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Bseaenne. HabAropaeMast B OCAEAHHE ACCSTHAETHS HETATHBHAS AMHAMEKA POCTA PACIPOCTPAHEHHOCTH KapAHOBACKYASIPHOM
IIATOAOTHH CPEAH PAOOYHX IPOMBIIIACHHBIX IPEATIPUSATHI B PAMKAX 33AA4 HAYIHOM CIIEHAABHOCTH «MEAHI[IHA TPYAA>» OIIpe-
AeAsIeT 3HAYMMOCTD H3Y4eHHs He TOABKO IPOpECCHOHAABHOM, HO K KOMOPOHUAHOM IIATOAOTHH y paboTAIOMUX, 3a60AeBaHMUI,
COIyTCTBYIOIMX MPO{eCCHOHAABHOMY MapIIPYTY, OLeHKH POAH MPOHM3BOACTBEHHBIX PAaKTOPOB B Pa3BUTHH COMATHUECKUX
3a00A€BAHMI, B TOM YHCAe HOAE3HEN CHCTEMBI KPOBOOOpAIEeH S, B YaCTHOCTH, APTEPHAADHON THIIePTEH3UN.

ITeAb HCCAGAOBAHHS — U3YYUTb BO3MOXXHOCTH PaHHEH AMArHOCTUKH COCYAMCTBIX HApYIIEHUI [IPU BUOPALMOHHOM 60Ae3-
HHU B COYETaHUH C apTePUAAbHOM TUIIepTeH3Hell Ha OCHOBE OLJeHKH S9HAOTEAMAABHBIX M I€MOCTa3HOAOTHYECKHX OKA3aTeACH.
MarepuaAbl 1 MeTOAbL. B rccaepOBaHMM MPUHUMAAM ydacTHe 253 MallMeHTa L[eHTPa MPOo(eCcCHOHAAbHOH MAaTOAOTUH
I'BY3 HCO «Topoackas kauHmueckas 6oabHuIa Ne 2> roposa HoBocubupcka, B ToM urcae 144 yeroBeka, paboTaromux B
KOHTAKTe C AOKAABbHOI BHOparueii 6oaee 15 AeT, cpean HUX 75 yeA0OBeK ¢ BUOPAIIMOHHOM 60AE3HDIO, 69 YeAOBEK C COYeTAHHEM
BHODAL[OHHON GOAC3HH M aPTEPHAABHON THIIEPTEH3HI; 72 YeAOBEK C APTEPHAABHON IMIIepTEH3Hel, paboTaomue BHe BO3-
AEFICTBIS AOKAABHOI Bubparuu 1 37 4eAoBeK, paboTarolye BHe KOHTAKTa C AOKAABHON BHOpalyel i He MMEIOIIKX B aHAMHe-
3e TUIIepTOHMYeCKO 6oAe3HN. IIpoBeaeHa CpaBHUTEABHAS OLI€HKA ITOKA3aTeAEH CHCTEMHOTO, COCYAUCTO-TPOMOOLTAPHOTO,
TIAA3MEeHHO-KOaryASIJIOHHOTO TeMOCTa3a, COCTOSHHA MapPKePOB SHAOTEAHAABHO-KACTOYHOTO TeMOCTA3a; OIIPeAeAeHa arpera-
LIMOHHAsI AKTHBHOCTb TPOMOOLIMTOB; IIPOBEACHO HCCAEAOBAHHE MOAEKYA aAre3HH, PYHKIIMOHAABHOE COCTOSIHUE SHAOTEAHS.
Pa3Awams CYUTAAM CTATHCTHYECKH 3HaYMMbIME TIpH p<0,0S.

PesyabraTsL. B x0pe HcCAAOBAHMS OBIAO YCTAHOBAGHO, UTO SHAOTEAHAABHASI AUCPYHKIMS [IPH BUOPALMOHHOM GOAE3HH B
COYETAHHH C APTEPHAABHON TUIIEPTEH3HeN XapaKTepHU3yeTCs IKCIIPecCHell CHTHAABHBIX MOAEKYA, HAPACTAHHEM YPOBHS 9HAO-
TeAMHA-1 B COYETAHMH C YCHAEHHOH BHIPAOOTKON $aKTOPA POCTa IHAOTEAHSI COCYAOB M TpaHCOpMHUpYIOIero pakTopa po-
CTa; 9HAOTEAHAABHbIE MAPKEPHI ACCOLJMMPOBAHDI C YACTOTOM HEOAATOIIPHATHBIX IIOAMMOP QHBIX BAPHAHTOB FEHOB; CHCTEMHBIN
reMOCTa3 XapaKTepHU3yeTcs: HapacTaHHeM YPOBHS TPOMOOCIOHAMHA H TPOMOOMOAYARHA, TPOMOOLUTApHOTO daKkTopa pocTa
B YCAOBHUSIX CHIDKEHHSI AKTMBHOCTH IAA3MMHOTE€HA, HAPACTAHHEM KOHIIEHTPALIUU d,-MAKPOTAOOYAMHA H IPOAYKTOB pacrapa
$ubpuHa; ompeseAeHBI PAHHHE IHAOTEAHAABHO-TEMOCTA3HOAOTHIECKHE MAPKEPBI COCYAUCTBIX HAPYIICHHH.

Orpannyenns nccaepoBanust. FccaepoBanre nposopnsocs Ha 6ase @I'BOY BO HI'MY Munsapasa Poccuu u Ha 6ase
I'BY3 HCO «Iopoackas kanHudIecKas 60abHHUIA NO 2>, OrpaHHYeHHSIMH HCCAEAOBAHHS MOTYT OBITh — OAHOHAIIPaBA€H-
HOCTb BBITTOAHEHHOTO HCCACAOBAHHS M HeGOABIIAs BHIOOPKA MAIMEHTOB, YIACTBYIOIUX B HAYIHOM MCCAEAOBAHNUN.

Bo1BoAbL. B pesysvmame usyuenus KAUHUKO-GYHKYUOHALOHBIX U MOACKYASPHBIX XAPAKMEPUCIUK 8UOPayUonHOL GoresHu, npo-
mexanueti 6 CoHEManull ¢ apmepuarbHoii sunepmensuesi, GbLAU NOAYHeHb! HOBbIE 3HAHUS, KOMMOPbIe MOZYM ObiMb UCNIOAb30BAHbI
0AS yAyuuieHUS OUAZHOCHUKY U AedeHUs GOAbHbIX, HAYHHO20 000CHOBARUS plck08 300posbio, paspadomKiL npozpamm npoPuAdK-
muku u peaburumayuu.

9THKa. Bce marnueHTH IpeABapUTEABHO HOATIHCAAU GOPMY HHPOPMHPOBAHHOTO COTAACHS Ha yYaCTHe B HccaepoBaHuH. [Ipo-
IPaMMa MCCAEAOBAHNS, COAEPXKAHIE HHPOPMHPOBAHHOTO COTAACHS, A TAKKE MATEPHAABI CTATHH OAOOPEHBI AOKAABHBIM 3THYe-
ckuM komureroM PI'BOY BO Hosocubupckuit rocyaapcrsenssiit MeauruHckuit yHusepcureT u I'BY3 HCO «I'KB Ne 2.
KaroueBbie cAOBa: MoAeKyAIpHbIE MEUAMOPDL; PYHKYUOHALbHbIE MAPKEPDL; 8UOPAYUOHHAS 00AE3HD; APMEPUALbHAS UNEpeH-
3Usl; KapOUoBACKYAIPHAS NAMOAOUS
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Beeaenne. HabaropaeMas B mocAepHHE ASCATHAETHS He-
raTHUBHASA AMHAMUKA POCTA PACIPOCTPAHEHHOCTH KapPAHOBa-
CKYASIPHO ITATOAOTHH CPEAH PAOOYHX IPOMbIIIACHHBIX IIPeA-
NPUATUHR B paMKaX 3aA24 HAYYHOM CIEIMAABHOCTH <MEAH-
IIMHA TPYAQ>» OIpeAeAsieT 3HAUUMOCTD U3YYeHHUS He TOABKO
IpO¢$eCCHOHAABHOM, HO I KOMOPOUAHOM [IATOAOTHH Y pabo-
TAIOI¥X, 3260AEBAHMII, COMTY TCTBYIOLIUX IPO(ECCHOHAABHO-
My MapIIPyTy, OLleHKH POAH IIPOU3BOACTBEHHBIX GaKTOPOB B
Pa3BUTUM COMATHIECKUX 3200A€BAHNUI, B TOM HHCAe OOAe3HEN
CHCTeMBI KpOBOOOPAILEHHS, B YACTHOCTH, APTEPHAABHOM I'U-
neprensun [1].

CoBpeMeHHbIe (pOPMBI TeUeHHsT BUOPALIMOHHON 60Ae3-
uu (BB) xapakTepusyercs BBIpaXeHHO# TOPIHAHOCTBIO Te-
YeHUS U COYETAHHBIM ITOPaXKeHHEeM OpPTraHOB-MHIIEeHeH, BO-
BAeYeHHEM B [TATOAOTHYECKHUI IIPOLeCC CHCTeMbI KpOBOOOpa-
menus [2-6].

B marorenese coCyAMCTBIX MOpaXKeHHH OT BO3AEHCTBUS
BUOpALMM OTMEYAIOTCS U3MEHEHUS BCAEACTBHE IIepPBIYHO-
MeXaHHYeCKOI'O BAUSHUS PH3MIECKOro $aKkTopa, HEHpOry-
MOPaABHBIX U TOPMOHAABHBIX CABHIOB, IIPOIIECCOB AHIIOIIE-
POKcHAALMN 1 GOPMUPOBAHMS CHCTEMHbIX MEMOpaHOIATHI,
HApYIIeHUH MUKPOTeMOIMPKYASIIUH, TUIIOKCHH, CHHAPOMA
pereHepaTOpHO-MAACTHYeCKOTO AeduuuTa [7, 8]. B mponec-
CaX PeMOACAMPOBAHHUS COCYAOB IIPU apTEPHAABHOH THIEp-
TEH3HU BOXXHAS POAb IPUHAAACKUT HAPYIICHUIO CTPYKTYPhI
U QYHKIMM 9HAOTEANS, ACCOIIMUPOBAHHOMY C IIOBBIIICHHEM
KOHI]eHTPAIIU OKHCACHHBIX ATePOreHHBIX AIIMAOB, AeUIIU-
TOM OKCHAQ 30T, [IOBbIIIeHHEM 3HAOTeAUHA- 1, akcrpeccuent
BAaCKYAO-3HAOTEAHAABHOTO M TPAaHCPOPMUPYIOIEro GaKTo-
POB POCTa, BHICOKOH CTEIEHbIO BHIPAXXEHHOCTH IPOLIECCOB
BOCIIaA€HHsI, TOPMOHAABHBIMU ¥ METab0AMYECKUMU HapyIle-
Husvu [9-11]. Hapymenns ¢yHKUMOHAABHOTO COCTOSHHS
9HAOTEAUs], HeITPOPUAOB, TPOMOOLUTOB ¥ OOABHBIX BHOpa-
LIMOHHOM 60AE3HBIO SBASIIOTCS PAKTOPAMH, CTUMYAHUPYIOLIH-
MU B3aUMOAEHCTBUE (OpPMEHHBIX IAEMEHTOB KPOBH C BHe-
KAETOYHBIMU MOAEKYASIPHBIME CTPYKTYPaMU CYOIHAOTEANS,
a TaKKe YCHAEHHOM BHIPabOTKU MapKePOB CHCTEMHOIO BOCITA-
AeHUSI, BeAyIel K IepecTPONKe COCYAUCTOH apXUTeKTOHUKH
(6, 12-14]. TloAuMOp$H3MbI FeHOB, CBA3AHHDIX C PETYAILU-
el COCyAUCTOrO TOHYCa CHCTEMHBIM TeMOCTa30M, OIIPeACAs-
10T PHCK Pa3BUTHS M IPOTPECCHPOBAHUS COCYAUCTBIX pac-
CTPOWCTB NpH pasamdHoi natoaoruu [ 15-20]. Buecre ¢ Tem,
MAAOHM3Y4YeHHBIM OCTAETCS 9HAOTEAMAABHO-TeMOCTa3HOAOTH-
4eCKUM KOHTHHYYM B ACCOLUAIINH C HOAUMOP(PU3MOM I'eHOB
IpY BUOPALIMOHHON 0OAE3HH B COYETAHUM C apPTEPHAABHOM
TUIIepTeH3HeH, YTO OIPEASAHAO LjeAb M 3aAa4M HACTOSIIETo
HCCAEAOBAHUSL.

Ilean nccaep0BaHHA — HM3YIUTH BO3MOXKXHOCTH PaHHEH
AMArHOCTHKY COCYAUCTBIX HAPYLUIEHHUH IIPU BUOPALIMOHHOM
00A€3HM B COYETAHWH C apTepHAAbHON THIlepPTeH3Mel Ha
OCHOBeE OIleHKHM 9HAOTEAMAABHBIX M I'€éMOCTa3UOAOTHIECKHX
IIOKa3aTeAeH.

Martepuaabl H MeTOABI. B nccaepoBaHMe BKAIOYEHBI
253 manuenTa eHTpa npodeccuoHaAbHol marosoruu I'bY3
HCO «Iopopckas xanHudeckas 6oapHuria Ne 2» ropopa
HoBocubupcka, B TOM 4KcAe: HepBasi IPyIa — MalUeHThI
¢ BB (75 60abHbix BB I cTemenu oT BO3AEHCTBHS AOKAABHON
BUOparuy, cpepAHuit Bospact 47,0£2,4 ropa, craxx paboTsl B
KOHTaKTe C AOKaAbHOM Bubpanueit 15,3+1,4 ropa); Bropas
rpymna — nanuedTs! ¢ Bb u aprepuasbHOil runepTensuen
(AT') (69 60abHBIX BB I cTemenu oT BO3AEHCTBHS AOKAABHOM
Bubpauuy, B coderanuu ¢ Al' I-1I, cpepruit Bospacr 47,6%2,1
ropQ, cTax paboTsl ¢ Bubpanueit cocrtasua 15,7£1,2 ropd);
Tperbs rpynna — Al (72 paboumx, He KOHTAKTUPYIOMIKX

Original articles

C BUOPALIMOHHO-IIYMOBBIM (pakTOpoM, ¢ panarHosoMm ATl I-
II, cpeannit Bospact 46,4+2,8 ropa; yeTBepTas rpymma —
TpyIIa KOHTPOAS U3 37 YeAOBeK, paboOTAIOMUX Ha TOM e
IIPeATIPUATUM BHE KOHTAKTA C BUOpaljyell, CPEAHHI BO3PACT
47,5+2,2 ropa).

B xope mcCAGAOBAHHS M3YYAAUCD TTOKA3ATEAN SHAOTEAH-
AABHOM AMCQYHKIINM U CHCTEMHOIO IeMOCTa3a y OOABHBIX
BUOPAL[OHHOMN GOAE3HDBIO B COUETAHUU C APTEPHAABHOMN IH-
neprensueil. OIleHKa 9HAOTEANAABHOM AMCOYHKIIIU BKAIOYA-
Aa IIOKA3aTeAU YPOBHS TPAHCPOPMHUPYIOIIETo GpakTopa pocTa
B1 (TGF-B1), gaxropa pocra snpoteaus cocyaos (VEGE),
HHAYLUOEABHON CHHTA3bl OKCHAQ a30Ta, SHAOTEAMHA-1, KOH-
IIeHTPALU MOAEKYA aATE3UU U OAUMOPPH3MA T€HOB IHAO-
TEAUHA- 1, 9HAOTEANAABHOTO GAKTOPA POCTA COCYAOB, TPAHC-
dopmupyromero dakropa pocra f1, snporeanassHoit NO-
CHHTA3bl; CUCTEMHOTO I'éMOCTa3a — IO YPOBHIO TPOMOOLH-
TapHOrO dakrTopa pocra, PpubpPOHEKTHHA, PUOPUHOIENTH-
Aa A, TPOMOOCIIOHAMHA, d,-MAKPOTAOOYAVHA, [IAQ3MUHOTEHA
U oAMMOp)H3M reHa maasMuHoreHa tuma 1. Ompepeaenue
9HAOTEAMHA-1 B CHIBOPOTKE KPOBH IIPOBOAMAOCH PAAHOMM-
MYHHHBIM MeToAOM. KccaepoBaHMe cHCTeMHOToO reMocTasa
IIPOBEAEHO B COOTBETCTBHHU C pyKoBopcTBoM A.IL. Momora
(2006) [21]. AAS uccaepOBaHUS COAEPIKAHHS B CHIBOPOTKE
KpoBH dakropa pocta sHAoTeAus cocyaos (VEGF), rpanc-
opmupyromero ¢paxropa pocra 1, GubpOHeKTUHA, TPOM-
6ocroHAMHA-1, TPOMOOMOAYAHHA, TPOMOOLIUTAPHOTO aK-
TOopa pocTa BB, MOAeKyA aATe3UH HCIIOAB30BAAK METOA TBEP-
AO(a3HOro UMMYHO(QEpPMEHTHOTO AaHAAM3A <« COHABHY>-THIIA
[22,23].

AAS cTaTnCTIYeCKOi 00paboTKU PAKTHIECKOTO MaTepH-
aAa MCIOAb30BAAM CTATHCTHYECKUH TakeT Statistica ver. 10
(2011), pasanaus cunrau sHaymMbivMu nipu p<0,0S. Pesyan-
TaThl NCCACAOBAHMUI OIMCAHBI C IIOMOILIBI0O METOAOB OIIHCA-
TEABHOH CTaTHCTHKH.

Bce marueHTBI IpeABAPUTEABHO ITOATIMCAAU $OPMY HH-
$OpPMUPOBAHHOTO COTAACHSA HA yYacTHE B HCCACAOBAHHH.
IporpaMma HCCAGAOBAHIS, COAEPIKAHIE HHYOPMUPOBAHHOTO
COTAACHS, A TAK)Ke MATEPUAABI CTATHH OAOOPEHBI AOKAABHBIM
aruyeckuM komurerom PI'BOY BO «Hosocubupckuit ro-
CYAQpPCTBEHHbIN MeAUITMHCKUI yHUBepcuTeT> 1 [BY3 HCO
«I'KB Ne 2.

Pesyabrarsi n 006cysxaenne. ITo pesyabraTam mpoBeaéH-
HBIX HCCACAOBAHMI, OBIAO YCTaHOBAEHO, 4TO O0AbHSBIe BB B co-
yeranuu ¢ Al (rpynma 2), umMeAn camble BBICOKHE 3HAYeHHS
MoaekyA apresuu SPECAM-1, npespimas B 1,2 pasa mokasa-
TeAH y IALMEHTOB C U30AUPOBaHHOM Ppopmoit BB (rpynma 1),
B 1,3 pasa — mokasarean y 6oabubix ¢ Al (rpynmna 3), B 3,4
pasa — I0OKa3aTeAu rpymnbI KOHTpoAs (rpymma 4) (ma6a. 1).
Maxkcumaasbie ypoBau sSVCAM-1 Takoke OBIAM BHISIBACHSBI B
rpymme 60apHbIX BB B coueranunu ¢ AI': oHE OKa3aAUCH BbI-
Ille AHAAOTMYHBIX 3HAYEHHI y OOABHBIX C U30AHMPOBAHHOM
dopmoii Bb B 1,4 pasa, c AT — B 1,5 pasa, 1o KOHTPOAbHOH
rpymme — B 1,9 pasa (p<0,05). Hau60aee BbICOKHI1 ypoBeHb
sP-ceaexTnHa ObIA 3aduKcHpOBaH y 60AbHBIX BB B couera-
Hu ¢ AT oH okasaacs B 1,3 pasa Bbiute, yeM y 60abHBIX BB,
B 1,5 pasa — marmenTos ¢ Al u B 2,4 pa3a Bblllle TOKa3aTeAs
1o rpynne KoHTpoas (maba. 1).

IloxasaTear MapkepoB COCYAMCTOH IpoAHpepanyuu o
rpynnaM 1-3 uMeAW 3HAYMMble OTAMYHS OT KOHTPOABHOM
rpymmst 4. Tak, nokasareab TGF-P1 B maasme 60abHbIX ¢ AT
IpeBbIIIaA II0OKa3aTeAH 1o rpymme 4 B 1,3 pasa, B rpymnme Bb
— B 1,6 pasa, no rpynme BB u AT — B 1,8 pasa (maé6a. 2).
3uavyennst TGF-f1 B rpymnme BB B couerannu ¢ AT B 1,4 pasa
TpeBbIIAAK ToKasaTer 1o rpymne ¢ AT (rpynma 3). Ilpu
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Tabauna 1
CpaBHHTEeAbHASI XAPAKTEPHCTHKA MOAEKYA AAT€3UH B HCCAEAYEMBIX IPyNIIaX NAHeHTOB
ITokasarean KonTpoas Has rpynma AT (rpynma 3) BB (rpynma 1) BB+AT (rpynma 2)

M

SPE“Ceﬁfl":ff;;‘f 2,3%1,1 5,9+1,3* 6,5+1,6* 7,841 4%
Moaexkyaa apresun * * *k
SVCAMLL eeath 9,3+1,5 13,81,8 14,1£2,9 20,4+2,3
sP-ceaextuH, Hr/MA 32,6+4,1 53,8+4,6* 61,7+4,5* 79,5+4,3*

ITpumeuanus: * — B cpaBHeHHH C KOHTPOABHOM rpymnoit (rpymma 4), p<0,0S; ** — B cpasnenuu c rpynmoit 3 (c AT), p<0,0S.

Tabauna 2
OyHKIMOHAABHOE COCTOSIHHE 9HAOTEAHS Y GOABHBIX BHOpanHOHHON (GOAe3HBIO B COYETAaHHH C AapTEPHAABHOM
runepTeHsnen
IMoka3aTean Km;;l;(:ﬁi’a“aﬂ AT (rpymnma 3) BB (rpymma 1) BB+AT (rpymma 2)

Tpancpopmupyromuit Gpakrop * * -

pocra 1 (TGF-ﬁI) Hr/MA 29,8+4,7 37,4£5,2 46,9+6,4 53,7£6,9

dakTop pocra SHAOTEAUS CO- * " .

cyaos (VEGE) mir/ma 49,616,9 132,4£11,3 175,9£13,7 197,6£12,6

UnpynmbeAbHas CHHTa3a OK- % -

ctns asora (INOS) mats 0,33+0,09 0,320,07 0,1£0,08 0,1£0,09

DHAOTEAUH- 1, MKT/MA 5,310,1 7,910,3 7,910,2 13,210,2

INpumMeuanus: * — KpHTepUil AOCTOBEPHOCTH Pa3AHUMIL OT KOHTpoAs, p<0,05; ** — kpuTepuit AOCTOBEPHOCTH PAa3AMYMI OT IPYIIIIbI

AT, p<0,0S.

u3ydeHUH copepxxanus B KpoBu VEGF, KOTOpBIH, COTAACHO
H. Brunner et al. (2005) [24], cBupeTeabcTByer 0 nepecTpoit-
Ke COCYAMCTOH apXHTEeKTOHMKH, YCTAHOBAGHO, UTO CPEAHHE
3Ha4YeHHMs 110 KOHTPOABHO rpynmne (rpymma 4) 6b1an MHOTO-
KPATHO IPEBBIIIEHHI IO BCeM 00CACAOBAHHBIM IPYIIIAM HOAD-
Hbix (rpymmst 1-4), B ToM 4ucae mo rpynne 60abHbIX ¢ AT
— B 2,7 pasa, o rpyme 60apHbix ¢ BB — B 3,5 pasauy
6oabubix BB B coserannn ¢ AT’ — B 4,0 pasa. Tparcopmu-
pyromuit pakTop pocTa B CPABHEHUH C IPYIIIOi 4 (KOHTPOAD-
Has rpymnna) 6b1a Bbume no rpynme 2 (BB+AT) B 1,8 pasa,
no rpymme 1 (BB) — B 1,6 pasa, o rpynne 3 (AT) — B
1,3 pasa. ITokxasarean HHAyun6eAbHoﬁ CHMHTAa3bl OKCHAQ a30Ta
B CpaBHEHUH C IPyMNoit 4 (KOHTPOAbHAS IpyTINa) GbIAK HIDKe
no rpynme 2 (BB+AT) B 39,2 pasa, no rpynmne 1 (BB) — B
2,5 pasa, no rpynmne 3 (AI') — B 1,2 pasa. [To unporeanny-1
B CPaBHEHHH C Ipymnoi 4 (KOHTPOAbHas Ipymna) 6bia Bbie
no rpynne 2 (BB+ATl') B 2,5 pasa, no rpynne 1 (BB) u o
rpynne 3 (AT') — B 1,5 pasa.

Crarucridecky 3Ha9MMble ACCOIMAIIIU TeHOTHUIIOB ITOAH-
Mop¢Hbix BapuanToB renos EDNI1, VEGF u NOS3 B nomy-
asguu nanuertos ¢ Al u BB npeacraBaenst B mabauye 3.

Ipu usyyeHny asreAeil reHOB, ACCOIMHPOBAHHBIX C CO-
cTosHHeM QYHKIHH S9HAOTEAUs y 6oAbHbIX BD B coueranuu
¢ AT, 6BIAO 3apeTHCTPUPOBAHO YBEANYEHIE JACTOTHI BBISIBAE-
Hus moauMopduoro Bapuanta T/T rena NOS3(e) — 8,7%
CAy4aeB, YTO AOCTOBEPHO IIPEBbIIIAAO He TOABKO CPeAHHE 3Ha-
YeHHS 110 KOHTPOABHOH rpyrme — B 1,6 pasa (p<0,05), Ho
1 MAGHTHYHbIE TTOKasaTeAu 1o rpymmne ¢ AI' — B 1,25 paza
(p<0,05).

O6wenpusHanHo, 4T0 9HAOTeAHAAbHAss NO-cuHTa3a ¢ Asp
B 298 [IOAOKEHHH ABASETCSI 065EKTOM CEAEKTUBHOTO IIPOTE0-
AM32 B KACTKAX 9HAOTEAHS, B PE3yAbTATE Yer0 HApYIIaeTcs eé
(depMeHTaTUBHAS AKTUBHOCTD, IIPUBOASL K CHIDKEHHIO IIPOAYK-
nuu NO, BCAGACTBHE Yero MOHMKAETCS Ba30AMAATAIMOHAAS
¢ynknusa. ITaTororndeckoe BAMAHHE HOAMMOPQHOTO BapH-
aura T/T cBS3aHO CO CHIDKeHMEM aKTUBHOCTH paboTsl dep-
MeHTa, YTO PUBOAUT K yMeHblIeHuI0 Boipaborku NO u siB-
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AseTcst GaKTOPOM PHCKA SHAOTEAMAABHOM AncyHKimu [11].
B pesyasrare usyuenus noaumoppuszma GS66ST rena EDN1
aHpoTeArHa-1 155370 y 06cAeAOBAHHBIX OOABHBIX OKA3aA0Ch,
410 y 60AbHBIX BB B coueranuu ¢ AT aasean G/G, xapaxrep-
HBIE AAS AMI] C HOPMAABHBIM A\, pETHCTPUPOBAAUCH TOABKO
B 55,1%, 4TO OTAMYAAO UX OT KOHTPOABHOM I'PYIIIBI IO AQH-
HOMY Tiokasateato B 1,3 pasa (p<0,05), B TO Bpems Kak mio-
Anmop bt Bapuant T/ T perncrpuposaacs B 5,8% caydaes,
YTO 3HAYMMO IPEBBIIAAO KAK 3HAUEHHS B KOHTPOABHO IPYII-
ne — B 2,1 pasa (ps0,0S), TaK U UACHTUYHbIE [TI0KA3aTEAU B
rpymme AI' — B 1,4 pasa (p<0,05).

®akrop pocra supoteans cocypos (VEGE) siBasercs an-
THOTEHHBIM PaKTOPOM, HHAYLIUPYIOIUMCS THIIOKCHEH, MOAY-
AVIPYIOIIUM COCYAUCTBIH TOHYC U IIOAAEPKUBAIOLIHIT IIEAOCT-
HOCTb COCYAOB, IIOAABASIOLMIM AIIONTO3 9HAOTEAHAABHBIX KAE-
TOK U MHTHOUPYIOIMM aATe3HI0 ACHKOIUTOB M arperaljiio
Tpom6ouuTos. Ilpu usydennn nosumopusma resa VEGF
HanMeHee OAATONPUSITHBIA BAPHAHT OTMeYaACs y 60AbHbIx BB
B couerannu ¢ Al': ansean G/G perucrpuposasucs B 7,2%
CAy4YaeB, 4TO 3HAYMMO IIPEBbIMAAO KaK KOHTPOAbHbIE 3HaUe-
HUs1 — B 2,7 pasa (ps0,0S) , TAK U UACHTHYHbBIE [TOKA3aTEAU
B rpynne AT — B 1,7 pasa (p<0,05).

ITpoBeaéHHbIN MHOXECTBEHHBIH KOPPEASIIMOHHBIN aHa-
AM3 TIO3BOAUA BBISBUTb IIpsIMblE M OOpaTHbIe KOPPEASIIUOH-
HbIe CBSI3M MapKepOB 9HAOTEAMAABHON AMCOYHKIHUH APYT C
ApyroMm. Tax, y 60abubix BB B coueraruu ¢ AT' 6b1au 06Hapy-
JKeHbI B3aUMOcBs3u yposHs Moaekya NOS3(e) ¢ renorumom
T/T NOS3(e), r=-0,82 (p<0,05); snpoTeanta-1 — c rexo-
tunom T/T EDN1, r=0,72 (ps0,0S). ITpu aTom B3auMOCBA3U
ypoBHS pakTopa pocta supoTeaus cocyaos (VEGF) c rexo-
tunoM G/G VEGF mokasaAu AOCTOBEPHYIO IPSIMYIO KOppe-
asumo (r=0,67, p<0,0S), a TpaHchopMupyIomero $pakropa
pocra B1 (TGF-B1) c renoruniom T/T TGF-f1 — (r=0,65;
p<0,05).

¥ nanpenTos c AT (rpymma 3 ) 65141 06Hapy>KeHbI B3aUMOC-
Bsi3u yposrs MoaekyA NOS3(e) ¢ renorumom T/T NOS3(e) ¢
o6parHoit koppeasuueit (r=-0,62; p<0,05); snp0TeAMHa-1 ¢
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Tabauma 3

Pacnipepsesenue gacror resorunos EDN1, VEGF u NOS3 B nonyAInun DanueHTOB C apTePHaAbHOM runepTeH3nei n

BHOpPanHOHHO 60A€3HBIO

I'en Pacnpeaesenne reHOTHIOB, 1 (%) e Kp:;;l:;}fllji;;j\{;;nﬁ

GG 23 (38,3)

EDN1 GT 29 (48,3) 24,5 0,01
T 8 (13,4)
CcC 40 (66,7)

VEGF CG 18 (30) 25,5 0,01
GG 2(33)
GT 29 (48,3)

NOS3 24,4 0,01
T 4(6,7)

Ipumeyarue: y* — KpuTepuit Xu-KBappar.

rexotunom T/T EDN1 — npu npsivoit koppeasttmu (r=0,57;
p<0,05). Vsydenue B3aMMOCBSI3ei1 ypoBHS paKkTopa pocTa 9H-
poteans cocypos (VEGF) ¢ rerorunom G/G VEGF noxasaaun
HaAMdMe psAmoil koppeasuuu (r=0,59041; p<0,05).

B rpymme 60abHbIX BD BbIIBA€HBI B3aUMOCBSZH MEXAY
yposrem moaexyr NOS3(e) u renorunom T/T NOS3(e) c
o6parnoit koppeasyueit (r=-0,62; p<0,0S), supoTeAnHa-1
u reroruna T/T EDN1 — npu cAaboit IpsIMO KOppeast-
uu (r=0,39; p<0,05).

MHOXeCTBEHHbIN KOPPeAAIIMOHHBIA aHAAH3 TO3BOAUA
ycraHOBHTb y 60AbHbIX BB B coueranuu c AT (Bropas rpyn-
1a) TpsiMble M 06paTHble KOPPeASLUOHHbIE CBSI3H MApKEPOB
9HAOTEAMAABHON AMCOYHKIIMH APYT C ApyToM. B ToM ducae,
MexAy yposHeM Moaekya NOS3(e) u wactoToit Bcrpevaemo-
ctu T/T rena NOS3(e) roxyca (r=-0,82; p<0,05); Mexay
Tpancdopmupyromum paxropom pocta p1 (TGF-f1) u re-
norunom T/T TGF-B1 (r=0,65; p<0,05); Mexay paxropom
pocra anpoTeans cocyaos (VEGF) u renorunom G/G VEGF
(r=0,67; p<0,05).

IoBbImeHHOE COAepIKAHME B ITAA3Me KPOBH MOAEKYA aA-
resuu (sVCAM-1, SSCAM-1), a Takxe yBeAuueHue psiaa cyo6-
cTaHLMil (TOMOLHMCTEHHA, OKMCAGHHBIX AMIHAOB, OKCHAA
a30Ta U Ap.) B KpoBu 60AbHbIX BB B coueranuu c AT cupe-
TeABCTBYIOT O HOAee BBICOKOM COCYAMCTOM PHCKe H HebAa-
TONPUSTHOM KAPAMOBACKYASIPHOM IIPOTHO3€ 00CAEAOBAHHBIX
IAI[1eHTOB.

Y 6oasubix BB B couerannn ¢ Al BbIIBACHA IOBBIIIEH-
Hast 9KCIIpeccrst P-ceAeKTHHA, AAT€3UBHON MOAEKYABI, CIIOCO0-
CTBYIOIjel B3ANMOACHCTBHIO AKTHBUPOBAHHBIX 9HAOTEAHAAD-
HBIX KACTOK C ACHKOITUTaMH.

CorAacHO pe3yAbTaTaM HCCAEAOBAHHS, B IAA3Me 0OAb-
HBIX C COUYETAHHOH ITATOAOTHEH IT0Ka3aTeAH MapKepPOB COCY-
AHMCTOM IPOAH(pEPALHH HMEAU CYIeCTBEHHbIe OTAHYHS OT
KOHTPOABHO Ipymsl: mokasareab TGF-B1 mpessiimaa 3Have-
HUS 110 YeTBepTOii rpymite B 1,8 pasa, a Takxke AOCTOBepHO (B
1,4 pasa) OTAMMAACS OT TAPaMeTPOB B TpeTheii rpymme. [lpu
H3yYeHHH COACP)KAHHA B IAa3Me PaKTOpa pOCTa IHAOTEAHUS
cocyaos (VEGF) okasaaoch, 4TO B CPaBHEHUH C 4eTBEpTOl
TPYIIION 3HAYEeHHUs OBIAM MHOTOKPATHO BBIIIE BO BCeX 0bcAe-
AOBAHHBIX IPYIIAaX OOABHBIX, B HANOOABLIEN CTEIIEHH — Y
6oabbix BB B coueranuu ¢ AT (B 4 pasa), uTo cBUAETEAD-
CTBOBAAO O CTHMYASIIIHH IIPOIIECCOB COCYAUCTOTO PEMOACAH-
poBanusi. Y 60abHbix BB B coueranuu ¢ AI' BhIIBA€HBI Tak-
XKe HanboAee HU3KMeE YPOBHU HHAYLHOeAbHON NO-CHHTa35L
— B 3,9 pasa HUKe KOHTPOABHO! rpynmsl (4eTBEPTOIL), 4TO
CBUAETEABCTBOBAAO 00 ACENITHIECKOM BOCIIAAUTEABHOM IIPO-

Ijecce B 9HAOTeANH. B rpymmax 60abHbIX ¢ BB B coueTannu ¢
AT (BTopas rpynma) BhIIBAEHO AOCTOBEpPHOE IOBbIIIEHHE Ba-
30IpecCOPHOro GakTOpa IHAOTEAMHA- 1, CBUACTEABCTBYIOEe
O BBIPOXKEHHOM HApYILIEHHH COCYAOABUIATEABHON QYHKIUU
9HAOTEANSI C IpeobAAAAHIIEM BA3OKOHCTPUKIIUH.

PesyAbTaThI HCCAGAOBAHIA MAPKEPOB JHAOTEAHAABHO-KAE-
TOYHOTO TeMOCTa3a, [I0KA3aTeAeH COCYAUCTO-TPOMOOLUTAp-
HOTO IeMOCTa3a 1 IOKa3aTeAeH TAA3MEeHHO-KOAr yASIIHOHHOTO
reMOCTa3a IPeACTaBACHbI B mabauyax 4, S u 6.

Y 6oabubix BB B coueranuu c¢ Al' BblsBA€H NOBbILIEH-
HBIA ypOBeHb MapKepOB reMOCTa3HOAOTMYECKHX Hapylle-
HUM, MMEIOIHMX OTHOIIeHHe K TPOMOOTeHe3y 1 B IepPBYIO
odYepeAb, OMOOCIIOHAMHA, KOTOPBIN OIIOCPEAYET AATE3UIO
TPOMOOLIUTOB K CyO9HAOTEAMIO: €ro ypoBeHb y 06cAea0-
BAaHHBIX OOABHBIX IIPEBBINIAA ITOKA3ATEAH II0 KOHTPOABHOM
rpymnme B 2,0 pasa. OpHOHaIIpaBAeHHbBIE H3MEHEHHUs Kaca-
AMCh GUOPOHEKTHHA, YYaCTBYIOIErO B aATe3HH TPOoMOOIU-
ToB: B rpymie Bb B coderanun ¢ Al' sHaveHns nmokasareas
IPeBBINIAAY IIOKA3aTeAN IO KOHTPOABHOI rpymme B 1,8 pasa,
YTO YKa3bIBAAO HA MOBBIIEHHE YyBCTBHTEABHOCTH KAETOK
FAQAKHX MBIIIIY, SIIUTEAHOLUTOB, PHOP0OAACTOB K PpakTOpam
POCTa H MOTAO CIIOCOOCTBOBATb PEMOACAUPOBAHUIO CTEHKH
COCYAOB.

Boicoxuit ypoBeHb TPOMOOIUTAPHOIO PakTOpa pocTa
(PDGF-BB), BbI3bIBAIOIIETO TUITEPTIAASUIO U TUITEPTPOPHIO
FAQAKOMBIIIEYHBIX KAETOK APTEPUOA, B rpyIe 60abHbX BB B
coueranmnu ¢ Al' Takxe yKa3bIBaA Ha BOSMOXKHOCTD H3MEHEHHS
APXUTEKTOHHKH COCYAOB Y OOABHBIX C COYeTAHHBIMU pOpMa-
MU TIATOAOTHH, OTAMYAACH OT YeTBepTOH rpymmsl B 1,5 pasa.

Ha BripaxxeHHOe IOBpeXAGHHE COCYAMCTOH CTEHKH Y
60AbHbBIX ¢ BB B coerannu ¢ Al ykasbiBaa Taxoke BHICOKHI
YPOBEHD B KPOBH OOABHBIX (1,-MAKPOTAOOYAHHA, IIPeBbIIIAB-
IIero IOKa3aTeAM IO KOHTPOAbHOM rpymne B 1,4 pasa, uTo
YKa3bIBAAO Ha AKTHBALMIO TPOMOOLMTOB U CEKPeLiHi0 UMU
IIpOTeas, MOBPEXAAOIUX SHAOTEAMH, BHI3BIBAIONMX MeCT-
Hble BOCIIAAHTEAbHbIE PEaKIMM M BHEKACTOUHbIN $pubpos,
BEAYIIMX K CHIDKEHMIO JAACTHYECKUX CBOMCTB COCYAOB H,
CAEAOBATeAbHO, K YBEAUYEHHUIO PHCKA CePAEIHO-COCYAUCTBIX
ocaoxHeHHH. O BHIPaXXeHHOM ITOBPEXACHHH COCYAMCTOTO
9HAOTEAHMS Y MALIEHTOB BTOPOM IPYIIIIBI CBUACTEAbCTBOBAAK
BBICOKIE YPOBHU TPOMOOMOAYAMHA, B 2,1 pasa IpeBbIIIaBIIye
IIOKA3aTeAM 110 KOHTPOAbHOM Ipymme. O MeMOpaHHOM aKTH-
BAaIlMU TPOMOOLIMTOB M YCHACHHH BHY TPUKATOYHOTO CHHTE3a
SHAOTEHHBIX IIPOArPeraHToB y 60AbHbIX ¢ BB B coueranuu c
AT cBHAETEABCTBOBAAO YBEAMYEHHE arperallioHHON QyHK-
IUU TPOMOOLIUTOB MPAKTUYECKH HA BCEX HCIIOAb3YeMBIX B
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Tabauna 4

CocTosiHHE MapKepOB SGHAOTEAHAABHO-KAETOYHOI'O IéMOCTa3a Y 06CAEAOBAHHBIX GOABHBIX APTEPHAABHOM IHIIEPTEH-
3ueil, BHOPaHOHHOM 60A€3HBIO H COYETAHHBIMU (POPMAMHA MATOAOTHH

Toka3areab Tpymna c BB BB + AT (8Topas) AT (Tperns) Konrpoasuas rpyn-
(mepBas) na (zerBepras)
TpoM6ocOHAUH, HI'/MA 53,745,9* 76,8+7,27 64,516,4* 38,5+4,9
®ubponexTuH, MKr/MA 339,7+19,5 412,8+18,5* 352,5+£16,3* 225,6£18,5
?gg&%‘fﬁgaﬂj‘/’m‘ba“T°F pocra 249,5+29,4* 302£36,8" 279,4£32,7 196,9£25,5
a,-MaKpOrAo6yAnH, r/A 1,98+0,1* 2,36+0,03* 2,15+0,1* 1,63+0,1
Tpom6oMoAyAuH Hr/MA 1,39+0,1* 1,98+0,07* 1,69+0,1* 0,96£0,1
Oubpunonentup (FPA), ur/ mMa 1,16+0,1 1,82+0,08* 1,48+0,1* 0,9240,1
AXTHBHOCTD AQ3MHUHOT€eHa, % 86,4124 73,412,221 81,6+2,3* 91,5+2,2

IMpumeuanus: ¥ — KpUTEPHIT AOCTOBEPHOCTHU PasAH4Uil OT KOHTpoAs, p<0,05; A — KpUTepHil AOCTOBEPHOCTH pasamduii oT rpymmsl Al

p<0,05.

Tabauna S

CKPI/IHI/IHI‘OBI)IC IMOKa3aTeAHn COCYAI/ICTO-TPOMGOHI/ITapHOI‘O reMocrasay 60ABHBIX Bnﬁpaunommﬁ 60Ae3HDbIO B COUe-

TaHHUH C APTePHAAbHON rHNepTeH3HeH

ITokasareAb Tpynma c B BB + AT (8Topas) AT (Tperns) Konrposuas rpyn-
(nepBaﬂ) ma (‘leTBepTaﬂ)
Koansecrso rpomborpuros » mas- 237,5+15,9 231,7£12,7 241,1£12,4 249,6+13,6
Ke, TBIC./ MKA
Cymvapiaz pearins BHcBO60x- 122,9+3,4* 131,2:44,1*A 115,3£2,4* 100,2+3,3
AeHus, %
axtop BrseOpaiiaa v maas- 137,643,1* 153,3£3,3% 123,143,4" 90,8£3,5
)
CHOHTaOHHaSI arperanus Tp0M6o- 32,5+1 2% 39,041,3% 31,26%1,4* 2491+1,1
LUTOB, %

IMpumeuanus: * — KpHUTepHUil AOCTOBEPHOCTHU PAasAMUMIL OT KOHTPOASL, p<0,05; A — KpUTepHIil AOCTOBEPHOCTH Pa3AUYHIL OT OKa3aTeAeH

rpymmst AT, p<0,0S.

Tabauna 6

CKpHHHHIOBbIe IOKA3aTEAH IAA3MEHHO-KOAryASINHOHHOT'O reMOCTa3a y 60AbHbIX BHOPAHOHHOI 00A€3HBIO B COUe-

TaHHH C APTEPHAADHOM THNIEPTEH3HEH

IToka3saTeab Tpymna c BB BB + AT (sTopas) AT (Tperps) Komrpoasnas rpym-
(mepBas) na (sersepras)
AIITB, ¢ 37,9129 37,522 38,1+2,1 39,4125
IporpombuHOBELi TecT, % 17,4+0,6* 18,1+0,4* 16,3+0,5 15,6£0,3
TpoMOUHOBBIIT TecT, ¢ 17,210,8 17,3+0,8 17,8+0,7 15,2+0,7
Oubpusores, r/a 4,1+0,2* 4,0+0,5* 3,940,3 3,1£0,2

IMpumeuanus: ¥ — KpHUTepUil AOCTOBEPHOCTH Pa3AUUMIl OT KOHTpoas, p<0,0S.

CTAHAAPTHBIX Pa3BeAeHHUAX QU3MOAOTHYECKUX MHAYKTOpAX
arperanun (AA®D, appeHaAuH, KoAAareH, TPOMOMH), TakxKe
OBIAO BLISBACHO yBeAMYeHHe IeHepaljii i aKTHBHOCTU dak-
Topa BraseOpanpa B aazMe KpoBH, ACCOLMUPOBAHHOE C Ha-
PYLIEHISIMU COCYAUCTO-TPOMOOLUTAPHOTO IeMOCTa3a, ITO
HOATBEPKAAET XapPaKTEPHOCTDb AASL AQHHOM I'PYIIIBI TAITHeH-
TOB QHOPHUHEMUH U yMepPEHHO IUIePKOAryASILH. Y MaljieH-
TOB IIePBOM, BTOPOIT U TPETheH IPYIII HAOAIOACHNUS OBIAY BbI-
SIBAGHDI PA3AMYHBIE MEXaHH3MbI AKTUBALIMH TPOMOOLUTOB
cBépTriBaHMA KpoBH. Tak, mpu AI' — mpeuMymecTBeHHbIe
Ipe- ¥ S9HAOTEAHNAAbHbIe MEXaHU3MbI CBEPTHIBAHMSA C AKTHBA-
el KOHTAaKTHOM arperanuy, npu Bb — npenmymecTseHHO
MeMOpaHHbIe MEXaHU3MBI CBEpThIBaHuUs, a npu BB ¢ AT —
BHYTPHKAETOYHbIE U BHYTPHUCOCYAMCTbIE MEXaHU3MBbL

B rpynme manueHTOB € coveTaHHbIMH GOpMaMH Ma-
TOAOTHMM HAGAIOAAAOCH yBEAMYEHME IIPOTOPOMOMHOBOIO
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BpeMeHHM, XapaKTepU3yIONero BHYTPHCOCYAMCTOE CBEp-
THIBaHMe 10 BHEIIHUM MEXAaHH3MaM U IIOBbllleHHe GuOpH-
HEMHUH, 4YTO IOATBEPKAAAO QUOPHHEMHIO M yMepeHHYIO
THITePKOATYASIIIHIO.

AanHble n3MeHeHMs HA POHE YCUACHHOM MPUCTEHOYHOH
U BHYTPHCOCYAMCTON aKTHBAI[UH CBEPTHIBAHUS B YCAOBHAX
BBIPOXEHHOTO 3HAOTEAH03a CIIOCOOCTBYIOT IIOBBIMIEHHOMY
YPOBHIO TPOMOMHEMHUU. DTO IIOATBEPXKAAETCS MUKPOTPOM-
OOTHYECKUMH U PEOAOTHYECKUMH CABUTAMH y 60AbHBIX BB B
coderaruu ¢ Al 4TO CIIOCOOCTBYET Pa3BUTHIO PEMOAEAUPOBa-
HMS COCYAUCTOH cTeHKU. [ IoBbIIeHHbI! PUCK PEOAOTHIECKHX
paccrporicts y 60abHbIX BB B coyerannu c AT cBsi3bBaeTcs ¢
HaAndHeM moauMopHoro BapuaHra rs1800469 rena TpaHc-
dopmupyromero paxropa pocra f1 (TGE-B1), koropsui crio-
cobcTByeT yBeAndeHui0 koandectsa TGF-P1: moaumopHbIit
BapuanT T/T BbisiBAsACS B 14,5% caydaes, 4TO IpPEBBIIAAO
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3HaueHus KOHTPoAs B 1,34 pasa (p<0,01). MexAy Mapkepamu
CHCTEMHOTO I'eMOCTa3a U IOAMMOP$HBIMH BapHAHTaMK I'eHOB
y 60abHbIX BB B couertanuy ¢ AT 6b1a1 06HapYKeHBI B3AMOC-
BSI3U ME@XAY ITOKA3aTeAIMH aKTUBHOCTH IIAA3MHIHOTEHa C TO-
mosurotamu 4G/4G (r=-0,76; p<0,05); u renorunom SG/4G
rena naasmunorena PAII (r=-0,62; p<0,05); dubponexruna
— c romosuroramu 4G/4G (r=0,66; p<0,05); u renoTunom
5G/4G rena maasmunorena PAII (r=0,59; ps0,0S). Taxoke
0blAQ YCTAaHOBAGHA B3aMMOCBSI3b MEXAY yPOBHeM TPOMOO-
cionauna u TGF-BB (r=0,49; p<0,05).

BoiBoAbI:

1. Dudomeruarvras Jucdynkyus npu subpayuoHHoii
0oAe3Hy 6 COMeMAHUU C ApmepudasbHoll eunepmensued
xapaxmepusyemcs Kcnpeccueti cuzHaAbHbiX moAekys sPE-
CAM-1, sVCAM-1 u sP-ceaexmuna, cHudceruem uHOyyUOEALHOT
NO-cunmasel, napacmanuem yposus dndomesuna-1
coMemanuu ¢ ycuAenrot ewipabomkoii Pakmopa pocma
andomeaus cocydos (VEGF) u mpancdopmupyrowezo daxmopa
pocma (TGF-B1).

2. OudomeAuarvhvie mapkepbl npu  COHeMAHHBIX
sapuanmax SuOpPAYUOHHOU O00AE3HU U ApMepUasbHOl
2UNePMeEH3UL ACCOYUUPOBAHLL C 4ACHOMOLL HEOAAONPUIIMHDLX
NOAUMOP HBLX BAPUAHINOB 2HOB, 6 BUOE HAPACAHUS HACHONbL
arreacii T/T zena NOS3(e), sapuanmos asrseii T/T zena
andomesuna-1 u arreresi G/G eena mpanchopmupyoujezo
paxmopa pocma (TGE-P1).

3. Cucmemnviii zemocmas y 0oAvHblX BUOpayUoHHOI

Original articles

60Ae3HbI0 8 COHEMAHUL C APMEPUAAbHOL 2unepmen3uer
Xapaxmepusyemcs HApACMAaHuem yposHs mpombocnonouna
u mpombomodysuna, mpomboyumaprozo $axmopa pocma
(PDGF-BB) 8 ycr08usix crudienus aKxmusHoCmu nAG3MUH0ZeNd,
HAPACMAHUeM KOHYEHMPAYUU 0,-MAKPOZAOOYAUHA U NPOOYKMO8
pacnada ¢ubpuna 6 eude pubpunonenmuda A(FPA) u
Pubporexmuna.

4. Y borvnoix eubpayuoHHoii 60Ae3HbI0 8 COHEMAHUU
¢ apmepuaivHoil eunepmensueii onpederenvl paHHue
IHOOMEAUAAbHO-2eMOCMA3UOLOZUHECKUE — MAPKEPL
cocyducmuix Hapywenuii: yposenv undyyubeavroni NO-
cunmasel, ndomeauarvhuiii daxmop pocma cocydos (VEGF),
mpancopmupyrouguii gaxmop pocma 1 (TGFP1), adzeusnas
mosexyra (sSPECAM-1), yposens mpomboyumaprozo gaxmopa
pocma BB (PDGF-BB), akmustocms niasmunozend,
nokasamesv mpombocnonduna u $ubpunonenmuda A,
noaumopdusm 2enos naasmurozena (PAIL), sndomeruarvroii
NO-cunmasvr (NOS3(e), andomesuna-1(EDN 1) u zena
mpancgopmupyrowezo daxmopa T/T (TGF-B1).

S. Taxum o06paszom, 8 pe3ysvmame U3y4eHus KAUHUKO-
PYHKYUOHAAHBIX U MOAEKYASPHbIX — XAPAKMEPUCIUK
8ubpayuonHotl 6oAe3nu, npomexaioujesi 6 covemanuu ¢
apmepuasvroli eunepmensueti, OblAU NOAYHEHbl HOBbIE
3HAHUS, KOMOPble MOZYM BblMb UCNOAb306aAHbL OAS YAYHULEHUS
JuazHoCMuKy U Aeenus OGOAbHOIX, HAY4HO20 000CHOBAHUS
puckos 300posvio, paspabomxu npoepamm npoPuAGKmMuKY u
peabusumayuu.

Coucox AnTeparypni

1. Oganov R.G., Pogosova G.N., Koltunov LE., Irdzevskaya V.P,,
Sokolova O.Yu., Vigodin V.A. Hypertensives in Russia
are interested in a healthier lifestyle: results of the RELIF
multicenter study. Eur. J. Cardiovasc. Prev. Rehabil. 2011. 18(2):
224-32.

2. Babanos C.A., Taraposckast H.A. BubpanuorHas 60oae3Hs: co-
BpeMeHHOe IOHNMaHKe U AUQPepeHIIUaAbHbIN AarHO3. Pyc-
ckutl meduyunckuil sypraa. 2013; 35: 1777,

3. Babanos C.A., Asosckas T.A., Bakyposa H.B., bapaesa P.A. O
COBpeMeHHBIX aCIeKTaX KAACCU(UKALIMI BUOPALIIOHHOM 60Ae3-
Hu. Tepanesm. 2019; 4: 21-7.

4. 3axapenxos B.B. ComyTcTByiomue XpoHudecKie 3a00AeBaHIs
y GOABHBIX € IIPOQeCCHOHAABHOM maToAorueit. Becmuux Poccuii-
cxoii Axademuu Ecmecms. nayk 3anadno-Cub. omdeenus. Boim.
13. Hosoxkysnenk, 2011: 54-7.

S. 3axapenkos B.B. Xpoxuueckue 3a60AeBaHIs y OOABHBIX C IIPO-
deccuonaabHol maroaorueit. CoBpeMeHHbIe IIPOOAEMbBI MEAH-
LIMHBI TPYAQ, TUTHEHbI M 9KOAOTHH YeAoBeKa: mamepuaivt XLVI
Hayy.-npakm. Ko, ¢ mendynap. yuacmuem «<Iluzuend, opaanu-
3ayus 30pasooxparenus u npoPnamorozus> U cemunapa <Ax-
myaAbHble 80nPOCHL Co8pemenHoil npodnamorozuu>. Kemeposo:
Ipumyaa, 2011: 67-70.

6. Cassixuna A.IL, Ayauna E.A., lokuna C.B., TopstaeBa O.A.
CoBpeMeHHBIE aCIIeKTBI AMATHOCTUKH U A€YeHHs BUOPALJMOH-
HOI 60Ae3HU. AKIMyaAbHble HAYUHbIe UCCALI0BAHUS 6 COBPEMEHHOM
mupe. 2020; 2-2(58): 32-S.

7. Pyxasumunkos B.C. Bubpayuontas 6osestv om so3desicmeus Ao-
KaAvHoil subpayuu y 2opropabouux 8 ycaosusx Cubupu u Cesepa.
HpkyTck, 2008.

8. Kyspmuna A.IT. IToanmopdusm rea ATIP xak xpurepuit pucka
Pa3BUTHA APTEPUAABHOM THIIEPTOHUM IIPH BO3ACHCTBUY ITyMa
u Bubparuu. Ilpogeccus u 3doposve: mamepuarnt XII Beepoc.
xouepecca V Beepoccuiickozo cwe3da spayesi-npognamorozos. M.,
2013: 28S.

9. Drexler H. Endothelial dysfunction in human disease. J. Mol.
Cell. Cardiol. 2009; 31: 51-60.

10. Tepacumenxo O.H., Yauubas 3.K. OcobeHHOCTH CHCTEMHOTO
reMOCTa3a IpY ApTEPHAABHON TMIIEPTEH3UU B COYETAHUH C BH-
OpaLOHHO OOAE3HDBIO B 3aBHCHMOCTH OT THIIA BUOpariuu. Me-
duyuna mpyoa u npomvisennas akosozus. 2014; 3: 7.

11. Kapumosa A K., T'usaryaauna A.9., Bakuposa A.3. ITpopurak-
MuKa npoGeccuOHaAbHbIX U NPOU3B0OCHBEHHO 06YCAOBACHHBIX 3a-
GoAe8aHUIL Y CAECAPEli-PEMOHMHUKOB COBPEMEHHbIX Hemexumue-
ckux npoussodcme: nocobue oas spayeii. Yoa: HVM meanmmst
TPYyAQ U 9KOAOTHH YeAoBeka, 2010.

12. bapaesa P.A., bopsbix E.M. OnpOTeAMaAbHAS AMCOYHKIHSA IPU
BUOPALIMOHHON H0AE3HU KAK IIPEAUKTOP KOMOPOMAHOCTH H CO-
CYAUCTOTO cTapeHust. [uzuend, 3K0A02us u pucku 300posvio 8 co-
spementbix ycaosuax. 2020: 32—4.

13. Babanos C.A., Bapaesa P.A., Crpmwxkaxos A.A., Moucees C.,
®omun B.B. [JuToKMHOBasI peryAsIMs I 9HAOTEAMAABHAS AMC-
(YHKIUS U cOYeTaHMH BUOPALMOHHON 6OAE3HH M apTepH-
aAapHOM runepreHsuu. Tepanesmuueckuii apxus. 2021; 93&):
693-8.

14. Tueuenuneckas oyenxa npoussodcmsennvix subpayuii: ysebuoe
nocobue / Cocr.: B.O. Kpacosckuit, I'I. Makcumos, A.B. Os-
cauHnKoBa — Y¢a: Msp-80 TEOY BIIO BI'MY Munsppasa
Poccuy, 2014.

1S. IMnarusa A.H., 3axapenxos B.B., usnmonos C.H. Bubparu-
OHHasi 60Ae3HD Y PAOOTHUKOB YTOAbHBIX IIpeanpusiTuit Kys6ac-
ca. OcOOEHHOCTH KAMHUKH U XapakTep TedeHus. Qyndamen-
maavnvie uccaedosanus. 2012; 10: 153-156.

16. HImaruna AH., Tepacumenxo O.H., Hlmarun M.C., Yaun-
6asa 3.K. Poab cucTeMHOTO TeMOCTa3a B COCYAMCTOM peMOAe-
AMPOBAHUM B YCAOBMAX COYETAHMS KAPAMOBACKYAAPHON HATO-
Aorun. Becmuuk nosvix meduyunckux mexnoozuii. 2007; 14(2):
187-9.

17. Deanfield J. Endothelial function and dysfunction. J.
Hypertension. 2011; 23: 7-17.

18. Koporenxo O.IO., ITane H.H., Kopuaruna 10.C., ITanes P.H.,
Aannsos VLIT. QopmupoBaHue IIaTOAOTHK BHYTPEHHHX Opra-
HOB y IIAXTEPOB C BUOPALMOHHOI 60Ae3HbI0. Meduyuna mpyda

151



MeannuHa TpyAa ¥ IpOMBIIIAeHHAS 9KoAOTHS — 2022; 62(3)

OpI/II'I/IHaAbeIe CTaTbU

19.

20.

21.

22.

u npomsiusennas axorozus. 2020; 60(6): 399-403. https://doi.
org/10.31089/1026-9428-2020-60-6-399-403

Taraposckas H.A. CoBpeMeHHbIe IPEACTABACHHS O BAUSHHUU
BUOPALMOHHOM 00A€3HH Ha pOPMUPOBAHUE CEPACIHO-COCYAH-
cThIX Hapymenuit (0630p AUTEPATYPBY). Acnupanmckuil 6ecmnux
ITosorxncws. 2013; 5-6: 72-4.

IOnycosa 3.B. KAMHUKO-TEMOCTa3HOAOTHYECKAS XapaKTePH-
CTUKA BUOPALMOHHOM GOAE3HU C apTePHAABHOI THIIePTEH3H-
eit. Ixonomuica u coyuym. 2021; 2-2: 384-7.

Mowot A.IL Ilamosrozus zemocmasa. Ilpunyunot u arzopum-
Mol KAURUKO-AabopamopHoii duaznocmuku. Canxr-IleTep6ypr:
<<(1)opma T»; 2006.

Ala-Kopsala M., Magga J., Peuhkurinen K., Leipala J.,
Ruskoaho H., Leppaluoto J. Molecular heterogeneity has a
major impact on the measurement of circulating N-terminal

23.

24.

fragments of A- and B-type natriuretic peptides. Clin. Chem.
2008; 50: 1576-88.

Andreenko E.Y. Samokhodskaya L.M., Ershova A.L,
Boytsov S.A. Role of p22phox, endothelial NO synthase and
PAI-1 gene polymorphisms in the early development of arterial
hypertension and coronary heart disease. 7 International
Symposium on Multiple Risk Factors in Cardiovascular
Diseases — Prevention and Intervention — Health Policy
(Venice, Italy). J. of Clinical Lipidology. 2008; 2(5S): S168.
Brunner H., Cockcroft J.R., Deanfield J., Donald A,
Ferrannini E., Halcox J. Endothelial function and dysfunction.
Part II: Association with cardiovascular risk factors and diseases.
A statement by the Working Group on Endothelins and
Endothelial Factors of the European Society of Hypertension.
Journal of hypertension. 2005; 23(2): 233-46.

152



Russian Journal of Occupational Health and Industrial Ecology — 2022; 62(3)

Original articles

Lyubov A. Shpagina', Oksana N. Gerasimenko', Irina I. Novikova'? Elena Yu. Radoutskaya'?, Alena M. Gorbunova',

Yanina S. Sergeeva'

Clinical, functional and molecular characteristics of vibration disease in combination with

arterial hypertension

"Novosibirsk State Medical University, 52, Krasny Ave., Novosibirsk, 630091;
*Novosibirsk Research Institute of Hygiene, Parkhomenko St., 7, Novosibirsk, 630108

Introduction. The negative dynamics of the increase in the prevalence of cardiovascular pathology among industrial workers
observed in recent decades within the framework of the tasks of the scientific specialty "occupational health" determines the
importance of studying not only professional, but also comorbid pathology in workers, diseases accompanying the professional
route, assessing the role of production factors in the development of somatic diseases, including diseases of the circulatory
system, in in particular, arterial hypertension.
The study aims to research the possibilities of early diagnosis of vascular disorders in vibration disease in combination with
arterial hypertension based on the assessment of endothelial and hemostasiological parameters.
Materials and methods. The study involved 253 patients of the Center for Occupational Pathology of the Novosibirsk State
Medical Institution "City Clinical Hospital No. 2", including 144 people working in contact with local vibration for more than
15 years, among them 75 people with vibration disease, 69 people with a combination of vibration disease and hypertension;
72 people with hypertension those who work outside the influence of local vibration and 37 people who work outside of
contact with local vibration and have no history of hypertension. The researchers conducted a comparative assessment
of the indicators of systemic, vascular-platelet, plasma-coagulation hemostasis, the state of markers of endothelial-cellular
hemostasis. Authors determined the aggregation activity of platelets, also studied adhesion molecules, the functional state
of the endothelium. We considered the differences statistically significant at p<0.0S.
Results. During the study the researchers found that endothelial dysfunction in vibration disease in combination with arterial
hypertension is closely related to the expression of signaling molecules, an increase in endothelin-1 levels in combination
with increased production of vascular endothelial growth factor and transforming growth factor. Endothelial markers can be
associated with the frequency of unfavorable polymorphic gene variants. In systemic hemostasis, there are: an increase in
the level of thrombospondin and thrombomodulin, platelet growth factor in conditions of decreased plasminogen activity,
an increase in the concentration of a,-macroglobulin and fibrin breakdown products. We also identified earlier endothelial-
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Limitations. The study was conducted on the basis of Novosibirsk State Medical University and on the basis of the City
Clinical Hospital No. 2. The limitations of the study may be the unidirectionality of the study performed and the small sample
of patients participating in the research.
Conclusion. As a result of studying the clinical, functional and molecular characteristics of vibration disease occurring in combination
with arterial hypertension, scientists have obtained new knowledge. It is possible to use such knowledge to improve the diagnosis and
treatment of patients, scientific justification of health risks, development of prevention and rehabilitation programs.
Ethics. All patients have previously signed an informed consent form to participate in the study. The Ethics Committee of
the Novosibirsk State Medical University and the State Medical Institution of the City Clinical Hospital No. 2 has approved
the research program, the content of the informed consent, materials of the article.
Keywords: molecular mediators; functional markers; vibration disease; arterial hypertension; cardiovascular pathology
For citation: Shpagina L.A., Gerasimenko O.N., Novikova LI, Radoutskaya E.Yu., Gorbunova A.M., Sergeeva Ya.S. Clinical,
functional and molecular characteristics of vibration disease in combination with arterial hypertension. Med. truda i prom.
ekol. 2022; 62(3): 146-158. https://doi.org/10.31089/1026-9428-2022-62-3-146-158
For correspondence: Irina I. Novikova, Director of the Novosibirsk Scientific Research Institute of Hygiene of Rospotrebnadzor,
Dr. of Sci. (Med.), Professor. E-mail: novik_ir70@rambler.ru
Contribution:
Shpagina L.A. — concept and design of the study, literature review, writing the text, editing;
Gerasimenko O.N. — writing the text;
Novikova LL — concept and design of the study, literature review, editing;
Radoutskaya E.-Yu. — literature review, data collection and processing, writing the text;
Gorbunova A.M. — data collection and processing;
Sergeeva Ya.S. — data collection and processing.
Information about the authors: Shpagina L.A. https://orcid.org/0000-0003-0871-7551

Gerasimenko O.N. https://orcid.org/0000-0002-9742-0479

Novikova LI https://orcid.org/0000-0003-1105-471X

Gorbunova A.M. https://orcid.org/0000-0002-1593-3984
Funding. The authors carried out the study with the financial support of the RFBR and the Ministry of Education, Science
and Innovation Policy of the Novosibirsk Region within the framework of scientific project No. 77-44-540009.
Conflict of interests. The authors declare no conflict of interests.
Received: 03.03.2022 / Accepted: 01.04.2022 / Published: 25.04.2022

Introduction. The negative dynamics of the increase in
the prevalence of cardiovascular pathology among industrial
workers observed in recent decades within the framework
of the tasks of the scientific specialty "occupational health"
determines the importance of studying not only professional,
but also comorbid pathology in workers, diseases
accompanying the professional route, assessing the role of
production factors in the development of somatic diseases,

including diseases of the circulatory system, in in particular,
arterial hypertension [1].

With the modern form of the course of vibration disease
(VD), there is a pronounced torpidity of the course and
a combined lesion of target organs, involvement of the
circulatory system in the pathological process [2-6].

In the pathogenesis of vascular lesions from the effects
of vibration, researchers noted changes due to the primary
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mechanical influence of a physical factor, neurohumoral and
hormonal shifts, lipoperoxidation processes and the formation
of systemic membranopathies, microhemocirculation
disorders, hypoxia, regenerative plastic deficiency syndrome
[7, 8]. In the processes of vascular remodeling in arterial
hypertension, an important role belongs to a violation of the
structure and function of the endothelium associated with an
increase in the concentration of oxidized atherogenic lipids,
a deficiency of nitric oxide, an increase in endothelin-1,
expression of vascular-endothelial and transforming growth
factors, a high degree of severity of inflammatory processes,
hormonal and metabolic disorders [9-11]. Disorders of the
functional state of the endothelium, neutrophils, and platelets
in patients with vibration disease are factors that stimulate
the interaction of shaped blood elements with extracellular
molecular structures of the subendothelium, as well as
increased production of markers of systemic inflammation,
leading to the restructuring of vascular architectonics [6, 12—
14]. Polymorphisms of genes associated with the regulation
of vascular tone by systemic hemostasis determine the risk of
development and progression of vascular disorders in various
pathologies [15-20]. At the same time, the endothelial-
hemostasiological continuum remains poorly studied in
association with gene polymorphism in vibration disease in
combination with arterial hypertension, which determined
the purpose and objectives of this study.

The study aims to research the possibilities of early
diagnosis of vascular disorders in vibration disease in
combination with arterial hypertension based on the
assessment of endothelial and hemostasiological parameters.

Materials and methods. The study included 253 patients
of the Center of Occupational Pathology of the City Clinical
Hospital No. 2", Novosibirsk, including: the first group —
patients with VD (75 patients with I degree of VD from
exposure to local vibration, average age 47.0+2.4 years, work
experience in contact with local vibration 15.3+1.4 years); the
second group - patients with VD and arterial hypertension
(AH) (69 patients with first degree of VD from exposure to
local vibration, in combination with AH I-II, the average age
was 47.6£2.1 years, the experience of working with vibration
was 15.7+1.2 years); the third group is AH (72 workers who
are not in contact with the vibration—noise factor, diagnosed
with AH I-II, average age 46.4+2.8 years; the fourth group is
a control group of 37 people working at the same enterprise
out of contact with vibration, average age 47.5+2.2 years).

The study examined the indicators of endothelial
dysfunction and systemic hemostasis in patients with
vibration disease in combination with arterial hypertension.
Evaluation of endothelial dysfunction included indicators
of the level of transforming growth factor f1 (TGF-p1),
vascular endothelial growth factor (VEGF), inducible nitric
oxide synthase, endothelin-1, the concentration of adhesion
molecules and polymorphism of endothelin-1 genes,

endothelial vascular growth factor, transforming growth
factor p1, endothelial NO-synthase; systemic hemostasis —
according to the level of platelet growth factor, fibronectin,
fibrinopeptide A, thrombospondin, a-2-macroglobulin,
plasminogen and plasminogen type 1 gene polymorphism.
The scientists carried out determination of endothelin-1
in blood serum by radioimmune method. We conducted
the study of systemic hemostasis in accordance with the
guidance of A.P. Momot (2006) [21]. The authors used
method of solid-phase enzyme immunoassay "sandwich'-type
to study the serum content of vascular endothelial growth
factor (VEGF), transforming growth factor B1, fibronectin,
thrombospondin 1, thrombomodulin, platelet growth factor
BB, adhesion molecules [22, 23].

For statistical processing of the actual material the
researchers used the Statistica ver.10 statistical package
(2011), and considered the differences are significant
at p<0.0S. We also described the research results using
descriptive statistics methods.

All patients have previously signed an informed consent
form to participate in the study. The local Ethics committee
of the Novosibirsk State Medical University and the State
Medical Institution of the National Academy of Sciences
"GKB No. 2" approved the research program, the content of
the informed consent, as well as the materials of the article.

Results and discussion. According to the results of
the conducted studies we found that patients with VD in
combination with AH (group two) had the highest values
of sSPECAM-1 adhesion molecules, exceeding by 1.2 times
the indicators in patients with isolated form of VD (group
one), by 1.3 times the indicators in patients with AH (group
three), 3.4 times — the indicators of the control group
(group four) (Table 1). We also detected the maximum levels
of sSVCAM-1 in the group of patients with VB in combination
with AH: they were 1.4 times higher than similar values in
patients with isolated form of VD, with AH — 1.5 times,
in the control group — 1.9 times (p<0.05). The authors
recorded the highest level of sP-selectin in patients with VD
in combination with AH: it was 1.3 times higher than in
patients with VD, 1.5 times higher than in patients with AH
and 2.4 times higher than in the control group (Table 1).

The indicators of markers of vascular proliferation in
groups 1-3 had significant differences from the control group
four. Thus, the TGF-f1 index in the plasma of patients with
AH exceeded the indicators in group four by 1.3 times, in
the VD group by 1.6 times, in the VD and AH group by
1.8 times (Table 2). The values of TGF-B1 in the VD group
in combination with hypertension was 1.4 times higher than
in the group with AH (group three).

When studying the content of VEGF in the blood, which,
according to H. Brunner et al. (2005) [24], testifies to the
restructuring of vascular architectonics, the authors found
that the average values for the control group (group four)

Table 1

Comparative characteristics of adhesion molecules in the studied groups of patients

Indicator Control group AH (group three) VD (group one) VD+AH (group two)
SPECAM:1 adhesion 2311 5.9+1.3* 6.5+1.6* 7.8+1.4%
molecule, ng/ml
SVCAM:1 adhesion 9.3+1.5 13.8£1.8* 14.1£2.9* 20442.3"
molecule, ng/ml
sP-selectin, ng/ml 32.614.1 53.8+4.6* 61.7+4.5* 79.5+4.3*

Notes: * — in comparison with the control group (group 4), p<0,05; ** — in comparison with group 3 (with hypertension), p<0,05.
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Table 2
Functional state of the endothelium in patients with vibration disease in combination with arterial hypertension
Indicator Control group AH (group three) VD (group one) VD+AH (group two)
Transforming growth factor « « x
BL(TGE-1) ng/ml 29.8+4.7 37.4£5.2 46.916.4 53.7+6.9
Vascular Endothelial Growth * * .
Factor (VEGE) pg/ml 49.61£6.9 132.4+11.3 175.9+13.7 197.6+12.6
Inducible nitric oxide o o
synthase (iNOS) ng\ml 0.33£0.09 0.3+0.07 0.1+0.08 0.1+0.09
Endothelin-1, mcg/ml 5.310.1 7.9£0.3 7.910.2 13.240.2

Notes: * — criterion of significance of differences from control, p<0,05; ** — criterion of significance of differences from the AH group,

p<0,0S.

repeatedly exceeded for all examined groups of patients
(groups 1-4), including for the group of patients with AH —
2.7 times, for the group of patients with VD — 3.5 times and
in patients with VD in combination with AH — 4.0 times.

The transforming growth factor in comparison with

roup 4 (control group% was 1.8 times higher in group two
%VD+AH), 1.6 times higher in group one (VD), and 1.3 times
higher in group three (AH). The indices of inducible nitric
oxide synthase in comparison with group four (control
group) were 39.2 times lower in group two (VD+AH),
2.5 times lower in group one (VD), and 1.2 times lower in
group three (AH). According to indothelin 1, in comparison
with group four (control group), it was 2.5 times higher in

roup two (VD+AH), in group one (VD) and in group three
%AH — 1.5 times.

There are statistically significant associations of genotypes
of polymorphic variants of the EDN1, VEGF and NOS3
genes in the population of patients with AH and VD in
Table 3.

When studying alleles of genes associated with the state
of endothelial function in patients with VD in combination
with AH, the authors have registered an increase in the
frequency of detection of the polymorphic variant of the T/T
gene NOS3(e) — 8.7% of cases, which significantly exceeded
not only the average values for the control group — 1.6 times
(p<0.05), but also identical indicators for the group with AH
— 1.25 times (p<0.05).

It is necessary to admit that indothelial NO-synthase with
Asp at position 298 is the object of selective proteolysis in
endothelial cells, as a result of which its enzymatic activity is
disrupted, leading to a decrease in NO production, resulting

in a decrease in vasodilatory function. The pathological
effect of the polymorphic variant of T/T is associated
with a decrease in the activity of the enzyme, which leads
to a decrease in NO production and is a risk factor for
endothelial dysfunction [11]. As a result of studying the
GS66ST polymorphism of the endothelin-1 rs5370 EDN1
gene in the examined patients, we found that in patients with
VD in combination with AH, G/G alleles characteristic of
individuals with normal blood pressure (only 55.1%). This
distinguishes them from the control group by 1.3 times
(p<0.05), when at the same time, the authors registered
a polymorphic variant of T/T in 5.8% of cases, which
significantly exceeded both the values in the control group by
2.1 times (p<0.05) and identical indicators in the AH group
by 1.4 times (p<0.0S).

Vascular endothelial growth factor (VEGF) is an
angiogenic factor induced by hypoxia, modulating vascular
tone and maintaining vascular integrity, suppressing
endothelial cell apoptosis and inhibiting leukocyte
adhesion and platelet aggregation. During the studying the
polymorphism of the VEGF gene, scientists noted the least
favorable variant in patients with VD in combination with
AH: 7.2% of G/G alleles cases. This significantly exceeded
both the control values by 2.7 times (p<0.05) and the
identical indicators in the AH group by 1.7 times (p<0.05).

The conducted multiple correlation analysis revealed
direct and inverse correlations of markers of endothelial
dysfunction with each other. In patients with VD in
combination with AH scientists have discovered relationships
of the level NOS3(e) molecules with the genotype of T/T
NOS3(e), r=—0.82 (p<0.05); endothelin-1 — with the

Table 3

Frequency distribution of EDN1, VEGF and NOS3 genotypes in a population of patients with arterial hypertension

and vibration disease

Criterion of
Gene Distribution of genotypes, n (%) $ differences at df=1,
x (p)
GG 23 (38.3)
EDNI1 GT 29 (48.3) 24.5 0.01
T 8 (13.4)
cC 40 (66.7)
VEGF CG 18 (30) 25.5 0.01
GG 2(33)
GT 29 (48.3)
NOS3 24.4 0.01
T 4(6.7)

Note: x> — Chi-squared test.
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genotype of T/T EDN1, r=0.72 (p<0.05). At the same time,
the relationship of the level of vascular endothelial growth
factor (VEGFS) with the genotype G/G VEGF showed
a significant direct correlation 8;=O.67, p<0.05), and the
transforming growth factor 1 (TGF-B1) with the genotype
T/T TGE-1 — (r=0.65; p<0.05).

In patients with AH (group three) we found the
correlations of the level of NOS3(e) molecules with the
T/T NOS3(e) genotype with inverse correlation (r=-0.62;
p<0.05); endothelin-1 with the T/T EDNI1 genotype —
with direct correlation (r=0.57; p<0.05). The study of the
relationship between the level of vascular endothelial growth
factor (VEGF) and the genotype G/G VEGF showed a direct
correlation (r=0.59041; p<0.05).

In the group of patients with VD researchers have
identified the relationship between the level of NOS3(e)
molecules and the genotype T/T NOS3(e) with an inverse
correlation (r=-0.62; p<0.05), endothelin-1 and genotype
T/T EDN1 — with weak direct correlation (r=0.39; p<0.05).

Multiple correlation analysis made it possible to
establish direct and inverse correlations of markers of
endothelial dysfunction with each other in patients with
VD in combination with AH (the second group). Including,
between the level of NOS3(e) molecules and the frequency
of occurrence of the NOS3(e) locus T/T gene (r=-0.82;
p<0.05); between the transforming growth factor f1
(TGF-B1) and the T/T TGE-B1 genotype (r= 0.65; p<0.05);
between vascular endothelial growth factor (VEGF) and
genotype G/G VEGF (r=0.67; p<0.05).

Increased plasma levels of adhesion molecules (sVCAM-1,
sSICAM-1), as well as an increase in a number of substances
(homocysteine, oxidized lipids, nitric oxide, etc.) in the
blood of patients with VD in combination with AH indicate
a higher vascular risk and an unfavorable cardiovascular
prognosis of the examined patients.

In patients with VD in combination with AH, the authors
revealed increased expression of P-selectin, an adhesion
molecule which promotes the interaction of activated
endothelial cells with leukocytes.

According to the results of the study, in the plasma of
patients with combined pathology, the indicators of markers
of vascular proliferation had significant differences from
the control group: the TGF-p1 index exceeded the values
in the fourth group by 1.8 times, and also significantly (by
1.4 times) differed from the parameters in the third group.

When studying the plasma content of vascular endothelial
growth factor (VEGF), it turned out that in comparison with
the fourth group, the values were many times higher in all
the examined groups of patients, to the greatest extent —
in patients with VD in combination with AH (four times),
which indicated stimulation of vascular remodeling processes.
We also found the lowest levels of inducible NO-synthase in
patients with VD in combination with AH — 3.9 times lower
than the control group (fourth), which indicated an aseptic
inflammatory process in the endothelium. In the groups
of patients with VD in combination with AH (the second
group) the researchers have identified a significant increase in
the vasopressor factor endothelin-1, indicating a pronounced
violation of the vasomotor function of the endothelium with
a predominance of vasoconstriction.

There are results of the study of endothelial-cellular
hemostasis markers, indicators of vascular-platelet hemostasis
and indicators of plasma-coagulation hemostasis in
Tables 4, S and 6.

In patients with VD in combination with AH, an
increased level of markers of hemostasiological disorders
related to thrombogenesis and, first of all, ombospondin,
which mediates platelet adhesion to the subendothelium,
was revealed: its level in the examined patients exceeded the
indicators for the control group by 2.0 times. Unidirectional
changes concerned fibronectin involved in platelet adhesion:
in the VD group in combination with AH, the values of the
indicator exceeded those in the control group by 1.8 times,
which indicated an increase in the sensitivity of smooth
muscle cells, epithelial cells, fibroblasts to growth factors and
could contribute to vascular wall remodeling.

The high level of platelet growth factor (PDGEF-BB),
which causes hyperplasia and hypertrophy of smooth
muscle cells of arterioles, in the group of patients with VD
in combination with AH also indicated the possibility of
changing the architectonics of blood vessels in patients with
combined forms of pathology, differing from the fourth group
by 1.5 times.

Pronounced damage to the vascular wall in patients
with VD in combination with AH was also indicated by a
high level of a2-macroglobulin in the blood of patients,
exceeding the indicators for the control group by 1.4 times,
which indicated the activation of platelets and their secretion
of proteases damaging the endothelium, causing local
inflammatory reactions and extracellular fibrosis, leading

Table 4

State of markers of endothelial cell hemostasis in examined patients with arterial hypertension, vibration disease

and combined forms of pathology

. Group with VD . Control group

Indicator (first) VD+AH (second) AH (third) (fourth)
Thrombospondin, ng/ml 5§3.7+5.9* 76.8+7.27 64.5+6.4* 38.5+4.9
Fibronectin, mcg/ml 339.7£19.5 412.8+18.5* 352.5+16.3* 225.6+18.5
f;ageg;_g;jgyt;gf;rjﬁw 249.5429.4* 302£36.8" 279.4+32.7* 196.9+25.5
a,-macroglobulin, g/1 1.98£0.1* 2.36+0.03A 2.15£0.1% 1.63£0.1
Thrombomodulin ng/ml 1.39+0.1* 1.98+0.07A 1.69+0.1* 0.96+0.1
Fibrinopeptide (FPA), ng/ml 1.16+0.1 1.82+0.08* 1.48+0.1* 0.9240.1
Plasminogen activity, % 86.4+2.4 73.4£2.20 81.6+2.3* 91.5+2.2

Notes: * — criterion of significance of differences from control, p<0,05; * — criterion of significance of differences from the AH group,

p<0,0S.
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Table 5
Screening parameters of vascular-platelet hemostasis in patients with vibration disease in combination with arterial
hypertension
. Group with VD . Control group
Indicator (first) VD+AH (second) AH (third) (fourth)
The number of platelets in a smear, 237.5£15.9 231.7£12.7 24115124 249.6£13.6
thousand /ml
Total release reaction, % 122.9+3.4* 131.2+4.1*A 115.3£2.4* 100.2+3.3
Willebrand factor in plasma, % 137.6£3.1* 153.3£3.3*A 123.1£3.4* 90.8+3.5
Spontaneous platelet aggregation, % 32.5+1.2* 39.0£1.3*A 31.26x1.4* 24.91£1.1

Notes: * — criterion of significance of differences from control, p<0,05; » — is a criterion for the significance of differences from the

indices of the AH group, p<0,0S.

Screening indicators of plasma coagulation hemostasis in patients with vibration disease in combination with ;E'ilzlreiaél
hypertension
Indicator Grou(%:«;itt)h VD VD+AH (second) AH (third) Co?gﬁiﬁs) up
APTV, with 37,9+2,9 37,5422 38,12,1 39,4425
Prothrombin test, % 17,4+0,6* 18,1+0,4* 16,310,5 15,610,3
Thrombin test, with 17,2£0,8 17,3£0,8 17,8+0,7 15,2+0,7
Fibrinogen, g/1 4,1£0,2* 4,0+0,5* 3,9+0,3 3,1+0,2

Notes: * — criterion of significance of differences from control, p<0,05.

to a decrease in the elastic properties of blood vessels and,
consequently, to an increase in the risk of cardiovascular
complications. High levels of thrombomodulin, 2.1 times
higher than in the control group, indicated severe damage
to the vascular endothelium in patients of the second group.
Membrane activation of platelets and increased intracellular
synthesis of endogenous aggregants in patients with VD
in combination with AH indicated an increase in platelet
aggregation function on almost all physiological aggregation
inducers used in standard dilutions (adenosine diphosphate,
adrenaline, collagen, thrombin), as well as an increase in the
production and activity of Willebrand factor in blood plasma.
There are violations of vascular-platelet hemostasis. This is
typical for this group of patients, namely fibrinemia and
moderate hypercoagulation.In patients of the first, second
and third observation groups we have identified various
mechanisms of platelet activation and blood clotting. Thus,
in AH — predominant pre- and endothelial mechanisms of
coagulation with activation of contact aggregation, in VD
— mainly membrane mechanisms of coagulation, and in
VD with AH — intracellular and intravascular mechanisms.

In the group of patients with combined forms of
pathology, the authors observed an increase in protorhombine
time characterizing intravascular coagulation by external
mechanisms and an increase in fibrinemia, which confirmed
fibrinemia and moderate hypercoagulation.

These changes against the background of increased
parietal and intravascular coagulation activation in conditions
of severe endotheliosis contribute to an increased level of
thrombinemia. We also confirmed this by microthrombotic
and rheological shifts in patients with VD in combination
with AH, which contributes to the development of vascular
wall remodeling. The increased risk of rheological disorders
in patients with VD in combination with AH associates
with the presence of a polymorphic variant rs1800469 of
the transforming growth factor f1 (TGF-B1) gene, which
contributes to an increase in the amount of TGF-pI.

Scientists have identified the polymorphic variant T/T in
14.5% of cases, which exceeded the control values by 1.34
times (p<0.01). We found correlations between markers
of systemic hemostasis and polymorphic gene variants
in patients with VD in combination with AH between
indicators of plasminogen activity in 4G/4G homozygotes
(r=-0.76; p<0.05); and genotype SG/4G of the PAIl
plasminogen gene (r=-0.62; p<0.05).; fibronectin — with
4G/4G homozygotes (r=0.66; p<0.05); and the SG/4G
genotype of the PAIl plasminogen gene (r=0.59; p<0.0S).
Researchers have established a relationship between the level
of thrombospondin and TGF-BB (r=0.49; p<0.0S).

Conclusions:

1. Researchers closely link endothelial dysfunction in vibra-
tion disease in combination with arterial hypertension and the
expression of signal molecules SPECAM-1, sVCAM-1 and sP-
selectin, a decrease in inducible NO-synthase, an increase in the
level of endothelin-1 in combination with increased production
of vascular endothelial growth factor (VEGF) and transforming
growth factor (TGF-B1).

2. We associate endothelial markers in combined variants of
vibration disease and arterial hypertension with the frequency of
unfavorable polymorphic gene variants, in the form of an increase
in the frequency of T/T alleles of the NOS3(e) gene, variants of
T/T alleles of the endothelin-1 gene and G/G alleles of the trans-
forming growth factor gene (TGF-P1).

3. Scientists characterize systemic hemostasis in patients
with vibration disease in combination with arterial hyperten-
sion by an increase in the level of thrombospondin and thrombo-
modulin, platelet growth factor (PDGF-BB) under conditions of
decreased plasminogen activity, an increase in the concentration
of a2-macroglobulin and fibrin breakdown products in the form
of fibrinopeptide A (FPA) and fibronectin.

4. In patients with vibration disease in combination with
arterial hypertension we have determined early endothelial-he-
mostasiological markers of vascular disorders: the level of induc-
ible NO-synthase, endothelial vascular growth factor (VEGF),
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transforming growth factor p1 (TGFf1), adhesive molecule
(sPECAM-1), the level of platelet growth factor BB (PDGF-
BB), plasminogen activity, thrombospondin and fibrinopeptide
A index, plasminogen gene polymorphism (PAIl), endothelial
NO-synthase (NOS3(¢5, endothelin-1(EDN 1) and gene trans-
forming factor T/T (TGF-B1).

S. Thus, as a result of studying the clinical, functional and
molecular characteristics of vibration disease occurring in combi-
nation with arterial hypertension, the authors have obtained new
knowledge for improving the diagnosis and treatment of patients,
scientific justification of health risks, development of prevention
and rehabilitation programs.

References

1. Oganov R.G,, Pogosova G.N,, Koltunov LE., Irdzevskaya V.P.,,
Sokolova O.Yu., Vigodin V.A. Hypertensives in Russia
are interested in a healthier lifestyle: results of the RELIF
multicenter study. Eur. J. Cardiovasc. Prev. Rehabil. 2011. 18(2):
224-32.

2. Babanov S.A., Tatarovskaya N.A. Vibration disease: modern
understanding and differential diagnosis. Russkiy meditsinskiy
zhurnal. 2013; 35: 1777 (in Russian).

3. Babanov S.A., Azovskaya T.A., Vakurova NV, Baraeva R.A.
On modern aspects of the classification of vibrational disease.
Terapevt. 2019; 4: 21-7 (in Russian).

4. Zakharenkov V.V. Concomitant chronic diseases in patients
with occupational pathology. Vestnik Rossiyskoy Akademii
Yestestvennykh nauk Zapadno-Sibiriskogo otdeleniya. Vyp. 13.
Novokuznetsk, 2011: 54-7 (in Russian%.

S. Zakharenkov VV. Chronic diseases in patients with
occupational pathology. Modern problems of occupational
medicine, hygiene and human ecology: materialy XLVI nauch.-
prakt. konf. s mezhdunar. uchastiyem «Gigiyena, organizatsiya
zdravookhraneniya i profpatologiya> i seminara <Aktual'nyye
voprosy sovremennoy profpatologii>. Kemerovo: Primula, 2011:
67-70. (In Russian)

6. Sazykina D.P., Dudina E.A., Shokina SV., Goryacheva O.A.
Modern aspects of diagnosis and treatment of vibration disease.
Aktual'nyye nauchnyye issledovaniya v sovremennom mire. 2020;
2-2(58): 32-5 (in Russian).

7. Rukavishnikov V.S. Vibration disease from the impact of local
vibration in miners in the conditions of Siberia and the North.
Irkutsk, 2008 (in Russian).

8. Kuzmina L.P. ACE gene polymorphism as a risk criterion for
the development of arterial hypertension under exposure to
noise and vibration. Professiya i zdorov'ye: materialy XII Vseros.
kongressa V Vserossiyskogo syezda vrachey-profpatologov. Moscow,
2013: 285 (in Russian).

9. Drexler H. Endothelial dysfunction in human disease. J. Mol.
Cell. Cardiol. 2009; 31: 51-60.

10. Gerasimenko O.N., Chachibaya Z.K. Features of systemic
hemostasis in arterial hypertension in combination with
vibration disease, depending on the type of vibration. Med.
truda i prom. ekol. 2014; 3: 7 (in Russianlg.

11. Karimova L.K., Gizatullina D.F.,, Bakirova A.E. Prevention
of occupational and production-related diseases in repairmen of
modern petrochemical industries: a guide for doctors. Ufa: NII
meditsiny truda i ekologii cheloveka, 2010 (in Russian).

12. Baraeva R.A., Borzykh E.I. Endothelial dysfunction in vibration
disease as a predictor of comorbidity and vascular aging.
Gigiyena, ekologiya i riski zdorov’yu v sovremennykh usloviyakh.
2020: 32-34 (In Russian)

13. Babanov S.A., Baraeva R.A., Strizhakov L.A., Moiseev SYu.,
Fomin VV. Cytokine regulation and endothelial dysfunction

in combination of vibration disease and arterial hypertension.
Terapevticheskiy arkhiv. 2021; 93(6): 693-8 (in Russian).

14. Hygienic assessment of industrial vibrations: textbook. Comp.:
V.O. Krasovsky, G.G. Maksimov, L.B. Ovsyannikov — Ufa: Izd-
vo GBOU VPO BGMU Minzdrava Rossii; 2014 (in Russian).

1S. Shpagina L.N., Zakharenkov VV,, Filimonov S.N. Vibration
disease in workers of coal enterprises of Kuzbass. Features
of the clinic and the nature of the course. Fundamental'nyye
issledovaniya. 2012; 10: 153-6 (in Russian).

16. Shpagina L.N., Gerasimenko O.N., Shpagin I.S., Chachibaya Z.K.
The role of systemic hemostasis in vascular remodeling in
conditions of combined cardiovascular pathology. Vestnik
novykh meditsinskikh tekhnologiy. 2007; 14(2): 187-9 (in
Russian).

17. Deanfield J. Endothelial function and dysfunction. J.
Hypertension. 2011; 23: 7-17.

18. Korotenko O.Yu., Panev N.L, Korchagina Yu.S., Panev R.N,,
Danilov L.P. Formation of pathology of internal organs
in miners with vibration disease. Meditsina truda i
promyshlennaya ekologiya. 2020; 60(6): 399-403 https://doi.
org/10.31089/1026-9428-2020-60-6-399-403 (in Russian).

19. Tatarovskaya N.A. Modern ideas about the impact of vibration
disease on the formation of cardiovascular disorders (literature
review). Postgraduate Aspirantskiy vestnik Povolzh'ya. 2013; 5-6:
72-4 (in Russian).

20. Yunusova ZV. Clinical and hemostasiological characteristics
of vibration disease with arterial hypertension. Ekonomika i
sotsium. 2021; 2-2: 384-7 (in Russian).

21. Momot A.P. Pathology of hemostasis. Principles and algorithms
of clinical and laboratory diagnostics. Sankt-Peterburg: «Forma
T>. 2006 (in Russian).

22. Ala-Kopsala M., Magga J., Peuhkurinen K., Leipala ],
Ruskoaho H., Leppaluoto J. Molecular heterogeneity has a
major impact on the measurement of circulating N-terminal
fragments of A- and B-type natriuretic peptides. Clin. Chem.
2008; 50: 1576-88.

23. Andreenko EY. Samokhodskaya L.M., Ershova A.L,
Boytsov S.A. Role of p22phox, endothelial NO synthase and
PAI-1 gene polymorphisms in the early development of arterial
hypertension and coronary heart disease. 7* International
Symposium on Multiple Risk Factors in Cardiovascular
Diseases — Prevention and Intervention — Health Policy
(Venice, Italy). J. of Clinical Lipidology. 2008; 2(5S):
S168.

24. Brunner H., Cockcroft J.R., Deanfield J.,, Donald A.,
Ferrannini E., Halcox J. Endothelial function and dysfunction.
Part II: Association with cardiovascular risk factors and diseases.
A statement by the Working Group on Endothelins and
Endothelial Factors of the European Society of Hypertension.
Journal of hypertension. 2005; 23(2): 233-46.

158



