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Abstract

Taking into account the previously reported relationship between inflammation and carcinogenesis,
and the scant amount of data concerning the role of neutrophil extracellular traps (NETs) in
carcinogenesis, we decided to study the process of extracellular trap formation in patients with
inflammation as well as in patients with cancer occurring in the same location. For preliminary
isolation of neutrophils (PMNs), we used Polymorphprep™, then sorted with Microbeads. The cells
were recorded in the incubation chamber with a BD Pathway 855 microscope system. Flow
cytometric data (MPO+ neutrophils) were acquired on FACSCalibur flow cytometer. Amounts of
cfDNA were determined by Abcam’s Circulating DNA Quantification Kit. Neutrophils of patients
with inflammation and of subjects with stage I/ll oral squamous cell carcinoma (OSCC) produce
increased amounts of NETs, while stage Ill/IV OSCC were comparable with the control group. In all
of the studied groups of cells stimulation with LPS and rhiL-17 produced more NETs in relation to
unstimulated cells. Neutrophil supernatant of inflammation patients and stage I/l cancer patients
demonstrated the increased level of cfDNA, which decreased at stage Ill/IV. Patients with oral
inflammations showed an increased rate of MPO+ neutrophils, which was lower than in stage I/ll
cancer patients and not significantly different than in Stage Ill/IV cancer patients and the control
group. The direction of changes in NETs formation seems to be a new common element shared by
inflammation and early stage cancer. Changes in the formation of NETs observed in patients with
advanced cancer, other than an early phase or inflammation, indicate an alternative range of NETs
involvement depending on different phases of this disease.

Key words: cancer; inflammation; neutrophil extracellular traps (NETs); neutrophils (PMNs); oral squamous cell
carcinoma (OSCC)

Introduction

Neutrophil extracellular traps (NETs) are an
important component of innate immune response.
NETs contain smooth stretches of DNA fibres, which
compose most of the trap, numerous granule proteins
such as myeloperoxidase or histone proteins. The

main function of neutrophil extracellular traps is
binding microorganisms to prevent their spread and
providing high local concentration of anti-pathogenic
agents. Initial reports on NETs indicated their positive
role in in vivo infections and confirmed the critical role
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of neutrophils in identifying and destroying invasive
pathogens [1]. Numerous studies showed that NETs
bind a wide range of Gram-positive and Gram-
negative bacteria, fungi, as well as protozoa [2-4].

Recent publications have also highlighted
negative effects of NETs on the human body [5, 6].
Many reports suggested that neutrophils are involved
in the pathogenesis of disorders with an aggravated
inflammatory process, which was initially associated
with the cells themselves, but now is ascribed to
NETs. It was also pointed out that they may induce
autoimmune processes due to prolonged inflamm-
ation resulting from the formation of NETs [7-9]. The
great example is deimination of histone arginines
which can lead to the creation neoantigens trigger for
autoimmunity [10]. Increased release of NETs has
been demonstrated in vasculitis, systemic lupus
erythematosus, rheumatoid arthritis or Crohn’s
disease, ulcerative colitis and metabolic diseases [11,
12].

Forming NETs neutrophils started to be
recognized as important players in infectious as well
as noninfectious diseases based on immune system
failure, including malignancy [13, 14]. There is an
abundance of data confirming the close relationship
between inflammation and cancer [15, 16].
Inflammation mediators and effector cells were found
to be crucial in the promotion and progression of the
neoplastic process and metastasis. On the other hand,
inflammation elements in tumour microenvironment
may play a key role in inhibiting the neoplastic
process by stimulating the anti-tumour immune
mechanisms [17, 18].

The researchers who discovered NETs also
conducted the first studies to indicate that NETs are
likely to be directly involved in a neoplastic disease.
These authors demonstrated that tumour associated
neutrophils (TANs) are capable of forming
extracellular traps in Ewing’s sarcoma patients. The
presence of TANs and NETs was only detected in
patients with metastasis, while in cases of complete
remission following intense chemotherapy cancer
relapse was fast [19]. Significant amounts of
neutrophil extracellular trap structures were found in
lung cancer tissues and tissues from patients suffering
from osteosarcoma. In experimental models of breast
cancer non-small-cell lung carcinoma and chronic
myeloid leukaemia neutrophils also indicated higher
capacity to form and release NETs [20, 21]. Boone et
al. also demonstrated high expression of NETs
markers in pancreatic ductal adenocarcinoma and
conclude that traps are upregulated through
autophagy dependent pathway [22].

Reports on the biological aspect of NETs in the
course of cancer are still rather scarce, with opinions

on their involvement quite divided. It is speculated
that the anti-cancer properties of NETs are connected
with direct killing of cancer cells and/or stimulation
of other cells in the immune system. On the other
hand, extracellular trap components may have a
pro-tumour effect in relation to the facilitation of
metastasis. Taking into account the well-documented
significance of NETs in inflammation and the scant
amount of data concerning the role of neutrophil
extracellular traps in carcinogenesis, we decided to
study the process of extracellular trap formation in
patients with inflammation as well as in patients with
cancer occurring in the same location. We aimed to
evaluate the formation of NETs in patients with oral
inflammation and patients with oral squamous cell
carcinoma (OSCC). We sought to determine whether
the formation of NETSs occurs in the same extent in the
inflammatory and cancerous process. Detection of
differences in the phenomenon of forming NETs in
the inflammation and in the cancer process may lead
to increased knowledge about the role of the traps in
the pathomechanism of these diseases.

Materials and Methods

Participants

The study involved a group of 10 patients with
odontogenic infection/inflammation, 17 patients with
oral squamous cell carcinoma, hospitalized in the
Department of Maxillofacial and Plastic Surgery,
Medical University of Bialystok, and a group of 15
healthy people, volunteer blood donors. Assays were
performed in patients before the treatment. Study
results were analyzed taking into account a clinical
stage of the disease according to TNM classification.
The clinical data of patients and healthy persons is
presented in Table 1 (sex, age, WBC, site of
inflammation/tumor, stage of disease). Patients with
squamous cell carcinoma of the oral mucosa report to
the doctor in the late - inoperable stage of the disease,
therefore the number of patients collected for the
study is not large, but the results obtained in the
examined groups were repeatable.

Approved by the Bioethics Committee of the
Medical University of Bialystok no. R-1-002/479/2014
and no. R-1-002/59/2016.

Cell isolation

Upon the donor’s consent, blood samples were
extracted from the basilic vein and preserved with
EDTA for cell isolation, in an amount 9 mlL.
Preliminary isolation of cells with Polymorphprep™
(Axis-Shield PoC AS) allows obtaining two well
separated leukocyte fractions: polynuclear and mono-
nuclear cells. In order to obtain highest cell purity,
polynuclear fraction was then sorted by positive
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selection with Microbeads, which allows for a 100%
cell purity. The neutrophils were sorted using a mag-
netic MACS® Separator with CD16 Microbeads (for
polymorphonuclear cells - PMNs, Miltenyi Biotec).

Cell incubation

The polymorphonuclear cells were suspended in
a culture medium containing RPMI Medium 1640
(Gibco®, Life Technologies™), < 5% calf serum FBS
Good (PAN Biotech), antibiotic Penicillin-Streptomy-
cin (Sigma Life Science) in an amount of 10° per well
for NETs visualization and 5x10° for flow cytometry
method.

Then, the cells were incubated 1 hour in
microplatelets (Microtest IlI-Falcon, BD Biosciences)
at 37°C, in an incubator with a flow of 5% COs,.

Neutrophils were incubated in the presence of
rhIL-17 at a concentration of 50 ng/mL (Bender Med
System) or LPS - 10 pg/mL (Sigma-Aldrich, Merck).

Cell purity assessment

Collected cell suspensions purity was assessed
with a “thick-drop” preparation, using May-
Griinewald-Giemsa staining (AquaMed). The purity
of all of the cell suspensions was > 99.6%.

Cell viability assessment

BD Pathway 855 microscopic system

The incubation of stimulated cells at 37°C, in an
incubator with a flow of 5% CO,, was recorded in the
incubation chamber with a BD Pathway 855
microscope system. The analysis involved NETs
structures: DNA (Hoechst 33342, Invitrogen™) and
myeloperoxidase (MPO; clone 8E6, Molecular
Probes®, Life Technologies™).

Flow cytometry

Following 1 hour incubation neutrophils were
permeabilized using FACS Permeabilizng Solution 2
(BD Biosciences) and stained with anti-Human
Myeloperoxidase monoclonal antibodies (clone 8E6,
Molecular Probes®, Life Technologies™). Flow
cytometric data were acquired on FACSCalibur flow
cytometer (BD Biosciences) and analysed with the use
of FlowJo software (Tristar Inc., Ashland, OR, USA).
Neutrophils were gated on the basis of forward
scatter (FSC) and side scatter (SSC) properties, and the
frequency of myeloperoxidase-positive cells was
presented as frequency of total neutrophils.

Circulating DNA Quantification Kit

Amounts of circulating DNA in blood serum and
cell supernatants were determined by Abcam’s
Circulating DNA Quantification Kit according to the

The viability of the «cells was assessed . .
. . y ” . . . instructions enclosed. DNA was fluorescently
immediately after separation in a light microscope quantified
using trypan blue (Lachema). The viability of PMNs )
after isolation were > 97% of all of the tested cells.
Table 1. The clinical data of patients and healthy persons.
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M 29-59 7.5-1445 7 1 1 2 2

F 18 -36 11-15.2 3 1 1

M 20-34 4.4-95 9 Healthy control {n=15}

F 22-35 39-83 6

The table presents the basic clinical data of the study participants. Abbreviation: WBC - white blood cells (amount); OSCC - oral squamous cell carcinoma; TNM -

classification of clinical stage of the disease; M - male; F - female.
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Statistical analysis

Statistical analysis used the Microsoft Excel
calculation sheet and STATISTICA version 13.1. Data
distribution normality was determined using
Kolmogorov-Smirnov test. Since the data were not
normally distributed, for comparison of variation
between assayed groups, Mann-Whitney U
non-parametric tests were applied to un-related
results. The correlation between variables was
evaluated using Spearman’s rank coefficient (r).
Apvalue <0.05 was accepted as statistically
significant. All data are presented as meantSEM
(standard error of the mean).

Results

Microscope evaluation of NET formation

Microscopy results indicate that neutrophils of
patients with inflammation in the oral cavity and of
subjects with stage I/Il cancer produce increased
amounts of NETs compared to cells of healthy
subjects. No significant differences in the release of
NETs were observed between the neutrophils of these
groups of patients. However, the amount of
unstimulated neutrophils releasing NETs in stage
[I/IV cancer patients was comparable to that of
healthy subjects and lower than the amount of
neutrophils in inflammation and early stage cancer

1

B w N

patients (Table 2, Fig. 1).

In all of the studied groups neutrophils after
stimulation with LPS and rhIL-17 produced more
NETs in relation to unstimulated cells. Patients with
inflammation and early stage cancer showed elevated
formation of NETs after stimulation with LPS than
rhIL-17. NET formation in stimulated cells of stage
III/IV cancer patients was observed to be highest after
incubation of the cells in the presence of rhIL-17.
LPS-stimulated neutrophils in these patients, on the
other hand, released less NETs in comparison to
healthy cells (Table 2, Fig. 1).

Table 2. The percentage of neutrophils forming NETs.

The percentage of neutrophils
forming NETs [%]

mean
SEM
PMNs PMNs+LPS PMNs+rhIL-17
Healthy people 228  39.06x 16.67 y=
n=15 0.4 1.8 1.05
Patients with inflammation 8.77 * 47.92"x 41.38 *yz

n=10 088 1.97 2.22

Cancer patients with I° and II° 6.67 * 51.03 *x 31.3 *ayz
n=12 0.69 261 1.86
Cancer patients with III° and IV°® 3.5ab 13 *abx 36.13 *yz
n=5 0.6 2.28 3.93

* - statistically significant difference with healthy people.

a - statistically significant difference with inflammation.

b- statistically significant difference with I° and II°.

x - statistically significant difference between PMNs and PMNs+LPS.

y - statistically significant difference between PMNs and PMNs+rhIL-17.
z - statistically significant difference between
PMNs+LPS and PMNs+rhIL-17.

Figure 1. NETs in confocal microscopy. The figure
presents sample photos of neutrophil culture
without and with LPS or rhIL-17 stimulation in
patients and healthy persons, after 60 minutes
incubation, with 20x zoom. Staining of total DNA -
blue color, staining of extracellular MPO - red color.
Abbreviation: A - unstimulated, B - LPS stimulation,
C - IL-17 stimulation; 1 - control, 2 - inflammation, 3
- 1911°, 4 - 1NI%/IV°.
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Fluorescent assay of cfDNA in cell supernatant
and blood plasma

Assay of neutrophil supernatant of inflammation
patients and stimulated neutrophils in stage I/II
cancer patients found increased levels of cfDNA
compared to healthy subjects. On the other hand, the
cell supernatants of patients with stage III/IV cancer
showed significantly lower concentration of cfDNA in
comparison to healthy subjects, patients with
inflammation and patients in early-stage cancer
(Table 3).

Table 3. The ¢fDNA concentration in supernatants and serum.

cfDNA [ng/uL]
mean
SEM
Serum Supernatants
PMNs PMNs+LPS PMNs+rhIL-17

Healthy people 95 147 263 x 197 y=
n=15 7.18 13.22 19.57 11.48
Patients with 154.50 * 346 * 534 *x 519 *y
inflammation 34.50 30.07 50.45 4223
n=10
Cancer patients with I° 182 * 204.20 2 639 *x 480 *yz
and II° 12.23 28.72 44.51 33.73
n=12
Cancer patients with ~ 143.75 * 32 *ab 46.50 *ab 110.33 *abyz
II1° and IV° 16.13 3.00 2.5 5.78
n=5

percentage of MPO+ neutrophils in stimulated and
unstimulated cells in relation to healthy subjects,
inflammation subjects, as well as patients with
advanced cancer, apart from neutrophils incubated
with rhIL-17. No significant changes were found in
the number of MPO+ neutrophils after using
stimulants on this group of patients (Table 4, Fig. 2).

The percentage of unstimulated MPO+
neutrophils in stage III/IV cancer patients was similar
to that of healthy subjects. The lowest percentage of
MPO+ neutrophils in relation to all of the studied
groups of cells was observed in stage III/IV cancer
patients after incubating the cells in the presence of
rhIP-17 (Table 4, Fig. 2).

No statistically significant correlation between
the studied parameters was found.

Table 4. The percentage of neutrophils MPO+.

The percentage of neutrophils MPO+ [%]
mean

* - statistically significant difference with healthy people.

a - statistically significant difference with inflammation.

b- statistically significant difference with I° and II°.

x - statistically significant difference between PMNs and PMNs+LPS.

y - statistically significant difference between PMNs and PMNs+rhIL-17.

z - statistically significant difference between PMNs+LPS and PMNs+rhIL-17.

Stimulation of neutrophils with LPS or nrIL-17
in patients with inflammation or stage I/II cancer
increased the cfDNA fraction in the supernatants of
these cells, with the highest concentration of cfDNA
found in the presence of LPS. Neutrophil
supernatants of stage III/IV cancer patients was
significantly higher than the concentration showed
significant increases of free DNA only in the presence
of rhIL-17 (Table 3).

Analysis of cfDNA in blood serum of patients
with inflammation and all of the cancer patients
showed an increase of free DNA in relation to healthy
subjects (Table 3).

Cytometric analysis of MPO expression in
neutrophils

Neutrophils of patients with odontogenic
infection demonstrated increased percentage of
MPO-positive neutrophils (MPO+), both stimulated
with rhIL-17 and unstimulated, compared to healthy
subjects. LPS stimulation was also found to result in
the lowest percentage of MPO+ neutrophils in
relation to unstimulated cells (Table 4, Fig. 2).

Stage I/II cancer patients presented the lowest

SEM
PMNs PMNs+LPS ~ PMNs+rhIL-17

Healthy people 29.4 42.4 x 28z

n=15 4.17 513 2.63

Patients with inflammation 47.93 * 29.63 x 41.95 *

n=10 5.28 5.47 2.15

Cancer patients with I° and II° 12.03 *a 14.42 *a 11.38 *a

n=12 1.31 1.25 1.22

Cancer patients with III° and  25.70 b 32200 8.42 *az

ve 9.69 4.90 257

n=5

* - statistically significant difference with healthy people.

a - statistically significant difference with inflammation.

b- statistically significant difference with I° and II°.

x - statistically significant difference between PMNs and PMNs+LPS.

z - statistically significant difference between PMNs+LPS and PMNs+rhIL-17.

Discussion

The results of conducted tests indicate that the
formation of NETs is associated not only with
inflammatory states, but also with cancers of the oral
mucosa. Formation of the traps pertains mainly to
early stages of the disease, since no significant
changes were observed in patients suffering from
advanced cancer. The high intensity of NETs
formation in patients with I/II° stage appears to
facilitate the progress of a disease. It is known that the
trap structures might promote migration and immune
escape of cancer cells or constitute a physical barrier
between cancer cells and immune-competent cells.
Furthermore, excessive formation of NETs in close
vicinity of blood vessel walls may make it easier for
neoplastic cells to bind to the endothelium and
contribute to extravasation and implicate in the
process of cancer metastasis. Additionally, NETs may
enhance immune escape by covering circulating
cancer cells with blood platelets [8, 23].
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Figure 2. Representative graphs of cytometric analysis of MPO+ neutrophils. The figure shows examples of graphs of cytometric analysis of MPO-positive
neutrophils in patients and healthy persons, after 60 minutes neutrophil incubation without and with LPS or rhiL-17. Abbreviation: UNST — unstimulated.

On the other hand, Arelaki et al. observed that
the in vitro-generated NETs inhibited growth of colon
cancer cells by inducing apoptosis and/or inhibiting
proliferation [24].

Taking into consideration, that people with MPO
deficiency have a higher risk of a cancer incident we
examined a population of MPO+ neutrophils [25, 26].
In the early stage of the disease, when the formation
of NETs is increased, a low percentage of MPO+
neutrophils was observed. This observation suggests
increasing extracellular MPO content and seems to be
beneficial because research conducted by Odajima et
al. indicate that MPO is directly involved in killing
cancer cells, as shown in tests on melanoma cells. It
was also shown that the myeloperoxidase inhibits the
growth of these cells after implantation [27]. In
contrast, the lack of changes in NETs formation with
an increased amount of MPO+ neutrophils in patients
with advanced cancer seems advantageous. Our
research also showed that increased amounts of
released NETs in inflammation patients was
accompanied by raised levels of MPO+ neutrophils,
which may suggest further neutrophil mobilization
for NETs formation.

We have shown that increased formation of
NETs in early stage cancer and inflammation is
accompanied by higher amounts of cfDNA in
neutrophil supernatants and plasma, which clearly
indicates that PMNs are a significant source of
circulating free DNA. The increase of free DNA in
blood plasma of cancer patients was reported in
numerous articles preceding the discovery of NETs
[28, 29]. At the time it was believed that the cfDNA
came from fragmented/destroyed cancer cells [30].
The decreased amount of cfDNA in the blood plasma
of stage III/IV cancer patients observed in our own
research may result from binding of NETs fragments
with the large amount of circulating cancer cells.

The adverse role of NETs in the course of cancer
could stem from the fact that these structures provide
a scaffold for thrombus, and the stimulation of
adhesion of platelets only contributes to the
phenomenon [19, 20]. At later stages of the disease
when the level of DNA was detectable in blood
plasma, the subjects presented spontaneous
thrombosis, and the amount of NETs was correlated
with the signs of thrombosis [31].

Not only thrombosis but also pneumonia,
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peritonitis, and sepsis are strongly related to the
increase of deaths resulting from metastasis, as shown
in numerous forms of cancer [32, 33]. Our research
suggests that LPS is significant in inducing the
formation of NETs in early stages of cancer. This is
also confirmed by Demers et al., who found that
administering small doses of LPS to mice with cancer
was correlated with high levels of NETs biomarkers in
blood plasma [20]. Cools-Latigue et al. conducted
research on mice which showed that the formation of
NETs after stimulation with LPS correlates with a 50%
increase of lung cancer cell adhesion in the liver, the
most frequent metastasis site. These discoveries
incorporate  NETs into the pathomechanism of
tumour metastasis in the context of bacteria-related
inflammation [34]. It is interesting why there is a slight
decrease in the number of MPO+ neutrophils after
stimulation with LPS both in inflammation and cancer
patients. This is probably the result of a loss of MPO+
cells associated with NETs formation, as observed in
the inverse relationship between the amount of
cfDNA in the PMNs supernatant and the number of
MPO+ neutrophils after stimulation of cells of
inflammation patients with LPS. However, there is
data indicates that metastatic breast cancer cells can
induce NETs in the absence of infection. Using
intravital imaging in mice, Park et al. observed NETs
structures around metastatic cancer cells that had
reached the lungs [35]. Authors of experiments
conducted in patients undergoing attempted curative
liver resection for metastatic colorectal cancer, that
increased postoperative NETs formation was
associated with a more than 4-fold reduction in
disease-free survival. In a murine model of surgical
stress employing liver ischemia-reperfusion, they
observed that NETs formation was correlated with an
accelerated development and progression of
metastatic disease [36].

Neutrophils are called “sophisticated immune
cells” because, among others, they can release
immunomodulatory cytokines, including IL-17 [11].
The IL-17 family seems to play an important role in
the inflammatory and cancerous process. The
available data suggests that IL-17 has a double-sided
function, similarly to NETs. On the one hand, IL-17
stimulates the function of cytotoxic T lymphocytes,
leading to the regression of cancer. On the other hand,
it could also contribute to the progression of cancer by
facilitating angiogenesis and escape of cancer cells [37,
38]. Previously conducted research found increased
concentration of IL-17 not only in the plasma of
inflammation patients, but also in patients with
squamous cell carcinoma of the oral mucosa [39].
Presented in this manuscript our own research
showed that IL-17 is capable of stimulating NETs

formation by neutrophils of healthy subjects,
inflammation patients, and cancer patients, as
confirmed by the increase of cfDNA in the
supernatants of the stimulated cells. It is interesting to
note, that the formation of NETs observed in response
to IL-17 is stronger than in response to LPS in patients
with advanced cancer.

Studying the mechanism of the formation and
regulation of neutrophil extracellular traps could have
a large impact on understanding the role of the innate
immune response in the course of cancer. The same
direction of changes in NETs formation seems to be a
new common element shared by inflammation and
early stage cancer. Changes in the formation of NETs
observed in patients with advanced cancer, other than
an early phase or inflammation, indicate an
alternative range of NETs involvement depending on
different phases of this disease. Future research on the
formation of neutrophil extracellular traps extending
to other biomarkers of NETs may contribute to better
understanding the role of these structures in the
course of cancer.
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