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Background: During an infection with hepatitis B virus (HBV), infectious particles (Dane
particles) can be detected in addition to aggregates of the subviral particles (SVP) which is
considered an immune escaping mechanism for the virus. Dendritic cells (DCs) are a
specialized type of antigen-presenting cell (APC) that can activate native T-cells to prime
an immune response controlling HBV infection. The aim of this study was to characterize the
interaction between HBVsvp and DCs in vitro.

Methods: HBVsvp that comprises surface and core proteins were produced in vitro by
HepG2.2.15 as a culturing system; DCs derived from the bone marrow of mice were pulsed
by HBVsvp. A different pattern of cytokines secreted by bone-marrow-derived dendritic
cells from C56BL/6 mice pulsed with HBVsvp were analyzed. The interactions between
HBVsvp and DCs were characterized using FACS analysis, protein assay, Western blot, and
immunofluorescence staining.

Results: Pulsation of DCs with HBVsvp resulted in strong activation and higher secretion of DC
cytokines including INF-a, INF-y, TNF-a, IL-1a, IL-10, and IL-12; but not for IL-1p, IL-2, IL-6,
and IL-15. The production of CXCL-10/IP-10 was increased during the observation period and
reached the maximal secretion after 24 hrs (p < 0.001). In total protein assay, we found significantly
higher protein concentration in HBVsvp stimulated DC groups compared to not activated DCs
(p <0.001). Both 24 kDa small surface antigen (HBVs) and the 21 kDa core protein (HBVc) were
detected in activated DCs. For DCs immunofluorescence staining, our data showed clear differences
in the morphology of DCs between negative control and those pulsed with HBVsvp.
Conclusion: Result demonstrates a significant complex interaction between HBVsvp and
DCs, in vitro.
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Introduction

Infection by hepatitis B virus (HBV) in adults results in acute hepatitis followed by
clearance of HBV from the body.' > Acute infection recovery depends on T-cell and
B-cell responses.”*> Globally, HBV infection was estimated at approximately 250
million patients with a chronic infection that eventually progresses to hepatic
fibrosis, cirrhosis, and finally hepatocellular carcinoma.® HBV transmission rates
from infected moms to their infants were found to be high, nearly 90%.*¢
Resolving of HBV infections is required for cell-based immunity.”® Electron
microscopy of HBV antigen (HBsAg) positive serum reveals three morphologic
forms: the most numerous (1000 to 100,000-fold excess) spherical particles (25 nm
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in diameter), filaments (22 nm in diameter), and less fre-
quently spherical infectious Dane particles (42 nm).*'*'2
Subviral particles (SVP) are immunogenic and used as
HBV vaccine."® The excess of SVP detected in patients
and its biological function is unexplained and not under-
stood at present. SVP might bind to the host neutralizing
antibodies and increase the ability of the Dane particles to
reach liver cells.'*'> SVP might contribute to a state of
immune tolerance that led to highly productive chronic
infection.'® Previous study with duck HBV reported that
SVP could increase infection when found at low multi-
plicity. They were found to be inhibitory at their highest
quantity.'®'”

DCs are the most effective APC that launch adaptive
immune responses after contact with HBsAg. DCs stimulate
naive CD4" differentiation into T helper cells to regulate
immune responses including cytotoxic T cells, B-cells, and
natural killer cells that clear the infection to eventually
produces IL-12 and IFN-o cytokines,'® 2

. . . . 20.23 .
to induce immunity against HBV.”>" However, chronic
24,25

and has ability

infection of HBV revealed impaired DC function,
while the frequency of DC remains unchanged in some
infected people.”* %’ Reduction of DC numbers in periph-
eral blood resulted in weak cytokine production and a
disruption of antigen presentation in patients who cannot
clear the virus.?®*?° This may be reflected by the weakness
of both virus-specific immune responses in chronic HBV
patients.

However, the interaction of DCs with HBV is not deter-
mined yet. DCs function and T-cell responses are iterated in
patients who clear the virus after chronic infection or due to
therapy.’**! Therefore, DCs stimulation and reactivation
probably can restore specific immune responses against
HBYV. Several approaches using DCs based therapy have
been investigated.**>° However, there are no sufficient
explanations for clinically relevant impairment of DCs
function in patients becoming chronically infected. INF-a
production by DCs, for example, is reduced in chronic HBV
patients but correlates to ALT levels in these patients and
from not to HBV viral load.*’

In this study, HBVsvp were delivered from Hep
G2.2.15 cell line®®
DCs from C56BL/6 mice in vitro, to measure the direct

to activate bone-marrow-derived

interaction between HBVsvp and DCs. We focused
therefore on changes in cytokine and chemokine produc-
tion and on uptake and distribution of the HBV proteins
into the DCs.

Methods And Materials
Production Of HBVsvp

HBVsvp were prepared as described previously.>® In brief,
the human hepatoma cell line HepG2.2.15 cells were gen-
erously provided by Dr. Stefan Urban. The cells are com-
mercially available, and the use was approved by the review
board of the University Hospital Regensburg. The cells
were cultured in Williams medium supplemented with
10% (v/v) FCS, 2 mL glutamine, 100 U of penicillin/mL,
100 pg of streptomycin/mL (all from Invitrogen), Spug/mL
of hydrocortisone, and Spg/mL insulin (Sigma-Aldrich).
HepG2.2.15 cells were cultured at 37°C in a CO, incubator.
This resulted in rather high production of HBsAg with a
mean level of 939.2 TU/mL. Then, HBVsvp were concen-
trated as described previously by PEG. Briefly, HBVsvp
containing supernatant was incubated with PEG (40%) at 4°
C for overnight and then centrifuged for 1 hr at 8000 rpm at
4°C. Pellets were resuspended in 25% FCS-PBS followed
by incubation for overnight at 4°C. HBVsvp were harvested
and centrifuged for 20 mins at 4000 rpm at 4°C. Finally,
HBVsvp were quantified by ELISA for HBsAg, collected
and stored at —80°C.

Generation Of Bone-Marrow-Derived
DCs (BMdDCs)

For bone-marrow cells (BM) preparation, 8—10-week-old
naive, wild type, C56BL/6 mice were purchased from
Charles River Breeding Laboratories (Sulzfeld, Germany)
and were maintained under specific pathogen-free condi-
tions and handled according to international guidelines.
Mice were euthanized using carbon dioxide. Tibia and
femur bones were used to prepare BM cells. All procedures
followed the University Regensburg guidelines for care and
use of laboratory animals. BM cells were used for genera-
tion of DCs as described previously.>® Post 7 days of BM
incubation; non-adherent cells were collected and confirmed
by FACS analysis. Then, cells were cultured as 1.5 M cells
per well in 1 mL RPMI 1640 medium supplemented with
10% FCS, 100 U of penicillin/mL, 100 pg of streptomycin/
mL, 2 mM glutamine, and 50 uM 2-mercaptoethanol (all
from Invitrogen, UK). To drive cell differentiation towards
the DCs line, we added 20 ng/mL. GM-CSF and IL-4 (R&D
System, Wiesbaden-Norderstedt).

BMdDCs Detection By FACS
For detection of BMdDCs, FACS (BD FACSCalibur™
cytometer) was used to measure different surface molecules
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are expressed on DCs. FACS data were analyzed with Cell
Quest Pro software (Beckton Dickinson). Around 2x10°
cells were resuspended into FACS buffer (0.5% BSA-
PBS) and stained with either 1 pL of specific antibodies
or the corresponding isotype control [R-PE CDllc, FITC
MHCII (I-Ad), APC CCR-7, FITC CD 86] (Bioscience,
Heidelberg) for 30 mins on ice in dark. The cells were
pelleted for 3 mins at 2000 rpm and washed with FACS
buffer twice. Individual fluorescent probes were used first
for setup the instrument settings and compensation of all
used colors. Unstained cells were used for determination of
the fluorescence baseline. Unspecific binding was gated
away by using isotype controls. FACS analyses indicated
75-85% mature DCs at day 7, which were cultured with a
concentration of 1.5 M cells per mL.

Activation Of DCs By HBVsvp

The DCs were activated via 1 day co-culture with either 75
pg/mL of HBVsvp, 1 pg/mL lipopolysaccharide (LPS), a
mixture of HBVsvp and LPS or nothing (negative control).
Then, cells were harvested, washed extensively, and ana-
lyzed by FACS for assessing the upregulation of activation
markers. Another DC fraction was processed for BCA-
protein-assay and Western blot analysis.

Protein Assay

For protein assay, DCs were generated from bone-marrow
followed by culture for 7 days in the presence of IL-4 and
GM-CSF. To these cultures, control RPMI supernatant,
HBVsvp alone, and HBVsvp plus LPS were added,
respectively. DCs were harvested 24 hrs later and lysed
using lysis buffer (RIPA or NP-40) (Sigma-Aldrich,
Munich) to differentiate between cytoplasmic and total
(including nuclear) HBV proteins within the DCs. We
have included one more assay for DCs with partial lysis
and kept the nucleus intact for all groups examined.
Protein assay was performed as the following: 10 pL
from each probe were placed into 96-well microliter
plates, followed by working reagent (200 puL each well).
The plates were incubated shaking at RT in dark for 30
mins, then were read in an automated reader at 560 nm
(EMAX; Molecular Devices, MWG-Biotech).

Western Blot

Western blotting of HBVs and HBVc proteins was done as
described previously.®” Briefly, concentrated supernatant
of cell lysates was run on SDS-PAGE (12%) and trans-
ferred to nitrocellulose membranes. After blocking, the

membranes were incubated with primary antibodies spe-
cific to HBVs and HBVc proteins at 4°C for overnight
followed by secondary antibody. Finally, membranes were
analyzed by molecular imager (ChemiDoc™ XRS+ with
Image Lab software).

Immunofluorescence Staining

For immunofluorescence staining, DCs were activated by
adding HBVsvp or nothing (negative control) for 24 hrs.
Then, cells were fixed by 3.7% Formalin-PBS for 20 mins
at RT. After washing with 0.3% Triton-PBS, the cells were
blocked with blocking buffer (1% BSA- 0.3% Triton-PBS)
for 1 hr. The cells were incubated with primary antibodies
specific to HBs or HBc at 4°C for overnight followed by
secondary antibody (Alexafluor® 594 goat anti-mouse,
Invitrogen, USA). Stained cells were observed by fluores-
cence microscope.

Detection Of Cytokines Produced By DCs
The DCs were co-cultured with nothing, LPS, HBVsvp, or
HBVsvp and LPS. Supernatants were collected 1 day later
and were analyzed for the production of a wide range of
cytokines (TNF-a, INF-y, INF-o, IL-1a, IL-18, IL-2, IL-6,
IL-10, CXCL-10/1P-10, IL-12, and IL-15) by using ELISA
via the Ready-SET-Go kits from (eBioscience).

Results
Dendritic Cells Are Strongly Activated By
HBVsvp In Vitro

Figure 1 shows that HBVsvp strongly activated DCs in
vitro. In control group, non-activated DCs present CD86 in
26.5%, MHCII in 33.0%, and CCR7 in 9.5% of the cell
population. Incubation with LPS only led to a mild upre-
gulation of CD86, MHCII, and CCR7. Incubation of DCs
with HBVsvp led to a significant upregulation of all these
markers; CD86 was 59.0%, MHCII was 74.0%, and CCR7
was 48.9% of the cell population. Finally, activation by
HBVsvp and LPS led to a significant upregulation and
highly increased to be 68.0% for CD86, 75.5% for MHC
II, and 51.5% for CCR7 of the cell population.

Enhanced Cytokine Production By DCs

Stimulation of DCs with HBVsvp alone and/or LPS
showed significantly higher cytokine production in the
supernatant. These cytokines included INF-a, INF-y,
TNF-a, IL-12, IL-lo, IL-10, and CXCL-10/IP-10. We
found five- to eight-fold increases of these factors in the
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Figure | FACS analysis of bone-marrow-derived DC of C56BL/6mice, identified by expression of CD| lc, after 7 days of maturation, followed by incubation with different
agents. Row one shows the negative control, rows two and three show DC incubated with only LPS or HBVsvp, respectively, and row four shows DC incubated with
HBVsvp in combination with the co-stimulator LPS. Treatment with HBVsvp and LPS resulted in a strong upregulation of the surface markers CD86, CCR-7, and MHCII
(from left to right), indicating an activation of DC. Incubation with LPS only resulted in a middle upregulation of these markers, while incubation with HBVsvp only also
resulted in upregulation of these markers, but lesser than found in the co-stimulated DC group. For CD86-FITC surface marker the cells were gated in upper right region,
for CCR-7-APC surface marker the cells were gated in upper right region, and for MHCII-FITC surface marker the cells were gated in upper right region.
Abbreviations: DC, dendritic cells; LPS, lipopolysaccharide; HBVsvp, HCV subviral particles.
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activated DCsgroups compared to the negative control
groups (DCs alone or DCs with LPS alone) (Figure 2).
The increase was statistically significant (p < 0.001) for all
these cytokines. Production of IL-1f, IL-2, IL-6, and IL-15
was not significantly increased. Thus, pulsation of DCs
with HBVsvp leads to a distinguished change of the DCs
cytokine production.

Cytokine Production Increases Over Time
We have included a comparison assay for the production of
CXCL-10/TIP-10 at different incubation times from activa-
tion. CXCL-10/IP-10 production was determined over time.
The production of CXCL-10/IP-10 increased during the
observation period, reaching significant levels after 2 to
4 hrs (p < 0.05). The maximal secretion of CXCL-10/1P-10
was reached after 24 hrs (p < 0.001) (Figure 3).

HBVs And HBVc Antigen Proteins Were
Highly Detectable In Activated DCs And
Distributed Differentially Between
Cytoplasm And Nucleus

In total protein assay, we found significantly higher protein
concentration in HBVsvp stimulated DC groups compared
to not activated DCs (p < 0.001). For RIPA buffer lyses,
1047pg/mL, and
1080.75ug/mL for negative control, DCs activated by
HBVsvp alone and DCs activated by HBVsvp and LPS,
respectively (Figure 4A). For partial DCs lyses, we have

the total protein was 549.5ug/mL,

found the total protein was much less than a complete
lyses of DCs. Again, DCs activated by SVP or SVP plus
LPS were significantly (p < 0.001, p < 0.05) detectable for
more proteins than negative control group. Here the total
protein was 320.75ng/mL, 730.75pg/mL, and 755.75pg/
mL for negative control, DCs activated by HBVsvp alone
and DCs activated by HBVsvp and LPS, respectively
(Figure 4B).

To determine whether the increase in total protein was
due to uptake of HBV proteins, Western blot of the lysate
fractions was performed. In complete lysed HBVsvp trea-
ted DCs, both 24 kDa small surface antigen (HBVs) and
the 21 kDa core protein (HBVc) were detected, referring
to a different intracellular distribution pattern of the viral
proteins within DCs (Figure 5A). Interestingly, in partial
lysed HBVsvp treated DCs, only HBVs were detected and
HBc protein was not detected referring to the presence of
HBc protein in the nucleus (Figure 5B).

For DCs
showed clear differences in the morphology of DCs

immunofluorescence staining, our data
between negative control and those pulsed with HBVsvp.
Both HBs and HBc antigen proteins were found in cyto-
plasm of pulsed DCs. DCs were positive for HBVs and
HBVc antigen proteins compared with negative control
with and without nucleus staining (Figure 6).

Discussion

The present study explores the pattern of cytokines produced
by DCs pulsed with HBVsvp or HBVsvp coupled with LPS in
vitro. Our data demonstrated that DCs are strongly activated by
HBVsvp in vitro, measured by increased activation markers
and production of several cytokines related to T cell maturation
(INF-a, INF-y, IL-12) or related to T cell priming (TNF-a and
IL-1@). Our findings agree with previous studies which showed
the expression of IL-1a mRNA within peripheral blood DCs
and Langerhans cells;**™* the current study supports our pre-
vious studies which showed that DCs pulsed with Hepatitis C
Virus Pseudo-particles produced large array of cytokines in
vitro.** However, this is in contrast to earlier publications
demonstrating decreased INF-o level in chronic HBV
patients. 2?3745 In these studies, INF-o levels were correlated
to ALT levels but not viral load. However, HBsAg and HBcAg
levels have not been correlated so far. Other studies reported a
and IFN-a
production.*® This may be due to different stimuli of DCs.
Th1 differentiation through induction of IFN-y promoted by
IL-12 which is a heterodimer molecule produced by APCs.*’

negative correlation between ALT levels

In addition, we found high levels of IFN-y-inducible
protein 10 (IP-10, CXCL10) after stimulation of DCs with
HBVsvp. IP-10 is a chemo-attractant for activated T cells,
secreted from cells stimulated with type I and II IFNs. IP-10
expressions are found in many Thl-type inflammatory dis-
eases, playing an important role in recruiting activated T cells
into sites of inflammation tissues.***® Along with the
increased TNF-a production, this suggests strong activation
of anti-HBV immune responses through DCs activation.
Higher production of TNF-a demonstrates the upregulated
ability of DCs to begin an adaptive immune response.

In contrast, HBVsvp-activated DCs were also found to
produce IL-10, a key immunomodulator that is included in
controlling T cell activation levels;*’ IL-10 has the ability
to act on T cells to initiate allergy.’® This indicates a
particular role of DCs in the priming of naive T cells in
HBYV patients. Moreover, effects of IL-10 on monocytes,”"
it has been suggested the production of TNF-a, GM-CSF,
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Figure 2 Cell-free culture supernatants were harvested for DC alone, DC pulsed with svp, or DC pulsed with svp and LPS for 24 hrs for cytokine and chemokine’s
production. Appropriate dilutions assayed for INF-a, INF-y, TNF-a, IL-12, IL-1@, IL-10, and CXCL-10/IP-10. The detection was done by using mouse INF-a, INF-y, TNF-a,
IL-12, IL-1a, IL-10, and CXCL-10/IP-10 enzyme-linked immunosorbent assay. The actual cytokine concentrations in pg/mL were determined by using standard reagents as
provided by the manufacturer. Our results showed that in vitro pulsation of DC with HBVsvp or HBVsvp and LPS elicited significantly higher secretion of DC cytokines and
chemokines. The increase of cytokine production (INF-a, INF-y, TNF-a, IL-12, IL-1@, IL-10, and CXCL-10/IP-10) over the baseline level of non-activated DC is shown. The
shown increases were all highly significant (***p < 0.001).
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alone, and svp plus LPS were added, respectively. DCs were harvested 24 hrs later and lysed for BCA-Total Protein-Assay. (A) Complete lyses of DC, our results showed
clear differences between activated DC groups and negative control group in the total protein. We have found that DC activated by HBVsvp or HBVsvp plus LPS were
significantly detectable for much proteins than negative control group. (B) Partial lyses of DC, we have found the total protein was much less than a complete lyses of DC.
Again, DC activated by svp or svp plus LPS were significantly detectable for much proteins than negative control group. (**p < 0.05; **p < 0.001).
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alone, and svp plus LPS were added, respectively. DCs were harvested 24 hrs later and lysed for Western blotting. (A) Complete lyses of DC showed that both HBs and
HBc proteins were detected in the complete lysed activated DC, 24 kDa small surface antigen, and 21 kDa for core protein. (B) Partial lyses of DC, we have found that HBs
protein was detected but on the other hand the HBc protein did not detect referring to the presence of HBc protein in the nucleus.
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Figure 6 DC immunofluorescence staining, the DC was activated by adding nothing (negative control) or HBVsvp into the culture medium for 24 hrs. The cells were fixed
at six-well tissue culture plates. After blocking, the cells were incubated with primary antibodies against HBs protein and HBc protein at 4°C overnight. After incubation with
secondary antibody (Alexa fluor® 594 goat anti-mouse), the cells were detected by fluorescence microscope. There are clear differences in the morphology of DC between
negative control and those pulsed with HBVsvp. Both HBs and HBc antigen proteins were found in cytoplasm of pulsed DCs. DCs were detectable for HBs and HBc antigen

proteins comparing with negative control without and with nucleus staining.

IL-1a, IL-1B, IL-6, and IL-8 by DCs may be down-reg-
ulate by endogenous IL-10.

Here, DCs did not express IL-1f, IL-2, IL-6, and
IL-15 when pulsed with HBVsvp in vitro. Our results
confirm a previous study which reported that IL-2
expression by human DCs was downregulated®® and
was in agreement with our previous studies which
demonstrated that IL-2 and IL-6 were unexpressed by

DCs pulsed with pseudo-particles of Hepatitis C Virus
in virto.** This could explain the different results in
earlier publications. While in our study, DCs are acti-
vated via HBVsvp stimulation resulting in cytokine pro-
duction to stimulate TH1 and TH2 cells, inflammation
seems to be downregulated as well as Treg-cells. Liver
inflammation, however, is necessary to eradicate HBV in
infected patients.
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We and others reported that DCs can be activated in
vitro specifically against HBV and initiate immune
responses.” > We were able to demonstrate that DCs
based immunization can break down the tolerance in HBV
transgenic mice, which may also be applicable in chronic
HBV patients.’® We showed that HBVsvp stimulate DCs to
produce different cytokines. The strategies reported were
mainly based on different HBV antigens representing for
certain epitopes on HBV. Furthermore, inappropriate epi-
topes lead to Th1/Th2 disequilibrium or could interfere with
the communication of immunoactive cells.’®>’ Therefore,
we decided to use SVP with complete viral particles con-
taining HBs and HBc as antigens to pulse DCs in vitro. In
our previous studies, we were able to demonstrate that DCs
can effectively be activated against HBVsvp and induce
strong and specific immune responses in different mouse
lines.>® Our results demonstrated that this DC-based-treat-
ment was followed by effective Thl, Th2, CTL, and B-cell
responses.”> DCs were allowed to select their epitopes by
presenting structural proteins of HBV in their natural con-
formation. Furthermore, HBVsvp could be produced for
different genotypes. We suggest that the empty spheres
represent the empty HBs spheres in vivo.

At present, there is a little knowledge about the ability
of DCs to process and present HBV antigens.*® We found
that after pulsation, the HBV core and surface proteins
distributed throughout the DCs as shown by fluorescence
staining. Further analysis by fractionated Western blot
showed that HBs was found in different intracellular
sites while HBVc seemed to concentrate into the cell
nucleus. How HBVc is taken up into the nucleus and if
it is completely directed to the nucleus or is degraded
within the cytoplasmic compounds must be open at pre-
sent. However, the different distribution patterns hint to
specific functions of HBVs and HBV¢ within the DCs. It
is therefore likely that the outcome of a primary immune
response will be affected not only by the subset of DCs
involved but also by the activation signal engaged during
the initiation phase of the response. This interaction could
play an important and clinically relevant role in the impair-
ment of DCs function after HBV infection.
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