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Abstract: Objective: This study is to explore the relationship between the chronic hepatitis B virus (HBV) infection 
and the expressions of toll-like receptor 2/4 (TLR2/4) in peripheral blood dendritic cells (DCs), to find out the immu-
nological significance of TLR2/4 in HBV progression. Methods: Patients had been divided into the HBV, HBV-related 
liver cirrhosis (HBV-LC), and HBV-related hepatocellular carcinoma (HBV-HCC) groups. Healthy individuals served 
as normal controls (NC). Flow cytometry was used to determine the percentage of DCs in peripheral blood, and the 
expression of TLR2/4 in DCs as well as the expression of HBeAg. Real-time quantitative PCR was performed to mea-
sure the content of HBV-DNA. Results: The percentages of DCs in peripheral blood exhibited a slightly decreasing 
trend, without statistical significances, along with the disease severity in HBV patients (9.40 ± 2.05%, 7.11 ± 3.82%, 
6.51 ± 4.38% and 6.00 ± 4.73% for the groups of NC, HBV, HBV-LC, and HBV-HCC, respectively). The expression of 
TLR2 was significantly increased in the disease progression, with the TLR2 expression rates of 2.60 ± 1.70%, 2.67 
± 2.89%, 3.53 ± 3.41% and 5.11 ± 4.93 for NC, HBV, HBV-LC, HBV-HCC, respectively. Similar results were found for 
TLR4 (expression rates: 45.34 ± 4.46%, 53.94 ± 5.21%, 65.16 ± 5.92% and 75.54 ± 6.12%), which was positively 
correlated with TLR2. Furthermore, the HBeAg level was increased, while the amount of HBV-DNA exhibited a declin-
ing trend, along with the disease severity. Correlation analysis revealed that the expression of HBeAg was positively 
correlated with TLR2. Conclusions: The elevated expressions of TLR2/4 on DC cell surfaces in peripheral blood may 
synergistically promote the disease progression of chronic HBV infection.
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Introduction

Chronic hepatitis B virus (HBV) infection could 
end up with differential clinical outcomes, main- 
ly depending on the interaction between the 
viral replication and the body immune response. 
In recent years, the role of the innate immunity 
in anti-virus processes has attracted increas-
ing attention. Toll-like receptors (TLRs), recently 
discovered pattern recognition receptors (PR- 
Rs), can recognize the single-/double-stranded 
RNA/DNAs of the viruses and produce proin-
flammatory cytokines to activate innate immu- 
ne cells. Meanwhile, TLRs can also activate 
dendritic cells (DCs), strengthen the antigen 
presentation, and start T-cell immune respons-
es [1, 2]. 

DCs are the strongest antigen-presenting cells 
(APCs) in vivo. DC cell number is usually low, 
accounting for no more than 5% of the periph-
eral blood mononuclear cells. DCs could acti-
vate the resting T cells to initiate immune res- 
ponses. TLRs are abundantly expressed recep-
tors on DC cell surfaces, especially those peri- 
pheral blood monocyte-derived DCs. TLR2 and 
TLR4 (TLR2/4) are first found TLRs with wide 
ranges of anti-virus capabilities, which identify 
HBV antigens and participate in immune res- 
ponses during the HBV infection, including virus 
removal and immune tolerance [3-5].

In this study, the expressions of TLR2/4 in the 
peripheral blood-derived DCs at different clini-
cal stages during HBV infection were detected 
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by flow cytometry. The immunological signifi-
cance of TLR2/4 expressions in DCs in chronic 
HBV infection and the outcomes were prelimi-
narily discussed.

Materials and methods

Patients

Patients with chronic hepatitis B infection admi- 
tted to the First Affiliated Hospital of Xinjiang 
Medical University from September, 2011 to 
October, 2012 were enrolled in this study. 

The inclusion criteria were as follows: patients 
who were clearly diagnosed as viral hepatitis 
according to the history, clinical manifesta-
tions, biochemical tests, and immunological 
and imaging examinations, as defined by the 
guideline of prevention and treatment for 
chronic hepatitis B jointly formulated by the 

Chinese Society of Hepatology, CMA and the 
Society of Infectious Diseases, CMA in 2005 
[6]. The patients did not undergo antiretroviral 
therapy in the recent six months. Exclusion cri-
teria: patients with other viral hepatitis, alco-
holic hepatitis, autoimmune hepatitis, and 
schistosomiasis liver disease. 

These patients were divided into the following 
groups: the chronic hepatitis B virus infection 
(HBV) group (16 males and 19 females; aver-
age age of 37.33 ± 15.05 years, ranged from 9 
to 68 years), the HBV-related liver cirrhosis 
(HBV-LC) group (21 males and 13 females; 
average age of 42.96 ± 11.70 years, ranged 
from 21 to 65 years), and the HBV-related 
hepatocellular carcinoma (HBV-HCC) group (17 
males and 14 females; average age of 46.38 ± 
11.93 years, ranged from 25 to 70 years). In 
addition, 30 healthy individuals from the hospi-

Figure 1. Representative pictures showing the detection of DC cells in peripheral blood from HBV patients. A. The 
peripheral cells could be divided into the lymphocyte group, the mononuclear cell group, and the white blood cell 
group, according to the FSC and SSC cytometric values. B. DC cells were selected with MHCII as surface recognition 
receptors.

Table 1. Frequencies of mononuclear cells and DC cells in peripheral blood in normal control (NC) 
group and hepatitis B virus infection (HBV) groups
Groups Patient numbers Mononuclear cells (%) DC cells (%)
Normal control (NC) 30 8.14 ± 2.24 9.4 ± 2.05
Chronic hepatitis B virus infection (HBV) 35 8.40 ± 2.73 7.11 ± 3.82
HBV-related liver cirrhosis (HBV-LC) 34 8.52 ± 3.13 6.51 ± 4.38
HBV-related hepatocellular carcinoma (HBV-HCC) 31 8.75 ± 3.49 6.00 ± 4.73
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tal medical center were included to serve as 
normal controls (NC) (14 males and 16 females; 
average age of 31.18 ± 8.83 years, ranged 
from 25 to 55 years), whose HBV/HCV/HIV viral 
markers were all negative, with no fatty liver, 
cirrhosis, or heart, brain, kidney, and other 
organ diseases. All subjects were informed and 
signed the informed consent forms before 
blood sampling.

Instruments and reagents

Flow cytometer (LSR II) and K3-EDTA anticoagu-
lant tubes were purchased from Becton, Dick- 
inson and Company (Franklin Lakes, NJ, USA). 
RBC lysing solution, lineage2-FITC-labeled mo- 
noclonal antibody, anti-human MHC II PerCP-
cy5-labeled monoclonal antibody, anti-human 
TLR2 PE-cy7-labeled monoclonal antibody, and 
anti-human TLR4 PE-labeled monoclonal anti-
body were all purchased from eBiosciences 
(San Diego, CA, USA) and Gibco (Grand Island, 
NY, USA). 

Immunofluorescence and flow cytometry

EDTA-K3 anticoagulated whole blood was col-
lected from fasting patients in the morning. 
FITC-labeled mouse anti-human Lineage2 anti-
body (20 µl), PE-labeled mouse anti-human 
TLR4 antibody (20 µl), PerCP-cy5 labeled mou- 

se anti-human MHC II monoclonal antibody (20 
µl), and PE-cy7 labeled mouse anti-human TLR2 
antibody (20 µl), or FITC-labeled mouse anti-
human CD3 antibody (20 µl), PE-labeled mouse 
anti-human CD8 antibody (20 µl), and PerCP-
labeled mouse anti-human CD4 monoclonal 
antibody (20 µl) were added to 100 µl antico-
agulated blood, respectively. An isotype control 
antibody (20 µl) was added to 100 µl anticoagu-
lated blood to serve as controls. Samples were 
incubated in the dark at room temperature for 
30 min. After that, 500 µl red blood cell lysing 
solution was added. The samples were washed 
with PBS twice, and the supernatant was dis-
carded after centrifugation. 100 µl FACS buffer 
was then used to resuspend the cells and they 
were detected by the flow cytometry. According 
to the procedures, the detected cells were first 
gated with Lineage2-MHCII + analysis, and DC 
cells were selected. Then the TLR2/TLR4 ex- 
pressions on DC cell surfaces were detected. 

Hepatitis B detection

For the measurement of HBeAg, ARCHITECT 
i2000 system was used, and the chemilumi-
nescence was detected. HBeAg values > 1 
PEIU/ml was considered as positive. For the 
HBV-DNA quantitative detection, ABIPrism7000 
fluorescence quantitative PCR assay was per-

Figure 2. Expression of TLR2 and TLR4 in DCs in HBV patients. A. Flow cytometry was applied to detect the expres-
sions of TLR2 and TLR4 in DCs. Cells in Q1, Q4 were considered as negative for TLR2 and TLR4 respectively, while 
Q2 and Q3 were considered as positive for TLR2 and TLR4, respectively. B. TLR2 and TLR4 were positively corre-
lated (r = 0.379, P = 0.02).
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formed. The normal range was ≤ 1000 copies/
ml, and the detection limit was 100 copies/ml.

Statistical analysis

The SPSS 17.0 statistical software was applied 
for statistical analysis. Data were expressed as 
mean ± standard deviation (SD). Normal distri-
bution was compared using ANOVA. LSD-t test 
was used for pairwise comparisons between 
groups. Spearman correlation analysis was 
applied for linear correlation analysis. P < 0.05 
was considered statistically significant.

Results

Percentage of DCs in peripheral blood is 
slightly diminished in HBV patients

DC cells are the most potent antigen-present-
ing cells, playing an important role in the initia-
tion of T-cell responses. In order to find out 
whether the peripheral blood monocyte-derived 
DCs from HBV patients were influenced, flow 
cytometry was performed to detect the amou- 
nts of mononuclear cells and DCs in peripheral 
blood from these patients. A representative 
result was shown in Figure 1. Our results indi-
cated that the percentage of mononuclear cells 
remained relatively stable among all these 
groups, while a slightly decreasing trend in DC 
cell number was observed in the disease pro-

involved in liver diseases. To further find out the 
role of TLR2/4 in HBV infection, their expres-
sion in DCs was assessed in HBV patients with 
flow cytometry (Figure 2A). As shown in Table 2, 
the proportion of TLR2-positive DCs in the NC 
group, HBV group, HBV-LC group, and HBV-HCC 
group were 2.60 ± 1.70%, 2.67 ± 2.89%, 3.53 
± 3.41%, and 5.11 ± 4.93%, respectively. TLR2 
expression in DCs was increased gradually as 
disease progressed, and there were statistical 
significances between these groups (Table 2, P 
< 0.05). On the other hand, the proportion of 
TLR4-positive DCs in the NC group, HBV group, 
HBV-LC group, and HBV-HCC group were 45.34 
± 24.46%, 53.94 ± 16.21%, 65.16 ± 12.92%, 
and 75.54 ± 11.12%, respectively. The expres-
sion of TLR4 in DCs was increased gradually in 
disease pathogenesis. No statistical signifi-
cance was observed between the HBV group 
and the NC group, while there were statistically 
significant differences between the remaining 
groups (Table 2, P < 0.05). Furthermore, the 
correlation analysis indicated that the expres-
sions of TLR2 and TLR4 were positively corre-
lated with each other (Figure 2B) (r = 0.379, P = 
0.02). These results suggest that the expres-
sions of TLR2/4 were positively correlated and 
significantly increased in the disease progres-
sion, which might contribute to the disease pathoge- 
nesis.

Table 2. Expression of TLR2 and TLR4 in DCs in NC group and 
HBV groups

Groups Patient 
numbers DC cells (%) TLR2 (%) TLR4 (%)

NC 30 9.4 ± 2.05 2.60 ± 1.70 45.34 ± 24.46
HBV 35 7.11 ± 3.82 2.67 ± 2.89a 53.94 ± 16.21
HBV-LC 34 6.51 ± 4.38 3.53 ± 3.41a,b 65.16 ± 12.92a,b

HBV-HCC 31 6.00 ± 4.73 5.11 ± 4.93a,b,c 75.54 ± 11.12a,b,c

F value 8.86 11.34 12.75
P value 0.60 0.001 0.001
Note: Compared with the NC group, aP < 0.05; compared with the HBV group, 

bP < 0.05; compared with the HBV-LC group, cP < 0.05.

Table 3. Correlations between TLR2, TLR4, HBeAg, and HBV-
DNA in DCs

n TLR2 TLR4 HBeAg HBV-DNA
TLR2 30 - 0.379a 0.486b -0.080
TLR4 35 0.379 - 0.048 -0.074
HBeAg 34 0.486b 0.048 - 0.372c

HBV-DNA 31 -0.080 -0.074 0.372 c -
Note: TLR2 vs. TLR4, aP < 0.05; HBeAg vs. TLR2, bP < 0.05; HBeAg vs. HBV-
DNA, cP < 0.05.

gression (Table 1). The percent-
age of DCs in peripheral blood 
from the normal control (NC) 
group, chronic hepatitis B virus 
infection (HBV) group, HBV-related 
liver cirrhosis (HBV-LC) group, and 
HBV-related hepatocellular carci-
noma (HBV-HCC) group were 9.40 
± 2.05%, 7.11 ± 3.82%, 6.51 ± 
4.38%, and 6.00 ± 4.73%, respec-
tively. Despite the decreasing 
trend in DC amount in disease 
pathogenesis, there were no sta-
tistically significant differences 
between these groups (Table 1, P 
> 0.05). These results suggest 
that the percentage of DCs in 
peripheral blood is slightly dimin-
ished along with the disease 
severity in HBV patients.

Expressions of TLR2 and TLR4 in 
DCs are elevated in HBV patients

TLRs are abundantly expressed 
receptors in DCs, which may par-
ticipate in the signaling pathway 
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TLR2 expression is positively correlated with 
HBeAg in HBV patients

To further investigate the mechanism(s) throu- 
gh which TLR2/4 elevation might be related to 
the pathogenesis of HBV infection, the expres-
sion level of HBeAg and the amount of HBV-
DNA in HBV patients were detected with chemi-
luminescence and real-time quantitative PCR, 
respectively, and correlation analyses were 
also performed. HBeAg and HBV-DNA are both 
clinical indicators for HBV infection. Our results 
indicated that HBeAg levels were increased, 
while the amount of HBV-DNA exhibited a 
declining trend, along with the disease severity 
(Table 3). Furthermore, the correlation analy-

ses revealed that the expression of HBeAg was 
positively correlated to TLR2 (Figure 3A) (r = 
0.486, P = 0.0001) and HBV-DNA (r = 0.372, P 
= 0.002), respectively, while there was no obvi-
ous correlation between HBeAg and TLR4 
(Figure 3B) (r = 0.048, P = 0.072). The HBV-
DNA content had no correlation to either TLR2 
(r = 0.080, P = 0.537) or TLR4 (r = 0.074, P = 
0.567) (Figure 3C, 3D).

Discussion

In recent years, studies showed that hepatitis B 
virus and hepatitis B surface antigens can 
enter the DC cells and cause damages, leading 
to decline of DC cell numbers and function 

Figure 3. Correlation analyses between HBeAg and TLR2/4, HBV-DNA. (A, B) The expression of HBeAg was positively 
correlated to TLR2 (A) (r = 0.486, P = 0.0001) and HBV-DNA (r = 0.372, P = 0.002), respectively, while there was no 
obvious correlation between HBeAg and TLR4 (B) (r = 0.048, P = 0.072). (C, D) The HBV-DNA content had no cor-
relation to either TLR2 (C) (r = -0.080, P = 0.537) or TLR4 (D) (r = -0.074, P = 0.567).
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impairment [7, 8]. Because DC cells have antivi-
ral activity during the HBV infection, in the case 
of decreased DC cell numbers and function 
damage, the virus cannot be promptly removed, 
which in turn worsens the condition. There were 
also reports suggesting that the DC cell num-
bers and the cellular function in the peripheral 
blood of patients with chronic hepatitis B infec-
tion were declined, compared with normal con-
trols [9, 10]. Our results indicated that the DC 
cell numbers in peripheral blood of the patients 
in the NC group, HBV group, HBV-LC group, and 
HBV-HCC group were decreased, along with the 
disease severity, i.e., DC cells were diminished 
in disease pathogenesis. It was considered 
that the long-term HBV infection would dec- 
rease DC cell numbers and cause cellular dys-
functions, so declined antiviral capacity of DC 
cells might lead to a positive feed-back loop to 
induce long-lasting viral infection and further 
damages to these cells. 

TLR2 and TLR4 are the earliest found toll-like 
receptors, which possess specific features as 
multiple surface receptors and play extensive 
roles in cell functions. Current studies are 
mainly using immunohistochemistry, ELISA, 
and other methods, to detect TLR expressions 
in peripheral blood and/or mononuclear cells, 
and compare the differences between HBV 
groups with different severities. These studies 
suggested that the peripheral blood levels of 
TLR2 and TLR4 in HBV groups were up-regulat-
ed in comparison with the normal control group 
[11-15]. In the present study, flow cytometry 
was used to detect the TLR2 and TLR4 expres-
sions in the peripheral blood from HBV patients, 
and their expression levels followed an increas-
ing tendency from the normal control group, 
HBV group, HBV-LC group, to HBV-HCC group, 
indicating that TLR2 and TLR4 might partici-
pate in the pathogenesis of HBV infection, 
probably through altering the innate immune 
responses during infection. In contrast, Chen et 
al. indicated that TLR2 and TLR4 were down-
regulated to affect the innate immune respons-
es during the HBV infection [16]. Such contra-
dictions may be because of the different 
experimental methods, reagents, and stages of 
the patient’s condition.

Our results suggested that the expressions of 
TLR2 and TLR4 were positively correlated, indi-
cating that they may exert a synergistic effect 

during the infection. HBeAg, a protein product 
of the viral replication, stimulates the immune 
system as a viral immunogen, causing inflam-
matory responses. In our results, HBeAg 
expression level was positively correlated with 
the expression of TLR2, which indicated that 
TLR2 might be closely related to hepatitis 
B-specific immunity. No obvious correlation 
was observed between TLR4 and HBeAg, which 
was considered to be due to the different ways 
TLR2 and TLR4 participate in signaling path-
ways. TLR2 exerts effects only through MyD88-
dependent signaling pathways, while TLR4 can 
work through either MyD88-dependent or 
-independent signaling pathways. Whether the 
independent signaling pathway negatively regu-
lates TLR4 and causes immune tolerance, 
resulting in non-response of TLR4 to HBeAg, 
needs to be further studied. There were differ-
ences between TLR2 and TLR4 expression pat-
terns in DC cells. The abilities of DC to uptake 
and process antigens are highly associated 
with its maturity. Immature DC cells mainly rec-
ognize antigens, but do not present antigens, 
causing immune tolerance. On the other hand, 
mature DC cells are able to present antigens to 
activate immune responses. However, when 
the immune response is too vigorous, it will 
lead to liver cell damage. We hypothesize that if 
TLR4 were mainly expressed in immature DC 
cells, HBeAg might not be recognized and 
immune tolerance would occur. If TLR2 were 
mainly expressed in mature DC cells, the 
immune activation would be enhanced. Of 
course, the expression patterns of TLR2 and 
TLR4 on the surfaces of mature and immature 
DC cells need further investigation. 

The positive correlation between TLR2 and 
HBeAg, together with the non-obvious correla-
tion between TLR2 and HBV-DNA, indicated 
that the viral replication did not directly affect 
the expression of TLR2, which would be affect-
ed indirectly by the viral proteins. HBV-DNA is a 
direct marker of HBV replication in vivo. As all 
specimens used herein did not undergo antiret-
roviral treatment, the immune status in 
response of HBV would be reflected. Wang et 
al. reported that there was no significant corre-
lation between the TLR4 expression and the 
serum HBV-DNA level in HBV patients [17]. In 
our study, HBV-DNA exhibited no obvious cor-
relation with either TLR2 or TLR4, indicating 
that the up-regulated expressions of TLR2 and 
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TLR4 were irrelevant to the viral replication, 
and their expressions were not induced by the 
viral RNAs. However, in contrast to our these 
results, Wang et al. from another group found 
that TLR2 was negatively correlated to HBV-
DNA contents, which was considered due to the 
differences in detection methods, model cells, 
or whether or not the enrolled patients were 
under antiviral therapy. 

In conclusion, this study showed that the high-
level expressions of TLR2 and TLR4 on DC cell 
surfaces might synergistically promote the dis-
ease progression of chronic HBV infection, 
which provided theoretical basis for future 
researches on the mechanism of viral hepatitis 
and immune responses. The relationship 
between TLR2/4 receptors and chronic HBV 
infection has not yet reached a unified conclu-
sion, and the viral antigen components regulat-
ing DC surface TLR2 and TLR4 during chronic 
HBV infection and related mechanism(s) still 
need in-depth studies.
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