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ESR1 GENE EDITING AND ITS IMPACT
ON S6K1 SIGNALING AND CELL BEHAVIOR

Aim. The aim of this study was to validate the link between the expression of estrogen receptor alpha (ESR1) isoforms
and the requlation of S6K1-dependent signaling using the previously generated MICF-7 sublines with the CRISPR/
Cas9 editing of the ESR1 gene. Methods. Western blotting, RT-PCR analysis, resazurine cell proliferation assay, and
wound healing assay. Results. The presented study reveals a complex and multifaceted relationship between ESR1
isoforms, the S6K1 signaling pathway, and key aspects of MCF-7 cell behavior. It was demonstrated that complete in-
activation of full-length p66 ESR1 leads to a significant decrease in S6K1 expression, which, in turn, negatively im-
pacts cell proliferation and motility. Interestingly, the increased expression of the p46 ESR1 isoform, despite maintain-
ing overall S6K1 levels, disrupts its activation dynamics, suggesting a possible requlatory role for p46 ESR1 in modu-
lating cellular responses to growth factors. Conclusions. These findings are crucial for understanding the mechanisms
by which different estrogen receptor isoforms can influence the growth, aggressiveness, and metastatic potential of
breast cancer cells, particularly through their effect on S6K1 expression and activity. Further research is needed to
elucidate the precise molecular mechanisms by which p46 ESR1 modulates S6K1 activation.
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Introduction among women. A primary reason for the high

mortality rate in patients with this type of cancer is
According to WHO estimates, breast cancer is the | its ability to metastasize and develop resistance to
most common cancer worldwide, especially | anticancer therapy. Most primary carcinomas are

Citation: Savinska L.O., Kvitchenko S.A., Martsynyuk M.Ye., Kroupskaya 1.V., Pogrebna A.P, Mazov A.V., Garifu-
lin O.M,, Filonenko V.V. (2025) ESRI gene editing and its impact on S6K1 signaling and cell behavior. Biopolymers &
Cell, 3(41), 181—190. http://dx.doi.org/10.7124/bc.000B1C

© Publisher PH "Akademperiodyka" of the NAS of Ukraine, 2025. This is an Open Access article distributed under the
terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited

ISSN 1993-6842 (on-line); ISSN 0233-7657 (print). Biopolymers and Cell. 2025. Vol. 41, No. 3 181



L.O. Savinska, S.A. Kvitchenko, M.Ye. Martsynyuk et al.

not life-threatening and can be easily removed
surgically. However, when breast cancer cells me-
tastasize, they affect vital organs like the bones,
brain, lungs, and liver [1]. In such cases, surgical
intervention becomes very complex and life-
threatening. Therefore, research into the molecu-
lar mechanisms underlying breast tumor carcino-
genesis is extremely important for developing ef-
fective diagnostic systems and improving therapy.

In clinical practice, the primary diagnosis and
prognosis evaluation of breast cancer utilize four
main biomarkers: estrogen receptor (ER), proges-
terone receptor (PR), human epidermal growth
factor receptor 2 (HER-2), and Ki-67 protein.
Among them, the estrogen receptor alpha (ERa) is
a primary therapeutic target in 80% of all ER-posi-
tive cancers in which it is expressed. These tumors
are classified as estrogen receptor-positive (ER+).
They are non-aggressive, grow slowly, have a good
prognosis and a low risk of recurrence, and are res-
ponsive to hormonal therapy aimed at reducing
estrogen levels or blocking the estrogen receptor.
Estrogen receptor-negative (ER-) breast cancer is
more aggressive, grows rapidly, does not respond
to hormonal therapy, and has a high risk of recur-
rence within a short period after remission [2].

The estrogen receptor alpha belongs to the su-
perfamily of nuclear receptors, which are tran-
scription factors, and its activity is primarily regu-
lated through binding with estrogen/estradiol
(E2). Estradiol plays an indispensable role in the
growth, development, reproduction, and mainte-
nance of the functioning of many physiological
systems in mammals. Prolonged exposure to es-
trogen strongly stimulates the development and
progression of breast cancer [3]. E2 affects normal
and cancerous breast tissue through a ligand-in-
duced transcriptional program mediated by ERa,
as well as through the initiation of rapid cytoplas-
mic signaling cascades [4].

Estrogens exert their biological role through the
genomic and non-genomic activation of ERa. The
genomic action of estrogens is associated with the
regulation of gene transcription via ERa. Ligand
binding activates ERa, followed by conformational
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changes: dimerization, translocation to the nucle-
us, and binding to estrogen response elements
(EREs) on the promoters of target genes [5]. Sub-
sequently, ERa recruits transcriptional coregula-
tors to form a transcriptional regulatory complex,
and transcription of the target gene occurs. In the
absence of ligand, ERa exists as a monomer bound
to the heat shock protein Hsp90 [3]. The non-
genomic mechanism is not associated with tran-
scription and occurs outside the nucleus. This
pathway begins with the binding of estrogen to
G-protein-associated ERa. Such complexes acti-
vate the Ras-Raf-MEK-MAPK and PI3K-mTOR-
AKT-S6K signaling pathways. Activation of the
MAPK signaling pathway results in the phospho-
rylation of transcription factors c-Jun and c-Fos,
which regulate the transcription of target genes
responsible for vital cellular functions [6, 7]. In
turn, PI3K-mTOR-AKT-S6K signaling is involved
in the regulation of cell growth, survival, motility,
and the regulation of metabolic processes critical
for malignant transformation. Hyperactivation of
these cascade pathways is involved in the carcino-
genesis of ER-positive breast cancer, as well as in
the development of resistance to endocrine thera-
py [6]. On the other hand, the signaling cascades
are involved in the ligand-independent activation
of ERa through phosphorylation of Ser118 and
Ser167, respectively, which allows ERa to influ-
ence the transcription of target genes even in the
absence of ligand and leads to the development of
cancer resistance to hormonal therapy [8]. Riboso-
mal protein S6 kinase (S6K1) is considered one of
the most likely kinases responsible for Serl67
phosphorylation. Conversely, the literature data
suggest that ERa, as a transcription factor, can in-
fluence the transcription of the gene encoding
S6K1 and its expression [9].

Current anticancer therapies aimed at blocking
ERa require improvement due to the develop-
ment of resistance, metastasis, and recurrent re-
lapses. Therefore, research on ERa signaling in
carcinogenesis and the development of alternative
treatment methods is currently very relevant,
which is complicated by the existence of several
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ERa isoforms, the role of which in the develop-
ment of breast cancer requires further study. Thus,
the aim of this study was to investigate a possible
association between changes in the expression of
ESR1 isoforms and the status of S6K1-dependent
signaling.

Materials and Methods
Cell Culture

The MCF-7 cell sublines (clones #9 and #12) with
altered ESR1 isoform expression, mediated by
CRISPR/Cas9 ESR1 gene editing [10, 11], were
used in this study. Cells were cultured at 37 °Cin a
humidified atmosphere of 5% CO, in Dulbecco’s
Modified Eagle Medium (DMEM) (Lonza, USA),
supplemented with 10% fetal calf serum (FCS, Hy-
Clone, USA), 4 mM glutamine, 50 units/ml peni-
cillin, and 50 pg/ml streptomycin. Studies were
performed at different cell growth conditions: re-
gular, as described above (intact cells); 18 h growth
in medium with 1% FBS, with or without further
1h stimulation by addition of FBS up to 10%

Real-Time gPCR

RNA isolation, reverse transcription, and qPCR
have been performed as described in [10]. Primer
sequences for quantitative real-time PCR analysis
of S6K1 splice mRNAs coding for all three iso-
forms, or only p60-S6K1, were provided in Table.

Wound healing assay

Migration speed was measured using a modified
scratch assay. The cells were trypsinized, counted,

Primers used for qPCR analysis

and seeded onto a 24-well plate at 300,000 cells per
well in 1 mL DMEM with 10% FBS to achieve 90—
100% confluence by the next day. The following
day, the medium was replaced with 1 mL of DMEM
containing 1% FBS for 24 hours. Next, a “hole” or
“scratch” was created in the center of the cell mo-
nolayer by aspiration with a 200 uL pipette tip. The
wells were then washed twice with PBS, and 1 mL
of DMEM with 1% FBS was added. At 0, 24, and
48 hours of incubation, cells were examined under
the Leica DM 1000 microscope, and images of the
wound were captured with a digital camera. Six
technical replicates were performed for each cell
line. For each well, the area of the hole was me-
asured at each time point, and the radius was cal-
culated. The migration distance was determined
by subtracting the “hole” radius at 24 and 48 hours
from the radius at 0 hours time point. Migration
speed was calculated by dividing the migration
distance by the elapsed time.

Proliferation Assay

Proliferation was assessed using a resazurin salt
assay. The corresponding MCF-7 sublines were
trypsinized, counted, and seeded on a 96-well
plate at a concentration of 5,000 cells per well (in
200 pl DMEM with 10% FBS). The next day, a 10%
resazurin solution was added for 2 hours to each
well of cells representing the 0-time point and to a
well with only growth media as blank. Then, the
signal from resorufin was measured using a fluo-
rimeter at an emission of 520 nm and an excitation
of 590 nm. Six technical replicates were tested for
each cell subline at multiple time points (24h, 48h,
72h, 96h). Background-corrected fluorescence

Gene Forward primer

Reverse primer

p70/p85/p60-S6K1
p60-S6K1
TBP

5-TGCACAGGAGCCAAGAGTGAA-3
5-GTCGAGGGAAAAATAGGCTG-3
5-TGCACAGGAGCCAAGAGTGAA-3

5-CACATCACAGCTCCCCACCA-¥
5-GCCGAGAGCTACACGTTCAC-3
5’-CACATCACAGCTCCCCACCA-3’
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Fig. 1. Analysis of ESRI impact on mTOR/S6K1-dependent signaling in MCF-7 sublines, with CRISPR/Cas9-mediated
ESR1 gene editing, under different cell growth conditions. Western blot analysis of ESR1 expression (a) as well as S6K1
expression, S6K1, S6, and mTOR phosphorylation at indicated sites (b) in MCE-7 sublines. -tubulin expression has
been used as a loading control. Lines: 1, 4, 7 — intact cells growing in media with 10% FBS; 2, 5, 8 — cells after 18 h
growth in FBS-depleted (1%) medium; 3, 6, 9 — cells after 18 h growth in FBS-depleted (1%) medium with the subse-
quent 1 h stimulation by FBS (10%). MCF-7 wt — lines 1—3. MCF-7 subline #9 — lines 4—6. MCF-7 subline #12 —

lines 7—9

values were log-transformed. Linear regression of
log-transformed means versus time yielded prolif-
eration rates (slopes) with standard errors. Prolif-
eration rates were compared across cell lines using
histogram plots with error bars representing
standard errors of the slopes.

Data Visualization and Code

All code was run in Python 3.12.9. Python libra-
ries were installed via Anaconda (v 24.9.2). Plots
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and diagrams were generated using Excel. Our
analyses utilized NumPy (v2.0.1) for data manipu-
lation and SciPy (v1.15.3) for statistical tests.

Western Blot Analysis

Lysates of the MCEF-7 cell sublines were analyzed by
Western blotting as previously described [10], using
specific rabbit anti-ERa monoclonal antibodies di-
rected against the C-terminal region of ERa (Cell
Signaling Technology #8644), anti-phospho Thr389
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S6K1 (Cell Signaling Technology #9234), anti-phos-
pho Ser235/236 S6 (Cell Signaling Technology
#4858), anti-tubulin  (Abcam #7291), anti-S6K1,
C-terminal (generated in Institute of Molecular
Biology and Genetics NASU), and anti-CD326, anti-
CD66e, anti-cytokeratin 18 (provided by R.E. Kavet-
sky Institute of Experimental Pathology, Oncology
and Radiobiology of the NASU).

Results

In our previous studies, we reported the creation
of MCEF-7 cell sublines with disrupted expression
of the ESR1 gene by CRISPR/Cas9 gene editing
[11]. Briefly, we developed two MCEF-7 sublines
with complete and partial downregulation of the
full-length p66 ESR1 isoform (clones #9 and #12,
respectively). Importantly, the MCF-7 subline
clone #12 additionally demonstrated a significant
increase of the p46 ESR1 isoform, providing a va-
luable model for analyzing the impact of p46 ESR1
upregulation on cell behavior. Considering the
existing crosstalk between ESR1 activity and S6K1,
we aimed to analyze how alterations in ESR1 iso-
form expression affect S6K1-dependent signaling,
including S6K1 expression.

The data presented in Fig. 1 demonstrate that
downregulation of the p66 ESR1 isoform impaired
S6K1 expression in MCE-7 cells (clone #9), as de-
tected by anti-S6K1 antibodies. This appears to be
the main reason why the phosphorylation level of
both S6K1 isoforms (p70 and p85) is also propor-
tionally decreased. In the case of partial p66 ESR1
downregulation and upregulation of p46 isoform
expression in clone #12, S6K1 expression level and
its overall phosphorylation status are unchanged.

Subsequent studies demonstrated that the S6K1
decrease at the protein level correlates with the
downregulation of its mRNA expression. Accor-
ding to the data of qPCR analysis (Fig. 2), the ex-
pression of two main S6K1 splice mRNAs respon-
sible for the translation of all three S6K1 isoforms
(p60, p70, p85) or only p60 was downregulated.

At the same time, S6K1 activation dynamics in
the control MCF-7 and its subline (clone #9) were
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Fig. 2. qPCR analysis of S6K1 isoforms expression (p70/
p85/p60 and p60) in MCF-7 cells and MCF-7 sublines
with disrupted ESRI expression. 1 — MCF-7 wt; 2 —
MCEF-7 subline #9; 3 — MCF-7 subline #12. (*) — p < 0.05.
(**) —p<0.01

quite similar and, as expected, demonstrated an
increase in the phosphorylation level of one of the
key activity sites (Thr389) after FBS stimulation
compared to intact cells. Notably, in clone #12 of
the MCEF-7 subline with up-regulated expression
of p46 ESR1, we detected retardation in the dy-
namics of S6K1 activation under the conditions of
cell stimulation by FBS after growth in FBS-deple-
ted media: Even after 1 hour of FBS stimulation,
the phosphorylation level was lower than in intact
cells. It is worth noting that at the same time, the
dynamics of ribosomal protein S6 phosphoryla-
tion, which is the most studied S6K1 substrate,
were affected similarly in both sublines, demon-
strating delayed activation after FBS stimulation.

Considering that mTOR is a key regulator of
S6K1 phosphorylation at Thr389, we analyzed how
changes in ESR1 expression affect mTOR activity.
According to the data in Fig. 1, no significant dif-
ferences in mTOR phosphorylation were found
between MCF-7 wt and MCF-7 sublines #9
and #12.

Further studies revealed that a decrease in S6K1
expression and its overall phosphorylation at
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Fig. 3. Evaluation of MCF-7 cell sublines’ proliferation
rate. 1 — MCF-7 wt; 2 — MCEF-7 subline #9; 3 — MCF-7
subline #12. The proliferation rate is based on the slopes of
the linear log2 proliferation scale of corresponding cell
lines at different time points (Oh, 24h, 48h, 72h) and rep-
resents their index of doubling time. The resazurin assay
has been used for th e estimation of viable cells. The proli-
feration rate coeflicients represent the index of doubling
time of the corresponding cell line. (**) — p < 0.01
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Fig. 4. Evaluation of MCF-7 cell sublines’ migration rate
by wound healing assay. 1 — MCF-7 wt; 2 — MCF-7 sub-
line #9; 3 — MCF-7 subline #12; (*) — p < 0.05

Thr389 in the MCF-7 subline #9 negatively affec-
ted cell proliferation. However, a statistically sig-
nificant difference was demonstrated only between
sublines #12 and #9 (Fig. 3). At the same time,
alterations in ESR1 expression negatively affected
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the migration of both clones, with a statistically
significant difference between wt and clone #9,
suggesting the implication of p66 ESR1 in this pro-
cess (Fig. 4).

According to our previous studies, alterations in
the S6K1 isoform expression may completely abol-
ish ESR1 expression and initiate EMT transition,
which was confirmed by alterations in the expres-
sion of the main EMT markers [10]. However, in
our further studies, we demonstrated that direct
downregulation of ESR1 by CRISPR/Cas9 gene
editing is not sufficient for EMT initiation [11],
but it may indeed affect the expression of genes re-
lated to EMT. In the present study, we analyzed the
impact of ESR1 expression on Carcinoembryonic
Antigen (CEA/CD66e) and Epithelial Cell Adhe-
sion Molecule (EpCAM/CD326) expression and
found a strong decrease in CEA in MCF-7 subline
#9 and a moderate decrease in EpCAM in both
sublines (Fig. 5).

Discussion

In this study, we continued to analyze the impact
of ESR1 gene expression modifications on MCF-7
cells, utilizing previously established the MCE-7
cell sublines exhibiting altered ESR1 isoform ex-
pression [11]. Given the well-known crosstalk be-
tween ESRI activity and S6K1 [12, 13], we aimed
to analyze how the alterations in ESR1 isoform ex-
pression affect S6K1-dependent signaling and how
this may impact EMT initiation.

Our findings (Figs. 1, 2) demonstrate that the
inactivation of the full-length p66 ESR1 isoform in
MCEF-7 cells leads to a significant reduction in the
S6K1 expression at both the mRNA and protein
levels. According to our data, the two main S6K1
mRNAs responsible for the translation of S6K1
isoforms (p60, p70, and p85), or mRNA coding for
only the p60S6K1 isoform, were downregulated.
This result is consistent with the established func-
tion of ESR1 as a ligand-activated nuclear receptor
that directly or indirectly regulates the transcrip-
tion of numerous genes involved in breast cancer
cell proliferation and survival [14, 15]. Our data
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Fig. 5. Analysis of ESR1 impact on the cell markers expression in MCF-7 cells with CRISPR/Cas9-mediated ESR1 gene
editing. Western blot analysis of CEA, EpCAM, and cytokeratin-18 in MCF-7 cells with disrupted ESRI expression.
Lines: 1, 4, 7 — intact cells growing in media with 10% FBS; 2, 5, 8 — cells after 24 h growth in FBS-depleted (1%) me-
dium; 3, 6, 9 — cells after 18h growth in FBS-depleted (1%) medium with subsequent 1h stimulation by FBS (10%);
MCEF-7 wt — 1—3. MCEF-7 subline #9 — 4—6. MCEF-7 subline #12

provide additional evidence that ESR1 can directly
impact the S6K1 expression at transcriptional le-
vel. The observed decrease in S6K1 level and its
phosphorylation, a key component of the mTOR
signaling pathway responsible for regulating pro-
tein biosynthesis and cell growth [16], may explain
the changes in cell proliferation and migration ob-
served in this study for the MCF-7 subline #9.

In contrast, in the subline #12, which is charac-
terized by a partial reduction in p66 ESR1 and an
increased expression of the p46 ESR1 isoform,
S6K1 expression remained intact, with no signifi-
cant alteration in its overall phosphorylation sta-
tus. This suggests that the p46 ESR1 isoform either
does not affect the basal expression level of S6K1
or is capable of compensating for the deficiency of
p66 ESR1 in this regard. The p46 ESRI isoform,
which may originate from an internal translation
initiation site, is often associated with distinct
functional properties compared to p66, including
the absence of a ligand-binding domain and the
potential for ligand-independent signaling, which
may influence proliferation and therapeutic re-
sponse [17, 18].

Despite the intact S6K1 expression in the MCE-7
subline #12, we detected significant alterations in
the dynamics of S6K1 activation in response to
FBS stimulation after culturing in FBS-depleted
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media. Phosphorylation at Thr389 is a direct and
widely used indicator of S6K1 activation by
mTORCI1 [16, 19]. This result is fascinating, as it
suggests that the p46 ESR1 isoform may affect the
sensitivity or efficiency of S6K1 activation by up-
stream pathways, despite maintaining overall S6K1
levels, and thereby influence S6K1 signaling. This
could be related to a disruption in the integration
of signals from growth factor receptors or an al-
teration in intracellular mechanisms regulating
S6K1 activation, potentially through changes in
the kinetics of interaction with mTOR or other
regulatory proteins.

We also examined how the changes in ESR1 ex-
pression affect mTOR activity, as mTOR is a key
regulator of S6K1 phosphorylation at Thr389 [16,
19]. According to the data in Fig. 1, there were no
significant differences in mMTOR phosphorylation at
Ser2448, which indicates its activity, between wild-
type MCE-7 cells and their sublines. This suggests
that the impairments in S6K1 activation observed
in the subline #12 are likely not due to direct chang-
es in mTOR kinase activity itself. Instead, they may
reflect alterations in S6K1’s accessibility for mTOR
phosphorylation, changes in protein localization, or
other post-translational modifications that influ-
ence S6K1’s interaction with mTOR or other regula-
tors. Early research initially identified Akt as the
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main candidate for phosphorylating Ser2448; how-
ever, later, more detailed studies established that
p70S6 kinase (S6K1) is the primary kinase in this
process [20]. Therefore, our current findings are
somewhat surprising, as they did not reveal a cor-
relation between S6K1 suppression and mTOR
phosphorylation at Ser2448. Instead, our data sug-
gest that under certain conditions, Akt may com-
pensate by phosphorylating mTOR at Ser2448. Ad-
ditionally, some studies indicate that other kinases,
such as ERK1/2 (MAPK), could be involved in
Ser2448 phosphorylation, especially in specific con-
texts or in response to particular stimuli [19, 21].

The decrease in S6K1 expression and its overall
phosphorylation at Thr389 in the MCF-7 sub-
line #9 was linked to slower cell movement and
reduced cell growth (Figs. 3, 4). This highlights the
important role of S6K1 in these key processes in
breast cancer, which is well supported by previous
research [22].

According to our data [10], the changes in S6K1
isoform expression associated with the downregu-
lation of ESRI may trigger the epithelial-mesen-
chymal transition (EMT), which was confirmed by
alterations in the expression of key EMT markers
[10]. In further studies, we showed that simply
knocking down ESRI using CRISPR/Cas9 gene
editing might not be enough to initiate EMT [11],
as we did not observe expression of vimentin and
Cadherin N, nor the downregulation of Cadherin
E. In this study, we examined how ESR1 influences
CEA and EpCAM, well-known epithelial cell
markers, whose reduced expression often indicates
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PEJIATYBAHHSA T'EHA ESR1 TA VIOT'O BITJIVIB
HA S6K1-3AJIEXXHE CUTHAIIOBAHHA TA ITOBEATHKY KJIITVH

Mema. [TocnifykeHHs MajIo Ha MeTi IIpoaHaisyBaTy 3B'A30K MiX eKCIIpecielo i30popM eCTPOreHHOTO PelelITopa alb-
¢da (ESR1) ta perynauieo S6K1-3a1e>XHOrO CUTHAMIOBAaHHS, 3 BUKOPUCTAHHIM IIONEPESHbO CTBOPEHMX CYOMiHii
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MCE-7 3 Bukopuctanusam cucremu CRISPR/Cas9 mns penaryBanHs excrpecii reHa ESR1. Memoou. BectepH-6moT-
tuHr, RT-PCR ananis, tTecT Ha npomidepaliiio KITUH 3 BUKOPUCTAHHSAM pe3asypuHY, TeCT PaHOBOI IOBEPXHI.
Pesynvmamu. IlpenctaBneHe NOCTifKEHHs BUIBIAE CKIaZHUI 3B>s30K MDK akTuBHicTio i3o¢opm ESR1, S6K1-
3aJIeKHMM CUTHA/IbHUM LIJIAXOM Ta K/TI0YOBMMM acneKTamMy nosefinku kiaitua MCF-7. Byno nmpopemMoHcTpoBaHo, 1110
[IOBHA iHAKTMBAIlisl HOBHOPO3MipHOI p66 i3odopmu ESRI npusBoguTh B0 3HAYHOTO 3HIDKEHHs ekcipecii S6K1, o,
y CBOIO 4epry, HeTaTMBHO BIUIMBA€ Ha mponidepanito Ta pyxanBicTs kaitul. LlikaBo, 1110 mifgBUIeHHs eKcIpecii p46
isodopmu ESR1 He BrtnBae Ha saraabamit BMicT S6K, ofHak yroBinbHOE fuHaMiky 1i aktuBarii FBS, mo cBigunts npo
MOXXJIUBY peryasaTopHy ponb p46 ESR1 y monynamil kniTMHHUX BifnoBifeit Ha dakTopu pocty. Bucnosxu. 11i pesyib-
TATY € BOXIMBYMI [/I1 pO3YMIHHSA TOTO, K Pi3Hi i300pMM pelienTopiB eCTpOreHy BIUIMBAIOTD Ha PIiCT, arpecHUBHICTD
T4 METACTATMYHMII IIOTEHLIa/M KIITHH paKy MOJIOYHOI 3271031, 0COONMBO Yepes IXHill BIVIMB Ha eKCIIPeCiio Ta aKTUB-
Hicts S6K1. HeobxinHi momanplii JOCTIIKEHHS I/ 3'ACyBaHHA TOYHUX MOJIEKYISAPHUX MeXaHi3MiB, 3a [JOIIOMOTOO
akux p46 ESR1 mopnymioe akTuBanito S6K1.

Knrouosei cnosa: ESR1, CRISPR/Cas9, xniturn MCE-7, S6K1, enitenianbHO-Me3eHXMManbHII IePeXi,.
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