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RSB ARERE ERAMEREBTRPIESD
MEPTTEEE

RERERIERTICN T SRR - IREORRITHY 2R
PR =8 BT WHERRE MR () #

PMRES :

EHREAERFROMDO)E. Bk &S E M R IEAMD N\ OERZ D PR ROHREMEE
MEETH S, DPEETIE MDS OIFIEFRY & 2 UTE DL FaREORREEHNEL T, 1) SNP 7
LA ERWES ) LA 7 VRSO ONERENY ) LDEROFNT. (2) miRNA BEHEE
DOFfEMT, Q) 7OFA—LBNC XS EARBRRE O, @) RIEIN-REDTOEERT. 6) &
FELDBRIEROERBTFOREL 6) BIREREEEHT L. ORBWTE, EEE SNP 711
(Affymetrix ) ZAWT 222 EFIDO MDS ©% ) LA C—HEE - 7 VIAREEOFBT 2TV, MDS/
EESeEEERE (MPN) O—#IC 11 BREAARB110 DR BEETEEUPD)ITEET S Z L 2HEM
2Lz, 3512, [ UPD &0, EERTERR CBL ZREL-. —5. MDS EflicBITs 7 B
AEEBTQOILAREFREMBECHRELZETO0—T7 L1 CGH HEEXN 7V 1. PCR #:2H
WTEHICART Uz, BIE T CIOESR{ET Samd9 = Kasumi, Samd9L = Titan, 1OC253012 = Miki
OEEEHIEPNL TS, QIZBVWTIL, FOEEEIATEN MDS FEICEER&EEZHD RUNXI #EiR
FHIED mMRNA @ 3 FERFRESICENAR2A 3% miRNA BOREFT21T/5-57~. MDS 16 fEfIK
NEEA 11 FlOEERALD small RNA #Hi L Tagman HEERWTERL -V EERLUAL B
B CIIREN BRI miR-9 OBERENY 2 Bl MDS EFITERIN- LR—F— Ty
1 Z2HWTRS LU, miR-9 13 RUNXI mRNA @ I FEFERERZEICHIEL -, Glcdn
T 7733 U AW & DRI R I OE MM, AR B RN FEEL L T A EA KR OYR
HOERIZHEWEENRLT5ERNFEI Nz, DIBWTE. 11q UPD XDFRESN/= CBL R
(SRS R TH D, TRA CBL BT B3 2EFF U H—VPEEMERLTED, U1
M SRR ORENMRFI NS N1 DANORBREINBET S Z LN LTz, T ORTE
5T Miki 3HZEAOFRIAEDFBERICREL, ZORELHIH X N/l T3 RO HIH X h
DIERBEROBEIDMET U THREARITREEICEITT, REAREL QIEFII ) OREK
0¥y MNEBBFEORERSEAPHGEAET, =8 - 28 - /INE#liia/a & MDS IR RS ERE 2R
J=. Titan 7w 2770 NI AOHFAEFHICL FO 1 IV A 2RES§5 SIFFLRENEHEEE 2R
FET DAY, BAMSRTHER I ADKAED MDS, MPN $#5Witk AML 2#EL7=, Titan (38T
O RY—LEEBIETS EEAL S L. Titan FEEHHERIE G VY —LAOWBEARRIZE DY b
HA A H 2 REERENBIEL TY 1 b A1 VT FIVNBEICAS 2 EARER SN, —
#. MDS/AML DEfCEEREINE t12:17)013;q011)& D TEL Ot 288& TAOI OF 2 Ft A8
BELE LI=F A S mRNA (TEL-TAOID D832 7 LW S Mo 7=, TEL-TAOLr 3845 TAOI
mRNA I3 LT7 >F A RNA &LTEIK. TAOl BAOKEETIL UV fifick p38 oY
BLBEOEIEb-5T 2 EMS, TEL-TAOIr 12 DNA BEHBEICT 2 SRR O M i
TR NOREEFETIWRMEIRRINZ, GORBVWTL F7x50y 0 AOEREF
EEERSBEOHEFECETIRANMTON. T 250w s A0FAmESEE. REDD R L
F-TSC #E->mTOR HIFS6K U BYAIHIOREEIC LD DO TH S Z EAHLMI a7, i,
BERRAY DS RRIR RO T IR MR B k5 T2HERD R2HMEOEHIMED THCHDH &
AMIBH LU=, 3512, MBENICRRNERGTEN S ROHMEZEHL., REOEHRE2EHTSZ L0

ETHo. ORBVTIE, FREMESEnEEICRT5HEMEEE © IBARRER & EHRMR
SERBEORTHTERES: - £ MoV L Ea— - BUFRERSS) SE#EL- MDS BE ORKERTES
To T3, BEOFH 100 EFIOREMIBEINTVS, FRSEREO—REHNT EHE SNP
V1 &R0z MDS OF ) AaE—8EE « 7 VIS OMIEE  GUURENIBREMERED A
DNA OR#tEFEALE, 7/ AREOFEIBERIEBIIBNWTHARSERERERDED D, JOfF
FRSRIIBEEREN U GECNRIEEAERIC 7 . — RN 2 3NTWS, BLEOXDIT. HERNT )
A » mRNA - BEFTEOVEVEETRTCED MDS OO FREBOBMINYER. i, Hi-iaEO
ENSFORBIZERILTWS, . fBECHRELETFERRET TH S 7 DELEIETF OESRERNT
AHEA, Fi=ic 11q UPD OEHREFETERE CBL M HEIh. 8% CBL %BlIck2 MDS OFReik
BIZDHAEMMA bz, SEBROREEEEEIMGEIN. 2T7RE CERBEROBSIEDIE. MDS
DTN, BROBIHL. FHBROBRNIAZHET S Z MM/ NS,
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A. BrEEW

EREFUARERR: (MDS) |IE#E L < YeEivin
BEREORVWERSEEMEETH 5, HE—DIBTRIRE
IRBRRSE MBS TH 2, Z<OEHEE
IBEEROESINTH D, BWERZEML-9FiE
HFEREOBRFIZ LD BB BE I 2 &0tk b5,
KETIEIAFIUERES (THFI, FIIEY)
EH R B8R R R)AY TGz FDA
WK DRBR[EINTWS, §iFEIHE~E X7 MDS I
BIH D, #8FT Sa-BERlC oAESNH D, B
BTH NS OEAOBRRRBRNERINTNS, &
DS RRREREZ, MDS OO TIREBEEIENIC
BRL., HAMMEODTENEERRETSZ 0%
PIEOBNTH S, TDHIZ., (DSNP 7 L1 &H
WS ) LA E—EEY - 7 VARSI RO
TR ) NER O, (2) mIRNA FEBEN O,
B) TOFH3I U XN L BEEFRBRE O @
[FIE S NARRRD T OBEEAT. OIBEERDIERENE
EOVERESFORS21To7-. I5I, FEdhi-’
HOTOEKNERERILT S Z E2WREETB6)

B B R RE BRI 0 T DRI R SR (R TR

PR  ERARERIRTEE ERMbEnkEE
WCEE SRREMSEE  (BBREKR - NERHIEE &
DILFRZD EHEEL =,

B. Bt hHEE

MSNP 7 VLA E2HWES ) A C—HEE - 7LV
ORISR ) DRI

A. BEBESNP 7 LA L A EREETFORE

EBE SNP 711 GeneChipl 00K 721 500K
YVA)Y EF A —BKBRFEY — I
CNAG/AsCNAR #AWT, 222 JEfIO MDS S
BIFBH ) 53 E—EEROT VIV ARG ORI
WEfTo7z. RTCEKDRAEI I 11g UPD 0%

RSN S, FRIENEETERELZ,
£/ INI)
B. 7T DEEETOREE

MDS EFIBITS 7T OITERIMEROFHN AT
, MBECERELEE T O0—77 V1 CGH BRIV
TV L PCR BERWTTo/z, (PR 19 45
i)
C. AML with MID (multi-lineage dysplasia)ic33t7
BIER T RO AT

AML with MLD fEflZEXHREL, BERICEDHS
BETFEREMBRANIIENT L-, BROMHNI. PCR
HIEDH% WAVE TR —= 07270, B
—D T VAE T oM. CERR 19 4EE/ED
(2) miRNA FEBRF O

RUNX1 mRNA @ 3 EBREMEEN LTS
miRNA (LA F RUNXI B§# miRNA: miR-27a,
miR27b, miR-9, miR-199a, miR18a, miR-30a,
miR-30b, miR30c, miR30d, miR-30e @ 10 & %
kg E Uiz, MDS jE6 16 4] (RA 44, RAEB 9
#l, RAEB-t 2 {5, CMML 1) BEONE¥A11HOF
HiRAL D small RNA 2 L. Tagman ¥ickD
miRNA OFEEFEE L=, I O—)V RNA &L
TEAEL small RNA IZ/8 9% RNU6B, RNU19, Z30
ERVWE,  CERR 19, 20 £ /=2 35iT, AML
SEGI 87 i (MO 7 4, M1 11 f5i, M 2 29 i, M3 13 i,
M4 10 f1, M5 10 4, M6 6 fil, M7 1 £ \ZOWThHE
BT RUNX1 BSE miRNA ORBFIETO. FEIR
FORFAESEERN Ul (k21 £ /=2
Q) TOFA= U AR X SR EIRE R OfFT

MDS/AML $EflD CD34 Btttk D EEZRIH
LT ERREE. V) VBB ZERNICEIE
T 2R Pro-QP Diamond (Invitrogen) % f
TENERALR, BHENEARY REFIUNGY)
DHLU TR 72 48(H%, MALDI-TOF (utoflex IT
TOF/TOFBRUKER DALTONICS) IZTRT7FR
DEEMTET 7, (EER 19, 20 £ /R X
bz, FMEEm RA) H5 W3 RAEB EFIICDOW
TH saturation dye ZFVV=3OHEEMAT RITES,
WERITS 2 ElckD, CDM Btk 8D
;ggc%ﬁﬁ%‘wﬁﬁﬁ%ﬁfmm PRk 21 B/
@ [FE S5 T OHRERRT
A. CBLZ5R5%{77(11q UPD FEHREET) OHEERT

SR 19 {EEOPIFETRIES M- 11qUPD O
f&F CBL OZERKRTOWT, NIH3T3 #ifaz s
aO=— - 7yt RUR— R 22 AWEEE
Y w1tk D, TORBRAERERNTIEED
i, AEFF Y H—E &L TOEREREEICDON
THEtliz.  (BBk 20 4EE/MI) E5iz, CBL
97 NI RBERL, FIRAERNT CBL
ONAIEREGET & UTOBEEERRSTT2 & & bi,
CBL /277 b ZHRois AR AW T
CBL ZR{KIC X% MDS/ EifisatiEE (MPN) 3
%@ﬁ‘)ﬂ%ﬁiiﬁmTﬁ*ﬁEﬁ‘j 7=, (EsE 21 £

Nl
B. Miki R F(TaAZ BT RIS DT

fERL )L TOBIR T REOEERETT 5701,
29I T NI RAEEH LT, MIROHOMATITIX

(PR 19



{E¥MWICE A N H2B-GFP BlaBEAZRET S
U20S MifgEfy L T EiTo/k. Bk 19
R FiED

C. Titan BT o EHREIR T RIGHE DT

I DTN RABERL TEORRBIE TS
L EEBIFETTAUCL P OUA A EBGSH,
FeiE L7z MDS #illa 5 DNA &L, inverse PCR
EEZAVWTL MOUAL IV ABARN ORBZEET- I,

(TR 20 4EEERRED /=, MDS FRRERTOHE
HFERZEEL )V TRETT 57201, BiigiESE
BETolz, U XEHM S YIS ATEE B
L, LhOUAINAZEWTERNOEGTFEEAL
1%, BOLEOBERERH Uiz U X 0BRIRICEH
EL, E5I2. TOF/TOF BEENEREANT
Titan #EEAOREETo .  (ErE 21 5 F
3]

D. Bh5F = OEMH U OB

MDS #MifTIiE, U ALFUEEIE) U
LB IT = OBNBTIERINS, FLT3 EROD
FERX TV AR MOLMI13 ZoMifakkERnT
BHF=ATBITBFO ) AR CDOFERFRTL.
FLT3 BREOBEEZRET U=, SRR, g
Ow M, ik, in vitro kinase assay % H
W, TR O L. CERR 19
BE/ED.

E. tA2;17)0F A FEEFORE

FISH ik TEL BERFRICTNROYEET S
T EEHERLTE 3 RACE HETW, F8 TEL FX
SRIETFERE L. FASBEGTOHEEEEMRNTT 5
=i, BETEAERETS=. iz, MDS BiF
IZBIT5 TAOL OFEEIIAY AETRITTSEE
HiZ, TEL-TAOIr FEITHES NERME TAOL BRIDFE
B LIT U, 3512, R TAOL BAZ . v
DHY IR UV fiEINA, p38 MAP
—FDU VBB EDOT T OWTHRF L, (F
F%20, 21 4EEE /1EiT)

F. WT1 OFEEREHERO N KSR WT1 mRNA
DFF L BHITBT SR

HEFHESERAEENE LT, WTI BRTOESE
IZBiF5 5Oy —fgs 3 TONY—EER
DESEETE{To 7=, £2. GATA1 KU GATA2 @
3 IIUNAEEAD GATA #EEENADES %
EMSA HEZ TR U7z —4. N KSR WT1 mRNA
DOFRBELLBHREFNTT57-012, RT-PCR ¥ TORIE
REFLL. MDS 33 fEflZSTEMmEsEEES 330
FOEBRAETO mRNA OFBLLNIVOERETS
7. CEER21 4EEEED)

(6) EWFEROBEHSER RO E R Ot
A. Y4 2 VK2 OBFSHROBE!

RBE TR L= SRR Mgz Bl
LEHI T K2 B s INCEY I K2 & D3
BrAEEE (¥ 3 K2 Bk @bmg/H. #&0
BE) T 2 »ABRCIREEHEL., i3 s
WCE¥32 D3 0.750e/B. RO#KS) OptmEs
RN . RS T HEE ORBRO%K R,
MEEEBEEREY WG k53R et a AN T
HIRU., A - RefepatUiz. OBk 19 55
S REE,

B. 77 1530w & AQF A MmRIRThR O

MDS fEfITIE 20 %6RRETROBRSH Gz
w7 ) X BiEMEEDEEIGERD IS Z EMD,
F7 .50y Z AOFEMERES R OB et
L. RAVOF7VABITT 72500 ADH;
BIMJFHIREER O ER TR R DAA, sIRNA
FHHRERAWTHEERET - V7 PIVEEREERE
Lz, B, BRI RACBITSTF 750w
O ADTEESREHER Uiz, (ERR 20 £ /KB
)
C.TF 7150w 7 ADEEHEHIEDHEL

FARRSBRAT, E0EHZERER OA T OEHER
REOERBIIR#TH S - L 2HMER L, TZT,
17 FlosmEFERERESRFICBIT %008 MRI &
LD T2+EK R2+HE (1/ T2%) 2EHL. #ihg
EOMET U F A E OB 2B LA R2*E
ERFRMEREME =0.93) HBVWIRMFE 7 UF >
& (=0.83) LO#ABE, KN R2*{EH& EF &g
=—0.72) 2RI N/, EF LRFRMmEREGnmEH 5
WY V) F 4E & ORIZIZIIWEE L IR X
shorz,  CERR21 £/ KEED
(6) MDS rriZtEfgsE

RS RS S I 5N 18

BERURREFERATN T S ARREARE - IRE OB FEICBY
IO OART. BARRMARN L EHER
FREGREONTHSESRE - 2 S Ea— -8
AR U > U TERERRRERREIN Y
DI LR TRTIISE) DSATBED YRR 18
FEEIDRMINTVWS, BEERERT. BHES
KEANZ (M) ROTEAZNK - BENRTH
%, WL 19 EERTIIERRGOHIFRE MDS ki
BU7= AML IZHIEK Uz, ¥Rk 20 FECIE. Bk
O—EHS DNA ZHiH L. ERERE E%E SNP
FLA &AWz MDS 0% J AJ8—¥8% - 7L
REGEOMAHTIIZE  CGRECKENIBEHER) ~O
B ZBA LTz, E/-. SNP 7 L1 OfiiER%
FERNRIRIRI R 74 — RN V3 8B VA5
LEHEL., BEEMoRERIIN -, (R 19-
21 4EE A, Al =

(N

IS TR S N5 BEREE W B STt
. FRIE LT MDS Mifediifazesgs e %5
HOTHBH ¥Rk 16 E0HREE. BEREER
ORBFEERETE 1 B TeE NP/ A - EETIIEEI
BE 9D fpBEEEH) ZESFL. FANCEMEROME
REQOFRRERT-, i, PEEHSRENBIIEIC
KBAERE-. BYERCEL T BYEEDE
NG, Yk 18 FGRER TR 71 & TS
ZIZ BT 2 RBREOERMEICBI T 5 EAES RO
HHEEOED 2B ERMEREEET L., PO
B RHEIROREE S

C. HFssHR
M)SNP 7 LA ZRW=S ) AaC—8E%E - 7LV
RGO ONERAYS ) NEBROfEN
A BBESNP 7 L1 Itk B ERERTOREE

BEE SNP 7 L1 20 MDS O J AEMD
R, MDS T3Pk o Rk TIIFEREER



UPD IZ&ANTOHESMEOMHEIN 30% DREFI T4
CTWaZ &, TNLIIFEOREKICERLTED
IS OREC K> TEROMN U /- HdEn] s
THAHIE, T, TNOEEEDBRETEROFRE
B EBHECEEL TWAZ EHLMICE -, X
5IZ.MDS/MPN & U Tl aEfohiclid. 11q
UPD #H &I 2HRIMWHET S Z 25T,
FOERBRTERELUT CBL REEREHICH
'L, CERR 19 £ /NI
B. 7a-DEEBEETORE

7a £D MDS ORIEZWH T2 =ELEET
(Samd9 = Kasumi, Samd9L = Titan, 10C253012 =
Miki) ZEEELZ, WENLHREET T ek e
FNIAINTWARY, ZDDB Kasumi & Titan
IHEEOHSEEET L DEELZEEZ 5N, 75%D
7 2 R R OBEERE - RLTW, (%
BR 19 £ FsD)
C. AML with MLD \Z8V} 53815 T2 RONBRRISZT

AML OHT MID OHSEBRDOHTIREORKE
oML, ZORBHNED LD BN HE
BRI ND D& TIRERD ST Uiz, TPH3 28R
LSRR B REE IEHEEIT NPM] BRETD
DENERDE L, MFOTFRIIED TRE, BEOE
HITHITH -7, TNFT NPMI 283 MDS 123
O TRV EEILNTERZ &G, #BEE de
novo ¥ 7O AML with MLD DR &#E % b,

(PR 19 422 /BT
(2) miRNA FEBEH OffhT

BstL7- 10 > RUNXI BS#E miRNA OF T, B’
BRIEVEFESR U720 miR-9 TH-7-, miR-9 1T

EREIRETITE A EREIMEEINNDOD,

MDS JEf 16 #ildht 3 FlcBWTREDREITTHEL T
Wz, RUNXI mRNA @ 3 FEEBEREEZE FRichD
W 7x5—¥ - LR—%—3 miR-9 OIEFHIcK
DZDEWDR 0BT L= &5, miR-9
¥ RUNX1 BHOERRZAICHIETT 2 & X 5=,

(Erk 19, 20 £EEE /=4 AML EfHNTD, ¥
18 % DEFITEDRENIEEITITEL Tz, miR-9

DARFEE L SAFRVEEREEIAICHEL TS
0. miR-9 ORFFEBUITFEABRRTTHBEEZLS
e, CEsR21 =8
Q) TOF33 U AR L DB R Okt
MDS/AML EFIOEH CD34 BRI BV TR
ENEELTW5Y VBR{EER (tropomyosin 3
isoform 2, splicing factor, arginine/serine-rich 2.
cofiin 1 . heterogenous nuclear ribonucleo-
proteins c1/c2 variant 72&) PEASMNTEH- =, COF
Bk 19, 20 4 /RT) 35, RA KERETSE
A% 8 fi(NCBI ¥—#% X—X, GL 28872730, GL
14249382 73.&), RAEB \“EBHRT5EA%Z 2@ GL:
5803187 i2&) TNENRE Lz, INHOEENIM
PaNEER, MBaEHRSEER. U IRERESAER.
o577V —-LBEER, BETFHEEQRETHS
7z (ERE21 R
@ e S ARA T OERRERRAT
A. CBLZSE5877(11q UPD AZSRE 5T OHSREmET
NIH3T3 #ifezfvwz=ao=— - 7vt1 KX —
R X & RWEEEEREY v 1 kB85 Tl.

CBL ZREAKIINS OMEE S BRI TS Z &0
O NABIET & UTERET S Z LA T,
¥/~ 28 CBL I& E3 A EFF ) H—FiEMhSEE
ETFLTHD, o, IE¥ CBL OFJ 5REIEMESE
MR35 &, 6T, B M >/ BREETHRE
BOSRERTF O 2 FF—E OB LIREEE BREX
B3 ZENHENIIR- -, CERR 20 £ /M1
CBL /w77 MU T, S5Em 24> BE:
5N BN T — )V OILAN D bbb Z &,
BCR/ABL RS VAD—EAIzED CML £FIUC
B 58 LIMEEIND 2 &, Fi-, 2fEFINE
OB AERIET S 2 &S, CBL B FEY
INAHREET & U TIBEET 2 Z EAH SN
fzo —H. CBL J w770 N AOEMATRRIRE
CBL ZRAEADEAIZ LS THA MhA DB
WS ERTB &, T ZOBRSMO FRITE AR
T VN DEAZ X > THRHHEINS &5, CBL
TEITSEORSRER TH D EEZ N, CBL R
B MDS Zid, FO Fr—PRERNERITHS
RIREMENYH D, CEAR 21 £ VI
B. Miki @{rF(Ta B R T) RESHR Db

Miki 3HESHORIAASHEBRICRELZ, TR
BRI S NIRRTl ORI S 5 4%
REBEROIEINE T %4 U TR FREEIC S
T\ BEAHE (VEF I ) koY
v MUREORERASFPHGEED. T8 - 28 -
/N R & MDS (RSB R ER U=, (R
BR19 4B FED
C. Titan #{ETF(Tq BT RESHROFEHT

Titan /w2770 O A3EETIS & MDS %
& U= BEEtEE 2 H B RET 5 & &%
LEMNTHo T, EBIT, Titan /v 7O RITAD
MY bOUA IV A 2SS 8- 1 EEeE
0 MDS il LBt EEEREL -, U1
IVAEATLERMT LI=FT. 6 AT Evi-1 B&inTo
iz, 3 BAETEA N BRAFIULEREZI—RT
% Foxl10 EEFOLERCBAINTO 2, 250
BRIEINTO ) WO 7O RIIRATHOHRE/ v I Ty
PRIV ATCHBEERBE T2 EM B,
Titan/Kasumi % haploinsufficiency (517 L)L ®
RE) ZHET MDS EFEIRZEELX LN, (R
BR 20 4EEFi3D) BRI LD. Titan OR%
& Evi-1 BIETOEBRFEEDHFL T MDS 258EX
B35 ZEEBERLR, Bvi-l & Foxll0 1ZWnWdhd
pl5MED DREBZHIFIT S Z &M S, plb DIEEEFH
RIES ) LEHEN T2 FEENED MDS OFRSEC
HELSKEZH TWS EEZI BN, —F, BB
High & =B ¢, Titan 38T RY—AKE
9% EFAl (early endosome antigen 1) &#&&
95 EMNHSNMNTIR- /-, Titan BRI TIZY Y
V—LDEERABRNERIN., Y1 M1 HEED
Akt * Rac OREMAREBISEIEL TWe, CEER 21
EEFED,
D. BAT= DI UEFF OB

FLT3 ﬁ\ﬁﬁ{lsb'cb%ﬁﬁ}ﬂﬂﬂ%’é‘m Foa) Yy
BB AT =0 FESIN. ZHBRICRITL BN
T DIEHSEETCHB MYC ® CCNDI O#E%
EEI Rz, BHT= AT FLT3 &AL, 0



BERDELZLETHLE, 5T, BIYE - MDS
TEDONS BHTF=ORY - ALFUBEIE
) UEMERITICIE, FOs o) SRS S
TSRS N, (PR 19458 ETD)
E.tA2;1DDOFA SBEIZFOREE

tA2;17) Z23E 95 MDS/AML EfH| D EEM
5. FH TEL/ETV6RIESBETEEE L=, 3RACE
wHlick b, TEL #EFAT 17 BReEmcEET 5
TAO!l FF—TFHRETOHFHIERLTWAZ EN
BHSMIRo Tz, MDS BEEHRATIE. TAOL &
HORE) L OB IR LR TEEL TIE R L
TW=, TEL-TAOIr BBV ¥ —% 293T HBWE
Hela #TSHIBEI SN ARM: TAOL BAOD
FEN TEL-TAOIr FEOBEKFHRITT2 &
S, TEL-TAOIr 7 >Ft A RNA &L TEK
TIREMH YRR X 3, HelLa Mg f W TR TAOL
BEAH%E ./ wr YRR UV REEMZ -,
B AR TED 55 p38 MAP F—Y D BB
EENROWETT D Z LOERR I Vs, (ERR 20, 21
PR BN
F. WT1 OFSEREHERO N KEi% WT1 mRNA
DORBE BRI oR5t

A AT - BFEIURICBWT WTI mRNA
& GATAI EKUX GATA2 mRNA OFRBUIIES RS
NRDH LN, RFETOY METDH WL EA L
GATA-1 KU GATA-2 BHOFBRIIITAVERHIER
o, W BEFO 5 70— —%)3 7L
S— « LiR—&—IZBAL TR EITo 0 5
BiMRk & S RB MRk O R TR 2. L
WU, FIUNY—FEBRNOROEMICINET S
GATA #EHMIIAERCEEEE2 LREIEE,
EMSA ETHEEOKENHERIN. MDS TH
GATA1/2 7% WT1 mRNA BICEE2 52 54555
Nz, —H. N #ERETS WTI (SWTI) mRNA 1
MDS #Ef] 33 #ilh 8 il (24.2%) 23D HIN. FTOHE
B AML REMEMMEAIETO 22-29% SIHFTH
BETH- . —h. IEREH - R0 - BT
sWT1 mRNA OFERRBERINRMho, W
mRNA & sWI1 mRNA OFBITIITRERNSH D,
ZDI-DBBEITRBNTHD EEZ N, (B 21
AERE /THIT)
6) IBFER ORI ORI OBt
A. B4 3 K2 QSR OBST

E&3 2 K2 OBMERETIE 16 BEIC 13%Diik
HRRE LD, I5IESIOR 20 FNEY I
> D3+EFI 2 K2 HHAREICETL. 6 FlR0%IC
MEAEEIYS O, A OBET 54%. M/IMR
BODRE 30% 8%, WIMKFED S OFEHIE HE
g PR OBREMIIMN - -, BIER
I EEHERSEMTH D, Y X MDS iTa3
EBHEETHDEEERLE,  CERR 19 ££E /KB
L0)
B. F7 x530v 7 A0 IMEHIRGh R OB

F7 x5Oy 7 AONBFERRZIRIL. B
OROBETERETSEE (C50: 50 nm) T, REDD
FB EETSC 3E->mTOR HIf-S6K 1) 2
HIORBICEDHDTH S EAYBLE, IHIT,
b N BRI~ 7 R BV B B R sE

HIFIR DRI —B0 MDS BHICBWTEITY
520w ARESFHIRSREN RIS Z &
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Myelodysplastic syndrome (MDS) is a group of myeloid
disorders characterized by varying degrees of cytopenia with
morphologic abnormalities in multiple blood cell lineages.
The disease exhibits a broad clinical spectrum, from
moderate anemia requiring occasional transfusion to pro-
gressive leukemia that needs immediate cytoreductive
chemotherapy. In accordance with this variability, the patho-
genesis of the disease is believed to be heterogeneous,
including genetic abnormalities, immune dysregulation, and
toxic environmental factors.

Of the genetic abnormalities, point mutations in key
signaling molecules have been detected in MDS patients,
implying that the dysregulation of signaling pathways plays a
crucial role in the disease [1]. The mutations that cause
constitutive activation of the receptor tyrosine kinase and
RAS/MAPK pathways are key to the pathophysiology of
this disease. These mutations generate constitutive prolifera-
tion signals in the cells, cansing dysregulated expansion of
the affected clones and replacement of the normal hemato-
poietic tissues, leading to progression into leukemia.

Point mutations in the TP53 gene constitute one of the
key genetic alterations in MDS. Mutations in TP53 cause
defects in apoptosis and cell cycle arrest, which allow the sur-
vival and expansion of the clones harboring other oncogenic
alterations, thereby leading to the development of cancer or
leukemia. Resistance to apoptosis and defects in cell cycle
arrest have been documented in bone marrow cells from
MDS patients. Thus, the mutation or deletion of TP53 is
thought to promote the development of MDS.

The activity of TP53 is controlled by various upstream
molecules. MDM?2 is a TP53-specific E3 ligase that binds to
TP53 and promotes its ubiquitination and subsequent
degradation. Recently, a KRAB-associated transcriptional
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corepressor, TRIM28 (also known as KAPI1), has been
reported to regulate TP53 via protein-protein interaction
with MDM2 [2]. More recently, our group showed that the
proapoptotic function of TP53 is enhanced by the overex-
pression of ETVG/TEL, an ETS family transcriptional
repressor involved in various forms of leukemia [3]. Further-
more, we have used mass spectrometry analysis in an inde-
pendent search for molecules that interact with ETV6 and
have reported TRIM28 to be a possible candidate [4]. Abnor-
malities in TP53 regulatory molecules have been implicated
in the pathogenesis of hematopoietic malignancies. Thus, in
the present study we searched for structural alterations in or
aberrant expression of MDM2, TRIM28, and ETV6 that
might influence the tumor suppressor activity of TP53 and
lead to the generation of MDS.

‘We collected bone marrow cells according to protocols
approved by the institutional review board at Dokkyo
Medical University after obtaining written informed con-
sent from the patients. RNA was extracted from cells and
analyzed in our laboratory in the same institution. We
conducted reverse transcriptase-polymerase chain reaction
(RT-PCR) direct sequence analysis with primers that cover
most of the regions encoding TP53, MDM?2, TRIM28, and
ETV6 proteins. The results are summarized in Table 1. In
the 40 patient samples examined (refractory anemia [RA],
13 patients; RA with ringed sideroblasts, 1 patient; RA with
excess of blasts (RAEB), 18 patients; RAEB in transforma-
tion {RAEB-t], 6 patients; chronic myelomonocytic
leukemia, 2 patients), we identified 4 mutations in TP53
messenger RNA (mRNA) that cause amino acid substitu-
tions (Gly154Asp, Ile162Ser, Arg280Gly, and Tyr236Cys).
The first 3 mutations have been reported in the literature,
and the fourth mutation, Tyr236Cys, was discovered in our
analysis. All 4 amino acid changes were located within the
DNA-binding region of the TP53 protein. The frequency of
mutations found in our analysis (4/40) is consistent with the
frequencies described in earlier reports [5] and with
updated statistics in a TP53 database (82/646;
http://www.iarc.fr/p53/). Besides these 4 mutations, we have
identified 2 missense single nucleotide polymorphisms



