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CHANGES IN VEGF LEVEL AND TUMOR GROWTH
CHARACTERISTICS DURING LEWIS LUNG CARCINOMA
PROGRESSION TOWARDS CIS-DDP RESISTANCE

O.N. Pyaskovskaya, O.1. Dasyukevich, D.L.Kolesnik, L.V. Garmanchouk, I.N. Todor, G.1. Solyanik*
R.E. Kavetsky Institute of Experimental Pathology, Oncology and Radiobiology
of National Academy of Sciences of Ukraine, Kiev, Ukraine

Aim: To study the relationship between tumor angiogenic potential and its growth and metastasis using Lewis lung carcinoma (LLC)
models with different degree of resistance to cis-diamminedichloroplatinum (cis-DDP). Methods: LLC and its two cis-DDP-resistant
variants (LLC-9 u LLC-19), were used. For determination of angiogenic potential of LLC, LLC-9 and LLC-19, the level of VEGF
production by these tumor cells in vitro and the level of circulating VEGF during tumor growth in vivo was measured by enzyme-linked
immunosorbent assay. Results: Progressive decrease of LLC-9 and LLC-19 sensitivity to action of cis-DDP evidenced in vitro (IC,, =
0.0077 £ 0.0005 mg/ml and 0.0156 = 0.0008 mg/ml respectively vs. 0.004 £ 0.0003 mg/ml for LLC, p < 0.05) and in vivo (index of
primary tumor growth inhibition by cis-DDP was 26% and 3% respectively vs. 46%; index of metastasis inhibition — 46% and 11% vs.
65%, p < 0.05) was accompanied by the significant changes of tumor angiogenic potential. The level of VEGF production by primary
culture of LLC-9 in vitro was 1.5 fold higher (p < 0.05) than that by primary culture of LLC, whereas there were no differences in the
level of VEGF production between LL.C-19 and LLC. The level of circulating VEGF drastically increased in the initial phase of LLC-9
and LLC-19 growth in vivo, whereas in LLC bearing mice the dynamic changes of VEGF level are characterized by the presence of
long-term latent period (tIag =17.0 % 0.3 days). In LL.C bearing mice the character of changes of circulating VEGF level significantly
correlated with the number of metastases (p < 0.001) but not with tumor volume; while in LLC-9 bearing mice — with tumor volume
(p <0.01) and the number of metastases (p < 0.05). Although maximum level of circulating VEGF was significantly (p < 0.05) higher
in LLC-9 bearing mice than that in LLC bearing mice, maximum number of lung metastases was significantly (p < 0.05) lower in
LLC-9 bearing mice vs LLC. In contrast to LLC-9, in LLC-19 bearing mice the level of metastatic injury was significantly elevated
(p < 0.05) and the level of circulating VEGF considerably correlated with both tumor volume (p < 0.01) and metastatic index (p <
0.01). Conclusion: There is revealed a direct correlation between the level of circulating VEGF and all parameters of tumor progression
observed only in the cases of highly resistant tumors, whilst elevation of circulating VEGF level during tumor growth ir vivo could be
considered as a marker of metastasis not dependent on a drug resistance of tumor.
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Itis known that tumors progression is manifested in
three main directions — enhancement of invasion, me-
tastasis, and formation of drug resistance. Metastasis
is the main cause of mortality of oncological patients.
At the same time drug resistance of tumor results in
low efficacy of anticancer agents and continues to be a
major and largely unsolved problem of cancer therapy.
Despite the availability of approximately 60 different
agents for the systemic therapy of cancer, resistance
to treatment is developed in the majority of cases.

Presently it is well documented that progression of
malignant tumors can’t occur without tumor angiogen-
esis. According to common point of view, higher stages
of disease progression are linked to more intense pro-
cesses of angiogenesis [1, 2]. For example, ina num-
ber of solid tumors there has been shown a relationship
between clinical stages of cancer and angiogenic
potential of tumor, which was evaluated or by the level
of circulating VEGF, or/and by the level of its expres-
sionintumortissue, and/or by the density of vesselsin

also in preclinical and clinical trials on anticancer ac-
tion of antiangiogenic agents [11]. Such ambiguous-
ness is caused by wide variability of pathophysiologic
characteristics of cancer process, complicating the
determination of the stage of tumor progression in
the conditions of clinical study and making practically
impossible the establishment of correlation between
tumor progression and angiogenesis. Confirmations
of the existence (or absence) of the relations between
progression of tumor and its neovascularization could
be obtained only in experimental studies based on the
use of tumor models of similar genesis, but characteri-
zed by different stage of progression.

That’s why the aim of the present research was
to study the relation between angiogenic potential of
tumor and abundance of tumor growth using the model
of Lewis lung carcinoma (LLC) with different degree of
resistance to cisplatin (cis-DDP).

In the study, parental LLC, and its two variants

tumor [3-8]. At the same time some researchers have
documented the absence of such correlation [9, 10].
The ambiguous results on direct correlation between
tumor progression and angiogenesis were obtained
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(LLC-9 1 LLC-19), obtained at 9" and 19" stage of
experimental LLC progression toward formation of the
resistance to cis-DDP in vivo were used. The changes
of angiogenic potential upon tumor progression were
evaluated by the level of production of VEGF by the
primary cultures of LLC, LLC-9 and LLC-19 in vitro,
and also by the dynamics of alteration of circulating
VEGF during the growth of tumors in vivo.
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MATERIALS AND METHODS

Experimental animals and tumor strains. The
investigation was carried out in C57BI/6 female mice
weighing 20-23 g aged 2 to 2.5 months from the viva-
rium of R.E. Kavetsky Institute of experimental patholo-
gy, oncology and radiobiology of National Academy of
Sciences of Ukraine (IEPOR). All investigations with
animals were performed according to rules prepared
animal by the Bioethical Committee of IEPOR.

As an experimental tumor model, Lewis lung car-
cinoma (LLC, National Bank of Cell Lines and Tumor
Strains, IEPOR) and its two variants (LLC-9, LLC-19)
developed upon 9" and 19" cycle of experimental LLC
progression towards the formation of drug resistance to
action of cis-DDP in vivo, were used. Experimental design
of tumor progression was as follows. On the 1% cycle of
formation of drug resistance to action of cis-DDP the
tumor cell suspension (1 x 108/ 0.1 ml of Haenk’s solu-
tion) which was obtained from LLC primary tumor tissues
by routine procedure of trypsinization was inoculated
intramusculary into mice. After tumor cell inoculation
mice were divided into experimental and control groups
(not less than 8 animals in each). Mice of experimental
group recieved the course of chemotherapy with cis-DDP
(5injections at the total dose of 6.0 mg/kg of body weight
every second day starting from 7" day after tumor cell
inoculation). The tumor relapsed after chemotherapy was
used to prepare the tumor cell suspension for inoculation
into mice with the aim to carry out the following cycle of
tumor progression.

The 2" and following cycles were identical to the 1t
one. A total of 27 cycles of LLC passage in mice and
retreatment of tumor bearing mice with cis-DDP were
performed. At every cycle of experimental progression
the kinetics of primary tumor growth and its metastatic
spreading were studied by routine methods.

For evaluation of the sensitivity of LLC, LLC-9
and LLC- 19 to action of cis-DDP in vivo indexes of
inhibition of tumor growth (Gl) and metastasis (Ml)
were calculated using following formulas:

V-V

GI=100 x 2 (1)
0

Mi = 100 Foe =N (2)

0

where V,, N, — mean values of tumor volume and
number of metastases (correspondingly) in control
groups and V, N — mean values of tumor volume and
number of metastases (correspondingly) in experi-
mental groups. The estimations were carried out on
7" day after chemotherapy completion.

The sensitivity of LLC, LLC-9 and LLC-19 cells
to action of cis-DDP in vitro were determined us-
ing tumor cells obtained by trypsinization of primary
tumor tissues removed on 28-29" day after tumor cell
inoculation (primary cultures). IC, (the concentration
of cytostatic agent resulted in 50% cellular death) cal-
culated from data obtained in short-term cytotoxic test,
was used as a value of sensitivity of tumor cells to action

of cis-DDP. For that purpose, 10°viable cells/wellin 0,1
ml RPMI 1640 medium (Sigma, USA) supplemented
with 2 mM glutamine, 10% fetal bovine serum (Sigma,
USA) and 40 ug/ml gentamicine were plated in tripli-
cate into 96-well plates (Nunclon, Denmark). After 3 h
of pre-incubation of tumor cells at 37 °C in humidified
atmosphere containing 5% CO,, 0.1 ml medium con-
taining cis-DDP in progressively reducing concentration
ranging from 0.5 mg/mlto 0.0005 mg/ml was added in
each well. After 24 h of tumor cell exposition to cis-DDP
or without it (control), the number of viable cells/well
was evaluated by MTT-test [12].

The level of VEGF production by primary cul-
tures of LLC, LLC-9 and LLC- 19 was determined af-
ter their 24 hincubation in vitro in RPMI 1640 complete
medium under standard conditions. Tumor cells at the
density of 1 x 10° viable cells/well in 0.2 ml complete
medium were plated into 96-well plate and 24 h later
the aliquotes of medium were collected and the num-
ber of tumor cells was evaluated by measurement of
viable cells/well by MTT-test (expressed in units of ex-
tinction). The VEGF concentration in medium samples
was measured by enzyme-linked immunosorbent
assay (ELISA) mouse VEGF kits (R & D, GBn) accord-
ing to the manufacturer’s protocol. The level of VEGF
production was recalculated per cell and represented
in relative units according to following formula:

VEGF =VEGF,/N_

where VEGF, — the total VEGF level in each me-
dium sample (pg/ml), N_ — the number of viable
cells/well in units of extinction.

During LLC, LLC-9 and LLC- 19 growth the level
of circulating VEGF was determined using ELISA
mouse VEGF kits (R & D) according to the manufac-
turer’s protocol.

The dynamic changes of the level of circulating
VEGF in tumor bearing mice during tumor growth was
analyzed by Weibul’s model:

VEGF = VEGF, x exp(a x (t - t,ag)b), (3)

where the parameter a reflects the maximal level of
VEGF production (by tumor cells and/or other cells of
host organism); the parameter  reflects the kinetics
of VEGF level inhibition as a result of either decreasing
of the number of VEGF-secreted cells or the activation
of antiangiogenic processes. The parameter tog €X-
presses a delay in the level of circulating VEGF, VEGF,
is the level of circulating VEGF in intact animals.

The parameters of the model for all variants of
LLC were determined from the best fit of mathemati-
cal model (3) to experimental data using nonlinear
regression analysis.

The growth kinetics of primary tumors as well as
total number and volume of lung metastases in tumor
bearing mice were evaluated by routine methods. The
portion of metastasesin vascular phase was calculated
considering that diameter of metastases in vascular
phase is greater than 1.0 mm.

The statistical analysis of the results was per-
formed using descriptive methods, t-test, correlation
analysis and nonlinear regressive analysis.
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RESULTS AND DISCUSSION

Sensitivity of LLC, LLC-9 and LLC- 19 to the action
of cis-DDP. As one may see in Table 1, experimental
progression of LLC toward formation of the resistance to
the action of cis-DDP was accompanied by progressing
statistically significant decrease of antitumor and anti-
metastatic action of cis-DDP. In particular, administration
of cis-DDP to mice bearing parental LLC strain resulted
in the decrease of the volume of primary tumor and the
number of lung metastases by 46 and 65% respectively,
compared to control group. The response of LLC-9 and
LLC-19 to administration of the drug was weaker com-
pared to that of LLC: for LLC-9, the percent of tumor
growth inhibition and the level of metastasis was 26 and
46%, respectively, being 1.8-fold (p < 0.05) and 1.4-fold
(p <0.05) lowerthan those inthe case of parental LLC. In
the case of LLC-19, antitumor and antimetastatic activity
of cis-DDP was extremely low: the percent of primary
tumor growth inhibition did not exceed 3%, whilst the
number of metastases decreased only by 11% compared
torespective indexes in LLC-19-bearing mice that did not

receive cis-DDP treatment.
Table 1. The sensitivity of LLC, LLC-9 and LLC-19 to action of cis-DDP in vivo
Number of lung

Tumor variant Group of mice  Tumor size (mm)

metastases

LLC control 14.0+0.3 24321
cis-DDP 7.6+0.5% 8.6 £0.9*

LLC-9 control 14.5+0.6 20.2+1.4
cis-DDP 10.7 £ 0.6* 10.8 £ 0.6*

LLC-19 control 13.5+£0.5 271.5+2.7
cis-DDP 11.5+0.8 20.4+1.3

*p < 0.01 vs corresponding value in control.

Similar results were obtained upon analysis of the
sensitivity of LLC, LLC-9and LLC-19 cells to the action of
cis-DDP in vitro (Table 2). The sensitivity of the primary
culture of parental LLC to cis-DDP action evaluated by
IC,, value in short-term cytotoxic testin vitro, was equal
to 0.004 = 0.0003 mg/ml, whilst that of the primary
culture of LLC-9 was practically twice higher (p < 0.05)
than that of LLC; for the primary culture of LLC-19, IC,
was nearly 4-fold (p < 0.05) and 2-fold (p < 0.05) higher

than those for LLC and LLC-9 cells, respectively.
Table 2. The sensitivity of LLC, LLC-9 and LLC-19 to action of cis-DDP in vitro

Tumor variant 1C50 (mg/ml)
LLC 0.004 +0.0003
LLC-9 0.0077 = 0.0005*
LLC-19 0.0156 + 0.0008* **

* **p < 0.05 vs LLC and LLC-9 correspondingly.

Production of VEGF by LLC, LLC-9 and LLC-19
cells in vitro. It has been revealed that at different
stages of LLC progression, the ability of tumor cells to
produce VEGF, evaluated by the level of production of
the factor by the primary cultures during the first day of
their incubation in vitro, varied significantly, and these
changes possess non-monotonous character. The for-
mation of drug resistance of LLC was characterized by
nearly double (p < 0.05) increase of VEGF production by
LLC-9 cells with the next decrease of this index toward
the level typical for parental LLC cells (Fig. 1).

The level of circulating VEGF in animals bearing
LLC, LLC-9 and LLC-19. In the process of progression
of LLC toward formation of drug resistance to cis-DDP,
significant differences in the dynamics of alteration of

circulating VEGF level were observed (Fig. 2, Table 3). In
animals bearing LLC-9 and LLC-19 at early stages of tu-
mor growth, the sharp elevation of the level of circulating
VEGF has been registered; at the same time the dynamics
of alteration of circulating VEGF level in LLC-bearing mice
was characterized by significant latent period (tIag =17.0+
0.3 days, Table 3). The increase of VEGF level in blood
serum of LLC-bearing animals coincided with exponential
phase of tumor growth. In the case of LLC-9and LLC-19,
significant elevation of the level of circulating factor has
been observed at the latent phase of tumor growth when
the formation of tumor nodule from separate tumor cells
occurs. It was interesting to note that the dynamics of
alteration of circulating VEGF level (at the periods larger
thant, ) in blood serum of LLC-bearing animals practi-
cally did not differ from that in LLC-19-bearing mice:
there was no statistically significant differences in the

parameters a and 3 (see Table 3).
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Fig. 1. The level of VEGF production by primary cultures of LLC,
LLC-9 and LLC-19in vitro (values are expressed in percentages
from corresponding value for LLC)
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Fig. 2. The dynamic changes of the level of circulating VEGF dur-
ing LLC, LLC-9 and LLC-19 growth in vivo (values are expressed
in percentages from the level of VEGF from intact mice).

Table 3. Model parameters of the dynamic changes of circulating VEGF
during LLC, LLC-9 and LLC-19 growth in vivo

Model parameters

Tumor variant

a (days-B) B tlag (days)
LLC 1.66 = 0.15 0.2 +0.036 17.0+0.3
LLC-9 2.1+0.07* 0.08 £0.01* 0.0 £0.0*
LLC-19 1.68 £0.02**  0.18 £0.004** 0.1+0.1*

***p < 0.01 vs LLC and LLC-R9 correspondingly.

During LLC-9 growth, the character of alteration of cir-
culating VEGF level was significantly different from these
for LLC and LLC-19, evidenced by statistically significant
(p < 0.01) differences in the parameters a and (3 (see
Table 3) between LLC and LLC-9, and also between LLC
and LLC-19. At the initial stages of LLC-9 growth, vigor-
ous (compared to two other LLC variants) elevation of the
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level of circulating VEGF, reflected in a value thatwas by  tumor cell inoculation, markedly slowed down. Such
25% higherin LLC-9thanthose for LLCand LLC-19. This  deceleration was reflected in the parameter B, the value
resultisin good accordance with the data of comparative  of which was by 60% lower (p < 0.01) for LLC-9 group
study of VEGF production by LLC cells with the different  than that for LLC- and LLC-19-bearing animals.
degree of drug resistance (see Fig. 1). Relation between the level of circulating VEGF
Contrary to the dynamics of VEGF level alterationin  and indexes of growth and metastasis of LLC,
mice with LLC and LLC-19 characterized by constant LLC-9 and LLC-19. Analysis of correlation between
progressing elevation of the level of circulating factorin ~ the dynamics of change of the level of circulating VEGF
blood serum, vigorous rise of VEGF level in blood serum  and the dynamics of alteration of parameters of spread
of LLC-9-bearing mice that was observed at 1stday after  of tumor process has shown that independently on the
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Fig. 3. The correlations between values of tumor growth and metastatic spreading of LLC, LLC-9 LLC-19 in vivo and the dynamic
changes of the level of circulating VEGF in tumor bearing mice
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degree of progression (resistance) of Lewis lung carci-
noma, the changes of VEGF levels in blood serum of tu-
mor bearing animals statistically significantly correlated
with increase of the number of lung metastases (Fig. 3).
The presence of correlation between the dynamics of
VEGF alteration and the dynamics of change of other
indexes of tumor process significantly depended on
the degree of tumor resistance. In particular, during
the growth of LLC, statistically significant correlation
between VEGF level and the number of metastases in
vascular phase has been observed, but VEGF increase
did not correlate nor with the increase of the volume of
primary tumors, nor with the changes in the volume of
lung metastases. Contrary to LLC, for LLC-9 there has
been found a distinct correlation between the dynam-
ics of change of the level of circulating VEGF and the
dynamics of change of the volume of primary tumors
(R=0.74, p < 0.01). It is necessary to note that sharp
increase of the level of circulating VEGF at early stage
of LLC-9 stipulated a higher rate of the primary tumor
growth as well as the shift of metastasis for earlier terms
compared to thatin parental LLC model. However, atthe
terminal stage of LLC-9 growth the maximal number of
lung metastases was by 20% lower (p < 0.05), than that
in LLC-bearing mice.

High statistically significant correlation between the
dynamics of change of VEGF level and the dynamics of
change of the studied indexes of tumor spread (volume
of primary tumor, the number of metastases, volume
of lung metastases, the part of metastases at vascular
phase)was registered only for LLC-19 - Lewis lung car-
cinoma with high degree of resistance to cis-DDP.

So, one may conclude that elevation of the level of
circulating VEGF upon tumor growth may serve as a
marker of metastasis independently of the degree of
tumor’s sensitivity to the action of cis-DDP. The direct
correlation between the level of circulating VEGF and
all studied indexes of the spread of tumor process
(including volume of primary tumor and volume of lung
metastases) is observed upon the growth of the tumor
with high degree of drug resistance.

One should note that LLC progression toward for-
mation of the resistance to cis-DDP was accompanied
by non-monotonous alterations of both angiogenic
and metastatic potential. There were absent the direct
correlations between the level of VEGF production by
tumor cells, the level of circulating VEGF at terminal
stage of tumor growth and indexes of metastasis of
Lewis lung carcinoma with different sensitivity to the
action of cis-DDP (Fig. 4).

The mostinteresting finding of the present research
was the decrease of metastatic potential of LLC re-
vealed at early stages of formation of drug resistance
(LLC-9). Despite unexpectedness of the obtained re-
sult, it may be caused by phenomenon of domination
of metastatically active cells [13]. It is known that the
process of domination of metastatically active cells in
primary tumor is taking place before an appearance
of distant metastases. Two biologic properties of cells
(high proliferative activity and high migration ability)

providing domination of tumor cell subpopulations are
known; metastatically active cells are characterized
by elevated migration activity upon the background
of relatively low proliferative activity [14]. High rates
of growth of primary tumors revealed at stage 9
of LLC progression, are decreasing the chance of
metastatically active cells to overgrow non-metastatic
subpopulations, thus cousing, possibly, the decrease
of tumor’s metastatic potential. At the same time, an
increased level of VEGF production by LLC-9 cells at
the background of its decreased metastatic potential
is not corresponding to the statements that tumor
angiogenesis promotes tumor progression, and that’s
why should be studied in additional experiments .
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U3MEHEHWUA YPOBHYA VEGF U MOKASATEJIENA POCTA
N METACTASUPOBAHUA KAPLUUHOMbI JIbIOUC B NMPOLIECCE
EE NPOrPECCuu B HANPABJIEHUN ®OPMUPOBAHUSA
PESUCTEHTHOCTU K CIS-DDP

I]eab: M3y4uTH B3aMMOCBS3b MEKIY AHTMOTEHHBIM MOTEHIMAJIOM OIYXOJM H PACTPOCTPAHEHHOCTHIO ONMYX0JIEBOr0 MPOIecca Ha
MoeJIi KapuuHoMbl JIbIoHC pa3Hoii cTeneHn pe3ucTeHTHOCTH K AeiicTBuio cis-DDP. Memoods:: B padoTe HCIOJIb30BAIN KAPIUHOMY
serkoro JIbionc (LLC), a Takxke aBa ee Bapuanta (LLC-9 u LLC-19), nosydennbie Ha 9-M 1 19-M sTane sKcnepuMeHTaIbHOI
nporpeccun LLC B HanpaB;ieHu#n (popMHAPOBaHMS Pe3UCTEHTHOCTH K cis-DDP in vivo. Aurnorennsiii noresuman LLC, LLC-9 n
LLC-19 ouenuBaan uMMyHO(epPMEeHTHBIM MeTOIOM 110 YpoBHIO npoaykiuid VEGF nepBudanHbIME KY/IBTYpaMH in vitro, a TAKKe N0
JMHAMUKeE u3MeHeHuii ypoBHs uupkyaupyiomero VEGF B nponecce pocta LLC in vivo. Pe3yabmamot: nporpecCUBHOE CHIKEHHE
vyscTBuTebHOCTH LLC-9 n LLC-19 K nejictemio cis-DDP, noxreepxnasmeecs in vitro (IC,,= 0,0077 £ 0,0005 mr/ma aist
LLC-9u0,0156 = 0,0008 mr/ma auss LLC-19 mpotus 0,004 £ 0,0003 mr/vu mist LLC, p < 0,05) 1 in vivo (MHAEKC TOPMOKEHHUS
uurocTatukoM pocta LLC-9 u LLC-19 coctasisi 26 u 3% coorBercTBenHo npotus 46% mis LLC; MetacTa3upoBanus — 46 u
11% npotus 65% nna LLC, p < 0,05), conpoBoKaaaoch 3HAYUTEIbHBIMH H3MEHEHHSIMH €€ AHTHOTeHHOTO MOTEHIMAIA. YPOBEHDb
npoaykuuu VEGF in vitro nepsuunoii KyisTypoii LLC-9 ob11 B 1,5 pa3a Bbimie (p < 0,05) o cpaBHEHHIO ¢ TAKOBBIM MePBUYHOI
KyJabTypoii LLC, Torna kak yposenb npoaykuuu VEGF nepsuunoii Kyasrypoii LLC-19 npakTHyecKH He OTIMYAJICSA OT TAKOBOIO
s LLC. YpoBenb mupkyimpyiomero VEGF pe3ko noBsimaJjics y2ke Ha paHuux dtanax pocra LLC-9 u LLC-19 in vivo, Toraa
Kak y mbimeii ¢ LLC quHaMiKa H3MeHeHHsl er0 YPOBHSI XapaKTepHU30BAJIACH JINTEIbHBIM JATEHTHBIM NEPHOIOM (thg =17,0 =
0,3 cyT). Xapakrep usmenenuii yposus uupkympymomero VEGF B npouecce pocta LLC (p < 0,001) KoppesnmpoBaJ ¢ KoJmyec-
TBOM MeTacTa30B; y KMBOTHbIX ¢ LLC-9 — ¢ 00beMom omyxoim (p < 0,01) u komuecTBom (p < 0,05) meracrazos. Hecmotpst
HA TO, YTO MAKCHMAJIbHBII ypoBeHb mupKy mpyioniero VEGF y mpbimeii ¢ LLC-9 3nauntenbto (p < 0,05) Bbime, 4em y Mblieii ¢
LLC, makcumajibHO€e KOJIMYECTBO METACTA30B B Jierkux y mbineii ¢ LLC-9 nocrosepno (p < 0,05) menbuie, yem y mbieii ¢ LLC.
B otmune or LLC-9, B nponecce pocta LLC-19, conpoBoKIaBimerocsi mMoBbIIIEHHEM YPOBHSI METACTATHYECKOTO NMOPAKEHHUS
Jerkux (p < 0,05), yposens mupkysmpytomero VEGF koppesmpoas kak ¢ 0obeMom onyxouu (p < 0.01), Tak 1 ¢ MccieI0BAHHBIMA
noka3areisivu MetactazupoBanus (p < 0.01). Boiéodsr: npsiMyio KOppeJIsIMOHHYI0 B3aHMOCBSI3b MEK/Y YPOBHEM IUPKYIMPYIOIIEro
VEGF u u3yyeHHbIMH MOKA3aTeNIIMH PACHPOCTPAHEHHOCTH OIYX0JIEBOTO MPOLECCA BbISABJSIOT JIMIIb LIS OMYX0Jieii ¢ BHICOKOIi
CTeNeHbI0 JIEKAPCTBEHHOI Pe3MCTEHTHOCTH, TOT/IA KAK MOBbINIeHHE YpoBH: upKympywiero VEGF B npounecce pocta omyxoJm
MOKHO PACCMATPUBATh B KAYeCTBE MAPKePa UMEIOLIMXCSI METACTA30B HE3ABMCUMO OT CTENEHHU €€ Pe3UCTEHTHOCTH.

Karouesvie caosa: VEGF, kapunHoma jerkux JIsiouc, pe3sucTeHTHOCTSD K cis-DDP.
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