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[(HE] HE KA 6TFTAFLENCANLBREMBVEZRALANGHE W, Hik MTT x40 6-F
B A& 2% HepG2. 2. 15 #2 HepG2-NTCP #m e P #9 s oAb, 1204 0. 1% DMSO #5422 K (KT R) ,
6-F & A 2 %(5.10,20 pmol/L) & B4+ % (25 nmol/L, Fa b3 B&) & 2 HepG2. 2. 15 = HepG2-NTCP 41 s, 6
d, RT-qPCR #:#l % i, ¥ HBV DNA fe HBV RNA # K F,ELISA #al an fe L& b TR £ & & # R
(HBsAg) A= ZR I X e 4R (HBeAg) K -F, #itk HBV 46 A B/ &4 2 R M E 44 0. 1% DMSO #9432 3%
KA M2 B, 6-F & & 2% (5 mg/kg) B HF$(0.02 mg/kg, A B K. H 6 RRAKE LR, %
WA I 24 d B, S R AR B B BE . RT-qPCR # ) /s & oo 3% A= AT Ji 28 22 & HBV DNA K -F B AT i 40 42
¥ HBV RNA K -F,ELISA # s K feif b & R B R A#HB8(ALT) R I AR B AL 44 8 (AST) \HBsAg
F= HBeAg K-F, R LarBaark,6-FAAF 2 F Tk 2R BEARM 6 BAK HepG2. 2. 15 #= HepG2-NTCP
@ i+ HBV DNA f= HBV RNA & %8 e 5 ik %) HBsAg #= HBeAg K F(P<{0.05), 6-F A& 2 £ R ¥
DREARE R AST ALT 69 B B, T A 2 & B4k HBV # K B % £ & P HBV DNA,HBsAg #= HBeAg &K F &
D RIF R4 22 HBV DNA #= HBV RNA K -F (P<0.05), &i& £ HepG2.2.15 @, HepG2-NTCP % 2
fe HBV # AR D ABEAF 6-FAE 2 A A AREGITH HBV XL H 946 M .
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[Abstract] Objective To study the effect of 6-methylcoumarin on the transcription and replication of
hepatitis B virus (HBV). Methods The cytotoxicity of 6-methylcoumarin in HepG2. 2. 15 and HepG2-NTCP
cells was detected by MTT assay. HepG2. 2. 15 and HepG2-NTCP cells were treated with normal saline con-
taining 0. 1% DMSO(negative control) ,6-methylcoumarin (5,10,20 pmol/L) and entecavir (25nmol/L, posi-
tive control) for 6 d. The levels of HBV DNA and HBV RNA in the cells were detected by RT-PCR,and the
levels of HBsAg and HBeAg in the supernatant were detected by ELISA. Male HBV transgenic mice were in-
traperitoneally injected with normal saline containing 0. 1% DMSQ (negative control) , 6-methylcoumarin (5
mg/kg) and entecavir (0. 02 mg/kg, positive control) once every 2 d,blood collection and weighing once every
6 d. After 24 d of drug treatment,the mice were sacrificed and the liver was taken. The levels of HBV DNA
in serum and liver and HBV RNA in liver tissue were detected by RT-PCR. The levels of alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), HBsAg and HBeAg levels in serum were detected by
ELISA. Results Compared with the control group,6-methylcoumarin could reduce the levels of HBV DNA
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and HBV RNA in HepG2. 2. 15 and HepG2-NTCP cells with concentration-dependent manner,as well as the
levels of HBsAg and HBeAg secreted by cells (P <C0. 05). In addition, 6-methylcoumarin could significantly
reduce the levels of HBV DNA, HBsAg and HBeAg in serum and HBV DNA, HBV RNA in liver tissue of
HBYV transgenic mice without affecting the body weight, AST and ALT of mice (P<C0. 05). Conclusion 6-

methylcoumarin has a strong inhibitory effect on HBV transcription and replication in HepG2. 2. 15 cells,

HepG2-NTCP cells and HBV transgenic mice.
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FEY A B BT AR I R T2 AR S . PO
Ty 1A TR A YL (esculetin) ZEAR Y
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sA) 4y WA BELIBTE A . B & O M & W 2B il L
A HBV 3§ #E . 6-H %% & & (6-Methylcouma-
rin) J& T & 2R BAE W 8 AE B R S0R s, e 1k
B L TIN50 I 22 7 s 2 B W 2 A 0 e
TR, 6-F 3k B 528 75 2 97 40 38 1 5 76 A0 (9 % B,
6-FH I A 7 Ay BB 2 I BROTE S0P 2 fl
Bz S B TN, 2 A 2R A 0 AR R A AR AR
[, 6-H 36 & R T LE N EAR 4r F 5 5 4 F Bl
RAEWRMER S LR MER B & W EE A, 6-F
A SR TE I A0 M A K R hoE O IR AR T AR

FH. A SCHERIRE D 2P np KSR Y b i 6-H B4R
FRMGFKF ARG EEREGY . 6-HRFD
FXT N B Ec-109 41 i /Y 34 58 Fn 3T 8% A 30 1 1E
s HHECA SRR EES 01 o D . SR,
6-H 3 A & R 7 HBV J& Y o (9 1E R A 0F 52
il

AWFTE R HBV FasE Rk A0 M R HepG2. 2. 15
Y AT HBV gk 4% 20 fg B 8 HepG2-NTCP 4f il )2
HBV % 5L /N RB R, 58 6-H 567 U Z /F HBV #%
SRS VR T
1 #H5AHE
1.1 ##

HepG2. 2. 15 40 it i 7 3 B ATCC 2 Fl;
HepG2-NTCP 4fi s iy 5 P B B A 27 Jk e 4 95 9% 4+
A= )2 0 T S S R A IR A LY DMEM 5
R B I 25 [ Gibeo AR B R -HEE XA
F [ Hyclone /A Al ; 6-H 37 & KW H 3£ H Sigma 28
Al MTT 5000 [ E A T A9 28 | TRIzol i #%
SR B L LT AR L 4 DNA BEBGRF) & L 3L K 24
DNA £ HGA 7 & [ v B R AR ZE /LB 2 /] 3 SYBR
GREEN It§ [ 26 [/ Bio-Rad 2\ ) ; ELISA 4 I 32t 7 &
[HBsAg fl L% e $T)5 (HBeAg) |1 H | i Bl 4
A TORE B O A5 PR 2> Bl 5 SPE 46 HBV #% 3% R/ R,
(C57BL/6) , Mtk AT (17+£2) g, 6~8 JAIE, hE ]
KEFPEAE N TR A 5 Bl (ALT) RTTA AR A
LG RSB CAST) K i 38 70) & 0 e ot AR TR
WP .

1.2 &%
1.2.1 @ik

HepG2. 2. 15 4 i % 3% T & 10% Jiti 4 il ¥ .
400 pg/mL G418 ) DMEM % 37 3 b, HepG2-NT-
CP 43 32 F &4 1026 MG 40 35 120 7 % R -5 55
EIY DMEM Kigr3th, DL EAREES 5% CO,.
37 CHIMFAE G F5 . 40 8 B P X B | 2 g 2 A
BEAE ot B 26, 43 1) 2R FH & 0. 1% DMSO 1) 4= B 3 /K
CRPHE X B4, AN ] e B Y 6-H 6 9% (5. 10,20
pmol/L. 325 4H) MR 25 nmol/L ) B &+ 35 (FH
PEXT LD BEATAL B, 6 d S5 AT HBV AH 545 .
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1.2.2 HepG2-NTCP 1 fitL & % HBV

B 2.5X10° 4~/4LABY HepG2-NTCP 40 iy $2% #h T
12 b, 8595 1 dJa o gL s e gk . RO B SR
FEALPE T d 5 AT IR YL S B 1 000, YR
1 d.PBSIEBEANMI 3 UK, Bk 25 5% BA 8 15 0RE L JF 4724
Yrhb B,
1.2.3 M EE

HBV # 5L F /N 3% F SPF 55, #E I 15
HAHE K HBV DNA # DU 3 0 B /N B A3 X6
HE41(0. 1% DMSO A= #ER KAL) , SEIG 2 (6-H1 3L
SEAMBEBERFBETVOHBEIHEXBH), HH 5
Ho 3843k 6-HHF G R E T DMSO, If I 4E
ERJK R BE 1 000 5, 3 2ok T 552 50 A o S B 21 (6-HY 5k
TFERAD AR N 5 mg, XA ETV 4D 4
255005 0. 02 mg, BAMEX AL ES & 0. 1% DMSO
A BRER K R TR W T S i O K45 25, 5 2 R4 2 1
W 6 KR LFRE 1K, 24 d J5Ab st/ 5
IF B B
1.2.4 MTT &40 6-F A F 2 F 60 a1

B 210" 4N /4LH HepG2. 2. 15 4 g #l HepG2-
NTCP 44250+ 96 fLAR, 85 % 1 d J& , A [A] ¥
FER) 6-H B TR (fF LA B N 200 pmol/L &
1.56 pmol/IDA# B 3 R 1 I 2isRdt, 6
d 5. BfLMmA 10 pL MTT ¥ (5 mg/mL) , 65
F% 4 h, KB FIWEW . BALIMA 100 pL DMSO 753 %
i, BEAR AU E 490 nm &b AY WO EE (A1,
1.2.5 RT-qPCR ## HBV RNA % ik &K F

i TRIzol ¥ $2 4R i A1 /)y B E 24 20 1) 64
RNALH 1 pg B RNA #1724 5%, 15 3] cDNA,
RT-qPCR #: 1] HBV RNA ) % ik K 3, B-actin } N
%, HBV RNA EBW#51¥7 %1k 5'-ACC GAC CTT
GAG GCA TAC TT-3',F i 51 ¥ 7¥ % 2 5'-GCC
TAC AGC CTC CTA GTA CA-3"; §% B -actin i
515K 5'-CTC TTC CAG CCT TCC TTC CT-
3.F WiF 51 ¥ % % A 5-AGC ACT GTG TTG
GCG TAC AG-3'., R E 3 AMNEAIFER 3 K.
1.2.6 RT-qPCR ##l HBV DNA % ik & F

0.5 mL 2/ 2 Wik [ 10 mmol/L Tris-sHClI(pH
8.0).1 mmol/L EDTA.1% NP-40 1 2% sucrose ]
T 37 CRAANME 15 min, B0 EBRMMEE R IMA 5
oL B 1 mol/L MgCl, 14 L # 110" U/L DNase
1,37 CHFHE 4 hs A 200 pL 35% PEG-8000, VK
1 h;4 °C 12 000X g B> 5 min, 7 FWG W N A 500
pL B AW K HH0. 5% SDS.150 mmol/L NaCl,
25 mmol /L Tris-HCI (pH 8. 0)F1 10 mmol /L ED-
TATFIZHBE N 500 mg/L HE M K, 45 CWH T
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WG #EAT B A O . 5 N B DCE . 70 00 L BEVE U B
Ja i ddH, O % f# HBV DNA,

/NS HBYV DNA 2 e B 38 o 28 5% N 41
DNA $& B 57 & 6 B 45 i 475 /) BRUFIE 41 20 HBV
DNA $2HU% BB 5L 2H DNA 42 BOR H) & 308 1 3617,
4t h HBV DNA [ W51 #7514 5'-CCT AGT
AGT CAG TTA TGT CAA C3', FislWF 5l H
5-TCT ATA AGC TGG AGG AGT GCG A-3"; /M,
L7 A0 JE 2H 20 HBV DNA () s 550k 5'-
CCT CTT CAT CCT GCT GCT-3', FiEn 1 ¥¥5 H
5'-AAC TGA AAG CCA AAC AGT G-3', SL¥i%
H3NEASIFER 3K,

1.2.7 ELISA # i HBsAg #= HBeAg & & K-F

ELISA 3 51 & A i 4 A b 3% WA /N B v v
HBsAg fil HBeAg M3RIEKN-. 45, 7248 &
FIF 0] 05 4 240 L 355 VRN /0N BRI 36 i RG4S AT A
T, FH B AR A 2 450 nm 4b A fH.

1.2.8 Batrikteml & AST #= ALT

ANERUIL TS N 2R R B Bl (ALT) MR T4 =
T 2 LT R Tt CAST) /K - % F il 125 Ol I ) Az )
A G F VT AR Y TR A 5T BT . ALT 6
Fl & (555 :C009-2) il AST K357 £ (555 . Col0-
2), HAMARA 1000 r/min 5.0 10 min, 73 & L7 5
MFEFE 53R vh i 37 C FIRA 30 min; R 5
AW 2, 4-— A8 FE R EAE 37 ‘CEH 20 min; Fifi
JEIMAZ W 0. 4 mol/L NaOH, E R E 5 min, i
FRAI 5E 510 nm &b A 8.,

1.3 %itsam

K H] SPSS19. 0 #AF#EAT 43 H7 . HE TR, 2+
s PR, WAL A LR FHAREC AT ¢ K 5 . 220 21 (] L 3k
FHRLH % )5 2 43 B1 ( Two-Way ANOVA), LI P <
0.05 NEFHGI¥E L,

2 % ES
2.1 6-FRhAAELZsTmpEre¥h

6-F 3 & K AE HepG2. 2. 15 Al HepG2-NTCP
Y Y CCsy =200 pmol/L, WLIE 1,

2.2 6-F A& 2 &3 HepG2. 2. 15 g P HBV #
FAe 5 ) 64 % oh

6-H L7 T 3R 2 MR P RO 1 s A0 ) HepG2. 2. 15
g+ HBV DNA Fil HBV RNA 97K .20 pmol/L
He BE i 6-F1 37 o K XF HBV DNA Hl HBV RNA )
P25 50k 48, 33% (&l 2A) F 58. 87% (& 2B);
ETV fie ¢ & & M #l HBV DNA /K 3, {H %} HBV
RNA JoHI R 2, 6-H 2 7 07 30 2 vk 3 4Rt e b %
it HepG2. 2. 15 40 g ¥5 5% L 3% W ' HBsAg
HBeAg 7K ¥, 20 pmol/L ¥k B Y 6-H 3 7 T & X}



FTHRESF 202157 A% 50 5% 14 8

HBsAg 1l HBeAg il 2 43 5 2k 38. 33 % (& 20)
F131.67% (FE 2D);ETV 4] HBsAg Al HBeAg 7K
A S G E X
2.3 6-FHA A3 Fx HepG2-NTCP @ e HBV 4%
A F_H) 6 % oh

6-HYHE A5 T &K AE A% W & 410 I 40 L b HBV DNA
il HBV RNA 235,20 pmol/L i 6-H K7 & K *t
HBV DNA fil HBV RNA 4 #ll il 2K 43 5 & 41. 67 %
F145.33% ETV [ A RE 0% W & M il HBV DNA 7K
L% HBV RNA JCHI R, WA, ELISA SZ5
UESE,6-H 36 & O T A7 R % Ik HepG2-NTCP 41 i
W HBsAg #1 HBeAg 1) 3% 7K -, 20 pmol/L
) 6-F 375 7 E % HBsAg 1 HBeAg 44 1 2 43 41|
H29.67% M 37.00% ;ETV 4 HBsAg #1 HBeAg 19
KT AR Ak LI 3,
2.4 6-FAAZE HBV # 4 H
&2

3 A /N B EE A L B S 0 38 s s AR (BT 4 A
ALT.AST ¥ 6B & 21k (B 4B.C)., 5 Xf R 41 4
oL R 6 41/ BUIML 7S T HBV DNA 942 01 50 /0, B
00 140 25 SR B A I ) ) A T 3 5 ETV 21 /0N B il 3
i HBV DNA # DA BE AR (18 4D) . 5 X% BREH AH
He L 35 41 1 3% P HBsAg Fl HBeAg 1 /K - H5 22 [
I, A4 =43 %1k 51, 80% Al 42. 80% ., 1 ETV 4
HBsAg fl HBeAg /KPR B (E 4E.F), 5%
MM HE R M ETV P41 4! HBV DNA #
B AN E (B 4G R A% HBV RNA [ 31 il 2R

NS LR R

o
o

150

e e e
B 100 _Hz_wo B
~ ~ Y
= 50 < 50 #®
a = o
> o <5
o

g = @

0 T 0
*THBLH ETVEH 5 10 20 *THBLH ETVEH 5 10 20

A -FAREEFTE (mol/L) B 6-FAEEFTE (mol/L C
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A 49.80% .7 ETV 44 HBV RNA /K- J6 # & 25 4k

(E 4HD) ,
125 -
Q o O A
100 © ~ T x*'S\O\O
£ 754
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o o
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1
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A.B:RT-PCR #:ll HBV DNA fil HBV RNA % ik /K F;C.D: ELISA i 40}l I 7% % " HBsAg and HBeAg i # ik K F,

B 3

6-AEEFTEX HepG2-NTCP 4B HBV £ %I #9220
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A ()14 F ph R PEAG TR A BLCL M ASTVALT /KF s D RT-PCR #0078 BUAL 7 A HBV DNA #%35/K ¥ E.F. ELISA #:/ KU 35
' HBsAg Fl HBeAg (1% ik K ;G H: RT-PCR ¥l /)y BUIFIE 41 21 HBYV DNA Al HBV RNA 35K,
4 -REFEEX HBV #E E/N R B % 5 306

3 4 i

76 HBV A2 3% [ h , HBV 9% 35 9038 57 NTCP
ZARNAE AN, I 254K 58 42 i reDNA, reDNA i — 25
B 22 Bl HBV & il 8 4 Bl HBV B cccDNA,
cceDNA #5345 4 FR Rl K/NES HBYV RNAs, Hf
3.5 kb RNA 0] R 455 % 5 i HBV DNAM™
R R BT HBV 25 %) , 5 2 3% 5 150 [ R Y
HBV A= i Ji 1] B #5457 2 19 HBV &2 ) 240 A A5 34 A0
SRR, AR IT 45 R oK, 6-F R R ] Rk E
s B HepG2. 2. 15 408 A1 HepG2-NTCP 4
i HBV DNA Hl HBV RNA 4 3 ik /K F, [a] i #]
VIREAR 40 I F 35 W HBsAg A1 HBeAg WK, £
HH 6-F Ok 7 1 R AE MR A n] B 25 HBV A 3% & 4 o
(0 S RN A il i A2 . BT L 7F HBV §5 3% /N R X
6-HFH T ZMPL HBV sk AT 80, 258 Bon,
6-H1HE AR SR ] LA 3 40 /) Bl 7 HBV DNA
HBsAg il HBeAg. U K /N R FIE4 48 HBV DNA
Fl HBV RNA (335K, H 2 R, X sesh
RFAPUESL 6-H AT G R AE HBV % 5/ & il vh & 15
TEBEM T ER RV 6-F A TR A R4
IR Y7 HBV YL 1 1 H A 5.

HTHORLMEGYHA 5T &/, & U

AW R B e 25 T T2 B PR /N AR R A AR SR
B ANFZHYIE TENMRES., AHY5%5%
HNETRRM AW IE B AP HBV 36 #:, AL
il AMHE ., TSR ELRRAEEY L
s, DS OB 9 7 X ) HBx 2R P 3R 58 L AR IR
AN AT A R HBV 61 e s L B 6-5¢
Fo-7-W S F-F G R TE TN B ME I AR T R 4
Bt HBV 3% 1k, B {1k HBsAg Ml HBeAg /K F,1H 6,7
CHEE-FOREA BB HBV i, M RE
RMMERE.C6 IR P AR W T 4t
HBV i, Ui C6 B 7E & 7 & 19t HBV &k h
EETEEHY., WEGENRRFELEMMG LY
— BRI P HBV &0 . WU 5 &K 0T DL AL 40
Mipy HBV RNA.HBV DNA.,H % GBIk HBV & Ju
i cccDNA {9 7K - BN 2 i HBV 19 W2 fff /i
AN R 6-H A R A A b AR AL
R BR . ST B 6-H T TR AE HBV # 3
BRI EE T ERENAEETEN, H6e-HREEFTR
X HBV RNA B30 il /8 5k B 5
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