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Abstract

Background
Hepatitis B virus (HBV) is a major healthy problem worldwide. Because of the narrow host range of HBV,
relative research was hampered by lacking of an appropriate animal model. The natural history of
woodchuck hepatitis virus (WHV) infection in woodchuck is highly similar to that of HBV infection in
human. Therefore this animal may be an valuable species for establishing an in vivo and in vitro HBV
infection model to evaluate HBV DNA vaccines and anti-HBV drugs. Sodium taurocholate cotransporting
polypeptide (NTCP) is the functional receptor for HBV and hepatitis D virus (HDV) infection. Considering
that HBV cannot successfully infect woodchuck cells possibly due to the difference of the functional
domain between woodchuck NTCP (wNTCP) and human NTCP (hNTCP), therefore, we tried to make
woodchuck hepatocytes susceptible to HBV infection by replacing wNTCP with hNTCP .

Methods
The sequences alignment showed the functional domain of hNTCP related to HBV binding and entry
process was different from wNTCP. In this study, hNTCP was introduced into the woodchuck hepatocytes
by different approaches including transduction of vLentivirus-hNTCP in woodchuck hepatocytes,
transfection of plentivirus-hNTCP-eGFP plasmids in woodchuck hepatocytes, as well as transduction of
vAdenovirus-hNTCP-eGFP in woodchuck hepatocytes, in an attempt to make the woodchuck hepatocytes
susceptible to HBV. After check the expression of hNTCP by immuno�uorescence, the hNTCP-expressed
woodchuck hepatocytes were then used to test its susceptibility to HBV infection, which was evaluated by
secreted HBeAg in the supernatants. In order to determine whether these hNTCP-expressed hepatocytes
could be infected by HDV, the established vAdenovirus-hNTCP-eGFP transduced woodchuck hepatocytes
were subsequently subjected to HDV infection, and HDV viral genome was quanti�ed by real-time PCR.

Results
hNTCP was successfully introduced to the woodchuck hepatocytes by using above three different
methods. However, hNTCP-expressed woodchuck hepatocytes could not be infected by HBV.
Nevertheless, we found that woodchuck hepatocytes containing hNTCP were sensitive to HDV infection.

Conclusion
This study indicating that there exist some other key factors mediate the HBV infection at early stage
which have strict species speci�city, and hNTCP is not the only determinant needed for HBV successful
infection.
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Background
Hepatitis B virus (HBV) is a major global health concern. Around 250 million people worldwide live with
chronic HBV infection and approximately 15–40% of them resulted in serious liver disease, manifesting
as cirrhosis, �brosis and hepatocellular carcinoma[1]. The available drugs against HBV, such as
pegylated interferon and nucleoside analogues (NUCs), are able to control HBV replication and reduce the
risk of liver disease progress, but not to de�nitely cure HBV[1, 2]. Furthermore, an estimated 5% of HBV
patients are co-infected with Hepatitis D virus (HDV), a satellite RNA virus of HBV, which results in an
increased risk of hepatocellular carcinoma and mortality compared with HBV mono-infection[3, 4].

HBV is a highly species restrict virus. It has a strong tissue tropism for mainly infects liver parenchymal
cells. And it shows a peculiar host range[5, 6]. Few primates other than humans, chimpanzees and under
certain experimental conditions the tree shrew Tupaia belangeri are susceptible to HBV[5]. By the reason
of ethical constraints or lack of corresponding antibodies, in vivo research has moved these animal
models away[6]. The better-de�ned and easier-operate laboratory animals, such as mice and rats, are
required urgently.  

There are accumulating evidences that the distinct species speci�city of HBV are related to receptor-
dependent manner[7]. The key �nding is the HBV functional receptor, sodium taurocholate co-transporting
polypeptide (NTCP)[8], a multiple transmembrane transporter mainly expressed on the membrane of
hepatocytes responsible for vast majority of sodium-dependent uptake of bile salts from enterohepatic
circulation. Studies have shown that HBV entries into the hepatocytes through interaction between the
myristoylated N-terminus of the pre-S1 domain of the large HBsAg and the host receptor, NTCP[7, 9].
Exogenous expression of human NTCP (hNTCP) renders human hepatocellular carcinoma cell lines,
HepG2, susceptible to HBV infection[10].

In addition, protein sequences of NTCP vary among species. hNTCP encoded by the solute carrier family
10 member 1 (SLC10A1), supports successful infection and is the only limiting host factor in the animals
like pigs and macaques[11]. NTCPs from some non-susceptible species can not e�ciently mediate virus
entry due to a sequence alteration within amino acids 84-87[10, 12] or 157-165[8, 10]. Replacing these
motifs of NTCPs in mouse[10] and crab-eating macaque[8]  with the human counterparts rendered these
NTCPs became functional receptors for HBV in HepG2 cells. Moreover, as the inner nucleocapsid of HDV
hijack HBV envelope proteins to assemble its infectious viral particles, several mouse liver cell lines
reconstituted with hNTCP support HDV infection[11, 13]. Therefore, hNTCP was considered the only
homologue that e�ciently mediated HBV entry process, and the host range restriction of HBV seems to
be largely dependent on hNTCP.

For woodchuck hepatitis virus (WHV) has a high homology to HBV and can cause both acute and chronic
infections[6]. The woodchuck has long been used as a surrogate model for HBV related pathogenesis and
antiviral research[6, 14]. It is interesting to note that HDV infection in WHV-infected woodchucks in vivo
was reported before[15]. Given the signi�cant role of woodchuck model in HBV infection, this animal may
be an valuable species for establishing an in vivo and in vitro HBV infection model. Woodchuck NTCP
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(wNTCP) is capable of supporting HBV/HDV infection in HepG2 cells, but to much lower extent than
hNTCP, which is about 90% reduction[16]. Therefore, we inferred that, the difference between hNTCP and
wNTCP may be an important reason why woodchuck is less susceptible to HBV/HDV infection, and in the
presence of hNTCP on the cell surface, woodchuck hepatocyte may be the surrogate model used for
studying HBV. In this study, hNTCP was introduced into the woodchuck hepatocyte in an attempt to make
the woodchuck hepatocyte susceptible to HBV, nevertheless we found that woodchuck hepatocyte
containing hNTCP only sensitive to HDV infection but not HBV. The results indicating that there exist
some other key factors mediate the HBV infection process and hNTCP is not the only determinant that
needed for HBV infection. 

Methods
Sequences alignment of wNTCP and hNTCP 

The sequences of wNTCP and hNTCP were obtained in FASTA format on NCBI website, and the data were
analyzed using Protein BLAST to compare the similarity of two NTCPs. The tertiary structure of wNTCP
protein was predicted using the AWISS-Model in ExPASy online software.

 

Cell lines 

A hNTCP expressing cell line generated from HepG2 named HepG2-NTCP-K7 was kindly provided by
Prof. Ulrike Protzer (Insitute of Virology, Technical University of Munich), which could express hNTCP
stably and support long-term HBV infection. HepG2-NTCP-K7 cells were cultured with Dulbecco modi�ed
Eagle medium (DMEM, Invitrogen) supplemented with 10% fetal bovine serum (FBS), 2 mM L-glutamine,
penicillin/streptomycin, 30 μg/ml blasticidin, 1 mM sodium pyruvate and non-essential amino acids
(Thermo-Fisher Scienti�c, Waltham, MA, USA), at 37°C in 5% CO2 incubator with regular passage every 2
to 3 days. Woodchuck hepatocytes was kindly provided by Prof. Mengji Lu (Insitute of Virology, University
of Duisburg-Essen), and cultured in Ham’s F12 Nutrient Mix, Gluta MaxTM medium. 293FT cell line were
maintained in DMEM medium containing 10% FBS, 4 mM L-Glutamine, 1 mM MEM Sodium Pyruvate, 0.1
mM MEM Non-Essential Amino Acids, and 1% penicillin-streptomycin, and 500 μg/ml Geneticin. 

 

Transduction of woodchuck hepatocytes with vLentivirus-hNTCP

An expression cassette containing the hNTCP (hNTCP , GenBank Accession #JQ814895.1) under control
of the liver-speci�c transthyretin (TTR) promoter, with the blasticidin resistance gene and human beta
globin polyadenylation sequence was cloned into a pLenti6.3 expression vector (Invitrogen). Then
ViraPower™ Lentiviral Expression System (Invitrogen) was used to create the vLentivirus to delivering
hNTCP (vLentivirus-hNTCP) to woodchuck hepatocyte according to the protocol. Brie�y, 293FT producer

https://www.baidu.com/link?url=gCKbe7G08hlRRB-C656V9IcDEcIN-mSb-Fso0hANq1CSmABD9hnPE2YqW7mipV7dMIZLbCzToDVgSZpq2YvOAq&wd=&eqid=8d3424f000012010000000065dca20f1
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cells (supplied with the Kit) were co-transfected with the plenti6.3-hNTCP expression plasmids and the
optimized mix of three packaging plasmids (pLP1 + pLP2 + pLP/VSVG). Virus-containing supernatants
were harvested at 72 hours post-transfection. vLentiviruses were then concentrated using Vivaspin
centrifugal concentrator (100,000 MWCO; Sartorius) by 50-fold. Woodchuck hepatocytes were seeded in
6-well plate. Transduction procedure was proceeded on day 2. 72 h after the transduction, 30 μg/ml
blasticidin was used to select positive cells, and cellular morphology was observed under microscope. 

 

Expression of hNTCP was con�rmed by immuno�uorescence analysis 

Rabbit anti-human hNTCP was kindly provided by Prof. Bruno Stieger (Clinical pharmacology and
Toxicology, University of Zurich). The expression of hNTCP on the woodchuck hepatocytes tranduced
with vLentivirus-hNTCP was detected by immuno�uorescence analysis. Cells were washed three times
and �xed with 4% polyformaldehyde at room temperature, permeabilized with PBS plus 0.5% saponin,
blocked with PBS plus 0.1% saponin and 10% goat serum at room temperature, then incubated with
primary antibody, anti-hNTCP, at 4°C overnight, washed with PBS plus 0.1% saponin for three times, and
incubated with the secondary antibody, which is Alexa Fluor Plus 488-conjugated Goat anti-Rabbit IgG
(ThermoFisher Scienti�c). After three washes, the nuclei were stained with 4’,6-diamidino-2-phenylindole
(DAPI). Cells were examined under a �uorescence microscope.

 

Transfection of Woodchuck hepatocytes with plentivirus-hNTCP-eGFP plasmids 

Plentivirus-hNTCP-eGFP plasmids were kindly provided by Dr. Martin (post-doctor in Prof. Ulrike Protzer’s
Lab). Woodchuck hepatocytes were seeded on a 6-well plate and transfected with plentivirus-hNTCP-
eGFP plasmids on the next day. Transfection was initiated by mixing cells with plentivirus-hNTCP-
eGFP plasmids and lipofectamine (Sigma Aldrich). The nuclei were stained with 4’,6-diamidino-2-
phenylindole (DAPI) for ten minutes. The expression of eGFP was observed under the �uorescence
microscope to check the tranfection e�ciency. 

 

Transduction of woodchuck hepatocytes with vAdenovirus-hNTCP-eGFP

Adenoviruses that express both hNTCP and eGFP proteins were constructed by Dr. Martin (post-doctor in
Prof. Ulrike Protzer’s Lab.) Woodchuck hepatocytes were seeded in 6-well plate. Adenovirus-hNTCP-eGFP
was transduced into woodchuck hepatocytes with multiplicity of infection (MOI) of 4 or 20 on day 2. Cells
were washed and incubated with fresh medium one day after transduction, and expression of eGFP was
observed under the �uorescence microscope to check the transduction e�ciency.
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Infection of HBV and HDV in hNTCP-expressed woodchuck hepatocytes

After differentiation with 2% DMSO, the three kinds of hNTCP-expressed woodchuck hepatocytes were
infected with concentrated HBV stock solution (puri�ed from HepAD38) or HDV stock solution (puri�ed
from serum of the patient) diluted in Ham’s F12 Nutrient Mix containing 5% PEG6000 and 2% DMSO. HBV
infection was performed with an MOI of 100 or 500. HepG2-hNTCP-K7 and woodchuck hepatocytes were
used as the positive and negative control, respectively. Following incubation with the viruses overnight,
cells were washed three times with PBS and maintained in Ham’s F12 Nutrient Mix containing 2% DMSO
in 37˚C incubator. The supernatants were collected and fresh medium was added every 3 days. For the
HDV infection experiment, the vAdenovirus-hNTCP-eGFP transduced cells were infected by HDV with an
MOI of 200 at 3 day post transduction. The cell morphology was observed under microscope at day 3
and day 7 after infection.

 

Detection of HBeAg in supernatants of the HBV infected cells

The supernatants were collected and assayed for HBeAg at day 7 and 10 p.i.. The levels of HBeAg in
supernatant were detected by using an electro-chemiluminescence immunoassay (ECLIA) on a modular
analytics E170 analyzer (Roche, Indianapolis, IN, USA) according to the manufacturer’s instructions. 

 

Quanti�cation of HDV viral genome

At day 3, 7, 10, 13 p.i., total RNA of the HDV-infected cells was isolated by using the TRIzol® reagent
(Invitrogen). HDV RNA was detected by using the real-time PCR with the one-step SYBR quantitative real-
time PCR kit (Takara) and Applied Light-cycle 480 Real-Time PCR System instrument (Roch, USA). Prior to
qPCR, a thermal shock was applied to break up the secondary structure of the HDV genome, by heating
the RNA samples at 95 °C for 10 min, followed by putting the samples on the ice immediately. As RNA
was applied, a reverse transcription step was implemented. And in order to detect cDNA being transcribed
from viral RNA, a HDV speci�c TaqMan probe was utilized. The probe was mixed with the HDV speci�c
primers listed on Table 1. And then they were added to the master mix for the qPCR reaction. HDV viral
genome equivalent copies were calculated based on a standard curve generated with known copy
numbers of HDV genome containing plasmid. The performed real-time PCR program is listed on Table 2.

 

Statistical analysis

The results are presented as the mean ± SD. Statistical analysis was performed on GraphPad Prism 6
(GraphPad Software, Inc.) using Student's t-test or one‐way ANOVA followed by Least Signi�cant
Difference post hoc test. P<0.05 was considered to indicate a statistically signi�cant difference.
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Results
Comparative analysis of the sequences of wNTCP and hNTCP

We predicted the tertiary structure of wNTCP by bioinformatics analysis (Fig. 1A), and compared the
sequence with hNTCP. The results showed that wNTCP was a protein with 348 amino acids, and hNTCP
was composed of 349 amino acids. The identities of these two sequences was 82%. There are two
regions in hNTCP, aa 84 to 87[10, 12] and aa 157 to 165[8, 10], reported to play crucial roles in HBV
binding and entry process. Aa 84 to 87 is more likely involved in the binding process, but aa 157 to 165
may be essential for maintaining a spatial conformation of NTCP which is important for the entry
process[10]. Additionally, it was reported that V263 in hNTCP and I263 in wNTCP, with similar chemical
properties, played dramatically different roles in supporting viral infection[16]. The sequences alignment
showed the amino acids of wNTCP in aa 84 to 87, aa 157 to 165, and aa 263 were different from that of
hNTCP (Fig. 1B). We suppose that is the reason why HBV cannot successfully infect woodchuck cells. 

 

Expression of hNTCP in woodchuck hepatocytes was con�rmed by immuno�uorescence HBV/HDV
requires hNTCP to enter hepatocytes. We inferred the difference between hNTCP and wNTCP may be an
important reason why woodchuck is not susceptible to HBV infection. To test our hypothesis, we �rst
constructed a hNTCP expressed woodchuck hepatocyte by transducing woodchuck hepatocytes with the
vLentiviruses encoding hNTCP. Blasticidin was used to select  hNTCP expressed woodchuck hepatocytes.
By taking a look through the microscope, the cells that failed to be transduced with vLentivirus-hNTCP
rapidly deteriorated and died after blasticidin selection (Fig. 2A). The expression and the location of
hNTCP were con�rmed by immuno�uorescence. Results showed that woodchuck-hNTCP cell line
exhibited a typical highly differentiated morphology. The expression of hNTCP was observed in the both
cytoplasm and  the membrane of the successfully transduced cells (Fig. 2B). Furthermore, the expression
of hNTCP could not be detected in the woodchuck hepatocytes indicating the speci�city of the anti-
hNTCP antibody.  

 

HBV failed to infect vLentivirus-hNTCP transduced woodchuck hepatocytes

To further assess the susceptibility of HBV infection in woodchuck-hNTCP hepatocytes, we infected these
cells with HBV at an MOI of 100 or 500. HepG2-hNTCP-K7 cells used as a positive control and woodchuck
hepatocytes used as a negative control. Both of them were infected by HBV with an MOI of 100. Viral
replication marker HBeAg secreted into the supernatant was quanti�ed at day 7 and 10 p.i.. The results
showed that HBeAg could only be detected in HBV infected HepG2-hNTCP-K7 cells and exhibited obvious
elevation over time. Unfortunately, woodchuck hepatocytes were not susceptible to HBV infection whether
they express the receptor, hNTCP or not (Fig. 2C).   
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HBV failed to infect plentivirus-hNTCP-eGFP plasmids transfected woodchuck hepatocytes

As an integrating vector, the main disadvantages for lentiviral vector is insertional mutagenesis at the
integration site, which is caused by either disrupting or inappropriately acting transcription of a nearby
host gene[17]. So we hypothesized that lentivirus might affect the expression of some key genes in
woodchuck hepatocytes to some extent, leading to HBV infection failure. Therefore, we changed the
strategy and transfected woodchuck hepatocytes with hNTCP-expressing plasmids , hoping to enable the
cells to acquire the ability to express hNTCP without affecting the expression of other genes. Transfection
e�ciency was checked by the eGFP under a �orescence microscope at 24 hours after transfection. The
results showed that the transfection e�ciency did not reach a high level (Fig. 3A). To further evaluate
whether these cells are susceptible to HBV, we challenged parallel plentivirus-hNTCP-eGFP plasmids
transfected woodchuck hepatocytes with HBV at an MOI of 100 or 500 . HepG2-hNTCP-K7 cells used as a
positive control and woodchuck hepatocytes used as a negative control. Both of them were infected with
HBV at an MOI of 100. Nevertheless, the expression of HBeAg could only be detected in the HBV infected
HepG2-hNTCP-K7 cells, indicating that expression of hNTCP is not su�cient for HBV to establish
successful infection in woodchuck hepatocytes (Fig. 3B).

 

Establishment of hNTCP-expressed woodchuck hepatocytes by transduction of the cells with
vAdenovirus-hNTCP-eGFP 

Different from lentivirus, the adenovirus vector genome is maintained as an episome in the nucleus and
minimizes the integration of the viral genomic DNA into the host’s genome, reducing the risk of insertional
mutagenesis[17]. For the low expression level of hNTCP in plasmid-transfected cells, which may be the
possible reason lead to the failure of HBV infection, we tried to establish hNTCP-expressed woodchuck
hepatocytes by transducing woodchuck cells with vAdenovirus-hNTCP-eGFP with an MOI of 4 or 20, and
transduction e�ciency was checked by the expression of eGFP under a �orescence microscope at 24
hours after transduction. The results showed that the estimated percentage of hNTCP expressed
woodchuck hepatocytes was 60%-70% of the transduced cells with an MOI of 4, and 80%-90% of the
transduced cells with an MOI of 20 (Fig. 4A). Therefore, an MOI of 20 was used for the subsequent
experiments to test the e�ciency of HDV infection.  

 

HBV failed to infect vAdenovirus-hNTCP-eGFP transduced woodchuck hepatocytes

To investigate whether woodchuck hepatocytes with ectopic expression of hNTCP could be infected by
HBV, vAdenovirus-hNTCP-eGFP transduced woodchuck hepatocytes were inoculated with HBV with an
MOI of 100 or 500 on day 3 after transduction, and cell supernatants were collected at day 7 and 10 p.i..
used for detection of HBeAg (Fig. 4B). Consistent with the previous results, HBV also failed to infect
vAdenovirus-hNTCP-eGFP transduced woodchuck hepatocytes. 
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vAdenovirus-hNTCP trandcuced woodchuck hepatocytes gain susceptibility to HDV

Following con�rmation of hNTCP expression, the established vAdenovirus-hNTCP-eGFP (MOI 20)
transduced woodchuck hepatocytes were subsequently subjected to HDV infection. The human liver cell
line HepG2-hNTCP-K7 and woodchuck hepatocytes were used as positive and negative control
respectively. Three days after vAdenovirus-hNTCP-eGFP transduction, HDV infection was performed with
an MOI of 200. Morphological changes of cells was observed on the 3 day after infection, and became
more signi�cant at day 7 p.i. (Fig 5A). HDV viral RNA was detected by using the real-time PCR at day 3, 7,
10, 13 after virus infection. The results showed that the peak of HDV genome copy number was at day 7
p.i., indicating that hNTCP-expressed woodchuck hepatocytes could be infected by HDV successfully,
whereas woodchuck hepatocytes without transduction of vAdenovirus-hNTCP-eGFP could not be infected
by HDV (Fig 5B). We can speculate that the expression of hNTCP is su�cient to support HDV infection in
woodchuck hepatocytes. Taken together, hNTCP made woodchuck hepatocytes susceptible to HDV
infection suggesting its function as a receptor for HBV-preS binding. However, successful infection of
HBV observed in HepG2-hNTCP-K7 cells but not in hNTCP expressed woodchuck hepatocytes, indicating
that hNTCP is not su�cient for HBV to establish successful infection in woodchuck hepatocytes.
Therefore, there must exist other key factors which absent in woodchuck hepatocytes that needed for
HBV to establish successful infection. 

Discussion
HBV is the virus with strict tissue and species speci�city. In past few years, the absence of robust HBV
infection cell culture models and corresponding animal models that impeded further  investigation of the
interaction between virus and host factors[7]. Accumulating evidence indicating that the distinct species
speci�city of HBV and HDV is hNTCP-dependent. The discovery of the HBV receptor, hNTCP, led to the
successful establishment of the cell line that susceptible for HBV and HDV. Zhou et al. found that primary
pig hepatocytes infected with hNTCP recombinant lentivirus were susceptible to HBV infection[18].
Burwitz et al. showed macaque hepatocytes could support HBV replication in vitro following transduction
with viral vectors encoding hNTCP, and increased amounts of HBV DNA in serum could also be detected
over time in vivo [19]. Lempp et al. con�rmed that transduced primary hepatocytes originated from
mouse, rat, dog, pig, rhesus and cynomolgus macaque with adeno-associated virus (AAV) carrying
hNTCP gene became fully susceptible to both HBV and HDV[11].

In this study we introduced hNTCP into woodchuck hepatocytes for the �rst time , by transducing with
vLentivirus-hNTCP-eGFP, transfecting with plentivirus-hNTCP plasmids, or transducing with vAdenovirus-
hNTCP-eGFP, and tested their susceptibility for HBV infection. The results showed that hNTCP expressed
woodchuck hepatocytes could not be successful infected by HBV. However, vAdenovirus-hNTCP-eGFP
transduced woodchuck hepatocytes could be infected by HDV. Our results were consistent with several
recent reports[11, 13]. In the hNTCP-expressed mouse cell lines[13] and primary hepatocytes from mouse,
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rat and dog[11], susceptibility to HDV were conferred, but to HBV were still restricted. It is confusing that
the two viruses, HBV and HDV, with the same surface antigen, showed completely different infection
characteristics when the hepatocytes expressing the speci�c receptor hNTCP. 

As we know, HDV do not use HBV replication machinery, and acquires all other needed factors from the
host. We presumed the species restriction of NTCPs mainly just related to the entry process, and is the
only limiting factor for HDV infection. Previous mutagenesis analyses of NTCP orthologs had revealed
that receptor recognition by pre-S1 of HBV and HDV is mediated or modulated at least by two critical
regions of NTCP, aa 84 to 87[10, 12] and aa 157 to 165[8, 10]. Of which, aa 84 to 87 is more likely
involved in the binding process, and aa 157 to 165 may be essential for maintaining a spatial
conformation of NTCP[10]. A number of cell lines, regardless of their species, supported HDV infection
when expressed hNTCP or other-NTCP with residues 84 to 87 or 157 to 165 replaced by human
counterparts[8, 12, 20]. Mouse NTCP (mNTCP) or rat NTCP (rNTCP) is capable binding to the MyrB, a
synthetic L-protein derived lipopetide, but do not support HBV and HDV infection[12]. Replacing aa 84 to
87 in mNTCP with the human counterpart and transfered into HepG2 cells rescued receptor activity[12,
20]. Crab eating monkey NTCP (mkNTCP) neither bound to pre-S1 peptide nor supported HBV and HDV
infection, however, alteration of aa 157 to 165 of mkNTCP by human homologous sequence made
mkNTCP became functional receptor for HBV infection[8]. 

Nevertheless, in our work, HBV yet remained restricted even the cells could express hNTCP. According to
the previous research, the hepatocytes that expressing hNTCP could successfully infected by HBV
normally came from the species close to humans. Based on the evolutionary distance, pigs and macaque
were chosen. Macaque hepatocytes[11, 19] and primary pig hepatocytes[11, 18] expressing hNTCP
exhibited increased expression levels of HBsAg and HBeAg, as well as increased cccDNA formation after
HBV infection. Therefore we speculate that, the restriction of HBV infection is not only related to hNTCP-
dependent steps but also caused by lacking some additional species-speci�c factors. Far more
persuasive to this viewpoint, in addition to the expression of hNTCP, upon fusion of refractive cells to
HepG2 cells, mouse lines and human non-hepatocyte cell lines supported receptor-mediated HBV
infection[13]. Therefore, our next step will try to look for the key factors which restrict HBV infection in
woodchuck hepatocytes, and then try to establish a more valuable in vivo and in vitro HBV infection
model for investigating HBV related basic research as well as evaluating the effect of clinical antiviral
research.

Conclusion
Given the important role of woodchucks in HBV infection, this animal may be an valuable candidate to
establish an in vivo and in vitro model to promote the research on HBV. But the inability of HBV to infect
woodchuck hepatocytes limited the application of this animal. We hypothesized that the difference of
HBV receptor between human hepatocytes and woodchuck hepatocytes is the main reason that restricts
HBV successful infection. In this study, hNTCP was introduced into the woodchuck hepatocytes as an
attempt to make the woodchuck hepatocytes susceptible to HBV. Nevertheless we found that woodchuck
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hepatocytes expressing hNTCP only sensitive to HDV infection but not HBV. Therefore we suspect that,
the infection of HBV is not only hNTCP-dependent. Based on the previously study, the cells from the
species close to human expressing hNTCP could be infected with HBV. Our further work should be
conduced to look for the key factors which restrict HBV infection in woodchuck hepatocytes, and then
establish a more valuable in vivo and in vitro model for investigating HBV related research.
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Tables
Table1 : HDV speci�c primers used in real-time PCR.

HDV fwd  CCC TTA GCC ATC CGA GTG G 

HDV Probe  ATG CCC AGG TCG GAC CGC G 

HDV rev  TCC TCT TCG GGT CGG CA 

 

Table2 : PCR program for quanti��cation of HDV RNA.

Step T [°C] t [sec] Cycles

Reverse Transcription 50 1200 1

Activation 95 300 1

Ampli�cation

 

95 15 45

60 45

Cooling 40 300 1

 

 

Figures
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Figure 1

Alignment of wNTCP and hNTCP. (A) Protein structure of wNTCP were predicted the by Protein BLAST;
(B)The sequences alignment showed that the crucial amino acids of wNTCP in aa 84 to 87, aa 157 to
165, and aa 263 (red box) involved in HBV binding and entry process   which were different from that of
hNTCP.
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Figure 2

Transduction of woodchuck hepatocytes with vLentivirus-hNTCP. (A) The morphology of vLentivirus-
hNTCP transduced cells after blasticidin selection was observed by a bright-�led microscope.
The black arrow indicates the living cells, the white arrow indicates the dead cells; (B) Woodchuck
hepatocytes were seeded and transduced with lentivirus encoding hNTCP (vLentivirus-hNTCP). After
vLentivirus-hNTCP transduction, the expression and the location of hNTCP were analyzed by
immuno�uorescence. Green, hNTCP staining; blue, nucleus; (C) vLentivirus-hNTCP transduced
woodchuck hepatocytes were infected with HBV stocks with an MOI of 100 or 500, and supernatants
were collected at day 7 and 10 p.i. for detection of HBeAg. HepG2-hNTCP-k7 cells served as the positive
control and woodchuck hepatocytes served as the negative control.  
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Figure 3

Transfection of woodchuck hepatocytes with plentivirus-hNTCP-eGFP plasmids. (A) Woodchuck
hepatocytes were seeded and transfected with plentivirus-hNTCP-eGFP plasmids. The expression of
eGFP was observed under the �uorescence microscope to check the tranfection e�ciency. Green, hNTCP
staining; blue, nucleus; (B) Plentivirus-hNTCP-eGFP transfected woodchuck hepatocytes were infected
with HBV stocks with an MOI of 100 or 500 at 4 days post transfection, and supernatants were collected
at day 7 and 10 p.i. for detection of HBeAg. HepG2-hNTCP-K7 cells served as the positive control and
woodchuck cells served as the negative control.  

Figure 4

Transduction of woodchuck hepatocytes with vAdenovirus-hNTCP-eGFP. (A) vAdenovirus-hNTCP-eGFP
was transduced into woodchuck hepatocytes with an MOI of 4 or 20. The expression of eGFP was
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observed under the �uorescence microscope to check the transduction e�ciency. Green, hNTCP staining;
(B) vAdenovirus-hNTCP-eGFP transduced woodchuck hepatocytes were infected with with HBV stocks
with an MOI of 100 or 500 at 3 days post transduction, and supernatants were collected at day 7 and 10
p.i. for detection of HBeAg. HepG2-hNTCP-K7 cells used as the positive control and woodchuck
hepatocytes used as the negative control.

Figure 5

vAdenovirus-hNTCP trandcuced woodchuck hepatocytes gain susceptibility to HDV. (A) On the third day
after transduction, the transduced woodchuck hepatocytes were infected with HDV. Morphological
changes of cells was observed on the 3 day after infection, and became more signi�cant at day 7 p.i.; (B)
Total RNA was extracted and reverse transcribed, and intracellular HDV genome were quanti�ed by qPCR
with HDV-speci�c primers and probe at day 3, 7, 10, 13 p.i.. 


