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Abstract

Persistent hepatitis B virus (HBV) infection is
closely related to chronic hepatitis, cirrhosis
and liver cancer. China is a country with a high
prevalence of HBV infection, where the infection
rate is up to 60%-70%, bringing great threat and
harm to public health. What's worse is that HBV
infection is the main etiology factor of primary
hepatocellular carcinoma (HCC). However, the
underlying mechanisms of virus-induced tumor
formation remain controversial. Numerous
studies indicate that HBV X protein (HBx) plays
a prominent role in HBV-induced liver cell
damage, hepatitis, liver fibrosis and malignant
transformation, and is related to liver cancer
induced by environmental exposure factors. As a
multifunctional regulatory protein, HBx regulates
a variety of cell signal transduction pathways,
including the endoplasmic reticulum (ER) stress
response. ER stress refers to the dysfunction
of the ER, and misfolded or unfolded proteins
gather in the ER. It is noteworthy that the
expression of HBx can induce or effect ER stress,
although the molecular mechanism remains
unclear. This review summarizes the role of HBx
in ER stress pathways, providing clues for the
liver injury induced by HBV infection.

© 2016 Baishideng Publishing Group Inc. All rights
reserved.
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TiH

LR £ 5% 2 (hepatitis B virus, HBV)#&
F 5 3G WA ARG A0 R R AT 48 e R
(hepatocellular carcinoma, HCC)% & %43, &,
EEHBV R 69 5RAT R, AR ka9
FEBMFo 3R E L KRR B . HBV R
AHCCH £ &% RF R F X —, (2L k30
ST R 0 T AUV R B A S P
HBV# X% & (HBV X protein, HBx)Z£HBV
B @it FTmieS i, 5
WL HE R ENRF TR R Fid R
W T AL B A R AR L Bk HBxAEA %
A R G RdE K E @ AeE 5 43 id %,
€.3& M i M (endoplasmic reticulum, ER) &
BORS, AEAF KRG IUF A kiR
HBx & A *F AT 20 FLER 523k 69 75 -4 R, A2xf
P4E 0 5 F LR 9 IR R A, B, A
L 4738 T HBx# v I 2n B E R &2 38K 49 #F 50 it
J, AHBV R 3 5 AT 345 o i 7 09 5T AL
FRBELR R,
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virus, HBV)# X% & (HBV X protein, HBx)5 A
Ji W (endoplasmic reticulum, ER) 5 #k % % #9#F
RBARA TR, Hlz W T HBx#Y & ik 2 2m e
M ER F i 6%, K THBxIA42ER & # £HBV
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BRAH3.5(CHBVIE &, [EL60 B4 T
HB VRS I 5208 . AL, R PRI
Y12 (hepatocellular carcinoma, HCC)™. Ji
A7 2B I PR R 0 SRR, HB VIR G 5] g 4
BRI IE50% FTHC Ci 451l LA KX HB VAT L X 1)
70%-80%HIHCCHifil. BL/EFH <8 EHB VK
eI R ON B HRR B B 7 4y ST, Horp
(14> FHLHIAR IR, T A B SCBEAE — 2
RS BB AT . AN TENS M
HB VIEE G 1)/ o 5 M) JHF 452495 1) 32 B2 TR 3R 2
&P 4% 9 5 B A 2 % I BT AS 2 HB VIR
BN EEES. HHBVAHILEN, WHBVH
X FH(HBV X protein, HBx), 818 i 45 41
Wl 5 SR AAEHB VIR YL S S 845 i i
FE v R 15 B AR Y. HBx & A A A —Fh
R, Bes TIE LIRS, E5ES.
YA A . RWIEE . DNABE. 40
M. Rk BE. MM (endoplasmic
reticulum, ER)NIH LA S ettt fase 155, 5
A RAFE R A S R R B VIME, Hiad
2 3N KEN,

ERAZE A TRIFIRER 0 B A il ik
Hb, A0 S S T IR P, S YRGS
WIRASHe . fREEAE 2 DIAE G, 2 FERIE
WARIBEM N ERAIRZ, MERMAEHALR
ZHEUL T S B A RS N A MR, I
ANRE R IR I A 3T B, £L28 2 I R
T2, BRI NAE YR AT s K i B FR AR
PALH, BE % B R R M T P A PR
F i, © FHBx S5 ERMIEE R 7T A IS
IRATBR. A T30, T 6 HBx A%
A8 FH (1 a7 AL [ 651, 48 SR HB x [ 22 75 % 40 i I ER
JSE S S ISR, 0T HBX IR ER S /EHBV
I YA R AT R BT TEVE L, PR HBX A
SHIHBVAHCCE R 15 T L LA B SR )
HBx /™ FERBL 1T Fi e 14t

1 HBx5HCC

HB VB G 2 AR K I [] DAR R 0 3 [ 7 2 4L 1
AR . HBVEMEFDN A # R, 9132 kb
3 X PRORDNA B BB B, 06 N FIE AR
A 5yl HBVE R H &G 4N F 180
fZHE(open reading frame, ORF), 43 AIFK NS
C. PHIX[X, %& H4iYHBV & [M#i )R (hepatitis
B surface antigen, HBsAg). 1% /0¥ /5 (hepatitis
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B % % AT A5
P e R, Bl e
AXAEH TN
ER & # £ HBx 5
AFB1# R A&
HFI R
PR AER
WEEETHEF
ER R3304 4% & A
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B core antigen, HBcAg). ZERE & HEHBV-
associated DNA polymerase, DNAP)fTHBx&
(5. HBVAT/EIR 2 @ i P 2 EHC CI & A4,
WATIH 0 S AE B HEHB VI e 5 T () ke A=
Z (B SEAE T SR F A O, S kS AR
R DR B —. A R R R A
BT ZEERES 5 ZEUELRE, ARERAH
(AR 2 SO S 2 PR BT AT 20 R Ak LI
7%, HBV DNAES 175 £ R 240 5 8014
ANVEAZ, it e s A% 27 1) ik [R] 4 R BB 1
MmiRNARIE K5 DL Ko 8 8 HHBx
5HBsZ 51k # R R VLS5, gRidHBx &R
FIIHBx K ZHB VI K 41 i /NORF, A2
HB V& il 06 75 (B, A7 T 1374-183801 1% H
i, 421438-465 bp, EHFHX T HELN
17.5 kDa, H145-154 B3 4H %, HBx
T 2RI T 26 B KCF RIA, i
et % (R 7t kK HBx B A £ B A 24 Thfg,
ATLLATT RS 5. DNAMBE . 0 s AN
VAT HBxFE N ZHBVE HI A BT b 75
M3ER, 7 & B RAS A FTHC CHY R A v
HAHEE/ER. EHBVIOIER T, FF40 A
ZEBE, YARDNAZEBYE, & HhE
BB AL, 8 A% R V) B A% 52 R0 e e A Ik
BEENH, E2MEERMEAER TBEZ
BIDNA, (HIEMS FE, HBxAES LidiER
M E A 25, A RIE Mk, NI A3 32 451 1Y)
A BRI | S ENGIHHTIE S, Rt
HB VGRS NGB 5 FE B i .
YERIEAE R HLH I HB xR IE SHB VA i
MHCCIH K JE L R AE— 2. AT, HBXxfEHCC
KRR e R A L BUE Thag, S EEAE
FHBVAH K FHCCEE & E N B T, ik
TR S R —. — 7T, AR
GRS, HHBx TN/, BT 5]
J A AL, FE — LU H B x B 56 R /)N B A 7R
W, HBxTESR = HBVHARE (A 1B 0 T B
HEHCCHI R BN, ¥HBxIER T NN AR,
AT IE AP AR K . i R BRI R /N BROAF
S TE R, A A 26 22 /D 38 1 0% 46 i Kk
A AR UL N A R I, g T
AR HBx RIS EEEAY, KESCERioE
HBVAHKIHCCK A, HBVESG NG 41
f i FE P HBx R G R R EE N —P, B
O IS A R BUH B xS H % R R M 2 i
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(1, $&7~HBx7E FF 808 1E i E Y 5
— J7 T, HBxIIN T {2 96 4 Jot 500 e 10 % Ak
. PATIR IR T SRAH SRR, 18 EHBY
YRR & i 3 it 55 52 R B1(aflatoxin B,
AFB)EERHCCRAER BERPHA T ZH K
AR PR 7. 12 EHB VIR G Ak, 27 R I 22
FAFBI, 218024 /03 55HCC Hm XU
ASHIT T 45 R4t T HBx 5 AFB AR HL 2 1)
RS, FEAFB1 SR B8 (1) B AR AN P HCC R
A2 N13.3%, THTEHBXELFE R/ R R 5 AFBI
INHCC K Ak % 51%44.8%" . AW RIE", K
FHBA 20 B e 14 50 [ 41 B (hepatic oval
cell, HOQ), # JeHBx 3 A Ja N B/ BRI
LMY 45 AFBLALFE 5 7 S5 T Rk 5
RIEFN6.7%. XLEHBxFEH R A d, HBx
RIEANREE T MR T R, (H 2 2 80
YIRS MHC CHE N BUR, /" HBXIE M
2 (¥ % B X7 Th e SE AF S HB VI LA OCHC C
R ) 22 FRAE.

JUELE NS P HB VI e 39 8] JFF 0 T DL g 52
GG, BRI R R AR AR DB AR A,
it R o T R M HB VIR G LY. HBx
(2% EADE T, BASHBXIEEE 2 RS 5@ %
A E A, RIKBHBxEIL SIE3FHBVAE X
HCCR JEHFRE R AR, HHHBxX

2 ERRIASFHAEER

ERZ AN I — M R 4R, =& A4
W E BTG S 6 5T AR OR824 45 A
FNE B I P, AL 2 R A B R PR AT,
Bl a0 B R B R B AN BT K
IEHR—msE. REERARE. B THR
KA, BRI S EASE RS EAE
ERZELE, LELERIIIRE, Ml AR & H S
(unfolded protein response, UPR), XMl FE 4%
FRONER R,

CEI I ER M B 2 vh, 5 JE 2 1 UL I Il
I(inositol requiring enzyme-1, IRE-1). RNA
1) 2 A P Jo X S (PK R -like ER
kinase, PERK) LA S i 14 % 5% K F-6(activating
transcription factor-6, ATF-6)& — %15 = il % [
L R 5 R R T B E A R
TERH, PERK5GRP784 i &1k, 351 H
U EAZ B RS UG T F2al(eukaryotic initiation
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factor 20, elF2on)fif R AL 1M 2 ¥, £¢ 14 i Py 4
KR A R T 0S5 1 % s R 7
4(activating transcription factor 4, ATF4)[] %15,
(7] BF 5| 2 1 i - 45 & 8& A [A) Y5 & 1 (C/EBP-
homologous protein, CHOP)# ik & _Liff"*". #
TEMIRElaBE MNXE LS G HE EH 1(XBP-1)mRNA
HRE SV BTDI26 N I N & 1, (R R4
XBP- 12 #EGRP78%5A, VL EH1 (EER R
SN, YR IT PERK . ATF6RIIRE 1 olii,
I BhEE A AT & MER > TAEBERIA. [
1EmRN A ) 5511 ool 0 B A ORI CGR ER
HiriraEam R, gz & HRO8 R
A P MER P RN RIT 2 E A, ISR
ER & ) AR 2 40 ) N PR AR A

ER SR DUE A A5 5 1 A2 A A7 1m) 42 1
ToiE R, S AR T, tthBE AR S 2 H 4 g
SEpHE L2, X AE R PR BT BRI B 4545 1)
AR, eI I AR -1 R P PR I AR e
L B R Y. (HE, ERM T SR e R S
[, B g0 B iR RE D), AT A 4
JH A0 5] S A B A 2R AL DA T SR g At T
g R UM T, JRE, UPRIE A B
AR A 5 WL AR #S 4 I8 05 BT (non alcoholic
fatty liver disease, NAFLD)x .

B FEAE B V1 22 00 1) R s ML SER
MRS, LA I TR FIONAFLD AR
B BRSP4, JCHOEHBVA/EHC VI G
PS8 M T % S5 ER ML DA 22,

T 0T W 1A B PR A R N B A TR A
ERF AN AFLDFIAE A 2RO IE £ R AT
R 224 B 1 E . A SCHR IR IE ™, 72 LA
RESIEERIE T HINAFLDIE A FUPRE S
BeWOoE. MERE AN BB HE D ALY 4 2R
JNK(Jun N-terminal kinase)#{ i, F HLINK/
FE DRI 2R TR /0N B T J8 DRy I JHE I Iy 2 41
ft. L EINKRBEGEE S ERBIEAH G, 2
IRE Lo, 53— Tt 502" 8, NAFLD
BHE MR AEREA T, XBP-15 2380, (HIHAh
UPRFRICIE K F A 19 0.

LTEMEREFR /N B JE R ek 1 oy i R W, A2
FREEACIE6 wkit] ZEBEMEFR TRT2 wk, ER 7)1
BB WIGRP78. GRP94. CHOPHIH: /KT 5
C& KRB =Y. i H ZBERIRCHOPSE A
BANER, KRBT T 5 CHOPAH ELAKAT,
X ULIIAE L BT, CHOPA 3T
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AT T, BNV AR LB WA
N N N N b B4i
Bl R MBI A, (F BRI IRIERMD a2 &
BUBLTR 0 R A R ] T UPRIGIGS AT st A 50kt 7
NN HBx5 A TR &%

Z 5 TR S SR
A SO B s KB AR TS
B MR B E I, BV R SR BB R R Aede s T 4

F Lk

%1% S IUPRIIBIPICHOPHE: R FEAKR AN 1 2

FIBCO IF B2 A 00 RE R R M H E R
(glycodeoxycholicacid, GCDCA)X- I CHOPHR [
NERUF A, SR BT T BRA. R IR
TR AR 250/ BRBLR CIE SR, CHOPERH H-4H
Mot s2 301, 3 HAECHOPHK /N RARA i
A% R £T 4L 5 3 B LA R ™ R, Xk
B, BRI S R AT AR R me AR
TR, A B T I A A
HBVEGHCVETE AN A75 I S i, il
WM A AE A0 K ERME RE & B & U E
AL P, i B B BG4 W] BE MR ER A 1E
W, MM KERBIE. GRPTSHIGRP4TE
HBV 51 1) S/ 18 1 T R v 1) 3 e
ik, SEZRERMIBURIHEHBV SR S/ M
JHF Ty B 35 2 1) A 9 AL A1) R 473 v R A
7 B ERSL IS B BV RE % TRIIHB V 5] &
{1 /08 P T i 2 1) R A, B B R IR 4
ML AFLE 212 EHB VG 1) —NMRHE, X 28
WHSFE A K 2 2 H THBsAgZEERIE )
FUBOM T B, (B B A R AT,
—FER R, HTHBVEAREFHERE A
P2 DI REANGH L 7 Wh 4%, Bt AZEER 1 4890
HHBsA gt RAL A fg & i Tl /EER ) R
JRTC AT IE B 4T B0 S B0, A o™
FRHBs A gt A % 0% i Sk RAEA e 1. 72
ML-1HMHuH-740 g, RAZFTHBsAg#K Ik Al 15
SelF20fifi iz 1k, %K F-kB(nuclear factor-kB,
NF-xB) iz, Wifp38 248 J5s (L F i
1 (p38 mitogen-activated protein kinase, p38-
MAPK), 134 & B§-2(cyclooxygenase-2,
COX-2) MR IEP . 15 36 B DR /)N B0 B T 4
gk PRI RA T HBs A g5l ECOX-2 5 &
Ikl fE N AR A, RAMHBsAg
IREEBOHCOX-2. X ELEHE FE 4L | H 21 W,
fiR B BT H B VB e RS 48 717 2 51 K 1 4
J 58 E e RIS E M S ERMIMAEG. ©F
& PUPRIE VF £ 40 M 55280 L) K i b 5
JURD R0E Je B3 #AH 5, Hdr ELFENF-x B
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INK. 4Hfe 44 &-6(interleukin-6, 1L-6) LA
K BB IRFE A F--a(tumor necrosis factor o,
TNF-o) 1305, BF7E K INHBVHI/BHCVRER
L AGRP78MGRPI4ZE S T-FEAR MR IE, LA
XFPLH T B A 51 R B RN T i Bk
YU T, MERME G B, 40 M P Btk 2
IR -2(Bel-2)E K FFE. bR 4 il
12(Caspasel2)¥5 3R IAIG 0L I8 T 1 5
L, nliE AT R4 RE, &
JRSFAR 0T,

B ER I, ERM S SHCCH R R B Y]
FHIE, ERMIE T T 1B GRP78. GRPY4TE %
A TOFPAS [R] e IR 3 hn, JELAHCC. il
Pt LA S LI B o W 2, X ey T AR AB FE KA
ML TR R E AR AN, T SRR
i 98 4 g U P R O 0% UF B A2 4E RSB ME RN BT IR o7
B 75 E ), UPRIGHTIRE /X BP 1 6] i A
AR EEE, 17 FLUPR AT 38 o o8 240 Al e 4
(& R RE L pE R B, FEHCCRE A,
ANUPRAK G (1) 7 5 K F-(ATF6, XBP-1)TER 5%
J B KT8 B, ¥ R ERAF S ER A B
B A K (valosin) & Fp97, B4 & SUNHCC
0 T 3 PR,

3 HBxJ T SEVATRRERKEL

VFZHB VG # F NI EE) V2 1 RR B2 S,
{E1 32 AT DUTEREAR I B G AR A 1 45 4530
$#27"HBV DNAK il 3 A B 7 B4 o 25 1F.
X iR IEHB Vg ML & (T & 51 AR T
SRS E A1 BRG] RAIRER M B, (H
WL IE 4 i oA [ B . A 0F 58 A IE 52, HBxAE
W AEAUPRIIE S, BE 1E NATFOFIIREL-
XBP L@ B 05 & #7~"HBx /13— 2UPR
B I EOE, BT DU EHB VAR T4
i, 5 K HB VT 5 (0 452453 (4 R R AL,
HAETREZIMHCCHIA .

3.1 HBx#FER S # 69 4L%] HBVIEGL 1) 41
b, HBx & A BRA2 12 & UP RELE 1E ki h
HBVE il 5 &EMHLE 2 . fEHBxFaE
FiEMIHep3B4I B+, XBP-1 mRNA# i)
JXBP1(XBPIs), [FIf ATF6f#E, H#EHepG2
YA HepG2.2. 1540 f R ILAH AL %,
BHHBx fE B MG ATF6 FIIRE1-X BP 1 1%,
H HWOE E RS- AT 40 B 28 Y i —
ol ke O 5. WF AR B, — U7 THI, HB xR

1044

i B e o) W Bl 5 R L A AR, WA
BEFC(protein kinase C, PKC). %% B I iy
(JAK/STAT). NF-xB¥HH KT (inhibitor of
nuclear factor kappa-B kinase, IKK). i fgHEAL
W34 B (phosphoinositide 3-kinase, P3K) L& &
FH#EEB(PKB/AKT)™. Ht4sFA13 A HBx
AR g 3 T 45 BRI v A 700 T 4 e E RS Uk
R4y FIRELBERR /KT, BUERIREL-XBP Ll
B, 51— J71H, HBxH H Ae 8 5t 2 iR hr i
(bZIP)KH K A+, WiE b3 % K F2(activated
transcription factor 2, ATF2)MIATF3. cAMP
N& 45 A B H(cAMP response element
binding protein, CREB)%$4Z HAFH, #&7~HBxH]
it 5 R TbZIPSK I ATF6 X BP145 & M1 i75
SSRGS, BTCL, HBxIE T BEER MK
R (ATF6 5 XBP1)iE g, Z 5 BHBVRIA Y
FREAFAE, W] REAAHBVAH B AFEHCC R A
PRI () AR I b

HBVH] §5Ca™ \ERBHANE S ER M I
SR TSR, HBx 5 5 CREBIUE Bt FE K
#iTCa” B A, CREBS: & T 24/ & FR &
IR 2 A (protein phosphatase 2A, PP2A)f#
. CIEFE(PP2A o) % K i 8l 1 X 35 [T CRE JT
TS HER LR, 2 5PP2ACH KINZE
P BN MR, B AMBIES. B9 S
SRR AR BRI T A %, ATHBXZ
HHERSEL - IHPP2A LR ZRHB VAH S5 HAL
25 ¥ H R, HBVEHBX % S ER N JUT
PRI M 2 o R 45 6 B ETH(cy clic-AMP-
responsive-element-binding protein H, CREBH),
fECREBHIE &IA, 1fi H1%AE FH A8 4 ER B
WA 7F)4- 2K 5 T R (4-phenyl butyric acid,
4-PBA) T ES, ¥ CREBHAEHBXAH UM
1 FH B B A ER IS 72,
3.2 HBxA~FER &% 5 AT 445 2w HBVTE
18 M JH 453 405 - 3500 98 RE A FE AR ) R B i
HCCHIA& B, HrHBx 5 ER N 7] (152 H.
fEF, BAZTATTUPRIS S L FHEH, HARTE
HBVAHHKGHCCHI K e ki EZAEH]. COX-2
S RIER R RBRN R —, G
BEIREAn R R . I AR 1R ZERE 19
HANHI I T, COX-257 % Kik 5L M
FERAE X, BFHECOX-2FF A A R R 5T
Z T AR G, WnTEF4ed . FFREEA0 AT
JEAT. 2 R HGE R HBx 5 COX-2/EHB V&
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oo FFREAL DL S 4 R AT H C CLH LR A
2 IEAR S ) HER RO ECOX-21#% |
R I A T e v B R R L AR A
HB x5 & A3 B 5 E7EER FIHERR M 5
AN ATP/K Y, Hid it ATF445 4 F|COX-2
B (PTGS2) R 31 DX AR A e S 0E i 3
COX-2H)31A 1S &1, $&7~"HBx 53 I ER MUK
A= AT BE R AR COX -2 3 I K AR Rk e
(R R Ak, fERF R A AR, HBVERER
FEFEE CREBH A ek 21 8 Z24E H, HBx A
TG IFICREBH AT A5 ME 25 S N FH 51 R FFAS
ST A, A0 P 400 e S R AT 5
HCC KA.

FEANE IR R FERMBLE N .
=AW B, & RS 5 DR S 5 # 5
HF B ERIE AALFERE /1, SR Bt
WO, HERSUAAZ AN T i A5 5 RO
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