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Abstract

Introduction. One of the leading causes in the mortality pattern of cancer patients is accounted for by thrombotic complications.
Recent studies have shown that neutrophil extracellular traps (NETS) are involved in the activation of coagulation, contribute to the
initiation and progression of thrombosis. In addition, NET-related effect on tumor progression and metastasis has been actively
studied.

Aim: to evaluate NET-related procoagulant activity in gynecological cancer patients.

Materials and Methods. From April 2020 to October 2022, a prospective controlled interventional non-randomized study was
conducted with 120 women. The main group included 87 patients aged 32 to 72 years with malignant neoplasms of the female
genital organs and mammary glands who were hospitalized for elective surgical treatment or chemotherapy: uterine body cancer
(subgroup 1; n = 18), ovarian cancer (subgroup 2; n = 26), cervical cancer — adenocarcinoma of the cervical canal (subgroup 3;
n = 13), breast cancer (subgroup 4; n = 30). The control group consisted of 33 healthy women aged 32 to 68 years. In all women,
plasma concentrations of citrullinated histone H3 (citH3), myeloperoxidase antigen (MPQ:Ag), D-dimer, and thrombin-antithrombin
(TAT) complexes were evaluated.

Results. The magnitude of NETosis in cancer patients, assessed by level of citH3 (2.5 +0.7;1.9+0.8; 2.5+ 0.7; 0.7 £ 0.5 ng/ml in
four subgroups, respectively) and MP0O:Ag (29.5 + 13.1; 12.8 + 3.7; 22.8 + 8.7; 6.6 = 2.5 ng/ml in four subgroups, respectively)
was significantly higher compared to women in the control group (0.3 £ 0.1 ng/ml; p = 0.0001 and 2.5 + 0.2 ng/ml; p = 0.0001). In
parallel with increased NETosis markers in accordance with the disease stage, there was an increase in the concentration of
hemostasis activation markers — D-dimer (1.7 £ 0.6; 2.0 £ 0.7; 1.4 £ 0.5; 1.5 £ 0.7 pg/ml in four subgroups, respectively) and TAT
complexes (729.8 +43.9; 794.1 + 164.8; 636.2 + 149.5; 699.6 + 165.7 pg/ml in four subgroups, respectively) exceeding their level
in the control group (respectively, 0.4 + 0.1 pg/ml; p = 0.0001 and 362.3 + 0.1 pg/ml; p = 0.0001). The maximum values of
parameters occurred at later stages according to the Classification of Malignant Tumours (tumor, nodus, metastasis, TNM).
A significant correlation between TAT level and the concentrations of citH3 (r = 0.586; p = 0.04) and MPO:Ag was revealed (r =
0.631; p =0.04).

Conclusion. Tumor tissue creates milieu that stimulates NETs release, which, in turn, not only contribute to the creating
a procoagulant state, but also might act as one of the factors that ensure tumor progression and metastasis. The development of
targeted therapies acting on NETs has a potential to affect hemostasis in cancer patients and reduce rate of tumor growth and
metastasis.
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Pestome

Beepenue. OfHOM 13 BeyLLMX NPUHUH B CTPYKTYPE CMEPTHOCTU OHKONIOTUYECKUX NALUEHTOB ABNIAIOTCA TDOMOOTUYECKINE OCIIOX-
HeHNs. B HepaBHUX UCCNE0BaHMSAX ObINI0 NOKA3aHO, YTO BHEKNETOYHbIE NOBYLLIKM HeilTpodunos (aHrn. neutrophil extracellular
traps, NETS) y4acTBYIOT B aKTMBALIMM CBEPTbLIBAHWSA, CNOCOBCTBYIOT MHULMALWN 1 NPOTrPECcCUPOBaHUI0 TPOMO03a. [ToMUMO 3TOrO,
aKkTUBHO M3y4aetcs Bknag NETS B mporpeccuto onyxonu 1 MetactasmpoBaHue.

Llenb: oueHka npokoarynaHTHOW akTBHOCTM NETS y OHKOrMHEKONOMMYECKNX NaLMEHTOK.

Matepuanbi u metofbl. C anpens 2020 r. no okTa6pb 2022 r. NpOBEAEHO NPOCMEKTUBHOE KOHTPONNPYEMOE NHTEPBEHLMOHHOE
HepaH4oMU3MPOBaHHOE nccnefoBaHne ¢ yqactem 120 XeHLmnH. B oCHOBHYIO rpynny BoLnn 87 nauueHToK B Bo3pacTe oT 32 10
72 NeT €O 3M0Ka4eCTBEHHbIMI HOBOOGPA30BAHMAMU XKEHCKNX MOMOBbIX OPraHOB 1 MONOYHBIX XEJe3, roCnuTaN3uPOBaHHbIX B
CTaLMOHap Ans NIaHOBOr0 ONEePaTUBHOMO NEYEHUs UK NPOBEAEHNUA XUMUOTEpanuK: pak Tena mMatku (nogrpynna 1; n = 18), pak
ANYHUKOB (mogrpynna 2; n = 26), paK LUeiku MaTkn — afieHOKapLMHOMa LiepBrnKanbHOro kavana (nogrpynna 3; n = 13), pak
MOJI04HON xerne3bl (noarpynna 4; n = 30). KOHTposibHYIO rpynny cocTasuin 33 340p0BbIe XEeHLLWUHbI B BO3pacTe 0T 32 4o 68 ner.
Y BCEX XKEHLLMH B M/1a3Me KPOBU OblSIN OLLEHEHbI KOHLEHTPALMN LMTPYIMHUPOBAHHOMO rncToHa H3 (aHrmn. citrullinated histone H3,
CitH3), aHTureHa muenonepokcugassl (MMO:Ar), D-gumepa n KOMNIEKCOB TPOMOUH—AHTUTPOMOMH (TAT).

PesynbTatbl. BbipaXXeHHOCTb MPOLECCOB HETO32, OLEHEHHAs Yy OHKOMOrMYeCKWX MaLMEHTOK B KOHLeHTpauusx citH3 (2,5 +
0,7 Hr/mn, 1,9 = 0,8 Hr/mn, 2,5 + 0,7 Hr/mn, 0,7 + 0,5 HI/MN B YeTbipex nofrpynnax, cootBeTcTBeHHo) u MIMO:Ar (29,5 +
13,1 Hr/mn, 12,8 + 3,7 Hr/mn, 22,8 + 8,7 Hr/mn, 6,6 + 2,5 HI/MN B YeTbipex NOArpynnax, COOTBETCTBEHHO), OKa3anach JOCTOBEPHO
BblILLIE MO CPABHEHWIO C XEHLLMHAMN KOHTPONbHOI rpynnbl (CooTBETCTBEHHO, 0,3 + 0,1 Hr/mMn; p = 0,0001 u 2,5 + 0,2 HI/MA; p =
0,0001). MapannenbHO MOBbIEHNIO MapKepoB HETO3a B 3aBUCUMOCTM OT CTafuu 3ab60fieBaHUs NPOUCXOANNIO W HapacTaHue
KOHLIEHTpaLM/N MapkepoB akTuBauuu remoctasa — D-gumepa (1,7 = 0,6 mkr/mn, 2,0 £ 0,7 mkr/mn, 1,4 + 0,5 mkr/mn, 1,5 +
0,7 MKr/mMn B 4eTbIpex noArpynnax, CooTBETCTBEHHO) U Komniekcos TAT (729,8 + 43,9 nr/mn, 794,1 + 164,8 nr/mn, 636,2 + 149,5
nr/mn, 699,6 £ 165,7 nr/mn B YeTblpex NOArpynnax, COOTBETCTBEHHO), NPEBbILLIANA UX COLEePXKaHNe B KOHTPONbHOI rpynmne (cooT-
BeTCTBEHHO, 0,4 + 0,1 mkr/mn; p = 0,0001 1 362,3 + 0,1 nr/mn; p = 0,0001). MakcumarnbHble 3Ha4eHUs NoKasaTesiei NPUXoANINCH
Ha 6onee no3fgHue ctaguu no MexxayHapoaHOW Knaccudukaumin cTaguii 3710Ka4eCTBEHHbIX HOBOOGPa3oBaHUi (aHrn. tumor,
nodus, metastasis, TNM). BbisiBrieHa focToBepHas koppensauus ypoHs TAT oT cogepxanus citH3 (r = 0,586; p = 0,04) n MIO:Ar
(r=0,631; p=0,04).

3aknouenue. Onyxonesas TKaHb CO3MAET YCMOBUS, CTUMYNUPYIOLLME HERTPOUNbI K BbICBOOOXAEHNIO NETS, KOTOpbIE, B CBOK
04epeab, He TONTbKO CNOCOOCTBYIOT CO3[JaHNI0 MPOKOAryNSHTHOTO COCTOSIHUS, HO TAKXXe, BO3MOXKHO, SBMAOTCA OAHUM 13 (DAKTO-
poB, 06ecneynBatoLLMX NPOrpPecCcuio 0NyXonn U MeTacTasupoBaHue. Pa3paboTka TapreTHoi Tepanum, HanpasneHHoit Ha NETS,
MOTEHUMaNbHO CNoco6Ha OKa3aTb BAUSHME HA CUCTEMY FeMOCTa3a y OHKOMOrMYeCKUX MaLWEHTOB 1 CHU3WUTb MHTEHCUBHOCTb
OMyXO0MNeBOro pocTa 1 MeTacTa3upoBaHus.

AxyuiepcTBo, I'mHekoAorusa u Pennpoaykiima [PLArAEE IvEvERE|

KntoueBble cnoBa: HeliTpousibl, BHEKNETOYHbIE NOBYLIKN HeliTpodounos, NETS, muenonepokcugasa, M0, D-gumep, untpynnm-
HUPOBaHHbIA rUCTOH H3, citH3, pak

Ina uutupoBanus: Cnyxanyyk E.B., buuaase B.0., Cononosa A.l., Xu3poesa [.X., Jertapesa H.[., LLiep6akos [.B., Ipn X.-K.,
Ananamn 1., Makauapus A.[l. Bknag BHEKNETO4HbIX NOBYLIEK HERTPOGUNIOB B NPOTPOMOOTUYECKOE COCTOSIHME 1 NPOrPeccutio
OMNyXONK Yy OHKOTWHEKONOrMYeCKNUX nauneHTok. Akywwepctso, uHekonorus u Penpogykuyms. 2023;17(1):53-64. https://doi.
0rg/10.17749/2313-7347/0b.gyn.rep.2023.385.
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What is already known about this subject?

» Neutrophil extracellular traps (NETS) are the players in a new
procoagulant mechanism and act as a link between the
processes of inflammation and thrombosis in cancer patients.

» Experiments have shown that the tumor stimulates neutrophils
to release NETs, which is further executed via activated
coagulation and may be one of the factors accounting for
metastasis.

What are the new findings?

» Tumor tissue in oncogynecological patients creates conditions
that stimulate neutrophils to release NETs, which, in turn,
contribute to the shaping procoagulant state and facilitate
metastasis.

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

» The development of therapy aimed at NETs has a potential to
influence hemostasis in cancer patients and reduce the
intensity of metastasis processes. NETs can act as a target for
developing new approaches to thromboprophylaxis.

» Determining NETosis markers is a potential screening
approach for initial hemostasis disorders when the first line
tests of laboratory assessment have not been changed yet.

Introduction / BBegenue

Hypercoagulation accompanies carcinogenesis, tumor
progression, and metastasis. It is also associated with
higher risk of venous thromboembolism (VTE) as the
second leading cause of death in cancer patients [1]. On

the other hand, thromboprophylaxis and prophylactic an-
ticoagulant therapy in cancer patients can reduce throm-

bosis risk improving survival [2]. However, anticoagulant
therapy is associated with VTE occurrence and high risk
of bleeding [3]. Thus, a deeper insight into understanding
of hypercoagulation pathogenesis in cancer patients is
necessary to develop new antithrombotic strategies.
Recent studies have shown that activated neutrophils
produce neutrophil extracellular traps (NETs), consisted
of extracellular DNA, histones, cytoplasmic proteins, and
neutrophil granule proteins. NETs are considered to be

OCHOBHbIE MOMEHTbI

Y10 yXe u3BecTHo 06 aToi Teme?

» BHekneTo4Hble NoBYLLKK HeilTpodpunos (NETS) senstoTcs yyacT-
HWKamMI HOBOTO MPOKOAryNsHTHOrO MexaHW3ma W BbICTyMmaoT
B PONW CBS3YIOLLEr0 3BEHA MexXZy NpoLeccamut BOCManeHns
1 TPOM603a Y OHKOMOTMYECKIX MaLMEHTOB.

» Kak 6b110 N0Ka3aHo B 3KCMNEepPUMEHTax, ONyxosib CTUMYNUPYeT
HenTpodomnbl K BbicBO6OXAeHMIO NETS, 4TO B LanbHenLem
peanua3yeTcs B aKTWBALMM KOArynsauuu U MOXET SBNATbCS
OJHUM 13 (DAKTOPOB, 06ECMEYMBAIOLLNX METACTa3POBaHMe.

YT0 HOBOTO AT CTaTbA?

» V OHKOTMHEKONMOTNYECKMX MNaLMEHTOK OMyXoseBas TKaHb
CO3/1aeT YCOBUSA, CTUMYNNUPYIOLLNE HEATPOUIbLI K BbICBO6O-
xnaeHnto NETs, KoTopble, B CBOK 04epefb, CNOCOOCTBYHOT
CO3/JaHNK0 NMPOKOAryNSAHTHOIrO COCTOSHMS W 06J1eryaoT MeTa-
CTa3npoBaHue.

Kak 3aTo MOXET NOBNMATL HAa KIMHNYECKYH) NPAKTHKY
B 0603pumom byaywiem?

» Paspabotka Tepanuu, HanpasneHHon Ha NETS, noTeHunansHoO
CMoCo6HA 0Ka3aTb BAWSHUE HA CUCTEMY eMOCTasa Yy OHKOMO-
TNYECKNX MAUNEHTOB W CHU3WUTb WHTEHCMBHOCTb MPOLIECCOB
metactasupoBaHus. NETS MoryT BbICTYnarTb B POAN MULLIEHU
[0151 pa3paboTKM HOBbIX MOAXO0A0B K TPOMOONPOUNAKTUKE.

» OnpeneneHne MapkepoB HET03a ABNSETCS MOTEHLMaNbHbIM
CKPUHUHIOM Ha4anbHbIX HapyLLIEHWiA B CUCTEME remocTasa B
TeX CUTYaL|nsiX, KOrfla OCHOBHbIE TECThI 1a00PATOPHOIA OLIEHKM
glLie He M3MEHEHbI.

in activated coagulation and may be one of metastasis
factors underlying metastasis that confirmed NET-rela-
ted procoagulant activity in gynecological cancer patients.

Aim: to evaluate the NETs procoagulant activity in gy-
necological cancer patients.

Materials and Methods / MaTepuansl u
METO/IBI

Study design / in3aith uccnepoBaHus

Between April 2020 and October 2022, 120 women
including 87 patients aged 34 to 72 years hospitalized
for elective surgical treatment or chemotherapy at the
University Clinical Hospital No 4 of Sechenov Universi-
ty and Petrovsky National Research Centre of Surgery
(main group), and 33 medical staff members aged 32 to
68 years (control group) were enrolled in a prospective
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a part of a new procoagulant mechanism and a link bet- controlled interventional non-randomized study.

ween inflammation and thrombosis [4]. NETs extracellu-

lar DNA leads to coagulation activation [5], whereas his- Inclusion and exclusion criteria / Kputepuu

tones induce platelet and erythrocyte activation. Inflam- BK/IOYEHUA W HCKIIOYEHNS

mation always accompanies carcinogenesis [6]. One of Inclusion criteria (main group): age over 18; diagnosis
the studies showed that neutrophils increased NETs pro- at admission — ovarian cancer, uterine cancer, cervical
duction in mice with cancer and were directly involved cancer and mammary cancer, confirmed by instrumental,
in thrombogenesis [7]. In addition, NETs were shown to laboratory and clinical examination; signed informed vo-
accompany cancer-associated organ failure [8]. Thus, we luntary consent to participate in the study.

hypothesized that tumor growth stimulates neutrophils to Inclusion criteria (control group): age over 18; no ac-
release NETs in gynecological cancer patients resulting tive cancer and oncological diseases, thrombosis and
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thromboembolism, chronic inflammatory diseases in his-
tory; signed informed consent to participate in the study.

Exclusion criteria (for both groups): age under 18; ac-
tive infectious and/or inflammation; cardiovascular dise-
ases, severe course; decompensated diabetes melli-
tus; chronic diseases of the liver and kidneys in the
acute stage; other concomitant oncological diseases;
thromboembolic complications associated with coagu-
lopathy and thrombocytopathy; anticoagulants and an-
tiplatelet agents use; thrombotic or hemorrhagic syn-
drome at the time of examination; refusal to participate
in the study.

Patients groups / I'pynnbl 06¢cnegoBaHHbIX

The main group included breast and gynecologic cancer
patients, stage |-IIl: uterine cancer (subgroup 1; n =18, in-
cluding 7 patients at stage 1TNM, 5 patients at stage 2TNIM,
6 patients at stage 3TNM), ovarian cancer (subgroup 2; n =
26, 11 patients at stage 1TNM, 5 patients at stage 2TNM,
10 patients at stage 3TNM), cervical adenocarcinoma (sub-
group 3; n = 13; all at stage 1TNM), breast cancer (sub-
group 4; n = 30, 9 patients at stage 1TTNM, 6 patients at
stage 2TNM, 7 patients at stage 3TNM, 8 patients at stage
4TNM). The control group included 33 healthy women.

Study methods / MeTopb! uccnegosanus

Plasma samples were obtained by venipuncture from
all patients once upon admission (before surgical treat-
ment, anticoagulants therapy, chemotherapy), cen-
trifuged and stored at —80° C. Fasting blood samples
were collected from the cubital vein into a plastic tube
added with anticoagulant (sodium citrate solution 3.8 %)
in a ratio of 9:1 using a dry sterile needle.

Assessing NETosis markers / OnpegeneHmne
MapKepoB HETO3a

To determine the human myeloperoxidase antigen
(MPO:Ag) concentration in the blood plasma, a Hy-
cult Biotech ELISA kit (Netherlands) was used, normal
MPO:Ag reference level was 2.56 + 0.33 ng/ml.

The citrullinated histone H3 (citH3) in blood plasma
was measured using the Citrullinated Histone H3 ELISA
Kit (Cayman Chemical, Ann Arbor, USA).

Assessing markers of thrombinemia and fibrin
formation / OnpegeneHne MapkepoB TPOMOUHEMUN
u GhnbpuHO06Pa30BaHNs

Thrombinemia markers — thrombin-antithrombin com-
plexes (TAT) were determined by enzyme-linked immu-
noassay, using the Siemens Healthineers Enzygnost™
TAT MicroKit (Siemens Healthcare Diagnostics Products

GmbH, Germany) on a Boehnringer ELISA-Photometer
spectrophotometer (Boehnringer, Germany).

D-dimer was measured using a commercial immuno-
assay (TECHNOLEIA®, Austria, Techoclone reagent). Ac-
cording to the manufacturer's data, D-dimer concentra-
tion > 250 ng/mL was considered pathological.

Ethical aspects / 3Tuyeckne acnekTbl

Informed consent was obtained from all patients to par-
ticipate in the study and to process personal data in accor-
dance with the World Medical Association's Declaration of
Helsinki (WMA Declaration of Helsinki — Ethical Principles
for Medical Research Involving Human Subjects, 2013).

Statistical analysis / CtaTucTM4eckuil aHanu3

Data processing was performed using a specialized
software Statistica 7.0 (StatSoft, Inc., USA).

Statistical analysis included descriptive statistics:
arithmetic mean (M), standard deviation (SD), minimum
and maximum values of laboratory parameters.

The normality test was performed using the Jarque-Be-
ra test. The null hypothesis H, that residual values of par-
ticipant groups parameters have a normal distribution
was rejectedat the significance level p < 0.05.

Non-parametric test and inter-group parameter mag-
nitude comparison was performed using the Mann-Whit-
ney test for unrelated samples (Mann-Whitney U-test).
The null hypothesis H, was proposed as the absence of
differences between patient groups. H, was deviated in
all cases at significance level of p < 0.05.

When studying the relationships between variables
in terms of reflecting the corresponding causal relation-
ships between the MPQ:Ag and citH3 values, we calcula-
ted the p-coefficient of Spearman Rank Order Correla-
tions with fixing the coefficient significance level in the
correlation matrix at the significance level p < 0.05.

Results / Pe3yasraThI

Clinical and anamnestic characteristic / Knunuko-
aHaMHecTU4ecKas XapakTepucTuka 06cne0BaHHbIX
NaUUeHToK

The clinical and anamnestic characteristics of indivi-
duals examined are presented in Table 1.

NETosis intensity in oncogynecological patients /
WNHTEHCUBHOCTb HETO3A Y OHKOrMHEKONOrNYECKUX
NauueHToK

The NETosis intensity in oncogynecological patients
was assessed based on the following markers (MPO:Ag
and citH3) level. It was shown that both markers were

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

Ta6nuua 1. KnnH1Ko-aHaMHeCTN4YeCcKas XapakTepucTuka.

Cancer patients (main group)
OHKONorn4yeckue NauueHTku (0cHoBHas rpynna)
n=_87
- - - Control group
Uterine cancer | Ovarian cancer | Cervical cancer | Brest cancer
Parameter KoHTponbHas
(subgroup 1) (subgroup 2) (subgroup 3) (subgroup 4)
Moka3atenb N . rpynna
Pak Tena matku | Pak am4HuKoB Pak wweiku Pak monoyHoi n=33
(nogrpynna 1) | (nogrpynna 2) MaTKu Xenesbl
n=18 n=26 (nogrpynna 3) | (noprpynna 4)
n=13 n=30
Age, years, M £ SD 52,2 +7,8* 55,7+ 8,1* 48,2+12,1 46,6 + 6,0 454+109
Bospacr, net, M + SD
Min-max 40 - 67 42-68 34-72 36-61 30-68
TAT concentration, pg/mi, M + SD 729,8+439* | 7941 +1643* | 636,2+149,5* | 699,6+1657* | 3623402
KoHueHTpauus TAT, nr/mn, M £ SD
Min-max 486-987 467-1002 478-907 465-974 323-440
D-dimer concentration, pg/ml, M + SD 17+06" 2007 14+05* 15+07* 04+01
KoHueHTpauus D-gumepa, mkr/mn, M £ SD
Min-max 0,9-2,9 0,6-3,0 0,7-2,5 0,4-2,7 0,2-0,6
CitH3 concentration, ng/ml, M + SD 26+07* 19+0.8* 254+07* 07+05* 03+01
KoHueHTpauus citH3, Hr/mn, M + SD B B T T T
Min—max 1,1-3,5 1,0-3,5 0,9-3,2 0,1-2,1 0,1-0,6
MPQO: Ag concentration, ng/ml, M + 8D 29.5+131* 12,8+37* 228+87* 6.6+25" 25+02
KoHueHTpauus MMO:Ar, Hr/mn, M + SD
Min-max 12,0-51,0 9,1-21,5 8,1-31,0 3,4-12,9 2,2-2,8
1TNM (n = 9)
1TNM (n=7) 1TNM (n = 11) _
Efa“ﬁ;;afsm oTNM (n=5) | 2TNM(n=5) | 1TNM (n=13) ;mm EE - S; HeT
3TNM (n = 6) 3TNM (n = 10) ATNM (n = 8)

Note: *p < 0.05 - significant differences compared to the control group; TAT — thrombin-antithrombin complexes, citH3 — citrullinated histone H3;
MPO:Ag - human myeloperoxidase antigen; TNM (tumor, nodus, metastasis) — staging.

lpumeyanne: *p < 0,05 — pasnnyns CTaTUCTUHECKN 3HAYUMBbI 110 CPABHEHNID C KOHTPOJIbHOM rpynnoi; TAT — KOMIIIEKChI TDOMOUH—aHTUTPOMOUH,
CitH3 — yutpynauumpoBanHbii rnctod H3, MIO:Ar — anTureH muenonepokcugassl yenoseka, TNM — ctaguposarme.

significantly elevated in cancer patients than in healthy
individuals (Table 1, Fig. 1, 2).

Hemostasis activation in oncogynecological patients /
AKTMBALMA remocTasa y OHKOrMHEKONOrn4eckmx
naLueHToK

While analyzing the D-dimer and TAT levels in oncogy-
necological patients, they were found to be significantly
increased compared with control group, which continued
to rise along with aggravated TNM stage (Fig. 3, 4).

Subsequent correlation analysis revealed a significant
correlation between the increased levels of TAT comple-
xes as well as citH3 and MPQO:Ag (Tables 2, 3).

Discussion / O6cy:kneHue

Hypercoagulation profoundly elevates mortality rate in
cancer patients [9]. Armand Trousseau firstly described
the relationship between idiopathic VTE and latent tumors
highlighting the correlation between cancer and thrombo-
sis. Recent studies have shown that NETs are involved in

activating coagulation, promoting initiation and thrombo-
sis progression. In addition, NETs contribution to tumor
progression and metastasis is being actively studied

NETs were first described in 2004 [10]. NETs are pro-
duced by activated neutrophils during NETosis originally
recognized as a host defense mechanism. NETs are deri-
vatives of activated neutrophils consisting of DNA strands
and histones that grab and hold various pathogens until
they are destroyed by NET-associated enzymes [11].

However, NETosis began to be determined in asep-
tic inflammation [4, 12, 13]. The role of NETs in autoim-
mune diseases such as psoriasis, systemic lupus erythe-
matosus, and rheumatoid arthritis has been demonstra-
ted [14-16]. NETs are also involved in the pathogenesis
of thrombosis in diabetes mellitus, atherosclerosis, and
vasculitis [17-19].

NETs affect the hemostasis system in various ways,
contributing to the procoagulant state and disrupting the
anticoagulants functioning and fibrinolysis [20]. Neutro-
phils in mouse breast cancer and chronic myeloma leu-
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Figure 1. Plasma level of human myeloperoxidase antigen (MPO:Ag).

Note: subgroup 1 — uterine body cancer; subgroup 2 — ovarian cancer; subgroup 3 — cervical cancer; subgroup 4 — breast cancer; CTR — control group;
S1-4 — TNM stages 1-4.
PucyHok 1. Copepxxanne aHtureHa muenonepokcniasel yenoseka (MMO:Ar) B nnazme Kposu.

Tpumeyanne: nogrpynna 1 — pak Tena Matku, No4rpynna 2 — pak SuyHUKoB, MoArpynna 3 — pak LWevikn Matku; Mogrpynna 4 — pak Mono4YHou Xene3bl,
CTR — koHTponbHas rpynna; S1-4 — ctagun TNM 1-4.
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Figure 2. Plasma level of citrullinated histone H3 (citH3).

Note: subgroup 1 — uterine body cancer; subgroup 2 — ovarian cancer; subgroup 3 — cervical cancer; subgroup 4 — breast cancer; CTR — control group;
S1-4 — TNM stages 1-4.

PucyHok 2. CofiepxaHue UMTpynnnHupoBaHHoro ructona H3 (citH3) B nnasme kposu.

Tpumeyanme: nogrpynna 1 — pak Teaa marku; nogrpynna 2 — pak SudHUKOB; MoArpynna 3 — pak LWeiku Matku,; nogrpynna 4 — pak Moa04HoN Xene3bl;
CTR — koHTponbHas rpynna; S1-4 — ctagum TNM 1-4.

m http://www.gynecology.su
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Figure 3. Plasma level of thrombin—antithrombin (TAT) complexes.

Note: subgroup 1 — uterine body cancer; subgroup 2 — ovarian cancer; subgroup 3 — cervical cancer; subgroup 4 — breast cancer; CTR — control group;
S1-4 — TNM stages 1-4.
PucyHok 3. CofiepxkaHue KomniekcoB TPOMOUH—aHTUTPOMOUH (TAT) B nna3me KpoBU.

Tpumeyanne: nogrpynna 1 — pak 1ena Marku; nogrpynna 2 — pak SudHUKOB; Mogrpynna 3 — pax Lweviku Matku; no4rpynna 4 — pak Moso4HoN Xenesbl;
CTR — koHTponbHas rpynna; S1-4 — ctagun TNM 1-4.
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Figure 4. Plasma D-dimer level.

Note: subgroup 1 — uterine body cancer; subgroup 2 — ovarian cancer; subgroup 3 — cervical cancer; subgroup 4 — breast cancer; CTR — control group;
S1-4 — TNM stages 1-4.

PucyHok 4. Conepxxanue D-gumepa B nnasme Kposwu.

Tpumeyanne: nogrpynna 1 — pak 1ena mMarku; nogrpynna 2 — pak SudHUKOB; MoArpynna 3 — pax Leviku Matku; nogrpynna 4 — pak Mono4HoON Xene3bl;
CTR — koHTpOnbHas rpynna; S1-4 — ctagun TNM 1-4.
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Table 2. Correlations between NETosis markers (citH3 and MPO:Ag), thrombin-antithrombin complex (TAT) and D-dimer levels.

Tabnuua 2. Koppensuuu Mexay coaepxaHnem mapkepoB Hetosa (CitH3 n MIMO:Ar) n komnnekcoB TpoM6uH—aHTUTpoMOuH (TAT) n D-gumepa.

TAT level, pg/ml

D-dimer level, ng/ml

Parameter Kouuentpauus TAT, nr/mn KouuenTpauus D-gumepa, Hr/mn
Mokasartenb
r p r p
CitH3 level, ng/ml _
KoHueHTpaums citH3, Hr/mn 0,585644 p=0,04 0,415624 p>0,05
MPO:Ag level, ng/ml _
KonuenTpaums MMO:Ar, Hr/mn 0,630720 p =0,04 0,472069 p >0,05

Table 3. A correlation matrix between the concentrations of NETosis markers (citH3 and MP0O:Ag), thrombin-antithrombin complexes (TAT) and

D-dimer (according to Spearman).

Ta6nuua 3. KoppensunoHHas matpuua Mexay KOHLEHTpauusmMm mapkepos Heto3a (citH3 u MIMO:Ar) n komnnekcoB TPOMOUH—AHTUTPOMOUH

(TAT) n D-gumepa (no Cnupmety).

Spearman's rank correlation coefficient / Koadhchuument paHrosoii koppensuum Cnupmena
p < 0,04000

Parameter TAT, pg/ml D-dimer, ng/ml citH3, ng/ml MPO:Ag, ng/ml

[oka3sarenb TAT, nr/mn D-pumep, Hr/mn citH3, Hr/mn MMNO:Ar, Hr/mn
TAT, pg/ml
TAT. nir/mn 1,00 0,90 0,59 0,63
D-dimer, ng/ml
D-AnuMep, Hr/mn 0,90 1,00 0,42 0,47
CitH3, ng/ml
GitH3, Hr/M 0,59 0,42 1,00 0,82
MPO:Ag, ng/ml
MMO:Ar. Hr/mn 0,63 0,47 0,82 1,00

kemia stimulate increased NETs production with subse-
quent hemostasis activation [21].

The numerous NETs-related effects are summarized in
Table 4.

In the current study, NETs-dependent role was demon-
strated in the gynecological patients with uterine, cervi-
cal, ovarian and breast cancer resulting in activated coa-
gulation system. There were assessed the concentrations
of NETosis markers, such as MPO:Ag and citH3 in gyne-
cological cancer patients with different tumors at diffe-
rent stages. Simultaneously, there were investigated
D-dimer and TAT complexes levels. In our study, an in-
creased NETs production was noted as a significantly
increased MPO:Ag and citH3 levels in cancer patients,
mostly at late TNM stages. These data provide indirect evi-
dence that rise in the tumor load causes increased NETs
production.

In parallel with elevated NETosis markers, depending
on the disease stage, there was also observed increased
hemostasis activation markers (D-dimer and TAT com-
plexes). A significant correlation was found between the
TAT and thecit H3 as well as MPO:Ag levels.

In recent years, the NETs-related role in tumor growth
has been actively studied. It has been proven that cells
participating in the inflammatory response and inflam-
matory mediators contribute to cancer induction, tumor

growth, and metastasis [36]. Some NETs components
exert a cytotoxic effect, e.g., MPO damages melanoma
cells. Patients with MPO deficiency have a higher risk of
tumor progression and recurrence [37]. NETs histones
corrode the tumor vasculature, destroy epithelial cells,
and promote tumor cell lysis [7, 38].

At the same time, NETs proteases can destroy the
extracellular matrix, triggering metastasis. NETs-released
matrix metalloproteinase 9 (MMP-9) blocks tumor cell
apoptosis and ensures migration, invasion, and meta-
stasis, e.g., in lung cancer [39-41]. Moreover, NETs in
patients with Ewing's sarcoma were shown to bear neu-
trophils actively releasing NETs in the tumor tissue. Ho-
wever, neutrophils and NETs were determined mainly in
patients at late stages with metastases. The disease re-
lapsed rapidly in patients with complete remission after
chemotherapy [42].

Attaching to tumor cells, NETs facilitate the metastasis
by binding the tumor cell and endothelium in the target
organ of metastasis. In animal models it has been shown
that after NETSs fixation to the vascular endothelium, they
begin to grab tumor cells via DNA strands from the blood-
stream. Thus, the NETs production, tumor progression,
and metastasis can create a vicious circle in cancer pa-
tients. The aforementioned mechanism allows to consider
NETs as one of the players in the metastasis, and hence as

m http://www.gynecology.su
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Table 4. Procoagulant and antifibrinolytic effects of neutrophil extracellular traps (NETS). -
Tabnuua 4. NpokoarynsHTHbIE U aHTUPUOPUHONNTUYECKNE 3P(EKTbI BHEKNETOUHBIX I0BYLLEK HeiTpodmnos (NETS). :1
NETs ¢
constituents Effects on hemostasis arms £
CTpyKTYpbI BnusiHue Ha 3BeHbs remMocTasa
NETs
NETs DNA NETs DNA triggers a coagulation cascade in intrinsic pathway, which, under pathological conditions with a massive DNA
OHK NETs release due to cell damage and death, comes to the front line in the pathogenesis of thrombosis [22]. Negatively charged

surfaces increase the activation of the factor (F) XII (FXII) initiator of this pathway [23]

[HK NETs 3anyckaeT KoarynsLUMOHHbI Kacka no BHYTPEHHEMY NyTW, KOTOPbIA NPX NATONOMYECKMUX COCTOSHUSAX C MACCuMB-
HbIM BbIopocoM [JHK B peaynbrate noBpexaeHus 1 rubenin KneToK BbIXOAMT Ha NepeSHuil NnaH B natoreHese Tpom6o3a [22].
OTpruaTeNbHO 3apsSHXKEHHbIE MOBEPXHOCTY MOBBILIAIOT aKTUBALMIO MHMLMATOpa 3Toro nyTtu daktopa (F) XII (FXII) [23]

NETs DNA acts as a cofactor for thrombin-dependent activation of factor Xl [24] and contributes to successful progression of
reactions of the extrinsic pathway associated with tissue factor [25]

[HK NETs BbIicTynaet B ka4ecTse kodaktopa ans TpoM6uH-3aBMcMMON aktusaumi dpaktopa Xl [24] 1 cnoco6CTBYeET yeneLu-
HOMY NPOTEKAHWIO PeaKLMA BHELUHEro NyTI, CBA3AHHOI0 C TKAHEBbLIM (haKTOPOM [25]

NETs DNA enhances the formation of complexes between tissue plasminogen activator and plasminogen activator inhibitor-1
(PAI-1) [26]

[HK NETs noBbliLuaet hopMupoBaHue KOMNIeKCOB TKAHEeBOr0 akTMBaTopa nia3MMHOreHa ¢ MHrM6MTopoM akTueatopa nnas-
mMuHoreHa-1 (aHrn. inhibitor of plasminogen activator-1, PAI-1) [26]

NETs DNA reduces the intensity of plasmin synthesis from plasminogen acted upon by tissue-type plasminogen activator
(tPA) on the thrombus surface [27]

[HK NETS CHMXaeT MHTEHCMBHOCTb CUHTE3a Ma3MuHa U3 Nna3MUHOreHa nof AencTBYEM aKTUBaTOpa NNa3MUHOTeHa TKaHe-
BOro tuna (aHrn. tissue plasminogen activator, tPA) Ha noBepxHoCTK Tpom6a [27]

NETs DNA binds proteins responsible for fibrin degradation and reduces their release by fibrin clots [28], as well as also
penetrates fibrin strands and blocks plasmin-mediated clot lysis

[HK NETs cBs3biBaeT 6efiki, OTBETCTBEHHbIE 32 Lerpajaunio (oudpuHa 1 yMeHbLUAET X BblAeneHne (PUOPMHOBLIMYU TPOM-
6amu [28], a TaKXKe NPOHMKAET B HUTW hnbpKHA N 6NOKUPYET NIA3MUH-0MOCPEL0BAHHbIN IN3KUC TPOM6OA

NETs NETs histones destroy endothelium anticoagulant barrier by forming holes in phospholipid membranes with impaired ion
histones exchange [29, 30]. In the process of endothelial activation and death [31], H,0, is released, further stimulating NETosis [32].
TMCTOHBI Weibel-Palade bodies located in the endothelium undergo exocytosis together with von Willebrand factor (vVWF)

NETs fuctoHbl NETS paspyLliaroT aHTUKoarynaHTHbIA 6apbep 3HAOTENNA NyTem POPMIUPOBAHIS OTBEPCTUIA B (DOCKONUMNLHBIX
mMeMmOpaHax C HapyLLieHuem 1noHoobmeHa [29, 30]. B npoLiecce aktusauuu SHLOTeNMs 1 ero ruéenu [31] npoucxoauT Bblaene-
Hue H,0,, nanee ctumynupytoLein Heto3 [32]. Haxoasawwmecs B anfotenuu Tensua Benbens—llanazge nogsepraotcs ak3oum-
TO3Y COBMECTHO ¢ dhakTopom poH Bunnebpanpga (aurn. von Willebrand factor, vVWF)

NETSs histones promote platelet activation [21, 29]
MnctoHbl NETS cnoco6CTBYIOT akTuBaLmu TpomoouuTos [21, 29]

NETSs histones affect proteins of the coagulation cascade [33]
MncToHbl NETS BRMSIOT Ha 6e/KM KOArynaumnoHHoro kackaga [33]

Histone H4 binds to prothrombin and promotes its autoactivation [33]
[ucToH H4 cBA3bIBaeTCA C NPOTPOMOUHOM M CNOCOOCTBYET €ro ayToakTusauum [33]

Histones impair antithrombin-dependent thrombin inactivation [27], prevent thrombin-thrombomodulin interaction [34],
trigger pathways for inactivation of activated protein C

[MCTOHbI HAPYLWAOT aHTUTPOMOUH-3aBUCUMYHO UHAKTUBALIMIO TPOMOUMHA [27], NpensaTCTBYIOT B3aUMOAECTBUIO TPOMOUH—
TpoMOOMOAYNIH [34], 3anyCKatoT MyTi MHAKTUBALMMW aKTUBMPOBAHHOMO npoTenHa C

Histones by activating soluble plasminogen, suppress plasmin acting as competitive substrates [35]
TNCTOHbI, aKTUBMPYS NIa3MIUHOTEH B PACTBOPE, MOAABNIAOT NIA3MIH, BbICTYNas Kak KOHKYPEHTHbIe Cy6cTpaThl [35]

Histones protect fibrin from the plasminogen action by covalently binding to fibrin, catalyzed by activated transglutaminase,
clotting factor Xllla. Through non-covalent interactions, histones promote lateral aggregation of fibrin protofibrils, resulting in
thickening of its filaments and increased the mass-length ratio in them followed by hypofibrinolysis [35]

[MCTOHbBI 3aLMLWAT PUOPUH OT AENCTBMS NASMUHOMeHa NyTeM KOBANEHTHOIO CBA3bIBAHUS C (DUOPUHOM, KaTann3unpyemoro
aKTVUBUPOBAHHON TPAHCTNyTaMUHA30M, pakTopom ceepTbiBaHus Xllla. [lyTem HeKoBalleHTHbIX B3aUMOLENCTBUIA TMCTOHbI
CMNOCO6CTBYIOT NaTepanbHOM arperauui npotomopun dubpuHa, NPUBOAS K YTOMLLEHNO €r0 HUTE 1 YBENIMYEHNIO COOTHO-
LUEHUS MAcCa—AnnHA B HIX, YTO NPUBOANT K runocnopuHonuay [35]
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a potential therapeutic target. It is potentially plausible to
prevent the NETs-related effect on tumor progression by
administering elastase or DNase inhibitors [43].

In our study along with assessing NETosis marker levels,
there were analyzed hemostasis activation markers (TAT
and D-dimer) so that all patients were found to have signifi-

cantly activated hemostasis. However, while conducting a
correlation analysis, a significant correlation was observed
only between TAT complex and NETosis marker levels.
Animal cancer models were featured with increased
tissue neutrophil infiltration in various organs paralleled
with vascular damage and platelet-neutrophil comple-
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xes due to massive necrosis. Administering DNase had
a positive effect in regression of such conditions again
confirming the NETosis-related contribution to develo-
ping multiple organ failure in cancer patients [8]. Recent
studies on animals have shown that the NETosis suppres-
sion lowers a rise in the prothrombotic state and meta-
stasis [7, 8, 43].

Thus, NETs play one of the major roles in triggering
blood clotting in cancer patients. Accordingly, NETs can
act as a target for novel approaches to develop thrombo-
prophylaxis [44]. Assessing NETosis markers represents
a potential screening approach for initial hemostasis di-

sorders when the first-line laboratory tests have not been
changed yet.

Conclusion / 3ak10oueHue

The study results indicate that the tumor tissue creates
conditions stimulating neutrophils to release procoagu-
lant extracellular traps, which, in turn, not only contribute
to creating procoagulant state, but also ensure metasta-
sis. Developing therapies targeting NETs may potentially
affect hemostasis system in cancer patients and reduce
magnitude of metastasis spread.
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