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Research Progress of Heat Shock Protein 90 in Hepatocellular Carcinoma
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Abstract In hepatocellular carcinoma, protein homeostasis is the basis of its growth and metastasis.
Hsp90, as a molecular chaperone, maintains the stability of various cancer-promoting molecules and inhibits the
activity of cancer-inhibiting molecules to maintain a balance between protein synthesis and degradation, so that
cancer cells can still survive under the continuous stimulation of harsh microenvironment. However, severe adverse
reactions to Hsp90 inhibitors in clinical trials resulted in none of the inhibitors being approved by the FDA. This
paper describes the structure, expression regulation, chaperone circulation of Hsp90 and the relationship between
Hsp90 overexpression and hepatocellular carcinoma, in order to clarify the role of Hsp90 in the occurrence and de-
velopment of hepatocellular carcinoma and provide theoretical basis for clinical drug use.
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R A T #UK 50 2R [ (heat-shock proteins, Hsp)#&
BN 2 P EOR IR G AR R E T I A . B S R I
Ry E PR T I SRt JEE AR 5
TR S AR IR H Ry E 107 R S e TR
Y RRAE RN F L B TR = AR S = S ORI
PR R B SO, MR E A RS
FSCRH 3 A 22 18] CRARF P 2687 , 018 ik e 400 PR A 0% 5 3R
BERF A IR IB AT BLAAF o FAR b 2 AR 4 I R
578 M 10~100 kDaii 177038, FE )RR
S R 74 A& Hsp100+ Hsp90. Hsp70- Hsp60i1/)s
Hsp(sHsp)!”'s Hsp902 8 78 |12 I AR 7 8 1 K
BRI 2 —, A PRI, 735152 Hsp90a. Hsp90p.
GRP94. TRAP-1, HI W RIAEAE T AR+, J5 P
SrAEAE T N M S 2Rk b o RS S R IA 1)
Hsp90o 21 B 1 ¢ 125 ) Hsp9OB A2 Wi L h W 4 Fh 3=
B, P8 86% B AR, BoA
(I IR) U 14 B, Hsp9OTE FF 4 B Je 4 2R AN 41 Bl 3 A o
Rk, dERF 2 P 73T IORREVE, IS 7> 1
(R P O S 2 S A M ) A KR o DAL, A
i SCFE A HspQO 2 e . Rk FEABTEIA P&
Hsp90idh #ik 5 -4 i 2[RI FHK R, B 7 1 B Hsp90
FE AR g VR, il R F 254 pE B 4

1 Hsp90HyZEHL

Hsp90 EH P /™ 25 1) AH [ 30 22 2H B 1) ] — 2R 4%,
BN L 5 M 48 = A R E AR T M3k, B g
Uity 45 #4J43%, (amino-terminal domain, NTD). &3
451435 (carboxy-terminal domain, CTD)A 5[] 45 #4)
I3k (middle domain, MD)!"(&] 1), NTD#I MDi#iid—
AL R T LR A IO B (linker), 145

(A) N-terminal
domain,

C-terminal domain

A: Hsp90 I 45 #41"; B: Hsp90 i ni &

F3ek a] AR 5 NTD-M D2 il H 521 Hsp9O0 11 Zh fig
Hsp90H] C-¥if it 5 — Bt MEEVD(Met-Glu-Glu-Val-
Asp) G HIBLR , IZBAR AT 455 TPRZS M (tet-
ratricopeptide repeat domains)J R EH . NTD
A S Hsp90 5 ATPHI 45 4 ; MD = 61 51 Hsp90-5 431
AR e 2 P R A 45 A CTDI 3= 22 5 Hsp90 Il 3
AR — 54611, NTD4 A ATP & Hsp90t & 2k
JKEERT LTI, M MDA 544, Hsp90 A
A 4 AR EE S M, R MDA A5 45 Hsp90 ATPHf
(R AR FHE

2 Hsp90RIRIZFIT

iR 41 B TE RGBS IR = R Bk = S
B NS, #KE [K 71 (heat shock factor 1, HSF1)2>
M5 Hsp90. FLAEAR R F p23 /155 TPRE, #4351
P2 5% A1 (immunophilin, IMM)JE B EH0H] 5 &4
R R, I H 2 = RAGIER A% 5 Hsp90 b i (174
PR 50, 7044 (heat shock element, HSE)45 4, 75 5 Hsp90
(ERIE S 2). I H ArA Lk, 4 e B0 4 5
15 I ¥ Ho A 3 25 HSF 1R FIHLHLEAS 78 4537
FE U HSFUE N #VIAR o S B fie 32 B2 (1) 7 i i 4 1R
TR L2 B2 i 540 FRE S I, B, B
Pk e 2 R Wl 2 1 L 2R 1 R S AR P 3E HSF 1
b Cys36#1 Cys103 73 I8 BB IR, MM it
HSF1 =R KA ; MEK 1/27] LA#ERZ 1k HSF1 _E )
Ser326, LU IR HSFLIW# 5 07 ; A1), AMPKAN 31
Ser12 147 s B2 AL 0 HSF14% 5 6717 T mTORAY
S HSF BRIk 2> fib )k HSF1BRBh 55 5%, 1 i %
FEYIHsp90 X AT DL IE [ I mTORIE 1%, fe 2 i ik
Jivged 3t e A A1,

(B)
NTD

Linker

MD

CTD
MEEVD

L Je a1

A: the structure of Hsp90!'”); B: schematic representation of the Hsp90 structure.
1 Hsp90ZEH R
Fig.1 Protein structure of Hsp90
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Fig.2 Schematic diagram of HSF1 releasing from the inhibitory complex and trimeric migration into the nucleus
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Fig.3 Schematic representation of the Hsp90 chaperone cycle

3 Hsp90fE{R1EIL

AR50 H H Hsp9O i 1 Z I RE 2 B 4= £
PRIEWHT & . (B2 oM RIT 2R E A T, et
e b B BRI G, OB Hsp90 25 7t 5
I Hsp9O 148 16 A 4 10 1 37 2 A4 00 K
& AR & (Co-Chaperones )il i 85 [ i —4 il
FHEAE F R AT Hsp90 — SRR R A, X 2oL
FEAR 8 145 Hsp70. Hsp40. HOP(Hsp70/Hsp90
organizing protein). Cdc37(cell division cycle 37).
Ahal(activator of Hsp90 ATPase homolog 1)5P23, ‘&
ATHE S48 & B2 [ 2 Hsp90 Rl — 54k, Afi /i 5
BRI A S Hsp9O R A IR,

Hsp9O a3 H = R P BRA R O/
ATP/ADPZE & 2l i) Hsp9O[d] — AR HI M) RG34
@&/ EA. HMET T SREMFEEBRRRERE
Y, @REAE R EBRE(K3). ], Hsp90[H]
TRARLIITTBR B VIEARAE, RITEBRE T EA .
Hsp7041 Stil/HopJE i 1 — A~ 5 T80 R Hsp904h &

M =JCE AP . Hsp9Olt ik 5 5 HOPAH EAEH ,
PR RS B R S A3, SRR Hsp9O ) 2 ik iy
GERIRAL T I AR S o 1T Hsp9O#y GG ¥4 2 i ATP/
ADPTEIRIREN ), ATPH R FE UGS A )5, Ahal fE
—Re5mZU I Hsp9O i ATPEE I 11 () S [RI AR, 253t
Hsp90 AT PG P - 2 ity & Ak — 3R AL, T — A
BEEHRMR . 40T E FPIRESE, Hspo0ks 25
FEAMRGBIERL S . 2 ATP/K R GEEN, &/ E
1 [R]EF 47 B s P AR 2516 . 15 Hsp904E & () ADP
N AS Hsp90 2 Jk ity 8 [ 2 U Gk N R — %
FEATE AR, S5 E S T E E R
HR, I B 5 AR5 F 0 5,

TESEIHIR], —2eL[E AR, WCde3 75 Hsp902d A
Ui 4, I ATPRG )5 1, 520 ATPES G f [H]; P23.5
Hsp90Z B HAEH, LGB E AR AW, fa
EE TS, W RN HRER. HAMER R
B, TR 4 e Hsp9O A7 76 T 2 B = &k, JF H R
A TR ATPRGE £,
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4 Hsp907ERTZmpaEE+rI1ER

Hsp9O0fF A A48 B 1 44 I e A0 i vh S 3Rk
5 VR AR E M, AT 3 200 s Py g (R 1 AN
4). Hsp9O7E M 2l 24 b Zeik i I H Hsp90H) &
FIE 5 W In R BURRE , BLHGE R I . 1)
TNM %3 $A R S 958 B 43 A ¢ 290, Hsp9O ] DL i 5
TS T AN AR A T ) 2 WA RE TR R B, 53k
ZI A A M T HspOO#E % A A # #4AK 3 B 1 90(extracel-
lular heat shock protein-90, eHsp90). eHsp907E T4l
JIf0 92 £ L 22 BEL-7404(P53 587544 ) Fll Huh7(P53 5848
) i A 2 A OO PS3RAR MR 58 | Hsp90adE
I A AN AR A T 1 B, eHsp90a X A LA
T 55 20 A Ik o R 1 B L T 52 AR ) A B A R
RIS EN Y, SRR . L3R Hsp90a
FE DX 3 AFP R 0 R ] 1 JH e S5 3 7 T 2 B = 1)
HERf I, I HOB G 8 B 5 K Hsp9O0adfk & 4 Bz W
JH- 40 Mg, $2 i 1 12 W B R AR S 2
4.1 XFHEHAEER . NMRAEBREMN

JH 240 Jf g e — P v L 12 PR e 2 1R B R, 22
KA N EH, WUEEZE, Rl & eI
F UK I A e T 9 2 7 10— AR R AR AE D)
HHHCCH: # B AL 44 52 W HCC i 35 1 A2 A7 25 F0 il
Jo o R IR0 B 20 s A, Hsp9O K ik £ 1 A
FLAL R REAR A I e 2H 23 e 1 208 ) 3 v T R 2 ) g
FHA LR, ARAE T BRI R B e o, X 22 S A
WE, SCERFAFR B, Hsp90B S EMT I T 44 5% [K 1
Twist U H.AE I, ik Twistl 92 KA 54, S35
JFF- 44 6 e+ P 7 240 AR P P 1t 2 2 Y. T Hsp90
IS AT DU E b R —[a) 70 51 Ak, A2 3k A) o b i
YIVimentink 18, FEAK b 57 b5 & PIE-cadherindR 1, #1I
il TR - L T, DT R P 4 o P 42 2070

JH- 448 P e B A48 B I 7% 52 B L3N B 40 R 4
T HEFNAH 6 PR P 1R AR 0 TR 510N LBl ] B
I R A AR R PR, TR RWLBh 8 H (F-actin)
FERR SN 5 H(G-actin) R I, F-actinf1) 7347 %
T4 7 E s R, 1R LT 9 B (HBV)
YL m AR B MR, HBV XE A 58 IAEA
AHHAE H, B Hsp9O M 45 ] 25 1 A B il i ok, B2
Hsp90 5 LIMKI145 &, 53 H = 54k DU SR LIMK 1
AT AR 1, 5 3 F-actinfI AR R, 12 3E 41 i g
4 f I IE RS Hsp902: 2Bk A B4t ] DL 15 UL
HEAES, £ OBHLEEFSI215 FHsp90iZ AL %

fife, 18I LIMK 1/cofilinif #%, #1i| M3 &5 5 R 51,
DIAPH3 @& N3h 40 i 42 E 205, H S
Hsp90#H ELAEF, 1E R AFHCCH A K. T8
BEVET R bR T8 78 BG40, AT WL, Hsp9o
A Ik U R 0 b R TR TR TR A R AR A DA R
LB & A 40 M 2R, A e i e 4 i 1K 12 28
Ly
4.2 FTRTRERUEBEIE 189520

TERF AR, — S 5ITEA S E S E A
R RIA , Hsp9Oill i HiX B R RIBE 50T H
FAE L, A8 G52 B AR 00 B AR, 32 T s v T 4
TEAIMLE J7. 140, Belafl & —FhiESE A 1, 2ERT4H
g A 228 b R e] e 2 P 41 B e 40 i &R Hep G2 A1
Huh74H i 3458 ; Hsp90of) 42 2 iy 45 #4938 5 Belaf14H
T AR, 4E¥FBclafl ffife e Ve, i Belafl 7 T H K %
WEFEVE R, TR, Al Hsp9os w14 4
11751 b B Hep G241 f h 2 5 541 M 3 B o /171

1 G 7 T 240 M o b 00 B A o 1 T — B2
FERI RIS . 0 e Sk L e R TR R
AW, DR g 1 FE 4R A B B9 B R (chaperone-
mediated autophagy, CMA){E A N HA )
TR S , I H CMA MGG e & A8 N
TR AE T, AT 35 By 20 PR PE 7 5 B = (R A A 35
AAFE, IEWRT S iR, Hsp9O 2 ik th 23 [t 2 il g
1 B T e AE R R FE B EAE R T
(4 Akt. Beclinl. Ulkl. LAMP-2A) i 2
Hsp9O ¥ F 85 11990, 3X 3% W 75 e i 1, Hsp9o i)
ERIE A AW R A I BRI ER . (A
(1142, Hsp90 X T A5 & P Es A HAEH , (L&
7 E VR AR B AR, T3 T 1 55 P e 40 R P R
VAN : 275 L E. YA

JFF 200 J 3 £ £ 3 2 g P2 I ) S o 5 e 40T i 34
BRI 15, 0548 H, Hsp9OTE 1 5 H B figt A1
SFA TR b 2 [R] i b~ i R P A B AR, DA
JSL%oF iR TR B A8 Ak, 2 32 R 2 Y. Hsp9Oom]
L3 3 HspQO A 5t FA) 45 5 368 i SR 1) 2 18 5 A Qi 4,
B ) S AR R 1 R . MR AT
e B, M2-2 Y I R B (pyruvate kinase M2,
PKM2)2& A 200 P AR 1) DG B, T LA 32 T e 4
{184 5 A AR Hsp9OATPRM2 1] LU B 2R 11
H, B SHsp90iF FPKM2[(thr3 28R 1L, 12
b8 0 M 1) A SR T A R 36 4, S 1) 9 40



360 k-
&1 Hsp907ERT 4 AfsE A 1E A
Table 1 The role of Hsp90 in hepatocellular carcinoma
JH- s 40 e R L BeALH Eety/E il 27 R
Cell lines of HCC Mechanism of action Biological function References
HepG2 The expression levels of PCNA and Bcl-2 are in- Hsp90 induced cell proliferation [47]
creased
HepG2, Huh7 Bclafl interacts with the C-terminal domain of Promote cell proliferation [46]
Hsp90a to protect it from proteasomal degradation
MHCC97-L, MHCC97-H A20, a dominant-negative regulator of NF-kB, forms Hsp90 increased the resistance of HCC 9]
a complex with Hsp90 and causes the disassociation cells to sorafenib
of the A20/Hsp90 complex via downregulation of
HSP90
Hep3B, Huh7 Hsp90 can bind to PKM2 and subsequently increased ~ Hsp90 potentiates the glycolysis and [52]
PKM2 abundance proliferation, reduces the apoptosis and
thus enhances the growth of HCC cells
HEL-7404, Huh-7, Hep3B, Hsp90 interacts with HMGCR and up-regulates its Hsp90 promotes the growth, migration [30]
QGY-7701, MHCC97 protein expression by inhibiting protein degradation and metastasis of HCC cells
HepG2, Huh7 The stability of DNA-PKcs depends on Hsp90a N- Promote the growth of HCC cells [53]
terminal nucleotide binding domain (NBD) in HCC
cells
HepG2 HBx interferes with the interaction between CaM and ~ Enhances liver cancer cell migration [43]
Hsp90 to facilitate the interaction between Hsp90 and
LIMK1
HepG2, Huh7 Hsp90 inhibits the autophagic degradation of the Increases cellular viability, migration, [50]
DDXS5 protein and invasion in HCC cells
Hep3B, HepG2 Hsp90 inhibits the ubiquitination and proteasomal Hsp90 induces the proliferation and [29]
degradation of HIF-1a inhibits the apoptosis of HCC cells
PLCPRF-5, MHCC-97L, Hsp90p interacts with Twist] and promotes its deu- Hsp90B promotes aggressive vasculo- [38]
SMMC-7721, MHCC-97H biquitination and stabilization to nuclear translocation  genic mimicry via epithelial-mesenchy-
and enhances the VE-cadherin promoter activity mal transition
HEL-7404, Hep3B, HepG2,  DIAPHS3 activates the B-catenin/TCF signaling by Promotes the growth, migration and [45]

QGY-7701

binding Hsp90 and disrupting the interaction between
GSK3p and Hsp90

metastasis
of HCC cells

PCNA: proliferating cell nuclear antigen; Bcl-2: B-cell lymphoma 2; Bclafl: B-celllymphoma 2-associated transcription factor 1; PKM2: pyruvate
kinase M2; HMGCR: 3-hydroxy-3-methylglutaryl-CoA reductase; DNA-PKcs: DNA-dependent protein kinase catalytic subunit; CaM: calmodulin;

LIMK: cofilin-LIM kinase; HIF1: hypoxia-inducible factor 1; DIAPH3: diaphanous-related formin 3; GSK3: glycogen synthase kinase 3p.

H T,

Increase cellular viability, migration, and
invasion in hepatoma cell lines
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Fig.4 Schematic representation of the mechanism of Hsp90 in hepatocellular carcinoma

5 KT I EFT AR 16

HspOOIK)— 6% /28 (1 FF AR A s VP 205 5
R ) B 1, BT LAHspOOHMiI I AT LA R i L 1 2
A PR AR DG IR B . PR IR b5 R R T 2
WA L, HspOO3i il et 40 A A 5047 () A 8E 1

SR L, BEE A0 e 3t JiE , Hisp9O 2 Bk
FRIE I I I VA JE I8 B0 5% e A ) 2 AT D (B T
RS E A EE), B AT RM MBS B =
FEBRSIMABT R A K.
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F o o rp 22 B 751 S 1) Hsp9O 2 35 i 45 K4 38 [ ATP
SEA AL, BRI RE R AT 7-AAG. 17-
DMAG. IPI-493. IPI-504 5WKS88-1, HR7R5¢H &
HATAYIVER-22296. AT13387. STA-9090 5NVP-
AUY922, (H T8 A RN, b an 2 i
I Hsp90 ATPHf Th G Js 15t 14 firh /& HSF 1 B ik, {3
PO F PG T ROR 2, R R H Ao ik A 3R 15
FDAE 1) 2 Sk o 0 7). 5 0 R INEVF 22 A 78 /N2
FRUG T 2 ki 7, Hop s BRI A2
WrE R, A I RS O 7R AR RE (1 B
BEATPY. Hsp9OFE AR 1iE PR AL ¥ T RE 0 € H 1 A
P HspOO AR M 2 T 4RI I7 #0 i i B . 43 i
SR FE LR R, WHOP. Cde37. p23%4%; #EA1%
FEASHREEAMNLS S, S Hspo0 5315
R 45 409, H A 88 A Hsp90- 34 AEA5 A PPIHI 41l 571
S TR KR IHBY, 2T ¥ [\ Hsp90- L A5 &
-2 7 B A N VAR T R R 0 R, B i
1T 2 BHRERPT,

6 ZHEFRE

Hsp904x [t 5 F 4 1 33 i iy R IR 36 Jon, fe 44412
A e 1) AR KRN R, SRS W, YR T A
JFF 400 P e AE 5 A BT S 16 0 T E Ao XS Hsp90A: 42
RE ML BRI T, 1T RE 2 S LRI PR A o 2 T
BHEMTE . (HHspOOH #1771 ™ = (1 B AIMEH, R
Bl T ARG PR A N . R S R Hsp9 041 il 1)
BRI IEAR G I N E B, SR M Hsp907E IE H 1
iR KR EAALE, MM E A 1%~3%, X 7
098 M Hsp9O AT IE & T BE T Hsp9O0 tH 2 H /T F AT M.
X A L. 22 R 7T Hsp90 -5 AT 4l i g A2 K
Z IR, X T ECE I B s R HER
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