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Abstract: The superfamily of pentameric ligand-gated ion channels includes eukaryotic and
prokaryotic receptors for GABA, glycine, acetylcholine, serotonin, glutamate, and environmental
factors such as pH and metal ions. Allosteric modulation in this family is critical to the action of
neurotransmitters and many psychoactive drugs. However, details of their modulatory
mechanisms remain unclear, especially beyond the orthosteric neurotransmitter-binding sites.
Here, we show that both the mammalian serotonin-3A receptor and the homologous bacterial
protein sTeLIC are functionally enhanced by psychostimulant derivatives. Analysis of electron
cryomicroscopy structures, enhanced-sampling molecular dynamics simulations, and
electrophysiological recordings from engineered mutants supports a modulatory site distal to the
neurotransmitter interface. By binding in an intrasubunit pocket facing the extracellular
vestibule, these compounds facilitate intersubunit interactions associated with channel activation.
This work supports a detailed structure-function mechanism for receptor potentiation via a
noncanonical site, with direct implications for understanding and modifying psychiatric and
gastrointestinal drug effects.
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Title: Structural basis for activation and potentiation of human a5b3 GABAA receptors
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Abstract: General anesthetics like etomidate mediate amnesic as well as sedative effects through
different populations of gamma amino butyric acid (GABA) receptors in the central nervous
system. The amnesic effects have largely been attributed to a5-subunit-containing receptors in
the hippocampus, indicating a clear role in learning and memory for these receptors. The a5
subunit is thought to primarily coassemble with 3 and, in some cases, y2 subunits, generating a
variety of receptor subtypes with differential functional and pharmacological properties.
However, the stoichiometry, structure, and gating mechanisms of these different subpopulations
are not well understood. Here we report structures of human a5p3 GABAA receptors with
various modulators, assembled in two stoichiometries. Our electron cryomicroscopy (cryo-EM)
structures, combined with electrophysiology in Xenopus oocytes, support a primary assembly of
2:3 a:f subunits, though a minority population of 1:4 a:f indicates multiple assemblies are
possible. Differential glycosylation of the a5 and B3 subunits enabled reconstruction of the
heteromeric complex even in the absence of added fiducials. In the resting state of the receptor,
Zn2+ binds to histidine residues at the M2-17' position in the B3 subunit, blocking ion passage.
In the activated state, GABA binding to the orthosteric site is associated with global
rearrangements propagating to unbinding of the 17’ Zn2+ atoms and opening of the 9’
hydrophobic gate. Unlike the a1p3 receptor where GABA is effectively a partial agonist,
saturating GABA binding to a583 appears to drive activation of nearly all receptors, resulting in
a single desensitized state observed under the cryo-EM conditions. In agreement with this high
GABA efficacy, the GABA-bound structure is virtually unaffected by further addition of the
anesthetic etomidate at the B-a transmembrane domain interface. Taken together, these structures
offer newly detailed models for gating and modulation of a GABAA-receptor subtype critical to
learning and memory, including prospective templates for structure-based drug discovery.
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Abstract: Glycine receptors (GlyR) are chloride-conducting pentameric ligand-gated ion
channels (pLGICs) that provide inhibitory input within the spinal cord. Their proper function is
essential for muscle relaxation and also plays an important role in modulating responses to
auditory, visual and noxious stimuli. Glycinergic signaling is an interesting pathway for pain
therapeutics due to its limited influence on higher brain structures. However, targeting GlyR
requires a better understanding of synaptic GlyR architecture and the molecular mechanisms
underlying channel activation. Notably, while most mechanistic work on GlyR has been done
with homomeric channels, synaptic GlyR is necessarily heteromeric as homologous o and f3
subunits play distinct and necessary roles in channel function and synaptic localization. Here, we
present single particle cryo-EM structures of zebrafish al/p heteromeric GlyR in the presence of
a canonical agonist, glycine, a canonical antagonist, strychnine and a positive allosteric
modulator/non-canonical agonist ivermectin. We observe a 4a:1f channel stoichiometry,
consistent with other recent studies. Canonical agonists bind in subunit interfaces in extracellular
domain of GlyR and like other pLGICs cause a global symmetric twist of both the extracellular
and transmembrane domains. Canonical antagonists induce similar movements but in the
opposite direction. Global changes are consistent with past work done with homomeric receptors,
but differences in subunit side chains near the channel pore rationalize known functional
differences between homomeric and heteromeric channels. Canonical ligand binding between
different subunit interfaces is near symmetric as the binding pocket residues are mostly
conserved. By contrast, ivermectin binds at the extracellular leaflet between subunits in a pocket
that is not conserved between GlyR subunits. Binding is observed to differ at subunit interfaces
that involve the sole B subunit and asymmetric effects on the channel are observed. Together
these results highlight the relationship between the structure and function of GlyR. This
information is valuable not only to molecular studies but also more broadly as technological
advances bridge the gap between molecular and cellular research.
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Abstract: Neuronal nicotinic acetylcholine receptor subtype a7 (a7 nAChR) is widely expressed
throughout the central nervous system, including in hippocampal interneurons and astrocytes,
which regulate information processing, learning, and memory formation. The a7 nAChR is a
member of the pentameric ligand-gated ion channel superfamily and highly permeable to
calcium. This leads to its extensive involvement in multiple signaling pathways, including Janus
kinase 2 (JAK2), phosphatidylinositol 3-kinase (PI3K) or PI3K/AKT, and ERK-MAP kinase.
The a7 nAChR, therefore, is implicated in both neuroprotection and neurotoxicity in



Alzheimer’s disease, schizophrenia, and autism spectrum disorders. The dual roles of a7 nAChR
in neuroprotection and neurotoxicity may result from the unbalanced regulation of its functional
surface expression by scaffold proteins (PICK1), regulatory proteins (Ly6h), and chaperones
(RIC-3, NACHO). PICK1 and Ly6h negatively regulate functional expression, while chaperones
RIC-3 and NACHO positively regulate this expression. The interactions of a7 nAChR with
PICK1, Ly6h, RIC-3, and NACHO and their modulation of the functional expression of o7
nAChR have been explored in the last two decades. However, the underlying mechanisms
governing the functional expression of a7 nAChR through these interacting partners, as a whole,
are not fully understood. Therefore, there are no effective therapeutics to control the
neuroprotective and neurotoxic functions of a7 nAChR. Here, we explore the functional surface
expression of a7 nAChR under the regulation of the chaperone proteins RIC-3 and NACHO.
Using AlphaFold, mutagenesis, pull-down assays, and electrophysiology, we reveal the sequence
determinants in the interaction of RIC-3 and a7 nAChR, which affect the functional expression
of a7 nAChR. We also characterize the current properties of a7 nAChR under the effects of RIC-
3, NACHO, and a7 nAChR modulators. Our findings suggest that RIC-3 and NACHO
independently regulate the assembly of a7 nAChR via distinct interaction mechanisms. Our work
provides insights into the modulation of a7 nAChR assembly and sets the stage for additional
studies.
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Abstract: The reversible silencing of neuronal activity with spatiotemporal precision is a potent
approach for unraveling the functional roles of specific brain regions, circuits, and cells.
Magnetism possesses the unique capability to penetrate deeper into tissues, offering
unprecedented potential for wireless and remote deep brain stimulation. In this study, we
introduce a novel magneto-mechanical-genetic toolbox for neuronal silencing utilizing the
mechanosensitive anion channel FLYC1. Our approach leverages nanoscale magnetic force
actuators (m-Torquers), which apply torque force under uniform, rotating magnetic fields to
trigger the mechanical gating of FLYCL1 ion channels and induce chloride ion influxes. The
magneto-mechanical activation of FLYCL1 effectively hyperpolarizes neurons and inhibits action
potential firing, as confirmed by optical and electrophysiological recordings. Furthermore,
FLYCL1 was genetically engineered to have mutations for the increased mechanosensitivity and
chloride permeability, leading to stronger neuronal inhibition. Our study demonstrates, for the
first time, that magnetism can be used to silence neuronal activity of freely moving animals in
wireless and spatiotemporal manner.
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Abstract: Autoantibodies targeting GABAA receptors can cause encephalitis, seizures, and
severe behavioral abnormalities. Here we explored mechanisms of autoantibody attack on
GABA-A receptors via cryo-electron microscopy. These antibodies induced severe encephalitis
by directly inhibiting GABAA function, resulting in nervous-system hyperexcitability. We
further explore mechanisms of autoantibody interference with GABAA receptors by structural
comparisons, and we identify key residues in these antibodies involved in specificity and
affinity. Finally, we confirm structure-based hypotheses for functional effects using
electrophysiology. Together these studies identify mechanisms of direct functional antagonism
of neurotransmission underlying autoimmune encephalitis in humans.
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Abstract: Methaqualone, a quinazolinone marketed commercially as Quaalude, is a central
nervous system depressant that was used clinically as an anxiolytic and a sedative-hypnotic, then
became a notorious recreational drug in the 1960s-80s. Due to its high abuse potential,
methaqualone was outlawed for medical use, but remains a drug of abuse around the world.
Methaqualone principally acts upon GABAA receptors, which are the major inhibitory
neurotransmitter receptors in the central nervous system. Its restricted status and limited
accessibility have led to methaqualone’s pharmacology being understudied. Here we use cryo-
EM to localize the GABAA receptor binding sites of methaqualone and its more potent
derivative, PPTQ, to the same intersubunit transmembrane sites shared by the general anesthetics



propofol and etomidate. We observe these ligands inserting more deeply into subunit interfaces
than previously-characterized modulators. We elucidate the mechanism of action of
quinazolinones; where their binding causes widening of the extracellular half of the ion-
conducting pore, establishing a trend among positive allosteric modulators in destabilizing the
hydrophobic activation gate in the pore as a mechanism for potentiation.
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Abstract: We recently demonstrated that spreading of Herpes Simplex virus type 1 (HSV-1)
infection to the CNS, induced by thermal stress (TS), triggers the accumulation of Alzheimer’s
disease (AD) molecular hallmarks and the development of an AD-like phenotype in wild-type
(WT) C57BL/6 mice. Specifically, infected mice undergone 2TS exhibited synaptic and memory
deficits along with increased levels of interleukin-1p (IL-1p) and a slight accumulation of
Amyloid-f (AB) and Tau proteins. Here we investigated the cross-talk among IL-1B, AB and Tau
in synaptic and memory impairment observed in infected mice. The causal role of IL-1B was
assessed by treating WT mice with the IL-1 blocker, anakinra, that fully rescued all structural
and functional indices of neurodegeneration. HSV-1-infected APP”- and Tau” mice undergone
2TS exhibited IL-1B mRNA levels that were higher than in mock-infected transgenic mice (1.6-
and 1.4-fold induction, respectively, p<0.05) but significantly lower than in WT mice (-32% and
-43% in HSV-1-infected Tau”" and APP”-mice, respectively, p<0.05). Accordingly, transgenic
mice showed milder synaptic deficits than WT mice: long-term potentiation at the hippocampal
CA3-CA1 synapses in HSV-1- vs mock-infected mice was 73.7+6.7% vs 98.6+10.1% in Tau™"
mice, 69.5+5.6% vs 94.6+6.4% in APP” mice and 47.3+6.4% vs 98.0+12.4% in WT mice.
Further investigations revealed that the decreased levels of IL-1 observed in HSV-1-infected



transgenic mice were associated with a lower activation of microglia. In particular, the
upregulation of M1 phenotype marker CD86 in Tau”" and APP”- mice (+63% and +64% vs
mock-infected mice, respectively; p<0.05) was significantly lower (-45% for both mouse strains)
than that observed in HSV-1-infected wild-type mice (+197%). Collectively, our findings
suggest that IL-1B-mediated neuroinflammation is a major determinant of the synaptic
dysfunction observed at early stages of our mouse model of sporadic AD. The lower levels of IL-
1B resulting from altered microglial activation, and the milder synaptic deficits we observed in
Tau” and APP”mice indicate the critical role of the vicious circle established among IL-1p, AB
and Tau in the pathophysiology of synaptic dysfunction in AD.
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Abstract: Several pieces of evidence suggest that recurrent herpes simplex virus-1 (HSV-1)
infection reaching the brain is one of the risk factors for Alzheimer's disease (AD). Numerous
studies suggest that abnormal upregulation of the complement cascade, a key component of the
innate immune system, is involved in the pathogenesis of AD, also concurring to synaptic
elimination in the brain. Hence, we investigated if HSV-1 triggers complement cascade
activation in brain cells likely leading to synaptic loss through microglia phagocytosis. We
exploited murine primary neuronal cultures co-cultured or not with BV2 microglial cells (ratio
1:5 = microglia: neurons) as in vitro models of infection, and analyzed cells 24 h after HSV-1 or
mock infection with different techniques. We first checked the effect of HSV-1 infection on the
intracellular expression of C1q, C3 and C4 in the primary neuron/glia co-cultures. Real-time
PCR and western blotting (WB) analyses of cell lysates revealed that HSV-1 infection caused a
significant increase of complement proteins at both mRNA and protein levels as well as their
release in the supernatant of infected cells. Interestingly, we found that C1q and C4 localized at
the synaptic level upon HSV-1 infection, suggesting that they may take part in HSV-1-driven
synaptic damage. To explore this possibility, we infected cells in the presence or absence of
agents able to inhibit complement activation and monitored the expression levels of pre-and
post-synaptic markers, such as PSD-95 and synaptophysin. WB analyses revealed that HSV-1
infection significantly downregulated both the synaptic proteins in untreated cultures, whereas a



partial rescue was observed when the infection was performed in the presence of complement
inhibitors. We then performed an engulfment assay and confocal immunofluorescence (IF)
analyses to study microglial phagocytosis of synaptic material, investigating possible interaction
between CD68 (microglial lysosome marker) and synaptic proteins within HSV-1 infection in
complement inhibitor-treated and untreated co-cultures. Results from these experiments indicate
that HSV-1 infection triggers increased microglial phagocytosis of synaptic materials, which was
partially prevented when the complement cascade is inhibited. Overall our data indicate that
HSV-1 infection triggers aberrant complement activation and microglial engulfment of
complement-tagged synapses in primary brain cultures, further supporting the role of HSV-1 in
neurodegeneration.
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Abstract: Hyperphosphorylated tau and insoluble tau aggregates represent the main
histopathological hallmarks of tauopathies. Although phosphorylation has been mainly studied
for its role in Tau function, other post-translational modifications seem to have a central impact
in Tau physiology and pathology. Among them is SUMOQylation, which is involved in several
neurodegenerative diseases, including tauopathies like Alzheimer’s disease (AD). With respect
to the CNS, SUMOylation refers to the binding of one of the three SUMO paralogs (SUMO1-3)
to the target protein. SUMO2/3 are almost identical in sequence homology and functionality,
while SUMOL differs significantly in sequence and has distinct functionality in comparison to
SUMO2/3. Previous studies have shown that both SUMO1 and SUMO2 could bind to Tau.
Importantly, SUMOZ2 conjugation provides resistance to stress conditions and it is required for
cognitive processes, while SUMO1 conjugation impairs neuronal plasticity and memory



formation. In the present study, we employ the transgenic mouse model PS19 that expresses the
P301S mutation in order to study the effects of SUMOylation in primary tauopathies, such as
Frontotemporal Dementia (FTD). Specifically, we examined the effect of overexpressing either
SUMO1 or SUMO2 in PS19 mice on plasticity and memory formation by employing
hippocampus-dependent behavioral tasks, electrophysiological recordings, and biochemical
analysis of plasticity markers. Analysis of global SUMO1 and SUMO?2 conjugation in PS19
mice showed augmentation of SUMOL1 binding and reduction of SUMO2 binding to target
proteins in comparison to age-matched control mice. In addition, overexpression of SUMOL1 in
PS19 mice at the age of 4-5 months, when PS19 mice do not still exhibit plasticity or memory
impairments, caused an earlier onset of defects in basal synaptic transmission, long-term
potentiation (LTP), as well as spatial and reference memory. Conversely, overexpression of
SUMO?2 in 8-9 months old PS19 mice, rescued impairments of LTP and memory formation,
encountered in PS19 mice at this age, suggesting a neuroprotective effect of SUMO?2 after the
manifestation of synaptic and cognitive decline in PS19 mice. Finally, the levels of several
plasticity markers, such as GIuA2, synapsin, alpha-synuclein and SynGAP were restored in
PS19-SUMO2 mice. Collectively, these results confirm the distinguished role of SUMOL1 and
SUMO2 conjugation in an animal model of FTD, as it was shown before in AD animal models.
Importantly, we suggest that SUMO2 overexpression could ameliorate plasticity and memory
deficits caused by pathological tau, opening new therapeutic revenues in tauopathies.
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Abstract: Phosphodiesterases (PDEs), the enzymes responsible for degrading cyclic nucleotides
(CNs), have been studied as potential drug targets in neurodegenerative disorders like
Alzheimer's disease (AD). Extensive preclinical research has demonstrated that PDE inhibitors



(PDE-Is) can counteract the detrimental effects of AP and tau on synaptic plasticity and memory.
However clinical trials have not yet met expectations. In light of this, our study aimed to
determine whether amyloid-p (AB) production and function might interfere with the beneficial
effects of PDE-Is on hippocampal synaptic plasticity and memory.

We performed in vitro electrophysiological recordings on hippocampal slices to examine how
the absence of AP in APP knockout (KO) mice and the lack of its physiological receptor, i.e., a7
nicotinic acetylcholine receptor, in 07KO mice impact CN-mediated synaptic plasticity.
Additionally, we assessed the effects of PDE-I treatment on memory performances in these
models.

We found that treatment with the selective PDE4-1 roflumilast or the PDE5-I vardenafil,
increasing CAMP or cGMP levels respectively, failed to enhance hippocampal long-term
potentiation (LTP) and memory in young APPKO and a7KO mice compared to WT controls.
Furthermore, chronic treatment with roflumilast or vardenafil did not rescue the age-dependent
cognitive phenotype in APPKO and a7KO, the latter having previously been shown to develop
an AD-like cognitive phenotype.

Our results suggest that Ap production and function are needed for CN-mediated synaptic
plasticity and memory, and that the lack or malfunction of AP prevents PDE-Is from rescuing
cognitive dysfunction, providing new insights into the pathophysiology and treatment of AD.
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Abstract: Alzheimer’s disease (AD) patients suffer from severe comorbidities including
depression which could arise from dysfunctional dopamine release from subcortical areas. Tonic
dopamine release, driven by spontaneous firing of ventral midbrain dopamine neurons, is
essential for modulating classic dopamine-dependent mechanisms and learning and memory.
Here we show that in the 3xTg-AD mouse model of AD, mice display normal locomotion, but
age dependently fail to acquire an operant conditioning task, suggesting ventral tegmental area
(VTA) dysfunction. Using patch-clamp electrophysiology in brain slices, we found that VTA
dopamine neurons display heighted spontaneous firing rates, decreased firing fidelity, and an
overall depolarization of the inter-spike interval. Using specific pharmacology and patch clamp
electrophysiology paired with single cell RNAseq (Patch-seq), we uncovered evidence that
overactive casein kinase 2 (CK2) may decrease the calcium sensitivity of small conductance
calcium activated potassium (SK) channels. Altered firing rates and SK currents were restored in
3xTg-AD mice by a CK2 inhibitor, administered either in vivo or ex vivo. CK2 is known to be
activity dependent, thus we next hypothesized that altered synaptic excitation or inhibition may



be responsible for CK2 dysregulation. In support, we found that VTA dopamine neurons from
young 3xTg-AD mice exhibit less frequent mIPSCs with no apparent change in presynaptic
release probability. A robust dendritic retraction suggested a potential postsynaptic locus for
decreased inhibition. In contrast, mEPSC frequency and amplitude are increased at early ages,
indicating an early alteration to the excitation-inhibition relationship. Evoked AMPA receptor-
mediated currents displayed a decrease in paired-pulse ratio and an increase in glutamate release,
suggesting a pre-synaptic locus for increased synaptic excitation. These results suggest
homeostatic shifts in the synaptic balance may promote an intrinsic, activity dependent, positive
feedback loop resulting in VTA dopamine hyperexcitability in Alzheimer’s disease.
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Abstract: Memory is influenced by epigenetics, which regulates gene expression without
altering DNA sequences, primarily through modifications to DNA or histone proteins, impacting
gene accessibility and transcription. Histone acetyltransferases (HATS) such as CBP, p300,
PCAF, Tip60, and Src3 are key players in memory formation, adding acetyl groups to histone
proteins. These enzymes play pivotal roles in facilitating synaptic plasticity and long-term
memory consolidation through their histone acetylation activity. The hypothesis underlying these
studies is that histone acetylation is disrupted in neurodegenerative diseases such as Alzheimer's
disease (AD) and related dementias, contributing to memory impairments and synaptic
dysfunction. To address this hypothesis, we performed a multidisciplinary study in which we
combined medicinal chemistry techniques with biochemical, electrophysiologic and behavioral
methods. Measurement of HAT expression revealed diminished CBP, p300, PCAF, Tip60, and
Src-3 levels in postmortem AD brains compared to age-matched controls. Additionally,
consistent with these findings, acetylation of H3K4, H3K9, and H3K 14 residues crucial for
memory formation was decreased in AD brains compared to controls. Inducing memory
formation in wild-type mice, using fear conditioning, resulted in increased histone acetylation at
lysine residues H3K4, H3K9, and H3K14 as well as increased expression of memory-associated
genes, including CREB, pCREB, Arc, c-Fos, and BDNF. However, in 14-month-old hTau/Mapt-
KO mice, a tau oligomer elevation model of AD, we did not detect elevated histone acetylation
or expression of memory-related genes after memory induction. Most importantly, upregulation
of histone acetylation including AD-related lysine residues H3K4, H3K9 and H3K14 through
compounds OA57 and OAB8, two structurally unrelated small molecules that increase activity of



memory-related HATSs, CBP, p300 and PCAF, rescued the memory and synaptic plasticity
defects in hTau/Mapt-KO mice and APP/PS1 mice, an amyloid-deposition model of AD. These
findings highlight a downregulation of epigenetic mechanisms linked with histone acetylation
and suggest that HAT activators offer a potential therapeutic tool for mitigating cognitive decline
in AD and related dementias.
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Abstract: Amyloid Beta Oligomer (Al30)-Induced Fragmentation of Synaptic Nanostructure.
*Ramsay, H.J., Kennedy, M.J.

Several synaptic proteins organize nanostructurally as sub-synaptic domains (SSDs).
Experimental evidence that postsynaptic SSDs co-register with presynaptic neurotransmitter
release sites, support the notion that synaptic nanostructure contributes to synaptic transmission.
Despite this progress, it remains unclear whether synaptic perturbations associated with brain
disease impact the delicate nano-positioning of these receptors, and if so, what implications this
holds for synaptic health. Alzheimer’s Disease (AD) is associated with synaptic accumulation of
the Amyloid-Beta (AR) protein, and soluble AR oligomers (ARRo) rapidly, and potently impact
synaptic function. Here, DIV17 dissociated hippocampal neurons were treated for 15 minutes
with 500 nM AlRo. Coverslips were then immunolabeled, and imaged using 2D-STED



microscopy, and an ImageJ segmentation analysis. Comparing dendritic spines bound by ARo to
those from untreated cultures, we observed that ARo-bound spines were increased in their
number of PSD95 and GIuA1/GluA2-containing AMPAR SSDs, with AMPAR SSDs smaller
than those at control synapses. Additionally, this ARo-induced nanostructural “fragmentation”
was accompanied by an increase in the summed synaptic intensities of PSD95 and GIuA1 SSDs,
suggesting that Ao also leads to the incorporation of new protein at the synapse, in line with
previous research. Lastly, by instead GluAl-immunolabeling prior to our ARo application, we
were able to prevent the fragmentation of GluA1-containing AMPAR populations at the synapse,
which enables us to further decipher what role this disruption plays in known AD pathology.
Experimental model / rigor statement: In this confirmatory work, cultured neurons from
male/female PO-P1 Sprague-Dawley rat pups were pooled and used for all experiments.
Biological sex differences were not assessed. We ensured scientific rigor using appropriate
controls, biological/technical replicates with sufficient sample size, and blinding when possible.
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Abstract: The symptoms, histological features and major risk factors for Alzheimer’s disease
are deeply characterized and include cognitive decline, amyloid and tau aggregates,
neuroinflammation and neurodegeneration. And despite decades of research devoted to this
disease, remarkably little is understood regarding underlying pathophysiological mechanisms
that initiate and drive AD. However, with recent technology that expands the interrogation of
clinically-based models, such as transcriptomics, human iPSC-derived brain cells from patient
populations, and gene editing approaches, a consensus is forming around core pathways that play
a pivotal role in triggering AD. An additional strategy to identify AD drivers is to examine
common physiological and genetic changes in conditions that greatly increase AD risk. Here, we
selected traumatic brain injury (TBI; one of strongest environmental risk factors for AD) and



Down syndrome (DS; the greatest genetic risk factor for AD) to identify early mechanistic
features shared with AD. By integrating human and mouse single cell transcriptomics and iPSC-
derived neurons, we are synthesizing a genetic and pathophysiological model for early drivers of
AD. Consistent with their overlap in differentially expressed gene pathways, key lines of
convergence among TBI, DS, and AD point to an early and upstream dysregulation of
intracellular Ca2+ homeostasis, mitochondrial dysfunction, synaptic deficits, and endo-
lysosomal deficits. Using a series of electrophysiological assays, live cell imaging of targeted
biosensors, and immunoassays in human neurons derived from these patients and/or respective
mouse models, we probed each of these core pathogenic hubs and compared across conditions to
identify shared upstream mechanisms. We found that dysregulated Ca2+ release from the
intracellular ryanodine receptor was a common essential component, and triggered pathogenic
cascades driving amyloid and tau accumulation, as well as synaptic signaling alterations leading
to plasticity deficits. Likewise, TBI and DS brains and neurons displayed amyloid and tau
expression similar to AD. The excess intracellular Ca2+ underlies tau accumulation via impaired
lysosome activity, as well as mitochondrial dysfunction and superoxide production, and synaptic
defects associated with impaired memory encoding. In sum, there is increasing compelling
evidence from human and animal models, from the gene-level to the brain network level, that
alterations in Ca2+ handling and mitochondrial function are potent initiators of AD, and may
serve as underlying mechanisms for converting TBI and DS to AD.
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Abstract: Alzheimer’s disease (AD) is the most common cause of dementia worldwide. AD is
characterized by brain aggregates of B-amyloid (AB) and neurofibrillary tangles. Clinically it is
characterized by progressive memory loss and cognitive deficits. The familial forms of AD are
cause by mutations in amyloid precursor protein (APP) and presenilin 1 and 2. However, what
causes the late onset (LOAD) form is unknown. Aging is the greatest risk factor of LOAD.
Several genome-wide association studies (GWAS) have PICALM, the gene encoding for
Phosphatidylinositol Binding Clathrin Assembly Protein, as a genetic risk factor for LOAD.
However, how PICALM polymorphism increases the risk for AD is yet to be fully understood.
My preliminary studies show that levels of PICALM in the hippocampus of adult mice are
significantly reduced with age, while its cleavage products are increased, suggesting that
PICALM stability in the brain may be compromised with age. Further, PICALM was expressed
in neurons derived from human induced pluripotent stem cells (iPSC), and its expression



appeared to be stage-specific. Knocking out PICALM in iPSC- derived neural progenitor cells,
precursors and neurons reduced expression levels of B-111-tubulin and neurofilament in these
cells, suggesting that PICALM regulates neuronal maturation. Importantly, dendritic arborization
of PICALM KO neurons was compromised, suggesting that PICALM plays a role in neuronal
morphology. Additionally, the ratio between the mature and immature form of B-Amyloid
precursor protein (B-APP) was altered in PICALM KO cells throughout neurogenesis stages,
suggesting that PICALM regulates B-APP maturation. Together, these experiments suggest that
PICALM regulated neuronal differentiation and maturation. Future experiments will examine its
role in neuronal plasticity.
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Abstract: Besides its essential role as a building block for protein synthesis, cysteine is utilized
to generate numerous sulfur-containing molecules including the antioxidant glutathione and
coenzyme A. We previously showed that the metabolism of cysteine is dysregulated in
Huntington's disease (HD), a neurodegenerative disorder triggered by the expansion of
polyglutamine repeats in the protein huntingtin as well as aging. In this recent study, we show
that cysteine metabolism is compromised at multiple levels in HD, both transcriptional and post-
translational. Accordingly, restoring cysteine homeostasis may be beneficial in HD.
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Title: Limiting transsulfuration pathway accelerates Alzheimer’s-like neurodegeneration
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Abstract: The reverse transsulfuration pathway is critical for the production of gasotransmitter
hydrogen sulfide (H2S). In the brain, H.S is essential to maintain the redox state, cerebral blood
flow and plasticity. Cystathionine gamma-lyase is a crucial neuronal enzyme that generates
cysteine and HS for neurons. Notably, H>S modulates the activity of several proteins via
sulfhydration, a post-translational modification that occurs on reactive cysteine residues.
Sulfhydration is critically implicated in numerous neurodegenerative disorders, including
Alzheimer's disease, Parkinson’s disease, and traumatic brain injury. Here, we demonstrate that
abrogation of the transsulfuration pathway via depletion of cystathionine gamma-lyase leads to
redox imbalance, changes in sulfhydration, and accelerates neurodegeneration through
anomalous neuroplastic alterations leading to cognitive deficits. We speculate that
pharmacotherapies targeted to normalize the reverse transsulfuration pathway represent a new
broad approach to neuroprotection in neurodegenerative disorders.
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Abstract: Brain insulin resistance (bIR) heavily impacts on the core pathological processes of
aging and Alzheimer disease (AD) since insulin regulates brain metabolism and cognitive
functions. A close link among bIR, oxidative stress (OS) and mitochondrial defects exists, that



contributes to brain dysfunctions observed in AD. Intriguingly, several studies suggest that
intranasal insulin treatment (INI) enhances cognitive performance and reduced AD
neuropathology both in humans and murine models of AD. We focused on the interplay between
OS and bIR, by testing the hypothesis that rescuing brain insulin signaling activation by INI
results in improved mitochondrial functions and reduced OS-induced damage to proteins in a
mouse model of AD (3xTg-AD).

Methods. 12-month-old 3xTg-AD and wild-type (hon-Tg) mice were treated with INI (2 Ul) or
vehicle (saline) every other day for 2 months. Insulin signaling pathway and OS marker levels,
i.e., PC, 4-HNE and 3-NT were evaluated in the frontal cortex. Then, due to the link between
bIR and nitrosative stress, a redox proteomics approach was used to identify specific protein
targets of 3-NT modifications. Mitochondrial functions were evaluated by measuring
mitochondrial complexes (OXPHQOS) and activities in all experimental groups._Results. INI
administration improved insulin signaling and reduced OS levels in 3xTg-AD mice. In particular,
a consistent reduction of 3-NT levels was observed. Redox proteomics allowed to identify
several proteins with reduced 3-NT modifications, that belong to key pathways, such as protein
degradation and energy metabolism, known to be involved in the progression of AD.
Remarkably, reduced 3-NT levels on mitochondrial proteins were responsible for an
improvement of mitochondrial activity and brain energy metabolism. Conclusions. We propose
that INI represents a promising approach to reduce OS-induced damage to proteins and restore
mitochondrial bioenergetics in AD brain.
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Abstract: Neuroinflammation is one of the hallmarks of Alzheimer’s disease and a majority of
AD risk genes are expressed in microglia. The cytoplasmic protein tyrosine kinase PTPN6
interacts with ITIM (immunoreceptor tyrosine-based inhibitory motif) of multiple AD risk gene
products including Siglec-11, LILRB2, PILRA, and CD33 and it is also known as a negative
regulator of DAP12/TREMZ2 signaling. To understand the role of ITIM receptor signaling and
PTPNG regulation in AD pathology, we examined effect of Ptpn6 deficiency in TauPS2APP
mouse model. Conditional knockout (cKO) of Ptpn6 in microglia augmented microglia
engagement around plaques and protected neurites from plague-associated neurite damages. But
Ptpn6 cKO exacerbated neurodegeneration in white matter areas. Interestingly, heterozygous
deletion of Ptpn6 retained beneficial effects on neurites around plaques without aggravating
white matter damage. SCRNA-seq revealed elevation of Lgals3"" DAM states by Ptpn6 cKO,
but not by heterozygous deletion of Ptpn6. Lgals3"9" microglia are in close proximity to Gfap"'o"
cells as well as Serpina3n"?" cells compared to Lgals3'®" microglia in the brain. Current results
indicate that different degree of inhibition of PTPNG6-associated pathways may lead to different



microglial states that impact the pathology of surrounding cellular context, and the milieu also
closely influence microglial states.
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Abstract: The process of adult hippocampal neurogenesis (AHN) represents a dynamic interplay
between neural stem cells (NSCs) and their microenvironment within the dentate gyrus (DG) of
the hippocampus. AHN is essential for learning and memory; however, its regulation can be
influenced by factors such as interleukin-1 (IL-1), a proinflammatory cytokine implicated in
neuroinflammatory processes in neurodegenerative diseases. IL-1 signals through its receptor,
interleukin 1 receptor type 1 (IL-1R1). Utilizing transgenic mouse models allowing for cell type-
specific expression of IL-1R1, we are able to analyze the role of IL-1 in modulating AHN. We
established a minimum dose of IL-1, delivered stereotaxically via an adeno virus to induce NSC
proliferation, the first phase of AHN. Intriguingly, we discovered that low-dose IL-1 promotes
NSC proliferation in the DG. Conversely, high doses of IL-1 lead to a bilateral suppression of
NSC proliferation, accompanied by the induction of neuroinflammation. The detrimental effects
of high-dose IL-1 signaling on AHN potentially simulate the neuroinflammatory conditions
observed in neurodegenerative diseases. Additionally, we observed that when IL-1R1 is
selectively expressed on astrocytes, not other cell types, the low dose IL-1-stimulated NSC
proliferation was replicated. Astrocytes, known for their supportive roles in neuronal function
and plasticity, appear to play a critical role in mediating the pro-neurogenic effects of IL-1.
Hence, IL-1 functions as a double-edged sword in AHN depending on its concentration and
cellular target. To gain deeper insights into the mechanisms underlying IL-1's effects on AHN,
we will use retroviral tagging of proliferating NSCs allowing for the tracking of their fate and
morphological changes during differentiation into mature neurons. Furthermore, we designed a
virus capable of visualizing IL-1 ligand expression, which offers a novel tool to investigate the
cellular interactions underlying IL-1's effects on AHN. By identifying the specific cell types
targeted by IL-1 and elucidating the signaling pathways involved, we can gain a more
comprehensive understanding of IL-1-mediated regulation of AHN. Overall, this research will
establish a dose-dependent and cell type-specific response of IL-1 signaling on AHN. By



deciphering how IL-1 influences AHN, this work has the potential to uncover novel therapeutic
targets for mitigating the neuroinflammatory phenotype associated with neurodegeneration.
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Abstract: Background & Aims: Chronic pain (CP) is among the leading causes of disability in
adults and is estimated to affect approximately 25% of the world population with greater
prevalence among females. Currently available analgesic drugs provide minimal relief from CP,
in part, due to poorly understood underlying mechanisms. Tumor necrosis factor (TNF), a
pleiotropic cytokine, has been shown by our lab as well as other to be critical mediator in both
physiological and pathological processes crucial to pain development. However, anti-TNF
therapies are often ineffective, and patients experience robust side effects due to inhibition of
both pathological (TNF receptor 1; TNFR1) and neuroprotective (TNF receptor 2; TNFR2)
pathways. Methods: We have previously demonstrated that inhibition of soluble TNF/TNFR1 is
ineffective in reducing mechanical hypersensitivity in females following peripheral nerve injury
(chronic constriction injury; CCI) or experimental autoimmune encephalomyelitis (EAE; mouse
model of multiple sclerosis). Using a murine-specific selective TNFR2 agonist, we wanted to
first determine if CP attenuated following EAE. Subsequently, we wanted to explore changes to
dendritic cell populations, which control T-cell tolerance and activation of pathogenic response
in autoimmunity, and if TNFR2 activation contributes to changes in dendritic cell presence.
Results: We found robust attenuation of mechanical allodynia in both females and males;
however, spontaneous pain is mitigated primarily in females. At acute motor disease, both onset
and severity of EAE motor symptoms appear to be delayed and reduced in females. In males,
motor symptoms are delayed, and the penetrance of motor disease is reduced. In addition,
increased presence of dendritic cells (CD11b+/CD11c+) was sexually dimorphic in the brain and
spinal cord during chronic EAE following TNFR2 activation. Conclusions: Together, these data
demonstrate that TNFR2 agonism affectively attenuates female and male evoked pain with
greater efficacy in females for reducing spontaneous pain in EAE. In addition, TNFR2 agonism
is sexually dimorphic in mitigating EAE motor deficits along with underlying changes in CNS




presence of dendritic cells. Overall, TNFR2 activation holds therapeutic potential to broadly treat
CP.
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Abstract: Transmembrane TNF/TNFR2 signaling has recently gained importance as a potential
therapeutic for neuroinflammatory disorders, including Multiple Sclerosis (MS). Previous data
from our lab has demonstrated the therapeutic role of TNFR2 activation in alleviating chronic
neuropathic pain (CNP) in males and females but has also revealed the sex-specific efficacy of
TNFR2 activation in alleviating motor deficits only in female EAE (a rodent model for MS)
mice, at a chronic timepoint. The current study was hence designed to investigate the male
sex-specific characteristics which limited the motor recovery in EAE males upon TNFR2
activation. We utilized sophisticated pharmacological approaches along with transgenic mice to
interrogate the role of male sex-hormone and male sex-chromosome complement on the limited
therapeutic efficacy of motor recovery in EAE males. Using four core genotype mice, XX¥*
males and XY males were immunized with EAE and were treated with a novel TNFR2 agonist.
Motor deficits were analyzed daily. EAE XX*¥* males had a significant decrease in motor
disease severity as compared to EAE XY males upon TNFR2 activation. Moreover, TNFR2
activation reduced the motor disease incidence in EAE XX*¥* males 3.5-fold as compared to
EAE XY males. Concluding that it is the XY sex-chromosome complement which decreases the
efficacy of TNFR2 activation in alleviating motor deficits in EAE males. To investigate the role
of male sex-hormones, adult males were gonadectomized and were either exogenously provided
with continuous release testosterone or placebo pellets 10 days before EAE immunization. Upon
TNFR2 activation, gonadectomized males with testosterone replacement had a delayed motor
disease onset and decreased motor disease severity as compared to the gonadectomized males
without testosterone replacement. This indicated the protective role of testosterone and
concluded testosterone is not limiting the therapeutic effects of TNFR2 activation for motor
recovery. However, we surprisingly found that TNFR2 activation does not alleviate CNP in
gonadectomized males, even with testosterone replacement, suggesting a gonad-dependent but



testosterone-independent effect of TNFR2 activation on pain alleviation in EAE males. This
was also confirmed by pharmacological studies using flutamide (anti-androgens) in gonadally
intact male mice, where TNFR2 activation still relieved CNP. This study is the first to
investigate the chronic role of male sex-dependent characteristics involved in attenuation of CNP
and motor deficits (the two predominant symptoms of MS) in EAE upon TNFR2 activation.
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Abstract: Multiple sclerosis (MS) is an inflammatory disease of the central nervous system
(CNS) that leads to demyelination and axonal injury. Astrocytes are major glial cells in the
central nervous system (CNS) and affect myelin maintenance and remodeling. In a mouse
experimental autoimmune encephalomyelitis (EAE) model, we found that inducible Cre-lox
knockout of focal adhesion kinase (FAK) in astrocytes delayed the clinical onset of EAE
symptoms and substantially reduced the peak disease severity and chronic disease activity in
female but not male mice. Knockout of FAK in astrocytes also reduced demyelination and
axonal injury in females. Importantly, systemic treatment with a small-molecule FAK inhibitor,
FAK14, had the same effect in female wildtype but was not efficacious in astrocytic FAK
knockout mice or males. These data suggest that FAK in female astrocytes exacerbates EAE
lesions and that FAK14 acts by inhibiting astrocyte FAK. We further investigated the upstream
and downstream signaling involved in the astrocyte FAK effect on EAE. Plasma proteins,
including vitronectin, leak into the injured CNS and contribute to MS pathogenesis by activating
microglia. Our previous in vitro study in a cell model of astrocytes (astroglioma C6 cells)
showed that vitronectin is the only protein among several tested extracellular matrix molecules
that activates FAK and stimulates IL-6. Sustained IL-6 expression in astrocytes is restricted to
EAE demyelination areas, and knockout of IL-6 in astrocytes delays EAE onset in female mice
only, suggesting a female-specific role of astrocytic IL-6 in EAE. Here, we found that knockout
of vitronectin mitigated EAE in female but not male mice. Further, IL-6 was upregulated in the
spinal cord of astrocyte FAK knockout EAE mice and FAK14-treated wildtype females. These



data suggest that the female-specific role of astrocyte FAK in EAE might be through VTN-FAK-
IL6 signaling. Together, this study reveals that inhibition of FAK improves neurological and
histological outcomes during the acute and chronic phases of MS and points to opportunities for
the rational development of FAK inhibitors, such as FAK14, as a novel MS therapy.

Disclosures: J. Bullen: None. D. Cox: None. K. Taylor-Cox: None. T. Hagg: None. C. Jia:
None.

Presentation Number: NANOO03.09
Topic: C.07. Neurotoxicity, Inflammation, and Neuroprotection
Support: Alzheimer's Association 2019-AARG-643091

Title: Sex-associated differences in brain insulin signaling and energy metabolism uncover early
pathological alterations driving neurodegeneration

Authors: *E. BARONE;
Dept. of Biochem. Sci., Sapienza Univ. of Rome, Rome, Italy

Abstract: Background. Biological sex influences Alzheimer's disease (AD) development,
particularly concerning brain insulin signaling (blS) and energy metabolism defects. Biliverdin
reductase-A (BVR-A) plays a crucial role in IS, and its downregulation leads to insulin
resistance. However, the sex-related differences in AD neuropathology and underlying
mechanisms remain unclear. We aimed to identify early changes of blS in males and females,
shedding light on pathological signs preceding overt brain insulin resistance and AD
neuropathology.Methods. C57BL/6J mice (WT and BVR-A knock-out, M and F,
n=10/sex/group) received a chow or a high-fat diet (HFD, 60% kcal by fat) for 1 or 8 weeks.
Peripheral metabolic measurements (fasting glucose, insulin, and OGTT) and cognitive tests
(NOR and Y-maze) were performed. blS activation (basal and intranasal insulin-induced),
oxidative stress marker levels, mitochondrial activity, and AD neuropathology markers were
evaluated in the hippocampus and cortex. Correlations were performed with peripheral metabolic
measurements (fasting glucose, insulin, and OGTT) and cognitive tasks (spatial memory).
Results. Male mice exhibit greater alterations of blS and mitochondrial functions compared to
females. A consistent accumulation of APP-C99 (precursor of beta-amyloid peptide) occurs in
male mice, but not in female. No changes for oxidative stress markers (PC and 4-HNE) were
observed. These alterations start in the cortex and progress in the hippocampus, leading to an
impairment in associated memory functions. Despite mild alterations, female mice show worse
cognitve outcomes following HFD, suggesting heightened susceptibility. PCA analysis shows
that mice are separated along the PC1 based on the diet received (SD vs HFD), while they are
separated on PC2 based on sex (M vs F). Variables that drive diet-mediated effects include the
IRSIAKT/mTOR axis along with mitochondrial OXPHOS complexes, while PTEN and p70S6K
are responsible for sex-associated differences. Both in male and female mice, these changes are
linked to the loss of BVR-A, a connection confirmed by data from knockout mice. Conclusions.
This study highlights the importance of identifying sex-related differences as well as shared
features in the progression of blS alterations in AD. Loss of BVR-A is a common event,
although sex-, temporal- and regional-associated differences are observed. These observations



warrant further investigations, but provide solid bases to support personalized approaches for AD
prevention.
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Abstract: Neuroinflammation is the innate immune response involving the recruitment of
immune cells and nutrients in neural tissue of direct tissue injury. The underlying physiological
mechanism of the inflammatory response in the central nervous system involves activating
microglia and astrocytes after pathogen-associated molecular patterns (PAMPS) or damage-
associated molecular patterns (DAMPS) are detected. Chronic neuroinflammation, which
impacts neurons and leads to neuronal cell death, resulting in varying degrees of impaired
cognitive function, is associated with the progression of various neurodegenerative disorders,
including Alzheimer’s, Huntington’s, and Parkinson’s disease. GFAP-1L6 mice are a model of
chronic neuroinflammation and subsequent neurodegeneration. This is created by upregulating
the expression of the pro-inflammatory cytokine IL-6 gene in astrocytes. GFAP-IL6 mice show
significantly increased microglia and astrocytes in the hippocampus and cerebellum. Previous
studies have identified curcumin as a promising treatment for neuroinflammation. Curcumin is a
natural cytokine suppressive anti-inflammatory drug (CSAIDs) derived from the spice turmeric,
which targets the pro-inflammatory signaling pathways CP1 and NFKB to inhibit the expression
of cytokines like COX-2, INOS, TNF- a, IL-1, -2, -6, -8, and -12. However, the efficacy of this
treatment is hindered by its low solubility and bioavailability. One method to increase the
treatment efficacy is to deliver curcumin using poly-amido(amine) (PAMAM) dendrimers.
Generation 4 (G4) 70/30 PAMAM dendrimers contain hydroxyl and amine surface functional
groups at a 70:30 ratio. In this study, we used G4 70/30-cystamine core PAMAM dendrimer-
encapsulated curcumin (D-Curc) for intracranial administration into the hippocampus and
cerebellum of the GFAP-IL 6 mouse model. The efficacy of D-Curc was measured by testing
motoric function via the accelerated rotarod (accelerod). We performed Western blot analysis to
confirm GFAP and IL-6 expression. We observed a significant genotype effect in the accelerod



(p<0.001) as well as in GFAP expression in the hippocampus (p=0.005), GFAP expression in the
cerebellum (p<0.001), IL-6 expression in the hippocampus (p=0.021), and IL-6 expression in the
cerebellum (p<0.001). We also found a trend toward reduction of GFAP expression within the
hippocampus of curcumin-dendrimer complex treated mice. Additionally, we observed an
intermediate effect in the accelerod test in mice treated with curcumin-dendrimer complex.
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Abstract: Voltage-gated calcium channel Cav1.2 is encoded by the CACNALC gene that has
been frequently implicated in neuropsychiatric diseases, such as bipolar disorder, schizophrenia,
and autism spectrum disorder. Previous research has reported that loss of Cav1.2 in the forebrain
results in cognitive impairment and anxiety-like behavior in mice associated with impaired
survival of young hippocampal neurons. It has also recently been reported that Cacnalc genetic
variants are associated with Alzheimer’s disease as well. However, the mechanism of how
altered Cav1.2 contributes to such as wide spectrum of neuropsychiatric disease has remained
unclear. To specifically examine the function of Cav1.2 in the brain, we generated brain-specific
Cacnalc knock out (KO) mice using the Nestin promoter driven Cre recombinase. Interestingly,
brain CacnalcKO mice displayed both structural and functional damage to the blood-brain
barrier (BBB), as evidenced by astrocytic endfeet swelling around the blood vessels and severe
peripheral molecule 1gG extravasation. In multiple neurodegenerative conditions, the BBB has
been shown to deteriorate and lead to neuroinflammation that is associated with
neurodegeneration and resulting neuropsychiatric dysfunction. In brain-specific Cacnalc KO
mice, we also observed neuroinflammation driven by astrocytes, increased oxidative stress,
impaired neurogenesis, and neurodegeneration. Additionally, brain chemokine levels were



significantly increased, suggesting that immune cell infiltration might play a role in BBB
deterioration in this model. Taken together, our data indicate a previously unrecognized role for
brain Cavl.2 in maintaining BBB integrity and brain homeostasis.
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Abstract: Progression of traumatic brain injury (TBI) into a chronic neurodegenerative disorder
is a poorly understood pathology and major worldwide health problem. TBI patients can suffer
for many decades with problems such as chronic headaches, nonspecific visual difficulties,
irritability and depression, memory decline, and increased chance of developing earlier and more
severe forms of aging-related neurodegenerative disease. Currently, there are no protective
treatments for TBI patients that prevent the transition of acute TBI into a chronic condition.
Here, we report that mitochondrial fission and fragmentation in the brain is acutely elevated after
TBI in mice, triggering chronic neurodegeneration that persists 17 months later. We demonstrate
that this acutely elevated mitochondrial fission is driven by increased Fisl expression, which we
also show is elevated in human TBI brain. Pathological mitochondrial fission can be
pharmacologically inhibited using the small peptide, P110, which blocks the interaction between
Fis1 and its binding partner, Drpl. We show that treating mice with P110 in the two-week period
following TBI is sufficient to prevent chronically impaired mitochondrial bioenergetics,
oxidative damage, microglial lipid droplet formation, blood-brain barrier deterioration,
neurodegeneration, and cognitive impairment. Delaying this same treatment until 8 months after
injury, however, is not neuroprotective. Thus, we identify a time-sensitive treatment of
mitochondrial dysfunction in the acute phase of injury that is critical for preventing progression
of TBI into a chronic neurodegenerative disease.
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Abstract: The cellular prion protein (PrP€) is a widely expressed cell surface glycoprotein
implicated in many physiological processes (such as neuronal survival, stress protection and
peripheral myelin maintenance) and the pathogenesis of several neurodegenerative disorders
(such as prion diseases and Alzheimer’s disease). PrP¢ undergoes three types of cleavages, of
which the a-cleavage occurs at the conserved hydrophobic central region of PrP, resulting in the
membrane-attached C-terminal C1 fragment and the N-terminal N1 peptide released to the
extracellular space. a-cleavage is the most beneficial PrP¢ cleavage and of great therapeutic
potential, because it not only produces the neuroprotective N1 fragment and the prion-inhibiting
C1 fragment but also lowers the level of cell surface full-length PrP® (FL-PrP) that is the
essential substrate for prion replication as well as a key receptor for cytotoxic oligomers of PrP,
amyloid B, tau, and a-synuclein. We have previously reported that ADAMS, a metalloprotease, is
the primary PrP a-cleavage enzyme (termed oPrPase or PrP a-secretase) in skeletal muscle tissue
and muscular cells. However, the identity of aPrPase(s) in the CNS is still undefined, hindering
our understanding of the physiological functions of PrP€ in CNS and development of effective
therapeutics against relevant brain diseases.

Here we show that ADAMS is also a major aPrPase in the brain and neuronal cells. First, in
primary neurons isolated from ADAMS knockout (A8KO) mice, the PrP a-cleavage activity is
>60% lower than that in primary neurons from wild type mice. Second, in brain tissues, the PrP
a-cleavage activity in ADAMS knockout mice is only ~70% of that of wild type mice. Third,
overexpression of ADAMBS from a plasmid or rAAV vector in M17T cells (modified from the
M17 human neuroblastoma cell line to overexpress human PrP) led to very significant increases
in PrP a-cleavage activity and substantial decreases in FL-PrP and total PrP levels. Our
preliminary data in mice indicate that treatment with rAAV-ADAMS also led to similar effect in
the brain, further supporting a significant role for ADAMS in PrP a-cleavage in the brain and a
high potential for rAAV-ADAMS in treatment of prion disease, Alzheimer’s disease and other
neurodegenerative diseases where PrP plays a critical role in pathogenesis.
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Abstract: Post-treatment side effects of chemotherapy can include cognitive deficits commonly
known as Chemo-brain. Treatment with Doxorubicin (DOX), one of the most widely used
chemotherapeutic drugs in the treatment of cancer, can induce several neurological disorders like
depression, anxiety, and impaired cognitive function. Cannabidiol (CBD) is a non-psychoactive
component of Cannabis sativa that has been identified as a possible therapeutic agent against
many neurodegenerative disorders including traumatic brain injury, spinal cord injury, Tau
protein-induced neurodegeneration, and neuropathic pain. Therefore, this study aimed to assess
whether oral CBD administration could prevent DOX-induced Chemo-brain and its underlying
mechanisms. Female Long Evans Hooded rats received intraperitoneal injections of DOX
(6mg/kg) or vehicle (0.9% saline), once a week for four weeks, followed by oral administration
of CBD (10mg/kg) three times a week for the same period. CBD was significantly protective
against DOX-induced cognitive impairment as measured by several tests of anxiety and
depression-like behaviors. Furthermore, CBD restored DOX-induced inflammatory insults by
regulating gene expression of biomarkers of neuroinflammation in the hippocampus and
prefrontal cortex. In conclusion, our findings suggest that CBD offered neuroprotection against
DOX-induced cognitive impairment which may be explained at least partly by its anti-
inflammatory effects. This provides insights into a possible mechanism by which CBD could
alleviate DOX-induced cognitive dysfunction.
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Abstract: The domain of neuroprosthetics is expanding rapidly, including the development of
more user-friendly prostheses, restoring motor control, and enhancing sensory feedback. We
explored the limits of sensory perception and discrimination from stimulating single
mechanoreceptors in the glabrous skin of the human hand. We used microneurography to make
axonal recordings from single mechanoreceptive afferents in the median nerve in healthy
humans. All experiments were approved by a local ethics committee and conformed to the
Declaration of Helsinki, including obtaining written, informed consent. Once a single low
threshold mechanoreceptive unit was identified, we stimulated it with low current (up to 8 HA)
short square wave pulses. When there was a match between the afferent recorded and the one
stimulated, we continued to test different trains of electrical stimulation. We explored to what
extent varying the stimulation frequency would elicit perceivable differences in sensation
intensity. We conducted experiments in 71 healthy humans, where a microelectrode was inserted
into the median nerve at the wrist, in order to record from and stimulate fast-adapting type | (FA-
), fast-adapting type Il (FA-II), slowly-adapting type I (SA-1), and slowly-adapting type Il (SA-
I1) afferents. The characteristics of the sensations were noted, including the size, border, and
shape of the perceptual field and the quality of the sensation evoked. In intensity discrimination
tests, a two forced-choice staircase procedure was used to determine the psychophysical
discrimination threshold, where a reference stimulus of 30, 60, or 120 Hz was compared to a test
stimulus of higher frequency, starting at 100% higher and decreasing until a threshold was found
for detecting a difference between the two stimuli. A total of 250 mechanoreceptive afferents
were stimulated, consisting of 125 FA-Is, 90 SA-Is, 14 FA-1Is, 21 SA-IIs. The FA-Is typically
produced a small point of vibration or tingle sensation, SA-Is a very small point of pressure or
pulling sensation, FA-IIs a slightly larger area of pure vibration, and SA-IIs a larger area of
natural pulling/pushing sensation. Due to the larger numbers of type | afferents tested, we
conducted the frequency discrimination analyses on these for 96 trials, where participants could
reliably differentiate between frequencies with a 25% difference in both FA-I and SA-1 units.
These results show how even individual low threshold mechanoreceptors can reliably signal
discriminative tactile information, which can be applied in neuroprosthetics to provide finer
feedback, such as required in texture perception.
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Abstract: Haptic feedback plays a critical role in the manipulation of objects, providing essential
sensory information and guiding motor control. Transcutaneous Electrical Nerve Stimulation
(TENS) is a non-invasive stimulation method that allows the elicitation of various sensory
feedback. Due to its potential in integration with prosthetic devices, TENS has been used
extensively in the sphere of sensory feedback research for the encoding of different haptics
modalities. However, most studies have focused on providing individual modalities. This study
seeks to synthesize prior efforts by simultaneously encoding multiple modalities. We propose
utilizing orthogonal stimulation parameter spaces to concurrently encode different haptic
feedback modalities such as pressure, stiffness, texture, and motion.We ran a series of
experiments using up to 4 TENS bipolar channels placed on the forearm of healthy participants.
Our experiments demonstrated promising results: participants could discriminate between two
directions of motion and distinguish three levels of object stiffness. Each modality was
independently validated using its respective encoding strategy within the orthogonal stimulation
parameter spaces. This strategy was designed to minimize the interference between different
haptic modalities, thereby potentiating future multimodal solutions. To encode the directionality
of motion, we tested different electrode placement arrangements; the best arrangement resulted
in more than 95% accuracy in detection rate. For encoding the objects’ stiffness, we varied the
rate of change of stimulation current amplitude. Additionally, we tested different hand closure
speeds (0.70 - 1.17 rad/s) to investigate possible interference with stiffness detection.
Participants’ accuracy was above chance level in all cases, with best detection at a slow speed
(73%) and decreasing detection at a higher one (54%). Subsequently, we present results from
experiments where multiple haptic modalities were encoded simultaneously. In our view, TENS
has the potential to significantly enhance the sensory experience for prosthetic users. By building
upon previous research that refined individual modalities, we propose that it is time to shift our
focus towards the simultaneous encoding of multiple haptic modalities. This could open up new
possibilities in the design and development of prosthetic devices, leading to richer user
experiences.
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Abstract: Many studies have investigated touch on the hands, but far fewer have looked at touch
over the rest of the human body. The skin over the whole body contributes to our sense of self
and interactions we have with our environment. Presently, we investigate somatosensory
perception on the human torso, focusing on the breast, and comparing this to the forearm and
glabrous hand skin. Our goal is to better understand the fundamental mechanisms in
somatosensory perception, to apply the insights to reproduce realistic sensations in breast
prosthetics after mastectomy. We investigated affective touch, as well as tactile and thermal
perception, on the palm, forearm, torso under the breast, nipple-areola complex, and upper
breast. The study was approved by an ethical committee and conformed with the Declaration of
Helsinki. Participants gave written informed consent. For affective touch, we used a standard
skin stroking approach with a rotary tactile stimulator (Dancer Design) and a soft brush. We
applied five stroking velocities per skin site (0.3, 1, 3, 10, 30 cm/s), repeated three times, at a
force of 0.4 N. Participants rated tactile pleasantness, from very pleasant to very unpleasant, and
intensity, from very weak to very intense, on a visual analog scale. We measured warm and cool
detection thresholds with a thermode (QSTlab) at the same skin sites. Results show maximum
pleasantness for the intermediate stroking velocity (3 cm/s) at all skin sites, with an inverted-U
shape curve, although the nipple skin site was rated as overall less pleasant than other sites. We
observed a positive linear relationship between tactile intensity and stroking velocity for all sites.
For warm perception, the threshold was lower (higher sensitivity) for the palm (5.5°C above skin
temperature), as compared to the other sites (all around 7.5°C). For cool perception, all the skin
sites had a similar threshold of around 2°C below skin temperature. Cool detection thresholds
were closer to skin temperature than the warm thresholds, showing a higher sensitivity to cool
for all sites, although we found increased variability in temperature detection threshold on the
nipple-areola complex. It appears that pleasantness in nipple-areola complex is different to other
zones, and it does not resemble the glabrous or hairy skin perception, indicating a different type
of skin innervation. We relate these findings to the underlying neurophysiology of the skin and
identify how somatosensation can be dependent on the body area stimulated, requiring a
consideration of this throughout all prosthetics, but especially for the breast, which seems to be
different to other skin.
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Abstract: In the effort to restore the natural somatosensory palette for upper limb amputees, the
focus has long been centered on providing tactile cues. Lately, additional attention has been
directed at targeting another fundamental haptic modality: thermosensation. We recently
reported the presence of thermal phantom maps — locations on the residual arm that elicit
temperature sensations perceived on the missing hand when stimulated with cold or warm
objects. By targeting these skin areas with a prosthetic device, participants regained homologous
thermoception. We found that such thermal phantom maps were naturally present in a majority
of transradial amputees that we tested (17/27) (Iberite et al., 2023). While these results were
encouraging, they also raised a fundamental question: what defines the presence/absence of
phantom sensation? An answer to this question could also help us find new strategies to enlarge
the spectrum of amputee recipients of thermal feedback.

We found no demographic or amputation-related aspects explaining the presence/absence of
phantom thermal sensation. Indeed, neither the length of the residuum, participants’ baseline
temperature on the residuum, the age at amputation, nor the time since amputation were related
to the absence/presence of thermal phantom maps (n=27, test name, p>0.1 for all tests). Instead,
we hypothesize that the chaotic postoperative neural regrowth is the main underlying
mechanism. In fact, the 3D analysis of the spatial distribution of thermal phantom maps (tested
in 10 amputees) showed clusters of locations grouped according to the natural innervation of the
radial, median, and ulnar nerves.

We propose two new directions to provide temperature sensations to the non-respondent
participants: personalization of the thermode size and thermal remapping. The personalization of
the thermode size could allow for more precise targeting of the reinnervated spots and finding
new thermal phantom locations. Second, thermal remapping on an intact skin area could allow a
non-homologous yet efficient approach to providing amputees with discriminative thermal
capabilities. Tests with 5 non-responding amputee participants using this approach showed that
participants’ thermal discrimination accuracy was similar to the ones of their intact hand (63%
accuracy for discriminating copper, glass, and plastic on the residuum skin and 64% accuracy for
direct contact with the intact index). Whether it is by targeting thermal phantom spots or
bypassing the afferents originally innervating the hand, we argue that current technology could
potentially restore thermal perception in almost all upper limb amputees.
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Abstract: When using our hands to explore complex objects and environments, detecting the
order, temporal overlap, and temporal gap between different somatosensory stimuli is crucial for
effective object acquisition, discrimination, and grasp control. This study investigates the
temporal processing of tactile stimuli using the somatosensory temporal discrimination threshold
(TDT), which describes the shortest temporal gap between two sequential stimuli required for
them to be perceived as distinct. While prior studies have examined TDT for electro-cutaneous
stimulation, the TDT for sensations evoked through extra-neural peripheral nerve stimulation
(PNS) remains unexplored. As the application areas of PNS broaden across clinical populations,
it is important to understand the temporal properties of evoked sensations to help design
stimulation strategies which more closely reproduce natural temporal properties of touch. This
study was conducted in two individuals with unilateral upper extremity amputation who were
implanted with 16-contact composite flat interface nerve electrodes (C-FINES) around median,
ulnar, and/or radial nerves in their residuum. We determined TDT with an ascending staircase
method consistent with standard clinical methods. Across eight sessions we assessed two C-
FINE contacts in each of two participants. In each session, the PNS pulse train duration or
intensity pseudo-randomly varied across three values, which were selected to correspond to
levels likely to occur during the daily use of a neuro-prosthesis. For each contact, 15 trials per
intensity level and 10 trials per duration condition were collected. The range of PNS parameters,
from threshold to the participant’s self-selected maximum level, were established in an initial
mapping period within each session. The mean TDT across all trials was 37.2+13.8 ms,



consistent with previously reported values for electro-cutaneous stimulation (20-90 ms). For all
contacts tested across both participants, the TDT was significantly lower at mid and high PNS
intensities compared to low intensities (Kruskal-Wallis test, p <0.01). Over the range of PNS
pulse train durations tested (100-1000 ms), no significant effect on TDT was observed (Kruskal-
Wallis, p>0.05). This study provides insight into how variations in common PNS parameters
affect a user’s ability to rapidly detect inter-stimulus timing and dynamics across stimuli. Future
work can leverage these findings to more closely mimic the temporal detection properties of
normal sensation to improve the performance of closed loop sensory neuro-prostheses.
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Abstract: After amputation, touch feedback to the missing limb can help improve function for
prosthesis user. Noninvasive stimulation techniques have been demonstrated for exciting
peripheral nerve pathways to elicit sensations of pressure, vibration, texture, tingling, pain, and
most recently temperature. In this study, we used a thin-film thermoelectric cooling device to
rapidly provide thermal stimulation at speeds up to 6 °C/s and evoke sensations of cooling in the
phantom hand of individuals with arm amputation. The goals of the study were both to quantify
tactile experiences of receiving targeted thermal, mechanical, and electrical stimulation and to
demonstrate the benefit of fast-acting thermoelectric cooling devices to enable real-time thermal
feedback to enhance sensorimotor tasks. We quantified the regions of phantom hand activation
and the perceived modality of sensation as a result of noninvasive thermal, electrical, and
mechanical stimulation to targeted regions of the residual arm in five participants with upper
limb amputation. In all participants, stimulation sites were found that resulted in touch sensations
in the missing hand for all stimulation modalities. Thermal stimulation was delivered between
11-16 °C. Electrical stimulation was delivered using targeted transcutaneous electrical nerve
stimulation (tTENS) with amplitudes up to 4 mA at 4 Hz. Mechanical stimulation was delivered
using a 1 cm plastic probe. The experiments were approved by the Johns Hopkins Medicine
Institutional Review Boards. We found that sensations of cooling or pressure could be induced in
the phantom hand of all participants using all three stimulation modalities, and stimulation sites
remained stable over multiple years. Thermal sensations were perceived up to 63% faster when



using the thin-film thermoelectric cooling device compared to conventional thermal stimulating
technologies. During a sensorimotor task in which two participants with amputation and two
additional participants without amputation controlled a virtual or physical prosthesis to grasp and
identify objects based on temperature, the time spent touching each object was as little as 43%
less and participants were up to 2.8 times more accurate at identifying objects when using the
thin-film thermoelectric device. In this study, we demonstrated that rapid thermal feedback
ultimately improved sensorimotor task performance when incorporated into a prosthesis. This
work has implications for enabling future prosthetic limbs to provide more complex sensations
of touch and further enhance sensorimotor function after amputation without the need for
additional invasive surgical procedures.
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Abstract: Introduction: The feeling that the body belongs to oneself (i.e., sense of body
ownership) is the result of sophisticated processes of multisensory integration, whereby
exteroceptive, proprioceptive, and interoceptive signals are continuously combined. Illusions of
body ownership, such as the rubber hand illusion (RHI), can provide some insight into the
interplay between vision, proprioception, and touch. The RHI experience can be modulated by
manipulating the characteristics of the tactile input, for example in terms of velocity and softness
(e.g., Crucianelli et al., 2018). However, the contributing role of thermal signals to the sense of
body ownership and related neural mechanism remains unexplored.Methods: Across one
behavioral and one fMRI experiments, we investigated the role of thermal interoceptive
congruency to the sense of body ownership by means of a RHI, which takes place under
temporal and spatial congruency rules. In Experiment 1, we manipulated the temperature of the



felt (on the real hand) and seen (on the rubber hand) touch and measured the subjectively
experienced illusion, the shift in perceived hand location as an objective index of the illusion,
and the perceived temperature of touch. In Experiment 2, we investigated which brain areas are
related to such visuo-thermal integration effects. Results: We found that thermal incongruencies
between the thermosensory and visual stimuli reduced the RHI both in terms of subjective
experience and proprioceptive drift and gives rise to a visuo-thermal illusion effect towards the
seen touch, but only when the rubber hand was placed in a plausible position (Crucianelli &
Ehrsson, 2022). The results of the fMRI experiment show that the superior temporal gyrus might
play a crucial role in the integration of visuo-thermal signals in the context of body ownership.
Conclusions: Our results suggest that thermosensation contribute to the sense of body
ownership, by a mechanism of dynamic integration of visual and thermosensory signals, and
further highlight the importance of skin-mediated interoceptive signals to the awareness of
ourselves as embodied beings (Crucianelli & Ehrsson, 2023).
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Abstract: By measuring tactile perception, we learn not only about the organization of the
somatic sensory system, but also about the formation and maintenance of coherent mental
representations of the body. Extensive evidence demonstrated large and highly-systematic
perceptual distortions of tactile space. Traditional concepts of somatosensation have been shaped
by the principles of somatotopic and hierarchical organization of the primary somatosensory
cortex (S1). However, emerging psychophysical phenomena have been studied mostly with
natural touch only that undergoes extensive processing along the tactile system, and it is unclear
at which stages these phenomena arise. Intracortical microstimulation (ICMS) of S1 allows to
directly evoke vivid touch sensations on the body, the properties of which can by systematically
manipulated by varying the parameters of stimulation. In this work, we use ICMS of human S1
in three implanted participants to define cortical-body maps of the human hand and then to link
theme with the mental-body maps. Firstly, we identified the spatial acuity of ICMS-based
artificial touch and its reliability compared to natural mechanical touch. This neuroprosthetic tool
allows us to explore the cortical representations of the human hand in an unprecedently granular



way. Therefore, we adopted ICMS of S1 to evoke percepts on the contralateral hand (i.e.,
projected fields - PFs) thanks to the direct activation of cortical neurons projecting on specific
patch of skin. After marking these specific points on the participants skin, we also stimulated
them through mechanical touch. Then, we directly compared distances of these points on skin
and cortex (using the inter-electrode distances) generating detailed cortical-body maps. We
directly observed somatotopic and magnification factors typical of the somatosensory
homunculus. Collecting not only experimentally-measured distances, but also the perceived
distances between two points, we directly defined the relationship between cortical-body and
mental-body spaces. Our findings showed the occurrence of perceptual biases both in skin and
cortical stimulation, rejecting the hypothesis of a confounding effects of peripheral processing on
mental-body representations. Finally, in the context of bionics, our study sheds light on the needs
of current neurotechnology, defining new implant design for sensory restoration together with
novel robotic hand sensorization.
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Abstract: Peripheral nerve stimulation (PNS) is a powerful tool for restoring the sense of touch
in individuals with sensory deficits, such as those experienced after limb loss or spinal cord
injury. To understand how to produce more natural sensory percepts, we need to first explore
how modulating individual PNS parameters affects the evoked sensation and cortical response.
We studied the effect of varying PNS duration in an individual with an ASIA-B spinal cord
injury enrolled in the Reconnecting the Hand and Arm to the Brain clinical trial. Six PNS pulse
train duration conditions (0.1s,0.2s,0.3s,0.55s, 15, and 2 s) were presented pseudorandomly to
the participant’s median and ulnar nerves through contacts in Composite Flat Interface Nerve
Electrodes. Neural activity was recorded from two 64-channel Utah arrays located in the primary
somatosensory cortex (S1). After each trial, the participant reported the perceived intensity and
perceived duration of the evoked sensation on open-ended scales, and rated the perceived



naturalness on a scale of 1-10, where 10 was as natural as touch applied above injury to the
participant’s face. Varying duration significantly increased perceived intensity (slope-line test, p
< 0.03), decreased perceived naturalness (slope-line test, p < 0.001), and increased perceived
duration ratings (slope-line test, p < 0.001). Perceived duration varied inversely with perceived
naturalness (slope-line test, p < 0.001). Threshold crossing features were extracted, smoothed
using a 50 ms window, and normalized using z-scoring. Responsive electrodes during PNS onset
or offset were defined as those that had a significant increase from baseline (paired t-test, p <
0.05) during the first 200 ms after PNS began or the first 500 ms after PNS stopped, respectively.
Across all four sessions, the amplitude, width, and latency measures for the peaks observed at
PNS onset and offset were not significantly different across the duration conditions (ANOVA p
> 0.05). Responsive electrodes during PNS onset exhibited an average excitatory peak of 9 +/- 3
s.d. above baseline with an average peak width of 137 +/- 14 ms. This peak occurred at an
average latency of 110 ms +/- 12 ms from the initial start of PNS. Responsive electrodes during
PNS offset also exhibited a peak in neural activity that was on average 8 +/- 4 s.d. above baseline
with a slightly larger average peak width of 168 +/- 27 ms and longer average latency times of
360 +/- 118 ms. This suggests that the timing of the onset and offset of S1 response to PNS does
not depend on the duration of PNS pulse trains. These findings could help with the design of
future biomimetic stimulation patterns to improve the naturalness of sensation.
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Abstract: Intracortical microstimulation (ICMS) of somatosensory cortex evokes focal and
salient tactile sensations, a phenomenon that we can exploit to help restore touch to those with
amputation, nerve injury, or spinal cord injury. While we have excellent control over the location
or intensity of the percept by changing the electrode or stimulus parameters respectively, the
quality of the sensations is far less informative than natural touch; this must be improved for
ICMS to provide the sensations necessary to support dexterous tactile behaviors in bionic hands.
Efforts to sensitize bionic hands using electrical stimulation of peripheral nerves or
somatosensory cortex have shown that stimulation encoding schemes that mimic natural tactile
signals (so called biomimetic feedback) better supports interactions with objects than do non-
biomimetic feedback, even reducing interference on motor decoding in closed-loop BCI tasks.



Despite these preliminary successes, biomimetic feedback has yet to produce fully realistic
sensations that are comparable to natural touch experience. We posit that this is in part because
previously tested biomimetic profiles, especially for indentations, are based on the averaged
aggregate neural response from many electrodes and does not capture the spatiotemporal nuance
of somatosensory cortex dynamics.

Consequently, we attempted to determine if approaching this objective from the other end of the
spectrum, having a specific stimulation pattern for every relevant electrode, could produce more
natural sensations. To achieve this, we studied one participant who was enrolled in a clinical trial
of a sensorimotor BCI with electrode arrays implanted in primary sensory with residual sensation
on his contralateral hand. We first recorded cortical responses to a broad range of natural tactile
stimuli (indentations, vibrations, and textures). Then, we designed and implemented ICMS
patterns that resembled the recorded patterns of natural cortical activation for each mechanical
stimulus with multiple encoding strategies: amplitude modulation, frequency modulation, and
amplitude:frequency co-modulation. In early testing, we found that amplitude modulation
created more realistic sensations, compared to traditional encoding strategies, as reported by our
participant.
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Abstract: Intracortical microstimulation (ICMS) of the human somatosensory cortex (S1)
evokes artificial tactile sensations by activating neurons that would normally respond to touch.
Typically, ICMS trains consist of unmodulated single-channel stimulation with a constant
amplitude and frequency. People report these vivid tactile percepts as originating from their own
hand. Unfortunately, the perceived intensity of these sensations can rapidly decrease during
sustained stimulation. This desensitization is a critical obstacle to using ICMS to provide
reliable, natural, and uninterrupted sensory percepts for neuroprosthetics. Desensitization may
occur, in part because these unmodulated ICMS trains do not resemble modulated, naturally
evoked neural activity. We tested biomimetic and interleaved ICMS encoding schemes;



biomimetic ICMS mimics naturally occurring neural activity patterns and requires less charge
than unmodulated stimulation to evoke equivalent percept intensities, while interleaved ICMS
distributes the stimulation across multiple electrodes to minimize desensitization. Interleaved
stimulation benefits from the fact that multiple electrodes evoke sensations from the same
location on the hand. We hypothesized that rapidly modulating frequency and amplitude, and
dividing stimulation amongst multiple electrodes, may reduce desensitization. Six different
encoding strategies were tested: single and multichannel biomimetic, interleaved, biomimetic
interleaved, and unmodulated single and multichannel stimulation. To test how resilient these
encoding schemes are to percept desensitization, we used verbal reports from two individuals
with tetraplegia each implanted with two microelectrode arrays in S1. Participants watched a
clock face on a computer monitor while receiving stimulation and were asked to report how long
the sensation lasted. Stimulation durations were randomly chosen from an interval between 1 to
15 s, and two repeats of each duration were tested each day. Preliminary results across three
sessions show that the perceived durations of both single and multichannel unmodulated trains
were typically below the actual stimulus duration. Single channel biomimetic stimulation
improved the perceived duration accuracy, while both multichannel biomimetic, interleaved, and
biomimetic interleaved ICMS strategies resulted in the most accurate percept duration reports.
These data support the idea that biomimetic and interleaved stimulation both improve our ability
to provide natural and reliable sensations for neuroprosthetics, perhaps by more accurately
representing normal neural activity patterns in S1.
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Abstract: The goal of this study was to explore how activity from the human somatosensory
cortex during haptic stimulation is modulated by vibration location and amplitude. Additionally,
we studied how neural responses evolved over time.Electrocorticographic (ECoG) recordings



were collected from a human participant (male) affected by amyotrophic lateral sclerosis (ALS).
Two 8 x 8 subdural electrode grids (2 mm diameter electrodes, 4 mm center-to-center spacing,
PMT Corporation) were implanted in the left hemisphere of the brain over sensorimotor
representations for upper extremity movement and speech. We provided haptic vibration to the
fingertips of the right hand for 500 ms at 300 Hz using C-3 tactors (Engineering Acoustics, Inc.)
while the participant attended to his hand. On a portion of the trials, the participant verbally
identified the perceived intensity of the tactile stimulation and on the other trials the participant
passively experienced the vibration and did not respond.We extracted the high-gamma (70-170
Hz) and beta (13-30 Hz) power from the neural activity of the electrode array that mapped to the
upper limb. We identified substantial modulation in the spectral power associated with haptic
vibration amplitude and location. We also observed somatotopically organized responses in
postcentral gyrus, exhibiting an inferior to superior organization from thumb to little finger
across the electrode array.This work has implications for better understanding how the
somatosensory cortex encodes and responds to tactile feedback over time in individuals with
ALS.
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Abstract: Diabetic Peripheral Neuropathy (DPN) affects 30% to 50% of the diabetic population.
It is associated with chronically high blood sugar, resulting in abnormalities that cause damage to
the peripheral nerve endings, with consequent loss of sensations from the foot. These patients
usually also suffer from strong neuropathic pain, which is believed to be associated with aberrant
sensory input, and are dealing with reduced balance and mobility.

Transcutaneous electrical nerve stimulation (TENS) holds the potential to non-invasively target
the branches of nerves that innervate the area of sensory loss. We developed fully portable
neuroprostheses that restore sensory feedback and suppress neuropathic pain by establishing a
flow of information from the periphery to the brain via TENS. A system takes information about



the foot-ground interaction insoles and translates it into the previously chosen stimulation
parameters that are delivered to the nerves innervating the foot sole when the specific parts of the
insole are active. This restores lost sensation in the appropriate area in real time.

We designed a clinical study with DPN patients to understand the therapeutic effects of electrical
restoration nsation lost to neuropathy. Patients were using a device during training sessions, daily
throughout a two-week period. We have evaluated their performance with and without the
sensory feedback during gait and while performing balance tasks and we also assessed their
metabolic conof the sesumption during walking. Moreover, using standardized clinical tests we
have followed if their sensory acuity and proprioceptive displacement are changing over time.
The level of neuropathic pain was assessed using a visual analog scale (VAS) and neuropathic
pain symptoms inventory (NPSI) questionnaires.

DPN patients were confirmed to have significant sensory loss in their feet as measured by
standardized qualitative sensory testing (QST). The neuroprosthesis restored part of the lost
sensation in all tested patients and improved their proprioceptive displacement. The usage of the
device provided functional improvements related to movement ability. Moreover, pain was
significantly reduced using a neuroprosthetic device.

These results suggest that neural stimulating prostheses are amenable to restoring lost sensation
in DPN patients and have valuable functional benefits. These findings take steps towards the
development of an at-home usable system for treating long-term DPN symptoms and related
complications.
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Abstract: Brain-computer interfaces (BCIs) aim to improve the quality of life of people with
severe paralysis by decoding movement intentions from the brain and translating them into
control signals that can be used to control robotic devices. Providing artificial sensory feedback
with intracortical microstimulation (ICMS) of the somatosensory cortex substantially improves



the control of these robotic devices.

ICMS evoked sensations are reliably localized on the skin and their perceived intensity varies
depending on the stimulation parameters. However, how the temporal acuity of ICMS evoked
sensation compares to natural sensations remains widely unknown. Here, we investigate how the
temporal dynamics of the evoked sensations are related to the dynamics of the ICMS trains
themselves using a discrimination task. Four male participants with spinal cord injury
participated in the study. Each had microelectrode arrays implanted in their primary
somatosensory cortex for a clinical trial of sensorimotor BCI. We presented participants with two
stimulation periods (with a fixed duration and stimulus amplitude) that were separated in time by
a pause of varying length. Participants were asked to report whether they felt a single sensation,
or two distinct sensations separated by a gap between them. Additionally, we recorded neural
activity to evaluate whether the neural response in S1 relates to the psychophysical results on the
perceptual task. This allows us to assess whether the participants perceptual reports could be
predicted by ICMS-evoked activity in S1.

The data suggests that the temporal discrimination threshold for each participant was usually
shorter than ~100 ms; though on some electrodes this threshold was as high as 400 ms. The
temporal acuity of ICMS is therefore significantly higher than thresholds reported in the
literature for similar experiments with touch. Next, we collected a dataset using both peripheral
electrical stimulation and a pneumatic stimulator with the same experimental paradigm with
healthy participants as a comparison. Additionally, two BCI participants with residual sensation
in their hands to allowed for an assessment of their temporal discrimination acuity using
pneumatic stimulation and peripheral electrical stimulation. Combined, these results highlight the
differences between ICMS-evoked and naturally-evoked sensations and suggest that a detailed
knowledge about the dynamics of evoked sensations is needed in order to optimize encoding
strategies for closed-loop BCI applications.
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Abstract: Recent years have seen rapidly growing interest in characterizing the dynamics of
BOLD fMRI time series recorded in the absence of active behavior or an externally imposed
cognitive task (i.e. rest). Here, we provide evidence that the amplitude of resting BOLD
fluctuations tends to increase over the course of a scan in many brain areas, and that regional
differences in this ramping follow a common axis of functional specialization. We analyzed
resting BOLD fMRI data from 277 healthy young adults and used a sliding-window approach to
characterize how the amplitude (standard deviation) of BOLD fluctuations varied over the course
of a scan in 553 cortical and subcortical brain areas. We then estimated the slope of a linear trend
fit to the amplitude time series from each region. This revealed that BOLD fluctuations in
cortical sensorimotor areas tend to increase in amplitude over the course of a scan, while
amplitudes in higher-order cortical association areas remain stable. We observed similar trends
in related time series features, including autocorrelation (i.e., “timescale”) and low frequency
power. Cortical trends were correlated with T1w/T2w MRI (a non-invasive index of anatomical
hierarchy), as well as the primary gradient of cortical functional connectivity, and varied
systematically across microstructurally-defined levels of the sensory-fugal axis of cortical
organization, as well as between macro-scale functional connectivity networks. Trends in
subcortical regions also follow functional hierarchies. Thalamic regions which show the
strongest positive trends have strong functional connectivity to cortical association areas, while
thalamic regions which show the weakest trends exhibit strong functional connectivity to
sensorimotor cortical areas. We observe similar effects in the striatum and cerebellum. On
average, head motion explained less than 1% of variance in amplitude time series, and amplitude
trends remained significant when accounting for the level of motion in each sliding window.
Global signal regression also had only a minimal effect on our results. Together, our results
reveal systematic and spatially heterogeneous nonstationarities in fundamental properties of
resting BOLD time series, and that these dynamics follow a common axis of functional
specialization across cortical and subcortical brain areas. The spatial topography and positive
trends we observe suggest that our findings may reflect fluctuations in arousal during scanning,
and work is ongoing to characterize the extent to which they can be attributed to localized neural
dynamics versus the influence of systemic physiological factors.
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Abstract: Functional Ultrasound Imaging (fUSI) is a new neuroimaging technique that allows
transcranial hemodynamic signal mapping in small laboratory animals. Through a small-scale
portable probe, ultrasound penetrating deep into tissue allows imaging with a spatial resolution
of 100 micrometers, making this method well-suited for imaging brain activity in rodents. The
key advantages of fUSI mainly lie in its high spatiotemporal resolution, non-invasiveness, and
portability. These characteristics make it an ideal complement to functional Magnetic Resonance
Imaging (fMRI) for studying brain activity in preclinical species, potentially overcoming fMRI's
spatial constraints and enabling neuroimaging investigations in behaving rodents. To explore the
potential of fUSI and validate it against other well-established imaging techniques, we
investigated its capability to map previously described resting-state functional brain networks in
C57 mice. To this end, we established a robust protocol for mapping brain connectivity networks
in lightly sedated mice using multi-slice acquisitions under different anesthetic conditions (n=15
mice for each condition). We designed a data processing pipeline mirroring the main steps
employed in fMRI timeseries analysis for robustness and portability. Our results show that large-
scale functional brain networks can be reliably mapped at the group level with fUSI with high
sensitivity and reproducibility. The networks mapped included a default mode network (DMN),
which we found to be anticorrelated with a latero-cortical network (LCN), as previously shown
in fMRI investigations. To further validate our network findings, we compared the obtained
results with the underlying axonal connectome of the mouse brain. We found that functional
ultrasound networks spatially reconstitute axonal communities as previously described with
fMRI. We next investigated the spatiotemporal dynamics of our resting-state datasets to see if
recurring patterns of functional co-activation could also be detected by fUSI. Using this
framework, we found that fUSI timeseries can be quantitatively modelled as a probabilistic
occurrence of recurring co-activation modes. Overall, our results show that fUSI can be
effectively used to probe the large-scale dynamics organization of brain networks in the mouse
brain, comparable to other well-established imaging modalities, such as fMRI. These results will
pave the way for expanding this platform to encompass more complex imaging investigations of
awake and behaving mice.
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Abstract: Spontaneous fMRI activity is organized into highly dynamic spatiotemporal patterns.
Within these patterns, cognitively relevant networks have been identified that have been shown
to be disrupted in various brain disorders. While studies correlating fMRI with
electrophysiological recordings have aimed to understand how specific brain rhythms relate to
fMRI network dynamics, their findings have been inconsistent. As a result, the neural rhythms
and dynamic rules that causally support fMRI network activity remain unclear. Departing from
correlational research in humans, here we investigate how rhythmic modulation of the mouse
medial prefrontal cortex (PFC), a hub component of the default mode network (DMN),
propagates at the network level. We employed tapered fiber optogenetics to perform network-
level stimulation of the PFC using either standard block-design or rhythmic oscillation.
Rhythmic stimulations were performed by pulsing light, either at fixed frequency of 20Hz or
jittered, and modulating the amplitude at a different envelope frequency (either 0.05, 0.1, 0.2 or
4Hz). We found that the responses to block and rhythmic stimulation were functionally distinct.
Using a canonical block design, we obtained a positive and bilaterally evoked fMRI response
consistent with the structural connectivity of the PFC. Rhythmic stimulation of the mouse PFC at
an envelope frequency of 0.1Hz resulted in a mix of increases and decreases in functional
connectivity (FC) between the PFC and other key components of the DMN. However, phase-
resolved analyses revealed that the apparent reduction in FC was the expression of increased
coupling throughout the DMN masked by region specific phase differences (i.e., time-lags).
Using in vivo electrophysiology we probed some of these regions and found that phase
differences in fMRI signal matched the phase differences in local field potential coherence
(produced by the same rhythmic stimulation), supporting a neural origin for this phenomenon.
Importantly, phase differences (tested at 0.05, 0.2 and 4Hz) were largely dependent on the
envelope, but not carrier, frequency employed, suggesting that the time-lag of fMRI signal
propagation may be a resonant property of the stimulated axonal network. Taken together, our
study shows that time-averaged fMRI connectivity is strongly influenced by phase of the
resulting interareal coupling, and that distributed networks like the DMN exhibit resonant-like
properties in response to rhythmic stimulation. Our results shed light on the dynamic
organization of fMRI network activity and its response to targeted neuromodulation.
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Abstract: Abnormally slow breathing (or bradypnea) has been observed in various
neuropsychiatric disorders including brain injury, opioid and alcohol use disorders, and chronic
insomnia. There has been considerable interest in understanding how variations in breathing
affect fMRI signal, yet the consequences of respiratory changes on brain function remain
underexplored. A total of 15 healthy participants (7 females, 20-42 years old) were scanned in
four consecutive sessions (5 min each) using an ultrafast sequence (TR = 0.385 s) with pulse and
respiratory recordings to study the low frequency (LF, < 0.1 Hz) content of the fMRI signal
while avoiding aliasing of high frequency cardiac and respiratory components. Participants were
asked to breathe normally while viewing a static respiratory wave (session 1) or their own
dynamic respiratory wave (session 2). Sessions 3 and 4 proceeded with the same setup but
participants were asked to breathe slower than usual. Two-way within-subject ANOVAs were
performed to assess changes in peripheral and brain responses. When instructed, participants
almost halved their respiratory rate (0.22 Hz vs. 0.11 Hz, p < 0.001) with no significant change
in heart rate. Visual feedback of respiratory signal had no significant effect, nor it had a
significant interaction with slow breathing in any of the analyses (p > 0.05). LF power of
respiratory and pulse signals significantly increased with slow breathing (p < 0.005). Across all
conditions, we observed a significant LF temporal coupling (indexed by cross-spectrum phase)
between the pulse signal and an autonomic mode network of sensorimotor, visual, and insular
regions (prwe < 0.05), and between the respiratory signal and major vascular territories in
thalamus, insula, and posterior visual and cerebellar regions (prwe < 0.05). Slow breathing
changed the temporal order of respiratory associations with superior and middle frontal and
lingual gyri (prwe < 0.05). Slow breathing resulted in striking increases (on average 18%) in the
fractional amplitude of LF (fALFF) in all white matter territories and brainstem (prwe < 0.05).
Increases in white matter fALFF and LF power of the respiratory signal were significantly
associated (r(13) = 0.62, p = 0.01). Changes in respiratory-frontal associations implicate these
regions in intentional modulation of breathing. Respiratory-related increases in white matter
fALFF were different in location from regions that showed LF coupling with the respiratory
signal. The findings may provide mechanistic insights into physiology of white matter fMRI
signal and may be helpful in characterizing the effects of disease-related abnormal breathing on
brain function.
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Abstract: Tractography using diffusion-weighted Magnetic Resonance Imaging (dMRI) is an
emerging tool in clinical and neuroscientific research, enabling presurgical planning and the
study of structural connectivity networks. Recent studies showed that with increasing diffusion-
weighting strength, probed by the b-value, dMRI becomes primarily sensitive to the intra-axonal
signal. We hypothesize that increasing b-values hold the untapped potential to increase the
reliability of tractography. Multishell dMRI data was used from the publicly available MICRA
dataset from 6 healthy participants with 5 repetitions and 6 b-values, below to beyond clinical
standard. Whole-brain, probabilistic tractography is performed using anatomical constraints.
Connectivity matrices were constructed by computing the count and density of streamlines that
connect corresponding cortical areas. We first characterized the global and local change in the
number and length of streamlines in long/short term range connections by fitting a polynomial
mixed effect model to regress out individual differences. Focusing on critical regions for the
language network, we found that the average length of streamlines connecting the Inferior
Frontal Gyrus (IFG) and Middle Frontal Gyrus (MFG) significantly increased by 24.08% and
34.70% from b= 1200 to 6000s/mm?. This is further reflected via increment in (a) long-range,
cross-cortex connections and (b) number of interhemispheric connections. For example, the
number of streamlines seeded from left IFG to left STG increased by 160.6% in b=6000
compared to b=1200, while the total number of interhemispheric connections increased from
4.4% to 7.0% in such b-range. We then characterized the changes of global and nodal graph
network metrics. Global changes in centrality of streamline count are limited to -13.79%. Certain
regions are more vulnerable to b-value changes. In STG and MTG, the centrality decreases
dramatically, (STG -48.27% and MTG -29.49%, from b=1200 to b=6000), reflecting the
heterogeneity of white matter tracts in the cortex. To quantify reproducibility, we calculated the
coefficient of variation (CoV) and intraclass coefficient for global and local networks. Despite
the lower SNR at high b-values, we do not observe loss in reproducibility of the findings. In
conclusion, we observe that b-value is a critical experimental design factor that impacts
tractography and structural connectivity analyses. Higher b-values are more robust in
reconstructing long-range connections, and less impacted by spurious short-range connections,
thereby advancing the study of structural brain connectivity.
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Abstract: Individualized brain functional networks (FNs) can effectively characterize variation
in neurofunctional anatomy, providing opportunities for promoting both basic neuroscience and



translational research of neuropsychiatric illnesses. However, existing modeling methods for FNs
typically identify individualized FNs at a specific scale. Inspired by evidence that the brain is a
multi-scale system with a hierarchical functional organization, we develop a self-supervised deep
learning (DL) method to identify multi-scale FNs with a hierarchical structure at individual level.
Our DL model consists of a feature learning module, an FN learning module, and a functional
hierarchy learning module. The first two modules learn informative features from fMRI data and
identify FNs at the finest scale, then the learned features and FNs at finer scale are fed into the
hierarchy learning module to learn the hierarchical structure between two consecutive scales, and
finally the finer-scale FNs are aggregated into coarser-scale FNs according to the learned
hierarchical structure. The DL model is trained using a self-supervised loss in an end-to-end way
by optimizing the functional homogeneity of FNs at all scales simultaneously. Once the model is
trained, it can be applied to unseen fMRI data of individuals to identify their individualized,
hierarchical FNs in one single forward pass. The proposed method has been evaluated using
fMRI data of 965 participants from the Human Connectome Project, and 3-scale FNs with 148,
50, 17 FNs from fine to coarse scales were identified for each participant. Experimental results
have demonstrated that the FNs identified by the DL model align with well-established FNs and
were highly reproducible at all scales. Furthermore, the individualized hierarchies were
significantly associated with behavior measures (e.g., reading: r=0.20, grip strength: r=0.23) in a
cross-validated regression analysis, indicating that they can serve as quantitative measures for
charactering individualized brain functional hierarchy. Together, our method provides an
effective means to characterize multi-scale FNs and the inter-scale functional hierarchy for
individual subjects.
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Abstract: Our aim was to establish how neurons in the visual cortex interact to form functional
processing units. Although various studies have focused on identifying neural connections within
diverse neural networks, several technical challenges remain in vivo, i.e. the need to record from
large cell populations simultaneously, while also classifying cortical cell types. Here, we
employed a statistical inference method, the spike-triggered average (STA), to analyse
electrophysiological data from 84 neurons obtained when recording from NeuroNexus 32-
channel multielectrode arrays. STA analysed the spikes triggered in a neuron in response to the
activities of other neurons and established functional connectivity among neurons in the primary
visual cortex (V1) in cat and wallaby. Spike-sorting was performed using the automatic spike-
sorting program, Kilosort, and the manual curation tool (graphical user interface), phy, to
separate spikes from different neurons based on their waveform shapes, recording depths, and
spike timing. Spike-sorting allowed us to differentiate recordings from lateral geniculate nucleus
(LGN) input neurons (positive spikes, PS), cortical pyramidal neurons (regular spikes, RS) and



inhibitory inter-neurons (fast spikes, FS) (Sun et al. 2021). To infer the functions of the cells, we
used a data-driven technique to infer the biologically plausible receptive fields (RFs) and input
nonlinearities of connected neurons using maximum likelihood methodology (Almasi et al.
2020). We found LGN neurons that had RFs with single-filter linear properties that fed into
pyramidal neurons with multiple visual filters and nonlinear processing. We also identified
connections between pyramidal neurons, where cells with single nonlinear filters fed into highly
nonlinear multi-filter cells. In conclusion, this study employs extracellular recording techniques
to correlate the responses of specific neuron types with their connectivity patterns in the visual
cortex, offering insights into the intricate dynamics of the neural connectivity of visual
processing. Sun SH, Almasi A, Yunzab M, Zehra S, Hicks DG, Kameneva T, Ibbotson MR,
Meffin H (2021). J Physiol. 599: 2211-2238; Almasi A, Meffin H, Cloherty SL, Wong Y,
Yunzab M, Ibbotson MR (2020). Cerebral Cortex 5:bhaal02.
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Abstract: Assessing the reliability of resting-state functional connectivity MRI measurements is
crucial as precision functional mapping (PFM) is increasingly used to aid in personalized
interventions such as transcranial magnetic stimulation (TMS) and deep brain stimulation (DBS).
Image acquisition methods continue to improve alongside increased accessibility to ultra high
field scanners, allowing for a finer-grained characterization of functional connectivity at higher
spatial resolutions. Exploring the convergence rate of the “ground truth” in functional
connectivity at standard high-field (3 Tesla) and ultra-high field 7T would aid in establishing
appropriate study design criteria when conducting PFM experiments. The current study aims to
compare the reliability in functional topology and topography using highly sampled resting-state
MRI acquisitions at 3 Tesla (3T) and 7T MRI. Resting-state data acquired at 3T and 7T were
processed using the surface-based pipelines fMRIprep version 23.2.2 [ RRID:SCR_016216] and
XCP-D version 0.5.2 [DOI 10.5281/zen0d0.5139942]. Traditional PFM methods (Gordon et al.



2017; Laumann et al. 2015; Gratton et al. 2018) were used to calculate functional connectivity by
measuring the correlations of blood oxygenation level-dependent fluctuations across the entire
brain. For each magnetic field intensity, we constructed reliability curves by correlating
connectivity matrices derived from incremental time segments with a proxy for a ground truth
matrix created from held-out data (half of data = 35 minutes @ FD<0.2). This approach
identifies the minimum amount of resting-state data required for the incremental matrices to
reliably approximate the ground truth connectivity matrix, ensuring a stable assessment of
functional connectivity. Preliminary data collected at 7T and 3T show that 7T MRI approaches
the hold-out correlation matrix more rapidly than 3T. Using parcellated data, a hold-out
correlation of 0.9 was reached with > 10 minutes of data at 7T and > 25 minutes of data at 3T.
Using vertex-wise data of 91k greyordinates, correlation values of 0.7 were reached at > 20
minutes of 7T data, while data acquired at 3T did not reach this threshold within 35 minutes.
These findings highlight the importance of choosing the appropriate MRI technology and data
acquisition lengths to ensure accurate and reliable functional connectivity analyses, critical for
advancing personalized medicine and enhancing intervention strategies in neurological and
psychiatric conditions.
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Abstract: The Brain Imaging Data Structure (BIDS) has revolutionized the standardization of
neuroimaging datasets, greatly enhancing data sharing, scientific transparency, and rigor within
the field. Initially designed for raw MRI data, BIDS has expanded to include a broader array of
imaging techniques, propelled by community contributions. Recognizing the need for
standardized descriptions of advanced data derivatives, particularly in brain connectivity
research, the BIDS Connectivity project was launched. This initiative aims to extend BIDS to
encompass both processed data and sophisticated derivatives from various brain connectivity
experiments.

The project targets standard descriptions for connectivity derivatives across six major data
modalities: anatomical, diffusion-weighted, and functional MRI, PET, M/EEG, and iEEG. Such
standardization is expected to bolster research capabilities by enhancing data generation, sharing,
and the replication of studies using these data derivatives. It also aims to streamline
neuroimaging pipelines and processing, thereby accelerating research progress.

The development of the BIDS Connectivity standards was a community-driven effort that began
with a stakeholders' meeting in September 2022. This was followed by drafting new BIDS
Extension Proposals (BEPs) with expert inputs, soliciting feedback from the wider neuroimaging
community in Spring 2023, and conducting workshops. Over thirty experts participated in these
processes, advancing five BEPs that cover diffusion voxel-wise models, diffusion tractography,
connectivity matrix schema, dimensionality reduction-based networks, and brain atlas
specification. These BEPs have been open for community feedback and are on track to be
integrated into the main BIDS specification during 2024,

The establishment of a data-sharing standard for brain connectivity metrics represents a
significant advancement toward enhancing best practices, scientific stringency, and transparency
in neuroimaging. This framework will not only facilitate the integration of results from various
datasets and processing pipelines but also boost interoperability among diverse brain
connectivity projects. It will create opportunities for synergy across different levels of analysis,
as network neuroscience aims to combine data across modalities, spatial, and temporal scales.
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Abstract: In neuroscientific data, outlier detection is critically vital for both quality control as
well as clinical anomaly detection. Outliers have been found to contain clinically relevant
information as well as progressing knowledge discover, especially in large datasets. Typically,
heuristics or supervised learning methods are utilized for outlier detection. For comprehensive
datasets, it is useful to identify anomalies in an unsupervised manner. In this work, we apply
deep isolation forest to functional MRI and derived functional connectivity measures to assess
outliers and compare it to typical approaches. Furthermore, we analyze the outliers to determine
if they are at the sample or subject level. For subject-level outliers, we summarize the data
differences in the context of functional network differences.
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Abstract: Clinical studies suggest a potential correlation between Alcohol Use Disorder (AUD)
and systemic iron accumulation, including brain hemochromatosis. Despite the diverse nature
and variability of these studies, understanding remains limited. To address this gap, we
conducted a multivariate analysis to explore the effects of heavy alcohol use on iron metabolism.
Our primary objective was to examine the extent of iron overload and disruptions in iron
metabolism due to recent and past heavy alcohol consumption. Our secondary objective was to
investigate the interactions between alcohol exposure and genetic influences on iron metabolism.
We analyzed the effects of alcohol exposure level and timing on iron and related indices—
transferrin, ferritin, and percent iron saturation—among 2,180 participants, including 691 AUD
patients and 1,489 non-AUD individuals. Our statistical analyses included Pearson correlation
and ANOVA to assess variable independence, and we used quintile-based relative risk to
evaluate the impact of AUD on iron variables. The results were analyzed using restricted cubic
spline regression (RCS) to model a continuous association between iron variables and AUD.
Additionally, we applied Mendelian randomization using iron and AUD genome-wide
association studies (GWAS) to explore causal relationships between iron metabolism and AUD.
Our findings indicate a significant association between AUD and iron biomarkers. Serum ferritin
levels demonstrated a high relative risk of 4.44 (95% CI: 2.81-6.98), and RCS modeling
confirmed a linear relationship between serum ferritin concentration and AUD. The Mendelian
randomization analysis revealed a reciprocal causal effect between iron levels and AUD,
underscoring the complex interactions influencing these conditions.
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Abstract: Nonergodicity—when inferences about a group of subjects fail to generalize to the
subjects individually—poses a significant and underappreciated challenge for neuroscience. We
demonstrate this by examining the neurocognitive dynamics underlying inhibitory control with
stop-signal task data from thousands of children in the Adolescent Brain Cognitive Development
study (N=4469 subjects aged 9-10; 48% male and 52% female sex assigned at birth). To study
mechanisms of inhibitory control while allowing for nonergodicity, we developed a Bayesian
computational model that characterizes the latent cognitive constructs governing action
execution and inhibition in the stop-signal task. This model allowed us to infer trial-level stop-
signal reaction times (SSRTSs), probabilities of proactivity, and anticipated stop signal delays
(SSDs), for each subject. Then, we related these dynamic representations of subjects’ behaviors
to simultaneous BOLD fMRI activity between and within subjects. Between subjects, we
correlated subject-average correct stop versus correct go contrasts with subject-average SSRTSs,
probabilities of proactivity, and anticipated SSDs. Within subjects, we examined how SSRT,
probability of proactivity, and anticipated SSD parametrically modulated brain activity.
Strikingly, between-subjects associations were reversed within subjects, revealing the
nonergodic nature of these processes. Between subjects, the correct stop versus correct go
contrast was generally negatively associated with SSRT, not associated with probability of
proactivity, and positively associated with anticipated SSD. But within subjects, each of these
three parameters showed a mixture of positive and negative associations with brain activity.
SSRT was associated positively with activity in the salience and somatomotor networks and
negatively with activity in the limbic network. Proactivity, as captured by both the probability of
proactivity and anticipated SSD, was associated with suppression of the salience and
frontoparietal networks, prominently the right anterior insula, and was associated with activation
of default mode areas such as the left retrosplenial cortex. We tested the replicability of these
results by resampling them at varying sample sizes. The within-subjects findings were highly
stable and key results were likely to be observed in samples as small as 25 subjects. Our work
emphasizes the need to consider nonergodicity and employ within-subjects analysis in the study
of cognition and its brain bases.
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Abstract: Deep brain stimulation (DBS) has emerged as an effective treatment for various
symptoms of Parkinson's disease (PD); however, effectively managing advanced gait-related
issues remains challenging and is an active area of research. Challenges include the complex
nature of gait functions, variable responses to DBS settings, and the intricate neurophysiological
mechanisms underlying DBS effects on gait. Additionally, DBS programming, primarily based
on appendicular symptoms does not fully capture gait disorders in PD. This study addresses
these challenges by identifying optimized DBS settings to enhance walking, analyzing
neurophysiological impacts of DBS on gait, and exploring the neural characteristics of the basal
ganglia and motor cortex. Local field potentials (LFPs) were recorded from the globus pallidus
and motor cortex of three PD patients using a bidirectional, investigational device (Summit
RC+S, Medtronic). Gait kinematics were captured using inertial measurement unit sensors.
During clinic visits, patients’ DBS settings were systematically altered, and subjects were asked
to perform overground walking tasks in response to each setting adjustment. A walking
performance index was developed to capture a variety of gait kinematics important in PD.
Employing a data-driven approach, Gaussian Process Regression (GPR), we modeled the
relationship between the DBS setting parameters and identified the optimized configurations for
enhancing walking performance. The neurophysiological impact of these optimized settings on
the cortical and subcortical networks was analyzed using linear mixed-effects models.

We identified DBS settings that resulted in an overall 18% improvement in walking performance
for PD patients. This improvement includes a 16% increase in stride velocity, a 5% increase in
arm swing amplitudes, and more symmetric walking, with a 37% and 31% reduction in step
length and time variabilities, respectively. Additionally, enhanced walking performance is
associated with reduced LFP signal power in the beta band of the pallidum area during the
ipsilateral leg swing and the double support period (p < 0.05, ¥ = 4.3). Furthermore, increased
coherence between the pallidum and the primary motor cortex in the alpha frequency band
during the stance phase of walking correlated with higher performance levels (p $1t 0.05, > =
4.8). Our findings highlight the potential of using GPR to optimize DBS parameters,
underscoring the importance of personalized interventions. The neurophysiological insights from
this study provide a foundation for designing adaptive DBS systems that improve gait functions
in PD patients.
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Title: Neuronal activity in the human hippocampus links reward-prediction errors to subsequent
memory
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Abstract: Reinforcement learning (RL) is a prominent framework for understanding why we
prioritize certain decisions, tethered to the release of dopamine associated with reward-prediction
errors (RPEs). Here, we utilized this framework to understand why the human brain prioritizes
certain events in memory. Healthy controls (n=140) and neurosurgical patients (n=20) performed
a gambling task wherein decisions resulted in both probabilistic rewards and associated image
stimuli, followed by a recognition test for these image stimuli. Using computational models to
estimate trialwise RPEs, we found that positive RPEs not only encouraged participants to
prioritize certain choices, but also predicted successful recognition memory. Neurally, RPEs
elicited high-frequency activity (HFA), a proxy for local neuronal spiking, in several regions
including hippocampus, amygdala, and anterior insula. However, only hippocampal electrodes
showed a strong correlation between RPE-modulated HFA during encoding and memory-
modulated HFA during subsequent recognition. These findings demonstrate that neuronal
spiking in the hippocampus, possibly reflecting dopaminergic input from midbrain areas,
selectively prioritize memory for the reward computations that govern reinforcement learning.
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Title: Human single neuron activity modulated during auditory working memory and at event
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Abstract: In order to perceive the world around us, our brains have to keep scenes in memory
and detect when scenes change. Recent intracranial work utilizing visual paradigms has begun to
elucidate the specific neural mechanisms involved in these processes, highlighting contributions
of structures such as the hippocampus and cingulate cortex. However, it is not yet clear whether
the same mechanisms are involved in the processing of acoustic stimuli. Here, we report human
intracranial recordings of single neurons recorded from various brain structures while
participants performed separate tasks involving either auditory working memory or auditory
boundary detection. We intentionally used non-verbal stimuli to isolate these processes and
avoid potential confounds of including semantic information. For the working memory task,
participants were required to keep in mind a target tone on each trial and then — following a delay
period — match a repeated tone to the frequency of the target. For the boundary detection task,
participants listened to concatenated texture sections, each lasting several seconds and consisting
of tone glides randomly overlapping in time and frequency. Glide direction and frequency
excursion were fixed within a section, but one or both parameters changed from section to
section — thus creating acoustic boundaries that did not vary in their overall energy or spectrum.
Participants listened passively to the stimuli and were then required to listen again while
detecting boundaries between acoustic events. Single neurons were isolated offline using an
automated procedure with manual curation. We found neurons within the hippocampus and
cingulate whose firing rates were modulated at various phases of the working memory task,
including throughout the delay period and during active tone adjustment. Often, these neurons
showed suppression rather than increased activity, though there was heterogeneity in response
types across the population. Additionally, for the first time, we demonstrate cells in the
hippocampus that respond to acoustic boundaries only when participants are actively engaged in
detecting these events. Overall, these data implicate the hippocampus and cingulate cortex in
auditory event segregation and working memory. Studies are ongoing to determine how
widespread these processes are and how they relate to activity within auditory cortex.
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Abstract: Place, grid, and head-direction cells are prominent examples of allocentric cell types
that encode spatial information relative to the external environment. In contrast, egocentric cells
represent spatial information relative to the navigating subject. They encode, for example,
whether a boundary or landmark is ahead, behind, to the left, or to the right of the subject (Wang
et al., Science, 2018; LaChance et al., Science, 2019). Whereas allocentric cells have been
widely studied over the last five decades—Ileading to many important insights into their tuning
properties—much less is known about egocentric cells. Using human single-neuron recordings in
epilepsy patients performing virtual navigation tasks, we recently identified egocentrically tuned
cells in the human medial temporal lobe (Kunz et al., Neuron, 2021). These egocentric bearing
cells represent egocentric directions and distances between the subject and reference points in the
environment, and they appear to be particularly common in the parahippocampal cortex. Recent
rodent studies identified similar cells in the rodent hippocampal formation and suggested that
they are important for goal-directed navigation (Ormond & O’Keefe, Nature, 2022; LaChance &
Taube, Hippocampus, 2023). However, analytically identifying egocentrically tuned cells is non-
trivial and requires methods that adequately control for the unequal sampling of locations and
heading directions as is the case in many empirical studies of spatial navigation. Here, we thus
performed numerical simulations to study the accuracy of our method for identifying egocentric
bearing cells. Our results show that this method reliably detects egocentric bearing cells; that it
detects their reference points with good accuracy; and that it does not incorrectly identify
allocentric place or direction cells as egocentric bearing cells. We find, in contrast, that
egocentric bearing cells can be mistaken as allocentric direction cells and that egocentric bearing
cells with distance tuning can be mistaken as allocentric place cells. Our findings may help
investigating egocentrically tuned cells in humans and other animals, and they may help advance
our understanding of how the brain accomplishes spatial navigation and spatial memory.
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Abstract: Intracranial electroencephalography (iEEG) provides an exceptional spatiotemporal
resolution to understand the neural population dynamics underlying human behavior.
Specifically, high frequency band activity (60-180 Hz; HFA), which is sometimes referred to as
‘high gamma activity’, constitutes an information-rich signal that has been shown to index local
cortical activation and predict human behavior on a single trial level. While HFA is often
regarded as a proxy of neural firing, several recent lines of inquiry highlighted that this view
might be overly simplistic. Here, we combined intracranial recordings from early visual cortex in
humans and mice with selective optogenetic perturbations in different behavioral settings, to
understand the factors that shape the HFA response. We employed spectral parametrization to
separate oscillatory from aperiodic responses and observed a strong correlation between neural
firing and aperiodic activity during different arousal states. The correlation between neural firing
and gamma oscillations, however, was context-dependent. Sensory input in form of visual
gratings monotonically increased the oscillatory responses, while neural firing exhibited a non-
linear response profile. Critically, visual stimulation left the aperiodic activity unchanged.
Optogenetic inactivation of different interneuron subtypes (somatostatin-, vasoactive intestinal
polypeptide- and parvalbumin-positive) revealed that a modulation of the underlying balance
between excitatory pyramidal cell activity and inhibitory interneuron activity mainly modulated
aperiodic neural dynamics, with a more nuanced impact on oscillatory activity. Critically, these
findings were well explained by a canonical microcircuit model, which indicates that the
broadband high-frequency range of electrophysiological brain activity encompasses multiple
concordant processes that jointly shape the local field potential. In sum, these observations link a
canonical microcircuit to large-scale population dynamics as observed in humans and provide
insights into the underlying physiology of broadband high-frequency activity.
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Abstract: Understanding how the human brain recognizes faces has been a central inquiry in
cognitive neuroscience for decades. While neuroimaging studies have extensively explored the
functional localization of face processing, the neural computations underlying face recognition
remain elusive. Among the face-selective areas localized in previous fMRI studies, which
typically included posterior and middle fusiform gyrus (also know as pFus and mFus), the
anterior fusiform gyrus was rarely discussed. It is unclear whether the lack of face-selective
response in the anterior VTC is simply due to magnetic susceptibility artifacts or the functional
differences. To address this gap, we utilized human intracranial electroencephalogram (iEEG),
offering high spatial-temporal resolution, to investigate the neural encoding of faces across
different brain areas in the VTC. Specifically, we recorded iEEG signals from 13 drug-resistant
epilepsy patients while they viewed 500 natural faces. We identified 4 regions of interest (ROIs)
based on anatomical landmarks, including the middle and anterior fusiform gyrus (mFus and
aFus), and the middle and anterior inferior temporal gyrus (mIT and alT). Distinct coding models
of faces have been proposed in single-neuron studies, separately in the human brain and non-
human primate brain. We hence surveyed the distribution of these models across the VTC areas.
First, our results revealed widespread visual responsiveness across all ROIs, with response
latencies increasing anteriorly, indicating the involvement of anterior VTC in visual face
processing. Second, identity-selective responses were predominantly observed in the fusiform
gyrus, with a strong right lateralization in the aFus. Third, by fitting the neural responses with
visual features extracted from a deep neural network (DNN), we demonstrated that both the
mFus and aFus exhibited robust axis-based feature coding, also with a pronounced right
lateralization in the aFus. Additionally, the mFus exhibited a preference for encoding features
from the intermediate DNN layers, while the aFus favored features from the later DNN layers,
suggesting a feedforward visual feature processing hierarchy in the VTC. In contrast, neither the
mIT or alT showed significant axis-based feature coding. Lastly, our results revealed a decrease
in the ratio of axis coding channels relative to identity coding channels from the mFus to the
aFus, implicating a progression of identity-specific processing along the visual hierarchy.
Together, these findings advance the mechanistic understanding of face processing in the human
VTC, filling a crucial gap in the existing neuroimaging literature.
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Abstract: The hippocampus is causally involved in episodic memory and posited to support
memory in children. The prefrontal cortex (PFC) is central to higher-order cognition and posited
to support developmental improvements in memory from childhood into young adulthood. Both
regions demonstrate structural and functional changes with advancing age across adulthood that
make them susceptible to neurodegenerative disease. Yet, it is not known how age affects
hippocampus or PFC physiology from childhood through middle age, or whether age-related
neurophysiological differences have distinct spatiotemporal profiles that predict memory ability.
In this preregistered study, we analyzed intracranial EEG data from an exceptionally large cohort
of neurosurgical epilepsy patients (n = 101, n seizure- and artifact-free channels = 5,691; age
range = 5-55 years; 63 males). We isolated signals from each channel that have been linked to
memory, higher-order cognition, and aging: slow (~1.5-4.5 Hz) and fast theta (~4.5-8 Hz)
frequencies and the broadband aperiodic slope. We quantified these signals in the hippocampus
and subregions of PFC during memory task-based (i.e., visual memory recognition task) and
task-free (i.e., awake rest) states, mapped effects by age, and related effects to individual
memory outcomes. We found that: 1) in hippocampus, faster slow theta rhythms predict superior
memory recognition independent of age, and 2) in inferior frontal gyrus, the age-related slowing
of slow theta rhythms predicts age-related improvements in memory recognition. Both effects
were specific to theta rhythms during memory encoding and were not observed during rest,
suggesting region-by-region relationships specific to task engagement. By contrast, 3) in rostral
middle frontal gyrus, we observed age-related flattening of aperiodic slopes during both memory
encoding and rest that predicted age-related improvements in memory recognition. These effects
reveal the aperiodic slope in PFC as a potential trait-like marker of healthy brain development
across the lifespan. Theta rhythms and aperiodic activity reflect distinct neurophysiological
mechanisms, each of which may be targeted with brain stimulation to slow down or ameliorate
age-related memory decline characteristic of many neurodegenerative diseases.
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Abstract: Risk taking behavior can be a symptom of multiple neurologic and psychiatric
disorders. Neuroimaging studies suggest that reward signaling regions including orbitofrontal
cortex (OFC), anterior cingulate cortex (ACC), amygdala, and insula are involved in risk taking.
However, the associated electrophysiological activity and how this may be related to reward
signaling are understood. Eleven epilepsy patients with implanted depth electrodes in the
amygdala, OFC, ACC, and/or insula participated. Patients completed a gambling task while local
field potentials (LFPs) were recorded. Subjects were shown a playing card and after a delay were
prompted to place a wager ($5 vs $20) as to whether this card was higher than a face down card.
After their response the card was revealed followed by feedback about the outcome. We used
cluster-based permutation testing to identify time frequency clusters that significantly differed
between unexpected and expected rewards to identify LFP correlates of reward prediction error
(RPE). We also used cluster-based permutation testing to identify time frequency clusters that
were different prior to low versus high bets in high risk (<50% chance of winning) trials. We
used two-way ANOVA with bet and risk level to classify risk features of clusters. We used linear
mixed effects models to evaluate the relationship between RPE and risky decision power. A
linear regression model to evaluated the relationship between risky decision power and
impulsivity scores. We found clusters associated with RPE in the amygdala (p=0.0066), ACC
(p=0.0092), and OFC (p=6.0E-4). Risky decisions were predicted by increased high-gamma
oscillatory power during card presentation in OFC (p=0.0022) and by increased power during bet
cue presentation in theta-to-beta range in OFC (p=0.0022), high-gamma in ACC (p=0.004), and
high-gamma in insula (p=0.0014). Decreased OFC gamma power predicted risk adverse
decisions (p=2.0E-4). Insula risky decision power was associated with OFC high-gamma RPE
power (p=0.0048) and impulsivity scores (p=0.0047). Our findings identify and help characterize
reward circuitry activity predictive of risk-taking in humans. These findings may serve as
potential biomarkers to inform the development of novel treatment strategies in the future.
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Abstract: Understanding how emotional processing modulates learning and memory is crucial
for the treatment of neuropsychiatric disorders and pathologies characterized by emotional
memory dysfunction. We investigated how the human medial temporal lobe (MTL) supports
emotional memory on a single-unit level by recording neuronal spiking activity from the
hippocampus, amygdala, and entorhinal cortex during encoding and recognition sessions of an
emotional memory task in patients with medically resistant epilepsy. Our findings reveal distinct
representations for both remembered compared to forgotten, and emotional compared to neutral
scenes in both single units and MTL population spiking activity. Additionally, we demonstrate
that a distributed network of human MTL neurons exhibiting mixed selectivity on a single-unit
level collectively processes emotion and memory as a network, with a small percentage of
neurons responding conjointly to emotion and memory. These results expand our understanding
of the neural mechanisms underlying emotional memory by focusing on the activity of individual
neurons rather than signals measured at more macroscopic levels, like electrical intracranial local
field potentials (LFPs) and hemodynamic responses measured with functional magnetic
resonance imaging (fMRI). Using microelectrodes to record spiking activity represents a
promising approach for studying emotional memory by enabling a more detailed understanding
of the underlying dynamics, and further research into these neurophysiological mechanisms
could lead to a better understanding of how emotional and memory processing interact during
healthy and maladaptive learning. Finally, analyses of spike-LFP coupling will be presented.
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Abstract: Reward Positivity (RewP) is a reward-related potential that occurs 250 - 350 ms post-
outcome. Distinct from the feedback-related negativity, RewP is a difference potential between
rewarded and unrewarded outcomes. RewP has been associated with prediction error (RPE)
signals, which are critical for updating value expectation (RVE) when a mismatch between
expected and actual reward occurs. Scalp source localization studies mostly localize RewP to
anterior cingulate cortex (ACC), but also subcortical structures and the parietal lobe. Limitations
inherent in EEG localization studies motivated us to study the RewP intracranially. We sought to
identify the neurocomputational underpinnings and neural generators of RewP via trial-by-trial
estimation of RVE and RPE in intracranial recordings of the human brain. We study these
features across subjects in the context of impulsive choice (IC): a maladaptive tendency shown to



contribute to substance use and other psychiatric disorders.We recorded intracranial and scalp
potentials from 43 patients undergoing neuromonitoring for epilepsy while they carried out the
Balloon Analog Risk Task (BART). We calculated IC using the Kullback-Leibler Divergence
(KLD) between active and passive trial inflation time distributions. RewP was examined for
broadband local-field potential (LFP), high broadband frequency (HFA: 70 - 150 Hz), an
established measure of neuronal population firing, and the broadband spectrogram (spectral: 1-
150 Hz). For these signals, outcome-aligned HFA and LFP were modeled as a linear
combination of the RewP amplitude, impulsivity, and temporal difference learning variables,
RVE and RPE, via linear mixed effects models. The KLD metric categorized our cohort as more
and less impulsive choosers. From 3211 intracranial electrodes, rank-sum tests revealed RewP
was encoded on 315 LFP, 297 HFA, and 1251 spectral contacts. For the HFA model, RPE (t=-
3.887, p<0.001) and actual reward (t=3.532, p<0.001) were significantly predicted by RewP
amplitude; with more robust RPE signals eliciting lower RewP amplitudes and greater reward
increasing RewP. For the LFP model, we also saw interactions between impulsivity level, RVE,
and actual reward (t=2.547, p=0.011), suggesting a modulatory effect of impulsivity on RewP.
Regional analysis revealed RewP encoding in ACC for LFP (12.3%) and HFA (8.3%), as well as
other subcortical regions. We extend understanding of intracranial RewP, showing associations
with learning signals and modulation by impulsivity, as well as how RewP is parametrically
encoded in the human brain. These findings have implications for reinforcement learning and
psychiatric disorders.
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Abstract: To support a range of behaviors, the brain must flexibly coordinate neural activity
across regions, yet the precise mechanism for this coordination is unknown. One potential
mechanism is a traveling wave, in which a neural oscillation propagates across the brain while
organizing the order and timing of neural activity. Although spontaneous traveling waves are
present across the brain during a range of behaviors, their functional relevance remains
mysterious. Here, using direct human brain recordings from neurosurgical epilepsy patients, we



demonstrate a distinct functional role for traveling waves of theta- and alpha-band (2-13 Hz)
oscillations in the cortex. Traveling waves propagated in different directions during separate
cognitive processes. In episodic memory, traveling waves tended to propagate in a posterior-to-
anterior direction during successful memory encoding and in an anterior-to-posterior direction
during recall. Because traveling waves of oscillations correspond to local neuronal spiking, these
patterns indicate that neural activity moves across the brain in different directions for separate
behaviors. We then modulated the direction of traveling waves by delivering direct electrical
stimulation to different cortical locations at a range of frequencies and amplitudes. We
demonstrated that waves often change direction after high-frequency stimulation of the cortex. In
particular, when waves propagated towards a stimulation location prior to stimulation, they were
most likely to switch to the opposite direction following stimulation. Our results suggest that
traveling waves play a fundamental role in flexibly organizing the timing and direction of
network interactions across the cortex to support cognition. By characterizing the effects of brain
stimulation on the direction of traveling waves, our results provide causal evidence in humans
into how brain stimulation may be optimized to modulate traveling waves that support memory
processes.
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Abstract: Remembering the temporal order of events is critical for episodic memory. Previous
studies suggest that linking individual events into temporally associated memories relies on the
medial temporal lobe and prefrontal cortex. Damage or losses to these regions can disrupt the
recall of stories and real-life events in the correct temporal sequence. Despite the critical role of
the medial temporal lobe and prefrontal cortex in episodic memory, little is known about how
ordinal information is encoded and later retrieved in these regions. To address this question, we
recorded single-neuron activity and local field potential signals with depth electrodes implanted
in 11 drug-resistant epilepsy patients for diagnostic purposes. Participants first watched 25 video
clips with no audio. Each clip contained four events, with visual cuts either inserted at event
boundaries, away from boundaries, or without visual cuts. Participants’ memory of clip content



was subsequently evaluated in two memory tests. In the scene recognition task, participants
identified whether a frame was familiar or not. In the time discrimination task, participants
determined which event happened first when presented with two frames associated with the
tested events. Behaviorally, participants had comparable recognition memory regardless of the
clip type but had more accurate order memory for frame pairs extracted from clips with visual
cuts at event boundaries. We recorded 634 neurons in total. At the single cell level, we found
neurons in the hippocampus (6%), amygdala (5%), and orbitofrontal cortex (7%) that transiently
increased their firing rates selectively following a specific ordered event boundary (e.g., 2"
event boundary in a four-event clip) relative to clip onset, invariant to event contents. At the
population level, hippocampal and prefrontal theta power after event boundaries increased along
with event orders while the frequency of theta oscillations decreased. Further, transient theta
phase precession was observed following event boundaries, with its strength modulated by event
order. In sum, our results suggest that the medial temporal lobe and prefrontal cortex employ
multiple neural coding mechanisms at both single-cell and population levels to index sequential
order in memory.
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Abstract: In conscious vision, internal experiences can vary despite a consistent external
stimulus, prompting intriguing questions about the neural representation of these subjective
perceptions within the brain. It is generally accepted that cells in higher visual areas encode the
contents of conscious vision. However, the involvement of neurons in lower visual areas, such as
the primary visual cortex (V1), in encoding conscious contents, is highly contentious. In the
current study, we utilized single-cell recording techniques to investigate whether there were cells
in human V1 that can encode the perceived contents independently of the external stimuli.

We employed the isoluminant chromatic flicker (ICF) paradigm to dissociate perceived contents
from external stimuli. In this paradigm, when two isoluminant colors, such as red and green,
alternate at a frequency of 30 Hz, subjects perceive a single fused color (yellow), despite the
alternating external stimuli being red and green. Subjects were asked to adjust the RGB values of
a yellow stimulus until it perceptually matched the perceived yellow of the 30-Hz ICF.
Subsequently, we presented 30-Hz flicker, spectrum-matched red, spectrum-matched green, and
percept-matched yellow, in the spatial location aligned with the receptive fields of V1 neurons,
while subjects concurrently engaged in a fixation task.

We identified 112 visually responsive neurons. Then we introduced the response similarity index



to quantify each neuron’'s relative response similarity between the 30-Hz ICF and spectra-
matched red or green (spectral similarity) compared to that between the 30-Hz ICF and the
percept-matched yellow (perceptual similarity). For a given neuron, if the perceptual similarity
significantly exceeds the spectral similarity, it is defined as a percept cell; conversely, it is
defined as a spectrum cell. We identified 30 spectrum cells and 21 percept cells, suggesting that
in human V1, there were not only cells that can represent the external world, but also cells that
can represent internal experiences. In addition, we found that the response waveforms of
spectrum cells to 30-Hz ICF flicker stimuli and the percept-matched yellow were different, while
the response waveforms of percept cells to those two stimuli were statistically inseparable during
stimulus presentation.

In summary, by integrating the human single-cell recording techniques and the ICF paradigm,
we identified percept cells within human V1. This discovery underscores the crucial role of V1
in directly encoding the contents of conscious perception, highlighting its significant contribution
to the construction of conscious experience.
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Abstract: Our memories play a crucial role in many decisions. Recent evidence supports the
idea that individuals recombine elements of past episodes stored in memory to evaluate the
outcome of some decisions (Biderman, Bakkour, & Shohamy, 2020; Shohamy & Daw, 2015).
However, memory is not infallible and can be easily distorted. Understanding the impact of false
memories on decision-making is essential. To explore how rewards influence false memory and
subsequent choices, we employed a modified version of the classic Deese-Roediger-McDermott
(DRM) paradigm, testing the effect of different reward levels assigned to various DRM lists at
the encoding stage (Deese, 1959; Roediger & McDermott, 1995; Roediger et al., 2001). In
Experiment 1, participants (N = 122) studied DRM word lists with varying reward values and
recalled the words after a delay during which they performed a distractor task. In Experiment 2,
another sample of participants (N = 124) studied the same DRM word lists and then chose
between words and point values to maximize their rewards. Words were either novel, studied, or
conceptually related critical lures. We found that high-value critical lures were falsely recalled
more often than low-value critical lures, but that those high-value critical lures were more likely
to be identified as novel (i.e., participants properly monitored their memory for those words)



when prompted. Moreover, participants chose high-value critical lures more often than novel
items that were not related to the studied lists. These findings suggest that reward can modulate
memory representations to be more generalizable and consequently shape decisions that rely on
such representations
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Abstract: Our decisions often require us to prioritize some features of our experiences over
others. One way to do so is to focus on relevant features and discard those that are irrelevant. Yet
learning which features to prioritize requires extensive experience. Moreover, features that are
irrelevant now may become relevant in the future. These issues can be addressed by instead
making decisions by sampling individual richly encoded experiences from episodic memory.
Here we hypothesize that episodic memory is used to flexibly construct decision variables
according to whichever features of the past are currently relevant for a choice. We test this
hypothesis using a novel paradigm in which people were asked to make decisions about features
that were present across multiple past experiences. Critically, making good choices in this task
requires constructing a decision variable by summing the value of distinct episodes that share a
common feature. Across two experiments (Exp 1: n=67; Exp 2: n=71), we find evidence that
people use episodes to access features of past events on the fly during decision making.
Participants’ choices were better predicted by the value of subsequently recalled choice-relevant
episodes relative to the veridical value of each choice (Exp 1: ELPD=16.48, SE=15.9; Exp 2:
ELPD=17.78, SE=13.86; difference in cross validated expected log predictive density). Further,
participants took longer to make choices that required referencing more episodes (Exp 1: f=0.05;
95% CI=[0.02,0.09]; Exp 2: p=0.06; 95% C1=[0.03,0.13]; main effect of the number of
memories on decision response time). In a third experiment (Exp 3: n=50), we aimed to assess
whether episodes are particularly useful when it is unclear which features should be prioritized
ahead of time. To do so, we manipulated whether participants knew prior to encoding each
episode which features would be needed for future choices. Only when this information was
unknown did participants base choices on the value of individual episodes (Known: ELPD=-
6.32, SE=10.19, Unknown: ELPD=13.14, SE=7.61) and take longer to make choices based on
more episodes (Known: =0.02; 95% CI=[-0.04,0.07], Unknown: =0.08; 95% CI=[0.04,0.12]).
Overall, these results suggest that episodic memory promotes adaptive choice when knowledge
of multiple features is necessary.
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Abstract: This study investigates how changes in hippocampal-dependent processes during
healthy aging affect different forms of decision-making. A sample of 86 participants (45 younger
and 39 older adults) first underwent fMRI while they performed a choice task in which accurate
performance relied on retrieving value information from a single past episode. The same group
of people were then also scanned during a reinforcement learning (RL) task in which they
learned the average value of four stimuli incrementally across repeated exposures. The
traditional view of multiple memory systems posits that these two paradigms should rely on
distinct neural substrates, with episodic memory in the first task recruiting the hippocampus and
RL in the second task evoking neural activity in the striatum and ventromedial prefrontal cortex
(O’Doherty et al., 2003; Squire & Zola, 1996). Given that we can simultaneously characterize
age-related neural changes in either system, our experiment is well-positioned to test the validity
of this distinction: we compare group-level performance on each of the two tasks, as well as the
neural activity that underlies it, in order to measure whether age-related cognitive impairments
preferentially affect one function or the other. We find that older adults were especially impaired
at making decisions from episodic memory (age*reward interaction: f = 0.41, p = 0.016), and
showed reduced activity in hippocampus and medial temporal lobe at encoding. In the
reinforcement learning task, older adults accurately learned the value of the four stimuli
(age*learning block interaction: 3 = 0.004, p = 0.84), and showed no differences in reward
prediction error signaling in the striatum. Nonetheless, older adults did show subtle performance
deficits in RL, especially at the end of learning (age difference in proportion correct choice on
the final block: t =-1.86; p = 0.06). Using representational similarity analysis to assess how the
hippocampus tracks distinct stimulus identities, we can link these subtle behavioral impairments
to disrupted patterns of stimulus-specific neural activity. Together, these findings show that
changes in hippocampal processing with healthy aging underlie both larger impairments in
decisions based on episodic memory and more subtle impairments in incremental learning.
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Abstract: How do humans decide when to retrieve and when to encode episodic memories to
support decision-making? Empirical results have shown that familiarity and novelty of the
context matter. Studies of value-based decision-making (Fig. a; Duncan and Shohamy 2016;
Duncan et al. 2019), found that seeing a familiar stimulus biases subjects toward a lingering
retrieval mode, while seeing a novel stimulus biases subjects toward a lingering encoding mode,
even when the familiar or novel stimulus is incidental to the task. From a normative standpoint, it
is unclear why the familiarity of incidental stimuli should bias episodic memory. We
hypothesized that these biases could arise because the episodic memory policy - whether to
retrieve or encode at a given moment - is learned in an environment where stimulus familiarity is
autocorrelated in time. We present an episodic-memory-augmented neural network (Fig. b) that
learns an episodic memory policy using reinforcement learning. Learning to encode was
facilitated by allowing the reward obtained by retrieval to propagate back to reinforce the action
of encoding this memory. As our model learns in an autocorrelated environment, empirically
observed effects of contextual familiarity emerged (Fig. c, d). This is because, in an environment
where familiar stimuli tend to precede other familiar stimuli, familiarity indicates that relevant
episodic memories are present, making retrieval more useful. For the same reason, novelty
indicates that relevant episodic memories are absent for subsequent time points, making
encoding more useful. Our results suggest that the influences of familiarity and novelty are
adaptive features of human episodic memory policy, reflecting autocorrelated environments.
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Abstract: Animals are motivated to acquire knowledge. They often seek information that
reduces uncertainty, even if it does not lead to increased external reward and comes at a cost.
This implies that information is intrinsically valuable. However, due to its cognitive nature, the
neural mechanisms that assign value to information-associated stimuli to guide knowledge
seeking are poorly understood. We have therefore developed an information seeking task for
mice and used it to investigate neural population representations of information-associated odor
stimuli. In this task, mice choose to receive probabilistic water reward in either of two nosepoke
ports, which differ only in whether they provide information via odor that reveals the reward
amount but cannot be used to increase reward. Mice are cued at trial start by odor in a third port
which reward ports are available, such that they learn an association between odor and predicted
information. Mice strongly prefer the information port (68% mean preference, p<0.001, N=33).
Moreover, mice exchange water to pay for information, preferring the information port even
when it decreases their water reward. We fit reinforcement learning parameters to choices
between information and water to model the subjective value of information (mean 38% water
value exchanged for information, N=4). Thus, like humans and other animals, mice display an
economically sub-optimal information bias in their decision making, behaving as if information
has intrinsic value. To ask how representations of neutral odor stimuli are transformed by
association with information value, we imaged neurons in orbitofrontal cortex (OFC) using
miniature microscopes in mice learning the information seeking task (N=7 mice, 1138 cells).
Decoding analysis and dimensionality reduction revealed a population representation of
predicted information comprising 18% of OFC neurons. The difference between neural activity
in anticipation of information vs. no information scaled with the time animals spent in a state of
uncertainty, consistent with the information prediction representation being a scalar value signal.
We observed different but overlapping populations of neurons responsive to odors predictive of
information and odors predictive of water reward (18% of OFC cells each, 30% of which
overlap). Moreover, a latent variable model recapitulated distinct representations of intrinsic
information versus extrinsic water value in the low-dimensional dynamics of OFC activity.
These data suggest that mice have evolved distinct pathways in OFC that represent the intrinsic
value of knowledge and the extrinsic value of water reward.
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Abstract: To make effective decisions, humans must predict how our actions will influence
future events. This can be achieved by learning predictive representations that encode the
relationships between events. Since real-world experience is diverse, decisions must often be
made in unfamiliar situations. Thus, representations must also be generalizable to facilitate novel
inferences about novel futures. The present research investigates how generalizable predictive
representations are learned. Given that distinct events often share common features, we
hypothesized that generalization would be bolstered by learning compositional representations of
the stable features of experience (feature-based) rather than specific representations of the
rapidly changing events (conjunctive). To test this, human participants (N = 100) completed a
task in which they made reward-based choices between multi-feature items. During training,
predictive associations (start—successor) and reward value (successor—$) were defined at the
feature-level, allowing either feature-based learning or conjunctive learning on items. A
subsequent test phase then probed participants’ abilities to infer the distal reward value of novel
start items (start—§). Accurate choice at test therefore required predictive learning to be
generalized (start—successor—$§). We fit computational successor representations models to the
choice data to identify how participants learned. Results showed a large portion of participants (p
= 0.51) were best fit by the feature-based model, and that this group generalized best at test.
Moreover, given the numerous potential feature mappings for each start-successor item pair, we
hypothesized an inductive bias that weights learning towards semantically related features would
reduce this space of possibilities for more accurate inference. This bias was captured by a free
segmentation parameter in the feature-based model. Supporting our hypothesis, a higher
segmentation parameter fit was associated with better generalization. In all, these findings
suggest that the ability to segment experience into simplified predictive representations may
underlie inference in novel settings. This form of memory may thus be important for adaptive
behavior in our complex world.
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Abstract: As adolescents navigate newfound independence, they encounter many new
experiences that allow them to develop a richer understanding of the world around them. How do
adolescents integrate this expanding knowledge to make good and bad decisions? How does
ongoing brain development support the ability to generalize across multiple experiences and
guide value-based inference? We tasked participants (n=98) aged 11-25 with making value-
based decisions while undergoing fMRI scanning. Participants chose between pairs of every-day



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. This design created a
latent structure of values, allowing participants to learn which categories yielded high-value and
low-value payouts. 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 found that younger adolescents were less likely to use category values to guide
trial-by-trial decision making. However, adaptive decision-making emerged with age, and older
adolescents and adults were more likely to generalize category value to guide choice. Even
though younger adolescents did not apply category values during decision-making, they still
reported explicit awareness of the category values following the task. This reveals that younger
participants knew the category values, but they did not generalize this knowledge to make
adaptive decisions. Therefore, adolescents exhibited a knowledge-behavior gap, which decreased
with age. Because retrieving and updating category knowledge relies on cortical systems that
continue to mature during adolescence, we examined how functional activity tracked category
value signals during the choice phase of the task. For adults, vmPFC activity parametrically
tracked choice value, but this was not the case for adolescents. Together, these findings
demonstrate that younger adolescents experience a knowledge-behavior gap: they can explicitly
express value knowledge but do not apply it to guide value-based decision. Thus, even when
adolescents know the best course of action to take, their decisions can deviate from their
knowledge about the world. This developmental difference may reflect the late maturation of
cortical circuitry, which supports the emergence of adaptive decision-making during
adolescence.
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Abstract: We can use past experience to guide our decisions in multiple ways. To anticipate an
action’s outcome, we might rely on a running average, updated incrementally across many
experiences, or, without a reliable average, we might instead rely on a single, specific experience
retrieved from distant memory. While prior work has characterized how incremental learning
changes across development (Nussenbaum & Hartley, 2019), it remains unclear how memory-
guided decision making changes with age. On one hand, we might expect memory to inform



valuation early on in development as it allows for robust learning from limited experience and is
computationally simple (Lengyel & Dayan, 2008). At the same time, the structure of memory
continues to change across adolescence (Keresztes et al, 2018), which could have consequences
for which experiences are retrieved together (Shin & DuBrow, 2020). To characterize the
development of memory-guided decision making, we had participants (N=105, ages 8-25 years
old) complete a two-day multi-armed bandit task optimized to distinguish the influence of
different kinds of memory on choice (Bornstein & Norman, 2017). On the first day, they learned
which of three probabilistic options was most likely to yield reward. Each choice’s outcome was
tagged with a trial-unique image. On the second day, recognition memory trials were interleaved
between choice trials. We were most interested in choice trials immediately following memory
trials, those on which the prior day’s images were shown. This image could evoke different
experiences: either the outcome received on the trial episode or the outcomes received across the
broader context. Payoffs were structured such that these two sets of experiences would bias
participants towards different options. We found that participants’ choices were biased by both
evoked episodes and contexts (B;episode= 0.09, 95% CI =[0.04,0.13], B;context= 0.15, CI =
[0.06,0.24]). The influence of the evoked episode marginally decreased with age, while the
context’s influence increased (f;episoderage= -0.04, Cl = [-0.08,0.00], ;contextage= 0.09, CI =
[0.00,0.18]). Our results suggest that memory’s role in valuation is early emerging, but, as
memory representations become increasingly associative with age, context exerts a stronger
influence on decision making.
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Abstract: The ability to flexibly adjust cognition and behavior is the cornerstone of human
flexibility. As our goals change or incentives increase, we adjust how we process information
and act. Such flexibility requires adjustments in cognitive control states that align cognition with
our current goal (e.g., changing levels of attention and response caution). However, flexibility
comes at a cost: here we demonstrate that people are better at achieving a goal in isolation than
when transitioning between goals. We show that this cost can be explained by inertia in
transitions among control states that support goal-directed behavior. Using a classical control-
demanding task (Stroop), we develop a behavioral paradigm in which people perform the same
task, but adjust their control states based on changing performance goals (e.g., focus on fast vs.



accurate performance). Across five studies we demonstrate the existence of control adjustment
costs: people under-shoot their target control state in environments that demand frequent
movements between different target states. Further, we develop a dynamical system model that
casts control adjustments as gradual movements from the current state (e.g., low attention and
response caution) to the target state (e.g., high attention and response caution). We leverage
sequential sampling models of decision-making to study adjustments in response threshold
(caution) and evidence accumulation rate (a potential index of selective attention attention) as
people move between goals that demand adjustments in these control signals. Our findings
validate the core prediction of our model that control adjustment costs arise due cognitive control
dynamics. We show that control adjustment costs arise in situations that demand frequent
changes in control levels (N=44), and that the magnitude of the cost depends on the distance
between target states (N=38) and the time allowed for the transitions (N=50). Further, we show
that the costs increase with more frequent switches between states (N=55), as well as when the
value of a state (i.e., associated incentives) increase (N=51). Together, this work demonstrates
that control adjustment costs arise from the dynamics of transitions in the space of control
signals that determine information processing and action selection. Our modeling shows how
such costs can arise within a simple dynamical system which is cast as a small recurrent neural
network adjusting control states based on changing goals. In so doing, our work sheds a new
light on the factors that determine and constrain the flexibility of goal-directed behavior.
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Abstract: Failures in self-control pose a recognized challenge for both individual and public
health. A growing body of cognitive and decision neuroscience research has now demonstrated
that exercising goal-directed control imposes cognitive “costs” on individuals, pointing to a
potential explanation for why exercising control is so difficult and often fails. We recently
demonstrated that the cost of self-control can be estimated from the monetary cost choosers are
willing-to-pay (WTP) to avoid temptation that could lead to self-control failures, and that these
costs scale with temptation level (e.g., dieters will pay more to avoid unhealthy vs. healthy
foods). Here, we sought to (1) probe the underlying algorithmic process through which control
costs grow with temptation level and (2) examine how inter-individual heterogeneity in cognitive
capacity and impulsivity—two factors known to influence goal-directed behavior—shape the
perceived cost of self-control. Healthy dieters (n=60) completed an economic decision-making
task in which they viewed images of foods that varied on temptation level, quantity, and duration
of time the given food may be physically present (1-60 min). On each trial, participants reported



their WTP from a study endowment to avoid exposure to the food depicted on the trial. A
realization phase followed, during which one trial was randomly selected and played out in a
standard economic auction procedure. We used trial-by-trial WTP to construct a cost function
mapping subjective control costs to exposure time with the food across each temptation level.
Control costs ordered as expected, increasing with higher temptation, quantity and exposure time
with the foods. To probe this algorithmic process, we tested if increases in temptation changed
the curvature of the cost function, or whether it altered costs through a scaling mechanism.
Computational modeling confirmed that the curvature remained unchanged across temptation
levels and that multiplicative scaling best accounted for the observed changes in self-control
costs as temptation increased. Finally, we examined how cognitive capacity and impulsivity
(measured through a working-memory and delay discounting task, respectively) influenced these
costs in an independent cohort of dieters (n=90). We found WTP to avoid control was higher
both in participants with lower working-memory capacity and higher discount rates. Our findings
point to an algorithmic process through which temptation renders it disproportionately costlier to
exert self-control over time and suggest higher impulsivity and lower cognitive capacity lead to
greater perceived costs of exercising self-control.
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Abstract: In contrast to the assumptions of normative choice theories, empirical decision-
making is context-dependent, varying with factors like the composition of the choice set. This
context-dependence implies a relative rather than absolute value code, consistent with relative
reward representations seen in neural activity. However, it is unknown why context-dependent
valuation arises and what function it serves; furthermore, the extent and distribution of relative
reward coding across different brain regions is unclear. Here, we hypothesize that relative value
coding: (1) arises intrinsically in neural networks trained to make value-guided choices, (2)
reflects internal processing constraints, and (3) is governed by external properties of the reward
environment. We trained simple deep neural networks with gradient descent to make value-
guided choices; in primary simulations, value inputs were drawn from multivariate normal
distributions with added environmental normal noise. Simulations were implemented in Python
and analyzed in Python and Matlab. Following training, relative value coding in hidden layer
units was quantified by multiple regression and the calculation of a relative value index (RVI).
Across simulation runs, we examined how RV depended on both internal network (layer size,
layer depth, neural nonlinearity, training loss function) and external environmental (reward
covariance, input noise, reward distribution) factors. We find that relative value coding arises



naturally in deep networks trained to perform value-guided decision making, evident as a
positive RVI in hidden layer units following training. RVI exhibited an anatomical gradient: in
multilayer networks, the overall strength of value coding was stronger in later layers but the
degree of relativity was highest in early layers, suggesting an initial contextualization of value
information prior to subsequent processing. Furthermore, RVI was driven by external
correlation, with stronger relativity when reward inputs were more correlated, supporting the
hypothesized role of relative coding in reducing redundancy introduced by statistical structure in
the world. These findings suggest that context-dependent valuation serves to implement efficient
coding, optimizing performance under biological capacity constraints. Relative value coding
arises naturally in artificial network optimization, governed by both internal and external factors.
Ongoing work will use the layer-dependent strength of relative valuation as a framework to
examine human neuroimaging data, identifying core brain regions in the hierarchical evaluation
and decision-making process.
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Title: Engineering extracellular vesicles with microRNAs to permeabilize the blood-brain barrier
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Abstract: The scientific community actively seeks medications for neurological disorders, a
leading cause of global disabilities. Yet, delivering these drugs to the brain in a non-invasively
way faces challenges due to presence of the blood-brain barrier (BBB), composed of tightly



bound endothelial cells supported by pericytes and astrocytes. While vital for shielding the brain,
the BBB poses a significant hurdle for drug targeting. Current strategies, like hyperosmotic
solutions or physical stimuli, often entail side effects and lack precision and safety. Our research
aims to transiently open the BBB to facilitate drug delivery, inspired by observations of BBB
breakdown during aging, phase during which circulating factors change and affect the vessels.
We utilized four microRNAs (miRNAs) associated with aging (miR-34a-5p, miR-181c-5p, miR-
124-3p, miR-383-3p) to engineer plasma extracellular vesicles (EVs) from umbilical cord blood.
Ensuring diversity, we used plasma from three different donors to isolate each batch of EVs.
These enriched EVs were then incubated with an in vitro human BBB model obtained in
Transwell systems by co-culturing endothelial cells differentiated from CD34-positive cells and
pericytes. Our findings revealed that miR-383-3p-loaded EVs significantly increased BBB
paracellular permeability (p value < 0.001) after 48 hours of incubation compared to control
samples treated with EVs enriched with a scramble miRNA. Quantification of the
immunocytochemical investigations showed a 45% decrease in claudin 5 expression, a crucial
protein for BBB tight junctions, in BBB models incubated with miR-383-3p-EVs. Importantly,
our strategy modulated the BBB reversibly, as evidenced by the restored paracellular
permeability and claudin 5 expression in the BBB model 24 hours after removing the
nanoformulations from the culture medium. We identified ATF4 and NR3C2 as the target genes
of miR-383-3p, which helped elucidate how the tight junctions of the BBB were weakened.
Furthermore, we investigated the effects of modulated EVs on endothelial cells using a
microfluidic system-based human BBB model under flow conditions. Even under these
biomimetic settings, the engineered EVs exhibited the same effects on the flow-stimulated BBB
model as observed in static conditions. Our results suggest that engineered EVs hold promise as
a strategy for temporarily opening the BBB, facilitating easier access for drugs to reach the brain
upon injection into the bloodstream.
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Abstract: Gene delivery via adeno-associated viral vectors can provide lasting clinical benefits
following a one-time treatment. Delivery throughout the brain is needed for the treatment of
neurological disorders with widespread pathology, including Alzheimer and Parkinson diseases,
and amyotrophic lateral sclerosis. Most gene vectors have poor diffusion in the brain tissue.
Furthermore, it is only at high intravenous doses that gene vectors can overcome the blood-brain
barrier. In contrast, relatively lower doses of gene vectors injected in the cerebrospinal fluid
enable significant transduction of superficial brain regions. The remaining challenge and unmet
need of gene therapy is to deliver gene vectors to deep brain structures using a minimally
invasive strategy. Here, we demonstrate that non-invasive focused ultrasound blood-brain barrier
modulation can increase the delivery of recombinant adeno-associated virus by 5-fold to deep
brain structures following injection in the cisterna magna. Delivery of adeno-associated viral
vectors to the central nervous system, via administration in the cerebrospinal fluid, is being
evaluated in several clinical trials for treating beta-galactosidase-1 deficiency, Batten disease,
Alzheimer disease, Parkinson disease, amyotrophic lateral sclerosis, and spinal muscular
atrophy. Our findings suggest that the efficacy of gene therapies delivered in the cerebrospinal
fluid can be enhanced by targeting brain areas of interest with focused ultrasound.

Intra-CSF injection of AAV for gene
delivery to superficial brain areas

‘
Combination of intra-CSF AAV
injection and focused ultrasound
for gene delivery to both superficial
and deep brain structures

Focused ultrasound gene
delivery to deep brain structures
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Abstract: Central nervous system (CNS) disorders present significant challenges for effective
drug delivery due to the spatial heterogeneity of neuronal circuits and spatially distributed
expression of molecular targets. Recently, we developed a technology allowing focally
hyperconcentrated (1,300x) drug delivery to specific brain regions, without opening the blood-
brain barrier (BBB) while significantly reducing off-target effects [Ozdas et al. 2020]. In this
study, we investigate the dynamics of focal hyperconcentrated drug release mechanisms using
focused ultrasound (FUS) technology and ultrasound-controlled drug carriers (UC-carriers) for
non-invasive drug delivery to the brain. We used an engineered two-component Aggregation and
Uncaging Focused Ultrasound Sequence (AU-FUS) that employs both continuous and burst
waveforms. The aggregation sequence concentrates our UC-carriers in the target area, while
subsequently the uncaging sequence provides rapid, temporally precise release of drugs. The
UC-carriers were manufactured using microfluidic technologies to precisely control their size,
concentration, and drug-loading capacity. Subsequently, we assessed the dynamics of the UC-
carrier aggregation and drug release using a custom-built microfluidic setup mimicking brain
capillaries to investigate AU-FUS dynamics to enhance focal drug release. We analyzed the
behavior of drug carriers under focused ultrasound by combining passive cavitation detection
(PCD) and optical imaging. PCD signals from the drug carriers allow us to tune AU-FUS
intensity to a regime which normally avoids BBB opening in vivo. The optical imaging system
records the behavior of drug carriers, allowing the characterization of aggregation clusters and
ratio-metric measurements to quantify the drug release. First, we characterized the aggregation
dynamics and assessed the impact of acoustic pressure and flow rate on aggregation dynamics.
Our findings indicate an optimal pressure range for aggregation of our drug carriers where we
achieve larger size and stable aggregations, facilitating increased drug concentration in the target.
Second, we used Dil fluorophore as a cargo to measure dye deposition, demonstrating the drug
uncaging in real time. Ultrasound exposure duration correlated with an increase in Dil
deposition. The AU-FUS sequence yielded 2000-fold more dye deposition than commonly used
FUS burst waveforms. These results hold significant implications for optimizing the targeted
drug delivery methods for CNS disorders.
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Abstract: The o2 adrenergic receptor agonist dexmedetomidine (Dex) is an important sedative
with analgesic and neuroprotective properties. Currently available Dex reversal agents, like the
ap-receptor antagonist atipamezole (Ati), cause serious adverse effects at the large dosages
required for effective reversal; they are not used clinically. Without reversal agents, recovery
from Dex-based sedation and anesthesia are slow. In this study we tested the ability of low-dose
Ati, in combination with caffeine or forskolin, a drug elevates [CAMPY];, to reverse Dex effects.
The low dose of Ati employed should not be associated with unwanted effects. University of
Chicago IACU approved this study using 16 adult female and 8 male Sprague Dawley rats (8 per
group). Multiple protocols were employed. In the first protocol, a bolus of Dex was rapidly
applied and the drug was allowed to equilibrate for 10 minutes before rats received either saline
(as control) or low-dose Ati with caffeine. Following this procedure, rats were placed on their
backs. Emergence from unconsciousness was the time for rats to recover their righting reflex
(RORR). A second protocol simulated a pediatric magnetic resonance imaging (MRI) scan.
Adult rats were anesthetized with dexmedetomidine for one hour followed by 30 minutes with
both dexmedetomidine and propofol. At the end of 90 minutes, rats received either saline
(control) or a combination of low-dose Ati, and caffeine. RORR was used as a proxy for the
recovery of unconsciousness. Finally, we tested the effectiveness of low dose Ati and caffeine to
reverse Dex-based anesthesia by using Dex combined with low dose GABAA or NMDA type of
drugs to mimic the level of surgical anesthesia. Emergence from Dex sedation, the time for rats
to RORR, decreased by ~90% when using an atipamezole dose ~20 fold lower than
manufacturer’s recommendation, supplemented with caffeine. Using an atipamezole dose ~10
fold lower than recommended, with caffeine, emergence times decreased by ~97%. A different
stimulant, forskolin, when tested, was as effective as caffeine. For the MRI simulation,
emergence times were decreased by ~93% by low-dose atipamezole with forskolin. Low dose
Ati and caffeine also rapidly reversed the effects of Dex/midazolam or Dex/N2O combination in
a similar fashion. In summary, low dose atipamezole with caffeine was effective at reversing
Dex-based sedation/anesthesia. Rats regained not only their consciousness and vital signs but
also their balance and their ability to carry out complex behaviors. These findings suggest that
low dose Ati with caffeine may permit rapid clinical reversal of Dex-based anesthesia without
unwanted effects.
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Title: Bioengineered human astrocyte encapsulation strategy to reduce neuroinflammation
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Abstract: Neuroinflammation is characterized by dynamic cellular reactivity that impacts the
microenvironment with both beneficial and detrimental consequences. Current treatments aimed
at reducing neuroinflammation typically involve systemically administered immunotherapies,
which often suffer from lack of target specificity, resulting in off-target effects and potentially
suboptimal therapeutic outcomes. Leveraging bioengineering advancements to modulate local
neuroinflammation presents a promising approach for restoring normal function across a diverse
range of neuropathological conditions. Astrocytes, due to their dynamic response to the
microenvironment and pivotal role in the neuroinflammatory process, are ideally positioned as
both initiators and targets for innovative immunomodulation techniques. To explore this
potential, human pluripotent stem cell-derived astrocytes were encapsulated within an
immunomodulatory alginate hydrogel to provide an indirect organoid coculture for in vitro
studies and circumvent the immune system in vivo. Human astrocytes within capsules were able
to secrete proteins to the external environment and become reactive in response to stimuli.
Astrocyte transgenic production of human interleukin 1 receptor antagonist (hlL-1Ra) and
Nuclear Factor Kappa B (NF-kB)-activated luciferase within capsules reduced reactivity of
organoids to inflammatory cytokines and reported inflammatory reactivity in response to various
inflammatory stimuli, respectively. Encapsulated astrocytes were also able to be stably implanted
into the brain while secreting hiL-1Ra. Additionally, for the long-term delivery of hlL-1Ra into
the brain, we are assessing the foreign body response (FBR) and screening a library of small-
molecule-modified alginates. These alginates were recently developed in our lab to reduce
peripheral FBR and are now being tested in the brain to identify formulations that could
minimize the FBR. Altogether, these studies validate an indirect organoid coculture and cellular
transplantation approach that delivers a novel platform to test and validate neuroinflammatory
modulators.
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Abstract: Glioblastoma (GB) is a primary tumor of the brain that arises from central nervous
system malignancies. Glioblastoma is usually treated with a combination of radiotherapy,
chemotherapy (temozolomide), and neurosurgery. The lack of precision medicine, combined
with tumor recurrence, contributes to an extremely low survival rate with existing therapy
options. Small interfering RNAs, or siRNAs, have a straightforward design, are very target-
specific, and work well at low dosages. This study explored the possibility of YWHAB siRNA
being delivered using a new carrier method to tackle glioblastoma. The 14-3-3p protein, which is
selectively increased in glioblastoma and increases malignancy, is encoded by the YWHAB
gene. Previous research from our lab has demonstrated that 14-3-3f deletion significantly
reduces U87MG cell spheroid formation and cellular proliferation. However, a significant
challenge with most therapeutics is their inability to cross the blood-brain barrier (BBB). Poly-
amido(amine) (PAMAM) dendrimers may offer a promising alternative for siRNA delivery as
they confer several advantages such as crossing the BBB due to their small size, increased
cellular uptake of siRNA by protection against enzymatic degradation, stable dendrimer-siRNA
complexation (dendriplex) across a wider pH range, and high solubility. To optimize the
dendriplex, we employed generation 4 (G4) 70/30 PAMAM dendrimers with a modified
cystamine core and YWHAB siRNA in HEK293 cells. G4 70/30 PAMAM dendrimers with 70%
hydroxyl and 30% surface amine groups have low cellular toxicity and high transfection
efficiency. Using the dendriplex formulation, we achieved a significant knockdown efficiency of
70% for the YWHAB gene in our initial experiments conducted on HEK293 cells. In addition,
we found that the maximum knockdown efficacy of dendriplex was at a concentration of 1x, as
opposed to higher (2x) and lower (0.5x) concentrations. Furthermore, according to our
preliminary research, the dendriplex formulation reached its maximum knockdown efficacy 120
hours (about 5 days) after transfection.

Disclosures: O. Dubey: None. B. Srinageshwar: None. G.L. Dunbar: None. J. Rossignol:
None. J. Bakke: None.

Presentation Number: NANOO08.07
Topic: 1.05. Biomarker, Drug Discovery, and Experimental Therapeutics

Support: the Neuroscience program
the College of Medicine
Office of Research and Sponsored Program
E. Malcolm
Gary Leo Dunbar
John G. Kulhavi Professorship in Neuroscience at CMU

Title: Effects of G4 70/30 PAMAM dendrimers in the C57 mouse brain after direct nose-to-
brain drug delivery

Authors: *N. ALLAHYARZADEH KHIABANI!, O. DUBEY?, D. DOYLE®, D. STORY?, B.
SRINAGESHWAR?, J. SURMA!, J. SAYLES®, A. SHARMAS, D. SWANSON?, G. L.
DUNBAR/, J. ROSSIGNOL*;

2NEUROSCIENCE, Central Michigan Univ., Mount Pleasant, MI; 3Central Michigan Univ.,
Mount pleasant, MI; “Col. of Med., Central Michigan Univ., Mount Pleasant, MI; *Central
Michigan Univ. Grad. Program In Neurosci., Mt Pleasant, MI; °Central Michigan Univ. Grad.



Program In Neurosci., Mount Pleasant, MI; "Psychology/Program in Neurosci., CENTRAL
MICHIGAN UNIVERSITY, MOUNT PLEASANT, Ml

Abstract: Various routes of drug administration to the brain have been explored, the blood-brain
barrier (BBB) poses a significant challenge in achieving effective drug delivery for neurological
diseases. Nanocarriers have appeared as a promising approach to overcome this barrier. Nose-to-
brain drug delivery is emerging as a promising non-invasive approach for enhancing therapeutic
efficacy in various neurological disorders. Intranasal administration offers a direct pathway for
drug delivery to the brain, circumventing the BBB. The olfactory nerve route, which includes the
olfactory bulbs, can provide an entrance point for NPs into the human brain. Dendrimers, which
are used for drug delivery to the central nervous system (CNS), are spherical nanomaterials with
extensive branching manufactured for diagnostic and therapeutic purposes. Dendrimers show
potential as carriers for CNS via intranasal administration, offering reduced systemic exposure
and limited side effects after in vivo administration. The present study aimed to examine the in
vivo consequences of G4 70/30 PAMAM dendrimer nasal exposure in the C57 mouse brain. The
treatment group received daily intranasal delivery of CY5.5-labeled G4 70/30 PAMAM
dendrimers, while the control group received HBSS. Measurements were taken using the In Vivo
Imaging System (IVIS) every week for a period of three weeks following intranasal treatment
initiation. Following three weeks, organs, including the brain, lung, liver, and kidney, were
extracted. These organs were subsequently frozen and sectioned for further analysis. The
sections were imaged using fluorescence microscopy to assess the distribution of PAMAM
dendrimers. The results of fluorescence evaluation revealed a significant accumulation of
PAMAM dendrimers in the brain, liver, and kidney of intranasally inoculated mice. This
observation suggests that intranasal administration facilitates the efficient delivery of these
dendrimers to the brain and has considerable implications for the field of neuroscience and drug
delivery. Specifically, it underscores the potential of intranasal delivery as a viable method for
targeting the brain in the context of neurological diseases. Moreover, the ability to deliver
PAMAM dendrimers intranasally opens avenues for the delivery of therapeutic agents such as
genes and drugs, including promising candidates like curcumin, for treating brain tumors. Our
study demonstrates the efficacy of intranasal delivery of PAMAM dendrimers in reaching the
brain, highlighting its potential for therapeutic applications in neurological disorders and offering
opportunities to develop innovative treatment strategies.
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Abstract: The high expenses associated with producing Adeno Associated Viral (AAV) vectors
in mammalian or insect cells, which contribute to unsustainable costs per dose to patients, pose
significant challenges to the development of systemically administered CNS targeting AAV gene
therapies. Here, we present a groundbreaking achievement: Successful production of highly
potent AAVSs utilizing whole plants as modular bioreactors, that is highly potent, safe, scalable,
and more than 10X cheaper. Employing a agrobacterium/infiltration based transient plant-based
expression system, we introduced the essential components for AAV production (Rep, Cap9,
GOl with GFP as the transgene, and helper genes) into Nicotiana Benthamiana plants. After 5-6
days, harvested leaf material underwent homogenization, and plant AAV9-CMV-GFP was
purified from the clarified lysate using downstream methods identical to conventional AAV
purification. Concurrently, mammalian-AAV9-CMV-GFP was produced using standard triple
transfection methods in HEK293T cells. Plant derived AAV passed a range of QC tests,
displaying similar purity to that of mammalian-AAV. Notably, we obtained approximately 1el4
vector genomes from 1 kg of plant biomass and 1 L of mammalian culture. In vitro and ex vivo
comparisons demonstrated that both plant and mammalian AAVs displayed comparable potency.
To compare infectivity, tropism and safety we injected both AAVs in non-human primates via
Intravenous and intrathecal routes. Biodistribution of both plant and HEK293T derived AAV9
was comparable in analyzed tissues. Interestingly, we found higher GFP mRNA levels in most
skeletal muscle and several CNS tissues that were dosed with plant-AAV, compared to the
mammalian-AAV dosed animal tissues. These results were also validated at the GFP protein
level. Both Plant and mammalian-AAV did not significantly increase the GFAP levels in the
brain and spinal cord tissues. Surprisingly, we observed that the plant-AAV dosed animals had
significantly reduced Neutralizing Antibody levels compared to mammalian-AAV dosed
animals. Our study presents the pioneering achievement of transiently producing AAVs utilizing
plants as modular bioreactors. Plant produced AAVs demonstrate high potency, safety and
tolerability in a clinically relevant NHP animal model with a (>10-fold) reduction in production
costs for treating CNS and other genetic disorders.
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Abstract: Cortical projection neurons (PN) have critical roles in sensory, motor, cognitive, and
behavioral circuits. During development, PN build intricate circuitry by extending axons through
diverse extracellular environments, then innervating specific targets located at great distances
(102 - 10° cell body diameters) from their nucleus-containing cell bodies (somata). This precise
navigation is regulated by growth cones (GCs): semi-autonomous, subcellular compartments at
tips of projecting axons that rapidly integrate extracellular signals to control axon pathfinding.
Proper GC function enables PN to form subtype-specific connectivity with synaptic targets. For
example, callosal PN (CPN) innervate contralateral cortex, corticothalamic PN (CThPN)
innervate specific thalamic nuclei, and subcerebral PN (SCPN) innervate locations in brainstem
and spinal cord. Previous studies identified molecules in somata that control subtype-specific PN
development, including the key transcription factor Bcl11a/Ctipl, which is required for precise
CPN targeting, and is a highly penetrant, monogenic locus for ASD/ID. Further work identified
GC-localized RNAs that regulate distinct stages of CPN circuit formation. However, molecular
mechanisms linking nuclear transcription to GC RNA abundances have not been elucidated, few
subtype-specific GC proteins have been identified, and little is known about how these molecules
regulate precise circuit construction. Recently, our lab developed experimental and analytical
approaches to purify GCs and their parent somata from specific PN subtypes in developing
mouse cortex, then quantitatively “map” RNAs and proteins between subcellular compartments.
Here, we utilize these approaches to identify subcellular RNA dysregulation in Bcllla” CPN,
quantify defects in circuit formation and adult behavior, and functionally investigate two
exemplar genes with altered GC abundances: Mmp24 and Pcdhac2. We also obtain proteomes
from CPN GCs pre- and post-midline crossing, and from dysfunctional Bcl11la”™ CPN GCs, and
functionally investigate GC proteins that function in precise CPN circuit formation. Notably, we
integrate our advances in GC purification and ultra-low-input mass spectrometry to improve GC
purity five-fold, and proteome sensitivity three-fold. Our investigations promise to identify
molecular mechanisms controlling construction, function, and maintenance of cortical circuitry,
and will deepen understanding of how proteomic regulation in distinct subtypes, stages, and/or
subcellular compartments contributes to normal circuit development and disorders of nervous
system circuitry.
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Abstract: The idea of guidance toward a target is central to the development of synapse-specific
brain wiring. We now show how several thousand presynaptic growth cones self-pattern without
target-dependent guidance during neural superposition wiring in Drosophila. Ablation of all
postsynaptic lamina neurons or loss of target adhesion prevents the stabilization, but not the
development of the pattern. Intravital imaging at the spatiotemporal resolution of growth cone
dynamics in intact pupae and data-driven dynamics simulations reveal a mechanism by which
>30,000 filopodia do not explore potential targets, but instead simultaneously generate and
navigate a dynamic filopodial meshwork that steers growth directions. Hence, a guidance
mechanism can emerge from the interactions of the growth cones being guided, suggesting self-
organization as a mechanism leading to synaptic specificity in brain wiring.Reference: Agi,
Reifenstein et al., 2024 Science DOI: 10.1126/science.adk3043
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Abstract: Understanding the relationship between cortical cell types and their axonal projection
specificity is essential to uncover the molecular logic of wiring in the cortex. Recent studies
using single-cell sequencing combined with anatomical tracing have shown that at high-level,
cortical glutamatergic neurons comprise distinct transcriptomic subclasses that correspond 1:1
with distinct projection targets including intra-telencephalic (IT), extra-telencephalic (ET),
cortical-thalamic (CT) and near-projecting (NP) neurons. Within cortical-cortical projecting (IT)
neurons, however, the relationship between cell type and projection specificity appears to be
more complex and is poorly understood.

As a subgroup of cortical-cortical projecting (IT) neurons, L2/3 glutamatergic neurons in the
primary visual cortex (V1) project to the surrounding higher visual areas (HVAS). These closely
related neurons project divergently to one or more HVAs, and they comprise a continuum of
transcriptomic cell types that differentially express many wiring-related genes. The
correspondence between L2/3 cell types and their HVA-projection specificity appears to be
complex. Functional and tracing studies indicate projection follows topography. In addition, a
projection-defined single-cell RNA-seq study has found L2/3 cells projecting to AL vs PM (AL:
anterolateral; PM: posteromedial) have largely-overlapping transcriptomic signatures despite
some differentially expressed genes.

Here, we combined topography mapping, AAVretro labeling, and whole-mount tissue FISH to



determine the relationship between V1 L2/3 cell types and their HVA-projection specificity
while controling for topography. Our methods enabled the multi-modal profiling of gene
expression, spatial location and projection of thousands of L2/3 neurons in topography-defined
subregions in V1. We found that L2/3 cell types organize continuously along the pia-ventricular
axis. By contrast, L2/3 cells projecting to different HVAs (LM vs RL) have spatial preferences
along both the pia-ventricular and tangential axes, indicating that both type and topography
contribute to HVA projection-specificity. LM-projecting neurons are enriched in upper L2/3,
while RL-projecting neurons in lower L2/3. The level of this sublayer projection bias depends on
topographic location. LM- and RL-projecting neurons are also enriched in different cell types
along the L2/3 continuum. Overall, we found cell types organize along the cortical depth, while
projection-specificity depends on both cell types and topography.

Disclosures: V. Xu: None. F. Xie: None. R. Gorzek: None. E. Tring: None. S. Jain: None. G.
Fleishman: None. J.T. Trachtenberg: None. S.L. Zipursky: None.

Presentation Number: NANOO09.04
Topic: A.05. Axon and Dendrite Development

Support: NIH Grant RO1 NS097161
NIH Grant T32 GM13882
NIH Grant R35 GM147179
NSF Fellowship DGE-1656518
ERC Fellowship MCSA-IF 702346
NIH Grant R35 GM147179

Title: Structural insights into the formation of repulsive Netrin guidance complexes
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Abstract: Netrins dictate attractive and repulsive responses during axon growth and cell
migration, where presence of the receptor UNC-5 on target cells results in repulsion. Here, we
showed that UNC-5 is a heparin-binding protein, and determined its structure bound to a heparin
fragment. Using a directed evolution platform or structure-based rational design, we were able to
modulate, increase and decrease, the UNC-5-heparin binding affinity. We demonstrated that
UNC-5 and UNC-6/Netrin form a large, stable and rigid complex in the presence of heparin, and
heparin and UNC-5 exclude the attractive UNC-40/DCC receptor from binding to UNC-6/Netrin
to a large extent. C. elegans with a heparin-binding deficient UNC-5 fail to establish proper
gonad morphology due to abrogated cell migration, which relies on repulsive UNC-5 signaling in
response to UNC-6. Combining UNC-5 mutations targeting heparin and UNC-6/Netrin contacts
results in complete cell migration, as well as complete motor axon guidance defects in the
circumferential commissures resulting in the uncoordinated phenotype. We also show that our



biochemical findings hold for mammalian Netrin-Heparin-UNC5 complexes. Our findings
establish repulsive Netrin responses to be regulated by and mediated through a
glycosaminoglycan-regulated macromolecular complex.
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Abstract: During nervous system development, newly differentiated neurons navigate a
crowded environment by extending their axons towards synaptic targets, a term commonly
known as axon guidance. Axon guidance is controlled by attractive and repulsive cues within the
environment of the nervous system interacting with receptors present in the axonal growth cone,
however, the full repertoire axon guidance molecules remains elusive. DCC (deleted in
colorectal cancer) receptors are one of the major class of neuronal receptors that control the
directionality of growth in neurites, known as axon guidance receptors. DCC and Neogenin
interact with the secreted guidance cue Netrin, resulting in attractive growth of the axon.
However, mammals have three other DCC-like receptors in total, including Punc, Nope and Prtg,
with unknown roles in axon guidance. Using an interactomics screen, we have shown that these
receptors interact with another secreted molecule, WFIKKN2. WFIKKN2 has repulsive effects
on Nope-expressing dorsal root ganglion (DRG) sensory neurons, guiding their growth through
the spinal cord periphery. Here, we have determined the first structure of a DCC-like receptor,
Punc, bound to WFIKKN2. Our structure shows that Punc, and the related Nope and Prtg,
interact with their guidance cue using their N-terminal immunoglobulin domains, unlike DCC
and Neogenin, which bind to Netrin with their C-terminal Fibronectin type-I11 domains. Using
our structure, we have designed point mutations on WFIKKNZ2 that break Nope binding, which
also result in loss of repulsive guidance as tested with primary DRG neurons in vitro. Finally, we
show that WFIKKN2 oligomerization might be a determining factor in activation of Nope as a
guidance receptor. This work provides insights into how WFIKKN2 signals through receptor
binding, serving as an axon guidance cue for divergent DCC protein family members.

Disclosures: E. Cortes: None. K. Nickerson: None. F.M. Sammoura: None. A. Jaworski:
None. E. Ozkan: None.

Presentation Number: NANOQ09.06

Topic: A.01. Neurogenesis and Gliogenesis



Support: Astellas Pharmaceuticals
Aligning Science Across Parkinson’s ASAP-000282
Jane Coffin Childs Fellowship
Fred and Joan Goldberg Education Fund at Harvard Medical School.
NIH Grant RO1INS083524
NIH Grant ROINS110395

Title: Combinatorial selective ER-phagy remodels the ER during neurogenesis
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Abstract: During neurogenesis, a refined tubular endoplasmic reticulum (ER) network is
assembled via ER shaping proteins into newly formed neuronal projections to create highly
polarized dendrites and axons. Previous studies suggested a role for autophagy in this ER
network formation. Autophagy-deficient neurons in vivo exhibit hyperexcitability and striking
axonal ER accumulations within synaptic boutons. In selective autophagy, an organelle needs to
be cleared, so receptor proteins localize to the organelle and target a double membrane
autophagosome to encase the organelle cargo. Then the autophagosome is targeted to a lysosome
for degradation. Interestingly, the membrane-embedded FAM134B, a receptor specific to
selective removal of the ER or “ER-phagy” has been genetically linked with human sensory and
autonomic neuropathy. Our goal was to define the mechanisms underlying selective removal of
regions of the ER network and define which ER-phagy receptors were required for regulating ER
network formation in neurons. We combined a genetically tractable induced neuron (iNeuron)
system for monitoring ER remodeling during in vitro differentiation with proteomic and
computational tools to create a quantitative landscape of ER proteome remodeling via selective
autophagy. Through analysis of single and combinatorial ER-phagy receptor mutants, we
delineated the extent to which each receptor contributes to both the magnitude and selectivity of
ER protein clearance. We defined specific subsets of ER membrane or lumenal proteins as
preferred clients for distinct receptors. Using spatial sensors and flux reporters, we demonstrated
receptor-specific autophagic capture of ER in axons, and directly visualized tubular ER
membranes within autophagosomes in neuronal projections by cryo-electron tomography. Our
molecular inventory of ER proteome remodeling and versatile genetic toolkit provide a
quantitative framework for understanding the contributions of individual ER-phagy receptors for
reshaping ER during cell state transitions.
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Abstract: Adult neurogenesis continues into adulthood mainly in the subventricular zone (SVZ)
and hippocampal dentate gyrus (DG), where neural stem cells (NSCs) differentiate into new
neurons, that are incorporated in the existing circuits, forming synapses. Caffeine, the most used
psychostimulant worldwide, is a potent non-selective adenosine receptor antagonist. Despite the
involvement of the adenosinergic system in the regulation of adult brain plasticity, caffeine
impact on these phenomena has been largely overlooked. Therefore, our main objective was to
dissect the effect of caffeine on postnatal neurogenesis and synaptogenesis. Our results indicate
an effect of caffeine in the regulation of neurogenesis in vitro, with caffeine (125 vM) inducing a
significant increase in proliferation of SVZ-derived neurospheres at DIV1, while in DG-derived
neurospheres an increase in the number of mature neurons was observed at DIV7. Regarding
synaptogenesis, GABA synapses are the majority in SVZ-derived new-born neurons and A2AR
accumulate at synapses during the period of synaptogenesis. Acute caffeine treatment decreased
the number of GABAergic synapses at DIV14, having no impact at DIV7. This was
accompanied by a functional alteration, as reported with calcium imaging revealing an excitatory
action of GABAergic synapses in SVZ-derived neurons, which was significantly diminished by
caffeine. Therefore, caffeine decreased GABAergic synaptogenesis in SVZ cells. In DG-derived
neurospheres, GABA synapses are a majority at DIV7 whist at DIV14 there is a majority of
glutamatergic synapses. Caffeine also reduced GABAergic synaptogenesis at DIV7, whilst it
increased glutamatergic synaptogenesis at DIV14. This study sheds light on caffeine effects in
postnatal neurogenesis and synaptogenesis, giving novel insights about its effects on brain
plasticity. Caffeine positively regulates neuronal maturation in a niche-dependent manner (in the
DG rather than the SVZ) and has opposite effects on GABAergic and glutamatergic
synaptogenesis in new-born neurons, decreasing (in the DG and SVZ) and increasing (in the DG)
respectively.
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Abstract: Chronic Wasting Disease (CWD), a prion disorder affecting various species of
cervids, remains a significant concern due to its worrisome spread to new geographic areas and
its unclear zoonotic potential. Prion disorders are caused by the accumulation of misfolded prion
protein (PrP%) which behaves as an infectious agent to transmit the disease. In this report, we
present the high-resolution structure by cryo-EM of the ex vivo PrP filaments isolated from the
brain of an elk naturally infected with CWD in a North American farm. These filaments exhibit a
distinctive spiral fold with a parallel in-register beta sheet (PIRBS) architecture, clearly different
from rodent-adapted scrapie prion strains and other recombinant PrP filaments. The material
used for structure determination was fully infectious as proven by animal bioassay. Noteworthy,
CWD elk prions exhibit a similar spiral fold as that reported for GSS human prions. The
resemblance between the CWD and human prion folds may have implications for the potential
transmission of CWD to humans.
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Abstract: Fragile X messenger ribonucleoprotein (FMRP) is an RNA-binding protein involved
in MRNA transport and protein synthesis with links to autism. FMRP is a multivalent protein
with the ability to interact with mRNA, ribosomes, as well as other regulatory proteins for
transport and translational control in neurons. Expression of fluorescent FMRP leads to
formation of punctate granular structures that coincide with ribosomes and move bidirectionally
along dendrites and axons. While there is evidence that FMRP granules can undergo rapid
activity-dependent trafficking to facilitate protein synthesis, what is unclear is why granules are
necessary for FMRP function. Numerous models have been proposed where FMRP granules
dissolve and release mMRNA for translation, but evidence to support such models have been
lacking. Alternatively, it has been suggested that FMRP can form membraneless compartments
through liquid-liquid phase separation (LLPS). Recently, the unstructured region of the C-
terminus of FMRP (including the RGG box) was identified as a low complexity region (LCR)
with the ability to phase separate and self-assemble in vitro. To study whether LLPS occurs in
neurons, we performed fluorescence recovery after photobleaching (FRAP) to determine
exchange of FMRP within granules. We found that when translation elongation was blocked, the
constitutively phosphorylated mutant of FMRP (S499D) displayed rapid recovery. Moreover, we
observed that when a light-inducible clustering CRY2 domain was fused to the FMRP 1304N
mutant incapable of binding polysomes, it assembled with preexisting FMRP granules rather
than forming independent granules or condensates. These intriguing results suggest that FMRP
granules can exhibit features of phase separation in dendrites and may play a role in regulating
local protein synthesis in neurons.
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Abstract: Selective neuronal vulnerability is a hallmark of neurodegenerative diseases. Limited
attention has been given to how pathological tau selectively influences the function of neuronal
subpopulations in the context of Alzheimer’s disease and related tauopathies. Using a human
induced pluripotent stem cell (iPSC)-derived neuronal model, we characterized changes in
excitatory vs. inhibitory neurons with familial R406W tau mutation. The presence of mutant tau
did not significantly alter excitatory vs. inhibitory ratio in mutant neurons compared to isogenic
control. However, the fraction of inhibitory neurons with phosphorylated tau significantly
increased in mutant neurons (p<0.0001), but remained unchanged in excitatory neurons (p=0.99).
We further conducted patch-clamp experiments to evaluate the functional impact of mutant tau
in these neurons. The presence of mutant tau not only significantly increased the ratio of
spontaneously active inhibitory neurons (isogenic, 71% quiescent, 29% active; R406W, 29%
quiescent, 71% active; p=0.02), but also enhanced the firing rates of active neurons by two-fold
(p=0.01). No such effect was observed on excitatory neurons. Further analyses of the intrinsic
firing properties revealed that mutant inhibitory neurons were able to fire action potentials at a
30 pA lower rheobase current (p=0.002), indicating their higher excitability than the isogenic
control. Mutant inhibitory neurons had 64% increase in input resistance (p=0.001) and 21%
decrease in cellular capacitance (p=0.01), compared to isogenic inhibitory neurons. Moreover,
action potential waveforms fired by mutant inhibitory neurons had 9.5 mV more depolarized
afterhyperpolarization potential (p=0.01), 5.8 mV more hyperpolarized threshold potential
(p=0.02), and 6 mV higher amplitude (p=0.04). We further analyzed the impact of mutant tau on
spontaneous excitatory post-synaptic currents (SEPSC) and inhibitory post-synaptic currents
(sIPSCs) in inhibitory neurons. The frequency of SEPSCs doubled (p=0.01) and the amplitude of
SEPSCs increased by 77% (p=0.01) in mutant neurons. In addition, the frequency of sIPSCs
remained similar, but the amplitude of sIPSCs increased by two-fold (p=0.01). As a result, the
excitation over inhibition significantly increased in mutant inhibitory neurons, which synergized
with their enhanced excitability and promoted activities of these cells. In summary, tau-R406W
selectively affected the intrinsic firing properties and synaptic transmission of inhibitory neurons,
which led to their hyperexcitability in the human iPSC-derived tauopathy neuronal model.
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Abstract: Synaptic dysfunction and loss are major correlates of cognitive decline in
neurodegenerative disease, including Alzheimer’s (AD) and prion diseases (PrD). The cellular
prion protein (PrP<) binds prion, amyloid-p, tau, and a-synuclein oligomers, resulting in the
activation of macromolecular complexes and signaling at the post-synapse, yet the mechanisms
driving synaptic loss are poorly understood. At early stages of prion disease (40% of the
incubation period), bulk RNAseq on the hippocampus revealed elevated Arc/Arg3.1, a synaptic
activity response gene. Arc protein was also increased in postmortem brain samples from prion-
infected mice and sporadic and familial PrD (frontal cortex) cases. We then exposed human
iPSC-derived neurons (iNs) to an anti-PrP¢ antibody (POM1), which reportedly mimics prion
aggregate-induced signaling. Strikingly, POM1 exposure for 2 hours induced Arc and pERK1/2,
indicative of heightened synaptic activity. To identify membrane receptors and kinases driving
increased Arc in human neurons, we tested POM1- or control-treated iN lysates in a phospho-
kinase panel and identified a significant decrease in EGFR phosphorylated at Y1086 (pEGFR),
and increased phosphorylated phospholipase C (PLC)-y1 -Y783, suggestive of EGFR and PLC-
v1 activation. EGFR and pPLC-y1 activation trigger calcium release from the ER and may
underlie the increase in Arc and pERK1/2 levels. Moreover, we show that pharmacological
inhibition of EGFR fully reversed the increase in Arc and pERK1/2Together these data support a
model in which PrP¢ stimulation contributes to synaptic signaling via EGFR. Understanding the
signaling pathways downstream of PrP¢ may lead to the discovery of novel therapeutic targets
for PrD and other neurodegenerative disorders.
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Abstract: Amyotrophic lateral sclerosis (ALS) is a progressive, lethal and incurable adult-onset
neurodegenerative disease, of which Fused in Sarcoma (FUS) gene mutation is one of the
leading genetic causes. Many FUS mutations disrupt the nuclear localization of FUS protein that



leads to the formation of pathological cytoplasmic aggregates. Understanding the pathology of
FUS-related ALS (FUS-ALS) is essential for the development of therapeutic treatment. Human
induced pluripotent stem cells (hiPSCs), which can be induced into human neurons, provide the
opportunity to investigate FUS-ALS in a human neuronal context. While many studies using
hiPSCs to investigate FUS-ALS have been reported, a vast majority of them differentiate the
hiPSCs into spinal motoneurons because ALS is primarily regarded as a motor neuron disease.
However, increasing evidence suggests that the cerebral cortex and cognitive functions are
disrupted in ALS patients, and transgenic mice carrying ALS-FUS mutations also exhibit
synaptic deficits and memory impairment. It is therefore important to determine how ALS-FUS
mutations affect hiPSC-derived cortical neurons. Here, we employed CRISPR/Cas9-mediated
genome editing to knock-in different ALS-FUS mutations into the nuclear localization signal. At
the same time, a VV5-tag was added at the C-terminus of the edited FUS protein. We
demonstrated that the V5 tag could facilitate screening of the correct genome-edited clones while
enabling the visualization of FUS localization in hiPSC-derived neurons. After co-cultured with
rat astrocytes for 6 weeks, the hiPSCs-derived cortical neurons formed distinct synaptic puncta
on dendrites. Neurons carrying the clinically severe P525L-FUS mutation exhibited diffuse
cytoplasmic localization with no apparent aggregate formation. Notably, compared to the wild-
type FUS control neurons, the P525L-FUS mutant neurons showed reduced dendrite arborization
and aberrant synapse development. Collectively, our study provides new insights on ALS-FUS
pathology by indicating that FUS mutation can disrupt hiPSC-derived brain neurons in the
absence of cytoplasmic FUS aggregates.
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Abstract: Transmembrane protein 106B (TMEM 106B) is a type Il transmembrane lysosomal
glycoprotein that physiologically participates in lysosome morphology, localization, trafficking,
and pH maintenance. Recently, many studies have shown the presence of TMEMZ106B fibrils to
be involved in the pathogenesis of various Neurodegenerative diseases (NDs). TMEM106B
filaments have been observed in the post-mortem brains of persons with TDP43-proteinopathies,
familial and sporadic Tauopathies, Abeta amyloidosis and synucleinopathies. The genome-wide
association studies (GWAS) have also identified a significant association of TMEM106B
mutations and Single Nucleotide Polymorphisms (SNPs) with the development of various NDs.
From a structural point of view, CryoEM studies have hinted at the C-terminal domain of the
protein being a major factor in amyloid fibril formation. However, very limited information is
available about the aggregation-prone motifs of TMEM 106B and relevant post-translational
modifications, except for the glycosylation. We have undertaken a detailed study to identify



aggregation-prone stretches that aggregate readily or are activated when modified post-
translationally. We have exclusively focused on charge-neutralizing PTMs such as acetylation
and carbamylation of lysine and phosphorylation of serine residues. Using in silico methods, we
identified aggregation-prone motifs, and model peptide sequences were assembled using solid-
phase peptide synthesis. These peptides were subjected to ThT aggregation assay, and aggregates
formed were analyzed by an array of biophysical and microscopic methods, such as
spectroscopy, CLSM, SEM, and AFM. A total of 8 hexapeptide stretches were studied, and only
one of the original unmodified sequences aggregated readily. However, upon modification
(acetylation and carbamylation), four additional aggregation hot spots were activated and
exhibited robust amyloid fibril formation. We have further identified two aggregation-prone
regions originally derived from cryo-EM structures. All of these stretches are from the C-
terminal domain. The present study demonstrates the significance of lysine-based PTMs on the
aggregation potential of TMEM106B, which is in line with our observations of other proteins
relevant to NDs, such as tau and alpha-synuclein. These insights may further help pinpoint the
early events in the TMEMZ106B aggregation cascade in ALS and FTLD.
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Abstract: Sleep and circadian rhythm dysfunctions are common clinical features of Tauopathies.
Increasing evidence suggests that in addition to being a symptom, sleep disturbances can also
drive the progression of neurodegeneration. Protein aggregation is a pathological hallmark of
Tauopathies, however the molecular pathways behind how sleep affects protein homeostasis
remain elusive. Here we demonstrate that sleep modulation influences proteostasis and the
progression of neurodegeneration in Drosophila models of Tauopathy. We show that sleep
deprivation enhanced Tau aggregational toxicity resulting in exacerbated synaptic degeneration.
In contrast, sleep induction using gaboxadol led to reduced hyperphosphorylated Tau
accumulation in neurons as a result of modulated autophagic flux and enhanced clearance of
ubiquitinated Tau, suggesting altered protein processing and clearance that resulted in improved
synaptic integrity and function. These findings highlight the complex relationship between sleep
and autophagy, in regulating protein homeostasis, and the neuroprotective potential of sleep-
enhancing therapeutics to slow the progression or delay the onset of neurodegeneration.
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Abstract: Pathological tau and mitochondrial dysfunction are conspicuous features of
Alzheimer’s disease (AD), but the connecting mechanism remains elusive. Mitochondrial ATP
production directly depends on the coenzymes contained within the organelle. Two important
coenzymes are the pyridine nucleotide, NADH, and its phosphorylated form, NADPH. Although
an optimal NADH concentration is essential for mitochondrial function, it is becoming evident
that the mitochondrial pool of NADPH is critical in regulating mitochondrial functioning through
the action of NAD" kinase (NADK?2), which phosphorylates NADH to produce NADPH.
However, the contribution of the mitochondrial NADK2-NADPH pathway (NNP) to AD
pathogenesis remains unexplored. We found that low doses of human extracellular tau oligomers
(xcTauO) increase mitochondrial NADPH in human neurons derived from neuronal progenitor
cell lines in an NADK2-dependent manner. Importantly, the xcTauO-NNP pathway upregulates
the expression of LRP1, a well-known tau receptor at the plasma membrane, increasing xcTauO
endocytosis by neurons. Using 2-photon fluorescence lifetime microscopy (2P-FLIM) to track
changes in the fluorescence lifetime of the mitochondrial-enriched coenzymes, NADPH and
NADH, we found a significant increase in the biochemically active, enzyme-bound NADPH in
human adult neurons obtained by direct conversion of dermal fibroblasts from human AD
patients (iNeurons). This event occurred early during the iNeuron differentiation and coincided
with the expression of tau proteoforms identified using antibodies directed against tau oligomers.
To test the relevance of these observations in vivo, we applied 2P-FLIM to analyze
mitochondrial activity in the PS19 live mouse brain, which naturally produces tau oligomers.
Compared to WT mice, PS19 mice showed a time-dependent increase in enzyme-bound NADPH
in animals as young as 1 month, nearly 5 months before cognitive decline and other
neuropathological features arise in this AD mouse model. Altogether, these results suggest that
xcTauO-mediated dysregulation of the NNP controls the expression of its own receptor,
upregulating its uptake and likely spreading. Thus, dysregulation of the NNP could be an early
contributor to AD initiation.
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Abstract: Recent studies highlight the protective role of the conjugation of autophagy proteins
(ATGS) to single membranes (CASM) in mitigating neuroinflammation and promoting CNS
homeostasis. CASM dysfunction has been linked to the accumulation of B-amyloid (AB) and
defects in immune receptor recycling, particularly in microglia. However, its potential impact on
tauopathy remains poorly understood. This study aims to elucidate the mechanism(s) by which
CASM prevents tauopathy and associated neuroinflammatory responses in a cell-intrinsic
manner. Utilizing neuronal and microglial-specific deletions of CASM in PS19 and hTau mice
expressing humanized tau, we will evaluate both sexes at 3, 6, and 9 months of age. Cognitive
analysis using Y-maze, novel object recognition, and open-field tests will be performed, along
with neuropathology. Molecular analyses will interrogate the phospho-Tau profile, neuroimmune
architecture, neuroanatomy, neurodegeneration, and neuronal functional capacity. In vitro studies
will evaluate the dependency of tau receptor recycling (FcyR, CX3CR1, RAGE, LRP1) on
CASM function and the role of CASM in regulating tau seeding, using primary microglia, BV2
cells, primary rat neurons, and human iPSC-derived neurons. Preliminary data from global
CASM inhibition in PS19 mice reveal that CASM is protective against aberrant tau
hyperphosphorylation and prevents cognitive decline. CASM facilitates the recycling of several
immune receptors, including toll-like receptors, in various cell types, such as microglia.
Preliminary data on the recycling of putative tau receptors (CX3CR1, LRP1) in microglia further
substantiate CASM's role in modulating tau-induced inflammatory activation. This study will
improve our understanding of CASM's biological roles and provide valuable insights into the
immune response to tau pathology, opening new avenues for potential therapeutic interventions
in neurodegenerative diseases.
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Abstract: Synucleinopathies and tauopathies are neurodegenerative disorders with a-synuclein
(a-syn) or tau buildup that lack curative treatments. Antibody therapies targeting a-Syn or tau
aim to inhibit aggregation and enhance degradation, and struggle to cross the blood-brain barrier
(BBB). This study introduces single-domain antibody (sdAb)-based protein degraders with



enhanced BBB uptake and improved capacity for a-Syn or tau protein degradation.

For a-syn, protein degrader 2D8-PEG4-T was developed by linking 2D8 sdAb and thalidomide
(T) with four polyethylene glycol (PEG) linkers. It targets a-syn and Cereblon, inducing a-syn
ubiquitination and proteasomal degradation. In primary neuronal models, 2D8-PEG4-T
prevented a-syn-induced toxicity by reducing a-syn levels via both lysosomal and proteasomal
degradation. It led to superior efficacy compared to the parent unmodified 2D8 sdAb that mainly
degraded a-syn through lysosomes. In the M83 synucleinopathy mouse model (n=17), 2D8-
PEG4-T reduced a-syn brain imaging signal by 81% (p = 0.0049) vs PBS controls after 3 i.v.
injections (100 pg each), whereas 2D8 was ineffective. In western blots, 2D8 reduced insoluble
total and phospho-serine 129 (pS129) a-syn by 59-69% (p<0.01) vs PBS controls, while 2D8-
PEGA4-T was more efficacious (89-93% reduction, p<0.0001). 2D8-PEG4-T also reduced soluble
total and pS129 a-syn levels by 70% (p = 0.0072) and 90% (p = 0.0001), respectively vs PBS
group, whereas 2D8 was ineffective. Our study shows that 2D8-PEG4-T enhances proteasomal
degradation of a-syn, while preserving unmodified sdAb 2D8’s lysosomal clearance. Its
improved clearance of a-syn in both in vitro and in vivo models underscore its therapeutic
potential for synucleinopathies (Y. Jiang, Mol Neurodegener, in press).

For tau, the protein degrader 1D9-TP53INP2, created by linking 1D9 sdAb with a mutant LIR
(LC3-interacting region) motif, targets tau and LC3 proteins on autophagosomal membranes. It
facilitates tau transportation to the autophagy-lysosomal pathway for degradation. In patients’
induced pluripotent stem cell (iPSC)-derived neurons with a P301L tau mutation, 1D9-
TP53INP2 reduced total tau by 55% (p=0.0003, n=12) at 50 nM, vs vehicle controls, and
unmodified 1D9 was ineffective at this dose. Further investigations are ongoing to evaluate the
effect of 1D9-TP53INP2 on phospho-tau and efficacy in Drosophila and P301L/P301S tauopathy
models.

These findings highlight the potential of small sdAbs with improved brain penetration and
potency to enhance the efficacy of antibody-based therapies for synucleinopathies and
tauopathies.
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Abstract: Dysfunction of the blood-brain barrier (BBB) plays a pivotal role in the development
of Alzheimer's disease (AD). Although the microvascular deposition of oligomeric Tau (oTau)
has been observed in AD brains, its direct impacts on BBB function are not fully investigated. In
this study, we employed an in vitro BBB model using primary mouse cerebral endothelial cells
(CECs) to investigate the mechanism underlying the effects of oTau on BBB function. We found
that exposing CECs to oTau induced oxidative stress through NADPH oxidase, increased
oxidative damage to proteins, decreased proteasome activity, and expressions of tight junction
(TJ) proteins including occludin, zonula occludens-1 (ZO-1) and claudin-5. These effects were
suppressed by the pretreatment with Fasudil, a RhoA/ROCK signaling inhibitor. Consistent with
the biochemical alterations, we found that exposing the basolateral side of CECs to oTau in the
BBB model disrupted the integrity of the BBB, as indicated by an increase in FITC-dextran
transport across the model, and a decrease in trans endothelial electrical resistance (TEER). oTau
also increased the transmigration of peripheral blood mononuclear cells (PBMCs) in the BBB
model. These functional alterations in the BBB induced by oTau were also suppressed by
Fasudil. Taken together, our findings suggest that targeting the RhoA/ROCK pathway can be a
potential therapeutic strategy to maintain BBB function in AD.
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Abstract: Tau is a multifunctional protein that regulates microtubule-dependent and -
independent functions. Abnormal accumulation of misfolded and oligomeric tau is a central
pathological feature of neurodegenerative tauopathies, the most common of which is
Alzheimer’s disease (AD). Mitochondrial dysfunction is thought to occur early in AD. Tau
accumulation can lead to mitochondrial dysfunction which might be mediated by interactions
with tau. Deciphering tau interactors is critical to understanding tau-mediated cellular processes.
In this work, we utilized two proximity-dependent biotinylation approaches to identify potential
interactors with human 2N4R tau or oligomeric tau. To identify physiological tau interactors,
BiolD2 (biotin ligase) was fused to either the N-terminus (BiolD2-Tau) or the C-terminus (Tau-
BiolD2) of full-length human 2N4R tau isoform. Control constructs were created to express only
the BiolD2 protein. BiolD2 controls and tau constructs were expressed in mouse tau knockout
primary cortical neurons. BiolD2 allows for in situ biotin labeling of interacting proteins in
living neurons. Biotinylated proteins were isolated and identified by mass spectrometry (n=3
biological replicates). To identify oligomeric tau interactors, an antibody that binds to oligomeric
tau (TOC1) was used for biotinylation by antibody recognition (BAR) labeling in the inferior



temporal gyrus from AD patients (Braak V-V1). BAR was also applied to inferior temporal gyrus
tissue from AD patients with primary antibody delete as control (n=3). BAR is based on directly
labeling TOC1 with horseradish peroxidase and in-tissue conjugation of biotin to proximal
proteins using a biotinyl tyramide substrate. Biotinylated proteins were then isolated and
identified by mass spectrometry. Tau-BiolD2 identified 324 proteins as candidate tau interactors,
of which 118 proteins were associated with mitochondria-related pathways. While the TOC1-
BAR approach identified 427 proteins as potential interactors with oligomeric tau, of which 77
proteins were associated with mitochondria-related pathways. Among the mitochondrial proteins
identified with both approaches, only 6 proteins overlapped suggesting there are distinct sets of
mitochondrial protein interactions with human 2N4R tau and oligomeric tau species. We
validated tau protein interactions with mitochondrial proteins using two independent approaches:
coimmunoprecipitation (n=3) and proximity ligation assay (n=3). This work helps expand our
understanding of tau’s potential roles and advances our understanding of its role in
neurodegenerative diseases mediated by protein-protein interactions.
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Abstract: Post-traumatic headache (PTH) is a common consequence of mild traumatic brain
injury (mTBI) that can severely impact an individual's quality of life and rehabilitation efforts.
However, the underlying neuropathogenesis mechanisms contributing to PTH are still poorly
understood. It is now recognized that cells previously considered to be restricted to the periphery,
are also found in the central nervous system under conditions of injury or disease. The response
by these cells to mTBI may contribute to PTH based on the balance between proinflammatory
immune cell responses, including humoral factors (e.g., cytokines and the complement system)
and immunosuppressive mechanisms engaged at the local and systemic level. This current study



investigated associations between pain sensitivity, psychological assessments, and
transcriptomics to identify differences in a group of mTBI subjects with unresolved pain at 6
months (n=9) compared with healthy control subjects (n=10). Pain sensitivity assays were
measured using quantitative sensory testing and psychological assessment questionnaires at 1-
month and 6-months post-injury. Peripheral blood mononuclear cells (PBMCs) were used for
bulk RNA sequencing analyses from age and gender matched healthy control subjects and mTBI
subjects across time (2 weeks, 1 month and 6 months). At the transcriptome-wide level, we
found that several candidate genes which were significantly upregulated or downregulated with
time in subjects with unresolved persistent pain. The top ten differentially expressed genes
candidates included increases in KIR2DS4, HP, NOD2, GCC1, IL1B and CR1. Downregulated
genes were TMEM18, UBE2G2, RAB15 and MSR1. The upregulation of a number of these
genes is known to be involved in important innate immune system processes and may play a
major role in the debilitating chronicity of PTH. Better understanding of how immune cells
respond to mTBI and are distinct between individuals will allow for identification of biomarkers
and potential therapeutic targets.
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Abstract: Intracerebral hemorrhage (ICH) and subarachnoid hemorrhage (SAH) are often
associated with a profound, but poorly characterized, cellular inflammatory response in the
central nervous system. Cerebrospinal fluid (CSF) drained via an external ventricular drain as
part of routine treatment is a potential source of biomarkers to monitor the inflammatory
processes in the brain and predict outcomes. At the University of Maryland, these samples are
banked through the Brain Injury Omics (BIO) initiative, a part of the prospective, observational
Recovery After Cerebral Hemorrhage study (NCT04189471). Through BIO, we performed the
first reported single nucleus RNA sequencing on intrathecal CSF samples from 7 hemorrhagic
patients (1 SAH and 6 ICH) and profiled 11,191 high quality nuclei. Clustering revealed 53.8%
neutrophils, 26.09% monocytes/macrophages, 17.78% lymphocytes, and 2.36% neurons.
Subclusters and gene co-expression clusters of the neutrophils showed distinct populations of
interferon responsive, aged CXCR4+, and activated (S100A8/9 or CD177 enriched) neutrophils.
We identified canonical CD14+ monocyte and macrophage populations and PTPRG+ monocytes
and FCGR3B+ macrophages with interferon-induced downstream signaling. These results reveal



the specific cellular phenotypes that constitute the inflammatory response to acute hemorrhagic
injury in the central nervous system. Further characterization of these samples may lead to the
discovery of prognostic biomarkers and therapeutic targets for brain hemorrhage.
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Abstract: Title: Balance deficits across concussion subtypes Authors: Stojak ME, Campbell
KR, Peterka RJ, Antonellis P, Chesnutt JC, & King LAA recent clinical paradigm proposes
classifying people with concussion into subtypes -- ocular, vestibular, cognitive, headache, and
mood, based on symptom presentation. The recognition of concussion subtypes may benefit
collaborative care and facilitate appropriate referrals. However, the diffuse nature of a
concussive injury presents challenges. Balance is controlled across several cortical and
subcortical brain regions with substantial central processing time needed for multisensory
integration and motor planning. While balance rehabilitation is common for vestibular and ocular
(motor) subtypes, it is conceivable that even mood, cognitive or headache subtypes may have
deficits that could go untreated. PURPOSE: To assess central processing time via time delay
involved in balance control across subtypes. METHODS. 124 symptomatic people with
concussion (age=36x11, days since injury=50+21) and 58 healthy controls (HC) (age=37+11)
were assessed using the Central Sensorimotor Integration (CSMI) Test. The CSMI measures
sagittal plane sway evoked by 20-s cycles of 2° peak-to-peak pseudorandom rotations of the
stance surface eyes open (SS/EO) or closed (SS/EC) or with a rotating visual surround and fixed
surface (VS/EQ). Time delay to coordinate balance responses was calculated. The
Neurobehavioral Symptom Inventory (NSI) was used to categorize people into subtypes;
cognitive (50), headache (15), mood (32), and vestibular ocular (27). Across subtypes there were
no significant differences in age, symptom severity (NSI), and days since injury. An ANOVA,
with Tukey adjusted pairwise differences, was used to compare groups. RESULTS: Relative to
the HC group, the cognitive subtype had significantly longer time delays across all CSMI
conditions (p’s<0.01). The mood subtype had significantly longer time delays in the SS/EC
(p=0.001) and SS/EO (p=0.04) conditions. The vestibular-ocular group had significantly longer
time delays during the SS/EC (p=0.007) and VS/EO (p=0.006) conditions. There were no
significant differences in time delay between the headache subtype and HCs (p 's>0.40).
CONCLUSION: Apart from the headache subtype, all other subtypes exhibited lengthened time



delays that may negatively impact balance control. These results support the notion that
persisting balance deficits should be evaluated and treated, regardless of clinical subtype.
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Abstract: Team-sport athletes need to attend to and track the movements of their teammates,
opponents, and the object of the game (e.g. ball). This is particularly important in contact and
collision sports because tracking who is friend and foe is vital both for playmaking and injury
avoidance. In the lab, this tracking behavior is approximated by the Multiple Object Tracking
task (MOT; e.g., Pylyshyn & Storm, 1988) for which participants are asked to track the
unpredictable motion of a number of targets simultaneously amongst the motion of identical
distractors. Research shows that humans can track and later reasonably identify up to 5 targets in
a set of 10 items. We wondered whether concussion impairs this ability and whether these
impairments are sensitive to time since injury. We also investigated whether the eye-movement
strategies adopted during the tracking phase were different for participants with concussion
(N=20) than for healthy (N=20) or orthopedic-injury (N=20) control participants. Participants’
eye movements were tracked while they completed MOT trials containing 1-5 targets in sets of
10 items (10-nTarget distractors). On each trial, targets were revealed using color, the color was
removed and item motion began and continued for 3 seconds, and at the conclusion, participants
identified which items they believed were the original targets. While the concussed group did not
differ from controls in the percentage of targets identified correctly (p = .126), they achieved a
perfect tracking score on significantly fewer trials than controls (p = .017). Our preliminary
analysis of eye-movements revealed that object-tracking models based on target position did a
significantly poorer job accounting for the eye movements of concussed participants than
controls (ps < .038) and that a tracking model based both on target and distractor position did a
significantly better job accounting for the eye movements of concussed participants than
controls, at least in trials where there was a single target (p = .017). This result suggests that



people with concussion are less able to discount distractors than controls. Future analyses will
examine how these patterns relate to time since injury.
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Abstract: Objective: The purpose of this study is to A) rigorously evaluate the Sport Concussion
Assessment Tool (SCAT) symptom list and improve the sensitivity/sensitivity by creating a
mini-SCAT (mSCAT) and B) identify an added utility of additional tests/exams with mSCAT.
Methods: Cohort study of collegiate athletics and military service academies. 59,901 athletes and
cadets were enrolled in the NCAA/DOD CARE consortium; 5,075 diagnosed with a concussion.
These analyses utilize the SCAT Symptoms and other concussion assessments in concussed
versus non-concussed individuals. Results: Individual symptoms demonstrate a variety of
Cohen’s-d effect sizes, the smallest being Nervous/Anxious (d=0.23) and Sadness (d=0.43). The
largest effects are Pressure in Head (d=2.59), Don’t Feel Right (d=2.51), and Headache (d=2.85).
The largest AUCs for concussion assessments are BSI Somatization Score (0.75), SCAT
Symptom Severity Score (0.88), VOMS/modified VOMS (0.92). A proposed mini-SCAT
(mSCAT) including the symptoms of headache, pressure in head, don’t feel right, sensitivity to
light, dizziness, and sensitivity to noise improves the AUC to 0.94 with a sensitivity of 87% and
specificity of 88%. The only concussion test/exam which adds utility to mSCAT is VOMS, all
other test/exams in CARE are non-additive in acute concussion identification. Conclusion: These
results suggest a mSCAT symptom list should be considered, possibly to 6 questions for an AUC
improvement from 0.88 to 0.94 with a 2% improvement in sensitivity and 12% improvement in
specificity.
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Abstract: Post-mortem evidence suggests the depths of sulci (DoS) are vulnerable to repetitive
head impacts (RHI). Diffusion MRI (dMRI) has identified microstructural features of brain
injury but has largely overlooked the juxtacortical white matter (JWM). We assessed the
relationship of RHI due to heading in soccer players with dMRI in jJWM at DoS. RHI has been
associated with worse verbal learning; we tested the mediating role of dMRI in this relationship.
Healthy amateur adult soccer players (n=380; 18-53 years old; 30% female) and healthy non-
collision athlete controls (82; 18-50; 61%) were included. In this cross-sectional analysis, we
assessed the relations among estimated 12 month RHI (HeadCount) represented in quartiles
(medians: 43, 300; 782, 2607) and verbal learning (International Shopping List).

3T dMRI (2mm?3, 109 directions, b=300, 800, 2000) was processed to extract DTI (fractional
anisotropy (FA), axial diffusivity (AD), radial diffusivity (RD), mean diffusivity (MD)) and
NODDI (orientation dispersion index (ODI), neurite density index (NDI), isotropic water
fraction (1ISO)) metrics from (1) jJWM subjacent to the DoS, (2) jWM subjacent to the crests of
the gyri (CoG), and (3) deep WM (dWM: corticospinal tract, corpus collosum, fornix, and
uncinate fasciculus). dMRI metrics at each region for each RHI quartile were compared to non-
collision athletes, using generalized linear models adjusted for age, sex, and concussion history.
Significant associations underwent causal mediation analysis using bootstrapping to test the
significance the mediating effect of a dMRI metric on the relationship of RHI with verbal
learning. Bonferroni correction was applied.

dMRI metrics in DoS jWM differed from controls in an RHI-dependent fashion. The highest
RHI quartile exhibited (corrected P<0.001) lower FA in the frontal lobe (FL), orbitofrontal
cortex (OFC), parietal lobe (PL), temporal lobe (TL), and occipital lobe (OL); lower AD in OFC,
PL, TL, and OL; higher RD in FL, OFC, PL, TL, and OL; higher ODI in FL, OFC, PL, TL, and
OL; and lower NDI in OFC. DoS effect sizes were larger CoG or dWM. jWM ODI in OFC
partially mediated the association of greater RHI with worse verbal learning (P=0.008); other
white matter regions had no mediation effect.

Microstructural injury related to RHI in young healthy individuals is most prominent in DoS
JWM. The previously identified adverse association of RHI with verbal learning is partially
mediated by OFC DoS jWM, consistent with measurable functional effects of subclinical axonal
injury, demyelination, and/or inflammation. Our findings suggest a focus on DoS jWM holds
potential for identifying clinically significant injury pathology in RHI.
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Abstract: The long-term consequences of concussion are still being uncovered but have been
linked to disruptions in cognition and psychological well-being. Previous studies focusing on the
association between concussion history and structural changes in the brain have reported
inconsistent results. We sought to examine the effect of concussion history on cortical volume
with a focus on functional networks. These networks are associated with many of the functions
that can be disrupted in those with an extensive concussion history. We collected structural MRI
data in contact sport college athletes (n=296, 33 women) along with a self-report measure of
concussion history and a baseline neuropsychological assessment, Immediate Post-Concussion
Assessment and Cognitive Testing (IMPACT). Participants were divided into two groups, a
group who reported no history of concussion (n=194) and a group who reported at least one
concussion prior to collection of MRI data (n=102). We examined cortical volume in these
groups at the level of functional networks, and at a more spatially constrained anatomical region
level. College athletes who reported concussion history did not report different baseline
symptoms and did not exhibit consistent differences in cognitive performance relative to those
who reported no concussion history. Concussion history was not related to cortical volume at the
network or region level, even when we compared participants with two or more concussions to
those with no concussion history. We did identify relationships between cortical volume in the
visual network and dorsal attention network with cognitive performance. Together, these results
suggest that self-reported concussion history is not associated with changes in cortical volume in
young adult athletes. While it is challenging to interpret null findings, we used Baysian statistics
and found moderate support for the null hypothesis that concussion history is not related to
cortical volume. This pattern of results is consistent with clinical and other scientific evidence
suggesting that concussion-related outcomes are associated with disruptions in brain function
and connectivity as opposed to anatomical changes. Indeed, previous research has suggested that
concussion history is associated with other changes in the brain (white matter, functional
connectivity, electrophysiology, etc.). Our results suggest that future work to identify brain
markers of concussion history may be better served by examining these measures rather than
focusing on cortical morphology.
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Abstract: Clinical assessments of individuals with cognitive-motor dissociation (CMD)
following brain injury are both challenging and error prone. Prior studies have shown that
electroencephalographic or EEG-based brain-computer interface protocols for motor-command
following (MCF) and differences in the N1 and P3 components of auditory evoked potentials
(AEPS) in response to an auditory oddball paradigm, can provide a more accurate, quantitative
assessment of children with CMD. This study investigates if these EEG measures would aid in
the assessment of adults with prolonged disorders of consciousness (PDoC); and if brain-
computer interface (BCI) protocols using motor-imagery decoding tasks or latencies of AEPs can
improve cognitive assessments of individuals with PDoC.

Methods: EEG data from nine individuals with PDoC, including cases of unresponsive
wakefulness syndrome (UWS), minimally conscious state (MCS), and locked-in syndrome
(LIS), were recorded using a 16-channel gNautilus system (g.tec). The MCF protocol included
up to 12 sessions of 240 trials each. During the first six sessions, participants underwent training
with and without feedback, to learn to consistently imagine moving one of two limbs, such as the
left or right hand, in response to auditory cues. From the seventh session onward, this binary
imagery task was associated with yes and no and applied in a closed question-and-answer task.
Separately, the auditory oddball protocol included at least two sessions, approximately 10 days
apart. Each session involved 2 five-minute sets of auditory stimuli: 340ms square-wave beeps at
frequencies of 400 Hz (standard) or 575 Hz (deviant), along with various novel sounds,
following a standard:deviant:novel ratio of 27:8:6 per set.

Results: Mean N1 AEP latencies had significant group differences due to lower latencies for the
LIS and MCS groups as compared to the UWS group (LIS v UWS - p <0.001; MCS v UWS - p



=0.005). Furthermore, mean AEP latencies were found to be negatively correlated with the
mean of the decoding accuracies (DA) obtained from significant runs for each participant during
the corresponding motor-imagery sessions (i.e., latencies decreased as DA increased, p = 0.011,
one-tailed).

Conclusion: The latency of the N1 AEP may aid the assessment of awareness in PDoC. The
finding that N1 latencies are correlated with motor imagery DA across groups suggest that both
movement-independent measures could be used complementarily to improve accuracy in
detecting consciousness in adults with PDoC.
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Abstract: Cognitive fatigue (CF) is a common and debilitating symptom following brain injury
or disease . Here, we investigated connectivity in individuals with multiple sclerosis (MS) and
individuals who had sustained a traumatic brain injury (TBI), comparing both groups to a control
group. For all participants, CF was induced while neuroimaging data was acquired using a
processing speed task.

The sample consisted of 31 Controls, 27 individuals with MS and 30 individuals who had
sustained a moderate-to-severe TBI. The groups were matched for education (age was not
matched and was controlled for statistically). CF was induced while subjects lay in an fMRI
scanner and worked through 4 blocks of a modified Symbol-Digit Modalities Task (MSDMT).
Participants rated their CF at baseline and after each task block. The sample was then divided
into those who reported high CF and those who reported low CF by using a median split of
subjects’ average CF.

We deployed the Riemannian manifold-based machine learning approach to analyze task-based
functional connectivity (t-FC). This technique involved categorizing static t-FC matrices
according to their geodesic distance, allowing us to pinpoint distinct connectivity patterns
associated with different groups of HC, MS, and TBI patients. BOLD time-series data from
Brainnetome atlas parcels were extracted, excluding any structural lesions, and static t-FC
matrices were computed using Pearson correlation. We obtained a vectorial representation by
applying geodesic clustering to these t-FC matrices and calculated the geodesic distance from
each matrix to cluster centroids (i.e., reference connectome). Then the most discriminative
centroid was chosen and the reference connectome of each group was determined.



Discriminative connections illustrating FC differences between the groups were identified by
comparing these reference connectomes.

Individuals with MS and TBI reported significantly more CF than the controls (p<0.0001), as has
been previously shown. The MS and TBI groups showed a largely similar pattern of
disconnection, with decreased connectivity between the precentral and postcentral gyri and
inferior parietal and insular regions compared to the control group. The MS group showed
increased connectivity between the thalamus and the basal ganglia as well as between the insula
and basal ganglia. The TBI group showed increased connectivity mainly between and within
parietal regions. That is, though the outward manifestation of CF are similar in the MS and TBI
groups, the underlying patterns of connectivity differ. This suggests that different approaches
should be taken to alleviate fatigue in these two populations.
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Abstract: Chronic traumatic encephalopathy (CTE) is a neurodegenerative disease associated
with repetitive head impacts, often sport-related. CTE can also result from exposure to blast
waves. Studies combining neuropathology and cryo-electron microscopy (cryo-EM) of cerebral
tissue of an individual who had played soccer and developed dementia later in life have not been
reported. Here we report a male, who played soccer for several years in childhood and as a
professional between 18 and 21 years of age, and began experiencing word-finding difficulties
followed by cognitive decline at age 69. At age 71, neuropsychological, neurological, and
neuroimaging studies led to the diagnosis of dementia, consistent with Alzheimer disease (AD).
He died at age 76. The brain weighed 1,145 grams and was moderately atrophic. The tissue was
studied using histology, immunohistochemistry, and cryo-EM. The diagnosis was AD with
severe neuropathologic changes scored as A3, B3, C3, according to the NIA-AA guidelines. In
view of the severity of the pathology that is mostly affecting the neocortex and hippocampus in
AD and that may overshadow the CTE pathology, it was important to be able to determine
whether in this case the tau pathology of AD was associated with that of CTE. Both pathologies
are associated with the presence of six tau isoforms with tau inclusions made of 3R and 4R tau.
Tau immunohistochemistry, using antibodies AT8, anti-RD3 and anti-RD4, revealed a glial tau
pathology frequently present around blood vessels located along the subependymal tissue
adjacent to the ventricles. Glial tau pathology also occurred beneath the pia mater over the
surface of brainstem and spinal cord and was best shown using the anti-RD4 antibody.
Neuropathologically, the severity of AD pathology did not allow us to recognize the well-



described neocortical CTE changes including tau pathology at the depth of sulci and glial
perivascular tau. For the CTE studies, the ideal tissue was the neocortex, amygdala and
hippocampus due to the presence of a large number of ghost tangles that were best recognized by
the anti-RD3 antibody. The amygdala and the hippocampus were areas where neurofibrillary
tangles coexisted with RD4 immunopositive astrocytes and astrocytic processes in perivascular
location. Frozen specimens of these areas were used for cryo-EM, which revealed the presence
of two types of tau filaments; those with the Alzheimer fold and those with the CTE folds. This
study is the first to use a combination of histology, immunohistochemistry and cryo-EM to
analyze the AD and CTE comorbidities that are characterized by the coexistence of two six-tau
isoforms pathologies. (equal contribution; KLN, CQI)
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Abstract: The zebrafish is capable of regenerating neurons in the adult retina in response to
injury. Retinal injury in the zebrafish results in the proliferation and differentiation of Muller glia
that then serve as an endogenous stem cell population. However, in humans the ability to
regenerate neurons in the retina is not currently achievable. To circumvent the human limitations
in neuronal replenishment, we aimed to identify molecular pathways that may regulate the
zebrafish’s ability to generate endogenous stem cells to then apply this to the human. To address
this aim, we performed single-nucleus RNA sequencing (sSnRNA-seq) of 24 postmortem retinas
from glaucoma, age-related macular degeneration, and controls. The sSnRNA-seq revealed the
upregulation of activated Muller glia genes, CLU and VIM in the diseased donors but not in the
controls. To explore disconcordant pathways between the response to neuronal injury in the
zebrafish and human, we compared the enriched genes between activated Muller glia. In doing
so, we identified YAPL. YAP1 inhibition led to activated Muller glia proliferation and
subsequential de-differentiation into stem-like cells in human retinal explants and age-
accelerated retinal organoids. Lastly, we show that extended retinal cultures with YAP1 inhibitor
led to the stem-like cells to express early neuronal lineage markers such as Beta-111 Tubulin.
Collectively, these results suggest that human activated Muller glia retina contain the capacity to



de-differentiate into an endogenous stem-like cell population that can undergo early neuronal
differentiation.
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Abstract: Orientation is one of the most salient features in visual scenes. In the brain, different
strategies for orientation detection have been revealed. Here, we identify a computational rule,
termed compartmentalized pooling, as the key for generating dendritic orientation selectivity in
B/K wide-field amacrine cells (B/K WACSs) — a group of giant, non-spiking interneurons in the
mouse retina defined by co-expression of Bhlhe22 (B) and Kappa Opioid Receptor (K). B/K
WACs exhibit orientation-tuned calcium signals along their long, straight, unbranching
dendrites, which contain both synaptic inputs and outputs. Simultaneous dendritic calcium and
somatic voltage recordings reveal that individual B/K dendrites are electrotonically isolated,
exhibiting a spatially confined yet extended excitatory receptive field along the dendrite, and
center-surround antagonism perpendicularly. Phenomenological receptive field models
demonstrate that compartmentalized pooling along the dendrite suffices to generate orientation
selectivity, and center-surround antagonism shapes band-pass spatial frequency tuning. At the
microcircuit level, B/K WACs receive excitation driven by one contrast polarity (e.g., ‘ON’) and
glycinergic inhibition driven by the opposite polarity (e.g., ‘OFF’). However, this crossover
inhibition is not essential for generating orientation selectivity. A minimally sufficient
biophysical model recapitulates compartmentalized pooling of feedforward excitatory inputs
with the intrinsic electrotonic property at a biophysical limit. Collectively, our results reveal a
computational principle for orientation selectivity and highlight its implementation by B/K
WACs, enriching the scientific understanding of diverse strategies employed across different
hierarchies of the visual system to achieve orientation selectivity.
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Title: The role of transcription factor Meis2 in the development of GABAergic amacrine cells in
mammalian retina.
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Abstract: Of the major classes of retinal neurons, amacrine cells (ACs) exhibit the greatest
diversity, with more than sixty molecularly distinct subtypes. Each AC subtype is thought to
carry out a specific function necessary for the detection of a single visual feature. The genetic
factors that control AC diversity during retinal development are unknown, but are important for
understanding the genetic basis of AC function, morphology, and their contribution to visual
behaviors. Identifying these genetic factors has been difficult, however recent single-cell
transcriptomics studies have unveiled genetic distinctions between the two major groups of
ACs—the GABAergic and Glycinergic ACs. One of the most distinct genetic differences
between GABAergic and Glycinergic ACs is the expression of the transcription factors Meis2
and Tcf4, respectively. In this study, we focused on the role of Meis2 in GABAergic AC
development. Based on the expression of Meis2 and its known roles in the nervous system, we
hypothesized that Meis2 is necessary for the neuronal specification, survival, and morphology of
GABAergic ACs. To test this, we used Meis2 conditional knockout mice, Meis2™¥/Flox
(Meis2°K9) crossed with Six3°" or Ptf1a®"™ mice to selectively delete Meis2 from the whole
developing retina or AC precursor cells, respectively. In both Meis2®K® mouse lines, we
observed a reduction in both the total number of ACs and the inner plexiform layer (IPL)
thickness. Furthermore, both Meis2K° mouse lines had a 60% reduction in the total number of
GABAergic ACs. Finally, in both Meis2°“° mouse lines, we observed AC subtype differences in
IPL stratification. We found thinning of the dopaminergic (TH+) AC layer of the IPL, but no
changes in cholinergic (ChAT+) layers of the IPL in both Meis2K® mouse lines. These results
suggest that Meis2 is necessary for both the survival and dendritic stratification of at least some
of the GABAergic ACs in the mammalian retina.
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Title: P2x7 drives pathophysiological remodeling of the inner retina during progressive
photoreceptor loss
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Abstract: Purpose: Congenital or idiopathic retinal degeneration (RD) leads to vision
impairment and blindness. The loss of photoreceptors in the outer retina triggers
pathophysiological remodeling, a crucial but understudied phenomenon affecting the inner
retina, resulting in intrinsic and spontaneous retinal ganglion cell (RGC) hyperactivity, reducing
the signal-to-noise ratio (SNR) of remaining light responses, further degrading vision. Inhibition
of hyperactivity improves image recognition in-vivo, using strategies that are currently clinically
unsuitable. This study aims to uncover new druggable targets and devise therapeutics to block
hyperactivity and improve vision in animal models and patients.

Methods: Rd1 mice (a retinitis pigmentosa model) were crossbred with purinergic 2x isoform 7
(P2X7) knockout mice, generating a double-mutant mouse strain. Gene and protein expression
were tested using qRT-PCR, RNA-sequencing, and immunohistochemistry in retinal lysates or
fixed eyeballs. Membrane permeability of Yo-Pro dyes was quantified using confocal imaging in
whole-mounted living retinas. RGC activity was recorded using multielectrode arrays and patch-
clamp electrophysiology.

Results: Here we show that photoreceptor loss upregulates transmembrane P2X7 receptor in the
inner retina. Knocking-out P2X7 in RD mice prevents hyperactivity, while P2X7 overexpression
in WT retina increases spontaneous action potential firing. RNA-sequencing indicates RD
enhances the expression of membrane depolarization-related genes in a P2X7-dependent manner,
including ion channels and transporters such as HCN1, CACNA1h, RYR2/3, and SLC1A2.
Patch-clamp recordings following photoreceptor loss reveal robust HCN1-dependent ion current
activation in Off-RGCs but not On-RGCs, which was rescued by knocking-out P2X7.
Conclusions: P2X7 is necessary and sufficient for degeneration-dependent hyperactivity in the
inner retina of blind mice. Our results suggest that this effect is achieved through downstream
activation of several ion channels and transporters, most significantly HCN1 channels in Off-
RGCs. Targeting P2X7 in photoreceptor degeneration could be a viable therapeutic approach to
antagonize pathophysiological remodeling, reduce spontaneous hyperactivity, and improve the
SNR of light responses.
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Title: Genetic tuning of intrinsically photosensitive retinal ganglion cell subtype identity to drive
visual behavior
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Abstract: Light is a profoundly important regulator of circadian rhythms of physiology and
behavior across a wide range of organisms. Light information is relayed via diverse retinal
ganglion cell types to approximately 50 distinct targets in the brain. The melanopsin-expressing,



intrinsically photosensitive retinal ganglion cells (ipRGCs) represent 6 of the approximately 40-
50 retinal ganglion cell types present in the mouse retina. M1-M6 ipRGCs are defined by a
distinct complement of subtype-defining morphological, physiological, and transcriptional
characteristics. However, how this cellular diversity is achieved is largely unknown. Brn3b
(Pouf42) is a transcription factor involved that is poised to influence gene expression programs
defining properties of ipRGCs. In this study we tested the hypothesis that Brn3b actively shapes
the morphological, physiological, and transcriptional identity of ipRGC subtypes. We compared
gene expression patterns, melanopsin expression, morphological properties as well as ipRGC-
driven behaviors in mice where Brn3b is conditionally removed (Brn3bcKO animals) or
overexpressed (Brn3bOE) in ipRGCs. Our results indicate that Brn3b expression levels in
iIpRGC correlates with, and actively regulates, the levels of melanopsin mRNA and protein.
Using TRAP-seq we found that Brn3b is a central regulator of transcriptional programs that
define ipRGC subtype identity. Additionally, we found that Brn3b plays a key role defining
morphological properties such as soma size and dendritic development of ipRGC subtypes.
Finally, we analyzed the axonal projections patterns to the main ipRGC targets in the brain as
well as ipRGC-driven behaviors in Brn3bcKO, Brn3bOE, and control littermate mice. We found
that ipRGC-projection patterns as well as ipRGC-driven behaviors were altered in Brn3bcKO
and Brn3bOE mice. Altogether these findings indicate that Brn3b define the transcriptional
identity, the morphological properties and behaviors driven by ipRGC subtypes.
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Abstract: Photoreceptor degeneration is a leading cause of untreatable sight-loss. We have
previously demonstrated restoration of retinal function following transplantation of human
pluripotent stem cell (hPSC)-derived cone photoreceptors (hCones) in the Rd1 model of rod-cone
dystrophy. However, for photoreceptor replacement therapy to be effective, it must work for a
variety of disease types. Here, we sought to determine if it is possible to rescue the Aipl1” mouse
model of Leber Congenital Amaurosis (LCA). This model exhibits extremely rapid and
widespread photoreceptor degeneration, with near complete loss by postnatal day (P)18; this
rapidity affects the initial formation of photoreceptor-bipolar cell synapses, presenting a
particularly severe case for rescue.



Following transplantation of hCones into AIPL1 Foxn1™/™ retinas, hCones expressed markers of
mature photoreceptors including pre-synaptic proteins. Host cone bipolar cells under the hCone
cell mass extended dendrites towards transplanted photoreceptors and demonstrated an
upregulation of post-synaptic machinery, providing evidence of nascent synaptic connectivity.
Ex-vivo Multielectrode Array recordings demonstrated robust rescue of light responses in
regions below the transplanted cell mass, in the form of light-evoked micro-ERGs and fast
transient changes in the firing rate of downstream Retinal Ganglion Cells. A variety of different
response profiles were observed, over four different light levels, which are similar to those
identified in cone only mouse retina, but not in aged-matched degenerate controls. Synaptic
blockers reversibly eradicated all light-evoked mERGs and light responses, confirming they
originated from glutamatergic transmission between hCones and host Bipolar cells in the outer
retina. Mice showed some improvements in optomotor head tracking behaviour.

Together with our previous findings, this suggests that photoreceptor replacement therapy may
be feasible even in the most severe cases of retinal degeneration, where extensive remodelling of
the host retina has already occurred, providing support for the use of photoreceptor cell therapy
in severe LCA and in other similar advanced states of degeneration.
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Abstract: The ability to anticipate potential threats in nature provides a clear evolutionary
advantage. In mammals, the visual system is one of the primary senses used to respond and to
detect changes in the environment. However, whether and how the visual system may influence
the ability to anticipate environmental threats is unknown. In this work, we tested the hypothesis
that the melanopsin (Opn4)-expressing, intrinsically photosensitive retinal ganglion cells
(ipRGCs) are critical for the ability to anticipate the future appearance of a previously
experienced threat. For this, we developed a novel Visual Threat Anticipation (VITA) paradigm,
in which we exposed control and melanopsin knock-out (Opn4™) mice to a threatening visual
“looming” stimulus (Exposure Phase). After two days, we returned animals to the identical
context and measured their anticipatory behavior (i.e. VITA) in the absence of any “looming”
stimulus to determine whether they associated that context with the prior threat exposure (Test
Phase). We found that male Opn4”- animals lacked VITA, while non-sexually receptive Opn4"-
females (i.e. Diestrus or Metestrus, estrus cycle stages) showed increased VITA. Using a c-Fos
induction screening, we identified the Perihabenular Region (PHb) as candidate ipRGC-central
target for driving VITA. Chemogenetic manipulation of PHb-ipRGCs and GABAergic PHb
neurons induced opposite effects on VITA behavior in males and females. Our results suggest



that ipRGCs mediate VITA behavior through a retina-PHb circuit in a sex- and estrous cycle
dependent manner.
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Abstract: Tree shrew is an emerging small animal model for studying complex visual
processing. Tree shrews have a cone-dominated retina with a region of high acuity, and midbrain
structures such as the superior colliculus (SC) and the lateral geniculate nucleus with distinct
laminae - features attributable to a highly developed visual system resembling primates. Yet,
little is known about the functional diversity of retinal ganglion cells (RGCs) and their output
projections to subcortical areas, in particular, the SC that is implicated in visuomotor tasks such
as gaze, attention, and motion processing.Here, we sought to characterize the morphological and
functional diversity of RGCs and map the projection pathways from the retina to the SC in tree
shrew. We used an AAV2-retro virus construct to retrogradely target RGCs projecting to the SC
for expressing a fluorescent protein and a red shifted Channelrhodopsin (ReaChR).
Immunofluorescent labeling of brain sections and retinal wholemounts indicate successful uptake
of virus in the superficial layers of SC and transduction of RGCs in the retina, respectively.
Fluorescence fundus imaging was performed to determine level of transduction in RGCs in vivo.
Retinas from centrally injected animals were biopsied and spiking activity of hundreds of RGCs
to a battery of visual stimuli was measured over a multielectrode array. Receptive field
measurements indicate multiple ON and OFF RGC types, with mosaics of RGCs with small
receptive fields and low-pass temporal integration and mosaics of larger receptive fields with
more band-pass temporal integration. A sizable fraction of RGCs was direction selective (~15%)
while a smaller fraction was orientation selective (<10%). ReaChR responses identified by short
temporal latency combined with receptive field measurements and post-hoc immunolabeling and
anatomical tracing, indicate both monostratified and bistratified RGCs (including direction
selective RGCs) project to the SC. This study reveals for the first-time, mosaics of multiple
functionally distinct RGC types, along with direction- and orientation-selective RGCs, in the tree



shrew retina. The study also reveals the subset of RGC types that project to the SC, highlighting
the retinal influence in shaping functional specializations in the superior colliculus.
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Abstract: Working memory, the ability to flexibly maintain and manipulate information to serve
goal-directed behavior, is fundamental to human higher intelligence. It has been argued that
working memory possesses a highly constructive nature, wherein mnemonic information is
abstracted through shared perceptual or structural knowledge to facilitate efficiency and learning.
For instance, reordering numbers based on their magnitude and sorting pictures based on their
visual similarity are two distinct memory manipulation tasks, but their underlying task structure
remains similar, that is, organizing items into a specific sequence. However, it remains unclear
whether the brain utilizes a generalizable neural code to solve these tasks. In this study, we
addressed this question by investigating the generalization principles for both stimulus and goal
information in working memory. Human participants completed a memory manipulation task in
two distinct circular stimulus spaces: location and object. In the location task, participants
mentally rotated spatial locations by a cued rotation angle (0, £60, £120, £180 degrees). In the
object task, participants first acquired the structure of the circular object space by learning the
transitional relations between objects drawn from the space, and during the main task, mentally
updated objects according to symbolic cues indicating the distances between objects (0, £1, £2,
+3 steps). In other words, the two tasks shared similar stimulus and goal structures but with
distinct stimulus and cue sets. Leveraging functional MRI (fMRI) and multivariate pattern
analysis, we observed that the posterior parietal cortex (PPC), but not the early visual cortex,
exhibited representations of both goal and manipulated stimulus in both location and object
tasks, indicating PPC as a domain-general brain region for working memory manipulation.



Furthermore, combining principal component analysis and subspace decoding analyses, we
found that the goal structure of the two tasks could generalize to each other within PPC, while
the subspaces of the manipulated stimulus remained independent. Additionally, we found
successful generalization of goal structure in multiple subregions of the lateral prefrontal cortex,
albeit with a later temporal onset and weaker representational strength. In summary, our results
reveal distinct computational principles for the generalization of information maintained in
working memory: while PPC maintains all task-relevant information, it utilizes a generalizable
neural code for representing goals and a separable neural code for representing stimuli.
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Abstract: Working memory, keeping information in mind for short periods of time and using it
in a goal directed manner, is essential to meaningfully interact with our environment. Yet, while
being central to everyday life it is still hugely controversial how working memory is
implemented in the human brain or how optimal functioning can be supported in disorders. Here
we present novel findings from human electrophysiology indicating that while slow oscillatory
activity is relevant for generalised attention allocation, oscillations in the beta range are key in
actual item maintenance. By focusing on beta activity we are able to differentiate working
memory contents while slow oscillatory activity supports long-range network formation.
Furthermore, an induced fast rhythmic signal was uniquely able to track the locus of
attention.We combined a working memory retro cue paradigm with a novel approach to invisibly
tag visual stimuli (RFT, rapid invisible frequency tagging) that can be read out using
electrophysiology and recorded participants in the MEG (magnetoencephalography, n=40).
During every trial participants were simultaneously presented with a lateralised face and Gabor
grating. They encoded the items and had to retain them both for a short period of time until a cue
told them which one they were going to be tested on. Participants were instructed to only
maintain the cued item after this retro cue. A probe stimulus in the same location as the cued
item was presented after the post cue retention period and participants responded with a
match/non-match button press. Importantly, the two items were invisibly tagged with
distinguishable frequencies (62 and 66Hz) and we were able to successfully read out those tags
using MEG. The frequencies showed significant amplitude modulation by attention during the
second time window indicating a reliable marker for attention allocation. Furthermore, slow
oscillatory activity in the alpha range showed lateralised item maintenance which was
unperturbed by the tagging signal. While the described findings were generalised to item
maintenance and attention allocation, oscillatory activity in the beta frequency was uniquely able



to distinguish between the two item conditions. Beta oscillations differentiated the maintenance
of faces from the maintenance of Gabor grating orientation in working memory, i.e. during their
absence from the environment.Our findings are well in line with literature on invasive animal
models highlighting the relevance of beta oscillations for item maintenance in working memory
and offer a new approach for tapping into the neural correlates of human working memory.
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Abstract: In this presentation, we applied machine learning and deep learning techniques to
decode neural activity during primate working memory tasks, specifically focusing on an
oculomotor delayed response task. We achieved a decoding accuracy exceeding 90%, indicating
high precision in neural information encoding. Data were collected from the prefrontal and
posterior parietal cortices of juvenile and adult male rhesus monkeys. To enhance our models'
effectiveness, we utilized advanced statistical methods for feature selection from time-series
spike data and optimized hyperparameters to improve generalizability to new data. Our results
highlighted that even simple computational models such as logistic regression, support vector
machines, and shallow neural networks are capable of accurately predicting neural activity based
on aggregated neuron data. Notably, we also demonstrated predictive capabilities in the posterior
parietal cortex neurons—areas not typically associated with working memory. Additionally, we
employed continuous-time recurrent neural networks that emulate natural neuronal dynamics,
further reinforcing our models' reliability and providing deeper insights into the neural
mechanisms underpinning working memory. Overall, our study confirms that machine learning
and deep learning are powerful tools for analyzing neural recordings, offering profound
implications for understanding the neural basis of working memory and potentially extending to
other cognitive functions.
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Abstract: Recall of stimuli is biased by recent stimulus history, manifested as an attractive bias
toward, or a repulsive bias from, a previous stimulus. This is known as the serial dependence
effect. A recent two-stage model of serial dependence (Sheehan & Serences, 2022) proposes that
a repulsive bias emerges during the encoding stage of the current stimulus, where encoding is
influenced by sensory adaptation to the previous stimulus; an attractive bias, on the other hand,
arises from the (post-perceptual) decision-making stage, when the memory representation for the
current trial is read out. Neural evidence for a repulsive bias at encoding has been found in
several studies. For example, in Hajonides, van Ede, Stokes, Nobre, & Myers (2023), two
samples were presented sequentially in each trial and human observers were cued to recall one of
them at the trial end while neural activity was recorded with magnetoencephalography. During
encoding the neural representation of the current stimulus was biased repulsively by both the
cued item from the previous trial (henceforth “previous target”) and the previously encoded
sample from the current trial ("sample 17). In contrast, at the behavioral level, sample 1
repulsively biased the report, but the previous target exerted an attractive bias. Here we assessed
whether this discrepancy between neural effect and behavioral report may be rooted in the
decision-making stage. We re-analyzed the data from this study but focused on the memory
recall period. Whole-head multivariate decoding showed that the neural representation of the
current target was attractively biased toward the previous target (both shortly after the probe
onset and before participants completed recall), but there was no evident bias from sample 1. A
follow-up searchlight decoding analysis isolated this attractive bias to a right-central cluster of
sensors, in line with a role for higher-order decision processes. Our results suggest that the priors
that influence post-perceptual decision-making are updated by the previous trial’s target, but not
by stimulus information from the current trial.
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Abstract: The brain continuously extracts statistical features across previously encountered
sensory inputs (sensory history) and incorporates them into a stable, yet flexible internal model.
Despite this model being the basis of our ability to interpret ambiguous sensory information for
decision making (perceptual inference), how it is implemented is unclear. Schmitt et al (Nature
2017) suggest that “higher-order” thalamic nuclei can stabilize neuronal representations within
the cortex. To explore how the thalamus may support sensory-history integration into the internal
model we focused on interactions between the posterior parietal cortex (PPC), its thalamic
counterpart the pulvinar nucleus (PUL) and thalamic reticular nucleus (TRN). Optogenetic



inhibition of either PUL or PPC prevented the inclusion of experiential history in current
decision making in a mouse auditory sensory-history task. To better understand how sensory-
history is represented in these areas we conducted recordings with Neuropixels targeting PPC,
PUL and TRN in awake head-fixed mice exposed to a controlled auditory sensory experience
while manipulating these areas optogenetically. Machine-learning based analysis of neuronal
activity recorded in the PPC was able to decode sensory-history information while optogenetic
suppression of the PUL significantly reduced decoding accuracy, consistent with the PUL
controlling stability of cortical representations. Supporting previous studies that suggest
modulation of inhibition is essential for stabilizing short-term neuronal representations (Kim &
Sejnowski Nat Neuro 2021), optogenetic tracing revealed that putative inhibitory cell types in the
PPC received a significantly greater proportion of the input from the PUL, indicating that PUL
could increase the stability of PPC representations of sensory-history by the same means. To
characterize this stabilization input and determine how/when it is engaged, we used a model
explainer tool (SHAP), to rank individual neuron’s contribution to predicting sensory-history.
This approach revealed a strong contribution from putative TRN inputs to the PUL suggesting a
key role for this inhibitory input. Further, network motif analysis of PUL-TRN connections
uncovered an architecture consistent with a biological comparator that suppresses the PUL in
response to shifts in sensory experience statistics. Based on these findings, we propose a system
that allows updating of sensory-history representations within the PPC by selective
destabilization controlled via the PUL/TRN tracking environmental patterns, thereby updating
the internal model and enabling effective inference.
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Abstract: Introduction: Working memory (WM) comprises a series of metacognitive neural
processes to temporarily encode, maintain and use information to execute a desired action, all
essential for the correct execution of activities of daily living. The interactions of these neural
dynamics are not fully understood. Furthermore, walking while simultaneously executing a
cognitive task has been shown to modify behavior, gait and neural resources. However, it is
unknown if variations in cognitive load when walking or sitting alters behavior and neural
processes during a WM task. To our knowledge, no studies have utilized the MoBI technology to
examine cognitive-motor interaction (CMI) and variations in cognitive load on WM. Our



objective was to characterize the effects of CMI and variations in memory load on WM in
healthy young adults. We hypothesize that the interaction between cognitive and motor systems
will uncover previously hidden WM traits. Understanding how WM neurophysiology is
modulated by walking in a healthy population can provide a platform to later study those at risk
of disease. Methods: 33 neurotypical young adults (18 (54.5%) females and 15 (45.5%) males
with a mean age 22.12 + 4.35 and 16.18 + 2.9 years of education) completed a Delayed Match-
to-Sample task (DMTS) using congruent or incongruent stroop-like stimuli, while sitting or
walking on a treadmill. MoBI was utilized to simultaneously obtain behavioral, high density
electroencephalography and gait recordings. Demographic information and a baseline cognitive
score (MoCA) were also obtained. Data were analyzed with MatlabR. Results: Participants had
an overall accuracy d’ = 3.88, with behavioral improvements when walking (d’ sitting = 3.755 +
0.650, walking = 4.041 £ 0.659, t33 =2.734, P =0.010, Cohen’s d = 0.476) and a decrement
when exposed to incongruent stimuli independently from the motor condition (d’ congruent =
3.923 £ 0.528, incongruent = 3.768 £ 0.697, t33=2.577, P = 0.015, Cohen’s d = 0.449). No
interaction was found between motor condition and congruency. Stride length between single
and double tasking did not change. EEG amplitude reductions were found between sitting and
walking at frontal, central and parietal scalp regions, during the encoding (conflict resolution -
N200) and the retention (delay) period of WM (walking-sitting Cluster based Monte-Carlo
permutation test - ts3 = - 2.5, P = 0.009). Conclusion: CMI using the MoBI uncovered hidden
characteristics of WM encoding and maintenance in a young healthy cohort. Changes were
observed in behavior and spatiotemporal EEG amplitudes associated with conflict resolution and
semantic rehearsal processes of WM whether sitting or walking.
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Abstract: Working memory (WM) is the brain’s ability to temporarily hold and manipulate
information when it is no longer present in our environment. Previous studies showed that WM
is supported by interactions between frontal-parietal areas and posterior sensory regions. In
particular, the lateral prefrontal cortex (LPFC) provides top-down control over sensory WM
representations. The intraparietal sulcus (IPS) has also been shown to be involved in maintaining
WM information. The neural mechanisms behind such frontal-parietal control remain
underspecified. Different brain oscillations may establish the inter-areal communication within
these cognitive networks. A previous study used repetitive transcranial magnetic stimulation
(rTMS) in a retro-cue task, to show that theta and alpha oscillations respectively prioritize and
suppress WM representations (Riddle et al., 2020). Using computational modeling and MEG we



have also shown that posterior alpha oscillations provide a phase-coding mechanism for
maintaining information in WM (Pagnotta et al., 2024). Here, our goal was to assess the role of
theta and alpha oscillations in WM maintenance, to differentiate their role in maintenance from
their involvement in retro-cue dynamics. We used rTMS in a delayed-response task. Subjects
(N=10) were shown a lateralized display of 3 circles (stimulus: 0.2 s) and had to remember their
colors and positions. After memory delay (2 s), one circle was cued by position and subjects
were asked to report its color. Subjects adjusted a probe to match the value of the relevant feature
held in WM and placed 6 responses over a 360-degree field of colors. This allowed us to derive
behavioral measures of both accuracy (error) and precision of the WM representation, from the
distribution of the subject’s responses. Subjects completed 240 trials of the task (8 blocks). In
each trial during the second half of delay, online rTMS was delivered to either left LPFC or IPS.
ROIs were identified on the subject’s anatomical whole-head image, collected in a preliminary
MRI session. Each rTMS consisted of a train of 4 biphasic pulses, with stimulation frequency of
either 6 Hz (theta), 10 Hz (alpha), or arrhythmic (control). Our results did not show any effects
of rhythmic stimulations on accuracy. However, we found increased precision when alpha rTMS
was applied to IPS, in contralateral presentation trials. These results suggest that, while LPFC is
involved in the manipulation of WM information but not maintenance, the IPS serves as
controller over WM maintenance via alpha oscillations. Further, the fact that accuracy was not
affected by rTMS to IPS suggests that this area does not store feature information locally.
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Abstract: In order to navigate towards an uncertain goal location, animals must accumulate
evidence about the location of a goal and store this information in working memory. Here we
identify a population of local neurons in the fan-shaped body of Drosophila that exhibits
working memory and evidence integration dynamics during odor-guided navigation. Imaging
from these neurons during virtual navigation reveals a bump of activity that is activated by odor,
but can outlast the odor stimulus by several seconds. Persistent bump activity is associated with
continued movement in the direction adopted during odor, arguing that these neurons represent a
directional working memory signal for navigation. Bump position remains fixed during closed-
loop navigation, consistent with it representing an allocentric goal rather than an egocentric
heading, but can slowly remap when the fly rotates repeatedly during odor. When the fly
navigates a virtual odor plume, bump activity slowly ramps up with successive odor encounters,
indicating that it integrates odor information over time. These dynamics are not observed in a



different population of local neurons, although both populations are modulated on slow
timescales by the fly’s engagement in the navigation task. Silencing of the first local neuron
population impairs both behavioral evidence integration and persistent upwind heading driven by
trains of odor pulses. Our work identifies a small group of genetically-identified neurons that
integrate and store stochastic sensory evidence to support navigation in complex natural
environments.
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Abstract: Background: Altered sleep characteristics, including increased Rapid Eye Movement
(REM) sleep and decreased Slow-Wave Sleep (SWS) are putative risk factors for high
internalizing symptoms. Prior research has shown associations between REM sleep and
emotional memory consolidation, and between SWS and neutral memory consolidation, although
the evidence is mixed. This study examines emotional and neutral aspects of episodic memories
as mechanisms through which microstructures of REM and SWS perpetuate common,
depression-related, and anxiety-related internalizing symptoms. Methods: Healthy adults
encoded scenes featuring either negative objects (e.g., a snake) or neutral objects (e.g., a
chipmunk), and indicated whether objects were old or new compared to what they encountered
during encoding. All participants completed one night of laboratory-monitored
polysomnography, and reported internalizing symptoms using the Beck Depression Inventory,
Beck Anxiety Inventory, and State-Trait Anxiety Inventory. Results: Increased REM peak
amplitude (the absolute highest amplitude reached by eye movements) was significantly
associated with remembering negative objects better than neutral objects (8;=0.28, p=.012),
which in turn predicted more severe anhedonia (3;=0.26, p=.016). Reduced slow-wave
frequency (the number of slow waves per second) was numerically related to increased false
alarms for negative objects (f;=-0.25, p=.081), which in turn significantly predicted more severe
depressive general distress (f;=0.24, p=.014) and mixed general distress (3;=0.20, p=.034).



Discussion: Targeting maladaptive emotional memory could serve as an effective intervention
for internalizing symptoms exacerbated by sleep disturbances, particularly for depression-related
symptoms.
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Abstract: Sparse coding is the predominant theory of episodic memory representation in the
human hippocampus. It holds that individual neurons represent few memories, and individual
memories are represented by few neurons. Prior studies detected a sparse coding signal in
epilepsy patients using intracranial recording during a recognition memory task (Urgolites et al.,
2022; Wixted et al., 2018). The spike count distributions for targets and lures were visually
compared using quantile-quantile (QQ) plots and statistically compared by computing
differences in standard deviation, skewness, and kurtosis between the two distributions. The
sparse coding account was supported by a significant increase in these statistics for targets
relative to lures. Using an independent dataset of single neuron recordings from the medial
temporal lobe (Chandravadia et al., 2020), we aimed to (1) replicate these findings and (2)
further investigate the relationship between sparse coding, recognition memory performance, and
neuronal allocation. The data were originally collected by Rutishauser et al. (2010, 2015). At
learning, participants were presented with 100 images of objects (e.g., phones, animals, and
complex natural scenes) for 1 or 2 s each. Later, they completed a recognition test, indicating
whether images were old (50 targets) or new (50 lures). Normalized spike counts were calculated
for each neuron for every trial, and the distributions for targets and lures were compared. There
were 1,066 neurons recorded from the amygdala and 736 from the hippocampus. Within each
session and for each item, mean spiking before and during item presentation at encoding was
calculated. Items were labeled as high or low spiking using a median split both before and during
encoding. Neurons were labeled as “excitable” in response to a specific item if the spiking
changed from low before the item was presented to high during item presentation at learning.
The sparse coding signal was evident in QQ plots for the hippocampus but not the amygdala
(replicating prior work). In addition, this signal was selectively detected in the hippocampus for
remembered targets vs. lures (standard deviation difference: 0.08, p = 0.01; skewness difference:
1.77, p = 0.03; kurtosis difference: 42.38, p = 0.06). Additionally, the sparse coding signal was
evident only for excitable neurons associated with remembered targets vs. lures (standard
deviation difference: 0.23, p < 0.001; skewness difference: 3.74, p < 0.001; kurtosis difference:



84.72, p=0.01). The sparse coding signal is related both to the “excitability” of neurons at
encoding and to successful recognition at retrieval.
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Abstract: Recognition memory enables us to discriminate whether an event has occurred in the
past and its underlying processes can be reflected in oculomotor behavior. Past research has
suggested that eye movement viewing behavior reflects human participants’ conscious memory
decision whereas one’s pupil size is modulated by a pupil old/new effect. The former reflects a
voluntary and conscious process whereas the latter implies an involuntary and automatic process
beyond conscious control. Here we set out to examine these two physiological processes using
high-sampling rate eye tracking on macaque monkeys performing a three-alternative forced-
choice (3AFC) delay-matching-to-sample (DMTS) task. Single-unit neuron recording was
conducted on the macaque’s posterior parietal cortex (the precuneus) for elucidating the two
processes’ respective neural substrates. Five male rhesus macaques each completed 15 sessions
(~ 6,800 trials in total) of a SAFC DMTS task while their eye movements were recorded. We
examined the eye-memory relationship by considering (1a) the proportion of duration and
number of fixations, (1b) saccades, and (2) pupillometry to study the voluntary and reflexive
components of the recognition memory task. In a second experiment, extracellular neuronal
responses from the precuneus are recorded and analyzed to assess the neural correlates for these
distinct components. By comparing between correct and incorrect responses, we found that fewer
fixation and saccadic events (P<0.05), shorter saccadic and fixation duration (P<0.05), and
increased pupil diameter (P<0.05) for correct responses compared to incorrect responses.
Neuronal responses are shown as a function of these physiological and other behavioral
parameters. Our study suggests eye movement patterns and pupillometry show a physiological
link to recognition memory performances, revealing voluntary and reflexive components in the
process.
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Abstract: Replay has emerged as a promising mechanism for episodic memory retrieval and
consolidation, wherein patterns of neural activity recapitulate past or possibly anticipate future
trajectories. While evidence for neural replay of the "where™ (location) and "what" (object)
sequences has been found in both rodents and humans, another key aspect, namely the replay of
the "when" or "time," remains poorly understood. To address this gap, here we ask whether
neural replay can capture temporal information independently of specific content in mnemonic
processes. We investigated this by using intracranial electroencephalography (iIEEG) data
collected from 18 epileptic human volunteers (mean age: 24.67 + 8.21), while they performed a
temporal order judgment task that required them to recall the order of events from just watched
videos. Employing a single-shot protocol with unique movie clips presented only once, our L1-
logistic regression classifier aimed to capture the neural representation of general time rather
than the specific visual elements. Using the temporally delayed linear model (TDLM) framework
(Liu etal., 2021), in which the strength of replay is reflected in the magnitude of the temporal
dependence among reactivation levels, we observed rapid, bi-directional replay during both
online memory retrieval (sequenceness: 0.014 vs. permutation threshold: 0.013) and subsequent
offline resting period (sequenceness: 0.012 vs. permutation threshold: 0.011), with a compress
factor ranging from 2.7 to 12.5. Furthermore, the total strength of bi-directional replay during
both phases could predict the participants’ metacognitive abilities (Pearson correlation, Online
retrieval: r = 0.54, p = 0.02; Offline resting: r = 0.55, p = 0.02). Moreover, by correlating the
occurrence time of hippocampal sharp-wave ripples (SWRs) with reconstructed temporal order,
we found that replay can be represented by chaining multiple SWRs together in addition to
within-SWR replay among a subset of 8 participants who had implanted electrode(s) in the
hippocampus. Our findings of this intra-SWR (one sample t-test: t = 4.88, p < 0.001) and inter-
SWR (one sample t-test: t = 3.89, p < 0.001) cortical replay events enhance our understanding of
hippocampal-cortical communication, and they also shed light on the complex multi-scaled
nature of temporal structure in human episodic memory.
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Abstract: Novel object recognition (NOR) task is commonly used for testing hippocampal and
parahippocampal-related memory in rodents. It is based on an animal’s natural tendency for
increased exploration of novel objects relative to familiar ones and does not require food or
water restrictions for motivation. However, its implementation is often challenging due to the
high variability associated with exploratory behaviours. Here, we present an unsupervised NOR
task implemented in a homecage (smart-Kage). In the 24-hour sampling phase mice were
presented with two distinct objects, with which they could interact by touch, vision, and smell.
The sampling phase was followed by either 24-hour (n=20 mice Cambridge, n=16 UCL) or 7
days (n= 19 mice) inter-trial intervals. In the test phase, mice were presented with a duplicate of
a previously presented object and an unfamiliar one. The object presentation was randomised to
balance the object identities and location. First, we confirmed no bias in object identity or
location preference during both phases (Fig. A-B). Next, we showed that mice could recall
familiar objects after an interval of 24 hours and 7 days (Fig. ¢, discrimination index (d2;
sampling vs test): 24h, 0.013+0.064 vs 0.298+0.08, p<0.005; 7 days, -0.126+0.074 vs
0.332+0.064, p<0.005). Importantly, tests conducted in two different facilities displayed
comparable results despite a degree of variability in mouse behaviour across facilities (Fig. C; d2
(sampling vs test): 24h, 0.01+£0.15 vs 0.355+0.134, p<0.005). We envisage the smart-Kage
automated NOR task will enable higher throughput and more standardised memory testing in
mice.

A-B, Left: Time mice spent exploring the three materials used as object; Right: Exploration time
of objects when presented on the left or right side. Paired Student’s t test with B-H correction, all
with p>0.05. C, Mice on average explored the two objects similarly in sampling phase (purple)
and showed significant preference for novel objects in test phase (mint). Dashed line denotes
equal preference for both objects. Paired Student’s t test with B-H correction.
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Abstract: Spectral dynamics 0 and slow y oscillons in behaving rats
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Oscillons are recently discovered, high-resolution constituents of the extracellular fields. In
particular, the most robust, highest-amplitude 6-oscillons are salient in actively behaving rats,
bearing some resemblances to the familiar 0-waves. Slow-y oscillons can be viewed as
qualitative counterparts of the conventional slow-y waves [1]. However, the similarities apply
mostly to the ballpark, averaged, lento-changing characteristics, such as mean frequencies,
amplitudes, and bandwidths. In addition, hippocampal and cortical oscillons exhibit many novel,
intricate, behavior-attuned, transient properties that suggest a new vantage point for the brain
rhythms’ structure, origins and functions. For example, the fact that oscillons are frequency-
modulated waves with speed-controlled parameters opens a surprising, “FM” perspective on the
information exchange in hippocampo-cortical network. This observation also links
electrophysiological data to oscillatory models of brain waves, which can be pictorially
illustrated using a toy model of neuronal synchronization. In particular, it can be shown that the
synchronicity level in physiological networks is fairly weak, that the oscillatory dynamics is
coupled with the stochastic component of the LFP, and so forth. Overall, we suggest that
oscillons represent the actual temporal architecture of synchronized neural dynamics, whereas
the conventional 6 and y waves are only approximations to the physical oscillatory motifs.

[1] M. S. Zobaer, N. Lotfi, C. M. Domenico, C. Hoffman, L. Perotti, D. Ji & Y. Dabaghian.
Theta oscillons in behaving rats, https://www.biorxiv.org/content/10.1101/2024.04.21.590487v1
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Abstract: There is evidence that exposure to regularities can shape object representations in the
medial temporal lobe (Schapiro et al., 2012). Specifically, it was shown that regularities can
increase the representational similarity between pairs of objects that appeared nearby in time.
Here we investigated representational shaping as a consequence of sequence learning in different
memory domains. Specifically, we examined how temporal proximity in the sequence influenced
representational shaping in regions in the medial temporal lobe (hippocampus, parahippocampus
and perirhinal cortex) as well as domain-specific cortical regions (primary motor cortex; M1 for
motor memory and lateral occipital complex for object memory). In the study, all participants
(N=23) learned two sequences while fMRI data was acquired (1 week interval between sessions).
Depending on the task, participants either encoded a four-element sequence of finger movements
(motor sequence encoding; serial reaction time task) or objects (object sequence encoding; 1-
back task). To investigate changes in the representation of individual movements and objects
over time, the same objects/movements were presented in a random order before and after
sequence exposure. Baseline objects or movements that were not part of a sequence were also
included for comparison. For each ROI and timepoint, the multi-voxel pattern of activation
evoked by individual objects and movements was extracted and pattern similarity between pairs
of different movements or objects was computed. For each task, we computed correlations (1)
between members of the sequence and (3) between baseline items that were not part of the
sequence. The results showed that in all ROIs there was a reduction in pattern similarity between
different movements representations (RM ANOVAs with time (pre vs. post) and pair (baseline
vs. sequence); main effect of time, all ps <.05), irrespective of whether movements were part of
the sequence or not (time x pair interaction, all ps <.1). Interestingly, the decrease in pattern
similarity in the (posterior) hippocampus and M1 between non-consecutive movements in the
sequence was significantly larger as compared to baseline and consecutive movements (Fig. 1),
suggesting greater differentiation of representations of non-adjacent movements after sequence
learning. Higher levels of differentiation in both M1 and the hippocampus were related to higher
performance gains during motor sequence learning. For the object task, pattern similarity
between different objects decreased over time in all ROIs except M1 (effect of time, all ps <.05)
and to a similar extent for different pairs (time x pair, all ps < .1).
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Abstract: Our brain must balance exteroceptive sensory sampling with internal mnemonic
processes to efficiently directing behavior within complex environments. In mouse forebrain,
switching between two modes facilitating sensory encoding and memory-related processes
respectively is marked by repeated, brain-wide cascades of multi-seconds. However, it remains
unclear whether a similar phenomenon exists in humans and is linked to network-level brain
dynamics. In this study, we showed that spontaneous pupil dilations at rest are associated with
the cascade dynamic in mouse spiking data whereas infra-slow (<0.1 Hz) propagating waves
from low-order sensory-motor (SM) regions to high-order default mode network (DMN) in
human fMRI, thereby linking the two types of infra-slow global brain activity across two species.
Similar to the mouse spiking cascades, the SM-to-DMN fMRI waves persist when subjects
performing a visual memory task. To determine how these waves may affect the sensory and
memory functions, we quantified the sensory encoding efficacy through a deep learning model to
decode semantic information from stimuli-evoked fMRI signals, and then memory encoding and
recall through behavioral responses. We found that both sensory and memory functions were
systematically modulated across the fMRI wave cycles: the semantic and memory encoding
exhibited similar changes, peaking during SM-activated phase, whereas memory recall showed
an opposite trend, peaking at DMN-activated phase. These seconds-scale modulations of sensory
and memory processing resembled those observed in mice over the spiking cascade cycles.
Collectively, these results suggested that quasi-periodic global brain activity represents an
evolutionary conserved feature of mammalian brain physiology that coordinates sensory and
memory functions. The finding may provide a new perspective into the nature of behavioral
variability during cognitive tasks.
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Abstract: Cyclic nucleotide-specific phosphodiesterases (PDES) play essential roles in signal
transduction by regulating the intracellular levels of cAMP and cGMP. Among the PDE family,
PDES9 is a highly cGMP-specific hydrolyzing enzyme. PDE9 inhibition may be effective in
dementia as PDE9 is expressed widely in the brain and modulates important neurotransmitter
systems. The NO-cGMP axis plays an important role in the regulation of acetyl choline (ACh)
release in the brain [Prast and Philippu (1192); Guevara-Guzman et al. (1994)], therefore, the
combination of PDE9 and cholinesterase inhibitors (PDE9Is and ChEls, respectively) may
synergistically increase ACh concentrations in the brain, suggesting a novel therapeutic option.
E2027 (Irsenontrine) is a PDEYI created by Eisai [Ishani S. Landry et al. (2022)]. In this study,
we investigated effects of the combination of PDE9Is and ChEls on ACh concentrations in
human iPS cell-derived neurons. In addition, its effects on cognition were examined using rat
models. We used E2027, as PDE9I, and donepezil HCI as ChEI. We generated human neural
stem cells (long-term self-renewing neuroepithelial-like stem cells) from 201B7, an iPS cell line
of Kyoto University. Human neurons were differentiated from neural stem cells for ~28 days,
and on the final day, we added compound(s) into culture wells and harvested supernatants and
cell lysates 1, 24, and 72 hours later. ACh was determined by LC-MS/MS. cGMP was measured
by LC/MS-MS or an enzyme immunoassay kit. Effects on cognitive function were evaluated in
the rat novel object recognition task.We observed choline acetyl transferase positive neurons in
neural cell populations by immunocytochemistry, and K+-dependent Ach release from neurons.
Intracellular cGMP was increased in an E2027 concentration-dependent manner in the presence
of YC-1 (guanylate cyclase). Supernatant Ach levels were increased in an E2027 concentration-
dependent manner. A synergistic increase of supernatant ACh was observed in the combination
of E2027, YC-1 and donepezil HCI (interaction, p < 0.0001). Co-administration of E2027 and
donepezil HCI at sub-pharmacologic doses had a significantly greater effect on the novel object
recognition task than did donepezil HCI alone in both the natural forgetting model and
muscarinic receptor antagonist scopolamine-induced memory impairment model. Donepezil HCI
did not affect the cGMP-increasing effect of E2027 in rat CSF.E2027 promoted ACh release
from human cholinergic neurons, and when combined with donepezil hydrochloride, ACh
concentrations were increased in culture supernatants synergistically. This combination treatment
also improved memory in rats.
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Abstract: After exposure to a traumatic event, susceptible individuals can develop post-
traumatic stress disorder (PTSD), characterized by intrusive re-experiencing of the fearful event,
impaired fear safety learning as well as altered cognition. Due to the disorder’s sex-dependent
comorbidities and symptom complexity, a majority of PTSD patients do not respond to available
pharmacological or psychological interventions, indicating that current treatment procedures are
low in clinical efficacy. The overall increasing incidence suggests the urgent need for new
treatment options. Here, we used a trauma model in male and female mice with repeated memory
retrievals, eliciting intrusive re-experiencing aspects of the traumatic event, leading to long-term
behavioral and cognitive changes. Subsequently, we classified animals of the two sexes based on
the freezing behavior into subgroups of resilient and susceptible phenotypes, respectively. Mice
then underwent a cued fear conditioning paradigm with two tones at different frequencies,
whereby only one of them was paired with a mild electric foot-shock to address discriminative
safety learning. Upon fear extinction paradigm, we treated half of the two classified animal
subgroups with saline or psilocybin. In contrast to female mice, the male cohort treated with
psilocybin showed significant overall facilitation of extinction learning and improved tone
discrimination abilities, suggesting the advantageous effects of the drug on extinction memory
acquisition and/or memory retrieval in PTSD-like male phenotypes. Overall, using a clinically
transferable rodent model of PTSD, our work demonstrates differential sex- and stress-subgroup
dependent modulation by psilocybin in fear extinction and discrimination ability following an
aversive associative learning paradigm.
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Abstract: Lateral inhibition is a prevalent neural circuit architecture, prominent in sensory
processing and linked to higher cognitive functions like attention and decision making. A crucial
role for lateral inhibition is thought to be efficient coding of information, driven by its ability to
eliminate redundant information across input channels. Yet, it remains unclear how such
architecture arises and whether it adapts to environments with varying degrees of redundancy.
Here, we examine how lateral inhibition motifs arise in neural networks with empirically
derived, biological learning rules. Specifically, we quantified how the level of input correlation
shapes network structure in a randomly connected spiking network of excitatory (E) and
inhibitory (I) neurons governed by spike timing-dependent plasticity (STDP) rules. Excitatory
units implemented a classic Hebbian STDP rule, where synapses are potentiated after pre-post



synaptic spike sequences and depressed after post-pre sequences. In contrast, inhibitory neurons
implemented a recently discovered symmetric plasticity kernel, with synapses always potentiated
regardless of the order of the pre and post spikes (Vogels et al. Science 2011; Field et al. Neuron
2020). In high redundancy environments, where two inputs are correlated over time and
therefore share a large amount of information, the network forms long-range E-to-1 connections
between the two input regions, establishing lateral inhibition that is mediated through local I-to-E
connections. In contrast, in low redundancy environments, where the two inputs are independent,
the network exhibits reduced long-range E-to-1 connections but maintains local I-to-E
connections, favoring independent coding of the two inputs. These findings suggest that lateral
inhibition motifs can spontaneously arise when the neural network passively receives redundant
inputs; furthermore, the degree of lateral inhibition adapts to the degree of information
redundancy in the interacting environment. More broadly, this work sheds light on the origins
and plasticity of efficient representations in neural circuits, highlighting the essential role of
brain-environment interactions in cognitive development.
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Abstract: Brain development is initiated in the embryo and, subsequently, adult characteristics
are acquired upon maturation of the nervous system. The main cellular processes occurring in the
early stages of neurodevelopment include neurogenesis, cell migration, cell differentiation,
synaptogenesis, neuronal cell death, and synaptic rearrangement. These processes must occur in
a precise sequence both spatially and temporally, any disruption of these processes having a
lasting impact on brain development. Genetic, environmental, and experiential factors can
influence neurodevelopment and lead to clinical manifestation of such disorders. Therefore,
understanding the underlying factors and the biological mechanism(s) that lead to such
manifestations is crucial to identifying and mitigating risks that may affect neurodevelopmental
outcomes. A newly emerging neurodevelopmental disorder involving hypotonia, cerebellar
ataxia, developmental delay, and tooth enamel defects (HADDTS) has been recently studied.



The disorder has been linked to a de novo heterozygous missense mutation in the C-terminal
binding protein 1 (CTBP1) gene (NM_001328.2: ¢.1024C >T, p.Arg342Trp) and is often
associated with early onset of profound cerebellar atrophy in patients. To better understand the
neurodevelopmental defects manifested in patients with HADDTS, we used induced pluripotent
cells (iPSC). Isogenic iPSC lines were generated to avoid the variability in patient-derived cell
lines due to genetic or pathological damages and environmental factors. Isogenic cell lines
harboring heterozygous (R342/W342) and homozygous (W342/W342) mutations were produced
using the CRISPR/Cas9 methodology. Transcriptome analysis of differentiated neurons from
isogenic cell lines harboring heterozygous and homozygous mutations for the pathogenic CTBP1
p.R342W allele indicated that several genes involved in the cell adhesion, neurodevelopment,
and signaling pathways were downregulated. We hypothesized that the pathogenic mutation in
CTBP1 causes various defects in the early stages of neurodevelopment. To correlate transcript
data with the phenotypic defects, we developed a 2D cell culture model and a 3D model using
neurospheres to understand cell adhesion, migration, and neurite formation in the mutant cells.
The results obtained from our experiments supported our hypothesis. We observed
morphological differences in neurite growth in differentiated neurons. The mutant neural stem
cells (NSCs) exhibited low adhesion compared to the parental NSCs. Cell migration in the
homozygous and heterozygous cells was lower compared to the parental isogenic wild-type cell
line.
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Abstract: CACNALA encodes the pore-forming a1 A subunit of the voltage-gated CaV2.1
calcium channel. This channel is found primarily on presynaptic terminals, dendrites, and
neuroendocrine cells in the brain, and it is critical for regulating synaptic function. Many loss of
function mutations have been identified in CACNALA as cause of different neurological
diseases, including various forms of ataxia, epilepsy, and migraine. However, the molecular
mechanisms underlying these disorders are little known, and specific therapeutic approaches are
lacking. The aim of this study was to investigate the effects of CACNAZ1A loss of function
mutations on neuron development and function by using human-derived in vitro models.
Accordingly, we generated by CRISPR/Cas9 iPSCs carrying two CACNAZ1A variants causing
episodic ataxia type 2: Y1854X, selectively affecting the CaV2.1[EFa] isoform, and F1491S,
affecting both CaV2.1[EFa] and [EFb] isoforms. Mutated and isogenic control iPSC lines were



used to generate neuronal cultures by differentiation protocols passaging through embryoid
bodies, neural rosettes, neural progenitors (NPCs), and neuronal networks stages. Morphological,
molecular, and functional tests highlighted different neurodevelopmental defects caused by the
two mutations. Cells carrying F1491S showed an impaired neuronal induction at very early
stages, with mutated NPCs appearing with altered features, including morphology,
transcriptomic signatures, and cell migration. Such cells failed to differentiate in neuronal
networks as demonstrated by the impairment in neurites outgrowth, axon specification, and
neurons to glia specification. By contrast, cells carrying Y1854X behaved apparently normal in
terms of neuronal induction and maturation but showed an altered electrophysiological activity
on HD-MEA recordings, with a complete lack of synchronous network events. Our findings
highlighted novel roles of CACNALA in neuronal induction and differentiation, besides
confirming its relevance in synaptic communication. Importantly, the iPSC-derived neuronal
models developed in this study will pave the way for future therapeutics testing for neurological
disorders involving CACNA1A.
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Abstract: Profiling tissue directly from epileptic foci has identified new genetic variants and
potential drivers of intractable epilepsy. Somatic variants in the receptor tyrosine kinase
pathways (RTK) have emerged as a common hit in studies of pharmacologically resistant
epilepsy including EGFR, PDGFRA, FGFR2 and FGFR1. However, little is known about
whether these RTK variants are capable of directly driving focal cortical dysplasia (FCD) and
neural activity phenotypes associated with subpopulations of intractable epilepsy. Here, we
aimed to develop a model of EGFR-amplifying regulatory variants in cortical neurons, enabling
us to mechanistically study their impact on neuronal function and structure. To accomplish this,
we utilized converging approaches to directly induce EGFR overexpression including activation
of epilepsy-linked enhancer variants through epigenome editing (CRISPRa). A central finding
from this work was that EGFR activation in developing cortical neurons produced hallmarks of
FCD1a such as reduced soma size, altered dendritic morphology and hyperexcitability.
Interestingly, some of these phenotypes were rescued by treatment with a brain penetrant EGFR
inhibitor. Ongoing studies explore whether regulatory variants in other RTKs, such as PDGFRA,
lead to similar phenotypes. Beyond RTK-specific variants, we seek to identify ways that
regulatory variants impact chromatin architecture and transcriptional signatures of epilepsy.



Implications for treatment with brain penetrant RTK inhibitors and epigenetic therapies will be
discussed.
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Abstract: Protein synthesis is a fundamental cellular process in neurons that is essential for
synaptic plasticity and memory consolidation. Here, we describe a neuron- and muscle-specific
translation factor, Eukaryotic Elongation Factor 1a2 (EEF1A2), that is mutated in patients with
autism, epilepsy, and intellectual disability. We characterize three most common patient
mutations, G70S, E122K, and D252H, and demonstrate that all three mutations decrease de novo
protein synthesis and elongation rates in HEK293 cells. In mouse cortical neurons, the EEF1A2
mutations not only decrease de novo protein synthesis, but also alter neuronal morphology,
regardless of endogenous levels of eEF1A2, indicating that the mutations act via a toxic gain of
function. We also show that EEF1A2 mutant proteins display increased tRNA binding and
decreased actin bundling activity, suggesting that these mutations disrupt neuronal function by
decreasing tRNA availability and altering the actin cytoskeleton. In human stem cell derived
excitatory neurons, translation is also disrupted in the G70S mutants with polysome profiling
showing altered initiation rates to compensate for decrease elongation. Whole-cell
electrophysiological recordings show increased input resistance, resting membrane potential and
firing rates in EEF1A2 mutant neurons. Mutant neurons also display altered morphology with
increased length but decreased number of neurites. RNA-Seq and ribosome footprint profiling
show decreased translational efficiency of genes that play a role in ion transport, synapse
organization, synapse assembly and memory. These processes which are involved in late-stage
neuronal development and maturation have decreased translational efficiency in EEF1A2 mutant
neurons indicating that there is significant delay in the maturation of these neurons. More
broadly, our findings are consistent with the idea that EEF1A2 acts as a bridge between
translation and the actin skeleton, which is essential for proper neuron development and function.
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Abstract: Primary hereditary microcephaly (MCPH) is a neurodevelopmental disorder
characterized by a notably small brain size at birth, occurring in approximately 1 in 30,000 to
250,000 live births globally. Despite its relatively frequent occurrence, the molecular
mechanisms of microcephaly remain poorly understood due to its heterogeneous etiology. To
address this, we employed a novel technique using a supervised machine learning algorithm that
leverages spatiotemporal single-cell RNA sequencing data from the developing human brain.
This approach facilitated the prediction of genes associated with MCPH, which we named the
Primary Microcephaly Score (PMS). Our analysis covered gene expression across 22 anatomical
locations and 7 developmental time points using publicly available sScRNAseq data. We analyzed
912 known microcephaly-associated genes, both primary and secondary, from the OMIM
database, categorizing them into five distinct clusters. The majority of MCPH-related genes were
grouped in a specific cluster, cluster-4, which exhibited a unique signature indicative of their
potentially overlapping functions. To refine our predictions, we utilized the k-Nearest-Neighbors
Conditional-Density Resampled Estimate of Mutual Information (kKNN-DREMI), a method
designed for quantifying statistical dependencies between genes in SCRNAseq data. This analysis
generated a pseudogene value by calculating the per-cell median expression of 29 known
MCPH-genes, ranking the genes and scoring them based on their similarities to the MCPH gene
expression pattern. We validated the performance of PMS using 3,798 OMIM genes, where PMS
effectively identified primary microcephaly genes with an area-under-curve (AUC) of 0.99 and
genes in cluster-4 with an AUC of at least 0.96, demonstrating the high effectiveness of PMS in
predicting MCPH- and cluster-4 associated genes. Cluster-4 genes showed the highest expression
in dividing cells in scRNAseq data, a finding further corroborated using an independent dataset,
the Prenatal LMD Microarray in the Allen Brain Atlas. Our computational approach was further
tested by knocking down one of the top-ranking genes, RAD51, in a Xenopus tropicalis model,
which resulted in a small head phenotype in 2-day post-fertilization (dpf) old tadpoles,
confirming its role in microcephaly. These results underscore the efficacy of our computational
approach in classifying microcephaly-associated genes, significantly enhancing our
understanding of the etiology of MCPH and potentially aiding in the development of targeted
diagnostic and therapeutic strategies.
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Abstract: Tuberous sclerosis complex (TSC) is a neurocutaneous syndrome that is characterized
by benign tumors in multiple organs and associated with neurological symptoms such as epilepsy
and behavioral disorders. Rapalogs have been approved to treat several manifestations of TSC,
but the neurological symptoms associated with TSC have been more recalcitrant to treatment. In
addition, two trials of rapalogs for behavioral and neuropsychiatric symptoms associated with
TSC have shown no effect. Therefore, there is an urgent need to understand the pathogenesis of
the abnormalities in neuronal connectivity that lead to TSC-associated epilepsy and identify
novel therapeutic targets that can be used to treat these disorders. To answer this need, we
combined the use of human induced pluripotent stem cells, optogenetics and machine learning to
establish a high-throughput drug screening platform. We reprogrammed patient somatic cells
(TSC2*") into hiPSCs and genetically modified these hiPSCs to establish the full allelic series.
Additionally, we used CRISPR-Cas9 to stably express calcium indicator in the safe harbor locus
(AAVS1) and used the NGNZ2 transcription-factor based method to establish a neuronal in vitro
model of TSC to identify disease-associated changes to neuronal morphology and neuronal
excitability. Subsequent to collecting the changes in fluorescence associated with calcium
activity, we developed an improved acquisition and analysis pipeline based on micromanager
and python (https://pymmcore-plus.github.io/pymmcore-plus/) which will be publicly available.
This initiative stems from our desire to enable wider adoption and distribution of these open-
source software. Together with the use of an automated, incubated stage and perfect focus, this
system enables larger screens while selecting multiple positions per well in an unbiased manner.
Additionally, we have successfully developed a deep learning model for fast and reproducible
segmentation of hiPSC-derived neurons. This approach facilitates the automated extraction of
calcium activity with a single-cell resolution. In this context, we tested chronic and acute
rapamycin treatment, Torin, cannabidiol (CBD) and CBD analogs and identified compounds that
rescued the functional TSC disease phenotypes. This strategy provides an unbiased quantitative
imaging platform for therapeutic development in TSC and a framework for phenotype discovery
and drug screening in other neurological disorders.
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Abstract: Autism and related developmental disorders encompass a wide range of
heterogeneous conditions with an overall prevalence of 1 % in the human population. Although
autism varies in symptomatology and severity, its two main core symptom domains (i.e. social
and communicative impairment, as well as restricted and repetitive behaviors) appear to be
consistently affected across the spectrum. However, how diverse etiological mechanisms
converge to produce the relatively narrow set of behavioral and etiopathological manifestations
that characterize autism remains unclear. A popular theory posits that an imbalance between
excitatory and inhibitory (E/I) activity might contribute to the etiology of autism. However,
controversy exists about whether E/I imbalances observed in animal models and clinical
populations causally contribute to autism pathology or are instead a compensatory or
epiphenomenal phenotype. To reconcile these views, here we test the hypothesis that transient
E/I imbalance during early development is sufficient to alter the developmental trajectory of the
brain, leading to lasting autism-relevant phenotypes. We find that chemogenetically-induced E/I
imbalance in the mouse neocortex during early development leads to permanently impaired
sociability but largely preserved cognitive and motor-sensory functions. Corroborating the
developmental specificity of these results, control studies in which the same manipulation was
applied to adolescent mice did not result in any behavioral alteration. Social alterations are
associated with transcriptional dysregulation of autism-risk ion channels and synaptic genes, thus
putatively implicating activity-dependent transcriptional mechanisms in the generation of the
observed phenotypes. Transcriptomic dysregulation furthermore resulted in enduringly altered
electrical properties of pyramidal neurons, suggesting altered maturation of principal neurons.
Circuit level investigations in adult mice using resting state fMRI show that developmental E/I
imbalance profoundly disrupts functional connectivity in limbic fronto-hippocampal components
of the social brain but preserved coupling in sensory regions. Notably, hypoconnectivity of
prefrontal regions with dopaminergic nuclei is also highly predictive of social disruption in
manipulated animals. Our results, reconcile conflicting findings in the field and support a
developmental reconceptualization of the E/I imbalance theory of autism whereby developmental
changes in E/I are sufficient to produce autism-related phenotypes via epigenetic dysregulation
of autism-relevant synaptic genes.
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Abstract: Maternal inflammation during pregnancy has been identified as an environmental
factor that can trigger the pathogenesis of neurodevelopmental disorders (NDDs) in offspring.
The mechanisms behind this trigger are still not fully understood. However, previous research in
mice has shown that interleukin-17 (IL-17) is potentially a key mediator in this phenomenon. A
commonly used physiological marker of proper neurological development is the patterning of the
cerebral cortex. Abnormalities in the somatosensory cortex are correlated with behavioral
phenotypes in mice that resemble those of NDDs. Notably, the gut microbiota is key for the
differentiation and expansion of T helper 17 cell that produce IL-17, and some studies have
shown that maternal microbial composition dictates the ability of IL-17 to influence offspring
neurodevelopment and behavior. Our study aims to determine if IL-17A is sufficient to cause
NDD-like malformations in the fetal brain in the total absence of maternal microbes. We used
pregnant germ-free (GF) mice and administered either 1 pug recombinant IL-17A or 0.1 mL
sterile saline (vehicle) intraperitoneally once daily from gestational day (GD) 10.5 through
GD15.5. Fetal brains were collected on GD 16.5 and postfixed in 10% formalin before being
sectioned coronally and immunohistochemically (IHC) stained for TBR1, a marker for excitatory
neurons, and DAPI. Counts of TBR1+ cells and TBR1 fluorescence intensity were measured to
determine layer patterns across the cortical plate. DAPI staining was used to measure layer
thickness and total cortical plate thickness. Additionally, Spatial Light Interference Microscopy
(SLIM), a label-free imaging technology, was used to quantify layer thickness. This technique,
which for the first time is used in prenatal samples, allows researchers to overcome limitations of
traditional IHC. Our preliminary findings indicate that IL-17A does not trigger the emergence of
malformations as measured by TBR1 patterning and overall cortical thickness, suggesting that
IL-17A alone may not be sufficient for triggering fetal neurodevelopmental abnormalities in the
absence of maternal microbes.
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Abstract: The gut microbiome dysbiosis has been suggested as a pivotal mechanism for
neurodevelopmental disorders such as autism spectrum disorder (ASD). The gut microbiome
changes are environmental, strongly suggesting the involvement of the epigenetic modifications
in the ASD patients’ brains. However, the epigenetic alterations driven by gut microbiota in ASD
have not been elucidated. It has been shown that Lactobacillus reuteri (L. reuteri) and its
metabolite, the tetrahydrobiopterin (BH4) improved social deficits in various ASD mouse
models (Sgritta M. et al. 2019, Buffington SA. et al 2020). Here, we investigated the epigenetic
and transcriptomic mechanisms involved in improved social behavior by L. reuteri and BH4 in
Cntnap2 knockout (KO), the genetic ASD mouse model, at single-cell level. BH4 treatment
(20mg/kg) for 4 weeks from P21 (n=3) rescued the sociability deficit in Cntnap2 KO. We
performed single-nuclei transposase-accessible chromatin sequencing (SNnATAC-seq) using the
hypothalamus of these mice along with PBS-treated control group (n=3, pooled) The snATAC-
seq analysis revealed 11 different cell types, of which three were excitatory and two were
inhibitory neurons. The differential peak analysis exhibited 6240 to 14000 open regions and
41300 to 62000 closed regions in neurons of BH4-treated compared to PBS-treated KO mice.
The differential motif usage analysis discovered BH4-induced chromatin opening for motifs of
FOX family in excitatory neurons and POU family in inhibitory neurons, suggesting a novel role
of the FOX and POU family in microbiota-driven behavior changes. In addition, we treated PBS
or L. reuteri (108CFU/100ul/mouse) to WT and Cntnap2KO mice for 4 weeks after weaning and
observed that L. reuteri treatment rescued the social deficit in social novelty and reciprocal social
interaction (RSI) of KO mice (n=26-30 per group). To identify the epigenetic mechanisms and
its molecular consequences in social deficit rescue, we performed snRNA and snATAC-seq on
the hypothalamus of the three groups (n=2-3 pooled per replicate, 2 replicates for each group).
The snRNA-seq analysis identified 36 clusters, of which 13 were inhibitory, and 12 were
excitatory neurons. The differential gene expression analysis to identify target genes regulated by
epigenetic changes in the hypothalamus of L. reuteri-treated KO mice and snATAC-seq analysis



are on going. In summary, our research suggests the association between the epigenetic
alterations in the brain and the improvement of social behavior in the ASD mice.
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Abstract: Cortical correlates of gait automaticity in Parkinson’s disease: impact of
medication Pablo Burgos, Fay B. Horak, Carla Silva-Batista, Patricia Carlson-Kuhta, Anjani
Ragothaman, Vrutangkumar Shah, David Engel, Martina Mancini Background: Walking
automaticity is critical for independent mobility in daily life. It has been proposed that walking
impairment in people with Parkinson’s disease (PD) is due to a shift in locomotor control from
healthy automaticity to compensatory executive control (i.e., increased activity in the prefrontal
cortex). While Levodopa has been shown to improve some features of gait control, its role in
walking automaticity remains unclear. The objective is to investigate the effects of Levodopa on
cortical correlates of gait automaticity. Methods: Nine individuals with idiopathic PD
(age=7116 years, disease duration=9+4 years, MDS-UPDRS-111=34+12 score) were assessed in
the Off and On medication states, and 10 Healthy controls (HC, age=70+6) were assessed. They
completed the tasks of 1) Walking 2 minutes, 2) Walking 2 min + Motor Dual Task (Normal
Arm motion), 3) Walking 2 minutes + Motor Dual Task (Incongruent Arm motion), 4) Walking
2 min + Cognitive Dual Task (CPT). The cortical activity was assessed with a portable fNIRS
system (Artinis Medical Systems). Specifically, a 36-channel (26+10) arrangement with 6 short
channels, consisting of 18 transmitters and 10 detectors/receivers, will cover prefrontal, motor,
supplementary-motor (SMA), parietal, and occipital cortices bilaterally.

Results: We found significant differences between HC and PD in On state in the occipital
activity (levels of oxygenated hemoglobin) during Walking DT (task 2, p=0.008, T-test). Where
there was a lower activation for PD group. We also found differences between On and Off states
of participants with PD in the SMA activity during the same task (task 2, p=0.03, T-test paired).
The SMA activity was higher in the On levodopa state compared with the Off state and HC
values.



Conclusions: Our preliminary results suggest that Levodopa can modulate cortical activity when
walking in people with PD. Significant changes were observed in the SMA and occipital activity.
As we are actively collecting data, the next step will be to correlate cortical changes with
changes in gait performance from Off to On state in PD.
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Abstract: Spinal cord stimulation is a promising method for treating gait disorders associated
with Parkinson’s Disease (PD). However, the neurophysiological effects of SCS on supraspinal
brain regions in not fully understood. Results in PD animal models show that SCS reduces low-
frequency beta oscillations in the motor cortex and striatum. Here, we investigated whether SCS
reduces beta oscillations in the subthalamic nucleus (STN) of a patient with PD undergoing SCS.
We recorded local field potentials (LFPs) from bilateral STN electrodes in a PD patient with
freezing of gait (FOG) symptoms before and 3 days after implantation of SCS percutaneous
leads. LFP recordings were sampled at 250Hz and acquired by the Medtronic Percept PC system
while the patient performed six straight-line walks (SLWSs) with and without SCS. Three SCS
programs were tested from low to high frequency and at a control condition pre-programmed by
the manufacturer. Motion capture (MoCap) using IMUs was performed to align LFP signals
during walking intervals. Data were exported in JSON file format and imported into MATLAB
for analysis. All recordings were preprocessed and bandpassed between 1-70Hz. For each
treatment condition, Welch’s power spectral density (PSD) estimate of LFP was performed for
individual SLWs with 50% overlap. Band power of each SLW was calculated by integrating the
PSDs across the beta band (13-35Hz) and broad band (2-60Hz). For comparison across treatment
conditions, the ratio of the beta band and broad band power was measured. Statistical analysis
was performed in GraphPad Prism using one-way ANOVA with multiple comparisons on SLW-
averaged beta power for each STN contact. We found that in addition to gait improvement, STN
beta power of both hemispheres was significantly reduced during SCS for all programs
compared to pre-surgery (left STN: 0.4068 + 0.0751; right STN: 0.7431 £ 0.0278) with the
program providing the most decrease (left STN: 0.2258 + 0.0174, p<0.001; right STN: 0.5418 +
0.0454, p<0.001) of 44.49% and 27.09% in the left and right STN respectively. Reduction in
beta power was also observed post-surgery in the OFF SCS condition (left STN: 0.2572 £ 0.05,
p<0.001, 36.77%; right STN: 0.6058 + 0.0676, p<0.001, 18.48%) suggesting a chronic effect of
SCS. These results demonstrate that SCS-induced gait improvements can be explained by the
significant reduction in STN beta oscillations following SCS implantation. Thus, STN beta
oscillations could serve as a useful biomarker to evaluate the therapeutic effect of SCS on PD
symptoms.
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Abstract: The smartwatch offers a convenient means for evaluating the efficacy of deep brain
stimulation for the treatment of Parkinson’s disease. Equipped with an inertial sensor system the
smartwatch can provide highly insightful quantified data with respect to the unique response of a
subject with Parkinson’s disease to deep brain stimulation. Additionally, the wireless capabilities
of the smartwatch enable the recorded inertial sensor signal data to be transmitted to the Internet
for post-processing anywhere in the world, such as for consolidation of the inertial sensor signal
data for machine learning classification. The efficacy of deep brain stimulation is ascertained
according to disparate scenarios of deep brain stimulation through machine learning
classification according to the inertial sensor signal derived from a smartwatch. These findings
evolve the impact of the smartwatch as a wearable and wireless system in conjunction with
machine learning for the determination of deep brain stimulation to treat movement disorders,
such as Parkinson’s disease.
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Abstract: Here, we introduce the magneto-mechanical-genetic (MMG)-driven wireless deep
brain stimulation (DBS) using magnetic nanostructures for therapeutic benefits in the mouse
model of Parkinson’s disease (PD). Electrical DBS of the subthalamic nucleus (STN) is an
effective therapy for mitigating Parkinson’s motor symptoms. However, its broader application
is hampered by the requirement for implanted electrodes and the lack of anatomical and cellular
specificity. Using the nanoscale magnetic force actuators (m-Torquer), which deliver torque
force under rotating magnetic fields to activate pre-encoded Piezol ion channels on target
neurons, our system enables wireless and STN-specific DBS without implants, addressing key
unmet challenges in the DBS field. In both late- and early-stage PD mice, MMG-DBS
significantly improved locomotor activity and motor balance by 2-fold compared to untreated PD
mice. Moreover, MMG-DBS enabled sustained therapeutic effects. This approach provides a



non-invasive and implant-free DBS with cellular targeting capability for the effective treatment
of Parkinsonian symptoms.
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Abstract: Despite evidence of the benefits of exercise as an adjunct to treating PD, there is an
absence of data regarding how, or if, exercise may benefit more advanced people with PD
(PwPD) with deep brain stimulation (DBS). The overall aim of this project is to determine the
effects of high-intensity exercise at traditional exercise durations (40 mins) on pathological
neural activity in the subthalamic nucleus (STN). To achieve this aim, we have leveraged the
sensing technology in Medtronic's Percept device and our effective forced-exercise (FE) cycling
paradigm in advanced PwPD with DBS.Fifteen PwPD with DBS, off-stimulation and off anti-PD
medication, will complete two 40 mins cycling sessions on a recumbent bike: 1) voluntary
exercise (VE-cadence 60rpms or less) and one forced exercise (FE- cadence of 80-90 rpms
performed on a motorized recumbent bike augments the self-selected pace if needed). Bilateral
STN local field potentials (LFP) data pre-(at rest), post-(at rest)- and during cycling will be
recorded. Power in traditional spectral frequency bands (alpha, beta, and gamma) will be
evaluated to determine significant changes in neural activity during and post-exercise sessions
relative to baseline (pre-exercise) values and to determine if the mode of exercise (FE versus
VE) demonstrates different effects on neural activity. Preliminary data during a FE session from
a representative PwPD with DBS demonstrates that high-intensity exercise at traditional
durations (40 mins) is feasible in advanced people PwPD with DBS. In addition, STN-LFP
recordings during the 40 mins FE cycling revealedpathological neural activity (beta band power),
was reduced (average - 42%) compared to baseline values and remained suppressed throughout
the 40-mins exercise session. After cessation of exercise, the resting state beta power
immediately rebounded to baseline values. At one minute post-exercise, beta band power
decreased below baseline values and remained decrease for the remainer of the 5-minute post-
exercise recording.Preliminary data suggest that high-intensity FE cycling at traditional durations
(40-mins) is feasible in more advanced people with PwPD with DBS and suggest that exercise
has a similar effect as DBS as both attenuate resting state beta band power. Further work will
determine how these neural changes correlate with functional improvements and the impact of
the mode of exercise (VE versus FE). Data from this study will provide unprecedented insight



into the neural mechanism(s) underlying the positive effects of exercise and offer much needed
clinical exercise guidance for advanced PD patients.
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Abstract: Background: Parkinson's disease (PD) is a debilitating neurodegenerative disorder
affecting millions of people worldwide. PD results in motor and cognitive dysfunction. While
there is no proven cure for PD, it is widely agreed upon that aerobic exercises and occupations
can help slow the progression of the disease and keep some motor-related symptoms at bay
(Ahmad et.al.,2023. The most effective forms of exercise to slow the progression of motor
symptoms in Parkinson's disease have also been studied. (Ahmad, et.al., 2023).Research
Question: This research article aims to compare the differences in outcomes of exercise on
Motor versus Cognitive outcomes in Parkinson’s Disease, as evaluated by Meta-analysis.
Methods: Key terms were Parkinson’s Disease and exercise terms. These search terms were then
entered to electronic databases: Ovid MEDLINE, SCOPUS, and CINAHL in from March 2018
to May 2023. An ancestral bibliography was also performed. Results: Two reviewers screened
the title and abstract records (n=528) found in the initial search. The review identified 54 studies
which met inclusion criteria for meta-analysis. The first meta-analysis, which included all 54
studies, found a positive overall effect of either motor exercise or cognitive exercise on patients
with PD, where the overall d-index was 0.29. This was statistically significant with a C195% of
0.23 < <0.35, p <.05, as using this approach, a positive effect was indicated, as the CI lies to
the right of, and doesn’t include zero. Intervals that include zero are non-conclusive and non-
significant. The homogeneity analysis was significant, Q (53) = 230.18, p < .05, revealing that
there was more variability in the d-indexes than would be expected due to sampling error alone.
The second meta-analysis, which only focused on motor exercises and included 45 of the
original 54 studies, also found a positive overall effect on patients with PD. The overall d-index
was 0.38, and was statistically significant with a C195% of 0.32 < p < 0.45, p <.05. The
homogeneity analysis was also significant, Q (44) = 206.35, p < .05. The third meta-analysis,
which focused only on cognitive exercise and included 19 of the original 54 studies, found a
negative overall effect on patients with PD (d = -0.02), and was not significant, C195% of -0.12 <
M < 0.08, p > .05, as the Cl includes zero. Additionally, the homogeneity analysis was not
significant, Q (18) = 2.85, p > .05.
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Abstract: Background

Parkinson's disease (PD) is a degenerative neurological disorder that mainly affects people over
the age of 60. It starts slowly and mainly affects motor function, causing symptoms such as
tremor, rigidity and problems with movement, balance and coordination. While there's no cure
for PD, its symptoms can be managed with medication or surgery. In addition, physiotherapy and
exercise, such as dancing, may be beneficial, although it's uncertain whether certain types of
exercise are more effective than others.

Today, neurofeedback technology, also known as brain-computer interfaces (BCls), can provide
an objective tool for measuring motor imagery (Ml), creating new opportunities for "closed-
loop" feedback. Several review articles have analyzed Ml interventions with BCI in various
neurological disorders, but have never been applied to people with PD.

This clinical trial will investigate the safety and efficacy of BCl-based therapy for motor
rehabilitation in PD patients.

Methods

Four patients with PD were enrolled in this study. All completed 24 BCI sessions. The BCI-MI
based system used for this study is called recoveriX (developed by g.tec medical engineering
GmbH). This system combines in real-time MI, Virtual Reality avatar and Functional Electrical
Stimulation (FES) in order to create a closed loop of motor learning. During the BCI treatment
patients were asked to perform MI tasks of the ankle and wrist dorsiflexion. Assessments were
performed to evaluate changes before and after therapy. The functional scales used were
Movement Disorders Society - Unified Parkinson's Disease Rating Scale section 11l (MDS-
UPDRS-I111), 10 Meter Walking Test (I0MWT), Parkinson’s Disease Questionnaire 39 (PDQ39),
and Modified Fatigue Impact Scale (MFIS).

Results.

The results show that patients were able to increase their motor function by -3.5 points [-6.25 to -
1.75] on the MDS-UPDRS-III. This functional improvement was followed by an increase in
coordination and gait ability in the 1Z0MWT of -0.08 s [-0.18 to -0.07]. Patients also reported a
reduction in fatigue as assessed by the MFIS, -2.5 points [-6.25 to 6.25] and better performance
in daily activities assessed by the PDQ39, -4.5 points [-14 to 2].

Conclusions

This is the first time that BCI technology has been used to treat PD. These preliminary results
demonstrate the safety and efficacy of the treatment in a very small sample of patients. PD
patients improved motor functions, gait ability, reduced the fatigue and increase the global
functionality. However, these results are from four PD patients, so the authors believe that this
approach should be further validated in larger studies involving more patients.
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Abstract: Dysfunction of perivascular astrocytes following ischemic stroke contributes to
impaired neurovascular coupling, the blood brain barrier integrity, and reduced cerebral blood
flow (CBF). The underlying mechanisms remain poorly understood. In this study, we
investigated protective effects of astrocyte function in stroke brains by selective deletion of
astrocytic Na*/H* exchanger isoform 1 (NHE1) using the inducible Gfap-CrefR"2*;Nhe1"
(Nhe1'2Ast) mice. Wild-type (WT) stroke mice after transient middle cerebral artery occlusion
(tMCAO) displayed perivascular gliosis and loss of pericyte coverage in micro vessels, which
was correlated with impaired cerebrovascular regulation with failed increase in CBF in response
to vasoactive compound acetazolamide (ACZ) in arterial spin labeling (ASL) MRI. In contrast,
Nhel1'2Ast® mice exhibited significantly reduced perivascular gliosis and preserved vessel
pericyte coverage. ASL MRI measurements showed preserved cerebrovascular regulation with
increased CBF in Nheli4Ast jschemic peri-lesion areas in response to ACZ. Single cell RNA
sequencing (SCRNAseq) analysis of cerebral vessels from WT and Nhel'24s% stroke brains
revealed selective upregulation of genes and pathways involved in vascular repair in endothelial
(EC) and mural cells, especially ephrinB signaling pathway genes, in the EC cluster of
Nhel1!4Ast stroke brains. The EphB4 receptor was the most significantly upregulated gene in EC



cluster of Nhe1i44st stroke brains. Immunofluorescence analysis showed WT stroke brains
showed decreased ephrinB2 ligand expression in the peri-EC astrocytic endfeet. In contrast,
strong ephrinB2* signals were detected at the endfeet-EC contact points of Nhe1!4s stroke
brains. Taken together, our data suggest that perivascular astrocytic NHE1 plays a role in stroke-
induced vascular damage. Inhibiting astrocytic NHE1 promotes increased expression of ephrinB
factors and EphB4 receptors, thereby facilitating vascular repair and remodeling.
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Abstract: Acute ischemic stroke leads to an imbalance of ionic and neurotransmitter gradients in
neuron and glial cells, which triggers the occurrence of periinfarct depolarizations (PI1Ds) in the
penumbra that negatively affect infarct size and clinical outcome. The cellular pathways that
differentially govern intracellular changes in calcium and sodium in neurons and astrocytes
during PIDs remain incompletely understood, as are the downstream consequences for
extracellular glutamate release. Here, we investigated the role of plasmamembrane sodium-
calcium exchanger-1 (NCX1) in these changes in a mouse model of acute stroke. To this end, we
generated conditional knockout mice deficient for NCX1 either in excitatory neurons or
astrocytes. Calcium, sodium and glutamate changes during post-strokePIDs were measured using
astrocyte-expressed GCaMP6f, neuron-expressed JRGECO1a, astrocyte-expressed SF-iGIUSFnR
and the sodium indicator ING2, respectively, using in vivo multiphoton microscopy. We found
that neuronal deletion of NCX1 resulted in significantly attenuated intracellular calcium changes
in astrocytes and neurons, whereas intracellular sodium changes were amplified. This led to
attenuated extracellular glutamate transients and a higher threshold for PIDs. In contrast,
astroglial deletion of NCX1 surprisingly resulted in amplified intracellular changes of calcium
and sodium in both astrocytes and neurons, and in stronger extracellular glutamate transients.
Moreover, preliminary in vivo MRI data suggest that stroke volumes at 72 h post-stroke were
lower in neuronal NCX1 knockout mice, but unchanged in astroglial NCX1 knockout mice
compared to controls. Taken together, our data suggest that neuronal NCX1 functions in the
reverse mode during PIDs, resulting in intracellular calcium accumulation in exchange for
extracellular sodium transport, ultimately leading to glutamate release and PID promotion.
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Abstract: Excess glutamate in the synaptic cleft and extracellular space causes excitotoxicity
and damage to the cells. Therefore, rapid removal of glutamate from the extracellular space is
required for normal neuronal functioning and survival. Although glutamate transporters are
expressed by both neurons and astrocytes, astrocytes are primarily responsible for glutamate
uptake. Substantial evidence shows that during severe metabolic stress, glutamate transporters
operate in reverse mode, causing the release of glutamate from astrocytes instead of uptake.
However, the exact conditions leading to the reversal of glutamate transporters and how these
conditions vary from one brain region to another are not well-understood. Here, we develop a
mathematical model to explore the effect of various intra- and extracellular ion concentrations on
the mode of operation of glutamate transporters and how these modes feedback to the
homeostasis of different ions, such as Na+, K+, and pH during metabolic stress events with
different intensities.
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Abstract: Improvements in acute stroke treatment, including EVT and critical care management,
have increased survival rates post-stroke. However, many stroke survivors have significant
neurological deficits, and stroke remains a leading cause of long-term disability. Despite this, the
chronic progression and long-term sequelae of ischemic stroke pathology remains understudied.
We examined long-term neurobehavioral recovery and progressive neuropathology of young
(3months) and middle-aged (14 months) adult C57BI1/6 mice at 3 and 6 months after a 60-minute
transient middle cerebral artery occlusion (MCAOQO) or sham surgery, as well as post-mortem
brain samples from patients with a chronic infarct. In the young cohort, depression-like behavior
persisted for 6 months post-stroke (PS) (p=<0.0001), whereas cognitive function progressively
worsened from 3 to 6 months as seen by a continual reduction in the discrimination index of the
NORT (6-months, p=.0063). Deficits in memory retention in mice 6-months PS were observed
using the fear-conditioning test (p=.0084). Brain atrophy was evident by MicroCT and MRI
imaging at 2 and 6 months PS. Furthermore, histopathology revealed significant demyelination
(mouse, p=.0361; human, p =.0001), and increased microglial and astrocyte activation (p=.0059)
in the hippocampus and frontal cortex of both human and mice chronically after stroke.
Interestingly, we also observed microglia activation proximal to apoptotic neurons in the brains
of stroke mice, as shown by TUNEL assay. TUNEL co-labeling with a neuronal marker also
showed the same neuronal apoptosis in human samples of chronic stroke in the hippocampus.
Disease-associated microglial (DAM) phenotypes were marked by both increased proliferative
status and senescent-like phenotypes, including elevated production of cytokines and other
proinflammatory molecules. Microglia also showed increased lipid content and an altered redox
state as measured by flow cytometry. Nanostring analyses on mouse brains shows upregulation
of DAM and neuroinflammatory pathways up to 6 months PS. In the human brains, we found
increased levels of amyloid plaque in stroke cases compared to controls (p=.0677). Our findings
demonstrate that ischemic stroke may accelerate inflamm-aging in the brain, which induces
premature senescence within the chronic infarct microenvironment. Cellular senescence and
chronic neurodegenerative signatures likely result in poor cognitive function that may
progressively worsen post-stroke. These chronic events may allude to a neurodegenerative
etiology in the long-term post-stroke, and may offer viable targets for delayed treatment
strategies.
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Abstract: The dynamic role of neuroinflammation in diverse neurological disorders is still
poorly characterized but could represent a promising avenue for therapeutic interventions.
Microglia are known to exhibit morphological as well as gene expression changes in response to
diverse stimuli depending on tissue context. However, how their activation signature propagates
across the brain in response to stroke has remained unknown. Here, we aimed at characterizing
brain-wide microglial responses to ischemic stroke in the mouse. We established a whole-brain
three-dimensional (3D) light sheet fluorescence in situ hybridization (ISH) and
immunohistochemistry (IHC) imaging method to visualize, map and quantify changes in
microglial gene expression markers. Both female and male mice were subjected to permanent
middle cerebral artery occlusion (P(MCAO), and their brains were labelled for microglial (i.e.
Ibal, Hexb) and vascular markers (CD31, SM22a) at mRNA as well as protein levels. Following
tissue clearing, intact brains were visualized using light-sheet fluorescent microscopy. We show
local accumulation of morphologically altered microglia and rearrangement of cerebral
vasculature at the lesion site 7 days after occlusion. Stroke led to propagation of the
inflammatory signal to distant brain regions, indicating broad effects that are not necessarily
confined to the lesioned area. This study introduces a novel whole-brain 3D imaging platform to
track the status of microglia during disease progression which could be widely utilized in
preclinical pharmacological research of neuroinflammation.
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Abstract: Neuroprotection to attenuate or block the ischemic cascade and salvage neuronal
damage has been extensively explored for treating ischemic stroke. This study focuses on the
neuroprotective bioactivity of docosanoid mediators Neuroprotectin D1 (NPD1) and Resolvin
D1 (RvD1) and their combination in experimental stroke. These lipid mediators are
biosynthesized “on-demand” in response to stroke onset to restore homeostasis and functional
integrity to resolve neuroinflammation. Recently, we have shown that NPD1+RvD1 improved
behavior when they were allowed to survive for 7 days after a stroke. This study established
whether neuroprotection induced by NPD1+RvD1 persists with chronic survival. In addition, we
investigated whether the administration of NPD1+RvD1 affects the expression of microglia and
astrocyte-specific genes. Male Sprague-Dawley rats (270-360g) were anesthetized with
isoflurane/nitrous oxide and received 2h of middle cerebral artery occlusion (MCAO0) by
intraluminal suture. Neurological status was evaluated at 60 min, and on days 1, 2, 3, 7, 14, 21,
and 28, a grading scale of 0-12 was employed. Rats were treated with NPD1 (222 pg/kg) and
RvD1 (222 ug/kg) or vehicle (n=6-8 / group). Treatments were administered IV (NPD1 at 3h and
RvD1 at 3h 15 min) and vehicle (saline at 3h) after the onset of MCAo. Thirty days after MCAo,
rats were perfused with 4% paraformaldehyde, and an ex vivo brain MRI1 was conducted using
11.7 T MRI. Molecular targets of NPD1 and RvD1 are defined at 24 h after MCAo.
Physiological variables were stable and showed no significant differences between groups.
Combinatory treatment improved behavioral scores on days 1, 2, 3, 7, 14, 21, and 28 by 32, 35,
39, 40, 46, 48, and 50% compared to the vehicle group. NPD1+RvD1 significantly reduced
lesions (computed from T2WI) in the cortex (0.4% vs. 5.1%), subcortex (0.2% vs. 1.5%), and
total lesion (0.6% vs. 6.5%) compared to the vehicle group, respectively. Transcriptomic analysis
revealed differentially regulated genes by NPD1+RvD1 at 24h after treatment. We uncovered
that protection after MCAo0 by the lipid mediators elicits expression of microglia and astrocyte-
specific genes (Tmem119, Fcrls, Osmr, Msrl, Cd68, Cd163, Amigo2, Thbsl, and Tm4sfl). Our
results indicate that NPD1+RvD1 exerts potent, long-term neuroprotective effects in the model
of focal cerebral ischemia in rats. Uncovered genes are likely to enhance homeostatic microglia,
modulate neuroinflammation, activate NPC differentiation, maturation, and synapse integrity,
and contribute to cell survival. Our findings strengthen the notion that combinatory treatment
might be of clinical usefulness for treating acute stroke.
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Abstract: Traumatic brain injury (TBI) is a leading cause of mortality and morbidity around the
world. TBI significantly increases the lifetime risk of neurodegenerative diseases, such as
Alzheimer’s Disease (AD). TBI patients’ brains have shown increased load of amyloid 8 (AP)
plaques, a hallmark for AD onset. Our hypothesis is that microglial cells lose their ability to
engulf AP leading to TBI related AD. While the association of TBI and AD is increasingly
strong in both clinical and preclinical investigations, there is a lack TBI models to relate cellular
response as a platform for drug screening. We have developed an in vitro impact model for
primary cells using to represent impact injury on a chip (Sci. Rep. 12, 11838, 2022). This “TBI-
on-a-chip” model was used to characterize the molecular and cellular changes following impact.
We discovered that impact reduced the phagocytosis of AP in murine microglia, along with
increased inflammation at 7-days post impact (DPI). Impacted microglia adopted amoeboid
morphology and secreted increased amounts of nitric oxide (NO), suggesting an inflammatory
response. To quantify phagocytosis, we used the pH-sensitive human amyloid-beta 1-42 (ApPH)
developed in our lab that only fluoresces when it is taken up by the cells in the phagolysosomes
(Chem Sci. 12, 10901-10918, 2021). Using both flow cytometry and immunofluorescence
imaging, we found that primary microglia reduced ABP" uptake at 7 DPI, which was surprising
because inflammation is usually correlated with increased microglial phagocytosis. Given that
lipid metabolism is increasingly implicated in brain trauma and neurodegeneration, we used
Multiple-Reaction Monitoring profiling, a mass spectrometry technique, to evaluate the changes
in lipids secreted by microglia and histiotypical networks at 7 DPI. We found many lipid species
from the sphingomyelin, glycerophospholipid, and phosphatidylserine classes were significantly
affected by impact, which are known to play important roles in the resolution of
neuroinflammation and the pathogenesis of neurodegeneration. The “TBI-on-a-chip” model can
also do neuronal recording and we believe it will be a useful drug screening tool to modulate
impacted microglial response and to help develop novel immunomodulatory drug candidates.

Disclosures: R. Yu: None. E.A. Rogers: None. T.B. Beauclair: None. P. Manchanda:

None. C. Beveridge: None. C. Randolph: None. R. Shi: None. G. Chopra: C. Other Research
Support (receipt of drugs, supplies, equipment or other in-kind support); Agilent Instrument In-
Kind.. E. Ownership Interest (stock, stock options, royalty, receipt of intellectual property
rights/patent holder, excluding diversified mutual funds); Meditati Inc., BrainGnosis Inc..

Presentation Number: NANO17.08
Topic: C.08. Ischemia

Support: NIH/NINDS NS076620
NIH/NCATS KL2 TR002317

Title: Role of type I interferon signaling in ischemic preconditioning-induced microglial
responses



Authors: *A. MCDONOUGH?, C. LEE?, R. A. ARNOLD?, B. SCHWEITZER?, J. R.
WEINSTEIN#*;

Univ. of Washington, Seattle, WA; ?Neurol., Univ. of Washington, Seattle, WA; *Washington
State Univ., Pullman, WA *Neurol., Univ. Washington, Seattle, WA

Abstract: Ischemic preconditioning (IPC) is a robust protective phenomenon whereby brief
ischemic exposure confers cyto- and axonal protection against a subsequent ischemic challenge.
Elucidating the mechanisms of IPC is a critical challenge in identifying stroke therapeutics.
Innate immune pathways, notably Toll-Like Receptor 4 (TLR4) and type | interferon (IFN)
signaling, specifically in microglia are critical in establishing this protection in both grey and
white matter. Our previous in vivo studies demonstrated that type I IFN receptor (IFNAR1) in
microglia is required for both IPC-induced axonal protection and interferon stimulated gene
(ISG) expression. Prior work also showed that exposure of cultured primary microglia to either
IFN-beta or ischemia/reperfusion results in phosphorylation of signal transducer and activator of
transcription 1 (STATL), a key signaling kinase downstream of IFNAR1. Therefore, we
hypothesized that type | interferon signaling is critical for microglial responses to ischemia and
STAT1 may be a key mediator of this signaling pathway. Here we report the impact of systemic
STAT1 knock-out on microglial responses after IPC. We performed a transient (15 min) middle
cerebral artery occlusion (MCAO) on wild-type (WT) and Stat1” mice and collected cortical
tissues 72 hours later for single nucleus RNA-sequencing (SnRNAseq) to identify changes in
microglial sub-clusters and gene expression changes due to IPC. We describe global
transcriptomic changes in microglial subpopulations in response to IPC and how STAT1-
deficiency alters both the distribution of microglial subpopulations and the microglia cluster-
specific transcriptional profiles in IPC. We provide additional data demonstrating how
ischemia/reperfusion and innate immune signaling affect STAT1 phosphorylation signaling
dynamics in microglia in vitro. We show that phosphorylation is dependent on both TLR4 and
IFNARL. Additionally, we present data suggesting that STAT1 phosphorylation is triggered by
activation of TLR4 on a delayed time course compared to stimulation with either IFN-beta or
ischemia. Our in vitro data suggest that TLR4 activation may concurrently lead to type | IFN
signaling in microglia via either autocrine/paracrine mechanisms through the release of type |
IFNs or via an alternative ligand-independent pathway directly activating IFNAR1. The findings
demonstrate novel dynamics of STAT1 signaling in microglia after exposure to a variety of
stimuli and show that type I IFN signaling is robustly induced in microglia via multiple pathways
in IPC. Overall, the results support a central role for STAT1 as a key mediator of microglial type
I IFN signaling.
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Abstract: The crosstalk between the nervous and immune systems has gained increasing
attention for its emerging role in neurological diseases. Radiation-induced brain injury (RIBI)
remains the most common medical complication of cranial radiotherapy, and its pathological
mechanisms have yet to be elucidated. Here, using singlecell RNA and T cell receptor
sequencing, we found infiltration and clonal expansion of CD8+ T lymphocytes in the lesioned
brain tissues of RIBI patients. Furthermore, by strategies of genetic or pharmacologic
interruption, we identified a chemotactic action of microglia derived CCL2/CCL8 chemokines in
mediating the infiltration of CCR2+/CCR5+ CD8+ T cells and tissue damage in RIBI mice. Such
a chemotactic axis also participated in the progression of cerebral infarction in the mouse model
of ischemic injury. Our findings therefore highlight the critical role of microglia in mediating the
dysregulation of adaptive immune responses and reveal a potential therapeutic strategy for non-
infectious brain diseases.
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Abstract: Background Stroke is a leading cause of death and disability, and elderly females have
both the highest rate of stroke and the worst stroke outcomes. Recent studies show that the
meninges play a key role in brain immunity, and immune cell populations in this location may
shift to pro-inflammatory states with age. Acutely after stroke, there is an upregulation of
hematopoiesis in the skull bone marrow (BM) adjacent to the infarct. However, no studies to
date have examined immune activity in the skull and dura at subacute and chronic time points
after stroke - periods that may contribute to long term cognitive decline, and how cell
populations change with sex and age. Therefore, the objective of this study is to characterize
immune cell populations in the skull BM and dura in aging and after stroke. Methods Adult (7-
15-months, n=6/group) male and female C57BL/6 mice were used to establish methods, while a




preliminary cohort of aged (>18 months, n=4/group) male and female C57BL/6 mice underwent
a 30-minute transient middle cerebral artery occlusion (tMCA0) or sham surgery. Mice were
sacrificed and femur BM, skull BM, and dura were collected. Samples were processed, stained
for 8 general leukocyte markers (CD45, CD19, TcRp, CD4, CDS8, CD11b, NK1.1, Ly6G), and
analyzed with flow cytometry. Data were gated in FlowJo and analyzed with 2-way and 3-way
ANOVA with multiple comparisons (¢=0.05) in GraphPad Prism. Results In the dura of the adult
uninjured cohort, there was a significantly higher proportion of B cells (p<0.05) and lower
proportion of innate immune cells (p<0.01) in females compared to males. In this uninjured
cohort, males had a significantly lower proportion of B cells in the femur BM (p<0.01), and a
higher proportion of T cells in the skull BM (p<0.01) compared to females. In the dura of the
aged stroke cohort, B cell representation decreased (p<0.01) and T cell representation increased
(p<0.001) after stroke in females only. In males, there was a significant decrease in T cell
representation (p<0.01) in the dura. In the skull BM, but not femur BM, there was a significant
decrease in overall CD19" cell number after stroke (p<0.05). Further analysis with larger sample
sizes is ongoing to confirm these results. Conclusions This study aimed to characterize
differences in immune cell populations in the dura, skull BM, and femur BM based on age, sex,
and stroke injury. Ongoing studies are further characterizing cell phenotypes in each of these
locations. Determining the origin of potential pro-inflammatory cell populations after stroke will
allow us to develop targeted therapies to reduce harmful inflammation without affecting
beneficial cell phenotypes.
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Abstract: Excessive inflammation in resident microglia and infiltrating macrophages contributes
to the poor prognosis of traumatic brain injury (TBI). This exacerbated pro-inflammatory
response is part of an intricately intertwined network of dysregulated pathways denoted as
secondary injury. The central role of mononuclear phagocytes in orchestrating this response after
TBI has been investigated for decades and yet an effective medication is missing. Intriguingly,
many of the perpetual proinflammatory traits of these cells are in common with their
counterparts contributing to the pathogenesis of atherosclerosis and multiple sclerosis that in
both cases is inextricably related to lipid metabolism. Therefore, we asked the question whether
the lipid content of monocytes of the injured brain is distinct from a healthy brain. First, our



MASS-based imaging data (DESI/MSI) demonstrated a significant buildup of the storage lipids
such as cholesteryl esters in the vicinity of TBI lesion suggesting upregulation of the intracellular
lipid storage organelles, lipid droplets. Immunofluorescence (IF) staining for lipid droplet
coating protein, perilipin-3, on coronal brain sections from mice subjected to controlled cortical
impact (CCI) confirmed lipid droplet accumulation in Ibal+ cells (common monocyte marker)
after TBI. Next, we used FACS to isolate microglia and macrophages from CCI and sham-
injured mice brains and submitted them to LC/LC-MS lipidomic analysis. The results showed a
significantly higher accumulation of storage lipids like triglycerides in the mononuclear
phagocytes after injury and the effect is more pronounced in the macrophages than resident
microglia. Moreover, IF staining showed colocalization of neutral lipids in the lysosomes
(LAMP2) of these cells. Accordingly, we submitted lysosomal enrichment samples from both
CClI and sham injured perilesional cortical tissue to LC/LC-MS lipidomic analysis and the result
resembles the cell-specific lipidomic analysis. Excessive lysosomal lipid accumulation is known
to impair the normal function of lysosomes and can explain our observation that monocytes
coaccumulate neutral lipids and autophagosome cargo receptor SQSTM1/P62 as a sign of
autophagy flux inhibition that can be a result of lysosomal dysfunction. Moreover, the abundance
of ceramides and sphingomyelin suggested myelin as a prevalent target to be phagocytosed in the
microenvironment of TBI lesion. The in vitro myelin exposure of bone marrow-derived
macrophages confirmed the effect of myelin on lysosomal dysfunction and autophagy flux
inhibition which suggests that regulation of myelin uptake can be a therapeutic approach in TBI.
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Abstract: Stroke stands as a prominent contributor to health-related, global mortality and
enduring disability. Neuroinflammation plays a pivotal role in exacerbating ischemic damage,
characterized by microglial activation, the infiltration of peripheral immune cells into the
ischemic brain, and high levels of inflammatory cytokines. The inflammatory cascade is tightly
controlled by several intrinsic inhibitory signaling pathways, among which CD200-CD200R axis
is critical. CD200, a cell membrane glycoprotein primarily expressed on neurons and endothelial
cells, interacts with its receptor CD200R on immune cells to suppress inflammatory response
upon pathogenic stimuli. We hypothesize that brain endothelial CD200 barricades the infiltration
of circulating leukocytes into the ischemic brain after stroke. Brain endothelial CD200 specific
knockdown (KD) mice were generated through the administration of AAV-BR1-Cre virus to
CD200 flox mice. One month after the virus injection, the mice underwent a 60-minute transient
middle cerebral artery occlusion (MCAOQ). Three days after stroke, inflammatory responses were



assessed by flow cytometry, ELISA, immunohistochemical staining, and two-photon imaging.
Stroke outcomes were evaluated by brain histological changes and neurobehavioral tests. We
observed that CD200 KD mice exhibited significantly more robust inflammatory responses
compared to CD200 flox mice. Two-photon imaging revealed exacerbation of leukocyte
adherence to endothelial wall in CD200 KD vs. control mice. Additionally, CD200 KD mice
displayed significantly larger infarct volumes and worse neurological deficits. Collectively, these
findings suggest that the brain endothelial CD200 signaling acts as a primary barrier against the
infiltration of circulating immune cells into the ischemic brain, thereby conferring
neuroprotective effects.
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Abstract: Children born preterm have a 40-50% risk of developing mild to moderate motor
delays (Spittle & Orton, 2014; Holsti et. al., 2002, Goyen & Lui, 2009). This study aims to
examine somatosensory development in these children who are at particularly high risk for motor
delays. Our somatosensory test of grip force (STOG) uses specially engineered standardized
crayons with different breaking strengths. The ability to use crayons of low breaking strength
reflects a child’s ability to modulate force based on somatosensory feedback. Our somatosensory
test of reaching (STOR) measures children’s accuracy in reaching towards visually guided
targets vs somatosensory guided targets (Chu & Dusing, 2022). Participants born full term (n =
33) and preterm (n = 40), between 7 to 52 months (corrected age for preterm), were recruited
from local communities and health systems. In STOG, force threshold (FT) refers to the breaking
force of the most fragile crayon the child could use. For STOR, we quantified the reach accuracy
towards stickers on their body that they cannot see (somatosensory targets) and towards stickers
in their visual field (visible target). Statistical analyses were completed in SPSS using regression
analysis, with age and birth status factors. The STOG measure found FT significantly decreased



with age (n=29, p=0.025) for children under 24 months but the relationship was not significant
for children over 24 months (n=44, p=0.628). While there was no significant between group
difference in FT based on birth status, a greater proportion of preterm children demonstrated
abnormal FT (17.1%) compared to full-term children (8.8%). The STOR measure found reach
accuracy for somatosensory targets increased with age (p<0.001) with the preterm group
displaying lower reach accuracy compared to full term (p=0.024). Reach accuracy to visible
targets showed a statistically significant increase with age (p<0.001), but no difference was
observed between birth status groups (p=0.342). These preliminary results found developmental
trends for both improving force control and somatosensory-guided reaching in young children. It
was interesting to note that the development of visually guided reach was similar between full-
term and preterm children, yet there appears to be a delay in somatosensory guided reach in
children who were born preterm. Further, difficulty with force control may be more prevalent
among preterm children, though further research is needed. A better understanding of early
somatosensory development and relevant assessments will provide practitioners the ability to
intervene earlier when children experience challenges in somatosensory processing.
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Abstract: Background: Up to 94% of autistic individuals report differences in sensory
processing. This includes differences in hyper- and hypo-sensitivities to sensory information in
multiple sensory modalities, as well as the ability to integrate sensory information across
modalities. While there is an abundance of evidence of these differences in sensory processing,
behavioural findings are not entirely consistent. However, previous imaging studies have shown
that even when little to no behavioural differences in multisensory integration are observed,
differences in the neural mechanisms underlying integration are still seen. Current study: In this
study, we examined whether there is an effect of autism spectrum disorder diagnosis on
multisensory integration and sensory sensitivity using a speeded response task paired with
electroencephalography (EEG) measures. Methods: Autistic children (n=9; 11.4 years, data
collection ongoing) and typically developing (TD) children (n=15; 11.9 years) were presented
with auditory pure tones, visual Gabor patches, or a combination of both, all embedded in
audiovisual white noise and were instructed to respond as quickly as possible when they detected
a stimulus. Stimuli were presented at the participants’ unisensory 50% detection threshold,
determined via a psychophysical staircase procedure. Results: Only a small effect of diagnosis on
accuracy gain and on the magnitude of violations of Miller’s race model was found. However,



preliminary analysis suggests there are neural differences in parietal and occipital regions
between the two groups. Additionally, a small effect of diagnosis on behavioural measures of
sensory sensitivity was found. Conclusion: Taken together, these results suggest that neural
differences for multisensory integration may exist in autistic compared to TD children, even
when behavioural performance is well matched.
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Abstract: To make sense of our multisensory world, the brain has to integrate signals coming
from a common source but segregate those from separate sources. Little is known about how the
brain merges information from audition and touch, with previous research using experiments far
removed from everyday experience. We leveraged music as a natural medium for audiotactile
integration. Music carries complex naturalistic features such as beat (tempo of music) and
envelope (changes in sound amplitude over time); further, touch provides information about
these features, enhancing the immersion in music. We composed polyphonic (two-voice) piano
pieces and modulated vibrotactile signals with the same beat, and using the acoustic envelope of
one of the two piano voices. In a multi-day EEG-fMRI study, participants (N=12) experienced
piano voices in auditory, tactile or audiotactile contexts, with vibrations applied to their index
fingers. In the multisensory setting, auditory and tactile streams were either congruent or
incongruent. First, we examined whether the brain encodes beat and envelope information from
audition and touch via shared neural representations. In EEG, ridge-regression models
successfully reconstructed auditory and tactile beat features; further, we found significant cross-
modal temporal generalisation. Conversely, we successfully reconstructed envelope features only
in audition and found no temporal generalisation across modalities. Similarly, fMRI identified
common activations across audition and touch only for beat (in the parietal opercula and plana
temporalia). Second, we examined whether a concurrent vibrotactile signal amplifies the
encoding of auditory beat and envelope. In EEG, beat reconstruction increased for audiotactile
relative to auditory signals. Remarkably, envelope reconstruction was more accurate for
audiotactile congruent than incongruent and audio-only signals. In fMRI, we found non-linear
profiles of audiotactile integration in the Heschl’s gyri and posterior insulae for envelope
information. Further, audiotactile envelope congruency recruited the posterior insulae. We found
similar results in complex polyphonic scenarios, suggesting that congruent vibrotactile signals



enhance the segregation and amplification of auditory streams amidst distractors. Our results
offer original insights into how the brain automatically tracks naturalistic information across the
senses. We show that touch clearly conveys beat information but is rather poor in contributing
envelope information; yet, tactile envelope information modulates auditory processing and
supports auditory scene analysis in the human brain.
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Abstract: Fear reactions to environmental threats are crucial for animals' survival. Integration of
sensory cues across different modalities associated with a threat can significantly enhance
animals' perception and quick responses. However, the neural circuit-level mechanisms
underlying the augmentation of fear responses under simultaneous multimodal sensory inputs
remain poorly understood. We report that in mice, bimodal looming stimuli combining coherent
auditory and visual signals elicit more robust fear-like reactions than unimodal stimuli. These
include intensified escape and prolonged hiding, indicating elevated fear states. These varied
responses depend on the activity of the superior colliculus (SC), while its downstream nucleus,
the parabigeminal nucleus (PBG), predominantly influences the hiding behavior. PBG neurons
temporally integrate auditory and visual signals and enhance the salience of looming stimuli by
potentiating SC sensory responses through their feedback projections to the visual layer of SC.
These results suggest a distinct subcortical pathway that integrates multisensory signals to cross-
modally enhance threat perception and amplify fear responses.
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Abstract: Living in a multisensory world, our brains need to explore the best strategy to fuse
diverse information across sensory streams. However, how the spatiotemporal neural signatures
associated with this process under naturalistic settings are not well understood. To investigate
this, we collected intracranial electrocorticography (IEEG) in 19 participants while they watched
a 12-minute movie. The movie contained a rich combination of auditory and visual information
allowing for an investigation of how the sensory streams are processed and integrated
dynamically. We first separated the movie into four bimodal situations (English condition,
foreign language condition, other sound condition, and silent condition), which allowed for a
characterization of neural responses (high-gamma band 70-150 Hz) locked to auditory and visual
events. Our event-related analysis showed a significant neural enhancement within the ventral
lateral prefrontal cortex (VIPFC) and auditory cortices in English and foreign language conditions
while the dorsolateral prefrontal cortex (dIPFC) and visual cortices were only activated in the
foreign language condition. We then used an unsupervised clustering analysis (across significant
electrodes), which replicated this spatial dissociation between the vIPFC and dIPFC associated
with auditory and visual processing, respectively. Leveraging the high temporal resolution of
IEEG we employed an encoding model analysis based on auditory features (spectrogram and
wav2vec features) and visual features (Gabor and vision transformer features) extracted from the
movie. Results showed that the vIPFC and dIPFC significantly encode the auditory and visual-
related information separately, demonstrating the differentiated representations in the prefrontal
cortex. Further, we found evidence for multimodal integration in anatomically restricted regions
of the prefrontal cortex. Together, our findings reveal an anatomical separation within the
prefrontal cortex supporting sensory processing and multisensory audio-visual integration.
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Abstract: The arrival time of moving objects, also known as time-to-contact (TTC), must be
estimated every day. For example, as drivers or pedestrians, we have to estimate the TTC of the
vehicles around us in order to move safely. Numerous studies have examined the performance of
TTC estimation. However, the majority of these studies only tested visual (V) TTC, whereas
auditory (A) cues may also be used to estimate TTC. In addition, studies off TTC estimation
have mostly focused on objects moving at constant velocity, conditions in which the visual
performance of TTC is very good. However, at accelerated velocity, the visual system poorly
detects the acceleration, and therefore the TTC of accelerated objects is poorly estimated. It is in
this context of accelerated speed that auditory cues are most likely to compensate for the visual
deficiencies, allowing better audiovisual (AV) performance of the TTC estimation than in
unisensory modalities. The aim of our study was therefore to investigate TTC estimation
performance with stimuli that could be moving at constant or accelerated velocity and using the
V, A and AV modalities.

Twenty participants (mean age = 24.2 years; SD = 3.1; range = 19-30; 13 women) were tested
for their TTC estimation. The stimulus of the task consisted of a looming ball moving in a
corridor. After a visible and/or audible motion, the ball and/or sound disappeared for a variable
occlusion time. Participants had to press a button to indicate the estimated TTC. The ball could
move at constant or accelerated velocity. The constant error (CE), corresponding to the mean
difference between the estimated and actual TTC was then calculated and analysed with an
ANOVA.

Errors were larger (i.e., more negative or more positive) in the A condition, compared to V and
AV, for the shortest and longest occlusion times. Responses were anticipated in the AV
condition compared to the V condition, for the shortest and longest occlusion times. At
accelerated velocity, the TTC is overestimated in all conditions, compared to the constant
velocity level, confirming the lack of detection of the object’s acceleration. Notably, the addition
of auditory cues to the visual information helps the participants in reducing the overestimation.
Our study provides evidence that TTC estimation is not exclusively visual but can also be based
on auditory cues. More precisely, TTC estimation can benefit from multisensory cues depending
on certain parameters of occlusion time and acceleration level.
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Abstract: To form a veridical percept of the multisensory world, our brain needs to flexibly
integrate signals from common sources and segregate those from independent sources. A recent
fMRI study (Ferrari&Noppeney, 2021) has shown that modality-specific attention influences
multisensory perception via two distinct mechanisms along sensory pathways. In early sensory
cortices (V1-3), attention to vision increases the precisions and hence weight of the visual signals
in sensory fusion. In parietal cortices, it controls the late read out of perceptual estimates by
flexibly combining auditory and visual signals according to their task-relevance. The dissociation
of these two mechanisms was enabled by a novel pre-post cueing paradigm. On each trial,
observers were presented with auditory and visual spatial signals in synchrony, but at variable
spatial disparities. A prestimulus attention cue manipulated the sensory precision, but indicating
the sensory modality observers had to attend to during stimulus presentation. A post-stimulus
report cue after stimulus presentation indicated the task-relevant modality that needed to be
reported. The current study (N=13; 7 males, mean ages 24.92, range 20 to 35 years) adapted this
paradigm to MEG to temporal resolve the influences of pre-stimulus attention and post-stimulus
report on the integration of audiovisual signals into spatial representations. Combining
psychophysics and MEG multivariate pattern analyses, we show that prestimulus attention
influences the weighting of sensory signals after stimulus presentation and in early time windows
after the post-report cues. Additional response-locked analyses suggest that only in later time
windows does the brain read out perceptual estimates that combine audiovisual signals according
to their task-relevance. Our findings unveil the temporal dynamics of the multifaceted interplay
of multisensory perception, causal inference and attentional control.
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Abstract: Humans excel at object manipulation - the hand conforms to the object's shape and
size during reaching, and the fingers apply precise forces to hold and move the object after



grasping. This behavior is complex and requires control over various physical variables:
kinematic, describing posture and movement of the hand, and kinetic, describing forces. Previous
studies have suggested a more robust encoding of hand postures compared to grasp force in the
motor cortical responses of both humans and non-human primates. However, those conclusions
were drawn based on the classification of a low number of grasping postures and discreet forces,
neglecting the continuous nature of hand movements and changes in applied force. To
understand the interaction between posture and force signals in the motor cortex during
naturalistic behaviors, we conducted a parallel set of experiments with healthy non-human
primates and humans with tetraplegia. In the first set of experiments, we trained non-human
primates to grasp sensorized objects with an instructed force level. The object changed size and
orientation to evoke different movements. Throughout the experiment, we recorded hand
kinematics across 28 degrees of freedom together with the manual forces applied to the object. In
the second set of experiments, a human participant was instructed to attempt grasping objects of
varied sizes and orientations in a virtual environment with different levels of force. In both
experiments, we recorded corresponding neural responses from the motor cortex using
chronically implanted Utah electrode arrays. We first characterized the tuning of individual
neurons in monkey and human motor cortices to object shape and target force. We have found
that individual neurons were modulated to the time course of the task and that the representations
of object and force were intermixed. We then built linear and non-linear decoders of continuous
kinematic and kinetic traces. Our findings demonstrated that the motor cortex exhibits a robust
representation of grasp force, comparable to the representation of the individual components of
movement, such as hand orientation, or aperture. Moreover, our investigation into the
relationship between neural representations of force and kinematics revealed non-linear
dependence of grasp force on the hand posture. These results carry significant implications for
our understanding of manual motor control and the creation of the next generation of decoders
for brain-controlled bionic hands that can permit dexterous object manipulation.
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Abstract: Decoders for motor-based intracortical brain-computer interfaces (iBCIs) frequently
assume that the neural state (a vector of rates for each neuron) is constrained to a manifold that
can be approximated by a covariance matrix or its corresponding subspace. It is often further
assumed that there exist behavior-correlating neural dimensions within the manifold that can be
leveraged for decoding, and that a patient can control their iBCI by learning to freely move the
neural state around the portion of the manifold containing these dimensions. Yet recent scientific
advances suggest different constraints. Motor-cortex activity traces complex task-specific
trajectories through high-dimensional neural space. The resulting manifold is sparse - even
within the subspace of the data most states are never visited - and may contain no neural
dimensions that consistently correlate with to-be-decoded variables. These properties are
expected if neural trajectories have low trajectory tangling, which is indeed a property of motor
cortex activity in most tasks. In this view, a highly nonlinear manifold is an emergent property of
an underlying flow field that instantiates noise-robust dynamics. From this perspective, neural
trajectories themselves are apt descriptors of the underlying flow field and its implied manifold.
We designed an interpretable decode algorithm, MINT (for Mesh of Idealized Neural
Trajectories), to explore whether decoding benefits from embracing the constraints implied by
this emerging perspective. MINT was highly performant when benchmarked against other
decode algorithms across a variety of tasks and datasets. MINT performed better than other
interpretable methods in every comparison we made and outperformed expressive machine
learning methods in 37 of 42 comparisons. Yet MINT is a simple, computationally efficient
method that relies on explicitly assumed, rather than implicitly learned, constraints. Thus, its
high decoding accuracy suggests the assumptions on which it rests may be a particularly good fit
to the properties of data. These properties are relevant to the design of any motor-cortex-driven
decode algorithm, and have strong implications regarding when and how decoders can be
expected to generalize.
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Abstract: Variability, a ubiquitous feature of neural activity, plays an integral role in behavior.
However, establishing a causal relationship between neural signals and behavior is difficult. By
defining a mathematical mapping between neural spiking activity and behavior, we investigate
the role of spiking variability in adaptation during a brain-machine interface (BMI) behavior.
Recent BMI evidence demonstrates that creating novel neural patterns is harder than repurposing
existing patterns to respond to changes in external input. However, what limits the ability to
repurpose, or adapt, patterns under different magnitudes of change is less well-characterized.
Here, we present evidence that shared variance in neural spiking activity is a neural feature that
reveals differences in learnability between easy and hard adaptation conditions. We further
demonstrate how shared variance tracks adaptation and can predict maximum adaptation. Our
study illuminates the limitations in neural changes underlying behavior within a neurofeedback
paradigm.
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Abstract: Neural interfaces present opportunities to augment human functionality, but are still
difficult to learn and control. Neural interfaces convert user neural signals into control signals for
an external device, such as a computer cursor or robotic limb, via a decoder algorithm. Designing
these interfaces to be co-adaptive, by leveraging closed-loop user and decoder adaptation,
presents opportunities to improve interface usability and personalization (Taylor 2002; Orsborn
2014). However, co-adaptive interfaces are hard to engineer due to their complex two-learner
dynamics, and we currently lack principled tools to design and optimize these systems. We
present new, experimentally-validated computational approaches for analyzing and synthesizing
co-adaptation. Our findings suggest principled co-adaptive approaches can influence user
learning via decoder manipulations, opening new ways to achieve high-performing,
individualized neural interfaces. Treating the user and decoder as two agents in a dynamic game,



we built a framework to analyze and probe user-decoder co-adaptation. We modeled the user and
decoder as each adapting to an individual cost function that minimized task error and individual
effort. Analyzing this model yielded two decoder parameters that affected user-decoder
dynamics: learning rate and penalty terms. We then measured the effect of these decoder
parameters on system performance and user adaptation in a myoelectric interface. Healthy
human participants (N=14) controlled a computer cursor using a 64-channel surface
electromyography (SEMG) electrode to follow a 2D continuous trajectory. Decoders were
randomly initialized and adapted according to the game theoretic decoder cost in 5-minute trials.
We saw evidence of co-adaptation in our myoelectric interface experiment, with users and
decoders jointly adapting within trials to improve task performance. We leveraged control theory
to estimate user encoders - the transformation from task space to user muscle activity - and to
quantify user-decoder dynamics. We found that our experimental results corroborated our game-
theoretic framework predictions about how decoder parameters influence system performance
and user adaptation. Mismatches between user and decoder learning rates disrupted performance
and co-adaptive dynamics. Shifts in decoder penalty terms influenced user behavior without
impacting performance. This work presents new tools for predictably influencing user-decoder
dynamics in co-adaptive interfaces. Our framework opens up new paths to design robust,
personalized neural interfaces that fully harness the promise of user and decoder adaptation.
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Abstract: Deciphering continuous motor functions through intracortical signals poses a
contemporary challenge in brain-machine interfaces (BMI), with recent advancements favouring
nonlinear decoders [Willsey, 2022, Nat. Commun.; Temmar, 2024, bioRxiv]. Existing studies
predominantly focus on decoding either arm movements [Collinger, 2013, The Lancet] or
constrained hand movements [Nason, 2021, Neuron], primarily concerning trajectories and
velocity derivatives.

Here, we aimed at comparing the performance of state-of-the-art linear and non-linear models in
simultaneously predicting continuous arm and hand kinematic outputs from multiunit spiking
signals. To this end, we collected intracortical and kinematic data in a non-human primate



performing a task of reaching and grasping of different objects in a versatile robotic platform
allowing for natural movements [Barra, 2020, JNE]. Offline, we investigated the performance of
a range of regression models in translating intracortical signals into different arm-hand kinematic
outputs encompassing trajectories, speed, and joint angles. We also investigated whether
predicting the principal components (PCs) of kinematic activity improved decoding
performance, and finally compared the use of different cortical areas as decoder inputs. We
found that relatively non-sophisticated non-linear models exhibited very good performance
similarly to complex counterparts while also outperformed the linear models. Moreover, we
found that trajectories as well as velocities and joint angles could be predicted well and that the
use of kinematic PCs did not improve the prediction. Finally, performance increased the more
cortical areas were included as input. Our findings have implications for real-time BMI
applications, emphasizing the feasibility of expanding the scope of decoded outputs for more
effective control of neuroprosthetic devices. Overall, our study contributes to advancing the field
of BMIs by elucidating effective strategies for decoding intracortical signals, paving the way for
enhanced motor function restoration in individuals with paralysis.
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Abstract: Perceptual information about the body and environment is used across brain-wide
networks to compute complex goal-oriented behaviors. In the frontal motor areas, neural
ensembles retain perceptual and cognitive signals presumably used in the end stages of
computation for upcoming movements. For example, human precentral gyrus ensembles not only
encode attempted reaching arm movements but also embody movement direction when arm
movements are just passively viewed, suggesting that aspects of visual scenes persist into motor
cortex. How scenes influence movement encoding is not understood. Here, we propose the
“synergistic environment effector” (SEE) predictive framework to identify how the state of the
environment, as well as the effector (i.e., upper limb) are represented in neural activity. Using the
SEE framework in a non-human primate reach and grasp task we found that adding scene
information (from video images of the task) improved movement decoding. We trained monkeys
to reach and grasp objects using a rotating apparatus that presented four possible target objects
simultaneously. Each object afforded either a power or precision grip in either a horizontal or
vertical orientation (for a total of 16 unique grip, orientation, and position combinations). During
the task, a light first indicated the target object, followed by a ‘go’ cue. Forelimb movement and



object positions were tracked using multi-camera, markerless motion tracking (DeepLabCut). An
additional camera tracked the eye position. Neural activity was simultaneously recorded using
microelectrode arrays implanted in primary motor and dorsal premotor cortices.Using a recurrent
neural network architecture to decode movement trajectories from single unit activity, we
assessed how decoding accuracy changed when scene information was included in the decoder.
Contextual information included the position of all the objects for each scene, but did not
indicate the movement target. Our results demonstrate that adding contextual information from
the environment significantly improves decoding performance, and even enables high accuracy
decoding in low-neuron count regimes. This work has strong implications for brain-computer
interface applications. Our results shown that surrogate sensory signals (i.e. video) can be used to
provide context for and facilitate the interpretation of neural activity patterns. Further, these
findings suggest that perceptual signals can update motor behavior in motor cortical circuits even
at the last stages of computation in cortical networks.
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Abstract: Manual interactions with objects involve coordinated movement of many joints of the
hand, from the wrist to the tips of the fingers--an ability critically dependent on motor cortex
(MC). Although at the level of spinal motor neurons the movements of the hand are encoded in
terms of actuating muscles, it is unclear how this representation is abstracted as it ascends the
neuraxis. In this study, we investigate human hand movement control, ranging from isolated
single digits to coordinated movement of the fingers and wrist, leveraging a clinical trial that
involves five participants implanted with electrodes in MC. We have found that movement in
one direction, such as flexing a finger, is encoded as a separate neural trajectory from the return
movement, such as extending the finger back to a neutral posture. Furthermore, we observed that
movement direction encoding depends on the starting position. We examined the coordinated
control of multiple digits by having participants attempt to shape their hands into several
different postures. Decoders trained on isolated digit movements failed to predict the correct
hand posture during multi-digit movements, and neural responses in MC did not simply reflect a
superposition of the MC responses of constituent isolated digit movements. These results suggest
that MC encodes muscle-like signals for hand control as opposed to joint-based representation.
Next, we asked the participants to attempt moving fingers together with their wrists. We found
that decoding wrist orientation was possible only during active wrist movement, indicating



velocity-based control. Contrary to our expectations, we discovered that decoding of attempted
finger movement was reliably strong irrespective of changes in participants’ attempted wrist
posture. Moreover, a given classifier performed well both within and across posture conditions,
suggesting that MC representations of wrist and fingers are linearly separable. Together, these
results provide a detailed characterization of the neural basis of coordinated manual behavior in
humans and a foundation for decoding manual behavior from MC for intracortical brain-
computer interface applications.
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Abstract: Recent developments in neural recording technologies have revolutionized language
neurobiology and motor speech enabling brain-computer interfaces (BCI) that restore speech
functions. Real-time speech decoding models, typically customized to individual data from intact
sensorimotor cortex, face challenges in generalizing, particularly for aphasia patients whose
language networks are disrupted by lesions. To address this, we developed group sequence-to-
sequence (seg2seq) models trained on datasets from individuals with normal language function,
using stereo-electroencephalography to decode activity from distributed speech hubs. This
approach significantly reduced phoneme error rate (PER) for all subject (n=7) on held-out trials
when initialized with the group-level manifold. Building on these insights, we explored these
models' clinical applicability for aphasia with transfer learning techniques to adapt shared latent
neural dynamics from a group model of patients with sensorimotor cortex coverage to a single-
subject model with differential coverage. Despite the incomplete sampling of necessary cortical
areas involved in encoding articulatory kinematics, this adaptation decreased PER from 61% to
36% showecasing the potential of using pre-learned neural states for phoneme mappings to
enhance single-subject decoding performance. This use of shared latent mappings presents a
robust approach to adapt and apply aggregated neural encodings to situations where there is
missing or incomplete sampling of cortical dynamics, extending BCI utility to those with
significant cortical impairments. We used group-level dynamics to simulate artificial electrode
densities across critical regions such as the posterior superior temporal, subcentral, and inferior
frontal cortices, to infer optimal design of neural implants for assistive communication.
Furthermore, our approach supports a causality analysis through region and lesion-based
assessments to determine the necessity and sufficiency of specific cortical areas. This
comprehensive methodology not only advances BCI design and neural decoding techniques but
also has profound implications for personalized medicine and rehabilitative strategies,
significantly enhancing the quality of life and communication capabilities for individuals with
speech impairments.
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Abstract: Brain-machine interface (BMI) controlled functional electrical stimulation (FES) is a
promising treatment for restoring hand movements to people with spinal cord injury. This
method uses a BMI to infer desired control from the brain and then FES to reanimate the
paralyzed hand. One challenge with restoring hand movements is that wrist and finger
movements are closely linked. Multiple finger-related muscles are located in the forearm with
tendons that cross the wrist. It is currently unclear how well we can use BMI and FES to
continuously control two correlated degrees-of-freedom (DOF) especially because BMIs
typically treat each DOF independently.

To investigate this, one rhesus macaque (Monkey N) was implanted with microelectrode arrays
targeting the hand area of motor cortex. We trained the monkey to use a 2-DOF manipulandum,
flexing their fingers grouped together or their wrist, to acquire virtual targets. Neural activity,
finger flexion, and wrist flexion were recorded during the task. This monkey and one other
(Monkey R) were also implanted with intramuscular electrodes in forearm muscles controlling
the fingers and wrist. Temporary arm paralysis was induced using a lidocaine nerve block of the
median, radial, and ulnar nerves at the elbow. Stimulation was delivered through the
intramuscular electrodes using the Networked Neuroprosthesis system (Makowski et al., 2021).
Using the virtual hand task data, we trained a ReFIT Kalman filter model (RKF) to predict both
finger and wrist flexion velocities from neural activity in real-time. Monkey N was able to use
the RKF to control the virtual hand in a BMI task, achieving a 93.9% success rate over 3
experiments. In addition, Monkey N was able to use the BMI after nerve block, using a RKF
trained prior to nerve block. We observed decreased success rate, but performance could be
regained through an extra ReFIT step after nerve block.

Using FES without a BMI, we used a target-based control strategy to move the monkey’s own
nerve blocked hand to perform the 2-DOF virtual hand task. Across two sessions with both



monkeys, this strategy achieved an average 85.8% success when targets were limited to the
middle 50% of the available range of motion in each DOF. Trial success was largely impacted by
fatigue, with the available range of motion decreasing by an average of 62.4% within 10 minutes.
Additionally, stimulation targeting one joint often evoked movements on both joints and limited
the available range of motion. Ultimately, this approach achieved a high degree of success in a
functional range of movements and could be paired with a BMI, such as the demonstrated RKF
method, to restore finger and wrist movements after spinal cord injury.
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Abstract: Prosthetic limbs and pattern recognition systems can enhance functionality for people
with upper limb amputation. Commercially available systems rely on surface electromyography
(EMG) and are limited to sequential control of single movements. Intramuscular EMG electrodes
have been shown to record stable and independent control signals, enabling reliable control of
multiple degrees-of-freedom (DoF) (Dewald et al., 2019). However, following amputation there
may not be sufficient residual innervated muscles available to provide complex movements of
the fingers and wrist. Regenerative Peripheral Nerve Interfaces (RPNIs) surgically provide new
muscle targets to the peripheral nerve and amplify efferent nerve activity to compensate for
absent muscles needed for prosthetic control (Vu et al., 2020). Here we demonstrate the
performance of simultaneous control of multiple continuous DoF for hand and wrist rotation.
Two participants with transradial amputation (P1, P2) had intramuscular bipolar EMG electrodes
(Synapse Biomedical) placed in their RPNIs and residual muscles. For P1, electrodes were
placed in 3 previously created RPNIs (1 median, 2 ulnar nerve) and 5 residual muscles. For P2,
electrodes were implanted at the time of RPNI creation (4 median, 1 radial nerve) and in 7
residual muscles (incl. wrist supinator & pronator). Both participants were instructed to follow a
virtual hand moving in 2 DoF: hand open/close and wrist rotation. EMG signals were collected
from implanted electrodes and used to calibrate continuous Kalman Filters (KFs). Participants
then used these KFs in closed-loop control of the 2 DoF hand/wrist to acquire targets
simultaneously. Performance was evaluated for total trial time (TTT) and orbiting time (OT),



time spent outside the target after first entering it. P1 also calibrated and used a 4 DoF decoder
(index, middle-ring-small fingers, 2 DoF thumb) using a recurrent neural network (RNN)
architecture. During online control, P1 achieved average TTT of 3.68 seconds and OT of 2.45
seconds. For P2, who had electrodes targeted toward wrist rotation, TTT was 2.24 seconds and
OT was 1.77 seconds. During preliminary control of the 4 DoF RNN decoder, P1 was able to
control all 4 DoF to achieve different hand postures, although online target metrics have not yet
been collected. RPNIs and implanted electrodes have enabled people with transradial amputation
to control simultaneous DoF continuously. Simultaneous hand and wrist control is necessary for
prosthesis users to perform coordinated movements. Furthermore, providing patients with
individual finger control may increase hand function far beyond opening/closing pre-
programmed grips.

Disclosures: D.M. Wallace: None. J.R. Costello: None. A.K. Vaskov: A. Employment/Salary
(full or part-time):; Employed in a leadership role by Blue Arbor Technologies, Inc.. E.
Ownership Interest (stock, stock options, royalty, receipt of intellectual property rights/patent
holder, excluding diversified mutual funds); Holds equity in Blue Arbor Technologies, Inc.. A.J.
davis: None. D.H. Gates: None. P.S. Cederna: A. Employment/Salary (full or part-time):;
President of Blue Arbor Technologies Inc., a company that makes prosthetic control systems. No
support or products from Blue Arbor Technologies were provided or used for the performance of
this study.. E. Ownership Interest (stock, stock options, royalty, receipt of intellectual property
rights/patent holder, excluding diversified mutual funds); Holds equity in Blue Arbor
Technologies, Inc., Inventor of intellectual property that is related to this work and has been
optioned by Blue Arbor Technologies, Inc. C.A. Chestek: E. Ownership Interest (stock, stock
options, royalty, receipt of intellectual property rights/patent holder, excluding diversified mutual
funds); Inventor of intellectual property that is related to this work and has been optioned by
Blue Arbor Technologies, Inc..

Presentation Number: NANO19.11
Topic: E.05. Brain-Machine Interface

Support: EIC 2021-TransitionChallenges-01-01 ReverseParalysis 101057450
EIC-2021-Pathfinderchallenges-01-02 NEMO-BMI 101070891

Title: Adaptive decoder for ECoG based brain-spine interface to control upper / lower limbs in a
patients with spinal cord injury

Authors: *T. AKSENOVA!?, F. MARTEL?, M. JUSTINO?, R. SOURIAU?, A. BLEUZE?, T.
COLLIN3# 1. SAKR3#* V. SPAGNOLQ3# S. KARAKAS?, F. SAUTER-STARACE?, S.
CHABARDES®, J. BLOCH®"4 G. COURTINE®# H. LORACH3®** G. CHARVET?;

ICEA, LETI, Grenoble, France; 2Univ. Grenoble Alpes, CEA, LET]I, Clinatec, Grenoble, France;
3Ctr. for Neuroprosthetics and Brain Mind Inst., Swiss Federal Inst. of Technol. (EPFL), Geneva,
Switzerland; *Defitech center for interventional neurotherapies (NeuroRestore), Lausanne,
Switzerland; *Univ. Grenoble Alpes, Grenoble Univ. Hosp. (CHUGA), Grenoble, France;
®Lausanne Univ. Hosp. (CHUV), Lausanne, Switzerland; ‘Center for Neuroprosthetics and Brain
Mind Institute, Swiss Federal Institute of Technology (EPFL), Geneva, Switzerland



Abstract: Background: Restoring voluntary movements after spinal cord injury can be
achieved through brain controlled spinal cord stimulation. Real-time decoding of epidural
electrocorticography (ECoG) recordings is applied to control epidural electrical stimulations
(EES) below a spinal cord injury to restore arm or leg movements in motor disabled subjects.
Decoding motor intentions reliably while integrating feedback from the stimulation requires
adaptive algorithms. Methods: Two participants with spinal cord injury were implanted with the
Brain-Spine Interface (BSI) system in the context of the STIMO-BSI and UP2 (NCT04632290
and NCT05665998, clinicaltrials.gov) studies. Both studies were designed to evaluate the safety
and preliminary efficacy to restore natural motor control of upper and lower limbs, and improve
neurological recovery with training. We designed and tested two different decoding paradigms to
translate brain signals into movement probabilities to control stimulation amplitudes: 1) a
dynamic hierarchical decoder or 2) parallel independent decoders. Both strategies can be
independently and incrementally trained during online BSI experiments, while using the
evolving model. The decoding models are modular and adaptable. The number of classification
states, and their hierarchical organization are configured according to the use case, encoded by
graphs to specify the complementary and antagonistic movements that can be activated
simultaneously or not. The online model updates allowed to compensate for day-to-day
variability but required supervised training, implying cues given to the patient by a supervising
expert. Unsupervised domain adaptation techniques were tested in retrospect to compensate for
drift and day-to-day variability. Results: Models to control different joint movements could be
calibrated online within a few minutes. The iterative nature of the algorithm enabled constant
refining of the models without impairing the training of the participant. The decoder used for the
STIMO-BSI project allowed to distinguish between the hip, knee, and ankle activities (bilateral),
trigger stepping events during gait, as well as modulate the amplitude of the steps during walking
to restore a natural and smooth control of the lower limb movements. The decoder used during
the UP2 clinical trial was able to distinguish between the different upper limb joints, allowing the
patient to control each joint not only sequentially, but also in combined complex movements.
Finally, domain adaptation strategies in the processing pipeline allowed models calibrated on a
single day to achieve stable decoding performance over several months.
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Abstract: Advances in the engineering of robotic limbs have resulted in hand/upper extremity
prostheses with near anatomic weight and size, and up to 22 potential degrees of freedom of
movement. Despite this important progress, the uptake and continued use of robotic prostheses
by upper limb amputees remains disappointing. Abandonment of robotic prostheses by users is
reported to be as high as 50% in some studies. The poor acceptance of robotic limb prostheses by
upper limb amputees has been attributed to limited utility and embodiment, due to constraints in
the interface between the robotic prosthesis and its user. Specifically, current state-of-the-art
prosthetic control interfaces rely on muscle-based signals, which utilize the residual forearm
muscles to control gross motions including forearm rotation, wrist flexion/extension, and digit
flexion/extension. Importantly, muscle-based prosthetic control cannot predictably afford
independent digit control for a variety of reasons related to the anatomy and physiology of the
amputation stump. Furthermore, existing robotic prostheses do not provide feedback to the user
in the form of naturalistic tactile, kinesthetic, and proprioceptive sensations. We have designed a
system for the delivery of two key factors, independent digit control and physiologically
congruent sensory feedback, to provide users with “dexterous” robotic hand control. We
endeavor to boost the utility and embodiment of robotic limbs sufficiently to permit their routine
acceptance and use among upper limb amputees. Our ultimate goal is for robotic limbs to
become the standard-of-care for upper limb restoration, attaining insurance reimbursement and
economies of scale.
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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, particularly for large 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 the high estrogenic
hormone stage (proestrus), 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 proestrus, dopamine transporters were reduced in
expression, and computational modeling showed that reduced reuptake could increase the gain of
RPEs. 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: The incidence of depression is two times higher in women than in men and can
manifest different symptomatology, including negative rumination. However, the biological and
psychological mechanisms involved in these sex differences remain unclear. Negative
rumination is multifactorial and could include components of regret processing, but our
understanding of changes in regret sensitivity in depression is poorly characterized. This includes
exploring whether regret, even if unpleasant, could carry positive utility. New approaches in
neuroeconomics have enabled the ability to capture and model elements of regret processing
across species. Regret describes recognizing that alternative actions could have led to better
outcomes. Recently, we and others operationalized this mental process using a novel
neuroeconomic decision-making paradigm and discovered behavioral and neurophysiological



evidence of regret-related counterfactual thinking in rodents.

We leveraged our naturalistic foraging task - Restaurant Row - which has been translated for use
in mice, rats, and humans to explore the behavioral properties governing sensitivity to regret. We
discovered that there exist fundamentally distinct types of regret depending on the nature of
specific action-selection processes. Economic choice violations due to rejecting high-value offers
(type 1) vs. accepting low-value offers (type Il) can give rise to altered decisions on subsequent
trials - a behavioral readout of counterfactual sensitivity - compared to alternative non-violation
scenarios that control for disappointment and error of one’s own agency. Here, we characterized
sex differences in regret sensitivity between male and female C57BL6J mice using this model.
We found a significant sex difference in counterfactual sensitivity to type Il but not type | events:
male mice displayed greater sensitivity compared to female mice. We previously linked
increased type Il sensitivity to individual differences in resilience to stress and discovered that
overexpression of female-specific molecular regulators of stress-resilience could selectively
enhance this form of regret in female mice only, potentially restoring a decision-making
vulnerability in females.

This work highlights how characterizing separable aspects of regret can enhance our
understanding of the psychological mechanisms underlying sex-specific decision-making
proclivities and uncover computational processes mediating the perception and influence of
one’s prior actions.
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Abstract: Dopamine release in the nucleus accumbens (NAc) regulates decision-making and
attention-related behaviors, where deficits in this process has been linked to various
neuropsychiatric disorders including attention deficit hyperactivity disorder (ADHD).
Stimulants, such as amphetamine and methylphenidate, are widely prescribed for ADHD due to
their ability in enhancing dopamine system function. Importantly, repeated stimulant use can
lead to the development of substance use disorder (SUD), further impacting decision-making and
attention. Sex-specific disparities in striatal dopamine release underlie sex differences in the
development and expression of ADHD, SUD, and other neuropsychiatric disorders. While there
has been long-standing recognition that biological sex impacts the pervasiveness and prognosis



of these disorders, there remains a critical gap in understanding the underlying mechanism. Here,
we investigate how biological sex and circulating hormones affect dopamine system function in
the context of cognition and decision-making. First, we define the mechanisms underlying
enhanced stimulant responses in female mice and show how ovarian hormonal cycles contribute
to these effects. We show that the dopamine system is highly sensitive to the ovarian hormone
cycles where both dopamine release and clearance through the dopamine transporter are
enhanced during the estrus phase of the estrous cycle. Amphetamine and methylphenidate were
more effective at increasing dopamine levels in the NAc in females, an effect that was most
pronounced during estrus. Also, amphetamine has unique effects on dopamine release that are
highly sensitive to hormonal cycles and are not seen with methylphenidate. Thus, for each drug,
this enhancement occurred via different pharmacodynamic mechanisms. Lastly, we provide
behavioral evidence that sex differences in dopamine system function underlie sex-specific
strategies in decision-making tasks. The results of these studies provide valuable mechanistic
insights into the sex differences observed in response to stimulant medications, shedding light on
potential avenues for therapeutic interventions that account for hormonal influences on cognition
and decision making.
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Abstract: Disorders of cognitive flexibility show significant sex and gender biases, implicating
sex differences in the ability to shift between choices or strategies. Understanding how sex
influences individual differences in cognitive (in)flexibility remains a critical knowledge gap in
our fundamental understanding of brain variability and the etiology of mental illness. To probe
the origins of sex differences in cognitive flexibility, we have developed an operant touchscreen
Set Shift task optimized for mice. We found robust sex-biased individual differences in cognitive
flexibility. Female mice completed significantly more rule shifts with fewer errors than males.
However, regardless of sex, faster reaction times were correlated with better task performance,
suggesting both sex biased and non sex biased individual differences in cognitive flexibility. To
explore how different mechanisms of learning and decision making contribute to sex differences
in cognitive flexibility, a reinforcement learning drift diffusion model was fit to Set Shift



behavior. Effects of pre-commitment (bias) and learning rate were stronger in females,
corroborating our prior finding of stronger side biases and faster learning rates in female mice
during bandit decision making tasks. To directly compare sex differences in the current Set Shift
task to this previous behavior, we transitioned this cohort of animals to our previously tested
touchscreen restless bandit task. Assessing mouse behavior during both tasks reveals correlations
between cognitive flexibility and behavioral strategies. Consistent with the idea that sex
differences in decision making occur due to differences in processing loss outcomes, Lose-Shift
during bandit was correlated with rule shifts completed during Set Shift in females only. Taken
together, sex differences in cognitive flexibility may be related to individual differences in bias
and outcome processing.
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Abstract: Estradiol (E2) receptor activity has been shown to play a sex-specific role in
modulating the brain's reward pathway. Specifically, it has been demonstrated that E2 signaling
enhances the rewarding properties of cocaine in females. Three E2 receptors, ERa, ERR, and G-
Protein Coupled Estradiol Receptor 1 (GPER1), may be mediating these effects. Surprisingly,
research from our lab has shown that activation of GPER1, using a GPER1 agonist G1, intra-
dorsolateral striatum (DLS) attenuates the development of a preference for rewarding substances,
as measured by a two-bottle choice preference test (2BC) for 0.1% saccharin (SACC) versus
plain water. In intact animals, a concentration of 20% G1 intra-DLS prevented the formation of a
preference for SACC in males, while a concentration of 30% G1 enhanced the formation of a
preference for SACC. Acute systemic G1 administration did not affect gonadectomized animals
of either sex, but chronic G1 administration enhanced SACC preference in males. The DLS is
thought to be responsible for enhanced cue reactivity and compulsive drug taking after repeated
drug use. E2 has been shown to modulate dopamine (DA) signaling in the dorsal striatum,
enhancing both stimulated and drug-induced DA release in females but not in males. As such, it
may be that GPERL receptor activation differentially modulates dopamine signaling in the DLS
of males and females and drives the sex-specific patterns of preference formation for saccharin.
In our second study, gonadectomized male and female rats were implanted with three electrodes:
a 16-channel carbon fiber working electrode targeting the DLS, a bipolar stimulating electrode
targeting the medial forebrain bundle, and a guide cannula for a reference electrode in the



contralateral cortex. Animals underwent weekly test sessions for a total of three weeks. Each test
session consisted of three injections of the designated treatment (Peanut Oil Control, G1, or E2),
each 30 mins apart, with recordings of stimulated releasing occurring 10 mins after each
injection. For G1, animals received three treatments with G1 of 10 pg/kg, each with a cumulative
dose of 30 pg/kg. For E2, animals received one injection of 16.67 ug/kg and then oil injections
for the following two treatments. After each treatment, two different electrical stimulations were
applied to the bipolar stimulating electrode: 60 Hz 30 pulses and 60 Hz 60 pulses. Our
preliminary data suggest that administration of G1 enhances stimulated DA release in the DLS of
male but not female rats. These findings highlight the sex- and site-specific effects of GPER-1
signaling on reward preference.
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Abstract: Studies in rodents indicate that there are inherent enhancements in Pavlovian
motivation and striatal function in obesity-prone (OP) vs obesity-resistant (OR) male and female
rats. However, there are sex differences both within and across OPs and ORs. For example,
while both male and female OPs show enhanced conditioned approach compared to ORs, the
magnitude of this effect is greater in OP females tested during metestrus/ diestrus (M/D) vs
proestrus/ estrus (P/E). This effect requires both estradiol and progesterone (Alonso-Caraballo &
Ferrario, 2019). However, the degree to which other forms of Pavlovian motivation also vary
with the cycle is unknown. Here, we examined how the expression of Pavlovian-to-Instrumental
Transfer (PIT) varies across the cycle in OP and OR females. Rats first underwent Pavlovian
conditioning where one cue was always paired with food pellet delivery (CS+) and a second cue
was never paired with food (CS-). Next, rats learned to lever press for this same food pellet (Bio-
Serv; banana flavored pellet). During testing, the ability of the CS+ vs CS- to invigorate active
lever pressing in the absence of food was measured. Using vaginal cell cytology, estrous cycle
phase was monitored throughout initial training and during PIT testing. In initial studies we
found robust expression of PIT in OP and OR females tested in the M/D phase of the cycle, but a
complete absence of PIT when these same rats were tested during P/E. In addition, the
magnitude of PIT was similar in OP vs OR females. In males, activity of nucleus accumbens
(NAC) calcium-permeable AMPA receptors (CP-AMPARYS) is required for the expression of PIT
(Derman & Ferrario, 2018). Thus, results in females could suggest that the expression of CP-
AMPARs varies with the estrous cycle. Furthermore, in acute slices from male OPs, inhibition of
synaptic input from the medial prefrontal cortex (mPFC) to the NAc increases CP-AMPAR-
mediated synaptic transmission (Fetterly et al., 2023). Thus, ongoing studies are also
investigating whether in vivo chemogenetic inhibition of mPFC inputs to the NAc is sufficient to



enhance PIT in male OPs. Altogether, these studies will provide insight into the neurobiology of
Pavlovian motivation in male and female rats.
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Title: Sex-specific effects of inflammatory pain on fentanyl use and dopamine neuron dynamics
are modulated by ovarian hormones
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Abstract: Opioid analgesics are commonly used for pain management despite their potential for
abuse. Evidence suggests that the risk for opioid misuse under conditions of pain may vary based
on gender/sex, but the biological basis of this relationship is unclear. To examine this, a cre-
dependent calcium indicator (jJGCaMP7c) was targeted to the ventral tegmental area (VTA) of
male and female TH-Cre+ rats (2-3 mo.) and optic fibers were implanted in the VTA or nucleus
accumbens (NAc) to monitor VTA dopamine (VTA-DA) cell activity at the cell bodies or
terminals, respectively, with wireless in vivo fiber photometry. Rats were implanted with 1V
catheters, received hind-paw injections of Complete Freund’s Adjuvant (CFA) to produce
inflammatory pain, and trained to self-administer fentanyl (2-5 pg/kg/infusion) during five 2-hr
sessions/week for 3 weeks. Pain time-dependently enhanced fentanyl self-administration and
associated responses from ventral tegmental area dopamine (VTA-DA) neurons in males, but not
females. In females with pain, ovariectomy (OVX) produced a male-like phenotype such that,
fentanyl use and corresponding VTA-DA neuron activity, were increased, suggesting that
ovarian hormones protect against these neuroadaptations. Interestingly, systemic administration
of estradiol (E2; 20 ug/kg, i.p.) failed to alter fentanyl self-administration or VTA-DA activity in
OV X females but rather, suppressed fentanyl intake and VTA-DA activity in gonadally intact
males. Local administration of estrogen receptor antagonists (MPP dihydrochloride hydrate, 30
pg/uL; PHTPP, 800 ng/uL) into the VTA revealed that fentanyl-evoked VTA-DA responses are
suppressed through E2-dependent signaling at estrogen receptor subtype beta, not alpha.
Together, these findings demonstrate that VTA estrogen receptor beta signaling has an inhibitory



influence over opioid-evoked VTA-DA neuron activity that contributes to maladaptive patterns
of opioid use under conditions of pain.
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Abstract: A significant contributor to the failure of therapies to translate for prevention of
relapse in substance use disorders may be insufficient consideration of sex as a biological
variable, with females historically underrepresented in research studies. As it is a key regulator
of relapse, promising treatment targets may emerge from resolving the dysregulated prefrontal
cortex (PFC) activity that emerges with SUDs. To gain greater resolution on the sex differences
and PFC neuronal activity underlying relapse, in vivo two-photon calcium recordings of
prelimbic-PFC pyramidal neuron activity were taken from head-fixed mice during heroin-
seeking reinstatement tests. Aligning with prior reports, females exhibited greater reinstatement
responding compared to their male counterparts in response to all triggers (i.e., drug-associated
cues, drug prime injections, and stressors). Regardless of sex or trigger, great heterogeneity was
observed in PFC neuronal activity during reinstatement. In both sexes, four unique clusters of
activity dynamics emerged during reinstatement, with three excitatory and one inhibitory cluster
emerging during the lever press epoch. However, nuanced sex differences characterized each
cluster. Females exhibited a greater increase in fluorescence in the same excitatory cluster,
regardless of trigger, wherein calcium spiking positively correlated with lever pressing. Females
also had a greater ratio of neurons in collective excitatory clusters, and the number of neurons in
excitatory clusters positively correlated with reinstatement responding. Conversely, males had a
greater ratio of neurons in the inhibitory cluster, which negatively correlated with reinstatement
responding. Females, who tend to show greater relapse vulnerability within the context of stress,
also exhibited greater changes in fluorescence in all clusters during stress-induced reinstatement,
with more neurons recruited to the excitatory clusters. Regardless of sex, the same neurons
tended to show different activity in response to different triggers, but a lower percentage of
neurons remained stable in females. Ongoing experiments using single-cell optogenetics aim to



assess causal roles for these described PFC activity dynamics in reinstatement behaviors. Given
the role of the PFC in executive function, the findings from these experiments may have more
widespread implications for a range of neuropsychiatric disease states, which are often
characterized by sex differences.

Disclosures: E. Doncheck: None. J.M. Otis: None.

Presentation Number: NANO20.09

Topic: F.02. Neuroendrocrine Processes and Behavior

Support: NIDA Grant RO1DA053282

Title: Elucidating how sex and menstrual cycle phase influences valuation for risky rewards

Authors: *F. M. LOFARO?, S. GRUNEVSKI?, E. ALVAREZ!, J. KONG?, A. B. KONOVA?*;
'Rutgers Univ. Grad. Program In Neurosci., Piscataway, NJ; 2Psychology, Rutgers Univ.,
Piscataway, NJ; ®Rutgers, The State Univ. of New Jersey, Piscataway, NJ; “Rutgers Univ. New
Brunswick, Brooklyn, NY

Abstract: Previous research shows that healthy adult women experience upticks in risk tolerance
surrounding ovulation, when estrogen is highest during the menstrual cycle. Such shifts in risk-
taking propensity may have evolutionary benefits for mating and survival. But questions remain
about: 1) what is the neural mechanism through which this behavioral shift occurs; and 2) what
implications might this shift have for risk-related behaviors in other domains of life, such as
substance use? In Study 1, tying repeated neuroimaging to phases of the menstrual cycle in adult
women (n=7 biological females; avg. of 5.6 MRI sessions per person, total of 39), we examined
how within-person fluctuations in ovarian hormones intersect with changes in neural valuation of
risky rewards longitudinally using a validated economic decision-making task. As expected,
salivary measures of the ovarian hormones estradiol and progesterone tracked with menstrual
cycle phase. Both menstrual cycle phase and changes in hormone levels correlated with the
percentage of risky choices subjects made in the risky decision-making task. Furthermore,
model-based analyses of the neural data suggested this may be due to increased sensitivity to
risky rewards in the ventromedial prefrontal cortex, a canonical value region innervated by
estrogen-sensitive dopaminergic pathways. These data are consistent with prior preclinical data
suggesting estrogen heightens reward and drug-cue sensitivity, and that these effects may be
sustained to contribute to aggregate sex differences. Therefore, in Study 2, using daily ecological
momentary assessments (EMA) over 28 days in men (n=42 biological males) and women (n=25
biological females) with substance use disorder, we probed whether any sex-based differences
exist in drug craving, drug-cue exposure, and subsequent drug-use events in subjects’ natural
environments. These data showed that higher-than-usual drug cue exposure predicted future
(next-day) drug use, and that this effect was stronger in females, indicating heightened drug
cue/reward sensitivity in this group. Collectively, our findings suggest changes in risk-taking
behavior over the menstrual cycle may be due to ovarian hormone interactions with the
dopaminergic system and this interaction may further influence sensitivity to environmental cues
such as drug cues in people with addiction. This work paves the way for addiction research to
identify behavioral and neural risk markers for drug-reuse in women, a population that generally
experiences greater rates of relapse.
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Abstract: Binge eating disorder (BED) is the most prevalent eating disorder. Binge episodes are
characterized by the consumption of large amounts of high-calorie food over a short period,
which is accompanied by a sense of loss of control. BED is co-morbid with obesity and mood
disorders. Several studies have suggested that neuroinflammation occurs in reward-related brain
structures following bingeing on food high in sugar. In addition, preclinical studies in rat have
highlighted cognitive consequences of binge-sucrose intake; these include increased anxiety
levels and poor memory performance, with some inconsistent results. We have thus proposed
that molecular mechanisms altering central inflammatory processes might be responsible
substrates for behavioral adaptations observed following maladaptive feeding behaviors. We
tested this hypothesis using a model of BED in which juvenile male rats had intermittent (2h/d,
3d/week) access to 10% sucrose solution in a two-bottle choice paradigm. Bingeing behavior
was assessed as significantly higher sucrose intake during the two hours of access in the
intermittent, compared with a continuous, access group. Following 6 weeks of access, anxiety
was assessed in the elevated plus-maze and the open field tests, and memory performance was
evaluated using object and place recognition, Morris water maze, and fear conditioning tests. In a
parallel cohort, we used quantitative PCR to measure the expression of genes involved in
neuroinflammatory processes in the brain. We also used RNA-sequencing technology to provide
a more panoramic view of gene expression in reward-related brain structures. We found no
significant differences in the behavioral tests. In contrast, our molecular transcriptional data
identified significant changes in the expression of important gene networks related to feeding



and neuroinflammation following sucrose bingeing in the medial prefrontal cortex and ventral
hippocampus. Taken together, our results indicate that neuroinflammatory processes triggered by
binge-sucrose might represent risk factors for the development of BED and associated
comorbidities. These molecular networks might serve as targets for therapeutic interventions
against binge eating disorder.
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Abstract: Motivation is a key driver in achieving goals and performing daily tasks, it is
characterized as a series of cost—benefit valuations, in which we weigh the amount of effort we
are willing to spend for a particular reward — which can be modulated by several factors (e.g.
sleep; obesity; aging etc.).It has previously been established that higher glutathione levels (GSH)
in the Nucleus Accumbens are predictive of better and steady performance over time in
motivated tasks requiring effort in both humans and preclinical models (Zalachoras et al., 2022).
These findings indicate the importance of brain antioxidants for the regulation of motivated
behaviors that require effort.We explored the potential of certain nutrients found in food and
diets to enhance GSH production to identify possible solutions to sustain motivated behaviors.
We performed a luminescent-based assay for the detection and quantification of GSH in primary
astrocytes in vitro, which are believed to have a more efficient GSH system compared to
neurons. The cells were pre-treated for 48-hrs with potential nutrients identified in literature. We
discovered that taurine was able to efficiently increase GSH production, but only when levels of
vit B9 were sufficient and ideally in a specific ratio with taurine. Additionally, following
oxidative stress, we observed a decrease in spare capacity and coupling efficiency of astrocytic
mitochondria, indicating oxidative damage to the organelle. To assess the protective effects on
mitochondria, we then tested the same combination of taurine and a specific ratio of B9 in
astrocytes treated for 48 hours. This test demonstrated a similar effect in protecting the
organelles against oxidative stress.To provide convincing evidence regarding the efficacy of a
nutrient blend consisting of taurine, along with vitamin B9, B6, and B12, in enhancing effortful
motivated behaviors in humans, we conducted a double blinded cross-over controlled study
involving young adults aged 25-40 years (n=44). Participants were supplemented with the active
blend or control for a duration of 4 weeks in each period. The motivated performance was
assessed using the Monetary Incentivize Delay Task coupled with a handgrip as a physical effort.
The performance in the task increased across sessions, nonetheless, supplementation with the
active blend showed a significant improvement in motivational performance after 14 days



supplementation start and after 28 days in the second supplementation period compared to
placebo. This study in humans demonstrated how nutritional supplementation can sustain brain
health and modulate behaviors, such as motivated and goal-oriented performance.
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Abstract: Orexin, a neuropeptide exclusively produced by cells in the hypothalamus, modulates
various brain functions upon release. Previous studies have demonstrated that activation of
orexin receptors in the VTA leads to an increase in dopamine release in the mesolimbic pathway,
and as a result can encourage motivated and reward-seeking behaviors. Orexin peptides interact
with two receptors, orexin receptor 1 (OXR1) and orexin receptor 2 (OXR2). Previous research
has illustrated that OXR1 antagonism can decrease motivation in rodents by decreasing effort to
obtain a favorable food reward, however the effects of OXR2 antagonism on motivation are not
well understood. In this experiment, the OXR1 antagonist SB-334867 (20mg/kg i.p) and the
OXR2 antagonist TCS-OX2-29 (20mg/kg i.p.) were used to assess the effects of select orexin
receptor antagonism on an FR5 model of effort-choice behavior in male and female rats. In this
model, rats must choose between a preferred, high-effort option (5 lever presses for a 45mg
chocolate-flavored pellet) or a low-effort option (freely available rat chow). Following OXR1
antagonism, both male and female rats showed decrease lever pressing behavior. In addition,
male rats showed decreased chow consumption, while female rats did not. Following OXR2
antagonism, no changes in behavior were observed. These data suggest that pro-motivational
orexin signaling selectively functions through OXRL1 activation. In addition, OXR1 antagonism
may selectively produce an anorexic-like state in male rats at the dose given.
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Abstract: dFOSB is a key transcription factor that mediates gene expression changes in the
nucleus accumbens (NAC) in response to chronic stimuli. The NAc is composed of GABAergic
medium spiny neurons (MSNSs) that express either dopamine receptor 1 (D1) or dopamine
receptor 2 (D2). Previous work in rodents showed that cocaine induces dFOSB in D1 MSNs,
chronic stress induces the protein in D2 MSNSs in stress-susceptible but in D1 MSNSs in stress-
resilient animals, while natural rewards induce dFOSB in both. This cell-type-specific regulation
of dFOSB expression in the NAc correlates with differential effects of the protein on synaptic
properties of MSNs: dFOSB decreases excitatory synaptic strength and increases silent synapses
onto D1 MSNs, with opposite effects seen for D2 MSNs. However, no studies have investigated
how changes in dFOSB expression levels in the NAc alter the in vivo activity of MSNs. To
address this, we injected D1-Cre and D2-Cre mice with Cre-dependent AAVs that express a
calcium sensor and epigenome-editing tools to either induce or repress endogenous dFOSB in
the NAc. We recorded in vivo activity of D1 and D2 MSNs using fiber photometry in response
to social reward, saccharin reward, foot shock, and drug rewards. We found that manipulation of
dFOSB primarily altered MSNs responses to salient stimuli such as foot shock and cocaine
conditioned place preference (CPP). In fact, decreasing dFOSB in D1 MSNs attenuated foot
shock-induced calcium transients, while decreasing dFOSB in D2 MSNs enhanced them.
Similarly in a cell specific manner, decreasing dFOSB in D1 MSNs and increasing dFOSB in D2
MSNs decreases social interaction. In addition, decreasing dFOSB in D1 MSNs only blocks
cocaine CPP and attenuates neuronal activity aligned with entrance to cocaine paired side. These
findings of opposite in vivo modulation of D1 vs. D2 MSN activity by dFOSB demonstrate how
dFOSB influences circuit activity and shed light on cell-autonomous mechanisms controlling
behavioral responses. Lastly, to assess translational potential of dFOSB we utilized novel lipid
nanoparticle (LNP) gene therapy technology to systemically deliver dFOSB during cocaine CPP.
Using this approach, we found that LNP driven overexpression of dFOSB augmented drug
seeking behavior of non-reinforcing does of cocaine. Taken together these findings demonstrate
the dFOSB’s bi-directional modulation of behavioral responses to salient stimuli such as cocaine
and it’s potential for translational utilization.
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Abstract: Exposure to novel stimuli drives goal-directed approach/avoidance behaviors
necessary for survival. In a safety environment, these orienting novelty responses undergo rapid
adaptation after repeated presentations and familiarity. The neural circuits that govern novelty
responses and habituation learning are currently a hot topic in systems neuroscience, as
disturbances in these fundamental processes contribute to numerous neurodevelopmental and
neuropsychiatric disorders. A growing body of literature indicates that reward-related midbrain
circuits, the majority of which tie to dopamine (DA) transmission, promote assessments to
novelty and the adaptation to changing environments. Using fiber photometry recordings of
genetically-encoded calcium sensors and other biosensors time locked to mouse behavior, we
have identified specific patterns of DA transmission encoding novelty to stimuli of different
valence. In addition, we reveal that the interpeduncular nucleus (IPN) of the midbrain encodes
adaptation with repeated exposures. Finally, combining activity recordings and optogenetic tools,
we unravel that IPN inhibitory outputs innervating the laterodorsal tegmental nucleus, a region
that provides strong excitatory inputs to the mesolimbic system, control the novelty response.
Altogether our results are paramount for the identification of new circuits that may be implicated
in numerous disorders associated with impaired response to novelty.
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Abstract: In cells of the nucleus accumbens, activation of a CAMP signaling pathway is a means
of transforming an immediate reduction of drugs’ rewarding effect into a durable dependence.
After recruiting cCAMP-response element binding protein (CREB)-binding protein, the resultant
phosphorylated CREB (pCREB) favors the expression of some genes (FosB, AFosB) to the



detriment of others (methyltransferase G9a of histone), from where come changes in neuron
morphology. Serotonin (5-HT, 5-hydroxytryptamine) volume transmission trough different
receptors acts on CAMP signaling and modulates the activity of the reward neural pathways.
Here, we examine how the absence of one of the 5-HT receptor subtypes, the Gs-coupled
serotonin 4 receptors (5-HT4Rs), impacts morpho-functional effects of cocaine. Cocaine failed to
increase the levels of both cAMP and pCREB in the accumbens in the 5-HT4R knockout (KO)
mice. The resultant expression of FosB and AFosB was attenuated. Under basal conditions, the
MRNA levels of the G9a in the accumbens were higher in mutants than wild-type animals. A
reduced number of dendritic spines in the accumbens was also observed in the mutants. Mutants
are less motivated to self-administer cocaine but more motivated to consume food following
chronic restriction. Hence, high vulnerability to overeating and low cocaine dependence are
associated with low cAMP-dependent pathway activity and reduced numbers of dendritic spines
in the nucleus accumbens in the absence of 5-HT4 receptors.
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Abstract: Humans and numerous other species live in complex social environments, requiring
many important decisions to be made in the context of social interactions. Social relationships
rely on our ability to make context-appropriate decisions, particularly those in committed
partnerships or pair bonds. It is suggested that there are many benefits to the formation and
maintenance of social relationships. Within these relationships, individuals must show
commitment behaviors or selective affiliation toward a current partner and rejection of potential
alternative partners. Unlike other rodent models, the prairie vole (Microtus ochrogaster) is a
socially monogamous rodent that forms pair bonds, or bonds between breeding pairs. Prairie
voles also maintain pair bonds through partner-directed affiliative behavior and stranger
aggression. The mesolimbic reward system is one network thought to regulate pair bond-related
behaviors in voles as voles display partner-seeking behavior during separation, selective social
preference, and other behaviors that suggest a partner represents a rewarding and motivational
social cue. Surprisingly, only a few mesolimbic regions have been studied in the context of vole
pair bonding, with most work focused on dopamine (DA) within the nucleus accumbens (NAc).



However, research has also demonstrated that the anterior cingulate cortex (ACC) and the
basolateral amygdala (BLA) regulate various aspects of social attachment with the use of DA.
Particularly in vole, it is suggested that the ventral tegmental area (VTA) is the theoretical hub of
this network that produces much of the DA within this network, however, it has yet to be
established how DA signaling within the VTA is regulated and how the VTA regulates
downstream network activity. The VTA contains glutamate, GABA, and DAergic neurons, as
well as receives a variety of inputs, such as corticotrophin-releasing factor (CRF) which is
thought to regulate DA. Thus far, our studies have shown that CRF and GABA antagonist
administration in the VTA in male and female voles promoted a partner preference after a 1hr
cohabitation, a period typically insufficient for such preference formation in voles.
Electrophysiology recordings also demonstrated that there was an increase in spontaneous action
potentials of VTA DAergic neurons when a CRF bath application was applied. We plan to
incorporate the immunotoxin, anti-DAT-SAP, to assess if GABA and CRF regulate VTA
DAergic projections to the NAc to regulate pair bond-related behaviors. Lastly, we will assess
the structural connectivity and cell phenotypes of the VTA to the ACC, NAc, and BLA and the
changes of such during bachelor vs. pair bonded state.
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Abstract: The dilation of the human pupil is a physiological metric commonly used by
researchers in psychology and neuroscience. Psychosensory pupil responses are predominantly
mediated by norepinephrine (NE) originating from the locus coeruleus (LC). In recent years, the
hypothesized role of LC/NE-dependent neuromodulation in cognitive processes such as
exploration-exploitation tradeoffs and attention regulation is increasingly recognized. However,
standard methods for analyzing pupil dilation often fail to incorporate the two distinct operative
modes of the LC: tonic discharge versus phasic bursts of activity. Here, we present a novel
method that leverages the continuous nature of pupillary data to model the underlying tonic
fluctuations. We used a Bayesian optimization algorithm to fit multiple iterations of B-spline
basis functions through high-prominent negative peaks in the pupil signal. To estimate the
magnitude of phasic responses, we convolved task events using a canonical pupil response
function and fitted single-trial linear regression models with a non-negative least-squares solver



to constrain coefficients to be positive. The algorithms are implemented in an open source and
user-friendly Python package titled Pypillometry (github.com/ihrke/pypillometry). We evaluated
the utility and validity of the novel method using an existing dataset investigating the interplay
between mind wandering, executive functioning, and behavioral variability with a fast-paced
finger-tapping task (N=100, 750ms inter-stimulus intervals). We demonstrate that the modeled
tonic fluctuations are unaffected by the artificial accumulation of transient evoked dilatory
responses that are evident in fast-paced paradigms, thereby outperforming traditional estimates
based on single-trial averaging in fixed windows. These results emphasize that disentangling
tonic and phasic components of pupil dynamics in humans is imperative for understanding their
behavioral relevance and has significant value for the non-invasive investigation of covert
cognitive and attentional processes.
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Abstract: The locus coeruleus (LC) is the primary source of norepinephrine (NE) in the brain,
which is crucial for selective processing toward salient or goal-relevant stimuli (Mather et al.,
2016). Recent studies suggest that this LC-NE system is intrinsically connected to the salient
network (SN), which comprises the dorsal anterior cingulate cortex (/ACC) and anterior insula
(aINS), and this plays an important role in processing selectivity. For example, the strength of
connectivity between the LC and SN is associated with the level of attentional distractibility
across various age groups (Lee et al., 2020; Neal et al., 2023). However, these recent findings
were based on non-task-related, intrinsic functional signals. To further demonstrate the
importance of the LC-SN circuit in the attentional process, we examined the LC-SN dynamics
while participants were engaged in attentional tasks. We recruited forty-four young adults (M =
20.55 years) and presented them with two different distracting tasks. The attention network test
(ANT) requires participants to determine the direction of a central arrow surrounded by
distracting flankers. The place discrimination task (PDT) asks to distinguish target place images
(buildings/houses) in the presence of distractors (faces). The LC was set as a seed for a seed-
based functional connectivity analysis using the general psychophysiological interactions (gPPI)
approach. The whole-brain functional connectivity results revealed that the distraction score in
the ANT was positively correlated with connectivity between the LC-dACC and LC-aINS,
whereas it was negatively correlated with connectivity to the medial prefrontal cortex. Additional
dynamic causal modeling (DCM) was applied to characterize the direction of connectivity in the
ANT, suggesting that the distracted condition modulated the connectivity from LC to SN, but not
vice versa, indicating a bottom-up modulation. Subsequent sensitivity analyses using dACC and



alNS as regions of interest in the PDT confirmed the robustness of LC-dACC connectivity (r =
0.309, p = 0.042), but not LC-aINS connectivity (r =-0.057, p = 0.714), was positively
associated with distraction score in the PDT. Together, these findings suggest that stronger LC-
dACC connectivity was reliably associated with attentional distractibility regardless of task
characteristics. The current study only included younger adults, future studies can be applied to
different age groups to investigate changes in LC-SN connectivity and attentional distractibility.
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Abstract: Previous research has shown that large-scale brain networks such as the default-mode
network (DMN), the executive network and the dorsal-attention network (DAN) are involved in
mind-wandering (MW). In particular, both relative activity of these networks but also their
dynamic functional connectivities seem to be highly predictive of MW (Mittner et al., 2014;
Groot et al., 2020). However, current state-of-the-art methods for predicting MW based on
neural data are lacking an explicit model for the temporal evolution and dynamic switches
between on-task and MW states. Based on a theoretical model of mind-wandering that postulates
that attentional shifts are modulated by norepinephrinergic (NE) activity (Mittner et al., 2016),
we investigate attentional switches using data from a combined fMRI and pupillometry study
(N=27; Groot et al., 2022). This model assumes the existence of a latent off-focus state,
characterized by transiently elevated tonic NE activity, which mediates transitions between on-
task and MW. Because of the transient nature of this state, it is difficult to measure with standard
methods. To overcome this problem, we implemented a modified Hidden-Markov model
(HMM) fit to behavioural and pupillometric data that allows to model dynamic task transitions
between latent states. Crucially, the model is also informed by self-reported MW in the form of
thought-probes, and therefore provides interpretable latent states with specific signatures. By
projecting the sequence of latent states extracted by the HMM into the fMRI data, we can extract
specific brain signatures of on-task, MW and most importantly, the elusive off-focus state. We
find that our analysis provides important insights into the dynamics of mind wandering and
contributes to disentangling the enigmatic involvement of the DMN and its subnetworks in MW.
Finally, we apply the model to a separate dataset to validate its generalizability and robustness.
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Abstract: Auditory and visual sustained attention ability is related within individuals and can be
predicted by relationships between distributed brain regions. However, fluctuations in sustained
attention occur on the order of seconds, a time scale better-captured by dynamic brain measures,
such as BOLD activity co-fluctuations. We compared neural mechanisms—both fMRI activation
and activity co-fluctuations—involved in maintaining attention to sounds and images. Adults
performed a continuous performance task in which streams of trial-unique sounds and images
were presented simultaneously during fMRI. Across two MRI sessions, participants were tasked
with pressing a button when relevant stimuli (either sounds or images) belonged to a frequent
category (90%) and withholding responses to infrequent stimuli (10%). Visual and auditory task
analyses included 46 participants each (38 shared). BOLD activity was averaged within 400
functionally-defined regions of interest (ROIs), yielding 400 ROI activation time series. Pairwise
co-fluctuation (edge) times series were calculated as the element-wise product of z-scored ROI
time series. To identify regions and edges involved in attentional lapses, we contrasted trial-
evoked activation and co-fluctuations to correct vs. incorrect responses to infrequent stimuli. To
identify regions related to fluctuations in attentional state, activity and co-fluctuations were
related to a parametric response time variance time course (VTC) regressor, which characterizes
moments of low (engaged “in-the-zone”) and high variance (disengaged “out-0f-the-zone”)
pressing. Group-level analyses were tested within auditory and visual sessions separately. Max-T
and network-based statistic correction were used for activation and co-fluctuation analyses,
respectively. Contrasting activation on infrequent trials (correctly withheld responses - incorrect
presses) revealed temporal parietal regions more active on correct trials in both auditory and
visual sessions. Activity in ventral attention ROIs positively related to the VTC in auditory and
visual sessions. Auditory and visual sessions also shared more overlapping edges than chance
(ps<.001) whose co-fluctuation was significantly related (631 positive, 293 negative) to changes
in VTC. 622 of 924 edges (67.3%) related to VTC were not predicted by ROI time courses,
suggesting edges carry additional information about attentional state fluctuations missed by
activation alone. These results identify perceptual modality-agnostic predictors of sustained
attention performance and demonstrate unique predictions from edge co-fluctuations.
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Abstract: The human brain is heralded for its massive parallel processing capacity, a distinctive
feature from conventional computing infrastructures with their serial mode of information
processing. Yet, considerable evidence suggests that there is a central bottleneck of information
processing distinct from perceptual and motor stages that limits our ability to carry out two
cognitively demanding tasks at once, resulting in the serial queuing of task information
processing. The neural instantiation of this central bottleneck has remained elusive, however,
because of the absence of a methodology with the combined spatial and temporal resolution
necessary to track the flow of information processing as it courses through the brain. Here we
show the feasibility of using ultrafast (199ms TR), high-field fMRI (7T) with multivariate
analyses to distinguish brain activity between two arbitrary sensorimotor response selection tasks
as human participants (N=26, 19-29 years old, 6 males) performed the tasks when they were
overlapping (300ms SOA) or not (1500ms SOA). The behavioral results revealed a classic delay
in the response time of the second of the two tasks when they were overlapping.
Correspondingly, we observed the postponement of Task 2, but not Task 1, activity of the
duration of the response time costs at short SOA in a subset of multimodal fronto-parietal areas
corresponding to the multiple-demand network (MDN) while earlier sensory stages were largely
unimpeded. Moreover, that network coupled with modality-specific motor areas to determine the
functional characteristic of the central bottleneck. These results provide direct neural evidence
for serial queuing of information processing under overlapping dual-task conditions and identify
the neural substrates of the central bottleneck. The findings also demonstrate the feasibility of
using ultra-fast fMRI and multivariate analyses to temporally track the flow of information
processing in the human brain.
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Abstract: The recognition of a visual object, such as a word or a face, integrates several
cognitive operations: hierarchical visual processing of incoming sensory stimuli, rapid retrieval
of stored categorical representations learned over time, and attentional modulation based on task
demand. As such, this process involves the convergence of stimulus-driven and task-driven
dynamics, hypothesized to influence neural dynamics in category-selective regions of the ventral



occipitotemporal cortex (vVOTC).

In this study, we utilized intracranial electroencephalographic recordings in 25 patients (14
female) performing an object recognition task where task demands were directly modulated.
Visual stimuli of different categories (Faces, Words, Scenes, or Animals) were presented. Across
different trial blocks, patients tracked and responded to one specific feature: a color change of a
central fixation point, repetition of a stimulus (i.e. a one-back task), or the category the stimulus
belonged to (e.g., the category “fruit or vegetable words” for which an exemplar is “apple”). This
task design enables the isolation of stimulus-driven and task-driven dynamics when the same
stimuli are presented, but task demands shift.

We found broadband high gamma activity (BGA; 70-150Hz) within vOTC exhibited early and
sustained modulation by stimulus category. In contrast, BGA dynamics in inferior frontal cortex
showed significant early modulation by task condition, and were later followed by a similar
modulation in intraparietal regions. These BGA changes evolved over time, with the earliest
onset of task modulation occurring ~100ms after stimulus onset. To further understand the effect
of changing task demand within vOTC, we used a d’ index to identify electrodes that exhibit
significant category-selectivity within the ventral occipitotemporal cortex (vOTC). We found
significant low-frequency phase locking between category-selective vOTC electrodes and
distinct inferior frontal regions that was dependent on task condition.

Through guantifying the rapid spatial and temporal dynamics between frontal and ventral regions
involved in this task, we identify a potential mechanism by which the frontal cortex modulates
vOTC activity based on changing task demands.
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Abstract: The N2pc is a robust EEG/MEG index of the deployment of spatial attention. Early
interpretation suggested that the brain activity underlying the N2pc implemented a mechanism
that protected neural representation of attended information by suppressing representation of
unattended stimuli. However, a body of subsequent results have closely linked the N2pc to
processing of target stimuli in ways that are difficult to reconcile with this ambiguity resolution
hypothesis. Here, we use representational similarity analysis of EEG, concurrent EEG/MRI, and
modelling data to show that when participants attend to one of two objects, N2pc amplitude is
closely predicted by similarity of the neural responses to these two objects when they are
presented in isolation. Analysis of EEG results show that the N2pc is best predicted by neural
ambiguity that immediately precedes the onset of N2pc. Analysis of MRI results allows us to
both track the instantiation of ambiguity resolution in visual cortex and to identify attentional



control structures elsewhere in the brain. Finally, results from analysis of convolution models
show that stimulus-evoked similarity in shallow, biologically plausible models most accurately
predicts human N2pc. The N2pc appears strongly determined by representational ambiguity and
the competition for neural resources.
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Abstract: Visuospatial attention (VSA) and visual working memory (VWM) are related
cognitive processes that are crucial to everyday tasks (such as driving a car). Recent research has
separately revealed that behavioral performance in certain VSA or VWM tasks is theta-rhythmic.
That is, both our attentional focus and our working memory representations fluctuate at a
frequency within the theta band (3-8 Hz). We hypothesize that these theta-rhythmic fluctuations
during VSA and VWM could be due to a shared neural mechanism for the coordination of
cognitive resources. The implication being that the same neural populations may subserve the
coordination of VSA and VWM, helping to mediate representational conflict within and between
foci in VSA and VWM. Here, we used human electroencephalography (EEG) to examine
whether shared or separate rhythmic processes coordinate the sampling of external information
during VSA and the sampling of internally stored information during VWM. We conducted two
experiments (n = 23 and n = 20). In each, we included task conditions that isolated VSA and
VWM, as well as task conditions that required both VSA and VWM (i.e., dual-task conditions).
The behavioral results indicate that VWM load (on dual-task trials) interferes with VSA. This
interference was particularly strong when the to-be-detected stimulus (VSA) matched the to-be-
remembered item (VWM) that was previously presented at the same spatial location. Such
behavioral results provide further evidence of shared neural resources between VSA and VWM.
To address our primary hypothesis, we measured the frequency-specific phase of neural activity
just prior to VSA or VWM target onset and quantified accuracy and response time as a function
of phase. The results from both experiments show that the phase in the theta/alpha band (4-12
Hz) modulates perceptual (VSA) and memory (VWM) performance. We demonstrate
statistically significant frontal and posterior clusters of this phase-behavior modulation that are
strikingly similar across VSA-alone, VWM-alone, and dual-task trials (with either VSA or
VWM being probed). We further demonstrate that the specific phases at which behavioral
performance is best and worst are the same for VSA and VWM. To summarize, we demonstrate
a robust modulation of behavioral performance by frequency-specific phase, with similar spatial
and spectral characteristics across the different task conditions. These findings are consistent



with a shared rhythmic sampling process that can be turned either outward during VSA or
inward during VWM.
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Abstract: Mind-wandering (MW) is a prevalent cognitive phenomenon, yet understanding its
occurrence remains challenging due to no technique for identifying the onset and duration of
MW. To tackle this challenge, we recruited a total of 21 adults without neurological or reading
disabilities to participate in a free-viewing reading task that required them to self-report the
words they were reading when their MW began and ended. During the task, we monitored and
recorded their gaze movements, which we used to translate reported words into times, allowing
us to examine the onsets and offsets of MW. The estimated duration of MW follows a Gamma
distribution (k=1.12, 6=7.34). For eye-tracking features, we observed that during MW periods,
subjects blinked more frequently and spent a longer time on each word (p < 0.001), which is
consistent with those reported in previous studies (Steindorf and Rummel, 2020).
Simultaneously, we recorded EEG signals and epoched based on estimated MW onset and self-
report moments. Control epochs were randomly selected from non-MW periods. We conducted
event-related spectral perturbation comparisons between target and control epochs. We observed
a significant increase in delta-band power over medial frontocentral and parieto-occipital sites 2
seconds prior to the self-report, suggesting that external stimuli were suppressed during moments
of meta-awareness. These results replicate findings from a previous study using a thought-probe
paradigm (Polychroni et al., 2022). However, unlike the previous study that reported an increase
in faster oscillatory bands (theta and alpha) seconds prior to the though probe (during MW), we
noticed increased alpha-band power over bilateral frontal, central, and right temporoparietal sites
1-2 seconds prior to the estimated onset of MW. We believe this discrepancy stems from the
different temporal periods investigated. We looked specifically at the start and end of MW,
whereas they examined ongoing MW episodes. Our eye-tracking and EEG findings suggest that
our novel self-report task paradigm holds promise for studying the onset and offset of MW.
Next, we will study frequency changes throughout the entire reported MW period to gain further
insights into its dynamic nature.
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Title: Novel targets in Rett syndrome and chronic stress: regulation of adult neurogenesis by
cannabinoids and physical exercise
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Abstract: Adult neurogenesis, the process of generating new neurons in the adult brain, is
influenced by various physiological and pathological conditions, including Rett Syndrome (RTT)
and chronic stress. This work explored novel neurogenic targets involving the regulation of adult
neurogenesis by cannabinoids and physical exercise, highlighting potential therapeutic
interventions for RTT and stress-related conditions. RTT is a rare neurodevelopmental disorder
associated with MECP2 gene mutations that affect neurogenesis and neuronal development.
Cannabidivarin (CBDV), a non-psychotropic cannabinoid currently undergoing phase 2 clinical
trials for medical use in humans, has been reported to bind to TRPV1. In this work, female RTT
mouse models treated with CBDV before symptom onset showed improvements in cognitive
deficits and motor coordination, although locomotion and anxiety-like behavior remained
unaffected. Interestingly, using the neurosphere assay, CBDV was found to promote cell
survival, proliferation, and neuronal differentiation via TRPV1, leading to the cell cycle exit of
neural stem/progenitor cells (NSPCs). CBDV-responsive cells exhibited a TRPV1-dependent
calcium influx, implicating calcium signaling in NSPC fate and neuronal maturation. These



results highlight a potential therapeutic role for CBDV in RTT and suggest further investigations
for repurposing CBDV as a treatment for this disorder. While chronic stress is a significant risk
factor for neuropsychiatric conditions like depression, adult hippocampal neurogenesis (AHN)
has emerged as a promising target for addressing stress-related disorders. Therefore, we
investigated the effects of modulating cannabinoid type 2 receptors (CB2R), which also lack
psychotropic effects, in combination with physical exercise (PE) in chronically stressed animals.
We found that CB2R inhibition, when combined with PE, significantly ameliorated stress-
induced emotional changes and cognitive deficits. This combined strategy also positively
influenced AHN dynamics, increasing rates of cell proliferation and differentiation of newborn
neurons while reducing neuroinflammation and elevating hippocampal levels of brain-derived
neurotrophic factor (BDNF). These findings demonstrate the critical role of CB2Rs in mediating
the beneficial effects of PE in counteracting chronic stress. Our work emphasizes the need to
understand cannabinoid and physical exercise mechanisms, offering a framework for future
therapeutic strategies combining lifestyle interventions with endocannabinoid modulation to treat
pathological conditions.
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Abstract: In the mammalian central nervous system, y-aminobutyric acid-containing
(GABAEergic) neurons undergo neurogenesis and migration until programmed cell death occurs
during early postnatal development, contributing to the establishment of the brain’s inhibitory
balance. Microglia, the brain’s resident immune cells, also interact with GABAergic neurons
during synaptic pruning and circuit maturation. For that reason, disruptions in this system are
heavily implicated in neurodevelopmental conditions and disorders. However, our understanding
of the typical developmental patterning of GABAergic cells and microglia in various brain
regions is limited due to the lack of whole brain cellular resolution datasets during
developmental periods. Additionally, we do not have high-resolution 3D atlases of the
developing mouse brain to enable integrated analyses of whole brain imaging data. Therefore,
we first created high-resolution 3D atlases of the early postnatal mouse brain (epDevAtlas) using
whole brain imaging and Allen CCFv3 anatomical labels at postnatal days (P) 4, 6, 8, 10, 12, and



14, and determined the volumetric growth of different brain regions. We utilized 11 different cell
type-specific transgenic animals to validate and refine anatomical labels. By implementing
epDevAitlas, our findings revealed spatiotemporal heterogeneity in both GABAergic and
microglial cell densities across cortical and subcortical brain regions. The developmental
trajectory of somatostatin-expressing interneurons differed between sensory and association
cortices, whereas vasoactive intestinal peptide-expressing interneuron densities showed no
significant changes. In contrast, microglial populations expanded proportionally with brain
growth and demonstrated differential spatial distributions during early postnatal brain
maturation. Remarkably, microglia showed selective density increases in sensory processing
areas that correlate with the emergence of individual sensory modalities. Overall, this study
provides valuable insights into the region-specific development of GABAergic circuits,
including the involvement of microglia, in the developing mouse brain. Furthermore, we
established an open-access resource and web visualization (https://kimlab.io/brain-
map/epDevAtlas) with the cell type data and 3D atlases from this project for the scientific
community. Our aim is to utilize these cell type mapping methods to characterize other diverse
neuronal and non-neuronal cell types, advancing our understanding of brain cell types and their
roles in neurodevelopmental and neuropsychiatric disease processes.
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Abstract: Proper development of the human cortex is essential for brain function and depends
on the synchronization of complex molecular and cellular processes. Malformations of cortical
development may occur in the setting of genetic mutations that alter the activity of genes
essential for this synchrony. Mutations in developmentally expressed ion channels have been
increasingly recognized for their contribution to cortical malformations; however, the role of ion
channels in cortical histogenesis—and their contribution to disease—remains poorly understood.
Through whole exome sequencing of families with polymicrogyria (disordered cortical



gyration), we identified three affected individuals with de novo missense variants in the gene
PANX1, encoding the Pannexin 1 protein. PANX1 forms a heptameric ion channel of seven
PANX1 subunits that releases small anions and ATP into the extracellular milieu, participating in
purinergic signaling. The channel is further speculated to contribute to the propagation of
calcium waves and form gap junctions, yet its definitive function in the fetal cortex is unknown.
Exome analysis reveals each of the three variants identified are absent from the genome
aggregation database (gnomAD) and are predicted deleterious based on in silico pathogenicity
prediction tools. Bulk RNA-sequencing of the human cortex throughout gestation reveals
preferential expression of PANX1 in early fetal cortical development, with decreased postnatal
expression, correlating with the development of polymicrogyria. To study the effect of our PMG-
associated variants on channel expression and activity, we designed plasmids containing
wildtype or mutant PANX1 and GFP linked by the self-cleaving T2A peptide in the integration-
coupled piggyBac transposition system. Expression of the mutant channel in HEK293T cells
reveals disrupted complex glycosylation of PANX1, as well as increased ionic conductance at
depolarized potentials compared to wildtype channels. Mutant channels further display increased
ATP flux compared to WT channels. In utero electroporation of mutant PANX1 disrupts cortical
histogenesis in both mice and ferrets, and results in aberrant gyration in ferrets. Knock-in of
patient mutations in mice demonstrates altered progenitor proliferation, suggesting a role for
PANXZ1 in progenitor cell cycle exit and cell fate determination. Through this study, we aim to
further our understanding of how early electrical coupling and ion flux in the cortex shape key
developmental processes.
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Abstract: Mammalian corticogenesis is a highly complex process specified by precise sequential
waves of gene expression. Proper translational control is essential for timely and accurate gene
expression after transcription, and dysregulated translational control is implicated in several
neurodevelopmental disorders. 4E-BPs are crucial regulators of translation that inhibit the
binding of the eukaryotic translation initiation factor eIF4E to the 5> mRNA cap structure and
play critical roles in defining the proteome. However, little is known about the impact of
disrupted 4E-BP-mediated translational control in embryonic cortical development. Here, we
examined the effects of suppressing 4E-BP-mediated translation on cortical pyramidal neuron
morphogenesis and migration in mice. To decrease translation, we expressed a constitutively
active 4E-BP1 (4E-BP1F113A) in embryonic migratory neurons destined to become layer 2/3
pyramidal neurons in the medial prefrontal cortex by in utero electroporation. Brains were



collected at postnatal day (P) 0, P14, and P21 for histological analysis of neuronal morphology
and placement. Whole-cell patch clamp recording was performed at P21 to examine the impacts
on neuronal function. Neurons expressing 4E-BP1F113A exhibited significantly decreased soma
size compared to control neurons at PO, P14, and P21. The shape of the 4E-BP1F113A-
expressing neurons was more elongated, as evidenced by reduced circularity and roundness, and
resembled that of migrating neurons in locomotion mode during corticogenesis. By PO, 88.9% of
control neurons were found in the cortical plate, with 31.3% detected in the outermost region
(upper cortical layer precursor). In comparison, 65% of 4E-BP1F113A-expressing neurons were
found in the cortical plate, with only 6.3% detected in the outermost region. 32% of the 4E-
BP1F113A-expressing neurons were found in the subplate and intermediate zone (white matter
precursor), while only 6.7% of control neurons were found in these regions. Mispositioned 4E-
BP1F113A-expressing neurons were also evident in the P14 and P21 cortices. Consistent with
the morphological abnormalities, neurons expressing 4E-BP1F113A displayed decreased
capacitance, more depolarized resting membrane potentials, and early action potential firing and
depolarization block. Overall, our study shows that constitutive activation of 4E-BP1 disrupts
neuronal morphogenesis, migration, and function and highlights an important role of 4E-BP-
mediated translation during corticogenesis.
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Abstract: Mutations in aristaless-related homeobox (ARX) are associated with a spectrum of
neurodevelopmental disorders including developmental epilepsies, intellectual disabilities, and
autism spectrum disorders, with or without brain malformations. Aspects of these disorders have
been linked to abnormal cortical interneuron (cIN) development and function. To further
understand the role of ARX in cIN development, we investigated the function of ARX and its
associated gene regulatory network by interrogating multiple Arx conditional knockout mice and
an Arx poly-alanine tract mutant mice. Our data indicate ARX functions in the ganglionic
eminence subventricular zone is critical for cIN differentiation and migration. Single cell
transcriptomics and ChIP-seq, combined with functional studies, identified ARX-regulated genes
important for cIN differentiation and migration. Our data provide new insights into how different
mutations in a single transcription factor can result in a spectrum of clinical phenotypes.
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Abstract: Vocal Learning, the ability to reproduce heard sounds using a vocal organ, is
phylogenetically rare, having independently evolved in several lineages of mammals and birds.
In oscine songbirds, vocal learning is produced by a series of discrete brain regions called song
nuclei. The primary song nuclei are the robust nucleus of the arcopallium (RA), HVC (proper
name), the lateral magnocellular nucleus of the anterior nidopallium (LMAN), and Area X (AX).
These song nuclei strongly resemble a mammalian motor control circuit with a descending
corticospinal projection (HVC and RA) and a cortico-striatal-thalamic loop circuit (LMAN and
AX). Further, the brain regions surrounding the song nuclei are strongly active during
locomotion. Decades of work has shown that the song nuclei contain bulk patterns of gene
expression not observed in the surrounding locomotor circuit (AR, PVALB, etc.), indicating
strong molecular specialization for the production of learned song under baseline conditions. The
song nuclei are further specialized in their dynamic response to song behavior, upregulating the
immediate early gene DUSP1 which does not similarly respond to locomotion in the surrounds
after locomotion. To resolve the gene expression specializations of the oscine song system at the
level of specific cell types, here we micro-dissected the four primary song nuclei and associated
surround regions from male zebra finches after sleeping overnight, singing, or hopping in a
rotating wheel and then performed single nucleus RNA sequencing with the dissected tissues
(n=3-5 samples per region*behavior combination). From the sleeping bird data we found that
neurons from all song nuclei were strongly specialized with >4,000 significantly differentially
expressed genes identified compared to surrounds. Most prominently, transcripts for the RNA
binding protein RBFOX1 were dramatically elevated in all four song nuclei. Glia were less
broadly specialized, with both oligodendrocytes and astrocytes appearing most specialized in
RA. Specifically, RA astrocytes exhibited downregulation of APOAL1 and RA oligodendrocytes
exhibited upregulation of PCDH15. Integrating the data from the birds following behavior, we
identify a second set of >4,000 genes differentially induced by singing in song nuclei compared
to the hopping induced gene expression in the surround regions. These results provide new
insight in the molecular basis of vocal learning and its evolution in oscine songbirds.
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Abstract: Vocal learning is a convergent trait observed in a few vertebrate lineages, including
human and songbirds, and is necessary for spoken language. Concurrent with the present work, a
large single nucleus RNA sequencing (sSnRNAseq) study recently found that the RNA binding
protein fox1 homologue (RBFOX1) gene is dramatically upregulated in the neurons of zebra
finch which produce this behavior. Further, preliminary cross-species SnRNAseq analyses
revealed that RBFOX1 has the highest convergent differential expression in human deep layer
motor cortex neurons and the analogous songbird RA. Here, we analyzed the high-quality
reference genomes to reconstruct the genomic sequence evolution in the RBFOX1 promoters.
Using progressive Cactus, we aligned the RBFOX1 gene with its 30kb up/down stream
sequences parsed from the annotated genome assemblies of 132 tetrapod species generated by
the Vertebrate Genomes Project (VGP) and Telomere-to-Telomere (T2T) consortium. Scanning
alternative RBFOX1 promoters across tetrapod animals, we discovered complex lineage-specific
evolutionary histories. Considering first the oscine songbirds, we identified diverse A/T
homopolymers expanded immediately upstream of a transcription start site (TSS) which were
found in all oscine species and absent in the suboscines, parrots, and most other birds. Consistent
with this, we observed little-to-no expression of RBFOX1 inside- or outside- the vocal learning
regions of the budgerigar brain. Interestingly, in vocal learning hummingbirds, we also found an
expanded A/T homopolymer at the exact homologous location as in oscines despite 75 mya
separation. Hummingbirds, unlike oscines, also evolved a second A/T homopolymer upstream of
a different RBFOX1 TSS which also contained a convergently evolved A/T homopolymer in all
mammals. All of these A/T homopolymers are predicted to form FOXP2 binding sites based on
transcription factor binding analysis. Considering the human lineage, a third TSS we find
human-unique 5x CCG repeats which are absent in apes (2-4x CCG) or the other vertebrates (0-4
CCQG). This human 5x CCG expansion produces a novel predicted EGR1 binding site and can be
found in the ancient genomes of both Neanderthal and Denisovans. Consistent with this, using a
publicly available cross-species SnRNAseq dataset we found that this human-specific promoter
sequence was associated with increased downstream transcription compared to non-human
primates. These findings suggest that the RBFOX1 promoter is a common evolutionary target in
vocal learning species that may have led to the highly specialized expressions in vocal learning
brain circuits.
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Abstract: The neural network dynamics, which underlie our decisions and behaviours are
constantly altered by transitions in our cortical states, but how these states emerge and how they
regulate the neural computations, remain fundamentally unresolved. Correlative studies have
been done, linking neural cortical and subcortical fluctuations to biometric read-outs, such as
pupil dilations, but causal behavioral effects of state transitions have been hard to probe due to
the lack of non-adversarial optogenetic tools. This project is focus on the prefrontal cortex
(PFC), which integrates processed information from higher-order cortico-thalamic pathways with
input from subcortical neuromodulators, and then projects regulatory feedback upon other
cortical regions. Through this, the PFC state facilitates computational transitions across the brain
and supports a variety of functions, including decision-making, fear conditioning and attention.
Traditionally, neuromodulators, such as Dopamine and Norepinephrine, have been proposed as
key regulators of cortical states, however, recent studies reported intriguing correlations between
astrocytic actvity and biometric read-outs for state. As astrocytes respond to neuromodulators via
G protein-coupled receptors, and sustains activity with temporal dynamics more consistent with
cognitive state transitions, it thus presents itself as an intruiguing link between neuromodulation
and PFC state regulation. However, the causal effect of astrocytic activity on the neural network
dynamics remain obscure, as the molecular tools for monitoring and manipulating astrocytic
cAMP-levels have lacked. Recently, genetically encoded biosensors and optogenetic actuators of
CAMP became available, and our lab produced AAV-based molecular tools for monitoring and
manipulating astrocytic cAMP. With the combined use of surgically implanted microprims and
dual color 2-photon microscopy, we monitored spontaenous cCAMP fluctuations in the PFC of
behaving mice, and modelled their interplay with the neural dynamics. In addition, we
optogenetically elevated astrocytic cCAMP-levels to causally assess the exerted effect on these
neural network dynamics, while correlating with biometric read-outs and behavior. We observed
a causal regulatory effect both on neural ensemble transitions, manifold trajectories, biometric
read-outs, as well as the response to aversive stimuli. Hence, we demonstrate that astrocytic
CAMP-activity regulates transitions in neural network dynamics through a direct causal effect,
and suggests a novel central regulator of cortical state.
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Abstract: The regulation of plasma osmolarity is crucial for maintaining homeostasis. Besides
peripherical mechanisms that controls hydromineral balance, there are some central
osmoreceptors that act as sensors to very small variations in plasma osmolarity, and projects to
nuclei that can release hormones on blood vessels to restore osmolarity levels. One of these
nuclei is the supraoptic nucleus (SON), located in the hypothalamus, that is composed of
osmossensitive magnocellular neurons and releases vasopressin and oxytocin into the circulation.
Recent evidence suggests that glial cells, specifically astrocytes, are also involved on SON
osmossensitivity and could contribute to magnocellular neuronal excitability. However, the exact
mechanism through which astrocytes modulate SON activity remains unclear. Here, we aimed to
understand if astrocytes can affect SON neurons excitability and whether osmotic changes
impact astrocytic function. Employing whole-cell patch clamp recordings, optogenetics, and
two-photon imaging in genetically modified mice, we first observed that specific astrocyte
activation increased SON magnocellular neuronal activity. Furthermore, exposure to hypertonic
solutions (both high sodium concentration and mannitol solutions) led to elevated intracellular
calcium levels in SON astrocytes. To investigate the physiological significance of astrocytes
been activated by high sodium concentration, and if astrocytes activation modulates SON
neurons activity, one astrocyte and one SON neuron recorded at the same time in an osmotic
challenge with sodium overload. It was observed a simultaneous depolarization, with astrocytic
depolarization (-89 £ 0.5 mV vs -87 £ 0.6 mV, n = 14; p < 0.005) preceding neuronal activation
(60 £ 10 sec vs 131+ 19 sec; n = 6 pars, p<0.006). These findings underscore the role of
astrocytes in central osmoregulation, suggesting they might serve as mediators in the neuronal
response to high osmolarity situations, thus providing insight into the intricate network
regulating plasma osmolarity and homeostasis.
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Abstract: Humans have the ability to generalize information learned from one experience and
apply it to another situation. Both the hippocampus and mPFC play key roles in the encoding of
new information using established associative memory schema, but it remains unclear whether
this brain region represents or computes cognitive short-cuts to support associative inferential
learning and memory. We expand the Pavlovian fear conditioning paradigm to test our
hypothesis that following paired auditory-visual stimuli training, the direct visual-foot shock fear
condition learning can cause indirect auditory inference fear memory. In this study mice perform
experiments using two elements (e.g., A, auditory stimuli and C, electric foot shock) with
overlapping elements (e.g., B, visual stimuli) that exist within direct relations (e.g., A-B and B-
C). The foundation of transitive inference is the establishment of these direct relations (e.g., A-B,
B-C). By recording the neuronal Calcium activity with JGCaMP7s, we show that recruitment of
the hippocampus during reasoning increases with the relational demands required for the
reasoning process. Moreover, in the testing days, auditory stimulation evoked marked visual
cortex activation, indicating that reactivation in the visual cortex supports auditory inferential
fear memory retrieval. Given the accumulated evidence suggests the role of astrocytic L-lactate
signaling in schema memory, and astrocyte-neuron interactions in brain computation we tested
our hypothesis that astrocytic activation of ACC-projecting HPC is necessary for

developing inferential auditory fear. We manipulated the HPC astrocytes by expressing the G-
coupled receptors hM3q and hM4Di in mice. We show that Gq pathway activation enhanced the
inferential fear memory. In contract, Gi pathway activation impair it. Through retrograde virus
tracing, we found that the activity of ACC-projecting HPC neurons was enhanced after astrocyte
Gq activation during inferring memory retrieval, which was associated with an increase in L-
lactate levels in HPC. Moreover, locally injecting L-Lactate into HPC rescued the Gi-impairing
inferential memory. In conclusion, our data suggested that the memory is not only the individual
records from direct experience of the event, but including the information obtained from multiple
independent events. Medial prefrontal cortices projecting hippocampus contributes to reasoning
by integrating new experiences into existing memory networks. Astrocytic G-protein-coupled
receptor and L-lactate signalling play key roles in modulating the inference reasoning auditory
fear.
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Abstract: Astrocytes exhibit multiple functions in the CNS including providing secreted factors
that aid in neuronal development and function. Some of these functions of astrocytes also differ
depending on their distribution within the CNS. For example, optic nerve head (ONH) astrocytes
(ONHAS) are important for maintaining the proper function of the optic nerve and possibly in
guiding retinal ganglion cell (RGC) axons to the ONH, which distinguishes them from other
astrocytes elsewhere in the retina. At the same time, astrocyte function also changes during
development. Human neural progenitor cell-derived neurons were co-cultured with either
postnatal day 2 (P2) or adult murine astrocytes sourced from either the ONH or from the retina
(without the ONH). Human neural progenitor cells remain undifferentiated and proliferative in
the presence of growth factors, such as epidermal growth factor and basic fibroblast growth
factor, but they can be terminally differentiated upon growth factor withdrawal. The goal of the
present study was to determine, whether different types of astrocytes by themselves can induce
the differentiation of neural progenitor cells. Differentiation was quantified by measuring neurite
development and extension as well as the expression of neuronal marker proteins, such as neural
cell adhesion molecule and BIII tubulin, and of neuritic and synaptic proteins. All of the four
types of astrocytes tested induced the differentiation of neural progenitor cells to varying
degrees, but co-culture with P2 ONHAs and adult retinal (non-ONH) astrocytes resulted in the
most pronounced differentiation and neurite extension. Furthermore, P2 ONHAs upregulated the
expression of several neuronal markers. These data suggest that P2 astrocytes secrete factors that
more effectively induce the differentiation of neural progenitor cells to a neuronal phenotype and
that the co-culture system represents a suitable in vitro model system to study region-specific
neuron-glia interactions.
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Abstract: Pathological pain is associated with changes in the strength of synaptic connections
within ascending nociceptive pathways of the nervous system. In particular, the long-term
potentiation (LTP) of synapses between primary sensory neurons and spinal cord dorsal horn
neurons has been closely linked to the development of pain hypersensitivity in vivo. More recent
investigations have shown that non-neuronal cells play a fundamental role in the regulation of
neurotransmission and synaptic plasticity. Within the brain, astrocytes are known to provide
neurons with metabolic support necessary to sustain their high energy demands. These cells also
produce and release active molecules that directly modulate neuronal activity, and which



contribute to the development of LTP in hippocampal and cortical areas. On the other hand,
much less is known about the specific role of astrocytes in the induction of spinal cord LTP, or
their role in initiating the sensitization of ascending pain pathways. My thesis project uses a
combination of electrophysiological and pharmacological techniques to study how astrocytes
regulate synaptic plasticity at the level of the spinal dorsal horn. Acute spinal cord explants were
produced from adult mice and transferred to a recording chamber; primary sensory afferents
were stimulated with a bipolar electrode, and a recording electrode was inserted into the
superficial dorsal horn to measure postsynaptic responses. Explants were then treated with
pharmacological inhibitors targeting different aspects of astrocyte function. After drug wash-in,
baseline responses were recorded and spinal LTP was induced via low frequency stimulation of
presynaptic afferents. Experimental results thus far show that inhibition of astrocytic gap
junctions prevents LTP induction in explants isolated from both male and female mice.
Interestingly, spinal LTP is partially recovered in the presence of gap junction inhibitors when
the recording solution is supplemented with exogenous lactate. In separate experiments, |
demonstrate that LTP can also be disrupted by directly inhibiting astrocytic lactate shuttling, but
this effect is only observed in male explants. Our results suggest that, in males, spinal cord
astrocytes contribute to the development of LTP via the production of lactate, which may serve
as a metabolic substrate and/or a signaling molecule for nearby neurons. Future work will focus
on addressing the observed sex-differences in spinal lactate shuttling, as well as translating our
ex vivo findings into behavioural experiments assessing pain sensitivity in vivo.
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Abstract: Astrocyte diversity is greatly influenced by local environmental modulation. Here, we
report that the vast majority of brain astrocytes across the entire brain possess a singular primary
cilium, a specialized signaling antenna localized to cell soma. Comparative single-cell
transcriptomics reveals that primary cilia mediate canonical Shh signaling to modulate astrocyte
subtype-specific core features in synaptic regulation, intracellular transport, energy and
metabolism. Independent of canonical Shh signaling, primary cilia are important regulators for
astrocyte morphology and intracellular signaling balance. Dendritic spine analysis and
transcriptomics reveal that perturbation of astrocytic cilia leads to disruption of neuronal
development and global intercellular connectomes in the brain. Ultimately, mice with primary
ciliary deficient astrocytes show behavioral deficits in sensorimotor function, sociability,
learning and memory. Our results uncover a critical role for primary cilia in transmitting local
cues that drive the region-specific diversification of astrocytes within the developing brain.
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Abstract: The a7 nicotinic acetylcholine receptor (a7nAChR) has become a major drug target in
attempts to alleviate cognitive deficits associated with schizophrenia - accounting for a third of
all drugs tested in schizophrenia clinical trials over the past 15 years. Yet, the exact cellular and
molecular mechanisms by which a7nAChRs support cognitive functions remain elusive, in part
due to an exclusive focus on neurons. We previously showed that astrocytic a7nAChRs control
the daily availability of D-serine, the endogenous co-agonist of synaptic N-methyl D-aspartate
receptors (NMDARSs). However, the behavioral relevance of astrocyte-based a7nAChR signaling
is unknown, and the respective contribution of astrocytic and neuronal a7nAChR-mediated
signaling to cognitive functions has not been explored. Here, we found that mice selectively
lacking a7nAChRs from astrocytes exhibited profound deficits across the MATRICS
(measurement and treatment research to improve cognition in schizophrenia)-defined cognitive
domain, including semantic memory, social cognition, vocalization and spatial learning. This
coincided with sharply declined D-serine levels in the brain of these mice and, importantly,
supplementing D-serine through drinking water restored behavioral performance. In addition, in
line with our past findings that a7nAChR-mediated astrocytic supply of D-serine is time-of-day
dependent, we found that the behavioral impairments of astrocyte-specific a7nAChRs KO
(Astro-a7KO) mice are absent in the light phase (Zeitgeber Time 6, ZT6). By stark contrast,
neuron-specific a7nAChRs KO (Neuro-a7KO) mice showed no behavioral alterations in any
assays tested. Interestingly, the deficits of Astro-a7KO mice were also limited to the cognitive
domain, with no alterations in ambulation, sleep architecture, or other behaviors canonically
associated with the negative symptoms of schizophrenia. Using two-photon laser scanning
microscopy, we show that a7nAChR stimulation with a specific agonist (PNU-282987)
increased calcium activity in astrocytes, which was abolished in the presence of a selective
antagonist (methyllycaconitine, MLA) or in Astro-a7KO mice, consistent with the high calcium
permeability of a7nAChRs. Conversely, calcium activity in Astro-o7KO mice was diminished
compared to control and Neuro-a7KO mice, together unveiling the contribution of a7nAChRs to
astrocyte intracellular dynamics. Taken altogether, our findings fuel a model in which
a7nAChRs exert their pro-cognitive properties via astrocytic signaling, rather than neuronal



signaling, which could have rippling consequences on 07nAChR-targeted therapeutic
approaches.
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Abstract: Expression and Function of SNARE Proteins in Chick Embryonic Astrocytes in
Culture Tobenna Amanfo?, Venkata Ajay Narendra Talabattulal, Michael Moore?, Rhonda
Dzakpasu®* andMurali Temburni*'Delaware Center for Neuroscience Research and Department
of Biological Sciences, Delaware StateUniversity, Dover DE 19901°Delaware Institute of
Science and Technology, OSCAR Imaging Facility®Department of Physics and *Department of
Pharmacology and Physiology, Georgetown University,Washington, DC 20057 Astrocytes have
been shown to modulate network activity by releasing gliotransmitters like glutamate,D-serine,
and ATP. Glutamate sensing at tripartite synapses via mGIuRs elevates local calcium withinthe
astrocyte. With sufficient activation, the localized calcium elevation crosses a threshold causing
acalcium-induced calcium release (CICR) within the astrocyte leading to glutamate
exocytosis..Although there is some evidence the presence of SNARE proteins in astrocytes is not
fully confirmed.We demonstrate the presence of the vesicular SNARE protein
Synaptobrevin/VVAMP2 in chickembryonic optic tectum and forebrain astrocyte cultures in vitro.
To test the function of VAMP2 inastrocytes, we expressed a truncated VAMP2 peptide which
lacks the vesicular membrane domainalong with the extracellular glutamate sensor iGIuSnFR
using a lentiviral vector. This truncatedVAMP2 peptide is expected to act as a dominant
negative, preventing the docking of thegliotransmitter vesicles to the membrane. Our results
demonstrate that blocking VAMP2 diminishedglutamate release from astrocytes in culture upon
treatment with lonomycin, a calcium ionophore. Wealso demonstrate the presence of another
SNARE complex protein, Syntaxinl in these chickastrocytes. This study is supported by NSF
Research Initiation Award (HRD 1401026) and NSF 10S NeuralSystems Awards (10S 1755341
and 1755033).
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Title: Aquaporin4-supramolecular level of aggregation influences collective migration of
astrocytes
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Abstract: The water channel AQP4 is natively expressed in brain astrocytes as aggregates of
tetramers, called Orthogonal Arrays of Particles (OAPs). While it has been reported that AQP4-
mediated water flows can trigger cytoskeleton biomechanically at the individual cell level, much
is still unknown regarding its role in collective cell migration. To address this, we investigated
the migratory ability of primary cultured brain astrocytes isolated from both WT and OAP-null
mouse models, under control and pro-inflammatory conditions upon IL-1B/TNF-a-treatment. We
also examined water transport rates and gap-junctional interconnectivity. We found that reactive
astrocytes exhibit low levels of gap junction (GJ)-forming protein connexin-43 (Cx43) and a
significant dysregulation of the cytoskeleton network compared to controls, which instead
displayed similar connectivity and intact cortical actomyosin fibers. Reactive and OAP-null
control astrocytes exhibited reduced water transport rates compared to WT controls. Wound
healing assays revealed that under control conditions OAP-null cells almost entirely healed the
scratch, unlike WT cells, while reactive astrocytes remained nearly immotile, independently of
genotype. Particle Image Velocimetry (PIV) analysis revealed distinct migratory behaviors:
under control conditions, both genotypes moved horizontally, but OAP-null cells displayed a
unique ability to efficiently close the gap with lined-up fronts and no cell repulsion. In contrast,
reactive astrocytes remained immobile, with WT cells displaying random protrusions and OAP-
null cells moving slightly backward. Similar results were observed in transfected GL261 glioma
cells, where OAP-transfected cells exhibited reduced migration and invasiveness in wound
healing and Boyden chamber assays, along with decreased MMP9 activity. Overall, this study
highlights the role of AQP4 level of aggregation in modulating collective cell motion,
independent of GJ connectivity and water membrane kinetics. Furthermore, by generating an
AQP4-deficient, non-migrating, and weakly coordinated gliotic phenotype it sheds light on the
effects of chronic gliosis in vitro and identifies potential new target mechanisms for diagnosising
or treating brain tumors.
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Title: Endogenous Protective Mechanisms of Astrocyte Networks
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Abstract: In the central nervous system (CNS), metabolic resources in astrocytes promote tissue
survival in response to focal neuronal stress. However, our understanding of the extent to which
these resources are mobilized remains incomplete. Previously we found that during
neurodegeneration in glaucoma, astrocyte gap junctional networks expand to link over 1 cm of
adjacent cells and redistribute bioenergetic resources from unstressed to stressed tissue. While
resource donation improves axon function and visual acuity, it renders the donating tissue
susceptible to further stress (Cooper et. al., 2020, PNAS). Now, we are focused on revealing the
breadth and potential specificity of astrocyte networks to identify which CNS regions support
each other - possibly across larger spatial networks than afforded by initial investigations in the
visual system. Through the development of a novel astrocyte-network-tracing AAV, we use
whole-brain tissue clearing to examine the global reach of astrocyte gap junctional networks
originating from small populations of astrocytes. We infected astrocytes via stereotaxic
injections in the prefrontal cortex (PFC), barrel cortex, motor cortex, visual cortex,
somatosensory cortex, hippocampus (HPC), and striatum. Although we have not yet found a
significant sex difference (C57/BL6 mice; n > 55 each males and females), we do find that
astrocyte networks originating in different brain regions exhibit vastly different volumes (n > 5
stereotaxic injections per brain region, always infecting only one region per mouse; networks
range from 3-20x the initially infected tissue volume, but are consistent when the same brain
region is infected in different mice). Surprisingly, astrocyte networks do not link all cells
adjacent to the initially infected area. Instead, they link specific brain regions, even ones over
1cm apart. For example, astrocytes in motor cortex communicated through a chain of astrocytes
connected by gap junctions as far as contralateral visual cortex. We have confirmed that the
network mechanism is limited to gap junctions by infecting astrocyte-specific conditional double



Cx30/43 gap-junction knockout mice (Slcla3cre-ERT2 x Cx43fl/fl x Cx30fl/fl; HPC, PFC, barrel
cortex, and striatal networks are restricted to infected regions in cKO but not littermate controls;
n = 4 mice per condition). Further, astrocyte networks are plastic. Following whisker trim, barrel
cortex astrocyte networks shrink by over 50% in volume (n =5 mice per condition). We hope
this work functions as a platform for future exploration of astrocytes beyond individual cells, but
as networks influencing homeostatic function and disease progression.
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Abstract: It is well established that rodent astrocytes promote neural network maturation in the
nervous system through a combination of pro-synaptogenic components and neuroprotective
mechanisms. Do human astrocytes have similar capabilities in promoting human neural network
activity? To address this question, we optimized and tested a human-specific model with
bioengineered neural organoids composed of rapidly matured astrocytes and glutamatergic
neurons from human pluripotent stem cells (hPSCs) (i.e., Asteroids, Cvetkovic et. al.). We found
that Asteroids more rapidly exhibit organoid-wide synchronous burst activity compared to
neuron-only organoids as measured by GCaMP-based calcium imaging and multi-electrode array
(MEA) analysis. To determine which astrocyte-derived components underlie this effect, we
tested candidates identified in RNAsequencing and proteomic screens of Asteroid-conditioned
media. A subset of these candidates was sufficient to accelerate neural network activity of
neuron-only organoids. Next, we tested whether astrocyte-mediated neuroprotection maintains
network activity via improved viability. We found that Asteroids have improved viability in
suboptimal media and are protective against glutamate-induced excitotoxicity when compared to
neuron-only organoids. Given improved network formation and maintenance, we tested if
astrocytes enable generation of functionally interconnected ensembles of organoids. Ensembles
of multiple interconnected Asteroids (i.e., Asteroid Belts) revealed synchronous burst activity
within 24 hours with physical projections extending into neighboring tissue. Taken together, our
work highlights the importance of astrocytic mechanisms in rapidly generating and maintaining
human neural networks. The robust and rapid functional interconnectivity of neural networks



delivers a new human in vitro experimental approach that is expected to extend to models of
various distinct regional networks and disease context.
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Title: Estradiol mediates astrocyte-neuron communication in the hippocampus

Authors: *J. GOENAGA!, C. PEREZ DE NANCLARES?, M. HALL?3, P. KOFUJI3, P. G.
MERMELSTEIN*, A. ARAQUE>;

1Univ. of Minnesota, Minneapolis, MN; 2Univ. of Minnesota, Twin Cities, Minneapolis, MN;
3Neurosci., Univ. of Minnesota, Minneapolis, MN; *Univ. of Minnesta, Minneapolis, MN;
®Neurosci., Univ. of Minnesota Twin Cities Campus, Minneapolis, MN

Abstract: <There is emerging research about the effects of neurotransmitters on astrocytes and
their subsequent release of gliotransmitters. However, little is known about how other signaling
molecules, such as hormones, impact astrocyte signaling. Estradiol (E2) is an important hormone
that regulates neuronal activity and brain function. However, whether E2 specifically signals to
astrocytes in situ and the functional consequences on astrocyte-neuron communication remains
unknown. The present study analyzed the impact of estradiol signaling on astrocyte
responsiveness and the regulation of astrocyte-neuron communication in the hippocampus. The
study pays particular attention to possible variations that may exist depending on the sex of the
animal. Using RNAscope, we determined that estrogen receptors (ERa and ERp) are expressed
in hippocampal astrocytes in both female and male mice. Through a combination of confocal
calcium imaging and electrophysiological recordings we have shown that hippocampal
astrocytes respond to E2 with calcium elevations and subsequent glutamate release that activates
NMDA receptors in pyramidal neurons in both sexes. Furthermore, E2 signaling modulates
synaptic transmission. Taken together, these results demonstrate the existence of estradiol-
mediated astrocyte-neuron communication, revealing that E2 interacts with astrocytes and play a
role in regulating brain physiology.>
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Abstract: Changes to free astrocyte calcium regulates local cerebral blood flow. Astrocyte
calcium activity also changes during awake-to-sleep transitions, yet whether astrocytes help
regulate the changes to cerebral blood flow that are observed when mice switch between awake,
NREM and REM sleep states, remains unclear. Using in vivo two-photon fluorescence imaging
in head-fixed, unanesthetized mice (10-12 weeks old), we monitored astrocyte calcium activity
and diameter changes of penetrating arterioles in the retrosplenial or the barrel cortex to better
understand how astrocyte calcium signals correlate with cerebral blood flow during awake-sleep
cycles. We used a chronic cranial window approach with bone removal and brain nano-injection
of AAV2/5 to express JGCaMP8m to astrocytes (GfaABC1D promoter, 4 weeks recovery). To
determine the physiological state, we continuously measured the size of the pupil and the
movement of whisker during two-photon imaging, which, when assessed in combination, are a
reliable indicator of the awake state (dilated pupil with active whiskers) and sleep (small pupil
with less active whiskers). We commenced imaging when sleep pressure was highest (7-8am).
Under this condition, each mouse regularly fell asleep after approximately 1-1.5 hours under the
microscope, followed by periods of alternating wakefulness and sleep occurrences every few
minutes. We found in the quiet awake mouse, the magnitude of penetrating arteriole diameter
and endfoot Ca?* changes were weakly correlated. However, vessel diameter and astrocytes
calcium activity concomitantly increased when each mouse woke up, revealing a strong
correlation, with no sex difference. Cross-correlation analysis of diameter versus endfoot Ca?*
revealed the strongest correlation was positive X=0 (no time delay). However, we failed to see
the enhanced hemodynamic changes when the mouse falls asleep previously reported. Specific
IP3R2 knockdown in astrocyte reduce the increase of the endfoot Ca?* level and the magnitude
of arteriole diameter from sleep to awake transitions partially. Together, our data demonstrate
cerebral blood flow regulation during sleep to awake cycle is functionally linked with IP3R2
signaling in astrocyte.
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Abstract: Chronic stress is a major precursor to various neuropsychiatric disorders and is closely
associated with increased inflammation in the brain. However, the bidirectional association

between inflammation and chronic stress has yet to be fully understood. Astrocytes are one of the
key inflammatory regulators in the brain. The morphological change of reactive astrocytes serves



as an important indicator of the presence of inflammation in the brain. In this study, we evaluated
the sex-specific astrocyte response to chronic stress or systemic inflammation in key brain
regions. We conducted the Unpredictable Chronic Mild Stress (UCMS) paradigm to model
chronic stress, or lipopolysaccharide (LPS) injection to model systemic inflammation. To
evaluate morphological changes in astrocytes due to chronic stress or inflammation, we
quantified branch bifurcation and branch terminals. The ramification index and Sholl analysis
were utilized to assess astrocyte arborization and complexity. Chronic stress-induced
morphological changes in astrocytes, similar to systemic inflammation in all key brain regions.
The effects of chronic stress were region and sex specific. Increased astrocyte activation was
observed in CA1, CA3, and the hypothalamus in females, while LPS promoted increased
astrocyte inflammation in the amygdala in females. These findings indicate that chronic stress
induces a proinflammatory environment, resulting in greater astrocyte activation in specific brain
regions in females, potentially contributing to sex-dependent mechanisms of disease.
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Abstract: Identification of blood-based biomarkers is the holy grail in the field of
neurodegenerative diseases such as Parkinson’s disease (PD), Alzheimer’s diseases (AD), and
aging. Currently there are no FDA approved blood biomarkers for PD. Recent research has
uncovered a fascinating link between the inability of cells to resolve misfolded proteins or
aggregates by ubiquitin proteasome system (UPS) and mitochondrial dysfunction, two major
pathological mechanisms in PD and AD. Upon mitochondrial damage by aggregated proteins,
oxidative or mutational stress, cells generate copious amounts of phosphorylated ubiquitin
(pSer65-Ub) chains on mitochondria which acts as a signal for lysosomal clearance of damaged
mitochondria. This process is called mitophagy. While mitochondria localized PINK1 kinase is
responsible for phosphorylation of ubiquitin, Parkin E3 ligase amplifies the pSer65-polyubiquitin
signal. Mutations to either of the enzymes have been linked to PD. A failure in neuronal
mitophagy can reflect as elevated pSer65Ub level in plasma making it an attractive and novel
biomarker. We have developed high-affinity, pSer65-ubiquitin selective binding tools that
efficiently capture all phospho-ubiquitin chain topologies. Using these novel tools we have
developed highly sensitive assays for detecting pSer65Ub in various samples including PD



patient plasma. We have validated the application of this tool in biomarker discovery and
demonstrate its superiority compared to previously reported pSer65-Ub antibodies. Further, we
identify and propose a panel of phospho-ubiquitinated proteins as potential biomarkers for PD.
We believe that the “phospho-ubiquitome” is central to mitochondrial health and understanding
neurodegeneration pathologies, aging and its application can change therapeutic and diagnostic
landscape.
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Abstract: Background: The protein alpha-synuclein (aSyn) forms pathologic aggregates in
Parkinson’s disease (PD) and is implicated in mechanisms underlying neurodegeneration in this
disorder. While pathologic forms of aSyn have been extensively studied, there currently exists
no method to evaluate aSyn within the brains of living patients with PD. Patients with PD are
often treated with deep brain stimulation (DBS) surgery in which surgical instruments are in
direct contact with neuronal tissue containing pathologic aSyn; herein, we describe a method by
which residual tissue can be purified from DBS surgical instruments in PD and essential tremor
(ET) patients and demonstrate that pathologic aSyn is robustly detected. Results: 24 patients
undergoing DBS surgery for clinically diagnosed PD (17 patients) or ET (7 patients) were
enrolled, and two methods were developed for tissue purification. Using an SDS based method,
81.2 + 44.8 g protein per sample (n=15) is able to be purified from DBS surgical instruments,
with immunoblot assays specific for aSyn reactive in all tested samples. Using a PBS based
purification method, light microscopy was used to evaluate the histologic identity of tissue,
revealing axons and capillaries as the primary components of purified tissue (n=3). Further
analysis of purified aSyn was conducted using western blot, demonstrating that truncated aSyn
(1-125 aSyn) was significantly increased in PD (n=5) compared to ET (n=3), in which aSyn
misfolding is not expected (signal intensity 0.64 + 0.25 vs. 0.25 £ 0.12, P = 0.046), thus showing
that a known pathologic form of aSyn can be reliably purified from living PD patients with this
method. Conclusions: We develop a method by which pathologic aSyn can be purified from
brain tissue for the first time in living patients; the methods developed herein have diagnostic



importance to confirm the presence of pathologic aSyn and may be useful in identifying
therapeutic targets.
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Abstract: Background: Gastrointestinal (GI) symptoms preceding the diagnosis of Parkinson’s
disease (PD). The underlying molecular changes associated with GI dysfunctions remain unclear.
Evidence of extra-CNS and putative gut origin of pathological p-a-synuclein in humans and gut-
to-brain transmission of p-a-synuclein have been found in mice models. This study analyzed
multi-omic data and self-reported Scales for Outcomes in PD - Autonomic Dysfunction
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(SCOPA-AUT) collected from the Parkinson’s Progression Markers Initiative cohort to identify
molecular signatures linked to GI symptoms in PD patients.

Methods: We first calculated the GI severity for each of the 1260 PD patients using the SCOPA-
AUT questionnaire Q1-7. We then utilized longitudinal clustering with k-means design (R-kml)
and the CopyMean imputation to identify subgroups with distinct trajectories of GI symptoms
over five years. Subsequently, we identified molecular markers associated with GI severity using
R-limma, including proteomics in cerebrospinal fluid and urine, transcriptomics in whole blood,
and metabolomics in plasma. We also compared the rate of progression between high and low Gl
severity for UPDRS and MoCA scales using ordinal linear mixed regression and DATscan
measurements of caudate, putamen, and striatum volume using linear mixed regression.

Results: We found that PD patients with SNCA mutations exhibited faster GI severity
progression (p = 4.9x10-9) than sporadic PD or those with LRRK2 or GBA1 mutations. PD
patients exhibit two subclusters with distinct trajectories of Gl severity. We observed a lower
volume of caudate (p = 0.008) and striatum (p = 0.04) at baseline in high GI severity. The
progression rates for UPDRS-I (p = 8.8x10-5), Il (p = 4.5x10-6), Il (p = 0.0012), and MoCA (p
= 2.8x10-8) in higher Gl severity significantly worsen faster than in lower Gl severity. We also
found ten metabolites in three categories: PE, galactosylceramide, alpha-tocopherol, and five
transcripts (IF127, CCL2, USP18, EREG, and CCLS8) associated with high GI severity, showing
high expression of coding gene in the colon, stomach, and small intestine. The predictive model
using DATscan and Gl as factors can classify PD cases and healthy controls (AUC = 0.98).
Conclusions: We identified novel molecular markers significantly associated with the severity
and progression of Gl dysfunction in PD patients. We have also established a clear link between
GI dysfunction, motor impairment, and cognitive decline. These findings underscore the
potential of our multi-omic approach in identifying PD patients who are at a higher risk of
developing severe Gl disease.
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Abstract: Objectives: The accumulation of aggregated alpha-synuclein in the form of Lewy
bodies and Lewy Neurites is a pathological hallmark of Parkinson’s disease (PD). Currently,
alpha-synuclein deposition can only be studied at autopsy or inferred from plasma/CSF levels.
Identification of an alpha-synuclein PET ligand would enable in vivo quantification of disease



progression and may improve feasibility for long duration disease modification clinical trials in
PD. However, high-affinity and selective alpha-synuclein PET ligand candidates do not currently
exist. In collaboration with the Michael J. Fox Foundation, and the Ken Griffin Alpha-Synuclein
Imaging Award, we sought to advance a viable alpha-synuclein PET tracer candidate towards
clinical evaluation in a patient population. Methods: Discovery of MK-7337: Radioligand
saturation and competitive binding experiments were conducted in postmortem PD and
Alzheimer’s disease brain tissue to profile PET candidate affinity and selectivity.
Autoradiography experiments in postmortem brain tissue was performed on lead radioligand
candidates to validate binding to pathological alpha-synuclein. PET imaging experiments were
performed in aged A30P alpha-synuclein overexpressing transgenic mice to assess in vivo brain
binding potential. In Vivo PET imaging experiments were performed in non-human primates to
determine tracer utility for human studies. First in human proof of concept study: PET imaging
experiments were conducted to determine if alpha-synuclein pathology could be imaged in
idiopathic PD patients using a high-affinity PET tracer. PET imaging studies were conducted in a
cohort of idiopathic PD (n=8) and age matched healthy volunteers (n=4) previously enrolled in
the MJFF PPMI trial. Results: Collectively, experimental data describe the identification and
preclinical in vitro and in vivo profiling of MK-7337, a high affinity alpha-synuclein PET ligand
with sub-nanomolar potency and selectivity for alpha-synuclein. First in human trial data will be
presented describing the performance of MK-7337 in idiopathic PD patients and age matched
healthy volunteers as well as path forward for validation of alpha-synuclein PET ligand tracers.
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Abstract: Parkinson's disease (PD) is a progressive neurodegenerative disorder that affects
millions of people worldwide. Mutations in the leucine-rich repeat kinase 2 (LRRK2) gene have
been implicated in both familial and sporadic cases of PD. LRRK2 protein phosphorylates
Rab10, a highly-expressed Rab protein involved together with LRRK2 in mediating different
types of immunological responses. However, largely due to technical limitations in analyzing
phosphorylated-Rab10 in disease relevant cells and tissues, the role of phospho-Rab10 in PD
progression, risk, and changes with different disease states has been unclear but could help
define the role of LRRK?2 in disease risk and progression. In this study, we have developed and



validated an ultra-sensitive single-molecule array assay to assess extracellular LRRK2, Rab10,
and phosphorylated Rab10 (pT73-Rab10) levels in low volumes of serum and cerebrospinal fluid
(CSF) in mouse and rat models of PD, and in biobanked PD and control samples. Multivariable
and weighted correlation network analyses were used to identify genetic, transcriptomic, clinical,
and demographic variables that predict the extracellular pT73-Rab10 to total Rab10 ratio. We
find that pT73-Rab10 is absent in serum from Lrrk2 knockout mice but elevated by LRRK2
mutations. Bone-marrow transplantation experiments in mice show that serum pT73-Rab10
levels derive primarily from circulating immune cells. Additionally, the ratio of pT73-Rab10 to
total Rab10 is elevated in idiopathic Parkinson’s Disease (iPD) patients with greater motor
dysfunction, irrespective of disease duration, age, sex, or the usage of PD-related or anti-
inflammatory medications. pT73-Rab10 to total Rab10 ratios are associated with neutrophil
activation, antigenic responses, and the suppression of platelet activation. Overall, the
extracellular ratio of pT73-Rab10 to total Rab10 in serum is a novel biomarker for LRRK2-
linked innate immune activation associated with disease severity in iPD. We propose that those
iPD patients with higher serum pT73-Rab10 levels may benefit from LRRK2-targeting
therapeutics to mitigate associated deleterious immunological responses. Overall, this will shed
light on the role of Rab10 phosphorylation in PD and inform development of therapeutic
strategies targeting the LRRK?2 pathway.
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Abstract: Proper diagnosis of vestibular schwannoma (VS) patients is an imperfect process,
requiring multiple clinical tests with varying degrees of accuracy. To address these limitations,
we propose a hovel machine learning (ML) approach based on kinematic recordings as a
diagnostic tool for VVS. We collected kinematic recordings of 32 VS patients (ages 26-81), and 32
healthy controls (ages 25-74) while they performed both an easy (regular walk) and difficult task
(tandem walk). Each subject was equipped with inertial measurement units placed on ankles and
head, recording both 3-dimensional linear acceleration and angular velocity. The gait kinematics
were segmented to produce individual gait cycles, each of which would define a sample as input
to the model. We used these cycles to train different ML models, all with the same convolutional
neural network backbone, wherein we compared the effect of using different combinations of
tasks and sensors as inputs, showing the importance of each parameter on the classification
ability of the model. We used the average accuracy by subject over all their cycles as a metric of
classifier accuracy (n = 32 iterations of the same model with leave-one-out cross-validation).
When using data from the ankle sensor, mean accuracy values went from 72.28% (std = 5.80) to
76.43% (std = 4.48) when using regular vs tandem walk. Interestingly, the regular walk task
performed much better at classifying healthy controls than patients (87.14% vs 51.10%



respectively), while the tandem walk had slightly closer values between groups (82.54% vs
58.79%). However, when using data from the head sensor, the regular walk significantly
outperformed tandem (69.06%, std = 5.31 vs 60.51%, std = 6.70 respectively). Thus, while ankle
sensors may accurately capture more information relating to pathology-related movements with
tandem walk compared to regular walk, head sensors seem unable to retain such information
during that difficult task. We see promising results for this first stage of development of ML
models for this type of clinical assessment, especially when considering the extremely low
number of subjects (64) for an ML technique. Our results showcase the highly impactful decision
of sensor placement and task selection for the use of kinematic data as input for diagnostic tools.
Given the increasing interest in ML tools for diagnostic practices, our study serves as guidance
for future endeavors. This proof of concept validates the use of machine learning (ML) for
vestibular syndrome (VS) diagnosis, highlighting its potential to enhance current clinical
assessments by offering a more objective and precise tool, complementing the expertise of
clinicians.
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Abstract: The cerebellum (CB) is critical for maintaining upright balance. It undergoes
significant age-related structural changes and altered interactions with the primary motor area
(M1) that are related to poor standing balance and walking performance in older adults. Prior
work on non-invasive brain stimulation to CB has led to improved motor learning, skill
acquisition, and locomotor adaptation in healthy young adults. However, these studies did not
investigate the implications of CB stimulation on improving balance control in older adults. The
purpose of this study was to investigate whether increasing CB excitability led to improved
standing balance in older adults. Further, as a secondary objective, we also explored the changes
in the neurophysiological mechanisms after CB stimulation by investigating the CB-M1
interactions. We used a sham-controlled study to investigate the effects of intermittent theta burst
stimulation using transcranial magnetic stimulation (TMS) on five older adults. We measured
standing balance control through the center of pressure (COP) area and CB-M1 interactions
using cerebellar brain inhibition (CBI), immediately before and at different follow up points
(immediately, 15 min, 30 min) after CB stimulation. The site of stimulation was 3 cm lateral to
the inion. For the active CB stimulation, we used a stimulation intensity of 80% of the resting
motor threshold (RMT) of the flexor digitorum indices muscle, with three pulse bursts at 50Hz,
with a 2 second train repeated every 10 seconds for 200 seconds. Sham CB stimulation consisted
of holding the TMS coil perpendicular to the scalp for the same duration. We found that
compared to sham, a single session of active neuromodulation of CB reduced 95% ellipse COP
area, implying improved balance control in standing. Also, these effects on balance, i.e.



improvements in COP area, persisted for about 20-25 minutes following CB stimulation. Further,
following active CB stimulation, we found a decrease in the CBI ratio [(conditioned MEP/test
MEP]. Because CB output to M1 is inhibitory in nature, reduction of motor evoked potential
(MEP) amplitude from a dual stimulus (conditioning stimulus to CB prior to test stimulus to M1)
compared to a test stimulus to M1 alone, implies greater CB output to M1 and in turn, greater
CB-ML1 interactions. These results indicate that CB neuromodulation can reduce postural sway
and induce neurophysiological changes in CB-M1 interactions. Overall, these results support the
neuroplastic potential of CB for restoring balance function in older adults and identify CB as a
potential target for future interventions for inducing improvements in motor behavior.
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Abstract: The functional reach test is a clinical evaluation tool for dynamic sitting balance in
people with neurological disorders, such as spinal cord injury (SCI). However, analysing
kinematic measurements with manual tracking methods to quantitatively assess performance of
the upper extremities and trunk during reaching can be challenging in a clinical setting. In this
proof-of-concept study, our primary objective was to validate an automated method for
predicting the position of the upper body involved in forward and lateral reaching in people with
motor incomplete SCI. Using a single, 2-dimensional camera, we recorded movements of the
shoulder, wrist, and trunk during forward and lateral reaching with the less affected arm in ten
participants with motor incomplete SCI in a hospital setting. Of those, five participants
performed the same tasks twice at 4 and 8 weeks after the initial session, resulting in twenty
videos in total. For each task, we manually labelled 500 images (labelled images) with 1030000
epochs acquired from ten participants with SCI in the initial session to train a deep neural
network model (DeepLabCut [DLC]). The trained DLC model was then applied to another 500
images acquired from the five participants in the second and third sessions to validate
generalisation of the DLC model. Additionally, 250 images from the initial session were labelled
by two raters independently to assess inter-rater reliability. For within-sample validation, results
suggest that the DLC tracking performance strongly correlated with the traditional manual
tracking method, in both forward (r=1.0, p<.001) and lateral reaching (r=>.80, p<.001). For the
generalisation validation, DLC performance strongly correlated with the manual tracking results
in forward reaching (r=>.70, p<.001) and moderately correlated with the manual tracking method



in lateral reaching (r=.43-.93, p<.001). Furthermore, the inter-rater reliability of the manual
tracking method was excellent in both forward and lateral reaching (two-way random intraclass
correlation coefficient >.90, p<.001). Our results suggest that performance of deep neural
network learning methods can match the traditional manual tracking methods, when using the
functional reach test in individuals with motor-incomplete SCI.
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Title: Activation of locus coeruleus noradrenergic neurons rapidly drives homeostatic sleep
pressure
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Abstract: Homeostatic sleep regulation is essential for optimizing the amount and timing of
sleep for its revitalizing function. Here we show that optogenetic activation of locus coeruleus
(LC) noradrenergic neurons immediately increased sleep propensity following a transient
wakefulness, contrasting with many other arousal-promoting neurons whose activation induces
sustained wakefulness. Fiber photometry showed that repeated optogenetic or sensory
stimulation caused a rapid reduction of calcium activity in LC neurons and steep declines in
noradrenaline/norepinephrine (NE) release in both the LC and medial prefrontal cortex (mPFC).
Knockdown of a2 A adrenergic receptors in LC neurons significantly mitigated the decline of NE
release induced by repetitive stimulation and extended wakefulness, demonstrating an important
role of a2A receptor-mediated auto-suppression of NE release. Together, these results suggest
that functional fatigue of LC noradrenergic neurons, which reduces their wake-promoting
capacity, contributes to sleep pressure.
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Abstract: Sleep is indispensable and maintained homeostatically, but its functions remain
largely unknown. Here we show that sleep rejuvenates noradrenergic (NE) transmission that
diminishes during wakefulness in locus coeruleus (LC) neurons to restore the capacity for
arousal. Using optogenetics and fiber-photometry recording of NE biosensors in freely moving
mice, we found that three hours of sleep deprivation diminishes laser evoked NE release in LC
that gradually recovers in ~30 min in subsequent sleep. This decline of evoked NE release is
activity-dependent and accompanied by a reduction in the percentage of LC induced
wakefulness. Furthermore, genetic inactivation of the mTOR (mammalian target of rapamycin)
pathway specifically in LC decreases the level of tyrosine hydroxylase, the rate-limiting enzyme
for NE synthesis, and delays the recovery of evoked NE release from sleep deprivation or
prolonged optogenetic stimulation, suggesting a potential role of NE synthesis. In spontaneous
sleep-wake cycles, LC evoked NE release also decreases during wakefulness and increases in
sleep in a duration-dependent manner. Optogenetic stimulation with longer duration or at higher
frequency lengthens the recovery period on the order of minutes. Altogether, these results reveal
the activity-dependent functional decline of neurotransmission in wakefulness and the essential
role of sleep in its restoration to promote the next cycle of arousal.
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Abstract: Prolonged wakefulness increases sleep drive and is compensated by increased sleep
duration and intensity. The mechanisms that regulate these homeostatic processes remain poorly
understood in mammals, despite the identification of broadly distributed sleep regulatory
circuits. Here, we identify specific neuronal populations that respond to sleep deprivation and are



required for increased sleep drive during wakefulness. Whole-brain Fos mapping during sleep
deprivation, recovery, and unperturbed circadian behavior revealed anatomically restricted
correlates for extended wakefulness and recovery sleep. Using genetically targeted
manipulations, we identify subsets of deprivation-sensitive cells in the preoptic area and median
raphe that promote NREM sleep and increase slow wave activity, a marker for sleep intensity.
Strikingly, inhibiting deprivation-sensitive cells reduces baseline NREM sleep, allows animals to
sustain longer wake bouts, and nearly abolishes the increased sleep propensity normally
observed during sleep deprivation. Sleep deprivation-sensitive cells in the median raphe (MRSP
cells) include inhibitory and serotonergic populations that synergistically promote NREM sleep,
in contrast to a glutamatergic population that increases wakefulness. MR®P cells project broadly
to numerous subcortical targets, and may act in part through known hypothalamic sleep centers.
Cumulatively, these results define novel neural circuit elements that promote sleep according to
wake duration.

Disclosures: W. Joo: None. C. Diester: None.
Presentation Number: NANO26.04
Topic: F.07. Biological Rhythms and Sleep

Support: NIMH R21MH127341
Baszuki Milken for Bipolar Disorder
Harvard Brain Science Initiative Bipolar Disorder Seed Grant

Title: Adaptation to photoperiod via dynamic serotonin-glutamate neurotransmitter segregation

Authors: *G. MADDALONI, Y. CHANG, R. A. SENFT, S. M. DYMECKI;
Harvard Med. Sch., Boston, MA

Abstract: Changes in daylight amount (photoperiod) drive pronounced alterations in physiology
and behaviour. Adaptive responses to seasonal photoperiods are vital to all organisms —
dysregulation is associated with disease, from affective disorders to metabolic syndromes.
Circadian rhythm circuitry has been implicated yet little is known about the precise neural and
cellular substrates that underlie phase synchronization to photoperiod change. Here we present a
previously unknown brain circuit and novel system of axon branch-specific and reversible
neurotransmitter deployment that together prove critical for behavioural and sleep adaptation to
photoperiod change. We found that the recently defined neuron type called mrEnl-Petl located
in the mouse brainstem Median Raphe Nucleus (MRN) segregates serotonin versus VGLUT3
(here proxy for the neurotransmitter glutamate) to different axonal branches innervating specific
brain regions involved in circadian rhythm and sleep/wake timing. Whether measured during the
light or dark phase of the day this branch-specific neurotransmitter deployment in mrEnl1-Petl
neurons was indistinguishable; however, it strikingly reorganizes on photoperiod change.
Specifically, axonal boutons but not cell soma show a shift in neurochemical phenotype upon
change away from equinox light/dark conditions that reverses upon return to equinox. When we
genetically disabled the deployment of VGLUT3 in mrEn1-Petl neurons, we found that
sleep/wake periods, voluntary activity, and clock gene expression failed to synchronize to the
new photoperiod or were significantly delayed. Combining intersectional rabies virus tracing and
projection-specific neuronal silencing in vivo, we delineated a Preoptic Area-to-mrEnlPetl



connection responsible for decoding the photoperiodic inputs, driving the neurochemical shift
and promoting behavioural synchronization. Our results reveal a previously unrecognized brain
circuit along with a novel form of periodic, branch-specific neurotransmitter deployment that
together regulate organismal adaptation to photoperiod changes.
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Abstract: Astrocytes are the most abundant glia cells in CNS and serve to support neuronal
function. Astrocytes exhibit somatic Ca?* elevations that are dependent on noradrenergic
receptor al activation. These global Ca®* events are linked with transitions to states of increased
arousal and have been shown to cease during sleep. Until recently this lack of astrocytic Ca®*
events during sleep was believed to be due to low tonic locus coeruleus (LC) activity during
sleep. However, it has now been shown that LC is periodically active during NREM sleep which
creates an oscillatory pattern of norepinephrine (NE) levels. We hypothesize that astrocytic
silence during sleep is caused by subthreshold NE oscillations, and that only larger NE changes
associated with state-transitions are accompanied by somatic Ca?* elevation in astrocytes. Using
fiber photometry alongside electroencephalography (EEG) and electromyography (EMG)
recordings from adult (3-4 months old) male and female mice (n=6-7), we characterized somatic
Ca?" events implicated in different state transitions. We also probed the dissociation between NE
and astrocytic Ca?* during sleep using optogenetic activation of LC in TH-Cre mice (n=4). We
found that the brain state is predictive of astrocytic responsiveness to NE elevations and not all
awakenings are associated with somatic Ca®* increases. In conclusion, astrocytic Ca?* events are
associated with awakenings to a higher degree than micro-arousals and the amplitude of Ca?"*
events correlate with the degree of arousal response.
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Abstract: Sleep amount varies widely across species, from 2 to 5 hoursin giraffes to 18 to 22
hours in koalas. Studies in mice and humans reveal thatsleep quantity is governed by genetic
factors. However, the core molecularpathways and effector mechanisms that regulate sleep
amount in mammals remain poorlyunderstood. Here, we characterize a major signaling pathway
for transcriptionalregulation of sleep quantity in mice by adeno-associated virus-mediated
somaticgenetics analysis. Gain-of-function mutation in salt-inducible kinase 3 (Sik3)is reported
to result in SLEEPY (SLP) protein expression and hypersomniaphenotype in mice. SIK3 is
phosphorylated at Thr221 and activated by liverkinase B1 (LKB1). Adult brain chimeric (ABC)-
knockout of LKB1 markedly reducesnon-rapid eye movement sleep (NREMS) amount, which is
partially restored by ABC-expressionof SIK3/SLP-S™2E in mouse brain neurons. SIK3
phosphorylates histonedeacetylase 4/5 (HDAC4/5) and leads to their sequestration in the
cytoplasm. HDACA4/5is dephosphorylated and translocated into the nucleus in the ABC-
Lkb1“%®mouse brains. Expression of dominant-negative HDAC4/5NVP!6 in ABC-Lkb1“®mice
completely abolishes its insomnia phenotype. Furthermore, gain orloss-of-function of HDACA4/5,
whose phosphorylation levels correlate with sleepneed, in mouse brain neurons causes
bidirectional changes of NREMS amount.Genetic and transcriptomic studies reveal that HDAC4
cooperates with cAMPresponse element-binding protein (CREB) in both transcriptional and
sleepregulation downstream of LKB1-SIK3. Furthermore, our genetic, biochemical,
andstructural modeling results demonstrate that transcription factor 4 (TCF4)bridges HDAC4
and CREB to form a transcriptional complex to regulate daily sleepamount. Moreover, brain-
derived neurotrophic factor (BDNF)-tropomyosin receptorkinase B (TrkB) signaling regulates
NERMS amount downstream of CREB and SIK3. Inconclusion, our study identifies LKB1-
SIK3-HDAC4/TCF4/CREB-BDNF/TrkB as thefirst molecular pathway that transcriptionally
regulates sleep duration. Thesefindings introduce the concept that signaling pathways target
transcriptionmodulators to regulate daily sleep amount and demonstrate the power of
somaticgenetics in mouse sleep research.
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Abstract: Sleep need accumulates during waking anddissipates during sleep to maintain sleep
homeostasis (process S). Besidesregulation of daily sleep amount, a hallmark of process S is the
homeostaticsleep regulation: sleep loss causes increased amount and intensity ofsubsequent
recovery sleep. The central regulators of process S and specificbrain regions that govern sleep
homeostasis in mammals remain unclear. Here, weinvestigate the function of calcineurinin sleep
regulation using AAV-mediated somatic genetics analysis, and
biochemical/neurosciencemethods. We report that enhanced calcineurin activity in the mouse
brainneurons transiently increases non-rapid eye movement sleep (NREMS) to average~17-
h/day, while knockout of calcineurin diminishes baseline NREMS to average~4-h/day. In
addition, knockout of calcineurin also abolishes recovery NREMS aftersleep deprivation. Lack
of sleepis reported to impair performance, while a series of behavioral tests (rotarod,open field,
forced swimming, sucrose preference and wheel-running test) indicatethat calcineurin knockout
mice show normal behaviors. The sleep need, which isindicated by the strength of delta power
(0.5-4 Hz) in NREMS, accumulatesduring wakefulness and dissipates during sleep.
Mathematical simulation ofdelta power indicates that calcineurin is critical to the accumulation
of sleepneed. At the molecular level, salt-inducible kinase 3 (SIK3) is identified as anew
substrate of calcineurin in sleep regulation. Calcineurin antagonizes proteinkinase A (PKA) by
dephosphorylating SIK3 Ser551 to regulate sleep time. Sleepis thought to be regulated by
specific brain regions and neural clusters. UsingVgat©";Rosa26-5-"“®° and Vglut2©™;Rosa265
Ca9mice, we show that calcineurinpromotes baseline NREMS in both excitatory and inhibitory
neurons, but regulates recovery sleepspecifically in excitatory neurons. Moreover, calcineurin
isspecifically required in the locus coeruleus-noradrenergic (LCna)neurons for the transcriptomic
and homeostatic responses to sleep deprivation.While ablation and inhibition of LCna neurons
diminish recoveryNREMS after sleep loss, chemo-/optogenetic activation of LCnaneurons
recapitulates recovery NREMS by increasing the amount and intensity ofNREMS. These results
establish calcineurin as a central regulator of process Sand identify LC as a potential sleep need
center that governs NREMS homeostasisin mice.
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Abstract: The relationship between sleep and memory is an active topic of investigation. In
this context, we demonstrate that enhancing sleep restores memory to flies with ablated
Mushroom Bodies (MB), a key memory center; this is consistent across several memory
assays. Mapping the underlying circuitry reveals circadian modulation of a subset of
Dopaminergic neurons (DANSs) that modulate aversive learning. Using imaging, we show
that MB-ablation disrupts, and sleep restores the time of day these neurons are most
responsive. Knocking down the receptor for the clock output signal, Pigment-dispersing
factor (Pdfr), in this subset of DANs restores memory to MB-ablated flies. Crucially, MB-
ablation does not result in memory impairments in the absence of a functioning clock. Our
results reveal neuromodulation’s key role in cognitive restoration, where sleep aids
memory in damaged brains, but a functioning clock unexpectedly hinders this process.
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Abstract: Sleep in the early developmental stages is particularly important for brain
development, as supported by epidemiological studies and experimental evidence from
mammalian models. Sleep regulation mechanisms in babies likely differ from those in adults,
because sleep in the early developmental stages is typically independent of circadian rhythms.
Despite its importance, molecular and neuronal mechanisms underlying developmental sleep
remain largely unknown. This is partially due to the complexity of the overall neural circuitry in
mammalian models and the difficulty of analyzing them at the cellular level. To tackle this issue,
we chose fruit fly larvae as an experimental model with simpler neural circuits. We first
conducted a genetic screen and found that loss-of-function mutations in the neuropeptide Hugin
and its receptor PK2-R1 significantly increased the amount of sleep at the larval stage.
Consistently, the suppression of either Hugin neurons or PK2-R1 neurons resulted in prolonged
developmental sleep. We further narrowed down the neurons responsible for Hugin-mediated
sleep control into Hugin-PC neurons with a characteristic innervation to the protocerebrum.
Contrary to developmental sleep in larvae, the same genetic silencing of Hugin-PC neurons
failed to promote adult sleep. Based on these data, we will discuss how neuropeptides
differentially regulate sleep at the developmental and adult stages in Drosophila.
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receptors
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Abstract: A net increase in synaptic strength accrues in many synapses during wakefulness as
the inevitable consequence of ongoing learning. However, to avoid saturation and keep energy
costs under control, the wake-related synaptic strengthening needs to be corrected via a broad but
selective process of synaptic weakening. Electrophysiological, molecular, and ultrastructural
evidence supports the hypothesis that sleep promotes this net decrease in excitatory synaptic
strength. Nonetheless, several outstanding questions about sleep-dependent synaptic weakening
remain. A major unresolved question relates to whether non-rapid eye movement (NREM) sleep
and rapid eye movement (REM) sleep play specific roles in sleep-dependent synaptic weakening.
Another unresolved question is whether a few hours of recovery sleep following acute sleep
deprivation are sufficient to bring net synaptic strength back to baseline levels. To address these
guestions, we used two established molecular markers of synaptic strength, the levels of the
AMPA (Alpha-Amino-3-Hydroxy-5-Methyl-4-1soxazole Propionic Acid) receptors containing
the GIuA1l subunit, and the phosphorylation of GIuAL1 at serine 845 (p-GluA1(845)). We
measured changes of these two markers in synaptosomes of mouse cortex (one hemisphere),
using the following 4 experimental conditions (8 C57BL/B6 mice per condition, 14-15 weeks old
of both sexes): sleep (5 hours), sleep deprivation (5 hours, with novel objects), recovery sleep (5



hours) after sleep deprivation (5 hours), and REM sleep deprivation (5 hours). Finally, we also
tested whether sleep-dependent synaptic weakening is affected by aging. For this experiment we
used aged mice (85-86 weeks old) assigned to 3 experimental conditions: sleep, sleep deprivation
and recovery sleep after sleep deprivation (4 male mice per condition). We find that relative to
after sleep deprivation, GIuAl and p-GluA1(845) are lower in the sleep group and in the REM
sleep deprivation group indicating that the expression of these markers decreases after sleep
independent of whether the mice enter or not REM sleep. Additionally, 5 hours of recovery sleep
following acute sleep deprivation are enough to renormalize GluA1 and p-GluA1(845)
expression. Thus, the renormalization of GIuA1 and p-GluA1(845) expression seems to crucially
rely on NREM sleep and can occur in a few hours of sleep after acute sleep deprivation.
Moreover, this process seems to be unaffected by aging.
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Abstract: Uncontrolled hemorrhage following surgery or trauma can represent a medical
emergency that increases patients’ risk for blood transfusions, re-operation to control bleeding,
hemorrhagic shock, and even death. While surgeons manage bleeding with tourniquets,
electrocautery, and hemostatic agents, there is no routine method to prophylactically enhance
hemostasis to reduce the risk of bleeding. Previously, we showed that electrical invasive vagus
nerve stimulation (VNS) reduces duration of bleeding and total blood loss by >50% in murine
and porcine models of soft tissue injury. Characterization of the effects of iIVNS on hemostasis
revealed the “Neural Tourniquet,” a pathway that connects the brainstem to circulating platelets
via the vagus nerve. VNS causes splenic T-lymphocytes to release acetylcholine, which binds
platelet a7 nicotinic cholinergic receptors to increase calcium influx. These “primed” platelets
respond more rapidly to pro-coagulant stimuli, especially thrombin, by increasing a-granule
release as indicated by P-selectin expression. Ultimately, these platelets improve systemic



hemostasis by accelerating clot formation at injury sites. To translate our preclinical findings, we
conducted the first-in-human single-site, randomized, sham-controlled blinded trial to determine
whether the neural tourniquet pathway can be activated by stimulating cranial nerves on and
around the ear. Participants (18-65 years, both genders) were consented and randomized to
receive either electrical stimulation of the auricular branch of the vagus nerve (ABVN) or
transcutaneous auricular neurostimulation (tAN), which targets both the ABVN and the
auriculotemporal nerve (ATN). All subjects underwent a 30-minute sham stimulation session
followed by a 30-minute active stimulation session. Blood samples were drawn at baseline, post-
sham, and post-stim, and assessed for platelet activation by fluorescence-activated cell sorting
and viscoelastic testing by thromboelastography. The results demonstrated that tAN, but not
ABVN stimulation alone, significantly increases platelet a-granule release by 20% and overall
clot strength by 25%, consistent with preclinical studies. These results suggest that tAN is a
viable approach to modulate platelet function and improve hemostasis in healthy humans.
Further clinical studies are warranted.
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Abstract: The nervous and immune systems are engaged in constant crosstalk to maintain health
and coordinate host responses. The vagus nerve is an important component of this neuro-immune
interface, and vagus nerve stimulation (VNS) is a promising approach in the field of
bioelectronic medicine, particularly for managing chronic inflammatory disorders. By activating
the vagus nerve-mediated inflammatory reflex, VNS offers potential therapeutic benefits to
regulate excess inflammation in patients. However, traditional VNS methods are predominantly
invasive and rely on electrical stimulation, which may trigger off-target effects. Our research
explores noninvasive alternatives for neuromodulation that can be genetically targeted to
neuronal populations or nerve fiber subsets. One such alternative is red-light-shifted
optogenetics, which uses longer wavelength red or infrared light that can penetrate biological
tissues to reach gene-targeted opsins.

Here, we examined the efficacy of optogenetic VNS using red-light activatable channelrhodopsin
(ReaChR) for reducing cytokine production during acute inflammation. We used genetic
targeting of ReaChR expressed in choline acetyltransferase-positive (ChAT) neuronal
populations (ChAT-ReaChR mice) and another group targeting transient receptor potential
vanilloid subfamily member 1 (TRPV1)-ReaChR mice. Acute inflammation was induced via
intraperitoneal lipopolysaccharide (LPS) injection. Following LPS injection, we delivered red
light (635nm, 10 Hz, 25 ms for 2 min) to the cervical vagus nerve for optogenetic VNS. We find
that optogenetic activation of specific cholinergic circuits within brainstem nuclei and the vagus
nerve can be controlled with light to regulate inflammatory responses in the body. Specifically,
ReaChR activation of ChAT+ vagal fibers led to a significant reduction in splenic TNFa levels
(p < 0.001) but did not affect cytokine levels systemically (p = 0.81). Stimulation of TRPV1-
positive vagal fibers did not regulate cytokine production. Notably, ChAT+ fiber activation also
induced sustained bradycardia (~23% heart rate decrease), highlighting additional cardiovascular
effects of this neuromodulation technique.

These findings highlight the potential of ReaChR-based optogenetic VNS as a non-invasive
method for achieving high spatiotemporal control of genetically-targeted neuronal subsets to
modulate inflammation. This approach not only reduces the risks associated with surgical
interventions but also provides a targeted mechanism to modulate the immune response, opening
new avenues for the treatment of various inflammatory conditions.
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Abstract: Introduction: Trauma is the leading cause of death for Americans 1 to 45 years of
age. Uncontrolled hemorrhage is the most common preventable cause of traumatic death. Direct



pressure or tourniquets mitigate extremity bleeding, but surgical management is necessary to
control non-compressible truncal hemorrhage. Unfortunately, systemic hemostatic therapies are
limited. Electrical vagus nerve stimulation (VNS) accelerates clotting to reduce traumatic
bleeding in mice through a pathway requiring ChAT" T-lymphocytes in spleen and a7 nicotinic
acetylcholine receptors (a«7nAChR) on circulating platelets. Focused ultrasound (FUS)
stimulation of spleen decreases traumatic bleeding. Utilizing a murine tail transection
hemorrhage model, here we investigate whether ChAT* T lymphocytes or a7nAChR are
required for hemostasis following FUS. Methods: Adult male wild-type (C57BL6), conditional
T-lymphocyte knockout (CD4-ChAT™), or a7nAChR knockout mice (a7KO) are anesthetized
(ketamine/xylazine), placed in the right lateral decubitus position, and the spleen is identified by
surface anatomy. The ultrasound probe (Sonic Concepts, H101) is placed on shaved skin with
ultrasound gel and aimed at the splenic hilum. The function generator (33120A, Keysight
Technologies) and power amplifier (350L RF, Electronics and Innovations) deliver 1 min of
stimulation (1.1 MHz, 200 mV per pulse, 150 burst cycles, 500 ps burst period), followed by 30
s of rest, and then 1 min of stimulation. Sham stimulated animals receive FUS over the right
quadriceps. Animal tails are warmed in water (37 = 1°C, 5 min), transected 2 mm from the tip,
and bled into water (37 £ 1°C) until hemorrhage stops for at least 10 s. Hemorrhage duration is
recorded as bleeding time. Results: Compared with sham stimulation, FUS significantly reduces
bleeding time in wild-type mice (Sham = 1105+ 7.7svs. FUS =729 £ 6.6 s, mean £ SEM, n =
10, p < 0.01, t-test). Compared with sham stimulation, FUS fails to decrease bleeding time in
CD4-ChAT” mice (Sham = 117.5+ 11.3 s vs. FUS =91.0 + 14.9 5, n = 5, p=ns), or a7KO mice
(Sham = 125.7 £ 9.22 s vs. FUS = 127.4 + 9.54 s, n = 8, p=ns). Conclusions: FUS stimulation of
spleen requires CD4-ChAT" T-lymphocytes and a7nAChR to reduce hemorrhage. FUS warrants
further clinical studies in trauma, surgical bleeding, and bleeding disorders.
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Abstract: Over the past decade, there has been increasing excitement and research discoveries in
using non-invasive ultrasound for modulating the nervous system and end-organs for potentially
treating a broad range of health disorders. Particularly for end-organ modulation, multiple
preclinical animal studies have demonstrated that noninvasive ultrasound stimulation of the
spleen can treat different acute and chronic inflammatory disorders. In my talk, I will provide a
brief overview of these previous animal studies and then share the development and translation
of a novel wearable ultrasound device for treating patients suffering from rheumatoid arthritis.
Ultrasound stimulation of the spleen has been shown to significantly improve clinical outcomes



and reduce joint swelling in an inflammatory arthritis mice model. These encouraging results
then led to a pilot clinical trial in which 13 rheumatoid arthritis patients were treated with daily
splenic ultrasound stimulation for two months using a wearable device developed by
SecondWave Systems (MINI™ device); many of these patients were those who were not
sufficiently responding to conventional drugs or advanced biologics. After splenic ultrasound
stimulation, the participants exhibited significant improvement in the DAS28-CRP score, which
is a widely utilized disease activity metric for rheumatoid arthritis that was the outcome measure
for the primary endpoint analysis. More than two-thirds of the participants experienced a clinical
benefit to treatment in which all 13 participants indicated the wearable ultrasound device was
very comfortable. There were minimal adverse events with no treatment related serious adverse
events. These positive clinical results for the use of splenic ultrasound for treating rheumatoid
arthritis opens opportunities for leveraging this approach for potentially treating other
inflammatory conditions, such as inflammatory bowel disease, pulmonary hypertensions, acute
kidney injury, sepsis, and acute infections.
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Abstract: The vagus nerve based inflammatory reflex plays a major role in the neural regulation
of inflammation (Nature, 2002). Recent studies have identified the celiac-superior mesenteric
ganglion complex (CSMGC) as an essential component of the efferent arm of the inflammatory
reflex. In the CSMGC, both efferent vagus nerve fibers and spinal sympathetic preganglionic
fibers interact with the catecholaminergic neurons innervating the spleen, liver and other organs.
While the efferent vagus nerve - splenic nerve interaction in the CSMGC is essential for
suppressing pro-inflammatory cytokine responses and adverse inflammation, the possibility of
direct neuromodulation of the CSMGC to regulate inflammation has been understudied. To
provide insight, we used noninvasive focused ultrasound stimulation (FUS) targeting the
CSMGC in murine endotoxemia. There is a growing interest in exploring FUS as an anti-
inflammatory modality, but whether inflammation can be altered using FUS of the CSMGC
remained unknown. We subjected male 10-14 weeks old C57BL6 mice to 5 mins or 2 mins of



FUS (1.1MHz and 200mV per pulse, 150 burst cycles, 500us burst period) or sham stimulation
of the CSMGC followed by intraperitoneal lipopolysaccharide (LPS, 0.25 mg/kg) administration.
90mins post LPS administration mice were euthanized, blood and liver were collected for
cytokine analysis. As compared to sham stimulation, FUS of the CSMGC for 5 mins
(n=11,12/group) significantly attenuated serum TNF levels (1,875 £ 226.1 pg/ml vs 672.6 £
96.76 pg/ml, P< 0.0001) and hepatic TNF levels (27.8 £ 2.486 pg/mg vs 16.02 + 2.061 pg/mg,
P=0.0018), while significantly elevating serum IL-10 levels (6,467 + 1,027 vs 9,671 + 875
pg/ml, P=0.0374) in murine endotoxemia. However, FUS of the CSMGC for 2 mins
(n=15/group) did not significantly alter serum TNF levels (1,458 + 154.9 pg/ml vs 1,120 + 85.85
pg/ml, P=0.1607). These results demonstrate for the first time the anti-inflammatory effects of
direct FUS of the CSMGC and identify the CSMGC as an essential target to suppress systemic
and hepatic inflammation with a potential for clinical translation. This work was partially
supported by NIGMS.
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Abstract: BACKGROUND: Inflammation is pathogenically implicated in pulmonary
hypertension (PH); however, it has not been adequately targeted therapeutically. We investigated
whether neuromodulation of an anti-inflammatory neuroimmune pathway involving the splenic
nerve using noninvasive, focused ultrasound stimulation of the spleen (sFUS) can improve
experimental PH. METHODS: PH was induced in rats either by Sugen-hypoxia or
monocrotaline injection. Animals were randomized to receive either daily, 12-min-long sessions
of sFUS or sham stimulation, for 14 days. Catheterizations, echocardiography, indices of
autonomic function, lung and heart histology and immunohistochemistry, spleen flow cytometry
and lung single-cell-RNA sequencing were performed after treatment to assess effects of SFUS.
RESULTS: Splenic denervation right before induction of PH results in a more severe disease
phenotype. In both disease models, sSFUS treatment reduces right ventricular (RV) systolic
pressure by 25-30% compared to sham treatment, without affecting systemic pressure, and
improves RV function and autonomic indices. sFUS reduces wall thickness, apoptosis, and
proliferation in small pulmonary arterioles, suppresses CD3+ and CD68+ cell infiltration in
lungs and RV fibrosis and hypertrophy and lowers brain natriuretic peptide. Beneficial effects
persist for weeks after SFUS discontinuation and are more robust with early and longer
treatment. Splenic denervation abolishes sFUS therapeutic benefits. SFUS partially normalizes



CD68+ and CD8+ T- cell counts in the spleen and downregulates several inflammatory genes
and pathways in nonclassical and classical monocytes, and macrophages in the lung.
Differentially expressed genes in those cell types are significantly enriched for human PAH-
associated genes. CONCLUSIONS: sFUS causes dose-dependent, sustained improvement of
hemodynamic, autonomic, laboratory and pathological manifestations in two models of
experimental PH. Mechanistically, SFUS normalizes immune cell populations in the spleen and
downregulates inflammatory genes and pathways in the lung, many of which are relevant in
human disease.
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Abstract: Introduction: Motor imagery (MI) involves the mental rehearsal of an action. Ml does
not necessitate any movement and may improve motor rehabilitation. Functional Near-Infrared
Spectroscopy (fNIRS) is a non-invasive neuroimaging modality that uses light to observe
changes in blood oxygenation associated with neural activity. Neurofeedback (NFB) involves
processing brain activation data online to relay key features back to the participant in real-time.
NFB may have clinical applicability for motor rehabilitation since improving MI may improve
clinical outcomes. A support vector machine (SVM) is a machine learning algorithm used for
brain computer interfaces (BCI) to extract signal features for task differentiation. fNIRS has not
been used to capture brain activation associated with MI for the purposes of task differentiation
or NFB. Therefore, we sought to assess the feasibility of NFB training and task differentiation
with fNIRS by studying the rate at which MI brain activation can be correctly separated from rest
in healthy adults using two session structures. Methods: Participants completed 4 sessions of 60-
minute M1 sessions with fNIRS based NFB. Participants were randomized to complete MI with
minimal rest (group 1), or to receive a ten-minute break halfway through each session (group 2).
Participant discomfort, focus, and fatigue were assessed at the end of each session. Intra-
participant SVMs were trained with all fNIRS data except a random run for each individual and
tested on that random run. One-way ANOVAs were used to assess differences between groups.
Results: 17 healthy adults (12 female; median age = 29) were recruited; two withdrew before
completing the protocol. An Intra-participant SVM was created for each participant who



completed the protocol. The mean correct classification rate across n = 15 was 68.3% (sd =
20.9). There was no significant difference in task differentiation accuracy according to group (p
= 0.8). There were no significant differences between groups for focus level (p = 0.4), discomfort
(p =0.3), or fatigue (p = 0.8) (n = 17). Conclusions: fNIRS is a feasible technique for NFB
training with a correct signal classification rate of 68% when trained and tested within an
individual. A break halfway through training sessions did not lower the rate of correct
classification or decrease participant burden. We recommend completing hour long sessions to
reduce set-up time; however, a short rest should be permitted if needed.
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Abstract: Optogenetics has been extensively utilized in neuroscience due to its ability to activate
specific neurons by light illumination in a spatiotemporal manner. To achieve light delivery
inside the brain, optical fibers and micro light-emitting diodes are commonly employed with
craniotomy and invasive implantation. Nonetheless, these implantable platforms require the
fixation on the skull, limiting their capability for repositioning for multi-region stimulation.
Besides, the invasive implantation will inevitably lead to the perturbation of tissue
microenvironment and immune response. To this end, we developed a sono-optogenetic platform
with non-invasive deep-tissue light delivery capability that can achieve brain-wide optogenetic
screening. Specifically, a circulatory light source of mechanoluminescent nanotransducers
(MLNTSs) were systematically administrated, generating localized light emission upon tissue-
penetrant focused ultrasound (FUS) application. We first characterized the light emission in a
tissue-mimicking phantom and an artificial circulatory system, and validated the sono-
optogenetic stimulation in Thy1-ChR2-YFP mice via immunohistostaining. Taking advantages
of this non-invasive light delivery approach, we have achieved multi-region optogenetic
stimulation over a long distance in the same animal by stereotaxically manipulating the applied
FUS. Using wearable FUS transducer, we demonstrated rapid optogenetics screening on free-



behaving mice with behavior assays. In conclusion, we developed a generalizable non-invasive,
deep-tissue light delivery method, and demonstrated its unique advantages in optogenetic
studies. We envision that this method will facilitate new insights for dissecting complex brain
functions and dynamics in the near future.
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Abstract: Alcohol use disorder is considered a maladaptive manifestation of learning and
memory, potentially encoded by engrams. The role of striatal direct-pathway medium-spiny-
neurons (dMSNs) in mediating alcohol consumption is well-established. However, it remains
elusive whether alcohol-recruited dMSNs alone shape a functional engram, forming a persistent
trace of alcohol memory that promotes relapse. Here, we demonstrate that alcohol-recruited
dorsostriatal dAMSNSs are pivotal for the retrieval of a cue-alcohol memory. These dMSNs exhibit
preferential synaptic potentiation from alcohol-activated inputs, and artificially creating engram
dMSNs by inducing synaptic strengthening is sufficient for encoding a cue-reinforcer memory.
Moreover, extinction training reduces the activity and reactivation of engram dMSNs during
cued relapse. Intriguingly, silencing these engram dMSNs via LTD mimics the effects of
extinction, persistently suppressing relapse. Collectively, our findings illustrate that alcohol
recruits a cell-type-specific striatal engram encoding long-lasting cue-alcohol memories, which
can be mitigated by extinction training to curb relapse.
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Abstract: Alcohol use disorders (AUDSs) are chronic relapsing disorders characterized by
repeated cycles of binge/intoxication, withdrawal/negative affect, and
anticipation/preoccupation. The withdrawal/negative affect stage includes an emergence of
heightened pain states, that are thought to drive further drinking and perpetuate the cycle. One
important brain area mediating these behaviors is the prelimbic subregion of the prefrontal
cortex. The prelimbic cortex (PL) contains a diverse group of neurons, including long-range
glutamatergic projection neurons as well as short range GABAergic interneurons. One target of
PL neurons is the periaqueductal gray (PAG), an area known for its role in descending pain
modulation. In the studies presented here, we investigated the role of PL-PAG neurons in
mediating alcohol-withdrawal induced pain states. In the first experiment, we found application
of noxious stimuli induced activation of PL-PAG neurons. In the subsequent studies, we
investigated the role of PL-PAG neurons in alcohol-withdrawal induced pain by subjecting the
mice to a continuous 2-bottle choice drinking paradigm. This model reliably induces both
allodynia and hyperalgesia, as evidenced by increased sensitivity to mechanical, thermal, and
cold stimuli at 72h withdrawal. We found optogenetic activation of the PL-PAG pathway
ameliorated these phenotypes, suggesting this pathway is critical for alcohol withdrawal induced
pain states. Current studies are underway to examine changes in excitability of PL-PAG neurons
following alcohol withdrawal. Considering projection neurons also receive local inhibitory input
from neighboring interneurons, we also examined the effects of alcohol withdrawal on
interneuron excitability in the PL using PV:Ail4, VIP:Ail4 and SOM:Ai14 mice. In these
experiments, alcohol naive mice were compared to alcohol-drinking mice in 72h withdrawal, the
same timepoint where we saw increased pain sensitivity. In PV+ PL neurons, alcohol withdrawn
males exhibited increased neuronal excitability compared to controls, an effect that was largely
absent in females. In VIP:Ail4 mice, there was no effect of alcohol withdrawal on VIP+ neuron
excitability in males; however, alcohol drinking decreased excitability in females. There was no
effect of alcohol drinking on SOM+ neuron excitability. Together, these studies suggest alcohol
withdrawal and PL activity are extremely intertwined, as demonstrated by the PL-PAG pain
studies as well as interneuron excitability experiments.
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Abstract: Sensitivity to alcohol’s stimulant effects predicts diagnosis with AUD and symptom
severity (King et al., 2021). C57BL/6J mice show sex differences in sensitivity to the stimulant
effect of ethanol and in tonic GABAergic signaling in the ventral tegmental area (VTA;
Darnieder et al.,2019). We used a chemogenetic approach to dissect a role for GABAergic
inhibition in the VTA in regulating sex differences in the stimulant response to ethanol and in the
expression of maladaptive reward sensitivity following chronic exposure. Male and female
C57BL6/J mice (5-8/group) were administered alcohol (2.0g/kg) for 14 days, with locomotor
activity assessed on the first and final days of exposure. Animals were given an opportunity to
interact with a sexually-immature juvenile for 5 minutes before (after the last day of exposure)
withdrawal or at two time points following abstinence. Brains and bloods were harvested 30
minutes after this social interaction opportunity. Although there was a marginal sex difference in
the stimulant response to alcohol, females showed unique sensitization to alcohol’s psychomotor
effects. Males showed a significant reduction in social preference associated with this
sensitization protocol, while females required abstinence to reveal this reduction in reward
sensitivity. Neural activity showed significant sex-specific reactivity of VTA-LFP to acute
ethanol. To probe the role that GABAergic inhibition in the VTA plays in this sex difference,
male and female VGAT-cre mice (7-9/group) received 250 nL of pAAV-hSyn-DI0-hM4D(Gi)-
mCherry or the sham mCherry virus (pPAAV-hSyn-DIO-mCherry) into the VTA. Animals
received a single administration of CNO (1.0mg/kg, ip) and were tested 7 or 14 days later for
their reactivity to alcohol (2.0g/kg). Chemogenetic inhibition of VGAT-positive putative
GABAergic neurons significantly produced hyperactivity in males only and permitted an
increase in ethanol-induced stimulation. This manipulation enhanced a hypolocomotor response
for females following ethanol. Immunohistochemistry suggests sex differences in the expression
of multiple GABAA receptor subtypes that regulate tonic inhibition on dopaminergic and non-
dopaminergic neurons in the VTA. The results support a sex-specific role for VTA GABAergic
neurons in the responsivity of the local network to ethanol and in constraining the behavioral
changes that follow exposure to the drug.
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Abstract: Automatic approach and avoidance tendencies towards alcohol play a major role in
maintaining alcohol dependence. However, the approach bias modification interventions are seen
to have negligible effects on relapse prevention due to a limited understanding of underlying
neural mechanisms and a lack of focus on modulating these mechanisms at the neural level. The
current work aims to explore the behavioral and event-related potential (ERP) differences based
on these automatic tendencies and further probe into the neurocognitive processes and
responsible brain regions. The study was conducted in a laboratory setting on 19 heavy drinkers
(Alc) and 20 non-drinkers (NAIc) adults, where participants performed an Alcohol Approach-
Avoidance Task (AAT), a task for assessing/categorizing participants with automatic approach
(AAppr) or avoidance (AAvoi) tendencies toward alcohol, while electroencephalography (EEG)
recording. A 2 (group: Alc, NAIc) x 2 (automatic tendencies: approach, avoidance) ANOVA for
behavioral outcome and ANOVA with planned contrasts for Alc and NAlc, AAppr and AAvoi
groups, and neutral and alcohol stimuli comparisons were performed on early (100-200 ms), mid
(200-300 ms), and late (350-450 ms) ERP amplitudes and latencies. Behavioral results showed
AAT scores to be significantly influenced by the group-tendency interaction. For ERP measures,
amplitude differences were present between Alc and NAIlc groups at the occipital, parietal, and
frontal sites, and latency differences between alcohol and neutral stimuli at the occipito-parietal
sites. Interestingly, amplitude differences between the AAppr and AAvoi groups were specific to
the frontal sites (Fz, F3, F4), showing significantly reduced neural response in the AAppr group,
suggesting the recruitment of different neural mechanisms for maintaining alcohol intake
behavior. The AAppr and AAvoi differences were prominent for N100-200 and N350-450
amplitudes at the F4 electrode, suggesting the differential modulation of attention, response
inhibition, and decision-making processes. The results highlight the role of frontal and right
dorsolateral prefrontal cortex (dLPFC; underneath the F4 electrode) areas in driving the
differences in approach/avoidance tendency by significantly suppressing the neural responses in
the alcoholic population with approach biases. The findings suggest the subclassification of the
alcohol-consuming population based on automatic tendencies in future research and clinical
practices.
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Abstract: Alcohol use disorder (AUD) is a result of excessive binge alcohol consumption.
Impulsive behavior, a common trait among those who experience frequent binge alcohol episode,
may be an identifiable risk factor for potential AUD patients. It is important to understand how
impulse behavior and alcohol preference interact as these working in concert may expedite the
rate of the development of AUD. Here, we explore the effectiveness of training male and female
crossed high alcohol-preferring (cHAP) and low alcohol-preferring (LAP) mice in the 5-Choice
Serial Reaction Time Task (5-CSRTT) using a strawberry milk reward. Mice were trained in the
5-CSRTT five days a week to a baseline of 1 second stimulus duration (SD) and 5 second
intertrial interval (IT1). Mice were then given impulsivity testing by randomizing the ITI and
then attention testing by randomizing the SD. We found several interesting behaviors in these
alcohol-preference mouse lines. First, LAP mice were more likely to do less overall behavior
when the task became too challenging. Specifically, LAP mice performed less than 30 trials
during 1 sec SD, opposed to the >60 trials at a 5 sec SD. Thus, to compare cHAP and LAP mice
impulsivity, we performed an impulsivity test with a 5 sec SD. cHAP mice were not more
impulsive but performed more trials and with greater accuracy. Further, female cHAP mice were
found to have significantly lower correct response latency and less ITI tray entries than their
male counterparts. Our study shows that mice genetically bred to prefer alcohol are more
engaged with activities around them than the low alcohol-preferring mice as evidenced by the
performance in the 5-CSRTT. Additionally, female cHAP mice displayed greater attentiveness
and readiness to action than male cHAPs. Together, genetic preference for alcohol may promote
an overt fixation on behavioral tasks a potential vulnerability for development of AUD.
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Abstract: Real-life cues that induce alcohol cravings are contextually rich, engaging various
neurocognitive processes. While neural correlates of these cravings have been identified in
laboratory settings, most studies have focused on reward processing. However, recent
neuroimaging studies have revealed that aberrant neural activities, suggestive of distinct self-
referential processing, also occur when alcohol cues contain contextual elements. Here, we
aimed to investigate self-referential and reward processing and their dynamics in understanding
cue-induced craving. We conducted functional magnetic resonance imaging as problematic
alcohol users watched fifteen videos with alcohol-drinking scenes (20 minutes total) and reported



subjective levels of craving and self-relatedness (i.e., the relevance of the video to oneself) for
each video. Outside of the scanner, participants freely spoke about their reasons for drinking
alcohol for three minutes. While self-reported craving level, self-relatedness level, and addiction
severity were all positively correlated with each other, linear mixed-effects modeling indicated
that self-relatedness level significantly explained craving level even after controlling for
addiction severity. Furthermore, activations in the default mode network while watching the
videos were synchronized when individuals exhibited either similar craving responses, self-
relatedness responses, or similar reasons for alcohol drinking. However, higher addiction
severity was associated with greater idiosyncratic brain activations, especially in the regions
related to reward and self-referential processing. Notably, this neural asynchrony was explained
by idiosyncratic self-relatedness responses. Together, our findings suggest that self-referential
processing plays a critical role in alcohol cravings when cues contain naturalistic contexts, and
craving becomes an idiosyncratic process as addiction becomes severe, potentially due to
increasingly idiosyncratic self-referential processing.
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Abstract: Parvalbumin (PV) interneurons play a crucial role in shaping circuit plasticity;
defining differences in the capacity for behavioral adaptation noted across development and
across factors like sex or social status. In the basolateral amygdala, these PV-interneurons not
only constrain fear learning but dynamically respond to neurosteroid tone to facilitate shifts in
anxiety state. The current study investigated the impact that factors associated with shifts in
endogenous neurosteroid tone, such as sex, estrous status, dominance hierarchy,or isolation, had
on the development of rapid tolerance to the anxiolytic effects of alcohol in C57BI/6J mice.
Anxiety-like behavior was evaluated using the elevated plus maze (EPM) in female and male
(n=8-13/group) mice following one or two exposures to alcohol (1g/kg, i.p.) and/or saline.
Female mice that received their first exposure to ethanol during diestrus developed rapid
tolerance, with a 52.9% reduction in alcohol-induced anxiety-like behavior demonstrated by an
increase in open arm exploration. This effect was abolished for females who were singly housed.
Similarly, males only expressed significant changes in sensitivity to the anxiolytic effects of
alcohol when co-housed. Females who were exposed to alcohol for the first time during the
estrus phase showed sensitization to the anxiolytic-effects of ethanol when singly housed, and no
pharmacodynamic adaptation when co-housed. Brains were harvested following the first or



second exposure to alcohol and changes in cfos immunoreactivity were used as an index of cell
activation in PV -positive or -negative interneurons in the basolateral amygdala and ventral
hippocampus. Future analysis will evaluate whether BLA PV-interneuron activity predicts the
effect that these factors play in the development of rapid tolerance to the anxiolytic effects of
ethanol. Taken together these findings suggest an interaction between hormonal status and
parvalbumin reactivity in the development of tolerance to alcohol’s anxiolytic effect.

Disclosures: L. Mercado: None. H. Kwa: None. A. Robinson: None. C. Glickman: None. E.
Rosen: None. L. Melon: None.

Presentation Number: NANO28.08
Topic: G.09. Drugs of Abuse and Addiction

Support: Regione Autonoma della Sardegna (RAS, CRP2_537-CUP
F71J090006200002)
Fondazione Banco di Sardegna, Project ID F74119000970007 (2018)
NIH Grant AA028982
NIH Grant AA021667
NIH Training Grant T32AA007456

Title: Receptor and metabolic insights on the ability of caffeine to prevent alcohol-induced
stimulation of mesolimbic dopamine transmission

Authors: *R. MACCIONI?, V. BASSAREQ?, G. TALANF, I. LORRAI}, D. LECCA?, P.
ENRICO* A. T. PEANA* L. DAZZI? P. P. SANNA! E. SANNAZ E. ACQUAS?;

IScripps Res. Inst., San Diego, CA; 2Univ. of Cagliari, Cagliari, Italy; 3Inst. of Neurosci., Natl.
Res. Council, Monserrato, Italy; “Univ. of Sassari, Sassari, Italy

Abstract: The consumption of alcohol and caffeine affects the lives of billions of individuals
worldwide. Although recent evidence indicates that caffeine impairs the reinforcing properties of
alcohol, a characterization of its effects on alcohol-stimulated mesolimbic dopamine (DA)
function was lacking. Acting as the pro-drug of salsolinol, alcohol excites DA neurons in the
posterior ventral tegmental area (pVTA) and increases DA release in the nucleus accumbens
shell (AcbSh). Here we show that caffeine, via antagonistic activity on Aza adenosine receptors
(A2aR), prevents alcohol-dependent activation of mesolimbic DA function as assessed, in-vivo,
by brain microdialysis of AcbSh DA and, in-vitro, by electrophysiological recordings of pVTA
DA neuronal firing. Accordingly, while the A:R antagonist DPCPX fails to prevent the effects of
alcohol on DA function, both caffeine and the A2aR antagonist SCH 58261 prevent alcohol-
dependent pVTA generation of salsolinol and increase in AcbSh DA in-vivo, as well as alcohol-
dependent excitation of pVTA DA neurons in-vitro. However, caffeine also prevents direct
salsolinol- and morphine-stimulated DA function, suggesting that it can exert these inhibitory
effects also independently from affecting alcohol-induced salsolinol formation or bioavailability.
Finally, untargeted metabolomics of pVTA lysates showcases that caffeine antagonizes alcohol-
mediated effects on molecules (e.g. phosphatidylcholines, fatty amides, carnitines) involved in
lipid signaling and energy metabolism, which could represent an additional salsolinol-
independent mechanism of caffeine in impairing alcohol-mediated stimulation of mesolimbic
DA transmission. Notably, also one of the few FDA-approved drugs for AUD, naltrexone



(ReVia®; Depade®), prevents the reinforcing effects of alcohol by interfering with its
enhancement of the mesolimbic DA transmission. Hence, the outcomes of this study strengthen
the potential of caffeine, as well as of A2aR antagonists, for future development of
preventive/therapeutic strategies for alcohol use disorder.
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Abstract: Human adolescent binge drinking leads to lifelong social and emotional difficulties,
including increased risk for anxiety & affective disorders and substance use disorders.
Adolescent intermittent ethanol (AIE; 5.0 g/kg EtOH, i.g., 2-day on/2-day off from P25 to P54),
a rodent model of human adolescent binge drinking, produces an array of anxiety-like behaviors
that persist into adulthood in the absence of further alcohol consumption. Serotonin (5-HT) is
established as a mediator of social and emotional processes, and we previously reported a
reduction of serotonergic neurons (i.e., 5-HT+IR) in the raphe nucleus that persists into
adulthood. We previously reported that AIE causes a reversible loss of cholinergic neurons
through an epigenetic repressive mechanism mediated by neuroimmune activation via high
mobility group box 1 (HMGB1). We therefore hypothesized that the AIE-induced loss of
serotonergic neurons is mediated by epigenetic silencing of serotonergic genes, and that this
silencing would be reversible through an HMGB1-specific anti-inflammatory treatment.
Immunohistology for TPH2+IR and 5-HT+IR in the adult dorsal raphe nucleus (DRN) following
AIE revealed reductions of both TPH2 and 5-HT relative to age-matched CONs. Loss of 5-HT in
the DRN is similar to that seen following injection of lipopolysaccharide, which is consistent
with a shared inflammatory mechanism. Chromatin immunoprecipitation assessment of the
epigenetic repressive marker H3K9me2 revealed increased occupancy at the serotonin
transporter (Sert) and the 5-HT synthesizing enzyme tryptophan hydroxylase 2 (Tph2) in the
adult DRN of AlE-treated animals. Administration of glycyrrhizin, a HMBG1-specific anti-
inflammatory agent, to adult rats post-AlE reversed the loss of TPH2+IR and SHT+IR in the
DRN. Future work will assess the efficacy of glycyrrhizin in preventing adverse behavioral
outcomes thought to be mediated by serotonergic dysfunction following AIE, such as heightened
anxiety-like behaviors and social deficits.
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Abstract: Language comprehension accumulates over consecutive sentences. During discourse,
concepts that are introduced in one sentence often recur in later sentences. To minimize
repetition and utterance length, languages use pronouns, like the word ‘he, to refer to nouns that
were introduced before (e.g. “John and Mary walked into a bar. He sat down at a table.”). This
example illustrates how a narrative activates successive concepts in our brain, including their
interrelations, allowing us to incrementally build up a conceptual representation of important
aspects of the discourse. It has been suggested that language comprehension requires that
pronouns activate the same neuronal representations as the nouns themselves. Previous brain-
imaging studies have gained insight into the brain regions that activate during sentence and
discourse comprehension. However, the resolution of these non-invasive imaging methods does
not suffice for monitoring the activation of singular concept representations in the human brain
during reading. In recent years, it has become possible to directly record the activity of single
neurons in patients who are implanted with electrodes to locate the source of their epilepsy.
These studies demonstrated the existence of ‘concept cells’ in the medial temporal lobe. Concept
cells contribute to the representation of meaning by showing a selective response in an invariant
and multimodal way. We hypothesized that monitoring the activity of concept cells during
reading could provide insight into the dynamics of semantic representations during language



comprehension. Here, we test this hypothesis by recording from individual neurons in the human
hippocampus during a reading task. We found that cells that are selective to a particular noun are
later reactivated only by pronouns that refer to the cells’ preferred noun. These results represent
the first measurements of the magnitude, latency and duration of hippocampal single cell
responses to nouns and pronouns during reading, while subjects incrementally build up a
semantic representation of a narrative. This study uniquely demonstrates on a single cell level
how memory and language are linked.
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Abstract: Hippocampal longitudinal specialization is poorly understood in human episodic
memory circuits. Several models of longitudinal differences have been proposed, principally
based on non—invasive data, but few of the predictions of these models have been tested using
direct brain recordings. Such data are critical to establish the specific mechanisms that may
mediate functional differences between the anterior and posterior hippocampus. Using a unique
dataset of 61 intracranial EEG patients, we compared anterior vs posterior hippocampal
neurophysiological activity during successful recollection, novelty detection, and familiarity—
based item retrieval. Using mixed effects modeling, we identified greater posterior hippocampal
activity during recollection versus elevated anterior activity during identification of novel items.
There were no differences during recovery of items via familiarity. We next implemented a
mechanism to compare longitudinal differences in hippocampal pattern completion processes via
a novel distance metric calculation during associative recollection predicated on a recall to reject
framework.. This revealed sustained differences 800 msec after item presentation in the posterior
hippocampus. However, there were no differences in pattern separation, quantified during item
encoding. We interpret these results in light of proposed models, including gist/detail
representation. We suggest how differences in novelty processing may fit within such a
framework.
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Abstract: In this present study we investigated spatial memory encoding in the hippocampus of
human refractory epilepsy patients using a virtual navigation task. Participants were asked to
remember the locations of six items in a rectangular arena while receiving brain stimulation at
either low (3 Hz) or high (8 Hz) theta. Concurrently, we recorded single neuron activity in the
hippocampus. Using a Gaussian Process Regression we successfully decoded the spatial position
of the patient during the encoding phase of the experiment. Even after excluding previously
identified place cells, our decoding analysis remarkably maintained its predictive power. This
discovery challenges the notion that spatial information is exclusively sparsely coded in the
hippocampus by highly selective place coding cells. Instead, this suggests a gradual decrease of
spatial information within other neurons in the hippocampus, not classified as place cells.
Although each neuron codes spatial information to a lesser degree, collectively this broad
ensemble of neurons contained significant spatial information. Future analyses will include the
effect of stimulation on the stability and emergence of place cells, their reinstatement during
verbal and spatial retrieval, and the relationship between place cell firing and hippocampal theta
events.
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Abstract: Memory is critical to our everyday experience. We rely upon our memories not only
to form our own sense of identity, but also to guide and plan our future actions and behaviors.
Understanding the neural mechanisms that underlie human memory formation is therefore
critical in order to effectively treat memory disorders which are present in some of the most
debilitating yet poorly managed neurological diseases. Our research efforts are focused on
investigating the neural correlates of human episodic memory formation by leveraging the
opportunities to directly record neural activity across multiple spatial scales from the human
brain in patients receiving surgical treatment for drug resistant epilepsy. At larger spatial scales,
we find that both specific patterns of localized neural activity and dynamic connections between
brain regions emerge as people encode individual items into memory, and similar patterns of
activity and connectivity are reinstated when people retrieve those same items from memory. At



the smallest spatial scale, we find that populations of individual neurons in the anterior temporal
lobe exhibit temporally organized sequences of spiking activity that are specific to the individual
items people are encoding into memory, and that similar sequences are replayed when people
retrieve those items from memory. The sequences of spiking activity are ordered based on the
semantic category of the individual items, suggesting that sequences of spiking activity may be a
fundamental unit of information in the human brain. In addition, these sequences of spiking
activity are distributed across spatially contiguous yet distinct functional modules that are
approximately the same size as the cortical columns hypothesized to exist throughout the human
brain, suggesting a functional organization to how information is encoded across neuronal
populations. Together, our results provide novel insights into how information specific to
individual memories is represented in the brain, and how this information is accessed as people
recall previous experiences from memory.
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Abstract: Human medial temporal lobe (MTL) structures are populated by single neurons
showing remarkable stimulus selectivity and response invariance, called concept cells. These
cells play an important role in conscious perception and working memory, which suggests that
they constitute the building blocks of human episodic memory. The brain organizes and guides
perception of relevant stimuli through attentional mechanisms. Extensive work in non-human
primates has shown modulation of single-unit responses to preferred stimuli by attention, mostly
in the visual system. Functional imaging in humans has similarly shown attentional modulation
in different brain regions involved in sensory processing. However, the interplay between
attention and visual processing on a single-unit level in the human MTL has not yet been
addressed. In our study, 20 epilepsy patients with microwire electrodes embedded in four MTL
regions performed 35 sessions of a task designed to isolate the effect of attention on single-unit
activity. Subjects followed a rapid and pseudo-randomized stream of eight images previously
found to specifically activate the recorded neurons. They were tasked with counting the
occurrence of a different particular stimulus in each run of one minute duration, allowing us to
analyze both attended target runs (TR) and unattended non-target runs (NTR) for each stimulus
and unit. We recorded from up to now 189 highly stimulus-selective units in the amygdala (A, 62
units), the hippocampus (H, 35 units), the entorhinal cortex (EC, 13 units), and the
parahippocampal cortex (PHC, 79 units). We found that the strength of stimulus-related activity
was attention-modulated in 26% of these units in A, 31% of units in EC, 23% in H, and 29% in
PHC, with no statistically significant difference between regions (X2(3, N =189) = .62, p > .05).
A clear response onset latency was discernible for both TR and NTR in 171 units. We compared



the latencies for TR and NTR within-region using Wilcoxon signed-rank tests. Units in A
showed increased response latencies for TR relative to NTR (z = 2.60, p = .009, median in TR =
352 ms, median in NTR = 340 ms), while units in PHC showed decreased latencies for TR
compared to NTR (z = -2.08, p = .038, median in TR = 316 ms, median in NTR = 354 ms). Our
results suggest a functional division among stimulus-selective neurons in the human MTL, with a
large minority being sensitive to attentional signals. These subpopulations could play different
roles in the transfer of experiences into long-term memory.
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Abstract: Temporal memory refle