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Basic principle of genetic association studies In

unrelated individuals
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“What’s past is prologue”

William Shakespeare

In the mid 60’s, DCEG began collection of
biospecimens from high risk families.

This approach was extended in the 80’s to
high-quality population studies.

Scientific progress results from application of
new technology.

Remarkable opportunity for discovery of
germ-line contributions to cancer.



Published GWAS Etiology Hits: 12.1.10

~140 Loci marked by SNPs
1 Locus marked by a CNV
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Profile of Cancer GWAS Regions

 Nearly all map to non-coding regions of
the genome

« ~20% map to ‘gene’ deserts

 Estimated Effect Sizes (Odds Ratios) are
small (< 1.5)

Exception is KITLG in Testicular Cancer
 Multi-Cancer Susceptibility Regions
Examples: 8924, 5p33.15 (TERT), 11913



Gene-Environment Interaction for Bladder Cancer Risk:
Large International Study Shows NAT2 Slow Acetylation
Increases Risk Only for Smokers

Never Smokers

Ever Smokers

S tudy Cases Controls OR (95% CI)
TBCS 25 17 € + I 0.80 (0.33, 1.90)
NHSMHPFS 57 57 E -+ > 1.33(0.63, 2.81)
NCBCS 36 70 € -+ ]| 0.83 (0.36, 1.88)
LWBCS 50 a3 : + > 1.40 (0.69, 2.87)
CeRePP 54 76 € - ‘l 0.59 (0.29, 1.20)
NENH 57 136 € - ‘: 0.91 (0.48, 1.70)
EEBCS 47 275 + : 0.93 (0.50, 1.74)
LABCS 97 211 : + 1.06 (0.64, 1.73)
NEMENT 98 248 : - 1.06 (0.65, 1.73)
LBCS 164 232 I - 1.05 (0.69, 1.59)
SBCS 152 303 * E 0.87 (0.59, 1.30)
CPSsIl 163 330 —— 0.94 (0.64, 1.39)
NBCS 155 490 L] 0.97 (0.67, 1.41)
PLCO 169 489 : * 1.06 (0.74, 1.52)
EPIC 176 359 + E 0.78 (0.54, 1.13)
TXBCS1 255 407 : + 1.18 (0.86, 1.63)
TXBCS2 207 464 —— : 0.85(0.61, 1.19)
0.97 (0.87, 1.08)
? 0.97 (0.87, 1.08)
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CeRePP
LWBCS
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NCBCS
EEBCS
NENH
LABCS
TBCS
CPSII
LBCS
NEMENT
ATBC
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SBCS
EPIC
PLCO
NBCS

Cases

154
167
118
171
165
296
415
399
508
570
513
401
713
547
899
702
534
1285

Controls

90
107
117
122
257
233
372
316
379
458
486
707
550
745
659
541
1385
1337

OR (95% CI)

1.35 (0.79, 2.31)

+ 1
WO

1.38 (0.84, 2.26)

1.01 (0.60, 1.72)

* > 1.35(0.84, 2.16)

1.11(0.74, 1.66)
0.80 (0.56, 1.15)

—————> 1.55(1.15, 2.08)

1
I: 1.25(0.92, 1.69)

——-.0-_ 1.23 (0.94, 1.62)
e 1.50(1.16,1.93)

e s ] 1.19(0.92, 1.53)
_— 1.02 (0.80, 1.31)
| I E— 1.24 (0.99, 1.56)

I SR 1.25 (0.99, 1.57)

| 1560(1.30,1.97)

0.96 (0.76, 1.21)
—— 1.23(1.00, 1.51)
—— 1.16 (0.99, 1.36)

Q 1.22 (1.15, 1.30)

1.22(1.15,1.30)

P-interaction = 2.8x10*4
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Rothman et al., Nat Genet, 2010




Prostate Cancer Risk Factors
2006

e Age
* Ethnic Background
e Family History



Prostate Cancer (38 as of Nov 2010)
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Prostate Cancer Risk Factors
2010

Age
Ethnic Background
Family History

Multiple common alleles
« Each common variant provides a small contribution

Inverse Relationship of Type 2 Diabetes &
Prostate Cancer



Follow-up of GWAS Hits

1. Association
Finding
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2. Mapping Region W'W

3. Assessment
of Variants

4. Secondary
Association
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ATGGAAAGGGAGCATATTACGCACTATGAAGCGGGGGAACGA
AGCATATTATGCACTATGAAGC
AAGGGAGCATATTACGCACTATGAAGCGGAGGAACGA
ATGGAAAGGGAGCATATTATGCAC GAGGAACGA
ATGGAAAGGGAGCATA ATGAAGCGGGGGAACGA
AAAGGGAG TATGAAGCGGAGGAACGA
GCATATTACGCACTATGAAG AACGA
ATGGAAAGGGAGCAT GGAACGA
TATTATGCACTATGAAGCGGAGGAACGA
ATGGA TGCACTATGAAGCGGGGGAACGA
ATGGAAAGGGAGCATATTACGCACTAT AACGA

GWAS or Linkage

Regional Re-Sequence
HapMap
1000 Genomes Data

Choose Variants
for Testing

Follow-up
Genotyping in
Large Studies
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Nominating Optimal Variants for Functional Studies



The Majority of GWAS Map to Non-Coding Regions

Non-
Protein
Coding

Functional
Elements




10q11.2 & Prostate Cancer

Top Hit: rs10993994
Promoter of MSMB

20,000 subjects

MSMB= B-microseminoprotein
Prostate specific
Serum marker in studies

Functional Analysis

Risk Allele “T”

Lower expression levels
Reporter assays
Electromobility Shift Assays
Levels in Prostate Tissue
Tumor Tissue

TT Decrease Expression
In NCI-60 Cell lines




10g11.2 Could Be More Complex......
MSMB and NCOA4

0 02 04 06 08 1

RNA Expression MSMB and NCOA4
Normal )’ 1

Tumor Tissue 1! &>

Anchorage Independent Growth is Specific to Prostate
MSMB- Suppression
NCOAA4- Over-expression




ty Loci Across 8924

Cancer Susceptibili
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GWAS Identifies 7 Cancers Associated with
TERT-CLPTM1L Region on Chromosome 5p15.33
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Behavioral traits
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Genome-wide
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Biometrics
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Genome-wide
\_ association studies )

Population genetics

and ancestry Sex verification  Relationship testing
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Pursuit of X-Chromosome Aneuploidy and Cancer Risk
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Population genotype relative risk
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Risk prediction utility

Crohn’s Disease
Sibling relativae-risk:20-35
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1-Specificity

Sensitivity

Common (BPC) cancers
Sibling relative risk=2-3

0.2 0.4 0.6 0.8 1
1-Specificity

Figure 2 Receiver operator characteristics (ROC) curves for genetics risk models.

Random
Using known loci
Using all estimated loci

Ideal (if we could explain all heritability)

Park et al Nature Genetics 2010



True positive rate

Predicting Prostate Cancer Risk

1.0

08

06

04

02

0.0

35 common SNPs from GWAS

Men between 60 and 65 years

NCI Breast and Prostate Cohort
Consortium

Area Under the Curve

——FH Alone=0.52

—— FH + 35 SNPs= 0.66

0.0 0.2 0.4 0.6 0.3

False positive rate

ROC=Receiver Operator Curve



Status of Genome-Wide Association
Studies

/

¢ Discovery of New Regions in the Genome Associated with
Diseases/Traits

 New “Candidate Genes”
s Clues for Mechanistic Insights Using Common Variants
« Etiology
 Gene-Environment/Lifestyle Interactions
 QOutcomes & Pharmacogenomics

% Challenge of Genetic Markers for Risk Prediction for
Individual or Public Health Decisions

= Common Variants Represent a Fraction of the Genetic
Contribution to Risk

= [ntegration of Lifestyle/Environment
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Cohort Consortium Strategic Plan

Cohort Consortium

New Population Genetic Susceptibility
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Mapping Complex Diseases:
ldentifying Genetic Markers

Comprehensive Catalog of Genetic
Variation Enables ‘Agnostic’ Search

Frequency of Study Design for
SNP Markers Discovery
Common >10% GWAS

Uncommon 1-10% GWAS or Sequencing
Rare <1% Linkage or Segquencing

SNP= Single Nucleotide Polymorphism
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11913: Multi-Cancer
Susceptibility Region

Prostate Renal Breast
rs10896438 rs12793759 rs10896449 rs7105934 rs614367
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Recombination hotspots and LD structure in 11g13:
GWAS Region with no candidate genes
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2.5 M SNP Chip

Beta tested at CGF

High performance at CGF (~750 samples)
— Completion rates of 99% with concordance > 99%

2.5 M Array

— Average MAF=10.4% (range 3-15%)

— Based on 3 algorithms (UofM, Broad and WTSI)
— New common regions not covered on prior chips

2.5M S (2" half of 5 M)

— Design begins in November 2010
— Projected beta test in Spring 2011



IMPUTATION STUDY @ CGF

/50 Caucasians (250 of ACS, ATBC & PLCO)
2.5 M SNP array
1.0M Omni array
1.0M Duo or 660w array
Affymetrix 6.0
100 AA & 75 Chinese with 2.5 M and 1 M/660w
Deposit in doGaP in Winter of 2010

Approximately 3.4 M genotyped SNPs in CEU for
analysis with 1000 CEU data (new download)



Validation for 42 events: 100% Validation Allelic imbalance &

- normal dosage UPD
- abnormal dosage CNV
Microsatellites FISH
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Large Structural e
Chromosome

Germline Mosaic Events
Copy Neutral LOH
Duplication/trisomy
Deletion

UPD
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