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“What ever will we think about now that
the genome project 1s almost complete?”
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Disease Status

Age of Onset I Severity 8 Clinical Symptoms

Genetic Environmental
Risk Risk
Factors Factors

Environmental
Protective
Factors




Promise of GWAS

e Discovery of Common Markers in the Genome
- ‘Represents a portion of the genetic contribution’
e Opportunity to explore mechanism of biology
- How and why cancer develops
e Qutcomes
- Etiology
- Gene-Environment/Lifestyle Interactions
- “Druggable” targets
e Establish genetic markers for:

- Prevention
- Intervention



Identifying Genetic Markers =
for Prostate & Breast Cancer === ?“‘\‘CGEMWSP

Genome-Wide Analysis :> Initial Study
Public Health Problem

Prostate (1 in 8 Men)
Breast (1in 9 Women)
Analyze Long-Term Studies
NCI PLCO Study Follow-up #2
Nurses’ Health Study

Follow-up #1

Establish
Fine Mapping % HeE
Functional Studies

Validate Plausible Variants
Possible Clinical Testing

http://cgems.cancer.gov




Prostate Cancer Risk
Circa..2006

The Enigma of a Common Disease

Age

Ethnic Background

Family History

One SNP- unknown function

— Rs1447295 @ region 8924 (no obvious gene)



CGEMS Prostate Cancer GWAS: Where are the True Signals Amidst the Blizzard of False Positives
Chromosomes
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Cohorts
—p 540,000 Tag SNPs PLCO

Follow-up Study #1 ACS/ATBC/

4000 cases/ 4000 controls > >28,000 SNPs HPFS/FrCC/
PHS
Follow-up Study #2 £l
» a east 7,600 MEC/EPIC/
5500 cases/ 5500 controls SNPs JHU/SwCaP
Fine Mapping » 10 i_5
loci

Genotype, Haplotype, Sequence

Determine Causal Variant(s)




CGEMS prostate cancer stage 2

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

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

25,358 44— 2-SNP statistics => p_val of previously selected SNP
’ decreased at least 10 fold

1,508

897 \

\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



7 associated loci in CGEMS Prostate Cancer

Risk |
Allele Odds ratios
Region p-value Freq. Heterozygotes ~ Homozygotes

8924 (oc1) 6.7 1016 0.1 1.49 (134169)  1.83 (132-2.53)
10911 8.7 104 0.38 1.20 (10131)  1.61 (142-1.81)
8924 (oc2) 4.710°13  0.50 1.13 (1021260  1.46 (1.30-1.64)
17912 151010  0.52 1.25 (113138)  1.47 (131-1.65)
11913 411010  0.50 1.18 (1081280  1.48 (1.27-1.74)
10926 1.7 1077 0.25 1.14 0sa138  1.40 (1.16-1.69)
7p15 3.2 1077 0.76 1.18 (to7-131)  1.54 (1.37-1.73)



Associated loc1 in CGEMS prostate stage 2

( '1] 1S tO Represses NR2C2 (TR4) which , ,
. . . Prostate specific expression
interacts with androgen receptor and is
Proposed prostate tumor suppressor

an apoptosis regulator of BCL2

FunCtlon ? Translocated to SUZ12 in endometrial Proposed as marker of

aggressive prostate cancer.
stromal tumors. 28 p
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Silenced in ovarian cancer : Activates PI3K pathway.
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16* published loci involved in prostate cancer susceptibility

with significance p < 5 x 107
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Additional variants — March 2008

8g24* X X X
HNF1B (17q12) X X X
MSMB (10q11) X X

17q24 X X
NUDT10/11 (Xp11) X X

JAZF1 (7p15)
CTBP2 (10926)
11q13

CPNE3 (8¢21)
IL16 (15925)
CDH13 (16q23)
SLC22A3 (6G25)
3p12

LMTK2 (7qg21)
KLK2,3 (19913)
2p15 X

X X X X X X

X X X X



Prostate Cancer Risk
2008
Age
Ethnic Background
Family History
Genetic markers

16 Regions of the Genome!!!



Cancer susceptibility loci in the 8924 region

Prostate region 2
p=110718

Haiman et al.
p=110%

Gudmundsson et al.

Breast region
p=51012

Easton et al.

Prostate region 3
p=71012
Thomas et al.

Colon region
p=710M"

Tomlinson et al.

rs16901979
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Prostate region 1
p=31019

Thomas et al.

rs4242382

rs1447295
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Yeager et al Nature Genetics 2007  Discovery of ALL Variants
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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

MAF distributions

51 101 151 201 251 301 351 401 451 501 551 601 651 701 751

| —e—unknown —s— dbSNP




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

ALL
ACS
ATBC
FPCC
HPFS
PLCO

rs6983267 G: 21% rs1447295 A: 7%

Joint PAR PAR rs1447295 PAR rs6983267

0.284
0.255
0.251
0.306
0.249
0.347

0.085
0.094
0.052
0.096
0.085
0.086

0.209
0.192
0.157
0.091
0.180
0.276

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



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



Genetic Gold Rush???

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

“CAPS N=2,893, P=6.75E-27

" CGEMS N= 1,150, P = 1.06E-10
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10% of controls 2% of controls




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

1.0

90th

™

Cumuktiva TRquancy

10th

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 I, 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 EI Alameinin North Africa
London, 10 November 1942.



Follow-up to GWAS Studies

Fine Mapping of Notable Regions
Genotyping & Sequencing
Bio-informatics (exclude common CNYV)

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

Cancer Genetic Markers of Susceptibility

National Cancer Institute U.S. National Institutes of Health | wwuw.cancer.gov

CGEMS RE =T L Division of Cancer
._Cancer Genetic Markers of Ssceptlblllty 3 A\;‘ETV"V"\C %c;:}:m Eﬁ\:: g:‘,:z:?(‘; ; Pre -com puted Analysis
x .
Home Brow Data BuBata Download Feedback POSt 4 Months Before

Publication
No Restrictions

Raw Genotype
Case/control

.
This is the home page of the Cancer Genetic Markers of Susceptibility Age (I n 5 yrS)
(CGEMS) data access. The following links provide information on the Bulk Data Download

project and background. The CGEMS study design uses cases and controls Fa i I Hx (+I )
mily -

drawn from well designed epidemiological studies of prostate and breast
-
Registered Access

cancer. DNA from these subjects is being used to generate genotypes to
perform a Genome-Wide Association Study (GWAS) on over 500,000
genetic variants to determine their role in cancer susceptibility.

CGEMS Prostate Scan Phase 1

A GWAS has been conducted in a large, national study in the U.S.A., the

Prostate, Lung, Colorectal, and Ovary study (PLCO). The analysis includes Click the question mark Icon for I
1,177 subjects who developed prostate cancer during the observational Q ;°“tuec’;ttl§en“5'“"e help throughout the Data Use Certlfl cate
perioed and 1,105 individuals who did not develop prostate cancer during PP )

the same time period. The prostate scan is being conducted in two parts,
Phase 1A and Phase 1B

5

The data generated from these scans can be accessed through this portal.
The first posting includes data from Phase 1A of the prostate cancer scan
and includes:

e Association test results for over 300,000 SNPs

e Frequency and descriptive statistics on these SNPs

« Individual phenotypic and genotypic data for the study participants
and control samples. Note that these data can only be made
available to eligible investigators after a registration process (link).

The results of Phase 1B willr be available in February 2007. http :Ilcgems .can ce r. govld ata
O ———
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nNnnn CGEMS SNP Association Finding Report

[« > [~ aflc]

€ https://caintegrator.nci.nih.gov/cgems/searchAssociations.do ~(Qr C

[I1 VivalaVoce Apple .Mac Amazon eBay Yahoo! Newsv

mﬂ%ﬁ National Cancer Institute U.S. National Institutes of Health | wwuw.cancer.gov

> C G E M S =Ll ALy Division of Cancer
ANCER Epid. ol
A i ti R It % Cancer Genetic Markers of Susceptibility e iyl
SSociation Resulits S

Welcome | Browse Data I Bulk Data Download | Support Feedback Login/Register

Ac ross 8 q 24 Study: CGEMS Prostate Cancer WGAS Phase 1A @

SNP Association Finding Report - (19 results)

dbSNP ID |Chromosome Physlc(a;:)osltlon %'::ed Analysis Name p-value Whol;::l:lorne
rs12334695(8 128523110 ls’c‘g'r‘ie?::t density sampling, Adjusted 14 055361 | 7583
rs7012462 |8 128526872 Incidence density sampling, Adjusted 15 61895 |187681
rs4871751 |8 128527826 lszg'r‘ie?::t CenS iSSP nIaUIstac 0.569441|172475
rs6470517 |8 128529586 Incidence density sampling, Adjusted 1o 353344 106901
rs7841228 (8 128530060 e L sampling, Adjusted 4 553514578046
rs7841264 |8 128535996 Incidence density sampling, Adjusted |5 101898|30853
rs1447293 (8 128541502 ls’c‘g'rd:?::t density sampling, Adjusted 14 056153| 7829
rs921146 |8 128544367 Incidence density sampling, Adusted |5 109914|33365
rsag71799 (8 128551824 Iszg'r‘ie?;:t density:sampling; Adjusted S | o/06 o711 51 001
rs1447295 |8 128554220 Incidence density sampling, Adusted |4 16€-4 |149
rs9297758 (8 128555770 e sampling, Adjusted 4 575530(173461
rs6985504 |8 128565958 Incidence density sampling, Adjusted |5 5g1571|85131
rs12155672|8 128576206 e sampling, Adjusted |, 555398(85399
rs1562432 |8 128576784 Incidence density sampling, Adjusted |5 yg5649|86401
rs4242382 |8 128586755 Iszﬁ'r??.ﬁft Censitylsampinggavhstac 9.6E-5 |38

http://cgems.cancer.gov 2017300 |8 128594450 el el

A va i I a b I e 1 0 /0 6 rs7837688 (8 128608542 e sampling, Adjusted {3 gp g 19

. rs6991990 |8 128614565 Incidence density sampling, Adjusted |5 10672832421
N a tur e Gen et’ CS 2/ 07 rsa407842 (8 128619305 e sampling, Adjusted 4 g54811 (258529
powered by
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