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Hepatitis C virus infection promotes the ubiquitination and degradation of S3BP1

ZHOU Ya-li, HE Yu-lin, QIAO Guan-hua, JIN Ke,QIN Pei-fang, HUANG Hai-tao, YAN Jian-guo
(Faculty of Basic Medical Sciences ,Guilin Medical University sGuilin ,Guangzi s541004 ,China) *™*

Objective To investigate the effect of hepatitis C virus (HCV) infection on the expression of 53BP1 and
its mechanism. Methods Total,cytoplasmic,and nuclear 53BP1 protein after HCV infection were detected by western
blotting. The expression of 53BP1 in normal liver and HCV-related HCC tissues was quantified by immunohistochemis-
try. The subcellular localization of 53BP1 cells were detected by immunofluorescence staining and the ubiquitination level
of 53BP1 was determined by Co-Immunoprecipitation. Results The relative expression level of 53BP1 protein in Huh?
cells caused by HCV infection was (0. 41£0. 03), significantly lower than that in the control group (1. 0040. 08),the
difference was statistically significant (P<C0. 01) ; After HCV infection, the relative expression level of nuclear 53BP1 pro-
tein was (0. 3540. 03) ,significantly lower than that in the control group (1. 0040. 09) . the difference was statistically
significant (P<C0.01). The relative expression level of cytoplasmic 53BP1 was (1.20+0. 18) and that of control group
was (1.002£0. 17) ; There was no significant change in the expression of both groups (P>>0.05). HCV infection can de-
crease the expression of 53BP1 protein, especially in the nucleus. Immunofluorescence showed that HCV infection could
lead to a striking re-localization of 53BP1 from nucleus to cytoplasm. Compared with the normal liver tissues, significantly
lower levels of 53BP1 were found in the HCC tumor (P <C0. 01) and adjacent tissues (P <C0. 05). Mechanism analysis
showed that HCV infection promoted the ubiquitination and degradation of 53BP1.  Conclusion HCV infection shifts
the localization of 53BP1 from nucleus to cytoplasm and promote its ubiquitination and degradation.
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A2 BUN A R R T BT 2R A 2 A NG
HCV, &4 A 30 56T GESE T HCV F B0 T 4h fif
L G R HCV 5 8 9 BF 98 B 3K 9 4t

JHFJ8 4 & A AL AL i A 6 4 B B R 8 22 1 F 5
T H LA DNA G B R B I, p53 45
4% H 1(p53-binding protein 1,53BP1)J& DNA #i45
07 25 38 6 v Y A B L 2 K DNA iR S & &
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TE PR JE PR RGP R0 T By 98 AE D7 T A 4 R AR
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M3 5 3 i G O T DA T 3l i PR 4 38t A% 1 R N AR
T BEL T Jie 8 14 & A L X B8 R 53BP1 AR —
VERE (1 P R A o R PR A LR L O SR g R
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B WA R 41 40 53BP1 AR 3k 5 OR B S AT
BT I A BURA 56 B HCV B 75 38 1 1 i
53BP1 (I8 M0 A2 HE 8 0 A 2 K SR MR TE RE . A
FEAR I HCV AN & Huh7 40 i £ 37 HOV &
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1.1 @i FARE AFEARR Huh? AARLER
FERAE, HCV JFH-1 (Japanese fulminant hepatitis
DM H AR &M HCOV YL 3 13 40 25 1 HCV
2a FE DK RV FE AR  JFH-1 9 35 WORL 48 rp B 4 K 2 (]
U B 2 Bt b 2T A L AL

1.2 ZZEXAAMAE DMEM K FEE (HIGH Glu-
cose, HyClone) ; i 4 Ifil 7 ( Gibco) ; Anti-HCV core
(Thermo) ; Anti-53BP1, Anti-lamin A/C, Anti-tubu-
lin, Goat anti-Rabbit IgG-HRP, Goat anti-mouse IgG-
HRP,anti-ubiquitin (Abcam) ; Alexa Fluor 488-, Al-
exa Fluor 594-conjugated secondary antibody(Molec-
ular Probes) ; cycloheximide (CHX), MG132Sigma,
chloroquine ( Sigma); Protein A/G PLUS-Agarose
(Santa cruz) ; 4 Ml A% 2 11 5 4 M 3 2 1 2 a0 &
(P0028, = K). & HIEER AR R G, iUk, B
Jk A (Bio-Rad); LightCycler® 480 I PCR {X #%

(Roche) s e HAL KA & (AL P 2 &5 .

2 Fik

2.1 e AAmERE AT 10% 0k G
(FBS M 0. 01 % W9 -5 % R ) DMEM #5537 5, T 37
CTH 5% CO, WEFAM T HATHFR . ¥ HCV Y =
s HCV &l 9 Huh7. 5. 1 40 8 b, K 5 502
JL T AL AR IS A M 3 FRAE 0 . o R AR B, A
0 [ B 1 B0 T B U AR SR SR .1 000 g B0
15 min,0. 22 pm T E A5 U8 FE 4 %5 £ B 6 RNase
BB ,-80 CUKF AT & .

2.2 ABAFRAMRES LxaAkE  HCC AR
FHH AL SOEF LU Rl | R A YR
BRA ], G ge 20 A4S 2 SR A b 5t A2 4 4 fo e 4 Ak
G 4 MRUGEH B e 45 5 h WA BB B AR
ISz XF 53BP1 (Y A HE AT P 40 AR 4 Ye €258 FE 3 50 b
0~3(0= no,1= weak, 2= moderate, 3= strong
staining) » 4 {4 58 B 43 {6 55 G € BH Ve 40 A 20 ofe A0
A YA,

2.3 @R EG. ORI EGHR IR E Westen
blot 47 B KW 40 e, J¥% PBS Uk 2 ¥
I R U I N ) R N Sl S IR N W B
(PO013B) 4 B4 i 4% 45 1 5 4 i 3 45 1 . BCA i it
AL E B AWE, W& LR AN & SDS
PAGE WK JG## %] PVDF Bt F I3t 5% Wi RE 3L h &t
M, LLdt 53BP1 £ seBEHiR N —$i, HRP #xid 19
Wit 1gG & — 31 i# 47 Western blot, /| ECL i 7
(Pierce) & (4,3 #4743 47 , {8 JH Tmage] 812 28 H
Rk,

2.4 RNA ## R A& qPCR # 3¢ {fi | Trizol (In-
vitrogen) M4 g 42 B 2 RNA, 1 F§ Revert Aid
First Strand ¢cDNA 4 i F & (Thermo) % ¥ % Ky
mRNA, f£ LightCycle 48011 (Roche) I fii il 2 X
SYBR Green Mix(Thermo) #17 ¢PCR, A GAPDH
J B HAR 22 H HCV RNA Fl 53BP1 A %}
T1E ¥ GAPDH MR is &, 5197 F %k 1, f 44
BB A BRAA 7 CGRMD A .

&£ 1 qPCR3|H
Table 1 Primers of qPCR
HH EmEY R w1
Gegne Forward Primers(5'-3") Reverse Primers(5'-3")
HCVmRNA TCTGCGGAACCGGTGAGTA TCAGGCAGTACCACAAGGC
53BPImRNA CTCCTCCACATGGCCATGTCTTAC  CCTGAGGAGCCCCCAGTCTGT

GAPDH GGTGAAGGTCGGAGTCAACGG GAGGTCAATGAAGGGGTCATTG

2.5 ZERKERE EEWA EAKAHIEHR
PBS ¥R & WK, 4% 2 B W b [ 2. 5 0. 3%
Triton X-100 WA 10 min,3 % BSA FF 41 ; 10 A FH RN —
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UG L VR U I A AR I ZHi e L 4 i B ]
DAPI B0, 7t i i e (Nikon) WA HH HE

2.6 xR % PBS Uk A0 K,
Triton 22 thh 240 . RLYITE 4 "CF 12 000 g
B0 10 min, FIEWAE 4 °C T 20 pL Protein A/G
Agarose (Santa Cru2) & 1 h, L EBRIEE RS S
Y ARG TE A CCTR 5N M BRI & ok 1, 35 3 T Ik
B Protein A/G Agarose YLIE, MIPEHME L 3 1K
WO SE S UTIE Y L TE 2 X SDS FE §h 28 mh i b & ok, O
1T Westen blotting 7047,

2.7 HBAEEHAH FHREERM mean + SEM
ZF/~. H GraphPad Primer 2 & % 1 8 4 ¥ qRT-
PCR ¥4 #F 17 g2 1+ /E Bl . B 19 e 3t 2% 20 i ok
Student’s z-test or one-way ANOVA, P <0. 05 K2
AR E X,

& =R

1 HCV BT 53BP1 Mkik

¥ HCV JFH-1 L 0. 1 MR &2 BUR Y Huh? 41
fl.72 h J5 AR 40 B 2 L RNA 5 % & [ i 17
Western blot il RT-qPCR &, £ EH . HCV 1
Huh7 4 P9 & 8% & il #1839+ & 38 HCV Core M
(1A FfI B, HA4MHCV EY 5 53BP1 & A9 A1 X
FEEKFH (0. 4140, 03), B B AL T XF BE4H (1. 00 &
0.08) . ZRAZI2¥E L (P<<0.0D) (F 1C), #—
A A0 LR B o S A A SR R R L W E 1D
FA1E FrR 7 HCV JE&3e 72 h J5 . 4% 53BP1 Aixt %
KK SR (0. 3540, 03), B AR T X B4l (1. 00+
0.09) . ZRA G128 L (P<<0.01); M M3 53BP1
AHXF IR KR (1. 20420, 18) 4 XiF BE 20 AH X 2 3k 7K F
HF(1.00£0. 17), M FIL T W F k28 (P =>>0.05),
FW HCV & YLl 5 % 53BP1 & A, o 2 M #%
53BP1 #EH I RIE TR,
2 HCV B S3BP1 B4 B E L

F ARG I HCV YL XS 53BP1 40 i &
BLRYFE I 25 R R 2, T7E RS0, 53BP1 F %8
T AR s 78 HCOV JE&YL 72 h fY 40 . 53BP1 £ %45
TR, B S 2EO0 R B FRAL. R HCV &L nf
FE53BP1 H A ARG 7 T A MK . H 53k 53BP1 i
HFEM, 5 Western blot 45—,
3 53BP1 7£ HCV #H3X HCC A AR R KX

Jg T BE— AR SR N HCV Lt T 53BP1 #I5%
Wiy, 3 3k e P8 AL A TR K A T IE R OIF 414 HCV M 6
HCC g4 20 J i 55 4 20 b 53BP1 W Rk 1 0L, 45 3%
mE 3, 5IE&® 420 L, 53BP1 7 HCV #H %
HCC # 4 ZURE 55 L U BEAIC, 55 1E 8 40 U L

53BP1 7 HCV M2& HCC R 4155 A i F R (P <
0.0D); 5 IF % M 412U L #, 53BP1 7€ HCV # X
HCC 95 55 1 2P 35 B F B I (P <<0. 05) ., 7E HCV
TR 4 JTFIE L 98 41 2 53BP1 1Y 22 38 500 55 41 4 Wb 35 [
& (P<C0.05),

HCV-Core

Tubulin

Ctrl HCv Ctrl HCv
A

Relative level of HCV RNA

w

[y

Relative level of 53BP1

Relative level of 53BP1

)

Relative level of 53BP1

Ctrl HCV Ctrl HCV Ctrl HCV
Nuclear Cytoplasmic E
C E

D

Tubulin

AB 4y5Ih HCV JFH-1 J& Y Huh?7 4000 72 h HCV 45 E A
Core i) Western blot 2 #1 fl HCV mRNA gRT-PCR il C-E 43l
4 HCV & 72 h Huh7 4l it 53BP1 S (A i 28 A RIS 2 [ R
IRTEGL ., SXTHE4L %S .a P <<0.015b P<<0. 001,

1 HCV B T3 Huh7 4HH8 53BP1 MR iX

A,B Levels of HCV infection in Huh7 cells were determined by
immunoblotting for HCV core protein ( A) and RT-qPCR for HCV
RNA (B) C-E Total (C),nuclear (D) ,and cytoplasmic (E) 53BP1
protein levels were measured after HCV infection. Compared with con-
trol group,a P<C0.01;b P<C0.001.

Fig. 1 53BP1 abundance is negatively regulated in HCV-infected cells

Red: 53BP1 Blue: Dapi, nucleus

) --

Ctrl  REY: HCV Huh7 0t 8 HVC  Huh7 #Jf1/& % HCV
72 h GIEHECK I 53BP1 (1 Pk FE N .
2 HCV B33 53BP1 K40 A E i
Ctrl Cells were infected not with JFH-1 HCV  Cells were in-
fected with JFH-1 for 72 h, the subcellular localization of 53BP1 was
monitored by immunolabeling of 53BP1.
Fig. 2 The subcellular localization of 53BP1 in HCV infected cells
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4 HCV B2t S3BP1 Wiz H=-BEAME R EERE
Rt — 2ot HOV YL R Ik 53BP1 Rk iy B Ak
BL, B e T HCV L Xt 53BP1 mRNA 5%
W, WA AA Fron . HCV &G Xt 53BP1 mRNA 5%
KT FEVER W (P =>0.05), REHM T HCV &Y
X 53BP1 & MR E MR R, 25 R a0l 4B, Huh?
e Y HCV 72 h J&  IACER 5 A B 0 il 570 i
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LRTR B (CHX) 0~ 3 h, 76 8 A5 Bl 4 410 61 19 155 Bl
L HCV B B % Fifl i ] 4 B W 3 B IX 53BP1 /Y &
&, R HCV &G 5Z e 53BP1 (1 2 H BT 1 £
£ L 7 53BP1 B R

Normal HCV+ Tumor tissue  HCV+ Adjacent tissue 2 b
s ‘ £ .
M N = oo a
.
o
N
& NG
2 . Hi %g_
s . Yvel)
H =
s " Wt
g . H
&
Normal  Tumor _ Adjacent

A AL RE B AL ER,.a P <<0.05;b P<C0.01,
3 53BPI1 7£ HCV 18X HCC EEA LA R RRIE
A Shown the representative images of 53BP1 expression B
Shown the representative images of 53BP1 expression quantitative data,
a P<C0.05;b P<C0.01.
Fig.3 Significantly lower levels of 53BP1 were found
in HCV-associated HCC tumor and adjacent tissues

15 Hours post CHX
o 1 2 3
-5
T
giv SIPL | M - —
e
133
zo
300 Tubuiin | M —
©E
00 HOV-Core |l il el
0 1 2 3 4 5
HCV (days) A -
HoV o - - + .
MG132 - + - +
HCev -+ - + -+ 1P: 53BP1 .
S3BPL | M S . — | 1B: Ubiquitin
nov- L - -|
Core IB: Core - -H
Tubulin ------|
e e e——
DMSO MG132 Chloroquine s
¢ D

A HCV E&Y%F 53BP1 19 mRNA M52 00 B 504 0 M 40 il
53BP1 AR JE HCV YR 53BP1 & A A @i m ¢ HCV &
PRy TR MGL32 FIG M xF 53BP1 Rk D HCV &Y xt
53BP1 iZ Z ALK F RS

B 4 HCV BF{Ri#t S3BP1 M)z R-BEABKEEMER

A Huh7 cells were infected with JFH1 for 0-5 days, the 53BP1
mRNA level was determined by qRT-PCR B Effect of HCV infection
on 53BP1 protein stability after cycloheximide inhibits 53BP1 synthesis

C  Effects of MG132 and chloroquine on 53BP1 expression in the
context of HCV infection D Huh?7 cells were infected with JFHI1 for
72 h,and treated with MG132 (20pmol/L) for 12 h,the cells were lysed
and subjected to immunoprecipitation with antibody against 53BP1 and
analyzed by Western blot with antibodies against the indicated proteins.

Fig. 4 HCYV infection promotes the ubiquitination
and degradation of 53BP1
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Ji Rt e S BB E DNA G FRFEAE RN,

HCV J&—Fh BgtE RNA J% 8 . H BT A 19 4 i 1% 30
AR J BR T4 i 5 v, HCV &3k 1 2 P 40 A 1 40 i ot
i, H HCV KRR E R 5 2 s S48 m & f
RAEANE AR . 6 eI L 53BP1T M 41 R 5% 4 T
4 M ] g T 53BP1 5 HCV A 8 A B4R
FH o DT B Fir B T 4 A b i R R i . 2 R
PRI A A 3 1 B 10 U I A S LA 805 400 e PN 2 1 KO
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