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Àêòóàëüíîñòü: ãåíû TOMM40 è APOE ðàñïîëîæåíû â îäíîì ëîêóñå íà õðîìîñîìå 19 (19p13). Àíàëèç âêëàäà ïîëèìîðôèçìà
ýòèõ ãåíîâ â âàðèàáåëüíîñòü êëèíè÷åñêè çíà÷èìûõ ïîêàçàòåëåé â ïîïóëÿöèè ïîçâîëèò îöåíèòü èõ ðîëü â ôîðìèðîâàíèè çàáîëåâà-
íèé ñåðäå÷íî-ñîñóäèñòîé ñèñòåìû è èõ ýíäîôåíîòèïîâ. Öåëü: èçó÷èòü ïîëèìîðôèçì âîñüìè îäíîíóêëåîòèäíûõ çàìåí è ïîëèòè-
ìèíîâîãî (ïîëè-Ò) ïîâòîðà â ëîêóñå TOMM40/APOE â âûáîðêå çäîðîâûõ èíäèâèäóóìîâ è âûÿâèòü àññîöèàöèè ïîëèìîðôíûõ âàðè-
àíòîâ ñ êîëè÷åñòâåííûìè ïîêàçàòåëÿìè äåÿòåëüíîñòè ñåðäå÷íî-ñîñóäèñòîé ñèñòåìû. Ìàòåðèàëû è ìåòîäû: â äâóõ âûáîðêàõ èí-
äèâèäîâ, çäîðîâûõ â îòíîøåíèè ñåðäå÷íî-ñîñóäèñòûõ çàáîëåâàíèé (ã.Òîìñêà, N = 183 è ã.Êåìåðîâî. N = 183), áûëè èçó÷åíû ïî-
ëèìîðôèçìû rs741780, rs2075650, rs1160985, rs157580, rs8106922, rs10524523 (ïîëè-Ò ïîâòîð) â ãåíå TOMM40 è APOE:
rs7259620, rs429358 è rs7412. Ãåíîòèïèðîâàíèå ïðîâåäåíî ìåòîäàìè ÏÖÐ â ðåàëüíîì âðåìåíè è ôðàãìåíòíîãî àíàëèçà. Àíàëèç
àññîöèàöèé ñ êîëè÷åñòâåííûìè ïðèçíàêàìè âûïîëíåí ïóòåì äèñïåðñèîííîãî àíàëèçà è íåïàðàìåòðè÷åñêèõ êðèòåðèåâ Ìàí-
íà—Óèòíè è Êðàñêåëà—Óîëëåñà. Ðåçóëüòàòû. Ïîëó÷åíû îöåíêè ÷àñòîò àëëåëåé èññëåäîâàííûõ ïîëèìîðôèçìîâ ó ðóññêîãî íàñåëå-
íèÿ Çàïàäíîé Ñèáèðè, ñîîòâåòñòâóþùèå õàðàêòåðèñòèêàì åâðîïåîèäíûõ ïîïóëÿöèé. Ðåäêèå àëëåëè rs741780 è rs1160985 àññî-
öèèðîâàíû ñ áîëåå íèçêèìè óðîâíÿìè òðèãëèöåðèäîâ (p = 0,031 è p = 0,044, ñîîòâåòñòâåííî); äëèííûé àëëåëü (L) ïîëè-Ò ïîâòîðà
rs10524523 àññîöèèðîâàí ñ áîëåå âûñîêèì óðîâíåì ãëþêîçû (p = 0,027); rs7412 âíîñèò âêëàä â âàðèàáåëüíîñòü îáùåãî õîëåñòå-
ðîëà (ð = 0,002) è ëèïîïðîòåèäîâ íèçêîé ïëîòíîñòè (ð = 0,006); rs2075650 àññîöèèðîâàí ñ óðîâíÿìè ñèñòîëè÷åñêîãî àðòåðèàëü-
íîãî äàâëåíèÿ è ëèïîïðîòåèäîâ íèçêîé ïëîòíîñòè â ïîäãðóïïå ìóæ÷èí (p = 0,026 è p = 0,002); ãåíîòèï GG rs8106922 — ñ óðîâíåì
òðèãëèöåðèäîâ â ïîäãðóïïå æåíùèí (p = 0,036); rs429358 — ñ óðîâíåì îáùåãî õîëåñòåðîëà è ëèïîïðîòåèäàìè íèçêîé ïëîòíîñòè
(p = 0,002 è p = 0,006). Âûâîäû. Ïîëèìîðôèçìû â ëîêóñå ãåíîâ TOMM40/ÀÐÎÅ âíîñÿò âêëàä â èçìåí÷èâîñòü ïîêàçàòåëåé ëèïèä-
íîãî ñïåêòðà, óðîâíÿ ãëþêîçû è àðòåðèàëüíîãî äàâëåíèÿ êðîâè ó ðóññêîãî íàñåëåíèÿ Çàïàäíîé Ñèáèðè.
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Relevance: TOMM40 and APOE genes are located in the same locus on chromosome 19 (19p13). The analysis of a contribution of
polymorphism in these genes to variability of clinically relevant quantitative traits in healthy individuals can evaluate their contribution to car-
diovascular diseases. Purpose: to study 8 SNP polymorphisms and poly-T repeat in TOMM40/APOE locus in a sample of healthy individuals
and to investigate associations of the polymorphisms with quantitative characteristics of cardiovascular system. Materials and methods:
rs741780, rs2075650, rs1160985, rs157580, rs8106922, rs10524523 (poly-T repeat) in TOMM40 gene and APOE: rs7259620, rs429358,
rs7412 were studied in the sample of individuals without cardiovascular diseases (Tomsk, N = 183 and Kemerovo, N = 183). Genotyping
was carried out with real-time PCR and the fragment analysis. The analysis of associations with quantitative traits was performed by ANOVA
or Mann—Whitney and Kraskel—Wallace’s nonparametric criteria. Results: In respect of allele frequencies Russian population of West Sibe-
ria is close to other Caucasian populations. Rare alleles of rs741780 and rs1160985 were associated with lower levels of triglycerides
(p = 0,031 and p = 0,044, respectively); a long allele (L) of the poly-T repeat (rs10524523) was associated with higher glucose level
(p = 0,027); rs7412 contributes to the variability of the total cholesterol level (p = 0.02) and low-density lipoprotein cholesterol (p = 0.06);
rs2075650 was associated with systolic blood pressure and low-density lipoprotein cholesterol in males (p = 0,026 and p = 0,002); GG ge-
notype of the rs8106922 was associated with triglycerides in females (p = 0,036); rs429358 was associated with the total cholesterol and
low-density lipoprotein cholesterol (p = 0,002 and p = 0,006). Conclusions: Polymorphisms in TOMM40/APOE locus contribute to the vari-
ability of lipid parameters, glucose level, and arterial blood pressure in Russian inhabitants of Western Siberia.
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Ââåäåíèå

Ñûâîðîòî÷íûå êîíöåíòðàöèè ëèïèäîâ, àðòåðèàëü-
íîå äàâëåíèå, óðîâåíü ãëþêîçû â êðîâè, èíäåêñ ìàññû
òåëà — ýòî ôàêòîðû, êîòîðûå âëèÿþò íà ðèñê ñåðäå÷-
íî-ñîñóäèñòûõ çàáîëåâàíèé. Ïîëíîãåíîìíûå àññîöèà-
òèâíûå èññëåäîâàíèÿ ïîçâîëèëè âûÿâèòü íîâûå ãåíû,
ðàíåå íå ðàññìàòðèâàåìûå â êà÷åñòâå êàíäèäàòíûõ
[1—4]. Îäíèì èç òàêèõ ëîêóñîâ ÿâëÿåòñÿ ãåí ñóáúåäèíè-
öû òðàíñëîêàçû âíåøíåé ìåìáðàíû ìèòîõîíäðèé
(TOMM40), ðàñïîëîæåííûé â íåïîñðåäñòâåííîé áëèçî-
ñòè îò êëàñòåðà ãåíîâ àïîëèïîïðîòåèíîâ, â ÷àñòíîñòè,
APOE.

Â äàííîì èññëåäîâàíèè ìû èçó÷èëè ïîïóëÿöèîííûé
ïîëèìîðôèçì 8 SNP â ãåíàõ TOMM40 è APOE, à òàêæå
ïîëèìîðôèçì ïîëèòèìèíîâîãî ïîâòîðà â 6 èíòðîíå
TOMM40, è îöåíèëè âêëàä ëîêóñà ãåíîâ TOMM40/APOE
â âàðèàáåëüíîñòü êàê ëèïèäîâ ñûâîðîòêè êðîâè, òàê è
äðóãèõ êîëè÷åñòâåííûõ ïîêàçàòåëåé, ñâÿçàííûõ ñ ôóíê-
öèåé ñåðäå÷íî-ñîñóäèñòîé ñèñòåìû.

Ìàòåðèàëû è ìåòîäû

Â èññëåäîâàíèå áûëè âêëþ÷åíû æèòåëè ã.Êåìåðî-
âî (N = 183) è ã.Òîìñêà (N = 183), íå èìåþùèå äèà-
ãíîñòèðîâàííûõ ñåðäå÷íî-ñîñóäèñòûõ çàáîëåâàíèé,
34,2% ìóæ÷èí, ñðåäíèé âîçðàñò ñîñòàâèë 47 ëåò. Ó ó÷à-
ñòíèêîâ èññëåäîâàíèÿ áûëè èçìåðåíû ïîêàçàòåëè ëè-
ïèäíîãî ñïåêòðà: îáùèé õîëåñòåðèí (ÎÕ), õîëåñòåðèí
â ñîñòàâå ëèïîïðîòåèäîâ íèçêîé è âûñîêîé ïëîòíîñòè
(ËÏÍÏ è ËÏÂÏ), òðèãëèöåðèäû (ÒÃ); óðîâåíü ãëþêî-
çû; çíà÷åíèÿ ñèñòîëè÷åñêîãî è äèàñòîëè÷åñêîãî äàâ-
ëåíèÿ (ÑÀÄ è ÄÀÄ), à òàêæå ðàññ÷èòàí èíäåêñ ìàññû
òåëà (ÈÌÒ).

Âûäåëåíèå ÄÍÊ ïðîâîäèëè ôåíîë-õëîðîôîðìíûì
ìåòîäîì. Ãåíîòèïèðîâàíèå îñóùåñòâëÿëè ìåòîäîì ÏÖÐ
â ðåàëüíîì âðåìåíè ñ èñïîëüçîâàíèåì TaqMan-ïðîá.

Ãåíîòèïèðîâàíèå ïîëèòèìèíîâîãî ïîâòîðà â èíòðîíå 6
TOMM40 ïðîâîäèëè ïóòåì ôðàãìåíòíîãî àíàëèçà íà
ïðèáîðå 3500 Genetic Analyzer.

Ñîîòâåòñòâèå ÷àñòîò ãåíîòèïîâ îæèäàåìîìó ïðè
ðàâíîâåñèè Õàðäè—Âàéíáåðãà, à òàêæå ñðàâíåíèÿ ÷à-
ñòîò àëëåëåé ìåæäó âûáîðêàìè ã.Òîìñêà è ã.Êåìåðîâî
îöåíèâàëè ïî êðèòåðèþ �2. Ïðîâåðêó ðàñïðåäåëåíèé
íà íîðìàëüíîñòü ïðîâîäèëè ñ ïîìîùüþ êðèòåðèÿ
Êîëìîãîðîâà—Ñìèðíîâà. Äëÿ àíàëèçà àññîöèàöèé àë-
ëåëåé è ãåíîòèïîâ ñ êîëè÷åñòâåííûìè ïðèçíàêàìè èñ-
ïîëüçîâàëè îäíîôàêòîðíûé äèñïåðñèîííûé àíàëèç
èëè íåïàðàìåòðè÷åñêèå êðèòåðèè Ìàííà—Óèòíè è
Êðàñêåëà—Óîëëèñà, â ïðîãðàììå Statistica 10.

Ðåçóëüòàòû è îáñóæäåíèå

Äëÿ âñåõ èçó÷åííûõ ïîëèìîðôíûõ âàðèàíòîâ ëîêóñà
ãåíîâ TOMM40/APOE íàáëþäàëîñü ñîîòâåòñòâèå ðàñ-
ïðåäåëåíèÿ ãåíîòèïîâ îæèäàåìîìó ïðè ðàâíîâåñèè
Õàðäè—Âàéíáåðãà (òàáë. 1). Ðàçëè÷èé ïî ÷àñòîòàì àëëå-
ëåé è ãåíîòèïîâ ìåæäó âûáîðêàìè ã.Òîìñêà è ã.Êåìåðî-
âî íå âûÿâëåíî; îöåíêè ÷àñòîò àëëåëåé ñîîòâåòñòâîâàëè
òàêîâûì äëÿ åâðîïåéñêèõ ïîïóëÿöèé [5].

Ïîëèìîðôèçì ïîëèòèìèíîâîãî ïîâòîðà ãåíà
TOMM40 (rs10524523) äëÿ ïîïóëÿöèè ðóññêèõ áûë èçó-
÷åí âïåðâûå. Âûÿâëåííûå àëëåëè áûëè ðàçäåëåíû íà
òðè ïîäãðóïïû â çàâèñèìîñòè îò äëèíû ïîâòîðà: S —
êîðîòêèå (Short) — äî 19 íóêëåîòèäîâ, L — äëèííûå
(Long) — îò 20 äî 29, VL — î÷åíü äëèííûå (Very Long)
— îò 30 íóêëåîòèäîâ [6]. ×àñòîòà ãåíîòèïà S/S ñîñòàâè-
ëà 21,84%, S/L — 11,21%, S/VL — 36,21%, L/L — 2,30%,
L/VL — 9,77%, VL/VL — 18,68%. Äëÿ àíàëèçà àññîöèà-
öèé ãåíîòèïû äàííîãî ëîêóñà áûëè ïðåîáðàçîâàíû
â çàâèñèìîñòè îò íîñèòåëüñòâà òîãî èëè èíîãî àëëåëÿ
â áèàëëåëüíûå ãåíîòèïû, íàïðèìåð: S/S — ãîìîçèãîòà
ïî àëëåëþ S; S/X — ãåòåðîçèãîòû ïî àëëåëþ S, îáúåäè-
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Òàáëèöà 1
×àñòîòû àëëåëåé è ãåíîòèïîâ â ëîêóñå ãåíîâ TOMM40/ÀÐÎÅ

Ãåí Ïîëèìîðôèçì ×àñòîòà
ðåäêîãî

àëëåëÿ, (%)

×àñòîòà ãîìî-
çèãîò ïî ðåôå-
ðåíñíîìó àëëå-

ëþ

×àñòîòà
ãåòåðîçèãîò

×àñòîòà ãîìî-
çèãîò ïî âàðè-
àíòíîìó àëëå-

ëþ

�2, d.f. = 1 p

TOMM40 rs1160985 T (45,88) 23,08% (TT) 45,60% (CT) 31,32% (CC) 2,428 >0,05

rs157580 G (32,68) 46,37% (AA) 41,90% (AG) 11,73% (GG) 0,817 >0,05

rs2075650 G (20,06) 64,07% (AA) 31,75% (AG) 4,18% (GG) 0,034 >0,05

rs741780 C (45,40) 23,12% (CC) 44,57% (CT) 32,31% (TT) 3,665 >0,05

rs8106922 G (40,30) 37,12% (AA) 45,15% (AG) 17,73% (GG) 1,373 >0,05

APOE rs7259620 A (45,48) 22,88% (AA) 45,20% (AG) 31,92% (GG) 2,779 >0,05

rs429358 C (12,98) 02,21% (CC) 21,55% (CT) 76,24% (TT) 0,779 >0,05

rs7412 T (7,04) 86,74% (CC) 12,43% (CT) 0,83% (TT) 0,934 >0,05

Ïðèìå÷àíèå. �2 ðàññ÷èòàí äëÿ îöåíêè ñîîòâåòñòâèÿ ðàâíîâåñèþ Õàðäè—Âàéíáåðãà; d.f. — ÷èñëî ñòåïåíåé ñâîáîäû; ð —
óðîâåíü çíà÷èìîñòè.



íÿþùèå ãåíîòèïû S/L è S/VL; X/X — ãåíîòèïû áåç àë-
ëåëÿ S (L/L, L/VL è VL/VL). Àíàëîãè÷íûì îáðàçîì
ïðåîáðàçîâàíèå áûëî âûïîëíåíî è ïðè àíàëèçå äðóãèõ
àëëåëåé.

Àíàëèç àññîöèàöèé ïðîâîäèëè êàê â îáùåé âûáîðêå,
òàê è îòäåëüíî äëÿ ìóæ÷èí è æåíùèí. Ñòàòèñòè÷åñêè
çíà÷èìûå àññîöèàöèè ïðèâåäåíû â òàáë. 2. Â ãåíå APOE
rs429358 (�4) áûë àññîöèèðîâàí ñ ïîâûøåíèåì óðîâíÿ
ÎÕ è ËÏÍÏ, à rs7412 (�2) — ñ èõ ïîíèæåíèåì. Äëÿ ïî-
ëèìîðôèçìà TOMM40, êðîìå óðîâíÿ ËÏÍÏ, ïîëó÷åíû
àññîöèàöèè ñ óðîâåì ÒÃ, ÑÀÄ è óðîâíåì ãëþêîçû. Àë-
ëåëü Ñ rs741780, àëëåëü Ñ rs1160985 è àëëåëü G rs8106922
ïðîÿâèëè «ïîëîæèòåëüíûé» ýôôåêò, à àëëåëü G
rs2075650 è àëëåëü L rs10524523 ÿâëÿþòñÿ íåáëàãîïðèÿò-
íûìè â îòíîøåíèè àññîöèèðîâàííûõ ñ íèìè ïðèçíàêîâ
(òàáë. 2).

Âêëàä íåêîòîðûõ èññëåäîâàííûõ SNP â èçìåí÷è-
âîñòü óðîâíÿ ñûâîðîòî÷íûõ ëèïèäíûõ ôðàêöèé áûë

îïèñàí ðàíåå. Òàê, rs2075650 áûë àññîöèèðîâàí ñ óðîâ-
íåì ËÏÍÏ ó áîëüíûõ ñ ïîðàæåíèåì êàðîòèäíûõ àðòå-
ðèé [7] è â ðÿäå ïîëíîãåíîìíûõ èññëåäîâàíèé [2—4].
Ðîëü ïîëèìîðôèçìà ãåíà APOE â èçìåí÷èâîñòè óðîâíÿ
ëèïèäîâ òàêæå èçâåñòíà [8]. Àññîöèàöèè ïîëèìîðôèçìà
TOMM40 ñ ÎÕ, ÒÃ, ÑÀÄ, óðîâíåì ãëþêîçû ïîëó÷åíû
íàìè âïåðâûå.

Âûâîäû

Ïîïóëÿöèÿ ðóññêèõ Çàïàäíîé Ñèáèðè ïî õàðàêòåðè-
ñòèêàì ïîëèìîðôèçìà â ëîêóñå ãåíîâ TOMM40/ÀÐÎÅ
íå îòëè÷àåòñÿ îò åâðîïåéñêèõ ïîïóëÿöèé. Ïîêàçàí
âêëàä èññëåäîâàííîãî ïîëèìîðôèçìà â ïîïóëÿöèîííóþ
èçìåí÷èâîñòü ïîêàçàòåëåé ëèïèäíîãî ñïåêòðà, óðîâíÿ
ãëþêîçû è àðòåðèàëüíîãî äàâëåíèÿ êðîâè.

Àâòîðû äåêëàðèðóþò îòñóòñòâèå êîíôëèêòà èíòåðåñîâ.
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Òàáëèöà 2
Àññîöèàöèè ïîëèìîðôèçìà TOMM40 è APOE ñ êîëè÷åñòâåííûìè ïðèçíàêàìè

Ãðóïïà SNP Ïðèçíàê Ãåíîòèï (n) p

Îáùàÿ rs741780 ÒÃ,
ììîëü/ë

CC (70) CT (114) TT (94)
0,031

1,33 ± 0,70 1,75 ± 1,38 1,52 ± 0,81

rs1160985 ÒÃ,
ììîëü/ë

TT(69) CT (118) CC (90)
0,044

1,33 ± 0,71 1,73 ± 1,36 1,53 ± 0,82

rs7412 ÎÕ,
ììîëü/ë

CC (295) CT+TT (48)
0,001

5,99 ± 1,39 5,30 ± 1,25

ËÏÍÏ,
ììîëü/ë

CC (225) CT+TT (38)
0,008

4,07 ± 1,23 3,51 ± 0,97

rs10524523 Ãëþêîçà,
ììîëü/ë

XX (61) LL+LX (17)
0,027

5,35 ± 0,77 6,27 ± 3,09

Ìóæ÷èíû rs2075650 ÑÀÄ,
ìì ðò. ñò.

AA (76) GA+GG (45)
0,049

125,24 ± 13,96 130,76 ± 16,07

ËÏÍÏ,
ììîëü/ë

AA (57) GA ± GG (31)
0,002

3,86 ± 0,98 4,55 ± 0,97

rs429358 ÎÕ,
ììîëü/ë

TT (93) CC+CT (27)
0,013

5,55 ± 1,20 6,21 ± 1,25

ËÏÍÏ,
ììîëü/ë

TT (69) CC+CT (22)
0,014

3,97 ± 0,97 4,57 ± 1,03

rs10524523 ÑÀÄ,
ìì ðò. ñò.

XX(90) LX+LL (27)
0,009

125,43 ± 14,19 134,09 ± 16,87

Æåíùèíû rs8106922 ÒÃ,
ììîëü/ë

AA (67) GA (74) GG (38)
0,036

1,60 ± 0,93 2,00 ± 1,58 1,44 ± 0,62

rs7412 ÎÕ,
ììîëü/ë

CC (199) CT+TT (24)
0,002

6,09 ± 1,48 5,14 ± 0,94

ËÏÍÏ,
ììîëü/ë

CC (152) CT+TT (20)
0,006

4,02 ± 1,32 3,18 ± 0,90

Ïðèìå÷àíèå. n — îáúåì âûáîðêè; p — óðîâåíü çíà÷èìîñòè
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