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Gastric cancer cells alter the immunosuppressive
function of neutrophils
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Abstract. Tumor-associated neutrophils (TANs) have an
immunosuppressive function and play an important role in
tumor progression. However, the detailed mechanism is largely
unknown. The present study investigated the immunosuppres-
sive ability of TANSs in gastric cancer. Tumor tissue culture
supernatant (TTCS) and non-tumor tissue culture superna-
tant (NTCS) were purified and added to neutrophils. Expression
of programmed cell death ligand-1 (PDL-1), 7-amino-actino-
mycin D and human leukocyte antigen-DR (HLA-DR), and the
levels of hydrogen peroxide (H,O,) were determined. Levels of
programmed cell death-1 (PD-1) and CD25 were assessed in
T cells co-cultured with neutrophils. Furthermore, CD4* T cells
were co-cultured with dendritic cells and neutrophils to examine
their proliferation. CD15 and PD-1 immunohistochemical
staining was also performed to explore the positional relation-
ship. The results revealed that the neutrophils incubated with
TTCS showed upregulation of PDL-1 expression, as well as a
decreases in the ratio of apoptotic cells, expression of HLA-DR,
and levels of H,0,. CD4* T cells co-cultured with neutrophils
conditioned with TTCS showed a decrease in proliferation,
upregulation of PD-1 expression, and downregulation of CD25
expression. IHC showed that PD-1* T cells formed clusters and
TANS infiltrated around the clusters. In conclusion, neutrophils
in gastric cancer tissue inhibit the proliferation of CD4* T cells
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and may form a local immunosuppressive environment through
the PD-1/PDL-1 pathway.

Introduction

Gastric cancer (GC) is one of the leading causes of death due to
cancer. Yet, treatment outcomes have improved with the devel-
opment and improvement in multidisciplinary therapy (1,2).
The occurrence, development and prognosis of GC are closely
related to the crosstalk among different immune cells in the
tumor microenvironment (3-7). The relationship between GC
progression and immune cells has recently been receiving
increased attention (8).

Neutrophils are the most abundant type of white blood
cell, and are an essential component of the innate immune
system (9). They characteristically arrive rapidly at sites of
infection, injury, and tumors and release a variety of cyto-
kines and toxic molecules to eliminate pathogens and elicit
an acute inflammatory response (8-10). In particular, intratu-
moral neutrophils (tumor-associated neutrophils: TANs) are
involved in angiogenesis and lymphangiogenesis, which lead
to tumor progression (4,6-8,11,12). We previously reported
that TANs in GC tissue are correlated with lymph node
metastasis and systemic inflammatory markers such as the
neutrophil-lymphocyte ratio, platelet-lymphocyte ratio, and
lymphocyte-monocyte ratio. Various immune cells including
T cells, natural killer cells, M2 macrophages, dendritic
cells (DCs), and neutrophils often infiltrate cancer tissues.

Although tumor-specific CD4* T lymphocytes play an indis-
pensably important role in the antitumor immune response at the
tumor site, regulatory T cells and myeloid suppressor cells are the
major components of the immune suppressive cellular network.
Some types of TANs have similar immunosuppressive functions
as those of G-myeloid suppressor cells (6,13-19); however, the
underlying mechanism is still unclear. The present study aimed
to investigate the immunosuppressive ability of neutrophils in
GC tissue and to explore the influence of neutrophils on the
proliferation of CD4* T cells.

Materials and methods

Neutrophil isolation and culture. Human neutrophils were
isolated from peripheral blood of healthy volunteers using
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Polymorphprep (Axis-Shield) and centrifuged (400 x g and
20 min), resulting in a purity of =85%. Cells were washed
three times in complete RPMI-1640 medium (Sigma-Aldrich;
Merck KGaA) with 100 U/ml penicillin, 100 xg/ml streptomycin,
L-glutamine (HyClone; GE Healthcare), and 10% fetal bovine
serum (Gibco; Thermo Fisher Scientific, Inc.). Neutrophils were
then incubated in complete RPMI-1640 medium (Sigma-Aldrich;
Merck KGaA) at 37°C in 5% CO, for 16 h.

CD4* T cell isolation and culture. Peripheral blood mono-
nuclear cells were also isolated by density centrifugation
(400 x g and 20 min) using Polymorphprep, washed three
times in complete RPMI-1640 medium, and separated into
CD4-positive and -negative cells using a CD4 Isolation Kit
(Miltenyi Biotec) according to the manufacturer's instructions,
resulting in a purity of 290%. Following this, CD4* T cells were
incubated in complete RPMI-1640 at 37°C in 5% CO, for 24 h.

Preparation of tumor tissue culture supernatants (TTCSs),
non-tumor tissue culture supernatants (NTCSs) and
supernatant-conditioned neutrophils. A single-cell suspen-
sion was prepared from surgical specimens from patients
who underwent gastrectomy at the Osaka City University
(Osaka, Japan). Supernatants purified from tumor tissue or the
human scirrhous GC cell line, OCUM-12 (20), were defined
as TTCSs, whereas the supernatants purified from non-tumor
tissues at least 5 cm distant from the tumor site were defined as
NTCSs. Both TTCSs and NTCSs were purified after culturing
1x106 cells/ml in complete RPMI-1640 at 37°C in 5% CO, for
24 h. To generate supernatant-conditioned neutrophils, neutro-
phils from healthy volunteers were cultured with 50% TTCS
or NTCS for 16 h, and then washed with complete RPMI-1640
three times. Neutrophils cultured in RPMI-1640 medium were
used as controls.

Neutrophil stimulation with TTCS or NTCS. Neutrophils
from healthy volunteers were stimulated with 50% TTCS
or 50% NTCS for 16 h. After stimulation, the percentage of
7-amino-actinomycin D-positive cells and the expression of
programmed cell death ligand-1 (PDL-1) and human leuko-
cyte antigen-DR (HLA-DR) were measured. In addition, the
expression of PDL-1 in neutrophils infiltrating the GC tissue
was compared with expression in neutrophils infiltrating
normal mucosa (at least 5 cm distant from the tumor site) with
flow cytometry (LSRII; BD Biosciences). H,0, levels were
measured using a Hydrogen Peroxide Colorimetric Detection
Kit (Enzo Life Science).

In vitro neutrophil-CD4* T cell co-culture system. CD4*
T cells (1x10°) were seeded in 500 ul (20) complete RPMI-1640
in 24-well plates. Neutrophils incubated with 50% TTCS
or 50% NTCS, adjusted to 1x10° cells per 500 pl complete
RPMI-1640 medium, were co-cultured with CD4* T cells
using Cell Culture Inserts (BD Falcon; BD Biosciences) at
37°C in 5% CO, for 16 h. Expression of programmed cell
death-1 (PD-1) and CD25 in CD4* T cells was measured with
flow cytometry.

Allogeneic mixed lymphocyte reaction. Immature DCs were
prepared by culturing adherent peripheral blood monocytes
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for 7 days in RPMI-1640 medium supplemented with 10% fetal
bovine serum (FBS), recombinant human granulocyte macro-
phage colony-stimulating factor ({H GM-CSF) (50 ng/ml), and
interleukin-4 (IL-4) (50 ng/ml). To induce maturation of DCs,
lipopolysaccharide (100 ng/ml) was added to the cell culture
for 24 h before harvesting. Allogenic DCs and neutrophils
incubated with TTCS or NTCS were added to CD4* T cells
labelled with carboxyfluorescein diacetate succinimidyl ester
(CFDA-SE) (Tonbo Biosciences) at a ratio of 1:10:10, and
co-cultured for 4 days in complete RPMI-1640 medium at
37°C in 5% CO,, followed by the analysis of CFDA-SE signal
with flow cytometry on gated CD4 lymphocytes to explore the
proliferative capacity of the CD4* T cells.

Patients and surgical specimens. We retrospectively examined
surgical specimens from patients who underwent gastrectomy
for GC with pathological stage II or III at the Department
of Surgical Oncology (Osaka City University, Japan) from
January 2007 to March 2013. The average age is 64.11 years
and the ratio of male to female is 84 to 31. The specimens were
formalin-fixed and paraffin-embedded tissues obtained from
115 primary tumors, which were analyzed using immunohisto-
chemistry (IHC). Pathological staging was performed according
to the 7th edition of the International Union Against Cancer
Tumour-Node-Metastasis (TNM) classification (https:/www.
wiley.com/en-us/TNM+Classification+of+Malignant+Tumours
%2C+7th+Edition-p-9781444358964). Postoperative follow-ups
were performed every 3 months for the first 2 years, and then
every 6 months during years 3-5. The retrospective protocol of
the present study was approved by the Osaka City University
Ethics Committee, and all patients provided informed consent
for collection and analysis of the specimens.

IHC. To assess the locational relationship between TANs and
PD-1* T cells, IHC was performed. Sections with a thickness of
4 ym were obtained from the paraffin-embedded blocks. After
incubation at 60°C for 10 min, the sections were deparaffinized
using xylene and rehydrated using a graded series of ethanol.
The slides were subsequently washed twice for 5 min in phos-
phate-buffered saline (PBS). Endogenous peroxidase activity
was blocked for 15 min in absolute methanol containing 3%
hydrogen peroxide. After washing the sections in PBS, the
samples were microwaved for 10 min for antigen retrieval.
Non-specific binding was blocked using a non-specific
staining blocking reagent (Dako; Agilent Technologies,
Inc.). The sections were then incubated overnight at 4°C with
mouse monoclonal antibodies [CDI15 (cat. no. ab17080) or
PD-1 (cat. no. ab137132), dilution 1:100; Abcam], and subse-
quently washed with PBS for 10 min before incubating with
appropriate secondary antibodies [goat anti-human IgG H&L
(HRP); cat. no. ab6858; dilution 1:100] or 10 min at room
temperature. After washing the sections with PBS, the samples
were visualized using 3-3'-diaminobenzidine for 5 min and
then counter-stained using hematoxylin before mounting. We
obtained an average value from five hot spot high-power fields,
and median values of both CD15 and PD-1 were calculated for
the 115 patients. Patients were divided into high and low CD15*
TAN or PD-1* T cell groups, based on each median number.
The correlation between CD15* TANs and PD-1* T cells was
examined using the Chi-square test and a scatter plot.
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Figure 1. Characteristic changes in neutrophils in GC tissue. (A) Comparison of the apoptotic ratio of neutrophils incubated with TTCS or NTCS.
Neutrophils incubated with TTCS showed a significantly decreased ratio of apoptotic cells compared to neutrophils incubated with NTCS. In (A) QI,
CD16b-positive/7-A AD-A-negative; Q2,CD16b-positive/7-A AD-A-positive; Q3,CD16b-negative/7-A AD-A-negative; Q4,CD16b-negative/7-A AD-A-positive.
(B) Induction of PDL-1 expression in neutrophils by GC tissue. Neutrophils incubated with TTCS showed clearly upregulated expression of PDL-1
compared to neutrophils incubated with NTCS. GC, gastric cancer; TTCS, tumor tissue culture supernatant; NTCS, non-tumor tissue culture supernatant;
PDL-1, programmed cell death ligand-1; HLA-DR, human leukocyte antigen-DR; 7-AAD-A, 7-amino-actinomycin D.

Ethical approval and informed consent. This study's retro-
spective protocol was approved by the Osaka City University
Ethics Committee (Osaka, Japan), and informed consent was
obtained in writing from all patients. All volunteers provided
oral and written informed consent and agreed to the use of
their samples in scientific research and all participants for
collection and analysis of the specimens in this study.

Statistical analysis. Data are expressed as mean value + standard
deviation (SD). Continuous variables were compared using the
Student's t-test, and categorical variables were compared using the
Chi-square test. Correlations between parameters were assessed
using the Pearson correlation analysis and linear regression
analysis as appropriate. Differences were considered statistically
significant at P-values of <0.05. All statistical analyses were
performed using JMP software (version 11; SAS Institute).

Results

Characteristic changes in neutrophils in GC tissue. To evaluate
the impact of GC tissue on neutrophils, we analyzed the
percentage of apoptotic cells and the expression of PDL-1 in
neutrophils conditioned with TTCS or NTCS. TTCS-conditioned
neutrophils showed a significantly lower percentage of apoptotic
cells (Fig. 1A) and higher expression of PDL-1 (Fig. 1B) compared
to NTCS-conditioned neutrophils. Neutrophils directly isolated
from GC tissue showed significantly higher expression of PDL-1
than those from normal mucosa (Fig. 1C). Mature human neutro-
phils have antigen-presenting ability similar to DCs (21-23).
Thus, we examined the antigen-presenting ability of neutrophils
conditioned with TTCS or NTCS. Neutrophils treated with
TTCS showed significantly reduced expression of HLA-DR
compared to those incubated with NTCS (Fig. 1D).
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Figure 1. Continued. (C) Comparison of the ratio of PDL-1* neutrophils in the tumor area and normal area. Neutrophils infiltrating the tumor
area showed significantly increased expression of PDL-1. In (B and C) Q1, CD16b-positive/PDL-1-negative; Q2, CD16b-positive/PDL-1-positive;
Q3, CD16b-negative/PDL-1-negative; Q4, CD16b-negative/PDL-1-positive. (D) Reduction of HLA-DR in neutrophils by TTCS. Neutrophils incubated with
TTCS tended to show decreased expression of HLA-DR compared to neutrophils incubated with NTCS. In (D) Q1, HLA-DR-positive/CD16b-negative;
Q2, HLA-DR-positive/CD16b-positive; Q3, HLA-DR-negative/CD16b-negative; Q4, HLA-DR-negative/CD16b-positive. GC, gastric cancer; TTCS, tumor
tissue culture supernatant; NTCS, non-tumor tissue culture supernatant; PDL-1, programmed cell death ligand-1; HLA-DR, human leukocyte antigen-DR;

7-AAD-A, 7-amino-actinomycin D.

Impact of neutrophils treated with TTCS on CD4* T cells.
To explore the impact of TANs on CD4* T cells, we
co-cultured CD4* T cells and neutrophils. T cells co-cultured
with TTCS-conditioned neutrophils showed significantly
higher expression of PD-1 than T cells co-cultured with
NTCS-conditioned neutrophils (Fig. 2A and B). Next, we
focused on CD25, which is an activating factor of T cells.
CD4*T cells co-cultured with neutrophils conditioned with
TTCS showed lower expression of CD25 (Fig. 2C). Next, we
examined whether neutrophils possess immunosuppressive
ability. To examine the impact of neutrophils on CD4* T cell
proliferation, a co-culture assay was performed using CD4*
T cells, DCs and neutrophils. CD4* T cells isolated from a
healthy volunteers proliferated when co-cultured with allo-
geneic DCs. After further co-culturing of these T cells with
autologous neutrophils conditioned with NTCS or TTCS for

4 days, the change in their proliferative ability was examined.
Proliferation of CD4* T cells co-cultured with neutrophils
conditioned with TTCS was suppressed. On the other hand,
the proliferative ability of CD4* T cells co-cultured with
neutrophils conditioned with NTCS was not affected (Fig. 3).

Furthermore, to investigate the ability of neutrophils
to kill cancer cells in the tumor microenvironment, we
measured the levels of reactive oxygen species such as H,O,.
TTCS-conditioned neutrophils had significantly reduced
levels of H,O, compared to NTCS-conditioned neutro-
phils (Fig. 4).

Distribution of PD-1* cells and TANs in GC tissue . THC showed
that PD-1* T cells formed clusters both in primary tumors and
lymph nodes (Fig. SA-D), and CD15* TANS infiltrated around
the clusters (Fig. SE-H). Our analysis indicated a positive
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Figure 2. Impact of neutrophils on CD4* T cells. (A) CD4* T cells co-cultured with allogenic neutrophils and (B) co-cultured with autologous neutrophils.
CD4* T cells co-cultured with allogenic or autologous neutrophils incubated with TTCS showed significantly upregulated expression of PD-1.In (A and B) Q1,
PD-1-positive/CD4-negative; Q2, PD-1-positive/CD4-positive; Q3, PD-1-negative/CD4-negative; Q4, PD-1-negative/CD4-positive. (C) Expression of
CD25 in CD4* T cells co-cultured with autologous neutrophils. CD4* T cells co-cultured with autologous neutrophils incubated with TTCS tended to
show downregulation of CD25 expression. In (C) Q1, CD2-positive/CD4-negative; Q2, CD25-positive/CD4-positive; Q3, CD25-negative/CD4-negative;
Q4, CD25-negative/CD4-positive. TTCS, tumor tissue culture supernatant; PD-1, programmed cell death-1.

correlation between the expression of PD-1" T cells and the = Discussion

number of infiltrating CD15* TANs in GC tissue (Table I). A

scatter plot additionally showed a weak positive correlation =~ We previously reported that neutrophils in GC tissue (TANs)
between CD15* TANs and PD-1* T cells (Fig. 6). are associated with poor prognosis. In that report, we showed
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Figure 4. Secretion of H,0, by neutrophils. The levels of H,0, secreted from
neutrophils incubated with TTCS tended to be lower than neutrophils incu-
bated with NTCS. TTCS, tumor tissue culture supernatant; NTCS, non-tumor
tissue culture supernatant.

the relationship between infiltration of TANs and the systemic
neutrophil-lymphocyte ratio, which could be reflective of the
immune response (6,7). The present study revealed that neutro-
phils conditioned with TTCS displayed altered characteristics
such as prolonged lifespan, upregulation of programmed cell
death ligand-1 (PDL-1) expression, downregulation of human
leukocyte antigen-DR (HLA-DR) expression and produc-
tion of H,0,. PDL-1 expression on neutrophils is elevated in
various cancer types such as GC, HIV-associated cancers,
breast cancer and lung cancer (8-12).

Extension of the neutrophil lifespan by cancer cells
has also been pointed out in previous studies (24-28), and
the same result was obtained in our experiments. These
results suggest that neutrophils in the local tumor microen-
vironment are part of the immunosuppressive mechanism
mediated by the PD-1/PDL-1 pathway (25,28,31) and func-
tion over a long period of time to allow tumor growth. We
previously reported that patients in the high CD15* TAN
group demonstrated a worse prognosis than those in the low
CDI15* TAN group, and that high CD15* TAN infiltration in
tumor-draining lymph nodes is an independent prognostic
factor for patients with GC (6,7). Such an immunosuppressive

Table I. Correlation between the expression of PD-1* T cells
and the number of infiltrating CD15* TANs in gastric cancer
tissue.

PD-1*T cells

CD15* TANs N High Low P-value
High 58 36 22 0.006*
Low 57 21 36

P<0.05, significant difference. PDL-1, programmed cell death
ligand-1; TANs, tumor-associated neutrophils.

function of TANs may contribute to the poor prognosis of
patients with GC.

Furthermore, neutrophils have antigen-presenting ability
similar to DCs (23,24), and reduced expression of HLA-DR
suggests a reduction in this ability. To the best of our knowl-
edge, this is the first demonstration of a reduction in HLA-DR
on neutrophils. Additionally, we showed that neutrophils
conditioned with TTCS induced PD-1 expression in CD4*
T cells and decreased the proliferation of CD4* T cells,
indicating that neutrophils that have gained an immunosup-
pressive function are present in GC tissue (24,25). Several
reports have shown that immune cells sensitized to tumors
suppress T cell proliferation. Our research on neutrophils
showed similar results (25,26,31,32). Moreover, the posi-
tional relationship between CD15* TANs and PD1* T cells
as observed with IHC revealed that clusters of PD1* T cells
are at the center of the immune response mediated by TANSs.
Tumor-infiltrating lymphocytes including T cells and B cells
are mostly organized as clusters, and various immune reac-
tions are thought to occur in GC tissue (26). Our IHC showed
that the PD-1* lymphocyte population exists in clusters,
and their activity may be affected by crosstalk with TANs.
TANs may induce the PD-1/PDL-1 pathway and suppress the
proliferation of CD4* T cells. PDL-1 expression is associated
with aggressive subtypes of several types of cancer and poor
prognosis (3,27-29). Blockade of the PD-1/PDL-1 pathway has
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Figure 5. Immunohistochemical staining for CD15 and PD-1 in primary tumors and lymph nodes. (A) High expression of PD-1 in lymph nodes. Magnification x40;
scale bar, 1 mm. (B) High expression of PD-1 in lymph nodes. Magnification x400; scale bar, 0.1 mm. (C and D) High expression of PD-1 in a primary tumor.
Magnification x100; scale bar, 0.25 mm. PD-1* T cells formed clusters both in primary tumors and lymph nodes. (E) The same section as that in A was stained
for CD15 in lymph nodes. Magnification x40; scale bar, 1 mm. (F) The same section as that in B was stained for CD15 in lymph nodes. Magnification x400;
scale bar, 0.1 mm. (F and G) The same sections as those in C and D were stained for CD15 in primary tumors. Magnification x100; scale bar, 0.25 mm.
CDI15*" TANs tended to infiltrate and surround the cluster formed by PD-1* T cells. TANS, tumor-associated neutrophils; PD-1, programmed cell death-1.
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Figure 6. Correlation between TANs and PD-1* T cells in GC. Scatter plot shows a weak positive correlation between CD15* TANs and PD-1* T cells.
GC, gastric cancer; TANs, tumor-associated neutrophils; PD-1, programmed cell death-1.

also attracted attention in GC as a new promising therapeutic
approach in oncology (5,8,32,33).

Many immune cells such as tumor-associated macro-
phages, cancer-associated fibroblasts and regulatory T cells
migrate into the tumor to form an immunosuppressive
environment (5,30-32). Of the immune cells reported, the
immunosuppressive capacity of neutrophils through PDL-1
expression has not been well studied. Thus, investigation of

PDL-1 expression induced by TANs in cancer cells has impor-
tant implications. Which tumor-infiltrating immune cells
initiate the immunosuppressive microenvironment remains
unclear. Neutrophils may be the first to infiltrate a tumor since
neutrophils are the first immune cells that respond to infection
and are involved in removal of foreign bodies (9). Therefore,
our findings suggest that PDL-1* TANs may be a new target for
the treatment of GC in the future.
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The present study has several limitations. First, in this
experimental model, the detailed mechanism of how TAN
infiltration of GC tissue results in immunosuppression and
suppression of CD4* T cell function is lacking. Because our
study did not provide direct evidence for neutrophils as the first
immune cells to form an immunosuppressive environment in
GC tissue, further in vitro experiments are required to evaluate
immune regulation by TANs. Second, TANs have two pheno-
types: Anti-tumorigenic (N1) or pro-tumorigenic (N2) (34-37),
and our study did not address which type of TAN contributed
to the results obtained in this study. Hence, further investiga-
tion regarding the phenotypes of TANS in relation to our study
results is warranted.

In conclusion, our study demonstrated that GC
cells possess the potential to alter the characteristics of
neutrophils and induce upregulation of immune check
point molecules to inhibit T cell proliferation. Therefore,
our findings suggest that regulation of tumor-infiltrating
neutrophils is critical to overcome the immunosuppressive
microenvironment of GC.
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