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ABSTRACT

Despite significant advances in the treatment of malignant neoplasms, the issue of therapy resistance mediated by cancer
stem cells (CSCs) necessitates the development of new treatment strategies. Studying the role of CSCs and the immune mi-
croenvironment in the pathogenesis of cancer, particularly non-small cell lung cancer (NSCLC), is a pressing issue in modern
oncology. This paper is based on an extensive analysis of recent research and aims to study the mechanisms underlying the
development of NSCLC.

The origin of CSCs, their markers, and the main signaling pathways involved in regulating their activity are considered. Special
attention is paid to the influence of CSCs on the progression of lung cancer and the mechanisms underlying their therapy-
mediated resistance. Various approaches to treating lung cancer targeting CSCs, focusing on targeted therapy aimed at
specific molecular targets, are highlighted.

The important role of the tumor immune microenvironment in the pathogenesis of lung cancer and its impact on CSCs is
emphasized. Mechanisms of immune response regulation in tumors and the potential use of immunotherapy to improve lung
cancer treatment outcomes are discussed. The article also reviews modern diagnostic and treatment methods, including
molecular-genetic and immunohistochemical approaches.

This paper work represents a review of current knowledge on the mechanisms of lung cancer development and is significant
for understanding tumor biology and developing new treatment methods. The need for an interdisciplinary approach and com-
prehensive use of modern diagnostic and therapeutic methods to improve the prognosis and survival rates of NSCLC patients
is emphasized. Special attention is given to the prospects of using combined therapeutic approaches, including targeted drugs
and immunotherapy, aimed at suppressing CSC activity and modifying the tumor microenvironment.

In conclusion, a deep understanding of the molecular mechanisms regulating CSC activity and their interaction with the tumor
microenvironment opens new opportunities for developing effective treatment strategies. This review underscores the need
for further research in this area to ensure more successful treatment and improved quality of life for lung cancer patients.
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3.1.6. OHkonorus, nyyesas Tepanus

0b30P

Ponb onyxonesbiX CTBONOBLIX KAETOK M UMMYHHOTO MAKPOOKPY)XEHUS B NaTOreHe3e paka

NerKoro: MexaHusMmbl B3aUMOAEHCTBMSA U NEPCNeKTUBbLI UCCNeA0BAHNN

I. A. Xapare3og, A. A. AuToHaH™, E. 10. 3naTHuK, A. b. CaraksaHu, 3. A. Mup3osH, T. I. AiipaneToBa, 0. A. JleiimaH,
A. I. Munakuu, 0. H. Ctatewnbiii, K. [. Mo3edu, M. A. Xomupos, 3. A. Anekcees
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PE3IOME

HecMoTpsi Ha 3HauMTENbHbIE YCNEeXU B TEYEHWUN 3/10KaYECTBEHHBIX HOBOOGPA30BaHMii, NPo6ieMa pe3nCTEHTHOCTM K Teparnuu,
onocpeAoBaHHON OMNyxoneBbIMK CTBONMOBbIMU KneTkaMu (OCK), ANKTYeT Heo6X0AMMOCTb pa3paboTKuM HOBbIX CTpaTerui
neyenus. NayueHne posim OCK 1 MIMMYHHOrO MUKPOOKPYXXEHUSA B NaToreHese paka, 0CO6eHHO HEMESIKOK/IETOUHOro paka
nerkoro (HMPJ1), sgnsieTcA akTyasibHbIM BOMPOCOM COBPEMEHHOM OHKoMorMu. HacTosiwasa pa6ota ocHoBaHa Ha o6Lump-
HOM aHanuae NocnegHUX UCCNefoBaHUI U HanpaBeHa Ha U3yYyeHne MexaHU3MOB, NeXallmx B ocHoBe passuTus HMPJI.
PaccmatpuBaeTcs npoucxoxaeHne OCK, Ux MapKepbl M OCHOBHbIE CUrHasIbHble MyTH, y4acTBYHOLLME B PETYNALMU aKTUBHOCTM
JaHHoro nyna knetok. Oco6oe BHUMaHUe yaensetca BauaHuio OCK Ha nporpeccrpoBaHune paka nerkoro 1 MexaHvamam,
06yCnoBMBAOLWMNM YCTONYMBOCTb K Tepanuu. OCBeLLatoTCs pasfiyHble NOAXOAbI K IEYEHUIO paKa JIerkoro, OpueHTUpo-
BaHHble Ha OCK, ¢ akL|leHTOM Ha TapreTHyto Tepanuio, HarnpaB/ieHHYHo Ha creunduyYecKkne MoeKynapHbIE MULLEHMU.
OTMeuvaeTca BaXKHasi posib UMMYHHOTO MUKPOOKPY>KEHUS OMYXO/u B NaToreHese paka Nerkoro u ero BAusaHua Ha OCK.
06cyxaatoTca MexaHU3aMbl perynsaumMn MUMMYHHbIX peakLuii B OMyX0Nu 1 NoTeHUMan UCNonb30BaHUs UMMYHOTepanuu Ans
yNyuLLeHUs pe3yNibTaToB JlieYeHns paka JIerkoro. B cTaTbe Takke paccMaTpmBaloTCA COBPEMEHHbIE METOAbI ANarHOCTUKM
M fie4eHuns, BKYarowme MoJiekynsapHo-reHeTu4eckne n UMMYHOIrmMCcToxmmMu4eckune nogxoabl.

Pa6oTta npeacraBnseT co6oit 0630p COBPEMEHHbIX 3HaHWUI O MeXaHW3Max Pa3BUTUS paka NErkoro U UMeeT Ba)KHOe 3Ha-
YyeHuWe AN NOHUMaHMS 6UONOTrMK OMyXosei U paspaboTKU HOBbIX METOAOB fiedeHus. MoayepkmBaeTcs HeO6X0AUMOCTb
MEXAMCLUMMNMHAPHOIO NOAX0Aa M KOMMEKCHOrO MCMOb30BaHNsA COBPEMEHHbIX AUAarHOCTUYECKMUX U TepaneBTUYECKUX
METOZOB AJ1A Y/IyULIEeHUA MPOrHO30B M BbXKMBAEMOCTM nauueHToB ¢ HMPJ1. Oco6oe BHUMaHWeE yaeneHo nepcrnekTMeam
UCMOMb30BaHNS KOMBMHUPOBaHHbIX TEPaNeBTUYECKUX NMOAXOAOB, BK/HOYAKOLLMX TapreTHble NpenapaTtbl U MUMMYHOTEpPanuio,
HanpaBJfieHHble Ha nofaBneHne akTuBHocTM OCK 1 MoamMbUKaL Mo OrnyXoneBoro MMKPOOKPYXXEHUS.

B 3akntoueHne, rny6okoe noHMMaHWe MOJIEKYNSIPHbIX MEXaHWU3MOB, perynupytolmx geatenbHoctb OCK, n ux B3aumopen-
CTBUE C MUKPOOKPY>KEHMEM OMyXO0Ji OTKPbIBAET HOBble BOSMOXHOCTY AJ17 pa3paboTku ahdHeKTUBHbIX CTpaTErni fieYeHns.
[aHHbIn 0630p NOAYEPKMBAET HEOBXOAMMOCTb AanbHENLLNX UCCIef0BaHNi B 9TOM o6nacTy, YTobbl o6ecrneynTb 6onee
yCMeLIHOEe NleYeHne v MOBbILLEHME KayecTBa XXU3HW NaLUEHTOB C PaKOM JIerKoro.

KntoueBble crioBa: onyxoseBble CTBOJIOBbIE K/IETKU, UMMYHHOE MUKPOOKPYXXEHMWE, PaK JIErkoro, HEMEIKOKIETOUHbIV pak
JIErkoro, pe3sncTeHTHOCTb K Tepanuu, TapreTtHaa tepanua, UMMyHoTepanua
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INTRODUCTION

Lung cancer is one of the main problems of
modern oncology, and it is hoped that progress in
treatment can be achieved by improving our under-
standing of the molecular basis and biology of the
tumor, especially at the level of cells that initiate
the tumor process. The most common type of lung
cancer is its non—small cell variants (NSCLC), which
account for about 90 % of lung cancers, the rest
are small cell lung cancer (SCLC). NSCLC includes
three histological subtypes: adenocarcinoma, squa-
mous cell carcinoma and large cell carcinoma. In
most patients with NSCLC, the diagnosis is made
at a late stage, when various treatment methods
are ineffective [1].

In 2015, a new classification of lung tumors
was proposed by the World Health Organization
[2], which includes appropriate histopathological
and immunohistochemical data, which can be ob-
tained not only from surgical material, but also from
biopsies and cytological material [1, 2]. This is es-
pecially important due to the fact that about 70 %
of patients with lung cancer are in the late stages
of the disease, when the process is considered
inoperable [1, 2]. For resectable lung tumors, it is
important to diagnose tumors in situ and minimal-
ly invasive operations, in which the probability of
recurrence-free survival after complete resection
is 100 % [2].

However, in most cases, clinicians are dealing
with locally advanced NSCLC, the recurrence and
generalization of which, even after the successful
surgical stage of treatment, is the main cause of
death. These processes, as well as the develop-
ment of chemo- and radioresistance, according to
modern concepts, are not least associated with the
presence of stem cells (CSC) in the tumor, a minor
subpopulation that ensures their preservation and
survival. Since CSC biomarkers can be used for
diagnosis, targeted therapy and prediction of the
course of the disease, assessing the significance
of known ones and searching for new ones seems
relevant. Potential markers for NSCLC include sur-
face markers (CD44, CD133, EpCAM, ABCG2), as
well as intracellular markers (ALDH, SOX2). The
literature discusses not only their diagnostic and
prognostic significance in NSCLC, but also the
most informative methods of determination, includ-
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ing molecular genetic and immunohistochemical
[3, 4], as well as the possibility of using them as
targets for therapy [5, 6]. Currently, the noticeable
increase in the number of publications on CSC re-
search indicates the relevance of this topic in the
scientific community. The valuable scientific data
provided by the literature on the mechanisms of
oncogenesis and the prospects for the treatment
of lung cancer based on them determine the need
for a more in-depth scientific analysis of the role
of CSC in the pathogenesis of NSCLC. The modern
literature provides numerous data on the biology of
CSC, their role in the progression of NSCLC, and the
development of its resistance to various treatment
methods [5, 6].

The purpose of the review is to analyze the cur-
rent level of scientific knowledge about the role of
CSC in NSCLC and the clinical use of these data. The
main focus is on identifying the key mechanisms
of these cells' involvement in oncogenesis, their
interaction with the immune microenvironment of
the tumor, as well as developing treatment strate-
gies aimed at CSC in NSCLC. The data obtained as
a result of the review, in our opinion, can serve as
a foundation for further research and development
of promising treatments for NSCLC.

CSC in NSCLC: origin, markers, signaling

pathways, role in progression

According to modern concepts, cancer stem
cells (CSC) arise from normal tissue-specific stem
cells of the original tissues; their main function is
to maintain and regulate the processes of growth,
development and repair of tissues in the body. CSC
are capable of self-renewal, differentiation [7] and
proliferation [8] and cause such adverse properties
as: chemoresistance, recurrence and metastasis
[7]. As a rule, a high number of CSC is associated
with aggressive tumor growth and unfavorable clin-
ical outcomes [8], although CSC themselves have
low proliferative activity. Reviews of CSC note their
common characteristics for various malignant tu-
mors involved in the development of resistance to
therapy and are devoted to the development of new
therapeutic strategies [7-10].

Inducing epithelial-mesenchymal transition tran-
scription factors (EMF-FT), including SNAIL and
SLUG, and induced by signaling pathways such as
TGFR, Wnt and Notch, tumor cells begin to show
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distinctive signs of CSC: oncogenicity, invasiveness
and resistance to basic treatments [11]. Other com-
mon signaling pathways involved in CSC include
Hedgehog (Hh), PI3K/Akt/mTOR, and NF-kB [12].
Although many of these pathways are also observed
in normal cells and non-stem cancer cells [13], their
altered activity, along with certain membrane mark-
ers and transcription factors, is a distinctive feature
of CSC. Some of these characteristics, such as the
high expression of CD44+, CD133+, ATP-binding
cassette transporters (ABC), epithelial cell adhe-
sion molecules (EpCAM), aldehyde dehydrogenase
1 (ALDH1), and transcription factors Oct4 and Sox2,
are common to CSC in many forms of cancer [11].
Recognition of such similarities may reveal new
therapeutic possibilities for influencing common
markers or pathways, and thus contribute to the
development of effective treatments targeting CSC.

Identification of the origin of tumor stem cells
(CSC) in the lungs is a difficult task, since the epi-
thelium of the trachea and bronchioles is at rest and
has low proliferative activity [11]. The most com-
mon hypothesis states that CSC arise from normal
tissue-specific stem cells. Squamous cell lung can-
cer originates from the basal cells of the proximal
respiratory tract (trachea and bronchi) [12]. Clara
cells in squamous cell lung cancer are also able
to exhibit stem properties, and adenocarcinoma is
associated with normal stem cells from the junction
of bronchoalveolar ducts [12].

Although the available knowledge about the func-
tions of lung CSC is limited, a number of CSC mark-
ers belonging to differentiation clusters (CD) have
been proposed. Many studies have confirmed the
presence of the following molecules on lung CSC:
CD133, CD44, CD90, EpCAM, CXCR4 [14, 15]. How-
ever, it should be noted that impaired expression of
these markers is characteristic not only of NSCLC,
but also of many types of cancers.

EpCAM is a transmembrane glycoprotein ex-
pressed in most human carcinomas; high expression
is noted in rapidly proliferating tumors of epithelial
origin [12].

CD133 is a marker widely used to identify stem
cells in both tumor and normal tissues. The CD133
transcription process is regulated by five promot-
ers, and the 5P5 promoter plays a crucial role in
CD133 expression in the CSC [16]. Some studies
have characterized CD133+ cells in NSCLC [11, 15].

1 NepcneKTUBbI UCCNER0BaHMUil

For example, Eramo et al. The presence of CD133
in NSCLC was detected in a small amount of less
than 1 % [16]. CD133+ cells were able to form tu-
mor spheroids in vitro in about 30 % of cases when
grown in a serum-free medium; CD133+ cells derived
from tumor spheroids are capable of inducing tu-
mors with histological signs similar to those of the
original tumor when inoculated to immunodeficient
mice [16]. Moreover, CD133+ cells show resistance
to chemotherapy due to the expression of high levels
of ATP-binding G2 [17].

CD44 (P-glycoprotein 1), a transmembrane type
| glycoprotein, belongs to the family of cell adhe-
sion molecules, is a receptor for hyaluronic acid,
when interacting with which cell detachment, me-
tastasis and invasion can occur. CD44 is respon-
sible for various functions such as cell differen-
tiation, survival, migration, proliferation. Studies
have demonstrated that CD44 plays a crucial role in
ensuring self-renewal and resistance to apoptosis
of CSC [11, 18]. Mutations in the key regulator of
apoptosis, the p53 gene, may be associated with
high CD44 expression in pancreatic cancer [19].
CD44+ adenocarcinoma and squamous cell lung
cancer cells demonstrate the ability to form spher-
oid bodies in vitro [20] and lead to tumor formation
in vivo when administered to mice with immuno-
deficiency [14, 21].

Studies have shown that in lung cancer, CD44
expression in NSCLC cells is higher than in SCLC,
and in squamous cell lung cancer its highest level
was observed [22]. CD44 regulates several signal-
ing pathways contributing to cancer progression,
including Notch, Hedgehog (HH), Wnt, STAT3, Hip-
po, JNK and RhoGTPase, and It is a co-receptor
involved in the signaling pathways of tyrosine ki-
nase receptors [23, 24]. In addition, CD44 is a key
mediator of adhesion between endothelial cells,
while playing an important role in pathological an-
giogenesis [25]. CD44 can also promote tumor pro-
liferation and evasion of immunity by stimulating
PD-L1 expression on the surface of tumor cells [26].
Cells coexpressing CD44 and ALDH, which is typ-
ical for squamous cell lung cancer, always exhibit
a high ability for self-renewal, increased migration
and tumorigenicity [27].

CD90 is a glycoprotein anchored by glycosylphos-
phatidylinositol, expressed mainly in leukocytes and
participates in cell-matrix and cell-cell interactions.
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Although CD90 is known as a marker for various
types of CSC, its potential role as a marker for NS-
CLC has not yet been fully described [11, 28]. It has
been reported that CD44 and CD90 coexpressed
CSC can be detected in primary pancreatic cancer
cell lines [19]. Mutations activating CD90 expres-
sion are not described in the literature, however, in
a mouse model it has been shown that DNA meth-
ylation plays a role in stimulating the expression
of this molecule. Serial xenotransplantation of Ep-
CAM+CD90+ NSCLC cells (adenocarcinoma and
squamous cell carcinoma) to mice with immunode-
ficiency revealed rapid growth of these cells during
heterotopic grafting [14].

CXCR4 is a chemokine receptor present on the
surface of hematopoietic stem cells involved in the
formation of premetastatic niches in the bone mar-
row [29]. The CXCR4/CXCL12 pathway plays a role
in tumor metastasis, induction of angiogenesis, and
development of resistance to apoptosis. Moreover,
CXCR4 is present on circulating tumor cells released
from tumors into peripheral blood, which induces
their spread to distant CXCL12-positive sites [30].
The expression of CXCR4 is regulated by the nuclear
respiratory factor NRF, a mutation in which can lead
to higher expression of CXCR4 [31]. CXCR4+ cells
isolated from NSCLC lines exhibited the properties
of CSC in vitro: they formed tumor spheroids, had
the ability to self-renew, and demonstrated radiation
resistance [32].

Taking into account the described properties of
CSC, their determination in tumors, in particular lung
tumors, is an urgent scientific and clinical task [11, 33].

Due to the fact that CSC markers can also be
expressed on normal stem cells necessary for
self-renewal and tissue regeneration, the belong-
ing of stem cells to tumor cells can be determined
not only by the expression of membrane mark-
ers, transcription factors and signaling pathways,
but also by the results of some functional tests,
which, despite their certain complexity, They are
informative, especially for research purposes, as
well as for conducting preclinical trials of potential
drugs aimed at CSC. In addition to the mentioned
spheroid formation test, organoids obtained from
patients with NSCLC can become a tool for such
studies, due to their ability to recreate the tissue
architecture and maintain genomic changes in
primary tumors during long-term in vitro growth

62

[34]. The organoid culture method allows CSC to
be propagated in vitro, reflecting the complexity of
tumor formation using tumor tissues. Moreover,
the culture of organoids allows for the functional
analysis of CSC, including their genetic engineering
using CRISPR/Cas9-mediated genome editing [35].
Organoids obtained from the patient can be used to
identify signs of CSC resistance to treatment. Most
organoid models for cancer research are applica-
ble to adenocarcinomas of different localizations
[36]. However, as the understanding of the mech-
anisms of tumor development expands, organoids
may become a more widely used tool [36]. Thus, in
combination with other in vivo experiments, such
as xenotransplantation of CSC, organoid cultures,
human CSC have high potential to improve under-
standing of cancer biology [37].

CSC-mediated resistance to treatment and the

possibility of overcoming it

Drug resistance has been described as one of the
most serious problems in the treatment of cancer,
while the multidrug resistance of CSC, which ensures
the chemoresistance of the tumor as a whole, is
considered the main reason for the ineffectiveness
of chemotherapy [38]. The mechanisms that cause
chemoresistance include ABC transporters, pumps
for efflux of chemotherapy drugs and ALDH1 [38].

CSC radioresistance develops due to the inhibi-
tion of apoptosis through the synthesis of antiapop-
totic proteins, increased DNA repair and the ability
to remove free radicals, slowing down the kinetics
of the cell cycle, and transformation of non-stem
tumor cells into CSC [39].

It is believed that the resistance of CSC to tra-
ditional radiation therapy and chemotherapy is as-
sociated with the activation of various signaling
pathways in them, such as: Wnt, Notch and Hedge-
hog, which are involved in increasing oncogenicity
and tumor invasiveness [40]. Currently, there is in-
creasing evidence that these pathways are being
deregulated and mutated in the CSC [41]. Aberrant
Whnt signaling is found in many cancers, including
NSCLC, especially adenocarcinomas [42], in which
Wnt-reactive cells demonstrated proliferative po-
tential and progression, which suggests that they
possess the characteristics of CSC [42]. A growing
number of publications confirm the association of
abnormal regulation of Notch signaling with vari-
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ous types of malignant neoplasms, including NS-
CLC. The Notch signaling pathway plays a role in
stem cell maintenance in NSCLC; aberration in this
pathway may lead to an increase in the number of
CSC resistant to platinum drug therapy [42]. It was
reported that the increased activity of Notch was
associated with the formation of tumor spheroids in
vivo [40]. The same authors associate Notch activity
with a worse prognosis in patients with adenocarci-
noma, which suggests a potential role of inhibition
of Notch activity as a new therapeutic approach [41].
In NSCLC, the Hedgehog pathway is closely related
to CSC [41, 42] and is involved in the formation of
tumor drug resistance to targeted, chemo- and ra-
diation therapy [42].

Some approaches to overcoming resistance me-
diated by OSC are also described in the literature.
Some combinations of chemo- and targeted drugs
have the property of inhibiting OSC in NSCLC, for
example, the combination of trifluorperazine with
gefitinib or cisplatin reduces the regulation of CD133
and CD44, reducing drug resistance and increasing
the response to therapy [43].

It was found that the miR-29c tumor suppressor
is significantly suppressed in radioresistant NSCLC
CSC, but this resistance was overcome by restoring
its expression, activating apoptosis, and suppress-
ing the regulation of Bcl-2 and Mcl-1 target genes
by this suppressor [44].

Yin and colleagues [45] conducted a study in
which they found that certain cells in the lungs,
called bronchoalveolar stem cells, transform into tu-
mor stem cells due to two factors: the lack of a pro-
tein that usually protects the cell from becoming
a tumor (Gprc5a), and exposure to nicotine-derived
substances. These cells have a set of special mark-
ers (SPA+, CC10+, EGFR+, Abcg2+), thanks to which
they can be updated. The researchers also found
that cancer can develop not only from these stem
cells, which underscores the need to study different
cell types to understand the mechanisms of lung
cancer development [45].

Approaches to the treatment of NSCLC

targeted at CSC

The development of drugs for targeted therapy of
oncological diseases is a consequence of the dis-
covery of specific molecular genetic targets and re-
ceptors responsible for progression and chemoresis-
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tance. The CSC associated with these processes are
considered in the literature as a promising target [46].

Three main approaches to CSC targeting have
been proposed: identification of new CSC biomark-
ers, modification of their microenvironment, and
sensitization to traditional medicines [8]. Combined
treatment methods have been found to be the most
effective [8, 9, 13—-15]. Makena et al. Other thera-
peutic approaches have been investigated, including
therapies that target dormant CSC and immunother-
apy, but noted that additional research is needed in
these new areas [8]. Dongre and Weinberg proposed
inducing reverse EMF as a potential therapeutic strat-
egy, representing promising approaches to reduce
the number of CSC inside tumors and increase their
sensitivity to various types of treatment, including
chemotherapy, radiotherapy and immunotherapy [10].

It is known that chelation of intracellular iron is
one of the targets of exposure to CSC, due to its
ability to successfully restrain cell proliferation, as
has been demonstrated in studies on models of
breast and pancreatic cancer. However, despite
these encouraging data, the efficacy and mecha-
nisms of action of iron chelation in the context of
squamous cell lung cancer remain poorly under-
stood, emphasizing the need for further research
in this area [47].

In the literature, increasing attention is being paid
to the role of miRNAs and long non-coding RNAs
(IncRNAs) in the regulation of transcription fac-
tors and pathways present in CSC [48]. It is known
that the miR-17-92 cluster, acting as a stimulator
of tumor growth, also has a noticeable effect on
the development of lung cancer, which leads to the
study of the relationship between microRNAs and
tumor development, definitely emphasizing their
important role in cancer biology. IncRNAs control
gene expression and are involved in the mainte-
nance and reproduction of CSC by activation of the
Wnt/B-catenin and IL6/STAT3 signaling pathways.
Consequently, IncRNAs can be used as predictors
of an unfavorable prognosis for cancer patients
and, thus, can play a major role in the eradication
of CSC [48].

It has been repeatedly noted in the literature that
the acquisition of "stemness" by NSCLC tumors
is a negative prognostic factor of survival. Loss
of PTEN expression, for example, has important
consequences for the NSCLC, and is also an inde-
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pendent prognostic factor for the overall surviv-
al of patients with NSCLC [49]. Similarly, patients
with stage IlIB/IV NSCLC with tumors enriched
with CD133+ lung cancer stem cells tend to have
a shorter progression-free survival after platinum
chemotherapy [16].

Nevertheless, a serious problem is the identifica-
tion of "silent" CSC, i.e., those that do not express
well-known markers by which they can be identified.
Conversely, many surface markers of CSC, such as
r2R4 and CD34, are also expressed by normal em-
bryonic or adult stem cells, while others, such as
CDA44 variants, are widely expressed even in normal
cells of various tissues [16]. Thus, the identification
of more specific markers of OSC remains a key goal
for the development of more effective treatment
strategies [16].

CSC and the tumor microenvironment

The tumor microenvironment consists of a va-
riety of non-malignant cells, including tumor-
associated macrophages (M1/M2), tumor-
infiltrating lymphocytes, including regulatory T
cells (Tregs), dendritic cells (DC), natural killer
cells (NK) and myeloid suppressor cells (MDSC).
These cells interact with each other and with tu-
mor cells, organizing an immune response, and
can influence the behavior of other cells in the
tumor microenvironment either by direct regulation
or with the help of produced mediators (cytokines,
chemokines) interacting with receptors. These
interactions can be mediated by both paracrine
and autocrine pathways, as well as activation of
co-inhibition or coactivation receptors. Cells are
able to modulate the secretion of chemokines and
cytokines with an imbalance between those that
perform suppressive and activating immune func-
tions. The source of intercellular communication
is a complex network of cytokines, chemokines,
growth factors, inflammatory mediators and en-
zymes. In general, the suppressive function of the
immune system prevails in the tumor microenvi-
ronment, and the process of its formation is called
"tumor immunoredition" [50, 51].

Some studies have also shown that CSC can
activate mechanisms that allow tumors to avoid
attacks from immune cells, for example, loss of
cancer antigen expression and activation of on-
cogenic pathways leading to the development
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of tolerance [52]. CSC can also contribute to the
creation of an immunosuppressive environment.
Some studies have demonstrated that CSC de-
rived from various solid tumors, including glio-
blastoma multiforme and melanoma, secrete
various immunosuppressive cytokines such as
IL-13, IL-10, TGF-B, GDF-15, PGE2 and galectin-3.
These cytokines can protect the tumor microen-
vironment from effector immune cells. CSC can
induce differentiation of mature DC or Treg by
transforming growth factor beta (TGF-B) [51]. The
tumor microenvironment (MO, TME) is an area
that can simultaneously regulate tumor develop-
ment and cell self-renewal. CSC can contribute
to the development of the local vascular network
and angiogenesis due to their production of vas-
cular endothelial growth factor (VEGF) [52]. MO
actively interacts with CSC, providing a basis
for the induction or differentiation of immune
cells that suppress tumor growth, including sup-
pressive macrophages (M2-type) or regulatory
T cells (Tregs) [51, 52]. In addition, the popula-
tion of tumor-associated macrophages (TAMSs)
increases the activity of transcription factors
such as Sox, Oct-4 and Nanog, which support the
CSC in a state of proliferation and self-renewal.
MDSCs are a heterogeneous group of immature
myeloid cells that play a role in immune response
and tissue remodeling. It has been shown that
MDSCs have proangiogenic activity and induce
the production of metalloproteinases, which can
contribute to the formation of "metastatic” nich-
es that facilitate the colonization of tissues by
tumor cells. The tumor microenvironment induces
differentiation of CD4+ T cells into various sub-
populations of T cells, such as Tregs and T-17
cells (Th17). The exact role of Th17 cells in tumor
immunity remains unclear, apparently depending
on the tumor stage and histological subtype. Inter-
estingly, recent reports suggest that Tregs, under
certain conditions, express IL-17, which, together
with hypoxia, plays a crucial role in the regulation
of cancer stem cells. However, the interactions
between CSC and Treg, which significantly contrib-
ute to the suppression of immunity in the tumor
microenvironment, are still poorly understood.
The location, type, density and functional sta-
tus of immune cells (T cells, B cells, NK cells, DC
cells, macrophages, neutrophils, monocytes and
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mast cells) in the immune microenvironment of
a tumor characterize its heterogeneity. Using sin-
gle-cell RNA sequencing technology, significant
differences between the immune microenviron-
ment of adenocarcinoma and squamous cell lung
cancer were confirmed [53]. This diversity affects
the occurrence, growth of tumors, as well as the
response to treatment. Therefore, many studies
have focused on studying the immune microenvi-
ronment of the tumor. Patients receiving neoad-
juvant chemotherapy had higher levels of PD-L1
expression and T-cell subpopulations than those
who did not receive neoadjuvant chemotherapy for
NSCLC [54]. In a study by Peng et al. [55] analysis
of 26 types of immune cells in the immunological
microenvironment of the tumor in 681 NSCLC sam-
ples showed that patients with low levels of im-
mune cells and a predominance of macrophages
in the tumor had a shorter recurrence-free survival.
The total proportion and characteristics of T cells
in a tumor are the main factors determining the
development of tumor progression. Depletion of
T cells occurs immediately after oncogene initi-
ation and is the cause of patients' insensitivity
to anti-PD-1/PD-L1 therapy. During the depletion
of T cells, inhibitory receptors such as CTLA-4,
TIM-3, LAG-3 and PD-1 are usually overexpressed
on T cells, and effector cytokines such as IFN-y
decrease [55].

It is known that the immune microenvironment of
a tumor can be altered by epigenetic immune edit-
ing. Epigenetic changes can be caused by inflam-
mation [56]. The hypoxia-adapted cellular phenotype
is maintained in the tumor microenvironment due
to the synergistic effect of epigenetic factors and
hypoxia-induced transcription factors (HIF). Under
conditions of hypoxia, intensive DNA methylation
and histone modification occur, which promotes
tumor growth, increases invasiveness and supports
the stemness of cancer cells [56].

Currently, tumor-associated macrophages (TAM)
are the most widely studied immunosuppressive
cells [55]. TAMs are collected at the site of inju-
ry after identification of chemokines, cytokines,
inflammatory mediators, pathogens, or damage-
related molecular structures (damps). There are
TAM phenotypes: M1 and M2. The M1 phenotype
is characterized by antitumor activity and, as
a rule, is represented by activated macrophages.
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After epigenetic reprogramming, M2 phenotype
macrophages are formed by differentiation and
polarization, which can potentially contribute to
the development of tumors [55]. Phenotypic M2
supports tumor stem cell populations by secreting
chemokines and ligands that activate stem cell
development pathways [57]. Enhanced methyla-
tion modifications and decreased chemokine ex-
pression in TAMs under hypoxic conditions alter
the immune landscape in TME [57]. It was found
that NEATT1 is highly expressed in lung cancer and
interacts with DNA methyltransferase DNMT1, reg-
ulating the infiltration of lung cancer by cytotoxic
T cells by inhibiting the cGAS/STING pathway [58].
The proliferation, differentiation and survival of T
cells depend on the activity of EZH2 enhancers,
which are important epigenetic regulators of gene
expression. It is noteworthy that GSK126, an EZH2
inhibitor, can stimulate the synthesis of Th1 chemo-
kines CXCL9 and CXCL10 in tumors and enhance
their infiltration by CD8+ T cells [59]. The pres-
ence of tumor-infiltrating B lymphocytes can be
observed at all stages of lung cancer development,
and it has been found that histone modification
can also increase B cell infiltration [56]. Epigenetic
suppression of NKG2DL in SCLC leads to the ab-
sence of stimulating signals for activation of NK
cells, thereby increasing the aggressiveness and
metastasis of SCLC [60].

These studies show that the tumor microenvi-
ronment plays an important role in the progression
of lung cancer. In particular, the condition of lung
cancer stem cells, which is influenced by epigen-
etic and immune changes in the tumor microenvi-
ronment, is an important cause of treatment resis-
tance and the development of cancer recurrence.
Potential targets for antitumor effects may be not
only molecules present in tumor cells, but also the
tumor microenvironment, primarily immune and
cytokine.

CONCLUSION

Understanding the biology of tumor stem cells
is one of the most important tasks in clinical on-
cology. Recent studies have shown that these cells
play a significant role in the development of solid
tumors, such as lung cancer, which is becoming
more common.
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The importance of tumor stem cells in lung can-
cer is manifested not only through their ability to
form tumors, but also through interaction with the
tumor microenvironment, which plays a critical role
in tumor development and its response to therapy.
The tumor microenvironment, consisting of immune
cells, fibroblasts, vascular network and extracellular
matrix, creates conditions that support the growth
and survival of tumor stem cells, and also contrib-
utes to the development of resistance to chemother-
apy and radiation therapy.

The integration of knowledge about the behav-
ior of tumor stem cells and interaction with their

microenvironment in the context of lung cancer
in clinical practice opens up new prospects for
improving treatment and prognosis of patients.
Understanding the molecular mechanisms that
regulate the activity and functionality of these
cells, as well as their interaction with the microen-
vironment, offers new opportunities for developing
treatments aimed at both suppressing the activity
of tumor stem cells and modifying the microenvi-
ronment to fight the tumor. Successful research in
this area may be the key to more effective control
of lung tumors and improving the quality of life

of patients.

References

Travis WD, Brambilla E, Burke AP, Marx A, Nicholson AG. Introduction to The 2015 World Health Organization Classification
of Tumors of the Lung, Pleura, Thymus, and Heart. J Thorac Oncol. 2015 Sep;10(9):1240-1242.
https://doi.org/10.1097/JT70.0000000000000663

2. Travis WD, Brambilla E, Riely GJ. New pathologic classification of lung cancer: relevance for clinical practice and clinical
trials. J Clin Oncol. 2013 Mar 10;31(8):992-1001. https://doi.org/10.1200/JC0.2012.46.9270

3. Dietel M, Bubendorf L, Dingemans AMC, Dooms C, EImberger G, Garcia RC, et al. Diagnostic procedures for non-small-cell
lung cancer (NSCLC): recommendations of the European Expert Group. Thorax. 2016 Feb;71(2):177-184.
https://doi.org/10.1136/thoraxjnl-2014-206677

4. Kerr KM, Bibeau F, Thunnissen E, Botling J, RySka A, Wolf J, et al. The evolving landscape of biomarker testing for non-small
cell lung cancer in Europe. Lung Cancer. 2021 Apr;154:161-175. https://doi.org/10.1016/j.lungcan.2021.02.026

5. Giroux-Leprieur E, Costantini A, Ding VW, He B. Hedgehog Signaling in Lung Cancer: From Oncogenesis to Cancer Treat-
ment Resistance. Int J Mol Sci. 2018 Sep 19;19(9):2835. https://doi.org/10.3390/ijms19092835

6. Ahmad A, Maitah MY, Ginnebaugh KR, Li Y, Bao B, Gadgeel SM, et al. Inhibition of Hedgehog signaling sensitizes NSCLC
cells to standard therapies through modulation of EMT-regulating miRNAs. J Hematol Oncol. 2013 Oct 7;6(1):77.
https://doi.org/10.1186/1756-8722-6-77

7. LiF,ZhouK, Gao L, Zhang B, Li W, Yan W, et al. Radiation induces the generation of cancer stem cells: A novel mechanism
for cancer radioresistance. Oncol Lett. 2016 Nov;12(5):3059-3065. https://doi.org/10.3892/0l.2016.5124

8. MakenaMR,Ranjan A, ThirumalaV,Reddy AP. Cancer stem cells: Road to therapeutic resistance and strategies to overcome
resistance. Biochim Biophys Acta Mol Basis Dis. 2020 Apr 1;1866(4):165339. https://doi.org/10.1016/j.bbadis.2018.11.015

9. Ahmed M, Chaudhari K, Babaei-Jadidi R, Dekker LV, Shams Nateri A. Concise Review: Emerging Drugs Targeting Epithelial
Cancer Stem-Like Cells. Stem Cells. 2017 Apr;35(4):839-850. https://doi.org/10.1002/stem.2579

10. Dongre A, Weinberg RA. New insights into the mechanisms of epithelial-mesenchymal transition and implications for can-
cer. Nat Rev Mol Cell Biol. 2019 Feb;20(2):69-84. https://doi.org/10.1038/s41580-018-0080-4

11. Testa U, Castelli G, Pelosi E. Lung Cancers: Molecular Characterization, Clonal Heterogeneity and Evolution, and Cancer
Stem Cells. Cancers (Basel). 2018 Jul 27;10(8):248. https://doi.org/10.3390/cancers10080248

12. Barr MP, Gray SG, Hoffmann AC, Hilger RA, Thomale J, O’Flaherty JD, et al. Generation and characterisation of cisplatin-re-
sistant non-small cell lung cancer cell lines displaying a stem-like signature. PLoS One. 2013;8(1):e54193.
https://doi.org/10.1371/journal.pone.0054193

13. Kim WT, Ryu CJ. Cancer stem cell surface markers on normal stem cells. BMB Rep. 2017 Jun;50(6):285-298.
https://doi.org/10.5483/bmbrep.2017.50.6.039

14.

Zhang WG, Shyh-ChangN, YangH, Rai A,UmashankarS,Ma S, et al. Glycine decarboxylase activity drives non-small cell lung can-
cer tumor-initiating cells and tumorigenesis. Cell. 2012 Jan 20;148(1-2):259-272. https://doi.org/10.1016/j.cell.2011.11.050

66



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

20.

30.

31.

32.

33.

34.

35.

l0xHo-Poccuitckuii onkonornyeckuii xypHan 2024. T. 5, N 4. C. 58-70

Xapare3oB [I. A., AHToHsiH A. A.™, 3naTHuk E. 10., CaraksHy A. b., Mup3osH 9. A., AlipaneToBa T. [, Nleiiman W. A., Munakun A. I, Ctatewblii 0. H., Mozedu K. .,
Xomupos M. A., Anekcees 3. A. Ponb onyxonesbiX CTBOMOBbIX KNETOK 1 MMMYHHOFO MUKPOOKPY)XEHWUS B NaToreHese paka Nerkoro: MexaHuaMbl B3aMMOAeicTBus
1 NepcneKTUBbI UCCNeA0BaHUIA

Herreros-Pomares A, de-Maya-Girones JD, Calabuig-Farifias S, Lucas R, Martinez A, Pardo-Sanchez JM, et al. Lung tumor-
spheres reveal cancer stem cell-like properties and a score with prognostic impact in resected non-small-cell lung cancer.
Cell Death Dis. 2019 Sep 10;10(9):660. https://doi.org/10.1038/s41419-019-1898-1

Ohnishi S, Maehara O, Nakagawa K, Kameya A, Otaki K, Fujita H, et al. hypoxia-inducible factors activate CD133 promoter
through ETS family transcription factors. PLoS One. 2013;8(6):e66255. https://doi.org/10.1371/journal.pone.0066255
Eramo A, Lotti F, Sette G, Pilozzi E, Biffoni M, Di Virgilio A, et al. Identification and expansion of the tumorigenic lung cancer
stem cell population. Cell Death Differ. 2008 Mar;15(3):504-514. https://doi.org/10.1038/sj.cdd.4402283

Alamgeer M, Peacock CD, Matsui W, Ganju V, Watkins DN. Cancer stem cells in lung cancer: Evidence and controversies.
Respirology. 2013 Jul;18(5):757-764. https://doi.org/10.1111/resp.12094

Hou YC, Chao YJ, Hsieh MH, Tung HL, Wang HC, Shan YS. Low CD8+ T Cell Infiltration and High PD-L1 Expression Are
Associated with Level of CD44+/CD133+ Cancer Stem Cells and Predict an Unfavorable Prognosis in Pancreatic Cancer.
Cancers (Basel). 2019 Apr 15;11(4):541. https://doi.org/10.3390/cancers11040541

Godar S, Ince TA, Bell GW, Feldser D, Donaher JL, Bergh J, et al. Growth-inhibitory and tumor- suppressive functions of p53
depend on its repression of CD44 expression. Cell. 2008 Jul 11;134(1):62-73. https://doi.org/10.1016/j.cell.2008.06.006
Leung ELH, Fiscus RR, Tung JW, Tin VPC, Cheng LC, Sihoe ADL, et al. Non-small cell lung cancer cells expressing CD44 are
enriched for stem cell-like properties. PLoS One. 2010 Nov 19;5(11):€14062. https://doi.org/10.1371/journal.pone.0014062
Roudi R, Madjd Z, Korourian A, Mehrazma M, Molanae S, Sabet MN, et al. Clinical significance of putative cancer stem cell
marker CD44 in different histological subtypes of lung cancer. Cancer Biomark. 2014;14(6):457-467.
https://doi.org/10.3233/cbm-140424

Bourguignon LYW. Hyaluronan-mediated CD44 activation of RhoGTPase signaling and cytoskeleton function promotes
tumor progression. Semin Cancer Biol. 2008 Aug;18(4):251-259. https://doi.org/10.1016/j.semcancer.2008.03.007
Orian-Rousseau, Sleeman J. CD44 is a multidomain signaling platform that integrates extracellular matrix cues with growth
factor and cytokine signals. Adv Cancer Res. 2014;123:231-254. https://doi.org/10.1016/B978-0-12-800092-2.00009-5
Ludwig N, Szczepanski MJ, Gluszko A, Szafarowski T, Azambuja JH, Dolg L, et al. CD44(+) tumor cells promote early an-
giogenesis in head and neck squamous cell carcinoma. Cancer Lett. 2019 Dec 28;467:85-95.
https://doi.org/10.1016/j.canlet.2019.10.010

Kong T, Ahn R, Yang K, Zhu X, Fu Z, Morin G, et al. CD44 Promotes PD-L1 Expression and Its Tumor-Intrinsic Function in
Breast and Lung Cancers. Cancer Res. 2020 Feb 1;80(3):444-457. https://doi.org/10.1158/0008-5472.CAN-19-1108
Masciale V, Grisendi G, Banchelli F, D’Amico R, Maiorana A, Sighinolfi P, et al. CD44+/EPCAM+ cells detect a subpopulation
of ALDHhigh cells in human non-small cell lung cancer: A chance for targeting cancer stem cells? Oncotarget. 2020 Apr
28;11(17):1545-1555. https://doi.org/10.18632/oncotarget.27568

Hardavella G, George R, Sethi T. Lung cancer stem cells-characteristics, phenotype. Transl Lung Cancer Res. 2016
Jun;5(3):272-279. https://doi.org/10.21037/tlcr.2016.02.01

Eckert F, Schilbach K, Klumpp L, Bardoscia L, Sezgin EC, Schwab M, et al. Potential Role of CXCR4 Targeting in the Context
of Radiotherapy and Immunotherapy of Cancer. Front Immunol. 2018;9:3018. https://doi.org/10.3389/fimmu.2018.03018
Trautmann F, Cojoc M, Kurth |, Melin N, Bouchez LC, Dubrovska A, et al. CXCR4 as biomarker for radioresistant cancer stem
cells. Int J Radiat Biol. 2014 Aug;90(8):687-699. https://doi.org/10.3109/09553002.2014.906766

Gzil A, Zarebska I, Bursiewicz W, Antosik P, Grzanka D, Szylberg t.. Markers of pancreatic cancer stem cells and their clini-
cal and therapeutic implications. Mol Biol Rep. 2019 Dec;46(6):6629-6645. https://doi.org/10.1007/s11033-019-05058-1
Jung MJ, Rho JK, Kim YM, Jung JE, Jin YB, Ko YG, et al. Upregulation of CXCR4 is functionally crucial for maintenance of
stemness in drug-resistant non-small cell lung cancer cells. Oncogene. 2013 Jan 10;32(2):209-221.
https://doi.org/10.1038/0nc.2012.37

De Francesco EM, Sotgia F, Lisanti MP. Cancer stem cells (CSCs): metabolic strategies for their identification and eradica-
tion. Biochem J. 2018 May 9;475(9):1611-1634. https://doi.org/10.1042/BCJ20170164

Barkauskas CE, Chung M, Fioret B, Gao X, Katsura H, Hogan BLM. Lung organoids: current uses and future promise. De-
velopment. 2017 Mar 15;144(6):986-997. https://doi.org/10.1242/dev.140103

Matano M, Date S, Shimokawa M, Takano A, Fujii M, Ohta Y, et al. Modeling colorectal cancer using CRISPR-Cas9-mediated
engineering of human intestinal organoids. Nat Med. 2015 Mar;21(3):256-262. https://doi.org/10.1038/nm.3802

67



South Russian Journal of Cancer 2024. Vol. 5, No. 4. P. 58-70

Kharagezov D. A., Antonyan A. A.®, Zlatnik E. Yu., Sagakyants A. B., Mirzoyan E. A., Ayrapetova T. G., Leyman I. A., Milakin A. G., Stateshny 0. N., lozefi K. D.,
Homidov M. A., Alekseev E. A. The role of tumor stem cells and the immune microenvironment in the pathogenesis of lung cancer: mechanisms of interaction
and research prospects

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

68

Nagle PW, Plukker JTM, Muijs CT, van Luijk P, Coppes RP. Patient-derived tumor organoids for prediction of cancer treat-
ment response. Semin Cancer Biol. 2018 Dec;53:258-264. https://doi.org/10.1016/j.semcancer.2018.06.005

Shimono Y, Mukohyama J, Isobe T, Johnston DM, Dalerba P, Suzuki A. Organoid Culture of Human Cancer Stem Cells. Meth-
ods Mol Biol. 2019;1576:23-31. https://doi.org/10.1007/7651_2016_13

Kusumbe AP, Bapat SA. Cancer stem cells and aneuploid populations within developing tumors are the major determinants
of tumor dormancy. Cancer Res. 2009 Dec 15;69(24):9245-9453. https://doi.org/10.1158/0008-5472.CAN-09-2802
Arnold CR, Mangesius J, Skvortsova I, Ganswindt U. The Role of Cancer Stem Cells in Radiation Resistance. Front Oncol.
2020;10:164. https://doi.org/10.3389/fonc.2020.00164

Kumar V, Vashishta M, Kong L, Wu X, Lu JJ, Guha C, et al. The Role of Notch, Hedgehog, and Wnt Signaling Pathways in the
Resistance of Tumors to Anticancer Therapies. Front Cell Dev Biol. 2021;9:650772.
https://doi.org/10.3389/fcell.2021.650772

Yang L, Shi P, Zhao G, Xu J, Peng W, Zhang J, et al. Targeting cancer stem cell pathways for cancer therapy. Signal Trans-
duct Target Ther. 2020 Feb 7;5(1):8. https://doi.org/10.1038/s41392-020-0110-5

Vasileva MV, Khromova NV, Boichuk SV, Kopnin PB. The effect of NOTCH1 knockdown on the phenotype of human lung
and colon cancer stem cells. Advances in Molecular Oncology. 2024;11(2):97-105. (In Russ.).
https://doi.org/10.17650/2313-805X-2024-11-2-97-105, EDN: RXXWTD

Yeh CT, Wu ATH, Chang PMH, Chen KY, Yang CN, Yang SC, et al. Trifluoperazine, an antipsychotic agent, inhibits cancer
stem cell growth and overcomes drug resistance of lung cancer. Am J Respir Crit Care Med. 2012 Dec 1;186(11):1180-1188.
https://doi.org/10.1164/rccm.201207-11800C

Arechaga-Ocampo E, Lopez-Camarillo C, Villegas-Sepulveda N, Gonzalez-De la Rosa CH, Perez-Afiorve IX,
Roldan-Perez R, et al. Tumor suppressor miR-29c regulates radioresistance in lung cancer cells. Tumour Biol. 2017
Mar;39(3):1010428317695010. https://doi.org/10.1177/1010428317695010

Yin H, Jing B, Xu D, Guo W, Sun B, Zhang J, et al. Identification of Active Bronchioalveolar Stem Cells as the Cell of Origin in
Lung Adenocarcinoma. Cancer Res. 2022 Mar 15;82(6):1025-1037. https://doi.org/10.1158/0008-5472.CAN-21-2445
Saygin C, Matei D, Majeti R, Reizes O, Lathia JD. Targeting Cancer Stemness in the Clinic: From Hype to Hope. Cell Stem
Cell. 2019 Jan 3;24(1):25-40. https://doi.org/10.1016/j.stem.2018.11.017

Lang J, Zhao X, Wang X, Zhao Y, Li Y, Zhao R, et al. Targeted Co-delivery of the Iron Chelator Deferoxamine and a HIF1a In-
hibitor Impairs Pancreatic Tumor Growth. ACS Nano. 2019 Feb 26;13(2):2176-2189.
https://doi.org/10.1021/acsnano.8b08823

Dong L, Lyu X, Faleti OD, He ML. The special stemness functions of Tbx3 in stem cells and cancer development. Semin
Cancer Biol. 2019 Aug;57:105-110. https://doi.org/10.1016/j.semcancer.2018.09.010

Tang JM, He QY, Guo RX, Chang XJ. Phosphorylated Akt overexpression and loss of PTEN expression in non-small cell lung
cancer confers poor prognosis. Lung Cancer. 2006 Feb;51(2):181-191. https://doi.org/10.1016/j.lungcan.2005.10.003
Zou W. Immune regulation in the tumor microenvironment and its relevance in cancer therapy. Cell Mol Immunol. 2022
Jan;19(1):1-2. https://doi.org/10.1038/s41423-021-00738-0

Oh SA, Wu DC, Cheung J, Navarro A, Xiong H, Cubas R, et al. PD-L1 expression by dendritic cells is a key regulator of T-cell
immunity in cancer. Nat Cancer. 2020 Jul;1(7):681-691. https://doi.org/10.1038/s43018-020-0075-x

Zhang D, Tang DG, Rycaj K. Cancer stem cells: Regulation programs, immunological properties and immunotherapy. Semin
Cancer Biol. 2018 Oct;52(Pt 2):94-106. https://doi.org/10.1016/j.semcancer.2018.05.001

Wang C, Yu Q, Song T, Wang Z, Song L, Yang Y, et al. The heterogeneous immune landscape between lung adenocarcinoma
and squamous carcinoma revealed by single-cell RNA sequencing. Signal Transduct Target Ther. 2022 Aug 26;7(1):289.
https://doi.org/10.1038/s41392-022-01130-8

Shestopalov AV, Kit Ol, Zabolotneva AA, Zlatnik EY, Maksimov AYu, Novikova A et al. Alkylresorcinols as a New Type of
Gut Microbiota Regulators Influencing Immune Therapy Efficiency in Lung Cancer Treatment. Advanced Gut & Microbiome
Research. 2023. https://doi.org/10.1155/2023/2333767, EDN: ZIVEKT

Sagakyants AB, Teplyakova MA, Vladimirova LYu, Bondarenko ES, Zlatnik EYu, Novikova IA, et al. Features of the population
remaining of peripheral blood immune cells in patients with non-small cell lung cancer during immunotherapy with differ-
ent effectiveness. Modern problems of science and education. 2023;2:87. (In Russ.). https://doi.org/10.17513/spno.32545,
EDN: EWBINE



l0xHo-Poccumitckuii onkonornyeckuii xypHan 2024. T. 5, N 4. C. 58-70

Xapare3oB [I. A., AHToHsiH A. A.™, 3naTHuk E. 10., CaraksHy A. b., Mup3osH 9. A., AlipaneToBa T. [, Nleiiman W. A., Munakun A. I, Ctatewblii 0. H., Mozedu K. .,
Xomupos M. A., Anekcees 3. A. Ponb onyxonesbiX CTBOMOBbIX KNETOK 1 MMMYHHOFO MUKPOOKPY)XEHWUS B NaToreHese paka Nerkoro: MexaHuaMbl B3aMMOAeicTBus
1 NepcneKTUBbI UCCNeA0BaHUIA

56. Karin M, Shalapour S. Regulation of antitumorimmunity by inflammation-induced epigenetic alterations. Cell Mol Immunol.
2022 Jan;19(1):59-66. https://doi.org/10.1038/s41423-021-00756-y

57. Teplyakova MA, Vladimirova LYU, Popoval L, Lyanova AA, Abramova NA, Storozhakova AE, et al. Cytokine profiles of periph-
eral blood in patients with non-small cell lung cancer receiving anti-PD1 therapy. Journal of Clinical Oncology. 2022;40(16).
https://doi.org/10.1200/JC0.2022.40.16_suppl.e21068, EDN: RDAZOV

58. MaF, LeiYY,Ding MG, Luo LH, Xie YC, Liu XL. LncRNA NEAT1 Interacted With DNMT1 to Regulate Malignant Phenotype of
Cancer Cell and Cytotoxic T Cell Infiltration via Epigenetic Inhibition of p53, cGAS, and STING in Lung Cancer. Front Genet.
2020;11:250. https://doi.org/10.3389/fgene.2020.00250

59. Huang S, Wang Z, Zhou J, Huang J, Zhou L, Luo J, et al. EZH2 Inhibitor GSK126 Suppresses Antitumor Immunity by Driving
Production of Myeloid-Derived Suppressor Cells. Cancer Res. 2019 Apr 15;79(8):2009-2020.
https://doi.org/10.1158/0008-5472.CAN-18-2395

60. Zhu M, Huang Y, Bender ME, Girard L, Kollipara R, Eglenen-Polat B, et al. Evasion of Innate Immunity Contributes to Small
Cell Lung Cancer Progression and Metastasis. Cancer Res. 2021 Apr 1;81(7):1813-1826.
https://doi.org/10.1158/0008-5472.CAN-20-2808

Information about authors:

Dmitrii A. Kharagezov - Cand. Sci. (Med.), MD, Head of the Department of Thoracic Oncology, National Medical Research Centre for Oncology,
Rostov-on-Don, Russian Federation
ORCID: https://orcid.org/0000-0003-0640-2994, SPIN: 5120-0561, AuthorID: 733789, ResearcherID: AAZ-3638-2021, Scopus Author ID: 56626499300

Artur A. Antonyan = - PhD student of the 1st year, National Medical Research Centre for Oncology, Rostov-on-Don, Russian Federation
ORCID: https://orcid.org/0000-0001-6449-7026, ResearcherlD: JWQ-0734-2024

Elena Yu. Zlatnik - Dr. Sci. (Med.), MD, Professor, Chief Researcher, Laboratory of Inmunophenotyping of Tumors, National Medical Research Centre
for Oncology, Rostov-on-Don, Russian Federation
ORCID: https://orcid.org/0000-0002-1410-122X, SPIN: 4137-7410, AuthorID: 327457, ResearcherID: AAI-1311-2020, Scopus Author ID: 6603160432

Alexander B. Sagakyants - Cand. Sci. (Biol.), head of the Laboratory of Immunophenotyping of Tumors, National Medical Research Centre for
Oncology, Rostov-on-Don, Russian Federation
ORCID: https://orcid.org/0000-0003-0874-5261, SPIN: 7272-1408, AuthorlID: 426904, ResearcherID: M-8378-2019, Scopus Author ID: 24329773900

Ellada A. Mirzoyan - Cand. Sci. (Med.), MD, oncologist, researcher at the Department of Thoracic Oncology, National Medical Research Centre for
Oncology, Rostov-on-Don, Russian Federation
ORCID: https://orcid.org/0000-0002-0328-9714, SPIN: 2506-8605, AuthorID: 1002948, ResearcherID: AAZ-2780-2021, Scopus Author ID: 57221118516

Tamara G. Ayrapetova - Cand. Sci. (Med.), MD, oncologist at the Department of Thoracic Oncology, National Medical Research Centre for Oncology,
Rostov-on-Don, Russian Federation
ORCID: https://orcid.org/0000-0001-5287-5800, SPIN: 8121-4039, AuthorID: 794672

Igor A. Leyman - Cand. Sci. (Med.), MD, oncologist at the Department of Thoracic Oncology, National Medical Research Centre for Oncology,
Rostov-on-Don, Russian Federation
ORCID: https://orcid.org/0000-0003-2572-1624, SPIN: 2551-0999, AuthorID: 735699

Anton G. Milakin —= MD, oncologist at the Department of Thoracic Oncology, National Medical Research Centre for Oncology, Rostov-on-Don,
Russian Federation
ORCID: https://orcid.org/0000-0002-2589-7606, SPIN: 7737-4737, AuthorID: 794734, Scopus Author ID: 57192109933

Oleg N. Stateshny - MD, oncologist at the Department of Thoracic Oncology, National Medical Research Centre for Oncology, Rostov-on-Don,
Russian Federation
ORCID: https://orcid.org/0000-0003-4513-7548, SPIN: 9917-1975, AuthorID: 1067071

Kristian D. lozefi — MD, thoracic surgeon at the Department of Thoracic Oncology, National Medical Research Centre for Oncology, Rostov-on-Don,

Russian Federation
ORCID: https://orcid.org/0000-0002-5351-3251, SPIN: 1232-3097, AuthorID: 1122592, ResearcherID: AAZ-3632-2021

69



South Russian Journal of Cancer 2024. Vol. 5, No. 4. P. 58-70

Kharagezov D. A., Antonyan A. A.®, Zlatnik E. Yu., Sagakyants A. B., Mirzoyan E. A., Ayrapetova T. G., Leyman I. A., Milakin A. G., Stateshny 0. N., lozefi K. D.,
Homidov M. A., Alekseev E. A. The role of tumor stem cells and the immune microenvironment in the pathogenesis of lung cancer: mechanisms of interaction
and research prospects

Mekhrullokhodzha A. Homidov - PhD student, National Medical Research Centre for Oncology, Rostov-on-Don, Russian Federation
ORCID: https://orcid.org/0000-0003-0645-0937, SPIN: 1950-8737, AuthorID: 1067071, ResearcherID: JFK-3888-2023

Eduard K. Alekseev - MD, resident doctor, National Medical Research Centre for Oncology, Rostov-on-Don, Russian Federation
ORCID: https://orcid.org/0009-0007-4982-5491, Researcher|D: JWP-6340-2024

Contribution of the authors:

Kharagezov D. A., Zlatnik E. Yu. - scientific management;

Antonyan A. A. - writing the draft; material processing;

Sagakyants A. B., Mirzoyan E. A., Ayrapetova T. G., Leyman I. A., Milakin A. G., Stateshny O. N. lozefi K. D., Homidov M. A., Alekseev E. K. - data
collection, analysis, technical editing, bibliography design.

70





