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Abstract

Introduction: Gastric cancer is one of the most common malignancies diagnosed worldwide. Despite
therapeutic options, prognosis is unfavorable, particularly when dealing with an advanced stage car-
cinoma. Similarly to other malignancies, the development of gastric cancer is associated with increased
macrophage infiltration. Monocytes are peripheral blood precursors of tissue macrophages. In the rela-
tion to the expression of CD14 and CD16 receptors, human peripheral blood monocytes can be divid-
ed into: “clasical monocytes” CD14++CDI16-, intermediate monocytes CD14++CD16+ and non-clas-
sical monocytes CD14+CD16+. However, little is known about monocytes involvement in the regulation
of immune response in patients with gastric malignancies.

Material and methods: In this study, the phenotype of peripheral blood monocytes was determined
in patients with gastric tumors by flow cytometry. We also analyzed the level of interleukin 10 (IL-10)
and tumor necrosis factor oo (TNF-a) production after 24 h stimulation of peripheral blood mononu-
clear cells with lipopolysaccharide. The results obtained in group of gastric cancer patients were com-
pared to those of age-matched group of healthy individuals.

Results: We observed a significant decrease in percentage of monocytes in the peripheral blood of
gastric cancer patients as compared to healthy donors. Moreover gastric cancer patients shows a sig-
nificant decrease of CD14++CD 16— monocytes subpopulation and an increase in CD14++CD16+ and
CD14+CDI16+ monocytes subpopulations as compared to healthy volunteers. In stomach cancer patients
we also have observed increased production of IL-10 as compared to controls.

Conclusions: In summary, this study has revealed that gastric malignancies significantly modulate
the phenotype of peripheral blood monocytes giving them anti-inflammatory properties. Therapeutic
targeting of anti-inflammatory monocytes in the peripheral blood could modulate the complex activities
of macrophages in tumor environment.
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Introduction

monocytes and macrophages. Depending on the activating
factor, monocytes and macrophages can be involved in

The growth of neoplastic tissue is associated with mod-  a variety of biological processes, such as presentation of
ulated activity and function of immune system, including  antigen, cytotoxicity, phagocytosis, secretion of biologi-
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cally active factors, control of inflammatory processes, and
rearrangement and reconstruction of destroyed tissues [1].

It is widely known that macrophages constitute the pre-
dominant component of leukocytic infiltrate in many malig-
nancies including gastric tumors. They are referred to as
tumor-associated macrophages (TAMs). Due to their
pleiotropic biological properties, TAMs can influence the
development of neoplastic tissue both progressively and
regressively. Additionally, they control primary and sec-
ondary response of the immune system. Pro- and anti-neo-
plastic properties of TAMs are associated with their anti-
and pro-inflammatory activities, respectively, both deter-
mined by monocytes activating factors [2-6].

Monocytes are a population of cells that possess het-
erogenic morphology, phenotype and effector properties.
Due to various levels of lipopolysaccharide (LPS) receptor
(CD14) expression and the expression of receptor III for
Fcy fragment (CD16), three subpopulations of monocytes
can be distinguished: CD14++CD16—, CD14++CD16+, and
CD14+CD16+. CD14++CD16— monocytes were defined
as classical monocytes [7]. Under physiological conditions,
these cells constitute from 85% to 95% of all peripheral
monocytes. Remaining two subpopulations of monocytes
showing high expression of CD16 differ in terms of CD14
expression levels and physiologically correspond up to 15%
of peripheral blood monocytes [8, 9]. Despite phenotypic
similarity associated with the expression of CD16 receptor
both aforementioned populations are characterized by
different biological activities [10]. Increased fraction of
CD14+CD16+ subpopulation amongst peripheral blood
monocytes was observed in the course of infections and
inflammatory processes [11, 12], in septic states [13], and
in some malignancies [14, 15]. The CD14+CD16+ cells are
defined as nonclassical [7] monocytes since compared to
classical monocytes, they synthesize and release relatively
higher amounts of tumor necrosis factor oo (TNF-o.) when
stimulated with LPS, and do not secrete interleukin 10
(IL-10) or release only small amounts of this cytokine [16].
This population shows several similarities to tissue
macrophages and similarly to the latter cells they are con-

Table 1. Characteristic of study populations

Patients Control group

N 33 17

Median age (range) 62.79 (30-86)  58.35 (49-68)

Sex (woman/man) 11722 8/9

Stage (percentage of all studied patients)

I 5 (15.15%)

i 2 (6.06%)

III 14 (42.42%)

v 12 (36.36%)
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sidered more mature cells than classical monocytes [17, 18].
Higher fraction of CD14++CD16+ monocytes was report-
ed in neonatal septic states among others [19]. The pres-
ence of this cellular subpopulation in peripheral blood is
interpreted as an intermediate stage of monocytes differen-
tiation towards macrophages [10] and are referred to as
intermediate monocytes [7]. Little is known about the phe-
notype of peripheral blood monocytes in patients with gas-
tric malignancies. Moreover, previous observation of
increasing the percentage of CD14+CD16+ monocytes in
some malignancies [14, 15] were made based on the divi-
sion of monocytes on CD14+CD16- and CD14+CD16+.
Therefore, the aim of the present study was to determine
the phenotype of peripheral blood monocytes in the gastric
cancer patients in relation to the currently used classifica-
tion of monocytes subpopulation described above. Addi-
tionally, we analyzed the levels of IL-10 and TNF-o. pro-
duced after 24 hours LPS stimulation of peripheral blood
mononuclear cells (PBMCs).

Material and methods
Patients

This study included gastric cancer patients treated at the
Department of Oncological Surgery, Prof. F. Lukaszczyk
Memorial Center of Oncology in Bydgoszcz (Poland). Thir-
ty-three patients qualified to stomach resection were
enrolled. None of the patients received chemotherapy and
radiotherapy or was subjected to surgical intervention or
blood transfusion six months prior the enrollment. Fur-
thermore, none of the participants showed any clinical or
cellular (lack of CD64 receptor expression on granulocytes)
signs of ongoing infection. Following the stomach resec-
tion, surgical specimen was subjected to histopathologic
examination (pTNM), in order to determine the stage of
tumor according to the AJCC (American Joint Committee
on Cancer). The results obtained in the patient group were
compared to those of age-matched healthy individuals.
Characteristics of patients and the controls are summarized
in Table 1.

Peripheral blood was examined in all participants. The
material was collected after receiving approval of the
Bioethical Committee of the Collegium Medicum in Byd-
goszcz. Each participant was familiarized with the objec-
tives of the study and expressed written consent for mate-
rial collection.

Analysis of membrane receptors of monocytes

Peripheral blood was labeled with murine anti-CD14-
PerCP (IgG2b; clone: MoP9, Becton Dickinson), murine
anti-CD16-FITC (IgG1; clone NKP15, Becton Dickinson)
and anti-CD64-PE (IgG1, clone: 10.1; Becton Dickinson),
monoclonal antibodies. Isotype control was used for every
staining, using the isotypes of antibodies included in the
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staining panel. The labeling was carried out following the
manufacturer’s instructions in accordance with the stain-
and-then-lyse technique. Briefly, 20 pl of antibody suspen-
sion was added to 100 pl of peripheral blood. The samples
were mixed and incubated for 15-20 minutes in dark con-
ditions at room temperature. Subsequently, 2 ml of Lysing
Solution (Becton Dickinson) was added to each sample and
incubated for 15-20 minutes in darkness at room tempera-
ture. Then, 1 ml of cold buffered saline (PBS, 2-8°C) was
added to each sample and centrifuged (300 x g) for 10 min-
utes at 4°C. After removing the supernatant, 2 ml of PBS
(4°C) was added to the cellular sediment and again cen-
trifuged (300 x g) for 10 minutes at 4°C. After removing
the supernatant, 200 pl of PBS (2-8°C) was added to the
sediment and analyzed with the FACScan flow cytometer
(Becton Dickinson). At least 40 000 events were acquired.

Obtained cytometric data was analyzed using FlowJo
version 7.6.1 (Tree Star). The analysis of the percentage
of cells expressing studied receptors and/or their levels,
expressed as the mean fluorescence intensity (MFI), was
conducted in a population of cells characterized by medi-
um-sized granules (SSCmed) and the expression of CD14
receptor — monocytes (Fig. 1).

Isolation of peripheral blood mononuclear cells

Peripheral blood mononuclear cells were isolated from
heparinized whole blood by density gradient centrifugation
(LSM 1072, PAA), performed following the manufactur-
er’s instructions. Obtained suspension of PBMCs, contain-
ing 85-90% lymphocytes, 10-15% monocytes, and approx-
imately 1% granulocytes, was used for further stimulation.
Cellular counts in suspension were determined using the
Biirker’s chamber. The viability of isolated cells exceeded
90% as confirmed using trypan blue [20].

In vitro stimulation

Peripheral blood mononuclear cells were subjected to
24-hour stimulation with Escherichia coli LPS (Sigma-
Aldrich). The cells were cultured in 1 ml of culture medi-
um, in sterile non-adherent polypropylene tubes (Falcon,
Becton Dickinson). Each sample contained 1 x 106 of
PBMC:s. The cells were stimulated with 1 pg of E. coli LPS
(experimental sample) or left non-stimulated (control sam-
ple), and cultured for 24 hours under standard conditions
(37°C, 5% CO,).

Determination of cytokines concentration by means
of immunoenzymatic ELISA method

Concentrations of cytokines (IL-10 and TNF-o) in the
supernatants of PBMCs cultures subjected to 24-stimulation
were determined by means of immunoenzymatic ELISA
tests (Becton Dickinson). The sensitivity range of both
ELISA tests was the same, ranging from 7.8 to 500 pg/ml.
The samples were analyzed with automated light absorbance
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Fig. 1. Gaiting of human peripheral blood monocytes. Mono-
cytes were referred to as CD14+ and SSCmed cells

reader iEMS Reader MF (Labsystems) at 450 nm wave-
length. The contents of analyzed cytokines were calculated
by Genesis (version 2.2.) software, enabling the expression
of the results as an absolute concentration (pg/ml).

Statistical analysis

Statistical analysis of obtained results was carried out
using Statistica version 9 statistical package (StatSoft Inc.).
The normality of distribution of all analyzed variables was
verified with the Shapiro-Wilk W test. Based on the results
of this test, the following tests were used for data analysis:
a) Student’s ¢ test — for normally distributed variables with
homogeneity of variance confirmed by the Levene’s test
(results were expressed as arithmetic means + SD); b)
Mann-Whitney U test — for variables whose distributions
differed from normal in at least one of compared groups
(results were expressed as medians and ranges). The dif-
ferences were considered significant at p < 0.05.

Results

Distribution of peripheral blood monocytes
and their subpopulations

A significant decrease (p = 0.0139) in a fraction of mono-
cytes (CD14+/SSCmed) was observed in the population of
blood leukocytes obtained from patients with gastric malig-
nancies (3.25 +1.25; n = 33) as compared to the control
group (4.34 £1.74; n = 17) (Fig. 2). Additionally, there was
a tendency observed (p = 0.0824) for a decreased expression
of CD14 receptor, expressed as a mean fluorescence inten-
sity (MFI), on CD14-positive cells of the patients (171.87
+51.29) as compared to the controls (200.12 +55.17). Ana-
lyzing the distribution of basic subpopulations of peripher-
al blood monocytes, we observed a significant decrease in
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Fig. 2. Distribution of peripheral blood monocytes. A) Box-and-whisker plot show: the mean (x); the standard error of the mean
(box); the mean + SD (whiskers). B) Scatter plot of raw data. CD14+ [%] — percentage of monocytes; patients n = 34; controls

n=17

the fraction of so-called classic monocytes (CD14++CD16—;
p <0.0001), and an increase in CD14++CD16+ (p < 0.0001)
and CD14+CD16+ (p = 0.0003) monocytes in gastric can-
cer patients as compared to the healthy volunteers (Fig. 3).

Levels of IL-10 and TNF-q. in culture supernatants
of PBMCs after 24-hour stimulation

After 24-hour stimulation of PBMCs with LPS, a signifi-
cant increase in IL-10 concentration (p = 0.0194) was observed
in gastric cancer patients as compared to healthy individuals.
Additionally, a tendency was observed (p = 0.0712) for lower
TNF-a levels in the experimental group as compared to the
controls (Table 2).

Discussion

Monocytes are cells of myeloid origin, which circulate
in the peripheral blood up to 72 hours. They undergo apop-
tosis if they are not stimulated by a signal causing their acti-
vation and/or inducing their migration to the site of ongo-
ing immune response. In contrast, activated monocytes
migrate to tissues where they transform into macrophages
[7], that can further differentiate into myeloid dendritic cells
under favorable conditions [21, 22]. A decrease in the frac-
tion of monocytes in the pool of peripheral leukocytes in
patients with gastric malignancies that was observed in this
study probably suggests an enhanced migration of these

Table 2. The level of IL-10 and TNF-a. secretion after 24 h stimulation of PBMCs

Cytokine Group p value
Patients Control group
(n=21) (n=15)
IL-10 702.42 [100.99; 35463] T 128.58 [102.14; 2380.813] 0.0194
TNF-a 188.99 [101.74; 2626.53] 4 460.72 [362.59; 963.14] 0.0712

The levels of IL-10 and TNF-a were measured in culture supernatants of PBMCs stimulated with E. coli LPS for 24 hours, and in non-stimulated controls. In
order to eliminate the background effects of spontaneous cytokine synthesis, the results were expressed as a percentage of cytokine concentration in a supernatant
of control samples (considered as 100%); Mann-Whitney U test was used, results are presented as medians [min; max]
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subpopulations (n=33) (n=17)
Classical 56.32 (2.44; 90.20) 87.90 (81.46; 94.10) < 0.0001
(CD14++CD16-)
Intermediate 25.07 (3.50; 84.10) 3.27 (1.97; 10.56) < 0.0001
(CD14++CD16+)
Nonclassical 11.20 (30.05; 46.07) 5.06 (2.41;9.76) < 0.0003
(CD14+CD16+)

Fig. 3. Distribution of peripheral blood monocytes subpopulations. A — dot plots of representative data of both analyzed groups;
B - the percentage of peripheral blood monocytes subpopulations in the analyzed groups. % — percentage of positive cells;
Mann-Whitney U test was used. Results are presented as medians [min; max]

cells to the site of tumor tissue. There, as tumor-associated
macrophages, they can affect tumor development both pos-
itively and negatively. Pro- or anti-neoplastic activity of
TAMs is associated with their polarization towards anti-
inflammatory (macrophages with MII phenotype) or pro-
inflammatory cells (macrophages with MI phenotype),
respectively [23]. In the case of gastric malignancies, these
activities differ depending on the region of the tumor.
Histopathologically, three regions of gastric tumor can be
distinguished: a) tumor nests — aggregations of neoplastic
cells clearly distinguishable from necrotic foci and the stro-
mal components; b) tumor center — a region with numerous
necrotic foci, and c¢) tumor margin — intermediate zone
between the invasive front of malignancy and surrounding
healthy tissue. Macrophages in the tumor nest show a vari-
ety of pro-inflammatory activities, such as those leading to
malignant cell apoptosis and enhanced infiltration of cyto-
toxic T lymphocytes (CTL). However, one should be aware
that the number of TAMs in tumor nest is relatively small
as compared to the remaining two tumor regions. In con-
trast to tumor nest, macrophages infiltrating tumor margin
and its center are postulated to show the activities of anti-
inflammatory cells, involved in the processes of angiogen-
esis, among others [2]. Differentiation of peripheral blood
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monocytes towards macrophages is associated with the pres-
ence of three consecutive subpopulations [8]. They can be
distinguished by flow cytometry based on differences in
CD14 expression levels and the presence of CD16 recep-
tor. Consequently, decreased fraction of classical monocytes
observed in this study along with simultaneous increase in
the remaining two subpopulations, has confirmed the
hypothesis that these cells differentiate more rapidly into
tissue macrophages. M-CSF is a factor that can potentially
intensify the kinetics of peripheral blood monocytes, and
its high concentrations were reported from gastric cancer
patients [24]. Administration of exogenous M-CSF to
healthy individuals induces formation of CD16+ monocytes
that phenotypically are similar to those induced sponta-
neously in patients with gastric malignancies [15]. Notice-
ably, monocytes subpopulations differ in terms of their
degree of biological activities, such as the profile of released
cytokines, phagocytic and cytotoxic properties, and the abil-
ity to present antigen to naive T lymphocytes [10]. The
CD14+CD16+ monocytes are considered pro-inflammato-
ry cells, since following stimulation with LPS they synthe-
size high amounts of TNF-a and small amounts of IL-10,
if any [16]. In contrast, the cells with CD14++CD16+ phe-
notype synthesize high amounts of IL-10, which suggests
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their anti-inflammatory potential [10]. Thus, there is func-
tional similarity between the subpopulations of monocytes
showing the expression of CDI16 receptor and tissue
macrophages. In gastric malignancies, particularly in more
advanced stages of this disease, peripheral blood monocytes
show elevated ability for synthesis of IL-10. High plasma
concentrations of IL-10 promote monocyte differentiation
to macrophages, but inhibit their differentiation to dendrit-
ic cells [25]. Strong anti-inflammatory signal in association
with the action of chemotactic factors is reflected by mono-
cyte differentiation to MII macrophages, as a result pro-
moting the growth of neoplastic tissue. Monocytes with
CD14+CD16+ phenotype show the highest anti-neoplastic
activity in vitro, among others exerting cytotoxic and cyto-
static effects on malignant cells, as well as synthesizing and
secreting high amounts of pro-inflammatory cytokines
(TNF-a., IL-12p40/p70) [26]. The observed increase in the
fraction of monocytes from this subpopulation, in periph-
eral blood of patients, is undoubtedly associated with the
immune system response against malignant cells circulat-
ing in the peripheral blood. On the other hand, the involve-
ment of pro-inflammatory monocytes at the site of neo-
plastic tissue growth can explain the anti-neoplastic activity
of the MI macrophages infiltrating tumor nests [27].

The results of previous studies suggest high potential
for spontaneous synthesis of IL-10 by peripheral blood
monocytes in patients with advanced gastric malignancies
[28]. Presentation of results as a percentage of control is
intended to show the actual level of IL-10 and TNF-o secre-
tion in response to E. coli LPS stimulation. Using this
approach, we have revealed in this study that mononuclear
cells in the peripheral blood of patients with gastric malig-
nancies are characterized by enhanced secretion of IL-10
in response to LPS stimulation as compared to healthy indi-
viduals. As previously mentioned, this study revealed
a trend (at a threshold of statistical significance) towards
decreased expression of CD14 receptor on the monocytes
of patients with gastric malignancies. This finding can be
associated with a dysfunction of these cells in response to
LPS, leading to decreased synthesis and secretion of
TNF-a (also at a threshold of statistical significance).
It should be noted; however, that signal transmission from
monocyte cellular membrane, leading to their activation in
response to LPS stimulation, is mediated by the Toll like
receptor 4 (TLR-4) [29]. We did not observed significant
differences in the fraction of cells showing expression of
this receptor or the expression level (data not shown). Con-
sequently it can be assumed that monocytes of gastric can-
cer patients are characterized by normal ability to respond
to bacterial toxin stimulation. Thus, significant increase
in IL-10 level observed in supernatant of LPS-stimulat-
ed cultures can be associated with higher fraction of
CD14++CD16+ monocytes. As previously mentioned, this
subpopulation of monocytes constitutes the principal source
of IL-10 released in response to LPS stimulation [10]. Those
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observations suggest that tumor growth causes the polar-
ization of monocytes/macrophages into anti-inflammatory
cells already in the peripheral blood. Therapeutic targeting
of monocytes in the peripheral blood could modulate the
complex activities of macrophages in tumor environment.
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