tOE AR R AW F R E 004000 817 BE 09 ]

Journal of Pathogen Biology Sep. 2022, Vol. 17,No. 09 + 1005 -
N —
DOI:10. 13350/5. cipb. 220903 s E .

ZFINFJeIi 8 HBx B (175 S A0 MIZ 335 s RNFS
il STING/TFN-B {55l B w5t

B ER.TFEE KRR HRE FF
CERUBEF ST R R E AR B ZRG L 230601

B B9 R 4R 4 S X 2 (1 (HBxO X HepG2 41 i STING/TFN-B {55 il s 1 5% 01 1% . 7] B 77 15 1
HUdl.  FiE ¥& HBV &ERA 1.5 585 750k pHBV-48 Fikk HBV X Z W5 HBV & # 7 F ki pHBV-48-X,
Gy A G & HepG2 41T, SR FH A0 M 5 28 5 e e (6 35 WA 48 40 g 9 HBx 25 1 26351 00, [ i 2R A 55 A 9€ 0% 5 & PCR AN
Western blot A& I 41 g P + 3 25 5 H ) 3% H 7 (STING) 3 P R 3k K B H & 2. 7 Bl 5% 4L =5 3k pEGFP-N1 Fll
HBV %t X 5L K &35 Bk pEGFP-HBx & HepG2 40/ , >R F SC BT 22 6 E 8 PCR Ml Western blot £l 40 s P STING &
WA H S(RNFO HEEAE A & i, RAHER T IE AW Y FR i HepG2 4iiid RNF5 3£ ik , Western blot £ il 41
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0.05) fHE:J pEGFP-HBx 1 HepG2 48 STING % 14 (0. 480, 16) A X &5 F 5 5 Y =5 404K 19 40 Jf (0. 87 0. 22) L 3%
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Hepatitis B virus X protein inhibits STING/IFN-B signaling pathway through up-regulation of ubiquitin
ligase RNFS in hepatocytes

YANG Kai,PAN Ying, YU Fu-rong.ZHANG Fa-Su,CHEN Jin, LI Fang (Department of Medical Tech-
nology s Anhui Medical College s He fei 230601,China ) ™™

Objective To investigate the effect of hepatitis B virus-encoded X protein (HBx) on STING/IFN-§ signa-
ling pathway in HepG2 cells and its possible mechanisms.  Methods The HBV replicon plasmid pHBV-48 containing
the 1. 5-fold HBV genome and the HBV replicon plasmid pHBV-48-X0 lacking the HBV X gene were transfected into
HepG2 cells,and the expression of Western blot. By transfecting the empty vector pEGFP-N1 or HBV encoding X gene
expression, HBx protein in the cells was observed by immunofluorescence staining, and the mRNA and protein levels of
interferon gene stimulator (STING) in cells were analyzed by real-time PCR and Western blot. respectively. The empty
vector pEGFP-N1 and the HBV-encoding X gene expression plasmid pEGFP-HBx were transfected into HepG2 cells, re-
spectively,and the mRNA and protein levels of STING and ring finger protein 5 (RNF5) cells were analyzed. Subse-
quently, RNF5 was silenced with siRNA technology,and the expression levels of STING and interferon 8 (IFN-f) proteins
in cells were analyzed. The HepG2 cells transfected with pEGFP-HBx were then treated with different concentrations of
protease inhibitor MG132,and the expression levels of STING and IFN-8 protein in HepG2 cells were analyzed.  Results

There were no significant difference in the relative gene levels of STING in HepG2 cells transfected with empty vector,
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pHBV-48 and pHBV-48-X0 respectively (P>>0. 05) ;however,the relative protein levels of STING in HepG2 cells trans-
fected with empty vector (1.14=0. 11) were higher than that in transfected pHBV-48 HepG2 cells (0.4740.09) (P <<
0.01) .but lower than those of HepG2 cells transfected with pHBV-48-X0 (2. 15+0. 18) (P<C0.01). In addition,the rel-
ative gene levels of STING gene in HepG2 cells transfected with empty vector and pEGFP-HBx had no statistical differ-
ence (P=>0. 05), but the relative protein levels of STING in HepG2 cells transfected with pEGFP-HBx (0. 48 +0. 16)
were lower than that in HepG2 cells transfected with empty vector (0. 87=+0. 22). Compared with HepG2 cells transfect-
ed with empty vector, the relative gene and protein levels of RNF5 gene in HepG2 cells transfected with pEGFP-HBx were
significantly increased (P<C0.01). After reducing the expression of RNF5 in HepG2 cells, the relative protein levels of
STING (P<C0.05) and IFN-8 (P<C0. 01) were significantly increased. As the concentration of protease inhibitor MG132
gradually increased, the relative protein levels of STING and IFN-f8 in HBx-expressing HepG2 cells gradually increased.

Conclusion Hepatitis B virus may upregulate hepatocyte ubiquitin ligase RNF5 through virus-encoded protein HBx,

thereby inhibiting STING/IFN-f signaling pathway in HepG2 cells.
GG N Hepatitis B virus; HBx; RNF5; STING/IFN-B signaling pathway

LB HT R 9% B (Hepatitis B virus, HBV) & 4t /&
— B AT R, 2R T H 3.5 0 N
P HBV. R E AL 112 HBV #4501, REL+
MERMZ LY E AR —-LIURHEAC) Z
N TF I IRIAIT HBV By, SR i £ B 1 B 24 1fi ok
AR TR 24 B 5 7™ T 5% ) BB B O SR Ak L BB iF
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SO B oY & B STING A S H AR 45 41 i (Natu-
ral killer cell, NK) #i& ) B AT H H , HBV i T
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pHBV-48-X, 1 3% K% B 2= B JIF % 0 58 b 0> Ding-
Shinn Chen 424t ; HBV 4 i 5L K 52 38 kL pEG-
FP-HBx H M & K 2= X 15 E - 2O, 46 j ik
HepG2 4 Mt 4% 55 0% = 8 M 3% = R fF. =5 2k
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mExpress 24 A s siRNA T4 7 Bl [ 1 75 35 46 25
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Ferh T 12 FLARH TR gy . B gyt . lodie JC i 4R s 1)
DMEM ¥: 3401, LA Lipofectamine 3000™ 435Il %% Yy
2 pg Bk pGEM-3Z, pHBV-48, pHBV-48-X, , pEG-
FP-N1 #1 pEGFP-HBx & HepG2 #H s 48 h, Y £ 48
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Ji L B IBUE RNA ML L . SRR 5 ik i 4t 2
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Yt siRNA-RNF5 B4l 24 h, W40, #2 8L RNA
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HepG2 40l 6 h, # L 0~20 pmol/L & 1 i 3 i 7
MG132 40 PR % YL 40 il 48 h, U 42 40 I, $2 BU S RNA
FLEE A

2.2 RIEERFHM HepG2 2m i i HBx & G # &
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Ve LR B HBx ik 4 CHEH I R IF i 12 . vhsk 5 i
e =4t 25 CWER 1 h, v ¥k Wi DAPL B &
15 min, FF RAPLZE G T KGR 2 A IF 76 98 6 B i s T 0
LML .
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Joi 2 AN S EE RN JG K 2 A X 5 Ak B AR A B P
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3'. GAPDH Ei##51#).5-ATGGTTTACATGTTC-
CAATA-3"; T 51 #: 5 - TATTGGAACATGTA-
AACCAT-3', FEHP MWERF.95 C 1 min, 94 C 20
$,60 C 1 min.72 °C 20 s,40 MEHP 5 K5 H B
HH Ct{H.
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RIPA JE US4, 12 000 r/min B> 10 min, B L5
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AB B e Bk pHBV-48 Fl pHBV-48-X, #Y HepG2 41l g
h HBx I RKLLEAMRE HBx)  C  F YRR FORL 1 HepG2 41
1 STING S H M XK IEKFE  DE YR [ Bk HepG2 41 g
STING 4 H X & 4

1 HBV 3t HepG2 4t STING ERE 1 E AR IXH M

A,B  HBx protein expression in HepG2 cells transfected with
plasmids pHBV-48 and pHBV-48-X0, respectively, and red represents
HBx C Expression gene levels of STING in HepG2 cells transfected
with different plasmids D,E Expression protein levels of STING in
HepG2 cells transfected with different plasmids

Fig.1 Effects of HBV on the expression of STING gene and protein
in HepG2 cells

2 HBx EHX} HepG2 4 Al STING ERRIEH M
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Yt HBx P 235 Bk i HepG2 4004 1. 1040, 14,
LRIG #2572 (P>0.05 (K 20); Y HBx K
H B HepG2 41l STING £ 1A Xt & & 0. 48 +
0.16, 56 Je 25 AR 1) HepG2 4N 0. 87+0. 22, 22 7
HYitE L (P<<0.0) (2D, 2E)
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AB G 9t AMUEE T B FE 4 %5 3k pEGFP-N1 #1 pEGFP-
HBx B HepG2 #lifis  C  FY AR FR A HepG2 40l th STING 3 [A
X RBAKF DE EY A FR A HepG2 41 b STING # 115
i

E 2 HBx X HepG2 ZHB STING EEFE B R E M

A,B  HepG2 cells transfected with empty vector pEGFP-N1 or
C  Ex-
pression gene levels of STING in HepG2 cells transfected with different
plasmids D, E Expression protein levels of STING in HepG2 cells
transfected with different plasmids

Fig. 2 Effects of HBx on the expression of STING gene and protein
in HepG2 cells

pEGFP-HBx were observed under fluorescence microscope

3 HBx EEX} HepG2 #iffliz R iE#ES RNFS EA R
1% 19 55 i

RNF5 J& T2 2 i He il , BA I8 19 40 i 8 B 9 12
E Ak D B S i A D) BE . AL Y HBx SR
FR BRI HepG2 400 RNF5 JE KA & 80 2. 71
+0. 16, #% Yt 78 # & pEGFP-N1 B HepG2 40 g Ky
1.03£0. 16, 22 7% A Ge it 2% 5 L (P <<0. 01) (& 3A);
K gy HBx 3L 19 HepG2 41 s RNF5 2K [ AH %t
TR 0. 780, 12, B gL 25 40K 1Y HepG2 41 il
2.71£0. 16, Z R A1 L (P<<0. 0D (Kl 3B),
4 T il RNF5 & B %A X HepG2 48 A2 STING/IFN-B
SRt Al

¥ 2 pg WY pEGFP-HBx i BL#; Y & HepG2
A 24 h 5, B 2 siRNA-control 8¢ siRNA-RNF5
= HepG2 418 24 h, %55 & /R, siRNA-control

HepG2 4l Jfd RNF5 & A X FiE& N 1. 89+0. 11,
eyt sSIRNA-RNF5 #) HepG2 4 Jig h 0. 41+0. 05,2
S Gt B (P <<0.05); % Yt siRNA-RNF5 [
HepG2 40l STING & [1 Fl IFN-8 & (1 £ £ K F 5
siRNA-control i) HepG2 4l iy L35 22 R ¥ H G it 2
=N (P<<0.05 8 P<<0.01) (A 4),

N
]

Relative RNFS5 gene expression

A FEYORTR BURL Y HepG2 41t RNF5 B H A X KB KF B
B YRR SR Y HepG2 40t RNFS 25 (A X 7
B 3 HBx X HepG2 4 RNF5 EEMEZE A RIZH M
A Expression gene levels of RNF5 in HepG2 cells transfected
with different plasmids B  Expression protein levels of RNF5 in
HepG2 cells transfected with different plasmids
Fig.3 Effects of HBx on the expression of RNF5gene and protein

in HepG2 cells

2.5
P<0.001 = pEGFP-HBx+siRNA-control

o

siRNA-control + - 059

siRNA-RNF5 -+ 0.0 . . '
PEGFP-HBx + o+ RNF5 STING  IFN-p

=

2

2 2.0 .

S em  pEGFP-HBx+siRNA-RNF5
e

= 1.5

£ P<0.01

2 1.0 P<0.05

5

S

&

B 4 RNF5 X HepG2 8 il STING/IFN-B 15 S 1& B HI 2 i
Fig. 4 Effect of RNF5 on the STING/IFN-§ signal transduction
pathway in HepG2 cells
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FEH L MG132 4 B 45 % pEGFP-HBx i HepG2 4
il 48 h, Z5H B, G MG132 ¥k 1 2 W I e %
v pEGFP-HBx i HepG2 4 i STING F1 IFN-B &
HREK P E B HE MGL32 W 20
pmol/L W}, # 4t pEGFP-HBx i) HepG2 40l STING
A IFN-B 25 F R KK 5 AR A B HepG2 40 i LL 48 22
SH TG E L P<0.05) (K 5),
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Fig. 5 Effect of protease inhibitors on the STING/IFN-B signaling
pathway inhibited by HBx in HepG2 cells
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HBV J& TR 5, A 18 EAUAR)S , i 5 1
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K HBV A GE A 250 #0640 M 0 [ A e 5 R
gt BRI, 6 T BB HBYV BURL BE 7 IS I A0
JHL T B 98 R 0 e AN T R . AR F ST & A S8 HBV
Sl F pHBV-48 BURL Gk 2k X JE K HBV & 1
pHBV-48-X,, Fiki 537l % Y« 2 HepG2 41 M4 , 3 1 45
i STING HEFE &= LW, Lit 2 5% % HBV
ST R B g X LR HBV &2 67 ¥R RE 52 i
4 ffl STING mRNA &, ZEHE K L, 5% HBV
ST A RE AR 40 ML STING 235, 1 B 28 X 3 K 1%
HBV & il 7 n] & % {2 #f 40 ig STING F£ ik, #£ /8
HBV 5 8 14 52 % P 7T il 2 52 i T 40 it 161 47 4 % R 40
IRy SR &, Hih HBV 5: [ 44 3 1 HBx & 11 A
AV LE A T A B A S RS STING #5538
HEHIVEH

HBx & )& T HBV (WAL 458 & 1, AH X 43
LN 16.5 ku, /N T H T HBV H K 465 & 1, H
FCAE W3 2 W A M5 5 5% T B L S 0E (. DNA &
S FIER 1A o0 e A et R v B0 3 TR B AR T
B E HBx J2& 75 5 I AT 40 i STING & (1 & 1k, %
HBx & [ 1Y B AZ 235 Bk 55 J 2 HepG2 400 . 45
%P HBx B RGER M40 STING mRNA & &, {H 1]
T 40 STING 8 (335, & W] HBx A GE3E if 5 A

Femg 73 STING AR RN, (HAREE . A

I KB HBx 7EM ] HepG2 4 il STING # 113Kk

i Rl B F J8 #4885 M 5 (Ring finger protein 5, RNF5)

BIRIL, RNFS & —Fp 5 4 BT AR OC 192 R % 3%

i , € v F 76 W i B (Endoplasmic reticulum, ER) &

e R S U T A0 M AR R T A T AT R N N R

H T RE , FLAE 8 1 ER MG R f# (ER-associated deg-

radation, ERAD) ¥ 48 v & # 8 BAE Y . BLE WEW]

RNF5 3l i # (5] 452 STING 85 1172 Z Ak AR A . T

BELAT W5 2% filk & ) S 2 5 5 & 5. % T HBx X

HepG2 40/fi ) STING il RNF5 5 4 % ik B M R AE

JH . H5 e HED HBx AT el b RNFS 5 11 % 38 3

Ml STING EH .

M 7 IEN-B J& T T 28 IFN 481 T 380055 40 g

AT 5 18 3% R R 4k i 5 5 5 K = B PO B AL
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T4k HBx /55 HepG2 40l RNF5 2 (1 £ ik, LK 25

RAESE RNF5 A X400 STING & A X5 5@ % T

e TEN-B & (1 2% 18 09 90 ) 2% 0, $2 7~ HBx 38 1 | i

RNF5 &35 10 F 40 STING/IFN-B {55 53l % , Al fig

& HBV #k k15 £ B B G BRAE TSR Z —. N

HE— BT RNFS & 753 i) 12 & Ak ik 1M B i STING

A ] K 2K 2R W R MG 132 9

HepG2 401 it £ 11 05 1. & BL%% 4 pEGFP-HBx 1

HepG2 484 MG132 AbHE 5 . FERE 5 4018 STING 2E

M5 EFH L IFN-B 8 H R AW & . & B RNF5 /] GE

i XF STING 45 1z R 4k & i i 1 B IR 46 A

STING HEH & = .

ABIF 5 38 2ok AR A1 A B ARE A S IR YR 1T T HBV kg

M ik JFF JUE [ A 5 95 7T BE A7 7E B9 BLI , 4878 HBV 5& A

iy HBx & 1 AE i b o 40 i iz &R O

RNF5 i STING/TFN-B {5 518 B . M1 Ay i — 25 58

% HBV Gy G R AL 29 1 B HEfilf
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