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|CGC 47 projects launched 2012

CANADA EU/UNITED

« Pancreatic cancer KINGDOM S
(Ductal adenocarcinoma) . Breast cancer

- Pediatric brain tumors (ER positive,

(Medulloblastoma) HER2 negative)
- Prostate cancer
(Adenocarcinoma) GERMANY ] ?hAUEI ARABIA CHINA
+ Malignant lymphoma + Thyroid cancer i
UNITED (Ger?ninal cimir B-cell (Papillary carcinoma) More 4 P rOJECtS
UNITED STATES KINGDOM derived lymphomas)
« Pediatric brain tumors

+ Bladder cancer ! ?g;::;i:m " _— (Medulloblastoma and

+ Blood cancer Pediatric pilocytic
(Acute myeloid leukemia) chondrosarcoma/ as"ocy‘;n:)cyu CHINA JAPAN

« Brain cancer rare subtypes) . Prostate cancer « Gastric cancer « Liver cancer
(Glioblastoma multiforme/ + Breast cancer (Early onset) (Intestinal- and diffuse-type) (Hepatocellular carcinoma)
lower grade glioma) (Triple negative/lobular/ (Virus-associated)

« Breast cancer other)

(Ductal & lobular) + Chronic Myeloid Disorders

+ Cervical cancer (Myelodysplastic syndromes,
(Squamous) myeloproliferative !

. Colorectal cancer and other chronic myeloid
(Adenocarcinoma) malignancies) b

+ Endometrial cancer + Esophageal cancer
(Uterine corpus endometrial + Mesothelioma - with AU/US
carcinoma) + Prostate cancer »*

« Gastric cancer
(Adenocarcinoma) SOUTH KOREA

« Head and neck cancer
(Squamous cell carcinoma/ EU/FRANCE +Breast cancer
Thyroid carcinoma)

. Livyer cancer + Renal cancer a ITALY
(Hepatocellular carcinoma) (mnal cellbcarcmo:pa)_ ed * Rare pancreatic tumors - -

« Lung cancer io clz:ro cne"l::]:o' ln)'ut (Enteropancreatic endocrine INDIA TR
(Adenocarcinoma/ MEXICO type tumors and rare pancreatic - Oral cancer + Mesothelioma - with UK/US
squamous cell carcinoma) exocrine tumors) (Gingivobuccal) « Ovarian cancer

* Mesothelioma - with AU/UK + Blood cancer FRANCE (Serous cystadenocarcinoma)

+ Ovarian cancer (Diffuse large B-cell 3 « Pancreatic cancer
(Serous cystadenocarcinoma) lymphoma) + Breast cancer (Ductal adenocarcinoma)

. Pancreatic cancer + Breast cancer (Subtype defined by an « Prostate cancer
(Adenocarcinoma) (Ductal carcinoma) amplification of the

« Prostate cancer « Cervical cancer HER2 gene) —

(Adenocarcinoma) + Head and Neck Cancer + Liver cancer I

« Renal cancer (Squamous cell carcinoma of (Hepatocellular carcinoma) SFAIN
(Renal clear cell carcinoma/ oral cavity/oropharynx/ (Secondary to alcohol [ |+ Chronic lymphocytic

« Renal papillary carcinoma) sinonasal cavity/hypopharynx/ and adiposity) leukemia w

+ Skin cancer larynx) + Prostate cancer (CLL with mutated and
(Cutaneous melanoma) + Pediatric solid tumors (Adenocarcinoma) unmutated IgVH)

The Cancer Genome Atlas anderstanding genomics 5

to improve cancer care
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€ Exome sequencing
About 1-2% of whole genome: 30-40Mb

Exon capture technology >>NGS

€ Gene expression (RNA) analysis
RNA-Seq, miRNA-Seq %

€ Epigenetic analysis
bisulfite treatment, MeDIP>> NGS
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Somatic substitution and short indel
In cancer genome




Call for somatic point mutations

Cancer genome :120-150 Gb (x40-50)
read filtering

Normal genome: 90-100 Gb (x30)
read filtering

\ 4

BWA mapping to GRCh37

N g

BWA mapping to GRCh37

' Excluding PCR duplication ' Excluding PCR duplication

SAMtools

!

SNV candidates

Not SNP candidates A

Somatic mutation call

SAMtools

1 Feedback!!

SNP candidates

:> PCR >> Sanger Sequencing
False positive rate: ~“3%




Call for somatic point mutations in cancer genome

Cancer genome :120-150 Gb (x40-50) Normal genome: 90-100 Gb (x30)
Mapping to reference genome (GRCh37) Mapping to reference genome
' (GRCh37) '
Read count in every nucleotide Read count in every nucleotide
of human genome of human genome

Chr2: 85,446,193
T,A,AAAAAAAAAA,G,G,G,G,G,G,G AAAAAAAAAAAAAA,C

® Sequencing error (C/G > A/T)
® Mapping error

® Low depth region :>

® Reference genome
® Tumor heterogeneity

Error of
Mutation Call




Validations by Sanger sequencing

Somatic substitution
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Somatic Copy number alterations
In cancer genome




Copy Number Alteration (CAN) call by NGS
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Detection of middle-size deletion (50 bp resolution)

Subject window size;50 bp
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Genomic rearrangements
In cancer genome



Call for Structure Variants by NGS

Readl Read?2
Pair end

Copy number

Split read

de novo assembly



Paired-end sequencing detects genomic rearrangements

Normal pair
Read 1 Read 2

Reference genome
500-600 bp

Inversion

e ——

Translocation

Deletion

<

Reference genome

Reference genome

Reference genome



Validation of genomic rearrangements by PCR and Sanger sequencing




Circos plot for genomic rearrangements and CNV
of a HCV-associated HCC (RK003)

Translocation

Chromo
-thripsis

Translocation; blue
Deletion; grey
Inversion;
Duplication; red
CNA; green dots
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ZhlMEES Multi-centric tumors (MC)
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“ (Fujimoto et al. Nature Genetics 2012)
25 A0\od

ID i MH R TEHSE EBEFE@mm)

2 7 W“ 0) Hﬂﬁb“h HBI 56 M _ HBV T 33
HB2 46 M  HBV ; 24

HB3 74 M  HBV + 60

d) WG S HB4 6] M  HBV ] 30

HB5 38 M  HBV + 8

HB6 57 M  HBV + 30

11 ADBIEIFF 2 HB7 58 M  HBV T 2

HBS 68 F  HBV + 45

HBY 60 M  HBV i 20

HBI0O 56 M  HBV + 63

HBIl 41 F  HBV + 30

HCI 62 M  HCV i 87

HC2 71 M HCV i 45

HC3-1 69 M  HCV + 20

HC32 69 M  HCV + 20

1 zkmcﬂﬂ:l:ﬁ HC4 61 M HCV + 18
HC5S 58 M HCV + 24

CADZHDLEZED) HC6 61 M  HCV i 35
. HC7-1 64 M  HCV + 27

1 415'] 0) E% HC7-2 64 M HCV + 25
HCS 73 F  HCV i 21

HCY 66 M  HCV i 40

HCI0 62 F  HCV i 20

HCIT 71 F  HCV i 35

HC12 57 M  HCV + 43

NBNC1 81 F  nBnC i 70

2ADIEIAMILAE NBNC2 73 M  nBnC + 60




Average depth of coverage with uniquely mapped reads

(a) Cancer x40 depth ) Blood x30 depth
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¥J?F5511000£5ﬁ (Fujimoto et al. Nature Genetics 2012)




Somatic mutation numbers of 27 HCCs

(Fujimoto et al. Nature Genetics 2012)

35000 - MLH1 p.E234*
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On average, | ional
€ 11,810 point mutations é‘atﬁ?é?t'g?.?ome

including 70 protein-altering mutations &> Consortium
813 indels

including 6 coding indels 77 HCC genomes
21 genomic rearrangements
2.1 HBV genome integrations

*e o

http://dcc.icgc.org/




Circos Plots of Liver Cancer Genomes
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Blue; stretched pair, Green; chromosomal translocation, Red; inversion or intra-chromosomal translocation
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Genome-wide Somatic Substitution Patterns of 27 HCCs
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(Fujimoto et al. Nature Genetics 2012)
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Somatic substitution patterns of HCCs is determined by
their etiological backgrounds where they developed

Virus infection i . . )
. ) ) Mutation Chronic inflammation
virus integration Pattern in

Precursor /

Cells <— QOxidative stress
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Cells_—Precursor S~
Cells Other genotoxic factors
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Driver or Passenger Mutations




“Long tailed” list of mutated genes in 66 liver cancers
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200~ recurrently mutated genes in 27 HCC genomes

Gene

TP53
ERRFI1
ZIC3
CTNNB1
GXYLT1
OTOP1
ALB
ATM
ZNF226
USP25
WWP1
IGSF10
ARID1A
UBR3
BAZ2B

CDS length

1,218
1,397
1,412
2,398
1,351
1,859
1,882
9,415
2,424
3,260
2,857
7,892
6,934
5,819
6,643

Indel

o
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Missense Nonsense
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Adjusting for the gene length and the
regional deviation of somatic mutation rate

o

O OO 00O O0OPFrROO0OCOO0ODOCOoON

Splice
site
3 14
0 3
0 3
0 3
0 3
0 3
0 3
0 5
0 3
0 3
0 3
0 4
0 3
0 3
0 3

0

Total P-value ¢g-value)

0

0.00020 0.0034

0.0005
0.0015
0.0013
0.0015
0.0022
0.0037
0.0043
0.0051
0.0060
0.0091
0.011
0.018
0.024

0.0041
0.0071
0.0071
0.0071
0.0089
0.013
0.014
0.015
0.016
0.023
0.026
0.041
0.050

Frequency in
validation set
NA

3.1% (2/65)

3.3% (4/120)

NA
0.8% (1/120)
0.8% (1/120)
3.3% (4/120)
5.0% (6/120)
3.3% (4/120)
0% (0/120)

7.7% (5/65)

3.3% (4/120)
10% (12/120)
0.8% (1/120)
1.6% (2/120)

(Fujimoto et al. Nature Genetics 2012)




Aberrations of ATM-p53 pathway in 27 HCCs

ID

TP53

ATM

ATR

HB1

HB5
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HCS
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Gene set enrichment (GSE) analysis for genes with nonsense,
coding indel and splice-site mutations (deleterious mutations)

List Pop Fold
Category Term Count % P-value  Total Pop Hits Total Enrichment q-valu e
SP_PIR_ KEYWORDS phosphoprotein 162 55.1 6.92E-10 292 7263 19235  1.469292662 0.00000023
IPR013032:EGF-like
INTERPRO region, conserved site 19 6.5 8.02E-07 260 293 16659  4.154909425 0.00049
IPR000742:EGF-like,
INTERPRO type 3 15 5.1 2.14E-06 260 194 16659  4.954103886 0.0006
INTERPRO IPR006210:EGF-like 15 5.1 3.25E-06 260 201 16659  4.781572905 0.0007
SP_PIR_ KEYWORDS egf-like domain 15 5.1 1.15E-05 292 230 19235  4.296083979 0.0019
UP _SEQ FEATURE domain:EGF-like 1 12 4.1 2.25E-06 292 120 19113 6.545547945 0.0039
SMART SM00181:EGF 15 5.1 3.00E-05 175 201 9079  3.871641791 0.0043
SP PIR_ KEYWORDS polymorphism 208 70.7 4.75E-05 292 11550 19235  1.18628951 0.0052
SP_PIR_ KEYWORDS calcium 28 9.5 942E-05 292 803 19235 2.2969515 0.0078
UP SEQ FEATURE sequence variant 218 74.1 1.06E-05 292 11992 19113  1.189901144 0.0092
SP_PIR_ KEYWORDS bromodomain 6 2.0 2.89E-04 292 39 19235 10.13435195 0.019
SP PIR KEYWORDS  chromatin regulator 12 4.1 4.17E-04 292 213 19235  3.711171136 0.023
INTERPRO I[PR006209:EGF 10 34 1.66E-04 260 127 16659  5.045124167 0.025
SP PIR KEYWORDS disease mutation 42 143 5.45E-04 292 1591 19235  1.738955426 0.026
INTERPRO bromodomain 6 2.0 3.69E-04 260 40 16659  9.610961538 0.044
SP PIR KEYWORDS tumor suppressor 9 3.1 0.0011571 292 137 19235  4.327442256 0.047

g-value was obtained by Benjamini and Hochberg’s FDR method

(Fujimoto et al. Nature Genetics 2012)



Mutations of Chromatin regulator genes in HCCS

(Fujimoto et al. Nature Genetics 2012)
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Cancer cell evolution
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Mutant allele proportions of point mutations

(Fujimoto et al. Nature Genetics 2012)
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Proportion of HBV integration sites (IS) in cancer
cell-populations of HBV-integrated HCCs
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