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Abstract: Traumatic brain injury (TBI) damages neuronal networks, resulting in disrupted brain
function and cognitive deficits. Normal dendrite morphology and synapse formation are required
for proper neuronal signaling and survival. The study of new molecular targets to repair deficits
in dendritic arbors and spines post-trauma will yield promising future directions for drug
development for the treatment of patients who have suffered a TBI. Postsynaptic density-95
(PSD-95) is of particular interest as it is required for proper neuronal development. Specifically,
PSD-95 inhibits dendrite branching by regulating microtubule dynamics and sequestering end-
binding protein 3 (EB3), and potentially Adenomatous polyposis coli (APC), from the +TIPs of
microtubules. Overexpression of PSD-95 causes decreased dendrite branching and increased
number of mature spines, while knockdown has the opposite effect. Previous studies of TBI have
shown a delayed reduction in PSD-95 levels post-trauma, suggesting a role for inhibition of
PSD-95 after TBI. Based on these facts, we propose that altering PSD-95 protein levels post-
injury will rescue dendritic arborization and synaptogenesis after injury. In line with a role for
PSD-95 post-injury, we find increased interaction of PSD-95 with its binding partners, APC and
EB3, in an in vitro TBI model of mechanical stretch injury, while total protein levels of PSD-95
and EB3 are decreased. In parallel, we use controlled cortical impact (CCI) in mice as an in vivo
model of TBI, which shows decreased dendrite number in the early phase (0-3 days) and
decreased synapse number in the late phase (3-7 days) post-injury. We find that there is no
change in the interaction of PSD-95 and its binding partners 24 h after injury, while total EB3
protein decreases significantly at 24 h post-injury. As EB3 is involved in the promotion of
dendrite branching, decreased levels of EB3 at 24 h post-injury suggests a role for EB3 in
decreasing the dendritic network during the early injury phase after TBI. We began our studies
with a time point of 24 h post-injury and are now examining brains at earlier and later time



points to determine changes in interaction of PSD-95 and its binding partners and total levels of
these proteins. To aid in recovery, we will downregulate PSD-95 in the early phase post-injury to
rescue dendritogenesis followed by upregulation of PSD-95 during the late phase post-injury to
rescue spine number. We predict that PSD-95 will rescue normal function by promoting neuronal
survival, dendrite branching, and spine formation after TBI.
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Abstract: Carboxypeptidase E (CPE) is a member of carboxypeptidase family that processes
neuropeptides and peptide hormones and regulates processes in the endocrine and nervous
systems. CPE knockout mice have neurobehavioral deficits, including deficits in learning and
memory. It was previously reported that p150%*** and CPE exist in a complex in cultured cells;
our current study confirms this interaction in mouse brain and identifies the region in pl 5(Glued
that is responsible for CPE binding. In addition, our studies in cell lines suggest that CPE
overexpression redistributes endogenous p150°"*? from the centrosome, disrupts microtubule
organization, and mediates the post-translational modification (PTM) of microtubules. As
p1509°¢ is the largest subunit of the Dynactin complex, which is indispensible for the functional
motor activity of dynein, we hypothesized that CPE exerts its effect on the cytoskeleton by
altering PTMs of microtubules, resulting in alterations in localization of motor protein
complexes and/or other microtubule-binding proteins. Thus, we extended our studies to assess
the role of CPE in dendrite branching in primary cultured neurons, and in cortical neuron



migration via in utero electroporation since dendritogenesis and neuronal migration rely heavily
on motor protein complexes and the stability of cytoskeleton. Preliminary data show that
knockdown of CPE protein results in disrupted migration and altered cellular morphology in
neurons in the cortical plate and decreased dendrite branching in cultured hippocampal neurons.
Together, our studies provide new evidence for the role of CPE and its interactor, p1 50", in
regulating multiple processes involved in neuronal development.
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Abstract: Neurons have complex dendritic arbors, which contribute to the intricate circuitry
found in the nervous system. The interplay between the intrinsic cellular machinery of neurons
and external stimuli is critical for the establishment of this arbor, allowing dendrites to find their
intended axonal partners. This process, however, is not well understood. Recent studies have
pointed to microRNAs (miRNA), small noncoding RNAs about 22 nucleotides long, as potential
sites for integration of external stimuli to changes in local protein expression. This can lead to
rapid and local changes in filopodial and dendritic structures, a key requirement to navigate the
spatio-temporally variant signals dendrites receive. Here we investigate the brain-abundant
miRNA, miR125b, to elucidate its role in the dynamics of filopodia and the corresponding
changes in filopodial and dendritic structure during development. miR125b has been shown to be
maximally expressed at the developmental period corresponding to filopodial outgrowth in
dendrites. We inhibit its activity in cultured neurons as dendritic filopodia explore their



microenvironment. Using a combination of confocal microscopy and high resolution image
analysis we study the effect of miR125b inhibition on filopodial structure and density, dendritic
outgrowth, as well as the expression and localization of a confirmed target of miR125-b: the
GIluN2A subunit of the NMDA receptor. Using microfluidic devices, we deliver a cell permeant
inhibitor of miR125b to isolated dendrites, and study local changes in filopodial structure and
GIluN2A incorporation. To understand the effect of miR125b in the dynamics of filopodia, we
use an innovative imaging technique, Spatial Light Interference Microscopy (SLIM), an
interferometry-based, label-free, live imaging system that has topographic accuracy comparable
to atomic force microscopy (Wang et al, Opt Express, 2011). Using SLIM, we characterize the
rate of filopodial extension and retraction, and stability in response to miR125b inhibition. These
high-resolution analyses reveal fresh insights into the process by which neurons integrate
multiple external signals to establish the correct connections. Such insights are critical to
understanding the implicated role of miR125b in various neurological disorders, e.g., Fragile X
Syndrome and Alzheimer’s Disease.
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Abstract: Recent studies have shown that activity-dependent pathways play an important role in
the formation, growth and branching of dendrites. Additionally, it has been found that a



reduction in the complexity of the dendritic tree is a common feature share by neurodegenerative
diseases, and different psychiatry and addiction disorders. For this reason, molecules that can
impact in the signaling pathways that regulate the maintenance and complexity of dendrites may
have therapeutic potential in the treatment of these diseases. Flavonoids are secondary
metabolites from plants that have been shown to activate several signaling pathways that regulate
the development and function of the nervous system. Although the prospective of flavonoids,
there are not studies evaluating the potential of these molecules in regulating dendritogenesis. In
the present work, we evaluated if the flavonoid quercetin and its glycosylated form rutin could
regulate the dendritic branching of rat cortical neurons in vitro. The obtained results showed that
rutin but no quercetin at low concentrations (0.1uM) increases the complexity of the dendritic
tree. At higher concentrations (10 uM) neither rutin nor quercetin affects the complexity of the
dendritic branching, however rutin stimulates dendritic growth. Additionally, the rutin-dependent
effect on dendritic complexity was inhibited by the use of the LY294002 y PD98059 inhibitors,
suggesting that rutin achieves its stimulatory effect by regulating the P13 and MAP kinase
pathways. The obtained results suggest that glycosylated flavonoids have the potential to
regulate not only the dendritic length but also the branching throughout the activation of several
signaling pathways.
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Abstract: The stability of neuronal connectivity is critical for brain functions, and
morphological perturbations are a hallmark of neurodegenerative disorders. However, how
neuronal morphology is maintained in the adult brain is not well understood. Here, we identify
Wnt5a, a secreted morphogen, as an essential factor in maintaining dendritic architecture in the



adult hippocampus and for related cognitive functions in mice. Hippocampal neurons express
Wnt5a, and the expression begins postnatally. Wnt5a deletion in hippocampal neurons does not
compromise hippocampal development, but causes pronounced regression of dendrite arbors and
spine densities in CA1 pyramidal neurons in adult life. Wnt5a loss results in attenuated CaMKII
and Racl signaling and reduced expression of the GluN1 glutamate receptor subunit in the
mature hippocampus, as well as defects in synaptic plasticity and spatial learning and memory,
all of which precede the structural abnormalities. These findings identify a maintenance factor
and provide insight into neuroprotective mechanisms in the adult brain.
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Abstract: LRRC7 (Leucine-rich repeat containing 7) encodes for Densin-180, a scaffold protein
in the postsynaptic density. LRRC?7 has been reported as a risk allele for childhood emotional
dysregulation and autism spectrum disorder. Knockout mice were reported to have defects
related to metal illnesses and abnormal dendritic spine development. To further define the role of
LRRC?7 in behavioural control, we made use of our transgenic mice line carrying a hypomorphic
allele of Lrrc7. Mutant mice exhibited features of childhood emotional dysregulation, including
excessive following and fighting at juvenile stage. Behavioural tests in young adults confirmed
increased anxiety, abnormal social behavior and defective spatial working memory in mutants.



To reveal the molecular defects, we examined the dendritic complexity of hippocampal neurons
in adult brain and in primary neurons from embryos. Mutant mice showed reduced dendritic
complexity in both cases. Using primary neurons, we demonstrated that there was a reduced
surface localization of mGluS5 receptor. Furthermore, augmentation of mGlu5 with CDPPB
rescued the defects of neurite growth. To test for therapeutic potential of augmenting mGlu5
signaling in developmental emotional dysregulation, we tried acute injection of CDPPB and
found that the treatment could alleviate the anxiety-like behavior and excessive social interaction
of mutant mice. Our data suggested that Lrrc7 mutant mice provide a valuable model for
developmental emotional dysregulation and identify a novel role of LRRC7 as a scaffold for the
regulation of mGluS5 trafficking and activity. Our data also highlight a novel role of mGlu5
signaling in early neuron morphogenesis.
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Abstract: Appropriate dendritic patterning is essential for proper development of neuronal
circuitry. Interestingly, a number of neuropsychiatric diseases, such as autism, schizophrenia and
Alzheimer’s disease, display abnormal dendritic branching. We previously reported that the
protein cypin (cytosolic PSD-95 interactor) plays a key role in dendritic arborization. The
interaction between cypin and PSD-95, via cypin binding to the first two PDZ domains of PSD-
95, is essential for the promotion of stable dendrites. Cypin is a positive regulator of dendrite
branching while PSD-95 inhibits dendrite branching. To test the importance of binding partners



to the PDZ domains of PSD-95 in the regulation of dendritogenesis, we characterized a set of
small peptides that specifically bind to the PDZ domains of PSD-95. Our co-
immunoprecipitation studies showed competition between cypin and a subset of the compounds
for binding to PSD-95. Interestingly, a slightly different subset of compounds altered dendritic
branching in cultured rat hippocampal neurons. This suggests that the observed branching
phenotype is due to interaction of PSD-95 with a protein/s different than cypin. We are currently
testing candidate proteins that interact with PSD-95 to determine whether they play a role role in
dendritogenesis. Our studies will allow us to understand how the dendritic tree is shaped and
elucidate potential therapies for disorders that show aberrant dendrite patterning and numbers.
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Abstract: Neurons in the mammalian CNS have a distinctive dendritic arbor, which is typically
extensively branched, and this arbor influences the specific function of the neuron in part by
ensuring that the proper synaptic connections are made within neural circuits. In addition, the
nervous system has the amazing capacity to transform sensory experience from the environment
into changes in neuronal activity that, in turn, cause long-lasting alterations in synaptic
connections and dendritic arborization, Surprisingly little is known about the molecular
mechanisms by which changes in neuronal activity are translated into changes in neuronal
architecture.

We have identified Rem2, a member of the Rad/Rem/Rem2/Gem/Kir (RGK) family of small
Ras-like GTPases, as an activity dependent negative regulator of dendritic complexity. Neurons



in which the Rem2 gene has been knocked down exhibit a dramatically increased dendritic arbor.
Additionally, when Rem?2 is overexpressed in neurons, they are unable to increase their dendritic
arbor in response to increased neuronal activity. Taken together, these data indicate that Rem2
functions to restrict the dendritic arbor in response to experience.

We have placed Rem2 in a signal cascade downstream of Ca(2+)/Calmodulin-dependent kinase
IT (CaMKII) and upstream of CaMKIV to regulate dendritic complexity. We found that Rem?2 is
a direct substrate for CaMKII phosphorylation at serine 241 and 308; phosphorylation at these
sites regulates Rem?2 nuclear abundance. When we constitutively localize Rem2 to the nucleus,
we observe significant decrease in dendritic complexity compared to control neurons, indicating
that the function of nuclear Rem? is to restrict dendritic arborization. Thus, we hypothesize that
nuclear Rem?2 regulates gene expression, possibly by mediating the activity of CaMKIV and its
downstream target, the CREB transcription factor. As a first step towards investigating this
hypothesis, we took an unbiased approach using mRNA sequencing to identify Rem2 dependent
changes in gene expression. We are currently working to validate the hits from the mRNA
sequencing to determine whether they could be novel regulators of dendritic complexity.
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Abstract: Autism is a neurological condition that characterizes marked qualitative differences in
communication and social interaction. As many as 1/3 of individuals with autism spectrum
condition also have epilepsy. Consistent with the extremely heterogeneous presentation of
autism, genetic studies have implicated numerous genes that may contribute to the autism
phenotype. Deletion and mutations of syntaxin binding protein 5 (STXBPS5, also known as
tomosyn) are identified in association with autism and epilepsy. STXBP5/tomosyn is a syntaxin
binding protein that contains a WD40 domain at the N-terminus and a SNARE motif at the C-
terminus. STXBP5/tomosyn has a presynaptic role that negatively regulates neurotransmitter



release by forming syntaxin-SNAP25-tomosyn complex. STXBP5/tomosyn has also been shown
to regulate neurite outgrowth in immature neurons. WD40 as scaffolding domains, have a variety
of functions such as signal transduction and vesicle trafficking. Interestingly, two autism-
associated variants of STXBP5 exhibit missense mutations at the WD40 domain. Here, we
hypothesize that the autism-associated STXBP5/tomosyn mutants affect dendrite arborization by
regulating vesicle trafficking. To test this hypothesis, we first determined the subcellular
localization of wildtype (WT) and mutant STXBP5/tomosyn in cultured hippocampal neurons.
We transfected cultured neurons with GFP-tagged WT-tomosyn as well as two autism-associated
tomosyn mutants. We found that WT- and mutant tomosyn all localize to axons, dendrites and
dendritic spines. Overexpression of WT-tomosyn increased dendritic arbor complexity by
increasing total dendrite length and branch tip number, compared to control neurons. The autism-
associated tomosyn mutant failed to induce the dendrite complexity when compared to the WT-
tomosyn. In conclusion, STXBP5/tomosyn plays a role in regulating dendrite arborization.
Mutations of STXBP5 found in individuals with autism may alter dendrite arborization and
potentially disrupt normal developmental processes in the brain.
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Title: Pannexin 1 regulation of neurite development: molecular mechanisms
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Abstract: Peak expression of the Pannexin 1 (Panx1) ion and metabolite channel in neurons
coincides with critical periods in dendritic spine development. Foundational in vitro studies in
our lab have established that Panx1 regulates neurite outgrowth. To begin to unravel the specific
molecular mechanisms involved, we examined Panx1 protein interactions that we discovered
using an unbiased proteomic approach. We focused primarily on Collapsin Response Mediator
Protein 2 (Crmp2), a cytoskeleton-regulating protein. We confirmed an association between
Panx1 and Crmp2 in vitro and in vivo and mapped the interaction site to the distal C-terminus of
Panx1. To probe the role of this interaction in neurite outgrowth, we next used a cell-permeable
peptide of the interaction site (CT3) in our experimental models (in vitro: neurite outgrowth in
cultured neural cells assayed by Incucyte live cell kinetic imaging, in vivo: dendritic spines of
layer 5 cortical neurons by Diolistic labeling in early postnatal mouse brain). Treatment with
CT3 enhanced neurite outgrowth both in vitro and in vivo. We further probed the precise
mechanisms with supportive imaging and biochemical studies focusing on cytoskeletal
dynamics. In summary, here we present several novel findings that expand our understanding of
the molecular players underlying the cellular role of Panx1 in neurite development in the brain.
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Title: Dscam promotes self-avoidance in neurodevelopment by masking diverse cell adhesion
molecules
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Abstract: During development, neurons balance attractive and repulsive signals to properly
position cell bodies and neurites, and to form synapses with appropriate partners. The Dscams
(from Down syndrome cell adhesion molecule) are Ig-superfamily members important for self-
avoidance. Drosophila Dscaml promotes self-avoidance by generating up to 19,008 strongly
homophilic isoforms, providing a code by which neurites can recognize and actively repel those
from the same cell while still interacting with neighboring cells. Mammalian Dscams - Dscam
and Dscaml] - serve a similar function without extensive isoform diversity. In the retina, mutant
neurons of a given subtype form tight dendritic fascicles and lose their non-random mosaic
spacing as their cell bodies pull into clumps. These clumps are homotypic, indicating that a
shared cell-type identity promotes this interaction. Reasoning that this self-avoidance was likely
to involve intracellular signaling common to both DSCAM and DSCAML1, we chose to focus
on the C-terminal PDZ-interacting domain: The sequences encoding the final ten amino acids of
both DSCAM and DSCAML1 were replaced by epitope tag sequences to eliminate the canonical
PDZ-interacting domains. These mutations completely recapitulated the null phenotypes in some
cell types, but left others relatively unaffected, leading us to hypothesize that Dscams mask cell-
type-specific repertoires of CAMs in different cell types to prevent excessive adhesion, and that
the PDZ-interacting domain is required to mask only some of these classes of CAMs. To test
this, we focused on retinal ganglion cells labeled in Cdh3-GFP transgenic mice, a population that
depends on DSCAM for self-avoidance and expresses a known repertoire of CAMs including
Cdh3 and Cdh6. We reasoned that if excessive adhesion provided by these Cadherins was
normally masked by DSCAM, but was mediating unbalanced adhesion in our Dscam mutants,
then Cadherin/ Dscam double-mutants would partially rescue the fasciculation phenotype. We
quantified fasciculation via a novel image analysis approach in these double-mutants, and found
that indeed there is reduced fasciculation compared to Dscam null mice. We found a similar
reduction in fasciculation of melanopsin-positive ipRGCs in mice mutant for both Dscam and the
Pcdhg cluster, indicating that DSCAM can mask diverse adhesion systems. We are currently
testing other candidate adhesion systems in other cell types to ask if making double mutants with
Dscam and PDZ-interacting CAMs can rescue fasciculation in cell types that require the PDZ
interaction.
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Title: A pannexin 1 blocker modulates the development of dendritic spines in the postnatal
cerebral cortex
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Abstract: Probenecid is an approved drug used for the treatment of gout, and has also recently
become recognized as a blocker of Pannexin 1 (Panx1) ion and metabolite permeable channels.
We recently demonstrated that Panx1 is essential for neural precursor cell (NPC) maintenance
(Wicki-Stordeur, Sanchez-Arias et al., J Neurosci, 2016) and also that Panx1 negatively regulates
neurite outgrowth in NPCs (Wicki-Stordeur and Swayne, Cell Commun Signal, 2013). NPCs and
Neuro2a cells treated with Probenecid exhibited a dramatic increase in neurite extension. Panx1
has been localized to cell bodies as well as the post-synaptic membrane. In the cortex, Panx1 is
relatively highly expressed in the early postnatal period and then drops off rapidly (highest at
postnatal day 0 (P0) and dropping off after P10). This expression profile is closely associated
with critical periods in the formation of dendritic spines and synapses. Taken together, these data
led us to hypothesize that Panx1 plays a role in the development of dendritic spines, a process
that occurs during the early postnatal period. To begin to investigate the role of Panx1 in the
development of dendritic spines in vivo, we treated young male and female wildtype mice
(C57BL/6J) with either Probenecid or Normal Saline (control) for discrete periods of time, with
one group (n=20) receiving chronic treatment (every third day from P7 to P13); and a second



group (n=20) receiving exclusively an acute treatment at P13. Animals were sacrificed 24 hours
after the last injection (P14), and we performed diolistic labelling (Dil) of the apical dendrites of
Layer 5 Primary Somatosensory Cortex pyramidal neurons. Chronic Probenecid treatment
resulted in a significant increase in length and number of spines (spine density) in both male and
female treatment groups when compared to the control treatment groups. On the other hand,
acute probenecid treatment resulted only in a significant total increase in spine density in the
treatment groups (with no differences in length). Our results suggest Panx1 could play an
important role in the development of dendritic spines in the cerebral cortex. These findings taken
together with our recent work further establish Panx1 as an important modulator of
developmental plasticity.
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Abstract: 17p13.3 Microduplication Syndrome is a newly identified genetic disorder and is
characterized by various sized gene duplications in the 17p13.3 chromosome locus resulting in
autism spectrum disorder (ASD), epilepsy and mental retardation. Importantly, a minimum
duplication region strongly associated with the ASD phenotype has been classified and this 72kb
region exclusively contains the gene encoding the protein 14-3-3¢, strongly implicating the
overexpression of 14-3-3¢ in ASD. In this work, through the use of in vivo and in vitro
techniques, we have found that 14-3-3¢ binds the microtubule binding protein Doublecortin in a
phosphorylation specific manner and prevents its degradation resulting in an increase in
Doublecortin protein levels. We also found that 14-3-3¢ overexpression severely disrupts neurite
formation by preventing the invasion of microtubules into primitive neurites, and this is rescued
by the knockdown of Doublecortin in 14-3-3¢ overexpressing neurons. Furthermore, using 14-3-
3¢ flox mice we found that the spatiotemporal deficiency of 14-3-3¢ results in an increase in



neurite formation. Our findings provide the first evidence of cellular pathology in 17p13.3
Microduplication Syndrome.
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Title: Femtogram-level analysis of mass-change dynamics in filopodia on the tips and shafts of
developing dendrites in response to semaphorin3A
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Abstract: The intricate wiring of the nervous system relies on filopodial navigation to form
complex interconnections between neurons through their axons, dendrites, and the cell soma
itself. Until recently, cellular investigations into filopodial dynamics had focused primarily on
axonal growth cone filopodia. Spurred by technological advances, scientists have now begun to
explore the structural and functional landscape of dendritic filopodia. Here we investigate the
role of Sema3A in guiding dendritic morphogenesis, spinogenesis, and synaptogenesis. We show
that it acts not only at the level of the dendrites, promoting neurite survival and growth, but also
at the level of the filopodia. Since there has been some evidence indicating a difference in
filopodia borne along dendrite tips vs. those borne along dendrite shafts, we treat the two
populations as distinct and tease apart their different responses. Structural analyses of numbers,
lengths, and locations are complemented by studies of dynamic functional aspects, such as



growth and shrinkage rates detected as mass changes in individual filopodia. This is made
possible through Spatial Light Interference Microscopy (SLIM), an innovative quantitative phase
imaging method for high-resolution, label-free imaging of live cells through interferometry
(Wang et al., Opt. Express, 2011). SLIM permits measurement of the dry mass of live neurons at
femtogram levels (Mir et al., Sci. Rep., 2014). This convergence of filopodial investigations and
the technology for engineering micro-environments, when coupled with high resolution imaging
and analysis, enabled new insights on local signals, including Sema3A, that initiate and establish
neuron-neuron interactions at the filopodial level. A greater comprehension of such processes
that shape the development of neuronal networks is helping unravel the mechanistic bases of
developmental disorders and diseases.
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Abstract: Prenatal alcohol exposure can result in the emergence of a broad spectrum of
anatomical or neurological abnormalities termed Fetal Alcohol Spectrum Disorders (FASD). The
effects of ethanol exposure during development depend on the timing of exposure, as ethanol
interrupts the specific brain development processes that are ongoing at the time of exposure. The
severity of dysfunction varies with the dosage level of ethanol and, importantly, whether the
dosage is chronic or acute. We investigated the effects of a single postnatal intoxication event on
neuronal development in mice. We characterize the immediate effects of the ethanol exposure on
the branching of the neurons in the striatum, but also examined the long term effects throughout
development. Animals were exposed to brief, high levels of ethanol during the early postnatal
period (during the most robust period of synaptogenesis). Mice were administered 2 doses of



ethanol (2.5 g/kg) on postnatal day 5 (P5) two hours apart. Brains were removed and processed
for Golgi-Cox staining in order to capture the cellular morphological response to the insult after
one day or after five months. These data find immediate alterations in the branching morphology
of MSNs as a consequence of neonatal exposure to ethanol. The results enhance not just our
understanding about the impact of toxins on neurons, but also highlights the dynamic nature of
dendritic branching in the neuron. In addition, basic research on striatal MSNs is of interest to
many fields, as the striatum is involved not only with the execution of complex motor skills, but
also regulates aspects of long-term learning and addictive behavior.
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Abstract: Aim: Extracellular matrix is important in the field of 2D and 3D cell culture
techniques. Depending on the chosen culture matrix, cells can grow and differentiate in different
manners, as fits most properly in the goal of the cell culture experiment. Our aim is to investigate
and compare the cell growth manners of primary cortical neuron cells plated in poly-D-lysine
(PDL) and matrigel culture matrices in order to obtain the most suitable culture condition for
further studies.

Methods: Glass coverslips were coated by incubating the coverslips in 1 mL of 100 pg/mL of
PDL solution or Matrigel® (BD) solution (dilution according to the manufacturer’s protocol)
overnight at 4 °C. PDL coated coverslips were directly used (without drying) for cell plating
after washing twice with sterile distilled water. Coverslips incubated in matrigel solution were
incubated for 1 hour at 37 °C, and cells were directly plated after removal of the matrigel
solution. Primary cortical neuron cells were prepared from E17 mouse pups according to a
modified protocol as described elsewhere [1]. At DIV3-14’s, cultured neurons plated in both
PDL and matrigel groups were fixed in 4% paraformaldehyde or 2.5% glutaraldehyde solution
for immunofluorescence and SEM analysis, respectively. Immunofluorescent (IF) stainings,



Western blot and PCR analysis were performed and analyzed for antibodies against GFAP, Neu-
N, Caspase-3 and NG2.

Results & Conclusion: According to preliminary data, neuronal cell cultures had a higher
dimensional network in matrigel coated matrix compared to PDL coated matrix. Moreover, the
axons were more tight, thick and linear compared to neuronal axons on PDL coated matrix.
Axonal bundling and maturation which developed between groups of neurons, confirmed by
both live-unstained cultures and cytoskeletal and neuron-specific IF stainings documented by 3D
images, supported that this structure would posses a more 3D effect in vitro, hence may mimic a
more physiological condition compared to conventional neuronal cultures and PDL-coated
matrix enhanced neuronal cultures.

1. Lesuisse, C. and L.J. Martin, Long-term culture of mouse cortical neurons as a model for
neuronal development, aging, and death. Journal of Neurobiology, 2002. 51(1): p. 9-23.
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Abstract: Histone deacetylases (HDAC) are predominantly localized to the cell nuclei and play
pivotal roles in brain formation and neurological diseases as a gene transcription repressor.
Several studies have shown that application of broad-spectrum HDAC inhibitors can improve the
deficits in learning and memory. Histone deacetylase 1 (HDACT) is thought to play pivotal roles
in neurogenesis and neurodegeneration. However, the role of HDACI1 in neuronal growth and
structural plasticity in the developing brain in vivo remains unclear. In the present study, we
examined the role of HDACI in excitatory and inhibitory synaptic transmission and experience-



dependent structural plasticity by knockdown or overexpression of HDACI1 in Xenopus optic
tectal neurons in vivo. We made molecular tools of HDAC1-GFP for overexpression and
HDAC1 morpholino (HDAC1-MO) for knockdown. Here, we show that HDAC1 knockdown
dramatically decreases AMPAR-mediated synaptic currents and increases GABAAR-mediated
currents, whereas HDACT1 overexpression significantly decreases the frequency of GABAAR-
mediated synaptic currents. We find that HDACI activity is also critical for dendritic arbor
growth and visual experience-dependent structural plasticity. We show that overexpression or
knockdown of HDACT activity decreases dendritic arbor growth and visual experience-
dependent structural plasticity. Interestingly, knockdown of HDACI but not of HDAC2/HDAC3
decreases the expression of BDNF. Epigenetic modification of histone has been shown to
participate in synaptic plasticity and learning memory. We report that HDAC1 knockdown
significantly increases the activity of histone acetylation (H4KS5), which is partially rescued by
acute BDNF treatment in the HDAC1-MO tadpoles. In particular, the deficits in dendritic growth
and visually guided avoidance behavior in HDAC1-knockdown tadpoles are also rescued by
acute treatment with recombinant BDNF. Our data establish an essential roles for HDAC1 and
BDNF signaling in the regulation of dendritic growth, structural plasticity and function in intact
animals in vivo.
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Title: Expression of a null mutation gap junction protein during development results in neuronal
arbor loss.
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Abstract: The unique morphologies and patterns of connections made by neurons during

development arises in part by an extended period of growth in which cell-cell interactions help to
sculpt the arbor into its final shape, size, and participation with different synaptic networks. Here
we examine the role of the gap junctions (GJs) in forming the neural arbor of a sensory neuron in



the medicinal leech Hirudo Verbana. Using a dominant-negative point mutation transgene (Inx1-
PL; Yazdani et al., 2013 Dev. Neurobiol.73), we selectively knocked down innexin 1-based GJ
formation in single dorsal Touch neurons (Tp) using intracellular nuclear transgene injection in
leeches from mid-embryonic development onwards. Cells co-expressing EGFP were imaged 10
to 20 days later, and digitally reconstructed in 3D.

Initial observations of cells 20 days later, at the juvenile stage, knockdown cells, when compared
to intracellular dye-injections and neurons expressing the wild-type innexin 1 transgene,
developed a much sparser neural arbor, with a ~92% decrease in branch points, ~51% shorter
total neurite path length, and a ~90% decrease in varicosities. On the other hand, both Inx1-PL
cells and control cells, when imaged after only 10 days, had an extensive arbor, with a ~50%
increase in branch points and ~43% increase in total neurite path length as compared to the
control cells from the 20 day time point. This pattern of exuberant growth followed by a later
retraction of branches without GJ formation suggests that electrical synapses are necessary for
arbor stabilization during a critical period in the neurons development (Todd et al., 2010 J.
Neurosci. 30).

Ongoing experiments will test whether the arbor is stabilized by electrical activity by
overexpressing a voltage-gated potassium channel in the Tp as a means of reducing electrical
activity in the cell. Additionally, if GJs and their cellular distribution help sculpt neuronal arbors,
we will test if we can alter the Tp’s arbor by ectopically expressing different leech innexin genes
in the cell and thereby promote the formation of new synaptic connections and observe the
effects on the development of the cell’s arbor.
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Abstract: Wiring functional neural circuits during embryonic development requires coordinated
organization between developing axon and dendritic arbors. The spatial pattern of dendritic
branching is critical to the neuron’s input connectivity so that incoming information from
afferent axons is efficiently integrated. Although neurons can adopt an array of dendritic patterns
to suit their input connectivity, dendrites of an individual neuron commonly self-avoid.
Presynaptic axon arbors also exhibit patterned branching and self-avoidance as they innervate
their targets. Down Syndrome Cell Adhesion Molecules (DSCAMSs) have been shown to play
key roles in dendrite and axon self-avoidance in Drosophila and other species. How DSCAM
influences axon to dendrite interconnectivity in developing vertebrate neural circuits remains
unknown. In this study, we utilized Xenopus laevis as a model to examine developmental effects
of DSCAM in vivo and provide a unique temporal and spatial understanding of how visual
circuits are dynamically shaped. In Xenopus, DSCAM immunoreactivity was localized to retinal
ganglion cells (RGCs), midbrain neurons and tectal neuropil, at the time that retinotectal
connections are made. To define cell-autonomous, cellular actions of DSCAM during pre- and
postsynaptic neuron differentiation, we used single-cell loss-of-function approaches and
analyzed changes in RGC axon targeting and branching and in tectal neuron dendrite elaboration
through dynamic two-photon in vivo microscopy imaging. Single-cell electroporation of
morpholino antisense oligonucleotides (MOs) to DSCAM together with Alexa-fluor 488 dextran
in stage 43 Xenopus retina showed that RGC axons path find normally to the neuropil, but that
their arbors exhibit abnormal branching patterns when compared to axons from control MO
transfected RGCs. Conversely, single-cell DSCAM MO knockdown in tectal neurons did not
impair dendrite self-avoidance. Rather, tectal neurons exhibited exuberant dendritic arbor growth
within 24 hours of single-cell DSCAM MO transfection, an effect that became more robust over
a three-day period of imaging. Together, our observations implicate DSCAM in the control of
both pre- and postsynaptic neuronal cytoarchitecture and connectivity in the retinotectal circuit,
whereby it primarily acts as a neuronal brake to limit and guide postsynaptic neuron dendrite
growth. How these cell-autonomous changes in structural connectivity, as mediated by DSCAM,
influence normal visual circuit function is an important question that is currently being
investigated.
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Title: Celsr2 regulates neuronal dendritic development and neural function

Authors: *L. CHEN', Y. HUANG’, J. HU?, J. DUAN?, Y. QU%
'Jinan Univ., Guangdong, China; ?Jinan Univ., Guangzhou, China; 3Hongkong Univ.,
HongKong, China

Abstract: The seven-pass cadherin Celsr2 is one of the core PCP proteins, whose ortholog
Flamingo regulates dendrite development in Drosophila. Celsr2 is expressed both in neural
precursors and posmitotic cells, and the expression of Celsr2 persists in the adult brain. Here, we
studied neuronal dendritic development and neural function in Celsr2 mutant mice. Defective
neurite growth is observed in primary neuronal culture, and live cell imaging shows Celsr2
affects neurite appearance. Increased spine formation is found in Celsr2 mutant mice by in vivo
two-photon imaging. Celsr2 mutant mice display cognitive deficits in several behavior tests.
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Abstract: Adult neurogenesis is a process of high interest due to the ability of newborn cells to
integrate into the existing adult hippocampal circuits. Identification of the molecular pathways
that determine different steps in the generation and maturation of newborn neurons would
facilitate using adult neural stem cells (ANSC) to treat multiple brain disorders. We previously
showed that loss of Fibroblast Growth Factor Receptors (FGFRs) 1-3 in ANSCs decreases cell



proliferation and dendritic elaboration. However, the identities of downstream components of the
FGFRs in adult neurogenesis are unknown. In addition, FGFRs’ interaction with non-canonical
upstream ligands such as L1ICAM, a cell adhesion molecule, previously shown in cell culture to
interact with FGFRs to promote neurite extension is unknown. We are determining how cell
proliferation and dendritic elaboration in the adult dentate gyrus (DG) are affected in FGFR
conditional mutant mice that lack binding sites for the downstream mediators phospholipase-C
gamma (PLCy) or Fgf receptor substrate (FRS), and in LICAM conditional mutant mice. In
addition, we will test the consequences of the mutations on learning and memory in
hippocampus-related tasks. Our data suggest that FRS- and PLCy-mediated FGFR signaling is
required for cell proliferation and dendrite elaboration. We are also testing whether LICAM acts
in a cell-type autonomous or non-autonomous manner to promote dendritogenesis in the DG.
Determining which intra- and extracellular pathways deferentially affect hippocampal learning
and memory will not only provide a better understanding of adult neurogenesis but will also
provide targets for reversing deficiencies in this process, which leads to age-related memory
decline.
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Abstract: Somatic integration of synaptic inputs relies on the propagation of currents arising
from sources across the dendritic tree. Whilst active processes strongly contribute to current flow
in most neurons, understanding the passive backbone to transmission allows a better intuitive
grasp of dendritic function; the results of Rall in highlighting the properties of cylindrical
dendrites are of foundational importance in compartmental modelling and computational
neuroscience. Dendrites are, however, not generally cylindrical; they tend to taper in a way that



contributes to the normalisation of input currents towards the soma and which has a number of
other potentially important computational effects.

We have recently derived an asymptotic approximation to the voltage in dendrites with an
arbitrary taper profile using the insight that voltage attenuation is substantially faster than radius
change in realistic morphologies. This result allows faster computation and greater insight than
standard approaches using large numbers of cylinders or frusta to numerically compute voltage
profiles. In addition, it provides easy generalisations of the standard results of cable theory
involving transients and branches. In particular, our result allows the optimal dendritic taper
profile for the propagation of synaptic currents towards the soma to be determined analytically.
The optimal form has been shown to match results from non-parametric numerical optimization
which predicted a quadratic form for the diameter taper.

We have further shown analytically the effects of optimal taper on a number of other important
dendritic phenomena, including a more general robustness in response to morphological changes
and increased sensitivity to distributed inhibitory input.
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Title: Dendrite remodeling in the developing olfactory circuits
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Abstract: In the central nervous system, neuronal circuits are dynamically remodeled during the
perinatal ages to establish functional circuits. In the mammalian olfactory bulb, mitral cells
initially extend redundant dendrites radially from each cell body. After birth, excessive dendrites
are eliminated and individual mitral cells form multiple "tufted-dendrites" called as primary
dendrites radially, and extend several lateral dendrites tangentially. According to the maturation,
each mitral cell eliminates the primary dendrites except only one. However, how mitral cells
determine the primary and the lateral dendrites and whether all mitral cells develop uniformly
remain elusive. To tackle these issues, we have established a technique to label developing
mouse mitral cells at single cell resolution using adeno-associated virus (AAV). Quantitative
analyses revealed that nearly 50 % of the mitral cells at embryonic day 18.5 (E18.5) already had
primary dendrites and more than 80 % of the mitral cells at postnatal day 0 (PO) had primary



dendrites, indicating that tuft formation is independent on the exposure to odorants by respiration
after birth. Based on these observations, we will discuss how mitral cells take their functional
dendrites in the developing olfactory circuits.
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Title: Dendritic Eph specifies pheromone-sensing circuit by organizing dendrite segregation in
Drosophila
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Abstract: The proper function of the neural network results from the precise connections among
an enormous numbers of neurons. In order to organize a complex nervous system, the accurate
targeting of both axon and dendrite from pre- and post-synaptic neurons is required. Previously,
various molecular mechanisms for axon targeting have been revealed, however the dendrite-
targeting mechanism and the way dendrites form a boundary to segregate each other are largely
unknown due to the dendrites’ diversity and complex morphology. As the model system, we
utilized Drosophila olfactory projection neurons (PNs), which stereotypically target their
dendrites to one of 50 glomeruli in the antennal lobe (AL), the first olfactory center in the brain.
The previous study from our laboratory suggested that Eph/Ephrin signaling, well known axon



guidance molecule, is involved in dendrite targeting. Indeed, high Eph expression was observed
specifically in the sex-related glomeruli in the developing AL. In addition, from genetic mosaic
analysis, we have found that the widely conserved Eph receptor tyrosine kinase family member
and its ligand, Ephrin, are essential for PN dendrites to segregate one another in some sex-related
glomeruli. Our genetic data suggest that Eph/Ephrin signaling prevents the dendrites that target
to one of the sex-related glomeruli (DA1) from getting entangled with dendrites targeting to
adjacent glomeruli. In this study, we present that Eph/Ephrin signaling is required not only for
axon guidance, but also for dendrite targeting. Furthermore, in PN dendrites, Eph/Ephrin
signaling is designed to work for segregation.
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Abstract: Vast majority of studies in cell biology are from the cultured cells. Although cultured
cells have the same cellular environment, but it cannot provide the physiological or pathological
conditions, which are required for cell growth, differentiation and proliferation. As a particular
type of cell, neuron is consisted by soma, axons and dendrites, which are responsible for signal
input and output. In vivo study put a neuron into an intact neuronal circuit; it is ideal for the
study of the structure and function of neurons. Based on the development of fluorescent protein,
it allows us to minitor the structure and function of neuron by in vivo labeling methods. As a
model organism, Drosophila powerful genetics provides an opportunity for studying of cell
biology. Drosophila larvae, which have a transparent epidermis, provide an opportunity to get
high-resolution images by confocal microscopy. Here, we use fluorescent protein -labeled Golgi
markers observed the structure of dendritic Golgi outposts in da neurons, further revealed the
molecular mechanism of this structure; moreover, studied the funtion of dendritic golgi outposts.
In cell biological level, this study provides a powerful tool to study biogenesis of Golgi complex;



meanwhile, Golgi outposts, as part of secretory pathway of the cell, gain an insight to understand
dendritic formation, developmental regulation and plasticity.
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Abstract: Bacterial infection has been implicated in preterm birth, which is a risk factor for the
clinical features present in autism spectrum disorders (ASDs), such as poor sociability, impaired
communication and perseverative behavior. A commonly found bacterial species in the placenta
of preterm births is the gram negative bacteria Ureaplasma (UP). The bacterial load of UP
correlates with a higher incidence of chorioamnionitis and preterm labor. This suggests that
preterm birth with UP infection may be contributing factors for ASD, and possibly the
heterogeneity of ASD phenotypes given the widespread presence of UP in the urogenital tract of
humans. Indeed, a significantly higher risk for poor neurological and developmental outcomes in
UP-infected versus -uninfected preterm births has been reported, however, a causal relationship
demonstrating if and how UP infection may cause potential ASD phenotypes, has not been
shown. In addition, a significant finding that may provide insight into the pathogenesis of UP-
related neurological defects was demonstrated in an antenatal mouse model of chorioamnionitis
in which histochemical markers of GABAergic inhibitory interneurons were reduced in the
absence of cell death. These data suggest an alteration in excitation-inhibition (E/I) balance
within key neural networks of the brain, a theory that has been proposed to explain the
behavioral and cognitive aspects of ASDs. Therefore, we generated an early neonatal mouse



model of UP infection to test whether mice exposed to UP infection at birth display
neurobehavioral deficits in adulthood. We found that male mice infected with UP at birth
showed altered anxiety and reduced social approach behavior whereas female mice infected at
birth displayed normal behavior in all measurements. Interestingly, the brains of male but not
female UP-infected neonatal pups showed increased levels of ammonia; however, male mice
exposed to UP using the identical infection paradigm did not display abnormal levels of
ammonia in brain during adulthood despite the observed behavioral deficits. Taken together,
these data suggest that Ureaplasma infection may lead to altered ammonia levels in brain during
a critical early developmental window which may result in sexually-dimorphic neurobehavioral
outcomes.
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Abstract: Organophosphorus pesticides (OPs) are among the most widely used pesticides in the
world. OPs have been implicated in the etiology of neurodevelopmental disorders including
developmental delay and autism spectrum disorder (ASD) (Shelton et al., 2014; Shelton et al.,
2012). Exposure to chlorpyrifos (CPF), one of the most widely used OPs, has been linked to
mental and motor delays as well as increased rates of attentional issues, specifically attention
deficit/hyperactivity disorder (ADHD), in children (Rauh et al., 2006). The present study
examined sophisticated social and cognitive behaviors in a novel rat model of CPF exposure.
Newborn Sprague-Dawley rats were administered either peanut oil vehicle, 1.0 mg/kg CPF, or



3.0 mg/kg CPF via daily s.c. injections from postnatal day (PND) 1 to PND 4. Isolation-induced
ultrasonic vocalizations (USVs) were collected from pups on PND 5, 8, and 11. Sociability and
repetitive self-grooming were assessed at the juvenile age using the ASD-relevant behavioral
assays of three-chambered social approach and dyadic reciprocal social interaction. Locomotion
was evaluated via an open field exploration assay and cognitive testing was carried out using
pairwise visual discrimination and reversal learning in an operant touchscreen chamber. Pups
exposed to 1.0 mg/kg CPF emitted fewer USVs than did pups treated with vehicle or 3.0 mg/kg
CPF, and this effect was markedly higher in females. CPF did not affect the sociability phase of
three-chambered approach; however, performance in the social novelty portion suggests that
CPF disrupts recognition of previously acquired social cues. Relative to vehicle controls, CPF
altered juvenile reciprocal social interactions on several key social parameters in a sexually
dimorphic manner. CPF-treated females but not males displayed decreased rough and tumble
playing while CPF-treated males exhibited increased chasing and anogenital sniffing, behaviors
which were unaffected by CPF exposure in females. Moreover, self-grooming was elevated in
both sexes at different doses. Similar exploratory behavior in a novel open arena was observed
across treatment groups, eliminating hypo- and/or hyperactivity as confounding behaviors.
Performance in the touchscreen learning task did not differ between CPF-treated rats and vehicle
controls. Several pieces of evidence point to deficits in sex-dependent and/or species typical
sociability in juvenile rodents. Impairments were noted in a range of behavioral assays which,
taken together with existing literature, suggests that developmental OP exposures disrupt
neurological development and neural correlates that underlie complex behaviors.
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Abstract: Background:

Optimal management of pain is of vital importance in the neonatal intensive care unit (NICU), as
a growing body of evidence has shown the detrimental impacts of untreated neonatal pain during
a critical period in neurologic development. Opiates remain the gold standard for treatment of
pain in the NICU; however there are serious concerns with long term neonatal opioid exposure,
in particular, to the developing brain. Behavioral effects of opiate exposure in animals include (a)
altered sensitivity to pain, (b) affective liability, (c) stereotyped behaviors, and (d) reduced
socialization (refs) which are consistent with some of the symptoms of autism. With continued
high rates of opiate use in the NICU, as well as maternal opiate use during pregnancy, it is
critical that we understand the effects of opiates on development of autism-like behavior.
Moreover, it is important to study these effects in male and female models given that both autism
and opioid analgesia have known sex-differences.

Objective: This study aims to examine the relationship between neonatal opioid exposure and
the development of autism-like behavior in male and female mice.

Methods: We exposed neonatal mice to either 2mg/kg of morphine twice a day or saline solution
subcutaneously during postnatal day (P) 7-14. At P60, all pups (N=44: 7 morphine-exposed
males, 10 morphine-exposed females, 16 naive males, and 11 naive females) were assessed for
autism-like repetitive behavior using the marble burying test. A 2x2 ANOVA and post-hoc t-
tests were conducted to examine independent and interactive effects of morphine and sex on
behavior.

Results: We found a significant sex*postnatal opioid exposure interaction (p<0.01), wherein
males showed increased repetitive behavior in response to morphine exposure (11 vs. 16 marbles
buried in naive vs. exposed males; p=0.057), and females displayed significantly decreased
repetitive behavior in response to morphine exposure (15 vs. 9 marbles buried in naive vs.
exposed females; p<0.05).

Conclusion: Postnatal opioid exposure induces opposite effects on repetitive behavior in male
and female mice. Specifically, opioid exposure increases autism-like repetitive behavior in males
and decreases the behavior in females. This may be related to reports of increased repetitive
behaviors in males with autism relative to females with autism.
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Abstract: The etiology of autism spectrum disorders (ASD) is complex, involving interactions
between genetic and environmental risk factors. Genetic evidence showed a convergence of
multiple genes with functions in chromatin regulation and neuronal synapses, but how multiple
genetic and environmental hits may impact the epigenetic regulation of synaptic genes is
unknown. To investigate the cumulative impacts of large chromosomal copy number variants
(CNV) on the brain methylome, whole genome bisulfite sequencing (WGBS) was performed on
41 post-mortem human cortical samples including chromosome 15q11-13 duplication (Dup15q),
Prader-Willi (PWS), Angelman (AS), Down syndrome (DS), idiopathic ASD without detectable
CNVs, and neurotypical controls. Significant global DNA hypomethylation was observed
compared to controls specifically in brain samples from Dup15q, but not AS, PWS, DS, or
idiopathic ASD. Based on a previously observed interaction between Dup15q and PCB 95, a
Dup15q neuronal cell culture model (SH15M) and the parental SH-SYS5Y (SH) cell line were
cultured with or without PCB 95 and analyzed by WGBS. Similar to Dup15q brain, a significant
global hypomethylation was observed in SH-15M compared to SH. Genes mapped to PMDs
gained in SH-15M compared to SH were significantly enriched for ion channels at the post-
synaptic membrane and these genes and functional categories overlapped with those
independently altered with PCB 95 exposure, demonstrating a compounding effect of genetic
duplication and chemical exposure. Most hypomethylated genes exhibited increased transcript
levels in SH-15M, SH+PCB, and SH-15M+PCB compared to SH in short term cultures,



however, most transcript levels were reduced or heterogeneously dysregulated in long-term
cultures, similar to the dysregulation in transcript levels in Dup15q brain samples.
Mechanistically, overexpression of maternal UBE3A in Dup15q decreased RING1B which
reduced ubiquitinated H2A levels, including monoubiquitin of acetylated H2A.Z, resulting in
loss of this poised promoter chromatin mark and hypomethylation. These results demonstrate the
compounding effects of cumulative genetic and environmental events on the neuronal
methylome, leading to a convergence in transcriptional dysregulation of chromatin and synaptic
gene pathways relevant to ASDs.
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Abstract: Background Glutathione (GSH) is produced in every cell in the body, where it acts as
an antioxidant to neutralize free radicals and prevent oxidative cellular damage. Alterations in
GSH levels are reported in neurological, inflammatory diseases as well as immune dysfunction.
Several studies in animals and humans involving supplementation with whey protein or whey
protein isolates from milk have documented increases in plasma and tissue glutathione
concentrations along with reductions in oxidative stress, while the effects of casein on GSH are
as yet not clear. One of the major components of the casein family is beta-casein and
evolutionarily there are two major type of beta-casein: Al and A2. The presence of histidine at
position 67 allows a protein fragment of seven amino acids, known as beta-casomorphin-7
(BCM-7), to be produced on enzymatic digestion only from A1 but not from A2 beta-casein.
BCMY7 is an opioid peptide and can act on mu-opioid receptor similar to morphine. We have
previously reported that BCM-7 can reduce cysteine uptake in cultured human neuronal and
gastrointestinal epithelial cells by activating opioid receptors, inducing oxidative stress by



decreasing the levels of GSH.Objective The current work was undertaken to investigate the
effects of Al vs A2 type of beta-casein containing diet on antioxidant GSH levels and
inflammatory status in pre-clinical and clinical trials.Methods A pre-clinical study was
performed using mouse and rabbit animal models fed on A1 and A2 beta-casein containing diet.
The clinical study was performed in collaboration with researchers in China
(NCT02406469https://clinicaltrials.gov/ct2/show/NCT02406469). We collected liver, brain and
gut tissues in our preclinical study, whereas serum GSH was measured in our clinical study. In
both cases HPLC coupled to an electrochemical gradient detector was used to evaluate GSH
levels.Results In our preclinical study we observed significant decrease in GSH levels (indicating
oxidative stress) in liver, gut and brain samples from animals (both mice and rabbit, p<0.05,
N=12) fed on an A1 beta-casein containing diet as compared to animals fed on A2 beta-casein
containing diet. Concurrently, we also observed elevated TNFalpha levels and NFkB levels in
gut tissues of mice and rabbit on an A1 beta-casein containing diet as compared to animals fed
on A2 beta-casein containing diet, indicating elevated inflammatory status (p<0.05, N=12).
Similarly, in our clinical trial, human participants consuming A1l beta-casein containing milk had
decreased GSH serum (p<0.05, N=45)
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Abstract: Maternal stress during pregnancy (prenatal stress) has been shown to have potentially
long lasting negative effects on offspring, including an increased risk for neurodevelopmental
disorders such as autism spectrum disorder (ASD). A common deletion in the promoter region of
the serotonin transporter gene (SLC6A4) has been associated with increased anxiety and
increased stress reactivity. Previous work from our lab has established an interaction between
this genetic polymorphism in mothers and prenatal stress in the risk for autism diagnosis in the



child. Further, data suggest there is a critical window of time during pregnancy (late second and
early third trimester) in which mothers who are exposed to acute stressors and carry the short
SLC6A4 allele are more likely to have a child diagnosed with autism. This phenomenon has also
been demonstrated in heterozygous SERT knockout (Slc6a4+/- ) mice, which display serotonin
activity alterations similar to those found in humans carrying the short allele. Pups from
Slc6a4+/- dams that have been subjected to stress display decreased social interactions and
increased anxiety compared to offspring of wild type. Stress and stress reactivity can also
interact to impact the gut microbiome. While wild type mice experience changes in microbiota as
a result of an inflammatory stressor, we have found evidence that Slc6a4+/- mice have some
protection against these effects. Vaginal and gut microbiota are also altered by pregnancy. In
order to explore the interaction between stress, microbiome and pregnancy, the current study
compared pregnant wild type and Slc6a4+/- mice divided into either a control condition or stress
condition, in which they received two hours of restraint stress daily beginning embryonic day 12.
At embryonic day 13.5, 15.5 and 18.5, dams were sacrificed for fetal tissue/placental collection
and any fecal matter present was collected. Using next-generation sequencing of the bacterial 16s
rRNA marker gene, we explored differences between microbial communities in order to help
shed light on the complex interplay between stress, genetics and the microbiome at various
stages of pregnancy.
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Abstract: Recent studies have revealed that the gut microbiota modulates brain development and
behavior, but the underlying mechanisms are still poorly understood. Here, we show that
bacterial peptidoglycan (PGN) derived from the commensal gut microbiota can be translocated
into the brain and sensed by specific pattern-recognition receptors (PRRs) of the innate immune
system. Using expression-profiling techniques, we demonstrate that two families of PRRs that
specifically detect PGN (i.e., PGN-recognition proteins and NOD-like receptors) are highly
expressed in the developing brain during specific windows of postnatal development, and their
expression is sensitive to manipulations of the gut microbiota. To begin addressing the potential
influence of PGN-sensing molecules on brain development and behavior, we explored the role of
PGN-recognition protein 2 (Pglyrp2) in the process. Using transgenic mice, we first investigated
the effect of deleting Pglyrp2 on the expression of brain-derived neurotrophic factor (Bdnf) in the
developing brain. Bdnf mRNA expression levels were significantly reduced in the striatum of
three-day-old Pglyrp2 KO male mice compared to wild-type controls. We then subjected
juvenile Pglyrp2 KO mice to a battery of tests for exploratory activity, anxiety and social
behavior. In the open field, light-dark box and elevated plus maze tests, no significant behavioral
changes were observed in Pglyrp2 KO mice. In the three-chamber social approach test, however,
juvenile Pglyrp2 KO male mice spent significantly more time in the chamber containing the
stimulus mouse than in the chamber containing the novel object, compared to control mice.
Moreover, they also spent significantly more time sniffing and interacting with the stimulus
mouse than the wild-type males did, indicating high sociability. Although juvenile Pglyrp2 KO
female mice spent significantly more time in the chamber containing the stimulus mouse, they
spent a similar amount of time as the wild-type females around the stimulus mouse. These results
indicate that Pglyrp2 modulates the development of social behavior in mice. Moreover, these
findings suggest that the central activation of PRRs by bacterial products could be one of the
signaling pathways mediating the communication between the microbiota and the developing
brain.
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Abstract: Antibiotics (AB) are the most frequently dispensed drugs in pediatric patients and
there is currently increasing concern that AB exposure early in life may have long-term
consequences for health. Epidemiological studies have revealed that early life AB exposure
increases the risk of developing allergies, inflammatory bowel diseases and obesity. The effects
of AB on brain and behavior have been demonstrated by others, using very high doses of
cocktails of mainly broad-spectrum antibiotics administered to adolescent or adult rodents. In
this study, we have investigated the long-term effects on gut, microbiota, brain and behavior of a
clinically relevant dose of oral penicillin given early in life, to both male and female Balb/c mice.
Pregnant dams received penicillin V in drinking water 1 week before delivery and until weaning.
Penicillin is absorbed by the gastro-intestinal tract, crosses the placenta and is found in the breast
milk. The pups therefore received penicillin in utero and during the first 3 weeks of life while
nursing. At weaning, pups were separated from their mothers and received regular drinking
water. At 6-weeks old, the offspring were subjected to a battery of behavioral tests and gut
(ileum, colon) and brain (hippocampus, frontal cortex) tissues were collected after the last test.
We found that early life AB exposure had lasting effects on gut microbiota composition,
modified the tight junctions of the blood-brain barrier, induced inflammation in the frontal cortex
but not in the gut, and was associated with changes in brain neurochemistry (Corticotropin
releasing hormone receptor 2, Brain derived neutrophic factor, Arginine vasopressin receptor
1b). Also, AB-treated mice exhibited decreased anxiety-like behavior, reduced social behavior
and preference for social novelty as well as an unexpected aggressive behavior. Supplementation
with Lactobacillus rhamnosus JB-1™ during AB treatment restored certain biological and
behavioral parameters. This study revealed that clinical pediatric low dose penicillin given early
in life to mice had longterm effects on behavior, brain inflammation and microbiota, and may
raise concerns about the behavioral consequences of AB therapy.
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Abstract: Maternal autoantibodies reactive to proteins in fetal brain have been described by
numerous researchers in a subset of mothers of children with autism spectrum disorder (ASD),
but not in mothers of typically developing children. Our lab identified 7 protein antigens for
maternal autoantibody related (MAR) ASD and recently mapped the antigenic epitope sequences
recognized by these ASD-specific maternal autoantibodies. While previous passive transfer
animal models yielded promising results, they did not reflect a constant exposure to the salient
autoantibodies throughout gestation, as would be the case in the clinical setting. Therefore, we
aimed to generate the first biologically relevant animal model of MAR ASD to directly assess



the pathologic significance of prenatal exposure to epitope-specific autoantibodies in generating
ASD-relevant behaviors in offspring. In order to generate epitope-specific autoantibodies that
mimic those found in the mothers of children with ASD, female C57BL/6J mice randomly
assigned to MAR-ASD treatment received a series of immunizations containing peptide epitope
sequences of the four primary target proteins of MAR ASD (lactate dehydrogenase A and B,
collapsin response mediator protein 1, and stress-induced phosphoprotein 1). Control females
were injected with saline only. Females were then paired with male breeders to produce the
experimental offspring of interest. Subsequent male and female offspring were tested in a
sequence of autism-relevant behaviors and developmental milestones from an early postnatal
period through adulthood. Following behavioral testing, neuroanatomical differences in offspring
were assessed via structural MRI at approximately 6 months of age. Our results indicate
offspring prenatally exposed to autism-specific antibodies display robust deficits in social
interactions and increased repetitive self-grooming behaviors as juveniles and adults during
dyadic social interactions. Furthermore, the head sizes of MAR-ASD offspring were
significantly larger than controls during early postnatal and adult time points, suggesting an
altered neuroanatomical trajectory relative to control offspring. Increases in several cortical
regions and white matter tracts were also observed in MAR-ASD adult brains relative to
controls, with observed differences primarily driven by MAR-ASD females. By generating the
MAR ASD-specific epitope antibodies in female mice prior to breeding, our antigen-driven
mouse model demonstrates for the first time that these ASD-specific maternal autoantibodies are
directly responsible for alterations in behaviors.

Disclosures: K.L. Jones: None. J. Ellegood: None. E. Edmiston: None. M. Pride: None. M.
Yang: None. J. Silverman: None. J. Lerch: None. J. Crawley: None. J. Van de Water: None.

Poster

776. Autism: Neuromimmune, Microbiota, and Environmental Factors

Location: Halls B-H

Time: Wednesday, November 16, 2016, 1:00 PM - 5:00 PM

Program#/Poster#: 776.10/B22

Topic: A.07. Developmental Disorders

Support: Nancy Lurie Marks Clinical and Research Fellowship Program in Autism
Robert and Donna Landreth Fund
Lurie Center for Autism

Title: Interactions between prenatal and early postnatal immune challenges in a mouse model of
autism



Authors: E. L. MOKLER', A. J. ALEXANDER', S. M. LANDINO', B. C. FINGER', *Y.
LI*', V. Y. BOLSHAKOV', G. MISSIG', C. J. MCDOUGLE?, W. A. CARLEZON, Jr.";
1Dep‘[. of Psychiatry, Harvard Med. School, McLean Hosp., Belmont, MA; *Mailman Resch Ctr.,

McLean Hosp., Belmont, MA; 3Lurie Ctr. for Autism, Massachusetts Gen. Hosp.,, Lexington,
MA

Abstract: The role of immunological responses in the etiology of autism spectrum disorder
(ASD) has long been hypothesized. A “multiple hit” model whereby multiple exposures to early
life immune insults may contribute to the development of ASD. We developed a repeated
immune challenge mouse model where pregnant mice were injected with the viral mimic
poly(I:C) (20 mg/kg) on gestational day 12.5 of pregnancy. A subset of the offspring was
injected with lipopolysaccharide (LPS) (10 mg/kg) on postnatal day 9 to induce a second robust
innate immune response. A battery of behavioral assays were performed to characterize the
behavioral phenotype of this model in relation to the core symptoms of ASD: deficits in
communication and social interaction, and increases in stereotyped behaviors. To assess
communication-related behavior, ultrasonic vocalizations (USVs) were recorded from male pups
during a maternal separation test on postnatal days 10-16 and from adult males at seven weeks
evoked from the presence of urine from a female in estrus. In both LPS treated pups and adults
there were altered number of evoked USVs suggesting a dysregulation of communication. To
measure social behavior, a one-chamber social interaction test was performed at 8 weeks. In
males, postnatal LPS decreased social preference. To evaluate for the presence of stereotypic or
repetitive behavior, mice were tested on a Rotarod at 7 weeks and were placed in a Y-Maze at 10
weeks to observe spontaneous alternations. Anxiety-like behaviors were measured from both
males and females at 10 weeks in the open field test. There was heightened anxiety-like behavior
for both sexes that received postnatal LPS. In sum, postnatal LPS was sufficient to produce a
robust ASD-like behavioral phenotype, producing alterations in communication, social
preference, stereotypic, and anxiety-like behavior. However, following prenatal poly(I:C)
treatment we did not observe a reliable ASD-related behavioral phenotype, and found that the
combination of polyl:C plus LPS produced only modest differences from the behavioral
phenotype seen with postnatal LPS alone. Our findings provide evidence that perinatal immune
insults can produce behavioral changes in mice resembling those found in ASD and lend further
support to a potential immunological involvement in ASD.
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Abstract: Increasing evidence suggests a role for inflammatory processes in autism spectrum
disorders (ASDs). Some individuals with ASDs show elevated inflammatory markers and
neuroimmune responses, as well as epidemiological association with familial autoimmune
disorders. These findings raise the possibility that there is a subtype of ASD that is
immunological in origin. Previous research in mice has shown that immune insults during critical
developmental periods can result in a phenotype that reproduces some of the core features of
ASD. We have recently developed a “multiple hit” immune model, whereby mice are exposed to
repeated perinatal immune insults. In this model, pregnant mice are injected with the viral mimic
poly(I:C) (20 mg/kg) on gestational day 12.5 in accordance to an established model of maternal
immune activation. A subset of these offspring receives a second injection of LPS
(lipopolysaccharide) (10 mg/kg) to induce a robust innate immune response on postnatal day 9.
We have previously found that this model leads to a pronounced ASD-like behavioral phenotype
with mice displaying deficits in social and communication behavior, increased repetitive
behavior, as well as inducing a state of ongoing immune activation that persists into adulthood.
Here, we examine this multiple hit immune activation model on two physiological measures that
are commonly dysregulated in individuals with ASD, sleep and electroencephalography (EEG)
epileptiform activity. Using a remote telemetry system, a transmitter was implanted at postnatal
week 6 and measurements of EEG, electromyography (EMQ), activity, and temperature were
made for multiple weeks. During this period levels of activity, sleep, and circadian rhythm were
analyzed. Prenatal LPS resulted in several alterations, including overall greater level of activity,
consistent with the hyperactivity and sleep disturbances frequently observed in ASD.
Considering that epilepsy is found in a higher percentage of individuals with ASD than in the
general population and there is evidence for increased in epileptiform activity even in the



absence of epilepsy, we examined EEG recordings from perinatal immune activated mice for the
presence of epileptiform activity. Analysis revealed that a subset of the mice that received
postnatal LPS displayed heightened levels of epileptiform activity, which included the presence
of spike-wave discharges during sleep. In sum, perinatal immune activation resulted in
alterations in sleep and epileptiform activity resembling aspects of ASD, further supporting a
potential immunological involvement in ASD.
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Abstract: Many children and adolescents with Autism Spectrum Disorder (ASD) have
significant gastrointestinal (GI) symptoms, but the etiology is currently unknown. Some
individuals with ASD show altered reactivity to stress, as well as altered immune markers,
particularly stress-responsive cytokines including TNF-a and IL-6. To assess potential
relationships between GI symptoms and stress response, we examined whether GI symptoms
were associated with increases in stress-associated endocrine and cytokine biomarkers in ASD.
We hypothesized that positive relationships would exist between GI symptomatology and
cortisol, TNF-a, IL-6. Furthermore, we conducted exploratory analyses to examine the effects of



the presence or absence of key co-occurring medical and psychological conditions on these
relationships in ASD. A sample of 120 individuals aged 6-18 with ASD participated in the study.
Participants provided pre- and post-stress salivary cortisol samples to measure the endocrine
stress response, and a pre-stress blood sample to measure levels of interleukin 6 (IL-6) and tumor
necrosis factor alpha (TNF-a). To assess the response to stress, cold pressor and vibrotactile
stimulation were applied to the hands in independent trials. Upper and lower GI tract
symptomatology were assessed using the QPGS Rome III. Exploratory analyses were conducted
between measures of intelligence, key co-occurring conditions in ASD, and IL-6, TNF-a, and
pre- and post-stress cortisol to examine potential relationships. Lower GI tract symptoms were
significantly associated with post-stress cortisol concentration. This relationship between cortisol
response to stress and GI functioning was greater for children who had a history of regression or
loss of skills that were previously acquired. Exploratory analyses also revealed significant
correlations between cortisol change score, 1Q, and inappropriate speech. In contrast, lower GI
tract symptoms were not associated with levels of TNF-a or IL-6. Significant correlations were
found, however, between TNF-a and IL-6 and irritability, socialization, and 1Q. These findings
suggest that individuals with ASD and lower GI tract symptoms may have an increased response
to stress, but this effect is not associated with concomitant changes in stress-associated
cytokines. This relationship with stress may be relevant for future individualization of treatment
of lower GI tract symptoms in ASD. The relationship between endocrine stress reactivity and
lower GI tract symptoms in children with loss of skills, as well as the relationships between
cortisol, IL-6, and intelligence in ASD, warrant further investigation.
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Abstract: The etiology of autism spectrum disorder (ASD) is not well understood. Prenatal
exposure to certain environmental factors or genetic mutations increase the risk for developing
ASD. However, whether exposure to environmental risk factors by genetically susceptible
individuals increases the severity of the disorder remains unknown. Therefore, we tested the
hypothesis that mice with a targeted deletion of the contactin associated protein-like 2
(CNTNAP2) gene would exhibit a more severe ASD-like behavioral phenotype following
maternal immune activation during gestation. CNTNAP2 mutation has been associated with the
development of autism in humans and a mild ASD-like phenotype, characterized by deficits in
communication, sociability and stereotypic behavior, in mice. Additionally, maternal immune
challenge with the viral mimetic polyinosinic:polycytidylic acid (poly I:C) during gestation
results in a neurodevelopmental and behavioral phenotype resembling ASD (i.e. impaired
communication, disrupted social behavior and repetitive, stereotypic behaviors). Pregnant dams
were administered poly I:C (20mg/kg) or saline intraperitoneally on gestational day 12.5. At
various ages, the behavior of offspring was measured in the following tests; ultrasonic
vocalization, juvenile play behavior, grooming, marble burying, Y-maze, 3-chamber social
interaction and pre-pulse inhibition. Consistent with previous reports, CNTNAP2 gene deletion
independently caused an increase in ASD-like behaviors, but in contrast with much of the
literature, maternal immune challenge with poly I:C failed to induced a robust ASD-like
phenotype in WT mice. In CNTNAP2 deficient mice, maternal immune challenge with poly I:C
did precipitate several ASD-like behaviors in affected offspring, including increased marbles
buried and decreased social interaction in the juvenile play test. Additionally, social interaction
was significantly more impaired in male mice versus female mice born from poly I:C challenged
dams. Consistent with previous reports, our data indicate that deletion of the CNTNAP2 gene in
mice results in an ASD-like phenotype, and males appear more vulnerable to some, but not all,
of the behavioral consequences of maternal immune challenge with poly I:C. In our hands, poly
I:C had little behavioral impact on WT mice as they developed, and the severity of the
CNTNAP2 phenotype was more profound than previous reports. The latter could have obscured
our ability to measure gene x environment interactions in the development of an autistic-like
phenotype in mice.
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Abstract: Maternal inflammation during pregnancy affects placental function and is associated
with increased risk of neurodevelopmental disorders in the offspring. The molecular mechanisms
linking placental dysfunction to abnormal fetal neurodevelopment remain unclear. During typical
development, serotonin (5-HT) synthesized in the placenta from maternal L-tryptophan (TRP)
reaches the fetal brain. There, 5-HT modulates critical neurodevelopmental processes. We
investigated the effects of maternal inflammation in mice triggered in mid-pregnancy by the
immunostimulant polyriboinosinic-polyribocytidylic acid [poly(I:C)] on TRP metabolism in the
placenta, and its impact on fetal neurodevelopment, postnatal formation of the serotonergic
system, and several adult behaviors typically associated with serotonergic dysfunction. We show
that a moderate maternal immune challenge rapidly upregulates placental TRP conversion to 5-
HT through successively transient increases in substrate availability and TRP hydroxylase (TPH)
enzymatic activity, leading to accumulation of exogenous 5-HT and blunting of endogenous 5-
HT axonal outgrowth specifically within the fetal forebrain. The pharmacological inhibition of
TPH activity blocked these effects. Postnatally, these effects lead to the disruption of several
adult behaviors that are commonly associated with neurodevelopmental disorders like autism and
schizophrenia. These results establish altered placental TRP conversion to 5-HT as a new
mechanism by which maternal inflammation disrupts 5-HT-dependent neurogenic processes
during fetal neurodevelopment. The findings presented here lay the framework for more detailed
studies of infectious agents on placentally-derived modulators of neurodevelopment, particularly
in view of recent infectious disease outbreaks (such as HIN1 influenza or Zika virus), suggesting
that pregnant women and their fetuses are high-risk groups for severe and long-lasting
complications
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Abstract: Autism spectrum disorders (ASDs) involve persistent deficits in social communication
and social interaction, along with characteristic repetitive patterns of behavior. The symptoms of
ASD are present at an early age and ASD often occurs in families, suggesting a genetic basis.
Intensive efforts to identify a common genetic mechanism suggest that a very small fraction of
ASD diagnoses can be attributed to single gene mutations. Complex combinations of common
allelic variants may account for up to half of ASD cases, with the remaining cases due to other
factors. It is also suspected that genetic predisposition acts in combination with environmental
influences. Maternal immune events during pregnancy are among the most pronounced non-
genetic risks and interactions between single gene risk factors and gestational immune events are
beginning to illustrate how a mild genetic risk may combine with a mild environmental risk to
cause autism. Single nucleotide polymorphisms and disruptive mutations in the GABAA
receptor beta-3 subunit gene (GABRB3) are among the high-confidence recurrent mutation in
ASD. Here we show that GABRB3 heterozygosity in mice shows striking synergy with the
activation of a maternal immune response during pregnancy. Offspring exhibit pronounced ASD
and intellectual disability-like behaviors, including absence of social interaction, increased
repetitive behavior, and impaired cognitive function. Global physiological aberrations are also
noted in medial prefrontal cortex (mPFC). Both excitatory and inhibitory synaptic transmission
of layer 2/3 neurons was markedly attenuated in conjunction with reduced dendritic spine
density. Mice also exhibit a reduction in NMDAR function within mPFC layer 2/3 neurons. In
multichannel extracellular recording, both synaptic sinks and sources are globally diminished in
the mPFC layer 2/3. These results strongly suggest that partial loss of GABRB3 potently



interacts with gestational immune events to elevate the severity of ASD-like symptoms and
extensively alter synaptic structure and neurotransmission.
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Abstract: Autism spectrum disorders (ASD) affect up to 1 in 68 children and are associated with
a broad array of genetic alterations, making an understanding of ASD a daunting task.
Additionally, while autism is clearly heritable, there is also a strong environmental component to
ASD pathogenesis. Despite this complexity, there are common themes that have emerged from
studying children with ASD and animal models. One such theme is that autism is associated with
altered neuronal connectivity. Another is that many mutations merge onto common molecular
pathways, including the PI3K/AKT/mTOR pathway. Within this pathway, there are autism-
associated mutations in PTEN. Mutations in PTEN and other negative regulators of the pathway
are also associated with brain overgrowth, suggesting a potential role for enhanced neural stem
proliferation in the development of autism. Additionally, a significant consensus is emerging that
maternal inflammation is a common environmental exposure that could interact with genetic risk
factors to cause autism. We found that mild maternal inflammation at midgestation in the mouse
leads to activation of PI3K/NOX/AKT/mTOR signaling in the brain, enhanced neural stem cell
proliferation, enlarged brains, and behaviors consistent with an “autistic” phenotype in the
offspring (Le Belle et al., 2014). The effect on brain size was even more profound in PTEN
heterozygotes due to a more complete oxidative inactivation of PTEN function. Our new data



demonstrate that MIR-exposed offspring in our model have altered functional brain connectivity
(fMRI) in mice with the largest behavioral changes. Furthermore, the long-term activation of the
PI3K/AKT/mTOR signaling pathway observed in our model following MIR exposure led us to
test the effects of an mTOR inhibitor, Rapamycin. We found that Rapamycin produces dramatic
rescue of the autism-associated behaviors and functional brain connectivity in adult mice within
2 hours, despite the persistence of their enlarged brain size. This exciting result indicates that
inhibition of the abnormal signaling pathway activation in adult mice can rapidly reverse
neuronal dysfunction without needing to alter aberrant structural changes.
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Abstract: Almost one percent of the world’s population has been diagnosed with Autism
Spectrum Disorder (ASD) with a male predominance. Although the various studies aiming to
understand the pathophysiology of ASD, there is still many to reveal especially in middle and
low-income countries, such as Jordan, which might help in early detection and hence better
prognosis. Recently, several studies have demonstrated a link between abnormal immune
activation and ASD. For instance, Epidemiological studies have established a correlation
between ASD and family history of autoimmune disease, and allergic disorders such as celiac
disease. In addition, several studies found higher immune system markers in autistics compare to
controls. Cytokines are molecules that function as signaling chemicals by the body’s immune
system. They participate in many complex physiological functions, including inflammation and
immunity. Also, they have an important role in proper brain and nervous system development,
which is dependent on the correct balance of cytokine levels and other regulatory molecules.



While several researches have demonstrated an increase pro-inflammatory cytokines levels with
decreased anti-inflamatory cytokines levels in autistics compare to controls, these finding might
be variable between different regions and ethnicities. For example, a study based in Saudi Arabia
did found a lower incidence of 11-6 hyperactivity among autistic patients compared to a control
group, and another study did not found any correlation between degree of autism severity and the
level of cytokines. Hence, the goal of this study was to test several pro interleukins levels and
blood markers of gluten sensitivity in autistic patients in Jordan compared to controls. To test
that, blood samples were collected from autistics, their unaffected siblings, and healthy unrelated
controls. Later on, the plasma levels of IL-6, IL-8, IL-9, and IL-10 was measured by ELISA and
compared between groups. For Gluten sensitivity, serum levels of IgA and IgG against gliadin
and anti tissue transglutaminase was also measured by ELISA among the three groups.
Furthermore, the association between immunological markers with age and symptoms was also
investigated. Our preliminary data revealed increase pro-inflammatory cytokines, mainly IL-6 in
autistic group compare to controls. Furthermore, while autistics did not have higher incidences of
positive IG levels for anti tissue transglutaminase, they have a higher IG levels against gliadin
compare to the control group.
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Abstract: Microglia can shift into different complex morphologies depending on the
microenvironment of the central nervous system (CNS). The distinct morphologies correlate with
specific functions and indicate the pathophysiological state of the CNS. Previous postmortem



studies of autism spectrum disorder (ASD) showed regions of neuroinflammation in ASD
resulting in changes in microglia number. These change in the microglia density can be
accompanied by changes in microglia phenotype but the individual contribution of different
microglia phenotypes to the pathophysiology of ASD remains unclear. Here, we used an
unbiased semi-stereological approach to quantify six structurally and functionally distinct
microglia phenotypes in postmortem human temporal cortex, which were immuno-stained with
an antibody against Ibal. In addition to stereological measures, we used three different methods
to quantify Ibal-immunoreactive microglia. We now report in human postmortem cortex
measures on six distinct phenotypes including ramified, primed, reactive, amoeboid, rod and
dystrophic. The total density of all microglia phenotypes did not differ between ASD donors
(n=10, 14.6 yrs, range 2.8-29 yrs) and typically developing individual donors (controls, n=9,
14.9 yrs, 1.8-32 yrs). However, there was a significant decrease in ramified microglia in both
gray matter and white matter of ASD, and a significant increase in primed microglia in gray
matter of ASD compared to controls. This increase in primed microglia showed a positive
correlation with donor age in both gray matter and white of ASD, but not in controls. Our results
provide evidence of a shift in microglial phenotype that may indicate impaired synaptic
plasticity, and a chronic vulnerability to exaggerated immune responses. We suggest the priming
of microglia is most likely due to the disruption of maternal environment during pregnancy and
developmental influences rather than genetic predispositions, but the exact mechanism is
unclear. Further investigation in the underlying mechanism of the shift in microglia phenotype
may be a step forward in understanding the significance of maternal environment and microglial
pathology in ASD. Quantitative methods of measuring Ibal-immunoreactive microglia did not
show significant difference between ASD and controls, which suggests the importance of using
visual categorization or finer and/or more sensitive methods when neuroinflammation is subtle to
delineate the complex morphology of microglia.
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Abstract: Introduction Brain robustness and recovery from injury is believed to be maximal in
infancy, and then reduce during development. Despite corroboration of this theory in animal
models, clinical evidence in humans is suggestive of a more complex relationship. We sought to
model this process with a percolation theory analysis of the functional connectome to clarify the
relationship between age and response to brain injury. Methods We recruited 100 healthy
participants aged 14 to 24 years (50 female) and acquired multi-echo, BOLD sensitive, echo-
planar imaging at 3 Tesla. Functional connectomes were formed using an anatomical template of
116 regions and Pearson correlations without thresholding. Brain injury was simulated through
removal of nodes individually or sequentially (in either a random or targeted manner). Gender
and age specific changes were analysed with a general linear model and permutation testing,
corrected for the false discovery rate. Results Overall there was little significant change with age
in resistance to sequential node removal (either targeted or random). However, the effects of
removal of individual brain regions did changes with age, with approximately 10% of all nodes
demonstrating either an increase or decrease in their vulnerability. Regions of increased
vulnerability with age included deep nuclei and the cerebellum, while regions of decreased
vulnerability were predominantly on the medial surfaces (for example the posterior cingulate
cortex).Conclusions Age dependent response to brain injury during the adolescent to adult
period involves a reorganisation of individual components rather than reflecting an overall
feature of connectome or brain network organisation. This process suggests a parsimonious
explanation for divergent clinical effects whereby the effects of injury vary with location and
age. Further directions could include determining the effects of potential age-dependent plasticity
on recovery and relating this to concurrent developmental processes such as synaptic refinement.
Clarifying the mechanisms underlying how the brain responds to injury may allow us to better
tailor neurosurgical approaches to lesion resections, for instance by avoiding vulnerable areas or
those that have potential for recovery.
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Abstract: Adolescence represents a critical period of neurodevelopment, defined by structural
reorganization and synaptic maturation within the prefrontal cortex. Although these processes are
critical for the transition to adulthood, structural instability may open a window of vulnerability
to neuropsychiatric disorders including depression. Interventions that facilitate activity-
dependent neural remodeling, as occurs during adolescence, may be advantageous. Here we
evaluated the therapeutic-like potential of Rho-kinase (ROCK) inhibition, which can expedite
activity-dependent dendritic spine plasticity. The brain-penetrant ROCK inhibitor fasudil had
antidepressant-like effects in the forced swim test in adolescent mice and was comparable to
ketamine and fluoxetine. Fasudil also decreased the latency to approach a palatable food in the
novelty suppressed feeding task, a rapid antidepressant-like effect. Within the adolescent
ventromedial prefrontal cortex (vmPFC), fasudil increased levels of the post-synaptic marker
PSD-95, while pruning dendritic spines, resulting in adult-like spine densities. Fasudil stimulated
several neurotrophin-related signaling factors in the vimPFC, including increasing the ratio of
full-length:truncated tyrosine kinase receptor B (TrkB). Subsequent experiments utilizing viral
vector-based and pharmacological manipulations indicated, however, that the antidepressant-like
actions of fasudil are nonetheless attributable to the inhibition of the neuronal ROCK isoform,
ROCKII.
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Abstract: Adolescence is a dynamic period of neuronal development in which the dopamine
(DA) neurotransmitter system matures. These changes to the DA system may cause adolescents
to be especially susceptible to neurotoxicants and drugs that act on DA. One such neurotoxicant,
methylmercury (MeHg), inhibits the dopamine transporter (DAT) and promotes DA efflux in
vitro. Gestational exposure to MeHg is associated with lasting deficits in behavioral flexibility
and increased sensitivity to dopamine agonists, but the impact of adolescent MeHg exposure
remains to be explored. Moreover, it is unclear whether the interactions of MeHg with DA are a
mechanism by which MeHg produces these behavioral deficits. To assess the role of DA in
MeHg’s developmental neurotoxicity, we compared adolescent MeHg exposure to that of a drug
that inhibits DAT and induces DA efflux, d-amphetamine (d-AMP). Adolescent male C57Bl/6n
mice were randomly assigned to two MeHg-exposure groups (0 ppm and 3 ppm) and two d-
AMP-exposure groups (saline and 1 mg/kg), producing four treatment groups (n = 10-12/group):
Control, MeHg, d-AMP, and MeHg + d-AMP. MeHg exposure (via drinking water) spanned
postnatal day 21 to 60 (the murine adolescent period), and once daily i.p. injections of d-AMP or
saline spanned postnatal day 28 to 42. As adults, mice were trained on a spatial-discrimination-
reversal task in which trials were response-initiated and the spatial location of a lever press (left
or right) predicted reinforcement. Following two spatial discrimination reversals, a visual-
discrimination task (extradimensional shift) was instated in which the presence of a stimulus
light above a lever (lit or unlit) predicted reinforcement. Responding was modeled using a
logistic function, which estimated the rate (slope) of a behavioral transition and trials required to
complete half a transition (half-max). Adolescent exposure to MeHg alone, d-AMP alone, and
MeHg + d-AMP increased estimates of half-max on the second reversal. MeHg exposure alone
also increased half-max and decreased the rate of the transition following the extradimensional
shift. Conjoint exposure to MeHg and d-AMP produced more perseverative errors and omissions
following a reversal. The similar effects of MeHg and d-AMP exposure, alone and in
combination, on reversal performance provide indirect evidence for the hypothesis that
disruption of DA neurotransmission is a mechanism of MeHg-induced behavioral toxicity.
Additionally, these data suggest that adolescence is a time during which the brain and behavior
may be especially susceptible to MeHg exposure and its interaction with psychomotor stimulant
drugs.
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Abstract: Environmental stressors during critical developmental periods can have long-lasting,
epigenetic consequences on neural and behavioral development. Exposure to the environmental
neurotoxicant, methylmercury (MeHg), produces neurobehavioral dysfunction that persists long
after exposure ceases. In animal models, gestational MeHg exposure disrupts cortical
development, impairs reversal learning, and distorts the impact of reinforcing events on behavior
in adulthood. The enduring impact of MeHg exposure supports a hypothesis that epigenetic
dysregulation is a key mechanism underlying MeHg’s toxicity. Perinatal MeHg exposure has
been linked to decreased gene expression and deacetylation of histone N-terminals, a classic
epigenetic mark, in the prefrontal cortex of adult animals. The impact of MeHg exposure during
other sensitive periods of development, such as adolescence, has not been examined. Male
C57Bl1/6n mice were randomly assigned to three MeHg exposure groups (n = 12 in each): 0, 0.3,
and 3.0 ppm MeHg (via drinking water). Exposure lasted from postnatal day 21 to 60, the murine
adolescent period. As adults, lever-pressing was maintained under a multiple fixed-ratio (FR)
schedule of reinforcement for sweetened-condensed milk. The response-to-reinforcer ratio
increased within a session: FR 1, 5, 15, 30, 60 and 120. Responding was analyzed using
Mathematical Principles of Reinforcement, a theoretically-driven model of reinforcement-based
learning whose parameters reveal information about motor function, reinforcer efficacy, and
saturation rate—a measure of the effects of delayed reinforcement. To examine the genome-wide
transcriptional impact of adolescent MeHg exposure, directional poly(A)” RNA sequencing was
performed on prefrontal-cortex samples from a separate cohort of animals exposed to 0 ppm (n =
7) and 3 ppm MeHg (n = 7) during adolescence. Adolescent MeHg exposure decreased estimates
of minimum response time thereby increasing maximum response rates. MeHg also increased
saturation rate, indicating that temporally distal responses were less likely to be strengthened by



reinforcement. Further, adolescent MeHg exposure suppressed expression of fourteen genes,
including a number of immediate early genes implicated in neural development, learning, and
motor function (e.g., Btg2, Arc, and Fos). Adolescence represents a vulnerable developmental
window for long-lasting behavioral and epigenetic effects of neurotoxicant exposure.
Neuroepigenetic markers coupled with detailed, theory-driven behavioral analyses provide a
deeper understanding of brain-behavior relations with MeHg exposure.
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Abstract: Adolescence, the period between childhood and adulthood, is a peak time for the onset
of various mental illnesses, including depression, anxiety, and schizophrenia. Additionally,
numerous neuroanatomical changes occur across adolescence, particularly within the medial
prefrontal cortex (mPFC), a region implicated in these disorders. Previous research from our
laboratory has demonstrated that the onset of puberty in both male and female rats may affect
neuronal and/or synaptic pruning within the mPFC, suggesting puberty is a critical time for
development of this region. While research suggests that adolescent stress during adolescence
may contribute to symptoms of mental illness, no research to date has examined the role of
pubertal onset in sex-specific effects of stress. We exposed male and female rats to a
combination of isolation and restraint stress during the onset of puberty or during the post-
pubertal period of adolescence, with an additional unstressed control group. At young adulthood,
all subjects were tested in an Elevated Plus Maze (EPM), Forced Swim Task (FST), Pre-pulse
Inhibition (PPI), Open Field Task, and a Novel Object Recognition task. While we found no



effects of stress on Open Field or Novel Object Recognition performance, we did find sex-
specific effects of pubertal stress on EPM, FST, and PPI. Females stressed during the window of
pubertal onset displayed an increased latency to enter an open arm in the EPM, as well as
increased time spent immobile during the FST. Males stressed during pubertal onset showed
deficits on a PPI task. These results demonstrate sex-specific effects associated with pubertal, but
not post-pubertal, stressors during adolescence, which may contribute to peak onset of mental
illnesses during this time.
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Abstract: Adolescence is a critical neurodevelopmental period rife with novelty-seeking and
impulsive behaviors that facilitate drug use and increase vulnerability to addiction. Concurrent
with and related to these changes, the adolescent prefrontal cortex overexpresses dopamine D1
receptors (D1r) in glutamatergic neurons that project to the reward area of the nucleus
accumbens. These D1rs are associated with an increased sensitivity to drug cues. We
investigated whether the overexpression of D1rs within the female adolescent rat brain would
increase either novelty-preferring behaviors and/or preferences to cocaine-associated
environments. We also assessed whether conditioned odor cues would change blood flow in
addiction-relevant brain areas. On postnatal day (P) P16, a lentiviral vector that overexpressed
D1r was injected into the prelimbic prefrontal cortex of female rats, while a control group
received only the green fluorescent protein-expressing vector. Rats were then behaviorally tested



for novelty preference on P19-P23. Afterwards, rats were administered two cocaine injections
(10 mg/kg, i.p.) on P24-P27 paired with an odor stimulus to condition a place preference to the
setting in which they received the drug. Employing the methods of Lowen et al (2015), the same
cocaine conditioned odor stimulus was used in conjunction with whole-brain functional magnetic
resonance imaging (fMRI) at 9.4T on P28 to determine blood flow responses to the drug cue.
Contrary to our hypothesis, post-conditioning trials revealed a trend (P=0.08) in which the
control group spent the majority of time in the drug-paired chamber, while the rats
overexpressing D1r demonstrated no preference. Functional MRI responses to the conditioned
odor in both the rats with increased preference to novel environments and those treated to
overexpress D1rs indicated increased activation in the prefrontal cortex and the dorsal striatum,
and a concurrent decrease of activity in the insula.The strong activation in the dorsal striatum
observed in female adolescent rats suggests that blood flow increases in this region, which are
associated with habit formation and cue reactivity rather than reward per se, might place
adolescent females at elevated risk for addiction. The decrease in activation in the insula in these
rats suggests a corresponding decrease in response inhibition. These two imaging observations in
this two-day cocaine and odor stimuli conditioning experiment suggest increased vulnerability to
psychostimulant addiction in adolescent females may be related to novelty preferences.
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Abstract: This study was designed to analyze the effects of adolescent exposure to
methylphenidate (MPH; trade name: Ritalin) on nicotine self-administration, the motivation to
obtain nicotine, and accumbal neuronal firing rate in female adolescent rats. MPH is the most



commonly prescribed medication for Attention Deficit-Hyperactivity Disorder (ADHD) which is
diagnosed in 3-5% of adolescents in the United States. However, this disorder is often
misdiagnosed, and MPH is often prescribed to individuals not diagnosed with ADHD.
Adolescent female Sprague-dawley rats were ip administered 1 mg/kg MPH or saline using a
“school day” regimen of five days on, two days off, beginning on postnatal day (P)28 and this
regimen was maintained throughout testing. A 1 mg/kg dose of MPH has been shown to result in
brain plasma levels equivalent to clinical dosing in humans. Indwelling catheters were implanted
in the jugular vein at P35, and one week later on P42, animals began nicotine self-administration.
MPH (1 mg/kg) was administered each day approximately 6 h before each self-administration
session began, which allows for nearly full plasma clearance of MPH (half-life = 1 h) before
self-administration commenced. Rats were reduced to 85% of their free-feeding body weight and
sipper tubes were made available to the rats in this paradigm, and responses to licking the tube
produced an infusion of nicotine solution (15pug/kg) over a range of fixed ratio (FR)
reinforcement schedules followed by a progressive ratio (PR) schedule, a measure of motivation.
The schedule of reinforcement during 60 min sessions was increased from an FRS5 to FR15 over
approximately a three-week period. Results revealed that MPH pre-exposed rats self-
administered significantly higher amounts of nicotine as compared to animals treated with saline
throughout the FR5 and FR10 schedules. Further, MPH enhanced the motivation to self-
administer nicotine on the PR schedule compared to controls, demonstrating an enhanced
motivation to obtain nicotine produced by MPH. Finally, animals that had been pre-exposed to
MPH and self-administered nicotine demonstrated a lower rate of basal accumbal firing as
compared to controls, but a burst firing in response to nicotine that was higher than rats pre-
exposed to saline. In conclusion, MPH altered the behavioral and neural response to nicotine in
the nucleus accumbens.
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Abstract: Childhood maltreatment is a major risk factor for poor physical outcomes in
adulthood including depression, anxiety and cognitive dysfunction. Therefore, it is necessary to
develop biomarkers as indicators of maltreatment at an early age, before later-life clinical
outcomes present themselves. For a preliminary study, we used children who were referred by
Los Angeles County Child Protective Services to Children’s Institute Inc. for recruitment into a
trauma therapy program. Children, exposed to documented trauma at some point before entry
into therapy, were followed for 6 to 8 months. Between their intake and one-month follow-up
after therapy, only a portion of these children continued to experience traumatic events. At entry
into therapy and one-month post therapy, three centimeters of hair were taken to measure
average cortisol as a representative marker of long-term stress. Using an Illumina Infinium
MethylationEPIC BeadChip we measured genome wide DNA methylation from saliva for over
850,000 methylation sites for six children to observe differences in children recently exposed to
severe trauma, compared to children with no recent report of severe trauma. While average
cortisol was not significantly correlated with caregiver-reported trauma, we found significant
alterations in DNA methylation were apparent after traumatic experiences, such as domestic or
sexual violence, especially in cases with no reported traumatic event in the previous month.
These significant changes were primarily in genes involved in immune response and regulation
of DNA methylation, while a few methylation sites were altered for genes over-expressed in the
brain. While global methylation levels from one time point to another were not drastically
changed, a subset of promoter regions and gene bodies were significantly altered indicating that
significant methylation changes can occur in a period of only a few months. It also appears that
the duration and intensity of the trauma may play a role in the amount of change seen in
methylation levels. After seeing significant methylation changes in individuals with a similar
trauma history, we hope to validate this finding in children from a different fifteen-year study to
determine long-term effects that severe childhood maltreatment has on DNA methylation from
early childhood into adulthood.
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Title: Developmental changes in the influence of COMT genotype on the flexible processing of
self-generated information and trait anxiety

Authors: *E. J. KILFORD', . DUMONTHEIL? S.-J. BLAKEMORE’;

'UCL Inst. of Cognitive Neurosci., London, United Kingdom; *Dept. of Psychological Sci.,
Birkbeck, Univ. of London, London, United Kingdom; *Inst. of Cognitive Neurosci., Univ. Col.
London, London, United Kingdom

Abstract: The catechol-O-methyltransferase enzyme (COMT) is a major determinant of
prefrontal dopamine levels. The Val'>*Met polymorphism of the COMT gene has previously
been associated with reciprocal variation in executive function and affective reactivity,
hypothesised to represent a trade-off between cognitive efficiency and affective resilience. In
adults, the Met allele, which results in lower enzymatic activity and higher dopamine
availability, has been associated with superior executive function and working memory, whereas
the Val allele has been associated with advantages in affective processing and lower levels of
anxiety disorders and related traits. Dopamine effects on prefrontal function follow an inverted
U-shape curve, with both deficient and excessive levels resulting in poor cognitive performance.
A recent study demonstrated that Met allele advantages on working memory emerge during
adolescence, consistent with developmental changes in the dopaminergic system that are
hypothesised to shift the relative position of each COMT genotype group on the dopamine curve.
We investigated developmental changes in the influence of COMT genotype on both executive
function, specifically the flexible processing of self-generated information, and trait anxiety. A
cross-sectional sample of healthy adults and adolescents (N=307, aged 9 to 37 years) performed
a behavioural task in which they processed alternating blocks of self-generated and stimulus-
oriented information, and completed measures of self-reported trait anxiety. We hypothesised
that associations between COMT genotype and cognition would be moderated by developmental



stage.

Age group x COMT genotype interactions were found for both task accuracy and trait anxiety.
Met/Met adults were more accurate and had higher trait anxiety relative to adult Val carriers,
whereas Met/Met adolescents were relatively less accurate and had lower trait anxiety than
adolescent Val carriers. These results extend previous findings of developmental variation in the
association between COMT genotype and prefrontal cognition to other aspects of executive
function and to individual differences in trait anxiety, consistent with trade-off models of COMT
genotype effects.
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Abstract: Methamphetamine (Meth) abuse is a growing problem in Australia, with the rise in its
purity as a main concern. Additionally, the age of Meth abusers has significantly dropped over
the past few years with children as young as 10 years admitted to hospital on Meth. Therefore,
we used the intravenous self-administration paradigm to compare Meth abuse-related behaviour
in adolescent (postnatal day 35) and adult (postnatal day 70) rats. Rats were trained to lever press
for Meth at a dose of 0.03 mg/kg/infusion. It was found that both adults and adolescents acquired
in a similar manner however, after acquisition, adolescent rats escalated their intake when the
dose was increased (0.1mg/kg/infusion, p<0.05). To test whether this escalation was due to pre-



exposure to Meth or due to a particular affinity for 0.1mg/kg/infusion, a new group of rats
acquired at 0.1mg/kg/infusion, and then were tested on 0.3mg/kg/infusion. Interestingly, both
age groups acquired in a similar manner and again an escalation of intake was seen in the
adolescent group on the high dose (p<0.05). We also investigated the effects of meth vs saline on
the number of interneurons in adolescent and adult rats using immunofluorescent staining of
Parvalbumin (PV) and Somatostatin (SST). Preliminary data suggest that meth self-
administration reduces the number of PV-positive interneurons in the infralimbic cortex in
adolescents more dramatically compared with adult rats.

Disclosures: S.J. Luikinga: None. H.B. Madsen: None. I.C. Zbukvic: None. A.J. Lawrence:
None. J. Kim: None.

Poster
777. Adolescents: Mechanisms of Vulnerability
Location: Halls B-H
Time: Wednesday, November 16, 2016, 1:00 PM - 5:00 PM
Program#/Poster#: 777.11/C15
Topic: A.09. Adolescent Development
Support: NIH AA019967
NIH AA020537
NIH T32DA007288

Title: The impact of adolescent alcohol exposure on fear memory acquisition, extinction,
consolidation, and recall in adulthood
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Abstract: Ethanol is the most commonly used drug among adolescents in the United States, and
is frequently ingested in repeated binge-like episodes involving large amounts consumed over
short periods of time. The lasting effects of these binge-like exposures are not well understood.
In the present study, we examined the effects of adolescent intermittent ethanol (AIE) vapor
exposure (postnatal days 28-44) on fear conditioning and extinction in adulthood. AIE-exposed
and air-exposed controls received 3 daily sessions of fear conditioning in which an auditory tone
was paired with a moderate (0.75 mA) foot shock. Following conditioning, all rats were given 5
daily extinction sessions in which the visual context was altered and the auditory tone was no
longer followed by a foot shock. All rats had reached extinction criteria on the 5™ day of
extinction. Following extinction, rats were tested in multiple conditions to allow for examination



of context-induced freezing behavior, retention of extinction learning, and spontaneous recovery
of conditioned freezing behavior. The results indicated that AIE-exposed rats acquired fear
conditioning more quickly when compared to air-exposed controls. Additionally, AIE-exposed
rats exhibited significantly less freezing in response to the fear context. However, when tested in
a retention trial to assess their ability to retain the extinction memory of the tone AIE-exposed
rats display significantly higher freezing rates in response to the tone. Furthermore, AIE-exposed
rats demonstrated higher freezing rates during a spontaneous recovery test of conditioned
freezing three weeks later. These data suggest that AIE exposure results in lasting neural
alterations that increase susceptibility to fear memory acquisition and disrupt consolidation of
contextual and extinction memories in adulthood. These behavioral alterations are possibly due
to AIE-induced disruptions in multiple neural mechanisms related to memory formation and
consolidation. We are currently examining the impact of AIE exposure on stress reactivity
measures and exploring potential mechanisms to attenuate AIE-induced deficits in fear-related
memories.
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Ox/Hcrt system
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Abstract: Recently it has been shown that the orexin/hypocretin (Ox/Hcrt) system is involved in
the mediation of sleep as well as the reward aspect of ethanol intake. However the effect of
ethanol itself on the Ox/Hcrt system has been poorly explored. Here we investigated the effects
of chronic intermittent ethanol (CIE) exposure on early (Oh and 24h) and late modulation (4
weeks) of Ox/Hcrt system after CIE exposure in adolescent rats. 48 rats (P22) were divided in



two groups, the control group (n=24) and EtOH group (n=24) that was exposed to CIE for 5
weeks (P22-P56). Control and CIE groups were subdivided in three subgroups (n=8) and
sacrificed at P57 (Oh), P58 (24h) and P85 (4 weeks) after CIE exposure. Ox/Hcrt levels and the
expression of prepro Ox/Hert mRNA and GABARal mRNA on lateral hypothalamus were
investigated using an enzyme link immunoassay (EIA) and SQPCR respectively. In addition,
Ox/Hert 1 and 2 receptors mRNA, GAD65 mRNA, GAD67 mRNA were evaluated in the
anterior hypothalamus, which includes the median preoptic area (MnPO). Results show that CIE
did not change Ox/Hcrt peptide levels on lateral hypothalamus although expression of prepro
Ox/Hert mRNA increased on P57 (Oh, p<0.05) returning to control expression levels on P58 and
P85. GABARal mRNA was upregulated at P85 compared to control (p<0.05). No significant
changes were observed in the expression of GAD65, GAD67 and Ox/Hcrt 1 and 2 receptors
mRNA in the anterior hypothalamus. These data indicate that CIE during 5 weeks disrupt the
early modulation of prepro Ox/Hcrt mRNA expression and late modulation of GABARa1
mRNA on lateral hypothalamus.
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Abstract: Adolescent and adult rats respond differently to drugs of abuse, including ethanol. We
have previously shown pronounced age differences in sensitivity to the social consequences of
acute ethanol challenge. Adolescents, but not adults, display increases in social activity in a
modified social interaction test following a low dose of ethanol, and are less sensitive than adults
to the social inhibitory effects of higher doses of ethanol. Among the prominent neural effects of
ethanol are its glutamate antagonistic-like effects, raising the possibility that age dependent
effects of ethanol on social behavior may be related to developmental alterations in



glutamatergic function. Indeed, reminiscent of the developmental data with ethanol, adolescents
show age-specific induction of social facilitation by the selective NMDA NR2B antagonist
ifenprodil, and are less sensitive than adults to the social inhibitory effects of this NMDA
antagonist. The purpose of the current experiment was to determine whether an ontogenetic
pattern similar to those of ethanol and ifenprodil will be evident following antagonism of another
type of glutamate receptor, namely AMPA receptors. The effects of a specific AMPA1 receptor
antagonist, NBQX, were assessed in a social interaction test in adolescent and adult male and
female Sprague Dawley rats. Animals were injected i.p. with a dose of NBQX (0.0, 1.0, 2.0, 4.0,
6.0 and 8.0 mg/kg) and placed alone into a two-compartment apparatus for a 30-min habituation
period. A non-familiar social partner was then placed into the chamber for 10 min, and the
session was videotaped for later scoring of the social behaviors. There were significant main
effects of age and dose for all social measures (social investigation, contact behavior, play
fighting, and the preference/avoidance coefficient), with adolescents generally showing more
social behavior than adults. Unlike effects shown previously with ethanol and ifenprodil, no
stimulatory effect of NBQX emerged at any dose in adolescents. Both adolescents and adults
were sensitive to the social inhibitory effects of the two highest doses of NBQX, with few age
differences in this social inhibition. Taken together, the data provide little evidence for notable
differences between adolescents and adults in response to NBQX in a social interaction test,
findings that vary considerably from the adolescent-specific effects of ethanol and the NR2B
antagonist ifenprodil on social behavior. Results from this study further our understanding of the
potential role of specific glutamate receptor systems during ontogeny in contributing to age-
specific effects of ethanol on social behavior during adolescence.
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Abstract: Adolescence is a vulnerable developmental period when many binge drink. We
previously found that adolescent intermittent binge ethanol (AIE) decreased ERK1/2
phosphorylation (pERK1/2) immunoreactivity (pERK1/2+IR) in the frontal cortical regions of
adult rat brain. AIE blunted acute ethanol-induced decrease in the prelimbic and infralimbic
cortex. In the current study, we determined the effect of AIE on pERK1/2+IR in other brain
regions of adult (P80) rats. Male Wistar rats were bred and reared in our vivarium. On the day
following birth (P1), litters were culled to 10 pups. At weaning on P21, male offspring were
weight matched and pair-housed. Two groups, water control and ethanol (AIE, 5 g/kg/day, i.g.,
P25-P54; 2 days ethanol, 2 days off) were further divided at P80 following 26 days without
ethanol, into water or ethanol (4 g/kg, i.g.) challenge separately, and sacrificed 2 hours later. At
P80, in non-ethanol treatment control, ethanol challenge decreased pERK 1/2+IR about 50~90%
in most brain regions, including agranular insular (Al), forceps minor of the corpus callosum
(fmi), ectorhinal (Ect), perirhinal (PRh) and lateral entorhinal (LEnt) cortex; amgydala, the
ventral part of lateral septal nucleus (LVS), granular cell layer (GCL), lateral habenular
nucleus(LHb), rostral linear nucleus of the raphe (RL1), anterior (aVTA) and posterior (pVTA)
ventral tegmental area, except the nucleus accumbens (NAc) and medial habenular nucleus
(MHDb) which were not changed. In AIE treated group, AIE decreased adult pERK1/2+IR
baseline (of control) in Al (19%, p<0.001); Ect (15%, p<0.001), PRh (27%, p<0.001), LEnt
(10%); LVS (41%, p<0.01); amgydala (Lateral: 13%, p<0.001; Basolateral: 17%, p<0.01;
Central: 34%, p<0.01); RLi (57%, p<0.01); aVTA (24%, p<0.001) and pVTA (24%, p<0.001)
except NAc shell and GCL which pERK1/2+IR were increased about 216% and 166% (of
control), separately, and NAc Core, the habenular nucleus and fmi which were not changed. In
contrast, AIE blunted acute ethanol-induced decrease in the fmi (p<0.05); and AIE had a trend to
blunt acute ethanol-induced increase in NAc shell (p=0.068). In the some brain regions, baseline
was near zero suggesting a long lastly effect to AIE. These findings indicate that adolescent
intermittent binge ethanol has a long lastly impacts on the activation of extracellular signal-
regulated kinase in nucleus accumbens shell and granular cell layer of hippocampus of adult rat
brain. ERK1/2 pathways involved in AIE effect on brain functions will further be investigated.
(Supported by the NADIA from NIAAA).
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Abstract: Adolescence is characterized by increased sensation seeking and risk taking, often
including initial experimentation with alcohol. Adolescent alcohol use is a major public health
concern given that age of onset of alcohol use is one of the best predictors of development of
alcohol use disorders in adults. Using a preclinical model of risky decision making, we have
previously demonstrated that voluntary alcohol intake during adolescence, but not adulthood,
promotes maladaptive, risky choice behavior in adulthood. These data indicate a unique
vulnerability of adolescents to the long-term effects of alcohol on decision making. Using fast
scan cyclic voltammetry (FSCV), we further demonstrated increased phasic dopamine release in
the nucleus accumbens core (NAcc) in response to risky, but not safe, options in adults exposed
to alcohol as adolescents. Consistent with this data, we recently showed that pedunculopontine
tegmental nucleus (PPT), but not median forebrain bundle (MFB), stimulated dopamine release
is greater in the NAcc of adults exposed to alcohol during adolescence compared to controls. We
hypothesize that exposure to alcohol during this critical developmental period arrests normal
brain development “locking in” an adolescent phenotype of risk taking behavior and increased
phasic dopamine release that persists into adulthood. Here, we utilize in vivo FSCV, as well as
probability discounting as a preclinical model of risky decision making, to begin to examine this
hypothesis. Briefly, the probability discounting task involves a choice between a ‘safe’ lever that
consistently delivers a low reward or a ‘risky’ lever that delivers a high reward at decreasing
probabilities. Risky decisions are those where a large but uncertain reward is favored over a
smaller certain reward of equal or expected value. Our results demonstrate that adolescent
animals show a risk preference comparable to that of adult animals that voluntarily consumed
alcohol during adolescence. In further support of our hypothesis, we show that PPT, but not
MFB, stimulated phasic dopamine signaling in the NAcc peaks in late adolescence (PND50-55)
and closely resembles PPT stimulated dopamine release in adult animals that were exposed to
alcohol as adolescents. Present studies are utilizing in vivo FSCV in freely behaving animals to
examine risky choice in late adolescence versus adulthood and associated phasic dopamine
signaling to a risky decision. Together, our results provide novel insight into the long-term
effects of adolescent alcohol exposure on maladaptive decision making and the underlying
neurocircuitry.
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Abstract: The age of onset of alcohol consumption in adolescents is associated with an
increased risk of alcoholism during adulthood. The negative consequence of adolescent alcohol
consumption is not specific to alcoholism, since there is a link to an increase risk of addiction to
other drugs of abuse. Very little preclinical data has examined the effects of adolescent alcohol
consumption on the response to other drugs of abuse during adulthood. Previous work from our
laboratory has indicated that microinjection of nicotine directly into the posterior VTA stimulates
dopamine (DA) release in the nucleus accumbens shell (AcbSh). The current study examined the
effects of voluntary adolescent ethanol consumption on the ability of nicotine microinjected
directly into the posterior VTA to stimulate (DA) release in AcbSh. Alcohol-preferring (P) male
rats were allowed to consume EtOH (concurrent 15 and 30%) during post-natal day 30-60. After
adolescent exposure, all rats were maintained without further treatment until at least post-natal
day 90. Rats were implanted with ipsilateral guide cannulae aimed at the posterior VTA and the
AcbSh. Microinjections were administered at a volume of 100 nl over a 5-sec period 3 times a
minute (every 20 sec) during the first 10 min of the sample (30 microinjections total). This
injection protocol mirrored self-administration for nicotine into the pVTA. Following
microinjections, a minimum of 5 additional samples were collected. Rats were microinjected
with aCSF, 1, 10 or 50 uM nicotine. Microinjection of 10 or 50 uM nicotine into the posterior



VTA of adolescent naive P rats increased DA levels in the AcbSh (maximum response
approximately 43 and 78%, respectively). The data indicated that lower concentrations of
nicotine stimulated DA release in P rats that consumed ethanol during adolescence. In addition,
the amount of DA released by 1, 10, or 50 uM nicotine microinjected into the posterior VTA was
larger in the adolescent drinkers (48, 105, and 187%, respectively). The data indicate that
adolescent ethanol consumptions results in a persistent alteration in the response to nicotine
within the mesolimbic DA system. This cross sensitization produced by adolescent ethanol
consumption could be the biological basis for the heightened rate of addiction to other drugs of
abuse observed in adolescents who consume alcohol at an early age.
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Abstract: There is a positive correlation between the onset of drug use during adolescence with
drug dependency during adulthood. The biological basis for this alteration in risk for addiction is
unknown. Therefore, determining the biological consequences of adolescent exposure to nicotine
on adult responsiveness to nicotine is of particular importance. Previous work from our
laboratory has indicated that nicotine treatment during adolescence increased the onset of
nicotine-induced locomotor activity during adulthood. The current study examined the effects of
adolescent nicotine exposure on the ability of nicotine microinjected directly into the posterior
VTA to stimulate dopamine (DA) release in the nucleus accumbens shell (AcbSh). Wistar male
rats were administered 0 or 0.5 mg/kg nicotine during post-natal day 30-55. After adolescent
exposure, all rats were maintained without further treatment until at least post-natal day 90. Rats
were implanted with ipsilateral guide cannulae aimed at the posterior VTA and the AcbSh.
Microinjections were administered at a volume of 100 nl over a 5-sec period 3 times a minute
(every 20 sec) during the first 10 min of the sample (30 microinjections total). This injection
protocol mirrored self-administration for nicotine into the pVTA. Following microinjections, a
minimum of 5 additional samples were collected. Rats were microinjected with aCSF, 100 or
200 puM nicotine. Microinjection of 100 or 200 uM nicotine into the posterior VTA of adolescent
naive Wistar rats increased DA levels in the AcbSh (maximum response approximately 55 and
62%, respectively). The neurochemical response to nicotine microinjected into the posterior
VTA in Wistar rats treated with nicotine during adolescence was significantly greater (maximum
response approximately 188 and 239%, respectively). In addition, the effects of nicotine
microinjection into the posterior VT A were more prolonged in nicotine treated adolescent rats
compared to controls (80 min compared to 40 min). The data indicate that adolescent exposure to
nicotine results in a persistent alteration in the response to nicotine within the mesolimbic DA
system. This increase responsiveness to, and effectiveness of, nicotine within this system may be
part of the biological basis for the increase propensity for nicotine dependency during adulthood
following nicotine use during adolescence.
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Title: Adolescent alcohol exposure produces resistance to habit formation in adulthood
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Abstract: Adolescence is a period of significant cortical development and refinement of neural
circuits. Binge drinking patterns, which are common in adolescents, may result in aberrant
remodeling of these circuits and potentially promote addiction in adulthood. Addiction is a
chronic relapsing disorder characterized by inflexible drug seeking and may involve a transition
from goal-directed behaviors, where drugs and alcohol are sought for their reinforcing properties,
to automatic habitual behaviors. Here, we investigated how a model of binge-like alcohol
exposure (intermittent ethanol exposure in adolescence; AIE) may result in dysregulation of
behavioral flexibility in adulthood. To determine how adolescent alcohol exposure impacts
habitual reward seeking in adulthood, male and female Long Evans rats were exposed to ethanol
via vapor inhalation in the AIE paradigm. Subsequently, adult rats that had been exposed to AIE
were trained to lever press for a 20% liquid sucrose reward on random interval (habit-promoting)
and random ratio (action-promoting) schedules. Because habits are insensitive to changes in
action-outcome contingencies, the expression of goal-directed or habitual reward seeking
strategies can be assessed using contingency degradation paradigms. Contrary to our hypothesis
that binge alcohol exposure during adolescence would facilitate habitual behavior in adulthood,
we observed that at a time point where control adult rats exhibited habitual reward seeking on the
interval (habit-promoting) lever, AIE-exposed adult rats exhibited goal-directed response
strategies. Current studies are investigating c-fos induction after the expression of either goal-
directed or habitual behavior in brain areas known to mediate behavioral flexibility.
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Title: Sex and adolescent intermittent ethanol promote Pavlovian conditioned approach to cue,
no contribution of GLT-1
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Abstract: Ethanol binge drinking during adolescence has been associated with maladaptive
behavior in adulthood such as disinhibition, addiction, and cognitive impairment. It is difficult to
determine if people who binge drink during adolescence later exhibit behavioral deficits in
adulthood due to preexisting traits, or as a consequence of adolescent ethanol consumption.
Preclinical models provide the opportunity to manipulate ethanol exposure in otherwise
homogeneous populations to identify ethanol’s persistent neurobiological effects. We
hypothesize that binge levels of adolescent intermittent ethanol (AIE) disrupt developing meso-
cortico-limbic circuitry, which in turn alters reward-associated learning in adulthood. Previous
studies show sex-specific differences in AIE-induced changes to basal and evoked glutamate
levels in the nucleus accumbens in adulthood. Thus, we hypothesize that one mechanism by
which AIE alters reward processing is via glutamate signaling in accumbens, particularly by
changes in astrocytic glutamate transport. To test these hypotheses, we exposed rats to AIE then
used Pavlovian conditioning in adulthood to assess reward-associated learning. Male and female
rats received intermittent 5g/kg gavage ethanol or equivalent water volume from P25 to P54.
Around P70, rats began Pavlovian conditioning (20 sessions, 15 trials/session). During a trial, an
inactive lever extended and a cue light illuminated; this compound stimulus was the conditioned
stimulus (CS). After 30 s, the CS ended and 0.1mL of 20% sucrose was delivered to the
receptacle. Sign tracking (ST, CS approach behavior) has been suggested to indicate
vulnerability to addictive and impulsive behavior. ST was indicated as lever presses, latency to
lever press, and the probability to press the lever in a given trial; goal tracking (GT, approach to
the receptacle) was indexed by reward receptacle entries, latency to enter the receptacle, and the
probability to enter the receptacle in a given trial. Five days after the last session, fractionated
nucleus accumbens tissue was analyzed for membrane expression of GLT-1, the astrocytic
glutamate transporter. We observed main effects of both AIE and sex on adult lever presses, with
female sex and AIE history both promoting lever pressing. Other ST indices were higher in
females (main effects of sex), whereas metrics of GT were lower in AIE-exposed animals (main
effects of AIE). However, these behavioral effects were not associated with GLT-1, as western
blot analysis of GLT-1 yielded no differences among groups. Collectively, these findings show
that females exhibit higher ST, whereas AIE shifted behavior from GT to ST in both sexes.
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Abstract: Adolescence is a developmental period of heightened neuroplasticity. Alcohol abuse
and binge drinking are common during human adolescence. Using a rodent model of adolescent
intermittent ethanol (AIE; 5.0 g/kg, i.g., 2-day on/2-day off from postnatal day [P] 25 to P55), we
discovered a persistent loss of neurogenesis in the adult hippocampus that we tied to increased
expression of innate immune signaling molecules. In the present study, we tested the hypothesis
that voluntary wheel running (24 hr/day from P24 - P80) would prevent the AIE-induced
reduction of adult hippocampal neurogenesis by blocking upregulation of innate immune
signaling molecules. Voluntary exercise in the form of wheel running prevented the AIE-induced
reductions of hippocampal neurogenesis (i.e., doublecortin-immunoreactive [DCX+IR] cells)
and progenitor cell marker expression (Ki-67 and nestin) as well as the increase in cell death
(cleaved caspase-3) in adulthood (P80). Expression of phosphorylated (activated) NF-xB p65,
which is essential for NF-kB nuclear translocation and induction of proinflammatory cytokines,
was upregulated in the post-mortem human alcoholic and adult AIE-treated hippocampus, an
effect that was prevented by exposure to voluntary wheel running. Adolescent intermittent
ethanol upregulated innate immune gene expression in the adult brain, which was prevented by
voluntary wheel running exposure. Treatment with indomethacin (non-steroidal anti-
inflammatory drug) prevented the AIE-induced loss of hippocampal neurogenesis, supporting a
role for innate immune signaling molecules in the loss of neurogenesis following adolescent
binge ethanol exposure. Together, these data reveal that exercise prevents the deleterious effects
of AIE on adult hippocampal neurogenesis through an innate immune mechanism. (Supported by
the NADIA of the NIAAA)
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Abstract: We have previously demonstrated lasting, sex-specific adverse social consequences of
early adolescent intermittent ethanol exposure (AIE), with male, but not female, rats exhibiting
social anxiety-like alterations when tested as adults. Oxytocin (OXT) has long been implicated in
social behavior, with diverse lines of evidence supporting the suggestion that OXT increases
approach and decreases avoidance to social stimuli. The current study aimed to determine if
administration of the selective non-peptide OXT receptor agonist WAY 267464 (WAY) restores
social behavior disrupted by AIE in male rats. Same-sex group-housed (4 to a cage) male and
female Sprague-Dawley rats were given 4 g/kg ethanol (25%) or water intragastrically (i.g.)
every 48 hr for a total of 11 exposures during postnatal days (P) 25-45. On P70-72, animals were
assessed in a modified social interaction test. Experimental animals were injected
interperitoneally (i.p.) with one of the three doses of WAY (0.0, 2.5, or 5 g/kg), and were placed
individually for a 30-min habituation period in a two-compartment testing apparatus with an
aperture connecting the two sides. A social partner of the same age and sex was then introduced
for a 10-min test period. During the test session, the behavior of the animals was recorded by a
video camera for later scoring. Behaviors scored included two social behaviors that are sensitive
to anxiogenic stimuli: social investigation and the coefficient of social preference/avoidance.
Social investigation was defined as the sniffing of any part of the body of the partner. Social
preference/avoidance was analyzed by separately measuring the number of crossovers
demonstrated by the experimental subject towards as well as away from the social partner and
assessed by means of a coefficient [coefficient (%)= (crossovers to the partner — crossovers away
from the partner)/(total number of crosses) X 100]. Consistent with prior findings, the results
revealed sex-dependent baseline effects of AIE on social anxiety, with males, but not females,
demonstrating greater social anxiety-like alterations, indexed through decreases in social
investigation and social preference. Importantly, this AIE-induced social anxiety was reversed by
WAY267464. Experiments are also currently assessing neuropeptide and OXT receptor levels



within hypothalamic and limbic structures. Determining the efficacy of pharmacological agents
such as WAY for reversing behavioral phenotypes produced by AIE will be of importance in
future translational efforts designed to mitigate lasting consequences of adolescent binge-level
ethanol exposures.
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Abstract: Alcohol use is typically initiated in adolescence with earlier use being a major
predictor for the development of alcohol use disorders (AUDS). Studies have also reported that
pubertal timing in early adolescence plays a role in the initiation and escalation of alcohol use.
Our lab has previously shown that males exposed to adolescent intermittent ethanol exposure
(AIE) prior to and throughout puberty (P25-45) were more socially anxious and sensitive to
ethanol-induced social facilitation than males given comparable exposure later in adolescence
(P45-65). Thus, early AIE could potentially elevate adult use for its anxiolytic effects or to
enhance positive social experiences, changes which may be attributable to alterations in neural
expression of oxytocin (OXT) and vasopressin (AVP). The goal of this study was to determine
the role of pubertal timing in the development of social and neural vulnerabilities in adulthood
after early AIE. Male and female Sprague-Dawley rats were intubated with 4g/kg of EtOH (25%
v/v) or water (H20) every other day from P25-45. Non-intubated (NI) and non-handled (NH)
groups were included to control for intubation effects and experimenter handling, respectively.
EtOH, H20, and NI rats were weighed and checked daily until P50 for indices of puberty (age of
vaginal opening [VO] in females and partial or complete balano-preputial skinfold separation
[BPS] in males). While no differences were seen in age of partial BPS, EtOH and H20 males
completed BPS earlier than NI males. Females in the H20 group exhibited VO at a younger age



than NI females, an effect that was reversed in the EtOH group. On P70, animals were tested
with social partners for changes in play fighting, social investigation, contact and preference.
Brain were collected immediately after testing for determination of OXT and AVP 1a receptor
mRNA (OXTR, AVP-1aR) expression in the central amygdala (ceA) and lateral septum (LS).
Although no AIE-induced changes in behavior were evident, OXTR expression was increased in
the ceA and LS for males and females following social testing relative to non-tested controls.
AVP-1aR expression was greater in the socially than non-tested females in the ceA but lower for
socially-tested males in the LS. A main effect of adolescent exposure was seen in AVP-1aR and
OXTR expression in the LS for males and females, respectively, with greater expression in the
NH relative to all other groups. Furthermore, individual differences in gene expression were
correlated with sexual development and social test behaviors. These data suggest that the
OXT/AVP system is influenced by pubertal development and associated with the expression of
adult social behaviors.
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Abstract: The prefrontal cortex (PFC) is critically involved in cognitive function and inhibitory
control. Adolescence represents a critical period of continued development of this region that
parallels the maturation of its cognitive function. This extended period of developmental
plasticity is thought to render the PFC, and its underlying circuitry, especially vulnerable to
environmental insults that may result in deficits that persist well into adulthood. Alcohol
drinking typically begins during adolescence when consumption of large quantities, in binge-like
episodic patterns, is common. A primary function of dopamine (DA) in the PFC is to maximize



the efficient processing and transfer of information within the neurocircuitry that mediates
decision-making. Dopamine innervation of the medial PFC peaks in early adolescence and then
undergoes pruning and changes in DA receptor function during the transition to adulthood. These
changes appear to play a critical role in the maturation of the executive function of the PFC. To
determine adolescent alcohol-mediated changes in dopamine transmission, we performed whole
cell patch clamp recordings in acute PFC slices from adult rats (PD90-PD110) that received five
14 hour cycles of intermittent vapor exposure to alcohol during adolescence (PD28-PD44).
Recordings targeted PrL layer V pyramidal neurons labeled with a retrograde tracer to isolate
specific prefrontal projections to subcortical structures (BLA, NAcc core and NAcc shell). These
studies revealed that AIE exposure resulted in a loss of D1 receptor modulation of intrinsic
excitability and synaptic transmission in mPFC projections to NAcc core, but had no effect on
D2 or D4 receptor function in this pathway. Interestingly, treatment with the D2 agonist
eticlopride during AIE exposure prevented the loss of D1 receptor function. In contrast,
eticlopride treatment had no effect in the control air exposed rats. Taken together, these findings
demonstrate that binge-like alcohol exposure during adolescence compromises D1 receptor
function and co-administration of a D2 receptor agonist during AIE exposure can protect against
these deficits and may prevent AIE induced deficits in the cognitive function of the PFC.
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Abstract: Pigeons have incredible navigational abilities and are able to return to their home loft
when being displaced at distances over thousands of kilometers. Ablation experiments have
shown that an intact hippocampus (HC) is important for this capability. Similar to mammals,
birds with damage to the HC are severely impaired on a variety of spatial tasks including
navigation or retention of spatial information. However, since avian and mammalian
evolutionary lines have separated 300 million years ago, the organization of the avian and
mammalian HC is vastly different. Information flow within the avian HC has been shown to be



rather bidirectional in contrast to the unidirectional trisynaptic pathway found in the mammalian
HC. Given the similar role of the mammalian and avian HC in spatial navigation, the question
arises of whether some characteristics of the avian and mammalian HC may be evolutionarily
conserved.

We combined in vivo tracing with high resolution in vitro tracing in the HC of pigeons to
address this issue. Using in vitro tracing, we were able to investigate the internal connectivity at
a more specific level than previous studies, especially with respect to its topological
organization.

We found that input to the HC is distributed to all hippocampal regions via dorsolateral
subdivisions (DL; predominantly via its ventral part). Our data suggests that a dorsomedial and
ventrolateral zone can be distinguished within the HC. The former might process the thalamic
input in intrinsic reverbatory circuits and then transfer it to the ventrolateral zone from which the
hippocampal output is generated. Moreover, we selectively targeted the medial (VM) and lateral
(VL) ventral cell layers by performing in vitro injections and could show that connections arising
from those two subdivisions are indeed intrinsic to the HC. This finding underpins the already
proposed equivalence to the dentate gyrus of mammals. Additionally, our in vivo tracing data
indicates that projections from the area corticoidea dorsolateralis (CDL) are possibly roughly
topographic such that the more medial (proximal) part of CDL projects to more dorsal parts of
the HC, whereas the distal part of CDL projects to more ventral parts of the HC.

Despite the large phylogenetic distance between birds and mammals, some features such as
topographically organized intrinsic hippocampal connectivity are shared by those two taxa, and
may be one explanation for the functional equivalence between the avian and mammalian HC in
spatial navigation.
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Abstract: Diffusible iodine-based contrast-enhanced computed tomography (diceCT) is an
emerging tool that facilitates the non-destructive visualization of gross neuroanatomical features
at levels of detail previously unattainable with traditional computed tomography approaches. In
remote field conditions, we tested a protocol to prepare specimens for diceCT scans using
immersion fixation and prolonged storage in fixative. We experimentally developed this protocol
(field-fixation followed by diceCT) using novel field-collection procedures for a lizard model.
Our field-preservation approach was found to be tractable with diceCT, allowing for the
preservation and detailed visualization of bony anatomy as well as muscular, epithelial,
glandular, and neural tissues (i.e., differentiating myelinated from unmyelinated structures)—all
in the same individual specimen.

In this study, we integrated this validated field-based protocol for diceCT imaging within a
processing pipeline that aims to examine the tissue structures of the head (bone and nervous
tissues) in 3-D space and ground truth these models with more fine-scale histological analyses of
cellular distribution. The process involves first imaging field-collected specimens in their native
state (unstained) to reconstruct high-density tissue structures (e.g., skull), which are 3-D rendered
using Avizo software. The same specimens are next stained with Lugol’s iodine (I,KI) and re-
scanned to visualize soft-tissue structures such as the brain and cranial nerves. Images of stained
specimens are then also 3-D rendered to produce models of soft-tissue structures within the head.
Models of both the skull and brain are pseudo-colored according to region and integrated to
inform the interrelationships between central and peripheral components of the nervous system
and cranium. These datasets, in turn, can be analyzed to quantify and compare neuroanatomical
structures among different body regions and species. Finally, brain tissue stained with Lugol’s
iodine can be de-stained and used for subsequent histological preparations to visualize
cytoarchitectural features at the microscopic level. Our results—a pipeline for reciprocal
illumination of field-fixed brains from the gross anatomical to the cellular levels—set up the
potential for a comprehensive mapping of brain interconnectedness in three dimensions across
spatial scales for poorly known, and in this case, unknown lizard species.
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Abstract: Brain structure mass scales as a universal function of numbers of non-neuronal cells
across mammalian species, while brain structure mass scales differently with numbers of neurons
across brain structures and across primate and non-primate clades. The universality of the
relationship for non-neuronal cells suggests that similar scaling rules apply to endothelial cells
and individual glial cell subtypes.

Here we aim to determine if the universal scaling rule found for non-neuronal cells as a whole
applies to microglial cells in particular. In that case, brain structure mass should scale universally
with their numbers of microglial cells across species, and microglial cell densities should be
found to remain invariant across brain structures and species, as found previously for non-
neuronal cells as a whole.

Microglial cells are the resident macrophages of the brain whose actions contribute to the
maturation and plasticity of neural circuits that ultimately shape behavior. Invariant microglial
cell densities across brain structures and species would be consistent with their key role in the
construction and modeling of brain structures.

We quantify the total number of microglial cells, their proportion to non-neuronal cells as a
whole, and the ratio of microglial cells to neurons in species belonging to several mammalian
clades. We used the isotropic fractionator and immunocitochemistry to anti-Ibal and anti-NeuN
antibodies to estimate numbers of microglial cells and neurons in several brain structures. We
examined the brains of 28 species of mammals (10 marsupials, 5 artiodactyls, 8 primates and 5
afrotherians).

Microglial cells represent between 1% of all cells in the cerebellum and 12% in the cerebral
cortex and rest of brain, at densities between 1,000 and 10,000 cells/mg. Each brain structure
gains microglial cells as a similar power function of its number of neurons across species.



Importantly, all brain structures vary in mass across all species as a single power function of the
number of microglial cells in the structure with a joint exponent of 0.946+0.027 (p<0.0001)
indicating that brain structures of similar size are composed of similar numbers of microglial
cells across different mammalian clades. Additionally, the ratio between microglial cells and
neurons decreases universally with increasing neuronal density across structures and species.
The present finding that numbers of microglial cells scale in a similar manner across the wide
range of mammals studied indicates that the addition of these cells to the brain is governed by
conserved developmental and evolutionary mechanisms.
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Abstract: Although published paper atlases of the macaque brain provide accurate renderings of
an individual animal, they lack the generalizability and ease of use of a multi-subject digital
template based on Magnetic Resonance Imaging (MRI). The use of standardized templates (e.g.,
the ICBM-152 template; Mazziotta et al., 2001) is common in human neuroimaging, where it has
greatly facilitated comparisons across studies. Such a template of the macaque brain could
similarly benefit the non-human primate imaging community. Indeed, macaque templates
generated using iterative co-registration approaches are currently available (McLaren et al.,
2009; Frey et al., 2011). However, there have recently been substantial improvements in non-
linear deformation-based registration methods. To make use of these approaches, we developed a
new high-resolution digital template of the macaque monkey brain. The template, dubbed the
NIMH Macaque Template-35 (or NMT-35 for short), reflects the morphology of 35 adult



macaques (Macaca mulatta) scanned at the NIMH at 4.7T. Using both AFNI (Cox, 1996) and
the Advanced Normalization Tools (ANTs) package (Avants et al., 2011), the individual
anatomical scans were first rigidly aligned to stereotaxic space (Saleem and Logothetis, 2006),
then recursively deformed in a non-linear fashion to locally match the group average, and lastly
averaged together. The result is a high contrast template that preserves and even enhances the
cytoarchitectonic and morphological details common to the group. The template, paired with
tissue segmentation maps and atlases of anatomical regions, provides possibilities for precise
single-subject brain extraction (i.e. skull-stripping) and segmentation, as well as accurate
characterizations of functional and structural MRI results. For example, functionally defined
areas (i.e. face and object responsive patches) could be combined across subjects and tasks,
allowing for a probabilistic mapping of various brain specializations. Other utilities include the
anatomical assessment of whole-brain structural and functional connectivity, as derived from T1-
weighted sequences, and resting state-fMRI, respectively. Moreover, the template is a valuable
platform for detailed evaluation of anatomical and functional homologies between humans and
non-human primates, and for the interpretation of human research in light of studies conducted in
non-human primates.
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Abstract: The mammalian cerebral cortex is extremely variable. Across species, grey and white
matter volume (V, and Vy,), total (Ar) and exposed surface area (A.), numbers of neurons (N,)
and neuronal density (D) vary by several orders of magnitude, and average cortical thickness (T)
and folding index (F) vary by one order of magnitude.

Although it has been known for some time that these variables correlate to some extend, both
universally and across phylla, only recently some strict universal relations have been found: By
modelling the self-avoiding nature of the cortical surface and the plastic properties of axonal



elongation, we have proposed a model that predicts a power-law relation between A, Ar and T,
and have verified that this relation holds true for both gyrified and lysencephalic cortices of
dozens of different species [1]. Using the same data, we also verify that the overall outer shape
of the cortex changes only slowly, and systematically with size. This implies a strict relation
between A. and total volume V [1]. Finally, we have also previously shown there is a universal
relation between total number of neurons and glia numbers and average cell mass [2]

Cortical diversity is presumably generated in evolution as changes occur in some of the
parameters that regulate those developmental processes that build the cerebral cortex. Taking
these relations as a starting point, here we show that a three-parameter model predicts all major
morphological features of the cerebral cortex (A, At, D, F, Ny, Ng, T, V, and Vy,) from
variations in the number of symmetric (N;) and asymmetric (N,) divisions of progenitor cells in
early development, and in the average volume (v,) of neurons. Notably, we show that N, varies
much more across species than N, and the three parameters exhibit different relationships across
mammalian orders. It is thus possible that evolutionary diversity in cortical morphology occurs

simply through variations in these three parameters.
[1] Mota B and Herculano-Houzel S (2015) Science 349, 74-77[2] Mota B and Herculano-
Houzel S (2014) Front. Neuroanat.8:127B
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Abstract: The neuropeptides oxytocin (OT) and arginine vasopressin (AVP) affect many
different behaviors, especially in relation to pair bonding. The neural expression of receptors for
OT (OTR) and AVP (V1aR) has been of particular interest because the density and distribution
of these receptors varies among species and individuals in relation to their degree of promiscuity.
Little, however, is known about whether OTR and V1aR expression is also related to non-
reproductive social interactions, such as those occurring in multi-male, multi-female social
systems. Richardson’s ground squirrel (Urocitellus richardsonii) is an excellent species in which
to explore the relationship between receptor expression and social behaviour unrelated to pair
bonding. Unlike previously studied polygamous and monogamous rodents, this species has a
polygamous mating system, but there are social bonds among females. The objective of this
study is therefore to investigate the anatomical distribution of OTR and V1aR in the brains of
wild female and male Richardson’s ground squirrels, and test for sex differences in receptor
expression. Wild ground squirrels were trapped during the breeding season (Feb-Mar), their
brains flash frozen, sectioned and processed using autoradiography. Compared to previously
studied species, ground squirrels have different patterns of expression for OTR and V1aR.
Specifically, there was much more V1aR than OTR and frequently V1aR was found in brain
regions where OTR is typically found in voles and other rodents (such as nucleus accumbens and
hippocampus). We also see expression of these receptors in parts of the midbrain (superior
colliculus), hindbrain (spinal trigeminal nucleus and nucleus prepositus), which have been little
explored in other species. The specific relationship between some of the regions expressing OTR
and V1aR and social behaviour in this species is unclear, but our results lay the foundation for
testing the roles of OT and AVP in modulating social behavior in ground squirrels and beginning
to explore the evolution of social and mating system diversity across squirrel species.
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Title: Quantitative analysis of the distribution of neurons, glial cells and vasculature in the
mouse brain.
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Abstract: Mammalian brains vary 100,000-fold in volume, with neuronal densities that are
highly variable across brain structures and also across species. In contrast, non-neuronal cell
densities are nearly invariant and shared across brain structures and species. The small variation
in non-neuronal cell densities points to a universal set of rules determining how glial cells are
added to brain tissue and distributed within it. Non-neuronal cells, however, comprise both glial
cells and endothelial cells. It is thus possible that the shared scaling rules found for non-neuronal
cells as a whole apply not to glial cells, but to the endothelium. It has been estimated that
vasculature occupies no more than 4% of the cortical volume (Schuez and Palm, 1989). Finding
that endothelial cells represent a similarly small proportion of all non-neuronal cells would
support a conserved scaling of glial cells. Here we sought to quantify the proportions of
endothelial and glial cells in different structures of the mice brain by using systematic random
sampling of 3D stacks of microscopic images of tissue whose blood vessels were stained
previously by venous injection of FITC-dextran. Neurons were identified by
immunocytochemistry to NeuN, and all cell nuclei were visualized by staining with DAPI.
Vascular fraction was determined by applying the area fraction fractionator. We find that the
fractional microvascular volume is indeed small, but variable across brain structures. The relative
vascular volume is highest in the gray matter of the cerebral cortex, at 2.24% of tissue volume,
and lowest in the white matter, at 0.65%. Between these values we find the molecular layer of
cerebellum (2.04%), the dentate gyrus of the hippocampus (1.71%), and thalamus, striatum,
hypothalamus, cerebellar and hippocampal granular layers (1.3%-1.5%). In contrast, endothelial
cells represent between 2.80% and 14.5% of all cells in these structures. Nevertheless, only 9.4-
28.1% of non-neuronal cells are endothelial, meaning that about 80% of non-neuronal cells are
glial cells. Neuronal and endothelial densities are correlated across brain sites, suggesting that
local variations in neuronal density are accompanied by a corresponding variation in the density
of endothelial cells, that is, by increased vascularization. Endothelial cells are thus more common
than expected from the volume they occupy, which indicates that they are small cells compared
to other cell types in the brain. Still, endothelial cells are uncommon enough amongst non-
neuronal cells that we can safely conclude that the universal scaling rules that we have found to
apply to non-neuronal cells also apply to glial cells in particular.
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Abstract: The objectives of this study were to use multiple informative markers to define and
characterize the neurochemically distinct compartments of the pigeon basal ganglia, especially
striatum and accumbens. To this end, we used antibodies against 10 different neuropeptides,
calcium-binding proteins or neurotransmitter-related enzymes that are enriched in the basal
ganglia. Our results clarify boundaries between previously described basal ganglia subdivisions
in birds, and reveal considerable novel heterogeneity within these previously described
subdivisions. Sixteen regions were identified that each displayed a unique neurochemical
organization. Four compartments were identified within the dorsal striatal region. The
neurochemical characteristics support previous comparisons to part of the central extended
amygdala, somatomotor striatum, and associational striatum of mammals, respectively. The
medialmost part of the medial striatum, however, has several unique features, including
prominent pallidal-like woolly fibers and thus may be a region unique to birds. Four
neurochemically distinct regions were identified within the pigeon ventral striatum: the
accumbens, paratubercular striatum, ventrocaudal striatum, and the ventral area of the lateral part
of the medial striatum that is located adjacent to these regions. The pigeon accumbens is
neurochemically similar to the mammalian rostral accumbens. The pigeon paratubercular and
ventrocaudal striatal regions are similar to the mammalian accumbens shell. The ventral portions
of the medial and lateral parts of the medial striatum, which are located adjacent to accumbens
shell-like areas, have neurochemical characteristics as well as previously reported limbic
connections that are comparable to the accumbens core. Comparisons to neurochemically
identified compartments in reptiles, mammals, and amphibians indicate that, although most of



the basic compartments of the basal ganglia were highly conserved during tetrapod evolution,
uniquely avian compartments may exist as well.
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Abstract: Rodents are by far the most diverse order of mammals representing 40% of all current
mammal species with more than 2,200 species. They occupy a huge range of ecological niches,
from tropical forests to deserts and tundras. Using the isotropic fractionator to determine
numbers of brain neurons in 11 species of rodents, we found previously that all of these species
shared the same power law relating number of cortical neurons to the mass of the cerebral cortex,
except for one: the naked mole-rat (Heterocephalus glaber), which has half the expected number
of cortical neurons.

Why is this species an exception? One hypothesis raised by our group is that the strongly
hypoxic, subterranean environment of this species puts these rodents under an extreme metabolic
constraint that causes a reduction in its number of cortical neurons.

To test this hypothesis, we analyzed eight other African subterranean species and six African
non-subterranean species, predicting reduced numbers of neurons in the subterranean compared
to non-subterranean species of similar cortical mass. We determined the number of neuronal and
non-neuronal cells through the isotropic fractionator method for the cerebral cortex, cerebellum,
olfactory bulb and rest of the brain.

Our results show that, contrary to what we predicted, there is no systematic reduction in the
number of cortical neurons in subterranean compared to nonsubterranean rodents. There is also



no systematic difference between African and American species. Rather, the results suggest that
rodents - subterranean or not - inhabiting deserts or dry savannas present a number of neurons
below the expected for their cerebral cortex mass, while those that inhabit forests match the
predicted neuronal composition for non-African species.

In all species examined, however, cerebellum and other brain structures have numbers of
neurons that match the expected for other rodents. Because cortical neurons cost on average 20
times more than other neurons, our results suggest that rodents living in severe environmental
conditions have reduced numbers of neurons in their cerebral cortex due to energetic constraints.
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Abstract: Phylogenetic theories of cortical expansion hypothesize growth along specific
directions. While several studies have characterized local variation in expansion across
individuals as well as species, here we instead investigated the orientation of variance in cortical
morphometry. To address this question, we assessed where geodesic distance between a set of
individually-specified cortical landmarks covaried with overall cortical surface area.

We conducted the analysis on a subset of the 1422 datasets made available by the Brain
Genomics Superstruct Project. T1-weighted MRI images were processed using the standard
FreeSurfer cortical surface extraction pipeline. FreeSurfer outputs were then imported to
BrainVISA 4.5 for further processing through the Mars Atlas pipeline (BrainVISA Cortical
Surface Toolbox), which derives a parcellation based on latitude and longitude lines derived
from individual cortical morphology. The points at the corners of parcels provide consistent
individual landmarks. The shortest geodesic distance between corners of the same parcels were



then computed along the cortical surface. The group-level statistical analysis was based on the
ratio of the variance explained by a model including both cortical volume and total surface area
versus a model containing only volume. The f-ratio values were thresholded at p-value < 0.01,
Bonferroni-corrected for the number of distance segments. The results thus indicate how each
distance segment covaries with overall surface area independent of cortical volume. Distance
segments were categorized by longitude and latitude orientation, as well as their location within
primary/unimodal or heteromodal cortex.

Significant distance segments were generally consistent across both hemispheres and
predominantly aligned with sulcal lines. The ratio of longitude- to latitude-oriented segments
was 2:1; however, the primary factor accounting for this orientation was the type of underlying
cortical area (primary/unimodal or transmodal), which also demonstrate orthogonal sulcal
orientation. Several exceptions of significant segments traversing gyri were also present within
the operculum, prefrontal, and inferior parietal cortex.

The current results suggest that cortical expansion across individuals is primarily related to
variance in expansion along sulci lines, with several notable exceptions in higher-order regions.
We further consider these results in relation to theories of cortical phylogeny, which suggest that
trends of areal differentiation are oriented orthogonal to sulci.
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Abstract: Over the recent years, growing evidence has been collected indicating that birds in the
corvid family possess extraordinary cognitive skills matching those of non-human primates.
However, little is known about how these species can achieve such impressive behaviors. It has
been suggested that higher cognitive abilities in primates could be based on the total number of
neurons within their telencephalon. Even though the anatomy of the avian telencephalon differs
vastly from mammals, such an increase in neuron numbers could also be responsible for the
advanced cognitive skills in corvids. Preliminary studies on cellular composition of bird brains
have shown that neuronal densities in the whole avian telencephalon are higher than in
mammals. However, it is unknown if numbers and densities of neurons are evenly distributed
over the whole avian telencephalon. We assume that neuronal numbers in areas involved in
higher cognitive functions (like Nido- and Mesopallium) scale to a greater extent with cognitive
skills than in areas which are of lesser importance for cognition. To investigate this hypothesis,
we delineated six telencephalic brain areas (Hyper-, Meso-, Nido-, and Arcopallium,
Hippocampus, Striatum) in corvid (Carrion Crow, Hooded Crow, Rook) and non-corvid species
(Chicken, Pigeon, Ostrich) and analyzed their cellular composition using the isotropic
fractionator method. In this method, delineated brain areas were homogenized and samples were
stained with DAPI to acquire total cell numbers or NeuN to obtain neuron numbers. Counts were
performed using a Neubauer counting chamber and obtained numbers were used to calculate
absolute numbers, cell densities, percentage of total telencephalic cells and neuron/glia ratios.
Absolute cell and neuron numbers differed vastly between brain areas and species with a general
correlation between size of an area and cell numbers. Overall, highest absolute cell numbers
could be obtained in Hyper-, Meso- and Nidopallium of Ostriches and in Nidopallium of all
corvids. In contrast, cell densities differed not that greatly between species for one area.
Ostriches, however, showed massively reduced cell densities in comparison to all other species
over all areas. In addition, there were slightly higher cell densities in the Meso- and Nidopallium
of corvid species in comparison to non-corvid birds as well as a higher percentage of total
telencephalic cells allocated to these areas in corvids. This data indicates that the cognitive
abilities of corvids are at least to some extent based on higher relative cell and neuron numbers
and densities in brain areas which are relevant for the execution of higher cognitive skills.
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Title: A systematic relationship between intracortical myelin and functional connectivity in the
human cerebral cortex
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Abstract: Research in macaques suggests a systematic relationship between microarchitecture
and interareal connections in the cerebral cortex, which has yet to be investigated in the human
brain. Here we explore this link in the human cerebral cortex using two high-resolution MRI
measures: resting state functional connectivity (FC), enabling non-invasive assessment of
cortical connectivity, and quantitative T1 maps, which reflect intracortical myelin content and
provide an in vivo proxy for cortical architecture.

MRI datasets of 8 subjects were acquired at 7 Tesla, comprising a T1 map (MP2RAGE,
voxel=0.5mm?) and 4 resting state scans (BOLD, voxel=1.5 mm?, 300 volumes, TR=3s). After
preprocessing, structural and functional data were sampled and smoothed (FWHM=3mm) on the
individual's mid-cortical surface and projected onto a study-specific template. Whole brain FC
was averaged across subjects and sessions. To determine the main gradients of variance in FC,
nonlinear dimensionality reduction was performed using diffusion embedding, resulting in 10
components (FC 1 to 10) which are ordered by the amount of variance they explain. Each
component represents a cortical map, in which similar values signify similar connectivity
patterns. T1 values were sampled on 11 intracortical surfaces and averaged across subjects. To
reduce partial volume effects only 5 central surfaces were averaged for intracortical T1. One or
multiple FC components were used as predictors in a general linear model to fit T1.

The topography of FC 1 shows marked similarity to the distribution of intracortical T1
(Pearson’s r=.56 , R*=.31), but deviates in posterior cingulate, posterior temporal and inferior
parietal cortex. A high overall fit is achieved when employing FC 1-10 to model T1 (Pearson’s
r=.81, R?=.65). To rule out that every smooth cortical map can be explained by a linear
combination of FC components, random, smoothed datasets were modelled in the same way as
the T1 data. Even with large smoothing kernels the fit to the random data remains below that for
the real T1 data.

We demonstrate a systematic relationship between intracortical T1 and FC in the human cerebral
cortex. These findings are in line with extensive reports linking microarchitecture and
connectivity in macaques and extend them to the human brain. It has been proposed that
architectonic differentiation reflects the phylogenetic age of cortical areas. The observed
relationship might thus be rooted in the simultaneous emergence of distributed areas upon a
common environmental demand, resulting in a functional entity of strongly interconnected areas
with comparable microarchitecture.
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Title: Comparison of estimates of neuronal number in the telencephalon of day old chicks
(Gallus gallus domesticus) using the isotropic fractionator method and unbiased stereology
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Abstract: The isotropic fractionator (IF) method is a recently developed method of cell counting
that allows for the rapid quantification of neurons and non-neurons in the nervous system
(Herculano-Houzel and Lent, 2005). The method relies on immunocytochemical detection of
neuronal nuclear antigen (NeulN) in homogenous suspensions of mechanically dissociated nuclei
to estimate the proportion of neurons (i.e. NeuN-positive nuclei) from the total cell number.
Homogenisation of tissue eliminates the need for extensive sampling and neuronal number can
be obtained by counting relatively few cells. One of the criticisms of the method is that neuronal
number may be underestimated as a result of dissociation/homogenisation of tissue. This may
occur both in cases of over-homogenisation (when a large number of nuclei are disrupted and not
included in the total cell number) and under-homogenisation (where nuclei form large clusters
and individual nuclei are difficult to distinguish). Validation studies have demonstrated that this
is not the case; similar estimates of neuronal number were obtained using the IF method and
unbiased stereology. However, IF has only been validated in 3 primate species and whether it
can provide accurate estimates of neuron numbers in non-mammalian species has yet to be
tested. In this study we aimed to validate the IF method in a non-mammalian species by
comparing estimates of the number of NeuN immunostained neurons in the telencephalon of day
old chicks (Gallus gallus domesticus) using the IF method and unbiased stereology. In general,
we found greater variation in neuron numbers obtained using the IF method when compared with
stereology. The number of neurons estimated by the IF method was also generally lower than
stereological estimates but, both methods produced similar averages of neuronal number. In
addition, the IF allowed for neuron quantification in the optic lobes and cerebellum where
heterogeneous neuronal distribution and high neuronal density (i.e., granule cells) make
stereological counts more challenging. Our results suggest that the IF is a reliable method to
estimate neuron numbers in birds. Further, our estimates of neuronal number lay the foundation
for future developmental and experimental studies in chicks.
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Title: Comparative distributions and domains of human and mouse oligodendrocyte progenitor
cells in the cortex and white matter
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Abstract: When transplanted to the neonatal mouse brain, human oligodendrocyte progenitor
cells colonize the host, and ultimately replace the murine glial progenitor population. To assess
the anatomic correlates to these events, we evaluated the morphometric characteristics of human
and mouse NG2-defined oligodendrocyte progenitor cells (OPCs) in the cortex and white matter,
and asked whether the size or domain distributions of OPCs differed between mice and men, and
whether any such differences might be a function of the brain compartment in which the cells
were resident, whether cortical grey or subcortical white matter. To this end, we used thick
sections of humanized chimeric mice (N=5, males, age 59,9 &+ 0.1 weeks old) and control mice
(N=5) to map individual NG2-stained and confocal imaged OPCs and analyse their volume and
complexity. Human OPCs are more complex than murine cells in both the cortex (271.1 +25.2
vs 200.0 = 9.1 ramifications, p<0.05, n=12) and corpus callosum (202.2 = 14.6 vs 152.9 £ 11.7
ramifications, p<0.05, n=12) and they are larger than mouse cells within the cortex (168,419.4 +
24,632.3 vs. 73,249.0 £ 7,358.1 urn3, p<0.05, n=12), although displaying similar size within the
corpus callosum (86,794.9 + 8,024.4 vs 73,249.0 + 7,358.1; p>0.05, n=12). The larger domain
sizes and intradomain fiber complexity of human OPCs resembles what was previously observed
with human astrocytes and might contribute to the competitive advantage of human OPCs over
their murine counterparts. In both the cortex and white matter, the human and mouse OPCs each
exhibited a domain architecture, with their fibers displaying minimal overlap. Both human OPCs
in the chimeric mouse brain and murine OPCs occupy larger domains in the cortex than cells in
the corpus callosum (168,419.4 + 24,632.3 um’ vs 86,794.9 + 8,024.4 um”, p<0.01 for human
cells and 97,001.7 + 6,269.3 um3 vs 73,249.0 + 7,358.1 um3; p<0.05, n=12 for mouse cells) and



also exhibited more ramifications (271.7 £ 25.2 vs 202.2 + 14.6 ramifications, p<0.05 for human
cells and 200.0 £ 9.1 vs 152.9 + 11.3 ramifications; p<0.01, n=12 for mouse cells). Whether such
regional differences reflect distinct properties is to be determined. Overall, we showed that
human OPCs in the chimeric mouse brain are larger and more complex than murine OPCs and
that both human and mouse cells in the cortex occupy larger domains and exhibit higher
complexity than in the corpus callosum. The prospective identification and selection of
appropriate subpopulations of OPCs may prove an important consideration in the preparation of
OPC:s as cellular therapeutics for the disorders of central myelin.
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Abstract: The entorhinal cortex of mammals is considered the main gateway of the hippocampal
formation. Together with the latter, the entorhinal cortex is involved in memory formation and
navigation. There is some consensus about the homology between the mammalian hippocampal
formation and parts of the medial pallium of sauropsids, which seems to be also involved in
memory and spatial navigation. In contrast, there are very few data about the homologue of the
entorhinal cortex in sauropsids. In mammals, the entorhinal cortex includes two subdivisions
with apparently distinct embryonic origins. Based on gene expression patterns during
development, a pallial area comparable to the medial entorhinal cortex has been identified in
chicken. Data in other sauropsids, as lizards, may help to understand the evolutionary origin of
the entorhinal cortex. Therefore, we analyzed the expression of several developmental regulatory
genes (including Lhx2, Lhx9, Emx1 and Thrl) in the embryonic telencephalon of a lacertid
lizard, and compared these results with our previous data on pallial connectivity. Our results
highlight a specific area of the lizard pallium, the lateral cortical superposition, having a
remarkably strong expression of LAx9. This area appears to be part of the lizard medial pallium,
and is strongly and reciprocally connected with the hippocampal formation. Based on these data,



the lizard lateral cortical superposition resembles and may be a precursor of the medial
entorhinal cortex. Sponsor: Spanish Ministry of Economy and Competitivity (MINECO)
BFU2015-68537-R
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Title: Functional network organization of the awake pigeon brain
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Abstract: Despite the structural difference between the unlaminated avian brain and the
laminated mammalian brain, there are striking parallels between the two species in function.
Recent research on cognitive functions along with neurobiological discoveries in the avian brain
demonstrated that the cognitive abilities of bird species are not inferior to mammalian species
and that their brains’ connectivity is functionally analogously organized. An important approach
to investigate this functional analogy is the analyses of functional connectivity between forebrain
sub-regions. Using resting state functional magnetic resonance imaging (rsfMRI) it is possible to
analyze large-scale functional network including distinct modules. Here, we use rsfMRI along
with graph theory in pigeons to identify for the first time of the avian functional connectome.
MRI experiments were performed on 10 adult homing pigeons (Columbia livia). To assess the
functional state of pigeon, resting data was acquired during 10 min. Resting state fMRI scans
were performed using a RARE (Rapid Acquisition with Relaxation Enhancement) sequence to
reduce the spatial distortions and signal losses due to magnetic effects of air-filled spaces inside
the pigeon’s skull. Functional images were preprocessed based on standard preprocessing
procedures which included correction for head movement, slice time correction, temporal band-
pass filtering (0.01 Hz < < 0.1 Hz) and spatial smoothing (2 times the voxels size), regression
of six parameters obtained by head movement correction, regression of whole brain signal.
Functional scans were normalized to the pigeon brain atlas via individual 3D anatomical scan.
Pearson correlation coefficient between pairs of averaged time courses within individual ROIs
was used to form a 76x76 symmetric connectivity matrix. An average matrix across subjects was



utilized for graph definition. Computed graph characteristics of the correlation matrix were
utilized for identifying subgraphs. The clustering coefficient was significantly higher than the
clustering coefficient of the comparable random network. The results reveal the presence of
between hemisphere correlation in visual, motor and somatosensory areas. We found the pigeon
brain distinct functional network organization very similar to the ones found in mammalian
brains. This similarity in functional network organization could be an explanation for the similar
cognitive capacities in these two species and could represent a convergent evolution in the
development of avian and mammalian complex cognition.
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Title: Lateralized learning processes - Impact of commissural systems on one trial passive
avoidance learning

Authors: *A. SIMON, R. KLOSE, O. GUNTURKUN;
Biopsychology, Ruhr-Universitdt Bochum, Bochum, Germany

Abstract: Cerebral lateralization is a widespread organizational principle in the whole animal
kingdom. It is assumed that hemispheric asymmetries enhance the cognitive capacities. Such a
task sharing makes a communication between both hemispheres indispensable. Commissural
systems can provide the necessary interhemispheric cooperation and regulate information
transfer.

Pigeons and chickens are classical animal models within laterality research. In spite of several
neuroanatomic differences, chickens and pigeons show nearly the same distinct asymmetrical
organization of their visual perception and visual driven learning processes. Additionally their
commissural systems are organized in a similar manner: At telencephalic level the hippocampal
and anterior commissure interconnect both hemispheres whereas the tectal and posterior
commissure are located within mesencephalon.

The single exposure of a novel food, coated with a bitter-tasting substance, leads to a permanent
avoidance. This one trial passive avoidance learning (PAL) is a well-established paradigm in the
juvenile chickens for investigating the neuronal foundations of memory consolidation. Lesion
studies reveal that this visual driven learning process is left lateralized and it is assumed that



there is an information flow from the left to the right mesopallium and then bilateral to the
medial striata.

In order to examine the impact of the commissural systems on visual driven learning processes
several PAL experiments with normal (monocular and binocular conditions) and
commissurectomized pigeons (anterior or posterior commissure) were conducted. The results of
the binocular experiments show, that pigeons are excellent passive avoidance learners. Moreover
the monocular testing confirms that PAL is a left-lateralized learning process. Furthermore, the
findings of the commissurectomized pigeons indicate that the posterior commissure has no effect
of the ability to avoid inedible food, whereas the anterior commissure plays a key role during this
learning process. That supports the “memory flow theory” and shows that the integration of this
process is organized exclusively at telecephalic level. We currently plan to examine the neuronal
correlates of PAL with in situ hybridisation using the IEG arc. These results confirm the
regulative and stabilizing character of commissural systems in general.
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Title: Relative size of the pontine nuclei in birds and its relation with their visual environment.
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Abstract: As a bird flies through an environment cluttered with numerous objects, both global
and local visual motion will occur across the retina. The global motion will occur simply because
any form of self-motion will induce optic flow across the retina. The local motion is the motion
parallax that occurs because objects and surfaces are at different distances from the observer.
Global motion is processed by the accessory optic system, which is composed of two nuclei, the



nucleus lentiformis mesencephalic (LM) and the nucleus of the basal optic root (nBOR) and
local motion is processed by the optic tectum (TeO). A prime candidate for the integration of
global and local motion is the pontine nuclei. The medial (PM) and lateral pontine (PL) nuclei
receive projections from nBOR and LM respectively and the PL receives projections from the
TeO. Additionally, both pontine nuclei receive visual information from other sources, including
the ventral thalamus, hyperpallium and arcopallium. Here we use a modern comparative
approach to examine the relative size of the pontine nuclei, its main visual afferents (LM, nBOR,
TeO, GLv), the telencephalon and the cerebellum across a wide variety of birds (107 species, 16
orders). Additionally we analyzed variation of the relative size of the medial spiriform nucleus
(Spm), which receives visual projections from the telencephalon, projects to the cerebellum and
has been considered a “displaced pontine nucleus”. We predicted that the relative size of the
pontine nuclei, particularly the lateral pontine, will be larger in species that live in environments
that require obstacle avoidance during flight. Our results show that flightless species, but not
birds that live in open environments, have relatively small PL when compared to birds that live
in visually cluttered environments. Additionally our results suggest that the relative size of the
pontine nuclei and Spm vary with the size of visual nuclei and the cerebellum, but not with the
relative size of the telencephalon. This is in contrast with mammals where the size of the pontine
nuclei and cerebellum seem to be closely related to the size of the telencephalon. Our results
therefore have implications for understanding some of the differences between mammalian and
avian brains and the evolution of the avian brain in relation to flight.
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Abstract: The neurogenesis process during development and growth gives organisms the
capacity to increase its abilities and/or to renew old cells. Here we have chosen to study the
dynamics of neurogenesis in a cephalopod, Sepia officinalis, because of its continuous growth
throughout adult life and its highly centralized and hierarchical brain allowing rich behavioral
repertoires comparable to those of several mammals.

To test the hypothesis of a relationship between the dynamics of brain neurogenesis and the
cognitive abilities acquisition at different steps of the biological cycle, we used the isotropic
fractionator and immunocitochemistry to NeuN and Nurr] to determine how neurons numbers in
the brain (Npr) and the optic lobes (Nors) vary as structure mass increases in development (Mpr
and Mojs) in 58 animals between embryonic day (E)24 and adulthood (Ad), ranging in mass from
0.001g to 0.700g for Mpr and from 0.001g to 1.950g for Moys. For 54 animals, we also analyzed
these parameters in the stellate ganglia (Nsg, Msg), with mass increasing from 0.001g to 2.099g.
We also examined the functional differentiation of neurons focusing on the dopaminergic
system, which plays a key role in learning and memory processes. Additionally, we explored
tissue expression of these markers by in situ hybridization in order to establish the cartography of
their expression in the nervous system.

We find that the developing cuttlefish BR contains an average of 1,498,779+729,704 neurons at
E24 and reaches an average of 20,082,662+11,044,194 at Ad, representing an increase in average
Ngr of 13.5-fold. In the same period, Nors increases 39-fold from 2,804,026+1,620,741 to
108,425,664+24,488,997, and Ngg increases 186-fold, from 85,664.5+14,976 to
15,920,756+5,893,054. Ols and SG thus gain neurons faster than the BR, in relationships that can
be described as Npg' **° and Npg'*** between E24 and Ad.

Addition of neurons to these structures is continuous between E24 and Ad, with no significant
increase in Npg, Nors and Nsg (Wilcoxon, p=0.2453). Moreover, older specimens have relatively
more neurons in their BR, OLs and SG (Spearman p=0.809, 0.773 and 0.929, respectively;
p=0.0026, 0.0053 and 0.0009). Along development, Mgg, Mo and Msg increase with Ngg' 4,
Nows ! and NSG1‘430, that is, these structures gain mass faster than they gain cells.

We found a significant increase of the Nurr -cells between E24 and Ad only in the BR, from
1,008,356+1,026,108 to 7,989,907+11,074,131 (Wilcoxon, p=0.0453). These cells are localized
mainly in the olfactory organs, statocysts, optic lobes and the sensory motor lobes of the BR
confirming a precocious set up of the sensory system control.
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Abstract: Up to the end of the 20™ century, birds were thought to have limited cognitive abilities
and their forebrain was mostly thought to be constituted by hypertrophied basal ganglia with
only a minimal fraction of the forebrain recognized as pallium. These facts together with the
knowledge about the basal ganglia function at that time resulted in the conclusion that birds were
only capable of instinctive behavior. Nowadays, scientific evidence about the avian cognition
and modern neuroanatomical studies unequivocally disproved this view and shed light on a
radically different picture. Although birds do not possess a six-layered neocortex, detailed
studies of the visual and auditory system in chicken uncovered columnar-like organization and
canonical circuits akin to neocortical columns and canonical circuits in mammals. To confirm
and further extend these results, we performed in-vitro tracing on the visual and trigeminal
system as well as the somatosensory and visual hyperpallium (H) in pigeons. We found that the
thalamo-recipient sensory areas Field L2 (auditory), entopallium (visual), and nucleus basalis
(trigeminal) were directly interconnected with dorsal and ventral mesopallium. The intercalated
nidopallium was reciprocally connected with both the primary sensory areas and the
mesopallium. The nido- and mesopallium were the sources of projections to arcopallium - the
output region of the avian forebrain. Interestingly, the H showed a conspicuously different
organization. In contrast to nido/mesopallial areas, the H (both visual and somatosensory
components) did not display such a strict columnar organization and showed strong within-layer
connections. Moreover, the interstitial part of the H apicale (IHA, the thalamo-recipient layer of
H) directly projected to the apical part of H (HA), the output layer of the H, and did not project
to mesopallium. The intercalated part of the H (HI) was reciprocally connected to IHA, HA and
to adjacent densocellular part of the H (HD). HD further projected to HA and IHA, and together
with HI and HA also to the mesopallium. In turn, the mesopallium projected to all layers of H.
Despite profound differences between the H and the nidopallial circuit, some similarities in the
connectivity can be pointed out. The canonical pathway from IHA to HA via HI with feedback
connections at each level is similar to the organization centered around the nidopallium. Thus,
the avian sensory forebrain seems to be characterized by a single canonical circuit that has some



local variations. Future studies have to show how similar the avian canonical circuit is to its
mammalian cortical counterpart.
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Abstract: Sexual dimorphism exists at all levels of the nervous system, from genetic,
anatomical, and system levels. These sex differences could underlie gender-related differences in
behavior and neuropsychological function, as well as, the sex differences in the prevalence of
various mental problems such as autism, attention deficit, and schizophrenia. The corpus
callosum (CC) is the largest of the brain commissures, which connects the cerebral cortices of
the two hemispheres, and provide interhemispharic connectivity for information transfer and
processing between cortical regions. Alteration in the structure of CC will alter interhemispheric
connectivity and commonly documented in several psychiatric disorders. The CC consists of
myelinated and unmyelinated axons, glial cells, and blood vessels. Several functional studies
have reported that CC function is associated with its axon size and density as well as their
myelination properties. The sexual dimorphism in the axonal content of the CC has always been
controversial, hence, the aim of this study was to analyze he ultra-structural differences of the
CC between male and female rats. To assess that, five pairs of adult male and female rats were
perfused and the CC was sectioned. Then four sections from different subregions of the corpus
callosum that represent the genu, anterior body, posterior body, and splenium of the CC were
stained and electron microscopic images were captured using stereological guidelines. Later, the
total axon density and the myelinated/unmyelinated ratio was calculated for each subregion and



compared between males and females. Furthermore, the axons characteristics including axon
diameter, myelin thickness and G-ratio was calculated for each subregion and compared between
males and females. Our preliminary findings of the present study indicate a higher total axon
density in female rats compare to males, with region specific differences in the distribution of
myelinated and unmyelinated axons and their characteristics in the CC between male and female
rats.
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Abstract: The entorhinal cortex forms part of a functional network that is essential for
navigation and memory. It includes two subdivisions: (1) a medial part related to spatial
navigation and memory; and (2) a lateral part that processes non-spatial, contextual information,
being critical for novel object-context recognition. While both have ample connections with the
hippocampal formation, they show differences regarding their connections with the neocortex
and the amygdala. For example, only the lateral entorhinal cortex has strong connections with the
basal amygdalar complex. In order to understand the origin of these connectivity and functional
differences, we studied in mouse and chicken the expression of a battery of transcription factors
and other regulatory proteins during development, including Lef1, Lhx2, Lhx9, Lmo3, Lmo4,
ER81, Dbx1, Jaggl and Sfrp2. The combinatorial expression of these genes allowed
identification of the major pallial domains, such as medial, dorsal, lateral and ventral pallia.
During early development of mouse, the anlage of the medial entorhinal cortex showed a gene
expression profile (Lefl, Lhx2, Lhx9, Lmo4) very similar to that of the hippocampal primordium.
Based on this and their adjacent topological location on the medial side of the telencephalic
vesicles, we suggest that both structures originate in the medial pallium. In contrast, the lateral



entorhinal cortex showed a gene expression profile different from that of the medial pallium, but
also from the ventral, lateral and dorsal pallium. The distinct embryonic origins of medial and
lateral parts of the entorhinal cortex are likely behind their different developmental trajectories
and connectivity patterns. Comparison with the expression of the orthologous genes in chicken in
combination with other data suggested the existence of an area comparable to the medial

entorhinal cortex. However, our data did not allow identification of the lateral entorhinal cortex
in chicken. MINECO Grant BFU2015-68537-R.
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Abstract: During brain development, the cerebral cortex is under striking changes including
prenatal neurogenesis, sudden death of most of neurons in the first postnatal week, followed by
an increase in neuronal number. However, not all brains are built in the same way. For instance,
neuronal proportions of rodents and primates brains do not scale universally with structure size
and little research has evidenced how these differences arise during development, specifically
across the functional areas of the cerebral cortex.

In this study, we initiate a systematic comparison of the anterior-posterior distribution of neurons
and other cells along the surface of the cerebral cortex of infant macaque monkeys, aiming to
determine the pattern in which the cells are allocated in the different areas of the cortex during
early stages of postnatal development. An anterior-posterior gradient of neuron densities has
been described in various species of adult primates, but how this will be comparable when most
of the cortical neurons are being generated, and considerable cortical growth will yet occur is
still a question.

One cortical hemisphere of three infant Macaca mulatta of different ages (stillborn, 4 days old
and 11 days old) was embedded in agar and sliced into a series of 2mm thick coronal sections.
The grey matter of each section was separated from the underlying white matter and weighed. To



determine the total number of neuronal and other cells in the grey matter we applied the isotropic
fractionator.

The cerebral cortex of the three macaques exhibits a heterogeneous distribution of neuronal
densities, which increased systematically 4-fold along the anterior-posterior axis. This
distribution shows a single neuronal gradient across the different areas, with the lowest densities
in the frontal regions and the highest towards the posterior area. The distribution of other cells
density shows a 5-fold variation along the anterior-posterior axis. In contrast, the glia/neuron
(g/n) ratio varies over 2-fold among cortical regions in all ages, but does not show a simple
gradient distribution. The g/n ratio varies as a negative power function of neuronal density,
decreasing as neuronal density increases, exactly as found in previous data for adult primates.
This suggests that the number of glial cells per neuron in each section increases with the
increasing average size of neurons.

Overall, the results are similar to those reported for adult macaques, and support that an adult-
like pattern of neuron distribution and total number of neurons exists in postnatal macaques from
the time of birth. A more detailed analysis could reveal additional features of the pattern of
neuronal distribution.
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Abstract: Multitasking is a common psychological phenomenon. Every day people switch from
one task to another in response to changes in the environment. Thereby an executive goal (GO1)
is induced, stopped (STOP) and replaced by a second executive goal (GO2). To what extent the
single executive components in this process are processed serial or parallel and which brain areas
are activated during the different components is still unknown. A well-established paradigm in
humans to analyze multitasking processes is the stop change paradigm, in which the response for
a primary GO1 goal had to be stopped and replaced by a response for a secondary GO2 goal.
Thus this paradigm allows the analysis of the three cognitive goals involved in the multitasking



process: GO1 goal, STOP goal and GO2 goal. We adopted this paradigm to pigeons to analyze
on behavioral level to what extent a serial or parallel information processing is existent.
Additionally, different to humans the pigeon model gives us the opportunity to analyze the
anatomical correlates which are activated during a stop change paradigm by molecular imaging.
In our task each trial was initialized by pecking on a pecking key at the left panel of a
conditioning chamber directly followed by the presentation of a green GO1 stimulus on the front
panel. Pecking on the GO1 stimulus results in a food reward. On some trials a STOP signal (red
house light) is shown. The delay between the GO1 and the STOP signal is adjusted that in 50%
the reaction to GO1 can be executed and in the other 50% the reaction to GOl is inhibited and a
white stop change stimulus (GO2) is presented on a further pecking key. To differentiate the
essential processes GO1, STOP and GO2 we used three groups of pigeons. The first group only
performed the GOL trials and served as control group for the neuronal activation. For the
separation of STOP and GO2 processes a second experimental group performed GO1 and STOP
but no GO2 of the paradigm, while a third experimental group performed the whole paradigm.
When the pigeons successfully performed the paradigm they were directly decapitated after the
session and the brains fixated for immunohistochemical staining of the molecular activity marker
ZENK. Like this, we are able to directly compare behavioral results across different species,
namely pigeons and humans, and study underlying brain function in a detailed manner that
would not be possible in humans.
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Abstract: In the brains of mammals, most of the connections of the claustrum are with the
forebrain. To investigate whether the sizes of claustrums reflect a consistent relationship with the
sizes of the connected forebrains, we computed volumes of claustrums and volumes of their
connected forebrains in representative species from most mammalian orders. We used digital



three-dimensional reconstruction programs to render volumes of claustrums and forebrains from
the areas of claustrums and forebrains measured in regular series of sections through these
structures observed in tissue sections stained with the Nissl method.

We found no consistent relationship of sizes of claustrums and forebrains, meaning that
individual taxa have developed more or less unique size relationships between these brain
components. For example, grizzly bears Ursus arctos) and domestic pigs (Sus scrofa) exhibit
extraordinarily large claustrums for their size of forebrain, while colugoes (Cynocephalus
volans), and mongoose lemurs (Eulemur mongoz) have smaller claustrums than would be
predicted from the sizes of their forebrains.

A larger than expected claustrum is often associated with the development of a large “puddle” of
claustral tissue. This suggests that regional intraclaustral specializations related to
neurobehavioral specializations have arisen in certain species.
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Abstract: Pigeons are well known for their ability to categorize objects but the neuronal
mechanisms guiding this behavior remain poorly understood. So, how do pigeons see the world?
And how do they cope with all the varieties of visual objects they are confronted with in their
avian environment? In the present study we are interested in the central representation of
different objects addressing one key question: Are neuronal mechanisms of visual object
representation comparable across different classes of vertebrates ranging from avian species to
human and hon-human primates?

Addressing this question we recorded single neurons in the pigeon’s nidopallium frontolaterale
(NFL), a higher visual area and the putative analog to the inferior temporal (IT) cortex of
primates. During our experiments we presented different sets of stimuli to freely moving and



behaving pigeons while recording single cell activity from the NFL. Instead of training pigeons
on predefined categories, we simply presented stimuli and analyzed the neural output. Resulting
categories were built post-hoc based on computations of the neuronal pattern elicited by each
stimulus. We used basic visual stimuli, i.e. simple forms in different colors as well as gratings
varying in their spatial frequencies and contrasts. Additionally, we showed pictures of real-world
objects representing different categories. Kriegeskorte et al. (2008) presented these pictures of
real-world objects to humans and monkeys and revealed an activity pattern in IT in line with
semantic categories. Moreover, category clusters where highly similar between man and
monkey, recorded with fMRI and single cell recording, respectively. With our approach we
investigate the neural basis of perceptual discrimination in the NFL of pigeons. Based on our
results we compare to what extend neuronal mechanisms of object categorization are shared by
these different classes of vertebrates.
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Abstract: Extinction learning is an essential learning mechanism that enables constant
adaptation to the ever changing environmental conditions. The underlying neural circuit was
mostly studied with rodent models using fear conditioning tasks. In order to uncover the variant
and the invariant neural properties of extinction learning, we adopted pigeons as an animal
model in an appetitive sign-tracking paradigm. The animals firstly learned to respond to two
stimuli in two different contexts (CS-1 in context A and CS-2 in context B) and then
extinguished their conditioned responses to the corresponding stimulus in the opposite contexts
(CS-1 in context B and CS-2 in context A). Finally, they were tested for both stimuli in both



contexts. Before the extinction training, we locally injected the sodium-channel blocker
tetrodotoxin (TTX) or the N-methyl-D-aspartate receptor (NMDAR) antagonist 2-Amino-5-
phospho-novalerianacid (APV) in specific areas to investigate their involvement in the extinction
learning process. With this within-subject renewal design, we discovered that the extinction
learning does not only engage the neural circuit of the nidopallium caudolaterale (NCL; the avian
equivalent structure to the mammalian PFC), hippocampus, and amygdala, but also involves
arcopallium, the avian motoric area, and the nidopallium frontolaterale (NFL), one of the avian
higher visual-processing areas. Importantly, our findings suggested that the encoding of
extinction memory requires the activation of NCL, amygdala, and NFL: the learning process
during extinction was slowed down after drug injection before the extinction training. While the
consolidation process involves NCL, hippocampus and arcopallium which can be observed from
an unaffected learning dynamic in extinction training after injection but an elevated spontaneous
recovery during testing.
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Abstract: PURPOSE

To study adaptive plasticity and reorganization in the visual cortex of the monocular blind
macaque using multi-voxel proton magnetic resonance spectroscopy study (‘'H-MRS).
METHOD AND MATERIALS

Four healthy neonatal macaques were randomly divided into 2 groups. One group served as
control group (group A). Optic nerve transecting was performed in the right eye of the other
group (group B), to establish the monocular blind model. Sixteen (group B'®™) and thirty-two
(group B**™) months after monocular optic nerve transecting, multi-voxel 1H-MRS was
performed on the bilateral visual cortex of all monkeys, respectively. We compared NAA/Cr,
Ins/Cr, Cho/Cr and GIx/Cr in the visual cortex between group A and group B as well as between



the left and right visual cortices of group A and B in each time points, respectively. All of the
metabolic changes detecting by multi-voxel 'H-MRS were further compared with the
immunofluorescent staining findings.

RESULTS

Compared with group A, in bilateral visual cortex, NAA/Cr in both group B'*™ and group B**",
as well as GIx/Cr in group B**™ were all significant decrease (p<0.05), whereas the Cho/Cr and
Ins/Cr of group B**™ were significant increase (p<0.05). Meanwhile, significant difference of
NAA/Cr in group B**™ was found between the left and right visual cortex, whereas no statistical
difference of Ins/Cr, Cho/Cr and GIx/Cr between the left and right visual cortex was found in
both group B'*™ and group B**™. All of these 'H-MRS findings (with the exception of group
B'®™) were further confirmed by the immunofluorescent staining.

CONCLUSION

Multi-voxel 'H-MRS was able to detect the different metabolic changes in the visual cortex,
which was valuable for investigating its adaptive plasticity and reorganization.
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rats (Rattus norvegicus)
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Abstract: Domestication is the process by which wild organisms are adapted for human use.
Over time, isolated populations raised in captivity begin to phenotypically diverge from their
wild counterparts in both morphology and behaviour. The lab rat, an important model organism
in scientific research, is the result of domestication of the wild Norway rat (Rattus norvegicus).
Similar to other domesticated animals, lab rats have relatively smaller brains compared to wild
rats. In addition, lab rats exhibit less spontaneous motor behaviour and acrobatic play than their



wild counterparts. Such variation in motor behavior likely reflects underlying changes in regions
that coordinate and regulate motor activity, such as the cerebellum. Although the “ecological
niche” of a domesticated lifestyle produces changes in brain size, the effects of domestication on
the cerebellum are not well understood. Here, we compared the cerebella of female wild-caught
Norway and Long-Evans rats to assess the effect of domestication on cerebellar folding
(foliation), cerebellar volume, the number of Purkinje cells, and Purkinje soma size. Sagittal
sections were stained for Nissl substance and quantified with unbiased stereology. Our analyses
indicate that lab and wild rats have similar cerebellar volumes, but wild rats had a significantly
higher degree of folding in the cerebellar cortex. Wild rats also had significantly larger Purkinje
neurons compared to domestic rats, but there was no clear effect on the number of Purkinje
neurons. These results suggest that the cerebellum of laboratory rats has indeed undergone
anatomical changes in response to domestication. Further, our results suggest that the reduction
in cerebellar folding observed in lab rats was driven by a decrease in soma size, but not a
decrease in the number of neurons. One implication of having a more foliated cerebellum with
larger cells is that wild rats presumably retain a greater capacity to process and modulate
muscular activity compared to laboratory rats. Similarly, those motor functions governed by the
cerebellum may be less ecologically relevant in a domestic setting than in the wild. This
knowledge will help to improve our understanding of how domestication affects brain
morphology and the putative role of the cerebellum in modulating play behavior.
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Abstract: Cephalopods have very unique behaviors, for example camouflage and also show
some intelligent behaviors such as observational learning. Although these behaviors have
fascinated many biologists, the brain functions underlying these behaviors still remain unclear.



To understand the mechanisms, we have started to analyze the brain circuit of pygmy squids,
Idiosepius paradoxus, as a model, because it has the small-size brain among cephalopods and
because it can be raised easily in still sea water. In addition, this smallest species has similar
behaviors such as camouflage as observed in other squids. By immunolabeling the central brain
with anti-Drosophila SYNAPSIN and anti-Tetrahymena TUBULIN antibodies, we three-
dimensionally reconstructed the whole brain and analyzed the pathways between lobes. We
could identify one new lobe in the brain and also revealed that as has been reported on the other
cephalopod species, in I. paradoxus the juvenile brain is much (more than 35 times) bigger than
the hatchling one and the relative size of the vertical lobe, which is concerned with learning and
memory of visual and tactile tasks, is four times bigger in the juvenile than in the hatchling. We
are currently developing neurotracing and calcium imaging techniques to visualize the sensory
maps in a live squid.
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Abstract: The purpose of this research it to investigate whether the frogs already have
melanocytes and chromophores, if melanocytes become chromophores and to find where the
chromophores are coming from. Frog embryos at different stages of development were collected.
Some of the embryos were injected with Dil, while others were left as is. The embryos were
stained with the antibody HNK1 as a marker to see if the chromophores were present at each
stage in development. Different technique are being used to obtain a clear idea of the embryos



anatomy and to be able to see if the cells are present. We have used whole mount of the embryos,
vibratome sections and we are currently working on paraffin sections. Upon examination, unique
cells were seen, but we have yet to determine that these cells are chromophores. Funding was by

NIH/NINDS AREA grant 2R15NS060099-02A1 to MEdB and a BUILD/PODER scholarship to

DP.
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Abstract: Freshwater snails use vision, but it is not clear in all species when their eyes/retinas
form. We observed movement in the freshwater snail Physa acuta (N=9) before hatching (i.e.,
still in the egg mass) 2-5 days after the eggs were laid. P. acuta moved more while exposed to
light in the egg than dark-exposed controls (Chi-square test, X* = 38.025, p <0.001). This was
not a response to temperature, warm water did not increase activity (Wilcoxon, p = 0.317).
Unhatched snails, therefore, are already sensitive to light. This has implications for behavior and
light pollution studies.
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Abstract: Adult neurogenesis is a dynamic process that includes the generation and proliferation
of neurons in the brain over lifespan and across species. While in mammals particularly the
dentate gyrus (DG) and the olfactory bulb (OB) integrate newborn neurons into functional
circuits, in birds it is known that adult neurogenesis occurs in several telecenephalic structures.
Further, birds seem to have a higher number of immature neurons indicating a wider range in
plasticity and possible recovery mechanisms. Here we show differences and similarities of adult
neurogenesis in C57BL/6 mice (Mus musculus) that were housed in cages with enriched
environment and free flying homing pigeons (Columba livia f.d.). Both groups were treated with
5-bromo-deoxyuridine (BrdU) to label dividing cells and sacrificed about three months after
injection. Brains were dissected and immunohistochemically processed to a) examine cell
proliferation with Nestin, SOX2 and doublecortin (DCX), b) show newly generated neurons or
glia, visualized by NeuN/BrdU or S100/BrdU double labelling and c) get information about
apoptosis, with TUNEL detection. In pigeons, BrdU-positive (BrdU-ir) and DCX-positive
(DCX-ir) neurons were widely distributed in the telencephalon, with the highest numbers in the
ventricular zone, in the ventrolateral part of the V-complex and the dorsolateral region of the
hippocampal formation, along the mesopallial lamina, the superior and supreme frontal lamina,
the caudolateral and central nidopallium, the olfactory bulb and the striatum. Thereby, the
number of DCX-ir cells was much higher compared to BrdU-ir cells and comparable to markers
of early stages of progenitors like Nestin-ir cells. No signs of increased apoptosis were observed.
In mice the highest numbers of newborn neurons were detected in the subgranular zone of DG
and in the OB. A few BrdU/NeuN-ir cells were also observed all over the cortex. Most DCX-ir
neurons were detected in the ventricular zone, the subgranular zone of DG, the OB, and lower
numbers in CA3, CA2 and the ventral striatum. A few DCX-ir cells were also counted along the
alveus and the corpus callosum. TUNEL-labelling showed no signs of increased apoptosis. Our
findings suggest that species-specific or even class-specific differences in anatomy, behaviour,
ecological niche etc. may have a larger influence on brain plasticity as assumed and that it would
be interesting to investigate the functional consequences of adult neurogenesis into more detail.
Besides, our findings may introduce the pigeon as a new model organism in comparison to
humans, because both species show newborn neurons during adulthood in the striatum.
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Abstract: Diffusion tensor imaging provides a unique way for researchers to capture the
microstructure of white matter tracts throughout the brain and examine developmental
trajectories. Additionally, the rhesus macaque (Macaca mulatta) is one of the most commonly
used nonhuman primates for translational investigations, and provides a unique opportunity to
study normal brain maturation, especially in early infancy, where crucial information about
formative developmental trajectories is still missing in young children. Here, we have created a
detailed longitudinal diffusion tensor atlas, along with characterizing the corresponding white
matter fiber tracts in the rhesus macaque at 0.5 to 36 months of age from the UNC-Wisconsin
Neurodevelopment Rhesus Macaque Database. We employed the UNC NA-MIC DTI Analysis
Framework: to: 1) build the subject specific longitudinal atlases, 2) combine these atlases into a
single population atlas space, 3) propagate prior white matter tracts from a high resolution atlas,
and 4) extract fiber bundle profile measurements. Our results show that the macaque white
matter tracts continue to change throughout this maturational period at varying rates with a
spatially varying pattern from birth to puberty. Examples of this variation include the inter-
hemispheric tracts of the corpus callosum, which show a much larger rate of change as compared
to other tracts. All data and atlases, both raw and processed, are being disseminated publically to
serve as a resource for the neuroimaging and neurodevelopmental communities.
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Abstract: The hippocampus is a neuroanatomical structure critical for long-term memory and
spatial navigation. The human hippocampus has evolved in terms of both relative volume
expansion and changes in gene expression compared to nonhuman primates (NHPs). However,
little is known regarding how the constituent subfields of the hippocampus have been modified
in the human lineage. We analyzed microarray data from the Allen Brain Atlas to compare the
expression of four candidate genes important for plasticity and adult neurogenesis (doublecortin
[DCX], brain-derived neurotrophic factor [BDNF, glial fibrillary acidic protein [GFAP], and
ephrin-B1 [EPHB]I]) across the hippocampal subfields of humans and rhesus macaques. While
gene expression did not always differ between species at the level of whole-hippocampus (i.e.
DCX; p > 0.05), analyses of the individual subfields revealed many interspecies gene expression
differences for all four candidate genes (p < 0.05).

Furthermore, we explored whether these gene expression differences could be attributed to
evolutionary changes in the protein-coding DNA sequences of these candidate genes. Aligned
orthologous sequences of 12 primates and 3 non-primates were downloaded from the UCSC
Table Browser, filtered to exclude regions of questionable homology using Block Mapping &
Gathering with Entropy (BMGE), and tested five different substitution models of positive
selection detection using the HyPhy packages on the Datamonkey server (i.e. Mixed Effects
Model of Evolution, Fixed Effects Likelihood, Genetic Algorithm with branching, Branch-site
Real Estimated Likelihood, and Adaptive Branch-Site Random Effects Likelihood). The only
genes that showed any evidence of positive selection (p < 0.05) were DCX (S36N in the Pan
troglodytes branch) and GFAP (G149A in the branch leading to the Homo-Pan-Gorilla clade,
and G149T in the Tupaia chinensis branch). However, when the effects of these substitutions
were modeled using PolyPhen2 and SNAP2 they were predicted to have no functional effect on
the protein. In sum, while the pattern of gene expression of these key plasticity-regulating genes
across the hippocampal subfields has evolved since the divergence of humans and macaques, this
does not appear to be related to changes in protein-coding sequences of those genes. Future work
should explore the evolution of regulatory-region sequence evolution as a potential source of
these differences.
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Abstract: The importance of the endocannabinoid signaling during vertebrate development of
the central nervous system (CNS) has been extensively hypothesized but scarce studies have
been published. The endocannabinoid signaling is mediated through the cannabinoid receptors 1
and 2 (CB1 and CB2). Knockout (KO) mice have been generated for the cnrl and cnr2 genes
that encode for the CB1 and CB2, respectively. Homozygote cnrl-/- and cnr2-/- animals are
viable, arguing against a critical role for either of the genes in the overall nervous system
development. However, more subtle thalamocortical axon misrouting and aberrant fasciculation
have been found in CB1 KO mice but nothing has been documented in CB2 with regards of
brain development. We hypothesize that CB2 plays a role in modulating the endocannabinoid
signaling and therefore, plays important roles during early brain development.

We used CRISPR-Cas9 target-genome editing to generate cnr2 KO zebrafish. We raised
homozygotes carrying 2nucleotide deletion (cnr2**”") which is generating a frame-shift and an
early stop codon. We will assess how the levels of the cnr2 gene products are affected. The
predictions are that only non-functional truncated CB2 probably unstable will be made. We are
currently testing an anti-CB2 specific antibody in whole-mount and in westernblot to validate the
loss of function allele. Next, we will monitor neuronal wiring and axonal fasciculation formation
through immunohistochemistry with a numbers of axonal markers in different developmental



stages of zebrafish embryos and larvae. In particular, we will focus in the diencephalon,
telencephalon, hindbrain, and midbrain since CB2 has been reported to be expressed in those
regions during embryonic stages of mice. This will allow us to highlight possible morphological
changes caused by the absence of a functional CB2 receptor.
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Abstract: Bilateral integration between the cerebral cortices is crucial for sensorimotor,
associative and cognitive functions. In placental mammals this is achieved by axons forming the
corpus callosum. Development of callosal circuits involves a Sath2"/Ctip2” genetic program, an
axonal arrangement based on the position of cell bodies within the cortex, and co-existence of
mirror-image, homotopic connections with heterotopic and hyper-connected bilateral circuits.
Whether these features are mechanistically related to the development and evolution of the
corpus callosum in early placentals, or instead represent traces of an older bilateral map in the
common mammalian ancestors remains unknown. Here we show that the main molecular,
developmental and connectivity features of bilateral cortical circuits were already present in
mammals before the evolution of the corpus callosum. We found that cortical connections
through the anterior commissure of monotremes and marsupials share a callosal-like topography,
whereby axons connecting main cortical regions cross the midline through spatially segregated
subdomains. These axons arise from Sath2"/Ctip2” cortical neurons in marsupial pouch-young,



and establish a bilateral map that includes homotopic and heterotopic connections, as well as
hyperconnected hubs at the medial (cingulate) and temporal (claustro-insula) margins of the
neocortex. Thus, our results suggest an ancient origin and conservation of a bilateral cortical map
in the mammalian brain, predating the origin of the corpus callosum by at least 40 million years.
The conservation of a connectivity map despite significant alterations in the route taken by axons
suggest that evolution of the corpus callosum likely involved key but subtle innovations, possibly
including exaptation of pre-existing mechanisms not primarily involved in circuit formation.
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Abstract: The endocannabinoid system is a major regulator of synaptic transmission in many
brain areas and cannabinoid receptors are the most highly expressed GPCRs in the mammalian
brain. Pharmacological manipulation of the endocannabinoid system has shown promise in
medical treatments of many diseases including epilepsy, cancer, Alzheimer’s, and hypoxic
injury. However, there are still many mechanisms of the endocannabinoid system that are yet
unknown, in part because the widespread, subtle nature of this regulatory system makes parsing
out individual aspects difficult. We examined the endocannabinoid system of the African Naked
Mole-Rat (NMR), a long-living mammal (lifespans reaching >30 years) with high resistance to
many of these previously stated diseases including: cancer, dementia, and hypoxia. Here, we
show that the developmental regulation of endogenous cannabinoid ligands (endocannabinoids)
and cannabinoid receptors is very different in NMRs compared to typical laboratory rodents
(mice). In mice, cannabinoid receptor expression decreases in early postnatal development and



endocannabinoid levels increase with maturation while in NMRs the pattern of change is
opposite to this. Furthermore, this change in expression is correlated with a profound age-
dependent change in the behavioral response to synthetic cannabinoids (WINS55) in NMRs. Up to
9 months old, NMRs show a dose-dependent decrease in locomotion, as seen in other laboratory
mammals. However, after 1 year of age, NMRs no longer respond to WIN55. The NMR’s age-
related differential expression of endocannabinoids and cannabinoid receptors and changes in
behavioral sensitivity to exogenous ligands has potential to clarify the mechanisms by which
cannabinoids affect behavior by providing alternative phenotypes to manipulate. In addition,
species-specific alterations in the endocannabinoid system may participate in the resilience of
NMRs to hypoxic brain damage and cancer, and help to explain their extraordinary longevity.
These results encourage further exploration of the endocannabinoid system’s link to
neuroprotection and longevity.
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Abstract: Most studies in mammals and birds have demonstrated common patterns of
hypothalamic development highlighted by the combination of developmental regulatory genes
(genoarchitecture), supporting the notion of the hypothalamus as a component of the secondary
prosencephalon, topologically rostral to the diencephalon, and consisting of alar and basal parts.
In our comparative analysis we have summarized the data on the expression patterns of different
transcription factors and neuroactive substances, used as anatomical markers, in the developing
hypothalamus of the amphibian Xenopus laevis. This analysis served to highlight the
organization of the hypothalamus in the of anamniote/amniotic transition. We have identified
paraventricular (Pa; dorsal) and the subparaventricular (SPa; ventral) regions in the alar part of
the hypothalamus, and tuberal (Tu; dorsorostral) and mamillary (M; ventrocaudal) regions in the



basal hypothalamus. Main distinct features are: 1) The Pa region is defined by the expression of
Otp and the lack of Nkx2.1/Isl1. It is subdivided into rostral, rich in Otp and Nkx2.2, and caudal,
only Otp-positive, portions. 2) The SPa area contains catecholaminergic cell groups and lacks
Otp, and can be further divided into rostral (rich in Nkx2.1 and Nkx2.2) and a caudal (rich in Isl1
and devoid of Nkx2.1) portions. 3) Expression of Nkx2.1 and Isl1 define the Tu hypothalamus
and only the rostral portion expresses Otp. 4) Its caudal boundary is evident by the lack of Isl1 in
the adjacent M region, which expresses Nkx2.1 and Otp. In summary, the genoarchitecture of the
hypothalamus observed in Xenopus shows major common features with amniotes.
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Title: Claustrum connections of posterior cingulate regions in the marmoset cerebral cortex
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Abstract: The posterior cingulate cortex is characterized by widespread functional connectivity
and early activation in the emergence of conscious states. Similar widespread connectivity is also
a feature of the claustrum, which has been hypothesized to play a role in modulation of
consciousness. Here we examine the topography of claustrum connections to the posterior
cingulate region of the common marmoset (Callithrix jacchus) using microinjections of
neuroanatomical tracers. Nine injections in four animals were performed under general
anaesthesia in accordance with a protocol approved by the Monash Animal Research Ethics
Committee. Cell counts, topographic organization, and 3-D reconstructions of the claustrum



were obtained following fluorescent tracer injections into A23b, A23V, PGM, and 19M. All
areas received strong claustrum input, especially from the dorsal claustrum. Topographic
organization was evident in the A23b connections, with more caudal injections yielding denser
label in the caudal-most claustrum sections. Posterior cingulate areas obtain negligible input
from the insular cortex, which may interpretation of activation patterns in imaging studies. The
pattern of claustrum connections partially overlapped the portion of the claustrum that we have
previously demonstrated to project to medial prefrontal areas. The location and connectional
strength of claustrum projections to the posterior cingulate cortex is consistent with a role for the
claustrum in modulation of resting state functional networks.
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Title: A grayordinate pipeline for magnetic resonance imaging of marmoset brain
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Abstract: There is increasing interest in using marmosets for animal studies in neuroscience.
Several technologies such as neural tracing and genetic manipulation are recently available for
this species, however, non-invasive imaging technique is not well established, nor are analyses



standardized across species. Here, we introduce a preprocessing pipeline for marmoset MRI data
adapted from that for the Human Connectome Project (HCP). In six anesthetized marmosets, we
obtained T1 weighted and T2 weighted MRI images (spatial resolution of 0.35 x 0.35 x 0.35
mm’) of the brain using a 3T MRI scanner (MAGNETOME PRISMA, Siemens Healthcare,
Erlangen, Germany) and a custom-made 16-channel array coil (Takashima Seisakusho KK,
Hino, Japan). The images were corrected for bias field, brain extracted, non-linearly registered to
a standard atlas space, segmented into gray (cortical and subcortical) and white matter areas
based on supervised classification, and then estimated for cortical surface boundaries. Cortical
surface was co-registered across subjects based on the folding pattern. Estimated surface was
minimally inflated to allow the visualization of sulcal area of cortical folding. The data was
embedded in the standardized grayordinates of 164k or 32k, where metric data can be evaluated
either at vertices of cortical surface or at voxels of subcortical structures (basal ganglia,
thalamus, brainstem and cerebellum). Of note, some of the animals showed variant cortical
folding pattern in the lateral fissure (corresponding to the Sylvian fissure in human) despite
scarce gyral formation in this species. The cortical surface myelin contrast, as assessed by
T1w/T2w, was high in the visual, sensorimotor, auditory, and MT areas, similar to that in
human, chimpanzee and macaque using the HCP pipeline (Glasser et al. 2013). The current
findings support the idea that cross-species homology exits at least in the cortical myelin
distribution of marmoset brain. Future work should extend this technique to analyze other
modalities such as resting-state functional and diffusion MRI, potentially useful for investigating
marmoset connectome and its association with genetic, molecular, or histological aspects.
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Title: /n vivo cortical dopamine D2 receptor binding in human, macaques and marmosets
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Abstract: Cortical dopamine function is of particular interest for investigating higher cognitive
processing in humans and non-human primates. Dopamine D2 receptor has been widely
measured in vivo by positron emission tomography (PET) with '' C-raclopride, however,
assessment of the cortical binding has been limited by insufficient accuracy largely caused by
partial volume (PV) effect and low spatial resolution of the detector. Here, we visualize PV-
corrected, cortical binding potential (BP) of ''C-raclopride in three primate species, enabled by
high-resolution magnetic resonance (MR) images. A PET scan with '' C-raclopride as well as T1-
and T2-weighted MR images were obtained in humans (n=4), rhesus macaques (n=4) and
common marmosets (n=6). Animals were scanned under generalized isoflurane anesthesia, and
humans under consciousness. We used a PET scanner for human (Biograph-16, Siemens,
Germany) and that for animals (microPET220, Siemens, Germany), and a 3T MR scanner for all
species (MAGNETOM Prisma, Siemens, Germany). MR and PET images were processed using
the Human Connectome Project (HCP) pipeline, and PV-correction of radioactivity was
performed with a region-based voxel-wise method (Thomas et al., 2011) using Freesurfer. The
BP of ''C-raclopride was calculated with a simplified reference tissue model (Gunn et al., 1997),
and mapped onto the inflated cortical surface. Cross-species cortical mapping of ''C-raclopride
BP revealed a similar pattern of distribution, i.e., high in the insular, middle temporal and
anterior cingulate cortices and low in the visual cortex. The distribution was consistent with
previous postmortem studies in humans and macaques. Humans tend to have highly variable
binding around the perisylvian areas as compared with monkeys, potentially associated with
evolution of language abilities. Our findings suggest that cortical ''C-raclopride binding can be
assessed quantitatively and used for investigation of cognitive function in primates despite
limited availability of cortical D2 receptors.
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Abstract: The Red-eye Tree Frog has striking skin colors that allow it to select mates. Skin
coloration comes from neural crest stem cells that give rise to melanocytes and chromatophores.
Although chromatophores had been studied in other organisms like chameleons and fish, their
location and phenotype has not been studied in these green tree frogs. The purpose of this study
is to develop skin histology methods and identify neural crest derived cells in the Red-eye Tree
Frog. For this, we used immunofluorescence and standard hematoxylin to label different skin
cells. Thus, we were able to identify poison and mucous glans as well as chromatophores in the
skin of adult frogs. We are beginning to collect similar samples from pre-metamorphosized
tadpoles. We plan to continue mapping the histology during the different stages of development.
By doing so, we can follow the development of melanocytes and chromatophores to determine
which of these cells are derived from neural crest cells like those of other organisms. Funding
was by NIH/NINDS AREA grant 1R15-NS060099-02 to MEdB and a BUILD/PODER
scholarship to PS.
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Title: Oxytocin (OT) and arginine-vasopressin (AVP) cell bodies and fibers in the social
behavior neural network in rhesus macaque, chimpanzee, and human brains
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Abstract: The neuropeptides OT and AVP are strongly implicated in the regulation of social
behavior in mammalian species. While oxytocin- and vasopressin-producing cells are
consistently located in the hypothalamus across species, less is known about variation in the
distribution of extra-hypothalamic cell bodies and processes. Moreover, the anatomical
distribution of these neuropeptides in great apes, such as chimpanzees, the animals most closely
related to humans, has not been studied to date. We used immunohistochemistry to identify cell
bodies and fibers containing OT and AVP within the social behavioral neural network in fixed,
postmortem tissue from humans (n= 3), chimpanzees (n=3), and rhesus macaques (n=3). All
three species showed labeling for OT and AVP cell bodies in the hypothalamus. Rhesus
macaques showed a wider distribution of labeling for AVP than chimpanzees or humans, with
cell bodies distributed throughout the caudate and putamen as well as fibers in the lateral septum
and periaqueductal gray of the midbrain. Across the three species, labeling for OT cell bodies
was more restricted, being mainly localized to the hypothalamus. Our results suggest that
primates differ from many rodent species (e.g., mice, rats, and voles), which have prominent
AVP-containing cell bodies in the medial amygdala and bed nucleus of the stria terminalis that
send dense fiber projections to several forebrain areas. Our results also suggest that the
distribution of AVP cell bodies and fibers may have been reduced over the course of evolution in
great apes and humans.
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Abstract: The compartmentalization and association of lactate dehydrogenase (LDH) with
specific cellular structures (e.g., synaptosomal, sarcoplasmic, or mitochondrial) may play an
important role in brain energy metabolism. Our previous research revealed that LDH in the
synaptosomal fraction shifted towards the aerobic isoforms, LDH-B, among the large-brained
haplorhine primates compared to strepsirrhines. Here, we further analyzed the subcellular
localization of LDH in primate forebrain structures using quantitative Western blotting and
ELISA. We show that in cytosolic and mitochondrial subfractions from haplorhines, LDH-B
expression level was elevated and LDH-A declined compared to strepsirrhines. LDH-B
expression in mitochondrial fractions of the neocortex was preferentially increased, showing a
particularly significant rise in the ratio of LDH-B to LDH-A in apes. We also found a significant
correlation between the protein levels of LDH-B in mitochondrial fractions from haplorhine
neocortex and the synaptosomal-associated LDH-B that suggests LDH isoforms shift from a
predominance of A-subunits toward B-subunits as part of a system that spatially buffers dynamic
energy requirements of brain cells. Our results indicate that there is differential subcellular
compartmentalization of LDH isoenzymes that evolved among different primate lineages to meet
the energy requirements in neocortical and striatal cells.
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Abstract: Dystroglycan has pivotal function in the gliovascular connections. Its transmembrane
beta subunit forms a complex of receptors and ion channels and connects them to the
cytoskeleton. It's alpha subunit anchors this complex to the basal lamina. In the mammalian and
avian brains the beta-dystroglycan immunopositivity (bDG+) delineates the vessels, although
dystroglycan is localized in the vascular astroglial end-feet. Our former investigations proved the
cerebrovascular bDG+ in Chondrichthyes (Kalméan and Ari, 2010, 6" European Congress of
Comparative Neuroanatomy, Valencia, Spain). Further studies failed to detect bDG+ along the
cerebral vessels in teleost fishes (less advanced ones: e.g. catfish, Ameiurus nebulosus, goldfish,
Carassius auratus; and most advanced ones: e.g. cichlid perch Amatitlania nigrofasciata) as well
as in frogs, e.g Pelophylax ridibundusxlessonae (formerly R. esculenta) (Sebok and Kalman,
2010, 7™ Europ. Congr. of Comp. Neuroanatomy, Budapest). Our recent investigations has
extended on urodeles: Ambystoma mexicanum, Pleruodeles waltly and reptiles (turtle, Trachemys
scripta, lizards, e.g. Eublepharis macularis and snakes, e.g. Python regius). some ancient-type
fishes were also examined: a lungfish (Protopterus annectens, Dipnoi), an early representative of
the tetrapoda clad; bicirrh (Polypterus senegalensis, Cladistia), one of the closest extant relatives
of the stock-actinopterygians; sterlet (Acipenser ruthenus, Chondrostei) and butterfly fish
(Pantodon buchholzi Osteoglossiformes), one of the most ancient types of Teleostei. Animals
were obtained from breeders, anaesthetized, then transcardially perfused with buffered 4%
paraformaldehyde. Serial transversal sections were cut by vibratome from agarose embedded
brains, and immunohistochemical reactions were performed with anti-bDG (monoclonal,
Novocastra), according to both immunoperoxidase and immunofluorescent protocols. As
positive and negative controls rat and primer-serum free medium were applied. Results obtained
until now refers to that in each species bDG+ delineates the vessels. Pre-embedding
immunoelectronmicroscopy on Heterodontus japonicus shark brains demonstrated that bDG is
localized in the perivascular glial end-feet in Elasmobranchii despite the divergent construction
of their blood-brain barrier. It refers to that bDG- is an apomorphic, secondary phenomenon



emerged separately in anurans and in teleosts. Western blot probes however, demonstrated the
bDG even in the brains of frogs and teleosts. It may be due to the non-perivascular dystroglycan
dissipated throughout the brain.
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Abstract: Evolution of the human brain shows pronounced changes in gene expression patterns,
which may underlie some of the differences in behavior and cognition with our closest living
relatives, the chimpanzees. To further characterize the interspecific differences in gene
expression, we examined expression patterns of neurotrophin genes in human and chimpanzee
brains. Neurotrophins are growth factors that promote survival, differentiation, and myelination
of neurons during development. Using qPCR, we assessed differences in expression of NGF
(nerve growth factor) and BDNF (brain-derived neurotrophic factor) in frontal, temporal, and
cerebellar cortices of humans and chimpanzees. NGF expression was elevated in temporal lobe
compared to frontal lobe in humans, but showed decreased expression in temporal lobe relative
to frontal lobe in chimpanzees. BDNF expression showed similar patterns in all cortices in both
species.
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Abstract: In vertebrates, the basic brain neural networks are defined during embryonic
development. The brain growth spurt occurs postnatally, accompanied by the rapid increases in
cell number and brain volume. It remains unknown, however, how postnatal (post-hatch)
neurogenesis contributes to the organization of neural network required for social behaviors. To
address this subject, I focused on medaka fish (Oryzias latipes), which is a model animal for
molecular genetics and show prominent post-hatch brain growth and behavioral development.
First, I examined transgenic medaka fish in which post-hatch neurogenesis can be genetically
modified and used the transgenic line (HuC:loxP-DsRed-loxP-GFP) that HuC promoter drives
specifically in newborn neural progenitors in the adult brain. Further when stochastic
recombination was induced by micro-injection of Cre mRNA into the Tg embryos at the 1 cell
stage, it resulted that visualization of clonally-related cells in compartmented regions in the
telencephalon in the adult medaka brain. Also, heat induction of transgenic embryo (HSP:Cre)
led to Cre-recombination in the nervous system. Interestingly, by using this both lines (HSP:Cre
and HuC:loxP-DsRed-loxP-GFP), heat induction can induce different Cre-recombination pattern
depending on the developmental stages when heat induction was performed. As a result of
systematic analysis of stochastic recombinated samples, I identified that the telencephalon of
adult brain was constituted by almost 40 clonal units and that the traditional anatomical regions
were constituted by a few clonal units. In addition, the morphological pattern of clonal units was
different between dorsal and ventral anatomical regions. In order to investigate the molecular



mechanism of the structural difference, I performed ATAC-seq and RNA-seq and examined the
gene expression regulation specific to dorsal or ventral telencephalon.
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Abstract: While the laminar (radial) organization of the cortex is similar across mammalian
species, increased cell production during development and an enormous tangential expansion of
cortical surface area accompanied the transformation of smooth cerebral cortex to the highly
folded primate cortex. Based on our previous studies of cortical development in non-mammalian
species (reptiles, birds), mammalian species with lissencephalic cortex (rodents), and
mammalian species with gyrencephalic cortex (ferret, macaque, human), we hypothesized that a
two-step pattern of neurogenesis played an important role in the expansion of the cerebral cortex.
However, we still lack an appropriate comparative animal model of species that are closely
related - evolved within the same family. For this reason many questions on cortical
development and evolution remain unanswered, and our hypotheses lack sufficient predictive
power. To address this problem we are introducing a new animal model for studies of brain
evolution. We are using, for the first time, the developing bat brain as a tool to understand the
evolution of developmental programs that guide formation of the cerebral cortex in mammals.
Our novel data regarding the developing cerebral cortex of bats allowed us to identify
mechanisms that contribute to gyri formation and drive tangential expansion of the cerebral
cortex.
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Title: Neocortical neuronal morphology in the Siberian tiger (Panthera tigris altaica) and the
clouded leopard (Neofelis nebulosa)
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Abstract: Despite extensive investigations of the neocortex in the domestic cat, little is known
about neuronal morphology in larger felids. To this end, the present study characterized and
quantified the somatodendritic morphology of neocortical neurons in prefrontal, motor, and
visual cortices of the Siberian tiger (Panthera tigris altaica) and clouded leopard (Neofelis
nebulosa). After neurons were stained with a modified Golgi technique (N = 194), dendritic
branching and spine distributions were analyzed using computer-assisted morphometry.
Qualitatively, aspiny and spiny neurons in both species appeared morphologically similar to
those observed in the domestic cat. Although the morphology of spiny neurons was diverse, with
the presence of extraverted, inverted, horizontal, and multi-apical pyramidal neurons, the most
common variant was the typical pyramidal neuron. Gigantopyramidal neurons in the motor



cortex were extremely large, confirming Brodmann’s (1909) observation of large somata for
these neurons in carnivores in general, and felids in particular. Quantitatively, a MARSplines
analysis of dendritic measures differentiated typical pyramidal neurons between the Siberian
tiger and the clouded leopard with 93% accuracy. In general, the dendrites of typical pyramidal
neurons were more complex in the tiger than in the leopards. Moreover, dendritic measures in
tiger pyramidal neurons were disproportionally large relative to body/brain size insofar as they
were nearly as extensive as those observed in much larger mammals (e.g., African elephant).
Comparison of neuronal morphology in a more diverse collection of larger felids may elucidate
the comparative context for the relatively large size of the pyramidal neurons observed in the
present study.
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Abstract: Understanding the organization of the cortex requires uncovering the fundamental
principles pertaining to its different levels of architecture including the macroscale connectional
architecture. One such principle postulates that the cortex of reptiles and mammals has a dual
origin with cortical areas originating from two different primordial formations: the piriform
cortex (paleocortex) and the hippocampus (archicortex). The dual origin of cortical areas has



been inferred from the observation that cortical areas constitute streams of stepwise myelo-
and/or cytoarchitectonic changes from these primordial formations. Such studies on brains of
monotremata, marsupials, reptiles, human and non-human primates can be traced back at least to
the first decades of the last century (Shellshear, 1929; Dart, 1934; Abbie, 1940; Abbie, 1942;
Sanides, 1962). Importantly, the duality of the cortex is also reflected in the organization of the
cortico-cortical connections of the macaque monkey (Pandya and Yeterian, 1985). The dual
connectional architecture of the cortex was conceptualized and quantified as the presence of
topologically symmetric structures (Bezgin et al, 2014). Here, we applied this definition and
approach to all available mammalian connectomes: the macaque monkey (Markov et al, 2014),
cat (Scannel et al, 1995), mouse (Oh et al, 2014; Zingg et al, 2014) and rat (Bota and Swanson,
2007). First, we investigated the presence of a dual connectional architecture in the
aforementioned species. Second, we exploited the detailed transcriptional data for the mouse
cortex (Lein et al, 2007) and investigated if the dual architecture defined on a connectional basis
is also reflected on its transcriptional architecture. Our results demonstrate the presence of the
dual connectional structure in all examined mammalian species, setting apart areas presumably
derived from the piriform cortex (insula, gustatory cortex) and the hippocampus (retrosplenial,
cingulate cortex). We also show that the connectivity-based dual structure in the mouse
constitutes a major axis of organization of its transcriptome reflecting 12% of its variance. We
conclude that the dual structure of the adult cortex constitutes a fundamental principle of its
organization, possibly reflecting histogenetic gradients and patterning centers during
telencephalic development.
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Title: Functional test of PCDHB11, the most human-specific neuronal surface protein
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Abstract: Background

Brain-expressed proteins that have undergone functional change during human evolution may
contribute to human cognitive capacities, and may also leave us vulnerable to specifically human
diseases, such as schizophrenia, autism or Alzheimer’s disease. In order to search systematically
for those proteins that have changed the most during human evolution and that might contribute
to brain function and pathology, all proteins with orthologs in chimpanzee, orangutan and rhesus
macaque and annotated as being expressed on the surface of cells in the human central nervous
system were ordered by the number of human-specific amino acid differences that are fixed in
modern populations.

Results

PCDHBI1, a beta-protocadherin homologous to murine cell adhesion proteins, stood out with 12
substitutions and maintained its lead after normalizing for protein size and applying weights for
amino acid exchange probabilities. Human PCDHB11 was found to cause homophilic cell
adhesion, but at lower levels than shown for other clustered protocadherins. Homophilic
adhesion caused by a PCDHB11 with reversion of human-specific changes was as low as for
modern human PCDHBI11; while neither human nor reverted PCDHB11 adhered to controls,
they did adhere to each other. A loss of function in PCDHB11 is unlikely because intra-human
variability did not increase relative to the other human beta-protocadherins.

Conclusions

The brain-expressed protein with the highest number of human-specific substitutions is
PCDHBI 1. In spite of its fast evolution and low intra-human variability, cell-based tests on the
only proposed function for PCDHB11 did not indicate a functional change.
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Title: Calcium imaging in Hydra
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Abstract: To tackle the function of neural circuits it would be ideal to record the activity of
every neuron in a behaving animal and understand how it relates to behavior. We have achieved
this with the cnidarian Hydra vulgaris. Yet using genetically engineered animals and calcium
imaging to measure the activity of essentially all of its neurons in behaving animals. While the
nervous system of Hydra is traditionally described as a simple nerve net, we surprisingly find
instead a series of independent neural networks that are anatomically non-overlapping and are
associated with specific behaviors. Three major functional networks extend through the entire
animal and are activated selectively during contractions, elongations in response to light and
egestion. These results demonstrate the functional sophistication of apparently simple nerve nets,
and the potential of Hydra and other basal metazoans as a model system for neural circuit
studies.

Disclosures: C. Dupre: None. S. Salwi: None. S. Leong: None. R. Yuste: None.

Poster

779. Development and Evolution

Location: Halls B-H

Time: Wednesday, November 16, 2016, 1:00 PM - 5:00 PM
Program#/Poster#: 779.23/E12

Topic: A.10. Development and Evolution

Title: Evidence for generative homology of cerebellum and cerebellum-like structures in a basal
vertebrate



Authors: *C. SURIANO, D. BODZNICK;
Biol. Dept., Wesleyan Univ., Middletown, CT

Abstract: Most of the neurons located in the mammalian brain reside within the cerebellum.
Yet, the evolutionary origins of the cerebellum are not well understood. There are several
different sensory nuclei present across vertebrates collectively termed cerebellum-like structures
due to a shared anatomy and physiology with the cerebellum. Common structure and function
may arise due to a shared genetic toolkit used during development to create a common geno-
architecture. We have studied three critical genes from the proposed toolkit; Pax6, Clbnl, and
Grid? to link these areas in a generatively homologous relationship. Within the mammalian
cerebellum Pax6 is critical for polarizing granule cell axons to form the molecular layer. Clbnl is
used to form granule cell-principal cell synapses. Grid2 is used to form synapses via the extra-
cellular N-terminus and used in AMPAR endocytosis creating cerebellar LTD via the intra-
cellular C-terminus. In order to determine if cerebellum and cerebellum-like structures are
generatively homologous we tested whether these three critical proteins are expressed in the
cerebellum and cerebellum-like structures of a basal vertebrate, Leucoraja erinacea. We found
that granule cells of the cerebellum and granule cells of the dorsal granular ridge that supply the
cerebellum-like structures both express Pax6 and Clbnl. If Pax6 and Clbnl perform the same
function in the skate cerebellum and cerebellum-like structures as they do in the mammalian
cerebellum, then these structures may develop using a shared genetic toolkit. We also found
dendrites in the cerebellar molecular layer as well as dendrites in the molecular layer of
cerebellum-like structures expressing Grid2. In addition to measuring protein expression in the
skate cerebellum and cerebellum-like structures, protein sequence data from several vertebrates
was used to compare the evolution of these genes to their prescribed function during the genesis
of the cerebellum from the rhombic lip early in vertebrate phylogeny. While Pax6 and Clbnl are
well conserved throughout the species tested, Grid2 has undergone major changes correlated
with two whole rounds of genome duplication and the advent of the cerebellum in the
gnathostomes. Within the gnathostomes there appears to be a stable elongation of the Grid2 N
terminus and C terminus allowing for more extra-cellular and intra-cellular protein-protein
interactions thus allowing increased synaptic complexity in these regions. Before the genesis of
the cerebellum, in the lamprey lineage, Grid2 appears truncated, missing several key protein
domains.
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Abstract: The regulatory significance of epigenetic modifications is increasingly appreciated.
However, the ways in which epigenetic modifications change and impact phenotypes in
evolution remain as a fundamental yet unresolved question in biology. In particular, previous
studies suggested that epigenetic evolution of human brains has deeply impacted human
cognition and neuropsychiatric diseases. However, to fully understand the role of epigenetic
divergence on human brain evolution, it is critical to examine epigenetic variation in a large
panel of individuals, and to employ unbiased epigenome-wide methods and include outgroup
species. Here we report comprehensive identification and analyses of differentially methylated
regions (DMRs) in human brains. We used comparative whole genome bisulfite sequencing
(WGBS) of human, chimpanzee and rhesus macaque prefrontal cortices (n=8), unbiased non-
parametric tests, as well as targeted deep genomic and bisulfite sequencing in an independent
panel of 37 individuals across six primate species. Our comparative approach identified hundreds
of DMRs. We demonstrate, using a subset of DMRs, that the unique epigenetic profiles of the
human brain are indeed supported in a large number of samples across multiple species.
Intriguingly, evolutionary epigenetic modifications preferentially occur at genomic regions
related to transcriptional regulation, as evidenced by chromatin features and transcription factor
binding profiles. In particular, we identify many loci annotated as intergenic yet exhibiting
conspicuous chromatin signatures of active transcription in brains, indicating that they represent
currently unannotated loci of human brain-specific transcription. Remarkably, a large number of
DMRs are found in a spatially clustered manner and tend to participate in active chromatin loops,
indicating evolutionary remodeling at the higher-order chromatin structure. Analyses of
previously generated gene expression and epigenetic data also support a role of DMRs in



regulation of transcription. Substantial reprogramming of the epigenomic landscape at regulatory
regions appears to contribute to the evolutionary specializations in our brains.
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Abstract: Endocannabinoids are diffusible lipophilic molecules that may spread to neighboring
synapses. Monoacylglycerol lipase (MAGL) is the principal enzyme that degrades the
endocannabinoid 2-arachidonoylglycerol (2-AG). Using knockout mice in which MAGL is
deleted globally or selectively in neurons and astrocytes, we investigated the extent to which
neuronal and astrocytic MAGL limit the spread of 2-AG-mediated retrograde synaptic
depression in cerebellar slices. A brief tetanic stimulation of parallel fibers in the molecular layer
induced synaptically evoked suppression of excitation (SSE) in Purkinje cells, and both neuronal
and astrocytic MAGL contribute to the termination of this form of endocannabinoid-mediated
synaptic depression. The spread of SSE among Purkinje cells occurred only after global
knockout of MAGL or pharmacological blockade of either MAGL or glutamate uptake, but no
spread was detected following neuron- or astrocyte-specific deletion of MAGL. The spread of
endocannabinoid signaling was also influenced by the spatial pattern of synaptic stimulation as it
did not occur at spatially dispersed parallel fiber synapses induced by stimulating the granular
layer. The tetanic stimulation of parallel fibers did not induce endocannabinoid-mediated
synaptic suppression in Golgi cells even after disruption of MAGL and glutamate uptake,



suggesting that heightened release of 2-AG by Purkinje cells does not spread the retrograde
signal to parallel fibers that innervate Golgi cells. These results suggest that both neuronal and
astrocytic MAGL limit the spatial diffusion of 2-AG and confer synapse-specificity of
endocannabinoid signaling.
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Title: NO/cGMP signaling via Guanylyl Cyclase isoform 1 (NO-GC1) modulates presynaptic
transmitter release in somatosensory cortex of mice.
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Abstract: Synapse function is critical for sensory perception, cognition and memory in
mammalian brains and these functions can be modulated by several factors. In this context, it is
well known that NO can generate cGMP via two isoforms of the NO-sensitive guanylyl cyclases
(NO-GCs) (NO-GC1 and NO-GC2) to regulate downstream proteins, thereby altering synaptic
transmission and long-term synaptic plasticity. For example, NO is well known to act as a
retrograde messenger in hippocampus. However, the role of NO-GC1 for pre- and postsynaptic
functions in other brain regions like the somatosensory cortex is not fully understood. By using
knockout (KO) mice lacking the NO-GC1 isoform, the present study analyzed glutamatergic and
GABAergic synaptic transmission between pyramidal neurons in layers II/III of somatosensory
cortex. We observed a reduced frequency of miniature excitatory and inhibitory postsynaptic
currents (MEPSCs and mIPSCs) together with an increased paired-pulse ratio (PPR) and a
decreased input-output curve of electrically evoked EPSCs and IPSCs, which strongly suggest a
functional impairment of presynaptic release of glutamate and GABA in NO-GC 1 KO mice.



The altered neurotransmission in KO mice was rescued to WT-like levels by bath application of
the cGMP analog 8-Br-cGMP. Accordingly, an inhibitor of NO-GCs, ODQ, reduced the
glutamate and GABA release in wild-type mice to the level of KO-mice. Moreover, we have
evidence that NO is mainly produced postsynaptically in response to NMDA receptor activation
and acts as a retrograde messenger to modulate GABA release. In conclusion, NO-GC1-cGMP
signaling modulates glutamatergic and GABAergic synaptic neurotransmission, which could
alter information processing in the somatosensory cortex.
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Abstract: Endocannabinoids are lipid neurotransmitters found throughout the animal kingdom,
but there has been relatively little in the way of comparative studies in how these signaling
molecules function in the nervous system. Hirudo verbana (the medicinal leech) provides an
excellent model system for such studies. It has a well-described central nervous system (CNS) in
which it is possible to record from single, identifiable neurons and link changes in individual



neurons and synapses to changes at the behavioral level. Pharmacological studies have
demonstrated endocannabinoid-based modulation of synapses and behavior in Hirudo (e.g.,
Yuan & Burrell, 2013, J. Neurophysiol. 110:2607). In this study, we provide the first report of
the genes in Hirudo that encode proteins responsible for the synthesis and metabolism of 2-
arachidonoylglycerol (2-AG), an endocannabinoid transmitter known to be present in the Hirudo
CNS. A sequence corresponding to the 2-AG synthesizing enzyme, diacylglycerol lipase
(DAGL; accession #KU500007), was found to have 34 and 39% amino acid sequence identity
when compared to mouse and human DAGL-beta genes, respectively. A sequence corresponding
to the 2-AG metabolizing enzyme, monoacylglycerol lipase (MAGL), was found to have 40 and
41% amino acid sequence identity when compared to mouse and human MAGL. The regions
corresponding to the predicted active site serine for both Hirudo DAGL (hirDAGL; S431) and
hirMAGL (S118) were conserved between the Hirudo and mammalian versions of these
proteins. When expressed in HEK cells both hirDAGL and hirMAGL are localized in the
membrane, similar to their mammalian orthologues. Experiments using a natural fluorescent
substrate assay (Van der Wal et al., J Lipid Res 56: 927) indicate that hirMAGL converts 2-AG
into arachidonic acid. Similar assays are currently being conducted to test whether hirDAGL can
convert 1-stearoyl-2-arachidonol-sn-glycerol (SAG) into 2-AG. Future experiments will focus on
examining how hirDAGL and hirMAGL activity is modulated (e.g. by phosphorylation),
validating pharmacological agents that act on these enzymes, and their functional contribution to
synaptic and behavioral plasticity.
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Abstract: The lizard cortex has remarkable similarities with the mammalian hippocampus. Both
process memories, have similar cytoarchitectural properties, and are important neurogenic foci in
adults. Lizards show striking levels of widespread neurogenesis in adulthood and can regenerate
entire cortical areas after injury. Nitric oxide (NO) is an important regulatory factor of
mammalian neurogenesis and hippocampal function. However, little is known about the role of
NO in non-mammalian neurogenesis. Here, we analyzed the distribution, morphology and
complexity (Neurolucida reconstructions) of NO-producing neurons through NADPH-
diaphorase (NADPHJ) activity, and their relationship with doublecortin (DCX)-expressing
neurons in the hippocampal formation of the neotropical lizard Tropidurus hispidus. NADPHd-
positive neurons were present in two clusters: one with small somata and low intensity of
staining; and one with inversely correlated soma size and intensity. Moreover, NADPHd-positive
neurons in the dorsomedial cortex (DMC; homologous to CA3) were more numerous and
complex than the ones in the medial cortex (MC; homologous do the dentate gyrus). We found
NADPHd-positive DMC neurons send long projections into the MC. Interestingly, NADPHd-
positive neurons were absent in the MC’s granular cell layer. In contrast, DCX-positive neurons
were scarce in the DMC, but highly numerous in the MC, particularly in the granular cell layer.
We hypothesize that NO-producing neurons in the DMC provide important input to
proliferating/migrating neurons in the highly neurogenic MC.
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Title: Differential contribution of diacylglycerol lipase-alpha to phasic and tonic
endocannabinoid signaling at hippocampal GABAergic synapses
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Abstract: Retrograde endocannabinoid signaling via presynaptic CB1 cannabinoid receptors
(CBIR) play an essential role in the activity-dependent calibration of neurotransmitter release
probability at various synapses throughout the brain. Recent investigations have also unfolded
multiple different molecular mechanisms of how cannabinoid signaling can control synaptic
transmission in a phasic or tonic manner. In addition, several serine hydrolase enzymes are
known to regulate synaptic levels of the most common endocannabinoid messenger 2-
arachidonoyl-glycerol (2-AG) raising the possibility of a molecular division of labor in different
forms of endocannabinoid signaling. To mechanistically explore the contribution of
diacylglycerol lipase-alpha (DGL-alpha), the predominant 2-AG synthesizing enzyme to phasic
and tonic endocannabinoid signaling at perisomatic GABAergic synapses in the mouse
hippocampus, we performed paired whole-cell patch-clamp recordings between presynaptic
perisomatic interneurons and postsynaptic CA1 pyramidal cells. These physiological
investigations have also been complemented by the detailed nanoscale analysis of cell-type-
specific CBIR numbers and hippocampal endocannabinoid levels using stochastic optical
reconstruction microscopy (STORM) super-resolution imaging and liquid
chromatography/tandem mass spectrometry (LC-MS/MS), respectively. In agreement with prior
studies, a significant decrease to 23% of wild-type 2-AG levels was observed in DGLa knockout
mice. In addition, depolarization-induced suppression of inhibition (DSI), a widespread form of
phasic endocannabinoid signaling was absent in DGLa knockout mice, whereas DSI was robust
and could be blocked with the CB1 receptor antagonist/inverse agonist AM251 in wild-type
animals. Despite the reduced basal tissue 2-AG levels, CB1 receptor numbers on presynaptic
interneuron terminals as well as the baseline amplitude of unitary inhibitory postsynaptic
currents (uIPSCs) and success rates of unitary synaptic events remained identical between
littermate wild-type and DGLa knockout mice suggesting that tonic 2-AG signaling may still be
functional in the absence of DGLa. Indeed, AM251 could significantly increase GABAergic
synaptic transmission between perisomatic interneurons and CA1 pyramidal cells in DGLa KO
mice. Together, these findings are consistent with the prevailing view that DGLa produces
synaptic 2-AG for phasic endocannabinoid signaling, but also raise the intriguing possibility that
tonic endocannabinoid signaling operates via a DGLa-independent molecular mechanism.
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Title: Endocannabinoid regulation of glutamatergic input onto corticotropin releasing neurons in
the central nucleus of the amygdala
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Abstract: The central amygdala (CeA) is a limbic brain structure largely responsible for the
generation of threat adaptive behaviors. Corticotropin releasing factor (CRF) signaling within the
CeA has been shown to positively regulate fear and anxiety phenotypes, and the use of knock in
and transgenic reporter lines has allowed for reliable identification of CRF expressing (CRF+)
neurons in this region. Recently, we have demonstrated that endocannabinoid (eCB)-mediated
retrograde synaptic suppression is prevalent at excitatory synapses in the CeA. However, how
the excitability of CRF+ neurons and the eCB system interact in the CeA remains largely
unexplored. Here, we use optogenetic circuit mapping to assess eCB-signaling at ascending and
descending glutamatergic inputs onto CRF+ neurons in CeA. We report that CRF+ neurons
receive the greatest input from descending cortical-like structures, over ascending inputs from
the parabrachial nucleus, and that cannabinoid signaling capacity is greatest at these descending
inputs. Furthermore, we identify forms of short-term and long-term eCB-mediated plasticity at
specific inputs, suggesting that eCBs regulate CeA function via suppression of glutamate release
onto CRF+ neurons.
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Abstract: Specific GABAergic interneuron types play fundamentally different roles in the
regulation of network activity in cortical circuits. Prior studies have classified specific
interneuron types based on the characteristic differences in their neurochemical markers,
morphological features, cell physiological properties and firing activity patterns during distinct
brain and behavioral states. However, the comprehensive classification of cortical interneurons
has not been completed yet, and novel methods, such as single-cell transcriptomics suggest a
greater variability of cortical cell types than previously expected. A major population of cortical
GABAergic interneurons expresses high levels of CB; cannabinoid receptors and can usually be
divided into two morphological subpopulations of perisomatically- and dendritically-targeting
interneurons. In accordance, previous studies have shown that the vesicular glutamate transporter
VGIuT3 is also present only in a selected subpopulation of CB,-positive interneurons. In order to
establish how these molecular and morphological differences are associated with specific
physiological properties of distinct CB;-positive interneuron populations, we used a combination
of paired whole-cell patch-clamp recordings together with correlated confocal and STORM
super-resolution imaging. The data showed that vGluT3 is expressed by selected subtypes of
perisomatically- and dendritically-targeting interneurons defined by their non-overlapping
bouton distribution index (see Dudok et al., 2015, Nature Neuroscience, 18:75-86) in the mouse
CAT1 hippocampus. The gross axonal and dendritic morphology, and the intrinsic physiological
properties of VGluT3-positive or VGluT3-negative interneurons were indistinguishable. In
contrast, VGluT3-expressing cells had larger boutons, which contained significantly more CB;



receptors. Surprisingly, VGluT3-positive perisomatic interneuron synapses onto CA1 pyramidal
neurons exhibited lower baseline synaptic efficacy and release probability compared to VGIuT3-
negative perisomatic connections. The remarkably smaller amplitude of unitary inhibitory
synaptic currents and the lower success rate of synaptic events are likely due to high constitutive
CB, receptor activity present at VGIuT3-containing perisomatic synapses, but not at VGluT3-
negative perisomatic or dendritic interneuron synapses. These distinct molecular, morphological
and synaptic properties suggest that CB;-positive interneuron types may contribute to
hippocampal network activity and behavior in a more complex manner than anticipated before.
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Abstract: HIV associated neurocognitive disorder is a common complication of HIV infection,
and can be exacerbated by mu-opioid drug abuse. A potential mechanism of mu-opioid induced
cognitive impairment examines negative regulation of the homeostatic chemokine receptor
CXCR4 by mu-opioids. Morphine and DAMGO induce upregulation of Ferritin Heavy Chain
protein in cortical neurons in vitro and in vivo, which is colocalized with CXCR4 and correlated
with reduced activation of the receptor and its homeostatic downstream signals. The work
presented here further characterizes mu-opioid induced FHC expression in cortical neurons.
Morphine induced FHC from a dose range of 0.1 to 1 uM in vitro, and fractionation studies
revealed that cytoplasmic FHC levels increase, while nuclear FHC levels remained constant.
Rats sacrificed 24 hours after a single 20mg/kg morphine s.c. injection had elevated neuronal
FHC levels in cortical neurons, with notable variability between individual cells, suggesting a



subpopulation of neurons is more susceptible to this effect. In vitro calcein imaging studies show
that intracellular free labile iron concentrations are increased as early as 30 minutes after 1 uM
morphine treatment, and sustained over 24 hours. Changes in neuronal iron levels may be a
driver of mu-opioid mediated FHC protein expression, since they both regulate FHC expression
post-transcriptionally. Additionally, we show that FHC expression is dependent on intracellular
iron, and cannot be induced by morphine in the presence of the iron chelator Deferroxamine.
Morphine can upregulate FHC if only extracellular iron is chelated, highlighting the importance
of intracellular iron in this process. Subsequently, we show neurons that are iron loaded with 50
uM Ferric Ammonium Citrate, but not treated with morphine, both upregulate FHC and partially
inhibit downstream mediators of CXCR4 signals. These experiments suggest a novel mechanism
of regulation between the opioid and iron regulatory systems that coordinate to modulate
downstream homeostatic signals from CXCR4. This has potential implications for HIV+ patients
who are prescribed opioid medications or abuse opioid drugs, and may describe a novel avenue
of cognitive impairment in this patient group. Future studies will examine and characterize
neuronal subtypes susceptible to FHC upregulation in order to identify circuit specific elements
that may be impaired among opioid abusers.
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Title: Expression of cannabinoid type 1 receptors in the rat spinal cord following surgical
incision
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Abstract: Background: The active principal of cannabis known as’ , -Tetrahydrocannabinol
(THC) binds to cannabinoid (CB) receptors, which are classified into CB1 and CB2 subtypes.
These belong to the G-protein coupled receptor family. Cannabis has a prominent analgesic
action in humans and has been recommended for the treatment of cancer pain. Recently,
activation of CB1 receptors has also been observed to produce relief in neuropathic pain.



However, little is known about the role of CB1 receptors in postoperative pain. Hence, the
expression of these receptors was studied in the rat spinal cord following surgical incision on the
hind paw. Materials and Methods: Sprague-Dawley rats were subjected to incision on the
plantar surface of the right hind paw. Behavioural assessment of nociception was done. Spinal
cords (L4-5 segments) were processed for immunohistochemical localization of CB1 receptors.
Western blotting was also done. Expression of CB1 receptors in Rexed’s lamina I-II of dorsal
horn was quantified by NIS-Element software. Results: Both allodynia and hyperalgesia were
highest, immediately after incision. Expression of CB1 receptor in laminae I-II increased at all
post incision time points though significant increase was observed at 2 h and day 3. Result of
Immunoblot confirmed these finding. Conclusions: Up-regulation immediately after incision
suggests that these receptors could be important in the initial part of postoperative pain. Previous
studies indicate that these receptors inhibit the release of excitatory neurotransmitters from
presynaptic terminals, which decrease the transmission of pain. Further studies are in progress
for evaluation of the precise role of CB1 receptors. Key words: CB1 receptor, hindpaw incision,
Postoperative pain, CB2 receptor, Neuropathic Pain. Acknowledgment: Financial support has
been provided by Department of Biotechnology (Grant no-BT/PR14279/MED/30/452/2010),
Government of India
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Abstract: Hippocalcin is a calcium-binding protein that is restricted to nervous tissue and
contributes to neuronal activity. However, the mechanisms by which hippocalcin regulates
neuronal differentiation in neural stem cells (NSCs) are poorly studied. We report that, in
addition to inducing neurogenesis, hippocalcin inhibits astrocytic differentiation of NSCs. It
promotes neurogenesis by regulating protein kinase Ca (PKCa) activation by translocating to the
membrane and binding to phosphoinositide-dependent protein kinase-1 (PDK 1), which induces
PKCa phosphorylation. We also found that phospholipase D1 (PLD1) is implicated in the
hippocalcin-mediated neurogenesis pathway; this enzyme promotes dephosphorylation of
STATS3 (Y705), which is necessary for astrocytic differentiation. Moreover, we found that the
tyrosine phosphatase SHP-1 acts upstream of STAT3. SHP-1 acts as a negative regulator of
STAT3, which is required for neurogenesis. Importantly, this SHP-1-dependent STAT3
inhibitory mechanism is closely involved in neurogenesis and suppression of gliogenesis by
hippocalcin. Taken together, these observations suggest that hippocalcin promotes neuronal
differentiation through activation of the PKCo/PLD1 cascade followed by activation of SHP-1,
which dephosphorylates STAT3 (Y705), leading to inhibition of astrocytic differentiation.
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Abstract: A major hypothesis in the pathology of addiction is that maladaptive behaviors result
from a disruption in the homeostatic balance between stress and reward circuitry. Several rodent
models of stress (i.e. footshock, foot pinch, restraint stress, and social defeat stress) increase the
activity of VTA neurons and result in an increase in dopamine in terminal regions of VTA
neurons. Corticotrophin releasing factor (CRF) is released in the VTA during stress and is



reported to increase the firing rate of dopamine neurons, yet decrease dopamine release in the
Nucleus Accumbens (NAc). These results suggest that CRF differentially modulates VTA
neurons with different projection targets. However, the synaptic action of CRF on specific
subsets of VTA neurons and their role in influencing behavior has yet to be characterized.

We made ex vivo whole cell current clamp recordings to examine the synaptic actions of CRF.
We measured responses to (100 nM to 1 mM) CRF in both TH(+) and TH(-) neurons from
throughout the VTA. CRF consistently increased the firing rate of spontaneously active neurons
(n=22/25). However in quiescent neurons we observed either depolarizations (40%) or
hyperpolarizations (35%). Firing rate increases were not dependent on HCN channel function, as
blocking them using 10nM ZD7288 did not prevent this increase (n=5/6). To analyze circuit
specificity of CRF, recordings were made in labeled neurons 7 days after the retrograde
fluorescent marker Dil was injected into VTA terminal regions including medial prefrontal
cortex (mPFC), NAc, and amygdala (AMY). AMY -projecting VTA neurons were consistently
excited by CRF, whether firing spontaneously or quiescent (n=5/5). We also observed an
increase in the amplitude of evoked glutamatergic EPSCs in response to CRF in this projection
(n=4/5, 240% increase amplitude). In contrast, mPFC and NAc projecting neurons did not show
a consistent response pattern in quiescent neurons (n=14 for mPFC, n=17 for NAc).
Spontaneously active neurons in all projections were consistently excited by CRF (n=7). These
findings demonstrate that the effect of CRF on VTA neurons is heterogeneous and depends on
both the state of the neuron and its projection. Cells that are firing spontaneously fire more,
strengthening ongoing activity. In neurons that are not firing, CRF is biasing a subset of VTA
neurons that will respond to an excitatory input. Both dopaminergic and non-dopaminergic
neurons are modulated. To understand how these effects modulate behavior, further work must
be done to probe the contribution of AMY -projecting VTA neurons by activation of this
projection in tasks that explore the role of stress in modulating aversion and reward.
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Abstract: Chronic heart disease leads to imbalances within the autonomic nervous system, often
resulting in an upregulation of sympathetic output with a concomitant decrease in central
parasympathetic preganglionic activity. In addition to the increased release of norepinephrine
from sympathetic fibers, there is also an elevation in the release of the neuropeptide, NPY. This
study examined the function and responses of intrinsic parasympathetic postganglionic cardiac
neurons to local application of NPY. Previous studies have shown that these neurons respond to
NPY, but the receptors and mechanism underlying these responses are unknown. We used a
multidisciplinary approach to determine which NPY receptors are present in the guinea pig
intracardiac neurons and what functional responses they induce. Biochemical analysis of mRNA
levels with RT-qPCR shows evidence for Y1 and Y5 receptors, and possibly Y2 receptors.
Western blot analysis of protein expression from dissected guinea pig cardiac ganglia and atrial
muscle show evidence for Y4 and Y5 receptors. Intracellular voltage recordings from individual
neurons supported previous results, where NPY induces a hyperpolarization of the membrane
potential and reduces the time course of the afterhyperpolarization (AHP) phase in single action
potentials. Using specific Y1, Y2 and Y5 antagonists, we determined that the Y5 receptor
appears to mediate the change in AHP time course. The hyperpolarization of the membrane
potential appears to have heterogeneous receptor mediation, since some cells showed significant
inhibition with Y5 antagonists and others showed no significant inhibition to any antagonist
tested. In separate experiments examining ganglia from animals with a surgical model of chronic
myocardial infarction (MI), we found significant (~2.5 fold) upregulation of NPY mRNA in the
ganglion. We also saw an increase in NPY-induced neuronal excitability with depolarizing
current pulses in these MI animals. These results indicate that NPY expression in neurons is
altered with chronic heart disease. Additionally, the neurons of the cardiac ganglion express
multiple NPY receptors and these receptors may also show differential expression levels
following the induction of a chronic MI.
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Abstract: Abnormalities of the immune function in depression and suicide are based in part on
the observation of increased levels of proinflammatory cytokines in the serum and in the
postmortem brain of depressed and suicidal patients. Several studies suggest dysregulation of the
immune system in suicide as increased microgliosis has been reported in postmortem brain of
suicide subjects and increased levels of proinflammatory cytokines in the cerebrospinal fluid
(CSF) of suicidal patients. The observed abnormality of cytokines in suicide may be related to
altered innate immune receptors known as Toll-like receptors (TLRs). We have earlier reported a
significant increase in the protein and mRNA levels of TLR3 and TLR4 in depressed and suicide
brain. To further examine the role of TLRs in suicide we have now studied the expression of
TLRI1, TLR2, TLR6, TLR7, TLR8, TLRY and TLR10 in depressed suicide subjects. We
determined the protein expression of TLR1, TLR2, TLRS, TLR6, TLR7, TLRS, TLR9, and
TLR10 in the prefrontal cortex (PFC) of 24 depressed suicide victim and 24 normal control
subjects. The postmortem brain tissues were obtained from the Maryland Brain Collection and
the psychological autopsies were performed for the diagnosis of the subjects using DSM-1V-
SCID. Protein expression was determined using Western blot technique. When we compared the
protein expression of different TLRs, we found that the protein expression of TLR2, TLR6,
TLR7 and TLR10 was significantly increased in the PFC of depressed suicide victims compared
with normal control subjects, while there was no difference in protein expression of TLR1,
TLRS, TLRS and TLR9 in depressed suicide victims compared with normal control subjects.
These results suggest that protein overexpression of TLR2, TLR6, TLR7 and TLR10 may be in
part related to the abnormalities of proinflammatory cytokines in the brain of suicide victims and
that abnormalities of innate immunity are associated with suicide.
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Abstract: The naturally occurring endomorphins 1 and 2 (E-1 and E-2) exhibit high affinity and
selectivity for mu opioid receptors (MOR) over kappa and delta receptors. Both of these
tetrapeptides have been shown to exert analgesic properties in some animal models of pain. E-1
and E-2 release is enhanced under ischemic and inflammatory conditions. Additionally, a pH
drop in ischemic tissue activates the H'-gated acid sensing ion channels (ASIC). ASIC are
expressed primarily in peripheral and central nervous system. Some reports have shown that
DRG neurons express primarily ASIC1 and ASIC3 isoforms. ASIC3 channel currents are
characterized by two components: fast component that rapidly desensitizes and a slow, sustained
current that lasts as long as the external pH remains acidic. The purpose of the present study was
to examine the effect of E-1 and E-2 peptides on ASIC channel currents employing the whole-
cell variant of the patch-clamp technique. In acutely isolated rat DRG neurons, exposure to either
10 uM E1 or E2 (pH 6.0) enhanced the sustained ASIC currents 76+29% (n=11) and 113+35%
(n=17), respectively, when compared to activation by pH 6.0 alone. The sustained ASIC currents
also were potentiated (115+39%, n=5) by E-2 (10 uM) in DRG neurons pretreated overnight
with pertussis toxin—suggesting that MOR were not involved in this signaling event. To better
understand the effect of endomorphins on ASIC3 homotrimers, mouse ASIC3 (mASIC3)
channels were heterologously expressed in the mouse fibroblast L cell line that does not natively
express MOR or ASIC channels. Either 10 uM E-1 or E-2 greatly potentiated ASIC3 currents
(1700+252%, n=9; 2033+456%, n=5) when compared to pH 6.0 alone. The pH-dependent
activation was shifted to more alkaline pH while the pH-dependent inactivation was shifted to a
more acidic pH, resulting in an amplification of the window current. Given that endomorphins
are released under ischemic conditions, we next ligated the femoral artery in rats to produce
muscle ischemia. Following a 72 hr ligation period, the rat DRG neurons were isolated and the
effect of endomorphins on ASIC currents was examined. When compared to control DRG
neurons exposed to either 10 uM E-1 or E-2 (pH 6.0), E-1 or E-2 application (pH 6.0) resulted in
a significantly (p<0.05) greater ASIC current potentiation of 194+68% (n=10) and 244+60%
(n=9), respectively. Overall, these results suggest that endogenous endomorphins potentiate
sustained ASIC3 currents—an effect that is enhanced under ischemic conditions.
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Title: Glucocorticoid receptor exon 1F and dynamics of DNA methylation in teenage suicide
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Abstract: Impaired hypothalamic-pituitary-adrenal (HPA) axis function is linked to depression
and increased susceptibility to suicide. Dysregulation of HPA axis function observed in
depression and suicide may be due partially to a disturbed feedback inhibition by endogenous
corticoids. Glucocorticoid receptors (GR) play an important role in the regulation of stress
response when endogenous levels of glucocorticoids are high. In this study, our goal was to
understand the regulation of GR exon 1¢ expression and the dynamic epigenetic mechanisms that
may alter the expression of this promoter. Gene expression and methylation levels were
measured in the postmortem prefrontal cortex (PFC) of 22 teenage suicide victims and 22
teenage normal control subjects. Our results show that GR exon 1r expression was decreased
while methylation levels were increased and hydroxyl-methylation levels were decreased in
teenage suicide victims as compared to normal controls. Expression of TET1 and TET2 was
decreased with no change in TET3 in teenage suicide victims as compared to normal controls. In
addition, DNMT1 and DNMT3a expression was increased with no change in DNMT3b in
teenage suicide victims as compared to normal controls. Our data supports the hypothesis that
epigenetic variations caused by aberrant regulation of DNMT and TET lead to higher
methylation levels in GR1r and affect GR1r mRNA levels. Our data indicate that dynamic
epigenetic mechanisms are involved in gene regulation and contribute significantly to
understanding the neurobiology of teenage suicide.
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Title: Galanin receptor expression and origins of galanin input from noradrenergic nuclei to the
bed nucleus of the stria terminalis
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Abstract: Reinstatement of drug-seeking is one of the greatest challenges in treating addiction,
and roughly half of individuals treated for it relapse within a year of cessation. Medical
approaches for treating relapse are lacking because the mechanisms underlying relapse are
multifactorial and poorly understood. Stress is a common cause of relapse with devastating
consequences for recovering addicts. Brief exposure to various stressors have been shown to
induce relapse experimentally, and our laboratory is interested in characterizing the role of
galanin that originates from noradrenergic nuclei in this behavior. The bed nucleus of the stria
terminalis (BNST), a brain region involved in integrating hypothalamus-pituitary-adrenal (HPA)
axis signaling as well as fear- and reward-neurocircuitry, is heavily involved in stress-induced
relapse behavior. This region is important in that it receives extensive noradrenergic innervation
and is responsive to infusion of galanin and norepinephrine (NE) agonists and antagonists, yet
much about its cytoarchitecture, especially with respect to patterns of galanin receptor
distribution and galanin innervation remains to be thoroughly examined. Galanin has been shown
to be an important anxiolytic neuropeptide, and increased galanin expression in locus coeruleus,
the major source of NE to the forebrain, has been shown to promote resilience to stress.
Therefore, we used immunohistochemical procedures to explore galanin receptor expression
throughout BNST subregions, with particular focus on the ventral and lateral portions of the
nucleus which receive a prominent noradrenergic innervation. Male, Sprague-Dawley rats were
sacrificed, perfused, and brain slices processed with primary antibodies against galanin receptors
1 (GalR1) or 2 (GalR2) to detect galanin receptor expression, as well as co-stains for glutamic
acid decarboxylase (GAD67) and Ca**/Calmodulin-dependent protein kinase II (CaMKII) to
identify expression of galanin receptors on GABA-ergic and glutamatergic BNST cells,
respectively. In line with in sifu hybridization and genetic cell targeting studies of other
laboratories, we noted galanin receptor expression in subregions and subsets of cells in the



BNST. These findings suggest that regional expression of galanin receptors in BNST underlie
the neuromodulatory effects of galanin on stress-induced reinstatement of drug-seeking behavior.
Additional retrograde tract tracing studies are focused on identifying of the source of galanin
projections to these sub-regions.
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Abstract: Stress induces the release of bioactive neuropeptides and catecholamines from
sympathetic adrenal medullary chromaffin cells for intercellular signaling regulation of
physiological responses in ‘fight or flight’ stress reactions to environmental changes. Dense core
secretory vesicles secrete stress-regulating neuropeptides which include, among others,
enkephalins, Neuropeptide Y (NPY), and chromogranin-derived peptides such as catestatin.
Neuropeptides are co-released with the catecholamines dopamine, norepinephrine, and
epinephrine. This study applied an integrated “omics” strategy combining high-resolution liquid
chromatography-mass spectrometry (LC-MS) peptidomics, proteomics, and protease activity
profiling of DCSVs isolated from primary bovine chromaffin cells. Analysis of these DCSV's
will help provide a greater understanding of the vital functions performed by proteases and other
DCSYV proteins related to neuropeptide biosynthesis, storage, and release.

LC-MS data was subjected to bioinformatics analysis by PEAKS and MSGFDB. Results
identified endogenous peptides derived from chromagranins, proenkephalin, pro-NPY, and
Kininogen (bradykinins), among others. Preliminary bottom-up proteomic experiments of
isolated DCSVs identified 2328 unique proteins. These proteins include 78 putative proteases



from the cysteine, aspartyl, metallo, and serine protease subclasses. Several of these proteases
are known to participate in pro-neuropeptide processing, however many new proteases not
previously identified in these DCSVs were also found. Activity profiling using a diverse set of
fluorescent peptide substrates and class-specific protease inhibitors, determined that multiple
proteases are active at pH 5.0 - 5.5, which corresponds to the internal pH of DSCVs. Systems
biology analyses of these multi-omics DCSV data illustrate the complex network of protein
functions involved DCSV stress responses.
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Title: Naloxone blocks the neurogenesis, evaluated by double labelled cells, induced by paced
mating in the olfactory bulb of the female rat.
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Abstract: Neurogenesis is a process that occurs continuously in the adult mammalian brain. But
environmental conditions or internal states can modify different stages of this process.

Our group has demonstrated that when female rats are allowed to pace the sexual interaction,
there is an increase in the number of newborn cells BrdU inmunoreactive (BrdU-IR), in the
accessory olfactory bulb (AOB). Some of this cells are also positive for NeuN IR (nuclear
neuronal marker), suggesting that they differentiate into neurons. Moreover, females that pace



their sexual interaction develop a positive affective (reward) state, which has been evaluated by
the conditioned place preference paradigm (CPP). This reward state is mediated by opioids
because we showed that the intraperitoneal injection of naloxone (NX, opioid receptor
antagonist) blocks CPP induced by paced mating.

In the present study we evaluated if blocking the opioid receptors with naloxone could reduce the
number of new cells that incorporate to the AOB, that are generated during the first paced mating
sexual interaction. Sexually-naive female rats, bilaterally ovariectomized and hormonally
supplemented were randomly assigned to one of five groups: 1) without sexual contact injected
with saline, 2) without sexual contact injected with NX, 3) females that mated without pacing the
sexual interaction injected with saline, 4) females injected with saline before paced mating and
5) females injected with NX before paced mating.

Females treated with saline that paced the sexual interaction, showed an increase in newborn
cells and an increase in double labeled cells BrdU IR and NeuN IR in the AOB when compared
to the other groups. NX administration before paced mating blocked the increase in the number
of BrdU-IR cells and of double labelled cells BrdU-NeuN IR.

These data support that opioid peptides, have a fundamental role in the neurogenesis in the AOB
induced by paced mating in the female rat. Further research will evaluate if these newborn cells
are involved in the physiology of reproduction.

Acknowledgments: Technical assistance Francisco Camacho. Supported by CONACYT 253631,
252756 Fronteras 374 and PAPIIT IN210215 and IN203615.
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Abstract: Neuropeptides are cell-to-cell signaling molecules that mediate the activity of most
neuronal circuits. Neuropeptides are derived from larger protein precursors, and undergo a range
of post-translational modifications to form the bioactive peptides. Importantly, post-translational
conversion of an L-amino acid residue into a D-amino acid residue in a neuropeptide can
substantially alter the three dimensional structure and modify the bioactivity and metabolism of
the resulting D-amino acid-containing peptide (DAACP). Current research into peptide
isomerization is limited because this PTM is not easily detected in mass spectrometry-based
peptidomics experiments due to the lack of an associated mass shift. Therefore, we have
established protocols to screen for and characterize DAACPs in a non-targeted manner. Three
novel DAACPs were identified in Aplysia californica using this approach. Our results suggest
that the peptide isomerase responsible for the L-to-D modification in A. californica works only
on the second amino acid residue from the N-terminus but is promiscuous in terms of peptide
length as well as specific residue to isomerize. To advance our understanding of this fascinating
enzyme, an assay for characterizing peptide isomerase activity was developed. Initial efforts
focused on dissecting known DAACP expressing regions in specific neural ganglia and
incubating the homogenate with all-L-peptide substrates. Peptide samples post incubation were
analyzed with liquid chromatography coupled to multiple-reaction-monitoring mass
spectrometry, and the L- or D- peptide isomer assigned based on matching retention times to
synthetic standards. Since the peptides NdWFa, GAFFD and GdYFD are known to exist as
DAACPs in A. californica, the all-L-forms of these peptides were used as substrates to evaluate
peptide isomerase activity. The corresponding DAACPs were detected post incubation,
suggesting that isomerase activity is indeed active in the homogenates. Importantly, formation of
DAACPs was not observed when the homogenate was heated in boiling water prior to
incubation, which strongly suggests that the isomerization was the result of an enzymatic process
rather than spontaneous isomerization. Isomerase activity was observed in the presence of
ethylenediaminetetraacetic acid (EDTA), which implies that the isomerase is not metal-
dependent. Additional cofactors are being evaluated for their impact on isomerase activity, and
enzyme purification for sequencing and further characterization is currently underway.
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Title: Role of central acetylcholine release in the regulation of locomotion circuits
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Abstract: Impairment in cholinergic neurotransmission is associated with normal and
pathological aging, making cholinergic release a subject of high interest to human biology.
However, the precise role of changes in central acetylcholine release in mediating behaviors,
such as locomotion, has not been fully elucidated. The vesicular acetylcholine transporter
(VACHT) is present in many species, including worms, flies, and humans, and is responsible for
the packaging of acetylcholine for exocytotic release. A complete loss of VAChT function is
lethal, while severe mutations can cause decreased locomotive performance in Drosophila. Here,
we hypothesize that deficits in VAChT function can be rescued by a pharmacological or genetic
increase in VAChT function, which can be identified by a shift in the rate of locomotion towards
normal. The overall purpose of this study was to determine an effective method of rescuing
mutations in Drosophila Vacht. In order to rescue the locomotion deficit seen in Vacht mutants,
cholinergic drugs in different concentrations were administered to the Vacht mutant larvae for a
2 hour time period; dimethyl sulfoxide or water were used as vehicle. Drug or vehicle-only fed
larvae were then tested in two locomotion assays, using the automated MultiWorm Tracker, and
the touch response assay. For a genetic rescue, a wildtype copy of the VAChT gene was
expressed in the Vacht mutant background. Here we report that the expression of a wildtype copy
of VAChHT rescues one locomotion assay phenotype but not the other. Furthermore, our results
indicate a differential effect of cholinergic agonist on the rescue of locomotion deficits in Vacht
mutants. These results show that both genetic and pharmacological interventions are capable of
ameliorating deficits caused by a loss of VAChT function. Together, these studies could pave
way for future strategies to treat behavioral deficits associated altered cholinergic signaling.
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Abstract: Acetylcholine is a major neurotransmitter and neuromodulator in the mammalian
forebrain, important for maintaining alertness, directing attention, promoting learning, and
mediating detection of salient sensory cues. In the cortex, acetylcholine can provide phasic
depolarization of postsynaptic neurons through excitatory ionotropic receptors or tonic
metabotropic modulation of cellular excitability and synaptic plasticity. However, we have
recently shown that many cholinergic neurons also have the potential to transmit the inhibitory
neurotransmitter GABA, fundamentally altering our view of how cholinergic neurons influence
cortical circuits. To study the function of GABA/ACh cotransmission, we have focused on local
ChAT-expressing cortical interneurons. In addition to ChAT, these neurons also express
vasoactive intestinal peptide (VIP), and share a similar morphology and laminar distribution as
previously described VIP interneurons. Activation of cortical ChAT interneurons results in
GABA release onto all other classes of cortical interneurons, most prominently onto
somatostatin-expressing interneurons, without inhibiting nearby pyramidal neurons. This
suggests that ChAT neurons provide a GABAergic disinhibitory signal that acts in concert with
acetylcholine release to promote cortical activity and plasticity.
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Abstract: A variety of experiments have implicated the cholinergic system in attention, learning
and memory. The hippocampus, which is important for spatial memory in rodents, receives a
major cholinergic input from the medial septum. Here, we used transgenic mice expressing
channelrhodopsin (ChR2) selectively in cholinergic neurons to investigate the effects of
activation of medial septal cholinergic neurons on local field potentials (LFP) recorded in the
hippocampus in vivo and how the activation of these neurons at various phases of a long-term
spatial memory task impacted learning. This study used offspring of the ChAT-Cre line (mice
expressing the Cre recombinase under the control of the choline acetyl-transferase promoter)
crossed with the Cre-reporter Ai32 line bearing a Cre-dependent, enhanced YFP-tagged ChR2-
containing expression cassette. For LFP recordings, mice were anaesthetised with urethane (1.2
gkg™ i.p.) and their head fixed in a stereotaxic frame. An extracellular tungsten microelectrode
(127 um diameter, 2 MQ) was lowered into the CA3 of the hippocampus for electrical recording
and a stripped optical fibre (200 pm diameter, 0.22 NA) coupled to a 470 nm laser was lowered
into the medial septum for optical activation. The appetitive Y-maze task was used to test spatial
long-term memory. Mice were implanted with a 4 mm-long fibre optic cannula (200 um, 0.22
NA) lowered into the medial septum and secured to the skull using dental cement. Activation of
cholinergic neurons in urethane-anesthetized mice increased the power in the theta band (2—-6
Hz) by 325 + 85% (n = 10) and slow gamma band (20—40 Hz) by 225 + 48% (n = 10), while
slow oscillations (0.5-2 Hz) were suppressed to 58 = 10% (n = 10). In the Y-maze task, in which
the mice learned which arm of a 3-arm maze contains a food reward, cholinergic activation
throughout the task significantly impaired learning. By day 3 of the testing period, the control
group (n = 6) chose the rewarded arm in 92 + 4% of trials while the group with cholinergic
activation throughout the task (n = 6) chose the rewarded arm in only 60 + 10% of trials (p =
0.02). Cholinergic activation only in the reward area also significantly impaired learning; these
mice (n = 6) chose the correct arm in 55 £ 6% of trials on day 3 (p = 0.005), while mice
receiving cholinergic activation during exploration only (n = 5) were largely unaffected,
choosing the correct arm in 88 & 6% of trials (p = 0.982). These results show that 1) cholinergic
activation increases the power in the theta and slow gamma band while suppressing slow
oscillations; and 2) tonic cholinergic activation, especially during reward consumption can
impair learning of a long-term spatial memory task.

Disclosures: C.S. Tang: None. O. Paulsen: None.

Poster

780. Neurotransmitters and Signaling Molecules
Location: Halls B-H

Time: Wednesday, November 16, 2016, 1:00 PM - 5:00 PM
Program#/Poster#: 780.23/E36

Topic: B.01. Neurotransmitters and Signaling Molecules



Support: NIH ROIMH096946
NIH UOIMH105971
NARSAD Young Investigator Grant
NIH ROINS075531
Title: Brain wide projectome of cholinergic neurons of the mouse basal forebrain

Authors: *Y. KIM'?, H. PI>, S. RANADE?, A. NARASIMHAN?, P. OSTEN?, A. KEPECS?;
'Col. of Medicine, Penn State Univ., Hershey, PA; *Cold Spring Harbor Lab., Cold Spring
Harbor, NY

Abstract: Cholinergic neurons in the basal forebrain play important roles in numerous brain
functions, such as arousal and learning, while their degeneration has been implicated in brain
disorders, including Alzheimer’s disease. Previous studies have revealed the broad projection
patterns of the cholinergic neurons across the brain, but quantiative knowledge on their
projection patterns across the entire brain is limited. Here, we utilized serial two-photon
tomography (STPT) based whole-brain imaging at cellular resolution to obtain complete brain-
wide projection maps of basal forebrain cholinergic neurons. First we determined the distribution
of all cholinergic neurons by crossing cholinergic neuron specific Cre driver (Chat-cre) with cre-
dependent reporter labeling nucleus of the cells (LoxP-Stop-LoxP-H2B-GFP). STPT imaging
with automated cell counting revealed the number and density of cholinergic neurons in the basal
forebrain area; about 5,000 cell/mm3 in Magnocellular nucleus and diagonal band nucleus, and
about 2,000 cell/mm3 in substantia innominata and medial septal nucleus. Second, we
constructed brain wide projectome of the basal forebrain cholinergic neurons. To label axonal
projections from cholinergic neurons, Cre-dependent adeno-associated virus expressing GFP was
injected in Chat-cre mice systematically throughout the entire region of the basal forebrain. We
quantified the GFP labeled axonal projections and determined their patterns of projection density
across different regions (“projectome”) across the entire brain. We found that cholinergic
neurons along the anterior to postural basal forebrain axis (DB-SI-NB) provide topographic
cortical projections in a diagonal pattern along a anterior-medial to posterior-lateral axis.
Moreover, distinct subregions of cholinergic basal forebrain project to distinct sets of anatomical
regions throughout the entire brain. In summary, the current results provide a comprehensive
map of anatomical organization of cholinergic neurons in the basal forebrain.
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Abstract: Acetylcholine (ACh) is an abundant neurotransmitter found in many species across
various taxa. In mammals, it is known to be integral in modulating neural circuits underlying
important processes such as learning, memory, and reward processing. In Drosophila
melanogaster, ACh and the components mediating cholinergic signaling, exhibit comparable
importance. It is the neurotransmitter used in peripheral sensory neurons and is the primary
excitatory neurotransmitter within the CNS. The receptors that facilitate synaptic transmission at
cholinergic synapses are divided into two broad subtypes: the ionotropic nicotinic acetylcholine
receptors (nAChRs) and the metabotropic muscarinic acetylcholine receptors (mAChRs). This
receptor classification is shared in both mammals and insects; however, both the
pharmacological and functional characterization of these receptors within the Drosophila
nervous system has lagged behind its mammalian model counterparts. In order to further
classification of these receptors in the nervous system of a model organism that has become vital
to neuroscientists across the globe, we have used a combined behavioral and electrophysiological
approach to identify important cholinergic receptor subtypes within the Drosophila CNS that
may be crucial in modulating defined neural circuits. We have exposed intact Drosophila 3™
instar larvae to various concentrations of ACh agonists and antagonists by way of feeding to
observe modulation of locomotion. In addition, we have utilized a well-characterized
electrophysiological approach to assess the efficacy of a defined sensory-CNS-motor circuit in
the presence of cholinergic agonists and antagonists exposed directly to the CNS of a semi-intact
larval preparation. Preliminary results suggest that exposing the CNS directly to ACh and
agonists, nicotine and muscarine, enhances electrical activity of a sensory-CNS-motor circuit.
Conversely, acute feeding of nicotine and acetylcholine suppresses locomotion. These results
suggest both nAChRs and mAChRs within the CNS may act to modulate a motor circuit which
mediates general locomotion in larval Drosophila.
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Abstract: Release of acetylcholine from cholinergic afferents controls diverse cognitive
functions, including learning and memory, sensory processing, and attention. Our understanding
of cholinergic signaling and its role in controlling distinct cell types, neuronal circuits, and
behavior has greatly benefited from genetic strategies aimed to express channelrhodopsin-2
(ChR2) specifically in choline acetyltransferase (ChAT) positive neurons. One such strategy has
been the development of bacterial artificial chromosome (BAC) transgenic mouse models that
express ChR2 under the control of the ChAT promoter (ChAT-ChR2-EYFP). However, ChAT-
ChR2-EYFP mice also carry several additional copies of the vesicular acetylcholine transporter
gene (VAChHT), resulting in overexpression of functional VAChT. Behaviorally, ChAT-ChR2-
EYFP mice display enhanced motor endurance and a number of cognitive defects, including
impaired attention and memory. It remains unknown how VAChT overexpression influences
cholinergic synaptic signaling. We have addressed this question by characterizing electrical
stimulation-evoked cholinergic synaptic responses in neurons of the thalamic reticular nucleus
(TRN), in slices of wild-type (WT) and ChAT-ChR2-EYFP transgenic mice. For both mouse
lines, single stimuli led to biphasic E-I responses mediated by nicotinic ACh receptors (nAChRs)
and muscarinic ACh receptors (mAChRs), respectively. However, isolated nAChR-mediated
EPSCs (nEPSCs) displayed faster decay kinetics in transgenic animals as compared to WT.
Furthermore, we found that for transgenic animals nEPSCs evoked by stimulus trains displayed
reduced short-term synaptic depression, suggesting more efficient synaptic vesicle refilling
during ongoing synaptic activity. Our findings suggest that overexpression of VAChHT leads to
distinct alterations in cholinergic synaptic transmission and short-term plasticity.
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reverses traits of sevoflurane anesthesia
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Abstract: Systemic infusion of cholinergic and aminergic agents - as well as direct manipulation
of subcortical sites in forebrain, thalamus, and brainstem - produce signs of behavioral arousal
during general anesthesia.'® However, the role of top-down or cortical processes in the states of
arousal is not clear. In this study, we investigated the effect of increase in cholinergic and
noradrenergic tone in rat prefrontal cortex (PFC) during sevoflurane anesthesia (2.0-2.2 %) on
behavioral states. Male Sprague-Dawley rats (300-350g) were surgically implanted with 1) screw
electrodes to record monopolar electroencephalogram (EEG) across the cortex, and 2) a guide
tube in PFC for dialysis delivery of either carbachol (N=9, SmM) or noradrenaline (N=9,
20mM), and simultaneous measurement of changes in local acetylcholine (ACh) levels.
Carbachol-induced changes in local ACh levels were quantified using high performance liquid
chromatography while noradrenaline-induced changes will be analyzed using mass spectrometry.
We demonstrate that carbachol in rat PFC during sevoflurane anesthesia caused a significant
increase in local ACh levels (p<0.001) and produced signs of behavioral arousal (limb and torso
movements, increased respiratory rate) and EEG activation in all rats. In addition, 4/9 rats were
able to regain righting reflex and showed complete mobility while still inhaling clinically-
relevant concentrations of sevoflurane anesthesia. By contrast, infusion of noradrenaline into
PFC did not produce any effect on behavioral state but did cause a transient desynchronization of
EEG. These results suggest that cholinergic signaling in rat PFC contributes to top-down control
of arousal state. References: 1. Meuret et al. (2000) Anesthesiology 93:708-717. 2. Hudetz et al.
(2003) Anesthesiology 99:1125-1131. 3. Solt et al. (2011) Anesthesiology 115:791-803. 4. Pillay
et al. (2011) Anesthesiology 115:733-442. 5. Alkire et al (2007) Anesthesiology 107:264-272. 6.
Solt et al. 2014, Anesthesiology 121:311-319.
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Title: Inhalation of cigarette smoking-relevant nicotine aerosol induces cardiac arrhythmia
leading to systemic and uterine hemodynamic disruption in pregnant rats
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Abstract: Maternal smoking is associated with preterm delivery, low birth weight, sudden infant
death syndrome and developmental defects of neonates. We tested the hypothesis that cigarette
smoking-relevant nicotine exposure in pregnancy induces disruption of systemic and local
uterine hemodynamics that decreases blood flow to the uterus and placenta leading to fetal
ischemia. Blood pressure (BP) was continuously recorded via a femoral artery catheter and ECG
was simultaneously recorded with subcutaneous needle electrodes from awake, constrained
pregnant rats. A perivascular ultrasound flowprobe was chronically implanted on the uterine
artery for continuous blood flow measurement. With a newly developed non-invasive, alveolar
region-targeted aerosol method to deliver nicotine to pregnant rats, controllable amounts of
nicotine got into the systemic circulation and the brain quickly producing nicotine
pharmacokinetics in both arterial and venous blood resembling that of smoking a cigarette in
humans. Nicotine aerosol inhalation induced cardiac arrhythmia and high magnitude irregular
fluctuation of systemic BP. The arrhythmia included sinus bradycardia, sinus arrhythmia,
atrioventricular (A-V) block 1° and 2° (Wenckebach), atrial premature beats, atrial tachycardia,
ventricular premature beats, ventricular tachycardia. Nicotine aerosol inhalation also induced a
reduction and high magnitude irregular fluctuation of uterine artery blood flow. These effects
were transient, starting 3 to 10 seconds from the start of nicotine aerosol exposure with
hemodynamics recovering within 1-2 min in the presence of nicotine. These effects could be
blocked by i.p. injection of the nicotinic acetylcholine receptor (nAChR) antagonist
mecamylamine. Our data suggest that nicotine aerosol exposure resulting in a rapid rise of
arterial blood nicotine concentration with pharmacokinetics similar to cigarette smoking
stimulates and then desensitizes nAChRs in the autonomic nervous system that induces cardiac
arrhythmia leading to systemic and uterine hemodynamic disruption, as well as constriction of
the uterine artery resulting in a reduction in uterine artery blood flow. Transient hemodynamic



disruption result from smoking can lead to placental and fetal ischemia that could potentiate the
risk of pregnancy complications and developmental disorders known to associate with maternal
smoking. In addition, arrhythmia and hemodynamic disruption can put adult life at risk by
inducing cardiac ischemia, heart failure and stroke. These findings challenge the safety of
inhalation of pure nicotine as an alternative for cigarette smoking, such as E-cigarettes.
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Title: 7-Methoxytacrine - 4-pyridinealdoxime hybrid as novel prophylactic agent with
reactivation properties in organophosphate intoxications
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Abstract: Chemical warfare agents constitute an increasing threat to both military and civilian
population. Therefore, effective prophylactic approach is urgently needed. Herein, we present
novel hybrid compound able not only to keep acetylcholinesterase resistant to organophosphate
(OP) inhibitors, but also to serve as enzyme reactivator in case of OP intoxication. We describe
novel promising prophylactic approach exploitable in case of OP intoxications. Encouraging in
vitro results should, however, be approved by in vivo tests prior to determination of its real
therapeutic value.
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Title: Role of membrane anchoring of RGS7 in regulating GABAg-GIRK in hippocampus
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Abstract: Disruption of G protein Coupled Receptor (GPCR) signaling substantially contributes
to the etiology of mental disorders. Agonist-bound GPCRs initiate multiple signaling reactions
by switching G proteins from inactive GDP-bound to active GTP-bound state. Regulators of G-
protein signaling (RGS) proteins speed up GTP hydrolysis on an activated Ga subunit, thus
ensuring sharp cessation of the signal. Recently, we discovered that a member of RGS family
RGS7 is involved in hippocampal learning and memory by negatively regulating signaling from
GABAGg receptors to G protein gated Inwardly Rectifying K+ (GIRK) channels. It is thought that
effective regulation of GPCR signaling requires targeting of RGS proteins to the plasma
membrane. RGS7 has been shown to directly interact with two membrane proteins: R7BP and
GPR158, which anchor RGS7 to the plasma membrane and impact its stability and activity.
However, the relevance of these anchoring mechanisms to regulation of GABAg-GIRK signaling
in the endogenous setting is unknown. In this work we elucidated the role of GPR158 and R7BP
in the ability of RGS7 to regulate hippocampal GABAg-GIRK signaling. First, using in-situ
hybridization we established that all hippocampal neurons coexpress R7BP and GPR158
together with RGS7. Knockout (KO) of R7BP or GPR158 alone had modest effects on
membrane localization of RGS7, however concurrent elimination of both R7BP and GPR158
(DKO) resulted in almost complete loss of RGS7 from the membrane fraction. Next, using patch
clamp whole-cell electrophysiology we studied the impact of GPR158 and R7BP ablation on
GIRK channel kinetics in response to its activation by GABAg receptors in hippocampal primary
cultures. While we detected impact of R7BP ablation on deactivation of GIRK currents, no such
effect was present in GPR158 KO neurons. Furthermore, DKO pyramidal neurons were
indistinguishable from R7BP KO, suggesting that GPR158 does not further contribute to GIRK
regulation in neonatal neurons. Interestingly, we found that GPR158 expression undergoes
induction late in brain development. Therefore, we next studied the impact of R7BP and GPR158
on GABAg-GIRK signaling in slices from adult animals. Ablation of RGS7 significantly delayed
the decay of slow Inhibitory Postsynaptic Currents (sSIPSCs) in CA1 pyramidal neurons known to
be mediated by GABAg-GIRK. KO of either GPR158 or R7BP alone was similar to wild-type



neurons. However, DKO sIPSCs showed significantly delayed deactivation. Thus we conclude
that R7BP and GPR158 play a redundant role in regulation of GABAB-GIRK signaling in
hippocampal neurons by controlling membrane targeting of RGS7 complexes.
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Abstract: Mood disorders are among the most common and debilitating neurological disorders,
but their molecular basis are not fully understood. The inability of dealing with enduring
stressful events leads to depression in almost 7% of the U.S. population. Current antidepressant
treatments potentiate serotonin (SHT) and norepinephrine (NE) neurotransmission by blocking
their synaptic reuptake or degradation. Unfortunately these drugs require weeks to be effective
and fail in 50% of the cases. The search for new potential targets is therefore a priority to
generate more effective drugs. Most of the post-synaptic receptors of SHT and NE are G protein
coupled receptors (GPCR) hence understanding the G protein signaling regulation in critical
brain regions such as the medial prefrontal cortex is fundamental to gain insight in the processes
that lead to depression. We found that the expression of the orphan receptor GPR158 in the
medial prefrontal cortex is induced by chronic stress. At the molecular level, GPR158 forms
complexes with the Regulator of G protein Signaling 7 (RGS7) protein and serves as a positive
modulator of its activity. Our working model suggests that GPR158-RGS7 complex negatively
regulates the signaling of several GPCRs instead of activating G proteins as classical
neurotransmitter receptors do. We found that stress up-regulates GPR158 levels resulting in
increased recruitment of RGS7 to the plasma membrane. To investigate the physiological
relevance of GPR158-RGS7 complex we generated GPR158 and RGS7 knockout (KO) mice and
measured their performance in a battery of behavioral tasks. We found that both GPR158 KO



and RGS7 KO mice show a robust antidepressant- and anxiolytic-like phenotype compared to
their wild type littermates. When exposed to chronic mild stress the KO mice showed resilience
and these data were supported by a reduced stress-induced hyperthermia. To examine which
GPCR signaling are modulated by GPR158-RGS7 we treated mice with antagonists of several
GPCRs known to have a role in mood control. We found that treatments with a2 A-adrenergic
receptor antagonists reversed the antidepressant-like phenotype in GPR158 KO mice without
affecting the performance of WT in the tail suspension test. We conclude that the GPR158-RGS7
complex regulates NE signaling in the brain. Our evidence suggests that the GPR158-RGS7
complex is a novel player with a unique role in mood regulation in response to chronic stress.
We hope that these findings may lead to a better knowledge of the pathophysiology of
depression while uncovering a new pharmacological target for preventing detrimental effects of
chronic stress and improving treatments for mood disorders.
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layer 2/3 neurons in prelimbic cortex
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Abstract: G protein coupled receptors (GPCRs) are a large and diverse family of receptors that
have become the most important targets in modern pharmacology. Growing evidence suggests
that GPCRs play critical roles in mood disorders and their treatments. We have recently found
that the orphan receptor GPR158 plays a role in emotional control and is highly expressed in the
prefrontal cortex. The current study aimed at determining the cellular mechanisms of GPR158
action underlying behavioral effects. We utilized whole-cell patch-clamp recordings to examine
the effect of GPR158 deletion (KO) on electrophysiological properties of pyramidal neurons in
prelimbic (PL) area. We focused on these neurons because this area is critical for emotional
control. First, we determined that GPR158 KO does not significantly change



electrophysiological properties of layer 5 PL neurons. In contrast, layer 2/3 neurons were
significantly affected. Analysis of the data (48 neurons from 20 mice) revealed that the intrinsic
excitability was significantly increased in GPR158 KO neurons compared to wild type (WT)
neurons (p < 0.01), as evidenced by KO neurons firing more spikes in response to depolarizing
current injection (all neurons were held at -70 mV). In addition, GPR158 KO neurons displayed
larger input resistance and lower rheobase current (p < 0.05 for both measurements).
Interestingly, increase intracellular cAMP levels by adding Sp-cAMPs into the internal solutions
for WT but not KO neurons mimicked the effect of GPR158 KO, suggesting GPR158 suppresses
intrinsic excitability through modulating intracellular cAMP level. Furthermore, the frequency
but not amplitude of spontaneous excitatory postsynaptic currents (sSEPSC) was increased in
GPR158 KO neurons (p < 0.05), suggesting that GPR158 also modulates synaptic transmission.
Consistent with this, the AMPA/NMDA current ratio was significantly increased in GPR158 KO
neurons compared with WT neurons (p < 0.05). Analysis of confocal images from biocytin-
labled neurons indicates that GPR158 KO significantly increases the spine density of apical
dendrites. Taken together, these data suggest that GPR158 modulates both intrinsic excitability
and synaptic transmission of L2/3 pyramidal neurons in prelimbic area, and may be a potential
target for novel anti-depressants.

Disclosures: C. Song: None. C. Orlandi: None. L.P. Sutton: None. K.A. Martemyanov:
None.

Poster

781. G-Protein-Coupled Receptors

Location: Halls B-H

Time: Wednesday, November 16, 2016, 1:00 PM - 5:00 PM

Program#/Poster#: 781.04/F6

Topic: B.03. G-Protein Coupled Receptors

Support: NARSAD Young Investigator (DJF)
F32MH095285 (DJF)
Tourette Association of America (ZX)
ROIMHO086601 (CKJ)
ROIMHO073676 (PJC)

DMREF Foundation (PJC)



Title: M, activation reduces striatal dopamine release and has antipsychotic-like effects via a
CB; cannabinoid receptor-dependent mechanism
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Abstract: Muscarinic receptors represent a promising therapeutic target for schizophrenia, but
the mechanisms underlying the antipsychotic efficacy of muscarinic modulators are not well
understood. Two seminal clinical studies have demonstrated that the M;/My preferring agonist
xanomeline can provide significant therapeutic efficacy in treating psychosis in patients with
Alzheimer’s disease or schizophrenia. Unfortunately gastrointestinal side-effects, likely mediated
by M»/Mj receptors, have removed xanomeline from consideration for clinical use. However,
these studies suggest that compounds that selectively modulate M; and/or M4 could be
therapeutically beneficial in treating psychosis. Recent reports utilizing novel subtype-selective
M, positive allosteric modulators (PAMs) have demonstrated efficacy in several preclinical
models of psychosis. However, the mechanism whereby M4 can mediate these antipsychotic-like
effects is unclear. Here we report that activation of My receptors on medium spiny neurons
results in a novel form of dopaminergic regulation resulting in sustained depression of striatal
dopamine release that is observed more than 30 minutes after removal of mAChR agonist. This
suppression of dopamine release was not dependent on intracellular Ca®" signaling but was
completely blocked by pretreatment with the DAG-Lipase inhibitor DO34. Furthermore, both the
M;-mediated sustained inhibition of dopamine release and the antipsychotic-like efficacy in
reversing disrupted pre-pulse inhibition were found to require intact signaling through CB,
cannabinoid receptors. These findings highlight a novel mechanism by which striatal cholinergic
and cannabinoid signaling leads to sustained reductions in dopaminergic transmission and
concurrent behavioral effects predictive of antipsychotic efficacy.
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Title: Tubulin acetylation translocates Gas from lipid-rafts: a novel mechanism for
antidepressant effects of HDAC-6 inhibitors
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Abstract: Histone deacetylase-6 (HDAC-6) enzymes deacetylate a-tubulin and have been shown
to be upregulated during depression. HDAC6 knockout or HDAC6 inhibitors displayed an
antidepressant profile in animal models. Thus, while, a possible role for HDAC6 inhibitors in
treatment of depression exists, the potential mechanism for this remains elusive. Previously, our
group has shown that treatment of rats or C6 glioma cells with several classes of antidepressant
drugs results in facilitation of the activity of the G-protein, Go, by translocating it from
membrane microdomains (lipid-rafts) inducing a sustained elevation in cAMP production.
Studies have also demonstrated interplay between tubulin and Ga in lipid-rafts. Once out of
lipid-raft domains, Gas, couples with adenylyl cyclase 6 (AC6). Although Goy interacts directly
with tubulin to modify microtubule dynamics, tubulin also acts as an anchor for Gas in lipid rafts.
Based on established HDAC-6 roles in modifying tubulin acetylation and our data showing Gai
interactions with tubulin in lipid-raft domains, we hypothesized that acetylation of a-tubulin
disrupts tubulin-Go, anchoring, rendering Gas free to activate AC. To test thi