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Introduction

Migration capacity is an important feature of tumor cells. There are several approaches to
analyze the dynamics of cancer cell migration in vitro. The model of initiation of cell migration
from 3D multicellular spheroids onto growth surface is one of the closest to the in vivo condi-
tions. Aim. Optimization of the model to study tumor cell mobility for several days. Methods. 2D
and 3D MCF-7 cell culture, immunofluorescence analysis and image analysis using the Fiji
computer software. Results. Unification of spheroid size allowed avoiding a significant data
deviation. The obtained spheroids spread completely for three days. The highest migration
ratio was observed on the second day. The proliferation level was similar during each day of
the three-day experiment; it did not exceed 3 %. The validity of the model was tested after
migration inhibition by a mTOR signaling inhibitor rapamycin. Additionally, this model was
successfully applied to immunofluorescence study of p85S6K1 subcellular localization in
moving MCF-7 cells. Conclusions. Double filtration of multicellular spheroids allowed uni-
fication of their size; this promotes an adequate interpretation of the migration assay. This
model allows to study tumor cell migration dynamics and can be further used for development
of anticancer drugs.
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cells is determined by their ability to migrate
and penetrate surrounding tissues. Often the

The ability of malignant tumors to form metas- metastases but not primary tumors lead to the
tases is a critical step of the cancer progression death of organism. That is why the processes
and distinguishes malignant tumor cells from of cancer cell migration and invasion are the
benign or normal ones [1].This feature of tumor most important targets of the anti-cancer basic
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research and drug development. In normal adult
mammalian organism, only immune and pla-
centa cells are able to invade corresponding
tissues. However, an ability to migrate is not
limited to these cell types. There are also many
other cell populations that migrate to their final
niche in the course of embryogenesis and post-
embryonic development, including the develop-
ment of cardiovascular system, central nervous
system, and many others [2-6].

Nowadays, there are several approaches to
evaluate the cell migration and locomotor
properties in vitro. The most widely employed
methods are the transwell migration and inva-
sion assay, the “wound healing” assay and the
initiation of cell migration from multicellular
spheroids or tissue explants into matrigel or
onto growth surface. Each of them has the
advantages and disadvantages which leads to
the need of their improvement.

The first mentioned method is the transwell
migration and invasion assays. The basis of
this method 1is the initiation of directed cell
movement through the pores of the transwell
membrane toward the chemoattractant. This
approach is widely used in cancer research and
especially for test of antitumor properties of
corresponding drugs or their combination [1].
However, this approach has several disadvan-
tages, in particular time restrictions, which
limits the duration of the study to 24—48 hours;
relatively high costs, and the need of selecting
the optimal conditions for each particular cell
type and the type of attractant used. Another
widely applied method is the wound healing
assay. This method is based on estimation of
closure dynamics of the artificially formed free
space in the confluent cell monolayer. Alike
previous case, the main disadvantage of this

478

method is limitation of experiment duration,
usually up to 24 hours to exclude the effect of
cell proliferation in freed space. The third
experimental strategy of migration estimation
is based on the transformation of 3D multicel-
lular spheroid into 2D cellular monolayer
colony. This method provides several advan-
tages over above-mentioned approaches; the
main of them is that 3D culture of cancer cells
more closely reflects in vivo conditions [7].
Besides, it also enables easy detection of many
of biochemical and morphological properties
of moving cells. Depending on the studied cell
type, this model provides an opportunity to
characterize either collective or single-cell
migration. However, there are also several
known limitations to this model application.
The major difficulty is significant variation of
spheroid sizes. It, in turn, complicates the
comparison of cell migration kinetics between
spheroids with initially different size.
Therefore, there is a strong need for further
unification of the multicellular spheroid size.
There are several approaches to obtain the
spheroids of similar sizes including handling
drop method or application of special multi-
well plates, efc., but they require preliminary
preparation and are relatively expensive. From
our point of view the double filtration of spher-
oid suspension through nylon mesh filters
could provide strong unification of spheroid
size.

Another issue which should be regarded is
the input of proliferation in the value of dis-
tance or surfaces covered by the cells in migra-
tion tests. To compare the dynamics of cell
migration at regular terms, it is necessary to
ensure that the level of proliferation for the
same time period was also similar.
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To test the proposed approach, the inhibi-
tion of cell locomotion was applied.

The cell migration is strongly affected by a
variety of growth factors, hormones, cytokines
and other chemical cues, which induce the
activation of several signaling pathways with-
in migrating cell. The PI3K/mTOR/S6K cas-
cade has been previously described as an im-
portant regulator of mammalian cell migration
[8]. In normal tissue this pathway is involved
in the control of many intracellular events,
including protein synthesis regulation, the
G1/S phase cell cycle transition and many oth-
ers [9, 10]. mTOR/S6K signaling over activa-
tion and over expression has been observed in
many diseases including cancer, diabetes, and
other [11-13]. There are some significant dif-
ferences in PI3K/mTOR/S6K signaling in 3D
vs. a 2D cell culture system [14]. Earlier, we
confirmed that rapamycin, an inhibitor of
mTOR signaling, decreased the MCF-7 cell
locomotion in scratch test. So, it was used in
this study for validation of optimized locomo-
tion assay [15].

Additionally, the model of outspreading
spheroids can be applied for immunochemical
assay. Earlier we revealed the subcellular re-
localization of p70S6K1 from the cytoplasm
into the nuclei of MCF-7 cells in course of
migration from spheroid onto growth surface
by immunofluorescent analysis [16]. One of
the explanations of the kinase relocalization
was its association with the transcription factor
TBR2, expressed in actively migrating cells
like embryonic, cancer cells and lymphocytes.
Kinase of ribosomal protein S6 (S6K1) is one
of the key links of the mTOR signaling path-
way. S6K1 has several known isoforms:
p85(S6K1), the most highly expressed isoform

p70(S6K1), and additionally less studied iso-
forms p60(S6K1) and p31(S6KI1). Both
p85(S6K 1) and p70(S6K1) isoforms have been
previously shown to be regulated through
phosphorylation by the mTOR/S6K, PI3K/Akt
signaling pathway [9]. Initially p85S6K1 was
regarded as a nuclear isoform of S6K 1, more-
over it contained the signal of nuclear localiza-
tion at N-terminus of molecule. But later it was
observed in cytoplasm as well. p70S6K1 and
p85S6K1 have both common and different
effectors and targets. To compare their subcel-
lular distribution in migrating cells, immuno-
fluorescent revealing of p85S6K1 in outspread-
ing spheroids of MCF-7 cells was performed.

So, the aim of this study was to improve the
method of initiation of cell migration from the
3D multicellular spheroids cells onto the
growth surface. Namely, the MCF-7 cell spher-
oid size unification was performed by double
filtration through nylon mesh filters with pore
diameter 30 and 100 mm; the index of MCF-7
cell proliferation at the 1%t, 2nd, and 3™ days
in outspreaded spheroids was estimated; the
validity of quantitative migration assay was
tested using migration inhibition; availability
of the model for immunofluorescent analysis
was confirmed by corresponding assay of the
p85S6K1 relocalization in course of cell mi-
gration. The proposed approach could be useful
for basic cancer research and anticancer drug
development, as well as for other assay of the
cell locomotion dynamics.

Materials and Methods

Cell culture. MCF-7 cell line derived from
metastatic site of malignant breast tumor was
used in this study [17]. MCF-7 cells were
cultured in Dulbecco’s Modified Eagle’s me-
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dium (DMEM) (Sigma, USA) supplemented
with 10 % fetal bovine serum (FBS, CellSera,
Australia), 4 mM glutamine (Sigma, USA),
50 U/ ml penicillin and 50 g/ ml streptomycin
(Sigma, USA) at 37 ° Cina 5 % CO2 hu-
midified incubator.

Generation of spheroids. For multicellular
spheroids generation, confluent monolayer of
MCEF-7 cells was detached with 0.25 % tryp-
sin, 0.02 % EDTA in Hank’s Balanced Salt
Solution (Sigma, USA) to generate single cell
suspension, which was transferred into the
10-centimeter Petri dishes coated with 1 %
agarose (Serva, Heidelberg, Germany). Cells
were further cultivated for three days. The
resulting suspension of spheroids of different
size was subjected to the two-step filtration.
First, spheroids were passed through a sterile
nylon mesh (Spectrum, USA) with a pore di-
ameter of 100 pm to remove large cell aggre-
gates. The second step of the filtration was
carried using sterile filter mesh (Spectrum,
USA) with a pore diameter of 30um for single
cell elimination.

The transformation of spheroids in a mono-
layer cell colony. The obtained spheroids of
uniform size were transferred into the 6-well
plates with a fresh complete medium. The
migration and proliferation processes were
analyzed at 0, 24, 48 and 72 hours post filtra-
tion. The images were acquired using bright
field and phase contrast microscopy (CETI
Versus inverted microscope, CETI, Belgium,
and Leica DM 1000, Leica Microsystems,
Germany, Magnification 25x, 100x). Only the
colonies of round shape were selected for fur-
ther analysis. A colony area was determined
using Fiji software, and an approximate colo-
ny radius was calculated using formula:
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r=VS/n. The migration activity was expressed
as a difference of colonies radii at correspond-
ing time points. To alter the cell migration
dynamics the treatment of MCF-7 multicel-
lular spheroids with 10 nM rapamycin
(Calbiochem biochemicals, Los Angeles, USA)
was applied and then the cell locomotion was
estimated.

Proliferation activity analysis. The number
of mitotic cells was calculated at 24, 48 and
72 hours of spheroid outspreading. The im-
ages of spheroids were taken at indicated time
points, and then the number of proliferating
cells of corresponding morphology was calcu-
lated. Besides, cultured on cover glasses colo-
nies were fixed with 10 % formaldehyde solu-
tion (Thermo Scientific, USA) for 15 minutes
and afterwards stained with 2 % Hoechst
33342 (Molecular Probes, USA) in the dark
for 25 minutes. Samples were mounted on
slides into Mowiol mounting medium (Sigma-
Aldrich, St. Louis, USA) containing 2.5 %
DABCO (Sigma-Aldrich, St. Louis, USA), and
amount of mitotic cells were calculated using
fluorescent microscopy by morphological fea-
tures. Index of proliferation was calculated as
the per cent of mitotic cells in the population
of spreading spheroid.

Immunofluorescence analysis. Cultured on
cover glasses colonies at 0, 24, 48 and 72 hours
were fixed with 10 % formaldehyde solution
for 15 minutes, as described previously. For
membrane permeabilization, the cells were
treated with a 0.2 % Triton X-100 in PBS solu-
tion and afterwards incubated for 30 min at
room temperature in 10 mM cupric sulphate
and 50 mM ammonium acetate (pH 5.0) to
reduce autofluorescence. Non-specific antibody
binding was blocked with 10 % FCS in PBS for
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30 min at 37 °C. Anti-p85(S6K1) rabbit poly-
clonal antibodies were applied in dilution 1:100
overnight at 4 °C [18]. Secondary FITC conju-
gated anti-rabbit antibodies (Jackson Immuno
Research Laboratories, Pennsylvania, USA)
were applied in dilution 1:400 for 1h at 37 °C
in humidified chamber. Samples were mounted
into the Mowiol medium (Sigma-Aldrich, St.
Louis, USA) containing 2.5 % DABCO (Sigma-
Aldrich, St. Louis, USA). Fluorescent micros-
copy was performed using Leica DM 1000
fluorescent microscope (Leica Microsystems,
Wetzlar, Germany, Canon PowerShots70,
Magnification 100x, 400x).

Statistical analysis. All image analysis was
performed using the Fiji software [19]. Data
analysis was performed using Origin 9. All
data are expressed as median +/- SD. Each
experiment was repeated at least three times.

Results and Discussion

Unification of spheroid size. One of the main
drawbacks of the spheroid to monolayer tran-
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sition model is the significant size variation of
multicellular spheroids generated by the stan-
dard liquid overlay method (Fig. 1a). To over-
come this obstacle, an additional step of dou-
ble filtration of generated spheroids suspension
was applied. It enabled to unify the size of the
colonies used for subsequent analysis, and, so,
to perform proliferation and migration mea-
surements more accurately and rapidly
(Fig. 1b).

At the first step of method optimization the
filtration of spheroid suspension through the
nylon mesh with a pore diameter of 100 pum
was applied to eliminate large cell clusters in
the resulting culture. Subsequent purification
from small cell aggregates and single cells was
performed using a 30-um pore diameter nylon
mesh. For further analysis of purified colonies,
the value of median of spheroid size was de-
termined using image analysis. Average of
diameter median of MCF-7 cells spheroids in
5 experiments was 47.65 um with standard
deviation £21.79um. It confirmed that filtration

Fig. 1. A — Suspension of MCF-7 multicellular spheroids before filtration. Black arrows and circles indicate spher-
oids of different size. Oc.10x, ob. 10x. B— Suspension of MCF-7 multicellular spheroids after double filtration. Blue

arrows indicate spheroids of similar size. Oc.10x, ob. 2,5x.
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was successful and the population of spheroids
of uniform size was generated.

Determination of proliferation activity.
Another major technical issue in multi-day
migration assays is the proliferation of studied
cells. Since proliferation has been shown to
affect other migration assays, it was important
to compare the proliferation activity of cells
in our model on the 15, 2nd and 3t days of
spheroid spreading. To analyze this parameter
in the proposed system, the cell proliferation
index after consecutive time periods was esti-
mated .We used two different approaches. In
the first case, the number of mitotic cells was
calculated directly in course of spheroid
spreading using transmitted light microscopy.
The mitotic cells in monolayer condition ac-
quire morphology distinct from the interphase
cells. Such cells become round, they exhibit
condensed chromatin, the morphology of
which reflects the corresponding stage of mi-
tosis (Fig 2). The per cent of such cells was
determined in each outspreading spheroid.

In the second case, the number of prolifer-
ating cells was detected at mentioned time
points using Hoechst 33342 staining and fluo-
rescent microscopy (Fig.3).

The proliferation index was expressed as the
percentage of dividing cells in each colony
analyzed. We detected that the level of cell
proliferation after 24, 48, and 72 hours of migra-
tion assay did not exceed 3 %. In particular, we
obtained the values for 24 hours of 2.54 %, for
48 — 2.6 %, for 72 — 2.94 %. This indicates
a similar effect of proliferative activity on the
spreading dynamics of the MCF-7 spheroids at
every time point, allowing us to neglect a po-
tential proliferation influence at comparison of
migration dynamics at neighboring time points.
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Migration assay. In order to determine the
distance that cells passed during migration
process, the radii of outspreading spheroids
were measured after 0, 24, 48, and 72 h of
cultivation. The difference between the radii
values at neighboring time points was further
regarded as the length of the cell migration
track. From our point of view, the comparison
of linear parameters in migration assay is more
adequate than of squares since it is more valid
characteristic of the directed movement.

For this aim, the area of each spheroid was
quantified using Fiji software at all abovemen-
tioned time points, and radius was calculated
as described in Materials and Methods section.
We observed that a migration rate reached the
maximum at 48 hours post-filtration and de-
creased after 72 hours, which morphologi-
cally corresponded to the complete spreading

Fig. 2. Determination of mitotic cells in outspreading
MCF-7 cell spheroids at the 27 day of migration initia-
tion. Arrows point out metaphase plates. Transmitted
light microscopy. Oc.10., 0b.20x.
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Fig. 3. Detection of mitotic cells in MCF-7 outspreaded
spheroid at the 2nd day of experiment. DNA counter-
stained with Hoechst 33342. Arrows point out proliferat-
ing cells. Oc.10x, ob.10x.

of spheroids (Fig. 4, Fig. 5). Thus, the median
of migration distance after 24 hours was
7.64 mm, after 48 hours the cells passed an-
other 8.24 mm and after 72 hours another
6.8 mm.

For further validation of the proposed mod-
el, the analysis of locomotor properties of
MCF-7 cells under effect of Rapamycin

(mTOR inhibitor) was applied. Rapamycin and
its derivatives are the most well-known in-
hibitors of mTOR and are currently undergoing
clinical trials as novel anticancer agents. These
compounds have been shown to inhibit the
activity of mTOR complexes and significantly
decrease tumor cell motility in vitro [20].
Therefore, we analyzed whether rapamycin
would affect the MCF-7 cell migration from
spheroids onto the growth surface. Noteworthy,
the effect of rapamycin on the rate of cell mi-
gration during the first day was minimal and
cells overcame 8.13 mm, whereas on the sec-
ond and third days of the experiment, a sig-
nificant decrease in the cell migration rate was
observed, 3.65 mm and 1.94 mm respectively
(Fig. 4). It could be potentially attributed to
the inhibition of mMTORC2 complex involved
in the cytoskeleton regulation [19]. So, this
result confirmed the suitability of the proposed
model for the assessment of cell migration and
its inhibition.

Immunofluorescence analysis

The presented model allowed applying an im-
munofluorescence analysis of intracellular lo-
calization of variety antigens in the migrating

Fig. 4. Cultured multicellular spheroids of MCF-7 cells after 24 (a), 48 (b) and 72 (c) hours of spreading. Transmitted

microscopy. Oc.10x, 0b.2,5x.
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cells of outspreading spheroids. Earlier we
revealed the subcellular relocalization of S6K 1
from the cytoplasm into the nuclei of MCF-7
cells after initiation of migration [16]. The
presented model was used to determine the
distribution of one of S6K1 isoforms namely
p85S6K1 in the migrating MCF-7 cells. In 3D
conditions MCF-7 cells demonstrated pre-
dominantly cytoplasm localization of p85S6K 1
(Fig. 6a, white arrows). After initiation of cell
migration a bright positive reaction in the nu-
clei (primarily on the leading edge) appeared
for p85S6K1 (Fig. 6a, green arrows). Note-
worthy, in 2D monolayer conditions the nuclei
of MCF-7 cells were strongly positive for
p85S6K1 (Fig. 6b). The obtained results could
suggest the important role of p85S6K1 real-
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Fig. 5. Dynamics of MCF-7 cell mi-
gration from 3D spheroid onto the
growth surface at 0, 24, 48, 72 hours
post-filtration in standard cell culture
conditions (blue line) or under the
Rapamycin treatment (10 nM)
(red line).

Fig. 6. Immunofluorescence detec-
tion of p85S6K 1subcellular distribu-
tion in MCF-7 cell outspreading
spheroid, a — Oc.10x, ob. 10x, and
b—in monolayer culture, oc.10x, ob.
40x.White arrows pointed out nega-
tive nuclear reaction, green arrows
pointed out positive nuclear reaction.

izing in the nuclei for cell spreading and mi-
gration. Besides, the applied model allowed
registration of the change of subcellular dis-
tribution of the intracellular protein in migra-
ting cell.

Proposed optimisation of cell migration
model namely spheroid size unification and
estimation of proliferation activity allow to
apply this model for detection of locomotor
properties of the breast cancer MCF-7 cells
during 3 days. Besides, the model is useful
for investigation of the subcellular localiza-
tion of proteins involved in the regulation of
cell locomotion. This approach will be help-
ful for anticancer drug test as well as for
study of the basic mechanisms of tumor pro-
gression.
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OnruMiszanis Mojaesri BU3HAYEHHS JUHAMIKHT
Mirpauii nyxXJuHHUX KJIITHH in Vitro

A. O. Kpaguenko, B. P. Kocau, Al, K.A. IlIkapina,
I. B. 3aemp, I. O. Tuxonkona, A.l. XopykeHKO

MirpariiliHa 3/1aTHICTh € BOXKJIMBOIO O3HAKOO Iy XJIMHHUX
KIITHH. [CHYy€e KilbKa MiaXomiB 10 aHai3y JUHAMIKH Mi-
rparii pakoBHX KIIITHH in vVitro. OIHIEO 3 HAKOUTBII Tep-
CIICKTUBHUX 1 OJU3BKUX JIO YMOB i1 VivVo € MOJICHb 1HIITi-
FOBAaHHS Mirpartii KJIiTHH 3 TPUBUMIPHOTO OaraToKIIiTHH-
Horo c(epoina Ha pocToBy moBepxHro. Meta. OnTumizartis
MOJIEITi JUTs IeKBaTHOT KUTBKICHOT OITIHKH Mirpartii myx-
JUHHUX KITiTHH. MeToau. 2- Ta 3-BUMipHa KyJIbTypa KITi-
tuH Jii"ii MCF-7, imyHO(III0OpECIieHTHII aHaTi3, aHali3
300pa)KeHb 3 BUKOPHCTAHHSIM KOMIT IOTEPHOI IIPOrpamMu
@imxi. PesyabraTu. YHidikaris po3mipy cdepoimis go-
3BOJIJIA YHUKHYTH 3HAYHOTO PO3KHIY AaHux. OTpruMaHi
cepoiny MOBHICTIO PO3IIIACTYBAIMCH POTSTOM 3 JIHIB.
HaifBumnii moka3HUK Mirparii criocrepiraBcs Ha 2-Ty
00y po3ruiactyBaHHs cepoina. Pisens mpomideparrii
KIITHH 32 KOXXHY 100y 3-I€HHOTO €KCIIEpUMEHTY OyB
Maibke OHAKOBHM 1 He TepeBuIIyBaB 3 %. BamigHicTh
Moyieli Oyiia IMpoTeCToBaHa IMiCIIsl IPUTHIYESHHs! Mirpartiii-
HOI aKTHBHOCTI KJIITHH ITiJI BIUTMBOM paraMiiiHy (iHrioi-
top curHamzarii mTOR). Kpim Toro, 3anpononoBana
MoJIe/ib Oyiia YCHIIIHO 3aCTOCOBaHA IS JTOCIIIKCHHS
cyOkmiTHHHOT JToKamizanii p8SS6K1 B Mirpyrounx Kiitu-
Hax nirii MCF-7 3a momomororo iMmyHO(ITI0OOpECIIeHTHO-
ro aHaitizy. BucnoBku. [Tongiiine dinbrpyBanHs Gararo-
KIITHHHMX cepoiniB 103BOIISIE YHI(DIKYBaTH iX PO3MIpH,
110 B TTOJANTBIIIOMY CTIpHSI€ aeKBAaTHIHN OIiHIII Mirparini-
HOTO IOTEHIIalTy KIITHH. 3alpoIlOHOBaHa MOJEIb J10-
3BOJISIE BUBYATH JWHAMIKY MirpaifHUX TPOLECIB ITyX-
JUHHUX KITHH 1 MOke OyTH BUKOPHUCTaHa JIJIsl TECTYBaH-
HSI IPOTUIYXJIMHHUX TIPENapariB in vitro.

Kaw4yoBi cuaoBa: Mirparis pakoBux KITTHH, 2- Ta
TPUBUMIpHA KyJIbTypa KiIiTHH, p85SO6K 1, cdhepoinu.
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OnTumMusanus MoJeJIv onpeaeJeHus JTMHAMHKH
MUIPALMH ONYXO0JIEBbIX KJIETOK in Vitro

A. A. Kpasuenko, B. P. Kocay, K. A. llIkapuna,
. B. 3aen, 1. A Tuxonkosa, A. 1. XopyxeHKo

MurpanyoHHast CIOCOOHOCTD SIBJISIETCSI B&XKHBIM IIPU3HA-
KOM OITyXOJIEBBIX KJIETOK. CyIIecTByeT HECKOJIBKO TIOIXO-
JIOB K aHAIN3Y JUHAMHUKN MHUTPAIMN PAKOBUX KIIETOK in
vitro. OIHUM 13 HauOolee MEPCIeKTUBHBIX U OJIM3KUX K
YCIIOBHSIM i1 ViVo SIBISIETCSI MOZICITb MHULIIMUPOBAHUS MU-
rpanyy KIETOK U3 TPEXMEPHOTO MHOTOKJIETOUHOTO c(he-
pousia Ha pOCTOBYIO IOBepXHOCTh. Llestb. OnTumusanms
MOJIEIH ISl aJIEKBAaTHOM KOJIMUECTBEHHOHN XapaKTepHCTH-
KH MHUTPAIIH OITyXOJIEBBIX KIeTOK. MeToabl. 2- 1 3-Mep-
Hasi KynbTypa kietok jimaud MCF-7, umMyHodroopec-
LICHTHBII aHAJIN3, aHAJIM3 H300paKeHNH C UCIIONB30BaHHU-
€M KOMIIbIOTEpHOM mporpaMmbl Oumxu. Pesyiabrarsl.
Yaudukaius pasmMepoB chepor10B MO3BOJIHIIA H30EKATh
3HAYUTENILHOTO pa3opoca MaHHbIX. [lomyuenHsle cdepo-
Wbl TIOJHOCTBIO PACIUIACTHIBAIINCH B TeUEHUE 3 IHEH.
CaMblif BUCOKHI TTOKa3aTeIb MUTPALIMK HAOMIONAJICS Ha
2-e CyTKHM pacIulacToBaHMs cepora. YpOBeHb IPOIIHU-
(heparum KJIETOK 3a KaKIbIe CYyTKH 3-JHEBHOTO SKCIICPH-
MeHTa ObUT OJIM3BKUM U He mpeBbimai 3 %. BamunHocTh
MoyIeIT OblTa POTECTHPOBAHA MOCIIE TTOABIICHUSI MUTPa-
LMY TIO]] BJIMSTHUEM paraMHIFHa (MHTHOUTOp CHTHAIN3a-
i mTOR). Kpome Toro, npemioykeHHast Mozieib Oblia
YCIICIITHO TPUMEHEHA JIUIsI UCCIIEI0BAaHMS CyOKIETOUHOM
nokamm3arn p85S6K 1 B MUTpHPYFONITIX KIIETKAX JTHHUHI
MCF-7 ¢ noMoI11bi0 KIMMYHO(IFOOPECIICHTHOTO aHaJIH3a.
BsiBoaw!. J{BoiiHast (hrutkTpalisi reHepupyeMBbIX in Vitro
MHOTOKJIETOYHBIX C(EPOHIOB MO3BOIMIIA YHH(DUIINPOBAT
UX pa3Mep, YTo CIIOCOOCTBYET aJICKBAaTHOH OLIEHKE MUTpa-
[IMOHHOTO TIOTEHIAja KJIETOK. IIpemoxxeHnHast Monienb
TI03BOJISIET N3Y4aTh ANHAMHKY MUTPAIIMOHHBIX IIPOLIECCOB
OITYXOJICBBIX KJIECTOK U MOXKET 6aTI) HCIIOJIb30BaHa AJIA
TECTUPOBAHMSI IIPOTHBOOITYXOJIEBBIX IIPENAPATOB il Vitro.

KawueBble caoBa: Murpaius pakoBUX KIJIETOK,
JIByX- ¥ TPEXMEpHasi KyJbTypa KiIeTok, p85S6K1, cdepo-
WNIBL

Received 15.09.2018



	_GoBack

