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Introduction

Gastric cancer is the fifth cause of cancer-related death
worldwide. Patients are usually diagnosed in the advanced
stage, and they poorly respond to approved treatments.!
Chemotherapy is the primary conventional therapy for

considered as the control group. Morphometric properties of tumor samples were evaluated at the
end of the study. NK cells infiltration was evaluated by immunohistochemistry (IHC) of hCD56.
Mitotic count and treatment response was assessed by hematoxylin and eosin (H&E) staining. The
proliferation ratio to apoptosis was determined by IHC assessment of Ki67 and caspase 3.

Results: The results indicated that the NK cell therapy could effectively decrease the mitotic count
in pathology assessment, but the tumor was not completely eradicated. In combination with
metronomic chemotherapy (MC) of capecitabine, NK cell therapy demonstrated a significant
difference in tumor morphometric properties compared to the control group. The proliferation
ratio to apoptosis was also in line with pathology data.

Conclusion: Although NK cell therapy could effectively decrease the mitotic count in vivo, the
obtained findings indicated lesser potency than MC despite ex vivo activation. In order to enhance
NK cell therapy effectiveness, suppressive features of the tumor microenvironment and inhibitory
immune checkpoints blockade should be considered.

stomach cancer; however, immune cell therapy is the
new cancer treatment landscape. The immune system
of patient is employed to combat against cancerous cells
in the immunotherapy context. Different approaches
to immunotherapy are immune checkpoint blockade,
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monoclonal antibodies, and cancer vaccines. > However,
cell therapy injects activated and viable cells into patients
to fight the cancer cells and enhance cellular immunity
directly. Natural killer (NK) cell adoptive based therapy
is considered a promising cytotherapy in cancer.**
These cells are safe, rarely induce GVHD, and are well
tolerated in recipients.”® Different studies corroborated
the dysfunctionality of own patient’s NK cells in gastric
cancer. Reportedly elevated Fas expression on circulating
NK cells causes apoptotic NK cells in gastric cancer
patients.” Further studies had been shown that PGE2
derived from gastric tumor cells hampers the antitumor
activity of patients’ NK cells.® Activating receptors such
as NKG2D are also decreased in gastric cancer patients'
NK cells, so the NK cell activation is impaired.” Adoptive
immune cell therapy by activated lymphocytes such as NK
cells has shown no serious side effects. It may extend the
survival of gastric cancer patients.'” Nk cells play a pivotal
role in suppressing gastric cancer initiation, progression,
and distant metastasis in patients. However, their efficacy
in combination with chemotherapeutic drugs needs
more investigation.!! Many different chemotherapy
drugs have been approved for different stages of gastric
cancer treatment.'”” Capecitabine, a thymidylate synthase
inhibitor and the oral form of 5-fluorouracil (5-fu), has
been approved for metastatic or locally advanced gastric
cancer1000 mg/m* twice daily for two weeks, cycling every
21 days." Capecitabine is a prodrug and enzymatically is
converted to the active form (fluorouracil) preferentially
in tumor cells, inhibiting DNA synthesis and decreasing
tumor cell proliferation. The maximum tolerated dose
(MTD) of capecitabine is 2500 mg/m? total daily amount.™
MTD chemotherapy and metronomic chemotherapy
(MC) are the two paths in cancer treatment. MC is
frequently prescribed due to low but active concentration
of drugs during a long period and low toxicity, orally
and without hospital care. Capecitabine is prescribed
metronomically in different cancers and gastric
cancer.''® MC has been reported to inhibit angiogenesis
directly through down-regulating VEGFR2-3" and
indirectly alters the angiogenesis relating factors such
as thrombospondin-1,'"" consequently disrupting the
cancer stem cell niche in the tumor center.” In the context
of chemo-immune cell therapy combination, a study in
gastric cancer reported enhanced immune function and
alleviated adverse chemotherapy effects by a variety of
CIK/DC (dendritic cell)-CIK therapy with chemotherapy
drugs.”® Adoptively activated NK cells have been
demonstrated as antitumor activities in preclinical models
of colorectal cancer, glioblastoma, and ovarian cancer.**
It is reported that cellular immunotherapy combined with
immune checkpoint inhibitors could improve the survival
of late-stage gastric cancer. Among different patterns of
cell therapy, NK cell therapy induces less cytokine-release
syndrome and can be a suitable candidate for gastric
cancer cytotherapy.” Still, most investigations should

be considered to determine the efficacy of adoptive NK
cell therapy combined with chemotherapy. However,
the combination of monoclonal antibodies and adoptive
NK cells that trigger the antibody-dependent cellular
cytotoxicity along with capecitabine led to treatment
response in metastatic lung cancer. However, the present
study's central hypothesis, the combination of capecitabine
and NK cell cytotherapy in a preclinical model of gastric
cancer, has not been reported.* The current study
proposed improving treatment efficacy by diminishing
the dose of the drug and directly combining adoptive NK
cells injection to the tumor site.

Material and Methods

Material

The materials of the current study have been prepared as
follows. The cell culture medium prepared by using RPMI
1640 (Gibco, United States) and FBS (Gibco; United
States). In order to isolate human NK cells, premium
Ficoll-Paque (GE Healthcare’s; United States) and human
NK cell isolation kit (Miltenyi Biotec; Germany) have
been used. NK cells’ characterization has been done by
flow cytometry, using PE anti-human CD56 (Cat no:
362507; BioLegend; United States) and FITC anti-human
CD3 (Cat no: 317305; BioLegend; United States). NK cells’
activation has been done by adding IL-2 (Miltenyi Biotec,
Germany) to the cell culture medium. The cytotoxicity
assay analyzed by Human IFNy Quantikine ELISA Kit (Cat
no: DIF50C; R&D Systems; United States) and Human
TNF-alpha Quantikine ELISA Kit (Cat no: DTA00D;
R&D Systems; United States). Immunohistochemistry
assay of pathology sections have been assayed by using
Purified anti-human CD56 (NCAM) Antibody (Cat no:
304601; BioLegend; United States), Ki67 antibody (Cat
no: orb378204; Biorbyte; United Kingdom) and Caspase 3
antibody (Cat no: orb536309; Biorbyte; United Kingdom).

Cell lines and Culture Media

MKN-45 as a human poorly differentiated stomach
cancer cell line (accession number: CVCL_0434) was
prepared from the Iranian Biological Resource Center
(Tehran, Iran) and was cultured in a complete medium
including RPMI 1640 medium complemented with 10%
FBS, 2 mM glutamine, 100 U of penicillin, and 100 mg
of streptomycin. The feeder layer was Epstein-Barr
virus (EBV)-transformed lymphoblastic cell line (LCL)
obtained from Iranian Biological Research Center and
were maintained in the same complete medium.

Isolation, development, and characterization of human
NK cells

NK cells were prepared from a healthy donor by receiving
informed consent. In brief, peripheral blood mononuclear
cells (PBMCs) have been isolated with Premium Ficoll-
Paque (GE Healthcare’s, United States) density-gradient
centrifugation from whole blood. NK cells were collected
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according to manufacture instructions by adverse
selection, applying an isolation kit of human NK cell
(Miltenyi Biotech, Germany). NK cells characterization
with PE anti-human CD56* and FITC anti-human CD3~
markers was quantitatively evaluated (FACSCalibur
Becton Dickinson, United States). Flow cytometry was
implemented, the FlowJo software was performed to
analyze the data.

NK cell expansion was done in the media containing
the feeder cells. LCL transformed by EBV was developed
by culturing mononuclear cells derived from peripheral
blood in 100 pg/mL cyclosporin. NK cell expansion
based on existing protocol® for in vivo studies had been
performed by utilizing 100 Gy-irradiated transformed
LCL (at a ratio of 1:10) to activate NK cells proliferation.
After five days without changing the media, NK cell
colonies were formed and observed; every three days,
half of the media was exchanged by a complete medium
supplemented with IL-2 (500 IU/mL) till day 21.

Cell cytotoxicity assay

The cell cytotoxicity of human NK cells (effector cells)
against MKN-45 cell line (target cells) were performed
in vitro. The effector (E) to target (T) ratio E: T of 1:1,
5:1, and 10:1 were studied. Lactate dehydrogenase (LDH)
assay performed in cell culture medium after 24 hours of
incubation; the abundance of LDH release was considered
a necrosis marker and cytotoxicity effect of NK cells.?

Cytokine release assay in vitro

Activated NK cells were analyzed for cytotoxic cytokine
release by ELISA to confirm activation before injection.
Based on protocol instruction, the IFNy and TNFa levels
were assessed by collecting the NK cells condition media.

Establishment of a subcutaneously implanted tumor
model

Ten- to 12-week-old male BALB/c nude mice (pathogen-
free) were prepared from Shahid Beheshti University,
AvicennaResearch Institute,and maintainedinindividually
ventilated cages (IVC) at humidity (approximately 40%-
50%) and proper temperature (25+2°C). The light/dark
cycle condition, 12hours/12 hours was performed. The
animals were randomly divided into four different groups
(4 nude mice were assigned per group). MKN-45 cells
were collected in the logarithmic expansion phase and
pipette into a single cell suspension. The amount of 5x10°
MKN-45 cell/200 uL phosphate-buffered saline (PBS)
were injected subcutaneously in mice right flank. Twice
a week, tumor sizes and body weights were measured. All
the experiments were initiated when the tumor volume
reached 100-200 mm. Animals are sedated with ketamine
and xylazine hydrochloride before euthanasia and then
CO, utilized for termination. Animals with a tumor
volume >1500 mm® and actual bodyweight loss >20%
were humanely terminated.

Capecitabine, NK cell dosage, and schedule of
administration

The capecitabine active substance was kindly provided
by Dr. Saremi Sh (Baran Chemical and Pharmaceutical
Company). While capecitabine MTD dose is 2500 mg/m*
in humans,” considering the body surface area, the dosage
was calculated from human to mice by the following
formula®:

Mouse equivalent dosage unit/kg = human dosage (unit/
kg) x human km

mouse km

Almost 70% of MTD was administered metronomically
PO by sterilized gavage needle, once a day, five days
per week; 7 days of discontinuation were considered
(cycled three times) in drug and combination groups.
Fresh isolated and expanded NK cells were injected
intratumoral, directly to the margin of the tumor. Almost
7x10¢ cells were injected per mouse three times in drug
discontinuation intervals and not simultaneously with
drug administration in the combination group. The NK
cell group was injected with 7x10° NK cells on days 0, 10,
and 20. The control group received PBS orally by sterilized
needle gavage (Fig. 1)

Investigating of tumor micro structure properties

Tumor volume was assessed using a digital caliper and
computed by the mentioned formula: tumor volume =
1/2 (length x width 2). The following formula calculated
relative tumor volume (RTV): RTV = (The measured day
tumor volume)/ (The day 0 tumor volume) in order to
assess the morphometric growth kinetics of the tumors.
Tumor growth inhibition (TGI) was assessed by following
formula: %TGI = [(1-(Vt1/Vto)/ (Cto/Ctl1))/ (1-Cto/Ct1)]
*100 to present anti-tumor activity of treatment. The mice
were humanly euthanized at the end of the experiment,
the tumors were removed and investigated.

Histopathology assessment

Histopathology assessment was performed using
microscopic examination of the biopsy of tumor samples
following the euthanasia of the mice. Histopathological
responses following the treatment include treatment
effect or residual tumor (R) (Table 1),*! and mitotic count
(number of mitosis in 10 high power filed (10HPF)
providing proliferation activity) that were evaluated by
hematoxylin and eosin (H&E) staining as previously
described by Meuten and colleagues.*? NK cell infiltration
was evaluated by Immunohistochemistry (IHC) of human
CD56* using the protocol described previously.”® THC
of CD56* NK cells was evaluated based on the Allred
score, including proportion and intensity scores (Table
2).** Active protein caspase three and Ki67, antibodies
were evaluated for apoptosis induction and growth
fraction. In brief critical steps of IHC are preparing
paraffin block, adding appropriate antigen for retrieval,
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Intervention

| Capecitabine; dosage: 2/3 of MTD (po) |

| NK cell therapy (7x10°/mice, IT) |

5x10° MKN-45 cell line
SC injection {

(=16) Tumor volume 100-200mm?
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Morphometric growth characteristics
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| Proliferation/apoptosis assay by IHC

35
Euthanasia based on
termination criteria

Fig. 1. Schematic diagram of chemo-immune cell therapy of gastric cancer xenograft model. Three groups of animals have received the following treatments
separately: capecitabine, activated NK cell, the combination of capecitabine and NK cells, and one was considered as the control group. SC, subcutaneous;

IV, intravenous; PO, by mouth; IT, intratumoral.

preparation of antibodies and suit reagents, washing and
counterstaining.”

Statistical analysis

Data are evaluated as mean * standard deviation and
GraphPad Prism 9 software package (GraphPad Software,
Inc., San Diego, United States) utilized for analyzing,
ANOVA and the t test were performed for comparing the
data. P<0.05 was considered significant.

Results

EBV-LCL feeder cells induced selective expansion of NK
cells from mononuclear cells

PBMC isolated NK cells were hCD56* and hCD3- , the
biomarkers of NK cell surface. The acquired purity was 82
% (Fig. 2A). Isolated NK cells were then cultured in RPMI
1640 complete media, IL2 and EBV-LCL as feeder cells for
21 days. Clonal growth and round shape morphology has

Table 1. The Classification of Residual tumor (R) upon Treatment

been recognized from day five till day 21 (Fig. 2B). IL-2
induces NK cells activation in vitro.*® Finally, on day 21,
the research reached 250-fold expansions of NK cells. The
viability of NK cells was more than 95% before injection,
evaluated by Trypan blue staining.

Significant cytotoxicity against target cells induced by ex
vivo expanded NK cells

NK cells cytotoxicity (effector) against MKN-45 cell line
(target) was evaluated by LDH release assay. NK cells and
MKN-45 cell lines were co-cultured with the E: T ratio of
1:1, 5:1, and 10:1 for 24 hours. In consequence, the most
prominent cytotoxicity of activated NK cells was achieved
in the 10:1 group (P<0.0001) (Fig. 3.A).

In vitro expanded NK cells release cytotoxic cytokines
In order to evaluate the cytokine release of expanded NK
cells, we assessed the IFNy and TNFa release by ELISA

Classification Description

RO Resection for a tumor or complete remission.

R1 Cancer cells present less than 30% in tumor micro-structure in response to current treatment; diffused necrosis and apoptosis
were assessed.

R2 Macroscopic residual tumor at the primary cancer site. More than 30% of tumors have diagnosed with fibrosis and apoptosis
in response to the current treatment.

R3 The nonresponsive tumor following current treatment.

Table 2. Immunoreactive cell percentage and Intensity grade based on the Allred score

Positive cells percentage Proportion grade Intensity Intensity grade
No immunoreactivity 0 Negative 0

<1% 1 Weak 1
1-10% 2 Intermediate 2
11-33% 3 Strong 3
34-66% 4

67-100% 5
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Fig. 2. Isolation, Development, and Characterization of human NK cells. (A) The analysis of flow cytometry revealed CD56* CD3'NK cells frequency in
PBMC-derived NK cells more than 70% purity on day 0 and more than 80% purity on day 21 after MACS isolation. (B) The morphology of NK cells on day 21
before injection; arrows illustrate the round shape colony of NK cells. Scale bar: 50 pm, Magnification 200X.
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Fig. 3. Cytotoxicity of NK cells. (A) LDH assay; activated NK cells toward MKN45 cells at different E: T ratios. The results demonstrated the most cytotoxic
effect in 10:1 E: T (***P <0.0001). Data reported as SEM for four groups independently. (B) Cytokine release assay of NK cells on day 21 by collecting
the condition media. In comparison to control, the cytotoxic cytokine release of NK cells was =45 pg/mL and =27 pg/mL for IFNy (**P<0.01) and TNF a,
respectively (***P <0.001). Statistical significance was determined using a t-test (*P < 0.05).

test. In comparison to control, the cytotoxic cytokine
release of NK cells was =45 pg/mL and =27 pg/mL for
IFNy (P<00.0013) and TNFa, respectively (P<0.0009).
Active, viable NK cells/PBS were injected intratumorally
into a cell line-derived gastric cancer xenograft model
(Fig. 3B).

Effects of capecitabine and NK cells on morphometric
growth properties of xenograft model of gastric cancer

To evaluate the effect of capecitabine chemotherapy in the
metronomic approach combined with NK cell therapy,
we further investigated the morphometric properties of
xenograft cancer models. The morphometric features of
tumor growth curve are shown in Fig. 4. The mean tumor
volume in the chemotherapy and combination group is
significantly lower than in cytotherapy and control groups
(P<0.0001). However, no significant difference between
the combination and chemotherapy groups was found
(Fig. 4A). The percent of tumor growth inhibition in the
combination group (P<0.02) and MC group (P<0.007)
was significantly higher (=20%, and 35%, respectively)
than in the cytotherapy group. The result demonstrated no

significant difference in %TGI between the combination
and MC groups (Fig. 4B). Simultaneously with the end of
experiment, animals were euthanized by the mentioned
procedure, and implanted subcutaneously tumors were
removed and investigated. The tumor weight mean was
significantly higher in the control and cytotherapy groups
(P<0.0001) in contrast to the combination and MC
groups (Fig. 4C).

The effects of interventions on histopathological outcomes
Chemo-immune cell therapy improves the treatment
response against the gastric cancer xenograft model.
The MC and combination group treatment effect was
R2 histologic response in almost 90% of tumor samples
based on the pathological assessment. In other words,
tumor samples demonstrated more than 30% response
to current treatment and have diagnosed with necrosis
and apoptosis in contrast to cytotherapy and the control
group in which the response rate was very low or non-
existence (R3) (Table 1, Fig. 5A). The result showed no
significant difference in treatment response of MC and
the combination group. The mitotic count was used
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Fig. 5. Histopathology findings. (A)Hematoxylin and Eosin (H and E) staining report. Black arrows pointed active mitosis, necrotic areas were pointed by blue
arrows, and apoptotic bodies were pointed by green arrows. (B) Mitotic count as proliferation score assessed in 10HPF. The highest anti-proliferative effect
was seen in MC and combination groups in contrast with control and cytotherapy groups (**P < 0.01). Data reported as SEM. The significancy was evaluated

using a t test with *P < 0.05. Scale bar: 100 ym, 400X magnification.

to investigate the effects of interventions on tumor
proliferation intensity. The highest anti-proliferative effect
was seen in the MC group in contrast with the control
group (P<0.0004), with almost 20 mitotic cell counts
per 10HPF against 45 mitotic cell counts in the control
group. While minimal treatment effect was observed in
the cytotherapy group, the mitotic count was remarkably
lower than in the control group (P<0.006), with almost
30 mitotic cell count/10HPFE. However, the combination
group had a higher anti-proliferative effect (P <0.0002) in
contrast to the control group with almost 20 mitotic count
/10HPF; there was not any notable difference in mitotic
count between MC and combination group, and the result
was in line with other histopathologic data (Fig. 5B).

Infiltration assay of adoptive NK cells to the tumor
micro-structure

While the NK cells were injected intratumorally, the
surface marker of NK cells, hCD56, was evaluated

by IHC to verify NK cell permeation to the tumor
microenvironment. The control and MC group did not
receive human NK cells, so expressing the hCD56 was
definitely negative. Cytotherapy and combination groups
demonstrated a different pattern of hCD56 expression due
to the Allred score. The proportion score in the cytotherapy
group indicated more than 30% immunoreactivity, and
the intensity was intermediate positive (3 of 4 tumor
samples). Still, the combination group demonstrated
lower immunoreactivity, almost 10%, and the intensity
was weakly positive (3 of 4 tumor samples). Evaluation of
IHC slides demonstrated the aggregation of adoptive NK
cells in the tumor margin. The cells could not properly
infiltrate to tumor center in both experimental groups
(Table 2, Fig. 6).

The ratio of proliferation and apoptosis of tumor cells
IHC assessed Ki67 and caspase3 to evaluate the
proliferation ratio to apoptosis. Evaluation of proliferation
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Fig. 6. Adoptive NK cells infiltration injected intratumorally. IHC evaluated Tumor-infiltrating NK cells with anti-CD56 antibody in tumor microenvironment.
Cytotherapy and combination groups demonstrated a different pattern of hCD56 expression (Red arrow showed immunoreactive cells). (A) Negative control,

(B) Combination, (C) NK cell therapy. Scale bar: 100 ym, 400X magnification.

ratio to apoptosis highlighted MC as more effective in
treating gastric cancer xenograft tumors. The higher value
of this ratio is consistent with increased proliferation
and decreased apoptosis. The highest percentage was
determined in the control group and NK cell therapy
by almost 4.3% and 3.2%, demonstrating no significant
difference. In the drug and combination group, the value
determined nearly 1.4% and 1.16%, respectively, with no
significant difference in line with other obtained data. The
ratio was remarkably lower in the drug and combination
group against the control and NK cell therapy group;
almost 4%, 3%, 1%, and 1%, respectively. The low dose
of capecitabine was significantly prominent in increasing
apoptosis in MC and the combination group (Figs. 7
and 8).

Discussion

Metronomic chemotherapy represents a new trend in
cancer treatment because of its low toxicity, considerably
tolerable, cost-effective,and easyaccess.” Inclinical studies,
metronomically administered capecitabine demonstrated
treatment safety and improved overall survival.*** While
drug resistance is among the leading cause of mortality
in cancer patients,” this study was designed to improve

© ‘ ®)

Fig. 7. Apoptosis induction by capecitabine. Active caspase-3 (cytoplasmic
staining) immunostaining was evaluated in the tumor section (black arrows;
necrotic areas). The highest immune reactive cells were detected in drug
and combination groups. (A) Control, (B) Drug, (C) Combination, (D) NK
cell therapy. Scale bar: 50 um, 200X magnification.

treatment efficacy by combining adoptive NK cell therapy
and capecitabine MC. Since there are dysfunctional
peripheral NK cells in gastric cancer patients, and their
number decreases with cancer progression, adoptive fresh
NK cells combined with ongoing chemotherapy could be
a promising approach to eliminate cancer.® In the current
study, capecitabine was administered metronomically,
lower than the MTD dose, and fresh NK cells were injected
intratumorally in drug intervals. A critical limitation for
efficacious NK cytotherapy is infiltration in solid tumors.
Physiologic stimuli such as hypoxia and lactic acid in
the context of solid tumors, recruitment of suppressive
myeloid-derived suppressor cells (MDSCs) by tumor
cells," tumor-derived TGFp,* local immune suppression
caused by inhibitory immune checkpoints on tumor cells’
surface such as programmed death-ligand 1 (PD-L1), and
PD-L2 are among the most prominent preventer of NK
cells infiltration to the tumor micro-structure.”
Therefore, to assess the NK cell functionality, regardless
of systematic infiltration, the NK cells were directly
injected intratumorally, and their efficacy was evaluated
in this study. In contrast to this research, intratumorally
injected NK cells in an orthotopic glioblastoma xenograft
model previously showed significant therapeutic effects.*!

e

Fig. 8. Proliferation inhibition by capecitabine. Single-color immunostaining
for Ki-67(nuclear staining) in the tumor section (black arrows; active
proliferation). The highest immune reactive cells were detected in the
control and NK cell therapy groups. (A) Control, (B) Drug, (C) Combination,
(D) NK cell therapy. Scale bar: 50 ym, 200X magnification.
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Fresh activated NK cells were injected into the tumor site
directly, and the drug was administered orally by sterilized
needle gavage demonstrated in Fig. 1. Morphometric
results showed the most efficacious treatment of MC
in contrast to cytotherapy. MC treatment inhibited the
tumor growth, and the combination had no significant
difference with MC.

In the current study, none of the mice suffered from drug
toxicity, there was no mortality due to drug side effects,
and low doses of capecitabine were well tolerable. He et
al reported that capecitabine MC is a kind of palliative
treatment along with less side effects in aged patients that
diagnosed with advanced gastric cancer.*®

Tumor volume assessment in this study demonstrated
no significant difference among control and NK cell
therapy groups, and rapid progression of the tumor was
observed similarly in both groups. Similar to the present
study’s findings, Tseng et al reported that in animal
models of hepatocellular carcinoma treated with parental
NK cells or PBS, rapid disease progression developed,
and tumor volume increased in both NK cell and control
groups with no significant difference.** Moreover, another
study reported that human NK cells revealed no growth
inhibition of the U87MG (the cell line of glioblastoma)
in vitro compared to the control group. In contrast,
treatment response was achieved when the NK cells were
genetically manipulated.*® A recent study demonstrated
that parental NK cells did not affect tumor eradication
in a murine multiple myeloma model (MM). The tumor
progressed in both control and NK cell therapy groups
similarly.¥” Although MM is a hematologic malignancy;,
but NK cell activation suppressor immune cells such
as MDSCs, M2-like macrophages, regulatory B/T-cells
are presented in tumor microenvironment.*® In the
current study, the morphometric and histopathologic
results demonstrated that the NK cells were not efficient
enough to inhibit tumor growth. Adoptive NK cell low
functionality in solid tumors could be considered in two
aspects: the first due to tumor microenvironment and the
second because of checkpoint features of NK cells. Due to
chronic immune suppressive signals of the solid tumors
microenvironment, NK cells are not acting properly. One
possible consideration is those soluble modulators such as
TGF-P and hypoxic conditions of solid tumors that inhibit
NK cell activation.***

In pathology assessment, the mitotic count of tumor
cells was lower in the MC group than in the control and
cytotherapy group, in line with other obtained data. The
combination group had no significant difference from the
MC group. The mitotic count in the cytotherapy group
was remarkably lower than control group. However, the
NK cells did not affect the reduction of tumor volume,
but in pathology, they were able to diminish mitotic
count significantly but not enough to eradicate the tumor.
The minimal effects of NK cells monotherapy against
tumor caused low mitotic count and probably required

continued therapy at higher doses. The cytotoxicity results
demonstrated the higher cytotoxic effects of NK cells
against the gastric cancer cell line by elevating the cell
number up to tenfold. In addition, genetic modification
or checkpoint manipulation of NK could improve the
efficacy of cell therapy. The present study evaluated the
cytokine production of NK cells before injection. IFNy
production was significantly higher than control which
demonstrated NK cell activation. Zhang et al recently
reported that although 5-Fu is generally adopted to directly
kill the cancer cells in gastric cancer, it up-regulates the
expression of inhibitory checkpoint expression PD-L1
and distantly suppresses the immune response.” Ki67
and activated caspase3 were assessed to determine the
proliferation and apoptosis in tumor sections by IHC. The
ratio demonstrated the higher proliferation in the control
and NK cell therapy group and more elevated apoptosis
in the drug and combination group, consistent with other
results. Reportedly, the MC by capecitabine inhibited
the proliferation of different gastric cancer cell lines and
induced apoptosis when the drug dosage was elevated.”
In the combination group, the intensity score of the NK
cells population was lower than cytotherapy alone. In both
cytotherapy and combination groups, NK cells did not
properly infiltrate to tumor center, and their aggregation
mainly was in the margins. Our previous study revealed
that NK cells that were treated with anti-PD-1 antibody
(Nivolumab) before injection would significantly inhibit
the tumor growth in the MKN-45 gastric cancer xenograft
model and NK cells infiltrate to tumor site more properly
than NK cell monotherapy.® One of the most recent
studies explained the role of CIS as an internal checkpoint
molecule in the development of NK cell therapy that
promotes NK cell fitness in the suppressive tumor
microenvironment.* Thus, modulating the NK cells with
prominent checkpoint inhibitors in the setting of cancer
immune cell therapy should be considered.

Conclusion

Regarding the present study’s findings, it could be
concluded that adoptive NK cell therapy combined
with capecitabine MC was not more efficient than MC
alone. The results demonstrated that although NK cells
were active before injection, they were not sufficiently
efficacious to improve the tumor eradication; because
the tumors in the combination group continued to
progress even after chemotherapy. Moreover, low doses
of capecitabine decreased the proliferation rate of tumoral
cells. However, in clinic, discontinuing the patient’s
standard care is not ethic, new strategies should be found
out to improve the treatment efficacy with minimal side
effects. Immune-suppressive tumor microenvironment
and inhibitory immune checkpoints made the tumor none
responsive to this kind of combined chemo-immune cell
therapy that should be further investigated.
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Research Highlights

What is the current knowledge?

v NK cells play a critical role in tumor elimination.

V NK cells are safe, rarely induce GVHD, and are well
tolerated in recipients.

V NK cells play a fundamental role in suppressing gastric
cancer development and metastasis.

V NK cells efficacy in combination with chemotherapeutic
drugs needs additional investigation.

What is new here?

V NK cell therapy combined with chemotherapy.

V Combination of capecitabine and NK cell cytotherapy in
gastric cancer cell line derived model has not been reported.
V Regardless of systematic infiltration, the NK cells were
directly injected intratumorally, and their efficacy was
evaluated.

V Regarding this study’s findings, it is concluded that adoptive
NK cell therapy combined with capecitabine MC was not
more efficient than MC alone.
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