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Autism Spectrum Disorders
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Core autism spectrum disorder symptoms

Impaired social
communication/
interaction (3/3):

Restricted/repetitive
behavior (2/4):
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mitochondrial
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Neuropsychopharmacology Reviews (2012) 37, 196-212

BIOMARKERS

required for an ASD
diagnosis but are more
common in ASD than in
the general populations
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‘ ENVIRONMENTAL FACTORS:

1. Advanced age of parents (Sanders et al., Nature
2012; Reichenberg et al., Arch Gen Psychiatry 2006)

1. Low body weight at birth (Eaton 2001)

2. Multiple pregnancies (distance between the pregnancies
lower of 12 months; Cheslack-Postava et al, 2011)

3. Maternal infection during gestation (rubella virus, flu and
cytomegalovirus)

4. Chemical contaminants to which the mother and/or the
baby is exposed [ethanol, valproic acid, thalidomide;
organophosphates]



be in

CHARGE

CHildhood Autism Risks from Genetics and the Environment

CHARGE (Childhood Autism Risks from Genetics and the Environment) was
launched in 2003 as a study of 1,000 to 2,000 children with differing patterns of
development. The goal is to better understand the causes and contributing
factors for autism or developmental delay. Three groups of children are being
enrolled in the CHARGE study: children with autism, children with
developmental delay who do not have autism and children from the general
population. All of them are evaluated for a broad array of exposures and
susceptibilities.

The participants

Children enrolled in the study must:

» Be between 24 and 60 months of age

« Have been born in California

« Have parents who speak either English or Spanish
* Live with at least one biological parent




Environmental Exposures & Ways to Assess

1. Pesticides

Biospecimens:
Blood

2. Metals

7 Child’s hair

3. Organic pollutants
(PCBs, PBDEs, etc.)

4. Viruses, bacteria & g
other infections “J

9. Medical procedures
& pharmaceuticals ™

6. Nutritional factors

N

Baby lock (first year of life)
Mother’s hair

Urine

Newborn blood spot (prenatal)

Interviews:

Diet

Residential information

Lifestyle

Consumer products

Medical history
LIRkage to exposure databases

Air, water, pesticides, haz waste
Medical records

S
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Autism Spectrum Disorders (ASDs)

ASDs Homepage

Facts
Screening & Diagnosis
Treatment
Felated Topics
Data & Statistics
Research
ADDM
CADDRE
FSEED

Frequently Asked
Questions

Georgia SEED
What to Expect
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Mational Center Homepage * ASDs Homepage = Research

Study to Explore Early Development (SEED)

The Study to Explore Early
Development (SEED) is a multi-year
study funded by CDC. It is currently
the largest study in the United States
to help identify factors that may put
children at risk for autism spectrum
disorders (A5Ds) and other
developmental disabilities.
Understanding the risk factors that
make a person more likely to develop
an 450 will help us learn more about
the causes.

What is SFFN? all

Under the auspices of CDC, began recruiting about 2700 children aged two to five

The study includes developmental evaluations, questionnaries, a review of medical
records and analysis of blood, cheek-cell and hair-samples to examine genetic make-
up exposures to environmental chemicals
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Current Study @ Login »

Participants

l E AR I I ' Early Autism Risk Longitudinal Investigation
| |

Contact Us

Participation Research Sites About the Study Investigators FAQs

. Download the
Howdo Study Brochure @ ‘

=" _genes and .,
&~ environmental factors | knex, @
interact to cause autism? —

Find Out
How to Enroll @ ‘

Funded by NIH is enrolling up to 1200 families that have a child with autism and
are preparing to have another baby

The study intends to look for any interplay between environmental factors and
genetic susceptibility that might contribute to autism risk in their next child



Causes of Autism Spectrum Disorders:
strongest evidence is genetic

» Concordance of 60-80% in monozygotic twins
» Concordance of 20-30% in dizygotic twins
» 4:1 frequency ratio boys:girls (8:1 in AS and 1:1 when IQ <50)

Linkage and associations studies indicate many genes underlying
Autism Spectrum Disorders: GABA-83, 5-HTT, MET, PTEN, En2,
UBE3a, CNTNAP2, neurexins, neuroligins, shanks and genes for
comorbid neurodevelopmental disorders including FMR1, MECP2,
TSC



HIGH RISK INFANTS

<, Nys \O

PEDIATRICS

OFFICIAL JOURNAL OF THE AMERICAN ACADEMY OF PEDIATRICS

Recurrence Risk for Autism Spectrum Disorders: A Baby Siblings Research
Consortium Study
Sally Ozonoff, Gregory 5. Young, Alice Carter, Daniel Messinger, Nurit Yirmiya,
Lonme Zwaigenbaum, Susan Bryson, Leslie J. Carver, John N. Constantino, Karen
Dobkins, Ted Hutman, Jana M. Iverson, Rebecca Landa, Sally 1. Rogers, Marian
Sigman and Wendy L. Stone
Pediatrics; originally published online August 15, 2011;
DO 1001542/ peds. 2010-2825

Recurrence risk of 18%
(25.9% in males and 9.6% in females)



Likelihood of psychiatric conditions in siblings of children with autism

_ 36.9% B, 17.4%
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GENETIC COMPLEXITY: 2163 genes (o9

syndromic autism related genes and 2135 non-syndromic autism related genes),
4617 Copy Number Variations (CNVs) and 158 linkage regions associated with ASD
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Mendelian Syndromes

12p13.33 (CACNA1C) Timothy Syndrome
15q11.2 (UBE3A) Angelman Syndrome
Xg27.3 (FMR1) Fragile X Syndrome
9g34.13 (TSC1) Tuberous Sclerosis type 1

Rare variants: 1% of cases

2p16.3 (NRXN1) ASD, ID, language delay, SCZ
3p13 (FOXP1) ID, ASD

22q13.33 (SHANK3) ASD

Xp22.32-p22.31 (NLGN4X) ASD, ID, TS, ADHD
Xq13.1 (NLGN3) ASD

Common Alleles

1g42.2 (DISC1)
7922.1 (RELN)
7936.3 (EN2)

SnapShot: Genetics of Autism

Kimbery A. Aldinger, Jasmine T. Plurmmer, Shenfeng Qiu, and Pat Lewvitt
Keck School of Medicine of USC, Los Angeles, CA, 90089, USA
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“Many-to-one” relationship

The number of genes predicted to carry risk for
ASD has steadily increased (now reaching well into
hundreds) with no single locus accounting for
more than 1% of cases

“One-to-many” phenomenon

ldentical highly penetrant variants in different
individuals carry large effects but for a wide range
of outcomes, including ASD, epilepsy, intellectual
disability and schizophrenia



Family with a mutation
in the Neuroligin 4 gene

& *1 ‘~

Stuart, the older but smaller of the two
brothers, can speak. But he’s still very
limited in how he communicates.

Timmy is non-verbal and tends to wander
the house searching for things to “get
into”.



Eurcpean Jourmnal of Human Genetics (2008) 16, 614-618; doi:10.1038/5j.2jhg.5202006; published online
20 January 2008

Familial deletion within NLGN4 associated with autism
and Tourette syndrome

Amy Lawaﬂn—‘r’uenl, Juan-Sebastian Saldiva r‘g, Steve Sommer- and Jonathan Picker:

Abstract + Top

Neuroligin 4 (NLGN4) is a member of a cell adhesion protein family that
appears to play a role in the maturation and function of neuronal synapses.
Mutations in the X-linked NLGN4 gene are a potential cause of autistic
spectrum disorders, and mutations have been reported in several patients
with autism, Asperger syndrome, and mental retardation. We describe here
a family with a wide variation in neuropsychiatric illness associated with a
deletion of exons 4, 5, and 6 of NLGN4. The proband is an autistic boy with
a motor tic. His brother has Tourette syndrome and attention deficit
hyperactivity disorder. Their mother, a carrier, has a learning disorder,
anxiety, and depression. This family demonstrates that NLGN4 mutations
can be associated with a wide spectrum of neuropsychiatric conditions and
that carriers may be affected with milder symptoms.
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Immune dysfunction in ASD
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Maternal inflammation during early pregnancy (viral or bacterial infections)

Elevated levels of circulating pro-inflammatory cytokines

Table 1

Cytokines in autism spectrum disorders, A variety of independent clinical studies have linked cytokines to ASD, This table presents detailed findings for each individual cytokine.

Often multiple cytokines were associated with ASD in a single study, which is noted in parentheses.

Cytokine Findings in autism

Reference

IL-18

IL-&

IL-4

IFM-="y

TGF-B

Elevated plasma levels in children with ASD, correlated with regressive onset. {IL-6, IL-8 and [L-12p40 also elevated)

Elevated plasma levels in high functioning children with ASD, (IL-1RA, 1L-5, IL-8, IL-12p70, IL-13, IL-17 and GRO-xe also elevated)
Elevated plasma levels in adults with severe ASD, [1L-6 and endotoxin levels also elevated )

Peripheral blood cells from ASD subjects produce higher baseline levels. [Similar trends for IL-6 and THF-o¢)

Peripheral blood cells from ASD subjects produce higher levels with TLR2 or TLR4 stimulation, and lower levels with TLR-9 stimulation,
[Similar trends for 1L-G and THFo)

Elevated plasma levels in children with ASD, correlated with regressive onset. (IL-1B, [L-8, and IL-12p40 also elevated)

Elevated plasma levels in adults with severe autism, (IL-B and endotoxin levels also elevated)

Peripheral blood cells from ASD subjects produce higher baseline levels. (Similar trends for IL-1B and TMNF-w)

Peripheral blood cells from children with ASD produce higher levels with TLR2 or TLR4 stimulation, and lower levels with TLR-9 stimu-
lation. {Similar trends for [L-6 and TNFo

Lymphoblasts from ASD subjects produce more 1L-G, (Also TMF-o)

Increased IL-6 staining in postmortem cerebellar sections from ASD subjects

Increased IL-6 in postmortemn brain specimens (various regions) from ASD subjects. (Also increased TGF-B and inflammatory

chemaokines),

Increased IL-6 in postmortem brain tissue from ASD subjects. (Also increased TNE-ox, IFN-vy, GM-CSF, and IL-8)
Increased IL-4 in mid-gestational serum samples from mothers giving birth to a child with ASD. {Also IL-5 and [FN-y)
Increased IL-4 in amniotic fluid samples from mothers giving birth to a child with ASD

(Also IL-10, TNF-ce and TNF-B)

Peripheral blood cells from ASD subjects stimulated with PMA-ionomycin were maore likely to be IL-47 (And less likely to be IFMN-v™]
Increased IFM-v in mid-gestational serum samples from mothers giving birth to a child with ASD. {Also IL-4 and 1L-5]

Increased plasma levels in individuals with ASD. (Also 1L-12]

Peripheral blood cells stimulated with PMA-ionomycin are less likely to be IFN-y

{And more likely to be IL-4™)

Unstimulated whole blood from ASD subjects produced significantly maore [FM-v compared to controls, (Also increased IL-1RA, IL-6,

and THF-x)

MK cells from children with ASD produced higher IFN-+ under resting conditions, and lower levels after stimulation. [ Also observed with

perforin and granzyme B)

Increased IFM-+ in post mortem brain specimens from ASD subjects. (Also increased TNF-ot, 1L-6, GM-CSF, and [L-8)

Decreased plasma TGF-B in children with ASD. Lower levels correlated with more severe behavioral scores,

Decreased serum TGF-B in adults with ASD.

Increased TGE-B levels in postmortem brain specimens (various regions) from ASD subjects. (Also [IL-6 and inflammatory chemokines)

(Ashwood et al, 20114,
2011b)

(Suzuki er al, 2011)
(Emanuele et al., 2010)
{Iyonouchi et al., 2001)
{Enstrom et al, 2010)

(Ashwood et al., 2011a,
2011b)

(Emanuele et al, 20007
{Jvonouchi et al., 2001)
{Enstrom et al., 2010}

{Malik et al., 2011)
(Wei et al, 2011)
(Vargas et al,, 2005)

(Li et al., 2009
(Goines et al., 2011b)
{Abdallah et al., 2011)

(Gupta et al., 1998)
(Goines et al, 2011b)
[Singh, 1996)
(Gupta et al., 1998)

{Croonenberghs et al.,
2002)
(Enstrom et al., 2009a)

(Li et al.,, 2009)
(Ashwood et al, 2008)
{Okada et al., 2007)
(Vargas et al,, 2005)

Goines PE, Ashwood P, Cytokine dysregulation in autism spectrum disorders (ASD): Possible role of the environment, Neurotoxicol Teratol (2012)




Species

Significant Ouicomes

Administration Route;
Gestational Age; Amount
per Injection; Serum or lgG

Maternal lgG Population

Animal Behavioral Studies
Rat™

Rhesus macaque®

Mouse®

Decreased exploration

Impaired motor control

IHC Purkinje/neuroblastoma
staining

Decreased choline and
creatinine levels

Reduced peer contact

Increased nonsocial activity

Hyperactivity

Whole-body stereotypies

Hyperactivity

Increased anxiety

Reduced social interaction

Embryonic day 18
microglial activation

Increased brain BDNF levels

Intraperitoneal; embryonic day
(for rodents) 10-17; 0.5 mL;
Serum

Intravenous; gestational day
(for primates) 27, 41, and 55;
15-20 mg; IgG

Intraperitoneal; embryonic day
13-18; 1.25-1.4 mg; IgG

AU=1:TD=4
(all multiplex)

AU=12;TD=7

(all multiplex)

Al =63;TD =63
(mixed parity)




Dendritic spine pathology in
neuropsychiatric disorders

Emergence of symptoms

.......... SZ AD

Spine
maintenance

Synapse

formation / ASD
Dendritic
spine \
number Normal

Synapse
elimination

Childhood Adolé Adulthood

7L
LA

Birth

Penzes et al., Nat Neuroscience 2011
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number of neurons

Brain weight is heavier
in autistic children

Autistic cases

& With intellectual disability

O Without intellectual disability
A Control cases
== (GrOoUp mean

35.04
30.0- .
fﬂ 2504 o
[iE]
Prefrontal cortex: = 200 .
‘m
@ 15.0 © A
Bl Dorsolateral prefrontal cortex 2 [ ]
[[IMesial prefrontal cortex % 10.0 —_
[Tl Orbital prefrontal cortex g L]
[ Precentral cortex = 5.0
Il Cingulate cortex 0 Fay
£ 00 ra
5.0+
Fat
~10.0 —4
Autism Control
Cadaveric Donors
n=7 n=6

-

P
C <

between 2 and 16 years

Courchense E. et al, Jama, 2011



R Variations in the
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<
S number of neurons
L]
In the prefrontal cortex is observed a
greater number of neurons
Awutistic cases
& ‘With intellectual disability
© Without intellectual disability
A Control cases
= Group mean
A | Dorsolateral prefrontal cortex neuron count Mesial prefrontal cortex neuron count G | Total combined prefrontal neuron count
2.50q 0.504 2.50q o
g 2 . H
?C:; 2007 ° i:% 0.40+ o = .:
= g = § E % 2.00
- -— =
2 1.0 ° 2 030 & & 3 °
S o O A = o A
= o A 5 - g 1.504
(éj 1.004 - i § 0.20 % - rS
& % id 5 o0 o
B 050 = o010 e i s
E 2 2
= =
0.00 0.00 0.50
Autism Control Autism Control Autism Control
Cadaveric Donors Cadaveric Donors Cadaveric Donors

Reasons of the greater number of neurons
should be searched at the prenatal level:
Uncontrolled proliferation?

A reduced apoptosis? Or both?

Courchense E. et al, Jama, 2011



What are the consequences of this neuronal
overload?

HYPERCONNECTIVITY in children with ASD

Controls ASD

Brain subsystems

() Association

® Limbic = ASD>TD
@ Paralimbic = ASD<TD
Primary sensory

@ Subcortical

Hyperconnectivity is predictive of autistic symptoms: children with
hyperconnectivity have more severe deficits in the social domain

Supekar K et al., Cell Rep. 2013 Nov 14; 5(3): 738-747



Exutatory/ Inhlbltory Imbalance

SYNAPSE-SPECIFIC CO’..PLEXES
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GABA

e during the embrional and
perinatal phases: this
neurotransmitter depolarizes
targeted cells and triggers
calcium influx

* in the mature brain GABA acts
as an inhibitory transmitter

GABA regulates many processes

during development:

Cell proliferation
Migration
Differentiation
Synaptic maturation
Apoptosis

S ®=®
Collybistin » \-.(Q}Q( as

\K@f Gephyrin
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Animal models in
which was found
an alteration of the
balance E/I

Mouse model

Alterations in GABAergic signaling

Mecp 2-K0
( Rett syndrome)

Reduced levels of GAD®S and GADST (Viaat-Mecp2 ™)

Reduced inhibitory quantal size in layer 2/3 pyramidal neurons of the somatosensory
cortex

The E/T balance is shifted to favor inhibition over excitation in cortical networks
( Mecp2#e5%, Nestin-Cre)

Reduced frequency of IPSC-based spontaneous rhythmic field potentials in the
h'i]_'l[:u:“:a LS {I.I.'f.f_'cp‘zl'ml 'Iﬂ-:.rlf':l

Frar 1-KO
(X fragile)

Down regulation of GABAA-mediated tonic inhibition in the subiculum
Reduced expression of ab and & GABAA receptor subunits in the subiculum
Increased frequency of sIPSCs and mIPSCs in the striatum

Reduction in amplitude and frequency of sIPSCs and mIPSCs

Reduced GABAA-mediated tonic inhibition

Reduced GABAergic innervation in the amygdala

Reduced expression of GABAA receptor subunits

Cearbrrlr 3 KO

The E/l halance is shifted to favor excitation over inhibition in cortical networks
(EEG recordings)

Dl iDix2 KO

Abnormal cell migration

Reduction in the number of GABAergic interncurons in the cortex, olfactory bulb
and hippocampus

Reduced level of GADGY
[ecreased GABA turnover

Reduced expression of parvalbumin- and somatostatin-
positive GABAergic interneurons in the hippocampus

Increased susceptibility to seizures

Nig3 R451C KT

Increased frequency of mIPSC
Increased level of VGAT and gephyrin
Asymmetric reduction of PV positive basket cells across cortical hemispheres

valproie acid

The E/1 balance is shifted to favor excitation over inhibition in the lateral amygdala
imulti electrode arrays)

Asymmetric reduction of PV positive basket cells across cortical hemispheres




Despite these observations, there are no
biological markers for autism because:

e The few candidate biomarkers were not detected
in ALL autistic patients

 Biomarkers found are often associated with other
neurodevelopmental disorders

Biomarker type Sample/measure

Gene expression profile Blood samples

Proteomic profile Serum samples

Metabolomic profile Urine samples

Head size Head circumference trajectory

Brain size and structure MRI, DTI

Brain function Functional MRI, EEG, ERPs

Eye movement Looking measures, saccadic reaction time

DTI, diffusion tensor imaging; EEG, electroencephalography; ERFs, event-related potentials.



PRECISION MEDICINE: the need of subtyping

Parameter

Age

Parameter

.. Stratification according to
W, neuroimaging biomarkers:

4 * sMRI

s fMRI

I Clinical profile A | LClinical profile B I [ Clinical profile C ]

(oo™

Genetic or
molecular
profiling

Comparisons of:
* Biochemical biomarkers

* Brain structure and function ¢ Clinical profile

» Cogpnitive profile

Nature Reviews | Drug Discovery



S..,P,_w - R ABOUT SPARK AUTISM RESEARCH NEWSLETTER % LOGIN

lgniting autism research
Improving lives

i—ielp us 'é‘-‘»:’a rfuture: ed b ,
]
autism. '
4

A total of 21 university-affiliated clinical sites "‘D
Y
SPARK will collect information and DNA for |
. ‘ genetic analysis from 50,000 individuals with
< autism — and their families

'\.l



'MSSNG/.......:
\ % AUTISM SPEAKS'

MSSNG is a groundbreaking
collaboration between Autism Speaks,
Google and the research community to

create the world’s largest genomic
database on autism. MSSNG's goal is
to provide the best resources to enable
the identification of many subtypes of
autism, which may lead to better
diagnostics, as well as personalized
and more accurate treatments




RESOURCE
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Whole genome sequencing resource identifies 18 new
candidate genes for autism spectrum disorder

Ryan K C Yuen!, Daniele Merico'2, Matt Bookman®*, Jennifer L. Howe!, Bhooma Thiruvahindrapuram!,
Rohan V Patel', Joe Whitney', Nicole Deflaux™*, Jonathan Bingham*4, Zhuozhi Wang!, Giovanna Pellecchial,
Janet A Buchanan', Susan Walker!, Christian R Marshall!-5, Mohammed Uddin!, Mehdi Zarrei!, Eric Deneault',
Lia ’Abate!+%, Ada ] S Chan'*%, Stephanie Kc Synaplic and neuronal

adhesion components "
Transcriptional
regulation

Worrawat Engchuan’, Edward | Higginboth:
Thomas Nalpathamkalam'!, Wilson W L Sun
Emily Kirby®, William Van Etten?, Simon Tu
Bonnie MacKinnon Modi'?, Barbara Kellam?,
Lonnie Zwaigenbaum'?, Marc Woodbury-Sr
Krissy Doyle-Thomas'®, Ann Thompson'4, {
Isabel M Smith!7, Xudong Liu'8, Rob Nicolsor
Annette Estes?, Louise Gallagher?®, Beth A
Brendan ] Frey>®, James T Robinson?®!, Lisa
Melissa T Carter'2*, Joachim Hallmayer®>,
Robert H Ring™, David Glazer™, Mathew T

Tof7k2

ARID1B

", SMARCC2

kMT2C  cHps FOXP1
DSCAM  pTEN ADNP

GRIN2B ~ SHANK3

svngapy NEGNS

DYRK1A
ANKEDT KoM6B KaTa

MED13 KDM6A

KMTSB 0

POGZ

DNMT3A MECP2

cuLs CLASP1

DYNC1HT

GIGYFT  rnpeeB

c{@ys—LR*

SPAST

UPF3B

SRSF11

RNA processing



| ASD Population |
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| Transcriptomics |
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Thank you for your attention
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