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Abstract: The absence of potent therapeutic option accounts for the dismal prognosis of advanced
hepatocellular carcinoma (HCC) with high mortality and recurrence rate. For a decade, sorafenib is the only
approved systemic drug in the first-line setting and warrants as the standard-of-care for HCC in the advanced
stage. Given the common failures of chemotherapies and targeted therapies in the field of HCC treatment,
promising breakthroughs were eagerly needed and until recently, immunotherapies have opened a new era of
anticancer treatment. The liver organ is perceived as “immunotolerant” owing to its functional role, and the
hepatic immune balance is found to be deregulated during chronic liver inflammation and HCC tumorigenesis.
Restoring a competent immunity by mitigation of immunosuppression signals is a contemporary approach.
In this regard, novel immune checkpoint inhibitors have revolutionized cancer pharmacological treatment
options with remarkable clinical outcomes in hematologic malignancy and multiple solid tumors including
advanced HCC. Nivolumab, an immunotherapeutic agent to block programmed cell death protein 1 (PD-1),
showed high efficacy potental for patents progressed with sorafenib and granted accelerated approval by the
US Food and Drug Administration (FDA) recently. The development of this class of immunotherapeutic drug
is currently based on myriad studies established on the role of T-cell mediated immunosuppression through
immune checkpoints. Heterogeneous results have led to further explorations to the profile of oncogenic
processes and signaling pathways associated with PD1/PD-L1 axis. Emerging evidence from preclinical
studies implicate natural killer (NK) cells as a mediator to the PD-1 checkpoint signaling immunoevasion. The
strategy of adopting immunomodulating ability of NK cells by immune checkpoints inhibitors is potential
to additive effects in stimulating anticancer immunity. This idea is not entirely newfound but has recently
gained prominence because of advances in defining phenotypic heterogeneity of NK cell populations. The
physiological significance and synergistic value of NK cells await further investigation in clinical trials. In this
review, an overview of the treatment paradigm shift of HCC management is presented. Current knowledge
concerning immunological mechanisms of immune checkpoints attributed to T cell is further discussed and
relevant ongoing clinical trials are summarized. We proposed that NK cells should be viewed as part of the
network of checkpoint immunoevasion and delineate current evidence of translational clinical research in
this area. It is conceivable that immune checkpoint inhibitors in combination with NK cell-based therapeutic

strategies will be great promise for treatment of advanced HCC.
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Current strategies of hepatocellular carcinoma
(HCC) treatments

HCC is the predominantly histological subtype of
primary liver cancer, accounts for the fifth most common
malignancy and the second leading cause of cancer-related
death globally, in accordance with the Global Burden of
Disease Study 2013 (1). Technical advances in imaging
have facilitated the diagnosis of early-stage HCCs, with
approximately 30-40% of patients are administered for
radical treatments such as surgical resection, transplantation,
and ablation. Barcelona clinic liver cancer (BCLC) staging
classification has been introduced to manage therapeutic
decisions (2), considering factors such as tumor burden,
reserved hepatic function, treatment allocation and
prognosis, allowing the early staged patients to achieve a
median overall survival over 60 months and 5-year survival
of 50-80% (3,4). Despite that, metastases and de novo
carcinogenesis occur even upon curative therapeutics, and
the efficacy of adjuvant chemo- or radiation-therapy are
suboptimal (5), with substantial 5-year recurrence rate
reaches up to 70% (6).

The prognosis of patients with advanced HCC presents
a more challenging clinical scenario, with an overall survival
of 11 months (7) and an overall 5-year survival rate less
than 16% (8). Systemic chemotherapies have restricted
therapeutic implications as only marginal clinical benefits
of 10-20% response rates have been shown and weak
tolerance for patients with accompanying liver cirrhosis.
Patients at intermediate stage or advanced stage tend to
adhere to palliative therapies including chemoembolization
and sorafenib. Sorafenib, an oral multitargeted tyrosine
kinase inhibitor, was the sole pharmacological treatment
that has been prevailed with effectiveness for advanced
HCC. It has been clinically adopted for patients with
advanced HCC as first-line therapy for more than a decade.
However modest overall survival benefits have been shown,
with a suboptimal efficacy of 3 months prolonged overall
survival (9) and no predictive biomarkers of responsiveness
to sorafenib have been identified. Treatment options remain
limited for advanced HCC. Given its poor prognosis,
extensive research on the dissection of the molecular
pathogenesis of HCC has led to the identification of more
than 160 oncogenes (10); however, subsequent druggable
targets have not been identified. Over the years, there have
been many disappointments in phase III clinical trials on
drug development for HCC. The failures in the past decade
can be partially explained by the high heterogeneity in the

© Translational Gastroenterology and Hepatology. All rights reserved.

Translational Gastroenterology and Hepatology, 2018

molecular and biological behavior of HCC pathogenesis,
lack of key biomarkers for stratification of patients, toxicity
and resistance to the conventional chemotherapy or
systemic agents.

New treatment modalities to prolong survival and
minimize the risk of adverse responses for patients with
advanced HCCs are not demonstrated until very recently.
Regorafenib (angiogenesis inhibitor) and nivolumab (an
immune checkpoint inhibitor) were approved as second-
line HCC treatment for patients who failed prior sorafenib
treatment, based on persuasive efficacy in the clinical trials
(11,12). Other agents including lenvatinib, durvalumab
and tremelimumab are being evaluated in first-line
unresectable HCC as a single agent or in combination. In
fact, cancer immunotherapy has been exemplified as the
Science “Breakthrough of the Year” in 2013. In particular,
immune checkpoints inhibitors have shown promising
results in patients with hematological malignancies as well
as solid tumors and approved for the following indications:
Hodgkin’s lymphoma, advanced melanoma, non-small cell
lung cancer, renal-cell carcinoma, head and neck cancer,
merkel cell carcinoma, high microsatellite instability
colorectal carcinoma and urothelial carcinoma (13). This
class of agent has also been evaluated in patients with
advanced HCC. The proven effectiveness of nivolumab in
prolonging survival demonstrated by the recent clinical trial
has been one of the most sensational developments (12).

Clinicopathological implications of T
cell-mediated PD1/PD-L1 pathway in HCC
pathogenesis

The liver is a unique organ with a very complicated and
dynamic immune system that enables its role as first-line
host defense against antigens and microbial products that
originate from the intestine and systemic blood, without
stimulating undesirable immune responses. Reportedly, the
hepatic immune system can be deemed as “immunologically
tolerogenic”, which, in conjunction, can be detrimental
in the case of pathological conditions. This physiologic
phenomenon can subvert immune response to inflammation
and tumor development, wherein diseased liver conditions
such as chronic viral inflammation with hepatitis B and
C viruses, fibrosis and cirrhosis are prone to develop and
eventually drive HCC emergence.

Since the recognition of immunoevasion as a cancer
hallmark, sparking momentum in immunotherapeutics for
HCC treatment has driven the exploitation of different
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modalities, for example, vaccination, cytokine therapy,
and cell transfer immunotherapy. Despite the fact that
liver is an immunologically privileged organ, these
immune-based approaches failed to demonstrate clinical
efficacy in advanced HCC. Multiple down-modulation
mechanisms have been proposed to favor exacerbation
of immunosuppressive signals, among which immune
checkpoint pathways such as cytotoxic T-lymphocyte-
associated protein 4 (CTLA-4) and programmed death 1
(PD-1), have shown to play vital roles in tumor progression.
The PD-1 protein, termed “immune checkpoint”,
represents a physiological regulatory machinery of the
body to provide peripheral tolerance from autoimmune
pathologies during chronic inflammations or infections.
This immune protective pathway has been hijacked as
an adaptive resistance mechanism for tumors to escape
immune-mediated destruction, particularly the antigen-
specific antitumor responses of T cells (14).

PD-1 (CD279) is an inhibitory molecule remarkably
expressed on the surface of activated T cells (15). It is
constitutively expressed on a wide variety of adaptive and
innate immune cells including monocytes, B cells, NK
cells, dendritic cells, regulatory T cell (Tregs), as well as
the myeloid-derived suppressor cells (MDSCs) population.
Programmed death-ligand (PD-L1) (B7-H1 and CD274),
the primary ligand for PD-1, is expressed in antigen
presenting cells (APCs). PD-L1 is frequently found to
be upregulated across tumor types as an immunoevasion
machinery (16), yet the pathways and factors that modulate
its expression remain obscure. Growing findings have
suggested that during tumorigenesis, expression of PD-
L1 can be driven by various oncogenic events depends
on histotypes and mutations. For example, in mutated
phosphatase and tensin homolog (PTEN) tumors, loss of
PTEN can lead to phosphatidylinositol-3 kinase (PI3K)
activation of protein kinase B (Akt) pathway, which in turn
enhances transcription of PD-L1 messenger RNA (17).
Activation of STAT3 transcription factor and NF-«xB
can also facilitate PD-L1 mRNA transcription (18,19)
(Figure I) (20). Inflammatory responses of activated T
cells under antigen presentation can also implicate in
upregulation of PD-L1 expression through secretion of
multiple pro-inflammatory molecules. Among them, the
interferon-gamma (IFN-y) dependent loop is reported as
the most pivotal inducer. IFN-y is produced by tumor-
associated antigen (TAA)-specific T cells in the tumor
microenvironment. Interferon-gamma receptors (INFGR)
of the tumor cells then take part in the activation of Jak/
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Stat pathway, which exerts a permissive role on PD-L1
transcription through downstream interferon regulatory
factor-1 (IRF-1) (18). Hence, not only immunoevasion,
in which tumors evolve to dampen the host immune
surveillance, it is now conceivable that the immunity can also
“edit” the tumor cells to escape from immunosurveillance,
termed “immunoediting”. PD-L2 is another cognate
ligand of PD-1 which has a different expression pattern.
It is predominantly expressed on antigen-presenting cells
including macrophages, dendritic cells and mast cells, and
much less prevalent across aggressive human cancers. The
binding affinity of PD-1 with PD-L2 is much less than that
of between PD-1 and PD-LI1. Taken together, the PD-1/
PD-L1 axis remains as the mainstay hallmark to evade
antitumor responses.

Extensive researches on the immune regulation of
PD-1/PD-L1 inhibitory receptor and ligand pair mediated
by T cells has emerged us a clearer perceptive on the
distinct immunological mechanisms relevant for anergy of
immune cells. PD-L1 is upregulated under chronic antigen
exposure, and upon engagement with PD-1 in the tumor
microenvironment, dephosphorylation at the downstream
of T cell receptor (T'CR) signaling is induced, resulting in
the dysfunction of the cytotoxic T cells. Subsequently,
inhibition of helper T cells can be developed under the
secretion of immunosuppressive cytokines. Numerous
studies have reported that engagement of PD-1 with
PD-L1 can inhibit T cell activation, proliferation, and
cytokine production, and ultimately results in exhausted
effector T cells (21-23). Indeed, their expression has been
extensively elucidated to prognosis adverse outcomes
across cancers (24).

Patients with chronic inflamed liver disease have shown
overexpression of PD-1 in the intrahepatic lymphocytes
population while expression of its ligands, PD-L1 and
PD-L2, were found on the Kupffer cells, liver sinusoidal
endothelial cells and leukocytes (25,26), resulting to
inhibition of cytotoxic and helper T lymphocytes (27).
Studies have shown patients with hepatitis (HBV or HCV)
or cirrhosis expressed with a significantly higher frequency
of PD-1 in their peripheral and intrahepatic cytotoxic
T cells (CTL) are prone to HCC development. The
in vitro study further shown the CTLs have induced PD-
L1 expression on hepatoma cells in an IFN-y-dependent
manner and PD-1/PD-L1 blockade can rescue the aner-
gy of CTLs (28-30). Collectively, these studies provided
hints that the PD-axis involves even at the early stage of
pathogenesis, i.e., liver injury and inflammation, as HCC
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Figure 1 A schematic representation illustrating the signaling molecules that regulate the PD-1/PD-L1 transcription. 1) Co-stimulation via
CD28 in combination with the TCR modulates the activation of different cascades, for example, the Ras/MEK/ERK pathway and PI3K/
AKT pathway, resulting in PD-1 transcriptional upregulation (20). 2) Expression of PD-L1 of tumor cells is (i) mediated by oncogenic
activation of signaling pathways and can also be (ii) regulated by inflammatory molecules produced by effector immune cells, i.e., T cell in
the tumor microenvironment. AKT, protein kinase B; APC, antigen presenting cell; ERK, extracellular signal-regulated kinase; IFNGR,
interferon-gamma receptor; IFN-y, interferon-gamma; IRF-1, interferon regulatory factor-1; JAK, janus tyrosine kinase; MEK, mitogen-
activated protein kinase; MHC, major histocompatibility complex; NF-kB, nuclear factor kappa-light-chain-enhancer of activated B cells;
PD-1, programmed cell death protein 1; PD-L1, programmed death-ligand 1; PI3K, phosphatidylinositol-3 kinase, PKC8, protein kinase
C; PTEN, phosphatase and tensin homolog; SHP2, src homology 2 phosphatase 2; STAT, signal transducer and activator of transcription,
TCR, T cell receptor.

is a chronic inflammation-provoking disease. Upregulation
of PD-1 has been observed in circulating and intratumor
CTLs of HCC patients (30), whereas PD-L1 overexpression
was seen in intratumor hepatoma cells and peritumoral
stromal cells (16,30). Their overexpression is associated
with HCC stages, poor prognosis, and postoperative
recurrences (16,30-33).

Therapeutic significance of immune checkpoint
inhibition

Current insights into the mechanism of action for PD-1
checkpoint have opened new perspectives to provoke
tumor-specific immune responses. A novel class of
immunotherapeutic agent is thus fostered by blockade of the
PD-1 pathway utilizing monoclonal antibodies to inhibit
either PD-1 on activated T cells or PD-L1 on tumor cells,
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as the PD-1/PD-L1 pathway is initiated by ligand-receptor
interaction. These blocking antibodies against PD-1/PD-L1
are attempted to reduce suppressive signal and restore the
activity of the effector T cells to mediate the tumor antigen-
specific killing. Unprecedentedly, they have successful
translated from the bench to the bedside over the last few
years and proven to have the most widespread benefit as a
single agent, with unequivocal signs of antitumor efficacy
across a spectrum of tumor types including HCC.

HCC is typically non-immunogenic cancer with
dysregulated immunotolerance, yet there is a paradox of
the immunological role of its antigen-presenting system.
Spontaneous T cell immune responses against TAAs have
been reported previously in HCC patients, with correlation
to improved prognosis (34,35). Further, the liver presents
a unique immunologic milieu with APCs, such as resident
dendritic cells, hepatocytes, hepatic stellate cells, Kupffer
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cells and more particularly liver sinusoidal endothelial cells,
which are potential immunomodulating administrators
under manipulation, as these immune cells have intrinsic
innate immune functions supported by their pattern
recognition receptors. Albeit the immunological role of
each cell population to hepatocarcinogenesis has not been
fully elucidated, it is believed that these cells may also
define the immunosuppression of the PD pathway and can
be targeted to shape the immune responses of the liver, for
example, LSECs have been reported to express a high level
of PD-L1 (27). Liver as a primary site for drug metabolism,
hepatotoxicity burden is a prime concern as HCC patients
are frequently associated with collateral liver dysfunction.
Immune checkpoint inhibitors i.e., anti-PD-1/PD-L1 is
a mild class of metabolic substrate compared to chemo
drugs. Building on current understanding, it has also been
suggested that anti-PD-1 is potentially expedient as the
activation target can be tumor-infiltrating T cells as well as
the population in the peripheral blood. Thus, a relatively
low concentration of antibodies compared to conventional
drugs is likely sufficient to initiate an immune response.
Based on the physiological context of the liver, there is a
strong rationale that HCC is amenable to immunotherapy.
By contrast, the notion of treating HCC by small molecular
drugs targeting oncogenic pathways lack credible bolster as
druggable genes are rarely mutated in HCC.

The broadened understanding of the mechanism
underlying immune-inhibitory checkpoints, such as PD-1/
PD-L1 and CTLA-4, has bestowed upon significant tumor
regressions and antitumor activities of HCC patients
reported in the preclinical and clinical trials of anti-
PD-1/PD-L1 (1able 1). Nivolumab, a fully humanized
IgG4 monoclonal antibody against PD-1 that is available
in the market, has recently granted accelerated approval
by the US Food and Drug Administration (FDA) for
the treatment of advanced HCC patients refractory or
intolerant to sorafenib treatment, based on the improved
survival profiles and acquired high response rates in its
phase I/II Checkmate-040 trial (NCT 01658878) (12). As
detailed below, patients with advanced HCC who were not
amenable to curative surgery or local treatment, irrespective
of viral infection status, were enrolled in the trial. A durable
objective response of 23% was displayed on the sorafenib-
naive patient group. For the sorafenib-experienced
patients, promising therapeutic value with a median overall
survival of 15-15.6 months and objective response rate of
16-19% were also reported. Notably, the toxicity profile
of this drug was well tolerated compared to conventional
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chemotherapy, with mild and less frequent immune-
mediated adverse reactions. The most common treatment-
related adverse events reported were fatigue, pruritus, and
rash. Although a comprehensive biomarker assessment was
not demonstrated in this trial, an intriguing finding of no
statistically differences towards the response rates between
the PD-L1 expression-high- and PD-L1 expression-low-
group was reported from the retrospective analysis, even
with a low cut-off for membrane PD-L1 expression <1%
of tumor cells measured (response rate of PD-L1-high vs.
PD-L1-low: 26% vs. 19%). Collectively, it is there-
fore logical to conclude that nivolumab monotherapy is
proven effective in advanced HCC patients regardless
of viral etiology, sorafenib responsiveness, and PD-L1
expression. Expansion cohorts were further recruited to
evaluate the safety and tolerability of the combinations of
the checkpoints inhibitors (nivolumab + cabozantinib +/-
ipilimumab). Subsequently, the implication of the potential
benefit of early adoption of immunotherapy has led to the
evaluation of nivolumab in first-line for advanced HCC
in a global phase III randomized trial which is now well
underway (Checkmate-459, NCT02576509) (44). Top-line
results are expected in the second half of 2018.

To date, phase II study has reported a response rate of
18% (45) and the ongoing phase III study of pembrolizumab
(anti-PD-1 antibody) versus placebo in the second-line
setting has also gained encouraging interim results and
expected to be eligible HCC treatment in the near future
(Keynote-240, NCT02702401) (42). It has gained approval
for the treatment of melanoma and non-small-cell lung
cancer. While clinical trials of various immune checkpoints
inhibitors are undertaken, design to target non-redundant
pathways of the paramount immune checkpoints, for in-
stance, a phase I/1I clinical study that investigates durvalum-
ab (anti-PD-L1 antibody) and tremelimumab (anti-
CTLA-4 antibody) as monotherapy and in combination
for unresectable HCC is initiated (NCT02519348). Other
agents, for example, tremelimumab, durvalumab, avelum-
ab, and atezolizumab are under evaluation for other solid
tumors. Simultaneously, plentiful collaborations of the
industry and academia are taking place on combination
regimes that incorporate additional strategies, for example,
immunotherapeutic agents, molecular targeted therapies
or locoregional treatments, with anti-PD-1/PD-L1 as the
backbone (44). Previously, convincing signs of positive im-
munomodulatory effects have been reported on radiofre-
quency ablation (RFA), cryoablation (CA) and transarterial
chemoembolization (TACE), which are used routinely for
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Table 1 Clinical trials of targeted therapies and immunotherapeutic agents in the second-line setting of advanced HCC
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Molecul NCT b
Drug olecuiar ) number Phase Patients Population Overall survival  Indication Date Ref
target (trial name)
Molecular targeted therapies
Brivanib VEGFR & FGFR NCT00825955 1l 395  Prior sorafenib 9.4vs.82mo  Negative result 2009-2011 (36)
inhibitor (BRISK-PS) (P=0.3307)
Everolimus mTOR inhibitor NCT02614183 1] 546  Prior sorafenib 7.6vs. 7.3 mo  Negative result 2010-2012 (37)
(EVOLVE-1) (P=0.68)
Tivantinib MET NCT01755767 1 340 MET-high HCC with 8.4 vs. 9.1 mo Negative result 2012-2015 (38)
inhibitor (METIV-HCC) prior sorafenib (P=0.81)
Ramucirumab VEGFR NCTO01140347 1] 565  Prior sorafenib 9.2vs. 7.6 mo  Not significant 2010-2013 (39)
inhibitor (REACH) (P=0.14)
NCT02435433 1 292  AFP high 8.5vs. 7.3 mo Positive top-line Ongoing  (40)
(REACH-2) (=400 ng/mL) HCC (P=0.0199) result
with prior sorafenib
Regorafebin Multi-targeted ~ NCTO01774344 1] 573  Prior sorafenib 10.6 vs. 7.8 mo  FDA approval in 2013-2015 (11)
TKI (RESORCE) (P<0.001) 2017 as second-line
treatment
Cabozantinib  Multi-targeted ~ NCT01908426 11l 707  Prior sorafenib 10.2 vs. 8.0mo  Positive result 2013-2017 (41)
TKI (CELESTIAL) (P<0.001)
Immunotherapy agents
Nivolumab PD-1 inhibitor NCT01658878 I/ 262  Sorafenib naive: Sorafenib FDA accelerated 2012-2016 (12)
(CheckMate040) n=80, sorafenib progressed group:  approval in 2017
progressed: n=182 15-15.6 mo as second-line
treatment. Carry
on with first-line
setting clinical trials
(Checkmate459)
Pembrolizumab PD-1 inhibitor NCT02702401 1] 408  Prior sorafenib NA Promising phase I Ongoing  (42)
(Keynote-240) results (Keynote-224)
Durvalumab PD-L1 inhibitor NCT01693562 I/ 40 Predominantly HCC 13.2 mo Promising result Ongoing  (43)

with prior sorafenib

FDA, U S Food and Drug Administration; FGFR, fibroblast growth factor receptor; HCC, hepatocellular carcinoma; MET, N-methyl-N-nitrosoguanidine
human osteosarcoma transforming gene; mTOR, mammalian target of rapamycin; PD-1, programmed cell death protein 1; TKI, tyrosine kinase

inhibitor; VEGFR, vascular endothelial growth factor receptor.

HCC patients in the intermediate stage. Investigations
advocated that these conventional treatments can induce a
peripheral immune response or local inflammation, result-
ing in tumor antigens generation and sensitize the active
response to immunotherapy (46,47). A pilot study by Duffy
and colleagues have shown that tremelimumab in combi-
nation with ablation resulted in positive clinical activity for
advanced HCC patients (48) (NCT01853618). The more-
in-depth trials assessing combinations of conventional ther-
apies with novel agents are vigorously commenced.

Despite the remarkable clinical success of anti-PD-1/PD-
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L1 immunotherapy, a substantial proportion of patients fail to
respond. Currently, it is not clear whether the PD-1 or PD-
L1 inhibitors have a higher impact, wherein the efficacy of
the PD inhibitors depends on different factors, for example,
genomic features including tumor mutation burdens and
oncogenic pathways, tumor-microenvironment, systemic
immunity status, microbiome, and metastases (49-51).
Several biomarkers, including high levels of PD-L1
expression on tumor cells, infiltrating T cells, mutations,
low levels of immunosuppressive elements, and EMT/stem-
like features have been suggested to be associated with a
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positive response to PD pathway blockade, but none of
them have a definitive predictive value (52).

Indeed, despite the fact that the tumoral PD-L1
expression has shown to be associated with likelihood of the
response to the PD pathway blockade in multiple cancer
types (53-56), controversial findings of responsiveness
of PD-L1-deficiency tumors against PD-1 blockade,
including the aforementioned results of Checkmate-040,
have encouraged further investigations on the potential
contribution of PD-L1 from host immune cells (57,58).
Gathering evidence elucidated that PD-L1 on both tumor
cells and host immune cells can contribute to immune
suppression (59-64). Yet discrepancies to the predictive
power of this intrinsic biomarker appeared across histotypes
and settings have precluded the utilization of PD-L1
expression as a biomarker. These disparities can be partially
explained by technical limitations existed in the detection
of PD-L1 expression by immunohistochemistry (IHC),
subjected to antibodies, cutoff values, clinical sampling
methods—timing, method and site of tissue specimens etc.
Particularly, poor reliability in immune cell scoring was
reported by Tsao and colleagues in the Blueprint phase 2
project (65). Standardization of PD-L1 IHC assay is likely
to thrive an improved outlook for patient selection. In
addition, next-generation sequencing is potential to serve as
an alternative to provide more robust prognosis.

Contrary to our known understandings of the theory,
corresponding studies have also shown enhanced T cell
responses in the PD-1 deficient tumor microenvironment
under PD-L1 inhibitor treatment (21-23). Efforts are
undertaken to fully exploit the cellular and biological
mechanisms of PD-L1 with other proteins in regulating
immunosuppression. In this regard, neither of the
expression of PD-1 nor PD-L1 is required for patient
selection currently. In essence, PD-1 and PD-L1 level can
be rather dynamic during tumorigenesis and course of
treatment. A recent study by Chen and colleagues noted
that rather than pre-treatment biopsies, early on-treatment
biopsies may reveal stronger predictive value to treatment
outcome (66). Therefore enrich patient population with
paired pre- and on-treatment tumor biopsies is likely to
expand the indications for this approach. The induction of
a diagnostic test of serum or tissue biomarkers is the ideal
immunotherapeutic scenario, notwithstanding, perhaps a
more rational strategy is a combinatory score compiling
the contributions of various indicators. Attention must be
given to the viral infection status in consideration of the
biomarkers of HCC, as chronic hepatitis is a prime risk
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factor of HCC development.

NK cells as a potential effector to PD pathway

As PD-1 is expressed by a wide spectrum of immune
cells, it is not fully delineated which cellular components
and mechanisms contribute to what extent of the
immunoregulation of PD pathway. Despite the remarkable
efficiency of T cell-mediated PD pathway blockade
immunotherapy, increasing proficient studies have insights
on the immune checkpoints expression of natural killer
(NK) cells and its functional consequences. To promote the
translational stride, studies that connect the biology of NK
cells to the clinical methodologies must be comprehensively
explored. In the following, current knowledge on NK cells
in HCC are summarized with further discussion on the
role of NK effector cell to immunomodulating functions
involved in the PD pathway and correlative preclinical
results.

NK cells are a critical lymphoid cell population of
the innate immune system with adaptive immunity
features (67), commonly characterized as CD3-CD56+
lymphocytes. They can response against pathogens (68)
and now more evidence pointing to their regulatory role
in tumor development (69). Mature NK cells are equipped
with an intricate repertoire of activating and inhibiting
transmembrane receptors that are germline gene encoded.
As precedence, they can respond to the recognition of
tumor cells in a major histocompatibility complex (MHC)-
antigen-unrestricted-manner, which is distinct from the
T and B effector cells that carry highly antigen-specific
receptors produced by somatic gene rearrangements (70).

Constitutively, the activating receptors of NK cells
recognize stress-induced ligands which usually develop
under tumorigenesis, upon binding, phosphorylation is
induced which further activates the downstream kinases,
promoting NK cell degranulation against tumor cells and
inflammatory cytokine secretion that help recruit adaptive
immune cells (“stress-induced self” hypothesis) (71).
Its counterpart, inhibitory receptors, recognize the self
MHC-I complex, that presumably function as a protective
regulatory mechanism to protect NK cells attack self (72,73).
Tumor cells that either MHC-deficiency or expressed
allogeneic MHC molecules (irrespective to the antigen
recognition), therefore, release the potent brake of the NK
cells by dampening the inhibitory signal (“missing-self”
hypothesis) (Figure 2). The integration between activating
and inhibitory signals transmitted by these cell surface
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Figure 2 Tumor cell recognition by T cell and NK cell. The left panel shows the activated cytotoxic T cell expresses specific T-cell receptors
(TCR) on its surface which recognizes tumor-specific antigens/neoantigens presented by major histocompatibility molecules (MHCs) while
self-antigens are tolerated. Usually after a priming phase takes place, a T cell-mediated antitumor activity can be initiated when an antigen-
specific recognition and other co-stimulatory signals (not shown) are presented. The right panel demonstrates that the inhibitory killer-cell
immunoglobulin-like receptors (KIRs) of NK cells are controlled under an antigen non-specific and MHC non-restricted manner, wherein
downregulation of MHC molecule can abate the immunosuppression signals mediated by the inhibitory receptors. Concurrently, upon
activating receptors engagement of stress ligands on tumor cells, NK cell can exert cytotoxicity to the tumor cell by different mechanisms. In
addition, monoclonal antibody that recognizes specific tumor antigens on the surface of the tumor cells can be bind by the CD16 receptor
present on NK cells through its Fe region. Degranulation can therefore be triggered to induce apoptosis of tumor cells, which is known as
antibody-dependent cell-mediated cytotoxicity (ADCC).

receptors of NK cells tightly controls the activation in a by cell-cell contacts via the Fas ligand and tumor necrosis
complex analog manner. factor (I'NF)-related apoptosis-induced ligand (74). It can

Once activated, NK cells not only can exert its natural, also indirectly modulate the engagement of immune cells
strong cytotoxic ability on the abnormal cells directly by to the tumor site by secretion of inflammatory cytokines
delivering cytotoxic granules-perforin and granzymes, or such as interferon-gamma (IFN-y) and TNF-a and

© Translational Gastroenterology and Hepatology. All rights reserved. tgh.amegroups.com Transl Gastroenterol Hepatol 2018;3:89



Translational Gastroenterology and Hepatology, 2018

immuno-regulating cytokines including IL-3, GM-CSF,
M-CSF (71,75,76). There are reciprocal interactions
between NK cells and other immune cells from the innate
and adaptive immune networks that help mount the
immune responses (67,77). On top of that, NK cells are the
major population that mediates antibody-dependent cell-
mediated cytotoxicity (ADCC).

Tumor cells frequently lose the MHC-I complex and
downregulate their tumor antigen as an adaptive evasion
mechanism against antigen-specific T cells recognition.
Decreased expression of the HLA molecules (human
MHC class I protein) on the cell surface and defects in the
antigen presentation machinery have been demonstrated
on HCC:s (78,79). As a result, the physiological significance
of the T cell population may be less credible in the hepat-
ic model. As a notable fact, high frequency of apoptotic
T cells was reported in the intrahepatic lymphocytes
population (80), yet the causal relationship between low
levels of MHC molecule and apoptotic T cells accumulation
have not been corroborated. In this context, NK cells may
demonstrate an emerging role in hinder the immunoevasion
in the hepatic immune system, as a complementary
mechanism of action to T cells. Liver, unlike other organs,
is predominantly harbored by the innate immune cells. The
NK cells are selectively accumulated three times more in
the liver compared to that of peripheral blood, constituting
over one-third of the intrahepatic lymphocytes (81,82).
The abundance of innate immune cells is likely explained
by the defensive role of liver against intestinal antigens.
Compelling evidence suggests that the hepatic NK cells are
a group of unique NK subsets differ from the conventional
NK cells of other lymphoid organs or peripheral blood,
exhibit distinct phenotypic distribution and cytokine
profiles, and more importantly stronger cytotoxicity (83,84).
NK cell precursor population have also been reported to
present in the liver, which implicates NK cells may have
differentiated and proliferated in the liver in addition to
bone marrow (82).

The role of NK cells in HCC oncogenesis was first
demonstrated in a genetically engineered murine model,
highlighting deregulated molecular mechanisms of NK
cells take place during HCC onset and progression (85).
Later on, there is substantial evidence linking the frequency
of peripheral and intrahepatic NK cells to recurrence and
survival in resectable HCC (86-89). These “liver-resident
NK cells” therefore is now known to play a central role
in the immune function of the liver and in the immune

defenses against HCC (82,90). Such studies have laid the
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foundation for the clinical development of future NK cell-
based immunotherapies for HCC treatment.

The eligibility and prospect of NK cells as candidate
effector cells for immunotherapies are being rigorously
pursued since its success employed in cytokine therapy and
NK cell adoptive transfer for hematological malignancies.
Particularly, cancer study of immune checkpoint therapies
have been focused on antigen-specific T cells, but less
is known about their functional consequences on NK
cells. The lack of in-depth evaluation in the past is due
to the uneven and low PD-1 expression of NK sub-
populations. Herein the precise phenotype of NK cells is
still controversial, as previously there have been proposed
of CD56-negative cell identified in hepatitis C virus
(HCV) (91) and other infections (75,92,93). Additionally,
the expression of PD-1 on the surface of the NK subsets
might be a dynamic matter that changes along tumor
development and under treatment exposures. Difficulties
in deciphering the expression alterations, infiltration and
localization of each NK subsets in a longitudinal study have
been a potential flag with current limitations of clinical
sampling methods.

The positive role of NK cells is well established in
the inflammation, infected and tumor model, while the
immunosuppressive role of NK cells is not emerged until
more recently. Accumulating evidence have pointing to the
responsibility of NK cells to tumorigenesis via PD-1/PD-L1
immune evasion, including Hodgkin lymphoma (94), breast
cancer (95), sarcoma (96) and in digestive cancers including
esophageal, liver, colorectal, gastric and biliary cancer, as
well as to the onset and progression of HCC (85). The
initiation and expression of PD-1/PD-L1 on T cells pro-
vide a putative proxy for biochemical mechanisms on NK
cells. In the recent study, it has shown that PD-1/PD-L1
blockade augmented phosphorylation of AKT in NK cell
lines, thus the inhibitory effect on NK cells may somewhat
analogous to the same downstream pathway of PD-axis as
T cells through the mediation of PI3K/AK'T signaling (97).
PD-1 overexpression of peripheral NK subset from healthy
individuals has provided a window to study the phenotypic
and functional features of PD-1 to NK cells. The study has
shown that the PD-1+ NK cells have presented with low
proliferation and impaired antitumor activity which can be
rescued by antibody to the PD pathway blockade (98). It
has also been reported that a novel NK cell sub-population
express this surface inhibitor receptors in some tumor
types (99,100), and in chronic viral inflammation (101).
Notably, PD-1 is found to be upregulated on tumor-

tgh.amegroups.com Transl Gastroenterol Hepatol 2018;3:89



Page 10 of 15

infiltrating NK cells of HCC patients and correlated with
shorter survival (97). More studies have dissected the role
of PD-1/PD-L1 interactions on NK cells especially in
compromising the function of other immune cells including
DC activation and CD8+ T cell priming (102). These
findings suggest the use of PD-1/PD-L1 blockade immune
treatments aimed at restoration of NK cell activation as a
possible therapeutic strategy to circumvent tumor escape
and may provide a synergistic effect by manipulation
of both T and NK cell-mediated immunosurveillance.
Substantial preclinical and scatter clinical data are published
to support PD-1 inhibitory not only applicable to enhance
T cell-mediated immunotherapy, but also to restore the
tumor-suppressive capacity of NK cells. The exhausted
PD-1-enriched NK cells have shown to be restored with
functionality by PD-1/PD-L1 blockade in different tumor
setting including lymphoma (94), non-small cell lung
carcinoma (103), pulmonary metastases (104), esophageal
squamous cell carcinoma (97) and brain cancer (105).
The implication of NK cell-mediated inhibitory effect
of PD-axis is likely to complicate the picture of immune
surveillance, but it is believed to have an additive effect on
clinical outcome of the therapeutic PD-1 blockade.

Noteworthy, in multiple tumor types, an upregulation of
tumor antigens that are ligands to NKG2D, an activating
receptor of NK cells, was found in the cancer stem cell
(CSC) population, including pancreatic cancers, breast
cancers, and sarcomas (106-110). The CSCs are the cell
population that capable of long-term self-renewing in the
tumor nests in which the mechanisms of relapse are highly
conserved. They are considered as a key regulator participa-
tion in drug resistance (111). Consequently, it is suggested
that activated NK cells have a superior antitumor ability
in preferentially target cancer cells with a CSC phenotype.
Single-cell analysis performed on HCC has shown
intratumor molecular heterogeneity of hepatic CSCs (112),
which may account for the formidable failures of HCC
treatment in the past decade. NK-based CSC therapies
are potent to pave an entirely revolutionized treatment
algorithm against and represent a feasible opportunity to
attenuate primary or acquired resistance for immunotherapy
in the future. This potential life-prolonging approach
deserves further prolongation.

Conclusions

Here, we present a review of the immune response of
HCC and the mechanism of action of underlying the
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PD-1/PD-L1 pathways, with a further summarization of
ongoing relevant clinical trials to provide an outlook of
future perspectives on immune checkpoint inhibitors in
the field of HCC immunotherapy. We have emphasized
on the emerging role of NK cells as a potential effector of
the PD axis. With the theoretical advantages of NK cells in
tumor cell recognition and antitumor ability, NK-mediated
checkpoints inhibitions are postulated to conquer this
intractable disease as complementarity to T cell. A better
understanding of NK cell activation and manipulation in
the tumor immune microenvironment of the hepatic system
will advance the clinical development of NK-based therapy
and management. Multimodal therapeutic strategies,
i.e., immune checkpoint inhibitors with chemotherapies,
locoregional therapies or cellular therapies, are likely the
next generation of therapeutic management for HCC.
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