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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 



 
5ǊΦ YǊƛǎǘŜƴ [ƛƴŘƎǊŜƴΩǎ LƴǘŜǊŜǎǘǎ ƛƴ !{5 

 ÅLarge phenotypic variability 

ÅGenetic underpinings 

ÅAltered cortical systems connectivity 

ÅHow this relates to symptoms 

ÅHow cortical systems might be targets for 
treatment 

ÅDevelopment of new interventions 

ÅThe way forward 



SUMMARY 

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

Å300-1,000 unidentified common variants at play 

Å71 rare variants implicate synaptic function and 
transcription/chromatin remodeling 

ÅGenetic background plays strong role in ASD risk 
gene expression 

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

ÅEqually broad cortical systems underconnectivity 

ÅCortical-cortical and cortical-subcortical connections 

 

 



SUMMARY 

ÅCognitive and neural profiles are consistent with 
disturbances in neuronal organizational events etc  

ÅBrain in ASD is plastic across the age span 

ÅEffective behavioral and cognitive rehabilitation 
interventions exist but not disseminated 

ÅThese interventions change neural systems 

ÅrTMS and tDCS likely to have significant role in 
combination with cognitive rehabilitation methods 

ÅBiologically based pharmacological strategies-WIPs 

 

 



Autism Spectrum Disorder (DSM-5) 

ÅAutism Spectrum Disorder is defined by 
underdevelopment (child-like state) of social, 
communication, emotion regulation, and 
conceptual/problem solving skills  

ÅAnd a major impairment in functioning in a 
dynamic world, e.g., impaired adaptive 
function 

ÅSyndrome is also defined by relative sparing or 
even enhanced basic skills in same domains as 
impairments 

 



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

ÅSocial 
ÅCommunication 
ÅProblem solving 
ÅEmotion regulation 
ÅReal world function 
 

Interventions designed for ASD will be 
broadly applicable in society. 



 ASD Prevalence: 1.5%- 2.9% 
Source Year Prevalence 

National Survey of 
/ƘƛƭŘǊŜƴΩǎ IŜŀƭǘƘ1 

2007 1/86 

CDC 14-site ADDM 
network2 

2008 1/88 

CDC 14-site ADDM 
network3 

2010 1/68 

National Survey of 
/ƘƛƭŘǊŜƴΩǎ IŜŀƭǘƘ4 

2011-2012 1/50 

South Korea5 2011 1/35 

National Survey of 
/ƘƛƭŘǊŜƴΩǎ IŜŀƭǘƘ6 

 

2014 1/45 



Å 1 Centers for Disease Control and Prevention, National Center 
for Health Statistics, State and Local Area Integrated 
¢ŜƭŜǇƘƻƴŜ {ǳǊǾŜȅΦ нллт bŀǘƛƻƴŀƭ {ǳǊǾŜȅ ƻŦ /ƘƛƭŘǊŜƴΩǎ IŜŀƭǘƘ 
Frequently Asked Questions. 

Å 2Prevalence of Autism Spectrum Disorders ς Autism and 
Developmental Disabilities Monitoring Network, 14 Sites, 
United States, 2008 

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

Å 4Centers for Disease Control and Prevention, National Center 
for Health Statistics, State and Local Area Integrated 
Telephone Survey. 2011-нлмн bŀǘƛƻƴŀƭ {ǳǊǾŜȅ ƻŦ /ƘƛƭŘǊŜƴΩǎ 
Health Frequently Asked Questions. April 2013. Available 
from URL: http://www.cdc.gov/nchs/slaits/nsch.htm  

Å 5YƛƳ ŜǘΦ ŀƭΦ άtǊŜǾŀƭŜƴŎŜ ƻŦ !ǳǘƛǎƳ {ǇŜŎǘǊǳƳ 5ƛǎƻǊŘŜǊǎ ƛƴ ŀ 
¢ƻǘŀƭ tƻǇǳƭŀǘƛƻƴ {ŀƳǇƭŜέ !ƳΦ WΦ tǎȅŎƘƛŀǘǊȅ нлммΥмсуΥфлп-912 

Å 6Centers for 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 

ÅParents with an autism fragment (BAP) 

Å¢ƘƻǎŜ ƛƴ ǘƘŜ ƎŜƴŜǊŀƭ ǇƻǇǳƭŀǘƛƻƴ ǿƛǘƘ ά.!tέ ƻǊ 
Asperger traits 

ÅThose who were raised in a traumatic 
environment or with maladaptive models 

ÅThose 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 and 
Problem Solving Skills 

 
ÅDementia generally and 

ÅFrontal temporal dementia in particular 

ÅTBI 



The Severity Spectrum 

Å50% have IQ scores >85  

ÅAnother 23% have IQ scores of 71-85 

ÅMany of these cases are not diagnosed until 
adolescence or adulthood- these cases 
account for rise in prevalence. 

ÅChances are you will miss their diagnosis- 
everyone else does. 

 





Abstract In a record-linkage 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% among 0-5, 6-12, 
13-17 and 18-27 year old. 





 
The ά{ŜŎƻƴŘ Iƛǘέ ƛǎ !ŘŀǇǘƛǾŜ .ŜƘŀǾƛƻǊ 

 
The circuitry that connects information into 
an integrated meaningful schema, relates it 
ǘƻ ƻƴŜΩǎ ǎŜƭŦ ŀƴŘ ǘƻ ŦǳƴŎǘƛƻƴ ƛƴ ŀ ŘȅƴŀƳƛŎ 

world accelerates in adolescence.   

 

Externally imposed structure helps children 
to function without these skills but is 

inadequate in adolescence and adulthood. 
 



Wide recognition of the ASD severity 
spectrum has led to recognition of 

the tremendous phenotypic 
variability that is independent of 

severity 

Large impact of background genetics, 
common variants and additive 

genetics are shedding light on this.   



Elimination of the PDDNOS category has revealed 
individuals with the social and non social cognitive 

deficits of ASD & low adaptive behavior scores 

Å5ƻƴΩǘ ƳŜŜǘ ŎǊƛǘŜǊƛŀ ƻƴ ŘƛŀƎƴƻǎǘƛŎ ƳŜŀǎǳǊŜǎ 
which are loaded for early developmental 
features and impairments in elementary 
mechanics of social interactions and language 

ÅThis group used to be captured clinically under 
the PDDNOS category (DSM-IV) but not well 

ÅSocial Communication Disorder is not a fit 



Requires Instrument Development, 
Much Work, and Future Revisions to 

Diagnostic Classification System 

 



Spectrum Has Major Implications  
For Treatment 

ÅBehaviorally based treatments for infants, 
toddlers, and preschoolers, and those with low IQ 
ÅCognitive rehabilitation treatments for those with 

language and IQ scores in normal range- in trial 
ÅNeural based approaches for all- άŜƳŜǊƎƛƴƎέ 
ÅNeurobiologically driven drug approaches- greatly 

needed for those with intellectual disability and 
little to no language- on the horizon 
ÅCombinations of the above, individualized, likely 

to be most effective- pending phenotyping 
advances and development of interventions 



Brain Systems in ASD Are Plastic, But  
Not in All and Not Enough 

ÅSeveral interventions have shown cortical 
systems repair in toddlers, preschoolers, and 
adults. 

ÅBehavioral and cognitive rehabilitation 
interventions have biological effects. 

ÅIs plasticity measureable to predict 
intervention outcome and can plasticity be 
amplified? 



Genetic Contributions to 
Understanding the Clinical Syndrome 



Here: 
Rare alleles with large effect size on risk for ASD 
Common variants with small effect size on risk 
 
Not Here: 
Rare variants with small effect- hard to detect 
Common variants with large effect size- natural 
elimination from gene pool in severe early life 
disorders 



Nature Genetics Vol. 46 No. 8 August 2014 



Discovery of Common Variants:  
49% of ASD Risk 

ÅConsortiums and sharing 

ÅGWAS 

Å1 identified so far 



 
Common Variants Associated With 
ASD Risk Identified So Far By GWAS 

 
Å1 based on sample of 7,000 with ASD 

ÅEstimated # in ASD:  300 or 1,000 

ÅIn schizophrenia, 108 common variants; 
sample of 25,000 affected and 25,000 controls 

ÅEffect of common variants on risk is additive. 
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Individuals with 

few risk alleles 

Individuals with 

many risk alleles 



Discovery of Rare Variants:  
3-6% of ASD Risk 

ÅGenetic diagnosis by microarray is uncommon 

ÅConsortiums and sharing 

ÅExome sequencing 

ÅIdentify autism risk genes 

ÅIdentify associated biological processes 

 



Rare Variants: Contributing to ASD Risk 

ÅThree large exome sequencing studies: ASC, 
SSC, ASC + SSC 

Å71 risk alleles in two clusters:   

ïSynaptic genes- long suspected (neurexin, 
neuroligin, contactinΧύ 

ïTranscriptional 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 







Many of the genes are synaptic  
Autism Sequencing Consortium study  



Chromatin remodeling genes  
Autism Sequencing Consortium study 



Background Effects Are A Major Factor 
Influencing Risk Allele Expression 



Autism Research 4: 40ς56, 2011 



Ralf Kuhn, Wolfgang Wurst (eds.), Gene Knockout Protocols: Second Edition, vol. 350; 423-33 



Will treatments developed for one disorder 
work for other disorders that share genes? 
Will treatment effect relate broadly to gene 
category, eg synaptic versus chromatin 
remodeling genes? Will treatments for 
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? 

Combining data sets reveals more genes. 
Interestingly, some autism genes are not ID 
genes, some impact both, and some just ID. 



Other News 

ÅExcess of de novo loss of function genes 

ÅHighest prevalence LoF mutations are: CHD5 
(chromatin gene) and SCN2A (ion channel 
gene)- both have large downstream effects on 
expression of hundreds to thousands of genes 

ÅTwo of latest findings:  mutations disrupting 
projection neurons between cortical and 
subcortical structures and -some genes found 
only in ID and some only in ASD and some in 
both. 



Rare Variants, Mouse Models, and the 
Hunt For Neurobiologically Based Drugs 

ÅIdentify an altered cellular mechanism for a relevant 
behavior/function in animal genetic model of ASD 

ÅIdentify an agent that corrects that defect and behavior 

ÅClinical trials in humans with same genetic basis for ASD.   

Rare variant models:  

ÅFMR1/Xq27.3/Fragile X Syndrome/synaptic plasticity & 
maturation/ 

ÅShank3/22q13/Phelan-McDermid Syndrome/synaptic 
transmission/ insulin-like growth factor-1 (IGF-1) 

ÅTSC1/9q34, TSC2/16p13.3/Tuberous Sclerosis Associated 
Neuropsychiatric Disorders (TANDs)/mTORopathies/mTOR 
signaling pathway/rapamycin 

 





Axonal Model of ASD Neurobiology 
Kate McFadden & Nancy Minshew 

ÅPreliminary reading of AGP 
GWAS analyses showed 
CNVs and association of SNP 
alleles with autism that are 
proximate to genes of 
interest more than would 
be expected by chance in:  
ïsynaptic CAMS 
ïLeucine rich repeat (LRR) 

protein genes 
ïvarious mediators of axonal 

microtubule stabilization 

ÅThese are all known to 
mediate axonal outgrowth, 
stability, and targeting.  



Understanding the Cognitive Basis of  
Behavior in ASD 

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

ÅRecognizing the implications of intact abilities 
for local cortical connections 

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

 





Fundamental Impairments in Thinking 

Have facts and details but: 

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

Å5ƻƴΩǘ ǳƴŘŜǊǎǘŀƴŘ ǿƘŀǘ ŦŀŎǘǎ ƳŜŀƴ ŀōƻǳǘ 
themselves, and have poor sense of self. 

Å5ƻƴΩǘ ǳƴŘŜǊǎǘŀƴŘ ǿƘŀǘ ŦŀŎǘǎ ƳŜŀƴ ŀōƻǳǘ 
function in the world.  

ÅSlow processors in a fast world- impaired 
rapid, nonconscious automatic processes 

 



Cognitive Enhancement Therapy (CET) for Adults 

With ASD, Schizophrenia, Public School Children 

ÅCognitive rehabilitation program  

ÅActive ingredients:  improved processing 
speed, acquisition of perspective taking 

ÅTargets core deficits 

ÅOutcome is improved adaptive behavior 
across life roles 

ÅImaging paradigms capture circuitry changes 



Next Steps in This Intervention Development 

ÅDefine subgroups with specific challenges that 
interfere with response to treatment 

ÅTarget these specific individual challenges 

ÅCombine with other interventions- pre, post, 
or simultaneously 



Understanding the Neural Basis 
of Behavior in ASD 

ÅAltered pattern of cortical activation 

ÅAltered cortical-cortical connectivity 

ÅAltered cortical-subcortical connectivity 




