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ABSTRACT

Aim of the research was to analyze the secretion of vascular endothelial growth factor (VEGF)
and epidermal growth factor (EGF) by blood eosinophilic granulocytes in vitro, as well as
expression of receptors VEGFR and EGFR in tumor tissue in gastric and colon cancer with
tumor-associated tissue eosinophilia (TATE).

Materials and methods. A total of 52 patients with gastric cancer and 50 patients with colon
cancer were examined. The material of the research included supernatants of eosinophil
cultures and samples of malignant tumors tissues of the stomach and colon. Enzyme-linked
immunosorbent assay (ELISA) was used to determine the contents of VEGF and EGF in the
eosinophil culture supernatants in vitro. The expression of VEGFR and EGFR in tumor tissue
was evaluated by immunohistochemistry. The results were analyzed by statistical methods.

Results. An increase in basal and r-IL-5-induced VEGF secretion by blood eosinophils 7% vitro
in gastric cancer patients with TATE was identified. The concentration of EGF in the culture of
blood eosinophils stimulated with r-IL-5 in vitro in patients with TATE was increased, regardless
of the localization of pathological process both in patients with gastric cancer and colon cancer.
TATE in gastric cancer and colon cancer was associated with decreased expression of EGFR
by tumor cells, while VEGFR expression was not dependent on the eosinophilic infiltration of
the tumor.

Conclusion. Hypersecretion of VEGF and EGF (upon stimulation with r-IL-5) by blood
eosinophils in vitro in patients with gastric and colon cancer with tissue eosinophilia indicates an
increase in the activity of eosinophilic granulocytes. Deficiency of VEGF and EGFR expression
in tumor might underlie a disturbance of cooperative interaction between eosinophils and
tumor cells in malignant tumors of the stomach and colon.
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PE3IOME

Ileap MccaepOBaHMS — NIPOAaHAAM3KPOBATH CEKPELUIO COCYAMCTO-IHAOTEAMAABHOTO (arTopa
pocra (VEGF) u snuaepmaasuoro pocrosoro dakropa (EGF) sosunodmabubiMu rpanyronura-
mu kKpoBu in vitro u axcupeccuio penentopoB VEGFR u EGFR B onyxoaeBoit Tkaum npm pake
SKeAYAKa ¥ TOACTOTO KMIIEYHNUKA B aCCOLMALMM C TKAHEBOI 303MHO(UANEIL.

Marepuaast u metopst. O6caepoBano 32 nanmenrta ¢ pakom keAyaka u 50 manueHTOB ¢ pakoM
TOACTOTO KHUIIEYHMKA. MaTepmaroM MCCAEAOBAHUS CAYKUAU CYNEPHATAHTHI CYCHEH3UOHHOMN
KYABTYPbI 903MHO(MUABHBIX TPAHYAONUTOB U OGPA3Iibl TKAHEH 3A0KAY€CTBEHHBIX HOBOOODPA30-
BaHMI SKEAYAKA M TOACTOTO KuIIEYHMKA. MeTOAOM MMMYHO(EPMEHTHOTO aHAAM3A OIPEAEAs-
an copepskanne VEGF u EGF B cymepraTanTax KyAbTYpPbI 903MHO(PUABHBIX IPAHYAOLMUTOB 7%
vitro. Dxcupeccuto VEGFR u EGFR B onyxoaeBoit TKaHM OLeHMBAAM METOAOM MMMYHOTMCTO-
xumun. [TorydeHHbIe pe3YABTATHI AHAAUSUPOBAAM CTATUCTUIECKUMYU METOAAMIL.

Pesyapratel. YcTaHOBAEHO yBeAndeHue 6a3aAbHON U MHAYLMPOBAHHONM PEKOMOMHAHTHBIM MH-
tepaerikuiom (r-IL) 5 cexpenun VEGF 303uHOMMABHBIMM T'paHyAOLMTAMM KPOBU in VILrO Y
GOABHBIX PAKOM SKEAYAKA, COLPOBOKAAIOLIMMCS TKaHeBoV s03uHopuaneit. Konnenrpanus EGF
B KyABTYpe 303MHOMDUAOB KpOBU 77 vilro npu AoGaBrenun r-IL-5 mosbimarack y GOABHBIX C
903UMHO(DUABHON MHOUABTPALYEN ONYXOAEBOJ TKAaHM BHE 3aBUCHMOCTM OT AOKaAM3aIMy MATO-
AOTHYECKOTO IpoLecca Kak y OOABHBIX C PAKOM SKEAYAKaA, TaK U C PAKOM TOACTOT'O KMIIEYHMKA.
DosnHOGUABPHAA MHPUABTPALUA OINYXOAEBON TKAHM IIPHU PaKe SKEAYAKAa ¥ paKe TOACTOTO KU-
IIeYHVKa COYeTaAach ¢ I'MHoakcmpeccuedt omyxoaeBsiMu KaeTkamu EGFR; akcmpeccusa penen-
topa VEGFR He 3aBuceaa oT IpUCYTCTBUA 903MHO(DMUABHBIX IPAHYAOIUTOB B TKAHYM ONMYXOAEI.
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3akarouenne. ['mmepcexpenus COCyAMCTO-3HAOTeAnaAbHOTO (pakTopa pocra VEGF u ammpep-
MaAbHOTO poctoBoro dakropa EGF (mpyu muaykumu r-IL-5) sosunoduramu KpoBu in vitro y
GOABHBIX PAKOM JKEAYAKA ¥ TOACTOTO KMIIEYHMKA C TKAHEBOV 303MHO(UAMEN CBUAETEABCTBYET
O IOBBINIEHNM AKTHBHOCTHM 3TUX KATOK. AeduuuT sKCIpeccuy B OLNYXOAEBOM TKAaHM peljel-
topos VEGFR u EGFR o6ycaoBauBaer HapyuieHue KOOIEPATUBHOTO B3AMMOAENCTBUA 303U-
HO(UMABHBIX T'DAaHYAOLUTOB ¥ OIYXOAEBBIX KAETOK IPY 3A0KAYECTBEHHBIX HOBOOOPA30BaHMIAX
SKeAYAKa ¥ TOACTOTO KMUIIEYHNUKA.

KaroueBsie caroBa: 303MHOGUA, pOoCcTOBBIe (PAKTOPBI, PELENTOPEI, paK >KeAYAKa, PaK TOACTOTO
KMIIeYHMKa.
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INTRODUCTION

The growth and progression of malignant tu-
mors are largely influenced by the activity of
surrounding immune and stromal cells, which
are collectively called tumor microenvironment
(TME) [1]. The influence of different elements of
TME is known to affect the drug and immune
resistance of tumor cells, their ability to undergo
senescence, and various other processes essential
for malignant growth [2]. However, the role of
some of the participants of TME, such as eosino-
phils, still remains ambiguous. Eosinophil granu-
locytes are mostly known for their capability to
elicit cytotoxicity against tumor cells [3-5]. At the
same time, mounting evidence suggests that eosin-
ophils might be involved in tumor development
via expression of numerous humoral factors and
receptors [6].

Eosinophil granulocytes secrete various me-
diators, including vascular endothelial growth
factor (VEGF) and epidermal growth factor
(EGF). Similar to hormones, these pleiotropic
factors act on various cells and produce differ-
ent receptor-mediated effects, being involved
in cell proliferation and maturation, chemo-

taxis and other cellular processes. The role of
growth factors in the pathogenesis of tumor
progression is well studied [7-8]. Thus, an in-
teraction between EGF and its cognate receptor
on cancer cells activates protein synthesis and
cell proliferation [9]. VEGF is a pivotal angio-
genic factor which stimulates formation of vas-
cular and lymphatic vasculature of the tumor
[10]. In addition, elevated expression of VEGF
and EGF receptors (VEGFR and EGFR) in the
tumor tissue is observed in malignant tumors
of different histological types and localizations,
and is considered to be a negative prognostic
criterion [11].

It is speculated that eosinophilic granulocytes
infiltrating gastric and colon tumors are able to
influence the activity of transformed cells by pro-
ducing growth polypeptides, thereby stimulating
self-sustenance, hyperproliferation and invasive-
ness of the tumor, as well as enhancing the for-
mation of tumor neovasculature. The study of
mechanisms responsible for cooperation between
eosinophils and tumor cells will considerably ex-
pand our knowledge about the role of tissue eo-
sinophilia in the pathogenesis of gastric and colon
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cancer.

Aim of the research was to study the features
of VEFG and EGF secretion by blood eosinophils
in vitro and analyze the expression of correspond-
ing cognate receptors in the tumor tissue in pa-
tients with gastric and colon cancer with or with-
out TATE.

MATERIALS AND METHODS

The study was carried out in the laboratory
of clinical and experimental pathophysiology of
Pathophysiology Division, SSMU (Head of the Di-
vision — DMedSc, Professor, Corresponding Mem-
ber of RAS Urazova O.I.) and the pathological
anatomy division of Tomsk Regional Oncologic
Dispensary (Head of the Division — DMedSc Pur-
lik I.L.) A total of 52 patients with gastric cancer
and 50 patients with colon cancer (C18-C20) un-
dergoing treatment in Tomsk Regional Oncologic
Dispensary (Chief Doctor — S.V. Mazeina) partici-
pated in the research. All patients were examined
and operated on prior to the use of radio- and
chemotherapy. The diagnosis of gastric and co-
lon cancer was based on clinical examination and
morphological data. All patients were divided into
groups with regard to the clinical form of ma-
lignancy and the presence of TATE. As a result,
25 gastric cancer patients with TATE (average
age 65.3+4.7; 27 gastric cancer patients without
TATE (average age 62.9%5.2); 23 colon cancer
patients with TATE (average age 63.0+7.3); and
32 colon cancer patients (average age 61.3%6.0)
without TATE were included in the study.

The exclusion criteria were as follows: preop-
erative radiotherapy and chemotherapy, malig-
nancies of other localizations, chronic allergic,
autoimmune, and infectious diseases. The con-
trol group included 36 healthy volunteers (22
men and 14 women, average age 57.1%3.3). Tis-
sue samples of gastric and colon cancer and su-
pernatants of suspension culture of eosinophilic
granulocytes were used as the materials of the
study.

To analyze intra-tumoral expression of VEFGR
and EGFR, gastric and colon cancer samples were
immunohistochemically stained via an automatic
immunohistostainer Bond-maX (Leica Biosystems,
Germany) using murine anti-VEFGR antibodies,
clone KLT9, working concentration 1:100 («No-
vocastra», Leica Biosystems, Germany), and mu-
rine anti-EGFR antibodies, clone EGFR.25, RTU.
The expression level was judged based on the rel-
ative number of tumor cell positive for VEGFR
and EGFR [13,14]. Minimum of 300 cells within

the areas of maximal receptor expression were
calculated.

Eosinophilic granulocytes were isolated from
the whole blood (20 mL, collected from the cubi-
tal vein on an empty stomach) using Ficoll-Paque
density gradient (p = 1.077 g/mL) with subsequent
immunomagnetic separation using «Eosinophil
isolation kit» (Miltenyi Biotec GmbH, Germany)
according to manufacturer’s protocol. To stimu-
late cytokine production by eosinophils, 10° g/
mL of recombinant IL-5 (r-IL-5) («Biosource»,
Belgium) was added to the samples.

Concentration of VEGF and EGF in superna-
tants of suspension cultures of eosinophils was
evaluated by ELISA according to manufacturer’s
protocols (RayBio, US). Optical density was mea-
sured on a photometric analyzer Multiscan EX
(Finland).

Statistical analysis of the result was done using
«Statistica for Windows» Version 8.0 («StatSoft
Inc.», US). Shapiro-Wilk test was used to assess
the normality of the samples. Quantative param-
eters in the comparison groups were presented as
a mean (M) and standard deviation (o), as well as
median (Me), upper (75%) and lower (25%) quar-
tiles (Me (Q,-Q,)). The significance of difference
among independent samples with non-gaussian
distribution was assessed using non-parametric
Mann-Whitney U test. To compare means of stud-
ied samples, one-way analysis of variance (F-test)
was applied. Differences were considered signifi-
cant at p < 0.05.

RESULTS

A crosstalk between malignant cells and ele-
ments of tumor microenvironment is considered
a major factor in the pathogenesis of oncological
diseases. One of the mechanisms underlying this
cooperation is the interaction between growth
factors secreted within the tumor site and their
cognate receptors. Among them, VEGF and
EGF have been shown to play a significant role
in the development of gastric and colon cancer
[10, 15, 16].

Different cells within TME are capable of se-
creting growth factors [9, 11, 17]. According to
R. Shamri et al. (2010), tissue eosinophils pro-
duce VEGF in the areas of tumor-associated
necrosis [18]. High serum levels of VEGF were
observed in colon, breast and kidney cancers
[16, 19]. Also, upregulated intra-tumoral ex-
pression of VEGF is considered a negative prog-
nostic factor in patients with lung and prostate
cancers [20].
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In the present study we analyzed basal and
r-IL-5-induced secretion of VEGF by eosinophils
in vitro in gastric and colon cancer patients. An
increase in eosinophil-derived VEFG secretion 7n
vitro, both intact and induced, was demonstrated
only in gastric cancer patients with TATE. At
the same time, r-IL-5-induced VEFG secretion
did not differ significantly from the basal lev-

els (p>0.05), which might indicate a depletion
of functional reserves, and as a result, decreased
reactivity of the cells (Tab 1).

In gastric cancer with TATE, as well as in
colon cancer with or without TATE, basal
and stimulated VEGF secretion by eosinophils
was comparable to the control group values
(Tab. 1).

Ta6anmmga 1
Table 1

Cekpeunst poCTOBBIX (DAKTOPOB B i# Vil70 KYyABType 903MHODUABHBIX IPAHYAOLUTOB y GOABHBIX PAKOM JKEAYAKA ¥ TOACTOIO
Kumeynnka, nr/ma, Me (Q,—Q,)

Secretion of growth factors i vitro in eosinophil culture in gastric and colon cancer patients, pg/ml, Me (Q—~0,)

r VEGF EGF
I
06C]\€A(§)B};HHBIX Aung bazaapnan Cexpenns, MHAYLIUPO- bazaapnan Cexpenus, MHAYLUPO-
Groups cekperus Bannag r-IL-5 cekpernus BaHHaa r-IL-5
; Basal Secretion Basal Secretion
th d ’ ’
¢ examined persons secretion induced by r-IL-5 secretion induced by r-IL-5
3A0pOBbIE AOHOPBI 1,83 3,76 0,52 0,19
Healthy donors (0,40-2,35) (1,81-5,10) (0,20-0,93) (0,08-0,21)
C 303MHO(PUABHOM
MHQUABTpaLUei
TKAHN OMYXOAM, 26,23 15,88 0,65 1,13
n=19 (15,52—33,03) (11,42—21,23) _ (0,80—2,72)
with eosinophilic b, < 0,05 5, < 0,05 (0,54—1,23) b, < 0,05
Boabneie pakom | infiltration of tumor
SKEeAYAKA tissue, n = 19
Patients with 6e3 303MHODUAB-
gastric cancer HOM MHPUAbTPAM
TKaHU on%ricom/[, 3,66 1,80 0,79 0,31
n= (2,18—5,09) (1,16—2,98) _ _
without eosinophilic p,< 0,05 b, < 0,05 (0,37—1,95) (0,15—2,94)
infiltration of tumor : ’
tissue, n = 21)
C 303MHO(PUABHOM
MHpUABTpaLUe
TKaHU OH;I;(OAI/I, 3’43 4,01 0,78 0,88
n= _ . _ (0,65—1,33)
Boasmste pacom | . ?flith e.osinofphilic (1,35—5,74) (1,35—6,46) (0,43—1,09) 5. < 0,05
ToAcTOro xumey- | 1 t.ratlon of tumor
HuKa tissue, n = 23
. . 6e3 303MHODUAB-
Paltlents with HOJ MH(UABTpann
coton caneet TKAHI OTYXOMH, 3,83 212 0,68 0,86
n _ 20 b b b ’
without eosinophilic (2,62—5,04) (1,22—3,70) (0,58—1,21) (0,45—1,35)
infiltration of tumor
tissue, n = 20

Hpmme'{aﬂme. ypOBeHb CTATUCTUYECKON 3HAYMMOCTH paSAI/l'-II/II;I O CPAaBHEHMIO C aHAAOTUMYHBIMM IIapaMeTpamyu y 3A0POBBIX AOHO-

poB — py; y GOABHBIX C TKaHeBOJ v03uHODuUAKMeit — p, r-IL-5 — pexomGuuanTusni IL-5.
Note. The level of statistically significant differences in compare to similar parameters in healthy donors — p; in patients with tissue

eosinophilia — p, r-IL-5 — recombinant IL-5.

Eosinophilic granulocytes via production of
VEGF can modulate proliferation of cells which
express complementary receptors on their sur-
face [7]. VEGF receptors are most abundant on
the membrane of endothelial cells, while also
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expressed in various malignancies, including
thyroid, cervical and prostate cancer, and oth-
ers [21, 22]. Thereby, VEGF can both directly
and indirectly influence proliferation of tumor
cells.
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Ta6aunga 2
Table 2

Axcmpeccusa penentopos poctoseix ¢pakTopoB VEGFR u EGFR B onyxoaeBoii TRaHM Ipyu paKe SKEAYAK2 M TOACTOTO KMIIEYHMKA,
%, M =
0, =N}

Expression of growth factor receptors VEGFR and EGFR in tumor tissue in gastric and colon cancer, %, M * o

Aokarnzanms onyxoan
Tumor localization

Paxk sxeayaka, n =52
Gastric cancer, n = 52

Pak Toacroro kummedyHmuka, # = 35
Colon cancer, n = 55

IToka3zareap

Ab C 303MHO(UABHOM
Characteristic

MHQUABTPaLe TRaHN
onyxoan, n = 25
with eosinophilic infil-
tration of tumor tissue,

6e3 903MHODPUABHOI
MHGUABTPALUYI TKAaHU
onyxoau, n = 27
without eosinophilic
infiltration of tumor

C 303MHO(PUABHOM 6e3 903MHODUABHON UH-
MHOMABTpALMEN TKaHN GbuAbTpanMy TKAHM ONYXO-
onyxoau, n = 23 A,
with eosinophilic infil- n=232
tration of tumor tissue, | without eosinophilic infiltra-

n=125 tissue, n = 27 n=23 tion of tumor tissue, #n = 32
13,20 = 8,47 12,81 + 10,43 15,22 = 9,34 14,87 = 12,37
VEGFR
F =0,02; p > 0,05 F =0,01; p > 0,05
9,16 = 4,62 | 23,15 = 12,72 12,65 = 9,92 | 20,19 = 11,42
EGFR

F = 26,69 p < 0,05

F = 6,49 p < 0,05

Ipumevanue. YpoBeHb CTATUCTUIECKOIN 3HAUMMOCTY PA3AMYMIL MEKAY MOKA3aTEAAMN Y IALMEHTOB C TKaHEBO 03UHOPUAMEN U
Ge3 TkaHeBO¥ 203uHOMUANN — p; F — 3HadeHne F-CTaTUCTVMKM IO Pe3yAbTaTaM AMCIEPCHOHHOTO aHAAU3A.
Note. The level of statistically significant differences between indicators in patients with and without tissue eosinophilia — p; F —

value of F-statistic based on the results of variance analysis.

Immunohistochemical staining showed the
presence of VEGFR-expressing cancer cells in all
examined tissue samples of gastric and colon can-
cer. The relative content of intra-tumoral VEG-
FR-positive cells in patients with gastric and colon
cancer was comparable between samples with and
without TATE. (Tab. 2).

We did not observe any association between
VEGFR expression and the presence of VEGF-
producing eosinophils in gastric cancer patients
with TATE; VEGFR was predominantly expressed
on the membranes of endotheliocytes. It is known
that VEGF increases the permeability of vessel wall
with its subsequent disorganization, which enables
tumor cell intravasation and metastasis [23].
VEGF is also capable of stimulating angiogenesis
via recruiting bone marrow hematopoietic and
endothelial precursor cells [24].

EGF is another growth factor that enhances
proliferation of endothelial and cancer cells [25-
26]. EGF is expressed in platelets, leukocytes, and
other cell types, and can be found in urine, blood
plasma, saliva, etc. [14, 21]. Binding of EGF to
its receptor EGFR stimulates DNA replication,
synthesis of oncogenic proteins and contributes to
uncontrolled cell proliferation [10].

Excessive EGF secretion as a result of mutations
and enhanced gene expression has been shown
to underlie the formation and progression of a
variety of epithelial malignancies [25].

In the study, the basal eosinophil-derived
secretion of EGF in patients with gastric and
colon cancer did not differ significantly from
the control group, regardless of the presence of
tumor-associated tissue eosinophilia (Tab. 1). On
the other hand, stimulation of cells with r-IL-5,
a key eosinophil activator, was associated with
an increased concentration of EGF in eosinophil
culture in patients with gastric cancer and
patients with colon cancer with TATE (Tab.
1). This data indicates that under additional
stimulation, eosinophils are capable of mobilizing
their functional reserves and upregulating EGF
production.

The evaluation of intra-tumoral expression
of EGFR showed that in patients with gastric
and colon cancer with TATE, percentage of
EGFR-positive tumor cells was 2.5 and 1.5
times lower, respectively, compared to patients
without TATE (Tab. 2). Hypo-expression of
EGFR in cancer cells significantly affects their
proliferative capacity due to an imbalance of
reception and signal transduction mechanisms
[27]. Low expression of EGFR in tumor tissue
is a positive prognostic factor and is associated
with the absence of regional metastasis in breast,
prostate and gastric cancer [28, 29]. In colon
cancer, EGFR expression level was shown to
correlate with the risk of relapse and general
survival rate after surgery [30].
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CONCLUSION

Malignant tumors of gastrointestinal tract with
tumor-associated tissue eosinophilia are associated
with an increased 7n vitro secretion of VEGF (in
case of gastric cancer) and EGF (in case of gastric
and colon cancer upon stimulation with r-IL-5) by
blood eosinophils. At the same time, insufficient
intratumoral expression of VEFGR and EGFR in
gastric and colon cancer, apparently, affects the
ability of eosinophils to regulate tumor growth
and progression via secretion of growth factors.
The indirect effect of eosinophilic granulocytes on
the tumor neoangiogenesis, which enables survival
and dissemination of malignant cells, should also
be considered.
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