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Abstract: The exact immunology pathogenesis of hepatitis B virus (HBV) infection remains unclear currently. The
dendritic cells (DCs) dysfunction is evident in adolescents with chronic HBV infection in the immune tolerant phase.
DCs, as the most efficient professional antigen-presenting cells (APCs), possess the strongest antigen presenting the
effect in the body and can stimulate the initial T cell activation and proliferation, depending on their stage of maturation. The recently classified type III interferon group, interferon-λ1 (IL-29), interferon-λ2 (IL-28A), and interferon-λ3
(IL-28B) displays immunomodulatory and antiviral activity. In the current study, we describe a way to stimulate the
DCs maturation. As a result, IFN-λ1 combined with recombinant human granulocyte-macrophage colony stimulating
factor (rhGM-CSF) and recombinant human interleukin-4 (rhIL-4) can induce the DCs maturation and promote the
costimulatory molecules such as CD80, CD83, CD86 and human leucocyte antigen DR (HLA-DR) expression in the
immune tolerance and the clearance phases. This study demonstrates that the DCs function is remarkably impaired
both in the immune tolerant phase and the immune clearance phase in adolescents with chronic HBV infection compared with healthy youth control. At the same time, this study has developed a theoretical basis for the application
of IFN-λ1 breaking immune tolerance and improving the body’s immune system to clear HBV.
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Introduction
Despite an effective vaccine, chronic infection
with hepatitis B virus (HBV) affects 350 million
persons worldwide [1-3]. Long-term sequelae of
CHB infection, which include cirrhosis, hepatic
decompensation, and hepatocellular carcinoma, affect approximately one million persons
annually [4]. HBV infection is a significant threat
to public health and an enormous burden on
society. To understand the exact immunology
pathogenesis of HBV infection is very important
because it can guide the clinician in deciding
on the need and optimal timing for initiating
antiviral therapy. In recent years, dendritic cells
(DCs) in the pathogenesis of chronic hepatitis B
cause more and more attention. During the
past decade, multiple research groups have
focused on DCs, in hopes of unraveling an HBVspecific DC signature or DC-dependent mechanisms of antiviral immunity that would lead to a
successful HBV elimination strategy. Antigen
presenting cells (APCs) are the initiators of the
immune response. DCs, as the most efficient

professional APCs [5, 6], possess the strongest
antigen presenting effect in the body and can
stimulate the initial T cell activation and proliferation, which is different from other APCs [7].
In humans, the existence of phenotypically and
functionally distinct DCs subsets has been
reported: myeloid DC (mDC) and plasmacytoid
DC (pDC) [8]. The functional status of DCs
directly influences the cellular and humoral
immune response. The differentiation process
of DCs results in two main types of DCs: one is
immature DCs (imDCs), which have large phagocytic capacity. The other is mature DCs, which
can stimulate the initial T cell activation and
produce co-stimulatory molecules and molecules of MHC class I and II. The function of DCs
depends on their stage of maturation. Most
DCs show the immaturity in most tissues where
they are capable of capturing antigens [9].
These immature DCs lack of costimulatory molecules such as CD80, CD83, and CD86, which
can stimulate the initial T cell activation. DCs
reside in an immature form, being on alert for
microbial pathogens that they can efficiently
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bind and internalize bacteria. In the process of
antigen capture, antigen processing, and the
formation of MHC-antigen peptide compounds,
the expression of costimulatory molecules
such as CD80, CD83, and CD86 increase. And
with the increase of costimulatory molecules,
DCs begin to mature and thus the functions of
DCs begin to switch from an antigen-capturing
mode to an antigen-presenting and T cell-stimulating mode [10]. So the functional defects in
DCs could be an important mechanism of the
virus to evade host immune response. When
infected with chronic HBV, the amount and
function of DCs in infection patients decrease
in varying degrees. The costimulatory molecules expression on the surface of DCs is
reduced and the secretion of interleukin-12 (IL12) that inducing T cells to differentiate into Thl
is declined as well as the ability to stimulate T
cell proliferation is lower. Recently, a novel
interferon-λ1 (IFN-λ1) has been discovered
which can induce the DCs maturation and
enhance immune function [11]. This study
aimed to observe the effect of IFN-λ1 on the
function of peripheral blood mononuclear cell
(PBMC) DCs in adolescents with chronic HBV
infection both in the immune tolerant and the
immune clearance phases.
Materials and methods
Patients
44 adolescents with chronic HBV infection who
were inpatients or outpatients at the Third
Hospital of Hebei Medical University were chosen from March 2011 to August 2012. There
were 30 males and 14 females aged 12 to 28
years among the 44 adolescent patients. The
mean age was 18.9 ± 4.7 years. All the diagnoses were consistent with EASL Clinical Practice
Guidelines: Management of chronic hepatitis B
virus infection [3]. The HBsAg, HBeAg and antiHBc were positive, and HBV DNA > 1 × 105 IU/
mL in all the patients. Liver puncture biopsy
was performed in all of the 44 patients, and the
pathological reports were made by professional pathologist. All of the 44 patients, there were
23 cases in the immune tolerant phase: Serum
ALT and AST ≤ 2 × upper limit of normal (ULN),
and the hepatic histology showed mild or no
liver necroinflammation (G ≤ 1). There were 21
cases in the immune clearance phase: Serum
alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) sustainedly or repeat-
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edly increased and > 2 × ULN, inflammatory
necrosis lesions were seen in hepatic histology
(G ≥ 2). The serological markers of hepatitis
virus A, C, D and E were negative in all the
selected cases. Patients with liver injury caused
by other factors, combined with other acute or
chronic diseases, treated with immunomodulators or antiviral agents within the past six
months were excluded. Another ten healthy
adolescents were chosen as a control group.
The study was approved by the Ethics Committee, Third Hospital of Hebei Medical
University, and informed consent was signed by
all the participants.
Reagents and materials
The serum-free RPMI 1640 media were purchased from HyClone company in the US, interleukin-4 (rhIL-4), recombinant human granulocyte macrophage colony stimulating factor
(rhGM-CSF), recombinant human IFN-λ1 were
purchased from PeproTech company in the US.
Phycoerythrin (PE) mouse anti-human CD80
and mouse IgG1 (PE) isotype control, PE mouse
anti-human CD86 and mouse IgG2b (PE) isotype control, PE mouse anti-human HLA-DR
and PE mouse IgG2a isotype control were purchased from BioLegend Company in the US.
IFN-γ and interleukin-12 (IL-12), enzyme-linked
immunoassay (ELISA) kits were purchased from
Banner Company in the US.
Serum biochemical and virological indicators
Liver function was estimated by using Japanese
Olympus AU 2700 automatic biochemical analyzer. HBsAg, anti-HBs, HBeAg, anti-HBe and
anti-HBc were measured by ELISA. HBV-DNA
quantification was examined using real-time
PCR assay, and the lowest detection limit was
15 IU/ml.
Cell culture and isolation
The PBMCs were separated from the participants mentioned above using density gradient
centrifugation. The separated PBMCs were suspended, precipitated, resuspended and cultured in 5% CO2 atmosphere at 37°C for 2~4 h,
then the adherent cells were harvested. The
following stimuli were added as indicated: IFNλ1 group: cultured with IFN-λ1 100 ng/mL only;
routine group: cultured with IL-4 100 ng/mL
and GM-CSF 100 ng/mL; combination group:
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Figure 1. The morphology of DCs in different groups on the 7th day (× 400). A. IFN-λ1 group: No morphological
changes of the adherent cells were observed. These cells from IFN-λ1 group were mostly suspended, but there was
no change in cell volume. B. Routine group: The shape of the cells changed: the adherent cells gradually became
suspended and increased in volume, then adherent cell stretching was seen and cell clusters formed in the surface
of the cells after five days of culture. C. Combination group: dendrite crossed on the surface of cells that formed the
typical DC morphology.

adding IFN-λ1 100 ng/mL, IL-4 100 ng/mL and
GM-CSF 100 ng/mL. Cells were then cultivated
in serum free medium and were observed
under an inverted microscope on the 0th, 2nd,
5th and 7th day of cultivation. Culture supernatant was collected after seven days of cultivation and stored at -80°C for examination.
DC surface molecule detection
The cultured mature DC suspension was collected and centrifuged at 2500 r/min for 20
minutes with a 16.5 cm centrifugal radius. The
supernatant was abandoned. Precipitation
cells were rinsed twice in PBS, centrifuged at
1500 r/min for 5 minutes with a 16.5 cm centrifugal radius. Precipitation cells were suspended into > 5 × 105/tube with PBS and 20 μL
of PE-CD80, PE-CD83, PE-CD86 and PE-HLADR were added respectively, and isotype control was made. They were then centrifuged at
1500 r/min for 5 minutes with a 16.5 cm centrifugal radius and washed once with PBS. Cells
were resuspended in 500 μL PBS and placed
on. Gating DC and counting 10,000 cells to
analyze by flow cytometry. IFN-γ and IL-12 in
cell culture supernatant were detected by ELISA
conducting strictly according to the instructions.
Statistical analysis
The database was established using SPSS
13.0 statistical software for statistical analysis.
The results
were as means ± standard devia_
tion ( X ± s). One way ANOVA was used to compare means of multiple samples. Independent
samples t-test was used in the comparisons
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between two groups. P < 0.05 was considered
statistically significant.
Results
Baseline characteristics
Of all the 44 adolescents with chronic HBV
infection, there were 23 cases including 15
males and 8 females in the immune tolerant
phase aged 15-26 years with a mean age of
(17.9 ± 4.8) years. The remaining cases including 15 males and 6 females were in the immune
clearance phase aged 14-28 years with a mean
age of (18.2 ± 7.3) years. The ALT and AST were
(238.38 ± 97.55) U/L and (132.02 ± 48.07)
U/L respectively for patients in the immune
clearance phase, while patients in the immune
tolerant phase were (70.36 ± 40.28) U/L and
(65.99 ± 27.98) U/L respectively (t = 7.59 and
5.63 respectively, P < 0.01 all two pairings).
The HBV DNA of patients in the immune clearance phase and the immune tolerant phase
were (6.93 ± 1.89) lg IU/mL and (6.78 ± 1.34)
lg IU/mL respectively (t = 0.31, P > 0.05).
DC morphology changes in each group
No morphological changes of the adherent
cells were observed in IFN-λ1 group on the 2nd,
5th and 7th day of culture, neither did 11 days
later. These cells from IFN-λ1 group were mostly suspended, but there was no change in cell
volume (Figure 1A). Conversely, in the routine
and combination group, the shape of the cells
changed significantly. The amount of adherent
cells decreased and the adherent cells gradually became suspended and increased in vol-
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Figure 2. Effect of IFN-λ1 on DCs costimulatory molecules expression. Data were exhibited as a percentage. The expression of CD80, CD83, CD86 and HLA-DR in healthy control group was higher than not only the routine group but
also the combination group both in the immune tolerant phase and the immune clearance phase. **P < 0.01 compared with the immune tolerant and the immune clearance phases. In the routine group, the expression of CD80,
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CD83, CD86 and HLA-DR in the immune clearance phase showed a significant increase compared with the immune
tolerant phase (##P < 0.01). In the combination group, the expression of CD80 and CD83 in the immune clearance
phase were significantly increased compared with the immune tolerant phase (##P < 0.01), while the levels of CD86
and HLA-DR were increased in the immune clearance phase, but did not reach statistical significance (P > 0.05).
The expression of CD80, CD83, CD86 and HLA-DR in the combination group was higher than the routine group both
in the immune tolerant phase and the immune clearance phase. ΔP < 0.01 in comparison with routine group.

Figure 3. Effects of IFN-λ1 on DCs cytokine release. The secretion of IL-12 and IFN-γ of DCs in healthy control group
was higher than not only the routine group but also the combination group both in the immune tolerant phase and
the immune clearance phase. **P < 0.01 compared with the immune tolerant and immune clearance phases. The
secretion of IL-12 and IFN-γ of DCs in combination group showed a significant increase compared with the routine
group both in the immune tolerant phase and the immune clearance phase. ΔP < 0.01 in comparison with the
routine group.

ume after an overnight culturing. Adherent cell
stretching was seen after two days of induction
and cultivation. A notable feature of activated
DCs was the occurrence of cell clusters in the
routine group after five days of culture (Figure
1B). After maturation was inducted with IFN-λ1,
rhGM-CSF and rhIL-4, a large of cell clusters
occurred and dendrite crossed on the surface
of cells that formed the typical DC morphology
on the 7th day as shown in Figure 1C.
The detection results of cell surface molecules
by flow cytometry
Because terminal DC maturation determines
the outcome of immune responses, the surface
markers of DCs were evaluated in each group
to determine the maturation state of DCs. As
shown in Figure 2, the expression of CD80,
CD83, CD86 and HLA-DR in healthy control
group was higher than not only the routine
group but also the combination group both in
the immune tolerant phase and the immune
clearance phase after 7 days culture (P < 0.01).
With co-cultivation, the expression of DC surface molecules both in the immune tolerant
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phase and the immune clearance phase
showed a significant increase compared with
the routine group (P < 0.01). In the routine
group, the expression of CD80, CD83, CD86
and HLA-DR in the immune clearance phase
showed a significant increase compared with
the immune tolerant phase (P < 0.01). In the
combination group, the expression of CD80
and CD83 in the immune clearance phase were
significantly increased compared with the
immune tolerant phase (P < 0.01), while the levels of CD86 and HLA-DR were increased in the
immune clearance phase, but did not reach
statistical significance (P > 0.05). These results
demonstrate that IFN-λ1 combined with rhGMCSF and IL-4 can induce DC maturation and
increase the the expression of costimulatory
molecules to improve the body’s immune
ability.
IFN-λ1 alters the expression of IL-12 and IFN-γ
on human DCs
The secretion of IL-12 and IFN-γ of DCs in
healthy control group was higher than not only
the routine group but also the combination
Int J Clin Exp Pathol 2015;8(2):1743-1751

IFN-λ1 and adolescents mDC
group both in the immune tolerant phase and
the immune clearance phase (P < 0.01). The
secretion of IL-12 and IFN-γ of DCs in a combination group was higher than routine group
both in the immune tolerant phase and the
immune clearance phase (P < 0.01). In the current study, we can get the result that after adding of IFN-λ1, the secretion of IL-12 and IFN-γ of
DCs showed a significant increase in the combination group. This result is consistent with the
concept that IFN-λ1 combined with rhGM-CSF
and IL-4 can induce DC maturation and increase
the secretion of cytokines as shown in Figure 3.
Discussion
DCs are the most powerful APCs, the only cells
to activate resting T lymphocytes discovered so
far, they defense against viral infections
through the secretion of IL-12, IFN-γ and other
Thl cytokines as well as by presenting antigen
to induce T cells to clear the virus. DCs responds
to microbial infections by undergoing phenotypic maturation and producing multiple cytokines [12], such as human mDCs and pDCs can
produce high levels of IL-28 and IL-29. DCs are
located in nonlymphoid and peripheral lymphoid tissues, where they act as of environment cues and orchestrate the interplay
between the innate immune system and adaptive immune system to provoke a successful
response [13]. IL-12 can induce differentiation
of Th0 cells into Th1 cells and enhance the
cytotoxicity of cytotoxic T lymphocytes (CTLs)
[13]. The body clears HBV mainly through cellular immune restricted by HLA-I molecules and
mediated by response CD8+ CTL. Massive replication of the persistent virus not only outpaces
T-cell differentiation but also may induce the
T-cell exhaustion that prevents long-term virus
clearance [14]. As DCs were the starters and
undertakers of immune response, thus the
abnormality in number, phenotype and function
of DC may affect the outcome of HBV infection,
and DCs are closely related with the persistent
HBV infection [15].
Natural history of HBV infection in infants and
young children is very complicated. Four phases are included: an immune tolerant phase, an
immune clearance phase, low or non-replicative phase, and reactivation phase [16, 17]. The
immune tolerant phase is thought to occur
most frequently in persons who are infected
from HBeAg-positive mothers via perinatal
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transmission. HBeAg may act as an immune
tolerant protein that aids the virus in avoiding
detection by the immune system. In the clearance phase, the host’s immune system recognizes HBV as being foreign and initiates an
immune response that results in hepatocyte
damage [18]. But the exact immunology pathogenesis of HBV infection remains unclear
currently.
In this study, among the 44 adolescents with
chronic HBV infection, the mothers of 37 cases
had chronic HBV infection, indicating that the
perinatal periods or infancy may be the infection time for adolescents with chronic HBV
infection. The immune tolerant phase is more
common in patients infected in infants and
young children period and childhood which
characterized by HBeAg-positive, a high HBV
DNA loads and mild pathological changes of
liver tissue [19]. Zhang et al. found that there
were abnormalities in DC function, quantity and
phenotype of children with HBV infection [20].
Vander Molen et al. suggested that the expression of DC surface molecules was inhibited in
varying degrees after HBV infection and resulted to the obstacles in the process of immature
DCs transferring into mature DCs [21]. The
functional defect of DCs in chronic HBV infection patients can affect the differentiation of
Thl/Th2 and cause insufficient CTL response.
Another study showed that the expression frequency of HBcAg18-27-specific CD8+ T cells in
peripheral blood of patients in the immune tolerant phase was significantly lower than those
in the immune clearance phase [22].
IFNs can regulate the expression of many
innate immune receptors, stimulate cytokine
and chemokine production, regulate cell differentiation and polarization, inhibit cell proliferation and regulate apoptosis [23], besides having direct antiviral effects. The recently classified type III interferon group, IFN-λ, consists
of IFN-λ1 (IL-29), IFN-λ2 (IL-28A), and IFN-λ3
(IL-28B) discovered by American scientists
Kotenko and Sheppard et al. in 2003 [24, 25].
A number of different cell types have been
reported to produce IFN-λ in response to viral
infection and/or maturation stimuli including
monocytes, monocyte-derived dendritic cells
(MDDC) and pDC [26, 27]. IFN-λ and IFN-α activate the same signaling pathway through different receptors, IFN-λ like the type I IFNs, trigger
signal transduction via the JAK/STAT pathway,
Int J Clin Exp Pathol 2015;8(2):1743-1751
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including the activation of JAK1 and TYK2
kinases, the phosphorylation of STAT proteins,
and the activation of the transcription complex
of IFN-stimulated gene factor 3 [28, 29]. A
major difference between type III and type I
IFNs is the distribution of their respective
receptor complexes. Moreover, IFN-λ seems to
have immunomodulatory functions because
IFN-λ stimulated human monocyte-derived DCs
induce proliferation of FOXP3-expressing suppressor T cells with contact-dependent suppressive activity on T cell proliferation [30]. IFNλ plays an important role in regulating the
maturation and function of DC, enhancing the
cytotoxicity of NK cells and T cells, enhancing
the function of Thl cells, inhibiting the production of Th2 cytokine and upregulating the
expression of major histocompatibility complex
(MHC) class I molecules [31]. IFN-λ1 (IFN-k1/
IL-29), the prototype member of the human
interferon lambda family, inhibits the development of human Th2 [32].
In the past study, Megjugorac et al. found that
IFN-λ1 could significantly increase the expression of CD80, CD83 and IL-28Rα in DCs by cultivated normal human PBMC-derived DCs, and
the herpes simplex virus type 1 (HSV-1), imiquimod (5 μg/mL) and IFN-λl (100 ng/mL) were
added to stimulate their maturation [33]. Caux
et al. reported that GM-CSF combined with
TNF-α successfully induced the differentiation
from CD34+ stem cells into DCs in 1992 [34]. It
was reported that both GM-CSF combined with
IFN-α and GM-CSF combined with IL-4/TNF-α
resulted in CD11c+CD86+ HLA-DR+ cells with a
typical DC morphology that could efficiently
stimulate T cells by culturing PBMCs [35]. The
other report showed that a combination of
GM-CSF and IL-4 provided the best conditions
for the generation of cells from PBMCs with the
characteristic phenotype and functional properties of DCs (high expression of CD1, class II
and B7, and high stimulatory capacity in allogeneic and autologous mixed leukocyte reaction)
[36]. Another study showed that by culturing
cord blood monocytes with GM-CSF (100 ng/
ml) and IL-4 (10 ng/ml), cord blood-adherent
cells became nonadherent, acquired DC morphology, and showed increased expression of
CD1a, CD80, CD86 and HLA-DR. At the same
time, they lost membrane CD14 and some cells
with the expression of CD83 and CMRF-44
were generated. This study demonstrated that
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GM-CSF combined with IL-4 can induce the
generation of DC [37]. Recently, GM-CSF combined with IL-4 has been a classic culture combination to DC. However, very little research on
the ability of IFN-λl to regulate DC function has
been done. In this study, we provide morphological, phenotypical, and functional evidence
that IFN-λ1 combined with rhGM-CSF and IL-4
cultivation can modulate the differentiation of
monocyte-derived DCs in vitro. The distinctive
morphology of mDCs is dendrite formation. In
this study, we observed that the DCs induced
by IFN-λ1 combined with rhGM-CSF and IL-4
exhibited a different morphology compared to
routine-induced DCs. IFN-λ1 induced dendritic
morphology formation, including the formation
of clusters suggesting that IFN-λ1 could induce
the differentiation and maturation process of
DCs.When stimulated with IFN-λ1 combined
with rhGM-CSF and IL-4, the imDCs would convert into the mature phenotype, characterized
by increased the expression of costimulatory
molecules and MHC molecules. We observed
that IFN-λ1 up-regulated MHC molecules, DC
specific maturation molecules (CD80, CD83,
CD86 and HLA-DR). These molecules are characteristic markers that are highly expressed on
mature DCs. The higher expression of CD80,
CD83, CD86 and HLA-DR on IFN-λ1-induced
cells indicates an improvement of the DC maturation process. We observed an increase in the
expression of various surface molecules known
to play important roles in the process of T cell
activation by mediating intercellular contact
and delivering essential costimulatory activity.
Importantly, IFN-λ1 modulated cytokine production by DCs. The major Th1-skewing factors
IL-12 and IFN-γ were substantially increased
when stimulated with IFN-λ1 combined with
rhGM-CSF and IL-4, which might critically influence the development of a subsequent T cell
response. These data suggest that IFN-λ1 plays
an important role in the early stage of DC differentiation by promoting the process of maturation from monocytic precursors into mature
DCs, and thus potentially repairing the function
of DCs. Currently, IFN-λ1 combined with rhGMCSF and IL-4, has been a classic culture combination to DC. In this study, the IFN-λ1 combined
with rhGM-CSF and IL-4 cultivation can significantly increase the expression of DC surface
molecules and the secretion of IL-12 and IFN-γ
in the immune tolerant and the immune clearance phase compared with the routine cultiva-
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tion, further suggesting that IFN-λ1 is involved
in regulating the maturation and function of
DCs.
In conclusion, the DC dysfunction is evident in
adolescents with chronic HBV infection in the
immune tolerant phase. IFN-λ1 combined with
rhGM-CSF and IL-4 can induce DC maturation,
increase the expression of the costimulatory
molecules and stimulate cytokine and chemokine production in the immune tolerant phase
and the immune clearance phase. This study
has developed a theoretical basis for the application of IFN-λ1 breaking immune tolerance
and improved the body’s immune ability to
clear HBV.
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