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A B S T R A C T

Natural killer cells are the first line of host immune surveillance and play major roles in the defence against
infection and tumours. Hepatic NK cells exhibit unique phenotypic and functional characteristics compared to
circulating and spleen NK cells, such as higher levels of cytolytic activity and cytotoxicity mediators against
tumour cells. However, the activities of NK cells may be reversed during tumour progression. Recent studies
demonstrated that hepatic NK cells were exhausted in hepatocellular carcinoma (HCC) and exhibited impaired
cytolytic activity and decreased production of effector cytokines. The present review discusses current knowl-
edge on the role of exhausted NK cells in promoting HCC development and the mechanisms contributing to
tumour immune escape, including an imbalance of activating and inhibitory receptors on NK cells, abnormal
receptor-ligand interaction, and cross-talk with immune cells and other stromal cells in the tumour environment.
We provide a fundamental basis for further study of innate immunity in tumour progression and serve the
purpose of exploring new HCC treatment strategies.

1. Introduction

Hepatocellular carcinoma (HCC) is a common high-malignancy tu-
mour that exhibits an insidious onset, invasive fast-growing char-
acteristics, and a high recurrence rate and fatality [1,2]. Combined
chemotherapy and radiotherapy are primarily used, but this treatment
exhibits limited effect on advanced HCC, and the invasion and transfer
into neoplasm are the primary causes of death in HCC patients [3–5].
The surveillance function of the immune system plays a critical role
during the early stages of the tumour, but disorders of the immune
system and tumour microenvironment may be involved in the immune
escape of the tumour [6]. Natural killer (NK) cells are innate immune
cells that play extremely important roles in the immune surveillance of
tumours. NK cells are the first line of defence against tumours and
suppress tumour growth via cell infection, direct cytotoxicity via the
release of cytolytic granules and cytokine secretion, or indirectly via the
orchestration of anti-tumour immune responses without the recognition
of tumour-specific antigens [7–9]. The liver is a unique organ of pre-
dominantly innate immunity, and it contains a large lymphocyte po-
pulation. The percentage of hepatic NK cells and their toxicity are much
higher than cells in the spleen or peripheral blood of healthy controls
[10,11]. Hepatic NK cells play a critical role in immune surveillance in

the normal liver, but exhaustion and dysfunction of NK cells are in-
volved in the progression of HCC. The present review summarizes the
potential mechanisms of HCC tumour escape via NK cell exhaustion,
including abnormal NK cell phenotype, the recognition mechanism of
ligand-receptors, killing dysfunction, and the cross-talk effect with
other immune cells, to provide novel ideas on the immunotherapy of
NK cells.

2. Natural killer cells

NK cells are a heterogeneous population of the innate lymphoid cell
(ILC) family [12,13] that play an important role in host defence against
microbial infections and tumours [14]. NK cells exhibit an inherent
capacity to kill tumour cells without prior sensitization and participate
in a wide variety of immune responses via the production of in-
flammatory cytokines, such as interferon-gamma (IFN-γ), which influ-
ences adaptive immune cells [15]. Human NK cells are phenotypically
characterized by CD56+CD3−expression and the expression levels of
CD56 [16]. NK cells are further subdivided into two subsets,
CD56brightCD16dim and CD56dimCD16bright NK cells [17]. Approxi-
mately 90% of peripheral blood and spleen NK cells are
CD56dimCD16bright NK cells that exhibit higher amounts of cytolytic
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granules, such as perforin and granzyme [18], and CD56brightCD16dim

NK cells are immune regulatory and constitute the majority of NK cells
in secondary lymphoid tissues, where they produce abundant cytokines,
such as IFN-γ, tumour necrosis factor-beta (TNF-β), tumour necrosis
factor-alpha(TNF-α), and granulocyte macrophage-colony stimulating
factor (GM-CSF), but exhibit weaker cytotoxicity [19].

3. Hepatic NK cells

The liver is a unique immune organ that contains a large number of
innate immune cells, such as Kupffer cells, NK cells, NKT cells and γδT
cells [20]. The range of lymphocytes present in the liver differs mark-
edly from the peripheral blood and other organs [21]. NK cells are
enriched in the liver and account for 25%~40% in human and 10%
~20% in mouse of the total intrahepatic lymphocytes, which are far
greater than the proportion of NK cells in peripheral blood of ap-
proximately 5%~10% [22]. NK cells in the liver are preferentially si-
tuated in the hepatic sinusoids, often adhering to the endothelial cells
[23]. More studies suggest that the NK cells in the liver, which are
known as hepatic NK cells, exhibit different immunophenotypical,
morphological, and functional characteristics than peripheral NK cells.
NK cells in most human peripheral circulation are CD56lowCD16+ cells
that kill target cells and produce cytokines. CD56hiCD16 NK cells are
the main NK cell subsets in liver, and to produce a large number of
cytokines under the stimulation of proinflammatory cytokines [24].
The mouse liver-resident NK cells express high amounts of CD49a,
CXCR6, and CD69, are efficient producers of IFN-γ and TNF, and can
produce relatively high amounts of granulocyte macrophage colony-
stimulating factor (GM-CSF) and CCL3 [25]. Moreover, liver-resident
NK cells express high amounts of TRAIL and are capable of inducing cell
death in TRAIL-sensitive target cells. By producing IFN-γ, TNF, and GM-
CSF and high expressing TRAIL stimulating by target cells. Hepatic NK
cells exhibit greater cytotoxicity levels against tumour cells and express
higher levels of cytotoxicity mediators compared to peripheral NK cells
[24,26–28].

4. Activating and inhibitory receptors of NK cells

The cytotoxicity of NK cells against target cells is dependent on the
delicate balance between the effects of the inhibitory and activating
receptors expressed on NK cells [29,30]. Activating receptors are es-
sential elements in the regulation of NK cell function. The dominant
activating receptors on NK cells include NKG2C, NKG2D, signalling
lymphocytic activation molecule (SLAM) family molecule 2B4 (CD244),
the DNAX accessory molecules (DNAM-1, CD226), and the natural cy-
totoxicity receptors (NCRs)(NKp30, NKp44, NKp46 and NKp80)
[31–34]. The binding of activating receptors to its ligands is indis-
pensable to the NK cell killing of infected cells and tumour cells. Var-
ious inhibitory receptors are also expressed on NK cells, such as killer
cell immunoglobulin-like receptors (KIRs), CD94/NKG2A and leukocyte
immunoglobulin-like receptor 1(CD85) [35,36]. These numerous re-
ceptors make NK cells a valuable and versatile element and an alter-
native to T cells for antitumour immunotherapy. NK cells exhibit an
inherent capacity to kill tumour cells without prior sensitization, and
they are also involved in a wide variety of immune responses via the
production of inflammatory cytokines. NK cells exert an immediate
cytotoxicity upon encountering a malignant cell via the production of
cytokines, such as IFN-γ, and the release of cytotoxic granules to di-
rectly kill target cells [37].

5. Tumour-associated NK cell exhaustion in HCC

NK cells exhibit strong cytotoxic capacity against tumour cells, but
tumour cells and the tumour microenvironment develop several me-
chanisms to produce the exhaustion of NK cells and protect tumour cells
against NK cell-mediated attack [38–40].NK cells failure to eliminate or

control transformed cells allows surviving tumour cell variants to grow
in an immunologically unrestricted manner.

Several studies demonstrated that the percentage and subsets of NK
cells in the liver were transformed significantly into the development
and progression of HCC. Cai L et al. found a significant reduction of the
total proportion of peripheral NK cell compartments in HCC patients
with different disease stages compared to healthy subjects, especially a
decrease in peripheral CD56dimCD16posNK cell subsets and increase in
circulating CD56brightCD16neg NK cells. A dramatic reduction of
CD56dimCD16posNK cell subsets was also observed in tumour regions
compared to non-tumour regions in these HCC patients. These tumour-
infiltrating CD56dimNK cells also exhibited severe impairments in IFN-γ
production and cytotoxicity [41]. Gao et al. [42] examined HBV-related
HCC patients and observed that the frequencies of CD56dim NK cells
were significantly lower in tumour compared to the corresponding
para-tumour tissues. The ratio of CD56bright NK/CD56dim NK subsets
was decreased in the tumour, and the CD56bright NK subset was reduced
more obviously than the CD56dim NK subset. The frequencies of
CD38+CD56dim, NKG2A+CD56dim and NKG2D+CD56dimNK subsets
were also lower in tumour-infiltrated lymphocytes (TILs). The down-
regulation of CD38 and NKG2D on CD56dim NK cells suggested that the
activation of liver-resident NK cells was suppressed in tumour com-
pared to para-tumour tissues in HCC patients [43].

Human NK cells are also further divided into four functionally dis-
tinct subsets based on the surface density of CD27 and CD11b:
CD11b−CD27−(DN), CD11b−CD27+(CD27+SP), CD11b+CD27+(DP)
and CD11b+CD27−(CD11b+SP) [44], which represent the four stages
of NK cells from immaturity to maturity. The percentage of liver-in-
filtrating DN NK cells from tumour tissue increased significantly com-
pared to adjacent non-tumour tissue and control livers, and the per-
centages of liver-infiltrating CD11b+SP and DP NK subsets were
markedly decreased. The expression of activating receptors (NKG2D,
NKp30 and CD226) and inhibitory receptors (NKG2A, KIR2DL2/DL3/
DS2 and KIR3DL1/DS1) in DN NK subsets was downregulated com-
pared to the other three subsets, especially the CD11b+SP population.
A downregulation of CD2, CD7, CD57 and CD11c, which are expressed
on highly mature NK cells, was observed on DN NK cells compared to
the other three subsets. An upregulation of CD117 and CD127, which
are typically expressed on immature NK cells, was observed on DN NK
cells compared to the other three subsets. Therefore, DN NK subsets
within tumour tissues exhibit an inactive and immature phenotype,
which suggests an impaired function of these subsets. DN NK cells ex-
hibited significantly reduced CD107a expression and IFN-γ production
compared to the other three subsets and decreased tumour-infiltrating
NK cells (TINK) degranulation and cytokine production. Collectively,
the substantial presence of DN NK subsets in TINK cells with deficient
function contributes to the dysfunction of TINK cells in HCC patients
[45].

6. Impaired NK cells are involved in tumour immune escape

The tumour-induced microenvironment favours tumour escape from
NK cell-mediated cytotoxicity via two main mechanisms: imbalances
between killing activity receptors and killing inhibitory receptors on NK
cells inhibits the effects of NK cell function; and tumour cells also self-
modify via the selection/editing of poorly immunogenic antigens to
evade NK cells detection or destruction [46].

Reduction of MHC class I by certain cancer cells may be perceived as
a “missing self” by the inhibitory receptor KIRs on NK cells, which
generally interacts with the MHC class [47]. However, a reduction or
loss of MHC class I is rarely sufficient to trigger NK cell-mediated lysis
because NK cell activation and killing activity are regulated via the
binding of activating and inhibiting receptors with their related ligands.
Tumour cells may exploit various strategies to compensate for the
losses, such as the downregulation the membrane ligands or an upre-
gulation of soluble ligands or killing inhibitory receptor-related ligands
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(KIRs-L). These factors allow tumour cells to escape immune control
and lead to the appearance of an overt tumour.

6.1. NKG2D and its ligands

A critical mechanism of NK-mediated recognition of target cells is
via the NKG2D [48,49]. NKG2D is a homodimeric activating receptor
and member of the C-type lectin superfamily that is encoded by the
KLRK1 (killer cell lectin-like receptor subfamily member 1) gene [50].
NKG2D is constitutively expressed on the surface of all NK cells, but it is
also expressed on invariant NKT cells and subsets of T cells, including
CD8+α/βT cells and γ/δT cells. The binding of NKG2D ligands induces
phosphorylation of a Y-X-X-M motif on the cytoplasmic tail of DAP10
[51], which activates NK degranulation and the killing of target cells.
The activation of NK cells via NKG2D also triggers the production of
cytokines, including IFN-γ, GM-CSF, and MIP-1β [52,53]. Therefore,
NKG2D is a major recognition receptor for the detection and elimina-
tion of infected and transformed cells [54–56].

Ligands of the human NKG2D receptor primarily include the MHC I-
related molecules MICA/B and the UL16-binding proteins (ULBP-1 to
ULBP-6) [57]. These ligands are rarely expressed in healthy tissues, but
production is induced during various cellular stresses, such as DNA
damage, heat shock, or cellular transformation. Prior studies estab-
lished that the expression of NKG2D ligands on tumour cells produced a
very rapid immune response, particularly by NK cells, and renders these
susceptible to killing tumour cells [58].

MICA proteins exist in two forms, membrane and soluble MICA
(mMICA and sMICA). MICA and MICB are expressed on a subset of
human hepatocellular carcinoma tissues and are involved in hepatoma
cell sensitivity to NK cells [59]. A reduction in the predominant
membrane-bound MICA/B in hepatocellular carcinoma is associated
with the progression of HCC early stage (T1 and T2) but not middle-late
stage (T3 and T4) [60]. Fang et al. examined GRP78, which is a mo-
lecular chaperon involved in the folded protein response (UPR) that
reduces the accumulation of unfolded cellular proteins and restores
normal ER function. GRP78 was increased in hepatoma tissues and
negatively correlated with MICA/B expression levels via post-tran-
scriptional regulation [61]. The mMICA is created when the combina-
tion of the integrin metalloprotease 9 (ADAM9) separates from the in-
tracellular and extracellular binding sites, which results in the partial
loss of the MICA cellular domain and the formation of sMICA [62,63].
High levels of sMICA increased the incidence of portal venous tumour
emboli, induced NKG2D internalization and degradation, and affected
the antitumour activity of NK cells in HCC patients. Our previous study
also indicated that tumour cells escaped the immunosurveillance of NK
cells because of MICA reduction in an HCC-bearing xenograft mice
model [64].

ULBPs are another NKG2D ligand that effectively increase NK cell
cytotoxicity and promote the secretion of numerous cellular factors,
such as IFN-γ and TNF-α, in humans [65]. ULBP-positive tumour cells
are more susceptible to killing by NK cells than ULBP-negative tumour
cells. The ULBP family is composed of at least six members (ULBP1-6),
and the abnormal expression of several numbers was found in HCC in
vitro and vivo. Mou et al. [66] demonstrated that ULBP3 was over-
expressed on tumour cell lines and tissues, and ULBP1 was expressed
predominantly in tumour cells but not poorly differentiated HCCs
(poor-HCC) [67]. These studies demonstrated that the reorganization
ability to tumour cells of NK cells via the NKG2D receptor gradually
weakened with the development of HCC, and NKG2D ligand expression
was associated with tumour eradication and superior survival.

6.2. NKG2A and HLA-E

Another hallmark of liver NK cells compared to NK cells in per-
ipheral blood is the expression of the inhibitory receptor natural killer
group 2 member A (NKG2A/CD94). Sun et al. [68] found that the

expression ofNKG2Ain NK cells was significantly increased in HCC in-
tratumour tissues. These NK cells, particularly CD56dim NK cells with
higher NKG2Aexpression, exhibit features of functional exhaustion and
are associated with a poor prognosis. They also found that the in-
creasing expression ofNKG2A may be induced via IL-10, which is a
critical immunosuppressive factor charged with maintaining the tol-
erogenic environment of the liver, and it was highly expressed in the
plasma of HCC patients. Previous studies demonstrated that IL-10
played a key role in the growth and/or differentiation of NK cells [69],
and IL-10 in the liver may contribute to the lower functional capacity of
liver NK cells, including lower IFN-γ production and the decreased
proportion of Ly49-expression NK cells [70].

Tumour cells play a more active role in subduing immunity via the
expression of inhibitory ligands that prevent intimate contact and in-
hibit the cytotoxic actions of NK cells. The natural ligand of NKG2A/
CD94 is HLA-E, which is a non-classical HLA class I molecule that is
expressed on the cell surface of most leukocytes and transformed cells,
including virus-infected cells and tumour cells [71,72]. Upregulated
HLA-E expression was observed in HCC tissues compared to adjacent
non-tumour liver tissues and normal livers from HCC [73], and reduced
HLA-E expression of intratumour regions correlated with longer overall
and disease-free survival in HCC patients [68]. Therefore, blockade of
the NKG2A/HLA-E pathway may restore immunity against HCC via the
reversing of NK cell exhaustion.

6.3. DNAM-1 and its ligands

Tumour cells initiate an intrinsic response to cellular stress, which
results in the aberrant expression of DNAM-1Ls, analogous to the in-
duction of NKG2D ligands [54].DNAM-1 (DNAX accessory molecule-1)
is a protein encoded by the CD226 gene in humans, which is a trans-
membrane glycoprotein involved in NK cell cytotoxicity. Ligands of
DNAM-1 (CD226) are the nectin-like molecules CD112 and CD155 (also
known as PRR2 and PVR), and DNAM-1 is a pivotal regulator of NK cell-
mediated functions against target cells, such as cancer, viral infections
and immune-related pathologies [74]. CD155 is a transmembrane gly-
coprotein, and the external domain mediates cell attachment to the
extracellular matrix molecule vitronectin, which is the most important
ligand in DNAM-1-mediated recognition and cytotoxicity. Qu et al. [75]
demonstrated decreased CD155 expression in HCC tissues compared to
adjacent non-cancerous tissues. The loss of CD155 expression was as-
sociated with higher serum a-feto-protein (AFP) concentrations. Gong
et al. [76] further demonstrated that activated unfold protein response
(UPR) attenuated the sensitivity of human hepatocellular carcinoma
cells to NK cell cytotoxicity by decreasing CD155 expression levels in
HCC patients. HCC progression is often accompanied with hypoxia,
reduced glucose supply, and increased UPR in the tumour micro-
environment [77]. They revealed that activating transcription factor 6
(ATF6) and inositol-requiring enzyme-1α (IRE-1α) pathways, which
regulate UPR, were involved in the regulation of CD155 expression in
hepatoma cells. The IRE-1α pathway also contributed to the increased
expression of the ER-associated degradation (ERAD)-related molecule
HRD1 and facilitated CD155 degradation. These findings suggest that
the downregulation of CD155 expression is an immune evasion strategy
of HCC.

7. Crosstalk between immune cells and NK cells in tumour
microenvironment

The liver tumour microenvironment (TME) is a complex mixture of
tumoural cells within the extracellular matrix (ECM) in combination
with a complex mix of stromal cells and proteins. The TME contains
various cell types, such as angiogenic cells, immune cells, and cancer-
associated fibroblastic cells, that interact and create a dynamic network
of a permissive environment for HCC initiation and progression [78].
The activity of NK cells in the TME may be constrained because of the
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crosstalk and interaction between different immune cells and NK cells.

7.1. Tumour-associated macrophages (TAMs)

Macrophages are a type of leukocyte with antigen-presentation ca-
pacity (APC). These cells are actively involved in tissue remodelling,
phagocytosis and the scavenging of foreign substances and cellular
debris [79]. Macrophages in the tumoural region are termed TAMs
[80]. Solid tumours recruit an abundance of immune cells into the TME,
and macrophages may account for up to 50% of the tumour mass [81].
Increasing numbers of studies demonstrated that TAMs played a major
role in tumour cell proliferation, angiogenesis, metastasis and invasion
[82]. TAMs also express/release immunoregulatory factors that directly
inhibit NK cell function [83]. Wu et al. [84] demonstrated that mono-
cytes/macrophage (CD68+cells) and NK cells often accumulated in
peritumoural stroma rather than intratumoural areas. High infiltration
of peritumoural stroma monocytes/macrophages positively correlated
with impaired functional activities of NK cells and lead to NK cell ex-
haustion/reduction in the intratumoural region. NK cells exposed to
tumour-derived monocytes underwent revision from active to exhaus-
tion. Monocytes from HCC tissues strongly express CD48 proteins, and
the dysfunction of NK cells induced by monocytes was markedly atte-
nuated by blockade of the CD48 receptor 2B4 on NK cells, but not
blockade of NKG2D or NKp30.

7.2. Myeloid-derived suppressor cells (MDSCs)

MDSCs are a heterogeneous population of myeloid cells, including
macrophages, granulocytes, and other cells, that express Gr-1 and
CD11b in mice. Recent studies demonstrated that MDSCs were re-
cognized as a subset of innate immune cells that altered adaptive im-
munity and produced immunosuppression [85–87]. MDSC expansion is
one mechanism that HCC tumours develop to evade the host immune
response in mice and human [88]. A new population of MDSCs, labelled
CD14(+)HLA-DR(-/low), were significantly increased in the peripheral
blood and tumour tissues of HCC patients. MDSCs from HCC patients
inhibited autologous NK cell cytotoxicity and cytokine secretion when
cultured together in vitro. The inhibitory effect of MDSCs on NK cells
only occurred when the two types of cells were directly exposed and
survived longer. Further study demonstrated that MDSC-mediated in-
hibition of NK cell function was primarily dependent on the NK-acti-
vating receptor NKp30, which is one of the three natural cytotoxicity
receptors responsible for the NK cell-mediated lysis of autologous im-
mature dendritic cells [89].

7.3. Cancer-associated fibroblasts (CAFs)

CAFs are one of the most prominent cell types of the stromal com-
partment in the tumour microenvironment (TME), which are embedded
in the fibrillar matrix of the connective tissue and play a critical role in
the modulation of neighbouring cells [90,91]. CAFs affect tumours via
the secretion of several factors, such as chemokines, vascularization-
promoting factors VEGF and PDGFs, and the growth factor EGFs, which
promote tumour initiation, invasion, angiogenesis, and metastasis, and
regulate immune evasion [92,93]. CAFs may influence the HCC pro-
gression because HCC tumours initially arise in the context of cirrhosis,
in which the amount of activated fibroblasts is impressive [94–96].
Previous studies demonstrated that CAFs increase the suppression of NK
cell killing activity in the TME [97]. T. Li et al. [98] demonstrated that
HCC-associated fibroblasts from tumours and non-tumour cirrhosis
tissues exhibited an activated phenotype and produced significant le-
vels of suppressive mediators, including PGE2 and IDO, which lead to
the dysfunction of NK cells. CAFs also directly secrete some im-
munosuppressive factors, such as TGF-β. Previous studies demonstrated
that TGF-β potently inhibited the proliferation of most cells types, in-
cluding endothelial cells, haematopoietic cells, and lymphocytes, and it

is known as a tumour suppressor [99]. TGF-β signalling exerted a
suppressive role in the proliferation of premalignant hepatocytes and
HCC cells [100]. Sui et al. [101] demonstrated that TGF-β was an im-
portant factor that induced immunosuppressive effects on NK cytolytic
ability in HCC, and neutralized the significant increase in the cytolytic
ability of NK cells. These findings provide novel insights into the me-
chanisms by which CAFs perform a suppressive role in HCC via the
induction of NK cell dysfunction, and the inhibition of CAFs may con-
tribute to the recovery of NK cell activity in HCC therapeutics.

7.4. Dendritic cells (DCs)

DCs are uniquely well-equipped professional antigen-presenting
cells that play a key role in the TME. Cross-talk between NK cells and
DCs plays a major role in immune responses [102] and leads to the
triggering of NK cell survival, differentiation, cytotoxicity and IFN-γ
secretion directly via the secretion of cytokines, such as IL-12 and IL-15
[103]. Yamamoto et al. [104] investigated the immunoregulation of NK
cell activity and DC function by a-fetoprotein (AFP), which is a tumour-
associated antigen in HCC. They demonstrated that high levels of AFP
produced by HCC tissues impaired NK activity via inhibition of IL-12
production by DCs. Zhou et al. [105] demonstrated that DCs stimulated
by TLR7 and/or TLR8 agonists enhanced NK cell-mediated anti-hepa-
tocellular carcinoma. They found that the stimulation of TLR7/8 sig-
nalling induced maturation of DCs, which was accompanied by high
expression of co-stimulatory molecules (CD1a, CD11c, CD83 and CD86)
and the secretion of pro-inflammatory cytokines, which may contribute
to the crosstalk between DCs and NK cells. DCs assist in the function of
NK cells via cell-to-cell contact and cytokine secretion (IFN-α/β, IL-12,
IL-15 and IL-18), which results in the enhanced activation of NK cells
and increased cytolysis of NK cells against HCC cells.

Reciprocally, NK cells have also been shown to play im-
munoregulatory “helper” roles, by activating DCs and enhancing sti-
mulating Th1 and cytotoxic T lymphocyte (CTL) responses, respectively
[106]. DC1, which induced by NK cells or NK cell-related soluble fac-
tors and characterized by high capacity to produce IL-12p70 in re-
sponse to subsequent interaction with Th cells, are resistant to tumour-
related suppressive factors, and show an enhanced ability to induce Th1
and CTL responses [107,108]. However, impairment of NK cells in
advanced HCC affects the maturation and function of DCs. Masahisa
et al [109]. demonstrated that NK cells augment the immune stimula-
tory capacity of DC in an NKG2D-dependent fashion and that sMICA-
mediated down-modulation of NKG2D results in impairment of DC
functions. They found that NK cells upon stimulation of human hepa-
toma cells induced maturation of DC and enhanced the allostimulatory
capacity of DC; maturation and activation of DC was completely abol-
ished when NK cells were pretreated with sMICA-containing serum.
Therefore, strategies that stimulate DC-NK crosstalk may reverse the
impaired interaction between NK cells and DCs because of the im-
munosuppressive TME and enhance the efficacy of tumour im-
munotherapies.

8. Summary

Hepatic NK cells in HCC patients or hepatoma-bearing mice are
unable to recognize and kill tumour cells because of a variety of factors,
such as altering the ligands expressed on the surface of tumour cells,
inhibition of cytokine secretion, and interactions between immune cells
in the tumour microenvironment, in which the activity of NK cells is
negatively regulated (Fig. 1.). Restoration and augmentation of NK cell
cytotoxic functions in the TME are important strategies to overcome
immunosuppression and eliminate the tumour. The identification of
methods to increase the percentage and absolute number of circulating
NK cells, including spleen NK cells and peripheral NK cells, recruit these
cells to the liver, or stimulate the liver to enhance the activity of hepatic
NK cells, is of great significance for the immunotherapy of HCC. Various
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factors inhibit the function of NK cells in the tumour microenviron-
ment, and novel methodologies to effectively use these inhibitors to
induce the activation of NK cells may be a future research direction to
provide targets for the development of new tumour treatment strate-
gies.

The activities of NK cells in HCC were suppressed via different
mechanisms. NK cells in liver are exhausted because of the long ex-
posure in chronic hepatitis and tumour cells. The percentage and
number of NK cells decrease significantly, and cytotoxicity and cytokine
secretion of cytokines is damaged. The balance of activity and in-
hibitory receptors is lost, and an imbalance characterized by decreased
activity receptors (e.g., NKG2D, DNAM-1) and increased inhibitory
receptors (e.g., NKG2A) emerges. Tumour cells downregulate the li-
gands of NK cell activating receptors (e.g., NKG2D-L, CD155), upre-
gulate the ligands of NK cell inhibitory receptors (e.g., HLA-E), and
release soluble NKG2D-L. Therefore, NK cells fail to recognize and bind
tumour cells for killing and elimination. The cross-talk between im-
mune cells in the tumour microenvironment may also affect NK cell
activities. CAFs produce significant levels of immunosuppressive med-
iators, including PGE2, IDO, and TGF-β, which lead to the dysfunction
of NK cells. MDSC-mediated inhibition to NK cell function is primarily
dependent on the NK-activating receptor NKp30, which is one of the
three natural cytotoxicity receptors responsible for the NK cell-medi-
ated lysis of autologous immature dendritic cells. DCs assist in the
function of NK cells via cell-to-cell contact and cytokine secretion (IFN-
α/β, IL-12, IL-15 and IL-18), which contribute to the enhanced acti-
vation of NK cells and increased cytolysis of NK cells against HCC cells.
Monocytes/Macrophage (CD68+ cells) from HCC tissues strongly ex-
press CD48 proteins, and the dysfunction of NK cell induced by
monocytes is markedly attenuated by blockade of CD48 receptor 2B4
on NK cells.
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