatric symptoms are related via a GMV 

profile in the speech/emotion regions. The findings pave a potential way to improve psychiatric 

symptoms through the behavioral intervention of prosodic SR in schizophrenia. 
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Abstract: Learning-induced neuroplasticity alters the dynamics of the brain’s connectome 

(Meram et al., 2023), but network inflexibility and altered neuroplasticity in schizophrenia (SCZ) 

may impair network dynamics. Here dynamic functional connectivity (DFC) using an established 

moving window technique was applied to fMRI signals (Siemens Verio 3T) acquired during an 

established learning task (Hasan et al., 2023)(n=88; 49 SCZ). In each participant, first, a full 

undirected functional connectivity matrix in a 246-region cerebral space (Fan et al., 2016) was 

estimated in 280 successive and partially overlapping moving windows (window width of 9 

images). Treating each matrix as an undirected graph, we computed the betweenness centrality 

(BC) of each of the 246 nodes (before rank ordering nodes in each window) (Brandes, 2001). 

Thus, across the width of the task, the 280-point time series of BC ranks for any node, captures 

its dynamic role in the network. Across all subjects in each group, a “connectivity” matrix of 

node dynamics was derived by first averaging the time series of BC ranks, before computing the 

correlation of these time series across all pairs of nodes. Then, within each group (HC, SCZ), 

these matrices were submitted for agglomerative hierarchical clustering (Varoquaux et al., 2015). 

Two distinct cluster solutions were observed (Figure 1), with five distinct clusters identified in 

HC and three in SCZ. The locations of the nodes in these unique clusters were mapped to the 

cerebral surfaces, and the BC time series of all nodes within each cluster was created. The 

variance of each of the cluster’s time series was used as a surrogate measure of “flexibility” 

(higher variance = more flexible); as seen, SCZ was characterized by substantially lower 

flexibility. The analytical pipeline and our cumulative results emphasize the importance of 

understanding altered task-driven network dynamics in schizophrenia. 
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Abstract: The sense of agency (SoA) is the subjective feeling that we are at the origin of our 

own volitional actions and of their consequences in the world. It is central to fluency of action, 

responsibility and wellbeing in humans. It can be degraded in neuropsychiatric patients but also 

in healthy populations interacting with technologies when consequences of actions are delayed 

from the actions. Human beings are constantly exposed to such delays in everyday life and have 

partially adapted their SoA to such situations. In the present study, we aimed to observe early 

SoA adaptation mechanisms. For this, we exposed humans to an unprecedented situation, where 

the consequence of an action literally preceded the action itself. 

A group of 112 healthy participants (55 females; 14 left-handed; 27±7 years old) played an 

online game where they had to find a visual target in a grid of distractors. Once they found it, 

they pressed a button and then made a rapid and straight movement with the mouse to bring the 

cursor over the target and click on it, which triggered an animation. After a short training, an 

algorithm predicted the time of the participants’ click based on past and current movements and 

triggered the animation before the click (on average 78±20μs before the click). The participants, 

who believed they played against the computer, reported whether they clicked first (SoA=1) or 

whether the computer won (SoA=0) in 6 blocks of 80 trials (lasting in total 45-60 min). One 

participant was excluded because she always reported winning. 

The results show that the SoA increased over the course of the game, from on average 66±17% 

in the first block to 79±17% in the last. The partial correlation between blocks and SoA, 

controlled for the timing between animation’s start and participants’ click, was significant 

(r=0.14, p<0.001). 

According to the temporal order of events, the computer always triggered the animation. 

However, according to a causal point of view, the participants triggered it. Indeed, the 

consequence’s timing was not randomly controlled by the algorithm, but rather based on past and 

current movements of the cursor in order to trigger the animation before the participant’s click. 

The impact of these opposite realities was an increasing SoA over the course of the experiment. 

Thus, the participants implicitly learned, despite the unusual timing, that they were at the origin 

of the animation and adapted their SoA accordingly. By reversing the timeline of action and 

consequence, we were thus able to observe the dynamics of the adaptability of the sense of 

agency. 
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Abstract: Increasing evidence shows that humans can involuntarily acquire associative patterns 

through statistical properties embedded in the environmental input. Two accounts have been 

proposed, with one emphasizing the adapted neural processing elicited by the high-probable 

(high-certainty) events, while the other suggests that the enhanced neural responses evoked by 

low-probable (high-uncertainty) events reflect the update of belief based on new observations. 

However, the question of how the neural mechanisms underlying the adaptation of certainty and 

the coping of uncertainty are operated during statistical learning remains unexplored. This study 

employed electroencephalography (EEG) to examine the oscillatory responses evoked by 

associative objects (i.e., probabilistic cues) when inputs (i.e., targets) appeared with different 

likelihoods. During a visual statistical learning paradigm, targets appeared after specific cues at 

high- (75%) or low- (25%) probability, which induced certainty or uncertainty, respectively. 

Following these targets, cue objects appeared again and were classified as high- (75%), low- 

(25%), and zero-associated based on the possibilities of showing ahead of that target. Time-

frequency analysis revealed the desynchronization in alpha/beta (10-25 Hz) frequency band 

across frontal to occipital regions, with attenuating effects on the high-associated cues after the 

appearance of high-probable targets. In addition, the synchronization in theta (4-10 Hz) 

frequency band was observed in the fronto-central region with enhanced power on high-

associated cues after encountering low-probable targets. Moreover, in parieto-occipital and 

occipital regions, the theta synchronization elicited by low-associated cues was reduced when 

these cues appeared after low- compared to high-probable targets. These results suggest that the 

neural mechanisms underlying the adaptation of certainty and minimization of uncertainty during 

statistical learning might be disassociated: The sensory inputs occurring with higher certainty 

trigger a global cortical adaptation for reliable associations, while the inputs arising uncertainty 

might lead to retrieval of reliable associations but attenuated visual processing of unreliable ones. 
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Abstract: Schizophrenia (Sz) patients make more errors and take longer times to respond than 

healthy controls in most cognitive tasks. Deficits are also observed, though to a lesser extent, in 

subclinical participants having high scores at the schizotypal personality questionnaire (the 

SPQ). They are accompanied by smaller amplitudes of the event-related brain potentials (ERPs) 

that index attention, working memory and storage in episodic (declarative) memory. These 

functions are thus thought to be impaired in people having schizophrenia attributes (SzAs). 

Nevertheless, an absence of longer response times was recently found in high SPQ participants 

during a task using names of social roles as stimuli and including many extraordinary favorable 

and unfavorable ones (e.g., superhero & persecutor). This task required participants to decide, as 

quickly and as accurately as possible, whether or not they could consider performing the role at 

any moment of their lives. To further test an absence of cognitive deficits in this task, the ERPs 

elicited by hundreds of names of social roles were recorded in one hundred and seventy-five 

healthy participants aged 18 to 33. The absence of longer reaction times in high- (1038 ms) than 

in low-SPQ participants (1024 ms) was replicated. Moreover, the ERPs of high-SPQ participants 

included significantly larger occipital N1s (p = .023) and larger P2s (p = .004) than low-SPQ 

participants while their N400 and LPPs were of similar amplitudes. These findings suggest that 

the social role task was attractive enough for the high SPQ participants to engage in the 

experiment, allocate their attention and involve their selves in the task without cognitive 

anomalies. Such surprising results are in fact consistent with clinical observations of a greater 

attention to, and a faster processing of, stimuli that can be related to extraordinary-or-delusional 

ideations-or-beliefs. This indicates that the cognitive impairments of people with SzAs may not 

be pervasive but rather selective, affecting certain areas while leaving others relatively intact. 

Further studies are thus needed to test whether the cognitive deficits found in SzAs could be due 

to the use of tasks and stimuli that are less within their focus of interest than within that of 

healthy controls. 
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Abstract: The flexibility and accessibility of induced pluripotent stem cell (iPSC) technology 

has allowed complex human biology to be reproduced in vitro at high throughput scales. Indeed, 

rapid advances in stem cell technology have led to widespread adoption for the development of 

in vitro models of neuron electrophysiology to be used in screening applications in drug 

discovery and safety. Furthermore, advanced cell preparations, such as spheroids or organoids, 

are under intense investigation with aims toward establishing mature human phenotypes in vitro. 

The objective of this work is to develop and validate a live-cell analysis workflow for the 

characterization of neural organoids in vitro. First, whole-vessel live-cell imaging was used to 

monitor iPSC colony formation and expansion in real-time. iPSCs were consistently passaged 

according to readouts of colony size and coverage. In addition, imaging was used to track the 

size and shape of embryoid body formation and the induction of neural differentiation. At day 

50+, organoids were transferred to a multiwell microelectrode array plate and allowed to attach. 

A planar grid of microelectrodes embedded in the substrate of each well of the culture plate 

interfaced with cultured neural organoids. Impedance measurements were used to quantify the 

attachment of the organoids to the substrate and microelectrodes, as a measure of cell viability 

and electrode coverage. Broadband (1 - 5000 Hz) electrophysiological data was acquired and 

then separately processed for action potential detection (200 - 5000 Hz) and low frequency 

oscillations (1 - 50 Hz). The power spectral density was computed from the low frequency signal 

sampled after network burst events, and then absolute power was computed in the delta (1-4 Hz), 

theta (4-8 Hz), alpha (8-14 Hz), beta (14-30 Hz), and gamma (30-50 Hz) bands. The emergence 

and maturation of neural organoid electrophysiological activity was tracked via these 

measurements of spiking activity and low frequency oscillations, coupled with the long-term 

monitoring of size via live-cell imaging. These results support the continued development of in 

vitro 3D models of neural function. 
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Abstract: Primary rodent neuronal cell cultures are used for both mechanism of action studies 

and validation of gene targets expressed in their native environment. Drug discovery projects 

rely on primary rodent neuronal cell cultures to interrogate the efficacy and potency of novel 

therapeutic molecules. Functional electrophysiological properties of neurons measured are by 

patch clamp recording. Neurons growing at low density on a monolayer of astrocytes are an ideal 

model system for developing the mature neuronal phenotype in vitro. Astrocytes provide the 

optimum substrate for neuronal survival and differentiation. Neurons express a full repertoire of 

voltage-gated and ligand-gated ion channels as well as GPCRs that modulate neuronal 

excitability. Both intrinsic and synaptic excitability can be recorded in these cultures. However, 

the data throughput of patch clamp recording is limited to 1 or 2 neurons at a time. High density 

microelectrode arrays (MEAs) from MaxWell promise to greatly increase the data throughput of 

functional endpoints to 100s to 1,000s of neurons at a time. Conventionally, MEA data has been 

generated from neuronal cultures plated at very high density (2,000-3,000 cells/mm2). We 

present MEA data recorded from low density rat cortical neuron cultures (25-100 cells/mm2) 

plated on astrocytes. These cultures conditions more closely resemble the conditions used for 

patch clamp recording. Neuronal activity (number of active electrodes, firing rate, bursting) 

increase with development time in vitro. In addition, we also present data from human iPSC 

derived NGN2 neurons at low density on a substrate of rat astrocytes. 
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Abstract: The human brain is inaccessible to direct optical observation and experimental 

manipulation, and thus challenging to study. However, in recent years, human induced 

pluripotent stem cell (hiPSC)-derived brain models have become a fundamental tool for studying 

common neurological disorders, such as epilepsy, Alzheimer’s disease, and Parkinson’s disease. 

The ability to measure the electrical activity of a self-organizing in vitro cellular model in real 

time, live and label-free can provide much needed insights into the complexity of its neuronal 

network. High-density microelectrode arrays (HD-MEAs) provide unprecedented means for non-

invasive in vitro electrophysiological recordings, and can be used to acquire measurements from 

any electrogenic sample, such as iPSC-derived neurons, retina explants, brain slices and neural 

organoids. In this study, we used the highest density MEA platform available (MaxWell 

Biosystems AG, Switzerland), featuring 26,400 electrodes per well, to capture extracellular 

action potentials in neural organoids at different scales, ranging from cell population networks to 

single-cell resolution and subcellular level, with high spatio-temporal resolution and low noise. 

We showcase the advantages of MaxWell Biosystems’ HD-MEA system allowing for flexible 

selection of 26,400 electrodes for both recording and electrical stimulation, significantly 

increasing the reproducibility and the statistical power of the data collected from hiPSC-derived 

neural organoids over multiple weeks. Metrics such as firing rate, spike amplitude, and network 

burst profile were extrapolated in a parallelized manner, capturing even the smallest neuronal 

signals. Furthermore, we characterized the axonal function and structure of hiPSC-derived neural 

organoids using the AxonTracking Assay, a tool for automated recording and analysis of action 

potential conduction along individual axonal arbors of multiple neurons in parallel. The 



AxonTracking Assay enables the measurement of action potential’s conduction velocity and 

latency as well as axonal length, and number of axonal branches. This unique assay can be used 

to characterize disease models targeting the axon initial segment, axonal branching, 

development, and conduction at high-throughput. MaxWell Biosystems HD-MEA platforms, 

together with the automatically generated plots and extracted metrics, provide a powerful user-

friendly approach to identify and isolate functionally active areas of a 3D culture in acute 

recordings and/or longitudinal studies, allowing for long-term in vitro disease modelling and 

compound testing. 
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Abstract: Physiological temperature is tightly controlled, and minor deviations can elicit a wide 

range of effects on cellular function. We therefore investigated how spontaneous neural activity 

is affected by hypo- and hyperthermic conditions. We cultivated networks of primary rat 

hippocampal neurons on glass micro-electrode arrays (gMEAs) and transduced the cultures with 

a genetically encoded calcium indicator (AAV1-hSyn1-GCaMP6s-P2A-nls-dTomato). This 

system allowed simultaneous evaluation of the activity of a single culture using both 

extracellular electrodes and optical measurements of calcium transients while temperature was 

modulated using a stage-mounted temperature controller. Two different temperature ramps were 

implemented: one in which temperature was reduced from physiological baseline (37°C to 29°C 

and then gradually increased to 43°C, and one in which temperature was initially increased from 

physiological baseline to 43°C before being gradually reduced). Spontaneous activity was 

recorded at 29, 34, 37, 41, and 43°C since previous reports have shown attenuation of population 

spikes at hypothermic temperatures, while temperatures above 40°C have been shown to initiate 

neurodegeneration. Moderate hypothermic temperatures (34°C) caused large sporadic bursts of 

activity, while stronger hypothermic conditions reduced neural firing. Both of the hyperthermic 

temperatures reduced spontaneous activity. Following each of the temperature ramps, the 

spontaneous network activity returned upon restoration of physiological temperature. Broadly, 

the calcium and electrophysiological data were in agreement. Ongoing work will aim to 



determine whether calcium imaging and extracellular electrophysiology give similar results in 

more advanced analyses such as synchronicity and cross-correlation between individual neurons. 
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Abstract: Electrical stimulation (ES) techniques, such as deep brain and transcranial electrical 

stimulation, have shown promise in alleviating the symptoms of depression and other 

neurological disorders in vivo. A novel noninvasive ES method, called temporal interference 

stimulation (TIS), shows great potential as it can be used to steer the stimulation and selectively 

activate different brain regions [1,2]. However, TIS and its effects on neuronal electrical activity 

have not been demonstrated in vitro. To address this, we established an in vitro setup for TIS on 

microelectrode arrays (MEA) using the MEA2100 system (Multi Channel Systems MCS GmbH) 

in combination with the neuroConn DC Stimulator MC (neuroConn GmbH). The stimulus was 

applied via four platinum electrodes that were submerged in the cell medium through a 3D-

printed cap. Cultures of rat cortical neurons [3] at 28 days in vitro (DIV) were subjected to two 

channel stimulation with 1) TIS at 653 Hz and 643 Hz resulting in a 10 Hz frequency envelope, 

2) low-frequency stimulation (LFS) at 10 Hz, 3) high-frequency stimulation (HFS) at 653 Hz, 

and 4) no ES (control) (n=4 MEAs/condition; stimulation: 450 µA for 5 minutes). We 

successfully established a novel stimulation platform for noninvasive ES of neurons in vitro with 

TIS characteristics. As hypothesized, HFS had no significant effect on neuronal activity. 

However, the TIS with a 10 Hz amplitude envelope elicited neuronal electrophysiological 

responses alike the LFS. These findings provide an understanding of the electrical modulation of 

neurons during TIS and valuable insights into the clinical applicability of TIS in treating various 

brain disorders. 

[1] Grossman, N et al. Noninvasive Deep Brain Stimulation via Temporally Interfering Electric 

Fields. Cell. 2017;169(6):1029-1041.e16. doi: 10.1016/j.cell.2017.05.024. 



[2] Hunold, A et al. Review of individualized current flow modeling studies for transcranial 

electrical stimulation. J Neurosci Res. 2023;101(4):405-423. doi: 10.1002/jnr.25154. 

[3] Ahtiainen, A et al. Ketamine reduces electrophysiological network activity in cortical neuron 

cultures already at sub-micromolar concentrations - Impact on TrkB-ERK1/2 signaling. 

Neuropharmacology. 2023;229:109481. doi: 10.1016/j.neuropharm.2023.109481. 
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Abstract: Cochlear implants (CIs) are neural prosthetics that stimulate the ganglion cells in the 

auditory system to help people with hearing loss. Recently, it is reported that hearing loss is the 

most significant modifiable factor for dementia. Even though there were attempts to investigate 

the underlying mechanism of hearing loss-induced dementia, it is challenging to perform 

preclinical studies for cochlear implantation especially with rodents due to its small size. Most of 

precious studies with rodent CIs utilized only 3 to 8 channels, which are too small for sound 

restoration. Accordingly, in order to use intracochlear electrode arrays with the increased number 

of channels, we created a 10-channel intracochlear electrode for rodents. The electrode array is 

15 mm in length. The distance between the electrodes is 0.3 mm, and each electrode is 0.25 mm 

long. The electrode's tip width is 0.2 mm. The electrodes were fabricated on a silicon wafer and 

PDMS. Wire arrays are made of platinum-iridium alloy foil. After CI surgery, the rat was 

stimulated while it was moving in the cage. We measured the electrical auditory brainstem 

response (EABR) when CI stimulation was delivered. As a result, it was verified that each of the 

10 channels are functional. In future research, we will look into the effect of CIs on the cognitive 

function. 
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Abstract: Mapping and modulating the neural network with cellular resolution could influence 

research into important neuroscience questions such as how existing neurons transform into 

neural circuits with diverse dynamics through learning and development. In addition, these 

developments could enhance brain-machine interfaces (BMIs) by facilitating reliable decoding 

from individual neurons as opposed to ensemble averages of large population activities for 

prosthetic applications. Furthermore, stable mapping and modulation could facilitate 

longitudinal, as opposed to cross-sectional, investigations of aging-related brain changes and 

neurodegenerative disease-induced cognitive decline. While most existing neural probes suffer 

from tissue-probe mechanical mismatch that results in glial scar formation at the tissue probe 

interface, we have developed a porous neural electrode that can provide matching mechanical 

properties with the neural tissue. It is porous and has micrometer-scale feature sizes, which 

provides its favorable mechanical and structural properties. This novel neural probe can provide 

stable tracking of neuron activities in both the brain and spinal cord of C56BL/6 mice. Both local 

field potentials (LFPs) and single neural spikes were recorded from the implanted porous neural 

electrodes. Unlike conventional rigid electrodes that show drifting in recording signals, the 

porous neural electrodes showed no obvious drifting in recording or loss of recorded signals. 

This is a breakthrough that can benefit many of the neuroscience research that involves 

electrophysiology studies. 
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Abstract: Recording the electrophysiological activity of neurons through implanted electrodes in 

nervous tissues is widely recognized as a fundamental approach to understanding their functions 

and circuits. However, in the case of the spinal cord, such neural recordings are primarily 

restricted to ex-vivo conditions or animals that are anesthetized and constrained. The spinal cord 

is highly mobile during behaviors, making it difficult for rigid electrodes to maintain contact, 

thereby resulting in noise, position drift, and degraded recording quality. Consequently, the 

scientific community faces obstacles in conducting mechanistic studies on the dynamic 

processing of motion and sensation in the spinal cord. Our recent study presents compelling 

evidence showcasing the capabilities of ultraflexible nanoelectronic thread (NET) electrodes in 

intraspinally recording neuronal populations in actively moving mice for acute and chronic 

periods. We designed and fabricated a 32-channel NET electrode (1.1 µm thickness) for the 

mouse spinal cord and developed surgical protocols for chronic intraspinal implantation. In 

awake, unrestrained moving mice, we successfully recorded extracellular action potentials free 

from motion artifacts. Our recordings showcased remarkable qualities such as a high signal-to-

noise ratio, well-isolated clusters, and a representation of diverse functions related to locomotion. 

Our results demonstrate that NETs resolved a large number of single units in freely behaving 

mice (n=12), with unit amplitudes ranging from 50 µV to 400 µV. The quality metrics indicated 

low inter-spike interval (ISI) violations at 2ms, a high signal-to-noise ratio (>10), and high 

isolation scores (>0.9) across most animals. Additionally, the diverse range of waveform shapes 

and characteristics emphasized the highly varied nature of spinal cord neurons. A closer look at 

neural activity during varying motion speeds, we revealed a subset of recorded neurons that 

exhibited firing patterns strongly correlated with hindlimb locomotion. Furthermore, we 

investigated the stability of NET chronic recordings over 7 days in task performing animals and 

show we could track neuron populations consistently with an estimated 90% of units 

experiencing a daily drift of ± 13 µm. As a result, NETs allow for the longitudinal evaluation of 

the functional tunings of neurons. Multiple laboratories have independently validated this 

technology. By enabling real-time, high-fidelity measurements of single spinal neurons and 

neuronal populations during natural behaviors, NETs may pave the way to advance our 

fundamental understanding of spinal cord neurophysiology. 
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Abstract: The spinal cord (SC) plays a vital role in motor control. However, revealing the 

electrical mechanisms underlying SC-mediated movement is limited by challenges in SC 

recording, such as the inherent movement of the SC causing signal loss. 

To overcome this obstacle, we developed a 128-channel hyperflexible SC electrode for 

investigating SC-level electrical activity. Two male mice were trained to run on a wheel, and the 

probe was implanted in the L3 ventral horn post-training. SC signals were recorded at 20kHz, 

with movement captured at 60 fps. Joint movement was labeled using DeepLabCut. Data 

processing method included common median reference, filtering, and spike detection to extract 

spike and local field potential (LFP). Spike counts and LFP moving averages were computed 

using a 50ms sliding window and aligned with behavior. LSTM regression models were trained 



with a 300ms time shift on ten recording sessions (8:1:1 split). Mean coefficient of determination 

(R2) was calculated from 5 repeats. Results showed both spike and LFP effectively decoded joint 

movement with performance variations across signal types. One-way ANOVA indicated no 

significant difference between spike, 1-4Hz, and 4-8Hz LFP. Spike and low-frequency LFP 

outperformed high-frequency LFP. Principal component analysis revealed distinct neural 

trajectory patterns (circles, saddles, knots) in spike and low-frequency LFP during step cycles, 

while high-frequency LFP did not exhibit such patterns. Our results suggest a strong association 

between hindlimb rhythmic movement and SC spike, as well as low-frequency LFP. 

In conclusion, our study offers valuable insights into the electrical characteristics of movement in 

the SC and presents novel findings on neural trajectories of intraspinal signals in moving mice. 

Furthermore, our study demonstrated the reliability of the hyperflexible SC electrode for in-vivo 

recording, paving the way for its potential as a transformative methodology in spinal cord 

research. 

 

Disclosures:  X. Li: None. P. Wang: None. J. Fan: None. X. Li: None. 

http://files.abstractsonline.com/CTRL/A0/2/AA5/B17/B0E/4D9/DB1/62A/F55/8A9/46B/32/g6248_1.JPG


Poster 

PSTR056. Electrophysiology Techniques: Methods for Multicellular Recording In Vitro 

and In Vivo 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR056.10/VV43 

Topic: I.04. Physiological Methods 

Support: E12HN45921 

2021ZD0202200 

2021ZD0202202 

2021SHZDZX 

21PJ1414400 

LG202105-01 

32200917 

Title: A hyperflexible electrode array for long-term recording and decoding of intraspinal 

neuronal activity 

Authors: *J. FAN, X. LI, P. WANG, F. YANG, B. ZHAO, J. YANG, Z. ZHAO, X. LI;  

Ctr. for Excellence in Brain Sci. and Intelligence Technol., Shanghai, China 

Abstract: Neural interfaces for stable access to the spinal cord (SC) electrical activity can 

benefit patients with motor dysfunctions. Invasive high-density electrodes can directly extract 

signals from SC neuronal populations that could be used for the facilitation, adjustment, and 

reconstruction of motor actions. However, developing neural interfaces that can achieve high 

channel counts and long-term intraspinal recording remains technically challenging. Here, we 

demonstrated a biocompatible SC hyperflexible electrode array (SHEA) with an ultrathin 

structure conducted by advanced nanofabrication technologies that minimizes mechanical 

mismatch between the interface and SC tissue and performed signal recording for more than two 

months in C57BL/6J mice (n = 5). To investigate SHEA’s biocompatibility, we examined the 

density and morphology of astrocytes, microglia, and neuron on the cross-section of the sliced 

SC tissue near the implantation site (n = 3). We have also carried out gait test (n = 5) to further 

quantify the influence induced by the SHEA implantation on the behavioral level. Moreover, we 

decoded the neural signal in the spinal cord to predict the hind limb joint movement during a 

wheel running task (n = 2). Neural signal recording results showed that SHEA maintained stable 

impedance, signal-to-noise ratio, single-unit yield, and spike amplitude more than 2 months after 

implantation into C57BL/6J mouse SC. Gait analysis and SC tissue histology showed that SHEA 

implantation itself induced negligible behavioral effects and tissue Inflammation. In addition, the 

predicted position of 4 feet from spinal signals decoding largely reflected the real situation. 

SHEA offered a biofriendly neural interface for high-resolution, chronic signal recording in the 

spinal cord ventral horn. Thus, SHEA could offer an efficient and reliable SC neural interface for 

monitoring and potentially modulating SC neuronal activity associated with motor dysfunctions. 
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Abstract: Stereotaxic development for a battery-less and wireless multichannel neuronal 

recorderAuthors: Daniel Parrado-Triana, Melany Gutierrez, John Volakis, and Jorge Riera Our 

team developed WiNS, a passive wireless neurosensing system [1] to replace implantable 

devices. It mitigatesheat radiation, tissue damage, and interference with neural readings. 

Transitioning from rats to pigs is essential forclinical trials. The device implanted in pigs will be 

similar to future human studies. A stereotaxic fixation helmetfor RF alignment is needed.We 

created an adjustable 3D printed helmet (Fig.1A) based on MRI of domesticated pigs (Fig.1B). 

SolidWorksdesigned it with holes for belts, straps, ears, and the WiNS interrogator. It was 3D 

printed with TPU 95A.Experiments were conducted on two pigs under anesthesia. Pig 

http://files.abstractsonline.com/CTRL/1B/C/A52/A6F/0C8/4AA/AB4/412/AE2/48D/3C0/E2/g6335_1.png


physiology was monitored using the PowerLabdevice and LabChart. FDA-approved electrodes 

(Fig.1C) were placed in the somatosensory cortex. Stimulationblocks were recorded.We 

designed an adjustable helmet (Fig.1A) based on the pig's brain atlas and 3D SolidWorks. 

Functionality wasdemonstrated.Figure 1. A: In-Skull somatosensory fixation helmet and Pig 

wearing 3D printed helmet. B: Located somatosensorycortex at MRI pig’s brain atlas with 3D 

printed swine skull C: FDA approved 4 channel stereo and strip electrodes(AD-TECH).[1] C. 

Moncion, et al. “Fully-Passive Wireless Implant for Neuropotential Acquisition: An In Vivo 

Validation,”IEEE J. Electromagn., RF Microwaves Med. Biol., vol. 3, no. 3, pp. 199-205, Sept. 

2019, doi:10.1109/JERM.2019.2895657.[2] Fil, Joanne, et al. "High-resolution magnetic 

resonance imaging-based atlases for the young and adolescentdomesticated pig (Sus scrofa)." 

Journal of Neuroscience Methods, vol. 354, 2021, article no. 109107, ISSN 0165-0270, 

https://doi.org/10.1016/j.jneumeth.2021.109107.[3] Saikali, et al. A three-dimensional digital 

segmented and deformable brain atlas of the domestic pig. J NeurosciMethods. 2010 Sep 

30;192(1):102-9. doi: 10.1016/j.jneumeth.2010.07.041. Epub 2010 Aug 6. PMID: 20692291. 
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Abstract: Quantitative observation of the physiological state of animals in freely moving is 

required in the neuroscience research, studying neurological diseases, and drug discovery. 

However, the conventional behavioral analysis-based ways do not sufficiently meet the 

requirements. In vivo electrophysiology with microelectrodes implanted in the brain is a 

preferred method for obtaining the quantitative observations. Although conventional 

microelectrodes provide high spatiotemporal resolution recordings of neuronal activities, these 

invasive electrodes cause tissue damage, limiting in the long-term recording capabilities. To 

address this issue, we propose a silicon-growth technology-based microelectrode with the 

diameter of < 5 µm. However, the microelectrode having high impedance characteristics and 

noise associated with the animal movement degrade the signal to noise ratios in the recording of 

freely moving animals. The goal of this study is to develop a technique for chronic neural 

recording using the microscale-needle electrode. We evaluated the long-term recording 

capabilities using the 5-µm-diameter silicon-microneedle electrode, comparing it with a 

commercially available tungsten-wire electrode (>10 µm in diameter). Both electrodes were 

implanted into individual mice. After 6 months, the tungsten electrode failed the number of 

electrodes detecting spikes in Peristimulus Time Histogram (PSTH) analysis, while the silicon-

microneedle detected spike signals with three of four electrodes. This result suggested the 

superiority of the silicon-needle electrode for the long-term recording. We reduced noise 

including electromyograms (EMG) associated with mouse movement at spike frequency band. 

To minimize EMGs, we employed the reference electrode surrounding the base of silicon-needle 

electrode site and placed it on the tissue surface. In the recording from the primary visual cortex 

(V1) of the freely moving mouse, we detected spike signals responding to the visual stimulation, 

while power spectral density showed a reduction in noise across the spike frequency band. In 

conclusion, these findings in neural recording offer low-invasive chronic recording for freely 

moving animals using 5-µm-diameter microelectrode. 
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Abstract: Vertically ordered arrays of one-dimensional (1-D) nanostructures, such as nanowires, 

nanopillars, and nanotubes, are considered ideal functional components applicable for nanoscale 

neural probes. While progress has been made in incorporating top-down processed Si-based 1-D 

nanostructures into neural probe devices, their non-transparent nature limits the adaptation of 

essential optical imaging techniques for studying cell-nanostructure interfaces and cellular 

dynamics. In this study, we present the fabrication of vertical ZnO nanotube-based 

microelectrode arrays on graphene layers. By precisely controlling the position and dimensions 

of these vertically ordered ZnO nanotube structures on graphene, we establish individual 

interfaces with neurons. The vertical structure of ZnO nanotubes, characterized by a high aspect 

ratio, offers significant advantages for penetrating neuron cell membranes and capturing 

intracellular signals. For the fabrication of multichannel electrode arrays, ZnO nanotube arrays 

containing ultrathin nanowalls were grown on transparent multigraphene layers and coated with 

Ti/Au metal bilayers. Electrophysiological recordings using these vertical ZnO nanotube arrays 

on mouse and rat primary neurons reveal distinct intracellular- and extracellular-like potential 

activities. Notably, we measured positively depolarized signal amplitudes of 2 - 4 mV from 

cultured rodent hippocampal neurons on the arrays for 7 to 14 days in vitro (DIV). Similarly, we 

measured 0.1 - 0.2 mV negatively depolarized signals resembling extracellular-like spiking 

behavior. Additionally, we exploit the transparent characteristics of graphene and its catalyst-free 

growth capabilities to enable optical imaging. Confocal microscopy experiments demonstrate 

that transparent ZnO nanotube electrode arrays on graphene layers enable the imaging of 

hippocampal neurons with minimal light-induced artifacts. This graphene-based device is 

promising for investigating dynamic neuronal activity by simultaneously recording and imaging 

in vitro cell cultures. The vertical arrangement of ZnO nanotubes on graphene provides a 

powerful platform for advancing our understanding of neural dynamics and the cell-

nanostructure interface. 
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Abstract: Repetitive transcranial magnetic stimulation (rTMS) is a non-invasive 

neuromodulation technique widely used in clinical and experimental settings. Our recent studies 

have shown that even at low intensities, rTMS can alter the amplitude of evoked potentials and 

the firing rate of single-unit activities in anesthetized rats. In this study, to investigate the effects 

of rTMS on spatial learning and memory in behaving animals, we applied subthreshold rTMS to 

rats performing a Barnes maze (BM) task. The task consisted of 5 phases including a habituation 

phase to acclimate the animals to the restraint and environment, an acquisition phase where 

learning took place, an acquisition probe trial to assess spatial memory retrieval, a reversal 

learning phase to test cognitive flexibility, and a final reversal learning probe trial to evaluate 

adaptability of the learned responses. Twelve male Sprague Dawley rats were randomly divided 

into rTMS (n=6) and sham groups (n=6). During the acquisition and reversal learning phases, 

two sessions of 5-minute, 10 Hz rTMS or sham stimulation were applied above the medial 

prefrontal cortex (mPFC) of restrained rats for 10 consecutive days. Each stimulation session 

was immediately followed by a BM trial with an intertrial interval of ~15 minutes per day. No 

stimulation was applied during the habituation phase or probe trials. Results showed that the 

rTMS group required a longer time and made more errors in acquiring the task during the 

acquisition phase compared to the sham group. However, this trend was inversed during the 

reversal learning phase, when the rTMS group outperformed the sham group. Moreover, the 

rTMS group spent significantly more time (acquisition probe: 21±2 s; reversal learning probe: 

21±3 s) in the area where the escape box was previously placed compared to the sham group 

(acquisition probe: 13±2 s; reversal learning probe: 14±2 s) in both probe trials (unpaired t-test, 

p<0.05). These findings indicate that while rTMS initially hinders spatial learning, it strengthens 

memories of previous target locations and enhances cognitive flexibility. These initial results 

hint at the potential clinical applicability of rTMS in addressing cognitive deficits associated 

with various neurological and neuropsychiatric disorders, such as obsessive-compulsive disorder 

(OCD) and autism spectrum disorder (ASD). 
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Abstract: As neuromodulation and its clinical application, infrared neural stimulation (INS) is a 

promising area of interest among neural stimulation techniques, because of low-invasively 

modulating the activity of neural tissue mainly through small temperature changes. Additionally, 

INS has a possibility to provide a localized stimulation of the brain with less tissue damages. To 

apply INS, the inferior colliculus (IC) is one of the potential targets to treat auditory diseases and 

to develop artificial hearing devices because of the crucial auditory relay nuclei where auditory 

pathways converge during sound processing. Here, using continuous INS for a short period (10 

to 30 s), we aimed to demonstrate the intensity-dependent bidirectional modulation of neural 

activity in the mouse IC in the presence and absence of sound. We also explored the stimulation 

parameters of INS to effectively modulate neural activity in a facilitatory or inhibitory manner. A 

mathematical model of INS-driven brain tissue was first simulated on a parallel computer, 

temperature distributions were numerically calculated, and stimulus parameters were selected 

from the simulation result. Subsequently, INS was actually administered to the IC of 

anesthetized mice, and the modulation effect on neural activity was measured using an 

electrophysiological method. We found that the modulation effect of INS on spontaneous neural 

activity was bidirectional between facilitatory and inhibitory effects. Furthermore, the 

modulation effects were dependent on the stimulus intensities and the layer depth from the IC 

surface. Additionally, the modulation effect on the sound-evoked response produced only an 

inhibitory effect at all examined stimulus intensities. Histological analysis of INS-stimulated IC 

tissue provided damage threshold estimation, and no/little damage was observed in a range of 



our stimulation intensities. Thus, this study provides an important physiological evidence on the 

response properties of IC neurons to INS. We hope that the INS will be applied to the 

development of new therapies for neurological diseases and functionally supporting devices for 

the auditory central processing. 
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Abstract: The living brain with its 100 billion neurons and 100 trillion connections is incredibly 

difficult to study while intact. Despite this, localized brain stimulation is clinically relevant in 

restoring sensory and motor functions and in treating neurological diseases such as Parkinson’s 

and essential tremor. However, the risks associated with implanting electrodes in brain tissue 

(e.g., surgical complications, inflammation, and degrading performance) confine the technique to 

niche, last resort medical cases and prohibits exploring functional and enhancement applications. 

In the effort to find alternatives to electrodes, magnetic fields have emerged alongside 

ultrasound, guided electric fields, and optogenetics as one of the leading paths forward. 

However, modern magnetic methods such as magnetomechanical and Transcranial Magnetic 

stimulation have tradeoffs with temporal and spatial resolution, especially for deep brain regions. 

Recently proposed Magnetoelectric Nanoparticles (MENPs) can offer the best of both worlds, 

obtaining both high spatial localization and low latency activation. The particles work as nano-

scale transducers, efficiently converting external, low-power magnetic fields into short range, 

stimulating electric fields. This approach is blood brain barrier permeable, reducing the need for 

extensive surgery, and can be guided into place by magnetic fields and antibodies. Existing 

studies have successfully shown broad-scale activation of neural responses, sufficient to trigger 

neural activity in vitro and adjust behavioral responses in vivo. This study further enhances the 



method by demonstrating precision control over 7 motor responses corresponding to a 1 mm2 

region of the brain. The response differentiation is controlled completely externally through 

varied magnetic spatio-temporal profiles, which opens the possibility for a non-surgical, 

wireless, multichannel brain-machine interface. 
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Abstract: Nanoparticle-mediated transduction of physiologically benign weak magnetic fields 

into bio-readable electrical signals offers a minimally-invasive alternative to implantable electric 

neural modulation tools. Although effective at the macro- and microscale, magnetoelectric 

neuromodulation at the nanoscale - the scale of individual cells and receptors remains elusive. 

Here we synthesize nanoparticles with a record magnetoelectric transduction efficiency. In these 

core-double shell nanodiscs, magnetostriction (magnetic field to strain) is enhanced by 

depositing a thin layer of cobalt ferrite onto a magnetite nanodisc. The electric field is then 

generated in a layer of piezoelectric barium titanate. Magnetoelectric nanodiscs (MENDs) with a 

surface density of 1 mg/mm2 on primary hippocampal neurons evoke robust calcium ion 

concentration transients in response to magnetic field stimuli. Given that individual MENDs can 

only generate ~30 µV in the applied magnetic field, which is far below the firing threshold for a 

typical neuron, we investigated the possible mechanism underlying our observations. We 

propose a biophysical model that combines two insights: (1) the steady-state solution of 3-

dimensional cable theory for multiple microelectrode stimulation and (2) a stochastic model of 

the repetitive subthreshold neuronal excitation. By combining the insights of our model with the 

in-vitro optimization of the magnetic field conditions and particle concentrations, we identify 

stimulation parameters suitable for implementation in vivo. We then demonstrate the ability of 

the MENDs to trigger activity in neurons in the ventral tegmental area (VTA) in mice as 

recorded photometrically and through quantification of the immediate early gene c-fos. We also 

show magnetic control of place preference in untethred genetically-intact mice following 1.5 µL 

injections of MENDs into the VTA at concentrations of 1 mg/mL, which is ~100 times lower 

than that necessary for any prior magnetic neuromodulation approach reliant on nanomaterials. 

The demonstration of MEND-mediated neuromodulation in vitro and in vivo and the proposed 

biophysical mechanism underlying our observations suggests further directions for optimization 

of wireless magnetoelectric neuromodulation for neuroscience research. 
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Abstract: Background: General anesthetics are used extensively in modern medicine, but the 

associated cardiopulmonary risks and chronic neural effects pose a growing issue to aging 

patient populations. Anesthetic premedication presents a promising method to reduce the risks 

associated with high-dose general anesthesia. Methods: The present study was designed to probe 

the anesthetic sparing properties of acute vagus nerve blockade in mice. To this end, we treated 

the vagus nerve with either bupivacaine or saline (control) via a pre-installed neck catheter one 

hour prior to isoflurane gas anesthesia. We assessed the anesthetic potency by computing the 

anesthetic induction time using a deep learning-based method for pose estimation. Results: When 

preceded by vagus nerve blockade, the induction time of isoflurane gas anesthesia decreased by 

22% (-15 seconds, P < 0.05), consistent with anesthetic potentiation. In addition, vagus nerve 

blockade exhibited hemodynamic stabilizing effects. Potential confounders, such as age, had 

minor significance. Conclusion: Vagus nerve blockade may be an effective general anesthetic 

adjuvant with hemodynamic stabilizing effects. Further research is needed to confirm the 

findings presented in this preliminary study, e.g., using targeted vagus nerve blockade and 

extensive hemodynamic monitoring. 
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Abstract: To interrogate neural circuits and crack their codes, it is essential to combine in vivo 

brain activity imaging and spatiotemporally precise stimulation in three dimensions using genetic 

or pharmacological specificity. This challenge requires the deep penetration and focusing that 

can only be provided by infrared light and multiphoton excitation, which has led to a surge in 

methods for two-photon optogenetics and photopharmacology in recent years. However, three-

photon brain stimulation in vivo remains to be demonstrated. Here, we report the regulation of 

neuronal activity in zebrafish larvae by three-photon excitation of a photoswitchable muscarinic 

agonist at 50 pM, a billion-fold lower concentration than used for uncaging, and with mid-

infrared light of 1560 nm, the longest photostimulation wavelength reported so far. 

Photoresponses are robust, physiologically relevant, and offer an unprecedented way to modulate 

brain activity in wild-type animals with spatiotemporal resolution and pharmacological 

specificity. We also compute the multiphoton absorption probabilities and cross-sections of 

photoswitchable molecules, predicting that azobenzene-based ligands designed for one-photon 

excitation with ultraviolet and visible light have high three-photon absorption cross-section and 

can be used directly with pulsed infrared light. The wide application of three-photon 

pharmacology will deeply impact basic neurobiology and the progression of neuromodulation 

therapies based on light. 
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Abstract: Background: 

Transcranial magnetic stimulation (TMS) combined with electroencephalography (EEG) is 

widely used to investigate excitability and connectivity of the stimulated cortical region by 

measuring the transcranially evoked potentials (TEPs). So far, they have been mainly used to 

study the late (>30 ms) cortical responses, due to the artifacts induced by the TMS. In fact, the 

first 5 ms are covered by the magnetically induced ringing artifact, and the first 10 to 20 ms are 

affected by the twitch of the scalp muscles. In this study, we set out to unveil the immediate 

TEPs (iTEPs) of the primary motor hand area (M1-HAND) by minimizing these artifacts. 

Methods: 

We recorded iTEPs of M1-HAND in 14 healthy volunteers in whom TMS did not evoke any 

muscular twitches in the scalp. Moreover, we recorded EEG at high sampling rates (50 kHz) and 

10.3 kHz anti-aliasing filter to shorten the TMS pulse artifact to less than 2 ms. We characterized 

the properties of iTEPs by varying stimulation intensities, current directions, and target sites. 

Results: 

We observed a positive deflection superimposed by a series of peaks with ~1.2-1.4 ms inter-peak 

interval in electrodes close to the M1-HAND stimulation site. The amplitude of iTEPs scaled 

positively with TMS intensity, and they changed quantitatively and qualitatively with the current 

direction. Importantly, they were site specific, as they disappeared when we stimulated over the 



midline or over the parietal cortex. 

Discussion: 

Here, we show that single-pulse TMS of M1-HAND evokes a fast EEG response within a few 

milliseconds after the pulse. This immediate TEP cannot be accounted for by known artifacts and 

may reflect direct neural excitation of the M1-HAND after TMS. 
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Abstract: The Psychiatric Ratings using Intermediate Stratified Markers (PRISM) project 

focuses on understanding the biological background behind social deficits, especially social 

withdrawal, as a critical step in developing new treatments for psychiatric disorders. In PRISM1, 

reduced connectional integrity in fiber tracts such as Forceps minor has been indicated in low 

social individuals. These fiber tracts are involved in the Default Mode Network (DMN) and 

social network sharing a common region, the Orbitofrontal Cortex (OFC). This preclinical study, 

as a part of PRISM2, aims to back translate data from clinical studies by investigating the role of 

parvalbumin (PV+) interneurons in OFC, which are associated with social deficits. The critical 

role of PV+ interneurons in Excitatory/Inhibitory balance underscores their potential as 

candidates for the identification of novel treatments for psychiatric disorders.We studied the 

effect of OFC hypoactivation on social behaviors in mice by using Radiofrequency identification 

(RFID)-assisted SocialScan video tracking software. To induce hypoactivation, we introduced an 

excitatory DREADD (designer receptors exclusively activated by designer drugs) to PV+ 

interneurons using a PV-Cre mouse line. Mice were injected with either AAV-hSyn-DIO-

hM3D(Gq)-mCherry virus (n=12) or AAV-hSyn-DIO-mCherry (n=12) as control virus. hM3Dq 

receptors were acutely activated with Clozapine-N-oxide (CNO). Additionally, as part of the 

ongoing experiment, we are conducting functional ultrasound (fUS) imaging in an oblique plane 



to observe the effect of this manipulation on the connectivity between OFC and 

other regions of DMN in both hM3Dq (n=10) and control (n=10) group, as well as the changes 

in cerebral blood volume (CBV) changes. The administration of CNO induced social 

dysregulation in DREAAD mice, as demonstrated by various social parameters (approach, fight, 

etc.). In situ hybridization using a neuronal activity marker indicated higher activation of PV+ 

interneurons in the hM3Dq group. In conclusion, we hypothesize that the activation of PV+ 

interneurons in the OFC leads to altered connectivity in the DMN, accompanied by social 

dysfunction in mice, supporting the clinical findings of the PRISM project. 
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Abstract: Temperature plays a vital role in physiological processes, with meticulous control of 

brain temperature surfacing as a key determinant in modulating neural activity. However, 

existing Peltier-based cooling modules face difficulties such as uneven heat distribution that can 

cause freezing at the surface of the brain, inefficient brain temperature regulation at deeper brain 

region targets, and substantial brain damage due to their rigid and large structures. In response to 

these challenges, we introduce a flexible microfluidic channel-based temperature control probe 

(ThermalFlex), with cross-sectional dimensions of 150 µm x 45 µm, minimizing size to 90um x 

45 um. The design combines advanced neural interface technology with an external cooling 

source to achieve superior cooling performance. The primary advancements designed to improve 

the suitability of rodent animal research involve a six-fold reduction in brain tissue damage by 

decreasing the size, a 46-fold reduction in the polyimide insulation tube count, and 20,000 times 

smaller Young's modulus (Petersen et al., 2021). Utilizing flexible materials PDMS and 

polyimide also enhances heat distribution, promoting a superior cooling effect at the cooling 

probe's tip. Our research demonstrates a temperature drop of 14 degrees Celsius in the 

hippocampus and a 10 degrees Celsius reduction in the nucleus accumbens of a Sprague Dawley 



rat (n=4), using Thermalflex, maintained for an uninterrupted 30 minutes during an acute 

experiment setup. By combining this setup with a temperature sensor and a 64-channel flexible 

neural recording probe, we were able to gather electrophysiological data showing various effects 

of temperature fluctuations on local field potential shifts in the hippocampus. This significantly 

expands our understanding of thermal modulation in neural settings. 
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Abstract: Chemogenetics has emerged as a powerful tool for manipulating neuronal activity and 

investigating the function of neural circuits. Here we aim to gain insight into the effects of a 

chemogenetic virus utilizing the h4MDi receptor on neuronal activity in the rat primary 

somatosensory cortex. To this end, Sprague-Dawley rats were injected with an Adeno-

Associated Virus (AAV) containing the modified inhibitory receptor h4MDi expressed under the 

control by either the HSyn or CAMKII promoter. Optical imaging (OI) was employed to detect 

the cerebral blood volume responses in the S1FL region, providing precise guidance for the 

AAV injection locations. Following the virus incubation period, electrophysiological recordings 

were performed in conjunction with forepaw electrical stimulation. To activate the h4MDi 

receptor, we utilized the specific ligands C21 and DCZ. We investigated the influence of 

different promoters on the suppression of local neurons by the h4MDi receptor.Our experimental 

results revealed that the h4MDi-chemogenetic virus under the control of the CAMKII promoter 

suppressed the responses of pyramidal neurons in area S1FL. Forty-five minutes following the 

ligand injection, the CAMKII promoter significantly suppressed neuronal activity, resulting in an 

85-90% reduction in local field potentials (LFP) and current source density (CSD), as well as a 

65-75% decrease in multi-unit activity (MUA). However, 4 hours following ligand 

administration, there was a partial recovery of neuronal activity, with approximately 30-40% 

restoration in LFP and CSD, and 15-20% recovery in MUA. Interestingly, we found that the 

HSyn promoter affected local neurons in an unexpected manner. Instead of suppression, the 



h4MDi receptor under the HSyn promoter increased neural activity. We observed increases of 

50-60% in the LFP and CSD responses and 40-50% in MUA 60 minutes after the ligand 

administration. No complete return to baseline was observed throughout the duration of the 

experiment. The AAV virus containing HSyn or CAMKII promoters exhibited similar spreading 

infection patterns.These findings provide insight into the suppressive effects of h4MDi 

chemogenetic viruses on neuronal activity in rat S1FL. The selection of promoter influences 

neuronal response modulation. The potent suppressive effects of h4MDi - particularly when 

combined with the DCZ ligand and the CAMKII promoter - highlight their potential for effective 

modulation of local pyramidal neurons. The implications of these findings extend to the field of 

neural circuit modulation, where the capacity to control neuronal activity precisely holds promise 

for understanding sensory processing. 
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Abstract: High spatial and temporal precision and cell type specificity make optogenetics a 

powerful tool for studying fundamental neural mechanisms and developing neurorehabilitation 

techniques. Here we demonstrate an optimized large-scale optogenetic cortical interface for 

chronic non-human primate experiments (NHPs) [1, 2]. This interface consists of a chamber 

housing a custom built multi-modal artificial dura (MMAD), which is an advancement in 



comparison to artificial duras used for optical imaging in that platinum particles are printed into 

a biocompatible and transparent polymer enabling electrical stimulation and recording in 

combination with optical access to the cortex [3]. We have surgically implanted the MMAD in 

two rhesus macaques which provides both optical access to about 2.7 cm2 and recording 

capability from about 1 cm2 of the posterior parietal cortex (PPC). We also developed a custom 

LED array compatible with our MMAD for optical stimulation. To achieve large-scale 

optogenetic expression, we delivered AAV-hSyn-Jaws-GFP into PPC using convection enhanced 

delivery (CED), an efficient pressure-based viral delivery approach [2, 4-5]. This interface 

improves upon the stability and scale of our previous interface iterations [4]. We confirmed 

expression across large cortical areas (>2 cm2) with both neurophysiology and epifluorescent 

imaging. Furthermore, using this interface we observed that optogenetic modulation of PPC 

leads to longer reaches in a center-out reach task. Our optimized design supports 3+ months of 

optical access before tissue growth blocks optical access, in comparison to 2-4 weeks in our 

previous version, and uses up to 16 LEDs for patterned optical stimulation, which is an order of 

magnitude improvement over our previous setup. Lastly, our custom designed MMAD enables 

our printed circuit boards to be clamped on the MMAD polymer only for the duration of 

stimulation and recording [3] making the entire setup more stable. Our animals (N=2) continue 

to participate in experiments 15 and 22 months after chamber implantation. This work [6] will 

set the stage for the development of stable, large-scale, multi-modal neural modulation protocols 

for the purpose of studying cortical organization and plasticity, and developing 

neurorehabilitation techniques. References: [1] DJ Griggs et al., SPIE, 2019 [2] DJ Griggs et al., 

EMBC, 2022 [3] DJ Griggs et al., J. Neural Eng., 2021 [4] A Yazdan-Shahmorad et al., Neuron, 

2016 [5] K Khateeb et al., J. Vis. Exp., 2019 [6] DJ Griggs* and J Bloch* et al., (in preparation) 
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Abstract: Spinal cord stimulation (SCS) is an FDA-approved therapeutic modality to treat 

chronic, refractory, and intractable back pain. In the US, SCS has been applied to over 50,000 

patients annually. Despite the significant rate of effective pain relief (60%), SCS is prone to side 

effects due to lead migration, off-target stimulation, etc., limiting its therapeutic potential. In 

addition, the mechanism of action of SCS has not yet been thoroughly revealed. Therefore, there 

exists substantial interest from the industry and the scientific community to better understand the 

mechanistic underpinnings of SCS. Animal models, in particular porcine models, are ideal for 

performing SCS research due to their spinal dimensions similar to humans. In addition, the 

neural response to electrical stimulation can be recorded with anesthetized pigs. The in vivo 

experimental data can then be analyzed using computational models to evaluate novel electrode 

design parameters and implantation positions. However, to accomplish this, there is a need to 

study the neuroanatomy of the pigs’ spinal cord with intact dura to provide more information on 

the neural stimulation pathways and mechanisms of action. In our study, porcine spinal cords 

containing spinal levels T10 to L2 with intact dura were stained with osmium tetroxide and 

imaged using micro-CT (µCT). Samples included dorsal root ganglia and proximal segments of 

ventral and dorsal rami. The µCT scans were then stitched together to create a high-resolution 

3D volume of the entire sample. The resulting volumes of porcine spinal cord demonstrated 

superior resolution to conventional spinal imaging modalities such as MRI or traditional CT. The 

findings show that the pig spinal cords closely resembled human spinal cords with respect to size 

and presence of dorsal root entry zone (DREZ), dorsal/ventral rootlets, and dorsal root ganglia. 

However, porcine spinal cords differ dramatically from human spinal cords with respect to 

rootlet counts and angles. Porcine cords contained more ventral rootlets (20-30) than dorsal 

rootlets (10-15) and have relatively large rostral and caudal rootlet angles (>150 °), resulting in 

narrowing of rootlet orientation distal from the DREZ. Additionally, we segmented the micro-CT 

images to generate 3D models of the spinal cord for better visualization of rootlets. Overall, our 

findings suggest that using µCT on ex vivo porcine spinal cord samples with intact dura can 

reveal detailed anatomical structures allowing for more accurate characterization of the spinal 

anatomy. Hence, we hope that this work will facilitate the interpretation of porcine SCS 

electrophysiology experiments and SCS computational modeling. 
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Abstract: Conductive boron-doped diamond is a versatile material that has been shown to have 

excellent biocompatibility, a wide working potential window in aqueous solutions, and has 

shown to be an excellent material to study electrochemical systems. Boron-doped diamond 

microelectrodes have both been previously fabricated by growing diamond on sharpened 

tungsten wire and we have grown them to be freestanding and utilized to measure dopamine and 

other electroactive neurotransmitters with high spatial and temporal resolution using fast-scan 

cyclic voltammetry (FSCV). Here we report on the further development and optimization of 

boron-doped diamond electrodes to feature an all-diamond microelectrode, grown as a solid core 

that can electrochemically measure common neurotransmitters using FSCV and showcase a 

linear dynamic response. These boron-doped microelectrodes (BDDME) are rectangular in 

structure, with a cleaved planar tip for electrochemical sensing. Using these electrodes, we 

explored the effects of laser treating the diamond surface, comparing a raw cleaved diamond to 

that which was cleaved using a femtosecond visible laser and microsecond infrared laser. We 



also characterized the effect of two common electrodeposited polymers, PEDOT:PSS and 

PEDOT:Nafion, and the influence on the electrodes sensitivity to both dopamine, serotonin as 

well as pH changes. Here, we characterized the neurotransmitters, linear dynamic range, 

detection limit, and noise using FSCV. Using all-diamond electrodes for neurotransmitter 

analysis is advantageous as it is the gateway to wafer batch fabrication of microelectrodes, 

decreasing errors generated in the traditional hand fabrication methods, and building towards a 

scalable batch method for electrode array technologies. 
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Abstract: Spectroscopy and volumetric of NMR are non-invasive quantitative imaging 

techniques for the diagnosis and management of central nervous system disorders. COV19 

primarily affects the lower respiratory tract, but it can involve the central nervous system (CNS) 

[Avantika S. et al. 2021]. Structural analysis based on spectroscopy and volumetric technique to 

quantify the impact of COV19 on the brains of pediatric patients through alteration of 

metabolites in the prefrontal cortex and volumetric changes in brain tissues and structures. NMR 

spectroscopy and volumetric sequences were performed using a 3T SIEMENS Skyra scanner 

using an eight-channel receive-only head coil at the Children Hospital of México Federico 

Gómez for patients who were admitted to the hospital after having severe COV19 (n=10, age 

from 7 to 11 years). The studies were conducted in patients after having severe cov19 and 

followed up one year later. For single-voxel spectroscopy (SVS) was obtained using a point-



resolved spectroscopy (PRESS) sequence with an interest of 13X13X13 mm3 voxel was located 

at prefrontal cortex, the parameters were set as TR/TE=2000/135 ms. NMR volumetric T1-

weighted 3D gradient-echo volumetric sequence was used, parameters TR/TE = 2200/2.45 ms, 

flip angle = 8°, acquisition matrix= 256 x 256, slice thickness= 1.2 mm, gap 0mm. FreeSurfer 

software was used for volumetric, and TARQUIN was used for processing metabolites N-acetyl 

aspartate (NAA), choline (Cho) and creatine (Cr). Patients data were compared with control 

patients with no diagnosis of COV19 or other adjacent neurological diagnose; given results of an 

independent sample t-test in software SPSS, only were accepted p-value < 0.05. MRS results 

showed alteration in the metabolites NAA and Cr. Volumetric results showed alteration in the 

left and right lateral ventricles. These results indicate damage in the CNS in post-COV19 

pediatric patients, characterized by neuronal impairment and tissue damage. 
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Abstract: CNS safety pharmacology assessment is included in the core battery assessment of 

vital organ functions in the ICH S7A guidelines and traditionally relies on the FOB/Irwin, 

conducted in rodents. FOB/Irwin is a subjective behavioural screen including a panoply of 

rodent-specific parameters that are sometimes difficult to translate to human outcomes. Home 

cage monitoring objectively measures continuous rodent behavior, day and night, over multiple 

days. The welfare benefits of the approach which allows group housing and non-invasive 

monitoring are established. However, how these data compare to those obtained in the 



FOB/Irwin remains largely untested in CNS safety testing. Here we assessed the potential of 

rodent home cage monitoring to predict risk over traditional FOB/Irwin, using preclinical and 

clinical data from three compounds for which adverse effects have previously been reported. 

Hans Wistar rats were administered with one of the three compounds by a single oral gavage 

then monitored for up to six days. Dosing with all three compounds induced significant 

measurable changes in non-evoked behaviour as measured in the home cage when compared to 

oral gavage controls or indeed the animal’s own pre-dose baseline recordings. Responses 

observed included initial hyperactivity shortly after dosing, changes in climbing behaviour, body 

temperature and hypoactivity in the hours following dosing in two of the compounds. For two of 

the compounds, clear behavioural effects were observed at clinically relevant concentrations that 

were not observed in FOB/Irwin. Moreover, in some cases behavioural effects (a suppression of 

night time activity) persisted for many days. The continuous behavioural profiles obtained from 

the homecage monitoring demonstrate the inherent behavioural variability in animals over time 

and clearly highlight a sampling risk in using snapshot observations of behaviour at arbitrary 

times. Home cage monitoring represents an animal welfare refinement and could be used in 

repeat dose toxicology studies alongside clinical observations or in place of FOB/Irwin. 
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Abstract: Cocaine addiction remains a major health concern. Despite the attention directed at 

understanding the molecular mechanisms of drug response, there is a dearth of information on 

the cocaine concentrations that trigger these physiological processes due to the lack of a tool that 

can provide appropriate temporal resolution or perform in real-time. Thus motivated, we adopted 

a generalizable, real-time sensing platform, electrochemical aptamer-based (EAB) biosensors, to 

the task of in brain monitoring molecules in awake, freely behaving animals. Here, we report a 

novel EAB biosensor that exhibits appropriate sensitivity and temporal resolution (~ 15 s) to 

fully resolve the pharmacokinetics of cocaine in the brains of rats. These data combined with 

standard behavioral measurements enable detailed analyses of the relations between in brain 

concentration and behavioral response for individual subjects. In summary, EAB biosensors are 

capable of determining individual, in brain pharmacokinetics of cocaine in behaving animals that 

can enable concentration-response, as opposed to dose-response, analyses. 
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Abstract: Current methods for sensing brain activity compromise between invasiveness, spatial 

and temporal precision, and scope. Implanted electrode arrays capable of recording signals from 

individual neurons or small populations require persistent transcranial wiring to operate, and 

record activity from limited volumes of tissue. High-coverage modalities such as functional 

Magnetic Resonance Imaging (fMRI), and in particular the Blood Oxygenation Level Dependent 

(BOLD) signal, are capable of recording from the whole brain simultaneously and noninvasively. 



However, BOLD fMRI is limited spatially by the density of capillaries in the brain and 

temporally by the delay between activity and increased oxygenation. We present an alternative 

approach whereby a microfabricated planar inductor-capacitor resonator circuit designed to 

resonate at MRI frequencies is in contact with a population of neurons, takes advantage of local 

fluctuations in the concentration of extracellular ions as a variable load resistance to tune and 

detune its resonance in response to coordinated activity. We microfabricated these devices on 

glass wafers with paths to contact pads to allow for precise recording of the device, and tested 

the ability of these devices to detune in response to changes in ionic concentration. We grew 

electrically active cultures on these devices to demonstrate their sensing capabilities in vitro, by 

comparing their resonance with simultaneous fluorescent calcium recordings. Microfabricated 

resonators have approximately 200 Ohms DC resistance, and tune and detune within MRI ranges 

in response to changes in ionic concentration. Devices support healthy, electrically active 

cultures, and their resonant response correlates with coordinated network activity, as recorded 

via calcium imaging. These probes use minimal components to sense activity, reducing bulk, 

complexity, and cost. They can be recorded via a simple antenna and pave the way for injectable 

passive electronic devices for bidirectional access to the brain. 
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Abstract: Ultrasonic neuromodulation offers the unique ability to perturb brain circuits in a 

noninvasive, focal and reversible manner. Yet, the underlying mechanisms by which ultrasound 

interacts with heterogenous neuron populations to induce functional and behavioral effects, as 

well as the dependency of these effects on stimulation parameters, remain unclear. These 

limitations pose a significant challenge for the development of efficient, target- and application-

specific sonication protocols.To address this limitation, we developed an experimental platform 

allowing the simultaneous and co-axial delivery of highly focalized ultrasonic perturbations and 



two-photon imaging of direct, single-neuron functional effects in awake head-fixed mice. With 

this platform, we imaged functional responses evoked by ultrasound in distinct neuronal 

populations of the visual cortex, using transgenic lines expressing the GCaMP6s fluorescent 

reporter under a cell-type-specific promoter. We measured and carefully analyzed evoked effects 

at different ultrasonic peak pressures amplitudes (0-0.8 MPa) and sonication duty cycles (5-

80%).Our data shows that low-frequency ultrasound (2.1 MHz) evokes robust responses in local 

cortical circuits, exciting >40% of the observable Thy1-positive pyramidal excitatory neurons 

and >80% of observable somatostatin (SST)-positive inhibitory interneurons. Their response 

magnitude increased monotonically with supra-threshold intensity within the measured range. In 

contrast, their duty-cycle dependence was not monotonic and saturated at specific duty cycles 

around 50-70%. Moreover, shifting the acoustic focus away from the imaged region eliminated 

these responses, thereby confirming the causal dependence of observed effects on the ultrasonic 

drive.These results constitute a first evidence of the direct in vivo cell-type-selectivity of 

ultrasound effects in the mammalian cortex. As such, they provide a valuable framework to 

interpret the circuit mechanisms of ultrasound cortical neuromodulation and predict parameter-

dependent neuromodulatory effects. 
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Abstract: Neuromodulation is defined as reversible stimulation or inhibition of neuronal 

activity. Neuromodulation of brain activity is known to affect mood, memory, and cognition and 

is accomplished using several techniques including chemical, thermal, electrical, and magnetic. 

Noninvasive methods, such as transcranial electrical (tES) and magnetic (TMS) stimulation is 

used to treat clinical depression, memory loss, and other neurocognitive disorders. However, 

these methods deliver diffuse stimuli across the brain, and neither offer precise targeting nor 

reaches deep brain regions. As with tES or TMS, transcranial focused ultrasound (tFUS) 

stimulation uses external wave frequencies to affect neuronal activity in the brain or peripherals. 

Instead of more diffuse electric or magnetic stimuli, tFUS uses short bursts of finely tuned low-

intensity sound waves that concentrate at precise targets in the brain. The resolution of peak 

electric field strengths produced by TMS extends up to centimeters in some directions. By 



contrast, tFUS modulates brain activity with millimeter spatial resolution. The tFUS delivery 

method confers high spatial resolutions and is readily compatible with other human neuroscience 

methods, such as behavior, EEG, and fMRI. Sonic Concepts’ NeuroFUS® is used in laboratories 

around the world for conditions such as depression, epilepsy, memory, aging disorders, pain, 

OCD, substance use disorder, orthostatic tremor, schizophrenia, stroke, traumatic brain injury, 

and more. Changes in patient and human subject outcomes following NeuroFUS® treatments 

imply that continued research in tFUS for deep brain neuromodulation is warranted. Following 

tFUS, a significant recovery from minimally conscious states for patients with disorders of 

consciousness, improvements in memory and verbal processing in Alzheimer patients, and an 

overall increase in happiness and decrease in anxiety in patients with depression have been 

observed. NeuroFUS is shown to be generally safe with no serious adverse effects, even at 

ultrasound intensities higher than FDA limitations. 
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Abstract: The impact of focused ultrasound neuromodulation on cortical microvascular 

flow in vivo 

Yubing Shen, Jyoti V Jethe, Jacob Hehir, Marcello Amaral, Chao Ren, Senyue Hao, Chao Zhou, 

and Jonathan A. N. Fisher 

Low intensity focused ultrasound (FUS) is a promising new technology for non-invasive 

neuromodulation. Unlike other modalities, FUS offers the potential for submillimeter-scale 

spatial resolution both superficially at the cortex as well as in deep brain structures. However, 

FUS induces effects on the nervous system that are complex and unfold over both short and 

longer timescales. Preclinical studies attempting to dissect the mechanisms of FUS 

neuromodulation have focused largely on effects in neurons; however, the prolonged timescale 

of effects suggests the involvement of vasculature as well. Functional magnetic resonance 

imaging (fMRI) and laser speckle investigations have demonstrated that FUS induces 

hemodynamic activity in the cortical vasculature. Those measurements, though, have at best 

resolved flow in larger vessels. We aimed to explore the impact of FUS at the level of the 

cortical microvasculature, where there is a direct interplay between neuronal and vascular 

function. To that end, we used optical coherence tomography angiography (OCT-A) to explore 

the effects of FUS on microvascular flow within the somatosensory cortex of mice in vivo. Our 

custom hybrid OCT-A system has < 3.5 um lateral resolution and features an FUS ring 

transducer whose focus is co-localized with the optical focus. The mechanical effect varied 

depending on the targeted brain region and stimulation parameters. At FUS intensities of 

10W/cm2 (Isppa), we observed vasodilation and increased blood flow in vessels of diameters 

ranging from 5-20 um. These effects persisted at least 10 minutes post FUS. We additionally 

measured the impact on microvascular flow following multiple doses of FUS. Finally, through 

immunohistochemical investigation, we confirmed that sonication did not damage tissue at the 

FUS intensities used in our experiments. Our results indicate that sonication exerts effects not 

only on neuronal function, which has been extensively studied, but also at the level of 

microvascular blood flow. Future investigation can help resolve the relative contributions of 

neuronal and vascular effects underlying acute and prolonged neuromodulation effects of FUS. 
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Abstract: Although the neuromodulation effect of >250 kHz ultrasound has been extensively 

demonstrated, the impact of low-frequency ultrasound, which can be air transduced and less 

attenuated by the skull, on the central nervous system remains inconclusive. This study aims to 

elucidate the potential biophysical impact of low-frequency ultrasound on the central nervous 

system by investigating in vivo and in vitro cortical neuronal responses to pulsed 40 kHz 

ultrasound using calcium imaging and electrophysiology in mice. Our results indicate a dose-

dependent relationship, with increased responses observed at higher duty cycles in the 

somatosensory cortex. However, in vitro brain slice studies revealed minimal neural responses in 

the somatosensory cortical region, suggesting that the observed effects may be attributed to 

indirect network effects. Furthermore, we explored the influence of isoflurane and ketamine on 

neural responses to ultrasound. Notably, ketamine was found to block neuronal responses, 

suggesting a possible involvement of the NMDA receptor in the signaling pathway. This 

research unveiled the potential effects of low-frequency ultrasound on the central nervous 

system, opening a new avenue for future neuromodulation research in this field. Disclaimer: The 

mention of commercial products, their sources, or their use in connection with material reported 

herein is not to be construed as either an actual or implied endorsement of such products by the 

Department of Health and Human Services. The findings and conclusions in this article have not 

been formally disseminated by the Food and Drug Administration and should not be construed to 

represent any Agency determination or policy. This article reflects the views of the authors and 

should not be construed to represent the FDA’s views or policies. Acknowledgement: This 

study was supported by the Defense Advanced Research Projects Agency KeyStone Program 

and internal funding from Division of Biomedical Physics, Office of Science and Engineering 

Laboratories, Center for Devices and Radiological Health of the U.S. Food and Drug 

Administration (FDA). This project was supported in part by an appointment to the science 

education programs at the FDA, administered by Oak Ridge Associated Universities through the 

U.S. Department of Energy Oak Ridge Institute for Science and Education. Distribution 
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Abstract: Transcranial focused ultrasound (FUS) stimulation combined with functional MRI 

(fMRI) monitoring, offers a precise, noninvasive technology for dissecting functional brain 

circuits. This technology has potential as a therapeutic strategy for neurological and psychiatric 

disorders by modulating altered brain functional networks. Our previous studies have shown that 

pulsed wave (PW) focused ultrasound at moderate intensities bidirectionally modulated (both 

excitatory and inhibitory) neural activity in the somatosensory area 3a/3b and their associated 

networks both in resting state and active state, as observed through BOLD fMRI. It has been 

proposed that applying continuous wave (CW) FUS can eliminate auditory confound caused by 

auditory frequencies contained in PW stimulation while exerting neuromodulation effects. In this 

study, we aim to investigate the effect of CW FUS at moderate intensities on the secondary 

somatosensory cortex (S2) in macaque monkey. We employed optical tracking outside the MRI 

scanner to guide FUS beam placement to the targeted S2 hand tactile region, which was pre-

defined by fMRI. Before the fMRI scanning, the location and actual delivery of FUS were 

confirmed using MR-acoustic radiation force imaging. During the fMRI data acquisition, three 

conditions were randomly presented: tactile stimulation alone, CW FUS alone, and simultaneous 

presentation of tactile stimulation and CW FUS. FUS (650 kHz, 550 kPa estimated in situ, 250 

ms every 2 s with 50 us linear ramp) was delivered in a block-based scheme identical to the 

tactile stimuli, in a cycle of 16 seconds on and 30 seconds off. Our results showed that no 

significant fMRI activation was observed in S2 or auditory circuits when CW FUS was delivered 

alone. This finding indicates that CW FUS exerts minimal effect on resting neurons and appears 

to differ from the effects observed with PW FUS. However, the concurrent delivery of CW FUS 

effectively suppressed the fMRI signals elicited by tactile stimulation, which aligns with our 

previous observations using PW FUS and suggests that both PW and CW FUS at moderate 

intensities suppress neural activity of tactile responded neurons. In summary, our study has 

demonstrated the neuromodulatory effects of CW FUS on the target S2. By attenuating auditory 

side effects, CW FUS coupled with fMRI shows promise as a valuable tool for dissecting brain 

circuits and probing causal functional connections. 
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Abstract: Low-intensity transcranial focused ultrasound (tFUS) has shown unequal modulation 

effects on neuronal subpopulations. Previous studies demonstrated that tFUS could elicit 

excitatory effects in regular-spiking units (RSUs) during sonication with specific parameters. 

However, to understand the potential sustained neural effects, post-sonication effects on neural 

activities need to be investigated. In this study, we aimed to explore the responses of different 

neuronal types to tFUS, both during sonication and after sonication. We applied the 128-element 

random array ultrasound transducer H276 (f0: 1.5MHz) to stimulate the somatosensory cortex 

(S1) of anesthetized wild-type rats (n=18). Multi-unit activities (MUAs) and local field potentials 

(LFPs) were recorded to determine the modulation effects of neural activities at different 

parameters through multi-channel intracranial electrophysiological recordings. The MUAs were 

separated into RSUs and fast-spiking units (FSUs) based on their action potential waveforms. 

Our findings revealed that LFP waveforms were sensitive to ultrasound pulse repetition 

frequency (PRF). Differences in LFP amplitudes among PRF conditions occurred from tFUS 

onset to 0.7s post-sonication, which indicated both time-locked and delayed response of neural 

activities to tFUS. Further, we found during sonication, RSUs exhibited significant excitatory 

responses to high PRFs compared to those in low PRFs while FSUs did not show any response to 

the change of PRFs. After sonication, both neuronal types displayed increased activities at high 

PRFs. We also found pulse duration (i.e., 100µs, 200µs, 400µs) showed no impact on time-

locked neuronal response and FSUs’ delayed response. While in PRF 3000 Hz and PRF 4500 

Hz, shorter pulse duration induced higher delayed response of RSUs. This work demonstrates the 

different responses of neuron types during sonication and after sonication with specific PRFs and 

pulse durations, extending previous studies by providing an exploration of the sustained effect of 

tFUS on neuronal subpopulation activities. 
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Abstract: Transcranial focused ultrasound (tFUS) is a neuromodulatory technique of growing 

interest to neuroscience research due to its noninvasive ability to stimulate the brain with high 

spatial specificity. Research has shown tFUS can modulate neural activity and has shown cell-

type specific variance in responses, but many of these studies are confounded by the use of 

anesthesia, which may interfere with effects. In order to fully characterize the effects of tFUS, 

eliminating this confound is critical. In this study, we develop an awake head-fixed model of 

HSD: WI rats, compatible with the 128-element random array ultrasound transducer H276 (f0: 

1.5 MHz, axial specificity: 1.36 mm, lateral specificity: 0.46 mm), allowing us to target the 

awake rat with tFUS while recording local field potential (LFP) and multi-unit activity (MUA) 

from chronically implanted Neuronexus electrodes (32-channel). Designs for the headpiece were 

improved iteratively, and rats were trained for head fixation. We then stimulated the rat S1 with 

tFUS with pulse repetition frequencies (PRFs) of 30 Hz, 300 Hz, 1500 Hz, 3000 Hz, and 4500 

http://files.abstractsonline.com/CTRL/10/F/B04/A23/D84/479/9B5/50D/8B9/621/15F/DA/g5401_1.jpg


Hz, with pulse duration of 100 µs and sonication duration of 67 ms. Initial data include 3 

recordings each from 2 adult male rats, and spike sorting resulted in 30-50 neurons of fast-

spiking units and regular spiking units per condition. Clear responses to ultrasound stimulation 

were observed in PSTH plots. As in anesthetized models, RSUs show a positive relationship to 

the increasing PRF with significant differences in responses, while FSUs show a weaker 

relationship. This study confirms the cell-type specific responses to ultrasound PRF, and 

provides a highly needed platform for future investigations of ultrasound neuromodulation in an 

awake rat model. 

Figure 1: Violin plots of neuronal responses to tFUS with varying PRFs, split into FSUs and 

RSUs. 
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Abstract: Focused ultrasound (FUS) is increasingly recognized as a promising non-invasive 

neuromodulation modality. While its use in modulating brain circuits is well-established, its 
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application to peripheral nerves remains limited and under debate. This study aims to 

characterize FUS-evoked responses in isolated peripheral neural fascicles and elucidate its 

capability to induce a consistent firing behavior. Our objective is to confirm the potential of FUS 

for peripheral neuromodulation and guide the development of effective sonication protocols. 

In this study, we used an ex vivo experimental setup to alternatively apply electrical or ultrasonic 

stimuli to neural fascicles and record the evoked neural activity. Nerve fascicles, isolated from 

explanted rat spinal roots, were placed in a microfabricated nerve-on-a-chip platform (Gribi et 

al., 2018) featuring two aligned microchannels with microelectrodes for electrical stimulation 

and recording. Acoustic stimulation was delivered using a FUS transducer (500 kHz central 

frequency) positioned above the fascicle. The sonication protocol consisted of single or repeated 

pulses of varying peak pressure amplitude and pulse duration. Using this experimental setup, we 

recorded propagating compound action potentials (CAPs) initiated by both electrical and 

ultrasonic stimuli along the fascicle. We also tested different experimental conditions to provide 

insights into the interaction mechanism between FUS and the neural membrane. 

Our findings show that within an optimized parametric regime, single-pulse ultrasound 

stimulation consistently elicits neural responses that are similar in shape and amplitude to those 

evoked electrically. Clear strength-duration excitability patterns emerged when exploring the 

stimulation parameter space defined by ultrasound peak amplitude and pulse duration. Moreover, 

by exploiting the propagation properties of the evoked responses, we differentiated the responses 

from different fiber types and characterized their recruitment properties. Finally, we found that 

repeated FUS pulses can induce multiple successive neural responses. 

This comprehensive characterization of FUS-evoked responses in isolated neural fascicles 

confirms that FUS stimulation can directly excite peripheral nerve fibers. It also unveils optimal 

stimulation parameters, which are fundamental for further investigations. Furthermore, this study 

demonstrated the capability of FUS to induce a sustained firing behavior, suggesting promising 

clinical neuromodulation applications. 
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Abstract: Manipulating specific neural activity by physical intervention is a powerful method to 

gain causal insight into brain functions and treat brains disorders. Sonogenetics, analogous to 

optogenetics, combining the targeted expression of mechanosensitive cellular machineries and 

precise delivery of ultrasound, has been shown to offer the prospect of non-invasive stimulation, 

high spatiotemporal resolution, accurate deep brain targeting through cell-type specific gene 

expression, and high potential clinical translation. However, during sonogenetics experiment, we 

found an “interesting phenomenon” that the mice show aversive response to sonication when 

certain brain regions were stimulated. It is essential to understand what the possible causes (such 

as auditory confound, endogenous ultrasound sensitivity) of this aversive phenomenon are and 

how to minimize it to optimize this technique. We applied ultrasound stimulation to mice, 

screened c-fos expression of the whole brain, and found that neural activities of different brain 

regions under sonication showed different levels of response. Specifically, ultrasound stimulation 

can significantly increase the neural activity of the somatosensory cortex, which is responsible 

for receiving and processing sensory information from the body, and participate in aversive 

emotional learning. We believe the activation of somatosensory cortex by ultrasound involves in 

the US induced animal aversive response. We conducted fiber photometry experiments and 

whisker movement experiments to show that auditory effect was not the main contributor. In 

addition, ex-vivo patch clamp experiments show sonication can induce an inward current, 

indicates that endogenous mechanical ion channels play role in this activation. In sonogenetic 

experiment, ultrasound sensitive ion channels showed larger capability to enhance the cell 

sensation to ultrasound stimulation compared to control group. To minimize the aversive or other 

responses, it is importance to understand the mechanosensation of targeted region.Altogether, we 

conclude that different brain regions sense and respond to FUS differently. Sonogenetic method 

can selectively manipulate the brain region that already have a background response to 

ultrasound to activate neurons and affect distinct behaviors. Importantly, the local field 

mechanosensation in different regions should be considered in further ultrasound 

neuromodulation study. Developing more sensitive ultrasound sensitive ion channel and 

optimizing the ultrasound parameters are needed to improve the potential application value of 

sonogenetic method in research and clinic. 
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Abstract: Ultrasonic neuromodulation has potential both in basic research and clinical therapy, 

and can penetrate non-invasively deep into brain tissue with high spatiotemporal resolution. 

However, fundamental mechanistic questions remain unanswered, including which cell types and 

ion channels are affected, and how direct cellular effects can be distinguished from network 

effects. The relationship between stimulus protocols and mechanisms is also unknown, and there 

exists a large range of parameters including intensity, frequency, duty cycle and more complex 

pulse patterns. An important aspect of ex vivo experiments is to maintain tissue stability in order 

to explore the large stimulus parameter space. The pMEA (Multichannel Systems) applies a 

secondary perfusion system that uses a highly controlled vacuum from below to promote close 

contact with electrodes, and also perfuses solution through the slice to maintain the health of 

cells close to the MEA. An additional benefit is the reduction of standing waves present with 

conventional MEAs, known to influence ultrasonic neurostimulation. We recorded from p25-p42 

mice of both sexes at 1 MHz. At this frequency, even at relatively high intensities, we did not 

observe evoked responses from ultrasound stimulation alone. However, by applying electrical 

stimuli through selected pMEA electrodes to stimulate the Schaffer collaterals, we found that 

ultrasound modulates the electrically evoked response. Based on previous experiments, we 

applied 0.2 ms electrical stimuli at the end of a 100 ms ultrasonic continuous wave pulse, which 

allowed an optimal measurement of ultrasound effects. Stimuli were delivered every 10 s over 75 

minutes with 90 trials of five ultrasound intensities randomly shuffled between 0 and 6.4 W/cm2. 

Typically 20-30 cells were recorded, distributed between CA1, CA3 and DG. About 50% of cells 

increase their activity in response to either electrical or electrical with ultrasonic stimulation. The 

addition of ultrasound caused both increases and decreases in electrically evoked responses in all 

three regions, indicating both excitatory and inhibitory modulatory effects. Of the intensities 

tested, 0.4 W/cm2 was most effective, tending to increase firing, whereas 6.4 W/cm2 tended to 

decrease firing consistent with a lower threshold for excitatory ion channels. When combined 

with pharmacological effects on ion channels or mechanical manipulations of circuit pathways, 

the pMEA with electrical stimulation is a promising method to study cellular and network effects 

of ultrasound in different regions of a neural circuit, essential to determining the mechanisms of 

ultrasonic neuromodulation. 
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Abstract: Low-intensity ultrasound neuromodulation is a promising technique for non-

invasively modulating neural activity. In vitro and in vivo studies have shown that ultrasound 

interacts with cell membranes and mechanosensitive ion channels to achieve its modulatory 

effects. However, the precise mechanisms by which ultrasound acts on different neurons under 

varying parameters remain poorly understood. This knowledge gap is partly attributed to the 

technical difficulties of integrating advanced optical molecular imaging techniques with 

conventional opaque ultrasound transducers. To address this challenge, we propose the use of 

our recently developed lithium niobate transparent ultrasound thinned skull cranial window for 

ultrasound stimulation and multimodal optical imaging in awake mice. This innovative approach 

allows us to stimulate the somatosensory cortex of the awake mice brain through ultrasound 

while simultaneously imaging using intrinsic optical signal and widefield calcium imaging to 

derive hemodynamic and neural activity changes, respectively. The implanted ultrasound 

transducer had a center frequency of 11.2 MHz, and the applied stimulation parameters resulted 

in a minimal temperature increase of less than 1.2 oC. During the stimulation and imaging of the 

awake mice brain, we observed a decrease in neural activity accompanied by an increase in total 

blood volume within the stimulated region. These findings demonstrate the feasibility of our 

stimulation platform for ultrasound neuromodulation and simultaneous multimodal optical 

imaging. Moreover, this integrated platform opens avenues to further our understanding of the 

mechanisms underlying ultrasound neuromodulation and can pave the way for its clinical 

translation. 
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Abstract: Advancements in optogenetics has become instrumental in neuroscience research and 

treatment of neurological disorders. However, the efficacy of spatio-temporal specific targeting 

using light due to poor tissue depth penetration and light diffusion requiring the need of invasive 

fiber optic implants. Recently, minimally invasive sono-optogenetics using focused ultrasound 

(FUS) demonstrated neural activation based on ultrasound mechanoluminescent nanoparticles 

but achieved only shallow brain depths due to low ultrasound sensitivity and photon yield. We 

report a self-amplifying mechanoluminescent nanotransducer based on cascade reactions in 

liposomes to achieve efficient blue light emission upon ultrasound stimulation. Specifically, 

chemiluminescence L012, sonosensitizer IR780, and sono-amplifier polyethylene glycol (PEG) 

200 coated calcium peroxide (CaO2) nanoparticles were loaded into lipids to prepare the 

nanotransducer for opsin activation under the FUS stimulation. In vitro demonstration of cell-

specific sono-optogenetic stimulation in neurons resulted in synchronized firing post-irradiation 

of ultrasound with around 80% spike probability. We then performed in vivo tests in Thy1-

ChR2-YFP transgenic mice through local injection of our liposome unilaterally in right M2 

region and showed contralateral left limb motion only the experimental groups with all of ChR2, 

nanoparticles and FUS. The control groups without any one of ChR2, nanoparticles and FUS did 

not show contralateral left limb motion (n=5 for each group). In addition, we investigated the 

efficacy in deep photon delivery in Ventral Tegmental Area (VTA) by local injection of our 

liposome and allowing the mice under self-administered FUS lever press across 5 days to 

evaluate effects of reward behavioral response under VTA stimulation through sono-

optogenetics. Again, rapid increased lever pressing rates was only observed during the days 

when mice was administered all of ChR2, liposome and FUS. The control groups without any 

one of ChR2, nanoparticles and FUS did not show increased lever pressing rates (n=4 for each 

group). Post ad-hoc evaluation of c-Fos signal demonstrated increased neural activation. 

Additionally, no difference in expression of glial activation or neuron apoptosis was observed 

after sono-optogenetic stimulation. Overall, our results suggested that our novel liposome 

nanotransducers enable minimally invasive deep brain stimulation for behavioral control in 

animals. 
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Abstract: Trans-cranial focused ultrasound (tFUS) has recently evolved as a spatially confined, 

non-invasive neuromodulatory method that can be used to regionally excite neurons evoking 

motor movements, as well as inducing changes in protein expression capable of modulating the 

cellular response to injury. However, many current tFUS methods rely on large driving 

electronics and complicated transducer assemblies which are dependent on transmission 

structures that require non-reusable transmission cones such as poly-vinyl alcohol which limit 

their widespread adoption. To address this usability gap, we have developed a family of tFUS 

low intensity pulsed ultrasound (LIPUS) devices with reusable head mounted transducers and 

miniaturized driving electronics for use in rodent models. We then used these devices to 

investigate the frequency dependent ability of LIPUS to reduce chronic tissue inflammation 

associated with implant of silicon microelectrodes and the ability to spatially excite neural 

activity in cortical motor regions. 

Using electrophysiology and two-photon microscopy, our in vivo experiments demonstrate that 

periodic treatment of electrode site tissue with high frequency (~1MHz) LIPUS reduces 

microglia activation and extends the longevity of implanted cortical microelectrodes for rodent 

electrophysiology experiments. We then demonstrate the use of a phased ultrasound array for 

delivery of low frequency (<800kHz) LIPUS to cortical targets in a rodent model and that the 

focal plane can be adjusted along a single axis for cortical stimulation along the rostral-caudal 

plane of cortex. 

Our studies demonstrate the validity of tFUS ultrasound for neuromodulation and provide two 

devices for simplified non-invasive modulation. Our in vivo studies then demonstrate how 



periodic application of localized LIPUS to tissue at the neural interface can promote improved 

electrophysiology signal quality, as measured via signal-to-noise ratios, electrode single-unit 

yields, and histological evaluation of glial scarring. 
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Abstract: Ultrasound (US) has emerged as a promising modality to diagnose and treat nervous 

system disorders noninvasively. However, the effect of US on peripheral nerves (PN) remains 

controversial. Lele, 1963 showed that US inhibits nerve activity, and an increase in nerve 

temperature accompanies more suppression of nerve activity. It has also been shown that low-

intensity US readily activates non-nerve tissue without direct excitation of the PN (Guo et al., 

2022). Considering the immense potential for using US as a noninvasive neuro-modulatory 

technique, further studies are needed to identify the correct parameters for US neuromodulation. 

We hypothesised that US applied to a digital nerve will decrease activation of the somatosensory 

cortex (SSC) in response to tactile stimulation (TS) of the corresponding distal phalanx. Our 

experiment aimed to find out: (1) if US activates the same brain regions as noninvasive TS of the 

palmar digital branch of the median nerve, and (2) if US alone could directly modulate tactile-



type response.One male volunteer participated in this study. A 500 kHz focused US transducer 

was positioned above the median nerve on the middle finger of the left palm and coupled to the 

palm of the hand with an US gel pad. Functional magnetic resonance imaging (fMRI) was used 

to estimate neuronal activation in the brain correlated to stimulus timing. Each fMRI run was 8 

minutes, and stimuli were presented using a blocked paradigm with 30-second block durations 

and four block types: baseline blocks with no TS or US stimulation, TS only blocks, US 

stimulation only blocks, and TS with US blocks. fMRI images were acquired at 3T and data 

analyzed using FEAT 6.0. Our results show that TS of the median nerve produced bilateral 

activation in the primary SSC (S1) and secondary SSC (S2). US stimulation produced additional 

activation in the contralateral superior colliculus and thalamus which is not unusual since these 

regions integrate somatosensory information and function as a relay for sensory signals, 

respectively. A possible reason for this discrepancy is that the noninvasive US activates other 

non-nerve tissue leading to the neurologic sensation of nontactile-type stimuli or involuntary eye 

movements. To demonstrate the central mechanisms underlying the response to PN stimulation, 

we integrated PN stimulation with the measurement of changes in brain activity using fMRI. We 

recommend that more research with increased sample size is warranted to standardize brain 

regions activated in US stimulation of PN, since this could potentially facilitate the diagnosis of 

functional neurological deficit. 

Disclosures:  O. Ngwu-Hyacinth: None. R. Willoughby: None. M. Bolding: None. 

Poster 

PSTR058. Ultrasound Neuromodulation Techniques 

Location: WCC Halls A-C 

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM 

Program #/Poster #: PSTR058.15/WW13 

Topic: I.08. Methods to Modulate Neural Activity 

Support: JSPS KAKENHI Grant Numbers, JP22H05140, JP23H03501 

JST FOREST program, JPMJFR2053 

Title: Neuronal circuit modulation at single-cell level using a focused femtosecond laser 

Authors: *Y. SEGAWA, K. MASUI, C. HOSOKAWA;  

Osaka Metropolitan Univ., Osaka, Japan 

Abstract: Neuronal networks reorganize their circuits depending on the external stimulus inputs, 

relating to learning and memory. To reveal the information processing in a brain composed of 

complex neuronal connections, precise stimulation of neurons is required to identify the 

modified circuit properties, namely the spatiotemporal dynamics of neuronal spikes. Electrical 

and pharmacological stimulation are widely utilized as neuronal stimulation methods; however, 

these methods have tissue invasion and insufficient spatial precision. To modulate neuronal 

circuit at the single-cell level with less tissue invasiveness, we propose the single-cell stimulation 

with a focused femtosecond laser. A focused femtosecond laser is advantageous for precise 



material processing based on multiphoton absorption at the focal spot. We have previously 

shown that focusing a femtosecond laser onto the neuronal cell can trigger network-wide 

neuronal activity. In this study, the electrophysiological properties of single neurons evoked by a 

focused femtosecond laser were evaluated to determine the effectiveness of neuronal 

modification at the single-cell level. Hippocampal neurons derived from 18-day-old rat embryos 

were isolated and cultivated in a glass-bottomed dish for 15―25 days in vitro. Neurons were 

loaded with fluorescence calcium indicator. When a femtosecond Ti: sapphire laser (pulse width 

~100 fs, wavelength 800 nm, repetition rate 82 MHz) was focused onto the neuronal cell surface 

with a microscope objective (60×, N.A. 1.0) for 8 ms of irradiation time, fluorescence intensity 

drastically increased at the target neuron, indicating extracellular calcium influx due to transient 

membrane disruption. To investigate the electrophysiological properties of the target neurons, 

membrane potentials were monitored with whole-cell current clamp recordings. After 

femtosecond laser irradiation, upstate membrane potentials and highly frequent action potentials 

were observed. The interspike intervals of action potentials significantly decreased from 

440±210 ms (mean±standard deviation, N = 25) to 79±65 ms (N = 127) within 10 s after laser 

irradiation. These results suggest that the temporal dynamics of neuronal spikes can be 

modulated by a focused femtosecond laser. We conclude that focused femtosecond laser 

stimulation is useful for studying functional connections in neuronal circuits at the single-cell 

level. 
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Abstract: Background: Post-traumatic headache (PTH) is the most common sequelae of 

traumatic brain injury (TBI). It is hypothesised that the caudate nuclei play an important role in 

the pathogenesis of headache. In this pilot study, we examined the feasibility, safety, and 

efficacy of a novel neuromodulation technique, low-intensity focused ultrasound (LIFU), for 



precise targeting of heads of caudate nuclei in patients with PTH. 

Methods: Two Veterans with persistent, migraine-type PTH from mild TBI were enrolled in this 

open-label study. Each participant underwent 5 daily LIFU sessions. The first session was 

performed within MRI with sonication of the left caudate head. The remaining 4 sessions were 

performed in clinic with sonication of the bilateral caudate heads using neuronavigation. The last 

session was followed by an MRI. Participants also completed assessments related to symptoms. 

On MRI, cerebral blood flow (CBF) of the caudate heads was assessed using arterial spin 

labelling (ASL). The study was approved by the VA R&D Committee and Stanford Institutional 

Review Board. 

Results: Both participants (A, B) showed general improvement in the degree of pain interfering 

with daily functions on the Brief Pain Inventory (BPI) with Participant B showing more 

improvement. Participant A had more fluctuating pain severity scores on BPI (Fig). Participant B 

had more notable improvement with the most severe pain score of 9 at baseline to the score of 2 

following the last LIFU session (Fig). Participant B also had improvement in the Migraine 

Disability Assessment Test (MIDAS) score, which decreased by 54% from 81 at baseline to 49 

post-LIFU. On MRI, Participant B showed decreased CBF in the left caudate head post-LIFU 

with Ic/Ip of 0.48 from 0.81 pre-LIFU. Participant A had similar MIDAS scores before and after 

LIFU (64 and 68, respectively) and no notable trend in the caudate signal changes on ASL. No 

adverse effects were observed on symptom assessment and MRI. 

Conclusion: This pilot study demonstrates that LIFU targeting of bilateral caudate heads for the 

treatment of PTH is feasible without notable adverse effects. One participant demonstrated 

substantial improvement in symptoms while the other patient had more equivocal results. 
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Abstract: Transcranial-focused ultrasound stimulation (tFUS) can induce non-invasive 

neuromodulation at precise superficial and deep brain areas with an unparalleled high spatial and 

temporal resolution. At higher intensities and pulse/stimulation durations and lower 



interstimulation intervals, tFUS causes heating in tissue. To explore the potential of tFUS as a 

prospective therapeutic and research technique, it is critical to systematically evaluate the safety 

of tFUS, especially with regard to tissue heating. To address this gap, we designed an ex-vivo 

experiment to test heating effects caused by tFUS using human cadaver skull fragments and soft 

tissue samples (chicken) by systematically modulating stimulation parameters. The experiment 

was set up in a temperature-insulated and acoustically-shielded water tank. The tFUS transducer 

was placed at the bottom of the tank facing upwards while an infrared camera was placed facing 

downwards to measure the change in the temperature of the tissue and/or skull placed between 

them. Custom 3D-printed clips held the hydrated human cadaver skull and/or a piece of chicken 

tissue between the transducer and camera. The stimulation was focused on the skull or tissue to 

evaluate tFUS-induced heating in both. Chicken breast was used to simulate neural tissue as its 

ultrasonic medium properties are similar to the human brain. Furthermore, the top surface of the 

tissue and/or skull was immersed in water to provide an ultrasonic medium similar to that 

encountered in a human tFUS experiment. The baseline tFUS parameters were 0.5 MHz acoustic 

frequency, 23.87 W/cm2 Isppa, 0.36-ms burst length, 1-ms period, 0.5-s stimulation duration and 

2-s interstimulation duration. The tFUS parameters tested were within recommended safety 

limits of FDA for human stimulation. Three regions of interest were selected: a region 

encompassing the hot spot, one adjacent to that, and a region farthest away served as an ambient 

control for environmental changes in temperature. We found that all combinations of tFUS 

parameters induced heating of the skull and/or tissue ranging from 0.4 C to 2 C. It plateaued 

fastest in the skull-only no-soft tissue condition after ~ 13 min and took 53 min to plateau with 

the skull and soft tissue sample. As expected, the temperature increased at a higher rate and to a 

greater level at the skull than in the soft tissue. These observations regarding the thermal 

behavior of the skull and soft tissue during tFUS allow for the safe and effective creation of 

experimental protocols (tFUS for probing cognitive control mechanisms) as well as other 

research groups developing therapeutic applications of tFUS. 
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Abstract: Current animal studies examining LIFU parameters demonstrate conflicting results. 

Some suggest intensity and duration are the best predictors for neuromodulation effects in small 

animals, while others show duty cycle (DC) and pulse repetition frequency (PRF) in larger 

animals. The optimal LIFU parameters for robust, reproducible, lasting results in humans still 

need to be discovered. This is important for LIFU to translate to clinical and therapeutic options. 

This study aims to determine the optimal LIFU parameters for human neuromodulation. The first 

aim is to assess ultrasound parameters (intensity, duration, DC) on the primary motor cortex 

(M1) in healthy volunteers using motor evoked potential (MEP) analysis. The second aim is to 

compare the effects of pulsed vs. continuous wave (CW) applications of LIFU on MEPs. Full 

parameterization design includes two intensities, five DC, and two durations, resulting in 20 

pulsed conditions along with four CW conditions. EMG will measure the first dorsal 

interosseous muscle after transcranial magnetic stimulation (TMS) of M1, with average MEP 

amplitude from 20 stimulations, per condition, as the primary outcome. To date, we have 

collected 10 healthy participants. There is a trend for a main effect of duration, such that 500 

msec resulted in 14% (14% ± 35%) inhibition while 100 msec resulted in 3% (3% ± 39) 

inhibition (p = 0.053). There is also a trend for a duration x intensity interaction (p = 0.10). 

Specific parameter combinations look to have specific effects at the group level. For example, an 

intensity of 24 W/cm2, DC of 1%, and a duration of 500msec inhibited MEPs by 25% (25% ± 

24%). An intensity of 24 W/cm2, DC of 50%, and a duration of 500msec trended towards 11% 

excitation (11% ± 45%) of MEPs. We also investigated the effect of pulsed vs CW LIFU, and 

there is currently no indication of any significant difference between these pulsing strategies. 

Overall, these results suggest that the effects of LIFU are mainly modulated by the duration 

parameter that may interact with intensity while DC may not have any impact. Controlling for 

total energy, LIFU applied in a pulsed or continuous fashion does not look to impact results. 

Investigating parameters and their effects is crucial for understanding the full potential of LIFU 

and translating LIFU as a clinical tool. Continued data collection is needed to better guide the 

research and clinical community about LIFU parameters. The next objective is to analyze the 

longevity of the LIFU parameters that show the most robust effects. 
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