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Abstract: Investigators have been interested in immunotherapy for hepatocellular carcinoma for decades. 
Immunotherapy represents a new effective treatment for hepatocellular carcinoma. Its recent breakthrough is 
largely attributable to the advances in understanding of anti-tumor immune responses, tolerance, regulation of anti-
tumor immune and the advent of newer therapies, including checkpoint antibodies and agonist antibodies to the co-
stimulatory molecules targeting T cells. With the success of immunotherapy such as ipilimumab and programmed 
death-1 pathway-targeted agents, more and more preclinical data have offered the basis of immunomodulatory 
antibody therapy as an important treatment option for hepatocellular carcinoma. In this article, I attempted to 
review and summarize the mechanisms, implication and future of immune checkpoint therapy and costimulatory 
molecules for T cells. I also discussed some ongoing clinical trials with a focus on immune checkpoint antibody.
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Introduction

Hepatocellular carcinoma (HCC) is one of the 
most common cancers worldwide, with a high 
mortality [1]. Most of the HCC are a conse-
quence of long-term hepatitis B virus and/or 
hepatitis C virus infection [2]. The majority of 
HCC are not resectable at the time of diagno-
sis. In patients received operation, few are 
cured. Only a modest improvement in survival 
was found with the addition of chemotherapy 
and radiation therapy. Surgery and local abla-
tive therapies such as radiofrequency ablation 
(RFA) and ethanol injection are the available 
curative treatment options while transarterial 
chemoembolization (TACE) and selective intra-
arterial radiofrequency ablation and systemic 
chemotherapy are considered as palliative 
treatment in patients with more advanced dis-
ease [3]. For the patients who undergo resec-
tion alone, the overall 5-year survival rate 
remains poor. Thus, it is imperative to integrate 
alternative strategies to improve disease con-
trol and patient survivals. With the advances in 
understanding of the mechanism of immune 
tolerance, and regulation of anti-tumor immu-
nity and the advent of targeted therapies, im- 

munotherapy represents a new effective treat-
ment for HCC patients.

Immunotherapy of HCC includes vaccines adop-
tive T cell therapy, cytokines and immunomodu-
latory antibodies. The HBV vaccine led to a 
decreased incidence of HBV-related HCC [4]. 
The vaccine and passive transfer of anti-cancer 
monoclonal antibodies and donor T cells are 
only modest effective treatments for HCC. 
Other available systemic treatment options  
for patients with HCC are sorafenib, the pro-
grammed death-1 (PD-1) and programmed 
death ligand-1 (PD-L1) inhibitors. Sorafenib has 
established as a promising treatment option for 
advanced HCC [5].

Several studies have shown specific CD8+ T-cell 
responses against tumor-associated antigens 
(TAAs) in HCC patients and a clinical benefit of 
T-cell infiltration in the tumor tissue. However, 
the impact of TAA-specific CD8+ T-cell respons-
es on tumor control seems rather weak [6].

Given the success of immune checkpoint block-
ade with anti-cytotoxic T lymphocyte associated 
antigen 4 (CTLA-4) antibodies in melanoma and 
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other solid tumors [7, 8], it has become possi-
ble to incorporate various immunotherapeutic 
strategies into the plan of treatment. These 
immune therapies enable reprogramming of 
the immune system to allow effective recogni-
tion and killing of HCC cells. Activating the 
immune system for therapeutic benefit in HCC 
has become reality. Immunotherapy targeting 
HCC has proved its efficacy in halting progres-
sion of HCC and the survival of patients and it 
has emerged as a promising treatment strategy 
[9]. Continued advances in antibody develop-
ment and T cell engineering should further help 
improve clinical outcomes.

Immunotherapy enhancing tumor-specific im- 
mune responses is currently under active inves-
tigation in HCC research. We reviewed and 
summarized the recent advances of the im- 
mune responses in HCC and the relationship of 
immune checkpoints. We will discuss currently 
ongoing and recent clinical trials and preclini- 
cal experiments aiming to enhance anti-tumor 
immunity by blocking immune inhibitory mech-
anisms or by providing co-stimulatory signals to 
immune system.

Tumor associated antigen (TAA) and immune 
checkpoint antibody in HCC

Many HCC-specific CD8+ T cell responses 
against tumor associated antigens (TAA) have 
been identified in HCC patients [10, 11] and it 
is crucial to the development of immunothera-
py. These TAAs include alpha-fetoprotein (AFP) 
[11, 12], NY-ESO-1 [13-15], synovial sarcoma  
X breakpoint 2 (SSX-2) [13, 14], telomerase 
reverse transcriptase (TERT) [10, 16], melano-
ma antigen gene-A (MAGE-A) [13], glypican-3 
(GPC3) [17, 18], and cyclophilin B40 [10].

AFP is an oncofetal antigen primarily expressed 
in the fetal liver, yolk sac, and gastrointestinal 
tract, which is also elevated in hepatitis and 
HCC. GPC-3 is another fetal oncoprotein ex- 
pressed in over 70% of HCCs. NY-ESO-1, SSX- 
2, and MAGE-A are Cancer/testis antigens. NY- 
ESO-1 is one of the most immunogenic TAAs 
expressed in melanoma, HCC, breast cancer 
and ovarian cancer [6]. TERT is involved in  
telomere elongation and human TERT-specific 
CD8+ T-cell responses have been identified in 
HCC patients [16]. All these TAAs have been 
shown to elicit specific CD8+ T-cell responses in 
HCC patients [11-16, 18-20].

However, these TAA specific CD8+ T cell re- 
sponses are very weak [6]. Potentiation of TAA-
specific immune responses seems to be able to 
be achieved by application of multiple immune 
checkpoints blockade therapy [21]. It seems 
attractive and promising and may improve HCC 
control and suppress tumor regression. More- 
over, there are many specific neo-antigens for 
individual tumors [22]. The checkpoint block-
ade cancer immunotherapy targeting these 
tumor-specific mutant antigens may also play 
an important role in future immunotherapy  
[21, 23]. These tumor-specific mutant antigens 
can also be incorporated into synthetic peptide 
vaccines and become personalized vaccines. 
Neoantigen-specific T cell reactivity could be- 
come successful cancer immunotherapies 
according to the data obtained over the past 
few years. The boosting of neoantigen-specific 
T cell immunity with personalized immunother-
apies opens a new area and will further help 
control the HCC [24].

Immune suppression mechanisms in liver

A few mechanisms of immune suppression 
have been proposed, including immunoedit- 
ing; defect of tumor antigen processing and 
presentation; inhibitory receptors expression 
on tumor-specific T cells; priming defects. A 
better understanding of the mechanisms of 
immune dysfunction in HCC will allow the devel-
opment of new immunotherapeutic strategies 
for improved clinical benefit. Overcoming these 
mechanisms could induce or boost TAA-specific 
CD8+ and CD4+ T cell responses.

Natural immunosuppression and chronic he-
patic inflammation induced immunosuppres-
sion

Most pathogens and antigens from the intes-
tine and blood can be eliminated by immune 
system in liver and gut. However, it is agreed 
that pathogens (including HBV and HCV) can 
escape immune attack and persist in liver,  
and liver has developed immune tolerance 
toward some antigens to avoid autoimmune 
damage and maintain organ integrity [25, 26]. 
One mechanism accounting for the immune  
tolerance is related to various antigen present-
ing cells (APC). This is endogenous immune 
suppression in liver. Hepatocytes, liver sinusoi-
dal endothelial cells (LSECs), and hepatic stel-
late cells (HSCs) all respond to the exogenous 
pathogenic input from gut and blood. They sig-
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nal to the immunosuppression system con- 
sisting of Kupffer cells (KCs), Myeloid-derived 
Suppressor Cells (MDSCs), and liver dendritic 
cells (DCs). These cells then mediate both acti-
vation of regulatory T cells (Tregs) and suppres-
sion of effector T cells, NK cells.

This immune tolerance is maintained through 
interleukin 10 (IL-10) released by KC, or through 
transforming growth factor (TGF)-β released  
by KCs or endothelial cells [27-29]. These cells 
also mediate immunosuppression by expres-
sion of PD-L1 [30].

Liver infection could induce immune suppres-
sion by producing relatively incomplete CD4+ 
T-cell activation. This incomplete CD4+ T-cell 
activation consequently results in poor activa-
tion of CD8+ T cells and its clonal exhaustion 
and premature death [25]. On the other hand, 
due to the immune tolerance, the magnitude of 
intrahepatic immune responses to viral infec-
tion (including Hepatitides A and B) are limited 
to avoid fatal hepatic necrosis [25]. IL-10 or 
TGF-β and/or Cytotoxic T-lymphocyte-associ- 
ated protein 4 (CTLA-4) (see Figure 1) as well  
as programmed death-1 (PD-1) ( see Figure 2) 
contribute to the immunosuppression in the 
conditions of autoimmune disease [31], allo- 
graft rejection [32] and viral infection [26]. 
These molecules help convert regulatory T cells 
(Tregs) from infiltrating naïve CD4+ T cells and/
or effector CD4+ T cells.

Another mechanism of immune tolerance is 
related to low levels of co-stimulatory mole-
cules and the upregulation of immune check-
points molecules (PD-L1 or PD-L2) on hepato-
cytes (HC), hepatic stellate cells (HSC), KC, 
LSEC and intrahepatic leucocytes (LC) [30]. 
PD-1 plays a role in facilitation of T cell apopto-
sis or T cell dysfunction [33] in liver, and leading 
to immune tolerance [30, 34, 35]. Blockade of 
B7-H1/PD-1 ligation in liver sinusoidal endothe-
lial cells (LSECs) [33] and Kupffer cells [36] sig-
nificantly reduced HSC’s immunomodulatory 
activity. PD-1 expression in circulating CD8+ T 
cells has been correlated with progression from 
cirrhosis to HCC [37]. The expression of PD-L1 
as well as PD-L2 and PD-1 can be increased in 
chronic inflammation [36], and plays a role in 
the immunosuppression induced by chronic 
inflammation [38-40]. CTLA-4 [40] and T cell 
immunoglobulin domain and mucin domain-3 
(Tim-3) [38, 41] have been linked to suppres-
sion of T cell effector function in chronic viral 
hepatitis.

Chronic infection leads to the expansion of 
Tregs and the enhancement of the suppressor 
function of Tregs, which suppress the anti-
tumor immune response and inhibit tumor 
immuno-surveillance against HCC [42-44].

MDSCs with high expression of PD-1 and in- 
creased IL-10 secretion exert their immunosup-
pressive function in chronic infection and liver 
cancer conditions [45].

Combined PD-1 and CTLA-4 inhibition can help 
restore antigen-specific CD8+ T cell functions in 
chronically inflamed livers [40].

Immunosuppression associated with the tu-
mor bed microenvironment

Immune system plays a dual role by both elimi-
nating cancer cells and suppressing tumor 
growth. On the other hand, it promotes tumor 
growth either by selecting for tumor cells that 
survived after immunity and or by providing a 
microenvironment that facilitate tumor progres-
sion [46].

HCC have evolved a variety of immune escape 
mechanisms and immunosuppression mecha-
nisms, such as the generation of cells with 
immune suppressor functions, including Tregs 
[47], invariant natural killer T cells (iNKT) [48], 
myeloid-derived suppressor cells [49] and 
tumor-associated macrophages (TAMs) such  
as alternatively activated macrophages (M2) 
[50]. In addition, down-regulation of HLA-I by 
APCs leads to the failure of HCC-associated 
antigen presentation [51], ineffective tumor 
antigen processing [52] and the inability of  
the immune system to recognize liver cancer. 
Moreover, CD4+ T helper cells diminished in 
tumor bed in late stage HCC compared with 
early stage HCC [53]. All these changes contrib-
ute to the tumor tolerance and tumor progres-
sion in HCC.

Up-regulation of Tregs was associated with 
poor survival [54, 55] and the use of treat-
ments targeting Treg could serve as a thera-
peutic strategy for restoration of anti-tumor 
immune responses [56]. Targeting suppressor 
cells alone or in combination with other immu-
notherapy deserves further evaluated in HCC 
patients.

Many immunomodulatory molecules are also 
involved in tumor bed immune suppression. 
CTLA-4 is a member of the CD28:B7 immuno-
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globulin superfamily and is the first immune 
checkpoint protein. Activation of T cells require 
2 essential signals including both MHC binding 
with TCR antigen and the costimulatory signal 
the B7-1 (CD80) and B7-2 (CD86) molecules 
binding with CD28 [57]. CTLA-4 competes with 
CD-28 on T cells to bind B7 and down regulated 
T cell function [58], thus induces immunosup-

pression. Ligation of B7-1 and B7-2 with CTLA-4 
transmit co-inhibitory signals down regulating T 
cell activation (see Figure 1).

The blockade of CTLA4 promotes T-cell immune 
responses against tumors [59]. The antitumor 
effect of CTLA-4 blockade involves both effec-
tor T cells and Treg [60].

Figure 1. Mechanism of anti CTLA-4. The interaction between B7 and CTLA4 leads to inhibition of T cell activation 
by antigen presenting cell. By blocking CTLA-4, antibody augment T cell activation and expansion and promote the 
antitumor immunity. CTLA-4, cytotoxic T-lymphocyte-associated antigen-4; MHC, major histocompatibility complex; 
TCR, T cell receptor; APC, antigen presenting cell.

Figure 2. Mechanisms of inhibitory anti PD-1, anti PD-L1; agonistic anti OX40/CD134, anti 4-1BB/CD137 monoclo-
nal antibodies. Antibodies against PD-1 and PD-L1 are activating CD4 and CD8 T cells while anti 4-1BB/CD137 and 
anti-OX40/CD134 offer co-stimulatory signals.
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These immune checkpoint blockades repress 
the activation of effector T cells and may con-
tribute to HCC antigen immune escape in can-
cer-bearing host.

Another immunomodulatory molecule, Galect- 
in-9, is expressed in liver and is involved in  
T cell development and homeostasis [61]. 
Galectin-9 binds to T cell immunoglobulin and 
mucin domain-containing molecule (Tim-3) on 
T cells. Tim-3/galectin-9 interactions promote 
death of Th1 T cells and induce tolerance [62] 
(see Figure 3). More recently, Tim-3 has been 
recognized to also have the potential to con- 
tribute to the functional inactivation of CD8 T 
cells in persistent HBC infections [63]. The up-
regulation of the Tim-3/Galectin-9 Pathway in 
chronic hepatitis B infection promotes T cell 
exhaustion and immune tolerance [38].

HCC immune tolerance can also be produced 
by decreased functions of co-stimulatory mol-
ecules. Expressions of B7-1 and B7-2 (immune 
costimulatory ligands) have been found re- 
duced on HCC cells [64, 65], leading to a 
decrease of B7/CD28 mediated activation of 

effector T cells. More importantly, costimulato-
ry molecules such as OX40, CD137 (4-1BB) are 
involved in modulation of immunity of chronic 
viral hepatitis and HCC (see Figure 2).

NK cells are well known to play an important 
role in antiviral immunity [66]. NK cells regulate 
T-cell responses by lysing antigen-presenting 
cells or by eliminating activated CD4 T cells. NK 
cells can regulate CD4+ T-cell-mediated sup-
port for the antiviral CD8+ T cells; thus modulat-
ing the control of viral pathogenesis and persis-
tence. Both myeloid DCs and plasmacytoid DCs 
(pDCs) were identified in the modulation of NK 
activation [67, 68]. The interactions of pDCs 
and NK through the GITR/GITRL [69] and OX40/
OX40L [70] pathways are believed to be able  
to regulate NK cell activity. NK cell activity can 
also be regulated through CD137 (4-1BB)/4-
1BBL pathway [71]. It was suggested that in 
chronic HBV infected patients, an OX40L/IFN-
α-dependent pathway was involved in the func-
tional defect of plasmacytoid DCs in inducing 
NK cytolytic function [72]. Combination therapy 
of anti PD-1 and 4-1BB antibodies has de- 
monstrated the ability to boost T cell immunity 

Figure 3. Mechanism of TIM-3, a new immune checkpoint inhibitor. Antibody against Tim-3 is activating CD4 and 
CD8 T cells while inhibit M2 (tumor associated macrophages), potentiating T cell antitumor immunity. TIM-3, T 
cell immunoglobulin domain andmucin domain-containing molecule-3; TGF-β, transforming growth factor-β. IL-6, 
interleukin-6; IL-12, interleukin-12 GMSF, Granulocyte macrophage colony-stimulating factor; M2, macrophage with 
alternatively activated phenotype.
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Table 1. Studies applying immune checkpoints blockade for the treatment of HCC
Study Phase Target Subject Therapy Results Conclusions 
Duffy, 2013 II CTLA4 Patients HCC patients received tremelimumab  

in combination  with either TACE or RFA.
N/A N/A 

Sangro, 2013 II CTLA4  20 HCC patients with chronic  
hepatitis C. Most patients were  
in the advanced stage and 43%  
had an altered liver function  
(Child-Pugh class B). 

Tremelimumab at a dose of 15 mg/kg  
IV every 90 days. Twenty patients were  
assessable for toxicity and viral  
response and 17 were assessable  
for tumor response.

A good safety profile. Partial response  
rate was 17.6% and disease control rate 
was 76.4%. Time to progression was 6.48  
months (95% CI 3.95-9.14). A significant  
drop in viral load was observed.

Tremelimumab is safe and 
presents antitumor and 
antiviral effect in patients with 
advanced HCC developed on 
HCV-induced liver cirrhosis. 

Sangro, 2013 I PD-1 Advanced HCC patients with or  
without chronic viral hepatitis

Dose escalation study of anti-PD-1  
(nivolumab). 

Evaluate safety and preliminary activity  
of nivolumab but not finished. 

N/A 

NCT00966251, 2009 I/II PD-1 Advanced HCC patients not  
eligible for surgery, TACE or  
other systemic therapy.

Anti-PD-1 (CT-011, Pidilizumab). Evaluate safety and tolerability. Terminated because of slow 
accrual. 

Moales-Kastresasa, 2013 Preclinical PD-L1,  
OX40 (CD134)  
4-1BB (CD137)

Mouse Triple combination of antibodies (100  
mg of each anti-CD137, anti- OX40  
and anti-B7-H1) or control rat IgG was  
administered intraperitoneally. 

Antibodies extended survival mice  
bearing HCC. Antibody therapy  
synergize with adoptive T cell  
therapy too. 

Anti PD-L1, anti OX40 and anti 
4-1BB can improve survival of 
HCC mice in a CD8-dependent 
fashion. 

Yan, 2015 Preclinical Tim-3 Mouse Tim-3 knockdown on macrophages.  
Time-3 blockade by neutralizing  
antibody, or small interfering RNA, or 
short hairpin RNA-expressing lentivirus.

Tim-3 interference in macrophages  
significantly inhibited the HCC growth  
both in vitro and in vivo. 

Blockade of Tim-3 might be 
great potential in HCC therapy. 

CTLA-4, cytotoxic T lymphocyte antigen-4; PD-1, programmed death-1; PD-L1, programmed death ligand-1; Tim-3, T cell immunoglobulin and mucin domain (TIM)-3; \N/A not available.

Table 2. Studies applying immune costimulatory therapy for the treatment of HCC
Study Phase Target Therapy Results Conclusions
Pan, 2002 Preclinical OX40 4-1BB Combination therapy of a 

nti-4-1BB, anti-OX40  
and Il-12.  

Higher survival rate in mice with hepatic colon metastases.  
Immune activation results in higher survival rated in mice  
with large tumor burdens. 

Il-12, anti-4-1BB and anti-OX40 antibodies  
may provide better treatment for patients  
with advanced cancers.  

Qiu, 2006 Preclinical 4-1BBL PD-1 Plasmid encoding 4-1BB  
ligand and PD-1 were injected  
in to mice with HCC. 

Both 4-1BBL and PD-1 alone can inhibit tumor growth. But  
the combination therapy inhibit completely in 42% of the  
mice. And the survival rate was significantly improved.

Combination therapy with 4-1BBL  and PD-1 can  
exert a synergistic anti-tumor effect on HCC model. 

Li, 2011 Preclinical 4-1BBL, B7-1, B7-2 Transduction of tumor cell line  
H22 with B7-1, B7-2 and 4-1BBL.

Strong cytotoxic T lymphocyte responses were observed. The 
tumor vaccines improved T-cell-mediated antitumor response.

Vaccine with gene transfer of B7-1, B7-2 and 4-1BBL  
demonstrated a therapeutic potential for HCC. 

Gauttier, 2014 Preclinical 4-1BB Anti-CD137 antibody was tested  
on 2 in situ models of HCC. 

Tumor regression was observed in 40-60% of mice. The antitumor 
effect is T cell dependent. Antibody inhibited MDSC and Treg  
infiltration in tumor. MDSC depletion with anti4-1BB therapy 
resulted in recovery of 80% of the mice with HCC.

Agonistic anti-CD137 monoantibody is a promising 
strategy for HCC immunotherapy. 

MDSC, myeloid derived suppressor cells; Treg, regulatory T lymphocytes.
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against HBV infection [73]. However, CD137 
overstimulation may be a contributing factor for 
development of HCC from chronic HBV infec-
tion [74].

Immune checkpoint therapy in HCC (Table 1)

Multiple immune checkpoint blocking agents 
were tested in various preclinical models. To 
date, most clinical therapies are using antibod-
ies against PD-1, PD-L1 and CTLA-4 molecules. 
Most of the trials use a single antibody. These 
therapeutic strategies are in early phases of 
clinical trial development.

CTLA-4

Monoclonal antibodies that can block CTLA-4 
(Ipilimumab) and PD1 have shown efficacy in 
inducing clinical responses and offered a clini-
cal benefit for HCC patients [8]. Upregulation of 
CTLA-4 expression by T regulatory cells has 
been associated with immune tolerance in liver 
transplantation [32]. A clinical trial was done to 
evaluate the effect of anti CTLA-4 (tremelim-
umab) in patients with hepatocellular carcino-
ma (HCC) and chronic hepatitis C virus (HCV) 
infection [9]. Seventeen patients had a 76.4% 
disease control rate and 17.6% patients had 
partial response. Anti CTLA-4 treatment pre-
sented a good safety profile when used 15 mg/
kg IV every 90 days in 21 patients. Tremelim- 
umab extended the median overall survival 
time to 8.2 months with half of patients pre-
senting transient transaminase elevation after 
the first dose. Enhancement of anti-HCV im- 
mune responses was associated with a drop in 
viral load. This antitumor and antiviral activity 
in patients with HCC encourages further re- 
search.

A new phase I clinical trial of tremelimumab 
combined with local therapy of HCC such as 
radiofrequency ablation or transarterial chemo-
embolization is being conducted (NCT0185- 
3618) because local therapy is presumed to 
release more TAA from necrotizing tumor tissue 
into blood which presumably lead to better 
priming of specific T cells to obtain a synergistic 
effects [75].

PD-1 and PD-L1

Evidence suggested that PD-L1 status may act 
as a predictor of recurrence of HCC and the 

therapy targeting the PD-L1/PD-1 pathway 
against HCC is attractive [76]. Also, PD-1 ex- 
pression was higher and CD28 and CD127 
expression levels were lower in tumor infiltrat-
ing lymphocytes (TILs) in chronic hepatitis B 
patients with HCC [77]. PD-1 blockage reverses 
immune dysfunction and hepatitis B viral per-
sistence in a mouse animal model [78].

Blocking the PD-1 receptor on activated T  
cells with monoclonal antibodies (mAbs) has 
been shown to overcome immune resistance  
in tumors including melanoma, hepatocellular 
carcinoma. Nivolumab (BMS-936558), is a fully 
human IgG4 monoclonal antibody against PD-1 
receptor and is under investigation in a phase I 
clinical trial (NCT01658878) [79]. This clinical 
trial will evaluate the safety and efficacy of 
nivolumab in patients with HCC with or without 
HBV or HCV-related hepatitis. Pidilizumab (CT-
011) (another anti PD-1) and anti-PD-L1 anti-
bodies were also evaluated in a phase I clinical 
trial (NCT00966251). However due to the slow 
accrual this trial was terminated early with no 
available results. PD-1 Antibodies have demon-
strated antitumor activity and a better toxicity 
profile than ipilimumab [80].

LAG3 and TIM-3

Other immune checkpoint antibodies such as 
lymphocyte activation gene 3 (LAG3), T cell 
immunoglobulin domain and mucin domain-
containing molecule-3 (TIM-3) and NK-inhibitory 
receptors [81, 82] have exhibited antitumor 
activity in animal models. These molecules 
inhibit T cell responses, particularly under con-
ditions involving chronic inflammation. LAG-3 
plays a role in the suppression of HBV-specific 
cell-mediated immunity in HCC patients, and 
provides a target to boost HCC treatment [81]. 
In a mouse model of HCC, the knockdown of 
TIM-3 in macrophages significantly inhibited 
the HCC tumor growth [83].

Agonistic antibodies against the costimulatory 
molecules in HCC (Table 2)

T cells require two signals for activation: signal 
1 is provided by the interaction of the T-cell 
receptor (TCR) with major histocompatibility 
complex (MHC) peptide, while signal 2 is pro-
vided by costimulatory pathways like B7-CD28, 
OX40L-OX40, and CD137L-CD137 (4-1BB). Be- 
side blocking negative regulatory molecules on 
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the surface of effector cells (such as PD-1), 
agonizing monoclonal antibodies to the stimu-
latory targets provide another promising way  
to enhance CD8 T cell responses by providing 
co-stimulation through ligation of tumor necro-
sis factor receptor (TNFR) family members, 
including OX40 (CD134) and 4-1BB (CD137). 
The results of clinical trials with other diseases 
investigating 4-1BB (CD137); OX40 (CD134), 
glucocorticoid-induced TNFR-related gene (GI- 
TR) are encouraging [84]. Costimulatory mole-
cules such as CD244 (2B4) [85], CD28 [77], 
CD40 [86], CD137 (4-1BB) and CD134 (OX-40) 
[87] have been identified as factors involved in 
cancer immunity [85].

CD40

CD40 is a member of the TNFR family and it is 
important for the survival and function of B 
cells. Also CD40 expression in HCCs is related 
to the tumor cell resistance against TNFR-
mediated apoptosis [86, 88]. CD40 is up-regu-
lated in intrahepatic endothelial cells (IHEC) 
and epithelial cells during inflammatory liver 
disease and HCC [86]. Anti-CD40 modulates 
immune response by enhancing T cell migra-
tion to CD40+ tumor by targeting blood vessels, 
promoting APC activation and stimulating a 
specific CTL response to cross-presented tu- 
mor antigens [89]. The combination of CD40 
stimulation and interleukin-2 (IL-2) leads to syn-
ergistic antitumor responses in several models 
of advanced metastatic disease [90].

4-1BB (CD137)

4-1BB is an inducible cell surface molecule and 
is expressed on activated effector CD8+ and 
CD4+ T cells, NK cells, NK/T cells, Tregs, DCs, 
macrophages, neutrophils, and eosinophils. It 
belongs to the TNFR superfamily. Engagement 
of its ligand (CD137L) or an agonist antibody 
provides sufficient costimulation signal in a 
CD28-independent pathway for T cells [91]. 
CD137 signaling enhances T cell proliferation 
and Th1 cytokine production and rescues CD8+ 
T cells from activation-induced cell death [92]. 
Anti 4-1BB protects tumor-infiltrating lympho-
cytes, cytotoxic T lymphocyte (CTL) and enhanc-
es cytolytic activity [92, 93].

Anti-CD137 and anti-OX40 provide T-cell co-
stimulation in the mice with HCC. A triple com-
bination of anti-CD137, anti-OX40 and PD-L1 

antibodies improved the survival of mice bear-
ing HCC in a CD8-dependent fashion and syner-
gized with adoptive T-cell therapy [87]. In addi-
tion, targeting 4-1BB with an agonist antibody 
can promote tumor control in hepatic metastat-
ic colon cancer [94]. Moreover, therapy target-
ing both immune modulatory molecules such 
as 4-1BB and OX-40 demonstrated encourag-
ing results in preclinical experiment [87]. Anti 
4-1BB was studied using two in-situ models of 
HCC in immunocompetent mice [95]. In one 
orthotropic HCC model, the treatment led to a 
long lasting protection and resulted in com-
plete tumor regression in 40-60% of animals. 
And a combination treatment with a depletion 
of MDSC led to the recovery of 80% of the mice. 
These results proved that agonistic anti-4-1BB 
is a promising therapeutic strategy for HCC.

In another study with a murine HCC model, the 
density of CD8+ T cells in the tissue around HCC 
was significantly increased when using combi-
natorial intratumor treatment of plasmids con-
taining 4-1BB ligand and PD-1. The results 
demonstrated the treatment with 4-1BBL and 
PD1 could synergize antitumor effect in HCC 
[96]. Recently, PD-1, PD-L1 and 4-1BB ligand 
are introduced into HCC cell line to provide 
stimulatory signals for T-cells. A reduced tomori-
genecity was found in these tumor cells ex- 
pressing 4-1BBL [97].

OX40 (CD134)

OX40 is another tumor necrosis factor receptor 
expressed primarily on activated CD4+ and 
CD8+ T cells, neutrophils, dendritic cells, and 
Tregs. Ligation of OX40 and its ligand transmits 
a potent costimulatory signal. OX40 promotes 
T-cell activation, survival, proliferation, and 
cytokine production [98]. Engagement of OX40 
with an agonist antibody can also deactivate 
the suppressive function of Tregs [99].

Combinations of OX40 agonist antibody with 
radiotherapy and other immunotherapy such  
as IL-12, IL-2, anti 4-1BB and anti CTLA-4 have 
improved immune control of tumors in mice 
bearing hepatic colon cancer metastases 
[100]. In HCC patient, Tregs are moderately or 
highly infiltrating in cirrhotic liver and tumor 
fragments, expressing OX40 and a T-helper 
(Th)1-suppressing phenotype; however, in non-
cirrhotic liver only few Tregs express low levels 
of OX40 and become “Th1-like” cells. OX40 
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ligand, mostly expressed by M2-like monocytes 
and macrophages, could lead to OX40 + Treg 
proliferation and counteract the differentiation 
of Th1-like Tregs in HCV-infected patients with 
cirrhosis and HCC [101].

Combinatorial therapy of immunostimulatory 
monoclonal antibodies has been shown to syn-
ergize at eliciting relevant immune responses 
and treat HCC in mouse [102, 103]. Thus they 
are indicated to serve as targets for therapies 
aimed at enhancing antitumor immunity. By 
using agonist antibodies, these molecules can 
be utilized to augment anti-tumor immunity. 
Further clinical trials targeting these molecules 
are expected to emerge in the near future.  
In addition, combination of immune targeting 
agents along with inhibitory checkpoint block-
age is the most promising strategy for clini- 
cal development because HCC-induced im- 
mune tolerance and chronic inflammation is 
associated with multiple immunosuppressive 
mechanisms.

Conclusions and perspectives

HCC-bearing hosts develop and maintain tu- 
mor immune tolerance with expression of  
several immune inhibitory checkpoints (PD-1, 
PD-L1, CTLA-4, LAG-3, and TIM-3). The up-regu-
lation of immune checkpoints contributes to 
HCC progression and resistance to immuno-
therapy. Blockade of the T cell inhibitory recep-
tors CTLA-4, PD-1 TIM-3, and LAG-3 simultane-
ously and synergistically augment T cell re- 
sponses. Moreover, these receptors can also 
modulate the activity of B cells, natural killer 
cells, monocytes, macrophages, and dendritic 
cells. They could be promising targets for future 
HCC immunotherapy. Recently, other negative 
checkpoint regulators have emerged as targets 
of this exciting strategy of antibody blockade  
in cancer immunotherapy, such as V-domain 
immunoglobulin (Ig)-containing suppressor of 
T-cell activation (VISTA) [104], CD160 and B- 
and T-cell lymphocyte attenuator (BTLA) [105].

Multiple immune checkpoint combinations with 
new immune targets can be used to enhance 
anti-tumor immune response. For example, 
simultaneous treatments with immune check-
point targeting therapies (anti CTLA-4, anti 
PD-1, and anti PD-L1 antibodies), or combina-
tions of checkpoint blockage with antibodies 
targeting costimulatory (4-1BB, OX40) mole-

cules would potentially result in enhanced 
immunity, leading to successful treatment 
development.

The use of inhibitory checkpoints blockade 
combined with conventional therapy such as 
embolization and radiofrequency ablation will 
also provide chances to overcome immune tol-
erance by giving additional boost to immune 
system activation [106, 107]. The mechanism 
could be by necrotizing tumor tissue and releas-
ing tumor associated antigens into the blood 
stream and enhancing antigen specific T-cell 
priming. Thus, using the immunotherapy cou-
pled with procedures can lead to regression of 
extrahepatic metastasis.

Emerging as a new category in HCC treatment, 
immunostimulatory antibodies have resulted in 
changes in the management of HCC. Further 
efforts are needed to explore more successful 
and exciting treatments for HCC in the future.
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