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Reversal of B-cell hyperactivation and functional
impairment is associated with HBsAg seroconversion in
chronic hepatitis B patients

1,2,8

Xiangsheng Xu"*?, Qinghua Shang™®, Xinyue Chen®*, Weimin Nie’, Zhengsheng Zou®, Ang Huang®,
Ming Meng7, Lei Jin%, Ruonan Xu?, Ji-Yuan Zhangz, Junliang Fu?, Lifeng Wangz, Zirong Tangz,
Yunbo Xie?, Xiaoming Yang', Zheng Zhang® and Fu-Sheng Wang’

B cells play an important role in the clearance of hepatitis B virus (HBV) and protection against reinfection. However, the
functional characteristics of these cells that are associated with the outcome of chronic HBV infection remain unknown.
We comprehensively investigated the frequency, phenotype, and function of peripheral B-cell subsets from CHB patients
in different phases: immune tolerance (IT), immune activation (IA), immune clearance (IC), responders with HBsAg
seroconversion (resolved patients, RP), and healthy controls (HC). IA patients displayed lower percentages of peripheral
blood memory B cells compared with the other groups. Overall polyclonal activation of B cells, indicated by higher levels
of activation markers and secretion of IgG and IgM, was observed in IA patients. This B-cell hyperactivation could be
induced by increased IFN-a and soluble CD40 ligands in IA patients. Notably, the expression of the co-stimulator
molecule CD80 and serum HBsAb and the frequency of HBsAg-specific B cells were significantly decreased in IT, IA, and
IC patients compared with HC subjects. More importantly, the B-cell hyperactivation, co-stimulatory molecule
downregulation and HBsAg-specific B-cell impairment were reversed in RP patients. The reversal of B-cell
hyperactivation and functional impairment is associated with HBsAg seroconversion in chronic hepatitis B patients.
Cellular & Molecular Immunology (2015) 12, 309-316; doi:10.1038/cmi.2015.25; published online 6 April 2015

INTRODUCTION

The natural history of chronic hepatitis B virus (HBV) infec-
tion generally comprises four phases:' immune tolerance (IT),
immune activation (IA), immune clearance (IC), and non/low-
replication (LR). Some patients might further clear hepatitis
B surface antigen (HBsAg) either spontaneously or through
antiviral therapy and then progress to the HBsAg seroconver-
sion phase. During the course of HBV infection, host immu-
nity against the virus is considered to play a key role in liver
pathogenesis and disease prognosis.” HBV-specific T cells are
exhausted during chronic infection,” whereas antibodies to
HBsAg are key to HBV clearance. However, the nature of B cell-
mediated humoral immunity remains obscure. Several clinical

studies have demonstrated that in chronic HBV-infected pa-
tients receiving liver transplantation, the adoptive HBV hum-
oral immunity from donors potentially clears the residual virus
and protects the liver graft from HBV reinfection.*” In lym-
phoma patients with HBV infection, treatment with rituximab
(a chimeric mouse human monoclonal antibody (mAb) again-
st CD20 that induces profound and durable B-cell depletion)
significantly increases HBV reactivation.'®™" Indeed, anti-
HBsAg antibodies (HBsAb) can neutralize circulating HBsAg
and clear infectious HBV particles in vivo, and the presence of
HBsAb in serum is considered an indicator of the resolution
of chronic HBV infection. These findings strongly highlight the
importance of HBsAb in the clearance of HBV infection.
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However, few reports have characterized the HBsAb-pro-
ducing B cells in chronic HBV infection.

Confined techniques in the analysis of B cells, particularly in
the analysis of antigen-specific B cells in humans, have limited
the study of B cells in HBV-infected patients. Several previous
studies have indicated that HBsAg-specific B cells and HBsAb
are lacking in CHB patients.'*"® A recent study indicated that
B cells display enhanced differentiation and deficient prolifera-
tion in CHB patients.'® Although these studies characterized B
cells in chronic HBV infection, the dynamics of B cells in the
natural history of chronic HBV infection have not been well
described. Therefore, it is important to correlate specific B-cell
responses with the outcomes of chronic HBV infection, par-
ticularly with HBsAg seroconversion.

In the present study, B cells from patients in different phases of
chronic HBV infection, therapy-induced responders (resolved
patients, RP) with HBsAg seroconversion and healthy controls
(HC) were comprehensively characterized. Increased total B-cell
activation and decreased HBsAg-specific B-cell responses were
associated with HBV persistence, whereas the restoration of B-cell
hyperactivation and HBsAg-specific B-cell impairment was assoc-
iated with HBsAg seroconversion in chronic HBV infection.
These results highlight the active role of B cells in the immuno-
pathogenesis of chronic HBV infection, and the reduction in B-
cell hyperactivation and improvement in HBsAg-specific B-cell
responses might facilitate HBsAg seroconversion.

PATIENTS AND METHODS

Patients

A total of 68 HBV-infected subjects and 22 vaccinated HC were
enrolled in this study. These patients were either interferon
(IFN)-o therapy-induced responders (RP) with HBsAg sero-
conversion for at least 1 year (n = 13) or chronic HBV patients
categorized according to the disease phase: IT phase (n = 12),
IA phase (n = 32), or IC phase (n = 11) patients. None of the
patients had received antiviral treatment (IFN-a or nucleoside
analogs) within the previous 6 months. The HC subjects had
received three vaccinations with 10 pig recombinant HBsAgand
were serum anti-HBsAg positive at enrollment. All individuals
were negative for antibodies to hepatitis A virus, hepatitis C
virus (HCV), hepatitis D virus, and human immunodeficiency
virus (HIV). Further exclusion criteria were end-stage liver
insufficiency, autoimmune disorders, immunosuppressive
treatment and malignancies. The study protocol was approved
by the local medical ethics committee. Written informed con-
sent for the study was obtained from each subject. The clinical
characteristics of these subjects are listed in Table 1.

Flow cytometry

All mAbs were purchased from eBioscience (San Diego, CA,
USA), except for anti-CD80, anti-CD86, and anti-CXCR3
mAbs (Becton Dickinson Pharmingen, San Jose, CA, USA).
Peripheral blood mononuclear cells (PBMCs) were iso-
lated and stained with the following mAbs conjugated with
fluorescein isothiocyanate (FITC), phycoerythrin (PE), allo-
phycocyanin (APC), or peridinin chlorophyll protein
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(PerCP): anti-CD19-APC, anti-CD27-FITC, anti-CD38-PE,
anti-CD69-PerCP, anti-CD71-PE, anti-CD80-PE, and anti-
CXCR3-PE. The cells were subsequently analyzed using
FACSCalibur (Becton Dickinson, San Diego, CA, USA) and
Flowjo software (TreeStar, Ashland, OR, USA) as previously
described.?® At least 200 000 events were acquired per run.

Cell culture

The cells were cultured in RPMI 1640 medium (GIBCO/BRL)
supplemented with streptomycin, glutamine, and 10% fetal calf
serum (FCS) and further stimulated in vitro using Phytolacca
americana pokeweed mitogen (PWM) (Sigma, St. Louis, MO,
USA) for 3 days. The cells were subsequently used for enzyme-
linked immunospot (Elispot) detection, and the supernatants
were collected for ELISA. Alternatively, PBMCs or B cells purified
with CD19 MicroBeads (Miltenyi Biotec, Bergisch Gladbach,
Germany) were cultured with IL-6 (100 ng/ml), IL-17 (100 ng/
ml), IFN-o (1000 IU/ml), CD40L (2 pg/ml, R&D Systems,
Minneapolis, MN, USA), IL-21 (100 ng/ml), or IL-33 (100 ng/
ml, Peprotech, Rocky Hill, NJ, USA) for 24 h. The cells were
subsequently collected for the detection of B-cell activation.

Detection of anti-HBsAg IgG-secreting B cells using Elispot
The frequency of anti-HBsAg-secreting B cells was determined
using Elispot assays. Briefly, PBMCs (5 X 10° cells/well) were
cultured in 200 pl of medium containing PWM (5 pg/ml) for 3
days in a 96-well plate. During the culture period, Elispot plates
(Millipore, Billerica, MA, USA) were coated with 10 pg/ml
recombinant HBsAg overnight at 4 °C. After 3 days, the cells were
transferred to Elispot plates and incubated with PWM for an
additional 24 h. Wells coated with ovalbumin were used as nega-
tive controls. The plates were subsequently washed and incubated
with biotin-labeled anti-IgG mAb (Sigma) and horseradish per-
oxidase (HRP)-conjugated streptavidin (Sigma). The plates were
subsequently air-dried, and the spots were counted using an auto-
mated Elispot reader. The responses were expressed as spot-form-
ing cells (SFCs) per million PBMCs. The assay was considered
valid when the number of spots was at least twofold above the
background level. All reactions were performed in triplicate.

ELISA

Plasma IFN-a (PBL Biomedical Laboratories, Piscataway, NJ,
USA) and soluble CD40 ligand (sCD40L, eBioscience) were
determined using a commercial ELISA kit. The total IgG,
IgM, and anti-HBsAg-IgG levels in serum and culture super-
natants were also quantified using ELISA. Briefly, recombinant
HBsAg (US Biological, Swampscott, MA, USA), anti-human
IgG or IgM antibodies (Bethyl Laboratories, Montgomery, TX,
USA) were coated at a concentration of 3 pg/ml in 96-well flat-
bottom ELISA plates (Nunc, Roskilde, Denmark) overnight at
4 °C. The plates were washed and incubated with the samples or
human reference serum (Bethyl Laboratories) for 1 h.
Subsequently, the plates were incubated with biotin-labeled
anti-human IgG (Sigma) and HRP-conjugated anti-human
IgG or IgM (Bethyl Laboratories) for 1 h at room temperature.
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Table 1. Clinical characteristics of enrolled subjects in the study

Group HC IT IA IC RP
Case 22 12 32 11 13

Sex (male/female) 11/11 111 30/2 9/2 12/1

Age (years) 28 (24-35) 29 (16-60) 34 (15-63) 44(19-62) 37 (22-53)
HBsAg/HBsAb —/+ +/—= +/— +/— —/+
HBeAg/HBeAb —/— +/— +/— —/+ —/=

ALT (U/L) ND 23 (13-37) 292 (54-1885) 28 (5-40) 28 (15-45)
AST (U/L) ND 23 (16-32) 128 (27-875) 19 (6-38) 19 (12-38)
HBV DNA (100 1U/ml) ND 8.2 (7.8-8.9) 6.8 (3.3-8.8) LDL LDL

Abbreviations: HC, healthy controls; IA, Immune activation; IC, immune clearance; IT, Immune tolerance; LDL, lower detection limitation; ND, not

determined; RP, responders with HBsAg seroconversion.
Data are shown as median and range.

The plates were sequentially washed and developed with TMB
substrate.

Virological and immunological assessments

The levels of HBsAg, anti-HBsAg, HBeAg, anti-HBeAg, and
anti-HBcAg were measured using commercial kits (Abbott
Laboratories, North Chicago, IL, USA). HBV DNA levels were
determined using quantitative real-time polymerase chain
reaction (AMPLICOR, Roche) according to the manufac-
turer’s instructions. The threshold of detection for HBV DNA
was 100 IU/ml.

Statistical analysis

All data were analyzed using the SPSS software (SPSS Inc.,
Chicago, IL, USA). The Kruskal-Wallis H nonparametric test
was performed for multiple comparisons among the five
groups. Significant differences between two groups were deter-
mined using the Mann—Whitney nonparametric U test. Data
from the same individuals were compared using the Wilcoxon
matched-pairs t-test. Correlations between variables were eval-
uated using the Spearman’s rank correlation test. For all tests, a
P-value less than 0.05 was considered significant.

RESULTS

Naive B cells are increased but memory B cells are decreased
in IA patients

We first investigated the percentages of total B cells and naive
and memory B-cell subsets based on CD27 expression using
flow cytometric analysis in HC subjects and IT, IA, IC, and RP
patients (Figure 1). The frequency of CD19™ total B cells in
peripheral blood lymphocytes was significantly higher in IA
patients than in HC subjects and IT patients (P = 0.017 and
P = 0.049, respectively); however, this frequency was reduced
in IC patients and RP subjects compared with IA patients (P =
0.021 and P = 0.035, respectively), showing levels similar to the
level observed in HC patients (Figure 1B). Further analysis
indicated that the percentages of CD27 naive and CD27"
memory B-cell subsets relative to the total B cells were altered
in opposite directions: CD27 ~ naive B cells were preferentially
increased whereas CD27 " memory B cells were significantly
reduced in IA patients compared with HC subjects and IT

patients (Figure 1C and D). Accordingly, the ratio of memory
to naive B cells was also decreased in IA patients (Figure 1E).
More importantly, we observed that the increased ratio of
memory to naive B cells in [A patients was significantly reversed
in RP subjects. However, compared with IA patients, the fre-
quency of naive, memory B cells and the ratio of memory to
naive B cells in IC patients were not significantly changed
(Figure 1C-E). Furthermore, no significant associations were
observed between the proportions of these B-cell subsets and
the plasma HBV DNA, serum alanine transaminase (ALT) and
aspartate aminotransferase (AST) levels (data not shown).
These data suggest that chronic HBV infection alters the dis-
tribution of naive and memory B cells and that these effects can
be reversed in patients with HBsAg seroconversion but not in
IC patients.

B cells are activated in IA patients but partially restored in

RP subjects

We next examined the expression of the early activation mole-
cule CD69, the transferrin receptor CD71, the chemokine
receptor CXCR3 (CD183), and the co-stimulatory molecule
CD80 on the B-cell subsets in the five subject groups. As shown
in Figure 2A, the CD71 expression levels on total B cells and
naive and memory B-cell subsets were markedly elevated in IA
patients compared with HC and IT subjects. This increase in
CD?71 expression, however, was significantly downregulated in
IC and RP subjects to levels lower than that observed in HC
subjects. Furthermore, the expression of CD71 in RP patients
was even lower than in IC patients. CD69 expression on mem-
ory B cells was also significantly upregulated in IA patients
compared with HC subjects. In contrast, CD69 expression on
these B cells remained at a high level in RP patients (Figure 2B).
Unexpectedly, CXCR3 expression on total B cells was decrea-
sed in IA patients, but upregulated on memory B cells in RP
subjects compared with IT patients (Figure 2C). The expression
of the co-stimulatory molecule CD80 was also markedly
decreased on total B cells in IA patients and on memory B cells
in IT patients compared with HC subjects. Importantly, this
reduced CD80 expression on memory B cells was significantly
recovered in RP subjects (Figure 2D). In addition, no significant
correlations were observed between the markers expressed on

Cellular & Molecular Immunology
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Figure 1. Differential distribution of B-cell subsets in HBV-infected patients at various phases. (A) Representative dot plots showing the proportions
of CD19* total B cells, CD27 ™~ naive B cells and CD27 " memory B cells. The percentages of each B-cell subset in the dot plots indicate the relative
proportion of the total B cells. (B-D) Pooled data indicating the total peripheral B cells as a proportion of total lymphocytes (B) or the naive (C) and
memory B cells (D) as a proportion of total B cells and the ratio of memory to naive B cells (E) in healthy controls (HC), immune tolerant patients (1T),
immune activated patients (IA), immune clearance (IC), and responders with HBsAg seroconversion (resolved patients, RP). The boxes represent
the 5th, 25th, 75th, and 95T percentiles, and the solid line indicates the median value of each subset. P-values less than 0.05 are shown.

B-cell subsets and HBV DNA, ALT, or AST levels in these
patients (data not shown). These results indicated that although
B cells are significantly activated in CHB patients, these cells lack
the expression of the co-stimulatory molecule CD80, which
indicates an intrinsic B-cell defect. Moreover, the hyperactiva-
tion and defective co-stimulatory molecule expression were
reversed in RP subjects with HBsAg seroconversion.

Functional B cells in CHB patients are significantly
attenuated in RP subjects
To investigate whether the activated B cells are functional, we
detected total plasma IgG and IgM levels in these groups. As
expected, the level of total plasma IgG was significantly higher
in IA patients compared with IT patients and HC subjects.
Compared with IA patients, the plasma IgG levels in IC patients
decreased to some extent but remained higher than those in HC
and IT subjects. In addition, the total plasma IgG levels were
reduced to normal levels in RP subjects compared with HC
subjects (Figure 3A). The total plasma IgM was increased only
in IA patients compared with HC subjects.

To further investigate the intrinsic potential of B cells to
secrete antibodies, we compared the IgG and IgM production
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from B cells in the various groups after stimulation with PWM
for 3 and 7 days. The B cells from IA patients produced higher
levels of IgG and IgM than those from HC subjects after both 3
and 7 days of stimulation. The levels of IgG and IgM in the
supernatant of cells from IT patients, however, were similar to
those of healthy individuals. The production of IgG, rather
than IgM, in IC patients remained higher compared with HC
subjects and IT patients. Compared with IA patients, only le-
vels of IgM in the supernatant of cells from IC patients were
significantly decreased after 3 days of stimulation. Notably, the
ability of B cells to produce IgG and IgM was significantly
restored in RP subjects (Figure 3B). These results indicated that
the increased production of IgG and IgM in CHB patients also
reflects the activation of B cells and that the hyper-Ig produc-
tion by B cells was partially reduced in IC patients but reduced
to normal levels in RP subjects.

IFN-o0 and soluble CD40L mediate B-cell activation in vitro
To determine which factors are potentially responsible for activ-
ating peripheral B cells, we detected the effects of IFN-o, sCD40L,
IL-6, IL-17, IL-21, and IL-33 on purified B-cell activation in vitro.
IFN-o0 and sCDA40L significantly increased CD69 and CD71
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Figure 2. Expression of B-cell activation markers are upregulated in IA patients but recovered in RP subjects. The expression levels of activation
markers CD71 (A), CD69 (B), CXCR3 (C), and the co-stimulator CD80 (D) on total B cells, naive and memory B cells were examined in healthy
donors, IT, IA, and IC patients and RP subjects. The data are presented as the means * standard deviation. *P < 0.05, **P < 0.01.

expression on total, naive and memory B cells from HC subjects.
In contrast, IL-6, IL-17, IL-21, and IL-33 did not activate B cells in
vitro. Moreover, all stimulator molecules, except IL-6 and IL-33,
upregulated CXCR3 expression (Figure 4A). We observed that the
plasma IFN-o and sCD40L levels were significantly increased in IA
patients compared with HC subjects and IT patients. Importantly,
the plasma levels of sCD40L in IC and RP patients were signifi-
cantly decreased compared with IA patients. However, the levels of
plasma IFN-o in IC and RP subjects were not downregulated
(Figure 4B). These results indicated that the increased B-cell activa-
tion in IA patients likely reflected elevated plasma IFN-o and
sCD40L levels, which could be partially reversed in IC patients
but completely restored to normal levels in RP patients.

HBsAg-specific IgG-secreting B cells are reduced in patients
with chronic HBV infection but restored in RP subjects

The HBsAD released from HBsAg-specific B cells protects the
host from re-infection and is highly important for the clearance
of HBV virions or antigens in vivo. Therefore, we monitored
the plasma HBsAD levels in the five subject groups. As shown in
Figure 5A, only 12.5% of IA patients (4/32) and none of the IT
or IC patients had detectable plasma HBsAb, while 100% of the
HC and RP subjects were HBsAb positive. However, the titer of
serum HBsADb in RP subjects was significantly lower than in
healthy individuals (24.7 = 11.6 vs. 8.6 * 4.9) (Figure 5A). We
also observed that the frequencies of HBsAg-specific IgG-
secreting B cells and the levels of HBsAb in the culture super-
natant were significantly lower in I'T, IA, and IC patients than in
HC subjects, but these effects were partially recovered in RP
subjects (Figure 5B and C). These results indicated that HBsAg-
specific B cells might be deficient in CHB patients, which could

lead to a decrease in plasma anti-HBsAg neutralizing antibod-
ies; however, impaired HBV-specific B cells are partially
restored in RP subjects with HBsAg seroconversion.

DISCUSSION

Although several limited studies have characterized peripheral
B cells in patients with chronic HBV infection,'*™” the precise
characteristics of B cells, particularly HBsAg-specific B cells,
during the natural history of chronic HBV infection and the
association of these cells with disease outcome remain unclear.
In the present study, phenotypic and functional analyses of B
cells were comprehensively performed using a substantial
number of IT, IA, IC patients, and RP subjects with HBsAg
seroconversion. We observed a dichotomy in the hyperactiva-
tion of total B cells and the impairment of HBsAg-specific B
cells in CHB patients, and these effects were reversed in subjects
with HBsAg seroconversion.

The present study provided some important insights into the
B-cell activation observed in the immunopathogenesis of chro-
nic HBV infection. However, the downregulation of CXCR3 on B
cells in CHB patients is different from the observations re-
ported in a recent study,'® which might partially be attributed
to the different patient cohorts examined. In addition, the
increased activation of B cells, as indicated by the CD71 and
CD69 expression on cells from CHB patients, was also translated
into hyper-functionality, as evidenced by the elevated plasma IgG
and IgM levels and the increased secretion of IgG and IgM upon
stimulation in vitro. Although chronic microbial infections are
frequently associated with persistent polyclonal B-cell activation,
potentially leading to highly dysfunctional immune disorders,

Cellular & Molecular Immunology
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such as chronic HIV infection,*"* the underlying mechanisms of

general B-cell hyperactivation remain unknown. The results of the
present study supported the notion that IFN-oo and sCD40L
might preferentially activate B cells, as indicated by increased
CD71, CD69, and CXCR3 expression on both naive and memory
B cells in vitro, whereas other cytokines, such as IL-6 and IL-21,
which are upregulated in CHB patients,”** did not activate B
cells. We employed sCD40L, a surrogate of T cell help, and IFN-o,
an innate immune-derived signal-engaging toll-like receptor
(TLR)-9, expressed predominantly by B cells and plasmacytoid
dendritic cells. Thus, the elevated TLR9-mediated signals25 and T
cell likely contribute to the functional hyperactivation of B cells in
CHB patients, as previously observed in HIV and HCV infections,
which induce chronic liver inflammation.”"*® Future studies
should address whether and how continuous B-cell activation
in CHB patients might lead to B-cell exhaustion, as observed in
HIV infection.”>”” However, human peripheral B cells are also
activated by sCD40L in vitro as surrogated antigen-presenting
cells, which represent a potential approach for anti-HBV immu-
notherapy through the induction of HBsAg-specific B cells.”®
Similar to previous reports,"*'>'®! the impaired generation
of HBsAg-specific B cells and plasma anti-HBsAg in CHB
patients was observed in the present study. Thus, the undetect-
able anti-HBsAg in CHB patients is likely an important factor
leading to HBV persistence. However, several CHB patients
showed detectable levels of anti-HBsAg- and HBsAg-specific
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B cells in the present study, indicating that the B cells from CHB
patients retain the potential to produce HBsAb. This finding is
consistent with the clinical observation that a small proportion
of CHB patients have a low HBsAD titer. Indeed, studies using
sensitive immunoassays for the detection of antibodies in the
presence of excess plasma antigens have revealed that anti-
HBsAg is produced in a majority of CHB patients, but these
antibodies are typically complexed with HBsAg present at high
concentrations in the plasma of these patients.'****

The results of the present study supported the notion that the
antigen-presenting capacity of B cells was also potentially
impaired in CHB patients, evidenced by significantly decreased
CD80 expression. Because the ligation of CD28 on CD4 T cells by
CD80/CD86 on B cells represents a dominant co-stimulatory
pathway that plays a critical role in CD4 T cell activation and
proliferation, the downregulation of CD80 on B cells in CHB
patients likely reflects the insufficient induction of CD4 T cell
activation and proliferation. Indeed, in chronic HBV infection,
not only are HBV-specific CD4 and CD8 T cell responses signifi-
cantly diminished,”"** but a generalized T cell hypo-responsive-
ness has also been demonstrated.”” This T-cell hyporesponsive-
ness might be a consequence of functionally impaired dendritic
cells.* Thus, as critical antigen-presenting cells, B cells might also
be involved in T-cell impairment in chronic HBV infection.

More importantly, the general activation of B cells and the
functional impairment of HBsAg-specific B cells observed in the
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represents one individual. P-values less than 0.05 are shown.

present study could be partially reversed in IC patients but almost
completely reversed in responders with HBsAg seroconversion,
compared with IA patients. This finding also supports the hypo-
thesis that HBsAg might play a key role in the inhibition of HBV-
specific responses, thus leading to the failure of HBV clearance in
CHB patients. However, not all RP subjects displayed a recovery
of plasma HBsAb and HBsAg-specific B cells. Together with
recent studies quantifying HBsAg in the natural history of chronic

HBV infection,””® the results of the present study suggest pre-
liminary associations between HBsAg levels and HBsAg-specific
B-cell responses in CHB patients. Future longitudinal studies
should comprehensively dissect the dynamics of B cell immune
responses to further validate the influences of HBsAg levels on
host T- and B-cell immune responses.

Taken together, these findings provide new insights into B-
cell functions during different phases of chronic HBV infection
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Figure 5. HBsAg-specific IgG-producing B cells are reduced in HBV-infected patients but restored in RP subjects. (A) HBsAb levels in serum were
determined using ELISA. The data are shown as fold-changes over the negative control. The dashed horizontal line indicates the cut-off value
calculated as 2.1 times the negative control. (B) HBsAg-specific IgG-producing B cells were significantly reduced in HBV-infected patients but
restored in RP subjects with HBsAg seroconversion. (C) HBsAb levels in the culture supernatant were determined using ELISA. The data are shown
as fold-changes over the negative control. SFC, spot-forming cells. Each dot represents one individual. P-values less than 0.05 are shown.
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and suggest that the promotion of HBsAg-specific B cells
would be a favorable new therapeutic strategy for this disease.
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