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Abstract

Introduction. Thrombosis is a formidable complication of the oncological process that still profoundly contributes to overall
mortality despite the anticoagulant use. According to the recent data, thrombosis in cancer represents a special type of prothrombotic
state, wherein thromboinflammationis one of its constituents. In addition, thromboinflammation contributes both to the disease
progression and intensity of metastasis processes. Recently, alarge number of studies worldwide have been devoted to investigating
thromboinflammation in cancer patients.

Aim: to assess NETosis activity (the process of neutrophils extracellular traps synthesis), namely, the concentration of citrullinated
histone H3 (citH3) as a blood plasma NETosis marker in women with malignant genital organs and breast neoplasms.

Materials and Methods. The prospective observational controlled non-randomized study included 45 patients (main group) with
malignant neoplasms of uterus body, ovaries, cervix (adenocarcinoma of the cervical canal) and mammary glands admitted to the
hospital for planned surgical treatment (13, 15, 5 and 13 patients, respectively) and 33 women with benign neoplasms of the
genital organs and mammary gland (control group). The plasma citH3 concentration was determined using an enzyme immunoassay.

Results. It was found that cancer patients had citH3 concentration significantly increased (1.434-2.058 ng/ml) compared with the
control group (0.281-0.371 ng/ml). The concentration of citH3 in patients with tumors of the uterine body and cervix ranged from
2.271 t0 2.992 ng/ml, patients with ovarian tumors — from 1.357 to 2.123 ng/ml, patients with breast tumors — from 0.331 to
0.859 ng/ml. The study revealed no significant differences in the citH3 concentration in patients with breast tumors compared to
the control group. Upon elevating citH3 concentration, such parameters as C-reactive protein, D-dimer, neutrophils and platelets
count, as well as neutrophils/lymphocytes ratio were significantly increased. Significant differences were revealed in platelet count
in the main group (236,68-273,77x10%L) vs. control group (178,14-202,35x10%/L).

Conclusion. The study demonstrated the activation of NETosis in patients with tumors of the uterine body as well as cervix
(adenocarcinoma) and ovaries that might be combined with hemostasis activation and systemic inflammatory response.
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Pe3tome

BsepeHnue. Tpom603 ABNAETCA FPO3HLIM OCMOXHEHMEM OHKOMOMMYECKOro nNpoLecca, BKnaa KoToporo B 06LLYyt0 NeTanbHOCTb 0CTa-
€TCS BbICOKWUM, HECMOTPS Ha UCNONb30BaHNE aHTUKOArYNAHTOB. [10 NocNeaHUM AaHHbIM, TPOMOO3 NpU pake NpeAcTaBnseT co6oii
0c06bIN BUA NPOTPOMOOTUYECKOr0 COCTOSAHUS, OAHOI M3 COCTABHbIX YacTeil KOTOPOro, Kak 0Ka3anoch, ABiseTcs TpomM6oBocna-
neHve. Kpome 3Toro, TpOoM60BOCNANeHne BHOCUT CBOW BKNag M B NPOrpeccuto 3abosieBaHns W B MHTEHCUBHOCTb MPOLIECCOB
MeTacTa3mpoBaHusg. Bonpocam m3ydeHns TPOMOOBOCNANIEHUS Y OHKONIOrMYeCKUX NalueHTOB B MOC/efHee BPeMs MOCBALLEHO
60/bLUOE KOJIMYECTBO UCCNEL0BAHUI B MUPE.

Llenb: oLieHKA aKTMBHOCTYW HETO3a (MPOLIECCA CUHTE3a BHEKNETOYHbIX MOBYLLIEK HEATPOGUIOB), @ UMEHHO, KOHLIEHTPALMN LUTPY-
NINHUPOBAHHOTO rucToHa H3 (citH3) kak mapkepa HeTo3a B Nna3me KPOBW NaLMEHTOK CO 3N0Ka4eCTBEHHbIMI HOBOOOPA30BAHNAMY
MONIOBbIX OPraHOB 1 MOJIOYHOI XKenesbl.

Matepuanbl U metofbl. B npocnekTMBHOe HabnaTeNIbHOE KOHTPONMPYEMOE HepaHLOMU3MPOBAHHOE MCCNeLoBaHWe BOLUN
45 naumneHToK (OCHOBHas rpynna) co 310Ka4eCTBEHHbLIMI HOBOOOPA30BAHUAMM TeNla MATKU, SUYHUKOB, LUENKW MATKI (aleHoKap-
LMHOMA LiepBUKANbLHOMO KaHana) W MOOYHbIX Xeres, NoCTynNuBLINX B CTALMOHAp LN NPOBeLEeHNs NNaHoBOro OnepaTuBHOro
neyveHna (13, 15, 5 n 13 naumeHToK, COOTBETCTBEHHO), U 33 XEHLLMHbI C 06POKAYECTBEHHBIMI HOBOO6PA30BAHUAMMU MONOBbLIX
OpraHoB ¥ MOJI0YHOI Xenesbl (KOHTPOMbHAsA rpynna). KoHueHTpaumto citH3 onpeaensnu B nnasme ¢ NOMOLLbI0 UMMYHOMDEPMEHT-
HOr0 aHanmsa.

Pe3ynbTatbl. Y nauneHToK 0CHOBHOWM rpynmbl ypoBeHb CitH3 oka3anack 40CTOBEPHO noBbilweH (1,434—2,058 Hr/mn) no cpaBHEHWO
¢ KOHTponbHow rpynnon (0,281-0,371 Hr/mn). Cofepxanue CitH3 y 60/1bHbIX C ONYXONAMM Tena 1 LWeikn MaTKn COCTaBAsANo OT
2,271 00 2,992 Hr/mi1, y 60MbHbIX C ONYX0NAMU SUYHUKOB — 0T 1,357 [0 2,123 HI/MJ1, ¥ 60MbHBIX C ONYX0AMU MOJSTOYHOI XKenesbl —
ot 0,331 no 0,859 Hr/mn. He BbISIBNIEHO CTATUCTUYECKM 3HAYUMBbIX PA3fM4UA B KOHLEHTPaUMK CitH3 y 6OMbHbIX C OMyXonamu
MOJI04HOM XXeJe3bl N0 CPABHEHUIO C KOHTPOJIbHO rpynmnoit. Mpu NOBbILEHUN KOHLEHTPALMK CitH3 ObInn JOCTOBEPHO NOBbILLEHDI
Takme nokasarenu, kak C-peakTmeHbIi 6en0K, D-Aumep, KONMYeCTBO HEATPOUIOB 1 TPOMOOLMTOB 1 COOTHOLLEHWE HEATPOUAbI/
NUMAOLUTSI. BbisBNEHbI 3HAYMMbIE Pas3NNYNs B KONNYECTBE TPOMBOLIUTOB B OCHOBHOIA rpynne (236,68-273,77x10%n) no cpasHe-
HIIO C KOHTPONbHOI rpynnoit (178,14-202,35%10%/n).

3aknioyenue. NpoAeMOHCTPUPOBAHA aKTUBALIMSA NPOLIECCOB HETO3a Y MALMEHTOK C ONYX0AsAMM TeNa W LWeRKKM (aaeHOKaLMHOMbI)
MaTKN 1 AUYHWUKOB, a TaKXe COYETaHWe 3TOW aKTMBALMM C aKTUBALMEN CUCTEMbl remMocTasa W CUCTEMHbIM BOCMANUTESIbHbIM
OTBETOM.

KnioueBbie cnosa: nMMyHOTPOMG03, LNTPYNNUHUPOBAHHBIA TMCTOH H3, CitH3, BHekneto4Hble noBywku Herdtpocpunos, NETS,
Tpom60oBOCNaneHue, pak, HeTo3

Ina uutnpoBanus: Cnyxandyk E.B., buuanse B.0., Cononosa A.l'., Xuspoesa [.X., Mpu XK.-K., dnanamu W., Makauapusa A.[.
BHEKNeTOYHble  NOBYLUKW  HEATPOOMNOB  Kak  Mapkepbl  TPOMOGOBOCMAneHWs B NaTOreHe3e  3710Ka4eCTBEHHbIX
HOBOOOPA30BAHNIA KEHCKUX TOMOBLIX OPraHOB U MOMOYHOW Kene3bl. Akywepcrro, [uHekonorus u  Penpogykuws.
2022;16(4):426-437. https://doi.org/10.17749/2313-7347/0b.gyn.rep.2022.335.
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What is already known about this subject?

» Cancer-associated thrombosis is a distinct type of
prothrombotic condition, one of which components is
presented by thromboinflammation.

» Thromboinflammation contributes to tumor progression and
intensity of metastasis processes.

What are the new findings?

» It was demonstrated for the first time that NETosis was
activated in patients with tumors of the uterine body, cervix
and ovaries, as well as its combination with hemostasis
activation and systemic inflammatory response.

How might it impact on clinical practice in the foreseeable
future?

» The present study proves a relationship between the
thromboinflammation and tumor growth, which are
characterized by complex and multidimensional relationships,
which identification may lead to substantial progress in
understanding a pathogenesis of tumor process and its
complications, as well as to develop algorithms for affecting
them.

Introduction / BBegenue

Neutrophils along with dendritic cells and
macrophages similar to phagocytes are essential
components of innate immunity [1]. While involving
diverse mechanisms [2] in own arsenal, they reflect the
threat posed by various pathogens, including bacteria,
fungi, protozoa, viruses, antibodies, immune complexes,
cytokines, and chemokines such as interleukin-8 (IL-8),
tumor necrosis factor (TNF), etc. Neutrophils undergo
a specialized process of programmed death (without
caspase activation during apoptosis), which leads to
chromatin decondensation with the network formation
called neutrophil extracellular traps (NETS).

Neutrophil extracellular traps were first identified in
2004 [3, 4]. NETs are composed of strands of
deconcentrated DNA and various protein/enzyme
components as well as chemicals, including
myeloperoxidase (MPQ), neutrophil elastase, and tissue
factor [5]. Myeloperoxidase is a peroxidase that uses a
heme moiety as a cofactor and produces hypochlorous
acid (HOCI) from hydrogen peroxide (H,0,) and chloride
anion (CI") during the neutrophil oxidative burst [6].
Neutrophil elastase hydrolyzes proteins within specialized
neutrophil lysosomes known as azurophilic granules and
degrades outer membrane protein A as well as bacterial
virulence factors [7]. In human tissues, neutrophil
elastase in NETs can also degrade the extracellular matrix
components, including collagen IV and elastin.

One of the critical steps in NETs formation is histone
citrullination, carried out by the histone-specific enzyme
peptidyl arginine deiminase 4 (PAD4). New data indicate
that citrullinated histone H3 (citH3), a key component

OCHOBHbIE MOMEHTbI

Y10 yXe u3BecTHo 06 aToi Teme?

» Pak-accounnpoBaHHbli  TPOMO03  MpefcTaBnseT  coboil
0CO6bIA BUA MPOTPOMOOTUYECKOTO COCTOSHMS, OOHOM U3
COCTABHbIX YaCTelN KOTOPOro ABASAETCA TPOMOOBOCMATIEHME.

» Tpomb6oBocnaneHne BHOCUT CBOW BKNaL B MNPOrpeccuto
OMyXO0/N 1 B UHTEHCMBHOCTb MPOLIECCOB METAaCTa3MPOBaHNS.

Y70 HOBOrO faeT cTaThAA?

» BriepBble MPOJEMOHCTPMPOBAHA aKTMBALMS HETO3a Y MaLyeH-
TOK C OMyXONsIMW Tena, LIeNKN MaTKi U ANYHUKOB, a TakKe
COYETaHNe 3TON aKTUBALN C aKTUBALMEN CUCTEMbI FreMOCTa3a
11 CUCTEMHBIM BOCMANUTENbHbIM OTBETOM.

Kak 310 MOXET NOBAMATL HA KITMHUYECKYH NPaKTHKY
B 0603pumom Gyayiiem?

» Hacroqliee uccnenoBaHue [0Ka3biBaeT B3aUMOCBA3b MEXIY
npoLieccami TPOMB6OBOCTANIEHUS 1 OMyX0JIEBOr0 POCTa, OT/IN-
YAIOLLWMXCA CAOXHOCTHIO 1 MHOTOMEPHOCTHIO B3aUMOCBA3EN,
BbIABMIEHNE KOTOPbIX CrIOCOGHO MPUBECTU K 3HAYUTESTLHOMY
MPOrpeccy B MOHMMAHWM NAToreHeaa OnyxoseBoro NpoLecea 1
€ro OCNOXHEHWIA, a TaKXKe pa3paboTatb anropUTMbl BIUSHUA
Ha HuX.

of NETs, can be recognized as a specific marker of
NETosis [8] in both tissue samples and peripheral blood
[9]. Histone hypercitrullination is an essential step in
developing NETSs, and citH3 is considered as a new and
specific biomarker for this process. The destructive
effect of NETs against pathogens is accounted for
by their oxidation due to MPO and HOCI as well as
cleavage by neutrophil elastase. Powerful polyvalent
effects of NETs are not specific; dysregulated NETosis
events during acute and chronic inflammation leads to
tissue damage, fibrosis, hypercoagulability, thrombosis,
atherosclerosis, tumor progression, and metastasis
[5, 10-12]. The formation of NETs results in local
thrombosis, apparently aimed initially at preventing
spread of pathogens. In addition, NETs have been shown
to increase the intensity of fibrosis in various tissues,
particularly in the lungs. Moreover, it was shown that
pulmonary fibrosis is induced by NETs and dependent
on PAD4 [13].

One of the most common complications and
significant causes of death in cancer patients is a
cancer-associated thrombosis. The risk of primary
venous thromboembolism (VTE) in cancer is increased
by 4-7 times, recurrent VTE — by 3 times, anticoagulant-
associated bleeding — by 2 times, VTE-related death — by
10-7 times, and arterial thromboembolism - by 2-fold
compared with non-cancer patients [14, 15]. Risk factors
for cancer-related thrombosis may be related to patient
characteristics (ethnicity, age, comorbidities, etc.),
tumor parameters (histological type, grade, primary site
and post-diagnosis time frame, etc.), treatment strategy
(chemotherapy, surgery/hospitalization, anti-angiogenic

m http://www.gynecology.su
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drugs, central venous catheters, erythropoietin stimu-
lators, etc.), as well as essential biomarkers (leuko-
cyte and platelet counts, D-dimer, hemoglobin, etc.)
[16]. Recent studies have shown that NETs exert multi-
valent procoagulant properties, providing a "scaffold"
support for procoagulant molecules in association with
erythrocytes and platelets, promoting thrombosis in vitro
and in vivo. NETs contain complex protein components
that can activate the endogenous coagulation pathway
promoting thrombus formation. Thus, it has been proven
that NETs are essential participants in thrombogenesis
in cancer patients [17, 18].

Currently, a role of NETs in the initiation, formation,
cancer metastasis and cancer-related thrombosis
has been actively investigated. It turned out that
tumor can induce NETosis while creating a hypoxic
microenvironment due to higher expression of the
transcription factor HIF-1a (hypoxia-inducible factor-la)
and reactive oxygen species in severe oxidative stress.
Tumor-secreted cytokines, proteases, and exosomes also
trigger NETosis [19]. The hypoxic microenvironment and
oxidative stress, which promote transforming growth
factor-p1 (TGF-p1) secretion are the key inducers of
the endothelial-mesenchymal transition (EMT). TGF-B
plays prominent role in the EMT process in tumor
microenvironment during oncogenesis and metastasis
spread. NETs have been shown to stimulate EMT to
facilitate oncogenesis [20, 21], tumor growth [22], and
metastasis [22, 23]. Therefore, NETs can promote tumor
growth and progression by accumulating in the tumor
microenvironment [24]. NETs promote long-distance
tumor spread by protecting tumor cells and preventing
attack by circulating cytotoxic lymphocytes [25]. NET-
bound neutrophil elastase, matrix metalloproteinase 9,
and cathepsin G disrupt the intercellular junctions
and basement membrane via VE-cadherin proteolysis,
thereby increasing endothelial cell permeability. This
process also activates endothelial cells to recruit
circulating tumor cells captured by NETs to promote
cancer metastasis [21].

The first study examined NETs in tumor tissue obtained
from patients with Ewing's sarcoma. Tumor-associated
NETs have been identified in patients with poor prognosis
[26]. In addition, NETs have been found in colon tumor
tissues and metastatic lymph nodes. NETs level gradually
declines from the center of the tumor to its distal edge
[27]. Moreover, the NETs concentration in lymphoma
tissue samples positively correlated with relevant level in
blood plasma. High levels of NETs correlated with poor
survival. Another study showed that elevated level of
circulating NETs in the postoperative period of patients
undergoing liver resection for metastatic colorectal

cancer was associated with reduced disease-free
survival [28]. In patients with primary liver carcinoma
associated with non-alcoholic steatohepatitis, the NETs
concentration was higher than in those with healthy liver
or benign liver disease [29].

Aim: to assess NETosis activity (the process of
neutrophil extracellular traps formation), by assessing
blood plasma citH3 concentration as NETosis marker
in women with malignant genital organ and breast
neoplasms.

Materials and Methods / MaTepuansl
M METOJbI

Study design / [lusaitH uccnegoBanus

A prospective controlled observational non-
randomized study was conducted from September, 2019
to March, 2022, at the Moscow City Clinical Oncological
Hospital Ne 1 as well as at Petrovsky National Research
Centre of Surgery that enrolled 78 patients, aged 30 to
72 years, hospitalized for planned surgical treatment.

Groups of patients examined / Ipynnbl 06¢cnefoBaHHbIX
NaLueHToK

The main group included 45 patients with malignant
genital organ and mammary gland neoplasms, stages |-
[Il: ovarian cancer (n = 13), cancer of the uterine body (n
= 15), cervical cancer (adenocarcinoma of the cervical
canal, n = 5) and breast cancer (n = 13).

The control group consisted of 33 women with benign
female genital organ and breast neoplasms.

Inclusion and exclusion criteria / Kputepuu BknroyeHus
U UCKNTHOYEHNS

Inclusion criteria for the main group: the presence
of a malignant neoplasm of the ovaries, uterine body,
cervix and mammary glands, confirmed by clinical and
instrumental examination; voluntary informed consent
to participate in the study.

Inclusion criteria for the control group: verified
benign female genital organ and breast neoplasms; no
active cancer and oncological diseases, thrombosis and
thromboembolism, chronic inflammatory diseases in
history; voluntary informed consent to participate in the
study.

Exclusion criteria: verified active infectious and/or
inflammatory process; allergic reaction to contrast
agents; use of anticoagulants, chemotherapy drugs;
signs of thrombotic or hemorrhagic syndrome at first
examination.

Study methods / MeTopbl uccnepoBaHus

One day before surgery, fasting blood samples were
collected by using dry sterile needle from the cubital
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vein into a plastic tube in 9:1 blood:anticoagulant ratio.
A 3.8 % solution of trisubstituted sodium citrate was
used as an anticoagulant.

Histone hypercitrullination is an important step
in NETs formation, and citH3 is considered as a new
and specific biomarker for this process. Assessing
blood plasma citH3 level in patients of the main and
control groups was carried out using enzyme-linked
immunosorbent assay (Citrullinated Histone H3 ELISA
Kit, Cayman Chemical, Ann Arbor, Michigan, USA).

D-dimer concentration was measured using the
Dimertest latex test (Agen, Australia), based on using
latex particle-coupled highly specific D-dimer antibody.
Assessing D-dimer level is one of the most specific
assays to diagnose DIC, thrombophilia and thrombotic
complications, allowing to reveal intensity of fibrin
polymerization during intravascular blood coagulation.

Complete blood count and C-reactive protein (CRP)
level in venous blood samples were assessed using
routine techniques.

Ethical aspects / 3Tuueckue acnekTbl

The study was conducted in accordance with the
requirements of the Declaration of Helsinki of the
World Medical Organization. All patients received
comprehensive information and signed up an informed
consent.

Statistical analysis / CtaTucTu4eckuii ananus

Statistical analysis was performed in IBM SPSS
Statistics version 25 software using nonparametric
Mann-Whitney, Kruskal-Wallis tests, confidence interval
analysis, and Dunnett's posterior test. Significant
differences were assessed in case of reaching a
significance level set at p < 0.05, as well as in case of
differences between confidence limits in the groups
compared. A correlation-regression analysis was used
to analyze a relationship between quantitative variables.
At the stage of correlation analysis, the nonparametric
Spearman test was used (the relationship is considered
weak when a correlation coefficientis up to 0.3, medium -
from 0.3 to 0.7, and high — above 0.7). The use of non-
parametric statistics is related to the lack of normality in
variables distribution.

Results / Pe3yabTaTsl

Clinical and anamnestic characteristics of patients
examined / KnMHMKO-aHaMHECTHYECKAsA XapaKTepucTuka
o6cneoBaHHbIX NALNEHTOK

Clinical and anamnestic data of the women examined
are presented in Table 1. Patients of the main and control
groups did not significantly differ in age and body mass

index. Noteworthy, a large number of obese patients were
observed in both main and control groups, especially
among women with benign and malignant breast and
endometrial diseases. In the main group, the number of
patients with anemia was markedly increased, especially
in the subgroups of endometrial and ovarian cancer.

The data on assessing the studied laboratory parame-
ters in patients from both groups are shown Table 2.
Significant differences (p < 0.05) between main and con-
trol group were revealed in such parameters as D-dimer
(1.635 pg/ml vs. 0.379 pg/ml) and citH3 (1.746 ng/ml vs.
0.326 ng/ml) level, the neutrophil/lymphocyte ratio (6.1
vs. 1.914), platelet count (255.2x10%L vs. 190.2x10%L)
and C-reactive protein concentration (3.779 mg/dL vs.
0.207 mg/dL), respectively.

The nonparametric Mann-Whitney test was used to
search for differences in citH3 concentrations in main
and control groups that allowed to find a high signifi-
cance of differences (p = 0.0001). Using a confidence
interval allowed to detect that 95 % of oncological vs.
control subjects had citH3 level ranged from 1.434 to
2.058 ng/ml vs. 0.281 to 0.371 ng/ml (Fig. 1).

Nonparametric  Kruskal-Wallis test, confidence
interval analysis, and Dunnett's posterior test were
used to detect differences in citH3 concentration among
cancer patients with different tumor sources. It was found
that citH3 concentration in patients with uterine body
and cervical tumor ranged from 2.271 to 2.992 ng/ml,
ovarian tumors — from 1.357 to 2.123 ng/ml, and breast
tumors — from 0.331 to 0.859 ng/ml. Thus, serum citH3
concentration in patients with breast tumors did not
significantly differ from control group where it ranged
from 0.281 to 0.371 ng/ml (Fig. 2, Table 3).

A relationship between the concentration of citH3,
CRP, D-dimer as a marker of hemostasis activation,
neutrophil and platelet count, and neutrophil/lymphocyte
ratio in cancer patients and patients in control group
was assessed using correlation-regression analysis
and Spearman's nonparametric test. As a result of the
analysis, a significant (p = 0.0001) degree of correlation
between all independent variables (CRP, D-dimer,
neutrophils, platelets, neutrophil/lymphocyte ratio) and
citH3 level was found out. The correlation coefficient
reached an average level (from 0.3 to 0.7), except for
CitH3/CRP correlation that peaked reaching 0.75. citH3
magnitude increases almost linearly up to the level of
2 ng/ml paralleled with rise in CRP level from 5to 6 mg/dL
(Fig. 3). Further, an increase in citH3 concentration is not
accompanied by increased CRP level.

The platelet count was observed to evenly increase
along with citH3 concentration. At the minimum citH3
magnitude, the platelet count did not exceed 250x10%/L,

m http://www.gynecology.su
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Table 1. Clinical and anamnestic characteristics of women examined.

Ta6nuua 1. KnnHnKo-aHaMHeCTN4ecKas XapakTepucTika 06cnejoBaHHbIX NaLUneHToK.

Characteristic
XapaktepucTuka

Main group
OcHoBHas rpynna
n=45

Control group
KoHTponbHas rpynna
n=33

Age, years, mean [min — max]
Bospacr, net, cpegH. [MuH. — Makc.]

50,31 [34-72]

45,36 [30-68]

Body mass index, kg/m?, mean [min — max]
NHpekc macchl Tena, Kr/M2, cpeiH. [MIH. — Makc. ]

24,713 [16,0-36,0]

23,364 [16,0-33,0]

Comorbidities / ConyTcTByo

LWue 3aboneBanus

Hypertension, n (%)

MMnepToHuYeckas 605e3Hb, N (%) 1431.1) 11(33.3)
Diabetes mellitus, n (%) 12.2) _
CaxapHblii naber, n (%) ’
Asthma, n (%)
bpouxuansHas actMa, n (%) 122) -
Cardiac arrhythmias, n (%)
HapyweHus putma cepaua, n (%) 4(8.9) 3(9.1)
Chronic liver diseases, n (%) 6(13.3) _
XpoHu4eckune 3a6onesaHus neqenn, n (%) ’
Chronic kidney diseases, n (%)
XpoHuyeckune 3abonesaHns no4ek, n (%) 4(89) 2(61)
Obesity, n (%)
Oxwpenue, n (%) 9(20) 5(151)
Anemia, n (%)
Anemus, n (%) 10(222) -
Table 2. Laboratory blood parameters of patients examined.
Tabnuua 2. JlTabopaTopHble NOKa3aTeNn KPOBK 06CNE0BAHHbIX NALYEHTOK.
Main group Control group
Parameter OcHoBHas rpynna KouTponbHas rpynna
lMokasarenn n=45 n=33

D-dimer, pg/ml, mean [min — max]
D-aumep, MKr/mn, cpefH. [MIUH. — MaKc.]

1,636 [0,4-3,0]*

0,379 [0,2-0,6]

Neutrophil count, x10%L, mean [min — max]
KonuyecTso HeinTpocpunos, x10%n, cpeH. [MIUH. — Makc. ]

5,140 [3,2-8,7]

3,312 [1,6-5,4]

Platelet count, x10%L, mean [min — max]
Konuyectso Tpom6oLuTtos, x10%n, CpeaH. [MIH. — Makc. ]

2552 [170-410]*

190,2 [110-290]

Citrullinated histone H3, ng/ml, mean [min — max]
LUTpynnnHUpOBaHHbIA TUCTOH H3, HI/MI1, CPEeaH. [MUH. — Makc.]

1,746 [0,1-3,5]*

0,326 [0,1-0,6]

Neutrophil/lymphocyte ratio, mean [min — max]
OTHOLLEHME HENTPOUABI/NUMEOLUTBI, CPEAH. [MUH. — MaKc. ]

6,1 [1,2-15,4]*

1,914 [1,2-3,0]

C-reactive protein, mg/dL, mean [min — max]
C-peakTuBHbIN 610K, MI/An, CPefH. [MIUH. — MaKC.]

3,779 [0,0-9,0]*

0,207 [0,0-0,4]

Note: *p < 0.05 - significant differences compared to control group.

Mpnmeyanne: *p < 0,05 — paznn4us cTaTUCTUYECKU 3HAYMMbI 110 CPABHEHNIO C KOHTPOSIbHOI PYNMoii.

but upon elevation of citH3 concentration up to
4 ng/ml, it linearly increases from 250x10%L up to
350x10%/L (Fig. 4).

While assessing the data obtained, platelet count in
the patient groups was compared by using the Mann-
Whitney test and the confidence interval. As a result,
a high-level significance inter-group differences were
found (p = 0.0001). The confidence interval analysis
shows that the platelet count in control group ranges

from 178.14 to 202.35x10%L, whereas in main group —

from 236.68 to 273.77x10%L (Fig. 5).

Discussion / O0cy:KneHue

Recent results from numerous studies allow us to
consider neutrophils potentially as the key players
in neoplastic events in addition to their role in host
defense against infection. However, some evidence
strongly suggests that neutrophils may play a role in
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Mean citH3 level, ng/ml
CpenHee 3HayeHue citH3, Hr/mn
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Figure 1. Blood plasma citrullinated histone H3 (citH3) level in
patients examined.

PucyHok 1. CofiepXxaHine LMTPYNANHUPOBAHHOrO rncToHa H3
(CitH3) B nnasme KpoBu 06CNe0BAHHBIX NALNEHTOK.

tumor progression and cancer-associated thrombosis
catastrophically affecting host. Unfortunately, no
effective neutrophil-targeting therapy has yet been
developed in the context of tumor progression and
thrombotic risks. However, as our understanding of the
pro-oncogenic and prothrombogenic mechanisms of

neutrophils becomes deeper, there is an opportunity to
develop new targets for anticancer therapy and improve
patient outcomes.

Studies have shown that NETs promote tumor
proliferation [30], metastasis [31], and thrombosis
[32]. Previous studies reported detection of plasma
NETs in various diseases such as autoimmune small-
vessel vasculitis, colorectal cancer, and hepatocellular
cancer [28, 29, 33]. In this study, for the first time a
contribution of NETosis in tumor process was evaluated
in uterine body, cervical (adenocarcinoma), ovarian, and
breast cancer patients. The citH3 (a NETosis marker)
concentration in patients with uterine body, cervical
(adenocarcinoma), and ovarian tumors was higher
than in patients with benign diseases, suggesting that
neutrophils and NETs they released play an essential role
in developing tumors of this anatomical localization.

Leukocytosis is typical for cancer patients. In the
tumor process, leukocytosis mainly being accounted for
by mature neutrophils. Granulocyte colony-stimulating
factor (GCSF) produced by tumor tissue increases the
number of neutrophils and enhances related activation.
An increased neutrophil count in cancer patients is
combined with an unfavorable prognosis for the disease
course. Experimentally, administration of GCSF to
healthy mice led to the H3 histone hypercitrulinization
in  neutrophils and increased NETosis. GCSF
administered to mice with breast tumors increased
NETs concentration, shortened bleeding time and kidney
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Control group
KoHTponbHas rpynna

Body and cervical cancer
Pak Tena u Wweiku MaTku

Breast cancer
Pak MonoyHon xene3bl

Ovarian cancer
Pak sinyHukos

95 % Cl /95 % On

Figure 2. Blood plasma citrullinated histone H3 (citH3) level in varying tumor tissue sources.

PucyHok 2. Cofiep<aHue LuTpyIMHUPOBAHHOMO rncToHa H3 (citH3) B nnasme KpoBW Npu pasfinyHbIX UCTOYHUKAX ONYXONN.
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Table 3. Blood plasma citrullinated histone H3 (citH3) level in varying tumor tissue sources.

Ta6nuua 3. ComepxaHue LUTPYNNMHUPOBAHHOMO rucToHa H3 (citH3) B nnasame KpoBu Npu pa3nmnyHbIX UCTOYHMKAX ONYXOSN.

citH3 level, ng/ml o
rGro"u"pa Copepxanve citH3, Hr/mn 9955 o//" III:II/I
ny M+ SD °
Control / KoHTponbHas 0,326 + 0,0221 0,281-0,371
Main / OcHoBHas:
— uterine body or cervical cancer / pak Tefia Ui LWeiky MaTkiu 2,631 £0,1701*# 2,271-2,992
— ovarian cancer / pak Al4HIKOB 1,740 £ 0,1785*# 1,357-2,123
— breast cancer / pak MoI04HOI Xesesbl 0,595 + 0,1211 0,331-0,859

Note: *p < 0.05 - significant differences compared to control group; #p < 0.05 — significant differences compared to patients with breast cancer; M — mean;

SD - standard deviation; 95 % Cl - 95 % confidence interval.

Tpumeyanne: *p < 0,05 — pasnnyns CTaTUCTUHECKN 3HAYUMBbI 110 CPDABHEHNIO C KOHTPOJIbHOM rpynnod; #p < 0,05 — pa3nmyus cTatnctnyecku 3Ha4umsl o
CPABHEHNIO C NALNEHTaMN C PAKOM MOJI0YHOM xenesbl; M — cpesHee 3HaqdeHne; SD — cTaHgapTHoe otknoHenne; 95 % [V — 95 % foBepuTenibHbIi UHTEPBAT.

Figure 3. A relationship between

° serum citrullinated histone H3
and C-reactive protein level in both
patient groups.

PucyHok 3. Bsaumocss3b

MeXy 3Ha4eHNsMN
LMTPYNIMHUPOBAHHOIO rucToHa H3
1 G-peakTnBHOro 6enka B nnasme
KPOBW NaLMeHTOK 06emx rpynn.

3.0 4.0

° Figure 4. A relationship between
serum citrullinated histone H3
and platelet count in both patient
groups.

[¢]

PucyHok 4. B3anmocsssb

MEXAY 3HA4YEHUAMU
LMTPYNIIMHUPOBAHHOIO rMCTOHA H3
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y 06CnefoBaHHbIX NALMEHTOK
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and lung microthrombosis. Neutrophil trap fragments
trigger platelet activation and aggregation, erythrocyte
thrombogenesis, and released the von Willebrand factor
[34, 35]. Our study showed that the citH3 concentration
significantly correlates with neutrophil count and

neutrophil/lymphocyte ratio, thereby confirming a role
for neutrophils as the primary NETs sources as well as a
role of NETosis in tumor growth.

A systemic inflammation is characterized by
increased concentration of circulating acute-phase
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Figure 5. Blood platelet count in patients examined.

PucyHok 5. Konuyectso TpoM60LUTOB B KPOBU 06CNE0BAHHbIX
NaLumneHToK.

proteins, such as G-reactive protein. Before surgery, this
parameter serves as a stage-independent prognostic
factor in many types of cancer [36]. Cells involved
in the systemic inflammatory response, such as
neutrophils, lymphocytes, monocytes, and platelets,
are of prognostic value in patients with malignant
neoplasms [37]. Preoperative changes in circulating
leukocytes particularly neutrophil/lymphocyte ratio
have been used to predict overall and tumor-associated
survival in multiple malignant tumors [38]. In addition,
we uncovered that along with association between tumor
process and elevated NETosis marker, there was also an
increase in serum citH3 level that significantly correlated
with elevated GRP concentration.

The relationship between cancer and thrombosis has
been known since the time of Armand Trousseau, who
described the relationship between idiopathic venous
thromboembolism and latent tumor growth. Thrombosis
is one of the crucial complications of the oncological
process holding the second place among all causes of
death in oncological patients. Some studies have shown
that NETs act as a building material and, by stimulating
platelet aggregation, they are involved in thrombogenesis
in cancer [35]. In models of breast cancer, an increased
neutrophil count was noted upon tumor growth. At the
later stages of the disease, the first thromboses manifest
when the serum level of free DNA (as a NETs constituent)
and citH3 might be detected.

Thrombocytosis traditionally accompanies the
paraneoplastic process. Many studies have shown that
thrombocytosis predicts distant metastases, particularly

in colorectal cancer [39]. Some types of tumor cells, e. g.,
ovarian tumors, can produce thrombopoietin, a cytokine
that stimulates the differentiation and proliferation of
megakaryocytes resulting in platelet production. Our
study showed an increase in platelet levels in the patient
cohort with ovarian, uterine body, cervical and breast
cancer compared with control group. In addition, a
strong relationship between increased platelet count and
citH3 level in cancer patients was uncovered, evidencing
about parallel ongoing inflammation and thrombogenesis
events. A significant correlation was also found between
increased citH3 concentration and D-dimer as one of
the primary thrombogenesis markers suggesting about
developed prothrombotic state.

Taking into account all the aforementioned, NETs can
be considered as one of the prothrombogenic factors
in cancer patients and a potential target for developing
new options for thromboprophylaxis and antithrombotic
therapy. In addition, assessing NETosis markers may
be used as a screening strategy to evaluate onset of
disordered hemostasis system in case when major
routine assays provide unaltered data and be a marker of
unfavorable prognosis for disease development.

Conclusion / 3ak10oueHue

In this study an assessment was made of the severity
of NETosis processes in patients with tumors of the
body and cervix (adenocarcinoma) of the uterus, ovaries,
and mammary glands. As a result, it was shown that
in cancer patients, citH3 was significantly increased
compared to the control group. The concentration of
citH3 in patients with the body and cervix tumors ranges
from 2.271 to 2.992 ng/ml, in patients with ovarian
tumors — from 1.357 to 2.123 ng/ml, and in patients with
breast tumors — from 0.331 to 0.859 ng/ml. The present
study did not establish significant differences in citH3
level of patients with breast tumors compared with the
control group. With an increase in citH3 concentration,
such parameters as CRP, D-dimer, the concentration
of neutrophils, platelets, and neutrophil/lymphocyte
ratio  significantly increase. There were significant
differences in platelet count in the experimental group
compared with the control group (236.68-273.77x10%L
vs. 178.14-202.35x10%L).

The present study demonstrates only a part of
the overall picture of parameters characterizing the
relationship between the processes of thrombosis and
tumor growth, characterized by the complexity and
multidimensionality of relationships. The discovery of
these relationships can lead to significant progress in
their pathogenesis and diagnosis.
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