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Abstract. Hepatitis B virus (HBV) infection is a major cause 
of hepatic inflammation. Successful HBV clearance in patients 
is associated with sustained viral control by effector T cells. 
Compared with acute hepatitis B, chronic HBV infection is 
associated with the depletion of T cells, resulting in weak or 
absent virus‑specific T cells reactivity, which is described as 
‘exhaustion’. This exhaustion is characterized by impaired 
cytokine production and sustained expression of multiple 
coinhibitory molecules. Cytotoxic T lymphocyte‑associated 
antigen‑4 (CTLA‑4) is one of many coinhibitory molecules 
that can attenuate T cell activation by inhibiting costimulation 
and transmitting inhibitory signals to T cells. Persistent HBV 
infection results in the upregulation of CTLA‑4 on hepatic 
CD8+ T cells. This prompts CD8+ T cell apoptosis, and the 
activation of cytotoxic T lymphocytes is blocked. Similar to 
CD8+ T cells, CD4+ T helper (Th) cell proliferation is hindered 
following CTLA‑4 upregulation. In addition, the differentiation 
of CD4+ Th is polarized toward the Th2/peripherally‑inducible 
T regulatory cell types, increasing the levels of anti‑inflamma-
tory cytokines. Conversely, the activation of proinflammatory 
cells (Th1 and follicular helper T) is blocked, and the levels of 
proinflammatory cytokines decline. This review summarizes 
the current literature relevant to T cell exhaustion in patients 
with HBV‑related chronic hepatitis, and discusses the roles of 
CTLA‑4 in T cell exhaustion.
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1. Introduction

Infectious viral hepatitis is a major public health problem 
worldwide. The number of global viral hepatitis deaths 
has recently increased. More than half of these viral 
hepatitis‑related deaths are associated with chronic hepatitis B 
virus (HBV) infection  (1). China has made tremendous 
progress in controlling HBV infection, largely owing to the 
enactment of a universal hepatitis B vaccination program and 
implementation of effective health management programs (2). 
However, the prevalence of the HBV surface antigen (HBsAg) 
(7.18%) is still high in Chinese adults (3). HBV infection is 
a major cause of inflammatory liver disease. Of note, HBV 
is considered to be a ‘mysterious’ virus that is not readily 
sensed by the host immune system (4). A large number of 
studies have demonstrated that effective antiviral therapy 
and successful HBV clearance in patients is associated with 
the breadth and depth of the proliferation and responses of 
HBV‑specific T cells (5). However, compelling evidence has 
suggested that the host immune system often exhibits weak 
or absent virus‑specific T‑cell reactivity following chronic 
HBV infection. This is referred to as T  cell ‘exhaustion’, 
which is characterized by poor effector cytotoxic responses, 
decreased cytokine production and upregulated expression 
of multiple inhibitory molecules, including programmed cell 
death‑1 (PD‑1), cytotoxic T lymphocyte‑associated antigen‑4 
(CTLA‑4) and lymphocyte activation gene‑3 (6).

The human CTLA4 gene has an exon and intron structure 
similar to human CD28, it exhibits extensive homology at 
the nucleotide level, and it encodes a 233 amino‑acid protein 
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(CTLA‑4) belonging to the immunoglobulin superfamily (7). 
CTLA‑4 consists of one V‑like domain flanked by two hydro-
phobic regions, one of which has a structure suggesting that it 
may be anchored to the membrane (8). It binds to CD80/CD86 
with an affinity 20‑fold higher than CD28, and functions to 
attenuate T cell activation by inhibiting costimulation and 
transmitting inhibitory signals to T cells (9,10). Polymorphisms 
in CTLA4 have been associated with susceptibility to multiple 
diseases, including type I diabetes  (11), primary biliary 
cirrhosis  (12) and Graves' disease  (13). However, they are 
assumed to confer a higher risk for persistent HBV infection. A 
recent meta‑analysis study demonstrated that CTLA4+49A/G 
polymorphisms were associated with the ability to resist HBV 
infection in the Asian population (14).

2. Impact of CTLA‑4 on HBV‑specific CD8+ T cells

CD8+ T cells circulating in the blood migrate to the liver, 
where they initially arrest in liver sinusoids by preferentially 
docking onto platelets that have previously adhered to the liver 
sinusoids. Upon detachment from platelets, the effector CD8+ 

T cells crawl intrasinusoidally, irrespective of the direction 
of the blood flow, and probe the underlying hepatocytes for 
the presence of antigen by extending filopodia‑like protru-
sions through the sinusoidal fenestrae  (15). Effector CD8+ 
T cells recognize hepatocellular antigens and perform effector 
functions, while still in the intravascular space, and only later 
extravasate into the parenchyma  (16). Under conditions of 
chronic antigen stimulation, the CD8+ T cells exhibit dysfunc-
tional responses, characterized by low cytokine secretion 
and increased apoptosis. Multiple inhibitory pathways have 
been implicated in this exhaustion of CD8+ T cells (17). The 
relationship between coinhibitory receptors and CD8+ T cell 
immune functions has been previously elucidated in a murine 
model of lymphocytic choriomeningitis virus (LCMV) infec-
tion (18). However, Legat et al (19) found no major impairment 
of cytokine production in CD8+ T cells positive for a broad 
array of inhibitory receptors following chronic antigen 
stimulation. Furthermore, when they analyzed CD8+ T cells 
from blood, metastatic lymph nodes (LNs) and normal LNs 
from melanoma patients, the results demonstrated that altered 
expression of inhibitory receptors was not associated with 
cytokine production, but was strongly correlated with T cell 
differentiation or T cell activation state.

In a previous study, programmed death‑1 (PD‑1) 
pathway‑mediated inhibitory signals were demonstrated to 
serve a key role in CD8+ T cell exhaustion during persistent 
viral infection  (18). However, the exhaustion could not be 
completely reversed by PD‑1 blockade alone, and full resto-
ration required a combined PD‑1/CTLA‑4 blockade  (20). 
The critical immunoregulatory role of CTLA‑4 in induced 
peripheral immune tolerance is illustrated by the massive and 
fatal lymphoproliferation that occurs in CTLA‑4‑deficient 
mice (21). During the symptomatic phase of acute Hepatitis A 
(AHA), CTLA‑4 is highly expressed on virus‑specific CD8+ 

T cells, and functions as an inhibitory molecule that suppresses 
cytotoxic T‑cells and prevents the destruction of virus‑infected 
hepatocytes to avoid the occurrence of severe acute hepa-
titis (22). However, during hepatitis C virus (HCV) infection, 
high expression of CTLA‑4 on CD8+ T cells lead to increased 

susceptibility of the cells to spontaneous apoptosis (23). By 
contrast, functional skewing of the global CD8+ T cell popula-
tion led to impairment in their ability to produce cytokines 
[interleukin (IL)‑2, interferon (IFN)‑γ and tumor necrosis 
factor (TNF) α] and to proliferate in cells with chronic hepa-
titis B virus (CHB) infection (24). Similar findings have been 
reported by Wongjitrat et al (25); CD8+ expressing CTLA‑4 
molecules in CHB‑infected patients were significantly higher 
compared with healthy controls, and CD8+ T cells presenting 
CTLA‑4 might contribute to the impaired immune response 
and the failure of immunological control of the persisting 
pathogens. However, it is astounding that children and young 
adults with CHB infection in the period of immune toler-
ance (IT) are not associated with an immune profile of T cell 
tolerance, but have an HBV‑specific immune profile  (26). 
In addition, the expression of CTLA‑4 and other inhibitory 
receptors (such as lymphocyte activating 3, hepatitis A virus 
cellular receptor 2, and leukocyte associated immunoglobulin 
like receptor 1) was not increased on HBV‑specific CD8+ 

T cells from peripheral blood mononuclear cells (PBMCs). 
This may seem controversial to the viewpoint that immunity 
is not activated in younger CHB patients. Velazquez et al (27) 
may propose a possible explanation, as this review considered 
that the CD8+ T cells expression of the C‑C motif chemokine 
ligand 3 (CCL3), which is involved in migration, was impaired 
in the immune tolerant cohort, compared with healthy controls 
and immune active CHB patients. The absence of CCL3 
may prompt a potential migratory defect that could hamper 
functional HBV‑specific CD8+ T cells from gaining access to 
virus‑infected hepatocytes. Under these conditions, immune 
tolerance would be largely a matter of sequestration.

However, continuous exposure to high concentrations 
of HBV antigens (HBeAg, HBsAg, HBx) exhausts a large 
proportion or the majority of CD8+ T cells, which is associated 
with gradual upregulation of CTLA‑4 expression (6). There is 
insufficient information to explain the relationship between the 
upregulated expression of CTLA‑4 on CD8+ T cells and chronic 
HBV infection. Recent findings by Peng et al confirming that 
HBeAg may increase the expression of CTLA‑4 on CD8+ 

T cells and that this was associated with a high HBV DNA load, 
may lead to some breakthroughs, but the pathway underlying 
this effect remains unclear (28). It is possible that research 
focusing on other diseases may provide clues into these 
mechanisms. Recently, it was demonstrated in tumor models 
that the mannose receptor (MR) antigens were internalized 
and processed specifically for cross‑presentation, which may 
have resulted in upregulated expression of CTLA‑4 on CD8+ 

T cells. The regulatory effect of the MR was mediated by a 
direct interaction with CD45 on the CD8+ T cells, inhibiting its 
phosphatase activity, which prevented the expression of B‑cell 
lymphoma 6 (Bcl‑6), a transcriptional inhibitor that directly 
binds the CTLA‑4 promoter and regulates its activity (29). This 
pathway may be one reason for the immune escape of tumor 
cells that induces the development and metastasis of tumors. 
However, the upregulation of CTLA‑4 is accompanied by a 
high level of BCL2 interacting mediator of cell death (Bim) on 
CD8+ T cells following HBV infection. Bim is a proapoptotic 
member of the BCL2 family, a protein important for regulating 
apoptosis (30). The activation of Bim can induce BCL2 associ-
ated X (Bax) expression, thus increasing cell apoptosis via the 
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mitochondrial pathways (31). In addition, it was demonstrated 
that CD206+ macrophage‑derived amphiregulin promoted the 
immunosuppressive activity of intrahepatic regulatory T cells 
(Treg) by inducing mammalian target of rapamycin (mTOR) 
activation, upregulating CTLA‑4 expression on Treg cells, and 
subsequently restraining the antiviral activity of CD8+ T cells 
during chronic HBV infection (32). As a result, the prolifera-
tion of CD8+ T cells and their activation into CD8+ cytotoxic 
T cells (CTL) was blocked (Fig. 1). Encouragingly, the CD8+ 

T cells could be rescued by reducing the HBV DNA load, and 
the immune response to the HBV protein was enhanced (33). 
Schurich et al (30) similarly demonstrated that the function 
of IFN‑γ‑secreting HBV‑specific CD8+ T cells could improve 
after viral load reduction, but without any effect on the 
CTLA‑4 or Bim levels. It should be noted that the latter study 
was based on a cohort of CHB patients commencing antiviral 
therapy, all of whom had been treated for 18 months or less. 
Long‑term antiviral therapy may be necessary to change the 
CTLA‑4 and Bim levels and their impact on CD8+ T cells.

3. CTLA‑4 mediates HBV‑specific dysfunctions in CD4+ 
Th cell differentiation

Naïve T cells may differentiate into CD4+ T helper (Th) cells 
following antigen stimulation. A variety of CD4+ Th cell subsets 
has been confirmed, including Th1, Th2, peripherally‑inducible 
Treg (iTreg), and follicular helper  T (TFH)  (34). HBV 
infection can induce a variety of inhibitory molecules and 
upregulate their expression on CD4+ Th cells. For example, 
HBV core protein (HBc) induces PD‑1 upregulation through 
activation of the c‑Jun N‑terminal kinase (JNK), extracellular 
signal‑regulated kinase (ERK) and phosphoinositide 3‑kinase 
(PI3K)/AKT pathways  (35). HBV surface protein (HBs) 
enhances transcription of human protein inhibitor of activated 
STAT1 (hPIAS1) dependent on the activation of P38MAPK 
and ERK signal pathways, which might contribute to the 
ineffectiveness of treatment in CHB patients (36). Recently, 
Raziorrouh  et  al  (37) analyzed the HBV‑specific CD4+ 
T cells from the peripheral blood of CHB patients using a 
newly‑established DRB1*01‑restricted MHC class II tetramer, 
and demonstrated that the frequencies and functions of CD4+ 
T  cells were diminished in these patients compared with 
healthy controls. When the levels of multiple inhibitory recep-
tors on CD4+ T cells were examined, it was noted that PD‑1 
was strongly upregulated. However, the levels of CTLA‑4 
were similar to those in healthy controls, suggesting that CD4+ 

T cell dysfunction that occurs during chronic HBV infection 
is associated with strong PD‑1 upregulation, but not associated 
with CTLA‑4. However, other studies have demonstrated that 
the cytoplasmic tail of CTLA‑4 is associated with the medium 
chain of the clathrin adaptor, AP‑50, which correlates with 
CTLA‑4 endocytosis, so the majority of CTLA‑4 is rapidly 
endocytosed away from the cell surface and is localized in 
intracellular stores (38). Thus, it is difficult to detect CTLA‑4 
on the surface of activated CD4+ T cells.

There are a variety of ways in which CTLA‑4 may inter-
fere with CD4+ Th cells. First, CTLA‑4 may scavenge B7 
ligands, rendering them unable to bind CD28 (39). Second, it 
may disrupt the localization of CD28 in the immunological 
synapse (40), thus altering the immune responses, because 

CTLA‑4 can bind the lipid kinase PI3K, and the protein 
tyrosine phosphatase non‑receptor type (PTPN) 11 (also 
known as SHP2) (41). In addition, CTLA‑4 may recruit protein 
tyrosine phosphatases to induce the negative feedback regula-
tion of T cell receptor (TCR) signaling, perhaps via PTPN6 
(also known as SHP1), by dephosphorylating the site of the 
immunoreceptor tyrosine‑based activation motif in CD3, and 
via PTPN22 (also known as Lyp), by dephosphorylating the 
CD3ζchain, zeta chain of T cell receptor associated protein 
kinase  70 (ZAP‑70), and lymphocyte cytosolic protein  2 
(LCP2, also known as SLP‑76) (42).

4. Effects of CTLA‑4 on the Th1, Th2 and TFH subtypes 
of CD4+ Th cells

Depending on the cell environment, CD4+ Th cells can 
differentiate into different subtypes (43). Several factors likely 
contribute to CD4+ Th cell dysfunction in chronic HBV infec-
tion, including the action of Treg cells (which secrete large 
quantities of IL‑10 and TGF‑β), the depletion of arginine in the 
inflamed liver microenvironment, and enhanced CD4+ Th cell 
apoptosis in the tolerogenic liver environment (5,17). Notably, 
these effects are amplified by the upregulation of CTLA‑4 
expression on CD4+ Th cells (Fig. 2). Tang et al (44) demon-
strated that the expression levels of the CD28 family receptors 
(PD‑1 and CTLA‑4) in the CD4+ Th cells were increased in 
CHB patients compared with healthy controls. Additionally, 
the frequency of Th1 cells was lower compared with Th2 cells 
in the peripheral blood of these patients. In a subsequent experi-
ment, the authors cultured PBMCs pulsed with anti‑CTLA‑4 
in vitro, and demonstrated that the frequency of Th1 cells 
increased, while the frequency of Th2 cells decreased. The 
mechanism by which CTLA‑4 affects the polarization of 
CD4+ T cells toward a Th2 phenotype is not entirely clear, but 
it has been confirmed that CTLA‑4 can change the structure 
of immune synapses, which serve a pivotal role in T cell 
proliferation and differentiation (45).

The classical immunological synapse is described as a 
central supramolecular activation cluster, which involves 
molecules, such as the TCR, CD28, protein kinase Cθ (PCKθ), 
and lymphocyte‑specific protein tyrosine kinase (Lck) (46). In 
the presence of CTLA‑4, CD4+ T cells fail to form this cluster 
of TCR, Lck and PCKθ. Lck binds the cytoplasmic domain of 
CD4 and CD8 molecules in T cells, which are continuously 
phosphorylated in resting T cells. After being recruited to the 
TCR‑pMHC‑complex with CD4+ or CD8+ T cells, Lck phos-
phorylates the tyrosine in the immunoreceptor tyrosine‑based 
activation (ITAM) motif of CD3's cytoplasmic domain, which 
is responsible for TCR‑induced intracellular signal initiation 
from tyrosine phosphorylation (47). Therefore, the absence of 
Lck blocks intracellular signal transduction. A lack of TCR 
clustering in the immune synapse affects antigen presenta-
tion via the MHCII receptor and the TCR receptor (signal 1). 
The nature of activation (signal 1), defined by the strength of 
the TCR stimulation, can affect the polarization of T helper 
cells towards Th1 or Th2, in which a high affinity interaction 
favors Th1 development and a low affinity interaction drives 
Th2 development (48). Smeets et al (49) recently confirmed 
that phorbol 12‑myristate 13‑acetate (PMA)/CD3 stimulation 
enhances the Th1‑like response in a Lck‑ and PKC‑dependent 
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manner, whereas PMA/CD28 stimulation results in a Th2‑like 
phenotype, independent of the proximal TCR‑tyrosine kinase 
Lck. It is intriguing to speculate that a lack of Lck and PKCθ 
in the immune synapses of CD4+ Th cells may polarize them 
towards a Th2 phenotype.

Regardless of the mechanism, it has been clearly demon-
strated that CTLA‑4 induces the differentiation of CD4+ Th 
cells toward the Th2 cell phenotype, and increases the frequen-
cies of these cells in the liver and peripheral blood. However, 
higher expression of CTLA‑4 might be a consequence of a 
low responsiveness by Th2 cells to CTLA‑4 function, and a 
lack of the TCR cluster in the immune synapse hinders the 
proliferation of these cell and their synthesis of cytokines 

(IL‑3, IL‑4 and IL‑5) (47). It is possible that CTLA‑4 may 
play a coordinating role with Th2 cells through humoral 
immunity. Yin et al (50) immunized mice with DNA plas-
mids (HBcAg fused to the extracellular domain of CTLA‑4, 
termed pCTLA‑4‑HBc) prior to challenging by hydrodynamic 
injection (HI) of pAAV/HBV1.2, and demonstrated that the 
clearance of HBsAg was completed more quickly (within 
16 days) in the immunized mice compared with the control 
mice. Of note, >50% of the control mice were still positive for 
HBsAg on day 22. Meanwhile, the Th1/Th2 bias (the Th2 type 
cells were increased) and anti‑HBs antibody response devel-
oped rapidly in the mice immunized with pCTLA‑4‑HBc. 
Similarly, Zhou et al demonstrated that a CTLA4‑fused DNA 

Figure 1. Persistent HBV infection results in the upregulation of CTLA‑4 and Bim on hepatic CD8+ T cells. Subsequently, the cytokine secretion by CD8+ 
T cells decreases. Increased expression of Bim promotes CD8+ T cell apoptosis. Furthermore, the levels of granzyme and perforin are decreased, leading to 
intrahepatic cccDNA not being removed, because the activation of CD8+ T cells to generate CTLs is blocked. In addition, the CD206+ macrophage‑derived 
amphiregulin promotes the immunosuppressive activity of the Treg cells by inducing mTOR activation and by upregulating the expression of CTLA‑4 on Treg 
cells following HBV persistent infection. HBV, hepatitis B virus; CTLA‑4, cytotoxic T lymphocyte‑associated antigen‑4; Bim, BCL2 interacting mediator of 
cell death; cccDNA, covalently closed circular DNA; CTL, cytotoxic T cell; Treg, regulatory T cells; mTOR, mammalian target of rapamycin; TNF, tumor 
necrosis factor; IL, interleukin; IFN, interferon.
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vaccine, which was constructed by linking the extracellular 
domain of CTLA‑4 with HBsAg, led to breakdown of IT to 
viral infection in HBV transgenic mice (51). The underlying 
mechanism may be an increase of Th, Th2 and HBsAg‑specific 
CD8+ T cell responses, as well as CTL, following vaccination 
with this vaccine. These findings underline the complex impact 
of CTLA‑4 on the immune response.

TFH cells represent a class of effector CD4+ Th cells 
that regulate the stepwise development of antigen‑specific 
B cell immunity and memory B cell responses by deploying 
C‑X‑C motif chemokine receptor 5 (CXCR5)+ TFH cells (52). 
However, effective immunologic homeostasis appears to be 
reliant on maintaining an appropriate level of CD28 engage-
ment. The CD80/CD86‑CD28/CTLA‑4 costimulatory pathway 
can provide a pivotal signal for T cells activation. In the absence 
of CTLA‑4, excessive CD28 engagement with CD80/CD86 
can activate peripheral T cells, and leads to their spontaneous 
differentiation, resulting in TFH‑mediated lethal tissue injury. 
Recent research has confirmed that CTLA‑4‑deficient mice 
die at a young age, which has been suggested to be due to a 
rapid development of multiorgan lymphocytic infiltration and 
tissue destruction (53). Remarkably, short‑term blockade with 
an anti‑CTLA‑4 antibody is sufficient to elicit TFH generation 
in wild‑type mice. CTLA‑4 acts by downregulating CD80 and 
CD86 on antigen‑presenting cells (APCs), thereby altering the 
level of CD28 engagement, resulting in tailored modulation 
of the TFH response (54). It is clear that the expression of 
costimulatory ligands on APCs fluctuates in response to envi-
ronmental stimuli, with their expression being upregulated by 

inflammatory cytokines and TLR agonists and downregulated 
by CTLA‑4 expression on Treg cells (55). Therefore, during 
HBV infection, CTLA‑4 may downregulate costimulatory 
ligands to block TFH differentiation and effector responses. 
The effector responses of TFH, via production of IL‑21, 
appear to have a significant role in facilitating HBeAg 
seroconversion (56).

5. Upregulating the expression of CTLA‑4 may improve 
the function of Treg cells

Treg cells are broadly subdivided into two major subtypes: 
Thymus‑derived natural Treg (nTreg) cells and peripher-
ally‑inducible Treg (iTreg) cells (57). iTreg cells have a large 
repertoire of self‑specific and non‑self‑specific T‑cell recep-
tors and have been detected in several human infectious 
diseases (58). Highlighting the importance of CTLA‑4 in the 
suppression of the immune response, CTLA‑4 expression and 
signaling are essential for Treg cells to execute their suppressive 
function (59). CTLA‑4 can induce a costimulatory blockade 
either by sequestering or removing costimulatory ligands from 
the surface of APCs (perhaps via transendocytosis), and might 
also stimulate these cells to secrete indoleamine 2,3‑dioxy-
genase (IDO), which limits the availability of tryptophan and 
metabolically suppresses the activation of naïve T cells (60). 
Direct mutation of CTLA‑4 or CTLA‑4 deficiency leads 
to defective Treg cell function, which is associated with an 
impaired ability to control the levels of the CTLA‑4 ligands, 
CD80 and CD86 (61). In addition, CTLA‑4 may strengthen 

Figure 2. CD4+ Th cells have similar susceptibility to apoptosis to CD8+ T cells following persistent HBV infection. Upregulated expression of CTLA‑4 
on CD4+ Th cells polarizes them toward the Th2 and iTreg phenotypes, which results in an increase of anti‑inflammatory cytokine (TGF‑β, IL‑10, and 
IL‑4) levels. Conversely, the differentiation of proinflammatory cells, such as Th1, TFH and CD4+ Th cells, is blocked, and the levels of proinflammatory 
cytokines (IL‑2, IL‑21, and IFN‑γ) is decreased. Th, T helper cells; HBV, hepatitis B virus; CTLA‑4, cytotoxic T lymphocyte‑associated antigen‑4; iTreg, 
peripherally‑inducible Treg; TGF, transforming growth factor; IL, interleukin; TFH, follicular helper T cells; IFN, interferon.
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the secretion of cytokines, such as TGF‑β and IL‑10, by the 
Treg cells, to suppress a wide range of cells and cytokines (62). 
Yang  et  al  (63), Stoop  et  al  (64) and Xu  et  al  (65) have 
demonstrated that patients with CHB infection have a higher 
frequency of Treg cells in peripheral blood and liver compared 
with healthy controls. A recent study concluded that there were 
increased levels of Treg cells accompanied by CTLA‑4 during 
CHB infection, and that these cells were associated with 
the antiviral immune response and disease progression (66). 
Previously, Feng et al (67) have demonstrated that HBcAg 
peptide‑specific Treg cells from liver and peripheral blood of 
CHB patients express CTLA‑4 and have a pivotal role in modu-
lating IT. Enhanced HBcAg peptide‑specific CTL frequencies 
by blocking of CTLA‑4 may account for spontaneous Acute 
exacerbations (AEs) in the process of CHB infection. One 
possible mechanism for the change in the natural history of 
CHB infection by blocking CTLA‑4 may be the inhibition of 
TGF‑β secretion, which functions as a mediator of Treg cell 
suppressor effectors (68). Recently, Zhang et al (69) reported 
similar findings; they demonstrated that CTLA‑4 expression 
levels were significantly higher on Treg cells from patients 
with HBsAg‑positive hepatocellular carcinoma compared 
with healthy controls, whereas no difference was observed in 
HBsAg‑negative HCC patients. Furthermore, when the human 
hepatoma cell line HepG2.2.15 (transfected with HBV) and 
its parental cell line HepG2 were co‑cultured with healthy 
donor PBMCs, the results demonstrated that HepG2.2.15 cells 
strongly increased the frequencies of Treg cells and CTLA‑4 
expression compared with the HepG2 cells. Notably, the Treg 
cells from CHB patients can help HCC tumor antigens escape 
tumor immunosurveillance. It appears that high expression 
of CTLA‑4 on Treg cells is a risk factor in HBsAg‑positive 
HCC. Inhibition of Treg cells and CTLA‑4 may therefore 
represent a novel therapeutic approach for CHB patients. 
However, these studies have failed to explain the mechanism 
by which CHB infection upregulated CTLA‑4 on Treg cells. 
Liu et al (70) may have provided evidence in that direction, by 
demonstrating that IL‑10‑producing regulatory B‑cells, which 
are a new subset of B‑cells that exert immunosuppressive 
functions in autoimmunity and infections, can enhance Treg 
cells in chronic HBV infection and upregulate the expression 

of CTLA‑4. Therefore, it can be speculated that an imbalance 
of cytokines in the microenvironment of the liver may be 
one of the reasons. A recent study indicated that total Treg 
cell frequencies were affected by IL‑2, and the strongest Treg 
cell suppressive phenotype was observed under low‑dose 
IL‑2. It was hypothesized that low‑dose IL‑2 promotes STAT5 
phosphorylation and subsequently upregulates CTLA‑4 (71). 
Nevertheless, the relationship between the proteins of HBV 
and CTLA‑4 expression following CHB infection remain 
unclear.

There have recently been conflicting findings regarding the 
function of Treg cells (Table I), suggesting that their activation 
may not be entirely dependent on CTLA‑4. Treg activation can 
be mediated by forkhead box P3 (Foxp3), as it serves a central 
role in directing the regulatory program (72). Foxp3 expression 
is essentially confined to CD4+CD25+ cells and is responsible 
for the regulatory activity of this subset of cells. Accordingly, 
the adoptive transfer of CD4+CD25+ T cells from wild type 
mice can rescue scurfy mice, which are deficient in Treg cells, 
from lymphoproliferative syndrome. Retroviral expression 
and transgenic expression of Foxp3 in CD25‑ T cells have been 
demonstrated to endow them with regulatory functions, and 
even induce regulatory activity in CD8+ T cells (73). Consistent 
with the large body of evidence obtained in mouse models, 
mutations in the Foxp3 gene in humans are associated with 
defective immune regulation, manifesting as a syndrome that 
has been termed ‘immune dysregulation polyendocrinopathy 
enteropathy Xlinked’ (IPEX) (74). Together, these findings 
suggest that Foxp3 and CTLA‑4 exhibit some redundant func-
tions and can function independently of one another. More 
recently, Paterson et al (75) have put forward new evidence 
that Treg cells remain functionally suppressive and produce 
an overabundance of IL‑10 following the deletion of CTLA‑4. 
The authors demonstrated that the deletion of CTLA‑4 in mice 
during adulthood did not precipitate systemic autoimmunity, 
but surprisingly conferred protection against experimental 
autoimmune encephalomyelitis (EAE). Furthermore, they 
demonstrated that the deletion of CTLA‑4 was accompanied 
by the activation and expansion of both conventional CD4+ 

T cells and Treg cell subsets. Notwithstanding, Fontenot et al 
reported that all mice receiving a mix of scurfy and 

Table I. Importance of CTLA‑4 on Treg cells.

Status of CTLA‑4	 Changes in Treg functions	 Effects on mouse model

Present	 Cell cycle arrest, but resistance against AICD (58);	 Inhibits AMA production, intrahepatic T‑cell
	 Suppresses Tcon cell activity and proliferation,	 infiltration, and bile duct damage (80), and may
	 controls cytokine production (58,59)	 relieve autoimmunity and inflammatory bowel
		  disease (59)
Absent	 Increases the frequencies of Foxp3+T cells, leads	 Lethal lymphoproliferative disease (73)
	 to Treg expansion but the cells were prone to	 Protection from EAE (58)
	 apoptosis (58,74); remains functionally suppressive
	 and produces an overabundance of IL‑10 (74)

CTLA‑4, cytotoxic T lymphocyte‑associated antigen‑4; Treg, regulatory T cells; ACID, activation‑induced cell death; Tcon cells, conventional 
CD4+ T cells; AMA, anti‑mitochondrial antibodies; Foxp3, forkhead box P3; IL, interleukin; EAE, experimental autoimmune encephalomyelitis.
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CTLA‑4‑/‑ bone marrow died, and while transgenic overex-
pression of Foxp3 could delay the lethality in CTLA‑4‑/‑ mice, 
it could not completely rescue the mice (73). Hence, effective 
immune regulation by Treg cells requires the co‑expression 
of Foxp3 and CTLA‑4. In conclusion, these findings suggest 
that upregulation of CTLA‑4 in Treg cells in HBV infection 
patients is involved in the immunopathogenesis of acute 
Hepatitis B (AHB) to CHB.

6. CTLA‑4 downregulates an array of cytokines

Cytokines mediate the non‑cytolytic clearance of HBV, and 
have been demonstrated to control HBV replication and to 
contribute to curing HBV in several disease models (76). IFN‑γ 
restricts HBV entry by inducing soluble factors that bind to 
heparan sulfate proteoglycan (HSPG) and block HBV attach-
ment (77). IL‑1β regulates sodium taurocholate cotransporting 
polypeptide (NTCP) expression to inhibit HBV infection (78). 
IFN‑γ and TNF‑α interfere with covalently closed circular 
DNA (cccDNA) integrity and stability by inducing cccDNA 
deamination and subsequent degradation in HBV‑infected 
primary human hepatocytes and HepaRG cells  (79). IL‑6 
may reduce cccDNA and HBsAg secretion  (80). CTLA‑4 
has been demonstrated to be a major and specific regulator 
of the production of both pro‑ and anti‑inflammatory cyto-
kines. In the dominant negative transforming growth factor 
β receptor II (dnTGFβRII) mouse model, CTLA‑4 Ig quickly 
reduced the level of intrahepatic proinflammatory cyto-
kines, thereby reducing the bile duct damage (81). Blockade 
of CTLA‑4 resulted in increased secretion of granulo-
cyte‑macrophage colony stimulating factor (GM‑CSF), IL‑1, 
IL‑2 and IFN‑γ by CD4+ Th cells (82). Similar to CD4+ Th 
cells, CD8+ T cells exhibited an enhanced ability to control 
HBV infection following inhibition of CTLA‑4. Virus‑specific 
CD8+ T cells can function in two different ways during an 
interaction with HBV‑producing hepatocytes. When they 
are cytolytic, they can induce the clearance of intrahepatic 
cccDNA by killing a fraction of the infected cells. The noncy-
tolytic activity is mediated by an array of cytokines, including 
IFN‑γ, TNF‑α and IL‑2 (83). When CTLA‑4 is silenced by 
RNA interference in in vitro cultures of PBMCs derived from 
CHB‑infected patients, an enhanced secretion of IFN‑γ and 
IL‑2 were observed. Furthermore, when the CD8+ T cells from 
CHB patients were treated with anti‑CTLA‑4 antibodies, the 
levels of IFN‑γ, TNF‑α and IL‑2 were significantly increased 
following stimulation with an HBV peptide (28,84). Finally, 
Pedicord et al (85) confirmed that anti‑CTLA‑4 antibodies 
could enhance the memory formation, function, and main-
tenance of CD8+ T cells. The above studies confirmed that 
CTLA‑4 decreases the synthesis of many proinflammatory 
cytokines. However, further studies are required to determine 
the specific mechanisms involved.

7. Conclusion

This review summarized the current literature highlighting 
the negative effects of CTLA‑4 in the context of chronic HBV 
infection (Table II). Although the specific mechanisms leading 
to the upregulation of CTLA‑4 on T cells remain unclear, 
CTLA‑4 has been demonstrated to inhibit HBV‑specific T cell 

Ta
bl

e 
II

. I
m

m
un

ol
og

ic
al

 c
ha

ra
ct

er
is

tic
s a

nd
 c

lin
ic

al
 m

an
ife

st
at

io
ns

 fo
llo

w
in

g 
up

re
gu

la
tio

n 
of

 C
TL

A
‑4

.

	
Im

m
un

ol
og

ic
al

 c
ha

ra
ct

er
is

tic
s

	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
















































St

at
us

	
C

el
ls

	
C

yt
ok

in
es

	
M

ol
ec

ul
es

	
C

om
pa

re
d 

w
ith

 h
ea

lth
y 

co
nt

ro
ls

	
C

lin
ic

al
 m

an
ife

st
at

io
ns

	
(R

ef
s.)

Im
m

un
e 

cl
ea

ra
nc

e	
C

D
8+ T,

 T
h1

	
IL

‑2
, I

FN
‑γ

, T
N

F‑
α,

	
C

D
28

, C
D

80
/C

D
86

	
D

ec
re

as
ed

	
M

ild
 li

ve
r d

am
ag

e,
 b

ut
 p

oo
r	

(6
,2

2,
25

,2
7,

28
,3

9,
43

,
	CD




8+  C
TL

, T
FH

	
G

M
‑C

S,
 IL

‑1
β,

 IL
‑2

1,
	

Lc
k,

 T
C

R
, P

C
K

θ		


re
sp

on
se

 to
 H

B
V

 p
ro

te
in

s	
48

,5
5,

81
,8

3,
84

)
		


pe

rf
or

in
, g

ra
nz

ym
e,

 C
C

L3
Im

m
un

e 
to

le
ra

nc
e	

Tr
eg

, T
h2

	
IL

‑1
0,

 T
G

F‑
β	

PD
‑1

, C
TL

A
‑4

, B
im

	
In

cr
ea

se
d	

Lo
w

‑g
ra

de
 in

fla
m

m
at

io
n,

 	
(2

9,
32

,6
2,

63
,

					






bu

t l
ed

 to
 T

 c
el

l e
xh

au
st

io
n	

64
,6

6,
70

)
					







an
d 

ap
op

to
si

s

C
TL

A
‑4

, c
yt

ot
ox

ic
 T

 ly
m

ph
oc

yt
e‑

as
so

ci
at

ed
 an

tig
en

‑4
; T

h,
 T

 h
el

pe
r c

el
ls

; C
TL

, c
yt

ot
ox

ic
 T

 ce
ll;

 T
FH

, f
ol

lic
ul

ar
 h

el
pe

r T
 ce

lls
; T

re
g,

 re
gu

la
to

ry
 T

 ce
ll;

 IL
, i

nt
er

le
uk

in
; I

FN
, i

nt
er

fe
ro

n;
 T

N
F,

 tu
m

or
 n

ec
ro

si
s 

fa
ct

or
; G

M
‑C

SF
, g

ra
nu

lo
cy

te
‑m

ac
ro

ph
ag

e c
ol

on
y 

st
im

ul
at

in
g 

fa
ct

or
; C

C
L3

, C
‑C

 m
ot

if 
ch

em
ok

in
e l

ig
an

d 
3;

 T
G

F,
 tr

an
sf

or
m

in
g 

gr
ow

th
 fa

ct
or

; L
ck

, t
ra

ns
fo

rm
in

g 
gr

ow
th

 fa
ct

or
; T

C
R

, T
 ce

ll 
re

ce
pt

or
; P

C
K

θ,
 

pr
ot

ei
n 

ki
na

se
 C

θ;
 P

D
‑1

, p
ro

gr
am

m
ed

 c
el

l d
ea

th
‑1

; H
B

V,
 h

ep
at

iti
s B

 v
iru

s.



CAO et al:  CTLA-4 INTERFERES WITH THE HBV-SPECIFIC T CELL IMMUNE RESPONSE710

immune responses. Anti‑CTLA‑4 antibodies have exhibited 
immunomodulatory effects in patients with hepatocellular 
carcinoma and chronic hepatitis C (86). The mechanism under-
lying the antitumor and antiviral activity of these antibodies 
may be associated with a recovery of the function of the host 
T cells, as well as decreased deletion of T cells by blockade of 
CTLA‑4. However, severe immune‑mediated adverse events 
may limit the clinical potential of such treatments. Therefore, 
future studies are needed to explore the specific effector 
T‑cell response that may be regulated by CTLA‑4, as well as 
potential T cell‑independent mechanisms.
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