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Outline

ÅGenome-wide association studies (GWAS) of cancer : 

the story so far

ÅThe future: maximizing the investment in GWAS for 

translational research

ÅNCI resources and initiatives



2007: The Year of GWAS

GWAS articles

http://www.genome.gov/26525384

Catalog of published GWAS

Pennisi E, Science 2007; 318:1842-43.

HuGENavigator

http://www.genome.gov/26525384


Identification of Cancer 

Susceptibility Genes (in a Nutshell)

ÅCancer is a complex, common disease: multiple genetic and 

environmental factors act in concert. 

ÅFew rare mutations in high penetrance genes have been 

identified through linkage approaches (BRCA, MMR, CDKN2A)

ÅAssociation studies focusing on candidate genes and 

pathways have yielded very few well-validated associations 

(NAT2)

ÅRare coding variants associated with moderate cancer risk 

have been identified through re-sequencing (ATM, CHEK2, 

MYH)

ÅGWAS have recently emerged as a powerful approach to 

identify lower penetrance common variants associated with 

cancer susceptibility with an agnostic approach



Cancer GWAS Findings: 

August 2008

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

R115.

Studies
# Loci with 

p < 10-7 Promising Regions

Breast 5 9

FGFR2, 2q35, CASP8, MAP3K1, 

TNRC9, 8q24, LSP1,  MRPS30, 

ECHDC1, RNF146

Prostate 7 16 8q24, HNF1B, 10q11, 17q24, Xp11 etc.

Colon 4 5
8q24, SMAD7, 11q23, 10p14, CRAC1, 

EIF3H 

Lung 3 1 15q25.1

Neuroblastoma 1 1 6p22

Melanoma 1 1 20q11.22

*Ongoing cancer GWAS: pancreas, bladder, testis, 

kidney, ovary, hematopoietic system, esophageal



GWAS and Cancer

ÅGWAS have succeeded in identifying at least 28 new cancer 

susceptibility loci with variants associated with common 

cancers (breast, prostate, colon, lung, melanoma)

ÅAlthough each common variant confers only a modest 

increase in risk, it may explain a large % of a given cancer 

total burden (PAR)

ÅMost robust associations in cancer GWAS have not been 

within previously known candidate genes, providing clues 

for the identification of new pathways 

ÅFor most of these studies, results have been independently 

replicated (mostly in Caucasian, but also African Americans 

and Asians) 



DCCPS-NCI Initial GWAS 

Investments: March 2008

ÅEGRP  portfolio includes 39 funded and pending projectsthat 

directly or indirectly support GWAS

ÅInvestment has grown: 

$2M in 2005 $14.5 M in 2008

ÅCenter for Inherited Diseases Research (CIDR) : 21 cancer 

GWAS projectspartially supported 

ÅDivision of Cancer Epidemiology and Genetics (examples): 

ïCGEMS (Prostate and Breast Cancer) 

ïPanScan 1 and 2: Collaborative multi-

cohort and case-control Pancreatic Cancer

ÅMore 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

ÅSome identified variants are associated with increased risk 

across several cancer types

ÅSome regions identified contain no known cancer genes

ÅPreliminary evidence of genetic determinants of precursory 

traits (nicotine addiction and lung cancer, skin type and 

melanoma)

ÅSome GWAS are beginning to address cancer subtypes 

(estrogen receptors positive breast cancer, aggressive prostate 

cancer)

ÅCausality: FGFR2(chr. 10) and breast cancer, rs6983267 

(8q24)and multiple cancers, rs10993994 in MSMBand 

prostate cancer



An Example: The Case of 8q24

Summary:

Å 1-2 risk alleles at 8q24 in 

90kb LD block  

Å Replication in Swedish, 

European and African 

Americans 

Å Allele 2:Caucasian PAR 

8%;  A-A PAR 41%

Å No known gene (MYC 

~200kb)

Fine-mapping
Fine-mapping

Risk Allele OR P MAF

1 1.5 2x10-11 10%

2 1.6 3x10-11 7%



Admixture mapping in African American men 

identifies 8q24 as prostate cancer risk locus

Freedman et al. PNAS 2006; 103:

Å A gene mapping strategy that has 

good power to detect risk variants 

with large allele frequency 

differences between populations 

Å Recent admixture between 

populations generates large 

chromosomal segments of discrete 

ancestry that can be used to track 

risk alleles

Å Best suited for diseases with 

incidence rates that vary across 

populations 

Å Prostate cancer: is the greater risk 

in African Americans due to alleles 

that are more common in African 

vs. European populations?

p=3.2x10-4

deCODE alleles 1 and 2

3.8 Mb



Validation of deCODE risk alleles at 8q24

Ethnic Group Cases Controls Risk Allele 1, MAF

rs1447295

OR (95% CI) P-value

African

Americans 674 644 30.7% 1.17 (0.99-1.37) 0.066

Native 

Hawaiians 70 68 16.2% 3.02 (1.66-5.50) 0.0003

Japanese 449 465 17.2% 1.48 (1.18-1.86) 0.0007

Latinos 640 567 9.5% 1.48 (1.14-1.91) 0.0028

Whites 455 447 10.0% 1.35 (1.01-1.80) 0.044

All groups 2,288 2,191 1.36 (1.22-1.51) 2.3x10-8

Freedman et al. PNAS 103:2006

ÅSchumaker et Al. NCI Breast and Prostate Cancer Consortium (BPC3) 

Can Res 2007 

ÅWang et al. Can Res, 2007 

ÅSeveri et al. CEBP, 2007 

ÅSuuriniemi et al. CEBP, 2007 

Multiethnic Cohort



Validation of deCODE risk alleles at 8q24 

(continued)

Å8q24 is a confirmed risk locus for prostate cancer

ÅCould the 2 deCODE risk alleles at 8q24 explain the 

admixture signal? 

ÅAdmixture signal still apparent after accounting for these 2 

risk alleles (Haiman)

ÅThere must be additional unmapped risk alleles at 8q24 that 

are highly differentiated in frequency between populations of 

African and European ancestryé..



Next Piece of the Puzzle: GWAS identify  

colorectal cancer risk (CRC) locus at 8q24

ÅJuly 2007 

ïHaiman et al. rs6983267 and closely linked variants on 8q24 

contribute to risk for colon cancer

ïZanke et al., Tomlison et al. Association of rs6983267 and CRC 

independently replicated 

ÅMay 2008 ïTenesa et al. Independent replication

Å5 other prostate cancer-associated variants not associated 

with CRC

Års6983267 is common in general population; frequency varies 

from 85% (African-Americans) to 30% (Japanese)

ÅCRC-associated variants lay in ñgene desertò

regions with highly conserved  DNA

ÅWhat are the underlying mechanisms?



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

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:


