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[EZE] a4 FEAHEFRNEE (HCV ) BEXT CBEIRGEREE ( AchE ) Fik/KFrys2ma L AN AchE i
PERASAEXT HCV BRI . ek AR SRR IR HCV (HCVee ) B AN 2 Huh? 4008, FHE AR
EE DL K 5298 5E it PCR (qPCR ) #E—2LIGIE HCV JEYL X AchE k7K FHI520, AchE I FEAS I &4
IAHAR A AchE T PERZEfL . DL AchE #5222 RS AT 4RI 403 Huh7 Z0H6, [FRIEFH HCVee By, @it &
JoT NI D e S e A A Huh7 40 HCV BLE AL, FEEXT AchE SER/NTHE RNA (siRNA ) %44 Huh7
YA, B A HCVee BY: Huh7 4HA, 3838 (00 B ik A e e Tk Kl AchE 1ERIA LI HCV BRGL S .
% & HCVce /B Huh7 4l 60 h J5, AchE HFIFRKAKTFT -, [RIFFEREHWIETE (P $<0.01) . AchE #iil7
SRR HCV Xt Huh7 4G (P<0.01) . F siRNA @ik AchE (3ik)5, HCV Xf Huh7 21/
PR (P<<0.01) ., £+ HCV Bt Huh7 4iifiAE 8 AchE H9ZRI5 11458 AchE 157, AchE FEik A M sm 4T
AEfEdE HCV BYEYY, 3R AchE 78 HCV JEY% Huh7 i A9k 72 25 1F R s e A /E T
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Interaction between expression level of acetylcholinesterase and infection of hepatitis C virus in hepatoma
carcinoma cells
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[Abstract] Objective To explore the effect of hepatitis C virus (HCV) infection on acetylcholinesterase (AchE)
expression level and the effect of AchE activity on the infection of HCV. Methods Human hepatoma cell line Huh7
cells were infected with cell culture-derived HCV (HCVcc). AchE expression level was analyzed using Western blotting
and real-time quantitative PCR (qPCR). AchE enzyme activity was assayed using AchE activity detection kit. Huh7 cells
were treated with AchE inhibitor, donepezil or itopride, together with HCVcc infection, and then the HCV infection
level of Huh7 cells was detected by Western blotting and immunofluorescence. Huh7 cells were transfected with small
interfering RNA (siRNA) targeting to AchE gene, followed by infecting with HCVcc, and then the expression levels
of AchE and HCV infection were analyzed by Western blotting and immunofluorescence. Results After 60 h of
HCVcc infection, the expression level of AchE protein in Huh7 cells and the AchE activity were significantly increased
(both P<<0.01). AchE inhibitors significantly inhibited HCV infection of Huh7 cells in a concentration-dependent
manner (P<<0.01). After knocking down AchE with siRNA, HCV infection was significantly inhibited (P<<0.01).
Conclusion HCYV infection of Huh7 cells can up-regulate the expression level of AchE and enhance the activity of
AchE. The increase of AchE expression and activity can promote HCV infection, indicating that AchE plays a positive
feedback enhancement effect on HCV infection of Huh7 cells.
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WA %% 5 ( hepatitis C virus, HCV )
BE—Fh BRI ATHE AT RNA i, A%
F 1.3 NG HCV, HCV A8 I e 25 1k
75%~80%, IMitEPE HCV By FHFMElL . I
FEE SRR 2z U2 B4 HCV AR RNA
RAEWE A —CHIZYOR Y (direct acting
antivirals, DAAs) FIWIRIEERMEE, RBENGEN
RIFFRE W, BN B 5T, HAEAERREM 2
A A R R AN TE (hepatitis B virus, HBV) /
HCV gk rf sl HBV 2 il 4508 1 ] {5

M 1989 4E HCV #i&F LG, HCV MK
WRAESE . BORIAER&GZ KT, A2
REW HEA T IR AR, (HiRR%EAE HCV &1 I
m, HCOV YL 5058 (AT ] By B Ko -5
g EHEFAMEAER, ERXKEEERNTFHSY
A4 HCV B8 58 B 583 1 52 i JE 0 A5 R
AP, Hik, F4&. %$E5 HCV HAHEM
fE ER T, TR HOV B SR ML LK
FHATRE T HCV Bl YT w58k oA fgs

FHAFRAN T3 doh e SR AL A2t . HOV R
A 2 Huh7 40 A Fe 3k K BRI £
MEALHR RS (acetylcholinesterase, AchE; KAk
TR o AR EE HCV Y% Huh?
Hiiffl AchE FRikMEM, FFRTT AchE FRIkKF-XF
HCV BRI, AR HCV 7 R gL L
il LA S & BB T T £ R9Pr HCOV 32
R, RIS ARG B, R HOE S d R
B B3 A IERGS | i SEORALEIR T R .

1 #FRFFE

1.1 #mfe, b aXa  ANE4IH R Huh? 4000
FIRTA 4N R Huh7.5.1 4 b Rk 2 g L i
W BB 5T B B SIS DI, T A A M R
FEA) HCV (HCVee) 5 AFEZAILR Huh7 4
M ARSI =R AE, TR HCVee B4 5 AchE
Fik T EHZ AL, J6/IFH-1 fix & 41K HCV
SR 2 7 5% SOk 1% S AE# K 2% Charles Rice ##%
BRI

AchE il #h 2 £ 25 Wk 5% (donepezil
hydrochloride, Done ) FIERFRHLLLF] (itopride
hydrochloride, Ito) 4 H [ Selleck A7 ; AchE

TEHER IR & (Catt MAK119) W [ 34 Sigma
NF B YR Lipofectamine 3000, BRAR i 48
LW (horse radish peroxidase, HRP) Fric i
PPl Er/EL IgG. Alexa Fluor®488 Fric Al
FEHLN 1gG 1 A EH Invitrogen /A Fl; CCK-8 4
i 348 A 50 & B H A4S Dojindo 4#);
Jot 5 T TR 0 — RS TR s T P v g v ik T G ) 3
A L A RAEMHEARAGRAF; /M4 RNA
('small interfering RNA, siRNA) ) JHEi1H 44
FARNEE R ; SYBR Premix Ex Tag i H H
7% TaKaRa /A#]; AchE Hifk (ab31276) Fl HCV
core PULIA (ab2740) I HFEE Abcam A#], N
GAPDH F i i BT IAN H 22 CST A,
1.2 HCVec #1%& ¥ Huh7.5.1 ZHHaiE 16 H
TC IS B 75 Opti-MEM E &, 40 0% 5k
2X10%mL; ¥ 10 ug J6/JFH-1 HCV RNA 5 10 mL
Huh7.5.1 2R G, & TR
Ye, ZfEh 270 V. 950 uF. 100 Q. BEE A
2 mL #rfif DMEM iR, B2 6 cm KiFRIL
YRSERRSRANM . 7E 48 h. 72 h WAEA AR 77 13
(HCVec) , L 5000Xg B5.0 5 min R F:4%5
PR R, PRI RIS, T —80 C YRfFEHI.
1.3 AchE &4 4 Huh7 HMEEF2] 6 fL
B, HCVec /&Y Huh7 4ififl 12, 36, 60 h J5453l
JH 5 mL B0 WA 4N MR 1748 75 R (2 X 10°
Hz, #7 3s, [EFE 10s, EE 30 ) , RI5 L
12 000X g B.L» 5 min, HEWEFIH BCA ¥EibfT
EHER, RAEAWE RN 100 pg/mL, SRIFH%
W8 AchE I R 300 65 S 56 7 e X LB A T AG
HRYEA KT AchE 161E: AchE iGtE (U/L) =
(D412B_D412A) / (D4124°I‘_D412M ) X200N, /E\:EF'
D, &= FIEWFE 10 min J5 412 nm JEKANCEE
{8, Dy, & P E 2 min 5 412 nm JERKAES
FEME, Dyt ASHER 10 min J5 412 nm 3K A0 E55
FEE, Dy 72 10 min J5 X HRZH B35 412 nm P K
AESEEEFE(E, N2 EIERRA AL
1.4 AchE 49 7 4 22 28 fe FH — 3L F 0
( dimethyl sulfoxide, DMSO ) %ifi# 2 F AchE il
7 Done #1 Tto, il & HeE 558 10 mmol/L 1 50
mmol/L WIGEFFM . H S5 AchE #I5 Ito A1
Done FIARREIEETE. ¥ Huh7 MEHERE] 96 FLAK
o, YIRS AT 70% IR o B R
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B 60, 125, 250, 500 umol/L 4 /¥ 5 J b FH 41
Jitd, 60h J5H CCK-8 Kl 4n b5 /K F .

F2 T oRK Huh7 MR 3 24 fLARH, 420
ffufh & BE ik E] 70% B, F DMEM 58 &85 3201
AR B, AR 72 Ll rh, Uk B 430
60, 125, 250 pmol/L, XJHRZ AN A AT 1Y
DMEM 3% . 60 h J5 H AchE J&PER I &
K AchE JH M,

1.5 siRNA #% '} siRNA TH% T RNase-free
K, MR 20 pmol/L, 3%, —80 C {117,
¥ Huh7 40 LABIRE BE 4R T 24 fLik, AliffE
K4 B k5] 40%~50% I, FH Lipofectamine
3000 4% siRNA (FEEXF AchE FEH A siRNA
FIXFHE siRNA ) , £FfL siRNA JHHN 40 pmol,
BARL RS BRI B . B X AchE LR
siRNA 3t 3 2%, siAchEl [¥51% 5’ -GCT CGT ATT
TTC TGG TTT A-3', siAchE2 [#%1°h 5' -CGA CAT
CAG TGA CGC TGT T-3', siAchE3 ¥4Il 5' -GCT
ACG AGATCG AGT TCAT-3'

1.6 S£BF 3 K22 PCR (real-time quantitative
PCR, qPCR) # M AchE # HCV mRNA Hj
RNAiso Plus i $2 BN E RNA, RNA ULIEH
fit 7 DEPC Ab3K, ZIReRabnfOE RNA
F4lifE, #RJ5 A PrimeScript™ RT Master Mix a7
JUH sE3RAS cDNA, FifiJ5 F SYBR Primer Ex Taq i
FH#AT qPCR LIS AchE F1 HCV mRNA /K-
qPCR #AESH M & . SIFIUT .
AchE }if# 5" -CTT CGT GCC TGT GGT AGA T-3',
i 5' -GCT GAT GAG AGA CTC GTT GTC-3' ;
JFH-1 0 HCV L3 5 -TCT GCG GAA CCG GTG
AGT A-3', T 5’ -TCA GGC AGT ACC ACA
AGG C-3'; WZMRILIH GAPDH L 5' -GAA
GGT GAA GGT CGG AGT C-3', Tiif 5 -GAA
GAT GGT GAT GGG ATT TC-3'

1.7 @GRkl £ % KEEN AchE &
HCV Z @4k ] HCVee /&Y% Huh7 4, LA
IS HCVee ZAFRH) Huh7.5.1 4003535 i
Huh7 #AE XTI, 3 5IAEREFE 12 h, 36 h,
60 h J5 ] RIPA ZE 2R (5 ) S4MAnp, e
REARES . FIH BCA T EAEE, R&4
FLA 20 pg & PRI T T e ST R AN - SR A T
Rl TR I LYK, L o R G T ) R R R A 2 A

FRer2EZE i, UL GAPDH fENINS:, FHEE I RENT
BRI R M 24 f i T i AchE Al HCV core 25 136
SELY i 8

¥ Huh7 403 RRE0 96 fLik, E&HEFRE,
LI HCVee JE&H, [RIBHIMAMEE R 60, 125, 250
umol/L ) AchE i3], IRA ISk FR 60 h
J&, MBS HCV A, —ht
b HCV HUiRBAYER P AL R B3 75 [ i 424
R (B FERY) KigER L2 HRHE
ft], —Hi M Alexa Fluor®488 Fric I FEHLA IgG,
FH DAPI & JL4ifik% . H Bioteck ZRMEZEEIIE %
GEITHECI AT A
1.8 %542 A GraphPad Prism 5.0 3k
PEAT R AL RN GE 2 T . RIEAS AN T
TR X+ Fon, PILLE] HLBCR IR STREAR ¢
K, Z4liE Bk R 27 2081 (one-way
ANOVA) . 55K HE (o) 4 0.05.

2 & B

2.1 HCV B Lifl Huh7 a6 AchE #9&:% K 1A .
1B 2559 s, 7E HCVec &%t Huh7 400 36 h Al
60 h Ji7, SXHBAIMI L AchE 8 A Rk L
(P¥7<0.01) . JH qPCR ¥ 40N AchE mRNA
i 4k, B 1C, 1D Z55 878 HCVece /&Y Huh?
Y 36 h A1 60 h 5, SXTARAAMHLAMLN AchE
mRNA S8 (P #<0.01) , S SH
TREEI P 25 RARST & o 2RI HCV BRG] LIBH & I
% Huh7 40 AchE )33k,

2.2 HCV B % Lif Huh7 % ff A AchE & & 2
iR, AchE 1EMERZE HCVec &4¢ Huh7 4iff
4 B[] ZE K T 1658, 7F HCVee JEEUL4RA 36 h Al
60 h I AchE 3615 X B b 22 39 a i 24
X (P¥J<0.01) .

2.3 AchE ## A 7T #p4] HCV &% K 3A %5
WHIR, 5 DMSO AbH 40 i, 243065
Ito ¥JE k%] 500 wmol/L X4 g 7= A= B 1A
(P<0.05) . Kl 4A 458 58R, 4415 Done
WeBEIL S 500 pmol/L B Xk 20 Jfd 7= A= 75 4 /E 1
(P<<0.01) o 2 FPHRGIFILL 3 A~ vk B2 ab R 20
Mt A UL ANk . & 3B, 4B ZE AR IR,
2 ol o 500 B A X AchE T T G AR
AT, oA SRR BE IR B 250 pmol/L Hif Xt
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AchE {HPEMHECR & 8 (P<0.01) . [ 3C,

4C G5 NIR, 2 R BRI R AR PERE L HCV
core FRMFRIE, SXTRAIA L, Y40k B
A 60 umol/L B} HCV core 4 FHMZIA T I LA
i (P<<0.05) , TSP ILF] 125 pmol/L
F1 250 umol/L B}, HCV core £ A T IR

AchE 68

HCV core 21

GAPDH

500 1
[ Control

300

200

JFH1 HCV mRNA
(relative fold of the control)

100

12h 36 h 60 h
Time of HCV infection

Mr (X 10°)

0 . C

A (P<<0.01) . ¥ 3D, 3E FIE 4D, 4E "%
PEDSERTIEE SR, SRR E S 60 pmol/L
iF HCV X} Huh7 4 FHAE RS R 8 BRAK L 55 B
(P<<0.05 5% P<<0.01) , M Y9l 5k B2 ik 5] 125
pmol/L 1 250 pmol/L By HCV X Huh7 2 fifg BH /%
PR EEER S (P<0.01) .

101 ” »
[ Control — —
W HCV
0.8
jan)
2 06t
<
9
2 04f
Q
<
0.2
0.0 B
12h 36 h 60 h
Time of HCV infection
I5r
= [ Control
§ W HCV -
3
% 2iop
RS
=
e )
~ .g 5F l*_|
§ - 1
L
0 D
12h 36 h 60 h

Time of HCV infection

1 HCV B Huh7 4050 _Eif AchE Rix
Fig1l HCY infection up-regulating AchE expression in Huh7 cells

A: Western blotting of AchE expression levels after HCV infection. 1, 2: 12 h after HCV infection; 3, 4: 36 h after HCV infection;
5, 6: 60 h after HCV infection. 1, 3, 5: Control group; 2, 4, 6: HCV group. B: Grayscale analysis of AchE expression level relative
to GAPDH. C, D: qPCR of JFH1 HCV and AchE mRNA relative fold change after HCV infection, respectively. HCV: Hepatitis
C virus; AchE: Acetylcholinesterase; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; qPCR: Real-time quantitative PCR;

JFH1: Japanese fulminant hepatitis 1. “P<<0.01. n=3,X+s

D
(=]
1

ok

[ Control
o W HCV
40t
j=] *
< 30 Ea——
N
2
.% 20 -
<
m
§ ’l 1
0

12 h 36 h 60 h
Time of HCV infection

B2 HCV B i Huh7 #AEH AchE &%
Fig2 HCYV infection up-regulating AchE activity in Huh7 cells
HCV: Hepatitis C virus; AchE: Acetylcholinesterase. *P<<0.05,
"P<0.01.n=3,x*s

2.4 TR AchE &k AEH%4% HCV %+ Huh7 48 feLad
B & 5A e SB ArilltibaR, AchE siRNA1 Fll AchE
siRNA2 #4JA] i Huh7 il AchE 1) mRNA DL
FEHFILKFE (P 1J<0.01) , 1 AchE siRNA3 A~
fit R Huh7 408 AchE AFIR/KF-. & 5C
FIRENE SS9 R, i AchE 1936345 Huh7 40
Fr HCV core 25 R KEREAG, 5% R4 HAR
LFH G L (P<0.01) . & 5D, 5E %
TR IEE Rl %, 24 Huh7 40000 AchE FiA#E
TG HCV RBAMEB LSRR, Y 3 4% AchE
SIRNA JITEZs 500 BRAL A 22 SF AR G T4
(P<0.05 5 P<<0.01) .
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Concentration of Ito ¢,/(umol * L™")

0 (Ctrl) 250 125 60 Mr (X107
ok HCV core 21
Kk

L5r * 401
T 1 - = —
_ 1.0 \Nm - _ e
L = <
0.5 5 10l ﬂ % 0.4
e= 502 m
0(Ctrl) 60 125 250 500 0(Ctrl) 60 125 250 O 0(Ctrl) 60 125 250
. T .
Concentration of Ito Concentration of Ito Concentration of Ito
¢y/(umol = L") cy/(umol « L") c/(umol = L")
ek
Concentration of Ito ¢,/(umol * L™") R
40 —E

0 (Ctrl)

HCV infection rate (%)
[y}
S

B 1.

0(Ctrl) 60 125 250

60 125 250
Concentration of Ito cy/(umol + L™")

3 AchE #II5 Ito %] AchE E{EIF (K HCV Bif
Fig 3 AchE inhibitor Ito inhibiting AchE activity and reducing HCV infection

D

A: CCK-8 detection of Ito cytotoxicity on Huh7 cells; B: The effect of Ito on AchE activity; C: Western blotting of Ito inhibiting HCV core protein
expression and relative grayscale analysis; D: Immunofluorescence of Ito inhibition of HCV infection; E: HCV positive infection rate according
to the immunofluorescence. Ctrl: Dimethyl sulfoxide as control; AchE: Acetylcholinesterase; Ito: Itopride hydrochloride; HCV: Hepatitis C virus;
GAPDH: Glyceraldehyde-3-phosphate dehydrogenase. Original magnification: X 100 (D). P<<0.05, "P<<0.01.n=3,x=*s

Concentration of Done c,/(umol + L")

sk 0 (Ctrl) 250 125 60 Mr (X 10)
207 To4or — HCYV core 21
skok — —
- W
Q: 1.0F 2201 5 —
= o, l*—|
2 < 0.6 [ —
0.5 - g 10 _ ’L‘ % 0.4ﬁ ﬂ ’_z‘
m
5 0.2
0 A 'E 0 B S 0 I_I ﬁ C
0(Ctrl) 60 125 250 500 0(Ctrl) 60 125 250 5 0(Ctrl) 60 125 250
Concentration of Done Concentration of Done e Concentration of Done
c/(umol < L") cy/(umol « L") c/(umol « L")
Concentration of Done cy/(umol + L") 60 M
L — |
0 (Ctrl) 60 125 250 ——
N ‘ : 40|

HCV infection rate (%)

WNa.

0(Ctl) 60 125 250

3 - - D
Concentration of Done c,/(umol * L")

B4 AchE ##5] Done ##H] AchE & MEHFEK HCV B
Fig4 AchE inhibitor Done inhibiting AchE activity and reducing HCV infection
A: CCK-8 detection of Done cytotoxicity on Huh7 cell; B: The effect of Done on AchE activity; C: Western blotting of Done inhibiting
HCV core protein expression and relative grayscale analysis; D: Immunofluorescence of Done inhibition on HCV infection; E: HCV positive
infection rate according to the immunofluorescence. Ctrl: Dimethyl sulfoxide as control; AchE: Acetylcholinesterase; Done: Donepezil

hydrochloride; HCV: Hepatitis C virus; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase. Original magnification: X 100 (D). "P<0.05,
"P<0.01.n=3,x*s
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k%

- a— 0.25

0.20

0.15
0.10
0.05
1

AchE mRNA
=3 =
o in o
>
AchE/GAPDH
=

Mr ><10 M X 10°

[

<

o 0.4

2

3 02

¢ L

Q

B T —l
sNC sl s2 s3

5 T AchE RIFRIER
Fig5 Down-regulation of AchE expression reducing HCV infection of Huh7 cells
A: gPCR of AchE knockdown effect; B: Western blotting of AchE knockdown effect; C: Western blotting of AchE knockdown affecting

HCV core protein expression; D: Immunofluorescence of AchE knockdown affecting HCV infection; E: The HCV positive infection

HCYV infection rate (%)
S
S

0 NC sl s2 s3

F&{E HCV Xt Huh7 20 B aY B

rate according to the immunofluorescence. sSNC: Negative control of the siRNA; s1: The first siRNA of AchE; s2: The second siRNA
of AchE; s3: The third siRNA of AchE; AchE: Acetylcholinesterase; HCV: Hepatitis C virus; GAPDH: Glyceraldehyde-3-phosphate
dehydrogenase; qPCR: Real-time quantitative PCR; siRNA: Small interfering RNA. Original magnification: X 100 (D). "P<<0.05,

“P<0.01.n=3,x*Es

3 3t 8

FT AR AT 2 A SR 2 P & B HCVee UL RE
W1 b3 Huh7 40089 AchE U351k, HCV R
12 h. 36 h. 60 h J§ AchE mRNA # Lt A 8% 4x
HCVce R4HMI 0T 1,44, 493, 13.15 1% (R
RRGRL) o BORBZ TR KB, AchE AUAF
TETHLAnr, 7EREFHEanp . 204, 1w
R anpa . FFanpe g p oz e, i S

SYEIE . T AR, IS AR AR
RAESFRATH L A HBEAE 240 )58 P A

H, 69.2% BEIFEAMT AchE ik R,
AchE fIC IR AT AGE U 98 40 B AR S/ 5 LA R A A
SR BRI, RIS AT AT A0 A2 Ih
SRR SR E R A WL AchE 52 HCV Jgk
YL CHGE , ARWFSE RIS AchE TE MBI K
HE PRI TG, HCV X BT 40 iy R et
Btz NF%, FHH AchE AT LUAT R4 5 i e 20 i
HCV [k

AchE fEMEHE 1 28356 Jo 2 e HEAS 9% it hg HEL B,
RS A 15 A 5 A0 7, nl Ak Aig 1 A g I8 =X i
JF P 308 3 L0 B HH 25 B EA g 1 R AR B 1 R o

A, #@EHE%?HT‘HEV\]E’J HER IAmA
Bt A BA G PR, IR B3 T TG
SRR . R, BOCRRAT H‘T‘?HEIEELJIE@’EF W
TR AEAR L3344 ( CDP-choline pathway ) F| FHIHAK
Z: 5K FBERR M G L R A 2 B 7 8 1 5 B3
MR AR A G . BFFE R B0, TR 4 T i
SRR AR I AR A B8 A St i T L R A 2 B, st
TR AL A AR E R — AR IC 4 & IE T &k
SRS EPLNTZ 54% ( positron emission computed
tomography, PET ) H T 40 A oA A A%
G,

HCV WAfEfz A . 52 i DL Ko 5 1R 1) 21 2
SR A 2 AR 4 5 140 B ) i A Gl % U0 A
SRR FEMMR AR B, HCV W E 5@ T
M RERR R I Z R T 456 HEERIBE, H
HCV =AES5HE8 158 ) ik R 40 52 i e A T2 N
IREE I 2548 3 HCV A% ACTE Y 2H 20 S B T 240 L P 1)
JEREASH s HCV BRI N AR S T 240 B (9 {1 % 2 g
BT WER . L, AN AchE W g2
S g AR e HCV By, 534k HCV
TR 44 A B (B AN 5 | 240 s 22 U\ﬁﬁﬁﬁi%r
RS, XJEH S HCV LI AchE fiE ik IRGR 1=
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KT T IA TR AT X IBFRAERR AR rh A VEH]
DA KRS I A ) RV FH A J7 T #4535 AchE 52
Wi HCV JERGLAIALE], WABHIZALH n] RE B4 BT 14
NIRRT T 25 S AL A8 B
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