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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 (MPO:Ag), D-dimer, and thrombin–antithrombin 
(ТАТ) 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 MPO: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 µg/ml in four subgroups, respectively) and ТАТ 
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 μg/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; р = 0.04) and MPO:Ag was revealed (r = 
0.631; р = 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.

Keywords: neutrophils, neutrophil extracellular traps, NETs, myeloperoxidase, MPO, D-dimer, citrullinated histone H3, citH3, 
cancer
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Резюме

Введение. Одной из ведущих причин в структуре смертности онкологических пациентов являются тромботические ослож-
нения. В недавних исследованиях было показано, что внеклеточные ловушки нейтрофилов (англ. neutrophil extracellular 
traps, NETs) участвуют в активации свертывания, способствуют инициации и прогрессированию тромбоза. Помимо этого, 
активно изучается вклад NETs в прогрессию опухоли и метастазирование.

Цель: оценка прокоагулянтной активности NETs у онкогинекологических пациенток. 

Материалы и методы. С апреля 2020 г. по октябрь 2022 г. проведено проспективное контролируемое интервенционное 
нерандомизированное исследование с участием 120 женщин. В основную группу вошли 87 пациенток в возрасте от 32 до 
72 лет со злокачественными новообразованиями женских половых органов и молочных желез, госпитализированных в 
стационар для планового оперативного лечения или проведения химиотерапии: рак тела матки (подгруппа 1; n = 18), рак 
яичников (подгруппа 2; n = 26), рак шейки матки – аденокарцинома цервикального канала (подгруппа 3; n = 13), рак 
молочной железы (подгруппа 4; n = 30). Контрольную группу составили 33 здоровые женщины в возрасте от 32 до 68 лет. 
У всех женщин в плазме крови были оценены концентрации цитруллинированного гистона Н3 (англ. citrullinated histone H3, 
citH3), антигена миелопероксидазы (МПО:Аг), D-димера и комплексов тромбин–антитромбин (ТАТ).

Результаты. Выраженность процессов нетоза, оцененная у онкологических пациенток в концентрациях citH3 (2,5 ±  
0,7 нг/мл, 1,9 ± 0,8 нг/мл, 2,5 ± 0,7 нг/мл, 0,7 ± 0,5 нг/мл в четырех подгруппах, соответственно) и МПО:Аг (29,5 ±  
13,1 нг/мл, 12,8 ± 3,7 нг/мл, 22,8 ± 8,7 нг/мл, 6,6 ± 2,5 нг/мл в четырех подгруппах, соответственно), оказалась достоверно 
выше по сравнению с женщинами контрольной группы (соответственно, 0,3 ± 0,1 нг/мл; р = 0,0001 и 2,5 ± 0,2 нг/мл; р = 
0,0001). Параллельно повышению маркеров нетоза в зависимости от стадии заболевания происходило и нарастание 
концентрации маркеров активации гемостаза – D-димера (1,7 ± 0,6 мкг/мл, 2,0 ± 0,7 мкг/мл, 1,4 ± 0,5 мкг/мл, 1,5 ±  
0,7 мкг/мл в четырех подгруппах, соответственно) и комплексов ТАТ (729,8 ± 43,9 пг/мл, 794,1 ± 164,8 пг/мл, 636,2 ± 149,5 
пг/мл, 699,6 ± 165,7 пг/мл в четырех подгруппах, соответственно), превышая их содержание в контрольной группе (соот-
ветственно, 0,4 ± 0,1 мкг/мл; р = 0,0001 и 362,3 ± 0,1 пг/мл; р = 0,0001). Максимальные значения показателей приходились 
на более поздние стадии по Международной классификации стадий злокачественных новообразований (англ. tumor, 
nodus, metastasis, TNM). Выявлена достоверная корреляция уровня ТАТ от содержания citH3 (r = 0,586; р = 0,04) и МПО:Аг 
(r = 0,631; р = 0,04).

Заключение. Опухолевая ткань создает условия, стимулирующие нейтрофилы к высвобождению NETs, которые, в свою 
очередь, не только способствуют созданию прокоагулянтного состояния, но также, возможно, являются одним из факто-
ров, обеспечивающих прогрессию опухоли и метастазирование. Разработка таргетной терапии, направленной на NETs, 
потенциально способна оказать влияние на систему гемостаза у онкологических пациентов и снизить интенсивность 
опухолевого роста и метастазирования.

Ключевые слова: нейтрофилы, внеклеточные ловушки нейтрофилов, NETs, миелопероксидаза, МПО, D-димер, цитрулли-
нированный гистон Н3, citH3, рак
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Основные моменты

Что уже известно об этой теме?

► �Внеклеточные ловушки нейтрофилов (NETs) являются участ-
никами нового прокоагулянтного механизма и выступают 
в  роли связующего звена между процессами воспаления 
и тромбоза у онкологических пациентов.

► �Как было показано в экспериментах, опухоль стимулирует 
нейтрофилы к высвобождению NETs, что в дальнейшем 
реализуется в активации коагуляции и может являться 
одним из факторов, обеспечивающих метастазирование.

Что нового дает статья?

► �У онкогинекологических пациенток опухолевая ткань 
создает условия, стимулирующие нейтрофилы к высвобо-
ждению NETs, которые, в свою очередь, способствуют 
созданию прокоагулянтного состояния и облегчают мета- 
стазирование.

Как это может повлиять на клиническую практику 
в обозримом будущем?
► �Разработка терапии, направленной на NETs, потенциально 

способна оказать влияние на систему гемостаза у онколо-
гических пациентов и снизить интенсивность процессов 
метастазирования. NETs могут выступать в роли мишени 
для разработки новых подходов к тромбопрофилактике.

► �Определение маркеров нетоза является потенциальным 
скринингом начальных нарушений в системе гемостаза в 
тех ситуациях, когда основные тесты лабораторной оценки 
еще не изменены.

Highlights

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 / Введение 

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 
a part of a new procoagulant mechanism and a link bet- 
ween inflammation and thrombosis [4]. NETs extracellu-
lar DNA leads to coagulation activation [5], whereas his-
tones induce platelet and erythrocyte activation. Inflam-
mation always accompanies carcinogenesis [6]. One of 
the studies showed that neutrophils increased NETs pro-
duction in mice with cancer and were directly involved 
in thrombogenesis [7]. In addition, NETs were shown to 
accompany cancer-associated organ failure [8]. Thus, we 
hypothesized that tumor growth stimulates neutrophils to 
release NETs in gynecological cancer patients resulting 

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 Мethods / Материалы и 
методы

Study design / Дизайн исследования

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 
controlled interventional non-randomized study.

Inclusion and exclusion criteria / Критерии  
включения и исключения

Inclusion criteria (main group): age over 18; diagnosis 
at admission – ovarian cancer, uterine cancer, cervical 
cancer and mammary cancer, confirmed by instrumental, 
laboratory and clinical examination; signed informed vo- 
luntary consent to participate in the study.

Inclusion criteria (control group): age over 18; no ac-
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 / Группы обследованных

The main group included breast and gynecologic cancer 
patients, stage I–III: uterine cancer (subgroup 1; n = 18, in-
cluding 7 patients at stage 1TNM, 5 patients at stage 2TNM, 
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 1TNM, 6 patients at 
stage 2TNM, 7 patients at stage 3TNM, 8 patients at stage 
4TNM). The control group included 33 healthy women.

Study methods / Методы исследования

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 / Определение  
маркеров нетоза

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 / Определение маркеров тромбинемии  
и фибринообразования

Thrombinemia markers – thrombin-antithrombin com-
plexes (TAT) were determined by enzyme-linked immu-
noassay, using the Siemens Healthineers EnzygnostTM 
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 / Этические аспекты

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 / Статистический анализ

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 H0 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 H0 was proposed as the absence of 
differences between patient groups. H0 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 MPO:Ag and citH3 values, we calcula- 
ted the ρ-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 / Результаты

Сlinical and anamnestic characteristic / Клинико-
анамнестическая характеристика обследованных 
пациенток

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

NETosis intensity in oncogynecological patients / 
Интенсивность нетоза у онкогинекологических 
пациенток

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 

An impact of neutrophil extracellular traps to the prothrombotic state and tumor progression in gynecological cancer patients
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significantly elevated in cancer patients than in healthy 
individuals (Table 1, Fig. 1, 2).

Hemostasis activation in oncogynecological patients / 
Активация гемостаза у онкогинекологических 
пациенток

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 MPO:Ag (Tables 2, 3).

Discussion / Обсуждение

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-

Table 1. Clinical and anamnestic characteristics. 

Таблица 1. Клинико-анамнестическая характеристика.

Parameter 
Показатель

Cancer patients (main group)
Онкологические пациентки (основная группа)

n = 87
Control group
Контрольная 

группа
n = 33

Uterine cancer 
(subgroup 1) 

Рак тела матки 
(подгруппа 1)

n = 18

Ovarian cancer 
(subgroup 2)

Рак яичников 
(подгруппа 2)

n = 26

Cervical cancer 
(subgroup 3)
Рак шейки 

матки 
(подгруппа 3)

n = 13

Brest cancer 
(subgroup 4)

Рак молочной 
железы 

(подгруппа 4)
n = 30

Age, years, М ± SD
Возраст, лет, М ± SD
Min–max

52,2 ± 7,8*

40 – 67

55,7 ± 8,1*

42–68

48,2 ± 12,1

34–72

46,6 ± 6,0

36–61

45,4 ± 10,9

30–68
TAT concentration, pg/ml, М ± SD
Концентрация ТАТ, пг/мл, M ± SD
Min–max

729,8 ± 43,9*

486–987 

794,1 ± 164,3*

467–1002

636,2 ± 149,5*

478–907

699,6 ± 165,7*

465–974

362,3 ± 0,2

323–440
D-dimer concentration, µg/ml, М ± SD
Концентрация D-димера, мкг/мл, M ± SD
Min–max

1,7 ± 0,6*

0,9–2,9

2,0 ± 0,7*

0,6–3,0

1,4 ± 0,5*

0,7–2,5

1,5 ± 0,7*

0,4–2,7

0,4 ± 0,1

0,2–0,6
citH3 concentration, ng/ml, М ± SD
Концентрация сitH3, нг/мл, M ± SD
Min–max

2,6 ± 0,7*

1,1–3,5

1,9 ± 0,8*

1,0–3,5

2,5 ± 0,7*

0,9–3,2

0,7 ± 0,5*

0,1–2,1

0,3 ± 0,1

0,1–0,6
MPO: Ag concentration, ng/ml, М ± SD
Концентрация MПО:Аг, нг/мл, M ± SD
Min–max

29,5 ± 13,1*

12,0–51,0

12,8 ± 3,7*

9,1–21,5

22,8 ± 8,7*

8,1–31,0

6,6 ± 2,5*

3,4–12,9

2,5 ± 0,2

2,2–2,8

TNM stage 
Стадия TNM

1TNM (n = 7)
2TNM (n = 5) 
3TNM (n = 6)

1TNM (n = 11) 
2TNM (n = 5)

3TNM (n = 10)
1TNM (n = 13)

1TNM (n = 9)
2TNM (n = 6)
3TNM (n = 7)
4TNM (n = 8)

нет

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. 

Примечание: *р < 0,05 – различия статистически значимы по сравнению с контрольной группой; ТАТ – комплексы тромбин–антитромбин;  
сitH3 – цитруллинированный гистон Н3, МПО:Аг – антиген миелопероксидазы человека; TNM – стадирование.

Slukhanchuk E.V., Bitsadze V.O., Solopova A.G., Khizroeva J.Kh., Degtyareva N.D.,
Shcherbakov D.V., Gris J.-K., Elalamy I., Makatsariya A.D. 
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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. 

Рисунок 1. Содержание антигена миелопероксидазы человека (MПO:Aг) в плазме крови. 
Примечание: подгруппа 1 – рак тела матки; подгруппа 2 – рак яичников; подгруппа 3 – рак шейки матки; подгруппа 4 – рак молочной железы;  
CTR – контрольная группа; S1-4 – стадии TNM 1-4.

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.

Рисунок 2. Содержание цитруллинированного гистона H3 (citH3) в плазме крови.
Примечание: подгруппа 1 – рак тела матки; подгруппа 2 – рак яичников; подгруппа 3 – рак шейки матки; подгруппа 4 – рак молочной железы;  
CTR – контрольная группа; S1-4 – стадии TNM 1-4.
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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. 

Рисунок 3. Содержание комплексов тромбин–антитромбин (ТАТ) в плазме крови.
Примечание: подгруппа 1 – рак тела матки; подгруппа 2 – рак яичников; подгруппа 3 – рак шейки матки; подгруппа 4 – рак молочной железы;  
CTR – контрольная группа; S1-4 – стадии 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. 

Рисунок 4. Содержание D-димера в плазме крови.
Примечание: подгруппа 1 – рак тела матки; подгруппа 2 – рак яичников; подгруппа 3 – рак шейки матки; подгруппа 4 – рак молочной железы;  
CTR – контрольная группа; S1-4 – стадии TNM 1-4.

Slukhanchuk E.V., Bitsadze V.O., Solopova A.G., Khizroeva J.Kh., Degtyareva N.D.,
Shcherbakov D.V., Gris J.-K., Elalamy I., Makatsariya A.D. 
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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 NETs 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 

Table 2. Correlations between NETosis markers (citH3 and MPO:Ag), thrombin–antithrombin complex (TAT) and D-dimer levels.

Таблица 2. Корреляции между содержанием маркеров нетоза (citH3 и МПО:Аг) и комплексов тромбин–антитромбин (ТАТ) и D-димера.

Parameter 
Показатель

TAT level, pg/ml
Концентрация ТАТ, пг/мл

D-dimer level, ng/ml
Концентрация D-димерa, нг/мл

r p r p

citH3 level, ng/ml
Концентрация citH3, нг/мл 0,585644 р = 0,04 0,415624 p > 0,05

MPO:Ag level, ng/ml
Концентрация МПО:Аг, нг/мл 0,630720 р = 0,04 0,472069 p  > 0,05

Table 3. A correlation matrix between the concentrations of NETosis markers (citH3 and MPO:Ag), thrombin–antithrombin complexes (TAT) and 
D-dimer (according to Spearman).

Таблица 3. Корреляционная матрица между концентрациями маркеров нетоза (citH3 и МПО:Аг) и комплексов тромбин–антитромбин 
(ТАТ) и D-димера (по Спирмену).

Spearman's rank correlation coefficient / Коэффициент ранговой корреляции Спирмена
p < 0,04000

Parameter 
Показатель

TAT, pg/ml
ТАТ, пг/мл

D-dimer, ng/ml
D-димер, нг/мл

citH3, ng/ml
citН3, нг/мл

MPO:Ag, ng/ml
MПO:Aг, нг/мл

TAT, pg/ml
ТАТ, пг/мл 1,00 0,90 0,59 0,63

D-dimer, ng/ml
D-димер, нг/мл 0,90 1,00 0,42 0,47

citH3, ng/ml
citН3, нг/мл 0,59 0,42 1,00 0,82

MPO:Ag, ng/ml
MПO:Aг, нг/мл 0,63 0,47 0,82 1,00

An impact of neutrophil extracellular traps to the prothrombotic state and tumor progression in gynecological cancer patients
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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- 

Table 4. Procoagulant and antifibrinolytic effects of neutrophil extracellular traps (NETs).

Таблица 4. Прокоагулянтные и антифибринолитические эффекты внеклеточных ловушек нейтрофилов (NETs).

NETs 
constituents
Структуры

NETs

Effects on hemostasis arms
Влияние на звенья гемостаза 

NETs DNA
ДНК NETs

NETs DNA triggers a coagulation cascade in intrinsic pathway, which, under pathological conditions with a massive DNA 
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]
ДНК NETs запускает коагуляционный каскад по внутреннему пути, который при патологических состояниях с массив-
ным выбросом ДНК в результате повреждения и гибели клеток выходит на передний план в патогенезе тромбоза [22]. 
Отрицательно заряженные поверхности повышают активацию инициатора этого пути фактора (F) XII (FXII) [23]
NETs DNA acts as a cofactor for thrombin-dependent activation of factor XI [24] and contributes to successful progression of 
reactions of the extrinsic pathway associated with tissue factor [25]
ДНК NETs выступает в качестве кофактора для тромбин-зависимой активации фактора XI [24] и способствует успеш-
ному протеканию реакций внешнего пути, связанного с тканевым фактором [25]
NETs DNA enhances the formation of complexes between tissue plasminogen activator and plasminogen activator inhibitor-1 
(PAI-1) [26]
ДНК NETs повышает формирование комплексов тканевого активатора плазминогена c ингибитором активатора плаз-
миногена-1 (англ. 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]
ДНК NETs снижает интенсивность синтеза плазмина из плазминогена под действием активатора плазминогена ткане-
вого типа (англ. tissue plasminogen activator, tPA) на поверхности тромба [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
ДНК NETs связывает белки, ответственные за деградацию фибрина и уменьшает их выделение фибриновыми тром-
бами [28], а также проникает в нити фибрина и блокирует плазмин-опосредованный лизис тромба

NETs 
histones
Гистоны 
NETs

NETs histones destroy endothelium anticoagulant barrier by forming holes in phospholipid membranes with impaired ion 
exchange [29, 30]. In the process of endothelial activation and death [31], Н2О2 is released, further stimulating NETosis [32]. 
Weibel–Palade bodies located in the endothelium undergo exocytosis together with von Willebrand factor (vWF)
Гистоны NETs разрушают антикоагулянтный барьер эндотелия путем формирования отверстий в фосфолипидных 
мембранах с нарушением ионообмена [29, 30]. В процессе активации эндотелия и его гибели [31] происходит выделе-
ние Н2О2, далее стимулирующей нетоз [32]. Находящиеся в эндотелии тельца Вейбеля–Паладе подвергаются экзоци-
тозу совместно с фактором фон Виллебранда (англ. von Willebrand factor, vWF)
NETs histones promote platelet activation [21, 29]
Гистоны NETs способствуют активации тромбоцитов [21, 29]
NETs histones affect proteins of the coagulation cascade [33]
Гистоны NETs влияют на белки коагуляционного каскада [33]
Histone H4 binds to prothrombin and promotes its autoactivation [33]
Гистон Н4 связывается с протромбином и способствует его аутоактивации [33]
Histones impair antithrombin-dependent thrombin inactivation [27], prevent thrombin–thrombomodulin interaction [34], 
trigger pathways for inactivation of activated protein C
Гистоны нарушают антитромбин-зависимую инактивацию тромбина [27], препятствуют взаимодействию тромбин–
тромбомодулин [34], запускают пути инактивации активированного протеина С
Histones by activating soluble plasminogen, suppress plasmin acting as competitive substrates [35]
Гистоны, активируя плазминоген в растворе, подавляют плазмин, выступая как конкурентные субстраты [35]
Histones protect fibrin from the plasminogen action by covalently binding to fibrin, catalyzed by activated transglutaminase, 
clotting factor XIIIa. 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]
Гистоны защищают фибрин от действия плазминогена путем ковалентного связывания с фибрином, катализируемого 
активированной трансглутаминазой, фактором свертывания XIIIа. Путем нековалентных взаимодействий гистоны 
способствуют латеральной агрегации протофибрил фибрина, приводя к утолщению его нитей и увеличению соотно-
шения масса–длина в них, что приводит к гипофибринолизу [35]

Slukhanchuk E.V., Bitsadze V.O., Solopova A.G., Khizroeva J.Kh., Degtyareva N.D.,
Shcherbakov D.V., Gris J.-K., Elalamy I., Makatsariya A.D. 
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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 / Заключение

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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