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Abstract

AIM: To establish the transgenic mouse line harbouring
complete hepatitis B virus (HBV) genome with mutant s
gene (adr subtype).

METHODS: Transgenic mice were generated by microinjecting
HBV genome into fertilized eggs. Integration, expression,
replication of HBV gene and histological changes in
transgenic mice were estimated by genomic DNA PCR,
serum DNA PCR, Southern blot, ELISA, HE staining,
immunohistochemistry and transmission electron
microscopy. Transgenic mice with HBsAg positive in serum
were bred and analyzed.

RESULTS: A total of 288 eggs survived from microinjections
were transplanted into the oviducts of 13 pseudopregnant
mice and 49 pups were produced. Twenty-six mice were
identified to have the integrated HBV gene. Serum HBsAg
and HBeAg were detected in 2 of 43 mice. HBsAg and
HBcAg in cytoplasm or nuclei of hepatocytes were detected
in 10 mice. Founders with HBsAg in serum were named
lineages G145R-15 and G145R-18. Of the 16 F1 offsprings
generated by G145R-15 founder, 12 were positive for HBV
genome with PCR, 10 were positive for HBsAg and HBcAg
with immunohistochemistry and 7 were positive for HBsAg
and HBeAg with ELISA. Only 1 of 8 F1 offsprings generated
by G145R-18 founder was survived and it was detected
positive for HBV genome, HBsAg, HBcAg and HBeAg. Both
of the two lineages had some pathological characteristics
of mild chronic hepatitis B in the liver, such as swelling of
hepatocytes and focal hepatocellular necrosis and parenchymal
lymphomononuclear cell infiltrate.

CONCLUSION: Transgenic mice harbouring HBV with
mutant s gene can be generated. The HBV genes are
integrated in the transgenic mice genome and can be
expressed, replicated, packaged and excreted. HBV DNA
can be stably transmitted in the transgenic mice.
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INTRODUCTION

Hepatitis B virus (HBV) isamajor pathogen causing human
acute and chronic hepatitis B™ and has avery close association
with cirrhosis and human hepatocellular carcinoma (HCC)[291,
Hepatitis B (HB) vaccine can protect human from infecting
HBV. Many children born from HBeAg positive motherswould
suffer from HBV after HB vaccination because of the mutation
of HBV®7, Genetic mutation in virusesis usually associated
with escape of host immune responses, development of drug
resistance, modification of virulence and patterns of epidemiology
of diseases. In addition, HBV has alimited host range, which
impedes much of the study on itsbiological characteristicsand
human hepatitis B. Over the past severa years, many transgenic
lineages harbouring intact HBV gene® or expressing the HBV
envelope, core, precore and X proteind® under the control of
HBV or cellular liver-specific promoters have been generated,
thereafter, the transgenic mouse system was applied in HBV
studies’®*2, However, no reports of transgenic mouse harbouring
mutant HBV areavailable.

HBV belongs to hepadnavirus family, containing a small
(3.2-kb), circular, double-stranded DNA genome. The minus
strand includes at least four open reading frames (ORF), of
which, SSORF isdivided into presl, pres? and s gene. HBsAg
encoded by the s gene is the magjor component of hepatitis B
vaccine. It is also an important diagnostic evidence of HBV
infection. Hepatitis B immunoglobulin could be used to protect
the liver from reinfection after liver transplantation, but it
depends on the interaction of HBsAg and anti-HBs. Therefore,
the change of antigenicity of HBsAg hasadirect impact on the
diagnosis and therapy of HBV. It is most common to find the
mutation at aal45 where glycine is substituted by arginine
(G145R). This mutant could result in the failure of HB
vaccination™ and failing to protect the liver from reinfection
after liver transplantation®®, Recently, several lines of
evidence of horizontal transmission have been found*-%#. [t
brings about many new problems to prophylaxis and therapy
of HB. It is necessary to study further on the change of
biological characteristics related with this point mutation.
Transgenic mice harbouring G145R mutant are a good animal
model in study of changes of antigenicity and immunogenicity
as well as pathogenicity of HBV. Therefore, we generated
transgenic mice harboring complete genome of HBV (adr
subtype) G145R mutant by microinjection method, in which
HBsAg and HBeAg could be expressed, and genomic DNA of
HBYV could be replicated and packed into complete virus
particles. Thismodel makesit possibleto examine many aspects
of HBV and its associated biomedical issuesin vivo, and is an
animal modd for drug screen and therapy involved in this mutant.
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MATERIALS AND METHODS

Reagents, Plasmid, antibodies and animals

Restriction endonucleases and T4 DNA ligase were obtained
from Sangon Co. Canada. Plasmid P || was endowed by Dr.
Jian-Wen He and contained overlength HBV genomes,
beginning at the middle of the X gene, terminating at nucleotides
1982, just downstream of the unique polyadenylation signal in
theHBV genomeat aunique BamH| site. Plasmid P11 contained
apoint mutation at the site of sgenent 587(G—A). HBsAg and
HBeAg ELISA reagents were purchased from Abbott
Laboratoriesand Sino-American Biotechnology Co., respectively.
Mouse monoclonal antibody against HBsAg and rabbit
HBc/eAg primary anti-serum were purchased from DAKO,
USA. Sheep anti mouse 1gG-HRP was obtained from
CALBIOCHEM, Germany. Serum DNA extraction kit was got
from Sino-American Biotechnology. QIA quick gene gel kit
and plasmid extraction kit were purchased from QIA-gene.
C57BL/6 micewere SPF level and maintained on a14:10 light-
dark schedule (lights off at 10 pm, lightson at 8 am every day).

Microinjection and embryo manipulation of founder animals
HBV transgenic mice were produced by microinjection of the
Pwull fragment excised from plasmid P11 into C57BL/6 embryos
by conventional technology. In brief, the Pvu Il fragment
containing 1.2 copy HBV DNA was gel purified and dissolved
inTE buffer (10 mmol/L TrisHCl, 0.2mmol/L EDTA,pH 7.5) ata
final concentration of 1 mg/L (2000 copies/pL). After it was
injected into male pronucle obtained from C57BL/6 females, the
eggs were implanted into oviducts of pseudopregnant recipients
to enablefurther development before term. Founder animalswere
screened by analysis of serum for HBsAg and HBeAg. Animals
positive for both antigens were expanded by repetitive
backcrossing against the C57BL/6 strain and bred for analysis.

DNA isolation and PCR analysis of integrated transgenes
To isolate the total genomic DNA, approximately one third of
the tail of 10-d-old mice was cut and placed into a 1.5 mL
microcentrifuge tube containing 500 UL of TB buffer. Thetubes
containing thetail fragments were incubated overnight at 55 C.
DNA was extracted once with 500 pL of 1:1 (v/v) equilibrated
phenol-chloroform, and precipitated with 2 volumes of ethanol.
After centrifugation, precipitateswereresuspended in 500 L weter.
Total tail genomic DNA (1 mg) was analyzed by PCR using
HBV -specific primers (5'-CCCAA CCTCC AATCA CTCAC
CAACC-3 [sense, nt 213910 2 153] and 5'-GGCCC CCAAT
ACCAC ATCAT CCATA -3 [antisense, nt 258310 2 556]). A
20 pL of samplesof the productsfrom direct PCR amplifications
was analyzed by electrophoresison a 10 g/L agarose gel inthe
presence of 0.5 pg of ethidium bromide per mL. DNA bands
were visualized by UV fluorescence.

Southern blot analysis

Southern blot analysis was performed on the total genomic
DNA by agarose gel electrophoresis of 20 pg of restricted
genomic DNA asprevioudy described. Before electrophoresis,
all DNA sampleswere digested with EcoR | at 10 U/ugfor 4 h
at 37 ‘C. Nylon filters were hybridized with HBV -specific
digoxigeninlabeled DNA probes as previously described!.

PCR analysis of HBV DNA in serum

Total serum genomic DNA from transgenic mice was extracted
according to the manufacturer’ sinstructions, and analyzed by
PCR using HBV -specific primers as described above.

Immunohistochemical analysis of the expression of HBV
In selected experiments, liver tissue derived from transgenic
mouse lineages was also studied. In some experiments, mice

were anesthetized with pentobarbitone (Harvest Pharmaceutical
Co. LTD) prior to phlebotomy from the retro-orbital plexusand
before they were sacrificed by cervical didocation. In the other
experiments, mice were anesthetized with pentobarbitone
prior to biopsy of theliver at theage of 3, 6, 9, 12, 15, 18 mo.
Intracellular distributions of HBcAg and HBsAg were assessed
by the labeled-avidin-biotin detection procedurel®®. Briefly,
paraffin-embedded sectionsin PBS, pH 7.4, weretreated for 15min
at 37 °C with 30 mL/L hydrogen peroxide and washed with PBS.
After the sections were blocked with normal goat serum for
30 min at room temperature, rabbit anti-HBc/eAg primary
antiserum or mouse anti-HBsAg monoclonal antibody was
applied at a1:100 (HBcAQ) or 1:500 (HBsAQ) dilution for 12 h
at 4 C. After washed with PBS, a secondary antiserum
consisting of biotin-conjugated goat anti-rabbit or goat anti-
mouse immunoglobulin G was applied at a1:100 dilution for
30 minat 37 C. The antibody coated slides were washed with
PBS, treated with streptavidin-horseradish peroxidase
conjugates at a 1:600 dilution for 30 min at 37 °C, stained with
nitroblue tetrazolium chloride and 5-bromo-4-chloro-3-indolyl-
phosphate (NBT/BCIP, MAXIN Co.), and counterstained with
Mayer' s hematoxylin before mounted.

Serological analysis of the expression of HBV

Transgenic mice of lineages G145R-15 and G145R-18 were
anesthetized with pentobarbitone prior to phlebotomy from
theretro-orbital plexus 200 pL every week. Serum wasisolated
by centrifugation. HBsAg and HBeAg concentrations were
analyzed every month by using commercially available enzyme-
linked immunosorbent assay reagents according to the
manufacturer’ sinstructions.

Serum antibody analysis of transgenic mice

Serum from transgenic mice was also assayed for anti-HBsAg,
anti-HBeAg and anti-HBcAg every month by using commercially
available enzyme-linked immunosorbent assay reagents
according to the manufacturer’ s instructions.

Electron microscopy
Intracellular nucleocapsid particles were analyzed exactly as
described esawhere. Briefly, thinliver sectionswerefixed overnight
a4 °C in40g/L paraformaldehyde-1 g/L glutaraldehydein PBS.
Sectionswere then postfixed in 10 g/L. OsO, in cacodylate buffer
(pH 7.4) for 1 h at room temperature, dehydrated in gradient
ethanol, and embedded in epoxy resin (TAAB 812; Emmer Green,
Reading, England). Sections were cut on aLKB Ultratomelll,
mounted on copper grids, stained in uranyl acetate and lead citrate,
and viewed with aHitachi H-800 e ectron microscope.
Serum-derived virus particles were andyzed asfollows. Five
hundred microliters of transgeni c-mouse serum was centrifuged
(300000 ) for 12-16 hat 4 °C through2.4 mL of 100 g/L sucrose
into 0.8 mL of 600 g/L sucrose. Fractions (100 pL) werecollected
from the bottom, and the first fraction wasincubated for 45 min
at room temperature on MA 18/ 7-coated (100 pg/mL) Parlodion-
carbon-coated nickel gridsthat were subsequently drained with
apiece of filter paper and washed twicein PBS. The gridswere
thenfixedin 15 g/L glutaraldehydefor 2 to 5 min, washed twice
in H,O, negatively stained with uranyl acetate, and viewed
with a Hitachi H-800 electron microscope.

Histological analysis

Tissuesampleswerefixedin40 g/ neutra buffered forma dehyde,
embedded in paraffin, sectioned (4 pum), and stained with
hematoxylin and eosin as described®.

Biochemical evidence of hepatocellular and renal injury
Serum alanine aminotransferase (SALT), serum aspartate
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aminotransferase (SAST) , blood ureanitrogen (BUN), creatinine
(Cr) and y-glutamyl transpeptidase(y-GT) were tested with an
auto-biochemical analyzer.

RESULTS

Microinjection and production of transgenic mice

Hundreds of molecules of target fragments were microinjected
intomaepronuclei of fertilized eggs. A total of 288 eggssurvived
from microinjections were transplanted into the oviducts of
13 pseudopregnant mice and consequently, the mice were
pregnant and gave birth to 49 pups. In addition, 43 were
survived. HBsAg and HBcAg in cytoplasm or nuclei of
hepatocyteswere detected in 10 mice. Two of 43 founder animals
whose sera were positive for both HBsAg and HBeAg were
produced and named lineages G145R-15 and G145R-18. They
were expanded by repetitive backcrossing against the C57BL/6
strain and studied in detail. Sixteen F1 offsprings of lineage
G145R-15 founder mice were born. Twelve of them were
identified astheintegration of HBV gene by PCR and Southern
blot hybridization analysis of tissues. HBsAg and HBcAg were
detected in eight of them by immunohistochemistry. HBsAg
and HBeAg were detected in seven of them by using ELISA.
Only oneof eight F1 offsprings generated by lineage G145R-18
founder was survived. In addition, al above methods detected
it positive. F1 offsprings were positive for both HBsAg and
HBeAg and expanded by repetitive backcrossing against the
nontransgenic C57BL /6.

Analysis of integrated transgenes

Total DNA wasisolated from tail tissues of lineages G145R-15
and G145R-18, digested with an enzyme (EcoR I) that was not cut
within the transgene, and analyzed by Southern blot (Figure 1).

0 1 2 3 4 5 6

Figure 1 Southern blot analysis of 20 pg of total DNA ex-
tracted from transgenic mouse tail tissues of lineages G145R-
15 and G145R-18. Lane 0: Positive control; Lane 1: lineage
G145R-15; Lane 2: lineage G145R-15; Lane 3: F; transgenic mice
of lineage G145R-15; Lane 4: F; transgenic mice of lineage
G145R-18; Lane 5: lineage of transgenic mice harbouring pro-
totype HBV genome; Lane 6: non-transgenic mice as negative
control. All DNA samples were RNase treated before gel
electrophoresis. The filters were hybridized with a
digoxigeninlabeled HBV specific DNA probe.

Expression of viral proteins
At the protein level, HBsAg (a product of the 2.1-kb mRNA)
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and HBeAg (a product of the 3.5-kb mRNA) were easily
detectablein the serumin both lineages (Table 1). As expected,
HBcAg (also aproduct of the 3.5-kb mMRNA) and HBsAg were
easily detectablein theliver by immunohistochemical staining
(Figures2A, B).

Table 1 Serum HBV antigen levels

4 wk 8wk 12wk 16wk 72wk
Normal mouse
HBsAg! 0.056 0.052  0.056 0.055  0.053
HBe/cAg? 0.052 0.059  0.053 0.052  0.055
G145R-15
HBsAg 0.126 0.153  0.151 0.132  0.158
HBe/cAg 0.236 0.272  0.228 0.265  0.243
G145R-18
HBsAg 0.133 0.143  0.155 0.129  0.128
HBe/cAg 0.256 0.236  0.268 0.257  0.261

!Optical density (A) at 490 and 630 nm wavelength, cutoff value
is 0.083. 2Optical density (A) at 405 nm wavelength, cutoff value
is 0.106.

Figure 3 Ultrastructural analysis of HBCAg in the liver.

Distribution of HBcAg and HBsAg in liver

Both lineages displayed the same subcellular and architectural
distribution of HBcAg in the liver. Figure 2A and 2B shows
that HBcAg and HBsAg were present in the cytoplasm of almost
al the hepatocytes distributed widely throughout the hepatic
lobules from the centrilobular region around central veinsto
the periportal region around the portal tracts, but positive
hepatocytes surrounding the central veins were much more
than those around centrilobule. At the nucleic level, however,
only HBcAgwasdetectable(Figure2C). Typica 25-30nmHBCAg
particles (core particles and nucleocapsid particles) were detected
inthe nuclel (Figure 3). All indicated the existence of important
host influences on viral gene expression in these animals.

C

Figure 2 Immunohistochemical analysis of HBsAg and HBcAg in the liver. A: Presence of cytoplasmic HBsAg in almost all of
hepatocytes in immunohistochemical analysis of the liver of an 6-week-old male mouse. Magnification, x100. B: Cytoplasmic
HBcAg in centrilobular region hepatocytes surrounding the central veins. Magnification, x200. C: Nuclear HBcAg scattering

widely throughout the hepatic lobule. Magnification, x100.
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Circulating viral particles

To determine whether potentially infectiousviral particleswere
formed and secreted into the blood of these mice, serum was
analyzed for the presence of HBV DNA and sedimentable
particles displaying the ultrastructural characteristics of
completevirions (Dane particles). HBV DNA was detectablein
the serum of an HBV transgenic-mouse lineage that replicated
theviral genome.

Histopathological findings

Animalsfromlineages G145R-15 and G145R-18 weremonitored
histologically for over eighteen months without evidence of
pathological changesin the kidney, brain, spleen, lung, testis,
ovaries, skin, and muscle except for theliver. In someregion of
the liver, swollen hepatocytes, hydropic degeneration or
ball ooning degeneration was observed in hepatic |obules that
weredistributed in the centrilobul ar region around central veins
(Figure4A, B). Intheother, focd or unicdlular necrosis, together
with predominantly lymphocyteinfiltrate was present (Figure4D).
Inthe portal or periporta tract, mild or moderate inflammation
was also observed, as illustrated in Figure 4C. Interface
inflammeation could be observed in some cases. However, fibrosis
was absent. Acidophilic body was scarce.

Serum antibody in transgenic mice
The ELISA test indicated that there was no significant positive
result of HBV antibodiesin HBV transgenic mouse serum.

Biochemical evidence of hepatocellular and renal injury
Animalsfromlineages G145R-15 and G145R-18 weremonitored
to have biochemical changesfor over eighteen months without
evidence of hepatocellular and rend injury, although therewere
histopathological changesin the liver.

DISCUSSION

In the study of vaccinated children whose mothers were
positive for HBeAg, about 15% of them became anti-HBc
positive. A proportion of these would be HBsA(g positive and
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become the HBV carriers. About half of those were infected
with variants of MHR, the most consistently observed to be
G145R. Three population-based studies from Singapore, UK
and USA had remarkably similar results. Mathematical modeling
indicated it would be the dominant vira strain, although it could
take along time to emerge. Vaccination at birth is an ideal
situation for selection of escape variants, being similar to liver
transplantation, where high titer anti-HBs preparations are
administered to prevent graft infection. Furthermore, naturally
occurring G145R strainswere reported.

To study the biological properties and pathol ogic conditions
associated with this mutant, HBV transgenic mice whose
hepatocytes expressed and replicated the virus and whose
genome harbor HBV mutant G145R were produced with a
terminally redundant, 1.2 genome length transgene that starts
in the middle of the X gene and ends just downstream of the
unique HBV polyadenylation site.

Only two of the forty-three founders were serum HBsAg-
positive, and the expression level of the others was very low,
which might be due to the different integrated sites of HBV
DNA. In generd, the exogenous gene would be integrated into
multi-sitesin transgenic mice. Thisissimilar with other reports.
Immunohi stochemical assays of several tissuesfrom transgenic
micereveded that HBV geneexpressionsweretissue-dependent,
and the genes were only expressed in the liver and kidney, this
issmilar toHBV-infectioninnature. Theregulation of expression
of aforeign genein transgenic mice was subjected to different
parameters, such as site of integration, influence of the mouse
flanking sequences, cellular factors and structure of the
integrated sequences. However, the general finding was that
transgenes kept their devel opmental and tissue specific control
of expression. Mouse genomic sequences might potentially
have an influence on the level of transcription of tissue
specificity. The important influence of cellular factors on
expression was apparent since many hepatocytes, all the
Kupffer cells, endothelial cells and bile duct epithelium in the
tissue were antigen negative, although most cellsin the liver
probably contained integrated HBV DNA. It may be germane

C
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Figure 4 Analysis of pathological changes in the liver of transgenic mice by HE staining. Magnification x100. A: Mild swollen
hepatocytes around the central veins (CV) in the centrilobular region. B: “Ballooning degeneration” around the central veins or
between the two central veins in the liver. C: Predominantly lymphocytic cell infiltrates in portal tract area and hepatic lobules.
D: Focal necrosis and predominantly lymphocytic cell infiltrates in hepatic lobule. E: Liver of normal mice.
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that hepatocyte nuclear factor 1 apha (HNF 1 &) and retinoic
acid are known to be preferentially expressed in hepatocytes.
Interestingly, the positive cells were clustered like clones of
cells. This was described in infected humans, and it was
proposed that the synthesis of viral antigens depended on the
metabolic state of cells.

HBcAg was detected both in the nuclel and in the cytoplasms
of hepatocytes. The presence of HBcAg in the nuclei of
hepatocytes was found in most of HBV-infected humans.
Cytoplasmic location of HBCcAg was also observed in some
cases with active viral replication. Capsid antigens of ground
squirrel hepatitis virus, duck hepatitis B virus and woodduck
hepatitis viruswere found almost exclusively in the cytoplasm.
This may be the consequence of the constantly high level of
replication of these viruses. Pre-core RNA isonly used asa
mMRNA for the production of HBeAg that is secreted into the
serum. This polypeptide can be aggregated into unstable
particles but itslocation isin cytoplasm. Therefore, itislikely
that it is responsible for the cytoplasm structure.

HBV transgenic mice showed replication of HBV in
hepatocytes and had evidence of pathological lesionsin the
liver, which are different from other reports. Although there
were some pathologica characteristics of mild chronic hepatitis
B in the transgenic mice, the change was obvioudly different
from that of human chronic hepatitis B. Cellular pathological
changes, such as swelling of hepatocytes and focal
hepatocellular necrosis and parenchymal lymphomononuclear
cell infiltrate were the main lesions. While the histological
changes, such as the change or destruction of structure of
hepatic lobules caused by hyperplasia of fibers, were not
observed in all transgenic mice. Even fibrocytes and fibrous
tissue were difficult to be observed in the portal tract, it was
likely due to the difference of species. In normal mice, the
borderline of hepatic lobulesisnot clear asthat of human being's.

Serum anti-HBs, anti-HBc and anti-HBe detected by ELISA
were negative in all of the transgenic mice, suggesting that
these mice were tolerant to HBsAg, HBcAg and HBeAg. This
result is consistent with that of another report.

What caused the pathological changes of the liver? We
supposed the immune response of transgenic mice caused the
pathological lesions. Some of transgenic mice were partially
immunological tolerant to viral antigens. In our and another
study, HBsAb could be induced by injection of HB vaccine
into muscles of the HBV transgenic mice. Thisindicated that
the immunological tolerance was not complete. We assume
that although the gene of virus was integrated in the genome
of mice, the time of expression of exogenous gene in thymus
wasalittlelater than the formation of immunological tolerance.
Some children whose mothers were HBeAg positive did also
have pathological changesin their liver, but without HBsAbin
the serum.

In conclusion, HBV genome introduced by microinjection
can be integrated into the mouse genome, and HBV genes can
be expressed, replicated and packaged. Therefore, these lineage
mutant HBV transgenic mice may be used as animal modelsfor
the study on mutant HBV and its associated biomedical issues.
It can also be applied in the selection of anti-mutant HBV drugs
and vaccine.
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