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A Genomavide association studies (GWAS) of canc
the story so far

A The future: maximizing the investment in GWAS
translational research

A NCI resources and initiatives



2007: The Year of GWAS
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BREAKTHROUGH OF THE YEAR

Human (Genetic

Variation

Equipped with faster, cheaper technologies for sequencing
DNA and assessing variation in genomes on scales ranging
from one to millions of bases, researchers are finding out
how truly different we are from one another

THE UNVEILING OF THE HUMAN GENOME ALMOST 7 YEARS AGO ?

cast the first faint light on our complete genetic makeup. Sincethen, each
new genome sequenced and each new individual studied has illuminated
our genomic landscape in ever more detail. In 2007, researchers came to
appreciate the extent to which our genomes differ from person o person
and the implications of this variation for deciphering the genetics ofcom-
plex diseases and personal traits.

Less than a yvear ago, the big news was triangulating variation
berween us and our primate cousins to get a better handle on genetic
changes along the evolutionary tree that led to humans. Now, we have
moved from asking what in our DNA makes us human to striving to
know what inmy DNA makes me me.
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Pennisi E, Science 2007; 318:1842-43.
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ldentification of Cancer

Susceptibility Genes (in a Nutshell)

A Cancer is a complex, common disease: multiple gene
environmental factors act in concert.

A Few rare mutations in high penetrance genes have be
identified through linkage appro&8RENMMRCDKN2A

A Association studies focusing on candidate genes and
pathways have yielded very fewah@#ited associations
(NAT2

A Rare coding variants associated with moderate cance
have been identified througbqaencind\{ M CHEK2
MYH

A GWAS have recently emerged as a powerful approacl
identify lower penetrance common variants associatec
cancer susceptibility with an agnostic approach



Cancer GWAS Findings:

August 2008

: # Loci with . .
Studies 0 <107 Promising Regions
FGFR2, 2935, CASP8, MAP3K1,
Breast 5 9 TNRCY9, 8924, LSP1, MRPS30,
ECHDC1, RNF146
Prostate 7 16 8924, HNF1B, 10911, 17924, Xp11 etc.
8924, SMAD7, 11923, 10p14, CRAC1,
Colon 4 5 EIF3H
Lung 3 1 15925.1
Neuroblastoma 1 1 6p22
Melanoma 1 1 20q11.22

*Ongoing cancer GWAS: pancreas, bladder, testis,
kidney, ovary, hematopoietic system, esophageal

Easton and Eales. Human Molecular Genetics 2008; 17: R109-
R115.



GWAS and Cancer

A GWAS have succeeded in identifying at least 28 new
susceptibility loci with variants associated with comir
cancers (breast, prostate, colon, lung, melanoma)

A Although each common variant confers only a modes
Increase In risk, it may explain a large % of a given c
total burden (PAR)

A Most robust associations in cancer GWAS have not |
within previously known candidate genes, providing ¢
for the identification of new pathways

A For most of these studies, results have been indeper
replicated (mostly in Caucasian, but also African Ami
and Asians)



DCCPS-NCI Initial GWAS

Investments. March 2008

A EGRP portfolio inclu8@gunded and pending prdjeats
directly or indirectly support GWAS

A Investment has grown:
$2M in 204 $14.5 M in 2008

A Center for Inherited Diseases Research @IB&)cer
GWAS projegartially supported

A Division of Cancer Epidemiology and Genetics (examp
I CGEMS (Prostate and Breast Can\\\CGEM_S
I PanScan 1 and 2: Collaborative m ‘
cohort and casentrol Pancreatic Ca

A More Planned by Cohort Consortium
http://epi.grants.cancer.gov/Consortia/cohort.html



http://epi.grants.cancer.gov/Consortia/cohort.html

Results are Intriguing, Sometimes

Unexpected

A Some identified variants are associated with increase
across several cancer types

A Some regions identified contain no known cancer gen

A Preliminary evidence of genetic determinants of precu
traits (nicotine addiction and lung cancer, skin type an
melanoma)

A Some GWAS are beginning to address cancer subtyp
(estrogen receptors positive breast cancer, aggressive
cancer)

A CausalitfFGFRZchr. 10) and breast cancer, rs698326"
(8g24)and multiple cancers, rs1099389KEnd
prostate cancer



An Example: The Case of 8924

A common variant associated with prostate cancer in
European and African populations

Laufeyv T Amundadottir’>!'2, Patrick Sulem!:1Z, Julius Gudmundsson!-12, Agnar Helgﬂsonl, Adam Baker!,
Bjarni A Agnarsson?, Asgeir Sigurdsson!, Kristrun R Benediktsdottir?, Jean-Baptiste Cazier!, Jesus Sainz!,
Margret Jakobsdottir!, Jelena Kosticl, Droplaug N Magnusdottir!, Shyvamali Ghosh!, Kari Agnarssonl,
Birgitta Birgisdottir', Louise Le Roux!, Adalheidur Olafsdottir!, Thorarinn Blondal!, Margret Andresdottir?!,
Olafia Svandis Gretarsdottirl, Jon T Bergthorsson!, Daniecl Gudbjartsson!, Arnaldur Gyvlfasonl,

Gudmar Thorleifssonl!, Andrei Manolescul, Kristleifur Kristjansson!, Gudmundur Geirsson?, Helgi IsakssonZ,
Julie Douglds ,Jan-Erik Johansson?, Katarina Bilter®, Fredrik Wiklund®, Tames E Montie”, Xiaoving Yud,
Brian K Suarez®, Carole Ober'?, Kathleen A Coonevy”!'!, Henrik Gronberg®, William J Catalona¥,

Gudmundur V Einarsson?, Rosa B Barkardottir2, ]effrey R Gulcher!, Augustine Kong!, Unnur Thorsteinsdottir!

& Kari Stefansson!

DG8S737 —» »

Summary:

A 1-2risk alleles at 8924 in
90kb LD block

A Replication in Swedish,
European and African

Am erl cans . genotyped in the ~600 kb interval . .
Fine-mapping

—log P value
S = N W A2 >

A Allele 2:Caucasian PAR % 3 3
il - * 5* "2 . .

8%; A-A PAR 41% W e LTI R

A NO known gene (MYC ‘?28.25 128.35 128.45 128.55 128.65 128.75 128.85
Mb

~200kb)




Admixture mapping in African American men
identifles 8924 as prostate cancer risk locus
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Freedman et al. PNAS 2006: 103:

A

A gene mapping strategy that ha
good power to detect risk variant
with large allele frequency

differences between populations

Recent admixture between
populations generates large
chromosomal segments of discre
ancestry that can be used to trac
risk alleles

Best suited for diseases with
incidence rates that vary across
populations

Prostate cances the greater risk
in African Americans due to allels
that are more common in African
vs. European populations?




Validation of deCODE risk alleles at 8924

Multiethnic Cohort

Freedman et al. PNAS 103:2006

ASchumaker et Al. NCI Breast and Prostate Cancer Consortium (BPC3)
Can Res 2007

AWang et al. Can Res, 2007

ASeveri et al. CEBP, 2007

ASuuriniemi et al. CEBP, 2007



A 80924 is a confirmed risk locus for prostate cancer

A Could the 2 deCODE risk alleles at 824 explain the
admixture signal?

A Admixture signal still apparent after accounting for th
risk alleles (Haiman)

A There must be additional unmapped risk alleles at 8c
are highly differentiated in frequency between popule
Afri can and European anocd



I Haiman et al. rs6983267 and closely linked variants or
contribute to risk for colon cancer

I Zanke et al., Tomlison et al. Association of rs6983267
iIndependently replicated

A May 2008 Tenesa et al. Independent replication

A 5 other prostate carassociated variants not associate
with CRC

A rs6983267 is common in general population; frequen
from 85% (AfricAmericans) to 30% (Japanese)

ACRGassociated variants | ¢
regions with highly conserved DNA
A What are the underlying mechanisms?



Genome-wide association study identifies
novel breast cancer susceptibility loci

ARTICLES NATURE|Vol 447(28 June 2007

Multi -stage scan: 22,000 cases and 22,000 controls

O COCOCHD -

Breast cancer risk allele is not linked to the 7 other risk alleles and
IS not associated with prostate or colorectal cancer risk in the MEC
Setiawan et al. CEBP 2007;16:

Haiman et al. Nat Genet 2007; 39:



