NIH GENES, ENVIRONMENT, AND HEALTH INITIATIVE WORKSHOP ON

Gene-Environment Interplay in
Common Complex Diseases:

Forging an Integrative Model

January 25, 2010 | Natcher Conference Center | NIH Campus | Bethesda, Maryland
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Meeting Summary

Ebony B. Bookman, Ph.D.
Office of Population Genomics
National Human Genome Research Institute
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Charge from GEl Retreat

e |dentify strategic opportunities for a possible
next phase of GEI

 Apply developments from the EBP and
Genetics Programs for one or more proof of
principle studies

e Conduct Gene-Environment Interaction
Workshop
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You may recall that GEI is a four-year NIH-wide program funded from FY07 through FY10.  It is divided into a Genetics Program, led by NHGRI, and an Exposure Biology Program, led by NIEHS.  The final FY10 awards will be made this September, with an expectation of work continuing through Sept 2011.  NIH staff from the Genetics and Exposure Biology program staff met last September to explore opportunities to integrate the Exposure Biology and Genetics components of GEI and consider the potential for a continuation of GEI.

Charges from the retreat included identifying strategic opportunities for the next phase of GEI and strategies to apply the developments from the EBP and Genetics Programs for one or more proof of principle studies showing the importance of studying genes and environment together

The group agreed that a workshop was needed to gain input from the scientific community, which was held January 25.


Speakers and Breakout Leads

Laura Bierut, Washington University Irva Hertz-Picciotto, UC Davis

Linda Birnbaum, NIEHS Kristen Jacobson, University of Chicago
Jason Boardman, U of CO at Boulder Peter Kraft, Harvard University

Eric Boerwinkle, UT at Houston William Lowe, Jr., Northwestern

Neil Caporaso, NCI Teri Manolio, NHGRI

Nancy Cox, University of Chicago Mary Marazita, U of Pittsburgh

Priya Duggal, Johns Hopkins Deborah Olster, OBSSR

M. Danielle Fallin, Johns Hopkins Frederica Perera, Columbia University
Lynn Goldman, Johns Hopkins Stephen Rappaport, UC Berkeley

Eric Green, NHGRI Stephen Suomi, NICHD

Megan Gunnar, U of Minnesota Eric Turkheimer, UVA
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In the afternoon, we split up into breakout groups, each headed by experts and genetic and environmental research.


Overarching Question

Given the current state-of-the-science
and the progress made in the GEI
program, what are optimal ways to
move forward with investigations of
gene-environment interplay in
health and disease?
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The goal of the program was to answer the overarching question….

Each breakout group was given two questions, but was asked to think of the overarching question when giving recommendations
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Theory and Study Design

Q1: Discovery-driven vs. hypothesis
driven approaches

Q2: Targeted vs. comprehensive designs
for GXE studies

Q3: Leverage existing studies vs.
developing new cohorts

Q4: Large vs. small studies
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Q1:	What problems can best be solved by “discovery-driven” approaches?  What problems are best addressed by “hypothesis driven” approaches and what theoretical approaches would be most helpful in guiding hypothesis generation? 

Q2:	Should G-E studies be targeted, that is, focused on a particular gene, exposure, phenotype, or disease?  Or should studies be broad, designed to encompass as many factors as possible?

Q3:	To what extent can existing studies be adapted to investigate G-E interplay?  Which questions will require the development of new cohorts?  

Q4:	Are there research designs that allow us to investigate the complexity (on G and E sides) without infinitely large sample sizes?  Conversely, how do we design studies to avoid major pitfalls? 
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Methods and Analysis

Q5: Single study vs. multiple studies

Q6: Integration of complex environmental
measures and statistical/computational
methods needed

Q7: Necessity of replication of GWAS hits
and follow-up studies

Q8: Statistical tools and resources needed
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Q5:  What strategies might be most useful at this point in investigating G-E interplay?  Can multiple strategies be combined in a single “proof-of-principle” study? 

Q6:  How do we integrate more complex environmental measures into our models?  How do we approach incorporating different non-discrete environmental variables?  What statistical/computational methods are needed to integrate these disparate data streams?

Q7:  What level of mechanistic understanding is needed to verify G or E ‘hits’ before follow up in GxE studies? 

Q8:  What statistical tools and resources are needed?  
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Phenotypes, Endophenotypes and

Other Variables

Q9: Diseases/traits ready for GxE investigation
Q10: Complex phenotypes vs. endophenotypes

Q11: Strategies to integrate environmental
variables into GxE studies

Q12:Incorporation of “next-generation”
environmental measurement tools into
large cohort studies
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Q9:   What are the characteristics of end-points or variables that are “ready to go” for GxE studies?  Are there specific diseases, traits, biological phenotypes, or environmental exposures that currently meet these characteristics?

Q10:  Should we focus on complex phenotypes, or search for associations to the underlying mechanisms or intermediate/endophenotypes?

Q11:	How do we integrate variables in G-E studies, many of which are interdependent, that incorporate a comprehensive view of “environment”?  

Q12:	What are the best strategies to measure environmental variables and exposures in large cohorts? What is needed to incorporate next-generation tools to scale up to large epidemiological studies?   


Summary of
Recommendations
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One Size Does Not Fit All

Heterogeneity of disciplines,
hypotheses, and endpoints
necessitates various approaches

Value in adding G to E studies,
and also adding E to G studies

Design studies around the goal:

with end or intervention in mind, whether prevention,
treatment, or policy change
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Planning and Coordination
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 Target understudied populations

e Conduct longitudinal studies with
measures of environment starting early
in life or prenatally

* Leverage existing data, specimens and
"Did you notice how her pink pa rtnerships

hail polish clashes with her
reddriovaes e Develop and/or use consensus
measures for phenotype harmonization
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Incorporate

New Strategies and Methods

e Develop strategies/methodologies for integration
of future technologies

* Integration of new statistical and computational

methodology
e Minimize
misclassification

~WOCKETS SYSTEM VISION

Multiple, low-cost
J3-axis accelerometers
siream data in

real-time to mobile
phone

Wearable sensors

(test version 1)

< NIEHS

Sensors miniature, thin,
and ergonomic; worn
under clothing 24/7

Phone carried in
typical fashion
(e.g., in pocket)

Pattern recognition
algorithms running
confinously on phone
detect physical Innovative phone
aclivities in real-time  apps possible
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Develop strategies/methodologies to allow us to integrate future technologies, whether genetic or environmental

Epigenetics, sequence data, and

	other advances in genetic/genomic

	measurement

Incorporation of new “E” 

	measurement technologies 

Integration of new statistical and 

	computational methodology

Moving beyond significance testing

Inclusion of pattern recognition 

	strategies

Minimize misclassification


Meeting Products

e Public meeting summary
e Workshop manuscript

* Position papers

* Next steps
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Next steps include the development of a signature project or projects from the recommendations of the workshop


Workshop Planning Committee

Co-Chairs

David Balshaw, PhD (NIEHS)
Ebony Bookman, PhD (NHGRI)
Kay Wanke, PhD, MPH (OBSSR)

Committee Members

Tanya Agurs-Collins, PhD (NCI) Paige McDonald, PhD (NCI)
Audie Atienza, PhD (NCI) Dina Paltoo, PhD, MPH (NHLBI)
Jennifer Collins (NIEHS) Sonja Preston, MSW (OBSSR)
Elizabeth Gillanders, PhD (NCI) Jill Reedy, PhD (NCI)

Emily Harris, PhD (NIDCR) Joni Rutter, PhD (NIDA)

Kimberly McAllister, PhD (NIEHS) Daniel Shaughnessy, PhD (NIEHS)
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