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Abstract
AIM: To optimize the viral persistence rate in a 
hydrodynamic injection (HI) based hepatitis B virus 
(HBV) transfection mouse model.

METHODS: (1) 5-6-wk-old male C3H/HeN and 
C57BL/6 mice were hydrodynamically injected with 10 
μg endotoxin-free pAAV/HBV1.2 plasmid DNA via  the 
tail vein. Hepatitis B surface antigen (HBsAg), hepatitis 
B e antigen (HBeAg) and HBV DNA, both in the serum 
and liver, were detected at different time points 
post HI by ELISA, immunohistochemical staining or 
quantitative polymerase chain reaction (PCR); (2) male 
C3H/HeN and C57BL/6 mice, either hydrodynamically 
injected  mice at 10 wk post HI or naïve mice, were all 
immunized subcutaneously with 5 μg HBsAg formulated 
in complete Freund’s adjuvant three times at a 2-wk 
interval. Two weeks after the final immunization, 
splenocytes were isolated for T cell function analysis 
by ELISPOT assay; and (3) five weeks post HI, C3H/
HeN mice were intragastrically administered 0.1 mg/kg 
entecavir once a day for 14 d, or were intraperitoneally 
injected with 1 mg/kg interferon (IFN)-α twice a week 
for 2 wk, or were treated with PBS as controls. The 
sera were collected and assayed for HBV DNA on days 0, 
7 and 14 after drug treatment. 

RESULTS: (1) Approximately 90% (22/25) of the 
injected C3H/HeN mice were still HBsAg-positive at 
46 wk post HI, whereas HBsAg in C57BL/6 mice were 
completely cleared at 24 wk. Serum levels of HBeAg 
in C3H/HeN mice were higher than those in C57BL/6 
mice from 4 wk to 46 wk. HBV DNA levels in the 
hydrodynamically injected C3H/HeN mice were higher 
than those in the C57BL/6 mice, both in the serum 
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INTRODUCTION
Chronic infection with hepatitis B virus (HBV) in 
the human liver remains a major health problem 
globally[1]. More than 400 million people have been 
infected and about one million patients die annually 
from HBV infection[2]. Currently, interferon (IFN)-α 
and nucleoside/nucleotide analogs have been mainly 
used for clinical treatment of chronic hepatitis B (CHB). 
Although nucleoside/nucleotide analogs inhibit HBV 
replication, drug resistance remains an unsettled tough 
issue in clinical practice[3]. On the other hand, IFN-α 
enhances host immune responses and promotes HBV 
clearance. However, only 30% of CHB patients showed 
a sustained response to IFN-α treatment, which limits 
the clinical effect and application of IFN-α[4]. New 
therapeutic strategies are needed to be developed to 
improve the treatment of CHB.

It is believed that the balance between viral 
replication and the host immune response during 
chronic HBV infection determines the pathogenesis 
and outcomes of CHB. Nevertheless, the etiological 
mechanisms of the host immune responses that lead 
to HBV persistence are still to be elucidated completely 
yet, though some components of the immune system, 
particularly cellular immune responses, have shown to 
be involved in the clearance of HBV[5].

However, the research of HBV infection, either 
studies on immunological mechanisms or therapeutic 
drug development, has been hampered by the 
shortage of suitable animal models[6]. Compared with 
chimpanzees, woodchuck and duck, mouse is the ideal 
laboratory animal for its convenient availability, easy 
husbandry and low cost, and most importantly, their 
well characterized genetic background, techniques for 
genetic modification, and abundance of immunological 
reagents. Despite the inability of HBV to propagate 
in mouse, several mouse models of HBV have been 
developed, including HBV transgenic mice, adenovirus 
or adenovirus-associated-virus (AAV) based HBV 
transduction models, and hydrodynamic injection (HI) 
based HBV transfection models[6].

Introducing the HBV genome into the mouse liver 
by HI via the tail vein represents a model that mimics 
the natural course of chronic HBV infection in human 
without side effects from the viral vectors, such as 
immune responses against adenovirus[7]. Nonetheless, 
in the classic model developed by HI of an HBV 
plasmid into C57BL/6 mice, only less than 20%-30% 
injected mice carried HBV for 24 wk[8]. Recently we 
hydrodynamically injected the HBV plasmid into 
C3H/HeN mice and succeeded in delaying the mouse 
immune clearance of HBV. About 90% the injected 
C3H/HeN mice maintained HBV persistence even up 
to 46 wk post HI. Applying IFN-α and entecavir in this 
model led to HBV DNA decrease in vivo. Thus, this 
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(from 4 wk to 46 wk) and in the liver (detected at 8 wk 
and 46 wk post HI). Histology showed that hepatitis 
B core antigen and HBsAg were expressed longer in 
the liver of C3H/HeN mice than in C57BL/6; (2) HBsAg 
specific T cell responses after HBsAg vaccination in 
hydrodynamically injected C3H/HeN and C57BL/6 mice, 
or naive control mice were detected by ELISPOT assay. 
After stimulation with HBsAg, the frequencies of IFN-γ 
producing splenocytes in the hydrodynamically injected 
C3H/HeN mice were significantly lower than those 
in hydrodynamically injected C57BL/6 mice, control 
C3H/HeN and control C57BL/6 mice, which were 0, 
17 ± 7, 18 ± 10, and 41 ± 10 SFCs/106 splenocytes, 
respectively, and the mean spot sizes showed the same 
pattern. Even just stimulated with PMA and ionomysin, 
T-cell responses elicited in the vaccinated control C3H/
HeN were much higher than those in hydrodynamically 
injected C3H/HeN mice; and (3) For drug treatment 
experiments on the hydrodynamically injected C3H/HeN 
mice, serum HBV DNA levels in the entecavir treatment 
group declined (131.2 folds, P  < 0.01) on day 7 after 
treatment and kept going down. In the group of IFN-α 
treatment, serum HBV DNA levels declined to a lowest 
point (6.42 folds, P  < 0.05) on 7 d after treatment and 
then rebounded.

CONCLUSION: We have developed a novel HI-based 
HBV transfection model using C3H/HeN mice, which 
had a higher HBV persistence rate than the classic 
C57BL/6 mouse model.
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Core tip: In the classic hepatitis B virus (HBV) 
hydrodynamic injection (HI) model using C57BL/6 
mice, only about 30% of the injected mice carried 
HBV for more than 12 wk. Here we injected the pAAV-
HBV1.2 plasmid into C3H/HeN mice and observed that 
the hepatitis B surface antigen, hepatitis B e antigen 
and viral DNA persisted even up to 46 wk in about 
90% of the hydrodynamically injected mice. Applying 
interferon-α or entecavir in this HI model decreased 
HBV DNA in vivo . Hence, C3H/HeN is a suitable mouse 
strain for the persistent HBV HI model, which might be 
useful for chronic hepatitis B research and therapeutic 
drug development.
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novel HI based model of HBV might provide a more 
stable platform for the research of HBV persistence 
infection.

MATERIALS AND METHODS
Ethics statement
All procedures on mouse were reviewed by the Institu-
tional Animal Care and Use Committee of Shanghai 
Public Health Clinical Center and were performed in 
strict accordance with the approved protocol. 

Preparation of an HI based mouse model with a 
recombinant HBV plasmid
The replication-competent recombinant HBV plasmid 
pAAV/HBV1.2 was kindly provided by Prof. Peijer Chen, 
National Taiwan University College of Medicine. Specific 
pathogen free (SPF) C3H/HeN and C57BL/6 mice were 
purchased from the animal facilities of Shanghai Public 
Health Clinical Center. Male C3H/HeN and C57BL/6 
mice (5-6-wk-old) were injected with 10 μg endotoxin-
free pAAV/HBV1.2 plasmid DNA into the tail vein in a 
volume of PBS equivalent to 10% of the mouse body 
weight and the total volume was delivered within 5 s, 
which was so-called HI as previously described[9,10]. 
The serum specimens were assayed for hepatitis B 
surface antigen (HBsAg), hepatitis B e antigen (HBeAg) 
or HBV DNA at the indicated time points after injection. 
When the mice were sacrificed, the spleens were 
collected for T cell function analysis and the livers were 
collected and preserved in 4% PFA (paraformaldehyde) 
for immunohistochemical analysis.

Detection of HBV antigen
Serum specimens were collected and assayed for 
HBsAg and HBeAg at 0, 1, 2, 3, 4, 5, 8, 10, 16, 24 and 
46 wk after HI of pAAV/HBV1.2. Serum levels of HBsAg 
were determined with an ELISA kit (Kehua, Shanghai, 
China). The levels of HBeAg were determined by ELISA 
(Kehua, Shanghai, China).

Detection of serum HBV DNA 
Serum samples were collected at 0, 1, 2, 3, 4, 5, 8, 
12, 16, 24 and 46 wk after HI of pAAV/HBV1.2. For 
HBV DNA extraction, 10 μL mouse serum was added 
into 40 μL PBS, and digested with 10 μg DNaseI for 1 
h at 37 ℃. Then, 100 μL lysis buffer (20 mmol/L Tris-
HCl, 20 mmol/L EDTA, 50 mmol/L NaCl, and 0.5% 
SDS) containing 50 mg proteinase K was added. After 
incubation at 65 ℃ overnight, viral DNA was isolated by 
phenol/chloroform extraction and ethanol precipitation. 
The DNA pellet was rinsed with 70% ethanol and 
resuspended in 10 μL ddH2O. The quantification of 
HBV DNA was performed using a routine real-time 
PCR procedure described previously, with a SYBR 
Green Real-time PCR Master Mix kit (TOYOBO, Osaka, 
Japan)[11].

Detection of liver HBV DNA
Liver tissues were collected from mice receiving 
HI killed at 46 wk. The total DNA of the liver was 
extracted as described above and detected for HBV 
DNA by real-time PCR or DpnI enzyme before real-
time PCR.

Immunohistochemistry
Liver samples were collected 46 wk post HI. Intrahepatic 
HBsAg was visualized by immunohistochemical staining 
of tissues incubated with mouse anti-HBs antibody 
(Maixin.Biotech, Fuzhou, China), rabbit anti-HBc 
antibody (Maixin.Bio city, Fuzhou, China), and HRP 
(Maixin.Bio city, Fuzhou, China). 

Mouse vaccination
Male C3H/HeN and C57BL/6 mice at 10 wk after HI 
with 10 μg pAAV/HBV1.2 plasmid or naïve control 
male C3H/HeN and C57BL/6 mice were all immunized 
subcutaneously with 5 μg HBsAg formulated in 
complete Freund’s adjuvant (CFA) three times at a 2-wk 
interval. Mice were euthanized 2 wk after the final 
immunization and fresh splenocytes were collected. 

IFN-γ ELISPOT assay 
Freshly isolated mouse splenocytes were adjusted to 
a density of 4 × 106 cells/mL and plated into 96-well 
ELISPOT plates (BD Bioscience, Franklin Lakes, New 
Jersey, United States) coated with an anti-mouse IFN-γ 
antibody at 50 μL/well (2 × 105 cells per well). The 
splenocytes were stimulated with 10 μg/mL HBsAg 
protein. After incubation at 37 ℃ with 5% CO2 for 20 
h, the ELISPOT plates were developed according to the 
manufacturer’s manual and read with Immunospot 
Reader (ChampspotⅢ, Beijing Sage Creation Science, 
China). 

IFN-α or entecavir treatment assay
An HI based mouse model of HBV was established as 
described above in fifteen 4-6-wk-old male C3H/HeN 
mice. Five weeks post HI, the mice were randomly 
divided into three groups (five mice each group). 
The first group was intragastrically administered 0.1 
mg/kg entecavir (Baraclude, Bristol-Myers Squibb, 
New York, United States) once a day for 14 d; the 
second group was intraperitoneally injected with 1 
mg/kg interferon-α (IFN-α, R and D, R and D Systems, 
Minneapolis, United States) twice a week for 2 wk; the 
third group was treated with PBS as a control. Serum 
specimens were collected and assayed for HBV DNA 
on days 0, 7 and 14 after treatment.

Statistical analysis
Comparisons between two groups were performed 
by unpaired t-test and comparisons among three or 
more groups were performed using one-way analysis 
of variance (GraphPad Software, Inc.). Significant 
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the presence of HBV DNA. In the hydrodynamically 
injected C3H/HeN mice, HBV DNA levels were higher 
than those in hydrodynamically injected C57BL/6 
mice. At 46 wk post HI, HBV DNA in the C3H/HeN 
mice could still be detected, but it was undetectable in 
the C57BL/6 mice (Figure 1D).

Quantification of intrahepatic HBV DNA 
We further examined the existing way of the liver 
HBV DNA. The liver tissues were collected from 
hydrodynamically injected C57BL/6 mice, C3H/HeN 
mice at 46 wk post injection, and naive mice as 
controls. The liver total DNA was assayed for the 
presence of encapsidated HBV DNA by real-time 
PCR. We used 0.5 μL DpnI to digest the potential free 
plasmids and then also assayed the HBV DNA level by 
real-time PCR. Interestingly, we found that the liver 
HBV DNA level was not significantly changed between 
before and after DpnI digestion (Figure 2). We surmise 
that the DNA in serum HBsAg-positive C3H/HeN mice 
at 46 wk was not from free plasmid of pAAV/HBV1.2, 
but could be from actively replicating cytoplasmic 

differences were defined as P ≤ 0.05.

RESULTS
HBV persists longer in hydrodynamically injected C3H/
HeN mice than in C57BL/6 mice
In the hydrodynamically injected C57BL/6 mice, the 
HBsAg level increased promptly within 1 wk after 
pAAV/HBV1.2 injection but dropped quickly thereafter. 
In C3H/HeN mice, the HBsAg level declined much 
more slowly after injection of the same plasmid. Even 
at 46 wk post HI, it was still detectable (Figure 1A). 
Approximately 88% (22/25) of the injected C3H/
HeN mice were still HBsAg-positive at 46 wk post 
HI whereas HBsAg in C57BL/6 mice was completely 
cleared at 24 wk (Figure 1B). Serum levels of HBeAg 
were increased to a peak quickly within a week, then 
decreased at 2 wk post HI, and increased again. 
Serum levels of HBeAg in C3H/HeN mice were higher 
than those in C57BL/6 mice from 4 wk to 46 wk (Figure 
1C). Serum samples from hydrodynamically injected 
C3H/HeN and C57BL/6 mice were also assayed for 
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Figure 1  Hepatitis B surface antigen, hepatitis B e antigen and hepatitis B virus DNA levels in serum of C3H/HeN and C57BL/6 mice after hydrodynamic 
injection. pAAV/HBV1.2 DNA was injected hydrodynamically into the tail vein of 5-6 wk male C3H/HeN and C57BL/6 mice. After injection, the mice were regularly 
bled to monitor the serum levels of HBsAg, HBeAg and HBV DNA. A: Titer of serum HBsAg in C3H/HeN or C57BL/6 mice after HI at different time points; B: Positive 
rates of serum HBsAg in C3H/HeN (n = 25) or C57BL/6 (n = 20) mice at different time points after HI; C: Titer of serum HBeAg in C3H/HeN or C57BL/6 mice after HI 
at different time points; D: Serum HBV DNA level was determined at different time points. HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B e antigen; HBV: 
Hepatitis B virus; HI: Hydrodynamic injection.
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nucleocapsid.

Hepatitis B core antigen and HBsAg expression in the 
liver of hydrodynamically injected mice
Liver tissues were collected from hydrodynamically 
injected C3H/HeN and C57BL/6 mice. Immuno-
histochemical staining was performed to determine 
the expression of hepatitis B core antigen (HBcAg) 
and HBsAg in the liver of the mice at 0, 5, 8, 46 wk 
post HI. As shown in Figure 3A, the number of HBcAg 
positive cells in C3H/HeN mice were not significantly 
different from that in C57BL/6 at 5 wk post HI. At 
8 and 46 wk post HI, both cytoplasmic and nuclear 
HBcAg were detected in the liver of C3H/HeN mice but 
not in C57BL/6 mice. The HBsAg expression in the liver 
of C3H/HeN and C57BL/6 mice was not significantly 
different at 5 wk post HI, but was obviously higher in 
C3H/HeN than in C57BL/6 mice at 8 wk and 46 wk 
post HI, as shown in Figure 3B.

Impaired HBsAg-specific T cell immunity in C3H/HeN 
mice after HI 
Specific T cell responses against HBV antigens (such 
as HBsAg) have been suggested to play critical roles 
in viral clearance[12]. Here we addressed whether 
HBsAg-specific immunity is associated with the HBV 
persistence/clearance in C3H/HeN and C57BL/6 
mice at 10 wk post HI of pAAV/HBV1.2 or untreated 
controls (Figure 4A). We examined the T cell responses 
against HBsAg two weeks after the final vaccination 
with HBsAg by IFN-γ-ELISPOT in hydrodynamically 
injected C3H/HeN mice, hydrodynamically injected  
C57BL/6 mice, control C3H/HeN and control C57BL/6 
mice, and the average frequency was 0, 17 ± 
7, 18 ± 10, and 41 ± 10 SFCs/106 splenocytes, 
respectively. The frequency was significant lower 
in hydrodynamically injected C3H/HeN mice than 
in control C3H/HeN and C57BL/6 mice (Figure 4B), 
and the mean spot sizes showed the same pattern 

(Figure 4C). In contrast to hydrodynamically injected 
C57BL/6 capable of responding to HBsAg vaccination, 
the hydrodynamically injected C3H/HeN mice showed 
a totally tolerant phenotype to HBV with no responses 
to HBsAg vaccination; whereas naive control C3H/
HeN mice responded to HBsAg vaccination, though 
it was lower than that in control C57BL/6 mice. Even 
just stimulated with PMA and ionomysin, frequency 
of IFN-γ positive T cells in the hydrodynamically 
injected C3H/HeN mice was much lower than that in 
control C57BL/6 mice (P < 0.05), and a little bit lower 
than those in hydrodynamically injected C57BL/6 
and control C3H/HeN mice (Figure 4D). These data 
indicated that the HI of HBV genome into C3H/HeN 
mice could impair the T cell function in these mice, 
both specifically (i.e., HBsAg-specific T-cell immunity) 
and globally.

IFN-α and entecavir treatment decreases HBV DNA in 
hydrodynamically injected C3H/HeN mice 
Next, we tested whether this novel HI based C3H/HeN 
mouse model could be applied to the drug evaluation 
for HBV. IFN-α and entecavir treatment was performed 
in those hydrodynamically injected C3H/HeN mice. In 
the group of intragastric administration with entecavir 
(0.1 mg/kg, daily), real-time PCR analysis showed that 
serum HBV DNA levels declined (131.2-fold, P < 0.01) 
and kept going down 7 d post HI (Figure 5). In the 
group of IFN-α treatment (1 mg/kg, twice a week), 
serum HBV DNA levels declined to a lowest point (6.42 
folds, P < 0.05) 7 d post HI and rebounded from then 
on (Figure 5). These data indicated that this HI based 
C3H/HeN mouse model can be used for antiviral drug 
evaluation for HBV.

DISCUSSION
Due to the narrow host restriction of HBV, the 
ideal experimental animal model of HBV should be 
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transgenic mice expressing human receptors for 
HBV. However, it was elusive for a long time about 
the receptors mediating HBV entry, though Li’s group 
recently identified that NTCP (sodium taurocholate 
cotransporting polypeptide) was a functional receptor 
for human HBV[13]. Whether there are coreceptors is 
still under investigation. Therefore, the success of HBV 
receptor-transgenic mice could be a long way to reach 
yet, considering the fact that the HCV receptors (CD81, 
SCARB1, CLDN1, OCLN) have been identified for a 
long time, but the HCV receptor-transgenic mouse has 
not succeeded until now[14].

Current available animal models for HBV studies 
include duck HBV (DHBV)[15] and woodchuck HBV 
(WHV)[16] infection in their natural hosts, HBV-infected 
chimpanzees[17], and HBV transgenic mice[18]. DHBV 
and WHV are genetically different from HBV, and it 
is difficult to perform immunological studies in those 
animals due to their uncharacterized background. 
Chimpanzees are not available easily, and the high cost 
as well as ethical considerations limit their applications 

to HBV study. HBV transgenic mice were widely used, 
but the drawback of immunological tolerance to the 
virus limits its applications in HBV immunological 
studies.

The HBV genome can be introduced into the 
mouse liver by transduction based on viral vectors, 
for example, adenovirus or adeno-associated viral 
vectors (AAVs) containing HBV DNA[19,20]. Transduction 
of the HBV genome into mice using viral vectors leads 
to efficient viral gene expression in the liver and host 
immune response against HBV. However, the viral 
vector-induced immune responses (such as induction 
of type Ⅰ IFN and other innate immune responses) 
may interfere with the host immune responses against 
HBV. 

HI can efficiently deliver DNA into the liver in vivo. 
The DNA internalization by this hydraulic pressure-
based physical transfection is receptor-independent 
and can achieve delivery to approximately 10%-40% 
of hepatocytes[5,21]. Yang et al[22] first reported an 
acute HBV infection model by this method in B10.D2 
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HeN or C57BL/6 mouse liver at 5, 8 and 46 wk after HI by chemistry. Images of specific antibody stained slides were observed under a microscope at magnification of 
x 400. Experiments were repeated twice with a similar pattern. HBcAg: Hepatitis B core antigen; HBsAg: Hepatitis B surface antigen; HI: Hydrodynamic injection.
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Figure 4  Hepatitis B surface antigen-specific T cell responses are impaired in hydrodynamically injected C3H/HeN mice. A: Regime of immunization: 
hydrodynamically injected C3H/HeN mice (n = 3) and C57BL/6 mice (n = 3) were  subcutaneously injected with 5 μg HBsAg protein formulated in CFA at 10, 12, and 
14 wk after HI. Age-matched C3H/HeN naïve mice (n = 3) and C57BL/6 naïve mice (n = 3) were subcutaneously injected with 5 μg HBsAg protein formulated in CFA 
three times at a 2-wk interval. Magnitudes of the total T cell responses were analyzed by IFN-γ ELISPOT two weeks after the final vaccination; B: Frequencies of IFN-γ 
producing T cells in C3H/HeN and C57BL/6 mice (both hydrodynamically injected ones and controls, n = 3 each group) after HBsAg stimulation. While hydrodynamically 
injected C3H/HeN mice showed almost zero in the frequency of IFN-γ positive cells, the other groups did show IFN-γ positive cells; C: Spot sizes of IFN-γ producing T 
cells in C3H/HeN and C57BL/6 mice (both hydrodynamically injected ones and controls, n = 3 each group) after HBsAg stimulation. Hydrodynamically injected C57BL/6 
and control (ctrl) mice were significantly larger than hydrodynamically injected C3H/HeN mice [aP < 0.05, C57BL/6 HI vs C3H/HeN HI mice; bP < 0.01 control (ctrl) 
mice vs C3H/HeN HI mice, respectively]; D: IFN-γ producing T cell spot in C3H/HeN and C57BL/6 mice (both hydrodynamically injected ones and controls, n = 3 each 
group) after PMA + ionomysin stimulation; left: bar chart of frequencies of IFN-γ producing T cells. Hydrodynamically injected C57BL/6 mice were significantly higher 
than hydrodynamically injected C3H/HeN mice (dP < 0.01, C57BL/6 HI vs C3H/HeN HI mice), and C3H/HeN mice (cP < 0.05, C57BL/6 HI vs C3H/HeN); right: Images of 
ELISOPT. HI: Hydrodynamic injection; CFA: Complete Freund’s adjuvant; IFN: Interferon; HBsAg: Hepatitis B surface antigen.
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mice and persistent expression of HBV antigens was 
observed in hepatocytes of immunocompromised CB17 
NOD/SCID mice. Huang et al[8] further reported that 
delivery of the HBV genome into immunocompetent 
mouse liver by HI could induce HBV hepatitis with 
very different rates of viral clearance. Both plasmid 
backbone and genetic background of recipient mice 
contributed to the long-term maintenance of HBV in 
the mouse liver. The plasmid pAAV/HBV1.2 is better 
than the plasmid pGEM4A/HBV1.2, though both of 
them harboured replication-competent HBV DNA[8]. By 
using the same pAAV/HBV1.2, all BALB/c showed a 
rapid clearance of viral DNA template, whereas about 
30% of the C57BL/6 mice showed the persistence of 
HBV[8]. However, the bottleneck of a relative low rate 
of persistence of HBV in C57BL/6 mice compromised 
its potential strength in chronic HBV infection studies. 

The different persistence rates of HBV in hydro-
dynamically injected BALB/c (H-2d) and C57BL/6 
(H-2b) mice encourage efforts to find more suitable 
mouse strains for optimisation of the HBV persistent 
rate. Indeed, Chen et al[23] reported that long-term 
maintaining of HBV antigenemia can be detected in 
FVB/N (H-2q) mice receiving HI of pGEM4Z/HBV1.3, 
and around 85% (6/7) of the mice were positive at 50 
wk, compared with rapid clearance of HBV antigenemia 
in BALB/c mice within 4 wk and in C57BL/6 within 8 wk.

Our study successfully established HBV persistence 
in another inbred strain, C3H/HeN mice (H-2k), 
through HI of pAAV/HBV1.2 plasmid. Around 90% 
(22/25) of the injected C3H/HeN mice were HBsAg-
positive and the HBcAg positive cells in the liver were 
detected at 46 wk, though the detailed mechanisms 
are not clear yet. Chang et al[24] reported an acute HBV 
hepatitis model by hydrodynamically injecting pHBV3.6 

into 8-12-wk-old C3H/HeN mice. The age of C3H/HeN 
mice might be critical for the different persistence rates 
between their model and ours. Actually, we found 
5-6-wk-old C3H/HeN mice are best for persistence of 
HBV after HI, and the mice older than 8 wk showed a 
similar acute hepatitis to Chang Wang’s model (data 
not shown).

It was well established that host immune responses 
contributed to HBV clearance[5]. Chang et al[24] reported 
that C3H/HeJ mice, which had a defect in TLR4 
signaling, showed higher HBV antigenemia and viral 
replication than C3H/HeN in the acute model (viraemia 
within 2 wk), indicating that TLR4 mediated innate 
immune response played a role in the HBV clearance. 
Adaptive immune responses, especially HBV-specific 
T cell response, are most critical for HBV clearance[12]. 
Indeed, we found the HI of the HBV genome into C3H/
HeN mice could impair the T cell function, both globally 
and specifically (i.e., HBsAg-specific T-cell immunity), 
in contrast to hydrodynamically injected C57BL/6 
mice capable of responding to HBsAg vaccination. 
These results were consistent with the previous 
reports on correlations between persistence of HBV 
in hydrodynamically injected mice and few activated 
specific cytotoxic T cells. Hence, C3H/HeN (H-2K) 
mice, which were like FVB/N (H-2q) mice[23], were 
weaker in induction of HBV specific T cell responses 
than C57BL/6 (H-2b) mice; and the latter might be 
weaker than BALB/c (H-2d) mice[8]. These findings 
suggested that HI of the HBV genome could cause 
tolerance to HBV in the hydrodynamically injected 
C3H/HeN mice and this tolerance might be largely 
related to the HBV persistence phenotypes in those 
mice.

Taken together, though the route of viral genome 
delivery by hydrodynamic-based transfection is 
different from that of natural infection via receptors, 
this immunocompetent non-transgenic mouse model 
can mimic the nature course of chronic HBV infection in 
human to a great extent. Our novel hydrodynamically 
injected C3H/HeN mice with a high persistence rate 
of HBV described in this study could provide a new 
approach to dissect the immunomechanism of HBV 
clearance or persistence, a new platform to evaluate 
the antiviral drugs against HBV, and a new model to 
analyse the different pathogenecities of clinical HBV 
isolates.
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Figure 5  Interferon-α or entecavir treatment decreases hepatitis B virus 
DNA in hydrodynamically injected C3H/HeN mice. HI mouse model of 
HBV was created in 5-6-wk-old male C3H/HeN mice. IFN-α, entecavir or PBS 
treatment was performed on those mice 5 wk post HI. The black dot group (n 
= 5) was intragastrically administrated with 0.1 mg/kg entecavir once a day for 
14 d; the open square group (n = 5) was intraperitoneally injected with 1 mg/kg 
IFN-α twice a week for 2 wk; the open dot group was treated with PBS as a 
control. Serum specimens were collected and assayed for HBV DNA on days 
0, 7 and 14 after treatment. HBV: Hepatitis B virus; HI: Hydrodynamic injection; 
IFN: Interferon. 
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Background
The research of hepatitis B virus (HBV) infection, either studies on 
immunological mechanisms or therapeutic drug development, has been 
hampered by the shortage of suitable small animal models, albeit hydrodynamic 
injection (HI) of plasmids containing replication-competent HBV genome via 
the tail vein into immune-competent mice has been a model for HBV studies. 
However, in the case of classic HI model using C57BL/6 mice, only about 
30% of the injected mice carried HBV for more than 12 wk, which limits its 
applications especially in the studies of chronic hepatitis B (CHB).
Research frontiers
In this manuscript the authors injected the pAAV-HBV1.2 plasmid into a different 
inbred mouse strain, C3H/HeN, and observed that the serum hepatitis B 
surface and hepatitis B e antigens and viral DNA persisted even up to 46 wk in 
about 90% of the injected mice, while almost all of the injected C57BL/6 mice, 
as controls, cleared HBV at 24 wk. The authors also detected HBsAg, HBeAg 
and HBV DNA expression in the liver tissues of the C3H/HeN mice at 46 wk 
post HI. Moreover, those mice showed impaired ability to induce HBsAg specific 
T cells responses, which is an important phenotype of immune tolerance to 
HBV. Applying IFN-α or entecavir (an analog of guanosine) in this HI model 
decreased HBV DNA in vivo.
Innovations and breakthroughs
The mouse background can affect the result of the long-term maintenance of 
HBV in the mouse liver. After HI of the same pAAV/HBV1.2, BALB/c mice showed 
a rapid clearance of viral DNA template, whereas about 30% of the C57BL/6 
mice showed the persistence of HBV (Huang et al). However, the bottleneck of 
a relative low rate of the persistence of HBV in the C57BL/6 mice compromised 
its potential strength in chronic HBV infection studies. Thus, efforts were 
encouraged to find more suitable mouse strains for optimisation of the HBV 
persistent rate. Indeed, Chen et al reported that a long term maintaining of HBV 
antigenemia can be detected in FVB/N (H-2q) mice receiving HI of pGEM4Z/
HBV1.3, and around 85% (6 in 7) of the mice were positive at 50 wk, compared 
with rapid clearance of HBV antigenemia in BALB/c mice within 4 wk and in 
C57BL/6 within 8 wk. This study successfully established HBV persistence 
in another inbred strain, C3H/HeN mice (H-2k), through HI of pAAV/HBV1.2 
plasmid. Around 90% of the injected C3H/HeN mice were HBsAg-positive 
and the hepatitis B core antigen positive cells in the liver were detected at 46 
wk. The data came from an observation in 25 mice/group and could be more 
solid. In addition, more inbred strains (including H-2k background) available 
for HI HBV models could expand the possibilities to study the genetic factors 
on HBV persistence. Chang et al reported an acute HBV hepatitis model by 
hydrodynamically injecting pHBV3.6 into 8-12-wk-old C3H/HeN mice. The age 
of C3H/HeN mice might be critical for the different persistence rates between 
their model and ours. Actually, this study showed 5-6-wk-old C3H/HeN mice are 
best for persistence of HBV after HI.
Applications
The results in this paper suggested that the HI-based HBV infection model 
using the C3H/HeN mice might provide a more stable platform for mechanistic 
research of CHB and therapeutic development. 
Terminology
HI means injection with 10 μg endotoxin-free plasmid DNA into the tail vein of 
mouse, in a volume of PBS equivalent to 10% of the mouse body weight, and 
the total volume was delivered within 5 s. HI can efficiently deliver DNA into the 
liver in vivo. The DNA internalization by this hydraulic pressure-based physical 
transfection is receptor-independent and can achieve delivery to approximately 
10%-40% of hepatocytes. This method has been used to establish HBV 
transfection mouse models, classically in C57BL/6 mice.
Peer-review
The paper showed that HBV persisted longer in C3H/HeN (H-2k) mice after 
the HI compared with C57BL/6 (H-2b) mice, suggesting that host genetic 
background determines the rate of HBV clearance. The authors suggested 
that this could be a novel animal model for CHB infection to elucidate the 
disease pathogenesis and develop new antiviral treatments. Overall, the study 
showed a clear association between mouse genetic background and the rate 
of persistence. However, the authors should elucidate the mechanistic basis for 
the frequent persistence in the C3H/HeN (H-2k) mice.
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