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Ñèñòåìà ýíäîòåëèíà-1 èãðàåò âàæíóþ ðîëü â ðåãóëÿöèè ñîñóäèñòîãî òîíóñà è ïðîöåññå ðåìîäåëèðîâàíèÿ ñîñóäîâ. Öåëü
íàñòîÿùåãî èññëåäîâàíèÿ ñîñòîÿëà â ïðîâåäåíèè àíàëèçà àññîöèàöèé ñ ýññåíöèàëüíîé ãèïåðòåíçèåé ïîëèìîðôíûõ âàðèàí-
òîâ ãåíîâ ýíäîòåëèíà-1, ýíäîòåëèíïðåâðàùàþùåãî ôåðìåíòà, ðåöåïòîðîâ ýíäîòåëèíà À è Â â ýòíè÷åñêîé ãðóïïå òàòàð, ïðî-
æèâàþùèõ â Ðåñïóáëèêå Áàøêîðòîñòàí. Íàìè îáíàðóæåíà àññîöèàöèÿ ïîëèìîðôíûõ âàðèàíòîâ rs6842241 ãåíà EDNRA è
rs5351 ãåíà EDNRB ñ ýññåíöèàëüíîé ãèïåðòåíçèåé ó ìóæ÷èí. Êðîìå òîãî, ïîâûøåííûé ðèñê ýññåíöèàëüíîé ãèïåðòåíçèè áûë
îòìå÷åí ó íîñèòåëåé ñî÷åòàíèÿ ãåíîòèïà EDNRA*G/G è àëëåëÿ EDNRB*C, à ñî÷åòàíèå àëëåëåé EDNRA*C è EDNRB*A îáëàäàëî
ïðîòåêòèâíûì ýôôåêòîì â îòíîøåíèè ðàçâèòèÿ çàáîëåâàíèÿ.
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Ââåäåíèå

Ýññåíöèàëüíàÿ ãèïåðòåíçèÿ (ÝÃ), èëè ãèïåðòîíè÷å-
ñêàÿ áîëåçíü, — ýòî õðîíè÷åñêîå çàáîëåâàíèå, îñíîâ-
íûì ïðîÿâëåíèåì êîòîðîãî ÿâëÿåòñÿ ñòîéêîå ïîâûøå-
íèå àðòåðèàëüíîãî äàâëåíèÿ (ÀÄ) â îòñóòñòâèå êà-
êèõ-ëèáî ïàòîëîãè÷åñêèõ ïðîöåññîâ, ïðè êîòîðûõ åãî
ïîäúåì îáóñëîâëåí èçâåñòíûìè ïðè÷èíàìè (ñèìïòîìà-
òè÷åñêèå àðòåðèàëüíûå ãèïåðòåíçèè). Ðàçâèòèå ÝÃ ïðî-
èñõîäèò â ðåçóëüòàòå ñëîæíîãî âçàèìîäåéñòâèÿ óñëîâèé
âíåøíåé ñðåäû è ãåíåòè÷åñêèõ ôàêòîðîâ, ÷òî îïðåäåëÿ-
åò íèçêóþ èíôîðìàòèâíîñòü îòäåëüíûõ ïîëèìîðôíûõ
ëîêóñîâ. Â òî æå âðåìÿ, àíàëèç ñî÷åòàíèé áîëüøîãî ÷èñ-
ëà ôàêòîðîâ îãðàíè÷åí âîçìîæíîñòÿìè ñóùåñòâóþùåãî
ñòàòèñòè÷åñêîãî àïïàðàòà. Îäíèì èç ïîäõîäîâ ê ðåøå-
íèþ äàííîé ïðîáëåìû ÿâëÿåòñÿ àíàëèç ñî÷åòàíèé ïîëè-
ìîðôíûõ ÄÍÊ-ìàðêåðîâ ãåíîâ, ïðîäóêòû êîòîðûõ íà-
õîäÿòñÿ â òåñíîé ôóíêöèîíàëüíîé âçàèìîñâÿçè è èãðà-
þò âàæíóþ ðîëü â ïàòîãåíåçå çàáîëåâàíèÿ.

Ýíäîòåëèíû — ýòî âàçîàêòèâíûå ïåïòèäû, èãðàþ-
ùèå êëþ÷åâóþ ðîëü â ðåãóëÿöèè âîäíî-ñîëåâîãî áàëàí-
ñà, íàçâàíèå êîòîðûõ îáóñëîâëåíî òåì, ÷òî âïåðâûå îíè
áûëè âûäåëåíû èç êëåòîê ýíäîòåëèÿ àîðòû [33]. Â ñåð-
äå÷íî-ñîñóäèñòîé ñèñòåìå è â ïî÷êàõ ïðåîáëàäàþùåé
èçîôîðìîé ÿâëÿåòñÿ ýíäîòåëèí-1, õîòÿ ýíäîòåëèí-2 è
ýíäîòåëèí-3 òàêæå ýêñïðåññèðóþòñÿ â ðàçëè÷íûõ îðãà-
íàõ, âêëþ÷àÿ ñåðäöå, ëåãêèå, æåëóäî÷íî-êèøå÷íûé
òðàêò è öåíòðàëüíóþ íåðâíóþ ñèñòåìó [15, 21]. Ýíäîòå-
ëèí-1 ñîñòîèò èç 21 àìèíîêèñëîòû è âûðàáàòûâàåòñÿ
â êëåòêàõ ýíäîòåëèÿ è ãëàäêîé ìóñêóëàòóðû ñîñóäîâ,
êàðäèîìèîöèòàõ è ôèáðîáëàñòàõ àäâåíòèöèè ñîñóäîâ
[1]. Ýíäîòåëèí-1 îáðàçóåòñÿ â ðåçóëüòàòå ïîñòòðàíñëÿ-
öèîííîãî ïðîöåññèíãà ïðîäóêòà ãåíà EDN1,

ïðå-ïðî-ýíäîòåëèíà-1, ñîñòîÿùåãî èç 212 àìèíîêèñëîò.
Ïîä äåéñòâèåì ñèãíàëüíîé ïåïòèäàçû îò ïðå-ïðî-ýíäî-
òåëèíà-1 îòäåëÿåòñÿ êîðîòêàÿ ñèãíàëüíàÿ ïîñëåäî-
âàòåëüíîñòü è îáðàçóåòñÿ ïðî-ýíäîòåëèí-1, êîòîðûé çà-
òåì ðàñùåïëÿåòñÿ ïîä äåéñòâèåì ñïåöèôè÷åñêîé ýíäî-
ïåïòèäàçû ñ îáðàçîâàíèåì áîëüøîãî ýíäîòåëèíà-1, ñî-
ñòîÿùåãî èç 38 àìèíîêèñëîò [33]. Áîëüøîé ýíäîòåëèí-1
îáíàðóæèâàåòñÿ â öèðêóëèðóþùåé êðîâè è îáëàäàåò ñî-
ñóäîñóæèâàþùèì äåéñòâèåì (óñòóïàÿ, îäíàêî, ïî àêòèâ-
íîñòè ýíäîòåëèíó-1, ïî ìåíüøåé ìåðå, â 100 ðàç) [9].
Ïðåâðàùåíèå áîëüøîãî ýíäîòåëèíà-1 â àêòèâíóþ ôîð-
ìó êàòàëèçèðóåò ýíäîòåëèíïðåâðàùàþùèé ôåðìåíò
(ECE).

Ýíäîòåëèí-1 ðåàëèçóåò ñâîè áèîëîãè÷åñêèå ýôôåêòû
ïóòåì âçàèìîäåéñòâèÿ ñ äâóìÿ ðåöåïòîðàìè — EDNRA è
EDNRB, êîòîðûå ìîãóò ýêñïðåññèðîâàòüñÿ â êëåòêàõ êàê
âìåñòå, òàê è ïî îòäåëüíîñòè. EDNRA ïðåîáëàäàåò
â ãëàäêîìûøå÷íûõ êëåòêàõ ñîñóäîâ è â ìèîöèòàõ, à
EDNRB — â ýíäîòåëèàëüíûõ êëåòêàõ ñîñóäîâ è ïî÷å÷-
íûõ êàíàëüöåâ. EDNRA è EDNRB çà÷àñòóþ äåìîíñòðè-
ðóþò àíòàãîíèçì, â ÷àñòíîñòè â ãëàäêîé ìóñêóëàòóðå ñî-
ñóäîâ àêòèâàöèÿ EDNRA âûçûâàåò âàçîêîíñòðèêöèþ, à
àêòèâàöèÿ EDNRB, ïî êðàéíåé ìåðå, âíà÷àëå — âàçîäè-
ëàòàöèþ. Ñòèìóëÿöèÿ EDNRA òàêæå ñïîñîáñòâóåò ðàç-
âèòèþ êëåòî÷íîé ïðîëèôåðàöèè è ôèáðîçà, à ñòèìóëÿ-
öèÿ EDNRB èìååò ïðîòèâîïîëîæíûé ýôôåêò [19]. Îá-
íàðóæåíû âàðèàíòû àëüòåðíàòèâíîãî ñïëàéñèíãà ìÐÍÊ
ãåíà EDNRB, èìåþùèå, â ÷àñòíîñòè, îòëè÷èÿ â îáëàñòè
öèòîïëàçìàòè÷åñêîãî äîìåíà è 3’-íåòðàíñëèðóåìîé îá-
ëàñòè è âûïîëíÿþùèå ðîëü êëèðåíñ-ðåöåïòîðà, óäàëÿÿ
ýíäîòåëèí-1 èç öèðêóëÿöèè [19]. Âíóòðèâåííîå áîëþñ-
íîå ââåäåíèå ýíäîòåëèíà-1 ïðèâîäèò ê ðàçâèòèþ êðàò-
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êîâðåìåííîé ãèïîòåíçèè, ñìåíÿþùåéñÿ ïðîëîíãèðî-
âàííûì ïîâûøåíèåì ÀÄ. Èíòåðåñíî îòìåòèòü, ÷òî êàê
àãîíèñòû, òàê è àíòàãîíèñòû EDNRB âûçûâàþò ðàçâè-
òèå âàçîêîíñòðèêöèè: ñîñóäîñóæèâàþùèé ýôôåêò àãî-
íèñòîâ îáóñëîâëåí ñâÿçûâàíèåì ñ ðåöåïòîðîì, ëîêàëè-
çîâàííûì íà ãëàäêîìûøå÷íûõ êëåòêàõ ñîñóäîâ, à àíà-
ëîãè÷íîå äåéñòâèå àíòàãîíèñòîâ EDNRB îáúÿñíÿåòñÿ
òåì, ÷òî â óñëîâèÿõ áëîêàäû EDNRB ýíäîòåëèí-1 ñâÿ-
çûâàåòñÿ ñ EDNRA, à òàêæå ïðîèñõîäèò ñíèæåíèå âûðà-
áîòêè ýíäîòåëèé-ðåëàêñèðóþùåãî ôàêòîðà [19].

Ôóíêöèîíàëüíàÿ çíà÷èìîñòü ñèñòåìû ýíäîòåëèíà-1
äëÿ ðåãóëÿöèè ÀÄ îïðåäåëÿåò îáúåì ïðîâîäèìûõ â ìèðå
èññëåäîâàíèé, ïîñâÿùåííûõ àññîöèàöèè ïîëèìîðôíûõ
âàðèàíòîâ ãåíîâ, êîäèðóþùèõ êîìïîíåíòû ýòîé ñèñòå-
ìû, ñ àðòåðèàëüíîé ãèïåðòåíçèåé (ÀÃ). Îäíèì èç íàè-
áîëåå õîðîøî èçó÷åííûõ ìàðêåðîâ ãåíà EDN1 ó ëèö
ñ ñåðäå÷íî-ñîñóäèñòûìè çàáîëåâàíèÿìè ÿâëÿåòñÿ ïîëè-
ìîðôèçì rs5370 [29]. Â ðÿäå ðàáîò âûÿâëåíà àññîöèàöèÿ
àëëåëÿ T ïîëèìîðôèçìà rs5370 ãåíà EDN1 ñ óðîâíåì ÀÄ
â çàâèñèìîñòè îò èíäåêñà ìàññû òåëà [18, 28, 29]. Òàêæå
âûÿâëåíà àññîöèàöèÿ àëëåëÿ T ñ óðîâíåì ÅÒ-1 â ïëàçìå
è ïîêàçàòåëÿìè ÀÄ [4, 10, 18, 25, 30]. Â òî æå âðåìÿ,
â èññëåäîâàíèè äâóõ ïîïóëÿöèé æèòåëåé Àâñòðàëèè íå
áûëî îáíàðóæåíî àññîöèàöèè ïîëèìîðôíîãî âàðèàíòà
rs5370 ãåíà EDN1 ñ ðàçâèòèåì ÀÃ [32].

Ïðè èçó÷åíèè ñâÿçè ïîëèìîðôíûõ âàðèàíòîâ ãåíà
ECE1 ñ ãèïåðòåíçèåé â ïîïóëÿöèè ÿïîíöåâ áûëà îáíà-
ðóæåíà àññîöèàöèÿ ïîëèìîðôèçìà rs212528 ñ óðîâíåì
ÀÄ ó æåíùèí [3]. Èäåíòèôèöèðîâàíî ñåìü îäíîíóê-
ëåîòèäíûõ ïîëèìîðôèçìîâ â èíòðîíå ãåíà ECE1, àñ-
ñîöèèðîâàííûõ ñ èçìåíåíèåì óðîâíÿ äèàñòîëè÷åñêî-
ãî ÀÄ ó ëèö, ïðèäåðæèâàþùèõñÿ äèåòû ñ ïîíèæåííûì
ñîäåðæàíèåì íàòðèÿ [14]. Áûëà âûÿâëåíà àññîöèàöèÿ
ïîëèìîðôèçìà rs213045 ãåíà ECE1 ñ ÀÃ; â ÷àñòíîñòè,
ó æåíùèí ãåíîòèï ECE1*À/À àññîöèèðîâàí ñ ïîâûøå-
íèåì äèàñòîëè÷åñêîãî, ñèñòîëè÷åñêîãî è ñðåäíåãî ÀÄ
[12].

Â ðàìêàõ èçó÷åíèÿ àññîöèàöèé ïîëèìîðôíûõ âàðè-
àíòîâ ãåíà EDNRA ñ ÀÃ áûëî óñòàíîâëåíî, ÷òî ó íîñèòå-
ëåé àëëåëÿ G ïîëèìîðôèçìà rs5335 (+70C>G) ãåíà
EDNRA ïîâûøåí óðîâåíü äèàñòîëè÷åñêîãî è ñðåäíåãî
ÀÄ ïî ñðàâíåíèþ ñ íîñèòåëÿìè àëëåëÿ C, õîòÿ îáùèé
âêëàä äàííîãî ëîêóñà â ôîðìèðîâàíèå âàðèàáåëüíîñòè
ÀÄ íå ïðåâûøàåò 2% [24]. Ó àâñòðàëèéöåâ àíãëî-êåëü-
òñêîãî ïðîèñõîæäåíèÿ ñ ñåìåéíûìè ôîðìàìè ÝÃ áûëà
íàéäåíà àññîöèàöèÿ îäíîíóêëåîòèäíîé çàìåíû
1363C>T ãåíà EDNRA ñ çàáîëåâàíèåì [5].

Ïðîäåìîíñòðèðîâàíà àññîöèàöèÿ ïîëèìîðôèçìà
rs5351, ñâÿçàííîãî ñ ñèíîíèìè÷íîé çàìåíîé G íà A
â ïÿòîì ýêçîíå ãåíà EDNRB (1065G>A, Leu277Leu)
ñ ôèçèîëîãè÷åñêèìè îñîáåííîñòÿìè ñîñóäèñòîé ñèñòå-
ìû. Â ïîïóëÿöèè ÿïîíöåâ ó íîñèòåëåé àëëåëÿ G ñðåäíå-
ãî è ïîæèëîãî âîçðàñòà áåç ïðèçíàêîâ ñåðäå÷íî-ñîñóäè-
ñòîé ïàòîëîãèè çàíÿòèÿ ôèçè÷åñêîé àêòèâíîñòüþ ïðè-
âîäèëè ê ñíèæåíèþ æåñòêîñòè ñîñóäèñòîé ñòåíêè, â òî
âðåìÿ êàê ó ëèö ñ ãåíîòèïîì A/A ïî äàííîìó ïîëèìîð-

ôèçìó ïîäîáíîãî ýôôåêòà íå íàáëþäàëîñü [16]. Â äðó-
ãîì èññëåäîâàíèè äàííûé ïîëèìîðôèçì áûë èäåíòèôè-
öèðîâàí â êà÷åñòâå íåçàâèñèìîãî ôàêòîðà ðèñêà àòåðî-
ñêëåðîçà ó ìóæ÷èí-ÿïîíöåâ ñ ÝÃ [34]. Ó èòàëüÿíöåâ ÷àñ-
òîòà àëëåëÿ rs5351*À ãåíà EDNRB áûëà ïîíèæåíà ñðåäè
ïàöèåíòîâ ñ ñîëü÷óâñòâèòåëüíîé ÀÃ, ÷òî ìîæåò ñâè-
äåòåëüñòâîâàòü îá ó÷àñòèè äàííîãî ïîëèìîðôèçìà â ðàç-
âèòèè ãèïåðòåíçèè [6].

Òàêèì îáðàçîì, íåñìîòðÿ íà îáèëèå èññëåäîâàíèé,
êàñàþùèõñÿ ðîëè ïîëèìîðôíûõ âàðèàíòîâ ãåíîâ ñèñòå-
ìû ýíäîòåëèíà-1 â ðàçâèòèè ÝÃ, ïðîòèâîðå÷èâûå ðå-
çóëüòàòû ýòèõ èññëåäîâàíèé, à òàêæå ñïåöèôèêà êàæäî-
ãî èç íèõ (îòñóòñòâèå ó÷åòà ýòíè÷åñêîé ïðèíàäëåæíîñòè
ó÷àñòíèêîâ, îáúåì âûáîðîê, õàðàêòåð ñòàòèñòè÷åñêîé
îáðàáîòêè äàííûõ) íå ïîçâîëÿåò ñäåëàòü îäíîçíà÷íûé
âûâîä î ðîëè èçó÷åííûõ ëîêóñîâ â ðàçâèòèè çàáîëåâà-
íèÿ.

Öåëü íàñòîÿùåãî èññëåäîâàíèÿ ñîñòîÿëà â àíàëèçå àñ-
ñîöèàöèé ïîëèìîðôíûõ âàðèàíòîâ ãåíîâ ýíäîòåëèíà-1
(EDN1), ýíäîòåëèíïðåâðàùàþùåãî ôåðìåíòà (ECE), ðå-
öåïòîðîâ ýíäîòåëèíà (EDNRA è EDNRB) ñ ýññåíöèàëü-
íîé ãèïåðòåíçèåé (ÝÃ), à òàêæå ñ ó÷åòîì êîìïëåêñíîãî
õàðàêòåðà çàáîëåâàíèÿ, â ïîèñêå ñî÷åòàíèé ãåíîòèïîâ
è/èëè àëëåëåé èññëåäóåìûõ ãåíîâ, àññîöèèðîâàííûõ
ñ ðèñêîì ðàçâèòèÿ çàáîëåâàíèÿ.

Ìàòåðèàëû è ìåòîäû

Èññëåäîâàíèå áûëî âûïîëíåíî â ñîîòâåòñòâèè
ñ ýòè÷åñêèìè ïðèíöèïàìè ïðîâåäåíèÿ ìåäèöèíñêèõ
èññëåäîâàíèé ñ ó÷àñòèåì ÷åëîâåêà â êà÷åñòâå ñóáúåê-
òà, çàêðåïëåííûìè â Õåëüñèíêñêîé äåêëàðàöèè
(2013). Ðàçðåøåíèå íà ïðîâåäåíèå èññëåäîâàíèÿ áûëî
ïîëó÷åíî îò êîìèòåòà ïî ýòèêå ÈÁÃ ÓÍÖ; âñå ó÷àñò-
íèêè äàëè ïèñüìåííîå èíôîðìèðîâàííîå äîáðîâîëü-
íîå ñîãëàñèå.

Ìàòåðèàëîì äëÿ èññëåäîâàíèÿ ïîñëóæèëè îáðàçöû
ÄÍÊ 526 ÷åë. (212 áîëüíûõ ÝÃ è 314 ëèö ãðóïïû êîíòðî-
ëÿ). Ãðóïïà áîëüíûõ ñîñòîÿëà èç 212 ìóæ÷èí (ñðåäíèé
âîçðàñò ñîñòàâèë 53,2 ± 8,4 ãîäà) ñ äëèòåëüíîñòüþ çàáî-
ëåâàíèÿ áîëåå ãîäà. Äèàãíîç ÝÃ óñòàíàâëèâàëñÿ íà îñíî-
âàíèè Íàöèîíàëüíûõ ðåêîìåíäàöèé ïî ïðîôèëàêòèêå,
äèàãíîñòèêå è ëå÷åíèþ àðòåðèàëüíîé ãèïåðòîíèè âòî-
ðîãî ïåðåñìîòðà (2004 ã.). Îáñëåäîâàíèå ïðîâîäèëîñü íà
áàçå Ðåñïóáëèêàíñêîãî êàðäèîëîãè÷åñêîãî öåíòðà
ã.Óôû. Âñå áîëüíûå ïðîøëè îáñëåäîâàíèå, âêëþ÷àâøåå
ñáîð æàëîá, èçó÷åíèå àíàìíåçà, ôèçèêàëüíîå îáñëåäî-
âàíèå, îáùèé è áèîõèìè÷åñêèé àíàëèç êðîâè è ìî÷è,
ÝÊÃ â 12 ñòàíäàðòíûõ îòâåäåíèÿõ, ýõîêàðäèîãðàôè÷å-
ñêîå è äîïëåðîâñêîå èññëåäîâàíèå, à òàêæå âåëîýðãî-
ìåòðèþ è õîëòåðîâñêîå ìîíèòîðèðîâàíèå ïî ïîêàçàíè-
ÿì. Êîíòðîëüíóþ ãðóïïó ñîñòàâèëè 314 ìóæ÷èí (ñðåä-
íèé âîçðàñò 43,6 ± 7,1 ãîäà) áåç ïðèçíàêîâ ñåðäå÷íî-ñî-
ñóäèñòûõ è äðóãèõ õðîíè÷åñêèõ çàáîëåâàíèé. Âñå ó÷àñò-
íèêè èññëåäîâàíèÿ ïðèíàäëåæàëè ê ýòíè÷åñêîé ãðóïïå
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òàòàð è ïîñòîÿííî ïðîæèâàëè íà òåððèòîðèè Ðåñïóáëè-
êè Áàøêîðòîñòàí.

Êðèòåðèÿìè äëÿ èñêëþ÷åíèÿ èç èññëåäîâàíèÿ áûëî
íàëè÷èå ñàõàðíîãî äèàáåòà, âûðàæåííûõ ñîïóòñòâóþ-
ùèõ çàáîëåâàíèé ëåãêèõ, æåëóäî÷íî-êèøå÷íîãî òðàêòà,
ïå÷åíè, ïî÷åê, çàáîëåâàíèé êðîâè è íàðóøåíèé îáìåíà
âåùåñòâ.

ÄÍÊ âûäåëÿëè èç 8 ìë öåëüíîé âåíîçíîé êðîâè. Ãå-
íîòèïèðîâàíèå ïðîâîäèëè ìåòîäîì ïîëèìåðàçíîé öåï-
íîé ðåàêöèè (ÏÖÐ) ñ àëëåëüñïåöèôè÷íûìè ïðàéìåðàìè,
êîòîðûå áûëè ïîäîáðàíû ñ èñïîëüçîâàíèåì ïðîãðàììû
DNAStar 5.05 è áàçû äàííûõ îäíîíóêëåîòèäíûõ ïîëè-
ìîðôèçìîâ dbSNP (http: // www.ncbi.nlm.nih.gov/snp).
Íîìåíêëàòóðà èññëåäóåìûõ ëîêóñîâ è ïîñëåäîâàòåëüíî-
ñòè ïðàéìåðîâ ïðèâåäåíû â òàáë. 1. Ïîëó÷åííûå ôðàã-
ìåíòû ðàçäåëÿëè â 2%-íîì àãàðîçíîì ãåëå è èäåíòèôè-
öèðîâàëè ñ ïîìîùüþ âèäåîãåëüäîêóìåíòèðóþùåé ñèñòå-
ìû Mega-Bioprint 1100 (Vilber Lourmat, Ôðàíöèÿ).

Ñòàòèñòè÷åñêóþ îáðàáîòêó ïîëó÷åííûõ äàííûõ ïðî-
âîäèëè ñ èñïîëüçîâàíèåì ïàêåòà êîìïüþòåðíûõ ïðî-
ãðàìì IBM SPSS Statistics 21.0. Àíàëèç îòêëîíåíèÿ íà-
áëþäàåìûõ ÷àñòîò ãåíîòèïîâ îò òåîðåòè÷åñêè îæèäàå-
ìîãî ðàâíîâåñíîãî ðàñïðåäåëåíèÿ Õàðäè—Âàéíáåðãà
ïðîâîäèëñÿ ñ ïîìîùüþ ïðîãðàììû Arlequin 3.0. Äëÿ
ñðàâíåíèÿ ãðóïï ïî ÷àñòîòàì ãåíîòèïîâ èñïîëüçîâàëñÿ
òî÷íûé äâóñòîðîííèé òåñò Ôèøåðà. Îòíîñèòåëüíûé
ðèñê çàáîëåâàíèÿ ó íîñèòåëåé îïðåäåëåííîãî àëëåëÿ
èëè ãåíîòèïà âû÷èñëÿëñÿ êàê ïîêàçàòåëü ñîîòíîøåíèÿ
øàíñîâ (OR — odds ratio). Ïðè àíàëèçå àññîöèàöèé ïî-
ëèìîðôíûõ ëîêóñîâ ñ ó÷åòîì âîçðàñòà ìàíèôåñòàöèè
çàáîëåâàíèÿ âîçðàñòíûå ãðóïïû îïðåäåëÿëèñü ñ ïî-
ìîùüþ àëãîðèòìà CHAID èç ïàêåòà ïðèêëàäíûõ ïðî-
ãðàìì IBM SPSS Decision Trees 21. Àíàëèç àññîöèàöèé
ñî÷åòàíèé àëëåëåé è/èëè ãåíîòèïîâ ñ ÝÃ ïðîâîäèëñÿ
ñ ïîìîùüþ ïðîãðàììû APSampler 3.6.0. Ïðîãðàììà è å¸
îïèñàíèå ïðåäñòàâëåíû íà ñàéòå https: // code.goog-

le.com/p/apsampler, îñíîâíîé àëãîðèòì îïèñàí â ñòàòüå
À.Â. Ôàâîðîâà ñ ñîàâòîðàìè [11]. Â êà÷åñòâå ïîïðàâêè
íà ìíîæåñòâåííîñòü ñðàâíåíèé èñïîëüçîâàëñÿ òåñò Áåí-
äæàìèíè—Õîõáåðãà. Ðàçëè÷èÿ ñ÷èòàëèñü çíà÷èìûìè
ïðè PFDR<0,05.

Ðåçóëüòàòû

Ðàñïðåäåëåíèå ÷àñòîò ãåíîòèïîâ è àëëåëåé ïîëèìîð-
ôíûõ âàðèàíòîâ èññëåäóåìûõ ãåíîâ ïðåäñòàâëåíî
â òàáë. 2. Íàáëþäàåìîå ðàñïðåäåëåíèå ÷àñòîò ãåíîòèïîâ
â êîíòðîëüíîé ãðóïïå ñîîòâåòñòâîâàëî òåîðåòè÷åñêè
îæèäàåìîìó, ñîãëàñíî çàêîíó Õàðäè—Âàéíáåðãà. Íàìè
îáíàðóæåíû ðàçëè÷èÿ ìåæäó ãðóïïàìè áîëüíûõ è êîíò-
ðîëÿ ïî ÷àñòîòàì ãåíîòèïîâ è àëëåëåé ãåíîâ EDNRA è
EDNRB.

Ãåíîòèï EDNRA*A/A âñòðå÷àëñÿ ñ áîëüøåé ÷àñòîòîé
â ãðóïïå ïàöèåíòîâ ñ ÝÃ, íåæåëè â êîíòðîëüíîé ãðóïïå
(8,25% ïðîòèâ 2,23%, p = 0,006). Ïîêàçàòåëü îòíîñè-
òåëüíîãî ðèñêà ïî äàííîìó ãåíîòèïó ñîñòàâèë 3,94, ÷òî
ñâèäåòåëüñòâóåò î íàëè÷èè ïðåäðàñïîëîæåííîñòè ê ÝÃ
ó íîñèòåëåé ãåíîòèïà EDNRA*A/A.

Äîëÿ ãåòåðîçèãîò è ãîìîçèãîò ïî àëëåëþ *A ãåíà
EDNRB áûëà ïîíèæåíà ñðåäè ïàöèåíòîâ ñ ÝÃ ïî ñðàâ-
íåíèþ ñ ãðóïïîé êîíòðîëÿ (26,77% ïðîòèâ 47,14%,
p = 2,5*10-5; è 6,06% ïðîòèâ 13,33, p = 0,019 ñîîòâåòñò-
âåííî). Ïîêàçàòåëè îòíîñèòåëüíîãî ðèñêà ñîñòàâèëè
0,38 è 0,42 ñîîòâåòñòâåííî, ÷òî óêàçûâàåò íà ïðîòåêòèâ-
íóþ ðîëü ãåíîòèïà *G/G è àëëåëÿ *G â îòíîøåíèè ðàç-
âèòèÿ çàáîëåâàíèÿ. ×àñòîòà ãåíîòèïà *G/G ãåíà EDNRB

áûëà ïîâûøåíà â ãðóïïå áîëüíûõ ÝÃ (67,17% ïðîòèâ
39,52% â ãðóïïå êîíòðîëÿ, p = 2,39*10-8), ÷òî ïîçâîëÿåò
ñ÷èòàòü åãî ïðåäðàñïîëàãàþùèì ê ðàçâèòèþ ãèïåðòåí-
çèè (OR = 3,13). Äàííûé ýôôåêò áûë áîëåå âûðàæåí
ïðè ïðîâåäåíèè àíàëèçà ñ ó÷åòîì âîçðàñòà ìàíèôåñòà-
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Òàáëèöà 1
Íîìåíêëàòóðà èññëåäóåìûõ ãåíîâ, ïîñëåäîâàòåëüíîñòè ïðàéìåðîâ,

ðàçìåð àìïëèôèöèðóåìûõ ôðàãìåíòîâ

Ãåí,
õðîìîñîìíàÿ ëîêàëèçàöèÿ

Ïîëèìîðôèçì Ïðàéìåðû Ðàçìåðû ôðàãìåíòîâ

EDN1
6q21 — 23

Rs5370
+5665G/T
Lys198Asn

F 5'-agtcaggaaccagcagagga-3'
G 5'-atccgaagctgaaaggcaag-3'
T 5'-atccgaagctgaaaggcaat-3'

[327]

ECE1
1p36.1

rs213045 F 5'-ccaaactgaagcccctagca-3'
R 5'-gggaactgaaaggggacacc-3'
G 5'-atcaggaaggtgccctcgatg-3'
T 5'-atcaggaaggtgccctcgatt-3'

145
ÂÊ 255

EDNRA
4q31.22

rs6842241 F 5'-aactgcctcttttgggaggaa-3'
R 5'-accaccattgaaagaggcctta-3'

A 5'-tggttggctgattctccctca-3'
C 5'-tggttggctgattctccctcc-3'

104
ÂÊ 231

EDNRB
13q22

rs5351 F 5'-agtgtggcctgaaagattctg-3'
R 5'-tcttacctgctttaggtgatcatt-3'
A 5'-acagcaaaagattggtggcta-3'
G 5'-acagcaaaagattggtggctg-3'

147
ÂÊ 308



öèè çàáîëåâàíèÿ: ó ëèö â âîçðàñòå äî 45 ëåò âêëþ÷èòåëü-
íî ïîêàçàòåëü îòíîøåíèÿ øàíñîâ ïî ãåíîòèïó
EDNRB*G/G ñîñòàâèë 3,48, à ó ñ ëèö ñòàðøå 45 ëåò —
2,71 (òàáë. 3).

Ñ ïîìîùüþ àëãîðèòìà APSampler íàìè áûë ïðîâå-
äåí ïîèñê ñî÷åòàíèé àëëåëåé è/èëè ãåíîòèïîâ ïî èññëå-
äóåìûì ïîëèìîðôíûì ìàðêåðàì, àññîöèèðîâàííûõ
ñ ÝÃ, è áûëî íàéäåíî 431 ñî÷åòàíèå. Ïîñëå ââåäåíèÿ ïî-
ïðàâêè íà ìíîæåñòâåííîñòü ñðàâíåíèé îñòàëîñü äâà ñî-
÷åòàíèÿ (ñ OR>2 äëÿ ñî÷åòàíèé, àññîöèèðîâàííûõ ñ ïî-
âûøåííûì ðèñêîì ÝÃ, è OR<0,5 äëÿ ñî÷åòàíèé, àññî-
öèèðîâàííûõ ñ ïîíèæåííûì ðèñêîì çàáîëåâàíèÿ): ïî-
íèæåííûé ðèñê çàáîëåâàíèÿ áûë îòìå÷åí ó íîñèòåëåé
ñî÷åòàíèÿ àëëåëåé EDNRA*C-EDNRB*A (OR = 0,27,
PFDR = 4,86*10-8), â òî âðåìÿ êàê ñî÷åòàíèå
EDNRA*G/G-EDNRB*C áûëî ñâÿçàíî ñ íàëè÷èåì ïðåä-
ðàñïîëîæåííîñòè ê çàáîëåâàíèþ (OR = 4,87,
PFDR = 2,06*10-3) (òàáë. 4).

Îáñóæäåíèå

Íàìè áûë ïðîâåäåí àíàëèç àññîöèàöèé ñ ÝÃ ïîëè-
ìîðôíûõ ëîêóñîâ â ãåíàõ EDN1, ECE1, EDNRA è
EDNRB è âûÿâëåíà àññîöèàöèÿ ñ çàáîëåâàíèåì ïîëè-
ìîðôíûõ âàðèàíòîâ rs5351 ãåíà EDNRB è rs6842241 ãåíà
EDNRA.

Îäíîíóêëåîòèäíûé ïîëèìîðôèçì rs5351 ãåíà
EDNRB ïðåäñòàâëÿåò ñîáîé ñèíîíèìè÷íóþ çàìåíó G
íà A â 1065 ïîçèöèè ýêçîíà 5 (Leu277Leu), êîäèðóþùå-
ãî ïÿòûé òðàíñìåìáðàííûé äîìåí áåëêà. Îáíàðóæåíà
àññîöèàöèÿ ãåíîòèïà EDNRB*G/G ñ ñîëü÷óâñòâèòåëü-
íîé ãèïåðòåíçèåé â ïîïóëÿöèè èòàëüÿíöåâ [6]. Yasuda ñ
ñîàâòîðàìè (2007) ñîîáùàëè î íàéäåííîé èìè àññîöèà-
öèè EDNRB rs5351 ñ àòåðîñêëåðîçîì ó ñòðàäàþùèõ ãè-
ïåðòåíçèåé ìóæ÷èí, íî íå ó æåíùèí [34]. Àâòîðàìè
áûëî âûñêàçàíî ïðåäïîëîæåíèå î òîì, ÷òî ñîñóäîñóæè-
âàþùåå è àòåðîãåííîå äåéñòâèå ýíäîòåëèíà-1 ìîæåò
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Òàáëèöà 2
Ðàñïðåäåëåíèå ÷àñòîò ãåíîòèïîâ è àëëåëåé èññëåäóåìûõ ïîëèìîðôíûõ ëîêóñîâ

ó áîëüíûõ ýññåíöèàëüíîé ãèïåðòåíçèåé è â êîíòðîëüíîé ãðóïïå

Ãåíîòèï/àëëåëü Êîíòðîëü Áîëüíûå ð OR CIOR

p ± sp p ± sp

EDNRA

*C/C 71,88 ± 3 69,07 ± 3,32 0,591 — —

*C/A 25,89 ± 2,93 22,68 ± 3,01 0,494 — —

*A/A 2,23 ± 0,99 8,25 ± 1,98 0,006 3,94 1,42—10,96

*C 84,82 ± 1,7 80,41 ± 2,01 0,099 — —

*A 15,18 ± 1,7 19,59 ± 2,01 — —

EDNRB

*G/G 39,52 ± 3,37 67,17 ± 3,34 2,39 x 10-8 3,13 2,09—4,7

*G/A 47,14 ± 3,44 26,77 ± 3,15 2,5 x 10-5 0,38 0,25—0,57

*A/A 13,33 ± 2,35 6,06 ± 1,7 0,019 0,42 0,21—0,85

*G 63,1 ± 2,35 80,56 ± 1,99 3,08 x 10-8 2,42 1,76—3,33

*A 36,9 ± 2,35 19,44 ± 1,99 0,41 0,3—0,56

EDN1

*G/G 62,76 ± 2,84 61,39 ± 3,43 0,777 — —

*G/T 31,38 ± 2,72 35,15 ± 3,36 0,382 — —

*T/T 5,86 ± 1,38 3,47 ± 1,29 0,289 — —

*G 78,45 ± 1,71 78,96 ± 2,03 0,875 — —

*T 21,55 ± 1,71 21,04 ± 2,03 — —

ECE1

*G/G 55,78 ± 2,85 50,48 ± 3,45 0,243 — —

*G/T 36,63 ± 2,77 37,62 ± 3,34 0,853 — —

*T/T 7,59 ± 1,52 11,9 ± 2,23 0,123 — —

*G 74,09 ± 1,78 69,29 ± 2,25 0,103 — —

*T 25,91 ± 1,78 30,71 ± 2,25 — —

Ïðèìå÷àíèå. p ± sp — ÷àñòîòà ãåíîòèïà/àëëåëÿ ± ñðåäíÿÿ îøèáêà; p — ñòàòèñòè÷åñêàÿ çíà÷èìîñòü (æèðíûì øðèôòîì âû-
äåëåíû çíà÷åíèÿ p<0,05); OR — çíà÷åíèå ïîêàçàòåëÿ ñîîòíîøåíèÿ øàíñîâ (odds ratio); CIOR — äîâåðèòåëüíûé èíòåðâàë



èìåòü ãåíäåðíóþ ñïåöèôè÷íîñòü. Ýòî ïîäòâåðæäàåòñÿ
äàííûìè ýêñïåðèìåíòîâ íà æèâîòíûõ, ïðîäåìîíñòðè-
ðîâàâøèõ, ÷òî ó ñàìöîâ âàçîêîíñòðèêòîðíîå äåéñòâèå
ýíäîòåëèíà-1 áîëåå âûðàæåíî, ÷åì ó ñàìîê, à òàêæå ïî-
êàçàâøèõ, ÷òî ýñòðîãåí îñëàáëÿåò ñòåïåíü ñîñóäèñòîãî
ñïàçìà, îáóñëîâëåííîãî ýíäîòåëèíîì-1 [17, 27]. Ïðè
ñðàâíåíèè ãðóïïû ëþäåé, âåäóùèõ àêòèâíûé îáðàç
æèçíè, ñ ãðóïïîé ëèö, ñêëîííûõ ê ãèïîäèíàìèè, îáíà-
ðóæåíî, ÷òî ó íîñèòåëåé àëëåëÿ EDNRB *G ñíèæåíû
ïðîÿâëåíèÿ àòåðîñêëåðîçà è ëó÷øå ñîñòîÿíèå óïðó-
ãî-ýëàñòè÷åñêèõ ñâîéñòâ ñîñóäèñòîé ñòåíêè [16]. Êðîìå
òîãî, áûëî îáíàðóæåíî, ÷òî ó íîñèòåëåé ãåíîòèïà
EDNRB*G/G, ñòðàäàþùèõ áðîíõèàëüíîé àñòìîé, ïî-
âûøåí ðèñê îáñòðóêöèè äûõàòåëüíûõ ïóòåé, ÷òî ìîæåò
îòðàæàòü âêëàä äàííîãî ïîëèìîðôèçìà â êîíòðîëü òî-
íóñà ãëàäêîé ìóñêóëàòóðû [26].

Ïîëèìîðôèçì rs6842241 ëîêàëèçîâàí â ðåãóëÿòîðíîé
îáëàñòè ãåíà EDNRA è íàõîäèòñÿ â òåñíîì ñöåïëåíèè
ñ äðóãèì ëîêóñîì (rs6841581), âëèÿþùèì íà ïðî÷íîñòü
ñâÿçûâàíèÿ ðåöåïòîðà ñ ëèãàíäîì [35]. Âûÿâëåíà àññî-
öèàöèÿ ïîëèìîðôèçìà rs6842241 ñ ðàçâèòèåì ñóáàðàõ-
íîèäàëüíûõ êðîâîèçëèÿíèé â ïîïóëÿöèè ÿïîíöåâ [22].
Ñâåäåíèé îá àññîöèàöèè äàííîãî ïîëèìîðôèçìà ñ äðó-
ãèìè çàáîëåâàíèÿìè íàìè íå îáíàðóæåíî.

Ïîëèìîðôíûé âàðèàíò rs213045, ëîêàëèçîâàííûé
â ïðîìîòîðíîé îáëàñòè ãåíà ECE1, âõîäèò â ñîñòàâ ïî-
ñëåäîâàòåëüíîñòè, ÿâëÿþùåéñÿ ìèøåíüþ äëÿ ôàêòîðà
òðàíñêðèïöèè E2F. Îáíàðóæåíî, ÷òî àëëåëü *A äàííî-

ãî ïîëèìîðôèçìà â ñîñòàâå ãàïëîòèïîâ rs213045*A/
rs213046*T è rs213045*A/ rs213046*G àññîöèèðîâàí
ñ ïîâûøåíèåì óðîâíÿ ýêñïðåññèè ãåíà ECE1 [13]. Âû-
ÿâëåíà òàêæå àññîöèàöèÿ ãàïëîòèïà
rs213045*A/rs213046*G ñ ïîâûøåííûì óðîâíåì ÀÄ
ó æåíùèí, íå íàáëþäàâøàÿñÿ â ãðóïïå ìóæ÷èí [13].
Òàêèì îáðàçîì, îòñóòñòâèå àññîöèàöèé ïîëèìîðôèç-
ìà rs213045 ãåíà ECE1 ñ ÝÃ â íàøåì ýêñïåðèìåíòå ìî-
æåò áûòü îáóñëîâëåíî òåì, ÷òî ãðóïïà èññëåäîâàíèÿ
ñîñòîÿëà èç ìóæ÷èí.

Ïîëèìîðôèçì rs5370 â ãåíå EDN1 ñâÿçàí ñ èçìåíå-
íèåì àìèíîêèñëîòíîé ïîñëåäîâàòåëüíîñòè (çàìåíà ëè-
çèíà íà àñïàðàãèí â êîäîíå 198 ïðî-ýíäîòåëèíà-1), îä-
íàêî ôóíêöèîíàëüíàÿ çíà÷èìîñòü åãî îñòàåòñÿ íåÿñíîé,
òàê êàê ýòîò ó÷àñòîê îòùåïëÿåòñÿ â ïðîöåññå îáðàçîâà-
íèÿ áèîëîãè÷åñêè àêòèâíîãî ýíäîòåëèíà-1. Â èññëåäî-
âàíèÿõ HERITAGE è HYPGENE áûëà îáíàðóæåíà àñ-
ñîöèàöèÿ ìèíîðíîãî àëëåëÿ *T ñ ïîâûøåíèåì ÀÄ ïðè
ôèçè÷åñêîé íàãðóçêå ó ëþäåé, ñêëîííûõ ê ãèïîäèíà-
ìèè, íå íàáëþäàâøàÿñÿ â ãðóïïå ëèö, àêòèâíî çàíèìàþ-
ùèõñÿ ñïîðòîì [25]. Âûÿâëåíà òàêæå àññîöèàöèÿ äàííî-
ãî àëëåëÿ ñ ïîâûøåíèåì óðîâíÿ ÀÄ ïðè îæèðåíèè [2,
28]. Â íåäàâíåì èññëåäîâàíèè áûëà ïðîäåìîíñòðèðîâà-
íà àññîöèàöèÿ ïîëèìîðôèçìà rs5370 ñ óðîâíåì Ñ-êîí-
öåâîãî-ïðî-ýíäîòåëèíà-1 — ñòàáèëüíîãî íåôóíêöèî-
íàëüíîãî ôðàãìåíòà, îáðàçóþùåãîñÿ ïðè ðàñùåïëåíèè
ïðå-ïðî-ýíäîòåëèíà-1 è èñïîëüçóåìîãî äëÿ êîñâåííîé
îöåíêè âûðàáîòêè ýíäîòåëèíà-1 [23, 31].
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Òàáëèöà 3
Ðåçóëüòàòû àíàëèçà àññîöèàöèé ïîëèìîðôèçìà rs5351 ãåíà EDNRB ñ ýññåíöèàëüíîé ãèïåðòåíçèåé

ñ ó÷¸òîì âîçðàñòà ìàíèôåñòàöèè çàáîëåâàíèÿ

Ãåíîòèï/
Àëëåëü

< 45 ëåò ð OR CIOR > 45 ëåò ð OR CIOR

Êîíòðîëü Áîëüíûå Êîíòðîëü Áîëüíûå

pi ± si % pi ± si % pi ± si % pi ± si %

*G/G 41,53 ± 4,54 71,19 ± 4,17 6,94 x 10-6 3,48 2,03—5,98 36,96 ± 5,03 61,33 ± 5,62 0,002 2,71 1,45—5,08

*G/A 44,07 ± 4,57 20,34 ± 3,71 1,51 x 10-4 0,32 0,18—0,57 51,09 ± 5,21 36 ± 5,54 0,061 — —

*A/A 14,41 ± 3,23 8,47 ± 2,56 0,219 — — 11,96 ± 3,38 2,67 ± 1,86 0,039 0,2 0,04 — 0,93

*G 63,56 ± 3,13 81,36 ± 2,53 2,13 x 10-5 2,5 1,64—3,81 62,5 ± 3,57 79,33 ± 3,31 0,001 2,3 1,4—3,77

*A 36,44 ± 3,13 18,64 ± 2,53 0,4 0,26—0,61 37,5 ± 3,57 20,67 ± 3,31 0,43 0,26—0,71

Ïðèìå÷àíèå. p ± sp — ÷àñòîòà ãåíîòèïà/àëëåëÿ ± ñðåäíÿÿ îøèáêà; p — ñòàòèñòè÷åñêàÿ çíà÷èìîñòü (æèðíûì øðèôòîì âû-
äåëåíû çíà÷åíèÿ p<0,05); OR — çíà÷åíèå ïîêàçàòåëÿ ñîîòíîøåíèÿ øàíñîâ (odds ratio); CIOR — äîâåðèòåëüíûé èíòåðâàë

Òàáëèöà 4
Ðåçóëüòàòû àíàëèçà àññîöèàöèé ñî÷åòàíèé ãåíîòèïîâ

è àëëåëåé èññëåäóåìûõ ïîëèìîðôíûõ ëîêóñîâ ñ ýññåíöèàëüíîé ãèïåðòåíçèåé

EDNRA
rs6842241

EDNRB
rs5351

Êîíòðîëü
(%)

Áîëüíûå ÝÃ
(%)

p PFDR OR CIOR

*C *A 60,29 29,32 3,47*10-10 4,86*10-8 0,27 0,18—0,41

*A/A *G 1,84 8,38 2,06*10-3 8,01*10-3 4,87 1,60—14,83

Ïðèìå÷àíèå. p — ñòàòèñòè÷åñêàÿ çíà÷èìîñòü; OR — çíà÷åíèå ïîêàçàòåëÿ ñîîòíîøåíèÿ øàíñîâ (odds ratio); PFDR — ïî-
ïðàâêà íà ìíîæåñòâåííîñòü ñðàâíåíèé ïî ìåòîäó Áåíäæàìèíè—Õîõáåðãà; CIOR — 95% äîâåðèòåëüíûé èíòåðâàë



Òàêèì îáðàçîì, íàìè âïåðâûå áûëà îáíàðóæåíà àñ-
ñîöèàöèÿ ïîëèìîðôíîãî âàðèàíòà rs6842241 ãåíà ðåöåï-
òîðà ýíäîòåëèíà À ñ ÝÃ è ïîäòâåðæäåíû îáíàðóæåííûå
ðàíåå àññîöèàöèè ïîëèìîðôíîãî âàðèàíòà rs5351 ãåíà
ðåöåïòîðà ýíäîòåëèíà Â ñ ãèïåðòåíçèåé ó ìóæ÷èí-òàòàð.
Àññîöèàöèé ñ çàáîëåâàíèåì ïîëèìîðôíûõ ëîêóñîâ ãåíà
ýíäîòåëèíà-1 è ýíäîòåëèíïðåâðàùàþùåãî ôåðìåíòà íå
íàéäåíî. Ñëåäóåò îòìåòèòü, ÷òî ïðè àíàëèçå àññîöèàöèé
ñî÷åòàíèé ãåíîòèïîâ è/èëè àëëåëåé èññëåäóåìûõ ëîêó-
ñîâ ñ ÝÃ, ïîçâîëÿþùåì âûÿâèòü àääèòèâíûé ýôôåêò
ïîëèìîðôíûõ âàðèàíòîâ, íå îïðåäåëÿåìûé ïðè èíäè-
âèäóàëüíîì àíàëèçå, íàìè áûëè îáíàðóæåíû ñî÷åòàíèÿ,
àññîöèèðîâàííûå ñ ÝÃ, òàêæå ñîñòîÿâøèå èñêëþ÷èòåëü-
íî èç àëëåëåé/ãåíîòèïîâ ïîëèìîðôíûõ âàðèàíòîâ ãåíîâ
EDNRA è EDNRB. Òàêèì îáðàçîì, ìîæíî ïðåäïîëî-
æèòü, ÷òî êëþ÷åâûì ìåõàíèçìîì â àñïåêòå âëèÿíèÿ ýí-
äîòåëèíà-1 íà ôîðìèðîâàíèå ïðåäðàñïîëîæåííîñòè
ê ÝÃ ÿâëÿåòñÿ åãî âçàèìîäåéñòâèå ñ ðåöåïòîðàìè. Èñ-
ñëåäîâàíèå êëèíè÷åñêîé ýôôåêòèâíîñòè àíòàãîíèñòà
EDNRA àòðàñåíòàíà ïîçâîëèëî âûÿâèòü ñíèæåíèå ÀÄ
ïî äàííûì ñóòî÷íîãî ìîíèòîðèðîâàíèÿ, à òàêæå óëó÷-
øåíèå ïîêàçàòåëåé ëèïèäíîãî ñïåêòðà [8]. Ýêñïåðèìåí-
òû ñ áëîêàäîé EDNRA è EDNRB ó ëàáîðàòîðíûõ æèâîò-
íûõ ïîêàçàëè äîâîëüíî ïðîòèâîðå÷èâûå ðåçóëüòàòû.
Ó ñâèíåé ñ èíäóöèðîâàííîé ãèïåðòåíçèåé áëîêàäà
EDNRA ïðèâîäèëà ê ñíèæåíèþ âîñïàëåíèÿ, ôèáðîçà è
ðåìîäåëèðîâàíèÿ ìèêðîñîñóäèñòîãî ðóñëà, à òàêæå
ê ïîâûøåíèþ ïðîëèôåðàöèè ñîñóäîâ, â òî âðåìÿ êàê
áëîêàäà EDNRB íå âûçûâàëà ïîäîáíûõ ýôôåêòîâ [7].
Â òî æå âðåìÿ, ïðè èñïîëüçîâàíèè ñåëåêòèâíîãî àãîíè-
ñòà EDNRB ó ìûøåé íàáëþäàëîñü ïîâûøåíèå âíóòðè-
êëåòî÷íîãî ñîäåðæàíèÿ êàëüöèÿ, ñîïîñòàâèìîå ïî âû-
ðàæåííîñòè ñ íàáëþäàåìûì ïðè ââåäåíèè ýíäîòåëèíà-1
[20].

Òàêèì îáðàçîì, íåîáõîäèìû äàëüíåéøèå èññëåäîâà-
íèÿ, êîòîðûå ïîçâîëÿò ïðîÿñíèòü ðîëü êîìïîíåíòîâ ñè-
ñòåìû ýíäîòåëèíà-1 â ðàçâèòèè ÝÃ, â òîì ÷èñëå îñîáåí-
íîñòè ôóíêöèîíèðîâàíèÿ äàííîé ñèñòåìû ó ìóæ÷èí è
æåíùèí.

Ñïèñîê ëèòåðàòóðû

1. An S.J. et al. Endothelin-1 expression in vascular adventitial
fibroblasts // American Journal of Physiology-Heart and Circulatory
Physiology. — 2006. — Vol. 290, ¹ 2. — H700—H708.

2. Asai T. et al. Endothelin-1 Gene Variant Associates With Blo-
od Pressure in Obese Japanese Subjects The Ohasama Study // Hy-
pertension. — 2001. — Vol. 38, ¹ 6. — P. 1321—1324.

3. Banno M., Hanada H., Kamide K. et al. Association of gene-
tic polymorphisms of endothelin-converting enzyme-1 gene with hy-
pertension in a Japanese population and rare missense mutation in
preproendothelin-1 in Japanese hypertensives // Hypertension Rese-
arch. — 2007. — Vol. 30, ¹ 6. — P. 513.

4. Barden A.E., Herbison C.E., Beilin L.J. et al. Association bet-
ween the endothelin-1 gene Lys198Asn polymorphism blood pressu-
re and plasma endothelin-1 levels in normal and pre-eclamptic pre-
gnancy // Journal of hypertension. — 2001. — Vol. 19, ¹ 10. —
P. 1775—1782.

5. Benjafield A.V., Katyk K., Morris B.J. Association of
EDNRA, but not WNK4 or FKBP1B, polymorphisms with essential
hypertension // Clinical genetics. — 2003. — Vol. 64, ¹ 5. —
P. 433—438.

6. Caprioli J. et al. Polymorphisms of EDNRB, ATG, and ACE
genes in salt-sensitive hypertension // Canadian journal of physiolo-
gy and pharmacology. — 2008. — Vol. 86, ¹ 8. — P. 505—510.

7. Chade A.R., Stewart N.J., Peavy P.R. Disparate effects of sin-
gle endothelin-A and-B receptor blocker therapy on the progression
of renal injury in advanced renovascular disease // Kidney internati-
onal. — 2014. — Vol. 85, ¹ 4. — P. 833—844.

8. de Zeeuw D. et al. The endothelin antagonist atrasentan lowers
residual albuminuria in patients with type 2 diabetic nephropathy //
J. Am. Soc. Nephrol. — 2014. — Vol. 25, ¹ 5. — P. 1083—1093.

9. D’Orleans-Juste P. et al. Synthesis and degradation of endot-
helin-1 // Canadian journal of physiology and pharmacology. —
2003. — Vol. 81, ¹ 6. — P. 503—510.

10. Dzholdasbekova A.U., Gaipov A.E. The association between
polymorphism of Lys198Asn of endothelin-1 gene and arterial hy-
pertension risk in Kazakh people // European Journal of General
Medicine. — 2010. — Vol. 7, ¹ 2.

11. Favorov A.V. et al. A Markov chain Monte Carlo technique
for identification of combinations of allelic variants underlying com-
plex diseases in humans // Genetics. — 2005. — Vol. 171, ¹ 4. —
P. 2113—2121.

12. Funalot B., Courbon D., Brousseau T. et al. Genes encoding
endothelin-converting enzyme-1 and endothelin-1 interact to influ-
ence blood pressure in women: the EVA study // Journal of hyper-
tension. — 2004. — Vol. 22, ¹ 4. — P. 739—743.

13. Funke-Kaiser H. et al. Differential binding of transcription
factor E2F-2 to the endothelin-converting enzyme-1b promoter af-
fects blood pressure regulation // Human molecular genetics. —
2003. — Vol. 12, ¹ 4. — P. 423—433.

14. Gu D., Zhao Q., Kelly T.N. et al. The Role of the Kallikre-
in-Kinin System Genes in the Salt Sensitivity of Blood Pressure The
GenSalt Study // American journal of epidemiology. — 2012. —
Vol. 176. — Suppl 7. — P. S72—S80.

15. Hiyama T.Y. et al. Endothelin-3 expression in the subforni-
cal organ enhances the sensitivity of Na x, the brain sodium-level
sensor, to suppress salt intake // Cell metabolism. — 2013. —
Vol. 17, ¹ 4. — P. 507—519.

16. Iemitsu M. et al. Polymorphism in endothelin-related genes
limits exercise-induced decreases in arterial stiffness in older subjects
// Hypertension. — 2006. — Vol. 47, ¹ 5. — P. 928—936.

17. Jiang C. et al. Acute effect of 17 beta-estradiol on rabbit co-
ronary artery contractile responses to endothelin-1 // American Jo-
urnal of Physiology-Heart and Circulatory Physiology. — 1992. —
Vol. 263, ¹ 1. — P. H271—H275.

18. Jin J.J., Nakura J., Wu Z. et al. Association of endothelin-1
gene variant with hypertension // Hypertension. — 2003. — Vol. 41,
¹ 1. — P. 163—167.

19. Kohan D.E. et al. Regulation of blood pressure and salt ho-
meostasis by endothelin // Physiological reviews. — 2011. — Vol. 91,
¹ 1. — P. 1—77.

20. Lenoir O. et al. Direct action of endothelin-1 on podocytes
promotes diabetic glomerulosclerosis // Journal of the American So-
ciety of Nephrology. — 2014. — Vol. 25, ¹ 5. — P. 1050—1062.

21. Ling L., Maguire J.J., Davenport A.P. Endothelin-2, the for-
gotten isoform: emerging role in the cardiovascular system, ovarian
development, immunology and cancer // British journal of pharma-
cology. — 2013. — Vol. 168, ¹ 2. — P. 283—295.

22. Low S.K. et al. Genome-wide association study for intracra-
nial aneurysm in the Japanese population identifies three candidate
susceptible loci and a functional genetic variant at EDNRA // Hu-
man molecular genetics. — 2012. — dds020.

ÎÐÈÃÈÍÀËÜÍÛÅ ÈÑÑËÅÄÎÂÀÍÈß

34



23. Papassotiriou J. et al. Immunoluminometric assay for mea-
surement of the C-terminal endothelin-1 precursor fragment in hu-
man plasma // Clinical chemistry. — 2006. — Vol. 52, ¹ 6. —
P. 1144—1151.

24. Rahman T., Baker M., Hall D.H. et al. Common genetic va-
riation in the type A endothelin-1 receptor is associated with ambu-
latory blood pressure: a family study // Journal of human hypertensi-
on. — 2008. — Vol. 22, ¹ 4. — P. 282—288.

25. Rankinen T. et al. Effect of endothelin 1 genotype on blood
pressure is dependent on physical activity or fitness levels // Hyper-
tension. — 2007. — Vol. 50, ¹ 6. — P. 1120—1125.

26. Taillå C. et al. ETB receptor polymorphism is associated with
airway obstruction // BMC pulmonary medicine. — 2007. — Vol. 7,
¹ 1. — P. 5.

27. Tatchum-Talom R. et al. Gender differences in hemodyna-
mic responses to endothelin-1 // Journal of cardiovascular pharma-
cology. — 2000. — Vol. 36. — P. S102.

28. Tiret L. et al. The Lys198Asn polymorphism in the endothe-
lin-1 gene is associated with blood pressure in overweight people //
Hypertension. — 1999. — Vol. 33, ¹ 5. — P. 1169—1174.

29. Treiber F.A., Barbeau P., Harshfield G. et al. Endothelin-1
gene Lys198Asn polymorphism and blood pressure reactivity // Hy-
pertension. — 2003. — Vol. 42, ¹ 4. — P. 494—499.

30. Vadapalli S., Rani H.S., Sastry B.K.S. et al. Endothelin-1
and endothelial nitric oxide polymorphisms in idiopathic pulmonary
arterial hypertension // International journal of molecular epidemio-
logy and genetics. — 2010. — Vol. 1, ¹ 3. — P. 208.

31. Verweij N. et al. Genome-wide association study on plasma le-
vels of midregional-proadrenomedullin and C-terminal-pro-endothe-
lin-1 // Hypertension. — 2013. — Vol. 61, ¹ 3. — P. 602—608.

32. Wiltshire S., Powell B.L., Jennens M. et al. Investigating the
association between K198N coding polymorphism in EDN1 and hy-
pertension, lipoprotein levels, the metabolic syndrome and cardio-
vascular disease // Human genetics. — 2008. — Vol. 123, ¹ 3. —
P. 307—313.

33. Yanagisawa M. et al. A novel potent vasoconstrictor peptide
produced by vascular endothelial cells // Nature. — 1988. —
Vol. 332, ¹ 6163. — P. 411—415.

34. Yasuda H. et al. Association of single nucleotide polymorp-
hisms in endothelin family genes with the progression of atheroscle-
rosis in patients with essential hypertension // Journal of human hy-
pertension. — 2007. — Vol. 21, ¹ 11. — P. 883—892.

35. Yasuno K. et al. Common variant near the endothelin recep-
tor type A (EDNRA) gene is associated with intracranial aneurysm
risk // Proceedings of the National Academy of Sciences. — 2011. —
Vol. 108, ¹ 49. — P. 19707—19712.

Polymorphisms of endothelin-1 system genes and risk of essential hypertension
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Endothelin-1 system plays an important role in regulation of vascular tone and vascular remodeling. The aim of the current study
was to perform an analysis of association between essential hypertension and polymorphic variants in genes, encoding endothelin-1,
endothelin-converting enzyme, endothelin receptors A and B, in the ethnic group of Tatars residing in the Republic of Bashkortostan.
We found an association of EDNRA rs6842241 and EDNRB rs5351 polymorphic variants with essential hypertension in men. Further-
more, an increased risk of essential hypertension was detected for the carriers of EDNRA*G/G genotype and EDNRB*C allele combi-
nation, while EDNRA*C and EDNRB*A alleles combination had protective effect against the development of the disease.

Key words: essential hypertension, genetic polymorphism, endothelin receptors A and B, APSampler
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