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LTSI (Hepatitis B virus, HBV) Y G HE AN MERBHET AL T
AR, RE A TSP T O R D TR R HBV R, AERA 4 2.4
I8 YE HBV Y T BA5 BA JUIGRTT . BT IE 18 LR YT 294 2 Redzil
it A R T HME LSRRI R A A, R R E A 201 Anti-HBV #7242 457 HBV [
WFICE S5 . ESL AR FERESEEL HBV 52 58 A i J& 30 10 48 i 770 2 420 45 3 %o
Anti-HBV JRITHI BRI R B REE . Hr, SCRE HBV ECGLHITE I (1 40 g
RUZRWF HBV 518 EMEAEA . fEMLES HBV BAYHIT 204, PRSP+
FVETEM EZE TR BRIFAF4E4L, 740 HepaRG 415 4MEF 1L HBV )
REME 2 1R NNV RS T- 2R IR 3L % 12 55 1 (Sodium taurocholate cotransporting
polypeptide, NTCP) [f] HepG2 4l (HepG2-NTCP) J& H #if A% F (P Fh HBV
Gy, (RILE BT EIR PR AR S HBV G R 45 0 A AR IR P RBOR I
BAEEBEAL, APt A RAGEIE A ER N HBV 5 ik .
FiE REIG 5 HBV IR GL I /AN 73 -1 i 75 A A0 A B G % 11 45 = B ST 58 9 i A
HBV 4HMUER AR, FEH2E N T Anti-HBV 254 (575 126 R4t R84 205 A
L5 978 B IR Gtk 5 R T LB AR DG PE AR R

AT NP5 43 9% 5T HepG2-NTCP A1 HepaRG K HBV 1A 4h &k
G AT RGNACHI N IR R . Herh 55— 840505 /& HepG2-NTCP 4 ffg 5 2Y
kg AR . NENE - R LS B B2 HepG2 A i/ (1
HBV DjfetEsz k. 2012 4, Huan Yan 5587 K ILTE HepG2. Huh7 &8 A 4H
Huik b ANIE PR IA NTCP Al i3k 73 HBV &b, AMEH I HBV /R4 G
PRI B T . (HUATIRIE 2L T HepG2-NTCP 4Pk A &M ak Gefbi 7 jge e
RORBHK, N 10-20% 445, AR LG HBV (1) 5 B 2 . AWFF N T b
=ANTT IR HET HepG2-NTCP 40 (G i AT | R thil, BFE: (1D
2T VUM RS FRIAE Y HepG2-NTCP 4k, K NTCP 4 f¥ 415 IRES Jxz)
LS 6HE I (mCherry) M8 T MU T8 ) T IRHE IR T RISHEH,
FIFI 1295 5 RGO % RIAERE T A S HepG2-TetOn A, i8It i :04m i /i
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FOARH 0 AL 3RS T R A ) HepG2-2B1 ZHMubk. iZ4MAKKTE Doxycycline
(Dox) 535, AERIKF-#RIE NTCP, 3 HF HBV B4y, YN 30% /4.
(2) VAl T RIVNFTHEYN HBY RINERGRIER . KIRA 9-cis-RA

CD437 i FP 4k H R 524K (Retinoic acid receptors, RAR) ¥4 5} 772 245 4y b 78

HepG2-2B1 4fifl, B W35 HE m X HBV 1 5 Bft . Horr, 9-cis-RA %5 DMSO

BAEA, T CD437 MIJE 7 DMSO kA BRI AT R ME§2 i s f5 40 i ) HBV it
(HBeAg M1 HBsAg) F#ik/KF. HBcAg 4 7é G 0 BH 1 2 K 40 i N A 25

DNA/RNA 7KF. (3) Ak 7RG, KIAESI AL T80 AT 31T HBV

FE CRIFERG) W m 5B, T S b A F SRR . e

DL E=AN 7 edk, FA 1857 7 5T HepG2-NTCP i) HBV SR J ik &, H

H CD437 AbFE I B Y2 F, T¥ HBV B4k HepG2-2B1 40l [l B e (Jgk

PLfE 5 12 KR40 HBcAg SR G EBHMEZE) N 34.5%38 T2 98.3%, [FI) T

FiE G5B LS 4R HBsAg. HBeAg 737K F M il HBV RNA
(145 pgRNA Al total HBV RNA). HBV DNA (fi4% core DNA I cccDNA) 7K

N TEARAIE G S A2t HBY IR G 73 FHL, AR 5 B R A

mRNA 200 734 1 250 Ab B0 SR R NI 3 R e Ak IR . 45 R 2

7N, CDA37 AbFR] 2 85 598 2 M AN R 3 TiE P (CMV. CAG. SV40.

CMVTRE3G), MM IR TR FRA K . bk, BFFtit &I CD437 4b#

RE (AT 3 9% 4 7 HBV 1.3 fir B [A2H e B2 1Y) HepG2 40 /U] HBeAg F1 HBsAg &

K, FBHHXS HBV J& 37 A (2 #E/F Hl - X DMSO.DMSO+9-cis-RA .CD437

A HE )5 HepG2-HepG2-2B1 Ui 1T mRNA #5417, 45 W R~ AH b T AR AL 2R

ZHf, DMSO. CD437 ALy n] 25 5 (055 NTCP £ N 215 HBV B4 K

LA HIAE O BT R R e oK. AT T 2 E B3 B 14

FEH ) cDNA Fik ik, #5 Y HepG2-HepG2-2B1 4l iE4T YL IR AIE, 45 BRI

H 9 AR (BCL2A1. BCL2L1. NUP155. CHORDCI. PON2. TRIM26.

SART3. MTA2. HNF4A) )i & 7] LLIG 58 HBV £ HepG2-2B1 4 Jifd H i) J 4 .

gk LRTIR, BRATHIWE 70 45 R 3B CD437 558 HBV IR YL & Hil 5578 £ RIA,

Rl {22t HBV (4% ARIE, MR35 HBV YL RUR .
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BE— DI I, P65 I HepG2-2B1 I YA R 1T LLSZ 3 HBV #5454 135
() BB R AT, itk — 25 o T8 M 2 0 N L7 25 B MR SR i T B2 T
Ho RAUER, AFFFER 104 FlHEZ K AT RIBIT I HBeAg FAMERIETE 2
JIF R BE 28 75 3 (HBV DNA ZK-F#5 KT 10° copies/mL) [rI4ARSME GLGE 7733
7 7P, o 42 (40.3% ) BIEES LI AT Rl 21 G J5 HBeAg /KFIITHE (h
DNEGbR ). GG B IS e 15 SEIAR S DR G 5 KT R IR TT N A 45 R
BEAT M, RN HBeAg BHPEMINE BT N FLLR ILiE i R e 1 5 T3 a T )5
RABANZ (HBeAg IMIE 58 & HBV DNA B&EKI R ) HAT 5 & A
KA, BELR ML 3 R SS , TIBRIT IS 5 KA G L% . R, 2
20 TR G W] e W] DAL A TR 40 3R VA T R 0 5 — AR bE . IEAT T,
qAnti-HBc Flll T4 V697 Ja K AEBLE R &) AUROC 4 0.677 (95% CI:
0.576-0.779, p<<0.001), J&Zpi B/ 4L /1 Tl 1] AUROC K 0.663 (95% CI: 0.558—
0.767, p<0.001), 1M P& BEA T AUROC 18 4 0.724 (95% CI: 0.626— 0.821, p
<0.001). Rk, P BCA TN AERA = T qAnti-HBe B2 55 B e 71 Sl
AR TR b ) HERRG L

AT 5 /2 HE T HepaRG 40 HBV ARSNGB A AL AT
Hl. HepG2 ZHMIEMEALEHGS, V2 % RN B ARG Tl EA, NiEG
FIT1E X5 HBV @ UL 58 R G B WL B 7L, A i 58 B AEM g — A8
Bl FACAT AN AR, 5 HepG2-2B1 JE R34 H b . i#id % HepaRG #F
TR EIE, % HNF4A Fll FoxM1 EK#4 4 HepaRG 40, ik iR1G —iA
Wi T DMSO B ] 58 B 704k I 30 FF HBV IR ) HepaRG-M14A 4otk . 5544
HepaRG L, HepaRG-M14A KA, I H A0 sy 2820
AN [ R E 40 7 0] 74K o 70 A6 i J5 1 HepaRG-M14A 4 i JHF 40 i y [A]
[k BT B BA SOA A thae, I HEERELE FRG /N it s A4
Ko, SEOEE.

346 ) HepaRG-M14A 5 HepaRG #itt, NTCP ;%45 HBV &KL K
FUHAE AR OGRS A AN RIFE R T, BG4 DMSO 5 5 R ) Sk
HBV HBGY . =i A 25 5 I DMSO 7] L2 F+ HepaRG-M14A 4
%t HBV 15 /8% . FIF] HepaRG-M14A 4Hfig%T HBV & YLss K 505 B Bk 2 1)

F

|

I

&

il



EEES

WKL, HBV IR R HIFEBCNEE . S TR RS TR 15 55
(Interferon stimulated genes, ISGs) HJ3£ik, JAK/STAT Fl NF-xB 15 5 18 % &
2 5% HBV %N Z . HepaRG-M14A #1532 48 (Pathogen
recognition receptor, PRR) {31t 5 HepG2 LB I T RACAT 4L, K4
PRR W EN7FI7E M14A 40 i &8 BA0H] HBV BRI /E R, b s R i . 3%
ff/& TLR-1/2, 3, 4,2/6 F1 RIG-I/MDA-5 [#4zh7.

g5 BRIk, AW FUENLIF R T IR [EI K HBV ARG R AT 52,
FX HBV FEGH AR A v (G RAE AT 7 R G A )38 - A HepG2-2B1 4Hli &
LY HBV A AET IR DA TN I UHE, FIH HepaRG-M14A 4/ 4]
ARDE T HBV RGN Je R e B RFIE . XM AN G B 78, 1dE
TARBIFT TV 5 HBV LI & Anti-HBV B 2581 A G i 18 TR

KW LTI RIE, HBV IRAMNEYLRTY, Y4 H R 2R s)7], 9-cis-RA,
CD437, 4k, ZRET4NRE, SRz

v



Abstract

Abstract

Chronic HBV (Hepatitis B virus, HBV) infection is a major public health
concern affecting over 240 million people worldwide. Although suppression of HBV
replication is achieved in the majority of patients with currently available antivirals,
discontinuation of therapy prior to hepatitis B surface antigen loss or seroconversion
is associated with relapse of HBV in the majority of cases. Thus, new therapeutic
modalities are needed to achieve eradication of the virus from chronically infected
patients, which depend on the establishment and development of cell and animal
models that support the whole life cycle of HBV. Cell model is an important platform
for the study of HBV infection, HBV and host interaction, screening and evaluation of
drugs for treatment of chronic HBV infection and evaluation of antibody
neutralization activity. Except for Primary hepatocytes, differentiated HepaRG cells
and sodium taurocholate cotransporting polypeptide (NTCP) overexpression HepG2
cells (HepG2-NTCP) are most commonly used for HBV infection. However, the low
efficiency of infection and complex operatens need to be further improved. The aim
of this study was to establish novel HBV infection models by constructing new HBV
susceptible cell lines, screen small molecule enhancers and optimize infection
conditions for facilitating HBV infection, and preliminarily apply cell model to the
screening of anti-HBV drugs as well as the study of correlation between
serum-derived HBV infectivity and virological response post interferon treatment.

The first part of this study was development, optimization and application of
HepG2-NTCP cell model. The sodium taurocholate cotransporting polypeptide is the
failing functional receptor of HBV in HepG2. In 2012, Huan Yan et al found that
exogenous expression of NTCP in HepG2, Huh7 and other human hepatocellular
carcinoma cell lines could acquire HBV susceptibility and lay the foundation for
constructing novel HBV infection model in vitro. However, the reported in vitro

infection model based on the HepG2-NTCP cell line presented a low infection



Abstract

efficiency of only 10-20% and poor susceptible to serum-derived HBV. In this study,
the infection model based on HepG2-NTCP cells was systematically optimized from
the following three aspects: (1) NTCP and red fluorescent protein (mCherry) were
constructed in a bicistronic expression cassette regulated by tetracycline-induced
promoter, followed by integrated into HepG2-TetOn cell line by lentivirus
transduction. The stable cell line HepG2-NTCP-HepG2-2B1 with high expression
level of NTCP was obtained by fluorescence-activated cell sorting technology.
HepG2-NTCP-HepG2-2B1 supported HBV infection and cccDNA formation. Despite
the 100% positive rate of NTCP expression, the positive infection rate of HepG2-2B1
cells was only 20%-30%. (2) In order to facilitate HBV infection level of HepG2-2B1,
we screened several retinoic acid receptors (RAR) and Retinoic X receptor (RXR)
agonists for its effect on HBV infection. DMSO-dependent agonist 9-cis-RA and
DMSO-independent agonist CD437 presenting the highest enhancement on secreted
antigen level, intracellular and extracellular HBV DNA/RNA level and
HBcAg-positive infection rate. (3) The infection procedure was also optimized.
Suspension cell condition of infection could enhance HBV infectivity, producing
synergistic enhancement with drug treatment. Through the above three improvements,
we established HBV infection system with high efficiency based on HepG2-NTCP.
CD437-treated suspension infection conditions could improve HBV infection rate
from 34.5% to 98.3%, as well as the level of secreted HBsAg, HBeAg, HBV RNA
(pgRNA and total HBV RNAs) and HBV DNA (core DNA and cccDNA)
significantly (>5 times).

In order to investigate the molecular mechanism of optimized condition for
promoting HBV infection and the host genes involved in HBV infection, the effects
of drug treatment on exogenous and endogenous gene expression were analyzed by
reporter gene method and RNA transcriptome sequencing. The results showed that
CD437 could significantly enhance the activity of a variety of exogenous promoters
(CMV, CAG, SV40, CMVTRE3G), thereby enhancing its downstream gene
expression. In addition, CD437 treatment could also enhance the HBeAg and HBsAg

expression levels in HepG2 cells transfected with HBV 1.3 times genomic clones,

Vi
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