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Aims. This study aimed to assess the differential expression of specific B cell subtypes in patients with chronic viral hepatitis.
Methods. The frequencies of differential expression of specific B cell subtypes in patients with chronic viral hepatitis and healthy
controls were assessed by flow cytometry using monoclonal antibodies specific for CD38, CD27, CD86, CD95, TLR-9, and IgD. The
effect of adefovir treatment on B cell subsets in HBV patients was determined. The values of clinical parameters in the patients were
also measured. Results. The frequency of CD86+ B cells was not significantly different in chronic HBV patients but was higher in
HCV patients compared with that in healthy controls. CD95 and IgD levels were lower in HBV and HCV patients than in healthy
controls. A significant negative correlation occurred between the proportion of CD95+ B cells and HBV DNA viral load. The
frequency of TLR-9 on the B cells in HBV and HCV patients was higher compared with that of healthy controls. After treatment
with adefovir, the frequency of CD95 and IgD expressed on B cells was increased in HBV patients. Conclusions. Activated B cells

and exhausted B cells homeostasis were commonly disturbed in HBV and HCV patients.

1. Introduction

Chronic hepatitis infection is a global health concern and
an economic burden affecting approximately 500 million
people worldwide. Many patients infected with HBV or HCV
are at risk for developing chronic liver disease, cirrhosis,
and hepatocellular carcinoma [1]. During HBV infection,
the interaction between the replicating noncytopathic virus
and dysregulatory humoral immunity determines the out-
come. Patients with HCV infection display great variability
in disease activity and progression. Previous studies have
indicated that dynamic interactions between the viruses,
hepatocytes, and the host immune systems may determine
viral persistence and disease progression, which are displayed

in distinct phases [2]. However, the role of humoral immune
responses in disease activity and the progression of chronic
hepatitis are not well understood.

It is generally believed that T cell immune responses are
crucial for viral clearance in HBV/HCV-infected individuals.
Both CD4+ and CD8+ T cells are responsible for control of
HBV/HCYV infection. B cell immunological disturbances play
a key role in the development of autoimmunity and cancer
and in the success of organ transplantation [1, 3, 4]. However,
the role of B cells in HBV and HCV infection is not clear. An
in-depth analysis of the B cell phenotype and immunoglobu-
lin production in chronic HCV and chronic HBV infections
could help to identify which B cell subpopulations may be
enriched in some chronic viral infections [5-10]. This may



have implications regarding the ability of subpopulations to
differentiate into virus-specific and virus-nonspecific plasma
cells.

Some types of B cells, such as antigen-presenting cells
(APC), efficiently present antigens to T cells, which results in
T cell activation. Moreover, other B cells are also responsible
for the production of autoantibodies [11-14]. The expres-
sion of CD27 has been particularly useful in distinguishing
between memory B cells and naive B cells [15, 16]. However,
because CD27 may not be useful for discerning B cell sub-
populations reliably in viral hepatitis patients, we evaluated a
panel of activation (CD86) and exhaustion (CD95) markers
in viral hepatitis patients and normal healthy subjects, using
flow cytometry in an attempt to identify and characterize
abnormalities in peripheral B cell subset dynamics more
completely.

CD38 is a marker of plasma cell maturation [17]. CD86
is a marker of B cell activation. CD95 is mainly present
on human activated T-lymphocytes, B-lymphocytes, and
malignant lymphoid cells [18]. In humans, TLR-9 is expressed
by numerous cells of the immune system such as dendritic
cells and B-lymphocytes and leads to activation of the cells
initiating proinflammatory reactions that result in the pro-
duction of cytokines [19, 20]. The purpose of the current study
was to measure B cell phenotypic responses during chronic
infection and to identify any differences in these responses
that might be specifically associated with chronic infections
by HBV and HCV, before and after antiviral treatment.

2. Materials and Methods

2.1. Patients. A total of 35 patients with chronic HBV infec-
tion, 50 patients with chronic HCV infection, and 12 spon-
taneously resolved HCV patients were recruited from the
inpatient service and another 17 healthy subjects from the
outpatient service of the First Hospital of Jilin University
from March 2011 to May 2012. Individual subjects with HBV
infection were confirmed positive for HBsAg and detectable
HBV virions for at least 12 months [21]. All hepatitis B
patients had the genotype C virus. All HCV-infected patients
tested positive for anti-HCV antibody and serum HCV RNA
for at least 6 months [22]. Genotyping of hepatitis C patients
showed that 26 had genotype 2a, 19 had genotype 1b, and 5
had an unclassified genotype. Spontaneously resolved HCV
patients were defined as those patients who lacked HCV
RNA at 12 weeks after enrollment without treatment, with
prior HCV RNA levels as proof of prior HCV infection
[23]. Subjects with positive hepatitis D or HIV infection, or
with autoimmune hepatitis or metabolic liver disease, who
had received immunosuppressive therapy or antiviral therapy
within the past 12 months before entry, were excluded. All
patients denied drug use or exposure to hepatotoxins. Their
demographic and clinical characteristics of these subjects are
shown in Table 1.

HBYV patients were treated orally with 10 mg of adefovir
dipivoxil (Gilead Science, Foster City, USA) daily for 24
weeks. Their serum alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), HBsAg, HBsAb, HBeAg, and
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HBeADb concentrations and serum HBV DNA loads were ana-
lyzed (Table 2). The HBV patients all responded to drugs with
at least 100-fold reduced serum HBV viral loads after 12 weeks
of adefovir dipivoxil treatment. No hepatitis B patients had
any adverse reactions following discontinuation of treatment
for 24 weeks. HCV patients were treated by subcutaneous
injection with 500 million units of a short-acting interferon
a (SINOGEN, Jinan, China) once every other day for 2
weeks. Individuals with at least a 100-fold reduced serum
HCV RNA viral load after 2 weeks of interferon « treatment
were defined as drug-responsive patients. Those who had less
than a 100-fold decline were defined as drug nonresponsive
patients (Table 3). The study conformed to the guidelines
of the Declaration of Helsinki and was approved by the
Human Ethics Committee of Jilin University, Changchun,
China. Written informed consent was obtained from each
participant, prior to enrollment.

Peripheral blood samples were obtained from individual
subjects, and the levels of serums AST and ALT were detected
by a Biochemistry Automatic Analyzer (Roche Diagnostics,
Branchburg, USA). HCV antibodies were detected by ELISA
II (Abbott Laboratories, North Chicago, USA). The levels of
serums HBV DNA and HCV RNA loads were measured by a
quantitative PCR assay using a luciferase quantitation detec-
tion kit with a detection limit of 300 copies/mL (Roche Am-
plicor, Basel, Switzerland) according to the manufacturer’s
instructions. The levels of HBV markers, HBsAg, HBsAD,
HBeAg, and HBeAb, were determined by a chemilumines-
cent microparticle immunoassay (CMIA) using an Abbott I
2000 automated chemiluminescence immunoassay analyzer
(Abbott Laboratories, Abbott Park, IL, USA). The con-
centrations of serum HBeAb in individual samples were
determined semiquantitatively by a competitive inhibition
method, according to the manufacturer’s instructions and
a previous report [24]. The data are expressed as median
(range) of signal OD to cut-off (S/CO). Accordingly, the
higher the concentrations of serum HBeAD, the lower the
values of S/CO.

2.2. PBMC Stimulation with CpGB Oligodeoxynucleotide.
Peripheral blood mononuclear cells (PBMCs) were isolated
by density-gradient centrifugation using Ficoll-Paque Plus
(Amersham Biosciences, Little Chalfont, UK). PBMCs were
washed in phosphate-buffered saline (PBS) and diluted at 4 x
10°/mL in complete media. RPMI-1640 was supplemented
with 10% FCS (FCS, Hyclone, USA) and dispensed (2 x
10/well) in U-bottom 24-well tissue culture plates (Costar,
Corning corporation NY, USA). Wells were stimulated with
3ug/mL CpGB (CpGB oligonucleotide B, R&D Systems,
Minneapolis, MN, USA) +10 ng/mL recombinant IL-2 (R&D
Systems, USA). PBMCs were incubated in 5% CO, incubator
at 37°C for 3 days [25].

2.3. Flow Cytometry. HBV peripheral blood samples were
taken at baseline and after adefovir dipivoxil treatment at
12 weeks and 24 weeks; HCV peripheral blood samples
were taken at baseline. Human PBMCs at 5 x 10°/tube were
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TABLE 1: Demographic characteristics and clinical features of participants.

Parameters HBV HCV Healthy controls
Number 35 50 17
Age (years)

Mean + SD 45+ 10 43 +10 44+ 9

Median (range) 40 (19-62) 45 (27-69) 49 (42-54)
Sex N (%)

Male 30 (85,8) 29 (48) 9 (52,9)

Female 5 (14,2) 21 (42) 8 (47,1)
Viremia (log,, copies/mL)

Median (range) 8,4 (5,7-9,8)" 5,9 (1,2-7,5)" NA
ALT (U/L)

Median (range) 219 (12-914)* 44,1 (11,2-274,90)* 16 (4-29)
AST (U/L)

Median (range) 117 (22-221)" 44,6 (13,9-262)" 16 (8-32)
HBsAg (IU/mL)

Median (range) 4697,68 (1243,65-55925,04)" / NA
HBsADb (mIU/mL)

Median (range) 0,06 (0-3,71)" NA
HBeAg (S/CO)

Median (range) 3233,3 (3,88-4094,10)" / NA
HBeAb (S/CO)

Median (range) 16.74 (0,02-46,74)" NA

Normal values: ALT < 40 IU/L; AST < 40 IU/L; HBV DNA < 3logy,copies/mL; HCV RNA < 3log,copies/mL; * P < 0.05 HBV/HCV versus healthy controls.

stained with 10 yL PerCP-anti-CD19, PE-anti-CD38, APC-
anti-CD86, PerCP-anti-CD19, PE-anti-CD27, and APC-anti-
CD95 (BD Pharmingen, San Diego, USA) at 4°C for 30 min.
After fixation and permeabilization, intracellular cytokine
staining was performed using FITC-anti-IgD, PE-anti-TLR-
9 isotype antibody (BD Pharmingen, San Diego, USA).
After washing with PBS, the cells were subjected to flow
cytometry analysis using a FACS Caliber (Becton Dick-
inson) and FlowJo software (v5.72). The cells were gated
on the forward scatter of living cells and then cen-
tered on CD19+ B cells. Subsequently, the CD19+CD86+,
CD19+CD38+CD86+, CD19+CD38-CD86+, CD19+CD27+,
CD19+CD95+, CD19+CD27+CD95+, CD19+CD27-CD95+,
CD19+IgD+, and CD19+TLR-9+ B cells were determined by
flow cytometric analysis, and at least 30,000 events per sample
were analyzed [25].

2.4. Statistical Analysis. Data are expressed as median and
range unless specified. The differences between two groups
were analyzed by the Wilcoxon rank-sum test and chi-square
test using SPSS 14.0 software. The relationship between two
variables was evaluated using the Spearman rank-correlation
test. A two-side P value < 0.05 was considered statistically
significant.

3. Results

3.1. High Prevalence of Activated B Cells and Low Prevalence
of Exhausted B Cells in Chronic Viral Hepatitis. To evaluate
B cell immunity, 35 HBV patients, 50 HCV patients, and

17 healthy subjects were recruited. As shown in Tablel,
there were no significant differences in the distribution
of age and gender in this population. As expected, the
levels of serum ALT, serum AST, and the viral load in
HBV and HCV patients were significantly higher than in
healthy subjects. Table 1 also shows a temporal window when
antibodies against e and s antigen begin to appear, but
low levels of antigen e and antigen s remain due to the fact
that they have not been completely neutralized. To investigate
the potential role of peripheral B cells in HBV and HCV
patients, the pretreatment frequencies of peripheral blood
CD19+CD86+, CD19+CD38+CD86+, CD19+CD38-CD86+,
CD19+CD95+, CD19+CD27+CD95+, CD19+CD27-CD95+,
CD19+IgD+, and CD19+TLR-9+ B cells were analyzed by
flow cytometry (Figurel). The proportion of memory B
cells was significantly higher in patients with chronic HBV
infection (median: 31.09; P < 0.006) and significantly lower
in patients with chronic HCV infection (median: 16.44; P =
0.002) compared with healthy controls (median: 21.52). In
HCV patients, a statistically significant negative correlation
was found between the proportion of memory B cells and
serums ALT (r = —0.634, P = 0.001) and HCV RNA (r =
—0.537, P = 0.004) but not with serum AST (data not
shown). We next evaluated the expression of the activation
marker CD86 on total, plasma, and nonplasma B cells and the
expression of the exhaustion marker CD95 on total, memory,
and naive B cells. The data are summarized in Figure 2.
The activation marker CD86 was expressed in a comparable
proportion of patients with chronic HBV infection and
healthy controls stimulated with CpGB + IL-2. In HCV
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FIGURE 1: FACS analyses of B cells. Peripheral mononuclear cells were stained with anti-CD19, anti-CD38/27, anti-CD86/95, anti-IgD, anti-
TLR-9, or isotype-matched IgG. The cells were gated initially on living lymphocytes (top left) and then on CD19+ B cells (lower left).
Subsequently, the frequency of the activation marker (CD86) on total (CD19+), plasma (CD19+CD38+), and nonplasma (CD19+CD38-)
B cells, the expression of the exhaustion marker (CD95) on total (CD19+), memory (CD19+CD27+), and naive (CD19+CD27-) B cells, and
IgD as well as TLR-9 expressed on total (CD19+) B cells were analyzed by flow cytometry. At least 30,000 events were analyzed for each
sample. Data are representatives of different groups of samples from at least two independent experiments.

patients, CD86 was present at higher levels on total (median:
5.72 versus 3.85, P = 0.016) and plasma B cells (15.25 versus
5.34, P = 0.001) stimulated only with CpGB (Figure 2(a)).
However, after stimulation with CpGB + IL-2, the expressions

of CD86 on total (median: 9.31 versus 5.19, P = 0.035), plasma
(14.85 versus 8.15, P = 0.001, P = 0.005), and nonplasma B
cells (9.31 versus 5.05, P = 0.023) in HCV were all higher than
those in healthy controls (Figure 2(b)). In HBV infection,
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FIGURE 2: Patients with chronic HBV and HCV infections, and percentages of activated B cells and low percentages of exhausted B cells.
B-lymphocytes from HCV patients (HCV, n = 50), HBV patients (HBV, n = 35), and healthy controls (HC, n = 17) were analyzed by
flow cytometry ex vivo for the expression of the activation marker (CD86), the exhaustion marker (CD95), and IgD. Data is shown as the
frequency of the activation marker (CD86) on total (CD19+), plasma (CD19+CD38+), and nonplasma (CD19+CD38-) B cells, the expression
of the exhaustion marker (CD95) on total (CD19+), memory (CD19+CD27+), and naive (CD19+CD27-) B cells, and the frequency of IgD
and TLR-9 on total (CD19+) B cells stimulated with CpGB + IL-2. Data are expressed as mean % of individual samples from at least two
separate experiments. Data were analyzed by the Wilcoxon rank-sum test. The horizontal lines show the median values.

the exhaustion marker CD95 stimulated with CpGB + IL-2
was present at lower levels on total (median: 4.49 versus 7.99,
P < 0.001; 2.67 versus 7.81, P < 0.001, resp.) and memory B
cells (median: 10.12 versus 20.54, P < 0.001;10.31 versus 21.75,
P < 0.001, resp.) than for those in healthy controls (Figures
2(c) and 2(d)). A statistically significant negative correlation
was found between the proportion of CD95+ B cells and
HBV DNA viral load (r = -0.627, P = 0.004) but not with
serums AST and ALT (data not shown). In HCV infections,
CD95 was present at lower levels on total (median: 2.54 versus
799, P < 0.001) and memory B cells (median: 3.36 versus
7.81, P = 0.029) stimulated only with CpGB. However, after
stimulation with CpGB + IL-2, the levels of CD95 on total
(median: 13.25 versus 20.54, P < 0.001), memory (median:
12.12 versus 21.75, P < 0.001), and naive B cells (median: 12.67
versus 19.53, P = 0.029) in HCV patients were all lower than
those in healthy controls. In HBV patients, the expression of
IgD on total B cells (median: 2.16 versus 4.27, P = 0.002;
2.51 versus 4.37, P < 0.001) stimulated with CpGB + IL-2
was all lower than that in healthy controls (Figures 2(e) and
2(f)). In contrast, in HCV patients, no significant differences
in expression of IgD were found between HCV patients and
healthy controls stimulated only with CpGB. However, after
stimulation with CpGB + IL-2, the level of IgD on total B cells
(median: 2.89 versus 4.36, P < 0.001) in HCV patients was
lower than those in healthy controls. Moreover, in both HBV
(median: 3.26 versus 1.38, P = 0.003) and HCV (median: 2.39
versus 1.38, P = 0.043) patients, the functional marker TLR-9
stimulated with CpGB + IL-2 was present at higher levels on
total B cells than for those in healthy controls (Figures 2(g)
and 2(h)).

3.2. High Prevalence of Activated B Cells in Interferon-
Responsive HCV Patients. We analyzed the frequency of B
cells in interferon-responsive and interferon-nonresponsive
HCV patients at baseline (Table 2). The expression of the
activation marker CD86 in interferon-responsive patients
was significantly higher than that in interferon nonresponsive
patients at baseline (CpGB median: CD19+CD86+ B cell
9.07 versus 4.22, CD19+CD38+CD86+ B cell P 0.039;
CD19+CD38-CD86+ B cell 1.91 versus 20.48, P < 0.001;
2.05 versus 6.05, P = 0.002 Figure 3(a); CpGB+IL-2 median:
CD19+CD86+ B cell 10.1 versus 5.52, CD19+CD38+CD86+
B cell P 0.012; 16.80 versus 5.81, P < 0.001;
CD19+CD38-CD86+ B cell 10.01 versus 4.13, P 0.004
Figure 3(b)). Twelve HCV-infected patients were positive for
HCV antibody but negative for serum HCV RNA, at 12
weeks after enrollment without treatment. We defined these
individuals as spontaneously resolved HCV patients. We
found that there were no significant differences in expression
of CD86 and CD95 on B cells between spontaneously resolved
HCV patients and chronic HCV patients. Considering HCV
genotypes (2a = 26, 1b = 19, unclassified = 5), we found there
was no significant difference in the frequency of peripheral B
cells among different HCV genotypes (data not shown).

3.3. Serological Markers of HBV Infection Altered by Adefovir
Dipivoxil Treatment. HBsAg, HBsAb, HBeAg, and HBeAb
levels were examined in patients’ serum samples at baseline
and after 12 and 24 weeks of adefovir dipivoxil treatment
(Table 3). Basal serums HBsAg and HBeAg levels were high
in all the patients but decreased rapidly following the adefovir
dipivoxil treatment. Serum HBsAD levels showed a tendency
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FIGURE 3: The expression of activation marker (CD86) in interferon responsive and nonresponsive HCV patients at baseline. A total of
50 HCV patients were treated with interferon for 2 weeks, and the frequency of CD86+ B cells in peripheral blood was determined by
flow cytometry analysis at baseline: (a) the expression of the activation marker (CD86) on total (CD19+), plasma (CD19+CD38+), and
nonplasma (CD19+CD38-) B cells stimulated with CpGB and (b) the expression of the activation marker (CD95) on total (CD19+), plasma
(CD19+CD38+), and nonplasma (CD19+CD38-) B cells stimulated with CpGB + IL-2. Data were analyzed by the Wilcoxon rank-sum test.
The horizontal lines indicate the median values of different groups. Data are expressed as mean % of individual samples from at least two
separate experiments.

TaBLE 2: Effects of interferon treatment on clinical profiles of HCV patients.

Group

Drug-responsive (n = 37)

Drug-nonresponsive (n = 13)

Before After Before After
ALT (U/L)
Median (range) 56,5 (13,2-229,9) 29,6 (13-69)" 53,2 (18,4-144,2) 36,3 (15-127)"
AST (U/L)

Median (range) 34,2 (15,4-111,3)
HCV RNA (log,, copies/mL)

Median (range) 5,4 (5,1-6,9)

20,5 (13-47)*

2,7 (0,3-3,1)"

35,3 (27,1-80) 25,2 (16-65)*

5,5 (5,2-6,7) 5,1 (4,8-6.7)

Data are expressed as median (range) or real case numbers.
*P < 0.05 versus before treatment.

to increase after 12 and 24 weeks of adefovir dipivoxil
treatment. HBeAb concentrations of each pooled serum were
determined by a semiquantitatively competitive inhibition
method. In this assay, the higher the HBeAb concentration,
the lower the value of S/CO. The results showed that the
HBeAb concentration of each pooled serum was significantly
increased after 12 and 24 weeks of adefovir dipivoxil treatment
compared to baseline.

3.4. Treatment with Adefovir Dipivoxil Significantly Changed
Frequency of B Cell Subsets in HBV Patients. Fifteen HBV
patients were treated with adefovir dipivoxil for 24 weeks,
and their percentages of B cells subsets were characterized
before and after drug treatment. Following treatment with
adefovir dipivoxil, all patients had reduced levels of serum

ALT, serum AST, and HBV DNA loads compared with those
levels before treatment (Table 3). Compared with the analysis
of B cells before treatment, the exhaustion marker CD95 on
memory (median: 18.55 versus 10.12, P = 0.001) and naive
(median: 35.89 versus 13.44, P < 0.001) B cells stimulated
with CpGB alone were increased after treatment with adefovir
dipivoxil for 12 weeks (Figure 4(a)). After stimulation with
CpGB + IL-2, the levels of CD95 on total (median: 5.08 versus
2.67, P = 0.015), memory (median: 18.51 versus 10.31, P <
0.001), and naive (median: 33.93 versus 14.67, P = 0.001) B
cells were increased (Figure 4(b)). However, in comparison
with adefovir dipivoxil treatment for 12 weeks, after treatment
with adefovir dipivoxil for 24 weeks, there was no significant
difference in CD95 levels in chronic HBV patients (Figures
4(a) and 4(b)). In comparison with baseline, the expression
of IgD on total B cells (median: 2.72 versus 2.16, P = 0.045,
3.33 versus 2.16, P = 0.016; 3.61 versus 2.51, P = 0.004,
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FIGURE 4: Treatment with adefovir dipivoxil modulates the frequency of CD95+ B cells in HBV patients. A total of 15 HBV patients were
treated with adefovir dipivoxil for 24 weeks, and the frequency of CD95+ B cells and IgD+ B cells in peripheral blood was determined by
flow cytometry analysis at baseline and after treatment at 12 and 24 weeks: (a) the expression of the exhaustion marker (CD95) on total
(CD19+), memory (CD19+CD27+), and naive (CD19+CD27-) B cells stimulated with CpGB, (b) the expression of the exhaustion marker
(CD95) on total (CD19+), memory (CD19+CD27+), and naive (CD19+CD27-) B cells stimulated with CpGB+IL-2, (c) the frequency of IgD
on total (CD19+) B cells stimulated with CpGB, and (d) the frequency of IgD on total (CD19+) B cells stimulated with CpGB+IL-2. Data were
analyzed by the Wilcoxon rank-sum test. The horizontal lines indicate the median values of different groups. Data are expressed as mean %

of individual samples from at least two separate experiments.

3.86 versus 2.51, P = 0.008, resp.) stimulated with CpGB +
IL-2 was significantly increased after treatment with adefovir
dipivoxil for 12 and 24 weeks (Figures 4(c) and 4(d)). Clearly,
treatment with adefovir dipivoxil decreased the replication of
HBV DNA and restored the frequency of CD95+ B cells and
IgD+ B cells in HBV patients.

4. Discussion

The current study revealed disturbed homeostasis of periph-
eral B cell subsets during chronic infection with HBV as
well as with HCV. The frequency of peripheral blood CD86+
B cells in HCV patients was significantly higher than that
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TABLE 3: Treatment with adefovir dipivoxil modulates clinical profiles of HBV patients.

Parameters 0 weeks 12 weeks 24 weeks
HBV DNA (log,, copies/mL)

Median (range) 8,4 (5,7-9,8) 3,5 (1,9-5,8)" 2,5 (1,8-4,1)"
ALT (U/L)

Median (range) 219 (12-914) 45 (16-171)* 24 (10-148)*
AST (U/L)

Median (range) 117 (22-221) 27 (18-123)* 22 (16-54)"
HBsAg (IU/mL)

Median (range) 4697,68 (1243,65-55925,04) 3478,45 (890,34-17118,09) 1729,56 (356,71-12315,86)"
HBsAb (mIU/mL)

Median (range) 0,06 (0-3,71) 0,4 (0-4,41) 3,56 (0,52-8,56)"
HBeAg (S/CO)

Median (range) 3233,3 (3,88-4094,10) 539,62 (0,47-2345,67)" 21,3535 (0,35-766,13)*
HBeAb (S/CO)

Median (range) 16,74 (0,02-46,74) 1,26 (0,01-35,67)* 0,46 (0-16,23)*

Normal values: ALT < 40 TU/L; AST < 40 IU/L; HBV DNA < 3log,,copies/mL.

* P < 0.05 patients after treatment with adefovir dipivoxil versus patients at baseline.

of healthy controls which is in agreement with the data
of Oliviero et al. [26], with some notable differences. In
contrast, the exhaustion marker (CD95) and IgD were present
at lower levels in chronic viral hepatitis patients than in
healthy controls. More importantly, after treatment with
adefovir dipivoxil, the frequencies of B cells exhaustion
marker (CD95) and IgD on total B cells in HBV patients
were significantly increased. These findings indicated that B
cells might participate in the HBV-related immune responses,
which provide several important insights into the pathobi-
ology of B cells in newly diagnosed HBV or HCV patients.
Moreover, our findings may provide new insights that may
aid in the design of new immunotherapies for treatment of
HBV or HCV in the clinic.

In contrast to the report of Oliviero et al. [26], the
current data on patients with HBV infection showed a higher
proportion of memory B cells in profiles in contrast to that of
HCV-infected patients. These results show that HBV stimu-
lation induces a strong increase in memory B cells. In HCV
patients, a statistically significant negative correlation was
found between the proportion of memory B cells and serums
ALT and HCV RNA, suggesting that HCV infection induces
a strong depletion in memory B cells. Oliviero et al. [26] also
tested B cells from patients with chronic hepatitis and showed
a significantly increased expression of activation molecules
(CD69, CD71, and CXCR3), but not CD86. In accordance
with this report, we found that CD86 was expressed in a com-
parable proportion of patients with chronic HBV infection
and healthy controls. In addition, we showed that exhausted B
cells were, in most cases, equally distributed between memory
and naive cells. The exhaustion marker CD95 was present
at lower levels in chronic viral hepatitis than in healthy
controls. A statistically significant negative correlation was
found between the proportion of CD95+ B cells and HBV
DNA viral load. Most of these defects have been considered
hallmarks of the chronic phase of viral hepatitis infection.

CD95 expression on circulating B cells has previously been
described to be increased in patients with active systemic
lupus erythematosus (SLE) [27], indicating that increased Fas
expression results in a higher susceptibility for Fas-mediated
apoptosis, which might contribute to the increased levels
of apoptotic lymphocytes in SLE patients. During persistent
virus infections, continuous B cell activation may result in
an accumulation of exhausted B cells that have defective
function and increased expression of inhibitory receptors as
described for HIV [28, 29]. However, the B cell exhaustion
marker (CD95) in our patients was present at lower levels
than in healthy controls, arguing against the hypothesis that
B cells are severely impaired in most chronic viral infections.
This would explain why patients with chronic HBV and
HCV infections maintain the ability to produce antibodies
to recall antigens and are able to respond to soluble-protein
vaccines. In HBV patients, the expression of IgD was lower
than in HCV patients and healthy controls. IgD is a marker
of B cell differentiation, development, and maturation. The
expression of IgD has been shown to gradually disappear
from the surfaces of activated B cells and memory B cells
[30]. This is consistent with the increases in activated B
cells and memory B cells found in HBV patients in the
current study. The B cell functional marker, TLR-9, was
found to be present at higher levels in HBV and HCV
patients compared to healthy controls, indicating a possibility
that TLR-9 signals play a protective role during hepatitis
virus infection. TLR-9 expression is upregulated after HBV
infection, which may result in stimulation of B cells to switch
isotype to IgG2a against viral infection [19]. However, it is
also possible that TLR-9 signals lead to activation of the B
cells initiating proinflammatory reactions that result in the
production of cytokines such as type-I interferon and IL-
12 [20]. Moreover, Dejager and Libert showed that TLR-9
signals caused hepatocyte exhaustion and hepatic failure by
promoting TNF-« production [31]. It is worth noting that



10

there were no significant differences in B cell subsets between
spontaneously resolved HCV patients and chronic HCV
patients. This further illustrates that the expression of B cells
was not associated with HCV RNA load. The expression of
the activation marker CD86 in interferon-responsive patients
was significantly higher than that in interferon nonrespon-
sive patients at baseline, suggesting that CD86 may be an
important factor in determining whether HCV patients are
interferon-responsive. Moreover, interferon might increase
the expression of CD86 in interferon-responsive patients by
other mechanisms. Taken together, these various types of B
cells may be useful as markers for the intervention of HBV or
HCYV in the clinic.

Adefovir dipivoxil is a potent antiviral agent, and treat-
ment with this agent can effectively inhibit the replication of
HBV in the majority of chronic hepatitis B (CHB) patients.
Our previous studies have shown that treatment with adefovir
dipivoxil enhanced TFH cell immunity which was associated
with the inhibition of HBV replication in CHB patients [25,
32, 33]. Fazilleau et al. found that TFH cells were involved in
activation of B cells to become professional antibody produc-
ers [34]. In the current study, we further examined the impact
of treatment with adefovir dipivoxil on the frequency of
CD95+ B cells and IgD+ B cells in patients with chronic viral
hepatitis and found that treatment with adefovir dipivoxil for
12 weeks not only significantly decreased the concentrations
of serum ALT, serum AST, HBV virus, HBsAg, and HBeAg,
but also dramatically increased the concentrations of HBsAb
and HBeAb and the frequency of CD95+ B cells and IgD+
B cells in the drug-responding HBV patients. This suggested
that B cells play an important role in the process of immune
response. Of note, a statistically significant negative correla-
tion was found between the proportion of CD95+ B cells and
HBV DNA viral load. The increased frequency of CD95+ B
cells may be due to dramatically reduced HBV DNA virus
loads, possibly due to preferentially deleterious effects of HBV
on memory B cells.

In summary, our data suggest that B cell homeostasis is
disturbed in patients with chronic HBV and HCV infections.
We recognized that our study had limitations, including a
small sample size and the lack of convincing markers and
functional studies of different subsets of lymph node B cells.
Thus, a more comprehensive analysis of the properties of B
cell subsets at various infection stages is needed to provide
further insights into B cell responses and dysregulation in
chronic viral hepatitis.

Abbreviations

HBV:  Chronic hepatitis B

HCV:  Chronic hepatitis C

ALT:  Alanine aminotransferase

AST:  Aspartate aminotransferase

CMIA: Chemiluminescent microparticle immunoassay
S/CO:  Signal OD to cut-off

PBMCs: Peripheral blood mononuclear cells
PBS: Phosphate-buffered saline

SLE: Systemic lupus erythematosus
CHB:  Chronic hepatitis B.

Mediators of Inflammation

Conflict of Interests

The authors declare that they have no financial or commercial
conflicts.

Authors’ Contribution

Yan-fang Jiang conceived and designed the experiments.
Ping-wei Zhao and Liang Ma performed the experiments.
Lei Yu, Jun-yan Feng, and Ming-yuan Liu analyzed the data.
Hui-fan Ji, Lei Yu, and Juan Wang contributed reagents/
materials/analysis tools. Ping-wei Zhao, Liang Ma, and Yan-
fang Jiang wrote the paper. All authors read and approved
the final paper. Ping-wei Zhao and Liang Ma made equal
contributions to this study.

Acknowledgments

The authors thank Medjaden Bioscience Limited for assisting
in the preparation of this paper. This study was supported
by Grants from the National Natural Science Foundation
of China (nos. 30972610 and 81273240), the National High
Technology Research and Development Program of China
(863 Program, no. 2011AA02A106), Jilin Province Science and
Technology Agency (no. 20110716), the Health Department
Research Projects in Jilin Province (2009Z054), and Norman
Bethune Program of Jilin University (2012206).

References

[1] B.Rehermann and M. Nascimbeni, “Immunology of hepatitis B
virus and hepatitis C virus infection,” Nature Reviews Immunol-
ogy, vol. 5, no. 3, pp. 215-229, 2005.

[2] A. Bertoletti and A. J. Gehring, “The immune response during
hepatitis B virus infection,” Journal of General Virology, vol. 87,
no. 6, pp. 1439-1449, 2006.

[3] R. Thimme, S. Wieland, C. Steiger et al., “CD8+ T cells mediate
viral clearance and disease pathogenesis during acute hepatitis
B virus infection,” Journal of Virology, vol. 77, no. 1, pp. 68-76,
2003.

[4] T. R. Mosmann and S. Sad, “The expanding universe of T-cell
subsets: Thl, Th2 and more,” Immunology Today, vol. 17, no. 3,
pp. 138-146, 1996.

[5] Q. Ouyang, W. M. Wagner, A. Wikby et al., “Large numbers of
dysfunctional CD8+ T lymphocytes bearing receptors for a sin-
gle dominant CMV epitope in the very old,” Journal of Clinical
Immunology, vol. 23, no. 4, pp. 247-257, 2003.

[6] P. Cacoub and B. Terrier, “Hepatitis B-related autoimmune
manifestations;,” Rheumatic Disease Clinics of North America,
vol. 35, no. 1, pp. 125-137, 2009.

[7] E Marcucci, A. Mele, E. Spada et al., “High prevalence of hepati-
tis B virus infection in B-cell non-Hodgkin’s lymphoma,” Hae-
matologica, vol. 91, no. 4, pp. 554-557, 2006.

[8] E. Saito, M. Fujimoto, M. Hasegawa et al., “CD19-dependent
B lymphocyte signaling thresholds influence skin fibrosis and
autoimmunity in the tight-skin mouse,” Journal of Clinical
Investigation, vol. 109, no. 11, pp. 1453-1462, 2002.

[9] E.D.Charles, R. M. Green, S. Marukian et al., “Clonal expansion
of immunoglobulin M+CD27+ B cells in HCV-associated



Mediators of Inflammation

(10]

(15

(16]

(17]

(18]

=
X

(20]

(21]

(22]

(23]

[24]

[25

(26]

mixed cryoglobulinemia,” Blood, vol. 111, no. 3, pp. 1344-1356,
2008.

A. Horst, N. Hunzelmann, S. Arce et al., “Detection and char-
acterization of plasma cells in peripheral blood: correlation of
IgE+ plasma cell frequency with IgE serum titre,” Clinical and
Experimental Immunology, vol. 130, no. 3, pp. 370-378, 2002.

T. W. Lebien and T. F. Tedder, “B lymphocytes: how they develop
and function,” Blood, vol. 112, no. 5, pp. 1570-1580, 2008.

M. J. Butte, M. E. Keir, T. B. Phamduy, A. H. Sharpe, and G.
J. Freeman, “Programmed death-1 ligand 1 interacts specifi-
cally with the B7-1 costimulatory molecule to inhibit T cell
responses,” Immunity, vol. 27, no. 1, pp. 111-122, 2007.

X. Zhong, J. R. Tumang, W. Gao, C. Bai, and T. L. Rothstein,
“PD-L2 expression extends beyond dendritic cells/macropha-
ges to Bl cells enriched for V;11/V ;12 and phosphatidylcholine
binding,” European Journal of Immunology, vol. 37, no. 9, pp.
2405-2410, 2007.

J. C. W. Edwards, L. Szczepanski, J. Szechinski et al., “Efficacy
of B-cell-targeted therapy with rituximab in patients with
rheumatoid arthritis,” The New England Journal of Medicine, vol.
350, no. 25, pp. 2572-2581, 2004.

U. Klein, K. Rajewsky, and R. Kiippers, “Human immunoglob-
ulin (Ig)M+IgD+ peripheral blood B cells expressing the CD27
cell surface antigen carry somatically mutated variable region
genes: CD27 as a general marker for somatically mutated
(memory) B cells,” Journal of Experimental Medicine, vol. 188,
no. 9, pp. 1679-1689, 1998.

K. Agematsu, “Memory B cells and CD27,” Histology and Histo-
pathology, vol. 15, no. 2, pp. 573-576, 2000.

C. Arpin, J. Dechanet, C. van Kooten et al., “Generation of mem-
ory B cells and plasma cells in vitro,” Science, vol. 268, no. 5211,
pp. 720-722,1995.

R. Reinehr, B. Gorg, A. Hongen, and D. Héussinger, “Cd95-
tyrosine nitration inhibits hyperosmotic and cd95 ligand-
induced cd95 activation in rat hepatocytes,” The Journal of Bio-
logical Chemistry, vol. 279, no. 11, pp. 10364-10373, 2004.

A. Jegerlehner, P. Maurer, J. Bessa, H. J. Hinton, M. Kopf, and M.
E Bachmann, “TLRY signaling in B cells determines class switch
recombination to IgG2a;” Journal of Immunology, vol. 178, no. 4,
pp. 2415-2420, 2007.

K. Takeda and S. Akira, “Toll-like receptors in innate immunity;’
International Immunology, vol. 17, no. 1, pp. 1-14, 2005.

H.]J. Yim and A. S.-E. Lok, “Natural history of chronic hepatitis
B virus infection: what we knew in 1981 and what we know in
2005,” Hepatology, vol. 43, no. 2, pp. S173-S181, 2006.

M. Sarasin-Filipowicz, “Interferon therapy of hepatitis C: mo-
lecular insights into success and failure,” Swiss Medical Weekly,
vol. 140, no. 1-2, pp. 3-11, 2010.

M. Sherman, S. Shafran, K. Burak et al., “Management of chron-
ic hepatitis B: consensus guidelines,” Canadian Journal of
Gastroenterology, vol. 21, no. C, 2007.

A.Li, Q. Yuan, Z. Huang et al., “Novel double-antigen sandwich
immunoassay for human hepatitis B core antibody;” Clinical and
Vaccine Immunology, vol. 17, no. 3, pp. 464-469, 2010.

Y. F. Jiang, Z. H. Ma, G. J. Xin et al., “Thl and Th2 immune
response in chronic hepatitis B patients during a long-term
treatment with adefovir dipivoxil,” Mediators of Inflammation,
vol. 2010, Article ID 143026, 10 pages, 2010.

B. Oliviero, A. Cerino, S. Varchetta et al., “Enhanced B-cell
differentiation and reduced proliferative capacity in chronic
hepatitis C and chronic hepatitis B virus infections,” Journal of
Hepatology, vol. 55, no. 1, pp. 53-60, 2011.

(27]

(33]

[34]

1

M. Bijl, G. Horst, P. C. Limburg, and C. G. M. Kallenberg, “Fas
expression on peripheral blood lymphocytes in systemic lupus
erythematosus (SLE): relation to lymphocyte activation and
disease activity;” Lupus, vol. 10, no. 12, pp. 866-872, 2001.

S. Moir, J. Ho, A. Malaspina et al.,, “Evidence for HIV-asso-
ciated B cell exhaustion in a dysfunctional memory B cell
compartment in HIV-infected viremic individuals,” Journal of
Experimental Medicine, vol. 205, no. 8, pp. 1797-1805, 2008.

S. Moir and A. S. Fauci, “B cells in HIV infection and disease,”
Nature Reviews Immunology, vol. 9, no. 4, pp. 235-245, 2009.
H. Poeck, M. Wagner, J. Battiany et al., “Plasmacytoid dendritic
cells, antigen, and CpG-C license human B cells for plasma cell
differentiation and immunoglobulin production in the absence
of T-cell help,” Blood, vol. 103, no. 8, pp. 3058-3064, 2004.

L. Dejager and C. Libert, “Tumor necrosis factor alpha mediates
the lethal hepatotoxic effects of poly(I:C) in d-galactosamine-
sensitized mice,” Cytokine, vol. 42, no. 1, pp. 55-61, 2008.

Y. E Jiang, W. Li, L. Yu et al,, “Enhancing the antihepatitis B virus
immune response by adefovir dipivoxil and entecavir therapies,”
Cellular and Molecular Immunology, vol. 8, no. 1, pp. 75-82, 2011.
J. Feng, L. Lu, C. Hua et al., “High frequency of CD4+CXCR5+
TFH cells in patients with immune-active chronic hepatitis B,
PLoS ONE, vol. 6, no. 7, Article ID €21698, 2011.

N. Fazilleau, L. Mark, L. ]J. McHeyzer-Williams, and M. G.
McHeyzer-Williams, “Follicular helper T cells: lineage and
location,” Immunity, vol. 30, no. 3, pp. 324-335, 2009.



MEDIATORS

INFLAMMATION

The Scientific Gastroenterology Fou Journal of .
World Journal Research and Practice Diabetes Research Disease Markers

et
International Journal of

Endocrinology

Journal of
Immunology Research

Hindawi

Submit your manuscripts at
http://www.hindawi.com

BioMed
PPAR Research Research International

Journal u,f
Obesity

Evidence-Based p : _ {:

Journal of Stem Ce”S Complementary and 8 ' 1 3 Journal of
Ophthalmology International Alternative Medicine < ) Oncology

Parkinson’s
BINEENE

Computational and . z
Mathematical Methods Behavioural AI DS C dicine and

in Medicine Neurology Research and Treatment



