(DGR

Acta Microbiologica Sinica

2019, 59(12): 2263-2275
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20190059

Review

CEIRF KRR SR INERFNE I B9 A pEtR B

FHRY, EEAY, ERT, EFH°

VRIS RR b, AR T 361102

28 TR E AL YRGS R S TR AR L, MR ] 361102

T 120 R 98 995 5 (Hepatitis B virus, HBV)JEL 2 7™ 5 Bl i A\ 2 A v (e e 0 T B0 S T AE [m) 8,
ST HADL HBV 2RIy okms, [REFEN Do B h S BUEVE LT R SRR IR . AR AL
AP HBV 254, 5 2 BOMNE B4 i I IR A& S e 24 0 G 2 A 5~ 1E HBV IR A il A= i J 30
HORFERISIREFIBLE], JFAEL LR b & A B IR T R R . SR HBV AN I i ) 240 A Y
JETSE HBV ATl YT S TR, FFAER Y HTHE A 00 & BRI E 25 W) GG S5 58 A b R 3 S AR
o ARTON 345 HBV R 52 i) 20 A TR 8 A BIE 5 i BEA TR BT, 0 Sk e A TR ) 7 P st A
JRIBRAE . BT AT SRR K S 5 T AT R G B A A

KA. SRS EE, A2, e, dnipR

LR J7 7% (Hepatitis B Virus, HBV)J&—Ffr
WA GUIRER) DNA JETE, ARG, T LA AR
FR S5 15 S Y (persistent viral infection), 181
HBV Ja%3% (chronic HBV infection) &t 5 yE [l N B¢
NI ER AL DA @ 2 —, SR EUHAEA A
J&VE 41 19 (hepatocellular carcinoma, HCC)AY 3=
S RS B AT T A I A R &
HBV 4, [H7E4: i FE N 29 2.48 {2184
HBV e, HMELIBIA 16T FROGa M. 181k
ORGSR I XU 8008 HBV #5438 &
5-100 £, BAR HAATFEHE HBV M4 (n

EEWH: EEAKRP-A4(81672023)

AT TR T s e i & R,
EAEIR ST R TUAR, R i L s B8 RURS AT 28 e
FIEH AR R R e . BT
SR R AR I PRIA YT 28 U i 5 1K 31 HBsAGg UL
TE o e L i o et , IR B — & R K
JR N EAE TR (B2 3) | JFFAE AL R S 2R T
o B JRURSE SRR AT, DAL b T 40 Ay 52 B P 2 T
A im ARIA A AR, B BE T TR LA
R PR K LA 5 1l PRAG 7 S s B RE A 1l
TREES M, SR IERE , (HIFAREA RSB IR
@ (E R <5%). Wik, KREAAREGITZYIL

“BIS1EE ., Tel: +86-592-2880627; Fax: +86-592-2181258; E-mail: yuanquan@xmu.edu.cn
YeFs BHEA: 2019-02-13; 1@ HEA: 2019-03-24; M4REARHHER: 2019-07-11



2264

Mingfeng Wang et al. | Acta Microbiologica Sinica, 2019, 59(12)

SEIE A O B E B UM IRIA L, SRR
AR TAEEAE AR 5-20 4E N T I AR SE kA

THF HBV IR FIE T AR S A S AR S0
5% HBV ARG B E B T H,, IFZETRYT B sk 3R
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RIMUAE ) IR], (B2 A4 AR TH 2 B9 HBY
L e A R A ARIRAES I 5 A i,
HA HBV KAATE 0 MAVRREFE 5 B9 ML K
SR P SRS R s EAR TR L B
2540 HBV VE Rl l SRR (3R 1),
1.2 HepaRG #ijf

HepaRG 4 fifd & Ak — {57 18 14 P 78 JH- 4% o 75 ek
Y (0 2 PR R 28 5 B I B vh g Ok R B
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e, JFRIUH 5 IACH UM B B SRR SRARE Uk, HepaRG/HBV FR 45 n] L HIR I BE I il HBV
X, 3t 2 K 2% DMSO 53 4MEJ5 ., HepaRG UL/, 0 ezitimibe®, BFFYIESE, 4k
AN TT RLoyfE R R AP AN AR I A (4529 5 HepaRG ANMEREZH55E L HBV e A il
50%), HAAFANIEA S HE HBY MECEES . A1 M, JF 308 ccoDNA M4 MURHESEE. 40k
T EACHF 40, HepaRG v] ZWAE4%, b5 A0 HepaRG AN H. &4 523 ay T AHA ITARAL
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Figure 1. Life cycle pattern of cell models for HBV infection in vitro. @ The virions bind to the NTCP receptor on
the cell surface; @ uncoating surface protein, then releases the nucleocapsid into the cell; 3 rcDNA is released into
the nucleus; @ rcDNA deproteinizes, then the positive strand is filled to form a supercoiled cccDNA; G cccDNA is
used as a template to transcribe 5 kinds of mRNA; ® protein translation in the cytoplasm; (@ S proteins are
assembled into subviral empty envelope particles (SVP); ® the secretion of e antigen; (9 polymerase protein binds to
pgRNA to initiate reverse transcription, then forms negative-strand DNA and immature nucleocapsid; DNA
positive chain synthesis to form intact rcDNA (mature nucleocapsid); @) formation of mature virions; @ a part of
nucleocapsids replenish cccDNA pool; 3 releases of mature virus particles; 4 a part of nucleocapsids is released in a
naked form (naked capsid); @5 subviral empty envelope particles (SVP) are released outside the cell.
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F 1. HBV (KoM MATIEE
Table 1. Cell models for studying HBV infection in vitro
Cell models Source or feature Advantages Disadvantages References
PHH Human liver tissue Research for metabolism and innate Costly; limited resources; difficult [14-15]
immune response after HBV to culture; short life; large [16]
infection; support full HBV life heterogeneity between donors; low
cycle; natural host of HBV infection efficiency
PTH Liver tissue of Support HBV infection similar to Low infection efficiency; [9,20]
tree shrew human hepatocytes; has natural non-human cells; limited
immune response against HBV resources; phenotypic changes
cultured in vitro
HepaRG Derived from a HCV- Support full HBV life cycle; exhibit Long time for induced [25,27]
induced liver tumor some hepatic functions differentiation; low infection
efficiency; little or no cccDNA
amplification
NTCP-overexpressing  Integration of Easy access; unlimited supply; good High MOI for infection; limited [6,9,31,34,
hepatoma cell line exogenous NTCP reproducibility; easy to operate; infection transmission; less 48-50]
higher infection efficiency; support cccDNA formation; lack of natural
complete life cycle of HBV; interaction between virus and host;
platform for virus entry inhibitor greatly different from normal
screening physiological liver performance
HLCs or hiHep Stem cell differentiation Support full HBV life cycle; exhibit Complex and long-term [53-56]

or non-hepatocyte
transdifferentiation
manipulation

some hepatic functions; unlimited
supply; suitable for genetic

differentiation; can’t represent
complete phenotype profile of
primary adult hepatocytes; low
infection efficiency

WEETE ), X — g 1z s T 2 A
KWFFE o BRAEMRSN HBV YL R itizs A, FRAi]0m:
IR RO REY, @2/ N FHET
b5 ST 4L 9 HepaRG 2 JiT 41 ity nl 7
FRGS /N S8l — 2 F B ) AN RAL 2, I %
RN HBV R,

Schulze Z£FF HepaRG 4ilfig [l i T #£ HBV
JE YL 20 i R UR AP R R B R £ T OB R
(HSPGs) i) B £ | Sureau H1 Salisse % 1]
HepaRG 4iifii 4% 5 T F HBV I AHTIFEIRX (1)
WRIR LB R 45 G000, LS XT T HBV [
2T E AR AR, Ni &8 e e e
MEHR HepaRG 2 i e S 4H AL, TIESE T NTCP
VE N A SZ AR LE HBV e s 72 v ) 8 A Y,
Macovei 55T HepaRG AN AT A B/ N 2
[1-1 (caveolin-1)7E HBV etk TN AT
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AR W T EE— K W BRI A AL T A (R
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M AR R TR Rk, B85 HBV RN
pre-S1 I kg &, % AR AN & (n
Huh7. HepG2 %§)HhRikHAKN) HBV Difetksz
PREY i FhZ M NTCP 323k, HepG2 45
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AN S A Oct3/4, Sox2. KIf4 Fil c-Myc AJ #44&
AR B2 TR SCET 4 20 39 o3 Ak i 22 e T 40
B S Z He T 40 i (induced pluripotent stem cells,
iPSC)®, HE—L s R W, ad ARG T4
S5 T 2 R T A ML B oAk AT ORI RETE I 2R A
I 21 Bfg (human hepatocyte-like cells, HLCs), &\ f
Z W5 R, iPSC RIEMY HLCs RESCHFHASL
HBV YY), FA 15 = A7 th W
iPSC SRR AY HLCs figfE FRGS /Nl AP S B 2
I HE HBV 1A Py e B4t i 52 i) 44k ok
TRAYZE T4t (stem cell-derived hepatocyte-like
cells)Fh, oI BRI 2 A 52 A BN 7 1 AT SE5F
TR B, ELHK BCET 2 40 M 53 Ak B 25 A2
ML B ARAR R, MATRY A5 K B FOAS .
HNF1A | HNFAA =55 [R50 A IR fif BUET 4E
i B AT DA LA 4 Ak Sk 25 A 40 i (human
induced hepatocytes, hiHep)®™®, #f5%iiF52, hiHep
L EA S PHH 2RI L B kg A Th e
A S5 3 Y — Se R R R s OR & R) R 1
hiHep 4H il RETE AN S HBV fIE gL RIS il . L
1 b, TR ) o AR A e S AR IR Y 2
NJH4AIRLA HBV BRSNS S hil R T3
YRR, K 2 240 M 7E L 2Ly TR b 2T R 2
LA HBV FERY 45 FAL A RS, (LA 7E
BRI . B RCRIRSEA L, HAE HBV B
Uz B AT e i — D E AL (GR 1)

2 HBV 45 E H| A

5 IRBITUAR )2, (6 HBV & il A5 e
/I NTCP 45 HBV HSCZ KKk, AEL HBV
RNA (W5 SRR T4 T18 3 40 e 6 14 5%
FHHA A i HBV BKZH (A 2).
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HepG2.2.15%%, FIFHZ4IM %, Cui %% Bl TDP2
(tyrosyl-DNA-phosphodiesterase 2) i 2 FH- A fig
FHIET cccDNA MIJERL, Z &k MiE/R TDP2 XfF
cccDNA [{TE BLaliir 3+ A b7 1. HepDE19
2] i (3% 2) S —Fh e Tet 3% T 2235 HBV fka %
AMER, ZAME RN L1 A5ARR HBV JER 4 5%
AR, Rk 0 R A W SE N B 54 pre-core
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RiFoes, XF &M HBV 1Y E 35 (HBeAg) %
KA Ay W BB SR IR F LM M A AR DNA
(cccDNA), HBeAg HI7K-F- 5 i cccDNA 7K F- &
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JEaTE, Z%8UHT HBeAg & AYHTAT 5 HBCcAgG
HFAE—E R3S X v, FnE naked HBV
capsid K EAFAE, AR ILFN 2544 T >R FH i
L) HBeAg a7 G 21 (%) v] REAS & FIE 32 X |
) HBeAg, 1] fEJCIEMERf I LA Y cccDNA [ H
SR, MR — R, Cai ZPTM HA Fr%

Delivery system ®

1

1 Naked capsid
1

1
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Figure 2. Life cycle pattern of cell models for HBV replication in vitro. @ baculovirus or adenovirus containing
HBYV genome bind to releated receptor on the cell surface; @ releasing viral DNA into cytoplasm; @ viral DNA is
transported into the nucleus; @ the genome of HBV is transcribed to form five kinds of mMRNA; & the cell line
stably integrating the HBV genome initiates transcription (or under the control of tetracycline); ® protein
translation in the cytoplasm; (@ S proteins are assembled into subviral empty envelope particles (SVP); the
secretion of e antigen; @ polymerase protein binds to pgRNA to initiate reverse transcription, then forms
negative-strand DNA and immature nucleocapsid; 19 DNA positive chain synthesis to form intact rcDNA (mature
nucleocapsid); 1) formation of mature virions; (2 a part of nucleocapsids replenish cccDNA pool; @3releases of
mature virus particles; a part of nucleocapsids is released in a naked form (naked capsid); (15 subviral empty
envelope particles (SVP) are released outside the cell; 16) cell can’t be infected by HBV without NTCP expression.
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% 2. HBV K5 EHIApaIEE

Table 2. Cell models for studying HBV replication in vitro
Cell models Source or feature Advantages Disadvantages References
Hepatoma cell Hepatoblastoma Easy handle; cheap; stable; support  Don’t support HBV infection; has  [9,57-58]
lines(Huh7,G2) hepatoma efficient replication of HBV the characteristics of cancer cells
HepG2.2.15 Stable cell line integrating Stable and continuous expression  Not permissive for HBV infection;  [59-61]
double-copy HBV genome and replication of HBV gene; low virus production; uncontrolled
in HepG2 cells produce infectious virus replication and expression of HBV;
less cccDNA formation
HepAD38 Integration of 1.1 copies of Controllable replication and Don’t support HBV infection [62-63]
the HBV genome in expression of HBV gene; virus
HepG2 cells, with a production is relatively high;
tet-induced promoter cccDNA accumulation is relatively
high
HepDE19 HBeAg is expressed from  The amount of cccDNA is Not permissive for HBV infection; [65-66]
cccDNA, not from the positively correlated with HBeAg; the detection of HBeAg has a high
integrated genome large-scale drug screening platform background (homology of HBcAQ)
for cccDNA
HepBHAe82 A second-generation The amount of cccDNA is Don’t support HBV infection; the  [67]

cccDNA reporter model

HA tag specificity

positively correlated with HBeAg;
based on HepDE19 with a no background (or very low); high

detection is relatively complicated
and long

(influenza hemagglutinin, HA)Jfi A% HBeAg HY
precore X, TEVUIRZEJHTE T AT HBV BIFHEFER
5, L HA BTN ZRBTIAR . HBeAb Sy lIfiiiA,
BT T AN HBV Z il HJCH 5t AT cccDNA
4 2 45 (HepBHAe82) (3 2).

2.2 HBV EHEAMELBBRAERSE

HF HepG2 1 Huh7 W4 it i 5% Ye iR I+
e+ AR, WFSEEARER T T R A 1 AL
Wik RGE LIS IR HBV B4k 7 40 B v 0 5
WS, 1998 4F, Delaney Z57F B Ht 40 if Al
il T #5457 HBV &l F ARG B , X FAT
P75 T LUK A DhREE R HBV LR 4] 3 AT
FEANM HepG2 ., #Ef#EAT HBV MR il Rk |
AR e V9 5 R 1) T B L R AN A P T ARG T )
cccDNA ML AL, H HBV Wi iE /K5 i
JEYL A A SRR OCO TR 3). AL
FTRSMIFFESEEG, I NA T 25825 5 HBV (93
REZR BB ILL BB B HBV 20 245t 5.
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I B 2 At ke b7 FH 3] HBV 42 11 ik 26 1791
Sprinzl % DURAS 85 A HBV 1.3 534S
A 293 4 ] o E AL S BE LAY HepG2 4l
I, ARSI B E 8 HBY &2 ik, et
S A NI e SE v ARE 4= I STy [ 1)
AR R FaloR . BRFE R, (T HBV
I T 1) e 2 A B L AN TR R s A S e, wT
SZF HBV TEA )l 200 o ) 4 1 4790 (3% 3) .
POVt 2 (S R N2 WUk A R U
W5l A g R, RS HBV & ilfE )1 1Y
LT BRI 2 R IR B A A A T e AR SN B 2
() cccDNA FRIE L™ RAE I, LTk
BRI HBV & il 1538 R G AAFAE—LE PR« 58
—, WL R AR )7 20K HBV JE A5 A4l
Seakit TRARE LT HBV B i AR B,
HWZRGEAREH T HBV A% 5 g 2 A B
HIBFSE ; 55, B4R HBV IR 115 T2 N s
N AT RESS W T HBV 1436 e de kAR a4
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F 3. HBV RIS HI MBI -FIE IR R R
Table 3. Cell models for studying HBV replication in vitro-delivery vector system

Cell models Source or feature Advantages Disadvantages References
Recombinant HBV  Produced in Support replication and expression of [68-70]
baculovirus system  insect cells HBYV; formation of infectious virus

particles; formation of cccDNA pools;  Skip the natural phase of HBV

baculovirus can’t replicate in entry; some host responses to

mammalian cells HBYV infection may be masked by
Adenovirus vector Produced in Transduction efficiency can be judged non-specific reactions caused by  [33,73-75]
system carrying 293 cells by green fluorescent protein; make viral vectors; safety issues

HBYV genome

HBYV cross-species infection possible;

high level of HBV replication

SRS I R R L MR R R A K
SERGZ RGBT 2N FZ AR

3 WHmEZE

SCRE HBV LA i i 4 A Y 2 HBV fF
FAE L T, HYGaR RS T HAIX HBV £
A IR AR, s st HBV #2552 it ik
J&é . SCHFSERE HBV Ax iy JR 1A 1) 240 M A R e 153 47 ]
REAEXT HBV JLFNEL il (% A OB 74T
X TR IS QT X s B S AN
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Cell models for studying HBV infection and replication in vitro
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Abstract: Chronic hepatitis B virus (HBV) infection is a worldwide public health problem that poses a serious
threat to human health. Currently, only a very small fraction of patients can achieve functional cure based on the
existing treatment strategies of anti-HBV drugs. The development of more effective drugs against HBV certainly
requires a more comprehensive understanding on the roles and mechanisms of each viral component and its related
host factors in viral life cycle, and therefore providing scientific clues for further identification of novel therapeutic
targets. In vitro cell models supporting HBV replication and infection are important tools for basic researches of
HBV life cycle, and play essential roles in the identification of novel anti-HBV targets and efficacy evaluation of
drug candidate. In this review, we summarize the recent research advances on the cell culture models supporting
HBYV infection and replication, and systematically illustrate and discuss their application characteristics and
limitations and highlight perspectives for further developments.
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