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Abstract

Gastrointestinal cancer is one of the leading health problems worldwide, with a high morbidity and mortality. To date,
harnessing both the innate and adaptive immune system against cancer provides a selective and effective therapeutic strategy
for patients. As a first line defense against cancer, natural killer (NK) cells can swiftly target and lyse tumor cells without
prior activation. In addition to its pivotal role in innate immunity, NK cells also play unique roles in the adaptive immune
system as it enhance anti-tumor adaptive immune responses through secretion of cytokines and retaining an immunological
memory. All these characteristics make NK cell a promising anti-cancer agent for patients. In spite of scarce infiltration and
impaired function of NK cells in tumors, and the fact that tumors easily develop resistant mechanisms to evade the attacks
from endogenous NK cells, multiple strategies have been developed to boost anti-tumor effect of NK cells and abolish tumor
resistance. Some examples include adoptive transfer of NK cells after ex vivo activation and expansion; restoration of NK
cell function using immune checkpoint inhibitors, and monoclonal antibody or cytokine treatment. Preclinical data have
shown encouraging results, suggesting that NK cells hold great potential in cancer therapy. In this review, we discuss NK

cells’ cytotoxicity and modulation function in GI cancer and the current application in clinical therapy.

Introduction

Gastrointestinal (GI) cancer, referring to the malignant
condition arising in the digestive system, is one of the most
serious health problems worldwide. According to global
epidemiological data (2018), among all the cancer types,
colorectal cancer (CRC) is the fourth (6.1%) most common
diagnosed cancers and second leading cause (9.2%) of
cancer-related deaths, followed by gastric cancer (5.7%)
and liver cancer (4.7%) for incidence, and gastric cancer
(8.2%) and liver cancer (8.2%), esophagus cancer (5.3%)
for mortality [1]. Surgical resection remains the mainstay of
treatment for early-stage cancer. However most patients are
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already at a late stage disease at initial diagnosis. Current
therapeutic strategies for late stage GI cancers include
radiotherapy, chemotherapy, and targeted therapy, but are
far from satisfactory with poor clinical response and high
risk of therapeutic toxicity. Therefore, there is an urgent
need to develop novel strategies to improve the therapeutic
efficiency and clinical prognosis of patients with GI cancer.

To date, immunotherapy has come into stage with the
great success of immune checkpoint inhibitors represented
by the anti-programmed cell death protein 1/ programmed
death-ligand 1 (anti-PD-1/PD-L1) and anti-cytotoxic T-
lymphocyte-associated protein 4 (anti-CTLA-4) in multiple
cancers. Low cytotoxicity, long-lasting tumor regression,
and recurrence prevention make this novel therapeutic
strategy a promising candidate for cancer treatment. How-
ever, translation of this success to GI cancer is not as
satisfactory as in melanoma and lung cancer. In the Phase 1
and 2 clinical trials of CRC and advanced pancreatic cancer,
few patients showed responses [2]. Only a limited number
of patients with special characteristics achieved benefits
compared with those undergoing traditional chemotherapy.
It is assumed that scarce T-cell infiltration, poor effector T-
cell responses, and adaptive resistance to ICIs are main
reasons for this failure. Nevertheless, it paves way for
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harnessing the immune system in cancer therapy. In addi-
tion to the cytotoxic T lymphocytes, many other immune
cell types in both the adaptive and innate immune systems
have gained interests in the cancer immunotherapy, among
which NK cell is one of the promising candidates [3].
Discovered in the 1970s, natural killer cell (NK cell)
received its name for the inherent ability to kill viruses and
tumor cells rapidly. NK cells play a predominant role in
cancer immunosurveillance [4-6]. Recently, multiple basic
research studies along with sing-cell RNA sequencing
technologies unveiled the similarities between NK cells and
cytotoxic CD8™ T cells ranging from phenotype to function
[7]. Aside from the natural cytotoxicity towards transformed
cells, NK cells can also secrete multiple cytokines and
chemokines, which can further modulate the immune
microenvironment. All these characters suggest that NK
cells hold great potential in cancer therapy. In this review,
we summarized NK cells’ functions and current clinical
applications in cancer, with a focus on the GI cancers.

Overview of NK cell

The NK cell first came into knowledge in 1970s when
researchers found that a type of large granular lymphocyte
isolated from mice spleen can lyse several tumor cell lines
rapidly (within one to four hours) [8]. Although NK cells
belong to the lymphocytes family due to their morphology,
they are also classified as part of the innate immunity, as
they recognize targets through an array of germline-encoded
receptors instead of antigen receptors generated by V(D)J
recombination and they do not express the CD3 subunits as
in T lymphocytes.

NK cells, typically identified as CD3'CD56" cells in
human and CD3'NK1.1" in several mouse strains, account
for about 5-15% lymphocytes in the circulation [9]. Aside
from peripheral blood, NK cells are also found in non-
lymphoid tissues such as liver, uterus, adipose tissue and
gut [10]. In humans, NK cells can be divided into two
subsets based on the CD56 expression level, the CD56%m
(~90%) and CD56"E" (~10%), mirroring the functions of
cytotoxic and helper cells respectively [11].

NK cell activation—"missing self” and “induced
self”

Ten years after the discovery of NK cells, the “missing self”
hypothesis postulated by Kirre et al. [12] gave us a much
clearer knowledge of NK cell recognition. According to this
hypothesis, killer-cell immunoglobulin-like receptors (KIRs)
expressed on the NK cell surface can recognize major histo-
compatibility complex I (MHC I), which is widely expressed
on the surface of normal cells and exerts an inhibitory signal to
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protect the healthy cells from NK cell attack. However, in cells
undergoing virus infection or malignant transformation, the
MHC-I expression is decreased or even lost, such that NK
cells can be relieved from KIR-induced inhibition and exert
their lysis function. Aside from the “missing self” mechanism,
the “induced self” is also proposed in the NK cell-mediated
immune surveillance. The activating receptors on NK cells
including the natural cytotoxicity receptors (NCRs) and natural
killer group 2D (NKG2D) can recognize the ligands on the
stressed cells and deliver the activating signal [13]. These two
mechanisms involve the inhibitory and activating receptors
respectively, the balance of which determines the NK cell
function status.

NK cell function - killer and helper

Once activated, NK cells exert lysis function in different
ways. Firstly, they can release lysis granules with perforin
and granzyme in it [14]. Then, the death receptors such as
Fas ligand (FasL) and tumor necrosis factor-related apop-
tosis-inducing ligand (TRAIL) are also contributors to NK
cell-mediated cytotoxicity [15]. Additionally, NK cells can
recognize and induce the lysis of antibody-coated targets
through CD16 (FcyRIlla), which is highly expressed on the
CD56%™ subset, a process referred to as antibody-dependent
cell cytotoxicity (ADCC) [16]. Aside from the direct cyto-
toxicity, NK cells can also modulate both innate and
adaptive immunity through secreting an array of cytokines,
growth factors, and chemokines [17]. For example, NK
cells are now regarded as the major producer of interferon-y
(IFN-y), which plays a critical role in shaping the T-cell
response, including the Tyl polarization and CD8™ T-cell
activation [18]. They can also secrete chemokines such as
CCL3 and CCLA that can help recruit other immune cells to
the inflammation site to enhance the immune response.

Multifaced NK cell in GI cancer

The exact role of NK cell in GI cancer was initially deciphered
by retrospective analysis of clinical data and utilizations of
animal models. In an 11-year follow-up study based on the
general population (n = 3625), the infiltration and cytotoxicity
of NK cells were found to be closely correlated with cancer
risk, implying a functional role of NK cell in tumorigenesis
[19]. Then in CRC and HCC, by analyzing NK cells in tumor
tissues and peripheral blood, the decreased frequency of NK
cell was found to be associated with higher risk of cancer and
worse clinical outcome [20]. This is further supported by the
findings that depletion of NK cells by performing antibody-
mediated methods or using transgenic mice model (Nfil3”
mice) vastly exacerbated tumorigenesis in mouse models
developing malignant diseases [21]. Many mechanisms have
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Fig. 1 The NK cell function mechanism in cancer. The NK cell can
function as the innate cytotoxic effector as well as a regulator mod-
ulating both the innate and adaptive immunity. a As the innate killer
cells, the stress-induced ligands (“induced self”’) and decreased MHC 1
expression (“missing self”) level can be recognized by the activating
and inhibitory receptors on NK cells respectively, the balance of which
determines the NK cell activation status. b After activation, NK cells

been put forward for understanding the NK cell-mediated
tumor surveillance. According to the biological function of
NK cells, both the direct cytotoxicity and immune modulation
effect are involved in NK cell mediated anti-tumor effects in
GI cancers (Fig. 1).

NK cell function as innate effector in Gl cancer

As NK cells can respond to the stimulation within hours
without pre-immunization, it is commonly regarded as the
first-line fighter against cancer. In this process, NK cells act
as effector cells. Both the reduced MHC-I and stress-
induced specific ligands expressed on the transformed cells
can be recognized by surface receptors, leading to the
activation of NK cells (Fig. 1). Currently, NK cell activation
through the major activating receptor NKG2D is the most
well-characterized mechanism in tumor surveillance. A
positive correlation of NKG2D expression level and clinical
survival is observed in gastric cancer, and in vitro experi-
ments confirmed the NK cell cytotoxicity towards gastric
cancer cell line [22]. Moreover, using human pancreatic
cancer cell lines and orthotopic pancreatic cancer models,
NK cells were found to be cytotoxic to cancer stem cells
(CSCs) through the NKG2D-dependent recognition of the
CSCs markers such as CD133 and CD24, highlighting the
promising role of NK cells in the control of tumor

.. _/"\

IL-12
NK-cytokine-DC axis

can induce the lysis of the target cells via secreting granules with
granzyme B and perforin, the death receptor/ligand interaction and
antibody-dependent cell cytotoxicity. ¢ On the other hand, activated
NK cells can secrete an array of cytokine and chemokine that pro-
moting the DC maturation and recruitment, which can further mod-
ulate T-cell response including the cytotoxic CD8" T-cell and Th cell
activation.

recurrence and metastasis [23]. In addition, the death
receptors also contribute to NK cell-mediated anti-tumor
cytotoxicity. NK cells can induce significant apoptosis of
HCC cell line Hep3B through TRAIL/TRAIL receptor
(tumor necrosis factor-related apoptosis-inducing ligand)
interaction [24]. Same mechanism was also involved in the
NK cell-mediated suppression of liver metastasis in CRC
[25]. Similarly, in MC38 (murine primary colon carcinoma
cell line)-based liver metastasis of CRC mice model, Nlrp3
inflammasome can increase the IL-18 secretion and promote
the maturation of hepatic NK cells with increasing FasL
expression, the Fas/FasL interaction can exert cytotoxicity
towards tumor cells [26].

Interestingly, some anti-tumor chemotherapeutic agents
have been shown to exert tumor-suppressive effect through
NK cells. For example, the therapeutic monoclonal anti-
bodies such as Cetuximab (anti-epidermal growth factor
receptor/EGFR antibody), Herceptin/Trastuzumab (anti-
human epidermal growth factor receptor 2/HER?2 antibody),
and Rituximab (anti-CD20 antibody) are demonstrated to
function in patients partly through NK cell-mediated ADCC
[27]. Cetuximab is now regarded as a standard choice for
metastatic CRC. By analyzing the immune cells of per-
ipheral blood mononuclear cell (PBMC) derived from CRC
patients, NK cells were found to be activated upon Cetux-
imab treatment [28]. Moreover, a higher basal NK cell
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cytotoxicity indicates better therapeutic response [29],
suggesting the possible involvement of NK cell in the
cetuximab mediated tumor suppression.

NK cell function as a helper in Gl cancer

Accumulating evidence suggests that NK cells are more than
just innate immune cells [30]. Firstly, NK cells can shape the
adaptive immunity through secreting cytokines that act on
other immune cells such as dendritic cells (DCs) [31], neu-
trophils [32], T cells [33]. Secondly, emerging evidence has
shown that NK cells can acquire immunological memory, a
feature of adaptive immunity [4]. Finally, the similarities
between NK cell and CD8" T-cell are identified by basic
research as well as single-cell RNA sequencing technologies.
Intriguingly, through analyzing the whole-genome microarray
data sets of the Immunological Genome Project, a NK-T-cell
complex was observed, indicating the close transcriptional
relationship between NK cell and T cell [7]. Now there is a
consensus that NK cell is a bridge linking innate and adaptive
immunity, in which cytokine production is the major con-
tributor. The modulation function also plays a vital role in NK
cell mediated tumor surveillance.

Dendritic cells (DC), a type of antigen presenting cell
(APC), is an important player in the NK cell-mediated
shaping of the adaptive immunity via NK-cytokine-DC
axis (Fig. 1). NK cell can promote DC recruitment and
maturation; reciprocally, DCs can also help prime NK
cells and enhance the cytotoxicity [34]. For example, NK
cells can recruit DCs into tumor microenvironment and
enhance the anti-tumor immune activity through secret-
ing CCLS5 and XCLI1 [31]. In addition, NK cells can also
promote the antigen cross presentation of DCs, which can
induce cytotoxic CD8% T-cell response [35]. Similar
mechanism was shown in MHC I'°Y cell line A20 and
CT26 that activated NK cell can recruit the DC to induce
protective CD8" T-cell response [36]. The immu-
noadjuvant toll-like receptor 5 (TLRS), Entolimod, which
has already been used in clinical practice, can exert anti-
metastatic effects and keep immune memory in CT26
tumor cell induced CRC model through the NK-DC-CD8
* T-cell axis [37]. Recently, scientists found that the NK-
DC axis is associated with anti-PD1 immunotherapy
responsiveness. For example, in melanoma it was found
that the frequency of NK cells is correlated with the
abundance of protective DCs, the ICI treatment response
as well as the overall survival, in which the NK cell
production of cytokine FLT3LG plays a pivotal role [38].

Impaired NK cells in Gl cancer

Tumor evasion from immune response is regarded as a
hallmark of cancer. Extensive studies have found scarce
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infiltration and impaired function of NK cells in GI cancer.
Disrupted balance of inhibitory and active receptors often
underlies NK cell dysfunction. The significantly reduced
expression of activating receptor NKG2D on NK cells
isolated from PBMC and tumor tissue is demonstrated in
patients with gastric cancer [39], CRC [40], and HCC [41].
Shedding of the major histocompatibility complex (MHC)
class I chain-related protein A and B (MICA/B), the ligands
of NKG2D that can be expressed on tumor cells, is one of
the most characterized mechanism responsible for the
impaired NKG2D recognition and subsequent tumor
immune evasion [41, 42]. Moreover, the inhibitory recep-
tors such as PD-1 were significantly increased in tumor
tissues derived from digestive cancer patients, including the
esophageal squamous-cell carcinomas (ESCC), HCC, CRC,
GC, and biliary cancer [43]. In addition to PD-1, many
other immune checkpoints have also been identified in NK
cells. The expression of T-cell immunoglobulin mucin-3
(Tim3), natural killer group 2 member A (NKG2A) and T-
cell immunoglobulin and ITIM domain (TIGIT) on NK
cells are increased in the tumor tissue and is correlated with
impaired NK cell cytotoxicity, advanced disease stage and
poor survival in CRC, GC and HCC patients [44, 45].
Recently, a novel inhibitory receptor CD96 is found to be
upregulated in intratumoral NK cells from HCC patients.
CD96" NK cells are responsible for impaired IFN-y pro-
duction and predict poor clinical outcomes [46]. NKG2A,
TIGIT, CD96 along with the PD-1 are now well acknowl-
edged immune checkpoints on NK cells, suggesting that
they are potent candidates for cancer immunotherapy.

Conversely, there are certain types of NK cells exerting
tumor-promoting effect in GI cancer. In CRC patients, the
tumor-associated NK cell (TANK) was found to make
contributes to the tumor angiogenesis and invasion through
secreting proangiogenic factors and tissue remodeling/
invasion factors secretion via STAT3 and STATS5 pathway
[47, 48].

The tumor microenvironment (TME) is the major con-
tributor for the impaired NK cell function in cancer. Firstly,
tumor cells, stromal cells, and other kinds of immune cells
in TME can influence NK cells’ function. Release of MICA
from tumor cells can significantly suppress the NKG2D
expression on NK cells in HCC patients [41]. Moreover,
tumor-associated fibroblast can also inactivate NK cell
through the Indoleamine 2,3-dioxygenase (IDO) and pros-
taglandin E-2 (PGE) secretion [49]. The
suppressive cells such as regulatory T cells (Tregs),
myeloid-derived suppressor cells (MDSCs), and neutrophils
were also found associated with NK cell dysfunction via
direct cell contact [50-52]. Secondly, the physical factors
that provide cells with basic nutrition and environment are
also contributors for NK cell dysfunction. Take oxygen as
an example, intratumoral hypoxia is a very common

immune-
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phenomenon in cancer. Hypoxic tumor-derived micro-
vesicles (TD-MVs) can decrease the NKG2D expression of
NK cells via miR210 and miR23a [53]. Moreover, the
hypoxia-induced autophagy in tumor cells can help the
transformed cells escape the NK cell attack by degrading
the effector molecular granzyme B [54, 55]. The pH
alteration is another important factor. It has been found that
tumor-derived lactate can decrease the pH level and induce
apoptosis of NK cells, resulting in low infiltration of NK
cells in liver metastasis of CRC [56].

Taken together, NK cells play multiple roles in the tumor
microenvironment (Fig. 1). As the innate immune cell, it
can exert killer function towards the stressed or transformed
cells. On the other hand, it can be a helper modulating both
the innate and adaptive immunity through cytokine and
chemokine secretion. However, under the effect of specific
tumor microenvironment, the failure of NK cell infiltration
into tumor cells and impaired cytotoxicity are frequently
observed in cancer. From another perspective, the in-depth
investigation of NK cell dysfunction may also provide a
rational basis for development of new strategies to harness
NK cell in cancer immunotherapy.

Clinical application of NK cell in GI cancer

With advancement of knowledge on NK cell biology, the
role of NK cell in tumor immunosurveillance and its clinical
implications have been extensively investigated [3]. NK cell
could potentially serve as a prognostic factor for patients
with GI cancer. In addition, NK cell-based immunotherapy
has shown promising anti-tumor effects in a number of
studies.

NK cell-based cancer immunotherapy

In recent decades, immunotherapy has emerged as one of
the most promising tools for cancer treatment. Current
immunotherapy mainly focuses on cytotoxic T lympho-
cytes, including the CAT-T therapy and immune checkpoint
inhibitors. For GI cancer, several immunotherapeutic stra-
tegies have been developed including adoptive transfer of
immune cells, peptide-based vaccines, and immune check-
point inhibitors. NK cell is endowed with a strong and
specific anti-tumor potential and an immunoregulatory role
of other immune cells. Harnessing NK cells could be the
next frontier of GI cancer immunotherapy considering that
1) NK cells can effectively target different types of trans-
formed cells without pre-immunization, 2) high levels of
NK cells can be obtained and activated from a variety of
sources, and 3) the risk of side effects such as cytokine
releasing syndromes associated with T-cell-based immu-
notherapies could be low.

Adoptive NK cell transfer

Since NK cells are frequently insufficient or dysfunctional
in cancer patients, adoptive transfer of NK cells with anti-
tumor function is an appealing aspect for cancer immu-
notherapy. In the initial attempt, adoptive NK cell transfer
was employed to treat hematological malignancies (Fig. 2).
The results demonstrated that NK cells can be harnessed
and expanded in vitro and keep the cytotoxicity after the
transfer. As to GI cancer, different sources of NK cells have
been tried [57] (Table 1). For autologous or allogenic NK
cells, expansion and activation strategies are the key points.
In a phase I clinical trial (UMIN UMINO000007527),
Sakamoto et al. successfully expanded NK cells to almost
4,720-fold, by stimulating peripheral blood mononuclear
cell (PBMC) from GI cancer patient with OK432, IL-2 and
modified FN-CH296-induced T cells. The clinical safety for
transfer of expanded NK cells was further verified as no
unexpected NK cell infusion-related toxicity was observed
[58]. Aside from the PBMC, umbilical cord blood (UCB),
human embryonic stem cells (hESCs) and induced plur-
ipotent stem cells (iPSCs) are also precious sources to
obtain NK cells with high expansion efficiency and anti-
tumor function [59-61]. Xu et al. expanded NK cells from
UCB by using membrane-bound interleukin-21 (IL-21).
These NK cells can efficiently lyse CRC cell lines and
secreted cytokines and chemokines such as interferon-y
(IFN-y), tumor necrosis factor-o (TNF-a) and granulocyte-
macrophage colony-stimulating factor (GM-CSF) [62].
FT500, the off-the-shelf NK cell derived from iPSC, can
efficiently produce multiple cytokines and chemokines that
help recruit and activate T cells. Combining FT500 and
immune checkpoint inhibitors are presumed to combat drug
resistance for cancer patients [63]. More importantly, the
safety and efficiency of allogenic NK cells isolated from
healthy donors have been confirmed in hematological
malignancies and solid tumors [64]. Utilization of NK cell
lines such as NK-92 is another choice. The advantage is that
the cells are homogenous and can be easily handled and
expanded. Also their cytotoxicity against tumors has been
verified by in vitro and in vivo experiments [65]. Never-
theless, there is little information available about the clinical
efficiency of this method. In a phase I clinical trial recruiting
colon and lung cancer patients, the Hsp70-activated auto-
logous NK cells were employed. Although enhanced NK
cytotoxicity was achieved in these patients without any
negative side effects, no significant clinical response was
observed, which is likely due to high tumor burden and
limited sample size [66]. Thus, several modified strategies
have been developed for better therapeutic efficiency.
Inspired by the chimeric antigen receptor- T-cell (CAR-
T) therapy, it is feasible to develop CAR-modified NK cells
for immunotherapy (Fig. 2). Li et al. infused the CARs on
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Fig. 2 Current strategies to
harness NK cell in cancer
immunotherapy. The

application of NK cell in cancer SRt
therapy mainly comes from two Allogenous

directions. a One is the adoptive

transfer to increase the Cell line-NK92

infiltration of NK cells in the
tumor site. For this part, NK
cells from different origins can
be used, such as autologous,
allogenous, the cell line and the
genetic modified form (CAR-
NK). Preclinical data has already
shown encouraging results. b
The other is to restore NK cell
function. Immune checkpoint O
inhibitors, monoclonal
antibodies and certain cytokines
have been tried to recover or
enhance the NK cell
cytotoxicity. Besides, the
specially designed linker that
recognizes the receptors on NK
cell and tumor cell at the same
time can enhance the formation
of NK-tumor synapse, which
can increase the recognition of
transformed cells by NK cells.

the iPSC-derived NK cells to generate NK-CAR iPSC-NK
cells which exerted enhanced expansion efficiency and
cytotoxicity compared with the iPSC-NK and PB-NK
(PBMC-derived NK cell) [67]. In a clinical trial with
CRC patients, NKG2D-CAR-NK cells were constructed by
transducing the NK cells with NKG2D-CAR. Varying
degrees of clinical remission were observed in patients
treated with NKG2D-CAR-NK, indicating that CAR-NK is
promising for cancer therapy [68]. Moreover, the NK-92
cell line modified with bispecific chimeric PD1-DAP10/
NKG2D shown enhanced cytotoxicity in vitro and tumor
control in vivo [69]. Another human NK cell line YT is
modified with chimeric immunoglobulin T-cell receptor
specially recognizing human carcinoembryonic antigen
(CEA), which is frequently overexpressed in GI cancers
such as colorectal, gastric, and pancreatic carcinomas. Both
in vitro and in vivo experiment confirmed the improved
cytotoxicity of the modified NK cells [70]. To date, there
are three Phase 1/2 clinical trials ongoing using CAR-NK to
treat GI cancer (Table 1: NCT02839954; NCT03941457,
NCT03940820). Compared with the CAR-T therapy, recent
investigation found that CAR-NK does not cause serious
GVHD (graft-versus-host disease) and CRS (cytokine
release syndrome) [71], as NK cells have initial cytotoxicity
to transformed cells without pre-immunization. This pro-
vides solid grounds for further research into the CAR-NK in
cancer therapy.
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Reverse the NK cell dysfunction

Adequate immune cell infiltration and normal function are
the two prerequisites for the successful immune surveil-
lance. The adoptive transfer only mobilizes the immune
cells in the fight against tumor. However, cancer cells have
developed multiple mechanisms to escape from the immune
surveillance and attack. The function of NK cells is fre-
quently impaired in cancers. Therefore, reversing the NK
cell dysfunction is another strategy in NK cell-based cancer
immunotherapy. Until now, multiple drugs have been
developed to reverse the impaired NK cell function,
including the immune checkpoint inhibitors, monoclonal
antibodies, cytokines and the specifically designed linkers
(Fig. 2).

Immune checkpoint inhibitors The immune checkpoints
are molecules acting as a brake on immune cells and bal-
ancing host immune system. Unfortunately, cancer cells can
take advantage of checkpoints such as CTLA-4, PD-1,
TIGIT and indoleamine 2, 3-dioxygenase 1 (IDO1) to evade
the immune response. The advent of immune checkpoint
inhibitors (ICIs), which substantially enhances host anti-
tumor immunity, represents a major hallmark in cancer
immunotherapy. Multiple investigations have uncovered the
inhibitory checkpoint inhibitors expressed on NK cells in
tumor microenvironment, including the famous PD-1,
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CTLA-4 as well as newly identified NKG2A, TIGIT
[44, 72], which are now appreciated as promising targets for
NK cells-based immunotherapy. Moreover, shifting the
balance between activating and inhibitory receptors of NK
cells can further enhance the activity of NK cells, prompting
scientists to embark on multiple clinical efforts to assess the
safety and feasibility of NK cell-based ICIs. The initial
attempt was carried out in hematological malignancies. The
results demonstrated that blocking of inhibitory receptors
can enhance NK cells’ cytotoxicity towards the tumor cells.
In animal models, NK cells were found to make contribu-
tions to the disease remission in response to anti-PD-1/PD-
L1 treatment [73]. Also, the antibody Monalizumab that
was developed to target inhibitory receptor NKG2A
exhibited encouraging anti-tumor effects [74].

Monoclonal antibody Monoclonal antibody targeting
specific pathways or protein is one direction for cancer
therapy. Many FDA-approved monoclonal antibodies, e.g.,
Cetuximab, have been found to partially depend on NK
cells [75], indicating a new direction to reverse NK cell
dysfunction and block tumor-mediated immunosuppression.
GA201, the modified glyco-engineered anti-EGFR mAb,
has shown enhanced tumor-suppressive effect through NK
cell-mediated ADCC in CRC patients. The therapeutic
efficiency was observed in several patients, especially those
with poor response to traditional Cetuximab [76]. The
CEACAMS, which is frequently overexpressed in gastro-
intestinal cancer such as colorectal, gastric, and pancreatic
cancer, is closely related to impaired NK cell function
through interaction with CEACAMI1 [77]. Preclinical and
Phase I clinical trials have been conducted to evaluate the
safety and efficacy of anti-CEACAMS antibody in CRC
[78].

Cytokines A large number of cytokines are involved in
shaping tumor microenvironment and regulating immune
response against tumor. In preclinical studies, the MHC-I
deficient tumors responded better to treatment of cytokine
such as IL-12 and IL-18, raising the question of whether the
efficiency of cytokine therapy relies on NK cells, con-
sidering the well-known role of NK cells in targeting MHC-
I deficient tumor [79]. A series of studies demonstrated that
the cytokine treatment can markedly enhance the function
of NK cells both in vitro and in vivo. For example, ex vivo
treatment with IL-2 can restore the Herceptin-mediated
ADCC function of NK cells derived from gastric cancer
patients [80]. In addition, IL-15 can partly promote the
maturation and function of NK cells. IL-15 administration
in CRC patients was found to activate the function of
infiltrating NK cells in liver metastases [81]. In keeping
with this, enhanced NK cell proliferation and cytokine
production was observed in patients [82]. In multiple

clinical trials, ALT-803, an IL-15 superagonist complex,
exhibited a more specific and strong effect in promoting the
proliferation and cytotoxicity of NK cells [83]. The
cytokine-based treatment is often combined with other types
of therapy. For example, ALT-803 plus traditional che-
motherapy is now tested in a clinical trial recruiting a small
number of patients with advanced pancreatic cancer [84].

BiKE and TriKE From the antibody-dependent cell-medi-
ated cytotoxicity (ADCC) of NK cell function mechanism,
specially designed bi- and tri-specific killer engagers
(BiKEs and TriKEs), the small molecules linking a single-
chain Fv against CD16 that is expressed on the NK cell with
one (BiKE) or two (TriKE) tumor-associated antigens, were
developed to improve the formation of immunological
synapses between NK cells and tumor cells. For example,
tumor-associated antigen CD133 and EpCAM have been
used to generate BiKEs. The CD133/CD16 BiKE can boost
the cytotoxicity of NK cells against CD133" CRC stem
cells [85]. Similarly, EpCAM/CD16 BiKE increases the
synapse formation between NK cells and human cancer
cells including colon, neck and breast cancers [86]. In line
with these findings, ULBP2-aCEA BiKE promotes the
recognition and lysis of CEA™ tumor cells by the NK cells
through NKG2D-ULBP2 interaction, and the efficiency
against colon cancer was verified using animal models [87].
Moreover, optimized TriKE shown stronger NK cell
mediated cytotoxicity by targeting two activating receptors
on NK cells, NKp46 and CD16, and a tumor antigen on
cancer cells [88, 89]. This multi-targets antibody exhibits
sufficient activity and safety in animal experiments.
Although most of the bispecific engagers are now at the
preclinical stage, their ability to enhance NK cell-mediated
cytotoxicity against targets hold substantial promise for
treating cancer patients. Further investigations evaluating
the safety and efficiency of BiKE and TriKE are warranted
before clinical use.

Combination therapy to enhance the NK cell cytotoxicity

There is increasing consensus that using combination ther-
apy can achieve better clinical response with less side
effects. Inspired by the combination of anti-PD-1 and anti-
CTLA4 in lung cancer, the combination of different
checkpoint inhibitors (anti-PD-1, anti-NKG2A and anti-
TIGIT) was investigated and synergistic anti-tumor effect
was observed in preclinical experiments [72]. For example,
the metastatic microsatellite stable (MSS) CRC patients are
not good responders to the anti-PD-1 immunotherapy such
as Pembrolizumab, but in the phase 1 clinical trial
(NCT02671435) combining the Monalizumab (anti-
NKG2A antibody) and Durvalumab (anti-PD-L1 antibody),
three out of 39 patients were evaluated as partial response
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(PR) and 19 patients as stable disease (SD). No fatal adverse
event (AEs) or AEs induced drop out were reported.
Combining the NK cell-based immune-therapy with current
ICIS maybe one direction to improve the clinical response.

Different combination strategies have been tried to
achieve a much stronger clinical response. For example,
combing the adoptive NK cell transfer and monoclonal
antibody therapy is one common combination form.
Cetuximab is commonly used in CRC patients, enhanced
anti-tumor activity and improved clinical outcome was
observed in CRC patients when combined with NK cell
adoptive transfer [90]. In phase 1 clinical trial, four out of
nine patients with advanced colon cancer achieved clinical
benefit. Selected immune parameters were monitored during
the therapy and anti-tumor immune responses were
improved as exemplified by increased IFN-y production and
reduced number of peripheral regulatory T cells (Tregs)
[91]. Similarly, markedly increased anti-tumor effects were
observed when the monoclonal antibody Regorafenib was
combined with CAR-NK-92 cells in colon cancer mouse
models [92]. An additional study was carried out to evaluate
the efficacy of traditional chemotherapy combined with NK
cells-based immunotherapy in patients with locally
advanced colon carcinoma. Both the 5-year progression-
free survival (PFS) and overall survival (OS) rates increased
significantly (51.1% versus 35%, P = 0.044; 72.5% versus
51.6%, P =0.037, respectively) in combination group
without any unacceptable side effects [93]. To date, many
clinical trials for combination therapy in GI cancer are
ongoing (Table 1).

Preclinical experiments have achieved encouraging
results, highlighting the potential of combination therapy in
cancer immunotherapy. However, the in vitro and animal
experiments often fail to mimic the complex nature of
human immunity, which has been regarded as a huge
challenge for immunotherapy. Further clinical investiga-
tions are warranted to determine how to better harness NK
cell in combination with other cancer therapies.

Prognostic significance of NK cell in GI cancer

A large body of evidence suggests that the infiltration of
functional NK cells is closely correlated with cancer risk,
cancer stage, and patient prognosis among different cancer
types. The first evidence came from the 11-year follow up
study conducted on the general population (n=3625) in
Japan showing that higher natural cytotoxicity of peripheral
lymphocytes, the majority of which comes from NK cells,
was associated with lower cancer risk [19]. Subsequently,
numerous clinical trials have been carried out to explore the
relationship between NK cell activity and cancer stage and
clinical outcome in GI cancers (Table 2). Consistently, low
infiltration of functional NK cells predicted advanced

SPRINGER NATURE

disease stage, more metastasis and post-operative recur-
rence, and poor survival in multiple cohorts of GI cancer
patients including GC, HCC, CRC, and esophageal cancer
[94, 95]. More importantly, the number and function of
peripheral NK cells also denote diagnostic and prognostic
value for CRC patients, offering a feasible way for detection
of NK cells in clinical application [96].

NK cell activity testing is useful in monitoring anti-
tumor immunity and in predicting patient outcome. How-
ever, there are some difficulties with detection of such
parameter in clinical practice, e.g., tissue biopsy and ade-
quate pre-culture of target cells with NK cells are required.
In addition, the accuracy of this method remains sub-
optimal. Finding a surrogate marker that can be easily
detected and robustly reflect the activity of NK cells in vivo
is required for further clinical application. Recently, MICA,
the ligand of human NK cell activating receptor NKG2D, is
identified as a promising biomarker for cancer. In HCC, the
soluble form of MICA (sMICA) in serum is negatively
associated with NKG2D expression level on NK cells [41].
Consistent results were obtained in the colon and pancreatic
cancer [97], implying that serum MICA could be used as a
prognostic biomarker for GI cancer patients. Likewise, in
patients with advanced HCC, NKp30, another activating
receptor of NK cells, is found to be downregulated by
serum B7-H6 released from tumor cells [98]. Moreover,
intratumoral IL-37 expression was positively correlated
with infiltrating CD57" NK cells, and higher IL-37
expression predicted smaller tumor size and better survi-
val for HCC patients [99]. Further investigation into the
above mentioned molecules and cytokines is necessary
before implementation of these findings into clinical
practice.

Conclusion and perspective

With the great success of immune checkpoint inhibitors
represented by anti-PD1/PD-L1 and anti-CTLA4 in multi-
ple cancers, the T-cell-centered immunotherapy posed a
milestone for cancer treatment. More importantly, it pro-
vides us with a novel direction of inducing robust immune
responses to tumors, which is superior to traditional che-
motherapy as there is better therapeutic efficiency and is
associated with less toxicities and debilitating side effects.
Originally starting from the cytotoxic T lymphocytes, many
other immune cells later attracted scientists’ interests in the
field of cancer immunity. The exponentially growing
understanding of NK cell unveiled the fact that this natural
cytotoxic innate immune cell plays a vital role in cancer
immune surveillance via modulation of both the innate and
adaptive immunity. Also, the similarities between NK cells
and T cells further indicate the great promise that NK cells
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hold in cancer therapy. Harnessing NK cell in cancer
immunotherapy is an intriguing idea, leading to the devel-
opment of numerous clinical trials, albeit multiple difficul-
ties being encountered.

Late diagnosis, poor therapeutic efficiency, and high
recurrence rate make GI cancer one of the major causes of
cancer-related mortalities worldwide. There is continued
need to improve therapeutic efficiency and early diagnosis.
However, the current attempts on the FDA-approved
immune agents such as Pembrolizumab in GI malig-
nancies did not show very encouraging results as in mela-
noma and lung cancer. Further investigations are needed for
better manipulation of the immune system to improve the
therapeutic efficiency. Here we summarized the current
investigations on NK cell in GI malignancies. Compelling
evidence has shown that NK cells are involved in GI cancer,
ranging from the human data to animal model-based
mechanism investigation. However, we are just at the
beginning of immunotherapy in GI cancer. For the NK-cell-
based immunotherapy, the particular challenge is to suc-
cessfully translate the current knowledge into clinical GI
cancer treatment. Positive results are expected for the
ongoing clinical trials. Finally, considering the close inter-
play of the innate and adaptive immunity and complex
interactions among different kinds of immune cells, future
studies will need to address the gaps on how to combine
different types of immune cells in the treatment strategies to
achieve synthetic anti-tumor immunity, and hence better
clinical response.

Funding The project was supported by RGC-CRF Hong Kong
(C4041-17GF; C7026-18G); RGC Theme-based Research Scheme
Hong Kong (T12-703/19-R).

Author contributions FW researched data for the article, designed and
wrote the article. JKCL revised the article, JY designed and discussed
the content, edited the article.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affilia

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate if
changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons license and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright

SPRINGER NATURE



728

F. Wang et al.

holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A.
Global cancer statistics 2018: GLOBOCAN estimates of inci-
dence and mortality worldwide for 36 cancers in 185 countries.
CA Cancer J Clin. 2018;68:394-424.

2. Royal RE, Levy C, Turner K, Mathur A, Hughes M, Kammula
US, et al. Phase 2 trial of single agent Ipilimumab (anti-CTLA-4)
for locally advanced or metastatic pancreatic adenocarcinoma. J
Immunother. 2010;33:828-33.

3. Bald T, Krummel MF, Smyth MJ, Barry KC. The NK cell-cancer
cycle: advances and new challenges in NK cell-based immu-
notherapies. Nat Immunol. 2020;21:835-47.

4. Morvan MG, Lanier LL. NK cells and cancer: you can teach
innate cells new tricks. Nat Rev Cancer. 2016;16:7-19.

5. Lopez-Soto A, Gonzalez S, Smyth MJ, Galluzzi L. Control of
metastasis by NK Cells. Cancer Cell. 2017;32:135-54.

6. Malmberg KJ, Carlsten M, Bjorklund A, Sohlberg E, Bryceson
YT, Ljunggren HG. Natural killer cell-mediated immuno-
surveillance of human cancer. Semin Immunol. 2017;31:20-9.

7. Sun JC, Lanier LL. NK cell development, homeostasis and
function: parallels with CD8(+) T cells. Nat Rev Immunol.
2011;11:645-57.

8. Kiessling R, Klein E, Wigzell H. “Natural” killer cells in the
mouse. I. Cytotoxic cells with specificity for mouse Moloney
leukemia cells. Specificity and distribution according to genotype.
Eur J Immunol. 1975;5:112-7.

9. Robertson MJ, Ritz J. Biology and clinical relevance of human
natural killer cells. Blood. 1990;76:2421-38.

10. Dogra P, Rancan C, Ma W, Toth M, Senda T, Carpenter DJ, et al.
Tissue determinants of human NK cell development, function, and
residence. Cell. 2020;180:749-63.

11. Freud AG, Mundy-Bosse BL, Yu J, Caligiuri MA. The broad
spectrum of human natural killer cell diversity. Immunity.
2017;47:820-33.

12. Karre K, Ljunggren HG, Piontek G, Kiessling R. Selective
rejection of H-2-deficient lymphoma variants suggests alternative
immune defence strategy. Nature. 1986;319:675-8.

13. Lanier LL. On guard-activating NK cell receptors. Nat Immunol.
2001;2:23-7.

14. Wallin RP, Screpanti V, Michaelsson J, Grandien A, Ljunggren
HG. Regulation of perforin-independent NK cell-mediated cyto-
toxicity. Eur J Immunol. 2003;33:2727-35.

15. Screpanti V, Wallin RP, Grandien A, Ljunggren HG. Impact of
FASL-induced apoptosis in the elimination of tumor cells by NK
cells. Mol Immunol. 2005;42:495-9.

16. Lanier LL, Yu G, Phillips JH. Co-association of CD3 zeta with a
receptor (CD16) for IgG Fc on human natural killer cells. Nature.
1989;342:803-5.

17. Ferlazzo G, Munz C. NK cell compartments and their activation
by dendritic cells. J Immunol. 2004;172:1333-9.

18. Martin-Fontecha A, Thomsen LL, Brett S, Gerard C, Lipp M,
Lanzavecchia A, et al. Induced recruitment of NK cells to lymph
nodes provides IFN-gamma for T(H)1 priming. Nat Immunol.
2004;5:1260-5.

19. Imai K, Matsuyama S, Miyake S, Suga K, Nakachi K. Natural
cytotoxic activity of peripheral-blood lymphocytes and cancer
incidence: an 11-year follow-up study of a general population.
Lancet. 2000;356:1795-9.

20. Halama N, Braun M, Kahlert C, Spille A, Quack C, Rahbari N,
et al. Natural killer cells are scarce in colorectal carcinoma tissue

SPRINGER NATURE

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

despite high levels of chemokines and cytokines. Clin Cancer Res.
2011;17:678-89.

Barlozzari T, Reynolds CW, Herberman RB. In vivo role of
natural killer cells: involvement of large granular lymphocytes in
the clearance of tumor cells in anti-asialo GMI-treated rats. J
Immunol. 1983;131:1024-7.

Mimura K, Kamiya T, Shiraishi K, Kua LF, Shabbir A, So J, et al.
Therapeutic potential of highly cytotoxic natural killer cells for
gastric cancer. Int J Cancer. 2014;135:1390-8.

Ames E, Canter RJ, Grossenbacher SK, Mac S, Chen M, Smith
RC, et al. NK cells preferentially target tumor cells with a cancer
stem cell phenotype. J Immunol. 2015;195:4010-9.

Kim HR, Park HJ, Park JH, Kim SJ, Kim K, Kim J. Character-
istics of the killing mechanism of human natural killer cells
against hepatocellular carcinoma cell lines HepG2 and Hep3B.
Cancer Immunol Immunother. 2004;53:461-70.

Takeda K, Hayakawa Y, Smyth MJ, Kayagaki N, Yamaguchi N,
Kakuta S, et al. Involvement of tumor necrosis factor-related
apoptosis-inducing ligand in surveillance of tumor metastasis by
liver natural killer cells. Nat Med. 2001;7:94—100.
Dupaul-Chicoine J, Arabzadeh A, Dagenais M, Douglas T, Cham-
pagne C, Morizot A, et al. The Nlrp3 inflammasome suppresses
colorectal cancer metastatic growth in the liver by promoting natural
killer cell tumoricidal activity. Immunity. 2015;43:751-63.

Wang W, Erbe AK, Hank JA, Morris ZS, Sondel PM. NK cell-
mediated antibody-dependent cellular cytotoxicity in cancer
immunotherapy. Front Immunol. 2015;6:368.

Rocca YS, Roberti MP, Julia EP, Pampena MB, Bruno L, Rivero
S, et al. Phenotypic and functional dysregulated blood NK cells in
colorectal cancer patients can be activated by cetuximab Plus IL-2
or IL-15. Front Immunol. 2016;7:413.

Trotta AM, Ottaiano A, Romano C, Nasti G, Nappi A, De Divitiis
C, et al. Prospective evaluation of cetuximab-mediated antibody-
dependent cell cytotoxicity in metastatic colorectal cancer patients
predicts treatment efficacy. Cancer Immunol Res. 2016;4:366-74.
Vivier E, Raulet DH, Moretta A, Caligiuri MA, Zitvogel L, Lanier
LL, et al. Innate or adaptive immunity? The example of natural
killer cells. Science. 2011;331:44-9.

Bottcher JP, Bonavita E, Chakravarty P, Blees H, Cabeza-
Cabrerizo M, Sammicheli S, et al. NK cells stimulate recruitment
of cDC1 into the tumor microenvironment promoting cancer
immune control. Cell. 2018;172:1022-37.e14.

He H, Geng T, Chen P, Wang M, Hu J, Kang L, et al. NK cells
promote neutrophil recruitment in the brain during sepsis-induced
neuroinflammation. Sci Rep. 2016;6:27711.

Li H, Zhai N, Wang Z, Song H, Yang Y, Cui A, et al. Regulatory
NK cells mediated between immunosuppressive monocytes and
dysfunctional T cells in chronic HBV infection. Gut.
2018;67:2035-44.

Calmeiro J, Carrascal M, Gomes C, Falcdo A, Cruz MT, Neves
BMIDC. Highlighting the role of DC-NK cell interplay in
immunobiology and immunotherapy. In: Chapoval SP (ed). pp
25-45 (IntechOpen, 2018).

Deauvieau F, Ollion V, Doffin AC, Achard C, Fonteneau JF,
Verronese E, et al. Human natural killer cells promote cross-
presentation of tumor cell-derived antigens by dendritic cells. Int J
Cancer. 2015;136:1085-94.

Mocikat R, Braumuller H, Gumy A, Egeter O, Ziegler H, Reusch
U, et al. Natural killer cells activated by MHC class I(low) targets
prime dendritic cells to induce protective CD8 T cell responses.
Immunity. 2003;19:561-9.

Brackett CM, Kojouharov B, Veith J, Greene KF, Burdelya LG,
Gollnick SO, et al. Toll-like receptor-5 agonist, entolimod, sup-
presses metastasis and induces immunity by stimulating an NK-
dendritic-CD8+ T-cell axis. Proc Natl Acad Sci USA. 2016;113:
E874-83.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

The role of natural killer cell in gastrointestinal cancer: killer or helper

729

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

Barry KC, Hsu J, Broz ML, Cueto FJ, Binnewies M, Combes AJ,
et al. A natural killer-dendritic cell axis defines checkpoint
therapy-responsive  tumor microenvironments. Nat Med.
2018;24:1178-91.

Han B, Mao FY, Zhao YL, Lv YP, Teng YS, Duan M, et al.
Altered NKp30, NKp46, NKG2D, and DNAM-1 rxpression on
circulating NK cells Is associated with tumor progression in
human gastric cancer. J] Immunol Res. 2018;2018:6248590.
Gharagozloo M, Kalantari H, Rezaei A, Maracy MR, Salehi M,
Bahador A, et al. The decrease in NKG2D+ Natural Killer cells in
peripheral blood of patients with metastatic colorectal cancer.
Bratisl Lek Listy. 2015;116:296-301.

Jinushi M, Takehara T, Tatsumi T, Hiramatsu N, Sakamori R,
Yamaguchi S, et al. Impairment of natural killer cell and dendritic
cell functions by the soluble form of MHC class I-related chain A
in advanced human hepatocellular carcinomas. J Hepatol.
2005;43:1013-20.

Ferrari de Andrade L, Tay RE, Pan D, Luoma AM, Ito Y,
Badrinath S, et al. Antibody-mediated inhibition of MICA and
MICB shedding promotes NK cell-driven tumor immunity. Sci-
ence. 2018;359:1537-42.

Liu Y, Cheng Y, Xu Y, Wang Z, Du X, Li C, et al. Increased
expression of programmed cell death protein 1 on NK cells
inhibits NK-cell-mediated anti-tumor function and indicates poor
prognosis in digestive cancers. Oncogene. 2017;36:6143-53.
Andre P, Denis C, Soulas C, Bourbon-Caillet C, Lopez J, Arnoux
T, et al. Anti-NKG2A mAb Is a Checkpoint Inhibitor that Pro-
motes Anti-tumor Immunity by Unleashing Both T and NK Cells.
Cell. 2018;175:1731-43. el3.

Zhou XM, Li WQ, Wu YH, Han L, Cao XG, Yang XM, et al.
Intrinsic expression of immune checkpoint molecule TIGIT could
help tumor growth in vivo by suppressing the function of NK and
CD8(+) T Cells. Front Immunol. 2018;9:2821.

Sun H, Huang Q, Huang M, Wen H, Lin R, Zheng M, et al.
Human CD96 correlates to natural killer cell exhaustion and
predicts the prognosis of human hepatocellular carcinoma.
Hepatology. 2019;70:168-83.

Bruno A, Bassani B, D’Urso DG, Pitaku I, Cassinotti E, Pelosi G,
et al. Angiogenin and the MMP9-TIMP2 axis are up-regulated in
proangiogenic, decidual NK-like cells from patients with color-
ectal cancer. FASEB J. 2018;32:5365-77.

Albini A, Bruno A, Bassani B, Bucci EO, Boni L, Dominioni L,
et al. Colorectal cancer (CRC) progression and angiogenesis:
tumor infiltrating natural killer cells as novel inflammatory
orchestrators. Ann Oncol. 2017;28(Suppl 6):vil1-vi2.

LiT, Yang Y, Hua X, Wang G, Liu W, Jia C, et al. Hepatocellular
carcinoma-associated fibroblasts trigger NK cell dysfunction via
PGE2 and IDO. Cancer Lett. 2012;318:154-61.

Langhans B, Alwan AW, Kramer B, Glassner A, Lutz P, Strass-
burg CP, et al. Regulatory CD4+ T cells modulate the interaction
between NK cells and hepatic stellate cells by acting on either cell
type. J Hepatol. 2015;62:398-404.

Hoechst B, Voigtlaender T, Ormandy L, Gamrekelashvili J, Zhao
F, Wedemeyer H, et al. Myeloid derived suppressor cells inhibit
natural killer cells in patients with hepatocellular carcinoma via
the NKp30 receptor. Hepatology. 2009;50:799-807.

Spiegel A, Brooks MW, Houshyar S, Reinhardt F, Ardolino M,
Fessler E, et al. Neutrophils suppress intraluminal NK cell-
mediated tumor cell clearance and enhance extravasation of dis-
seminated carcinoma cells. Cancer Discov. 2016;6:630-49.
Berchem G, Noman MZ, Bosseler M, Paggetti J, Baconnais S, Le
Cam E, et al. Hypoxic tumor-derived microvesicles negatively
regulate NK cell function by a mechanism involving TGF-beta
and miR23a transfer. Oncoimmunology. 2016;5:¢1062968.

Viry E, Baginska J, Berchem G, Noman MZ, Medves S, Chouaib
S, et al. Autophagic degradation of GZMB/granzyme B: a new

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

mechanism of hypoxic tumor cell escape from natural killer cell-
mediated lysis. Autophagy. 2014;10:173-5.

Baginska J, Viry E, Berchem G, Poli A, Noman MZ, van Moer K,
et al. Granzyme B degradation by autophagy decreases tumor cell
susceptibility to natural killer-mediated lysis under hypoxia. Proc
Natl Acad Sci USA. 2013;110:17450-5.

Harmon C, Robinson MW, Hand F, Almuaili D, Mentor K,
Houlihan DD, et al. Lactate-mediated acidification of tumor
microenvironment induces apoptosis of liver-resident NK cells in
colorectal liver metastasis. Cancer Immunol Res. 2019;7:335-46.
Yang Y, Lim O, Kim TM, Ahn YO, Choi H, Chung H, et al.
Phase I study of random healthy donor-derived allogeneic natural
killer cell therapy in patients with malignant lymphoma or
advanced solid tumors. Cancer Immunol Res. 2016;4:215-24.
Sakamoto N, Ishikawa T, Kokura S, Okayama T, Oka K, Ideno
M, et al. Phase I clinical trial of autologous NK cell therapy using
novel expansion method in patients with advanced digestive
cancer. J Transl Med. 2015;13:277.

Hermanson DL, Bendzick L, Pribyl L, McCullar V, Vogel RI,
Miller JS, et al. Induced pluripotent stem cell-derived natural killer
cells for treatment of ovarian cancer. Stem Cells. 2016;34:93-101.
Pinho MJ, Punzel M, Sousa M, Barros A. Ex vivo differentiation
of natural killer cells from human umbilical cord blood CD34+
progenitor cells. Cell Commun Adhes. 2011;18:45-55.

Woll PS, Grzywacz B, Tian X, Marcus RK, Knorr DA, Verneris
MR, et al. Human embryonic stem cells differentiate into a
homogeneous population of natural killer cells with potent in vivo
antitumor activity. Blood. 2009;113:6094—-101.

Xu C, Liu D, Chen Z, Zhuo F, Sun H, Hu J, et al. Umbilical cord
blood-derived natural killer cells combined with bevacizumab for
colorectal cancer treatment. Hum Gene Ther. 2019;30:459-70.
Bjordahl R, Mahmood S, Gaidarova S, Abujarour R, Clarke R,
Stokely L, et al. FT500, an off-the-shelf NK cell cancer immu-
notherapy derived from a master pluripotent cell line, enhances T-
cell activation and recruitment to overcome checkpoint blockade
resistance. Cancer Res. 2018;78(13 Suppl):nr(Abstract 3576).
Geller MA, Cooley S, Judson PL, Ghebre R, Carson LF, Argenta
PA, et al. A phase II study of allogeneic natural killer cell therapy
to treat patients with recurrent ovarian and breast cancer. Cyto-
therapy. 2011;13:98-107.

Tam YK, Martinson JA, Doligosa K, Klingemann HG. Ex vivo
expansion of the highly cytotoxic human natural killer-92 cell-line
under current good manufacturing practice conditions for clinical
adoptive cellular immunotherapy. Cytotherapy. 2003;5:259-72.
Krause SW, Gastpar R, Andreesen R, Gross C, Ullrich H, Thonigs
G, et al. Treatment of colon and lung cancer patients with ex vivo
heat shock protein 70-peptide-activated, autologous natural killer
cells: a clinical phase i trial. Clin Cancer Res. 2004;10:3699-707.
Li Y, Hermanson DL, Moriarity BS, Kaufman DS. Human iPSC-
derived natural killer cells engineered with chimeric antigen
receptors enhance anti-tumor activity. Cell Stem Cell.
2018;23:181-92.e5.

Xiao L, Cen D, Gan H, Sun Y, Huang N, Xiong H, et al. Adoptive
Transfer of NKG2D CAR mRNA-Engineered Natural Killer Cells
in Colorectal Cancer Patients. Mol Ther. 2019;27:1114-25.

Lu C, Guo C, Chen H, Zhang H, Zhi L, Lv T, et al. A novel
chimeric PD1-NKG2D-41BB receptor enhances antitumor activ-
ity of NKO92 cells against human lung cancer H1299 cells by
triggering pyroptosis. Mol Immunol.2020;122:200-6.
Schirrmann T, Pecher G. Human natural killer cell line modified
with a chimeric immunoglobulin T-cell receptor gene leads to
tumor growth inhibition in vivo. Cancer Gene Ther.
2002;9:390-8.

Liu E, Marin D, Banerjee P, Macapinlac HA, Thompson P, Basar
R, et al. Use of CAR-transduced natural killer cells in CD19-
positive lymphoid tumors. N. Engl J Med. 2020;382:545-53.

SPRINGER NATURE



730

F. Wang et al.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Zhang Q, Bi J, Zheng X, Chen Y, Wang H, Wu W, et al. Blockade
of the checkpoint receptor TIGIT prevents NK cell exhaustion and
elicits potent anti-tumor immunity. Nat Immunol. 2018;19:723-32.
Hsu J, Hodgins JJ, Marathe M, Nicolai CJ, Bourgeois-Daigneault
MC, Trevino TN, et al. Contribution of NK cells to immu-
notherapy mediated by PD-1/PD-L1 blockade. J Clin Invest.
2018;128:4654-68.

van Hall T, Andre P, Horowitz A, Ruan DF, Borst L, Zerbib R,
et al. Monalizumab: inhibiting the novel immune checkpoint
NKG2A. J Immunother Cancer. 2019;7:263.

Wang L, Wei Y, Fang W, Lu C, Chen J, Cui G, et al. Cetuximab
enhanced the cytotoxic activity of immune cells during treatment
of colorectal cancer. Cell Physiol Biochem. 2017;44:1038-50.
Oppenheim DE, Spreafico R, Etuk A, Malone D, Amofah E,
Pena-Murillo C, et al. Glyco-engineered anti-EGFR mAb elicits
ADCC by NK cells from colorectal cancer patients irrespective of
chemotherapy. Br J Cancer. 2014;110:1221-7.

David JM, Fantini M, Annunziata CM, Arlen PM, Tsang KY The
neoantigen-targeting antibody NEO-201 enhances NK cell-
dependent killing of tumor cells through blockade of the inhibi-
tory CEACAMS/CEACAMI1 immune checkpoint pathway. Can-
cer Res. 2018;78(13 Suppl):nr(Abstract3821).

Dotan E, Cohen SJ, Starodub AN, Lieu CH, Messersmith WA,
Simpson PS, et al. Phase I/II trial of labetuzumab govitecan (Anti-
CEACAMS5/SN-38 Antibody-Drug Conjugate) in patients with
refractory or relapsing metastatic colorectal cancer. J Clin Oncol.
2017;35:3338-46.

Ardolino M, Azimi CS, Iannello A, Trevino TN, Horan L, Zhang
L, et al. Cytokine therapy reverses NK cell anergy in MHC-
deficient tumors. J Clin Invest. 2014;124:4781-94.

Kono K, Takahashi A, Ichihara F, Sugai H, Fujii H, Matsumoto
Y. Impaired antibody-dependent cellular cytotoxicity mediated by
herceptin in patients with gastric cancer. Cancer Res.
2002;62:5813-7.

Easom NJW, Stegmann KA, Swadling L, Pallett LJ, Burton AR,
Odera D, et al. IL-15 overcomes hepatocellular carcinoma-
induced NK cell dysfunction. Front Immunol. 2018;9:1009.
Dubois S, Conlon KC, Muller JR, Hsu-Albert J, Beltran N, Bryant
BR, et al. IL15 infusion of cancer patients expands the subpopulation
of cytotoxic CD56(bright) NK cells and increases NK-cell cytokine
release capabilities. Cancer Immunol Res. 2017;5:929-38.

Margolin K, Morishima C, Velcheti V, Miller JS, Lee SM, Silk
AW, et al. Phase I trial of ALT-803, a novel recombinant IL15
complex, in patients with advanced solid tumors. Clin Cancer Res.
2018;24:5552-61.

Acoba JD, Rock A, Wong HC. Phase Ib/II study of ALT-803 in
combination with gemcitabine and nab-paclitaxel in patients with
advanced pancreatic cancer. 2017;35(4_suppl):TPS510-TPS.
Schmohl JU, Gleason MK, Dougherty PR, Miller JS, Vallera DA.
Heterodimeric bispecific single chain variable fragments (scFv)
killer engagers (BiKEs) enhance NK-cell activity against CD133+
colorectal cancer cells. Target Oncol. 2016;11:353-61.

Vallera DA, Zhang B, Gleason MK, Oh S, Weiner LM, Kaufman
DS, et al. Heterodimeric bispecific single-chain variable-fragment

SPRINGER NATURE

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

antibodies against EpCAM and CD16 induce effective antibody-
dependent cellular cytotoxicity against human carcinoma cells.
Cancer Biother Radiopharm. 2013;28:274-82.

Rothe A, Jachimowicz RD, Borchmann S, Madlener M, Kessler J,
Reiners KS, et al. The bispecific immunoligand ULBP2-aCEA
redirects natural killer cells to tumor cells and reveals potent anti-
tumor activity against colon carcinoma. Int J Cancer.
2014;134:2829-40.

Schmohl JU, Felices M, Oh F, Lenvik AJ, Lebeau AM, Panyam J,
et al. Engineering of anti-CD133 trispecific molecule capable of
inducing NK expansion and driving antibody-dependent cell-
mediated cytotoxicity. Cancer Res Treat. 2017;49:1140-52.
Vallera DA, Felices M, McElmurry R, McCullar V, Zhou X,
Schmohl JU, et al. IL15 trispecific killer engagers (TriKE) make
natural killer cells specific to CD33+ targets while also inducing
persistence, in vivo expansion, and enhanced function. Clin
Cancer Res. 2016;22:3440-50.

Chen S, Li X, Chen R, Yin M, Zheng Q. Cetuximab intensifies the
ADCC activity of adoptive NK cells in a nude mouse colorectal
cancer xenograft model. Oncol Lett. 2016;12:1868-76.

Ishikawa T, Okayama T, Sakamoto N, Ideno M, Oka K, Enoki T,
et al. Phase I clinical trial of adoptive transfer of expanded natural
killer cells in combination with IgG1 antibody in patients with
gastric or colorectal cancer. Int J Cancer. 2018;142:2599-609.
Zhang Q, Zhang H, Ding J, Liu H, Li H, Li H, et al. Combination
therapy with EpCAM-CAR-NK-92 cells and regorafenib against
human  colorectal cancer models. J Immunol Res.
2018;2018:4263520.

Li L, Li W, Wang C, Yan X, Wang Y, Niu C, et al. Adoptive
transfer of natural killer cells in combination with chemotherapy
improves outcomes of patients with locally advanced colon car-
cinoma. Cytotherapy. 2018;20:13448.

Zhu LY, Zhou J, Liu YZ, Pan WD. [Prognostic significance of
natural killer cell infiltration in hepatocellular carcinoma]. Ai
Zheng. 2009;28:1198-202.

Pernot S, Terme M, Radosevic-Robin N, Castan F, Badoual C,
Marcheteau E, et al. Infiltrating and peripheral immune cell ana-
lysis in advanced gastric cancer according to the Lauren classifi-
cation and its prognostic significance. Gastric Cancer.
2020;23:73-8]1.

Jobin G, Rodriguez-Suarez R, Betito K. Association between
natural killer cell activity and colorectal cancer in high-risk sub-
jects undergoing colonoscopy. Gastroenterology. 2017;153:980-7.
Duan X, Deng L, Chen X, Lu Y, Zhang Q, Zhang K, et al. Clinical
significance of the immunostimulatory MHC class I chain-related
molecule A and NKG2D receptor on NK cells in pancreatic
cancer. Med Oncol. 2011;28:466-74.

Mantovani S, Oliviero B, Lombardi A, Varchetta S, Mele D,
Sangiovanni A, et al. Deficient natural killer cell NKp30-mediated
function and altered NCR3 splice variants in hepatocellular car-
cinoma. Hepatology. 2019;69:1165-79.

Zhao JJ, Pan QZ, Pan K, Weng DS, Wang QJ, Li JJ, et al.
Interleukin-37 mediates the antitumor activity in hepatocellular
carcinoma: role for CD574 NK cells. Sci Rep. 2014;4:5177.



	The role of natural killer cell in gastrointestinal cancer: killer or helper
	Abstract
	Introduction
	Overview of NK cell
	NK cell activation—&#x0201C;missing self&#x0201D; and &#x0201C;induced self&#x0201D;
	NK cell function &#x02013; killer and helper

	Multifaced NK cell in GI cancer
	NK cell function as innate effector in GI cancer
	NK cell function as a helper in GI cancer
	Impaired NK cells in GI cancer

	Clinical application of NK cell in GI cancer
	NK cell-based cancer immunotherapy
	Adoptive NK cell transfer
	Reverse the NK cell dysfunction
	Immune checkpoint inhibitors
	Monoclonal antibody
	Cytokines
	BiKE and TriKE
	Combination therapy to enhance the NK cell cytotoxicity
	Prognostic significance of NK cell in GI cancer

	Conclusion and perspective
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




