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Aim — to study VEGFR-2 and CD34 immunohistochemical expression in squamous cell lung cancer.

Materials and methods. Pathomorphological and immunohistochemical studies of surgical material from 20 patients, which
were treated in ZRCOD because of SCLC, were conducted: 10 patients with SCLC without metastases in regional lymph
nodes formed the | group of study and 10 patients with SCLC with metastases in regional lymph nodes formed the Il group of
study. 10 samples of regional lymph nodes with metastases were also examined (the Il group of study). Inmunohistochemical
study was carried out using antibodies against VEGFR-2 and CD34.

Results. Squamous cell lung cancer is characterized by high VEGFR-2 expression marks, which are typical for | and Il groups
of study: 115.23 (97.35; 125.55) CUOD, 60.28 (50.77; 67.19) % and 118.33 (110.03; 140.23) CUOD, 56.56 (44.19; 67.49) %,
respectively (P > 0.05). At the same time, there is statistically significant difference between the levels and the relative areas of
VEGFR-2 expression in the primary tumor and in the metastases in regional lymphatic nodules (RLN) (the last one distinguished
by the lower expression marks — 89.67 (67.25; 100.65) CUOD; 50.99 (41.65; 60.10) %). Tendency to increasing of the number
of microvessels in the sequence “non-metastatic squamous cell lung cancer — metastatic squamous cell lung cancer — metas-
tases in RLN” was established: 37.50 (25.00; 54.00) vs 64.50 (42.00; 102.00) vs 95.50 (76.50; 125.00), P < 0.05. Presence of
correlations between the following indicators was revealed: the level, the relative area of VEGFR-2 expression and the number
of microvessels in non-metastatic squamous cell lung cancer (r = 0.35 and r = -0.34, respectively); the level and the relative
area of VEGFR-2 expression (r = -0.45), the relative area of VEGFR-2 expression and the number of microvessels in metastatic
squamous cell lung cancer (r = 0.43); the level and the relative area of VEGFR-2 expression in metastases in RLN (r = -0.44).

Conclusions. VEGFR-2 expression indices decrease from | to lll groups of study, while CD34 expression increases in this
sequence, moreover, the expression indices of the studied markers correlate in the primary tumor and do not correlate in
regional metastases.

ImyHoricToxiMiuHa XxapaKTepucTUKa MapKepiB HeoaHrioreHe3y y NAOCKOKAITHHHOMY paKy AereHi

M. M. bayaapbekoBa
MeTa po60oTu — BUBYMTM 0COBNMBOCTI iMyHoricToximMiuHoi ekcnpecii VEGFR-2 i CD34 y nnockoknituHHoMy paky nereHi (MPIT).

Martepianu Ta Metogu. 3ailicHUNKM naToMopdonoriyHe Ta iMyHOrCTOXIMIYHEe JOCTIMKEHHs onepaLiiHoro Matepiany 20
nauieHTis, siki otpumyBanu nikyeaHHa B 3OKOL i3 npueoay MPJ1. | rpyny cnoctepexenHst cchopmysanu 10 nauieHTis 6e3
MeTacTasiB y perioHapHux niMmatnyHmx By3nax, |l rpyny — 10 nauieHTiB i3 meTactazamm B perioHapHvX niMaTnyHuX By3nax.
[ocnignnu Takox 10 3paskiB perioHapHUX NimaTnyHnx By3nis i3 metactasamu (Il rpyna). ImyHoricToxiMiyHe AOCTIMKEHHS
BUKOHanNW, BUkopucToBytoun aHtuTina go VEGFR-2 n CD34.

Pe3ynkTatu. MNNOCKOKMITUHHWIA paK NEreHi XxapakTepunayeTbCst BUCOKUMMM nokasHukamu ekcnpecii VEGFR-2, wo BnactvBi
| Ta Il rpynam nopieHsaHHS: 115,23 (97,35; 125,55) YOOLL, 60,28 (50,77; 67,19) % i 118,33 (110,03; 140,23) YOOLL, 56,56
(44,19; 67,49) % BignosigHo (p > 0,05). BusiBunu cTaTncTU4HO 3HaYyLLY Pi3HALIO Mix MOKa3HUKaMM PiBHS Ta BiGHOCHOT NOLL
ekcnpecii VEGFR-2 y nepBuHHiii NyxnuHi Ta B perioHapH1x MeTactasax (OCTaHHi Bigpi3HAIOTbCS MEHLUMMW MOKa3HUKamu
ekcnpecii Mapkepa — 89,67 (67,25; 100,65) YOOLL, 50,99 (41,65; 60,10) %). BctaHoBunu TeHaeHL;to A0 3BinbLIeHHs Kinb-
KOCTi MIiKpOCYZIMH Y NOCRIZOBHOCTI «HEMETACTaTUYHWIA NIOCKOKMITUHHUIA pak NereHi — MetacTaTUyHUA MIIOCKOKNITUHHUIA pak
nereHi —MeTacTasau B perioHapHi nimdatuyi Byanuy: 37,50 (25,00; 54,00) vs 64,50 (42,00; 102,00) vs 95,50 (76,50; 125,00),
p <0,05. BuaHaunnun HasiBHICTb KOPENALINHUX 3B'A3KIB MiXK TaKMMM NOKa3HWUKaMW: piBeHb, BigHOCHa nnoLua ekcnpecii VEGFR-2
1 KiNbKiCTb MIKPOCYAWH Y HEMETaCTaTUYHOMY MITOCKOKIITMHHOMY paky nereHi (r = 0,35 i r = -0,34 BignoBsigHo); piBeHb i BigHOC-
Ha nnowa ekcnpecii VEGFR-2 (r = -0,45), BigHocHa nnowwa exkcnpecii VEGFR-2 11 kinbKiCTb MiKpoCyauH y MeTactaTuiHoMy
NMOCKOKNITMHHOMY paky nereHi (r = 0,43); pieHb i BigHocHa niowya ekcnpecii VEGFR-2 B perioHapHux meTactasax (r = -0,44).

BucHoBku. lNMokasHukn ekcnpecii VEGFR-2 sHmkytotbes Big | go Il rpynu cnoctepexeHb, a nokasHuk ekcnpecii CD34
MiABULLYETLCS B L MOCMIZAOBHOCTI. [Moka3HMKW ekcripecii 4OCMimKyBaHUX MapKePIB KOPESIOOTb Y NEPBUHHIM NYXWHI Ta He
KOPEnIoTb Yy MeTacTasax y perioHapHi nimgatunyHi Bysnu.

UMmyHOrucToXuMmuueckas XxapaktepucTuka MapKkepoB HeoaHruoreHesa
B NNOCKOKAETOYHOM paKe Aerkoro

M. M. BayaapbekoBa

Llenb paboTtbl — U3yunTb 0COBEHHOCTU MMMYHOTUCTOXUMMYeckon akenpeccun VEGFR-2 n CD34 B NnOCKOKNETOYHOM pake
nerkoro (MP).
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Matepuanb! u metoabl. MNposefeHo NaToMopdONOrMYECcKOe N UMMYHOTMCTOXMMUYECKOE UCCREeAoBaHNEe OnepaLoHHOro
matepuana 20 nauveHToB, npoxogmslimnx neveHne B 3OKOM no nosoay MPI1. | rpynny HabntogeHuin copmmposanm 10
nauuneHToB 6e3 MeTacTasoB B pervoHapHbIx umdarnyeckux yanax, |l rpynny — 10 naumeHToB ¢ MeTacTasamu B pervoHap-
HbIX NMMcaTyeckux yanax. Tawke nayunnu 10 06pasLoB permoHapHbIX nuMdaTnieckux y3nos ¢ metactasamu (Il rpynna).
VIMMyHorcTOXMMIYECKOE ccrenoBaHne NPoBOANYN C Ucnonb3oBaHnem aHTuten k VEGFR-2 n CD34.

Pe3ynkrathbl. [1110CKOKNETOYHBIV pak NErkoro xapakTepuayeTcs BbICOKMMM nokasatensmu akenpeccun VEGFR-2, kotopele
cBomncTBeHHb! | v Il rpynnam Habnogenwni: 115,23 (97,35; 125,55) YEOT, 60,28 (50,77; 67,19)% v 118,33 (110,03; 140,23)
YEOTT, 56,56 (44,19; 67,49) % cootBeTCTBEHHO (p > 0,05). YcTaHOBMNEHA CTATUCTUYECKM 3HAYMMas pasHuLa Mexay nokasa-
TensMK YPOBHS 1 OTHOCWUTENBHOW NnoLaaw akenpeccum VEGFR-2 B nepBryHOi Onyxonu 1 B permoHapHbIx MeTacTasax (no-
CrnefHve OTINYAKTCA MEeHbLUMMM NoKasaTensMu akcnpeccun mapkepa — 89,67 (67,25; 100,65) YEOTT, 50,99 (41,65; 60,10) %).
OTMeyeHa TEHAEHLMS K BO3pacTaHMI0 Y1CHa MUKPOCOCYOB B NOCHEN0BATENbHOCTY «HEMETACTaTUYECKMIA MIOCKOKIETOUHBIN
pak nerkoro — MeTacTaTM4eCKuid NMOCKOKNETOUHbIN pak Nerkoro — MeTacTasbl B permoHapHble nuMdatuyeckue yanbi»: 37,50
(25,00; 54,00) vs 64,50 (42,00; 102,00) vs 95,50 (76,50; 125,00), p < 0,05. YcTaHOBNEHO Hanu4me KOPPENSALMOHHbIX CBA3e
MexXay criefylowmumy nokasaTensiMi: ypoBeHb, OTHOCUTeNbHas nnowasb akcnpeccun VEGFR-2 v uncno mukpococynos
B HEMETacTaTU4eCKOM MIIOCKOKNeTo4HOM pake nerkoro (r = 0,35 u r = -0,34 coOTBETCTBEHHO); YPOBEHb 1 OTHOCUTENbHAS
nnowagp akcnpeccun VEGFR-2 (r = -0,45), oTHocuTenbHas nnowaab akenpeccun VEGFR-2 1 umcno mukpococyaos B
MeTacTaTM4eckoM NIOCKOKIETOMHOM pake nerkoro (r = 0,43); ypoBeHb M OTHOCUTENbHAs nnowaae akcnpeccun VEGFR-2 B
MeTacTa3ax B permoHapHble numdatuyeckue yanbl (r = -0,44).

BbiBoabl. MNokasatenu akcnpeccun VEGFR-2 cHmkatotes o | k Il rpynne HabntogeHuin, a nokasatenb akcnpeccun CD34
MOBLILLAETCA B JAHHOW NOCNeaoBaTenbHOCTY. [okasaTenu 3KCNpeccum U3yYeHHbIX MapkepoB KOPPENMPYHT B NEPBUYHON

OMyXOru 1 He KOPPENUPYIOT B MeTacTa3ax B perMoHapHble numdarnyeckme yanbi.

Despite the improvement of approaches to the diagnosis
and treatment of lung cancer (LC), the prognosis for life
of patients still remains unfavorable — the indicator of
5-year survival is less than 20 % [1]. Distant metasta-
ses of LC are a key factor in the forecast, determining
the tactics of the patient. Squamous cellular lung cancer
(SCLC) accounts for about 30 % of all cases of LC,
ranking the second in frequency after lung adenocarci-
noma. At the same time, SCLC is less prone to distant
metastasis in comparison with other histological variants
of LC, but with a high frequency of metastasis to regional
lymph nodes (RLN). The presence of metastases in
the RLN is also attributed to prognostically significant
factors, therefore, the deepening of knowledge about
the mechanisms of lymphogenous dissemination is
clinically significant [2].

Based on current literature data, one of the key links
in tumor progression and metastasis is neoangiogenesis.
There are three main mechanisms that mediate vascular
neoplasm formation in cancer: secretion of growth factors
by tumor cells that stimulate endotheliocytes; reduced
activity of natural angiogenesis inhibitors; angiogenesis
mediated by circulating endothelial cell precursor cells [3].
Vascular endothelial growth factor (vascular endothelial
cell growth factor, VEGF) is a specific mediator of angio-
genesis, the function of which is mediated predominantly
by the receptor for vasculo-endothelial growth factor 2
tyrosine kinase activity [4]. Overexpression of VEGF
and VEGFR-2 is associated with cancer invasion and
metastasis.VEGFR-2 expression is found in endothelio-
cytes, as well as in cancer cells of a number of tumors
(colorectal cancer, breast cancer, etc.). Evaluation of
the immunohistochemical expression of VEGFR-2 is
currently used to address the issue of treatment with
targeted anti-angiogenic drugs. However, the prognostic
significance of VEGFR-2 expression by X-ray cells is still
debated [5]. The mechanisms of interaction of VEGFR-2
with the elements of the tumor microenvironment, in par-
ticular, with the stem cell pool, are of considerable interest.
In addition, it is known that the expression of VEGFR-2

Pathologia. Volume 16. No. 2, May — August 2019

correlates with the density of microvessels in a number
of malignant tumors, predetermining the prognosis [4].

Microvascular density is a parameter for assessing
the growth of new blood vessels, which is widely used in
studies of a wide range of pathologies, including malignant
tumors [6]. It is known that the growth of a malignant neo-
plasm with a diameter of more than 2 mm requires the de-
velopment of its own vascular network. For the purpose of
measuring the density of microvessels, markers CD31,
CD34, CD105 are traditionally used. In the current litera-
ture, no information was found on the difference between
the microvessel density indices in cancer, assessed using
each of these markers. Probably, the choice of the marker
is based on the specifics of the goals and objectives that
are pursued in each study [6-8]. CD34 is an intercellular
adhesion molecule that is expressed on the surface of a
number of cells, including umbilical cord cells, bone mar-
row cells, mesenchymal stem cells, endothelial progenitor
cells, and mature blood vessel endotheliocytes [9]. In a
number of works, associative links between microvascular
density in LC, assessed by the expression of CD34 and
prognostic parameters, such as the stage of the tumor
process, the presence of metastases, and the survival rate
of patients, have been shown [7-9]. However, the molec-
ular mechanisms that form the basis of tumor progres-
sion mediated by neoangiogenesis are still not clarified.
Therefore, in the context of studying the mechanisms of
SCLC progression, it is important to compare the levels of
expression of VEGFR-2 and CD34 in tumor samples with-
out metastases in the RLN, with metastases in the RLN, as
well as in the samples of the metastases in the RLN itself,
with subsequent analysis of the data.

Aim

To study the level and relative area of immunohistochem-
ical expression of VEGFR-2 and the number of microves-
sels (according to CD34 expression) in non-metastatic
and metastatic squamous cell lung cancer, and in its
metastases to regional lymph nodes.
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Material and research methods

A pathological and immunohistochemical (IHC) study of
the surgical material of 20 patients treated in ZRCOD
for SCLC was conducted. Patients were divided into
two groups: group | was formed by 10 patients without
metastases in regional lymph nodes (pT1-2N-OM0G1-3),
group Il — 10 patients with metastases in regional lymph
nodes (pT1-2N1-2M0G1-3). The exclusion criteria were
the presence of distant metastases, as well as the germi-
nation of the tumor in adjacent organs. Also 10 samples of
RLN with metastases (group Ill) were examined.

The features of the microscopic structure of SCLC
were evaluated in microscopic preparations stained
with hematoxylin and eosin. In dewaxed sections, after
temperature unmasking and suppressing the activity
of endogenous peroxidase, according to standard me-
thods, IHC was performed using polyclonal antibodies
VEGFR2 Ab-1 (Thermo Scientific, USA) and monoclonal
antibodies CD34 (Clone QBENd/10; Thermo Scientific,
USA) and UltraVisionQuanto Detection imaging system
with diaminobenzidine (Thermo SCIENTIFIC, USA). The
results of IHC studies were evaluated by Axioplan-2
microscope (Carl Zeiss, Germany) with magnification
x 200. In each case, 5 fields of view were evaluated.
In the study of sections stained using antibodies to
VEGFR-2, the level and relative area of expression
was estimated using photo-digital morphometry [10].
The expression level of IGH markers was expressed
in arbitrary units of conditionaloptical density (CUOD)
and was graduated as follows: 0-20 CUOD - negative
reaction, 21-50 CUOD - low expression level, 51-100
CUOD - moderate expression, more than 100 CUOD —
high expression level. The relative area of expression of
the markers is the percentage of the number of pixels
of immune colored cells to the total number of pixels of
the digital photo image. In the study of sections stained
with anti-CD34 antibodies, micro vessels were counted
according to the method of S. Bosari et al [11].

Statistical processing of the data was carried out
using the Statistica® for Windows 13.0 package (StatSoft
Inc., license No. JPZ8041382130ARCN10-J). The median
(Me) and the lower and upper quartiles (Q1; Q3) were
calculated; the comparison between the two groups of
observations was carried out using the Mann-Whitney
test, between the three groups of observations using
the Kruskal-Wallis test; correlation analysis was carried
out using Spearman’s rank correlation coefficient. Results
were considered statistically significant at 95 % (P < 0.05).

Results

As aresult of the IHC study, it was established that mem-
brane-cytoplasmic expression of VEGFR-2 is determined
in tumor cells, as well as stromal endotheliocytes of
SCLC. Non-metastatic SCLC (Group | observation) and
metastatic SCLC (Group Il observation) are character-
ized by high levels of VEGFR-2 expression: the marker
expression level is 115.23 (97.35; 125.55) CUOD for
non-metastatic and 118.33 (110.03 140.23) CUOD for
metastatic SCLC (Fig. 1).

At the same time, the difference between the data
obtained for the two groups of observations is not statisti-
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cally significant (P > 0.05). The relative area of VEGFR-2
positive cells is 60.28 (50.77; 67.19) % in non-metastatic
SCLC and 56.56 (44.19; 67.49) %. The difference
between the obtained indicators is also not statistically
significant (P > 0.05).In metastases of SCLC in regional
lymph nodes (Group lll), the average expression level of
VEGFR-2 was set: Me = 89.67 (67.25; 100.65) CUOD.
The relative area of VEGFR-2-positive cells in SCLC
metastases is 50.99 (41.65; 60.10) %. A comparative
analysis using the Mann-Whitney test revealed a sta-
tistically significant difference between the medians of
the expression level of VEGFR-2 in the Il and Il groups
of observations: 118.33 (110.03; 140.23) CUOD vs 89.67
(67.25; 100.65) (P < 0.05).

Using the Kruskal-Wallis criterion, a comparative
analysis of data obtained in three groups of observations
was carried out (Fig. 2, 3). The obtained data reflects a
tendency to a decrease in the level and area of VEGFR-2
expression in SCLC metastases in regional lymph nodes
in comparison with the primary tumor.

As a result of an IHC study, it was found that mem-
brane expression of CD34 is determined in the endothe-
lium of microvascular blood vessels and its metastases,
which allows microvessel counting in the field of view of
a light microscope (Fig. 4).

The number of microvessels in non-metastatic
SCLC is 37.50 (25.00; 54.00), in metastatic SCLC —
64.50 (42.00; 102.00), in lung cancer metastases in
regional lymph nodes — 95.50 (76.50; 125.00) (Fig. 5).
A comparative analysis using the Mann—-Whitney test
revealed the presence of statistically significant difference
between the number of microvessels in non-metastatic
and metastatic SCLC, as well as in metastatic SCLC and
in its metastases in regional lymph nodes. Thus, the data
obtained reflect a significant increase in the number of
microvessels in the sequence “non-metastatic SCLC —
metastatic SCLC — metastasis SCLC in RLN".

A correlation analysis of the relationship between
the expression levels of VEGFR-2 and the number of
microvessels assessed by CD34 expression (Table 1, 2,
3). In non-metastatic SCLC, a direct medium correlation
between the expression level of VEGFR-2 and the number
of microvessels was detected (r = 0.35) (Table 1), as well
as the inverse medium correlation between the relative
expression area of VEGFR-2 and the number of microves-
sels (r=-0.34) (Table 1). There is also an inverse medium
relationship between the level and relative expression area
of VEGFR-2 in metastatic SCLC (r = -0.45) (Table 2), as
well as a direct medium relationship between the expres-
sion level of VEGFR-2 and the number of microvessels in
metastatic SCLC (r = 0.43). In metastasis of SCLC in RLN,
there is also an inverse weak force relationship between
the level and the relative expression area of VEGFR-2
(r=-0.44) (Table 3). Associations between the expression
indices of VEGFR-2 and CD34 in SCLC metastases in
regional lymph nodes were revealed.

Discussion

Neoangiogenesis is a complex process that includes
the proliferation of endotheliocytes, the migration and
reactivation of progenitor cells, and the remodeling of
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an existing capillary field. Vascular neoplasm in a tumor
becomes possible due to hypoxia, which inevitably oc-
curs in conditions of high proliferative activity of cancer
cells, stimulates the migration of endotheliocytes and
progenitor cells, as well as specific receptors responsi-
ble for regulating the proliferation and differentiation of
endothelial cells. In addition, molecular genetic abnor-
malities, that are constantly present in the tumor cells,
provide activation of potentially oncogenic signaling
cascades, the targets of which are also genes regulators
of angiogenesis [3].
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Fig. 1. Expression of VEGFR-2 in metastatic squamous cell lung cancer. VEGFR2 Ab-1
(Thermo Scientific, USA). x200.
Fig. 2. Indicators of the expression level of VEGFR-2 in non-metastatic squamous cell
lung cancer (1), metastatic squamous cell lung cancer (11), as well as metastases of lung
cancer in regional lymph nodes (Ill), P < 0.05.
Fig. 3. VEGFR-2 expression area indicators in non-metastatic squamous cell lung cancer
(1), metastatic squamous cell lung cancer (II), and also metastasis of lung cancer in
regional lymph nodes (Ill), P < 0.05.
Fig. 4. Expression of CD34 in the endothelium of microvessels of metastatic squamous
cell lung cancer. CD34 (Clone QBENd / 10; Thermo Scientific, USA). x200.
Fig. 5. Indicators of the number of microvessels, assessed by the expression of CD34,
in non-metastatic squamous cell lung cancer (1), metastatic squamous cell lung cancer
(1), and in metastasis of lung cancer in regional lymph nodes (lll), P < 0.05.
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According to the results of the study, SCLC is
characterized by a high level of membrane-cytoplasmic
expression of VEGFR-2. It is type V tyrosine kinase
receptor, which is encoded by the KDR [Kinase insert
domain receptor] gene and is expressed predominantly
by endothelial cells. VEGFR-2 is activated by vascular
endothelial growth factors VEGF-A, -C and -D, which
leads to the launch of a number of signaling cascades,
including MAPK-, PI3Ks-, Akt-cascades, among the tar-
gets of which are genes regulating the proliferation and
differentiation of endotheliocytes [4,5]. The works of
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Table 1. Correlations between the expression of VEGFR-2 and CD34
in non-metastatic squamous cell lung cancer

_ VEGFR-2(CUOD) VEGFR-2 (%) CD34

VEGFR-2 (CUOD) 1.0 -0.06 0.35*
VEGFR-2 (%) -0.06 1.00 -0.34*
cD34 0.35* -0.34* 1.00

*: statistically significant correlation (P < 0.05).

Table 2. Correlations between the expression of VEGFR-2 and CD34 in metastatic
squamous cell lung cancer

_ VEGFR-2(CUOD) VEGFR-2 (%) CD34

VEGFR-2(CUOD) 1.00 -0.45* 0.43*
VEGFR-2 (%) -0.45% 1.00 0.24
CD34 0.43" 0.24 1.00

*: statistically significant correlation (P < 0.05).

Table 3. Correlations between the expression of VEGFR-2 and CD34 in metastases
into RLN

_ VEGFR-2(CUOD) VEGFR-2 (%) CD34

VEGFR-2(CUOD) 1.00 -0.44* -0.13
VEGFR-2 (%) -0.44% 1.00 0.03
CD34 -0.13 0.03 1.00

*: statistically significant correlation (P < 0.05).

M. Ding et al. (2009) [12], A. M. Deveri et al. (2015) [13]
also showed predominantly high levels of VEGFR-2
expression in LC samples. In addition, A. M. Deveri et
al. (2015) showed that in normal lung tissue samples,
VEGFR-2 expression is observed exclusively in endo-
thelial cells of vessels, while in LC samples, it is also
observed in tumor cells [13]. Our work has shown that a
high level of expression of VEGFR-2 characterizes SCLC
without metastases in the RLN, as well as SCLC with
metastases in the RLN, while the regional metastases
themselves are characterized by an average (reliably
lower) level of marker expression. Analysis of the relative
area of expression of VEGFR-2 also reflects a tendency
to decrease the expression of VEGFR-2 in regional
metastasis of SCLC in comparison with the primary
tumor, in addition, in metastatic carcinomas, the expres-
sion level of VEGFR-2 is lower than in cases of SCLC
without metastases. In the literature [12,13] information
was also found that the expression of VEGFR-2 is less
in metastatic LC compared to non-metastatic. However,
a mechanism explaining the decrease in the expression
level of this marker when lymphogenous metastasis
is involved has not been described. At the same time,
literature data on the expression of VEGFR-2 in regional
metastases differ: both relatively large [4] and relatively
less marker expression [12,13] are described. Earlier
studies of V. O. Tumanskyi et al. also demonstrate an
increase in the expression level of the VEGFA marker
in cases of non-metastatic and metastatic endometrial
adenocarcinoma of the endometrium compared with
normal endometrium [14].

This study shows an increase in the number of
microvessels, assessed by the expression of CD34,
in the sequence “non-metastatic SCLC — metastatic
SCLC - regional metastasis SCLC”. CD34, a transmem-
brane glycoprotein encoded by the gene of the same
name, is expressed on the membranes of endothelial
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cells and their precursors, as well as a number of other
cells [15]. In the work of Sh. lkemura et al. (2017) [9] it
was found that the number of microvessels assessed
by the expression of CD34 sharply decreases in the se-
quence “primary tumor (SCLC) —micrometastases in
RLN”, and then significantly increases in macrometasta-
ses in RLN, almost comparing with those in the primary
tumor. In the work of N. Aramaki et al. (2016) [16] similar
data were obtained when studying lung adenocarci-
noma and its regional metastases. Based on the fact
that this work also revealed a direct statistically signif-
icant correlation between the expression of CD34 and
E-cadherin, a-SMA, CD204, the authors hypothesized
that coordination of neovascularization is mediated
by an epithelial-mesenchymal transition that cancer
cells undergo during the implementation of invasive
and metastatic properties. However, the question of
the molecular subcellular mechanism and the clinical
significance of reducing neoangiogenesis at the stage
of the formation of regional lymphogenous metastases
of LC remains open.

The data of the correlation analysis indicate a weak
inverse association between the intensity and the area
of VEGFR-2 expression at the metastatic stage of SCLC
(both in the primary tumor and in metastases into RLN).
A large area of the vascular network in the tumor tissue
means the intensification of the neovascularization
process, which is characteristic of the metastatic stage
of tumor development. Newly formed vessels contain
fewer VEGFR-2 receptors compared to mature vessels
[3], which explains the identified association.

In addition, a number of associations were identi-
fied between the expression of VEGFR-2 and the num-
ber of microvessels assessed by the expression of
CD34. Thus, there is a direct weak association be-
tween the expression level of VEGFR-2 and the num-
ber of microvessels, as well as an inverse weak
association between the expression area of VEGFR-2
and the number of microvessels in non-metastatic
SCLC. The nature of the established relationship
(direct or inverse) is consistent with the established
patterns of association between the level and area of
VEGFR-2 expression, as mentioned above. The pres-
ence of a direct weak correlation between the expres-
sion level of VEGFR-2 and the number of microvessels
in metastatic SCLC was also found. The mechanism
of the relationship between VEGFR-2 and CD34 has
not been described for either LC or for other neo-
plasms. Based on literature data, it can be assumed
that the basis of this relationship is laid in signaling
cascades mediated by VEGFR-2 and CD34. Thus, it
was already mentioned above that VEGFR-2 activates
a number of signaling pathways, including MAPK-,
PI3Ks-, Akt-cascades. Regarding CD34, it is known
that the regulation of the CD34 gene is carried out by
transcription factors that are activated by the Wnt and
Hedgehod signaling paths. These signaling pathways
are involved in the epithelial-mesenchymal transition,
which is a key part of the tumor progression [17]. Prob-
ably, the change in the characteristics of neovascular-
ization, described in this paper for individual stages of
SCLC development, also reflects the different stages
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of the epithelial-mesenchymal transition, and can
be very likely to be used to improve approaches to
targeted antiangiogenic therapy for SCLC. It is note-
worthy that the expression indices of VEGFR-2 and
CD34 in the studied metastasis of SCLC in RLN do
not correlate. Explaining the mechanisms of neovas-
cularization in SCLC requires further molecular genetic
studies in this area, as well as studying the molecular
immunohistochemical characteristics of the epitheli-
al-mesenchymal transition to SCLC.

Conclusions

1. Squamous cell lung cancer is characterized by a
high level of expression of VEGFR-2, while metastasis
of squamous cell lung cancer in RLN is characterized
by middle level of expression, as well as a significantly
smaller area of expression of VEGFR-2.

2. The number of microvessels, assessed by
the expression of CD34, increases in the sequence
“non-metastatic squamous cell lung cancer — metastatic
squamous cell lung cancer — metastases in regional
lymphatic nodules”.

3. In the primary tumor, there is an association be-
tween the expression indices of VEGFR-2 and CD34,
while in metastases in regional lymphatic nodules there
are no correlations between the studied markers.

Prospects for further research. Taking into ac-
count the results of the work carried out, the next stage
of the study is to study the transcriptional activity of
the KDR gene (encodes VEGFR-2), as well as a parallel
molecular genetic and immunohistochemical study of
the transcriptional activity of the CDH1, CTNNB1 genes
and the E-cadherin, 3-catenin they encode.
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