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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, a large 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 Мethods. 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 citН3 concentration was determined using an enzyme immunoassay.
Results. It was found that cancer patients had citН3 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 to 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 citН3 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 (236,68–273,77×109/L) vs. control group (178,14–202,35×109/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.

Keywords: immunothrombosis, citrullinated histone H3, citH3, neutrophil extracellular traps, NETs, thromboinflammation, cancer, 
NETosis
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Резюме

Введение. Тромбоз является грозным осложнением онкологического процесса, вклад которого в общую летальность оста-
ется высоким, несмотря на использование антикоагулянтов. По последним данным, тромбоз при раке представляет собой 
особый вид протромботического состояния, одной из составных частей которого, как оказалось, является тромбовоспа-
ление. Кроме этого, тромбовоспаление вносит свой вклад и в прогрессию заболевания и в интенсивность процессов 
метастазирования. Вопросам изучения тромбовоспаления у онкологических пациентов в последнее время посвящено 
большое количество исследований в мире.
Цель: оценка активности нетоза (процесса синтеза внеклеточных ловушек нейтрофилов), а именно, концентрации цитрул-
линированного гистона Н3 (citН3) как маркера нетоза в плазме крови пациенток со злокачественными новообразованиями 
половых органов и молочной железы.
Материалы и методы. В проспективное наблюдательное контролируемое нерандомизированное исследование вошли 
45 пациенток (основная группа) со злокачественными новообразованиями тела матки, яичников, шейки матки (аденокар-
цинома цервикального канала) и молочных желез, поступивших в стационар для проведения планового оперативного 
лечения (13, 15, 5 и 13 пациенток, соответственно), и 33 женщины с доброкачественными новообразованиями половых 
органов и молочной железы (контрольная группа). Концентрацию citН3 определяли в плазме c помощью иммунофермент-
ного анализа. 
Результаты. У пациенток основной группы уровень citН3 оказалась достоверно повышен (1,434–2,058 нг/мл) по сравнению 
с контрольной группой (0,281–0,371 нг/мл). Содержание citН3 у больных с опухолями тела и шейки матки составляло от 
2,271 до 2,992 нг/мл, у больных с опухолями яичников – от 1,357 до 2,123 нг/мл, у больных с опухолями молочной железы – 
от 0,331 до 0,859 нг/мл. Не выявлено статистически значимых различий в концентрации citН3 у больных с опухолями 
молочной железы по сравнению с контрольной группой. При повышении концентрации citH3 были достоверно повышены 
такие показатели, как С-реактивный белок, D-димер, количество нейтрофилов и тромбоцитов и соотношение нейтрофилы/
лимфоциты. Выявлены значимые различия в количестве тромбоцитов в основной группе (236,68–273,77×109/л) по сравне-
нию с контрольной группой (178,14–202,35×109/л).
Заключение. Продемонстрирована активация процессов нетоза у пациенток с опухолями тела и шейки (аденокациномы) 
матки и яичников, а также сочетание этой активации с активацией системы гемостаза и системным воспалительным 
ответом.

Ключевые слова: иммунотромбоз, цитруллинированный гистон H3, citH3, внеклеточные ловушки нейтрофилов, NETs, 
тромбовоспаление, рак, нетоз

Для цитирования: Слуханчук Е.В., Бицадзе В.О., Солопова А.Г., Хизроева Д.Х., Гри Ж.-К., Элалами И., Макацария А.Д. 
Внеклеточные ловушки нейтрофилов как маркеры тромбовоспаления в патогенезе злокачественных  
новообразований женских половых органов и молочной железы. Акушерство, Гинекология и Репродукция.  
2022;16(4):426–437. https://doi.org/10.17749/2313-7347/ob.gyn.rep.2022.335.
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Основные моменты

Что уже известно об этой теме?

► �Рак-ассоциированный тромбоз представляет собой 
особый вид протромботического состояния, одной из 
составных частей которого является тромбовоспаление.

► �Тромбовоспаление вносит свой вклад в прогрессию 
опухоли и в интенсивность процессов метастазирования.

Что нового дает статья?

► �Впервые продемонстрирована активация нетоза у пациен-
ток с опухолями тела, шейки матки и яичников, а также 
сочетание этой активации с активацией системы гемостаза 
и системным воспалительным ответом.

Как это может повлиять на клиническую практику 
в обозримом будущем?
► �Настоящее исследование доказывает взаимосвязь между 

процессами тромбовоспаления и опухолевого роста, отли-
чающихся сложностью и многомерностью взаимосвязей, 
выявление которых способно привести к значительному 
прогрессу в понимании патогенеза опухолевого процесса и 
его осложнений, а также разработать алгоритмы влияния 
на них.

Highlights

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.

Neutrophil extracellular traps as markers of thromboinflammation in the pathogenesis of female genital tract  
and breast malignant neoplasms

Introduction / Введение

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 (MPO), neutrophil elastase, and tissue 
factor [5]. Myeloperoxidase is a peroxidase that uses a 
heme moiety as a cofactor and produces hypochlorous 
acid (HOCl) from hydrogen peroxide (H2O2) and chloride 
anion (Cl–) 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 

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 NETs, 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 HOCl 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 
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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-1α (hypoxia-inducible factor-Iα) 
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-β1 (TGF-β1) secretion are the key inducers of 
the endothelial-mesenchymal transition (EMT). TGF-β 
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 / Материалы  
и методы

Study design / Дизайн исследования

A prospective controlled observational non-
randomized study was conducted from September, 2019 
to March, 2022, at the Moscow City Clinical Oncological 
Hospital № 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 / Группы обследованных 
пациенток

The main group included 45 patients with malignant 
genital organ and mammary gland neoplasms, stages I–
III: 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 / Критерии включения 
и исключения

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 / Методы исследования

One day before surgery, fasting blood samples were 
collected by using dry sterile needle from the cubital 

Slukhanchuk E.V., Bitsadze V.O., Solopova A.G., Khizroeva J.Kh., Gris J.-K., Elalamy I., Makatsariya A.D.
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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 / Этические аспекты

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 / Статистический анализ

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 coefficient is 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 / Результаты

Clinical and anamnestic characteristics of patients 
examined / Клинико-анамнестическая характеристика 
обследованных пациенток

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 µg/ml vs. 0.379 µg/ml) and citH3 (1.746 ng/ml vs. 
0.326 ng/ml) level, the neutrophil/lymphocyte ratio (6.1 
vs. 1.914), platelet count (255.2×109/L vs. 190.2×109/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 5 to 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 250×109/L, 

Neutrophil extracellular traps as markers of thromboinflammation in the pathogenesis of female genital tract  
and breast malignant neoplasms
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but upon elevation of citH3 concentration up to  
4 ng/ml, it linearly increases from 250×109/L up to 
350×109/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 202.35×109/L, whereas in main group – 
from 236.68 to 273.77×109/L (Fig. 5).

Discussion / Обсуждение
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 

Table 1. Clinical and anamnestic characteristics of women examined.

Таблица 1. Клинико-анамнестическая характеристика обследованных пациенток.

Characteristic 
Характеристика 

Main group
Основная группа

n = 45

Control group
Контрольная группа

n = 33
Age, years, mean [min – max]
Возраст, лет, средн. [мин. – макс.] 50,31 [34–72] 45,36 [30–68]

Body mass index, kg/m2, mean [min – max]
Индекс массы тела, кг/м2, средн. [мин. – макс.] 24,713 [16,0–36,0] 23,364 [16,0–33,0]

Comorbidities / Сопутствующие заболевания
Hypertension, n (%)
Гипертоническая болезнь, n (%) 14 (31,1) 11 (33,3)

Diabetes mellitus, n (%)
Сахарный диабет, n (%) 1 (2,2) –

Asthma, n (%)
Бронхиальная астма, n (%) 1 (2,2) –

Cardiac arrhythmias, n (%)
Нарушения ритма сердца, n (%) 4 (8,9) 3 (9,1)

Chronic liver diseases, n (%)
Хронические заболевания печени, n (%) 6 (13,3) –

Chronic kidney diseases, n (%)
Хронические заболевания почек, n (%) 4 (8,9) 2 (6,1)

Obesity, n (%)
Ожирение, n (%) 9 (20) 5 (15,1)

Anemia, n (%)
Анемия, n (%) 10 (22,2) –

Table 2. Laboratory blood parameters of patients examined.

Таблица 2. Лабораторные показатели крови обследованных пациенток.

Parameter
Показатель

Main group
Основная группа

n = 45

Control group
Контрольная группа

n = 33
D-dimer, μg/ml, mean [min – max] 
D-димер, мкг/мл, средн. [мин. – макс.] 1,636 [0,4–3,0]* 0,379 [0,2–0,6]

Neutrophil count, ×109/L, mean [min – max] 
Количество нейтрофилов, ×109/л, средн. [мин. – макс.] 5,140 [3,2–8,7] 3,312 [1,6–5,4]

Platelet count, ×109/L, mean [min – max] 
Количество тромбоцитов, ×109/л, средн. [мин. – макс.] 255,2 [170–410]* 190,2 [110–290]

Citrullinated histone H3, ng/ml, mean [min – max] 
Цитруллинированный гистон Н3, нг/мл, средн. [мин. – макс.] 1,746 [0,1–3,5]* 0,326 [0,1–0,6]

Neutrophil/lymphocyte ratio, mean [min – max] 
Отношение нейтрофилы/лимфоциты, средн. [мин. – макс.] 6,1 [1,2–15,4]* 1,914 [1,2–3,0]

C-reactive protein, mg/dL, mean [min – max]
С-реактивный белок, мг/дл, средн. [мин. – макс.] 3,779 [0,0–9,0]* 0,207 [0,0–0,4]

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

Примечание: *р < 0,05 – различия статистически значимы по сравнению с контрольной группой.

Slukhanchuk E.V., Bitsadze V.O., Solopova A.G., Khizroeva J.Kh., Gris J.-K., Elalamy I., Makatsariya A.D.
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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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Figure 1. Blood plasma citrullinated histone H3 (citH3) level in 
patients examined.

Рисунок 1. Содержание цитруллинированного гистона Н3 
(citH3) в плазме крови обследованных пациенток.

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

Рисунок 2. Содержание цитруллинированного гистона Н3 (citH3) в плазме крови при различных источниках опухоли.

Neutrophil extracellular traps as markers of thromboinflammation in the pathogenesis of female genital tract  
and breast malignant neoplasms
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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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Table 3. Blood plasma citrullinated histone H3 (citH3) level in varying tumor tissue sources.

Таблица 3. Содержание цитруллинированного гистона Н3 (citH3) в плазме крови при различных источниках опухоли.

Group
Группа

citH3 level, ng/ml
Содержание citH3, нг/мл

М ± SD

95 % Cl
95 % ДИ

Control / Контрольная 0,326 ± 0,0221 0,281–0,371
Main / Основная:
– uterine body or cervical cancer / рак тела или шейки матки
– ovarian cancer / рак яичников
– breast cancer / рак молочной железы

2,631 ± 0,1701*#
1,740 ± 0,1785*#

0,595 ± 0,1211

2,271–2,992
1,357–2,123
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.

Примечание: *р < 0,05 – различия статистически значимы по сравнению с контрольной группой; #р < 0,05 – различия статистически значимы по 
сравнению с пациентами с раком молочной железы; М – среднее значение; SD – стандартное отклонение; 95 % ДИ – 95 % доверительный интервал.

Figure 3. A relationship between 
serum citrullinated histone H3  
and C-reactive protein level in both 
patient groups.

Рисунок 3. Взаимосвязь  
между значениями 
цитруллинированного гистона Н3 
и С-реактивного белка в плазме 
крови пациенток обеих групп.
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Figure 4. A relationship between 
serum citrullinated histone H3 
and platelet count in both patient 
groups.

Рисунок 4. Взаимосвязь  
между значениями 
цитруллинированного гистона Н3 
и числом тромбоцитов  
у обследованных пациенток  
обеих групп.
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proteins, such as C-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 CRP 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 / Заключение

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 (236.68–273.77×109/L 
vs. 178.14–202.35×109/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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Figure 5. Blood platelet count in patients examined.

Рисунок 5. Количество тромбоцитов в крови обследованных 
пациенток.

Neutrophil extracellular traps as markers of thromboinflammation in the pathogenesis of female genital tract  
and breast malignant neoplasms
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