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BT T IUANZ 128 (AdI2}3~0 278 OEEEOFN ., PRARRICTRY GGt
BB, FINNIVANRYS ) AOEEEFThs E1A | EIB BEFOBELHMLNTHD,
PR KFIGAEMEFROBEK, HERZHYER -0 LSV = EEEE
ER1GHI L% BENC, C5TBL/6 vV A AWV TE TRENIRRTILE LRI =
BIzFOTrE-F-L Adl2 D EIA-E1IB FiE&BEFEMPAATEN VAV moy <y A%
{ERELIZLA, TRICELTEEBIIERS b T FMrAVemy v AOIRMN, #%IEE
B UVRIRERIZ primitive neurcectodermal tumor (PNET)A4&RAIZTAL., LvhbZDRE
DAY ) AR ENTT T /0 A W AR B TFILLAREL I EEEEEL T,
El1A, E1B DBETFHEUIEEREIZIREN, -20EEIZIE c-mye, N-myc, L-myc
BEFRAVELV EFRRLNE,

LOREBIIV =TT 2508 Ad E1A, EIB MERALTWAEE LR,
E1A ZER{IRB BMH#{ETERL, E1B BHILCHYENHRET THD 53 BALES
LCEOBERMEEL, M HEMICE LM abh, BEEFICERLRTIENTONT
Wy MR B G B, MABE FOVER EPNETRED AN =X A BB T Bieb, =
DIV AV x 29y~ I ADIEIEBERRE, 5L OIESHERT RB, ps3 REDIIRE (L, ¥
DRFNCRIT TOWEPE MBI LI ELD THETHS, £, BALLBEEFII-VAOTE
PRI AR FN THBR, EhOPNET/Ewing PIETHEMNIZHREENS EWS/ETS
family A BETFORBE N VAV 2=y VU AR ET DB THITHNLERDHD,

SHICHEIRRV LI, N AVemy 2wy A0 —ICHE OIREEZLTHRT 750
DB IBNT, G TS, TOORIDBEFITZELILRL T, bAoA L IR

LI RE Cholr, bV a RN F I ret BEFORE, m PRI BERME
(ETB-REEFOREICEETAZEMNHE SN TRY, EERATY neurocristopathy &L T,
TR RIERE S LSRRI O S 4 B E LOBENE B I T,

DNV AV 2y v ATRAH KB THERSNIc 2= — IR 2T, HEDOIT A
Vezy /v ARRERNA b IR &AW, NEAB DB TRAL, TANVAREFOMAIA
IR R CHERNICRETAZ L, JEERRBEFTIEIZ< neuroectodermal
tumor THAZE, &R BN RRICRES D200, /MNED PNET/Bwing P, #hig3E
BREDREBETNELTEETHALLIT, B VaX Ny HERERERETASDYD
TEERN VAV 2=y 7w ARSI E L bRD, DN VAV 2oy 7w AR
BT AHLET, BERARLRICEN Y 2 AT NV 7 HERE RO R R & 5T
~TREITER T ATWREMERERIZEY,
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FIT, LT D4R DR % BRI 21T o7,

1. 1-1) IDTG=YATOPNET OFAME, AL, FAEMA, AT, Sy
HOREPEIZ DV VT, EBIZEEATF SR 4TS,

1-2) TG=URILRONAMGEILEDOFHIEL AR T2/, ILRIBE OHE a0
TEFNAY 2 AT T - BEYE, I EENRIEEDEBL et BIETREOHFLE
25,

2. TG <7 AFEE TDELA, EIB BETOEELREOAN =X b&MBI¥, pRb
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IE5 8T 20 TR GLEIEILIZE < p2l HEFORBLRA<L,
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[HET 5, —, pb3 RV A({LERBHETCHLLF L= bR VI LT
(ENU) % #2684k 54 5 &, MM glioblastoma PSRBT St+ 2 & & bR
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1. AEEREELRFEMNICEETA I VAV 2oy /v ADEEOMERE &
VBEIRN? Y ATV =9 729 A BT AHEMERDI

[BEY] EF7TF AR 12 B (AIDR~Y Al OB EEORNY, THRMIRR IR G
TEFEDRBY, TN A NVARY ) ADEERFTHB EIA | EIB BEFRESLTHAE
ERREI TS, Fukemizu £, Sugiyama Si13BEELBAZLY HAYIC, B CRHBAICR
BT BHEELLNAEN = #{EF DT E-F-L Ad12 @D E1A-E1B & B EF B AA A
TR AV 2yl (TG) =D AR LIcE A, FRICE L CRIEEIED LN T, TG
7 ADMRN, R IEIER L OVE- ST primitive neuroectodermal tumor (PNET)2S4&RAYI73%
EL LG IORBIZTU RS ) ACEAENT T IIAN AR BRI LR EEL-EE
HERL N, £IT, ZOTG-YRATOPNET DRSAESERE, AN, S64 U0, SR
SRR R DU TS DI BRI 8 1T 0T, & BT NV AV sy Ie AD—
HUCIBEBLIRL, EA Y a R T AN T HBICB B LR B TR T20 0N Eb - | ik
SRAGE OMEETRIROT EFNaY AT~ BiEN, B R RENE B LT ret
BETREOFEERS, LA a7 N RO EREE R BT

[FRLUn k]
1) KRB

MV AV zmy s AR O T BASHIBA B ETFORNEIAB) ORISR ® 1 105w
T hRNELIAB AT T A ENT MG A 2w 7217 AL wild type D CSTBL/B] =
AAFIVT Ve RS ETRENIAFOID, BARRF I positive LHIBIL7Z 154 PUEHF
TRV, BRI A 10 LA EOMRBNTEL L0510, £TO7 AIXEIE 23
+1°C. B 12 FeRE, 5301 12 MRV A2 L 0b T, BB BLURE AL 52 CHE
L,

2)DNA 4347

AENAT-UATER 28 B B ICHEELEE, R, AREHIT T2, £0O%, BO—MBETET
LTRoM ay b FUS A B e B VB AR R FOR BETEh 1=, RIS DNA
BEBIETHRML, 7AHVEME, F a7 1. (Gene Screen Plus, DuPont) -
([CARYFLT, hRNEIAB %% E1B #{5FO—ETdbd 1.4-kb O HindIIDNA B A (R 1)
#7R—TFLLT FITC &ML, AT VF AL —ab T AHNT 4 AT 72 — PREES-Hi
FITC ik &GS, &bizdtEE (AttoPhos) (Amersham Life Science) FODRIE TR
ShARAME L E ARy =27V RF A (Storm Scanning System, Molecular Dynamics)
THRHL, RETELNIF-YRTEET 394 T, 20558 ARET positive =3



1 1654 LT, EEFEAZRIL 39% ThHholz,

3) FRER AT

YRR E AT ICBEREL., KON, [EENIRE, BEREOBRBOEELF2ys L,
JEFFHAE AL, EARRELEILNETADBE IR ZBEL, E0HEH
ARDBETRLUE, BEPRELEBA T ADLF LT, BEERPREORE
M EREL, BEIREE, 8% 10% FHEFRVATAFER CEELTHE R, PAS R ts
PBLURGEHBRARARM LU, i fEHILELTO-YRIZOWT, HifZ 10%H ik
WATATERTEER. 70% =&/~ NV THlS, 0.3M EDTA-0.15M ©'my /B A
TRIKLTHLEREZ 2mm ZEZATAAL, BiE &~ 20 TR~ % HE Qe L TN BRE
JEHBOHELHER L FTREtO>YATIHEMPEE A OH BIENHY, LT
BFEELIZROHL CRBRICBLR % HE el iz, {FERAGIC T4 LB S E T BRses
FARBI R LT, BIE CIXBHIEEA 2.5% S AZLTAFER/0.IM VB Sy 77
(pH7. )P THEE<MPILAE., B TIlmE RICERERIE T 2% JAIATAFE
Fe2% /STRANTNVFER/0IM VB 3y 7 7(pHT. ) CHEEREE R EZS T2V CEE
EEWOHL, MG, BELRE, SbIZ 1% BEEAAIVL/0.IM VB T77 T BEEL, —
£/ —=NF|THAKL, =R¥-LHHE (Epon 812)(TABB Laboratories iz L7, ABHELI 5%
BYERY T =B LU = R C R % BF FEMEE(H-7000, HITACHI) CELZ L, IBE
FLARD AT OVTHEL, TP MBE L D AMERIBE 2 105 THEFALT LT LR CEE
L7z, 00 HLTEDEE Tissue-Tek O.C.T. Compound (Miles) (&L T-80°C Tk
RELE,

4) BB DS E R AR 7R

RIVLT NTERBE — /357 4 FAUBIEEIZ -2V T, MIC2 (DAKO), protein gene product
9.5 (PGP9.5) (Biogenesis), tyrosine hydroxylase (TH)(Chemicon International),
neuron-specific enolase (NSEXDAKQ), CD57 (Leu-7)(Becton Dickinson), glial fibrillary-
acidic protein (GFAP) (DAKO), neurofilament(NF)DAKQ), S100(DAKO), desmin (DAKO),
vimentin (DAKO), myoglobin (DAKO)YDFEER % avidin-biotin-peroxidase complex (ABC) ¥=%
RVWTHREL,

5) TEARRBE DS AR RO R Tk L UMRRR L AR Y

AL B NBE L wild type DIEH % % PLP EE# O.C.T. compound 2L, PGP
9.5,

TH, S100, vasoactive intestinal polypeptide(VIP), calcitonin gene related
peptide (CGRP), nitric oxide synthetase(NOS), microtubule-associated prot
ein 2 (MAP2), c-Ret, synaptobrevinis L I} synaptosin DR HEIEEDIZS L RIHE T



~_fr, 0.C.T. Compound R IBE Iz VT, #REHIIAD acetylcholinesterase @
BEFTEME Karnovsky—Roots (EICLDEEAL =,

[ R]
D BB DR AL 5 LU AERFH]

B AR ET hRNEIAB 2 ~TFRIZE SN AV e mw /v 154 EOBREREE 112
Tt BEBR AU RIT 154 [T 134 L, FAZFTUVAY oy oY AD 8T% 2L, BRI
FRT PNET Thhote, IBEIERIEDY 212 8 IEN T, D55 4 LTIV THSBENIC
PNET ASgRed DUk, ie, BRI, IH, [REG-ORTOREEDS 1105, AR K REE 1
FEdotzit, ZhbORZE wild tye 0 C5TBL/6) w7 AICh Rk, BIRL THBEIO-
MR Tee AN 4 [EThot, PNET DR AR 7 BEND T4 BB TRENIH, £
OIS 10 B L OBMBNC BT 5L (B 2), A% 2130 Y 31-40 A PNET 448
BERZNEN 26,65, 25.3% LWIRE, £ 218D 40 BETO 20 BRI AV ==
wye P ADYEHL Ficdhic 80 [T, 52% 12 PNET MFE4L T, PNET QRIS FE~T AL
141G, RAKD 9.1%T, 4% 10 BURORHBEFIRLERON 6 ), ZORHD
PNET 6 4 (0D 50%% 7z, 8 LT, EE~REIEAIH/ T, 2O QMO E BSILERT DL
Ya A NV P REBE R U IR LRI LA B RS, COREIIREIIAEH9
B B (2 )T REENIHIA 1 fldoto, Mo 7 FlitETER 29 BRUBORE-T X T,
WERANCEDELBRIETBEIDLN L a R T N FIFR LI RAERFIIN R AR5 T,

2) PNET D345z

PNET O¥AIANRAREY 10 BTLO@EHHMIC LR (B3 3), &b TiEaY:
2F = RRMENT, B—EEOEEEMICHEELR PNET I3Eh B 4 lIc8 A .,
PNET RE4&EHALILOENBROEECEOETIZRALN, £1% 20 B ECIIELE., 7
B, PO AR AT BHIANELALT, 1-10 B ETO 92%, 11-20 HERETO 69% 2T
NEDEIMNEDT, UL, £ 21 BEIEE2LIRER, K -THE N B, £%
20 I LTI TANC 2 1, 2460 8% Thol i -SHE FIZE A I, 21-30 B Ti 44%,
31 EHRLARRYE 60% BBV NIERLL BISIE L, 21-30 EEHIT PNET S4B ARLEE
T ORI ENARFFBER A A8 3 ), HERAVFE 4D 2 Bl o7, 47% 21 LA, FEHR,
PO, 8254 PNET 1326 T 4 IRz RN Cho7eld, B34 PNET 13 21 8
Db ko 21% (26 L) EROHBNE, ZhUE, FRAYVATO, ER T EICBELATSLIRE
FEIAATRET S PNET FlIORMICEALOTHoTr, &% 21 BIHCAR I BENES
IR R L B AR T 36 42975 PNET HEE 0 92% % 5%, 20 Bl E CLIIe< 8RB 34 —
LTz,

3)PNET O i f et



NIVAY =y AT FEA LT PNET 3 PAS %48 negative Tdholc, B -TRE T 4E
O PNET B7u~FAZE T Z LV BI EA572 /N 0 [ ~ ESERSHEARAS rosette
T OREFNETH o7 (K 4), B FREMSIFT R T medullo-ependymal rosette @ lumen
{ZZH D cilia #F20, rosette FFHOHAAIZIT junctional complexes 23TEFEL, - D45
EHL T B), A AT ADREE T EICHELANLIRY $2IAA T4 PNET Tid, bhBk
RYREZ2 MR BTe5 tubular rosettes 2388 ONAR 4), W FHEAE—HROF R
LA R AL PNET i3S CUNAFE~/ NS AT AT BN ELF sk b Hes
FTHARMEE PNET (K 4) T, BT EAMEEFT ROl glycogen, neuropil DREMELIAX L7
DS, R IR IZE AL e h o - (F B),

" 4)PNET D5 S B /S04

RIVET NVFEREE -7 7 18817 PNET OSRERMREIHTEY ABC 1EIZEYTT-
7o ¥& & neurofilament protein (DF&HA? undifferentiated type TERSH B, (LR IEES
7 — A OFEBRIINTUOMERE THIFLAL RBRT(ER 2), T TH{LEDO{EV PNET
THhBZEDHBALE,

5) IBE RIRIE ~ U R IHE O B AR
R B ESRAE ~ U AD LRI R/ MRS % HE S U TR LARER, TN BB 1o Bl S ic
LI L7 Auerbach # R #i#IA 3 7EFEL 7 ([ 6), 7= . Karnovsky—Roots ¥EiC LB
acetylcholinesterase e %4T>TEDOIEMEZ T2, acetylcholinesterase FE DL 4
SRR OB AT K® 1), AV zmy/ww 2 CRLN AR ORI o
AT N TIRE DO TIIRNEE X bhir,

6) M5B HLIRIE < U R B DS AR RkS A AE

PLPI# E —0O.C.T.compound 1L 7= [TFSMIEE/INEREE wild type DEFFEICSWTEHE
BB ENBREZITOMEL LB LR, b a TV PHTREO RIS, Bl
B TOBEMRCEDEORERRBOLNT, MHFITHLN 2\ L Aotz
(% 3), B/MEMBEILRIBE CLRE MR Thok,

[#%]

FHAEORKR, ARETF BRNEIAB 2~FUIH DM VAV 2 =w 2w A0, Fiz 87%
(CHFHEEIICPNET BRAL, 5% ILIBEIREN RO, 108% 105 BTRE. 1B, iR
FEOBIE, KE K REEASTBO HNIN, Zh b wild type  CE7BL/6J =72 T% BLS
NOEBTHY, FRIDIFV AV =229 /v U XTI, BELURE 100MES DO EHHE T
PNET H#4ETHbDEE 2 5D, PNET {342 FIELL BEOER VBB THB28, $h/h A
A THD, IO VAV 2=y /v Y AT RONSEBITRE T OMBRARIC LS, 5



LIcBEEOHHIBECHY, RIS RANIEETHTHIL, 2L, e TREFRLY
neuroectodermal tumor THAIZE, AR BN BRHMNGREBTIIENE, RO
PNET/Ewing PIECH IR IE 0 S ORBET NVELTEDO TEETHD, OgawaliAdl2 %
C3H/BifB $EMF+UADTHENHDIIREREN IC R L ER, g1 T 30.2% O~<U R
O FHEN, BHE T 82.6% OV ADBEHERNRZ, WThbEBRFHERLLED
neurcepithelial tumor NREAEL-LBELT, Bx OISRV 2=w /v A TR LD PNET
VAR BE 3D 2AD M R FAFRE L O, Ogawa 23R L7 BB LR FHY
WIIE R —OEHEL T, E1A, E1B Fig{n 7 OB HAEE MR COLRRBEIhAZLnEh,
NIV AY zzy /v ADFERRCIL Ad12 OIZERER T CH3 E1A, E1B A3Fizis< /AL T
BEEZ A, Fukamizu %Xk angiotensinogen 7'mE&—4#—¢ E1A:EIR @& #E{mF%
AR ATENT A 2y 7w AT, R00E0 PNET BS4ELEBEL T, 204, PNET
AT ELA,EIB B8 EL, ot —4 —OMEEIIBERLARVIEERIRL TV5, E1A,
E1B & AESBIHEETFED Rb ERHE, pi3 BERELEN TS L TEOMREIE
L. BT 3 &HRI 2L mbin, BIEER ICEEAFEN T TV DRy E
RBIFThHD, o, ZOBARGFII~VAD 7 HFYRABIHEAATNTND D, S HEL
GARIIATER OEETFHEL, PNET % Ewing BIEICE RS RETFLOMEL R
TAURENRDA), NIVAD o 79T AD BY (TN 2 AT N SR A I e iR
EPRESNT, LU, TDEEAEEREEY ATORAER T, FLFRI NEIGOBERIC
FEREV LTz Auerbach #RERETAMIG A FEFEL, acetylcholinesterase FEHED BV Sk et PR HME
WO ALl Ee, BE OMRIREEME ., RMEEE B - BERL R AR E R
THICHR SR L 228, EH U REDRMICEL RIS 0T, LIEMo T, AFRBITEA V2R
TN TIREDLD TR, T OEBER, HDVERULERCIEE L 2L BRE O kA
IELRECHITHMERDD, UL, ZOBEIEEEV)IFRENL wild type <2, hRNE1AB 23
negative ® C57BL/6] <wVATIIEBEINR 2, hRNEIAB OfA3A T L I5E 3R
EDORIZIIMOPOBIEMERDZBLEE XN, SLRMELZEDBLENSH S, PNET 4R
AL b TEBREICRAETAIDOI VAV zmy D AT R E CIER S
o= IRy AT, EREREERET AN VAV = ARLD T LhREShTWY
e, LR o T, % 0=y 22 AW e RIEE O 5 FREFOFIESSEITER TS
AR IIER I EV LB bhA,
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E3 PNET OEAFEESEE
A% 20 Wil CIINEES, Bl B, GRBEAFIRLALT dHorzh 2B
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4 PNETOHE%MAME (X100)
BB FABAREPNE T, AIOMF~HRHAIRATE Yy FEREL TV B,
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5 PNET®OEFHENER
L EASEEPNET (X9000) medulloependymal rosette @ lumen (223D cilia
B b,
T E#EFELEPNET (X8000) undifferentiate type T, glycogen, neuropil 3%
TEHA, MESMERIITE ALY,




W EARRRAE = 7 A ORLPMA/NEE O HER (X 100)
PN B BEPIIZ B3k L 72 Auerbach HEEHTIAATEET 5,

7 Karnovsky-Roots (2 & % acetylcholinesterase DM#ILSHEA (X 100)
HiEE A RF - acetylcholinesterase &M DB WARSEMHESMEIUTI R & iz,

f—lﬁ—“



w1 FNIVAVzZy iy ADRMRER

fF2 v A% 394
BEFEATYA 154 GEETEAE 39.1%)

PNET 13 4(87.0%)
W EIR 8 ( 5.2%)
B - IRE - BRAE 11(7.1%)
K - KREE 1(0.6%)
A 4 (2.6%)

#K2 PNETOREHMEMRRER

S A B - SEEP B Z D

HH3 medullo— medullo— undifferentiated
ependymal ependymal
rosette rosette
MIC2 - — —
PGP9I.6 + + +
TH -~ — —
NSE - - -
GFAP — - -
NF - — +
8100 — - —
desmin - — —
vimentin — — —
myoglobin - — —




R CVVaASN Y rHRB L UF0MESREBICEET 2
ETE OB R

wildtype JREMEP S V2Vt v v R

PGP9.5 et +++
TH ++ ++
S-100 - -
NOS 4 +
VIP +++ +++
c-Ret ++ ++
CGRP o+ +4++
synaptobrevin ++ ++
synaptosin +++ +++

MAP 2 : -

TH: tyrosine hydroxylase

NOS: nitric oxide synthetase

VIP:  vasoactive intestinal polypeptides
CGRP: calcitonin— gene—related peptide
MAP: microtubule associated protein



2. Primitive neuroectodermal tumor Z4FEMWICHETAL NI VAV 2w 7
YA TAEIFILZ bu Yy L7 OIEEREIEMRE O

[E#Y]

kb= 7 UE—~F— & human adenovirus typelZ @ EIA - EIB @&EET
(hRRNEIAB) 2 ~NFUHED b I VAV 22y 7w AR R LIz E 2 A, SHECH
EEELE 2 b DEMES primitive neuroectodermal tumor(PNET) #3848 L 7=,
E1A, EIB #{2F % v 17 QN ENBIHIRIETF 2 > /%7 pRb, ps3 LHEELTED
i) & 2T 5,

N- ethyl—N— nitrosourea(ENU) IE 588 & HHTH TN FVEFITH D, v 7 A TIRIT
TRHA BIRAR, ) > 7B Z T2 EPHMEIN TV 5,0da b OFFEIZ L 2 & p53
BEFOS v 2Ty MU AZENU 28575 & ATOTRIBLIZTY AT 3.6%.
FETIE64.7% 07 AT, HTIFRMIC glioblastoma DI R i, LA L, ENU
ERG OB A TS L { glioblastoma ZFFEL o 7
BADIG YAV 2oy 7w AL EIB RIEFAPEAENTEY, p53 BRIETRIB
7 A LFHRIC p53 DA SN TWATHEMYH S, F2C. ZORERET
EANTRIFHEO NI VAV 2oy 7wy AL wild type 2B S, IR L 72 2 A0 5
WK CH B ENU #1%5 L, Jfl 4B L CIRRICE D 2 IR A s %, S
1, EHEOHEE, ARELIOWTIERES OFE & kL TRET L 72,

KB & U
1) FEERTIWES & O ENU 185

EBRIZR PSS VAV == ALFAL C67BLGI R AL,
hRNE1AB #H{AF & AT 0o~ 2 & wild type DHE< 7 A, ¥ 721X hRNEIAB i#
BFEANTIREORE~ Y A & wild type D 7 A % Hill 1 IE$ 2R U4 — i A,
REEE/ . BHEEROS BEE LTS HR(AESE 54 BE) ol & %45
s FORME~ 7 ZGHME T THMCRE L TR L2 21 IO~ 7 AL£PLic i L,
4R 14.5 H # 12 N—ethyl- N~ nitrosourea(ENU) % i:5182 % BV T I JEpPHE S L 7o 1T
IO~ o 2 DRE-HOFEEEHI L, ENU % 25mg kg 427 5 & 5 iC =B £k
(0.9%NaCl) 1L THRE L,

2 I AOME B X R

ETOERIE~ T AZ2WTHEORD, HEFOEFORREYBE L, £Fhi
Few Ak, £%O0BERS 28 HWE~ Y X L~ Lok, BESL S 70, HiM
CHIL T Of—0r S TRE L, % 28 HEICERLHL TNy b7y b
NATN)FAE-V 3 B LY BARGTFORFELEPD 2. ENU 50w A



PHETN, EBARL EEFLFT AT 167 R, 209 b, #ETH~AFOT
BASIRTWAT T AL 62K, BIEFHEASRTWEVTY XE 105 LT, Zhb
2HOMERERBEHRE L., BEERABTHRL CHIES X FHE $eftlo & ) 55
B EUIESEOEE, MR AMELL 42 ENU RS T T hARETEATY
A 165 Lz ENUFER ST L L HRICEEEHE L v Y A0 FIEE 77 B
TRALEESRE CHEIRIER I ko Bb s A2 HAEROBEBTEE L. %ﬁi‘fz
H#%® s W+ HERICEEOS SR 1Ty, AIRS L U HE Be@lc & ) [RBoRE
RO 45T L,

MEMFMMREIR., SHOLEFNHGE) BT AEEREYZAQHEE o0
Kaplan—Meier % Logrank(Mantel~ Cox) MaE(MHIME) %7V, HERKHEE% & LT
BMEL 7,

(s8]
D #BohiFey AR XSRS EE

IR = 7 A 21 IEiC ENU %455 L7455, 216 LT v AFBLNT, S0 8
AR LA LZ2F~ 7 21167 BT, #METFE A positive) ¥ 7 A I 62 IT, negative = ™7 A
{& 105 [T, BIZTEAZKL 37% TH o 72, ENU HE5HE 167 FCH % G2 L, FREsE o
FREETBELH, T % PNET 547 R13 56 LT, £ THIET positive =% A TH
Dy BEFEATTADEIZ 0% % HHTWAEE L), ENU 58T, IHESMTIIS
CHBESNLd o720 PE, MRIES X OB - ANBIIEASTEE S ., B TS s
F positive w7 AD 53%, negative =7 AD 68%ITFRDOIE, WABETF negative DI AT
X PNET (ECRAELRP 2T, negative DR 105 EDHE, A58 AL TR LD
§ILDAHT, ZDD 100 MEiEAh R A0 RAG AR FIE BT, 4% 1 ER BB CR TR
L7, po3 RIB=U A TRLNILS%, BNU #5255 glioblastoma OFEA NI ot
—%. ENU e 5-0{ETF positive = 7 ABETIE, 165 L) 3 % 145 PL(88%) = PNET
AL L7z ENU G CHIGZ & iz »oshE, MIRIED 2 VI )iF - /NBIREGE I 4 ¢ BBEE &
NhholzG1 .

ENU #£5 RGO MNF v AV 2 2w &% X|2DWT PNET %&i;ﬁﬁiiﬁ‘$ﬁﬁ]«
Kaplan—Meier i Logrank(Mantel— Cox) #5 % Fl ' CHEEME ST 720 ENU {258
7> PNET SEERMDTTHRMHINAN S o 7225, p=0.15 TSI & I 5B H2 3 B 5
o723 1o

2) NEIE5E A R & S8 A s

ENU %58, ENUJEREREE &, 20 BBLART & 21 ML\ Re CIIE 54 B D s & — 3
RARSCRLo TV, ML D, 20BHLIAT 7 PNET @ 509% L E HIEES. (i, Mk s
BV EBEIIELET, I HERNRE PNETIREHD 8% LT Th o 7225, 21 Bk AR L



Bbi - EERICEAT 5 PNET DEIEIHIE L, 1087 L IZKE o T PNET DM
RRRD L, WIS 0% I3 - FEPSEE PNET THD N TV, 361,
WITE & A1 21 B LAL IR THE P & LTS L F BRI R AT 5 PNET 2340 90%
EE0, 20 BIHETLEARRS Y~V ERUL(E 2), ENU 5 JE52 L5 PNET
FEEBMNB L UHEREEECFEERR o NP ol

3) EHEOTE, MBRIi>nT

S UGB O, PNET, U »/30E, NilRES LU - NEIRED 4 BIFTH
o 72 B AHE{ET positive H T ENU 25 OFEI D & T HHEIC PNET £ %4 L
7eo %72y ENU #RGBCIHBETENCEAEZ (L V228l TigkE, JIF - NERIE
(I 3) #5471, ENUHRSOFEIZED & 48 AEETF positive ¥ 7 AWZF4: L7
PNET @55, il - BHEMN, BLIUBBRHMEELLALEFO—HEVWTLD
medullo—ependymal rosette %R L, Z LA OFWL OIEE T &£ T rosette HIEZRL L
ZVYPNET Cho7:(H4)

[E%]

Bl &B{EF hRNEIAB 2SBA Ehi- F I VAV 22w 29 A0 E1B ®{EFI98
ASNTBH, pS3BEEF/ v 2777 vy A LTI p53 DIBEEAHM STV AT
VS L, FLEIARGETFLEASNTEY, Rb OEREIIIFI S LTV AR D
Hbo

N-= bOVLEWTHL ENU (ZILRV BN SH Y . EWE TSR B T
TN ELT 1964 USRS AV O N TE o RHFED ARG E{ZF hRNEIAB %
NFTREFDO I VAV =y 7w A% BT ENU ORBEIRS 217w, JRIRICH]
RSN IWEREBHEIRE . FEEE, 360, BEOME, SAEIIC oW TIEE
SORELILELTRETA2ZETH S,

IRARME~ 7 R 21 ICIZ ENU %4%5-L 8 ALAL&FE LT~ 213 167 [T, 62 Lol
ZFEA (positive) w7 A L 105 ILOMIZTFIFEA (negative) w7 AH8 & 1L, HEF
AR 37% TH o 7o ENU KGR 167 v ) b PNET 54~ 212 56 [LC, £TH
fRF positive ¥ 7 AT ) M{ETFEAT 7 ADFEIT90% % E T V372, ENU B-E.1 Tl
JRGHTRE BB SN b oY Y E, TWIRES X OB - NSIRESEE S, i
(TR ST positive 17 A0 53%., negative <7 AD 68%IZERH HILE, T EDIEEL,
ETENU TR DBBEL TT TIRABITOBINE Thb , 3 AR B A NS T 7 SE 2 IR
R F DT N7 TEERCETH o7, BABET negative D= ATIE PNET <34
Liaotz, negatived YR 105 FLs, BT BLTHEILEDIL5 O AT, ABHD 100
i R OREL TGS, A% | E2BBLEE A TS TRIHILE,

—77, ENU SHZ5 0BT positive = 7 ABETIE, 165 IO b 145 P5(88%) i~ PNET



W5 L7co PNET OF4HI ENU H5 8 L RS TENR L Nk dr o 7ss ENU 5
TERESNIY VB, WiRES 2 W - ABRIEES {BEES P o, wild type
DY T A ENU 288595 &) 2 2%E, WRIEE OMOIEE #5851 56 L) &
o, BIET positive B, negative D WTN T I b OJEEAFREICSE LA 03 ENU
RS LinbELLNS,

Oda HDWFEIZL 2 &, pp3 MIZT-ERIBLA/ v 277 b= v AT ENU iRl
BET 5 & IS R  glioblastoma 2 51 & #2242 v 3 HEDSH O Lok €T 64.7%,
NT T 36DDF< T ZI54E L7z, E1B BIZF-OFEBIC X 1) pb3 MIETF DMk H5)
flENTVATRERNSH L, ADMF VYAV 2=y 7<% 212 ENU #5425 L,
[M4kIZ glioblastoma #5584k 4 2 WHEMEDSE 2 b =A%, ENU %5 LT % glioblastoma
DiEEFECRONT. ENU #5058 CREOMEE, H&451I1 0T bR s sy
270

FEIHLEZT Rb A7 OCRIB L= A, 1312 100% T ki & 5543 2,
COTTAKENU 25595 &, TRAEEFEIWE ) SHEEEICHET 25, SENN
MR R0l &S, Riley HICLBE, ENU 12k h B[ &I 212 HE
(X RO BETOREEZT 2V, RbBETICLNBIZRI Sh2EELENUIL LD
T OWFHARAES 1D L) o FOHEH & LT Riley (2. Rb #{ETKIB= 7 X 2BV,
ENU & TRARE & 50 &4 5 0l BB BR324, 703, Rb DRI[L 7
RETELLBRIEHRAHET ), 2 C ENU PERE I E{b 3 5.2 /2, LT w
Ao

7 CHEMRIETCTH 5 ps3 /v 2 7w o 212 ENU LR E7 V% AL 0
dimetylnitrosamine %4245 L 72f5%¢. pb38 BIZFOXIBIZL D, 7L M{EHIIZ & H B
SR SN MG ORIEEN R ot DREN B L RAD T VAV mw o
7 AT ENU #£5- £ S 5- 058100 T PNET S4E BREEFER £ -2, Kaplan—Meier 5
@ Logrank(Mantel- Cox) BiE & WV CHERME 21T o 1455, ENU #5850 PNET 5
IO J IR ER DD 5 7299, p=0.15 TR EGFEL RIS HERE RO NG d o1,

BEDZERPL, BFPF/ 740 A 1280 B1A, B1B #{EF % MAAAK b 5 3
AV2 =y 7wy A ENU 25 LTh, pRB 8 X U'p 53 DM s b, =
D7 VAV 2oy I T AOREL ENU ORI LS R THL LE 2 bR,



Bl ENUHSEIEREONS VAT 9 739 ADRREHFR
ENU #5850 PNET $E RO BRGNS o 7205, p=0.15 THRER LRGSR
FEERRORE P 0V,

100%

a0%

60%

40%

20%

0%




X2 ENU#5# & ENU JEIR S ORI PNE T 584 8%

L DENURE# T | ENUJER5R¥ : |
THEEE &, 20 MEBEART© PNET @ 50% LA LIS HEER, /A, MREH 2 Vit Bisid ch 5
A5, 21 B LSRN - BB M4 T 5 PNET OE SN L, M -HENE2 45 iR
L BRI AETD PNET B2{R0 90% #59, 20 M ETLIRLRREF — VT,
ENU 5., #5105 2 PNET BAEMIICHTER RS v,

100% -
80%
60%
40%
20% WA, HiE. B
BFA, (RE}, ik
0% . Bl , . . i
1-10W 11-20 21-30 31-40 41-50 s51-w DOFEEHET
wew ooww m g B P

100%
80%
60%
40%
20% mEH, S, B
AR, (R ER, PUEX
0% . . . | MR
1-10W 11-20 21-30 31-40 41-50 s1-w REAWHET
wowoww Wi SR



B3 ENU 588 L7 il
LT osHE A BRRAE R R
ENU 45 5Bl @ T8 AR < . ) o5, BEMEIE. AT - /RS s 4 %64 L7z,




B4 EABEET positive ¥ 7 A IS4 L 7= PNET

£ I BiPM%64 PNET T BEFEE T %4 PNET
FANEIEF positive ¥ AIZHEA L7 PNET 9 6, ik - BER., BRO—EHICHKE
L7z DiEv3' 1 d medullo—ependymal rosette ZJ2hk L. #HLIALOERA o 5 13
2T rosette %2 L %> PNET Td - 72,




#1 ENU#%EH klskaf’i'éﬂ?@%%iﬂyﬁ%

ENU 53 FEdR5-7F
hRNE1AB A i ]
FeyAlk 62 105 165
PNET 56 (90%) 0 14 5(88%)
1) v 2 (3%) 2 (2%) 0
iR 33(53%) 7 1(68%) 0
¥ ANGRRAE 3 (5%) 4 (4%) 0




3. ML=y TUE—F—LL TF/ 740 12 Bl E1A - E1B Bl450(E
FrHARAR IS vAYV s oy r v ARERECY A7) D1 B&
U p 2l BETHH

[E#Y)

Ehlb=y7uE—4%—¥ Adenovirus(Ad)12 1> B1A - E1B B4 R{ETF 2~ F T ICH
DIFIVAV 2z vy 7 (TR Y ATIE, 88% b DEHIECHOREL LELIIC iR
PNET #3445, AdE1A, AAEIB % v/32ZFhFNpRb, pb3 LFFHE L TEOE
TBET L, MBAMO G W26 SH~OBITTHLCL 447 ) vyl E>THhH S
cyclinD1 44 7 ) AEEM:F ¥ 4(Cdkd)H 5\ 13 6(Cdke) & S F % Bk L Tig:
b4 %o cyclinD1/Cdkd4 A pRb 2 EMEE L LTIh %Y YEHLL, GUS BT %
AT B, F7z, p21 BIEFI p53 DEHEEFEE T, cyelinD1/Cdke HAKICRHETS
ETRT-UIEHAEL, ML GLUITELSE 2, E1A, EIB #EF4EHILT
WAHEADIF YAV 229 7 (TG~ AFKH4E PNET T® cyclinD1 B X U p21 O&{zF
SEHB% real time BE RT-PCR % FIVVTHS, 564 & QBN % M) L7

Uit s & U]
1) RNA O3B & UF real time & RT-PCR Kb

TR RNA fili i3 ISOGEN ( Nippongene, Tokyo, Japan) & vy, TG = R 54 i
% TG < 7 AZA IR RN TRN, TG 7 ADQTEHM & RS & o= 2 HE31E
HISRERANG CL300 67 x /=N /F AV T VEES T =V ViEic & ) RNA #ii L7,
Dnase MHE#, £NhEH 900 ng ® total RNA 226, MIEBEELZ L oligoldDis & FWvT
cDNA &L, £® 1ul % real time Tt RT-PCR K- L7z, real time &
RT-PCR & SYBR GREEN PCR core reagents kit (PE Applied Biosystems, Foster City,
CAYE vy, 7 AHESFIE HiskBkAIE C1300 M8 % standard & LT ABI PRISM 7700
Sequence Detection System (PE Applied Biosystems) #{fH L T{T o/ r—< A &
MDSMZ, 95CT 80 BRIZME, 69CT 30 HMT=—) ¥ 7, 72CT 1 HMIHEE 40
E#EDE L,

2) RT-PCR R HW 27 I 4 <~
real time T& RT-PCR BB THW/= 79 1 < -,
eyclin  5-TGCGAGCCATGCTTAAGACTG-3'(sense)
5-CAAGAAACGGTCCAGGTAGTT-3' (anti-sense),
p21. 5-AGTTGCGCCGTGATTGCGAT-3'(sense)
6-AGGAAGTACTGGGCCTCTTGT-8"anti-sense)
TdHhole



[#3]

cyelinD1, p21 F42, ¥ AFMEHEE kAL C1800 % standard & L, GAPD (9
AEMay ra-Nk LTREFERAR 2R, ZO#EE, cycinD1/GAPD #{mFFILL
i3 AR IEMAIN C1300 41 0.887 TdH o720 3L, TG % ARENEE, TG <
A Bk G Bkl TRN Tid 22 0.0288, 0.0806 THEiGIZ eyelinD1 DS AN
ENTHY, HMLEFRT TG Y AQEREM L EEFOME 0.0456,0.029 L FRBETIEE
AEQEWVR T, —F, p2L/GAPD H{ETEIRILI C1300 4% 1.015, TG 7w A SN,
TG < 7 AS 4 MEE A EHMIE TRN Tk 221 0547, 4.743 T, TRN THEZT L7,
TG v AQEEME FEITOMEIR 0.807 & 0224 THorz(FE 1)

[#%5] :
FAHIHE{ET R 13, BRI T & U CHEES N, £ORETEY Rb
FHEE E2F 23 UL T 2RIl % X MT 2 E0GEER T R BEHEH) &
HE L TR D G A S SHI~DHETZIM L THnA LEXONLERVEHEIE,
G, W) VBMLEITH B AT, S WILIRRIEH Y Y EMLE 2 L THET %, E2F %
iU bt AIEERTFREE, &Y BT R BAB L OAEET . GEIIC R &
B LA L TR R I S R 2 M B A, G UNC Rb BEEAW ) LT
Eh b b bR L T S 2 D RN S WIBTT B, pRb 2 & fiREE LIGHEML LA
E2F 13 cyclinE OFHEELFHEL, cyclink/Cdk2 HAKREIEMILT 50 TN pRb T EH
) VEMEL T EOBEE X )R T B, ZRhICE D pRb & E2F & cyclinE/Cdk2
DBHVEIEDT 4 — F23w o V=7 RE R, E2F & cyclinE EAREITEMSILT 5,

—J7 FEGR{ZT-%E p53 1 DNA T 7 4 v A SV40 O largeT HUR & #5&5 M
BEAEEL LTRE SNz, p53 EAVENE, BUMLHAIZ L - C DNA ICEE 2R
A OMEEN A o, TR — VAR ERITRENS B, p53 BAKITIE
BERFTHY, TOMBTRHA2BEFHVOPRAZEIN TN S, cyclinD/Cdk
(cyclin— dependent~kinase)4 # &R O#EHE L AET % p21 #ET ORI 2R S BE
REFZZHNTV A, BEL R ML T p53 HEREAMINL T 21kD DEHETH
% WAF- 1/Cip(Cdk—interacting protein) 1 B{EF7WE—F — AL, ZOEE i
P4t % o WAF-1/Cipl(p21)id cdk & #IAEE D cyclin—cdk MAED G, M5 S
BFFAT R 3+ —BiFHE ML 5720, BEFOHE SKD T TllkBOETE
G Hzikd 5,

TG <7 AS4:E, TG ~ 7 ASE4GH M A AR M2 TRN O cyelinD1 B{zFHIUL~
2 FESENE AR C1300 & L8R L CHMRICIMI SR T h . MEEET TG =7 ADIE
BIEEFIFERMBETIREAL 0 Tdh o7z cyelinD] X I ETE L DIFTEOHETF
BANR & R HBFHE SN TV S, cyelinD1/Cdkd HEBOTH CIEMT S pRb I L



THHEMABIC BT 2 EROMEIE V. 2 LT, cyelinD1/Cdkd BEKD Lk CHRT 2
p16 & cyclinD1 & pRb DMEFERICHAOHBMEIEEL, Rb BIZFARE L7
TTH cyclinDI DBEBELAMGECZ EFMENT VS, K52, p16, cyclinD1, pRb
BETHENTRBETREREL TV S, BB TEROBEE 2TV EDIRED
O 1T O DMETT, pl6, cyclinD1, pRb 12 & o THBK SN A Y 7/ F VREELIFR
RYICHIB DM@ E, WFRP L ODTRIC L VIREETE R D Yo KAD
TG ¥ 7 A%4 PNET Tl E1A #EFAEREIELTHE D, pRb OH X HHES LT VS &
R BNDIW, plé-cyclinD1-pRB O 7 F V%I pRB B OLET S 1Mk L &
(ZolzbDEBEbhiz, TG ¥ A4 PNET T EIB #ETF b BEBLT pb3 DiFh X
THETA0, Beld ps3 Ik o TEDOREITEENS p2] ORI SN2 & F
BL7ze EBROER, TG <7 ALENRE TO p2l/GAPD BHEFLBILIE 0.547 T C1300
DIHT V2 I 8 R T eds, TG <7 A5 AN MM TRN T 4.748 T 01300
LOEECH o7 ZORBIRTHTH LA, SEMEFORE L 7R b — o A U580
RFORFEICSHBENF R D,

#F1. CyclinD1 B L U p21 O#{ETFHE

CyclinD1/GAPD p21/GAPD

C1300 0.887 1.015
TG BE% 0.0288 0.547
TRN 0.0806 4.743
TG i 0.0456 0.807
TG JF 0.0290 0.224




4, PRIKEIEE T A F A5 mRNA BHIC & 5 9 F B2 OB RT
MBLTNI AV 2=y 7w A%d PNET TORIARIEFRE O A

(U] NETBMR R S % 2 WHRESEEORMESW L., SEEZLICHRRE
FOERBINTWALHE, FTETERICL o TEL, fER, SNSRI RERBIA
CAThI AR, MEORBREOMRICE, 20RBERPLBRSHEOED & EEIEVREMN
LETHDB. FE, RPEEBEICBSVT, JEEREENBVEE LN REOMFITED
FRBH ENDF A F#EFOMIIZ, reverse transcription polymerase chain reaction
(RT-PCR) #ASL <AV S NA L I 124 ), Ewing WIEPNET. MEHANE, BRAIE,
RelhmlE, BEEANE., Rk E wiE, SETMRE N MEMEEE S U CRET LAV
DHWBH EHEL T H, R TEBRERFERREZRNENF TR L /2 PNET
D9 %, RT-PCREZ AWV T PNET 458872+ 2 SIEEEW R L. WEIEHIEE o

EHOHEDF L LI 2 FIionTREL., *OBEMNEREZHELMITE, 3612,
LMoy THE— b b TF 4 M A 12 B BIA - E1B RS BET % MAAAT
NI YAV 2y (TG ALE 4 L7z PNET 20V TRIERETOMEEZITHV,

EWS #{5F D mRNA EROFLEE R/,

[3E(]

FEB) 1. 9 FiclRe BB - MR CHREOR, MAAMME AL, AL ERICUR LB,
Nizo CT TAVERIE R G T 2 FFMITE AR b, MRL Tl TE. BHENOIEL
7 AU AR 7 RN { B o 7z,

JER 2. 14 B0 1998 4, THEEBIMLIFA, 1999 4 1 A MRI 2 61T L CHEURM
Mz EfR R e iER a7z, 8 A MRI THS REABEIND ), FHER~OLERD
Roh, BERHRIE %S THERE T Lz MoK ABAR T, 6 1, 2 &b,
I R D Z LWNETEHIRAIE T H < 723 1o

M8 L ohE]

1. RNA Ol B & U RT-PCR R

iR RNA it i3 ISOGEN ( Nippongene, Tokyo, Japan) % vy, &M 1, 2 O4RIE
BBEIFIN I VAV IR ACHELL PNET #2567 =/ =V FF L7 VBT
=UVERELD RNA 2 L7z #REh 900ng @ total RNA 206, WiEEEREE L
oligo(dThs % FI¥* T RT-PCR kit (GeneAmp RNA PCR kit)( Perkin-Elmer, Roche
Molecular Systems, Branchburg, N2 & § ¢cDNA & &L, €D 141 % PCR It
Fil L 72oPCR |2 13 TaKaRe 0 Taq DNA 1) & 5 — 4 & PCR buffer(Takara Shuzo, Shiga,
Japan)® fl\>, dNTP iREEIE& 2004 M, 77 47—k X4 300nM& L7-, PCR W%
tube 201 TfFV, Y= VA 2 L D4&ME, 95T T 1 ML, 60CT 17 =—



VY7, 12CT2ARIMES 30 EiEbhE L,

2) RT-PCR RIS 2B W75 4 = —

Ewing AE/PNET TR b5 et fFiRE t(11;22)(q24iq12). t(21:22)(q22iq12) % 5 \»
& t(17:220q12q 1) DFERTBR S N b F 2 7 BETF EWS/FLI-1, EWS/ERG &AW
EWSEIAF &, WEMERBAEICRL S L2 ka6 EEE t(2:18)(g36q14) $ 72 13
t(1i13)q36:q 1) DFHERIVR S 5 + 2 7 #IET PAXS/FKHR ¥ 7213 PAXT/FKHR %44
BIZWIRT-PCRRILTHVA T4 v =% 1 IR L1,

A PCREFYOY T u—=Vv b -2 TR

RT-PCR FJE#T . RIGHO—#% 1L5% 7 HO—A XV TREI L, 5Py h7av
1 FTRE L, FHEYA A0 PCR EMAHS 6 Wiz &, £ DNA WK % TA 7
—=¥ 7%y b (Original TA cloning kit) (Invitrogen, Carlsbad, CA) # VT o—=
Y7L, Bbil, ¥4 74 %V (ABI PRISM Ready Reaction Kit) (Perkin-Elmer) =
L0 HEIRNVENF A 7NV — 2 LV RARIGOEBE % DNA & — 7 T4 — (ABI
PRISM 310 Genetic Analyzer) (Perkin-Elmer) "G - fEHF L CHELED 2 327,

4) AL A LA R M

FNwT) YEER, 8T T 4 AL IZ 2T, DAKO ENVISION #: 6 3 A 5 A
% (DAKO, Glostrup, Denmark) # fl \», MIC2 (NeoMarkers, Union City, CA) .
neuron-specific enolase (NSE), 8-100 &F, neurofilament proteins (NFP). vimentin,
desmin & £ U myoglobin (2" b DAKO) D3I %+ #-<, RT-PCR D& L ik L7,

B)/ — 7 my MEIC LS EWS BEFEROBHE

TG w7 AREDS, TN~ Fe0 ABHER, TG <7 ADERR - MWK - HIHS &
Uk b PNET 2°5 total RNA Z3lHIL, #D 20ug EFWTHENVAT VFY FIZ L 2%
W7 VTERIRBK, BELHoTTT 9T+ v 7 2o/ 9742 EWS mRNA O
exonl 7* 6 exon6 & & ir 482 base  cDNA 70— 7% RI I L, 60T T—l A =)
54 XAV 7T & BEH L, BAS 2000 (FUJIFILM, Tokyo, Japan)%{lifi LT EWS
mRNA 7«?1")'3?11'1 L. FOLEROFLL T~

[#54R]

ER 136 & U 2 DERIRGAMA 5% 50 mRNA % 2 N2 cDNA 122117, Ewing
ME/PNET 1245880 7% % 2 7 #{ZF EWSFLI-1, EWS/ERG B LU EWS/EIAF &, 1
HRISRHAMICIER Y 2 ¥ X 7 #{ET PAXS/FKHR 35 & UF PAX7T/FRUR O 45180 7 7
4% —TPCR 217270 TOHER, WHDEEL D, Ewing FIB/PNET |- &HE - B

___31_._



SN5YmEEAE t(11;2200(q24:q12) TR S 1L d BWSFLI-1 OF A FHEEEYICHEY
By RPEH SN (B 2), HAHRECRRN2F A IEEERRBLON o7
ZODNAWIRERZU—= 7L, S EERFIFAL LA BV L 20EEL D,
PCRTH LN F A SIEBEY O DNA Y 4 XIER L 631bp TH D, &£ b ICEWS @ exonT
& FLI-1 @ exonb DN - BE TE L-RIGHEEY THE I EAHBALL, RT-PCRD
R T20RAEROBRSAVIEELATHY, FHENE XA TESER O/
FARH s R, S 640 1 EMERE CEOEERNIBITRETH o0 BRICTTo &
W) YEE-YT 7 4 o E BB O Rl g T JER 1 OIEERAT MIC2 BB,
EP 2 AAMIC2 BHETH -7 (M3}, MIC2 gene product it Ewing RJE/PNET DMlfaE
TELOTEHRIEEPRTIEE<—H— ¢ LTHGNE, 8100 &HA, NFP, desmin
B & U° myoglobin t, FEF 1, 2 DEE L b2, WTh M TH o7, D EDER» L,
W, HEGRIEE M o EM 1 B LU 213 K5 5% PNET LFEE L7z,

TG 77 ATHLE L/ PNET I22WTk b Ewing BIEPNET (2152042 ¥ 2 5 RIZT
EWS/FLI-1 OEI# D 75 4 v —"T PCR ¥4To724%, ¥ A JIEEEPICHL T H30 Fik
A&k o7 (M4). EWSERG BL U EWSEIATOEZEROTI 4 v —120WT
L FEHTH ot (deta not shown), / —H¥ 7y MEZE D EWS mRNA OB{EFE
B 4R, EWS/FLI-1 Bi&#{zF positive D & } PNET T IEH® % EWS mRNA
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ABSTRACT

Background: Fused genes of the human renin promoter and human adenovirus type
12 E1A-E1B (hRNE1AB) were introduced into the fertilized ova of C67BL/6J mice to
produce transgenic mice. Frequent tumorigenesis was observed in the transgenic mice.
ElA and E1B genes were expressed exclusively in tumor tissues and not expressed in
normal tissues of the mice. Procedure: One hundred and sixty-five transgenic
(hRNE1AB+/ ) mice were monitored for tumors up to 74 weeks of age. The precise
biologic features of the tumors were observed and the tumors were analyzed
histopathologically and eytogenetically. Resultst One hundred and forty-five (88%) of
166 mice carrying the hRNE1AB+/ pgene developed tumors, all of which were
exclusively primitive neuroectodermal tumors (PNETs). More than half of the
transgenic mice had PNETs from 21 to 40 weeks of age. Before 20 weeks of age, PNETs
developed predominantly in the abdomen, pelvic region, trunk, and extremities and
the tumor histology was the undifferentiated subtype. In contrast, after 21 weeks of
age, PNETs occurred most frequently in the brain and the parameningeal region.
Histologically, PNETs arising in the intracranial and parameningeal regions were
medullo-ependymoblastomas or central PNETs which had clear ependymal rosettes
similar to human central PNETs. Immunohistochemically, the two subtypes of PNETs
were not reactive to MIC2, GFAP, NSE, NF, tyrosine hydroxylase, and other tumor
markers. Conelusion: The PNETs occurred in almost all of the transgenic mice and had
close histological similarity to their human central and peripheral counterparts,
indicating that this transgenic mouse is an excellent experimental model for
investigating the tumorigenesis of PNETs and related tumors. The identification of
factors in murine neural cells that induce the exbression of the transferred EIA and
E1B genes will help elucidate the mechanism of tumorigenesis in transgenic mice and

hopefully in humans.

Keywords: transgenic mouse, human adenovirus type 12, E1IA and EI1B, primitive

neuroectodermal tumor (PNET), myc



INTRODUCTION

Inoculation of rodents with human adenovirus type 12 (Ad12) induces tumors of
embryonal neuroectodermal origin in the peripheral and central nervous systems [1,2]. The
transforming activity of human adenoviruses (Ad) has been mapped within the early 1 (E1)
region sequences, which consist of two transcriptional units, E1A and E1B [3 - 5]. Products
of E1A genes are required to activate the expression of E1B genes [6]. The E1A proteins are
oncoproteing that cooperate with fhe E1B gene products to oncogenically transform rodent
cells [7 - 9]. Fukamizu et al. established a line of transgenic mice carrying the E1A and EIB
genes of Ad12 under the control of the human renin promoter, a 3-kb upstream fragment of
the human renin gene, to investigate the in vivo effects of the Ad12 E1A and E1B genes on
cellular transformation ineluding the kidney [10], Contrary to their initial expectations, the
transgenic mice heritably developed primitive neurcectodermal tumors (PNETs) derived
from the retroperitoneal, olfactory, and/or pelvic regions with varying incidence rates, and
the phenotype was successfully maintained through generations [11]. In this paper, we
investigated tumors in the transgenic mice in detail in terms of tumor incidence, age and
gite of tumorigenesis, and histopathological and immunohistochemical characteristics of the

tumors,

MATERIALS AND METHODS
Mice

Methods wsed for the construction of the fusion transgene and the generation of
transgenic mice in this paper have been reported previously [10,11). The structure of the
8,5-kb fusion transgene (hARNE1AB) is shown in Figure 1. The 3-kb human renin promoter
region was fused in front of the Ad12 E1A and E1B genes, the latter of which possessed its

own natural promoter. that contains transcriptionally important cis-acting DNA elements
such as TATA and GC sequences, hRNE1AB-heterozygous (hRNE1AB+/ ) C57BL/6J mice

and wild-type C57BL/8J mice (CLEA JAPAN, Tokyo, Japan) were mated to generate
littermates of two different genotypes, hRNE1AB+/ and hRNE1AB / , of which 165
hRNE1AB +/  mice were monitored for spontaneously arising tumors. No liveborn
hRNE1AB-homozygous (hRRNE1AB+/+) mice were produced in heterozygous intercrosses
(data not shown), indicating that hRNEI1AB-homozygousity may be lethal during

embryogenesis,
DNA Analysis



After birth, offspring were maintained with the mother until weaning at 4 weeks of age,
and then males and females were housed in separate cages. The genotypes of a total of 415
offspring were determined by dot-blot hybridization using tail-tip DNA samples. Genomic
DNA extracted from the tails was alkaline denatured with 2 M NaCl in 0.1 M NaOH and
spotted to a GeneScreen Plus membrane (DuPont-New England Nuclear, Boston, MA).
Filters were hybridized to the FITC-labeled 1.4'kb HindIII DNA fragment containing a
portion of the E1B gene (Figure 1) and signal-enhanced with anti-fluorescein alkaline
phosphatase conjugate and chemifluorescent substrate (AttoPhos} (Amersham Life Science,
Arlington Heights, IL). The amplified signal was detected by using the Storm Scanning
System (Molecular Dynamics, Sunnyvale, CA). One hundred and sixty-five mice (40% of 415
offspring) were identified as carrying hRRNE1AB+/

Pathology

One hundred and sixty-five transgenic (hARNE1AB+/ ) mice were monitored for tumors
every day up to 74 weeks of age when the last mouse was observed to have a tumor, If any
abnormal sign of possible tumor development (e.g., deformities, swelling, paralyses, or
failure to thrive) was found, the mouse was killed and subjected to meticulous autopsy.
Tissues were fixed in 10% neutral buffered formaldehyde for further histopathological and
immunohistochemical analyses, Particular attention was paid to the head, including the
brain which was cut into 2 mm-thick slices for detailed observation in every autopsied
mouse. For electron microscopic observation, tumor tissues arising from the olfactory bulb
and from the trunk were minced into small pieces and fixed with 2.56% glutaraldehyde in 0.1
M phosphate buffer, pH 7.4, at 4TC, postfixed in phosphate-buffered 1% osmium tetroxide,
dehydrated, and embedded in epoxy resin. Ultrathin sections were stained with uranyl
acetate and lead citrate, and observed under a H-7000 electron microscope (HITACHI,
Tokyo, Japan). For mice with a severely dilated bowel and a n_ormal-sized colon, which
closely resembles Hirschsprung disease in humans, the colon and the rectum were placed in
10% neutral buffered formaldehyde or embedded in Tissue Tek O.C.T. Compound (Miles,
Elkhart, IN) and stored at 80T for histopathological and neurochemical analyses,

Immunohistochemical and Histochemical Analyses

For immunohistochemical analysis, the tumors were stained with antibodies including



neural markers ag listed below using the avidin-biotin-peroxidase complex (ABC) technique
on formaldehyde-fixed and paraffin-embedded sections [12]: monoclonal antibodies against
MIC2, glial fibrillary acidic protein (GFAP), neurcofilament protein (NF), desmin, vimentin
(DAKO, Glostrup, Denmark); protein gene product 9.5 (PGP9.5) (Biogenesis, Sandown,
NH); tyrosine hydroxylase (TH) (Chemicon International, Temecula, CA); CD57 (Leu-7)
(Becton Dickinson, San Jose, CA); and polyclonal antibodies against neuron-specific enolase
{NSE), 8-100, and myoglobin (DAKO, Glostrup, Denmark). For normal-sized colons with
bowel dilation, acetylcholinesterase-positive nerve fibers were assayed by the

Karnovsky-Roots methed using O.C.T. Compound-embedded frozen specimens [18].

RESULTS
Tumor Incidence in hRNE1AB+/ Mice

One hundred and forty-five (88%) of 165 mice carrying the hRNE1AB+/  gene
developed tumors, all of which were exelusively PNETs, These tumors were readily
transplantable in BALB/c nude mice (data not shown). Eight (5%) mice had severe bowel
dilation, of which & also had developed PNETs in intracranial or parameningeal sites. In
another 12 (7%) transgenic mice which were suspected to have tumors, autopsy revealed
serious skin ulcers, abscesses, urinary or respiratory tract infection, and
hydroureteronephrosis, These conditions could also be observed in wild-type C57BL/6J mice
(data not shown) and were thus not specific to the transgenic mice. hRNEI1AB+/ mice
developed PNETs between the age of 7 and 74 weeks (Figure 2). Of the 88% PNET .
incidence, 26% and 27% incidence was observed between 21 and 30 weeks of age and 31 and
40 weeks of age, respectively. More than half of hRNEIAB+/ mice developed PNETs
from 21 to 40 weeks of age (Figure 3). In 8 transgenic mice, severely dilated bowel with a
normal-sized colon, causing cbvious abdominal distention was observed, which closely
resembles Hirschsprung disease in humans. However, the abdominal distension due to
intestinal dilatation was detected mainly in adult mice, not in suckling mice, which differs
from the human Hirschsprung disease predominantly detected during the neonatal period

and infancy.

Sites of PNETs . _
hRNEIAB-/ mice developed PNETs in various sites and there was an apparent



correlation between site of tumorigenesis and mouse age (Figure 4). PNETs arising from
multiple sites in the same mouse were counted separately. Before 20 weeks of age, PNETs
developed predominantly in the abdomen, pelvic region, trunk, and extremities.
Ninety-two percent of the tumors in mice aged 1 - 10 weeks and 69% in mice aged 11~ 20
weeks occurred in these four sites. In contrast, after 21 weeks of age, PNETs occurred most
frequently in the brain and parameningeal region, where they developed in only 2 of 20
mice before 20 weeks of age. PNETs in the abdomen, trunk, and extremities were found
only in 5% (6/125) of mice after 21 weeks of age, whereas PNETs arising from the pelvic
region were observed in 23% (29/125) due to the marked increase in tumors occurring
adjacent to the base of the bladder including the prostate in male hRNE1AB-+/ mice.
After 21 weekas of age, the transgenic mice had 90% PNET incidence in the head and neck
regions, including the intracranial and parameningeal regions, and the pelvic region. This
was strikingly different from the sites of tumorigenesis in mice aged less than 20 weeks.
Infrequently, PNETs in the spinal cord and mediastinum were also observed between 11
and 30 weeks of age, in 4 and 3 of 166 transgenic mice, respectively. There were no

apparent tumors in the sympathetic nervous system, adrenal medulls, or skeletal system.

Histopathological Characteristics of PNETs

PNETs in hRNE1AB+/ mice were negative for PAS staining. Histologically, PNETs
arising in the intracranial and parameningeal regions were medullo-ependymoblastomas or
central PNETs which had clear ependymal rosettes composed of small spindle- to
polygonal-shaped cells poor in cytoplasm and rich in chromatin (Figure 5A). Electron
microscopically, the cells forming rosettes were tightly attached at their apices by
junctionallcomplexes and the lumen was packed with microvilli (Figure GA).. PNETs
occurring adjacent to the base of the bladder including the prostate in male transgenic mice
had tubular rosettes consisting of cylindrical epithelial cells with elongated oval nuclei and
distinct granular chromatin (Figure 5B), Tumors in other sites were undifferentiated or
peripheral PNETs composed of irregularly arranged, small spindle-, tadpole-, or
polygonal-shaped cells (Figure 5C). Under electron microscopy, peripheral PNETs had

well-developed neuropils and glycogen but neurosecretory cored vesicles were rarely seen

(Figure 6B).
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Immunochistochemical Characteristics of PNETs
Immunohistochemically, none of formaldehyde-fixed and paraffin-embedded PNETs were

reactive with the 11 antibodies, including neural markers, tested (data not shown).

Histology and Histochemical Analysis of Bowel Dilatation

Intramural and submucosal ganglion cells, which are absent in Hirschsprung disease,
could be ohserved in the colon distal to the dilated small intestine in hematoxylin and eosin
staining, The size and number of the ganglion cells and the myenteric plexus were normal
(Figure 7A), No proliferation of mucosal and submucosal nerve fibers containing
acetylcholinesterase was found by the Karnovsky-Root method (Figure 7B). These findings
confirmed that the bowel dilatation observed in these transgenic mice was different from

that in Hirschsprung disease.

DISCUSSION

Human PNETs are tumors arising from primitive neuroepithelial cells and can be
subdivided into central PNETs (medulloblastomas) and peripheral PNETs such as Askin
tumor. PNETs share certain morphological and surface antigen characteristics with other
neural tumors (e.g., neuroblastoma, retinoblastoma, and pinealoblastoma), PNET cells are
made up of small round cells with disproportionally large hyperchromatic nuclei and the
cells are often clustered into rosettes. PNET is closely related to Ewing sarcoma, sharing
the same genetic aberrations, and extracsseous Ewing sarcoma is a synonym for PNET.

There have been a few reports on neurcectodermal tumors in transgenic mice carrying
viral genes, Transgenic mice containing JC virus early-region genes developed adrenal
neuroblastomas, which metastasized to the pituitary gland, intestine, stomach, and liver.
JC virus is a ubiquitous human virus that shares sequence and structural homelogy with
simian virus 40 (SV40) [14]. Transgenic mice carrying a ¢cDNA to the polyoma virus middle
T antigen linked to the thymidine kinase promoter developed multiple neuroblastomas,
Expression of the transgene was restricted to the neurons of the central and peripheral
nervous tissue, probably because of a positional effect of the transgene integration {15]. All
male transgenic mice carryfng the gp9l-phox promoter/SV40 early-region transgene
developed neuroblastoma in the prostate gland. Gp91-phox is expressed exclusively in

terminally differentiating hematopoietic cells of the myelomonoeytic lineage. These lesions



appeared to be due to a novel transcription signal that was generated during the
construction of the transgene [16].

Iwamoto et al. succeeded in producing transgenic mice carrying a hybrid gene consisting
of mouse metallothionein promoter-enhancer and the ret oncogene (MTired. A
neuroblastoma developed in one of MT/ret transgenic founder mice. They suggested a
possible role for the ret oncogene in the proliferation of neural crest cells [17].

We established a line of transgenic mice carrying the E1A and E1B genes of Ad12 under
the control of the human renin promoter to investigate the in vivo effects of Ad12 E1A and
E1B genes on cellular transformation [10,11]. The transgenic mice heritably developed
PNETs and the phenotype was successfully maintained through generations,

In the present study, 88% of transgenic mice containing the Ad12 EiA and E1B genes
specifically developed PNETg in both the central and peripheral regions. Centrally
occurring PNETs formed distinct rogettes and had morphological similarity to human
medullo-ependymoblastoma. In contrast, most of the peripherally oceurring  tumors were
undifferentiated PNETs histologically, closely resembling human peripheral PNETs such as
Askin tumor. With regard to the age of onset, human peripheral PNETs occur
predominantly in young adults and central PNETs ( medulloblastomas) are found mainly in
children aged less than 5 years. However, central PNETs in the transgenic mice were
developed distinctly later than peripheral PNETs. Rosette-forming PNETs could also be
observed peripherally but were restricted to the prostatic region in male mice. Intestinal
dilatation mimicking human Hirschsprung disease was found at autopsy in 5% of the
transgenic mice. Abscesses, urinary infection, pneumonitis, and hydronephrosis, which
were also detected in wild-type C67BL/6J mice, were observed in another 7% of autopaied
mice. These data strongly suggest that PNETs occcurred in almost all of the transgenic
mice and had close histological similarity to their human central and peripheral
counterparts, indicating that this transgenic mouse is a good experimental model for
investigating the tumorigenesis of PNET and related tumors,

In our earlier study, the transgene was located in the E2 and E3 bands of mouse
chromosome 7, with which no genetic linkage to neuroectodermal tumors had been
previously demonstrated. Notably, in addition to the expression of a neural marker gene
N-CAM, three members of the mye oncogene family, ¢, L-, and N-mye were co-expressed in

the tumors [11], Such co-expression of the myc family has not been reported in transgenic



mice that develop neuroectodermal tumors [14 - 17].

Intracranial or intraperitoneal inoculation of newborn mice with Ad12 induced tumors of
embryonal neuroectodermal origin multicentrically in the brain and the spinal cord in
30.2%, or in the peritoneal cavities in 82.6% of mice [1,2]. The transforming activity of Ad
has been mapped within the E1 region sequences, which consist of two transcriptional units,
E1A and E1B [3 - 5],

In our transgenic mice containing the Ad12 E1A and E1B genes, expression of the E1A
and EIB genes was not detected in any tissues examined other than tumors and were
limited only to the tumors [11], It has been shown that the E1B TATA and GC box regions
respond to E1A trans-activation [18,19]. Expression of the co-transferred E1B gene is
confined only to the tumors, suggesting that its expression is regulated by E1A. Transgenic
mice harboring either the E1A or the EIB gene alone did not develop tumors [20]. This
finding is consistent with the suggestion that both E1 genes are required for tumorigenesis.

Fukamizu et al. established another line of transgenic mice carrying the Ad12 E1A/E1B
genes under the control of the human angiotensinogen promoter, instead of the human
renin promoter [21]. The transgenic mice heritably developed neurcectodermal tumors
arising from the pelvic region. They considered the restricted expression of the fusion gene
was probably due to the conseduence of the recognition of a novel transcriptional activity
created by the unique combination of the human angiotensinogen promoter and Ad12
E1A/E1B sequences in the afflicted neuroectodermal cells.

Adenovirus E1B protein binds the cellular tumor suppressor protein p53 [22] and inhibits
the transcription-regulatory functions of p63 [23 - 25], E1A gene products bind to the
cellular retinoblastoma (RB) protein [26], which cripples a vital cellular growth-suppression
mechaﬁism and leads the cell into malignant transformation. pRB and p53 are both tumor
suppressor gene products and both are targeted for sequestration by the oncoproteins of
E1lA and E1B.

In our transgenic mice, it appeared that co-activation and stable expression of the EIA
and E1B transgenes in neuroepithelial cell abolished the “tumor-suppressor” function of
pb3 and pRB, and activated mye oncogenes, inducing permanent cell proliferation and
tumor formation. Actually, three myc oncogene family members, ¢, L-, and N-myc were
co-expressed in the tumors of our transgenic mice., We must determine whether proteins

other than p53 and pRB are bound by the E1A and E1R proteins for transformation to



occur and which transcriptional factors in murine primitive neuroepithelial cells induce the
expression of the transferred E14A and E1B genes resulting in malignant change to PNET to
elucidate the mechanism of tumorigenesis in the transgenic mice and that of PNET

development in humans.
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FIGURE LEGENDS

Fig. 1. Structure of the hRNE1AB transgene. Top* The human

renin gene. The solid boxes

represent the coding exons. Bottom: The hRNE1AB gene. The open, solid, and hatched

boxes represent the human renin promoter, the E1A gene, and

the E1B gene, respectively.

TATAA and GC represent TATA and GC boxes, respectively, B, BamHI; K, Kpnl; S, Scal: A,

Accl; H, HindIII;
E, EcoRI.
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Fig. 2. Cumulative incidence curve of PNET in the transgenic mice.
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Fig. 8. Age of PNET development in the transgenic mice. More than half of the transgenic
mice had PNET from 21 to 40 weeks of age.
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Fig. 4. Sites of PNET development. Central PNETs occurrence increased markedly after 21
weeks of age, while peripheral PNETs occurrence in the abdomen, extremities, and trunk

decreased with mouse age,
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Fig. 5. Histology of PNETs (hematoxylin-eosin staining; original magnification X 100). A.
Intracranial PNET. Ependymal rosettes composed of small spindle to polygonal-shaped
cellz poor in cytoplasm and rich in chromatin can be seen. B. PNET in male pelvic region.
Cylindrical epithelial cells compose tubular rosettes. C. PNET in the abdomen. Small
spindle-, tadpole:, or polygonal-shaped cells are distributed irregularly, similar to human

peripheral PNET.
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Fig. 6. Ultrastructure of PNETs. A. Intracranial PNET (original magnification X6000).
The cells forming the rosettes are tightly attached at their apices by junctional complexes
and the lumen is packed with microvilli, indicating the epithelial character. B, Peripheral
PNET in the trunk (original magnification X 9000). Tumor cells have well-developed

neuropils and glycogen granules but neurosecretory cored vesicles are rarely found.
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Fig. 7. A. Microscopic section of the narrow segment of the colon in transgenic mice showing
abdominal distension due to severe intestinal dilatation (hematoxylin-eosin staining;
original magnification X 100). Normal-sized myenteric plexus of Auerbach with mature
ganglion cells can be observed. B. Proliferation of acetylcholinesterase-positive nerve fibers
in the submucosa is not seen (Acetylcholinesterase stain, original magnification X 100).

These findings are incompatible with Hirschsprung disease.
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