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WFZER R OMEE (£3C) :  With comprehensive genomic and epigenomic analysis, we
investigated aberrant regulation of transcription in cancer cells. We identified the target
genes directly driven by the transcription factors involved in cellular differentiation and
growth, and revealed that epigenomic landscape is dynamically altered during cellular
differentiation, oncogene-induced senescence and viral infection. Finally we reported
somatic mutations in pancreatic cancer cell lines and hepatocellular carcinoma genome.

TR EHE
(BT : 1)
[EREI S MR & &t

200 84K 39, 000, 000 11,700, 000 50, 700, 000
200 94k 36, 200, 000 10, 860, 000 47, 060, 000
20 1 04K 29,800, 000 8, 940, 000 38, 740, 000
20 1 14 32, 200, 000 9, 660, 000 41, 860, 000
20 1 24k 24, 200, 000 7, 260, 000 31, 460, 000
®w 161, 400, 000 48, 420, 000 209, 820, 000

WHIE5T B - AR

B 058 - B - 5 2B ST AREE
X—U— K5 A TES A R, BEHE, 2avF

1. WFIEBHAE S0 DY 5

% R G HR 2 BT 570 121%. Fh
ZNORERFBLOEOEAEDT ) L ET
DJJE, ra~wTF U AEEO LA, EEIEED %
EZRIEL, BERFICEDI I KIS
MEIENT T AL N HDH, —F7, 2006 D iPS
MR F RIZd - T, BB/ 138 A2 LD
Ja B ~DY 7 07 F3 7 BRI S
LR o220 n, MDAV RER Z 2 5 T,
BLRTEROEBEOARLT, JavTF 0%

bZEBETHIENEE THLHLE TSN, #E
KRR FRATICH SN ) D Z AV T T
AXT — X DOFEBINE L OFENT 2 20 S TAL
— T "IMEL, =V DER A SRS
ZEIXEEMICREEChH o, FSEIREETT o
72 2007 FIXFEZICRERS — T —Hl
FIH FTREIC IR o T2 THY | AT IC L DR
Hriz L > THL NN 7 0~ T AR5 ®
NOHR G HI S 2 R A2 L2 BET 5
W aEE LT,



2. Mo BE®

SRR 33T AT 7 A B b AR E R
T OREREAR T REORE R A - bl gz
Blbdme Y= X7 0 ZHIEH O T 238 L,
P L2 33 DR Gl A 48 S D HE B W R AT A T 6
By ST —HEALWATUCTHTZT ) MR
Br 8N OFERR ) 7238 A | Bl 7 — 2 b F ik

DBAZE A8 LT Genetics] & Genomics | DFEA .

TIROBLEN ) DA T DS SR LR 5
Ml O BEE DM ~DRELEZ BRLT,

(1) Btk aefmyr

O MR IEIC B D EFE R 7 VR DR
KON THRES TN D[R EET,

@ES ML REMERIE DR b LT A
~DGET BB RCBWTELDLTE S ) MME
iz SN THIEITLE- T, MijaoEmfriT
B D HIEH A = X LA 5, %21
T DB O R MR XD
ERIGE | S BE O =\ BT ERH i 23 A B A AE
FTHEINTERY, FEapMRERAZ S 1L
TERDT, TNOOMIBREEIER & IR
EBRFEA~LEDRT D,

@ B KB EAE D] . A AL — X EH
CTCF 128D =87 ) MMEFHO XIg b, Yt iR
FEI M OF BAE 72 & m kB S I XD E &
R 272D OEIRB R A 729,

@ /va—F 47 RNA & ielin BrEw (o
ATV T h— 1) DIEE

(2) ¥/ L EEHICESEEHHERD
Al &

SR 1) 35 S0 B i R LS S U DR B R PR D
TUIVEIOSEEMEIZIE B LT 2 KDY RE O
BEBE DI W2 7o & 9 3T il A8 i e 2 R o
Do
(3) BEHIE Ry T — 7 DA IRYT

ML T A5 e R BV THE A2 DES
FHINITF I LERNEFEL, i85 Ry T —
T\ a2 LD, ZEHOERE L 7 FAnED
S WA 73BT 07 7 A MRS
%o FIRIZB DD E TR 7T VIR OHR B K
T OFEWBIE FEEORIE, T8V =R T 472
4, s A RERAS M T2 EY
& %2 DIRAT A DIEMEAL, ZuAN—27 DR
ZHET,

3. WHIED Ik

(1) BATEH ) LRI
MeDIP (AF /L {k. DNA $ & ik ) B8 L
Infinium %1252 DNA AF AT o757 A
NIRRT 24T o7, EANAEHi B LR B
K+ D R {EIZ DWW TIE ChlP-seq 12XV
1To7,

(2) su~F U HHEER R
ChIA-PET ik r/m~F U HHEAEH O
Al ® . FAIRE f# #r ( Formaldehyde
Assisted Isolation of Regulatory

Elements) |25 chromatin accessibility @
FlE FiEEMSL LT,

(3) Ml kit =5 AMEFOEA
R A e 72> 6 Bl HE B~ 0D 43 K IRF D DNA A
FAAL DB Z Infinium AT L, E
BN, &% /A Bisulfite seq (2> TYT
o7z, 3T3-L1 a2~ & f5 5 #E .
P19CL6 e 2500 5 il B ~ D 53 b % %
W TeRMME fifi @ 2 {k . chromatin
accessibility O Z AV EAT LT,

(4) BOFE T/ MIRAT
(el s RPN ER Y N ST ANE
IR FER U RAIV T =L, 3t —
B AFALTEHREZINEL A RITE 3
ot

4. BFIERRR

(1) FERg R 1560 O 4 exomelZ L AHZ BAEZNT T
IXKRAS(100%), SMAD4(60%) , TP53
(80%) . p16(67%) DAE L F DL FITH %
T, IRV FER B FMLHIO R 7T
LIV DRI EDindel Z BAHE O L FH-H3
W 5L, haploinsufficiencyzd 7-53 &
EzoDd, [AEEOZE B MIEE T
R &=, (Genome Research 2012)

(2) chromatin accessibilityz 4~ 5FAIREfEHT
(Formaldehyde Assisted Isolation of
Regulatory Elements) |2 L0 A4 —7 v rn~F
UHEIR I S E ISR BN e T — T
Mo, RIGMAE L& HI 3 DR B R 1 &
L CHI72IINF1% [ EL7=, (PLoS genetics
2011)

FAIRE ~ day 0 I._.m“m mmu‘_umk.. koo ek e i Lk i ‘ALJ J.n..mLmL.JMA.
* ' * ¥k r*ﬂ
day 8 [...L‘L..L\. Y DRASONIVEION IEOREPOTSIS T AT ‘Lu .”..wg,‘l.t.
PPAR i
[ Y N PR ST | ,
RXR(I b J... oy " " i - 1 | A sk
PPARy da U.l Lo oo impe weoo by oo wipams [.l.\..,..n
y 8
RXRa il e o s v M e J\I
day 0 I
H3K4me3 day 8 N L ‘ '
day 0 |
H3K27act gooadl il A,
dasfh s Mo e L il
e Sy Ppary_—i———— ]

T ST

m—0kb

“+Timp4
PPARG B FEDYVOAIFUIZBDEE

(3) TP53, B—catenin, smad2/3 (Koinuma
2009) B X Nsmad4(Mizutani 2011),
smadl/5(Morikawa 2011). HNF4 a (Daigo
2011) . HIFlo(Mimura 2012),
AR(Takayama 2009&2011). STAT6
(Tozawa 2011) ,COUP-TFII(Okamura
PNAS 2009), GATAZ2 (Kanki 2011) 72 &' #
Bl AL B o DR B R - O FE 1) fE dik A&
ChIP-seqi& LV [RIE LTz, #7779 B il
G T 272 Hp53E R 4> F- £ L TPHLDAS3



%[ & L7z (Kawase Cell 2009) .

(4) EBYA /LA CIEDNAAF AL ANE FE I

(5) Rasih B LR I3

AT THY, BEMak ~DEBVEZLIZL -
T ) LERIZDNAAF AL FHES D
LR LTz, DNAATF VAL B2 fR Bl 3
5 ETCHEBERERREE Z DN,
(Cancer Res 2011)

FBZEF ) iR
Hrizdh, K2Tme3VH RIZ LV IEB L A5
Oy UAHE H B s F-Bmp2, Hi7-ICH3K2Tme3%
ERLEBUR T 328 1L T
Bmp2-Smadls 7 /L DR E KX+ TdHHNog
ESmad6Z [F & L7, Smadl D ChIP-seqfiEHT
2 5Smad6 X ELEEAEA) THHZEAHBAL
Smad6lZLBRH T 4T T4 — R Ry I —TF
DOREFED TR EZAL DO — R LD BT,
(PLoS genetics 2011)

(6) 1678 DEREL A Je OViR VEAHL A, 2 Rett

(1) &

I DNAIZ W TRI27,0001% BT O CpG
PANDAF NALEFRNT2LZA, GCE &
DN T 1T — —FEIK I CpGD AT
Akt & CTESHL Tl m AT AL IR BE
WZHY, iPSHIE TIEH OE AT Vb X

Vo7 r I A8 Tz, IKCpG 7

— AR R A e Bl A R T RAR T

AL EME AT AL BT a T —

— IR DIRFITILR T HZENFED D

7=, (Hum Mol Genet 2011)

I Normal tlssue

== % mCpG

100%.

=

l\’[ 1l

U

\‘

50%

ol
= ’fﬁ‘r%t##iﬂ'JDNAnm%%Mt

WEBIENE D ) Aoy —E AT IZ LV R E
L= Yt R 13621 DARE R EFERICE Fh
BiEfnF DACHIAS . Fb S5 I oD 4 il - K
FEE, B R OWNE N C O R R A4
BT 252 L% R L. DACHIBIENED L
MHEE T CTHHZEE R LTz, (PNAS
2011)

(8) HFFAIIAE D =1 ' — BLRAT 1< 0 . FFAEC

o — 8B bR Z UL, RO
KRB NEETDZEMHIALT-, 8p231Z
AL E 35 CSMD I AR F DT R K& R E
L 7= (Midorikawa 2009) , fF#l s D47/

N &

TOK BT ) DI DISATZ

AR L TR E RO IS A R e B
L7z (Totoki 2011).

)»mH(( | B.u

A NIN | eH(( |

5.
(BF
TF

(e
)

l FFRED7LILAaE é&ﬁ;*ﬁ

R e S
GEIEA, DI IE R ORI
#)

FEam ) (BE 4T 1)

Midorikawa Y, Tsuji S, Takayama T,
Aburatani h. Genomic approach towards
personalized anticancer drug therapy.
Pharmacogenomics. 13(2):191-9. 2012
doi:10.2217/pgs. 11. 157.

Wang L, Tsutsumi S, Kawaguchi T,
Nagasaki K, Tatsuno K, Yamamoto S, Sang
F, Sonoda K, Sugawara M, Saiura A,
Hirono S, Yamaue H, Miki Y, [somura M,
Totoki Y, Nagae G, Isagawa T, Ueda H,
Murayama-Hosokawa S,  Shibata T,
Sakamoto H, Kanai Y, Kaneda A, Noda T,
Aburatani H. Whole—exome sequencing of
human pancreatic cancers and
characterization of genomic instability
caused by MLHI1 haploinsufficiency and
complete deficiency. Genome Research
22(2):208-19. 2012

doi: 10.1101/gr.123109.111.

Yagi K, Takahashi H, Akagi K, Matsusaka
K, Seto Y, Aburatani H, Nakajima A,
Kaneda A. Intermediate methylation
epigenotype and its correlation to KRAS
mutation in  conventional colorectal
adenoma. Am ] Pathology 180(2):616-25.
2012 doi: 10.1016/j.ajpath.2011.10.010.
Matsuura K, Jigami T, Taniue K, Morishita
Y, Adachi S, Senda T, Nonaka A,
Aburatani H, Nakamura T, Akiyama T.
I[dentification of a link between Wnt/ 3
—catenin signalling and the cell fusion
pathway. Nat Commun. 2:548. 2011

doi: 10.1038/ncomms1551.

Tsuji S, Midorikawa Y, Takahashi T, Yagi
K, Takayama T, Yoshida K, Sugiyama Y,

Aburatani H. Potential responders to



FOLFOX therapy for colorectal cancer by
Random Forests analysis. Br J Cancer.
106(1):126-32. 2012

doi: 10.1038/bjc.2011.505.

Kaneda A, Fujita T, Anai M, Yamamoto S,
Nagae G, Morikawa M, Tsuji S, Oshima M,
Miyazono K, Aburatani H. Activation of
Bmp2-Smadl signal and its regulation by
coordinated alteration of  H3K27
trimethylation in Ras—induced senescence.
PLoS Genetics 7(11):e1002359. 2011

doi: 10.1371/journal.pgen.1002359.

Waki H, Nakamura M, Yamauchi T,
Wakabayashi K, Yu J, Hirose-Yotsuya L,
Take K, Sun W, Iwabu M, Okada—Iwabu M,
Fujita T, Aoyama T, Tsutsumi S, Ueki K,
Kodama T, Sakai J, Aburatani H, Kadowaki
T. Global Mapping of Cell-Type—Specific
Open Chromatin by FAIRE-seq Reveals
the Regulatory Role of the NFI Family in
Adipocyte Differentiation. PLoS Genetics
7(10):e1002311. 2011

doi: 10.1371/journal.pgen.1002311.
[sagawa T, Nagae G, Shiraki N, Fujita T,
Sato N, Ishikawa S, Kume S, Aburatani H.
DNA Methylation Profiling of Embryonic
Stem Cell Differentiation into the Three
Germ Layers. PLoS ONE 6(10): e26052.
2011 doi: 10.1371/journal.pone.0026052
Matsusaka K, Kaneda A, Nagae G, Ushiku
T, Kikuchi Y, Hino R, Uozaki H, Seto Y,
Takada K, Aburatani H, Fukayama M.
Classification of Epstein—Barr  virus
positive gastric cancers by definition of
DNA methylation epigenotypes. Cancer
Res. 71(23):7187-97. 2011

doi: 10.1158/0008-5472.CAN-11-1349.
Morikawa M, Koinuma D, Tsutsumi S,
Vasilaki E, Kanki Y, Heldin CH, Aburatani
H, Miyazono K. ChlIP-seq reveals cell
type—specific binding patterns of
BMP-specific Smads and a novel binding
motif. Nucleic Acids Res. 39(20):8712-27.
2011 doi: 10.1093/nar/gkr572.

Watanabe A, Ogiwara H, Ehata S, Mukasa
A, Ishikawa S, Maeda D, Ueki K, Ino Y,
Todo T, Yamada Y, Fukayama M, Saito N,
Miyazono K, Aburatani H. Homozygously
deleted gene DACHI1 regulates
tumor—initiating activity of glioma cells.
Proc Natl Acad Sci USA. 108(30):12384-9.
2011

doi: 10.1073/pnas.0906930108.

Kanki Y, Kohro T, Jiang S, Tsutsumi S,
Mimura [, Suehiro JI, Wada Y, Ohta Y,
lhara S, Iwanari H, Naito M, Hamakubo T,

Aburatani H, Kodama T, Minami T.

Epigenetically coordinated GATAZ2 binding
is necessary for endothelium—specific
endomucin expression. EMBO J.
30(13):2582-95. 2011

doi: 10.1038/embo0j.2011.173.

Mizutani A, Koinuma D, Tsutsumi S,
Kamimura N, Morikawa M, Suzuki HI,
Imamura T, Miyazono K, Aburatani H.
Cell-type specific target selection by
combinatorial binding of Smad2/3 and
hepatocyte nuclear factor 4{alpha} in
HepG2 cells. ] Biol Chem.
286(34):29848-60. 2011

doi: 10.1074/jbc.M110.217745.

Totoki Y, Tatsuno K, Yamamoto S, Arai
Y, Hosoda F, Ishikawa S, Tsutsumi S,
Sonoda K, Totsuka H, Shirakihara T,
Sakamoto H, Wang L, Ojima H, Shimada
K, Kosuge T, Okusaka T, Kato K, Kusuda
J, Yoshida T, Aburatani H & Shibata T.
High-resolution characterization of
a hepatocellular carcinoma genome.
Nat Genet. 43(5):464-9. 2011

doi: 10.1038/ng. 804.

Nagae G, Isagawa T, Shiraki N, Fujita
T, Yamamoto S, Tsutsumi S, Nonaka A,
Yoshiba S, Matsusaka K, Midorikawa Y,
Ishikawa S, Soejima H, Fukayama M,
Suemori H, Nakatsuji N, Kume §,
Aburatani H. Tissue-specific
demethylation in CpG—poor promoters
during cellular differentiation. Hum
Mol Genetics 20(14):2710-21. 2011
doi: 10.1093/hmg/ddr170.

International Cancer Genome
Consortium. International network of
cancer genome projects. Nature.

464 (7291) :993-8. 2010

doi: 10.1038/nature08987.
Murayama—-Hosokawa S, Oda K, Nakagawa
S, Ishikawa S, Yamamoto S, Shoji K,
Ikeda Y, Uehara Y, Fukayama M,
McCormick F, Yano T, Taketani Y,
Aburatani H. Genome-wide single
nucleotide polymorphism arrays in
endometrial carcinomas associate
extensive chromosomal instability
with poor prognosis and unveil
frequent chromosomal imbalances
involved in PI3-kinase pathway.
Oncogene 29(13) :1897-908. 2010

doi: 10.1038/onc. 2009. 474.

Kawase T, Ohki R, Shibata T, Tsutsumi
S, Kamimura N, Inazawa J, Ohta T,
Ichikawa H, Aburatani H, Tashiro F,
Taya Y. PH domain—only protein PHLDA3
is a pb3-regulated repressor of Akt.



®

@

21

(=

)

)

®

@

®

©®

@

Cell. 136(3):535-50. 2009

doi: 10.1016/j.cell. 2008. 12. 002
Midorikawa Y, Yamamoto S, Tsuji S,
Kamimura N, Ishikawa S, Igarashi H,
Makuuchi M, Kokudo N, Sugimura H,
Aburatani H. Allelic imbalances and
homozygous deletion on 8p23.2 for
stepwise progression of
hepatocarcinogenesis. Hepatology.
49(2) :513-22. 2009.

doi: 10.1002/hep. 22698.

Koinuma D, Tsutsumi S, Kamimura N,
Taniguchi H, Miyazawa K, Sunamura M,
Imamura T, Miyazono K, Aburatani H.
ChIP-chip analysis of Smad2/3 binding
sites reveals roles of ETS1 and TFAP2A
in TGF-{beta} signaling. Mol Cell
Biol. 29(1):172-86. 2009

doi: 10.1128/MCB. 01038-08

Hiratsuka S, Watanabe A, Sakurai Y,
Akashi-Takamura S, Ishibashi §,
Miyake K, Shibuya M, Akira S,
Aburatani H, Maru Y. The S100A8-serum
amyloid A3-TLR4 paracrine cascade
establishes a pre—metastatic phase
Nat Cell Biol. 10(11):1349-55. 2008
doi: 10.1038/ncb1794.

2R GF44 1)

A V5 S Cancer Genomics to Drug
discovery. Next Generation
Sequencing Applications Asia
3/28/2012  Singapore

AL S Methylation dynamics in
cancer. The 15th US—Japan Cellular
and Gene Therapy Conference 2/23/2012
Bethesda

W & ¥ = Cancer
epigenomics. International
Scientific Coordination  Network
11/24/2011 £ XU

HATESE  Genomic instability caused
by MLH1  haploinsufficiency in
pancreatic cancer. US—Japan Cancer

Genomics and Epigenomics Workshop
10/24/2011 5UER

genomics and

A V5 3E Current Challenges & New
Technologies. 5th ICGC Scientific

Workshop 7/10/2011 HUHD
A V% 32 Next generation genomic

analysis of hepatocellular carcinoma

International Symposium on
Application of NGS on Genomics and
Epigenomics 6/27/2011 &4k

HATESE Integrated genomic analysis
of liver cancer. 3rd JCA-AACR Special
Joint Conference: The Latest Advances

in Liver Cancer Research 2011.3.2 %
blis

M A ¥ & Epigenomic analysis of
liver cancer. 41th International
Symposium of the Princess Takamatsu
Cancer Research Fund: Basic and
Clinical Frontiers of
epigenetics. 2010.11.18 L
A VE 5% Genome—wide Profiling of
Cell Type—Specific Chromatin
Regulatory Elements in Adipocyte
differentiation. The 5th Asian
Epigenomics Meeting 2010.6.21 Jeju,
Korea

A 3% Genomic and epigenomic
alterations in liver cancer. Cold
Spring Harbor Asia meeting  James
Watson symposium on Cancer 2010.4.8
Suzhou, China

A Vs 52 Epigenetic dynamics 2009
International Conference on Genomics
-Human and Beyond 2009. 11. 4 Shenzhen,
China

A 32 Integrated analysis of
genetic and epigenetic alterations in
cancer. 8th International Workshop on
Advanced Genomics 2009. 6. 18 Tokyo
A 32 Integrated analysis of
genetic and epigenetic alterations in
liver  cancer. Gordon  Research
Conference: Cancer  Genetics &
Epigenetics 1.30.2009 Ventura, CA
USA

W A ¥ 3£ Regulatory genomics:
Epigenomic regulation of p53 pathway.
Northeastern Asian Symposium on
Cancer Epigenetics.11.7.2009 Jeju,
Korea

AL SE Epigenomic  profiling:
Global DNA methylation profiles in
differentiation from ES cells. 7th
Human Genome Organization
(HUGO) ~Pacific meeting 4. 2. 2008 Cebu,
Phillipine

cancer

(P 3 U P A )
OHERPL (B9 1)

LW K ZE o BE, JER L3572 DDNAR
FAfb~—H—
FAE - \ARWE—. EHEE, MREE FFE

2009

I E S S NE S E /N
TR« HreF

IS e

HIREAE H B ¢ 2009.7.3
ENsL DRI WA HRES D



OBAFIRIL (B4 1)

O REEZHEEEITIELBTFORE
ik

T A TESE, A )R
HEFIF © BURRFED

FEXE : HFEF

KB 554111985 &

BS4E A H : 2008.4.18

EINSA DR : s HFESHY

@4 : B OB I ONRHSE
T MRTESE R T TR
HEFIF © BURRFED

FEYE : HFFF

%5 : 5090342

BS4EA B @ 2012.9.21

ENSA DR : s HFESHY

@4 : B OB I ONRH S

TR TSR EILIEA BRJNERE, (8
), #2111 BE

HERIF © BURRFED

FEYE : HFFF

5 5115921 &

BS4E A H : 2012.10.26

EINSA DR : s HFESY

@4 FR : FIROBO1HLIAZE L PET HIEE 2
W75

T AR T AT SR R, TR
. RER ., BRI, il 1. EEEOL
HEFIF © BURRFED

FEYE : HFFF

F= 5117765 &

BS4EA H : 2012.10.26

ENSA DR : s HFESHY

(& D)
R A=V
http://www. genome. rcast. u—tokyo. ac. jp

6. HFFCHLR

() #FFef £

WA == (ABURATANI HIROYUKI)
BRUKE « SRl R gE e o 2 — - 3
=

FgeE &5 « 10202657

(2) WFFE 53 3
L

(3) HHEAF I

) B (ISHIKAWA SHUMPET)
HRUKS: « RS - e
WF7e & %5 : 50418638

#7  {&— (TSUTSUMI SHUICHI)

HRURY: « Jeim B it e o & — - 4F
A=

e %5 30345152



