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Hepatocellular carcinoma (HCC) is a fatal disease with rising incidence in the world. 
For advanced HCC, sorafenib, a multikinase inhibitor, is the only systemic therapy 
with proven survival benefits. Sorafenib is a pan-VEGF receptor inhibitor, and 
thus many studies have focused its antivascular effects. But VEGF also acts as an 
immunosuppressive molecule. VEGF can inhibit maturation of dendritic cells, promote 
immune suppressive cell infiltration and enhance immune checkpoint molecules 
expression. On the other hand, potent VEGF inhibition may increase tumor hypoxia, 
which could hinder antitumor immunity or immunotherapy. Thus, achieving synergy 
when combining anti-VEGF therapy with immunotherapy may require proper 
polarization of the tumor microenvironment by dose titration or combination with 
other immunomodulating agents.

First draft submitted: 25 September 2015; Accepted for publication: 17 December 
2015: Published online: 11 February 2016

Keywords: CTLA-4 • hepatocellular carcinoma • immune checkpoint • LAG-3 • PD-1 • PD-L1 
• TIM-3 • VEGF • VEGFR2

According to the GLOBOCAN 2012, 
782,000 people were diagnosed with liver 
cancer and 746,000 patients died of the dis-
ease in 2012  [1]. Hepatocellular carcinoma 
(HCC) accounts for 90% of liver malignan-
cies and is currently the second cause of the 
cancer-related death worldwide. The prog-
nosis of this disease is poor with an overall 
ratio of mortality to incidence of 0.95. HCC 
has two unique pathological features, namely 
‘chronic inflammation’ and ‘hyper-vascu-
larity’. Carcinogenesis of HCC is strongly 
related with chronic inflammation of the 
liver. Hepatitis B virus (HBV) and -C virus 
(HCV) infection is the most common cause 
of the disease [2]. However, nonalcoholic ste-
atohepatitis/nonalcoholic fatty liver disease 
(NASH/NAFLD)-related HCC is increasing 
in western countries [3]. Other causes include 
alcohol-induced steatohepatitis, autoimmune 
hepatitis and exposure to carcinogens such 
as nitroso compounds or aflatoxin. Persis-

tent inflammation results in exhaustion of 
immune cells and impaired function, which 
induce tolerogenicity. The underlying liver 
disease limits the administration of treat-
ments and compromises the efficacy. In addi-
tion, reactivation of hepatitis after anticancer 
treatment remains a major concern in oncol-
ogy. HCCs are hypervascularized tumors 
with predominant arterial blood supply  [4]. 
The fenestrated liver sinusoidal endothelium 
transforms into a continuous unfenestrated 
capillary bed (referred to as sinusoidal capil-
larization, a hallmark of liver disease). Tran-
sarterial chemoembolization (TACE) is a 
common treatment using the tumor-feeding 
vessels to target HCC. Another common 
treatment is sorafenib, an antiangiogenic 
drug with pan anti-VEGF receptor (VEGFR) 
activity. VEGF/VEGFR2 signaling is one 
of the most important molecular pathways 
controlling tumor angiogenesis. However, 
VEGF/VEGFR axis has multiple functions 
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in tumor microenvironment, including immunosup-
pression. Thus, VEGFR blockade may have potential 
immune-modulatory functions.

This is becoming more significant as immuno-
therapy is successfully being developed against solid 
malignancies with hundreds of clinical trials cur-
rently ongoing. This huge effort became possible 
with the advent of immune checkpoint blockers, 
which opened the new era in oncology. However, 
immunosuppression is present in most tumors as 
they progress or recur after standard therapies, and 
is mediated by multiple intricate mechanisms. Over-
coming immunosuppression will require an increased 
understanding of the complex mechanisms underly-
ing it, and rational development of combinations of 
standard therapies with immunotherapy.

In this review, we will first provide an overview of 
our current knowledge of immunity in HCC and will 
discuss the potential of immune checkpoint blockade 
for HCC treatment. We will also overview the poten-
tial immune-modulatory functions of VEGF. Finally, 
we will discuss the potential benefit of combina-
tion therapy of dual blockade of VEGF and immune 
checkpoint molecules in HCC.

Rationale for immunotherapy for HCC
Accumulating evidence is showing that immunother-
apy could be a promising approach for the treatment 
of HCC. The rationale to target immune checkpoints 
is based on the fact that HCCs may evade immune 
system by expression of immune checkpoint mole-
cules, such as PD-1/PD-L1, CTLA-4, TIM-3, LAG-3, 
among many others. Moreover, immunotherapy in 
general is attractive for HCC, which is considered as 
an ‘inflamed,’ potentially immunogenic tumor.

HCCs are potentially immunogenic
Spontaneous antitumor response could be seen 
in HCC patients. Although rare, there have been 
reports of cases with spontaneous regressions of 
HCC, which suggested the development of antitu-
mor immune responses. Indeed, T-cell responses have 
been documented. Moreover, CD8+ T-cell infiltra-
tion into tumor has been reported to correlate with 
low recurrence rate after resection  [5]. Activation of 
immune responses and T-cell infiltration has also 
been reported in patients with HCC after percutane-
ous ethanol injection or radiofrequency ablation  [6]. 
In addition, TAA-specific CD8+ T-cell immune 
response has been described in HCC patients. GPC-
3, NY-ESO-1, SSX-2, MAGE-A and hTERT have 
all been investigated as tumor antigens in HCC. 
Recently, Flecken  et  al. reported that TAA-specific 
CD8+ T cells infiltrating in HCC could be found 

in more than 50% of patients and that the ratio of 
infiltrating cells was correlated with progression-
free survival [7]. However, they also found that these 
TAA-specific CD8+ T cells had impaired ability to 
produce IFN-γ in vitro, suggesting that the cytokine 
production rather than proliferation may be defective 
in HCC-specific CD8+ T cells.

Evasive mechanisms of antitumor immunity 
in HCC
Despite the occurrence of these immune responses in 
some HCC patients, their impact on tumor growth 
is often not apparent. The reason may be that HCC 
evades immunosurveillance through activation of 
immunosuppressive pathways in their microenviron-
ment (Figure 1). The currently proposed immunosup-
pressive mechanisms include: first, the tolerogenic 
liver microenvironment; second, the malfunction of 
antigen-presenting cells (APCs); third, the emergence 
of immunosuppressive cell populations; fourth, the 
exhaustion of effector immune cells (i.e., T cells, natu-
ral killer [NK] cells and natural killer T [NKT] cells); 
and fifth, the upregulation of immune checkpoint 
molecules.

Liver itself is anatomically and physiologically in 
the frontline to the orally taken toxins and pathogens, 
which account for the innate ‘tolerogenic’ nature of 
immune responses in the liver. To prevent aberrant 
immunity in response to these potential antigens 
absorbed from gut, the liver immune system has 
evolved to be tolerant. Antigen presentation in liver 
is maintained by multiple subsets of cells: liver sinu-
soidal endothelial cells (LSECs), phagocytic cells – in 
other words, macrophages, dendritic cells (DCs) and 
monocytes – hepatic stellate cells and hepatocytes. 
The defective antigen presentation by these cells 
contributes to the immunosuppressive environment 
in liver. LSECs are lining the hepatic vasculature, 
transport exogenous antigens into liver parenchyma 
and present both major histocompatibility complex 
class I and II (MHC-I and -II) molecules. Cross-pre-
sentation of antigen by LSECs induces antigen-spe-
cific CD8+ T-cell tolerance through immune inhibi-
tory molecular interactions of PD-L1 and its receptor 
PD-1. However, the direct contribution of LSECs to 
tolerogenicity in HCC is not completely character-
ized. Among the phagocytic cells, macrophages are 
most potent to uptake the antigens. Kupffer cells 
(KCs) are the tissue resident macrophages of the 
liver. KCs eliminate high-affinity antigen-specific 
CD8+ T cells, entered into liver, to maintain tolero-
genicity. KCs are reported to also have immunomod-
ulatory effect in HCC. KCs can suppress cytotoxic 
T-cell function through PD-L1/PD-1 interaction. 
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In HBV-related HCC, KCs can express galectin-9, 
which interacts with TIM-3 on T cells and inhibits 
immune response in HCC  [8,9]. DCs are more spe-
cialized cells in terms of antigen presentation than 
macrophages. DCs are responsible for the T-cell 
response in liver through IL-10 production [10]. DCs 
express IL-10, which primes CD4+ T cells and makes 
the CD4+ T cells to be polarized to Th2. In addition, 
DCs expand Tregs and induces poor antigen recall 
responses  [10]. DCs have been reported to be func-
tionally impaired in HCC patients due to impaired 
IL-12 production. Collectively, this ‘tolerogenicity’ 
of the liver and impaired APC function may help 
HCC to evade from immunity.

The emergence of immune-suppressive leukocytes 
– such as regulatory T cells (Tregs), myeloid-derived 
suppressor cells (MDSCs) and regulatory DCs – rep-
resents another mechanism of immunosuppression. 
In HCC, Tregs are increased in the circulating blood 
and tumor-infiltrating leukocytes. Treg accumula-
tion in the tumor correlates with disease progression 
and poor prognosis  [11]. Tregs not only inhibit CD8+ 

T-cell proliferation and activation but also NK cell 
activation. MDSCs are a phenotypically heteroge-
neous population of immature myeloid cells with 
immunosuppressive activity. MDSCs are identified as 
CD45+CD11b+CD33+CD14– cell populations. MDSC 
accumulation is found not only within tumors but also 
in spleen, blood, bone marrow and liver [12]. MDSCs 
inhibit the function of effector T cells, decrease NK cell 
cytotoxicity and cytokine production of NK cells [13]. 
MDSCs may also promote the expansion of Tregs. It 
has been suggested that MDSC can interact with KCs 
and induce PD-L1 expression, which inhibits antigen 
presentation [12]. Tumor cells can also directly ‘educate’ 
DCs to promote immunosuppression. Tumor-edu-
cated CD11clowCD11bhighMHC-IIlow DCs have been 
isolated from murine cancers and referred to as regula-
tory DCs. These regulatory DCs express high amounts 
of IL-10, nitric oxide (NO), VEGF and arginase I, and 
thus contribute to immune evasion by tumors  [14]. 
In humans, regulatory DCs have been described as 
CD14+CD11bhighCTLA-4+PD-1+ and represent less 
than 13% of peripheral bone marrow-derived cells in 

Figure 1. Potential mechanisms of immune evasion in hepatocellular carcinoma. Multiple pathways could mediate 
immune evasion in HCC. 
APC: Antigen-presenting cell; CTL: Cytotoxic lymphocyte; DC: Dendritic cell; DCreg: Regulatory dendritic cell; 
HCC: Hepatocellular carcinoma; MDSC: Myeloid-derived suppressor cell; NK: Natural killer; NKT: Natural killer 
T cell; Treg: Regulatory T cell.
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HCC patients [15]. Human regulatory DCs have been 
reported to suppress T-cell activation not only through 
IL-10 but also indoleamine 2,3-dioxygenase (IDO) 
production [15].

Cytotoxic immune cell function is also impaired 
in the HCC microenvironment. While the innate 
immune cells including NK cells, NKT cells and γδT 
cells account for 50% of leukocytes in the healthy 
liver, the proportion is dramatically decreased by the 
chronic inflammation due to HBV and/or HCV infec-
tion. Chronic inflammation also affects NK cell func-
tion. Cytotoxicity and cytokine production by NK 
cells are impaired in chronic HBV or HCV patients by 
‘exhaustion’  [16]. Antiviral therapy could restore this 
functional impairment [17]. Chronic inflammation due 
to HBV infection has been shown to induce inhibi-
tory costimulatory molecule expression on NK cells, 
including PD-1 and TIM-3 [18,19]. Similar decrease or 
suppression of function on NK cells has been observed 
in HCC. NK cell infiltration is limited in tumor tis-
sue compared with background liver tissue. The num-
ber of NK cell infiltration is inversely correlated with 
the stage of disease progression [20]. Among the infil-
trated NK cells, the number of CD56dimCD16+ NK 
cells, which is related with cytotoxic activity, is dra-
matically decreased in HCC  [21]. While the absolute 
number of CD56highCD16+ NK cell infiltration is not 
affected by disease progression, TNF-α and IFN-γ 
production is severely impaired  [21]. Similar to NK 
cells, the number and function of cytotoxic CD8+ T 
lymphocytes (CTLs) is also impaired due to chronic 
inflammation of the liver. In cases with chronic 
HBV or HCV infection, CTL exhaustion could be 
induced by continuously high viral loads, exposure 
to immunosuppressive cytokines such as IL-10 or 
TGF-β, emergence of Tregs or malfunction of DCs. 
Expression of multiple immune checkpoint molecules, 
such as PD-1, CTLA-4, LAG-3, CD244 and TIM-
3, is a hallmark of T-cell exhaustion  [22,23]. Tbet is 
an important regulator of immune checkpoint mol-
ecule expression in chronic viral inflammation  [24]. 
Exhausted T cells show decreased production of cyto-
kines and cell proliferation, while being more likely to 
undergo apoptosis [26]. Exhaustion of T cells has been 
observed in HCC patients [27]. Fas and IFN-γ expres-
sion in CD8+ T cells is abnormal in HCC, suggest-
ing defective cytotoxic function. Exhaustion of AFP-
specific CD4+ T-cell response has also been reported 
in advanced HCC patients. CD4+ T cells are critical 
in priming and expanding the CD8+ memory T cells. 
A low frequency of AFP-specific CD4+ T cells has 
been detected in the blood circulation and in tumor 
tissues from early-stage HCC patients  [28]. However, 
in advanced HCC, blood AFP levels often increase 

and CD4+ T cells become exhausted and loose their 
immune supportive function [29].

All the pathways described above cooperate in 
blocking antitumor immune responses in HCC.

Immune checkpoint molecules as a 
therapeutic target in HCC
While the immune response to specific antigen is recog-
nized by MHC receptors, the intensity of the response 
is regulated by costimulatory and coinhibitory mole-
cules. Immune checkpoints are coinhibitory molecules 
that are physiologically expressed for the maintenance 
of self-tolerance. Among them PD-1, CTLA-4, TIM-3 
and LAG-3 are studied well in chronic hepatitis and 
HCC.

PD-1
PD-1 is one of CD28 superfamily member coin-
hibitory receptor of T-cell receptor, which binds to 
PD-L1 (CD274, also known as B7-H1) or PD-L2 
(CD273 and B7-DC). PD-1 is mainly expressed in 
CD8+ T cells, Tregs, NK cells, MDSC and DCs  [30]. 
PD-1 expression is observed in activated T cells and 
acts like as ‘brake’ to stop excess immune response. 
PD-1 is critical for the differentiation and prolifera-
tion of Tregs. PD-1 regulates peripheral tolerance and 
autoimmunity. Chronic exposure to antigen leads to 
the overexpression of PD-1 in T cells which induce 
anergy or exhaustion. When PD-1 binds to PD-L1 
or PD-L2, T-cell proliferation and cytokine release is 
inhibited through SHP2, which inactivates ZAP70, 
a major TCR signaling integrator. T-cell function is 
differentially affected by the strength of PD-1 signal-
ing  [31]. Using the cytokines from tumor-infiltrating 
lymphocytes expressed into microenvironment, cancer 
cells express PD-L1 (and sometimes PD-L2) to evade 
immune surveillance [32]. PD-1/PD-L1 expression has 
been documented in surgical specimens from resected 
HCCs. Willimsky et al. reported PD-L1 expression in 
HCC cells and PD-1 expression in CD8+ T cells  [33]. 
Similarly, Sawada  et  al. showed that PD-1 is highly 
expressed on the CTLs of patients vaccinated with 
GPC3 [34]. PD-1/PD-L1 expression in tumor was sig-
nificantly correlated with HCC stage, local recurrence 
rate and poor prognosis  [35]. PD-1/PD-L1 expression 
in circulating cells was reported to correlate with the 
poor prognosis in HBV-positive HCC patients who 
underwent cryoablation [36].

PD-L1/PD-1 blockade is already being tested clini-
cally in several trials in HCC patients, some of which 
are still ongoing. The anti-PD-1 antibody (nivolumab) 
was tested on 41 HCC patients in a Phase I/II trial [37]. 
The treatment was well tolerated in this cohort. Inter-
estingly, two cases showed complete response and 
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seven patients showed partial response after nivolumab 
treatment. Eighteen patients were still on treatment 
when the study was reported, but the preliminary effi-
cacy and safety data appear promising. Indeed, a Phase 
III trial comparing nivolumab to sorafenib as first line 
of treatment in advanced HCC patients has recently 
been announced [38].

CTLA-4
CTLA-4 (CD152) also acts as a brake for immune 
response. CTLA-4 is expressed on activated T cells 
and Tregs and may also be expressed at low levels by 
naive T cells. CTLA-4 can bind to CD80 and CD86 
with much higher affinity than CD28. CTLA-4 out-
competes CD28 for binding to CD80 and CD86 to 
prevent T-cell activation. CTLA-4 is also known to 
inhibit the binding of antigen presentation by APCs. 
Reverse signaling through CD80 or CD86 on APC 
activates IDO, which degrades tryptophan and sup-
presses T-cell-mediated antitumor immune responses. 
CTLA-4 signaling is also reported to stimulate the 
immune regulatory cytokines such as TGF-β. Inhibi-
tion of CD28/CD80 or CD86 binding in APC results 
in reduced T-cell activation. CTLA-4 knockout in mice 
is lethal due to autoimmune response with excessive 
proliferation of CD4+ T cells, suggesting that CTLA-4 
function is primarily important in CD4+ T cells. Tregs 
constitutively express CTLA-4. Treg-specific knockout 
or blockade of CTLA-4 inhibits their ability to regu-
late both autoimmunity and anticancer immunity [39]. 
There are only limited available preclinical data on 
CTLA-4 blockade in HCC models. Chen et al. com-
bined microwave ablation, local GM-CSF administra-
tion and CTLA-4 blockade in subcutaneously injected 
HCC model  [40]. The reimplantation of cancer cells 
resulted in tumor rejection in 90% of the cases and 
50% of the distant lesions were also cured. Antitumor 
responses were mediated by CD4+ and CD8+ T cells 
and by NK cells, suggesting successful immunization 
when using this strategy.

A Phase II trial of the monoclonal antibody against 
CTLA-4 (tremelimumab) has been previously con-
ducted and reported  [41]. The study enrolled 21 
patients and showed that treatment was well toler-
ated. The response rate was 17.6% and the disease 
control rate was reported as 76.4%. Currently, there 
is another clinical trial ongoing using tremelimumab 
with chemoembolization or radiofrequency ablation in 
advanced HCC patients [42].

TIM-3
TIM-3 is a member of the T-cell immunoglobulin 
and mucin-domain-containing family of type I mem-
brane glycoproteins. Like PD-1, TIM-3 is expressed 

on IFN-γ-secreting CD4+ T-helper 1 cells (Th1), 
CTLs and NK cells  [23,43]. Coexpression of TIM-3 
and PD-1 on CTLs is a hallmark of T-cell exhaustion. 
HBV or HCV infection can induce TIM-3 expression 
on T cells [8,44]. TIM-3 binds to its ligand galectin-9, 
which is expressed on KCs and other myeloid cells, 
and negatively regulates T-cell response  [9]. HCV-
infected hepatocytes also express galectin-9 and induce 
CD4+CD25+FOXP3+ Treg infiltration in the diseased 
liver  [45]. Li  et  al. showed that TIM-3 expression is 
increased in the T lymphocytes infiltrating in HCC [9]. 
TIM-3-expressing T lymphocytes are senescent and 
display impaired IFN-γ production. Blockade of 
TIM-3 in T cells cultured in vitro restored proliferation 
and IL-2 and IFN-γ production [9]. Recently, Yan et al. 
showed that TIM-3 is highly expressed by monocytes 
and macrophage in HCC patients [46]. TIM-3 expres-
sion in macrophage was enhanced by TGF-β stimu-
lation. They also showed that TIM-3 knockdown in 
macrophages resulted suppression of tumor growth 
both in vitro and in vivo, suggesting that TIM-3 may 
be a candidate for immunotherapy in HCC, which 
should be confirmed in future clinical trials.

LAG-3
LAG-3 is a member of immunoglobulin superfam-
ily protein and expressed on NK cells, naive T cells, 
B cells and Tregs. LAG-3 binds MHC-II and is often 
coexpressed with PD-1 after chronic stimulation, thus 
suppressing T-cell activity  [47]. The immunosuppres-
sive role of LAG-3 has been studied in viral hepatitis 
and HCC. In both pathologies, LAG-3-positive CTLs 
expressed exhaustion markers and their cytokine pro-
duction was impaired [48]. Currently, dual blockade of 
LAG-3 with anti-PD-1 treatment is being tested in a 
Phase I trial (NCT01968109) [49].

Autoimmune response as a ‘double-edged 
sword’
While immune checkpoint blockade seems promis-
ing as an anti-HCC treatment, the potential risk of 
autoimmune disease remains a concern. Autoimmune 
hepatitis has been reported in cases without previ-
ous liver diseases  [50]. As most of the Phase III trials 
of immune checkpoint blockade for cancer excluded 
the acute or chronic hepatitis patients, the real risk of 
reactivation of hepatitis among HBV- or HCV-positive 
cases is unknown. Theoretically, as the immune check-
point molecules exist on the immunosuppressive cells 
(such as CTLA-4 on Tregs), the risk of reactivating 
autoimmune hepatitis does exist. In fact, among the 
HCC patients with HCV infection, more than 45% 
of the cases experienced transient elevation of serum 
transaminase (>grade 3) in the Phase I/II trial of 
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tremelimumab [41]. A few cases of ipilimumab-induced 
autoimmune hepatitis with preceding HBV or HCV 
hepatitis have also been reported [51]. All these patients 
responded well to high-dose methylpredonisolone 
treatment. Another case series of patients with HBV 
or HCV infection treated with ipilimumab reported 
that the risk of autoimmune hepatitis was not different 
from nonhepatitis cohorts [52].

On the other hand, immune checkpoint blockade 
might also promote viral elimination. Viral elimina-
tion depends primarily on CTL function. In chronic 
HBV or HCV hepatitis patients, T cells are exhausted 
and dysfunctional. Blocking immune checkpoint mol-
ecules may also restore antiviral response. Anti-PD-1 
antibody treatment has been tested as an antiviral 
treatment in a Phase I/II trial [53]. Among the 45 cases 
included, five patients showed a clinical response. Only 
one case experienced elevation of serum transaminase 
(grade 4). In summary, the current knowledge on 
whether immune checkpoint blockade is beneficial or 
harmful among the chronic hepatitis patients is lim-
ited. Further careful examination of this critical issue 
is warranted.

VEGF overexpression in cancer may lead to 
immunosuppression
The multitargeted kinase inhibitor sorafenib remains 
the only available systemic treatment for advanced 
HCC since its approval in 2008  [54]. The precise 
mechanism of how sorafenib treatment benefits HCC 
patients remains largely unclear. Sorafenib’s tar-
gets include VEGFRs, PDGFRs and RAF kinases. 
Sorafenib and other VEGF inhibitors clearly affect 
angiogenesis and vascular permeability in HCC  [55]. 
The antivascular effect of sorafenib has been proposed 
as a mechanism of action. Unfortunately, all the other 
antiangiogenic agents tested in randomized Phase III 
trials have failed to match the efficacy of sorafenib 
in HCC. Thus, the significance of VEGF pathway 
inhibition in advanced HCC is currently unknown. 
In addition to promoting angiogenesis and vascular 
permeability, VEGF can also exert immunosuppres-
sive effects in tumors (Figure 2). For example, VEGF 
inhibits maturation of DCs and induces accumulation 
of immunosuppressive inflammatory cells  [56,57]. The 
complex mechanisms that may mediate anti-VEGF 
treatment resistance in HCC, and their implications 
for immunotherapy are discussed below.

VEGF regulates DC maturation & its function
Appropriate antigen presentation is a prerequisite for 
the development of antitumor immune responses. 
Immature DCs lack efficient antigen presentation, 
which results in immune tolerance.

VEGF is known to inhibit DC maturation in vitro and 
in vivo through the activation of NF-κB. Alfaro et al. 
showed that VEGF pathway inhibition using bevaci-
zumab or sorafenib in vitro abrogated the differentia-
tion of monocytes to DCs [58]. Another in vitro study 
used embryonic stem cells to show that the DC matu-
ration mainly depends on VEGFR1 activation  [59]. 
However, mature DCs function to abrogate T  cells 
by VEGF may depend on VEGFR2 activation  [60]. 
Recently, Marti et al. showed that VEGF can not only 
regulate DC maturation but also induce immunosup-
pressive phenotype through the production of IDO [61]. 
Although plasmacytoid DC (pDC) function in cancer 
remains unclear, Agudo et al. recently reported the role 
of VEGF signaling in pDC maturation in lymphoid 
tissues, which is mediated through an miRNA, miR-
126 [62]. They showed that miR-126 is controlling the 
number of pDCs in secondary lymphoid organs and is 
regulating the immune function of pDCs, including 
type I interferon production. miR-126 also promotes 
VEGFR2 expression in pDCs. Interestingly, VEGFR2 
is only expressed by pDCs resident in tissues but not 
in peripheral blood or bone marrow pDCs, suggesting 
that VEGFR2 may be a maturation marker for these 
cells. However, despite the accumulating evidence that 
VEGF could inhibiting the maturation and activity of 
DC populations, blockade of VEGF signaling alone 
may not be sufficient to promote DC maturation [63], 
likely due to other immunosuppressive cues.

VEGF overexpression promotes intratumoral 
accumulation of immunosuppressive cells
Tregs are negative regulators of antitumor T-cell immune 
responses. Multiple studies have shown that Tregs are 
increased in the peripheral blood of cancer patients and 
accumulated in tumors grown in mice. Terme  et  al. 
showed that VEGF pathway inhibition using either 
sunitinib or a VEGF-specific antibody resulted in 
decrease in Tregs in a mouse model of colorectal cancer, 
indicating that Treg proliferation may be mediated by 
VEGF/VEGFR2 signaling [64]. Interestingly, the inhi-
bition of Treg proliferation could be observed only in 
tumor-bearing mice but not in tumor naive mice.

Another immunosuppressive cell population is 
formed by MDSCs, which can suppress both innate 
and acquired immunity. In mouse models of liver can-
cer, MDSCs were shown to inhibit NK cell activation 
through TGF-β and NKp30 [13] and to regulate T-cell 
activation by reducing extracellular levels of  l -argi-
nine, which is essential for T-cell proliferation  [65]. In 
addition, MDSCs could produce immunosuppressive 
chemicals like reactive oxygen species, NO and IDO. 
Accumulation of these chemicals into tumor microen-
vironment also inhibits T-cell proliferation. Increased 
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intratumoral MDSC infiltration was shown to correlate 
with blood-circulating VEGF levels in several types of 
cancers, including HCC [66]. More direct evidence was 
provided by studies showing that continuous injection 
of recombinant VEGF increased MDSC population in 
vivo [67], and that liver-specific overexpression of VEGF 
led to accumulation of proangiogenic MDSCs in a 
SDF1α/CXCR4 pathway-dependent manner [68].

VEGF modulates T-cell differentiation & 
cytotoxic T-cell function
Antitumor immune responses are mediated by cyto-
toxic immune cells, including CTLs. VEGF may 
also regulate T-cell differentiation and its cytotoxic 
function. For example, exogenous VEGF injection 
into tumor-bearing mice – to achieve concentrations 
similar to those seen in advanced cancer patients – 
led to thymic atrophy  [69]. This atrophy was due to 
the lack of thymocyte maturation mediated through 
VEGFR2 pathway  [70]. In cancer, hypoxia and low 
pH – characteristics of tumor microenvironments – 
directly promote VEGF production. Activated T cells 

express VEGFR2  [71], and VEGF overexpression in 
tumor microenvironment could directly inhibit CTL 
function thorough inactivation of STAT3 [72]. Indeed, 
VEGF neutralization could promote CTL activity.

In addition, these characteristics of tumor micro-
environment could also inhibit T-cell infiltration and 
function in an indirect manner. Tumor vessels are a 
major port of entry for T-cell infiltration into tumors, 
but they are usually highly abnormal in their structure 
and function [73]. Hamzah et al. showed that maintain-
ing a normal tumor vessel structure can be achieved by 
knocking down G-protein signaling 5 (Rgs5) in peri-
cytes, a master regulator of vascular maturation. Loss 
of Rgs5 resulted in pericyte maturation, marked reduc-
tions in tumor hypoxia and vessel leakiness. As a conse-
quence, vascular normalization led to an improvement 
in antitumor T-lymphocyte trafficking and function, 
and mouse survival  [74]. Finally, Motz  et  al. recently 
showed that VEGF could induce Fas ligand (FasL) 
expression in tumor endothelial cells, which resulted in 
inhibition of CTL infiltration into tumors and reduced 
their cytotoxic activity [75].

Figure 2. VEGF is an immunosuppressive factor. VEGF may act as an immunosuppressive molecule via multiple 
mechanisms: VEGF can inhibit maturation of dendritic cells. Dendritic cells secrete 2,3-dioxygenase, which inhibits 
immune response; VEGF can promote the infiltration of regulatory T cell (Treg) and myeloid-derived suppressor 
cell (MDSC). MDSCs inhibit both antigen presentation and CD8+ cytotoxic T cell (CTL) activity; VEGF can also 
enhance expression of immune checkpoint molecules expression on CTLs, which suppress the activity of CTLs.
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Anti-VEGF treatment could promote 
antitumor immune responses
As discussed above, the production of excessive VEGF 
within the tumor microenvironment may help can-
cer cells evade the immune system in multiple direct 
and indirect ways. Importantly, as shown both in 
preclinical and clinical studies, anti-VEGF treatment 
may facilitate, in certain circumstances, the antitumor 
immune responses.

One mechanism is promotion of DC matura-
tion by anti-VEGF treatment. Anti-VEGF treatment 
improved the number and function of lymph node and 
spleen DCs in tumor-bearing mice. This finding was 
in line with data from studies of peripheral blood of 
patients who underwent bevacizumab treatment [76].

Blockade VEGF signal with sunitinib may also 
decrease the number of MDSC in bone marrow, spleen 
and tumor  [77,78]. Other preclinical studies showed in 
liver cancer models that sorafenib can decrease MDSC 
levels in spleen, bone marrow and tumor [79]. Decrease of 
MDSC population by sunitinib was also reported clini-
cally in cases with metastatic renal cell carcinoma. The 
correlation between plasma VEGF levels and the abso-
lute number of MDSC in peripheral blood was seen in 
patients with head and neck cancer, breast cancer, non-
small cell lung cancer and GI cancers. Kusmartsev et al. 
reported a decrease of CD11b+VEGFR1+ cells in periph-
eral blood after treatment with bevacizumab in the 
case with renal cell carcinoma  [80]. They showed that 
CD11b+VEGFR1+ cells could inhibit T-cell activation 
through induction of oxidative stress.

Anti-VEGF therapy may also affect intratumoral 
Tregs. For example, sorafenib treatment decreased 
intratumoral Treg density and inhibited their func-
tion in mouse models of liver cancer [81]. Terme et al. 
showed that anti-VEGF therapy with either bevaci-
zumab or sunitinib inhibits proliferation of Tregs in 
mouse models of colorectal cancer  [64]. This decrease 
in Tregs depended on VEGFR2 signaling. Clini-
cal data support the decrease in Treg by anti-VEGF 
therapy among renal cell carcinoma and colorectal 
carcinoma [64].

CTL infiltration and activity may also be promoted 
by anti-VEGF therapy. In the mouse model of breast 
cancer, VEGFR2 blockade by neutralizing antibody 
inhibited tumor growth through the increase of CTL 
infiltration and activation [82]. Sunitinib also enhanced 
intratumoral infiltration of T lymphocytes in mouse 
models  [77]. Recently, Voron et al. showed that VEGF 
induces exhaustion in intratumoral CTLs by promot-
ing expression of several immune checkpoint molecules, 
including PD-1  [83]. This inhibitory signaling was 
mediated via the VEGFR2-PLCγ-calcineurin-NFAT 
pathway.

Unfortunately, this complex activation of antitu-
mor immunity rarely translates in meaningful benefits 
after anti-VEGF therapy across tumor types and in 
HCC. The reasons are likely also very complex and 
may be related to profound immunosuppression in 
most cancer lesions, which could also be enhanced by 
anti-VEGF therapy.

Immunosuppression after anti-VEGF therapy 
by increased tumor hypoxia
While anti-VEGF therapy may facilitate restoration of 
immune responses through the mechanisms described 
above, excessive pruning of tumor vasculature over time 
could aggravate hypoxia in the tumor microenviron-
ment, and consequently increase immunosuppression. 
Hypoxia induces immunosuppression by decreasing the 
activity of cytotoxic cells, by increasing the infiltration 
of immunosuppressive cell populations and promoting 
the expression of immunosuppressive cytokines.

In a hypoxic tumor microenvironment, dead cells 
release adenosine. Adenosine strongly impairs develop-
ment of effector T cells, especially those that produce 
IFN-γ and are cytotoxic to tumor cells [84]. Sun et al. 
reported that hypoxia can induce T-cell apoptosis 
through adenosine/adenosine (2) receptor signal-
ing in vitro [85]. Cytotoxic activity by NK cells is also 
restrained by hypoxia. Hypoxia induces the polariza-
tion toward an immunosuppressive microenviron-
ment through the induction of immunosuppressive 
cells and expression of cytokines such as CCL22 and 
CCL28. Treg expansion and function is activated by 
adenosine (2) receptor pathway [86]. Both CCL22 and 
CCL28 promote intratumoral infiltration of Tregs [87]. 
TGF-β is also upregulated in the microenvironment 
and promotes Treg accumulation  [88]. Tumor cell-
derived oncostatin M and eotaxin induce immuno-
suppressive via macrophages [89]. Finally, hypoxia may 
upregulate the expression of the immune checkpoint 
molecules. PD-L1 has been shown to be downstream 
hypoxia inducible factor 1 alpha (HIF1α) activation in 
MDSCs, DCs and cancer cells [90].

Overcoming immunosuppression induced by VEGF 
as well as by its blockade may be potentially achieved 
by using different strategies. One approach could be 
careful titration of VEGF inhibition to inhibit VEGF 
pathway and angiogenesis while avoiding excessive 
pruning and hypoxia. Another approach could be 
rational combinations with immunotherapeutics using 
optimal treatment schedules. For example, one could 
take advantage of the immunostimulation after anti-
VEGF therapy by defining a certain ‘time-window’ 
when VEGF blockade and immunotherapy could 
synergize. Finally, one could stimulate antitumor 
immunity by using additional immune modulators, 



www.futuremedicine.com 307future science group

Rationally combining anti-VEGF therapy with checkpoint inhibitors in HCC    Review

in the face of increasing hypoxia. These strategies are 
supported by preclinical data.

For example, Huang et al. showed that dose-titrated 
anti-VEGFR2 antibody therapy can alleviate hypoxia 
(via vascular normalization) and potentiate the effects 
of vaccination in a mouse model of breast cancer  [91]. 
By using a low-dose anti-VEGFR2 antibody, effector 
T-cell infiltration increased compared with high-dose 
anti-VEGFR2 treatment. In addition, tumor-infiltrat-
ing macrophages showed a more immune stimulatory 
(M1) phenotype. Similar results have reported using 
TNF-α blockade in the mouse models. While TNF-α 
blockade itself can alleviate immune suppressive phe-
notype on immune cells, vascular destruction by 
TNF-α blockade resulted in increased tumor hypoxia 
and paradoxically caused immune suppression  [92]. 
Finally, Shrimali  et  al. showed that normalization of 
tumor vasculature through blockade of the VEGF/
VEGFR2 increased extravasation of adoptively trans-
ferred T cells into the tumor and improved the efficacy 
of adoptive cell transfer-based immunotherapy  [93]. 

The ‘normalization’ of the vascular and immune envi-
ronment in tumors after various therapies will clearly 
be context-dependent and will need to be defined for 
HCCs.

Combination treatment of anti-VEGF 
therapy with immune checkpoint blockade
As VEGF and the immune checkpoints are controlling 
different steps of the immune responses, it is conceiv-
able that their combined blockade could have synergis-
tic antitumor effects (Figure 3). Indeed, simultaneous 
anti-VEGF therapy and immunotherapy has shown 
promising synergy in some animal models and in clini-
cal studies. Yasuda et al. tested a combination therapy 
of anti-VEGFR2 and anti-PD-1 antibodies in a mouse 
model with subcutaneous implanted tumors [94]. They 
showed that combination treatment can enhance IFN-γ, 
TNF-α and granzyme B production – suggesting the 
enhancement of immune responses. We have proposed 
a strategy to combine sorafenib therapy with immune 
checkpoint blockade in HCC. Sorafenib treatment 

Figure 3. Potential strategies to achieve synergy between anti-VEGF therapy and immune checkpoint 
blockade. Appropriate dosing of anti-VEGF therapy can ‘normalize’ tumor microenvironment, which stabilizes 
the vasculature and does not increase hypoxia. VEGF blockade could enhance antigen-presenting cell (APC) 
maturation and cytotoxic T cell (CTL) activation, and reduce immunosuppressive cell function. Addition of immune 
checkpoint blockade could improve antigen presentation from APC to CTL and reduce exhaustion of CTLs, which 
could directly promote tumor elimination.
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increased tumor hypoxia, which induced the expression 
of SDF1α and the accumulation of MDSCs in HCC 
in mice  [95]. Pharmacologic inhibition of the CXCR4 
receptor using the small-molecule drug AMD3100 
in combination with sorafenib treatment resulted in 
inhibition of tumor growth [95]. In this model, we also 
showed that immune checkpoint molecule, PD-L1 
expression in the tumor was increased after sorafenib 
treatment and potentially mediated immune evasion. 
Indeed, triple combination therapy with sorafenib, 
AMD3100 and anti-PD-1 antibody enhanced the 
infiltration of activated CTL inside the tumor and sig-
nificantly delayed tumor growth and metastasis  [96]. 
Thus, sorafenib (and potentially other antiangiogenic 
agents) may be effective in combination with immune 
checkpoint inhibition in HCC in the face of increased 
hypoxia with appropriate inhibition of immunosup-
pression. Recently, a clinical study of a combination 
therapy using ipilimumab (an anti-CTLA4 antibody) 
with bevacizumab (an anti-VEGF antibody) reported 
promising initial efficacy in melanoma patients  [97]. 
There are currently at least three Phase I or II studies 
ongoing in different types of tumors (Table 1).

Conclusion & future perspective
In the context of the immune microenvironment, 
VEGF blockade is a double-edged sword because it 
may both increase and reduce immunosuppression. 
Thus, several elements will be critical for increasing 
the efficacy of antiangiogenic and immune checkpoint 
inhibitors when used in combination for HCC and 
other malignancies. A key element will be establish-
ing the safety of this approach. Another aspect will be 
gaining further understanding of the molecular and 
pathophysiological mechanisms of action of these treat-
ment modalities. Finally, it will be critically important 
to determine the effects of these therapies and their 
timing, to establishing and validating biomarkers of 
response and to exploit the normalization of the vascu-
lar and immune microenvironment to achieve durable 
responses and increase the survival of HCC patients.
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Executive summary

Rationale for immunotherapy for hepatocellular carcinoma
•	 Hepatocellular carcinoma (HCC) can be immunogenic. Occasional spontaneous regression of the tumor and 

cytotoxic CD8+ T lymphocyte (CTL) responses against tumor-associated antigens support this hypothesis.
•	 However, immunosuppressive factors block the antitumor immune responses. These include tumor infiltration 

predominantly by immunosuppressive cells, insufficient antigen presentation and suppression of cytotoxic 
T-cell activation, impaired CD4+ T-cell function and upregulation of immune checkpoint expression in cancer 
and stromal cells.

Immune checkpoints in HCC
•	 Expression of immune checkpoint molecules, including PD-1/PD-L1, CTLA-4, TIM-3, LAG-3, etc., has been 

documented in HCC. However, the therapeutic relevance of blocking these factors remains unclear.
•	 Immune checkpoint molecule expression is highly associated with chronic liver inflammation, including viral 

hepatitis, which is a precursor of HCC.
•	 PD-1 or CTLA-4 blockade is currently being tested in Phase II trials in HCC patients with intriguing initial 

efficacy and safety signals.
VEGF as a immune suppressive molecule
•	 VEGF not only regulates tumor angiogenesis but also has important immune-modulatory functions.
•	 VEGF can inhibit maturation of dendritic cells, promote immune suppressive cell infiltration and enhance 

immune checkpoint molecules expression.
Potential synergy in anti-VEGF therapy with immune checkpoint blockade
•	 As VEGF and immune checkpoint blockade govern different parts of immune response, dual blockade of these 

factors may have synergistic effects.
•	 However, anti-VEGF therapy may also increase immunosuppression due to treatment-induced hypoxia.
•	 Combination of anti-VEGF therapy with CTLA-4 blockade is being tested in melanoma patients with promising 

initial results.
Conclusion & future perspective
•	 The safety prolife of immune checkpoint blockade in HCC should be confirmed in larger clinical trials.
•	 The synergy of anti-VEGF therapy with immune checkpoint blockade should be explored in larger clinical 
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