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Leo Kanner5 I\ E ?

1. Leo Kanners &Austrian-American psychiatrist,
physician, and social activist.

2. 19434F Dr. Leo Kanner® X fiid 1Z 25 &iE N autistic
disturbance of affective contact, J&K5E X N early

infantile autism.

Leo Kanner
(June 13, 1894 — April 3, 1981)
Father of child psychiatry
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Swedish population-based autism study

Early studies b
MZ-DZ contrast

10% E

Trait covariance
MZtwins: A+D+C+E+N
DZ twins: 1/2A+14D+C+E
Full sibs: 1/2A+1/4D+C+E
Half sibs: 1/4A
Cousins:  1/8A

Additive genetic

Non-additive genetic
Common environment
Unique environment

De novo

Additive genetic (A)
Environment (C/E)
Non-additive/de novo (D/N)

C
. 10% other

Hallmayer et al.

MZ-DZ contrast o

Swedish d

Family contrast This study

3% de novo (N)

3% rare
inherited (A)

4% non-additive
(D)

41% unaccounted

ASD
liability

49% common
inherited (A)

Gaugler et al, Nature Genetics 2014
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1Q* (P=3.8x 107°) —

Educational attainment (P = 2.6 x 10‘9) —
College* (P=2.9x 107"") —

Self-reported tiredness” (P = 2.1 x 10'9) —
Neuroticism (P = 4.8 x 107°) —

Subjective well-being (P = 6.9 x 107°) —
Schizophrenia (P= 1 x 107%) —

Major depression™ (P= 1.4 x 107 |
Depressive symptoms (P = 3.3 x 107) —

ADHD* (P=1.2 x 107 '3)

Chronotype (P =9.9 x 107%) —

-5 HARMEIR IR R

H@
O
-
@
< —
B a
-
——
H@
H@

-0.4 -0.2 0.0 0.2 0.4
rg (s.e.)
Categories
- Cognition . Other - Psychiatric
. Education . Personality - Sleeping

Grove et al, Nature Genetics 2019



1 4%
(Asperger's syndrome)
AR WM, &SR mMER,

ZIMRAT NP




Genomic Relationships, Novel Loci, and Pleiotropic
Mechanisms across Eight Psychiatric Disorders

Genome-wide Meta-Analysis of I. Substantial Genetic Correlation and Clustering

232,964 cases & 494,162 controls
Across 8 Psychiatric Disorders

Mood and
Psychotic
w Disorders

Eariy-onset
Neurodevelopmental
Disorders

Disorders with
Compulsive behaviors

IIl. 109 Loci Affecting Multiple Psychiatric Disorders lll. Gene Expression and Pathway Analyses Suggest
Biological Mechanisms of Pleiotropic Loci

ocD Early Brain Development/ Neurogenesis

oz Expesso

Glutamate & Calcium Channel Signaling

@

GRIK3, GRM5, GRIN2A, KCNB1, GRMS3, ...
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Cross-Disorder Group of the Psychiatric Genomics Consortium, Cell 2019
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Mother Father Mother Father Mother Father Mother Father Mother Father
Child with ASD Child with ASD Child with ASD Male child with ASD Child with ASD
H] +ﬂ D&

Autosomal recessive Autosomal dominant X-linked Additive risk
Smith-Lemli-Opitz syndrome Phelan-McDermid syndrome  Velo-cardial facial syndrome Fragile X syndrome Common variation
Cohen syndrome Timothy syndrome Neurofibromatosis type 1 Duchenne muscular
Cortical dysplasia—focal epilepsy Cornelia de Lange syndrome Angelman syndrome dystrophy
Deficiencies in AMT, PEX7, Tuberous sclerosis complex  Potocki-Lupski syndrome

SYNE1, BCKDK CHARGE syndrome
CHDs, DYRK1A, SCN2A, ARID1B, ANK2, GRIN2B,
SYNGAP1, ADNP, TBR1, POGZ, KATNAL2

Torre-Ubieta et al, Nature Medicine 2016



Variation I]

del dup

Copy number variation

Phelan-McDermid
Velo-cardial facial
Potocki-Lupski
16p11.2 deletion
16p11.2 duplication
15q13.3 deletion
15q11.2q13 duplication
NRXNT1 deletion

- Translocation

Phelan-McDermid
Tuberous sclerosis

Trinucleotide l

repeat

59 eARE

et € 1 s £ 1 ppemesme &4 b

1
Missensei Indel 1Nonsense lSpIice- l Intronic or
CGGCGG... CAAG] site intergenic
[Ser] O
——Likely protein damaging——

Fragile X  Timothy syndrome Smith-Lemli-Opitz CHD8, DYRK1A, Most likely
syndrome  Smith-Lemli-Opitz Cornelia de Lange =~ SCN2A, ARID1B, common

Cornelia de Lange Tuberous sclerosis ANK2, GRIN2B, variation

Tuberous sclerosis Cohen syndrome SYNGAP1, ADNP,

Cohen syndrome CHARGE syndrome TBR1, POGZ,

CHARGE syndrome  Neurofibromatosis KATNAL2, BCKDK

Neurofibromatosis Duchenne muscular

AMT dystrophy

PEX7 Cortical dysplasia—

SYNE1 focal epilepsy

BCKDK Angelman

Phelan-McDermid

Torre-Ubieta et al, Nature Medicine 2016
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Penetrance  Prevalence of ASD in syndromes Genetic contributions to ASD population
of known genetic etiology
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Circuits Brain regions and circuitry

Altered minicolumns (cortex)
I Neuron size
T Density

Altered cytoarchitecture

Microglia infiltration

Local hyperconnectivity
Altered minicolumns

Altered cytoarchitecture

‘3}% Astrocytosis

<«» Decreased long-range
connectivity

Microglial
infiltration

4 Purkinje cell size and number
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Cytoarchitecture
Control ASD
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MZ and SP
CP forms synapse Afferent axons Afferent axons VZ thinning Cortical connections
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IE
(1) Protein translation (2) Wnt signaling (3) Synaptic signaling
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Fig. 1. Molecular path-
ways implicated in
neurodevelopmental
disorders. Many of the

genes mutated in individu-

als with ASD fall into
several shared neuronal
processes: transcriptional
control and chromatin

remodeling in the nucleus,

protein synthesis, and
synaptic structure. Pro-
teins encoded by genes
mutated in syndromes
with high penetrance of
ASD are shown in green.
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LB

Brain region and

mechanism Supporting evidence Caveats and limitations Treatment potential

Neocortex

Brain overgrowth * Multiple studies with large cohorts measur-  » Small effect size (2 mm) = Limited. Targeting key pathways potentially

Altered cortical cytoar-
chitecture (neuron size,
number, positioning
and/or orientation)

Neuronal
morphogenesis

Synaptogenesis

Synaptic dysfunction
E/1 imbalance

Cerebellum

Purkinje cell (PC)
loss and dysfunction

Widespread
Neuron-glia signaling

ing brain size (MRI) and head circumference
* Mutations in genes controlling neurogenesis
and growth (Fig. 2)

* Cumulative evidence from >12 neuropatho-
logical studies

« Mutations in genes controlling neurogenesis,
growth and neuronal migration (Fig. 2)

* Modeling in mice consistent with observed
phenotypes (Table 1)

* White matter reduction in neuropathological
studies. Narrow minicolumns and altered con-
nectivity in cortical circuits

* Mutations in genes controlling axon growth
or guidance and dendrite arborization (Fig. 2)
* Increased layer-specific dendritic spine den-
sity in frontal (L2), parietal (L2) and temporal
lobes (L2, LB)!44145

* Mutations in genes converge in pathways
regulating synaptogenesis (Fig. 2)

* Increased spines and upregulated spine
dynamics in some mouse models!92.193.283

* Decreased GABA receptor density and
altered GAD1 and GAD2 levels. Functional
imaging studies identify local hyperconnectiv-
ity and decreased long-range connections

* Mutations in genas converge in pathways
regulating synaptic function (Fig. 2)

* Mouse models support disruption in E/I
balance leads to ASD phenotypes (Table 1).
Increasing E/I in prefrontal cortex using opto-
genetics leads to social deficits!®”

* Reported decrease in PC size and number.
Motor coordination problems in ASD

* PC-specific ablation of ASD risk gene Tscl
in mice recapitulates core ASD phenotypes
and PC degeneration!®3

* Developmental cerebellar injury increases
ASD risk?06

* Potential bias in measurements

* Incomplete understanding of biological
mechanism. Evidence for both white and gray
matter origin

* Small cohorts. No systematic assessment of
the same brain regions and phenotypes

* Multiple phenotypes; none unique to ASD

* Small cohorts. Limited number of studies

* Only two studies with small cohorts #4145
* Unclear mechanism: both increase and
decrease in synapse density reported in
mouse models (Table 1)

e Poorly documented in neuropathological
studies. Small cohorts

¢ Unclear mechanism: both increase and
decrease in excitatory synaptic function
reported with and without concomitant
inhibitory compensation. Multiple molecular
mechanisms leading to synaptic dysfunction,
including altered translation, Ca’* signaling
and activity-dependent transcription (Fig. 2)

* Small cohorts. Limited number of studies.
Gliosis observed in most

* Global gene expression profiles between
cerebellums of control subjects and those
with ASD very similar®™

e Limited knowledge of the role of the cerebel-
lum in ASD behavioral domains

* Reported increased microglia infiltration and » Small cohorts. Limited number of studies

astrogliosis in multiple brain regions (neuropa-

thology and PET imaging)

* Post-mortem transcriptome identifies
increased microglial and immune signa-
ture89.223

* Role of microglia and astrocytes in regulat-
ing synapse formation, function and pruning.
Disrupted neuron-microglia signaling in mice
leads to social deficits??®

* Lack of genetic evidence suggests a reac-
tive role

 Limited characterization in ASD mouse
models

risks broad developmental problems

* Rapamycin treatment reversad macrocephaly
in a mouse model 184

 Limited. Targeting key pathways potentially
risks broad developmental problems

» Limited. Targeting key pathways will prob-
ably lead to broad developmental problems
* Rapamycin successfully used in rescue
experiments in micel84.240

* Promising. Phenotypic reversal possible in
postnatal periods

¢ |GF1 successfully used in rescue experi-
ments in hiPSC100.102

* PI3K antagonists rescue FXS-associated
increased spine density in mice?”?

* Promising. Phenotypic reversal possible in
postnatal periods

* |GF1 rescues phenotypes in mouse models
and hiPSC100.102,177

« Positive allosteric modulators for GABA,
receptor’®®, mGIuRS antagonists and
agonists?30.232.233 NMDAR partial ago-
nist! 70232 and blockers of NKCC1 cation-
chloride cotransporter”®! restored behavioral
deficits in mice

* Promising. Postnatal cerebellar development
increases therapeutic potential

* Rapamycin successfully used in rescue
experiments in mice!®3

« Untested, but promising

* Microglia- and astrocyte-specific rescue
experiments in Rett mouse models rescues
disease phenotypes?4.285




nature .
https://doi.org/10.1038/5s41593-018-0110-8 neur OSClence

Corrected: Publisher Correction

ARTICLES

Social deficits in Shank3-deficient mouse

models of autism are rescued by histone
deacetylase (HDAC) inhibition

Luye Qin', Kaijie Ma', Zi-Jun Wang', Zihua Hu?, Emmanuel Matas®’, Jing Wei' and Zhen Yan®©™

Haploinsufficiency of the SHANK3 gene is causally linked to autism spectrum disorder (ASD), and ASD-associated genes
are also enriched for chromatin remodelers. Here we found that brief treatment with romidepsin, a highly potent class | his-
tone deacetylase (HDAC) inhibitor, alleviated social deficits in Shank3-deficient mice, which persisted for ~3 weeks. HDAC2
transcription was upregulated in these mice, and knockdown of HDAC2 in prefrontal cortex also rescued their social deficits.
Nuclear localization of f3-catenin, a Shank3-binding protein that regulates cell adhesion and transcription, was increased in
Shank3-deficient mice, which induced HDACZ2 upregulation and social deficits. At the downstream molecular level, romidepsin
treatment elevated the expression and histone acetylation of Grin2a and actin-regulatory genes and restored NMDA-receptor
function and actin filaments in Shank3-deficient mice. Taken together, these findings highlight an epigenetic mechanism under-
lying social deficits linked to Shank3 deficiency, which may suggest potential therapeutic strategies for ASD patients bearing
SHANK3 mutations.

NATURE NEUROSCIENCE | VOL 21| APRIL 2018 | 564-575
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ARTICLES

Social deficits in Shank3-deficient mouse
models of autism are rescued by histone

deacetylase (HDAC) inhibition | 22a133 deletion syndrome

Phelan-McDermid syndrome

Luye Qin', Kaijie Ma', Zi-Jun Wang', Zihua Hu?, Emmanuel Matas®/, Jing Wei' and Zhen Yan®™

Haploinsufficiency of the SHANK3 gene is causally linked to autism spectrum disorder (ASD), and ASD-associated genes
are also enriched for chromatin remodelers. Here we found that brief treatment with romidepsin, a highly potent class | his-
tone deacetylase (HDAC) inhibitor, alleviated social deficits in Shank3-deficient mice, which persisted for ~3 weeks. HDAC2
transcription was upregulated in these mice, and knockdown of HDAC2 in prefrontal cortex also rescued their social deficits.
Nuclear localization of -catenin, a Shank3-binding protein that regulates cell adhesion and transcription, was increased in
Shank3-deficient mice, which induced HDACZ2 upregulation and social deficits. At the downstream molecular level, romidepsin
treatment elevated the expression and histone acetylation of Grin2a and actin-regulatory genes and restored NMDA-receptor
function and actin filaments in Shank3-deficient mice. Taken together, these findings highlight an epigenetic mechanism under-
lying social deficits linked to Shank3 deficiency, which may suggest potential therapeutic strategies for ASD patients bearing
SHANK3 mutations.
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NATURE NEUROSCIENCE | VOL 21| APRIL 2018 | 564-575
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ARTICLE

https://doi.org/10.1038/541586-018-0416-4

5-HT release in nucleus accumbens rescues
social deficits in mouse autism model

Jessica J. Walsh!, Daniel J. Christoffel!, Boris D. Heifets?, Gabriel A. Ben-Dor!, Aslihan Selimbeyoglu!*4, Lin W. Hung!,
Karl Deisseroth®# & Robert C. Malenka'*

Dysfunction in prosocial interactions is a core symptom of autism spectrum disorder. However, the neural mechanisms
that underlie sociability are poorly understood, limiting the rational development of therapies to treat social deficits.
Here we show in mice that bidirectional modulatlon of the release of serotonin (5- HT) from dorsal raphe neurons in the
nucleus accumbens bidirectionally modifies sociabilitv, In amg model of a common genetic cause of autism spectrum
disorder —a copy number variation on of the syntenic region from 5-HT neurons
induces deficits in social behaviour and decreases dorsa rap e o- HI neuronal activity. These sociability deficits can
be rescued by optogenetic activation of dorsal raphe 5-HT neurons, an effect requiring and mimicked by activation of
5-HTI1b receptors in the nucleus accumbens. These results demonstrate an unexpected role for 5-HT action in the nucleus
accumbens in social behaviours, and suggest that targeting this mechanism may prove therapeutically beneficial.

16p11.2 deletion syndromettl ))& T-ASD, 4I5-HTAEK# (nucleus accumbens)
T, BEE DR AN R 16p 11 28R 2K (1 /) BRATMCRE A5 2 (14T ik 2k o

30 AUGUST 2018 | VOL 560 | NATURE | 589
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C57BL6/J mice: DR-to-NAc terminals
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Sert-cre mice: DR cell body
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Sert-cre mice: DR-to-NAc terminals
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5p Deletions (Cri Du Chat Syndrome)
ZEEI DLI//T = ﬁE

Left to right: Christina (21 years old), Brielle (9 years old), and Jack (22 months
old) with 5p deletions.

Nguyen et al, Am J Med Genet C Semin Med Genet 2015
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Mutant CTNND2 mouse model associated with ASD
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Unpublished data
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S5p deletion rat model
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ASD/neurocognitive outcomes

Tuberous sclerosis

Everolimus (RADOO1)

ASD, memory, language skills, cognition,
general executive function outcomes,
behavioral changes, frequency or reduction
of epileptiform events, reduced mTOR signaling
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Intranasal oxytocin treatment for social deficits and
biomarkers of response in children with autism
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test the efficacy and tolerability of .
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treatment (24 International Units, Treatment Condition Pre-Treatment Plasma OXT Post-Treatment Increase in
twice daily) in 32 children with
ASD, aged 6-12Y.



Vasopressin: A possible therapeutic for autism?

The Role of Vasopressin in the Social Deficits of Autism

Researchers at the Stanford University School of Medicine are seeking participants for a study examining the effectiveness of vasopressin, a
neuropeptide, in treating children with autism spectrum disorder. Difficulty with social interactions is characteristic of people with autism,
who often have problems interpreting facial expressions or maintaining eye contact while talking with someone. There are currently no
effective medicines available to treat social problems in individuals with autism. Neuropeptides, such as vasopressin and oxytocin, are
molecules used by neurons in the brain to communicate with one another. Vasopressin is closely related to oxytocin, which is currently being
tested as a treatment for autism, and has been shown to enhance social functioning in animals. Animal studies have shown that when the
proper functioning of vasopressin is experimentally altered, animals develop a variety of social deficits, including impaired memory for peers
and a reduced interest in social interaction. Researchers found that when vasopressin was administered to mice with a genetically induced
form of autism, their social functioning improved. Vasopressin is already approved by the Food and Drug Administration for use in humans,
and has proved to be a successful treatment for some common pediatric conditions, including bedwetting. Similar to oxytocin, it also has
been shown to improve social cognition and memory in people who do not have autism. The researchers will test the effects of vasopressin
on social impairments in 50 boys and girls with autism, ages 6 to 12 years old. The study will last four weeks for each participant. Participants
will receive either vasopressin or a placebo nasal spray. At the end of this phase of the study, those who received the placebo will have the
option of participating in a four-week trial during which they will be given vasopressin. Stanford is the only site for the study. Participants do
not need to live locally but will need to come to the Stanford University Department of Psychiatry and Behavioral Sciences for study visits.

Stanford is currently not accepting patients for this trial.

Lead Sponsor:
Stanford University
Collaborator: National Institute of Mental Health (NIMH)

Stanford Investigator(s):
Karen J. Parker, PhD

Dr. Kyle Hinman

Antonio Hardan, M.D.

Intervention(s):
Drug: Vasopressin
Drug: Placebo

Phase:
Phase 2
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