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1. HEDOHK

BB (BERNREEEZTE 2 R ESNERMICHE/N - HKkTHZ L)
WEMATRICE S NS IEFITHERFEVNAEYZENIER TH 5 (Papac, 1998), L »
L s 2 DBE. BADBREBEENEDLIBANZILTEETY
BZMIDONTIRES DN > TV, MRFEI/NEDOETICHFET 5 MR
HEDEE TH ORENNEERNAELTHLSNSED, RLBZBADHT
HREBENRDEHEHEICAONIEELL THXLH SN TN 5(Pritchard &
Hickman, 1994; Papac, 1998; Yamamoto et al., 1998), > THEIFEIIE< NS
WA BERBREICED S AN XL EBHT D20 ORFORFERRE/L>T
iz, INETOARICENL, #HREFED B RBRE TIIRERICK 5
BOMRZBEMNRIIRICZ L. EAMEFEMRIZUVIZUVIERRL
HREMEAOMEERT VN INEZ T TIEEMRED MEK) 2HATE 2N
ZEMNS, BREBHO O ICRAAMBOBER (T0F 5 LMKSE) HE
ELTWSHDEEZX S5 TE = (Pritchard & Hickman, 1994), —F4. HfgDH
¥ (7005 AR CETAHEIIINETOEIAZAESTRF—YRE
LIS NBEE 72 BZ D B4R 2 R & T S iR SE(Kerr et al., 1972)I2DNWTITHONTE
k., 7075 MlRETRODETRE—2 R EWIEZXSINLESZT
ANSENTWD, > THEFEOBRBHICEE TS0 I LMAED 4
RYRR— A THBHOEHFEIN, ZOLIBKFITEDWHFEA—F
A ICfTON . LALBRSPEARI LI, —EOMEDOHKERIIT R



— Y ADBEEEBENICRT O TIIAN /2, ThbE, BREMEERIL
RTVWEHRFEOY TN —TERBIULIZK WHT )N —TTHELZBE,
Z<DBEMETTY R ADHEEIHEERENRE SN T (Ikeda et al.,
1995; Koizumi et al., 1995; Tonini et al., 1997), /- RICHEZBRENRD SN TDH
ZTDEFHDTNEEHDTH D (Oue et al., 1996; Hoehner et al., 1997), HZRIBHED
EIDPTEODEVNZHATSITETARBDEREA RN, TOLD7%K
HEREZEMITIZNDOL DT, Rt SN2 HEFEOE FHEMENRE O
R ARFEEEANTR UL EEER AR 52082 0EHKIE myelin
body, lamellated lysosome &Wo 7z VY — AREEDE XL ER/NIDOHIER 25
HELTNWBZEDPHASM ETE 5 = (Kodet, 1998), ZN5DEMEFREIZT R b
— AL RRBTOT 5 LAMBEFETH S lautophagic degeneration] DIFE &
INBHOTHS I ENS (Kitanaka & Kuchino, 1999), +ERDEFHEMEEE
L OFER IR ZEE BN T autophagic degeneration S E TWBA Z EERELT
W3,

Autophagic degeneration {3 1973 ££1Z Schweichel & Merker I &> TEIICHE
INEHAMIEFED—EITdH S, Schweichel & Merker (IFRABBICH BT
ATy bOEBEETHEMBEICIOFMICEREL. —EORH - HAr THH
LI HBEENBETNWSEZE, TLULTENS OHIEENBREENIC3 DDY
A T EIND T &% R L= (Schweichel & Merker, 1973), 41 7 1 48
RIMIRRSE) (ZRHN S OBROBEE L BEGE EMETIMBETT RE—2 X
(Kerr et al., 1972)EE—DBDTH S, ZIUTHLT (417 2 AEHIMIRETE



(autophagic degeneration)] (IR E DL EMRT. MHICITHBEICHBITS
DV — AEEOEAEEME LBICHBNEOHBRZESHBETH D, &
DZEALIZZ LV (Schweichel & Merker, 1973), Z ? autophagic degeneration A3 7 7
F—P AERRICEEFLNIVTHE IS 075 AREETHDO0, &
5WEHIE S N WZERNRMRE (X7 0—2 ) O—FEIZEE/ZNON
I3ES < AREHTH - 7=A. ‘il autophagic degeneration 233 %73 )V {EERK F Ras
K-> THIEH SIS Z EAASMN &72 D (Chi & Kitanaka et al., 1999; Kitanaka &
Kuchino, 1999). 7 b—3 X EEHKIC BT L NIV THIE S N 5415 T
b7y I AEEO—BTHEEEZSND LIS TER,
BRE N Z 12, ##EFE TIE H-Ras, TrkA Z L T N-Myc 2 EDHF<—H
—DRELN)NATFREISHETAZEMASNTI D, N-myc ERT OB
ECEEHEEANTFRARDY—H—TdH 5 DIZHk L T(Brodeur et al., 1984), H-
Ras ° TrkA O @FEBRMNE 5 N B EF L FE A L Vy(Matsunaga et al., 1991; Tanaka
et al., 1991, 1998; Nakada et al., 1993; Nakagawara et al., 1993), =@ Z & i H-Ras
* TikA OBERBENETSNORMD AN Z AL &N L TEEMBOHRICE
BRL TWASAIREMEREB T 5D THSH. RO < #E2FE Tl autophagic
degeneration MEEE TS Z EAVRENTH D (Kodet, 1998). fN.ZX T autophagic
degeneration 7% Ras KX > THEINSH I EHHSMER>TWVWS (Chi &
Kitanaka et al., 1999; Kitanaka & Kuchino, 1999), % Z TAMZE TId. MRIFREIC
BWT Ras ORENLETSHET RN R ERRAESFEHER O I A

(autophagic degeneration) DiE (L 240 U THEE OBHE - BEERNREEI NS



ENDRERZILT, MEFEEEY > 7 )L E AW in vivo DT 5 N E

HRESFIEMIREZ W /2 invitto DT Z B U TZ O L S RIRF ORI 21T - 7=,



2. BEDOHE

(1) sESFEBERRGZ V=BT

X AHFFED in vivo (EFEHEM) OMHTITIE 1972 05 1999 ORI %
B Z EHBERE Y —ICBWTHIEFMICL D I - HRFEOEE
BAEZAWC. RREUERI. <X X7 Y —=> % (jiri et al., 2000; Nishihira
et al., 2000)IZ & U FEE DTEEDHIBH L 7= fEFl(mass-screening cases). 7% 5 NG
RAEIR & B o THAE L International Neuroblastoma Staging System (INSS) (Brodeur
et al.,, 1993)D stage 3 & 5 WL 4 LM I N/ 1 LA EDEEFi(clinically-detected
cases) Th B, /oo UTFONWTNMTEESTEFIIRA L. 1) FHC
3L o THAREED 2 WIHMEFEEEZ I ER. 2) 8B 1 cm ITHZRL
INEBR LB SNRNER. 3) Pilma—O074 A2 MNUKIIES R
BRAICTHERERREENESNT, RE - BERENTR THo L LM
NOERELDESNRBD S TER. TOXIBEEICLIDBINORR. BEY
IS EIOHFE DR E73 > 7= EFIIX mass-screening cases A% 87 £, clinically-
detected cases A% 24 Bl TH > 7z, |

REBERE IV EE - NTT 4 CABEINFEERENSEI~4 25
A OYFZYGDEHL. FLCKBHNT T4 DB SIS /—))
PR KBBKEZTo %, BRI{ILKE (X5 ) —)bF 03%) LEIZK
> THERERNAF YV —FEFRELLEZ. F/210mM 7 T 8/\Ny 7 7 —(pH

6.0)FTIYI 70T T—7{8E (1500 W, 10 x 2[E) 2 T35 LIcK0HE



BEZT-> 2. PURREBEROUIAIL 5%7 ¥ MEFT 10 21 > FaX—KL
TavF T ETo R,

H-Ras EHE ORHIZIIPTI H-Ras YT AE / 7 O—F)LFifk (Calbiochem #t,
Ab-1) ZRW, 100 EFRREF LK 4 ETOA > FaX—2 3 2 &F—/N—F
1 hTo7. ZRFEICEINFF O F—EEERINZT v MY TR 1gG
pikE AW, 50 ERFRHTER 1 B0 > FaX—2 3 2fTok. B
EUT I I RUVULEBATEN. AT MDY Tk BHLREET 7,
H-Ras $efE R QR REIZ—RITE DO EB S HFRRIEIC & - THEGR KL
THIERKLVHERL, T, BIBOEEMIEIL Ras 2 FE L HIEMEIIR
BLTWRNWIZ ENS(Furth et al., 1987), BIBEEME. MEMEETNEFN
GEREAICBITIEERSNICBETI S ho—)LE UTHWZ, H-Ras L
BORRDOHEIIUTOLIIZITo/. b BHEL X)LV TIIBHASMINY
27572 RE0D@BWT T PN ERTHBOSEZGBEEHEL, TS0
DIEIREEE L. T, FEFAORKXYF L20ERIFICHL TERTHA
X hF U2 TFT(H&E)ICKDEE DT H-Ras JiFIC K 5 e faziT
Vi, 20 LA LD Ras BEtEMIlE (RERGBTH 288 252 EHEBEMEOER
TEMEEMIOMIC Ras BREOHEEEEMEZS ERNDD%E Ras Btk
Z PR (focal area of degeneration associated with Ras expression)] &EZHEL /=,
E 51T, Ras BHEHAERZ2<ZEDORVESZREESN. 1 BLLERD 55
plZfEtER S HEL. 2EFICEDSEHEFOEISEERTS I LICLD
Ras AR OHBSHEE % X EFBRICEH L 72,



PUEMR N AN—E 3 ¥R (p20/p17) FEPF(Kouroku et al., 1998) (EI7¥E
- R —kHEAEELOHE) ICXBRELRAIIH H-Ras FifkIC LD
G LERKROLETITO /2.

TUNEL 7 v 1 MREFEEEKRAEZ A TUNEL 7 vt % Boehringer
Mannheim #£ in situ #IKEFEARHF > - POD 2 AW THERM O BARAZICHK S
TiTo 7. EREOMIEE LTI, SEREOHE ERRITEILTY S EE -
INTT 4 B EB/NT T 0 2 - BKE L2, BB TRELSE,
TUNEL RJ&A# (terminal deoxynucleotidyl transferase (TdT)B L N7 )L A Lt A
MEFE dUTP Z280) B TA > Fax—Tarefrof, EE. ~ILtFy
F—EEBI TN LA DB ERISSE, RRIGOESRPUE £ s iREE.
DTII)RIVPUEMATRASE-,

BTEMSERNT EEREL 25%7 05—V 7Tt RICTEE. 2%ME1L
FAITLZTRERZTY, T/ =)V U — I X BBKEIR BRI
L7z, BE 1 27020# MG/ L T PAS 38 (1%:83 ™ EBEKE
BHT 10 43, RWT Schiff KISHF T 10 DRSS B 7218, HREEIC TH%E 21T
WHEA) 21T\, PAS BHOEMMIEEAFEME TICFRE L. TOPASK
R Z S DU ICER T 5 EERAEE. BHMENEET M E SO
(KT LIICRYI T U, PAS GHEEMHEMInEGE T2 EREETR (004
2r02)) ZY0HELEZ, TOXDICUTERSNBEY S EEREY 5>

ETTUBRBICTRAELZBETEMSZ AV TEBELZT- .



(2) 7R3 Rk

pcDNA3wtRas. pcDNA3RasV12 iIZDW T, TNZTNEHFHR Hras, BRIEH
JE MR H-ras O cDNA BfH %53 pBR322wtRas, pBR322RasV12 (BE{L#RFZERR
BILIEZEELOHES) S Clal, Sall ZFHNWT Hras OI—F 1 VB ES
T cDNA ¥ 2810 L. —H pGEM7 X7 ¥ — (Promega ft X D EA) @ Clal,
Xhol ¥ MIZH A L pGEM7wtRas, pGEM7RasV12 Z{ERR L /7=, & 51T
pGEM7wtRas, pGEM7RasV12 7/ & BamHI, Xbal {2 & ¥ ras cDNA WrF % B EY) D
HU. WEABYMRRERERANI ¥ —TbH% pcDNA3 (Y1 hAHOTA AT
OE—F—ICLXDEBERTRERZHEEH. 2T~ CMHEERFZEU,
Invitrogen $£ K D §EA) @ BamHI, Xbal H{ MZH T/ 0—=>F 952 Lick
D1F7Z.

pcDNA3p35 I3 pcDL-SRalpha-p35 ((E&ZAL#4F BT 54 & 0 #£5) X D BamH],
&mltfﬁ#:w%ﬂ%&msﬁﬁ%%%%@@&b\mmmstmﬁL
EcoRI Y MZHY T/ o0—=> 7 LU THERL:.

pcDNA3mbclxL id pSK(-)mbelxL (KR A2 AEH# AL DHES) KD EcoRI
IZTX X bel-xL @ cDNA W 28] D tH L. pcDNA3 @ EcoRI #-1 hMZH T 2
O—Z2795Z EITEDERLTE,

Enhanced Green Fluorescent Protein #3195 pcDNA3EGFP N7 ¥ — {3 ET
it >y —EFRE R, FOMTAEELOH‘EEZT/-,

pTA-Hyg &7 F U147 S HEEHEREEHE{LRF tTA(Gossen & Bujard,

1992)2FKE G BRI —TNA 7 axA o VittEEETFE2EE., pT2-GN |L tTA
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RIEBEZLV A FEEOY A MAHOTA 2N TOE—F—I12LD lacZ BET

R=F75 7 b —F%2a1—-RT3) ORRZFHETERERY ¥ —T,
R YA 2 ViR T % & £ (Adachi et al., 1996; Chi & Kitanaka et al., 1999),
INSORY T —RENN ALY — R EMFEBAREEE L VL2
VJ 7z, pT2-wtRas i pT2-GN & O Sall, BamHI % T lacZ B FEIE % Gk -
FREL T4 RURXAT—FIZL DKREHFEILL/ZD5. pcDNA3wtRas 75 Kpnl,
Apal ZFHWTY)O H U 1EE H-ras @ cDNA ¥ % T4 R AS5—Pizk 3
R FEALERY 70— 0952 812k D187, pT2-RasV12 IO A
T pT2-GN @ lacZ &{=F#rF % pcDNA3RasV12 @ H-ras cDNA B S B X1z
S EITXDERL .

pTtkA {3 pLTRSVneoTrkA (FEBNA L ¥ —dJIREELEELDHE) &
¥ EcoRI {ZT trkA cDNA Wil 28] D L. pFLAG CMV2 X7 & — (A% v %
fLEXDBA) @D EcoRI ¥ MIHEAL TH/~. pPFLAG CMV2 X7 ¥ —|3 N %
56l FLAG & V& fINTE SR 5 —TH V. trkA cDNA BiFiZ FLAG ¥ 712

XU T in-frame ICTHASINTNWDZ L2 KR /-,

(3) Miaks®

b RS EM kR SH-SYSY, GAMB, IMR32, LA-N-5, SMS-KCN, TGW, RTBM1
BFEENAT Y —FIEELEE L DH{EEZ ST, ZRSOREIE 10%Y
REIRMEZRM L 7= RPMI1640 B RN T, S%REH AEETF. K 37

EOREITERA > Fa"—F—HTEEE T/, T BERAOT( v
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2iZidas—% > - 23— b (Biocoat Collagen-I, Becton Dickinson #) %

Bz,

(4) bS5 RAT7x0>ar

bt hEEHREFEMEEZRAWEZ N T > X7 7 2 3 >3 Effectene Transfection
Reagent (Qiagen 1) ZAW., FHIE L THRMAO 7O ha—)LZ-> TiT> 7=,

BEMIZIEILTOUML<ITok, T X773 2 BHEiiCHilEE 2 x
10°/dish DEETEE AR, FT2RAT7x2 0723 IZANS 75X R DNA
REIIFIERORNWNAED 1 v 70 F A%EAW, ZHIZ Buffer EC 150
XA 270Uy k)b, Enhancer4 ¥ 70Uy MLEMZBE. 4 5EERGE.

KT Effectene 125 X1 270Uy MLVEMABML <#EL 10 SHEIEESHEL
7zo Z DREIMIRIE PBS 12 THES#FE72 RPMI1640 5312 4 S Y U w MUINZ
7. 10 53fE1E%E L 7= DNA AW ZE Z DX D ICHER L - MRsshiciE T L T
BERLA > FaR—F—IZRLZ. ¥ 6 KRk Z%5IREL. PBS ITT—
EEVE#E RPMI1640 EHZNMABE A > F a2 X—F —IZR LEEE, BOMHIC

ftL 7=,

(5) aO=—7x—A—>a7vtkda
pcDNA3 (O > hO—)L X7 4 —), pcDNA3wtRas., pcDNA3RasV12 D75 Z 3
KRR —%2& 1 4707 LANWT, iR EIESTRI ATy

a2 ®EF-o7m, SHSYSY il LTINS A7 72 aBHENSER

12



#H&| & LT Geneticin % 800 Y1 707 I L/2 Uy MLEixskdicsgEs
IZMA 7. GAMB #il20HEIE TR 7202 a > EHICHIEE 10 7D 1
DEEICRBEIICEZEL. TOERAMNSHEHAFIT Geneticin Z 800 1 7 1
TS50y MVERBEIITMAEEZTT . ¥ 2 BERICERSNZ
IO0-—OEEBEME T THE L~ 20 —FREIL pcDNA3 X7 & —0 k
SOATraliEDERINI0—%% 100%E LT, ZHUIxHT

DEPRIITERLE.

(6) FTEIVAM VU VRRCIVBETRARETRZZENRETH
AfREREMEE (ATF—TNWVES X725 ) OB
HIEC D HIEICHRES T SH-SYSY Hifgicxt L T pTA-Hyg + pT2-GN. pTA-Hyg +
pT2-wtRas. pTA-Hyg + pT2-RasV12 OfiAEOE TR I AT 73 > 217
o, NIRRT al 6 BERICIT D B cHLARE, ML OMERF I 0.5
XA L5IA200y MVOTFRIYAL U EETFTITo> . b2
A7z a BAICMEEZ IO —BAAIEREFRECEEEL. T5ICT
DOE HM» 5 Hygromycin B (800 EAL/X U 1w b)L)72 5 TR Geneticin (400 <7
207520y MVORINCE D EFRRERZRBLZ. K 3 BRERICE
REINEELAOQIO-— BB L5 A THEE, INLBRIETEREFORER
Hygromycin B (400 BEA7/3 U U v KLYz 5 TNZ Geneticin (200 Y1 7 07 5 L/
TYYy MY TEERZ{T R, 70— FT8EIE2K. ThEtho
pa—2%ThIHA U EFEEDR - #EEFT 3 HEBEELMEES 12—k

13



ZRE, BROYVIZAS > TOv T4 U TEICL > TEEFEMOREEFES
REHEL. UBOERICHWS 70— 2RBFELE, 70— EICX3HE
DEDZRITBID, AT—TIWVNS AT 05 > bW EERTIETN
THOEGFRICDEERDO I/ O—-2RANWTERZTN. BREO—EHLZH
Rl BROBIZIZTNETNOREZN R /7 O— 2 2ANWTHRSNZHEREER

~LUTZ,

(7) Invitro ERARICHBIT 2 MBEERET v &1
—iBERERICE T IMBEEOEBENMFM SH-SYSY #ifd. GAMB
fAlc L TEEBARI Y —T 5 A3 K% pcDNA3EGFP 7S5 AI R&EEBITHS
AT arl. bIURATU I al i 24 HDHNIK 48 KERIOR R TH
IR % AV T GFP [GiEMife =818 L /-, GFP IGHEMEED S B¥{kd 5
IXHBAL L 725 D % degenerating cell SHIFEL (MM EEKL TR 5N 55
B 1 HOEMMICHRTSBDEHELRE). GFP BHEMBEOKBEICH
HEIGEEAETEHL .

MIBFEOHE BEEMIE (M) 72k 0iEs) 726 NTREMRONE %
EUY - L, B LAMEOXL v b & PBS ICTHEEELE. I ORERIC
HFED 04% M UNR TN —REBEREMA THREL 2%, MHAZERET THE
2iTo7z. MUNZTIN—Z2HEHTERWMEEZEMESHE L 20, 4
EHB LU TEENASNICEDOERITHEIRVWNS A IZET R L zh o7,

MIFEDEISIZ 100 x GEMRRORE) / GEMBEORE + FMEOKRE) &
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LTEARTEHLZ.

TUNEL 7y A4 2sticavft7uooy a s 15—4> - a— b
NIZAN—=ZY v T8z 60-mm dish ICHIE £ Z2AH, KOFHOIZED
EBDITAEZTO K PBS ICTHIIZEHHL 4%V ATINTE REE
¢ PBS FTERHK 30 7 HIEE 21T o7z, LAEEIZ In Situ Apoptosis Detection Kit
(Wako #) ZHWTHEMADO 7O FI—)Liche> TERE T 2. T/bB 0.1%
Triton X-100 258 0.1% 7 T2 EF MU U AKIC KB EELO% TIT HEF
WINA LA AFE# dUTP ERIGS |, RNTRILAF 5 —FPE#R T
LA PGB ERIGER. BHI TIPS TI IR EMEZB T
ERXXDRRELz, IUTOED Y AL D3RI, BEbUEETI
TUNEL 7 vt ERHROBIEZTVL, ZOBKIATLTOE DY AKEBK (25
RA7BT75 LIV Yy M) ERBEEHLERE T TREE2T- 7=,
BTHERERNT BEHRFEMIEE LI A L—)S—I2T dish &0 H8E -
EIX U0 L7z, PBS ICKHWEEEEERLLABRORL Y b2 1.0%57)) 5 —
W7 ITE RICTEE. 1L0%ME{EA A I A TREEERTF 72, T ) —
V)= kBRI, > T E epoxy resin I LBHYIF 2410 L
7. BEYFEEEY S L T OBIMITRAL . BEETFEREZANT
B ZEiTo 7,

(8) wxx¥>Tuwsa4>¥

TCIWVATL—N—ICXDREMBZRBEL . Bl ESHICERL GELZE
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fTo/z. PBS ICK2EHDOBEEERLL. MIONL v NEMEEREINY 7
7 — (25 mM Tris-HCI pH 7.6, 50 mM NaCl, 2% Nonidet P-40, 0.5% deoxycholate,
0.2% sodium dodecyl sulfate (SDS)) (Z#&/& L 7z, BRiBK ZE O LU AAEESS 25
Wi kEZMRS A - bELTERL 2. MIlES 71— M OBEBEBEIL
BCA 7057127 vtAFy b (Pierce #) ZAWVWTHIEL. &L —> & bik
HI2ERERIIFRICARDLIICLE, BT MBES1E—R) 0%
BD2x SDS Y TIVNy T 7 —EMAEBHKLZHIZSDS RUF /U )T7 IR
TIVICTBRIKE ZITo /. B - PBELZEAEE I RS HELNEEE
REZAVWTZ OBV O—ZAAC TV RKEELE, 8520 otk o
—AAZTV 5% AFLIINIEEDPBSIKBL 7Oy F 2 V2T 7,

— K itk (anti-c-Ha-Ras rabbit polyclonal antibody, C-20, Santa Cruz; anti-
poly(ADP-ribose) polymerase rabbit polyclonal antibody, Boehringer Mannheim) I3 5%
AFLIINDT. 01% Tween20 ZF T PBS (FIEFHRNY 77 —) ICHFRL., =
2 BEATLERIGEI®. PUEFRNY 77 =2 X 28 0H% )L
F Y —EEBRGUE (YHFEHUYF 1gG Hik) 2HARRNY 77—tk
D 1,000 EFFRLER 1 BEAS T D ERIGEE, ZRIBERISEA ST
L 2% 0.1% Tween20 Z& T PBS I T L. ECL™ Western Blotting Detection
Reagents (Amersham-Pharmacia #t) ZHWTA> T L > LOHBEFGESKE

EFERL ST, XBT 4N LICBHTZZ LIk 0aREL .

(9) HRMBITH T2 RBELRE

16



AS=F2 - A= bENEAN—ZY v TE2H N2 60-mm dish ICHIfEE F X2
B ROFADKEHD EBDITUEEITo /2, T D% PBS I THIF 28 < Y
U 4%/XTHRIVLTINTE R, 03% Triton X-100 22§ PBS I CREEZ{T/2>
o BEBTOYF I 2% METIVT I 2 (BSA). 0.3% Triton X-100 %
&1 PBS H1TH 5 7. —KEUKIZH cytochrome ¢4k (mouse monoclonal antibody;
No. 556432, Pharmingen #£) % b ) ZiREAERIE/K T 200 FICHFRLUERICT
2 KifEI RIS E Bz, PBS ICK 5 ¥EH% 2% BSA. 0.3% Triton X-100 % &% PBS
WCTRGUE (D—F 2 DRV FHIY T X 1gG Hifk) % 1,000 ZICHFRL.

ER - EOUREBICT 1 BRRIGS §7z. PBS #iif. REKICL 28887 /N—
AV TEEBRIE, YU MRERWTAS A RV S5 RICEE UM

ZRAWTEEZT >,

17



3. ERMOREE

(1) FEFEEEERICBITS Ras EEHRORBE non-apoptotic 72K
foZe i
Ras EHEOREANHREFEICHB T IEBHEEOFEICEHS L TWE LD
RRERILT D720, TTRAICHBEFEREL VS SNEEREEZRANT
REABAL LT 21T\, Ras ERE2RET2EEMBANE DL S e
RILZRLTNBNIIDNWTHANE, INFToOHRGIZEIUE, 2 - 25y
—Z Tk o TR E N7z B RBHE O AT 824 A1 U JE £l (Yamamoto et al.,
1998; Nishihira et al., 2000) Z & 8 T BIF & SN 5 R 3EE Tid H-Ras B EE M
EHEBRL TS Z LA SN &85 Tl (Tanaka et al., 1991, 1998; Nakada et al.,
1993; Hiyama et al., 1997), CORZWHET DD DFHENER E L T mass-
screening cases IZHIKT 5N < DN DEBERAEICH U TH H-Ras Fikick 5%
BREZTOIZETA, REOBEIT KL THEABESRERDR TS LN
TEh. TITRCEEOERYFICHLTATIFI YD - 2D R s
H-Ras SRRt L 2T\, MEELETSZ LK > T Ras BHEREERTH
ROEEBRREICDOWTHRE 21T/, TORKE. b H-Ras HFiEICH L T#<
REDBEENANTEF U2 - THADDREITHBNTHS MRS ER &
BONDEME—HTHIENHES M E/2> 2 (Fig. 1. A-a & A-b, B-a & B-b,
Ca & Cb, D-a & D-b ZHE). BILAKOEHE T TS SICHMBRE 217572

clAhH REBRBIIHLMBORKIIT R — AITRSN B LS inlfkgE R
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LTBESTHERMAMLEES TND I EMHS M EL S 7=(Fig. 1D-e. &AL
BrA b2l L TWianEEag s L. BRI LLEOEE D
ZIELTWV3), BOBRSTHBEBEEBMALL TWE I EII/NE <o -4
Rk 5 BB S N TH D (Fig. 1D-e). /= H-Ras LEOEEAEIN/NE < FE
RIZZRESZRL TS ENS BEIBMICHERITE 5(Fig. 1. A-b. B-b, C-
b. D-b. E)e ZDX I7% Ras GHEDOEMMIZD 73 #/3% — 1B L T, Fig. 1E
R KO EREEMEOBICBERICRONDZ Y —2 &, FEFEo7M
FOARMSEIRE L THE T 2/89 —(Fig. 1, A - D)EDSBD SNSE, T2 B
FETIZLIEL I fibrovascular stroma [CX DB THSN=HERENEEL. 4
ENTIIMED 5 OB U THER 50O BE DRIHR X NRIE ) 5 B
NBFEMEIENBERLTNENDSE X HH33 5 (Hoehner et al,, 1995), L L
785 Ras [GHEDZEHMIRED 5734 & fibrovascular stroma & DRICIZ—E DEI{R
(LEBO 6NN o7z, ERRDETRIL clinically-detected cases (FREREIRZE H - T
FIEL INSS D stage 3 HDWiT 4 EBWaN 1 BULOERT. —BHIZF
BARE L SN 5 (Brodeur, 1995)) THEEL X3/ H DD, mass-screening cases
B LU THOSDICHBBEENMEN > 72, §7/2bh5 Ras B ORIIIZHER D
2D 5N B AEH| DEIE 13 mass-screening cases T 87 it 53 #1(60.9%) T - 7= D
23X U clinically-detected cases Tid 24 Fil¥ 7 £1(29.2%) E B EIZ(P = 0.006){ED
27z,

AR D Z& < Ras BIEDOEMEMBIIEOBERERIZNWI 0D, FEE

EEEMRIZOBREEZROEESHREBENRFMET IV RN - X 38R
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DIMIREEE L TWAHAREEARE SNz, T TIORIIDNW TR %
727202, TRF— ZAOHIE - EITRFTH S0 X/N—EOEMHLOH &
YR ACRKEBIE IND 3-0H K% -/~ DNA K OHBEOEE
KDOWTHENZ, BAN—E3ZHZ/S—F - H 27— ROEHIL DR KRB
THEET DETHAN—ETHD., TOEHLIIN A — RO LR THAEET S
AAN—ECBRLI2BERBREZTHIETRBELZIENASNTNVS
(Thornberry and Lazebnik, 1998; Nicholson, 1999), % Z T Z OREENMEIC L VIE
PRI E 5o 72 28—+ 3 Wi Fr(p20/p17) % e B AT 3038 3 % P44 (Kouroku et al.,
1998)Z AW THEFEBEMAMICH T2 REREEIT oL E A, ABRNICH
ET%?ﬁF—vxﬂﬁfu%ﬁ@ﬁﬁ%éhtwtﬁb‘(ﬁmiéﬁﬁw
FrzRWw/z H-Ras REBREDHERMNSHEFIND) Ras GHEOEEBEBNOM
FICIIG G Z R DA > J=(Fig. 1. C-b & C-d ZHE, C-d NOKRENIARER
ISEMEIA AN—E3IBHEDOT R h— ZMiig21E9). RRICT R b= AIC
FrEBY72 DNA Bl OB % TUNEL HEICL > THRANLEZ A, RIIDTRE
— ARG/ ZFED DI L. Ras BHEOEEMIZICIZE S M2
Helg 2 BOBM 5 72(Fig. 1C0)e TN 5 DRERIZHESMSFEE & IC, Ras
EERE T 5 MR SFEEE M N XN —Y OFEMAL Z #4780 non-apoptotic
ISHIMEEZR L TWAB I EERSRBTEHHDTH S,
INETOMENS Ras OFEBIIMBOBBECL> TR 7R -2 &1k
Rizo7=7 10755 LHIFESE autophagic degeneration ZEETE 2 Z EMNHAS M E

78> TV1%(Chi & Kitanaka et al., 1999; Kitanaka & Kuchino, 1999), % Z Tk

20



JEREB R T H 5415 Z O non-apoptotic 72 HiIFE A autophagic degeneration (D%
BMEAL TUDNIIDONWTRE 217072, BEHM®RY VY — ADS PAS JeaBH
L72% T ENWHE SN2 T ED5(Geddes et al., 1996). T IEE KO EE DI
(XL T PAS Befa7e 5 NI HT H-Ras TUKIC & % SufF 46 217V 5 & HLackRat
L7z & 25, Ras Bt OMIFRZEMEFEEIC R LY PAS RIS 51/ (Fig. 1.
D-b & D-d &), T/, BFEMEFENRICEE L EEREDOBYIEA %
PAS B L. PAS St DEMMBOEEIM 2 MR L 7= 5 X T2 DA EgE
TORBMDPZBEDHFELTYOHL, BREFEMEICLIBEET- .,
TORR PAS BHRBIC R SN MM Wl L TOBEEHFE-TNDD
D) FEOERIZZL L. HREIZZEO—KI VY —AOHE > TV
(Fig. 2)o &7z, BXTS<EHBRU VY —LAEBDNS XKUY Y —AOHBHHE
86 S N/z(Fig. 2. KH). TS OFFRIT autophagic degeneration 124588 & X
SR REFRIRAL Td S (Schweichel & Merker, 1973; Clarke, 1990; Zakeri et al.,
1995; Kitanaka & Kuchino, 1999), /=, ZOXIICHIlE L TORERE ST
WS ZPERIIE O BT 2 B O MBI SR SN, BiRRIicb U Yy —
LREDRD 5N T &M S (Fig. 2. ZEKH). ZHEMEIE autophagic 72Z5E

ZREZ UIAD I RICHAEL Tna Z &Nk,

(2) Ras OREFZN LR EBEMBREOHEY

FEBEBRIEZ F T in vivo OB RISEEMMICBT 2 Ras ERE DS RE &
HAN=EY + HAT— N OIEHALZ D72V non-apoptotic 72HIIEFED R I
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CEZEBBERNEH DI EERLTVEN, THSOROREEGEERTHDT
3780, T TRICHREIFEBMARICEITS Ras ORBENEEHGTE SN L
573 non-apoptotic 7ZMIFIFEDRE & 755> TNBANE I NITDNTHEND =8,
HERMESFEMIZZ AV T in vito TOBEHET o2, SEO in vito 7 v &1
TIREMERD Heras BEFIMA THEEFEMER O HrasV12 BEF S HNE A,
C4UT Ras > 7 FIVBERE EHRINCERILT BN TAVELSDTH Y.
RBEOE MERFETIIMOZ< O MNEE L IZRA > T ras BETFIZERIT
53173 (Ballas et al., 1988: Moley et al., 1991),

In vitro DR TEAERITHE L 7= R F B A BET2-00/51 Oy
PEBRELT, ETRAICE MEREFREMIZEED /N FIVIZH LT Ras REIRY
5 —(pcDNA3wtRas) & —i8 £ (Z B A L Ras EHEORBEL NV EIILZY LT
By 7 oI THR Lz, TORE, BtE2Fok- 7 D DAl BR(SH-SY5Y,
GAMB, IMR32, LA-N-5, SMS-KCN, TGW, RTBM1)®> 5 £ IMR32. LA-N-5.
SMS-KCN. TGW. RTBMI TidBLEFEAMENEL <EIZE AL Ras BR
HORBEHRT DI LN TERN D, —F. SH-SY5Y. GAMB Hifa Cidu
RFEEBICB IR N)VNHGERWEED Ras EHEOREARRT 3
CEMTEzD(data not shown), LAREIZ 21 5 =D 0 fiE 2 RERH KM % A 1
TERETEAERETS -,

Ras OREHREFEMIDICN LT in vivo (EBE”ZKN) TESNELS A
ARSI R E S \OYHAL B S T 2 BET 2N ES A ETRD -5
FFER! Ras (RasWt), 75ME! Ras (RasVI2)DHBNY ¥ —% GFP 2%E T2~
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745 —& EHIT SH-SYSY #Mifd. GAMB Ml TEA L. GFP [EHEMBED
R FR L2 BE L /- (Fig. 3A). TORR. WINOMRFEMEEICBN
TH GFP A D% < 2L O AL RRANIZ K E S~ DW b7 &4k
EMZRRTORELERET D ENHENERo T, T FUF—<H
FEATIEMES Ras (RasVI2)ZHB X B2 8BS MBE O ML AEEICR S h
72 %(Chi & Kitanaka et al., 1999; Kitanaka & Kuchino, 1999), ##&FEMIZDIES
BINEBRB->TEREAEERIIRESNT. ZOHATHEEMBICHIT SR
RE-FHL TV, T5IC, Ras ORBUCKOFEINE Z DL S EEEN
TR = ZDTNEBRB-TWBEDICEDNE, Thbb. X4
TOZARY CRMEREBICEDFEINZ TR - ZHMBIZARLITRT D
DOMRROMFLIZBEETH D, E-MBEEHFOKRE S HHBEHE—Th- 7~

(Fig. 3A, and not shown), Fig. 3B IZ;RT & 51T Ras IC &k D5 I N 2 MIfaZ 1t
DEEITNTNOMIIME T H B R Ras K DIEMEE Ras TEA 57228, Ras B
BEOREEL N)VEFSEEREL D S BEEOLNE W E@E R 5N /- (Fig.
30 TOZEBTENT Ras OFNHRERFEDRNTL. bbbz
YEDBEINRIT Ras DT FIVRERFEL TOFEMEMHELTNS Z & 2R
LT3,

DEICIDEL D7 Ras DFEBITK D iFE IN 5 BEEN LN ERITHE
FEERBRLIZDBDTHEIMNIIDNWTER T v 1 BIckOKRE L. §7
DERBENY 5 —Z R EA U BRERFEETICEET S LTV BET
BEASNIEMEAERT 2 I0 -0 EFHATEI0— T+ —A— 3>
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7w A %17 > 7z(Kitanaka et al., 1995; Chi & Kitanaka et al., 1999), ZMD%E5E Ras
AN Y —2BALZHETIEZI > bO— IRy ¥ —%EA LFESITHR
TIAOZ—RBRICEDXTER - HETIMENERICHDT S LA BB
1. Ras ORI EFEL TN1D Z EAREINAE(Fig. 3D). £/-10
I A= a Ty BN THEHEUR L DESER Ras Ak
OZ—BRZEZMHIL 22 M5, Ras OMFIFEE BT Z DEMICIKEL TW
B5LEZOLND, CDXIREZFEISIIKETEIHAE L TEMRE Ras O
effector loop region ICRERZEA TSI EICLDFDL Y FINInEEk %D
Bz Z Bk RasV12/D38N (Abdellatif & Schneider, 1997))\EEE£MI7L T v &1 .

AR =T34 = A=23 > 7 vt DOWTHIZENWTHHREEMAICET 3

MIfSEAEREZ R > T D T & AWWEER & $17=(data not shown),

(3) Ras & D M#EFEMIICHEB S N SMEZED non-apoptotic /24§
#:
DEIZ. Ras KL DFEI N WEFEHBOMIIIEE NS> ATy 3
DHENENVRETHENTT 28T, Ras OFBRL ) 2EHFOF k554
7 U VREOERICK DA TE S SH-SYSY MIBORTF—T NV S22 T7 <
752 NEERLUZ. AWZERRIL Tet-Off > AFAERIFN. 5P SHo
JUCHEETTRENETSEETFORENNH SN, BHFOFRSH1 Y
VYREEZTFS LTI VBETFREANFEIND S 25 A TH 5(Gossen &

Bujard, 1992), Fig. 4A 3L AT —TN NS A7 275> N THS SH-
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SY5Y-TA-GN(Control). SH-SYSY-TA-RasWt(Ras Wt), SH-SY5Y-TA-RasV12(Ras
VIQ)ZFMBADEHMN ST b T4 71 > 2krELURENIC Ras EHBOREL
LERNIAERTH S, 2> bO—)LHIFA(SH-SYSY-TA-GN) Tl Ras BEEED
ABREI-BLTEDSNBNDIIK L Ras REMAI(SH-SYSY-TA-RasWt, SH-
SYSY-TA-RasVI) TR T b SH A 7 U CkEHE2, 3HE» SKBHETIEERL A
VD Ras EHHEORBENFEINTLB., ZOXIBATFT—TN S22 7
782 hERNWT, £9 Ras ORBEVHIEOEFEICRITTHEICOWTHNE,
Fig. 4BITRT X DIZa 2 bO—)LIIETIZT b S84 2 U > OBREEEKIZFES
HOEIGITIIHEE L5 X /20, FHE Ras, EMHA Ras 2RBT 2813 TIL
Ras EREOFEBRFEICTITL CRMBEOEISHMEML . Ras ORBEIZLD
AEIN MR EAARZEME T ICRET 2 L. WREFEEEAGO B
DBETFEAERBRIIBNTRED 5N/20 ERBICHATBRINDOZE L LK
LZRILTND ZENHER SN (Fig. 4C), DFWXIDAT—TI 5> 2
Tz bERAWZERRIIBLT Ras ICXDFEEINBMIENT R h—
VATHENICAS NI O F L OBEZE>TRENEI nE DNA B
MEMBEI VLT OE DY ML BREITTHRE L= (Fig. SA). HERDHE &
B D (Nath et al., 1996; Posmantur et al., 1997). AZEETH SH-SYSY #ifa%z 2 & ™y
B2RY > TUETZEIM IO ST ACBRETIEE b TR h—
AMROHERPERI Nz, ZHUTH LT Ras ORBEICL D FE X N 295
TIEIMREEEDITEBMA L TWE Z ENHRI NN, WAL LEEES

DTHENBKI O T > OBRERIIRD SN aho. ZOLdcKrOv
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F L ORMEEEDT B L U725 MEEMTEE L T S 8130 25 e i B 4 4k
IZBNT Ras EREBRRIN THONMIBEEBK(Fig. 1D-0)ZBHT5H
DTHbH., &5HIT TUNEL 7V vtA &2fTolk& I AFig 5B), AFTOARY
SHEIZEDECET R b— 2 ZMif2id TUNEL [BiE &85 D12 LT, Ras
DOFEBICL DM Z E - LG ZRD M7z, £, B
FREMESEIC K DB 21T o /= & T A (Fig. 5C). [EEMHR D E FIEMERT R(Fig. 2)
EEHKRIC, Ras 2RBELEHZECLDDHSMlE MlREL TOREEZRE-S
TWaHD) BPBEOELKICZL<MBEEICY Y Y —LBEOBKERD, U
FO—EORRIIHEFEMITIZTH TS Ras EHEADFKE M autophagic
degeneration DA% T 5 non-apoptotic 72707 5 AL EZFEL TN 5

ZEERLTNS,

(4) Ras ICX D pEFEMBICHEREhIMBED D AN—EEEkELE
B5UNC Bel-2 77 2V -EHRIC XS MBEMNMICHT 2R ZH

Ras ([Z&X D FE I N5 HEFEMBOMEAENERE - £LFRIMEDOHS5T
ZTOHRIHBEBICBNTHIT R AL BRABDIDDOTHINEINEHS
MZT 272D, TR M= ZAHEEIZBWTHLERREIZ R L TWSH 28
—+t Bcl-2 77 31 —&EMHE (Thomberry and Lazebnik, 1998; Adams and Cory,
1998)7% Ras IZ K 2R FEMIFEOHIMEICEIES L ThWaMEM ZRF L. X
GRIBZED 1 AN —EREE EZRE T 5 729 & FR(z-VAD-fmk, Boc-Asp-fmk)7s

5 TNT T A )V X B3k (baculovirus p35)D LA A /X —E HEYE (Ekert et al., 1999)
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ERAVWTERZIT o, NS ORI AN—FHENEIT SH-SYSY. GAMB
DNTNOHIRICBNTHEAYTORRY LICEDBEEINE TR R— X
EARICHRILTED. FALLEREHTTINS OEEWEIHEL L T
S Z ENHERR S N7z (Fig. 6, B and D), FHEDEBRSR M T Ras D—BIERE 12 &
DFEBINDMIRERICHTIAN IS —FHEME DNEETAREE -3,

WINOHEME L ERRMFIREE RS a5 2(Fig. 6, A and C), £i=. 2
T=TNESURATz I b2 WS Res REFEEBRRICBNTS 2
VAD-fmk (& Ras 12X 2 MIfSE5E 2 H1% L 720 - 7= (Fig. 6E). 25 DiERIT
Ras [ZX D HEFBEOMBEFE I AN —FOEREHREEL LN & &
ARLUTWD, RICTHIEFEMIC BT S Ras ORBIAH Z/5—F DEMA(LE &
Y DPENITDW TR & T 72, Fig. 6F TiZh ZA/8\—F¥ + H A — RDE
HEREEEZS —F 5720, HAN—F - H A7 — RO TR THRET ZER
AZXN—E (AAN—=E 3., 7) OHEE poly(ADP-ribose) polymerase (PARP)D
OETREEE D LAY > T 0y T4 > FiC & > TH~~ (Nicholson, 1999). Z
FUDNARY MBICK D TR =2 2258 L ZMBANTII N 2 —Fiz k
SBRESEDIERE L D PARP OYIWTHTA (£ 85 kDa) ASHIE L Z D PARP i
FOHBIIAA A/ —EHEFNC L > THH SN BH, ZDL 57 PARP Wi
i3 Ras DFEHIT K % HIIIIEEE OB TIIERD S h o 7= (Fig. 6F). Z DL
Ri3 Ras OFEFITL 2 MEFEOMIEREDBBETHZ/S—F - 27— R
DIERAPRETWENILERTHDOTH D, EEMRZICB LT Ras EAE
EEARTLEMEEEMICBENTHRN—F 3OEEESBRE S Eho 7=
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PR (Fig. 1C-d)&E K< —H L T3, KIZ Ras ICKDFEEIN 2 MR FEME
SEDHIEND Bel-2 77 I —EBAEOREIZDWTHRELE, 7RF—2X
WRENICEE T HAN—FEIZEAED, Ba2 773U —EABITH XN
— P EKEFEN2 R O0— 2 ARMIBEOFIHICHEE L TWA Z EmshT
L35(Green & Reed, 1998), & Z Tid—MAYIZ Bel-2 1Tl L Tk D3\ K zEHD
filgE Z#r D & T 5 Bel-xL (Gottschalk et al., 1996; Kitanaka et al., 1997; Shinoura
et al, 1999)Z2HNT. ZHNICKSMREHNHIOFEEZRZZEI1CXD Bel2 7
72U —OBEDEREHIC DWW TN/, Fig. 6D IZ;RTLSIC BelxL 1324
UOARY KD FEI NS MEFEMBEO T R F— 2 2 &R L <HH L
7ZZDIZXM L. Ras IZKDFEINDMBEMITH L CIBEELNEIHRE RS
180 Iz (Fig. 6C)c BET B b — 3 2725 NIT—D 1 R/ — IR 12 %
70— ARMEOHEIC B W THEA/NIETHSI Fa > RY 7L
RS REIZRIZL TVWD T EMBASMNIT/IED DD 5(Green & Reed, 1998), I
M RUTISHREDS 7 FNEZTMAEI NI RY TEOBEEDTT
EZMLTI IS RY TERBEICHEET S cytochrome ¢ (Liu et al., 1996).
Smac/DIABLO (Du et al., 2000; Verhagen et al., 2000).  AIF (Susin et al., 1999)7% &
ORERISE S 7 F RS F MBI T 5 Z &AM 5N TNS, 22T Ras
KEDFEINSHEFEOMBEEIIBNTHIOLIBRI NI RY TOLE
LD EZ TN B NEMN % cyotochrome ¢ 12X 5 RBERAEIC L D L 7= (Fig. 7).
RUFIREETII cytochrome ¢ 133 Fa D RYU 7 RBE/SY —2 &R LTWSA,

SH-SYSY #if 2 X% 0 ZXRY O TUBTEZLICLD T RN— 2 2 FET
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&, FHEBDIT cytochrome c 1Y MV ILICHHEHICRET LD 10RD,
AR TZROBEEOEIBREINAZ, ZHICHL T Ras OEBIZL
DEMEZBILDDH DML TIE cytochrome ¢ DY M)V 25 fEB
DRENY -2 RBRDSNARNO 2, T OFRRIZHT LD Ras 12L& DHHIED
RIS PO RUZR2<BES L TVWANI E2E% TSSO TR LA,
THRE—=2AT—HBEIZROENSI MO 2 RY TEOBBHFLEIL Ras 174
DFEINSHEFEOMIAIEIIZEE L TN I EERLTWS, Belxl
ZEY Bel-2 7y IVU—FEHEIRI MY RY FEOBBEDOEE %L TH
FFEEHEL TNDHEEZ SN TS EH 5 (Adams and Cory, 1998). Tk
5 718 #&R 13 Bel-xL 7% Ras 12 & 2 MR FBEOMBIEFE2H L &S Bk
DRERELLS—HTE2HDTH S, ULOBEIZLUT Ras IcEDFHEIN 3
RS OMIEN T OHIIHEBEZED TT R P — L AL REBEWNICRAD

DThHBTEERLTND,

(5) TrkA IZ &% Ras (k7RI MESEBIIRITE D15

ﬁf@@ﬁ%ﬁt%?éﬁ%%ﬁﬁ&%%%ﬁ@%ﬁmRw%ﬁﬂf%%ﬁ?
LHREFEOESFL DD Ras 121X T TrkA (PR K E R F(NGF) EEfntts
B ZRARICEERT2EFAOIES NPENLVEMICHZ - L4 R0 TH
% (Tanaka et al.,, 1998), TrkA DOiEEALIL Ras ZIEMILL 52 2 EHE 5 707 X
NTNDZ LD 5(Li et al., 1992; Burchill et al., 1995; Segal et al., 1996), 3D

B TrkA DEREHL TIkA 3 7 FIVEERBE OIEHE(L 2 U T Ras ORIAIES
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BEMZISICER Y, B EEEMROEREREZBETS I EICLD
SORERHFRTREDESLTVWAAREEERETEHDTH S, 27 TEE
FRESFERMIE SH-SYSY AW EBETEAERICLD 20 & S5 Raaekico
WTRAR 21T o /2. SH-SYSY I3#4EERI7R TrikA 2R L TW/AR WIS T, NGF
DRI L THHRIMEDFEI NN &, BETFTEALE TkA OER
Bod (UH2RETHS NGF ORMDIZVIRE) THEMENGEI NS -
&, 125TNT TikA DIBEBFEAICE D NGF RIGHAEE T2 2 & E08H 5
MIZZINTW S (Lavenius et al, 1995), T 5D SITERICERIZA NS SH-
SYSY MifeiC BV THIR S N(Fig. 8A). TrkA I3E B BMIC &> TEMEL XA,

S 51T NGF DFIMICE D ZOFEMAEREIND Z LRI Nz, DX
AT % Ras RENRIY—DBEL(LIH, TIKA OEREOEE, NGF FNO
REOXGT TEEMBOEIEZEEHEIL, Ras KX DFEINZMBIEIZKNT
% TrkA DFNRZF X7 (Fig. 8B). Ras ZRILE BIZVVREETIZ TrkA O %XHE
© NGF i IIDOF B A0S S ICEBEREER 52 > DI LT,

Ras Z 588 X B2 KBTI TrkA OB FRIRIC K 0B S 2N c TR O 214 2388
U, TIIZE5IC NGF 2T 52 LI X D MBERENE®RI NS, L
Lia 5 TrkA ZEETFEA L2 VWIREE TId NGF ORI Ras 17 & 2 M3 5%
BEERLRWI ENS, NGF ITL DHIMIERRIT TkA KEHRTH 2 Z &8
NSz, Kz, TIKA OEHBER NGF BMOEE I Ras EHBEORE L~
ICREZEZERIEL TWRWI & 5(Fig. 8C). TrkA 12 L5 Ras DHfISE M AL

DEBRIIFEFE LV NNV OEMIZEBZHDTRL, FBHELANOBHIZEZHDT
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bBHEEZOLND, LLEDIERIZ TIkA OFEFEIEN Ras D b DRI IEMILITE
HEAEEEHRL 5D I EERLTHY, TIkA & Ras HHRANITHAE L CTRESE
EMaOBR - BB OEBRENZFETSZ LICK> TEDRIFRFENGE
LINDENIEBEASEZXFTZHDTH 5,
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Fig. 1A

Fig. 1. Ras overexpression and non-apoptotic degeneration of tumor cells in
neuroblastoma tissues. Serial tumor sections (A-a, b) were stained either with
hematoxylin-eosin (I1 & E) or with anti-11-Ras (Ras) as indicated in each panel. In
the H & E-stained section, the margin of the degenerating area is marked by white
arrows. Positive signals for immunostaining appear brown. Scale bars, 100 pm.
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Fig. 1B

Fig. 1. Ras overexpression and non-apoptotic degeneration of tumor cells in
neuroblastoma tissues. Serial tumor sections (B-a, b) were stained either with
hematoxylin-eosin (H & E) or with anti-H-Ras (Ras) as indicated in each panel. In
the H & E-stained section, the margin of the degenerating area is marked by white
arrows. Positive signals for immunostaining appear brown. Scale bars, 100 um.
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Fig. 1. Ras overexpression and non-apoptotic degeneration of tumor cells in
neuroblastoma tissues. Serial tumor sections (C-a, b, ¢, d) were stained either
with hematoxylin-eosin (H & E), with anti-H-Ras (Ras), with anti-p20/p17
active caspase-3 fragments (p20/p17), or by the terminal deoxynucleotidyl
transferase-mediated dUTP nick end labeling (TUNEL) method, as indicated in
each panel. Positive signals for immunostaining and TUNEL assay appear
brown. In the H & E-stained section, the margin of the degenerating area is
marked by white arrows. The presence of a “gap” within the degenerating area
may reflect active retraction (shrinkage) of the tissue following degeneration.
Samples of typical apoptotic cells with positive staining for active caspase-3 (C-
d) or TUNEL (C-c) are indicated by black arrows. Scale bars, 100 pum.
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Fig. 1. Ras overexpression and non-apoptotic degeneration of tumor cells in
neuroblastoma tissues. Serial tumor sections (D-a, b, ¢, d) were stained either
with hematoxylin-eosin (H & E), with anti-H-Ras (Ras), by the terminal
deoxynucleotidyl transferase-mediated dUTP nick end labeling (TUNEL)
method, or by the periodic acid-Schiff (PAS) method, as indicated in each panel.
Positive signals for immunostaining and TUNEL assay appear brown, and
positive PAS staining appears red-purple. In the H & E-stained section (D-a), the
margin of the degenerating area is marked by white arrows. Samples of typical
apoptotic cells with positive staining for TUNEL (D-c) are indicated by black
arrows. (D-e) is a magnified view of the boxed area in (D-a). Samples of
unfragmented degenerating nuclei and clusters of fragmented nuclei are indicated
by single and double arrows, respectively, in (D-e). Scale bars, 100 pm.
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Fig. 1E

Fig. 1. Ras overexpression and non-apoptotic degeneration of tumor cells in
neuroblastoma tissues. A single neuroblastoma section was stained with anti-H-
Ras antibody and shown in panel (E). Positive signals for immunostaining
appear brown. Scale bar, 100 um.
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Fig. 2. Transmission electron microscopic analysis of neuroblastoma
samples. Degenerating (A) and non-degenerating (B) tumor cells found
in a neighboring area. The degenerating cell has more electron-dense
primary lysosomes as well as secondary lysosomes (single arrows),
which are possibly autolysosomes. Degenerating cell is surrounded by
cell fragments containing lysosomal structures (double arrows). N,
nucleus. Scale bars, 5 um.
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Fig. 3. Induction of neuroblastoma cell death by Ras expression in vitro. (A-C)
Human neuroblastoma cell lines SH-SY5Y and GAMB were co-transfected with
0.5 ng of the indicated pcDNA3 expression plasmids (Vector, Ras Wt, Ras V12)
together with the green fluorescent protein (GFP)-expressing plasmid (0.5 pg). As a
control for apoptosis, neuroblastoma cells were transfected with the GFP plasmid
alone and treated with staurosporine 24 h after transfection (Staurosporine). GFP-
positive cells were photographed 2 days after transfection or staurosporine
treatment (A), and GFP-positive cells showing morphological degeneration were
scored 2 days after transfection. The results (mean +/- standard deviation) are from
three separate transfection experiments and are shown in panel (B). Transfected
cells were also analyzed for Ras protein expression levels by immunoblotting with
anti-H-Ras antibody (C).
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Fig. 3D
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Fig. 3. Induction of neuroblastoma cell death by Ras expression in vitro. (D)
SH-SYS5Y and GAMB cells were transfected with the indicated pcDNA3
expression plasmids (1 pug), and colony formation assay was done. The results
(mean +/- standard deviation) are from three separate transfection experiments.
The graph indicates the number of colonies relative to the number of colonies
formed by control vector transfection, which was set to 100.
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Fig. 4A
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Fig. 4. Induction of neuroblastoma cell death i vitro by inducible expression
of Ras in stable transfectants. (A) SH-SY5Y-TA-GN (Control), SH-SYS5Y-
TA-wtRas (Ras Wt), and SH-SYSY-TA-Ras V12 (Ras V12) cells cultured in
the presence of tetracycline or in its absence for the indicated periods were
subjected to immunoblot analysis using anti-H-Ras antibody.
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Fig. 4. Induction of neuroblastoma cell death in vitro by inducible expression of
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Ras 1n stable transfectants. (B) SH-SYS5Y-TA-GN (Control), SH-SY5Y-TA-
wtRas (Ras Wt), and SH-SY5Y-TA-Ras V12 (Ras V12) cells were cultured in
the presence and absence of tetracycline, and the percentage of dead cells was
determined by the dye exclusion method. The results (expressed as the mean +/-
standard deviation) are from three separate experiments. (C) Phase-contrast
micrographs of the indicated cells cultured in the presence and absence of

tetracycline (Tc[+] and Tc¢[-], respectively) for 5 days.
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Fig. 5A
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Fig. 8. Characterization of neuroblastoma cell death induced by Ras in vitro.
(A) Lack of nuclear condensation in Ras-induced neuroblastoma cell death.
SH-SY5Y-TA-wtRas (Ras Wt) and -TA-RasV12 (Ras V12) cells cultured in
the absence of tetracycline for 5 days as well as parental SH-SYSY cells either
treated with staurosporine or left untreated for 2 days were subjected to
propidium iodide staining. Phase-contrast micrographs of the corresponding
areas are presented in the upper panels. In (A), apoptotic cells are indicated by
white arrows.
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Fig. 5B
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Fig. 5. Characterization of neuroblastoma cell death induced by Ras in vitro.
(B) Lack of DNA fragmentation in Ras-induced neuroblastoma cell death.
SH-SY5Y-TA-wtRas (Ras Wt) and -TA-RasV12 (Ras V12) cells cultured in
the absence of tetracycline for 5 days as well as parental SH-SYSY cells
either treated with staurosporine or left untreated for 2 days were subjected
to terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling
analysis. Phase-contrast micrographs of the corresponding areas are
presented in the upper panels.
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Fig. S. Characterization of neuroblastoma cell death induced by Ras in vitro.
(C) Electron micrographs of SH-SY5Y-TA-wtRas cells cultured in the

absence (Ras induction (+)) and presence (Ras induction (-)) of tetracycline
for 5 days. N, nucleus. Scale bars, 1 um.





