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ABSTRACT

Relevance: One of the key challenges in modern oncology remains tumor resistance to therapy and the high risk of relapse, which
are largely associated with cancer stem cells (CSCs). Regulatory T cells (Tregs) are considered one of the factors supporting the
stem-like phenotype of tumor cells; however, the mechanisms of their interaction remain insufficiently studied. Despite the growing
number of studies addressing the impact of Tregs on CSCs in breast cancer (BC), colorectal cancer (CRC), and glioblastoma (GBM), the

fragmented and contradictory findings necessitated the con-duct of this analytical review.
The study aimed to systematize experimental, review, and clinical data on Treg-CSC interactions and to formulate hypotheses that

define future research directions and therapeutic approaches.

Methods: This comprehensive literature search was conducted in Medline (PubMed), NCBI, and Google Scholar databases covering
the years 2015 to 2025. The following terms were used: “T-regulatory cells” and/or “cancer stem cells” and/or “breast cancer stem
cells” and/or “colorectal cancer stem cells” and/or “glioma stem cells.”

Results: The literature review showed that Tregs, both directly and indirectly, activate key signaling cascades (TGF-p/SMAD,
NF-kB/CCLI, IL-10/STAT3) that maintain the stem-like phenotype of tu-mor cells and are associated with poor prognosis in BC, CRC,

and GBM.

Conclusion: Tregs and the molecular mechanisms they mediate can be considered potential targets for anticancer therapy,; however,
their use in clinical practice requires further experimental and clinical research.
Keywords: Regulatory T cells (Treg), cancer stem cells (CSCs), breast cancer stem cells, colorectal cancer stem cells, glioblastoma

(GBM), oncological diseases, oncoimmunology.

Introduction: According to GLOBOCAN data for 2022,
malignant tumors are the cause of more than 9.7 mil-
lion deaths, of which 9.3% were due to colorectal cancer
(CRQ), 6.8% to breast cancer (BC), and 2.6% to tumors of
the central nervous system, including glioblastoma [1]. In
the Republic of Kazakhstan in 2022, more than 20 thou-
sand deaths from oncological diseases were registered, of
which 9.5% were due to CRC, 7.6% to breast cancer, and
2.8% to tumors of the central nervous system, including
glioblastoma (GBM) [2].

The high recurrence rate and resistance to cancer ther-
apy are largely explained by the presence of cancer stem
cells (CSCs). CSCs are a subpopulation of cancer cells that
possess the ability to self-renew and undergo multiline-
age differentiation, which enables them to stimulate tu-
mor development and heterogeneity [3]. CSCs can reduce
the effectiveness of antitumor therapy by activating treat-
ment-resistant molecular mechanisms [4].

Within the tumor microenvironment, CSCs interact
with multiple immunosuppressive cell populations. These
include tumor-associated macrophages, myeloid-derived
suppressor cells, cancer-associated fibroblasts, and regu-

latory T cells (Treg). The latter are recruited to the tumor
microenvironment by the chemokines CCR4, CCR8, and
CCR10, as well as CXCR3 [5]. Tregs are capable not only of
suppressing the antitumor immune response but, as many
review articles have shown, also of directly or indirectly
supporting the stem cell phenotype of tumor cells [6-12].

Published studies on this topic have yielded dispa-
rate results to date, with most reviews focusing on specif-
ic tumor types or specific molecular mechanisms. There-
fore, this review aims to systematize and critically examine
the data regarding the role of Tregs in regulating CSCs in
breast cancer, CRC, and GBM.

The study aimed to systematize experimental, review,
and clinical data on Treg-CSC interactions and to formu-
late hypotheses that define future research directions and
therapeutic approaches.

Materials and Methods: To search for available liter-
ature data on the research topic, scientific publications
from 2015 to 2025 indexed in the Medline (PubMed),
NCBI, and Google Scholar databases were analyzed. The
following terms were used in the search: “T-regulatory
cells” AND/OR “cancer stem cells” AND/OR “breast cancer
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stem cells” AND/OR “colorectal cancer stem cells” AND/
OR “leukemic stem cell” AND/OR “glioma stem cells.” The
search revealed 89 potentially relevant sources (articles
and reviews) on the research topic. After removing du-
plicates and assessing their content, the most significant
and informative works (including reviews and descrip-
tions of original research) were selected. The selection
criteria were novelty, completeness of the data present-
ed, and the presence of unique information (works of low
quality or those duplicating data from previously pub-
lished studies were excluded). The final analysis includ-
ed 48 sources.

The source selection process included several sequen-
tial stages. At the identification stage, 89 publications were
identified from the Medline (PubMed), NCBI, and Goog-
le Scholar databases. After removing 9 duplicate records,

80 sources were included in the analysis. At the abstract
screening stage, 15 articles that did not mention Tregs
were excluded. A total of 65 publications were selected
for full-text evaluation, of which 17 were excluded due to
insufficient data (n=4), lack of reliable results (n=5), over-
lap with previously published materials (n= 4), and failure
to meet language criteria (n=4). Thus, the final systemat-
ic analysis included 48 articles that most fully and reliably
reflect the molecular mechanisms of interaction between
Tregs and CSCs in various malignant tumors. Inclusion cri-
teria were: original studies or reviews, a clear description of
the interaction between Tregs and CSCs, and the presence
of data on signaling mechanisms or clinical correlations.
Publications were selected independently by two authors.
The source selection process is presented in the PRISMA
diagram (Figure 1).
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Figure 1 — PRISMA diagram reflecting the process of selecting sources for analysis
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Results:
General characteristics of cancer stem cells. CSCs are a
subpopulation of cancer cells that contribute to tumor de-

velopment and heterogeneity. Seven common core intra-
cellular signaling pathways are involved in both embryon-
ic development and malignancy (Table 1).

Table 1 - Main intracellular signaling pathways of cancer stem cells (CSCs)

Signaling pathways

Key effects for CSCs

Source

resistance

JAK/STAT Support of the stem cell phenotype promotes activa-tion of epithelial-mesenchymal Huang B. et al. [13]
transition (EMT), in-vasion, and metastasis

NOTCH Regulation of differentiation, maintenance of the CSC population, and participation in | Shi Q. et al. [14]
drug resistance

NF-kB Activation of IL-6/IL-8 production, support of CSC survival, and development of drug | Guo Q. et al. [15]

Whnt/B-catenin

Maintenance of self-renewal, activation of NANOG and c-MYC transcriptional
programs, formation of therapeutic resistance

Song P. et al. [16]

TGF-B/SMAD Initiation of EMP, enhancement of plasticity, and ex-pansion of the CSC pool Allgayer H. et al. [17]
PI3K/AKT/mTOR Metabolic adaptation of CSCs, maintenance of surviv-al, and resistance to therapy Prabhu KS et al. [18]
MAPK/ERK Stimulation of CSC proliferation and formation of tumor spheres Chu X. et al. [19]

Even small numbers of isolated CSCs expressing char-
acteristic stem cell markers can initiate tumor devel-
opment in immunodeficient mice [20]. In some types
of cancer, CSCs exhibit resistance to chemotherapeu-
tic drugs such as docetaxel, doxorubicin, cyclophospha-
mide, and trastuzumab [21]. Therefore, this cell popula-
tion is attracting increasing attention from researchers as
a key target for the development of new cancer therapy
strategies.

General characteristics of regulatory T cells. Tregs are a
population of CD4* T-cells that regulate both innate and
adaptive immune responses against the body’s own cells,
virulent agents, and tumors [22]. Tregs play a crucial role
in maintaining immune system homeostasis by eliminat-
ing autoreactive T cells, promoting self-tolerance, and sup-
pressing inflammatory processes [23].

FOXP3 is a specific marker of Tregs, which belongs to
the family of regulatory transcription factors. In the ab-
sence of this protein expression, Tregs lose their ability to
suppress the immune system [24].

The influence of regulatory T cells on breast cancer can-
cer stem cells. Breast cancer CSCs can differentiate into var-
ious tumor cell types, thereby maintaining tumor hetero-
geneity. Due to their self-renewal capacity, they provide a
constant stem cell pool throughout breast cancer progres-
sion [25].

The NF-kB/CCL1 signaling cascade is a key molecular
mechanism that recruits Tregs to tumor sites. Activation of
the NF-kB transcription factor in CSCs leads to increased
production of the chemokine CCL1, which promotes the
recruitment of Tregs to the tumor microenvironment.
Possessing pronounced immunosuppressive properties,
Tregs not only suppress the antitumor response but also
stimulate CSCs. They promote the increased expression of
key stemness transcription factors—SOX2, OCT4, and NA-
NOG [26-29].

Interestingly, overexpression of SOX2 activates tran-
scription of the chemokine CCL1, which, as previous-
ly reported, attracts Tregs to tumors [27]. Thus, a unique

relationship emerges in which stem cell factor markers en-
hance tumor infiltration of Tregs, which in turn maintain a
persistent CSC phenotype in breast cancer (Figure 2).

One of the primary mechanisms by which Tregs in-
fluence CSCs in breast cancer is the production of the
cytokine TGF-B, which induces the expression of the
aforementioned stem cell transcription factors, as well
as the WNT3a and ESR1 genes. These genes, in turn,
promote the formation of mammospheres - spherical
structures consisting of a cluster of cells with stem cell
properties [26, 28].

The influence of regulatory T cells on colorectal cancer
cancer stem cells (CRC CSCs). One of the variants of direct
interaction between CRC CSCs and Tregs is the RANKL/
RANK molecular mechanism. The RANK receptor (TNFRS-
F11a), expressed on CRC CSCs, induces an increase in intra-
cellular Ca’ *levels through the PLCy-IP3-STIM1 signaling
pathway. This leads to the dephosphorylation of NFATCT,
which activates the transcription of the ACP5 gene, asso-
ciated with an unfavorable prognosis in patients with can-
cer, particularly in those with CRC [30, 31].

Tregs, in turn, express RANKL (TNFRSF11), a ligand of
the RANK receptor. It has been established that activa-
tion of the RANKL/RANK pathway leads to increased ex-
pression of CD44 and CD133, the main markers of CRC
cells [32].

Cytokines such as TGF-B, IL-13, and IL-17 play a key role
in stimulating the activity of CRC CSCs. TGF-f triggers epi-
thelial-mesenchymal transition (EMT), thereby promoting
the dedifferentiation of CRC cells into CRC CSCs. This leads
to an expansion of the CRC CSCs’ pool and increases tumor
resistance to therapy [33, 34]. IL-13 activates the STAT3 sig-
naling pathway, increasing the expression of SOX2, LGR5,
and Prom1 genes, which are critical for tumor cell self-re-
newal and stemness maintenance [35, 36]. IL-17, through
the activation of MAPK and AKT kinases, promotes the for-
mation of CRC CSCs. It was also previously noted that IL-
17 stimulates the expression of CD44, CD133, and CD166,
which are markers of CRC cells [37] (Figure 3).
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Legend: MukpookpyxeHue onyxonu — Tumor microenvironment; OCK npu PMXX - breast cancer CSCs; pekpymupogaHue — recruiting
Figure 2 — The SOX2-CCL1-Treg loop supporting the CSC stemness in breast cancer
Note: The image was created by the author using the BioRender.com web resource.
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Legend: Onyxonesas knemka — Cancer cell; Akmusayus ACPS — ACPS activation; iHgasus - Invasion; OCK — CSC
Figure 3 — Key molecular mechanisms of interaction between Tregs and colorectal cancer cells
Note: The image was created by the author using the BioRender.com web resource.

The influence of regulatory T cells on cancer stem cells in  pathway in both autocrine and paracrine manners, induc-
glioblastoma. One of the key mechanisms by which Tregs  ing the expression of SOX2, OCT4, and NANOG (Figure 4).
mediate their action on CSCs in glioblastoma is the secre-  This leads to increased formation of neurospheres - spher-
tion of TGF-B1, which stimulates the production of IL-6 ical structures consisting of stem-like glioma cells that are
by tumor cells. This cytokine activates the STAT signaling  associated with tumor aggressiveness [38].
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Legend: Onyxonesas knemka — Cancer cell; OCK — CSC
Figure 4 — Indirect influence of Tregs on cancer stem cells in glioblastoma
Note: The image was created by the author using the BioRender.com web resource.

Discussion: The experimental preclinical studies and re-
view articles reviewed above indicate the ability of Tregs to
enhance the stem-like properties of tumor cells. Systemati-
zation of the available modern data enabled us to identify
the best-studied molecular mechanisms by which Tregs in-
fluence CSCs in breast cancer, CRC, and GBM. The data pre-
sented in Table 2 demonstrate the similarity of the final ef-
fects of Tregs in the tumor types considered, despite the
differences in their mechanisms of action. Tregs increase
the activity of genes and transcription factors responsible
for the stem-like properties of tumor cells, which ensures
their survival, promotes the maintenance of CSC popula-
tions, and is associated with an unfavorable prognosis.

It is also worth noting that a common trend for all can-
cer types described in the article is the presence of a clinical
correlation between a high level of Treg infiltration and un-
favorable clinical outcomes, which is expressed in a reduc-
tion in overall survival (OS) and increased hazard ratio (HR)
values for breast cancer, GBM, and CRC ( Table 3).

Clinical cohort studies that simultaneously analyze CSCs
and Tregs are currently limited in number. The most meth-
odologically comprehensive example remains the study by
TJ Miller et al., which found that Tregs modified the prog-
nostic value of SOX2 in CRC [39]; however, comparable data
are lacking for breast cancer and GBM. This highlights an un-
met clinical need and provides direction for future research.

Based on the analysis of the presented material, we
propose several hypotheses that could potentially form
the basis for the development of new therapeutic strate-
gies (Table 4).

However, the degree of clinical feasibility of these hy-
potheses varies. Thus, cytokine blockade has been preclini-
cally confirmed [38, 47-48], while simultaneous blockade of
Treg chemokine receptors and key CSC signaling pathways
requires further experimental and clinical studies.

This review has several limitations that must be consid-
ered when interpreting the results. Most of the studies re-
viewed were conducted in preclinical settings (cell lines,
animal models), which limits their direct extrapolation to
clinical practice. The differences between individual Treg
subtypes (FoxP3E2+, CCR8+, CD177+) and their impact on
the CSC population were not examined in detail, leaving
unclear which Treg subsets play a key role in maintaining
the stem cell phenotype. The question of how modern ther-
apies (immunotherapy, chemotherapy, targeted therapy)
modify the balance between Treg and CSCs is also insuffi-
ciently addressed. Furthermore, the temporal aspects of
Treg recruitment to tumors, the specifics of their direct con-
tacts with CSCs in vivo, and the consequences of therapeu-
tic Treg modification for tumor resistance and the effective-
ness of immunotherapy remain poorly understood.

At the same time, this review is not limited to listing in-
dividual molecular mechanisms, but represents an attempt
to synthesize disparate data into a holistic model of the
role of Tregs in maintaining CSCs. It has been demonstrat-
ed that Tregs are involved not only in the formation of an
immunosuppressive microenvironment but also directly
support the stem phenotype through the activation of sig-
naling pathways, such as TGF-3/SMAD, IL-10/STAT3, NF-kB/
CCL1, and RANKL/RANK. These mechanisms are associated
with the induction of transcription factors SOX2, OCT4, and
NANOG, as well as increased expression of stemness mark-
ers (CD44, CD133), and are linked to the formation of mam-
mospheres and neurospheres, which reflects the plasticity
and therapeutic resistance of tumors.

The contribution of this review lies not only in its sys-
tematization of existing data but also in the formulation of
its own hypotheses. The proposed approaches, based on
a comparison of current data, allow us to identify specif-
ic directions for further preclinical and clinical validation.
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Table 4 Potential strategies for blocking Treg-mediated mechanisms and their impact on cancer

stem cells (CSCs)

'mnoTesa

[MoTeHumanbHbIN MeXaHN3M OeNCTBUS

Mpepnonaraembivi achekT

Simultaneous block-ade of
Treg chemo-kine receptors
(CCR4, CCR8) and key
CSC signaling pathways in
breast cancer

Blocking Treg chemokine receptors (CCR4,

CCRS8) with monoclonal antibodies can limit the
re-cruitment and migration of Tregs into the tumor
microenvironment.

Suppression of key intracellular signaling pathways
using small-molecule inhibitors or epigenetic

1. A decrease in the number of Tregs in the tumor
microenvironment could potentially partially
reduce immunosuppression, contributing to the
normalization of the antitumor activity of CD8*
T-cells.

2. Suppression of key CSC signaling pathways

inhibitors.

will reduce the expression of the CSC stem cell
phenotype, re-sistance to therapy, and the likelihood
of relapse.

Blockade of IL-6 cy-tokines
in glioblas-toma
of SOX2, OCT4, and NANOG.

Inhibition of IL-6 prevents the activation of the JAK/
STAT pathway, which in turn blocks the expression

1. Reduced autocrine and paracrine support of CSC
stem cell phenotype.

2. Reduced neurosphere formation associated with
maintenance of CSC population.

3. Reduced CSC pool will weaken their ability to
self-renew and recover after therapy.

TGF-B cytokine blockade
for breast cancer,
glioblastoma, and
colorectal cancer

acti-vation of EMT.

Neutralization of TGF-3 pre-vents SMAD-dependent

1. Limited activation of stem transcription factors
(SOX2, OCT4, NANOG).

2. Decreased formation of mammospheres and
neurospheres.

3. Reduced CSC tumor cell dedifferentiation.

4. Reduced CSC pool.

Conclusion: The combined data presented indicate
that Tregs may be involved not only in forming an immu-
nosuppressive microenvironment but also in maintaining
the properties of CSCs that determine the aggressiveness
of the disease and resistance to therapy. Although this re-
lationship has not yet been definitively confirmed clinical-
ly, a comparison of experimental and clinical observations
suggests it as a promising avenue for further research.
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AHJATIIA

T-PET VJISATOPJIBIK )KACYIIAJAPIBIH KATEPJI ICIK JITH
FKACYIIAJIAPBIHA TUTTI3ETIH BIKIAJIBI:
OJIEBUETKE HIOJY

A.M. Tonenouesa', C.A. Kan'3, HM. Hypzanueea'?, H.A. Omapéaesa®, E.O. Ocmanuyk'?

1«M.A. ARTXOXINH aTbIHAAFbI MOSIEKYNanblK 61onorus xaxe Gruoxumua uHcTutyToi» KK PMK, Anmarel, KazakctaH Pecnybankace;
2«dn-Oapabu abiHgarbl Kasak yatTolk yHusepcutetin KEAK, Anmatbl, Kasakcran Pecny6nukachl;
3¥nTTblK GUoTeXHONOrMA opTanblFbi» XLUC AnMaTbl KanacbiHaarbl uananbi, Anmatbl, Kazakcran Pecny6aukacs;
4«Ka3aK OHKONOrus XaHe PaAnonoria FolNbIMU-3epTTey UHCTUTYTbI» AK, Anmarbl, KasakctaH Pecniybnukacs!

Ozexminizi: Kazipei oHKONIO2UAHBIY Heei3el Mocenenepiniy 6ipi — icikmepdiy mepanusiaa me3iMoiniel JHoHe Kaumaiany KayniHiy
orcozapul 6onyel, byn Kebinece icik Oasananvl ocacyuanrapvimer (IBIK) 6atinanvicmol. Pecynamopnvt T-orcacywanap (Treg) icik
dHCACYULAnapeinbly 6a2analbl eHOMUnin Koioaumsin Gakxmopiapowiy 0ipi peminde Kapacmulpuliadvl, aiaudd 01apoblH 63apa
apekemmecy mexaunusmoepi scemxinikmi sepmmenmezer. Cym oesi oovipel (CHO), konopexmanodwvt oovip (KPO) oscone enuodbracmoma
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(I'BM) kesinoeei Treg nen IBJK ocepine apnaiean 3epmmeyiep CAHbIHbIY APMYbIHA KAPAMACMAH, HOmMudiceiep oni 0e ¢pazmenmmi
JicoHe Kapama-gatiubl 60uin omeip. byn ananumuxansix wionyowl jcypeizyoiy Kaxcemminicin auKslHOaobl.

3epmmey maxcamot — Treg nen IB)K o3apa opexemmecyine Kamvicmol SKCREPUMEHMMIK, WOLY JHCOHE KAUHUKATILIK 0epeKmepoi
Jicytieney Jlcone Keieulekmezi 3epmmeyinep MeH mepanegmix mociioepoi auKplHOAUmMolH 2UNOme3aiapobl MyAHcblPbIMOAy.

Aoicmepi: Medline (PubMed), NCBI, Google Scholar oepexmep 6azanapeinoa 2015 sceinoan 2025 siceinea Oeiiin kewienoi ooebuem
i30eyi oicypeizindi. 130ey kesinoe mvina mepmunoep Koroanwiiowl: «T-regulatory cellsy oicone/nemece «cancer stem cellsy scone/nemece
«breast cancer stem cellsy orcone/nemece «colorectal cancer stem cellsy ocone/nemece «glioma stem cellsy.

Homuorcenepi: 9oedou wiony Treg scacywanapwinvly mikeneii de, jdcanama mypoe oe nezizei cueHanovx xackaomapowi (TGF-p/
SMAD, NF-kB/CCLI1, IL-10/STAT3) 6encendipin, icik scacywanrapuinwiy bazanansl genomunin Koaroaumuinsin dtcomne onapoviy CBO,
KPO sicone I'BM ke3inoe Konaiicwiz 60asicammer OAIaHblCmbl eKeHiH KOpCcemmi.

Kopoimuinowi: Treg sicone 0aapobiy onocpeousiaimoii MOJLEKYIANbIK MeXAHUZMOEPI iCIKKe KapCcbl mepanusi yulin oieyemmi HblCam
peminoe Kapacmelpuliysl MYMKIH, aiauod KIUHUKATGIK NPAKMUKA2A eH2i3y YWlin KOCLIMUA IKCHEPUMEHMMIK JCOHe KAUHUKATLIK
3epmmeyiep Kasicen.

Tyiiinoi co30ep: Pezcynsmopnvl T-orcacywanap (Treg), icik bazananst scacywanapul, cym 6e3i 00bipolibly 6a2aHAIbL HCACYUATADBI,
KOIOPEKmanovl 00bipObiy 6A2AHANbL JHCACYUANAPDL, 2AUODIACMOMA, OHKOLOSUSLIBIK AYPYILAD, OHKOUMMYHOJLO2USL.

AHHOTALUA

BJIMAHUE PET'YJISITOPHBIX T-KJIETOK HA OIIYXOJIEBBIE CTBOJIOBBIE KJIETKHU:
OB30P JIMTEPATYPbI
A.M. Tonenouesa', C.A. Kan'3, H M. Hypzanueea'?, H. A. Omapoaesa’, E.O. Ocmanuyx'?

1PTTI Ha MMXB «MHCTUTYT MONEKYNSpHOii Gronoru u 6uoxumum umenn M.A. AiiTxoxiHa», Anmatbl, Pecny6nika Kazaxcran;
2HAQ «Ka3axckmii HaLmMoHaNbHbIil yHuBepcuTeT UM. anb-Oapabu, Anmarbl, Pecny6nuka Kaaxcrax;
3Ounnan TO0 «HaumnoHanbHblii LieHTp GuoTexHoNorMM» B T. ANMatbl, Anmarbl, Pecny6nka Kasaxcraw;
4A0 «Ka3zaxckuit HayuHO-MCCNe0BATENbCKMI MHCTUTYT OHKONOTIAM 11 paauonorui», Anmarl, Pecny6nuka Kazaxcran

Axmyansnocms: OO0HOU U3 KIIOUEBbIX NPOOIEM COBPEMEHHOU OHKONO2UU OCMAEMCs YCMOUYUBOCHb ONYXOnell K mepanuu u
8bICOKUL PUCK PEYUOUBOSB, 80 MHOSOM C8A3AHHBIX ¢ onyxonesvimu cmeonosvimu kiemxamu (OCK). Pecynamopnvie T-knemxu (Treg)
paccmampugaiomcs Kak 00uH U3 Qaxmopos, noo0epiHCUBAoWUX Cmeono60ll PeHomun onyxonesvlx Kiemok, 0OHAKO MeXaHuMbl Ux
63aUMO0elcmeUs. 0Cmaiomcs He0oCmamoyHo uzyiuennvimu. Hecmomps na 6ospacmaiowee 4ucino uccneo08amnull, NOCEAUJEHHbIX
sauanuio Treg na OCK npu paxe monounou ycenesvt (PMIK), konopexmanvnom paxe (KPP) u eauodnacmome (I'BEM), pezynomamor
ocmaromces pazmenmapHblMu U nPOMUEOPeUUSbIMU, YO 00YCI08UL0 HEOOXOOUMOCTb NPOBEOEHUs OAHHO20 AHATUMUYECKO20 0030Dd.

ILlenv uccnedosanus — cucmemamuzayusi KCHEPUMEHMANbHBIX, O0030PHbLIX U KAUHUYECKUX OAHHBIX O B3AUMOOelCmaul
pecynamophbix T-K1emok u Onyxoaeeblx Cmeoi06biX K1emokK u (QOpMYIUposKa 2unomes, Onpeoeisiomux nepcneKmusHole Ucciedo8aHsl
u mepanesmuyeckue nooxooul.

Memoowi: TIposeden komniekcHvill nouck aumepamypsi 6 6azax dannvix Medline (PubMed), NCBI, Google Scholar ¢ 2015 no
2025 ze. Ilpu noucke ucnonvzosanuce mepmunsl: «I-regulatory cells» u/unu «cancer stem cellsy u/unu «breast cancer stem cellsy u/unu
«colorectal cancer stem cellsy u/unu «glioma stem cellsy.

Pesynemamui: O630p aumepamypel nokaszai, umo ITreg Kak HenocpeoCmeenHo, max u onocpedo8aHHo akmuupylom Kilouegble
cuenanvhvie kackaovl (TGF-f/SMAD, NF-kB/CCLI1, IL-10/STAT3), komopoeie cnocobcmayiom noooepaicanuio cmeoiogozo genomunda
ONYX01e8bIX KIEMOK U ACCOYUUPOBANbLL ¢ HeOnazonpusimuvim npoenozom npu PMIK, KPP u I'bM.

3akniouenue: Treg u onocpedyemvle umMu MONEKYAAPHbIE MEXAHUIMbL MO2YM PACCMAMPUBAMBCSA KAK NOMEHYUANbHbIE MULUEHU
07151 NPOMUBOONYXONEBOU Mepanuil, OOHAKO UX NPUMEHEeHUe 68 KIUHUYEeCKOU npaKkmuke mpebyem O0anibHetuuux SKCnepuMenmanibHblX u
KAUHUYECKUX UCCIe008aAHUI.

Knioueswvie cnosa: Pecynamopnvie T-knemxu (Treg), onyxonegvie cmeonoguie Kiemkiu, Ceoa08ule KiemKu paka MOJIOYHOU dicene3ul,
CMEOoJI06ble KIeMmKU KONOPEKMAlbHO20 PaKd, 21u001acmoma, OHKoI02uecKue 3a0071e6anus, OHKOUMMYHOLOUSL.
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