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Serum Levels of B-Cell Activating Factor
in Chronic Hepatitis B Virus Infection:
Association with Clinical Diseases
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B-lymphocyte activation is a common characteristic of chronic hepatitis B virus (HBV) infection. B cell-
activating factor (BAFF) plays a crucial role in the development and activation of B lymphocytes. This study
investigated serum BAFF levels in 232 patients with different clinical diseases of chronic HBV infection [33
chronic asymptomatic HBV carrier (ASC), 53 chronic hepatitis (CH), 72 liver cirrhosis (LC), and 74 hepa-
tocellular carcinoma (HCC)] and 61 gender- and age-matched healthy controls. Serum BAFF levels in HBV
patients were significantly elevated compared with healthy controls (P <0.001). HCC patients had significantly
higher levels of serum BAFF than ASC, CH, and LC (all P<0.001). Serum levels of BAFF in LC were
significantly higher than in ASC (P<0.001) and CH (P=0.002). Serum level of BAFF was an independent
variable associated with the presence of HCC in comparison with other disease groups in multivariate analysis.
The area under receiver-operating characteristic curve (AUC) value of BAFF levels was 0.914 for HCC versus
ASC, 0.825 for HCC versus CH, and 0.607 for HCC versus LC, respectively. The AUC value of BAFF levels
was 0.854 for LC versus ASC and 0.748 for LC versus CH, respectively. The AUC value of BAFF (0.888) for
HCC was higher than that of alpha-fetoprotein (0.776). We first demonstrate that serum BAFF levels in chronic
HBYV infection are elevated, correlated with clinical diseases, and could be used as a biomarker for indicating

disease mechanisms, activity, and diagnosis.

Introduction

EPATITIS B virus (HBV) infection is a global public

health problem, with 350-400 million people chroni-
cally infected worldwide, and estimated deaths due to HBV-
related diseases of more than 0.5-1 million every year
(European Association for the Study of the Liver 2012).
Chronic HBV infection is associated with a variety of diseases,
including asymptomatic carrier state, chronic hepatitis (CH),
liver cirrhosis (LC), and hepatocellular carcinoma (HCC)
(European Association for the Study of the Liver 2012).

The disease course of chronic HBV infection is a very
heterogeneous dynamic process that is characterized by
several sero-virological and hepatic biochemical and histo-
logical profiles reflecting a complex interaction between
the virus and host immune response (Liaw and Chu 2009;
European Association for the Study of the Liver 2012). The
immune response, especially the T cell-mediated im-
mune response, is considered a key factor in determining
the outcome of HBV infection and it has been intensively

studied, showing that dysfunctional or exhausted T-cell im-
mune responses may affect the viral control and cause pro-
gressively more severe stages of HBV infection (Webster and
others 2004; Bertoletti and Gehring 2006; Boni and others
2007; Lopes and others 2008; Maini and Schurich 2010;
Schurich and others 2011). However, B cell-mediated im-
mune response in HBV infection is relatively less addressed,
whereas studies suggest that B cells also play an important
role in the process of HBV infection. It is evidenced that HBV
is present in B lymphocytes (Pontisso and others 1984; Pas-
quinelli and others 1986; Bouffard and others 1990) and this
may affect the function of the cells. The HBV core antigen
(HBcAg) is highly immunogenic and plays a pivotal role in
inducing antiviral immune response against HBV. The
HBcAg has the ability to bind a high frequency of naive B
cells and to activate B cells (Lazdina and others 2001), and
this functional process takes place in a T-cell-independent
fashion (Cao and others 2001). B cells, instead of dendritic
cells (DC), were also demonstrated to be the primary antigen-
presenting cells for HBcAg (Milich and others 1997). The
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priming of specific cytotoxic T lymphocytes (CTLs) by ex-
ogenous HBcAg particles was shown to be B-cell dependent
(Lazdina and others 2003) and the B cell-CTL interactions
during infection were regarded as a characteristic of HBV
infection (Matter and others 2005). B-cell activation, pos-
sibly by T cells reacting with viral antigens on the surface of
infected hepatocytes, is considered important in the initiation
of the disease process of HBV infection (Williams 1975).
The elevated B-cell activation in HBV patients may also
contribute to the presence of circulating immune comp-
lexes and various autoantibodies often observed in patients
with chronic hepatitis B (Budillon and others 1983; Kim
and others 1990). A recent study revealed that interleukin-
10-producing B cells were enriched in patients with chronic
hepatitis B, and the frequency of these B cells correlated
temporally with hepatic flares, suggesting that this subset of
B cells may regulate T-cell immunity in chronic hepatitis B
(Das and others 2012). Another recent study showed that B-
cell activation is common in chronic hepatitis B with a
significantly higher proportion of B cells from HBV-
infected patients expressing activation markers (Oliviero
and others 2011). Further, the levels of B-cell activation
markers CD69 and CD86 and the expression of Fc receptor-
like 1, an intrinsic activation molecule of B cells, were
found to be increased in the acute and chronic hepatitis B
patients (Wang and others 2012). These studies indicate that
B cells per se and/or their interactions with T cells and
HBYV viral antigens play a critical role in the process of
HBYV infection.

B-cell activating factor (BAFF), also known as B cell-
activating factor belonging to the tumor necrosis factor
family or B lymphocyte stimulator (BLyS), plays a unique
role in regulating peripheral B-cell survival and homeostasis
and the antibody response (Moore and others 1999; Do and
Chen-Kiang 2002; Rahman and Manser 2004). It enhances
both T cell-independent and T cell-dependent humoral im-
mune responses primarily by the attenuation of apoptosis
(Do and others 2000). BAFF is also indicated to augment both
T-cell and B-cell responses, particularly Thl-type responses
(Sutherland and others 2005). Various types of cells, mostly
immuno-inflammatory response-associated cells, including
monocytes, macrophages, neutrophils, DC, T lymphocytes,
and B lymphocytes, have been demonstrated to be able to
produce BAFF (Moore and others 1999; Schneider and others
1999; Nardelli and others 2001; Scapini and others 2003).

Since B-cell activation is involved in chronic HBV in-
fection, BAFF plays an important role in B-cell proliferation
and function and interacts with T cells in response to viral
infections, and, as a critical regulator for B cells, the change
of BAFF in chronic HBV infection has not been yet ex-
plored systematically. We aimed at assessing the serum
BAFF levels in different cross-sectional diseases of chronic
HBYV infection, in order to define the relationship between
serum BAFF levels and the HBV infection process, and, in
particular, the association with clinical diseases.

Patients and Methods
Patients and controls

Patients with chronic HBV infection from the First Af-
filiated Hospital, School of Medicine, Xi’an Jiaotong Uni-
versity, a tertiary hospital in northwest China, were included
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in the study. Patients who had a history of HBV infection for
more than 6 months and had not been treated with nu-
cleos(t)ide analogues or interferon (IFN)-o at study entry
were eligible for inclusion. All patients had no evidence of
infection with hepatitis C virus (HCV) and human immuno-
deficiency virus (HIV). Coexistence of autoimmune, alco-
holic, metabolic, or drug-induced liver disease was excluded.

A total of 232 patients [male/female, 172/60; age,
40.84£12.43 (17-72) years] with chronic HBV infection,
which was determined by the evidence of HBV infection for
more than 6 months, were enrolled. Patients were classified
into the clinical diseases as chronic asymptomatic HBV
carrier (ASC), CH, LC, and HCC. The clinical diagnosis of
the patients was determined by the history of HBV infection,
hepatitis B surface antigen (HBsAg)/anti-HBs, hepatitis B e
antigen (HBeAg)/anti-HBe and anti-HBc serostatus, serum
HBV DNA levels, biochemical liver function, alpha-feto-
protein (AFP) levels, ultrasonography, computerized to-
mography (CT), and/or magnetic resonance imaging (MRI).
Briefly, ASC was determined based on the positivity of
HBsAg, HBeAg, and anti-HBc, high level of HBV DNA,
and persistently normal serum ALT level. CH was diag-
nosed on the base of the positivity of HBsAg and anti-HBc
with HBeAg or anti-HBe, moderate to high level of HBV
DNA, elevated [ =2 X upper limit of normal] or significantly
fluctuated ALT, and no evidence of LC and HCC. LC was
diagnosed according to the positivity of HBsAg and anti-
HBc with HBeAg or anti-HBe, detectable HBV DNA, ab-
normal liver function, the evidence of LC on liver biopsy
and/or on ultrasonography and/or CT/MRI and gastro-
esophageal varices by endoscopy, and no evidence of
HCC. HCC was defined based on the positivity of HBsAg
and anti-HBc and HBeAg or anti-HBe, detectable HBV
DNA, abnormal liver function, and the evidence of HCC
on liver biopsy and/or ultrasonography and/or CT/MRI
with or without elevated AFP. A total of 61 healthy con-
trols [male/female, 42/19; age, 38.85+10.99 (21-74)
years] were those who had normal liver biochemistries,
without a history of hepatitis B and other liver diseases,
and with seropositivity for anti-HBs due to hepatitis B
vaccination or seronegativity for HBV markers without a
history of hepatitis B vaccination. The study was approved
by the Institutional Ethics Committee and conducted in
accordance with the Declaration of Helsinki.

Determination of serum BAFF levels, biochemical
liver function, AFP levels, and HBV markers

Serum levels of BAFF were analyzed by a commercially
available Quantikine Human BAFF/BLyS enzyme-linked
immunosorbent assay (ELISA) kit (R&D Systems, Inc.,
Minneapolis, MN) according to the manufacturer’s instruc-
tions. The sensitivity, minimum detectable dose (MDD) of
the assay ranged from 1.01-6.44 pg/mL and the mean MDD
was 2.68pg/mL. The intra-assay coefficient of variation
ranged from 3.4% to 7.2% and the inter-assay coefficient of
variation ranged from 9.9% to 11.6%. The people who de-
termined the serum levels of BAFF were unaware of the
case-control status and the patients’ clinical characteris-
tics when they read the BAFF ELISA. Biochemical liver
function was assayed using the Olympus AU5400 automatic
biochemical analyzer (Olympus Corporation, Mishama,
Japan). Serum AFP levels (ng/mL) were determined by



BAFF IN HEPATITIS B VIRUS INFECTION 789
TABLE 1. DEMOGRAPHICS AND LABORATORY PARAMETERS IN HEPATITIS B
VIRUS PATIENTS WITH DIFFERENT CLINICAL DIAGNOSIS
ASC (n=33) CH (n=53) LC (n=72) HCC (n=74) P value
Gender (M/F) 20/13 36/17 50/22 66/8 0.003
Age [years, mean=* SD 24.88£6.84 33.58+10.63 44.71+9.55 49.39+9.24 <0.001
(range)] (17-53) (18-57) (23-72) (33-67)
HBV DNA 7.39+1.09 597+1.75 5.29+1.68 4.68+1.48 0.001
(IU/mL, log)
ALT (IU/L) 27 (12-39) 146.0 (10-1,248) 50.0 (9-504) 49.50 (7-3,629) 0.045
AST (IU/L) 27 (13-45) 84.0 (16.8-873) 56.5 (19-474) 70.50 (15-4,082) <0.001
Tbil (UM) 13.4 (3.12-24.4) 23.1 (2.0-577.6) 21.6 (6.5-153.7) 30.14 (1.5-727.2) <0.001
Albumin (g/L) 41.0 (34.7-50) 37.1 (20.9-48.7) 31.3 (18.8-50.7) 33.9 (21.1-51.3) <0.001

ALT, alanine aminotransferase; ASC, chronic asymptomatic HBV carrier; AST, aspartate aminotransferase; CH, chronic hepatitis; LC,
liver cirrhosis; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; Tbil, total bilirubin.

automated Eleceyes (Roche Diagnostics, Mannheim, Ger-
many). Serum HBsAg, anti-HBs, HBeAg, anti-HBe and anti-
HBc were determined using ELISA provided by Beijing
Wantai Biological Pharmacy (Beijing, China). Serum HBV
DNA levels (IU/mL) were quantitatively determined using
HBYV fluorescence polymerase chain reaction diagnostic kit
(Da An Gene Co., Ltd. of Sun Yat-Sen University, Guangz-
hou, China) according to the manufacturer’s instructions.

Statistical analysis

Data were expressed as the mean+ SD or median (range).
Statistical analysis was performed by SPSS software version
16.0 (SPSS, Inc., Chicago, IL). Continuous and categorical
variables were compared between groups using the Mann—
Whitney test or Kruskall-Wallis rank-sum test. Correlation
coefficients between serum BAFF levels and other param-
eters were calculated using Spearman’s rank tests. Multi-
variate analysis was performed using logistic regression with
the presence of HCC as the binary-dependent variable and
gender, age, and the levels of serum laboratory parameters
and BAFF as the predictor variables. Receiver-operating
characteristic (ROC) curve analysis was carried out to eval-
uate the diagnostic performances of BAFF for LC or HCC
from other disease conditions. The diagnostic performances
of BAFF and AFP for diagnosing HCC were compared. A
P value<0.05 was considered statistically significant.

Results
Characteristics of the study subjects

The male/female ratio and age of the healthy controls
were compatible with those of the patients with chronic HBV
infection (both P>0.05). The clinical diagnoses of the pa-
tients were as follows: ASC, 33; CH, 53; LC, 72; and HCC,
74. Demographics and laboratory parameters of the patients
according to clinical diagnosis are summarized in Table 1.

Associations of serum BAFF levels
with clinical diseases

Serum BAFF levels in HBV patients [median 842.06
(18.24-5210.00) pg/mL] were significantly elevated com-
pared with those in healthy controls [median 312.04 (61.62—
624.79) pg/mL, P<0.001].

Although not significant between ASC [median 463.33
(48.44-1188.33) pg/mL] and healthy controls (P=0.167),

serum levels of BAFF in CH [median 563.83 (18.24-
2173.69) pg/mL], LC [median 1024.5 (250.26-2497.42) pg/
mL], and HCC [median 1119.97 (340.67-5210.00) pg/mL]
were significantly elevated compared with healthy controls
(P=0.002, P<0.001, and P<0.001, respectively, Fig. 1).
Serum levels of BAFF exhibited a stepwise increase from
ASC and CH to LC and HCC (Fig. 1). HCC had signifi-
cantly higher levels of BAFF compared with ASC, CH, and
LC (all P<0.001, Fig. 1). Serum levels of BAFF in LC were
significantly higher than in ASC (P<0.001) and CH
(P=0.002) but lower than in HCC (P<0.001, Fig. 1). The
levels of BAFF in CH were lower than in LC (P =0.002) and
HCC (P<0.001) but were not significantly different from
those in ASC (P=0.268, Fig. 1).

Correlations between serum BAFF levels
and clinical indices in different clinical diseases

Correlations of serum BAFF levels with other clinical
indices in patients with different clinical diseases were an-
alyzed. In each group, serum BAFF levels were not corre-
lated with the gender, age, and HBV DNA. However, in
ASC, serum BAFF levels were positively correlated with
ALT (r=0.526, P=0.002) and AST (r=0.348, P=0.047).
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FIG. 1. Serum B cell-activating factor (BAFF) levels in

healthy controls and in patients according to clinical dis-
eases of chronic hepatitis B virus (HBV) infection. ASC,
chronic asymptomatic HBV carrier; CH, chronic hepatitis;
LC, liver cirrhosis; HCC, hepatocellular carcinoma.
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TABLE 2. CORRELATION OF SERUM B CELL-ACTIVATING
Factor LEVELS WITH OTHER PARAMETERS
ACCORDING TO CLINICAL DISEASES OF CHRONIC
HEpPATITIS B VIRUS INFECTION

Clinical disease (n) Parameter r P value
ASC (33) Gender (M/F)  —0.087 0.632
Age 0.208 0.245
HBV DNA -0.229 0.199
ALT 0.526 0.002
AST 0.348 0.047
Thil 0.200 0.266
Albumin 0.101 0.577
CH (53) Gender (M/F)  —-0.141 0.314
Age 0.220 0.113
HBV DNA 0.212 0.127
ALT 0.433 0.001
AST 0.545 <0.001
Thil 0.383 0.005
Albumin —0.083 0.556
LC (72) Gender (M/F) 0.197 0.097
Age 0.008 0.946
HBV DNA 0.098 0.413
ALT 0.085 0.479
AST 0.208 0.079
Thil 0.186 0.118
Albumin -0.191 0.107
HCC (74) Gender (M/F) 0.171 0.144
Age 0.070 0.555
HBV DNA —0.069 0.558
ALT -0.011 0.924
AST 0.023 0.845
Thil 0.329 0.004
Albumin -0422 <0.001
AFP 0.061 0.604
All (232) Gender (M/F)  —0.038 0.569
Age 0.361  <0.001
HBV DNA —-0.004 0.948
ALT 0.037 0.576
AST 0.117 0.076
Thil 0.237  <0.001
Albumin -0.371  <0.001

AFP, alpha-fetoprotein; BAFF, B cell activating factor.

TABLE 3.
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In CH, there were positive correlations between the levels of
BAFF and ALT (r=0.433, P=0.001), AST (r=0.545,
P<0.001), and total bilirubin (r=0.383, P=0.005). In LC,
serum levels of BAFF were not significantly correlated with
any clinical indices included. In HCC, there was a positive
correlation between the levels of BAFF and total bilirubin
(r=0.329, P=0.004) and a negative correlation between the
levels of BAFF and albumin (r=—0.422, P<0.001). Serum
levels of BAFF in HCC were not significantly correlated
with AFP (Table 2). There were positive correlations be-
tween the levels of BAFF and age (r=0.361, P<0.001) and
total bilirubin (r=0.237, P<0.001) and a negative correla-
tion between the levels of BAFF and albumin (r=—0.371,
P <0.001) when all 232 subjects were analyzed regardless of
clinical diseases (Table 2).

Multivariate analysis of parameters associated
with HCC in comparison with other clinical diseases

Given that HCC patients had the highest levels of BAFF,
gender, age, and the serum levels of HBV DNA, AST, ALT,
total bilirubin, albumin and BAFF were used as predictor
variables for discriminating HCC from ASC, CH, and LC by
multivariate analysis. The results showed that the serum
level of BAFF, in addition to age, was an independent
variable associated with the presence of HCC in comparison
with all other disease groups (Table 3).

Diagnostic performance of serum BAFF levels
for LC or HCC

Given that HCC and LC patients had significantly higher
levels of BAFF in comparison with CH and ASC, the ROC
curves were used to evaluate the performance of serum
BAFF in predicting HCC and LC versus other clinical di-
agnoses in the patients with chronic HBV infection. The
area under ROC curve (AUC) value for BAFF levels was
0.914 [95% confidence interval (CI)=0.858-0.969, P<
0.001, Fig. 2A] for HCC versus ASC, 0.825 (95% CI=
0.752-0.897, P<0.001, Fig. 2B) for HCC versus CH and
0.607 (95% CI=0.516-0.699, P=0.025, Fig. 2C) for HCC
versus LC, respectively. The AUC value for BAFF levels was
0.854 (95% CI1=0.779-0.928, P<0.001, Fig. 2D) for LC ver-
sus ASC and 0.748 (95% CI=0.662-0.835, P<0.001, Fig. 2E)
for LC versus CH, respectively.

MULTIVARIATE ANALYSIS USING LOGISTIC REGRESSION FOR DISCRIMINATING HCC

FROM ASC, CH, anD LC IN CHRONIC HBV INFECTION

HCC (n=74) vs.

HCC (n=74) vs. HCC (n="74) vs.

ASC (n=33) CH (n=53) LC (n=72)
Variable OR SE P value OR SE P value OR SE P value
Gender 7.923 2.179 0.062 4.791 0.826 0.058 6.218 0.522 <0.001
Age (years) 1.536 0.139 0.002 1.156 0.032 <0.001 1.065 0.020 0.002
HBV DNA (IU/mL, log) 0.313 0.771 0.131 0.505 0.196 0.001 0.701 0.124 0.004
ALT (IU/L) 1.004 0.015 0.816 1.000 0.001 0.550 0.999 0.001 0.432
AST (IU/L) 1.015 0.022 0.503 0.953 0.001 0.953 1.001 0.001 0.349
Tbil (M) 1.071 0.079 0.385 0.993 0.003 0.021 1.003 0.004 0.448
Albumin (g/L) 0.903 0.143 0.474 0.928 0.049 0.128 1.082 0.031 0.012
BAFF (pg/mL) 1.006 0.003 0.028 1.002 0.001 0.001 1.001 0.001 0.004

OR, odds ratio; SE, standard error.
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FIG. 2. Receiver-operating characteristic (ROC) curve analysis of serum BAFF levels for predicting the presence of LC
and HCC in chronic HBV infection. Area under ROC curve (AUC) value: (A) 0.914 [95% confidence interval (CI)=0.858—
0.969, P<0.001] for HCC versus ASC, (B) 0.825 (95% CI=0.752-0.897, P <0.001) for HCC versus CH, (C) 0.607 (95%
CI=0.516-0.699, P=0.025) for HCC versus LC, (D) 0.854 (95% CI=0.779-0.928, P <0.001) for LC versus ASC and (E)
0.748 (95% CI=0.662-0.835, P<0.001) for LC versus CH, respectively.

As indicated in the ROC curves of serum BAFF and AFP
for HCC, the AUC value of BAFF (0.888, 95% CI=0.805—-
0.972, P<0.001, Fig. 3) was higher than that of AFP (0.776,
95% CI=0.644-0.908, P<0.001, Fig. 3].

Discussion

Several studies which included a very small number of
HBYV patients as controls showed that BAFF levels in HBV
infection were not much higher than those in HCV infection
and normal controls (Toubi and others 2006; Lake-Bakaar
and others 2012). However, these studies included a very
limited number of HBV-infected patients only for the pur-
pose of control and did not correlate the BAFF levels with
the clinical diseases. We enrolled a relatively large number
of patients with chronic HBV infection, classified the pa-
tients according to the disease conditions, and analyzed the
associations with BAFF levels. For the first time, our study
evidenced that serum BAFF levels were elevated in patients
with chronic HBV infection compared with healthy controls
and that the levels varied along with clinical diseases. Ob-
viously, serum BAFF levels had a significant stepwise in-
crease from ASC and CH to LC and HCC. These findings
suggest that BAFF is involved in the process of chronic
HBYV infection and is associated with the disease progres-

sion. BAFF plays a unique role in B-cell development,
maturation, survival, and activation (Do and Chen-Kiang
2002; Schneider and Tschopp 2003). B-cell activation and
its interaction with T cells have been revealed to be involved
in the disease process of HBV infection (Williams 1975;
Budillon and others 1983; Kim and others 1990; Milich and
others 1997; Cao and others 2001; Lazdina and others 2001;
Lazdina and others 2003; Matter and others 2005; Oliviero
and others 2011; Das and others 2012; Wang and others
2012). Moreover, viral infections such as HCV, HIV and
respiratory syncytial virus infections have been shown to
lead to the induction of BAFF (Rodriguez and others 2003;
Toubi and others 2006; McNamara and others 2013), and,
thus, induction of BAFF by viral infection is considered a
general phenomenon although the mechanisms may vary
(Ittah and others 2011). In line with these studies, our study
added novel evidence that HBV infection may also result in
the induction of BAFF which may influence the role of B
cells in HBV infection.

Our correlation study showed that serum BAFF levels
were significantly associated with ALT and AST levels in
ASC and CH, with total bilirubin and albumin in HCC and
with age, total bilirubin, and albumin when all the patients
were included in the analysis. These results may indicate
the relationships between the immuno-inflammatory and
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FIG. 3. Diagnostic performances of the serum BAFF
levels and alpha-fetoprotein (AFP) for indicating HCC in
HBYV infection. Area under receiver-operating characteristic
curve value of serum BAFF levels was 0.888 (95%
CI=0.805-0.972, P<0.001), which was greater than that of
AFP (0.776, 95% CI=0.644-0.908, P <0.001).

pathophysiological reaction and the BAFF induction, re-
flecting the disease activity and liver damage in various
disease conditions of chronic HBV infection. In primary
biliary cirrhosis patients, serum BAFF levels were shown to
be significantly correlated with AST or total bilirubin, and
the elevated serum BAFF levels were correlated with ad-
vanced interface hepatitis (Migita and others 2010).

BAFF was also assumed as a primarily pathogenic player
in microenvironments of both solid and hematological tu-
mors. So far, BAFF has been shown to promote the invasive
migration activity in hypoxic breast cancer cell line (Zhu
and others 2012). Elevated serum BAFF levels derived
from neutrophils have been noted in oral cavity cancers
(Jablonska and others 2011). Serum BAFF levels have been
found to be related to angiogenesis and prognosis in mul-
tiple myeloma (Fragioudaki and others 2012). Recently,
BAFF was revealed to promote tumor invasion and metas-
tasis in human pancreatic cancer (Koizumi and others 2013).
However, the involvement of BAFF in the carcinogenesis of
HCC has not yet been explored. We showed that serum
BAFF levels in HCC patients were the highest across all the
clinical diseases of chronic HBV infection, including LC,
CH, and ASC, suggesting the involvement of BAFF in the
development of HCC. Serum BAFF levels were not found to
be correlated with AFP levels in HCC patients in our study,
possibly suggesting the differential associations of BAFF
and AFP with HCC.

BAFF up-regulation in viral infection was shown to be
IEN dependent, and IFN can stimulate the release of BAFF
(Nardelli and others 2001; Xu and Shu 2002; Schneider and
Tschopp 2003). In patients with acute HIV-1 infection, the
addition of pegylated-IFN-o 2b to antiretroviral therapy was
found to be able to induce higher anti-HIV antibody titers
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with a broader specificity compared with patients treated
with antiretroviral therapy alone (Adalid-Peralta and others
2008). The addition of IFN results in higher levels of BAFF,
and the success of the treatment was attributed partially to
increased BAFF signaling (Adalid-Peralta and others 2008).
On the other hand, inhibition of BAFF alone or plus stan-
dard therapy has been demonstrated to significantly improve
response rate, reduce disease activity, and flares in systemic
lupus erythematosus (Furie and others 2011; Navarra and
others 2011). Whether the rationale by stimulating or in-
hibiting BAFF may also be employed to design therapeutic
approaches for HBV-related diseases is an interesting issue
of future studies.

In this study, BAFF levels in LC and HCC patients were
found to be much higher than in CH and ASC patients. The
AUC value of BAFF was 0.914 for HCC versus ASC, 0.825
for HCC versus CH, and 0.607 for HCC versus LC, re-
spectively. The AUC value for BAFF levels was 0.854 for
LC versus ASC and 0.748 for LC versus CH, respectively.
These data suggest that BAFF could be a useful biomarker
for HBV infection, particularly for LC and HCC. Further-
more, the AUC value of serum BAFF for HCC (0.888) was
higher than that of AFP (0.776). It seems that BAFF has an
advantage over AFP for diagnosing or differentially diag-
nosing HCC in chronic HBV infection. It is worth men-
tioning that the prognostic use of BAFF levels has already
shown promise in follicular lymphoma (Li and others
2012) and in chronic lymphocytic leukemia when com-
bined with CD38, ZAP70 expression, and the mutational
status (Molica and others 2010). Whether serum BAFF
may be used to monitor and predict the outcome of HBV
infection, the response to antiviral treatment and the prog-
nosis of HBV-associated HCC deserves investigation in
future studies.

In conclusion, to the best of our knowledge, for the first
time, this study shows that serum BAFF levels are increased
in patients with chronic HBV infection. The elevated BAFF
levels are associated with clinical diseases, especially LC
and HCC. The serum level of BAFF is an independent
variable that is associated with HCC in comparison with
other HBV-related diseases. BAFF level has a higher AUC
value for HCC compared with AFP level. These findings
may suggest that serum BAFF levels in chronic HBV in-
fection could be linked with the disease mechanisms and
activity and the assay of serum BAFF levels could be used
as a biomarker for the diagnosis and differential diagnosis of
HBV-related clinical diseases. Large prospective studies are
needed to evaluate the longitudinal changes of serum BAFF
levels in the disease course of HBV infection and the po-
tential of serum BAFF levels in predicting and monitoring
the disease prognosis and the treatment response to immune-
modulatory therapy such as IFN-o or antiviral therapy such
as oral nucleos(t)ide analogues. Further studies are also
warranted to elucidate the mechanisms of BAFF in the
progression of HBV infection and the development of HBV-
associated diseases.
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