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BEZNSTHES T, BRS5HRHN—SEEE
BB RS 188 M ROBEs iR 2 4,
HSP 55— EEA B RE RN M BCRES T 41 i@ 4t
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FI N2 R AR A B AOB B F4AE 2 . Whitesell 550
B IR R BR 2275 % £ 25 Geldanamycin(GA) AJ
PL5 HSP9O (1) ATP FEAL e tb 456, HHE &1
PEE ATP i 25 1. 0TS = & SR 1S
GA TENEE/RVERIRE TR AT 24 FHIT ATP 5
HSP90 454, T GA 5 HSP9O {45 & 5 5 T I
ARTFEDEARENFEZESK, BAIH
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KR E #3: 2004-05-24  HZH . 2004-08-31

K BB AL B U H (No.30330620) M1 ZE BB "2 RbZ e 0 #T
EEBRBImA

* WiE#E . Tel: 010-66931318, Fax: 010-68213039, E-mail:
yuxd @nic.bmi.ac.cn



2

TARZHIEEEER . B2 AN 2R R R T
9, T HSP9O M4 FHHAB I REXT X LR
FE M R A e M VR R LR, GBI FH BT HSP9O 1Y)
B IIRERIRRFT, AATAIAE HSPIO MY 7
THAEMLBEERNEE AN T 48P0 T
1, I8 75 H HSPOO R4 40 il S TR T IR Z 1)
£ H WL .

2 HSP WEZER{REE T S4B E TR
€A
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1 540 K FH W caspase-9 HTE L2452 BILTTRH WA
TR 50, i HSP9O K HSP27 M) 43 53138 i P
Wr Apaf-1 FEERA S HHEFHWT A Mt 2 ¢ 15 Apaf-1 /1)
it BABHWITHTAARIERT . AN E IR
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SERRFIE TS E o R ER 1 B A X R P 5 oA
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Bk HmH Daxx o] DUE S 58 7205 5 0 15 5 1
(AskD)FERE &M F INK (5 5B 8 iG L, 3%
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MR S Daxx g54, FHBH A itz 2
Musk It 5 Askl 45&, MTFEET T Fas /-5 B 40 i i
T, TNF 5HZA4 AR, TS 8h 3 BRI
SSHSEY, B NF-«B @ %A INK @51 iiik &
FFAMPIT, IX 3 4K H] 1 IE R E T TNFR
BHEANF MM REAARARMNE K. /£
TNF i 3/ NF-xB @ ByE Lt f2d, w2 akth
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PE, 187 NF-xB #93E M, M AFHK TNF 755 1) 41
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M8 0 NF-xB 3G SET- 260 S HE T
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SIS Tl B 55 MAPK J#LER () ERK BRI
—BERRVLEEH# 0 (phosphatidylinositol 3-kinase, PI3K)
MH T2 AR - R R AKT WEHEES; i &5
L N IOE A ER BB (stress-activated protein
kinases, SAPK)/c-JUN N EF(JNK) LA A p38 MAPK
EEENSRH AR T A K. HSP X LR L FpfE
S PE A RIESINEIER, £ LE
ik A TP T BV A RN (L R Tl 2 S
FHI 8 T F T .
4.1 HSP 3{2AT JNK 5SBHEAIAT

EZ NS GL T, 408 1 INK
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P D=y HSP70 W IAE 40 ML B 1 L T
[FIRESRAF IG5, X 4e i RIA M HSP70 B A AT AKX
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fIC INK (35 R0, Bl (0% B9 HSPOO Fl4diBh it
1570 F p50cde37 2 5 T X INK K p38 Ll
MLK3 (mixed lineage kinase 3)%& & P FiEHE 1T,
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4.2 HSP ¥ PI3K/AKT HURAT {5 S@KAAT
MM TS FEAMGE R T E TS S
G4k, 052 BN M A IS5 S Bk p) s . &b
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PI3K/AKT M@ % . AKT BARE7E 40 o HTia T/
M yrEE e E EENAE, AKT TUEEERT
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W AKT A LAASRTE T & [ Bad W1k, fFHAER
HHUET 8 A Bel-XL 456 68 A fe KPR A2k
KRR AN M (5 3% ¢ 5 ST HIVER: AKT &0 LA
HBEH T caspase-9, S HBERR MK KIE; It
Ak AKT A] LU 15 %% 5% X 7 Forkhead (FKHRL1)
J NF-xB FIiETEPHBTE T2, #35%[FF FKHRL1 H
T AT LA SR AL T A2 (AR 3, FasL KR T-2 [ Bim
fAIL, i AKT i BR A FKHRL1 {3 3 K51,
IkB il i 5 NF-xB £5 41 P& NF-xB # A4 iz, %4
IxB §FR{LIT 4 5 NF-xB f# 55, NF-xB 3 LAVE{LFF
MR AR SR R Fis T, TxB R B A B 1A 08 2
PR FEME . AKT AT LUB (R 3E IkB F#A# 1753 NF-
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FOR A BUKT R, TP B00H], 5 30 e xd
LRSS B T R0,
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Raf-1 2 [H{I456, LI REEH Raf-1 HEHKF
R R, [F)HSBEWT T3 MAPK i B i56)F 5% S 41
HEToen, A — AR E A A T RFENAT
HSP90 %} Raf-1 ffJ1875, Grammatikakis 2582 TAE
F B, HSP9O A p50cdc37 HITE MR T 4ERF Raf-1 1
R REXEEM, p5S0cdc37 Al LI/ T HSPIO 5
Raf-1 ¥EEHI45 &, WERZE pS0Cde37 nILLIE 3
Raf-1 (3E M, MRIERAR p50Cdc37, Wn]FHET
A A K DR 7 R A R 385 |2 1 Raf- 1 v eSS .
B—ANE BB IR T Bag-1 [FFF 25 XS Raf
BEEEMERATER, TR0 B 4E T Bag-1
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Fig.1 Regulation of multiple apoptotic signaling pathways
by heat shock proteins
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Regulation of Cell Apoptosis by Heat Shock Proteins

Xiao-Dan Yu*
( Beijing Institute of Basic Medical Sciences, Beijing 100850, China )

Abstract Heat shock proteins (HSPs) were ubiquitous molecular chaperone proteins that were involved in
the regulation of various physiological processes such as stress response, metabolism, proliferation and apoptosis.
The mechanism of how HSP protect the cells from apoptosis was complicated, as HSP could either regulate the
structure and function of several key apoptotic mediators or affect multiple apoptotic signaling pathways. Because
the modulation of HSP on apoptosis depends on their capacity as chaperon proteins, blockage the chaperoning
function of HSP90 has become a potential target for inducing apoptosis by anticancer drugs.
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