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Next question was whether our designed HBVpp would be formed and

secreted into medium from the packaging cells transfected with the HBV envelopes

expression vector (pCEP4 LS-S). Immunoprecipitates with anti-HBs antibodies from

the supernatant of pCEP4 LS-S transfected and non-transfected gfp/GP2 cells were

analyzed by Western blotting analysis to detect HBV envelope proteins.  Fig. 2C

showed that all HBV envelopes were expressed and actually LS, MS and SS protein

expression were detected. Thus, expressed HBV envelope proteins were secreted into

medium.

Secreted envelope proteins contains the designed retroviral genome.

In order to check whether HBV membrane proteins can envelope retroviral

capsids, culture medium of pCEP4 LS-S transfected gfp/GP2 cells was harvested and

immunoprecipitated either with anti-HBs antibodies or anti-VSV-G antibodies in case

that VSV-G was expressed. Reverse transcription (RT) was performed on the RNA

extracted from the immunoprecipitates. VSV-G pseudotype was also tested as a
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314

315

positive control. As shown in Fig. 3, a correct size of amplified band was observed in

LS-S expressed samples as in VSV-G.  This result (about ~320bp) suggests that HBV

envelope proteins wrapped retroviral capsids containing retroviral genomes, in which

GFP and hygR genes were encoded in this case.

HBVpp shows near identical density profiles to HBV particles (Dane particles) in

CsCl density gradient ultracentrifugation.

Next, we checked the density profiles of HBVp particles in CsCl density

gradient untracentrifugation. Peak fractions for HBs and preS1 were seen in fraction 8

whose density was around 1.17 g/ml.  Furthermore, amplified EGFP-corresponding

DNA by RT-PCR was detected around the fractions positive for HBsAg. The main

RT-PCR products were detected in fraction 9 with higher density (1.18 g/ml) than those

where the most S and preS1 antigens were detected (fraction 8). The produced

pseudotyped HBV particles were a little bit smaller than the native HBV, since it was

reported that Dane particles had the heavier density (around 1.25 g/ml) than small S
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329

particles (1.20~1.22 g/ml) [29]. Taken together, these observations suggest that

retroviral capsids surrounded by HBV membrane proteins were generated and secreted

into the medium from the packaging cells expressing HBV membranes and thus the

HBYV pp was produced.

Observation of HBVpp by electron microscopy. -

Finally, we tried to observe HBVpp from the packaging cells transfected

HBYV membrane protein expression vectors by electron microscopy. Unfortunately,

we were not able to observe the complete particles on the secretion process but

viral-like-particles in the endoplasmic reticulum of the packaging cells expressing HBV

membrane proteins (Fig. 5A). Most of them might be subviral particles ie., HBs

particles. We also observed some typical Dane-like particles in the medium (Fig. 5B),

though infectious viral particle formation might not be efficient with this method.
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Discussion

HBYV is a small DNA virus with 3.2 kb genome involved in acute and chronic

liver diseases, persistence of which is predisposed to in a sense incurable liver cirrhosis

and cancer. It is assumed that there are more than a few hundred million infected

people and thus this is one of the biggest infectious diseases in the world [2].  Since

vaccine was developed, protection from the virus infection has been enabled except

some vaccine escape mutants [30; 31].  And it is certain that several nucleotide analogs

effectively inhibit the viral replication and then disease progression [32; 33].

Nevertheless, the real virus life cycle has remained to be elucidated. The critical

reason why there are a lot of mysteries about HBV is mainly due to no convenient iz

vitro and/or in vivo infection system for HBV, though there are several animal

hepadnavirus models such avian (duck and heron) and rodent (ground tree squirrel and

woodchuck) hepatitis B viruses. Hatching and raising such animals and preparation of

primary cultured hepatocytes from the liver of them are not so easy for daily research
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345  activities and animal hepadnaviruses are quite divergent and unlikely to be good models

346  for HBV.

347 Recent progress of tissue culture system from a hepatocellular carcinoma

348  called HepaRG [7; 34] and from primary hepatocytes of Tupaia belangeri [35; 36]

349  enable us to propagate HBV 1n in vitro infection system to some extent. By

350  differentiation of the cells to differentiated parenchymal hepatocytes with 2 % DMSO

351  as well as hydrocortisone, HBV can infect the HepaRG up to 20 % or so at viral

352  genome equivalent (V.G.E.) to a cell of over 200 [7; 34; 37]. The infected HBV,

3563  however, did not produce infectious daughter viruses in spite of observation of

354  Dane-like particle formation [34]. Furthermore, it takes more than two weeks to

3565  differentiate the HepaRG to susceptible for HBV infection [7]. Thus, HepaRG cells

3566  are useful but it would be still less efficient for HBV infection and time-consuming

357  system to analyze the HBV life cycle.

358 It is reasonable to find out an HBV receptor in order to overcome this

359  situation followed by establishing a HBV infection system. Several candidates for

360  HBYV receptors have been reported.  Starting from polymerized human serum albumin
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371

372

373
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375

376

[38; 39], several kinds of molecules; endonexin II [40], asialoglycoprotein receptor

(ASGPR) [41; 42], lipoprotein lipase (LPL) [43], gp120 and gp180 (carboxypeptidase

D) [17; 44] and so on were reported for HBV receptors, including those for DHBV.

None of them, however, has been utilized for establishing an iz vitro HBV infection

system as an HBV receptor molecule. And most recently, NTCP (sodium-taurocholate

co-transporting protein) has been nominated as a plausible HBV receptor molecule,

which has been under evaluation [45; 46; 47].

On the other hand, the ligand, i.e., HBV membrane proteins have been

characterized as well. There are three kinds of HBV membrane proteins; large S (LS),

middle S (MS) and small S (SS) and seems to be no doubt that preS1 region in the

N-terminal end of LS has a key role for receptor binding [48]. Especially, a

well-conserved region around preS1 9-23 amino acids (aa) might be critically important

and might function as a fusogenic peptide, since antibodies against preS1 (2-48 aa)

could neutralize HBV infection but not preS1 (1-21 aa) in PTH system [49; 50; 51].

And also, experiments using hepatitis delta virus (HDV) provided us with similar

important information on the HBV entry [52; 53; 54].
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Nevertheless, we have yet obtained an easy and convenient in vitro cell
culture system for HBV infection. Thus, identifying an HBV receptor seems to be
very hard, because it has not been achieved for a half century since HBV was found.
We do not understand why classical methods such as a phage screening system
expressing human liver cDNA library and so on do not work well and therefore, we
may need to design a new revolutionary assay system.

We here would like to propose a new biological assay using HBV pseudotype
particles (HBVpp) in which retroviral core particles were enveloped by HBV membrane
proteins.  Successful production of HBVpp would allow us to test HBVpp infectivity
to cell culture systems introduced some cDNA library from human hepatocytes and/or
differentiated HepaRG cells. In this report, we tested whether such HBVpp could be
generated. The immunoprecipitation with anti-HBs antibodies followed by RT-PCR
and the physicochemical study using ultracentrifugation followed by RT-PCR revealed
that murine leukemia virus based core/capsid, which contained recombinant retroviral
genomes with EGFP and Hyg", were enveloped by HBV membrane particles. Thus,

HBVpp should be generated and next question would be whether this HBVpp really
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could infect well-differentiated hepatocytes at suitable condition. It could be a weak

point that the HBVpp was based on murine leukemia virus, which demanded cell

growth for efficient viral genome integration into the host genome, compared to the

same kind system based on a lentivirus. ~ The HBV receptor could be a complex

consisted of several molecules. In such a case, it should be very difficult to clone the

HBYV receptor by cDNA library introduction to ordinary cells, since two hits or more

might be required. Nevertheless, it could possibly work if a cDNA encoding an HBV

receptor or a gene affecting HBV attachment and entry from a human liver source was

tested for HBV infectivity in various hepatoma cell culture systems_and thus this

HBVpp will be a powerful tool for separation and identification of an HBV receptor

with infectivity as a polestar.
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