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Abstract

The role of B cells in the pathogenesis of hepatitis B virus (HBV) infection has not been explored in depth. In the present study,
the activation status of B cells from peripheral blood of healthy controls (N = 20) and patients with acute hepatitis B (AHB, N =
15) or chronic hepatitis B (CHB, N = 30) was evaluated by measuring the expression levels of B-cell activation markers CD69
and CD86, using quantitative real-time PCR and flow cytometry. Moreover, the potential mechanism underlying B-cell activation
during HBV infection was further investigated by analyzing the expression profile of FCRL1, an intrinsic activation molecule
of B cells. An elevation in the levels of B-cell activation markers including CD69 and CD86 was observed in the AHB patients
(44.31 +£9.27, 27.64 + 9.26%) compared to CHB patients (30.35 + 11.27, 18.41 £ 6.56%, P < 0.05), which was still higher than
healthy controls (12.23 + 7.84, 8.22 + 3.43%, P < 0.05). Furthermore, the expression of FCRL1 was found to be similar to B-cell
activation markers, which was highest in AHB patients (70.15 + 17.11%), lowest in healthy donors (36.32 + 9.98%, P < 0.05)
and half-way between these levels in patients with CHB (55.17 + 12.03%, P < 0.05). The results were positively associated with
aberrant B-cell activation. These data suggest that B cells can play a role in HBV infection, and therefore more effort should

be devoted to exploring their functions.
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Introduction

Hepatitis B virus (HBV) is the most common cause of
liver disease worldwide (1). It is estimated that two billion
people have been infected with HBV and more than 350
million suffer chronic liver infections. About 5% of adult pa-
tients with acute HBV (AHB) infection may develop chronic
hepatitis B (CHB) infection (2,3). HBV infection can cause
necroinflammation that with time can progress to hepatic
fibrosis, cirrhosis and even hepatocellular carcinoma (4-6).
Extensive investigations have focused on the mechanisms
of HBV-specific T-cell dysfunction, whereas B-cell dys-
function during HBV infection has been less studied (7,8).
Previous studies have found that HBV antigen binds to B
cells in vitro, resulting in B-cell activation through a T-cell-
dependent or T-cell-independent pathway. However, studies
on the activation status of B cells in HBV-infected patients
are not available (9-11).

The understanding of the B-cell activation mechanisms
has been advanced by identification of Fc receptor-like 1
(FCRL1), alsoknown as FcRH1 (12,13). FCRL1 isa member
of the Fc receptor homologue family encoded by a gene
on chromosome 1g21-23 and preferentially expressed
in B cells (14-16). This molecule has two immunorecep-
tor tyrosine-based activation motifs (ITAM-like motifs),
suggesting that it may play a key role in B-cell activation.
Compelling evidence indicates that FCRL1 is an intrinsic
activation molecule that has the potential to amplify B-cell
antigen receptor-induced activation. Abnormal expression
of FCRL1 has been reported in diseases such as chronic
lymphocytic leukemia, hairy cell leukemia and B-cell non-
Hodgkin lymphoma, butits particular role in the progression
of the HBV infection remains unknown (17,18).

In the present study, the activation status of B cells
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was studied in human peripheral blood lymphocytes from
AHB- or CHB-infected individuals by analyzing the expres-
sion profiles of B-cell activation markers including CD69
and CD86. The expression level of FCRL1, an intrinsic
activation molecule of B cells, and its correlation with the
activation status of B cells during HBV infection were also
investigated. An attempt was made to elucidate the role of
B lymphocytes in HBV-induced disease progression.

Patients and Methods

Patients

The study was approved by the Ethics Committee of
Wouxi Hospital of Infectious Disease and Jiangsu Institute of
Nuclear Medicine. All donors gave written informed consent
to donate blood. Sixty-five subjects were recruited from
Wuxi Hospital of Infectious Disease between 2009 and
2010, 20 were healthy donors, 15 were AHB patients and
30 were CHB patients. Patients with autoimmune hepatitis
or hepatitis C virus (HCV) co-infection were excluded from
the study by screening with HCV and antinuclear antibodies.
None of the patients had been treated with antiviral agents
during a 12-month period before enroliment in the study.

Cell isolation

Peripheral blood mononuclear cells (PBMC) were sepa-
rated by Ficoll density centrifugation (Cedarlane Labs, USA)
as mentioned before (12). B lymphocytes were further puri-
fied from PBMC by negative selection with magnetic bead-
conjugated antibody (StemCell, Canada). The homogeneity
of cells was confirmed by flow cytometry (>95%).

Quantitative real-time polymerase chain reaction
(RT-PCR)

Total RNA was extracted from purified B lymphocytes
with Trizol and first-strand cDNA was obtained with the
PrimeScript™ RT reagents Kit (Takara, Japan). RT-PCR was
performed using SYBR green PCR Master Mix (Takara) with
the ABI PRISM 7700 detection system. Primers for this study
were designed using the Primer Express Software version
2.0 (Table 1). To assure specific amplification,
the melting curves of each reaction were
monitored and each sample was processed
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were used to evaluate the activation status of B cells and
FCRL1-positive B cells, respectively. After staining, cells
were resuspended in fluorescence-activated cell sorting
solution, fixed in 1% paraformaldehyde and analyzed with
the FACS Calibur system (BD Pharmingen, USA).

Statistical analysis

Data are reported as means + SD. The unpaired Student
t-test and the chi-square test were used for data analysis. A
P value of <0.05 was considered to be statistically signifi-
cant. The analyses were performed using the SPSS 15.0
software (USA).

Results

Clinical characteristics of the groups studied

Three groups of subjects were included in the present
study (Table 2). The first consisted of 20 health controls
with no evidence of any liver diseases and with negative
tests for HBV markers. The second consisted of 15 patients
diagnosed with AHB and with no history of chronic liver
disease. The third consisted of 30 patients who had been
HBsAg-positive for more than 6 months and whose clinical
appearance showed active CHB. Patient age and gender
data and biochemical tests for serum bilirubin, albumin,
aspartate aminotransferase and alanine transaminase
were also obtained.

Activation status of B cells in HBV-induced diseases
To explore the activation status of B cells from healthy
controls and HBV patients, the expression profiles of B-cell
surface markers, including early lymphocyte activation
marker CD69 and co-stimulatory molecule CD86, were
analyzed by real-time PCR and flow cytometry. As shown
in Figure 1, B cells from HBV-infected patients had rela-
tively higher mRNA expression levels of CD69 and CD86
compared to those from healthy donors (P < 0.05) and AHB-
infected individuals exhibited a much higher level than the
CHB group (P < 0.05). The frequency of CD69 and CD86
protein expression from 65 samples was examined by flow

Table 1. Primers used to measure the relative gene expression by RT-qgPCR.

in duplicate. Human glyceraldehyde-3-phos-

) Genes Primers Sequences (5-3’) Amplicon size (bp)

phate dehydrogenase was included as the

housekeeping gene. Relative quantification CD69 CD69-F TGGTGATGAAGACCACATTCA 129

of the target gene expression was analyzed CD69-R  AGAACAGCTCTTTGCATCCG

using the Q-Gene software. CD86 CD86-F AGAGGAGCAGCACCAGAGAG 125
CD86-R ATGAGTGGGGTCATTTCCAG

Flow cytometry FCRLA1 FCRL1-F  CCTACCTCAACTCACCTAC 127

All blood samples were processed on FCRL1-R TCTGCTGCTACTGATTCC
the day of collection. PerCP-conjugated anti- GAPDH GAPDH-F AACAGCCTCAAGATCATCAGC 199
CD19, FITC-conjugated anti-CD69 or anti- GAPDH-R GGATGATGTTCTGGAGAGCC

CD86 and FITC-conjugated anti-FCRL1 [BD
Biosciences (USA) and R&D Systems (USA)]

www.bjournal.com.br

F = forward; R = reverse.
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cytometry. Representative plots of CD69 and CD86
expressionin CD19 B cells from PBMC of 1 healthy
donor, 1 AHB patient and 1 CHB patient are shown
in Figure 2A. Compared to healthy controls (12.23 +
7.84, 8.22 + 3.43%), a higher frequency of expres-
sion was observed in AHB patients (44.31 + 9.27,
27.64 £ 9.26%) and CHB patients (30.35 * 11.27,
18.41 £ 6.56%) and there was also a significant dif-
ference between the two patient groups (P < 0.05;
Figure 2B). In addition, the protein expression level
of these molecules was significantly correlated with
their corresponding mRNA expression level (data
not shown).

FCRLA1 is up-regulated in B cells from HBV-
infected patients

The expression profiles of FCRL1 in B cells
from healthy controls and HBV-infected patients
were also analyzed using real-time PCR and flow
cytometry. The results revealed that, compared to
healthy controls, on average, FCRL1 mRNAexpres-
sion was 18-fold higher in AHB and 8-fold higher in
CHB (P < 0.05; Figure 3). In addition, the variance
was significant different among the patients of the
two groups (P < 0.05). The protein expression level
of FCRL1 in B cells from the three groups was also
evaluated. As shown in Figure 4, the level of FCRL1
expression was highest in AHB patients (70.15 *
17.11%), lowest in healthy donors (36.32 £ 9.98%)
and half-way between these levels in patients with
CHB (55.17 £ 12.03%; P <0.05). Overall, the protein
expression pattern was similar to that obtained by
real-time PCR.

Correlation between FCRL1 expression and
activation status of B cells

Ke Wang et al.

Table 2. Clinical characteristics of the subjects enrolled in the study.

Parameters HC (N=20) AHB(N=15) CHB (N =30)
Age (years) 342+83 30.5+4.3 425+83
Gender (M/F) 14/6 10/5 19/11
Serum bilirubin (mg/mL) 04+04 105+9.2 14+6.1
Albumin (g/dL) 45+1.9 54+38 43+28
AST (IU/L) 19.4+42  496.6+145.3 46.0+57.1
ALT (IU/L) 16.3+3.8 1199.8+628.2 98.8+62.3

HC = healthy controls; AHB = acute hepatitis B; CHB = chronic hepatitis B;
AST = aspartate aminotransferase; ALT = alanine transaminase.
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Figure 1. mRNA expression profiles of B-cell activation markers includ-
ing CD69 and CD86 in B lymphocytes from peripheral blood of healthy
controls (HC) and of patients with acute hepatitis B (AHB) and chronic
hepatitis B (CHB). *P < 0.05 for the comparisons indicated by the horizon-
tal bars (unpaired Student t-test).

The PBMC employed in these experiments were simul-
taneously used to examine the expression levels of B-cell
activation markers and FCRL1. Up-regulation of FCRL1
was then associated with the up-regulation of B-cell activa-
tion markers including CD69 (R2 = 0.708; P < 0.05) as well
as CD86 (R2 = 0.740, P < 0.05) by correlation analysis.
These findings indicated that the protein expression level
of FCRL1 in the total CD19 B cells is positively correlated
with the activation status of B cells in HBV-induced progres-
sion (Figure 5).

Discussion

The mechanism of HBV infection is not clear and previ-
ous studies have focused on virus-specific T-cell immune
responses (7,8). B cells, important antigen-presenting cells,
also may play an important role in HBV infection (19,20).
Some data suggest that abnormal B-cell activation may
be involved in the process of immune responses to HBV

Braz J Med Biol Res 45(12) 2012

antigen (21). To determine the activation status of peripheral
blood B cells from HBV patients, the expression profiles of
activation markers including CD69 and CD86 were exam-
ined in circulating B cells of patients, being considered to
be nearly absent from circulating B cells of healthy controls.
The expression profile of FCRL1, a key molecule in the
activation pathway of B cells, was also assessed.

In the present study, we collected 65 samples from 20
healthy donors, 15 patients with AHB infection and 30 pa-
tients with active CHB infection. The percentage of CD19 B
cells did not differ significantly between healthy controls and
the two patient groups (data not shown). Higher expression
levels of the early lymphocyte activation marker CD69 and
the co-stimulatory molecule CD86 in B cells isolated from
patients with HBV infection suggested that an increased
B-cell activation status may play an important role during
HBYV infection. Moreover, we observed an increase in the
fraction of positive cells after the acute phase of infection,
compared to the active chronic phase of infection. This

www.bjournal.com.br
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Figure 2. Protein expression profiles of B-cell activation markers including CD69 and CD86 in B lymphocytes from peripheral blood
of healthy controls (HC) and of patients with acute hepatitis B (AHB) and chronic hepatitis B (CHB). A, Flow cytometry analysis of
a HC, an AHB patient and a CHB patient. B, Statistical analysis of the three groups. *P < 0.05 for the comparisons indicated by the
horizontal bars (unpaired Student t-test).
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Figure 3. mMRNA expression profile of FCRL1 in B lymphocytes

from peripheral blood of healthy controls (HC) and of patients

. with acute hepatitis B (AHB) and chronic hepatitis B (CHB). *P
’—‘ < 0.05 for the comparisons indicated by the horizontal bars (un-
140 - paired Student t-test).
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Figure 4. Protein expression profile of FCRL1 in B lymphocytes from peripheral blood of healthy controls (HC) and of patients with
acute hepatitis B (AHB) and chronic hepatitis B (CHB). A, Flow cytometry analysis of a HC, an AHB patient and a CHB patient. B,
Statistical analysis of the three groups. *P < 0.05 for the comparisons indicated by the horizontal bars (unpaired Student t-test).
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dynamic modulation of the antiviral immune response
via activation of B lymphocytes might support the
healing process at the site of acute infection. Previous
studies have also reported that the majority of acute
virus-infected patients exhibited activated B cells, but
few data have been reported about the difference in
B-cell activation status between patients with acute
and chronic infection (22). Our results indicated that
HBV-infected subjects who developed acute hepatitis
showed a much stronger B-cell response to the virus
than did the chronic cases.

The mechanisms underlying B-cell activation dur-
ing HBV infection have been further investigated in our
study. Previous studies have reported that FCRL1, an
intrinsic activation molecule in B cells, was found in
all the circulating B cells and showed a much higher
expression than activation markers including CD69
and CD86 (12,23). Our results indicated that FCRL1
was highest in AHB patients, lowest in healthy donors
and half-way between these two extremes in patients
with CHB. The mean values were significantly different
among the three groups. In addition, up-regulation
of FCRL1 was positively correlated with the corre-
sponding up-regulation of activation markers. The
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biological meaning of this overexpression deserves  Figure 5. Positive correlation between the expression levels of FCRL1
careful interpretation and additional investigation. It and B-cell activation markers including CD69 and CD86 in B cells from

may represent a pathogenic phenomenon of activated
B cells that overexpress FCRL1 or an intrinsic factor
that stimulates aberrant B-cell activation.

A relationship between abnormal B-cell activation and
FCRL1 overexpression is evident, but how this regulatory
pathway acts in the development of acute and chronic HBV
infection is unknown. Further study is needed to investigate
the cellular and molecular basis of this phenomenon. The
understanding of this mechanism might be helpful for the
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