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WFZERE R OMEBEE (330) @ To clarify the molecular mechanism of carcinogenesis, a series
of disease genes that are important for cancer progression by using retrovirus insertional
mutagenesis. Tribl has been identified as a specific cooperative gene for Hoxa9/Meisl,
and its modulation effects for MEK and C/Ebpa is required for leukemogenesis. Seven common
integration sites have been identified as candidate cooperative genes for the mutation
of Bash that is a preB—-ALL tumor suppressor. Application of the mutagenesis system on
non—hematopoietic neoplasms by utilizing the in vitro system of colon epithelial cells
and the Piggybac transposon.

SN IR E AR
(BREHAT - 1)
[ERESE LiEESE & &t
20054 24, 000, 000 0 24,000, 000
200 64 26, 000, 000 0 26, 000, 000
200 7THE 26, 000, 000 0 26, 000, 000
200 84 26, 000, 000 0 26, 000, 000
200 9FE 26, 000, 000 0 26, 000, 000
&l 128, 000, 000 0 128, 000, 000

e85« JRELE - Oy T IB RS

BHFE O - FIE - FEEEES: - ERFHEE
F—U—R: LU L AHEALR, HilEE T,
7 AR aT-, AR, R T ARV | Tribl

HRTER IR, FERIES, RA AR

1. BFSERRLEYS WO 5 DU N D, BNAOHERSCEMEL A —DES

b F DOEREIEN AMEIRELD AR OIENT | FZBIC L D b DO TII AR SEBOHES 2T
R THAREDHINCELG- T 5 HERER| T s 2 LIZHLMNT, ZOBBOMANS
TIIKREB I MREE SN2 DO -T2, L $BOTEHEBEL /o7, —F. V7T IUEE,



HRE, R AEHG. & A OHIINEE, Sk
BUDIERENENACEETHD Z EIEHAG N
W27 o TP, Ml 2 D FLE DD AimFR iRz &
IERENCEE LTV A0, £7-. HE, e
b, 7R b = ABRE, B bOENEND R T
o TMEZ DN ATIZED X 5 afis T2k
KDL, LWV o FRARIZ G R T 2 fE
IR S TH D . 20D DR A DIER
WA TH L VIR E RPN E L Z 2 bl
ZD XD N AOBIE AL D EENE % R
THFEREL LT, BMETLVOEHANEETH
., ~ U ABMEEEOZTIZ. NEHEL Fa
T4 NAERT DT AZBWTEL OFRIK®E
B NEESNTHRZ, Lihkao g VRTT
DA ZIINT, DAABITERD B 2 LI
NSRS 7 v i 2 R4 & . 2D v 4
VAL ) W AER & LTI S R0 B
HERADRNEBIEFEZRETDHIENTE D
(K1)~ AT ) DERPT —Z _X— AR5
WCEDATREEE 720 | JEE) O EE T EWE
THURICEET D Ak X)o7 D
T, REIFOERFE S X7 M THERD
THA & 7p o7,

A

Proto-oncogene |—
—%—{ Oncogene —
B
Tumor suppressor f—
—  Tumor m suppressor [—
X 1
2. WHEOHP

AWFZRIL, U hay g VAFRAZRZFRIH L

TR ADOHERIZEE RN A O HHEE T
(cooperative gene) Z[EIE L. ENRNADISF
HEAE & 23 /UM B80T 2 i s 1 A AR % B
DT HZ EEERAMNET D, 62, Z
AU E O i SSHEEE (20 23R S T I A
B AT N M OIS AT 2 HEEBRRE L
£ 02D MR ADEBEFZEALDIENT ~DI
HxEHET,

BRZ, DADEHEE CRAET D L9 g+
Blba AT~ A (FTFVAY 2= I ET
Ny ST NETIVE) ICRLT, KBS
X givTEERGICELY L ba T LR EE
AL, BEOELGTEEICHRT 28T
TFEMIZIRIE LT TR IE A FE B 5,

3. WD L

(D BEME A M5 R E S Hoxa9 M OY Meisl
DB DORE : RAF Ry 7 ABIE+
Hoxa9 Z#~ 7 A BB H S5 & AML 23
FEAET BN, ZFORE Meisl 136 B H &S
L LT AML OfEARESE D Z LT A
D 7 N—TDWIEN B SN/ > TV B,

L L7222 6 IR E#iEIX Hoxa9 & Meisl
DORBOAHTAMPHET DD TR 625
BELEFEBMNETHD EEZHND, Hoxad
& Meisl # IRESEHZ /T L C1EOL ba v
A VARG X — TR FA A TERHIIRIZEA L,
AML % 3/4E S ¥ 7% WhilEs 2 RET 5,

FI2RE L7 BB G T ORERERRIT 217 - T,

DR OWHRER IO TELET 5,

(2)In vitro L by ¢ L AFEAZL ER O
& ERRRBAURIKBGTORE : <7 ALK&
AR, FRICTEEE B A REICER LY b
T 4 VAR Z—DO A XY RIS B s
#arFHa L, RRERFE2RETH, Liry
4 IV ADIEANNEE i 5720 Bloom JEFERE
ET N~ ZAOMIOFM b BEICAND, =
DR DMEINT J > T BRI AE D 45 1 HAS
INGER

(3) U v/ RS MBS T DR OMFT : SL/Kh
~ U AEWNIEEL Fr Y 4 L ZADHA L
Bomb1 locus ®ZEFIZ L 0 m=RCBMANIEYD o~
RJEZFRIET 5, Bombl locus 4% SL/Kh
congenic ¥V ALZ/ER L L hr v ¢ L ZAHHA
AL % LEi AR D

(D WHFEE T D53 TR ORME : JRKEE T
*F LT bV el s ORe & it 5,

H7eHEEAE LTORMITICE 867, %
DY AABFRIZ BT BEENT SV THERER e, o
7Fo e FiROBBEICER LT, HEM
JaCEN T T VB DT BEAT 21T D

(5) Bash Zf~ 7 A2 MMLV # @& 3¢5 2
LIk > CHE L7z Bash Z R4 28
F{EtE C/Ebp-b, Sosl (Z2W T, WifEA % in
vitro & OV in vivo D& THGEZ E D £ D preB
AR EESE - 3 bIZ 3BT DIEEERTE R IC OV Tl
~5,

4. WF7ERE

(1) 2PEEBErE A s (AML) OFREIZIBV T,
Hoxa9 & Meisl OWHFAIERANEZETH 573,
EHIZEERAMBENER SN ETICE
DEDBRBENAY T F IR BE NGRS LT,
Hoxa9 & Meisl ZH—oD L fa w7 4 LAY
H— T~ 7 AEF MRS A LSRR
S L~ R E T 5 & 100%D
PRkt~ w7 R 18 T AML OFSE % 38
Wize ZDO ML S L ke T L R AET



BHEEL . LB AN D Hoxad/Meisl @
W& s T4l & LT Tribl, Evil, Ahil,
Rara, Pitpnb Z[FE L7z, Tribl & Evil |
DWW TIIHEE Hoxa9/Meisl & & &I EBEHNIA
I L, in vitro XV in vivo O FEBRFZR T
H I 28 E N xF 3 5 Wi E A 2 sl L 7=,
Tribl IZEMOIEI TEH 100%D~ 7 A A AML
ERIEL., ZOBE Tribl L a4 LAD
FNERALD B @i AFAL & LT Hoxa7 &
Hoxa9 Z[FE L C. Tribl & Hoxa OWHFIEH
ITE I bR S iz, Tribl (% MAPK @
U U bZTUHET D Z E R B TV D N,
Tribl Bk AML CZ OFFE A MR L 7=, Tribl
X, MAPK @V U {b & LT 5 Z & % Tribl
B AML %2 TL-3 12 &2 0 I U CHERd L7223,
S 512 Tribl 1% IL-3 RZEFIZIS1T 5 MAPK Y
VAL A VEIE ST, ORR B Ao
THRN—VAERETDLZ EDNDINoT-,
Hoxa9 & Meisl O Tribl IR OB FE A
12 &0 FAE U7z AML CUI3ds B 2 iiE s+
DOIEMHEAENER I TZOWCx LT,
Hoxa9/Meisl/Tribl 3 &2 X5 AML TiL, ¥
72 DR RO @ W IR b,
AML DHERIZ - CTEAR T OFE AA/ER 1T FF
HHENEL A DA AR STz, X 51T,
Tribl {2 & % MAPK OEMALIZIZ Tribl & MEK1
DEENELEboTWnWAHEEZ BN,
Tribl IZEZPIZ IV VT MEKL O ATP #54 FE I M
Y MEKK #EEfEIRE A L TND I LR
Ni-, 52, Tribl OENTZHED, C K
FEIRICIFET D MEKL fEAEF—7 2 RIEL
7. ZOFEETF— T B RN RKIT A M
J53 FEIE RE OB BE A IR L2 et 3 5 B O U ik
BBZ K> TCW=DI7e 57, Hoxa9/Meisl D
F LR R IEREIZ 69D dominant 72 #I%h 5
Zor L7, E£7-. Tribl 1% C/Ebpa & A L
C/Ebpa & MEK1 (% Tribl & OBFEMRIZEHB W
THHLTWD Z ENRB I, Tribl @
C/Ebpa (259 2 F5EEL. Tribl o> N Sl
\ZAFFE L T e, — 7, MEKL f5 A0 R
25 BRI C/Ebpa (2% 5 /0 iFIEHERE © 2\,
Tribl @ C/Ebpa (Zxf9 2 EHIZ MAPK #25% %
MLTWDZEIRENT,

Q) Apc BIn T DO~T R EREFHTHMin~v Y
AW KRG ERMEaEcrY he o L A%
BAL T, MEREHM Can =—ER42HE
L7z, INHOREEEfion=—/h51 b
T4 NVATRATNMLZRE L, OV AT AR
T8 R A LAAS O R R L 1 b HE R D R RE M
s LI-D&A7e 67, i@ AL Dnah3 &
Ahnak ZF R L. Zi b OBL ORI
Apc BRI X DB ORE 2D T D
ZlERLE,

(3)~ 7 A pre-B Hfa gL DS MIEE T

J& Bomb1 DFFEAT 2 HED, = DIEAR 1L i H

ZZAVETO 36 Mb 2B IRHEAIIZ 1.5 Mb 1T

K20 AR R - & L C Enpep/Bpl % [FE

9% & &I, Bombl HEEY72 SNPs & B 5 2>

iz L7,

(4) WhRBAR T DFET D 5 TR O AE A

VERH Z£Z2 U7, Hoxa9/Meisl 1 LD MLL

ZE T, Tribl 2 HERE A (A3 5 MAPK #2135

ERERMMEAER 2R T 2 E RN ST,

S 51T, Hoxa9 & Meisl D41 HEMEDFEAN %

B 52 L7-, Hoxa9 & Meisl ik hT v

AT —I LT FREMIEN S Meisl ZFRET

L& AL OIEE - FMAREEGERE & H O

FIRE DK T NP SRR B L, AR alds g e

R ORBUL TORIER » 2727 7 —

U e IR AL B R - O FE B R 3R D

BTz, BT Cd34 R° c-Maf 1% Meisl DFERY

BETFE L THEHEREHZRZL TS Z

EARENT, &5, Meisl DOEMELET

ZHA 52323 B BT ChIP sequencing 4T

ST, B ) AL-UL T Meisl & N Hoxa9 @

FEAMNL A S L, BT EREL

T7e S HIZ, Meisl OFMEIZ XD Hoxad OfE

BEALDT 7 S ST o T2,

(5)B HIfZ SRS 7 F RIRIZEBWNT T &

T —L L THEREL T 5 Bash Bz D7k

£/ v 7T 7 b~ A pre-B il sr{b R

i & pre~-B-ALL 734E U, Bash IZ ALL D725 A4

HEETFEEZLNTWA, BashisE® /) v 7

TR RAZE R —HMEY 4 VAR

PR L C pre-B-ALL FIEIMEET H Z L &2 R

H U7z, 7 FEE O I AL % [ L Bash

ERIZWHAT BB EMERIE Lz, 20

N C/Ebpb @ short isoform TN Pu. 1 DIEHL

JLE & Bash B2 preB Ml B CERIFED

TLEICHRIER 2R3 2 L2 LM LT,

6L by VA ALERTA O — 7 =

VO ARFRMEIZOWTRREF L, RNA O R

L OBREME A RIR U772, invitro (2T

R EREFE L L b ¢ LA LTR Z2 FV CHERE

WZAT BRGNS Tl S B RS &

BETT 4 VATFANELDZ &2 R L

776

(HFEALERF - LT PiggyBac (PB) hT &
R b AL FEMEIES A~ DI 21T - 72,
b NEEGHAEDRIN & 72> T D F X 7
TREA R - BUBSMIAEICL e T 4L
ARG HZ—F721% PB b T AR Y N AGA
ANTEATDHE, MMBIABRELD R T ART
a3 U URME e 3R B N FHE S
2o FATEBTDAFREL TWDABEOE
DRI F A T BFRBLT 2 B & 70 2 fia e



FEANEETH DL Z LRI N,

X BIT,

SYT-SSX1. EWS-ERG, EWS-FLI1 # 5 R kA
HIBERIICE AN L7t X — R~ AT 5
& SYT-SSX1 (T & 1 V6 PR A S s B T A L 70
EWS-ERG {2 & ¥ Ewing PRIJEAE N A0 P IE DS
FE LT,

5. ERFEERCE
(WFFeE . WRge oy HaE M OSEL R SR 1
=)

CEssHm ) (G 19 14)

1.

Tsuruyama T, Imai Y, Takeuchi H, Hiratsuka T,
Maruyama Y, Kanaya K, Kaszynski R, Jin G,
Okuno T, Ozeki M, Nakamura T, Takakuwa T,
Manabe T, Tamaki K, Hiai H. Dual retrovirus
integration tagging: identification of new
signaling molecules Fiz1 and Hipk2 that are
involved in IL-7 signaling pathway in B
lymphoblastic lymphomas. J Leukocyte Biol,
A HEA,in press.

Fujino T, Nomura K, Ishikawa Y, Makino H,
Umezawa A, Aburatani H, Nagasaki K,
Nakamura T. Function of EWS-POUSFL1 in
sarcomagenesis and tumor cell maintenance.
Am J Pathol, & &if, 176, 1973-1982,
2010.

Kaszynski RH, Akatsuka S, Hiratsuka T, Jin G,
Ozeki M, Okuno T, Nakamura T, Manabe T,
Takakuwa T, Hiai H, Toyokuni S, Tamaki K,
Tsuruyama T. A quantitative trait locus
responsible for inducing B-cell lymphoblastic
lymphoma is a hotspot for microsatellite
instability. Cancer Sci #£#i4,, 101, 800-805,
2010.

Makino H, Toyoda M, Matsumoto K, Saito H,
Nishino K, Fukawatase Y, Machida M, Akutsu
H, Uyama T, Miyagawa Y, Okita H, Kiyokawa
N, Fujino T, Ishikawa Y, Nakamura T,
Umezawa A. Mesenchymal to embryonic
incomplete transition of human cells by
chimeric OCT4/3 (POU5F1) with
physiological co-activator EWS. Exp Cell Res,
i A ,315, 2727-2740, 2009.

Miyazaki K, Yamasaki N, Oda H, Kuwata T,
Kanno Y, Miyazaki M, Komeno Y, Kitaura J,
Honda Z, Warming S, Jenkins NA, Copeland
NG, Kitamura T, Nakamura T, Honda H.
Enhanced expression of p210BCR/ABL and
aberrant expression of Zfp423/ZNF423 induce
blast crisis of chronic myelogenous leukemia.
Blood, 54, 113, 4702-4710, 2009.

Komai Y, Fujiwara M, Fujii Y, Mukai H,
Yonese J, Kawakami S, YamamotoH, Migita T,
Ishikawa Y, Kurata M, Nakamura T, Fukui I.
Adult Xp11 translocation renal cell carcinoma
diagnosed by cytogenetics and
immunohistochemistry. Clin Cancer Res, 7

10.

11.

12.

13.

14.

15.

16.

@A, 15, 1170-1176, 2009

Su Q, Prosser HM, Campos LS, Ortiz M,
Nakamura T, Warren M, Dupuy AJ, Jenkins
NA, Copeland NG, Bradley A, Liu P. A DNA
transposon based approach to validate
oncogenic mutations in the mouse. Proc Natl
Acad Sci USA, ##t4,105, 19904-19909,

2008.
Kuwata T, Nakamura T. BCL11A is a
SUMOylated protein and recruits

SUMO-conjugation enzymes in its nuclear
body. Genes Cells, ##:f, 13, 931-940,
2008.

Hiratsuka T, Tsuruyama T, Kaszynski R,
Kometani K, Minato N, Nakamura T, Tamaki
K, Hiai H. Bone marrow pre-B expansion by
SL/Kh Bombl locus: not sufficient for
lymphomagenesis. Leukemia Res, ' #i4,
32, 309-314, 2008.

Tanaka M, Jin G, Yamazaki Y, Takahara T,
Takuwa M, Nakamura T. Identification of
candidate cooperative genes of the Apc
mutation in transformation of the colon
epithelial cell by retroviral insertional
mutagenesis. Cancer Sci, & # A, 99,
979-985, 2008.

Jin G, Yamazaki Y, Takuwa M, Takahara T,
Kaneko K, Kuwata T, Miyata S, Nakamura T.
Tribl and Evil cooperate with Hoxa and
Meisl in myeloid leukemogenesis. Blood, %
#iA7, 109, 3998-4005, 2007.

Kawamura-Saito M, Yamazaki Y, Kaneko K,
Kawaguchi N, Kanda H, Mukai H, Gotoh T,
Motoi T, Fukayama M, Aburatani H, Takizawa
T, Nakamura T. Fusion between CIC and
DUX4 up-regulates PEA3 family genes in
Ewing-like sarcomas with t(4;19)(q35;q13)
translocation. Hum Mol Genet, Z#HifT, 15,
2125-2137, 2006.

Yamashita N, Osato M, Huang L, Yanagida M,
Kogan SC, Iwasaki M, Nakamura T,
Shigesada K, Asou N, Ito Y.
Haploinsufficiency of Runx1l/AML1 promotes
myeloid features and leukaemogenesis in
BXH2 mice. Br J Haematol, ##iA, 131,
495-507, 2005

Yanagida M, Osato M, Yamashita N, Liqun H,
Jacob B, Wu F, Cao X, Nakamura T,
Yokomizo T, Takahashi S, Yamamoto M,
Shigesada K, Ito Y. Increased dose of
Runx1/AML1 acts as a positive modulator of
myeloid leukemogenesis in BXH2 mice.
Oncogene, #HifT, 24, 4477-4485, 2005
Nakamura T. NUP98 fusion in human
leukemia: dysregulation of the nuclear pore
and homeodomain proteins. Int J Hematol,
#Hif, 82, 21-27, 2005

Nakamura T. Meis and Hox: a mighty pair



17.

18.

19.

(%)

1.

defeats apoptosis. Blood, % %t H ,
909-910, 2005

Nakamura T. Retroviral insertional
mutagenesis identifies oncogene cooperation.
Cancer Sci, @i, 96, 7-12, 2005
Yamaguchi S, Yamazaki Y, Ishikawa Y,
Kawaguchi N, Mukai H, Nakamura T. EWSR1
is fused to POU5SF1 in a bone tumor with
translocation 1(6;22)(p21;912). Genes
Chromosomes Cancer, # A, 43, 217-222,
2005

Iwasaki M, Kuwata T, Yamazaki Y, Jenkins
NA, Copeland NG, Osato M, Ito Y, Kroon E,
Sauvageau G, Nakamura T. Identification of
cooperative genes for NUP98-HOXA9 in
myeloid leukemogenesis using a mouse model.

105,

8. Molecular mechanisms of

Hoxa9/Meis1-induced myeloid
leukemogenesis ,Nakamura T

7th International Workshop on
Molecular Aspects of Myeloid Stem Cell
Development and Leukemia

2007 4£5 H 15 B (Annapolis, MD, USA)

9. Homeodomain proteins in

leukemogenesis and hematopoiesis,
Nakamura T

USA-Japan Cooperative Seminar on
Hematological Malignancy

2007 423 H 21 A (Kauai, HI, USA)

10.V b a7 4 VAR AL R A V- A ifs

FENEREAE OFFAT, AT ELRR

Blood,#5¢ A, 105, 784-793, 2005

(Ft 68 1)

Molecular dissection of myeloid
leukemogenesis, A EER

55 68 [A] H AR Al 2=

2009 4F 10 H 2 B (Bi%)

The role of homedomain proteins in
myeloid leukemogenesis, Nakamura T
US-Japan Cooperative Cancer
Workshop on Stem Cells in Normal and
Malignant Hematopoiesis

200943 A 29 H (D)

The role of homeodomain genes in
myeloid leukemogenesis, Nakamura T
International Symposium on New
Frontiers in Cancer Research

200943 A 18 A (fLiR)

RAF RAA VBB TR A KD A s
FERERENE, TPATERR

SRR 20 AREEDS AR ERFSE B SEIGS R 2
NNZAYAUN

200942 H 3 H (M)

Identification of new molecular
pathways in carcinogenesis by
retroviral tagging, Nakamura T
BRREED VEMIEIRE S 2R 2 2008
200841 A 24 B (&)
Understanding multi-step
carcinogenesis using retroviral
insertional mutagenesis, Nakamura T
The 12th Korea-Japan Cancer Research
Workshop

2007 4= 12 H 22 B (LI

Molecular mechanisms of
Hoxa9/Meis1-induced myeloid
leukemogenesis, Nakamura T

55 66 [F] A AR PR IR S

2007 f£10 H 4 B (Bfik)

23 B A ARBET L FEBRE T VRY
7 A
2006 4F 11 A 30 H ((JF&MR)

11.V b e U g L AR R A V2 B LR
FIEFE DA,  HAT AR
%5 65 [l H AR FRRE T VAR YT A
2006 49 H 28 H (H#ix)

12. Molecular evolution of
Hoxa9/Meis1-induced myeloid
leukemia, Nakamura T
International Symposium on
Functional Mouse Genomics
2006 4= 7 A 21 H (Frederick, MD, USA)

13. Hoxa9/Meis1 cooperation and the
molecular pathway in leukemogenesis,
Nakamura T
EMBO/SEMM Workshop on
homeodomain proteins, hematopoietic
development and leukemias
2006 4£ 3 A 25 H (Riva del Garda,
Italy)

4. L by g VARAER Y ZT L v
T2 38D Aoy 1B FE D FRNT, HATELRR
F3EAABEFERN LT 7 LA
2006 453 A 10 B (ZF})

(XE=] G o )
(PSR PEAE]
ORRPL (G0 1)

LAY N,
T
MEFIE -
FHH
i
HFEAEH A
[E N+ DRH -

OBARIL GHOAF)



Py i
LR
MR
A
i
BAFEHHE
ENS DR

(Z D)
A= AR
http://www. jfcr. or. jp/laboratory/tci/ca
rcinogenesis/index. html

6. BFFCHHK
HEFIZ -
T -

CiSye
HFEFH B -
EN DR -

ORI GHOM)

SR
I
HEFIZ -
T -

E5
BA4EA B -
E N DR

(£ Dfh)
R Br— DB
http://www. jfcr. or. jp/laboratory/tci/ca
rcinogenesis/index. html

6. WFFCHLEE

() fF7ef s

A EHES (NAKAMURA TAKURO)
WHEN  EIFeS - marsenT

S KRR « B

W& 5 - 00180373

(2) WFFE55 184
#il #iE (TURUYAMA TATUAKI)

B - BEERRCR LR EE Y -

T
WMFEE R 0030842
(H20~H21 : HH#EM7EE)

M 2Ef1 (TANAKA MIWA)
MEEN  Erses - EarseaT
T ABFFEER - SR
WFgeE &5« 70345883

(H21)

(3) HHETTEE



