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Abstract
Approximately 400 million people are chronically in
fected with hepatitis B virus (HBV) globally despite 

the widespread immunization of HBV vaccine and 
the development of antiviral therapies. The immuno
pathogenesis of HBV infection is initiated and driven 
by complexed interactions between the host immune 
system and the virus. Host immune responses to 
viral particles and proteins are regarded as the main 
determinants of viral clearance or persistent infection 
and hepatocyte injury. Innate immune system is the first 
defending line of host preventing from virus invasion. 
It is acknowledged that HBV has developed active 
tactics to escape innate immune recognition or actively 
interfere with innate immune signaling pathways and 
induce immunosuppression, which favor their replication. 
HBV reduces the expression of pattern-recognition 
receptors in the innate immune cells in humans. Also, 
HBV may interrupt different parts of antiviral signaling 
pathways, leading to the reduced production of antiviral 
cytokines such as interferons that contribute to HBV 
immunopathogenesis. A full comprehension of the 
mechanisms as to how HBV inactivates various elements 
of the innate immune response to initiate and maintain 
a persistent infection can be helpful in designing 
new immunotherapeutic methods for preventing and 
eradicating the virus. In this review, we aimed to sum
marize different branches the innate immune targeted by 
HBV infection. The review paper provides evidence that 
multiple components of immune responses should be 
activated in combination with antiviral therapy to disrupt 
the tolerance to HBV for eliminating HBV infection.

Key words: Hepatitis B virus; Infection; Targets; Innate 
immune response; Signaling pathway

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The pathogenesis of hepatitis B virus (HBV) 
infection is initiated and driven by complicated interplays 
between the virus and the host immune system. HBV 
DNA and different HBV proteins have various effects on 
different arms of innate immune system. The extent of 
HBV replication as well as the amounts of circulating 
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HBV antigens and different source of HBV proteins have 
heterogenous effects on innate immune responses and 
antiviral signaling pathways. Other factors, such as liver 
inflammation may also have impact on innate immune 
response. Multiple components of immune responses 
should be activated in combination with antiviral therapy 
to disrupt the tolerance to HBV for eliminating HBV 
infection.
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INTRODUCTION 
Though hepatitis B virus (HBV) vaccine has been 
available for several decades and much progress has 
been made on anti-HBV therapeutics, there are still 
more than 350 million people chronically infected with 
HBV worldwide. The immunopathogenesis of HBV 
infection is initiated and propelled by complicated 
interactions between the host immune system and the 
virus[1].

It is recognized that host immune responses to 
HBV antigens are the major determinants of HBV 
pathogenesis and hepatocytes damage in the liver. 
On the contrary, viruses also exert immune regulatory 
effects to favor their replication. HBV has evolved active 
tactics to escape innate immune recognition and induce 
immunosuppression[2]. This has been displayed through 
the fact that HBV particles and proteins can be detectable 
around 5 wk postinfection, after which viral loads reach 
a logarithmic amplification stage[3]. The reason of the 
lag of viral replication is that the virus manages to 
evade being sensed by the innate immune system in 
the early phase of infection when the adaptive immune 
system has not been fully activated. HBV genome is 
3.2 kbp in length and contains four overlapping genes 
that encode for the nucleocapsid (precore and core), 
polymerase, envelope (pre S and S), and hepatitis X 
proteins. The abundant HBV particles and viral proteins 
in the circulation in chronic HBV-infected patients allow 
multiple interactions among the virus, its viral proteins, 
and the immune system. HBV DNA and different HBV 
proteins have various effects on different parts of host 
immune systems, including immune cells and signaling 
pathways. The extent of HBV replication as well as the 
amounts of circulating HBV antigens, especially surface 
antigen (HBsAg), leads to heterogeneous profiles of 
the immune response, particularly in the context of 
chronic infection manifested as patients’ different clinical 
profiles[4-6]. The immune tolerance phase has the highest 
level of serum HBsAg and hepatitis B e antigen (HBeAg) 
quantitation[7]. High levels of viremia, particularly high 
amounts of HBsAg, not only suppress innate immune 
cells, including monocytes, dendritic cells (DCs), natural 

killer (NK) cells, and NKT cells, through direct interaction, 
but also lead to exhaustion of cytotoxic T lymphocytes 
(CTLs) and helper T (Th) cells[8]. HBsAg mutations which 
enhanced the capability to avoid immune response 
were associated with HBV reactivation in a quite 
different clinical profiles[9]. Also, reduced viremia through 
antiviral therapy partially restores the impaired immune 
response[10] and the restored immune response status 
correlated with the levels of HBV infection parameters[11], 
which indirectly demonstrated the immune suppressive 
effect of HBV and its proteins.

A full understanding of the mechanisms as to how 
the virus inactivates various components of the immune 
system to maintain a persistent infection can help 
establish a new theory for designing novel immuno
therapeutic methods and aid the eradication of the virus 
in chronic HBV infection.

Innate immune pathways are the targets of HBV to 
evade host antiviral responses contributing to chronicity 
of infection. The components of the innate immune 
system targeted by HBV include pattern-recognition 
receptors (PRRs), DCs, NKs, NKT cells, and antiviral 
signaling pathways[2]. In addition to directly regulating 
the innate immune response, HBV also modulates the 
innate immunity through alteration of the expression of 
microRNAs (miRNAs)[12].

PRRs 
PRRs, including toll-like receptors (TLRs), retinoic acid-
inducible gene Ⅰ (RIG-Ⅰ) - like receptors, and NOD-
like receptors (NLRs), are crucial for sensing invading 
pathogens, initiating innate immune responses, re
stricting the spread of infection, and facilitating effective 
adaptive immune responses[13]. The early inhibition of 
the innate immune response by HBV is mainly through 
TLR-3 and RIG-Ⅰ/melanoma differentiation-associated 
gene 5 (MDA5) signaling pathways, which leads to 
decreased expression of several proinflammatory and 
antiviral cytokine genes[14]. In the setting of chronic HBV 
infection, reduced TLR expression and interference of 
PRRs signaling pathways lead to the impairment of host 
innate immune response.

TLRs
TLRs sense pathogen-associated molecule patterns 
(PAMPs), including nucleic acid sequences in degraded 
viral particles, and activate antiviral mechanisms, in
cluding intracellular antiviral pathways, production of 
antiviral effector interferons (IFNs) and proinflammatory 
cytokines, and initiation of adaptive immunity[15]. 
TLR signaling pathways are important parts of the 
innate immune response in HBV infection. It has been 
demonstrated that TLR ligands could suppress HBV 
replication[16]. Also, the activation of TLRs plays an 
important part in preventing intrauterine HBV transmi
ssion[17]. Accumulating evidence has consistently shown 
that the expression and function of TLRs in immune cells 
reduced during chronic HBV infection[18]. Expressions 
of TLR2 mRNA and protein were remarkably reduced 

717 June 18, 2016|Volume 8|Issue 17|WJH|www.wjgnet.com

Zou ZQ et al . Innate immune targets and HBV infection



in peripheral blood monocytes (PBMCs) derived from 
chronic hepatitis B (CHB) patients[19].

HBV virions or proteins such as HBsAg and HBeAg 
may reduce TLR expression and abrogate TLR-induced 
antiviral activity. The inhibitory mechanisms include 
suppressing IFN-β production and induction of IFN-
stimulated genes (ISG) and transcription factors, such 
as IFN regulatory factor 3 (IRF3) and nuclear factor-
kappa B (NF-κB)[20]. HBsAg, HBeAg, and HBV particles 
could inhibit the activation of nonparenchymal liver 
cells by TLR3 ligands[20]. Jiang et al[21] demonstrated 
that TLR-induced the expression of IFN-γ, ISGs, and 
proinflammatory cytokines in murine Kupffer cells 
(KCs) and liver sinusoidal endothelial cells (LSECs), and 
the activation of NF-κB, IRF3, and mitogen-activated 
protein kinases (MAPKs) in hepatocytes were strongly 
suppressed by HBsAg. TLR3-stimulated KCs and LSECs 
mediated T-cell activation was also suppressed by 
HBsAg. Visvanathan et al[22] first showed that TLR2 
expression on liver cells, KCs, and PBMCs significantly 
reduced in HBeAg-positive CHB patients compared 
with HBeAg-negative CHB and controls. TLR2 detects 
several microbial PAMPs and subsequently activates NF-
κB in a myeloid differentiation primary response gene 
88 (MyD88)-dependent manner. Therefore, decreased 
TLR2 expression may lead to impairment of immune 
responses to HBV infection[23]. In addition to directly 
inhibits the TLR2-mediated c-Jun N-terminal kinase/
MAPK pathway, HBsAg may also induce interleukin 
(IL)-10 production in monocytes indirectly[24,25]. Thus, 
TLR2 is an important immune target of HBV infection.

Toll/IL-1 receptor (TIR) domain-containing adapter 
protein inducing IFN-β (TRIF) is an important component 
in innate immune signaling pathways. It is one of the 
main intracellular adapter proteins required for TLR3 
and TLR4 signaling. Ayoobi et al[26] suggested that the 
expression of TRIF significantly decreased in PBMCs 
isolated from CHB patients compared with those 
isolated from healthy subjects. TRIF protein was also 
downregulated in human hepatoma cell lines and liver 
tissue specimens infected with HBV[27]. HBeAg interacted 
with TRIF-related adaptor molecule (TRAM), Mal, and 
TLR2 at the subcellular level, and mutated HBeAg not 
only may disrupt the interaction between Mal and MyD88 
but also ablate homotypic TIR:TIR interaction, which 
is crucial for TLR-mediated signaling[28]. Furthermore, 
HBeAg can suppress TIR and IL-1β-mediated activation 
of the inflammatory transcription factors, such as NF-κB 
and inhibit NF-κB and IFN-β promoter activity[29]. These 
results suggest the presence of intracellular precore 
protein in addition to secreted extracellular HBeAg.

Hepatitis B virus X (HBx) and polymerase (Pol) are 
the proteins that interfere with the PRRs pathways most 
frequently[2,30]. For instance, HBx reduced TRIF protein 
expression via the proteasomal pathway in a dose-
dependent manner[31]. However, no direct convincing 
evidence indicating that HBV RNAs, DNAs and proteins 
are authenticly recognized by TLRs is available up to 
date. The interplay between HBV proteins and TLRs 

should be verified directly in vivo through further investi
gation[15].

RIG-Ⅰ- MDA5 pathway
MDA5 and RIG-1 as the PRRs play important roles in 
viral mRNA recognition. HBx and HBV Pol are involved 
most frequently in the inactivation of the RIG-Ⅰ path
ways and ultimately impaired IFN production. HBx 
is a pivotally protein involved in HBV-associated liver 
diseases. Studies[32] indicate that HBx can interact with 
the mitochondrial membrane protein virus-induced 
signaling adapter (VISA), which is a key adapter protein 
downstream RIG-Ⅰ and MDA5, and interrupts the 
association of VISA with its upstream and downstream 
parts. This inhibits the induction of type Ⅰ IFNs through 
the activation of transcription factors, including NF-
κB and RF3. Human cell line studies[33] have also sug
gested that adapter protein mitochondrial antiviral 
signaling (MAVS) is another target for HBx. The RIG-
Ⅰ/MDA5 pathway and IFN-β induction is inhibited due 
to degradation of MAVS promoted by HBx. A recent 
study[34] showed that mRNA levels of MDA5 and RIG-
Ⅰ dramatically decreased in CHB patients in comparison 
with healthy controls. However, these mRNA levels 
have little alteration among CHB patients with different 
states of HBeAg and HBV DNA viral loads. Moreover, 
RIG-Ⅰ could also offset the interaction of HBV Pol 
with the 5’-ε region, which suggest that RIG-Ⅰ dually 
actions as an HBV sensor activating innate signaling 
and counteracting viral Pol in human liver cells[35]. There
fore, the mechanism underlying the downregulation of 
MDA5 may attribute to several reasons in patients with 
CHB[34]. DDX3, an HBV Pol binding protein, belonging 
to the DEAD-box RNA helicase family, is associated 
with mRNA metabolism. HBV Pol blocks PRRs signaling 
via interaction with DDX3[36]. This may explain the 
mechanism of how HBV evading the innate immune 
response.

In contrast, Luangsay et al[14] found that the early 
inhibition of dsRNA-mediated response resulted from 
the HBV inoculum, but not HBsAg or HBeAg itself. 
Whereas, the significance of these results in the human 
needs to be confirmed.

DCs
DCs are key cells in the initiation of adaptive immune 
responses because of their ability of processing foreign 
antigens and presenting them to effector cells. Also, 
mature DCs can efficiently induce T-cell polarization to 
Th1 and generate HBcAg-specific CTLs[37]. A long-lasting 
debate exists on the functionality and phenotypes of 
DCs in chronic HBV infection. Several studies demon
strated that DCs functions were impairment in CHB 
patients, which included decreased expression of co-
stimulatory molecules, defective cytokine production, 
and reduced allostimulatory capacity compared with 
healthy people[38,39].

However, Gehring et al[40] suggested that the fre
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antigen to both major histocompatibility complex (MHC)-
Ⅰ and MHC-Ⅱ in primary DCs and facilitate cytotoxic 
and helper T-cell priming[45]. Also, Ag-Ab immune 
complexes could be easily captured and taken up by 
DCs[50], and could efficiently induce HBs-specific T cells. 
A clinical study showed that the immunity was enhanced 
by autologous HBsAg-activated DC-cytokine-induced 
killer cells as adoptive immunotherapy[51]. Martinet et 
al[52] showed that the vaccination of Hepato-HuPBL 
mice with the HBc/HBs peptide-loaded pDCs induced 
HBV-specific T cells with specific ability of lysing the 
transfected hepatocytes. In addition, HBeAg might have 
a negative effect on the generation of DCs from bone 
morrow precursors[53].

The mechanism underlying the suppressive influence 
of HBV and HBV proteins on the function of DCs has 
not been fully elucidated. Some reports indicated that 
HBV and HBsAg can enter the DCs and cause damage, 
leading to a decline in the number of DCs and functional 
impairment[45,54]. However, Tavakoli et al[41] found that 
viral mRNA was not detectable by reverse transcription-
polymerase chain reaction in both DC populations, 
which argues against viral replication in DCs.

The arguments regarding the functions and pheno
types of DCs result from the heterogeneous source of 
HBV antigens, variability of patients, and assay methods 
of DC maturation and cytokine production in vitro 
across studies[40]. In addition, liver pathology also likely 
affects the function of pDCs. Studies show that IFN-α 
production by pDCs is negatively correlated with the 
serum alanine aminotransferase (ALT) level in patients 
with CHB[39,43]. Furthermore, the expression of inhibitory 
molecule programmed death-ligand 1 (PD-1) in mDCs 
tended to more closely relate to ALT level than to viral 
load[55].

NK AND NKT CELLS
NK cells, the main innate immune cells, play indis
pensable roles in the clearance of HBV from hepatocytes. 
Although the numbers, subset distribution, and cytotoxic 
capacity of NK cells were retained, their activation and 
IFN-γ and tumor necrosis factor (TNF)-α production, 
particularly of the CD56(dim) subset, were strongly 
hampered in patients with CHB compared with healthy 
controls[56]. NK cells express several kinds of stimulatory 
and inhibitory receptors, which interact with their re
spective ligands results in functional activation and 
suppression[57]. Activation status and surface receptor 
expression patterns of NK cells may be altered in HBV 
infection[2]. Natural killer group 2D (NKG2D) is a well-
characterized activating receptor expressed on NK cells, 
NKT cells, and CD8(+) cytotoxic T cells, which binds 
to a diverse group of ligands that resemble the MHC-
class Ⅰ molecules. Accumulating evidence has shown 
that NKG2D-ligand interactions play a crucial role in 
the persistence of HBV infection and the development 
of liver injury and hepatocellular carcinoma. The expre
ssion of NKG2D ligands may be modulated post-trans

quency and function of myeloid DCs (mDCs) and 
plasmacytoid DCs (pDCs) were largely intact ex vivo 
in HBV infected patients except for the reduced IFN-α 
production compared with those of healthy donor 
DCs. They found that reduced IFN-α production did 
not correlate with viral titer, which suggested that viral 
antigens had slight impact on DCs function. The major 
confusion about the function of DCs resulted from 
studies which indicated that function of healthy donor 
DCs was impaired exposing to various sources of HBV 
in vitro, which are in contrast to the results obtained 
from CHB patients. Tavakoli et al[41] also demonstrated 
that phenotypes and functionality of circulating total 
DCs, mDCs, or pDCs are unaffected in chronically HBV 
infected patients whether experimented ex vivo or after 
in vitro activation and maturation. They demonstrated 
that isolated mDCs and pDCs from chronic HBV carriers 
showed the similar expression of co-stimulatory mole
cules and alloreactive T cell stimulation as that of the 
control DCs.

However, other studies showed that pDCs were the 
targets of HBV. Both HBV virions and purified HBsAg 
have immune modulatory functions and may directly 
contribute to the impairment of mDCs functions in 
chronic HBV infection[42]. HBV particles and HBsAg were 
capable of abrogating TLR9-induced IFN-α gene trans
cription via combining to TLR9-triggered pDC directly[43]. 
HBV not only directly interfered with pDC function, but 
also indirectly disturbed monocyte-pDC interaction. In 
addition, the ability of inducing the cytolytic activity of 
NK cells by TLR9-activated pDCs from CHB patients 
were also compromised[44]. Virus-like particles (VLPs) 
comprising small HBV envelope protein (HBsAgS) 
impaired IFN-α production of pDCs in response to CpG 
in vitro[45]. Op den Brouw et al[42] suggested that in the 
presence of HBV or HBsAg, cytokine-induced maturation 
resulted in a more tolerogenic mDC phenotype, as 
demonstrated by a significantly reduced upregulation 
of co-stimulatory molecules and a decreased T-cell 
stimulatory capacity, as demonstrated by T-cell prolife
ration and production of IFN-γ and IL-12. It has been 
shown that DCs from immune tolerant patients showed 
a prominently lower expression of CD80, CD86, and 
HLA-DR and demonstrated an injured stimulatory 
capacity in mixed lymphocyte reactions and decreased 
production of IL-12, compared with those in the inactive 
HBsAg carrier state. Also, no remarkable difference was 
observed between the indexes from inactive carrier 
and healthy controls[46]. Several studies[47,48] revealed 
that mDC frequency could return to the level of healthy 
donors, IL12p70 production increased, and lower 
expression of phenotypic molecules was restored with 
antiviral therapy of adefovir and lamivudine. These 
results indirectly demonstrated the suppressive effect of 
high loads of HBV particles and proteins on DCs.  

Though with suppressive effect on DCs functions, 
HBsAg is also a component of HBV vaccine. HBsAg-
pulsed DCs might promote HBV-specific immune res
ponse in CHB patients[49]. HBsAgS VLPs can deliver an 
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criptionally by HBV[1]. Also, high serum HBV DNA loads 
upregulate the expression of inhibitory receptors such as 
NKG2A, but downregulate activating receptors, CD16, 
NKp30, NKG2D, and NKp46[56,58,59]. One study showed 
that the expression of NKp46 negatively correlated 
with the HBV DNA level and was much higher in 
inactive HBsAg carriers compared with active infection 
patients. NKp46 activation may restore NK cell cytolytic 
activity to HepG2 and HepG2.215 cell lines in vitro[59]. 
Furthermore, NK cell phenotype and functionality may 
partially be restored by viral load reduction through 
antiviral therapy, as shown by downregulated expression 
of NKG2A and improved IFN-γ production as a result of 
an increased ability of CD56(dim) NK cells[56]. And the 
recovered function of NK cells was strongly associated 
with HBsAg clearance[60]. Under the combination treat
ment of pegylated IFN-α-2a and adefovir, compared 
with nonresponders, responders had a remarkably 
lower expression of NKG2A on CD56(dim) NK cells and 
higher CD56 (bright) TNF-related apoptosis-inducing 
ligand expression and IFN-γ production at the end of the 
treatment. These results were not observed in HBeAg-
positive patients who developed HBeAg seroconversion 
without HBsAg clearance[60]. The spontaneous reduction 
of HBV loads had similar results[61]. 

In addition, HBeAg may inhibit IFN-γ production 
by NK cells mediated by IL-18 in a dose-dependent 
manner[62]. HBV may specifically suppress pDC-induced 
IFN-γ production by NK cells without affecting their 
cytolytic ability through pDC-NK cell cross-talk[63]. 
Although NK cell IFN-γ production was impaired in 
response to TLR9 stimulation in CHB patients compared 
with controls, the upregulation of CD69 expression in 
response to TLR9 was maintained[64]. 

NKT cells are a unique subgroup of T-cells expressing 
both NK cell surface marker-CD56 and a T-cell receptor 
CD3 - which are stimulated by lipid antigens. NK and 
NKT are the two cell types that are promptly activated 
in the early phase of HBV infection, which probably 
contribute to controlling the HBV invasion and allowing 
timely induction of adaptive immune responses[65]. 
While, it has demonstrated that the frequency of hepatic 
NKT cells from HBV transgenic mice was low and the 
capability of producing IFN-γ was impaired[66]. Reports 
by Jiang et al[67] and Zhu et al[68] indicated that the fre
quency of peripheral invariant NKT (iNKT) cells is lower 
in patients with chronic HBV infection than in healthy 
subjects, and returns to normal levels during viral control 
with telbivudine. In patients treated with PEG-IFN-α, 
the ratio of peripheral blood NKT cells in T lymphocytes 
before, during, and after treatment significantly elevated 
in the significant-effect group compared with the effect 
and no-effect groups[69]. This implies that NKT cells 
modulate the innate immune response against HBV 
infection and play a major role in effective antiviral 
treatment.

The mechanism underlying the decrease in the 
number and function of circulating iNKT cells in patients 
with CHB remains unclear. It is believed that this 

reduction is at least partially due to trafficking to the 
liver[70] because iNKT cells express a high level of CC 
chemokine receptor 5 (CCR5) and CCR6[67] which enable 
iNKT cells migrate toward the liver. Other mechanism 
may involved in the high expression of inhibitory mole
cules PD-1 and Tim-3, and lower the expression of 
CD28[66,71]. In addition, HBV-induced lipid alterations also 
contributed to a change in NKT cell function[72]. 

IMMUNE TARGET OF SIGNALING 
PATHWAYS OF THE ANTIVIRAL 
RESPONSE AND CYTOKINES
Recognition of viral infections by PRRs, such as TLRs 
and RIG-Ⅰ/MDA5, activates signaling pathways and 
leads to the induction of inflammatory and antiviral 
cytokines, such as type Ⅰ IFN, that limit viral replication 
and initiation of adaptive immunity. The expression of 
TLR signaling molecules, such as MyD88, IL-1 receptor-
associated kinase 1 (IRAK1), and IRAK4, significantly 
decreased in PBMCs from CHB patients compared with 
healthy controls[73,74].

HBV proteins, such as HBV Pol and HBx, could 
interfere with multiple sites of intracellular signaling 
pathways triggered by HBV infection, preventing IFN 
production and antiviral responses in hepatocytes[30,75]. 
HBV Pol can inhibit TANK-binding kinase 1 (TBK1)/
IkappaB kinase-epsilon (IKKi), the effector kinases 
of IRF signaling. It can block IRF signaling activation 
mediated by TLR-3 or RIG-Ⅰ recognizing dsRNA in the 
endosomes or in the cytosol through interaction with 
DDX3, a transcriptional factor of the IFN-β promoter in 
human hepatoma cell lines[30,32,36]. HBV Pol mediates 
blockage of IFN-α signaling through suppressing 
IFN-α-induced signal transducers and activators of 
transcription 1 (STAT1) serine 727 phosphorylation and 
STAT1/2 nuclear accumulation[76]. Pol also affects STAT 
methylation through increasing protein phosphatase 
2A (PP2A) expression, which inhibits protein arginine 
methyltransferase 1, the enzyme that catalyzes the 
methylation of STAT1[77]. This may be responsible for 
HBV resistance to PEG-IFN-α therapy[78]. However, 
HBV Pol does not interfere with STAT1 degradation 
and phosphorylation[79]. The cytosolic DNA sensor 
and key adaptor stimulator of IFN genes (STING) has 
been suggested to be critical in multiple foreign DNA-
elicited innate immune signaling. Screening analysis 
demonstrated that the reverse transcriptase and the 
RNase H (RH) domains of HBV Pol were responsible 
for the inhibition of STING-stimulated IRF3 activation 
and IFN-β induction[80]. One study has demonstrated 
that HBV Pol preferentially suppresses TNF-α-, TLR3- or 
TLR4-induced NF-κB signaling by inhibiting the activity 
of IKK complex through disrupting the association of 
IKK/NF-κB essential modulator (NEMO) with Cdc37/
Hsp90β in hepatoma cells[81]. Therefore, in addition to its 
inherent catalytic function, HBV Pol has multifunctional 
immunomodulatory effects. It may counteract the innate 
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responses at different steps. 
Similar to HBV Pol, HBx can target multiple points 

of signaling pathways negatively regulating type Ⅰ IFN 
production. In addition to RIG-Ⅰ, TNF receptor-asso
ciated factor 3, and TRIF, HBx also interacts with NEMO, 
TBK1, kinase-epsilon (IKKi), and IRF3[75]. HBx can also 
transactivate multiple transcription factors including NF-
κB that regulates inflammatory-related genes. A recent 
report has suggested that HBx-evolutionarily conserved 
signaling intermediate in toll pathways interaction 
plays an important role in in IL-1β induction of NF-κB 
activation[82]. 

In addition to HBV Pol and HBx proteins, HBeAg 
may also modulate the intracellular signaling pathways. 
HBeAg may target receptor-interacting serine/threonine 
protein kinase 2 through inhibiting its expression and 
interacting with it[83] which may results in inactivation 
of NF-κB. Experiments indicate that collagen triple 
helix repeat containing 1 (CTHRC1) expressed in HBV-
transfected cells facilitates HBV replication in cultured 
cells and BALB/c mice. On the other hand, HBV in
creases CTHRC1 expression, which downregulates the 
activity of type Ⅰ IFN, the transcription of ISGs, and the 
phosphorylation of STAT1/2[84].

However, some of the signaling pathways are 
important in restraining HBV replication. Tzeng et al[85] 
demonstrated that not IFN-α/β receptor, RIG-Ⅰ, MDA5, 
MyD88, NLR pyrin containing 3, caspase recruitment 
domain, and IL-1R but TNF-α is essential for HBV 
eradication. In the absence of TNF-α, or early treatment 

with the soluble blocker of TNF receptor in mice leads to 
HBV persistence[86]. This may explain the mechanism of 
HBV reactivation during TNF blockage agents therapy.

In contrast to HBeAg, research has reported that 
the treatment of human monocyte-derived DCs with 
HBsAg resulted in enhanced cell surface expression 
of CD80, CD83, CD86, and MHC-Ⅱ, and increased 
IL-12 p40, IL-12p70, and IL-10 production through 
decreasing inhibition of κBα concentrations and MAPK 
phosphorylation[87]. 

CONCLUSION 
The suppression of various innate immune components 
targeted by HBV and HBV proteins may result in virus 
spread and subsequent inefficient adaptive immune 
responses, leading to HBV persistence. However, still 
controversies exist regarding the effects of HBV on 
the functionalities and phenotypes of innate immune 
cells, especially DCs. The conflicting results may be 
due to patient diversity, divergence of antigen sources, 
and inconsistent assay methods. Some of the findings 
derived from cell line and animal models remain to be 
defined for the human HBV infection. Furthermore, 
the knowledge of the exact mechanism of action of 
HBV and HBV proteins on some of the sites of the 
complicated innate signaling pathways is lacking. The 
updated findings of innate immune cells, molecules 
and signaling pathways targeted by HBV and HBV 
proteins are summarized in Table 1. The present study 

Table 1  Innate immune cells, molecules and signaling pathways targeted by hepatitis B virus and 
hepatitis B virus proteins 

HBV and HBV proteins Innate immune cells, molecules and signaling pathways Ref.

HBs TLR, ISG, IRF3, IFN-β and NF-κB [20]
KCs, LSECs, IFN-γ, ISGs, MAPKs, TLR3 [21]

JNK/MAPK, κBα [24,25,87]
mDCs, pDCs, TLR-9 [42,43]

HBe  Hepatocytes, KCs, PBMCs, and TLR2, ISG, IRF3, IFN-β and NF-κB [20,22]
TRAM, Mal, TLR2, and TIR:TIR [28]

NF-κB and IFN-β promoter, IFN-γ [29,62]
RIPK2 [83]

HBx TRIF, RIG-I/MDA5, VISA, MAVS, NF-κB  [31-33,82]
NEMO, TBK1, IKKi, and IRF3 [75]

HBV Pol  RIG-I, DDX3, NEMO-Cdc37/Hsp90β [35,36,81]
TBK1/IKKi, STAT1, PP2A, STING [32,33,36,76,77,80]

HBV NK, NKG2D, NKG2A, CD16, NKp30, and NKp46 [56,58,59]
pDC–NK, NKT [63,72]

CTHRC1 [84]

HBs: Hepatitis B surface antigen; HBe: Hepatitis B e antigen; HBx: Hepatitis B x protein; HBV Pol: Hepatitis B 
polymerase; TLRs: Toll-like receptors; ISG: Interferon-stimulated genes; IFN: Interferon; NF-kB: Nuclear factor kB; 
KCs: Kupffer cells; LSECs: Liver sinusoidal endothelial cells; MAPKs: Mitogen-activated protein kinases; JNK: c-Jun 
N-terminal kinase; mDCs: Myeloid dendritic cells; pDCs: Plasmacytoid DCs; PBMCs: Periperal blood mononuclear cells; 
TRAM: TRIF-related adaptor molecule; TIR: Toll/interleukine-1 receptor; RIPK2: Receptor-interacting serine/threonine 
protein kinase 2; TRIF: TIR domain-containing adapter protein inducing IFN-β; RIG-Ⅰ: Retinoic acid inducible gene Ⅰ; 
IRF: Interferon-regulatory factors; MDA5: Melanoma differentiation associated gene 5; VISA: Virus-induced signaling 
adapter; MAVS: Mitochondrial antiviral signaling; TBK1: TANK-binding kinase 1; IKKi: KappaB kinase-epsilon; 
STAT1: Signal transducers and activators of transcription 1; PP2A: Protein phosphatase 2A; STING: Stimulator of IFN 
genes; NK: Natural killer; NKG2D: NK group 2D; NKG2A: NK group 2A; NKT: NK Tcell; CTHRC1: Collagen triple 
helix repeat containing 1; HBV: Hepatitis B virus; MAPK: Mitogen-activated protein kinase; NEMO: NF-kB essential 
modulator.

Zou ZQ et al . Innate immune targets and HBV infection



722 June 18, 2016|Volume 8|Issue 17|WJH|www.wjgnet.com

provides evidence that multiple components of immune 
responses should be activated in combination with 
antiviral therapy to disrupt the tolerance to HBV for 
eliminating HBV infection.

REFERENCES 
1	 Pollicino T, Koumbi L. Role natural killer group 2D-ligand 

interactions in hepatitis B infection. World J Hepatol 2015; 7: 
819-824 [PMID: 25937859 DOI: 10.4254/wjh.v7.i6.819]

2	 Busca A, Kumar A. Innate immune responses in hepatitis B virus 
(HBV) infection. Virol J 2014; 11: 22 [PMID: 24507433 DOI: 
10.1186/1743-422X-11-22]

3	 Fong TL, Di Bisceglie AM, Biswas R, Waggoner JG, Wilson L, 
Claggett J, Hoofnagle JH. High levels of viral replication during acute 
hepatitis B infection predict progression to chronicity. J Med Virol 
1994; 43: 155-158 [PMID: 8083663 DOI: 10.1002/jmv.1890430210]

4	 Webster GJ, Reignat S, Brown D, Ogg GS, Jones L, Seneviratne 
SL, Williams R, Dusheiko G, Bertoletti A. Longitudinal analysis of 
CD8+ T cells specific for structural and nonstructural hepatitis B 
virus proteins in patients with chronic hepatitis B: implications for 
immunotherapy. J Virol 2004; 78: 5707-5719 [PMID: 15140968 
DOI: 10.1128/JVI.78.11.5707-5719.2004]

5	 Boni C, Fisicaro P, Valdatta C, Amadei B, Di Vincenzo P, Giuberti 
T, Laccabue D, Zerbini A, Cavalli A, Missale G, Bertoletti A, 
Ferrari C. Characterization of hepatitis B virus (HBV)-specific 
T-cell dysfunction in chronic HBV infection. J Virol 2007; 81: 
4215-4225 [PMID: 17287266 DOI: 10.1128/JVI.02844-06]

6	 Loggi E, Bihl FK, Cursaro C, Granieri C, Galli S, Brodosi L, Furlini 
G, Bernardi M, Brander C, Andreone P. Virus-specific immune 
response in HBeAg-negative chronic hepatitis B: relationship 
with clinical profile and HBsAg serum levels. PLoS One 2013; 8: 
e65327 [PMID: 23750252 DOI: 10.1371/journal.pone.0065327]

7	 Wang L, Zou ZQ, Wang K, Yu JG, Liu XZ. Role of serum hepa
titis B virus marker quantitation to differentiate natural history 
phases of HBV infection. Hepatol Int 2016; 10: 133-138 [PMID: 
26427997 DOI: 10.1007/s12072-015-9657-6]

8	 Kondo Y, Ninomiya M, Kakazu E, Kimura O, Shimosegawa 
T. Hepatitis B surface antigen could contribute to the immuno
pathogenesis of hepatitis B virus infection. ISRN Gastroenterol 
2013; 2013: 935295 [PMID: 23401786 DOI: 10.1155/2013/935295]

9	 Salpini R, Colagrossi L, Bellocchi MC, Surdo M, Becker C, Alteri 
C, Aragri M, Ricciardi A, Armenia D, Pollicita M, Di Santo F, 
Carioti L, Louzoun Y, Mastroianni CM, Lichtner M, Paoloni M, 
Esposito M, D’Amore C, Marrone A, Marignani M, Sarrecchia 
C, Sarmati L, Andreoni M, Angelico M, Verheyen J, Perno CF, 
Svicher V. Hepatitis B surface antigen genetic elements critical 
for immune escape correlate with hepatitis B virus reactivation 
upon immunosuppression. Hepatology 2015; 61: 823-833 [PMID: 
25418031 DOI: 10.1002/hep.27604]

10	 Boni C, Laccabue D, Lampertico P, Giuberti T, Viganò M, 
Schivazappa S, Alfieri A, Pesci M, Gaeta GB, Brancaccio G, Colo
mbo M, Missale G, Ferrari C. Restored function of HBV-specific T 
cells after long-term effective therapy with nucleos(t)ide analogues. 
Gastroenterology 2012; 143: 963-73.e9 [PMID: 22796241 DOI: 
10.1053/j.gastro.2012.07.014]

11	 Li CZ, Hu JJ, Xue JY, Yin W, Liu YY, Fan WH, Xu H, Liang XS. 
Viral infection parameters not nucleoside analogue itself correlates 
with host immunity in nucleoside analogue therapy for chronic 
hepatitis B. World J Gastroenterol 2014; 20: 9486-9496 [PMID: 
25071343 DOI: 10.3748/wjg.v20.i28.9486]

12	 Jiang X, Kanda T, Wu S, Nakamura M, Miyamura T, Nakamoto S, 
Banerjee A, Yokosuka O. Regulation of microRNA by hepatitis B 
virus infection and their possible association with control of innate 
immunity. World J Gastroenterol 2014; 20: 7197-7206 [PMID: 
24966589 DOI: 10.3748/wjg.v20.i23.7197]

13	 Takeuchi O, Akira S. Pattern recognition receptors and inflam
mation. Cell 2010; 140: 805-820 [PMID: 20303872 DOI: 10.1016/
j.cell.2010.01.022]

14	 Luangsay S, Gruffaz M, Isorce N, Testoni B, Michelet M, Faure-
Dupuy S, Maadadi S, Ait-Goughoulte M, Parent R, Rivoire M, 
Javanbakht H, Lucifora J, Durantel D, Zoulim F. Early inhibition of 
hepatocyte innate responses by hepatitis B virus. J Hepatol 2015; 
63: 1314-1322 [PMID: 26216533 DOI: 10.1016/j.jhep.2015.07.014]

15	 Ma Z, Zhang E, Yang D, Lu M. Contribution of Toll-like receptors 
to the control of hepatitis B virus infection by initiating antiviral 
innate responses and promoting specific adaptive immune 
responses. Cell Mol Immunol 2015; 12: 273-282 [PMID: 25418467 
DOI: 10.1038/cmi.2014.112]

16	 Isogawa M, Robek MD, Furuichi Y, Chisari FV. Toll-like receptor 
signaling inhibits hepatitis B virus replication in vivo. J Virol 2005; 
79: 7269-7272 [PMID: 15890966]

17	 Tian T, Sun D, Wang P, Wang H, Bai X, Yang X, Wang Z, Dong M. 
Roles of Toll-like Receptor 7 and 8 in Prevention of Intrauterine 
Transmission of Hepatitis B Virus. Cell Physiol Biochem 2015; 37: 
445-453 [PMID: 26315138 DOI: 10.1159/000430367]

18	 Vincent IE, Zannetti C, Lucifora J, Norder H, Protzer U, Hainaut P, 
Zoulim F, Tommasino M, Trépo C, Hasan U, Chemin I. Hepatitis 
B virus impairs TLR9 expression and function in plasmacytoid 
dendritic cells. PLoS One 2011; 6: e26315 [PMID: 22046272 DOI: 
10.1371/journal.pone.0026315]

19	 Chen Z, Cheng Y, Xu Y, Liao J, Zhang X, Hu Y, Zhang Q, Wang 
J, Zhang Z, Shen F, Yuan Z. Expression profiles and function of 
Toll-like receptors 2 and 4 in peripheral blood mononuclear cells 
of chronic hepatitis B patients. Clin Immunol 2008; 128: 400-408 
[PMID: 18565796 DOI: 10.1016/j.clim.2008.04.006]

20	 Wu J, Meng Z, Jiang M, Pei R, Trippler M, Broering R, Bucchi 
A, Sowa JP, Dittmer U, Yang D, Roggendorf M, Gerken G, Lu 
M, Schlaak JF. Hepatitis B virus suppresses toll-like receptor-
mediated innate immune responses in murine parenchymal and 
nonparenchymal liver cells. Hepatology 2009; 49: 1132-1140 
[PMID: 19140219 DOI: 10.1002/hep.22751]

21	 Jiang M, Broering R, Trippler M, Poggenpohl L, Fiedler M, 
Gerken G, Lu M, Schlaak JF. Toll-like receptor-mediated immune 
responses are attenuated in the presence of high levels of hepatitis 
B virus surface antigen. J Viral Hepat 2014; 21: 860-872 [PMID: 
24498958 DOI: 10.1111/jvh.12216]

22	 Visvanathan K, Skinner NA, Thompson AJ, Riordan SM, Sozzi 
V, Edwards R, Rodgers S, Kurtovic J, Chang J, Lewin S, Desmond 
P, Locarnini S. Regulation of Toll-like receptor-2 expression in 
chronic hepatitis B by the precore protein. Hepatology 2007; 45: 
102-110 [PMID: 17187404 DOI: 10.1002/hep.21482]

23	 Bagheri V, Askari A, Arababadi MK, Kennedy D. Can Toll-Like 
Receptor (TLR) 2 be considered as a new target for immunotherapy 
against hepatitis B infection? Hum Immunol 2014; 75: 549-554 
[PMID: 24530748 DOI: 10.1016/j.humimm.2014.02.018]

24	 Shi B, Ren G, Hu Y, Wang S, Zhang Z, Yuan Z. HBsAg inhibits 
IFN-α production in plasmacytoid dendritic cells through TNF-α 
and IL-10 induction in monocytes. PLoS One 2012; 7: e44900 
[PMID: 23024774]

25	 Wang S, Chen Z, Hu C, Qian F, Cheng Y, Wu M, Shi B, Chen J, 
Hu Y, Yuan Z. Hepatitis B virus surface antigen selectively inhibits 
TLR2 ligand-induced IL-12 production in monocytes/macrophages 
by interfering with JNK activation. J Immunol 2013; 190: 
5142-5151 [PMID: 23585678 DOI: 10.4049/jimmunol.1201625]

26	 Ayoobi F, Hassanshahi G, Zainodini N, Khorramdelazad H, 
Arababadi MK, Kennedy D. Reduced expression of TRIF in chronic 
HBV infected Iranian patients. Clin Res Hepatol Gastroenterol 2013; 
37: 491-495 [PMID: 23433963 DOI: 10.1016/j.clinre.2012.11.005]

27	 Hong Y, Zhou L, Xie H, Zheng S. Innate immune evasion by 
hepatitis B virus-mediated downregulation of TRIF. Biochem 
Biophys Res Commun 2015; 463: 719-725 [PMID: 26047698 DOI: 
10.1016/j.bbrc.2015.05.130]

28	 Lang T, Lo C, Skinner N, Locarnini S, Visvanathan K, Mansell A. 
The hepatitis B e antigen (HBeAg) targets and suppresses activation 
of the toll-like receptor signaling pathway. J Hepatol 2011; 55: 
762-769 [PMID: 21334391 DOI: 10.1016/j.jhep.2010.12.042]

29	 Wilson R, Warner N, Ryan K, Selleck L, Colledge D, Rodgers S, 
Li K, Revill P, Locarnini S. The hepatitis B e antigen suppresses 
IL-1β-mediated NF-κB activation in hepatocytes. J Viral Hepat 

Zou ZQ et al . Innate immune targets and HBV infection



723 June 18, 2016|Volume 8|Issue 17|WJH|www.wjgnet.com

2011; 18: e499-e507 [PMID: 21914069 DOI: 10.1111/j.1365-2893.
2011.01484.x]

30	 Yu S, Chen J, Wu M, Chen H, Kato N, Yuan Z. Hepatitis B virus 
polymerase inhibits RIG-I- and Toll-like receptor 3-mediated beta 
interferon induction in human hepatocytes through interference 
with interferon regulatory factor 3 activation and dampening of 
the interaction between TBK1/IKKepsilon and DDX3. J Gen 
Virol 2010; 91: 2080-2090 [PMID: 20375222 DOI: 10.1099/
vir.0.020552-0]

31	 Zhang G, Li N, Li Z, Zhu Q, Li F, Yang C, Han Q, Lv Y, Zhou Z, 
Liu Z. microRNA-4717 differentially interacts with its polymorphic 
target in the PD1 3’ untranslated region: A mechanism for regulating 
PD-1 expression and function in HBV-associated liver diseases. 
Oncotarget 2015; 6: 18933-18944 [PMID: 25895129]

32	 Wang X, Li Y, Mao A, Li C, Li Y, Tien P. Hepatitis B virus X 
protein suppresses virus-triggered IRF3 activation and IFN-beta 
induction by disrupting the VISA-associated complex. Cell Mol 
Immunol 2010; 7: 341-348 [PMID: 20711230 DOI: 10.1038/cm
i.2010.36]

33	 Wei C, Ni C, Song T, Liu Y, Yang X, Zheng Z, Jia Y, Yuan Y, Guan 
K, Xu Y, Cheng X, Zhang Y, Yang X, Wang Y, Wen C, Wu Q, Shi W, 
Zhong H. The hepatitis B virus X protein disrupts innate immunity 
by downregulating mitochondrial antiviral signaling protein. J 
Immunol 2010; 185: 1158-1168 [PMID: 20554965 DOI: 10.4049/
jimmunol.0903874]

34	 Ebrahim M, Mirzaei V, Bidaki R, Shabani Z, Daneshvar H, 
Karimi-Googheri M, Khaleghinia M, Afrooz MR, Yousefpoor Y, 
Arababadi MK. Are RIG-1 and MDA5 Expressions Associated 
with Chronic HBV Infection? Viral Immunol 2015; 28: 504-508 
[PMID: 26485346 DOI: 10.1089/vim.2015.0056]

35	 Sato S, Li K, Kameyama T, Hayashi T, Ishida Y, Murakami S, 
Watanabe T, Iijima S, Sakurai Y, Watashi K, Tsutsumi S, Sato Y, Akita 
H, Wakita T, Rice CM, Harashima H, Kohara M, Tanaka Y, Takaoka A. 
The RNA sensor RIG-I dually functions as an innate sensor and direct 
antiviral factor for hepatitis B virus. Immunity 2015; 42: 123-132 
[PMID: 25557055 DOI: 10.1016/j.immuni.2014.12.016]

36	 Wang H, Ryu WS. Hepatitis B virus polymerase blocks pattern 
recognition receptor signaling via interaction with DDX3: 
implications for immune evasion. PLoS Pathog 2010; 6: e1000986 
[PMID: 20657822 DOI: 10.1371/journal.ppat.1000986]

37	 Dai S, Zhuo M, Song L, Chen X, Yu Y, Tang Z, Zang G. Dendritic 
cell-based vaccination with lentiviral vectors encoding ubiquitinated 
hepatitis B core antigen enhances hepatitis B virus-specific immune 
responses in vivo. Acta Biochim Biophys Sin (Shanghai) 2015; 47: 
870-879 [PMID: 26373843 DOI: 10.1093/abbs/gmv093]

38	 Wang FS, Xing LH, Liu MX, Zhu CL, Liu HG, Wang HF, Lei ZY. 
Dysfunction of peripheral blood dendritic cells from patients with 
chronic hepatitis B virus infection. World J Gastroenterol 2001; 7: 
537-541 [PMID: 11819824 DOI: 10.3748/wjg.v7.i4.537]

39	 van der Molen RG, Sprengers D, Binda RS, de Jong EC, 
Niesters HG, Kusters JG, Kwekkeboom J, Janssen HL. Functional 
impairment of myeloid and plasmacytoid dendritic cells of patients 
with chronic hepatitis B. Hepatology 2004; 40: 738-746 [PMID: 
15349914]

40	 Gehring AJ, Ann D’Angelo J. Dissecting the dendritic cell con
troversy in chronic hepatitis B virus infection. Cell Mol Immunol 
2015; 12: 283-291 [PMID: 25363524 DOI: 10.1038/cmi.2014.95]

41	 Tavakoli S, Mederacke I, Herzog-Hauff S, Glebe D, Grün S, Strand 
D, Urban S, Gehring A, Galle PR, Böcher WO. Peripheral blood 
dendritic cells are phenotypically and functionally intact in chronic 
hepatitis B virus (HBV) infection. Clin Exp Immunol 2008; 151: 
61-70 [PMID: 18031557 DOI: 10.1111/j.1365-2249.2007.03547.x]

42	 Op den Brouw ML, Binda RS, van Roosmalen MH, Protzer U, 
Janssen HL, van der Molen RG, Woltman AM. Hepatitis B virus 
surface antigen impairs myeloid dendritic cell function: a possible 
immune escape mechanism of hepatitis B virus. Immunology 2009; 
126: 280-289 [PMID: 18624732 DOI: 10.1111/j.1365-2567.2008.0
2896.x]

43	 Woltman AM, Op den Brouw ML, Biesta PJ, Shi CC, Janssen HL. 
Hepatitis B virus lacks immune activating capacity, but actively 

inhibits plasmacytoid dendritic cell function. PLoS One 2011; 6: 
e15324 [PMID: 21246041 DOI: 10.1371/journal.pone.0015324]

44	 Martinet J, Dufeu-Duchesne T, Bruder Costa J, Larrat S, Marlu 
A, Leroy V, Plumas J, Aspord C. Altered functions of plasmacytoid 
dendritic cells and reduced cytolytic activity of natural killer 
cells in patients with chronic HBV infection. Gastroenterology 
2012; 143: 1586-1596.e8 [PMID: 22960656 DOI: 10.1053/j.
gastro.2012.08.046]

45	 Moffat JM, Cheong WS, Villadangos JA, Mintern JD, Netter HJ. 
Hepatitis B virus-like particles access major histocompatibility 
class I and II antigen presentation pathways in primary dendritic 
cells. Vaccine 2013; 31: 2310-2316 [PMID: 23473776 DOI: 
10.1016/j.vaccine.2013.02.042]

46	 Lin C, Zou H, Wang S. Hepatitis B e Antigen Seroconversion Is 
Related with the Function of Dendritic Cells in Chronic Hepatitis 
B Virus Infection. Gastroenterol Res Pract 2014; 2014: 413952 
[PMID: 25574162 DOI: 10.1155/2014/413952]

47	 van der Molen RG, Sprengers D, Biesta PJ, Kusters JG, Janssen 
HL. Favorable effect of adefovir on the number and functionality of 
myeloid dendritic cells of patients with chronic HBV. Hepatology 
2006; 44: 907-914 [PMID: 17006907 DOI: 10.1002/hep.21340]

48	 Zheng PY, Zhang DY, Lu GF, Yang PC, Qi YM, Wang BS. Effects 
of lamivudine on the function of dendritic cells derived from patients 
with chronic hepatitis B virus infection. World J Gastroenterol 2007; 
13: 4641-4645 [PMID: 17729422 DOI: 10.3748/wjg.v13.i34.4641]

49	 Akbar SM, Horiike N, Chen S, Michitaka K, Abe M, Hiasa 
Y, Matsuura B, Onji M. Mechanism of restoration of immune 
responses of patients with chronic hepatitis B during lamivudine 
therapy: increased antigen processing and presentation by dendritic 
cells. J Viral Hepat 2011; 18: 200-205 [PMID: 20367796 DOI: 
10.1111/j.1365-2893.2010.01300.x]

50	 Wen YM, Wu XH, Hu DC, Zhang QP, Guo SQ. Hepatitis B 
vaccine and anti-HBs complex as approach for vaccine therapy. 
Lancet 1995; 345: 1575-1576 [PMID: 7791465 DOI: 10.1016/
S0140-6736(95)91126-X]

51	 Ma YJ, He M, Han JA, Yang L, Ji XY. A clinical study of HBsAg-
activated dendritic cells and cytokine-induced killer cells during 
the treatment for chronic hepatitis B. Scand J Immunol 2013; 78: 
387-393 [PMID: 23841728 DOI: 10.1111/sji.12097]

52	 Martinet J, Leroy V, Dufeu-Duchesne T, Larrat S, Richard MJ, 
Zoulim F, Plumas J, Aspord C. Plasmacytoid dendritic cells induce 
efficient stimulation of antiviral immunity in the context of chronic 
hepatitis B virus infection. Hepatology 2012; 56: 1706-1718 
[PMID: 22707082 DOI: 10.1002/hep.25879]

53	 Hatipoglu I, Ercan D, Acilan C, Basalp A, Durali D, Baykal AT. 
Hepatitis B virus e antigen (HBeAg) may have a negative effect 
on dendritic cell generation. Immunobiology 2014; 219: 944-949 
[PMID: 25150150 DOI: 10.1016/j.imbio.2014.07.020]

54	 Untergasser A, Zedler U, Langenkamp A, Hösel M, Quasdorff 
M, Esser K, Dienes HP, Tappertzhofen B, Kolanus W, Protzer U. 
Dendritic cells take up viral antigens but do not support the early 
steps of hepatitis B virus infection. Hepatology 2006; 43: 539-547 
[PMID: 16496321 DOI: 10.1002/hep.21048]

55	 Chen L, Zhang Z, Chen W, Zhang Z, Li Y, Shi M, Zhang J, Chen 
L, Wang S, Wang FS. B7-H1 up-regulation on myeloid dendritic 
cells significantly suppresses T cell immune function in patients 
with chronic hepatitis B. J Immunol 2007; 178: 6634-6641 [PMID: 
17475895 DOI: 10.4049/jimmunol.178.10.6634]

56	 Tjwa ET, van Oord GW, Hegmans JP, Janssen HL, Woltman AM. 
Viral load reduction improves activation and function of natural 
killer cells in patients with chronic hepatitis B. J Hepatol 2011; 54: 
209-218 [PMID: 21095036 DOI: 10.1016/j.jhep.2010.07.009]

57	 Shabani Z, Bagheri M, Zare-Bidaki M, Hassanshahi G, Arababadi 
MK, Mohammadi Nejad M, Kennedy D. NK cells in hepatitis 
B virus infection: a potent target for immunotherapy. Arch Virol 
2014; 159: 1555-1565 [PMID: 24445811 DOI: 10.1007/s00705-01
3-1965-3]

58	 Li F, Wei H, Wei H, Gao Y, Xu L, Yin W, Sun R, Tian Z. Blocking 
the natural killer cell inhibitory receptor NKG2A increases activity 
of human natural killer cells and clears hepatitis B virus infection 

Zou ZQ et al . Innate immune targets and HBV infection



724 June 18, 2016|Volume 8|Issue 17|WJH|www.wjgnet.com

in mice. Gastroenterology 2013; 144: 392-401 [PMID: 23103614 
DOI: 10.1053/j.gastro.2012.10.039]

59	 Li W, Jiang Y, Wang X, Jin J, Qi Y, Chi X, Zhang H, Feng X, Niu 
J. Natural Killer p46 Controls Hepatitis B Virus Replication and 
Modulates Liver Inflammation. PLoS One 2015; 10: e0135874 
[PMID: 26291078 DOI: 10.1371/journal.pone.0135874]

60	 Stelma F, de Niet A, Tempelmans Plat-Sinnige MJ, Jansen L, 
Takkenberg RB, Reesink HW, Kootstra NA, van Leeuwen EM. 
Natural Killer Cell Characteristics in Patients With Chronic 
Hepatitis B Virus (HBV) Infection Are Associated With HBV 
Surface Antigen Clearance After Combination Treatment With 
Pegylated Interferon Alfa-2a and Adefovir. J Infect Dis 2015; 212: 
1042-1051 [PMID: 25791117 DOI: 10.1093/infdis/jiv180]

61	 Conroy MJ, Mac Nicholas R, Grealy R, Taylor M, Otegbayo JA, 
O’Dea S, Mulcahy F, Ryan T, Norris S, Doherty DG. Circulating 
CD56dim natural killer cells and CD56+ T cells that produce 
interferon-γ or interleukin-10 are expanded in asymptomatic, E 
antigen-negative patients with persistent hepatitis B virus infection. 
J Viral Hepat 2015; 22: 335-345 [PMID: 25186004 DOI: 10.1111/
jvh.12299]

62	 Jegaskanda S, Ahn SH, Skinner N, Thompson AJ, Ngyuen 
T, Holmes J, De Rose R, Navis M, Winnall WR, Kramski M, 
Bernardi G, Bayliss J, Colledge D, Sozzi V, Visvanathan K, 
Locarnini SA, Kent SJ, Revill PA. Downregulation of interleukin-
18-mediated cell signaling and interferon gamma expression by the 
hepatitis B virus e antigen. J Virol 2014; 88: 10412-10420 [PMID: 
24872585 DOI: 10.1128/JVI.00111-14]

63	 Shi CC, Tjwa ET, Biesta PJ, Boonstra A, Xie Q, Janssen HL, 
Woltman AM. Hepatitis B virus suppresses the functional 
interaction between natural killer cells and plasmacytoid dendritic 
cells. J Viral Hepat 2012; 19: e26-e33 [PMID: 22239523 DOI: 
10.1111/j.1365-2893.2011.01496.x]

64	 Ratnam DT, Sievert W, Visvanathan K. Natural killer cells 
display impaired responses to toll like receptor 9 that support 
viral persistence in chronic hepatitis B. Cell Immunol 2012; 279: 
109-115 [PMID: 23123793 DOI: 10.1016/j.cellimm.2012.09.005]

65	 Fisicaro P, Valdatta C, Boni C, Massari M, Mori C, Zerbini A, 
Orlandini A, Sacchelli L, Missale G, Ferrari C. Early kinetics of 
innate and adaptive immune responses during hepatitis B virus 
infection. Gut 2009; 58: 974-982 [PMID: 19201769 DOI: 10.1136/
gut.2008.163600]

66	 Wang XF, Lei Y, Chen M, Chen CB, Ren H, Shi TD. PD-1/PDL1 
and CD28/CD80 pathways modulate natural killer T cell function 
to inhibit hepatitis B virus replication. J Viral Hepat 2013; 20 
Suppl 1: 27-39 [PMID: 23458522 DOI: 10.1111/jvh.12061]

67	 Jiang X, Zhang M, Lai Q, Huang X, Li Y, Sun J, Abbott WG, Ma S, 
Hou J. Restored circulating invariant NKT cells are associated with 
viral control in patients with chronic hepatitis B. PLoS One 2011; 6: 
e28871 [PMID: 22194934 DOI: 10.1371/journal.pone.0028871]

68	 Zhu H, Zhang Y, Liu H, Zhang Y, Kang Y, Mao R, Yang F, Zhou 
D, Zhang J. Preserved Function of Circulating Invariant Natural 
Killer T Cells in Patients With Chronic Hepatitis B Virus Infection. 
Medicine (Baltimore) 2015; 94: e961 [PMID: 26091463 DOI: 
10.1097/MD.0000000000000961]

69	 Huang F, Lu MH, Gong HY, Xiong ZP. Changes in peripheral 
blood natural killer T cells in hepatitis B e antigen-positive 
chronic hepatitis B patients and efficacy prediction after pegylated 
interferon therapy. Genet Mol Res 2015; 14: 4932-4938 [PMID: 
25966268 DOI: 10.4238/2015.May.11.26]

70	 de Lalla C, Galli G, Aldrighetti L, Romeo R, Mariani M, 
Monno A, Nuti S, Colombo M, Callea F, Porcelli SA, Panina-
Bordignon P, Abrignani S, Casorati G, Dellabona P. Production of 
profibrotic cytokines by invariant NKT cells characterizes cirrhosis 
progression in chronic viral hepatitis. J Immunol 2004; 173: 
1417-1425 [PMID: 15240738 DOI: 10.4049/jimmunol.173.2.1417]

71	 Rong YH, Wan ZH, Song H, Li YL, Zhu B, Zang H, Zhao Y, Liu 
HL, Zhang AM, Xiao L, Xin SJ, You SL. Tim-3 expression on 
peripheral monocytes and CD3+CD16/CD56+natural killer-like T 
cells in patients with chronic hepatitis B. Tissue Antigens 2014; 83: 
76-81 [PMID: 24397461 DOI: 10.1111/tan.12278]

72	 Zeissig S, Murata K, Sweet L, Publicover J, Hu Z, Kaser A, Bosse 
E, Iqbal J, Hussain MM, Balschun K, Röcken C, Arlt A, Günther R, 
Hampe J, Schreiber S, Baron JL, Moody DB, Liang TJ, Blumberg 
RS. Hepatitis B virus-induced lipid alterations contribute to natural 
killer T cell-dependent protective immunity. Nat Med 2012; 18: 
1060-1068 [PMID: 22706385 DOI: 10.1038/nm.2811]

73	 Sajadi SM, Mirzaei V, Hassanshahi G, Khorramdelazad H, 
Daredor HY, Hosseini SM, Moogooi M, Ravary A, Arababadi MK, 
Kennedy D. Decreased expressions of Toll-like receptor 9 and its 
signaling molecules in chronic hepatitis B virus-infected patients. 
Arch Pathol Lab Med 2013; 137: 1674-1679 [PMID: 24168509 
DOI: 10.5858/arpa.2012-0415-OA]

74	 Momeni M, Zainodini N, Bidaki R, Hassanshahi G, Daneshvar 
H, Khaleghinia M, Ebrahim M, Karimi-Googheri M, Askari A, 
Arababadi MK, Kennedy D. Decreased expression of toll like 
receptor signaling molecules in chronic HBV infected patients. 
Hum Immunol 2014; 75: 15-19 [PMID: 24120739 DOI: 10.1016/
j.humimm.2013.09.015]

75	 Jiang J, Tang H. Mechanism of inhibiting type I interferon 
induction by hepatitis B virus X protein. Protein Cell 2010; 1: 
1106-1117 [PMID: 21213104 DOI: 10.1007/s13238-010-0141-8]

76	 Chen J, Wu M, Zhang X, Zhang W, Zhang Z, Chen L, He J, Zheng 
Y, Chen C, Wang F, Hu Y, Zhou X, Wang C, Xu Y, Lu M, Yuan Z. 
Hepatitis B virus polymerase impairs interferon-α-induced STA T 
activation through inhibition of importin-α5 and protein kinase C-δ. 
Hepatology 2013; 57: 470-482 [PMID: 22996189 DOI: 10.1002/
hep.26064]

77	 Christen V, Duong F, Bernsmeier C, Sun D, Nassal M, Heim MH. 
Inhibition of alpha interferon signaling by hepatitis B virus. J Virol 
2007; 81: 159-165 [PMID: 17065208 DOI: 10.1128/JVI.01292-06]

78	 Li J, Chen F, Zheng M, Zhu H, Zhao D, Liu W, Liu W, Chen Z. 
Inhibition of STAT1 methylation is involved in the resistance 
of hepatitis B virus to Interferon alpha. Antiviral Res 2010; 85: 
463-469 [PMID: 19857525 DOI: 10.1016/j.antiviral.2009.10.011]

79	 Wu M, Xu Y, Lin S, Zhang X, Xiang L, Yuan Z. Hepatitis B virus 
polymerase inhibits the interferon-inducible MyD88 promoter 
by blocking nuclear translocation of Stat1. J Gen Virol 2007; 88: 
3260-3269 [PMID: 18024894 DOI: 10.1099/vir.0.82959-0]

80	 Liu Y, Li J, Chen J, Li Y, Wang W, Du X, Song W, Zhang W, 
Lin L, Yuan Z. Hepatitis B virus polymerase disrupts K63-linked 
ubiquitination of STING to block innate cytosolic DNA-sensing 
pathways. J Virol 2015; 89: 2287-2300 [PMID: 25505063 DOI: 
10.1128/JVI.02760-14]

81	 Liu D, Wu A, Cui L, Hao R, Wang Y, He J, Guo D. Hepatitis B 
virus polymerase suppresses NF-κB signaling by inhibiting the 
activity of IKKs via interaction with Hsp90β. PLoS One 2014; 9: 
e91658 [PMID: 24618592 DOI: 10.1371/journal.pone.0091658]

82	 Chen WN, Liu LL, Jiao BY, Lin WS, Lin XJ, Lin X. Hepatitis B 
virus X protein increases the IL-1β-induced NF-κB activation via 
interaction with evolutionarily conserved signaling intermediate 
in Toll pathways (ECSIT). Virus Res 2015; 195: 236-245 [PMID: 
25449573 DOI: 10.1016/j.virusres.2014.10.025]

83	 Wu S, Kanda T, Imazeki F, Nakamoto S, Tanaka T, Arai M, Roger T, 
Shirasawa H, Nomura F, Yokosuka O. Hepatitis B virus e antigen 
physically associates with receptor-interacting serine/threonine 
protein kinase 2 and regulates IL-6 gene expression. J Infect Dis 
2012; 206: 415-420 [PMID: 22615316 DOI: 10.1093/infdis/jis363]

84	 Bai L, Zhang W, Tan L, Yang H, Ge M, Zhu C, Zhang R, Cao Y, 
Chen J, Luo Z, Ho W, Liu F, Wu K, Wu J. Hepatitis B virus hijacks 
CTHRC1 to evade host immunity and maintain replication. J Mol 
Cell Biol 2015; 7: 543-556 [PMID: 26180054 DOI: 10.1093/jmcb/
mjv048]

85	 Tzeng HT, Tsai HF, Chyuan IT, Liao HJ, Chen CJ, Chen PJ, Hsu 
PN. Tumor necrosis factor-alpha induced by hepatitis B virus core 
mediating the immune response for hepatitis B viral clearance in 
mice model. PLoS One 2014; 9: e103008 [PMID: 25047809 DOI: 
10.1371/journal.pone.0103008]

86	 Chyuan IT, Tsai HF, Tzeng HT, Sung CC, Wu CS, Chen PJ, Hsu 
PN. Tumor necrosis factor-alpha blockage therapy impairs hepatitis 
B viral clearance and enhances T-cell exhaustion in a mouse 

Zou ZQ et al . Innate immune targets and HBV infection



725 June 18, 2016|Volume 8|Issue 17|WJH|www.wjgnet.com

model. Cell Mol Immunol 2015; 12: 317-325 [PMID: 25661729 
DOI: 10.1038/cmi.2015.01]

87	 Jan RH, Lin YL, Chen CJ, Lin TY, Hsu YC, Chen LK, Chiang BL. 
Hepatitis B virus surface antigen can activate human monocyte-

derived dendritic cells by nuclear factor kappa B and p38 mitogen-
activated protein kinase mediated signaling. Microbiol Immunol 
2012; 56: 719-727 [PMID: 22853328 DOI: 10.1111/j.1348-0421.2
012.00496.x]

P- Reviewer: McQuillan GM, Vaughan G    S- Editor: Ji FF    
L- Editor: A    E- Editor: Liu SQ  

Zou ZQ et al . Innate immune targets and HBV infection



                                      © 2016 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx

http://www.wjgnet.com


	WJH-8-716
	WJHv8i17-Back Cover

