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1. HBV

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;  rcDNA is released into
the nucleus;  rcDNA deproteinizes, then the positive strand is filled to form a supercoiled cccDNA;  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;  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; @ releases of mature virus particles; @ a part of nucleocapsids is released in a
naked form (naked capsid); @ subviral empty envelope particles (SVP) are released outside the cell.
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Table 1.

1. HBV

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 some hepatic functions; unlimited  differentiation; can’t represent
transdifferentiation supply; suitable for genetic complete phenotype profile of
manipulation primary adult hepatocytes; low
infection efficiency
B2l HBV
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“ HBV-integrated
stable cell line

——HBcAg @

Life cycle pattern of cell models for HBV replication in vitro.

pPERNAAAAAAANS

polymerase
HBsAg @ o
HBeAg <3 @ > ﬁ (B

SvP
*DD D
> :
HBeAg @ o 2 ¥
D & ‘.J 5]
23 J

S proteins are assembled into subviral empty envelope particles (SVP);

releasing viral DNA into cytoplasm;
the genome of HBV is transcribed to form five kinds of mRNA;
stably integrating the HBV genome initiates transcription (or under the control of tetracycline);

baculovirus or adenovirus containing

viral DNA is
the cell line
protein

the

polymerase protein binds to pgRNA to initiate reverse transcription, then forms
DNA positive chain synthesis to form intact rcDNA (mature

nucleocapsid); @ formation of mature virions; B a part of nucleocapsids replenish cccDNA pool; Breleases of
mature virus particles; @ a part of nucleocapsids is released in a naked form (naked capsid); @ subviral empty
envelope particles (SVP) are released outside the cell; B cell can’t be infected by HBV without NTCP expression.
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2. HBV
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
HepG?2 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 HBcAg)
for cccDNA
HepBHAe82 A second-generation The amount of cccDNA is Don’t support HBV infection; the  [67]

cccDNA reporter model positively correlated with HBeAg; detection is relatively complicated
based on HepDE19 with a no background (or very low); high and long
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3. HBV -
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
(331 HBYV cccDNA
HBYV cccDNA
3
cccDNA
HBV HBV
HBV
HBV
cccDNA
HBY HBV
HBV
HBV
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HBV DNA RNA treatment, and prevention of hepatitis B virus infection in
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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
HBYV 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
HBV infection and replication, and systematically illustrate and discuss their application characteristics and
limitations and highlight perspectives for further developments.
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