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Chronic hepatitis B virus (HBV) infection is the result of an inadequate antiviral immune response to the
virus. In this study, we aimed to investigate whether the soluble CD40 ligand-activated B (CD40-B) cells
could present antigen and induce specific cytotoxic T lymphocytes (CTLs) in patients with chronic HBV
infection. We observed that after activated by sCD40L, the expression of CD80, CD86, major histocompat-

KeyWO.n?Sf ibility complex (MHC) I and II molecules on the CD40-B cells was significantly increased. Cytometry and
l;eD‘i’ltms B fluorescence microscopy showed that more than 41.34% CD40-B cells were loaded by the HBcAg peptide.
cells

Furthermore, after been activated and HBcAg18-27 antigen peptide pulsed, B cells obtained from
patients with chronic HBV infection could induce HBcAg18-27 specific CTLs in vitro. Taken together,
our results show that B cells from patients with chronic HBV infection can be activated by sCD40L and

Soluble CD40 ligand
Cytotoxic T lymphocytes

Antigen presenting cells

may function as antigen presenting cells and induce HBV-specific CTLs.

© 2014 Elsevier Inc. All rights reserved.

1. Introduction

Hepatitis B virus (HBV) infection is a global public health
challenge. Approximately 350-400 million people are chronically
infected by this virus [1,2]. Chronic hepatitis B (CHB) is potential
to progress to severe clinical outcomes such as cirrhosis, hepato-
cellular carcinoma (HCC) and even death [1].

The treatment of CHB has improved considerably over the past
two decades. Potent antiviral drugs such as nucleoside/nucleotide
analogs (e.g., entecavir or tenofovir) and pegylated interferon alpha
are now available in the treatment of chronic HBV infection.

Abbreviations: APCs, antigen presenting cells; CD40L, CD40 ligand; CD40-B,
CD40L-activated B; CHB, chronic hepatitis B; CTLs, cytotoxic T lymphocytes; DCs,
dendritic cells; HBcAg, hepatitis B core antigen; HBsAg, hepatitis B surface antigen;
HBV, hepatitis B virus; HCC, hepatocellular carcinoma; MHC, major histocompat-
ibility complex; PBMCs, peripheral blood mononuclear cells; sCD40L, soluble CD40
ligand.
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However, existing treatment is rarely curative, with ongoing
problems including viral resistance, intolerance and toxicity [3]. In
addition, these drugs rarely result in the long-term immunological
control of HBV infection. Therefore, novel therapeutic approaches
are urgently needed. In recent years, attention has been focused
on the development of an immunotherapy for viral control [4,5].

It is well known the main cause of viral persistence during HBV
infection is an inadequate antiviral immune response to the viral
antigens [6-8]. Therefore, it represents a promising strategy to pro-
tect against HBV infection that induced specific cytotoxic T lym-
phocytes (CTLs) responses to HBV [9,10]. Specific CTLs were
introduced by efficient antigen presentation, thus antigen present-
ing cells (APCs) is critical for the process. Dendritic cells (DCs) are
the most prominent APCs. Many studies have demonstrated that
activated DCs could evoke a higher CTLs response to hepatitis B
core antigen (HBcAg) in vivo [11-14]. However, several significant
disadvantages have limited the clinical applications of DC vaccine.
DCs are rare in the peripheral blood and cannot be expanded with-
out laborious and expensive efforts ex vivo [15]. Therefore, inves-
tigating the ability of other more abundant APC types to induce a
CD8+ T cell response might help to design better vaccination
strategy to HBV.
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B cells have been shown to act as APCs and they represent a
promising alternative source of potent APCs for cellular immuno-
therapy [16]. It has been reported that CD40 ligand (CD40L) stim-
ulated B cells could serve as effective tumor APC in the clinical
setting [17]. CD40L-activated B cells (CD40-B cells) are a promising
alternative to DCs as professional APCs for immunotherapy [16].

CD40L belongs to the tumor necrosis factor superfamily [18]
and plays a key role in B-T-cell interactions. CD40L is mainly
expressed on activated CD4 T cells and it interacts with the recep-
tor CD40 expressed on B cells and DCs [19]. CD40-CD40L interac-
tions play an important role in regulating both cellular immune
and humoral responses. CD40L stimulates CD40+ B cells to express
a number of accessory molecules such as CD80, CD86 which are
important in the process of T-cell activation [20]. Furthermore,
CD40L can enhance the ability of normal B cells to act as APCs
[21,22]. In this study, we investigated whether B cells could be
activated by recombinant human soluble CD40L (sCD40L) and
present HBcAg peptide of HBV to T cells and induce HBcAg-specific
CTLs.

2. Materials and methods
2.1. Blood samples

Nine patients with chronic HBV infection and three healthy
donors were enrolled in this study, and all of them were HLA*0201
positive. Patients with chronic HBV infection were defined as a posi-
tive hepatitis B surface antigen (HBsAg) for at least 6 months and
without evidence of cirrhosis, HCC and co-infection with hepatitis
C virus, hepatitis D virus, hepatitis G virus or human immunodefi-
ciency virus. All the HBV DNA levels of the nine enrolled patients
were higher than 1 x 10° IU/ml. Three healthy individuals with
positive anti-HBs were enrolled as control group. The patients and
healthy donors gave the consent and all the experiments were
approved by the Ethics Committee of Nanjing Drum Tower Hospital,
Nanjing University Medical School, in accordance with guidelines of
the Nation Health and Medical Research Council of China.

At least 30 ml peripheral blood was obtained by venipuncture
from 9 enrolled patients and 3 healthy individuals. The peripheral
blood mononuclear cells (PBMCs) were isolated by Ficoll-density
centrifugation, and then B lymphocytes were selected by anti-
CD20 monoclonal antibody conjugated with magnetic beads (Milt-
enyi Canada). Approximately 3 x 107 PBMCs were acquired, and at
least 1 x 106 B cells were purified from the PBMCs. The rest PBMCs
were cultured in RPMI 1640 with 10% human AB serum and recom-
binant human (rh) IL-2 (10 ng/ml, R&D Systems, Minneapolis, USA).

2.2. Activation of B cells by sCD40L

B cells were cultured in wells of 6-well plates (1 x 10° cells in
4 ml/well) in iscoves modified Dulbecco medium (IMDM) (Gibco
BRL, Carlsbad, USA) culture medium with 10% human AB serum,
rh IL-4 (2 ng/ml, R&D Systems, Minneapolis, USA), and rh sCD40L
(2 pg/ml, R&D Systems, Minneapolis, USA), and all cells were cul-
tured at 37 °C in 5% CO, cell incubator for 4 days. B cells without
sCD40L were cultured in the same medium served as controls.
The culture was maintained by replacing half medium with the
same medium every 2 days, in which rh IL-4 and sCD40L were
freshly added.

2.3. Assay for cell surface molecules

Activated B cells with sCD40L were analyzed by flow cytometry
to detect the cell surface molecules, including CD86, CD80, major
histocompatibility complex (MHC) classes I and II. In brief, B cells

were incubated with anti-CD19-APC, anti-CD86-FITC, anti-
CD86-PE, anti-MHC-II-FITC and anti-MHC-I-PE for 20 min, negative
isotype control staining reactions were in parallel performed with
a saturating concentration of irrelevant mouse IgG1-FITC and
IgG1-PE, all the antibodies were purchased from BD Biosciences
(BD PharMingen, San Diego, CA). FACS analysis was performed on
the BD FACSCanto flow cytometer. B cells were gate on CD19-
positive cells for analyzing the cell surface molecules.

2.4. HBcAg18-27 antigen peptide loaded

HBV derived peptides were used for peptide pulsing study
as previously described [23,24] with modifications. The
HLA-Ax0201-binding peptide of HBV core 18-27 (HBcAg18-27,
Phe-Leu-Pro-Ser-Asp-Phe-Phe-Pro-Ser-Val, FLPSDFFPSV), a con-
firmed HLA-A 2.1-restricted CTL epitope and derived from the
HBV core protein [25], was obtained from Sangon (Shanghai,
China). After 4days culture, B cells were co-cultured with
HBcAg18-27 peptide (50 pg/ml) for 16 h, then cells were collected,
washed 2 times by RPMI1640 culture medium. B cells were also
incubated with FITC-conjugated peptide under the same condition
for detecting the results of peptide loaded. The cells were per-
formed immediately on the BD FACSCanto flow cytometer for
detecting the ratio of B cells specific binding of HBV core peptide
and observed by fluorescence microscope (Zeiss, Goettingen, Ger-
many) for determining the position of HBV core peptide in B cells.

2.5. HBcAg18-27 specific cytotoxic T lymphocytes

After loading HBcAg18-27 peptide, the activated B cells were
harvested from culture, washed 2 times, and resuspended in IMDM
culture medium contained 10% bovine fetal serum at 2 x 10° cells/
mL and seeded into 6-well plates (1 ml/well). Then 1 ml CD20 neg-
ative lymphocyte cells (1 x 10° cells/ml) were added to the wells.
Each sample had control group which did not contain CD40-B cells.
The cells were cultured with rh IL-2 (10 ng/ml) for 4 days, then the
cells were harvested, washed, and mixed with anti-CD8-FITC and
PE-labeled HLA-A2 pentamer complexes against the HBV core
18-27 peptide (Prolmmune, Oxford, UK) to detect HBcAg18-27-
specific CD8+ T cells. The cells were washed by PBS and analyzed
by BD FACSCanto flow cytometer.

2.6. Statistical analysis

The results were analyzed by SPSS 13.0 soft ware (SPSS, Inc.,
Chicago, IL, USA). Results of experimental data are expressed as
the mean * standard error of the mean (SEM). Student t test and
or Mann-Whitney U test were used as appropriate to determine
the statistical significance. P < 0.05 was considered to be statisti-
cally significant difference.

3. Results
3.1. Purified B lymphocytes

A positive-selection procedure was chosen for purification of B
cells from PBMCs. After magnetic enrichment of CD20-positive B
cells from PBMCs, B cells were stained with anti-CD19-FITC and
analyzed by flow cytometry. FACS analysis showed B cells were
enriched to more than 90% (Fig. 1).

3.2. Expression of costimulatory molecules of CD40-B cells

To investigate whether CD40-B cells may serve as APCs, we
detected the expression of costimulatory molecules, including
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Fig. 1. Representative example of B cells purified by magnetic beads separation from the PBMCs of a patient with chronic HBV infection. B cells were enriched to more than

90%.

CD80, CD86, MHC classes I and II on the cell surface by flow cytom-
etry. After activated by sCD40L, more than 25% and 60% of B cells
expressed CD80 and CD86 respectively, and the expression of
MHC classes I and II on B cells was also significantly higher than
that on control (Fig. 2). The results indicated that compared with
control, the levels of these molecules on the CD40-B cells were sig-
nificantly increased. Thus, the B cells activated by sCD40L may
have the function of APCs.

3.3. HBcAg18-27 antigen peptide loading on CD40-B cells

To clarify whether CD40-B cells have the function of antigen
presentation, we cultured CD40-B cells in the presence of green
fluorescent protein (GFP)-binding HBcAg18-27 peptide. Cytometry
analysis showed there were 41.34% of CD40-B cells loaded by
HBcAg18-27 while only 0.01% on B cells without sCD40L (Fig. 3A
and B), which indicated that there was hepatitis B core peptide
in the cells or on the surface of the cells. Thus, the B cells might
be loaded by the hepatitis B core peptide. We further observed
the cells under fluorescence microscope and found that the red
fluorescence located at B cell surface was CD19-PE and the green
fluorescence (the green FITC fluorescence and the red CD19-PE
superimposition demonstration is a yellow) located at B cell

cytoblastema was hepatitis B core peptide. The CD40-B cells
showed strong fluorescence after peptide pulsing at concentrations
even lower than 25 pg/ml (Fig. 3C). All of the above results indi-
cated that the CD40-B cells could load the hepatitis B core peptide.

3.4. HBcAg18-27 specific cytotoxic T lymphocytes

To investigate whether the CD40-B cells could present the
hepatitis B core peptide to T cells and induce specific CTL
responses, we co-cultured the autologous T cells and CD40-B cells
loaded by hepatitis B core peptide, and then detected the CTL
responses against peptide of HBcAg18-27 by pentamer analysis.
In patients with chronic HBV infection, the percentage of
HBcAg18-27 specific CTL was 0.226+0.083% after T cells
co-cultured with CD40-B cells, while the percentage was only
0.034 +0.012% in the absence of CD40-B cells (P=0.009, Fig. 4).
In healthy controls, the HBcAg18-27 specific CTL population was
slightly higher after T cells co-cultured with CD40-B cells
(0.434 £0.194%) compared with the absence of CD40-B cells
(0.111 £ 0.076%). The difference did not achieved to be significant
(P=0.197) because of the small sample size in the group. No
significant differences were found between the groups of healthy
individuals and patients with chronic HBV infection in the
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Fig. 2. Expression of CD80, CD86, MHC I and II on sCD40L activated human B cells. The expression of surface molecules MHC I, MHC II, CD80, and CD86 on B cells were
examined by gating CD19 positive cells by FACS analysis. The expression of CD80 and CD86 on B cells was expressed as the percent in all B cells. The expression of MHC I and
MHC II on B cells was expressed as the mean fluorescence intensity (MFI). The data are representative experimental results from a patient with chronic HBV infection.



64 Y. Liu et al./Biochemical and Biophysical Research Communications 450 (2014) 61-66

A B

41.34%

150

120

Counts
an

60

&[]

10
HBeAgFITC

10
HBoAgFITC

L 4]

i

A\

L~ ]

Fig. 3. B cells loaded hepatitis B core peptide was detected by FACS analysis. The data are representative experimental results from a patient with chronic HBV infection. (A)
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the red CD19-PE superimposition demonstration is a yellow) located in B cell cytoplasm was hepatitis B core protein (FITC-FLPSDFFPSV). (For interpretation of the references
to color in this figure legend, the reader is referred to the web version of this article.)
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Fig. 4. Pentamer analysis of the induction of CTL response against HBcAg18-27 peptide. (A) Representative dot plots showing of the induction of CTL response by CD40-B
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Results are expressed as mean; error bars denote standard error of the mean. HepB: patients with chronic HBV infection, HC: healthy controls.



Y. Liu et al./Biochemical and Biophysical Research Communications 450 (2014) 61-66 65

HBcAg18-27 specific CTLs percentage after co-cultured with CD40-
B cells (P =0.309) or absence of CD40-B cells (P = 0.416).

4. Discussion

In this study, we used human sCD40L to activate B cells and the
CD40-B cells could load the HBcAg peptide. Furthermore, after
been activated and HBcAg18-27 antigen peptide pulsing, the B
cells from patients with chronic HBV infection could induce
HBcAg18-27 specific CTLs in vitro.

Unlike some studies, in which B cells were co-cultured with
NIH3T3 cells or other tumor cells which steadily express CD40L
[26,27], our results demonstrated that B cells could be activated
by rh sCD40L. While previous culture system has introduced the
extraneous source germ cells and has limited the further clinical
application researches, the accomplishment of present work may
be taken as an alternative approach to activate primary human B
cells in vitro. In addition, compared with DCs which constitute only
0.1-0.5% of human PBMCs, the rate of B cells in human PBMCs is
significantly higher which constitute 7-23% [28].

Previous reports have shown that B cells are tolerogenic APCs
but they used small resting B cells lacking CD80 and CD86 expres-
sion [29]. It has been demonstrated that in order to fully extend
their function as APCs and the capacity to induce T-cell activation,
B cells need to be activated properly [16]. Our experiments indi-
cated that the rh sCD40L could activate the B cells from PBMCs,
and also induce a strong up-regulation of CD80 and CD86 on
human B lymphocytes. The main function of MHC II molecules is
to present processed antigens to CD4 T-lymphocytes. Constitutive
expression of MHC II molecules is confined to APCs of the immune
system [30]. In our study, the expression of MHC Il molecules on B
cells was significantly increased after the B cells activated by
sCD40L. All of these results indicate that the CD40-B cells have
the characteristics of APCs.

Many studies have suggested that a strong intrahepatic CTL
response to HBV can noncytopathically suppress viral replication
[14,31,32]. HBcAg is thought to be a key target for the host immune
response in controlling the infection, because the presence of
HBcAg-specific T cells has been associated with clearance of acute
and chronic HBV infections, meanwhile prophylactic and therapeu-
tic vaccines that induce HBcAg-specific T cells have shown some
efficiency in infectious models [33,34]. In this study, CD40-B cells
could be loaded by the HBcAg peptide. Furthermore, the peptide-
pulsed CD40-B cells could induce HBcAg18-27 specific CTLs. It sug-
gested that CD40-B cells could be alternatively used as a potential
source of APCs for adoptive immunotherapy.

The present study primarily demonstrated that the B cells from
patients with chronic HBV infection could be activated by sCD40L
and loaded with HBcAg peptide and the CD40-B cells loaded with
HBcAg peptide could induce the production of HBV-specific T cells.
It suggested that they might be the optimal APCs with which
to generate antigen-specific T cells ex vivo for HBV adoptive
immunotherapy. It may provide a new cell-based vaccine and a
potential novel therapeutic strategy for patients with chronic
HBV infection.
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