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Âðîæäåííûå ìûøå÷íûå äèñòðîôèè (ÂÌÄ) ïðåäñòàâëÿþò ñîáîé ãðóïïó íåðâíî-ìûøå÷íûõ çàáîëåâàíèé, õàðàêòåðèçóþ-
ùèõñÿ òÿæåëîé ãèïîòîíèåé, ìûøå÷íîé ñëàáîñòüþ è êîíòðàêòóðàìè. ×àñòîòà ÂÌÄ îöåíèâàåòñÿ â 0,8 íà 100 000, âêëàä ÂÌÄ,
ìåðîçèí-çàâèñèìîé (ÂÌÄ1À) îöåíèâàþò â 30—40% ñëó÷àåâ ÂÌÄ â åâðîïåéñêèõ ñòðàíàõ. Îäíàêî ÷àñòîòà ÂÌÄ1À è ÷àñòîòà
íîñèòåëüñòâà äàííîãî çàáîëåâàíèÿ â ÐÔ íå îïðåäåëåíû. Ñîçäàíà è âíåäðåíà â ïðàêòè÷åñêóþ äåÿòåëüíîñòü ÔÃÁÍÓ ÌÃÍÖ íî-
âàÿ ìåäèöèíñêàÿ òåõíîëîãèÿ «Ñèñòåìà äåòåêöèè â îäíîé ïðîáèðêå ÷àñòûõ ìóòàöèé ïðè âðîæäåííûõ íåñèíäðîìàëüíûõ ìû-
øå÷íûõ äèñòðîôèÿõ». Âïåðâûå ñ èñïîëüçîâàíèåì íîâîé òåõíîëîãèè ïðîâåäåíà îöåíêà ïîïóëÿöèîííîé ÷àñòîòû øåñòè ìóòà-
öèé â ãåíå LAMA2 ñðåäè æèòåëåé ÐÔ è ðàñ÷åò ÷àñòîòû çàáîëåâàíèÿ ÂÌÄ1À, êîòîðàÿ ñîñòàâèëà 1 íà 83 000 íîâîðîæäåííûõ.

Êëþ÷åâûå ñëîâà: âðîæäåííàÿ ìûøå÷íàÿ äèñòðîôèÿ, ÂÌÄ1À, ñèñòåìà äåòåêöèè ÷àñòûõ ìóòàöèé ãåíà LAMA2

Ââåäåíèå

ÂÌÄ — ýòî ãðóïïà òÿæåëûõ íàñëåäñòâåííûõ çàáîëå-
âàíèé äåòñêîãî âîçðàñòà, õàðàêòåðèçóþùèõñÿ òîòàëü-
íûì ïîðàæåíèåì ìûøö è ïðèâîäÿùèõ ê ðàííåé èíâà-
ëèäèçàöèè [1, 2]. Ïî îñîáåííîñòÿì êëèíè÷åñêèõ ïðî-
ÿâëåíèé âûäåëÿþò ñèíäðîìàëüíûå (ñîïðîâîæäàþùèå-
ñÿ íåêîòîðûìè îñîáåííîñòÿìè ôåíîòèïà èëè ïàòîëî-
ãèÿìè ðàçëè÷íûõ îðãàíîâ è ñèñòåì) è íåñèíäðîìàëü-
íûå ÂÌÄ. Îñíîâíûì ñèìïòîìîì íåñèíäðîìàëüíîé
ìûøå÷íîé äèñòðîôèè ó äåòåé ðàííåãî âîçðàñòà ÿâëÿåò-
ñÿ ìûøå÷íàÿ ãèïîòîíèÿ, õàðàêòåðíàÿ òàêæå äëÿ ðÿäà
äðóãèõ íàñëåäñòâåííûõ íåðâíî-ìûøå÷íûõ áîëåçíåé
ñ ðàííèì äåáþòîì [1—3].

×àñòîòà íåñèíäðîìàëüíûõ ìûøå÷íûõ äèñòðîôèé,
â ñðåäíåì, ñîñòàâëÿåò 0,8 íà 100 000 íàñåëåíèÿ [1, 4, 5].

Âñëåäñòâèå òîãî, ÷òî áåëêîâûå ïðîäóêòû ãåíîâ, ìóòà-
öèè â êîòîðûõ ïðèâîäÿò ê ðàçâèòèþ ÂÌÄ, ó÷àñòâóþò
â îäíîì ïàòîãåíåòè÷åñêîì ïðîöåññå, êëèíè÷åñêèå ïðî-
ÿâëåíèÿ âñåõ ãåíåòè÷åñêèõ âàðèàíòîâ ýòîé ãðóïïû çàáî-
ëåâàíèé õàðàêòåðèçóåòñÿ çíà÷èòåëüíûì ñõîäñòâîì, ÷òî
çàòðóäíÿåò èõ äèôôåðåíöèàëüíóþ äèàãíîñòèêó è ñíèæà-
åò ýôôåêòèâíîñòü ìåäèêî-ãåíåòè÷åñêîãî êîíñóëüòèðî-
âàíèÿ. Âîçíèêàþò òðóäíîñòè â óñòàíîâëåíèè òèïà íà-
ñëåäîâàíèÿ çàáîëåâàíèÿ â èçîëèðîâàííûõ ñëó÷àÿõ, ðàñ-
÷åòàõ ïîâòîðíîãî ðèñêà ðîæäåíèÿ áîëüíîãî ðåáåíêà è
ïëàíèðîâàíèè ïðîôèëàêòè÷åñêèõ ìåðîïðèÿòèé â îòÿãî-
ùåííûõ ñåìüÿõ [1, 3, 6].

Çà ðàçâèòèå ÂÌÄ îòâåòñòâåííû ìóòàöèè íåñêîëüêèõ
ãåíîâ ñ ðàçëè÷íûìè òèïàìè íàñëåäîâàíèÿ. Íàèáîëåå ÷à-
ñòîé ïðè÷èíîé çàáîëåâàíèÿ ÿâëÿåòñÿ ïîâðåæäåíèå ãåíà,
êîäèðóþùåãî àëüôà 2 öåïü áåëêà ëàìèíèíà — ìåðîçèí.

Ìûøå÷íàÿ äèñòðîôèÿ âðîæäåííàÿ, ìåðîçèí-íåãàòèâ-
íàÿ, òèï 1À (ÂÌÄ1À) íàñëåäóåòñÿ ïî àóòîñîìíî-ðåöåñ-
ñèâíîìó òèïó. Ïî îöåíêàì ðàçíûõ àâòîðîâ, íà äîëþ
ÂÌÄ1À ïðèõîäèòñÿ 30—40% ñëó÷àåâ ÂÌÄ â åâðîïåé-
ñêèõ ñòðàíàõ. Îäíàêî òî÷íîé îöåíêè ÷àñòîòû ÂÌÄ1À äî
ñèõ ïîð íå ïðîâîäèëîñü. Ýòî ñâÿçàíî ñ ðåäêîñòüþ äàí-
íîé ïàòîëîãèè è áîëüøèì ðàçìåðîì ãåíà LAMA2.

Â íàñòîÿùåå âðåìÿ îïèñàíî áîëåå 200 ìóòàöèé ãåíà
LAMA2. Èññëåäîâàíèå âñåé ïîñëåäîâàòåëüíîñòè ãåíà
ñ èñïîëüçîâàíèåì ïðÿìîãî àâòîìàòè÷åñêîãî ñåêâåíèðî-
âàíèÿ ïî Ñåíãåðó ÿâëÿåòñÿ äîðîãîñòîÿùåé, ñëîæíîé è
äëèòåëüíîé ïðîöåäóðîé. Ðàçëè÷íûìè èññëåäîâàòåëÿìè
ïîêàçàíî, ÷òî â ãåíå LAMA2 ðåãèñòðèðóåòñÿ öåëûé ðÿä
ïîâòîðÿþùèõñÿ ìóòàöèé [6].

Ðàçðàáîòêà ñèñòåìû àíàëèçà ÷àñòûõ ìóòàöèé ÿâëÿåò-
ñÿ àêòóàëüíîé çàäà÷åé, òàê êàê ïîçâîëÿåò íå òîëüêî ïî-
âûñèòü ýôôåêòèâíîñòü ÄÍÊ-äèàãíîñòèêè ÂÌÄ, íî è
âïåðâûå â ìèðå îïðåäåëèòü ÷àñòîòû íîñèòåëüñòâà è ðàñ-
ñ÷èòàòü ÷àñòîòó ÂÌÄ1À. Çíàíèå òî÷íûõ ÷àñòîò íàñëåä-
ñòâåííûõ áîëåçíåé âàæíî ïðè ïðîâåäåíèè ìåäèêî-ãåíå-
òè÷åñêîãî êîíñóëüòèðîâàíèÿ îòÿãîùåííûõ ñåìåé äëÿ
îïðåäåëåíèÿ ïîñëåäîâàòåëüíîñòè ïðîâåäåíèÿ ìîëåêó-
ëÿðíî-ãåíåòè÷åñêèõ òåñòîâ.

Ìàòåðèàëû è ìåòîäû

Äëÿ îïðåäåëåíèÿ ÷àñòîòû ÂÌÄ1À èñïîëüçîâàëàñü
ÄÍÊ 1000 çäîðîâûõ íåðîäñòâåííûõ ëþäåé, ïðîæèâàþ-
ùèõ íà òåððèòîðèè ÐÔ.

Äëÿ äåòåêöèè ïîâòîðÿþùèõñÿ ìóòàöèé ãåíà LAMA2

â îäíîé ïðîáèðêå áûëà ðàçðàáîòàíà ñèñòåìà íà îñíîâå
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ìåòîäîâ ïîëèìîðôèçìà äëèí àìïëèôèêàöèîííûõ ôðàã-
ìåíòîâ (ÏÄÀÔ) è ïîëèìîðôèçìà äëèí ðåñòðèêöèîííûõ
ôðàãìåíòîâ (ÏÄÐÔ) è âíåäðåíà â ïðàêòèêó ìåäèöèí-
ñêàÿ òåõíîëîãèÿ «Ñèñòåìà äåòåêöèè â îäíîé ïðîáèðêå
÷àñòûõ ìóòàöèé ïðè âðîæäåííûõ íåñèíäðîìàëüíûõ ìû-
øå÷íûõ äèñòðîôèÿõ».

Äèçàéí ïðàéìåðîâ îñóùåñòâëåí â ëàáîðàòîðèè
ÄÍÊ-äèàãíîñòèêè ÔÃÁÍÓ «ÌÃÍÖ», ñèíòåç — â ÇÀÎ
«Åâðîãåí», Ìîñêâà. Ïîñëåäîâàòåëüíîñòè ïðàéìåðîâ âû-
áèðàëè ïî áàçå äàííûõ GeneBank. Èñïîëüçîâàíû ïîñëå-
äîâàòåëüíîñòè ãåíîâ LAMA2 è LMNA/C, ôëàíêèðóþùèå
ìóòàöèè c.2049_2050del2, c.6488delA, c.7536delC,
c.7732C>T, c.7750-1713_7899-2153del, c.8007delT ãåíà
LAMA2 è c.94_96del3 ãåíà LMNA/C.

Ïîëèìåðàçíóþ öåïíóþ ðåàêöèþ (ÏÖÐ) ïðîâîäèëè
íà ïðîãðàììèðóåìîì òåðìîöèêëåðå Òåðöèê (ÄÍÊ-òåõ-
íîëîãèÿ, Ðîññèÿ) ñ èñïîëüçîâàíèåì ÄÍÊ-ïîëèìåðàçû
Biotaq («ÁèîÌàñòåð»).

ÏÖÐ ïðîâîäèëè ïî ñëåäóþùåé ñõåìå: â 23 ìêë ðåàê-
öèîííîé ñìåñè, ñîäåðæàùåé 1õ ðåàêöèîííûé áóôåð
(67 ìÌ Tris-HCl, 16,6 ìÌ (NH4)2SO4, 0,01% Twin-20,
MgCl2 4 mM), 0,25 ìêÌ êàæäîãî îëèãîïðàéìåðà,
250 ìêÌ êàæäîãî äåçîêñèíóêëåîçèäòðèôîñôàòà,
1,5 åäèíèöû òåðìîôèëüíîé ÄÍÊ-ïîëèìåðàçû, äîáàâëÿ-
ëè 2 ìêë ãåíîìíîé ÄÍÊ. Â êàæäóþ ïðîáèðêó äîáàâëÿëè
20 ìêë ìèíåðàëüíîãî ìàñëà.

ÏÖÐ ïðîâîäèëè â ñëåäóþùåì ðåæèìå: ïåðâîíà÷àëü-
íàÿ äåíàòóðàöèÿ ïðè 95°Ñ — 5 ìèí, çàòåì 30 öèêëîâ ñìå-

íû òåìïåðàòóð: 94°Ñ — 30 ñ, òåìïåðàòóðà îòæèãà ïðàé-
ìåðîâ 63°Ñ — 30 ñ, ýëîíãàöèÿ öåïè 72°Ñ — 30 ñ; çàêëþ-
÷èòåëüíàÿ ýëîíãàöèÿ 72°Ñ — 7 ìèí. Ïîñëåäîâàòåëüíîñòè
ïðàéìåðîâ è óñëîâèÿ àìïëèôèêàöèè ïðåäñòàâëåíû
â òàáë. 1.

Äëèíà àìïëèôèöèðîâàííûõ ôðàãìåíòîâ ñîñòàâëÿåò
îò 59 äî 437 ï.í.

Ïîñëå ïðîâåäåíèÿ àìïëèôèêàöèè, ïðîäóêòû ðåàê-
öèè îáðàáàòûâàëè ýíäîíóêëåàçîé ðåñòðèêöèè NlaIII
ôèðìû Fermentas. Äëÿ ïðîâåäåíèÿ ðåñòðèêöèè àìïëè-
ôèöèðîâàííûõ ôðàãìåíòîâ èñïîëüçîâàëàñü ñìåñü â îáú-
åìå 15 ìêë: 10 ìêë àìïëèôèêàòà, ïîëó÷åííîãî â ðåçóëü-
òàòå ÏÖÐ; 3,2 ìêë äèñòèëëèðîâàííîé âîäû, 1,5 ìêë ðå-
ñòðèêöèîííîãî áóôåðà, 0,3 ìêë (1,0 åäèíèöà àêòèâíî-
ñòè) ýíäîíóêëåàçû «NLAIII». Ïðîáèðêè ñ ðåñòðèêöèîí-
íîé ñìåñüþ ïîìåùàëèñü â òåðìîñòàò äëÿ èíêóáàöèè ïðè
òåìïåðàòóðå 37°Ñ íà 3 ÷àñà (òàáë. 2).

Ïðîäóêò ðåàêöèè äåòåêòèðîâàëñÿ ìåòîäîì âåðòè-
êàëüíîãî ýëåêòðîôîðåçà â 8%-íîì ïîëèàêðèëàìèäíîì
ãåëå (ÏÀÀÃ) (ñîîòíîøåíèå àêðèëàìèäà/áèñàêðèëàìèäà
19/1). Ðåçóëüòàòû ýëåêòðîôîðåçà âèçóàëèçèðîâàëèñü ïî-
ñëå îêðàøèâàíèÿ ãåëÿ ðàñòâîðîì áðîìèñòîãî ýòèäèÿ íà
äîêóìåíòèðóþùåé ñèñòåìå GelDoc ôèðìû BIO-RAD
(ÑØÀ) â ÓÔ-èçëó÷åíèè ñ äëèíîé âîëíû 312 íì.

Èíòåðïðåòàöèþ ðåçóëüòàòîâ ïðîâîäèëè íà îñíîâà-
íèè äëèí ôðàãìåíòîâ, èäåíòèôèöèðóåìûõ íà ýëåêòðî-
ôîðåçå. Ýëåêòðîôîðåãðàììà ïðåäñòàâëÿåò èç ñåáÿ ïàò-
òåðí ïîëîñ, ñîîòâåòñòâóþùèõ ðàçëè÷íûì íîðìàëüíûì

ÌÅÄÈÖÈÍÑÊÀß ÃÅÍÅÒÈÊÀ. — 2016. — ¹3

ISSN 2073-7998 31

Òàáëèöà 1
Ïðàéìåðû è óñëîâèÿ àìëèôèêàöèè, ïðèìåíÿâøèåñÿ äëÿ äåòåêöèè ÷àñòûõ ìóòàöèé ãåíà LAMA2 è LMNA/C

Äåòåêòèðóåìàÿ ìóòàöèÿ Ïîñëåäîâàòåëüíîñòü îëèãîíóêëåîòèäîâ (5' � 3') t îòæèãà MgCl2, mM

c.2049_2050del GAAAGGAATTTATGACAGTGCTTGC
GCTTTGGGATGGATGCCATCTTC

63°C 4

c.6488delA GCATTCGAACATACAAACCAGAAATC
GGAAGTTACAATAATATTGTTGTCAAGC

c.7536delC GAACTCCGTACAATATACTCAGTAGTC
GATGTTCCCTGGAGGTTGGTCTG

c.7732C>T GACACCAGCACCACCTAGGAGAAAA
GTATCATTTATTTCTCCTCTCATCTTG

c.7750-1713_7899-2153del GCAGAGAAACTAGAAACAACCC
GAGATGGTATTAGAAAGAAATCATAAGAG

GAAACTCTAAGAATCAGCCACTG

c.8007delT GCTTTTCGTTGGGGGTGCTC
ACTCAGAAATATTCCTCCTTTTGAAG

c.94_96del GCCAGCTCCACTCCGCTGTC
GATCGCTTGGCGGTCTACATC

Òàáëèöà 2
Ýíäîíóêëåàçà ðåñòðèêöèè

Ýíäîíóêëåàçà Çàìåíà Ñàéò óçíàâàíèÿ Àëëåëü Äëèíû ôðàãìåíòîâ
ïîñëå ðåñòðèêöèè, ï.í.
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èëè ìóòàíòíûì àëëåëÿì ãåíà. Ïî íàëè÷èþ/îòñóòñòâèþ
ïîëîñ ñ äëèíàìè, ñîîòâåòñòâóþùèìè íîðìàëüíîé/ìó-
òàíòíîé ïîñëåäîâàòåëüíîñòè, ñóäèëè î íàëè÷èè/îòñóò-
ñòâèè êîíêðåòíîé ìóòàöèè â ãåíîòèïå ïðîáàíäà.

Ðåçóëüòàòû è îáñóæäåíèå

Ãåí LAMA2, êîäèðóþùèé �2-öåïü ìåðîçèíà, ðàñïî-
ëîæåí íà äëèííîì ïëå÷å õðîìîñîìû 6 (ëîêóñ 6q22-q23),
åãî ïðîòÿæåííîñòü ñîñòàâëÿåò 633,43 ò.ï.í. Ãåí ñîñòîèò
èç 65 ýêçîíîâ. Ê íàñòîÿùåìó ìîìåíòó èäåíòèôèöèðîâà-
íî áîëåå 200 ðàçëè÷íûõ ìóòàöèé ãåíà LAMA2

(http://www.hgmd.cf.ac.uk/ac/gene.php?gene=LAMA2).
Ïîèñê ìóòàöèé ýòîãî ãåíà ìåòîäîì ïðÿìîãî àâòîìàòè-
÷åñêîãî ñåêâåíèðîâàíèÿ ÿâëÿåòñÿ äîëãîé, òðóäîåìêîé è
äîðîãîñòîÿùåé ïðîöåäóðîé. Îäíàêî, êàê ïîêàçàë àíàëèç
îïèñàííûõ íà ñåãîäíÿøíèé äåíü ìóòàöèé ãåíà LAMA2,
ïðåäñòàâëåííûõ â Leiden Open Variation Database
(http://www.dmd.nl/), äëÿ ÂÌÄ1À, êàê è äëÿ ëþáîãî ðå-
öåññèâíîãî çàáîëåâàíèÿ, õàðàêòåðíî íàëè÷èå ÷àñòûõ
ìóòàöèé. Áûëî ïðèíÿòî ðåøåíèå î ðàçðàáîòêå ýôôåê-
òèâíîé, äåøåâîé è èíôîðìàòèâíîé ñèñòåìû äëÿ ïîèñêà
íàèáîëåå ÷àñòûõ ìóòàöèé ãåíà LAMA2. Èç áàçû äàííûõ
Leiden Open Variation Database áûëè îòîáðàíû äâå ìóòà-
öèè ñî ñäâèãîì ðàìêè ñ÷èòûâàíèÿ â ýêçîíàõ 46 è 57,
îïèñàííûå â åâðîïåéñêîé ïîïóëÿöèè 15 è 11 ðàç ñîîò-
âåòñòâåííî: c.6488delA è c.8007delT è êðóïíàÿ äåëåöèÿ
ýêçîíà 56 (c.7750-1713_7899-2153del), âûÿâëåííàÿ ó 31%

ïîðòóãàëüñêèõ áîëüíûõ [9]. Êðîìå òîãî, áûë ïðîâåäåí
ðåòðîñïåêòèâíûé àíàëèç ðåçóëüòàòîâ ïðÿìîãî àâòîìàòè-
÷åñêîãî ñåêâåíèðîâàíèÿ ãåíà LAMA2 â îáðàçöàõ ÄÍÊ
ðîññèéñêèõ ïðîáàíäîâ, îáðàòèâøèõñÿ çà ÄÍÊ-äèàãíîñ-
òèêîé â ïåðèîä ñ 2000 ïî 2015 ãã. Áûëè âûáðàíû ìóòà-
öèè, âñòðåòèâøèåñÿ áîëåå ÷åì íà äâóõ õðîìîñîìàõ íå-
ðîäñòâåííûõ áîëüíûõ: ñ.2049_2050delAG (âñòðåòèëàñü
íà 4 õðîìîñîìàõ), c.7536delC (íà 8 õðîìîñîìàõ) è
c.7732C>T (íà 3 õðîìîñîìàõ). Âñå îòîáðàííûå ìóòàöèè
áûëè ðàíåå îïèñàíû.

Äîïîëíèòåëüíî â ñèñòåìó áûëà âêëþ÷åíà ðàíåå îïè-
ñàííàÿ ìóòàöèÿ c.94_96delAAC ýêçîíà 1 ãåíà LMNA, íå-
îäíîêðàòíî âûÿâëåííàÿ ó ðîññèéñêèõ áîëüíûõ ñ ÂÌÄ
ïðè ïðîâåäåíèè ÄÍÊ-äèàãíîñòèêè [7].

Áûëà ðàçðàáîòàíà ñèñòåìà äåòåêöèè øåñòè ÷àñòûõ
ìóòàöèé ãåíà LAMA2 è îäíîé ìóòàöèè ãåíà LMNA ìåòî-
äîì àíàëèçà ÏÄÀÔ è ÏÄÐÔ. Íà ðèñóíêå ïðåäñòàâëåíû
ðåçóëüòàòû âèçóàëèçàöèè ïðîäóêòîâ ìóëüòèïëåêñíîé
ÏÖÐ/ÏÄÐÔ ñ èñïîëüçîâàíèåì âåðòèêàëüíîãî ýëåêòðî-
ôîðåçà â ÏÀÀÃ. Â òàáë. 3 ïðèâåäåíû äëèíû ôðàãìåíòîâ,
ñîîòâåòñòâóþùèõ íîðìàëüíûì è ìóòàíòíûì àëëåëÿì.

Èíôîðìàòèâíîñòü ñèñòåìû áûëà îïðåäåëåíà íà
îñíîâàíèè ÷àñòîò âñòðå÷àåìîñòè, âîøåäøèõ â íå¸ ìóòà-
öèé ó ðîññèéñêèõ ïðîáàíäîâ ñ ÂÌÄ1À. Ìóòàöèè, âõîäÿ-
ùèå â ñèñòåìó, áûëè âûÿâëåíû íà 15 õðîìîñîìàõ
ó 26 íåðîäñòâåííûõ ïðîáàíäîâ [8]. Òàêèì îáðàçîì, èí-
ôîðìàòèâíîñòü äèàãíîñòèêè ÂÌÄ1À ñ èñïîëüçîâàíèåì
íîâîé ìåäèöèíñêîé òåõíîëîãèè «Ñèñòåìà äåòåêöèè â
îäíîé ïðîáèðêå ÷àñòûõ ìóòàöèé ïðè âðîæäåííûõ íå-
ñèíäðîìàëüíûõ ìûøå÷íûõ äèñòðîôèÿõ» ñîñòàâëÿåò
28,8%.

Ñ èñïîëüçîâàíèåì íîâîé ìåäèöèíñêîé òåõíîëîãèè
áûëè èññëåäîâàíû îáðàçöû ÄÍÊ 1000 çäîðîâûõ ÷åëî-
âåê, âçÿòûå èç áàíêà ÄÍÊ ëàáîðàòîðèè ÄÍÊ-äèàãíîñ-
òèêè ÔÃÁÍÓ «ÌÃÍÖ». Â äâóõ îáðàçöàõ áûëè âûÿâëåíû
ìóòàöèè c.7536delC (p.Asp2513Ilefs*34) è c.2049_2050del2
(p.Arg683Serfs*21) â ãåòåðîçèãîòíîì ñîñòîÿíèè. Òàêèì
îáðàçîì, ÷àñòîòà íîñèòåëüñòâà ìóòàöèé, âõîäÿùèõ â ñè-
ñòåìó ÷àñòûõ ñîñòàâëÿåò 1:500 ÷åë. Òàê êàê äîëÿ ìóòà-
öèé, âõîäÿùèõ â ñèñòåìó ÷àñòûõ îò âñåõ ìóòàöèé ãåíà
LAMA2 ó ðîññèéñêèõ áîëüíûõ ñîñòàâëÿåò 28,8%
(ñ 11,6—47,8%) [8], ïî çàêîíó Õàðäè—Âàéíáåðãà îïðåäå-
ëåíà ïîïóëÿöèîííàÿ ÷àñòîòà íîñèòåëüñòâà ìóòàöèé ãåíà
LAMA2 — 1:144 çäîðîâûõ æèòåëåé ÐÔ. Èñõîäÿ èç ýòîãî,
ðàñ÷åòíàÿ ÷àñòîòà ÂÌÄ1À â Ðîññèè ñîñòàâëÿåò 1:83 000
(95% ÄÈ 1:59 000—1:239 000) íîâîðîæäåííûõ.

Òî÷íàÿ ÷àñòîòà âðîæäåííîé ìåðîçèí-íåãàòèâíîé
ìûøå÷íîé äèñòðîôèè îïðåäåëåíà âïåðâûå â ìèðå. Ðàñ-
÷åòíàÿ ÷àñòîòà ÂÌÄ1À â Ðîññèè (1:83 000 íîâîðîæäåí-
íûõ) ñîâïàäàåò ñ ìèðîâûìè äàííûìè î ÷àñòîòàõ âñòðå-
÷àåìîñòè âðîæäåííûõ ìûøå÷íûõ äèñòðîôèé
(0,8:100 000 íîâîðîæäåííûõ).

Òàêèì îáðàçîì, âïåðâûå ðàçðàáîòàíà è âíåäðåíà
â ïðàêòèêó ìåäèöèíñêàÿ òåõíîëîãèÿ äåòåêöèè â îäíîé
ïðîáèðêå øåñòè ïîâòîðÿþùèõñÿ ìóòàöèé ãåíà LAMA2:
c.2049_2050del2, c.6488delA, c.7536delC, c.7732C>T,

ÎÐÈÃÈÍÀËÜÍÛÅ ÈÑÑËÅÄÎÂÀÍÈß

32

Âèçóàëèçàöèÿ ðåçóëüòàòîâ àíàëèçà ÷àñòûõ ìóòàöèé ïðè ÂÌÄ:
Äîðîæêà 1. Ìàðêåð ìîëåêóëÿðíîãî âåñà l/PstI
Äîðîæêà 2. Ìóòàöèÿ c.7536delC â ãîìîçèãîòíîì ñîñòîÿíèè
Äîðîæêà 3. Ìóòàöèè c.7536delC è c.7732C>T â êîìïàóíä-ãåòåðîçè-
ãîòíîì ñîñòîÿíèè
Äîðîæêà 4. Ìóòàöèÿ â ãåíå LMNA â ãåòåðîçèãîòíîì ñîñòîÿíèè
Äîðîæêà 5. Ìóòàöèÿ c.2049_2050del â ãåòåðîçèãîòíîì ñîñòîÿíèè
Äîðîæêà 6. Ìóòàöèÿ c.2049_2050del â ãåòåðîçèãîòíîì ñîñòîÿíèè
Äîðîæêà 7. Íîðìà
Äîðîæêà 8. Ìóòàöèÿ c.7732C>T â ãåòåðîçèãîòíîì ñîñòîÿíèè
Äîðîæêà 9. Íîðìà
Äîðîæêà 10. Ìóòàöèÿ c.7536delC â ãåòåðîçèãîòíîì ñîñòîÿíèè
Äîððîæêà 11. Ìóòàöèÿ â ãåíå LMNA â ãåòåðîçèãîòíîì ñîñòîÿíèè.



c.7750-1713_7899-2153del, c.8007delT è îäíîé ìóòàöèè
ãåíà LAMINA/C — c.94_96del3, îòâåòñòâåííûõ çà íåñèí-
äðîìàëüíûå ÂÌÄ. Òåõíîëîãèÿ áûëà ïðèìåíåíà äëÿ òî÷-
íîé îöåíêè ïîïóëÿöèîííîé ÷àñòîòû ÂÌÄ1À è îïðåäå-
ëåíèÿ ÷àñòîò íîñèòåëüñòâà ìóòàöèé ãåíà LAMA2 ó æèòå-
ëåé ÐÔ.

Ïîêàçàíèÿìè äëÿ èñïîëüçîâàíèÿ òåõíîëîãèè ÿâëÿ-
þòñÿ:

1. Ïîèñê ìîëåêóëÿðíî-ãåíåòè÷åñêèõ ïðè÷èí ÂÌÄ
â îòÿãîùåííûõ ñåìüÿõ;

2. Äèàãíîñòèêà ãåòåðîçèãîòíîãî íîñèòåëüñòâà ÂÌÄ
1À ó ðîäñòâåííèêîâ áîëüíîãî;

3. Ïðîâåäåíèå ïðåíàòàëüíîé äèàãíîñòèêè â îòÿãî-
ùåííûõ ñåìüÿõ;

4. Ïîïóëÿöèîííûå èññëåäîâàíèÿ ÷àñòîò íîñèòåëüñò-
âà ÂÌÄ1À.

Ïðîòèâîïîêàçàíèÿ äëÿ èñïîëüçîâàíèÿ äàííîé òåõ-
íîëîãèè îòñóòñòâóþò.

Äîðîãîâèçíà è äëèòåëüíîñòü àíàëèçà âñåé ïîñëåäîâà-
òåëüíîñòè ãåíîâ ïðèäàþò îñîáóþ çíà÷èìîñòü ðàçðàáîòêå
ñèñòåì ïîèñêà ïîâòîðÿþùèõñÿ ìóòàöèé, îòâåòñòâåííûõ
çà íåñèíäðîìàëüíûå ÂÌÄ. Ñèñòåìà äåòåêöèè øåñòè ÷àñ-
òûõ ìóòàöèé ãåíà LAMA2: c.2049_2050del2, c.6488delA,
c.7536delC, c.7732C>T, c.7750-1713_7899-2153del,
c.8007delT è îäíîé ìóòàöèè ãåíà LAMINA/C —
c.94_96del3 ïîçâîëÿåò âûÿâèòü ïðè÷èíó ÂÌÄ, íå ïðèáå-
ãàÿ ê ñåêâåíèðîâàíèþ âñåé ïîñëåäîâàòåëüíîñòè ãåíîâ
LAMA2 è LAMINA/C, ÷òî ñíèæàåò ôèíàíñîâûå è âðåìåí-
íûå çàòðàòû íà ïðîâåäåíèå ÄÍÊ-äèàãíîñòèêè äàííîãî
çàáîëåâàíèÿ.

Ïðèìåíåíèå òåõíîëîãèè «Ñèñòåìà äåòåêöèè â îä-
íîé ïðîáèðêå ÷àñòûõ ìóòàöèé ïðè âðîæäåííûõ íåñèí-
äðîìàëüíûõ ìûøå÷íûõ äèñòðîôèÿõ» ïîçâîëèëî âïåð-

âûå â ìèðå îïðåäåëèòü ÷àñòîòó íîñèòåëüñòâà ìóòàöèé
ãåíà LAMA2, êîòîðàÿ ó æèòåëåé ÐÔ ñîñòàâèëà 1:144, è
ðàññ÷èòàòü ÷àñòîòó âðîæäåííîé ìûøå÷íîé äèñòðîôèè
òèïà 1À — 1:83 000 íîâîðîæäåííûõ
(95% ÄÈ 1:59 000—1:239 000).

Ñïèñîê ëèòåðàòóðû

1. Sparks S, Quijano-Roy S, Harper A, et al. Congenital Muscu-
lar Dystrophy Overview. 2001 Jan 22 [Updated 2012 Aug 23]. In: Pa-
gon RA, Adam MP, Ardinger HH, et al., editors. Gene Reviews®
[Internet]. Available from: http://www.ncbi.nlm.nih.gov/bo-
oks/NBK1291/

2. Mendell JR, Bouå DR, Martin PT. The Congenital Muscular
Dystrophies: Recent Advances and Molecular Insights. Pediatric and
developmental pathology: the official journal of the Society for Pedi-
atric Pathology and the Paediatric Pathology Society.
2006;9(6):427-443.

3. Äàäàëè Å.Ë., Ðóäåíñêàÿ Ã.Å., Ùàãèíà Î.À. è äð. Ìåðî-
çèí-äåôèöèòíàÿ âðîæäåííàÿ ìûøå÷íàÿ äèñòðîôèÿ. Æóðíàë
íåâðîëîãèè è ïñèõèàòðèè èì. Ñ.Ñ. Êîðñàêîâà.
2010;110(3):83-89.

4. Mostacciuolo ML, Miorin M, Martinello F, et al. Genetic
epidemiology of congenital muscular dystrophy in a sample from
north-east Italy. Human Genetic. 1996 Mar; 97(3):277-279.

5. Darin N, Tulinius M. Neuromuscular disorders in childhood:
a descriptive epidemiological study from western Sweden. Neuro-
muscular Disorder. 2000;10:1-9.

6. Allamand V, Guicheney P. Merosin-deficient congenital
muscular dystrophy, autosomal recessive (MDC1A, MIM#156225,
LAMA2 gene coding for alpha2 chain of laminin). Eur J Hum Ge-
net. 2002; 10:91-4.

7. Äàäàëè Å.Ë., Øàðêîâà È.Â., Àäÿí Ò.À. è äð. Êëèíèêî-ãå-
íåòè÷åñêèå õàðàêòåðèñòèêè áîëüíûõ ñ âðîæäåííîé ìûøå÷íîé
äèñòðîôèåé, îáóñëîâëåííîé ìóòàöèÿìè â ãåíå LMNA. Æóðíàë

ISSN 2073-7998 33

ÌÅÄÈÖÈÍÑÊÀß ÃÅÍÅÒÈÊÀ. — 2016. — ¹3

Òàáëèöà 3
Ìóòàöèè ãåíîâ LAMA2 è LMNA, âîøåäøèå â ñèñòåìó ÷àñòûõ, è èíòåðïðåòàöèÿ ðåçóëüòàòîâ

Ãåí, ýêçîí Ìóòàöèÿ Äåòåêòèðóåìûé àëëåëü Äëèíà Ñòàòóñ òî÷êè

LAMA2,
EX46

p.Lys2163Argfs*12 c.6488delA 59 Ìóòàöèÿ

60 Íîðìà

LAMA2,
EX57

p.Gln2670Asnfs*58 c.8007delT 67 Ìóòàöèÿ

68 Íîðìà

LAMA2,
EX54

p.Asp2513Ilefs*34 c.7536delC 74 Ìóòàöèÿ

75 Íîðìà

LAMA2,
EX14

p.Arg683Serfs*21 c.2049_2050del2 81 Ìóòàöèÿ

83 Íîðìà

LMNA/C,
EX1

p.Lys32del c.94_96del3 90 Ìóòàöèÿ

93 Íîðìà

LAMA2,
EX55

p.Arg2578* c.7732T 147+110+25* Ìóòàöèÿ

c.7732C 172+110 Íîðìà

LAMA2,
EX56

ex56del Ex56 347 Íîðìà

c.7750-1713_7899-2153del 437 Ìóòàöèÿ
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Èíôîðìàöèÿ î êîíôëèêòå èíòåðåñîâ

Àâòîðû äåêëàðèðóþò îòñóòñòâèå êîíôëèêòà èíòåðåñîâ.

Population frequency of LAMA2 gene mutations
among residents of the Russian Federation by medical technology
«Detection system in one test tube for frequent mutations
at congenital muscular dystrophies»

Milovidova T.B., Shchagina O.A., Polyakov A.V.
Federal State Budgetary Institution «Research Centre for Medical Genetics»,
115409, Moscow, Moskvorechie 1, e-mail: polyakov@med-gen.ru

Congenital Muscular Dystrophies (CMD) is the group of the neuromuscular diseases which are characterized by heavy hypotonia,
muscular weakness and contractures. Incidence of CMD is estimated as 0,8 on 100 000, and the contribution of congenital muscular
dystrophy, merozin-negative (CMD1A) makes in 30—40% of cases of CMD in the European countries. However, the exact frequency
of CMD1A and frequency of a carriage of this disease are at the moment not determined. Frequent mutations of LAMA2 gene are re-
vealed that has allowed to create effective system of molecular and genetic diagnostics CMD1A in the burdened families. The medical
technology «Detectionsystem in one test tube for frequent mutations at congenital muscular dystrophies» is introduced in practice.
The assessment of population frequency of six mutations in LAMA2 gene among residents of the Russian Federation and settlement
frequency of CMD1A disease which has made 1 on 83 000 newborns is for the first time carried out.

Key words: congenital muscular dystrophy, CMD1A, system of LAMA2 gene frequent mutations
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