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Abstract
Hepatitis B virus (HBV) infection is the leading cause 
of liver disease and hepatocellular carcinoma (HCC) 
worldwide, in spite of prophylactic vaccination and 
antiviral treatment modalities. The immunopathogenesis 
of HBV infection has been intensively studied and is 

propelled by complex interactions between the virus and 
the host immune system. Natural killer group 2D (NKG2D) 
is a well-characterized activating receptor, expressed on 
natural killer (NK) cells, NK T cells and CD8+ cytotoxic T 
cells. This receptor is present in both humans and mice 
and binds to a diverge family of ligands that resemble the 
MHC-class Ⅰ molecules. Increasing evidence shows that 
NKG2D-ligand interactions are critical in the establishment 
of HBV persistence and the development of liver injury 
and HCC. The expression of NKG2D ligands depends 
on the presence of several polymorphisms and is also 
modulated post-transcriptionally by HBV. While it is 
known that HBV circumvents host’s innate immunity 
via  the NKG2D pathway but the exact mechanisms 
involved are still elusive. This letter discusses previous 
accomplishments on the role of NKG2D ligand regulation 
in the development of chronic HBV, liver injury and HCC.
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Core tip: Hepatitis B virus (HBV) infection is the leading 
cause of liver disease and hepatocellular carcinoma 
(HCC) worldwide. HBV persistence involves complex 
interactions between the virus and the immune system 
of the host. Natural killer group 2D (NKG2D) is an 
activating receptor, expressed on natural killer (NK), NK 
T and CD8+ T cells. NKG2D-ligand interactions are critical 
in the establishment of chronicity and the development 
of liver injury and HCC. However, the exact mechanisms 
involved are still elusive. Here previous studies are 
discussed on how HBV modulates the NKG2D activity to 
result in viral clearance, susceptibility to liver injury and 
tumour evasion. 
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INTRODUCTION
Despite the availability of an effective vaccine and 
significant progress in antiviral therapy, hepatitis B 
virus (HBV) remains a serious global health problem. 
Currently about one-third of the world’s population 
is having markers of current or past infection, far 
exceeding the numbers of people infected with human 
immunodeficiency virus and hepatitis C virus together[1]. 
Infection with HBV can cause a wide spectrum of 
clinical manifestations, ranging from asymptomatic 
infection to acute self-limiting or fulminant hepatitis, or 
chronic infection (CHB), which is presented as distinct 
immunological stages, including immune tolerance and 
immune activation phases. CHB infection may eventually 
progress to chronic liver injury, cirrhosis or hepatocellular 
carcinoma (HCC)[2]. The risk of HCC in chronic infection 
is 100-fold higher compared with non-carriers and is 
directly proportional to high levels of HBV replication[3]. 

Most healthy adults raise effective immune responses 
against HBV that clear the virus. The adaptive immune 
system mounts a multiprolonged immune response, 
but its effectiveness depends on the quality of the 
earlier innate immune response that begins within 
hours of infection. Natural killer (NK) cells are enriched 
markedly in the liver and play a pivotal role in self-
limiting infection. In addition to the direct killing of viral-
infected cells without antigen-specific priming, NK cells 
regulate the adaptive immune response by producing 
interferon (IFN)-γ, tumor necrosis factor (TNF)-α and 
immunoregulating cytokines. In acute HBV infection of 
primates and humans, NK activity has been positively 
correlated with viral clearance[4-6] while IFN-γ production 
by NK cells has been shown to contribute to the initial 
control of infection[5,7-9]. In CHB infection, the function 
and numbers of intrahepatic NK cells are reported to be 
higher in the immunotolerant stage than in the immuno-
active stage and are accompanied with an increase of 
HBV-specific T cells and low viremia[10-12]. High NK cell 
activity early in infection and in the immunotolerant 
stage reflects the time for the host to mount efficient 
adaptive response. However, NK cells also negatively 
regulate specific antiviral immunity in CHB infection 
by contributing in the liver inflammation through TNF-
related apoptosis-inducing ligand- and Fas-mediated 
death[13,14] and by the direct killing of HBV-specific CD8+ 
T cells, which triggers the recruitment of inflammatory 
cells that sustain and amplify the hepatic damage[15,16]. 
NK T cells comprise about one-third of intrahepatic T 
cells and are known to contribute to the outcome of HBV 
infection. They express T cell receptors (TCR) but, unlike 
conventional T cells, recognize lipid-based antigens 

presented by the major histocompatibility complex 
(MHC)-like molecule CD1d. HBV infection has been 
shown to induce alterations in CD1d expression and NK 
T activation in CHB patients[17]. Moreover, NK T cells are 
shown to regulate NK cell activation via the production 
of cytokines IFN-γ and interleukin 4 (IL-4) in the livers of 
HBV-transgenic mice[18]. 

The effector functions of NK cells are determined 
by the dynamic and coordinated balance of activating 
and inhibitory signals through their array of receptors. 
A well characterized activating receptor expressed in 
all NK cells is the natural killer group 2D (NKG2D), a 
type Ⅱ transmembrane-anchored glycoprotein that 
plays a key role in immune mediated diseases[19,20]. In 
addition to NK cells, it is expressed on the surface of 
NK T cells, activated CD8+ T lymphocytes, γ/δ T cells, 
and some myeloid cells[21,22]. NKG2D receptor binds to 
a diverge family of ligands that are distantly related 
homologues to MHC class Ⅰ molecules. In contrast to 
classical MHC molecules, NKG2D ligands (NKG2DL) 
do not require association with β2 microglobulin for 
expression or function, and do not bind antigenic 
peptides[23]. In humans, these proteins are divided into 
two families: the MHC class-Ⅰ polypeptide-related chain 
(MIC) protein family that contains MICA and MICB; 
and the cytomegalovirus UL16-binding proteins (ULBP) 
family, which consists of five members, ULBP1-4 and 
RAET1G[24]. In mice, there are five retinoic acid early 
transcript 1 (RAET-1) proteins, H60 and murine ULBP-
like transcript 1 (MULT-1)[24]. In addition to membrane-
bound NKG2DLs, secreted forms of the ligands have 
been also identified in humans.

NKG2DL are expressed on diseased or stressed 
cells, and numerous stress pathways induce their up-
regulation, including viral and bacterial infection, cellular 
transformation, oxidative or genotoxic stress[25]. A 
large body of evidence indicates that HBV infection 
modulates NKG2D-mediated immune responses. The 
engagement of NKG2D to its ligands is a sufficient 
stimulus to activate cytolysis and cytokine production 
by NK cells, to promote antitumor or antiviral immune 
responses and autoimmune diseases, to provide a co-
stimulatory signal for the activation of CD8+ T cells and 
probably other T cells and contributes to apoptotic cell 
death[18,21,22,26]. NKG2DL also participate in the cross-talk 
between immune cells, which can regulate innate and 
adaptive responses. Increased expression of NKG2DL 
induces NK cell-mediated cytotoxicity to eliminate over-
stimulated macrophages[27], while in response to Toll-
like receptor stimulation NKG2DL expressed on myeloid 
cells are up-regulated, contributing to T cell and NK cell 
activation[28]. 

NKG2D PATHWAY IN HBV INFECTION 
There is increasing evidence that activation of the 
NKG2D-ligand pathway contributes to the outcome of 
HBV infection. Studies in a transgenic mouse model 
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of acute infection, demonstrated that the blockage 
of NKG2D receptor on only NK T cells prevents HBV 
infection by raising efficient acute immune responses 
and that the interaction between NKG2D and its RAET-1 
ligand is essential in inducing HBV immunity[18]. These 
findings suggest that in the early stages of infection, 
NK T cells may be activated first in an HBV-specific 
and NKG2D-dependent manner that may in turn lead 
to the activation of NK cells. Furthermore, early in 
HBV infection there is an overexpression of the soluble 
form of MICA (sMICA) in comparison to later stages of 
infection, leading to the internalization and degradation 
of NKG2D receptor and hence to defective NK and 
NK T activity[26,29]. Other studies demonstrated that 
sMICA levels increase together with progression of liver 
disease[30]. Consequently, the persistence of high sMICA 
levels from the early to later stages may result in the 
establishment of CHB infection and the initiation of liver 
cirrhosis and HCC.

In CHB infection, NKG2D expression on intrahepatic 
virus-specific CD8+ T cells is shown to be essential in the 
recognition of virus-infected hepatocytes through the 
up-regulation of IL-15[31]. More specifically, increased 
NKG2D expression provides a co-stimulatory signal in 
TCR-mediated CD8+ T cell activation. Enhanced NKG2D 
and IL-15 expression may act in a way to lower the 
activation threshold of effector CD8+ T cells, and hence 
to allow the efficient recognition of hepatocytes that 
express low levels of viral antigens[31]. In accordance 
with these findings, down-regulation of NKG2D and co-
stimulatory receptor 2B4 on circulating NK cells has 
been associated with the impaired function of NK cells 
in CHB patients[32]. On the other hand, hepatic NK cell-
mediated killing through NKG2D recognition in CHB 
infection induces the development of liver fibrosis and 
hepatic damage. NKG2D activation through the over-
expression of NKG2DL on the infected hepatocytes 
is shown to prime them to become a target for NK 
cell-mediated killing and to lead to the subsequent 
development of liver injury[33]. In addition, in a transgenic 
mouse model, NK cell activation via the up-regulation 
of RAET-1 or MULT-1 on hepatocytes was shown to 
account for the oversensitive autoimmune hepatocyte 
injury, with NK T cells working as helpers necessary for 
NK cell activation[34]. 

NKG2DL EXPRESSION IS INHIBITED IN 
HBV-INDUCED HCC 
NK and T cell activity is repressed during HCC 
progression and NKG2D recognition of tumor cells is 
implicated in the process. MIC molecules are highly 
expressed in transformed cells and contribute in tumor 
immune surveillance by promoting antitumor NK and 
T cell responses[35]. Tumor cells have also developed 
strategies to escape NKG2D immunity by the down-
regulation of NKG2DL[36]. Our unpublished data and 

others demonstrated that HBV infection represses MICA 
expression in the liver of CHB patients and on hepatic 
tumor cell lines[37,38]. Inhibition of viral replication in HBV-
expressing HCC cells in transgenic mice is reported to 
restore MICA expression and to induce NK-cell mediated 
cytolysis[38,39]. In addition, increased levels of sMICA 
released from the surface of tumor cells in CHB patients 
have been shown to sequester NKG2D in the cytoplasm 
and to inhibit cell-surface NKG2D expression and 
effector functions in malignant tumors[19,30,40]. Therefore, 
a tumor-specific expression pattern of MICA exists in 
HBV-induced HCC, while NK cells recognize hepatoma 
cells via MICA-NKG2D interaction. The reduced MICA 
expression by HBV weakens the immune surveillance 
of NK cells in chronic infection while the overexpression 
of sMICA by HCC cells inhibits NKG2D function leading 
to the impairment of NK and T cells. The persistence 
of high sMICA levels at the late stages of CHB infection 
contributes to liver cirrhosis and HCC evasion[30]. 

NKG2DL POLYMORPHISMS ASSOCIATE 
WITH HBV PERSISTENCE 
NKG2DL are highly polymorphic, more than 70 alleles 
have been identified for the MICA gene and more than 
30 alleles for the MICB gene[24]. Interestingly, allelic 
variants of these ligands have been shown to bind to 
NKG2D receptor with different affinities resulting in 
different degrees of activation to promote NKG2D-
mediated responses. Differential distribution of MICA 
alleles affects the outcome of HBV infection and HCC 
development. Homozygous genotype MICA-175Ser/
Ser, allele MICA-175Ser, haplotypes, as well as the 
microsatellite polymorphisms associate with CHB 
infection[29]. Among the MICA variants, MICA*015 allele 
is characterized by high affinity to NKG2D and has been 
correlated with HBV persistence in a small cohort of 
patients[41]. A non-synonymous substitution in exon 3 
(MICA-129Met/Val) is known to play a distinct role in 
NKG2D binding: MICA-129Met is strong binder while 
MICA-129Val is a weak binder[42]. The genotype MICA-
129Met/Met and the allele MICA-129Met are reported 
to increase the risk of HBV-induced HCC[29]. Notably, 
strong binding of the MICA-129 Met allele to NKG2D can 
induce the shedding of sMICA and subsequent NKG2D 
inhibition, resulting in impaired NK and T cell activity 
and promoting tumor evasion. However, alleles that 
contribute to lower sMICA levels are also risk factors 
for HCC occurrence. This could be explained by the 
fact that individuals with these risk alleles would also 
express low levels of membrane-bound MICA leading 
to a poor recognition of tumor cells[43] or the shedding 
of sMICA may be influenced by these risk alleles during 
immune surveillance. Nevertheless, differential binding 
between NKG2D and the MICA protein as well as the 
MICA shedding process plays a pivotal role in tumor 
surveillance in HBV infection. 
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tissues is the consequence of down-regulation of HBV-
encoded proteins, such as HBsAg, which can control the 
expression of the cellular miRNAs. Post-transcriptional 
regulation of miRNAs has the advantage that NKG2DL 
are already transcribed and thus, upon infection, they 
can be rapidly expressed. In human cytomegalovirus 
(HCMV) infection, immediate-early proteins are able 
to display histone deacetylases, which induce the 
transcription of MICA and MICB mRNA[48]. HBV is known 
to compromise host’s epigenetic processes and particularly 
to induce the recruitment of histone deacetylases onto 
HBV covalently closed circular DNA minichromosome[49]. 
Similar to HCMV, is possible that HBV can influence 
NKG2DL expression post-transcriptionally by modulating 
the accumulation of histone deacetylases. A detailed 
characterization of the molecular players that link the 
HBV stimuli to the transcription of NKG2DL will be critical 
to advance our knowledge on how HBV circumvents the 
host’s immunity. The manipulation of ligand expression 
shows many promises therapeutically. Understanding 
the mechanisms of NKG2D pathways will provide new 
insight on chronic HBV immunopathogenesis and HCC 
development and can lead to possibilities of developing 
effective treatment strategies.
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