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2002 — BRAF mutations in human cancer.

Heteroduplex/PCR resequencing of a handfull of genes
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What we learned from earlier PCR- based
systematic screens

The majority of somatic mutations identified in large-scale
resequencing screens are likely to be passenger events

There is evidence for multiple infrequently mutated genes
under positive selection

There are likely to be many genes that can contribute to
oncogenesis when mutated

A large number of genes sequenced in a large number of
cancers of “same” type will be needed to begin to fully
elucidate the complement of cancer genes



PCR exon-resequencing ccRCC study

101 ccRCC cases
(96 clinical samples + 5 matched pair cell lines

Screen the coding exons of 3,544 genes
(750 Mb total)

Copy number and expression

Follow-up series of 311 clear cell carcinoma clinical samples
with matching normals



Results

VHL point mutations in ~¥60%, VHL/Hypoxia signature in
~85%

Very quiet on SNP6.0, no high level focal amplicons

75/91 (82%) of cases assessed for expression had
upregulation of genes associated with cellular
hypoxia



Four/five significantly mutated genes in ccRCC are
histone methylase/demethylases

UTX — H3K27 demethylase and MLL2/3 complex in
H3K4 methylation

12/407 cases mutated (12/12 truncating)

SETD2 — H3K36 methyltransferase
15/407 cases mutated (12/15 truncating)

JARID1C — H3K4 demethylase
14/407 cases mutated (12/14 truncating)

MLL2 — H3K4 methyltransferase
17/407 (including a silent, 6 truncating, 5 missense)

van Haaften et al. Nat Genet. 2009 May;41(5):521-3. Epub 2009 Mar 29.
Dalgliesh et al. Nature. 2010 Jan 21;463(7279):360-3. Epub 2010 Jan 6.



The allelic architecture of driver mutations in clear cell renal cancer
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Whole ‘exome’ sequencing



Microarray

Genomic
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Gnirke et al, Nature
Biotechnology, 2009
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Sequencing

Solution Hybrid
Capture of all coding
exons and miRNA genes

Exome is GenCode/ICGC
includes 21,416 protein
coding genes + 1664 miRNA
genes



Clinical Samples in exome sequencing

Sample | Sex | Age | Grade | Histology VHL mutation” SETD2 mutation UTX mutation

PD2125a| M | 82 4 Clear Cell

¢.236_241delGCAGTC; C.1801T>A;
PD2126a| F | 74 1 Clear Cell p.R79_P81>P p.R601*
PD2127a| F | 59 4 Clear Cell
PD2144a| F | 63 4 Clear Cell c.525delC; p.Y175*

c.4161 4162delTG;
PD2147a| F | 50 2 Clear Cell p.Y1387fs*1

PD3295a| M | 62 4 Clear Cell

€.223 225delATC;
PD3441a| M | 69 1 Clear Cell p.F76_C77>C

A VHL mutations in PD2126a and PD3441a were not "re-discovered" in exome sequencing due to poor coverage of
the highly GC-rich first exon.
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PBRM1 is somatically mutated in 40% (92/227) of ccRCC
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VHL

SETD2
PBRM1

36/38 PBRM1 mutant ccRCC have hypoxia
signature

55/107 cases with a demonstrable* VHL
mutation have a PBRM1 mutation

9/9 cases with a SETD2 mutation have
mutation in either VHL or PBRM1

6/9 SETD2 mutant cases have a mutation in all
three gene

3 tumour suppressor genes unmasked with
only 4 hits

3p LOH is most frequent marker in ccRCC

*point mutations only



Breast Cancer Exome Sequencing

e /2 cases
46 ER+ (HER2-)
11 Triple Negative
12 HER2+
1 BRCA1 mut, 2 BRCA2 mut

 Exome is GenCode/ICGC includes 21,416 protein coding genes + 1664
MiRNA genes

Solution hybrid capture (Agilent) followed by sequencing on lllumina and
variant calling as just described

Follow-up in 300 cases



ER+ Cases |

TOTAL
Sample mutations AKT1 AKT2 CDH1 GATA3 KRAS MAP2K4 NF1 PIK3CA PTEN RB1 SETD2 STK11 SMAD4 TP53
PD3852a| 13
PD3854a 20
PD3856a| 50 | TP53 |
PD3857a| 22
PD3858a| 61
PD3985a| 33 -
PD3986a| 24
PD3989%a| 25
PD3993a| 24
PD39%a| 7
PD3995a| 39
PD3996a| 14
PD3997a| 13
PD3999a| 28
PD4000a| 48
PD4004a| 44
PD4087a| 44
PD4092a| 25
PD4093a| 78 | TP53 |
PD4094a| 86
PD410la| 19
PD4104a| 36
PD4105a| 40 -
PD4108a| 26
PD4110a| 25
PD411la| 18
PD4134a| 51




Triple Negative Cases

TOTAL
Sample mutations AKT1 AKT2 CDH1 GATA3 KRAS MAP2K4 NF1 PIK3CA PTEN RB1 SETD2 STK11 SMAD4 TP53

PD3987a| 38

PD4002a| 118

PD4003a| 126

PD4091a| 36

PD4098a| 106

PD4102a| 77

pD4107a| 83

pD4109a| 121

PD4113a| 39

PD4130a| 35

PD4133a| 88




Rearrangement screens



Tumour-specific rearrangements




Plasma DNA

Normal ~ ar:,‘go;i?
tissues

DNA with tumour-specific rearrangement



Serial measurements

CT scan: Localised CT scan: Widespread
deposits around T9-10 soft-tissue metastases
Chemotherapy:
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Whole genome shotgun



Comprehensive catalogues of somatic mutations
In cancer

* Detection of all classes of somatic variant

base substitutions
insertions and deletions
rearrangements

copy number

* Detection of somatic variants in all genomic regions
coding exons
noncoding exons
introns
intergenic regions



Somatic mutations in Colo-829 and NCI-H209

Colo-829 NCI-H209
Total Somatic Substitutions 33,345 22,910
Insertion/deletion 66 65
Rearrrangements 37 58
CODING
missense 168 92
silent 104 36

nonsense 14 4




International Cancer Genome Consortium
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ICGE Goal: To obtain a comprehensive description of genormic, transcriptomic
and epigenomic changes in 50 different tumaor types andfor subtypes which

are of clinical and societal importance across the globe.

ICGC Public Presentation April 15, 2010 : PDF 54 | PPTR

201m
HTMLE?

International network of cancer genome
projects. kature 464, 993-998 (19 April

[

[£

International Cancer Genome Consortium (ICGC) Goals, Structure, Policies and
Guidelines - HTHMLR | FOF 4

1—_-_1 7 Members of the ICGC

% o0 Committed Projects to date; 23

e L

Lung Cancer
United States 2=

Malignant Lymphoma
ermany

Oral Cancer
India

Charian Cancer
Australia (7]

Chvarian Cancer
United States 25

Pancreatic Cancer
Australia -]

Pancreatic Cancer
Canada [ 4|

Pediatric Brain Tumors

G ermany -

Prostate Cancer
Canada I"‘I

Prostate Cancer

Germany -

Rare Pancreatic Tumors
taty 11

Renal Cancer

European Union f France o






Cancer
Genomics

Chin, Andersen, Futreal — Nature Medicine, in press
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Paired-end Reads

Random 400bp fragments of matching cancer and normal genomes
Hundreds of millions of individual molecules sequenced simultaneously
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Map paired sequences back to reference genome
Compare and look for tumour-specific variants



Copy number
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