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Abstract

AIM

To assess the effects of hepatitis B virus (HBV) on the
expression of host a-1,2-mannosidases and determine
the underlying mechanisms.

METHODS

We measured the expression levels of MAN1A1, MAN1A2,
MAN1B1, and MAN1C1 in cell lines HepG2.2.15, HepN10,
HepAD38 and HepG2 by Western blot. Viral antigens
(HBsAg and HBeAg) in the culture medium were
measured using the chemiluminescence method. HBV
DNA quantification assays were performed using a
commercial real-time PCR kit. Protein levels of human
liver tissue a-1,2-mannosidases were also evaluated
by Western blot. Plasmids containing seven individual
viral genes of HBV (PTT22-HBx, PTT22-HBs, PTT22-
preS2, PTT22-preS1, PTT22-HBc, PTT22-HBe, and
PTT22-HBp) or control plasmids (PTT22-vector) were
transfected into HepG2 cells. MK886 (PPARc.) and
GW9662 (PPARY) inhibitors were used to explore the
effects of HBV on a-1,2-mannosidase expression after
the PPARa and PPARy pathways were blocked.

RESULTS

We showed that the expression of a-1,2-mannosidases
was higher in stably transfected HBV cells than in
controls. The expression levels of a-1,2-mannosidase
were higher in AD38 cells than those in ND10 cells,
which were in turn greater than those in G2.2.15 cells,
and positively correlated with the expression of HBsAg
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in all the cell lines. Levels of a-1,2-mannosidase in non-
tumorous liver tissues of HBV-related HCC patients
were also higher than in the tissues from non-HBV-
related HCC patients. Moreover, transfecting HepG2
cells with a component of the HBV viral envelope also
increased the expression of a-1,2-mannosidases.
However, this envelope protein component could not
induce MAN1C1 expression in the presence of a PPARq.
inhibitor, MK886. We also found that MK886 did not
affect the expression of MAN1C1 in AD38 cells without
tetracycline in the culture medium. This phenomenon
was hot observed in the case of GW9662.

CONCLUSION

Our results indicate that HBV increases the expression
of a-mannosidases both /n vitro and /in vivo via
activation of the PPARa pathway by its envelope
protein.

Key words: Hepatitis B; Pattern recognition receptors;
o-Mannosidase; Glycosylation; Dendritic cells

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: To date, few studies have investigated
whether hepatitis B virus (HBV) hijacks the host
hepatocyte’s demannosylation system to trim the
mannose oligosaccharides found on its viral envelope,
thereby evading DC-SIGN recognition. Our study
showed that HBV could increase the expression of
o-mannosidase I both /n vitro and in vivo. Moreover,
the HBV envelope protein increases the expression of
o-mannosidase I via the PPARa pathway. Therefore,
o-mannosidase I may be a novel drug target to inhibit
the demannosylation of HBV, and prevent viral escape.
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INTRODUCTION

Hepatitis B virus (HBV) infection is the most common
chronic viral infection in the world. An estimated
2 billion people are infected, and more than 350
million are chronic carriers of the virus™. Due to an
insufficient immune response, some individuals with
HBV infection can develop chronic hepatitis, which can
eventually result in liver cirrhosis and hepatocellular
carcinoma (HCC). While the underlying mechanisms
for HBV-induced chronic hepatitis remain unclear,
several studies indicate that dendritic cell (DC) function
is impaired in patients with chronic hepatitis B*!. DCs
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are potent antigen-presenting cells (APCs) that can
present antigen to T cells and activate naive T cells.
Multiple receptor molecules on the surface of DCs,
including Toll-like receptors (TLRs) and C-type lectin
receptors (CLRs), participate in the recognition and
uptake of pathogens, and can regulate the expression
of co-stimulatory molecules™, In particular, DC-
specific ICAM-3 grabbing non-integrin (DC-SIGN) is an
important CLR that is mainly expressed on the surface
of mature and immature DCs".

DC-SIGN plays an important role in the recognition
of pathogen-associated molecular patterns (PAMPs)®!,
Moreover, previous studies have shown that DC-SIGN is
involved in the immune escape of multiple pathogenic
microorganisms, including HIV-1, Ebola virus, hepatitis
C virus (HCV), Dengue fever virus, cytomegalovirus
(CMV), SARS-coronavirus, mycobacterium tuberculosis,
Helicobacter pylori, fungus, and some parasites®”’.
Unfortunately, the mechanisms behind immune escape
mediated by DC-SIGN remain unclear. It may be that
DC-SIGN directly recognizes mannose oligosaccha-
rides found on the viral envelope of HBV. Through
modifications to these mannose oligosaccharides on
its viral envelope, HBV could potential evade the host
immune system. Indeed, it has been shown that DC-
SIGN does not recognize wild-type HBV but does
recognize a high-mannose type HBV produced by
the application of a class I a-mannosidase inhibitor,
kifunensine®®!, Moreover, in our previous studies, we
found that the high-mannose type HBV could promote
the maturation of DCs, increase IL-12 secretion, and
effectively stimulate the proliferation of allogeneic
lymphocytes, and that these effects were blocked
by specific anti-DC-SIGN antibodies™. Therefore,
demannosylation appears to be beneficial to HBV to
escape DC-SIGN recognition and avoid the consequent
immune elimination.

Demannosylation of glycoproteins occurs through
a family of mannosidases that trim mannan in the
N-oligosaccharide. Human Class I a-mannosidases
include the ER a-1, 2-mannosidase I (MAN1B1), and
three Golgi a-1,2-mannosidases, hamely o-mannosidase
IA (MAN1A1l), a-mannosidase IB (MAN1A2), and
a-mannosidase IC (MAN1C1). Generally, MAN1B1 firstly
trims a-1,2-mannose from Man9GIcNAc2-Asn, and
then MAN1A1, MAN1A2, and MAN1C1 trim the residual
o-1,2-mannose, to generate Man5GIcNAc2-Asn. These
processes are dependent on the varying levels of the
mannosidase subtypes in different cell types'". There
are glycosylation sites on the surface of HBV envelope
proteins, which could be glycosylated by the host™?,
Therefore, it is not surprising that HBV infection has
previously been shown to upregulate the expression of
ER degradation-enhancing a-mannosidases (EDEMs)
in order to increase demannosylation*®). However, few
studies have investigated the effects of HBV on the
expression of class [ a-mannosidases.

Peroxisome proliferator activated-receptors (PPARS),
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a group of ligand-activated nuclear transcription factors,
may be involved in a-mannosidase expression during
HBV infection. Indeed, tumor necrosis factor-o. (TNF-a)
has been shown to downregulate the expression of
MAN1C1 to increase the expression of high-mannose
type proteoglycans, and this can be reversed by the
activation of the PPAR signaling pathway™*. Based on
the results of these previous studies, we hypothesized
that HBV could promote the demannosylation of
the viral protein by increasing the expression of
o-mannosidase I in the host cells. In turn, DC-SIGN can
no longer recognize the HBV glycoprotein coat, allowing
the virus to escape from immune attack. In the present
study, we investigated the effects of HBV infection on
the expression of a-mannosidase I, and also determined
the mechanisms driving the altered expression. We
show for the first time that HBV infection increases the
expression of a-mannosidase I via the PPARq signaling
pathway.

MATERIALS AND METHODS

Cell culture and virological analyses

Human hepatocellular carcinoma cells (HepG2,
HepG2.2.15, AD38, and N10) were cultured in DMEM
at 37°C in a 5% CO: incubator. The medium was
supplemented with 10% FBS, 100 IU/mL penicillin,
and 100 IU/mL streptomycin. Cells were changed
into fresh medium every third day, and split by
trypsinization at a confluence of about 90%™!. AD38
cells, which are a variant of HepG2 cells, express
the HBV genome under the control of a tetracycline
(Tet)-off promoter. Therefore, the AD38 cell culture
medium also contained tetracycline (1 pg/mL)
when not requiring the expression of HBV genes'®.
HepG2.2.15 and N10 cells are secretory HBV cell lines
derived from G2, Viral antigens (HBsAg and HBeAg)
in the culture medium were measured using the
chemiluminescence method with commercial assay
kits (Wantai, Beijing, China). HBV DNA quantification
assays were performed using a commercial real-time
PCR kit (Kehua, Shanghai, China).

Transfection and treatment with PPAR inhibitors

Plasmids containing seven individual viral genes of
HBV (i.e., Ptt22-HBXx, Ptt22-HBs, Ptt22-preS2, Ptt22-
preS1, Ptt22-HBc, Ptt22-HBe, and Ptt22-HBp) and the
control plasmid (Ptt22-vector) were a kind gift from
Dr. Quan Yuan and Tianying Zhang (National Institute
of Diagnostics and Vaccine Development in Infectious
Diseases, Xiamen University, China). Transient
transfections with plasmids were performed using
Lipofectamine 2000 Reagent (Invitrogen, United States)
according to the manufacturer’s protocol. HepG2 cell
lines only express PPARo and PPARy but not PPARB™.
Therefore, PPARa (MK886) and PPARy (GW9662)
inhibitors were used at a concentration of 10 umol/L,
unless otherwise noted. MK886 and GW9662 (Sigma-
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Aldrich) were added to the cells 6 h after transfection.

Patient samples

Human liver tissues were obtained from patients who
were treated at Tongji Hospital, Tongji Medical College,
Huazhong University of Science and Technology
between July 2014 and December 2014, and included
12 non-tumorous samples from HBV-related HCC
patients and 12 samples from non-HBV-related HCC
patients. All tissue samples were collected and stored
at -80 °‘C before investigation.

SDS-PAGE and Western blotting

Cells were lysed 72 h after transfection. Cell and
tissue samples were lysed in RIRA (Sigma-Aldrich)
buffer with PMSF (Sigma-Aldrich). Lysates were
centrifuged for 10 min at 12000 x g, and protein in
the supernatant was quantified using the BCA method
(Pierce). SDS-PAGE and western blot analysis were
performed according to standard procedures. Mouse
anti-HBs, anti-HBx, anti-HBp, and anti-HBc antibodies
were kindly provided by Dr. Quan Yuan from Xiamen
University. Goat anti-MAN1A1l (Santa Cruz; 1:500
dilution), rabbit anti-MAN1A2 (Proteintech; 1:200
dilution), rabbit anti-MAN1B1 (GeneTex; 1:500
dilution), mouse anti-MAN1C1 (Abcam; 1:500 dilution)
antibodies were used as the primary antibodies. Mouse
anti--actin (Proteintech; 1:1000 dilution) was used as
a reference for protein quantification. Goat anti-mouse
IgG (Proteintech; 1:10000 dilution), goat anti-rabbit
IgG (Proteintech; 1:10000 dilution), and donkey anti-
goat IgG (Santa Cruz; 1:10000 dilution) were used
as the secondary antibodies followed by enhanced
chemiluminescence (ECL; ThermoFisher Scientific)
detection.

Ethical approval

The Ethics Committee of Tongji Hospital, Tongji
Medical College, Huazhong University of Science and
Technology authorized the study protocol. Written
informed consent was obtained from all participants
regarding the aims and objectives of the study. IRB
ID:TJ-C20140411. The Valid Date was from 05/2014
to 05/2015.

Statistical analysis

Data are mean * SD of at least three replicates.
The expression of the a-1,2-mannosidase levels
were compared between groups using the Student t
test. Statistical analysis was performed using SPSS
software. Differences were considered statistically
significant at a value of P < 0.05.

RESULTS

«-1,2-mannosidase is upregulated in a stably
transfected HBV cell line
In order to investigate whether HBV could upregulate
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the expression of a-1, 2-mannosidases, we measured
the expression of MAN1A1, MAN1A2, MAN1B1, and
MAN1C1 in hepatoma cells with or without HBV
transfection. MAN1A1, MANA2, MAN1B1, and MAN1C1
protein levels in the HepG2.2.15 and N10 cell lines with
stable HBV-transfection were higher than in HepG2
cells (Figure 1). To confirm whether HBV infection
was the cause of the upregulation, AD38 cells,
which express the HBV genome under the control
of a tetracycline (Tet)-off promoter, were further
investigated. The expression of HBV genes in the
AD38 cell line was restricted in the presence of Tet.
When Tet was absent, these cells produced 3.5 kb HBV
pregenomic RNA and secreted virus-like particles into
the supernatant. We found that a-1,2-mannosidase
expression in the AD38 cells without Tet was higher
than in cells with Tet (Figure 1A and B).

The expression levels of mannosidases were higher
in AD38 cells than those in ND10 cells, which were in
turn greater than those in G2.2.15 cells. To investigate
the association between the expression of a-1,2-
mannosidase and virus secretion, we assessed virus
secretion in the cell culture supernatants of various
HBV cell lines. Among the three cell lines, AD38
without Tet showed the highest secretion of HBV-DNA
(1078 £ 0.1 IU/mL), HBeAg (21.9 £ 0.8 NCU/mL), and
HBsAg (87.5 = 2.4 IU/mL) (Figure 1C-E). Further, the
expression of a-1,2-mannosidase in all the cell lines
was positively correlated with the expression of HBsAg
(Figure 1D).

«-1,2-mannosidases are upregulated in human liver
tissues

Next, we investigated whether HBV could upregulate
the expression of a-1, 2-mannosidases (MAN1A1,
MAN1A2, MAN1B1, and MAN1C1) in human liver sam-
ples. Levels of a-1,2-mannosidase in non-tumorous
liver tissues of the HBV-related HCC patients were
higher than in the tissues from non-HBV-related HCC
patients (Figure 2). These findings suggest that HBV
increases the expression of a-1,2-mannosidases both
in vivo and in vitro. Since previous studies have shown
that MAN1C1 plays a vital role in glycosylation™*,
subsequent experiments focused on the role of this
protein, as a representative of the a-1,2-mannosidases.

a-1,2-mannosidases are upregulated in the HBs, preS2
and preS1-transfected hepatoma cells

To further confirm the effect of HBV on a-1,2-
mannosidase expression, plasmids containing seven
individual viral genes of HBV (PTT22-HBx, PTT22-HBs,
PTT22-preS2, PTT22-preS1, PTT22-HBc, PTT22-HBe,
and PTT22-HBp) or control plasmids (PTT22-vector)
were transfected into HepG2 cells. Western blot was
used to determine the expression of HBx (Figure
3A), HBp (Figure 3B), HBc (Figure 3C), HBs, preS2,
and preS1 (Figure 3D); whereas ELISA was used
to estimate the expression of HBe (Figure 3E). The
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MAN1C1 protein levels increased in cells transfected
with HBs, preS2, and preS1; however, the other viral
proteins (HBc, HBx, HBe, and HBp) had no significant
effects on a-1,2-mannosidase expression (Figure
3F and G). HBV has the genes for three envelope
proteins: SHB, MHB (PreS2 + S) and LHB (PreS1 +
PreS2 + S)M™, Because of the similarity in the SHB
motifs for PTT22-HBs (SHB), PTT22-preS2 (MHB), and
PTT22-preS1 (LHB), we focused on PTT22-HBs for
further study.

MK886 could neutralize the effects of HBY

As the downregulation of MAN1C1 expression can
be reversed by activation of the PPAR signaling
pathway™, we investigated whether the HBV-
induced increase in a-1,2-mannosidase expression is
associated with the PPAR signaling pathway. As HepG2
cells only express PPARo. and PPARy!'®, MK886 (PPAR)
and GW9662 (PPARy) inhibitors were used to explore
the effects of HBV on a-1,2-mannosidase expression
after the PPARa and PPARy pathways were blocked.
The results showed that after the application of the
PPARa. inhibitor MK886, the effects of HBV on a-1,2-
mannosidase expression were neutralized; however,
no such effects were found when a PPARy inhibitor
was applied (Figure 4A). In order to further confirm
whether the PPAR signaling pathway plays a role in
the HBV-mediated increase in a-1,2-mannosidase
levels, we tested the effect of GW9662 and MK886 on
the expression of a-1,2-mannosidase in AD38 cells.
We found that MK886 did not affect the expression
of MAN1C1 in AD38 cells without Tet, indicating that
MK886 inhibited the increase in a-1,2-mannosidase
levels caused by the Tet withdrawal. However, this
phenomenon was not observed in the case of GW9662
(Figure 4C).

DISCUSSION

Most enveloped viruses, including HBV, contain
envelope protein polysaccharides, which are ex-
tensively glycosylated™!. Protein glycosylation has
multiple functions, and sometimes assists in evading
immune surveillance™', Viruses use the host cell
glycosylation system to synthesize and modify their
envelope proteoglycans, and thus, the structures of
viral envelope glycoproteins can be affected by the
glycosylation mechanisms in the host'*?, Indeed,
previous studies have shown that applying low-doses
of glucosidase inhibitors to host cells changes the
phenotype of the viral envelope proteins™®. This, in
turn, can reduce viral infection and affect the virus
assembly and/or particle release!®!. For example,
the a-glucosidase inhibitor NB-DNJ was previously
shown to prevent the HBV from correct folding and
the release of viral envelope molecules, and thus,
could dose-dependently reduce the virus level®. On
the other hand, while the a-mannosidase I inhibitor
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Figure 1 «-1,2-mannosidase expression and the replication and viral protein expression profiles in hepatitis B virus stably transfected cells. A: Western
blot indicating that a-1,2-mannosidase expression is significantly increased in all HBV stably transfected cells; B: Quantification of the band intensities normalized
by ACTIN is shown. MAN1A1, MANA2, MAN1B1, and MAN1C1 protein levels in the HepG2.2.15 and N10 cell lines with stable HBV transfection were higher than in
HepG2 cells. The a-1,2-mannosidase expression in the AD38 cells without Tet was higher than in cells with Tet. The data shown represent the mean + SD of three
independent experiments. °P < 0.05 vs HepG2 controls; °P < 0.05 vs AD38 cell line treated with TET. Secretion of HBeAg (C), HBsAg (D) and HBV-DNA (E) in the cell
culture supernatant of various HBV cell lines. LLOQ: Lower limit of quantification.
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Representative western blot illustrating the o.-1,2-mannosidase protein expression in HBV-related and HBV-unrelated hepatocellular carcinoma (HCC) patient liver
samples; B: Quantification of -1,2-mannosidase from the band intensities normalized by ACTIN. Levels of o.-1,2-mannosidase in non-tumorous liver tissues in the
HBV-related HCC patients were higher than in the tissues from non-HBV-related HCC patients, °P < 0.05.

kifunensine did not affect the production or secretion
of HBV virus particles, it did increase its recognition
by DC-SIGN, resulting in activation of the immune
response[s'gl. Moreover, in our previous studies, we
found that demannosylation is beneficial to HBV
to escape DC-SIGN recognition*”. Therefore, the
upregulation of host a-mannosidases by HBV, as
observed in this study, appears to contribute to viral
escape!'?.,

HBV contains three envelope proteins made up
of the preS1, preS2, and S domains: the large (L,
preS1/preS2/S), middle (M, preS2/S), and small
(S) envelope proteins®®. The L and S proteins can
only be singly glycosylated (P39 and GP42 for the
L protein, and P24 and GP27 for S protein). There
is also a N-glycosylation site (NXS/T) at N146 of
the S region. On the other hand, the M protein can
be bi-glycosylated (at the GP33 and GP36 sites)™".
We used plasmids encoding different HBV proteins,
including the L, M, and S proteins, to transfect HepG2
cells. Surprisingly, we found that only the L, M, and
S proteins could increase the expression of MAN1C1;
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however, such an effect was not found for the other
HBV proteins. As all the L, M, and S proteins include
the S domain, we hypothesized that it was this region
that induced the increase of MAN1C1. Therefore, the S
protein was used to represent the envelope protein in
the consequent experiments.

As it was unclear whether this envelope protein
increased MAN1C1 expression via a direct or indirect
effect, we further investigated the exact mechanisms
involved in HBV-induced MAN1C1 expression. We
examined whether the HBV envelope protein activated
the PPARy pathway to increase the expression of
MAN1C1 protein. However, we found that inhibition
of the PPARy pathway with GW9662 did not affect the
HBV envelope protein-induced upregulation of MAN1C1
expression. On the other hand, when the PPARa
pathway was inhibited with MK886, the envelope
protein could not upregulate MAN1C1 expression. Our
results indicate that MAN1C1 expression is associated
with the PPARa pathway, whereas previous studies
have shown that MAN1C1 expression in endothelial
cells is associated with the PPARy pathway™". We
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indicating the HBx expression in PTT22-HBx transfected cells; C: Western blot indicating the HBp expression in PTT22-HBp transfected cells; D: Western blot
indicating the HBc expression in PTT22-HBc transfected cells; E: ELISA indicating the HBe expression in PTT22-HBe transfected cells; F: Western blot indicating
that MAN1C1 expression is significantly increased in PTT22-HBs, PTT22-preS2, and PTT22-preS1 transfected cells; G: Quantification of MAN1C1 from the band
intensities normalized by ACTIN. °P < 0.05 vs PTT22 vector controls. The data shown represent the mean + SD of three independent experiments. HBV: Plasmids
(PTT22-HBV) were transfected into HepG2 cells. HBs: Plasmids (PTT22-HBs) were transfected into HepG2 cells. preS2: Plasmids (PTT22-preS2) were transfected
into HepG2 cells. preS1: Plasmids (PTT22-HBV) were transfected into HepG2 cells. HBx: Plasmids (PTT22-HBx) were transfected into HepG2 cells. HBp: Plasmids
(PTT22- HBp) were transfected into HepG2 cells. HBc: Plasmids (PTT22-HBc) were transfected into HepG2 cells. vector: Plasmids (PTT22-GFP) were transfected
into HepG2 cells. LLOQ: Lower limit of quantification.

speculate that the expression of PPAR subtypes could status together with the effect on HBV glycosylation
be altered in different cell types, which could be at upon knock-down of the different mannosidase
least partially responsible for the difference between members in HBV expressing or not cells might better
our findings and the previous studies. We also tested explain the correlation between HBV production,
the effect of MK886 on the expression of a-1,2- mannosidase level and HBV glycosylation status.
mannosidases in AD38 cells. Increases in the levels We will consider all the mannosidase members and
of MAN1C1 were inhibited by MK886 in AD38 cells. explain the correlation between HBV production,
Therefore, we speculate that the effects of the HBV mannosidase level and HBV glycosylation status in
envelope protein in upregulating the expression of future experiments.

class I a-mannosidases are closely associated with the In conclusion, the findings of the present study
PPARa pathway. showed that HBV could increase the expression of
We only focused on MAN1C1 in this study. Fur- class I a-mannosidases both in vitro and in vivo.

thermore, the measurement of HBV glycosylation Moreover, the HBV envelope protein increases the
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Figure 4 MKB886 can neutralize the effects of hepatitis B virus. MK886 neutralizes the effects of HBV on MAN1C1 (A) Western blot indicating that the MAN1C1
expression significantly increased in HepG2 cells transfected with PTT22-HBs in the presence of GW9662 but not MK886. B: Quantification of MAN1C1 expression
from the band intensities normalized by ACTIN. C: Western blot showed that after the addition of MK886, the expression of MAN1C1 did not alter in HepAD38 cells
without Tet as compared to that in the HepAD38 cells with Tet. Moreover, there was no effect of GW9662 on the expression of MAN1C1 in AD38 cells with or without
Tet treatment. D: Quantification of the a-1,2-mannosidases expression from the band intensities normalized by ACTIN. The data shown represent the mean + SD of

three independent experiments, °P < 0.05.

expression of class I a-mannosidases via the PPARa
pathway (Figure 5). These findings suggest that
the class I a-mannosidases could be used as drug
targets to inhibit the demannosylation of HBV, thereby
improving the binding of the virus to DC-SIGN and
disrupting the immune tolerance to prevent and treat
viral infection.
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plasmids.

COMMENTS

Background

Hepatitis B virus (HBV) infection is the most common chronic viral infection in
the world. An estimated 2 billion people are infected, and more than 350 million
are chronic carriers of the virus.

Research frontiers
Few studies have investigated the effects of HBV on the expression of
class I o-mannosidases.

Innovations and breakthroughs

Tumor necrosis factor-o has been shown to downregulate the expression of
MAN1C1 to increase the expression of high-mannose type proteoglycans, and
this can be reversed by the activation of the PPAR signaling pathway. Based on
the results of these previous studies, the authors hypothesized that HBV could
promote the demannosylation of the viral protein by increasing the expression
of a-mannosidase | in the host cells.

Applications

Class I a-mannosidases could be used as drug targets to inhibit the
demannosylation of HBV and prevent immune tolerance of the virus. The
authors will consider all the mannosidase members and explain the correlation
between HBV production, mannosidase level and HBV glycosylation status in
future experiments.

Peer-review

HBV infection is the most common chronic viral infection worldwide. Because
of insufficient immune response, some HBV-infected patients will develop
chronic hepatitis and possibly liver cirrhosis and hepatocellular carcinoma. In
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the present study, the authors aimed to explore one of the mechanisms able to
impair dendritic cell function in patients suffering from chronic hepatitis B; they
hypothesized that HBV could promote the demannosylation of HBV glycoprotein
coat by increasing the expression of a-mannosidase 1 allowing HBV to escape
from host immunity.
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