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Aim. To determine the paracrine effect of cultured fibroblasts on HeLa cell motility and mTOR/
S6K1 phosphorylation status in vitro. Background. High cancer cell motility is a feature of the 
malignant tumor. The mTOR/S6K1 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 S6K1 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.
K e y w o r d s: mTOR/S6K1 signaling network, tumormicroenvironment, fibroblasts, cancer 
cell migration, HeLa cell line

Introduction

The hypothesis that cancer is the result of 
disruption of normal tissue homeostasis along 
with genetic and epigenetic changes in epithe-
lial cells has been established in modern oncol-
ogy. The critical role of stromal microenviron-

ment in the regulation of the processes of 
survival and proliferation of cancer cells, 
metabolic and physiological activity, invasion, 
angiogenesis, secondary tumor formation etc. 
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-

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 mTORC1 and mTORC2, 
which regulate different cellular events. 
mTORC1 fulfills a regulation of cell growth, 
proliferation, as well as a control of protein 
synthesis, etc. It is an important negative reg-
ulator of the autophagy, required also for the 
ribosome biogenesis. mTORС2 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-



419

Fibroblasts modulate the tumor cell motility and their mTOR/S6K1 phosphorylation status in vitro

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-S6K1 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, 
Ser421, 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 mTOR/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 µg/ml streptomycin at 37° C 
in 5 % CO2 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 µg/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 µM 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-HCl, 
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 No.5536), anti-phospho-
p70 S6 Kinase (Thr389) (Cell Signalling, 
catalogue No. 9234), anti-β-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 

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 S6K1 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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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/

Fig. 1. Western blot detection of protein content of mTOR, p70-S6K1 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.
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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-

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-

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-S6K1 (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 t test.
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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 

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 moti lity.

Fibroblasts produce a variety of growth 
factors, which are able to activate mTOR/S6K1 
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 

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 T test. 
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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 S6K1. 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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Фібробласти модулюють рухливість пухлинних 
клітин статус фосфорилювання mTOR/S6K1 
та in vitro

Н. Я. Гоцуляк, В. Р. Косач, І. О. Тихонкова, 
С. С. Пальчевський, А. І. Хоруженко

Мета. Визначити паракринний вплив культивованих 
фібробластів на рухливість клітин HeLa та статус 
фосфорилювання mTOR / S6K1 цих пухлинних клітин 
in vitro. Передумови. Висока рухливість ракових клі-
тин є відмінною рисою злоякісної пухлини. Сигнальна 
мережа mTOR / S6K1 є однією з ключових ланок 
внутрішньоклітинного механізму регуляції міграції 
клітин. Крім того, рухливість ракових клітин залежить 
від мікрооточення пухлини, але шляхи впливу строми 
на міграцію ракових клітин слід вивчити детальніше. 
Методи. Культура клітин, Вестернт блотаналіз, тест 
«на подряпину» in vitro, статистичний аналіз.
Результати: Застосуваннясередовищ, кондиційованих 
«супер конфлюентною» культурою первинних фібро-
бластів людини або фібробластами лінії NIH3T3, при-
зводить до значного підвищення рівня фосфорилюван-
ня кіназ mTOR і S6K1 у ракових клітинах лінії HeLa. 
Крім того, зазначені кондиціоновані середовища мають 
інгібуючу дію на міграторні властивості пухлинних 
клітин кількісно подібні до дії рапаміцину, інгібітора 
mTOR / S6K1сигнальної мережі. Більш того, комбіно-
вана обробка рапаміцином та кондиційованим фібро-
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бластами середовищем не змінює рухливості ракових 
клітин порівняно із застосуванням лише рапаміцину 
або кондиційованого фібробластами середовища. 
Висновок. Пухлинне мікрооточення може значно 
модулювати поведінку ракових клітин та ефективність 
протипухлинних препаратів. Це слід враховувати при 
розробці протиракових препаратів. 

К л юч ов і  с л ов а: mTOR/S6K1 сигнальна мережа, 
пухлинне мікрооточення, фібробласти, міграція зло-
якісних клітин, пухлинні клітини лінії HeLa

Фибробласты модулируют подвижность 
опухолевых клеток статус фосфорилирования 
mTOR/S6K1 и in vitro

Н. Я. Гоцуляк, В. Р. Косач, И. А. Тихонкова, 
С. С. Пальчевский, А. И. Хоруженко

Цель. Определить паракринное влияние культивиру-
емых фибробластов на подвижность клеток HeLa и 
статус фосфорилирования mTOR/S6K1 этих опухоле-
вых клеток in vitro. Высокая подвижность ракових 
клеток является отличительной чертой злокачествен-
ной опухоли. Сигнальная сеть mTOR/S6K1 является 
одним из ключевых звеньев внутриклеточного меха-
низма регуляции миграции клеток. Кроме того, под-
вижность ракових клеток зависит от микроокружения 
опухоли, но пути влияния стромы на миграцию рако-
вих клеток следует изучить более детально. Методы. 

Культура клеток, Вестернт блот анализ, тест «на цара-
пину» in vitro, статистический анализ. Результаты. 
Применение сред, кондиционированных «супер кон-
флюентной» культурой первичных дермальных фи-
бробластов человека или фібробластами линии NIH 
3T3 приводит к значительному повышению уровня 
фосфорилирования киназ mTOR и S6K1 раковых кле-
ток линии HeLa. Кроме того, указанные кондициони-
рованные среды оказывают ингибирующее влияние 
на миграционные свойства опухолевых клеток, коли-
чественно сопоставимое с действием рапамицина, 
ингибитора mTOR/S6K1 сигнальной сети. Более того, 
комбинированная обработка рапамицином и кондици-
онированной фібробластами средой не изменяет под-
вижности раковыхклеток по сравнению с применени-
ем только рапамицина или кондиционированной фі-
бробластами среды. Выводы. Опухолевое микроокру-
жение может значительно модулировать поведение 
ракових клеток и эффективность противо-опухолевых 
препаратов. Это следует учитывать при разработке 
последних.

К л юч е в ы е  с л ов а: mTOR/S6K1 сигнальная сеть, 
опухолевое микроокружение, фибробласты, миграция 
злокачественных клеток, опухолевые клетки ли-
нии HeLa
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