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ABSTRACT

Relevance: This literature review evaluates an alternative type of neutrophil immune response — the ability for NETosis or forming
neutrophil extracellular traps (NETs). NETs influence the processes of carcinogenesis and cancer metastasis and play a role in the
formation of tumor microenvironment and tumor-associated inflammation. The study of netosis has provided a deeper understanding of
the mechanisms of intercellular interactions of the tumor microenvironment. NETs can also potentially become prognostic markers and
predictors of complications of antitumor treatment of various cancers, including colorectal cancer (CRC).

The study aimed to summarize and systematize the current information on NETs and the impact of this phenomenon on the course
of CRC and metastasis, as well as identify potential clinical points for using this marker in oncological practice.

Methods: The articles were searched and selected in Pubmed, Web of Science, Scopus, and RSCI databases by keywords among
articles published in the past 10 years.

Results: NETs play an important role in the immune response to tumor niches and the metastasis of various solid tumors. There
are data on the possibility of using NETs as a prognostic marker in various oncologic diseases. Experimental and clinical studies
showed a potential relationship between NET levels and chemotherapy resistance and the impact of chemotherapy on the incidence of
various complications. Chemotherapy with 5-Fluorouracil, according to the results of experimental studies, significantly increases the
formation of NETs. The influence on the mechanism of NET release showed limited clinical efficacy of chemotherapy in CRC patients

with PIK3CA mutation.

The phenomenon of NETSs is still poorly understood, and more studies are needed to widely implement this indicator into routine
practice; however, research in this direction has the potential to have broad prospects for clinical application.

Conclusion: Advances in immunology and the discovery of the netosis process have led to a deeper understanding of the mechanisms
of interactions in the tumor microenvironment. Studying this process may make it possible to control or predict cancer progression and

complications of antitumor treatment.

Keywords: neutrophil extracellular traps (NETS), netosis, colorectal cancer (CRC), oncology, immunology, biomarkers.

Introduction: Colorectal cancer (CRC) is among the
leading nosologies in the structure of cancer incidence
worldwide and in Kazakhstan. CRC ranks 3-4™ in prev-
alence, counting for 10% of all detected malignant ne-
oplasms, and 2" in mortality worldwide (ceding only to
breast cancer and lung cancer in these indicators) [1, 2].

In metastasis, tumor cells exhibit certain characteris-
tics, including increased expression of cell adhesion mol-
ecules, chemokine receptors, and strengthening of cy-
toskeletal changes that promote migration in response to
chemotactic signals to distant organs [3].

According to the literature, up to 25% of all tumors
could result from chronic inflammation, likely to generate
chemoattractants that promote tumor cell proliferation,
adhesion, and migration. Neutrophils play a key role in the
immune response process and, according to some stud-
ies, accumulate in the pre-metastatic organs in increased
numbers [4, 5].

Apart from the well-known phagocytosis mechanism,
neutrophils can form sticky, web-like structures from
decondensed chromatin filaments, containing an abun-
dance of histones and proteins from neutrophil granules

called the neutrophil extracellular traps (NETs). Studies
suggest that NETs play a role in carcinogenesis and can-
cer metastasis [6].

Forexample, D. Lin et al. showed a connection between
the formation of NETs in the vessels of the microcirculato-
ry bed under the influence of systemic inflammation with
the subsequent capture of cancer cells in the process of
netosis in both the liver and lungs [7]. Intravascular neutro-
phil extracellular traps can increase vascular permeability,
promoting the extravasation of immune and tumor cells
from blood vessels to organs, thus providing the basis for
hematogenous metastasis.

Some studies have also shown that body stress due to
surgical treatment can contribute to cancer spread, possi-
bly associated with an inflammatory process [8].

In addition, staining of tissue samples from patients
with CRC using immunohistochemical methods revealed
the presence of NETs in both the primary tumor and re-
gional affected lymph nodes [9].

Based on these data, it can be assumed that NETs po-
tentially play a role in the provision of proliferative signals
and may be involved in colon cancer metastasis.
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The study aimed to summarize and systematize the
current information on NETs and the impact of this phe-
nomenon on the course of CRC and metastasis, as well as
identify potential clinical points for using this marker in
oncological practice.

Materials and methods: We searched and selected ar-
ticles published in the past 10 years using keywords in Pu-
bmed, Web of Science, Scopus, and RSCI databases. We
selected and analyzed 50 articles and generalized the rel-
evant data in a review.

Results:

Molecular mechanisms of formation of neutrophil extra-
cellular traps.

The process of NETs formation is known as netosis. In-
itially, netosis was called a new type of protective neutro-
phil death, but later, it was found that pathogenic stimu-
lation can also cause viable and rapid production of NETs
without affecting neutrophil viability [10].

In a further study of the mechanisms of netosis in order
to clarify the mechanism of NETs formation, M. Ravindran
et al. suggested two ways of netosis formation:

1) NADPH-oxidase (NOX)-dependent and lytic forma-
tion of NETSs;

2) NADPH-oxidase (NOX)-independent nonlytic forma-
tion of NETSs [11].

The first NOX-dependent lytic mechanism of netosis
begins with recognizing pathogens or activating various
receptors, including Toll-like receptors (TLRs), antibody
fragment receptors, complement receptors, and others.
Activation of these receptors eventually leads to the for-
mation of reactive oxygen species that can stimulate the
PAD4 enzyme, which leads to the decondensation of nu-
clear chromatin. Besides, the neutrophil granule protein
myeloperoxidase promotes the translocation of neutro-
phil elastase into the nucleus, which promotes chroma-
tin decondensation, nuclear membrane destruction, and
chromatin release into the cytosol, where cytosol and
granule proteins are attached to the DNA. Ultimately, NETs
are released with the membrane destruction followed by
neutrophil death [12].

Several studies found that the formation of NETs can
occur independently of cell death, which was later speci-
fied as the vital or nonlytic mechanism of netosis. As a rule,
this mechanism is characterized by the lack of participa-
tion in the NOX pathway and does not lead to oxidant for-
mation (reactive oxygen species, ROS) [13].

The main difference between the lytic and nonlytic
mechanisms of netosis is that nonlytic netosis occurs with-
in minutes of stimulation without forming reactive oxygen
species, while lytic netosis requires several hours of stim-
ulation and ROS formation. The netosis nonlytic mecha-
nism is activated by bacteria, platelet bacterial products,
or complement proteins [10].

In both mechanisms of netosis, the chromatin decon-
densation and translocation of neutrophil granule elastase
occur similarly. However, chromatin “encrusted” by bacte-
ricidal proteins is released by rupture of the nuclear enve-
lope rather than by apparent destruction of the nuclear
membrane. Nuclear membrane rupture and vesicle-medi-
ated extracellular transport of NETs occur independently

of plasma membrane disintegration [14, 15].

Scientists have connected the NETs formation with
the pathogenesis of many gastrointestinal tract diseases,
including inflammatory bowel disease, liver disease, and
acute pancreatitis [16, 17]. Over the years, NETs have been
associated with various types of cancer, suspecting their
involvement in tumor growth or destruction, depending
on the type of cancer, the state of the immune system, or
the tumor microenvironment [18-20].

Consequently, NETs and their role in the immune re-
sponse are also the object of active study in a wide range
of nosologies, including cancer diseases.

The role of NETs in the microtumor microenvironment.

The tumor microenvironment is a complex environ-
ment that includes an extracellular matrix, microcircula-
tion vessels, inflammatory factors, and immune cells, in
which tumor cells proliferate and gain the ability for met-
astatic growth [21].

One microenvironment component is tumor-infiltrat-
ing immune cells such as neutrophils, which are involved
in various stages of tumor genesis and can be divided into
N1/N2 subtypes according to different functions and phe-
notypes. In light of the rapid growth of tumors and subse-
quent local necrosis caused by insufficient blood supply
or treatment, a large number of inflammatory factors and
damaging molecular patterns are discharged [22]. Neutro-
phils are mobilized into the tumor microenvironment un-
der the influence of various pro-inflammatory factors, such
as the cytokines CXCL1, IL-8/CXCL8, and CXCL12, comple-
ment proteins C3a and C5a, and lipid metabolism metab-
olites LTB4 [23-24]. These pro-inflammatory factors induce
the formation of NETSs to a certain extent. Besides, damag-
ing molecular factors produced by necrotic cells in the mi-
crotumor environment induce TLR activation-dependent
netosis. Clinical methods of treatment, such as radiothera-
py and chemotherapy, can directly or indirectly induce ne-
tosis, which contributes to resistance to therapy [25-26].

NETs networks can promote tumor progression by in-
hibiting the proliferation, activation, and function of CD8+
T cells and NK cells. In addition, NETs can carry the pro-
grammed cell death ligand-1 (PD-L1) from the neutro-
phils surface, which is involved in immune regulation as
an inhibitory component in the immune microenviron-
ment. Based on this, inhibition of netosis can be an addi-
tion to immunotherapy. Besides, NETs can promote tumor
growth, change the metabolism of tumor cells, and pro-
mote tumor metastasis by capturing cancer cells or direct-
ly binding to nucleic acid receptors on the tumor cell sur-
face [27, 28].

Summarizing all aforesaid information, NETs play an
important role in carcinogenesis and forming the tumor
microenvironment, potentially impacting the clinical as-
pects, such as immunotherapy of malignant tumors.

The role of NETs in the pathogenesis of various types of
cancer.

Elevated NETs levels in blood plasma have been ob-
served in patients with various types of cancer, including
lung, pancreatic, and bladder cancer [17-20, 29].

According to experimental studies, it was assumed
that cancer cells can independently induce the NETs for-
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mation, which in turn promotes further adhesion and
growth of cancer cells in breast cancer metastases to the
lungs. A higher level of netosis was also revealed in breast
cancer metastases to the liver, and NETs level in blood se-
rum showed the prognostic value of this indicator as a
risk factor for liver metastases in patients with early stag-
es of breast cancer. It was also found that the CCDC25
transmembrane protein of breast cancer cells can recog-
nize distant NETs and attract the tumor cells in response
to this [28].

In vitro experiments have shown that NETs can induce
invasion and migration of breast cancer cells and subse-
quent digestion of NETs by DNase I-coated nanoparticles,
as well as reduce metastasis of breast cancer cells to the
lungs in mice [30].

The NETs formation is observed in pneumonia caused
by exposure to smoke or nasal instillation of lipopolysac-
charide in animal models. The NETs-related proteases,
neutrophil elastase, and matrix metalloproteinase 9 can
break down basal laminin and thus promote the growth of
“dormant” cancer cells by activating alpha-3 beta-1 inte-
grin signals. NETs can act as a trap to capture the circulat-
ing cancer cells in the microcirculatory bed of organs dis-
tant from the primary tumor focus. In a mouse model of
sepsis, circulating lung carcinoma cells have been report-
ed to be retained by NETSs in liver microcirculation vessels
and cause metastatic lesions following injection of tu-
mor cells. Besides, treatment with DNase or a neutrophil
elastase inhibitor showed a trend towards a reduced risk
of cancer metastases spread. The neutrophil subpopula-
tion with high CD16 counts and low CD62 counts has a
higher ability to produce NETs, and in patients with squa-
mous cell carcinoma of the head and neck, this subpopula-
tion shows better survival. Another study showed that tu-
mors can release granulocytic colony-stimulating factors
into the bloodstream and promote the accumulation of in-
tra-tumoral NETs and tumor growth, stimulating the circu-
lating neutrophils [31].

The blood samples analysis revealed elevated levels of
NETs in patients with gastric cancer (GC). The results indi-
cate a higher diagnostic value of NETs compared to such
tumor markers as carcinoembryonic antigen (CEA) and
carbohydrate antigen 19-9 (CA 19-9).

These data indicate the key role of NETs in the GC car-
cinogenesis. Another study reported that low-density neu-
trophils (LDNs) from postoperative lavage generate huge
NETs in vitro culture. Moreover, the co-transfer of perito-
neal LDNs with human GC cells enhances the peritoneal
metastatic spread in vivo [32].

Indicatively, detecting NETs levels at an early stage of
tumor development or premetastatic stage can help pre-
dict the severity of disease progression, and targeting the
impact on NETs with specific inhibitors could potentially
help to control the tumor growth and synergized with oth-
er antitumor treatments [27, 28, 33, 34].

The role of DNase and PAD4 inhibition on NETs levels in
various cancer types.

Given the role of NETs in cancer progression and me-
tastasis, the possibilities of blocking the process of netosis
have been studied. The most convenient target for that is

the extracellular part of DNA. The use of DNase enzymes
led to a decrease in netosis. There is also data on the re-
duction of lung metastases in mouse models using these
drugs [29].

Currently, DNases are applied in a fairly limited number
of cases; for example, inhaled forms of DNases are used for
cystic fibrosis and help reduce sputum viscosity through
NET destruction. The DNase preparations are not recom-
mended for systemic use due to marked toxicity during
parenteral use [35].

The potential use of DNase preparations is limited due
to a small amount of available data. But despite this, there
are studies on the use of DNase in thrombosis associat-
ed with cancer [36, 37], and there are data on the success-
ful local use of DNase in cancer, in particular, based on the
data obtained by researchers from Spain who used this
drug on urothelial bladder cancer cells in vitro [38].

Inhibition of PAD4 in experimental models also demon-
strated the interruption of the netosis process. For exam-
ple, prostaglandin E2 and chlorine inhibit tumor-induced
netosis, reducing cancer patients’ blood clots [39].

It is worth noting that no drugs would have a selective
effect on NETs without affecting the immune system in the
form of excessive immunosuppression orimmune stimula-
tion, and the issue of developing such drugs remains open.

Involvement of NETs in CRC progression and metastat-
ic spread.

Several studies have confirmed that patients with CRC
can excrete elevated levels of NETs in vivo and in vitro,
which are mainly scattered in the primary tumor foci and
along the CRC tumor margin [9, 40].

Despite the widespread use of chemoradiothera-
py and screening programs for early detection of CRC,
about half of patients who undergo therapeutic resolu-
tion resection develop metastatic disease. Accumulated
data suggest that preoperative systemic inflammation
may be involved in CRC recurrence after the surgical re-
section. In addition, several mouse models and human
observational studies have demonstrated the potential
prognostic value and association of NETs with the pro-
gression of CRC. Recurrence and metastasis may be as-
sociated with NETs production due to perioperative sys-
temic inflammation, such as sepsis or NETs production in
a surgical wound [41].

Several mechanisms have been proposed that can trig-
ger the formation of NETs in the CRC microenvironment.
For example, polyphosphate (polyP) expressed by CD68+
mast cells has been shown to stimulate neutrophils to
form NETs in CRC ex vivo. Activation of the mutated KRAS
gene regulates the oncogenic malignant transformation
followed by the proliferation of cancer cells through ac-
tivation of the RAS/MAPK signaling pathway, which oc-
curs in 40-50% of CRC cases. Malignant cells can secrete
exosomes to control the cellular microenvironment, and
studies have shown that CRC cells with the KRAS mutation
can transfer this mutation to neutrophils via exosomes,
which induces neutrophil mobilization and subsequent
formation of NETs by increasing interleukin-8 (IL-8) levels
both in vivo and in vitro. The production of elevated levels
of IL.-8 and the formation of NETs may stimulate CRC cell
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proliferation and ultimately worsen the course and prog-
nosis in that category of patients [40, 42].

Effect of IL-8 and the microtumor environment on ne-
tosis in CRC.

It is known that IL-8, through its CXCR1 and CXCR2 re-
ceptors, attracts neutrophils and other myeloid leukocytes
to the site of infection. IL-8 acts as a multifaceted chemot-
actic stimulus used by the tumor to simultaneously induce
transmigration and angiogenesis. IL-8 released by tumor
cells can also promote their survival and proliferation by
activating the autocrine system, promoting the angiogen-
esis and tumor infiltration of neutrophils.

In some studies, IL-8 has been shown to promote angi-
ogenesis and cancer metastasis by directly stimulating the
formation of NETs through activation of the Src, ERK, and
p38 signaling pathways. NETs can directly stimulate the
TLR9 pathways, affecting cancer progression. The mye-
loid suppressor cells expressing CXCR1 and CXCR2 are also
stimulated by IL-8. This increases the NET levels, which, in
turn, can capture the tumor cells [43].

R.F. Rayes et al. found that serum levels of IL-8 and its
receptor CXCR2 have been significantly elevated at differ-
ent stages of CRC compared to normal samples. Secret-
ed IL-8 significantly stimulates proliferation, penetration,
and migration and enhances the angiogenesis around the
tumor. Moreover, IL-8-stimulated neutrophils secreted by
NETs contribute to further invasion and proliferation of
CRC [44].

It has been established that the formation of NETs not
only enhances the proliferation of CRC cells but also stim-
ulates the process of metastatic spread. NETs promote the
adhesion of circulating tumor cells to the hepatic or pul-
monary endothelial surface and thus enhance the migra-
tion of CRC cells to major vital organs and prognostically
significant areas of the body, such as the liver, lungs, and
peritoneal cavity. According to population studies, about
25-30% of patients with colon cancer develop concomi-
tant liver metastases, and most of them have a significant
elevation of NETs formation [45-49].

NETS are not cytotoxic for CRC cells captured in the liv-
er. However, they can increase their malignant potential by
stimulating the tumor production of IL-8, which, in turn,
stimulates the formation of even more NETSs, creating a vi-
cious cycle provoking the progression of liver metastases
[45]. In addition, the NETs-associated cell adhesion mole-
cule 1 (CEACAM1), bound to carcinoembryonic antigen
(CEA), has been shown to stimulate the movement of CRC
cells to the liver both in vitro and in vivo [46].

Alongside the anatomical and above-mentioned im-
munological prerequisites for CRC metastasis to the liver,
dysregulation of the intestinal microbiota also plays an im-
portant role in the progression process. Numerous stud-
ies have found a relationship between certain strains of in-
testinal bacteria (e.g., pks + E. coli and Bacteroides fragilis)
and the occurrence of CRC, and intestinal bacteria trans-
location is commonly observed during the CRC progres-
sion. The intestinal microbiota forms the tumor microen-
vironment through direct contact with immune cells or
through its functional metabolites. However, the question
of how the intestinal microbiota contributes to CRC me-

tastasis remains controversial. Meanwhile, recent studies
have revealed the spread of bacteria from the intestinal lu-
men to the liver, suggesting intestinal microbiota’s role in
forming tumor niches. Protumor pre-metastatic niches in
the liver are characterized by infiltration of immunosup-
pressive cells and reinforcement of pro-inflammatory im-
mune responses [47].

Discussion: The study of NETs is one of the promis-
ing areas of oncology and immunology, which pushes us
to look for clinical points of application for the phenom-
enon of netosis and the regulation of the activity of this
process. Given their role in carcinogenesis and metastasis,
NETs may play a role in personalizing treatment based on
NETs levels and influence the course of systemic therapy
for CRC.

According to the results of experimental studies con-
ducted by L. Basyreva et al. [48], during prolonged incu-
bation of whole blood with free 5-fluorouracil (5-FU) at
certain concentrations, the chemotherapy drug has con-
tributed to a significant NETs release (the maximum num-
ber of NETs was formed at a concentration of free 5-FU of
0.1 pg/ml during incubation from 2 to 3 hours). The au-
thors considered an increase in the number of NETs com-
bined with an unchanged total number of leukocytes to
be a manifestation of vital netosis. The authors suggest
that the release of mitochondrial DNA forms NETs, and
neutrophils retain the nucleus and remain alive. It is re-
ported that about 3% of the cells could generate more
than one NETs from a single cell. In this experimental work,
it was also demonstrated that the application of 5-FU coat-
ed with composite polymer nanoparticles significantly re-
duces netosis.

In the studies of Mousset et al. [25, 50], the follow-
ing hypothesis has been expressed: strategic exposure
to NETs is a promising direction for identifying combi-
nation therapies that can help counter resistance or in-
crease the effectiveness of chemotherapy, as well as lim-
it the complications caused by that type of treatment. In
this experimental work on mouse models, the elevation of
renal parameters levels, such as creatinine and urea, was
noted during treatment with cisplatin, which may suggest
the development of acute kidney injury. In the course of
the experimental work, the studied mice showed an in-
crease of the neutrophils levels that form NETs in the kid-
neys of mice treated with cisplatin, and that NETs targeting
not only restored the sensitivity of cancer cells to chemo-
therapy but also significantly improved the kidney func-
tion. According to the authors, these findings are consist-
ent with the results of similar studies and may confirm that
the side effects of chemotherapy in the form of acute kid-
ney injury are partially mediated by NETs generated in re-
sponse to treatment.

In the work of Li Y. et al., the role of NETs in the course
of chemotherapy for CRC was studied. These researchers
studied treatment using a glutaminase inhibitor (CB-839),
which inhibits the NETs formation, and 5-FU chemother-
apy in CRC with PIK3CA mutation, which is found in 30%
of patients. The researchers chose this molecular type of
tumor because, in previous experimental work, the infil-
tration of the tumor with NETs was significantly lower [49].
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The combination of NETs inhibitors and 5-FU induces
IL-8 expression in tumor cells, which attracts neutrophils to
the tumor niche. This combination also increases the level
of reactive oxygen species in neutrophils, inducing the for-
mation of NETs. The NETS-bound cathepsin G (CG) enters
the cancer cells via the receptor for advanced glycation
end (RAGE), after which CG can break down the seques-
tration protein 14-3-3¢, releasing the active Bcl-2-associat-
ed protein X (Bax), which in turn activates the apoptosis
pathway.

Thus, in the context of CRC, NETs have shown a syner-
gizing role in conjunction with antitumor chemotherapy.
Thus, A. Mousset et al. mentioned the previous phase 2
clinical trials using this drug regimen, which did not have
positive results [51] since the study sample did not have
objective answers, despite the positive relationship be-
tween the NETs level elevation and prolongation of pro-
gression-free survival in tumor biopsies after conducted
treatment.

Accordingly, the complexities of converting promising
pre-clinical results into successful clinical outcomes high-
light the need to consider factors such as patient hetero-
geneity, tumor-specific characteristics, and sample size.

One of the other clinically relevant treatment-limiting
side effects of chemotherapy is chemotherapy-induced
peripheral neuropathy. In the course of research conduct-
ed by C.Y. Wang et al., mice treated with oxaliplatin chemo-
therapy have been shown to have NETs accumulation in
the dorsal radicular ganglia and extremities, which dis-
rupts the microcirculation. In turn, inhibition of NETs for-
mation successfully counteracted the chemotherapeutic
hyperalgesia and restored the peripheral microcirculation
[52].

A. Mousset et al. concluded that a combination of con-
trol of NETs levels and a targeted effect on their formation
in the blood can potentially:

1. Reduce the serious side effects of anticancer therapy
in the conditions, such as acute kidney injury, chemother-
apy-induced neuropathy, and potentially gastrointestinal
complications, all of which may be a reason for discontinu-
ation of systemic therapy;

2. Predict the development of chemoresistance;

3. Reduce the time spent on chemotherapy and influ-
ence the effectiveness of treatment [25, 51].

In summary, it should be highlighted that despite the
relevance of netosis, this phenomenon is still poorly un-
derstood. In order to extend our understanding of the role
of NET formation, more experimental studies are neces-
sary. The number and quality of clinical studies of this phe-
nomenon in malignant neoplasms at the moment may
not be enough for the widespread introduction of NETs as
a marker for the prognosis of the course of cancer or its
treatment. However, considering the promising results of
the existing work, research in this direction could poten-
tially have broad prospects for clinical application.

Conclusion: The development of immunology and the
discovery of the process of netosis made it possible to bet-
ter understand the mechanisms of intercellular interac-
tions of the tumor microenvironment. A thorough study
of each step of this process can help to find the leverag-

es and targets to control and prevent tumor progression.
Also, the NETs levels can potentially become the markers
for prognosis of the course of cancer and perhaps even be
a predictor of complications of antitumor treatment. The
future outlook and lack of studies on this phenomenon are
considered topical issues in immunology and oncology.
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AHJIATIIA

KOJIOPEKTAJIBJIbI KATEPJII ICIKKE )KACYIIAJAH ThIC HEUTPO®WIBLI TY3AK
JEHTEMJIEPIH KOJIJIAHY KEJEIIETT:
OJIEBUETKE LIOJY

II.C. Hypanw', K.T. Illakees', E.M. Typzvinos', O.A. Ilonomapesa', H.A. Kabunouna', H.M. Omaposa’, A.B. Ozuzbaesa’

I«KaparaHabl MeguumHanelk yHueepeuteTi» KEAK, Kaparatgpl, Kasakcta Pecnybnmkacsl;
2«Kaparanbl k. Ne3 kencanans! aypyxaHax, Kaparanpel, KasakctaH Pecnybnmkack

Couikecmik: Byn scymvicma Hetlmpoghunoepoiny uMMYHObIK peaKyuscelibly Oaiama mypi-nemo3s2a Kabiniemminik Hemece HedcyuadaH mulc
«mysakmapowiyy naioa oonyein (KTT) 6azanayea bazeimmanzan 3epmmey ycvinvinean. K1T xamepni icik kanyepoeenesi men memacmas
npoyecine ocep emeoi, iCik MUKPOOPMACHIHbIY HCOHe ICIKNEeH DAUIaHbICIbl KaDLIHYObIY KATLINMACYbIHOA poni amKkapaosl. Hemos npoyeciniy
3epmmenyi iCik MUKPOOPMACHIHbIH JCACYULAAPATbIK 03aPd SPeKemmecy Mexanusmoepin mepenipek mycinyee mymxinoix 6epoi. KTT convimen
Kamap apmypii OHKOIO2UALBIK, AYPYLAPOblY, COHOAU-AK ocipece KOIOPeKManbObl Kamepai icikmiy 601xcamobl benzinepi 001yl MyMKiH, minmi
icikke Kapcol emOeyOil aACKbIHYAAPbIHbIY DONCAYULLICHL OOTYbl MYMKIH.

3epmmeydin maxcamot — Oy 90ebuem wony KTT botivina akmyanbObl MOTIMem HCyleney2e HOHe HCAANbLIAY2d, HCIHE OCbl (PeHOMEHHbIH
MoK dicone mik iuek 00vipbl azviMbina ocep emyine apnanean. Ocvl MapKkepOin OHKONO2UANBIK NPAKMUKAOA NOMEHYUANObIK KIUHUKATLIK
KONOAHYbll AHLIKMAY YULIH JHCACATbIHEAH.

Aoicmepi: Pubmed, Web of Science, Scopus, PUHI] 6aszanapeinbiy iuiinen myiiin ce30ep O0ubIHUA [30€]1y HCOHe MAL0AY HCACANbIHObL, OCbL
a0ebuem wionviHa Keuinzi 10 Hcbli0bIH KONeMIHOe Kip2eH HCYyMbLCImAp ATbIHObL.

Homuocenepi: JKTT icikmix oublKua UMMYHObIK PEAKYUSHbL KATLINMACMBIPYOd JHCOHe dpmypii coauomi icikmepoiy memacmas oepy
npoyecinoe mayvi30bl pon amkapaos. KT THvl opmypai OHKOI02UANBIK AypYLapOa 60AHCAMObL MAPKep peminoe Nauoaiany MyMKiHOieli mypanvl
odepexmep bap. Conoaii-ax, IKCHePUMEHMMIK JCOHe KIUHUKANbIK 3epmmeynep dcypeizindi, onap KTT Oeneeiinepiniy vikmuman 6aiianbiCobiH
JHCOHe XuMuomepanusaa me3iMOLIIKmiy KaiblnmacyvlH, COHOAU-AK XUMUOMEPANUAHbIY OPMYPILi ACKbIHYIAPbIHbIY MHCULTI2IHe dCepiH Kopcemmi.
Drenepumenmmix dHcymvicmapoviy Homudicenepi bouviHwa S-¢pmopypayuimen xumuomepanuscel JKTT mysinyin edoyip apmmuoipaosi. XTT
6ocamy mexanusmine ocepi PIK3CA mymayusicer 6ap xonopekmanvbOsi 00vip Oap nayueHmmepoe Xumuomepanus xicypeizyoe uiekmeyiui
KIUHUKATILLK, MUIMOLTIKME Kopcemmi.

JKTT henomeni oni Oe dcaxcol 3epmmenmeze Hcone Oy KOPCemKiumi KyHOeaikmi moxcipubeze eneisy yulin kobipek sepmmeynep Hcypeizy
Kaolcem, 0eceHMeH, 0cbl bazvimmasel 3epmmeyiep KIUHUKAbIK KOLOAHY YUWIH KeleweKkme YiKeH Homudiceaepae ue 60xybl MyMKIH.

Kopoimuinowvr: Hymmynonocuanvly 0amybvl Jcone Hemo3s npoyeciniy aubliysl icik MUKPOOPMACbIHOA2blL 03A4PaA dPEeKemmecy Mexanusmoepin
mepenipex mycinyee MymKiHOik 6epoi. byn npoyeccmi 3epmmey OHKOLO2USLIBIK AYPYLapOblH OAMYbIH HCOHE ICIKKe KApCbl eMOeyOil ACKbIHYIAPbIH
baxwvlrayza nemece 60HCaAy2a MyMKIHOIK bepeoi.

Tyuiinoi cozoep: dcacywadan meic HeUMpo@Puiboi my3aKmap, Hemo3s, KOIOPeKmAanbObl Kamepii iCiK, OHKONO2US, UMMYHOLO2UI,
buomapkepep.

AHHOTANUSA

NEPCHEKTUBBI IPUMEHEHMS YPOBHEN BHEKJIE-TOYHBIX HEUTPO®HWUJIBHBIX
JIOBYHIEK ITPU KOJIOPEKTAJIBHOM PAKE:
OB30P JIMTEPATYPbI

HI.C. Hypanw', K.T. llaxees', E.M. Typeynos', O.A. Honomapesa', H.A. Kaounouna', .M. Omaposa’, A.B. Ozuzbaesa’

'HAO «KaparaHauHcknit MeauumHekuii YHuBepcuteTy, Kaparasaa, Pecnybnvka KasaxcraH,
KM Ha NXB «MHoronpocunbHas GonbHuua Ne3 r. Kaparanabl», Kaparanaa, Pecnybnvka KasaxcraH

Axmyanvnocme: B oannoil pabome npedcmasiena oyeHka 603MONCHOCIU AlbMEPHAMUBHO20 8UOA UMMYHHO20 OMEema Helumpopuios —
cnocobHocmu K Hemo3y, Ui e 00pa306aHuIo «eHeKaemoynbix nosgyuieky (BHJI). BHJI okasvieaiom 6nusiHue HA Npoyecchl KAHYepoeHesa u
Memacmasuposanus pakd, ueparom poib 8 hPOPMUPOSAHUL ONYXOIEE020 MUKPOOKPYICEHUSL U ONYXOLb-ACCOYUUPOBAHHO20 8ocnanenus. H3yuenue
Hemo3a no360aUNI0 yoIHce NOHAMb MEXAHUZMbL MENHCKIEMOYHBIX 63AUMOOCICMEUL ONYX0E8020 MUKPOOKPYHceHus. BHI makoice nomenyuanbHo
MO2ym cmamb MApKepamu NPOSHO3A MeUeHUs U NPeouKmopam OCLONCHEHUL NPOMUBOONYX0NEE020 NIeUEHUs PA3IUUHBLX OHKOLOSUYECKUX
3abonesanull, 8 Mom yucie koropekmaavHo2o paxa (KPP).

Lenv uccnedosanusn — 0606wenue u cucmemMamusayus AKMYarbHol UHGOPMAYUU NO BHEKIENMOUHbIM HEUMPODUILHbIM TOGYUKAM, UX
BIUAHUIO HA MeYeHUe U NPOYecc Memacmasupo8aniis KOIOPEeKMAalbHO20 PAKA U 03MONCHOCIU NPUMEHEHUS. 8 KIUHUYECKOU NPAKMUKe.

Memoowr: Ilpousseden nouck u ombop cmameil 6 bazax Ooanuvix Pubmed, Web of Science, Scopus, PUHL] no kiwouegvim cirogam
uccnedosanus; 6 0030p ObLIU GKIIOUEHbL cCMambl 0agHocmulo He bonee 10 nem.

Pesynvmamur: BHJI uzparom 8ajxcuyio poib 8 UMMYHHOM OMEeme HA ONyX01e6ble HUWIU U NPOYecc Memacmasupo8anus PA3IudHbIX
conuonwlx onyxoneil. Umeromes dannvie 0 803MOdCHOMCMU ucnonv3oéanus BHII 6 kauecmee npocHOCMuUYecko2o Mapkepa npu pasiuyHblx
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OHKONIO2UHECKUX 3a0071e6aHUAX. DKCNepUMenmanbhble U KIUHUYECKUe UCCIe006aHUs NOKA3ANU NOMEHYUANbHYI0 63AUMOCEA3b YPOGHEell
BHJI u opmuposanus pesucmenmuocmu K Xumuomepanuu, a maxice GAUAHUS XUMUOMEPANUU HA YACTNONY DA3TUYHBIX OCIOHCHEHUI.
Xumuomepanus 5-Pmopypayuiom, no pe3yibmamam 3KCnepuMeHmaibHulX pabom evlpasdcenHo nogviwaem obpaszosanue BHJI. Bruanue na
Mexanusm 6vic6000coenuss BHII noxkasano oepanuienyio kKaunuueckyio sQpghekmusnocms npu npogedenuy XuMuomepanuu y Nayuenmos ¢
KPP ¢ mymayueii PIK3CA.

@enomen BHII sce ewe nedocmamouno usyueH, u HeoOX00uMo nposedenue O0nbulec0 KOAUYeCmEd UCCAeO08aHUL OISl UWUPOKO2O
8HEOpeHUA 31020 NOKA3AMEN 8 DYMUHHYIO NPAKMUKY, 0OHAKO UCCIe008AHUS 6 OAHHOM HANPABIEHUY NOMEHYUANLHO MO2YN UMEMb WUPOKLE
nepcnexmuebl 0 KIUHUYECKO20 NPUMEHeHUS.

3axnwouenue: Pazsumue uMMyHOIO2UU U OMKPbIMUE NPOYECCd HEMO3d NO360NUNO 27yDdce NOHAMb MEXAHUSMbL 63AUMOOeCMEUll 6
onyxonesom MuKpooKpyscenuu. Uszyuenue smozo npoyecca moxcem no3601uns KOHMpOIUposams aub0 npoeHo3uposamy npocpeccuposaniie
OHKONI02UHECKUX 3A001€6AHULL U OCILONHCHEHUTI NPOMUBOONYX 018020 IeHeHUs.

Knwuesvte cnosa: snexiemounvie neumpoghunvhvie nogywru (BHJI), nemos, xonopexmanvnuiii pax (KPP), onkonoeus, ummynonrocus,
buomaprepeoi.
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