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Advance in the Discovery of Somatic
Mutations in Cancer

1. Known somatic mutations in COSMIC (Nov 2007 stats)
-Cancer samples 246,369 (Cancer types 69)

-Somatic mutations 51,599 (Unique 9,559)

-Genes with mutation found 4,762

2. Recent advance of large-scale cancer mutation studies
-Screen large number of genes in limited cancer samples

-Screen a selected subset of genes in different cancer types
Greenman et al. Nature 2007; Sjoblom et al. Science, 2006

3. TSP and TCGA projects aim at further advancing

mutational discovery in cancers

-Larger number of cancer types

-Larger sample size for each cancer type

-Integration of different platforms (SNP array, Mutation discovery, expression
profiling)

-More comprehensive analysis



» TSP Lung Adenocarcinoma Study

188 tumor samples and 630 genes have been through PCR-based re-
sequencing. 384 lung adenocarcinoma tumor samples and matched
normals were used for Affy SNP array study. RNAs from 76 tumor
samples have been used for Affy gene expression array.

“*Moving into TSP part B: large scale re-sequencing using NexGen
sequencers.

» TCGA Glioblastoma Study

%100 glioblastoma samples/matched normals and 605 phase I genes
have been through PCR-based re-sequencing. The same set of samples
have been analyzed by other platforms such as SNP array, gene
expression array, and so on.

“*Moving into re-sequencing with phase II genes and regions (~700).



Outline

» Pipeline
“*Overview of medical sequencing pipeline
“*Overview of medical sequencing analysis pipeline

» Analysis of lung adencarcinoma
“*Mutation stats, distribution, and signature
“*Driver vs. passenger analysis

“*Correlation among mutations

“*Correlation between mutations and LOH/CNV

+s»Correlation between mutations and clinical features

» Analysis of glioblastoma and comparison to lung

adenocarcinoma

“*Mutation stats and cross-center comparison
“*Mutation distribution and signature
“*Comparison between two cancer types




PCR-based Medical Sequencing Pipeline
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Medical Sequencing Mutation Analysis Pipeline
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TSP Lung Adenocarcinoma Project

-Verified or Validated Somatic Mutations Identified in Lung
Adenocarcinoma

Shared 61 genes: 316 Point Mutations and 21 Indels

WUGSC 190 genes: 256 Point Mutations and 13 Indels

Broad 194 genes: 118 Point Mutations

Bavylor 185 genes: 210 Point Mutations

Total 630 genes: 900 Point Mutations and 34 Indels




Mutation Frequencies in Lung Adenocarcinoma
--KRAS and TP53 Are Mutated in About 1/3 of Tumor Samples

o)
0.4 o
X P
0351 4 F
Y -
c 03
S
g0.25 -
2 40 f& + Frequency
c w o
S 0.15 UEE0 g S ‘L
-~ o m @ e ' ] N -~ O
g o1 CLEEBCESiheEz e pREREED
. 4 Q0 X LL.
50057 ,.”’Dm_><20<zu_n.'j§§9'£&%%
: 0000000040000 000
0 ‘ w | | |
0 5 10 15 20 25 30
Gene

“*Indels have not been included in the analysis

“*WU/Broad/Shared genes used for the analysis




Mutation Signatures in Lung Adenocarcinoma
-Mutation Signature Potentially Determined by the Specific

Carcinogen in Smoke

Mutation spectra in lung adenocarcinoma
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*C:G>T:A transition and C:G>A:T transversion are most frequent

“*WU/Shared genes used for the analysis




90% Mutant Sites Identified in Lung
Adencarcinoma Are Novel

-Known and Novel Mutations Found in TSP Samples
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“*Indels not included in this graph

“*WU/Shared genes used for the analysis




Identify “Drivers” in Lung Cancer

Gene
KRAS
TPS3
STK11
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“»Estimated background mutation rate (BMR) 2.00e-6
*»False Discovery Rate (FDR) < 0.1

“*WU/Broad/Shared genes used for the analysis




Driver Protein Domains Involved in Lung Adenocarcinoma
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“*WU/Broad/Shared genes used for the analysis




Top 10 KEGG Level 3 Pathways in Lung

Adenocarcinoma

-Cytokine Receptors and Cell Adhesion Are the Top 2 Pathways

Mutated in Lung Adenocarcinoma

B Negative logP

B P value
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Gene 1
FYN
ERBB2
FGFR4
NTRK2
EPHA3
FYN
INSRR
ERBB2
LMTK3
NF1
FGFR4
LRP1B
PDGFRA
LRRK1
DOCK3
DOCK3
LMTK3
CDKN2A
EGFR
FGFR4
NF1
LRP1B
ERBB2
ERBB2
PDGFRA
LRP1B
EPHA3

Gene 2
PRKDC
LRRK1
PDGFRA
PDGFRA
LTK
LMTK3
PDGFRA
NTRK1
PDGFRA
PDGFRA
NTRK2
PRKDC
PTPRD
NTRK1
LTK
FLT4
TP53
ERBB2
KRAS
NF1
NTRK2
TP53
MAST2
PRKDC
PRKDC
PDGFRA
EPHB6

CC

0.48903
0.458802
0.458802
0.458802
0.453912
0.437188
0.428862
0.414721
0.410403
0.408854

0.38125
0.377964
0.365382
0.343401
0.330457
0.316538
0.314988
0.308348
-0.30031
0.300273
0.300273
0.296045
0.296001
0.296001
0.296001
0.290883
0.289306

P_value
2.65E-11
5.73E-10
5.73E-10
5.73E-10
9.17E-10
4.32E-09
9.08E-09
3.06E-08
4.38E-08
4.98E-08
4.37E-07
5.58E-07
1.40E-06
6.31E-06
1.46E-05
3.44E-05
3.78E-05
5.59E-05
8.89E-05
8.91E-05
8.91E-05
0.000113
0.000113
0.000113
0.000113

0.00015
0.000164

FDR
9.32E-09
8.06E-08
8.06E-08
8.06E-08
1.07E-07
4.34E-07
7.98E-07
2.39E-06
3.08E-06
3.18E-06
2.56E-05
3.02E-05
7.01E-05
0.000296
0.000641

0.00121
0.001264
0.001788
0.002505
0.002505
0.002505
0.002747
0.002747
0.002747
0.002747
0.003267
0.003267

Bonferroni
3.73E-08
8.06E-07
8.06E-07
8.06E-07
1.29E-06
6.08E-06
1.28E-05
4.30E-05
6.16E-05
7.00E-05
0.000614
0.000785
0.001962
0.008876
0.020499
0.048383
0.053102
0.078651
0.125004

0.12524

0.12524
0.158928
0.159313
0.159313
0.159313
0.211516
0.230561

Concurrence and
Mutual Exclusion

among the Mutations
-Correlations between
Mutations

*PRKDC, ERBB2, and
PDGFRA show strong positive
correlation with other genes

*EGFR and KRAS display
strong negative correlation

*Only genes with >=5
mutations used for this
analysis

*CC: correlation coefficients

“+*WU/Broad/Shared genes
used for the analysis




Highly Mutated Samples Have Mutations in PRKDC

-Distribution of Somatic Mutations in Lung Adenocarcinoma Samples
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*PRKDC encodes the catalytic subunit of a nuclear DNA-dependent
serine/threonine protein kinase (DNA-PK).

=|t is involved in the repair of double-strand breaks in DNA in which the two
broken ends are rejoined with little or no sequence complementarity.



Driver Gene STK11 Is Frequently Targeted
by Both Point Mutations and LOH/CNV

Informative Loci for Samples with LOH in STK11
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=STK11 is a serine/threonine kinase. Mutations in STK 11 are associated the growth of polyps in
Peutz-Jeghers syndrome.

*Identified 27 nonsynonymous SNPs and 4 Indels in STK11 in 188 lung adenocarcinoma samples.
=Third highest mutated gene among the genes screened so far in lung adencarcinoma.

=25 Polymorphic STK11 SNP sites sequenced to identify samples with LOH.



Associations between Mutations and

Clinical Features
- Mutations in KLF6 and PRKDC Are Positively Correlated with
Tumor Stage

0.45
@ KLF6
04 m PRKDC
0.35 1 O FOS
0.3 - 0 MAP4K4
0.25 1 m MST1R
0.2 mMYB
0.15 | m PDGFRB
0.1 - o TYRO3
0.05 | m CBLB
0 — m PDGFRA
P-value FDR

*CC: correlation Coefficients

“*WU/Shared genes used for the analysis




Associations between Mutations and
Clinical Features

»Mutations in TP53 show significant positive correlation with
tumor grade.

»Mutations in PRKDC, TP53, STK38L, and TSC2 (tuberous
sclerosis 2) correlate with the solid tumor histological subtype

of lung adenocarcinoma.

»High correlation of mutations in EGFR, MST4, and KSR1
with never smoker and mutations in KRAS with smokers.

“*WU/Shared genes used for the analysis




Summary of TSP Study

» Completed the main production and mutation screening for
630 genes in 188 lung adenocarcinoma samples

»1dentified driver genes, domains, families, and pathways
involved in lung tumorogenesis

»Revealed the genes with concurrent or exclusive mutation
patterns

» Driver genes may harbor both point mutations and LOH/CNV

»Identified correlations between clinical features and genetic
mutations

» Prioritized key mutations for functional study



TCGA Glioblastoma Project
-What Have We Learned from TSP?

»Important to sequence tumors and matched normals
“*Determine somatic status based on sequencing data alone

“*Discover LOH events based on sequencing data

“*Identify low level mutations by comparing tumor and normal trace data
“*Identify somatic silent mutations to estimate background mutation rate

»Important to perform gap filling to gain high
percentage of quality coverage cross the target regions




TCGA Production Progress

-Global Re-sequencing Production Statistics

‘ Global Completion Statistics Table

| | BCM | Broad | wu | Total Unique
1. Samples targeted by NCI [ 500 | 500 | 500 | 500
—p 2. Samples delivered to centers | 223 | 223 | 223 | 273
3. Minimum number of Samples to be ‘ ‘ ‘ ‘
e 153 193 193 193
sequenced
=¥ 4. Samples reported I 188 | 134 | 202 | 210
|5. Genes Targeted i 230 | 217 | 201 | 605
g;ﬁ:t:matad number of ROIs using Refseq | 2 B58 ‘ 3 B26 ‘ 3 B24 | 8,028
|7. Reported RO1s | 2,B36 | 2,815 | 2,504 | 8555
8. Reported Amplicons [ 3,121 | 3,055 | 3,831 | 10,007
9. Projected ROI-Samples | 547,348 || 543,295 || sEeB0B || 1,716,511
—> 10. Completed RO1s | 4se670 || 365,354 || 586,406 || 1,412,430

*Minimum number of Samples to be sequenced. 96 unique tumors, 96 normals and 1

control.

From Genboree




An Average of over 80% 1X Gene Coverage Has

Been Achieved by Three Centers

Sequencing Metrics Chart

Metrics
100
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EBroad
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Average Sample Completion
Average Gene Completion
B 2verage Amplicon Completion
.m.rerage 1X Gene Coverage
.m.rerage 2X Gene Coverage

From Genboree




Comparison of Candidate Somatic Mutations
Detected by Three Centers in Shared 20 Genes

Shared 40

Sample-site-based comparison

TCGA Batch 1-3 samples:

WU total: 49

Broad total: 51

BCM total: 68

WU _Broad_in_common: 42
WU_BCM in_common: 45

Broad BCM in_common: 40

WU _unique: 2

Broad unique: 9

BCM_unique: 23*

All three centers in_common: 40

*4 Baylor unique might be real

Sample/site comparison requires that both the variant site and the variant sample to be

identical to be considered as an overlap.



TCGA Glioblastoma

Candidate Somatic Mutations
Identified in Glioblastoma

Shared 20 genes: 81 point mutations and 6 Indels

WUGSC 179 genes: 281 point mutations

Broad 196 genes: 291 point mutations

Baylor 210 genes: 422 point mutations

Total 605 genes: 1,075 point mutations




Somatic Mutations and LOH Identified in
the Shared 20 Genes

-About 1/3 and 1/5 samples with TP53 and PTEN mutations

25 m LOH/CNV
20 @ Somatic

# of somatic mutations and LOH

TP53
PTEN
EGFR

RB1
CDKNZ2A
FBXW7
CYP27B1
PLAG1
PDGFRA
MET
MDM4
KIT
FGFR1
LRRN2
BMPR1A
ASXL1

=100 glioblastoma samples and their matched normals have been sequenced




Samples

Map of Somatic Mutations in the Shared 20 Genes
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Candidate Somatic Mutations and LOH

Identified in 179 WU Center Specific Genes

20
18

14

# of somatic mutations and LOH

16 -

12 -
10 -
8

SO N b~ O
I R N

m LOH/CNV
m Somatic

*DMBT1(deleted in malignant brain tumors 1): DMBT1 was originally isolated
based on its deletion in a medulloblastoma cell line.

=100

glioblastoma samples and their matched normals have been sequenced

w'-ut



Distribution of Candidate Somatic

Mutations in 605 Phase I Genes

@ # of mutations

suopnenw Jo #

“+TCGA WU/Broad/Baylor/Shared genes used for this analysis

/




Two-Way Clustering of TCGA Genes and Samples

Based on Candidate Mutations
-Do the Sample Clusters Correspond to Any Clinical Subgroups?

Samples

i i bl

B R R R R R R R R R R R R TR R

B R T e L e L e B e B R L E I F R FR R LR R R

“+*TCGA WU/Shared genes used for this analysis




Comparison of Lung Adenocarcinoma and Glioblastoma
-Mutation Rates in Two Cancer Types
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*TP53, EGFR, and NF1 have similar mutation rates in both cancer types
"KRAS, FLT4, PTEN, ERBB2, FGFR3, and Notchl display cancer-type dependent
mutation rates

TSP WU/Broad/Shared genes used for this analysis
“+TCGA WU/Shared genes used for this analysis




Mutation Signatures in Lung Adenocarcinoma
and Glioblastoma

Mutation spctra in lung adenocarcinoma and glioblastoma

T:A>G:C
T:A>C.G 76 1
TA>AT 342 O Glioblastoma
C:G>TA — 1307 O Lung adenocarcinoma
C:G>G:C ilgg
C:.G>A:T 149 1208
I I I
0 50 100 150 200 250 300 350
# of events

*Glioblastoma: C:G>T:A transition
*Lung adenocarcinoma: C:G>A:T transversion

TSP WU/Broad/Shared genes used for this analysis
“+TCGA WU/Shared genes used for this analysis




Common Mutations Found in the Linker Region between
Receptor L and Kinase Domains of EGFR Family Members in
Lung Adenocarcinoma and Glioblastoma

580 590 el l':':*l G20 630 G4

1 1 1 1 1 1 1 1 1 1 1 1
M-NITCTGRGPDNC IQCAHY | DGF‘HC‘JKTCF‘EUMGEN—NT LVWEY ADAGHVCHLCHPNCT

=> TCOA_EGFR/1-1210 M-NITCTGRGPDNCIQCAHY IDGPHCYET CPEXVMGEN-NT LVWEY ADAGHVCHLEHPNCT
TSP_EREE2/1-1255 G-SVTCFGPEADOCVACAHYKDPPFCVARCPSGVEPDLSYMP IWKEFPDEEGACQPCPINCT

= TCGA_ERBB2/1-1255 G-SVTCFGPEADQCVACAHKDPPFCVARCPSGVEPDLSYMP IWKEFPDEEGACQPCPINCT
TSP_EREE4/1-1308 DGLLTCHGPGPODNCTKCSHFKDGPNCYEKCPMGLOGAN--SFIFKYADPDRECHPCHPNCT
TSP_EREB3/1-1342 G-TATCNGSGSDTCAQCAHFRDGPHCVSSCPHGVLGAK--GPIYEYPDVONECRPCHENCT

T5P_EGFR/1-1210

Conservation

447 4 445 54 57 4 35 2 05,44--h5 7 2433 hb 33

awaivy g I o [ 1l | Diads | (iiml kL |

G-++TC+GPOPDNC+OCAHY KDGPHCY++ CP+HOVHO+HNE++P IWEY+D++++CHPCHPMHCT-

— GBM B  Mutations



Mutation Cluster Found in the Furin Like Domain of
EGFR, ERBB2, ERBB3, and ERBB4 in Lung
Adenocarcinoma and Glioblastoma

2610 270 280 2490 300 310 320 %30 3410

TEP_EGFRSL-12110 WCREFRDEATCEDTCPPLMLYNPTTYQMDVNPEGKY 5 FCAT CYWEKCPRNY VYT DHGS CVRACCGADSY EMEGIED QW R KCKKCEG
g A WA TSNS T I CF K FRDEATCEDT CPPLMLY NPTTY OMDVNPEGEY SFGAT CVKKCPRNYVVTDHGS CVRACGADSY EMEBMEDGVRECKECEG
LR WL A CLHFMHS G I CELHCPALWTYNTDT FESMPNPEGRYT FCASCWTACPYNY LSTDVGSCT LVCPLHNQEVT AEDGTORCEKCSK

e AL Pt A C LHFNHS G| CELHCPALYTYNTDT FESMPNPEGRY T FOAS CWT ACPYNY LSTDOVGSCT LVCPLHNOQEVTAEDGTOQRCEKCS K
|l Ey SRl I A CMNFNDS CACYTOCPOT FWYNPTT FOLEHNFMNAKY TY GAFCYEKCPHNFVVDSSBS CVRACPS SEMEVERIENG | KMCKPCTD
LA R A CRHFNDS CACYPRCPOQPLYYNELT FQLEPNPHTEYQY GOVCVASCPHHNEVVDOTES CVRACPPDEMEVDRKNGLEMCEPCGG

335 55760 44 8552 657 ] 4 44 b BEGZ2- THE
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ACRHFNDS G+ C+++ CP+L++YNPTT FO++PNPEGEYT FOA+ CVEKCP+NYVVT D+ OGS CVRACP+D++ EVEAEDO+++ CHKC+ G

— GBM Furin like domain [ ] Mutations




Landscape of Lung Adenocarcinoma and Glioblastoma
-Copy Number Variation
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ErrTEyy.
Summary and Future Directions

» TSP, as a pilot project to explore the feasibility of cancer
genome characterization, has facilitated and accelerated TCGA

project.

»Highly sensitive and specific mutation discovery and analysis in
glioblastoma are underway.

» TSP and TCGA provided the opportunity for comprehensive
analysis cross cancer types and cross platforms.

»Next step is unbiased re-sequencing of whole cancer genome
using NexGen sequencers.
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Landscape of Lung Adenocarcinoma and Glioblastoma
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