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Íàñëåäñòâåííûå ìîòîðíî-ñåíñîðíûå íåéðîïàòèè (ÍÌÑÍ) — êëèíè÷åñêè è ãåíåòè÷åñêè ãåòåðîãåííàÿ ãðóïïà íàñëåäñòâåí-
íûõ áîëåçíåé, çàòðàãèâàþùèõ ïåðèôåðè÷åñêóþ íåðâíóþ ñèñòåìó. Íà ñåãîäíÿøíèé äåíü èçâåñòíî áîëåå 50 ãåíîâ, îòâåòñò-
âåííûõ çà ðàçâèòèå ÍÌÑÍ. Îïèñàíû ïðàêòè÷åñêè âñå òèïû íàñëåäîâàíèÿ: àóòîñîìíî-äîìèíàíòíûé, àóòîñîìíî-ðåöåññèâ-
íûé, Õ-ñöåïëåííûå äîìèíàíòíûé è ðåöåññèâíûé. Íåñìîòðÿ íà ðàçíîîáðàçèå ôóíêöèé áåëêîâûõ ïðîäóêòîâ ãåíîâ, îòâåòñò-
âåííûõ çà ÍÌÑÍ, âñå îíè ýêñïðåññèðóþòñÿ â ïåðèôåðè÷åñêèõ íåðâàõ è ïðèâîäÿò ê ñõîäíîìó ôåíîòèïó ïîëèíåéðîïàòèè. Êëè-
íè÷åñêîå ñõîäñòâî ïðîÿâëåíèé ìóòàöèé ðàçíûõ ãåíîâ, à òàêæå ðàçëè÷íûå òèïû èõ íàñëåäîâàíèÿ äåëàþò íåâîçìîæíûì îïðå-
äåëåíèå ðèñêà ðîæäåíèÿ áîëüíîãî ðåáåíêà â ñåìüå áåç âåðèôèêàöèè äèàãíîçà ìîëåêóëÿðíî-ãåíåòè÷åñêèìè ìåòîäàìè. Íå
ìåíåå 5% âñåõ ñëó÷àåâ ÍÌÑÍ ïðèõîäèòñÿ íà ôîðìû ñ àóòîñîìíî-ðåöåññèâíûì òèïîì íàñëåäîâàíèÿ — ÍÌÑÍ4. Êàê è äëÿ
áîëüøèíñòâà àóòîñîìíî-ðåöåññèâíûõ áîëåçíåé â ãåíàõ ÍÌÑÍ4 îïèñàíû ÷àñòûå ìóòàöèè, èññëåäîâàíèå êîòîðûõ ïîçâîëÿåò
ñóùåñòâåííî îïòèìèçèðîâàòü ÄÍÊ-äèàãíîñòèêó ÍÌÑÍ. Â ðàáîòå ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèÿ ÍÌÑÍ4 â âûáîðêå
ðîññèéñêèõ áîëüíûõ ÍÌÑÍ ñ èñïîëüçîâàíèåì íîâîé ìåäèöèíñêîé òåõíîëîãèè «Ñèñòåìà äåòåêöèè â îäíîé ïðîáèðêå ÷àñòûõ
ìóòàöèé ïðè ðåöåññèâíûõ íàñëåäñòâåííûõ ìîòîðíî-ñåíñîðíûõ íåéðîïàòèÿõ».
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Ââåäåíèå

ÍÌÑÍ — êëèíè÷åñêè è ãåíåòè÷åñêè ãåòåðîãåííàÿ

ãðóïïà íàñëåäñòâåííûõ áîëåçíåé, çàòðàãèâàþùèõ ïåðè-

ôåðè÷åñêóþ íåðâíóþ ñèñòåìó. Íà ñåãîäíÿøíèé äåíü èç-

âåñòíî áîëåå 50 ãåíîâ, îòâåòñòâåííûõ çà ðàçâèòèå

ÍÌÑÍ. Îïèñàíû ïðàêòè÷åñêè âñå òèïû íàñëåäîâàíèÿ:

àóòîñîìíî-äîìèíàíòíûé, àóòîñîìíî-ðåöåññèâíûé,

Õ-ñöåïëåííûå äîìèíàíòíûé è ðåöåññèâíûé. Íåñìîòðÿ

íà ðàçíîîáðàçèå ôóíêöèé áåëêîâûõ ïðîäóêòîâ ãåíîâ,

îòâåòñòâåííûõ çà ÍÌÑÍ, âñå îíè ýêñïðåññèðóþòñÿ

â ïåðèôåðè÷åñêèõ íåðâàõ è ïðèâîäÿò ê ñõîäíîìó ôåíî-

òèïó ïîëèíåéðîïàòèè. Íà îñíîâàíèè äàííûõ ýëåêòðî-

íåéðîìèîãðàôè÷åñêîãî îáñëåäîâàíèÿ — îïðåäåëåíèÿ

ñêîðîñòè ïðîâåäåíèÿ èìïóëüñà (ÑÏÈ) ïî ñðåäèííîìó

íåðâó — ÍÌÑÍ ïîäðàçäåëÿþòñÿ íà ìèåëèíîïàòèè è àê-

ñîíîïàòèè. Îäíàêî, èññëåäîâàíèÿ ïîñëåäíèõ ëåò ïîêà-

çàëè âñþ óñëîâíîñòü òàêîãî ðàçäåëåíèÿ, òàê êàê ìóòàöèè

â îäíîì è òîì æå ãåíå ìîãóò ïðèâîäèòü ê ÍÌÑÍ1 è

ÍÌÑÍ2 [1].

Ïîêàçàíî, ÷òî íå ìåíåå 5% âñåõ ñëó÷àåâ ÍÌÑÍ ïðè-

õîäèòñÿ íà ôîðìû ñ àóòîñîìíî-ðåöåññèâíûì òèïîì íà-

ñëåäîâàíèÿ — ÍÌÑÍ 4-ãî òèïà [2, 3]. Íà ñåãîäíÿøíèé

äåíü îïèñàíû ìóòàöèè 10 ãåíîâ ñ àóòîñîìíî-ðåöåññèâ-

íûì òèïîì íàñëåäîâàíèÿ, ÿâëÿþùèåñÿ ïðè÷èíîé

ÍÌÑÍ. Âûäåëåíèå ïîäòèïîâ ÍÌÑÍ4 îñíîâàíî íà êëè-
íè÷åñêèõ õàðàêòåðèñòèêàõ, ýòíè÷åñêîé ïðèíàäëåæíî-
ñòè, íåéðîïàòîëîãè÷åñêèõ îñîáåííîñòÿõ è õðîìîñîìíîì
ëîêóñå. Áîëüíûå ñ ÍÌÑÍ4, êàê ïðàâèëî, èìåþò êëèíè-
÷åñêèé ôåíîòèï ÍÌÑÍ, âêëþ÷àÿ ñëàáîñòü è àòðîôèþ
â äèñòàëüíûõ îòäåëàõ êîíå÷íîñòåé, ñíèæåíèå/ïîòåðþ
÷óâñòâèòåëüíîñòè è äåôîðìàöèþ ñòîïû ïî òèïó ïîëîé.
Íåêîòîðûå ïîäòèïû èìåþò ñïåöèôè÷åñêèå êëèíè÷å-
ñêèå õàðàêòåðèñòèêè, òàêèå, êàê ñåíñîíåâðàëüíàÿ ãëóõî-
òà, ñâÿçàííàÿ ñ ÍÌÑÍ4D. Àóòîñîìíî-ðåöåññèâíûå íåé-
ðîïàòèè, êàê ïðàâèëî, èìåþò áîëåå ðàííåå íà÷àëî (â
ðàííåì äåòñòâå) è áîëåå òÿæåëîå òå÷åíèå ïî ñðàâíåíèþ
ñ àóòîñîìíî-äîìèíàíòíûìè âàðèàíòàìè.

Â 1996 ã. êàðòèðîâàí ëîêóñ ÍÌÑÍ4À, à â 2002 ã.
èäåíòèôèöèðîâàí ãåí GDAP1 [4]. Ïðîäóêò ãåíà — ãàíã-
ëèîçèä-èíäóöèðîâàííûé àññîöèèðîâàííûé ñ äèôôå-
ðåíöèðîâêîé ïðîòåèí 1-ãî òèïà ñîäåðæèò 358 àìèíî-
êèñëîò è ýêñïðåññèðóåòñÿ, ãëàâíûì îáðàçîì, â ñòðóêòó-
ðàõ öåíòðàëüíîé è ïåðèôåðè÷åñêîé íåðâíîé ñèñòåìû.
Áåëîê ëîêàëèçîâàí íà íàðóæíîé ìåìáðàíå ìèòîõîíä-
ðèé, è åãî îñíîâíîé ôóíêöèåé ÿâëÿåòñÿ îáåñïå÷åíèå
ïðîöåññà ôðàãìåíòàöèè ðàçâåòâëåííîé ìèòîõîíäðèàëü-
íîé ñåòè ïåðèôåðè÷åñêèõ íåðâîâ. Äëèòåëüíîå âðåìÿ
ÍÌÑÍ4À îïèñûâàëàñü â ãðóïïå äåìèåëèíèçèðóþùèõ
ïîëèíåéðîïàòèé, è ïîêàçàíèåì äëÿ èññëåäîâàíèÿ ìóòà-
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öèé â ãåíå GDAP1 ñëóæèëî íàëè÷èå ó áîëüíûõ íèçêèõ
ÑÏÈ ïî ñðåäèííîìó íåðâó. Îäíàêî èññëåäîâàíèÿìè ïî-
ñëåäíèõ ëåò ïîêàçàíî, ÷òî ó áîëüøèíñòâà îáñëåäîâàí-
íûõ áîëüíûõ, èìåþùèõ ìóòàöèþ â ýòîì ãåíå, ÑÏÈ ïî
ñðåäèííîìó íåðâó áîëüøå ñîîòâåòñòâóþò àêñîíàëüíîìó
âàðèàíòó ÍÌÑÍ èëè ÿâëÿþòñÿ ïðîìåæóòî÷íûìè [2, 5].
Â ãåíå GDAP1 îïèñàíà ÷àñòàÿ ìóòàöèÿ Leu239Phe. Äîëÿ
ÍÌÑÍ4À ñîñòàâëÿåò 25% ñðåäè âñåõ ñëó÷àåâ ÍÌÑÍ
ñ àóòîñîìíî-ðåöåññèâíûì òèïîì íàñëåäîâàíèÿ [5].

Ãåí SH3TC2, îòâåòñòâåííûé çà ÍÌÑÍ4Ñ, êîäèðóåò
áåëîê, ýêñïðåññèðóþùèéñÿ â øâàííîâñêèõ êëåòêàõ ïå-
ðèôåðè÷åñêèõ íåðâîâ, ëîêàëèçîâàííûé â ïëàçìàòè÷å-
ñêîé ìåìáðàíå è, ïðåäïîëîæèòåëüíî, âûïîëíÿþùèé
ôóíêöèþ ìèåëèíèçàöèè è/èëè àêñîãëèàëüíîãî âçàèìî-
äåéñòâèÿ. Â ãåíå SH3TC2 îïèñàíà ÷àñòî âñòðå÷àþùèåñÿ
ìóòàöèè c.1972C>T èc.2860C>T [6].

ÍÌÑÍ4H áûëà îïèñàíà DeSandre-Giovannoli et al.
êàê òÿæåëàÿ äåìèåëèíèçèðóþùàÿ íåéðîïàòèÿ, ñöåïëåí-
íàÿ ñ ëîêóñîì (12p11.2- p13.1). Ê ôåíîòèïó ÍÌÑÍ4H
ïðèâîäÿò ìóòàöèè ãåíà FGD4, ëîêàëèçîâàííîãî íà õðî-
ìîñîìå 12 (12p11.2). Ãåí FGD4 êîäèðóåò áåëîê ôðàáèí,
èãðàþùèé âàæíóþ ðîëü â ðåãóëÿöèè ñèãíàëîâ êëåòîê
â ïðîöåññå ìèåëèíèçàöèè è â îðãàíèçàöèè àêòèíîâîãî
öèòîñêåëåòà, à èìåííî, ïðèêðåïëåíèè åãî ê êëåòî÷íîé
ìåìáðàíå. Â íàñòîÿùåå âðåìÿ èäåíòèôèöèðîâàíî 4 ðàç-
ëè÷íûõ ìóòàöèè ãåíà FGD4 ñ íàèáîëåå ÷àñòî âñòðå÷àþ-
ùèìèñÿ çàìåíàìè â ïîëîæåíèè 298: Met298Thr è
Met298Arg (ñ.893T>C, c.893T>G) [7, 8].

ÍÌÑÍ4J — ýòî òÿæåëàÿ äåìèåëèíèçèðóþùàÿ íåé-
ðîïàòèÿ ñ íà÷àëîì â ðàííåì äåòñòâå. Îïèñàí îäèí ñëó-
÷àé áûñòðî ïðîãðåññèðóþùåãî ïàðàëè÷à áåç ñåíñîðíûõ
íàðóøåíèé. Ãåí FIG4, îòâåòñòâåííûé çà ÍÌÑÍ4J, ëî-
êàëèçîâàí íà õðîìîñîìå 6 (6q21). Ïðîäóêòîì ãåíà ÿâëÿ-
åòñÿ áåëîê FIG4, ôóíêöèè êîòîðîãî õîðîøî íå èçó÷åíû.
Ïðåäïîëàãàþò, ÷òî áåëîê FIG4 èãðàåò ðîëü â ðåãóëÿöèè
êîìïëåêñà ôîñôàòèäèëèíîçèòîë-3,5-áèñôîñôàò. Ýòî
ñîåäèíåíèå ó÷àñòâóåò â äâèæåíèè ìàëûõ sac-ïîäîáíûõ
ñòðóêòóð, íàçûâàåìûõ âåçèêóëàìè, êîòîðûå ïåðåíîñÿò
íåêîòîðûå âåùåñòâà â êëåòêå. Â íàñòîÿùåå âðåìÿ îïèñà-
íî ïÿòü ìóòàöèé ãåíà FIG4, ïðè÷åì ÷åòûðå èç íèõ âñòðå-
÷àþòñÿ â êîìïàóíä-ãåòåðîçèãîòíîì ñîñòîÿíèèå ñ ïÿòîé,
Ile41Thr (c.122T>C) [9].

Êàê è äëÿ áîëüøèíñòâà àóòîñîìíî-ðåöåññèâíûõ áî-
ëåçíåé â ãåíàõ ÍÌÑÍ4 îïèñàíû ÷àñòûå ìóòàöèè, èññëå-
äîâàíèå êîòîðûõ ïîçâîëÿåò ñóùåñòâåííî îïòèìèçèðî-
âàòü ÄÍÊ-äèàãíîñòèêó ÍÌÑÍ.

Êëèíè÷åñêîå ñõîäñòâî ïðîÿâëåíèé ìóòàöèé ðàçíûõ
ãåíîâ, à òàêæå ðàçëè÷íûå òèïû èõ íàñëåäîâàíèÿ äåëàþò
íåâîçìîæíûì îïðåäåëåíèå ðèñêà ðîæäåíèÿ áîëüíîãî
ðåáåíêà â ñåìüå áåç âåðèôèêàöèè äèàãíîçà ìîëåêóëÿð-
íî-ãåíåòè÷åñêèìè ìåòîäàìè. Áîëüøîé ðàçìåð ãåíîâ
ÍÌÑÍ4 è íàëè÷èå ÷àñòûõ ìóòàöèé äåëàåò àêòóàëüíîé
çàäà÷åé ðàçðàáîòêó äèàãíîñòè÷åñêèõ ñèñòåì ïîèñêà ïî-
âòîðÿþùèõñÿ ìóòàöèé ñ öåëüþ îïòèìèçàöèè ÄÍÊ-äèà-
ãíîñòèêè ÍÌÑÍ.

Ìàòåðèàëû è ìåòîäû

Èç áàçû ëàáîðàòîðèè ÄÍÊ-äèàãíîñòèêè ÔÃÁÍÓ
«ÌÃÍÖ», ñîäåðæàùåé îáðàçöû ÄÍÊ 1232 íåðîäñòâåí-
íûõ ñåìåé ñ äèàãíîçîì ÍÌÑÍ áûëè îòîáðàíû îáðàçöû
ÄÍÊ 92 ñåìåé (147 ïðîáàíäîâ), ðîäîñëîâíàÿ êîòîðûõ íå
èñêëþ÷àëà àóòîñîìíî-ðåöåññèâíûé òèï íàñëåäîâàíèÿ
áîëåçíè. Ïðåäâàðèòåëüíî âî âñåõ ýòèõ ñåìüÿõ áûë ïðî-
âåäåí ïîèñê íàèáîëåå ÷àñòûõ ìóòàöèé àóòîñîìíî-äîìè-
íàíòíûõ ãåíîâ ÍÌÑÍ, ìóòàöèé íå îáíàðóæåíî.

ÄÍÊ áûëà âûäåëåíà èç öåëüíîé êðîâè, çàáðàííîé
â ïðîáèðêó ñ àíòèêîàãóëÿíòîì ÝÄÒÀ, ñ èñïîëüçîâàíèåì
íàáîðà ðåàêòèâîâ äëÿ âûäåëåíèÿ Wizard® Genomic
DNA Purification Kit (Promega, USA) ïî ïðîòîêîëó ïðî-
èçâîäèòåëÿ.

Äëÿ äèàãíîñòèêè ðåöåññèâíûõ ÍÌÑÍ â ïðàêòèêó
ÔÃÁÍÓ «ÌÃÍÖ» áûëà âíåäðåíà ìåäèöèíñêàÿ òåõíîëî-
ãèÿ: «Ñèñòåìà äåòåêöèè â îäíîé ïðîáèðêå ÷àñòûõ ìóòà-
öèé ïðè ðåöåññèâíûõ íàñëåäñòâåííûõ ìîòîðíî-ñåíñîð-
íûõ íåéðîïàòèÿõ». Â îñíîâó äàííîé òåõíîëîãèè ïîëî-
æåíà ìóëüòèïëåêñíàÿ ïðîáà-çàâèñèìàÿ ëèãàçíàÿ ðåàê-
öèÿ ñ ïîñëåäóþùåé àìïëèôèêàöèåé (Multiplex ligati-
on-dependent probe amplification, MLPA), ïðåäñòàâëåí-
íàÿ âïåðâûå â 2002 ã. êîìïàíèåé-ðàçðàáîò÷èêîì
MRC-Holland [9].

Äèçàéí îëèãîíóêëåîòèäíûõ ïðîá äëÿ ëèãèðîâàíèÿ,
óíèâåðñàëüíûõ ïðàéìåðîâ îñóùåñòâëåí â ëàáîðàòîðèè
ÄÍÊ-äèàãíîñòèêè ÔÃÁÍÓ «ÌÃÍÖ», ñèíòåç — â ÇÀÎ
«Åâðîãåí», Ìîñêâà.

Ïîñëåäîâàòåëüíîñòè ïðîá, âõîäÿùèõ â ðåàêöèþ, âû-
áèðàëè ñîãëàñíî áàçå äàííûõ GeneBank. Èñïîëüçîâàíû
ïîñëåäîâàòåëüíîñòè ãåíîâ FGD4; FIG4; GDAP1; SH3TC2,
ôëàíêèðóþùèå îáëàñòè èíòåðåñóþùèõ ìóòàöèé
(òàáë. 1).

Äëèíà àìïëèôèöèðîâàííûõ ôðàãìåíòîâ ñîñòàâëÿåò
îò 82 äî 118 ï.í.

Ëèãàçíóþ ðåàêöèþ ïðîâîäèëè íà ïðîãðàììèðóåìîì
òåðìîöèêëåðå Òåðöèê (ÄÍÊ-òåõíîëîãèÿ, Ðîññèÿ) ñ èñ-
ïîëüçîâàíèåì ÄÍÊ-ëèãàçû Pfu («Stratagene»).

Ëèãèðîâàíèå ïðîâîäèëè â 5 ìêë ðåàêöèîííîé ñìåñè,
ñîäåðæàùåé 1õ ðåàêöèîííûé áóôåð (20 mM Tris-HCl
(pH 7.5), 20 mM KCl, 10 mM MgCl2, 0,1% Igepal,
0,01 mM rATP, 1 mM DTT), 17 ñïåöèôè÷íûõ ïðîá,
0,04 åäèíèöû àêòèâíîñòè òåðìîôèëüíîé ÄÍÊ-ëèãàçû,
0,1—1 ìêã ãåíîìíîé ÄÍÊ.

Ëèãàçíóþ ðåàêöèþ îñóùåñòâëÿëè â ñëåäóþùåì ðå-
æèìå: ïåðâîíà÷àëüíàÿ äåíàòóðàöèÿ ïðè 95°Ñ — 5 ìèíóò,
çàòåì ëèãèðîâàíèå ïðè 63°Ñ — 3 ÷àñà.

Ïîëèìåðàçíóþ öåïíóþ ðåàêöèþ (ÏÖÐ) ïðîâîäèëè
íà ïðîãðàììèðóåìîì òåðìîöèêëåðå Òåðöèê (ÄÍÊ-òåõ-
íîëîãèÿ, Ðîññèÿ) ñ èñïîëüçîâàíèåì ÄÍÊ-ïîëèìåðàçû
Biotaq («ÁèîÌàñòåð») è ïàðû óíèâåðñàëüíûõ ïðàéìåðîâ
(òàáë. 2).

ÏÖÐ ïðîâîäèëè ïî ñëåäóþùåé ñõåìå: â 15 ìêë ðåàê-
öèîííîé ñìåñè, ñîäåðæàùåé 1õ ðåàêöèîííûé áóôåð
(67 ìÌ Tris-HCl, 16,6 ìÌ (NH4)2SO4, 0,01% Twin-20),
0,25 ìêÌ êàæäîãî îëèãîïðàéìåðà, 250 ìêÌ êàæäîãî
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äåçîêñèíóêëåîçèäòðèôîñôàòà, 1,5 åäèíèöû òåðìîôèëü-
íîé ÄÍÊ-ïîëèìåðàçû, äîáàâëÿëè 5 ìêë ëèãàòà.

ÏÖÐ ïðîâîäèëè â ñëåäóþùåì ðåæèìå: ïåðâîíà÷àëü-
íàÿ äåíàòóðàöèÿ ïðè 95°Ñ — 5 ìèíóò, çàòåì 25 öèêëîâ
ñìåíû òåìïåðàòóð: 94°Ñ — 2 ñ, òåìïåðàòóðà îòæèãà
ïðàéìåðîâ 66°Ñ — 2 ñ, ýëîíãàöèÿ öåïè 72°Ñ — 2 ñ; çà-
êëþ÷èòåëüíàÿ ýëîíãàöèÿ 72°Ñ — 7 ìèíóò. Äëÿ ïðîâåäå-
íèÿ ÏÖÐ èñïîëüçîâàëè ðåæèì òî÷íîé ðåãóëÿöèè.

Ïðîäóêò ðåàêöèè äåòåêòèðîâàëñÿ ìåòîäîì âåðòè-
êàëüíîãî ýëåêòðîôîðåçà â 8%-íîì ïîëèàêðèëàìèäíîì
ãåëå (ÏÀÀÃ) (ñîîòíîøåíèå àêðèëàìèäà/áèñàêðèëàìèäà
19/1). Ðåçóëüòàòû ýëåêòðîôîðåçà âèçóàëèçèðîâàëè ïîñëå
îêðàøèâàíèÿ ãåëÿ ðàñòâîðîì áðîìèñòîãî ýòèäèÿ íà äî-
êóìåíòèðóþùåé ñèñòåìå GelDoc ôèðìû BIO-RAD
(ÑØÀ) â ÓÔ-èçëó÷åíèè ñ äëèíîé âîëíû 312 íì. Ýëåêò-
ðîôîðåãðàììà ïðåäñòàâëÿëà èç ñåáÿ ïàòòåðí ïîëîñ, ñî-
îòâåòñòâóþùèõ ðàçëè÷íûì íîðìàëüíûì èëè ìóòàíòíûì
àëëåëÿì ãåíà. Ïî íàëè÷èþ/îòñóòñòâèþ ïîëîñ ñ äëèíàìè,
ñîîòâåòñòâóþùèìè íîðìàëüíîé/ìóòàíòíîé ïîñëåäîâà-
òåëüíîñòè, ñóäèëè î íàëè÷èè/îòñóòñòâèè êîíêðåòíîé
ìóòàöèè â ãåíîòèïå ïðîáàíäà (òàáë. 3).

Ðåçóëüòàòû è îáñóæäåíèå

Âî âñåõ îáðàçöàõ ÄÍÊ íåðîäñòâåííûõ ïðîáàíäîâ èç
92 ñåìåé, ðîäîñëîâíàÿ êîòîðûõ íå èñêëþ÷àëà àóòîñîì-
íî-ðåöåññèâíûé òèï ïåðåäà÷è ÍÌÑÍ, áûë ïðîâåäåí
ïîèñê íàèáîëåå ÷àñòûõ ìóòàöèé ñ èñïîëüçîâàíèåì âíå-
äðåííîé â ïðàêòèêó ÔÃÁÍÓ ÌÃÍÖ íîâîé ìåäèöèíñêîé
òåõíîëîãèè «Ñèñòåìà äåòåêöèè â îäíîé ïðîáèðêå ÷àñ-
òûõ ìóòàöèé ïðè ðåöåññèâíûõ íàñëåäñòâåííûõ ìîòîð-
íî-ñåíñîðíûõ íåéðîïàòèÿõ».

Ìóòàöèè àóòîñîìíî-ðåöåññèâíûõ ãåíîâ áûëè âûÿâ-
ëåíû â 20 ñåìüÿõ: â 16 ñåìüÿõ — ìóòàöèÿ c.715C>T
(L239F) ãåíà GDAP1 (ó ïðîáàíäîâ èç ÷åòûðåõ ñåìåé â ãî-
ìîçèãîòíîì ñîñòîÿíèè è ó 12 â ãåòåðîçèãîòíîì); ìóòà-
öèè ãåía SH3TC2 áûëè âûÿâëåíû ó ïðîáàíäîâ èç òðåõ
ñåìåé â ãåòåðîçèãîòíîì ñîñòîÿíèè; c.1972C>T (R658C)
— ó äâóõ áîëüíûõ, c.2860C>T (R954X) — ó îäíîãî; â îä-
íîé èç ñåìåé áûëà äåòåêòèðîâàíà ìóòàöèÿ c.122T>C
(I41T) ãåíà FIG4 â ãåòåðîçèãîòíîì ñîñòîÿíèè. Ìóòàöèé
ãåíà FGD4 âûÿâëåíî íå áûëî. Ñ èñïîëüçîâàíèåì íîâîé
ìåäèöèíñêîé òåõíîëîãèè óäàëîñü âûÿâèòü ìóòàöèè íà
24 õðîìîñîìàõ íåðîäñòâåííûõ áîëüíûõ. Òàêèì îáðàçîì,
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Òàáëèöà 1
Ïðîáû, ïðèìåíÿâøèåñÿ äëÿ äåòåêöèè ìóòàöèé

Ãåí
è äåòåêòèðóåìàÿ ìóòàöèÿ

Ïîñëåäîâàòåëüíîñòü îëèãîíóêëåîòèäîâ (5' � 3')

C.893T>C
FGD4

FT: GTTCGTACGTGAATCGCGGTAC GT CTTCAGAAATTGGCACCATTCCTTAAGAT

FC: GTTCGTACGTGAATCGCGGTAC GA CAGAAATTGGCACCATTCCTTAAGAC

R: GTATGGAGAATATGTGAAAGGATTTGATAATGC TTTATTCTTC GATGCGATCCGATGCCTTCATG

C.893T>G
FGD4

FT: GTTCGTACGTGAATCGCGGTAC GT CTTCAGAAATTGGCACCATTCCTTAAGAT

FG: GTTCGTACGTGAATCGCGGTAC AGAAATTGGCACCATTCCTTAAGAG

R: GTATGGAGAATATGTGAAAGGATTTGATAATGC TTTATTCTTC GATGCGATCCGATGCCTTCATG

C.122T>C
FIG4

FT: GTTCGTACGTGAATCGCGGTAC GT GCAGAAACGAAATATCGTGTCTTGAAGAT

FC: GTTCGTACGTGAATCGCGGTAC CAGAAACGAAATATCGTGTCTTGAAGAC

R: TGATAGAACAGAACCAAAAGATTTGGTC TTTTC GATGCGATCCGATGCCTTCATG

C.715C>T
GDAP1

MF: GTTCGTACGTGAATCGCGGTAC TT GGGTGAAGGATTCACCGCAGAA

NF: GTTCGTACGTGAATCGCGGTAC GGTGAAGGATTCACCGCAGAG

R: CCAAGGTTGCTGGCCCTC AATATC GATGCGATCCGATGCCTTCATG

C.1972C>T
SH3TC2

FC: GTTCGTACGTGAATCGCGGTAC GTCCTGCCCTTTGCCGAGC

FT: GTTCGTACGTGAATCGCGGTAC T GGTCCTGCCCTTTGCCGAGT

R: GCCTGCAGCTCCTCTCTGG GATGCGATCCGATGCCTTCATG

C.2860C>T
SH3TC2

FC: GTTCGTACGTGAATCGCGGTAC CATTGCTGTTTGGCTTAAGGCATC

FT: GTTCGTACGTGAATCGCGGTAC GT GCATTGCTGTTTGGCTTAAGGCATT

R : GACATCTAAAGAGTAAGTATGTCCCATGC GATGCGATCCGATGCCTTCATG

Òàáëèöà 2

Óíèâåðñàëüíûå ïðàéìåðû è óñëîâèÿ àìïëèôèêàöèè, ïðèìåíÿåìûå â òåõíîëîãèè

Ïîñëåäîâàòåëüíîñòü ïðàéìåðîâ, 5' � 3' t îòæèãà

F:GTTCGTACGTGAATCGCGGTAC
R: CATGAAGGCATCGGATCGCATC

66°Ñ



íàèáîëåå âåðîÿòíàÿ ïðè÷èíà ÍÌÑÍ — ìóòàöèè â ãåíàõ
ñ àóòîñîìíî-ðåöåññèâíûì òèïîì íàñëåäîâàíèÿ, áûëà
óñòàíîâëåíà â 20 ðîññèéñêèõ ñåìüÿõ.

Äàííûå èññëåäîâàíèÿ ïîêàçàëè, ÷òî íà äîëþ àóòî-
ñîìíî-ðåöåññèâíûõ ôîðì ïðèõîäèòñÿ íå ìåíåå 2% âñåõ
ñëó÷àåâ ÍÌÑÍ ó ðîññèéñêèõ áîëüíûõ. Ïîëó÷åííûå ðå-
çóëüòàòû èññëåäîâàíèÿ íàèáîëåå ðàñïðîñòðàíåííûõ ìó-
òàöèé íàèáîëåå ÷àñòûõ ãåíîâ ñîãëàñóþòñÿ ñ ìèðîâûìè
äàííûìè î ÷àñòîòàõ ÍÌÑÍ4 è ÷àñòîòàõ âñòðå÷àåìîñòè
ìóòàöèé â ðàçëè÷íûõ ãåíàõ. Ïîêàçàíî, ÷òî ó ðîññèéñêèõ
áîëüíûõ íàèáîëåå ÷àñòîé ôîðìîé àóòîñîìíî-ðåöåññèâ-
íûõ ÍÌÑÍ ÿâëÿåòñÿ ÍÌÑÍ4À, íà äîëþ ìóòàöèè
c.715C>T ïðèõîäèòñÿ áîëåå 80% õðîìîñîì ïðîáàíäîâ
ñ âûÿâëåííûìè ìóòàöèÿìè. Òàê êàê â ñèñòåìó äèàãíîñ-
òèêè âêëþ÷åíà òîëüêî îäíà ÷àñòàÿ ìóòàöèÿ ãåíà GDAP1,
íà äîëþ êîòîðîé ïðèõîäèòñÿ íå ìåíåå 40% âñåõ ìóòàöèé
ýòîãî ãåíà — ðåàëüíàÿ ÷àñòîòà ÍÌÑÍ4À ó ðîññèéñêèõ
áîëüíûõ ñóùåñòâåííî âûøå. Îäíàêî ïðåäûäóùèå èññëå-
äîâàíèÿ ñïåêòðà ìóòàöèé ãåíà GDAP1 ó ðîññèéñêèõ áî-
ëüíûõ [2] íå âûÿâèëè äðóãèõ ÷àñòûõ ìóòàöèé, êîòîðûå
öåëåñîîáðàçíî áûëî áû âêëþ÷èòü â ñèñòåìó. Ïîýòîìó
äëÿ îïðåäåëåíèÿ ðåàëüíîãî âêëàäà ÍÌÑÍ4À â ñòðóêòó-
ðó ÍÌÑÍ ó ðîññèéñêèõ áîëüíûõ íåîáõîäèìî èññëåäî-
âàíèå âñåé êîäèðóþùåé ïîñëåäîâàòåëüíîñòè ãåíà
GDAP1.

Áûëî óñòàíîâëåíî, ÷òî ìóòàöèè ãåíîâ GDAP1 è
SH3TC2 âûÿâëÿþòñÿ ó áîëüíûõ ñ ÍÌÑÍI è ÍÌÑÍII
òèïîâ. Â 13 èç 16 ñåìåé ñ çàìåíîé c.715C>T ãåíà GDAP1
è â äâóõ èç òðåõ ñåìåé ñ ìóòàöèÿìè ãåíà SH3TC2 ïðè
ýëåêòðîíåéðîìèîãðàôè÷åñêîì îáñëåäîâàíèè áûëè çàðå-
ãèñòðèðîâàíû ÑÏÈ ïî ñðåäèííîìó íåðâó, ïðåâûøàþ-
ùèå 38 ì/ñ, ÷òî ñîîòâåòñòâóåò äèàãíîçó ÍÌÑÍ2 (àêñî-
íîïàòèÿ). Â ÷åòûðåõ ñåìüÿõ ñ âûÿâëåííûìè àóòîñîì-
íî-ðåöåññèâíûìè ìóòàöèÿìè, â òîì ÷èñëå è â ñåìüå
ñ çàìåíîé c.122T>C â ãåíå FIG4, áûëè çàðåãèñòðèðîâàíû
ÑÏÈ, ñîîòâåòñòâóþùèå ìèåëèíîïàòèÿì (ÍÌÑÍ I).
Â îäíîé èç ñåìåé ñ ìóòàöèåé ãåíà GDAP1 â ãîìîçèãîò-

íîì ñîñòîÿíèè, ó äâóõ áîëüíûõ ñåñòåð áûëè çàðåãèñòðè-
ðîâàíû ÑÏÈ ïî ñðåäèííîìó íåðâó 43 ì/ñ è 32 ì/ñ, òà-
êèì îáðàçîì, â äàííîé ñåìüå èìååò ìåñòî ïðîìåæóòî÷-
íûé òèï ÍÌÑÍ.

Íåñìîòðÿ íà íåâûñîêèé âêëàä ÍÌÑÍ4 â ñòðóêòóðó
ÍÌÑÍ ó ðîññèéñêèõ áîëüíûõ, íàëè÷èå ôîðì ñ àóòîñîì-
íî-ðåöåññèâíûì òèïîì íàñëåäîâàíèÿ íåîáõîäèìî ó÷è-
òûâàòü ïðè ïðîâåäåíèè ìåäèêî-ãåíåòè÷åñêîãî êîíñóëü-
òèðîâàíèÿ è ðàñ÷åòå ðèñêîâ â îòÿãîùåííûõ ñåìüÿõ.

Âïåðâûå â Ðîññèè ðàçðàáîòàíà ñèñòåìà äåòåêöèè
â îäíîé ïðîáèðêå øåñòè ïîâòîðÿþùèõñÿ ìóòàöèé ÷åòû-
ðåõ ãåíîâ FGD4: c.893T>C, c.893T>G; FIG4: c.122T>C;
GDAP1: c.715C>T; SH3TC2: c.1972C>T, c.2860C>T, îò-
âåòñòâåííûõ çà ÍÌÑÍ4. Íîâàÿ ìåòîäèêà ìîæåò áûòü
èñïîëüçîâàíà, äëÿ ïîäòâåðæäàþùåé äèàãíîñòèêè
ÍÌÑÍ, â òîì ÷èñëå è íà ðàííèõ ñòàäèÿõ çàáîëåâàíèÿ,
ïðîâåäåíèÿ ïðåíàòàëüíîé äèàãíîñòèêè â îòÿãîùåííûõ
ñåìüÿõ.

Ïîêàçàíèÿìè ê èñïîëüçîâàíèþ òåõíîëîãèè ÿâëÿþòñÿ:
1. Ïîèñê ìîëåêóëÿðíî-ãåíåòè÷åñêèõ ïðè÷èí ÍÌÑÍ

â îòÿãîùåííûõ ñåìüÿõ;
2. Äèàãíîñòèêà ãåòåðîçèãîòíîãî íîñèòåëüñòâà

ÍÌÑÍ4 ó ðîäñòâåííèêîâ áîëüíîãî;
3. Ïðîâåäåíèå ïðåíàòàëüíîé äèàãíîñòèêè â îòÿãî-

ùåííûõ ñåìüÿõ;
4. Ïîïóëÿöèîííûå èññëåäîâàíèÿ ÷àñòîò íîñèòåëüñò-

âà ÍÌÑÍ4.
Ïðîòèâîïîêàçàíèÿ äëÿ èñïîëüçîâàíèÿ òåõíîëîãèè

«Ñèñòåìà äåòåêöèè â îäíîé ïðîáèðêå ÷àñòûõ ìóòàöèé
ïðè ðåöåññèâíûõ íàñëåäñòâåííûõ ìîòîðíî-ñåíñîðíûõ
íåéðîïàòèÿõ» îòñóòñòâóþò.

Äåòåêöèÿ ìóòàöèé ïîçâîëÿåò ïîäòâåðäèòü äèàãíîç íà
ìîëåêóëÿðíî-ãåíåòè÷åñêîì óðîâíå, ïðîâåñòè, â ñëó÷àå
íåîáõîäèìîñòè, ïðåíàòàëüíóþ äèàãíîñòèêó.

Ñèñòåìà äåòåêöèè øåñòè ïîâòîðÿþùèõñÿ ìóòàöèé
÷åòûðåõ ãåíîâ FGD4: c.893T>C, c.893T>G; FIG4:
c.122T>C; GDAP1: c.715C>T; SH3TC2: c.1972C>T,
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Òàáëèöà 3
Èíòåðïðåòàöèÿ ðåçóëüòàòîâ

Ãåí Ìóòàöèÿ Àëëåëü Äëèíà Ñòàòóñ òî÷êè

FGD4 c.893T>C c.893T 118 Íîðìà

c.893C 115 Ìóòàöèÿ

c.893T>G c.893T 118 Íîðìà

c.893G 112 Ìóòàöèÿ

FIG4 c.122T>C c.122T 108 Íîðìà

c.122C 105 Ìóòàöèÿ

GDAP1 c.715C>T c.715T 92 Ìóòàöèÿ

c.715C 89 Íîðìà

SH3TC2 c.1972C>T c.1972T 84 Ìóòàöèÿ

c.1972C 82 Íîðìà

c.2860C>T c.2860T 100 Ìóòàöèÿ

c.2860C 97 Íîðìà



c.2860C>T, îòâåòñòâåííûõ çà íàñëåäñòâåííûå ìîòîð-
íî-ñåíñîðíûå íåéðîïàòèè òèïà 4 â îäíîé ïðîáèðêå ïî-
çâîëÿåò âûÿâèòü ïðè÷èíó ÍÌÑÍ4 íå ïðèáåãàÿ ê ñåêâå-
íèðîâàíèþ âñåé ïîñëåäîâàòåëüíîñòè ãåíîâ, ÷òî ïîçâî-
ëÿåò ñíèçèòü ôèíàíñîâûå è âðåìåííûå çàòðàòû íà ïðî-
âåäåíèå ÄÍÊ-äèàãíîñòèêè äàííîãî çàáîëåâàíèÿ.
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Èíôîðìàöèÿ î êîíôëèêòå èíòåðåñîâ

Àâòîðû äåêëàðèðóþò îòñóòñòâèå êîíôëèêòà èíòåðåñîâ.

The study of autosomal recessive CMT-disease with using a new medical technologies
«One tube detection system for most common recessive CMT-mutation»

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

Hereditary motor and sensory neuropathy (Charcot-Marie-Tooth or CMT disease) is a clinically and genetically heterogeneous
group of hereditary diseases affecting the peripheral nervous system. More than 50 CMT-genes are known. All types of inheritance
have been described for this disease: autosomal dominant, autosomal recessive, X-linked dominant and recessive. Protein products
of CMT-genes expressed in peripheral nerves and result in is the similar phenotype polyneuropathy. Clinical manifestations similar
mutations of different genes, as well as various types of inheritance makes it impossible to determine the patient’s risk of giving birth
in the family without verification of the diagnosis by molecular genetic methods. At least 5% of all cases of CMT are autosomal reces-
sive inheritance — CMT4. The paper presents the results of a study in Russian CMT patients using new medical technology «One tube
detection system for most common recessive CMT-mutation».
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