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• Utility of genetic risk for informing pathogenesis or 
pathophysiology?

• Basic and clinical studies inform each other for 
understanding disorder heterogeneity?

Topics to Frame the Talk

KannerKanner’’s/Aspergers/Asperger’’ss ViewsViews

 Emphasis on the social problemsEmphasis on the social problems

 Emphasis on the bizarre language & interests Emphasis on the bizarre language & interests 

 Emphasis on defective common senseEmphasis on defective common sense

 Emphasis on the uneven cognitive skills, Emphasis on the uneven cognitive skills, 
especially superior memory and remarkable ability especially superior memory and remarkable ability 
in limited domainsin limited domains

 Neither clear on causation, both inclined in the Neither clear on causation, both inclined in the 
direction of direction of ‘‘innateinnate’’ problemproblem

The Autisms – Heritability of Risk ~.9



“The eleven children (eight boys and three girls) whose 
histories have been briefly presented offer, as is to be 
expected, individual differences in the degree of their 

disturbance, the manifestation of specific features, the family 
constellation, and the step-by-step development in the 

course of years.” ----- Kanner, Nerv. Child 2:217-250 (1943)

Geschwind, Ann Rev Med (2009)

Variety of Co-Occurring Medical Conditions

How will we sort through the well-recognized disorder 
heterogeneity to implement ‘individualized’ best 

practices?



Geschwind, Ann Rev Med (2009)

A Complex Spectrum – A Complex Set of Risk/Causal Factors 

Bill &Geschwind 2009

But The Neurobiology Will be Complex

* association studies
= syndromes w/ASDl Levitt and Campbell, JCI 2009

Campbell et al, 2006; 2008
Sousa et al, 2008
Jackson et al, 2009
Marshall et al, 2008 (CNVs)
Thanseem et al 2010

Genetic Studies

* association studies (>1000 families)
= syndromes/CNV w/ASD

The Risk Gene MET Is Part of a Complex Biological Pathway 
Implicated in Many Autisms



Strategies for Addressing the Heterogeneity of the Autisms

restricted interests & 
repetitive behaviors

Autism

What is the genetic contribution to disorder heterogeneity?

Campbell et al, PNAS 103:16834-39 (2006)

MET – A Common Variant – Distinguishes Risk in Families 
With More Than One Child With ASD



Multiplex-Simplex Distinctions with Broader Phenotypes

Losh et al Am J Med Gen (2008)

Can We Use Genetic Risk, Combined With 
Functional Measures That Will Help Stratify 

Subgroups?

One approach to sort through complexity - test associations of a 
second variable (i.e. genetic variation) with individual phenotype 
scores (ADI-R, ADOS) and quantitative trait measures (SRS), or 
other phenotypic measures (e.g. language, mental health, medical)



•SLC6A4 – ASD &Obsessive Compulsive Disorder (Mulder et al, 2005; Sutcliffe et 
al, 2005)

•CNTNAP2 – ASD &Language Delay (Alcarcon et al, 2008)

Two Examples

Campbell et al, Am J Med Gen B 153 (2010)

AGRE Families - Stratification Analyses of MET

Campbell et al, Am J Med Gen B 153 (2010)

MET Risk Variant – Associated with all SRS Subscales



Campbell et al, Am J Med Gen B 153 (2010)

22/24 phenotype scores 

Frazier factor analysis replication

MET Risk Variant – Associated with almost  all ADI-R Subscales

Conclusions

•MET is associated with a broad array of features in social & 
communication  domains, as measured by standard diagnosis 
instruments

•The broad associations using these instruments don’t provide 
utility in understanding clinical heterogeneity

•This may reflect a strength in using the instruments for 
diagnosis of an ASD, but a weakness to categorize differences 
between children

How About Stratifying Based On 
Biological Factors



Geschwind, Ann Rev Med (2009)

Variety of Co-Occurring Medical Conditions

Today’s Magic Word

Pleiotropy

MET is expressed in the developing Gastrointestinal (GI) System

Kermorgant et al. 
Gastroenterology 1997

GW9.5 human esophagus

Embryonic Mouse Gut (e15.5)

Julie Wu and P Levitt, unpublished



In Experimental Models, MET Can Help Repair the 
Damaged Gastrointestinal Tract

Tahara et al. J Pharm Exp Ther 2003

In many neurodevelopmental disorders, increased (or 
reduced) risk for other medical conditions is common –
because each gene that impacts risk also happens to be 

important in more than one developmental process.

Working Hypothesis: Disrupting MET Function 
Contributes  to the Disorder Pathogenesis Uniquely in 

Children with ASD & GID

GID In ASD

Social reciprocity Communication

Restricted interests
Repetitive behaviors



MET — ASD — GID

Tummy Troubles

Phil Gorrindo, MD/PhD student
Levitt Lab

Presence of GI symptoms in AGRE sample –
Parent reports available on 214 families

Campbell et al, Pediatrics123 2009

Majority of Individuals With ASDs In the Report 
Have Constipation and Diarrhea

After Campbell et al, Pediatrics 
123, 2009

n = 42121 44 59
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Ibrahim et al, Pediatrics 124 (2009)

Olmstead, MN Epidemiological Study – Replication

Ibrahim et al, Pediatrics 124 (2009)

But a Puzzling Conclusion……

“As constipation and feeding issues/food selectivity often 
have behavioral etiology, data suggest that a neurobehavioral 

rather than a primary organic gastrointestinal etiology may 
account for the higher incidence of these gastrointestinal 

symptoms in children with autism.”

MET Risk Allele: Enrichment in ASD+GID AGRE Families

Campbell et al, Pediatrics123 (2009)



METrisk variant is further enriched in co-occurring ASD + GI in AGRE 
Families with discordant ASD and GI

.65

.40

Campbell et al, Pediatrics123 (2009)

Campbell et al, Am J Med Gen B 153 (2010)

In fact, ASD + GI is driving the signal in association with ASD 
phenotypes using SRS, ADI-R, ADOS

Genetics, Metabolomics and Microbiomics – Children with 
ASD and Co-Occurring GID are Biologically Distinct

J. Nicholson and colleagues – Kock et al J. Proteom Res (2010)
A. McCartney and colleagues - Parracho et al J. Med. Microbiol (2005)



Tummy Troubles: The Logical Next Study

•prospectively collected

•rich characterizations by pediatric 
gastroenterologists

•a standardized instrument for 
functional GI disorders

•in the context of nutritional status

•combined with biomarker analyses

The Tummy Troubles Dream Team

•SEARCH (UC, Riverside)
•HELP Centers
•Therapy West (Culver City)
•Pediatric Therapy Network 
(Torrence)

The Two Aims of Tummy Troubles

•To richly characterize the GID present in children with ASD –
PROSPECTIVELY!!!

•To explore association of altered MET signaling system 
abnormalities with ASD and GID



Aim 1:  To richly characterize the GID present in children 
with ASDs

75x2

75x2

75x2

lots

SRS

QPGS



QPGS

QPGS: FGID diagnoses

functional dyspepsia
irritable bowel syndrome

abdominal migraine
functional abdominal pain

functional abdominal pain syndrome
functional constipation

nonretentive fecal incontinence
aerophagia

cyclic vomiting syndrome
adolescent rumination syndrome

operational definition of diarrhea (you know 
it when you see it)

GIQ

based on ATN

includes questions regarding:

special diets
food selectivity
food allergies
breastfeeding
medications



Diet Diary

GI Appointment Worksheet

Aim 2:  To explore association of altered MET (and other 
biochemical) abnormalities with ASD and GID



Progress…….

•Complete recruitment in Nashville by December, 2010

•Analyze full complement of GI biopsies from MGH site

•Emphasize recruiting in Los Angeles for completion by Spring, 2011

•Apply for NIH funding to expand Tummy Troubles Study

•DoD grant to explore treatments

Research Informs The Way That We Intervene


