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ABSTRACT

Relevance: Breast cancer (BC) is a pressing global health dilemma due to its high prevalence worldwide. According to the World
Health Organization (WHO), more than 2.3 million cases of BC occur each year, and BC is the first leading cause of female cancer
deaths globally. Evidence indicates that obesity increases the risk of developing BC, and myeloid-derived suppressor cells (MDSCs)
play a significant role in the pathogenesis of both BC and obesity. The primary function of MDSCs is tissue repair and wound healing,
which helps prevent uncontrolled inflammation and maintain homeostasis as part of the immune response. However, MDSCs can be
reprogrammed by pathological processes due to long-term tissue damage caused by chronic inflammation and cancer, leading to their
prolonged expansion and enhanced immunosuppressive activity. The pathological process of obesity-associated and MDSC-associated
BC progression remains poorly understood at the molecular level. There is considerable interest in studying microRNAs due to their
regulatory roles in various biological processes in different cell types. Recent studies have begun to unravel the crosstalk between

microRNAs and MDSCs in cancer.

The study aimed to provide summarized data to reveal the mechanisms by which microRNAs influence the activity of MDSC and

the course of obesity-associated BC.

Methods: We conducted a comprehensive literature search on the web and in Medline (PubMed) u Google Scholar databases until
June 7, 2024, in the areas «breast cancer» and/or «obesity» and/or « MDSCy» and/or «microRNA.» Based on the literature analysis,
microRNA-223, -155, and -1792 were selected as the most significant objects.

Results: This review presents data on the expression dynamics of major signal microRNAs (microRNA-223, -155, and -17~92),
focusing on their roles in the pathogenesis of BC, obesity, and MDSC regulation; we also summarized and discussed the regulation of
MDSCs in the obesity-associated BC by microRNA-223, -155, and -17~92.

Conclusion: Based on the literature data analysis, miR-223, -155, and -17~92 may be promising diagnostic and therapeutic cancer
biomarkers, including BC, associated with pathological metabolic disorders and impaired functional activity of MDSC.

Keywords: microRNA, breast cancer, obesity, myeloid-derived suppressor cells (MDSC).

Introduction: Breast cancer (BC) is a pressing glob-
al health dilemma due to its high prevalence worldwide.
Breast cancer ranks first in the world in terms of inci-
dence in women, affecting women of any age after pu-
berty, and the incidence rate increases with age. For ex-
ample, during post-menopause, BC is the first leading
cause of female cancer deaths globally, accounting for
23% of all cancer deaths [1]. It is also important to note
that 0.5-1% of all breast cancer cases occur in male pa-
tients [2]. In addition, data obtained to date indicate that
there is a risk of developing breast cancer in people di-
agnosed with obesity [3]. According to the World Health
Organization, 2.3 million women were diagnosed with
BC in 2022, with more than 670,000 deaths worldwide
[2]. According to the Ministry of Health of the Repub-
lic of Kazakhstan (MoH RK), in Kazakhstan, breast can-

cer is diagnosed annually in an average of 5,000 patients
and up to 1,200 deaths [4]. At the same time, according
to statistics from the Ministry of Health of the Republic
of Kazakhstan, at the beginning of 2024, more than 16
thousand people (10,392 women; 5,841 men) with a con-
firmed diagnosis of obesity were registered at the dis-
pensary [5].

Breast cancer is a complex disease characterized by a
high degree of heterogeneity. Its classification is based
on its histological stratification, mainly depending on
the expression of estrogen receptor (ER), progesterone
receptor (PR), and human epidermal growth factor re-
ceptor-2 (ERBB2/HER2) [6]. The pathogenesis of obesity
and breast cancer involves common factors: insulin-like
growth factor-1, sex hormones, and cytokines produced
by adipocytes.
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These factors are related to the endo- and parac-
rine dysregulation of adipose tissue observed in obesity.
Moreover, when neoplastic cells penetrate stromal com-
partments rich in adipose tissue, adipocytes function as
endocrine cells, forming a tolerogenic tumor microen-
vironment that promotes tumor development and pro-
gression. The adipocyte activity is associated with the
risk of developing cancer and the percentage of deaths
from it in obese people [3].

Myeloid-derived suppressor cells (MDSC) are a het-
erogeneous population of immature myeloid cells with
an impaired ability to differentiate into monocytes, mac-
rophages, granulocytes, and dendritic cells. MDSC are
defined by the phenotype CD11b+Gr1+ and Lin-HLA-
DR-CD33+ in mice and CD11b+CD14+CD33+ in humans.
The primary function of MDSC is to prevent uncon-
trolled inflammation and maintain immune homeosta-
sis [7]. However, MDSC reprogramming occurs through
pathological processes such as long-term tissue damage
caused by chronic inflammation, cancer, extensive tissue
damage, or chronic infections, leading to long-term ex-
pansion and enhanced immunosuppressive function of
MDSCs. Obesity induces chronic inflammation through
cytokines, chemokines, and adipokines, stimulating
the immunosuppressive activity of MDSCs. In addition,
some of these soluble mediators contribute to the pro-
gression of malignancies [8]. In addition, MDSC is also
associated with a poor prognosis of BC. The proportion
of MDSC in the peripheral blood of patients with breast
cancer is significantly higher compared to healthy peo-
ple, and the level of MDSC positively correlates with the
proportion of metastases [9].

Despite the available data, the molecular mecha-
nisms of MDSC regulation in the pathological process
of obesity-related breast cancer remain poorly under-
stood. In this regard, there is currently significant inter-
est in studying microRNAs due to their regulatory func-
tion in various biological processes occurring in multiple
types of cells. More than 2,500 microRNAs have been
identified in humans, which act as critical mediators of
transcriptional and post-transcriptional gene regulation,
thereby maintaining cellular balance and functional ac-
tivity of cells. Over the past two decades, miRNAs have
been involved in the pathogenesis of several human dis-
eases, including breast cancer and obesity [10].

The study aimed to provide summarized data to re-
veal the mechanisms by which microRNAs influence the
activity of MDSC and the course of obesity-associated BC.

Materials and Methods: We analyzed scientific pa-
pers in the Medline (PubMed) and Google Scholar da-
tabases to search for research results on the role of mi-
croRNAs in regulating MDSC and the pathogenesis of
obesity-related breast cancer. The search terms used
were “breast cancer,” “obesity,” “MDSC,” and “microR-
NA.” We analyzed data sources in databases — 186; oth-
er sources - 3. As a result of an analysis of the literature in

three main areas, the most significant research objects
were selected - microRNA-223, -155, and -17~92; data
from studies on microRNA data were included in the
review (n = 88). After excluding sources with duplicate
data and checking the quality of studies, the evaluation
included 47 sources from databases and three sources
containing statistical data on the prevalence of diseases.
Search is limited to June 7, 2024.

Results:

Characteristics of microRNA

MicroRNAs are characterized as small, non-coding
RNA molecules that regulate gene expression by inhibit-
ing protein translation and promoting the breakdown of
messenger RNA (mRNA). Since their discovery, miRNAs
have been characterized in large numbers, and advanc-
es have been made in understanding their functions and
applications in research and clinical practice [10].

The biogenesis of microRNAs is generally considered
a multistage process that begins in the nucleus and ends
in the cytoplasm. The first stage is characterized by the
transcription of microRNAs predominantly by RNA poly-
merase I, mapping, splicing, and polyadenylation. The
result of these processes is the formation of primary mi-
croRNA molecules (pri-microRNA), characterized by one
or more hairpin structures [11]. Pri-miRNA is then pro-
cessed in the nucleus by RNase and its cofactor DGCR8
into microRNA precursors - pre-miRNAs, consisting of
70-100 nucleotides, which are then transported into the
cytoplasm using exportin-5 through nuclear pores [12].
In the cytoplasm, RNase converts pre-microRNA into a
double-stranded RNA duplex consisting of a microRNA
strand and its complementary sequence. Helicase en-
zymes unwind this duplex into a single-stranded mature
miRNA, which is then incorporated into the RNA-induc-
ible silencing complex (RISC) containing the Ago-2 pro-
tein [13]. This inclusion directs the RISC complex to the
3’ untranslated region (3'UTR) of the target mRNA, re-
sulting in cleavage of the mRNA in the case of high se-
quence homology or inhibition of translation, the latter
mechanism more common in mammals. Subsequently,
mature miRNAs play a crucial role in post-transcription-
al gene silencing by binding to RISC and partially com-
plementary sequence motifs in target mRNAs, predomi-
nantly located in the 3'UTR region [14].

Since a single miRNA can target several hundred mR-
NAs, dysregulation of miRNA expression can affect mul-
tiple transcripts and significantly impact signaling path-
ways associated with various pathological processes.
The complex incorporation of miRNAs into cellular reg-
ulatory networks may represent an Achilles’ heel, where
dysregulation of a small subset of miRNAs can signif-
icantly alter gene expression patterns and potentially
lead to cell transformation [15].

Usually, microRNAs act as important feedback com-
ponents, ensuring the stability of essential biological
processes through their buffering effect. By modulating
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protein synthesis, microRNAs increase the accuracy of
gene expression, ensuring the maintenance of proteins
at a physiologically optimal level [15].

Although many aspects of miRNA function are not
fully understood, miRNAs play critical roles in biologi-
cal processes, including stem cell division, cell prolifer-
ation, cell cycle progression, apoptosis, differentiation,
and metabolism. These functions are also involved in
cancer pathogenesis, making miRNAs promising targets
for therapy [15].

MicroRNA-223

One of the essential signaling microRNAs is microR-
NA-223, first discovered in 2003 using quantitative pol-
ymerase chain reaction [16]. This microRNA is located
in the q12 locus of the X chromosome, is highly con-
served, and is believed to play a potential role in signifi-
cant physiological changes in the body [17]. The miR-223
has been shown to act as an oncogene in several can-
cers, including T-cell acute lymphoblastic leukemia, leu-
kemia, breast, gastric, liver, and prostate cancers. Still, it
is a tumor suppressor in acute myeloid leukemia and cer-
vical and small-cell cancers. Lung cancer [18-21]. MicroR-
NA-223 plays a vital role in processes such as prolifera-
tion and invasion of cancer cells [17]. Proliferation and
invasion of breast cancer cells are enhanced after the
transfer of miR-223 into cells [22]. Another study showed
that ectopic expression of miR-223 can inhibit the inva-
sion, migration, growth, and proliferation of breast can-
cer cells [23].In 2021, T. Du et al. found that the transcrip-
tion level of miR-223 was significantly higher in breast
cancer cells than in normal breast cells. In addition, they
found that transfection of miR-223 inhibitor into cells
significantly suppressed miR-223 expression. When miR-
223 was inhibited, the carcinogenic activity of tumor
cells was markedly reduced while the apoptosis rate in-
creased. The miR-223 may be essential in breast cancer
cell proliferation, metastasis, and invasion [17].

In addition to its role in carcinogenesis, miR-223 is
a crucial regulator of MDSC maturation/differentiation
and their functional activity [24]. It has been shown that
miR-223 is predominantly expressed in hematopoietic
tissues, and its expression is also bone marrow-specif-
ic. In contrast, the expression of miR-223 in bone mar-
row cells is limited to myeloid cell lines. MicroRNA-223
was subsequently found to be an essential modulator of
myeloid differentiation in humans. In a model of granu-
locyte differentiation, it was shown that overexpression
of miR-223 increases the number of cells transitioning to
a granulocyte-specific cell lineage.

In contrast, the knockdown of miR-223 has the op-
posite effect. Further analysis of miR-223 expression re-
vealed an exciting regulatory loop involving two known
regulatory proteins, CCAAT enhancer binding protein (C/
EBP) and nuclear factor | A (NFI-A). Notably, these two
transcription factors compete for binding to the miR-
223 promoter. In this case, the NFI-A factor ensures weak

expression of microRNA-223 before the differentiation
process begins. During differentiation, the transcription
factor C/EBP, which induces higher expression of mi-
croRNA-223, replaces the transcription factor and sup-
presses the post-transcriptional expression of NFI-A. The
microRNA-223 enters an autoregulatory feedback loop,
controlling its expression and enhancing granulocyte
differentiation [25].

The role of miR-223 in obesity as a regulator of devel-
oping myeloid cells into macrophages in adipose tissue
is limited. The microRNA-223 regulates the polarization
of adipose tissue-resident macrophages by targeting the
transcription factor Pknox1, which, in turn, leads to the
suppression of nuclear factor kappa B (NF-«kB) and N-ter-
minal kinase ¢- Jun (JNK) and stimulates the response of
adipocytes to insulin stimulation [26, 27]. Increased ex-
pression of miR-223 in subcutaneous adipose tissue in
obesity has also been reported. Moreover, miR-223 ex-
pression has been shown to increase in obesity not only
in subcutaneous adipose tissue but also in white adipose
tissue in obesity [28].

We can conclude that miR-223 plays an essential role
in the pathogenesis of breast cancer and obesity and the
functional activity of MDSCs. This demonstrates the im-
portance of clinical studies of this miRNA in regulating
cellular functions and metabolism.

MicroRNA-155

MicroRNA-155 is processed from the primary tran-
script of the B-cell integration cluster (BIC) located on
chromosome 21. It was first identified as a promoter of
inflammation and activation of expressed oncogenic mi-
croRNAs in many human cancers. MicroRNA-155 is pre-
dominantly expressed in the thymus and spleen and is
an essential biomarker for various diseases. T.C. lvkovic
et al. found that miR-155 overexpression regulates sever-
al cancer-related pathways involved in uncontrolled cell
growth, invasion, migration, stemness, and angiogene-
sis [29]. MicroRNA-155 has also been shown to be one
of the critical regulators of inflammation and immune
response. A study by Li L. and colleagues showed that
microRNA-155 is actively involved in the expansion of
MDSC in both granulocyte subpopulations and mono-
cytes. They found that high levels of microRNA-155 ex-
pression characterized bone marrow MDSCs and spleen
MDSCs from tumor-inoculated mice. The effect of miR-
155 on MDSCs is associated with STAT3 activation. More-
over, miR-155 deficiency in macrophages and MDSCs has
been shown to promote tumor growth by enhancing the
immunosuppressive functions of these cells [30].

The miR-155 was first identified as an oncogenic miR-
NA. The role of this miRNA in carcinogenesis and disease
progression has been demonstrated in various hemato-
logical malignancies and solid tumors. For example, in-
creased expression of microRNA-155 is characteristic of
breast cancer, oral cavity, liver, lung, pancreas, and pros-
tate cancers [31-36]. However, there is some evidence
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that expression of miR-155 by cancer cells is associat-
ed with improved overall survival in patients with sev-
eral types of cancer, including breast cancer, colorectal
cancer, and melanomas [37-39]. Thus, conducting a ret-
rospective analysis, J. Wang et al. showed a correlation
between increased levels of microRNA-155 expression
and favorable antitumor immune infiltration and prog-
nosis of patients with breast cancer. There are conflict-
ing reports regarding the role of miR-155 in the develop-
ment and progression of breast cancer. For example, it
has been demonstrated that the expression level of miR-
155 in breast cancer is associated with high-grade, ad-
vanced-stage metastasis and invasion [40]. However, in a
large case series of triple-negative breast cancer (TNBQ),
it was found that high expression of miR-155 was associ-
ated with the homologous recombination repair process
by influencing the RAD51 recombinase, and, as a con-
sequence, was associated with better overall survival of
patients [37].

In addition to being identified as an oncogenic miR-
NA and a regulator of the immune response, miR-155
regulates the development and maintenance of obesi-
ty through its effects on adipogenic and inflammatory
processes. First, miR-155 has been demonstrated to al-
ter adipocyte differentiation toward white rather than
brown adipose tissue [41]. Secondly, miR-155 has been
shown to target RNAs that control lipolysis, the dysreg-
ulation of which may affect the energy storage process
in adipocytes [42]. The miR-155 plays an essential role in
adipose tissue accumulation by stimulating pro-inflam-
matory factors. E. Karkeni et al. demonstrated that over-
expression of miR-155 in adipocytes leads to increased
secretion of various chemokines that promote the re-
cruitment of leukocytes into adipose tissue and the de-
velopment of inflammation [43]. The effects of microR-
NA-155 listed above aggravate the course of obesity.

MiR-155 is a multifunctional miRNA involved in car-
cinogenesis, immune response, and metabolic process-
es associated with obesity.

MicroRNA 17~92

In 2004, a new gene called chromosome 13 open
reading frame 25 (C130rf25) was discovered in cells from
70 lymphoma patients. This gene contains an 800-nu-
cleotide transcript of the miR-17~92 cluster, encoding
six microRNAs: miR-17, miR-18a, miR-19a, miR-20a, miR-
19b-1, and miR-92a-1. The miR-17~92 cluster and its two
paralogues encode a total of 15 different miRNAs, con-
ventionally divided based on primer sequence similari-
ty into four families: the miR-17 family, the miR-18 family,
the miR-19 family, and the miR-92 family. The miR-17 fam-
ily includes 6 miRNAs: miR-17-5p, miR-20a-5p, miR-20b-
5p, MmiR-93-5p, miR-106a-5p and miR-106b-5p based on
the AAAGUG nucleotide sequence. The miRNA-18 fam-
ily includes 2 microRNAs with the nucleotide sequence
AAGGUG. MicroRNA-19a-3p and microRNA-19b-3p are
members of the miRNA-19 family with the nucleotide

sequence GUGCAA. The miR-92 family consists of three
miRNAs: miR-92a-3p, miR-25-3p, and miR-363-3p, with
the nucleotide sequence AUUGCA [44].

It has been previously demonstrated that miRNA-
17-5p and miRNA-20a regulate the suppressive poten-
tial of MDSCs by regulating STAT3 expression. Moreover,
transfection with miRNA-17-5p or miRNA-20a signifi-
cantly reduces the production of reactive oxygen spe-
cies (ROS) and H202, which STAT3 regulates. A decrease
in the expression of these miRNAs under the influence
of tumor-associated factors and suppression of anti-
gen-specific CD4+ and CD8+ T-cell response as a result
of ectopic expression of miRNA-17-5p or miRNA-20a in
MDSCs were also shown [45]. In addition to regulating
the immune response, the miRNA-17~92 cluster plays a
significant role in oncogenic processes. Amplification
of the genomic locus miRNA-17~92 is observed in ma-
lignant neoplasms of the hematopoiesis: breast cancer,
lung cancer, colon cancer, prostate cancer, pancreas can-
cer, thyroid cancer, bladder cancer, stomach cancer, liv-
er cancer, and lymphoma [44, 46]. Members of the miR-
NA-17~92 cluster with different maturation levels play
various roles in cancer pathogenesis [44]. High levels of
expression of mature miRNA-20a are characteristic of
leukemia and breast cancer cells. Moreover, increased
expression of miRNA-17~92 is observed in TNBC, while
decreased expression of this cluster is described in es-
trogen receptor-positive breast cancer (ERBC) [47]. It was
also shown that ectopic expression of miRNA-17~92 sup-
presses cell proliferation in ERBC while it promotes tu-
mor cell growth and invasion in TNBC [44].

Few studies describe the role of the microRNA-17~92
cluster in the pathogenesis of obesity. To date, lim-
ited data have been obtained on the role of microR-
NA-18a in the development of fatty tissue. However,
miR-18a has been shown to play a significant role in the
polarization of macrophages toward the pro-inflamma-
tory M1 lineage in adipose tissue. Overexpression of this
miRNA in obesity may promote increased production of
pro-inflammatory cytokines (e.g., interleukins 13 and 6)
and exacerbate adipose tissue dysfunction despite ade-
quate estrogen levels. Interestingly, microRNA-18a also
affects the regulation of ER1 expression in tumor cells
[48]. It was also previously shown that high levels of ex-
pression of this microRNA are associated with increased
proliferation and worse prognosis in ERBC. A significant
correlation between ERT mRNA levels and miR-18a con-
centrations in subcutaneous adipose tissue was found
only in premenopausal women, suggesting that miRNAs
may partially mediate menopause-associated changes
in adipose tissue [49]. The microRNA-17~92 cluster plays
a multifaceted role in immune regulation, tumorigene-
sis, and possibly metabolic processes.

Discussion: Inflammation associated with obesity is
known to contribute not only to the initiation but also to
the progression and angiogenesis of breast cancer. The
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inflammatory process that occurs due to current or pro-
gressive obesity leads to disturbances in cellular metab-
olism and hormonal metabolism. All these processes are
widely regulated by the action of microRNAs, which may
represent potential biomarkers influencing the patho-
genesis of breast cancer [3]. In breast cancer, there is also
an abnormality in the expression profiles of microRNAs
that are involved in disease progression. In breast can-
cer, tumor and tumor-infiltrating cells secrete abundant
amounts of microRNAs through the extracellular trans-
port of vesicles, which act as messengers between cells
in the tumor microenvironment and other organs and
tissues [17]. However, a complete picture of the influence
of these microRNAs on the pathological process of obe-
sity-associated breast cancer is still missing.

We summarized the available literature data on the
role of miR-223, -155, and the miR-17~92 cluster in the
pathogenesis of breast cancer and obesity. These mi-
croRNAs regulate a wide range of biological processes
in various cell types. They are involved in oncogenesis
and progression of multiple types of cancer, including
breast cancer. In particular, miR-155 and miR-223 regu-
late multiple processes in cancer cells, such as prolifera-
tion, invasion, stemness, and angiogenesis [17-23, 31-40].
The expression level of these miRNAs may be associated
with various characteristics of cancer, such as the grade
of malignancy and the presence of metastases. The mi-
croRNA-17~92 cluster also plays a vital role in cancer
pathogenesis. Multiple members of this cluster, includ-
ing microRNA-18a, influence pro-inflammatory process-
es and the regulation of gene expression in cancer cells.
The expression of miR-17~92 may have different effects
depending on the cancer type, highlighting the impor-
tance of studying the specific mechanisms of action of
miRNAs in other tumor types [44-47]. In addition, there
is evidence that microRNA-223, -155, and the microR-
NA-17~92 cluster also affect the development of adipose
tissue and are involved in the aggravation of obesity-in-
duced inflammation [28, 43, 48].

MicroRNAs secreted in adipose tissue influence
the development and progression of obesity-induced
breast cancer and may also influence MDSC activity. The
role of MDSCs in the development of obesity-mediated
breast cancer has previously been demonstrated [50].
Obesity, the number of MDSCs, and their immunosup-
pressive activity significantly increase, which, in turn,
contributes to the progression of cancer [50]. MicroR-
NAs-223, -155, and -17~92 are involved in the expansion
of the MDSC pool, and an increase in their functional ac-
tivity is a crucial regulator of MDSC maturation/differen-
tiation [24, 30, 45].

We assume that miR-223, -155, and -17~92 can be clas-
sified not only as new candidates for the role of diagnos-
tic and prognostic indicators but also as potential thera-
peutic targets in new treatment strategies, especially for
clinically aggressive breast cancer associated with obe-

sity. Modulating the expression of microRNA-223, -155,
and -17~92 by inhibiting their transcription or a direct
blockade can be a promising method for treating and
preventing breast cancer combined with obesity.

Conclusion: This review summarizes data indicating
that miR-223, -155, and -1792 may be promising targets
for developing new approaches to treating and prevent-
ing breast cancer associated with obesity. Further stud-
ies of microRNAs in the pathogenesis of breast cancer
associated with pathological metabolic disorders and
regulation of the functional activity of immune suppres-
sor cells are necessary. Understanding the role of signal-
ing microRNAs in tumorigenesis and other pathological
processes may open new perspectives for personalized
medicine and the development of innovative therapeu-
tic strategies.
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AHJIATIIA

CEMIBIIKIIEH BAMJIAHBICTBI CYT BE3I KATEPJII ICITTHIH TATOTEHE3IHJIET T
MMUEJIOUATHI CYNPECCOPJIBIK KACYIHAJAPABIH (MDSC) BEJICEHAIJIITIH PETTEYAEI'T
223, 155 ’K9QHE 17~92 MUKPOPHK-JIAPJbIH POJII
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Osexminizi: Cym Oesiniy kamepai iciei (ChI) 6yxin onemoe mapanyvinuiy sxcoeapuvl boayvina 6ainanvicnvl 03ekmi dcahanoviy OeHcayiviy
Moceneci bonvin mabwvlaaovl. JJyHuesxncy3inik oencaynvik cakmay yusimvinoiy (JJCY) monrimemmepi 6oivinwa, scoln caitbih 2,3 MUiiuOHHAH
acmam adamuan ChI anvikmanaowl, conoaii-ax Oykin onemoe oliendepoiy Kamepii icik aypyvlmer oaimMiniy 6acmel cebenwici 601vin madwvliaowl.
Cemizdix cym 6e3i Kamepii iciciHiy 0amy KayniH apmmelpamoeiHvl 6en2iii dcone mueroudmol cynpeccopivik sscacywanap (MDSC) cym 6esi
Kamepai iciciniy Oe, cemizdikmiy Oe namoceHe3inoe Manbi30bl pon amyapaovl. MDSC-miy necisei (hynkyuscol minoepoi Kainvina Keamipy
JicoHe dcapanapovl emoey 6onvin madwvliadvl, 01 OAKbLIAHOAUMbIH KAOBIHYOblY ALObIH ANY2d JHCOHE UMMYHObIK 20Me0Cma3dvl cakmayad
Kemexkmeceoi. [lecenmeH, cozviamanvl KabbiHyowiy y3apyvi MDSC-0iy Keyetoine dcone UMMYHOCYNPeCCUusiiblK, 6eiceHOLNICIHIH HCO2apbliayblHd
oxeneoi. Cemiz0ix kezinoeei cym 6e3i Kamepai iCi2iHiy OaMYbIHbIY NAMONO2UATBIK NPoYyect scone ocvl npoyecme unoykyusranean MDSC poni
MoneKynanvik oeyeetioe oni oe az sepmmenzet. Coyebl HCblioapbl OYHUEHCY3LNIK 2blaiMu Koeamoacmuikma mukpoPHK-nel 3epmmeyee onapoviy
OpMYpAL Hcacyuia munmepiniy Spmypiai OUOI0UATBIK npoyecmepindei pemmeyuli poiine OAUIAHBICIbL YIKEH Kbl3bl2YWUbLIbIK NAtiod 6010bL.
Conabl OHIICHLLIOBIKMA JiCYpei3ineen 3epmmeyiep OHKONo2usablK aypyirapoazel mukpoPHK ocone MDSC apaceinoa esapa 6ailianvicmoly
bonyvin Kopcemmi.

3epmmeyoin makcamol — cemizoiknen 6aiinanvicmol cym 6e3i kamepai icieiniy oaymyvina sicone MDSC 6encendinicine mukpoPHK ocep
emy MexanusMOepin auty Yulin Moiimemmepoi HCUHAKMAy.

AQoicmepi: Byn owcymvic botivinua 2024 sceindviy 7 maycvimvina Oetiinei unmepnemme, Medline (PubMed) swcone Google Scholar
OepekKopaapbiHoazbl MolimMemmepoen «cym 0Oe3i iciei» dcone/Hemece «cemizliky oicone/nemece «MDSCy» owcone/nemece «mukpoPHKy
cananapeinoazel d0ebuemmepee Hean-HCaAKmolivl iz0ey xHcypeizoik. Odeduemmepoi manioay HOMudceciHoe ey Maybl30bl HblCAHOAp peminoe
mMuxkpoPHK-223, -155 sicone -17~92 manoanosi.

Homuowcenepi: Lllonyoa nezizei cuenanovix mukpoPHK-napoviy (mukpoPHK-223, -155 owcone -17~92) sxcnpeccuscolnbiy OUHAMUKACHI,
conoaii-ax onapoviy cym 0esi Kamepni icieiniy, cemizoikmiy namoeenesinoezi scone MDSC bencendiniein pemmeyoeei poni mypanvl Kasipei
yakvimma Konoa oap oepexmep ycviHoli0bl. Conoau-ax, MmukpoPHK depexmepi apkolivl cemizOikner baiiianvicmol cym 6e3i iciel kesiHOe
MDSC scacywacwinsiy exi 6azbimmol pemmenyi OOuUHwA MoriMemmep KOPMulidHObI.

Kopvimutnowt: 9oebuem oepexmepin manoay nHomudicenepi bouvinuia mukpoPHK -223, -155 scone -17~92 namonozusiivlk MemaboiuKkaivi
oysvinynapmen scone MDSC ghynkyuonanowix 6encenoiniciniy Oy3vlayvimen 6aiianvicmsl Kamepai iCikmiy OHblH [winOe cym Oe3i icieiHiy
NnepcnexmuBaibl OUASHOCMUKALbIK JCOHE eMOIK buomaprepiepi 601ybl MyMKiH.

Tyiinoi ceszoep: mukpoPHK, cym 6e3i kamepii iciei, cemi30iK, MUueiouomsi Cynpeccopiblk Hacyuaiap.

ABSTRACT

POJIb MUKPOPHK 223, 155 1 17~92 B PET'YJISIHUU AKTUBHOCTHU MUEJIOUIHBIX
CYHNPECCOPHBIX KJIETOK (MDSC) B TATOT'EHE3E PAKA MOJIOYHOM ’KEJIE3BI,
CBA3AHHOM C O’ KUPEHUEM
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Axkmyanvnocmo: Pax  monounoi oicenesvt (PMJK) sensemca enobanvhoti npobremoii 30pagooxpanenusi u3-3a €20 GblCOKOU
pacnpocmpanennocmu 60 écem mupe. 1lo dannvim Bcemuproil opeanusayuu 30pagooxpaneniis, esce200Ho pezucmpupyemcs bonee 2,3
munnuona cayyaee PMIK, komopulil siensemcs 21a6HOl NPUYUHOL CMEPMHOCIU HCCHUUH O PaKa 60 6cem Mmupe. Mzeecmno, umo odxcupenue
yeenuyusaem puck passumus PMUK, a muenouduvie cynpeccopmuvie xaemku (MDSC) uepaiom 3uauumensuyio ponv 6 namozeHnese Kax
PMK, max u oxcupenus. Ocnosnas @pynxkyus MDSC — eoccmanoenenue mraneil u 3axicueienue paw, Ymo nomozaem npeoomspamuns
HeKOHmMpoaupyemoe eocnaienue u noooepucusams uUMMynHulll 2omeocmas. OOHako xponuyeckoe gocnaienue u pocm HeonidcCmuyecKux
KIemoK NpUEoOoAm K ONUMeNbHOl IKCNAHCUL U YCULeHUIO UMMYHOcynpeccopHotl akmusnocmu MDSC. Ilamonozuueckuii npoyecc npozpeccuu
PMK npu ooxcupenuu u pons unoyyuposannvix MDSC na monekynaprnom ypogne 6 5mom npoyecce ocmaemcs MaiouzyieHnbimu. B nocreonue
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2000l 8 MUPOBOM HAYUHOM COODUjecmEe Cywecmayem 3Ha umenbHblil unmepec K uzyuenuio mukpoPHK 6 ces3u ¢ ux pe2ynsmopHoil poivio 6
PA3TUYHBIX OUOIOSUYECKUX NPOYECCAX PA3IUYHBIX MUnos Kiemok. Mccredosanus, npogedennvle 3a nocieonion 0ekady, noKa3aui Haauyue
63aumooeticmeust meducoy mukpoPHK u MDSC npu onxonocuueckux 3a601e6anusix.

Lens uccneoosanus — 0boowWenUe UMEOWUXCA OAHHBIX O PACKPLIMUA MeXaHu3M08 ausnus MmukpoPHK na akmusnocme MDSC u na
meuenue PMJK, céazannozo c odcupenuem.

Memoowi: [Iposeden KoMNIEKCHbLU NOUCK Tumepamypul 6 unmepHeme u 6 6asax oannwvix Medline (PubMed) u Google Scholar do 7 urons
2024 2. no nanpasienuaM «pax MOIOYHOU dcene3vly u/unu «oxcupenuey u/umu «MDSCy u/uru «muxpoPHK». Ilo pesynemamam ananusa oviiu
6b10paHbl HaUboIee 3HauuMble 06beKmobl Uccied08anus — MukpoPHK-223, -155 u -17~92.

Pesynomamur: B 0630pe npeocmasnenvl umeiowuecs Ha ce200HAUWHNUL 0eHb 0aHHble 0 OUHAMUKE IKCHPEeCCUl OCHOBHBIX CUSHAILHLIX
muxkpoPHK (mukpoPHK-223, -155 u -17~92) u ux poau 6 namoceneze PMIK, oowcupenuu u peeynayuu axmusnocmu MDSC, a makoce
osynanpasnennoii peeynayuu MDSC npu PMIK, ceasannom ¢ oxcupenuem, nocpedcmeam 0annvix mukpoPHK.

3axknwuenue: Ocnosvisasce na pe3yromamax anHaiuzda Jaumepamypuvlx Oaunwlx, mukpoPHK-223, -155 u -17~92 mozcym Ovimo
MHO2000eWAIoOWUMU OUACHOCMUYECKUMU U MePAnegmuiecKumMy ouomapkepamu OHKoOL02uYeckux 3aboneeanutl, 6 mom uucie u PMIK,
CBAZAHHBIX C NAMONOUYECKUMU MeMADOIULECKUMU HAPYULEHUAMU U HapyueHueM dynkyuonaisnon axmugnocmu MDSC.

Knrouegwle cnosa: mukpoPHK, paxk monounoil scenesvl, odicuperue, mueiouonvle cynpeccoptule kiemku (MDSC).
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