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Öåëü èññëåäîâàíèÿ. Âûÿâëåíèå àññîöèàöèè ìåæäó ïðîÿâëåíèÿìè àòåðîñêëåðîçà (ÒÈÌÑ, áëÿøêè) è ãàïëîòè-
ïàìè ìóòàöèé ìèòîõîíäðèàëüíîãî ãåíîìà. Ìåòîäèêà. Îáñëåäîâàíî 130 ÷åëîâåê: áîëüíûå ÈÁÑ, ïåðåí¸ñøèå èí-
ôàðêò ìèîêàðäà, ïàöèåíòû ñ ÓÇÈ ïðèçíàêàìè àòåðîñêëåðîçà, à òàêæå óñëîâíî çäîðîâûå ëèöà, áåç ÓÇÈ ïðèçíàêîâ
àòåðîñêëåðîçà. Ìàòåðèàëîì èññëåäîâàíèÿ áûëè îáðàçöû ÄÍÊ, âûäåëåííûå èç êëåòîê êðîâè ó÷àñòíèêîâ èññëåäîâà-
íèÿ. Âûäåëåíèå ÄÍÊ ïðîâîäèëîñü ôåíîë-õëîðîôîðìíûì ìåòîäîì. Âûäåëåííàÿ ÄÍÊ áûëà èñïîëüçîâàíà äëÿ îïðå-
äåëåíèÿ ïðîöåíòà ãåòåðîïëàçìèè ïî 9 ìèòîõîíäðèàëüíûì ìóòàöèÿì, ñ èñïîëüçîâàíèåì ìåòîäà ÏÖÐ â ðåàëüíîì âðå-
ìåíè. Ðåçóëüòàòû. Áûëè èäåíòèôèöèðîâàíû ãàïëîòèïû ìóòàöèé ìèòîõîíäðèàëüíîãî ãåíîìà, àññîöèèðîâàííûå ñ ôå-
íîòèïè÷åñêèìè ïðîÿâëåíèÿìè ïðåäðàñïîëîæåííîñòè ê àòåðîñêëåðîòè÷åñêèì ïîðàæåíèÿì. Ïðåîáëàäàþùèå àíòèàòå-
ðîñêëåðîòè÷åñêèå ãàïëîòèïû CGAG è CGGG âñòðå÷àëèñü ó 21,3% ó÷àñòíèêîâ èññëåäîâàíèÿ. Ïðåîáëàäàþùèå ïðî-
àòåðîñêëåðîòè÷åñêèå ãàïëîòèïû TAAA, TAGG è TAGA âñòðå÷àëèñü ó 44,8% ó÷àñòíèêîâ èññëåäîâàíèÿ. Òàêèì
îáðàçîì, áûëî óñòàíîâëåíî, ÷òî ñóùåñòâóþò íåñêîëüêî íàèáîëåå ðàñïðîñòðàíåííûõ ãàïëîòèïîâ ìóòàöèé ìèòîõîíä-
ðèàëüíîãî ãåíîìà, îõâàòûâàþùèõ îêîëî 65% ïîïóëÿöèè; 2/3 ýòèõ ãàïëîòèïîâ ñâÿçàíû ñ ïîâûøåííîé ïðåäðàñïîëî-
æåííîñòüþ ê àòåðîñêëåðîçó. Çàêëþ÷åíèå. Ïîëó÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò, ÷òî ïðåäïîëîæèòåëüíàÿ ñòå-
ïåíü ãåíåòè÷åñêîãî ðèñêà ìèòîõîíäðèàëüíîãî «ãàïëîòèïà» ïî ìóòàöèÿì m.3256Ñ>Ò, m.12315G>A, m.13513A>G è
m.15059G>A ëèíåéíî ñâÿçàíà ñ àáñîëþòíîé òîëùèíîé èíòèìî-ìåäèàëüíîãî ñëîÿ ñîííûõ àðòåðèé è âûðàæåííîñòüþ
àòåðîñêëåðîòè÷åñêèõ áëÿøåê â îáñëåäîâàííîé ãðóïïå ó÷àñòíèêîâ ýêñïåðèìåíòàëüíî-êëèíè÷åñêîãî èññëåäîâàíèÿ.
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Mitochondrial genome mutations haplotypes associated with phenotypic manifestations of predisposition to atherosclerotic
lesions were identified. The data suggests the existence of several «haplotypes» mitochondrial mutations associated with an
increased risk of atherosclerosis. To formulate names îf mitochondrial genome «haplotypes» the principle of individual
heteroplasmy indicators relative to the mid-point was used. The median value for heteroplasmy level of mutations
m.3256Ñ>Ò amounted to 17.5%, mutation m.12315G>A — 28%, mutation m.13513G>A — 19.5%, and mutation
m.15059G>A — 39%. On the basis of the estimated degree of genetic risk (CPEM) most small and meaningful options
for aggregate mutations m.3256Ñ>Ò, m.12315G>A, m.13513A>G and m.15059G>A are «haplotype» CGAG (lowest
susceptibility to atherosclerosis) and TAGA (the greatest susceptibility to atherosclerosis) respectively; other possible combina-
tions are intermediate. Prevailing anti-atherosclerotic haplotype CGAG and CGGG met at 21.3% of survey participants. The
prevailing proatherosclerotic haplotype TAAA, TAGG and TAGA met at 44.8% of survey participants. 2/3 of these
haplotypes are associated with increased risk of atherosclerosis. Approximate extent of the genetic risk of mitochondrial
«haplotype» on mutations, m.3256Ñ>Ò, m.12315G>A, m.13513A>G and m.15059G>A and linearly related to absolute
thickness intimo-medial layer of the carotid arteries and the manifestation of atherosclerotic plaques in the surveyed group of
persons-participants of experimental clinical studies. The purpose. Find an association between atherosclerosis manifestations
(TIMS, plaques) and gapoltipami mutations of the mitochondrial genome. Methods. The object of the research were 130
people: patients with coronary artery disease who underwent myocardial infarction, patients with ultrasound evidence of ath-
erosclerosis, and relatively healthy, with no ultrasound evidence of atherosclerosis. The material of the studies were DNA
samples isolated from blood cells collected from study participants. DNA extraction was performed with phenol-chloroform
method. The isolated DNA was used to determine the percentage of mitochondrial heteroplasmy 9 mutations using PCR in
real time. Results. Íaplotypes of mutations of the mitochondrial genome have been identified associated with the phenotypic
manifestations of susceptibility to atherosclerotic lesions. The prevailing anti-atherosclerotic and haplotypes CGAG CGGG
occurred in 21.3% of study participants. Prevailing atherosclerotic haplotypes TAAA, TAGG and TAGA occurred in
44.8% of study participants. Thus, it was found that there are a few common haplotypes of mutations of the mitochondrial
genome, covering about 65% of the population; 2/3 of these haplotypes is associated with increased susceptibility to athero-
sclerosis. Conclusion. The results indicate that the presumed degree of genetic risk of mitochondrial «haplotype» for muta-
tions m.3256Ñ>Ò, m.12315G>A, m.13513A>G and m.15059G>A is linearly related to the absolute thickness of in-
tima-media layers of the carotid arteries and the severity of atherosclerotic plaques in the studied group of persons — partici-
pants of experimental and clinical studies.
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Ââåäåíèå

Â Ðîññèè, êàê è â áîëüøèíñòâå èíäóñòðèàëüíûõ
ñòðàí, ñåðäå÷íî-ñîñóäèñòûå çàáîëåâàíèÿ (ÑÑÇ) çà-
íèìàþò ïåðâîå ìåñòî â ñòðóêòóðå èíâàëèäèçàöèè è
ñìåðòíîñòè. Íåñìîòðÿ íà ñóùåñòâåííûå äîñòèæåíèÿ
â îáëàñòè ìåäèöèíû è áèîëîãèè, çàáîëåâàåìîñòü è
ñìåðòíîñòü îò àòåðîñêëåðîòè÷åñêèõ çàáîëåâàíèé îñòà-
þòñÿ íà âûñîêîì óðîâíå, â òî âðåìÿ êàê àðñåíàë ýô-
ôåêòèâíûõ òåðàïåâòè÷åñêèõ ñðåäñòâ è àäåêâàòíûõ öå-
ëåé àíòèàòåðîñêëåðîòè÷åñêîé òåðàïèè âåñüìà îãðàíè-
÷åí [1]. Ñîâðåìåííûå àëãîðèòìû îöåíêè ñåðäå÷íî-ñî-
ñóäèñòîãî ðèñêà, ó÷èòûâàþùèå ñîâîêóïíîå âçàèìî-
äåéñòâèå íåñêîëüêèõ ôàêòîðîâ ðèñêà, â ñîñòîÿíèè
îáúÿñíèòü îêîëî 70% âàðèàáåëüíîñòè âîçíèêíîâåíèÿ
îñòðîãî èíôàðêòà ìèîêàðäà [2, 3].

Â êà÷åñòâå âàæíîãî è ïåðñïåêòèâíîãî êîìïîíåíòà
ýôôåêòèâíîé ñèñòåìû îöåíêè ïðåäðàñïîëîæåííîñòè
ê àòåðîñêëåðîòè÷åñêèì çàáîëåâàíèÿì ñëåäóåò ðàñ-
ñìàòðèâàòü àíàëèç ãàïëîòèïîâ ãåíîâ ïðåäðàñïîëîæåí-
íîñòè ê ÑÑÇ. Òàê, ïðè ðàçëè÷íûõ ïàòîëîãèÿõ ÷åëî-
âåêà âûÿâëåíà àññîöèàöèÿ ðàçëè÷íûõ çàáîëåâàíèé
(íàïðèìåð, ñòåíîçà êîðîíàðíûõ ñîñóäîâ, ñàõàðíîãî
äèàáåòà, ãëóõîòû, èíôàðêòà ìèîêàðäà, êàðäèîìèîïà-
òèé) ñ ìóòàöèÿìè ìèòîõîíäðèàëüíîãî ãåíîìà, ëîêàëè-
çîâàííûìè â êîäèðóþùèõ ó÷àñòêàõ ãåíîâ è, âîçìîæ-
íî, âîçíèêàþùèìè â ïðîöåññå îíòîãåíåçà [4, 5]. Ïðè
ýòîì ïðàêòè÷åñêè íåðàçðàáîòàííûì íàïðàâëåíèåì èñ-
ñëåäîâàíèé ÿâëÿåòñÿ èçó÷åíèå ñâÿçè ìèòîõîíäðèàëü-
íûõ ìóòàöèé ñ âîçíèêíîâåíèåì è ðàçâèòèåì àòåðîñê-
ëåðîòè÷åñêèõ ïîðàæåíèé â àðòåðèÿõ ÷åëîâåêà, â ÷àñò-
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íîñòè ñ èøåìè÷åñêîé áîëåçíüþ ñåðäöà (ÈÁÑ)
[6—10]. Äàííûå ìóòàöèè ìîãóò âûçûâàòü äåôåêòû
â áåëêîâûõ öåïÿõ íåêîòîðûõ äûõàòåëüíûõ ôåðìåíòîâ
è òðàíñïîðòíûõ ÐÍÊ (òÐÍÊ), ñèíòåçèðóþùèõñÿ
íåïîñðåäñòâåííî â ìèòîõîíäðèÿõ [8—10, 11—15].
Ýòî ïðèâîäèò, â ÷àñòíîñòè, ê óìåíüøåíèþ êîíöåíòðà-
öèè äàííûõ ôåðìåíòîâ è òÐÍÊ èëè ïîëíîé èõ äèñ-
ôóíêöèè â ìèòîõîíäðèÿõ, ÷òî, â ñâîþ î÷åðåäü, âåäåò
ê äèñôóíêöèè ìèòîõîíäðèé â îðãàíèçìå ÷åëîâåêà,
ñ áîëüøîé âåðîÿòíîñòüþ ñïîñîáñòâóþùåé âîçíèêíî-
âåíèþ è ðàçâèòèþ àòåðîñêëåðîçà [3, 14—18].

Ìåòîäèêà

Ìàòåðèàëîì èññëåäîâàíèÿ áûëè îáðàçöû ÄÍÊ,
âûäåëåííûå èç êëåòîê êðîâè, âçÿòîé ó 130 ó÷àñòíèêîâ
èññëåäîâàíèÿ. Îáúåêòîì èññëåäîâàíèÿ áûëè áîëüíûå
ÈÁÑ, ïåðåíåñøèå èíôàðêò ìèîêàðäà, ïàöèåíòû
ñ ÓÇÈ ïðèçíàêàìè àòåðîñêëåðîçà. Áîëüíûå ïðîõîäè-
ëè îáñëåäîâàíèå â êàðäèîëîãè÷åñêîì öåíòðå èì. Ìÿñ-
íèêîâà è â ïîëèêëèíèêå ÌÃÓ. Â êà÷åñòâå êîíòðîëü-
íîé ãðóïïû áûëè âçÿòû 42 óñëîâíî çäîðîâûõ äîíîðà,
íå èìåþùèõ ÓÇÈ ïðèçíàêîâ àòåðîñêëåðîçà.

Âûäåëåíèå ÄÍÊ

Êðîâü ïîñëå çàáîðà õðàíèëè ïðè -20°Ñ. Âûäåëå-
íèå ÄÍÊ ïðîâîäèëîñü ôåíîë-õëîðîôîðìíûì ìåòî-
äîì. Êîíöåíòðàöèþ ÄÍÊ â ïîëó÷åííîé ïðîáå îïðå-
äåëÿëè íà ñïåêòðîôîòîìåòðå NanoPhotometer Pearl
UV/Vis c SDRAM P-34 («IMPLEN», Ãåðìàíèÿ).
Äëÿ ðàáîòû ñ êîëëåêöèåé ïðîáû ÄÍÊ ðàçâîäèëè
â ÒÅ-áóôåðå äî êîíöåíòðàöèè 0.03 ìêã/ìêë, ïîìå-
ùàëè ðàçâåä¸ííûå îáðàçöû â îòäåëüíûå ïðîáèðêè.
Ïîñëå èçìåðåíèÿ êîíöåíòðàöèè ïðîáû ÄÍÊ õðàíèëè
ïðè -20°Ñ.

Ïîëèìåðàçíàÿ öåïíàÿ ðåàêöèÿ ðåàëüíîãî âðåìåíè

Âûäåëåííàÿ ÄÍÊ áûëà èñïîëüçîâàíà äëÿ îïðåäå-
ëåíèÿ ïðîöåíòà ãåòåðîïëàçìèè ïî 9 ìèòîõîíäðèàëü-
íûì ìóòàöèÿì, ñ èñïîëüçîâàíèåì ìåòîäà ÏÖÐ â ðå-
àëüíîì âðåìåíè. Óðîâåíü ãåòåðîïëàçìèè ìóòàöèé ìè-
òîõîíäðèàëüíîãî ãåíîìà ÷åëîâåêà âñåõ 9 ïðîàíàëèçè-

ðîâàííûõ ìóòàöèé áûë èçìåðåí ñ ïîìîùüþ ìåòîäà
âûùåïëåíèÿ 5’-êîíöåâîé ìåòêè (TaqMan Assay).

Äëÿ êàæäîé èç 9 ìóòàöèé áûëè ðàçðàáîòàíû çîíäû
TaqMan, õàðàêòåðèñòèêè êîòîðûõ ïðèâåäåíû â òàáë. 1.

Äèçàéí ïðàéìåðîâ è çîíäîâ (òàáë. 1) áûë ïðî-
âåä¸í äëÿ äåâÿòè ìóòàöèé ìèòîõîíäðèàëüíîãî ãåíîìà
ñ èñïîëüçîâàíèåì ñëåäóþùèõ ïðîãðàìì [19—22]:

� primer 3;
� oligo calc;
� êëèåíò-ñåðâåð DINAMELT;
� áàçà äàííûõ Mitomap.
Äëÿ îïðåäåëåíèÿ ïîñëåäîâàòåëüíîñòåé ïðàéìåðîâ

áûëà èñïîëüçîâàíà Êåìáðèæäñêàÿ ïîñëåäîâàòåëüíîñòü
ìòÄÍÊ ÷åëîâåêà, âåðñèÿ J01415.2, èäåíòèôèêàöèîííûé
íîìåð GenBank NC_012920 gi:251831106.

Ïðîâåðêó ñïåöèôè÷íîñòè ïðàéìåðîâ è çîíäîâ
ïðîâîäèëè íà ïðèáîðå Real Time PCR System 7500
Fast («Applied Biosystems», ÑØÀ). Òàêæå äëÿ êàæ-
äîãî èç âèäîñïåöèôè÷íûõ çîíäîâ ïîäîáðàíû ôëóî-
ðåñöåíòíûå êðàñèòåëè, ñïåêòðû ôëóîðåñöåíöèè êîòî-
ðûõ íå ïåðåêðûâàëèñü. Ðåãèñòðàöèþ ñèãíàëà ÏÖÐ
â ðåàëüíîì âðåìåíè ïðîâîäèëè ïî êàíàëàì, ñîîòâåò-
ñòâóþùèì ôëóîðîôîðàì FAM è RÎÕ, äåòåêòèðóþ-
ùèì ïðîäóêò àìïëèôèêàöèè íîðìàëüíîãî è ìóòàíòíî-
ãî àëëåëÿ (ñîîòâåòñòâåííî).

ÏÖÐ-àíàëèç ñ âûùåïëåíèåì 5`- êîíöåâîé ìåòêè
(TaqMan ñèñòåìà) ïðîâîäèëè íà ïðèáîðå Real Time
PCR System 7500 Fast («Applied Biosystems»,
ÑØÀ). 10 ìêë ðåàêöèîííîé ñìåñè ñîäåðæàëî 1õTaq-
Man Buffer, 3 ìÌ MgCl2, 250 ìêÌ êàæäîãî dNTP,
300 íÌ ïðàéìåðû, 300 íÌ ãèáðèäèçàöèîííûõ çîí-
äîâ, 0,5 åä. Taq-ïîëèìåðàçû («Õåëèêîí», Ìîñêâà),
4 ìêë àíàëèçèðóåìîé ÄÍÊ.

ÏÖÐ, ñ èçìåðåíèåì èíòåíñèâíîñòè ôëóîðåñöåí-
öèè, ïðîâîäèëè ïî ñëåäóþùåìó àëãîðèòìó:

1. Öèêë îáùåé äåíàòóðàöèè â òå÷åíèå 2 ìèí ïðè
òåìïåðàòóðå 94°Ñ;

2. Ýòàï àìïëèôèêàöèè ñ ôëþîðåñöåíòíîé äåòåê-
öèåé. Îí âêëþ÷àë â ñåáÿ äåíàòóðàöèþ â òå÷åíèå
10 ñ ïðè òåìïåðàòóðå 94°Ñ è îòæèã, ïðè òåìïåðàòóðå,
ñïåöèôè÷íîé äëÿ êàæäîé èññëåäóåìîé ìóòàöèè
(61—67°Ñ), â òå÷åíèå 15 ñ.
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Òàáëèöà 1
Çîíäû è ïðàéìåðû äëÿ ÏÖÐ-ÐÂ TAQMAN

Ìóòàöèÿ Ïðàéìåðû Çîíäû

m.3256Ñ>Ò F atacccacacccacccaag
R aagaagaggaattgaacctctgact

5`-RÎÕ- gcagagcccggtaatcgtataaaactta -BHQ-2 -3`
5`-FAM- agagcccggtaatcgcataaaacttaaa -BHQ-1 -3`

m.12315G>A F cagctatccattggtcttaggc
R ggaagtcagggttagggtggt

5`-RÎÕ- ccaaaaattttagtgcaactccaaataaaag -BHQ-2 -3`
5`-FAM- ccaaaaattttggtgcaactccaaataa -BHQ-2 -3`

m.13513A>G F gcagcctagcattagcagga
R atagggctcaggcgtttgt

5`-RÎÕ- caggtttctactccaaaaaccacatcatc -BHQ-2 -3`
5`-FAM- caggtttctactccaaagaccacatcatc -BHQ-2 -3`

m.15059G>A F caatggcgcctcaatattct
R caggaggataatgccgatgt

5`-RÎÕ- gggcgaggcctatattacagatcatttct -BHQ-2 -3`
5`-FAM- gcgaggcctatattacggatcatttctc -BHQ-2 -3`



Ñòàòèñòè÷åñêèé àíàëèç

Äàííûå áûëè îáðàáîòàíû ñ èñïîëüçîâàíèåì ïàêå-
òà ïðîãðàìì SPSS 20.0 (SPSS Inc., Chicago, IL,
USA), SigmaPlot 12 (SSI, San Jose, California, USA)
è ïðîãðàììû Statistica 8.0 (StatSoft Inc., Tulsa,
USA). Âàðèàáåëüíîñòü ïðîöåíòà ãåòåðîïëàçìèè îöå-
íèâàëàñü ñ ïîìîùüþ îïèñàòåëüíîé ñòàòèñòèêè è êðè-
òåðèÿ T. Äëÿ îöåíêè îäíîðîäíîñòè äèñïåðñèé áûëà
èñïîëüçîâàíà ñòàòèñòèêà Ëèâèíÿ. Ìóòàöèîííàÿ íà-
ãðóçêà ðàññ÷èòàíà ñ ïîìîùüþ ëîãèò-ðåãðåññèîííîãî è
ïðîáèò-ðåãðåññèîííîãî àíàëèçîâ, à òàêæå òåñòà ïî
Ìàííó—Óèòíè.

Ðåçóëüòàòû è îáñóæäåíèå

Áûëè èäåíòèôèöèðîâàíû ãàïëîòèïû ìóòàöèé ìèòî-
õîíäðèàëüíîãî ãåíîìà, àññîöèèðîâàííûå ñ ôåíîòèïè-
÷åñêèìè ïðîÿâëåíèÿìè ïðåäðàñïîëîæåííîñòè ê àòåðî-
ñêëåðîòè÷åñêèì ïîðàæåíèÿì. Ïðåîáëàäàþùèå àíòè-
àòåðîñêëåðîòè÷åñêèå ãàïëîòèïû CGAG è CGGG
âñòðå÷àëèñü ó 21,3% ó÷àñòíèêîâ èññëåäîâàíèÿ. Ïðå-
îáëàäàþùèå ïðîàòåðîñêëåðîòè÷åñêèå ãàïëîòèïû
TAAA, TAGG è TAGA âñòðå÷àëèñü ó 44,8% ó÷àñò-
íèêîâ èññëåäîâàíèÿ. Òàêèì îáðàçîì, áûëî óñòàíîâëå-
íî, ÷òî ñóùåñòâóþò íåñêîëüêî íàèáîëåå ðàñïðîñòðà-
íåííûõ ãàïëîòèïîâ ìóòàöèé ìèòîõîíäðèàëüíîãî ãåíî-
ìà, îõâàòûâàþùèõ îêîëî 65% ïîïóëÿöèè; 2/3 ýòèõ
ãàïëîòèïîâ ñâÿçàíû ñ ïîâûøåííîé ïðåäðàñïîëîæåííî-
ñòüþ ê àòåðîñêëåðîçó. Òðàäèöèîííàÿ õàðàêòåðèñòèêà
ãàïëîòèïà, îñíîâàííàÿ íà ïðîñòîì îïðåäåëåíèè íàëè-

÷èÿ ìóòàíòíîãî àëëåëÿ, èñïîëüçóåìàÿ ïðè õàðàêòåðè-
ñòèêå ÿäåðíîãî ãåíîìà, íåàäåêâàòíà ïîòîìó, ÷òî â îä-
íîì îáðàçöå ìòÄÍÊ ïðèñóòñòâóþò â ðàçëè÷íûõ ñîîò-
íîøåíèÿõ ìîëåêóëû, íåñóùèå íîðìàëüíûé («äèêèé
òèï») è ìóòàíòíûé àëëåëü. Äëÿ ôîðìóëèðîâàíèÿ íà-
çâàíèé ãàïëîòèïîâ ìèòîõîíäðèàëüíîãî ãåíîìà áûë èñ-
ïîëüçîâàí ïðèíöèï ðàñïðåäåëåíèÿ èíäèâèäóàëüíûõ
ïîêàçàòåëåé ãåòåðîïëàçìèè îòíîñèòåëüíî ìåäèàíû.

Äàííûå, ïðèâåäåííûå â òàáë. 2, ïîçâîëÿþò ïðåä-
ïîëîæèòü ñóùåñòâîâàíèå ðÿäà «ãàïëîòèïîâ» ìèòîõîí-
äðèàëüíûõ ìóòàöèé, àññîöèèðîâàííûõ ñ ïîâûøåííûì
ðèñêîì àòåðîñêëåðîçà. Ïî êðèòåðèþ ïðåäïîëîæèòå-
ëüíîé ñòåïåíè ãåíåòè÷åñêîãî ðèñêà (ÏÑÃÐ) ñàìûì
íåçíà÷èòåëüíûì è çíà÷èìûì âàðèàíòàìè äëÿ ñîâî-
êóïíîñòè ìóòàöèé m.3256Ñ>Ò, m.12315G>A,
m.13513A>G è m.15059G>A ÿâëÿþòñÿ «ãàïëîòèïû»
CGAG (íàèìåíüøàÿ ïðåäðàñïîëîæåííîñòü ê àòåðî-
ñêëåðîçó) è TAGA (íàèáîëüøàÿ ïðåäðàñïîëîæåí-
íîñòü ê àòåðîñêëåðîçó) ñîîòâåòñòâåííî; îñòàëüíûå
âîçìîæíûå ñî÷åòàíèÿ çàíèìàþò ïðîìåæóòî÷íîå ïî-
ëîæåíèå. Ìóòàöèè ìèòîõîíäðèàëüíîãî ãåíîìà õàðàê-
òåðèçóþòñÿ ÿâëåíèåì ãåòåðîïëàçìèè, êîãäà â îäíîì
îáðàçöå ÄÍÊ ïðèñóòñòâóþò â ðàçëè÷íûõ ñîîòíîøå-
íèÿõ ìîëåêóëû, íåñóùèå íîðìàëüíûé («äèêèé òèï»)
è ìóòàíòíûé àëëåëü. Ïîýòîìó òðàäèöèîííàÿ õàðàêòå-
ðèñòèêà «ãàïëîòèïà», îñíîâàííàÿ íà ïðîñòîì îïðåäå-
ëåíèè íàëè÷èÿ ìóòàíòíîãî àëëåëÿ, êîòîðàÿ èñïîëüçó-
åòñÿ ïðè õàðàêòåðèñòèêå ÿäåðíîãî ãåíîìà, íåàäåêâàò-
íà. Äëÿ ôîðìóëèðîâàíèÿ íàçâàíèé «ãàïëîòèïîâ» ìè-
òîõîíäðèàëüíîãî ãåíîìà áûë èñïîëüçîâàí ïðèíöèï
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Òàáëèöà 2
Òåîðåòè÷åñêèå âàðèàíòû «ãàïëîòèïîâ» ìèòîõîäðèàëüíîãî ãåíîìà ïî ìóòàöèÿì m.3256Ñ>Ò,m.12315G>A, m.13513A>G è m.15059G>A

Ãàïëîòèï ×èñëî àíòèàòåðîñêëåðî-
òè÷åñêèõ àëëåëåé

×èñëî ïðîàòåðîñêëåðî-
òè÷åñêèõ àëëåëåé

Ïðåäïîëîæèòåëüíàÿ ñòå-
ïåíü ãåíåòè÷åñêîãî ðèñ-

êà "ãàïëîòèïà"

×àñòîòà â èññëåäîâàííîé
âûáîðêå, %

CGAG 4 0 0 10,4

CAAG 3 1 1 0,5

CGAA 3 1 1 4,2

CGGG 3 1 1 10,9

TGAG 3 1 1 1,6

CAAA 2 2 2 2,1

CAGG 2 2 2 4,2

CGGA 2 2 2 4,7

TAAG 2 2 2 2,6

TGAA 2 2 2 3,6

TGGG 2 2 2 5,7

CAGA 1 3 3 4,7

TAAA 1 3 3 33,3

TAGG 1 3 3 7,3

TAGA 0 4 4 4,2



ðàñïðåäåëåíèÿ èíäèâèäóàëüíûõ ïîêàçàòåëåé ãåòåðî-
ïëàçìèè îòíîñèòåëüíî ìåäèàíû. Çíà÷åíèå ìåäèàíû
äëÿ óðîâíÿ ãåòåðîïëàçìèè ïî ìóòàöèè m.3256C>T
ñîñòàâèëî 17,5%, ïî ìóòàöèè m.12315G>A — 28%,
ïî ìóòàöèè m.13513G>A — 19,5%, è ïî ìóòàöèè
m.15059G>A — 39%.

Íàèáîëåå âåðîÿòíûå âàðèàíòû «ãàïëîòèïîâ»
(íàèáîëåå ÷àñòî âñòðå÷àþùèåñÿ â èññëåäîâàííîé âû-
áîðêå) è èõ õàðàêòåðèñòèêè, îïðåäåëåííûå íà ñîîòíî-
øåíèè àíòèàòåðîñêëåðîòè÷åñêèõ è ïðîàòåðîñêëåðîòè-
÷åñêèõ àëëåëåé, ïðèâåäåíû â òàáëèöå (òàáë. 2).

Ïðåäïîëîæèòåëüíàÿ ñòåïåíü ãåíåòè÷åñêîãî ðèñêà
«ãàïëîòèïà» ïðèâåäåíà â áàëëàõ (0 — íàèìåíüøàÿ
ÏÑÃÐ, èìåþòñÿ òîëüêî àíòèàòåðîñêëåðîòè÷åñêèå àë-
ëåëè, ñîîòíîøåíèå 4:0; 1 — íèçêàÿ ÏÑÃÐ, ïðåîáëà-
äàþò àíòèàòåðîñêëåðîòè÷åñêèå àëëåëè, ñîîòíîøåíèå
3:1; 2 — óìåðåííàÿ ÏÑÃÐ, ðàâíîå ñîîòíîøåíèå àí-
òèàòåðîñêëåðîòè÷åñêèõ àëëåëåé, ñîîòíîøåíèå 2:2; 3
— ïîâûøåííàÿ ÏÑÃÐ, ïðåîáëàäàþò ïðîàòåðîñêëå-
ðîòè÷åñêèå àëëåëè, ñîîòíîøåíèå 1:3; 4 — âûñîêàÿ
ÏÑÃÐ, èìåþòñÿ òîëüêî ïðîàòåðîñêëåðîòè÷åñêèå àë-
ëåëè, ñîîòíîøåíèå 0:4).

Àíàëèç ÷àñòîò íàèáîëåå ðàñïðîñòðàíåííûõ «ãàï-
ëîòèïîâ» ìóòàöèé ìèòîõîíäðèàëüíîãî ãåíîìà (äîëÿ
â âûáîðêå áîëåå 5%) ïðåäñòàâëåí â òàáë. 2.

Íàèáîëåå ðàñïðîñòðàíåííûå àíòèàòåðîñêëåðîòè-
÷åñêèå «ãàïëîòèïû» CGAG è CGGG âñòðå÷àëèñü
ó 21,3% ó÷àñòíèêîâ èññëåäîâàíèÿ (òàáë. 2). Â öåëîì,
27,6% ó÷àñòíèêîâ èññëåäîâàíèÿ ìîæíî îõàðàêòåðè-
çîâàòü êàê ëèö, èìåþùèõ íèçêóþ ãåíåòè÷åñêóþ ïðåä-
ðàñïîëîæåííîñòü ê àòåðîñêëåðîçó. Íàèáîëåå ðàñïðî-
ñòðàíåííûå ïðîàòåðîñêëåðîòè÷åñêèå «ãàïëîòèïû»
TAAA, TAGG è TAGA âñòðå÷àëèñü ó 44,8% ó÷à-
ñòíèêîâ èññëåäîâàíèÿ. Â öåëîì, 49,5% ó÷àñòíèêîâ
èññëåäîâàíèÿ ìîæíî îõàðàêòåðèçîâàòü êàê ëèö, èìå-
þùèõ âûñîêóþ ãåíåòè÷åñêóþ ïðåäðàñïîëîæåííîñòü
ê àòåðîñêëåðîçó. ×àñòîòà âûÿâëåíèÿ äëÿ îñòàëüíûõ
«ãàïëîòèïîâ» ñîñòàâëÿëà ìåíåå 6%. Òàêèì îáðàçîì,
ñóùåñòâóþò íåñêîëüêî âåñüìà ðàñïðîñòðàíåííûõ
«ãàïëîòèïîâ» ìóòàöèé ìèòîõîíäðèàëüíîãî ãåíîìà,
îõâàòûâàþùèõ îêîëî 65% âûáîðêè íàñåëåíèÿ ðàç-
ëè÷íûõ ðåãèîíîâ ìèðà; 2/3 ýòèõ «ãàïëîòèïîâ» ñâÿçà-
íû ñ ïîâûøåííîé ïðåäðàñïîëîæåííîñòüþ ê àòåðîñê-
ëåðîçó. Ýòè äàííûå âïîëíå ñî÷åòàþòñÿ ñ ýïèäåìèîëî-
ãè÷åñêèìè ïîêàçàòåëÿìè ðàñïðîñòðàíåííîñòè àòåðîñê-
ëåðîçà è ñåðäå÷íî-ñîñóäèñòûõ çàáîëåâàíèé.

Àíàëèç àññîöèàöèè ñîâîêóïíîñòè ìóòàöèé («ãàï-
ëîòèïîâ») ñ ïðåäðàñïîëîæåííîñòüþ ê àòåðîñêëåðîçó
ïðåäñòàâëåí â òàáë. 3.

Èç äàííûõ, ïðåäñòàâëåííûõ â òàáë. 3, ñëåäóåò,
÷òî ïðåäïîëîæèòåëüíàÿ ñòåïåíü ãåíåòè÷åñêîãî ðèñêà
ìèòîõîíäðèàëüíîãî «ãàïëîòèïà» ïî ìóòàöèÿì
m.3256Ñ>Ò, m.12315G>A, m.13513A>G è
m.15059G>A ëèíåéíî ñâÿçàíà ñ àáñîëþòíîé òîëùè-
íîé èíòèìî-ìåäèàëüíîãî ñëîÿ ñîííûõ àðòåðèé è âûðà-
æåííîñòüþ àòåðîñêëåðîòè÷åñêèõ áëÿøåê â îáñëåäîâàí-
íîé ãðóïïå ëèö — ó÷àñòíèêîâ ýêñïåðèìåíòàëüíî-êëè-
íè÷åñêîãî èññëåäîâàíèÿ.
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Òàáëèöà 3
«Ãàïëîòèïû» ìóòàöèé ìèòîõîíäðèàëüíîãî ãåíîìà è ïðåäðàñïîëîæåííîñòü ê àòåðîñêëåðîçó
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