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Understanding Autism: The Basic
Architecture of Its Cause, Emerging
New Treatments & Obstacles

Finding New Treatments That Target
Different Levels of the
Pathophysiology
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A Largephenotypicvariability

A Geneticunderpinings

A Altered cortical systemsonnectivity
A How this relates to symptoms

A How cortical systemsnight be targets for
treatment

A Development of new interventions
A The way forward



SUMMARY

A Clinical syndrome marked by much phenotypic
variability understandable based on genetics & on
variability inherent in humans

A 300-1,000 unidentified common variants at play

A 71 rarevariants implicate synaptic function and
transcription/chromatinremodeling

A Genetic background plays strong role in ASD risk
gene expression

A Selective impact on higher order abilities across
domains, and poor adaptive function

A Equally broad cortical systernaderconnectivity
A Corticalcortical and corticasubcortical connections




SUMMARY

A Cognitive and neural profiles are consistent with
disturbances in neuronal organizational eveeats

A Brain in ASD is plastic across the age span

A Effective behavioral and cognitive rehabilitation
Interventions exist but not disseminated

A These interventions change neural systems

A rTMSandtDCSikely to have significant role in
combination with cognitive rehabilitation methoc

A Biologically based pharmacological strategi¢ds



Autism Spectrum Disorder (D3

A Autism Spectrum Disorder is defined by
underdevelopmentchild-like statg of social,
communication, emotion regulation, and
conceptual/problem solving skills

A And a major impairment in functioning in a
dynamic world, e.gimpaired adaptive
function

A Syndrome is also defined by relative sparing @

even enhanced basic skills In same domains «
Impairments




Autism Is Really About Skills Everyon
Needs to Survive and Do Well

A Social

A Communication

A Problem solving

A Emotion regulation
A Real world function

Interventions designed for ASD will be
broadly applicable in society.



ASD Prevalence: 1.529%

Source Year Prevalence

National Survey of 2007 1/86
| KAt RNBY Qa

CDC 14ite ADDM 2008 1/88
network?

CDC 14ite ADDM 2010 1/68
network®

National Survey of 20112012 1/50

| KAt RNBY Qa

South Korea 2011 1/35

National Survey of 2014 1/45
| KAt RNBY Qa



1Centers for Disease Control and Prevention, National Center

for Health Statistics, State and Local Area Integrated
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Frequently Asked Questions.

’Prevalence of Autism Spectrum Disordeyg\utism and
Developmental Disabilities Monitoring Network, 14 Sites,
United States, 2008

3Centers for Disease Control and Prevention, Prevalence of
Autism Spectrum Disorder Among Children Aged 8 Years
Autism and Developmental Disabilities Monitoring Network,
11 Sites, United States, 2010

4Centers for Disease Control and Prevention, National Center

for Health Statistics, State and Local Area Integrated o
Telephone Survey. 20l NMH Dbl UA?2 VIt {dzZNISe 21
Health Frequently Asked Questions. April 2013. Available

from URL.: http://www.cdc. gov/nchs/slaits/nsch htm
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A 6Centersfor Disease Control and Prevention, National Center

for Health Statistics, 2014 National Health Interview Survey.
Nov 13, 2015 Available from URL:
http:// www.cdc.gov/nchs/data/nhsr/nhsr087.pdf



Many More Are Significantly Impaired

A Parents with an autism fragment (BAP)
AtK2aS Ay GKS 3ISYSNJI
Asperger traits

A Those who were raised in a traumatic
environment or with maladaptive models

A Those who were raised in an impoverished
environment and lack experience and skills to
function more successfully and adaptively



Adult Onset Disorders With Major
Impact on Social, Communication anc
Problem Solving Skills

A Dementia generally and
A Frontal temporal dementia in particular
A TBI



The Severity Spectrum

A 50%havelQ scores >85
A Another 23%havelQ scores of 7-B5

A Many of these cases are not diagnosed until
adolescence or adulthoedhese cases
account for rise in prevalence.

A Chances are you will miss their diagnesis
everyone else does.



Autism phenotype versus registered diagnosis in Swedish
children: prevalence trends over 10 years in general
population samples

Sebastian Lundstrom,'2 Abraham Reichenberg,? Henrik Anckarsater,2 Paul Lichtenstein,*
Christopher Gillberg'
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Cite this as: BM/J 2015;350:h1961
doi: 10.1136/bmj.h1961



Changes in Prevalence of Autism Spectrum Disorders
in 2001-2011: Findings from the Stockholm Youth Cohort

Selma Idring + Michael Lundberg *+ Harald Sturm -
~ . . “ ~ £ .. oV 2 .— S ) 3
Christina Dalman « Clara Gumpert - J Autigm Doy, Disord (2015) 42: 1700-177

i " . y o Zsaawe 0. s10803-014-2336-y
Dheeraj Rai + Brian K. Lee « Cecilia Magnusson B SREEa

Abstractin a recordinkage study in Stockholm,
Sweden, the year 2011 prevalence of diagnosed
autism spectrum disorders (ASD) was found to be
0.40%, 1.74%, 2.46% and 1.76% amcbg®12,
13-17 and 1827 year old.



Theoretical/Methodological/Review Article
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PSYCHOLOGICAL

A Two-Hit Model of Autism: Adolescence
as the Second Hit

Giorgia Picci and K. Suzanne Scherf

Department of Psychology. Pennsylvania State University
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The circuitry that connects information into

an integrated meaningful schema, relates I

02 2ySQa asSt¥ IyR
world accelerates in adolescence.

Externally imposed structure helps children
to function without these skills but Is
iInadequate In adolescence and adulthood.



Wide recognitiorof the ASD severity
spectrum has led to recognitiarf
the tremendous phenotypic
variability thatis ndependentof
severity

Large impact of background genetics,
common variants and additive
genetics are shedding light on this.



Elimination of the PDDNOS category has reveal
iIndividuals with the social and non social cogniti
deficits of ASD & low adaptive behavior scores

A52y Qi YSSUO ONARUOSNRMI 2
which are loaded for early developmental
features and impairments in elementary
mechanics of social interactions and language

A This group used to be captured clinically unde
the PDDNOS category (D3W) but not well

A Social Communication Disorder is not a fit



Requires Instrument Development,
Much Work, and Future Revisions to
Diagnostic Classification System



Spectrum Has Major Implications
For

ly based treatments for infants,
toddlers, and preschoolers, and those with low IC

rehabilitation treatments for those with
language and 1Q scores Iin normal rangdrial

basedapproaches foralll SYS NH A Y -

ven approachesgreatly
needed for those with intellectual disability and
little to no language on the horizon

of the above, individualized, likely
to be most effectivepending phenotyping
advances and development of interventions




Brain Systems in ASD Are Plastic, BL

Not in All and Not

Enough

A Several interventions have shown cortical
systems repair in toddlers, preschoolers, and

adults.

A Behavioral and cognitive rehabilitation

iInterventions have biologica
A Is plasticity measureable to

effects.

oredict

Intervention outcome and can plasticity be

amplified?



Genetic Contributions to
Understanding the Clinical Syndrome



Finding the missing heritability of complex diseases

Teri A. Manolio’, Francis S. Collins?, Nancyd Cox3, David B. Goldstein?, Lucia A.
Hindorff>, David J. Hunter®, Mark I. McCarthy' Erin M. Ramos®, Lc:n R Cardcna‘ Arawnda
Chakravartig, Judy H. Ghum Alan E. Guttmat:htanraI Augustine Knng Leonid Kruglyak 12
Elaine Mardis 3, Charles N. Rotimi 4, Montgomery Slatkin 5, David Valle®, Alice S.
Whittemore 1, Michael Boehnke!”, Andrew G. Clark '8, Evan E. Eichler'®, Greg Gibson<C,
Jonathan L. Haines? ', Trudy F. C. Mackayzz, Steven A. McCarroll23, and Peter M.

Visacher24
Nature. 2009 October 8: 461(7265): 747-753.

Here:
Rare alleles with largeffect sizeon risk for ASD
Common variants with smadffect sizeon risk

Not Here:

Rarevariants with smaléffect- hard to detect
Common variants with large effesize natural
elimination from gene pool in severe early life
disorders



Most genetic risk for autism resides with common variation

Trent Gaugler!, Lambertus Klei2, Stephan J. Sanders3#, Corneliu A. Bodea', Arthur P.
Goldberg®®’, Ann B. Lee!, Milind Mahajan®, Dina Manaa®, Yudi Pawitan®, Jennifer
Reichert®>®, Stephan Ripke'?, Sven Sandin®, Pamela Sklar®7-8.11.12 Oscar Svantesson?,
Abraham Reichenberg®®.13, Christina M. Hultman®, Bernie Devlin?, Kathryn Roeder’- 14, and

Joseph D. Buxbaum?®-6-8.11.15.16

Nature Genetic¥ol. 46 No. 8 August 2014

3% De novo (N)

3% Rare
inherited (A)

4% Non-additive\/
(D) 7/\
/( liability

41% Unaccounted

ASD

49% Common
inherited (A)




Discovery of Common Variants:
49%o0f ASD Risk

A Consortiums and sharing
A GWAS
A 1 identified so far



Common Variants Assocliated With
ASD Risk Identified So Far By GWA!

A 1 based on sample of 7,000 with ASD
A Estimated # in ASCB00 or 1,000

Aln schizophrenia, 108ommonvariants;
sampleof 25,000 affected and 25,000 controls

AEffectof common variants on risk &lditive



Biological insights from 108
schizophrenia-associated genetic loci

Schizophrenia Working Group of the Psychiatric Genomics Consortium*

24 JULY 2014 |VOL 511 | NATURE

Sample Individuals with
Denmark many risk alleles
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Sweden
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Discovery of Rare Variants:
3-6%o0f ASD Risk

A Genetic diagnosis by microarray is uncommot
A Consortiums and sharing

A Exome sequencing

A Identify autism risk genes

A Identify associated biological processes



Rare Variants: Contributing to ASD Ri:

A Three large exome sequencing studies: ASC,
SSC, ASC + SSC

A 71 risk alleles in two clusters:
I Synaptic genedong suspectedneurexin
neuroligin contactinX 0
I Transcriptional and Chromatin Remodeling genes
relative surprise: these genes are involved in early
brain development during which areas of DNA are
opened or closed for transcription



ARTICLE

Synaptic, transcriptional and chromatin
genes disrupted in autism

A list of authors and their affiliations appears at the end of the paper

ARTICLE

The contribution of de novo coding
mutations to autism spectrum disorder

Ivan lossifov'*, Brian J. O’Roak”™*, Stephan J. Sanders*°*, Michael Ronemus'*, Niklas Krumm?, Dan Levyl, Holly A. Stessman®,
Kali T. W‘lthtrspooﬁ Laura Vives?, Karynne E. Patterson?, Joshua D. Smith?, Bryan Pac,pu" Deborah A. NthCI"SUI'IE,

Jeanselle Dea®, Shan Dong“‘6 Luis E. Gonzalez’, Jeffrey D. Manclall bhrll\antM Mane®, Michael T. Murtha
Catherine A. bu]lwan , Michael F. Walker", Zamulab(,dln Waqar Llplng Wei®”, A. Jeremy Willsey™®, Boris \amrom
Yoon-ha Lee', Ewa Grabowska"' Ertugrul Dalkic", Zihua Wang Steven Marks', Peter Anerws , Anthony Leotta’,
Jude ls.f:nclall1 Inessa Hakker! Juhe Rosenbaum’ Buc,ong Ma', Linda Rodgers', ] enmter Troge', Giuseppe Narzisi"!”,
Seungtai Yoonl, Michael C. Schatzl, Kenny Ye'?, W. Richard Mc(jombiel, Jay Shendurez, Evan E. Eichler®",
Matthew W. State*>"* & Michael Wigler'

do0i:10.1038/naturel3772

doi:10.1038/nature13908

1



Insights into Autism Spectrum Disorder
Genomic Architecture and Biology from 71 Risk Loci

Stephan J. Sanders,’:" Xin He,? A. Jeremy Willsey," A. Gulhan Ercan-Sencicek,? Kaitlin E. Samocha,*5:5

A. Ercument Cicek,”-® Michael T. Murtha,® Vanessa H. Bal," Somer L. Bishop,' Shan Dong,® Arthur P. Goldberg, %"

Cai Jinlu,'%'" John F. Keaney IlI,2 Lambertus Klei,'* Jeffrey D. Mandell,’ Daniel Moreno-De-Luca,'*

Christopher S. Poultney,'%'" Elise B. Robinson,*5 Louw Smith," Tor Solli-Nowlan,'s Mack Y. Su,'® Nicole A. Teran,'”
Michael F. Walker,' Donna M. Werling,! Arthur L. Beaudet,'® Rita M. Cantor,'® Eric Fombonne,2° Daniel H. Geschwind,?’
Dorothy E. Grice,'" Catherine Lord,?2 Jennifer K. Lowe,?! Shrikant M. Mane,22 Donna M. Martin,2* Eric M. Morrow,2°
Michael E. Talkowski,2® James S. Sutcliffe,2” Christopher A. Walsh,22 Timothy W. Yu,2® Autism Sequencing Consortium,
David H. Ledbetter,2® Christa Lese Martin,2® Edwin H. Cook,*° Joseph D. Buxbaum,'®-'* Mark J. Daly,*% Bernie Devlin,'?
Kathryn Roeder,”:%" and Matthew W. State’:"

Neuron 87, 1215-1233, September 23, 2015

B 65 ASD genes, FDR <0.1
Synapse p =6x10'®
Neuron projection p=3x10'
Long-term potentiation p=2x10*
Src homology domain (SH3) p =6x10"
Postsynaptic density p=2x10"
Cytoskeleton p=2x10"
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Many of the genes are synaptic
AutismSeqguencing Consortiustudy
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Chromatin remodeling genes

Autism Sequencing Consortium study
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Background Effects Are A Major Facta
Influencing Risk Allele Expression



Moditying Behavioral Phenotypes in Fmr1KO Mice: Genetic
Background Differences Reveal Autistic-Like Responses

Corinne M. Spencer, Olga Alekseyenko, Shannon M. Hamilton, Alexia M. Thomas,
Ekaterina Serysheva, Lisa A. Yuva-Paylor, and Richard Paylor

Fragile X syndrome (FXS) is the most common inherited form of intellectual disability in humans. In addition to
cognitive impairment, patients may exhibit hyperactivity, attention deficits, social difficulties and anxiety, and autistic-
like behaviors. The degree to which patients display these behaviors varies considerably and is influenced by family
history, suggesting that genetic modifiers play a role in the expression of behaviors in FXS. Several studies have examined
behavior in a mouse model of FXS in which the Fmrl gene has been ablated. Most of those studies were done in Fmrl
knockout mice on a pure C57BL/6 or FVB strain background. To gain a better understanding of the effects of genetic
background on behaviors resulting from the loss of Fimrl gene expression, we generated F1 hybrid lines from female Finrl
heterozygous mice on a pure C57BL/6] background bred with male Fmrl wild-type (WT) mice of various background
strains (A/], DBA/2], FVB/N]J, 12951/SvIm] and CD-1). Male Fmrl knockout and WT littermates from each line were
examined in an extensive behavioral test battery. Results clearly indicate that multiple behavioral responses are
dependent on genetic background, including autistic-like traits that are present on limited genetic backgrounds. This
approach has allowed us to identify improved models for different behavioral symptoms present in FXS including
autistic-like traits.

Autism Research 4: 466, 2011



Influence of Genetic Background on Genetically
Engineered Mouse Phenotypes

Thomas Doetschman

Ralf Kuhn, WolfgandNurst(eds.),Gene Knockout Protocols: Second Edition, vol.;3&B-33

The history of mouse genetics, which involves the study of strain-dependent phenotype variability, makes it
clear that the genetic background onto which a gene-targeted allele 1s placed can cause considerable
variation in genetically engineered mouse (GEM) phenotype. This variation can present itselfas completely
different phenotypes, as variations in penetrance of phenotype, or as variable expressivity of phenotype. In
this chapter we provide examples from gene-targeting literature showing each of these types of phenotype
variation. We discuss ways in which modifier genes can affect the phenotype ofa mouse with a mutant gene,
and we give examples of modifier locus identitication. We also review approaches to minimize gene
polymorphism and flanking gene differences between experimental animals, and between them and their
controls. In addition, we discuss the advantages and disadvantages of performing the first analysis of a
knockout mouse on a mixed genetic background. We conclude that a mixed background provides the
quickest preview of possible strain-dependent phenotypes (1, 2). Finally, we review recent approaches to
improving genetic diversity by generating new inbred strains that encompass a broader range of alleles
within the mouse species.



Commentary Boenen cnos @) ASD

DSM-5 and Psychiatric Genetics — Round Hole, SYNGAP1 .
Meet Square Peg :
ARID1B . ID
Joseph D. Buxbaum
Biological Psychiatry May 1, 2015; 77:766-768 i ‘
ANK2 @
; SCZ
.o KDM58B
Combining data sets reveals mayenes.
Interestingly, some autism genes are not ID e
genes, some impact both, and some L3t POGZ P
SUV420H1
Will treatments developed for one disorder S
work for other disorders that shamgenes? GRIN28 CHD
Will treatment effect relatebroadly togene TBRY
category,egsynaptic versus chromatin —_—
remodelinggenes? Will treatments for
PTEN MCA

synaptic genes be very different from
treatments for chromatin remodeling genes? Is
the brain biology different in a fundamental
way or is there a common downstream
pathway?



Other News

A Excess of de novo loss of function genes

A Highest prevalenceoFmutations are: CHD5
(chromatin gene) and SCN2A (ion channel
gene} both have large downstream effects on
expression of hundreds to thousands of genes

A Two of latest findings: mutations disrupting
projection neurons between cortical and
subcortical structures anegome genes found
only in ID and some only in ASD and some In
both.



Rare Variants, Mouse Models, and the
Hunt ForNeurobiologicalBased Drugs

A ldentify an altered cellular mechanism for a relevant
pehavior/function in animal genetic model of ASD

A ldentify an agent that corrects that defect and behavior
A Clinical trials in humans with same genetic basis for ASD
Rare variant models:

A FMR1Xq27.3/Fragile X Syndrome/synaptic plasticity &
maturation/

A Shank®&2qg13/PhelanMcDermidSyndrome/synaptic
transmission/ insulidike growth factorl (IGF1)

A TSC1/9934, TSC2/16p1Fderous Sclerosis Associated
Neuropsychiatric Disorders (TANDSJORopathigsnTOR
signaling pathway/rapamycin




Induced Pluripotent Stem Cell Model

KCC2 rescues functional deficits in human neurons
derived from patients with Rett syndrome

Xin Tang®, Julie Kim?, Li Zhou®, Eric Wengert®, Lei Zhang® Zheng Wu®, Cassiano Carromeu®, Alysson R. Muotri®,
Maria C. N. Marchetto®, Fred H. Gage®', and Gong Chen®'

www. pnas.org/cgi/doi/10.1073/pnas. 1524013113

Rett syndrome is a severe form of autism spectrum disorder, mainly
caused by mutations of a single gene methyl CpG binding protein 2
(MeCP2) on the X chromosome. Patients with Rett syndrome exhibit
a period of normal development followed by regression of brain
function and the emergence of autistic behaviors. However, the
mechanism behind the delayed onset of symptoms is largely un-
known. Here we demonstrate that neuron-specific K*-U~ cotrans-
porter2 (KCC2) is a critical downstream gene target of MeCP2. We
found that human neurons differentiated from induced pluripotent
stem cells from patients with Rett syndrome showed a significant
deficit in KCC2 expression and consequently a delayed GABA func-
tional switch from excitation to inhibition. Interestingly, overexpres-
sion of KCC2 in MeCP2-deficient neurons rescued GABA functional
deficits, suggesting an important role of KCC2 in Rett syndrome. We
further identified that RE1-silencing transcriptional factor, REST, a
neuronal gene repressor, mediates the MeCP2 regulation of KCC2.
Because KCC2 is a slow onset molecule with expression level reach-
ing maximum later in development, the functional deficit of KCQ2
may offer an explanation for the delayed onset of Rett symptoms.
Our studies suggest that restoring KCC2 function in Rett neurons
may lead to a potential treatment for Rett syndrome.



Axonal Model of ASD Neurobiology

Kate McFadden & Nancy Minshew

Axonal Outgrowth/Pathfinding
SliYLRRs

A Preliminary reading oAGP
GWAS analyses showed ’i”;‘.l”“is

CNVsand association of S% % ok P SR

alleles with autism that are

proximate to genes of ey
Interest more than would F .
be expected bghance in:

I synaptic CAMS ] ,
I Leucinerich repeat (LRR) Synaptic CAMs
proteln genes Dendrite Morphology/Function Neurexins/Neuroligins
SHANK3 Cadherins
I variousmediators of axonal Reeiin oNTNS
microtubulestabilization Others CNTNAP2

A These are all known to
mediate axonal outgrowth,
stability,and targeting



Understanding the Cognitive Basis of
Behavior in ASD

A Defining a profile of deficits in higher order
abilities across domains that included sensory,
motor, & memory aspects

A Recognizing the implications of intact abilities
for local cortical connections

A To arrive at a distributed cortical systems
localization hypothesis that accounted for the
co-occurrence of manifestations as a syndrome




Neuropsychologic functioning 1in autism:

Profile of a complex information processing disorder

NANCY J. MINSHEW.! GERALD GOLDSTEIN.? aAND DON J. SIEGEL?>

'Department of Psychiatry, University of Pittsburgh School of Medicine, Pittsburgh, PA
Highland Drive VA Medical Center, Pittsburgh, PA

*Western Psychiatric Institute and Clinic, Pittsburgh, PA

Journal of the International Neuropsychological Society (1997), 3, 303-316.



Fundamental Impairments in Thinking

Have facts and details but:

A Their minds do not form an integrated schema
of what they mean, and they do not learn
from experience.

A52y Q0 dzy RSNBRUIF YR &KL
themselves, and have poor sense of self.

A52y Q0 dzy RSNR Ul YR 6KI
function in the world.

A Slow processors in a fast worithpaired
rapid, nonconscious automatic processes



for Adults
With ASD, Schizophrenia, Public School Childre

A Cognitive rehabilitation program

A Active ingredients: improved processing
speed, acquisition of perspective taking

A Targets core deficits

A Outcome is improved adaptive behavior
across life roles

A Imaging paradigms capture circuitry changes



Next Steps in This Intervention Development

A Define subgroups with specific challenges tha:
interfere with response to treatment

A Target these specific individual challenges

A Combine with other interventiongre, post,
or simultaneously



AA
AA
AA

Understanding the Neural Basis

terec
terec

terec

of Behavior in ASD

pattern of cortical activation
corticalcortical connectivity
corticalsubcortical connectivity



Review

Autism as a neural systems disorder: A theory of frontal-posterior
underconnectivity

Marcel Adam Just®*, Timothy A. Keller?, Vicente L. Malave?, Rajesh K. Kana®, Sashank Varma®
Neuroscience and Biobehavioral Reviews 36 (2012) 1292-1313



