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FEE] a6 HITZHERESESEN 1 (syntenin-1) SRRAT 4 (HCV) PR, Tk R
FH G ek A N JEACHTF A syntenin-1 A9 5 (8 PSR 75 DR AL g AR 20 Huh7.5.1 #9%E syntenin-1 it
TR LR EIIEE N (GFP) i FRAHMMR . RABEK HCV RNA # A Huh7.5.1 4. syntenin-1 i3
KRN GFP 3 FRINAMSE , FADOGERER T . Sie NI 43 A A B0 BE I 28 575 73 A RNA il . a1 ERiA
FURYL MR 22 OB AY 20 W5 TERFSY. syntenin-1 33 F635%F HCV BN . T2 BERSRE M HTAAI HCV RNA FgLii i
AR AT 2 -F 3 GIARFE AT syntenin-1 A5 535%8 Huh7.5.1 4ifgs (P<0.01) .
Syntenin-1 33 FIXAFEM HCV RNA 7E08 EAMIT RIS H; syntenin-1 W FRAMRIE HCV H gAY S Huh7.5.1
HfEY, GFP 1t F3hA0M0AR 25 R TE8e 2755 X 78 syntenin-1 32352005535 g W h, HCV L0k I 323
T 1.08~1.16 g/mL KB N A TR BIH B 1.01~1.02 g/mL R FERE XL, &4 Syntenin-1 i33%
KT HCV SRR RSURL 4 % BE 2H 5343 A1
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Overexpression of syntenin-1 enhances production of low-density hepatitis C virus particles
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[Abstract] Objective To investigate the effect of syntenin-1 on the assembly of hepatitis C virus (HCV) particles.
Methods The content of syntenin-1 in human primary hepatocytes was detected by Western blotting analysis. Human
hepatocellular carcinoma cell line Huh7.5.1 was transfected with lentiviral plasmids to construct syntenin-1 overexpressed cell
line and green fluorescent protein (GFP) overexpressed cell line. After transferring HCV RNA into Huh7.5.1 cells, syntenin-1
overexpressed cells and GFP overexpressed cells by electroporation, the effects of syntenin-1 overexpression on HCV in
the cells were investigated in terms of RNA replication, viral protein contents and secretion of infectious virus particles by
luciferase analysis, Western blotting and virus titer, respectively. The density of viral particles was assessed by isopycnic
ultracentrifugation to analyze the distributions of HCV RNA and infective titer. Results The contents of syntenin-1 in three
human primary hepatocytes were higher than that in the Huh7.5.1 cells (P<<0.01). Syntenin-1 overexpression had no effect on
HCV RNA replication in host cells; the infectivity of HCV derived from syntenin-I1 overexpressed cells was not significantly
different compared with the Huh7.5.1 cells or GFP overexpressed cells. In syntenin-1 overexpressed cell culture supernatants,
some infectious HCV particles mainly concentrated in the region of concentration of 1.08-1.16 g/mL gradually transferred
to the low-density region of 1.01-1.02 g/mL. Conclusion Syntenin-1 overexpression alters the distribution of density
components of infectious HCV particles.
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MRAEHE A A48 2017 4F 10 H 5L
Wi, SERAAE 7 000 J7 ARG N R HF 405
( hepatitis C virus, HCV ) ", HCV YL 2
KT AL AR, 240 HCV By
BH P2, W B E R R R AT
YAk . JFEEAC AR SRR HCV B T 8w 8 R
( Flaviviridae ) HCV J& ( Hepacivirus ) , J&—Fh
FLAT G0 RS R B BB IE A RNA SR8, HgRig X
il —Fh K2 3 000 NMEIEFRINZREH, &
AR E G RS core. E1. E2., p7 Al
JEZEHEE T NS2, NS3. NS4A ., NS4B. NS5A,
NS5BY,

ZHECARRIEZE S 1 (syntenin-1 ) J&—Fhfy
TG % (postsynaptic density protein,
disc large and zonula occludens, PDZ ) Z5f4ls, nf
HZMa A ERNEEEAY, K35 T 41
W s . AU RGRT . 155 7% S R b e 4 R 5
A RO, HF5EEM, syntenin-1 Z51H3 AHL
ST T RN SR e 5 2 1) B e AR

Lussignol %M 2 FOR[R] Y 25 A &tifb )y i 4
A EN Y HCV i 8 ORI 24235 syntenin-1
TEN Y 46 Fhfg =40 ORISR A T, JF & E i
RNA T3 ( RNA interference, RNAi) 7 ARk
syntenin-1 FEiE A HCV FE4H ML N B9 5= il L S R
RN AR EE RNA &, L, syntenin-1 7F
s 5 41 2 v i RS B VR AT AR B — 2P g . ARt
5B FERT syntenin-1 X} HCV J0k7 20 28 (4 5200

1 #RFTTE

1.1 @miesf b0 AFE4if R Huh7.5.1
rh 35 [ 3 58 A1 30 i 58 BF Francis Chisari 247 5
g AWREREARAL R HEK 293T 40 o AL
Bt L Vi B ST P Y BT ke AR R Y B B, A AR
JH- 240 e H 928 B8 2 A o (2 A B AR )
F T AR 2 PR BB — S e
1-BLR. pWPI-GFP-BLR. pFK-Jc1-E2"",

psPAX2 Fll pMD2.5 JFik ph 5 [E i fE 28 K2 Ralf
Bartenschlager Z(#284. UL LA 5= &H
10% 2RI . 1% 8 R-HE5 R . 2 mmol/L JF
WA ILR N DMEM 538, B-Actin F£24H1
(sc-1616) . syntenin-1 ST (sc-100336 ) I
H 32[# Santa-Cruz Biotechnology /3 F], Tubulin Ff

pWPI-syntenin-

Higi (66031-1-1g) . syntenin-1 2Pt (22399-
1-AP) A1 flag BT (M200081) 0 [ 35 [
Proteintech /A ), NSSA HZLPL. core LAl
T7 BAEMH A% A6l . DMEM }i 514 H
[ Invitrogen 2], FAZFIMIEIA H 3EE Gibeo 24
"), HAFERS T ECL B 3 25 Bio-
Rad AH], 8 H E (apolipoprotein E, ApoE )

ELISA At & W A V95 BHRe A PR A B
NS

1.2 idkkmie 64 1 pWPI-syntenin-1-
BLR =% pWPI-GFP-BLR 43l 5 psPAX2 Fl1 pMD2.5
fU85 ok — Yk HEK 293T Ziffarh, 418
W S UEA Huh7.5.1 4iffarf, IARREEHE
( blasticidin, BLR ) §iiikf5 5 syntenin-1 i3 F2I540
Mk ep e GE 1 (GFP) iRk,

1.3 HCV RNA w453 HUEIRE 90% flA
AN, JREEN LS FE i DMEM 153200 FT i o
MR E B SX 104, 300X g B
5 min J5 ] PBS HAEJG IR E L. H cytomix ZZnf
W (96% cytomix+2% ATP+2% 2t H ik ) F&
YL, A HCV RNA B2 S5 4 mm LR
Hi, FE 975 uF. 270 V Z&fF R4 bk o H ik
MIE AR B EH 10% B4 s, 1% §5%
F-HEEE . 2 mmol/L JELTHFAILIRE DMEM K
FRW P TEIREE A TR SR, BEE 72 h JE
5 0 0 32 A 0 75 B 1 DA o R R A T e
1.4 Eakerdx FEMHEA DRSS
fife, 90 C fHIRE B P E 40 min, JH 12%
T (K ) BREREA-ZR DM I e Lk ( SDS-
PAGE) 4B M, ZIEHETHIHE N
BERMW ML, H 5% BT S
M1 1.5 ho IIA—¥HT B-actin FZ4T (1:1000) |

syntenin-1 FHPHT (1 : 1 000) . Tubulin FLEAPT
(1:10000) . syntenin-1 5gZ4Ht (1 :1000) .

flag BT (1:1000) . NSSARZEHT (1:5000) .

core EHL (1:5000) , EHIEE 1.5 h J5H
PBST %M 4 ¥k, AR 15 min, WA —HE RIS
1.5 ho JH PBST BEME 4 ¥k, Al AR 5L BRI 43 B 2
IRY 5. H Imagel 1.41 JKJE - Hr 41158 K
FEH

1.5 JRFdAENE  AE 96 fLb b aEfLA 1 X 10* 4
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Huh 7.5.1 4iiJfd, HALIABN 100 uL, 24 h J57E 96
UM 1 478 inA 20 pL Wi, ZI5HE1T
2 10 6 MURRRE LU U AKH L% F5EA0 BEE
AN ERE 6 DNEAL, 37 °C SR 72 he HU 96 FLIR
JIA 50 uL HEEfS —20 °C & 2=/ 15 min, 5+H
fig, JA NSSA BUEEHT (1:2000) ZHEMFE 1 he
F PBS ¥k 3 W, InABM L E AL AR A 1L
PR =Pt (1:500) =M E 1 ho PBS ¥ 3 1K,
B 50 L B3R, SeF R ids PSSR R A L0
RELIR 1 HCV skl o o5 22 B FH B2l S5 5% %
Yeir (50% tissue culture infective dose, TCIDy, )
.

1.6 #%XZ85H JcR2a-AE1E2 J&—Fiif
Renilla ZGEFA) HCV WL NHE #HT RNA,
AT DLFE 20 L PN 2 E AN B8 20 25 1o s 0k, A2 il
FEAE RNA BB BAEAIL N . % RNA HF;
Juik Huh 7.5.1 480F1 GFP. syntenin-1 i3kl
MFR . B A 9OE RIS E JcR2a-AE1E2 HLF;
Yk AMRANAE R, SRS A 24 fLiR, BT
37 °C ¥EFRAAh . WORESLEE, FH PBS PE4EME 11Kk,
SRIGHIA 100 pL/ALBE s fH 2 il (PLB) 24
i, CE T KEREIR EHESh 15 min, BUEFLH
I 24 35T 25 uL §58% 2 FLK A BEH AR
#EHH 96 Lt , R Is B ZIMA 12.5 uL
(79 R BHR G Z i T (LARI ) , 1B,
BALIMA 12.5 pL #9451 530G (Stop & Glo
Reagent) , &%), W% Renilla 2R M E .
1.7 SFEME  WE S0 mLIIEEHR, HkEE
( Centrifugal Filters Ultracel”-100K ) 4 °C. 1500X g &5
> 30 min, #4EE 42 500 uL. il PBS Hl OptiPrep
BLl 0%, 20%. 40%. 60% F1 80% /MRS
B 200 uL ¥R #5 100% OptiPrep 1A MIA
S B A CHR, e B B A= BRIP4 Uk
P[] e B2 1 %8 32 20 70 TR G W45 800 pL. 4 C
110 000X g B> 16 ho M AR o0 i 2% i 4
5%, 4143 300 pL.

1.8 qPCR # HCV RNA 4% FJ] TRIzol i
FIRBS A B BE A 3 05 RNA, il KA A LR}
B (dbmt) HBRA T RNA B2 s ) & 5 i 5
& ¢cDNA, 4T qPCR., HCV RNA 5|#1K: iFd
5' -TCT GCG GAA CCG GTG AGT A-3', i 5’ -
TCA GGC AGT ACC ACA AGG C-3' , qPCR i}

MR 95°C 155, 60 C 60s, FHFF 40 K. KA
[ Y RNA FRUESLAFEI CT AR iz v
IR T RNA & i,

1.9 ApoE ELISA =& & fEH AP A\ ApoE
T AP A AL B B b 4350 A [R) ¥ B8 e b v
A FIRFIRE Fh 45 50 uLo BRZS FIXHIRFLAL, 4EfLn
A B E AL P R bR e AP AR 100 pL, A3
Mgt i fL, 37 °C fHIRAFHETE 60 min, 3 L
W, AL 350 puL PRI, #E 1 min, FUE
WL, G E PR 5 . BALIMAJKRY AL B %%
50 uL, 37 C fHEFEROCHFE 15 min 5, MAZL
1R 50 pL, 15 min PITE 450 nm 3R AR E 4L
HHE (D) {H. AR A bRiE A5 200 D (E
VR BRI 2T T34 E i Y ApoE it

1.10 %542 R GraphPad Prism 7.0 &%
Office 2016 Excel AFATEEI= 0 M A el
AR ESE 3R, LREIEERR N x s, W
2 [A] FLHR P REA Y B LAY ¢ K6 . R /K o
(a) 4 0.05,

2 & B

2.1 Syntenin-1 & & AN 480 % Huh7.5.1 F=
AR e b ey 22 fWmIE 1 ATuL, 3 f
AR FEACF AL A syntenin-1 85 AR IAIK
ST Huh7.5.1 400, 430902 Huh7.5.1 A6
3.00. 2.89 fi1 1.83 fi%.

Huh7.5.1 PHH1 PHH2 PHH3 Mr(X 10°)

B-Actin 40

1 Syntenin-1 Z&B7E Huh7.5.1 Zifafn
ANERBFHRa B 3RIA
Fig1 Expression of syntenin-1 in Huh7.5.1 cell and
primary human hepatocyte (PHH)

Huh7.5.1: Human hepatoma cell line

2.2 Syntenin-1 i Rk mpe Ze9ME HEHKE
aER (K 2) W, ¥'5 syntenin-1 1) Huh7.5.1
Yifferh syntenin-1 (3385 F5E4X Huh7.5.1 4l
Fl% 'S GFP ) Huh7.5.1 4iffd (P<<0.01) , W
syntenin-1 33 IR ML R A BRI o

2.3 Syntenin-1 it & ik . GFP it )ik Huh7.5.1
20 Je 09 % A L4 Renilla 960 K B o0 B &5 9t



* 206 °

B ZEBEREAI 201843 H, 539 %

(E 3A) B, HCV RNA 7£ 3 FP4 i i a4 & 6l
7J<¥§#%éﬁfr*‘mx # Jc1-E27% RNA Hi %
X3 PRl 72 h IS TR (& 3B) MIEEH

Jrbe g BNl (18 3C~3E) o#fr, 4Rk, 3 #h
AR A2 B HCV B4 AT R 240 D A A0 O
HEARIRZER LI

& %

Huh 7.5.1 GFP Syntenin-1 Mr(X10%) 8r
%k 3k

s

Syntenin-1— —35 ‘2 6r
£
5]

Z a4t
GFP— 30 £
g

5 2t
wn

B-Actin— ‘40 ,—|

Huh 7.5.1 GFP
B 2 Syntenin-1 3RIEMRFIGE

Fig 2 Establishment of syntenin-1 overexpressed cell line

Syntenin-1

Expressions of syntenin-1 in Huh 7.5.1, syntenin-1 overexpressed and GFP overexpressed cells. Huh7.5.1: Human hepatoma cell line;

GFP: Green fluorescent protein.  P<<0.01. n=3,x=s
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Huh 7.5.1 GFP Syntenin-1 Huh7.5.1 GFP Syntenin-1
N N
o x® 2.0
W\ A5 X%Q 0\‘\\ 2.0
%\\ c&? oo y\o“ Q? ™ MHX10) 815 T e15 -
° T
Syntenin-1 — .- -’- -. —35 il.o T il 0
NS5A — R 55 ¥ £
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D E
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15 e & A A\
o o s
B 3 Huh7.5.1. syntenin-13i33RiEF GFP 3RZHMMH HCV RHEH . AEMEARIEMLLE

Fig3 Comparisons of HCV replication, virus production, and viral protein expression in Huh7.5.1, syntenin-1
overexpressed and GFP overexpressed cells
A: Huh7.5.1, GFP overexpressed and syntenin-1 overexpressed cells were electroporated with JcR2a-AE1E2 RNA, and luciferase
activity was determined at 72 h after electroporation; B: Huh7.5.1, GFP overexpressed and syntenin-1 overexpressed cells

M and the infectivity of HCV was measured by the TCIDy, test at different time points after

were electroporated with Jc1-E2
electroporation; C-E: HCV viral protein expressions in Huh7.5.1, GFP overexpressed and syntenin-1 overexpressed cells were
detected by Western blotting. Huh7.5.1: Human hepatoma cell line; GFP: Green fluorescent protein; HCV: Hepatitis C virus; TCIDsy:

50% tissue culture infective dose. n=3, x+s

JI77 1,

2.4 Syntenin-1 L EK XK ET HCV B FEHHE
HEEMS R qPCR 4558 (K 4A ., 4B) &
7N, syntenin-1 F1 GFP i3 3¢5 40 M = A= i) 9 5 i
KL RNA FEWEHERAE 1.11 g/mL BRI, e SRR RE

syntenin-1 33 323K 5 HCV JBGe Pk 3
BAERTE 1.08~1.16 g/mL X% W28 Jy A 3B o
A% R 1.01~1.02 g/mL ARSI, (&l
4C) 5 HASHFRIERGRE T il (B 4D)
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Al 0L, syntenin-1 3 F R MMM = A R FELE 1.11
g/mL JEYLRE I # GFP i Rk 4k, Hogrnig
£ 1.08 g/mL &b, HEA7 RNA JBRYLHES (specific
infectivity ) 255 (& 4E) nJ WL, syntenin-1 335235
YA A B EEAE 1.01 g/mL ZbAY A RNA JEEYL
e o

- GFP
—= Syntenin-1

HCV copy number

27
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Density p,/(g * mL™")
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Specific infectivity

Density p,/(g * mL™")

€

K ApoE ELISA 7 S 452 431 ApoE
HSEREM, syntenin-1 iR FEHAH 1.01 g/mL X
—EEA 5y ApoE T EZINXTIRAL 1.4 %, WA
1.11g/mL X —% 2 ApoE &2y hxf IR0 iy
50%. VLK 4F,

= D x®
(=] S (=)
T 1

3]
S
T

HCV copy number (% of total)

o B
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B 4 Syntenin-1 I FRIEEGIN TIRE E S BLMRETAMN =%

Fig4 Syntenin-1 overexpression in Huh7.5.1 cells increases production of HCV particles

with high specific infectivity and low density

A-D: Culture supernatants were subjected to isopycnic OptiPrep gradient ultracentrifugation, and fractions were probed for viral load

(A, B) and viral infectivity (C, D); E, F: Specific infectivity (ratio of infectivity titre to viral load, E) and ApoE (by ELISA, F). GFP:

Green fluorescent protein; HCV: Hepatitis C virus; TCIDs,: 50% tissue culture infective dose; ApoE: Apolipoprotein E. n=3, x£s

A

3 31 g

AR R B EAR I syntenin-1 (955
BT Huh7.5.1 400 %, 75 HCV K975 E4iiarh
1 FRIK syntenin-1 BEUSIAE HCV JEGLE R 1) %5
BEGLM M. EATFFERY, HCV R 3 15

LI YL B T 55 R 1) 7 7 % AR e
M A S 3 o 288 A B 043 S SR IR X synienin- 1
M GFP 33 3k 40 7= A (/)9 5 1 AT AU .
Syntenin-1 i FIRAEIEFE FIFH DI HCV SR
PER VRN EZAE I AE 1.08~1.16 g/mL X I8
FA RS E] 1.01~1.02 g/mL KSR 3 X 05,
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XL syntenin-1 25558 A 20 A 7 R  J Jk
PRI RE IR A T m R YL RE ), I HAVA 20
B2, 5 ANFPEAIM Huh7.5.1 72409 HCV A 4
FMZER, XA REC MRS L IR T AL RE
WA S |

ARSLIGTE syntenin-1 3 FR MR P UL T
syntenin-1 /A0 HCV JBRYLYERG3E BUR 7E 15 £
FR I, 5 GFP iR A4 R M,
FIE W SRR R A B 225, B GFP it
FEIR AN A SR YL g ) g Ay A, EEAR T AE
1.08~1.16 g/mL XI5k, T syntenin-1 133254 g )
S (1.08~1.16 g/mL Fl 1.01~1.02 g/mL Y%
JEH A 1 AN ) o Sysntenin-1 333840 A
1.08~1.16 g/mL 3X #5395 5 5341 5 H (10 9% B2 41 53
H HCV RNA & = FUEYLRE 14848 TCID;, ¥4 GFP
PR, HHAE 1.16~1.27 g/mL %4
IHRTEIERLRE W B XSRS syntenin-1
T FEIR AN A T A I R A U I
(BRSPS FEURE, (HL 2 4l s 25 T 1) B A R L
K UL 25

WAl FERR 211 (very low density lipoprotein,
VLDL ) &% 7% I8 I WUks /Y o B4 i o, 8 o
FEJ B ORI LAAN , S dE iR e B A T, Hop
ApoE & VLDL By ALy, [A] It 2 e e ik
BB A ARG Y. Beilstein A5
W1, Huh7.5.1 2 B af A4 At v R el ot 24 75
fifg 1RG4 HCV e Bk g, E{%
WIEE (29 1.03 g/mL ) H B B RE 1 A9 2
i HAWTE LA ApoE F1 ApoB Y7 & & PG
W HE)Z VLDL S in, BRI i ik e
A 7 e B2 UKL 5 i 28 A FAR T i FL 2 A G
ALY R, Wit Ik syntenin-1 155 T AL
T, JFHAEMEEZEAELN ApoE HIAE
syntenin-1 i TR, (0SB B SR hE
T30 #E ORI A D R R A 5 BES A AT A R
%) 2H AH AT 5 2 — 2B o

(& % X #f]
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