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Abstract. The relevance of this study is conditioned by the widespread use of stem cells in
veterinary medicine, a wide range of studies and ambiguous data on the oncoprotective properties
of stem cells of different origins. In this regard, the purpose of this study was to investigate the
course of the tumour process in Lewis lung carcinoma and the specific features of the effect of
allogeneic mesenchymal stem cells of red bone marrow culture on it. The leading approach to
investigating this problem was the method of modelling Lewis lung carcinoma in C57BL6 mice and
the use of stem cells. The use of allogeneic mesenchymal stem cells from the bone marrow culture
of C57BL6 mice with transplanted epidermoid metastatic carcinoma of the Lewis lung contributed
to the activation of the tumour process. Under the influence of allogeneic mesenchymal stem cells
of red bone marrow culture from Day 14 to Day 24 of the study, the body weight of mice decreased
by 7.0-12.1% (P <0.05) compared to the control, the diameter of the primary tumour increased by
1.43-1.51 times (P < 0.05), which is conditioned by the activation of primary tumour growth. The
number of lymphocytes as producers of vascular growth factor in primary tumour tissue under the
influence of allogeneic mesenchymal stem cells of red bone marrow culture significantly increased
by 1.47 and 1.52 times on Day 18 of the experiment compared to animals of the control group
and placebo (P <0.05), respectively. This promoted angiogenesis in the primary tumour node and
metastasis through the circulatory system. After administration allogeneic mesenchymal cells of
red bone marrow culture to mice, a larger volume of lung metastases was recorded, which was
41.52%+7.9 mm?® compared to the values in the control and placebo groups, respectively, 17.94+6.59
and 16.43+5.32 mm3. The morphological picture of the histological sections of the primary tumour
of Lewis lung carcinoma confirms all the signs of qualitative and quantitative indicators of its
progression. The findings obtained are of both theoretical and practical value for clinical veterinary
medicine on the use of allogeneic bone marrow mesenchymal stem cells in tumour processes
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Introduction

Mesenchymal stem cells (MSCs) are multipo-
tent stem cells with significant potential for
differentiation and self-renewal. The therapeu-
tic properties of MSCs are associated with the
potential for transdifferentiation, secretion of
trophic factors, and immunomodulation. MSCs
differentiate into numerous mesenchymal cell
lineages, including adipocytes, osteocytes,
chondrocytes, pericytes, and fibroblasts. Ac-
cording to H. Yang et al. (2022), they are also
able to transform into epithelial (endodermal)
and neural (ectodermal) lineages, into hepato-
cytes under certain conditions of in vitro cul-
ture, and are involved in maintaining tissue
structure and controlling inflammation.
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Overall, MSCs have a beneficial effect
through immunomodulatory regulation and
paracrine mechanisms. Y. Xia et al. (2023) re-
port that MSCs have been shown to have a
therapeutic effect in many diseases, such as
myocardial infarction, liver cirrhosis, limb is-
chaemia, nervous injury, among others. In gen-
eral, MSCs maintain tissue integrity as the key
regulators of tissue homeostasis. Apart from
their normal distribution in individual organs,
they accumulate in damaged tissues, promot-
ing tissue regeneration. In response to tissue
damage, MSCs are mobilised from their niches
by relevant signals and migrate to take part in
tissue regeneration and remodelling. Certain
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cultivation factors and body functioning condi-
tions can increase their intake into the blood-
stream and damaged tissues. It is also known
that MSCs can be localised together and form
the core of blood clots, which leads to circulato-
ry disorders. In addition, L. Frisbie et al. (2022)
note that MSCs are tumourigenic due to their
reproductive properties and the ability to pro-
voke acute or chronic immunogenicity of cells
as foreign agents in the body.

The development and progression of a
tumour is determined not only by the tumour
cells involved, but also by the tumour microen-
vironment. The cell populations surrounding
tumours can interact indirectly or directly with
tumour cells and significantly affect their func-
tions and properties. In particular, MSCs play an
important role in tumour development, demon-
strating various variants of intercellular inter-
action through cytokines, chemokines, growth
factors, which can ultimately trigger the forma-
tion of a tumour stem cell pool (TSCP) or the
reproduction of new tumour cell populations.

X.Xuan et al. (2021) reported that MSCs had
multifaceted effects on tumour cells, mainly
promoting tumour growth through their role in
regulating inflammation and tissue repair. Ac-
cording to G. Zhang et al. (2020), mesenchymal
stem cells support tumour growth through var-
ious mechanisms, including promotion of drug
resistance, activation of metastasis, pro-angio-
genic effects, enrichment of the cancer stem cell
niche, and high immuno-inhibitory properties.

According to G. Guo et al. (2021), MSCs also
affect the survival and stemness of tumour cells
and promote the growth of the tumour vascu-
lature, produce angiogenic factors, and differ-
entiate into pericytes. Mesenchymal stem cells
promote tumour cell motility and secrete cy-
tokines (IL-6), chemokines (CXCL1, CXCL2, and
CXCL12), and several matrix metalloproteinas-
es that facilitate tumour cell migration. Accord-
ing to C.R. Harrell et al. (2021), they have an

important immunomodulatory function, which
is primarily immunosuppressive. M. Timaner et
al. (2020) suggest that MSCs can enhance the
resistance of tumour cells to anticancer drugs,
at least in part, by releasing exosomes contain-
ing numerous mediators, including microRNAs,
which can alter the properties of tumour cells.
Thus, in most studies, MSCs have a pro-tumour
effect, but there are studies that have shown
that they can also exert an anti-tumour effect
by inhibiting Wnt signalling, suppressing angi-
ogenesis, stimulating inflammatory cell infil-
tration, inducing cell cycle arrest and cause ap-
optosis. Z. Chen et al. (2021) proved that IFN-
is synthesised by adipose tissue-derived MSCs
cultured at high cell density, which reduces the
growth of breast cancer cells - MCF-7.

Y. Stepanov et al. (2021) found that the
route of administration of mesenchymal stem
cells — intramuscular or intravenous — also has
an impact on tumour growth and angiogenesis.
Specifically, intramuscular transplantation of
placenta-derived stem cells slows down prima-
ry tumour growth and angiogenesis compared
to the control on Day 15 of the study, while
intravenous injection of stem cells stimulates
these processes. On Day 23 of the tumour pro-
cess, no significant changes in tumour growth
were observed in animals of both groups, in
contrast to angiogenesis, which was slowed or
activated, respectively. The number and volume
of metastases in both groups of animals was
higher than in the control. These findings sug-
gest a bidirectional effect on the development
of the tumour process in the early period of de-
velopment. However, regardless of the route of
MSC transplantation, tumour progression, and
activation of metastasis are evident.

To obtain enough material for transplan-
tation, scientists have developed methods to
activate the proliferation of stem cells during
in vitro cultivation. Thus, A. Mazurkevych et
al. (2021) propose to activate proliferation using
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different concentrations of insulin-like growth
factor (IGF-1), growth hormone (rhGH), fibro-
blast growth factor (FGF-2), and biolaminin 521
LN. The findings obtained upon the use of stem
cell growth activators were ambiguous, name-
ly, IGF-1 had a positive effect on proliferative
activity, while the effect of rhGH decreased the
proliferative index. However, both growth fac-
tors did not affect genetic changes in cells.

Thus, considering the numerous and am-
biguous results found in the study of the effect
of MSCs on the tumour process, the study of
carcinogenesis, metastasis, changes in the skel-
etal muscle of mice with transplanted Lewis
lung carcinoma under the influence of alloge-
neic mesenchymal stem cells of bone marrow
culture is a relevant issue.

The aim of the study is to determine the
effect of allogeneic mesenchymal stem cells on
the oncological process in the experimental re-
production of Lewis lung carcinoma.

Literature Review

The principal mechanisms of MSCs influence
on the oncological process include stimula-
tion of angiogenesis; changes in the biolog-
ical properties of tumour cells, specifically
sensitivity to apoptosis induction; effect on
immunocompetent cells, modulation of ep-
ithelial-mesenchymal transition. X. Li et
al. (2022) noted that carcinoma growth can be
considered the result of a “war” or “alliance”
due to the intercellular signalling observed
between different cell types. Cancer cells se-
crete chemokines and cytokines, such as CCL2
and TGF-B, which are involved in the activa-
tion and retention of mononuclear inflamma-
tory cells and tumour-associated fibroblasts,
as well as in the carcinogenic transformation
of macrophages. Furthermore, as noted by
N. Wu et al. (2020), a complex and dynamic
interaction occurs after stromal cell reten-
tion. MSCs play a key role as they interact with
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stromal cells and cancer. The multidirectional
signals between these cells are mediated by
soluble factors, integrins (apoptotic bodies,
microvesicles and exosomes), which leads to
a special nanocommunication between dif-
ferent types of tumour cells. G. Jothimani et
al. (2022) proved that exosomes, the smallest
subgroup of EVs (30-150 nm in diameter), are
surrounded by a protein-phospholipid bilayer
membrane, and its lumen partially repeats the
contents of the parent cell (DNA, microRNA,
matrix RNA (mRNA), growth factors, nucleic
acids, chemokines, and cytokines).

G. Jothimani et al. (2022) found that under
physiological conditions, MSCs produce many
exosomes (MSCs-Ex). MSC-Ex include a power-
ful set of molecules, including more than 150
different microRNAs and more than 850 unique
gene products. Thus, MSC-Ex can induce vari-
ous cellular responses in a wide range of cells
that are responsible for modulating many phys-
iological functions. In the study by S. Guo et
al. (2021) found that MSCs are recipients of im-
pulses from the tumour, but thanks to MSC-EX,
MSCshave the ability tointeract with several cell
types in the tumour microenvironment, there-
by inducing phenotypic and functional changes
that can have a significant impact on tumour
growth. Similar to MSCs, some types of MSCs-
Ex exhibit the ability to support and induce
tumour growth, metastasis and invasion, while
other MSCs-Ex have antitumour effects, which
are related to their origin and tumour type.

Lewis lung carcinoma is a spontaneous
tumour isolated from C57BL/6 Margaret Lewis
mice and maintained by subcutaneous or in-
tramuscular transplantation since 1951 and is
widely used in experimental pathology. In the
subcutaneous transplantation of Lewis lung
carcinoma culture cells, both the primary tu-
mour and its metastases showed a comparable
histological aspect. The primary tumour (pri-
mary tumour node) is formed at the transplant
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site, penetrating the border subcutaneous tis-
sue and muscles. The primary tumour contains
large cells without clear differentiation — un-
differentiated carcinoma. The cells are large,
rounded or irregularly shaped with an eosino-
philic cytoplasm and usually a large, rounded
nucleus. Atypical mitoses were recorded in each
field of view of the slide. In the primary tumour
and its metastases, giant cells with one or more
hyperchromatic nuclei were detected. Exten-
sive necrosis of the central area of the tumour
was recorded. The presence of a thin, unevenly
distributed fibrillar stroma can be observed by
staining with Gomori reticulin.

H. Kuroda et al. (2021) proved that mesen-
chymal stem cells are localised in breast car-
cinoma, where they are incorporated into the
tumour-associated stroma. However, the in-
volvement of MSCs, including their derivatives,
in the pathophysiology of carcinoma has not
been considered. The authors found that hu-
man bone marrow-derived MSCs, when added
to mildly metastatic mammary tumour cells,
cause a significant increase in the metastatic
activity of cancer cells. If this cellular mixture is
injected into the subcutaneous area, the forma-
tion of a xenograft tumour is recorded. Breast
carcinoma cells increase the de novo supply of
the chemokine CCL5 from MSCs, which subse-
quently has a paracrine effect on cancer cells,
stimulating their invasion, motility and me-
tastasis. This enhanced metastatic capacity
is reversible and depends on CCL5 signalling
through the chemokine receptor CCR5. Tak-
en together, these data provide evidence that
the tumour microenvironment promotes the
spread of metastases, causing reversible chang-
es in the phenotype of cancer cells.

L. Sun et al. (2020) noted that current thera-
peutic strategies for cancer treatment are usual-
ly insufficient to completely destroy malignant
cells, as cancer stroma cells are therapeutical-
ly resistant. E. Sahai et al. (2020) found that

cancer-associated fibroblasts (CAFs) primarily
represent a heterogeneous type of stromal cell
and are important components of the tumour
microenvironment (TME). CAFs are the most
common type of stromal cells that contribute to
tumour progression through specific intracel-
lular mechanisms and their ability to influence
other cell types. Recent studies have highlight-
ed a new function of CAF in the remodelling of
TMEs, which contributes to tumour progression
and affects treatment response through various
molecular mechanisms. The complex mecha-
nism of CAF activity, which promotes tumour
development, can be used to improve the effi-
ciency of diagnostic and therapeutic procedures.

Materials and Methods

The experiments were conducted on the basis
of the scientific laboratory of the Department
of Animal Biochemistry and Physiology named
after Academician M.F. Gulyi of the NUBiP of
Ukraine during 2019-2023 on male mice of the
C57Bl/6 line. The mice were 2.0-2.5 months old
and weighed 19.0-22.0 g. Mices were kept under
standard vivarium conditions with natural light
on a full diet, with water freely available. The
study followed the ARRIVE guidelines and was
conducted according to the guidelines of the
EU Directive 2010/63/EU on the protection of
animals used for scientific purposes (Directive
2010/63/EU..., 2010; Percie du Sert et al., 2020).

For the experimental studies, the tumour
process of Lewis lung carcinoma (LCC), which
metastasises to the lungs, was modelled. For
this, Lewis lung epidermoid carcinoma cells
were used, which were obtained from the cell
bank of human and animal tissue lines of the
R.E. Kavetsky Institute of Experimental Pathol-
ogy, Oncology and Radiobiology of the National
Academy of Sciences of Ukraine (Kyiv).

Before transplantation, Lewis lung carci-
noma cells were cultured under standard con-
ditions in Dulbecco’s Modified Eagle Medium
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(DMEM) with 3-5% foetal bovine serum (FBS)
and 1% antibiotic antimycotic (Sigma, USA).
Cultivation was carried out in a CO, incubator
at absolute humidity, 37°C and 5% CO, After
forming a monolayer of cells, the biomaterial
was seeded and cultured under analogous con-
ditions to obtain a sufficient number of cells for
transplantation. Cells were suspended using
detergents under the control of an inverted Carl
Zeiss 40 microscope (Germany).

Obtaining allogeneic mesenchymal cells of
red bone marrow culture (BM-AMSCs). These
cells were obtained by washing out red bone
marrow from the femoral diaphysis of C57/
Bl6 mice. Primary material and early passage
cells were cultured in disposable plastic culture
dishes (Sarstedt, Germany) under standard con-
ditions. The accumulated cellular material was
passaged to obtain the required number of cells
for transplantation (Kladnytska et al., 2020).
The obtained mesenchymal stem cells were an-
alysed by flow cytometry, and the cells were in-
cubated with PE Anti-Mouse CD90.2 (30-H12)
antibody (Becton Dickinson, New Jersey, USA)
at a dilution of 1:200, according to the manufac-
turer’s instructions (Donnenberg et al., 2013).
Data were analysed on a BD FACS Aria cell sort-
er (Becton Dickinson) using BD FACS Diva 6.1.2
software. A 488 nm laser and 585/42 nm filter
were used (Robinson et al., 2023).

The mesenchymal stem cells of the red
bone marrow culture of the 3rd passage were
tested for viability. The viability of BM-derived
aMSCs was determined by staining with trypan
blue. A 0.4% aqueous solution of trypan blue
(Sigma, USA) was added to the cell suspension,
and the mixture was incubated for 2 min. Tryp-
an blue stains dead cells or non-viable cells
with damaged membranes blue. The resulting
cell suspension was examined in a Goryaev
chamber, and under low magnification, live
(unstained) cells, as well as dead and damaged
(blue) cells were visually counted.
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Scheme of the experiment. Lewis lung car-
cinoma cells were transplanted into male C57/
B16 mice in the thigh muscle area in the amount
of 10* cells in 0.5 cm® of phosphate-buffered
saline. From the moment of cancer initiation,
C57/Bl6 mice were divided into three groups.
The first group included mice with transplanted
Lewis lung carcinoma; the second group includ-
ed mice with transplanted Lewis lung carcino-
ma, which were injected with BM-derived AM-
SCs in the amount of 1.25x10* on Day 8 after
tumour cell transplantation. The third group in-
cluded mice with transplanted Lewis lung car-
cinoma, which were injected with 0.89% NaCl
solution (placebo effect).

The course of the tumour process of Lew-
is lung carcinoma (LLC) was characterised by
standard indicators: weight of animals in the
experimental groups, latent period of the pri-
mary tumour node, parameters of the primary
tumour at different periods of tumour growth,
the number of mice in the group with lung
metastases, the average number of metastases
per animal, tumour volume and infiltration of
the primary tumour by lymphocytes were de-
termined.

To isolate the mononuclear cell fraction,
the method of separating cells of homogenized
tumour tissue in a ficoll density gradient was
used. The tumour tissue (2 g) from the exper-
imental groups was homogenised. In a centri-
fuge tube, the tumour tissue homogenate was
carefully layered onto ficoll (p=1.119 g/mL) and
centrifuged at 1,500 rpm. A layer of lympho-
cytes was collected over the entire cross-sec-
tional area of the tube above the fraction of the
ficoll solution, transferred to a clean centrifuge
tube, added to Hanks’ solution, and precipitat-
ed by centrifugation. The supernatant was re-
moved, and the resulting precipitate was resus-
pended in a certain volume of Hanks’ solution.
The number of lymphocytes was counted in a
Goryaev chamber.
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Histological preparations were made to in-
vestigate the microscopic structure of muscle
tissue at the site of Lewis lung carcinoma pri-
mary tumour localisation under the influence
of BM-derived AMSCs. For this, fragments of
skeletal muscles of the pelvic limb were sepa-
rated with a sharp blade from the central and
peripheral parts of the primary tumour node.
Samples were kept for 5 days in a 10% aqueous
solution of neutral formalin for fixation. The
samples were then rinsed in running water and
dehydrated in alcohols of increasing concen-
tration, compacted, and embedded in paraffin
on wooden blocks. Sections of skeletal muscle
tissue 5-8 pum thick were made on a sled mi-
crotome MPS-2. Prepared sections were stained
with Carazzi haematoxylin and eosin (Horal-
skyi et al., 2016). Histological specimens were
used to investigate the structure of skeletal
muscles at the site of her Lewis lung carcinoma.
The area of the tumour parenchyma, vessels,
tissue devitalisation areas, and necrotic lesions
was calculated by the “point count” method us-
ing a Carl Zeiss 40 light-optical binocular mi-
croscope (Germany), a Weibel grid for measure-
ments, a MBI-2 microscope and a MOV-1-15*
eyepiece micrometer, and UTHSCSA Image Tool
software for Windows 7 (version 3.0).

The results were statistically analysed us-
ing ANOVA analysis of variance. The results are
presented as x+SD (mean *standard deviation).
The reliability of the data obtained was assessed
by the F-criterion, considering the Bonferroni
correction, with a significance level of P <0.05.

Results and Discussion

To conduct the experiment, prior to the study,
work was done to obtain mesenchymal stem
cells from red bone marrow culture for trans-
plantation. According to the author’s findings
(Kladnytska et al., 2020), red bone marrow
aspirate from the femur and humerus of the
limbs of C57/Bl6 mice served as the primary

material for obtaining cells with high prolif-
erative activity. The red bone marrow aspirate
obtained under sterile conditions was put into
centrifuge tubes, phosphate-buffered saline
was added and pipetted. Next, the cell sus-
pension was precipitated by centrifugation at
300 g for 20 minutes. The supernatant was re-
moved, and Dulbecco’s modified Eagle medium
(DMEM) was added to the cell pellet. The cells
were suspended and placed in culture dishes
for cultivation. The cell suspension was sup-
plemented with 10-15% foetal bovine serum
(FBS); 10 upL/cm® of antibiotic-antimycotic
and cultured in a CO, incubator. Cells cultured
in vitro have discrete properties compared
to conventional cells and therefore require a
suitable growth medium system. The nature of
various environmental factors has a substan-
tial impact on cells in culture. Most often, it
is the type of substrate in which cells grow,
the components of the culture medium, such
as nutrients, chemical and physical properties
of the medium, the use of biologically active
substances (hormones and growth factors),
the temperature of culture incubation, and the
manipulations with cells that are provided for
by the procedure of obtaining. Subculturing
a culture can cause morphological and func-
tional changes when the actual cultured cells
change their shape, size, nuclear-cytoplasmic
ratio, properties, and the use of such a graft
can lead to false results.

The process of cultivation, preservation,
and storage of stem cells involves the use of re-
agents that are not chemically neutral for bio-
logical objects. M. Awan et al. (2020) noted that
dimethyl sulphoxide, which is used as a cryo-
protectant to ensure the integrity of cell orga-
noids, is toxic and affects the biological proper-
ties of the preserved material. Thus, stem cells
obtained under different culture conditions,
using additional factors to stimulate prolifer-
ation, differ in their biological and functional
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properties, and in our opinion, they can have
different effects in the recipient’s body.

Thus, the choice of culture medium, the ad-
dition of growth factors for the cultured cells,
and the culture conditions are crucial steps in
maintaining cell proliferation and vital activity,
as well as in preserving the actual morphology
and function of the cultured cells. The first ad-
herent cells appeared in the culture dishes after
24-48 hours of cultivation. On Day 3 of cultiva-
tion, the formation of mesenchymal stem cell
colonies was recorded (Fig. 1).

Figure 1. Colonies of mesenchymal
stem cells of red bone marrow culture,

Day 3 of cultivation
Notes: native preparation: red bone marrow culture
stem cells, x 100
Sourse: developed by the author of this study

As Figure 2 shows, mesenchymal stem
cells adhered to the surface of the culture plas-
tic are spread out over the surface and in con-
tact with each other. Under these conditions,
contact inhibition of cell proliferation begins,
and therefore when the monolayer was 90-
100% confluent, a 0.25% solution of trypsin
and ethylenediaminetetraacetic acid (EDTA)
was added to the culture and left in a thermo-
stat at +37°C for 2 min.

Screening of red bone marrow culture MSC
characteristics. Analysis of cytometry data re-
vealed CD90 expression in 69% of cells in the
31 passage. During the study of the viability of
red bone marrow MSCs, it was found that 98%
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of the cells did not pass the dye through the
cytoplasmic membrane and did not stain blue,
which confirms the integrity of the cell mem-
brane and their viability. The findings obtained
using the flow cytometry method confirmed
that the red bone marrow MSC culture met the
criteria for MSCs according to the recommen-
dations of the International Society for Cell
Therapy (Dominici et al., 2006; Choudhery et
al., 2022).V.V.Kovpak & O.S. Kovpak (2018) em-
phasise that it is important to verify the quality
and confirm the characteristics of the obtained
cellular material, as this affects its proliferative
and functional properties.

Figure 2. Mesenchymal stem cells
of red bone marrow culture,
Day 12 of cultivation, monolayer
Notes: native preparation: red bone marrow culture
stem cells, x 100
Sourse: developed by the author of this study

Mesenchymal stem cells are involved in nu-
merous physiological processes, including or-
ganogenesis, tissue regeneration or repair, and
maintenance of tissue homeostasis. G. Guo et
al.(2021) recognise that MSCs playanimportant,
dual, and complex role in cancer pathophysiol-
ogy through their ability to limit or promote tu-
mour progression. Specifically, in gastric cancer,
mesenchymal stem cells inhibit the function
of normal killer cells through signalling mol-
ecules and thus activate tumour progression.

According to C.R. Harrell et al. (2021), MSCs
interact with the tumour microenvironment,
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modulate tumour cell behaviour, affect their
functions, and promote the formation of dis-
tant metastases through the secretion of me-
diators, modulation of the immune response,
and regulation of intercellular interactions.
This dynamic system is capable of inducing
the formation of immunoprivileged tissue
niches or the development of new tumours,
which occurs as a result of the differentiation
and proliferation of stem cells into tumour-as-
sociated fibroblasts and tumour stem cells. At
the same time, MSCs have therapeutic effects,
including anti-inflammatory, anti-tumour, an-
tioxidant or antiproliferative effects. L. Fris-
bie et al. (2022) reported the ability of MSCs
to selectively migrate and penetrate tumour
sites. The interaction between tumour cells
and non-malignant cells in the tumour mi-
croenvironment is a crucial factor in the course
of the tumour process. Stromal, immune, en-
dothelial cells, MSCs, which are involved in
complex bidirectional cross-interaction with

malignant tumour cells, play a crucial role in
the directed formation and functioning of the
entire microenvironment of tumour tissue.
Mesenchymal stem cells are reprogrammed by
tumour cells into carcinoma-associated MSCs,
which can differentiate into almost all stromal
sublines, adipocytes, tumour-associated fibro-
blasts, and myofibroblasts. Carcinoma-associ-
ated mesenchymal stem cells and fibroblasts
secrete most of the extracellular matrix in the
tumour microenvironment and promote tu-
mour growth and metastasis.

After transplantation of Lewis lung carci-
noma cells into C57/B16 mice, the time of pri-
mary tumour formation in animals of all three
groups was almost the same and amounted to
8.2 £0.40 days, 8.0 £0.35 days, and 8.2 #0.40
days, respectively. The body weight of mice
with LLC under the influence of BM-AMSCs on
Day 14 of the study significantly decreased by
13% (P <0.05) compared to animals of the first
and third groups (Table 1).

Table 1. Indicators of tumour diameter and body weight in experimental mice, M*m, n=9

TRe Tt Group 1 Group 2 Group 3

growth

period,  body welght jimerer, PO giomergr, DO WS giamrer

mm mm mm

8 21.4+0.4 4.8%0.2 20.2+0.7 5.0+0.2 21.3+£0.4 4.9£0.3
11 21.3%0.5 5.3%0.5 19.9£0.6 7.3£0.2%* 21.4%+0.3 5.2%0.5
14 21.4%+0.2 6.2+0.7 18.7+£0.6** 9.5+0.4** 21.3+0.5 6.3+0.5
18 20.6%0.8 8.1£0.4 18.1+0.4** 12.3+0.3** 20.4%0.6 8.2+0.4
24 19.1£0.4 8.9+0.4 17.7+£0.3** 12.8+0.2** 19.6+0.4 8.5%0.4

Notes: *— P<0.05, **—- P<0.01, ***- P<0.001 relative to the data in the control group, " — P<0.05, ** — P<0.01, """ -

P<0.001 relative to the data in the placebo group
Source: developed by the author of this study

The body weight of mice in the experimen-
tal groups was inversely correlated with the size
of the primary tumour node (Table 1). Accord-
ing to the findings, on Day 18 of the study, the
tumour diameter increased 1.50 times in mice

under the influence of MSCs, and body weight
decreased by 12.1% (P < 0.05) compared to the
control group. Under the influence of MSCs,
the diameter of the tumour in mice increased
by 1.50 times, while the body weight of the
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animals decreased by 11.3% (P<0.05) compared
to the placebo group.

Subsequently, on Day 24 of the experiment,
the dynamics of changes in animal body weight
and growth of the primary tumour node was
maintained. Significant changes in body weight
and diameter of the primary tumour node in
mice under the influence of MSCs were record-
ed. According to the findings of the study, on
Day 24 of the experiment, the tumour diameter
in mice under the influence of MSCs increased
by 1.43 times, and the body weight of the ani-
mals decreased by 7.3% (P < 0.05) compared to
the animals of the control group. The tumour
diameter in mice under the influence of MSCs
increased by 1.51 times, while the body weight
of the animals decreased by 9.7% (P < 0.05)
compared to the placebo group. Indicators of
animal body weight and tumour diameter of
group 3 did not significantly differ from those
of group 1, which demonstrates the absence of
the effect of 0.89% NaCl solution on the promo-
tion of LLC in the classical course.

Z.Jiang et al. (2023) noted that tumour-as-
sociated macrophages are the main inflam-
matory component of the stroma of many
tumours, which can affect various aspects of
neoplastic tissue. It is pericytes located be-
tween capillary endothelial cells and the base-
ment membrane that perform the vasomotor
function of capillaries, support tissue and organ
microcirculation, induce macrophage polarisa-
tion, form a pre-metastatic niche, and are an
essential component of the tumour microen-
vironment. S.S. Davidson et al. (2020), using
RNA sequencing, investigated the diversity
of tumour stromal cells at different stages of
tumour development. Thus, stromal compart-
ments were identified in murine melanoma and
draining lymph nodes (LN) in the locations of
tumour formation. Existing lymphocytes from
the lymph nodes are activated and cloned with-
in the tumour, while tumour-associated mye-
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loid cells contribute to the formation of a sup-
pressive niche. The authors of the publication
emphasised the identification of three tempo-
rally distinct populations of stromal cells that
demonstrated unique functional characteris-
tics. According to their data, “immune” stromal
cells predominate in the early stages of tumour
development, and the population of “contrac-
tile” cells increases in the later stages of tumour
progression. The C3 component of complement
is specifically expressed in the immune popula-
tion. It was found that its degradation product
C3a engages C3aR+ macrophages, and changes
in C3a and C3aR affect immune infiltration, in-
hibiting tumour development.

Numerous studies have shown that mac-
rophages in the tumour microenvironment
promote angiogenesis, matrix remodelling,
and suppression of adaptive immunity, which
at the final stage activates the tumour pro-
cess. H. Kuroda et al. (2021) found a positive
correlation between an increase in tumour-as-
sociated macrophages and a poor prognosis
for patients. The researchers point out the
significance of the tumour microenvironment.
Specifically, an increase in the number of mac-
rophages in the tumour stroma activates in-
tercellular interaction and leads to activation
of tumour growth.

Tumour-associated lymphocytes are in-
volved in angiogenesis as producers of vascular
endothelial growth factor (VEGF). An increase
in the number of tumour-associated lympho-
cytes confirms the acceleration of the process
of vascularisation of the primary tumour and,
as a result, metastasis through the circulatory
system. The obtained results show analogous
data. The number of lymphocytes in the pri-
mary tumour tissue under the influence of
red bone marrow-derived aMSCs significantly
increased by 1.47 and 1.52 times on Day 18,
respectively, compared to animals of the con-
trol group and placebo, respectively (P <0.05).
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Table 2. The number of lymphocytes
in primary tumour tissue, x10%/g tumour tissue, M+m, n=9

Tumour growth period,
days 1
Day 18 1.83+0.35
Day 24 2.13%0.23

Group of mice

2 3
2.72%0.11** 1.79+0.29
2.83+0.35*" 2.11%0.15

Notes: *— P<0.05, **- P<0.01, ***- P<0.001 relative to the data in the control group, " — P<0.05, ** — P<0.01, """ -

P<0.001 relative to the data in the placebo group
Source: developed by the author of this study

Comparable results were obtained on
Day 24 of the development of the primary tu-
mour node of Lewis lung carcinoma. The num-
ber of lymphocytes in the primary tumour tissue
under the influence of red bone marrow-de-
rived aMSCs on day 24 significantly increased
by 1.33 and 1.34 times compared to control and
placebo animals, respectively (P < 0.05). This
suggests that MSCs create the conditions for
vascularisation of the tumour node, and as a re-
sult, metastasis by haematogenous means, and,
accordingly, activation of the tumour process.

These results are in line with the findings
of a study on primary tumour metastasis to the
lungs. Notably, in mice of group 2 with LLC, un-
der the influence of red bone marrow-derived
aMSCs, the process of lung metastasis was ac-
celerated. This is confirmed by a significantly
larger volume of lung metastases, which was
41.52+ 7.9 mm3 (P < 0.05) compared with the
indicators of animals of groups 1 and 3, where
they were 17.94%6.59 and 16.43+5.32 mm3, re-
spectively. Thus, in mice with Lewis lung carci-
noma, transplantation of red bone marrow-de-
rived aMSCs significantly affected the process
of metastasis and promoted the active transi-
tion of lung metastases to the vascular stage.

It was found that MSCs demonstrate high
plasticity and undergo functional changes
in different microenvironments. Mesenchy-
mal stromal cells are considered to be one
of the important components of the tumour
microenvironment that induce tumour devel-
opment. Y. Miyazaki et al. (2021) found that

MSCs do not inherently promote tumour de-
velopment, but they acquire tumourigenic
properties when exposed to components of
the tumour microenvironment. In this con-
text, various elements of the tumour microen-
vironment that affect the biological character-
istics of MSCs through complex interactions
are considered: tumour cells, pro-inflam-
matory factors, immune cells, extracellular
matrix, and hypoxia. The researchers noted
that in pancreatic ductal adenocarcinoma,
cancer-associated fibroblasts are a key com-
ponent of the proliferating tumour stroma.
It was found that adipose tissue culture stem
cells can differentiate into separate subtypes
of cancer-associated fibroblasts depending
on the culture conditions in vitro. Therefore,
the identification of potential markers of can-
cer-associated fibroblast subtypes will enable
the investigation of the mechanisms of the
latter’s influence on tumorigenesis.

J. Liu et al. (2020) summarised the data
on the multifaceted therapeutic functions
of MSCs, but in general, they are able to bal-
ance the regenerative and inflammatory mi-
croenvironment of the affected tissue in the
case of severe inflammation. The interaction
between MSCs and the immune system was
demonstrated by changes in the activity of
B lymphocytes. MSCs can induce the forma-
tion of regulatory B cells through intercellular
contact, soluble factors, and extracellular ves-
icles. Thus, these cells can complement each
other’s immunomodulatory functions.
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H. Gu et al. (2022) noted that extracellular
vesicles have a substantial impact on MSCs in
the tumour microenvironment, as they carry a
variable range of molecules, such as RNA, and
can therefore induce reprogramming of MSCs
by exosomal oncogenic factors. Exosomes de-
rived from MSCs from various sources, includ-
ing adipose tissue, bone marrow, umbilical
cord, and human olfactory bulbs, showed inhi-
bition of proliferation, migration, and invasion
of colorectal cancer cells through regulation of
the RAP2B/PI3K/AKT and ITGA2/ITGA®6 signal-
ling pathways.

J. Kim et al. (2021) investigated methods
for obtaining highly purified exosomes from
human umbilical cord MSCs and bovine foetal
serum based on ultracentrifugation and a tan-
gential flow filtration system. Exosomes de-
rived from human umbilical cord MSCs based
on the tangential flow method demonstrated a
high angiogenic effect and faster wound heal-
ing by 71.4% and 23.1%, respectively.

P. Bule et al. (2021) showed that MSCs are
exposed to components of the tumour mi-
croenvironment and can induce angiogenesis
through numerous proangiogenic factors. It
was found that after treatment of MSCs with
conditioned medium collected from tumour
cells, the amount of proangiogenic factors
in the tumour microenvironment (mRNA of
TGF-B, VEGF, IL-6 and MIP-2) increased. The
authors noted that chemokines - chemotactic
cytokines — coordinate the exchange between
cells in the tumour microenvironment, affect
metastasis, angiogenesis, cancer cell prolifera-
tion, invasiveness and stemness, and therefore
are key dominants in the development of the
disease. Many chemokine receptor inhibitors
targeting various chemokine signalling path-
ways are currently being evaluated to modulate
the tumour microenvironment and optimise
the immune response to overcome patient re-
sistance to chemotherapy. A. Birbrair (2020)
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reported that MSCs, when interacting with the
tumour microenvironment, can directly pro-
mote the growth and migration of tumour cells,
suppress anti-tumour immunity, and contrib-
ute to angiogenesis and overall tumour promo-
tion. Thus, the data presented in this paper on
the involvement of MSCs in tumour vasculari-
sation both in vivo and in vitro coincide with the
findings of the above studies.

However, there are well-known scientif-
ic studies by H. Gu et al. (2021), which proved
that MSCs can effectively inhibit tumour pro-
gression. The effect of exosomes from MSCs
on hepatocellular carcinoma stem cells in vitro
was investigated. As a result, it was proved that
exosomes derived from MSCs block the “malig-
nant behaviour” of hepatocellular carcinoma
stem cells due to a considerable reduction in
their proliferation, migration, invasion, stim-
ulation of angiogenesis, and self-renewal. This
suggests the need to consider the conditions
of the experiment. Under these conditions, the
MSCs were not exposed to the tumour microen-
vironment, because the duration of co-culti-
vation of MSCs with carcinoma cells does not
provide the interaction of microenvironmental
factors that occurs in vivo. In vivo hypoxia con-
ditions in tissues also have an impact on tu-
mour development.

S. Bagheri-Mohammadi et al. (2020) per-
formed the application of human adipose tissue
culture MSCs transfected with TSP-1 factor as a
vector therapy for melanoma in mice. As not-
ed above, MSCs affect the tumour process due
to their localisation in the microenvironment
of tumour tissue. When allogeneic MSCs were
injected into bone marrow cultures of animals
with Lewis lung carcinoma, the microscopic
structure of muscle tissue was noticeably dif-
ferent from that of the control group at all peri-
ods of observation.

Under the influence of bone marrow cul-
ture MSCs on Day 18 of the study in C57Bl6
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mice, the progression of tumour growth in skel-
etal muscles was found to be greater compared
to its spontaneous development. The histolog-
ical sections revealed that the primary tumour
of Lewis lung carcinoma consisted of polymor-
phic round and oval cells. A nucleus with a large
nucleolus occupied almost the entire cell and
contained a nucleolus (Fig. 3).

Figure 3. Skeletal muscle of the mouse during
the development of primary Lewis lung
carcinoma tumour using allogeneic MSCs of

red bone marrow culture, Day 18 of the study
Notes: Histological preparation: 1 — nucleus occupying
the entire cell with a large nucleolus; 2 — oval-shaped
LLC cells; 3 - longitudinal section of skeletal muscle;
4 — daughter cell of the primary tumour growth. Carazzi
hematoxylin and eosin staining, x 400
Sourse: developed by the author of this study

The primary tumour tissue is formed by
atypical cells of predominantly round and oval
shapes with intensely basophilic large nuclei.
The tumour did not have a distinct stroma,
which confirms a high degree of its anapla-
sia. The nuclei of the cells are large, the vast
majority of them have a distinct nucleus. The
cytoplasm of all tumour cells was intensively
stained with Carazzi haematoxylin, which con-
firms active processes of RNA and, accordingly,
protein synthesis. Single giant multinucleated
tumour cells were detected. There were signs
of metastasis by extension and hematogenous
metastasis. These signs are typical for the most
malignant tumours and indicate active growth
of tumour tissue and progression of the pro-
cess. On histological sections on Day 18 of the

study, under the influence of BM-AMSCs, ac-
tive metastasis by extension was recorded: the
penetration of LLC cells between muscle fibres
from the primary tumour node, which formed
daughter metastases, was recorded (Fig. 3).
There were also relatively large foci of haem-
orrhage and necrosis of tumour tissue, which
were mainly localised in the central part of the
tumour, but sometimes also in the peripheral
areas (Figs. 4, 5).

Figure 4. Skeletal muscle of the mouse during
the development of primary Lewis lung
carcinoma tumour using allogeneic MSCs of
red bone marrow culture, Day 18 of the study
Notes: Histological preparation: 1 — mitosis; 2 — light
areas of the nucleus — chromatin; 3 — haemorrhage;
4 — tissue necrosis. Carazzi haematoxylin and eosin

staining, x 200
Sourse: developed by the author of this study

Figure 5. Skeletal muscle of the mouse during
the development of primary Lewis lung
carcinoma tumour using allogeneic MSCs of
red bone marrow culture, Day 18 of the study
Notes: Histological preparation: 1 — blood vessel; 2 —
multinucleated cell; 3 — karyolysis. Carazzi haematoxylin

and eosin staining, x 200
Sourse: developed by the author of this study
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Notably, on Day 18 of the study, the den-
sity of blood vessels in the tumour tissue un-
der the influence of BM-derived aMSCs was
1.4 times higher than in the control and placebo
groups. The specific gravity of parenchyma de-
creased compared to the control group and was
65.5%2.3% (P<0.05). The specific gravity of ne-
crosis areas was almost 2 times higher than that
of the control group and amounted to 25.7 +4.2
(P <0.05). The studied morphological features
of LLC tumour tissue are fully confirmed by the
data obtained on the progression of the primary
tumour, activation of the lung metastasis un-
der the influence of BM-AMSCs. Studies have
shown that MSCs can stimulate the growth of
cancer cells and angiogenesis of the primary
tumour. In breast and prostate tumours, ac-
cording to T.E. Krueger et al. (2019), MSCs also
increased the amount of proangiogenic factors
such as VEGF, MIP-2, IL-6, and TGF-pB. These
factors, as noted by F. Ah-Pine et al. (2023), in-
duced tumour cell proliferation and angiogene-
sis, which substantially accelerated the rate of
tumour development in vitro and in vivo.

Thus, the progression of tumour growth
depends entirely on multidirectional signals
of soluble factors and intercellular interaction
of the tumour microenvironment. Allogeneic
MSCs are actively embedded in the tumour
stroma, produce exosomes containing many
gene products that have an ambiguous effect
on a wide range of cells, their phenotype, bio-
logical function, induce active cellular respons-
es, and create conditions for nanoconnection of
tumour microenvironment components. As a
result of this interaction, we observed progres-
sion of tumour growth, active vascularisation of
tumour tissue, acceleration of metastasis, and
its transition to the vascular stage.

Conclusions

The use of allogeneic mesenchymal stem cells
from bone marrow culture in C57BL6 mice with
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Lewis epidermoid metastatic lung carcinoma
promoted the activation of the tumour process.
After transplantation of Lewis lung carcinoma
cells, the period of primary tumour formation
in animals of all three groups was practically
the same and was 8.2+0.40 days, 8.0+0.35 days,
and 8.2 £0.40 days, respectively. Under the in-
fluence of allogeneic MSCs of red bone marrow
culture from Day 14 to Day 24 of the study,
the weight of mice decreased by 7.0-12.1%
(P<0.05) compared to the control, the diameter
of the primary tumour increased by 1.43-1.51
times (P <0.05), which is associated with the ac-
tivation of primary tumour growth. On Day 18
of the experiment, the number of tumour-as-
sociated lymphocytes increased by 1.47 and
1.52 times compared to the control and place-
bo groups, respectively (P < 0.05). Analogous
results were obtained on Day 24 of growth of
the primary Lewis lung carcinoma tumour. This
suggests that MSCs create the conditions for
accelerating the vascularisation of the primary
tumour and, as a result, metastasis through the
circulatory system. Under the influence alloge-
neic mesenchymal stem cells of bone marrow
culture in mice, the process of lung metastasis
was accelerated. This is confirmed by a signifi-
cantly larger volume of lung metastases, which
was 1.52+7.9 (P<0.05) compared with the an-
imals of the first and third groups, in which
these indicators were 17.94 # 6.59 mm?® and
16.43+5.32 mm?, respectively. The morpholog-
ical picture of the histological sections of the
primary tumour of Lewis lung carcinoma con-
firms all the signs of qualitative and quantita-
tive indicators of its progression. Under the in-
fluence of bone marrow culture MSCs on Day 18
of the study in C57Bl6 mice, the progression of
the primary tumour in skeletal muscle tissue
was found compared to its spontaneous devel-
opment. The histological sections revealed that
the primary tumour of Lewis lung carcinoma
consisted of polymorphic round and oval cells
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with an intensely basophilic large nucleus and
a nucleolus that occupied almost the entire cell.
The cytoplasm of all tumour cells was inten-
sively stained with Carazzi haematoxylin, which
confirms active processes of RNA and, accord-
ingly, protein synthesis. Single giant multinu-
cleated tumour cells were detected. The tumour

tral part. These signs are typical for the most
malignant tumours and indicate active growth
of tumour tissue and progression of the process.

In the future, it is planned to determine the
influence of allogeneic stem cells from the cul-
ture of adipose and nervous tissue on the tumor
process.

did not have a distinct stroma, which confirms

a high degree of its anaplasia. There were signs Acknowledgements
of metastasis by extension and hematogenous  None.
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AHoTanig. AKTYaabHICTh MOCTI[KeHHS 3yMOBJIeHa WIMPOKMM BUKOPMCTAHHSIM CTOBGYPOBUX
KJIiTMH y BeTepuHapii Ta MeAMUIIMHi, BeJMKUM CIIEKTPOM MAOC/i’KeHb Ta HeOLHO3HAYHUMMU
JaHMMM 100 OHKOIPOTEKTOPHMUX BJIACTMBOCTEI CTOBOYPOBUX KJIITUH Pi3HOTO IOXOMKEHHS. A
TOMY, MeTa Ipe/ICTaBlIeH0i HaYKOBOi po6OTHU CTOCYBaIacs MOC/TiIKeHHs Iepebiry myxXJIMHHOTO
MpoIlecy 3a KapiMHOMM JiereHi JIbloic Ta OCOGAMBOCTE!l BIIMBY HAa HBOTO QJIOTEHHUX
Me3eHXiMHMX CTOBOYPOBMX KJIiTHH KYJIbTYPU YePBOHOTO KiCTKOBOTO MO3KY. [IpOBifHMM MiAX0m0M
IOCTiIKeHHS 11iei Mpo6eMy € MeTOM, MOZETI0BaHHS KapiMHoMM jiereHi JIbioic B mutieit C57BL6
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Ta 3aCTOCYBaHHS TPU IIbOMY CTOBOYPOBUX KIITMH. BUKOPUCTAHHSI aJIOTEHHUX Me3eHXiMHUX
CTOBOYPOBUX KITITUH KyJIbTypU KiCTKOBOrO MO3Ky wmuiieii C57BL6 3 TpaHCIZIaHTOBAaHOIO
enifepMioifHOI0 MeTacTaTMYHOI0 KapLMHOMOIO JieTeHi JIbIoic CIIpMsIO aKTUBi3alil MyXJIMHHOTO
npotiecy. 3a BIUIMBY aJOT€HHMX Me3eHXiMHUX CTOBOYPOBMX KIITMH KyJIbTYPU UYEePBOHOTO
KiCTKOBOTO MO3Ky 3 14 mo 24 mo6u OOCTiIKeHHs Bara MuIleil smeHmryBaiacs Ha 7,0-12,1 %
(P < 0,05) BimHOCHO KOHTpOJIO, JiaMeTp MepBUHHOI MyxauHu 36iabiryBaBcst B 1,43-1,51 pasa
(P < 0,05), mo o6yMOBIEHO aKTUBi3aI[i€l0 POCTY MEePBUHHOI MyxauHK. KiabKicTh giMdounTis,
SIK MIPOMYIIEHTIB (GaKTOPy POCTY CYIMH Y MEePBUHHI MyXJIMHHI TKAaHWHI, 32 BIUIMBY aJOT€HHUX
Me3eHXiMHMX CTOBOYPOBUX KITITUH KYJIbTYPU U€PBOHOTO KiCTKOBOTO MO3KY TOCTOBipHO 3pocTaja
Bke Ha 18 o6y excriepuMeHTy B 1,47 i 1,52 pa3a MOpiBHSIHO 3 TBapMHAMM KOHTPOIbHOI I'PyIN
Ta mane6o (P < 0,05), BigmoBigHo. Lle cripusio aHrioreHe3y B MepBUMHHOMY IyXJIMHHOMY BY3JIi
Ta MeTacTa3yBaHHIO yepe3 CUCTeMY KPOBOOOIry. 3a BBeJJeHHSI MUIIAM JIOTeHHUX Me3eHXiMHUX
KJIITUH KyJIbTypU YEPBOHOTO KiCTKOBOTO MO3KY 3apeeCcTpoBaHO Oilbiinii 06’eM MeTacTasiB y
JIeTeHi, ikuit cTaHoBUB 41,52+ 7,9 MM® MOPiBHSIHO 3 MOKA3HMKAMM B TBAPUH KOHTPOIbHOI TPyIn
Ta 1aiebo, BigmosigHo 17,94 * 6,59 i 16,43 * 5,32 mm®. Mopdonoriuda KapTMHa TicTO3pi3iB
MEepBUMHHOI MYXJIMHU KapUMHOMU JiereHi JIploic migTBepaKye BCi 0O3HAKM SIKICHUX 1 KUTbKICHUX
MOKa3HMUKIB il mporpecii. OTpuMaHi pe3yabTaTy CTAaHOBJSTH SIK TEOPETUUYHY, TaK i MPakTUUYHY
LiHHICTh [/ KIiHIYHOI BeTepMHApHOI MeAMLUVHM 3 TIUTAHHS 3aCTOCYBaHHSI aJOTeHHUX
Me3eHXiMHMX CTOBOYPOBMX KJIiTUH KiCTKOBOT'O MO3KY 3a ITyXJIMHHOT'O ITPOIeCy

KirouoBi cmoBa: mepBuHHA NMyXJIMHA; iHbIIbTpalis; aiMmbornTi; MetacTasu; BaCKyIsIpu3allis;
muiri C57BL6
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