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Fully Testable Where to Begin??



Promise of GWAS
• Discovery of Common Markers in the Genome

– ‘Represents a portion of the genetic contribution’
• Opportunity to explore mechanism of biology

– How and why cancer develops
• Outcomes

– Etiology
– Gene-Environment/Lifestyle Interactions
– “Druggable” targets

• Establish genetic markers for:
– Prevention
– Intervention



Follow-up #1

Follow-up #2

Establish
Loci

Initial Study

Identifying Genetic Markers 
for Prostate & Breast Cancer

Fine Mapping
Functional Studies
Validate Plausible Variants
Possible Clinical Testing

Genome-Wide Analysis
Public Health Problem

Prostate (1 in 8 Men)
Breast  (1 in 9 Women)

Analyze Long-Term Studies
     NCI PLCO Study
     Nurses’ Health Study

http://cgems.cancer.gov



Prostate Cancer Risk
Circa..2006

• Age
• Ethnic Background
• Family History
• One SNP- unknown function

– Rs1447295 @ region 8q24 (no obvious gene)

The Enigma of a Common Disease
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CGEMS Prostate Cancer GWAS: Where are the True Signals Amidst the Blizzard of False Positives

New Region



Follow-up Study #1
4000 cases/ 4000 controls

Follow-up Study #2
5500 cases/ 5500 controls

Fine Mapping

Initial Study
1150 cases/1150 controls

>28,000 SNPs

at least 7,600
SNPs

10 ±5
loci

540,000 Tag SNPs

General Strategy for Prostate GWAS is Based on
Replication, Replication, Replication

Genotype, Haplotype, Sequence

Determine Causal Variant(s)

PLCO

ACS/ATBC/
HPFS/FrCC/
PHS

MEC/EPIC/
JHU/SwCaP

Cohorts



Selection of the SNPs to be taken to stage 2
Determining Real-estate to find the FEW true positives

25,358 1,913

1,508

897

1-SNP statistics (pair-wise r2 < 0.8) , p_val < 0.068, 

2-SNP statistics => p_val of previously selected SNP
 decreased at least 10 fold 

Population stratification SNPs 

Various candidate 
regions including 8q24 

SNPs distributed in 7608 distinct chromosomal regions
In a region the maximal distance between two adjacent SNPs is less than 100Kb

CGEMS prostate cancer stage 2



7 associated loci in CGEMS Prostate Cancer

Region

8q24 (loc1)

8q24 (loc2)

17q12

10q11

11q13

10q26

7p15

p-value

6.7 10-16

Heterozygotes

1.49 (1.34-1.64)

Homozygotes

Odds ratios

8.7 10-14

4.7 10-13

1.5 10-10

4.1 10-10

1.7 10-7

3.2 10-7

1.20 (1.10-1.31)

1.13 (1.02-1.26)

1.25 (1.13-1.34)

1.18 (1.08-1.28)

1.14 (0.94-1.38)

1.18 (1.07-1.31)

1.83 (1.32-2.53)

1.61 (1.42-1.81)

1.46 (1.30-1.64)

1.47 (1.31-1.65)

1.48 (1.27-1.74)

1.40 (1.16-1.69)

1.54 (1.37-1.73)

Risk 
Allele
Freq.

0.1

0.38

0.50

0.52

0.50

0.25

0.76
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MYC ?

Associated loci in CGEMS prostate stage 2
Clues to 
Function?

Gene
poor

Prostate specific expression
Proposed prostate tumor suppressor

Proposed as marker of 
aggressive prostate cancer.

Mutated in renal cancer
Silenced in ovarian cancer

Represses NR2C2 (TR4) which
interacts with androgen receptor and is

an apoptosis regulator of BCL2
Translocated to SUZ12 in endometrial

stromal tumors.

Inhibits PTEN.
Activates PI3K pathway.

Both loci associated to
Diabetes type 2
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3 10-8

6 10-10

1 10-9

9 10-29

7 10-13 2 10-12

2 10-9

2 10-18

2 10-9

4 10-13

8 10-9

1 10-12

1 10-9

3.2 10-7

1.7 10-7

3 10-10

7 10-12

9 10-14
3 10-19

6 10-18

3 10-17

1 10-18

3 10-15

16+ published loci  involved in prostate cancer susceptibility

with significance p < 5 x 10-7

Eeles et al.  2008
Gudmundsson et al 2008
Haiman et al 2007

KLK3
Kallikrein3  = 

Prostate Specific Antigen

GWAS 0.016
F/U 1 0.042
Agg only 0.007



8q24* X  X  X
HNF1B (17q12) X  X  X

MSMB (10q11) X X
17q24 X X
NUDT10/11 (Xp11) X X

JAZF1 (7p15) X
CTBP2 (10q26) X
11q13 X
CPNE3 (8q21) X
IL16 (15q25) X
CDH13 (16q23) X
SLC22A3 (6q25) X
3p12 X 
LMTK2 (7q21) X
KLK2,3 (19q13) X
2p15 X

CRUKCGEMS deCODE

Additional variants – March 2008



Prostate Cancer Risk
2008

• Age
• Ethnic Background
• Family History
• Genetic markers

– 16 Regions of the Genome!!!



Cancer susceptibility loci in the 8q24 region

MYC

Prostate region 1
p = 3 10-19
Thomas et al.

209 Kb126 Kb231 Kb 58 Kb

Prostate region 3
p = 7 10-12
Thomas et al.

Prostate region 2
p = 1 10-18

Haiman et al.

p = 1 10-8
Gudmundsson et al.

Breast region
p = 5 10-12

Easton et al.

rs13281615

rs6983267

Colon region
p = 7 10-11
Tomlinson et al.

rs16901979 rs4242382

rs1447295



 

Roche/454 next-gen
sequencing analysis

50X coverage,
~140kb

40 prostate cancer
cases

40 controls

7 individuals from a
CEPH family in which
the at-risk haplotype
is segregating (ARG)

Yeager et al Nature Genetics 2007      Discovery of ALL Variants



Polymorphism identification in 87
Caucasians (40 cases, 39 controls & 8 CEU)

 Non-dbSNP  dbSNP 

# monomorphic n/a 213 

# polymorphic 442 349 

Minimum MAF  0.006 0.000 

Maximum MAF  0.464 0.500 

Mean MAF 0.060 0.142 

Median MAF  0.013 0.101 
 



Population Attributable Risk of Prostate
Cancer with 8q24 Loci in Caucasians

Joint PAR PAR rs1447295 PAR rs6983267

ALL 0.284 0.085 0.209

ACS 0.255 0.094 0.192

ATBC 0.251 0.052 0.157

FPCC 0.306 0.096 0.091

HPFS 0.249 0.085 0.180

PLCO 0.347 0.086 0.276

•Suggests that both
SNPs contribute
substantially to the
population burden of
prostate cancer.

rs6983267 G: 21% rs1447295 A: 7%



What variants to include in risk scores?

• Rapid pace of identification of new variants
• 2-3 years more to “complete” discovery for

common alleles in common diseases
• Until then we are operating with a subset of

common risk-associated variants

• Under the radar…..copy number variants,
   “rare” variants i.e <5% allele frequency



Cumulative effect of 5 risk variants (8q, 17q) on prostate cancer risk
Zheng et al, NEJM January, 2008
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Number of risk variants

CAPS    N= 2,893, P = 6.75E-27

CGEMS N= 1,150, P = 1.06E-10

OR

2% of controls10% of controls

Genetic Gold Rush???



90th

  10th

OR = 2.7

7-SNP CGEMS risk score:
“Cumulative” Population Attributable Risk (PAR) = 107% !!!

Thomas et al, 2008



How do we know there are many more
variants to find?

• Current variants only account for a small fraction
of the effect of family history
– BCAC Breast Cancer SNPs account for less than 5%

• Current GWAS underpowered for low risk alleles
• Some known alleles have not shown up in GWAS
• Growing experience with pooling across GWAS

datasets
– e.g. Diabetes type II, Crohn’s disease



GWAS Studies:
Just the Start……

This is not the end. It is not even the
beginning of the end. But it is,
perhaps, the end of the beginning.

Sir Winston Churchill @ Lord Mayor's Luncheon, 
Mansion House following the victory at El Alameinin North Africa
London, 10 November 1942.



Follow-up to GWAS StudiesFollow-up to GWAS Studies
• Fine Mapping of Notable Regions

Genotyping & Sequencing
Bio-informatics (exclude common CNV)

• Analysis of Population Genetics
• Functional Determination of Causal Variant(s)
• Exploration of Pathways

Etiology
Drug Targets

• Design Issue for Analysis in Clinical Evaluation
Population-based studies
Careful Clinical Studies



Functional Analyses:
Laboratory of Translational Genomics, DCEG,

NCI
• Determine Plausibility of Finding

– Can we explain the effect?
– Molecular Phenotype

• Correlation of in vitro changes with germ-line variant(s)
• Cell line or tissue work with germ-line analyses

• Correlation with Somatic Alterations
– Association of germ-line with somatic observations
– Driver mutation



What Next?
• More Scans in Each Disease

– Subtypes
– Specific Populations: Breast cancer in AA

• In progress GWAS
– Aggressive adult cancers

• Pancreas, brain, ovary, esophagus, renal, bladder, melanoma
– Rare/Pediatric

• Neuroblastoma, childhood leukemia, osetogenic sarcoma
– Ample follow-up for mapping/function

• Risk Assessment- Suitable Reporting
– Public Health and Personal Decisions

• Next-Generation Sequencing



CGEMS: caBIG Posting
Pre-Computed Analysis

Pre-computed Analysis
Post 4 Months Before 
     Publication
No Restrictions

Raw Genotype
    Case/control
    Age (in 5 yrs)
    Family Hx (+/-)
Registered Access
    SF424 
    Data Use Certificate

http://cgems.cancer.gov/data



http://cgems.cancer.gov
Available 10/06
Nature Genetics 2/07

Association Results
Across 8q24
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