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Part 1. The Clinical Syndrome 

“If you know one person with autism, 
you know one person with autism.” 

Heterogeneity is the rule.  



Hallmarks of ASD 

• Perceived as odd or strange 

• Often expressionless face or one expression 

• Poor use of eye contact for communication 

• Focus on details or facts but poor concepts 

• Poor common sense, poor abstraction 

• Obsessions/special interests with focus on 
details or facts/don’t get big picture 

• To them, we are illogical, erratic and scary 

 

 

 

 



Autism Spectrum Disorder (DSM-5) 

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

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

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

 



DSM-5 Criteria for ASD 

A. Persistent deficits in social communication and 
social interaction across multiple contexts 

 1. Deficits in social-emotional reciprocity 

 2. Deficits in nonverbal communicative behaviors 
 used for social interaction 

 3. Deficits in developing, maintaining, and 
 understanding relationships 



DSM-5 Criteria for ASD 

B. Restricted, repetitive patterns of behavior, interests, 
or activities (at least two of the following) 

 1. Stereotyped or repetitive motor movements, 
 use of objects, or speech 

 2. Insistence on sameness, inflexible adherence 
 to routines, or ritualized patterns of verbal or 
 nonverbal behavior  

 3. Highly restricted, fixated interests that are 
 abnormal in intensity or focus 

 4. Hyper- or hypo-reactivity to sensory input or 
 unusual interest in sensory aspects of the
 environment 



Co-Morbidity 

70% of those with ASD have one psychiatric 
disorder and 40% have two or more: 

ADHD 

Developmental coordination disorder 

Anxiety disorder 

Depressive disorder 

Specific learning disabilities (literacy, numeracy) 

Epilepsy, sleep problems, and GI problems 

 



 Earliest differences are subtle- involve sensory & 
motor behaviors (information integration delays) 

 Socially normal at 6 months 

 “Associated symptoms” are integral-irritability, 
sensory responsivity, activity level, poor gross motor 
development 

 “These findings do not support the view that 
autism is primarily a social-communicative 
disorder and instead suggest that autism disrupts 
multiple aspects of development rather 
simultaneously.”                        Sally Rogers, 2009 

 

Infant Sibs Research Confirms A Broad Range 

of Biologically Related Impairments in ASD 



The Severity Spectrum 

• 50% have IQ scores >85  

• Another 23% have IQ scores of 71-85 

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

• Chances are you will miss their diagnosis- 
everyone else does. 

 



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

• Social 
• Communication 
• Problem solving 
• Emotion regulation 
• Real world function 
 

Interventions designed for ASD will be 
broadly applicable in society. 



 ASD Prevalence: 1.5%- 2.9% 
Source Year Prevalence 

National Survey of 
Children’s Health1 

2007 1/86 

CDC 14-site ADDM 
network2 

2008 1/88 

CDC 14-site ADDM 
network3 

2010 1/68 

National Survey of 
Children’s Health4 

2011-2012 1/50 

South Korea5 2011 1/35 

National Survey of 
Children’s Health6 

 

2014 1/45 



• 1 Centers for Disease Control and Prevention, National Center 
for Health Statistics, State and Local Area Integrated 
Telephone Survey. 2007 National Survey of Children’s Health 
Frequently Asked Questions. 

• 2Prevalence of Autism Spectrum Disorders – Autism 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 
Telephone Survey. 2011-2012 National Survey of Children’s 
Health Frequently Asked Questions. April 2013. Available 
from URL: http://www.cdc.gov/nchs/slaits/nsch.htm  

• 5Kim et. al. “Prevalence of Autism Spectrum Disorders in a 
Total Population Sample” Am. J. Psychiatry 2011:168:904-912 

• 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 
 
 



Prevalence Estimates Do Not Include: 

• Those with a fragment of ASD 

• Those with functional social, communication 
and reasoning impairments due to abuse, 
violence, poor models, poverty, etc 

• Those with social cognitive and non-social 
cognitive deficits but intact basic abilities- 
they are missed on usual autism measures 
and there is no real diagnostic category for 
them now.   





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 “Second Hit” is Adaptive Behavior 

 
The circuitry that connects information into 
an integrated meaningful schema, relates it 

to one’s self and to function in a dynamic 
world accelerates in adolescence.   

 

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

inadequate in adolescence and adulthood. 
 



Applying This To Behavior & Care 

 



Children are simpler than adolescents 
and life for them is simpler 

• Clear rules and authority structure that they 
respect, value and conform to or try to 

• Children value these rules and the opinion of 
their teachers 

• They are child-like in their hearts and spirits 

• They have yet to develop the cognitive capacity 
or desire for deception, manipulation, or 
retaliation, or they usually choose not to 

• In the ideal world, these things are true. 



Life gets much more complicated 
and real world-like in adolescence  

• Adolescence is a time of greatly increasing 
social, emotional and cognitive demands 

• Students with ASD do not have the typical 
growth in advanced social, emotional and 
thinking skills that other students do 

• But you will see impaired social, emotional, 
communication and problem solving skills for 
different reasons in many non-ASD students 

 



Autism is Really 

• A disorder of those abilities most unique to 
humans 

• It is ultimately therefore a disorder of adaptive 
function 



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 

• Don’t meet ASD criteria on diagnostic measures 
which are loaded for early developmental 
features and impairments in the elementary 
mechanics of social interactions and language 

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

• Social Communication Disorder is not a fit 



Requires Instrument Development, 
Much Work, and Future Revisions to 

Diagnostic Classification System 

 



Deficits Underlying Symptoms 
• Social ( reciprocity, ToM, perspective-taking, social cognition) 
• Formal language, semantic pragmatic language, nonverbal language  
• Emotion regulation (perception in others and self, names, regulation, cognition) 
• Executive function 
• Abstraction (rule-learning, concept formation) 
• Prototype learning/generalization 
• Learning from experience 
• Automatic versus conscious processing 
• Processing speed 
• Motor learning, motor praxis, motor coordination, motor speed 
• Postural control (multi-sensory integration) 
• Sensory processing disturbances 
• Adaptive function (deficit in its own right) 
 
Overall characteristic of all these impairments:  lack of integration of elementary 
features or input to form higher order schema that support comprehension, 
learning/wisdom and adaptive function AND dependence on cortical systems 
 



Long List of Deficits Categorized by 
Clinical Domain- Problem List Approach 

• I find it more useful to think in terms of 
altered information processing that is present 
across all domains- from motor and sensory to 
memory and learning to reasoning and social 

• This construct of altered information 
processing makes it easier to think about what 
the person does not know but needs to know 
in order to function well and appropriately 



Another dimension: Understanding 
what information means about and to 

themselves 

• Brain imaging studies show that people with 
ASD lack a brain representation of “self” 

• Social interactions, like hugging others or 
being hugged, are facts about the external 
world but not ones they experience in relation 
to themselves and to others. 



PLoS ONE 9(12): e113879. 
doi:10.1371/journal.pone.0113879 



PLoS One. 2014; 9(12) 
Published online 2014 Dec 2 



Recurring Patterns in their Behavior 
Resulting From Their Choices  

• Often do not recognize the connection 
between their choices of words and actions 
and outcomes 

• Often do not appreciate that there are 
consistent patterns across situations that lead 
to undesirable/desirable outcomes 

• Short journal entries as a way to insight 

• Pictures (visual format) may help 



Motivation To Change 

• For a child, rules or authority may work; for 
adolescents, it is up to them to choose change. 

• Life can go better for them. 
• If they continue to think and do things in the 

same way, the outcome will continue to be the 
same. 

• If they would like life to have better outcomes for 
them, they will need to learn to think and act in 
new ways. 

• They can do this.  It is a process not an event. 
• Challenge: it is hard to see patterns in a complex 

society where the behavior of others can obscure 
relationships between behavior and outcome.  



Empowerment 

• As long as people with ASD see themselves as 
victims, they see themselves as powerless.  

• If they can come to see and experience that 
they can do things to take care of themselves 
and determine their outcomes, they are 
empowered and powerful.  This is a life 
changer. 

 



 
Adult Outcomes in ASD  

Howlin et al 2004; Mazefsky & White, 2014 

 
• Limited data- that’s a problem! 

• Poor for majority with low IQ in terms of 
living independently, jobs, and significant 
social relationships 

• 10 participants with IQ >70: did better than 
low IQ people with ASD but outcome highly 
variable and not predictable by IQ score. Lack 
of a job and low paying jobs very limiting. 



For Severely Impaired 

• Interventions not changing severity 

• Treat complications or challenging behavior 

• Always consider alternate form of 
communication periodically; never know what 
they understand. 

• Hope is ultimately on biologically based 
treatments that can change structural and 
functional connectivity of the brain. 

 



Spectrum Has Major Implications  
For Treatment 

• Behaviorally based treatments for infants, 
toddlers, and preschoolers, and those with low IQ 

• Cognitive rehabilitation treatments for those with 
language and IQ scores in normal range- in trial 

• Neural based approaches for all- “emerging” 
• Neurobiologically driven drug approaches- greatly 

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

• Combinations 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 

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

• Behavioral and cognitive rehabilitation 
interventions have biological effects. 

• Is plasticity measureable to predict 
intervention outcome and can plasticity be 
amplified? 



Part 2. The Science 



Understanding Autism: The Basic 
Architecture of Its Cause, Emerging 

New Treatments & Challenges 

Finding New Treatments That Target 
Different Levels of the 

Pathophysiology 



Conflict of Interest Disclosure 

• No financial conflicts 

• I am a member of the Autism Sequencing 
Consortium (ASC) as a contributor of samples 

• My genetic colleagues in Pittsburgh are Dr. 
Bernie Devlin and Dr. Kathryn Roeder 
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• Rajesh Kana 
• Marlene Behrmann 
• John Sweeney 
• Beatrix Luna 
• Joseph Furman 
• Diane Williams 
• Gerald Goldstein 
• Mark Strauss 
     * intervention development 



 
Topics 

 • Large phenotypic variability 

• Genetic underpinings 

• Altered cortical systems connectivity 

• How altered connectivity relates to symptoms 

• How cortical systems might be targets for 
treatment 

• Development of new interventions 

• The way forward 



SUMMARY 

• Clinical syndrome marked by much phenotypic 
variability now understandable based on genetics & 
on variability inherent to humans 

• 300-1,000 unidentified common variants at play 

• 71 rare variants so far implicate synaptic function 
and transcription/chromatin remodeling 

• Genetic background plays a strong role in ASD risk 
gene expression 

• Selective impact on higher order abilities across 
domains, AND poor adaptive function 

• Equally broad cortical systems underconnectivity 

• Cortical-cortical and cortical-subcortical connections 

 

 



SUMMARY 

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

• Brain in ASD is plastic across the age span 

• Effective behavioral and cognitive rehabilitation 
interventions exist but NOT enough data and not 
disseminated 

• These interventions change neural systems 

• rTMS and tDCS likely to have significant role, in 
combination with cognitive rehabilitation methods 

• Biologically based pharmacological strategies-WIPs 

 

 



Genetic Contributions to 
Understanding the Clinical Syndrome 



Find ASD Risk Genes 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- 
eliminated from gene pool in severe early life 
disorders 



Nature Genetics Vol. 46 No. 8 August 2014 



Discovery of Common Risk Variants:  
49% of ASD Risk 

• Consortiums and sharing 

• GWAS 

• 1 identified so far 



 
Common Variants Associated With 
ASD Risk Identified So Far By GWAS 

 
• 1 based on sample of 7,000 with ASD 

• Estimated # in ASD:  300 or 1,000 

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

• Effect of common variants on risk is additive. 

 

 



24 JULY 2014 | VOL 511 | NATURE 

Individuals with 

few risk alleles 

Individuals with 

many risk alleles 



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

• Genetic diagnosis by microarray is uncommon 

• Consortiums and sharing 

• Exome sequencing 

• Identify autism risk genes 

• Identify associated biological processes 

 



Rare Variants: Contributing to ASD Risk 

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

• 71 risk alleles in two clusters:   

– Synaptic genes- long suspected (neurexin, 
neuroligin, contactin…) 

– 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 







Many of the genes are synaptic  
Autism Sequencing Consortium study  



Chromatin remodeling genes  
Autism Sequencing Consortium study 



Axonal Model of ASD Neurobiology 
Kate McFadden & Nancy Minshew 

• Preliminary 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:  
– synaptic CAMS 
– Leucine rich repeat (LRR) 

protein genes 
– various mediators of axonal 

microtubule stabilization 

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



Background Effects Are A Major Factor 
Influencing Risk Allele Expression 



Autism Research 4: 40–56, 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 

• Excess of de novo loss of function genes 

• Highest 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 

• Two 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 

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

• Identify an agent that corrects that defect and behavior 

• Clinical trials in humans with same genetic basis for ASD.   

Rare variant models:  

• FMR1/Xq27.3/Fragile X Syndrome/synaptic plasticity & 
maturation/ 

• Shank3/22q13/Phelan-McDermid Syndrome/synaptic 
transmission/ insulin-like growth factor-1 (IGF-1) 

• TSC1/9q34, TSC2/16p13.3/Tuberous Sclerosis Associated 
Neuropsychiatric Disorders (TANDs)/mTORopathies/mTOR 
signaling pathway/rapamycin 

 





ASD Is A Behaviorally Defined Syndrome: 
Defining the Cognitive Basis of Behavior 

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

• Recognizing the implications of intact abilities for 
local cortical connections 

• This profile conforms to the underlying cause 
• Arrive at a distributed cortical systems localization 

that accounts neurologically for the co-occurrence 
of all manifestations as a syndrome 

 





 Cognitive Weaknesses 

 

•  Complex Sensory 

•  Complex Motor 

•  Complex Memory 

•  Complex Language 

•  Concept-formation 

•  Face Recognition 

The Profile of Intact & Impaired Abilities in 

High Functioning Autistic Individuals 

Intact or Enhanced 

•  Attention 

•  Sensory Perception 

•  Elementary Motor 

•  Simple Memory 

•  Formal Language 

•  Rule-learning  

•  Visuospatial processing 



Typical Group Autism Group 

fMRI Activation During a Spatial 

Working Memory Task  (Courtesy John Sweeney) 



> > 

> > 

= = 

Dual task performance deficit in autism; 
(but matched performance in single task conditions)  

Garcia-Villamisar & Della Sala, 2002 Cognitive Neuropsychiatry 



Fundamental Impairments in Thinking 

Have facts and details but: 

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

• Don’t understand what facts mean about 
themselves, and have poor sense of self. 

• Don’t understand what facts mean about 
function in the world.  

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

 



Cognitive Enhancement Therapy (CET) for Adults 

With ASD, Schizophrenia, Public School Children 

• Cognitive rehabilitation program  

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

• Targets core deficits 

• Outcome is improved adaptive behavior 
across life roles 

• Imaging paradigms capture circuitry changes 



Next Steps in This Intervention Development 

• Define subgroups with specific challenges that 
interfere with response to treatment 

• Target these specific individual challenges 

• Combine with CET 

• Explore direct brain stimulation in 
combination with CET or other clinical 
intervention 



Understanding the Neural Basis 
of Behavior in ASD 

• Altered pattern of cortical activation 

• Altered cortical-cortical connectivity 

• Altered cortical-subcortical connectivity 



Evidence for atypical “processing style” in autism 

driven by reduced frontal-posterior connectivity 

• Increased reliance in language on word level processing and 

decreased reliance on integrative processing, manifested as 

 Decreased frontal (Broca's) and increased posterior 

(Wernicke's) activation (Just et al., 2004) 

• Increased visual coding and decreased verbal coding of verbal 

symbols  

 Manifested as less frontal and more occipito-parietal activation  

in verbal working memory tasks (e.g., Koshino et al., 2005) 

• Increased reliance on visual imagery in language comprehension 

 Manifested as increased activation in imagery-related parietal 

areas (Kana et al., 2006) 

• Increased visual and decreased social processing of faces 

 Manifested as less frontal and right superior temporal 





Lower Functional Connectivity in Many Domains  

• Reduced frontal-parietal functional connectivity in autism occurs 

in a number of higher cognitive functions, such as   

 Sentence comprehension (Just et al., 2004) 

 problem solving (Just et al., 2007) 

 language comprehension (Kana et al., 2006) 

 response inhibition (Kana et al., 2007)  

 working memory (Koshino et al., 2005) 

 Theory of Mind (Mason et al., 2008; Kana et al., 2015) 

 

• Reduced functional connectivity in autism between frontal and 

posterior areas even during resting-state (Cherkassky et al., 2006) 

 

For complete list, go to Marcel Just’s website at Carnegie Mellon U. 





Altered Cortical-Subcortical Connectivity 





Decomposing Deficits Into  
Component Systems 

• Help account for individual variability- the 
same behavior may have different bases in 
different individuals and in the same 
individual in different contexts 



Published online before print June 17, 2013, doi: 10.1073/pnas.1302982110  
PNAS June 17, 2013  





Direct Brain Stimulation 

• tDCS 

• rTMS 

 









SUMMARY 

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

• 300-1,000 unidentified common variants at play 

• 71 rare variants implicate synaptic function and 
transcription/chromatin remodeling 

• Genetic background plays strong role in ASD risk 
gene expression 

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

• Equally broad cortical systems underconnectivity 

• Cortical-cortical and cortical-subcortical connections 

 

 



SUMMARY 

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

• Brain in ASD is plastic across the age span 

• Effective behavioral and cognitive rehabilitation 
interventions exist but not disseminated 

• These interventions change neural systems 

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

• Biologically based pharmacological strategies-WIPs 

 

 


