W Eh-F 3 Fl, EEMERE C2KT
ERroT-BIR 2 Blbo 7o, MRS T
- TR Neuroblastoma 46 i
(undifferentiated, high MKI 2, poorly
differentiated, low MKI 22, poorly
differentiated intermediate MKI 4,
poorly differentiated, high MKI 12,
poorly differentiated, NOS 2
Neuroblastoma, NOS 3) . Ganglio-
neuroblastoma, intermixed 1 i .
Ganglioneuroblastoma, nodular 5 ff .,
Ganglioneuroma 1 il T & » 7= .
Neuroblastoma, undifferentiated
subtype IZ2WTit, HE ReEDOA TILE
BIZW R EETH S, tyrosine
hydroxylase, PGP9.5, synaptophysin,
CD99, desmin, CD3, CD20, CD79a, TdT 72
EoREMMILFReaErMA, HER
FHEFTHD MYCN REFHIBIZOWNT
X, "7 74 URETH —HOBEESR
HRERTRZORK ZBRVTIE, MYCN,
2p DRFRIZFTANELI, WCN HR
( 4 copies LALE) IZoWTOHEEITH
ol o 5 o W

3. MM AT RBEZE S A7 A
( JRSG )

2008 FEREFAEF) 38 Hilds X UVRERS 2 B
IZOWTHRFEZBM L RATAIZLD,
REBLWT 21T 7=, HE %ealcmz, &%
fH#& It ¥ % & ( desmin, MyoDl,
myogenin ) % 2fIZ T L 7=, MRS

Ci%. Embryonal rhabdomyosarcoma 14 {5,

alveolar rhabdomyosarcoma 13 i, Mixed
alveolar embryonal rhabdo
myosarcoma 1 il . Mixed embryonal
rhabdomyosarcoma NOS (not otherwise
specified) and spindle cell embryonal
rhabdomyosarcoma 2 i | rhabdo
myosarcoma, NOS 2 fi . Non- rhabdo
myosarcoma 8 | TH 7=,

FKHR #®{= MBI\ Tix, A7 7 4
YOIRETHL —HOBEERBRENRFR
ROREBRWTI, RER 7 TAHR
Hiv, FKHR BEFEREEIZ SWT OHIE %
T3-SR TRE,

4. HikaEWIRGE 2y FORIAL ple™ #

and
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TR 5 TR EO BRI\ T

Burkitt Y /30 7 BRiCBWTi, 2T
pl6™e 223 437> < | Rb/phospho-Rb (LBl
REBEOMEMA RGN, P21, p27 BHIZ
SWTIEHMEEOH TIEL 22 83h D,
—EDBEEZRE )7, ALCLY ¥RiZE
WTix, 1 #% ( Su-DHLL ) %2BRW T
ple™e 231 A3 72 < . Rb/phospho-Rb, p27
T TRIALT VW, AEFE 7 #kic
BT, 1 # ( SMS-KCNR ) #BRW\T
pl6™s BIEA /2 < | p27 TR TREANR
HbHn,

ALCL #ifa 2 # ( DEL. Su-DHLI){Z#%
ERTF FE pl6™e WREMESTF F& IR
BELTHAKEZER IE, HBEP~F
ek, 37CT3 BREEL., WST 7 v &4
CTAMRE AL, XTFFEA
% 72 R ORE S TOMMMEIRIT 8 M
TENRENT6 %, 75 % ThH-ot-, FEED
ER AR EEORY M EREY BT
o, XTFF FEGKREARRD LN
=i, MRREBEDRIALNLZ T,

D. ER

B Y ol MR, BUBOH A E
DR RIFEBET AT LI L,
M2k bR AL FREaIVES
OfE—T &, ThEhD/DIRBAILE
WT, AR LRE AR CREER %
RERWEFIZOWTE L ICHEMRZED
FHMEOBRMEMZS Z LITLY,
BAEL P& FRE FOMHASE T AT
ELBEDNS,

TSR 5 PR oD o g9 BREZ T T, Non-
rhabdomyosarcoma & XiL/=fEFIA 20 % &
D . rhabdomyosarcoma Wi DL X &
FREHDHETALO LEEXH L, L A2
o,

RF77 4 &AW FISH ®BIi2k 3
MYCN 457448 FKHR 45 FEE0HE
FHRhESTHY, EREARIEELON A2
VWEFITH Z N 60 BEF ORFENSTHE
Thole,

Burkitt VU > /3Jli, anaplastic large
cell lymphoma, ##E3EMEIZ ST, #
RkIZE TS FRERIG, ZhbDE



WIS LT ple™e BEAALRARW D
EHVHIBA L7z, fERER A D L
ERTWDY [ - AMiH EO ik
T EMERE R - o D oy FARROMRIE L LT,
e E TR K A A > LHITaN R 3
HEFAL XD RD@EERERNZHL
WARTF K ZoR7OHBREANS A
FLRMBEINLETEY, SEIZDOV R
F LE R ple™e L R A ER &
fTo7=. ALCL #BEERICI VT, EEE~
TFFE ple™ g ~TF FOME K
Ntk 72 BT, A7 AR HEARINEI 2 R
BRHLhE, BE, v 7 R AC
xenograft -~ ple™= BgEM~7F F#
A2k D in vive TOH IS HEE B
NP ThD, ELIZENETNOERTO
IEELARYTCE B £ T L& H s R R
ROREEHE O R A L0 | MR E 0 A e
DFONRBADFEIZBITLEEDOR
B AR RO FTREME 2B R L T W
STFETHS,

E. &R

BRMEDRSA (B Y B, MR
N, BEER A E) o R BT S R
T A E K U MRS Wik O MENLITIE 1T
RCx, SBRELIHFLANTDE
WFEROREE LS W T RN & D | MR
BWTICH BALRBEEZHAL IZL, 7R
BOSE 7R SRR I o R A R A
Do

F. HFRRBR

1. 1. RXBRR

1) Sato T. Kaneda M, Ichikawa M, Suzuki
D. Nakagawa A, Kobayashi R. Current
approaches to management of central fungal
infection in pediatric patients with
hematologic disorders. J Pediatr Heatol
Oncol 30(3):249-253, 2008

2) Hossain MS, Ozaki T. Wang H,
Nakagawa A, Takenobu H, Ohira M, Kamijo
T. Nakagawara A. N-MYC promotes cell
proliferation through a direct transactivation
of neuronal leucine-rich repeat protein-1
(NLRR1) gene in neuroblastoma Oncogene
27(46):6075-6082, 2008

3) Yokoyama S. Kasahara M, Fukuda A,
Sato S, Koda F, Nakagawa A. Epstein-Barr
virus-associated ervthema nodosum after
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living-donor liver transplant — a case report.
Liver Transplantation [in press|

4) Ando K. Takenobu H. Nakagawa A.
Ohira M, Kamijo T. Nakagawam A.
Expression of TSLC1 a candidate tumor
suppressor gene mapped to chromosome
11g23 is down-regulated in unfavorable
ncuroblastoma without promoter
hypermethylation. Int J Cancer 123(9):2087-
2094, 2008

5) Yajima M. Inadome K. Nakagawa A,
Watanabe S, Terashima K, Nakamura H, Ito
M, Shimizu N, Honda M, Yamamoto N,
Fujiwara S. A new humanized mouse model
of Epstein-Barr virus infection that produces
persistent  infection,  lymphoproliferative
disorder, and cell-mediated and humoral
immune responses. J Infectious Dis
198(5):673-682, 2008

6) FEFE(E, ILARIEE, ZH-ME, &P
R, HRR ., /hHEEZ TEEXN
WAy & L EHlREoLiE)
VaAS A, 45(1):51-55, 2008
7) Matsubara K, Tanaka T, Taki T,
" Nigami H. Tamura A,
FukayaT.  ATIC-ALK-positive anaplastic
large cell lymphoma: a case report and
review of the literature. [ & M %
49(5):325-330, 2008
8) HIRT. k&£ [/NEEEME
WEORE (2 ) bk ENE RS - W NS

Wo- BE MO RE 5 ) R B L R IR
26(9):938-944, 2008

2. ZE2RR

1) A Nakagawa. Advanced

Neuroblastoma Research 2008 [ MYCN
amplified Neuroblastoma with
Favorable Histology) Chiba, Japan &
A 22 B 2008.

2) RJIRT, K¥ S5, HmEERAR.

B 28 FERBEMES [DWRKT X
YU AMOBRKMPEENBRMN- EBV &
OM#EIZ>WT—] #%& 9 A 6 B
2008.

3) BEET, WI{E§, FAML—RR,

AEEM, KEZLEE,. REET. @B,
KRR, A, i, EBHT, B
BT, hREA, EH, EER -, +
HEZ%Z. (RN AFRS L — T
(TTCSG) &tV  ~HEE MM (ALL) ~— &
—hRBWIZET D T-ALL O~ — 5 — i
) B 50 MAARNDEMiEFES T
11 A 14 8 2008.

4) HE#ER, o6 KR, R4 BT,

FIEFT, M HH, BLHE, BHEHE,
MMk sT, Kk, PURT. S A



B, #FEekth, BFRMEA, EARE—. [
THRFEFRICBT oM BEBOEBKNE
£ B2 EBEXRNPEBA¥ESE TH
11 A 14 8 2008.

5) WiARE, KxHMN. PJERF. £
fEEE, PIFRE. (shEFMEFPEE T
LELTO pb3 Z7z 2 U —RAE) B 24
ERXE/NRERBA¥EE T¥ 118 14 8
2008.

6) WA M, EHESR, NAHK. K#
MR, FAEHF. DR TF. FTHF.

(MR EMMICIS T 5 PDGFR D
BiAF=7BLUJNKHEEHROD
R B 24ABBEEXRNRBAESL T
118 14 B 2008.

6) BT, BHRER, KLHEW, K
HEET, REEBEW, P)IRT. 2K
i, EAR¥— L HPEH, WELHE. BF
g, ST, RiEx. 4B
i 5 MR 3F type TIRIII D EHER :
ZHRIGEAMELERBREFROERE

BAEABENSERBAYES THE 11 A
14 B 2008.

) HhET, ABEE, —BHE, &
HE, TR, HEMT, Fekt, $JI
BE THRFHN~ ZAEBRIE I
BUHOAMITME, % 55 EIRKEER
EE¥S¥HESs 458 11 A8 29 A
2008.

H SHMEEOHE - B&RH
(FEXET)
1. $FEFEUE
L
2. ERFmEER
L
3. Fofh



JFAT WP E R MBS (5 3 U3 AR S IRREHT 709 36)
SR s

BETGHE/ NS A D I ACH BIE RS 1 TR & 2 DBRRIS A

HRMEE & St EIRTEENL 7 —

B2 MR ER

MREHEE .

NRBYEY L AR ( ALL ) ISk B A0S A0S R iR LR A 5
WETHDHEFNRBAMES V—7 (TCCSG) ALL L07-16-02 Bgk{F 2 5t L L
T. ALL (24 2 EMIEROE, BrEOMEEE & EHABEES - OREFEHD
B A RREET AR RSB 2 LR L7, /MR ALL 1S3\ TIEIME IEHE & oSl # 15
ENTWVWAD TS, BIV GST BIGFEROA Y ) —=2 VR F %2 M L, SHiMK
BEAWT TR 21T o7z, ARG BIERMFAE T TCCSG EHFEZRARICLS
FTEEAERIIRE CHRENEDORIMBIZIZE > TRV,

A BFREEM
NRBYEY L EAmP ( ALL ) DR
WERRAR 1T E L . R AEGFERITH 80%I
ELTWS, —HT, EWIEREZRL
BMB72 fERICE HH05 1020%FEL |
-, WA PHEIC X BAH R RIC
EH0|, BESHESFICL ) ERLEEL
BLAEGTHPILREET AL LHRT
b5, /MR ALL (28T 5 EHIT 8-10 flis
FREE DAL ML RIS (2 X 5 4| OFF W ik
PN THY, BMOTHRET (FEik,
PWrRFa mER S, @ MR Rk -
BEFRE, BRI GER ) I
SE, ThEhoBREOY RZITKE LT
BRMEIE M RIRE NS, B OBRKBF
RTIX ALL BEL24%E 2-5 /V—THRHE
DY A7 IN—TIZ@RIME L, B4 E
AL TW3, %, B HEEs o
BIEFER L HBWHR - BHEOBEEKZED
B 2 R IMEEMAT 5. ALK E
W X DR - BEOMWE K ED BT % M
L, ByLERE LT 5 LR
ALL B ICHB 25 BOEELEEDO O
EDOThB,

/MR ALL IZxH3 5 A5 HAEER R <
Hsd UhNRBMY o A AMEICHT D
MR AL & ISR L 0 R -
TR ( TCCSG ALL
L04-16, SATHS 2 it L07-1602 ) | 46|
EXHE LT, WBREUSHE - B0 Bk
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7 L K B BER A5 T 2 R o> B % #f
HT 5,

B. IR FE

1) xi%

TCCSG ALL07-16-02 BFZEicB ML=/ R
ALL BEDHSH, KRE~OBHORE
BREEFILBONTEFELZXB LTS,
BEVHEBMOREZOBESELE2RT =
ENRTEHHEIE, EHRREOH SR
HEDPOLORBEOM, XHICRBRERT
bLBEOBELMRT 5, HEB MM
RITEEROGEFEEZRALTARAED
FTIZOVWTARRE/2TTR B2V,
2) Ak

TR AL T %, #0136k Mk i 1o
BHREh-, BEMSET T ALL Milg% & %
RWVAER M Sml 2 w5,

3) FRAT X RIBAE T

R ALL (263 5B TIX, —RRIC,
TEsYsay (PEL) . EXP A"
v (VCR) . ¥YZ7uairxRx77 3 F(CCY).
Ty hI9427 ) - FREH (ANTs ) | A
FhLFH—K (MTX) . ANVAT S
V> (6MP ) REDERINMERENDZ
E B, LUF O RS FRE HS AT oF B 5 1l
ThHd (FREFICBETHFEMIT 2007 4
B EICTR) .

glutathione S-transferase ( GST ) , solute
carrier (SLC), dihydrofolate reductase (DHFR),
thymidvlate  synthase { - S 5)



methylenetetrahydrofolate reductase (MTHFR),
thiopurine S-methyitransferase (TPMT) , ABC
transporters, CYP, aldehyde oxidase, xanthine
oxidase (XO), hypoxanthine
phosphoribosyltransferase (HPRT), CR, AKR,
NR3C1, FPGS, GGH, methylenetetrahydrofolate
dehydrogenase (MTHFRDI), metionine synthase
(MS), serine hydroxymethyltransferase (SHMT),

transcobalamin?2 (Tc2), cystathionase, cystathionine-

B -swthase, cyclin DI (CCNDI), inosine
triphosphate pyrophosphatase (ITPase), VDR,
NQOI .

4) MRHT iR

WG FERMAT X, RKE§M2d2e 5/
Z» DNA ##itH L PCR H0EA 1T\, H$E
= TEBIIEYV ) F4E
YT EITY. BRBHR, BERLICET S
R #MIX, TCCSG ALL07-16-02 #F% I
&9 TCCSG F— 4 #—ic#BH&hi-
Za—y—r R ENLAFETE, BRIEETF
R LBRHR - BELR L ICHTIEE
WO 2 S FRICMITT 5, 25
flrFERE X, OREFZ% L minimum
residual disease ; MRD (2 X Y FEfli & hu/-ih
BWHREOME, OQREFERLEBRED
B, QRIGETFER L AFEROME, @R
EF 28 LR HEEDORE TH 5,
TCCSG ALL07-16-02 ®FZEiZ 349 150 &
BEPRAEFNTWSD, AHFRIZEED
R Th v, TR HE A LEEF)
BEBRELRY,

(REm~DORK)

TCCSG ALL07-1602 #fE~DBINE O
fs, HRHERBICX Y AHRICBMT
HEOLEMRENB LT S, KHEDO R
RTHLIREIRBREE THSH D, A
UERREELOSA 7+ —b Fart
YhERBT A, £, BELXHESM
DREFBOEEERTZLENTELHS
X, ERREBOLIREELLORE
O, EHICKRREETHLIBEOEE
#WeRT 5, TCCSG ALL07-16-02 BF%2 %
FBEIZILTCCSG T—F o ¥—h bR
BE SV Sh, BRBFOBEAWE R
BBEFLRERLLAMMBIZMSE X3 Z
L, HREENLEREN-BRIA,
BREWRLTT 70— — MIBRESE
BOARBES END, Lo T, KB
ROMYE - BFRE L& & EH OB AW
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BEMY BOIEET 2, RERIERE
D AR 1B\ T, TCCSG ALLO7-16-
02 B, BIVAHREO MEAFENITD
h, BRBENRTWHILEMVALTS,
AR IR SN ZRAI MM Sml @
HTh D, KRB TMRITORRIL,
BRFRACHRBEOEREEETS D
O MRV ET, dRBFO
BRICAATEHOTIZARVY, LMo
TAMELX RBEOHEBICEBRE RIF
T &R,

C. HFEHER
1) TCCSG ALL L07-16-02 {- B4 F-4t %
UhRBHEY v AR MR Ic T 5K

PR AR 1 L R SRER i Of i - &
2HEICRET S matEB ( TCCSG ALL Lo4-
16, ATHE 2 i LO7-1602 ) f{IBERFZE /I
REBEY BBz 1T 5 E8 KIS
EEEOME &EE L ED M BEERE TS
Bomdt) HAHBEEZERL, Sk
EFEBHRICH T IMEZME, LB R
EHl OB - HRBEIT-7T-, 200718 11 A
ICARE FARTHIZE. 12 AIZ TCCSG
ALL L07-1602 BEERBFZED EITIZOWT,
EIREER Y —mBEAEZASD
AKBEBT-, TCCSG ICHIEFHFE, RU'E
% FE 7R IC X D BRIk o T8 & K
WL,
2) 7S, BIXVGST RIEFERDAZ Y —
= VR OB

/AR ALL 23V THRHEBUSHE & o B8 it
BREINTVWS TS, BIXV GST BIGF
ERORA ) —=ZIZ X 5BRHEZBM
ELEETHMERZIT- -, TS BIEFICE
5 70— 7 —REBO®YIELEF O
E¥ (23 [E) ZX5ZEOBRM, GST &t
BFIZEBITD GST-TI BX UMl BRIEFO
RECLZZROBMHE, RRDBHER
BRI ALL, 3 XUVRMER 8t S M,
MEFEMARICB TR,

[#5#:] B AiSEMERRYE ALL, A4 B ARG



£ ALL, T-#3fE ALL ., 2EF itk G m
. MEEIFEA ST, fix OMKKN D,
PurcLink Genomic DNA fili tH ¥ » b
( Invitrogen #) #HAWT4 / L DNA %
fitt L7z, 45 100ng ® DNA %27 7 L —
Fe LT, BTRERTZZAw—2 B
T, TS B LV GST BI5F. BLUNIX
B & LTD f-globin BIGF® PCR 2L 5
HEZ1T -7,
hTS-1(F):
3Af
hTS-2(R): SAf
ccaagcliggelecgagecggecacaggealggege
gg-3Af
M1-G5(F):

GST
gaactcectgaaaagetaaage-3Af
M1-G6(R):

5A fgtggctectgegtticeeee-

SAf
SA f
SAf

GST
gligggctcanatatacggtgg-3Af
GST T1-TI(F)
ttecttactggtecteacatete-3Af

GST T1-T2(R):
tcaccggatcalggccagca-3AI
g -globin GH20(F):
gaagagecaaggacaggtac-3’
B -globin PCO4(R):
caacticatccacgticacc-3’
PCR D&RMFIX, 4 E 157, 60K 153, 72
B2 530427 0% 30 E&YIELE,
PCR EWMHE 2.5ul 2LV, 1.5%7 Fo—
AN ETHRBILIZOL, UV TRk L
T, MR S -85 7T OMEREL 1T -
e,

[#5 % 75 #{5F] Thymidylate synthase
(TS; N5,N10-methylenetetra hydolate: dump
C-methyltransferasse;, EC  2.1.1.45) (%
deoxyuridylate % thymidinlate |ZZ# 3 %
METHH ., KAMEPD TS BEEORH
WAV EY | BFE OHUME IR 23 2h X
WZ ERHABMER-ATWS, £, TS
EAORETFRIACELT, Tux—%
—fAIKD cap A PO TFHICHFET H#Y
BLUEFICEELFEL, ZORFIN 2

SAf
T

S =
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ElDOHE ( Shont type, AFIZHITHE
£ 19%) & 3 EIOHE ( long type, [Al
81%) MHY, BFOHH TS EADRIKE
FRANBNZ LA BEIATWS, &
[B], flix O/NRBAOHBEKIZET S E
i TS BEFDOEFIZOWVWT PCR 2L
MHTEIToT-RER. Z D PCR MRHTA3[FR
GFOEHRHICEBICARTHL Z &
BB NE R, /-, B AiFHMARME
ALL i, 2V Fh 2R FDEEOKRE
R THDHZ LML NERD, NALM-
17 3 X T KM-3 7% short type. NALM-6 &
HPB-NULL 7 long type Th -7, ¥ B
Mjasy (S—x v M) ALL Tix, ¥
L7 5 #%, NAMALWA D2 hetero 2H
THY, #io 48 ( BALM-18, 24, EB-3,
P32/ISH ) Bk 508 S /- @I+ W h 1
H—Tholepd, FZIWWTFHh L Shont
type & long type D DKWL R LT,
HEERBE SN TS LOUANDEELTF
ET HAHEMEIC DV TR N T 5 LBEME A
bHLEEZLN, FEZhLOER YD
& 5 7p K AE = MED BR & T OH Bk
Bhloh b, —F4, WEFEEMR 7 ko
A TIE, hetero 4 #k35 X UF Short typel ¥k,
long type2 #k, LEHRTHH1=,

[#3% GST Biz+] flix ORESMQHK %
AWVT, GSTTI BX-MI #IEFD PCR
B Zi7V, RBEFORKRDRS Y —
=2 Zke LT, Z®O PCR ERFELTW
HI LAMER LT, MEMREKICEITS
GST DEBIZ-OVWT X, FH¥ERFZA M
WOMBIKT GST BEFORKBHRIEH
@<, 4P 3 EBREDOT A V7 %+ —
LERELTEY, 8BS 1 Kb GSTMI
DHDERBATH-o-, ZhiZH LT, #
O A M8 s & AR SERERE TiX, W &
RBELTVWHIENELS, WHORRKEZR
Wi=Dix, B AISEMAAME ALL, ¥ B
fatk ALL WA TENRENh 1| KThoTz,
Z® GST X&OFRA, BHHHERR A M



RHBBHILTHBET, LD ALT R
M50 Oh, &5 VidEREEEK
FOMmBEMEA L bLEATHRHMERD
A, BEAL NS, o, MR
BiTH GST OXREA, HstioEMao %
B L R20», HD5WVITEH
HIlEIC72 i@ TOMMM RRETFER
ISP TREDE Z D ATREMEIX 2V D hs,
LV o RIZ2VTH, SEBRMEZITV
ey,

D. ¥R

B BESY FOREGET 2RO B E
AMICIY R ZEBRBBEATVWS,
F7o, ALL (0¥ 5 {2 m kX 2 A0k A
TITbhaZ &b, TRENROEEL
VAVICRRORYR, BHEEXELES
LEZLN, EMRMMEESTFORETF
ZRLOBMLBEML O A ICIY R
HAHEMESHER Sh b, BE, BAD/N
R ALL ©f) 173 [Z#@H & hTw5 TCCSG
ALL JB#ERFZEIC 3o\ T (OBBE 5y 7
DBREFEH L ERHR, BHEORMED
RRAEZAT D Z LiX, 5% D ALL 1A75A %
ICBWTHERERZFLEZZLNS,
KBRONRNABKRTFRIZ, HBO
BE, SHREROZTANLORENS S
MR MR L LTITbh T3, Zh
FT, EADZ Mak LFE /D BHS AR K BF
ZIZHBWT, A HFEL EAR AT O @’
EFRITHRE X ITbh T2y, KR
X, NRARABEKIC I S MR 5 R
EFRRTEFE O R EMICLEMT 5 b
DEEZLND,

E. &R

/AR ALL X35 Rl 5 A% ik 3t (7
TR Tdh 5 TCCSG ALL L07-16902 %
FIAL T, ALL (o342 PiawIcE it
DR, WO B E L DR B
FOREFZEROMELY RIS 5 R
Hi% IR L EE A ED TS,

G. R
. RXRE®R

1) Fujita N, Mori T, Mitsui T, Inada H,
Horibe K, Tsurusawa M; Lymphoma
Committee of the Japanese Pediatric
Leukemia/Lymphoma Study Group. The
role of hematopoietic stem cell
transplantation with relapsed or primary
refractory childhood B-cell non-Hodgkin
lymphoma and mature B-cell leukemia: a
retrospective analysis of enrolled cases in
Japan. Pediatr Blood Cancer 2008; 51: 188-
9.
2) Kikuchi A, Mori T, Fujimoto J, Kumagai
M, Sunami S, Okimoto Y, Tsuchida M.
Outcome of childhood B-cell non-Hodgkin
lymphoma and B-cell acute lymphoblastic
leukemia treated with the Tokyo Children's
Cancer Study Group NHL B 9604 protocol.
Leuk Lymphoma. 2008; 49: 757-62.
3) Shimasaki N, Mori T, Torii C, Sato R,
Shimada H, Tanigawara Y, Kosaki K,
Takahashi T. Influence of MTHFR and
RFC1 polymorphisms on toxicities during
maintenance chemotherapy for childhood
acute lymphoblastic leukemia or lymphoma.
J Pediatr Hematol Oncol. 2008; 30: 347-52.
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—ICFESEERE VNRBRA) F BLE
R, 2TV A=y 2 2008

2. ¥R
1) Williams D, Mori T, Reiter T, Le Deley
MC, Brugicres L, on behalf of EICNHL.
Central nervous system disease (CNS) in
anaplastic large cell lymphoma (ALCL) in
children, EICNHL  experience.  10th
International Conference on Malignant
Lymphoma, June 4-8, 2008, Lugano,
Switzerland.
2) Bepin T, ABERE, EX, &
B, T, MmN, ZRekt, J)IR
F i DR T T A FTAMEREERAE
ORMFHE. HAHER s6 WM
Pagel82, 2008

3) AZexth, REEH, )IHRF, BEE
K, HIMETT, KEZEE, WAEH, K
BHRT, WA, EAK—, A
—BB : SFHBHRLERRA [ LAk E
T F—IZB HAMNRAEARMR
BORAR. NEBAL S BT ST A -
2% Paged26, 2008

4) MAERRE, AWK, Hekth, EY
B : /NED AR 8T 5 L
BEto®®. MNRBA S ETsT
L« #E5 Page3s7, 2008

5) MAEN, HERTF, BT, 7



BPEEE, WAL, ML, BEEW,
Bkt - NR ) o RIE AP D
RREARE A BRI R BE ORRHT [ SZ AR 75 PR 0¥
I —IZBIT SRR, NRBA 45 B
7ay 7 k- Be5 Paged77, 2008

6) WAL, FIHME, MABN, HME
W, oMK, HRekth, EEEH .
EZREFERE ¥ —TRRL-IRE
W55 5 PlORmE. NEBA 45 BTy
7 A - 825 Page373, 2008

7) Rk, REER ALHR, HR)IE
17, BhHH, MIEE, RIS, M
ETF, BEEH, Hekth, EAK—,
#)Ii& : Image Defined Risk Factor [
MO Y R7BLEZ LN DMEF
HMUBQREAE 51| D TEREFRER. /NRHA 45 B
TasF k- B2%5 Page340, 2008

8) FENME, WAME -, HEMR T, A
BRI, WAERT, E¥iG EEEH,
ekt - NR Y RIS R DR
FRARIE P o> AR AR B R R L TR
EREERE ¥ —ORR. NEN
NAS BT ST A RET Pagedds,
2008

9) WA T, HEREF, WERT, 7
BFEER, MEE, BRI —, AREHE
th, )%, MEEA, ekt BE
B9 : BN 13 FlomRa.
INRBA A5 BT T T A REE
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Ewing's family tumor (EFT) is a rare pediatric tumor of unclear origin that occurs in bone and soft tissue.
Specific chromosomal translocations found in EFT cause EWS to fuse to a subset of ets transcription factor
genes (ETS), generating chimeric EWS/ETS proteins. These proteins are believed to play a crucial role in the
onset and progression of EFT. However, the mechanisms responsible for the EWS/ETS-mediated onset remain
unclear. Here we report the establishment of a tetracycline-controlled EWS/ETS-inducible system in human
bone marrow-derived mesenchymal progenitor cells (MPCs). Ectopic expression of both EWS/FLI1 and
EWS/ERG proteins resulted in a dramatic change of morphology, i.e., from a mesenchymal spindle shape to
a small round-to-polygonal cell, one of the characteristics of EFT. EWS/ETS also induced immunophenotypic
changes in MPCs, including the disappearance of the mesenchyme-positive markers CD10 and CD13 and the
up-regulation of the EFT-positive markers CD54, CD99, CD117, and CD271. Furthermore, a prominent shift
from the gene expression profile of MPCs to that of EFT was observed in the presence of EWS/ETS. Together
with the observation that EWS/ETS enhances the ability of cells to invade Matrigel, these results suggest that
EWS/ETS proteins contribute to alterations of cellular features and confer an EFT-like phenotype to human

MPCs.

Ewing’s family tumor (EFT) is a rare childhood cancer aris-
ing mainly in bone and soft tissue. Since EFT has a poor
prognosis, it is important to elucidate the underlying patho-
genic mechanisms for establishing a more effective therapeutic
strategy. EFT is characterized by the presence of chimeric
genes composed of EWS and ets transcription factor genes
(ETS) formed by specific chromosomal translocations, i.c.,
EWS/FLIL, t(11:22)(q24:q12): EWS/ERG, t(21:22)(ql2:q12):
EWS/ETVI, t(7:22)(p22:q12): EWS/EIAF, t(17:22)(ql12:q12);
and EWS/FEV, t(2:22)(q33:q12) (26). The products of these
chimeric genes behave as aberrant transcriptional regulators
and are believed to play a crucial role in the onset and pro-
gression of EFT (3, 36). Indeed, recent studies have revealed
that the induction of EWS/FLII proteins can trigger transfor-
mation in certain cell types, including NIH 3T3 cells (36),
C2C12 myoblasts (12), and murine primary bone marrow-de-
rived mesenchymal progenitor cells (MPCs) (6, 45, 52). How-
ever, studies have also indicated that overexpression of EWS/
FLII provokes apoptosis and growth arrest in mouse normal
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embryonic fibroblasts and primary human fibroblasts (10, 31),
hence hampering understanding of the precise role of EWS/
ETS proteins in the development of EFT. The function of
EWS/ETS proteins would be greatly influenced by cell type,
and thus the cells that can originate EFTs might be more
susceptible to the tumorigenic effects of EWS/ETS.

Although the cell origin of EFT is still unknown, the expres-
sion of neuronal markers in spite of the occurrence in bone and
soft tissues has kept open the debate as to a potential mesen-
chymal or neuroectodermal origin. As described above, ectopic
expression of EWS/FLII results in dramatic changes in mor-
phology and the formation of EFT-like tumors in murine pri-
mary bone marrow-derived MPCs but not in murine embry-
onic stem cells (6, 45, 52). supporting the notion that MPCs are
a plausible cell origin of EFT (45). However, others argue that
MPCs cannot be considered progenitors of EFT without fur-
ther evidence of similarity between human EFT and MPC-
EWS/FLI-induced tumors in mice (29, 46).

The development of experimental systems using murine
species is useful for elucidating the mechanisms behind the
pathogenesis of EFT. However, several differences between
human and murine systems cannot be ignored: these differ-
ences include the expression patterns of surface antigens in
MPCs, for instance (7, 44, 51, 33). Morcover, human cells are
difficult to transform in vitro, and the transformed cells of mice
seem to produce a more aggressive tumor than those of hu-
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TABLE 1. Cell lines used in this study and fusion transcript types

Fusion transcript

Cell line Diagnosis t Reference
ype

EES-1 EFT EWS/FLII type | 20
SCCH196 EFT EWS/FLII type 1 21
RD-ES EFT EWS/FLII type 11 5

SK-ES1 EFT EWS/FLIT type 11 5

NCR-EW2 EFT EWS/FLII type 11 19
NCR-EW3 EFT EWS/EIAF 19
W-ES EFT EWS/ERG 13
NB69Y NB 15
NB9 NB 15
GOTO NB 47
NRS-1 RMS PAX3/FKHR 40

mans (1). The findings suggest the existence of undefined cell-
autonomous mechanisms that render human cells resistant to
malignant transformation. Therefore, the use of human cell
models is ideal for clarifving how EFT develops. Models of the
onset of EFT have been generated using primary fibroblasts
(31) and rhabdomyosarcoma cells (23). However, these cell
types are not appropriate for studying the origins of EFT, and
a model that precisely recapitulates EWS/ETS-mediated EFT
formation is required.

UET-13 cells are obtained by prolonging the life span of
human bone marrow stromal cells by use of the retroviral
transgenes hTERT and E7 (38, 50), retain the ability to dif-
ferentiate into not only mesodermal derivatives but also neu-
ronal progenitor-like cells, and are considered a good model
for studving the cellular events in human MPCs. Therefore, we
have examined the biological effect of EWS/ETS in human
MPCs by use of UET-13 cells by exploiting tetracycline-induc-
ible systems for expressing EWS/ETS (EWS/FLIT and EWS/
ERG). Here we report that overexpression of EWS/ETS
mediates an EFT-like phenotype. including morphology, im-
munophenotype, and gene expression profile, with enhance-
ment of the Matrigel invasion ability of UET-13 cells.

MATERIALS AND METHODS

Cell cultures and establishment of UET-13TR-EWS/ETS cell lines. UET-13
cells were cultured in Dulbecco’s modificd Eagle's medium (DMEM) with 10%
Tet svstem approved fetal bovine serum (T-FBS) (Takara) at 37°C under a
humidified 5% CO, atmosphere. EFT cell lines (EES-1 [20], SCCH196 [21],
RD-FS and SK-ESI [5]. NCR-EW2 and NCR-EW3 [19]. and W-ES [13]) and
neuroblastoma (NB) cell lines (NB6Y and NBY [15] and GOTO [47]) were
cultured in RPMI 1640 with 10% FBS. A rhabdomyosarcoma cell line. NRS-1
(40), was cultured in Eagle’s minimal essential medium with 10% FBS. The cell
lines used in this study are listed in Table 1.

UET-13 cells were seeded at a density of 5 % 10* cells per well in 24-well tissue
culture plates 1 day prior to transfection. For introducing the tetracycline-induc-
ible system, UET-123 cells were transfected with pcDNAG-TR (lavitrogen) by use
of Lipofectamine 2000 (Invitrogen). After 72 h, the medium was replaced with
fresh medium containing 200 pg/ml of blasticidin § (Invitrogen). Individual
resistant clones were sclected for a month and designated UET-13TR cells.
UET-13TR cells were further transfected with pcDNA4-EWS/ETSs constructed
as described below, and individual resistant clones were selected in DMEM
containing 10% T-FBS and 200 to 300 pg/ml of Zeocin (Invitrogen). The Zeocin-
resistant clones were expanded and tested for the induction of EWS/ETS ex-
pression upon the addition of tetracycline by use of reverse transcription-PCR
(RT-PCR) as described below.

Plasmid construction. A gateway cassette (bases | to 1705) was amplified from
pBLOCK-T3-DEST (Invitrogen) by PCR, and the PCR product was inserted
into the EcoRV site of pcDNA4TO (Invitrogen) (termed pcDNA4-DEST).
Since the type 11 EWS/FLI is a stronger transactivator than the type 1 product
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(32), we used the type II variant in the present study. EWS/ERG was isolated
from W-ES, an EFT cell line, joining EWS exon 7 and ERG exon 9. Full-length
EWS/FLI type [T and EWS/ERG cDNAs were amplified from cDNAs prepared
from NCR-EW2 and W-ES cells, respectively, by PCR as described below and
cloned into the Xmnl-EcoRV sites of pENTRI11 (Invitrogen). The resulting
PENTRII-EWS/ETSs were recombined with pcDNA4-DEST by use of LR
recombination reaction as instructed by the manufacturer (Invitrogen) to con-
struct the tetracycline-inducible EWS/ETS expression vector pcDNAS-EWS/
ETSs.

Western blot analysis. UET-13 transfectants were cultivated with or without 3
pg/ml of tetracyeline for 72 h. Westem blot analysis was performed as previously
described (37). Bricfly. the cell lysates were prepared and separated on a 10%
sodium dodecyl sulfate-polvacrylamide gel electrophoresis gel and transferred
onto a polyvinvlidene difluoride membrane. The membranes were blocked with
3% skimmed milk in phosphate-buffered saline (PBS) containing 0.01% Tween
20 (Sigma) and incubated with primary antibodies. As the primary antibodies,
anti-Fli-1, anti-Erg- 123 (Santa Cruz Biotechnology). and anti-actin (Sigma)
were used. Horseradish peroxidase-conjugated anti-rabbit or anti-mouse immu-
noglobulin G (IgG) antibodies (DakoCviomation) were used as secondary anti-
bodies. Blots were detected by chemiluminescence using an ECL Plus Western
blotting detection system (GE Healthcare Bio-Science Corp.) and exposed to
X-ray film (Kodak) for 5 to 30 min.

MTT assay and detection of apoptosis. Growth curves of UET-13 rransfectants
were determined using the 3-(4.5-dimethylthiazol-2-v1)-2.5-diphenyltetrazolium
bromide (MTT) assay as described previously (18). The apoplosis was detected
using an annexin V-fluoreseein isothiocyanate (FITC) apoptosis detection kit
(Biovision) according to the manufacturer’s instructions and analyzed by flow
cytometry (Cytomics FC500; Beckman Coulter).

Immunoff ence I After 1 week of culture in the absence or
presence of tetracveline, UET-13 cells and the transfectants were harvested with
0.25% trypsin plus EDTA (I1BL). The cells (2 % 10%) were incubated with mouse
monoclonal antibodies for 20 min. In the case of fluorescence-labeled antibodies,
the cells were washed with PBS and then analyzed. In the case of primary
unconjugated mouse antibodies, the cells were washed and then incubated with
FITC-conjugated goat anti-mouse IgG antibody (Jackson ImmunoRescarch
Laboratories) for 20 min. Cell fluorescence was detected using a Cytomics FCS00
instrument as described previously (27).

Antibodies against the following human antigens were used: CD10. CDI3.
CDI14, CD29, CD34, CD40. CD44. (D45, CD4%¢. CD34, (D36, CD61. CDY%.
CDI05. CD117, and CD166 from Beckman Coulter: CD73 from BD Bio-
sciences-Pharmingen: CDSS from Abcam: CDS9 from Cedarlane Laboratories:
and CD133 and CD271 from Miltenvi Biotee GmbH.

Immunocytochemistry. Cells were grown on collagen type l-ovated cover
glasses (Iwaki). After 72 h with or withoul tetracycline, cells were fixed for 30 min
in 4% paraformaldchvde and permeabilized in PBS containing 0.2% Triton
X-100 (Sigma) for 30 min. Subsequently, they were washed with PBS and blocked
in PBS containing 0.1% Triton X-100 and 17 bovine serum albumin (Sigma) for
30 min before being incubated with a monoclonal anti-CD99 antibody. i.c., 12E7
(1:100) (DakoCytomation) or 013 (1:200) (Thermo), and polyclonal anti-Fli-1
antibody (1:100) (Santa Cruz) for 1 h. Bound antibodies were visualized with
appropriate secondary antibodies, i.c., Alexa Fluor 488 goal anti-mouse IgG
(heavy plus light chains) highly cross-adsorbed and Alexa Fluor 546 goat anti-
rabbit IgG (heavy plus light chains) highly cross-adsorbed (Invitrogen) for 1 h at
1:300. Nuclei were counterstained with 4'.6"-diamidino-2-phenylindole (DAPI)
or propidium iodide (PI) (Sigma). For the visualization of whole cells, cells were
treated with Celltracker Blue (Invitrogen) for 30 min and then fixed. Fluores-
cence was observed and analvzed using a confocal laser scanning microscope and
image software (cither FV500 from Olympus or LSM510 from Carl Zeiss).
Precise measurements of cell size, nuclear size. and the nucleus-to-cytoplasm
(N/C) ratio were performed using Image J (16).

RT-PCR analysis. Total RNA was extracted from cells by use of an RNeasy kit
(Qiagen) and reverse transcribed using a first-strand cDNA synthesis kit (GE
Healthcare Bio-Science Corp). RT-PCR was performed with a HotstarTag mas-
ter mix kit (Qiagen). As an internal control, human GAPDH ¢DNA was also
amplified. The sequences of gene-specific primers for RT-PCR were as follows:
for EWS/FLIN (forward). 5"-ATGGCGTCCACGGATTACAGTACCT-3"; for
EWS/FLII (reverse). 5-GGGTCTTCTTTGACACTCAATCG-3": for EWS/
ERG (forward), 53-ATGGCGTCCACGGATTACAGTACCT-3": for EWS/
ERG (reverse), 3-TTAGTAGTAAGTGCCCAGATGAGAA-3": for GAPDH
(forward), 5"-CCACCCATGGCAAATTCCATGGCA-3": and for GAPDH (re-
verse), 5 -TCTAGACGGCAGGTCAGGT/CCACC-3', PCR products were
clectrophoresed with a 17 agarose gel and stained with ethidium bromide.




