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Cancer as a genetic disease




Strategies to identify common
cancer predisposition alleles

Association study

Indirect, e.g.

Modifiers of
Mendelian disease
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Previous case-control (association)
studies to identify common, low-
penetrance cancer genes

A Many small-scale studies in past, based
on candidate genes

A Many positive reports
A A priori p(false+) >>> p(true+)

A Publication bias, failure to match cases
and controls/population stratification, etc



Meta-analysis of candidate CRC genes

A Xenobiotic metabolism

A Iron absoprtion/metabolism
A Ha-ras VNTR rare alleles
A MTHFR

A p53

A TGFBR1

A BLM*Ash

A CHEK2
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Genome-Wide Association Study
to identify colorectal cancer
susceptibility genes

Manhattan plot




TagSNP design

A Catalogue of variation at Single nucleotide
polymorphisms (SNPs) genome-wide In
different populations

A Allows disease gene identification via
linkage disequilibrium mapping

A6 Tagd SNPs can cover




550K
SNPs

50K
SNPs

200
SNPs

~30
SNPs

VICTOR/QUASAR?2
1958 birth cohort
1.2K + 2.5K

Edinburgh
1K + 1K

NSCCG + Edinburgh 2
5K + 5K

COIN + NBS
2.5K + 3K

NSCCG2, Edinburgh3, COGENT
>20K + 20K




QC Issues

A <1% samples failed

A SNP call rate >99.5%

A All duplicate calls identical

A Eliminate sex mismatches

A Eliminate IBD predicted >6.25%
A Eliminate excess heterozygosity

A Eliminate samples clustering with non-White
European
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Eigenvector 2

PCA reveals NW-SE cline in UK but
cases and controls cluster together
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80924
18g21.1
15q14
8023
10p14
11923
19913.1
16g22.1
14q922.2
20p12.3
1941
3026.2
12013.13
200.13.33

15 colorectal cancer SNPs

SMADY7
GREM1
EIF3H3

RHPHN1
CDH1, CDH3
BMP4

BMP2

MYNN
DIP2B
LAMAS

1.26
1.21
1.20
1.16
0.84
1.17
0.84
0.89
1.12
1.13

1.09

0.93
1.06, 0.93
0.92

May be functional
BMP/TGFB pathway
BMP pathway

Minor allele protective
Rectal cancer assocn

In intron

Good candidate genes
BMP pathway

BMP pathway

X2
Includes BMP pathway



More possible colorectal cancer
SNPs under top-secret
invesﬂgaﬂon




Lessons from cancer GWASs (1)

A Common disease-common variant model applies
to cancer

A Low risks (max ~1.3 per allele) and power
A Probably more SNPs to be found (how?)
A Candidate and/or nsSNPs generally absent

A Clinico-pathological associations neither the norm
nor uncommon

A ?multiplicative risks (?), no GxGs to date



Lessons from cancer GWASs (2)

A Seem to be several different underlying
mechanisms of increased risk

A Do most variants act via (long-range) changes in
gene expression?

A Generally no obvious functional variation (how do
we find it?)

A Hint of some pathways consistently affected (not
always the expected ones)



Utilisation of cancer SNPs in clinical
(predictive) testing: the theory

A Helpful, but not essential, to identify the
functional variation

A Develop predictive test, but must be population
specific

A Combine multiple variants (how many?) for

population testing

A Prevent cancer in those at increased risk
A Relationship to availability and effectiveness of
screening?




True positive rate

Only a small part of familial RR explained
And impact on individual risk prediction is poor

1.0

0.8

0.6

0.4

0.2

0.0

10 susceptibility SNPs

0.0 0.2 0.4

False positive rate

0.6

0.8

1.0

True positive rate

1.0

08

086

04

02

00

10 susceptibility SNPs + family hx + age

0.0

02

04

False positive rate

06

0.8

1.0



But at the population level, RRs already quite impressive
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Where do GWA studies go next?

A More common alleles i more samples?

A More common alleles i more SNPs, including
poorly tagged?

A CNVs?

A Sub-groups, e.g. MSI+

ntermediate phenotypes, inc. eQTLS?

Pathways, GxG, GXxE, etc

Different populations?

dentify functional variation?

Rare alleles?

o Io To Do Ix




Donot forget t h
variation can also affect the
foll owli ng é.

A Tumour features at presentation

A Response to therapy and toxicity

A Outcome overall

A Phenotypic severity in Mendelian syndromes

A Similar principles of discovery and analysis
apply as for predisposition genes
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Power of the meta-analysis to identify each of the 10 colorectal cancer

susceptibility alleles, stipulating a ~- value of 10°. Genotypic risks associated
with each locus derived from replication data.



Bigger and ?better GWA studies?

Number of Risk Alleles Needed to Produce a Sibling Relative Risk of 1.5, 2.0, or 3.0.*

Relative Risk Per Allele Sibling Relative Risk
1.5 2.0 3.0
no. of risk alleles
1.10 203-507 347-867 550-1374
1.20 51-135 87-231 138-367
- |
= -
fRR=14 /
‘ F—F:I
T s o Need more than 10K cases
1 - ra and controls in primary
- f | screen to have good
2 N chance of detecting alleles
1 | with RR=1.1

Alets frequency



Next steps: rare variants?

A Low frequency polymorphisms, freq 1-5%
A Sub-polymorphic variants, freq 0.1-1%
A Private variants, freq <0.1%

A Most genetic variants are probably rare, especially if
they have deleterious functional effects

A Therefore, for the individual, rare variants likely be
more important than common variants

A Size of effect on risk may be larger than for common
variants

ATouted as the answer to
t he GWASDO




In reality, rare variants likely to be even
harder than common variants ....

A Will effect sizes actually be larger than for
common alleles?

A Technical and expense issues in genotyping

A Private variants can only be analysed on a
gene-by-gene basis; difficult to show an
iIndividual variant affects risk

A Need very large sample sets to show GWAS-
levels of significance; need to rely on prior
evidence (e.g. candidate gene, variants with a
priori functional effects

A Precise estimates of risk will be difficult to obtain
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Cancer GWASSs: further considerations

A Population-specific risks
A GxEs: how, if at all?

A Use of intermediate phenotypes, especially
normal cancer-associated phenotypes (e.g.
weight, height, mammographic density)

A Use of molecular phenotypes (e.g. eQTL
GWAS, DNA repair capacity)

A Study of pre-malignant lesions (e.g. colorectal
adenomas, DCI S/ LCI S, Bart



What happens next in cancer genetics?

A Bigger and ?better GWASs and pooled analyses?
A Overcoming the problems of the GWAS .....

A LD variable, >10% of common and >>10% rare
variants not well tagged

A Poor power for rare alleles (might expect
deleterious alleles to be rare)

A Poor for recurrent variants/genetic heterogeneity

A Need to include CNVs, structural variants, rare
variants for comprehensive genetic picture

A Medium-term issues of predictive genetic testing



GWA studies In colorectal cancer
and the BMP pathway: conclusions

A BMP SNPs clearly owepresented in set of
CRGassociated SNPs

A Stem cell number most plausible model, but
how to test?

A Ongoing studies in mapping control regions
andhistonebinding sites

A Probably more than one variant
Independently affecting disease at some loci

ALaA8 GKAA&a az2dzNDS 2F 4Y)?



Donot forget t h
variation can also affect the
foll owli ng é.

A Tumour features at presentation

A Response to therapy and toxicity

A Outcome overall

A Phenotypic severity in Mendelian syndromes

A Similar principles of discovery and analysis
apply as for predisposition genes



Breast and prostate cancer
GWASs have general findings
similar to colorectal cancer

A 4 breast ca GWASs A 2 prostate ca

to date GWASSs to date

A 8 loci, ORs 1.07- A 16 loci, ORs 1.12-
1.41 per allele 2.01 per allele

A Genes include A Genes include
FGFR2 HNF1B/TCF2 and

A Also CASPS8 D302H KLK2/3 (PSA)

Note CHRNAS3/5 in lung and TYR & ASIP in melanoma



But have GWASSs been a success?




SMADY region
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