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Abstract
Hepatitis B virus (HBV) infection has received in
creasing public attention. HBV is the prototypical 
member of hepadnaviruses, which naturally infect 
only humans and great apes and induce the acute and 
persistent chronic infection of hepatocytes. A large 
body of evidence has demonstrated that dysfunction 
of the host anti-viral immune response is responsible 
for persistent HBV replication, unresolved inflammation 
and disease progression. Many regulatory factors 
are involved in immune dysfunction. Among these, 
T cell immunoglobulin domain and mucin domain-3 
(Tim-3), one of the immune checkpoint proteins, has 
attracted increasing attention due to its critical role in 
regulating both adaptive and innate immune cells. In 
chronic HBV infection, Tim-3 expression is elevated in 
many types of immune cells, such as T helper cells, 
cytotoxic T lymphocytes, dendritic cells, macrophages 
and natural killer cells. Tim-3 over-expression is often 
accompanied by impaired function of the above-
mentioned immunocytes, and Tim-3 inhibition can at 
least partially rescue impaired immune function and 
thus promote viral clearance. A better understanding 
of the regulatory role of Tim-3 in host immunity during 
HBV infection will shed new light on the mechanisms of 
HBV-related liver disease and suggest new therapeutic 
methods for intervention.
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Core tip: Here, we discuss the current knowledge of 
the interaction between hepatitis B virus (HBV) and 
host immunity, addressing the important role of T cell 
immunoglobulin domain and mucin domain-3 (Tim-3) 
in HBV infection. Tim-3 expression on both adaptive 
and innate immune cells is elevated in HBV infection. 
Increasing Tim-3 expression inhibits, and blocking 
Tim-3 expression rescues, the anti-viral immune 
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response, indicating that Tim-3 is a potential target 
for controlling HBV infection. Finally, we describe 
remaining unsolved problems in this field and analyze 
the potential of Tim-3 as a novel drug target in the 
treatment of HBV-related liver diseases.
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INTRODUCTION
Hepatitis B virus (HBV) infection is a well-known and 
increasingly severe public health problem worldwide. 
According to epidemiological data, the number of 
people with resolved or present HBV infection has 
reached an alarming 2 billion[1,2]. For most patients 
with chronic HBV infection, the present drug treatment 
is incapable of thoroughly eliminating the virus, 
owing to HBV DNA integration into the host genome 
and the formation of covalently closed circular 
DNA structures[3]. Furthermore, many patients are 
threatened by a lifetime 15%-40% risk of developing 
HBV-related cirrhosis, liver failure and hepatocellular 
carcinoma (HCC)[1,2]. The HBV genome contains 3200 
bp and forms a relaxed circular, partially double-
stranded structure[4]. The HBV genome contains 4 
compact overlapping open reading frames encoding 
different viral proteins: preS/S, preCore/Core, 
polymerase (pol) and X. Because of multiple alternative 
start codons, surface proteins exist in 3 forms, termed 
small, medium and large surface proteins, which are 
needed for virion assembly. The core protein forms 
the viral nucleocapsid and has a secreted counterpart 
termed e antigen. The polymerase is a multi-functional 
enzyme that serves as a DNA-dependent DNA poly
merase, reverse transcriptase and RNase H. X is 
the smallest gene of HBV; this gene is composed of 
452 nucleotides and encodes a 17-kDa protein[5]. A 
large body of evidence has demonstrated that HBV 
can cooperate with other etiological factors and then 
trigger tumorigenesis and the development of HCC. 
Thus, suppression of HBV DNA replication and the 
clearance of viral products are the main goals of HBV 
treatment.

Considerable evidence has shown that host 
immunity is responsible for the control of HBV 
infection and is the primary determinant of HBV 
disease progression. Impaired function of adaptive 
immunocytes, particularly HBV-specific CD8+ T 
cells, is considered to be the primary cause of wide
spread viral infection. HBV tends to stimulate an 
immunosuppressive environment that is beneficial for 
its survival. For example, HBV infection increases the 

number of regulatory T cells (Tregs), which repress 
effector T cell activity[6]. However, impairments in 
the adaptive immune response cannot explain all 
events that occur during HBV infection, because 
various components of the innate immune system 
also participate in disease progression. Indeed, the 
activation of dendritic cells (DCs), natural killer cells 
(NKs) and macrophages during acute infection leads 
to a bona fide clinical outcome, whereas persistent 
HBV infection at least partly results from dysregulation 
of the innate immune response at early stages 
of infection[7]. Therefore, studying the interaction 
between HBV and host immunity and uncovering the 
reason why the immune response is dysregulated in 
HBV infection are critical.

Innate and adaptive immunocyte activation is 
regulated by a set of inhibitory surface receptor-ligand 
pairs, or immune checkpoints. Among these pairs, 
T cell immunoglobulin domain and mucin domain-3 
(Tim-3) and its matched ligand are currently attracting 
increasing attention because of their demonstrated 
potential as a target for immunotherapy for infectious 
diseases and cancers. Although Tim-3 was first 
identified as a surface molecule specifically expressed 
on CD4+ T helper 1 (Th1) and CD8+ type 1 (Tc1) 
cells[8], further studies have revealed that Tim-3 is 
also expressed on many other cell types undergoing 
dynamic changes during infection. In the resting state, 
Tim-3 is expressed on only a very small percentage 
of CD4+ or CD8+ T cells, and its over-expression may 
indicate T cell exhaustion and represent a pathological 
immune state[9]. However, innate immune cells 
including monocytes, macrophages and DCs show 
constitutive and high-level Tim-3 expression that can 
be further elevated in some diseases. Tim-3 is the 
prototypical member of the Tim family, which includes 
8 members (Tim-1- Tim-8) in mice and 3 members 
in humans (Tim-1, -3, -4). Tim family members 
share a similar molecular structure consisting of 4 
parts: an N-terminal IgV domain, a mucin domain, 
a transmembrane domain and a cytoplasmic tail[9]. 
Galectin-9 (Gal-9), a widely expressed S-type lectin, 
was the first identified ligand for Tim-3. The interaction 
of Tim-3 with Gal-9 leads to apoptosis of Th1 cells and 
inhibition of Th1 and Tc1 cell-mediated immunity[10]. 
Emerging evidence has shown that additional 
Tim-3 ligands exist, including phosphatidylserine, 
carbohydrate moieties and the alarmin high-mobility 
group box 1[11]. Carcinoembryonic antigen cell 
adhesion molecule 1 (CEACAM1), another membrane 
molecule that inhibits T cell activation, is a newly 
identified ligand for Tim-3. Binding of Tim-3 and 
CEACAM1 appears to be necessary for the T cell 
inhibiting function of Tim-3, and this interaction has 
a crucial role in regulating anti-tumour immunity[12]. 
Thus, the interactions of Tim-3 with its ligands play 
important roles in different immune-related diseases 
by regulating both innate and adaptive immunity. 
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Although Tim-3 has gained public attention as an 
inhibitory immune regulator, its role in regulating the 
host immune response is complicated and remains 
controversial in several fields, particularly in infectious 
diseases.

This review will briefly describe the function of 
Tim-3 in regulating immunity, which has become a 
hot topic of research in recent years. In addition, this 
review will discuss in detail the important role of Tim-3 
in HBV infection, because studies in this field are 
currently lacking.

TIM-3 AND THE ADAPTIVE IMMUNE 
RESPONSE IN HBV INFECTION
Tim-3 and effector T cells
T cell exhaustion, which is characterized as low 
proliferative ability, decreased cytokine production and 
suppressed cytotoxicity, often occurs in individuals 
with chronic viral infections including HBV, hepatitis C 
virus (HCV) and human immunodeficiency virus (HIV). 
T cell exhaustion has been detected in both animal 
models and clinical patients. In particular, dysfunction 
of antigen-specific CD8+ T cells is believed to be one 
of the most important reasons why viruses such as 
HBV, HCV and HIV escape from the anti-viral immune 
response. One of the key characteristics of exhausted 
T cells is the combined over-expression of several 
inhibitory surface markers, such as  programmed 
death 1 receptor(PD-1), lymphocyte-activation gene 
3 (LAG-3) and Tim-3[13,14]. Although PD-1 has been 
extensively studied, Tim-3 has attracted increasing 
attention in recent years. However, the role of Tim-3 in 
infectious diseases remains unclear.

The identification of Tim-3 as a negative regulator 
of the anti-viral adaptive immune response was first 
reported in chronic HIV infection. The numbers of 
Tim-3+CD8+ T and Tim-3+CD4+ T cells are increased 
in patients infected with HIV[15,16], and compared with 
Tim-3- cells, Tim-3+CD4+ and Tim-3+CD8+ T cells show 
impaired functions. Furthermore, blocking Tim-3 with 
a neutralizing antibody rescues the anti-viral immune 
response to a certain extent[15].

In 2009, our laboratory was the first to demonstrate 
the crucial role of Tim-3 in inhibiting hepatic CD8+ 
T cells in HBV infection. In a mouse model with 
hydrodynamic injection of HBV-bearing plasmids, 
augmented Tim-3 expression was detected on hepatic 
CD8+ T cells which displayed decreased interferon 
(IFN)-γ production. Furthermore, Tim-3 silencing 
enhanced IFN-γ production and even indirectly affected 
HBV neutralizing antibody production, suggesting the 
potential role of Tim-3 in the host antiviral immune 
response against HBV infection[17].

Two years later, Wu et al[18] studied the relationship 
between Tim-3 expression on peripheral T cell 
subsets and disease progression in patients with 
chronic hepatitis B (CHB). They found that Tim-3 

expression is increased on CD4+ and CD8+ T cells, 
and its expression is associated with the severity of 
CHB. Tim-3 expression may also indicate the severity 
of liver injury because its expression has been found 
to be markedly and positively correlated with alanine 
aminotransferase (ALT), aspartate aminotransferase 
(AST), the international normalized ratio (INR) and 
total bilirubin (TB). After control of CHB infection, 
Tim-3 expression decreases. Moreover, the percentage 
of Tim-3+ T cells is negatively correlated with plasma 
IFN-γ and T-bet mRNA levels, indicating that high 
levels of Tim-3 expression inhibit T cell activity[18].

In 2012, the same group investigated the immuno
competence of Tim-3+CD8+ and Tim-3-CD8+ T cells 
and the effects of Tim-3 expression on lymphocyte 
proliferation and cytokine secretary capacity. Com
pared with Tim-3-CD8+ cells, Tim-3+CD8+ T cells show 
a lower capacity to proliferate and produce cytokines 
upon antigen challenge. Interference of the Tim-3 
pathway by either anti-Tim-3 antibodies or Tim-3 short 
hairpin RNAs rescues CD8+ T cell activity, improving 
their proliferation and enhancing their cytokine 
secretary capacity, which suggests the potential of 
Tim-3 to become a new drug target for controlling HBV 
infection[19].

Similar results have been observed in HCV 
infection. During chronic HCV infection, Tim-3 ex
pression on CD4+ and CD8+ T cells is elevated, and 
these Tim-3+ T cells exhibit a CD127lowCD57high and 
CD45RA-CCRhigh phenotypes, indicating the impaired 
function of these effector cells. Accordingly, blockade 
of Tim-3 expression enhances cell proliferation and 
promotes cytokine production[20]. The level of Tim-3 
expression on CD4+CD25+ T cells is negatively cor
related with the proliferative capacity of effector T 
cells, and blocking Tim-3 results in the rapid expansion 
of these cells[21]. This finding has been further 
confirmed in studies with HCV vaccination. Upon sti
mulation with live-attenuated HCV vaccine, effector T 
cells isolated from patients infected with HCV display 
a diminished anti-viral response compared to those 
isolated from healthy individuals. Furthermore, Tim-3 
blockade substantially rescues the impaired function 
of Tim-3+ T cells, indicating that Tim-3 is responsible 
for the peripheral tolerance during persistent HCV 
infection. Of note, the recovery of T cell function after 
Tim-3 blockade may at least partially result from an 
enhanced antigen presentation ability of DCs because 
researchers have also found that Tim-3 may inhibit DC 
maturation during chronic HCV infection[22].

The co-expression of Tim-3 and other inhibitory 
regulators such as PD-1 in HBV and HCV infections is 
also important. Studies have shown that PD-1+ Tim-3+ 
T cells are abundant among the central memory T cell 
subsets, particularly in the liver, during chronic HCV 
infection. Moreover, compared to HCV mono-infection, 
the percentage of PD-1+Tim-3+ T cells is much 
higher in patients co-infected with HIV and HCV. Co-
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expression of PD-1 and Tim-3 on HCV-specific T cells 
may also reflect liver disease progression. Although 
the function of PD-1 and Tim-3 co-expression remains 
unclear, researchers have hypothesized that co-
expression of various inhibitors may increase the risk 
of persistent and refractory virus infection[23].

Although Tim-3 has been well recognized as a 
marker of T cell exhaustion and a negative regulator of 
adaptive immunity in chronic virus infection, its roles in 
acute viral infection and bacterial infection are different. 
Elevated Tim-3 expression is observed on T cells in 
the early stage of acute hepatitis B (AHB); however, 
this elevation is transient and quickly reversed at 
the convalescence stage. Moreover, unlike CHB, the 
level of Tim-3 expression is not correlated with either 
different stages of hepatic injury or serum IFN-γ levels 
in patients with AHB[19]. In active TB infection, Tim-3 is 
up-regulated on both CD4+ and CD8+ T cells; however, 
in contrast to chronic virus infection, Tim-3+ effector T 
cells show more active anti-TB responses. One possible 
explanation for this finding is that Tim-3 is not only 
a marker of T cell exhaustion but also a marker of T 
cell differentiation, because CD127 is also expressed 
on these cells, indicating the complicated roles of 
Tim-3 in different microenvironments[24]. Similar 
results have been observed in mice infected with 
Listeria monocytogenes. Tim-3 expression is induced 
in cytotoxic T cells in infected wild-type mice, and 
the host exhibits a much stronger immune response 
compared to that in Tim-3-knockout mice[25]. Because 
other members in the Tim family may substitute for 
Tim-3 in Tim-3-deficient mice, the hypothesis that 
Tim-3 may play an important positive role in the 
adaptive immune response should be considered.

Tim-3 and Treg/Th17 cells
Tregs, defined as CD4+CD25+FOXP3+ regulatory T 
cells, can repress the functions of other immune 
cells via cell-to-cell contact and secretion of immuno
suppressive cytokines such as transforming growth 
factor (TGF)-β and interleukin (IL)-10[26]. Th17 cells 
are a new subtype of CD4+ T cells that secrete the 
cytokine IL-17[27]. Accumulating data support the 
negative roles of these 2 cell types in chronic viral 
infections including HBV. Indeed, the proportion and 
absolute numbers of both cell types are increased 
in both peripheral blood mononuclear cells and liver 
tissues in patients with CHB[28-32]. The number of 
circulating Th17 cells is also positively associated with 
the levels of liver injury markers[33]. Moreover, the 
differentiation pathways of Th17 cells and Tregs are 
controlled by similar cytokines, and the Treg/Th17 ratio 
is strongly associated with HBV load. Furthermore, 
imbalance of the Treg/Th17 ratio is involved in HBV-
related diseases and may become a novel drug target 
in the future[34,35]. HBV has also been reported to 
enhance the function of Tregs. In particular, co-culture 
of T cells with HepG2.2.15 cells, a hepatoma cell line 

stably integrated with the HBV genome, promotes 
Treg development and induces the expression of Treg-
related genes[36].

The Tim-3/Gal-9 interaction is known to be 
involved in Treg function. Accordingly, blocking the 
Tim-3-Gal-9 pathway results in an obvious decrease 
in the suppressive activity of Tregs in vitro[37,38]. In 
mice, Tim-3 is constitutively expressed on natural 
Treg cells. In contrast, Tim-3 is not expressed on 
human Treg cells ex vivo but is up-regulated after 
activation. Tim-3+ Treg cells also display increased 
expression of other inhibitory receptors including 
LAG-3, cytotoxic T-lymphocyte antigen 4 (CTLA-4), 
glucocorticoid-induced TNF receptor and PD-1[37]. In 
addition, Tim-3 has been identified as a marker of 
Tregs in tumors[39].

Tim-3 is over-expressed in Tregs in patients 
chronically infected with HCV. Tim-3+ Tregs tend to 
resist apoptotic signals and show a higher capacity to 
proliferate, leading to Treg accumulation. Moreover, 
Ji et al[40] have reported that HCV infection leads to 
elevated Gal-9 and TGF-β production in hepatocytes. 
Co-culture of HCV-infected hepatocytes and CD4+ T 
cells induces increased Tim-3 expression on CD4+ T 
cells, and the Tim-3/Gal-9 interaction enhances TGF-β/
IL-10 production by CD4+ T cells, which accelerates the 
differentiation of CD4+ T cells into Tregs[40]. However, 
the regulatory effects of Tim-3 on Tregs in HBV 
infection remain to be clarified.

Tim-3 has also been reported to be involved in 
regulating Th17 cells. Tim-3 appears to suppress 
the activation and cytokine secretion of Th17 cells, 
and Tim-3 expression is impaired in many auto-
immune diseases such as Guillain-Barré syndrome and 
psoriasis[41,42]. However, few studies have focused on 
the expression pattern of Tim-3 on Th17 cells during 
persistent HBV or HCV infection, which highlights 
significant gaps in this research field.

In summary, during chronic HBV infection, Tim-3 
is induced in adaptive immune cells and represses 
host anti-viral immunity. Furthermore, blocking Tim-3 
seems to be beneficial for controlling viral activity and 
may become a future therapeutic approach for treating 
CHB (Figure 1).

TIM-3 AND THE INNATE IMMUNE 
RESPONSE IN HBV INFECTION
Because of the key role of adaptive immunity, the 
role of innate immunity in HBV infection has largely 
been ignored in previous studies. However, increased 
understanding of pathogen-associated molecular 
patterns and signaling pathways that control the 
activation of innate immunity has highlighted the 
importance of the innate immune system in HBV-
related diseases[7]. A large body of evidence has 
proved that Tim-3 regulates innate immune response. 
Unlike adaptive T cells, innate immune cells such as 
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monocytes/macrophages, NKs and NK T cells (NKTs) 
constitutively express Tim-3, which can be further 
elevated in some diseases including chronic viral 
infection. Interference of Tim-3 pathway changes the 
function of innate immune cells[43,44].

Tim-3 and monocytes/macrophages
Monocytes and macrophages are important com
ponents of the innate immune system. Upon sti
mulation with inflammatory signals, monocytes rapidly 
infiltrate sites of infection and then differentiate into 
macrophages that kill pathogens. In HBV infection, 
macrophages are crucial in modulating chronic 
liver injury and HBV clearance. Macrophages can 
be classified into 2 types: M1 and M2. M1 cells 

contribute to HBV clearance, whereas M2 cells impair 
the host immune response, promote HBV infection 
and accelerate tumorigenesis[45,46]. In addition, HBV 
tends to promote M2 polarization[6,7]. Several studies 
have reported that pathogens can induce Tim-3 over-
expression in macrophages and monocytes, which 
may regulate the activation and cytokine production of 
these cells[47]. Moreover, lipopolysaccharide, a Toll-like 
receptor (TLR) ligand, can repress Tim-3 expression 
on macrophages and at least partially rescue their 
function, suggesting that TLRs and their downstream 
pathways may be involved in the regulation of Tim-3 
expression[48]. Of note, the role of Tim-3 in natural 
immunity is much more complex than its role in 
adaptive immunity. Recently, our laboratory has found 

Figure 1  Role of Tim-3 in hepatitis B virus infection. In the resting state, Tim-3 expression on most adaptive and innate immune cells is low, except for dendritic 
cells and macrophages, which show high and stable Tim-3 expression. However, chronic HBV/HCV infection induces or further enhances Tim-3 expression on those 
cells and inhibits their anti-viral immune response. Blocking Tim-3 helps rescue the impaired function of these cells and promotes virus clearance, indicating its 
potential as a drug target for the treatment of virus-related liver diseases. HBV: Hepatitis B virus; HCV: Hepatitis C virus.
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that Tim-3 regulate the polarization of macrophages 
and accelerate the transformation of M1 macrophages 
into M2 macrophages, which then suppress the 
inflammatory response in HCC[44]. Together, these data 
indicate the complicated role of Tim-3 in regulating 
innate immune cells.

Tim-3 expression has been reported to be strongly 
elevated on monocytes in patients with CHB and 
further elevated in those patients with acute-on-
chronic liver failure (ACLF). Tim-3 expression on 
monocytes is also positively associated with the 
level of ALT in patients with CHB, indicating its role 
in disease progression[49]. Concordantly, Tim-3 
expression is increased on monocytes from patients 
with HCV infection and is positively correlated with 
IL-17 levels in CD4+ T cells, thus promoting Th17 cell 
accumulation. However, blocking Tim-3 on monocytes 
restores the balance of IL-12, IL-23 and IL-17 signaling 
via the STAT3 pathway[50,51].

Tim-3 and DCs
As the most potent antigen-presenting cells (APCs), 
DCs play a critical role in the innate immune response 
and greatly affect CHB progression. In particular, DCs 
control HBV recognition in vivo. Accumulating evidence 
has demonstrated that compared to DCs from healthy 
controls, DCs from patients infected with HBV exhibit 
impaired function[52,53], yet the reasons for this 
impairment remain unclear. Researchers have focused 
on developing a curative DC vaccine that activates the 
immune response through rescuing the function of 
DCs to treat HBV.

Constitutive expression of Tim-3 can be observed 
on DCs and may be positively associated with DC 
activation. Accordingly, stimulating Tim-3 with Gal-9 
promotes TNF-α synthesis and secretion in cultured 
DCs[54]. Furthermore, using Gal-9 to activate Tim-3 
signaling in tumor-bearing animal models can enhance 
the number of mature DCs and aid in the anti-tumor 
immune response[55]. However, some researchers have 
obtained opposing results, suggesting that Tim-3 might 
also be a negative regulator of DCs[56]. Compared with 
Tim-3-deficient bone marrow-derived DCs (BMDCs), 
Tim-3+ BMDCs exhibit an impaired function phenotype. 
In particular, the latter cells showed a much poorer 
capacity to produce cytokines such as IFN-β1, IFN-α 
and IL-6[57]. The regulatory effect of Tim-3 on DCs is 
intermittent; many other factors, such as different 
pathogens and different ligands of Tim-3, can mo
dulate the regulatory effect of Tim-3 on DCs.

In 2014, Ma et al[22] first engineered a live-
attenuated HCV vaccine to stimulate immune cells. 
These researchers found that DCs isolated from 
healthy individuals demonstrated enhanced antigen 
presentation ability after stimulation, whereas DCs 
isolated from patients infected with HCV showed 
diminished responses after stimulation. Furthermore, 
blocking Tim-3 substantially rescued the function of 

DCs, indicating that Tim-3 may inhibit DC maturation. 
The effect of Tim-3 on DCs in HBV infection remains to 
be clarified; however, these findings observed in HCV 
infection may provide some clues[22].

Tim-3 and NK/NKTs
Over half of all liver lymphocytes are innate immune 
lymphocytes, and NKs account for the majority of 
these cells. Moreover, the percentage of NKs in the 
liver is approximately five-fold greater than that in 
spleen or blood, further indicating their important roles 
in liver diseases. Indeed, accumulating evidence has 
indicated the critical roles of NK cells in HBV-related 
diseases. The number and activity of circulating NKs 
are remarkably decreased in patients with CHB[58-60], 
and impaired NK function leads to persistent HBV 
infection and HCC tumorigenesis[61].

Tim-3 also appears to have conflicting effects on 
NKs. In some reports, the Tim-3-Gal-9 interaction has 
been shown to enhance IFN-γ production and Tim-3 
has been described as a marker of fully mature NKs[62], 
whereas in other reports, for example, during HIV 
infection, Tim-3 has been found to inhibit the function 
of NKs, weakening the NK cell-mediated anti-viral 
immune response[63,64].

Our group first revealed the regulatory role 
of Tim-3 expression on NK cells in HBV infection. 
Increased Tim-3 expression on NK cells was detected 
in patients with CHB and in HBV-transgenic mice. In 
addition, Tim-3 expression on NK cells was positively 
correlated with the serum ALT levels in patients 
with CHB. Blockade of the Tim-3/Gal-9 interaction 
induced increased cytotoxicity and up-regulated IFN-γ 
production in both NKs from patients with CHB and 
in NK92 cell lines, strongly suggesting that Tim-3 
plays negative roles in NKs during HBV[43]. However, 
the role of Tim-3 appears to be more complicated in 
HCV infection. Some studies have demonstrated that 
Tim-3 expression is elevated in NKs and that Tim-3 
over-expression tends to result from down-regulated 
miR-155 in NKs during HCV infection, similarly to 
chronic HBV infection. Blocking Tim-3 can rescue the 
function of NKs, whereas reconstituting miR-155 can 
down-regulate Tim-3[65]. However, a recent study 
has reported the opposite results. Golden-Mason 
et al[66] have analyzed Tim-3 expression on NKs, 
demonstrating not only elevated expression of Tim-3 
on these cells but also a positive correlation between 
Tim-3 and NK activity. These Tim-3+ NKs also showed 
a stronger response to IFN-α stimulation and exhibited 
more intense killing activity[66]. Thus, the role of Tim-3 
on NKs requires additional studies.

NKT-like cells, defined as CD3+CD16+CD56+ cells, 
refer to a small population of T cells that co-express NK 
markers, for example, NK1.1 and CD56. If activated, 
these cells produce abundant pro-inflammatory 
cytokines and anti-inflammatory cytokines, including 
IFN-γ, MCP-1, and IL-4. Similarly to its expression on 
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monocytes and NKs, Tim-3 over-expression is also 
observed on NKT-like cells and is positively associated 
with the level of ALT in patients with CHB. Moreover, 
ACLF may further elevate Tim-3 expression[49].

Above all, elevated Tim-3 expression is observed 
in innate immunocytes and exerts a suppressive effect 
on their function during HBV infection (Figure 1). 
However, the role of Tim-3 in innate immune cells is 
complicated and requires further study.

TIM-3 POLYMORPHISMS AND HBV 
INFECTION
In 2012, Chinese scientists examined polymorphisms 
of the Tim-3 gene in a population of 712 individuals. 
Among these individuals, 182 represented healthy 
controls, and the others were patients with HBV-
related liver diseases. The Tim-3-1541C/T, -1516G/T, 
-882C/T, -574G/T and +4259T/G polymorphisms 
were examined and analyzed, and the results showed 
that allele T-containing genotypes (GT+ TT), allele T 
and the allele T-containing haplotype (CTCGT) of the 
-1516G/T polymorphism occur more often in patients 
with CHB. The allele T-containing genotypes and 
allele T of -1516G/T are also associated with lymph 
node metastasis and tumor grade of HCC[67]. Other 
researchers have identified 2 other single nucleotide 
polymorphisms, rs31223 and rs246871, which 
correlate with the progression of HBV-induced liver 
disease. The minor allele “C” in rs31223 represents 
an increased chance of sero-clearance of HBsAg, 
whereas the genotype “CC” in rs246871 suggests 
an increased likelihood of developing HBV-related 
HCC. Furthermore, the haplotype blocks CGC* and 
TGC* strongly correlate with serum HBsAg sero-
clearance, whereas CAT*, CGT*, TAC* and TGT* tend 
to be markedly correlated with HBV-induced HCC[68]. 
In accordance with their containment functions in 
negatively regulating immunity, polymorphisms of 
Tim-3 and PD-1 may differentially and interactively 
predispose individuals to HBV-related liver disease 
progression. The combined carriage of PD1+8669 
AA/TIM3 -1516 GT or TT shows a higher frequency 
in patients with cirrhosis than in patients without 
cirrhosis. Patients with HCC also have a higher 
frequency of this combined carriage than do patients 
with cirrhosis[69]. Together, these findings suggest that 
Tim-3 polymorphisms may affect disease susceptibility 
and HCC traits associated with HBV infection.

TIM-3 AND HCC
The relationship between tumors and Tim-3 has been 
studied for many years, and Tim-3 may become the 
next major target in the treatment of cancer. In several 
cancer models, including breast cancer, colon cancer 
and melanoma, Tim-3 is induced in tumor-infiltrated 
lymphocytes and appears to mark exhausted CD8+ T 

cells because PD-1+Tim-3-CD8+ cells remain able to 
produce bona fide cytokines such as IFN-γ, IL-2 and 
TNF-α[70]. Here, we focus on the role of Tim-3 in liver 
cancer and discuss whether it can be regarded as a 
novel drug target in the treatment of liver cancer.

Chronic HBV infection is one of the most important 
risk factors for HCC, accounting for up to 54% of HCC 
cases worldwide, and this percentage is even higher 
in China. Accumulating evidence has supported the 
hypothesis that Tim-3 plays roles in HCC, particularly 
by modulating the tumor microenvironment. For 
instance, Tim-3 expression is elevated on CD4+ and 
CD8+ T cells infiltrating tumor tissues compared to 
those cells infiltrating the adjacent tissues, and Tim-3+ 
T cells exhibit a senescence phenotype. Furthermore, 
the number of Tim-3+ tumor-infiltrating cells is 
negatively correlated with patient survival, and Tim-3/
Gal-9 signaling induces T cell senescence. Kupffer cells 
(KCs) have the highest Gal-9 expression, and Tim-3+ 
T cells and Gal-9+ KCs show a co-localization pattern 
in HCC. Blocking Tim-3/Gal-9 signaling re-activates 
tumor-infiltrating T cells, which display increased T 
cell proliferation and enhanced cytokine production. 
Moreover, in the HCC microenvironment, IFN-γ 
secreted by tumor-infiltrating T cells stimulates Gal-9 
expression on APCs[71].

Tumor-associated macrophages (TAMs) are a major 
component of the tumor microenvironment and play a 
critical role in promoting tumor progression. Recently, 
our laboratory has discovered the important role of 
Tim-3 in TAM polarization in HCC. Specifically, elevated 
Tim-3 expression is negatively associated with tumor 
grade and patient survival. Moreover, ectopic ex
pression of Tim-3 induces altered M2 activation, with a 
phenotype that promotes tumor development[44]. Our 
results further emphasize the critical role of Tim-3 as a 
new component in HCC progression.

In fact, Tim-3 is not expressed only in immune 
cells; our in vivo and in vitro experiments both demon
strated that Tim-3 is also expressed in HCC cells and 
that Tim-3 serves as an oncoprotein in these cells 
(unpublished data). These new data suggest that 
Tim-3 may have other functions in addition to immune 
inhibition.

HCC remains refractory to current chemotherapeutic 
drugs and generally is associated with a poor pro
gnosis. Moreover, many patients with HCC cannot 
receive local ablative or surgical interventions because 
HCC is frequently diagnosed at an advanced stage. 
Recently, cancer immunotherapy has attracted sub
stantial attention, and immune checkpoint blockade 
has achieved great success in many clinical trials. 
Although blockade of CTLA-4 and PD-1 has shown 
objective responses in several cancers, some issues still 
remain. For example, some patients have been shown 
to be non-responders to immunotherapies that target 
CTLA-4 and PD-1 in various clinical trials[72,73]. In this 
context, the discovery of novel immune checkpoints is 
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urgently required, and Tim-3 is a potential candidate. 
In 2010, Sakuishi reported that combined inhibition 
of Tim-3 and PD-1 demonstrated greater inhibition of 
tumor growth than PD-1 inhibition alone. Specifically, 
half of all tumor-bearing mice treated with combined 
blockade of Tim-3 and PD-1 displayed complete tumor 
regression, suggesting the crucial role of Tim-3 in 
tumor progression[74]. However, additional studies are 
required to demonstrate the therapeutic role of Tim-3 
blockade in HCC treatment.

CONCLUSION
During HBV infection, Tim-3 expression is elevated on 
both adaptive and innate immune cells. This increased 
Tim-3 expression inhibits the anti-viral immune 
response, indicating that Tim-3 is a potential target 
for controlling HBV infection (Figure 1). However, 
several critical questions remain to be clarified. For 
example, how does HBV infection induce ectopic Tim-3 
expression in different types of immune cells? What 
are the downstream signaling pathways promoted 
by Tim-3 in both adaptive and innate immune cells? 
Moreover, the regulatory role of Tim-3 in the innate 
immune response remains unclear, and Tim-3 may 
possess dual functions depending on the specific 
context. Therefore, we cannot be blindly optimistic to 
the potential of Tim-3 as a drug target for controlling 
chronic infection and HCC.
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