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POJIb 'EHA VEGF-A'Y ®POPMYBAHHI BI/ITATEHUX EOEKTIB
OITPOMIHEHHA ITICJISI YOPHOBUJIbCHKOI KATACTPO®U

MeTta. OxapakTepusyBatu 0cobnunBocTi ekcnpecii reHa VEGF-A Ta 10ro 0CHOBHi edeKTH BIiZHOCHO KNiTUH iMyHHOT cuc-
TEMM YYaCHUKiB nikBigauii Hacnigkis asapii (YIHA) Ha YAEC.
Marepianu i meTogu. [poBeneHo oliHKa 3MiHK piBHA ekcnpecii reHa VEGF-A y neiikountax nepudepnyHoi Kposi 55
0ci6 mMeTogOM monimMepasHoi NaHLoroBoi peakuii y peanbHOMy 4aci Ta iMyHO(EHOTUNYBAHHA IMYHOKOMNETEHTHUX
KNiTUH.
Pe3synbraTun. BcTaHoBNEHT NOpYLWEHH:A y perynauii HeoaHrioreHesy y BigaaneHoMmy nepioai nicns onpomiHeHHs. Bus-
HauyeHo MiABuLLeHMIt piBeHb ekcnpecii reHa VEGF-A, wo Kopenioe 3 ekcnpecieto reHa TP53 y rpyni Y/IHA Ha YAEC.
BcTaHoBNEHUI 3B'A30K MiX BiCOTKOM iMyHOperynaTopHux cybnonynsauii T-knituH Ta ekcnpecieto VEGF-A B rpyni on-
pOMiHeHUX 0Cib Ta NPOIEMOHCTPOBAHO NPUTHiYeHHA cnelundiyHoi iMyHHOT Bignosigi CD4-8* T-kniTuH. BcTaHoBnEHO
KopensauinHy 3anexHicte Mix Bigcotkom CD4*25% kniTuH Ta po30t0 onpomiHeHHs y rpyni YJIHA Ha YAEC, ska He
noe’s3aHa 3 ekcnpecieto VEGF-A, wo fae niAcTaBu oxapakTepu3yBaTy TakKUi TUN iMYyHONOMYHOTO pearyBaHHs fiK npo-
B BigAaneHnx eekTiB nicns onpoMiHEHHS.
BucHoBKMW. Bu3HayeHO paj NOKa3HMKIB, AKi XapaKTepu3ytoTb CTaH Ta MOPYLWEHHS y cuctemi “imyHiTeT-aHrioreHes” 1a
MOXYTb OYTM NepcneKTUBHUMU Y NPOrHO3YBAHHI NYXAWHHOTO Npouecy v BiaaaneHoMy nepioai nicis onpoMiHeHHs.
KntouoBi cnoea: YopHoOunb, ioHi3ytoua pagiauis, ekcnpecis reHa VEGF-A, imyHHa cuctema.
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Role of VEGF-A gene in the formation of late effects after the Chornobyl
accident

Objective. To characterize the VEGF-A gene expression and its main effects on immune cells in the Chornobyl NPP
accident clean-up workers.
Materials and Methods. VEGF-A gene expression and its main effects on immune cells were studied in 55 persons
by a real-time PCR analysis and immunophenotyping of immune competent cells.
Results. Disorders of regulation of neoangiogenesis were found in remote period upon radiation exposure. Elevated
levels of VEGF-A gene expression correlated with TP53 gene expression in the ChNPP accident clean-up workers.
Correlation was established between the percentage of the immunoregulatory T-cell subpopulations and VEGF-A
expressing in the group of exposed persons and there was demonstrated a suppression of specific immune response
of CD4-8+ T cells. Correlation between the percentage of CD4*25* cells and radiation dose in a group of Chornobyl
clean-up workers is not related to VEGF-A expression, so this type of immune response can be regarded as a mani-
festation of long-term effects after exposure.
Conclusions. Some parameters were identified characterizing the state and abnormalities of the “immunity-angio-
genesis” system. Those parameters could be promising in prediction of neoplastic process in remote period upon
radiation exposure.
Key words: Chornobyl, ionizing radiation, VEGF-A gene expression, immune system.
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AHTrioreHe3 Ma€ BaXJIMBe 3HAUYEHHS B peasizalii Oara-
ThOX (Pi3i0JOTIYHUX MPOLECIB, PO3BUTKY MATOJOTIYHUX
CTaHiB, a TaKOX pereHepaTuBHilA MenuuuHi. KiitnHu
iMYHHOI CUCTEMU € HEe TiJIbKM MPOAyLIeHTAM1 aHTiOTeH-
HUX (aKTOPiB, ajie W MillleHsIMU JUIS 1X JIii, a TAaKOX pe-
ryasitopamu aHrioreHesy [1]. OmgHUM i3 OCHOBHHUX
anrioreHHnX @dakropiB € VEGF — engoremianpHmMit
¢axkrop pocty cynuH. Ponuna VEGF mnpencraBieHa
nm’sateMa ocHoBHUMHU (dakTopamu VEGF-A, VEGF-B,
VEGF-C, VEGF-D Ta nnaueHTapHUM (paKTOPOM POCTY.
Hait6inpmr 3HauymmM Ta 6araTopyHKIIIOHAJIbHUM €
VEGF-A, sxuii Moxe CTUMYJIIOBAaTH SIK (i3i0JOTiYHMIA,
TaK 1 MaTOJIOTIYHUI aHTiOTeHe3 1 € JIraHAOM JIST ABOX
peuentopiB TtuposuHkiHazu VEGFR-1 (Flt-1) i
VEGFR-2 (KDR/Flk-1). Ilpu 3B’s3yBaHHi Jiranma 3
pelenTopoM BinOyBaeThCS MOTO AUMEpU3allisl 3 HACTYII-
HOIO aKTMBAli€l0 KaTaJiTUMHOI aKTUBHOCTI. BijblIicTh
bionoriunux ¢pyHkuii VEGF-A onocepenkoBaHi yepe3
VEGFR-2, B Toit yac gk pommio VEGFR-1, croronmni
BBaXXKAa€TbCsI, € HeraTMBHA peryasuisa (O0J0KyBaHHS
3B’s13yBaHHsA VEGF 3 VEGFR-2). VEGF-C ta VEGF-
D, ane He VEGF-A, € nirangpamu sl TpETbOro peuemn-
topa (VEGFR-3), akuit € mocepemHUKOM JlimQaHTiore-
Heay [1, 2].

Pe3ynbratu HayKoBUX AOCHIIKEHb MiATBEPIXYIOTb,
o poab VEGF BUXOAUTb 3a paMKM BacKyJsipu3allii.
VEGF Bukonye iMyHOpPeryiasaTopHi (yHKIIii, BIIJINBAE
Ha reMomnoe3, TudepeHIIiloBaHHS Ta J03piBaHHS ACHII-
PUTHUX KJIiTHUH, a TakoX T- i B-nmimdouuTis. IcHye He-
bararto BimomocTeii, moao ¢izionoriynoi poai VEGF y
BiICYTHOCTI OyIb-SIKUX YIIKOJIXXEHb. BUsIBJIEHO TTOCTIi1-
HUM cuHTEe3 paKTopa pPOCTy B OAraTbOx opraHax Ta TKa-
HUHaX, y TOMY YMCJi B opraHax iMyHHOi cuctemu [3].
OckinbKy a8 3AiMCHEHHS MNPaKTUYHO BCiX CBOIX
(GYHKIIA KIITMHA iIMyHHOI CUCTeMHM Oe3IocepeIHbo
KOHTAaKTYIOTh i3 €eHIOTENIEM, SIK Ha IUISIXY 3 KPOB’ STHO-
ro pycjla y TKAaHWHHU, TaK i Ha BUXO/i 3 TKAaHWUH Y JiMda-
TmyHy cucteMy, VEGF HeoOxinHO po3riasgagaTu SK Bax-
JMBUI (pakTop izionoriuHoi iMyHOperysiii. B Hopmi
BMICT eH0TeJliaJIbHOro (pakTopa € He3HaUYHUM, OJHAK
ekcrpecis VEGF 3pocrae mpu cTumyssiii rimokciero
abo akTUBallil AesIKMX OHKOreHiB. KJiTUHHMIA KHCHe-
BUI AedillNT aKTUBYE BUPOOHUIITBO TIilTOKCisI-iHIYKO-
BaHoro ¢aktopa (HIF). HIF ctumynioe BUBiTbHEHHS
nupkyatowdoro VEGF, sgxkuii moTiM 3B’SI3y€ETbCS 3
VEGF peuentopoM Ha KJIiTUHAX €HIOTENi10, BUKJIMKA-
I0YM aKTUBAallil0 TUPO3MHKIHA3HUX LIUISAXiB, 110 BEIYyTh
no axriorenesy. oHIF1 i BHIF1 BupoGasiioThcs
nocrtiitHo, ae o HIF1 Hag3BruuyaitHO HeCTiIMKUiA 10 K1C-
HIO, i B aepoOHMX yMOBax BiIOyBa€TbCsl MOro merpa-
panisgs. Konum kjnitTuHa crae rinokcuyHorw, oHIF1

Angiogenesis is essential in many physiological
processes, development of pathological conditions,
as well as in the regenerative medicine. Immune
cells are not only the producers of angiogenic fac-
tors, but also the targets of their actions, as well as
regulators of angiogenesis [1]. VEGF — the vascu-
lar endothelial growth factor is one of the major
angiogenic factors. Family of VEGF proteins rep-
resents five major factors VEGF-A, VEGF-B,
VEGEF-C, VEGF-D and the placental growth fac-
tor. VEGF-A is the most significant and multi-
functional one and can stimulate both physiologi-
cal and pathological angiogenesis being a ligand
for the two receptors of tyrosine kinase VEGFR-1
(FIt-1) and VEGFR-2 (KDR/FIk-1). Binding of
ligand to the receptor leads to its dimerization with
subsequent activation of catalytic activity. Most of
the biological functions of VEGF-A are mediated
by VEGFR-2, whereas the role of VEGFR-1 now
is considered to be a negative regulation (blocking
the binding of VEGF with VEGFR-2). VEGF-C
and VEGF-D, but not VEGF-A, are the ligands
for the third receptor (VEGFR-3), which is a mes-
senger within limphoangiogenesis [1, 2].

Research findings suggest the role of VEGF
beyond vascularization. VEGF performs immu-
noregulatory functions, affects hematopoiesis, dif-
ferentiation and maturation of dendritic cells and
T- and B-lymphocytes. There is little information
about the physiological role of VEGF in the
absence of any damage. A constant growth factor
synthesis is detected in many organs and tissues,
including organs of the immune system [3]. As for
almost all their functions the immune cells are in
direct contact with endothelium, both on the way
from the bloodstream into tissues and under out-
put from the tissues of the lymphatic system, the
VEGEF should be considered as an important fac-
tor in physiological immunoregulation. Normally
the content of endothelial factor is negligible, but
the expression of VEGF increases when stimulated
by hypoxia or activation of certain oncogenes.
Cellular oxygen deficiency activates the produc-
tion of hypoxia-induced factor (HIF). HIF stimu-
lates the release of circulating VEGF, which then
binds to VEGF receptor on endothelial cells cau-
sing activation of tyrosine kinase pathways leading
to angiogenesis. aHIF1 and BHIF1 are produced
constantly, but oHIF1 is extremely unstable to
oxygen and undergoes degradation in aerobic con-
ditions. When a cell becomes hypoxic the o HIF1
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30epiraerbest, i kommuieke HIF 1o,/ ctumynioe BUBiib-
HenHs VEGF [1, 2].

Kiritmaum iMmyHHOI cuctemn 31aTHI cekpetyBati VEGF
Ta peryJroBaTH MPOLIECU aHTioreHe3dy. 3 iHILIOro OOKY,
BOHU MalOTh crielGiyHi perenTopu I po3Mni3HaBaH-
Hg VEGF Ta MoXyTb migisiraTv ioro aii, HarpuKiamd,
OpU PoCTi NyxauH. Bigomo, 1110 3a HassBHOCTI IMyXJIMHU
piBeHb uupkyaoodoro VEGF mMoxke 3HauHO 3pocTaTti,
a TaKOX CIOCTEpiraloTbCcs iCTOTHI 3MiHM TeMO- Ta
JiMdonoe3y Ha piBHI KiCTKOBOIrO MO3KY i THUMYCY.
IMigBumena excripecist VEGF cTBopioe miarpyHTs s
PO3BUTKY iMyHOASDILIUTY Ta MOXe OyTU MEPIINM KpO-
KOM Yy Tpolieci MeTacTa3yBaHHsI paky. 3 iHIIOro OOKY,
KJIITUHMU, SIKi eKCIIPEeCYIOTh aKTUBOBAHUIA P53, CEKpeTy-
OTh OinKoOBi (akTopm, SKi MPUTHIUYYIOTH aHTIOTeHE3.
ITigBuieHa excrpecis p53 TPU3BOAUTL O penpecii
TpaHckpunuii reHiB VEGF ta HIF1 npu omHouacHiit
aKTUBallil reHa aHTMAHTiOreHHOro ¢akropa TpoMOocC-
MOHINHY 1, IKWII B CBOIO Uepry, 3B’SI3yI04M crieuidHi
pelenTopu Ha IOBEpPXHi €HAOTEJiOLMTIB, BUKJIMKAE
anornro3 [4, 5]. TakuM YMHOM, KJIITUHU 3 aKTUBOBAaHUM
p53 ripie mepeHocdITh HeCTayy KHCHIO, TepecTaroThb
cekperyBatu VEGF Ta mnouymHaioTh ceKpeTyBaTH
iHTiOITOPM aHTioreHe3y, IO TepelIKOIKaE YTBOPEHHIO
HOBUX CyIuH [6, 7].

META JOCIIJIZKEHHA

Merowo nmochigkeHHs Oya0 BM3HAYUTHU OCOOJMBOCTI
ekcripecii reHa VEGF-A Ta #ioro OCHOBHi edeKTu
BiTHOCHO KJIiTWUH iMyHHOI cuctemu YJIHA na HAEC.

MATEPIAJIN 1 METOJIN

CdopmoBaHi AOCHiIHI Tpyny: KOHTpOJIbHA rpyra — 12
MPaKTUYHO 300pOBUX OCiO (cepenmHiit Bik — 51,0%5,06
pokiB, M*SD), ocHOBHa rpyna — 55 y4acHUKIB JTiKBima-
wii HacmigkiB aBapii Ha YAEC 1986—1987 pp., onpomiHe-
HuUX B iHTepBaii 103 Bix 0,01 go 2,8 3B (cepenHiii Bik —
57,0£7,4 pokiB, M£SD).

BusnadyeHHsT BiTHOCHOTO piBHS eKcripecii reHiB VEGF-A
Ta TP53 mpoBoaMIN 3a JOITOMOTOIO MOJIiMepa3Hoi JTaHITI0-
TOBOI peaxllii y peaJilbHOMY 4aci. BumiieHHs TOTaibHOI
PHK npoBoauau 3 JeAKOLUTIB MepudepuyHoi KpoBi 3a
nmortomororo aBromatnaHoi ctanmii QIAcube (QIAGENE,
Germany) 1151 BUAUJIEHHST HYKJIETHOBUX KHUCJIOT Ta Habopy
nns BugineHHs: PHK — NucleoSpinRNAII (Macherey-
Nagel, Germany). CuHrte3 KomiuieMeHTapHoi [IHK
(x/IHK) i3 3pa3kiB Buginenoi PHK npoBomnscs i3 BUKO-
puctanHsM HighCapacity cDNA Reverse Transcription
Kit (AppliedBiosystems, USA). Ammigikamis xJIHK
npoBoauWiach Ha 0a3i podoTuszoBaHoi craHuii 7900 HT
Fast Real-Time PCR System (Applied Biosystems, USA) i3

is preserved, and a set of HIF1o,/p stimulates the
release of VEGF [1, 2].

Cells of the immune system are able to secrete
VEGF and regulate the process of angiogenesis.
On the other hand they have specific receptors for
VEGTF detection and may be subject to its action
e.g. such as tumor growth. It is known that in the
presence of tumor the circulating levels of VEGF
can significantly increase, and there are significant
changes in hemo- and lymphopoiesis at the level of
the bone marrow and thymus. Increased VEGF
expression forms the basis for development of
immunodeficiency and may be the first step in the
process of cancer metastasing. In addition the
cells expressing activated p53 secrete the protein
factors that inhibit angiogenesis. Increased expres-
sion of p53 leads to repression of VEGF and HIF1
gene transcription with a simultaneous activation
of gene of thrombospondin 1 antiangiogenic factor
which in its turn binds to specific receptors on the
surface of endothelial cells inducing the apoptosis
[4, 5]. Thus the cells with activated p53 worse tol-
erate the oxygen deficiency, cease to secrete VEGF
and begin to secrete angiogenesis inhibitors that
prevent the formation of new blood vessels [6, 7].

OBJECTIVE

To determine the characteristics of the VEGF-A gene
expression and its main effects on the subsets of
immune cells in ChNPP accident clean-up workers.

MATERIALS AND METHODS

The control group of 12 healthy individuals (mean
age 51.0£5.06 (M£SD)) and the main group — 55
cleanup workers of the Chornobyl accident of
1986—87 period exposed to doses ranging from
0.01 to 2.8 Sv (mean age 57.0%+7.4) were the stu-
died population.

Assay of a level of relative expression of genes
VEGF-A and TP53 was performed using a real
time polymerase chain reaction. Total RNA
extraction was performed from the peripheral blood
leukocytes using QIAcube robotic workstation
(QIAGENE, Germany) and NucleoSpinRNAII
kit for nucleic acid purification (Macherey-Nagel,
Germany). Synthesis of complementary DNA
(cDNA) from RNA samples was done using
HighCapacity cDNA Reverse Transcription Kit
(AppliedBiosystems, USA). Amplification of
cDNA was performed using 7900 HT Fast Real-
Time PCR System (Applied Biosystems, USA)
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3acTocyBaHHSIM HaOopiB TagMan. Excrpeciio reHiB
CTaHJApTU3YBaJIM BiZHOCHO eKcIpecii reHa 18S puboco-
MaJIbHO1 CYOOIMHUILI Ta B-CyOOMHMUIL aKTUHY SIK €HI0-
TEHHOTO KOHTPOJI0. AHalli3 OTpUMaHUX JTaHUX ITPOBO-
JWIN 3a JOMOMOIOI0 mporpaMHoro 3abesneyeHHs1 SDS
2.3. Tloka3HUMKM BiZHOCHOTO piBHSI T€HHOI €KCIIpecii
(RQ) pospaxoByBaiu 3a gornomoromw 2-*“t mertony, ne
AACt = (Ctsample‘ Ctref)contrl‘ (Ctsample‘ Ctref)irradiated-

BusHaueHHsS iMYHOJIOTIYHMX MOKa3HUKIB TPOBOIM-
JIOCb METOJOM MpsIMOi iMyHodJyopecueHii. IlaHenb
antutin Bkmovana: CD3/19, CD4/8, CD3/HLA-DR,
CD3/16/56 ta momatkoBo: CD4/25, CD3/4. Ananis
MPOBOIWIM Ha JIa3e€pHOMY MPOTOYHOMY LIMTOMIYyOpH-
meTpi FACScan (Becton Dickinson, CIIIA).

PE3VYJIBTATU TA IX OGTOBOPEHHS

VY pesynbraTi npoBeneHoOro aHamizy y rpymni YJIHA
3a(iKCoBaHMU MiABUIIEHUI piBeHb eKcIpecili reHa
VEGF-A niopiBHSHO 3 KOHTposeM. [Toka3HMKM BiTHOCHO-
ro piBH# ekcnpecii reHa VEGF-A — RQ cTaHOBWIN: KOHT-
ponbHa rpyna — 0,23+0,12 (M*=SD), rpyna YJIHA —
1,34+1,84 (M£SD), (p<0,04). Iys1 BUBHAUEHHS 3aJ1€XK-
HocTi ekcrpecii reHa VEGF-A Bin pagianiitHoro ¢pakro-
pa OyB MpoBeAcHUI KopensiLiiiHuii aHani3. BctaHoBie-
HUI ciadkuil piBeHb Kopensuii: r=0,18. He3Baxaouun
Ha Te, 10 YiTKOI 3aJIeXXHOCTI MiX mokazHukamMu RQ
VEGF-A Ta 103010 HaMW He BCTAHOBJIEHO, BHECOK
panianiifHol KoMInoHeHTH oyeBuAHM. Lle € mpeaMeTom
JIOCJIIKeHHST Ta 3HaXOOUTh ITiATBEPIKEHHSI B poOOTax
iHIIMX aBTOpPiB, OCKiAbKW igeHTUdiIKaLlisl MiANUCiB
TeHiB, dIKi TOB’sA3aHi i3 pamiamitHUM (akTopoM Ta
BiITIOBIZAIOTH 32 PaliOUyTIMBICTD, 3 ICYBAaHHS 3adiTHUX
CUTHAJIbHMX IIJISIXiB CHOTOJHI 3a/IMIIAI0ThCS IIPEAMETOM
0o0roBopeHHs1. JlochmimkKeHHsT MeXaHi3My peryJloBaHHS
ekcripecii VEGF ioHi3ylounM BHUIIPOMiHIOBaHHSIM Ha
TPbOX JIOACHKMX KJIITMHHUX JIiHISX TJ1i00J1aCTOM ITOKa-
3aj10, 1O peryJsuis rinepekcrpecii VEGF BinoyBaeTbcs
3a y4acTi MO3aKJIITUHHUX CUTHaAI-PEryJbOBaHMX KiHa3
ERK1/2 onocepenkoBaHO 4epe3 akTuBaTop Oika AP-1,
1110 MOXKe TIPU3BECTH 0 MOAAJbIIOI HEOBACKYISIpU3allii
i mposiepalii KJAITMH TJ1i00JIaCTOMU, CTIAKOI 1O
paniauiitHo1 Teparii [8].

[HIIMMKM pocinigfHUKaAMU OyJIM OTpUMAaHi JaHi TeHHOI
eKcIpecii 3 4oTupbhox miaaT¢opM MiKpouimiB, Ha JiHil
pakoBux KiiTuH NCI-60. Bynu 3acrocoBaHi qaHi BUXKU-
BaHOCTI (dpakiii micias onpoMiHeHHs 2 Ip mist BU3HA-
YeHHSI PaJiouyTJIMBOCTI Ta MOJEJb JIiHIHOI perpecii
JUUISI BUSIBJIGHHS T€HiB a00 reHHMX KOMILIEKCiB 3 Kope-
JISIIEI0 MiX eKCIpeci€lo i paaiouyTIuBiCTIO. ABTOPHU
BBaxaloThb, 110 iHterpuHu, VEGE, MAPK, p33, sxi Oy-
1 tinepexcrpecoBaHi, Ta JAK-STAT i Wnt-curHanbHi

and TagMan technology. Gene expression was
standardized relatively to the 18S-ribosomal sub-
unit and actin B-subunit applied as an endogenous
control. Analysis of the received data was per-
formed using the SDS 2.3 software. Relative
quantification (RQ) of gene expression was calcu-
lated using the 2-2¢* method, where AACt =
(Ctsample‘ Ctref)contrl‘ (Ctsample‘ Ctref)irradiated-

Studies of immunological parameters were
performed by immunofluorescence test. The
panel of antibodies included CD3/19, CD4/8,
CD3/HLA-DR, CD3/16/56 and additionally
CD4/25, CD3/4. Analysis was performed by flow
cytometry FACScan (Becton Dickinson, USA).

RESULTS AND DISCUSSION

In the group of Chornobyl cleanup workers the ele-
vated levels of VEGF-A gene expression were found
compared with control. The RQ parameters for
VEGF-A were as follows: control group —
0.23£0.12, a main group — 1.34£1.84, (p<0.04). To
determine the dependence of the VEGF-A gene
expression on a radiation factor the correlation
analysis was performed. Low correlation level was
set i.e. r=0.18. Despite the fact that we have deter-
mined no clear correlation between RQ VEGF-A
data and the radiation dose the contribution of radi-
ation components is obvious. This is the subject of
research and being supported in the works of other
authors, as the identification of gene signatures that
are associated with radiation factor and responsible
for radiosensitivity and the determination of signal-
ing pathways involved remains an issue of a debate.
Investigation of the mechanism of regulation of
VEGF expression by ionizing radiation in three
glioblastoma human cell lines showed that regula-
tion of VEGF overexpression is associated with the
participation of extracellular signal-regulated pro-
tein kinases ERK 1/2 mediated through an activa-
tor protein AP-1, which may lead to subsequent
neovascularization and proliferation of glioblas-
toma cells resistant to radiation therapy [8].

Other investigators have obtained the gene expres-
sion data from four microarray platforms using the
NCI-60 cancer cell line. To determine the radiosen-
sitivity data were used the survival fraction values
after 2 Gy irradiation and linear regression model to
identify the genes or gene complexes with correla-
tion of expression and radiosensitivity. The authors
suggest that integrins, VEGE MAPK, p53 (overex-
pression detected), JAK-STAT and Wnt-signaling
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PucyHok 1. KopensuiitHa 3anexHictb Mix reHamu VEGF Ta TP53 eKcnpecoBaHUX Y NeiMKoLMUTax

nepucepuyHoi kposi YIHA Ha YAEC

Figure 1. Correlation of VEGF and TP53 gene expresion in peripheral blood leukocytes of the Chornobyl

NPP accident clean-up workers.

IIJISIXU, € KaHAWIaTaMu y OioMapKepy paaiouyTInBOCTI
i 1110 CMTHAaJI Yepe3 MOJIEKY/IU aare3ii Moxe OyTH MillleH-
HIO U1l pamioceHcuOimizamii [9]. IHmIa rpyma aBTOpIB
MPUITYCTUIIN, 1110 iHIYKOBaHi i0Hi3yI0UUM BUITPOMiHEH-
HSIM CYIIMHHI MOPYIIIEHHS MMOB’sI3aHi 3 ieheKTaMu €HI0-
TenianpHux KiiTuH-TionepenuukiB (EPC), gki Biamo-
BifaloTh 3a cyniuHHUII romeoctas. Ilicist onpoMiHeHHs
EPC 6ynu BUCHaXEHi, 1110 CyTTPOBOIKYBAJIOCS 3HUKEH -
HSM (YHKIIiT aHTioreHe3y K in vitro Tax i in vivo. [1pu
Takiil peakliii Ha cTpec, ONocepeaKOBaHiA 10HiI3yI0UUM
BUIIPOMiHEHHSIM, 3pocTaja ekcrpecisg p21Cipl i 3HIXKY-
Bajiach ekcrnpecis VEGF, mo Oyno mop’si3aHo 3 p53
TPaHCKPUITLiHOIO aKTUBHicTIO [10].

AHTiOreHes Bilirpae BaxxJauBy poJib Y PO3BUTKY MyXJIMH.
3HavYHe Miclle cepel HeTaTUBHUX PETYISATOPIB aHTioreHe-
3y 3aiimMae OiJToK p53, AKuii oKpiM GYHKIIII MyXTMHHOTO
cympecopa Ta “OXOpOHLS TeHOMY” Bifirpa€ BaxKJIUBY
pOJIb y peryisiiii HOBOYTBOPEHHS CYAUH, OCKiJIbKY 3MEH-
LIye exkcrpecito iHrioitopiB aHrioreHesy [11]. Ilopsn 3
UM OiToK p53 MoOXe OIocepelKOBaHO peryJroBaTh
ekcrpecito VEGF, Kk 4yepe3 MpOTOOHKOIeH C-Src, Tak i
npu 6e3nocepeHili B3aEMO/il 3 TPAaHCKPUMLIMHUM (hak-
TopoM Spl, mepemkomKayl TAKUM YMHOM aKTWBAIIlil
MpomMoTopa 1poro reHa. IlokazaHo, 110 MyTaliitHi 3MiHN
reHa 7P53 npu3BoAsATb OO OJHOYACHOTO IiABUILEHHS
ekcrpecii c-Src Ta MPHK VEGF y xBopux Ha paK MOJIOY-
HOI 3aJ1031, TOBCTOTO KMIIIEYHNKA i paK sieyHuKka [12].
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pathways are candidates for biomarkers of radiosen-
sitivity and the signal via adhesion molecules may
be a target for radiosensitization [9]. Another group
of authors have suggested that radiation-induced
vascular disorders are associated with defects in
endothelial progenitor cells (EPC), which are
responsible for vascular homeostasis. After irradia-
tion the EPC were exhausted, which was associated
with decreased function of angiogenesis both in vitro
and in vivo. In such stress reactions mediated by ion-
izing radiation the expression of p21Cipl increased
and expression of VEGF decreased, which was asso-
ciated with p53 transcriptional activity [10].
Angiogenesis plays an important role in the deve-
lopment of tumors. Protein p53 is an important neg-
ative regulators of angiogenesis, which functions as a
tumor suppressor and the “genome guardian” but
also plays an important role in regulation of vascular
neogenesis, because it reduces the expression of
inhibitors of angiogenesis [11]. In addition, the p53
protein may indirectly regulate VEGF expression
both through the proto-oncogene c-Src and a direct
interaction with transcription factor Spl, thus pre-
venting activation of the promoter of this gene. It
was shown that the 7P53 gene mutations result in a
growth of c-Src and VEGF mRNA expression in
patients with breast, colon and ovarian cancer [12].




ISSN 2304-8336. Mpobnemn pagiaviiHoi meauwkm Ta pagiobionorii. 2013. Bun. 18.

KJTIHIYHI

AOCNIAXKEHHA

Hamu nposeaeHo aochiakeHHs ekcnpecii reHa 7P53y
Jneiikonurax nepudepuyHoi kposi YJIHA Ha YAEC.
JlocToBipHOI pi3HULII MOPIBHSIHO 3 KOHTPOJIEM HEe BCTa-
HOBJIEHO, OJIHAK cepeAHi 3HaueHHss RQ 7TP53y mocnin-
Hilt rpymi (M=1,39) 6ynu Bui KoHTpoJabHuX (M=0,43).
Takox BUSIBEHUI BUCOKMIA piBEHb KOpPEJsLil MixK IMO-
Ka3HUKaMU BiTHOCHOTO piBHA eKcrpecii reHiB VEGF-A
ta TP53 (puc. 1). Koediuient kopensuii [lipcona cra-
HoBuB 1=0,48 (p<0,05).

ITinBuiLleHUIi piBeHb eKCITpecii MoxXe OyTHU HEMPSIMUM
JTOKa30M MYTaliifHuX 3MiH reHa TP53, a y moegHaHHi 3
nigBuieHo excrpecieio VEGF-A Moxe CBITYUTH TIpO
MOPYIIECHHS PELUITPOKHMUX 3B’SI3KiB MK LIIMMKU T€HaAMM
Ta CBiTYEHHSIM IOPYLIEHb y peryJisliil HeOaHTiOreHe3y y
BiggajeHoMy Hepioi micist onpoMiHeHHs1. [Topsia 3 uum
iCHYE TIpUMYILIEHHS, 110 MiABUIIEHUN BMIiCT €HIO-
TeJliaIbHOTO (paKTopa pOCTy CYAWH CTBOPIOE MiAIPYHTS
JIJISI PO3BUTKY iMyHOAE(MILIUTY Ta CIIPUSIE TOMY, L0 MyX-
JIMHA YXWISIETbCSI Bim iMyHHoro Harmgmy [1, 13].
B3aemonia mpoieciB aHrioreHesy i3 crneuungiqyHoOO
iMYHHOIO BiAINOBiAAI0 He BUBYEHA, OAHAK OMKUcaHa
3aaTHICTh T-1iMGOLUTIB TIOAMHU Ta TBAPUH CUHTE3yBa-
™ VEGF [14]. Cunres ta nponykuist VEGF nepudepnda-
Humu T-niMmdountamMyu MoxKe TiIBUILNYBAaTUCh MPU Ta-
TOJIOTIYHUX cTaHaxX abo B yMOBax MyXJMHHOTO POCTY Yy
JiroAei Ta TBapuH [15].

IIpu gocnigKeHHi MOKa3HUKIB KIITUHHOTO iMYHITETY
HaMHM BCTAHOBJEHO 3B’SI3KM IlapaMeTpiB CyONmomy-
JuiiHoro ckiany T-kiiTuH i3 ekcrpecieto VEGF-A B
rpymni onpoMiHeHUX ocib. BusBieHi MO3UTUBHUI KOpe-
JNGUIAHNT 3B’SI30K MiXX BiTHOCHUM piBHEM eKCITpecii
VEGF-A1aKinbkictio CD48- Ta HeraruBHUI — MiX Biz-
HOCHUM piBHeM ekcrnpecii VEGF-A ta Bmictom CD4-8%
kJiTuH T-niMm@ouutiB (puc. 2). KoedilieHTH Kopesiii
cranosmnn: r=0,37 (p<0,05) ta r=-0,33 (p<0,05),
BigmoBigHo. Taki maHi MiaTBEepIXKYIOTh TiCHUI 3B 130K
¢axTopa poCTy CyIMHHOIO €HAOTENil0 Ta, BiAMOBIAHO,
aHrioreHe3y 3 akKTHUBALI€K KIITUHHOIO iMYHIiTeTy Yy
BiggajaeHoMy Tepioi Imicjisi onpoMiHEHHS].

IMyHOMOriUHA HEAOCTATHICTh, KA CYMPOBOIKYE TIa-
TOJIOTIYHI MPOLECH, B TOMY UYMCII U MyXJIMHHUMI PicCT,
nos'sa3aHa 3 akTtusauico T-peryasropHux CD4+t25+
KJIITUH B opraHidMi. Hamu BcTaHOBeHa 4iTKa Kope-
JAUiiiHa 3aJIeXHICTh MiX BimcorkomM CD4125% kiitun
Ta no3o1o onpomiHeHHs y rpymi YJIHA na HAEC (puc.
3), 110 Ja€ MiICTaBU OXapaKTepU3yBaTU TaKUii TUI iMy-
HOJIOTIYHOTO pearyBaHHS SIK TIPOSIB BimmaieHnX e(peKTiB
micast onpoMmiHeHHs. KoedillieHT Kopensiii cTaHOBUB
r=0,35 (p<0,05).

ITopsin 3 UMM ciig BpaxyBaTH iMYHOMOAYJIOIOYWI
edpext VEGF, B ToMy 4mcIli 1OTO 3IaTHICTh BINIMBATH

We studied the TP53 gene expression in periphe-
ral blood leukocytes of the ChNPP accident
cleanup workers. No significant difference vs. con-
trol was found, but the average values of RQ 7P53
in the main group (M=1.39) were higher than
control values (M=0.43). We also found high cor-
relations between RQ data for VEGF-A and TP53
(Fig. 1). Pearson’s correlation coefficient was r =
0.48 (p<0.05).

Elevated expression may be an indirect evidence
of mutational changes in gene 7P53 and in con-
junction with increased VEGF-A expression may
indicate to a violation of reciprocal relationships
between these genes and in neoangiogenesis regu-
lation in the remote period after irradiation. Along
with that there is an assumption that high content
of vascular endothelial growth factor is the basis
for immunodeficiency development and promotes
tumor evading the immune surveillance [1, 13].
Interaction of angiogenesis processes with a spe-
cific immune response has not been studied but
the ability of human and animal T cells to synthe-
size VEGF was described [14]. Synthesis and pro-
duction of VEGF by peripheral T-cells may
increase in pathological conditions or under
tumor growth in humans and animals [15].

We have established a relationships of the T-cell
subsets parameters with VEGF-A expression in
the group of individuals exposed to radiation.
Positive correlation was demonstrated between
the VEGF-A RQ and the number of CD4%8- and
negative — between the VEGF-A RQ and CD4-8*
T-cell percentage (Fig. 2). The correlation coef-
ficients were: r=0.37 (p<0.05) and r=-0.33
(p<0.05) respectively. These data confirm the
close relationship of a vascular endothelial
growth factor and angiogenesis followed by acti-
vation of cellular immunity in the remote period
after radiation exposure.

Immune system insufficiency that accompa-
nies the pathological processes, including tumor
growth, is associated with the activation of T-re-
gulatory CD4725" cells in vivo. We found a
clear correlation between the percentage of
CD4125% cells and radiation dose in the main
group (Fig. 3), supposing such type of immune
response as a manifestation of long-term effects
after irradiation. The correlation coefficient was
r=0.35 (p<0.05).

At the same time the immunomodulatory effect of
VEGF should be considered, including its ability to
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PucyHoK 2. KopensuiitHa 3anexHictb ekcnpecii rena VEGF-A Ta BigHocHolo KinbkicTio CD4+8- (A) Ta
CD4-8+ (B) knituH y nepudepuyHoi kposi YIHA na YAEC

Figure 2. Correlation of the VEGF-A gene expression and the number of CD4+8- (A) and CD4-8+ (B) cells
in peripheral blood of the Chornobyl NPP accident clean-up workers

Ha nipoJipepaniro 1L-2 3anexxnux T-nmimpouutiB nepu-  influence the proliferation of IL-2-dependent T-
¢epuunoi kpoBi moauHu [1]. He3Baxkarouu Ha Te, o  lymphocytes of human peripheral blood [1]. Despite
icHye mpurnyiieHHs, mo VEGF 0epe ydactb y ¢popmy-  the supposition that VEGF is involved in the forma-
BaHHI 1ILOTO TUITY iIMYHOJIOTIYHOTO pearyBaHHs, HaMu  tion of this type of immune response, we have found
He OyJIO BCTAHOBJEHO 3aJIeXKHOCTI MiX 3MiHamMu B no relationship between changes in the expression of
excrpecii enporenianbHOro akropa pocry ta BMictrom  endothelial growth factor and content of CD4125%
CD4725% knitun y nepudepununiii kposi YJIHA Ha  cells in peripheral blood of the Chornobyl clean-up
YAEC. workers.
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PucyHok 3. KopensuiitHa 3anexHicTb: ekcnpecia reHa VEGF vs BigHocHa Kinbkictb CD4+25+ vs go3a

ONpoOMiHeHHA

Figure 3. Correlation dependence: VEGF gene expression vs. percentage of CD4+25+ vs radiation dose

BUCHOBKU

V pesynbrarti IpoBeIeHoi poOOTH BU3HAYEHO PsII TTOPY-
IIEHb y PETYJIsllil HEOaHTioreHe3y y BilTaJIeHOMY Mepioji
Iicyisl onpoMiHeHHsI. BcTaHOBIEHO MiABUILEHUI piBEHb
excrnpecii reHa VEGF-A, 1110 KOpeJioe 3 eKCITpeciero reHa
TP53 y rpyni YJIHA na YAEC. Crig 3a3HauuTH, 110
3MiHM €KCIpecii eHaoTeNliaIbHOro akropa pocTy MO-
KyTb OyTM MOB’S13aHi 3 HASIBHICTIO PSIAY MATOJOTIYHUX
CTaHiB, 30KpeMa 11epeOdpOBaACKYJISIPHOIO MTATOIOTIE0, O/ -
HaK BHECOK pafiallifHOro (hakTopy € OUeBUIHUM i Hece
JIOAATKOBE HaBaHTaXXEHHsI Yy 3MiHU BiJHOCHOIO PiBHS
ekcrnipecii VEGF-A. BcraHoBiieHO 3B’ SI3KM iMyHOPETYIIS -
TOPHUX cyoronyisuiit T-KiiTiH i3 ekcripecieio VEGF-A
B IpyIli OIIPOMiHEHHUX OCi0 Ta MPOAEMOHCTPOBAHO HeTa-
TUBHY KOPEJSILIAHY 3aJIEXXHICTb 3 BiTHOCHOIO KiJIbKiCTIO
CD4-8" cyomnonynauii T-KIiTUH; TO3UTUBHY KOpe-
JSLIAHY 3aJ1€KHICTb MiX Bincotkom CD4725% kititus Ta
03010 OTIPOMIHEHHSI, 1110 JIA€ IMiICTAaBU OXapaKTepU3yBa-
T TaKW TUIT iMYHOJIOTIYHOTO pearyBaHHSI K IPOSIB
BiggaaeHUX e(eKTiB IiC/Isl ONPOMiHEHHS.

TakyM yMHOM, BU3HA4Y€HO PsJ MOKA3HUKIB, SKi Xa-
pPaKTepu3yOTh CTaH Ta MOPYLIEHHS Y CUCTEMi iIMyHITET-
aHrioreHe3 Ta MOXYTb OYTU MEPCHEKTUBHUMMU Y STKOCTI
MMPOTHOCTUYHOTO MapKepa IIyXJIMHHOTO IIpolecy y
BifaaeHOMY nepioji Mmicjas ONMpOMiHEHHSI.

CONCLUSIONS

As a result of this work we have identified a num-
ber of disorders of neoangiogenesis regulation in
the remote period after the radiation exposure.
Elevated levels of VEGF-A gene expression corre-
late with TP53 gene expression in a group of the
ChNPP accident clean-up workers. It should be
noted that abnormalities in the expression of
endothelial growth factor may be associated with
the presence of a number of pathological condi-
tions, including cerebrovascular disease, but the
contribution of a radiation factor is clear and car-
ries an additional burden on the changing level of
VEGF-A relative expression. Relationships of
some T-cell subsets with VEGF-A gene expression
in the group of exposed individuals are demon-
strated with a negative correlation with the num-
ber of CD4-8% subset of T cells and a positive
correlation between the percentage of CD4125%
cells and radiation dose.

Therefore, number of parameters that character-
ize the condition and violations in the system
“immunity—angiogenesis” was identified being
promising as a prognostic marker of tumorogene-
sis in the remote period after irradiation.
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