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Aim. Tumor angiogenesis in contrast to physiological one is characterized by high level of malignant cell
production of pro- angiogenic cytokines, which have different influence on functional activity of endothelial
cells. The goal of the study —to carry out a comparative analysis of the influence of a vascular endothelial
growth factor (VEGF) and an epidermal growth factor (EGF) on proliferative activity and survival of
endothelial cells upon their confluent and exponential growth. Methods. The proliferative activity of
endothelial cells was determined by MTT-test and their viability was detected by the trypane blue exclusion
test. Results. It was shown that EGF (irrespectively of the level of serum factors) in concentrations higher
than 10 ng/ml activated the proliferative activity of confluent endotheliocytes in a concentration-dependent
manner by 18-36 % (p < 0.05) as compared to the control, while this cytokine didn’t affect the endothelial
cells in the exponential growth phase. VEGF in wide concentration range didn’t display the mitogenic
effect on endotheliocytes in both confluent and exponential growth phases. Furthermore, VEGF in
concentrations higher than 100 ng/ml inhibited proliferative activity of confluent endothelial cells by 12 %
(p < 0.05). In case of deficiency of nut- rients, EGF and VEGF promoted the survival of endothelial cells,
considerably decreasing their death. Conclusions. EGF, in con- trast to VEGF, stimulates proliferation
and survival of the endo- thelial cells, whereas VEGF has significant influence only on the survival of the
cells.

Keywords: epidermal growth factor (EGF), vascular endothelial growth factor, proliferative activity,
endothelial cells.

Introduction A number of current investigations have
proven the existence of two phases of angiogenesis.
The first phase includes activation of endotheliocytes,
increase in vascular permeability, degradation of basal
membrane, migration and invasion of endothelial cells
into extracellular matrix, active proliferation of
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endotheliocytes and formation of “lumens”; the second
phase is differentiation with the formation of
microvascular network [1-3].

The first phase of angiogenesis was simulated in
vitro by exponential growth of endotheliocytes and the
second one was mimicked by “stationary” (confluent)
growth [2, 4, 5].
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Fig.1 Western-blot analysis of native VEGF (/) (10 pg of total protein per one sample) and recombinant VEGF (10 pg per one sample) (2).
Detection was performed using goat anti-VEGF-antibodies (Sigma), visualization was conducted by anti-goat antibodies labelled with
horse peroxidase and the system of photo-sensitive reagents ECL (Amersham).

Proliferation, migration, and differentiation of
endothelial cells are mediated by many specific
pro-angiogenic cytokines. The determination of their
activity, the production of which by tumour cells under
neoangiogenesis is very high contrary to that under
physiological angiogenesis, could offer tools to study
the mechanism of action of specific agents or to
pathways of therapeutic correction of their effect [4, 6,
7]

Taking the above mentioned into consideration, the
aim of this research was to perform a comparative
analysis of the influence of main pro-angiogenic
cytokines EGF and VEGF (decode) on proliferative
activity and viability of endothelial cells in the
confluent and exponential growth phase, as well as at
the condition of deficiency of serum factors in growth
medium.

The tasks of investigation were as follows:
isolation and purification of native EGF and VEGF,
maintenance of exponential and confluent growth of
endothelial cells in vitro; determination of the
influence of cytokines on proliferative activity of
endotheliocytes in a wide range of concentrations;
comparison of the cytokines effect on proliferative
activity of endothelial cells depending on the time of
incubation with EGF and VEGF and in the absence of
serum in growth medium.

Materials and Methods VEGF (Sigma, USA),
goat polyclonal antibodies against VEGF (Sigma),
heparin-sepharose (Amersham, USA), polyclonal
rabbit anti-goat immunoglobulins labelled with horse
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peroxidase (Dako Cytomation, USA), MTT
(tetrazolium blue) and trypane blue (Sigma) were used
in the work.

Cell lines and conditions of cultivation. MAEC
(endothelial cells from aorta of mice [8]) were
incubated in DMEM medium (Sigma) with addition of
10% fetal bovine serum (FBS) (Sigma) and at
non-serum conditions. The incubation time for
endothelial cells was 3-96 hours at 100% humidity,
=37°C, and 5% CO,.

Purification of native EGF and VEGF. Native EGF
from submandibular glands of non-linear male mice
was purified by the method, previously proposed by us,
using mini-columns Sep-Pak C,, [9]. The EGF
preparation was of high purity (95% of total protein)
and attached to specific receptors on the cells of A-431
line (the data are not presented).

The cells of LLC/R9 subline were used as a
producent of  mouse VEGF as the data of
immuno-enzyme assay, performed with the mouse
VEGF kit (R&D, England), testify to a high level of
producing this cytokine by the cells [10]. VEGF was
purified by two-stage chromatography considering the
basic physical and chemical features of cytokine,
namely, pl = 8.5 and high affinity to heparin [11].

After liophilisation the peptide was identified using
Western-blot analysis with recombinant mouse VEGF
(Sigma) and goat polyclonal anti-VEGF antibodies
(Sigma) (Fig.1). As seen, the molecular mass of VEGF,
purified by us, is identical to the recombinant VEGF
(Sigma). According to the protein amount, calculated
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Fig.2 Growth kinetics of MAECs (696 hours) at conditions of their
seeding with initial density of 5x103 (a) and 25x103 cells per well
(®)

similarly to the recombinant VEGF (Fig.1), the amount
of peptide, obtained by us, was 1 pg per 3.6 ug of total
protein in eluate. This index was considered for
calculating the concentration of native VEGF while
determining its biological activity.

The investigation of influence of EGF and VEGF
on proliferative activity of endothelial cells.
Proliferative activity of endothelial cells was
determined by MTT-test [ 12] calculating the number of
living cells per well ( units of 540 nm extinction ) as
well as by routine calculation of the cells in
hemocytometer using trypane blue. The data, obtained
by the first procedure, were presented in percents of the
corresponding control taken as 100%. To study the
influence of cytokines on proliferative activity of
endothelial cells in “stationary” (confluent) and
exponential growth phases, the cell seeding densities
were experimentally determined. The previous data [7,
13] and results of experimental study show the
following optimal concentrations: 5x103 cells per well

of 96-well plate — in the exponential growth phase,
almost 4 days; 25x103 cells per well — in the confluent
growth phase (Fig.2). To analyse the mitogenic effect
of EGF and VEGF, they were used in a wide range of
concentrations added to the cells in the confluent
growth phase during two days of incubation. To
determine the influence of EGF and VEGF on the
viability of endothelial cells, they were studied in the
concentration of 10 ng/ml at the exponential growth in
a standard growth medium with 10% FBS and in
non-serum medium.

The results were statistically processed by
parametric and non-parametric methods using Origin
6.0 software package.

Results and Discussion The effect of EGF and
VEGEF on proliferative activity of endothelial cells was
found to depend significantly on the growth phase. The
screening of mitogenic effect of EGF and VEGF on
endothelial cells in the confluent growth phase was
performed in a wide range of the factors concentration
(1-1000 ng/ml). After 24-hour incubation of cells with
cytokines EGF showed the mitogenic effect on
confluent cells at these concentrations. This effect was
also proven by the increase in a number of living cells
per well by 17-35% (p<0.05) compared to the control
(Table 1). The increase in the mitogenic effect was
observed with the increase in EGF concentration. This
correlates with the data of other authors [14] who
proved that proliferative activity of endothelial cardiac
cells of rats at monolayer growth with 10% serum
increases by almost 1.5 times at the addition of EGF in
the concentration range of 0.1-100 ng/ml; the
maximum effect was observed at the cytokine
concentration of 5 ng/ml. No significant influence of
VEGF on proliferative activity of endotheliocytes in
the concentration range of 1.0—5.0 ng/ml was observed.
An insignificant, but statistically valid decrease in the
number of endotheliocytes by 12% (p<0.05) at the
VEGF concentrations of 100.0-1,000.0 ng/ml was
revealed. It was not due to the cytotoxic influence of
cytokine, as the number of dead cells did not exceed
5-10% of their total number and did not differ
considerably from the control. Inconsiderable
inhibition of endotheliocytes proliferation (cytostatic
effect), caused by VEGF after 24 hours, may be
explained by the reverse regulation of the cells specific
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Table 1

Influence of EGF and VEGF on proliferative activity and survival of endothelial cells in confluent growth phase (cell incubation time

with cytokines — 24 hours)

EGF

VEGF

Range of cytokine
concentrations, ng/ml Number of living cells,

extinction units

Number of dead cells,
% of total amount

Number of dead cells,
% of total amount

Number of living cells,
extinction units

0 1.01+0.04 7.9+0.3 1.01+0.04 7.9£0.3
1.0-5.0 1.1+0.1 6.4£1.0 0.98+0.05 6.3£1.3
10.0-50.0 1.18+0.08%* 8.1£1.7 0.99+0.05 8.2+1.8
100.0-1000.0 1.32+0.07* 4.9+1.1 0.90£0.04* 7.3£1.5
N o te. Valid difference (p>0.05) from respective control is marked in Tables 1-3 with an asterix.
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Fig.3 Influence of EGF (/) and VEGF (2) (concentration 10 ng/ml) on proliferative activity of endothelial cells in their confluent (a) and
exponential (b) growth phases. Incubation of cells at standard conditions with 10% FBS during 0-48 hours.

receptors under the influence of high concentration of
definite cytokine.

The  prolongation  of  incubation  with
pro-angiogenic cytokines up to two days caused an
increase of the EGF mitogenic effect on the cells in the
confluent growth phase. For instance, the 48-hour
influence of EGF in the concentration of 10 ng/ml
resulted in increasing amount of living cells per well by
36.5%1.5% (p<0.05) compared to the respective control
(Fig.3), while there was no registered stimulating effect
of the corresponding VEGF concentration on
proliferation of endotheliocytes.

As for the growth of cells in exponential phase,
neither of growth factors showed stimulating or
inhibiting effect at incubation with cells in adequate
nutrient medium, containing 10% FBS (Fig.3, b).
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There was also neither increase nor decrease in the
viability index of endothelial cells in exponential
growth phase under the influence of EGF and VEGF
(the data are not presented).

The investigation of the cytokine influence at
serum factors deficiency demonstrated that EGF and
VEGF had different effect on proliferative activity of
endotheliocytes (Fig.4, a, b). The data presented show
(Fig.4, a) that the influence of VEGF in the
concentration of 10 ng/ml on proliferative activity of
endothelial cells was insignificant at different cell
seeding density. Contrary to VEGF, the influence of
EGF results in the increase in endothelium proliferative
activity: on the first day of incubation there was only a
tendency to the activation of cell proliferation at all cell
seeding densities, while on the second day we revealed
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Fig.4 Influence of VEGF (a) and EGF (b) in the concentration of 10 ng/ml on proliferative activity of endothelial cells at their incubation in
non-serum medium. The cells were sown with different initial density (10 x10° (1), 25 x10° (2), 50 x10° (3) cells per well) and incubated with

cytokine for 4-48 hours.

at high cell concentrations ( 50x103 cells per well) a
valid increase in the number of living cells almost by
30% (p<0.05) (Fig.4, b).

It is noteworthy that in control experiments, i.e. cell
incubation in non-serum nutrient medium without any
introduction of cytokines, there was demonstrated a
progressive increase in the percentage of dead cells
which was 36% on average by the end of the second
day (p<0.05) compared to 7% of dead cells at the initial
seeding.

Both EGF and VEGF cause significant decrease in
the percentage of dead cells by 70% (p<0.05) after two
days of incubation, thus promoting survival of
endothelial cells at deficiency of growth factors and
nutrients (Table 2, 3).

Therefore, the results obtained testify to the
mitogenic effect of EGF on endothelial cells in the
confluent growth phase in both adequate cultural
medium and non-serum medium, as well as to the valid
increase in the index of cell viability, caused by EGF.
On the contrary, VEGF does not show any mitogenic
effect in regards to endotheliocytes, though it is also the
factor, promoting survival of cells.

Therefore, the results obtained by us on the effect
of EGF and VEGF on actively proliferating endothelial
cells and endotheliocytes in the confluent growth phase
evidence that the mentioned cytokines influence
different phases of angiogenesis. Considering that
EGF in vitro demonstrates mitogenic effect on cells in
the confluent growth phase and at serum factor

deficiency, it may influence in vivo the involvement of
endothelial cells of blood vessels into tumour
angiogenesis and induce the proliferation of
endotheliocytes, while VEGF is a factor, stimulating
the formation of lumens and new vessels.

There are proofs that inhibition of the
EGF-receptor of endothelial cells in the confluent
growth phase results in lower VEGF secretion which is
the basis of inhibition of the endothelial cells
morphogenesis [15]. Hence, in our case the activation
of endothelial cells proliferation in monolayer under
the influence of EGF and triggering a signalling
cascade via EGF-receptor may also be partially
determined by higher secretion of the main
pro-angiogenic cytokine — VEGF. The fact that both
cytokines cause a decrease in the number of dead cells
at serum factors deficiency testifies to their capability
of promoting the endothelial cells survival which is in
good agreement with the published data [15, 16].

Recently there have been a large number of
investigations on the stimulation of proliferation of
endothelial cells by the growth factors [4, 14, 17] and
on the inhibition of proliferation of endothelial cells as
main targets of anti-tumour angiogenesis-mediated
therapy [6, 18, 19].

Conclusions This work has revealed that EGF
demonstrates the mitogenic effect on endothelial cells
in the confluent growth phase in both adequate cultural
medium and non-serum medium; however, EGF does
not influence the mitogenic activity of endotheliocytes
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Table 2

Influence of VEGF on survival of endotheliocytes (estimated by the number of dead cells per well in % of total amount) at their

incubation in non-serum medium

Initial density of cells, thousands per well

Incubation time, 10.0 25.0 500
hours
Control VEGF Control VEGF Control VEGF
4.0 4.16+0.4 - 11.4+1.1 - 5.66+1.52 -
24.0 20.6+10 18.5+£3.75 10.7+5.8 8.64+1.9 15.440.25 3.8+1.5*
31.0 15.05+£5.45 9.7+4.5 22.74£3.0 11.243.3 18.9+1.5 5.5+0.9*
48.0 47.15£9.9 14.7£3.5 31.243.6 10.2+£3.4%* 27.5€2.9 8.5+0.9*

Table 3

Influence of EGF on survival of endotheliocytes (estimated by the number of dead cells per well in % of total amount) at their

incubation in non-serum medium

Initial density of cells, thousands per well

Incubation time, 10.0 25.0 50.0
hours
Control EGF Control EGF Control EGF
4.0 4.16+0.4 - 11.4+1.1 - 5.66+1.52 -
24.0 20.6+10 11.68+0.38 10.7£5.8 4.0+0.4 15.4+0.25 7.5+1.7*
31.0 15.05+5.45 8.4+0 22.7+£3.0 5.4+2.3% 18.9+£1.5 7.5+3.5%*
48.0 47.15£9.9 7.7+0.8* 31.2+£3.6 8.1£2.3% 27.542.9 7.7+1.9%

in the exponential growth phase. Contrary to EGF, no
mitogenic activity of VEGF has been revealed. Both
cytokines promote the survival of endothelial cells
growing at serum factors deficiency.

The work was partially financed by the grant of the
Ministry of Science and Education, No. DP/66, dated
April 27, 2004 “Neovascularization of malignant
tumours as a target for selection of anti-tumour
preparations with anti-angiogenic activity” and in the
framework of target programme “Specificities of
functioning of oncogenome”.

The authors would like to express their gratitude to
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BB IpoaHTrioreHHUX MUTOKIHIB HA IPOTi(epaTuBHY aKTHBHICTH

Ta BHXXHBaHHS CHZIOTCJ'IiaIILHI/IX KJIITHH

Pesrome

Ilyxnunnuii anziocenes na 6i0MiHy 8i0 (i3ion02iuH020 Xapakmepu-
3YEMbCS GUCOKUM DI6HEM NPOOYKYEAHHA NYXAUHHUMU KITMUHAMU
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NPOAH2I02eHHUX — YUMOKIHIG,  SKI — NO-pI3HOMY — Oilomb  HA
¢yHKkyionanbHy akmusHicms eHdomenianbHux kaimux. Mema po-
bomu —nposecmu NOPIGHANLHUU AHANIZ 6NAUBY akmopa pocmy eH-
domenianvuux kaimurw (VEGF) ma enidepmanvnozo ¢axkmopa
pocmy (EGF) na nponicpepamueny axmugHicme i UNCUBAHHS eHOO-
MenianbHux Kiimun 3a iXubo2o eKcnomeHyiunoeo ma KoHguoen-
muoeo pocmy. Memoou. I[lponihepamusny axmuenicme i
sudcusanns enoomenianvrux knimun ninii MAEC nio enaueom EGF
ma VEGF eusnauanu s3a MTT-mecmom i niopaxynkom Hcusux
KATMUH 3 8UKOPUCMAHHAM MPUNAH06020 CUulbo2o. Pezynsmamu.
EGF (nezanesicno 6i0 piens cuposamrosux pakmopis) y KoHyenm-
payiax, Oirvwux 3a 10 ne/mn, axmueye nponigpepamushy ax-
MUGHICMb eHOOMENIOYUMI6 3d YMO8 KOHDIIOeHmH020 pocmy Ha
18-36 % (p < 0,05) epexmugniuie nopigHsno 3 KOHMposem, Mooi
AK Npu eKCNOHEeHYIUHOMY pOCmi eHOOmenioyumis Cymmeso2o 6niu-
8y 3A3HAYEHO20 YUMOKIHY HA Npofigepayiro KAimuH He 6Ui61eHO.
VEGF y wiupoxomy dianazoni KOHyeHmpayii He nposieise MimozeH-
HO2O0 ehekmy Ha eHOOmenioyumu 3a yMos K KOHPII0eHMHO20, MaK
i excnonenyilino2o pocmy. binvwe mozo, y KOHyeHmpayisx, euujux
3a 100 ne/mn, VEGF na 12 % (p < 0,05) ineioye nponigpepamueny
AKMUBHICMb eHOOMeNianbHuX KIimuKn 6 yM08ax KOHPNI0eHMHO20
pocmy. 'V pasi deghiyumy cuposamkosux ¢gaxkmopie obuoea yu-
MOKIHU CRPUAIOMb BUNCUBAHHIO eHOOMENIANbHUX KIIMUH, CYMMEBO
smenwyouy ixuio sazudens. Bucnosku. EGF na éiominy 6io VEGF
CIUMYIIOE AK Npoaighepayito eHoomenianbHux KiimuH, max i ixwe
suorcusanns, mooi sk VEGF cnpuse nuwe 6udCUBAHHIO e€HOO-
menioyumie.

Knrwuosi crosa: enidepmanvuuii pakmop pocmy (EGF), ¢gak-
mop pocmy enoomenianvrux knimuu (VEGF), nponighepamusna ax-
mugHicmos, enoomenianvHi Kiimunu 3 aopmu muuei ainii MAEC.
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JI. B. I'apmanuyk, O. H. IIackoecvkas, I'. U. Conanux

Bausinue MIPOAHI'MOTCHHBIX HUTOKUHOB Ha HpOJ'II/I(bCpaTI/IBHyIO

AKTHUBHOCTH M BBIDKUBACMOCTH DHIAOTCIINAIBHBIX KICTOK

Pesome

Onyxonesvlii anzuozenes 8 omauuue om QusUoI02ULeCK020 Xapax-
mepusyemcsi 8bICOKUM YPOBHEM NPOOYYUPOBANUL ONYXOLeGblMU
KAeMKAMU NPOAHSUO2EHHBIX YUMOKUHOG, NO-PA3HOMY GIUAIOWUX HA
@DYHKYUOHATLHYIO aKMUGHOCMb dHOOmMenuanrbhulx kiemok. Lens
pabomul — npogecmu CpAGHUMENbHBIN AHAIU3 Oelicmeus gakmopa
pocma snoomenuanvhvix kiemox (VEGF) u snudepmanvnozo ¢ax-
mopa pocma (EGF) na nponugepamugnyio akmusHocms u 8blotcu-
6aemMocmy IHOOMENUANbHBIX KIeMOK NPU UX KOHMDIIOIHMHOM U
9KcnoHenyuanoHom pocme. Memoowt. Ilporugpepamusnyio axmus-
HOCMb U 8bIICUBAEMOCTb IHOOMENUANbHBIX KiemoK aunuu MAEC
npu eruanuu EGF u VEGF onpeodensinu MTT-mecmom u noocue-
MOM JHCUBLIX KIEMOK C UCHONb30GAHUECM MPUNAHO8020 cunezo. Pe-
synemamol. EGF (ne3asucumo om ypoeHs cbl@OpOmouHblX hax-
mopos) 6 konyenmpayusax eviute 10 ne/mn akmusupyem npoaughepa-
MUBHYIO AKMUBHOCHb HA KOHGIIOIHMHOU cmaduu pocma 2Hoome-
auoyumos na 18—-36 % (p < 0,05) s¢ppexmusnee no cpasuenuio c
KOHMpOoLeM, mo20a KaKk npu IKCHOHEHYUALbHOM POCHEe IHOOMENUO-
YUmMos CyuecmgenHo20 GIUAHUSL IMO20 YUMOKUHA HA npoaudepa-
yulo Kremok 3aguxcupogano ne 6wino. VEGF ¢ wupokom Ou-
anasone KOHYeHmpayuil He NPoseasiem Mumo2enHo2o dpgpexma na
IHOOMENUOYUMbL NPU UX KOHDIIOIHMHOM U IKCNOHEHYUATLHOM
pocme. Bonee mozo, 6 konyenmpayusx eviwe 100 ne/mn VEGF na
12 % (p < 0,05) uneubupyem nponrugepamuHyro akmueHOCMb IH-
00MeNUaAnbHbIX KIemoK npu KoHGIodIHmuom pocme. B ciyuae Oe-
Gduyuma cvl6opomouHbIX Pakmopos o0ba yYyumMokuHa cnocoocm-
8YIOM BbIJCUBAHUIO IHOOMENUANLHBIX KNeMOK, CYWeCmE8eHHO yMe-
Hbuwas ux eubensv. Boieoowvi. EGF ¢ omauuue om VEGF cmumynupy-
em Kax npoaughepayuio IHO0mMeauaIbHblX KAemokK, makx u ux Gblocu-
saemocmyv, mozda kak VEGF cnocobcmseyem moavko 8blxicusa-
eMocmu IHOOMeNUOYUMO8.

Knrwuesvie cnosa: snudepmanvuuiii pakmop pocma (EGF), pak-
mop pocma 3ndomenuanvuuix kiemok (VEGF), nporugepamusnas
AKMUBHOCMb, IHOOMENUANbHBIE KAeMKU U3 AOPMbl Mol TUHUU
MAEC.
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