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Àêòóàëüíîñòü. Ãèïåðòðîôè÷åñêàÿ êàðäèîìèîïàòèÿ (ÃÊÌÏ) ÿâëÿåòñÿ îäíèì èç ñàìûõ ÷àñòûõ ìîíîãåííûõ çàáîëåâàíèé
ñåðäöà. Äèàãíîñòèêà ïåðâè÷íîé ÃÊÌÏ çàòðóäíèòåëüíà èç-çà íåîáõîäèìîñòè èñêëþ÷åíèÿ áîëüøîãî êîëè÷åñòâà ïðè÷èí âòî-
ðè÷íîé ãèïåðòðîôèè ìèîêàðäà. Ãåíåòè÷åñêèå ïðè÷èíû ïåðâè÷íîé ÃÊÌÏ òàêæå ðàçíîîáðàçíû — ïðè ïîëíîì ñêðèíèíãå âñåõ
èçâåñòíûõ ãåíîâ, îòâåòñòâåííûõ çà ÃÊÌÏ, óäàåòñÿ âûÿâèòü ìóòàöèè â 60% ñåìåéíûõ ñëó÷àåâ. Öåëüþ äàííîé ðàáîòû áûëî
èçó÷åíèå ñïåêòðà ìóòàöèé â ãåíå MYBPC3 è îöåíêà åãî âêëàäà â ðàçâèòèå ãèïåðòðîôèè ìèîêàðäà â ãðóïïå ðîññèéñêèõ ïàöè-
åíòîâ. Ìàòåðèàëû è ìåòîäû. Ðàáîòà áûëà âûïîëíåíà íà îáðàçöàõ ÄÍÊ 77 ïàöèåíòîâ. Ïîèñê ìóòàöèé â ãåíàõ, îòâåòñòâåííûõ
çà ðàçâèòèå ÃÊÌÏ, ïðîâîäèëñÿ ëèáî ìåòîäîì ïðÿìîãî ñåêâåíèðîâàíèÿ ïî Ñåíãåðó ãåíà MYBPC3, ëèáî ìåòîäîì ïîëóïðîâîä-
íèêîâîãî ñåêâåíèðîâàíèÿ ãåíà MYBPC3 â ñîñòàâå ïàíåëè ãåíîâ íà ïëàòôîðìå IonTorrent ñ ïîñëåäóþùèì ïîäòâåðæäåíèåì
âûÿâëåííûõ ãåíåòè÷åñêèõ âàðèàíòîâ ìåòîäîì ñåêâåíèðîâàíèÿ ïî Ñåíãåðó. Ðåçóëüòàòû è îáñóæäåíèå. Â ãåíå MYBPC3 áûëè
âûÿâëåíû 6 ìóòàöèé â 10 íåðîäñòâåííûõ ñåìüÿõ, ÷òî ñîñòàâèëî 13% ñëó÷àåâ. Áûëî òàêæå îáíàðóæåíî 4 âàðèàíòà ñ íåèçâåñò-
íûì êëèíè÷åñêèì çíà÷åíèåì (VUCS) â 5 íåðîäñòâåííûõ ñåìüÿõ è 2 ÷àñòûõ ïîëèìîðôèçìà â êîäèðóþùåé îáëàñòè. Íîí-
ñåíñ-ìóòàöèÿ p.Q1233X âñòðåòèëàñü â ïÿòè íåðîäñòâåííûõ ñåìüÿõ, ÷òî ñîñòàâëÿåò 6,5% ñëó÷àåâ. Âûâîäû. Ìóòàöèè â ãåíå
MYBPC3 áûëè îáíàðóæåíû ó 10 íåðîäñòâåííûõ ïðîáàíäîâ, ÷òî ñîñòàâèëî 13% ñëó÷àåâ. Îòíîñèòåëüíî íåâûñîêàÿ ÷àñòîòà ìî-
æåò áûòü îáóñëîâëåíà êëèíè÷åñêîé ãåòåðîãåííîñòüþ ãðóïïû, òåì íå ìåíåå, ïîèñê ìóòàöèé â îòäåëüíûõ ãåíàõ ïðè ïîäîçðåíèè
íà ÃÊÌÏ ïðåäñòàâëÿåòñÿ ìåíåå öåëåñîîáðàçíûì ïî ñðàâíåíèþ ñ èñïîëüçîâàíèåì òàðãåòíûõ ïàíåëåé ãåíîâ.
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Ââåäåíèå

Â íàñòîÿùåå âðåìÿ èçâåñòíî îêîëî 2500 ìîíîãåí-
íûõ çàáîëåâàíèé, ïðè êîòîðûõ ñåðäöå è/èëè ñîñóäû
âîâëå÷åíû â ïàòîëîãè÷åñêèé ïðîöåññ. Îïèñàíî îêîëî
ñîòíè çàáîëåâàíèé, ïðè êîòîðûõ ïîðàæåíèÿ ñåðäöà è
ñîñóäîâ ÿâëÿþòñÿ âåäóùèìè â êëèíè÷åñêîé êàðòèíå.
Êàðäèîìèîïàòèè — çàáîëåâàíèÿ ìèîêàðäà, ïðè êîòî-
ðûõ ñåðäå÷íàÿ ìûøöà ñòðóêòóðíî è ôóíêöèîíàëüíî
èçìåíåíà â îòñóòñòâèå ïàòîëîãèè êîðîíàðíûõ àðòåðèé,
àðòåðèàëüíîé ãèïåðòåíçèè è ïîðàæåíèÿ êëàïàííîãî
àïïàðàòà. Ñîãëàñíî ðóêîâîäñòâó Åâðîïåéñêîãî îáùå-
ñòâà êàðäèîëîãîâ (2014) [1], êàðäèîìèîïàòèè êëàññè-
ôèöèðóþòñÿ â ñîîòâåòñòâèè ñî ñïåöèôè÷åñêèìè ìîð-
ôîëîãè÷åñêèìè è/èëè ôóíêöèîíàëüíûìè êðèòåðèÿìè,
à çàòåì ïîäðàçäåëÿþòñÿ íà ïîäòèïû â çàâèñèìîñòè îò
ãåíåòè÷åñêè èëè íåãåíåòè÷åñêè äåòåðìèíèðîâàííîãî
õàðàêòåðà çàáîëåâàíèÿ. Ïî äàííûì Erdmann J et al. [2],
íà äîëþ ÃÊÌÏ ïðèõîäèòñÿ äî 60% ñëó÷àåâ ïåðâè÷íûõ
êàðäèîìèîïàòèé.

Ãèïåðòðîôè÷åñêàÿ êàðäèîìèîïàòèÿ (ÃÊÌÏ) õà-
ðàêòåðèçóåòñÿ ïåðâè÷íûì (íå ñâÿçàííûì ñ äðóãèìè
çàáîëåâàíèÿìè) óòîëùåíèåì ñòåíîê ëåâîãî æåëóäî÷êà
(ËÆ) è/èëè ìåææåëóäî÷êîâîé ïåðåãîðîäêè (ÌÆÏ),
ñ âîçìîæíûì âîâëå÷åíèåì â ïðîöåññ ïðàâîãî æåëó-
äî÷êà. Â ñðåäíåì, ÷àñòîòà ÃÊÌÏ îöåíèâàåòñÿ êàê
1:500, ÷òî äåëàåò ÃÊÌÏ îäíèì èç ñàìûõ ÷àñòûõ çàáî-
ëåâàíèé. Äîëÿ èñòèííî íàñëåäñòâåííûõ ôîðì íåèçâå-
ñòíà, ïî ïðèáëèçèòåëüíûì îöåíêàì, îêîëî ïîëîâèíû
ñëó÷àåâ ÃÊÌÏ ÿâëÿþòñÿ ãåíåòè÷åñêè äåòåðìèíèðî-
âàííûìè.

Äèàãíîñòèêà ÃÊÌÏ ïðîâîäèòñÿ ìåòîäàìè ýëåêòðî-
êàðäèîãðàôèè, ýõîêàðäèîãðàôèè è ÌÐÒ ñîãëàñíî ðàçðà-
áîòàííûì äèàãíîñòè÷åñêèì êðèòåðèÿì [3], îäíàêî, íå-
ñìîòðÿ íà õîðîøèé äîñòóïíûé óðîâåíü âèçóàëèçàöèè,
ïîñòàíîâêà äèàãíîçà «ÃÊÌÏ» ñîïðÿæåíà ñ îïðåäåëåí-
íûìè òðóäíîñòÿìè. Äèàãíîç «ÃÊÌÏ» ÿâëÿåòñÿ äèàãíî-
çîì èñêëþ÷åíèÿ. Äëÿ òîãî, ÷òîáû ñäåëàòü âûâîä î ïåð-
âè÷íîé ïðèðîäå ÃÊÌÏ, íåîáõîäèìî èñêëþ÷èòü äîâîëü-
íî øèðîêèé ñïåêòð ïàòîëîãèé, ïðèâîäÿùèõ ê âòîðè÷-
íîé ÃÊÌÏ. Òàê, äëèòåëüíî òåêóùàÿ àðòåðèàëüíàÿ ãè-
ïåðòåíçèÿ ìîæåò ïðèâîäèòü ê ðàçâèòèþ êîìïåíñàòîð-
íîé ãèïåòðîôèè ìèîêàðäà. Â ýòîì ñëó÷àå êàðäèîëîã
äîëæåí ðåøèòü, ÿâëÿåòñÿ ëè àðòåðèàëüíàÿ ãèïåðòåíçèÿ
äîñòàòî÷íîé ïðè÷èíîé äëÿ ðàçâèòèÿ ÃÊÌÏ òîé èëè
èíîé ñòåïåíè.

Ïîäòâåðæäåíèåì äèàãíîçà «ïåðâè÷íàÿ ÃÊÌÏ» âîç-
ìîæíî ìîëåêóëÿðíî-ãåíåòè÷åñêèìè ìåòîäàìè. Íàèáî-
ëåå ÷àñòûå ãåíåòè÷åñêèå ôîðìû ÃÊÌÏ ñâÿçàíû ñ ìóòà-
öèÿìè â ãåíàõ ìèîôèëàìåíòîâ. Èçâåñòíû áîëåå 20 ãå-
íîâ, êîäèðóþùèõ 3 ôóíêöèîíàëüíûõ êëàññà áåëêîâ, ìó-
òàöèè â êîòîðûõ ìîãóò ïðèâåñòè ê çàáîëåâàíèþ: áåëêè
ìèîôèëàìåíòîâ, Z-äèñêîâ, è âîâëå÷åííûå â ñèãíàëü-
íûé ïóòü ðåãóëÿöèè Ñà+2-îïîñðåäîâàííîãî âûñâîáîæ-
äåíèÿ êàëüöèÿ. Ê ãåíàì, âîâëå÷åííûì â ïàòîãåíåç ïðè
ÃÊÌÏ, îòíîñÿòñÿ ãåíû �-ìèîçèíà, ìèîçèí-ñâÿçûâàþ-
ùåãî áåëêà Ñ, ñåðäå÷íûõ òðîïîíèíîâ Ò, Ñ, I, ëåãêèõ öå-
ïåé ìèîçèíà, ñåðäå÷íîãî �-àêòèíà, òèòèíà è äð. Ïðè
ïîëíîì ñêðèíèíãå âñåõ èçâåñòíûõ ãåíîâ, îòâåòñòâåííûõ
çà ÃÊÌÏ, óäàåòñÿ âûÿâèòü ìóòàöèè â 60% ñåìåéíûõ
ñëó÷àåâ. Òàêîé æå îáú¸ì èññëåäîâàíèé ó áîëüíûõ ñïîðà-



äè÷åñêèìè ôîðìàìè ÃÊÌÏ ïîçâîëÿåò óñòàíîâèòü ìîëå-
êóëÿðíóþ ïðè÷èíó çàáîëåâàíèÿ íå áîëåå ÷åì ó 30%
áîëüíûõ.

×àñòîòû âñòðå÷àåìîñòè ìóòàöèé â ãåíàõ, îòâåòñòâåí-
íûõ çà ðàçâèòèå ÃÊÌÏ, ñèëüíî âàðüèðóþò. Ïî äàííûì
íåñêîëüêèõ èññëåäîâàíèé, íà äîëþ ãåíîâ MYH7 è
MYBPC3 ïðèõîäèòñÿ äî 80% ïîäòâåðæäåííûõ ìîëåêó-
ëÿðíî-ãåíåòè÷åñêèìè ìåòîäàìè ñëó÷àåâ ïåðâè÷íîé
ÃÊÌÏ. Â äàííîé ðàáîòå ìû ïðåäñòàâëÿåì ðåçóëüòàòû
àíàëèçà ñïåêòðà ãåíåòè÷åñêèõ âàðèàíòîâ â ãåíå MYBPC3

ó ïàöèåíòîâ ñ ãèïåðòðîôèåé ìèîêàðäà.

Ìàòåðèàëû è ìåòîäû

Ðàáîòà áûëà âûïîëíåíà íà îáðàçöàõ ÄÍÊ 77 ïàöèåí-
òîâ, îáðàòèâøèõñÿ â ÐÍÖÕ çà ëå÷åíèåì èëè ìåäèêî-ãå-
íåòè÷åñêèì êîíñóëüòèðîâàíèåì. Äëÿ àíàëèçà èñïîëüçî-
âàëèñü àðõèâíûå êëèíè÷åñêèå äàííûå è ðåçóëüòàòû àê-
òóàëüíûõ èññëåäîâàíèé. Îò âñåõ ïàöèåíòîâ è äîíîðîâ
áûëî ïîëó÷åíî èíôîðìèðîâàííîå ñîãëàñèå íà çàáîð,
õðàíåíèå è èñïîëüçîâàíèå â èññëåäîâàòåëüñêèõ öåëÿõ
áèîëîãè÷åñêîãî ìàòåðèàëà (âåíîçíàÿ êðîâü). Êðèòåðèåì
âêëþ÷åíèÿ â èññëåäîâàíèå ÿâëÿëîñü íàëè÷èå ãèïåðòðî-
ôèè ìèîêàðäà, îáíàðóæåííîå ìåòîäàìè ýõîêàðäèîãðà-
ôèè è/èëè ÌÐÒ, è ïîäîçðåíèå íà ïåðâè÷íûé õàðàêòåð
çàáîëåâàíèÿ.

Âûäåëåíèå ÄÍÊ èç êðîâè ïðîâîäèëîñü ìåòîäîì ôå-
íî-õëîðîôîðìíîé ýêñòðàêöèè è ñ èñïîëüçîâàíèåì êîì-
ìåð÷åñêîãî íàáîðà Promega Wizard® Genomic DNA Pu-
rification Kit. Àìïëèôèêàöèÿ êîäèðóþùèõ è ïðèëåãàþ-
ùèõ èíòðîííûõ îáëàñòåé ïðîâîäèëàñü ìåòîäîì ÏÖÐ.
Ïîèñê ìóòàöèé â ãåíàõ, îòâåòñòâåííûõ çà ðàçâèòèå
ÃÊÌÏ, ïðîâîäèëñÿ ëèáî ìåòîäîì ïðÿìîãî ñåêâåíèðî-
âàíèÿ ïî Ñåíãåðó ãåíîâ MYBPC3, MYH7, ëèáî ìåòîäîì
ïîëóïðîâîäíèêîâîãî ñåêâåíèðîâàíèÿ ãåíîâ MYBPC3,

MYH7, ACTC1, TPM1, MYL2, MYL3, ZASP, TAZ, TNNT2,

TNNI3 íà ïëàòôîðìå IonTorrent ñ ïîñëåäóþùèì ïîä-
òâåðæäåíèåì âûÿâëåííûõ ãåíåòè÷åñêèõ âàðèàíòîâ ìå-
òîäîì ñåêâåíèðîâàíèÿ ïî Ñåíãåðó. Îáðàáîòêà ðåçóëüòà-
òîâ ñåêâåíèðîâàíèÿ ïðîâîäèëàñü ñ ïîìîùüþ ïðîãðàì-
ìû Chromas è IGV. Â êà÷åñòâå ïîñëåäîâàòåëüíîñòè
ñðàâíåíèÿ èñïîëüçîâàëàñü ðåôåðåíñíàÿ ïîñëåäîâàòåëü-
íîñòü áàçû äàííûõ NCBI RefSeq NG_007667. Áèîèí-
ôîðìàòè÷åñêèé àíàëèç âûÿâëåííûõ ãåíåòè÷åñêèõ âàðè-
àíòîâ ïðîâîäèëñÿ ñ ïîìîùüþ ðåñóðñîâ PolyPhen2, SIFT
è NetGene2.

Ðåçóëüòàòû è îáñóæäåíèå

Ó âñåõ ïàöèåíòîâ áûë âûïîëíåí àíàëèç êîäèðóþùåé
ïîñëåäîâàòåëüíîñòè ïðèëåãàþùèõ èíòðîííûõ îáëàñòåé
ãåíà MYBPC3. Îëèãîíóêëåîòèäíûå ïðàéìåðû äëÿ
ÏÖÐ-àìïëèôèêàöèè êîäèðóþùèõ è ïðèëåãàþùèõ èíò-
ðîííûõ îáëàñòåé ñ ïîñëåäóþùèì ñåêâåíèðîâàíèåì ìå-
òîäîì Ñåíãåðà áûëè ïîäîáðàíû ñ ïîìîùüþ ðåñóðñîâ
PerlPrimer è PrimerQuest (ïîñëåäîâàòåëüíîñòè ïðàéìå-

ðîâ äîñòóïíû ïî çàïðîñó). Áûëè âûÿâëåíû 6 ìóòàöèé
â 10 íåðîäñòâåííûõ ñåìüÿõ, ÷òî ñîñòàâèëî 13% ñëó÷àåâ.
Áûëî òàêæå îáíàðóæåíî 4 âàðèàíòà ñ íåèçâåñòíûì êëè-
íè÷åñêèì çíà÷åíèåì (VUCS) â 5 íåðîäñòâåííûõ ñåìüÿõ.
Êðîìå òîãî, áûëè èäåíòèôèöèðîâàíû 2 ÷àñòûõ ïîëè-
ìîðôèçìà â êîäèðóþùåé îáëàñòè, íå èìåþùèå, ïî äàí-
íûì ëèòåðàòóðû, âûðàæåííîãî êëèíè÷åñêîãî çíà÷åíèÿ.
Âûÿâëåíî â îáùåé ñëîæíîñòè 12 ãåíåòè÷åñêèõ âàðèàí-
òîâ, èç íèõ 6 (50%) ñîñòàâëÿþò ìóòàöèè, 4 (33%) —
VUCS è 2 (17%) ïðèõîäèòñÿ íà äîëþ ÷àñòûõ ïîëèìîð-
ôèçìîâ. Ñïèñîê âûÿâëåííûõ ìóòàöèé ïðåäñòàâëåí
â òàáëèöå.

Òàáëèöà
Ñïèñîê âûÿâëåííûõ ìóòàöèé â ãåíå MYBPC3

¹ Ìóòàöèÿ ×èñëî íåðîäñòâåííûõ
ñåìåé, â êîòîðûõ âûÿâëåíà

óêàçàííàÿ ìóòàöèÿ

1. c.1629_1630delGAinsAG 1

2. c.2781_2782insCACA 1

3. p.Q1233X 5

4. p.R943X 1

5. p.N515del 1

6. p.S217G 1

Èç âûÿâëåííûõ øåñòè ìóòàöèé 1 ÿâëÿåòñÿ ìèññåíñ-,
2 — íîíñåíñ-, 2 — èíñåðöèÿ/äåëåöèÿ è 1 — äåëåöèÿ òðåõ
íóêëåîòèäîâ áåç ñäâèãà ðàìêè ñ÷èòûâàíèÿ. Ðàñïðåäåëå-
íèå ãåíåòè÷åñêèõ âàðèàíòîâ â ãåíå MYBPC3 ïðåäñòàâëå-
íî íà ðèñ. 1.

Áûëî âûÿâëåíî 4 âàðèàíòà ñ íåèçâåñòíûì èëè ñïîð-
íûì êëèíè÷åñêèì çíà÷åíèåì: p.E619K, p.F621L,
p.V896M è p.R1048H.

Íàáëþäàëîñü ñêîïëåíèå ãåíåòè÷åñêèõ âàðèàíòîâ
â ýêçîíàõ 17—19 è 26—29. Îäíàêî íåáîëüøîå êîëè÷åñò-
âî îáíàðóæåííûõ ìóòàöèé íå ïîçâîëÿåò ãîâîðèòü îá
ýòèõ ýêçîíàõ, êàê î «ãîðÿ÷èõ òî÷êàõ» ãåíà MYBPC3.
Åäèíñòâåííàÿ ìóòàöèÿ, îáíàðóæåííàÿ íàìè â íåñêîëü-
êèõ ñåìüÿõ, — íîíñåíñ-ìóòàöèÿ p.Q1233X. Îíà âñòðå-

ISSN 2073-7998 27

ÌÅÄÈÖÈÍÑÊÀß ÃÅÍÅÒÈÊÀ. — 2016. — ¹8

Ðèñ. 1. Ðàñïðåäåëåíèå íàéäåííûõ ãåíåòè÷åñêèõ âàðèàíòîâ â ãåíå
MYBPC3. Êðàñíûì öâåòîì óêàçàíû ìóòàöèè, ÷åðíûì — ãåíåòè÷å-
ñêèå âàðèàíòû ñ íåèçâåñòíûì èëè ñïîðíûì êëèíè÷åñêèì çíà÷åíè-
åì, ñèíèì — ÷àñòûå ïîëèìîðôèçìû



òèëàñü â ïÿòè íåðîäñòâåííûõ ñåìüÿõ, ÷òî ñîñòàâëÿåò
6,5% ñëó÷àåâ. Íîíñåíñ-ìóòàöèÿ â ãåòåðîçèãîòíîì ñî-
ñòîÿíèè p.Q1233X áûëà îáíàðóæåíà â 33 ýêçîíå ãåíà
MYBPC3 ó ïàöèåíòîâ èç 5 íåðîäñòâåííûõ ñåìåé. Ó âñåõ
íîñèòåëåé äàííîé ìóòàöèè â ýêçîíå 12 ãåíà MYBPC3

áûë îáíàðóæåí ãåíåòè÷åñêèé âàðèàíò p.R326Q â ãåòå-
ðîçèãîòíîì ñîñòîÿíèè. Â îäíîé ñåìüå íàáëþäàëàñü ñî-

âìåñòíàÿ ïåðåäà÷à ãåíåòè÷åñêèõ âàðèàíòîâ p.Q1233X è
p.R326Q îò îòöà îáîèì ñûíîâüÿì. Ðîäîñëîâíàÿ äàííîé
ñåìüè è ôðàãìåíòû õðîìàòîãðàìì â ãåíåòè÷åñêèìè âà-
ðèàíòàìè p.R326Q è p.Q1233* ïðåäñòàâëåíû íà ðèñ. 2
(À, Á è Â ñîîòâåòñòâåííî). Äëÿ ãåíåòè÷åñêèõ âàðèàíòîâ
p.R326Q è p.Q1233* áûë ïðîâåäåí àíàëèç ÷àñòîò â êîíò-
ðîëüíîé ãðóïïå, ñîñòîÿùåé èç 103 óñëîâíî çäîðîâûõ
äîíîðîâ. Äëÿ àíàëèçà ÷àñòîòû ãåíåòè÷åñêîãî âàðèàíòà
p.R326Q â êîíòðîëüíîé ãðóïïå ïðèìåíÿëèñü ìîäèôè-
êàöèè ñòàíäàðòíûõ ìåòîäîâ: ÏÖÐ ñ ââåäåíèåì ñàéòîâ
ðåñòðèêöèè (ACRS-PCR — artificially created restriction
site) â êîìáèíàöèè ñ àíàëèçîì ïîëèìîðôèçìà äëèí ðå-
ñòðèêöèîííûõ ôðàãìåíòîâ (ÏÄÐÔ) è äåòåêöèåé â ïî-
ëèàêðèëàìèäíîì ãåëå. Èç 103 óñëîâíî çäîðîâûõ äîíî-
ðîâ øåñòåðî (5,8%) îêàçàëèñü íîñèòåëÿìè ãåíåòè÷åñêî-
ãî âàðèàíòà p.R326Q, ÷àñòîòà àëëåëÿ â êîíòðîëüíîé
ãðóïïå ñîñòàâèëà 2,9%.

Ïîëó÷åííûé ðåçóëüòàò ñîãëàñóåòñÿ ñ äàííûìè ëèòå-
ðàòóðû [4]. Îäíàêî, ïî äàííûì îòêðûòûõ èñòî÷íèêîâ,
÷àñòîòà ãåíåòè÷åñêîãî âàðèàíòà p.R326Q î÷åíü íèçêàÿ
— 0,0055/509 (ExAC), 0,0008/4 (1000 Genomes),
0,0025/32 (GO-ESP). Âîçìîæíî, ýòî ñâÿçàíî ñ ïðåîáëà-
äàíèåì äàííîãî ãåíåòè÷åñêîãî âàðèàíòà â îòäåëüíûõ ïî-
ïóëÿöèÿõ.

Â ðàííèõ èññëåäîâàíèÿõ ÃÊÌÏ ãåíåòè÷åñêèé âàðè-
àíò p.R326Q èíòåðïðåòèðîâàëñÿ êàê «ìÿãêàÿ» ìóòàöèÿ.
Íåäàâíî áûëà ïðîâåäåíà ïåðåîöåíêà åãî ïîòåíöèàëüíî-
ãî ôóíêöèîíàëüíîãî çíà÷åíèÿ, è âàðèàíò p.R326Q áûë
êëàññèôèöèðîâàí êàê VUCS [5]. Ïîëó÷åííûå íàìè äàí-
íûå î âûñîêîé ÷àñòîòå ãåíåòè÷åñêîãî âàðèàíòà p.R326Q
â ïîïóëÿöèè ïîçâîëÿþò ïðåäïîëîæèòü, ÷òî äàííûé âà-
ðèàíò ÿâëÿåòñÿ íå VUCS, à ïîëèìîðôèçìîì, íå èìåþ-
ùèì êëèíè÷åñêîãî çíà÷åíèÿ.

Ïîñêîëüêó áûëî óñòàíîâëåíî, ÷òî ãåíåòè÷åñêèå âà-
ðèàíòû p.R326Q è p.Q1233X ëåæàò â îäíîì àëëåëå, øåñ-
òåðûì óñëîâíî çäîðîâûì íîñèòåëÿì çàìåíû p.R326Q
áûëî ïðîâåäåíî ñåêâåíèðîâàíèå ïî Ñåíãåðó 33 ýêçîíà
ãåíà MYBPC3 ñ öåëüþ îöåíêè âñòðå÷àåìîñòè ãåíåòè÷å-
ñêîãî âàðèàíòà p.Q1233X. Â èññëåäîâàííûõ îáðàçöàõ
ÄÍÊ çäîðîâûõ äîíîðîâ ãåíåòè÷åñêîãî âàðèàíòà
p.Q1233X îáíàðóæåíî íå áûëî.

Äëÿ âàðèàíòîâ ñ íåóñòàíîâëåííûì èëè ñïîðíûì
êëèíè÷åñêèì çíà÷åíèåì áûë ïðîâåäåí áèîèíôîðìàòè-
÷åñêèé àíàëèç ñ ïîìîùüþ ðåñóðñîâ PolyPhen2 è SIFT.
Ïî ðåçóëüòàòàì áèîèíôîðìàòè÷åñêîãî àíàëèçà áûëè ïî-
ëó÷åíû äàííûå â ïîëüçó ïîòåíöèàëüíîé ïàòîãåííîñòè
ãåíåòè÷åñêèõ âàðèàíòîâ p.F621L è p.R1048H.

Âûâîäû

Â õîäå ïðîâåäåííîé ÄÍÊ-äèàãíîñòèêè ãðóïïå èç
77 ïàöèåíòîâ ñ ãèïåðòðîôèåé ìèîêàðäà ìóòàöèè â ãåíå
MYBPC3 áûëè îáíàðóæåíû ó 10 íåðîäñòâåííûõ ïðî-
áàíäîâ, ÷òî ñîñòàâèëî 13% ñëó÷àåâ. Áûëî òàêæå îáíà-
ðóæåíî 4 âàðèàíòà ñ íåóñòàíîâëåííûì èëè ñïîðíûì
êëèíè÷åñêèì çíà÷åíèåì, äâà èç êîòîðûõ ïîñëå áèîèí-
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Ðèñ. 2. À — ðîäîñëîâíàÿ ñåìüè ñ ñîâìåñòíîé ïåðåäà÷åé ãåíåòè÷å-
ñêîãî âàðèàíòà p.R326Q è ìóòàöèè p.Q1233*. Á — ôðàãìåíò õðîìà-
òîãðàììû ñ ãåíåòè÷åñêèì âàðèàíòîì p.R326Q â ãåòåðîçèãîòíîì ñî-
ñòîÿíèè. Â — ôðàãìåíò õðîìàòîãðàììû ñ ìóòàöèåé p.Q1233* â ãåòå-
ðîçèãîòíîì ñîñòîÿíèè.



ôîðìàòè÷åñêîãî àíàëèçà áûëè ïðèçíàíû ïîòåíöèàëüíî
ïàòîãåííûìè. Îòíîñèòåëüíî íåâûñîêèé ïðîöåíò âûÿâ-
ëåííûõ ìóòàöèé ìîæåò áûòü îáóñëîâëåí ãåòåðîãåííî-
ñòüþ ãðóïïû ïàöèåíòîâ: ïîñêîëüêó ÃÊÌÏ ÿâëÿåòñÿ
äèàãíîçîì èñêëþ÷åíèÿ, ïðîâåäåíèå äèôôåðåíöèàëü-
íîé äèàãíîñòèêè ìåæäó ïåðâè÷íîé è âòîðè÷íîé
ÃÊÌÏ, à òàêæå ìåæäó âòîðè÷íîé ÃÊÌÏ è ñî÷åòàíèåì
ïåðâè÷íîé ÃÊÌÏ ñ äðóãîé ïàòîëîãèåé ñåðäöà, çà÷àñ-
òóþ çàòðóäíèòåëüíî. Ãëóáîêîå ôåíîòèïèðîâàíèå íîñè-
òåëåé ìóòàöèé ìîæåò óñòàíîâèòü õàðàêòåðíûå îñîáåí-
íîñòè îòäåëüíûõ ãåíåòè÷åñêèõ âàðèàíòîâ ÃÊÌÏ, ÷òî
îáëåã÷èò â äàëüíåéøåì äèôôåðåíöèàëüíóþ äèàãíîñòè-
êó. Îäíàêî äëÿ ïðîâåäåíèå ãëóáîêîãî ôåíîòèïèðîâà-
íèÿ íåîáõîäèìà êëèíè÷åñêàÿ èíôîðìàöèþ áîëüøîãî
÷èñëà ïàöèåíòîâ-íîñèòåëåé îäèíàêîâîé ìóòàöèè.
Â ñâÿçè ñ ýòèì ïîèñê ìóòàöèé â îòäåëüíûõ ãåíàõ ïðåä-
ñòàâëÿåòñÿ ìåíåå ïåðñïåêòèâíûì, ÷åì èñïîëüçîâàíèå
òàðãåòíûõ ïàíåëåé ãåíîâ.
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Mutation spectrum in MYBPC3 gene in patients with hypertrophic cardiomyopathy

Polyak M.E., Khovalyg A.B., Bukaeva A.A., Dzemeshkevich S.L., Zaklyazminskaya E.V.
Petrovsky Russian Research Centre of Surgery, Moscow, Russia, margaritapolyak@gmail.com

Introduction. Hypertrophic cardiomyopathy is one of the most frequent monogenic cardiovascular diseases. However, diagnosis
of primary HCM is very challenging due to many causes of secondary hypertrophy. Genetic causes of HCM are also quite diverse — af-
ter screening of all causative genes known, mutations can be identified in 60% of familial cases. The aim of this study was to investi-
gate mutation spectrum of MYBPC3 gene in the group of patients with myocardium hypertrophy. Material and methods. DNA samples
of 77 patients with myocardium hypertrophy were collected. Mutation screening was performed by Sander sequencing of MYBPC3
gene or by semiconductor sequencing of MYBPC3 gene as a part of gene panel on Ion Torrent platform followed by confirmation of
detected variants by Sanger sequencing. Results and discussion. In MYBPC3 gene 6 mutations were detected in 10 unrelated fami-
lies. Also 4 variants of unknown clinical significance were found and 2 frequent coding polymorphisms. Nonsense mutation p.Q1233*
was found in 5 unrelated families (6.5% of cases). Conclusion. Mutations in MYBPC3 gene were detected in 10 unrelated probands.
Relatively low frequency of MYBPC3 mutations can be due to clinical heterogeneity of myocardium hypertrophy. Nevertheless,
screening of gene panels is appears to be more promising in HCM patients, than partial sequencing of genes involved.

Key words: hypertrophic cardiomyopathy, MYBPC3 gene, sequencing, gene panels
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