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25N B E B INE 28 5 0B
cccDNAFITEH

W2l ApeAil gl A2 I’ Z2e] hAFED x4

[FHE] B HAEINFEREY (EHOREE) I CRF 25 (HBV) S HIHAR L
M AEMRDNA (cceDNA) BHIGIVER . 733k @i 40 T #0a 77 & CCK-8 1 IR 75 B 76 LG R it
HBVRE S HIAR R (HepG2.A64) . BFAHBVREEHAMBA (HepG2.2.15fHepAD38) LI KT
AR (HepG2) HMEMIEH: EHLAHFHM . P RIKENHFES M3l ER, R
FH S 28 % 5 BPCRIEM A HBV cccDNAZKF. LA 52 6 R BEMI cccDNA (mc-cccDNA) #%
PeHepG24HM, [FBTIEFS . o ARIREE RN 28 2 7E AN A 18] 5 F F % éme-cccDNA [ Hep G241 i,
PG E WG MR BTN P ETRAE, T BN cccDNAKIMHI 2, FHhrcccDNARESIE . R i
FEEHepG2.A64, HepG2.2.15. HepAD38F1 HepG24H i i 2 % 35 M W FF 43 31 2927.01 pg/ml.
29.36 pg/ml, 31.20 pg/mlF152.80 ug/ml. 7752 X HepG2.A64, HepG2.2.15HIHepAD3841 il "HBV
cccDNAFHHIHIVER, SAEMEHIEINS d, 5 di KIHlZ 570000 (8424 £2.1) %, (52.02+£4.74) %
A (47.16 £6.69) %, SRMZMIAZERA G FE L (P <0.05) . iNEENE Y HepG24l L5
me-cccDNAFE G ME R 2N (48.44 + 4.54) %, HHIERE T FHENIRA (P < 0.05) ,
W 55 T4 7 PE A ik me-cccDNA [ pLV-CRISPRAN X R4 (P < 0.05) , ZREFKIFHE L. &t
B0 BB A5 1 24 AN B 25 R 40 i RHBY cccDNA ) i) K 8 e 3B IR IF B3I, otk 2 &Y
T 9 ThEe AR RO 25 (M TT AR BE S5 .
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[ Abstract] Objective To investigate the inhibition effect of compound Suduxing extracts (hereinafter
referred as Suduxing) on hepatitis B virus (HBV) covalently closed circular DNA (cccDNA). Methods The
toxicity of Suduxing on entecavir (ETV)-resistant HBV-stably-replication cell line (HepG2.A64), wild-type
HBV-stably-replication cell lines (HepG2.2.15 and HepAD38) and hepatocellular carcinoma cell line (HepG2)
were assessed by cell counting kit-8 (CCK-8) assay. The three HBV-stably-replication cells were treated
with the high, medium and low concentrations of Suduxing at different time points, respectively, and HBV
cccDNA were detected by the real-time fluorescent quantitative PCR. Gaussia luciferase microcircle cccDNA
(mc-cccDNA) was transfected into HepG2 cells, and HepG2 cells were treated with high, medium and low

concentrations of Suduxing at different time points. Then the relative fluorescence intensity was detected
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by luciferase assay kit, and the inhibition rate of the cccDNA was calculated to evaluate the transcriptional
activity. Results The toxic concentration 50% of Suduxing in HepG2.A64, HepG2.2.15, HepAD38 and
HepG?2 cells were 27.01 pg/ml, 29.36 ug/ml, 31.20 ug/ml and 52.80 pg/ml, respectively. Compared with
the untreated group, Suduxing had better inhibitory effect on HBV cccDNA in HepG2.A64, HepG2.2.15
and HepAD38 cells. The optimal treatment time was 5 days after-treatment, and the maximum inhibition
rates were (84.24 + 2.1)%, (52.02 £ 4.74)% and (47.16 + 6.69)%, respectively (all P < 0.05). The optimal
inhibition rate of Suduxing on the mc-cccDNA transcriptional activity in HepG2 cells was (48.44 + 4.54)%.

The inhibitory effect was better than interferon-treated group (P < 0.05), and slightly weaker than the pLV-
CRISPR group with specific knockdown of mc-cccDNA (P < 0.05), with significant differences. Conclusions

Suduxing could inhibit the replication and transcription of entecavir-resistant and wild-type HBV cccDNA.

The findings provide a new reference strategy for drug development to functional cure of chronic hepatitis B.

[ Key words] Hepatitis B virus; Covalently closed circular DNA; Suduxing; Transcriptional activity

ZAIFF 4% 7 (hepatitis B virus, HBV) J&Z
P fE T NSRS, HRAE20194F it T U B
R AERRE2.5701EEHBVERE, HhREY
700075 . HBV/ZREHFDNAR#E /R, A KAEFEAL
3.2 kb, HJEaE 05 i e SRASAR 2 IS L I A i e
RS A FRIRDNA  (covalently closed circular
DNA, cccDNA) , cceDNABRAGFRE L. 5
WK B i . HBV R A MR 110 3 55 72, B
cccDNAFG S5 A2 i HTIE K ZHRNA. (pregenome RNA,
pgRNA) , DlpgRNAJYRR ¥ # 5% WHBV DNA#E
1T 5 M

H ai il R % B I PTHBV 254 1 B kK.
T &2 (interferon, IFN) M () £
[nucleos(t)ide analogues, NAs]. X259 HE
RAMHIHBV 1), BE B 3 3 F s K TS
HH AN HHTHBV 258, &5 DL EKERIT,
KF| “ThReia @ Bfabs, EVHBVRIH bR
(R 1 O Y R B Le T AN /2 10%. 1 AT H Bt
HBVZiY)Ja K2 5085 HIm a5 ek, 52X
PRI ME LA BT BReecDNA, - il H AR 77 2
K& G122 FTHBVZia 7> R H i pr ks
HIEIRIE BRI ARNE, HOR T I K P05
2.

BEAE NTHBVE ], st B 2R A
FLLLKHBYV cccDNAKTIN &4 1) 5635, HTHBVHiZ
WRINA T HE 2. AR H 7L s
258 77882 (Suduxing) FEEW) (LA RIFRN
B) BHENESH. S50, mERULDGES
RSP E LRy, XTHBV DNA. HBVEE[fi it )5
(hepatitis B virus surface antigen, HBsAg) . HBV e
PiJE (hepatitis B virus e antigens, HBeAg) 15 1R 1

AN RCR S, B EXTHBY cccDNAfF 3 1
FAAH SO FE v R WARIE, AR —MEE RS
(entecavir, ETV) i 2 84 F 5 # B 4= BV HBV AR &
SR, 46ROt R cccDNA
(Gaussia luciferase microcircle cccDNA) {4 &N 4 e
T AR SE, 53 AN 55 AE AR S0 A AL R NP HB YV
cccDNA S Hil ML s s ER, IRIELT .

MRS 7E

—. A 40

1. FEEAF): DMEMAH % 77340 H 55 [H Gibeo
N, JEAEIE (fetal bovine serum, FBS) W H
Invitrogen/A @, HBV DNA PCRE & K i 7 £
HAb R @ S B A I A R, HE 4 DNASEHGA
Ffll & QIAamp DNA Mini Kitl) H Qiagen/A @], CCKS
WA EWH Bl e Aw, ¥4 f) Transgene
TransIntro ELIY H &\ & A F], 2GRN &
Dual-Glo® Luciferase Assay System/l [ Promega /A 7] ,
TR EFETEA T . AEiEINH cccDNATE P
PLV-CRISPRJF ki & mc-ccc DN AR /1 ekt I 22 45 i
e EAL AR R S0 5 2RI 4% I

2. SRIGANM: 3FHBVE E R HIAIE R 75 & C
FERIMETVI 2§ HBV A& & & i 41l ZHepG2.A644H
MRl CHJE B BB 302 B BEtEIF R F A= A =
M (ExKEWEFSZL201010586554.6", o [H it
RRE FRP R O K 5 C201163) 1. DEE[AI AL EY
AHBVE: & & H40 ffl ZHepG2.2.1541 i f1HepAD38
YA AR 3020 B BRI R A ZARAE) -
32 M Y BIAEAERESE [fcceDNA, - i T 1EM i 2 2
XoT 4 i A A 58 A7 ZE ceeDNA [0 2805 . Hep G241 it
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FHFEAI R, TTHBVIERNA RS, T B g
RGN I BE A0 cccDN AL SRIE R 5200

. W

1. 250 A PR B 1A P B B S N B AR XS
HepG2.A64. HepG2.2.15. HepAD38. HepG24Jifu
VEFHBIEEPER I, SR CCKSE, Hixd Bk K 4
FREmMI LAREFL2 > 10U Rt T-96 LA,  7E37 C.
5% CO M T HE, 24 hIINIREE R BIFHRE 1R
FA (0625 ug/ml, 1.25 pg/ml, 2.5 pg/ml. 5 pg/ml,
10 pg/ml. 20 pg/ml. 40 pg/ml. 80 pg/ml) AL
TN RINZ R BT IEAH, B R 1R, 120 hisf &E4L
S AIIIAL0 pl CCK8VAMR 4k 845772 h, bR TR,
Pt EEK S 2 A SR ¥ K450 nmAh 54N FL IR B

(A . FAEARERZIR, BOFIMHE.

e 25 " HepG2.A64, HepG2.2.15,
HepAD38FIHepG24H M £ K 520, 715 254154
MM E  (toxic concentration 50%, TCs))  ZHfiEAH
S (%) = (ZaWp b3 AL/ AR F 25 hh # 2 A
fH) x 100%.

2. 3FHHB VR E & il 40 B R V0 ok 2 2 0
cccDNAK il §8 775256 . 71 # 22 /E Fi HepG2.A64
HepG2.2.15f1HepAD3 84 il Y cccDNA A, 1%
$£0 pg/ml. 2.5 pg/ml. 5 pg/mlFI10 pg/mlii a2
XfHepG2.A64, HepG2.2.15 M HepAD384H it i3 47
FEH 5256 . HepG2.A64. HepG2.2.15F1HepAD38
YHALA2 x 10°4H i/ FLARFP T 127L0R, 25905 A EH
5d. 7d, 9d, FRRHEUHIEES 25 DMEME; 72,
5d. 7d. 9 dor SRS TR, HHATA T
WAL ZE /DI B3 x 10°~5 x 107>, $RE
Yl it S DNAFEHEATPSADBEH 1L, {5 FH4XT 5 3% 8
95 °C, 3min, 50 'C, 15s, 30 'C. 15s, 20 C,
10 minfJ 2 FEAT B B VR AP 1 (rolling circle
amplification, RCA) cccDNA", FIPCR-%¢RET
F41860 °C. 10s, 94°C. 3min, 94°C. 15s, 58 C.
45 s CFOBREIMD , 40MEH, W6 E EPCRE
MHBV cccDNA 5 B-actinff H- 3 5 98 A B &
cccDNARIH L™, AL A EE 30, BUF
¥IA.

B iR AP (U Jeme-cccDNAH R &
29 ab P T HepG2.A64 . HepG2.2.15F1HepAD384]
f2) BP0 pg/mIZHHBV cccDNA [ & il /K ¥ E N
100%, Z5¥%tcccDNAHIIHIZE = 100%— i 2H A
B/ 254 AL FRLRG MG x 100%.

3. [k % GeHep G240 I A/ 78 25 22 #01 illcccDNA
SRR MR SEEG . me-cccDNARE YeHepG240 M, $EANT
i BRI H ccc DNAKE & 14 (1) 9255, [Fime-cccDNA
AL GLucRIAbREE,  n] i kil 4 L35
GLuciE MK [ tme-cccDNA 5 536357, GLuc
HE PRI ILRIRRY), RS F Promegalt) i
B R e BRI & RG] Yok 4 e BIE
GLuciE 1, 3437 Hime-cccDNA 3 s i 14

HepG24H L LT x 10*40 i/ L4H Fh T 96 FLAR
Fime-cccDNAJF K {5 F Transgene TransIntro EL% 4%
T YeHepG240 i, %445 h/5 73 Al A0 pg/ml
5 pg/mUt 85 2 A FHep G241}, THLE-B pLV-
CRISPRPHMEXS A AT AT S5, 20 AlfERS ds
7d. 9 dfFWERAINE EIE, 13 000 vminB015 s

(B0 PAffr = 8.6 cm) 5 B JBAEI6FLERFRIR H A
50 plad Yo 2= B MAF 1T (luciferase assay reagent
II, LARID) , U5 AT pliEgO s i 4n i
H, BEEDTEONBEARCR G TR ) FE s i a K R
RS VERCHE SR T ) SR NS0 ul Stop & Glo
G, 2k BRI, (A S Bhif RO R X
N, AR AR 35 VR 21 IS B ¢ O 2R I 1 2
. BNKREHREINESE, BCFIME, 3173
M7 EE LI AR UOCRBERIA T = 5K
HUE G ZR I PR UL B 7 o 2R B R P U

B R A (BN Jeme-cccDNA K]
HepG24Hfil ) HBV cccDNA# 5K ik E N
100%, 2%t cce DNAFL sk IE 1 I 26 = 100% —
SIS ZHASIME/ 25 A AL B AT UE < 100%.

= GuitEAb

SEIHHE M ST BT HSPSS 13.03k 4%, 22K
f§i FlGraphPad Prism S8, 4 SCIe%dE (ZHHAH
WG ST AIfED AT E TR H 2RSS, KRH
x+ 53RN, HIE ECR FHLSD-e 56 77 2 #r, A
[F] Ab N [A] % cccDNA 2R, K F 3 2 &7 22 07
#r, PAP < 0.05hZERA G L.

# R

—. N EHepG2.A64, HepG2.2.15,
HepAD38HTHepG 24 fify 4 it 4 14

N EEEE A HepG2.A64. HepG2.2.15,
HepAD38HTHepG24H1120 h, TCy7351]527.01 pg/ml,
29.36 pg/ml. 31.20 pg/mIFl 52.80 pug/ml, WK 1.
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NEEERI< 10 ng/mBEER (0.625 pg/ml.
1.25 pg/ml. 2.5 pg/ml. 5 pg/ml. 10 pg/ml) X}
HepG2.A64, HepG2.2.15. HepAD38HIHepG24i i1 )
AR, ARSI > 90%, fokw4s
WREE10 pg/mlift 2 2 X5 480 4 H 2B A AR X 353 31
N (9225+0.62) %. (94.03+£0.72) %. (93.10 +
3.66) %A1 (99.81 + 4.01) %. nJGEFRIH A NHE
71> 90%1) 2 A TR, BI<< 10 pg/mlik FEiEAT
JE B .

T AFEWRENGEEMAIHepG2.A64
HepG2.2.15f1HepAD384 it #HBV cccDNA
1 52 |

HRARRTIARF T, A TOEPARBICIE] (S d,
7d. 9d) Kk (25 pgml, 5pgiml, 10 pgml) TS
I, 7RE A 1EFHHepG2.A64, HepG2.2.15HTHepAD38
YifEs dv 7dv 9d, WERANMLIEITDNASREL, £5diR
WY 14, #H4TcccDNAE A 3Pl REAFIK
JEE 7R R A FEAS RIS ] coc DN A 2 L 1~3.

1. HepG2.A64. HepG2.2.15F1HepAD384H ffu 2t
2.5 pg/ml. 5 pg/ml. 10 ug/mlifi & £ AL ffjcccDNA
I ZR2H R 22 A vt e L (P33<<0.001) , 4k
PR AL PR N 2R 2 B, BN R AR IR T A
P [P il ST et DA =R

2. 3Fh4H i Z rFrccc DN A F4 1 2 i 7t 2 24

i TR SE K TR A, S dfE R At 7 dUiIRk
Z, 9 diifIfER &S (P¥)<<0.001) .

3. 3T AN [ 3% 55 Ak FH 4 R Ak PR 1] 2 ] 24547
X HRN (PY<0.01) , BEAFRREEK, %
ZH N cccDNA I 2 8T el 55 o

=\ N BRG] BE R Jeme-cccDNA I KL
HepG22J11if 1 cccDNA [ 3 1t

HRAfE N 5 CCK SR St 5 R X 3 S e 4 2R
cccDNARIMER , AWFFIEFEFEHRE (5 pg/mD
i 5 A AL Fime-cce DN A JF R # 4\ Hep G2 41 il
H:tmc-cccDNA i B HepG24H i1 425 pg/mlif 7
A, pLV-CRISPR CH§ 5 1 pfikcoccDN A BH M Ji fr et
O . FHE FN, FEMEXREZ)D 4 HlAb#ES d.
7 dFN9 dJ5 HEAT PR BRI .

1. pLV-CRISPR #H. FHHEA. 5 pg/mlif
BRI f5cccDNARSIE M R F Qi % £ 7

(P < 0.001) , pLV-CRISPR 4%k fefk:.
2. B-LHAE P 8] 5% coe DN AT S5 3% . A7 5
(P=0.001) , BHMfAZEK, pLV-CRISPR i
cceDNAFL ST M A PRk 35, TN AL 2 2H 4101 il
cccDNARL Sy 1t FI/E B 58, 5 ng/mUi 8 2 4b
HRZH %t coc DNA%E 353 M 1A i 1 P e i ) 428 K .15
WRES (FEFS dPmlcitmd .
3. ANTR) A B A AR FH IR 1) 2 180 47 76 48 B 300

vE: TP <0.01; 7P < 0.001
B AS[EREE T 3 A HepG2.A64. HepG2.2.15. HepAD38FIHepG24H il 7514
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(P <0.001) . BEACBERFAIZEK:, S pg/mlifi#E  CRISPR 41 (28.86%) , ZREZKII¥E N (F =
HeccDNANHIF FREIEE (35.81%) KFpLV-  132.00. P <0.001) . W4,

T ANEWRER R AR X HepG2.A64 LA cccDNA K| =
cccDNAHIHIE (x£s, %)

NE AR
LFES d 47 d 49 d

0 pg/ml 0.00 = 10.58 0.00 + 24.89 0.00 + 9.69
2.5 pg/ml 6.59 £2.61 3.72+5.01 377 +£2.64
5 pg/ml 3532+3.55 24.70 £ 1.40 6.34 +0.65
10 pg/ml 84.24+2.10 43.69+ 11.23 6.60 +0.46
Fyw/PIE 303.159/<< 0.001

Foy/PIH 93.307/<< 0.001

Fyiy v/ PIEL 40.978/<< 0.001

e LSD-tAxie, PRI ZE R A SR X (P 1< 0.05)

R 2 ANIFHPE R E AR AR (A6 HepG2.2.15 419 cccDNA [ 5
cccDNAHIHIZE (x+s, %)

e
P AT d 487 d A9 d

0 ug/ml 0.00+5.10 0.00+0.81 0.00+3.91
2.5 ug/ml 38.46 +3.58 1.93 +0.43 0.58 +0.99
5 ug/ml 47.88 +4.30 6.64 % 3.86 0.95 + 8.50
10 1 g/ml 52.02+4.74 25.13 % 6.01 22.03+3.71
Fyy/PlE 180.282/<< 0.001

Foy/ P& 332.193/< 0.001

-, ] 42.117/< 0.001

TE: LSD-tAxie, PIMILLEZE R A SR L (P 1< 0.05)

& 3 ANIER L A FASFI (5% HepAD38 4Hi il Y cccDNA (14| %
coeDNAIIIHIZ (345, %)

NEEE

Ab3S5 d Ab3E7 d Ab3E9 d
0 pg/ml 0.00 + 1.42 0.00+2.31 0.00 £ 1.57
2.5 ug/ml 6.83 £5.20 5.54+7.42 0.83 +1.82
5 pg/ml 12.24 + 4.84 9.49+122 6.01 +0.69
10 pg/ml 47.16 + 6.69 14.67 + 6.99 6.86 +0.73
Fy/ PIE 115.308/< 0.001
Fyyw/PlE 103.171/<< 0.001
Fagiy i/ PIEL 4.762/0.003

TE: LSD-tAvie, PRI ZERHESEE L (P 1< 0.05)

F 4 5pg/mljiEE. pLV-CRISPR FITFHEZE A F AR [MH0H] coccDNA 53335 M
cccDNAFEFOFMEIHIZ (x£5, %)

415

AbBES d AbFET d AbFE9 d
2R bR 0.00 £ 5.70 0.00 £4.58 0.00 £ 6.57
PLV-CRISPR4h 3 4 49.56 + 4.44 39.32+9.16 20.70 + 4.25
TFN4b 3R 4H 16.89 + 5.67 34.06 +4.26 33.33+6.85
-5 pg/ml 48.44 + 4.54 19.81 £ 6.85 12.63+£5.57
Fy/PlE 132.775/< 0.001
Fy/PIE 10.114/=0.001
Fugi i/ PIE 12.055/< 0.001

TE: LSD-t Ay, PIMILLERZE R IE SR X (P 1< 0.05)
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cccDNAJEHBVE il [ IR UG AR, & VTN 2
R ERRERN R EREAYERT,
cccDNA B A A AT 11, R ik 4 i oy 24
fEis =AM, FAR AR B SRR R A
FAT SRS, BTG ARIA KPTHBV 25 YINAsHE
BFH I FE A PR IRDNA  (relaxed circular DNA,
rcDNA) JERL, fip 3 2 i I bR e, 2
NAsH A E3ME] TecccDNA, SEE2E5HE K,
R T I, b IR N2, g™
AT 24545 2 5 ) . TN B 4R 8 =15 A 00 sk 5 22
FER SR EER, BREARKRM K, JTREA
B, A3 LLIEIEFRHBY . itk SHRHHP0R S
B A 250 AR IRRR G HB VIR G e D f sk . &
T SRR K B PR EE St U B, A 244 Y
WEA 2T, ZHAPHBVIER"", AR
TBEBRHBYV cccDNAFFREFT I 7 L%

WS, REEAHIVEGE PR EIRTT
B ERPE A RAFER, L EARNLS] 322
WA R CDAT TN A, 3 T 3 SR A G s
1RSI, ACG R R I A A Y A A
ERHAARIFMHHBY DNAK | K HBsAgHI
HBeAg#IEMIEH™, {EHITHBV cccDNAHI1EH]
i AR WARTE, KA SO N B8 £ XTHBV cccDNAF)
VEREAT A R o

PHLAS B2 #E 7] ccc DN A ZG W HIF 2 1) JiR IR A Gk =
EIEHBV cccDNAWFFU MY, H FfNH FHBV
cccDNA IR 7T 2 A FE . (D775 B B LT o A 7Y
CUnJEAC NPT AE Y . HepaRGAHMUARE Y, Fasg 3£
IR ANJE P AT IR R B P [F) % 12 22 IR (F Hep G2 AT Huh7
AR cocDNARL Jei iR (WIHBVER &
YL HepG2.2.1541 /. HepAD384ffii. HepDE19
ZHMf. Minicircle cccDNAZHAE L) 120 @ /)
fcccDNAM 78 (A2 AHHF 704 F coccDNAFE
LAt ny .

3FHBVER E Z 41 R : HepG2.A6441 iy
HepG2.2.1520 f ATHep A D3 84 Jfd - %2 H Sk i 5 7l 2
FXtcccDNAS FIIHIHITER, 25 R EIRS pg/mlif 2
SN HepG2.A6441 1. HepG2.2.1540 g filHepAD38
YiificccDNAYEFIS dify e KA %40 51 84.24%
52.02%147.16%. I AT XinZ5 2820 1§ FIHB VR 57
PER)/NTHERNA  (small interfering RNA, siRNAs)

UUERHepG2.2. 1540 fd HF [F)cccDNA, JLER R IA
50.4%~69.83%, WeisP ] (i Ff] £ 5 K EH
HepG2.2. 1540/, cccDNAFNHIKFIA75.5%. AHF
9t 45 525 B 7 55 6 ccc DN A R 8UR 5 siRN AT
BRACRA Y, HRE RIS RN A 508 B
AR AL TR E K “A— 7 A& Jui H K%
TiHAIR) B 3 B0 ) B R 51 24 ) ccc DN A2 A5
B HepG2. AGAZH JdEAT A7 555, 45 R B/R5 pg/ml
i #E B VE FHHepG2. AG44H IS dHfi| #5214 84.24%, %f
ETViiit 28 cccDNA WA 1R I FAIHI 8. ET VI 24
ffJcccDN A4 i 45 HepG2. A64 1 ¥k ] T-cccDNAF
FHORHFFT, XA T MIAIH S, 45 RN A
SFETVIi 24 ccc DNAE F 5 9 B 8

N5 T RN B RS cccDNA RIS i 2 75
AHHIBER, AFFIERNFH T 5 —FlicccDNAZH 5
. minicircle cccDNA (mc-cccDNA) ZH s 5,
SR RIRS png/mlji B8 2 AF H %% JeHep G241 g Y me-
cccDNAZES KT, cccDNARESEVE M3 T 48.44%,
R 5 PE VT ER ccc DN A pLV-CRIS PR BH 1 J57 A 411 il
cccDNAFE 57 PE 49.56%, 725 2 41 cccDNAYE
FH W& 99 T4 S 14 971 B ccc DN A [ pLV-CRISPR [ 4 5
K, ARAPHIER LT TR RA (16.89%)
AWt FiikFEme-cccDNA R G AT 525, Jif Kl & me-
cccDNAR A i GLuckt THBVAZ 0 B 5 T Al O e
RN TATGZ ], AIPudE . R GHA I R 2
cccDNA, I H ] ¥cccDNA 5 H A TE R [FJHBV DNA
(tn#¥-4HBV DNA, rcDNA. dsDNA) XZ0JF, i
Hme-cccDNABRUAK S THBVIER G, GLucigM:n]
FreR23 dUL b, 5T 3R1G BT e 2 Fhan e AL,
X 5EHBV cccDNAA: )2 T i ccc DN AR 7] 244
A EEMHED,

gi b, RNEEAMUT BEEANHIETV 25 F18 A4
HIHBV cccDNAE #, [EI $fcccDNA R 5% 7% 4
BAGHIER, HEWTT R85 R 2558 5 i 2 A
gy ZELS. ZIEEGERMEAAR, T ARREH
¥t 47 82 05 70 85 2 4 5y coccDNA AR FH AL I
F, BN IE HBVIE G T R 0t 70 g Jih
J7 W o

2 £ X M
[1] PRSI S22, hRBE 2 I 20 2. 18 S BT 48y
HRTRFEQO19E/I]. I R HFAES I 4 %,2019,35(12):2648-2669.
[2]  Gehring AJ. New treatments to reach functional cure: Rationale and

challenges for emerging immune-based therapies[J]. Best Pract Res



SR A R

SELEN

(L FAR) 202048 A £7514%: 5414 Chin J Exp Clin Infect Dis (Electronic Edition), August 2020, Vol.14, No.4 e 271 o

B3]

(4]

(3]

(6]

(7]

(8]

(]

[10]

(1]

[12]

[13]

Clin Gastroenterol,2017,31(3):337-345.
Testoni B, Levrero M, Zoulim F. Challenges to a cure for HBV
infection[J]. Semin Liver Dis,2017,37(3):231-242.
WA, X, B 2222, 45 B b 25000 B X 2 BYITF S R A
AN AR R T D). AR R 2 2% K, 2014,39(2): 121-124.
LiuY, Yao W, Si L, et al. Chinese herbal extract Su-duxing had potent
inhibitory effects on both wild-type and entecavir-resistant hepatitis
B virus (HBV) in vitro and effectively suppressed HBV replication in
mouse model[J]. Antiviral Res,2018,155:39-47.
Wang L, Liu Y, Liu W, et al. Establishment of three hepatoma cell
lines stably replicating wild-type, entecavir-resistant or multidrug-
resistant genotype C hepatitis B viruses[J]. Hepatology,2011,54(4
Suppl):1082A.
(RS, JRTEe, ARIETE, &5 MR HIE 2 B 4 i #cccDN AR
W HH (R R (9] R R 2 2% ,2009,34(6):675-678.
Zhong Y, Han J, Zou Z, et al. Quantitation of HBV covalently closed
circular DNA in micro formalin fixed paraffin-embedded liver tissue
using rolling circle amplification in combination with real-time
PCR[J]. Clin Chim Acta,2011,412(21-22):1905-1911.
Li W, Zhao J, Zou Z, et al. Analysis of hepatitis B virus intrahepatic
covalently closed circular DNA and serum viral markers in treatment-
naive patients with acute and chronic HBV infection[J]. PLoS
One,2014,9(2):¢89046.
RE, WF, EBRIE, & W PR S CHEFR MR 2
BUJHF 28993 B S R AU R R IE R [J]. o R 2 B A
£,2014,21(12):51-54.
Li Z, Li LJ, Sun Y, et al. Identification of natural compounds with
anti-hepatitis B virus activity from Rheum Palmatum L. Ethanol
extract[J]. Chemotherapy,2007,53(5):320-326.
Ve, 250, 2R, BEEXNHBVA E M~ B4 kHepAD3S
HBV DNASH 30 i 15 F (9] o B 20k 2 5 20 0 A 2 2
& ,2008 17(1):9-13.

B, FWTRH, KESLIE, 57 R A HBY B £ H 1. %
J‘I'Ik##f&(@##&),zol5,50(2);301-304.

22, FRRK, TR, F ATNE

Frr) ,2020,14(4):265-271.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

E R I74) TR K Jh-FcccDNAG)AE A [J/CD]. F &

GRS, 4, XU, . kNS X LI S0 25 e R R
A mem FFAZFHBY DNA K Z U B e [I]. [ op
PHEE S5 A8 44 ,2011,19 (2):91-93.

HUNEHE, FEDEAC. BT RN 7 X 2B S0 B B A R
BRI T itk E?Hiﬂﬁ&fﬁﬁ%kgtl‘]a;"ﬁ[]] o [ o R A A A
#,2011,31(7):937-940.

P, B, JHECE, 5. SRR R SRR T HIV IS G
BRI RS2 8. o e o B 25 2 WV SERRI 7 2 N i R4
22[C). 2B AIE,2008:196-202.

Chen X, Oidovsambuu O, Liu P, et al. A novel quantitative microarray
antibody capture assay identifies an extremely high hepatitis delta
virus prevalence among hepatitis B virus-infected mongolians[J].
Hepatology,2017,66(6):1739-1749.

Yan H, Li W. Sodium taurocholate cotransporting polypeptide acts as
a receptor for hepatitis B and D virus[J]. Dig Dis,2015,33(3):388-396.
Guo JT, Guo H. Metabolism and function of hepatitis B virus
cccDNA: Implications for the development of cccDNA-targeting
antiviral therapeutics[J]. Antiviral Res,2015,122:91-100.

Li F, Cheng L, Murphy CM, et al. Minicircle HBV cccDNA with a
Gaussia luciferase reporter for investigating HBV cccDNA biology
and developing cccDNA-targeting drugs[J]. Sci Rep,2016,6:36483.

Li G, Zhu Y, Shao D, et al. Recombinant covalently closed circular
DNA of hepatitis B virus induces long-term viral persistence with
chronic hepatitis in a mouse model[J]. Hepatology,2018,67(1):56-70
Lucifora J, Protzer U. Attacking hepatitis B virus cccDNA--The holy
grail to hepatitis B cure[J]. J Hepatol,2016,64(Suppl 1):S41-S48.

Xin XM, Li GQ, Jin YY, et al. Combination of small interfering
RNAs mediates greater suppression on hepatitis B virus cccDNA in
HepG2.2.15 cells[J]. World J Gastroenterol,2008,14(24):3849-3854.
Wei ZQ, Zhang YH, Ke CZ, et al. Curcumin inhibits hepatitis B virus
infection by down-regulating cccDNA-bound histone acetylation[J].
World J Gastroenterol,2017,23(34):6252-6260.

ks E T 2019-11-02)
(R YRtE: PR

BAs R g R E (B



