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ABSTRACTS 

INVESTIGATIONS INTO CELL TYPE SPECIFIC ROLES OF FOXP1 

Presenter: Ana Ortiz – UT Southwestern Medical Center 

Cortical development is a tightly controlled process and any deviation may increase the 

susceptibility to neurodevelopmental disorders, such as autism spectrum disorders (ASD). 

Numerous studies have identified mutations in FOXP1, a gene encoding a transcription factor 

enriched in the developing and mature neocortex, as causal for ASD. Our group has previously 

shown that loss of Foxp1 in the mouse cortex leads to reduced cortex size, alterations in cortical 

lamination, and changes in relative thickness of cortical layers. However, the mechanisms 

underlying these changes remain unclear. My work characterizes the developmental 

requirement of neocortical Foxp1 throughout early development using a cortical-specific 

conditional knock-out of Foxp1. Foxp1 expression is temporally regulated in distinct cell types 

throughout development. I hypothesize that during early embryonic development, Foxp1 

facilitates the development of deep layer neurons. In contrast, I hypothesize that Foxp1 is 

critical for neuronal identity during late cortical development. I use single nuclei RNA 

sequencing to assess transcriptional targets underlying my hypotheses. Ongoing experiments 

will identify potential key driver genes, assess how loss of Foxp1 alters the proliferative capacity 

of radial glia cells and cell migration, and cell autonomous and non-autonomous effects. 

 

TREATING HYPERVENTILATION SPELLS IN GENETIC AUTISM 

Presenter: Megan Bone – UT Southwestern Medical Center 

The patient is a 17-year old boy who had global developmental delay. He walked at 9-years old 

and babbled at 9-months old but is currently non-verbal. He had onset of cyanotic spells at 4-

years old. His spells consist of rapid, deep breathing followed by holding his breath and rapid 

onset of perioral cyanosis and skin mottling, and then a sudden gasping breath. Spells were 

initially believed to be epileptic, but never had an ictal EEG correlate and seemed to be 

triggered by emotional distress. Spells were not responsive to anti-seizure medication trials, 

behavioral medication trials, or medications to stimulate the respiratory drive including 

acetazolamide, caffeine, and ferrous sulfate. At the peak of severity, spells would last for up to a 

minute each and occurred nearly continuously throughout the day. Acetazolamide was initially 

beneficial but required escalating doses and was ultimately weaned without clear correlation to 

worsening of symptoms. He was started on topiramate with remarkable response. Within four 

weeks of starting topiramate, episode frequency improved from constant spells throughout the 

day down to three or fewer per day. For the first time in over a decade, he had several weeks 

with no observed apneic events.  

Like acetazolamide, topiramate is a carbonic anhydrase inhibitor that interferes with reuptake of 

bicarbonate in the kidneys which results in a metabolic acidosis. This acidosis may counteract 
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the respiratory alkalosis that occurs with hyperventilation and leads to suppression of the 

respiratory drive. Compared to acetazolamide, topiramate is a weaker carbonic anhydrase 

inhibitor and it is specific for two of the six isoenzymes of carbonic anhydrase. The stronger 

response to topiramate may indicate that, in certain patients, these particular isozymes are 

more involved in respiratory regulation and a trial of topiramate would be reasonable even in 

patients who failed a previous trial of acetazolamide. 

 

KDM5A MUTATIONS IDENTIFIED IN AUTISM 

Presenter: Lauretta El Hayek – UT Southwestern Medical Center 

Autism spectrum disorder (ASD) is a neurodevelopmental disorder with high phenotypic and 

genetic heterogeneity, and causative mutations in genes involved in many biological pathways. 

Chromatin remodeling is one of the top regulatory mechanisms disrupted in ASD. Epigenetic 

chromatin regulation is essential for proper gene expression and brain development, and 

mutations causing ASD have been identified in several chromatin remodelers (e.g. CHD8 and 

ARID1B). Despite major advances in understanding the genetics of ASD, the mechanisms 

underlying disease pathogenesis have remained elusive, delaying development of effective and 

targeted therapies. Through a forward genetics approach, we identified Kdm5a as a candidate 

ASD gene. KDM5A is a chromatin regulator that belongs to the KDM5 family of lysine-specific 

histone H3 demethylases. To validate our discovery, we generated a Kdm5a knockout mouse 

model (Kdm5a-/-). We found that Kdm5a-/- mice have defective vocalizations, decreased social 

interaction, increased repetitive behaviors, and abnormal learning and memory, in addition to 

defects in dendritic morphogenesis. To identify the molecular pathways regulated by KDM5A, 

we compared the transcriptional profiles in hippocampal tissue from wild type and Kdm5a-/- 

mice. Loss of KDM5A resulted in dysregulation of hundreds of genes involved in neurogenesis 

and cell proliferation, as well as known ASD genes. To investigate the relevance of our findings 

to humans, we screened clinical whole exome sequencing and microarray data. We identified 

pathogenic KDM5A mutations in nine patients with ASD and a spectrum of neurodevelopmental 

phenotypes, including a distinctive lack of speech. Our findings illustrate the first successful 

ASD gene discovery using forward genetics, identify KDM5A as an ASD gene, and highlight the 

importance of KDM5A in normal brain development and function. More broadly, our discovery 

highlights the importance of chromatin remodelers in the etiology of complex diseases, laying 

the ground for targeted therapeutics. 

 

POSTSYNAPTIC FMRP REGULATES CALLOSAL SYNAPSES 

Presenter Name: Zhe Zhang – UT Southwestern Medical Center 

Abnormal functional coupling and reduced white matter integrity between cortical regions is a 

pathological feature in Autism Spectrum Disorders (ASD) patients. However, little is known 

about the synaptic and cellular bases for this developmental alteration in the inter-area long-

range connectivity. Using optogenetics and slice electrophysiology, we demonstrate that Fmr1, 

which loss-of-function mutations lead to Fragile X Syndrome (FXS), is necessary for the proper 

development of callosal excitatory synaptic connections between homotopic somatosensory 

barrel cortices. Postnatal, cell-autonomous deletion of Fmr1 in a sparse population of Layer (L) 

2/3 and L5 neurons results in weakening of excitatory postsynaptic currents (EPSCs) evoked 

from Channelrhodopsin2-expressing axons from the contralateral hemisphere. In contrast, 

synaptic inputs from ipsilateral, or local L4 and L2/3 neurons are normal. These results suggest 

that postsynaptic Fmr1 specifically promotes long-range synaptic connectivity. Recordings of 



3 
 

Sr2+ evoked quantal events and isolated NMDA receptor EPSCs reveal a “silencing” or 

selective loss of AMPA receptors at callosal synapses onto Fmr1 knock-out (KO) neurons. 

Interestingly, sensory deprivation of postsynaptic Fmr1 KO L2/3 neurons, by trimming 

contralateral whiskers, prevents weakening of callosal synaptic inputs, whereas deprivation of 

presynaptic callosal projecting L2/3 neurons has no effect. These results suggest that 

experience driven activity of postsynaptic Fmr1 KO L2/3 neurons leads to a silencing of callosal 

excitatory synaptic inputs and reveal a synaptic basis for long-range underconnectivity observed 

in FXS patients. Ongoing experiments are aimed at determining if activity-dependent plasticity 

of callosal synapses is regulated by postsynaptic Fmr1. 

 

RECESSIVE ASD IN A CONSANGUINEOUS COHORT 

Presenter Name: Islam Oguz Tuncay – UT Southwestern Medical Center 

Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by deficits in 

social communication and restricted, repetitive patterns of behavior or interests. ASD is highly 

heritable, but extremely genetically and phenotypically heterogeneous, reducing the power to 

identify causative genes. In collaboration with the MSSNG Consortium we performed whole 

genome sequencing (WGS) in an ASD cohort of 68 individuals from 22 families enriched for 

recent shared ancestry. 

We identified an average of 3.1 million variants per genome, of which an average of 110,006 

were rare. We mapped runs of homozygosity (ROHs) in probands and found an average 

genomic homozygosity of 9.7%, consistent with expectations for multiple generations of 

consanguineous unions. Focusing on deleterious rare exonic variants, we identified 11 known 

and 16 novel candidate ASD genes that included neurodevelopmental and neurological disease 

genes (NEB, PRKRA, RPGRIP1L, TENM3, TRPV4). Variants in two of the novel candidate 

genes (AARS, C11orf74) mapped to a ROH. Furthermore, we annotated noncoding variants in 

ROHs with brain-specific regulatory elements and identified putative disease-causing noncoding 

variants in three known ASD genes (AUTS2, CNTNAP4, CTNND2). We combined WGS with 

homozygosity mapping and regulatory element annotations to identify candidate ASD variants. 

Our analyses add to the growing number of ASD genes and variants, and emphasize the 

importance of leveraging recent shared ancestry to map disease variants in complex 

neurodevelopmental disorders. 

 

CONDITIONAL EXPRESSION OF FRM1 IN THE INFERIOR COLLICULUS 

Presenter Name: Andrew J. Holley – UT Southwestern Medical Center 

Humans with Fragile X Syndrome (FXS), the most common monogenetic cause of autism 

spectrum disorder (ASD) and a common cause of intellectual disability, often present with 

altered sensitivity to sensory stimuli. Recently, it has been shown that patients with FXS and the 

mouse model of FXS, the Fmr1 knockout (KO) mouse both show remarkably similar reductions 

in cortical EEG phase-locking to a chirp-modulated stimulus and a marked increase in resting 

gamma power (30- 100Hz). Both phenotypes are proposed biomarkers of FXS. A recent study 

has shown that the resting EEG alterations, but not the decreased phase-locking, are prevented 

when Fmr1 is deleted in only forebrain excitatory neurons. Given this data, we hypothesized 

that auditory phase-locking deficits may have a subcortical origin.  

To determine if Fmr1 deletion in a subset of brain stem neurons is required for decreased 

phase-locking, we crossed Ntsr1- cre mice  with Fmr1 conditional on (cON) mice, both on a 
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C57BL6/J background, to produce three functional phenotypes: cON (functionally equivalent to 

an Fmr1 KO), cre-cON (expression of Fmr1 in the inferior colliculus, or IC), and two wildtype 

(WT) conditions (WT and Ntsr1-cre). Because Ntsr1-cre expression in the brainstem is primarily 

in the IC, an early sensory structure of the brainstem, we can test whether the restoration of 

Fmr1 in the IC, in an otherwise Fmr1 KO mouse, can restore the deficit in phase-locking. We 

implanted male mice between P45 and P50 with epidural screw electrodes and after recovery 

measured their response to a “chirp” stimulus that efficiently presents sound from 1-100Hz over 

a 2-sec period.  

We found that, like Fmr1 KO mice, the cON mice showed a marked deficit in phase-locking in 

auditory cortex, particularly in the beta (13-30Hz) frequency, compared to WT and Ntsr1-cre 

mice. Moreover, this deficit in beta coherence is rescued in the cre-cON mice. Phase-locking 

was normal in frontal cortex for all genotypes. These results confirm a role for the IC in a 

potential biomarker for FXS. Our results reveal a potential target for treatment in FXS and may 

extend to other forms of ASD where similar deficits have been reported.  

 

FOXP1 SELECTIVELY REGULATES VOCAL LEARNING 

Presenters: Therese Koch, Massimo Trusel – UT Southwestern Medical Center 

Autism spectrum disorders (ASDs) are characterized by impaired learning of social skills and 

language. Memories of how parents and other social models behave are used to guide 

behavioral learning. How ASD-linked genes affect the intertwined aspects of observational 

learning and behavioral imitation is not known. Here, we examine how disrupted expression of 

the ASD gene FOXP1, which causes severe impairments in speech and language learning, 

affects the cultural transmission of birdsong between adult and juvenile zebra finches. FoxP1 is 

widely expressed in striatal-projecting forebrain mirror neurons. Knockdown of FoxP1 in this 

circuit prevents juvenile birds from forming memories of an adult song model but does not 

interrupt learning how to vocally imitate a previously memorized song. This selective learning 

deficit is associated with potent disruptions to experience-dependent structural and synaptic 

plasticity in mirror neurons. Thus, FoxP1 regulates the ability to form memories essential to the 

cultural transmission of behavior. 

 

PTEN REGULATES MRNA SPLICIING IN PRIMARY NEURONS 

Presenter: Sebastian Rademaher – Charite-Universitatsmedizin Berlin 

Phosphatase and tensin homologue (PTEN) is the main antagonist of the phosphatidylinositol-

3-kinase (PI3K)/AKT/mTOR signalling pathway and mutated in 10-20% of individuals with 

autism spectrum disorder (ASD) exhibiting macrocephaly. While hyperactive mTOR signalling 

contributes to some aspects during PTEN-ASD progression, PI3K/mTOR-independent 

processes of PTEN have additionally been described including the regulation of gene 

transcription. Altered transcript splicing is a hallmark in brains from individuals with idiopathic 

ASD and recent studies have started unravelling PTEN’s role in spliceosome formation and pre-

mRNA maturation. However, a neuron-specific pre-mRNA splicing profile in PTEN-deficient 

neurons is lacking. 

Here, we searched for aberrantly spliced transcripts in glia-depleted primary cortical control and 

Pten knockout cultures by RNA-Seq. In addition, we retrospectively included a splicing profile 

from PTEN-deficient human neuronal stem cells. Exons and introns are globally mis-spliced in a 

developmentally regulated fashion. Functional clustering of the corresponding gene products by 
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Gene Ontology (GO) revealed that pre- and postsynaptic GO terms are significantly enriched in 

Pten knockout neurons. Most importantly, aberrant splicing affects other known ASD-

susceptibility genes. 

We conclude that aberrant splicing of synaptic genes upon Pten loss could be another 

explanation for altered synaptic excitability, plasticity and function. Furthermore, we suggest that 

PTEN loss as a monogenic form of ASD leads to a multifactorial condition involving the 

dysregulation of other known ASD-susceptibility genes. 

 

A ZOO-BASED AUTISM SOCIAL SKILLS INTERVENTION 

Presenter Name: Megan Bone – UT Southwestern Medical Center 

Children with autism spectrum disorder (ASD) often struggle with social interactions and have 

abnormal responses to sensory stimulation that limit their ability to participate in community 

activities. Animal-assisted interventions can augment behavioral therapy in ASD. Studies using 

domesticated animals such as dogs, horses, and dolphins have demonstrated improvements in 

social interactions and language as well as reduced physiological indicators of stress. Some 

studies have shown a decrease in autism symptom severity, parental stress, and problem 

behaviors. Studies of the impact of exposure to nature demonstrate positive effects, especially 

in young children. While it is clear that domestic animal-assisted intervention is beneficial, 

programs involving nature and wild animals have not been explored. 

The Dallas Zoo’s Wildlife Heroes Club is an educational program that fosters social emotional 

learning by working with children in the development of empathy towards wildlife and nature. 

While similar programs have been used for a variety of age groups and abilities, we believe this 

program will positively impact children and families affected by ASD. The program curriculum, 

which can be adapted specifically for this audience, has two primary goals: to increase home 

conservation behaviors and to strengthen the family unit and their ability to build relationships 

with others. Studies have shown that community-based programs are important to families living 

with neurodevelopmental disabilities, but significant barriers impede their ability to participate. 

Because there are very few community-based programs for children with ASD, there is 

immense need for a program like the Wildlife Heroes Club. 

We propose to study the effects of the Dallas Zoo’s Wildlife Heroes Club on the social-emotional 

functioning of preschool age children with confirmed ASD diagnosis. Standardized measures of 

social-emotional functioning will be obtained pre- and post-program. We hypothesize that 

children with ASD will demonstrate improved scores on standardized scales upon completion of 

the educational program. 

 

THE CELL-TYPE SPECIFIC ROLE OF FOXP1 IN THE CORTEX 

Presenter Name: Emily Seon Hye Park – UT Southwestern Medical Center 

The molecular mechanisms underlying human cognition remain mostly unknown. Insights into 

the genes and pathways important for cognition will provide entry points into understanding 

cognitive disorders such as autism. De novo mutations in the gene encoding the transcription 

factor FOXP1 lead to a syndromic form of autism characterized by intellectual disability. Studies 

from our lab using Foxp1 cortical conditional knockout mouse models have shown that cortical 

lamination is altered and autism-relevant behaviors are affected. Recent findings in the human 

fetal brain show that FOXP1 expression is high in progenitor cells including the cell types (e.g. 
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basal radial glia and basal intermediate progenitors) that are associated with human cortical 

expansion. Moreover, when overexpressed, human FOXP1 results in more progenitors than 

mouse Foxp1. Other genetic manipulation experiments have shown that knocking down Foxp1 

at E13.5 results in cells unable to exit the intermediate progenitor (IP) stage. Therefore, I 

hypothesize that FOXP1 regulates the abundance and sub-type specification of projection 

neurons in the early progenitor stage just prior to the onset of neurogenesis -- starting in the 

ventricular zone (VZ). I am testing this hypothesis using iPSC-derived human forebrain 

organoids as a model system of early human neocortical development. So far, cortical 

lamination and BrdU birth dating experiments indicate that lack of FOXP1 leads to pre-mature 

differentiation with many IP cells still retaining VZ identity. Single nuclei RNA-seq technique 

shows changes in the regulation of genes involved in proliferation, differentiation and 

axonogenesis. Interestingly, different sets of genes are regulated differently by FOXP1 in VZ, IP 

and CP. Surprisingly, FOXP1 also regulates a human specific gene, FAM182B, which is not 

expressed in rodents or non-human primates. Together, these data will enhance our 

understanding of the role of FOXP1 in human brain development and how such mechanisms 

might be relevant to autism and human cognition. 

 

AN EXAMINATION OF IMPLICIT TEACHER BIASES 

Presenter: Kaitlyn Niederstadt – University of Texas at Tyler 

There are implicit gender and severity biases present within teachers that are affecting the 

diagnosis of girls with ASD (Barbaro et al., 2018; Kentrou et al., 2018; Leedham et al., 2019; 

Morán et al., 2019). For girls (but not boys) to receive a diagnosis of ASD they typically have 

additional IQ or teacher reported behavior problems. These findings emphasize that girls must 

typically exhibit severe symptoms, with overemphasized deficits that meet a more masculinized 

view of ASD. We used a complete between-subjects experimental design to examine the causal 

effects of both the gender of the target child displaying symptoms, the severity of the symptoms, 

and the interaction of these two factors, on teachers’ level of concern, lay theory of underlying 

cause of the symptoms, and proposed plans for referral. Specifically, teachers in the study 

received one of six vignettes describing the classroom behavior of a child: 1) mild symptoms, 

female student 2) mild symptoms, male student 3) moderate symptoms, female student 4) 

moderate symptoms, male student 5) severe symptoms, female student 6) severe symptoms 

male student. We measured teachers’ levels of concern by asking them to rate a) the severity of 

the behaviors, b) their views of the etiology of the behaviors (e.g., parenting, personality, peer 

provocation) c) likelihood of follow up (e.g., contacting guardians, seeking disciplinary measures 

through administration, seeking out a school counseling referral, seeking out special education 

department or diagnostic referral ), and d) levels of sexism by using the modern sexism scale. 

The data collection for the project is ongoing. We expect to find different levels of concern 

among our sample of teachers for girls versus boys displaying symptoms of autism, over and 

above the effects of the severity of the symptoms presented. Implications and future directions 

will be discussed at the time of the conference. 

 

FMRP UBIQUITINATION AND DEGRADATION ARE REQUIRED FOR SYNAPSE 

ELIMINATION 

Presenter Name: Julia Wilkerson – UT Southwestern Medical Center 

Fragile X Mental Retardation Protein (FMRP) is necessary for experience-dependent, 

developmental synapse elimination and loss of function mutations in FMRP lead to excess 
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dendritic spines and hyperconnectivity of cortical neurons in Fragile X Syndrome, a common 

inherited form of intellectual disability and autism. We have characterized a model of synapse 

elimination in CA1 neurons of organotypic hippocampal slice cultures that is induced by 

expression of a persistently active transcription factor MEF2 and relies on acute postsynaptic 

expression of FMRP. FMRP is an RNA-binding protein that represses translation of its target 

mRNA in dendrites and evidence suggests that its ubiquitination and degradation are necessary 

for activity-induced translation of target mRNAs to mediate synaptic plasticity. An E3 ligase for 

FMRP, Anaphase Promoting Complex, along with its co-activator Cdh1 (APC/Cdh1), has been 

identified (Huang et al. Neuron 2015). Using a combination of pharmacological approaches and 

mutants of FMRP, that affect ubiquitination or degradation, we provide evidence for a role of 

APC/Cdh1 and FMRP degradation in MEF2-induced synapse elimination. In wildtype CA1 

neurons, pharmacological blockade of APC/Cdh1 with apcin abolishes MEF2-triggered synapse 

elimination without inhibiting a MEF2 transcriptional reporter, suggesting a role for endogenous 

APC/Cdh1-mediated ubiquitination downstream of MEF2 activation. APC/Cdh1 interacts with 

FMRP via a destruction box motif (DBM). Deletion of the DBM of FMRP or mutation of 6 

candidate ubiquitination sites in the KH2 RNA binding domain (K6XR-FMRP) prevents MEF2-

induced synapse elimination. Dephosphorylation of S499 in FMRP triggers FMRP ubiquitination. 

Both phospho- and dephospho-mimics of FMRP (S499D/S499A) block synapse elimination. 

These results suggest that dynamic phospho/dephosphorylaiton of FMRP, APC/Cdh1 mediated-

ubiquitination and degradation of FMRP are necessary for MEF2-triggered synapse elimination. 

Ongoing experiments are exploring whether MEF2 regulates FMRP ubiquitination and 

degradation in neurons using a bimolecular fluorescence complementation (BiFC) assay. This 

research was supported by the National Institutes of Health HD052731 (K.M.H.) and MH109026 

(G.J.B. and K.M.H.). 

 

THE ROLE OF FOXP1 AND FOXP2 IN STRIATAL D1 SPINY PROJECTION NEURONS 

Presenter: Newaz Ahmed – UT Southwestern Medical Center 

Autism spectrum disorder (ASD) is diagnosed by impaired social communication and restrictive 

or repetitive behavior. Variants in the transcription factors FOXP1 and FOXP2 are amongst the 

most significant genes implicated in the development of ASD. Mutations in these genes have 

also been linked to expressive language impairments in patients, while mutations or knockout of 

either gene in mice has been implicated in ASD-like behavior. Both FOXP1 and FOXP2 are co-

expressed in the striatum, where these transcription factors may work together to regulate gene 

expression. More specifically, both genes are expressed in the dopamine receptor expressing 

spiny projection neurons (SPNs) of the striatum, cell types that have enriched expression for 

ASD candidate genes. Reduction or knockout of Foxp1 from the dopamine 2 receptor (D2) 

SPNs in mice results in behavioral, morphological, and physiological impairments with fewer 

changes upon deletion of Foxp1 from the dopamine 1 receptor (D1) SPNs. This difference may 

be due to the differential expression of Foxp1 and Foxp2 in the SPNs; Foxp1 is highly 

expressed in both D1 and D2 SPNs whereas Foxp2 is more highly expressed in the D1 SPNs 

relative to D2 SPNs. Taken together, we hypothesize that Foxp1 and Foxp2 have compensatory 

functions in the D1 SPNs. Utilizing mice that have a Drd1 specific knockout of Foxp1, Foxp2, or 

both, we have found that loss of both genes results in impaired motor learning, hypoactivity, and 

social behavior. Differential gene expression analysis from single nuclei RNA-sequencing 

implicates genes involved in ASD risk, locomotive behavior, and neuronal development and 

function. These data support the hypothesis that Foxp1 and Foxp2 functionally compensate for 

each other in D1 striatal neurons. 
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PTEN REGULATES EXCITABILITY IN FEMALES 

Presenter: Gemma Molinaro – UT Southwestern Medical Center 

Autism Spectrum Disorder (ASD) disproportionately affect males but ASD behaviors may also 

manifest differently in females. There is little known of the sex-dependent brain mechanisms 

that interact with ASD-linked genes and how ASD genes affect female brain physiology and 

behaviors differently than in males. Here, we show a sex-specific hyperexcitability of sensory 

neocortical circuits in a mouse model of ASD, caused by deletion of Pten. Extracellular, multi-

unit recordings of spontaneous persistent, activity states (or UP states) of neuron networks were 

performed in acute slices of somatosensory neocortex from male and female mice with deletion 

of Pten selectively in Layer 5 (L5) driven by the Neuron-Specific Enolase Cre (NSE-Pten cKO). 

UP states provide a readout of the overall functioning of neocortical circuits. UP state duration 

was longer in slices from female, but not male, NSE-Pten-cKO mice, in comparison to control, 

sex-matched WT littermates. The UP states in female NSE-Pten-cKO cortex are corrected by 

acute antagonism of metabotropic glutamate receptor 5 (mGluR5) or the estrogen receptor α 

(ERα), suggesting overactive mGluR5-ERα function specifically in female mutant mice. mGluR5 

protein levels are enhanced in layer 5 female NSE-Pten-cKO mice, but not in males. Inhibitors 

of known downstream signaling pathways of mGluR5, specifically ERK and protein synthesis, 

correct long UP states in female NSE-Pten cKO mice. We also find that mGluR5 and ERα 

physically interact in brain and preliminary data in HEK cells reveal that mGluR5-ERα 

interactions are regulated by Akt, a downstream effector of PTEN, as well as the mGluR5 

scaffolding protein Homer. In conclusion, our data suggest that mGluR5 is overactive and 

dysfunctional selectively in female Pten deleted cortex perhaps as a result of altered scaffolding 

with Homer and ERα. These results provide a potential molecular mechanism by which sex and 

ASD-linked genes interact to affect neurophysiology and behavior. 

 

REGULATION OF AUTISM RELEVANT BEHAVIORS BY DISTINCT CEREBELLAR-

PREFRONTAL CORTICAL CIRCUITS 

Presenter: Elyza Kelly – UT Southwestern Medical Center 

Purpose of study:  The cerebellum has been increasingly implicated in the pathogenesis of 

autism  spectrum disorders (ASD); however, the mechanisms by which cerebellar dysfunction 

results in these  behaviors remains unknown. Polysynaptic connections between the cerebellum 

and the cortex have been  demonstrated both in anatomic tracing studies and from functional 

connectivity studies. One cortical area  involved in social behaviors and highly implicated in 

ASDs is the medial prefrontal cortex (mPFC). This  study objective is to identify circuits 

emanating from cerebellar areas which are critical to ASD-relevant  behaviors, to the mPFC, 

and to identify the role these circuits play in social behavior and repetitive  behaviors.   

Methods: We utilize a combination of mouse and human imaging to look at functional and 

structural  connectivity between the cerebellar cortex and the mPFC. We have also utilized 

retrograde and  anterograde tracing techniques and mouse behavioral studies.  

Results:  We highlight connections of cerebellar area right crus1 (Rcrus1) to the mPFC and 

show that  modulation of mPFC function is sufficient to rescue cerebellar dysfunction induced 

ASD behaviors. In  addition, we delineate the neural circuit bridging these vastly separated 

regions and show that function of  the proximal circuit (Rcrus1, lateral cerebellar nucleus) is 

sufficient to rescue social impairments in a  cerebellar-regulated ASD model, while distal neural 

circuit underpinnings (ventromedial-thalamus,  mPFC) are both necessary and sufficient for both  
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social and repetitive ASD behaviors pointing to an  alternative pathway for repetitive behaviors. 

Lastly, we provide evidence that modulation of another  clinically implicated cerebellar domain, 

the posterior vermis, is both necessary and sufficient for the  regulation of repetitive/inflexible 

behaviors.  

Conclusions: These findings highlight critical neural networks between the cerebellum and 

mPFC that  mediate both core diagnostic criteria in ASD and offer the potential for therapeutic 

benefit of  neuromodulation for individuals with ASD.  


