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Background: 1t is known that interactions between tumor and endothelial cells have a significant influence on the growth and
metastasis of malignant tumors. Aim: To study the reciprocal effect of Lewis lung carcinoma (LLC) and endothelial cells on the
growth rate of each other upon their co-cultivation in vitro and to assess the contribution of such tumor/endothelial cell cross-
talk to in vivo LLC growth and metastasis. Materials and Methods: Two variants of Lewis lung carcinoma cells, high-metastatic
(LLC) and low-metastatic (LLC/R9), and murine aorta endothelial cell line (MAEC) were used. Kinetics of tumor cell growth
in vitro and in vivo, electrokinetic properties of tumor cells and their adhesion to endothelial monolayer, and the number of tumor
and endothelial viable cells after 1-day contact or non-contact co-cultivation were estimated. Results: LLC/R9 had significantly
higher growth rate in vivo (as opposed to in vitro) than LLC. However, the number and volume of lung metastatic lesions in LLC/
R9-bearing mice were 4.5-fold (p < 0.05) and 3.6-fold lower (p < 0.05), respectively, compared to those in LLC-bearing mice.
Non-contact co-cultivation of LLC/R9 + MAEC caused more than a 34% (p < 0.05) LLC/R9-induced increase in the number
of MAEC and a 60% (p < 0.05) MAEC-induced increase in the number of LLC/R9 cells as compared to those of corresponding
controls (cells cultured alone). In contrast, in the case of LLC + MAEC, both the number of LL.C and MAEC cells after their non-
contact co-cultivation and cultivation alone did not differ significantly. Contact co-cultivation LLC+MAEC (in contrast to LLC/
R9+MAEC) caused more than a 50% (p < 0.01) LLC-induced decrease in the number of MAEC and a 50% decrease (p < 0.05)
MAEC-induced in the number of LLC cells as compared to the corresponding controls. Both tumor cell variants showed a bimodal
distribution of cells by C-potential, but in the case of LLC there was observed a shift towards high values due to 52% of cells with
a surface charge density > 10 C/m?, while in the case of LLC/R9 such a subpopulation was absent and 19% of cells had a surface
charge < 5 C/m?. The number of LLC cells that adhered to the monolayer of endothelial cells was by 65% (p < 0.05) higher than
that of LLC/R9 cells. Conclusion. Obtained data demonstrated that the tumor/endothelial cell relationships might reflect the
features of tumor growth and metastasis of a malignant tumor.
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Metastasizing of a malignant tumor is a very complex
and dynamic cascading process that remains one of the
main factors in cancer-related mortality [1-4]. The
success of each metastatic cascade, including the in-
duction of tumor angiogenesis, intravasation and entry
of tumor cellsinto the bloodstream, their dissemination,
extravasation, and formation of metastases in distant
organs as well as metastasis outcome largely depends
onthe interaction between tumor and endothelial cells,
fibroblasts, cells of the immune system and other com-
ponents of the tumor microenvironment [5-7].

The intercellular communication within tumor
occurs directly between cells or via a large variety
of bioactive molecules secreted, such as growth fac-
tors, cytokines, chemokines, and microRNAs, etc. This
secretome, known as the set of proteins expressed
by an organism and secreted into the extracellular mi-
croenvironment, derives not only from tumor cells but
also from other tumor-associated cells and is an im-
portant source of key regulators of the tumorigenic
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process [5, 6]. A special place among intercellular
communication within a tumor is occupied by tumor/
endothelial interactions, which can not only enhance
the vascularization of the malignant tumor but also
significantly affect the proliferative characteristics and
metastatic potential of malignant cells. And indeed,
itis known thattumor cells due to their ability to secrete
a large number of proangiogenic and antiangiogenic
factors, such as vascular endothelial growth factor
(VEGF), proteolytic enzymes, chemoattractants, etc.
can activate the proliferation and migration of endo-
thelial cells, enhancing tumor angiogenesis. In turn,
endothelial cells can affect the adhesion of tumor cells,
and increase their proliferation and invasion [5-11].
The work aimed to study the reciprocal effect of Lewis
lung carcinoma (LLC) and endothelial cells on the
growth rate of each other upon their co-cultivation
in vitro and to assess the contribution of such tumor/
endothelial cell crosstalk to in vivo LLC growth and
metastasis. High- (LLC) and low-metastatic (LLC/
R9) variants of Lewis lung carcinoma cells were used
as a tumor model [12, 13].

MATERIALS AND METHODS

Experimental animals and cell cultures.
The studies were performed on C57BIl/6 mice
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2-2.5 months old, weighing 18.5-21.5 g, bred in the
vivarium at the R.E. Kavetsky Institute of Experi-
mental Pathology, Oncology and Radiobiology, NAS
of Ukraine. The research on animals was carried out
in accordance with the provisions of the General Ethical
Principles of Animal Experiments adopted by the First
Congress on Bioethics (Kyiv, 2001) and international
requirements in accordance with the European Con-
vention for the Protection of Vertebrate Animals Used
for Experimental and Other Purposes (Strasbourg,
1986).

Tumor and endothelial cell cultures were obtained
from the National Bank of Cell Lines and Tumor Strains
of IEPOR.

The LLC and LLC/R9 obtained via the multistage
experimental progression of LLC in vivo towards the
development of drug resistance to cisplatin [12] were
used as tumor cell models. Murine aorta endothelial
cell line (MAEC) [14, 15] was used as an endothelial
cell model.

Tumor and endothelial cells were maintained
in RPMI-1640 medium supplemented with 10% FBS
(Sigma, USA), 2 mM L-glutamine (Sigma, USA), and
40 pg/ml gentamicin at 37 °C in a humidified atmo-
sphere containing 5% CO.,.

Tumor/endothelial interactions were assessed
by their mutual effects on proliferation under con-
ditions of contact and non-contact co-cultivation
according to [16]. These effects were calculated
as the change in the number of carcinoma cells and
endothelial cells after 4 h of their preincubation (point
“0”) and after 24 h of their non-contact and contact
co-cultivation. In the case of non-contact co-culti-
vation, tumor cells (1.5 -+ 10° cells/well) were placed
on the bottom of a 6-well plate, and endothelial cells
(5 + 10* cells/well) were placed in diffusion chambers
with nitrocellulose filters with a pore size of 0.22 um.
In the case of contact co-cultivation, MAEC cells
were stained with a vital dye (5(6)-carboxyfluorescein
diacetate N-succinimidyl ester (CFSE)) according
to the standard procedure [17]. After co-cultivation,
the portion of endothelial CFSE-stained cells was
estimated by flow cytometry. In all other cases, tumor
and endothelial cell numbers were evaluated by direct
cell counting in a hemocytometer.

For in vivo experiments, LLC and LLC/R9 were
grown in vitro under standard conditions and inoculated
to the mice intramuscularly (108 cells in 0.1 ml of Hanks
solution per animal).

Evaluation of tumor cell growth kinetics in vitro.
LLC and LLC/R9 cells in the exponential growth phase
were mechanically removed from the plastic, seeded
into 6-cm Petri dishes at a density of 2.5 + 10° cells,
and incubated under standard conditions overnight.
At the end of the preincubation period, the attached
cells were washed with PBS (pH 7.4), then a fresh
medium was added and the cells were incubated for
2 days. The number of viable cells after 0, 24, and
48 h was counted in a hemocytometer using trypan
blue staining.

Assessment of the growth kinetics of the pri-
mary tumor in vivo. LLC and LLC/R9 primary tumor
volumes were calculated based on their diameter
measured using caliper each 3 day starting from the
10t day after tumor cell inoculation, by the formula:

V=0.52-d?,

where d — diameter of a tumor (mm).

The growth kinetics of LLC and LLC/R9 in vivo was
analyzed using a modified Weibull’s mathematical
model:

V(1)=V, - exp(a- (t-t,)) (1)

X(t)=1-B-V(t)**, ()

where V(t) is the volume of the tumor at time t.

V, is the initial tumor volume.

a is the tumor growth rate in the exponential
phase which depends both on the proliferative activity
of tumor cells (doubling time in experiments in vitro)
and the tumor cell supply with nutrients within a tu-
mor. The latter is determined by the degree of tumor
vascularization (its angiogenic potential); the higher
the tumor angiogenic potential is, the better tumor
is vascularized, and the higher the parameter a is.
t, is the latent growth phase. X(t) reflects the effect
of neovascularization on tumor growth. B reflects the
balance between the rate of tumor growth and the rate
of vasculature growth within a tumor.

The number of visible lung metastases and their
diameter were evaluated according to the conventional
method using a binocular microscope and a millimeter
scale. Total metastatic volume was calculated accord-
ing to the formula:

314 - d?

V=3 (n, =) di=05,1.0;15: .. (3)

where n; — the number of metastases with a dia-
meter d.

Evaluation of electrophoretic mobility of tu-
mor and endothelial cells was performed accord-
ing to [18]. Endothelial and tumor cells were seeded
in 6 cm Petri dishes at an initial density of 5 + 10° and
3 - 10° cells/dish, respectively, and incubated under
standard conditions for 16 h. After that, cells were
washed with PBS (pH =7.6), the fresh nutrient medium
was added and incubation was continued for 2 days.

The linear velocity of cells in a constant electric field
after their 2-day incubation was measured using anin-
strument in which cells resuspended in 0.1 M phos-
phate buffer at pH 7.0 and t = 27 °*C moved inside
a flat-walled quartz capillary.

The values of the electrokinetic potential
(C-potential) for each cell were calculated according
to the formula:

¢=14-U, mVv 4

where U is the electrophoretic mobility of cells,
which was defined as the ratio of the linear velocity
(um/sec) of cell motion in an electric field (V, um/sec)
to the field voltage (E, V/cm).

The surface charge density (qs) was determined
according to the Quincke-Helmholtz equation:

gs = C-€./6, C/m? ©)
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where ¢ is the height of the double electric layer,
which is equal to 10 m, and ¢, is the absolute di-
electric permittivity, which is equal to the difference
between the electric constant (g;) and the dielectric
permittivity of water at 37 °C (&y20)-

Taking into account the heterogeneity of cancer
cells, in each experimental study the motility of at least
50 cells was determined. The analysis of the distribu-
tion of cancer cells by the value of the surface charge
was carried out using nonlinear regression analysis
(Statistical package Origin Pro v.9.5).

Evaluation of the adhesive ability of tumor
cells to the endothelium. To estimate the adhesive
capacity of tumor cells, MAEC cells were seeded
in 6-well plates (1 - 10° cells/well) and incubated
until they reached a monolayer. After medium aspi-
ration, the endothelial cell monolayer was washed
with PBS, and tumor cells (LLC or LLC/R9) were
added to the wells (1 - 10° cells/well) in the fresh
nutrient medium. The cells were incubated for 40 min
at room temperature on a shaker with gentle rota-
tion (100 rpm). At the end of the incubation period,
the cells were washed three times with PBS. The
attached cells were removed from the substrate
using a 0.05% trypsin solution and were counted
using a hemocytometer.

Mathematical and statistical analysis. The pa-
rameters of the mathematical model were estimated
from the best fit of the model to experimental data
using nonlinear regression analysis (Origin v.9.5).
Statistical analysis was performed using descriptive
methods and the Mann — Whitney test. Data are pre-
sented as M = SE, where M is the mean value; SEisthe
standard error of the mean value.

RESULTS

Kinetics of LLC and LLC/R9 growth in vitro and
in vivo. A comparative analysis of the growth kinetics
of tumor cells showed that the growth rate of LLC cells
invitro, atleast in the phase of exponential growth, did
not exceed that of LLC/R9 cells (Fig. 1). The doubling
time of the LLC and LLC/R9 cell populations was
13.3£0.8 hand 14.4 + 1.2 h, respectively.

At the same time, the growth rate of the LLC/
R9 variant in vivo was significantly higher than that
of the LLC variant, which suggests a significant de-
pendence of LLC/R9 growth on tumor angiogenesis
(Fig. 2). The kinetic parameters of primary tumor
growth of both variants are presented in Table 1.

Using a mathematical model, we found that al-
though the latent period of growth of the primary tumor
in the case of LLC/R9 was 1.5 times (p < 0.01) longer
than in the case of LLC, the growth rate of the LLC/
R9 variant at the exponential phase, which is reflected
by the parameter a, exceeded by 90% (p < 0.001) the
growth rate of the LLC variant (Table 1). Takinginto ac-
count the same doubling time of LLC and LLC/R9 cells
invitro, an almost twofold increase in the LLC/R9 tumor
growth rate (compared to LLC) directly reflects its high
angiogenic potential, which can provide a high level

of nutrients to relatively small volumes of the tumor.
Meanwhile, the value of the parameter B in the case
of LLC/R9was almost 65% (p < 0.01) higher than in the
case of LLC (Fig. 2, Table 1), which is manifested in sig-
nificant inhibition of the growth of this tumor starting
from the 17th day. The high level of such inhibition was
caused by much higher LLC/R9 primary tumor volume
compared to LLC.
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Fig. 1. LLC and LLC/R9 cell growth kinetics in vitro
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Fig. 2. LLC and LLC/R9 primary tumor growth kinetics in vivo.
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Table 1. Kinetic parameters of the primary tumor growth of LLC/R9 and LLC

Parameters of the mathematical model Units [iC Tumor variant LLC/RO
Latent period t, day 6.3+0.9 9.5+0*
Growth rate a (day)! 0.76 £ 0.1 1.44 £0.04*
Dependence on angiogenesis B 10-° (mm?) 1.57+0.24 2.57+0.1*

Note: the difference is significant compared to LLC: *p < 0.01; **p < 0.001.
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Fig. 3. The number and volume of lung metastatic lesionsin LLC-
and LLC/R9-bearing mice. Indices are expressed as a percent
from the corresponding value in LLC, *p < 0.05

The number and volume of metastases in the lungs
of mice with transplanted LLC and LLC/R9 on the 23
day after tumor transplantation are shown in Fig. 3.
The number and volume of lung metastatic lesions
in LLC/R9 bearing mice were 4.5-fold (p < 0.05) and
3.6-fold lower (p < 0.05), respectively, compared
to those in LLC bearing mice. It should be noted that
such significant differences between the metastatic
potential of LLC and LLC/R9 are reproduced in vivo
from experiment to experiment, which confirms the
data of previous works [13, 19].

Tumor/endothelial interactions. In the study, the
results obtained confirmed the previously described
data on the dependence of the mutual effects of endo-
thelialand tumor cells on each other’s proliferation and
the metastatic potential of tumor cells [16] (Table 2).

As it can be seenin Table 2, the number of MAECs
in the case of their 1-day non-contact co-cultivation
with LLC and LLC/R9 cellsincreased by 21% (p > 0.05)
and more than 34% (p < 0.05), respectively, as com-
pared to the corresponding control (without tumor
cells). In turn, the number of LLC and LLC/R9 cells
in the case of their 1-day non-contact co-cultivation

with MAECs did not change and increased by 60% (p <
0.05), respectively, as compared to the corresponding
control (without endothelial cells).

During 1-day contact co-cultivation, LLC cells
in contrast to LLC/R9 cells caused a more than 50%
(p < 0.01) decrease in the number of MAEC cells.
In turn, MAEC cells caused a 50% decrease (p <
0.05) in the number of LLC cells compared to the cor-
responding control and did not significantly affect the
number of LLC/R9 cells.

Adhesive and electrokinetic properties of tu-
mor cells. Comparative evaluation of the adhesive
properties of tumor cells with different metastatic
potential showed that the ability of LLC cells to adhere
to a monolayer of endothelial cells was significantly
higher than that of LLC/R9 cells. The number of LLC
cells that adhered to the monolayer of endothelial cells,
even in the case of their short-term direct interaction,
was by 65% (p < 0.05) higher than that of LLC/R9 cells
(Fig. 4).

As itwas shown previously, only a part of endothelial
cells (in contrast to tumor cells) showed electropho-
retic mobility in a constant electric field, moving in the
direction of the cathode (i.e., had a positive surface
charge), and demonstrating unimodal C-potential
distribution [20]. All tumor cells were characterized
by a negative surface charge and electrophoretic
mobility.

The analysis of electrophoretic mobility of both
LLC and LLC/R9 showed a bimodal C-potential distri-
bution, which indicated the existence of at least two
subpopulations of cancer cells that differed by the
value of surface charge density.

A comparative analysis of the electrokinetic char-
acteristics of tumor cells revealed that LLC cells are
characterized by a shift in C-potential distribution
toward high values due to the existence of a large
subpopulation with an elevated level of surface charge
density (Fig. 5). Meanwhile, none of the studied LLC/
R9 cells had such a high level of a surface charge.
Moreover, 19% of LLC/R9 cells have a low negative
surface charge and, as a result, weak electrophoretic
mobility.

Table 2. The number of endothelial and tumor cells after their one-day contact and non-contact co-cultivation (presented as a percentage of the number

of corresponding cells after their monoculture)

MAEC
(%)

Tumor cells
(%)

Tumor cell variant

alone (control)

alone (control)
1

MAEC+ tumor cells
2

Tumor cells + MAEC
4

Non-contact co-cultivation

LLC 100 £ 11 121 £ 14 1009 87+ 21
LLC/R9 100 £3 134 £ 9* 100 £ 1 160 + 13*
Contact co-cultivation

LLC 100 = 10 46 + 4* 100+5 47 £ 4*
LLC/R9 100 = 10 100*4 100 £ 3 109 £ 5

Note: the differences are significant compared to the corresponding control: *p < 0.05.
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Fig. 4. The number of tumor cells that adhered to the monolayer
of endothelial cells after 40 min of their co-cultivation. *p <
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Fig. 5. Distribution of LLC and LLC/R9 cells by surface charge
density in the range of low (0-5 C/m?), medium (> 5-10 C/m?)
and high (> 10 C/m?) values

DISCUSSION

To elucidate the features of tumor/endothelial cell
interactions, two variants of Lewis lung carcinoma, LLC
and LLC/R9, the cells of the same genesis, which differ
in some biological properties, were used in this study.
LLC is the parental strain; LLC/R9 is a variant obtained
via experimental in vivo progression towards the de-
velopment of resistance to cisplatin and subsequent
adaptation of cells to in vitro growth [12]. These two
cell variants differ significantly in the level of in vitro
secretion of the key inducer of tumor angiogenesis,
VEGF, as well as the level of circulating VEGF, the
volume of the primary tumor, and the degree of meta-
static lung disease in animals transplanted with LLC
and LLC/R9 cells. LLC and LLC/R9 also demonstrate
some differences in the functioning of the prooxidant/
antioxidant system, energy metabolism, as well as the
sensitivity of these cells to hypoxia, nutrient deficiency,
antiangiogenic inhibitors, and modifiers of energy
metabolism [13, 21, 22].

From the point of tumor/endothelial cell interac-
tions, the most interesting differences between LLC
and LLC/R9 are their angiogenic and metastatic
potentials. LLC/R9 variant is characterized by a high
angiogenic potential compared to LLC, as evidenced

by the high VEGF-secretory activity of these cells
in vitro and in vivo, as well as the high sensitivity of this
tumor to inhibitors of tumor angiogenesis [12, 13, 23].
Interestingly, despite its high angiogenic potential,
LLC/R9 variant is low-metastatic: the level of meta-
static lung disease in LLC/R9-bearing mice is usually
almost three times lower (p < 0.05) thanin LLC-bearing
mice [13].

Such differences between LLC and LLC/R9 may
be due to both tumor-associated production of vari-
ous cytokines and the direct interaction of tumor
cells with other cells involved in the tumor process,
first of all, endothelial cells. In the present study, the
model of contactless and contact co-cultivation makes
it possible to separate partially the effects of tumor/
endothelial cell secretory cross-talking from their
direct interaction.

According to the obtained data in the case of non-
contact co-cultivation, the interactions of LLC and LLC/
R9 cells with endothelial cells, which are mediated ex-
actly through the secretion of soluble factors, led to the
stimulation of endothelial cell proliferation. Moreover,
the stimulating effect of LLC/R9 cells was almost twice
stronger (p < 0.05) than the effect of LLC cells. In turn,
endothelial cells significantly stimulated LLC/R9 cell
proliferation and did not affect LLC cell proliferation.

Such enhancement of LLC/R9 cell proliferation,
aswell asthe pronounced LLC/R9-induced stimulation
of endothelial cell proliferation, were primarily associ-
ated with their angiogenic potential, in part, their much
higher ability to secrete VEGF, able to promote the
survival and proliferation of both target cells [24]. The
VEGF-mediated stimulating effect of LLC/R9 cells and
endothelial cells on each other’s proliferation appears
to have made a significant contribution to the high
(compared to LLC) growth rate of this tumor in vivo
and the high dependence of its growth on tumor an-
giogenesis. The latter was confirmed by a high value
of angiogenic factor B, which for LLC/R9 was almost
by 65% (p < 0.05) higher than for LLC.

In contrast, under contact co-culturing, the VEGF-
mediated stimulatory effect of LLC/R9 cells on endo-
thelial cell proliferation was fully compensated by inhi-
bition of their growth due to their contact interaction.
Moreover, in the case of LLC cells, the inhibitory effect
of tumor and endothelial cells on each other’s prolife-
ration was much more pronounced than in the case
of LLC/R9 cells.

It is known that a significant role in direct tumor/
endothelial cell interactions plays tumor cell adhe-
sion capacity toward endothelial cells as well as the
electrokinetic characteristics of tumor cells as an in-
tegral index of charged molecules on their plasma
membrane [25, 26]. Indeed, the pronounced inhibitory
effect of LLC cells on the proliferation of endothelial
cells during their contact co-cultivation was directly
correlated with the high adhesive activity of these cells
to a monolayer of endothelial cells, which was by 65%
(p < 0.05) higher than that of LLC/R9 cells. A signifi-
cant contribution to these processes was made by the
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surface charge density of LLC cells, which in absolute
value was significantly (p < 0.05) higher than that
of LLC/R9 cells.

It is known that anoikis, apoptotic cell death due
to loss of contact with the extracellular matrix (ECM)
or neighboring cells in the primary tumor, is critical
for the survival of tumor cells in the early stages of the
metastatic cascade [27-29]. Therefore, the different
metastatic potential of LLC and LLC/R9 cells may
be due, inter alia, to their different sensitivity to anoikis.
Indeed, LLC and LLC/R9 cells are characterized by dif-
ferent survival during their cultivation in the conditions
of anchorage-independent growth, which simulated
their detachment from ECM. In particular, anchorage-
independent growth of low-metastatic LLC/R9 cells
caused an increase in the number of apoptotic cells
by 80% (p < 0.005) compared with adhesive growth
conditions. On the contrary, anchorage-independent
growth of highly metastatic LLC cells caused a de-
crease in the number of apoptotic cells by 29% (p <
0.01) compared with adhesive growth conditions, sug-
gesting the presence of the subpopulation of the cells
which are resistant to anoikis. From the point of tumor/
endothelial interactions, it is interesting that tumor-
associated endothelial cells in contact with tumor cells
can protect the latter from anoikis in circulation and
facilitate their movement to distant organs [8]. Given
the higher adhesion of LLC cells to the endothelial
monolayer, such tumor/endothelial interactions may
promote the survival of circulating tumor cells and
enhance their metastatic potential in vivo.

Therefore, the tumor/endothelial cell interactions
might reflect the features of tumor growth and metas-
tasis of a malignant tumor. The surface charge den-
sity of tumor cells, as well as their adhesive capacity
toward endothelial cells directly correlated with their
metastatic potential. The high adhesion of LLC cells
to endothelial cells and their high negative charge can
favor their survival at the different stages of metastatic
cascade and provide these cells with high metastatic
potential. Meanwhile, cross-talking between LLC/
R9 cells and endothelial cells, which provides them
with high angiogenic potential, makes a significant
contribution to the primary tumor growth, but their low
adhesion to endothelial cells stipulates low metastatic
potential of these cells.
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POJ1b BBAEMOAIT MDK MYXJIMHHUMU TA
EHAOTENIAJIbHUMU KNTIITUHAMU B POCTI TA
METACTA3YBAHHI 3JI09KICHOI NYXJIMHU

O.M. ITackoecoka’ *, JI.JI. Koaecnuk', JI.B. Iapmanuyx?,
10.B. Sniw, I’ I. Coasanux’

"nemumym excnepumenmansHoi namonoeii, onkoaoeii i padiodionoaii
im. PE. Kaseyvkoeo, HAH Yxpainu, 03022 Kuis, Ykpaina
2HHI][ «Incmumym 6ionoeii ma meouyunu», Kuiecokuil Hayionanvruil
yuigepcumem im. Tapaca llleguenxa, 01601 Kuis, Ykpaina

Bioomo, o B3aemMoais MixX NyXJIMHHUMW Ta eHaoTeNianbHUMU
KniTMHaMu Bigirpae CyTTEBY POJib Y POCTI Ta MeTacTadyBaHHi
3/105KICHOT NyXnnHW. MeTta: BuBYMTU B3aEMHWUIA BMAUB K-
TUH KapuuHomMu nerexi Jibloic (LLC) Ta eHpoTenianbHUX KNiTUH
npu ix CNiNbHOMY KyNbTUBYBAHHI in Vitro Ta OLiHUTU BHECOK
B3aEMOZji MiXX MYyXIUHHUMW Ta eHAoTeNianbHUMN KIITUHaMm
B picT i MeTacTasyBaHHs LLC in vivo. MaTtepiann tTa meTtogu:
Y po6oTi 6yn0 BUKOPUCTAHO ABa BapiaHTU KNITUH KapuUHOMU
nerexi Jlbtoic, Bucoko- (LLC) Ta Hu3bkomeTacTaTnyHi (LLC/

Copyright © Experimental Oncology, 2021

R9), a TakoxX niHito kNiTnH Muwadoi aoptn (MAEC). OuiHioBanu
KIHETUKY POCTY NYXJVMHHUX KTWUH in vitro Ta in vivo, enekTpo-
KIHETUYHI BNACTUBOCTI MYXJIMHHWUX KNITUH Ta iXx agresiio oo
MOHOLUapy eHaoTeNianbHUX KNITUH, & TaKOX KifIbKiCTb MyXnH-
HUX Ta eHaoTenianbHNX KNITUH Nicns iX 1-4€HHOro KOHTaKTHOro
Ta 6@3KOHTaKTHOr o CniBKyNbTUBYBaHHSA. PeayabtaTtu: LLC/R9
BigpisHsanacs Big LLC 3Ha4HO BULLMMKW TeMnamMu pocTy in vivo
(Ha BiAMIHY Bif, in vitro). HaToMiCTb KinbkicTb Ta 06’eM nereHe-
BUX MeTacTasiB y muweii 3 LLC/R9 6ynu B 4,5 pasa (p < 0,05)
Ta B 3,6 pasa Hux4mmMun (p < 0,05) BiANOBIAHO HiX Taki y MuLLeN
3 LLC. BeskoHTakTHe cniBkynbTuByBaHHs (LLC/R9 + MAEC)
npussoauso oo 34% (p < 0,05) LLC/R9-iHaykoBaHOro 36inb-
weHHs kinbkocTi knitTnH MAEC Ta go 60% (p < 0,05) MAEC-
iHOyKOBaHOrO 306iNbLlIEeHHS KinbkocTi KniTuH LLC/R9 nopiBHSAHO
3 TakMMU Y BigNOBIAHNX KOHTPOJIbHUX 3pa3kax (Ky/lbTUBYBaHHS
nooavHui). HatomicTtb y pasi LLC + MAEC K KifbKiCTb KNiTUH
LLC, Tak i MAEC npw ix 6€3KOHTaKTHOMY KY/bTUBYBaHHi CyTTE-
BO HE BifPISHANMCS Bif, TakMX NpU iX KybTUBYBAHHI NOOANHL.
KoHTakTHe cniBkynbTMByBaHHS LLC + MAEC (Ha BigMiHy Bif,
LLC/R9 + MAEC) o6ymoBntoBaso 6inbLue Hixx 50% (p < 0,01)
LLC-iHOoykoBaHe 3MeHLeHHs kinbkocTi knitnH MAEC Ta 50%
MAEC-iHaykoBaHe 3meHLIeHHs (p < 0,05) kinbkocTi knitnH LLC
MOPIBHAHO 3 BiANOBIAHUMN KOHTPONbHUMYK 3pa3kamn. Obuasa
BapiaHTM MyXJIMHHUX KIITUH OeMOHCTpyBanu 6GiMoaanbHUi
po3nogain kniTMH 3a C-noTeHujanom, ogHak y pasi LLC cno-
cTepirann 3cyB y 6ik BUCOKMX 3HaA4YeHb 3aBOSKN 52% KNiTUH 3
WinbHicTIO NnoBepxHeBoro 3apsay >10 Kn/m?, Toai sk y Bunagky
LLC/R9 Taka cybnonynsuis 6yna BiocytHs i 19% knitnuH manm
nosepxHeBui 3apsg < 5 Kn/m?. Kinbkictb knituH LLC, aki aa-
resyBanun Ao MOHOLUAPY eHaoTeniabHUX KNiTuH, 6yna Ha 65%
(p < 0,05) 6inbLioto, Hix y pasi knitnH LLC/R9. BucHoBku:
OpepxaHi oaHi NpoAeMOoHCTPYBanu, Lo 0cob/IMBOCTi B3aEMO-
Aii MDK NYyXIMHHUMK Ta eHaoTeniaNbHUMU KINITUHAMU MOXYTb
BigoGpaxaTn 0COBANBOCTI POCTY Ta MeTacTadyBaHHS 3/105KiC-
HOI NYX/IVHN.

KnoyoBi crioBa: nyxniMHHI/enaoTenianbHi KNiTUHHI B3aEMOoAi,
MeTacTaTU4yHUI NoTeHLIan.



