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Approach: Moving from Genes to Pathways to 
Therapeutics

• Identify Genes.

• Human Patients.

• Mouse models.

• Human post mortem tissue.

• Human neural progenitors – primary 
neurons.

Therapeutics 
development
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Geschwind and Konopka Nature 2009

Identify Pathways



Complexity in neuropsychiatric disorders

Devlin and Scherer Curr Opin Genet Dev, 2012

AUTISM SPECTRUM DISORDER 
(ASD) is a prototypical example

Phenotypic

- Disorder Overlap

- Endophenotypes

Etiologic

- SNPs, SNVs, CNVs

- Epigenetics

- Environment

- Interactions (GxE, GxG)

Biological pathways

- Molecular

- Cellular

- Circuits

- Behavioral/Cognitive

Berg and Geschwind, Genome Biol. 2012
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Progress in Understanding ASD Biology

• Genetic variants 
accounting for about 20% 
of ASD have been 
identified (de novo).

• Several variants have been 
studied in human brain to 
understand circuit level 
dysfunction..

• Mouse models have been 
made to understand 
synapses, cells, circuits.

• In vitro models in IPSCs 
have been developed.

• Several new 
pharmacological 
treatments are in early 
trials



Build it and they will come? 



Create a Large, Open Resource

Autism Genetic
Resource Exchange

• An open resource shared with the 
scientific community

• More than 1300 families AND 10,000 
DNA samples

– Greatly accelerated the pace of family 
collection and research.

– >330 researchers and 200 publications since 
2001!

• Phenotype data: 
– ADI-R, ADOS

– basic cognitive and language testing

– physical/neuro exams

– medical histories

• Biomaterials and Data 
(Karyotyping/molecular 
cytogenetics/SNP data).



G. I. G. O.

What you put in
is what will come out

Abrahams and Geschwind, Nature Reviews Genetics, 2008

Progress in Genetics

http://www.mcphee.com/products/nerd/10284.html


• Simons Simplex 
Collection

• AGRE

• Estimate 500-
1000 de novo 
mutations.

• Mean effect size 
= 6



Abrahams and Geschwind  Vogul and Motulsky 2009

“The Autisms”: Many Genetic Syndromes (“the 1%s”), None Specific.



The “endophenotype” concept

• Common neurodevelopmental disorders, such 
as autism, SLI/dyslexia, ADHD, epilepsy, and 
MR are not defined based on common 
etiology. 

• The association of genetic factors with 
specific, measurable components of each 
disease, called “endophenotypes” will be 
stronger than the clinical diagnosis alone.

• To be most useful for genetic 
analysis, endophenotypes should be:

– Associated with the disease

– Heritable

– Relatively stable

– Identified in first degree relatives more than 
the general population.

– Quantifiable 

Language 
regions

working memory

Social cognition,
attention, implicit learning



Studying ASD risk variants in humans

Van Zeeland et al. Science Trans Med 2011

CNTNAP2

Rudie et al. Neuron 2012

MET



Mice with CNTNAP/.CASPR2 mutations show:
reduced USV
reduced sociability
increased repetitive behaviors
increase hyperactivity
increase sensory hypersensitivity

(Penagarikano et al. Cell 2011)



CNTNAP2 mouse knockout 
Treatment with Oxytocin

Olga Penagarinkaro, PhD

Opportunities: 
• Understand mechanism at synapse,  cell, circuit level
• Predictive validity – use mouse for in vivo screening 



How do we develop therapeutics?

Pasca et al. 
Nature Medicine 
2011



Using Network Biology to Provide an Integrated View
(WGCNA; Zhang and Horvath 2005)

Network structure is robust and reproducible (it is real: Horvath et al. PNAS 2006; Oldham et al. Nat 

Neurosci 2008; Winden et al. 2009 Mol Sys Biol; Miller et al. PNAS 2010).

A gene’s network position is biologically meaningful
We can identify groups of co-expressed genes called modules that correspond to key elements of 
biological function  (Oldham et al. 2006; Oldham et al. 2008; Winden et al. 2009).

And within modules, we can identify the most central, “hub” genes (Horvath et al. 2006; Oldham et al. 
2008, Winden et al. 2009).

This structure serves as a basis for identification of biological meaningful insights
•Comparative network analysis – modules

•Comparative network analysis - gene connectivity

•Guilt by association—functional annotation 

GESCHWIND AND KONOPKA NATURE 2009



Voineagu et al. Nature 2011

Find Module Associations

Validation/Experiments
- Assess relationship to 

genetic variants 
(causality)

- Test regulatory 
relationships

- Connect with other data

Network Analysis to Network Inference

Identify co-expression
modules
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Make inferences from modules
Voineagu et al. Nature 2011

Dissect functional relationships of thousands of genes to a 
few modules.

Can relate complex genetic and phenotypic variables to 
these modules.

Make specific experimental predictions.

ASD

Microglial/Astroc
yte

Up-regulation

M12: Altered Neuronal Gene
Expression

Genetic 
Variation

Synaptic 
dysfunction

M16: Altered Inflammatory 
Gene Expression

Alternative 
splicing defect

Altered Brain 
Patterning

Impaired
Connectivity



Disease complexity and heterogeneity: 
some lessons

Challenge

• Heterogeneity
– Genetic
– Phenotypic

• Etiological overlap
– Sz, ADHD, ASD, epilepsy

• Multiple levels of 
dysfunction lead to 
abnormal behavior and 
cognition
– –connecting genetic 

variation to targetable 
mechanisms.

Solution

• Large sample sizes needed for 
power to detect genetic 
variation.
– Importance of community resources 

(not consortia)
– Data sharing (high quality)

• Cross disorder study
– Measure appropriate phenotypes
– Data repositories that work

• Integrative or systems biology 
approaches are needed
– Convergent approaches

• True collaborative research 
• Multidisciplinary
• Analysis vs. Data Generation



What we have learned from ASD genetics

• Successes

– Many genetic causes of autism spectrum disorders (ASD) have been 
identified.

• This has been fueled by large scale shared patient resources for research 
that are readily available.

• True collaboration and multidisciplinary approaches

– This knowledge greatly facilitates development of multiple model 
systems and drug development (based on monogenic forms). 

• Challenges

– ASD is an example of extreme genetic/etiologic heterogeneity. 

– Disease etiologies don’t obey diagnostic boundaries 

– Future: EMR based genetics (scale, and cross disorder).

– Model validity needs to be carefully assessed. 

– Will therapy developed for one form of ASD be relevant to others?
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