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Key Features of Autism

1. Impaired social reciprocity
2. Impaired social communication
3. Repetitive, stereotyped interests & behavior
4. Onset in first 2-3 years of life
Q:   Is the constellation inherent in a cohesive 

syndrome or is it an artifact of diagnostic 
practice?

Courtesy of Michael Rutter “Autism: Clinical features and research challenges”



Some Key Clinical Features of Autism

1.  Marked male preponderance (3-4:1) BUT
this applies to most neurodevelopmental disorders

2. Association with intellectual impairment BUT 
IQ range extends from severely impaired to superior
3.  Association with epilepsy in 25-33% with onset 

in adolescence
4.  Association with increased head circumference
Courtesy of Michael Rutter “Autism: Clinical features and research challenges”



Some Biological Features of Autism

1. Raised serum serotonin in 30% but nonspecific
2. No consistent or marked response to psychotropics
3. Very limited generalization of responses to 

psychological interventions
4. Brain imaging: no localized abnormality, rather an 

impaired integration across systems
5. No consistent neuropathological pattern except findings 

suggest prenatal origin

Courtesy of Michael Rutter “Autism: Clinical features and research challenges”



Medical Associations

• Association with some diagnosable medical 
condition in at least 10% of cases

• Strongest association with tuberous sclerosis but 
largely a function of location of tubers, low IQ and 
epilepsy

• Definite, but weak association with fragile X 
anomaly

Courtesy of Michael Rutter “Autism: Clinical features and research challenges”



Some Genetic & Related Features

1. Marked increase in familial risk (50x)
2. Heritability circa 90%, 3-12 genes involved
3. Increased rate of chromosomal anomalies (but 

diagnostically nonspecific)
4. Increased rate of congenital anomalies but apart from ch

15, nonspecific
5. Association with increased parental age
6. Increase in copy number variations
Courtesy of Michael Rutter “Autism: Clinical features and research challenges”



Pathophysiologic sequence of a 
neurodevelopmental disorder

Abnormalities in Genetic Code for Brain 
Development

Abnormal Mechanisms of Brain Development

Structural and Functional Abnormalities of Brain

Cognitive & Neurologic Abnormalities

Behavioral Syndrome



Developmental Processes

• Organogenesis 
• Neuronal proliferation
• Glial proliferation, migration
• Neuronal migration
• Neuronal organization
• Myelination



Top 10 Autism Research Events 
of 2007

Autism Speaks

Courtesy of: 
http://www.autismspeaks.org/science/science_news/top_ten_autism
_research_events_2007_main.php



The Top 10 of 2007
1. Spontaneous Mutations: Increased rate of “de 

novo” copy number variations: submicroscopic 
deletions or duplications of DNA sequences. 
More common in simplex than multiplex 
families. Opened door to two genetic 
mechanisms: inherited gene mutations and 
spontaneous copy number mutations- instability 
in replication of DNA

2.  Potential reversal of  Neurodevelopmental 
Disorders (in Fragile X, Rett & Angelman
Syndromes) in adult mice 



The Top 10 continued…
3. Autism Genome Project (AGP): largest genetics 

consortium, launched in 2004, largest study ever 
conducted to find the genes associated with risk 
of developing autism. 50 academic and research 
institutions from 19 countries, pooled resources 
and used DNA microarray to scan the human 
genome for genetic causes of autism; first 
analyses made public in 2007. Nature Genetics 
2007. Chromo 2, 7, and 11 plus linkage signals 
only present in girls, identification of a specific 
candidate gene neurexin, associated with copy 
number variation



The Top 10 continued…
4. First drug approved by FDA to treat 

symptoms associated w/ autism; Risperdal
5. PTEN conditional knock out mice display 

enlarged brains and social behavioral 
deficits: PTEN interacts with several 
proteins in a signaling cascade that are 
tied to tuberous sclerosis and 
neurofibromatosis. 17% of individuals 
with autism & macrocephaly had PTEN 
gene. KO mice raises rescue possibilities.



The Top 10 continued…
6. Mouse models of genes associated with 

autism in humans: neuroligin-3 gene 
mouse model: mouse has deficits in social 
behaviors and an increased ability for 
spatial learning 

7. Functional connectivity: neural deficits not 
in a single structure but in wiring that 
networks that connect different parts of 
brain.



The Top 10 continued…
8. Discovery of rare families with SHANK3 

gene mutations added further evidence to 
synaptic dysfunction hypothesis. Codes 
for synapse formation & maintenance. It 
also interacts with neuroligins and 
neurolexins. 

9. Lack of response to name at one year is one 
of earliest signs of autism; signs of autism 
can be identified at 14 mos in half of cases



The Top 10 continued…
10. Parental age (paternal or maternal or both) 

is related to but not necessarily the cause 
of increased risk of autism. Perhaps not 
unlike the case with Down syndrome.  



Transforming Findings
1. Autism as a disorder of complex 

information processing
2. Autism as a disorder of connectivity
3. Autism as a disorder of dysregulated

growth of the cerebral hemispheres-gray 
and white matter but not cc

4. CNV in simplex; synapses related genes 
in multiplex families







Basis

• Genome-wide linkage scans have implicated 2q, 
7q, 15q, 17q. 

• “Screened these regions for genes associated with 
neural development as well as other domains 
potentially affected in autism (e.g. G.I., PNS, and 
immune system)”.

• Based on these criteria, identified MET as possible 
candidate gene.

• (Actually extensive previous interest in the ligand 
for this gene).
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MET/HCG

Comoglio 2001



MET/HCG

• Tumors
– Invasive growth
– Metastatic ability
– Angiogenesis

• Development
– Branched epithelial tubular structures
– Myoblast migration



CNS Development

• Expression:
– HGF neuroepithelium of telencephalon, ependyma, 

CA3-4.
– MET cortical and subcortical plate, septal neurons, 

CA1.
– Olfactory bulb

• Functional Studies:
– Specification of certain cortical neuronal populations
– Development of cortical pyramidal dendrites
– Interneuron migration (uPAR -/- mice)
– Cerebellar granule cell development/migration



Implications

• Common functional variant in the promoter of the 
MET gene.

• One large-scale, rigorous study showing a 
significant association between this functional 
variant and narrowly defined autism.

• If replicated, will be a clear advance in autism 
genetics – understanding of genetic susceptibility.

• Is a correlation between the range of 
manifestations in autism and range of biological 
processes involving MET/HGF.





Conclusions

• HGF promotes a generalized increase in growth 
and branching in both basal and apical dendrites in 
layer 2 pyramidal cortical neurons.

• Acts through MET receptor expressed by these 
neurons.

• Both expressed in cortical plate by E14:
– HGF layers 4 and 5
– MET layers 2, 3, 4, and 5



Conclusions
• Genes involved in autism vulnerability are 

likely to be involved in multiple biologic 
processes both within and outside of the CNS.

• Neuropathologic abnormalities observed in 
autistic individuals are consistent with many of 
the processes involving MET/HGF.



Healthy GroupHealthy Group Autism GroupAutism Group

fMRI Activation During a Spatial
Working Memory Task (Courtesy John Sweeney)



Brain activation during 
sentence comprehension 

in autism In Brain, 2004

Autism group has less 
activation in Broca’s area
• (a sentence integration area)
than the control group and 
more in Wernicke’s area
• (a word processing area)
Results are consistent with 
poorer comprehension of 
complex sentences, coupled 
with good word reading 
(spelling bee champs)



Reliably lower functional 
connectivity for autism 

participants between 
pairs of key areas during 
sentence comprehension 
(red end of scale denotes 

lower connectivity)



Functional Connectivity
The activation in two cortical areas can be less synchronized (upper 

panel) or more synchronized (lower panel) for different people



Reliable differences 
in functional 
connectivity: autism 
group has lower 
functional 
connectivity but 
same rank order



Marcel Just
Nancy Minshew
Tim Keller 
Vlad Cherkassky
Rajesh Kana

Just et al., 2006 [Epub ahead of print], Cereb Cortex

Functional Underconnectivity:
fMRI of the Tower of London 





What are the 
brain systems 
involved in 
representing the 
actions and 
intentions of other 
people?
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Neurotypical Autism

Pelphrey et al. (2005) Brain

R2 = 0.7683
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Typically DevelopingAutism

Pelphrey et al. (2002); 
Journal of Autism and 

Developmental 
Disorders
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