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ABSTRACT
Relevance: Neutrophil extracellular traps (NETs) are extracellular networks released by neutrophils. They are extracellular strands 

of decondensed DNA fiber, combined with histones and proteins from neutrophil granules, which immobilize pathogens to facilitate their 
subsequent elimina-tion.

NET formation (netosis) was first discovered as an immune response to bacterial infection. However, it has since been proven that 
netosis occurs abnormally in several other inflammatory conditions, including cancer. 

Breast cancer (BC) is the most commonly diagnosed malignant disease in women. In this review, we will focus on the role of NETs 
in BC development and their potential use as diagnostic biomarkers and/or therapeutic targets in cancer.

The study aimed to evaluate the role of NETs in the pathogenesis of breast cancer based on literature data.
Methods: The search in the Web of Science, PubMed, and Scopus databases for 2014-2024 revealed about 600 articles. Of these, 53 

were analyzed following the inclusion and exclusion crite-ria.
Results: The NET role in tumor development is related to cancer immunoediting and the interaction between the immune system and 

cancer cells. NETs play a key regulatory role in the tumor microenvironment, contributing to the development of distant metastases and 
exacerbating the tumor’s aggressiveness, thereby increasing its ability to invade. NETs play a significant role in regulating the tumor 
microenvironment. NETs also have an antitumor effect since their components directly kill cancer cells.

NETs’ production in cancer requires interaction between various cells and blood components, including platelets, leukocytes, 
metastatic tumor cells, and the primary tumor site. 

Today, there are no generally accepted methods of using NETs to treat cancer. These treatment methods are under development, and 
work is underway to target various points and components of the NETs. 

Conclusion: In BC, netosis is associated with accelerated disease progression, metastasis, and complications. The study identifies 
potential NET-specific targets that should be investigated and used to develop treatment methods. A better understanding of the 
interaction between cancer and NETs will facilitate the development of precision treatments and diagnostics tailored specifically to 
NETs. 
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Introduction: Neutrophils are the most common 
leukocytes formed in the bone marrow. Neutrophils 
constitute the first line of defense against non-indige-
nous pathogens, utilizing the primary effector mecha-
nisms of phagocytosis, degranulation, and neutrophil 
extracellular trap (NET) formation [1]. Neutrophil extra-
cellular traps (NETs) are extracellular networks that are 
released by neutrophils and are extracellular strands of 
decondensed DNA fiber in combination with histones 
and granule proteins neutrophils, including matrix met-
alloproteinase (MMP), neutrophil elastase (NE), myelop-
eroxidase (MPO), cathepsin G, complement factors, and 
other enzymatically active proteases and peptides that 
immobilize pathogens to facilitate their subsequent 
elimination [2].

The NETs formation, known as NETosis, was first dis-
covered as an immune response to bacterial infection. His-
tones and the released granular contents of neutrophils 
have antimicrobial properties, and the fibrous structure 
of the networks can physically capture and render harm-

less bacteria. However, it has since been proven that NETo-
sis occurs abnormally in several other inflammatory con-
ditions, including cancer. NETosis occurs when proteases 
enter the neutrophil nucleus, leading to chromatin decon-
densation through citrullination. These loosely bound fila-
ments are eventually ejected from the cell, destroying it or 
leaving the membrane intact. The subsequent integrity of 
the membrane depends on the nature of the stimulus that 
provokes NETosis [3-6].

According to the data of the Global Cancer Observa-
tory, 2,296,840 cases of breast cancer (BC) and 666,103 
deaths from this disease were registered in the world in 
2022. The incidence was 46.8 cases per 100,000 people, 
and the mortality was 12.7 deaths per 100,000. In Kazakh-
stan, the absolute number of BC cases amounted to 5,171 
in 2022. The incidence was at 26.5 per 100,000, and the 
mortality was 5.4 per 100,000 [7, 8]. 

This review focuses primarily on the NET role in BC de-
velopment. It is well established that NETs exhibit both 
antitumor and protumorigenic effects. This review en-
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compasses the established and potential stimuli that con-
tribute to oncogenic NETosis at the molecular level, and 
also describes the interactions between neutrophil spe-
cies, other blood components, and the tumor cells them-
selves. The review also presents the consequences of NE-
Tosis and its role in the progression of BC. NET is further 
considered a diagnostic biomarker and/or a possible ther-
apeutic target in malignant tumors. 

The study aimed to evaluate the role of NETs in the 
pathogenesis of breast cancer based on literature data.

Methods: For this literature review, a systematic search 
of the scientific literature in the Web of Science, PubMed, 
and Scopus databases was conducted from January 2014 
to January 2024. In exceptional cases, publications pub-
lished earlier than 2014 were included in the review, as 
they represented basic research that had a significant im-
pact on the development of the topic [9, 10].

The search was conducted using combinations of key-
words and medical subject headings (MeSH terms), such as 
“breast cancer” and “neutrophil extracellular traps”, as well 
as their synonyms and derivatives in English.

The following search strategy was used (example for 
PubMed):

(«breast neoplasms»[MeSH Terms] OR «breast cancer») 
AND (“neutrophil extracellular traps” OR “NETs”)

Publications were included in the analysis according to 
the following inclusion criteria:

• articles published in peer-reviewed scientific journals;
• availability of the full version of the article in English;
• articles containing data from randomized controlled 

trials, cohort studies, meta-analyses, and systematic re-
views;

• studies directly relating to the role of neutrophil ex-
tracellular traps (NETs) in BC pathogenesis, progression, or 
treatment.

Exclusion criteria included:
• incomplete publications, including conference ab-

stracts, presentations, and short communications;
• articles describing only isolated clinical cases (case re-

ports);
• publications in journals with a dubious scientific rep-

utation, determined by the lack of indexing in leading da-
tabases and a low impact factor;

• articles with a citation index below the average for the 
subject (according to Scopus/Web of Science data at the 
time of search).

As a result of the initial search, about 600 publica-
tions have been identified. After applying the inclusion 
and exclusion criteria to the analysis, 53 of the most rele-
vant sources were selected. A detailed selection scheme 
is presented in Figure 1. The selection of articles was car-
ried out by two researchers. The level of convergence of 
views regarding the inclusion of articles was 98%. All dis-
agreements were resolved through discussion and con-
sensus.

Figure 1 – Stages of selection of sources for the review

Results: In a scientific first, V. Brinkmann et al. report-
ed on NETs in 2004, when electron microscopy was used 
to obtain images of activated neutrophils involved in an-
timicrobial processes [9]. An in vitro study of neutrophils 
activated with IL-8, phorbol-12-myristate-13-acetate (PMA) 
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showed the formation of distinctive extracellular fibers. 
This concept has been further confirmed in vivo, where 
these structures have been identified under infection con-
ditions in both preclinical models and humans.

In 2012, M. Demers et al. were the first to report on the 
role of traps in oncological processes. In the main part, the 
authors studied melanoma B16F10 and leukemia AML. In 
this study, NET has been associated with tumor progres-
sion for the first time [10]. Later, several authors demon-
strated that breast tumors generate neutrophils, which 
are predisposed to forming NETs. The number of traps in-
creases with the progression of the tumor stage. NET was 
identified by an increase in plasma DNA content, as well 
as by immunofluorescence staining of extracellular his-
tone and DNA around neutrophils. These markers repre-
sent the process of NETosis, in which neutrophils release 
decondensed enzymatic granules containing chromatin 
into the extracellular space, typically resulting in non-ap-
optotic cell death [11, 12].

The NETs’ antitumor effect can theoretically be exert-
ed by activating the immune system or directly destroying 
malignant cells. It has been shown that NETs components, 
such as NE and MPO in vitro, as well as histones, can de-
stroy cancer cells, thereby blocking further cell growth and 
the development of distant metastases [13, 14].

Numerous studies have shown that granulocyte colo-
ny-stimulating factor (G-CSF) contributes to the produc-
tion of NETs. Demonstration of NETs in mice with tum-
ors has been made possible by tumor-derived neutrophil 
G-CSF priming, which can be neutralized by treating mice 
with an anti-G-CSF antibody. Additionally, neutrophils 
from mice treated with recombinant G-CSF were more pre-
disposed to platelet formation when stimulated by plate-
let-activating factor in vivo. Thus, NETs have been shown 
to induce a prothrombotic state in the lungs of mice with a 
tumor and also participate in tumor growth [15, 16]. 

Several studies have shown higher preoperative lev-
els of MPO-DNA, a well-known marker of systemic neu-
tralization, in the serum of patients with metastatic cancer 
compared to healthy controls. These rates were associat-
ed with low disease-free survival and overall survival. NETs 
can promote the growth of stressed cancer cells by alter-
ing their bioenergetics, while inhibiting traps leads to the 
death of cancer cells. Thus, serum levels of MPO-DNA may 
represent a possible prognostic biomarker [17-19]. 

NETs have also been recognized as a crucial compo-
nent of the dynamic tumor immune microenvironment 
(TIME), which can significantly contribute to the preven-
tion of metastatic spread [20, 21]. Several factors have 
been identified that contribute to the formation of TIME. 
Among them are cancer-associated fibroblasts (CAFs), 
which are considered one of the most important protu-
mor factors. Regarding the effect of NETs on CAFs, it has 
been reported that trap formation occurs in these fibro-
blasts within pancreatic ductal adenocarcinoma, thereby 

creating a protumor microenvironment [22]. However, due 
to the difficulty of converting normal fibroblasts into CAFs, 
further research is required to study the specific mecha-
nisms mediated by NETs regulation. 

Neutrophil elastase (NE), a key granular protein in re-
ticulated microvesicles, has been shown to disrupt the 
extracellular matrix and activate the phosphatidylinosi-
tol-4,5-bisphosphate 3-kinase (PI3K) pathway in cancer 
cells. Induction of the PI3K signaling pathway promotes 
the proliferation and migration of cancer cells [23, 24]. An-
other representative of granule proteins, a matrix metallo-
proteinase (MMP), has also been reported to promote tu-
mor growth and metastasis through extracellular matrix 
proteolysis [25, 26]. 

Patients with malignant tumors show an increase in 
platelet activation [27]. NETs have been shown to contrib-
ute to the formation of arterial, venous, and cancer-related 
thrombosis [28, 29]. The traps induce intravascular activa-
tion of the coagulation cascade, which promotes prima-
ry tumor growth, cancer aggressiveness, progression, and 
metastasis. According to L.G. Lima et al., there is a signif-
icant correlation between the incidence of thromboem-
bolic complications and a worsening of the prognosis of 
tumor diseases. These authors suggested that the traps 
collect on the scaffold with the thrombus and may play a 
crucial role in the pathogenesis of cancer, in conjunction 
with the hemostasis system [30]. Subsequently, H.S. Jung 
et al. demonstrated that NETs stimulate cancer-associat-
ed thrombosis, which correlates with a worse clinical out-
come [31]. It is well known that the incidence of thrombo-
embolic diseases is markedly dependent on the type of 
cancer. For example, patients with BC have a low incidence 
of thromboembolic complications, while patients with 
pancreatic cancer have a high incidence [32]. 

Methods to identify neutrophil extracellular traps: The de-
tection of NETs in peripheral blood enables the separation 
of patients at higher risk of venous thromboembolism and 
metastasis. This is especially important in clinical practice 
for a personalized approach in the choice of treatment tac-
tics. The traps can be used as a biomarker for risk strati-
fication and treatment adaptation. However, as of today, 
the literature does not outline the reference values for the 
NET level. One of the available ways to determine in vivo 
networks is to measure the NETs components, such as cir-
culating cell-free DNA, citrullinated histone H3 (citH3), NE, 
and MPO.  

In the study of the blood of patients with established 
diagnoses of colorectal cancer and BC, freely circulating 
DNA was detected by quantitative analysis of nucleic acid 
staining [33]. A correlation was found between circulating 
DNA and the size of the breast tumor, as well as the degree 
of its malignancy. A disadvantage of this study was the lack 
of specificity in measuring NETosis. The elevation of DNA 
in blood serum can also be attributed to the consequenc-
es of cell necrosis and apoptosis. A solution in this situation 
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may be to measure the circulating MPO-DNA conjugates, 
which are more specific in NETs formation, compared to 
assessing cell-free DNA alone [34]. 

The most specific marker of traps is citrullinated his-
tone H3 (citH3). It is formed during the NETs formation 
within PAD4-mediated citrullination and has an impor-
tant predictive value. In patients with advanced cancer, 
high levels of citH3 are a significant indicator of short-term 
death, surpassing even those of critically ill patients with-
out cancer [35].

Neutrophil derivatives - neutrophil elastase and mye-
loperoxidase - cannot be reliable and specific markers for 
NETs, since these enzymes are released during degranu-
lation of neutrophils, regardless of the trap’s formation. 
Additionally, in the study of seriously ill patients, no sig-
nificant differences were found between these markers, 
regardless of whether a malignant tumor was present or 
absent [6].  

From the above, it follows that citH3 is the most sta-
ble indicator of NETosis, as it is highly specific for neto-
sis. The CitH3 may be effective in understanding the dif-
ferences between other biomarkers associated with NETs. 
The CitH3 levels are also predictors of venous thromboem-
bolism (VTE) risk in newly diagnosed patients, further sup-
porting its diagnostic usefulness [35, 36]. 

Extracellular neutrophil traps and breast cancer: BC is one 
of the three most commonly diagnosed cancers world-
wide [7, 36], as well as one of the most studied cancers. In 
the previously mentioned work, additional experiments by 
Demers et al. also studied the BC in a mouse model (4T1) for 
the first time, finding that in a mouse model of BC, the for-
mation of NETs corresponded to cancer-associated throm-
bosis in the lung. The development of thrombosis in pa-
tients with BC is associated with an increased risk of death, 
both due to the thromboembolic complication itself and 
due to the progression of the malignant process, against 
which thrombosis may reflect a more aggressive course of 
the disease [10]. It was found that the release of cancerous 
extracellular chromatin networks (CECN) occurred due to 
high levels of Padi4 gene expression in 4T1 BC cells of mice 
and PAD4-mediated traps. The deletion of Padi4 genes in 
mouse models significantly slowed the proliferation and 
migration of BC cells, indicating that PAD4-mediated NETs 
stimulate breast tumor growth and liver metastasis [37]. In 
addition, NETs have been shown to stimulate the prometa-
static phenotype in human BC cells by inducing an epithe-
lial-mesenchymal transition program [38].  

It was also revealed that the activation of neutrophil li-
popolysaccharides awakens dormant BC cells, leading to 
the production of NETs. The obtained NETs reconstruct 
laminin, utilizing MMP-9 and NE proteases. The recon-
structed laminin further activates the signaling of integ-
rin α3β1 to awaken BC cells. Inhibition of NETs formation 
via cleavage by DNase I or by inhibition of protein-dezinci-
nase 4 prevents the activation of dormant cancer cells [40]. 

Besides, metastatic BC cells are also able to activate neu-
trophils, thereby promoting NET formation even in the ab-
sence of infection. Activation of neutrophils by cancer cells 
occurs through the secretion of G-CSF. Blocking the NETs 
formation by DNase I showed the prevention of lung me-
tastasis in mice [41]. 

Therapeutic capacity of neutrophil extracellular traps: 
There are currently no approved medicines that target 
NETs. These treatments are under development. There are 
several ways to inhibit NETosis, each with different poten-
tial for clinical therapy. According to several studies, DNase 
I treatment disrupts networks, leading to the loss of retic-
ular structure and a reduced ability to induce metastasis 
[41-43]. In addition, DNase I has been shown to reduce the 
tumor volume in rats when administered intramuscular-
ly or intraperitoneally in combination with other proteas-
es (papain, trypsin, and chymotrypsin). However, it is not 
known whether these effects were primarily due to inhibi-
tion of NETs [44].

Inhibition of trap components integral to NETosis, such 
as NE or PAD4, is likely to have similar off-target effects due 
to their involvement in other key pathways, potentially dis-
rupting normal neutrophil function. Low-molecular-weight 
irreversible PAD4 inhibitors, Cl-amidin and F-amidine, are 
being actively studied as they inactivate the calcium-relat-
ed PAD4. The disadvantage of these inhibitors is their lack 
of specificity and the potential for interaction with oth-
er enzymes within the PAD family. Lewis et al. synthesized 
two reversible inhibitors, GSK199 and GSK484, which over-
come this obstacle. Both exhibit high specificity for PAD4 
and inhibit NETosis in both mouse and human neutrophils. 
GSK484 has been shown to prevent tumor-associated renal 
dysfunction in mice, which NETs mediate. The inhibitory ef-
fects of GSK484 were as effective as DNase I [45]. 

Alternatively, there is an example of adaptations of 
FDA-approved drugs that contribute to the development 
of effective methods to combat NETs. For example, the in-
hibitory effect of aspirin on the network has yielded some 
promising results in animal models. M.J. Lapponi et al. 
showed that aspirin prevented NET-induced damage to 
the lung endothelium by inhibiting platelet activation and 
subsequent formation of NETs in mice. The authors found 
that aspirin treatment effectively suppressed NETs in hu-
man neutrophils in vitro, but led to an increase in bacte-
ria in mice with aggravated infection in vivo, suggesting 
a loss of normal NET functionality [46]. There is evidence 
of a positive effect of aspirin in clinical practice. Thus, it 
was found that daily aspirin, regardless of the dose, can re-
duce the risk of cancer mortality and the development of 
distant metastases, in particular in adenocarcinomas, and 
that in patients with BC, aspirin affects the reduction of 
metastasis [47]. 

The FDA-approved hydroxychloroquine, originally 
used to treat malaria, was also found to inhibit NETosis. Al-
though the mechanism underlying hydroxychloroquine’s 
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inhibition of NETs is unclear, it may be related to auto-
phagy inhibition [48-50]. A phase II clinical trial in patients 
with advanced pancreatic cancer had little clinical bene-
fit. However, the authors suggest that combination thera-
py may be more effective than hydroxychloroquine mon-
otherapy [51]. Additionally, the use of hydroxychloroquine 
as a neoadjuvant treatment in the early stages of the dis-
ease holds significant promise [52]. 

L. Yang et al. studied the therapeutic targets associated 
with NETs in the treatment of BC and revealed a potential 
specific mechanism of the effect of NETs on BC metastasis. 
The researchers demonstrated that the DNA components 
of NETs can function as a chemotactic factor, attracting BC 
cells and contributing to the development of liver metas-
tases in patients with early-stage BC. It was assumed that 
the transmembrane protein CCDC25 could be a poten-
tial receptor for the DNA components of NETs in BC cells, 
by reading information from cell-free DNA. Activation of 
CCDC25 contributed to the improvement of cell motili-
ty by activating the ILK-B-PARVIN pathway. These results 
highlight the potential of using CCDC25 as a target for the 
development of a therapeutic strategy aimed at prevent-
ing cancer metastasis [53].

Discussion: The role of NETs in tumor development in-
creasingly involves the cancer immunoediting and the in-
teraction between the immune system and cancer cells. 
According to the accumulated evidence, NET awakens 
dormant cancer cells, thereby causing tumor recurrence, as 
well as its uncontrolled growth and spread [16]. NETs play a 
significant role in regulating the tumor microenvironment, 
particularly in the formation of distant metastases, by se-
creting matrix metalloproteinases and pro-inflammatory 
cytokines. Additionally, NET enhances the tumor’s ability 
to invade and spread, contributing to its increased aggres-
siveness. The data obtained show that NET induces the ep-
ithelial-mesenchymal transition in tumor cells through the 
activation of the highly mobile group protein box 1, which 
also enhances their invasive properties. NET proteinases 
can also disrupt the extracellular matrix, promoting the 
extravasation of cancer cells. Moreover, the traps can cap-
ture and grip circulating cancer cells, thereby promoting 
metastasis. NET directly triggers the proliferation of tumor 
cells through their proteases or activating signals. 

Studies have shown that in cancer, the formation of 
NETs is associated with a complex interaction between dif-
ferent cells and blood elements, including platelets, white 
blood cells, metastatic tumor cells, and the primary tumor. 
NETs contribute to the development of an inflammato-
ry microenvironment, creating a vicious cycle: NETs enter 
the bloodstream, damage endothelial cells, which increas-
es inflammation and activates platelets and neutrophils. 
This, in turn, can lead to additional release of NETs. Plate-
let activation induced by NETs may also contribute to sev-
eral negative effects associated with late-stage metastat-
ic BC, including VTE. 

NETs also have an antitumor effect. Various NETs com-
ponents, such as MPO or histones, have been shown to di-
rectly kill the cancer cells.

To date, the effect of NETs on the tumor process is be-
ing actively studied, and therapeutic strategies targeting 
NETs are being developed; however, they are still in the 
preclinical stage. It is worth noting that relevant work is un-
derway aimed at various points and components of NETs 
[41-43, 53]. Each method has its advantages and disadvan-
tages. The prognostic consequences of cancer-related NE-
Tosis are being studied in addition to the development 
of new therapeutics to improve the outcomes in patients 
with BC. Future research should focus on finding new spe-
cific targets for the prevention of concomitant complica-
tions, such as increased risk of venous thromboembolism 
and metastasis, which adversely affect the prognosis of 
patients with BC.

Conclusion: BC is the most commonly diagnosed ma-
lignant disease in women. Immunological experiments 
over the past two decades have addressed many impor-
tant questions regarding the causal relationship between 
chronic inflammation and carcinogenesis. 

Accordingly, there is now more and more evidence that 
NETs play a significant role in the formation of the inflam-
matory component of the tumor microenvironment and 
can contribute to the progression of cancer. The data pre-
sented in the review relate to both classical inducers of NETs 
and specific stimuli capable of triggering NETosis in malig-
nant neoplasms, although the mechanisms of their action 
are still insufficiently studied. The review also examines the 
negative consequences triggered by NETs and identifies 
potential therapeutic targets associated with them, which 
are of interest for future preclinical and clinical studies. One 
of the next important steps is to determine the relationship 
between neutrophils, tumor cells, endothelial cells, plate-
lets, and extracellular vesicles, as well as to define the im-
pact of other components of the innate and adaptive im-
mune system on cancer progression. NET-targeted therapy 
has shown success in preclinical models of cancer and may 
prove to be a valuable clinical goal in slowing or stopping 
the tumor progression in patients with BC. 

A better understanding of the interaction between 
cancer and NETs will enable the development of precision 
diagnostic and therapeutic strategies focused on NETs. 
This will make it possible to identify the tumors with the 
potential for metastasis, carry out an early diagnosis, and 
provide more effective and personalized treatment for pa-
tients with BC.
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СҮТ БЕЗІ ҚАТЕРЛІ ІСІГІНІҢ ДАМУЫНДАҒЫ ЖАСУШАДАН ТЫС  
НЕЙТРОФИЛЬДІ ТҰЗАҚТАРДЫҢ РӨЛІ:  
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Өзектілігі: Нейтрофильді жасушадан тыс тұзақтар (НЖТТ) – нейтрофилдер шығаратын жасушадан тыс торлар. Олар 
гистондар және нейтрофилді түйіршік ақуыздарымен біріктірілген деконденсацияланған ДНҚ талшығының жасушадан тыс 
жіптері болып табылады, олар патогендерді кейіннен жоюды жеңілдету үшін иммобилизациялайды.

НЖТТ түзілуі (нетоз) алғаш рет бактериялық инфекцияға иммундық жауап ретінде анықталды. Алайда, содан бері нетоздың 
қалыптан тыс бірқатар басқа қабыну жағдайларында, соның ішінде қатерлі ісіктерде болатындығы дәлелденді.

Сүт безінің қатерлі ісігі (СБҚІ) – әйелдер арасындағы қатерлі ісіктерден ең жиі қойылатын диагнозы. Бұл мақалада НЖТТ-нің 
СБҚІ дамуындағы рөліне, НЖТТ-ны ықтимал диагностикалық биомаркерлер және/немесе қатерлі ісікке арналған клиникалық емдік 
мақсаттар ретінде пайдалануға назар аударамыз.

Зерттеудің мақсаты – әдебиет деректері негізінде сүт безі қатерлі ісігінің патогенезіндегі NSCLC рөлін бағалау.
Әдістері: 2014-2024 жылдар аралығында келесі мәліметтер базасында іздеу жүргізілді: Web of Science, Pubmed, Scopus. 600-ге 

жуық мақала табылды, қосу және алып тастау критерийлеріне сәйкес 53 мақала талданды.
Нәтижелері: Ісіктің дамуындағы НЖТТ рөлі-қатерлі ісіктің иммуноредактациясы және иммундық жүйе мен қатерлі ісіктің 

жасушаларының өзара әрекеттесуі. НЖТТ ісік микроортасында, алыс метастаздардың дамуында негізгі реттеуші рөл атқарады, 
ісіктің агрессивтілігін күшейтеді, қатерлі ісіктің таралуын және инвазия қабілетін арттырады. НЖТТ сонымен қатар ісікке 
қарсы әсері де аңықталған: тұзақтардың компоненттері қатерлі жасушаларды тікелей жояды.
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РОЛЬ ВНЕКЛЕТОЧНЫХ НЕЙТРОФИЛЬНЫХ ЛОВУШЕК  
В РАЗВИТИИ РАКА МОЛОЧНОЙ ЖЕЛЕЗЫ:  

ОБЗОР ЛИТЕРАТУРЫ
А.Т. Омар1, Н.А. Кабилдина1, О.А. Понамарева1, Е.В. Крук1, М. Мараткызы1

1НАО «Медицинский университет Караганды», Караганда, Республика Казахстан

Актуальность: Нейтрофильные внеклеточные ловушки (ВНЛ) — это внеклеточные сети, высвобождающиеся нейтрофилами. 
Они представляют собой внеклеточные нити из деконденсированного ДНК-волокна в комплексе с гистонами и белками гранул 
нейтрофилов, которые иммобилизуют патогены для облегчения их последующей элиминации.

Образование ВНЛ (нетоз) впервые было обнаружено как иммунный ответ на бактериальную инфекцию. Однако с тех пор было 
доказано, что нетоз происходит аномально и при ряде других воспалительных состояний, включая рак. 

Рак молочной железы (РМЖ) является наиболее часто диагностируемым злокачественным заболеванием у женщин. В этом 
обзоре мы сосредоточимся на роли ВНЛ в развитии РМЖ, на использовании ВНЛ в качестве потенциальных диагностических 
биомаркеров и/или клинических терапевтических мишеней при раке.

Цель исследования – оценить роль внеклеточных нейтрофильных ловушек в патогенезе рака молочной железы на основе данных 
литературы.

Методы: Поиск в базах данных Web of Science, Pubmed, Scopus за 2014-2024 гг. выявил около 600 статей. Проанализировано 53 
публикации согласно критериям включения и исключения. 

Результаты: Роль ВНЛ в развитии опухоли- иммуноредактирование рака и взаимодействие между иммунной системой и 
раковыми клетками. ВНЛ являются регуляторами микроокружения опухоли, участвуют в распространении опухоли и в развитии 
отдаленных метастазов, способствуют повышению агрессивности опухоли и усиливают способность к инвазии. ВНЛ играют 
значимую роль в регуляции микроокружения опухоли, а также оказывают противоопухолевое действие, поскольку компоненты ВНЛ 
напрямую убивают раковые клетки.

Продукция ВНЛ при раке включает взаимодействие между различными клетками и компонентами крови, включая тромбоциты, 
лейкоциты, метастатические опухолевые клетки и сам участок первичной опухоли. 

В настоящее время нет общепринятых способов лечения рака с использованием ВНЛ. Данные методы лечения находятся на 
стадии разработки, ведутся работы по нацеливанию на различные точки и компоненты ВНЛ. 

Заключение: Нетоз при РМЖ связан с ускоренным прогрессированием заболевания, метастазированием и осложнениями. В 
работе определены потенциальные специфичные для ВНЛ цели, которые следует исследовать и использовать для разработки 
методов лечения. Лучшее понимание взаимодействия между раком и ВНЛ позволит разработать прецизионные методы лечения и 
диагностики, нацеленные на ВНЛ. 

Ключевые слова: рак молочной железы (РМЖ), внеклеточные нейтрофильные ловушки (ВНЛ).

Қатерлі ісік кезіндегі НЖТТ өндірісі тромбоциттер, лейкоциттер, метастатикалық ісік жасушалары және бастапқы ісік 
аймағының өзін қоса алғанда, әртүрлі жасушалар мен қан компоненттері арасындағы өзара әрекеттесуді қамтиды.

Қазіргі уақытта НЖТТ көмегімен қатерлі ісік ауруын емдеудің жалпы қабылданған әдістері жоқ. Бұл емдеу әдістері даму 
сатысында, НЖТТ-нің әртүрлі нүктелері мен компоненттеріне бағытталған жұмыстар жүргізілуде.

Қорытынды: сүт безі қатерлі ісігінде нетоз аурудың жедел дамуымен, метастазбен және асқынулармен байланысты. 
Мақалада НЖТТ-ге тән ықтимал мақсаттар анықталған, оларды зерттеу және емдеу әдістерін әзірлеу үшін пайдалану керек. 
Қатерлі ісік пен НЖТТ арасындағы өзара әрекеттесуді жақсырақ түсіну НЖТТ-ге бағытталған дәл емдеу мен диагностиканы 
жасауға мүмкіндік береді.

Түйінді сөздер: сүт безі қатерлі ісігі, жасушадан тыс нейтрофильді тұзақтар.
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