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Influence of tumor cells on
natural killer cell phenotype and cytotoxicity

Natural Killer (NK) cells are known to lyse tumor cells lacking MHC-I and expressing ligands for activating recep-
tors, thereby participating in cancer immune surveillance. However, their function and phenotype change significant-
ly in cancer patients. The precise molecular mechanism(s) involved in this phenomenon remain unknown. The aim of
the present study was to investigate changes of both receptor phenotype and cytotoxic activity of NK cells co-
cultured with K562 and HepG2 cells in dual-chamber Transwell® plates. A decrease of NK cell cytotoxicity against
K562 cells was demonstrated. This effect was not a result of changes in perforin, granzyme or CD107a expression by
NK cells or by production of cytokines (IFNy, TNFa, IL-10, and TGFp). No changes in the expression of a majority
of NK cell receptors (CD16, CD69, 2B4, NKG2A, NKG2D, NKp30, NKp44, NKp46, and DNAM1) were observed.
Only an increase in the percentage of NK cells bearing inhibitory receptor TIGIT was found as a result of co-culture
with tumor cells. Possible molecular mechanisms of altered NK cell cytotoxicity involving TIGIT are discussed.
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Introduction

Natural Killer (NK) cells play a key role in im-
mune surveillance in cancer. They dispatch suscept-
ible cells by various mechanisms, including antibo-
dy-dependent cellular cytotoxicity, receptor-
mediated induction of apoptosis, and triggered re-
lease of cytotoxic granules containing perforin and
granzyme [1]. Initiation of killer NK cells begins
with recognition of specific ligands expressed on
target cells by a panel of receptors functionally ca-
tegorized as activating or inhibitory. The NK cell
response represents a net result of the interplay of
signals from these activating and inhibitory recep-
tors [2].

NK cell function and phenotype are severely al-
tered in various types of malignant tumors, such as
colorectal, breast, lung, hepatic, and others [3-6].
Various soluble factors secreted by tumor cells and
their immunosuppressive microenvironment, in-
cluding Treg cells, myeloid-derived suppressor
cells, tolerogenic dendritic cells, and others, contri-
bute to these changes [3]. However, NK cell func-
tion and phenotype change significantly in cancer
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patients, and the molecular mechanism(s) involved
remain unknown.

The aim of the present study was to study
changes of both receptor phenotype and cytotoxic
activity of human NK cells co-cultured with K562
and HepG2 cells in dual-chamber Transwell®
plates. Results revealed a decrease of NK cell cyto-
toxicity under the influence of soluble tumor fac-
tors, accompanied by an increase in the percentage
of NK cells expressing inhibitory receptor TIGIT.

Materials and methods

Blood samples and cell lines

This study was approved by relevant institu-
tional review boards and all volunteers gave written
informed consent according to the Helsinki Decla-
ration. Peripheral blood samples were obtained
from healthy volunteers. Human erythroleukemia
K562 and hepatocarcinoma HepG2 cell lines were
purchased from ATCC (USA). Cells were cultured
in complete culture medium consisting of RPMI-
1640 supplemented with 10% fetal calf serum, 2
mM glutamine, 100 U/ml penicillin, and 100 mg/ml
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streptomycin (Sigma-Aldrich, USA) at 37°C and
5% CO,. Before use, adherent HepG2 cells were
detached from Petri dishes with a 0.05% trypsin
solution and washed in RPMI-1640 medium.

Antibodies

The following labeled anti-human monoclonal
antibodies (mAbs) were used for flow cytometry:
anti-CD3-FITC, anti-CD56-PE, anti-CD56-PerCP,
anti-CD107a-PerCP-Cy5.5, and anti-CD16-PE (Bi-
olegend, USA); anti-NKp44-APC, anti-TIGIT-
biotin, anti-DNAM-1-APC, anti-NKp46-APC, anti-
CD69-FITC, anti-Perforin-APC, anti-NKp30-APC,
anti-2B4-FITC, and anti-NKG2D-APC (Miltenyi
Biotec, Germany); anti-NKG2D-PE and anti-
Granzyme-PE (BD Biosciences, USA); anti-
NKG2A-PerCP (R&D Systems, USA). Streptavi-
din-PE (R&D Systems, USA) was used for detec-
tion of cells linked to anti-TIGIT-biotin.

Cell separation

Peripheral blood mononuclear cells were iso-
lated from venous peripheral blood by Hystopaque-
1077 (Sigma-Aldrich) density gradient centrifuga-
tion. NK cells were purified by immunomagnetic
separation using an NK Isolation Kit and Vario-
MACS cell separator (Miltenyi Biotech) according
to the manufacturer’s instruction. The purity of
CD3'CD56" cell populations exceeded 90% as es-
timated by flow cytometry.

Design of experiment in Transwell plates

NK cells (5x10°) were placed in the bottom
chamber of dual-chamber Transwell® plates (Sig-
ma-Aldrich) in 1750 pl of complete culture media.
Upper wells were filled with 250 pl of culture me-
dia containing 5x10° HepG2 or K562 cells. Only
NK cells were incubated in control wells. Co-
culture lasted for 48 h at 37 °C and 5% CO,, then
NK cells were collected, labeled with mAbs, and
subjected to flow cytometry. The following recep-
tors were analyzed on gated CD3'CD56" cells:
CD16, NKG2A, NKG2D, NKp30, NKp44, NKp46,
CD69, DNAMI, TIGIT, and 2B4.

Flow cytometry

For surface and intracellular staining, cells were
first incubated with mAbs specific for surface
markers according to the manufacturer’s protocols,
then fixed and permeabilized with Fixa-
tion/Permeabilization solution (BD Pharmingen,
USA), mixed well, and incubated for 20 min in the
dark at room temperature. Cells were then washed
with Perm/Wash Buffer (BD Biosciences) and
stained with mAbs specific for intracellular mole-
cules. Afterwards, cells were washed with phos-
phate-buffered saline, resuspended in flow solution,

and immediately analyzed by flow cytometry with
FACSCalibur (BD Biosciences) and CellQuest
software (BD Biosciences).

NK cell cytotoxicity assay

A 3-(4,5-dimethylthiazol-2-il)-2,5-diphenylte-
trazolium bromide (MTT) assay was used to assess
NK cell cytotoxicity. After incubation with K562
cells, HepG2 cells, or alone in Transwell® plates,
NK cells were collected, counted, and a part of
them were subjected to cytotoxicity assay. K562
cells were used as a target. Effector and target cells
in a 2:1 ratio were co-cultured in round bottom 96-
well plates (Sigma-Aldrich) in 200 pl of complete
culture medium for 72 h. Both NK and K562 cells
alone were used as controls. Until the last 4 h of
cultivation, 50 pl of MTT stock solution (500
ug/ml; Sigma-Aldrich) was added. After cultiva-
tion, supernatants were removed and formazan
crystals were dissolved in 150 ul DMSO (Sigma-
Aldrich) and absorbance determined at an optical
density (OD) of 492/630 nm. The index of cytotox-
icity (IC) was calculated as follows:

ic(eg) = 100 ([E“ + Cirsea — E] )

[Caw + Cural

where Cyk and Cgsep are the OD of control wells
and E is the OD of the experimental well.

NK cell cytotoxicity against K562 cells was al-
so assessed by surface staining for CD107a and
intracellular staining for perforin and granzyme B.
For this, NK cells were co-cultured together with
K562 cells as described above and then stained
with anti-CD107a antibodies and incubated for 1 h,
after which Brefeldin A (Biolegend, USA) was
added according to manufacturer’s instruction. Af-
ter 3 hours, cells were collected, washed with phos-
phate-buffered saline, and subjected to intracellular
staining for perforin and granzyme B according to
manufacturer’s instruction.

Cytokine secretion

Supernatants from co-cultures in Transwell”
plates were collected and frozen at -20 °C. Sand-
wich ELISA was performed using human IL-10,
IFNy (BD Biosciences), and TGFB1 (R&D Sys-
tems) ELISA sets according the manufacturer’s
instructions.

Statistical analysis

Data are represented as mean values + quadratic
error. The Student’s t-test was used to analyze data.
P-values of 0.05 were chosen as the limit of statis-
tical significance.
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Results and their discussion

Analysis of NK cell cytotoxicity after co-culture
with tumor cells

The cytotoxicity of NK cells against K562 cells
is considered a gold standard for assessment of NK
cell activity. In our study, the IC of NK cells after
co-culture with HepG2 and K562 cells approached
52.249.3% and 53.4+10.3%, respectively, contrary
to 65.5£10.8% in the absence of co-cultured tumor
cell lines. Since donor NK cells naturally differ by
their primary cytolytic activity, we normalized IC
values to controls (NK cells incubated alone in
Transwell® plates), which were considered as 100%.
Thereafter, NK cell cytotoxicity after incubation
with both tumor cell lines reached 20% (Fig. 1).

Perforin and granzyme, along with death recep-
tor family ligands, are executioners of NK cell me-
diated cytotoxicity. CD107a is a marker of degra-
nulation highly correlated with emptying or NK cell
cytotoxic granules [7]. Unexpectedly, we did not
find statistically significant differences in CD107a,

perforin, or granzyme expression in NK cells co-
cultured with tumor cell lines (Table 1).

Phenotyping of NK cells

Transwell® plates allow free exchange of so-
luble factors and secreted exosomes between co-
cultured cells. We examined alterations of NK cell
activating (DNAM-1, NKG2D, NKp30, NKp44,
NKp46) and inhibitory receptors (TIGIT, NKG2A),
as well as CD16 (FcROIII), involved in antibody-
dependent cellular cytotoxicity. However, changes
in the expression of a majority of receptors/markers
did not reach statistical significance (Table 2).

Taking into account the complex interplay be-
tween TIGIT and its activating counterpart,
DNAM-1 [8], and their role in tumor surveillance,
we analyzed independent and co-expression of
DNAM-1 and TIGIT. A significant increase of NK
cells expressing TIGIT alone after co-culture with
both HepG2 and K562 cells was observed (Table
3). Levels of DNAM-1'TIGIT" and DNAM-
I'TIGIT" NK cells did not change significantly
(Table 3, Fig. 2).
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Figure 1 — Cytotoxicity of NK cells against K562 target after co-culture with HepG2 or K562
tumor cell line, assessed by MTT test. Data are normalized as percent of cytotoxicity index (IC) of NK cells,
cultured in Transwell® plates alone, and are represented as M+m, n=3.
*P=0.007, **P=0.038

Table 1 — Percent of NK cells expressing molecules, associated with cytotoxicity

Items Variants of test Granzyme Perforin CD107a
1 NK alone 85.9+2.7 93.4+1.0 99.2+0.4
2 NK + HepG2 80.0+7.2 89.242.8 94.4+5.3
3 NK + K562 80.5+3.3 89.6+1.8 96.1+3.0
4 n 4 5
5 Py P>0.05
6 Pis P>0.05
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Table 2 — Percent of NK cells expressing particular receptors

Ttems Voafr‘;‘;tts CD16 CD69 2B4 NKG2A | NKG2D | NKp30 | NKp44 | NKp46
1 NK alone 6994115 | 2.5604 | 86.5421.7 | 4.142.3 | 763+5.6 | 5.7424 | 1.840.8 | 89.543.2
2 NK+HepG2 | 79.8t13 | 5.3+24 | 8124102 | 3.5:1.8 | 76.648.7 | 7.4+3.4 | 29613 | 91.043.6
3 NK+K562 734460 | 8.5454 | 82.8+10.5 | 7.143.0 | 69.9411.6 | 3.560.9 | 2.740.6 | 89.1:4.4
1 n 5 7 7 5 6 7 6 5
5 P P>0.05
6 P, P>0.05

Table 3 — Percent of NK cells, expressing DNAM-1, TIGIT or their combinations, by NK cells

Ttems Voaf”tzrs‘tts DNAM:-1 TIGIT DNAM-1*TIGIT *
1 NK alone 94.842.0 47+1.4 6.1£2.4
2 NK-+HepG2 94.2+1.2 10.442.5 16.9+5.1
3 NK+K562 95.6=1.1 12.042.5 18.8+6.7
4 n 3 5 3
5 P, 0.811 0.042 0.204
6 P, 0.767 0.015 0.273

Analysis of cytokine production

Cytokines are known to modulate NK cell ac-
tivity. We analyzed participation of proinflammato-
ry (IFNy, TNFa) and anti-inflammatory (IL-10,
TGEFp) cytokines in modulation of NK cytotoxicity
by determining their concentrations in no-culture
supernatants. No changes in the concentration of
any of these cytokines were found in the culture
media after NK cell co-culture with tumor cells
(Table 4).

The functional incapacitation of NK cells in-
filtrating tumors is well established [5]. Much re-

Table 4 — Cytokine levels in conditioned media, pg/ml, M+m.

search has been performed to analyze NK cell pe-
culiarities in the presence of tumor cells in vitro and
in cancer patients, but precise molecular mechan-
ism(s) of this phenomenon remain unknown. Theo-
retically, two influences could alter NK cell cyto-
lytic activity: cell-to-cell contact and/or the impact
of soluble factors. In this study, we analyzed the
influence of possible soluble factors secreted by
two different tumor cell lines during co-culture with
NK cells in dual-chamber Transwells® on NK cyto-
lytic activity, as well as NK cell receptor/marker
expression and cytokine production.

Ttems \;afrizlsltts IFNy TNFa IL-10
1 NK alone 1579+43 17023 25748
2 NK~+HepG2 1630+11 1702 2664
3 NK+K562 170740 18256 268+14
4 n 3 3 3
2 i: P>0.05
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Figure 2 — Representative data of flow cytometry showing co-expression of DNAM-1 and
TIGIT on NK cells after Transwell® co-culture experiments. A — NK cells cultured alone;
B — NK cells after co-culture together with HepG2 cells; NK cells after co-culture together with K562 cells

A decrease in NK cell cytotoxicity to K562
cells after co-culture with either HepG2 or K562
cells probably involved certain soluble tumor fac-
tors. We showed that the decrease of NK cell ac-
tivity was not associated with an alteration in perfo-
rin and granzyme expression, two proteins known
to mediate the cytolytic impact of NK cells. More-
over, we did not observe changes in CD107a pres-
entation on the NK cell surface. These results indi-
cate the fundamental readiness of NK cells to cyto-
lytic activity.

Taken together, decreased NK cell function
possibly results from deterioration of target ligand
recognition by NK cell receptors due to inhibition
of receptor expression. Our analysis of a panel of
NK cell receptors (CD16, CD69, 2B4, NKG2D,
NKp30, NKp44, NKp46) did not elucidate any
changes in their expression after co-culture with
tumor cell lines. In addition, there was no change in
the expression of inhibitory receptor NKG2A.
However, we did detect an increase in the expres-
sion of another inhibitory receptor, TIGIT, on NK
cells after co-culture with HepG2 and K562 cells.
This finding is of particular interest because the NK
cell response is determined by the net outcome of
signals from activating and inhibitory receptors [2].
Many NK cell activating or inhibitory receptors
share a common ligand [8, 9]. Distinctive examples
are DNAM-1, TIGIT, and CD96, all critical regula-
tors of NK cell function which share CD155 and
CD112 ligands (members of nectin and nectin-like
protein families) [10]. CD155 is a dominant ligand
over CD112 for DNAM-1 and TIGIT [11]. CD155
(Necl5, PVR, Tage4) is an immunoglobulin-like
receptor found on certain tumors [10, 12, 13].

Although functional involvement of TIGIT in
altered NK cytotoxicity was not examined, our
findings could theoretically be explained as fol-
lows. HepG2 and K562 cells express CD112 and
CD155 [13] and secrete exosomes [14]. If CD112
or CD155 are enriched on exosomes or secreted as
free soluble forms and bind TIGIT, thereby activat-
ing this inhibitory receptor, its engagement could
depress NK cell cytotoxicity. However, this hypo-
thesis does not explain the observed increase in the
percentage of TIGIT' NK cells.

Recently it has been shown that K562 cells
can secrete exosomes rich in microRNAs, many of
which are involved in modulation of Wnt signaling
pathways [14], which could change transcription of
the gene encoding TIGIT. The role of Wnt signal-
ing has been investigated previously in differentia-
tion of NK cell lineages [15]. It is of interest to
study other facets of this pathway in NK cell biolo-
gy.

In conclusion, our study demonstrates an in-
crease of NK cells expressing inhibitory receptor
TIGIT that may decrease the natural cytotoxicity of
these cells. It is of interest to determine whether
this phenomenon is recapitulated in cancer patients
and could represent a novel parameter in assess-
ment of NK cell function.
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