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Abstract. Hepatitis B virus (HBV) infection represents a 
public health threat and a challenge for the medical commu-
nity. Untimely treatment may lead to liver cirrhosis and even 
liver cancer. At present, the major treatment for hepatitis B e 
antigen (HBeAg)‑positive chronic hepatitis B patients includes 
administration of interferon‑α (IFN‑α), which has anti‑viral 
and immunomodulatory effects. Plasmacytoid dendritic cells 
(pDCs) and Toll‑like receptor-9 (TLR‑9) have important roles 
in anti‑viral therapy. However, their predictive value regarding 
the efficacy of IFN‑α treatment of HBeAg‑positive chronic 
hepatitis B (CHB) patients has remained elusive. A total of 
178 patients with CHB and HBeAg‑positive status, who had 
not received any previous anti‑HBV treatment, were enrolled 
in the present study. All patients were treated with IFN‑α. 
HBV DNA load, hepatitis B surface antigen and serum alanine 
aminotransferase were measured prior to and following 
48 weeks of treatment. According to HBV levels, the patients 
were divided into a response group and non‑responders 
group. To determine the amount of pDCs, blood dendritic 
cell antigen  2 (BDCA‑2)‑ and immunoglobulin‑like tran-
script  7  (ILT7)‑expressing cells in liver biopsies were 
detected using immunohistochemistry. TLR‑9 expression in 
peripheral blood mononuclear cells was determined by reverse 
transcription‑quantitative PCR. There was no significant 
difference in the proportion of pDCs (BDCA‑2; ILT7) and 

TLR‑9 mRNA expression between the response group and the 
non‑responders group prior to IFN‑α treatment. After IFN‑α 
treatment, BDCA‑2, ILT7 and TLR‑9 mRNA expression was 
obviously increased in the response group compared with that 
in the non‑responders group (P<0.05). Increased expression 
of BDCA‑2, ILT7 and TLR‑9 mRNA was negatively corre-
lated with HBV DNA (P<0.05). Increased levels of pDCs and 
TLR‑9 were negatively correlated with HBV DNA, and were 
thus capable of predicting the IFN‑α treatment response in 
patients with CHB and HBeAg‑positive status.

Introduction

The hepatitis B virus (HBV) infection rate remains high 
throughout the world. Hundreds of millions of infected individ-
uals have chronic hepatitis B (CHB), which represents a serious 
threat to public health (1,2). China is a moderately endemic 
area of HBV infection, the treatment of which is thus one of 
the serious challenges for China's medical community (3,4). 
After initial acute infection, certain individuals continue to 
be infected, the disease gradually turns into CHB. Untimely 
treatment may lead to cirrhosis and even liver cancer  (5). 
At present, the major therapeutic measures for patients with 
CHB include nucleotide drugs and IFN‑α, the latter of which 
is more advantageous due to exerting anti‑viral and immuno-
modulatory effects with low drug resistance (6,7). At present, 
the goal of HBV treatment is to inhibit viral replication for 
a long time, thereby reducing hepatic inflammatory necrosis, 
reducing liver tissue fibrosis and improving the prognosis 
in terms of CHB (8). However, the efficacy of IFN therapy 
remains limited. The hepatitis B e antigen (HBeAg)‑negative 
rate of patients with HBeAg‑positive CHB is low and the treat-
ment cost is high (9,10). Therefore, it is important to effectively 
evaluate the efficacy of IFN‑α in the treatment of patients with 
HBeAg‑positive CHB.

Dendritic cells (DCs) are potent antigen‑presenting cells 
that activate primary T cells and participate in immune response 
processes, including anti‑viral response (11). Plasmacytoid 
DCs (pDCs), which secrete a large amount of type I IFN, are 
among the naturally occurring type I IFN cells and therefore 
have strong anti‑viral effects (12,13). Toll‑like receptors (TLRs) 
are pattern recognition receptors that participate in the innate 
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immune response by recognizing pathogen‑associated molec-
ular patterns. TLR family members include TLR1‑TLR11 (14). 
TLR9 is a member of the TLR family and has an important 
role in the anti‑viral response. It has been identified that pDCs 
express TLR9 on their surface, and a TLR9 expression deficit 
leads to inability of pDCs to secrete type I IFN during viral 
infection (15,16). However, in the process of IFN‑α treatment of 
HBeAg‑positive CHB patients, no previous study has reported 
on the detection of pDCs and the expression of TLR9, to the 
best of our knowledge. Therefore, the aim of the present study 
was to analyze the correlation of pDCs and TLR9 expression 
with HBV DNA in HBeAg‑positive CHB patients receiving 
IFN therapy in order to evaluate the predictive value regarding 
treatment response.

Materials and methods

General patient information. A total of 178 patients with 
HBeAg‑positive CHB who were not previously treated 
for HBV were enrolled at Xiamen Hospital of Traditional 
Chinese Medicine (Xiamen, China) between January 2014 
and December  2015. The patients had a mean age of 
34.83±12.3 years (range, 15‑62 years). The enrolled patients 
were treated with recombinant type  I IFN‑α; a variety of 
different forms of IFN‑α are under development and clinical 
investigation (17).

The inclusion criteria were as follows: Compliance with 
diagnostic criteria based on the Guidelines for the Prevention 
and Treatment of Chronic Hepatitis B published by Chinese 
Medical Association Liver Diseases Branch and the Chinese 
Medical Association Infectious Diseases Branch (18); IFN‑α 
treatment (subcutaneous injection at 5MU, 3 times a week) 
for 48  weeks, and in all of the responder cases, alanine 
aminotransferase (ALT) levels were normal after 6 months of 
IFN‑α treatment (19). The exclusion criteria were as follows: 
Combination with other type of hepatitis virus infection 
or HIV infection; combination with autoimmune diseases, 
including hyperthyroidism, thyroiditis or systemic lupus 
erythematosus; combination with severe heart disease, tumor, 
or dysfunction or failure of a vital organ; recent anti‑viral 
or immunomodulatory therapy; recent liver protection or 
enzyme‑lowering therapy; pregnancy; mental disorders that 
limit the ability of the patient to cooperate with the research; 
and poor compliance. The patients were divided into a response 
group and non‑responders group based on treatment outcomes 
(levels of HBV DNA). A total of 40 healthy individuals with 
matched age and gender were selected and used as the normal 
controls. The current study was approved by the Medical 
Ethics Committee of Xiamen Hospital of Traditional Chinese 
Medicine (Xiamen, China) and all subjects had provided 
written informed consent.

Major reagents and instruments. The hepatitis B surface 
antigen (HBsAg) enhanced chemiluminescence detection kit 
was purchased from Roche Diagnostics. RNA extraction kit 
(cat. no. AP‑MN‑MS‑RNA‑250) was from Axygen; Corning 
Inc., and reverse transcription (RT) kit was purchased from 
Takara Biotechnology Co., Ltd. (cat. no. RR037A). Mouse 
anti‑human BDCA‑2 (cat.  no.  748001) and ILT7 mono-
clonal antibodies (cat. no. 562500) were purchased from BD 

Pharmigen; BD Biosciences. Goat anti‑mouse biotin‑labeled 
secondary antibody (cat. no. 31800), diaminobenzidine (DAB) 
chromogenic reagent and immunohistochemistry (IHC) strep-
tavidin peroxidase conjugated method (SP) kit were purchased 
from Zymed (Thermo Fisher Scientific, Inc.). The Labsystem 
Version 1.3.1 microplate reader was purchased from Bio‑Rad 
Laboratories, Inc. The ABI 7700 Fast Quantitative PCR 
Reactor was from ABI (Thermo Fisher Scientific, Inc.). The 
Cobas c311 automatic biochemical analyzer was purchased 
from Roche Diagnostics. The C6015‑2 B‑ultrasonic instrument 
was purchased from SonoSite, Inc.

Sample collection. Peripheral blood was collected from 
patients with CHB prior to and following 48 weeks of treat-
ment. Peripheral blood (8 ml) was drawn into tubes coated with 
EDTA. Within 30 min, samples were centrifuged at 820 x g for 
10 min at room temperature, generating the one‑step centrifu-
gation plasma sample (~4 ml). Aliquots of 1 ml of the plasma 
were transferred to 1.5‑ml tubes and centrifuged at 16,000 x g 
for 10 min at room temperature. Subsequently, white particles 
(e.g. cellular debris) were removed from the bottom of the 
tube and the supernatant, the two‑step centrifugation plasma 
sample, was obtained and transferred to a fresh tube (~2 ml). 
Liver tissue was collected by liver biopsy for IHC staining 
under the guidance of liver B‑ultrasound for localization. A 
18G cook biopsy needle was used. The liver tissue specimen 
was >1.5 cm in length, or with intact hepatic lobules containing 
>3 portal areas.

Liver routine indicator test. The ALT content in plasma was 
detected using an automated biochemical analyzer. HBsAg 
was quantified using chemiluminescence. RT‑quantitative 
(RT‑q) PCR was used to detect HBV DNA with a sensitivity 
of 500 copies/ml.

RT‑qPCR. Total RNA was extracted from peripheral blood 
mononuclear cells with TRIzol reagent according to the manu-
facturer's protocol. Next, total RNA was reverse transcribed 
to complementary DNA using the RT kit. Rox SYBR Master 
Mix (Eurogentec) was used for qPCR. The primers used 
were designed using PrimerPremier 6.0 software (Premier 
Biosoft International). The PCR thermocycling conditions 
were as follows: 55˚C for 1 min, followed by 35 cycles of 
92˚C for 30 sec, 60˚C for 30 sec and 72˚C for 30 sec. GAPDH 
was used as a loading control. The relative expression was 
calculated using the 2‑ΔΔCq method (20). The sequences of the 
PCR primers (5'‑3') were as follows: GADPH forward, AGT​
ACC​AGT​CTG​TTG​CTG​G, and reverse, TAA​TAG​ACC​CGG​
ATG​TCT​GGT; TLR9 forward, CCA​GTC​ATT​CAC​GGC​TCT​
TGT​A and reverse, GCG​TCG​ATG​GTT​GTG​CTA​ATT.

IHC. The paraffin blocks from liver biopsies were fixed in 10% 
neutral buffered formalin were processed into 4‑5 µm paraffin 
sections. The pDC cell surface markers BDCA‑2 (1:1,000 dilu-
tion of an antibody) and ILT7 (1:1,000 dilution of an antibody) 
were detected by IHC SP method. The tissue slice was dewaxed 
and incubated in 3% H2O2 (VWR International) for 8 min at 
room temperature to eliminate endogenous peroxidase activity. 
After blocking with 5% normal goat serum (Thermo Fisher 
Scientific, Inc.), the slice was incubated with the corresponding 
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primary antibodies against BDCA‑2, ILT7 or TLR‑9 at 4˚C 
overnight. After washing with PBS, the slice was incubated 
in biotin‑labeled secondary antibody (1:5,000) at 37˚C for 
30 min. Next, the slice was incubated in horseradish‑labeled 
streptavidin (0.25 mg/ml) at 37˚C for 30 min. The sample 
was then incubated with DAB Plus (cat. no. K3468; Dako) 
for 4 min at 37˚C, followed by incubation with hematoxylin 
as the counterstain (Automation Hematoxylin; cat. no. S3301; 
Dako) at 37˚C for 5 min. The slice was then washed with 
water. Finally, the slice was redyed with hematoxylin for 
30 sec at 37˚C, sealed and observed under a light microscope 
(BX63 model; Olympus Corporation).

Statistical analysis. The continuous measurement data 
conforming to a normal distribution were expressed as the 
mean  ±  standard deviation and compared by a student's 
t‑test. All statistical analyses were performed with SPSS 
11.5 software (SPSS, Inc.). Enumeration data were compared 
using the χ2 test. Pearson analysis was adopted for correla-
tion analysis. P<0.05 was considered to indicate statistical 
significance.

Results

General information. The characteristics of the entire study 
cohort are provided in Table  I. The clinicopathological 
features of the responders and non‑responders are compared 
in Table II. There was no significant difference in the general 
clinical data between the two groups, including gender, age 
and body weight. IFN‑α‑treated patients had a higher cumula-
tive incidence of HBeAg seroconversion and a lower incidence 
of cirrhosis and hepatocellular cancer than for untreated 
controls at the end of follow‑up (median, 6.8 years; range, 
1.1‑16.5 years; Table II).

Analysis of liver function indicators. There was no significant 
difference in ALT, HBV DNA load and HBsAg between the 
response group and the non‑responders group prior to IFN‑α 
treatment. After treatment, the ALT levels, HBV DNA load 
and HBsAg expression were obviously different between the 
two groups (P<0.05; Table  III). The amount of pDCs and 
TLR‑9 were higher in normal than in HBeAg‑positive CHB 
patients (Fig. S1) 

pDC analysis. The changes in the levels of pDCs in the 
response group and non‑responders group prior to and after 
treatment with IFN‑α were analyzed. The pDC markers 
BDCA‑2 and ILT7 were detected by IHC analysis, and they 
were uniformly expressed throughout the cytoplasm of these 
cells (Fig. 1, arrow). There was no significant difference in 
amount of pDCs (BDCA‑2 and ILT7 expressions) between the 
response group and the non‑responders group prior to IFN‑α 
treatment. After IFN‑α treatment, BDCA‑2 and ILT7 expres-
sion was obviously increased in the response group compared 
with that in the non‑responders group (P<0.05; Fig. 2).

TLR‑9 expression analysis. TLR‑9 mRNA expression in the 
response group and non‑responders group prior to and after 
treatment with IFN‑α was assessed by RT‑qPCR. There 
was no statistically significant difference in TLR‑9 mRNA 

expression between the response group and the non‑responders 
group prior to IFN‑α treatment. After IFN‑α treatment, TLR‑9 
mRNA expression was markedly upregulated in the response 
group compared with that in the non‑responders group 
(P<0.05; Fig. 3). It was then investigated which type of cell was 
responsible for the increase in the expression of TLR9 after 
anti‑viral therapy. The expression of TLR9 in the cytoplasm of 
epithelial cells in the liver biopsies of the response group was 
higher than that in the non‑responders group after anti‑viral 
therapy (Fig. S2)

Correlation analysis of pDCs or TLR‑9 expression with 
HBV DNA content. The correlation between pDCs or TLR‑9 
expression and HBV DNA content was then analyzed. It was 
demonstrated that with the increase of pDCs and TLR‑9 
expression, the HBV DNA content declined. Therefore, these 
parameters were negatively correlated with the HBV DNA 
content (P<0.05), suggesting that pDCs and TLR‑9 expres-
sions may predict the IFN‑α treatment response in patients 
with HBeAg‑positive CHB (Table IV).

Discussion

pDCs are mainly produced by bone marrow hematopoietic 
stem cells, which are continuously released into peripheral 
blood as plasma‑like cells. They specifically express TLR‑7 
and TLR‑9, and the type I IFN produced may directly exert 
anti‑viral effects. At the same time, the anti‑viral ability of 
natural killer (NK) and B lymphocytes is enhanced, so that 
pDCs stimulate the innate as well as the acquired immune 
response, which resembles a bridge between innate immunity 
and specific immune response  (21). It has been observed 
in  vitro that that administration of IFN‑α promotes the 
maturation of pDCs and promotes the production of IL‑12, 
thereby acting on CD40‑activated B cells to promote plasma 

Table I. Characteristics of the study cohort (n=178).

Characteristic	 Value

Age (years)	 34.83±12.3
Male	 145 (74.0)
HBcrAg (log U/ml)	 7.72±1.1
HBV DNA (log IU/ml)	 7.58±1.4
HBsAg (log IU/ml)	 4.02±1.1
HBeAg (log IU/ml)	 2.13±0.99
HBV genotype
  A	 42 (21.4)
  B	 32 (16.3)
  C	 48 (26.9)
  D	 49 (27.5)
  Other/mixed	 6 (3.1)
  Missing	 1 (0.5)

Values are expressed as the mean ± standard deviation or n (%). HBV, 
hepatitis B virus; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B 
surface antigen; HBcrAg, hepatitis B core‑related antigen.
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cells and immunoglobulin secretion (22,23). Therefore, pDCs 
are involved in the activation of T cells, B cells and NK cells. 

During viral infection, pDCs differentiate into mature DCs 
and regulate T‑cell function. It is of great clinical significance 
to explore the expression and role of pDCs in infection and 
treatment of CHB patients. However, there is currently a lack 

Figure 1. Representative image for the immunohistochemical detection of 
blood dendritic cell antigen 2‑ and immunoglobulin‑like transcript 7‑positive 
pDC cells. Positive staining was observed in the cytoplasm (black arrow; 
magnification, x100).

Table II. General patient information compared between responders and non‑responders.

Parameter	 Non‑responders (n=101)	 Response (n=77)	 P‑value

Sex (male/female)	 62/49	 41/36	 0.120
Age (years)	 40.7±4.1	 42.1±5.8	 0.080
Body weight (kg)	 59.8±6.3	 60.1±5.3	 0.230
Cirrhosis	 34 (34%) 	 14 (18%)	 0.041
Hepatocellular carcinoma	 13 (13%)	 2 (3%)	 0.011
HBeAg seroconversion	 52 (52%)	 58 (75%)	 0.031
HBsAg clearance	 40 (0.4%)	 2 (3%)	 0.030

Mean, 11 years; median, 6.6 years; range, 1.1‑16.5 years. Values are expressed as the mean ± standard deviation or n (%). All data were 
obtained at the end of the follow‑up. HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen.

Table III. Analysis of liver function indicators.

Parameter	 Non‑responders (n=101)	 Response (n=77)

ALT (U/l)
  Prior to treatment	 120±25	 130±17
  After treatment	 79±16a	 32±8a,b

HBV DNA (copies/ml)
  Prior to treatment	 0.93±1.92x108	 0.81±3.21x108

  After treatment	 0.31±1.32x108a	 0a,b

HBsAg (IU/ml)
  Prior to treatment	 43712.15±5672.23	 46789.67±6172.42
  After treatment	 122564.21±4987.62a	 3982.17±25631.1a,b

aP<0.05 compared with prior to treatment; bP<0.05 compared with non‑responders group. Values are expressed as the mean ± standard devia-
tion. HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen; ALT, alanine amiontransferase.

Figure 2. Analysis of the amount of pDCs (BDCA‑2 and ILT7 positive cell 
numbers) in the two groups prior to and after treatment. Blood dendritic cell 
antigen 2 and immunoglobulin‑like transcript 7 were detected by immuno-
histochemistry with the SP method. *P<0.05 compared with before treatment; 
#P<0.05, compared with non‑responders group. pDCs, plasmacytoid dendritic 
cells; SP, streptavidin peroxidase.
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of established specific surface markers for pDCs. Since ILT7 
and BDCA‑2 are selectively expressed in pDCs, which are 
human pDC‑specific and not expressed in any other mature 
DCs or peripheral lymphocytes, they were used as specific 
markers for pDCs in the present study (24,25). The present 
results confirmed that after IFN‑α treatment, the expression 
of BDCA‑2 and ILT7 in the response group was significantly 
higher than that in the non‑responders group, suggesting that 
the expression of pDCs predicts the IFN‑α treatment response 
in HBeAg‑positive CHB patients.

TLR‑9 is only expressed on the surface of human B cells 
and pDCs. The surface molecules on pDCs include BDCA‑2 
and ITL7, and they may be upregulated upon activation 
with TLR‑9. The TLR7/9‑dependent pathway appears to be 
a predominant mode of nucleic acid sensing in pDCs, but is 
essential for TLR9‑induced IFN production by pDCs. This 
indirectly accelerates the maturation, differentiation and 
proliferation of lymphocytes  (26,27). TLR‑9 assists pDCs 
in chemotaxis of lymph nodes and aggregation, which in 
turn assists in the exertion of the anti‑viral effect (28). The 
direct causal association between pDC‑derived IFN and lupus 
progression/severity is difficult to establish in the human 
system and is to be elucidated in animal models (29).

In the present study, the expression of TLR‑9 was analyzed 
in the peripheral blood of patients with HBeAg‑positive 
CHB treated with IFN‑α, providing a reference for the safe 
and effective treatment of HBV infection. The present study 
confirmed that after IFN‑α treatment, the mRNA expression 

of TLR‑9 was markedly upregulated in the response group 
compared with that in the non‑responders group, and 
was negatively correlated with the HBV DNA content, 
suggesting that the expression of TLR‑9 may also predict 
the treatment effect of IFN‑α. In line with this, previous 
studies suggested that markers of fibrosis were obviously 
higher in non‑responders than in responders (30,31). In the 
present study, TLR‑9 expression was detected in peripheral 
blood mononuclear cells and not in liver tissues, which is a 
limitation.

The present study demonstrated changes in the levels 
of pDCs and the expression of TLR‑9 in patients with 
HBeAg‑positive CHB treated with IFN‑α, and analyzed 
their predictive significance regarding treatment response. 
Further study is required to explore the mechanistic roles 
of pDCs and TLR‑9 in the treatment of CHB patients with 
IFN‑α.

In conclusion, increased levels of pDCs and TLR‑9 were 
negatively correlated with HBV DNA, and may thus predict 
the IFN‑α treatment response in patients with HBeAg‑positive 
CHB. The present study provided a theoretical basis for 
selecting more effective anti‑HBV programs for patients with 
CHB. However, as the range of follow‑up is very wide, further 
studies with close follow‑ups are required to confirm this 
finding in the future. 
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