BW11. WNEDA

Wiz, BEHREREZOTEITREI LS

P ) NWTSIHRBIER GRS T, Wilms - WilmsiEs
WY 22 58 (1) B X UNWTSREISE (22) 48 g“‘"“
EERHICHWSLER TV A,

NWTS-Stage IV (Stage T~IV) T, 7SV AR LR Stag“‘%gﬁ )

(pulse-intensive (single-dose) regimen) I & % 2 4E %75
AFFRIZ894% Th ), HEHEMHES: (standard (divided-
dose) regimen) 12X 5905% £ E b Y 2% L LVEHET
HozV. ZoOBRBEHEOEV/ IV ABEEELIE
HREREL LTNWTSVCIRAL, 2RUICE LT
HETH HAWImsEE R 7 71 7 V—THGETFEE
FIRL T3,

B1 WilmsBEHD:aEHEE

—HIWFR OB, WRILFERES LUONMBRESLEL 25, HERESLEITR S EMIL,
F 1% BIFB O Stage I~V, BEREE O Stage I~V, FHMZAEOHE, BRUHAERES
D Stage I~V TH5 (B1, £3).

#3 WimsEBEORHABAEAENWTS-V)

Stage I/%{%Eﬁ?

____________ 24 5 BT, BH550 gL kL 'L )

Stage I/ FHERITEE ) ; . : . N

o4»RELE, EH550ghLE ; - L EE-4A : ACT-D+VCR(1858)
Stage I/sR bR ; S : . .

(focal of diffuse) : L . EE-4A : ACT-D+VCR (1838)
Stage I/ F#H R iFE F #H % L EE-4A:ACT-D+VCR(i8iH)
Stage I/ F# RITEF ' .
Stage I-TI/3 4 LR (focal) 10.8 Gy DD-4A : ACT-D+VCR+DOX (24i)
Stage V/F#% RITEF ‘ : . .
Stage M/4MEE! (focal) i 10.8 Gy DD-4A: AQT-D+VCR+DOX al)
Stage 1-II/EBEFAMIIPILE 108Gy  1:ACT-D+VCR+CPA+VP-16(24i8)
Stage I-NV/ERSEE (diffuse) © 108Gy °  1:ACT-D+VCR+CPA-+VP-16(2438)

ACT-D 0.045 mg/kg /B

0,3,6,9, 12, 15, 1838 day5 5
EE-4A : VCR 0.05 mg/kg kSN =) day7 b5
VCR 0.067 mg/kg 12, 15, 1838 ACT-DRfGHE
ACT-D 0.045 mg/kg /El . 0,3,6,9,12, 15,1818 day5 7 5
" VCR 0.05 mg/kg B 0E) day7 75
DD-4A . VCR 0.067 mg/kg © 12,15,18,21,2438 ACT-D, DOX RIi% s
. DOX 1.5 mg/kg 3,98
DOX 1.0 mg/kg ©15,21
VCR ~  0.05mg/kg . 1,2,4,5,6,7,8,10, 118 day7»5
VCR 0.067 mg/kg 12, 18, 2438 DOX FIR¥# 5
1 DOX 1.5 mg/kg . 0,6,12,18,2438
CPA 14.7 mg/kg/Hx3 B 6, 12, 18, 24;8
CPA 147 mg/kg/BX5Bf :  3,9,15,218
VP-16 3.3 mg/kg/Bx5 B 3,9,15,218

ACT-D:72F /)43 vD, VCR: ¥y ZJAF, DOX: F¥UNEY Y, CPA:¥7uksX7 73 F,
VP16 = hEVF
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B I11. MNEDA

FWMBEMBOBETH L, {LFEEIINES5H
PO L, WEBHFEBLNBIB LV ENRTIE
6w,

BEGIE &)

WEBENC B 2 WIRMENAER (GTV) X, F
WHT (2R CTICTHD SN FHREL L UFR
U U iEiEBRETH L. FHEENEIR (PTV) & L
T, M RIRERE % BRESEFIC AR, PN eH 4
REIRY v EiEREE S, UEBEFHOLDIZE
HARE R TICAS L) 2H# MRS
&5 (m2). e e .

BRI, BAARE 10.8 Gy/6 8, 5 A MBS 25 B2 WilmsEBOMERGHY I~
BIE S5 (23). BB OMEERH ISR -ﬁm&§£<@m¢mRmmﬁ%mm@
RO LN, SRS ERE F—252 58 BT HERBEHEY 2L —Ya . NBREEY
SHLET, KBMEFGERD &L, 1HMR15Gy, oo et bl CEeH, Risanc
BEE105Gy 25, LY LBREEE KSR
L -7 REOEVEICIE, BB 108 Gy ML ETH 5.

YAZBSRL LT, BREFRSE 70y 7 CElkT 54, 1730 EIX144Gy/8HEB2 VL 512
L, IAEFFED1/2HMENZ198Gy/11EZBAE\VES 2T 5, 187 AMTOILLRIZH L
TIbEREE Y, BOHRERIZIEL 5.

T2, WHRBEIEREZHBTAILPLETHS. FHHZday0 k LT, days5h P
RIFHTIIEE4A, DDAARBMET A L Lo TV 5 (£3). BEEHIH L LCHIMEBRMRA 458~
MBI o TL 3%, (LBREETEL L7 - VOB ZES SRV E D 12T 2 HEH
B, YI/UKRRAT 7 I FICE L HMMEBEREZ FHT27:0, AAFPHAVLRE.

NWTSIZBWT, Wi - MR ERE 2 Z B L - BEREISEESATwE0T, #hilist
% R D IZBW CHATRM & 6HE BUER) QML 3% 5k,

. THIESFREDIA

268

MHESFIE, REMERMBOFETIRIEME I -3 RMME EREL L, RIS <,
FE M 150ERFET 5.

MIEFEORAEBMIIBBEIR DL, TOMIITE, %M, HEE, BRIELR &O3 R
HiTH5, BN, HEEEH, A, AERTEZLLARERE L, EREBERE L COER
e, RBEHI, BEAT, BRLGETRRINRALZ LW,

MRESFIEIX A 73— VT I VEAEETHY, ZORBEWE LTORFANZNVT Y FIVE (va-
nilmandelic acid : VMA) B X OFRE/N=Y V8 (homovanilic acid : HVA) P~ —H—& LT
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W11, MWEhA

BAwbhTtns,

NREBES TR S OHBFBERFHRARL ShTVd, 67 ALLRRBIROTAAS Y —
S ZICCREERANRER ENA LIk Y, IRUTOYARS Y —= Y TEFATIRIEL A LTHE
F2E3 otz LL, CORCRERERTLIONETRTEY, BRRBEIEINT
VB EVIEBREDRIAMREINE L IR, ARV —= YT iEFIEE R o7,

BERAR, MBRFEMBEORRES L UBEFROKS E-BREEROMREN T A —
y— L BEOEBIZEDSNT, FHRRFPTEDEH I LT 5 BERHESFH) Shimada 780
v o i, BB O Rk 245K, N-mycBET OWIE, trk A BETF OEFESR, M (neuron
specific enolase : NSE) DBEEPFEARRET L 2o T5b. ZhHOFRARETOLVEICIE
BEBRROE 2 DN TWEY, FHRARETFZ b oBTEICITEMBENRELFRELRAL

Twahb,
Staging &, FiE3EIEERH 1448 (International Neuroblastoma Staging System : INSS) #*
HRBICRMENTED, 21 MIBG(metaiodo-benzylguanidine) ¥ YF IS5 T« BREEHES & Uiz

BEOHE, %0 CHHRABSRICLAEINTHS (R4, RI).

£4 HRFEEERADEINSS)

REMEST, WEMNICSESR. EOSNEERAEERRE. REOY >/ EHICARRCRE £ 40 (F5
BHCE L, —RICORE LY 2 EEBES > ThEL).
RIS T, MRS RS R, FREEICE LA VR R CEB B h .
BEREST. AR EA - R RS TR, BRI L5 CREY RSN IR 2380 5. (il
oy NmCEBERS AV,

B REE DR QS <, Ere RS 2% TEN. RRiORM Y S BORBETMN. FEE, FHRE
DREBMIESE CHEIY B AR 5. S0, ERE QS CldE s i 2 LR G », mil
UL NEEB RS, ,
CHEARREB CH B AID T, B H, RUTERE, B, B, . KW, OBRSCEEL T
3 (4S8 1188 <). e

KRR (RHi 1. oA, 2B) C, WBIBILEM, RUVERIE, B, BRICES NS (1 AAROBENA). EWFOHE
SEE RO 10%ER/ T, ThElLiEil4TH5. MIBG SUFHFITFONEE S IEBHADERILRMY.

AR Blissms 1@ {2k o E%

M3 WEHESHYR ARIBERStage 4OMIBCYYFIST 4

1B MIBG ¥ ¥ 545 7 4 (- CRREES L CLH AR IARE RO (W), £HE, ARABILAEINIC TR LIRS
Bah, BREUNOLEBER~OAREEREBLZ Lo T2, {LEgukic X hgEfEptel (B, B), #4759+
AT 75 Y OFLECTERRMMSHERBRERT L. 20k, BE-MOYR L FHIR (198 Gy/11H) 24Tbhi.
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BR11. IMNRDA

= B MIBGYYFEIS T4 HRFBOBENBEAS SNTVDEREEIR, hFO—-ILPIVEESTS
functional tumorT&%. '*°1 metaiodo-benzylguanidine (MIBG) (3, RRMEBERIETH D guanidineD7
FOJTTHD, JIWIEXTUVEBEEEEENL, /IR I7UVEEBENICEDATNRETNTULS.

270

| AEHMEE @)

BE, — BRI T2 ETHEFEOWRREME, EAEAREL L TOLEEHE (neo-
adjuvant) # 4~53— 1772, RPREL L CZHNFR S X ORIIEERER 17V, 20
BB L7 b RE D 5 WIS B BRI K BLHREC & 2 B O#E (adjuvant) 2475

BAMCEREIC & 2 IEBH RS, B NIREA I & D REHRIER % hif+ 2 BBk 2.
MEEICRED D HHE D, BERERITETSEC, MNUBEBROHUZ2EETREThH 5.

RIRIBRR AR (GTV) &, FH0 (WZE) CTICTHRO b REREREB LU VB R+
TraEt.

1E#E1.8Gy T, B5HMEBE%ERNE T2,

A LFEREROEE—HIRIE (delayed primary surgery) %5\ E " HIBFHS LT T, &
RERE L EREPIT OB BFE, CCG-3891 (Children’s Cancer Group) FFE T, Y X 75F 3
60 mg/m* (dayl), F¥YV I E Y30 mg/m® (day3), L bH¥ F100 mg/m® (day3~6), ¥ 21
w277 3 F1,000 mg/m’ (day4, 5) DRIAE DRI & 2 EMEASEL 28 0 L2544 2 V31T
IFTECIOFHDLIBEREEZGTVE L, HEEHER20Gy AL TS, BEERLb Lk
HEIZhHbETD20 Gy 2 THIHETEETH 22,

COFATHIZEE LT, 19854FICIEIASEMEE A #i: JANB-85-A1) & MR IZSEERITCRARL, ¥

' DOX . 80mg/m®
CCG-3891 . VP16 100 mg/m®
) 1,000 mg/m®

CPA 1,200 mg/m®

JANB-85-A1  THP-ADR 40 mg/m’
CDDP

CDDP:YA75% >, VP16: L MKV F,
CPA 37 u#2773F, DOX: FEVLEL Y,
THP-ADR:¥SWE Y ¥, VCR:E Y2 Y RF

WEREHEEEE 1.8 Gy/B/day, B5E, GTV 19.8Gy/11[H/2.558

B4 ETHEFEOOREE
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HE11. BB A

raFkA77 3 F1200mg/m? ¥V 27U RAFY15mg/m’, S VE Y Y40 mg/m?, Y ATS5F >
90 mg/m’ &\ BB ALEREL 28H S EIT6H A 7 MTI T LIS LY, BFBEOR LT
HHhY (@),

AEBLSEEEBREMMMRBE

SEBMLIMNERE, HI0E  BHEBOREZHG LT, Thbbtotal cell kil & L TKRKE1L
Sege 2475 A%, FORBICELBERET VAR— Uikl LToEnFHRBEI D), BRBHE
FMERZH L 555, BHREBHMICHWAEMSME, S5k SEME»SERNL THa.,
FEBHICBVTIE, FH—HROGREHELSMESL Y ET Y MERICERFT 5 TAMBIICH LT
FIERIS B T TRMEGERSC X 2TEER] bHFTE 5.

CCG-3891Mfgeic B\, BRIRHENARLSEER &b L3k MR b E RO LK
HTbN, B BRI O 3R A N MR (eventfree survival ; EFS) 2322+
A% CH oD L, SEBENARLRER CIEM 4% L FBICER TV, ThH0K
B Y, BEOBEME TR, ETMARERICBTEHBENARLFRESEOREL LT
BHEShTWAS,

%ﬁ%‘ ) FREEREER

o SRMENABLREEC L DMEDEE | BALEEELEOIERDIEPTATE, BHREDDIC,
DA RET 2E COLEEEERILTERD o, COBBBEERES UL, total cell killZE >t
BEHEsEs LT, SEnasasiEziRs UCKBIERRADRRES T,

o KB{LBEEORFNRL I A
B1) FATIUTEPA) 200 mg/me/day +XJL7 75> (L-PAM) 70 mg/m?/day

Bl2) MECHEA

77 (L-PAM) Qﬂr_!}g'lz ] 200 mg/m®

X h3KY R (VP-16) 200mg/m” 800 mg/m®
HIKET5F . (GBDCA)  400mg/m® 1,600 mg/m’

TOBEMICE, YRTISFUFANITPSVFINRYR, TRWT7/+ AT 73, AT7SV+I AR

Y REDURTSF U+ REVILEY Y, BEDDD.

BIERNIER

BREREEIZ6~10 Gy THN20 Gy THLNE 257120, BEBEREOR, L X FhRza
THWEHITT 5.

3. EREDER

B RERNCEE, ERTIEETHY, FROATIRMEREELLPTL, 7Y
CEEER A L4\, KB Intergroup Rhabdomyosarcoma Study (IRS) {2 & 9, D
{LEREE & REHRB R OB DR S,

B P, IR BRG 2R T ARBOFRE, FXHBMARICRETIELETH LD,
RREBG OIS ORETLDT, FHE0~80FIFREL TS, BERMICLY, T

27
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BR11. INEDA

55

Ao hns. FREFIAIGIRE, B BRMELR ), WRARMEE (B, MYBE%R),
ECTHY, FRALIMOIIBEDN - B2, MB, MR, 30 (8, BEE, S- . ITMEHE,
MoEAN, HALE, IBBEZBRFR LoTwa.,

MU X B FH T, BrREL (embryonal type), & 5 REIMER! (botryoid type) i F4% 11T
THY, ROHIREICL % PAX3/7-FKHR¥ 2 5 {ZTF % b DIAHA (alveolar type) i FHARE
THB. RN, BETA X% E%E/E L/-IRS-staging system &, HHESHIZL 3 IRS-group-
ing system @ fFEZIRSICE ZFHEIMICL Y, VA I H5EIMTPNB L )12k (%5, 6, 7).

ARRHRE

clinical group IJEREUCIZBSHEFRIIRETH 5%, FLHENT IHTLEMEEIET (clinical
group 1) & MBELMHIBHSLETHSY. WIRMIRFEIES (clinical group ) ORFLIRE S %

Fﬁﬂ%ﬁﬂﬂé@ff’ 0] Stageﬁ?ﬁﬁ (IRS pre- treatment TNM stagmg claSSIflcatlon)

. ERERr(Site
IRZE, FRERLR (EREIE2ER OO,
1 SBERETEZS (Bht, AIALBR %82 <), TiorT2 aorb ~ NOorN1orNx Mo
— ﬂgﬁ D v i an ——
BEht - BiaBe, MO, SRR '
2 (fkg, %iElE, = - IIFEH, TiorTe a NO or Nx Mo
i BaREen, SHILE, RREERR < BT e
s \ ' BN MO
3 BBt - BISLAR, MOf%, (BREER (34 . TiorT2 b U NterNoerne Mo
4 TART TtorT2 aorb NO or N1 : M

. E%ﬁiﬁi (T)—T1:RBHRAICHE, T2 FERBUAZRLCER T -3 EEAKIR%
+ K& X (Size)—a  BAETS5embl T, b BAECSecmP®LD
CHIRY VoS (N)-NO Y VSRR L, NLIGRY VRS S b (Bie s i S E0FE ), Nx: EBOFEIIFH (i

FY ¥ EHIEE O ST ER 22 ¥R

CERRER (M) Mo &L, M1:&Y

®6

xR7

B BRPNRED T Group 2348 (IRS clinical grouping classification)

EEFAC SRR S N RR B
a. FRRESEE L EHICRE
b. FREBFBEAGHEHI CHEEMZ O BECEE
L, WEFhDBAHEEY L EICEB RO L
(BRI ERRVTH > T L R L AEGHIC & VIR A D E L ¥ 3)
PRAVIC LSRG S h SRR ERIEE
a. UBSHER ICSEMESBELETR S Y, A0, SRY L BCEREIDEL
b. $HE Y NEICEE 3B 5 5% %ﬂﬁ&?’&ﬁo k. BB, ZHRUOBEY /I HICEBEBHE L
c. SRIE) D NERCEB RS, Lod, ﬂ]&?ﬁﬁﬁﬁkﬂéﬁéﬁﬂﬁ@gﬁﬁ EBOH3H, BLBUOBEY LN
HilCEE a5
PRRAY L BB TR
a. ERO AT
b. BMER & 412 50 %L E OIS E 1T

a BRES (0, T, 8, B8, KN, SEH0E BRY /L) 4255

b. BERER, MK, BKRICBEMRYTEE
c. PRREAE, IR (K@) IEE RS

?ﬁﬁ:ﬁ%%@ URU 5% (RS-V)

272

v ; : il
: B‘*F.’-L : 1 I.I, m
EUR I8 o 5 s ‘ R
O . SR - S '
chiE U 2 o8 : P iha : e »
BUZOR BAREY % 7- (3 fa R ‘ 4 ' v
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W11 NEDA

R
* Stagine DO DERIRR -
LCT MAD BASEU MRS L UACHIA (DS

iy x
R SR

Er o UZFL(VCR) : 1.5 mg/m’ (day1)
_ 79F/%1 Y D(ACT-D) : 0.015 mg/kg/day(day1, 2,3, 4, 5)
L2052 77 3 K(CPA) & 2.2 g/m? (day1) (4 XFHF)
3B L 463817y, 8BEB L 198 B CRHET 5.

* 1[E1.8 Gy ¢, SEHSRATRIFIEBIC I, 41.4 Gy/231)
etk 518, RIEMNERTEERICE, 50.4 Gy/28E/63E. [EME
T EROBBRMF H3BEE1E15Cy LT 5.

H5 HEEPEOAREE

FIFA 70 L BEERED DI, BEOEEMERTHL VACEE(EY I YAF+T7F /<4
SUD+YZEART 7 I F) &, BFHEEL LTOZHRFRE X OREBURIGRIUHE o
T2 (E5). {bEgEgosFEMmIc L ) N EMERIRE Sh, EEER 2R 5 R
IRS-V B X U H AR AEERI RSV — T TEIT L T 5.

GTV, WZROEEWFHRLCT - MRITRICTRD b BERTH S, ZOFRTIIHE
2 ICERORD bz ) YT TR, TRTOERLLY Y SR EEND.

P R IEE I BV I 1 EGE 1.8 Gy T41.4 Gy/23E/5:8, WIREZRFERICB VT
50.4 Gy/28 /6 BIBHAEEEN TH 5%, BEBEOBREIRD b HEOLBMRIT T
EEY15Cy L& T22. b, ERMMHARBEEZBA LV I CERL, RATEWRE (sh-
rinking field technique) {2 & Y EHHBOBEEZ B/NRIZT 5 2 EPLETHS.

PEBAREARIR A B I BERGE B ASERD BNz b OICH L TIE, BWO &KE, BEMEREHD
RIFUER SV, WhWBIT—LF Y F 4 A (T2EBHM LB HsERES S MIEEOZ AN
HW) BB T UE, BARGHEERIC TR SENE LS 7SI,

BIfER%IER

BAGREORIGE L L CHEHIER L RT T 2R D BV, AREFHEGNOFE RN
BUbDOTHY, EioAELSEICBPREL SR\, IRS-T, TTOESAMRES (REZERC)
Bigecid, 77% BRI AR LT3,

S OMBEEROREZN L LOL LT, SEREAR, HEHRER EMERAED 5\ I
B L 2), FREHS I UCRER, AN - ARSLEBRERIC X HNEE, BHEE (ds
platinic X 2 H B b 5 2), FEWE, “KUERES (WE, %4, HIIKE FEOOLNTVS.
SRS B 7m0, BERVEVRE, BEABNERE, MERERALCEEETRETHD.
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FR11. NEHA

S5, (LR - ERRRENA TH D 2 L2 b R RBD A DEREAL R AE RIS %RIR & B
= HEL, follow-upfhfld & 208529,

INEDAGERIC BT BiF & OEEOR, > b

ARDADBHFBERICBC TIREREEZ RS TELVIENE VDT, LEREOBRE
(adjuvant therapy) & & b R THEZMERO—REEI LWVIEZ FHORETH S, LidioT,
EFEFER O & 2 2 BEVE 0D, BRI CH-> TH/NRIEGE DSBS 2 EHEL,
split course ZEHY, HABEREZMFETLZLLEETH 2.

WIS TR 5B B RER L BB T 5 2 LM ETH Y, WilmsBE TlIMiE
9 BB BAT R BE S ER SN T D, Y8, (bEHELNESRD» L OBEALEL ko T
BY, CHEFHCLLIRFERLLIVCEBERY R 2 TIT57-00BELRFTHL L4
. AP QRVAYAE- T

wEEBMTH,ﬁﬁ?@%ﬁt&%ﬁ%ﬁ?@%it,%ﬁ@ﬁﬁﬁ%Bné:tﬁ?iﬂ@,%Ecnﬁﬁ
mﬁitégbntab.%@t@@%ﬁﬁbﬁi??@é.%%@M%T@ﬁ%?bﬁ?ﬁiﬁ?:X&&%%
ﬁéttt&b,eﬁutﬁ@ﬂﬁ%ﬁ%?m%ﬁﬁﬁﬁﬁatué.C@ﬁﬁt%ﬂéﬂét@t,ﬁﬁ%%t
LCHBRZUZ7 v ORTHRBRULTHS>TVD. RENDEHINAEVFHICH > TIE, RELEELOES
BRI EREZLTHHOTLD.

=

1) Green D.M., Breslow N.E., Beckwith J.B., et al.: Comparison between single-dose and divided-dose administration of
dactinomycin and doxorubicin for patients with Wilms' tumor. a report from the National Wilms’ Tumor Study Group. J
Clin Oncol, 16 (1) : 237-245, 1998.

2) Matthay KK, Villablanca J.G., Seeger R.C,, et al.: Treatment of high-risk neuroblastoma with intensive chemotherapy,
radiotherapy, autologous bone marrow transplantation, and 13-cis-retinoic acid. N Engl J Med, 341 : 1165-1173, 1999.

3) Sawaguchi S., Kaneko M., Uchino J,, et al.: Treatment of advanced neuroblastoma with emphasis on intensive induction
chemotherapy. Cancer, 66 : 1879-1887, 1990.

4)Meza J.L., Anderson J., Pappo A.S., et al.: Analysis of Prognostic Factors in Patients With Nonmetastatic
Rhabdomyosarcoma Treated on Intergroup Rhabdomyosarcoma Studies I and IV ; The Children's Oncology Group. J
Clin Oncol, 24 (24) : 3844-3851. 2006.

5)Raney R.B., Asmar L., Vassilopoulou-Sellin R,, et al.: Late complications of therapy in 213 children with localized, nonor-
bital soft-tissue sarcoma of the head and neck : A descriptive report from the Intergroup Rhabdomyosarcoma Studies
(IRS)-TI and-II. IRS Group of the Children’s Cancer Group and the Pediatric Oncology Group. Med Pediatr Oncol, 33
(4) : 362-371, 1999,

6) Bassal M., Mertens A.C., Taylor L., et al : Risk of selected subsequent carcinomas in survivors of childhood cancer * A
report from the childhood cancer survivor study. J Clin Oncol, 24 : 476-483, 2006,

(EXRZE—)
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1, BEEEEE->TVWAHD AHWINS L
0, EEWMMELERIAMIE FTREIATVEDHO . PRATS5F
(£-RBEHR TV DHO) HWETS5F
3. T0fh, MUBWEOEEEETEICEETAZLO FEURES
4. FROVTIPICENTIHD . IELES L
A i AR A Ve
T4 hYLL L0
s TNFAYTS TN
il A b b LE g
DT
PVETERE Fesaxti
E/uiEy
RSN A, FORRWMIEEILELRA AR () 5 TISMED
B PPERAETHH0) AN AEREME TLATAS
B L BATREY (n viro % 12idin vivo), EEWMEEL |, ! LR
ERFAROVT D OER TR EOBE S 55 b0 | KRR S a5
B T, AKBELEVWDOD ELIURFL
WMNEEEEE ELTS5xF
ErFyy
gy S ts TrRYF
RRAVXS—CIREE )20,
- MR SIS E T 3N AE (50 I DEM LALLM . FSRYRYT
. TENHD) RS YvkeT
- FREN, BB, BEFAEOWThHIRET, IS viFFr
MAFEEVBO Z0ft BERRH

(AAFEEAMAEHERSE | RENBER ORATERV RS, P17~21, AARREEAIS, 1091 RO BARREENBES © 5
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%2 BEFvERY MIRBENTOEVER CORDAFIRDIRVEFICH T DRENR

CGE
1.

EEIUTOERERDTHL

AEEBL - NEEBALBALET, BEERIXEE]

TaAslL

CHULEPECSESCEFEE LV (F—NFEROBE, &

S TEZRLE)

. RRICDELRE - BR

c T ZFE—HTIWOEEEY — N @EIBKEOE =)
T4 ZE-FTNOTRY, FE

< AREE X H X (B C{CARIEE)
cFARAR-FTADX v T, HI

« F g AB=FTNOEH ) T
. FERES (BLMEREENBE TS AF v 75— 2 ERA)
CAELFy PERIATID R CNEBRIFICHBA D)

(R W
1.

< EATE

AEMOSBNLIERR

R ABUCHE T B A - #%iﬁ%@%bfifﬁﬂ%ﬁ%
CEERNCDELCER, BA

BEOREVEVWLIH LD
UoHHERET 3

PRI YT IREE - BEEELF Y, BOEREOEEIUT

EXRTB

RERTRE, (FETUTETDBRTD

- BEERTH, T2EFRVEIPVERTTS
. BRBOTEER
cREXPERY MR

HBIANTWEVWDT, H5HLHHED
BNA—ENEEIUTTID

CEREY— FOLTHERETY, FEREANOBRC+S

BETS

CRNTAE, R, REAFR, TR, HICELTE
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High expression of ncRAN, a novel non-coding RNA
mapped to chromosome 17q25.1, is associated
with poor prognosis in neuroblastoma
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Abstract. Neuroblastoma shows complex patterns of genetic
aberrations including MYCN amplification, deletion of
chromosome 1p or 11q, and gain of chromosome 17q. The
17q gain is frequently observed in high-risk neuroblastomas,
however, the candidate genes still remain elusive. In the
present study, we integrated the data of comparative genomic
hybridization of 236 tumors by BAC array and expression
profiling of 136 tumors by using the in-house cDNA micro-
array carrying 5,340 genes derived from primary neuro-
blastomas. A novel candidate gene mapped to chromosome
17q25.1 with two splicing variants, NblaI0727 and
Nblal2061, was identified. The transcript size appeared to be
2.3 kb by Northern blot, however, the cDNA sequences had
no obvious open reading frame. The protein product was
undetectable by both in vivo and in vitro translation assays,
suggesting that the transcript might not encode any protein
product. Therefore, we named it as ncRAN (non-coding RNA
expressed in aggressive neuroblastoma). In analysis of 70
patients with sporadic neuroblastoma, the high levels of
ncRAN mRNA expression were significantly associated with
poor outcome of the patients (p<0.001). The multivariate
analysis showed that expression of ncRAN mRNA was an
independent prognostic factor among age, stage, origin and
MYCN expression. Ectopic expression of ncRAN induced
transformation of NIH3T3 cells in soft agar, while knock-
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down of endogenous ncRAN with RNA interference
significantly inhibited cell growth in SH-SY5Y cells.
Collectively, our results suggest that ncRAN may be a novel
non-coding RNA mapped to the region of 17q gain and act
like an oncogene in aggressive neuroblastomas.

Introduction

Neuroblastoma is one of the most common pediatric solid
tumors in children and originates from sympathoadrenal
lineage of the neural crest. Its clinical behavior is hetero-
geneous because the tumors often regress spontaneously when
developed in patients under one year of age, while they grow
rapidly and cause very poor clinical outcome when occurring
in patients over one year of age (1). Recent cytogenetic
analyses have revealed that given subsets of neuroblastoma
with unfavorable prognosis often have MYCN amplification,
gains of chromosome 1q, 2p, and 17q as well as allelic
losses of 1p, 3p, and 11q (1). However, the precise molecular
mechanisms underlying pathogenesis and progression of
neuroblastoma still remain unclear.

Accumulating evidence shows that gain of chromosome
17 or 17q is the most frequent genetic abnormality in neuro-
blastoma (1-4). We have previously conducted microarray-
based comparative genomic hybridization (array-CGH) with
a DNA chip carrying 2,464 BAC clones to examine genomic
aberrations in 236 primary neuroblastomas (5). Our array-
CGH analysis demonstrated three major groups of genomic
aberrations in sporadic neuroblastomas (n=112) that can well
define the prognoses of neuroblastomas: a genetic group of
silent chromosomal aberration (GGS, 5-year cumulative
survival rate: 68%), a genetic group of partial chromosomal
gains and/or losses (GGP, 43%), and a genetic group of
whole chromosomal gains and/or losses (GGW, 80%). The
classification of three genetic groups corresponded well with
the pattern of chromosome 17 abnormalities, namely, no
gain of either chromosome 17 or 17q, gain of chromosome
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17q, and gain of whole chromosome 17, respectively (5).
Thus, 17q gain has been implicated in close correlation with
aggressiveness of neuroblastoma (5-7). The region has been
narrowed down to 17q21-gter, in which several important
candidate genes such as Survivin and PPMI1D were suggested
to be involved in acquiring aggressiveness of neuroblastoma
(4,7.8).

In the present study, by combining with our previous array-
CGH data, we searched for the candidate 17q gain gene(s) by
applying the results of our gene-expression profiling obtained
from the analysis of 136 neuroblastoma samples using an in-
house cDNA microarray carrying 5,340 genes isolated from
- primary neuroblastomas (9,10). This approach has led us to
identify a novel non-coding RNA as the candidate mapped
to the region of chromosome 17q gain. Its high expression is
significantly associated with aggressiveness of primary
neuroblastomas.

Materials and methods

Patients. Tumor specimens were collected from the patients
with neuroblastoma who had undergone biopsy or surgery at
various institutions in Japan. Two hundred and thirty-six
and 136 tumor samples were used for array-CGH and
expression profiling, respectively (5,10). Among them,
sporadic cases were 112 and 70, respectively. The clinical
stage of tumor was classified according to the INSS criteria
(11). Expression data for the latter 70 sporadic neuro-
blastomas, which were composed of 15 stage 1, 8 stage 2, 17
stage 3, 25 stage 4, and 5 stage 4s tumors, were used for the
Kaplan-Meier analysis. The status of MYCN amplification
in each tumor had been determined as described previously
(8). Patients were treated according to previously described
protocols (12,13). The procedure of this study was approved
by the Institutional Review Board of the Chiba Cancer Center
(CCC19-9).

Microarray-based comparative genomic hybridization (array-
CGH) and gene expression profiling. Array-based CGH
experiments for 236 neuroblastomas by using a chip carrying
2.464 BAC clones which covers the whole human genome at
~1.2-Mb resolution were performed as described previously
(5). For the gene expression profiling of 136 neuroblastomas,
we employed an in-house cDNA microarray, carrying 5,340
¢DNAs obtained from the oligo-capping cDNA libraries
génerated from anonymous neuroblastoma tissues (10,14-16).
The array-CGH and gene expression profile data are available
at NCBI Gene Expression Omnibus (http://www .ncbi.nlm.nih,
gov/geol) with accession numbers GSE 5784 and GSE 5779,
respectively.

Cells, culture and transfection. NIH3T3, COS7 and human
neuroblastoma cell lines were cultured in Dulbecco's modified
Eagle's medium (DMEM) or RPMI-1640 medium containing
10% (vol/vol) heat-inactivated fetal bovine serum (FBS)
and antibiotics. Cultures were maintained in a humidified
atmosphere containing 5% CO, at 37°C. COS7 and NIH3T3
cell lines were transiently transfected using Lipofectamine
2000 reagent (Invitrogen, Carlsbad, CA, USA) according to
the manufacturer's protocol.

YU eral: ncRAN MAPPED TO chr17q25 IN AGGRESSIVE NEUROBLASTOMA

Construction of expression plasmid. The full-length cDNAs
of Nblal0727 and Nblal12061 were cloned from the established
full length-enriched cDNA libraries which we made from the
primary neuroblastomas as described (14-16). The full-length
c¢DNAs were then inserted into pcDNA3 or pcDNA3-FLAG
plasmids.

In vitro transcription and translation assay. In vitro trans-
lation was carried out in the presence of [*S]-methionine using
TNT T7 Quick coupied transcription/translation system
(Promega, Madison, WI, USA) according to the manufacturer's
instructions. The products were resolved by SDS-PAGE and
detected by autoradiography.

In vivo [#S]-labeling experiment. COST cells were transfected
with the FLAG-tagged ncRAN expression vectors or the HA-
tagged MEL1 expression plasmid. After 24 h, cells were
rinsed with 1X PBS 3 times and recultured in fresh growth
medium without methionine and antibiotics. Two hours later,
[*S]-methionine (GE Healthcare, Tokyo, Japan) was added
to the medium to a final concentration of 0.1 mCi/mi, and
cells were further incubated. Cells were harvested and whole
cell lysates were subjected to immunoprecipitation using
a monoclonal anti-Flag antibody or a polyclonal anti-HA
antibody. Immunoprecipitates were resolved by SDS-PAGE
and detected by autoradiograph.

RNA isolation and semi-quantitative reverse transcription-
PCR (RT-PCR). Total RNA was isolated from frozen tumor
tissues by an AGPC method (8). Total RNA (5 ug) was
employed to synthesize the first-strand cDNA by means of
random primers and SuperScript II reverse transcriptase
(Invitrogen) following the manufacturer's protocol. We
prepared appropriate dilutions of each single stranded
¢DNA for subsequent PCR by monitoring an amount of
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as a
quantitative control. The PCR amplification was carried out
for 28 cycles (preheat at 95°C for 2 min, denature at 95°C for
15 sec, annealing at 55°C 15 sec, and extension at 72°C 20 sec)
for ncRAN (Nblal0727 and Nblal2061). The primers used
were: ncRAN (Nblal0727) 5'-CAGTCAGCCTCAGTTTC
CAA-3' (forward); 5'-AGGCAGGGCTGTGCTGAT-3'
(reverse), ncRAN (Nblal2061) 5'-ATGTTAGCTCCCA
GCGATGC-3' (forward); 5'-CTAACTGCCAAAAGGTTT
TCC-3' (reverse).

Northern blot analysis. Total RNA (20 ug) was subjected to
electrophoresis and Northern blotting. The cDNA insert
(Nblal0727) was labeled with [o-3?P]-dCTP (GE Healthcare)
by the BcaBEST™ labeling kit (Takara, Tokyo, Japan) and
used for the hybridization probe.

Soft agar assay. NIH3T3 cells were transfected with FLAG-
Nblal0727, FLAG-Nblal2061 or empty vector, and
resuspended in 0.33% agar (wt/vol) in DMEM with 10%
FBS at a density of 500 cells/plate. Cell suspensions were
poured on the top of the base layer (0.5% agar (wt/vol) in
fresh medium, and grew in a 5% CO, incubator for 14 days.
Colonies >100 pm were counted under an Olympus micro-
scope.
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Table 1. The comparison of ncRAN/Nblal0727/Nblal206] ex

in neuroblastomas.

933

pression level among three major groups of genomic aberrations

ncRAN expression

Genetic group n Mean + SD (log? ratio) p-value
ncRAN-long/Nblal0727

GGS (silent) n=10 -1.12+0.39 ] p=0.004

GGP (partial 17q+) n=26 -0.60+0.48 ] p=0.952

GGW (whole 17+) n=35 -1.11£0.48 :’ p<0.001
ncRAN-short/Nblal2061

GGS (silent) n=10 -1.60+0.33 j p=0.070

GGP (partial 17g+) n=26 -1.23+0.59 = j p=0.163

GGW (whole 17+) n=35 -1.81+0.43 _l p<0.001

n, number of samples; GGS, Genetic group silent (normal 17); GGP, Genetic group partial gains/losses (17q gain);

GGW, Genetic group

whole gains/losses (17 gain); ncRAN expression levels are shown as normalized log2 ratio of microarray data. p-values were calculated

based on statistical t-test.

RNA interference. Oligonucleotides for knocking down the
ncRAN with Sacl and Xhol extension were inserted into
pMuni vector. The oligonucleotides used were; 5'-CCC
CATCCTCTAGTAGCCACGGTTTCAAGAGAACCGT
GGCTACTAGAGGATTTTTTGGAAAC-3' and 5-TCG
AGTTTCCAAAAAATCCTCTAGTAGCCACGGTTCTCT
TGAAACCGTGGCTACTAGAGGATGGGGAGCT-3'. The
plasmids containing the oligonucleotide sequence were
transfected into SH-SYSY cells by using Lipofectamine 2000
reagent (Invitrogen) according to the manufacturer's protocol.

Statistical analysis. The Student's t-tests were used to explore
possible associations between ncRAN expression and other
factors, such as age. Kaplan-Meier curves were calculated and
survival distributions were compared using the log-rank test.
Univariate and multivariate analyses were made according to
the Cox hazard models. g-value was also calculated because
ncRAN expression was measured with 5340 genes in the
microarray (17). Statistical significance was set at p<0.05.

Results

Identification of a novel Nbla10727/12061 gene mapped to
chromosome 17q25.1 upregulated in advanced neuroblastomas
with gain of chromosome 17q. To explore the candidate genes
for therapeutic target against aggressive neuroblastomas, the
genomic and molecular characteristics specific to high-risk
tumors were surveyed. We previously conducted array-CGH
analysis with a microarray carrying 2,464 BAC clones to
examine genomic aberrations in 236 primary neuroblastomas
and found that the gain of chromosome 17q was most strongly
correlated with the patient's prognosis (5). The genetic group
of ‘silent chromosomal aberrations’ (GGS) could be defined
as the tumor group without apparent abnormalities in
chromosome 17, and the genetic group of ‘whole chromosomal
gains and/or losses’ (GGW) as that with gain of whole
chromosome 17 (5-year cumulative survival rate in 112
sporadic neuroblastomas: 68 and 80%, respectively, according
to ref. 5). On the other hand, the genetic group of ‘partial

chromosomal gains and/or losses’ (GGP) with gain of chromo-
some 17q showed poor prognosis (43%).

According to the different grade of aggressiveness among
the genetic groups, we hypothesized that the GGP tumors
may have higher levels of expression of the activated 17q
candidate gene(s) that is (are) involved in defining the grade
of malignancy of neuroblastoma than the GGS or GGW
tumors. We then used our data set of gene expression profile
in 136 neuroblastomas to subtract the genes mapped to the
commonly gained region of chromosome 17q and differentially
expressed in the GGP tumors at high levels and the GGS
or GGW tumors at low levels. Consequently, we found two
¢DNA clones Nblal0727 and Nblal2061 (Fig. 1A) on our
in-house microarray carrying 5,340 cDNAs obtained from
oligo-capping cDNA libraries generated from different subsets
of primary neuroblastomas (10,14-16), both of which were
splicing variants of the same gene mapped to chromosome
17q25.1 (Table I and Fig. 1B, expression in GGP more than
that in GGS or GGW). Database searching showed that both
2,087-bp and 2,186-bp insert sequences (Genbank/DDBJ
accession numbers: AB447886 and AB447887) did not
exhibit significant similarity to any previously known genes.
As the size of mRNA was ~2.3 kb by Northern blot (Fig.
1C), the clones Nblal0727 and Nblal2061 appeared to be
almost full-length ¢cDNAs. Therefore, Nblal10727/12061
appeared to be the gene activated for its expression in
neuroblastomas with partial gain of chromosome 17q, but not
activated in those with diploid or triploid pattern of whole
chromosome 17.

The Nbla10727/12061 gene was expressed in multiple
human tissues with preferential expression in heart, kidney,
lung, spleen, mammary gland, prostate and liver, but with low
expression in neuronal tissues such as brain and cerebellum,
fetal brain and adrenal gland (Fig. 1D).

High expression of Nbla10727/12061 is associated with poor
prognosis of neuroblastoma. The analysis by semi-quantitative
RT-PCR in a panel of cDNAs obtained from 8 favorable (stage
1, <1-year-old, single copy of MYCN and high expression
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Figure 1. ncRAN is mapped to the 17q gain region. A, Genomic structure of ncRAN region on chromosome 17q25.1. Splicing variants, whose sequences were
contained in cDNAs as ncRAN-long/Nblal0727 and ncRAN-short/Nblal2061 . are schematically shown. These are transcribed from a single gene, ncRAN (see
text). B, High expression of ncRAN is associated with high malignant subset of neuroblastoma. Scatter plot of the expression levels of the ncRAN-long/
Nblal0727 and ncRAN-short/Nbla]2061 in 71 primary neuroblastomas with both accompanying expression and aCGH data. Blue, red, green, and black spots
denote GGS, GGP, GGW and unknown genomic group samples, respectively. As shown in Table I, the expression levels of the ncRAN were significantly
higher in GGP tumors (+17q gain) than in GGS (no 17 gain) or GGW (+ whole 17 gain) tumors (p=0.004 and p<0.001 for ncRAN-long/Nbla10727, and
p=0.070 and p<0.001 for ncRAN-short/Nbla12061, respectively), whereas their expression levels in GGS and GGW tumors were comparable (p=0.952 for
ncRAN-long/Nblal0727, and p=0.163 for ncRAN-short/Nbla12061, see also Table I), suggesting that the acquired allele(s) at 17q might be silenced at least
for the ncRAN expression in GGW tumors, and that high expression of ncRAN is associated with high malignant subset of neuroblastoma. C, Northern blot
analysis of ncRAN. Total RNA (20 pg) prepared from neuroblastoma cell lines, SH-SY5Y and KP-N-NS were used. A 2.3-kb band was visible in only
SH-SYS5Y cells. The cDNA insert (Nbla10727) was labeled with [a-*2P]-dCTP and used for the hybridization probe. D, Semiquantitative RT-PCR of ncRAN
in multiple human tissues and neuroblastoma cell lines. Total RNA of 25 adult tissues and two fetal tissues were purchased from Clontech Co. Ltd. The
expression of GAPDH is also shown as a control. E, Semi-quantitative RT-PCR of ncRAN in favorable and unfavorable subsets of primary neuroblastomas.
The mRNA expression patterns for ncRAN and Survivn, a known oncogene identified at 17q, were detected by semi-quantitative RT-PCR procedure in eight
favorable (lanes: 1-8, stage 1, with a single copy of MYCN) and eight unfavorable (lanes: 9-16, stage 3 or 4, with MYCN amplification) neuroblastomas.
F, Semiquantitative RT-PCR of ncRAN in neuroblastoma cell lines. Twenty-one neuroblastoma cell lines with MYCN amplification and 4 cell lines with a
single copy of MYCN were used for this study as templates.
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Figure 2. The high expression of ncRAN/Nblal10727/1206] mRNA is a prognostic indicator of unfavorable neuroblastoras. The Kaplan-Meier survival
curves were drawn from the results of the cDNA microarray data of 70 sporadic neuroblastomas (log-rank test, p=0.000221 and p=0.005728, respectively).

of TrkA) and 8 unfavorable (stage 3 or 4, >1-year-old, ampli-
fied MYCN and low expression of TrkA) primary neuro-
blastomas confirmed that this novel gene was expressed at
significantly high levels in the latter compared to the
former (Fig. 1E), such as Survivin which we have previously
reported as one of the candidate genes mapped at the region
of 179 gain (9). Among neuroblastoma cell lines, high or
moderate levels of expression of Nblal0727/12061 was
observed in cell lines with MYCN amplification most of which
had 17q gain, whereas it was relatively low in those with a
single copy of MYCN and without the 17q gain (Fig. 1F).

As shown in Fig. 2, our microarray data of 70 sporadic
neuroblastomas showed that the high levels of Nbla10727/
12061 expression were significantly associated with poor
prognosis (log-rank test, p=0.000221 and p=0.005728,
respectively). The multivariate analysis using Cox proportional
hazard model demonstrated that expression of Nblal0727/
12061 was an independent prognostic factor among age at
diagnosis, disease stage, tumor origin and MYCN expression
(Table II). Thus, the expression level of Nblal0727/12061 is
a novel prognostic factor of neuroblastoma that is closely
associated with gain of chromosome 17q.

Nblal0727/12061 is involved in inducing enhancement of cell
growth in neuroblastoma cells and transformation of NIH3T3
cells. To investigate function of Nbla10727/12061, we trans-
fected SH-SYS5Y neuroblastoma cells with the siRNA, since
SH-SYSY cells have 17q gain in their genome as well as
higher mRNA expression of Nblal0727/12061. As shown in
Fig. 3A, suppression of endogenous levels of Nblal0727/
12061 transcripts significantly inhibited cell growth in SH-
SYS5Y neuroblastoma cells as compared with the control
cells. On the other hand, the soft agar colony formation assay
showed that the enforced expression of Nblal0727/12061
significantly enhanced the anchorage-independent growth
of NIH3T3 mouse fibroblast cells (Fig. 3B). These results
suggested that Nblal0727/12061 was a novel candidate gene
of the region of 17q gain with an oncogenic function.

ncRAN-Nblal0727/12061 is a large non-coding RNA. Several
lines of evidence from the gene structure analysis as well as
the comparative genomic analysis described below further
suggested that Nblal0727/12061 is a non protein-coding but
functional RNA. We therefore tentatively named this gene
as ncRAN (non-coding RNA expressed in aggressive neuro-
blastoma).

First, the full-length cDNA sequences of ncRAN, which
are suggested to be relevant to both Nbla10727 and Nbla12061
c¢DNAs by Northern blot analysis (Fig. 1C), did not contain
any long-enough open reading frames (>200 bp). Bioinfor-
matic analysis indicated that there were no ESTs longer than
those two cDNAs at the genomic locus, and that the CpG
island was located at the 5' region of the cDNA sequences.

Second, no protein product was translated both in vivo
and in vitro from the ncRAN transcripts (Fig. 4). Though only
the possible open reading frames (>150 bp) within the ncRAN
cDNA were from n.t. 190 to 354 (55 amino acids) and from
293 to 469 (59 amino acids) in Nbla10727, none of the putative
translation start sites contains the Kozak consensus sequence.
In addition, these predicted protein products of 55 and 59
amino acids did not exhibit significant similarity to any other
known protein or protein domain. Furthermore, in vivo
transcription and translation of the full-length ncRAN did not
lead to the synthesis of any peptide or protein (Fig. 4B),
though endogenously and ectopically expressed ncRAN were
easily detectable at mRNA level (Fig. 4A). Coincident with the
above observation, the ncRAN protein product could not be
detected using [3°S]-methionine-labeling system in virro
(Fig. 4C).

Third, we performed sequence comparison of the ncRAN
gene with genome sequences of other species and found it
has high similarity (>90% identity in nucleotides) with
primates including orangutan, chimpanzee and rhesus, but
not those with mice and rat (Fig. 5). We also searched for the
possible long open reading frames of ncRAN homologs in
these highly similar species, resulting in failure. The highly
conserved sequence similarity only with primates may
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into COS7 cells and total RNA was subjected to RT-PCR. pcDNA3-HA-MELI was used as a positive control. B, In vivo [33S]-methionine labeling
experiment. COS7 cells transfected with the indicated expression vectors were maintained in fresh growth media without methionine for 2 h and then cultured
in the media containing [35S]-methionine overnight. Cells were lysed and subjected to immunoprecipitation with anti-FLLAG antibody. Immune complex was
washed extensively, resolved by SDS-PAGE and detected by autoradiography. Cell lysate prepared from COS7 cells transfected with pcDNA3-HA-MELI
were immunopricipitated with anti-HA antibody. C, In vitro translation assay. In vitro translation was performed in the presence of [**S]}-methionine according
to the manufacturer's instructions. pcDNA3-HA-MEL! was used as a positive control.

suggest that ncRAN might be an evolutionally developed non-  small RNAs such as microRNA (miRNA) (18). Therefore, we
coding RNA. made a search for sequences of known miRNAs in conserved

Finally, previous studies have shown that certain large regions within the ncRAN locus, but none were identified.
non-coding RNAs are relevant to host RNAs that harbor  These results inferred that the ncRAN transcript might not be
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Figure 5. Schematic representation of ncRAN sequence conservation in primates. Sequence conservation in ncRAN gene locus among human and primates is
indicated. Nucleotide sequences of exon3 of ncRAN in primates are indicated by numbers in brackets. Genomic sequences within the highly conserved
sequence are marked black; mismatches are marked pink. % identities to humans are shown below for each exon. Other lower species, such as mouse, rat,

dog, cow, horse, zebrafish, or C. elegans, do not have ncRAN in their genomes.

Table II. Multivariate analyses of ncRAN/Nblal0727 mRNA expression as well as other prognostic factors in primary

neuroblastomas.

Factor n p-value q-value HR. ClL
Age (>12-month vs. <12-month) 45 vs. 25 0.0096 34 (1.2-9.9)
ncRAN expression n=70 0.0015 0.0281 36 (1.7-7.9)
Age (>18-month vs. <18-month) 40 vs. 30 0.0150 29 (1.2-7.1)
ncRAN expression n=70 0.0023 0.0361 35 (1.6-7.8)
Stage (1,2,4s vs. 3,4) 42 vs. 28 <0.0001 8.0 (2.9-14)
ncRAN expression n=70 0.0457 0.3151 24 (10-5.6)
Origin (adrenal vs. non-adrenal) 27 vs. 43 <0.0001 9.1 (2.6-33)
ncRAN expression n=70 0.0107 0.1335 2.8 (1.3-6.1)
MYCN expression n=70 0.0003 20 (1.4-2.8)
ncRAN expression n=70 0.0035 0.0470 33 (1.5-7.3)

n, number of samples; H.R., hazard ratio; C.1., confidence interval, The q-value denotes estimated false discovery rate if all genes whose
p-values are equal to or smaller than that of ncRAN are discovered as significant (17).

processed to one or more small RNAs, In addition, database
search did not identify genes with anti-direction to ncRAN,
excluding the possibility that ncRAN is an antisense gene for
certain known genes. Collectively, these results strongly
suggested that the ncRAN transcript functions as a novel large
non-coding RNA.

Discussion

In the present study, we used the combination of array-CGH
(5) and gene expression profiling by using an in-house neuro-
blastoma-proper cDNA microarray (10) to identify genes that
strongly correlate with chromosome 17q gain in aggressive
neuroblastoma. Our array CGH analysis demonstrated three
major genomic groups of chromosomal aberrations such as
silent (GGS), partial gains and/or losses (GGP), and whole

gains and/or losses (GGW). Correlation analysis revealed that
the global feature of the aberrations was maximally correlated
with the gain of the long arm of chromosome 17 and with the
gain of a whole chromosome 17, therefore the genomic groups
GGP and GGW were defined by the status of aberration, by
17q gain and 17 whole chromosomal gain occurred in chromo-
some 17, respectively (5). Survival analysis for each genetic
group suggested that 17q gain was a characteristic and
prognosis-related event in primary neuroblastomas. Therefore,
we searched for genes that were expressed significantly
higher in primary neuroblastomas of GGP compared to that
of GGS and GGW and finally found a novel gene ncRAN
mapped on 17q25.1. The level of its mRNA expression was
strongly correlated with the status of chromosome 17
(Table T and Fig. 1B) as well as with patient survival
(Table II and Fig. 2).
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To our surprise, our results suggested that ncRAN is a
large non-coding RNA. Non-coding RNA is a general term
for functional and untranslatable RNAs. Increasing evidence
has shown that they play important roles in a variety of
biological events such as transcriptional and translational
gene regulation, RNA processing and protein transport (18,19).
Recently, the numerous miRNAs, a class of small non-coding
RNAs, have been identified, and miRNA-expression profiling
of the human tumors has identified signatures in relation to
diagnosis, staging, progression, prognosis and response to
treatment (19). On the other hand, another class of non-coding
RNAs named as the large non-coding RNA, which are usually
. produced by RNA polymerase II and lack significant and
utilized open reading frame, receives relatively little attention.
However, recently, increasing number of studies have provided
evidence that large non-coding RNAs also play important
roles in certain biological processes of the cancers, such as
acquisition of drug resistance, transformation, promoting
metastasis and inhibition of tumor development (19). In
addition, certain candidate non-coding RNAs were isolated
from the tissue- and stage-specific libraries, suggesting a
possible involvement of non-coding RNAs in development
and tumor cell differentiation (20). Given that ncRAN was
identified from the cDNA libraries generated from different
subsets of primary neurcblastomas, it is possible that ncRAN
might be involved in carcinogenic processes as well as
development and differentiation of normal neurons.

In conclusion, we identified a novel large non-coding RNA
transcript, ncRAN, mapped to the region of 17q gain frequently
observed in aggressive neuroblastomas. The levels of ncRAN
expression are relatively low in normal nerve tissues
including adrenal gland, whereas they are upregulated in
advanced neuroblastomas with gain of chromosome 17q.
From our functional analyses, ncRAN appears to act like an
oncogene. Notably, knockdown of ncRAN with siRNA was
able to significantly repress the cell growth in SH-SYSY
neuroblastoma cells with 17q gain as well as high endo-
genous level of ncRAN. Considering emerging evidence on
the large non-coding RNAs regulating transcription of other
genes (19), the present results not only contribute to further
understanding of the molecular and biological mechanism of
neuroblastoma genesis, but also provide a potential target for
new diagnostic and therapeutic intervention in the future.
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The biological and clinical heterogeneity of neuroblastoma
is closely associated with signaling pathways that control
cellular characteristics such as proliferation, survival and
differentiation. The Shc family of docking proteins is
important in these pathways by mediating cellular signaling,
In this study, we analysed the expression levels of ShcA and
SheC proteins in 46 neuroblastoma samples and showed
that a significantly higher level of SheC protein is observed
in neuroblastomas with poor prognostic factors such as
advanced stage and MYCN amplification (P <0.005),
whereas the expression level of ShcA showed no significant
association with these factors. Using TNB1 cells that
express a high level of SheC protein, it was demonstrated
that knockdown of SheC by RNAI caused elevation in the
phosphorylation of ShcA, which resulted in sustained
extracellular signal-regulated kinase activation and neurite
outgrowth. The neurites induced by ShcC knockdown
expressed several markers of neuronal differentiation
suggesting that the expression of ShcC potentially has a
function in inhibiting the differentiation of neuroblastoma
cells. In addition, marked suppression of in vive tumor-
igenicity of TNBI cells in nude mice was observed by stable
knockdown of ShcC protein. These findings indicate that
SheC is a therapeutic target that might induce differentia-
tion in the aggressive type of neuroblastomas.
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Introduction

Neuroblastoma is the most common pediatric solid
tumor derived from the sympathoadrenal lineage of
neural crest and its clinical and biological features are
heterogeneous. Some types of neuroblastomas show
favorable outcomes with spontaneous differentiation or
regression by minimum treatment, whereas other types
have malignant characteristics with metastasis and
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resistance to chemotherapy. Age of onset, tumor
volume, presence of metastasis, pathological features
and amplification of the N-myc gene are important
prognostic factors of neuroblastoma. Previously, it was
reported that the differential expression of Trk family
receptors might contribute to clinical and biological
outcomes of neuroblastomas (Nakagawara et al., 1993;
Nakagawara and Brodeur, 1997) whereas the cellular
signaling involved in the regulation of the aggressiveness
of neuroblastoma is largely unknown.

The She family of docking proteins is important in
signaling pathways mediating the activation of various
receptor tyrosine kinases (RTKs) such as the Trk family
triggered by extracellular stimulations, to specific down-
stream molecules. The Ras-extracellular signal-regu-
lated kinase (ERK) pathway and the phosphoinositide-3
kinase (PI3K)-Akt pathway are the most common
signals regulated by She family proteins, representing
important functions in cellular proliferation, survival
and differentiation.

The Shc family has three members, ShcA/Shc, SheB/
Sli/Sck and ShcC/Rai/N-She encoded by different genes
(Nakamura er al., 1996; O'Bryan er al., 1996; Pelicci
et al., 1996). ShcA protein having three protein iso-
forms, p46, p52 and p66, is ubiquitously expressed in
most organs except the adult neural systems, whereas
SheC (p52 and p67 isoforms) are exclusively expressed
in the neuronal system (Sakai et a/., 2000). In the central
nervous system, ShcA expression is most significant
during embryonic development with sudden decrease
after birth. On the other hand, ShcC expression is
remarkably induced around birth and maintained in the
mature brain. The Shc family molecules have a unique
PTB-CHI1—-SH2 modular organization with two phos-
photyrosine-binding modules, PTB and SH2 domains,
which recognize various phosphotyrosine-containing
peptides with different specificities. CH1 domains
contain several tyrosine phosphorylation sites that
recruit other adaptor molecules such as Grb2. Func-
tional analysis of ShcB and SheC on the neuronal signal
pathway indicate that these proteins in neuronal cells
potentially regulate epidermal growth factor (EGF) or
nerve growth factor (NGF) signaling in a similar fashion
to ShcA (O’Bryan et al., 1996; Nakamura et al., 1998).

Major parts of neuroblastoma cell lines show the
expression and tyrosine phosphorylation of ShcC
protein, but its effect on the biology of tumor cells
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remains to be elucidated. We have recently shown that  expression levels of ShcC protein with several factors
constitutive tyrosine phosphorylation of ShcC is in-  linked to unfavorable outcome of neuroblastoma.
duced in a subset of neuroblastoma cells by the  Furthermore, we investigated the functions of SheC in
activation of anaplastic lymphoma kinase (ALK) owing  cell proliferation, differentiation and in vivo tumorigeni-
to ALK gene amplification and the constitutively  city of neuroblastoma cells by knockdown of ShcC
activated ALK-ShcC signal pathway could induce cell  expression in neuroblastoma cell lines expressing a high
survival, anchorage-independent growth of the celis and  level of ShcC without ALK amplification.
progression of tumors (Miyake et al., 2002, 2005). In our
study, significant amplification of 4LK was observed in
3 of 13 neuroblastoma cell lines and in only 1 of 85cases  Results
of human neuroblastoma samples (Osajima-Hakomori
et al., 2005). Considering these results, it was suspected ~ Expression and tyrosine phosphorylation of SheC in
ShcC might also contribute to the signal pathway  neuroblastoma cell lines
associated with the tumor behavior in ALK-indepen- At first, the expression of ShcA and ShcC was analysed
dent manners in majority of neuroblastoma cells. in 11 neuroblastoma cell lines using each specific
In a recent report, high expression of ShcC mRNA was  antibody (Supplementary Figure A) along with DLD-1
shown to be a poor prognostic factor in neuroblastoma  as a control, which is known to express ShcA protein
patients through the semiquantitative reverse transcriptase ~ (mainly p46ShcA and p52ShcA), but not SheC protein
-PCR analysis of tissue samples (Terui er al., 2005), (Figure 1la). The three cell lines with ALK gene
suggesting the possibility that ShcC protein might be  amplification (NB-39-v, Nagai and NB-1: Group A)
causative of tumor progression in neuroblastoma patients.  expressed ShcC at a moderate level in contrast to their
In the current study, we examined the expression levels of  significant phosphorylation so that ALK-ShcC complex
ShcC protein in tumor samples of 46 neuroblastoma  is mediating the dominant oncogenic signal (Miyake
patients and confirmed the significant association of the  er al., 2002; Osajima-Hakomori et al., 2005). Other
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Figure 1 (A) Expression and tyrosine phosphorylation of ShcC in neuroblastoma cell lines detected by specific antibody. The
expression of ShcA (lower panel), ShcC (upper panel) and tyrosine phosphorylation of ShcC was analysed in 11 neuroblastoma cell
lines including the cell lines with anaplastic lymphoma kinase (4LK) gene amplification (ALK amp.) along with DLD-1I as a control.
Lysates were immunoprecipitated and then immunoblotted with antibodies against the indicated molecules. The fevels of expression/
phosphorylation of ShcC are indicated above. Asterisks show heavy chains of immunoglobulin. Positions of molecular mass markers
(kDa) are shown to the left. (B) Expression of ShcC and ShcA in the tissue samples of three subsets of neuroblastoma patients. (a)
Expression levels of ShcC/ShcA in the samples of 46 neuroblastoma patients were detected by western blotting being compared to the
level of expression in TNB-1 cells (= 1.0) as an internal control among each experiment and was corrected by each expression level of
a-tubulin. (b) Expression of SheC (upper panel)/ShcA (middle panel) of representative samples of each subset were detected on a filter.
The exposure time of the filter onto X-ray films was different to detect between p52ShcC (short exposure: lower panel) and p67ShcC
(long exposure: upper panel). Each isoform of ShcC/ShcA is indicated by opened or filled triangles. Asterisks show heavy chains of
immunoglobulin.
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neuroblastoma cells with a single copy of the ALK gene
were divided into two groups, one with considerably
high levels of ShcC expression (YT-v, NH-12, TNB-1
and SCCH-26: Group B) and the other with almost no
SheC expression (KU-YS, SK-N-DZ, SK-N-SH and
GOTO: Group C). Most of the cells in the Group B
showed a morphological tendency to aggregate each
other and rather low adhesion to the culture plate,
compared with the cells of the Group C (data not
shown). The degrees of ShcC phosphorylation in the
cells in Group B appeared to be lower than the cells
with ALK amplification (Figure 1A, middle panel). In
contrast to ShcC, the expression of ShcA was within
similar levels among neuroblastoma cell lines
(Figure 1A, lower panel).

The expression level of SheC is prominent in tissue
samples of poor risk neuroblastoma patients

Next we analysed the expression of ShcA and SheC
protein in 46 primary human neuroblastoma specimens
using each specific antibody. These tissue samples were
classified into three subsets using Brodeur’s classifica-
tion; type I (stage 1, 2 or 4S; a single copy of M YCN),
type II (stage 3 or 4; a single copy of MYCN) and type
I (all stages; amplification of MYCN) (Brodeur and
Nakagawara, 1992; Ohira er al., 2003). The expression
level of ShcA and ShcC in western blotting was
standardized by intensity of a-tubulin within each filter,
standardized by the amounts in TNB-1 cells as an
internal control among different filters and statistically
evaluated from at least two independent western blots
for each sample (Table 1). We found that there is a
significant difference in the expression levels of ShcC
among the subsets of neuroblastomas. In the group of
type II and type I1I, the expression level of ShcC protein
was substantially higher than that in the type I group
(Figure 1Ba). Both isoforms of ShcC, p52ShcC and
p67SheC, showed similar patterns of expression. As
shown in Table 2, the expression level of ShcC has a
significant correlation with several clinical factors
including late onset of the disease (later than 12 months)
(p52/p67: P<0.001/P=0.015), advanced clinical stage
(stages I1I and IV) (P <0.001) and gene amplification of
MYCN (p52/p67: P<0.002/P=0.005). Furthermore,
most of the samples from the patients who died within
12 months after the onset of the disease showed
significantly higher levels of ShcC expression than the
other group of samples in which patients lived longer
than 12 months (p52/p67: P=0.006/P=0.009). In
contrast, variable expression levels of both isoforms of
ShcA protein, p52 and p66, were observed in neuro-
blastoma samples with no significant difference among
three subsets of clinical group (P> 0.05) (Table 2; Figure
1Ba). The results of representative samples from each
subset are shown in Figure 1Bb. These data indicate that
the expression of ShcC protein is significantly associated
with multiple prognostic factors of neuroblastoma,
suggesting that ShcC has specific functions in malignant
phenotypes of neuroblastoma presumably by modulat-
ing cellular signaling.

Oncogene
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Biological effects of SheC downregulation on TNB-1 cells
To elucidate the biological functions of SheC in the
tumor characteristics causing unfavorable outcomes of
neuroblastoma patients, we investigated the effects of
SheC knockdown on the cellular biology and signal
transduction in one of the neuroblastoma cell lines,
TNB-1, which expresses a high level of ShcC protein
with no ALK amplification. The expression of ShcC and
ShcA was suppressed by RNA interference using two
independent sets of specific small interfering RNA
(siRNA) oligonucleotides corresponding to ShcC and
ShcA, respectively (Figure 2Aa). The growth rate
of TNB-1 cells transfected with the ShcA siRNA
was severely suppressed (Figure 2Ab), owing to
impaired ability of proliferation and survival, which
is consistent with previous reports (Ravichandran,
2001). ShcC-knockdown cells showed a relatively weak
effect on growth rate in the normal culture condition
(Figure 2Ab).

Downregulation of SheC induces neurite outgrowth and
increases differentiation-related markers in TNB-1 cells
ShcC knockdown caused morphological changes to
rather flat and spindle shape and neurite extension
within 24 h after transfection of ShcC siRNA (Figure
2Ba). These neurite-bearing cells express higher amount
of microtubule-associated protein 2 (MAP-2), growth-
associated protein 43 (GAP-43), a protein expressed in
the growing neurites, and chromogranin A (Chr-A;
Figure 2Bb), markers of neuronal differentiation (Giu-
dici et al., 1992) than the control cells. On the other
hand, TNB-1 cells treated with ShcA siRNAs showed
no remarkable change compared with the control cells,
relatively round with small processes attached to the
dish surface (Figure 2Ba). These results suggest that the
endogenous ShcC negatively affects neurite outgrowth
and differentiation of TNB-1 cells.

Persistent activation of ERK1/2 due to ShcC

downregulation induces neurite outgrowth in TNB-1 cells
Neuronal differentiation is closely associated with
mitogen-activated protein kinase (MAPK)/ERK kinase
(MEK)/ERK and PI3K~AKT pathways and both of
them might be controlled downstream of Shc family
signaling. Downregulation of ShcA induced the sup-
pression of extracellular signal-related kinase 1/2
(ERK1/2) and AKT pathways at 48 h after transfection
of siRNA, nevertheless ShcC downregulation appar-
ently elevated the base level of ERK phosphorylation
and slightly enhanced AKT activation (Figure 3a). This
elevation of ERK phosphorylation sustained until 96 h
after transfection of siRNA. Similar effect on the ERK
activation was also observed in NH-12 and YT-v cells,
which express high amount of ShcC (Supplementary
Figure B). It is reported that sustained activation of
ERK is responsible for neurite outgrowth and differ-
entiation of PCI2 cells (Qui and Green, 1992). To
investigate whether neuronal extension of TNB-1 cells
by ShcC RNAI was induced by sustained activation of
ERK, the effect of MEK inhibitor, PD98059, on the



