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Introduction

Aim. To determine the paracrine effect of cultured fibroblasts on HeLa cell motility and mTOR/
S6K 1 phosphorylation status in vitro. Background. High cancer cell motility is a feature of the
malignant tumor. The mTOR/S6K 1 signaling network is one of the key links in regulation of
cell migration. The cancer cell motility is also dependent on the tumor microenvironment but
the effect of stroma on cancer cell migration is insufficiently studied. Methods. Cell culture,
Western blot analysis, scratch test, statistical analysis. Results. Application of the media con-
ditioned by a highly confluent monolayer culture of primer human dermal fibroblasts or NIH
3T3 fibroblasts leads to a significant increase of the mTOR and S6K 1 phosphorylation in HeLa
cells. These conditioned media also have an inhibitory effect on the motility of tumor cells
similar to that of mTOR/S6K1 signaling inhibitor rapamycin. Moreover, the combination of
rapamycin and fibroblast-conditioned medium does not additionally change the cancer cell
motility in comparison to rapamycin or fibroblast conditioned medium alone. Conclusion. The
tumor microenvironment can significantly modulate the behavior of cancer cells and the ef-
ficiency of anticancer drugs. This should be taken into consideration when developing anti-
cancer drugs.

Keywords: mTOR/S6K1 signaling network, tumormicroenvironment, fibroblasts, cancer
cell migration, HeLa cell line

The hypothesis that cancer is the result of ment in the regulation of the processes of
disruption of normal tissue homeostasis along survival and proliferation of cancer cells,
with genetic and epigenetic changes in epithe- metabolic and physiological activity, invasion,
lial cells has been established in modern oncol- angiogenesis, secondary tumor formation efc.
ogy. The critical role of stromal microenviron- has been previously demonstrated in numerous
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studies [1, 2]. In course of cancer development,
the stromal compartment evolves and changes
its functions from anti-oncogenic to suppor-
tive [3]. Moreover, the stromal cells are able
to increase significantly the viability of cancer
cells and their resistance to chemotherapy and
radiotherapy. Therefore, the mutual interaction
of stromal and tumor cells has been recently
intensively investigated [4—7]. In particular,
the effect of cancer-associated fibroblasts
(CAFs) on the behavior of tumor cells has been
investigated in different tumor types [8, 9].
Thus, on one hand it was shown that exo-
somal miR-139 derived from gastric CAFs
could inhibit the progression and metastasis of
gastric cancer by decreasing MMP11 in tumor
microspace [10]. On the other hand, it has been
found that in breast cancer, CAFs constitute a
supporting niche for the acquisition of cancer
drug resistance [11]. Fibroblasts are known to
produce a number of factors, including ECM
proteins, enzymes, chemokines, growth factors
and other downstream effectors, which in dif-
ferent ways, sometimes opposite, affect the
expression of tumorigenic potential of cancer
cells [12]. That is why, several approaches
have been developed to study the modulating
effect of stroma on tumor cells using the in
vitro models: the first is the study of the effect
of factors that can be produced by fibroblasts
(a number of chemokines, growth factors, ex-
tracellular matrix components etc.), the second
is the application of medium conditioned by
fibroblasts [13] and the third is the co-cultiva-
tion of fibroblasts and tumor cells [14]. In the
first case, the experimental conditions are con-
trolled, but they are only partially similar to
the conditions of the organism. In the second
and third approaches, the experimental condi-
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tions are regarded as closer to the organism,
but true quantitative and qualitative composi-
tion of the factors produced by the fibroblasts
remains not fully known and uncontrolled. In
these cases, it is difficult to point to one de-
finitive factor that influenced the behavior of
the tumor cells.

It is known that the signal transduction from
extracellular agents inside a cell is mediated
by the intracellular signaling networks. One of
the signaling cascades, the function of which
significantly altered in tumor cells, is the
mTOR/S6K1 signaling pathway [15]. The cen-
tral links of this signaling cascade are the
mTOR and S6K1 kinases. Kinase mTOR
(mammalian target of rapamycin) is one of the
crucial regulatory element involved in multi-
tude of intracellular events including protein
biosynthesis, cell growth, proliferation etc.
mTOR is a serine-threonine protein kinase, the
activity of which is controlled by PI3K (phos-
phatidylinositol-3-kinase), AKT (protein ki-
nase B), PTEN (Phosphatase and tensin ho-
molog), tuberous sclerosis complexes (TSCs)
1 and 2. There are two mTOR functional com-
plexes known as mTORCI1 and mTORC2,
which regulate different cellular events.
mTORCI fulfills a regulation of cell growth,
proliferation, as well as a control of protein
synthesis, efc. It is an important negative reg-
ulator of the autophagy, required also for the
ribosome biogenesis. mMTORC?2 is involved in
the regulation of architecture and polarity of
the actin cytoskeleton and phosphorylation of
AKT in mammalian cells [16]. The ribosomal
protein S6 kinase 1 (S6K1) is a serine/threo-
nine kinase of the AGC family and one of the
main effectors of mTOR kinase. The gene
S6K1 encodes three protein isoforms gener-
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ated by alternative splicing and alternates the
ATG start site: a larger 85 kDa S6K1 isoform
(p85-S6K1) which contains nuclear localiza-
tion sequence, the most extensively studied
70 kDa S6K1 isoform (p70-S6K1) and re-
cently identified 60 kDa S6K1 isoform (p60-
S6K1). The forth isoform p31-S6K 1 has been
characterized as a truncated type of the protein
due to alternative splicing and lacks most of
the kinase domain. The S6K1 activation abso-
lutely requires the mTOR-mediated phosphor-
ylation, and a specific mTOR-inhibitor ra-
pamycin potently blocks S6K1 activation by
all known agonists. The S6K1 activation is due
to the phosphorylation of four serine residues
on the C-terminal domain: Ser411, Ser418,
Serd421, and Ser424. This process leads to the
opening of an internal region of the protein,
allowing mTOR to phosphorylate
Threonine-389 (in p70-S6K1) or correspond-
ing Threonine-412 (in p85-S6K1) [18].
Through mTOR, S6K1 accepts a wide range
of upstream signals mediated by growth fac-
tors, mitogens, cytokines, amino acids, energy
and cell stress. These signals are converted by
S6K1 in the regulation of protein synthesis,
ribosome biogenesis, transcription, mRNA
splicing, metabolism, survival and apoptosis,
cytoskeleton organization, cell proliferation
and motility. The aberrant mMTOR/S6K1 signal-
ing is associated with various diseases, includ-
ing cancer [17]. However, comprehension of
molecular mechanisms how S6K1 signaling
contributes to many of these pathological and
physiological states and the real role of diffe-
rent S6K1 isoforms remains limited and re-
quires future elucidation.

Therefore, the effect of fibroblast condi-
tioned media on the activity (phosphorylation

status) of S6K1 and mTOR kinases in HeLa
cells was investigated in the presented work.
It was revealed the activating effect of dermal
fibroblasts and fibroblasts of NIH 3T3 line on
the phosphorylation level of indicated ki-
nases. The dependence of cancer cell motil-
ity on the mTOR/S6K1 signaling has been
previously identified [19]. Also, numerous
studies point out a regulatory role of tumor
microenvironment in the migration activity
of tumor cells [20]. So, in the present study
we investigated the effect of fibroblast con-
ditioned media on the activity of mTOR/
S6K1 signaling and motility of HeLa cells
in vitro.

Materials and Methods

Cell culture

HeLa cells and NIH 3T3 fibroblasts were cul-
tured in DMEM medium (Sigma) supplement-
ed with 10 % FBS, 4 mM glutamine, 50 U/ml
penicillin and 50 pg/ml streptomycin at 37° C
in 5 % CO, in humidified atmosphere. Human
dermal fibroblast cultures were obtained as it
was described in [21]. Briefly, specimen of
skin was cut in sterile conditions to obtain
pieces about 1x1x1 mm. Five pieces were put
in Petri dish precoated with 1 % gelatin and
cultivated for 10 days in F-12 medium with
10 % fetal bovine serum, 50 units/ml penicil-
lin, 50 pg/ml streptomycin, 4 mM glutamine.
After active fibroblast migration they were
subcultivated. Monolayer fibroblasts and can-
cer cells cultures were applied for this study.
Media conditioned by fibroblasts were ob-
tained after 24 h of cultivation of confluent
monolayer of NIH 3T3 or human dermal fi-
broblasts.
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Scratch assay

HeLa cells were cultured for 72 h before scrap-
ing in 6 well plate. Subconfluent cell mono-
layer was scrapped by tip to create an experi-
mental wound. Nonadhered cells were re-
moved by aspiration. Medium supplemented
with 10 uM rapamycin, or 20 % conditioned
media, or their combination was added into
corresponding wells. The images of random-
ized fields of observation of each scratch were
captured just after scraping and after 24 hours
of cultivation. The width of experimental
wound was determined from these images us-
ing Icy software [22].

Western blot analysis

Cells were washed with ice-cold PBS and 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 cock-
tail tablet (Roche). Whole-cell lysates were
centrifuged at 12,000 g for 15 min at +4 °C,
and the supernatant was collected. The protein
concentrations were determined using Bradford
assay. Equal amounts of protein were resolved
on 10 % SDS-PAGE and electrotransferred
onto polyvinylidene difluoride (PVDF) mem-
branes for immunoblotting. The following
antibodies were used in immunodetection:
anti-phospho-mTOR (Ser2448) (Cell
Signalling, catalogue No0.5536), anti-phospho-
p70 S6 Kinase (Thr389) (Cell Signalling,
catalogue No. 9234), anti-B-actin (Sigma-
Aldrich, A5441), anti-FRAP (N-19) (Santa
Cruz Biotechnology, catalogue No. sc-1549,
anti-C-terminal S6 Kinase [23], anti-Rabbit
and anti-Mouse antibodies (Jackson
ImmunoResearch). Antibodies were applied in
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dilutions and immunoblotting conditions rec-
ommended in specifications.

Statistical Analysis

The data were analyzed by using Student’s
T test. The results were expressed as the mean
+ SD. The differences were considered sig-
nificant at p < 0.05. Each experiment was
repeated at least 3 times.

Results and Discussion

To evaluate the effect of fibroblast-derived
factors on mTOR/S6K1 signaling in cancer
cells, for the beginning the content of mTOR
and S6K1 kinases at the protein level in cul-
tured HeLa cells was assayed by Western blot
analysis under the influence of rapamycin,
human dermal fibroblast conditioned medium,
NIH 3T3 fibroblast conditioned medium and
combination of rapamycin with corresponding
conditioned medium (Fig. 1).

As expected, no statistically significant dif-
ference between mTOR and S6K 1 expression
levels was detected. Therefore, rapamycin and
media conditioned by dermal fibroblasts or
NIH 3T3 cells did not cause changes in mTOR
and S6K1 protein amounts.

On the other hand, it was revealed that the
paracrine factors produced by dermal fibro-
blasts and NIH 3T3 fibroblasts caused a sig-
nificant increase in the phosphorylation of
these kinases. Earlier it was shown that mTOR
kinase has the main four phosphorylation sites
— namely: Ser1261 localized at the HEAT
domain and three other sites Thr2446, Ser2448,
Ser2481 — at regulatory domain, which is im-
portant for the mTOR kinase activity. The most
studied is Serine2448, which is an indicator of
activation of mTOR kinase by S6K1 [24]. As
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Fig. 1. Western blot detection of protein content of mTOR, p70-S6K 1 and p85-S6K1 in HeLa cells under the influence
of rapamycin, human dermal fibroblast conditioned medium, NIH 3T3 fibroblast conditioned medium and combina-
tion of rapamycin with corresponding conditioned medium. A - Densitometric analysis results are expressed as % of
control. B — Western Blot analysis of mTOR, p70S6K1 and p85S6K1content was performed in experimental condi-
tions: C — control HeLa cells cultured in standard conditions, R — treatment with 10 (nM) rapamycin, NF— treatment
with 20 % medium conditioned by NIH 3T3 fibroblasts, HDF — treatment with 20 % medium conditioned by human
dermal fibroblasts, NF+R — treatment with 20 % medium conditioned by NIH 3T3 fibroblasts and 10 nM rapamycin,
HDF+R — treatment with 20 % medium conditioned by human dermal fibroblasts and 10 (nM) rapamycin.

expected, rapamycin had an inhibitory effect
on the mTOR phosphorylation at this site
(Fig. 2). Our studies revealed a statistically
significant increase of the phosphorylation of
mTOR kinase at Ser2448 under the influence
of the NIH 3T3 fibroblasts conditioned me-
dium. Moreover, the combination of rapamycin
with the NIH 3T3 fibroblasts conditioned me-
dium reduced mTOR phosphorylation almost
to the control level. The effect of paracrine
factors produced by human dermal fibroblasts
was similar but much less pronounced (Fig. 2).

An important indicator of the mTOR/S6K1
signaling activation is the phosphorylation of
S6K1 at Thr389/412. The kinase phosphoryla-
tion at this site is carried out by the mTOR
kinase [25]. We observed considerable statisti-
cally significant increases in phosphorylation
of p70-S6K1 isoform under the influence of

medium conditioned by dermal fibroblasts,
which exceeded more than 200 % of the con-
trol level. The effect of NIH3T3 fibroblasts
media exceeded 250 % of the control level of
S6K1 phosphorylation. The addition of ra-
pamycin only slightly reduced the effect of
conditioned media, in these cases the level of
phosphorylation was about 170 % of the con-
trol sample (Fig. 2).

A significant increase of phosphorylation
under the influence of fibroblasts was also
observed for the p85-S6K1 isoform (Fig. 2).
As before, rapamycin reduced the effect of
conditioned media, but did not return the phos-
phorylation degree of p85-S6K1 to the level
detected in control cells.

One of the important distinguishing char-
acteristics of tumor cells is the ability to move
actively [26]. The involvement of mTOR/
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Fig. 2. Westren Blot analysis of phosphorylation status of mTOR, p70-S6K1 and p85-S6K1 in HeLa cells after 24 h
treatment with rapamycin, human dermal fibroblast conditioned medium, NIH 3T3 conditioned medium and combina-
tion of rapamycin with corresponding conditioned medium. A - Densitometric analysis results are expressed as % of
control. B — Western Blot analysis of phosphorylation status of mTOR (Ser2448), p70-S6K 1 (Thr389) and p85-S6K1
(Thr412) at applied experimental conditions: C — control HeLa cells cultured in standard conditions, R — treatment with
10 (nM) rapamycin, NF—treatment with 20 % medium conditioned by NIH 3T3 fibroblasts, HDF — treatment with 20 %
medium conditioned by human dermal fibroblasts, NF+R — treatment with 20 % medium conditioned by NIH 3T3 fi-
broblasts and (nM) rapamycin, HDF+R — treatment with 20 % medium conditioned by human dermal fibroblasts and
(nM) rapamycin. Results were regarded as statistically significant (* — p<0.05; ** —p<(0.01) using Student’s 7 test.

S6K1 signaling cascade in the regulation of
cell migration activity has been previously
reported [27]. Therefore, we analyzed the lo-
comotor capacity of HeLa cells under the influ-
ence of fibroblast conditioned media and under
the inhibition of mTOR/S6K1 signaling in
tumor cells. Usually for conditioning medium
the fibroblast culture in log phase is applied,
such cells are characterized by high prolifera-
tive index. Under these conditions, the activat-
ing effect of fibroblasts on the locomotor prop-
erties of tumor cells is often observed. In our
opinion, under the condition of organism in
fibroblasts, including CAFs, a synthetic pro-
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cess prevails over the proliferation, in com-
parison with the monolayer culture in log
phase. Therefore, in our study the fibroblasts,
which formed a highly confluent monolayer in
stationary phase of growth, were used for con-
ditioning the medium. We assume that in this
state the cells divide less actively, but the lev-
el of their extracellular matrix production is
higher than in actively proliferating fibroblasts.
In our opinion, such experimental conditions
are closer to those existing in the organism. In
such a way the study of the paracrine effect of
fibroblasts on tumor cell motility was per-
formed, and it was revealed a significant mod-
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ulating effect on the tumor cell locomotion.
Earlier it was observed that inhibition of the
mTOR/S6K1 signaling cascade leads to a de-
crease of tumor cell motility in vitro. Our data
also indicate the inhibition of the locomotor
function of tumor cells under the influence of
rapamycin. An addition of media conditioned
by primary cultures of human dermal fibro-
blasts and murine fibroblasts of NIH 3T3 line,
slowed down the rate of tumor cell migration
(Fig. 3). Thus, according to our data, fibro-
blasts had a significant activating effect on the
mTOR/S6K1 signaling, however, on the other
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Fig. 3. Detection of locomotor properties of HeLa cells
after 24 h treatment with rapamycin, human dermal fibro-
blast conditioned medium, NIH 3T3 fibroblast condi-
tioned medium and combination of rapamycin with cor-
responding conditioned medium in scratch test (C — con-
trol HeLa cells cultured in standard conditions, R — treat-
ment with 10 (nM) rapamycin, NF— treatment with 20 %
medium conditioned by NIH 3T3 fibroblasts, HDF —
treatment with 20 % medium conditioned by human der-
mal fibroblasts, NF+R — treatment with 20 % medium
conditioned by NIH 3T3 fibroblasts and (nM) rapamycin,
HDF+R — treatment with 20 % medium conditioned by
human dermal fibroblasts and (nM) rapamycin). Results
were regarded as statistically significant (** — p<0.01)
using Student’s 7T test.

Therelative migration activity,
% of control

hand, inhibited the migration ability of HeLa
cells in vitro. Unlike intact cells, the cells cul-
tured in the presence of medium conditioned
by both NIH 3T3 fibroblasts and dermal fibro-
blasts were insensitive to rapamycin. Namely,
the migration velocity of HeLa cells in the
presence of conditioned medium of fibroblasts
or combination of conditioned media with
rapamycin statistically did not differ (Fig. 3).
So, the presence of the factors produced by
fibroblasts in culture medium on one hand
inhibited the cell migration, on the other hand
abolished the inhibitory effect of rapamycin
on tumor cell motility.

Fibroblasts produce a variety of growth
factors, which are able to activate mTOR/S6K 1
signaling as it was observed using Western
Blot analysis. Usually, the activation of this
signaling positively correlates with a high rate
of cell migration. However, in our model an
addition of fibroblast conditioned media to
cancer cells caused an opposite effect. We sup-
pose that quantitative and qualitative content
of media conditioned by fibroblasts at subcon-
fluent monolayer (as applied usually) and at
highly confluent monolayer (as it was applied
in this study) can be significantly different, and
as a result the regulation of cancer cell motil-
ity can be implemented in different ways. For
example, different growth factors secreted by
fibroblasts could be involved in such regula-
tory mechanism. The formation of focal adhe-
sion complexes and state of FAK (focal adhe-
sion kinase) are regarded as an index of the
cell migration activity. It was observed that the
focal adhesion formation could be modulated
by the growth factors including IGF-I (insulin-
like growth factor) produced by fibroblasts
[28]. IGF-I binds to its receptor on the surface
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of cancer cells, and then, the signal can be
transmitted into tumor cell in two ways. IGFR
(IGF-I receptor) can interact with its sub-
strate — IRS1 (IGF-I receptor substrate) and
via PIP3 — PDK1 — AKT — Tuberous sclerosis
complex — Rheb axis it can activate mTOR
and S6K 1. Also, IGFR can initiate signal trans-
duction through another branch, namely via
Grb2 (Growth factor receptor-bound pro-
tein 2) — SOS (Son of Sevenless, guanine
nucleotide exchange factors) it can activate
Ras. The activated Ras decreases the quantity
of focal adhesions. Because the migration ratio
is dependent on the dynamics of Ras and in-
tegrin signaling, the level of Ras activation can
define the migratory potential of tumor cells
[29]. Hence, the behavior on a whole and the
migration potential of tumor cells in particular
significantly depend on the tumor microenvi-
ronment.

So, in the presented work we have shown
that the factors produced by a highly confluent
monolayer of fibroblasts induce an elevation
of [the] mTOR and S6K1 kinases phosphory-
lation level in HeLa cells. Also, we registered
a similar decrease in the migration activity of
mentioned tumor cells in scratch test in the
presence of rapamycin, fibroblast conditioned
medium and their combination. The obtained
results pointed out the necessity to take the
tumor microenvironment into consideration
when developing anticancer drug.
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DiopodaacTu MOAYIOIOTH PYXJIUBICTH MyXJIMHHUX
KkJaiTHH craryc ¢ochopunoBanas mTOR/S6K1
Ta in vitro

H. 4. Toynsk, B. P. Kocau, 1. O. Tuxonkoga,
C. C. ITanpueBchkuii, A. 1. XopyskeHko

Mera. Bu3Haunty napakpuHHUM BIUIMB KyJBTHUBOBaHUX
(idpobnacriB Ha pyxnuBictk kmiTiH Hela Ta craryc
¢docoopmmosanas mTOR / S6K 1 myx myXIMHHNX KIITHH
in vitro. IlepenymoBH. Bricoka pyXJIMBiCTh paKOBHX KITi-
THH € BiJIMIHHOIO PUCOIO 3JI0SIKICHOT My XJIMHU. CHrHAJIbHA
mepexxa mTOR / S6K1 € omHi€I0 3 KIIFOYOBUX JIAHOK
BHYTPIIIHBOKITITUHHOTO MEXaHI3My Perysismii mirparii
KJiTHH. KpiM TOT0, pyXJIMBICTh PAaKOBUX KJIITHH 3aJI€KUThH
Bil MIKPOOTOUYEHHSI Iy XJIMHH, aJI€ IIUISIXH BIUIMBY CTPOMH
Ha MITpaIlifo paKOBUX KJIITHH CJIiJT BUBYUTH JCTAIBHIIIIE.
Metomu. Kynerypa kiitus, BecrepHT Onoranaiis, tect
«HA TIOOPSANIMHY» in Vitro, CTAaTUCTUYHHUIN aHai3.
Pe3ysbraTu: 3acTocyBaHHACEPEIOBHIL, KOHIUIIHOBAHUX
«cyTiep KOH(ITIOGHTHOIO» KYJIBTYPOFO NEpBHHHUX (hiOpo-
OracriB ronuHU 200 pidpodmactamu minii NIH3T3, mpu-
3BONIUTH JI0 3HAYHOTO ITiABHUIICHHS PiBHS (HOCHOPIITIOBAH-
ns kiHa3 mMTOR i S6K1 y pakoBux kmitiHax miHii Hela.
Kpim Toro, 3a3Ha4eHi KOHAWIIIOHOBaHI CEPEIOBHUINA MAIOTh
1HTIOYIOUy Jif0 HA MITpaTOpHi BJIACTUBOCTI ITyXJIHMHHUX
KJIITHH KUTBKICHO TIOAI0HI 10 Jii pamamiiuHy, iHriditopa
mTOR / S6K 1 curnansHoi Mepesxi. btk Toro, kom6iHO-
BaHa 00poOKa paramMiliHOM Ta KOHAMIIHOBAaHUM ¢iOopo-
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N. Ya. Hotsuliak, V. V. Kosach, 1. O. Tykhonkova et al.

OacTaMu CepeZoBHUILEM HE 3MIHIOE PYXJIMBOCTI PaKOBUX
KIIITHH TIOPiBHSHO i3 3aCTOCYBaHHSM JIHIIE ParaMiluHy
abo KoHUIIFoBaHOTO (iOpodIacTaMu cepeaoBHIIA.
BucHoBok. [lyxjrHHE MIKPOOTOYCHHSI MOXE 3HAYHO
MOJIYJTFOBATH TTOBEAIHKY PAKOBHX KITITHH Ta €(PEKTHBHICT
OPOTUIYXJIMHHKX Tiperiapartis. Lle i BpaxoByBaTH npH
PpOo3poOIIi MPOTHPAKOBUX IPEIApPAaTiB.

Kawuori caosa: mTOR/S6K]1 curnaipHa Mepexa,
IMyXJIMHHE MIKpOOTO4YeHHsI, (ibpobracty, mirparis 3710-
SIKICHUX KJIITHH, IyXJIMHHI KTiTHHA JiHii HelLa

DudpodIaCTBI MOAYJIHPYIOT NOABHKHOCTH
OILYX0JIEBBIX KJIETOK cTatyc pochopuinpoBaHus
mTOR/S6K1 u in vitro

H. f. Tonynsik, B. P. Kocau, 1. A. TuxoHkoBa,
C. C. [NanpueBckuii, A. 1. XopykeHKO

Heab. Onpenenuts NapakpuHHOE BIMSHUE KyJIETUBHPY-
eMBIX (UOPOOIACTOB Ha MOINBIKHOCTE KiIeToK Hela u
craryc pochoprmmposanmst mTOR/S6K 1 atux omyxore-
BBIX KJIETOK in Vitro. BpicOKasi IOABMYKHOCTh PaKOBUX
KJIETOK SIBJISICTCSI OTIIMUUTEIBFHOM YepTOi 37I0KadeCTBEH-
HoOM omyxomu. CurHanmbsHas cetb mTOR/S6K1 sBnsercs
OJIHUM W3 KJIFOYEBBIX 3BEHHEB BHYTPHKJIETOUHOIO MeXa-
HU3Ma PEryISIUN MUATpauy Kietok. Kpome Toro, mon-
BIDKHOCTH PAaKOBHX KJIETOK 3aBHCUT OT MUKPOOKPY KEHHS
OITyXOJIH, HO ITyTH BIIMSHHSI CTPOMBI HA MUTPALHIO PAKO-
BUX KJICTOK CJIEAyeT M3y4HTh Ooee netanbsHo. MeTonbl.
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Kymerypa xierok, BectepHT 00T aHaJH3, TECT «Ha [apa-
NUHY» In Vitro, CTaTUCTUYEeCKUN aHanu3. Pesyjbrarbl.
[IpumeneHne cpen, KOHAUIIMOHUPOBAHHBIX «CyIep KOH-
(OITFOCHTHOM» KYNBTYPOi TIEPBUYHBIX JEPMAIIGHBIX (H-
OpobmnactoB denmoBeka win (pidbpodmactamu smann NIH
3T3 npUBOOUT K 3HAYUTEIHHOMY ITOBBIIICHHIO YPOBHS
tochoprmmposanms kruaaz mMTOR u S6K1 pakoBsIx Kire-
Tok siuHuu HelLa. Kpome Toro, yka3zaHHbIE KOHAMLIMOHU-
POBaHHBIE Cpe/bl OKa3bIBAIOT MHIMOMPYIOLIEe BIMSIHUE
Ha MUTPALMOHHBIC CBOHCTBA OITyXOJIEBBIX KJIETOK, KOJIH-
YECTBEHHO COIOCTABHMOE C JIEWCTBHEM panaMHIINHA,
naruouropa mTOR/S6K 1 curnansHoii cetu. bonee Toro,
KOMOHMHUpPOBaHHAsE 00pabOTKa PamaMUIIITHOM H KOHTUIIH-
OHHMPOBAHHOH (ibpobIacTamMu cpeoit He N3MEHSIET MOJI-
BM)KHOCTH PaKOBBIXKIJIETOK IO CPAaBHEHUIO C IPUMEHEHU-
€M TOJIBKO parlaMHUIIHA WM KOHAUITHOHUPOBAHHOU (i-
6pobmactamu cpenpl. BeiBoabl. Omyx01eBoe MUKPOOKPY-
JKEHHE MOXKET 3HAYMTEIBHO MOJYJIMPOBATh TIOBEICHHUE
PAKOBHX KIIETOK U 3 (PEKTUBHOCTH MIPOTHBO-OITYXOJIEBBIX
MperaparoB. JTO CEAyeT yUHUTHIBATh IIPH pa3paboTke
TIOCIIC/THUX.

Kawuesbie caoBa: mTOR/S6K1 curnanbHas ceTh,
OITyXOJIEBOE MUKPOOKPYKEHHE, (PHOPOOIACThI, MUTPAIHS
3JIOKQYE€CTBEHHBIX KIIETOK, OITYXOJCBEIC KJICTKH JIH-
aun Hela
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