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ABSTRACT

Anti-PD-1 and anti-PD-L1 are therapies that have shown success in cancer treatment. However,
while treating cancer with PD-1/PD-L1 blockade is similar, the clinical response rate is still low in
certain cancers at around 40%. Therefore, therapeutic strategies are needed to increase PD-L1
expression and optimize PD-1/PD-L1 blockade therapy, so as to improve satisfactory therapeutic
results. In tumors, IFNy induces the expression of PD-L1 which is a cytokine secreted by Natural
Killer cells. A study showed that PM21-NK cells induced large amounts of IFNy and transfected
PM21-NK cells adaptively induced PD-L1 expression. In in vitro experiments, anti-PD-L1 treatment
had no direct effect on cytotoxicity or cytokine secretion by PD-1 negative PM21-NK cells in
response to PD-L1+ targets. However, in vivo a significant increase in the antitumor effect of
Natural Killer cells was found when combined with anti-PD-L1. PD-L1 blockade also resulted in
increased persistence of Natural Killer cells in vivo and retention of their cytotoxic phenotype.
These results support the use of anti-PD-L1 in combination with Natural Killer cell therapy
regardless of baseline tumor PD-L1 status and suggest that Natural Killer cell therapy will likely
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increase the applicability of anti-PD-L1 treatment. In this review article, the author will discuss the
method of optimizing PD-L1 blockade combined with Natural Killer cell therapy to increase the
efficacy of treatment on cancer stem cells in the dormant phase.
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1. INTRODUCTION

“Anti-PD-1 and anti-PD-L1 are therapies that
have shown success in cancer treatment” [1].
“(PD-1)/programmed cell death ligand 1 (PD-L1)
pathway is a programmed cell death receptor 1
pathway. Targeting this pathway has been a
proven successful anticancer strategy” [2]. “In
cases of head and neck squamous cell
carcinoma, melanoma, lymphoma, lung cancer,
colorectal cancer, liver cancer, urothelial cancer,
cervical cancer, stomach cancer, kidney cancer
and breast cancer, many antibodies have been
applied to the PD-1/PD-L1 pathway” [3].
“Monotherapy or combination therapy in the form
of adjuvant or neo-adjuvant produces satisfactory
clinical responses. Long-term remission occurs in
a small proportion of cancer patients. However,
while treating cancer with PD-1/PD-L1 blockade
is similar, the clinical response rate is still low in
certain cancers at around 40%. This is due to the
lack of immune-related toxicity effects, known
biomarkers, as well as innate and acquired drug
resistance” [4]. “Therefore, therapeutic strategies
are needed to increase PD-L1 expression and
optimize PD-1/PD-L1 blockade therapy, so as to
improve satisfactory therapeutic results. In
tumors, IFNy induces the expression of PD-L1
which is a cytokine secreted by Natural Killer
cells. A study showed that PM21-NK cells
induced large amounts of IFNy and transfected
PM21-NK cells adaptively induced PD-L1
expression. In in vitro experiments, anti-PD-L1
treatment had no direct effect on cytotoxicity or
cytokine secretion by PD-1 negative PM21-NK
cells in response to PD-L1+ targets. However, in
Vivo a significant increase in the antitumor effect
of Natural Killer cells was found when combined
with anti-PD-L1” [1].

1.1 Recognition of NK Cells

Natural killer (NK) cells are the main effector
cells of innate immunity in eliminating various
viruses, microbes and tumor cells through
cytotoxic lymphocyte cell-mediated release of
granzyme B, is known as NK-mediated target cell
lysis. NK also produces pro-inflammatory
cytokines. The ability of NK to destroy target cells
depends on the levels of MHC class | molecules
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expressed by target cells. MSCs do not express
MHC class |, so MHC does not recognized as the
lysis program of NK cells, both derived from
MSCs autologous and allogeneic MSCs. Active
NK cells will bind ligands MSCs on NK cell
surface receptors so that they can eliminate them
the existence of MSC [5].

“NK cells have been divided into two main
subgroups based on CD56 expression: CD56right
and CD564Mm NK cells identified as CD3-CD56+
cells” [6]. “CD56bient NK cells account for
approximately 5-10% of peripheral blood NK
cells and are immature NK cells that are thought
to play an immunomodulatory role by producing
cytokines. Meanwhile, fully mature NK cells are
called CD569m NK cells which account for
around 90-95% of peripheral blood NK cells.
Through cell-mediated cytotoxicity (ADCC), they
kill target cells directly” [7,8]. “CD56¢™ NK cells
are found in many lymphoid organs such as
lymph nodes and tonsils. CD569™ NK cells are
also commonly found in peripheral blood, lungs,
bone marrow and spleen. Although referred to as
a distinct subtype, CD56gt NK cells are also
considered to be precursors of CD5649™m NK cells
after exposure to interleukin (IL)-2 and/or IL-15
and ultimately differentiate into CD569™ NK
cells” [9].

NK cell recognition of “self” and “nonself’ only
requires precise control of NK cell function
through regulation of activation and inhibition
receptor and does not require rearrangement of
somatic genes to produce clones that recognize
different antigens (Fig. 1) [10]. NK cell surface
inhibitory receptors, especially Killer
Immunoglobulin-like Receptors (KIRs), the C-
type lectin receptor family CD94/NKG2, and
leukocyte Ig-like receptors (LIRS/ILTS) undergo
an “education” process to recognize Major
Histocompatibility Complex class | molecules
(MHC- ) [11], resulting in NK cells becoming
inactive and building self-tolerance [12,13]. And
when NK cells recognize more activating
receptors, especially DNAX accessory molecule
receptor 1 (DNAM-1), Natural Cytotoxic Receptor
(NCR), and natural killer group member 2 D
(NKG2D) undergo lysis of target cells through a
“lost self” mechanism or "induced self" [14].
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Fig. 1. NK cell function through regulation of activation and inhibition receptor [10]
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Fig. 2. Mechanism of the PD-1/PD-L1 pathway in the immune system and cancer [21]
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1.2 The Role of PD-1/PD-L1 in the Immune
system and Cancer Cells

“The PD-1/PD-L1 pathway under normal
circumstances negatively regulates the immune
system. ITSM has the biological function of PD-1
by being phosphorylated by binding PD-L1 and
subsequently activating a series of intracellular
pathways and inducing immune inhibition” [3].
“‘PD-1 exerts its immunosuppressive effects
between different T and B lymphocytes” [15].

“There are two signaling pathways involved in
the immune response induced by T cells
following pathogen invasion including binding of
immunostimulatory APC-expressed ligands to
the TCR and binding of the major
histocompatibility complex (MHC) on the surface
of antigen-presenting cells (APCs) to the T cell
receptor (TCR)”. [30] “In effect, activating or
inhibitory signals are transduced to T cells and
subsequently cause T cell activation and
exhaustion in regulating the immune response.
TCR-mediated, PD-1/PD-L1 pathway can lead to
inhibition of T cell activation. Engagement of PD-
1 and PD-1 ligand in T cells results in recruitment
of SHP-1/2 to the C-terminus of ITSM. Then
there is dephosphorylation of TCR-associated
CD-3C and ZAP70 by SHP-2, so that inhibition of
downstream signals occurs” [16]. “Specifically,
the phosphatidylinositol 3-kinase (PI3K) pathway
is suppressed, resulting in reduced expression of
the cell survival gene Bcl-XL” [17]. “In addition,
activation of the PISK/AKT pathway is inhibited
by TCR-induced PD-1 by activating PTEN” [18].
“In addition, PD-1 suppresses T cell proliferation
by inhibiting the activation of the RAS-MEK-ERK
pathway and inhibiting the activation of PKCS9,
resulting in a reduction in the levels of cytokines
IFN-y and IL-2 secreted by T cells” [19,20].
“Furthermore, by suppressing glycolysis and
promoting lipolysis and fatty acid oxidation, PD-1
signaling regulates T cell metabolism” [21]. The
mechanism of the PD-1/PD-L1 pathway in the
immune system and cancer is depicted in Fig. 2.

1.3 NK Cell-mediated Anticancer
Mechanisms

“TRAIL is a type Il transmembrane protein with
homology to TNF and FasL which expressed by
T cells and NK cells, but can also be found in
dendritic cells, monocells, and macrophages”
[27]. “While freshly isolated NK Cells, they do not
express detectable levels of TRAIL on their
surface. TRAIL surface expression can be
stimulated by IL-2, IL-15 or IL-12 134,135.
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TRAIL-mediated cytotoxicity has been shown to
control NK cell-mediated cancer cells” [23].
“However, it is not yet known the mechanism by
which  TRAIL migrates to the lysosomal
compartment and whether TRAIL is stored in the
same vesicles as FasL. Surface expression
TRAIL in synapses can be induced by exposure
to target cells. In the case of cytokine-induced
expression, this is indeed the case it is unlikely
that TRAIL is concentrated in a specific subset of
NK cells surface. However, unlike FasL which is
soluble, TRAIL is soluble can carry out its
apoptotic activity and potentially result in the
killing of cancer cells in close proximity to TRAIL
secreting NK cells” [23, 26].

“TRAIL in humans binds to 4 different membrane
receptors and 1 soluble receptor. TRIAL receptor
subtypes that can induce apoptosis are TRAIL-
R1 and TRAIL-R2. While TRAIL-R3, TRAIL-R4
and Osteoprotegerin largely induces NF-kB
signaling and functions as fodder receptors to
limit TRAIL binding to the pro-apoptotic TRAIL
receptor. TRAIL-R1 and TRIAL-R2 represent
pro-apoptotic signaling that is very similar to
CD95-mediated signaling, with activation of
caspase-8 and formation of DISC” [26].

1.4 Optimization of PD-1/PD-L1 Blockade
in increasing NK Cell Cytotoxicity

“PD-L1 is upregulated on the surface of various
types of cancer cells by IFN-y and TNF-a. This
regulation  involves  several endogenous
carcinogenic pathways including PI3K-AKT and
AMPK. PD-L1, which is regulated through the
PI3K-AKT and AMPK pathways, helps cancer
cells escape immunity by negatively regulating
antitumor immunity after binding to PD-1. This
change in PD-L1  expression through
upregulation or downregulation, results in better
cancer treatment efficacy when combined with
immunotherapy. Upon downregulation of PD-L1
expression, the inhibited PD-L1/PD-1 axis
releases the brakes on the immune system. In
contrast, upregulated PD-L1 changes the tumor
from a cold state to a hot state. Therefore, the
PD-L1/PD-1 axis may have greater power to
inhibit the antitumor immune system” [28].

Targeting PD-L1 regulation may result in better
therapeutic effects. A Multistage Sensitive
Nanocomplex (MUSE) loaded with the PD-
L1/CD47 dual-targeting CRISPR/Cas9 system
was developed as a coactivator of T cell and
macrophage-mediated antitumor immune
responses. In a study on mice with melanoma,
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the prepared MUSE had several beneficial
characteristics including, rapid response to MMP-
9-rich TME, high transfection efficiency, including
prolonged blood circulation, increased lysosome
release, and rapid nuclear localization. With
these advantages, MUSE equipped with MT-
CRISPR/Cas9 shows effective elimination of PD-
L1 and CD47 in tumor cells and has the ability of
activation of innate and adaptive antitumor
immunity, thereby significantly improving the
overall survival in mouse melanoma cancer
without side effects (Fig. 3) beyond the detected
target. This study provides a new alternative for
the development of future CRISPR-based
anticancer treatment regimens and anticancer
therapies [29].

1.5 Clinical Use of Combination of PD-
1/PD-L1 Blockade Agent and NK Cells

‘In several cancers including renal cell
carcinoma, ovarian cancer, Kaposi's sarcoma,
digestive cancer and MM, PD-1 is upregulated
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on NK cells with varying expression levels.
Functional dysregulation in NK cells occurs as a
result of this upregulation. Exemplified by
functionally depleted PD-1+ NK cells” [22].
“Several studies have shown that ligation
of PD-1 on NK cells with its ligands causes death
ligand programming 1 (PD-L1) on tumor cells
and can deplete NK cells and strongly suppress
their antitumor properties” [23]. “Combination
therapy with anti-PD-1 mAbs such as nivolumab
has been widely used to reconstitute NK cell
function in patients with solid tumors” (Fig. 4)
[24]. “In ftriple negative breast cancer cells
(TNBC). The PD-L1 mADb, avelumab significantly
enhanced NK cell-mediated cytotoxic effects”
[23]. “PD-L1 is expressed by tumor cells to
higher levels leading to a higher degree of
sensitivity to avelumab-mediated ADCC. Histone
deacetylase inhibitors are a combined
therapeutic strategy that can result in increased

NK cell tumor cell lysis and ADCC in
several avelumab-mediated carcinoma cell
types” [25].
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Fig. 3. MUSE equipped with MT-CRISPR/Cas9 shows effective elimination of PD-L1 and CD47
in tumor cells and has the ability of activation of innate and adaptive antitumor immunity [29]
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Fig. 4. Targets of checkpoint inhibitors on NK cells and T cells and their respective inhibitory
antibodies are being investigated for therapeutic efficacy and clinical use for cancer [24]

Therefore, targeting the PD-1/PD-L1 pathway
can enhance the effect of NK-mediated tumor
cell elimination in TNBC [23]. However, the role
of the PD-1/PD-L1 axis in the antitumor function
of NK cells appears to be TME dependent and
complex. In Hodgkin's lymphoma, immune
evasion through this pathway in NK cells is more
prominent than in large B-cell lymphoma. Indirect
emphasis by NK cells via tumor-associated
macrophages express PD-L1/PD-L2 [26].

2. CONCLUSION
PERSPECTIVES

AND FUTURE

Innate and adaptive immunity play an important
role in the immune system's response to tumors.
Therefore, therapeutic strategies that are able to
target both branches of immunity simultaneously
have the potential to provide major therapeutic
effects against cancer cells. This occurs due to
blockade of the PD-1/PD-L1 axis, which can
increase the antitumor cytotoxic activity of NK
cells and T cells. Tumors have a mechanism to
avoid T cell recognition and tumors try to
downregulate HLA | expression. However, with
the optimization strategy of PD-1/PD-L1
blockade can be more efficiently recognized and
killed by NK cells.The author hopes that there will
be further research in vitro or in vivo on
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optimizing PD-1/PD-L1 blockade to increase the
cytotoxic effect of NK cells in killing cancer cells.
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