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Introduction

Aim. To generate and characterize MCF-7 cell lines with altered expression of p85, p70 and
p60 S6K1 isoforms: p85-/p70-/p60-MCF-7 and p85-/p70-/p60+MCF-7. Methods. CRISPR/
Cas9 gene editing, western blot analysis, immunofluorescence analysis, scratch assay.
Results. Modified MCF-7 cells with knocked down expression of p85, p70, p60 or only p85
and p70 S6K1 isoforms were generated. Selective inhibition of only p85 and p70 isoforms in
p85-/p70-/p60+MCF-7 cells was accompanied by actin cytoskeleton rearrangements, appear-
ance of fibroblast-like cell morphology and significantly increased cell locomotor activity.
Downregulation of all three S6K1 isoforms in p85-/p70-/p60 — MCF-7 cells inhibited cell
migration with no changes in the cell morphology. Alterations in had a different impact on the
ribosomal protein S6 phosphorylation and Akt signaling. Conclusion. Analysis of the modified
MCEF-7 cell lines revealed different impact of expression of S6K1 isoforms on MCF7 cell
locomotor activity and the S6K1— and Akt-dependent signaling. Our data suggest that p60-
S6K1 could be involved in regulation of the cell migration. The generated cells can be used
for further analysis of functional activity of the S6K1 isoforms.
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According to the National Cancer Registry,
malignant tumors of the mammary gland make
up the largest proportion in the structure of the
cancer incidence of female population [1]. One
of the main causes of death of patients with
this type of cancer is the ability of cells to form
distant metastases [2]. Therefore, the study of

molecular mechanisms involved in the regula-
tion of the motility of breast cancer cells is
necessary to understand the processes of me-
tastasis formation and to improve anticancer
therapy.

An important signaling cascade that pro-
vides intracellular signaling in the epithelium
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of the mammary gland is the PI3K/mTOR/S6K
pathway [3]. This cascade plays a key role in
signaling from insulin, thyroid stimulating
hormone, estrogen and a number of growth
factors, providing control of many physiolog-
ical functions in cells, in particular: growth,
metabolism, proliferation, and motility [4].
The ribosomal protein S6 kinase (S6K1) is
one of the key players of this signaling and
represents an extensively studied effector of
the mTOR. To date, numerous studies indicate
an important role of S6K1 in cancer progres-
sion. Overexpression of the S6K/ gene and
deregulation of S6K1 signaling have been
found in different malignancies, including
breast, prostate, thyroid, brain and gastric can-
cers [5-12] that according to multiple studies
correlates with poor prognosis of disease [6,
11-13]. Additionally, there is some data indi-
cating that resistance of estrogen positive tu-
mors to anti-estrogen therapy is tightly linked
to S6K1 signaling [14. 15]. S6K1 has been
involved in regulation of cell proliferation [16]
and motility [17, 18] that are affected in trans-
formed cells as well. Therefore, the study of
the S6K1 role in the cancer cells proliferation
and migration is an urgent task for researchers.
The S6K1 gene (RPS6KB1), located in the
chromosomal regions 17q21-23, is commonly
amplified in breast cancer [27, 28] and encodes
several S6K1 isoforms that are formed as a
result of an alternative mRNA translation and/
or splicing events. In human cells several
S6K1 isoforms are known: p85-S6K1, p70-
S6K1, p60-S6K1 and p31-S6K1 [19-21]. To
date, there is very limited information about
the functional role and regulation of different
S6K1 isoforms. Therefore, there is a need for
the creation of cellular models with altered

expression of different S6K 1 isoforms in cell
lines of different origin, which will allow
studying their functions and regulation as well
as implication in the cancer development and
progression.

The aim of this work was to create and
characterize the MCF-7 cell lines with dis-
rupted expression of different S6K 1 isoforms.
We selected the breast adenocarcinoma MCF-7
cell line because it is characterized by the
S6K1 gene amplification and increased S6K 1
protein expression, but has never been ana-
lyzed for functional activity and regulation of
different S6K1 isoforms.

Recently, applying the CRISPR Cas9 gene
editing technology we generated HEK293 cells
with differential expression of the S6K1 iso-
forms [22, 23]. Analysis of the modified
HEK?293 cell lines revieled that p70, p85 and
p60 S6K1 isoforms have different modes of
regulation and as a consequence have different
impact on cell behavior. According to our data
[24] the p85-/p70-/p60— HEK-293 cells exhib-
ited down-regulation of Akt phosphorylation
on Ser473 and possibly activity, and subse-
quent attenuation of cell growth rate, as well
as inhibition of cell motility. Disruption of only
two isoforms (p85 and p70) had an inhibitory
effect on the cell proliferation and motility as
well, however, the extent of inhibition was not
so profound in case of sustained p60-S6K1
expression. It seems that p60-S6K1 to some
extent could rescue the cells from inhibitory
effect caused by the inhibition of p85 — and
p70-S6K1 expression. Additionally, our data
demonstrated that the regulation of p60 iso-
form in HEK293 and MCF-7 cell lines was
different. In contrast to MCF-7, in HEK 293
cells the p60 S6K1 isoform was not phos-
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phorylated at critical for the p70S6K1 activity
T389 site and so not regulated by mTOR.
Based on the data received we assumed that
in MCF-7 cells that in contrast to HEK293 are
of tumor origin, S6K1 isoforms and particu-
larly the p60 isoform may have the functions
and impact on cell proliferation and motility
different than in HEK293.

To create the MCF-7 cell lines with down-
regulated expression of all S6K 1 isoforms or
only main — p85 and p70 with unaffected ex-
pression of p60 isoform we introduced the
CRISPR Cas9 gene editing technology and
used the same DNA constructs as for HEK 293
cells [22, 23].

The expression level of S6K1 isoforms was
studied with western blot and immunofluores-
cence analyses. Morphology and migratory
potential of obtained cell lines were analysed.

Materials and Methods

gRNA design and cloning. gRNA oligonucle-
otides complementary to the sequence of the
target gene were designed using the web tool
http://crispr.mit.edu/. The sequences of gRNA
oligonucleotides and gRNAs cloning into
pSpCas9(BB)-2A-Puro (PX459) V2.0 vector
were described in [22, 23].

Cell culture and generation of MCF-7 cells
with the edited S6K1 gene. Human breast ad-
enocarcinoma cell line MCF-7 was obtained
from Bank of Cell Lines of the R. E. Kavetsky
Institute of Experimental Pathology, Oncology
and Radiobiology, NASU (Ukraine). The cells
were cultivated in DMEM culture medium
(Gibco, USA) supplemented with 10 % fetal
calf serum (FCS, HyClone, USA), 4 mM glu-
tamine, 50 units/ml penicillin, 50 pg/ml strep-
tomycin at 37°C under 5 % CO2. Transfection
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of MCF-7 cells by pSpCas9(BB)-2A-Puro
(PX459) V2.0 with specific gRNAs [22, 23]
was carried out using jetPEI transfection re-
agent (Polyplus-transfection, USA). The pro-
cedure was performed following manufac-
turer’s instructions. The cells were seeded onto
a 24-well plate before transfection and grown
for 24 hours following transfection with 1 pg
of the DNA constructs encoding the gRNAs
targeting corresponding regions of the S6K1
gene [22, 23].

The cells were seeded onto 10-cm cell cul-
ture dishes 24 hours posttransfection and se-
lected with puromycin (4 pg/mL) for 48 hours.
After selection the separate clones were picked
up for further analysis.

Western blot analysis. MCF-7 cells were
washed with ice-cold phosphate-buffered sa-
line and extracted with lysis buffer, containing
20 mM Tris-HCI (pH 7.5), 150 mM NaCl, 1 %
Triton X-100, SmM EDTA, 50 mM sodium
fluoride, 5 mM B-glycerophosphate,10 mM
sodium pyrophosphate, 1 mM sodium or-
thovanadate and a mixture of protease inhibi-
tors (Roche Molecular Diagnostics, France).
Cell lysates were centrifuged at 13 000 rpm
for 20 min at 4°C and the supernatant was
collected. The protein concentrations were
determined using Bradford assay. Equal
amounts of protein were resolved in 10 %
SDS-PAGE and electrotransferred onto poly-
vinylidene difluoride (PVDF) membranes for
immunoblotting. The membrane was blocked
with 5 % low-fat milk in TBS-T (50 mM Tris-
HCIl, pH 7.4, 150 mM NaCl and 0.1 %
Tween-20) and incubated with antibodies over-
night at 4°C. The antibodies were diluted in
TBS-T for use as follows: anti-S6K 1-C-termi-
nus (generated as described in [25]) 1:3000,
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anti-B-actin (clone 13E5, Sigma) 1:20000,
anti-phospho-S6 ribosomal protein
(Ser240/244) (#5364, Cell Signaling
Technologies) 1:2000, anti-phospho-Akt
(Serd73) (#9271, Cell Signaling Technologies)
1:2000, anti-phospho-Akt-substrates (#9614,
Cell Signaling Technologies) 1:2000. After
washing three times with TBS-T, HRP conju-
gated secondary antibodies (Jackson
ImmunoResearch Labs) in 1:10000 dilution in
TBS-T were incubated with the membranes
for 1 hour at room temperature. The signal was
developed using an enhanced chemilumines-
cence system (Fluco) and then exposed to Agfa
X-ray film.

Immunofluorescence analysis of MCF-7 cell
lines. MCF-7 cells were seeded onto cover
glasses and cultured for 48 hours. Cultured
MCEF-7 cells were fixed with 10 % formalin
for 15 min at room temperature (RT).
Thereafter, the cells were permeabilized with
0.2 % Triton X-100 in PBS for 10 min.
Autofluorescence was decreased by incubation
with 10 mM cupric sulphate and 50 mM am-
monium acetate, pH 5.0 for 30 min at RT.
Nonspecific binding was blocked after incuba-
tion with 10 % FCS in PBS for 30 min at 37°C
in a humidifying chamber. For S6K1 detection
the samples were incubated with rabbit poly-
clonal anti-C-terminal S6K1 antibodies [25]
in dilution 1:100 in blocking buffer overnight
at +4 °C. The secondary (FITC)-AffiniPure
Goat Anti-Rabbit IgG antibodies (Jackson
ImmunoResearch Labs Cat# 111-095-003)
were applied 1:400 for 45 min at 37°C in a
humidified chamber. Samples were embedded
into Mowiol medium (Sigma-Aldrich, USA)
containing 2.5 % DABCO (Sigma-Aldrich),
0.5 % DAPI (Sigma-Aldrich). Microscopy

image acquisition was performed using Zeiss
LSM 510 META laser scanning confocal mi-
croscope (Carl Zeiss Microscopy GmbH,
Germany). Fluorescence images were analyzed
using Fiji/ImageJ v1.52b.

In vitro scratch assay. In the present study,
the wtMCF-7, p85-/p70-/p60* MCF-7 and p85-/
p70-/p60 — MCEF-7 cells were plated (5%10°)
in 6-well plates and grown to 90 % confluence.
The confluent monolayer was scraped with
200 pl sterile pipette tips to leave a scratch.
After the scratch was created, digitized im-
ages of a wound closure were taken at 0 h and
24 h with the Leica DM 1000 microscope and
a digital camera. The average distance (um)
between the wound edges was determined at
each time point as it was described in [26].
The scratch wound assay was performed in
triplicates for each cell line used in this study.

Statistical analysis. All results are expressed
as the means =+ standard deviation (S.D.) from
three independent experiments. Statistical sig-
nificance of differences between two groups
was determined by using Student’s #-test. The
difference between groups was considered to
be statistically significant at p < 0.01 and
p <0.005.

Results and Discussion

Generation of MCF-7 cell lines with
altered S6K 1 isoforms expression

The main aim of this work was to obtain hu-
man breast adenocarcinoma MCF-7 cell lines
with inhibited expression of all kinase iso-
forms (p85-/p70-/p60 - MCF-7) and with ex-
pression of only p60-S6K1 (p85-/p70-/
p60* MCF-7). The CRISPR/Cas9 genome edi-
ting system was used for this purpose. MCF-7
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cells were transfected with pSpCas9(BB)-2A-
Puro (PX459) V2.0 encoding anti-p85/p70/
p60-S6K 1 gRNA or anti-p85/p70-S6K1 gRNA
created previously [22, 23]. Briefly, for the
expression inhibition of all three alternatively
translated S6K1 isoforms, gRNA targeted se-
quence was located downstream of S6K1 iso-
forms translation starts and right after the third,
p60 isoform translation start. However for
down regulation of only p70 — and p85-S6K1
expression the location of targeting region was
upstream of the p60-S6K1 translation start, but
downstream of that for p85 — and p70-S6K1
isoforms. Upon selection, 5 clones of p85-/
p70-/p60 ~MCF-7 and 5 clones of p85-/p70-/
p60* MCF-7 were picked up and checked for
S6K1 expression by western blot analysis.
Wild type MCF-7 cells were used as control.

It was found that expression of all S6K1
isoforms was significantly down regulated in
all p85-/p70-/p60~MCF-7-clones compared to
control MCF7 cells (Fig. 1.A). In all clones

A &

analysed we observed complete inhibition of
p85-S6K1. Expression of p60-S6K1 varied
among clones from complete inhibition (clones
#2,4,5) to significant decrease (clones #1, 3)
compared to the wild-type cells. Expression of
the most abundant p70 isoform of S6K1 was
characterized by a significant decrease in most
clones (#1-4), whereas its complete absence
was shown only in one clone (#5). Thus, the
most effective knockdown of S6K1 isoforms
expression was achieved in clone 5 and this
clone was chosen for further analysis.

Western blot analysis of lysates of the p85-/
p70-/p60"™MCEF-7 cells revealed the expression
of p60-S6K1 in all clones obtained (Fig. 1.B).
The most effective knock down of p70/p85
1soforms expression with unaffected expres-
sion of p60 was detected only in clone #2 that
was selected for further analysis.

It is known that RPS6KB1 gene is often
amplified in breast tumors and in numerous
breast tumor cell lines including MCF-7.
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Fig.1. Western blot analysis of S6K 1 isoform expression in MCF-7 cell lines obtained after editing the RPS6K/ gene
by CRISPR/Cas9 system. Detection of S6K1 protein in lysates was performed using antibodies against the C-terminal
region of S6K1. B actin was used as a control of the deposition of samples. 4 — Western blot analysis of p85-/p70-/
p60— MCF-7cells: 1-5 — obtained clones, wtMCF-7 — wild-type MCF-7 cells. B — Western blot analysis of p85-/p70-/
p60* MCF-7 cells: 1-5 — obtained clones, wtMCF-7 — wild-type MCF-7 cells.
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Additionally, slight heterogeneity in the num-
ber of chromosomes can be observed within a
population of the MCF-7 cell line itself [27].
Therefore, it may explain different efficiency
of the CRISPR/Cas9 induced gene editing and
generation of clones with different extent of
S6K1 isoforms expression inhibition.

The following immunofluorescence analysis
of selected clones with the anti-S6K1 antibod-

S6K 1

DAPI

p85-/p70-/p60+ MCF-7  p&5-/p70-/p60- MCF-7 wt MCE-7

Control without
a-S6K. 1 antibodies

ies specific to the C-terminal region of the
kinase presented in all studied isoforms has
confirmed a complete loss of S6K1 expression
in p85-/p70-/p60 — MCF-7. At the same time,
p85-/p70-/p60* MCF-7 cells were characterized
by a weak, mostly nuclear, positive response
presumably specific for p60 S6K1 (Fig. 2),
which correlated with previous western blot
analysis.

S6K1/DAPI

Fig.2. Immunofluorescence analysis
of the S6K1 in MCF-7 cells after ed-
iting of the RPS6KI gene by CRIS-
PR/Cas9 system. Detection of S6K1
protein was performed using anti-
bodies against the C-terminal region
of S6K1 molecule (green). Nuclei
were stained with DAPI (blue). Scale
10 pm.
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In general, the morphological analysis of
obtained cell lines demonstrated that p85-/p70-/
p60 — MCF-7 cells morphologically did not
differ significantly from wild-type cells. They
had a distinctive epithelial shape and formed
separate islets of cells due to intercellular con-
tacts (Fig. 3). However, the cells of p85-/p70-/
p60" MCF-7 line with inhibited p70 and p85
S6K1 isoforms and preserved p60-S6K1 ex-
pression were characterized by the appearance
of elongated cells with signs of the cytoskel-
etal remodeling known as hallmarks of migrat-
ing cells (Fig. 3). It is known that S6K1 is
involved in the regulation of the architecture
of the actin filaments [28] as well as in [the]
regulation of cell motility [29, 30]. However,
the role of p60-S6K1 in this process remains
unexplored.

To estimate the participation of S6K1 iso-
forms in cell migration processes we applied
scratch assay (Fig. 4). It was revealed that
knock down of all three isoforms expression
(p85-/p70-/p60 — MCF-7 cells) caused a de-

'ild type MCF-7

p85-/p70-/p60- MCF-7

N - g
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p85-/p70-/p60+ MCF-7

crease in the migration activity of MCF7 cells
similar to that observed in HEK293 cells [22].
In contrast, the motility rate of p85-/p70-/
p60* MCF-7 cells with preserved expression
of p60-S6K1 isoform increased more than
twice compared to the wild type cells. In gen-
eral, the disturbances in S6K1 isoforms expres-
sion in MCF-7 cells had more profound effect
on cells migration than in HEK293.

The increased locomotor activity of cells
with preserved expression of p60-S6K1 iso-
form raised the question of its impact on the
mTOR/S6K1 signaling in the created MCF-7
cell lines. Earlier we demonstrated that in HEK
293 cells the down regulation of S6KI1 iso-
forms expression has no effect on the phos-
phorylation (Ser240/244) of ribosomal protein
S6 (rpS6) that is the one of the main S6K1
substrates. That could be explained by the
presence in cells of highly homologous S6K2
form that shares most substrates with S6K1
including rpS6 and that could be responsible
for rpS6 phosphorylation in HEK293 cells.

Fig.3. Fluorescence microscopy of
MCEF-7 cell lines obtained after edit-
ing the RPS6KI gene by CRISPR/
Cas9 system. Actin cytoskeleton was
stained with phalloidin-TRITC (red).
Nuclei were stained with DAPI
(Blue). White arrows point to the
cells with elongated shape. 4 — 20x
objective. B — 40x objective.
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However in MCF-7 cells with inhibited S6K 1
isoforms expression, phosphorylation of rpS6
was significantly lower at all conditions of cell
growth analysed compared to parental MCF-7
cells (Fig. 5). Additionally, rpS6 phosphoryla-
tion profile differed even between p857/p70-/
p60 — and p85-/p70-/p60* MCF-7 cells under
certain conditions of cell growth. According
to our data phosphorylation of rpS6 was com-
pletely inhibited in both modified MCF-7 cell
clones after 24 h starvation in serum free me-
dium (Fig. 5), however within 1h after cell
restimulation by serum, phosphorylation of
rpS6 was restored only in p85-/p70-/
p60*MCF-7, but not in p85-/p70-/p60 — MCF-7
cells. Taken together, the above data suggest
not only different functions of S6K1 in
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Fig.4. Analysis of migration of the generated MCF-7 cell
lines by in vitro scratch assay. 4 — light microscopy of the
artificial wound at Oh and 24h after scratch. 1 — wild type
MCEF-7, 2 — p85-/p70-/p60 — MCF-7cells, 3 — p85-/p70-/
p60* MCF-7 cells. Yellow lines show the edges of the
scratch. B — Histogram shows the migrated distance in
micrometers for 24 hours. 1 — wild type MCF-7, 2 — p85-/
p70-/p60— MCEF-7cells, 3 — p85-/p70-/p60+ MCF-7 cells.
* — p<0,01 versus wtMCF-7.

Migrated distance, um/24 hours

10% FCS

p-rpS6 (S240/244) | 4

p-Akt (S473)

B-actin

Fig.5. Western blot analysis of Akt/mTOR/S6K1 signal-
ing in MCF-7 cells after editing of the RPS6K/ gene by
CRISPR / Cas9 system. After 24 hours of serum starva-
tion, MCF-7 cell lines were treated with 10 % fetal calf
serum (FCS) for 1 hour. Protein lysates were prepared
from the cells and analyzed for the Akt/mTOR/S6K1 sig-
nalling pathway by Western blotting. Antibody against
B-actin was used to ensure each protein sample was load-
ed equally. 1 — wild type MCF-7, 2 — p85-/p70/p60 —
MCF-7cells, 3 — p85-/p70-/p60* MCF-7cells.

117



V. R. Kosach, N. Ya. Hotsuliak, 1. V. Zaiets et al.

HEK?293 and MCF-7 cells, but different func-
tions of S6K1 isoforms in MCF-7 cells.

Another key component of mTOR signal-
ing Akt kinase is also involved in the cytoske-
leton rearrangement and the regulation of cell
migration [31]. Its phosphorylation/activity
could be modulated by S6K1 via mTORC2
complex [31]. Western blot analysis did not
revealed any significant difference in the level
of Akt phosphorylation between wild-type
MCF-7 and p85-/p70-/p60 — MCF-7 cells.
However, p85-/p70-/p60*MCF-7 cells under
standard growth conditions had a slightly re-
duced p-Akt S473 content, but after starva-
tion, a reduction was already significant versus
wild-type and even p85-/p70-/p60 — MCF-7
cells (Fig. 5).

As the level of Akt phosphorylation was
different in p85-/p70-/p60" MCF-7 cells that
had elevated locomotor activity, our next step
was to estimate the activity of Akt by analy-
zing phosphorylation profile of Akt kinase
substrates in the cell lines obtained (Fig. 6).

Western blot analysis revealed that distur-
bances in S6K1 isoforms expression have a
significant effect on the phosphorylation of a
number of Akt substrates. At the same time
phosphorylation of some Akt substrates was
dramatically different in p85-/p70-/p60 —
MCF-7 and p85-/p70-/p60" MCF-7 cells sug-
gesting the involvement of these proteins in
cell migration. This assumption definitely re-
quires further studies using specific antibodies
against Akt targets to determine the exact na-
ture of the substrates involved in the regulation
of these functions.

In conclusion, by CRISPR/Cas9 gene edit-
ing we generated modified MCF-7 cell lines
with a complete loss of p60, p70 and p85 S6K1
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Fig.6. Western blot analysis of Akt substrates phosphory-
lation in MCF-7 cells after editing of the RPS6K1 gene
by CRISPR / Cas9 system. After 24 hours of the serum
starvation, MCF-7 cell lines were treated with 10 % fetal
calf serum (FCS) for 1 hour. Protein lysates were pre-
pared from the cells and analyzed for the phosphoryla-
tion of Akt substrates. 1 — wild type MCF-7, 2 — p85-/
p70- /p60 — MCF-7cells, 3 — p85- /p70- /p60+ MCF-
Tcells.

isoforms expression (p85/p70-/p60— MCF-7),
and with preserved expression of only p60-
S6K1 (p85/p70-/p60* MCF-7). Analysis of the
modified MCF-7 cell lines revealed different
impact of the S6K1 isoforms expression on
[the] MCF-7 cell locomotor activity and on the
S6K1 — and Akt-dependent signaling. Accor-
ding to the presented data among S6K1 iso-
forms, p60-S6K1 could be the main player in
the regulation of cell migration. The generated
cells can be used for further analysis of func-
tional activity of S6K1 isoforms.
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3minn excnpecii i3opopm S6K1 y kaiTuHax Jinii
MCF-7 MmaioTh CHJIbHUI BIUIUB HA PYXJHMBICTB,
a Takoxx Ha S6K1 i Akt curnasainr

B. P. Kocau, H. {. l'onynsxk, 1. B. 3aens,
O. M. Cxopoxog, JI. O. CaBinceka, A. 1. XopykeHko,
B. B. ®inonenko

Meta. CrBoputu kiituaHi JiHii MCF-7 3 BHOipKOBOIO
ekcripecietro p85, p70 Ta p60 i3opopm S6K1: p85-/p70-/
p60 — MCF-7 Tta p85-/p70-/p60" MCF-7. Metoau.
CRISPR/cas9 cucrema pemaryBaHHsS IeHOMa, BECTCPH-
60T aHayi3, iMyHO(ITyOpEeCIEHTHUH aHaJIi3, METO «pa-
HeBoi oBepxHi». PesyabraTn. CTBopeHo MoanikoBaHi
kiitunu JiHii MCF-7 3 3a0510K0BaHOIO eKcrpeciero p8S5,
p70, p60 um Tineku p85 Ta p70 i3odopm SO6KI.
IIpomemoHCTpOBaHO, 110 BUOIPKOBE iHT1OYBaHHS eKCIIpe-
cii mume p85 Ta p70 13odopm S6K 1 B kiritunax p85-/p70-/
p60*MCF-7 cynpoBomKyeThCs IepeOynoBaMy aKTHHOBO-
TO IUTOCKEJIETY, TOSBOIO KIIITHH (PiOpobmacTo-moaioHoro
(beHOTHITY Ta CYTTEBMM MiJBHUILIEHHSIM MirpaliiHol aK-
TUBHOCTI KJiTHH. OJHaK, MPUTHIYEHHsI eKcIpecii BCiX
TpBOX i30¢opMm B KinitnHax p85/p70-/p60 - MCF-7 nera-
THUBHO BIUIMBAJIO Ha MIrpalilo KIITHH U HE MaJIO BIUTUBY
Ha KJIITHHHY Mopdororito. B Toif e 9yac 3MiHM B eKc-
npecii i3odopm SO6K 1 manm pizHuMil BrimuB Ha docdopu-
JIFOBaHHS pOOCOMHOTO Oiika S6 Ta Akt CHTHaTFOBaHHSI.
BucHoBoOK. AHaTi3 CTBOPEHUX MOIU(IKOBAHUX KIITHH
nirii MCF-7 103BONMB BUSIBUTH Pi3HU BIUIHB €KCIpecii
i30hopm S6K 1 Ha IOKOMOTOPHY aKTUBHICTb KJIITHH Ta Ha
S6K1 — ta Akt-3anexHe curHamoBaHHs. BinnosingHo 1o
TIPEICTABICHNX JTAHWX, Cepel AOCHIPKYBAaHUX 130(hopM
S6K 1 came p60-S6K 1 Moke OyTH 3aJTydeHOIO 10 peryJisi-
il Mirpamii kiitaH. Moaudikosasri kiituaHI TiHIT MCF-7
HaJaJl MOXYTh OyTH BUKOPHCTaHI U TIOAAIBIIOTO JO-
cItipKeHHst QYHKI[IOHAIBHOT akTUBHOCTI 130hopM S6K1.



Alterations in S6K1 isoforms expression affect the locomotor activity of MCF-7 cells

KawuyoBi caosa: mTOR/S6K]1 curnamoBaHH,
MCF-7, S6K1, CRISPR/Cas9, pak MOI09HOI 3a1103H.

HN3menenus 3xcnpeccuu nzogpopm S6K1 B kiaeTkax
guauun MCF-7 uMeloT cujibHOE BJIUSIHHE

HA NOABIIKHOCTD, a Takyke Ha S6K1

u AKt curHaJHHT

B. P. Kocau, H. 4. Touymsk, 1. B. 3aeup,
A. H. Cxopoxon, JI. A. CaBunckas, A. U. XopyxeHKo,
B. B. ®unonenko

Heas. Cozaars kierounsie muand MCF-7 ¢ n3duparens-
HO# skcnipeccueit p8S, p70 u p60 nzodopm S6K1: p85/
p70/p60-MCF-7 u p85-/p70-/p60*MCF-7. Metoau.
CRISPR/cas9 cucrema penakTupoBaHUsI T'€HOMA, Be-
CTepH-OJIOT aHANIN3, IMyHO(ITyOPECIICHTHBII aHaAIIN3, Me-
TON «paHEeBOM MoBepxHOCTW». PesyabTarbl. Co31aHO
MomuduIMpoBaHHbIe KiteTouHble TiHI MCF-7 ¢ 3a06m10-
KUPOBAHHOH 3kcripeccuei p8S, p70, p60 wmm Tonpko p8S
u p70 m3odopm S6K 1. [TponemoHCTpHpPOBAHO, YTO N30H-
parenbpHOe MHTHOMpOBaHue dKkcnpeccuu p8S u p70 u3o-
dbopm S6K1 B kimetkax p85-/p70-/p60"MCF-7 compoBo-
JK1AJI0Ch MepecTpOoKkaMy akKTHHOBOI'O IIUTOCKENeTa, MOo-

SIBIICHUM KJIETOK ¢ (pHOPOOIacTO-TI0I0OOHBIM (PEHOTHUTIOM
U CyIIECTBEHHBIM IOBBIIIEHUEM MHUTPAaTOPHON aKTHBHO-
ctH Ki1eTok. OfHaKo, MHIMOMPOBAHUE IKCIIPECCHU BCEX
Tpex nzoopM B kietkax p85/p70/p60 - MCF-7 nerarus-
HO BJIMSIJIO HA MUTPALMIO KJIETOK M HE BIMSJIO Ha UX
Mopdosoruto. B To ke Bpemsl H3MEHEHHS B SKCIIPECCHH
n3oopm S6K 1 no-pazHomy Bimsiio Ha hochoprnposa-
Hue pudbocomHoro 6enka S6 u Akt curHaiaver. BoiBon.
AHaJM3 CO31aHHBIX MOIU(HUIMPOBAHBIX JIMHUHI KIIETOK
MCF-7 no3Bonun BBISIBUTH PA3HOE BIUSIHHUE SKCIIPECCUU
m3odopm S6K 1 Ha TOKOMOTOPHYIO AKTUBHOCTE KIIETOK 1
Ha S6K 1 — u Akt-3aBHCHMBIi curHAIMHT. B cooTBeTCTBUM
C TIPECTaBIICHHSIMA JJAHHBIMU CPEIH UCCIIETYyEeMbIX U30-
dbopm S6K 1, nmenno p60-S6K 1 MoxkeT 6arh BOBIIeUEHA
B PETYJSIMIO MUTPALHU KJIETOK. MoauduipoBaHHbIE
kietounsle mHUN MCF-7 B nmanmpHeimeM MOryT OBITh
WCIIONIb30BAHBI JJIs1 HCCIIEOBAHUS (hyHKIIMOHAIBHOM aK-
TuBHOCTH M30(opm SOKI.

Kawuyebsie caoBa: mTOR/S6K1 curnamusr,
MCF-7, S6K1, CRISPR/Cas9, pak MOJIOYHO¥ JKEJIe3bI.
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