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EFFECTS OF SARS-COV-2 SPIKE PROTEIN
ON THE GROWTH AND PHENOTYPE

OF MDA-MB-231 AND MCF-7 BREAST
CANCER CELLS AND THEIR SENSITIVITY
TO RADIATION-INDUCED APOPTOSIS

Background. The coronavirus infection caused by SARS-Cov-2 virus, in addition to the development of severe acute
respiratory syndrome, is responsible for the development of a multiple organ dysfunction syndrome. An important
aspect is its relationship with cancer. The data from clinical and experimental studies are contradictory. Thus, further
studies are needed to elaborate on the potential effects of SARS-Cov-2 on cancer cells. Aim. To study the effect of
SARS-Cov-2 spike protein (SP) on the survival, phenotype, and sensitivity to radiation-induced apoptosis of breast
cancer (BC) cell lines of different molecular subtype (MDA-MB-231 and MCF-7). Materials and Methods. The
effects of SARS-Cov-2 SP on MDA-MB-231 and MCE-7 cells were assessed using the cell proliferation assay and
flow cytometry (Ki-67, CD44, CD133, CD105, CD90, CD10, CD5, CD19, and p53). The sensitivity to radiation-
induced apoptosis was evaluated by 7-amino-actinomycin D and propidium iodide staining. Results. We did not
find any significant short-term effect of SP on the proliferative activity of both studied cell lines. The phenotype of
MDA-MB-231 cells cultured with SP changed toward a decrease in CD105*CD90* and CD105*CD90" subpopula-
tions (p < 0.0001). The p53 expression increased both in SP-treated MDA-MB-231 and MCEF-7 cells. The sensitivity
of SP-treated MDA-MB-231 and MCF-7 cells to radiation-induced apoptosis, although insignificantly, increased.
Apoptosis in irradiated MDA-MB-231 cells was accompanied by a two-fold increase in the fluorescence intensity
of p53 in SP-treated MDA-MB-231 cells. In both irradiated cultures, a significant increase in the percent of cells in
S-phase after SP treatment was observed compared to SP-untreated cells. Conclusion. Since most vaccines are based
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on SP expression, the obtained data might have a certain significance in the study of the effect of anti-SARS-Cov-2
vaccination on tumor growth and the sensitivity of cancer cells to cytoreduction therapies.

Keywords: MDA-MB-231 and MCF-7 cell lines, SARS-Cov-2, spike protein, immunophenotype, radiation-induced

apoptosis, cell cycle.

The coronavirus infection (COVID-19, COronaVI-
rus Disease 2019), caused by new strains of the
SARS-Cov-2 virus (severe acute respiratory syn-
drome-related coronavirus 2), has formulated new
challenges for public healthcare. In addition to the
development of severe acute respiratory syndrome,
evidence has emerged that SARS-Cov-2 is respon-
sible for the development of a multiple organ dys-
function syndrome, the main manifestations of
which are nervous disorders (cognitive disorders,
fatigue, anxiety, depression), disorders of the cardio-
vascular system, autoimmune diseases, etc. [1—7].
An important aspect is the relationship between
coronavirus infection and cancer. First, oncological
and oncohematological patients have an increased
risk of severe COVID-19 illness and adverse out-
comes [8—11]. On the other hand, it has been hy-
pothesized that SARS-Cov-2 infection increases the
risk of tumor development and/or promotes cancer
progression [12]. Using the Mendelian randomiza-
tion method, the association between genetic predis-
position to COVID-19 and the risk of 4 types of can-
cers including HER2-positive breast cancer (BC) in
the European population was predicted [13]. There
are data on the progression of chronic lymphocytic
leukemia in a significant part of patients after a coro-
navirus infection [14—16]. The MDA-MB-231 BC
cell line treated by M protein of SARS-Cov-2 showed
increased mobility, proliferation, stemness, and in
vivo metastasis as well as the upregulation of NF-kB
and STAT3 pathways [17]. However, there are con-
trary data. In particular, the growth of the prostate
cancer LNCaP cells and SiHa cervical cancer cells
was suppressed by SARS-Cov-2 spike protein
(SP) [18, 19]. Thus, further studies are needed to
elaborate on the potential effects of SARS-Cov-2 and
its proteins on other cancer cell lines. The aim of our
work was to study the effect of SARS-Cov-2 SP on
the survival, phenotype, and sensitivity to radiation-
induced apoptosis of BC cell lines of different mo-
lecular subtypes (MDA-MB-231 and MCE-7).

Materials and Methods

Cell lines. MDA-MB-231 and MCF-7 human BC
cell lines were obtained from the Bank of Cell Lines
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from Human and Animal Tissues of the R.E. Ka-
vetsky Institute of Experimental Pathology, Onco-
logy and Radiobiology of the NASU (Kyiv, Ukraine).
The cells were maintained in a DMEM medium
(BioWest, France) supplemented with 10% heat-
inactivated fetal bovine serum (FBS), 2 mM L-glu-
tamine, 100 U/mL penicillin, and 100 ug/mL strep-
tomycin (Invitrogen, USA). The cells were culti-
vated in a humidified 5% CO, incubator at 37 °C.

Treatment with SARS-Cov-2 SP. The recombi-
nant SP of SARS-Cov-2 (Sino Biological, N 40592-
VO08H121), which corresponds to the B.1.1.529
variant (Omicron), was used in the study. This SP
was used given the widespread distribution of the
omicron variant and its subtypes in the world [20].
100 pug of lyophilized SP was dissolved in DMEM
with 10% FBS, stocked in Eppendorf tubes, and
stored at 20 °C. The cells were treated with SP ata
concentration of 40 pmol/mL.

Cell viability and proliferation assays. A colo-
rimetric assay with crystal violet was performed for
the analysis of cell growth and viability [21]. MDA-
MB-231 and MCEF-7 cells were seeded into the
wells of a 96-well plate (1 x 10* cells/100 pL/well)
in DMEM + 10% FBS and incubated for 24 h before
being treated with SP at a concentration of
60 pmol/mL. After 24, 48, and 72 h of incubation
with SP, the cell density was determined using a
Crystal Violet Assay Kit (Abcam, USA). The absor-
bance was measured at a wavelength of 540 nmin a
LabSystem Multiscan Plus multiwell reader (Ther-
mo Fisher Scientific, Finland). Additionally, the vi-
ability of cells was evaluated by 7-amino-actinomy-
cin D (7-AAD) staining. Cell suspension was incu-
bated with a 7-AAD viability staining solution
(Thermo Fisher Scientific, USA) for 5 min followed
by the analysis on a BD FACSLyric laser flow cy-
tometer (Becton Dickinson, USA) to discriminate
between dead and viable cells.

Immunophenotyping. Surface antigen expression
was assessed after 48 h of incubation with/without
SP by a direct immunofluorescent method using
monoclonal antibodies, conjugated with fluorochro-
mes: FITC (fluorescein isothiocyanate), PE (phyco-
erythrin), or PerCP-Cyanine 5.5 (PerCP-Cy5.5).
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Fig. 1. The effect of SP on the growth of MDA-MB-231
cells. The cells were seeded into the wells of a 96-well plate,
and SP was added 24 h later. The cell density at the indi-
cated time points was assessed by crystal violet staining of
the cell monolayer. The ODs,, values were proportional
to the cell densities in the wells. All measurements at each
time point were made in triplicates

Expression of intracellular antigens was deter-
mined using BD Biosciences protocol of staining
intracellular antigens for flow cytometry. The fol-
lowing monoclonal antibodies were used: anti-
CD133-PE (clone W6B3C1), anti-CD105-PerCP-
Cy5.5 (clone 255), anti-CD5-FITC/CD10-PE/
CD19-PerCP-Cy5.5 (lot 0338419), anti-p53-FITC
(lot 5017633), and anti-CD90-FITC (clone
5E10) — all Becton Dickinson, USA; anti-CD44-
FITC (clone IM7, eBioscience, USA) and anti-Ki-
67-FITC (clone 20Rajl1, eBioscience, USA). The
study was performed using a BD FACSLyric laser
flow cytometer (Becton Dickinson, USA) using BD
FACSuite software (BD, USA) and Beckman Coul-
ter DXFLEX (Beckman Coulter, USA) using Cyt-
Expert (DXFLEX Software) for up to 100,000 events
in the Dot plot and Dot histogram modes. The lev-

el of antigen expression was determined by the me-
dian fluorescence intensity (MFI).

Irradiation of cells was performed using a
RADGIL2 X-Ray irradiator (Gilardoni, Italy) after
48 h of incubation with and without SP. MDA-
MB-231 and MCEF-7 cells were irradiated at the dos-
es of 10 Gy for the assessment of p53 expression or
15 Gy for the analysis of apoptosis and cycle traverse
at a dose rate of 0.89 Gy/min at room temperature.
Cell death was evaluated by 7-AAD staining.

Apoptosis and cell cycle analysis. Apoptosis and
cell cycle distribution were analyzed by the pro-
pidium iodide (PI) flow cytometric assay [22]. The
cells were detached from the plastic surface with
EDTA-trypsin solution, washed with PBS, fixed in
cold 70% ethanol, then washed twice with PBS, and
resuspended in a hypotonic lysis buffer (0.1% so-
dium citrate, 0.1% Triton X-100, 5 pg/mL propidi-
um iodide). 250 ug/mL of RNase A was added to
each cell sample. Flow cytometry was performed
on a FACScan flow cytometer (Becton Dickinson,
USA), and data were analyzed using ModFit LT 2.0
(Verity Software House, USA) and CELLQuest
software (BD Biosciences, USA). At least
20,000 cells were used in each analysis, and the re-
sults were displayed as dot plots and histograms.
The dead cells and cell debris were eliminated
based on forward and side light scatter.

Statistical analysis. Each experiment was repli-
cated independently three times. Data are present-
ed as the percentage of positive cells (M + m). Sta-
tistical analysis was performed with SPSS software
(version 17.0; SPSS, Inc., USA). All statistical tests
were two-sided and considered to be statistically
significant at p < 0.05.

Immunophenotype of MDA-MB-231 and MCF-7 cells without and with SP treatment

Antigens MDA-MB-231 cells, % MDA-MB-231 cells + SP, % MCE-7 cells, % MCE-7 cells + SP, %
CD133 67.27 £ 1.28 65.53 + 1.83 94.56 + 1.12 91.16 + 3.92
CD44 95.25+1.18 95.13 £ 1.27 ND ND
Ki-67 32.87+2.13 34.35 + 3.37 13.3+2.1 129 +£1.19
p53 19.21 £ 2.16 43.18 £ 1.97** 0.57 £0.08 583+ 1.01*
CD10 0.93 £0.35 1.4+£0.73 1.41 £0.13 5.87 + 0.69*
CD90+*CD105* 30.51 + 2.16 23.41 +4.21*% 0 0
CD90-CD105* 41.57 £2.19 947 + 1.18** 0.17 £0.09 0.25+0.11
CD90+*CD105- 0 0 0.49 £0.11 0.37 £0.08

Notes: ND — antigen expression was not determined; * p < 0.001 compared between cell lines without and with SP
treatment; ** p < 0.0001 compared between cell lines without and with SP treatment.
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Results

The SP effects on the growth of BC cells and their
immunophenotype were studied.

The incubation of MDA-MB-231 cells in the
presence of SP for 72 h did not affect cell growth
and the cell density at the end of incubation (Fig. 1).
The same was true for MCF-7 cells.

The data on the phenotype of MDA-MB-231 and
MCE-7 cells are summarized in the Table.

The MDA-MB-231 cells were characterized by
the expression of CD133, CD44, CD105, and CD90
antigens (Table). All CD90* cells co-expressed the
CD105 antigen. Two separate subpopulations were
found: CD90*CD105" and CD90"CD105* cells.
The percent of the CD10-positive cells was low,
while CD5 or CD19 antigens were not detected.

After SP treatment, the expressions of CD133,
CD44, and Ki-67 on the MDA-MB-231 cells did
not change, while the expressions of CD105 and
CD90 antigens were significantly reduced, resulting
in a decrease in the content of both CD90*CD105*
and CD90°CD105* cells compared to the non-
treated controls (Table, Fig. 2). At the same time,
the content of p53-positive cells drastically in-
creased (p < 0.0001 compared to non-treated cells).

The MCF-7 cells were also CD133-positive. The
relative content of CD133* MCEF-7 cells was higher
as compared to MDA-MB-231 cells (p < 0.01),
while MFI for CD133 in MCEF-7 cells was lower
(61.700 a.u. vs 120.938 a.u.). In contrast to MDA-

MB-231 cells, the CD90, CD105, CD10, and p53
antigens were expressed by less than 1% of cells
(Table 1). Moreover, a CD90*CD105" population
in the MCF-7 cells was lacking. The fraction of Ki-
67* cells was low as compared to MDA-MB-231
cells. After SP treatment, we found some increase
in the expression of CD10 antigen and p53, while
Ki-67 expression did not change similarly to that in
MDA-MB-231 cells.

To detect the possible modifying effect of SP on
the irradiated cells, the cell samples of both cell
lines were irradiated at 15 Gy following 48-h in-
cubation with or without SP. Cell death, apoptosis,
and cell cycle traverse were analyzed 24 h after
radiation exposure. While the death of the MDA-
MB-231 cells assessed by 7-AAD staining at the
end of incubation with SP was negligible, the cell
survival assessed by 7-AAD staining 24 h after ir-
radiation slightly decreased. We did not observe
the effect of SP on the decrease in the percent of
the live cells 24 h after irradiation (Fig. 3).

The apoptotic cell death was assessed by the
percent of cells in the sub-G1 phase following
3 days from the beginning of the experiment. The
treatment of MDA-MB-231 cells with SP only did
not show an increase in the apoptotic cell number
(Fig. 4). In the samples exposed to radiation, the
percent of apoptosis increased significantly both
in MDA-MB-231 and MCF-7 cells. Nevertheless,
48-h SP pretreatment of MDA-MB-231 cells did
not affect the apoptotic level induced by radiation
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Fig. 2. Representative double color flow cytometry dot plots showing the expression of CD105 (PerCP-Cy5.5) and CD90
(FITC) antigens on MDA-MB-231 cells untreated (a) and treated by spike protein of SARS-Cov-2 (b)
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Fig. 3. Percentage of live MDA-MB-231 cells before and
after irradiation. Cells were untreated or pretreated with
SP of SARS-Cov-2 for 2 days before radiation exposure at
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Fig. 4. Representative flow cytometry histograms of permeabilized MDA-MB-231 cells stained with propidium iodide:
(a) control cells, (b) cells cultured with SP for 3 days, (¢) cells cultured for 2 days without SP followed by irradiation at 15
Gy and further culture for 1 day, (d) cells cultured for 2 days with SP followed by irradiation at 15 Gy and further culture
for 1 day. The M1 region of the histogram indicates sub-G1 cells. The percentage of cells in sub-G1 is shown. The total

number of events analyzed for each condition was 10,000

(Fig. 4). At the same time, the radiation-induced
apoptosis in MCEF-7 cells pretreated with SP
slightly increased (Fig. 5).

The expression of p53 significantly increased af-
ter irradiation of MDA-MB-231 cells regardless of
whether they were pretreated with SP or not (90.3 +
+ 2.1% without SP treatment and 94.7 + 3.1% in SP-
treated cells). Nevertheless, the MFI was twice as
high after SP treatment (18.407 a.u. and 34.784 a.u.,
correspondingly) (data not shown). It should be
noticed that the baseline expression level of p53 in
MCE-7 cells was almost an order of magnitude
lower compared to MDA-MB-231 cells (see Table).
Contrary to MDA-MB-231 cells, after irradiation,

28

p53 expression remained low both in SP-treated
and SP-untreated MCEF-7 cells not exceeding 5—7%
(data not shown).

The possible effects of SP and irradiation on cell
cycle traverse were studied by analyzing the percent-
age of cells in the GO/G1, S, and G2/M phases of the
cell cycle on the flow cytometry diagrams of PI-
stained permeabilized cells. The results are shown as
bar diagrams representing the corresponding per-
centage of cells in each phase of the cell cycle. As
shown in Fig. 6, SP alone did not affect the cell cycle
traverse in MDA-MB-231 cells. The radiation expo-
sure resulted in the delay of the cell cycle with the
accumulation of cells in the G2/M phase (from 18%
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Fig. 5. Representative flow cytometry histograms of per-
meabilized MCEF-7 cells stained with propidium iodide:
(a) cells cultured for 3 days without SP followed by irra-
diation at 15 Gy and further culture for 1 day; (b) cells cul-
tured for 2 days with SP followed by irradiation at 15 Gy
and further culture for 1 day. The M1 region of the his-
togram indicates sub-G1 cells. The percentage of cells in
sub-G1 is shown. The total number of events analyzed for

each condition was 10,000

%

=
-

40 |-

1 2 3 4
EG2/M BS HG0/G1

Fig. 6. Diagrams of cell cycle phase distribution plotted
based on the results of the flow cytometric analysis of the
distribution of permeabilized PI-stained MDA-MB-231
cells: 1 — control; 2 — cells cultured for 3 days without SP;
3 — cells cultured for 2 days without SP followed by irra-
diation at 15 Gy and further cultured for 1 day; 4 — cells
cultured for 2 days with SP followed by irradiation at 15
Gy and further cultured for 1 day

in control to 66% in irradiated cells). Meanwhile, in
SP-pretreated MDA-MB-231 cells, a drastic shift in
the cell cycle phase distribution was evident. In par-
ticular, the S phase increased from by 17% in irradi-
ated cells cultured without SP to by 39% in irradi-
ated cells pretreated with SP.

An analogous pattern was evident for the cell
cycle of MCF-7 cells. Similar to MDA-MB-231

ISSN 1812-9269. Experimental Oncology 47 (1). 2025

cells, SP protein alone did not affect the distribu-
tion by cell cycle phases (data not shown). In irra-
diated MCEF-7 cells, the noticeable cell accumula-
tion in the G2/M phase was obvious. In SP-pre-
treated cells, the S phase increased from 27% in
irradiated cells cultured without SP to 45% in irra-
diated cells pretreated with SP suggesting the slow-
down of cell cycle progression (Fig. 7).

Discussion

In this study, we investigated the effect of SARS-
Cov-2 SP on proliferative activity, immunopheno-
type and sensitivity to radiation-induced apoptosis
in two BC cell lines, namely MDA-MB-231 and
MCE-7, representing the TNBC and luminal A sub-
types, respectively [23—25]. Both cell lines expressed
angiotensin converting enzyme-2 receptor (weakly)
and neuropilin 1 (strongly), which bind the SP and
facilitate SARS-Cov-2 entry into the cells [26].

Unlike Johnson et al. [18] and Willson et al. [19],
who noted the inhibition of the cancer cell line
growth under the action of SARS-Cov-2 SP, we did
not find any significant effect of SARS-Cov-2 SP on
the proliferative activity of both studied cell lines in
short-term incubation. No toxicity or apoptosis in-
duction were found. At the same time, SP treat-
ment altered the cell phenotype, especially in
MDA-MB-231 cells.

The recent studies demonstrate that SARS-
CoV-2 SP may elicit a global proteomic effect in
cell culture even independently of interactions with
the ACE2 receptor [27] Therefore, the study of the
SP-induced changes in the expression of the anti-
gens related to various intracellular pathways is im-
portant for elucidating various aspects of the
pathogenesis of SARS-CoV-2 expression.

CD133, also known as prominin-1, a 120 kDa
pentaspan glycoprotein with 5 transmembrane do-
mains is considered a universal marker of organ-
specific stem cells and tumor-initiating cells [28].
However, recent data suggests that CD133 expres-
sion is not restricted to organ-specific epithelial stem
cells; on the contrary, CD133 is expressed in the dif-
ferentiated epithelium. In particular, Liu et al. [29]
did not find CD133 expression in the cells of normal
breast tissue, but its expression increased with the
progression of lesions from usual hyperplasia,
through atypical ductal hyperplasia, ductal carcino-
ma in situ, and invasive carcinoma. Coincidentally,

29



V. Brichenko, L. Shlapatska, M. Zavelevich, et al.

%
100

80

60

40

20

1
HG2/M BS EGO0/G1

Fig. 7. Diagrams of cell cycle phase distribution plotted
based on the results of the flow cytometric analysis of the
distribution of permeabilized PI-stained MCF-7 cells: 1 —
cells cultured for 2 days without SP followed by irradiation
at 15 Gy and further cultured for 1 day; 2 — cells cultured
for 2 days with SP followed by irradiation at 15 Gy and
further cultured for 1 day

CD133 colocalized with cell membrane-bound
SARS-CoV-2 SP and may contribute to SARS-
CoV-2 infection in ACE2-expressing cells [30]. In
our study, the percent of CD133-positivity was high-
er in MCF-7 cells compared to MDA-MB-231 cells,
while fluorescence intensity in MCF-7 cells was sig-
nificantly lower. Nevertheless, no changes in CD133
expression under SP treatment were detected.

CD90 (Thy-1 antigen) is a mesenchymal stem
cell marker, associated with malignancy degree of
the cell lines [31]. Higher expression of CD105 (en-
doglin) on mammary cancer cells is associated with
poor overall and disease-free survival of pa-
tients [32]. In our study, about 30% of SP-untreated
MDA-MB-231 cells co-expressed CD90 and CD105
antigens. Wang et al. [33] showed that a CD105*
CD90" fraction of MDA-MB-231 cells is a highly
proliferative and migratory subpopulation with
“mesenchymal stem cell-like” characteristics. The
expression of CD105 and CD90 was significantly
reduced after SP treatment, which may affect the
phenotypic properties of the cells resulting in their
lower migratory and invasive abilities.

The p53 protein expression increased both in
MDA-MB-231 and MCEF-7 cells treated with SP. This
is consistent with the data of Lee et al. [34] who
showed that SARS-Cov-2 infection leads to the stabi-
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lization of p53 protein in Vero E6 cells. Zhang et
al. [35] found that in the presence of SP, p53 degrada-
tion in different cancer cell lines (including MCEF-7)
was reduced due to disruption of p53-MDM?2 interac-
tion, which is necessary for ubiquitination and subse-
quent proteasomal degradation of p53. Nevertheless,
at the same time, SP inhibited chemotherapy-induced
p53 gene activation of p21 (WAF1), TRAIL Death Re-
ceptor DR5 and MDM2. Willson et al. [18] obtained
opposite data and showed that the anti-proliferative
effect of SARS-Cov-2 SP on SiHa cervical cancer cells
was associated with the up-regulation of p53, and the
pro-apoptotic effect of SP was associated with the up-
regulation of TRAIL. Such different data highlight the
need for further study of the effects of SP and other
SARS-Cov-2 proteins on p53- and p53-related signal-
ing pathways.

In our opinion, the differences in the percent of
p53-positive cells in the studied BC cell lines may
be related to the expression of mutant gain-of-
function p53-R280K in MDA-MB-231 cells [36].
This mutation affects the DNA binding domain,
abrogates the normal instability of the protein, and
leads to massive accumulation of the steady-state
mutant p53 protein [37, 38]. MCE-7 cells have two
normal copies of the p53 gene with half-life as short
as a few minutes [39, 40].

Radiotherapy is widely used in the treatment of
BC patients. BC cell lines can be used as a model
for studying the mechanisms of radiation-induced
apoptosis to find ways to an increase in the
radiosensitivity of malignant cells. In some studies,
the MCF-7 cell line was more radioresistant than
the MDA-MB-231 cell line at 4 h and 24 h after X-
ray irradiation [41], while in some others, the ra-
diosensitivity of cell lines did not differ significant-
ly [42], or the apoptosis rate of MCF-7 cells was
significantly higher than that of MDA-MB-231
cells at doses of 2, 4, and 8 Gy [43]. In the setting of
our experiments, irradiation at a dose of 15 Gy re-
sults in a slight increase in the percent of hypodip-
loid cells in both cell lines under study. SP had
some pro-apoptotic effect on both cell lines, but it
was not pronounced. In irradiated MDA-MB-231,
but not MCF-7 cells, the p53 expression increased
compared to the baseline values. Meanwhile, the
percent of p53-positive MDA-MB-231 cells upon
irradiation was essentially the same regardless of
whether they were pretreated with SP or not, al-
though the expression level was significantly high-

ISSN 1812-9269. Experimental Oncology 47(1). 2025
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er in SP-treated cells. This is in line with the above-
mentioned data on the ability of SP to stabilize p53.

An important effect of SP treatment demonstrat-
ed in our study was a significant increase in cells in
the S-phase in irradiated MDA-MB-231 and MCE-7
cells. Huang et al. [44] showed that ionizing radia-
tion increases the expression of the E2F-1 transcrip-
tion factor and the entry of cells into the S phase fol-
lowed by apoptosis. The overexpression of E2F-1 or
inhibition of cyclin A/cdk2 phosphorylation of
E2F-1 in fibroblasts has been associated with the
S-phase delay and subsequent apoptosis without any
additional pro-apoptotic stimuli [45, 46]. Enhanced
E2F-1 transcriptional activity associated with the
S-phase arrest and subsequent apoptosis was ob-
served in mammary epithelial cell lines treated by a
synthetic retinoid-like compound [47]. On the oth-
er hand, treatment of alveolar type II (ATII)-like rat
L2 cells with SP upregulated the activity of the phos-
phorylated forms of E2F-1, which leads to a signifi-
cant increase in the S phase accumulation with a
concomitant decrease in the G2 phase as compared
with the nontreated control [27]. Summarizing these
data, we may suppose that SP-treatment of MDA-
MB-231 and MCE-7 cells leads to an increase in
E2F-1 activity, which is realized in the S-phase delay
during subsequent irradiation. Interestingly, we did
not observe any changes in the proliferative activity
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BIUIVB CITAVIK BUUIKA BIPYCY SARS-COV-2 HA PICT TA ®EHOTMUII
KJIITVH MDA-MB-231 I MCF-7 PAKY MOJIOYHOI 3A7TO3Y TA IXHIO YYTIMBICTb
JO AIIOIITO3Y, IHOYKOBAHOTO IOHI3YIOYMM BUITPOMIHEHHAM

Cran nutannsa. Koponasipycha iHdexiiis, cnpuuntena mramoM Bipycy SARS-Cov-2, KpiM BaXXKOTO FOCTPOro pectri-
PaTOPHOTO CMHAPOMY, IPU3BOAUTD KO PO3BUTKY CMHIPOMY MY/IbTMOPTaHHO]I ITaTo/IOril. 3HaYHA yBara NpuAindeTbcs ii
B3a€MO3B 13Ky 3 OHKOJIOTiYHVIMY 3aXBOPIOBaHHAMN. [JaHi KIiHIYHMX Ta eKCIIepYMeHTaIbHNUX JOCTIIKEeHb Ha Terepin-
Hilt gac e cynepewmiBymu. Heo6xifHi nmoganpiii fOCIKeHHA A/ yTOYHEeHHs oTeHniiiHoro BBy SARS-Cov-2 Ha
Iyx/IMHHI K1iTreHy. MeTa: gocaiguty BruB cnaiik-6inka (Cb) SARS-Cov-2 Ha BIDKMBaHICTb, GeHOTUI Ta Yy TIUBICTD
JIO aIloINTO3Yy, IHAYKOBAHOTO A€o ioHidyloyoro BunpominenHs (IB), xiitun ninit MDA-MB-231 i MCEF-7 paky Mo-
n04HOi 3a7m0311. Marepianu Ta merogu. Jocrimxenns BiymBy Cb SARS-Cov-2 Ha pict xnitus niniit MDA-MB-231 i
MCF-7 paxy MOJIOYHOI 321031 ITPOBOAVIIN 32 JOIIOMOTOI0 ITPOJIihepaTBHOIO TECTY 3 BUKOPUCTAHHAM KPYCTaIiYHOTO
¢ionerosoro. IIpodins excrpecii Ki-67, CD44, CD133, CD105, CD90, CD10, CD5, CD19 Ta p53 mocmipKyBamm MeTo-
JIOM IIPOTOKOBOI 1uToMeTpii. UyTnusicts o [B-iHAYKOBaHOTO amornTo3y OLjiHIOBaMM 32 3abapB/IeHHSAM TPUIIAHOBUM
CUHiM, 7-amMiHO-akTMHOMIIMHOM D Ta mpomigiit itogunom. PesynbraTn. He BusBneHo cyrresoro srmuBy Cb Ha npo-
nidepaTUBHY aKTUBHICTb 000X KIITMHHMX JIiHIi IPY KOPOTKOCTPOKOBOMY Ky/nbTuByBaHHi. Ilicns 06po6kn Cb B kii-
tyHax iHii MDA-MB-231 smenuryBascs Bmict cybnonymaniit CD105*CD90* ra CD105*CD90™ knitus (p < 0,0001).
Excnpecis p53 nigsuiiyBanach B 060X iHiAX. BusBieHa TeHAeHLIA K0 MifABUIeHHA 9y TIMBOCT] KtitH MDA-MB-231
i MCF-7 no IB-inykoBaHOro aronTosy. B 060x onpoMiHeHNX Ky/IbTypax BIABIEHO 30iIbleHH:A KTiTuH B S-¢hasi mics
06po6xu Cb mopiBHsHO 3 He0OpoOmeHnMy KinitrHaMu. [HAyKis anonTo3y B kiaitnHax ninii MDA-MB-231 cynposo-
JDKyBa/Iach 3HAYHUM IIABUIIEHHAM eKcipecii p53; 3aminu 6ymu 6inbin BupasHumu micmst 06pobku Cb. Excnipecis p53
Iic/IA ONpOMiHEHHA 3auIIanach HU3bKoI B KiiTuHax niHii MCF-7 Hesanexxno Bif BmnuBy Cb. BucnoBok. He Bu-
ABJIEHO MIOCUJIEHH POCTY KIITUH MyXanHHuX niHiit MDA-MB-231 i MCF-7 nig Brnmuom Cb SARS-Cov-2. Otpumani
[aHi MOXXYTb MaTy TIeBHe 3HaUeHHA JI7IA TOCTi/[)KeHHA BIUIMBY Ha MyX/IMHHI KMiTuHM BakiuHanii npotu SARS-Cov-2
Bipycy, OCKiNbKK 6i1pIIICTD Cy4aCHMX BaKLIVH 6a3y€Tbca Ha excnpecii Cb. OpHak, eq)eKTM in vivo MOXYTb 3a/1€KaTu i
Bipf iHmMX (paxTOpiB (HacaMmmepen, akTyByto4doro BBy Cb Ha K1iTiHY iIMyHHOI cuctemu).

Kmrouosi cnoBa: MDA-MB-231, MCF-7 wituusi ninii, SARS-Cov-2. cmarik 6i10K. iMyHOpeHOTHII, alloNTo3, iHAY-
KOBaHMIA [Ji€X0 i0Hi3yI0YOr0 BUIIPOMiHEHHS.
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