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Abstract : It has been reported that heat shock protein (HSP)90 is involved in the regulation of signaling
cascades including those resulting in cell proliferation and apoptosis. However, little is known about how
HSP90 affects apoptosis signaling.

In this study, using a specific inhibitor of HSP90, geldanamycin (GDM), we investigated the relationship
between HSP90 and anti-Fas antibody-induced apoptosis in HSG cells and concomitantly examined the
apoptosis-inducing ability of GDM. We also sought to identify the target proteins of HSP90. When HSG cells
were treated with GDM, a time-dependent increase in cell death was found. From the morphological
features, the positive TdT-mediated dUTP nick end labeling (TUNEL) staining, and the cleavage of poly
(ADP-ribose) polymerase (PARP), we concluded that the induced cell death was apoptotic. The pretreat-
ment with GDM prior to that with anti-Fas antibody (CH-11) significantly increased the cell death as
compared with that obtained with GDM or CH-11 alone. Further, prolonged incubation with GDM promi-
nently enhanced the cell death. The induced cell death was also apoptotic. The transfection of HSG cells with
recombinant HSP90« significantly inhibited the CH-11- and GDM-induced apoptosis. From the inhibition
and overexpression experiments on HSP90 using GDM treatment and transfection with HSP90, respectively,
we showed that HSP90 has an anti-apoptotic activity toward HSG cells. Immunoprecipitation with anti-
human HSP90 antibody and subsequent Western blotting analysis of the precipitates detected bands for
Caspase-8 and FADD-like ICE inhibitory protein (FLIP), which is known to regulate Fas cascade. There-
fore, Caspase-8 and FLIP were shown to be target proteins of HSP90. These results suggest that HSP90
inhibits apoptosis by associating with Caspase-8 and FLIP and negatively regulating their functions.
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SRTHELTE > ¢ HSPY0 L7 R b — v A{EH

¥LE3 1 ARFZe Ik, HSPYO ORMBEXRITH 2 ¥ L5+ <4 ¥~ (GDM) 2T, b NS FRESRIEM
fatk (HSG) ~DO7 R+ —Y AFHEELHARDL L L b, W FasHBFEE7 X+ —v Ay 7 FVRERKEAD
HSP0 OBGIZ DWTHE LIz, %72, Fas ¥ 7+ VR ETO HSPW O —7 v + ¥ 237 DREERBES T2,
HSG #ifg % GDM T T 2 L M ICHIKZENFE S 1z, BREEMNFTR, TdT-mediated dUTP nick end
labeling (TUNEL) #2811 23 E, & S N2 poly (ADP-ribose) polymerase (PARP) OYI¥tH O HE
75, GDM THE S N7MMEFER 7 R b —Y A TH B Z LHWRE NIz, GDM THIZLEE 21T - 72, i Fas Jifk
(CH-11) T T % &, GDM » % Wwik CH-11 ® Z L ZF L BEHLEIC N, Fas 2N L7727 KR b — v AFEH IR
EE iz, 51, FHINSMEEIE GDM HiLEREOERIC & D 58 L 7z, TEREERFTRE, TUNEL 36,
PARP OYMiF ORHIZ & D, ZOMBSSEICDWTH TR M=V A TH 5B Z RS iz, —7H, HSG g~
DO HSPO VarEFr o7 DFEA L S HSPY OBFFHFEF X, CH-11 25N CGDMFEE7 R b—v
A BEEBIWHFEIL 2, GDM 2 & 3 HSP90 OFHE % & tfiz HSPY0 OF A KERDHERH» o, HSPIO0 13 HSG #ikg
WWBWTH 7 K b —3 X (anti-apoptotic) fERZHB L T3 Z BB MK 5T, KRiZ, Fas ¥ 7+ IV LE
WZBWT HSPY LMHEERT 290 F 2B ml-v Ay 7oy MERIDBREL L 2%, Caspase-8 7% 5
iz Fas 7 A7 — R 0%z 53 5 FADD-like ICE inhibitory protein (FLIP) #MgHidhi-. T4hb b,
IS DT X HSPY t WEBREKT 55 =7 v MrTFEeFEL 6N,

LU E XD, HSPY0 ix Fas & 7+ ViREE F iz BT Caspase-8 ® FLIP L& L, 2ho ¥ —7 v M43 F2ML

TT7RM—YAZEHL T3 I ETRBINT,

] B

t M TRtk (HSG) &, STREE L
RO IREMIARTH 2908, % DHMEFEEANZ &
Db AR OREE 02, Led-T, BT
BUEZRICHELOBED S b, BIBREDET VR
¥ LU THIBEREEE, MER 7 R b — v X OEIEH OB -
L7-MlETH 5, YHETIR I E Tz, HSGHIfED
A — b7V UHETERRE L 2 ORI OWTHHSMIZ LT
/40, A 50T, EE S IIBR, HSG #ifgss 7 Av e
¥ —Fas #FBL, Fas V7 F NV EALTT7RIN—V R
BFEHEINDLI L, &, REEYA N4 THIE
BESEAT (TNF) ¢ 124 D Fas 2/ L7 7K b=
BRI NDE L 2RWIELY, ZThe7Rb—Y R
BOY T FNMEEROBEN RITo T2, 2D%RDT, 1 Fas
il Fas NOBEARICERLT 5, 7R M- XFH
VATATUT T —X¥ThHDBHhANN—EREHEEHTN
WR PiFasHithic L 2 MIEEFEHE I, FL L T
Caspase-8 7z & 'z Caspase-3 ML TWwWa Z &, ¥
72, TNFa 12 & % 7 R+ — ¥ X O34 1Z nuclear factor
xB (NFxB) 2/ U7z Fas HROFTH KRN TE Z 28
BHodEixotz,

BT, Bwway sy oy (HSP) 90 43, HEHEY 7
WEBUDEL DY T FNEESFREI—T v P EL,
VT FMEZEDOFIEIZEES L TWwa Z LSS nIZ o
T&7>9, HSPY) XL DY > 78 L HAE/ERT 3
MRES Y vy RO T, A MVAERRZIZTASR

REHEHIh, oI BOEE RN SHEEER b DY, %
TeEHEEICBWTIE, AFu4 Rrvery—, BREER
WL FF—E 8% OHIFIABERESY > N7 LA T
22LIZ2ED, ZTRBHGDHTFTOIEE XAy 74 A—Va
VEMERL, MEEFRCERL Tw b, UEE TIILAAT,
v VETERLHBCBWT, A7 Rvie7y—K
HSPO S L TWwWa Z 2B IZ LY, iz
HSG#igiciz 2 2074V 7 —24, HSPI0a & 908
BERLTWBZERRWIELEY, 2T, HSG #iiz
ANDOBY 2y ZHBEREDA NV AMERT A4V T 4 —
AFBRARIZTEE I ODWTRELIL LIS, #Bvay
775 NCHE BB X D, HSPI0a H35 M FEIHE
FHIND Z EHBHEFL 12, 2Dk, HSPI #EET
DEEEAI DT 3 A, F > /%7 OEEEEFIR L ORE
%@% L/f:“r,lﬁ)o

INETE, MEMNECRIMULEL ETEHESND
SPaAYPNYTENLLET R =V AFHEROZ 5 I
TNFa i X327 R M=V R EEEY T F L OHIERI
B, HSPIO 87 R b —Y AV S FMEES T &
BEEBEZERL, 7RV ZAZEIHL Tw5 L ORE
BHE, UL, Fas 2N L7 Rb—Y AGFEHEHY 7
CERCHSP ST L0HER N ETICR
Vo —RIVIZ, Fas 2 M L7z 7 F iz 1) MRIcHE
323 Fas V& 7% —~® Fas ligand (FasL), % % Wwii
TI=ATA v 7R %2 E T 55 Fas RS, 2)
Fas N7 ¥ % —4F Fas-associating protein with
death domain(FADD) O##& &, $ < FADD ~® pro-
Caspase-8 OfE&, 3) pro-Caspase-8 O El AN



KR X 21EMAL &, Caspase-8 12 & % Caspase-3 %
BUELETROBEDSEDOIETTRA A7 — P
iz o b0, 22Tk X7z Fas-FADD-pro-
Caspase-8 D &6 1% death inducing signaling com-
plex (DISC) :IEiEn??, FasFHFET7 R b —YAY T
NVOBIRICAEE SN D,

RIFFETIE, HSPIO AT S 2 Lic& D, 2D ¥
~a RS R HIEH S 3 HSPOO IR L HERITH S
TN F=4 vy (GDM)2*EHWT, 1ZUHIC HSG
HECN 35 GDM O 7 R b — ¥ AFEMR T/, H
W, HFasHifd (CH-11) QETHEHEIIET7 Kb —
YRy T FNVEBAD HSPI OB S % 3~ Tz, BT
DISC gk~ d HSPY0 D5 215 728, HSPIO &,
Caspase-8 X 51z DISC THEE L7 R b —Y 2 2L
Tw3 twbi 3 FADD-like ICE inhibitory protein
(FLIP)®® L OMHEER OB DWW T HHET L7z,

wH e HE

1, fkeisEE

HSG #ifgix, L-glutamine 300 mg//, kanamycin 100
mg/l B XU 5%{F 7 v 1iE (Gibco BRL, Grand Island,
NY, USA) %&tr Minimum Essential Medium Eagle
(Eagle’s MEM, HA®E) 1T 37°C, 5% CO.FHET
TEELL EEIHHEMmERRZRHBL, 5 HEH MY 7
3 v-EDTA (1% trypsin, 0.05% EDTA, Gibco BRL)
44 phosphate-buffered saline (PBS) % i CHifE %
EUXL, #KERL7z.

2. HERRSEDFEE L S UIZEHE

12-7 2V 7 4 v ¥ aiZ 2.0X10° cells/well T HSG
MR 2R L 72, 3 HER R AR 2Ty, 1uM
HBHWiE5 M GDM (Calbiochem, San Diego, CA,
USA), ¥ 100ng/m! 73 =5 4 v 7#i.kt b Fas €./
7 u—FVgifk (CH-11, BEEWENIER 2RAWT,
FhZEROBEMNEZ S 2 1M GDM &I
CH-11 253 2 EHAE 2T WZE A HHE L 72, —
ERFRIRE RS, MRIIAAEEBEME (o) 2RV
TEBIEZ2{TO b, VYV -EDTAWKED
EURL, bYUC TN —HERREIC & D IMIRETER 2 v
THFEHIRE O 21T 72, Z7241fE% PBS (—) &
THeEE, sodium dodecyl sulfate (SDS) -sample buffer
(4% SDS, 10% 2-mercaptoethanol, 20% glycerol,
0.25M Tris-HCl, pH6.8) 217 =57z D 150 w! fin
%z, MifgEuyibLiz, BURL 220 b3 bbb 7 4
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Y—1rix, SDS-RU 727V N7 3 FXVEBRKE-V <
Ay vy7ayvyHOY YN E LT, &7, TdT-
mediated dUTP nick end labeling (TUNEL) %17
37912, HSG#ife % F v > /N— 2 7 4 K (Nunc, NY,
USA) Iz 2.0X 105 cells/well THERE L, 48 FFiEkicHIfE
FEHE LT Tz MilIX PBS(—) T8 L, 4% parafor-
maldehyde $1i2 TEE T 30 FHEBE L 720 Ktk 5T
WX, In Situ HlEFERH + v b AP(alkaline phos-
phatase ; Roche Diagnostic Corp., Mannheim, Ger-
many) %W TiTo7z, B L MO ER & i
TUNEL #15u3, SEMEET T 100 574 & Mz 200 FD
BERTEE LT,

3. xRY>T70Ov &

HSGHilaD S 4 ¥— b & 10% D 5\ 1% 15% (w/v) K
V72O NVTIRFANVEAVWT 2o mMAEEBRTTL.5
BB L7z D FRE~Y— A — 1, VA Y R— = —
Y ESFR~—4— (Amersham Biosciences, Piscat-
away, NJ, USA) 2 MW/, EKEHETH, KPREXT
UvF 4 v IEERIAX Ty M (7T h=) 2AY,
8V OEEEIZ T Immobilon™ (PVDF x> 7v>, H
RKIYVRT)EER2Tol, BERTHER, BIX5%A*
AINVZ E0.060% Tween-20 % & & Tris-buffered
saline (20 mM Tris-HCl, 137mM NaCl, pH 7.6,
TBS) iz S CT—HEEL, 7uvy F 7 2{To72, 7
O F KT E KR 0.4%¥ 75 - TBS 12T 1,000
BAHERLL&EYHRE, ThEnEBT2REA >~
Fan—b LT, ZRIAELRESY >R 7 OB ETO
—HD¥EIX, Western Blotting Immunodetection Kit
(Vector Laboratories, Burlingame, CA, USA) ZHw
TT7EY -E4F U EHER (ABC) I & DITo 7z, H
381X, 5-bromo-4-chloro-3-indolylphosphate p-
toluidine salt (BCIP) /nitroblue tetrazolium chloride
(NBT) 2wz, —X¥itkE LT, Hik b poly (ADP-
ribose) polymerase (PARP) & / 7 1 —J V¥ifk (Santa
Cruz Biotech., La Jolla, CA, USA), ¥it + FLIP €./
7 o—F itk (KAMIYA Biomed. Com., Seattle,
WA, USA), ¥Hit » Caspase-8 € / 7 u—F VHik
(Millennium Biotech., Ramona, CA, USA) %, it b
HSP90 & / 7 u—F ) i #2912 HSP0« ¥ &£ /Y &
K41009, 908528 7xK3705% Fv»72, PARP, HSP90«
BLUIE D 87 FHEIX NIH Image (National
Institutes of Health, Bethesda, MD) % FJ\>7-[HfRf#
FHic X DiTo7%, $bb, PARP B L TRYIKT A (85
kDa) &FEYIMTH (116 kDa) D ZhZThod/v> F OEE
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DfEeEkE L, &icxtd 29kAEEOEE (%)
ELTmRLUTz, £72 HSPOO WAL Tk, HIE L Jo Koy
R DiE % HSPY0a, 908 & b FZHFH “none” D/NYV
F OB T 2HHE (fold) & L TRLT,

4, RT-PCR %

HSGHifg & » RNAFH&E v b Isogen (=9 ~
Y—v) BHAVWTERNA 258 L7z, £RNA1ug»
% TrueScript II (#7575 —F5 7 /v —) & random 9-
mer primer %\ T 42°C, 60 S EMEEE K2 1TV
cDNA 2 & L7z, ThESHRIZ, 95°C, 30 & (s,
60°C, 60 (774 ~v~—D7 ==Y >»7), 72°C, 90
HR)E 1A 7VEL, ThE2H9147VEDEL,
cDNA OB 21T o 7%, AWk 7 74 ~—RLUTO®EY
T®H 5, HSPY0a & v X ¥ 5 4 ~v— ;5 -
GGTTGTGTCAAACCGATTGGTGAC-3 7vF v~
A 754 <v— 5-CACTGGTATCATCAGCAGTAG-
GG-3', HSPY0B ¥ > XA 75 4 v— ; 5-GACAATCTC-
CAATAGACTTGTGTC-3’ 7 v F 2 > A 7 5 A4
< — , 5-CATTGGGTTCCTCTGCTGCCAC-3, &5
W GAPDH ¥ v R 75 4 v— ; 5-TGGTATCGTG-
GAAGGACTCATG-3 7 v F VAT T4 <w— . 5-
TCTCTTCCTCTTGAGCTCTTGC-3'. HEigEY 1z
0.005%=F Y7 A7u~4 REEFT2%7 Fa—2
TPV TESIKEI 21T, RAREEIC L D RE L7z,
ZBEFE £ bI2 1kb DNA ladder (Gibco BRL) %k
BIL, DNA YA X=—H—& L7z, HSP90a B X UF 908
® mRNA &%, NIH Image % B\ 7z ESENTIC X D 8l
FELINY ROMEEE, "NTAF—Y VI RBEFTHS
GAPDH D3> FEGEIZN U CHRIE L 2 AR E
(%) ELTRL,

5. HSG #iia~a HSP90a 9 /80 DEA

HSGHI B % 12-7 2V 74w ¥ 212 1.0 X 10° cells/
well TIREL, 2 HREHEH Chariot Kit (Activemotif,
Carlsbad, CA, USA) »FAwTVYarytE+ e b
HSP90w« % >2%27 (Calbiochem) * [IFEJEGELET CHEA
L7z $%bb, YartE+ bk b HSPYa ¥ > 87
14g/1 ul TE % Chariot 3.5 ul £ EWR T30 A >
F 2 _— b L, B L7z Chariot-HSP90a &% I35
TEMEM 150l B W7 2 VICTE T, COM v
Far—F—I2T3TC, 1KMA v Fax—tL, HA
#1707, 22T, HSPWa ¥ > %7 2 & T I2& < F
FROBARIERITo Il % 2> b v —)b (mock) & L
THwz, A%, MESE MEM 1m! 21z, & Bl

2 FFEIREE % 1T - - R HIBSE A B EBR 2 1T > 1o, HIME
FEFEE I, GDM Bk 22 Rz, CH-11 B 20 Ky
U, e o Uiz GDM B 2 B CH-11 2 & o120
Z, 20 REREIALEE 217 5 WELED 3 DD HETITo 72,

6. RELkE

HSG iz % 90 mm 7 4 v & 23 #1z 1.5X 10° cells/
dish THERE L, 4 HREIRFE 21T 5 720 R\ T, Tris-saline
[15 mM Tris-HCI (pH 7.5), 150 mM NaCl, 10 x//ml
Protease Inhibitor Cocktail (Sigma)] T¥:HE#, HifT
ZEN L7z, BN LMK 1 Dc&bE, ZhichE
e iR R (25 mM 2-[4- (2-hydroxyethyl) -1-
piperazinyl] ethanesulfonic acid (HEPES)-KOH (pH
7.6), 5% glycerol, 2 mM dithiothreitol(DDT), 5 mM
MgCl,, 0.1% Triton X-100, 100 mM KCl, 1mg/m/
bovine serum albumin (BSA), 1mM ATP, 10 xl/m!
Protease Inhibitor Cocktail] 2 1mlfnz, 4°C, 304
A VF 2= U 14,000 rpm TEL 2TV FE S
B U7z BN L 72 38100 pxl WCIERIET v b a > b
o — APk (IgG) 21z, 4°C, 24 B4 > F 2_—
L7z, ZHIZ Protein G Sepharose (Amersham Bio-
sciences) -PBS (1 : 1) OB 20 ! 2Nz 4°C, 304
O—7—F—2HnTA ¥ ax— 1, 5,000 rpm, 10
MREOL, FEITRbLIFBESES ZENL:, Zh
Z, AFLINT (RHBE 1%) FETICT 10 ug DI
t + HSP90« ¥ifk (Stressgen, Victoria, BC, Canada)
& 4°C, 24 B4 > % ax— b, U Protein G Se-
pharose 20 u/ ZiNZ, &5 4°C, 1EEA v F 2 _—
b U7z, WG L7z i &1 % SDS-sample buffer ¢
fg» o wT b L, 5,000 rpm, 10 BREEL 21TV, Boh
T b&EV Xy Tay VR YAV E LT,

& S

1. GDMIZ& 378 b—L ANDEEE

HSG #lifia® GDM THLIEE L, #FIFEFHFHE T 2%
REFENT: (Fig. 1A), BUDIZ, MEFEFHE T 3
GDM OEEREM 2RI & 25, BEEKERICEH
fagidhnL, 1—5 uM TIEIZER L7 (Fig. 1A), #
ZT1uM % 6N 5 4M GDM %2 v TR %2
Tz Mg E 1 M GDM THLEE S 2 &, SRR
RGN L, JUFE 24 RERETR CI3H 28%, 48 BT
130 42%, 72 BEREIR T3 64% TH o 72 (Fig. 1A, @),
%72, GDM BB 5 4M 125 T & FEHIIE LRI
WAL, ALEE 24 BEREEE TIIHT 2096, 48 BRI TIX
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Fig.1 Effect of GDM on HSG cell death
(A) HSG cells were seeded into 12-well dishes at an initial density of 2.0 X 10° cells/well. After cultivation
for 3 days, the medium was changed and the cells were treated with GDM at 1 M (@) or 5 M (O) for
the indicated periods of time. Cells were stained with 2% trypan blue solution. The number of dead and living
cells were determined by measuring the dye-stained and -excluding cells, respectively. Cell death is shown
as % of the total (dead plus living) cell number. Insert ; Cells were treated with the indicated concentrations
of GDM for 36 h. Data represent the mean+SD from 5 determinations of 3 wells for each. (B) Cells were
treated with GDM (1 M) for the indicated periods of time. Thereafter, microscopic observation was carried
out using phase-contrast microscopy. The original magnifications were X 100 (a—d) and x 200 (e—h). Arrows
show apoptotic cells (f, g) and necrotic cells (h). (C) Cells were seeded into chamber slides. After cultivation
for 2 days, the medium was changed and cells were treated with GDM (1 xM) for 8 h and 48 h. After fixation
with 4% paraformaldehyde, TUNEL staining was done, as described in “Materials and Methods.” The
original magnification : x100. (D) Cells were treated with GDM (1 M) for the indicated periods of time.
Total cell lysates were prepared by harvesting the cells in 150 g/ of SDS-sample buffer containing S-
mercaptoethanol and heating them at 100°C for 5 min. Samples (equivalent amount, each) were analyzed for
the cleavage of PARP by Western blotting using anti-human poly (ADP-ribose) polymerase (PARP) antibody
(1:1,000) to confirm that the cell death was apoptosis. Relative expression levels of cleaved PARP are

shown as % of each cleaved band based on total PARP (uncleaved plus cleaved) that were determined
densitometrically.

53%, T2HFHETIEHR 8% Th -7z (Fig. 1A, O), %

To 77— Z i idm & Ao s, U 96 K 51> T GDM i
B 5 pM TR IR STEIC Wiz s f izt L, GDM
WRE 1 oM CRICHMRBO AN H Sz, Fig 1A

BWT, ZL0EZIHBLOD 1M, 5uMGDM &
EIZFREORBIFIEL 2R LI 2 e e, DBOERT
13 GDM DAL 13 1 uM & L7z, K2, GDM T
BNBMPATEN T R b — A TH D ELET T,
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GDM ML#tk, RREHNOEFEBBE I TRRE 21T-
2k 23, JE 24 KR T, HEREO blebbing, 7 u~< 7~
DEEE, 7R b=y 2/MER YR A SN, HSG fifgidst
R 7Ry —v A EER L (Fig. 1B-b, 1), KRR
BEEHIRTR M=y AMRIEML 7z (Fig. 1B-b vs.
c,d)o —H, 7RIV ZAMREL>T, X VEED
BEAPZRNA 70—V AKEE T2 A SN
(Fig. 1B-h) , GDM L3 8 KffH] 7% & UNC 48 KRR D
g% v T TUNEL $e %475 72 (Fig. 1C), % OFER,
2y bua—) (none) CTRHIIEDIZE LA EDZBITE S
nzwvoizxt L, GDM AE T, HIESELEEE & 5 LA
HIOFHHEME, T72b b 8 KFfEIC B W TEL BRI
P X iz, %748 R CIXBEMEEMREBII ML 72,
Caspase-3 DEBET7 R b=y XD —H—E LTHS
N3 PARPIZDOWT Tz AF 7 uy b 2707z
%, FREFAIC B EVE PARP (116 kDa) D N> R34 L,
Z v PARP YA (85 kDa) /3> F DOEIIMNER
» &tz (Fig. 1D) ., PARP 8t 0 &4k, GDM AL
72 BERIBIC BT H 16% L FEHIBIS OB MDSH 64% T
HDDIZHA(ED - T2H, PARP oY 2fEb w7 R
F—YRAHH BT s, GDM IZ X B HIESEIC 1IXHE
BORBBTFET 5 eBRBINTz, Z00DFERL
5, GDM BMULEIZ & - TR Z 2HIE5EE, 7R b —
ATHBIEWRENTZ, AEDOFEED» S, HSPI0 i3
Intact % HSG #f41z 35> T anti-apoptotic i2fEA L T
VB EREMEDYRR X iz,

2. GDM @ Fas F# 7R b —2 XK T S IEHSHR

Kz, GDM Iz & % HSP90 B Fas FFE 7 & b —
YANEZ BRI (Fig. 2A), ZOEEKRTI,
FasFHEET7 R b=V 2D GDM OFEEZHSNZT S
72%, GDM i3 1 xM T, SAERRIZERA 28 B & L
7zo b H, GDM DALERALE I CH-11 MBS 2 Ry
Rid 5 i S BERIRIIZ T o 720 0B, HEREEDLER
7Y 2 —)VOFEMIZRFIZR L 72, GDM BAWLE 22 FF
RT3 15% (Fig. 2A-2), CH-11 Byl 20 B T
#123% (Fig. 2A-4) OHMEFEISRD ShizDICXL,
GDM ijfL8 2 BefE#21c CH-11 %02 % Wi & ML Tl
LI MERE (1 46%) R sh iz (Fig. 2A-5),
7z, 20 GDM T & 2 HHREFE DI ERNR X ATALBE R
DEE QM) X BEELZD, #80%DMiEHE
27z o 72 (Fig. 2A-6) . RiZ, GDM THIsH & hr-Hifa
BT R b —Y A TH2ED»RATHRO GDM BRLE
DOBE LA, GDM 2 KRR Fas 2 i
L, 20 BRI E AL 21T o B O M I RE R

GDM BB OHFE LRk TH D, HAERT K b —v
ARk R R T HIRE S S B A & iz (Fig. 2B-b) . GDM 24t
HER 2 SRFRICZER L2 55& b, BREMNICIZ GDM 2
R OB E L RO 7 R b — ¥ MRS A 5
n, Fo¥ML - (Fig. 2B-¢). %7, HIREIEELEEE
L B R, Tab b BEEYEA O TUNEL iz 8 W T
MRS H A 5> iz (Fig. 2C-b), 2o DFERERM S
FHINHEFER 7 RN —Y A TH B I &5 L RE
ENOT, VLAY 7T ay MERET S PARP Y]
¥ H Ot 217> 7> (Fig. 2D), PARP &&icxt3 54]
WiE (85kDa) DE|&1:, GDM HMALEE 22 BRI T
5%, CH-11 BifhALEE 20 RERASL T 32% e L, WL
TIX 67% W8S 72, 72 GDM OUEREDERIC &
N ESIZ82%FTHIML 7z, ZHEDEERYMLS GDM T
BR SN IZ 7 R —Y A TH D Z L BHEREEN
Too £, ZThoDOER, ¥4bb GDM i & 5 HSP90
DHENR FasFET7 RV A BRI LS 2 &
1%, HSP90 #8 HSG #ifg D Fas 58 7 R b — ¥ AR iext
L, {483 b5 anti-apoptotic W/EAALTWwWA Z &
PRTHDTH 5,

3. HSP90 MERIFRIRIZL 2 7R b— X

Chariot Kit ZHWT HSP90a Va2 > B} > F ¥ 2R
7% HSG HIBICEBA LT, U, BADHETRD®
RPN HSPO B2V = X ¥ v 7 ay MBI & hF~I
23, avihu—Ek L THWZzmock iZ Y,
HSPY« EAMI TIZ HSP0a O 7y s OEEIZB
X#F 1.5HEmL, AW L% HSPY0a VvV D LR
BRI Tz, (Fig. 3A), WL TEAMAE % GDM & &
iz CH-11 T L, BABOMEKN HSPIa B D
M FasFEHET7 R b—V ANEZ 5 BE 2T,
Mock (black bar) iz U HSP90« &AM (white bar)
T, GDM, CH-11 #hZnHEMHE 2 & iz GDM,
CH-11 liENED T R TDFE B W THKIFEEE D
BELRIENHED sz (Fig. 3B), Z DfERIZ, HSPI0
B HSGHIfIC B2 FasHFEHT R b —Y AV T F VG
FIZX L anti-apoptotic fEA L Tw3 L D Fig.2 D
ERIC—K LT,

4. GDM 2 & % HSP90  mRNA 72 5 UM ¥

P IRY DFEBFHE
GDM 413z X 2 HSP90 DfHES, HSP0 HE D%
Rt L TEEL2 5 ThELEZ mRNA RS NS
VN UVRVTHERT, BU®W, RT-PCR#EIC LD
mRNA OFE & FH 7 (Fig. 4A), 74 0 — A BKKE
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Fig. 2 Induction of apoptosis by treatment with GDM and CH-11 in HSG cells
(A) HSG cells were seeded into 12-well multi-dishes at an initial density of 2.0x10° cells/well. After
cultivation for 3 days, the medium was changed, and the cells were treated with GDM (1 gM) alone, CH-11
(100 ng/m{) alone or a combination of both. The schedule of treatments is shown in the figure. After the
indicated periods of incubation, the cells were stained with 2% trypan blue solution and the numbers of dead
and living cells were measured. Cell death is shown as % of the total cell number, as described in the legend
of Fig. 1A. Data represent the mean=+SD of 5 determinations for each experimental group. Experiments were
repeated 3 times, and these experiments gave similar results. (B) Cells were treated with GDM (1 xM) and
CH-11 (100 ng/m{) for the indicated periods of time. Photomicrographs were taken. The original magnifica-
tion : %X 200. Arrows show apoptotic cells (b, ¢). (C) TUNEL staining was done after treatment with GDM
(1 M) for 8h, concomitant with treatment for the final 6 h with CH-11 (100 ng/m/), as described in the
legend of Fig. 1C. The original magnification : }100. (D) Cells were left untreated (none) or treated with
GDM (1 zM) alone, CH-11 (100 ng/m!) alone or a combination of both for the indicated periods of time.
Total cell lysates were prepared and analyzed by Western blotting using anti-human PARP antibody (1:
1,000) as described in the legend of Fig. 1D. Relative expression levels of cleaved PARP are shown as % of
each cleaved band based on total PARP (uncleaved plus cleaved).
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(cleaved)

TR L7z HSP0a 72 & TN 908 DHEIE v F %,

Fl—% > & BnwTEs iz GAPDH @/8 > Fiaxt
T HAENME (%) & LR L7z (Fig. 4B), ZOfER, JE
IR (none) 123 L CH-11 BEHUE T, mRNA ©ZEk
W HSPOe 6N 908 74 ¥V 7+ —A Lk bz CH-11
LIRS 6 R F TR Sk o 7o, — 7, GDM Bl
BTl HSP90a %2 & TNZ 908 @ mRNA & E A i
WHH 5Nz, £72, GDM & CH-11 5408 Tk HSP
90a, 908 & & CH-11 AL3% 6 KEfEC BT, GDM

FEALER - E I [EFEE ORI T H - 7o, CH-11 AU 1 FF
Mz 5T, GDM & CH-11 [li#E D A5 GDM Hipl
AU S o 2 D 12 GDM %8 CH-11 LB 1 IRFFE Al
RIS b oT, CH-11 U 1 REE OE IR
GDM #LIR#% 2 Rl 2R L T»wa 2 IR % &%
26Nl ZhsOEED S, GDM & CH-11 M Le
WHIT S HSP9a« & 908 @ mRNA @, GDM &
MO AOEEFERL T0nE b0 EEbitlz,

# 2T, GDM LBz X 5 HSPY0a % & TNZ 908 ¥ >
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Fig. 3 Effect of transfection of HSG cells with HSP90«

protein on the apoptosis induced by GDM and/or

CH-11
(A) HSG cells were transfected with recombinant HSP90«
for 1 h, and then cultured for 24 h in fresh MEM. Total cell
lysates were prepared and equivalent amounts of samples
were analyzed by Western blotting using anti-human
HSP90a (K41009). (B) HSG cells were seeded into 12-
well dishes at an initial density of 1.0X10° cells/well.
After cultivation for 2 days, the medium was changed, and

cells were transfected with recombinant human HSP90a
(white bar) for 1h using a Chariot kit as described in
“Materials and Methods.” Mock transfection (black bar)
was done as a control. Cells were then left untreated
(none) or treated with GDM (1 ¢M) alone, CH-11 (100 ng/
m/) alone or a combination of both. Details are described
in “Materials and Methods.” After appropriate periods of
incubation, the dead and living cell numbers were mea-
sured, and cell death was determined as described in the
legend of Fig.1A. Data represent the mean+SE of
5 determinations in each experimental group. A typical
result is shown. Experiments were repeated 3 times, and
they produced similar tendencies.

R DOFEBE LY 2 AY 7oy kT (Fig. 5).
Z OFER, HSPWw«, 908 & b 12 GDM MLz L 2 KRR
R FROEMAFE S s iz, HSPYWa Tk AVEE 72 RERE
I IEULE (none) D) 11.3 45, 908 TIZLIE 48 BFAH
BIcHy 2.8 G & FNFIRAFERIZRL, F7 1
M BT & FEBFEPMEFE S iz, Fig. 4, 5 O

(A) GDM (1h)
2 GDM CH-11 CH-11
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HsPoop IR
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Fig. 4 Expression of HSP90« and 908 mRNAs

(A) cDNA was obtained by reverse-transcription reaction
using the total RNA from untreated HSG cells (none) or
those treated with GDM alone, CH-11 alone or a combina-
tion of both for the indicated times, and then subjected to
PCR analysis as described in “Materials and Methods.”
(B) Relative expression levels of HSP90« (black bar)
and 908 mRNAs (white bar) are shown as % of each blot
based on GAPDH that was determined densitometrically
from “A.” Data represent the mean+5SD from 3 separate
experiments.

%, GDM Iz & 2 HSPO0 OFEEHE & 4 b, HSG #ifE
MIZB T HALERC HSPI0 B & O FEMFFE AT & il o
SMabOEFEZ BN,

5, HSPY0 tBEHETMT S Fas FET7 R b—2
AT FINGF

Fas & 277 F VB T2 D W T, Sunklie- = A ¥ >
Tay FPEEIZLD HSPW O F —4 v & v 7 R
L7z (Fig. 6), HSG it Z 1 ¥ — b % HSP0 DT
RTHRIEEE L 228, 0% B I o v T HSPYO,
FLIP, Caspase-8 Z N F O Ty 2 A7 7 aw b+
1T t, FOHE, pro-Caspase-8 (52 kDa) & FLIP
(55 kDa) i+ 5 7o v g sk, Caspase-§ &
FLIP #3 HSPY & ZhEFn@ElEGHEEEKRK L TWwDL 2 &
WraEnlz, e DR, 5, Caspase-8 & FLIP 73
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Fig.5 Induction of HSP90 by treatment with GDM
HSG cells were seeded into 12-well dishes at an initial density of 2.0X10°

cells/well. After cultivation for 24 h, the medium was changed, and the
cells were left untreated (none) or treated with GDM (1 M). After the
indicated periods of incubation, total cell lysates were prepared and
equivalent amounts of samples were analyzed by Western blotting using
anti-human HSP90a (K41009) and anti-human HSP904 (K3705) mono-
clonal antibodies, respectively. Relative expression levels of HSP90« and
903 are shown, respectively, as a fold of each blot based on “none” that
was determined densitometrically.
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HSPY & —4" b & >822 Thh D0 REEMRE S
2o T b s, HSPY X 26 D9F %241 L T Fas 3
TEFN =AY T FAERICES L T I ENELS
niz,

= =

SF v vty HSPOO i, %L Dy 7 F MuiEir T
By =ty b F Ny L, T AR OSIEN BE
hoTwd, tez@EFEy 7 +Vvicf5 3 % TNF
receptor (TNFR) #741L7z NFxB Oz hrnb 3
Receptor Interacting Protein (RIP)!'”%° Inhibitor of
xB Kinase (IKK)®, &/, ¥R FSZ7F 7 RF)7~
A ¥ EOPERICEARTHEESNE TR E—v A
RS A R AR T ph3 A &A%, HSPY O & —
oy WYz B LTy F VR ZD Tw A O
L aRT W5,

HSPOO BHEHITH 2 GDM ZRFML T >V <4 &
CHASE T, HSPY0 @ ATP &R I SIS
L CHSPW @ ATP 7 — €t #HET 2 2 Lic &
D, HBHWIEHSPY &2y vyt p2d DS EIRE

TAHI LD, HUSPY ZAREEEL 20y v o 4
fEARRbE D20, Z O, ¥ —7 v b T R
ELH B VIR S Y T F M EROEEAHE Z B
ZEDHERIES N B HSPY D F —7 vy b F o7 DF L
i, BRI R HARE & ook 2 Dz o, flll 2 GDM 4L
WY 5 EIEHED 2 WITERRE CHEEOFIES T R b —
AMPBEE B3 1 O OIS T, FEET
EIEH SN E s HSPO0 @ 3 & v~ o AR Bk
REE A 2 Lo kD, GDM o3 2 3Ham <, &
7R b=y ACHT2EZHLE NI LRI N
723, Lz T, GDM R oFRER & LT HE
AR T A B0,

HSG g% GDM TUHE T 5 & 7R b — 3 A gL
ahiz, HSG Mz i3 iEh 0% < oM & Ffkz, Rl
& DTSN 2O 7 R b — v ARBEPFIET 5
L#Hz N BH, GDM BMTHE s Lz 7 R — R
¥, Fas & OWMFMEZ L VFEINET7 R - AWK
b~ PARP O8Il A OEI1E D& (Fig. 1D vs. Fig. 2D)
eSS, GDMIZEDFEHINE TR bP—¥ A
PARP oI % fEh i W IiZ s ORI OFEENSTE S 11
2o 7R —3 AW Caspase-8, -9 i34 A
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Fig. 6 Analysis of HSP90-interacting proteins in the Fas
signaling pathway

HSG cells were homogenized in cell lysis buffer. Lysates
were first absorbed to control IgG and separated by
Protein G sepharose. The unbounded fractions were then
immunoprecipitated with anti-human HSP90« mono-
clonal antibody. The resulting immunoprecipitates were
separated by Protein G sepharose and analyzed by West-
ern blotting with anti-human HSP90« (K41009), anti-
FLIP, and anti-Caspase-8 antibodies. Details are de-
scribed in “Materials and Methods.”

2 — ¥ RERET PARP O %% 2 EEOIE I, 3 b
a2 K1) 76 Caspase-9 #8371 Apoptosis  Induc-
ing Factor (AIF) % TENICERME 2 & h 288"
®, MAP #+—¥®D—>2TH 2% JUN F 74—+ (JUNK)
TR H 5, 2o OFR TiE PARP OUIHT & £
biEnwI B e Twb, Fig. 1D OffEHE ik, GDM 12
I oFFHan s HSGHIFLD 7K b= Z2i2id, & &
N—YERLIZRDIINIZINEDRMVES L T3 HE
HHRBLTWS, GDMICXVHEENLZY—7 v b
oz iEEL, BRELERIChbI:AZE, ThbE%
NeNE L OBRBICHGELTWA I EneFEZTY,
GDM B CHEHENL TR F— ¥ AME—D ¥ 7+
RTR BV ERBRFCTFHELAZETHD, LS
HARO IS ICbFELHNLE, HSG iRz 517 5 GDM
B TR S B 7R b — v AFEE O T
SHROBEERS I,

HSPOO D& —47y v ¥ w7 L LTI, ThHETIE
cSrc, AKT, PDK, c-Raf, MEK &\ 7-185Es 7
RS E o FoniEdy, Cdkd % Rb, p53 & b F2flkE
FIARRE 37732 < Hedh S LT 28203097739 —35 7

R b= ABGES TR LT, NS RS b o
O, EEWBESCOWTRHBEDEZAI P2 FY T
EALIeT RN =Y Ay 7P NABERICTFAET % Apaf 1
= HSP90 25 E T 2 L OWE DA TH 59 Apaf 1 i
Caspase-9 &£ 7R 7 bV — A LI 2EEEE2ER L
Caspase-9 ##5{b & & 248, HSPY0 it Apaf 1 1284
TEIEICED 7R N AFHCLEET RS Y —
LR R HE A 519, M#ERN 2S5, TNFR & ET
HEdT5RIPRLZDOTHRICFELL T 5 IKK I HSPIO A3
WELEEhas ¥ 2 kick b, RIP-IKK — NFxB
BREOEHTCHFS T2 LD b a5,
HFF 7N TH B NFuB REOEMELE, NFxB £
i & BB TNFR® T i FE A T 2 TNFR — TNF
receptor 1-associated death domain protein (TRADD)
— FADD — Caspase-8 D 7 ¥  — ¥ A SHEEEIE & 542
H g 2,

AprFEic BT, HSG MR Fas FH 7 R b — 2
v FAGRETRIC B T 5 HSPY0 @ anti-apoptotic 7B
Spmans, #ZT, GDM Iz X 2 HSPY) O HSE &
HSG fifad Fas @87 K b — 3 A~OEENZER %
PV THRIET 272, HSPY O % — 4w | & o8
7 OFE®IT->72. HSGHED Fas B 1 2 1E#
My —2w b &7 2% L Caspase-8 & FLIP #8
F—Tw b, Thbb2Z2IA4AT7 b7 THEAER
fEH R & 1tz (Fig. 6), 3L E TIC caspase H3 HSP90
DT FGAT I THHHET Berghe 610 £k %
Caspase-2 O A TdH EHY, Zd Caspase-2 17 b —
Y AT RS L Twhinvy, BEFFEIC BV T HSPYO
ST 29 F L LT Caspase-8 Bia U THH & 1
o2 ik, FasfFBED &7 63 TNFR @ THIZ BT
b Caspase-8 #1427 F F—3 AFEYHROHEIHIC
HSP #5542 AJHEH 2 CH TR LI iR b, L
Teddo T, Sl X 2 MR 7 1 v A BRSO
bk, g RKBicB 2 ECRIGHE T fiftokkts 2
Fas-FasL RO FELRE E LTV TR M —¥ AT
WRIZEB T, HSPY0 WEE 2 EEHE b D itk 1
WA A B,

Fas-FasL ¥ A7 A QEE EEAOBEECBEWTED
FIEREPHI SN T 5, HO K T #fdd Fas @5z
HoOWERFEEETY T b —T A, 1BHEREEHY v <5
(RA) v -2V ERES OB CRIEEERS| &
oz g1, RA Tk, EFICHEL 7z Fas ##HT 5
BEamE R, s EESNLZ YA P A T uT T —
VI & 0 BicERsEs i 2 & L b2, FasL #FH 3
MR T Mk NK filsoBZREsH 540, 7R b —v



A BFHEL T34, BLE, S5 ML - EERk e B
CKIGHE T #HlaokEDE TH Fas Hilk 2 %57 %
HBEBIHEREEN T3, SEIOERY» &, HSPI0 FHEH
T%H5GDM 122D Fas-FasL R 2 €321
XD, IDEOWTRIN—VRAFEHEERILILFEZS
h3, ¥4bb, ¥iFas fifs#Ekics L GDM OFtfIX
IO RWIEESENIGTELZLDELTHEETH S,

FLIP 2B L TiZ, DISC 2 81F % caspase {&EMEDHIH
OBESFEEHINTWS, cFLIP (celluler FLIP) 12i&
MRNA DA 754 ¥ 7HAOBBNCEVBERENS
cFLIP, (cFLIP-long) & cFLIP, (cFLIP-short) »37%F
3 525, cFLIP.IX % b ¥ T Caspase-8 & #&ENEIT
W, Capase-8 & [AIfEIZ death effector domain (DED)
222037077 —¥FAL VHENL TS, Ly
L, ZOEHEFLOY AT A VEREMREIRTHRL
e, FuF7—¥EEEELTVERY, ZhkXtl,
cFLIP X 7 v 7 7 — ¥ % 4729 2 20 DED O &
5 7% %, cFLIP, & cFLIPsi3 DED % 4 L FADD %
Caspase-8 LB T B I ENTE S, Licd-> T, DISC
FEWFLIP.H 5 WX FLIPY Y 7 »—b 3 N b &k
Caspase-8 @ FADD "DiE& B HHIE h, 2 OHE,
Caspase-8 DEHTO W & 2EMHESIHEE NS £ FH 2
>hT&E, Ld»L, REINETEHEEINTER
FLIP o Caspase-8 iZ 3t 3 2 I B 7E F249 & 13 1z
FLIP®BDISCE~ANYV Zv—bENBZEIZLD,
Caspase-8 @ DISC ~O#EE L iHH b EESI LS Z &
DEREI NI, 2D 2DOFFLI-HRIX, FLIP 12
XU THEBEREARROFEEL TR T 26D TH S, B
HED & ZAFLIP OERAKRNCET 2 EFIT R v a5,
DISC 2R 2 537 OMila & L OMENEFELERL,
DISCER#EDY 7 VO AEEEREST 2HRTF LR S
OLH LIRS 5, EESDHERD S, Caspase-8
EFLIPD 2 D05 FHBHSPWO DI A7 > MF X
7 ThBHUREENRB I, Lizd3oT, 6Dl
LEEZ2HbE B L, HSPI0 ik DISC 5k & DISC O F
MOy 7 VRZEZEALT, Z0OWhERETL28%
EoTwadeFzohd, —Mic, HSPI0 37 K b —v
R zxt L T anti-apoptotic \ZfEF T 2 HFI % LS, X
2212 1% pro-apoptotic I fEFI§ 2 il & & %*9, DISC
1z & 3 FLIP o Caspase-8 D&M 1b1z 0t 3 2 &8 0
FEfgEs4e4ox, HSP0 O 7 R b — 3 22wt L T anti-
apoptotic 2 % % \» X pro-apoptotic » WS K T 3
TER 3BT E 200 Lt wn,

HSP90 icix, HSPY0a £ 908 D2 DDT7 AV 7 % —
LAPBHIONTE D —BRENCEY 3 v 7 & EORIBTHEA
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FHINBD1F HSPYa TH 229, LhrL, SEIDE
B, bbb GDM Iz & 3 HSPY0 FHE 2BV T ik HSG
MfE D HSP90w, 908 »UERNC, &b FEHI Tz,
Oz} Byavry 7k, GDMic & %
HSPY0 fHETHH X h 2 HSPY OHEY S F iz s
W, FDY 7 FIVEE EHER HSPIO OFRIRFEHE I E
WhHBIEERBRTZLDT, B HSPO DT AV
74— MBRNFERFECHBENCBIETA Y 7 1 —
LDBEMEEIZ EEFARTHL I A THERRMRA &
55,
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2

AR ClE, HSGHlgCB 1) %2 Fas FET K b —v
Ay 7 FNAD HSPI DG 2FN, Fas v 7t
BT BHSPO DY —7 v by w7 ODRERITS
720 FOFER, Fas 2N L7127 R b — ¥ A~ HSPIO 23411
#I8y (anti-apoptotic) WBEE$ 5 Z &, %7z HSP90 iX
FLIP ® Caspase-8 2% —#% v + &L, ZhooT2N
LT Ry =Y AV T FNVEEEIL TS EEEMSRE
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KEBEE AR E R & VW REERSIRENAT 7 Y
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