Epithelial-mesenchymal transition-induced metastasis could be a

bait for natural killer cells
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Recent research has shown that several mechanisms induce
tumor progression and a novel cause is the escape of
tumor cells from immune surveillance (1). Natural killer
(NK) cells play an important role in immunosurveillance
against cancer cells (2), and the immunosurveillance by
NK cells involves NK cell-mediated tumor cytotoxicity,
which depends on the balance between NK cell-activating
and -inhibiting ligands expressed in tumor cells (3). Both
major histocompatibility complex (MHC) class I chain-
related molecule A and B (MICA/B) and UL16-binding
proteins (ULBPs) are NK cell group 2 member D (NKG2D)
ligands, which activate NK cells via NKG2D-NKG2D
ligand interaction (4,5). Moreover, recent research shows
that cell adhesion molecule 1 (CADM1) is an NK cell-
activating ligand, which engages in cytotoxic and regulatory
T cell-associated molecule (CRTAM) receptor on NK
cells (6). In addition, MHC class I has been recognized as
a classical NK cell-inhibitory ligand, which engages killer
cell immunoglobulin-like receptor (KIR) (7). Additionally,
epithelial cadherin (E-cadherin) has been identified as
an inhibitory ligand, which engages the killer lectin-like
receptor G1 (KLRG1) (8). Several ligands recognized by
NK cells have been identified as prognostic factors for
patients with non-small cell lung cancer (NSCLC). The
overexpression of MICA/B predicts improved clinical
outcome (9), whereas KIR overexpression predicts poor
prognosis in NSCLC (10), suggesting that NK cells are
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critical for immunosurveillance against tumor progression
in NSCLC. These findings provide us the strategy for
enhancing NK cell-activating receptor-ligand interaction
while attenuating NK cell-inhibitory one in order to boost
NK cell-mediated antitumor response in patients with
NSCLC.

Epithelial-mesenchymal transition (EMT) is the event
in which epithelial cells downregulate epithelial markers
(e.g., E-cadherin, cytokeratin) but upregulate mesenchymal
markers (e.g., N-cadherin, vimentin, and snail), resulting
in tumor progression via dissolution of cell-cell adhesions
and breaching of the basement membrane to facilitate
migration and invasion (11). In addition, recent research
showed that EMT led tumor cells to develop a resistant
phenotype against anticancer regents as well as host
immunosurveillance (12). EMT-associated secretory
phenotype was reported to be predictive of poor clinical
outcome, which suggested that EMT affects tumor
progression, including metastatic activity of NSCLC (13).
Thus, EMT is critical for metastasis; however, the
majority of tumor cells in metastatic processes are
successfully eradicated by host immunity (14), which
suggests that metastatic cells may be vulnerable to host
immunosurveillance after EMT.

Recently, Chockley ez al. published important findings
addressing the potential role of NK cells in blocking EM'T-
induced metastasis in lung cancer. In this study, EMT-
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Figure 1 Schematic diagram summarized the relationship between EMT and NK cell-mediated cytotoxicity. EMT, epithelial-mesenchymal

transition; NK, natural killer; E-cad, E-cadherin; N-cad, N-cadherin.

reduced E-cadherin and EMT-induced CADM1 led to
increased susceptibility to NK cell-mediated cytotoxicity in
lung cancer cells, whereas EMT-induced NKG2D ligands
did not enhance NK killing. Interestingly, they showed
that depletion of NK cells allowed spontaneous metastasis
without affecting primary tumor growth iz vive using
several mouse models (15). These findings demonstrated
the presence of NK cell-dependent metastasis-specific
immunosurveillance in host immunity. To explain why
NK cells only helped in prevention of metastasis, they
demonstrated the role of transforming growth factor
(TGF)-p-induced EMT (15). TGF- is known as both an
EMT-inducer (16) and an immunosuppressive cytokine for
NK cells (17). The tumor microenvironment is recognized
as TGF-B rich (18), which suggests that EMT is induced,
whereas NK cell function is inactivated in the primary
site, resulting in attenuated NK cell-mediated cytotoxicity.
However, TGF-P levels in circulation or the site of
micrometastasis may be lower than that in the primary site,
which might lead to the enhancement of NK cell-mediated
cytotoxicity via both upregulation of EMT-induced
CADML1 and downregulation of EMT-reduced E-cadherin
without dysfunction of NK cells in NSCLC cells (Figure 1).

Several studies, including ours, have reported that
modulation of the expression of NK cell-activating or
-inhibiting ligands by artificial stimuli-induced DNA stress,
such as radiation or cytotoxic chemotherapeutics, could
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affect NK cell-mediated cytotoxicity against tumor cells
(3,9,19-21). This suggests that the enhancement of the
activating ligand or attenuation of the inhibitory ligand
is a promising strategy for cancer therapy. Moreover,
EMT is an inevitable step for tumor progression, which
implies that EM'T-induced modulation of NK killing (15)
has much impact to understand how tumor metastasis
can be prevented via host immunity. Further, the authors
showed CADM]1 overexpression predicted improved
clinical outcome in patients with NSCLC (15), which was
consistent with previous reports, which showed that the
overexpression of NKG2D ligand predicted improved
prognosis in several types of cancer, including NSCLC
(9,22). Presently, the NK cell-rerated ligand with the
greatest effect on the survival of patients with NSCLC is
unknown.

In addition, the authors have mentioned future research
directions. We do not know the step of the metastatic
cascade, which is critical for the prevention of metastasis
by NK cells (15). To evaluate this task, i vivo live imaging
tracking immune responses (23) might be useful. Moreover,
investigation of the expression of E-cadherin and CADM1
among radiotherapy, cytotoxic chemotherapy, molecular
target therapy, or immune checkpoint blocking therapy in
patients with NSCLC should be conducted to understand
the roles of E-cadherin and CADMLI in cancer treatment.
Although a recent hot topic in cell therapy against cancer is
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chimeric antigen receptor (CAR) engineering T cells (24),
it is also documented that NK cells with CAR engineering
(CAR-NK) can successfully attack specific to solid tumor
cells (25). To enhance the killing activity of NK cells specific
to metastatic tumor cells with EMT, the CAR-NK strategy
is quite promising.

Theoretically, EMT can be easy to excluded by NK cells
in both the primary and metastatic sites, but Chockley ez a/.
showed that NK cells could not affect tumor cells in the
primary site (15). Therefore, we require a different strategy
for treating the primary site and preventing metastasis.
Surgical removal or radiation therapy for primary sites,
combined with boosting NK cell function by CAR
engineering or immune checkpoint inhibitor targeting KIR
for targeting metastasis-specific immunosurveillance and
preventing metastasis might be a promising combination
strategy for NSCLC treatment.
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