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Àêòóàëüíîñòü. Íåñìîòðÿ íà äîñòèãíóòûå óñïåõè â ðàñøèôðîâêå ãåíåòè÷åñêîé êîìïîíåíòû èøåìè÷åñêîé áîëåçíè ñåðäöà
(ÈÁÑ), òîëüêî ìàëàÿ ÷àñòü íàñëåäóåìîñòè çàáîëåâàíèÿ áûëà îáúÿñíåíà. Â íàñòîÿùåå âðåìÿ ñóùåñòâóåò íåáîëüøîé ðÿä ðà-
áîò, êîòîðûå èçó÷àþò âàðèàöèè ïî ÷èñëó êîïèé ó÷àñòêîâ ÄÍÊ (copy number variation, CNV) ïðè ñåðäå÷íî-ñîñóäèñòîé ïàòîëî-
ãèè. Öåëü. Îöåíêà óðîâíÿ CNV â õðîìîñîìíîì ðåãèîíå 10q24.31 (ERLIN1) â êëåòêàõ êîðîíàðíûõ àðòåðèé è ëåéêîöèòîâ ïåðè-
ôåðè÷åñêîé êðîâè (ËÏÊ) ó áîëüíûõ ñ ÈÁÑ. Ìàòåðèàëû è ìåòîäû. Äåòåêöèÿ CNV ïðîâîäèëàñü ìåòîäîì ÏÖÐ â ðåæèìå ðåàëü-
íîãî âðåìåíè ñ èñïîëüçîâàíèåì TaqMan-çîíäîâ â îáðàçöàõ ÄÍÊ ËÏÊ (n = 110) è ÄÍÊ àòåðîñêëåðîòè÷åñêèõ áëÿøåê èç êîðî-
íàðíûõ àðòåðèé (n = 33) ó áîëüíûõ ñ ÈÁÑ, à òàêæå â îáðàçöàõ ÄÍÊ ËÏÊ çäîðîâûõ èíäèâèäîâ (n = 100). Ñòàòèñòè÷åñêèé àíàëèç
âûïîëíÿëñÿ ñ ïîìîùüþ ñòàíäàðòíîé êðèâîé ñîãëàñíî ìåòîäó Pfaffl. Ðåçóëüòàòû è âûâîäû. Óñòàíîâëåíî, ÷òî ñðåäè áîëüíûõ
ÈÁÑ àìïëèôèêàöèè õðîìîñîìíîãî ðåãèîíà 10q24.31 (ERLIN1) ðåãèñòðèðîâàëèñü â 3% ñëó÷àåâ, òîãäà êàê ó 1% çäîðîâûõ èí-
äèâèäîâ îáíàðóæåíà äåëåöèÿ àíàëèçèðóåìîãî ðåãèîíà. Êðîìå òîãî, ó äâóõ ïàöèåíòîâ äàííàÿ àìïëèôèêàöèÿ ïðåäñòàâëåíà
òîëüêî â ËÏÊ, íî íå â àòåðîñêëåðîòè÷åñêèõ áëÿøêàõ êîðîíàðíûõ àðòåðèé.
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Despite the advances in uncovering of the genetic component of coronary heart disease (CHD), only a small fraction of the
heritability of the disease has been explained. Currently, there are relatively few studies of copy number variation (CNV) in cardiovascular
diseases. Aim. Assessment of the CNVs 10q24.31 (ERLIN1) in the cells of the coronary arteries and white blood cells (WBC) in patients
with CHD. Materials and methods. Detection of the CNVs was performed by qPCR using TaqMan-probes in WBC samples (n = 110) and
atherosclerotic plaques of the coronary arteries (n = 33) in patients with CHD, as well as in WBC samples of healthy individuals (n = 100).
Statistical analysis was carried out using a standard curve of Pfaffl method. Results and conclusions. We found the amplification in
10q24.31 (ERLIN1) region in 3% of patients with CHD, whereas deletion was observed in 1% of healthy individuals. In addition, two pa-
tients had amplification in analyzed region only in WBC, but not in the atherosclerotic plaques of the coronary arteries.
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Ââåäåíèå

Çà ïîñëåäíåå äåñÿòèëåòèå ïîëíîãåíîìíûå àññîöèà-
òèâíûå èññëåäîâàíèÿ (GWAS) âûÿâèëè 153 îäíîíóêëåî-
òèäíûõ ïîëèìîðôèçìîâ (SNP), ñâÿçàííûõ ñ èøåìè÷å-
ñêîé áîëåçíüþ ñåðäöà (ÈÁÑ), èç êîòîðûõ 46 ëîêóñîâ
ïîäòâåðæäåíû â íåñêîëüêèõ ðàáîòàõ. Òåì íå ìåíåå îíè
îáúÿñíÿþò ìåíåå 10% íàñëåäóåìîñòè äàííîãî çàáîëåâà-
íèÿ [1].

Êðîìå SNP, â ãåíîìå ÷åëîâåêà ñóùåñòâóåò ðÿä äðó-
ãèõ ñòðóêòóðíûõ âàðèàíòîâ, â òîì ÷èñëå âàðèàöèè ÷èñëà
êîïèé ó÷àñòêîâ ÄÍÊ (copy number variation — CNV).
Ðàçìåð CNV âàðüèðóåò îò íåñêîëüêèõ ñîòåí ïàð íóêëåî-
òèäîâ äî íåñêîëüêèõ ìèëëèîíîâ. Äàííûå âàðèàíòû çà-
íèìàþò 12—18% ãåíîìà ÷åëîâåêà è ìîãóò ñîäåðæàòü ãå-
íû, èçìåíÿÿ èõ «äîçó» [2, 3]. Íåñìîòðÿ íà òî, ÷òî CNV

ÿâëÿþòñÿ âàæíûì èñòî÷íèêîì ãåíåòè÷åñêîãî ðàçíîîá-
ðàçèÿ, èõ âëèÿíèå íà ôåíîòèïè÷åñêóþ èçìåí÷èâîñòü,
âêëþ÷àÿ ïðåäðàñïîëîæåííîñòü ê áîëåçíÿì ÷åëîâåêà,
îñòàåòñÿ íåäîñòàòî÷íî èçó÷åííîé. Â íàñòîÿùåå âðåìÿ
ñóùåñòâóåò íåáîëüøîé ðÿä ðàáîò, èçó÷àþùèõ CNV ïðè
ñåðäå÷íî-ñîñóäèñòîé ïàòîëîãèè [4].

Â ïðåäûäóùèõ ðàáîòàõ íàøåãî êîëëåêòèâà áûë îöå-
íåí ñïåêòð è õàðàêòåð CNV â îáðàçöàõ ÄÍÊ àòåðîñêëå-
ðîòè÷åñêèõ áëÿøåê êîðîíàðíûõ àðòåðèé è ëåéêîöèòîâ
ïåðèôåðè÷åñêîé êðîâè (ËÏÊ) áîëüíûõ ñ ìóëüòèôî-
êàëüíûì àòåðîñêëåðîçîì ìåòîäîì ìàòðè÷íîé ñðàâíè-
òåëüíîé ãåíîìíîé ãèáðèäèçàöèè [5]. Ïðèíèìàÿ âî âíè-
ìàíèå òîò ôàêò, ÷òî ïðîäóêòû îêèñëåíèÿ õîëåñòåðîëà
èãðàþò âàæíóþ ðîëü â ðàçâèòèè àòåðîñêëåðîòè÷åñêîãî
ïðîöåññà, â íàñòîÿùåì èññëåäîâàíèè äëÿ ïîäòâåðæäå-



íèÿ áûëà îòîáðàíà CNV, ëîêàëèçîâàííàÿ â õðîìîñîì-
íîì ðåãèîíå — 10q24.31. Â äàííîì ðåãèîíå ñîäåðæèòñÿ
ãåí ERLIN1, áåëêîâûé ïðîäóêò êîòîðîãî âõîäèò â ñîñòàâ
ëèïèäíûõ ðàôòîâ ýíäîïëàçìàòè÷åñêîãî ðåòèêóëóìà è
ó÷àñòâóåò âî âíóòðèêëåòî÷íîì îáìåíå õîëåñòåðîëà [6].

Öåëü è çàäà÷è èññëåäîâàíèÿ — îöåíêà óðîâíÿ CNV
â õðîìîñîìíîì ðåãèîíå 10q24.31(ERLIN1) â êëåòêàõ êî-
ðîíàðíûõ àðòåðèé è ëåéêîöèòîâ ïåðèôåðè÷åñêîé êðîâè
ó áîëüíûõ ñ ÈÁÑ.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ

Ãðóïïà áîëüíûõ ÈÁÑ âêëþ÷àëà 110 ìóæ÷èí (ñðåä-
íèé âîçðàñò 56,1 ± 7,7 ãîäà). Â êîíòðîëüíóþ ãðóïïó âî-
øëè ìóæ÷èíû áåç êëèíè÷åñêèõ ñèìïòîìîâ ïîðàæåíèÿ
ñåðäå÷íî-ñîñóäèñòîé ñèñòåìû (n = 100; ñðåäíèé âîçðàñò
50,1 ± 8,6 ãîäà). Âñå îáñëåäîâàííûå áûëè ðóññêîé íàöè-
îíàëüíîñòè. Ó èíäèâèäîâ áûëè âçÿòû îáðàçöû âåíîçíîé
êðîâè. Êðîìå òîãî, ó 33 ïàöèåíòîâ áûëè äîñòóïíû îá-
ðàçöû òêàíåé, ïîðàæåííûõ àòåðîñêëåðîçîì êîðîíàðíûõ
àðòåðèé, ïîëó÷åííûõ â ðåçóëüòàòå àîðòîêîðîíàðíîãî
øóíòèðîâàíèÿ. Âûäåëåíèå ÄÍÊ èç àðòåðèé è ËÏÊ ïðî-
âîäèëîñü ñ èñïîëüçîâàíèåì íàáîðîâ QIAamp DNA Mic-
ro Kit (Qiagen), ñîãëàñíî ïðîòîêîëó ïðîèçâîäèòåëÿ. Âñå
èíäèâèäû ïîäïèñàëè èíôîðìèðîâàííîå ñîãëàñèå íà
ïðîâåäåíèå èññëåäîâàíèÿ.

Äåòåêöèÿ CNV ïðîâîäèëàñü ìåòîäîì êîëè÷åñòâåí-
íîé ÏÖÐ â ðåæèìå ðåàëüíîãî âðåìåíè ñ ïðèìåíåíèåì
TaqMan ïðîá Hs00986678_cn (ERLIN1), à â êà÷åñòâå êà-
ëèáðàòîðà èñïîëüçîâàëèñü TaqMan ïðîáû äëÿ ãåíà RNA-
se P. ÏÖÐ âûïîëíÿëàñü â òðåõ ïîâòîðàõ, ñîãëàñíî ïðîòî-
êîëó ïðîèçâîäèòåëÿ, íà ïðèáîðå AriaMx Realtime PCR
(Agilent). Ñòàòèñòè÷åñêèé àíàëèç CNV (àìïëèôèêàöèÿ,
äåëåöèÿ) ïðîâîäèëñÿ ìåòîäîì Pfaffl, ïðèíèìàÿ âî âíè-
ìàíèå ýôôåêòèâíîñòü àìïëèôèêàöèè äëÿ êàæäîé ïàðû
ïðàéìåðîâ [7]. Çíà÷åíèÿ â äèàïàçîíå 0,8—1,2 óêàçûâàëè
íà äâå êîïèè ó÷àñòêà ÄÍÊ, ìåíåå 0,6 — íà óìåíüøåíèå
÷èñëà êîïèé, à áîëåå 1,4 ðàññìàòðèâàëèñü êàê óâåëè÷å-
íèå ÷èñëà êîïèé. Â êà÷åñòâå ðåôåðåíñíîé ÄÍÊ âûñòó-
ïàëà «ÄÍÊ ìóæ÷èíû åâðîïåéñêîãî ïðîèñõîæäåíèÿ»
(Agilent Euro Male, 5190).

Ðåçóëüòàòû è îáñóæäåíèå

Âûÿâëåíî, ÷òî óâåëè÷åíèå ÷èñëà êîïèé ó÷àñòêîâ
ÄÍÊ â õðîìîñîìíîì ðåãèîíå 10q24.31 (ERLIN1) âñòðå-
÷àëîñü â òðåx ñëó÷àÿõ (3%), âìåñòå ñ òåì, äàííàÿ àìïëè-
ôèêàöèÿ âûÿâëÿëàñü ó îäíîãî áîëüíîãî è â îáðàçöàõ
ÄÍÊ àòåðîñêëåðîòè÷åñêè ïîðàæåííûõ êîðîíàðíûõ àð-
òåðèé, òîãäà êàê ó äâóõ äðóãèõ íåò (ðèñóíîê). Èíòåðåñíî,
÷òî â êîíòðîëüíîé ãðóïïå â îäíîì ñëó÷àå (1%) óñòàíîâ-
ëåíî óìåíüøåíèå ÷èñëà êîïèé â àíàëèçèðóåìîì õðîìî-
ñîìíîì ðåãèîíå.

Ïðîäóêò ãåíà ERLIN1 ÿâëÿåòñÿ õîëåñòåðîë-ñâÿçûâà-
þùèì áåëêîì, êîòîðûé ïðèíèìàåò íåïîñðåäñòâåííîå
ó÷àñòèå â ðåãóëÿöèè SREBP [8] è âõîäèò â êà÷åñòâå êîì-

ïîíåíòà ëèïèäíûõ ðàôòîâ ýíäîïëàçìàòè÷åñêîãî ðåòèêó-
ëóìà (ÝÐ) [6]. Áåëîê ERLIN1 âçàèìîäåéñòâóåò ñ ERLIN2
è ôîðìèðóåò ôóíêöèîíàëüíûé êîìïëåêñ. Êàê èçâåñòíî,
ñóùåñòâóåò êîððåëÿöèÿ ìåæäó «äîçîé» ãåíà è óðîâíåì
åãî ýêñïðåññèè. Èññëåäîâàíèå ðàêà ìîëî÷íîé æåëåçû
âûÿâèëî óâåëè÷åíèå ÷èñëà êîïèé è ãèïåðýêñïðåññèþ
ãåíà ERLIN2 â îïóõîëåâîé òêàíè [9]. Óâåëè÷åíèå ýêñï-
ðåññèè ãåíà ERLIN2 ïðèâîäèò ê àêòèâàöèè êëþ÷åâîãî
ðåãóëÿòîðà ëèïîãåíåçà — SREBP1 è ïðîäóêöèè ëèïèä-
íûõ êàïåëü â öèòîïëàçìå îïóõîëåâûõ êëåòîê ìîëî÷íîé
æåëåçû. Òàêèì îáðàçîì, ôóíêöèîíàëüíóþ çíà÷èìîñòü è
ìåõàíèçì èçìåí÷èâîñòè ÷èñëà êîïèé ó÷àñòêîâ ÄÍÊ
â õðîìîñîìíîì ðåãèîíå 10q24.31 (ERLIN1) ó áîëüíûõ
ñ ÈÁÑ íåîáõîäèìî èññëåäîâàòü áîëåå äåòàëüíî. Íå èñê-
ëþ÷åíî, ÷òî èçáûòîê äîçû ãåíà ERLIN1 ïðèâîäèò ê óâå-
ëè÷åíèþ åãî ýêñïðåññèè è ïîâûøåíèþ ðèñêà ðàçâèòèÿ
ñåðäå÷íî-ñîñóäèñòîé ïàòîëîãèè.

Äðóãàÿ èíòåðåñíàÿ íàõîäêà íàñòîÿùåãî èññëåäîâàíèÿ
çàêëþ÷àëàñü â òîì, ÷òî óðîâåíü äåòåêöèè àìïëèôèêàöèè
â õðîìîñîìíîì ðåãèîíå 10q24.31 (ERLIN1) ðàçëè÷àëñÿ
äëÿ ïàðíûõ îáðàçöîâ òêàíåé (ëåéêîöèòû è àðòåðèè). Âîç-
ìîæíî, ÷òî â ëåéêîöèòàõ ó áîëüíûõ ÈÁÑ ïðîèçîøëî óâå-
ëè÷åíèå ÷èñëà êîïèé àíàëèçèðóåìûõ ó÷àñòêîâ ÄÍÊ â ðå-
çóëüòàòå ïîñòçèãîòè÷åñêèõ ñîáûòèé. Ñîìàòè÷åñêèé ìîçà-
èöèçì ìîæåò èìåòü êàê ôèçèîëîãè÷åñêèé, òàê è ïàòîëî-
ãè÷åñêèé õàðàêòåð. Êàê ïðàâèëî, ïîëèìîðôèçì CNV ãå-
íîâ èììóíîãëîáóëèíà è ðåöåïòîðîâ Ò-êëåòîê ÿâëÿåòñÿ
ôèçèîëîãè÷åñêèì ñîìàòè÷åñêèì ìîçàèöèçìîì [10]. Îä-
íàêî âîçíèêíîâåíèå â ñîìàòè÷åñêèõ êëåòêàõ CNV, çàòðà-
ãèâàþùèõ äðóãèå ãåíû, ìîæåò âíîñèòü âêëàä â ðèñê ôîð-
ìèðîâàíèÿ ìíîãîôàêòîðíûõ çàáîëåâàíèé [11].
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