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Ribosomal protein S6 kinase 1 (S6K1) is a well-known downstream effector of mTORCI (mechanistic
target of rapamycin complex 1) participating primarily in the regulation of cell growth and metabolism. De-
regulation of mTOR/S6K1 signaling can promote numerous human pathologies, including cancer, neurode-
generation, cardiovascular disease, and metabolic disorders. As existing data suggest, the S6K 1 gene encodes
several protein isoforms, including p85-S6K1, p70-S6K 1, and p60-S6K 1. The two of these isoforms, p85-S6K 1
and p70-S6K 1, were extensively studied to date. The origin and functional significance of the p60-S6K1 iso-
form remains a mystery, however, it was suggested that the isoform could be a product of alternative S6K1
mRNA translation. Herein we report the generation of HEK-293 cells exclusively expressing p60-S6K1 as a
result of CRISPR/Cas9-mediated inactivation of p85/p70-S6K1 translation. Moreover, the generated modified
cells displayed the elevated level of p60-S6K1 expression compared to that in wild-type HEK-293 cells. Our
data confirm an assumption that p60-S6K1 is alternatively translated, most probably, from the common for
both p70- and p85-S6K1 mRNA transcript and reveal a link between p60-S6K1 expression and such cellular
processes as cell proliferation and motility. In addition, our findings indicate that the p60-S6K1 isoform of
S6K1 may undergo a mode of regulation distinct from p70- and p85-S6K1 due to the absence of mTOR-regu-
lated p60-S6K1 phosphorylation at T389 that is important for S6KI activation.

Keywords: CRISPR/Cas9 technology, p60-S6 kinase 1 (p60-S6K1) isoform, Akt/mTOR/S6KI signaling
pathway.

iverse environmental signals from growth
D factors, hormones, energy and nutrients

converge at mammalian target of rapamy-
cin complex 1 (mTORC1) signaling enabling cells
to promote anabolic and inhibit catabolic processes
[1, 2]. Aberrant mTORCI-dependent signaling can
contribute to cancer, diabetes, obesity and several
other pathological states [3].

A number of downstream effects of mTORCI,
including protein biosynthesis, cell growth, prolifera-
tion and survival [4, 5] are mediated via ribosomal
protein S6 kinase 1 (S6K1), a well-studied mTORC1
substrate.

The S6K1 gene (RPS6KBI) was shown to en-
code two well-known S6K1 isoforms, p85-S6K1 and
p70-S6K1, that differ only by the presence of the N-
terminal 23 a.a. extension in p85-S6K1 due to the
use of alternative (the first and second ATG) transla-
tional start sites [6]. Recently, it has been discovered
that the splicing factor SF2/ASF promotes the ex-
pression of the oncogenic and the only known S6K1
splice variant termed p31-S6K1 or S6K1-isoform 2
that is truncated from the C-terminus [7]. A mecha-
nism underlying oncogenic properties of p31-S6K1
is unclear but it seems to be kinase-independent,
since the kinase domain of the given isoform is se-
verely truncated.
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According to the existing data, the usage of an
alternative translation start site (the third ATG) may
yield the expression of the additional putative S6K1
isoform [8], p60-S6K1, which is 30 a.a. and 53 a.a.
shorter than p70-S6K1 and p85-S6K1, respectively,
and has an intact kinase domain. However, there is
no direct evidence supporting this assumption and
one cannot exclude the possibility of p60-S6K1
generation via limited proteolytic degradation of the
N-terminal kinase region.

Numerous experimental data suggest the impli-
cation of the S6K1 N-terminal domain in the regula-
tion of kinase activity [reviewed in 2]. Thus, deletion
of N-terminal 53 amino acids in p85-S6K1 (as in the
p60-S6K 1 isoform) inhibits S6K1 activity and phos-
phorylation similar to the action of mTOR inhibitor
rapamycin [9]. Surprisingly, deletion of additional
24 a.a. (A77 a.a.) has rescued the negative effect of
53 a.a. deletion causing generation of a constitutively
active S6K1 form [10]. Later on, a short sequence
at the N-terminus of p70-S6K1 was identified to be
important for mTOR-mediated S6K1 activation and
was termed the TOS (mTOR signaling) motif. Dele-
tion of the TOS motif or its mutagenic inactivation
abolishes S6K1 kinase activity indicating the criti-
cal regulatory function of the N-terminus [11]. In
addition, we have demonstrated that CK2-mediated
phosphorylation of Ser-17 located within the p70-
S6K1 N-terminus is implicated in the regulation of
kinase nuclear export that could be a mode of its nu-
clear substrates regulation [12].

The above data indicate that the p60-S6K1 iso-
form should have regulation and functional activity
in a cell different from that of p70-S6K1 and p85-
S6K1, however, this aspect of p60-S6K1 is poorly
investigated.

To date, several studies indicate an important
role for S6K1 in cancer initiation and progression.
Overexpression of the S6K1 gene and deregulated
S6K1 signaling have been found in different malig-
nancies, including breast, prostate, thyroid, brain
and gastric cancers [13-21] that according to multi-
ple studies correlate with poor prognosis of disease
[14, 20-22]. However, implication of different S6K1
isoforms in carcinogenesis is poorly understood.

The aim of the present study was, firstly, to
verify the hypothesis that p60-S6K1 is alternatively
translated from the common for p70-S6K1 and p85-
S6K1 template and, secondly, to evaluate the func-
tional activity of the p60-S6K1 isoform in a cell.

For this purpose we applied the CRISPR/Cas9
technology to generate HEK-293 cell lines with dis-
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rupted expression of p70-S6K1 and p85-S6K1 iso-
forms by editing the DNA sequence between the
second and hypothetical third alternative start of
p60-S6K1 isoform translation. According to our
data, inactivation of translation start sites for p70-
S6K1 and p85-S6K1, located upstream to the third
ATG, completely suppressed the expression of these
isoforms, but had no inhibitory effect on expression
of p60-S6K 1 supporting an existing assumption that
p60-S6K1 is alternatively translated from the third
ATG.

Upon the generation of p85/p70/p60"HEK-293
cells, we elucidated proliferative and migratory
properties of the cells comparing them with the p85-/
p70/p60-HEK-293 cells generated previously [23].
A state of S6K1 substrates phosphorylation has also
been assessed. A phenotype of HEK-293 expressing
only p60-S6K1 isoform confers both proliferative
and migratory advantage over the S6K1 null cells,
despite a decreased rate of cell proliferation and mi-
gration compared to the parental HEK-293 cells. The
given cell model and the data obtained in this study
can facilitate unraveling the p60-S6K1 cellular regu-
lation and function.

Materials and Methods

CRISPR gRNA design and cloning. To create
anti-S6K1 gRNA the http://crispr.mit.edu/ [24] web
server was utilized. This gRNA design web tool al-
lows for an off-target search over the genome and
calculates quality scores for each gRNA selected.
The higher score certain gRNA has the more spe-
cifically it binds to a target. The pair of oligonucleo-
tides for targeting the region of the S6K1 gene with
a highest score is:

Top gRNA strand: 5-CACCGTCCTCAGAGC-
CCGCGTCCTC-3'

Bottom gRNA strand: 5-AAACGAG-
GACGCGGGCTCTGAGGAC-3'

Underlined sequences correspond to the target
S6K1 gene sequence, and unstressed sequences cor-
respond to the Esp3I restriction site. The comple-
mentary oligonucleotide duplexes were ligated with
the pSpCas9(BB)-2A-Puro (PX459) V2.0 cloning
vector driven by the U6 promoter. This vector is
dedicated for gRNA cloning and encodes the human
Cas9 endonuclease necessary for gRNA functioning.
The Esp3I restriction site was used for anti-S6K1
gRNA insertion. PCR amplification and DNA se-
quencing (Applied Biosystems™ 3130 DNA Ana-
lyzer) were used to prove that gRNA was inserted
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into the indicated vector. The U6 primer was applied
as a forward one (5-GAGGGCCTATTTCCCAT-
GATTCC-3") and the oligonucleotide conforming to
the bottom gRNA strand was employed as a reverse
primer (5-AAACGAGGACGCGGGCTCTGAG-
GAC-3").

Cell culture and transfection. The human em-
bryonic kidney cell line HEK-293 was maintained in
Dulbecco’s Modified Eagle’s Medium (DMEM) sup-
plemented with 10% fetal bovine serum (FBS) [GIB-
CO], 100 units/ml penicillin, and 100 pg/ml strepto-
mycin, and cultured at 37 °C (5% CO,). Derivatives
of HEK-293 cells expressing Cas9 and anti-S6K1
gRNA were developed by transfecting the HEK-293
cells [jetPEI transfection reagent (Polyplus-trans-
fection ® SA)] for 24 h with the pSpCas9(BB)-2A-
Puro (PX459) V2.0 vector encoding corresponding
gRNA. Selection was carried out by the incubation
of the transfected HEK-293 cells in puromycin con-
taining media (4 pg/ml) for 24 h. Single clones were
isolated for further analysis.

Antibodies. Rabbit polyclonal antibodies and
mouse monoclonal antibodies (C3/10) specific to
the C-terminal region of S6K1 (amino acids 453-
525 in p85-S6K1) were generated as described in
[25, 26]. The B-actin antibody was obtained from
Sigma-Aldrich. Anti-phospho-p70-S6K1 (Thr389),
anti-phospho-rpS6 (Ser235/236), anti-phospho-rpS6
(Ser240/244), anti-phospho-eEF-2K (Ser366), and
anti-phospho-Akt (Ser473) were obtained from Cell
Signaling Technology. Anti-mouse and anti-rabbit
antibodies coupled to horseradish peroxidase were
from Jackson ImmunoResearch.

Cell Ilysis, immunoprecipitation and Western
blotting. Cells were lysed on ice for 30 min in 20 mM
Tris-HCI, pH 7.5, 150 mM NaCl, 1 mM EDTA,
1 mM EGTA, 0.5% Triton X-100, supplemented with
a Complete EDTA-free protease inhibitor cocktail
tablet (Roche) and phosphatase inhibitors (Sigma-
Aldrich). Lysates were cleared by centrifugation at
12,000 g for 15 min at 4 °C. Bradford assay was used
to calculate protein concentrations. The precipitat-
ing antibodies were incubated with protein-A-aga-
rose (Pierce) for 1 h followed by incubation with a
cell lysate overnight at 4 °C with shaking. Immu-
noprecipitates were washed three times with a ly-
sis buffer before the immune complexes were eluted
from beads with Laemmli loading buffer. Whole-
cell lysates and immunoprecipitates were resolved
by 10% SDS-PAGE. The proteins were transferred
to a polyvinylidene difluoride (PVDF) membrane.

The membrane was blocked with 5% low-fat milk in
TBS-T (50 mM Tris-HCI, pH 7.4, 150 mM NaCl and
0.1% Tween-20) and after that it was incubated with
the indicated primary antibodies used according to
the manufacturer’s instructions. Antibodies against
the S6K1 C-terminus were diluted 1 : 2500 (0.4 pg/
ml) and incubated overnight at 4 °C. Afterwards,
secondary antibodies linked to horseradish peroxi-
dase were diluted 1 : 10000 and incubated at room
temperature for 1 hour. The proteins of interest were
revealed using enhanced chemiluminescence reagent
(GE Healthcare).

Immunofluorescence. The wild-type HEK-293
and p85/p70-/p60"HEK-293 cells were plated on
glass coverslips in a 24-well plate and incubated to
reach 70-80% confluence. Afterwards, cells were
fixed with 10% neutral buffered formalin for 15 min
and then washed three times with PBS. After fixa-
tion, 0.2% Triton X-100 in 100 ul of PBS was added
to permeabilize the cells. To block non-specific
staining the coverslips were incubated in a blocking
solution (10% fetal calf serum in PBS) for 30 min
at 37 °C. The cells were immunostained with rabbit
polyclonal antibodies against the S6K1 C-terminus
[25] diluted 1 : 100 in PBS overnight at 4 °C, fol-
lowed by incubation with secondary FITC-labeled
anti-rabbit antibodies (Jackson ImmunoResearch)
diluted 1 : 400 in PBS. Thereafter, the samples were
mounted on microscope slides using the Mowiol
medium (Sigma) containing 2.5% DABCO (Sigma)
and 0.5 mg/ml of DAPI (Pierce). Images were taken
using the Zeiss LSM 510 META microscope (Ger-
many).

In vitro scratch assay. In the present study, the
wtHEK-293, p85-/p70-/p60"HEK-293 and p85-/p70-/
p60-HEK-293 cells were plated (5x10°) 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 images 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) be-
tween the wound edges was determined at each time
point using the ImagelJ software. The scratch wound
assay was performed in triplicates for each cell line
used in this study.

MTT assay. For the MTT assay, the
wtHEK-293, p85-/p70-/p60"HEK-293 and p85-/p70-/
p60-HEK-293 cells were plated in a 96-well culture
plate at 5x10° per well in 100 ul of DMEM supple-
mented with 10% FBS. The cells were incubated
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for 24, 48 and 72 h. At each time point, 20 ul of
5 mg/ml MTT (thiazolyl blue tetrazolium bromide,
Sigma-Aldrich) were added to corresponding wells.
After incubation with MTT for 3 h and removing the
medium, 150 pl of DMSO were added to each well
and formazan crystals were dissolved. Absorbance
was recorded with the microtiter plate reader, BioTek
ELx800 (BioTek Instruments, Inc.), at 570 nm. The
MTT assay was carried out thrice for each cell line
tested in the study.

Statistical analysis. All quantitative results are
expressed as the means + standard deviation (SD).
All experiments were performed independently and
at least three times. The Student’s 7-test was used to
compare mean values between experimental groups.
P <0.05, P<0.01, and P <0.005 were considered to
be significant.

Results and Discussion

It is generally recognized that the S6K1 gene
encodes two protein isoforms (p70-S6K1 and p85-
S6K1) generated by alternate ATG start site utiliza-
tion. In addition, a smaller and the only known splice
variant of S6K1 has been reported, p31-S6K1, that is
required for cellular transformation induced by the
splicing factor SF2/ASF (splicing factor 2/alternative
splicing factor) [7].

According to the existing data, utilization of
the third alternative ATG start site in SOK1 mRNA
transcript may trigger translation of additional, trun-
cated from the N-terminus, kinase isoform — p60-
S6K1 [8]. Based on this assumption we hypothesized
that disruption of a region located between the sec-
ond and the hypothetical third ATG by the CRISPR/
Cas9 editing tool may lead to the silencing of p85/

6> b3
K> P70

p60

p70-S6K1 protein expression enabling the cells to
express solely p60-S6K1 [8]. Thus, we designed
gRNA oligonucleotides (20 nt in size) correspon-
ding to 106-125 nt in the p85-S6K1 mRNA coding
sequence for targeting the S6K1 gene region in hu-
man embryonic kidney cells HEK-293 (Fig. 1). The
DNA vector encoding both the Cas9 endonuclease
and the constructed gRNA oligonucleotide was in-
corporated into HEK-293. After selection individual
clones were analyzed by Western blot and immu-
nofluorescent staining using anti-S6K1 antibodies
specific to its C-terminal region. According to the
data of Western blot analysis, CRISPR/Cas9-media-
ted gene editing induced the generation of a set of
clones with a different S6K1 forms expression profile
(Fig. 2, A). However, among six clones selected for
analysis only two (clone 2 and 6) met our expecta-
tions, since they express exclusively the p60-S6K1
isoform. The specificity of p60-S6K1 expression was
further confirmed by an immunoprecipitation assay.
As shown in Fig. 2, B, alternative anti-S6K1 mAbs
(C3/10) specific to the S6K1 C-terminus [26] pre-
cipitated p60-S6K1 from the CRISPR/Cas9-modi-
fied p85/p70/p60"HEK-293 cells, determining the
specific recognition of the p60-S6K1 isoform in the
samples verified in Western blot by rabbit polyclonal
anti-S6K1 antibodies.

Thus, it is the first experimental evidence con-
firming that the p60-S6K1 isoform is a product of
alternative mRNA translation initiated from the
third ATG. In favor of a given conclusion are our
previous data demonstrating that inactivation of all
three S6K1 translation starts, including the hypo-
thetical third one, abolished expression of all S6K1
isoforms [23].

p85-S6K1 transcript

GAGGACGCGGGCTCTGAGGA

Fig. 1. A scheme of p85-S6K1 mRNA coding for p85/p70/p60-S6K1 isoforms with indication of alternative
translation starts and a region that is targeted by gRNA in the S6K1 gene. Specifically designed gRNA is di-
rected to the indicated DNA sequence to shut off the expression of both p85-S6K1 and p70-S6K1 isoforms. A
black box corresponds to the approximate location of the gRNA target site (34-53 nt downstream of the second

ATG site)
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A anti-p85/p70 gRNA/Cas9

p85-S6K1
p70-S6K1
p60-SBK1

B-actin

B IP:p60-S6K1

1 2 3

WB: S6K1

p60-S6K1 —> )
C-terminus

Fig. 2. Generation of S6K1 mutant HEK-293 cells targeted with anti-p85/p70-S6K1 gRNA/Cas9 to shut off
expression of the main S6K1 isoforms, p85 and p70. A — Western blot analysis of the mutated HEK-293 clones
after CRISPR/Cas9 application. Total cell lysates were analyzed for S6K1 expression by Western blot using
anti-S6K1 polyclonal antibodies. Equal protein loading was confirmed by f-actin detection. B — Western blot
analysis of p60-S6K1 immunoprecipitated from p85/p70-/p60"HEK-293 cells with anti-S6K1 mAbs and blot-
ted anti-S6K1 polyclonal antibodies. The whole-cell lysate from the p85-/p70/p60*HEK-293 cells was used as
a control. 1 — cell lysate from p85/p70/p60"HEK-293; 2 — IP: flow-through, 3 — IP: anti-S6K1 mAbs (C3/10)

Apart from the clones with detected p60-S6K1
expression, clone 5 did not display the expression
of any S6K1 isoform, though clone 1 expressed the
80 kDa immunoreactive protein that does not corre-
spond to any of known S6K1 forms. The possible ex-
planation of such an effect of CRISPR/Cas9-media-
ted targeting of the S6K1 gene can be linked to the
nature of the gRNA/Cas9 action. The CRISPR/Cas9
system causes the error-prone NHEJ repair to fix
double-strand breaks in DNA. The indicated DNA
repair system generally introduces either insertions
or deletions, thus leading to unpredictable changes
in a target sequence. In our case, it is possible that
CRISPR/Cas9 induced specific mutagenic changes
affecting in some cases the third ATG and, as a con-
sequence, the disruption of p60-S6K1 expression or
affecting mRNA splicing causing the expression of
unusual 80 kDa S6K1 forms.

Another interesting observation was that the
disruption of p85/p70-S6K1 expression (Fig. 2, 4,
clone 2 and 6) or even their down-regulation (Fig. 2,
A, clone 3) correlated with the up-regulation of p60-
S6K1 expression.

The generated HEK-293 clones with the dis-
rupted expression of the S6K1 isoforms was further
analyzed by the immunofluorescent detection of
S6K1 with anti-S6K1 Abs. In overall, the data of im-
munofluorescent analysis (Fig. 3) confirmed the data
of Western blot, but the detectable level of the p60-
S6K1 protein in the p85/p70/p60"HEK-293 cells
was even higher than the total level of S6K1 forms in

the parental HEK-293 cells that differs from the data
of Western blot (Fig. 2, 4). It seems that truncation
of the N-terminal region may enhance recognition of
the S6K1 C-terminal domain by specific antibodies
which is consistent with existing data suggesting in-
teraction of both N- and C-terminal regions in the
inactive S6K1 form [2].

Recently, we have reported the characteriza-
tion of S6K1-deficient HEK-293 cells (p85/p70-/
p60-HEK-293) generated by the application of the
CRISPR/Cas9 technology. We have demonstrated
that the disruption of S6K1 isoforms expression had
no effect on phosphorylation of S6K1 substrates ana-
lyzed [23] that could be explained by the presence
of the intact highly homologous S6K?2 kinase that
shares with S6K1 most substrates. At the same time,
we found the significant inhibition of p85/p70-/p60-
HEK-293 proliferation and migration as well as the
inhibition of Akt activity, based on the extent of Ser-
473 phosphorylation, known to be critical for cell
survival and cell proliferation [23]. In the present
study, analysis of p85/p70/p60"HEK-293 cells re-
vealed that selective silencing of only p85- and p70-
S6K1 isoforms has very similar effect. We did not
find any effect on phosphorylation of some known
S6K1 substrates (Fig. 4) and detected the inhibition
of cell proliferation and motility (Fig. 5, 6) that ac-
companied reduction of Akt Ser-473 phosphoryla-
tion (Fig. 4). It should be noted that the extent of Akt
phosphorylation was significantly reduced only at
the condition of serum depletion. However in case
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HEK-293 (Clone 5) wtHEK-293

HEK-293 (Clone 6)

HEK-293 (negative control)

Fig. 3. Immunofluorescent analysis of p85/p70/p60*HEK-293 generated by CRISPR/Cas9 (clone 6) with the
antibody specific to the S6K1 C-terminus. Wild-type HEK-293 and the generated clone 5 (knockout of the
p83-, p70- and p60-S6K1 protein expression) were used as a positive and negative control, respectively. Con-
focal images of the HEK-293 and p85/p707/p60"HEK-293 cells are shown
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wtHEK-293  CRISPR/Cas9

FBS: Control - + Control - +

p-rpS6 (S235/236)

p-rpS6 (S240/244)

p-Akt/PKB (S473)

p-eEF/2K (S366)

p-p70-S6K1 (T389)

S6K1 total

B-actin

Fig. 4. Alterations in Akt/mTOR signaling under
the condition of CRISPR/Cas9-mediated p85- and
p70-S6K1 knockout in HEK-293 cells. The wild-type
HEK-293 and p85/p70/p60"HEK-293 cells were
starved in serum-depleted DMEM for 24 h and then
restimulated with 20% FBS for 1 hour. Cell lysates
were analyzed by Western blotting using the indi-
cated antibodies. Blotting with antibodies against
p-actin was used to confirm equal loading of pro-
teins. rpS6, ribosomal protein S6;, PKB, protein ki-
nase-B; S6K1, ribosomal protein S6 kinase 1; eEF-
2K, eukaryotic elongation factor 2 kinase; FBS,
fetal bovine serum

of p85-/p70-/p60-HEK-293 cells Akt phosphorylation
was downregulated not only in serum-starved cells,
but at regular cell growth conditions as well [23].

It is a well-known fact that the activation of
p85/p70-S6K1 requires mTORCI1-mediated phos-
phorylation of Thr-412/389 [27-29]. Our investiga-
tion of Thr-412/389 phosphorylation in p60-S6K1
with the phospho-Thr412/389 specific antibodies
revealed that this site remains inactive in p60-S6K1
under different growth conditions in p85/p70-/
p60"HEK-293 (Fig. 4). These data suggest that the
p60-S6K1 isoform functions differently from the
p85/p70-S6K 1 main isoforms and could be a subject
of a different regulation mode that doesn’t require
mTORCI1-dependent phosphorylation. Neverthe-
less, the ability of p60-S6K1 to be phosphorylated
at Thr-412/389 in MCF-7 cells had been highlighted

—— WtHEK-293
3.5 - —= p85/p70/p60*HEK-293 *k
—+— p857/p70/p60-HEK-293

3.0 1
2.5 1
2.0 -
1.5 -
1.0
0.5 1

Relative growth rate (fold change)

0 24 48 72
Time, h

Fig. 5. HEK-293 cells expressing the sole p60-S6K1
isoform exhibit a partially restored ability to prolife-
rate compared to S6K1 knockout HEK-293. Growth
rates of the p85/p70/p60"HEK-293, p85/p707/
pO0-HEK-293 and wtHEK-293 cells were defined
by the MTT assay. The data are the mean = SD for
three independent experiments. *P < 0.005, p85/
p70/p60-HEK-293 versus wtHEK-293 and p85/
p70/p60-HEK-293 versus p85/p70/p60"HEK-293;
¥*po < 0.05, p85/p70/p60°"HEK-293  versus
wtHEK-293

in [8]. Indeed, the latter result seems to be somewhat
surprising taking into account that hypothetical p60-
S6K1 mRNA lacks an N-terminal region where the
binding site for Raptor (TOS motif) is located.

The Raptor protein was determined to be a
critical scaffold protein functioning within mTORCI1
[30]. In contrast to [8], our observation of the ab-
sence of Thr-412/389 phosphorylation in p60-S6K1
is completely consistent with the idea that the p60-
S6K1 isoform cannot be phosphorylated at this site
by mTORCI due to a lack of the TOS motif.

However, one cannot exclude other possibili-
ties of p60-S6K1 control via phosphorylation of the
Thr-412/389 site through the signaling pathway(s)
distinct from mTORCI1 signaling. Yet results re-
ported in [8, 31] could underscore the presence of
a linkage between other kinase/kinases activity
and p60-S6K1 phosphorylation at Thr-412/389 in a
breast carcinoma cell line MCF-7 [8]. Despite this,
the HEK-293 cells used in our study seem not to in-
volve such the kinase/kinases in p60-S6K1 regula-
tion. In case of p60-S6K1 expressed in the p85/p70-/
p60"HEK-293 cells, the absence of the Thr-412/389
phosphorylation event arises intriguing questions
about p60-S6K1 activity. If the activity of the major
S6K1 isoforms is dependent on mTORCI1-mediated
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Fig. 6. Analysis of cell migration by the in vitro scratch assay reveals a partial recovery of the migration rate
of HEK-293 expressing sole p60-S6K1 compared to S6KI1 knockout HEK-293 cells. The confluent HEK-293,
p85/p70-/p60-HEK-293 and p85/p70/p60"HEK-293 cells were scratch-wounded and images were acquired 0
and 24 h post-scratching. A — Bars represent the mean + S.D. for three independent experiments. * (P < 0.05)
and ** (P < 0.01) versus wtHEK-293. B — Representative images of a wound closure from three independent

experiments are presented

phosphorylation, does the novel p60-S6K1 isoform
possess kinase activity and what substrates are?
Are well-known phosphorylation events common
for p85- and p70-S6K1 activation except for Thr-
412/389 phosphorylation sufficient for the control
of p60-S6K1 function? What other mechanisms of
p60-S6K1 regulation could exist? These questions
will be addressed in future studies.
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S6K1 has been linked to the regulation of cell
proliferation [32] and motility [33, 34] that are af-
fected in transformed cells and numerous data sug-
gest implication of S6K1 in carcinogenesis [13-21].
To evaluate the contribution of the S6K1 isoforms to
the modulation of cell proliferation and cell motili-
ty we have compared the p85-/p70-/p60-HEK-293,
p85/p70/p60*HEK-293 and parental HEK-293 cells.
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As it has already been mentioned disruption of all
three S6K1 isoforms (p835, p70, and p60) or only two
of them (p85, p70) had an inhibitory effect on cell
proliferation and motility, however, the extent of
inhibition was not so profound in case of sustained
p60-S6K1 expression. It seems that expression of
p60-S6K1 to some extent rescues cells from inhibi-
tory effect caused by the disruption of p85- and/or
p70-S6K1 expression.

In summary, we provide direct evidence sup-
porting an assumption that expression of the p60-
S6K1 isoform is determined by mRNA transla-
tion initiated from the third alternate ATG. In
addition, we conclude that a phenotype of p85-/p70-/
p60"HEK-293 has proved to be distinct from that of
the S6K1 knockout cells suggesting different func-
tional activity of p60-S6K1 in a cell. Future research
on discerning p60-S6K1 regulation and function
within a cell is required and will enable us to under-
stand a role for p60-S6K1 in cellular physiology, as
well as its impact on carcinogenesis.
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S6, P60-S6K1, € MPOJYKTOM
AJBTEPHATHUBHOI TPAHCJIAIIIL
MPHK
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S6 xinaza 1 (S6K1) € Bigomum edekro-
pom mTORCI (mechanistic target of rapamycin
complex 1), mo Oepe ydacTh, TOJOBHUM YHUHOM, Yy
peryJisiiii KIITHHHOTO pocTy Ta MeTaboiizmy. Ilo-
pymennss peryisiiii mTOR/S6K1-3anexHoro cur-
HAJIOBaHHS CyIPOBOKYIOTh PO3BUTOK YHCIICHHUX
[aToJIOTifi B JIOJUHM, BKJIIOYAIOYH OHKOJIOTIYHI,
HelpoJiereHepaTHBHI Ta CEpIEeBO-CYJAMHHI 3aXBO-
pIOBaHHS, a TaKOX MeTabojiuHi posnaau. JlaHi,
10 € B JITepaTypi, HAAAIOTh IiJICTABU BBaXka-
™, mo red SO6KI1 koaye jAekiabka NPOTETHOBUX
i30(hopM KiHa3u, a came p85-S6K1, p70-S6K1 1 p60-
S6K1. Ha choromHi HaiigeraibHIIIE TOCIIIKEHO
p85-S6K1 ta p70-S6K1 i30dopmu kiHazu. [loxo-

JUKeHHSI Ta (YHKIIOHAJIbHE 3HAYeHHS 130(OpMH
p60-S6K1 3anumaerbess HE3pO3yMiTUM, TPOTE
iCHye TpHUITyHIEHHS, II0 BOHAa MOXe OyTH Mpo-
JIyKTOM ajibTepHaTuBHOI TpaHcisiii S6K1 mPHK.
VY nauiii poOOTI HABEACHO JdaHI MPO CTBOPECHHS
kiaituaHOT niHii HEK-293, B skiif BigOyBaeTbes
ekcripeciss  BUKIO4HO  p60-S6K1  BHacmigok
CRISPR/Cas9-onocpenkoBaHoi IHaKTUBAIli{
TpaHcasauii mpoteiniB p85- ta p70-S6KI1. Binbm
TOT0, B OJICpKaHUX MOAH(]DIKOBAHUX KJIITHHAX BH-
SIBJICHO TIiJBUIICHUI piBeHb ekcrpecii p60-S6K1
NOpiBHSAHO 3 BHXigHUMH KiiTuHamu HEK-293.
Harmmni gani miATBepIKYOTh TPUITYICHHS, 1110 p60-
S6K1 yTBOPHOETHCSI BHACTIJOK allbTEPHATHBHOL
tpancisiii MPHK, mBuaine 3a Bce, CijibHOTO 1S
p85- Ta p70-S6K1 TpaHckpunTy i BKa3zylOTh Ha
3B’130K Mik ecrnpeciero p60-S6K1 i Takumu mpo-
HecaMu, siK KIIITHUHHA Mpodideparltisi Ta pyXJIUBICTb.
Kpim ToOro, 3rigHo 3 NpEACTaBICHHUMH JIaHUMHU
i3ohopma p60-S6K1 Moxke miaBaTUCS OKPEMOMY
cnocoOy peryJsmii nopiBHsHO 3 p70-S6K1, mpo 1110
cBigunTh BiacyTHicTh mMTOR-3anexxHoro gocopu-
nyBa"Hsa p60-SOK1 3a T389, mo € BaxIUBUM JIs
aKTHBaLil KIHAa3H.

Kamo4goBi CJ0Ba: CRISPR/Cas9
texHoJoris, p60-S6 kimaza 1 (p60-S6K1), Akt/
mTOR/S6K1-curHaabHuii MUISX.

N30DPOPMA KUHA3BI 1
PUBOCOMHOI'O IPOTEUHA Sé,
P60-S6K1, ABJASIETCS ITPOAYKTOM
AJBTEPHATUBHOM TPAHCJISALIUU
MPHK
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S6 kumnaza 1 (S6KI) saBnsieTcss M3BECTHBIM
a¢ppekropom MTORCI (mechanistic target of
rapamycin complex 1), y4acTBYIOIIUM, TJIABHBIM
0o0pa3oM, B PEryJsillid KJIETOYHOTO POCTa M Me-
tabomu3ma. Hapymenuss B perymsuun mTOR/
S6K 1-3aBUCUMOr0 CUTHAJIMHTA CIIOCOOCTBYIOT pas-
BUTHUIO MHOTOYMCJICHHBIX MATOJOTHI Yy YellOBeKa,
BKJIFOUAsi OHKOJIOTHYECKUE, HEHPOJIereHepaTUBHbBIC
U CEpIICYHO-COCYAMCThIC 3a00JIeBaHUS, a TaKXKe
MeTadonmueckne pacctpoicTBa. CyIecTBYIOIIHE
JIaHHBIE JTal0OT OCHOBAHUS MoJIaraTh, 4TO reH SO6K1
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KOJMPYET HECKOJIBKO MPOTEHHOBBIX H30(OPM KH-
Ha3bl, BKIoyas p85-S6K1, p70-S6K1 u p60-S6K1.
Ha cerogusmunii neHs Hambosiaee W3yUYCHHBIMHU
sBistitoTcst n3oopmel p85-S6K1 u p70-S6K1. po-
HCXOXKJIeHHe W (PYHKIIMOHAJIFHOE 3HAYEHUE H30-
dhopmbr p60-S6K1 ocTa€rcsi HEMOHSATHBIM, OJTHAKO
CYIIIECTBYET MPEATIONIOKEHUE, YTO OHA MOXKET OBITH
MPONYKTOM alibTepHaTUBHOM Tpaucsiuuu MPHK. B
paboTe mpeAcTaBIeHbI JaHHBIE O CO3JJaHUU KJIETOY-
ot muanu HEK-293, B koTOpO#i SKCIIpeccupyeTcs
uckirounteabHo p60-S6K1 Beaencteue CRISPR/
Cas9-omocpe1oBaHHON WHAKTHBALMHU TPAHCIISITAH
nporenHoB p85- u p70-S6KI1. bonee toro, B co3-
JAaHHBIX MOMU(MUIIMPOBAHHBIX KIIETKAaX BBISBICH
MOBBIIIICHHBIA YpOBEeHB 3Kcrpeccuu p60-S6K1 mo
CpaBHEHHMIO ¢ ucXogHbIMH kieTkamu HEK-293.
Hamm pe3ynbTaTsl MOATBEPKIAIOT TMPEATIONONKE-
Hue, 4yTo uszodpopma p60-S6K1 oOpa3oBbiBacTcs B
pe3ynbTaTe ajabTepHATHBHON TPAHCISAIHNH, CKOpee
Bcero, obmiero s p85- m p70-S6K1 tpanckpun-
Ta U PacKphIBaIOT CBSI3b MEXAY dKcrpeccueit p60-
S6K1 u TakuMu mporieccamu, Kak KJICTOYHAS IIPO-
nudepanuss 1 NoABMKHOCTH. Kpome Toro, Hamm
JMaHHBIE YKa3bIBAIOT Ha TO, 4TO m3odopma p60-
S6K1 MoxkeT moaBeprarbes OTACIBHOMY CIIOCOOY
peryaupoBaHHus Mo cpaBHeHHIO ¢ p7/0-S6K1, o uem
cBUAeTeNnbCTBYeT oTcyTcTBHE MTOR-3aBHCHMOTO
dhochopunupoanus p60-S6K1 no T389, BaxxHOTrO
JUTSl aKTUBAITMN KWHA3HI.

Knwuesroie cmosa: CRISPR/Cas9 rexHo-
norus, p60-S6 xkunaza 1 (p60-S6K1), Akt/mTOR/
S6K 1-curHanbHBIN TyTh.
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