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Íàðóøåíèå ñëóõà (ãëóõîòà) ÿâëÿåòñÿ ýòèî-
ëîãè÷åñêè ãåòåðîãåííûì çàáîëåâàíèåì, ïðè÷è-
íû âîçíèêíîâåíèÿ êîòîðîãî ìîæíî ðàçäåëèòü íà 
äâå áîëüøèå ãðóïïû: ãåíåòè÷åñêè îáóñëîâëåí-
íàÿ è ïðèîáðåòåííàÿ. Â íàñòîÿùåå âðåìÿ ñ 
íàñëåäñòâåííîé ïàòîëîãèåé ñâÿçûâàþò áîëåå 
ïîëîâèíû (50 %) ñëó÷àåâ âðîæäåííîé ÑÍÒ (ñåí-
ñîíåâðàëüíàÿ òóãîóõîñòü) [1]. Ñðåäè ãåíåòè÷åñêè 
îáóñëîâëåííîé òóãîóõîñòè â öåëîì àóòîñîìíî-
ðåöåññèâíûå âàðèàíòû íåñèíäðîìàëüíîé ÑÍÒ 
(DFNB) ÿâëÿþòñÿ íàèáîëåå ÷àñòûìè è ñîñòàâ-
ëÿþò áîëåå 70 % âñåé íàñëåäñòâåííîé íåñèíä-
ðîìàëüíîé ïàòîëîãèè ñëóõà [2–3].

Îêîëî 50 % àóòîñîìíî-ðåöåññèâíûõ ôîðì 
íàñëåäñòâåííîé íåñèíäðîìàëüíîé òóãîóõîñòè 
â ðàçëè÷íûõ ïîïóëÿöèÿõ ñâÿçàííî ñ ëîêóñîì 
DFNB1, êàðòèðîâàííûì íà äëèííîì ïëå÷å 
13-é õðîìîñîìû (13q11-q12) [4]. Ëîêóñ DFNB1 
ñîäåðæèò äâà ãåíà — GJB2 è GJB6, îáà êîäè-
ðóþò áåëêè-êîííåêñèíû [1]. Äàííûå áåëêè 
ôîðìèðóþò ìåæêëåòî÷íûå êîíòàêòû ìåæäó 
ñîñåäíèìè êëåòêàìè, îáðàçóÿ ñòðóêòóðó èç øåñòè 
áåëêîâûõ ñóáúåäèíèö — êîííåêñîí. Êîííåêñîíû 
îáåñïå÷èâàþò îáìåí èîíîâ è ìàëûõ ìîëåêóë, 
â òêàíÿõ óëèòêè — ïðåæäå âñåãî ðåöèðêóëÿöèþ 
èîíîâ K+ [5, 6]. Îñíîâíîé ïóë ìóòàöèé ëîêóñà 
DFNB1 ïðèõîäèòñÿ íà ãåí GJB2, êîäèðóþùèé 
áåëîê êîííåêñèí 26. Â íàñòîÿùåå âðåìÿ â ãåíå 
GJB2 óæå îïèñàíî áîëåå 150 ïàòîãåííûõ ìóòàöèé, 
à òàêæå ðÿä ïîëèìîðôíûõ îäíîíóêëåîòèäíûõ 
çàìåí, ðîëü êîòîðûõ â ïàòîãåíåçå ïîòåðè ñëóõà 
ïîêà íåÿñíà [7]. Îñîáåííîñòüþ ìóòàöèé ãåíà 
GJB2 ÿâëÿåòñÿ òî, ÷òî èõ ñïåêòð è ÷àñòîòà 
çíà÷èòåëüíî âàðüèðóþò â ðàçëè÷íûõ ïîïóëÿöèÿõ. 
Íàèáîëåå ðàñïðîñòðàíåííîé ìóòàöèåé ãåíà 
GJB2 ñðåäè åâðîïåéöåâ (êàâêàçîèäû) ÿâëÿåòñÿ 
ðåöåññèâíàÿ äåëåöèÿ 35delG (äåëåöèÿ îäíîãî 
èç ïÿòè ãóàíèíîâ â ïîçèöèè ñ 30 ïî 35). Ïî ðàç-
íûì îöåíêàì, å¸ ÷àñòîòà ñîñòàâëÿåò äî 70–90 % 
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СПЕКТР МУТАЦИЙ ЯДЕРНОГО ЛОКУСА DFNB1 У ПАЦИЕНТОВ
С НЕСИНДРОМАЛЬНОЙ СНТ, ЖИТЕЛЕЙ БЕЛАРУСИ

îò âñåõ ïàòîãåííûõ ìóòàöèé â äàííîì ãåíå [8]. 
Â ãåòåðîçèãîòíîì ñîñòîÿíèè 35delG âñòðå÷àåòñÿ 
ó 0,5–4,5 % íîðìàëüíî ñëûøàùèõ æèòåëåé 
ðàçëè÷íûõ ñòðàí Åâðîïû è åâðîïåéñêîãî 
íàñåëåíèÿ ÑØÀ è Êàíàäû. Â ðåçóëüòàòå òàêîé 
âûñîêîé ÷àñòîòû íîñèòåëüñòâà äàííîé ìóòàöèè 
âåðîÿòíîñòü áðàêîâ ìåæäó ãåòåðîçèãîòíûìè 
íîðìàëüíî ñëûøàùèìè íîñèòåëÿìè äîñòàòî÷íî 
âåëèêà. Ïîêàçàíî, ÷òî ïî÷òè 80 % äåòåé ñ 
âðîæäåííîé ïàòîëîãèåé ñëóõà èìåþò ñëûøàùèõ 
ðîäèòåëåé. Êðîìå äåëåöèè 35delG, â ðàçëè÷íûõ 
åâðîïåéñêèõ ïîïóëÿöèÿõ âñòðå÷àþòñÿ ãîðàçäî 
ðåæå äðóãèå ìóòàöèè GJB2: 167delT, 235delC, 
313–314delAA, îäíàêî ÷àñòîòà êàæäîé èç íèõ 
íå ïðåâûøàåò 1–2 % îò âñåõ âûÿâëÿåìûõ ìóòà-
öèé. Â òî æå âðåìÿ, ÷àñòü ýòèõ ìóòàöèé ÿâëÿþòñÿ 
ìàæîðíûìè â íååâðîïåéñêèõ ïîïóëÿöèÿõ. 
Íàïðèìåð, äåëåöèÿ 167delT ÿâëÿåòñÿ äîìèíè-
ðóþùåé ñðåäè åâðååâ àøêåíàçè, à ìóòàöèÿ 
235delC ïðåîáëàäàåò ñðåäè ÿïîíñêèõ, êèòàéñêèõ, 
ìîíãîëüñêèõ è àëòàéñêèõ ïàöèåíòîâ ñ íåñèíä-
ðîìàëüíîé ÑÍÒ.

Îäíîé èç ïðîáëåì ïðè äèàãíîñòèêå 
ãåíåòè÷åñêè îáóñëîâëåííûõ íàðóøåíèé ñëóõà 
ÿâëÿåòñÿ òîò ôàêò, ÷òî 10–50 % ïàöèåíòîâ ñ 
ÑÍÒ — íîñèòåëè òîëüêî îäíîãî ìóòàíòíîãî àëëå-
ëÿ â ãåíå GJB2. Â èññëåäîâàíèÿõ, ïðîâåäåííûõ 
íà âûáîðêàõ ïàöèåíòîâ èç ðàçëè÷íûõ ýòíè÷åñêèõ 
ãðóïï, áûëî ïîêàçàíî, ÷òî êðóïíàÿ äåëåöèÿ del 
(GJB6-D13S1830), ïðèâîäÿùàÿ ê âûïàäåíèþ 
ó÷àñòêà èëè âñåãî ãåíà GJB6, ÿâëÿåòñÿ ïðè÷èíîé 
íàðóøåíèÿ ñëóõà ó çíà÷èòåëüíîé ÷àñòè ïàöè-
åíòîâ — ãåòåðîçèãîò ïî ìóòàöèÿì â GJB2 [9].

Ðàñïðîñòðàíåíèå áîëüøèíñòâà ìóòàöèé 
ëîêóñà DFNB1, âûçûâàþùèõ íàðóøåíèå ñëóõà, 
èìååò íåîäíîðîäíûé ïîïóëÿöèîííûé õàðàêòåð. 
Â ñâÿçè ñ ýòèì ñóùåñòâóåò íåîáõîäèìîñòü 
èçó÷åíèÿ ìîëåêóëÿðíî-ãåíåòè÷åñêèõ îñíîâ 
íàñëåäñòâåííîãî çàáîëåâàíèÿ â êîíêðåòíîé 
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Ñïåêòð ìóòàöèé ÿäåðíîãî ëîêóñà DFNB1 ó ïàöèåíòîâ ñ íåñèíäðîìàëüíîé ÑÍÒ, æèòåëåé Áåëàðóñè

ïîïóëÿöèè è/èëè ýòíè÷åñêîé ãðóïïå. Òàêîé 
ïîäõîä ñïîñîáñòâóåò ðàçðàáîòêå îïòèìàëüíîãî 
äëÿ äàííîãî ðåãèîíà àëãîðèòìà äèàãíîñòèêè 
ãåíåòè÷åñêèõ ôàêòîðîâ, âûçâàâøèõ ðàííþþ 
ïîòåðþ ñëóõà. Çíà÷èòåëüíàÿ ÷àñòü èññëåäîâàí-
íûõ â ñâÿçè ñ íåñèíäðîìàëüíîé ÑÍÒ áåëîê-
êîäèðóþùèõ ãåíîâ ýêñïðåññèðóåòñÿ â êëåòêàõ 
âíóòðåííåãî óõà, à âûÿâëåííûå â ýòèõ ãåíàõ 
ìóòàöèè ïðèâîäÿò ê ïåðèôåðè÷åñêîé òóãîóõîñòè. 
Ïîýòîìó äëÿ íàðóøåíèé ñëóõà, ïîäòâåðæäåííûõ 
íà ìîëåêóëÿðíîì óðîâíå, ïîêàçàíà êîõëåàðíàÿ 
èìïëàíòàöèÿ. Ïîäîáíàÿ ìàíèïóëÿöèÿ ïðè 
ñâîåâðåìåííîì ïðîâåäåíèè â ðàííåì äåòñòâå 
ïîçâîëÿåò ðåáåíêó ïðèîáðåñòè ðå÷åâûå íàâûêè è 
ïîëíîöåííî îáùàòüñÿ ñ îêðóæàþùèìè. Ïîýòîìó 
ðàçðàáîòêà ýôôåêòèâíûõ ìåòîäîâ ìîëåêóëÿðíîé 
äèàãíîñòèêè áûëà è îñòàåòñÿ àêòóàëüíîé êàê â 
ìåäèöèíñêîì, òàê è â ñîöèàëüíîì îòíîøåíèè.

Öåëüþ íàøåãî èññëåäîâàíèÿ ÿâëÿëîñü 
îïðåäåëåíèå ñïåêòðà ìóòàöèè ëîêóñà DFNB1 
ó áåëîðóññêèõ ïàöèåíòîâ ñ äèàãíîçîì «íå-
ñèíäðîìàëüíàÿ ÑÍÒ» äëÿ ðàçðàáîòêè àëãîðèòìà 
ìîëåêóëÿðíî-ãåíåòè÷åñêîé äèàãíîñòèêè ïðè÷èí 
âðîæäåííîé èëè ðàííåé (äîëèíãâàëüíîé) ïîòåðè 
ñëóõà ó æèòåëåé Áåëàðóñè.

Ìàòåðèàëû è ìåòîäû
Ïàöèåíòû
ßäåðíûå ìóòàöèè, ïðèâîäÿùèå ê òóãîóõî-

ñòè, îïðåäåëÿëèñü ó 391-ãî ðåáåíêà ñ ñåíñî-
íåâðàëüíîé ÑÍÒ II, III è IV ñòåïåíè ïî ÂÎÇ, 
ïîäòâåðæäåííîé ìåòîäîì òîíàëüíîé ïîðîãîâîé 
àóäèîìåòðèè. Âñå äåòè — ó÷àùèåñÿ ñïåöèàëüíûõ 
øêîë äëÿ äåòåé ñ îñëàáëåííûì ñëóõîì, æèòåëè 
òðåõ ðåãèîíîâ Áåëàðóñè: Çàïàä (Ãðîäíî, Ïèíñê), 
Âîñòîê (Áîáðóéñê), Öåíòð (Ìèíñê).

Ïîèñê ìóòàöèè â ãåíå GJB2
Îïðåäåëåíèå ìóòàöèé 35delG (GJB2), 

IVS1+1G>A (GJB2) ïðîâîäèëè ìåòîäîì ÏÖÐ-
ÏÄÐÔ  àíàëèçà [10]; îïðåäåëåíèå êðóïíîé äåëå-
öèè 309 ò. ï.í. del (GJB6-D13S1830) â ëîêóñå 
DFNB1 îñóùåñòâëÿëîñü ìåòîäîì ìóëüòèïëåêñ-
íîé ÏÖÐ [10]. Ðåçóëüòàòû àìïëèôèêàöèé îöå-
íèâàëèñü â 2 % àãàðîçíîì ãåëå, ðåçóëüòàòû ÏÄÐÔ 
àíàëèçà — â 7 % ïîëèàêðèëàìèäíîì ãåëå ñ ïî-
ñëåäóþùèì îêðàøèâàíèåì ãåëåé ðàñòâîðîì 
áðîìèñòîãî ýòèäèÿ è ðåãèñòðàöèåé ñ ïîìîùüþ 
äîêóìåíòèðóþùåé ñèñòåìû GelDoc (Bio-Rad, 
ÑØÀ) â ÓÔ-èçëó÷åíèÿ (äëèíà âîëíû 312 íì).

Äëÿ âûÿâëåíèÿ èçìåíåíèé íóêëåîòèäíîé 
ïîñëåäîâàòåëüíîñòè ãåíà GJB2 ïðîâîäèëè 

SSCP-àíàëèç (ìåòîä îöåíêè êîíôîðìàöèîííîãî 
ïîëèìîðôèçìà îäíîöåïî÷å÷íûõ ôðàãìåíòîâ 
ÄÍÊ): ïðîâîäèëè ÏÖÐ ñî ñïåöèàëüíûìè ïðàé-
ìåðàìè äëÿ ïîëó÷åíèÿ ôðàãìåíòà ãåíà GJB2 
ðàçìåðîì 554 ï. í., êîòîðûé èññëåäîâàëè íà èçìå-
íåíèå ïîäâèæíîñòè â 20 % ïîëèàêðè-ëàìèäíîì 
ãåëå (ÏÀÀÃ) â õîäå SSCP àíàëèçà [11].

Äëÿ îïðåäåëåíèÿ ïîñëåäîâàòåëüíîñòè 
íóêëåîòèäîâ â îáðàçöàõ ÄÍÊ ñ îòëè÷èÿìè 
ïî SSCP îñóùåñòâëÿëè ñåêâåíèðîâàíèå ïî 
Ñåíãåðó ñ ïðèìåíåíèåì íàáîðà ðåàêòèâîâ ABI 
Dye Terminator, version 1 (Applied Biosystems) 
ñ ïîñëåäóþùèì àíàëèçîì íà ïðèáîðå 3500 
ABI (Applied Biosystems, ÑØÀ). Ïîëó÷åííûå 
õðîìàòîãðàììû àíàëèçèðîâàëè ñ ïîìîùüþ 
ïðîãðàììû Chromas version 2 (Technelysium).

Ðåçóëüòàòû è îáñóæäåíèå
Ìóòàöèÿ 35delG ãåíà GJB2
Ïåðâûì ýòàïîì èññëåäîâàíèÿ ÿâëÿëñÿ ïðè-

öåëüíûé ïîèñê ó 391 ïàöèåíòà ñ ÑÍÒ íàèáîëåå 
÷àñòîé äëÿ åâðîïåéöåâ ìóòàöèè — äåëåöèè 
35delG â ãåíå GJB2. Â ðåçóëüòàòå äàííàÿ ìó-
òàöèÿ âûÿâëåíà â ãîìîçèãîòíîì ñîñòîÿíèè 
ó 178 ïàöèåíòîâ (46 %), â ãåòåðîçèãîòíîì ó 
52 ïàöèåíòîâ (13 %). Ó 162-ãî ïàöèåíòà (41 %) 
äàííàÿ ìóòàöèÿ íå âûÿâëåíà. Îáùàÿ ÷àñòîòà 
ìóòàíòíîãî àëëåëÿ 35delG â èññëåäîâàííîé 
ãðóïïå ïàöèåíòîâ ñîñòàâèëà 51,7 %. Òàêèì 
îáðàçîì, ó èññëåäîâàííûõ ïàöèåíòîâ ñ ÑÍÒ 
ìóòàöèÿ 35delG ãåíà GJB2 ÿâëÿåòñÿ ìàæîðíîé, 
ò. å. ïðåäñòàâëÿåò ñîáîé îñíîâíóþ ãåíåòè÷åñêóþ 
ïðè÷èíó íåñèíäðîìàëüíîé ñåíñîíåâðàëüíîé 
òóãîóõîñòè. Ðåçóëüòàò, ïîëó÷åííûé äëÿ ïàöèåí-
òîâ, æèòåëåé Áåëàðóñè, ñîãëàñóåòñÿ ñ àíàëîãè÷-
íûìè äàííûìè, ïîëó÷åííûìè äëÿ âûáîðîê 
ïàöèåíòîâ êàê èç åâðîïåéñêèõ ñòðàí, òàê è 
äëÿ ïàöèåíòîâ èç ÑØÀ, Êàíàäû è Àâñòðàëèè 
åâðîïåéñêîãî ïðîèñõîæäåíèÿ [12–14]. Âî âñåõ 
ñëó÷àÿõ îñíîâíîé ïðè÷èíîé íåñèíäðîìàëüíîé 
ïîòåðè ñëóõà ÿâëÿåòñÿ ìóòàöèÿ 35delG ãåíà GJB2.

Íå ñìîòðÿ íà òî, ÷òî ó çíà÷èòåëüíîé ÷àñòè 
áîëüíûõ ñ ÑÍÒ óäàëîñü óñòàíîâèòü ïðè÷èíó 
ïîòåðè ñëóõà, äëÿ ïàöèåíòîâ, ó êîòîðûõ ìàæîð-
íîé ìóòàöèè âûÿâëåíî íå áûëî (162 ÷åëîâåêà), 
à òàêæå äëÿ åå ãåòåðîçèãîòíûõ íîñèòåëåé (51 ÷å-
ëîâåê), âîïðîñ î ïðè÷èíàõ òóãîóõîñòè âñå åùå 
îñòàâàëñÿ íåâûÿñíåííûì. Äëÿ äàííîé ãðóïïû 
ïàöèåíòîâ áûë ïðîâåäåí SSCP àíàëèç 2-ãî 
êîäèðóþùåãî ýêçîíà ãåíà GJB2, ñ ïîñëåäóþùèì 
ñåêâåíèðîâàíèåì îáðàçöîâ ñ îòëè÷èÿìè ïî 
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SSCP; ïîèñê ìóòàöèè IVS1+1G>A (1-é ýêçîí 
ãåíà GJB2) è ïðîòÿæ¸ííîé äåëåöèè del (GJB6-
D13S1830) â ëîêóñå DFNB1.

Ñïåêòð ìóòàöèé ãåíà GJB2
Ñåêâåíèðîâàíèå ïîçâîëèëî óñòàíîâèòü 

ñïåêòð ìóòàöèé 2-ãî ýêçîíà ãåíà GJB2 ó 
ïàöèåíòîâ ñ ÑÍÒ, æèòåëåé Áåëàðóñè. Ñðåäè 32 
ïàöèåíòîâ ñ ãåíîòèïîì 35delG/N âòîðàÿ ìóòàöèÿ 
âûÿâëåíà äëÿ 28 ÷åëîâåê; äâå ìóòàöèè â ãåíå 
GJB2 îïðåäåëåíû äëÿ ÷åòûðåõ ïàöèåíòîâ ñ ÑÍÒ 
ñ ãåíîòèïîì N/N. Âñåãî îïðåäåëåíî 7 ðàçëè÷íûõ 
ìóòàöèé ãåíà GJB2 (312del14 (7 %), 235delC 
(1,3 %), 167delT (1,5 %), I82M (0,5 %), V27I 
(0,5 %), V37I (0,25 %) è E114G (0,25 %)). Ìóòàöèÿ 
IVS1+1G>A âûÿâëåíà ó ñåìè èññëåäîâàííûõ 
ïàöèåíòîâ (1,8 %). ×àñòîòà äåëåöèè del (GJB6-
D13S1830) â èññëåäîâàííîé âûáîðêå áåëîðóññêèõ 
ïàöèåíòîâ ñîñòàâèëà 0,76 % (3 ïàöèåíòà). Ïî-
ëó÷åííûå ðåçóëüòàòû ïðåäñòàâëåíû â òàáë.

Âòîðîé ïî ÷àñòîòå ïàòîãåííîé ìóòàöèè ãåíà 
GJB2 â èññëåäîâàííîé âûáîðêå áåëîðóññêèõ 
ïàöèåíòîâ ñ ÑÍÒ ÿâëÿåòñÿ äåëåöèÿ 312del14: 
îíà âûÿâëåíà ó 27 ïàöèåíòîâ ñ ÑÍÒ ðàçëè÷íîé 
ñòåïåíè òÿæåñòè. Ó äâàäöàòè ïàöèåíòîâ äàííàÿ
äåëåöèÿ ïðèñóòñòâîâàëà â êîìïàóíä-ãåòåðîçè-
ãîòíîì ñîñòîÿíèè ñ ìóòàöèåé 35delG (35delG/
312del14). Ãîìîçèãîòíûé âàðèàíò ìóòàöèè 312del14 

âûÿâëåí ó äâóõ ïàöèåíòîâ ñ òÿæåëîé ïîòåðåé 
ñëóõà (IV ñòåïåíü). Ó 5 áåëîðóññêèõ ïàöèåíòîâ 
ñ ÑÍÒ äåëåöèÿ 312del14 áûëà åäèíñòâåííûì 
âûÿâëåííûì ìóòàíòíûì àëëåëåì ãåíà GJB2 
(N/312del14). Äàííàÿ äåëåöèÿ 14 ïàð îñíîâàíèé â 
ïîçèöèè 312–325 áûëà ðàíåå âûÿâëåíà ó æèòåëåé 
ñòðàí Âîñòî÷íîé Åâðîïû, â òîì ÷èñëå ñðåäè 
ïàöèåíòîâ ñ ÑÍÒ, æèòåëåé Ðîññèè è Ïîëüøè 
[15, 16].

Òðåòüåé ïî ÷àñòîòå â âûÿâëåííîì ñïåêòðå 
ìóòàöèé ãåíà GJB2 ÿâëÿåòñÿ îäíîíóêëåîòèäíàÿ 
çàìåíà IVS1 +1 G>A (1,8 %). Äàííàÿ çàìåíà ÷àñòî 
îáíàðóæèâàåòñÿ ó ïàöèåíòîâ èç ñòðàí Âîñòî÷íîé 
Åâðîïû — íîñèòåëåé îäíîãî ìóòàíòíîãî àëëåëÿ â 
ãåíå GJB2 [15]. Êðîìå òîãî, ìóòàöèÿ IVS1+1G>A 
ÿâëÿåòñÿ îñíîâíîé ïðè÷èíîé íåñèíäðîìàëüíîé 
ïîòåðè ñëóõà ó æèòåëåé Ìîíãîëèè è ßêóòèè 
[17, 18]. Ñðåäè ïàöèåíòîâ ñ ÑÍÒ, æèòåëåé 
Áåëàðóñè, âûÿâëåíî ñåìü ïàöèåíòîâ ñ ìóòàöèåé 
IVS1+1G>A.

Ó øåñòè ïàöèåíòîâ ìóòàöèÿ IVS1+1G>A
íàõîäèëàñü â êîìïàóíä-ãåòåðîçèãîòíîì ñîñòîÿ-
íèè ñ ìóòàöèåé 35delG (IVS1+1G>N/35delG). 
Îäèí èç ñåìè ïàöèåíòîâ ÿâëÿëñÿ íîñèòåëåì 
ãåòåðîçèãîòíîãî âàðèàíòà ìóòàöèè 312del14 â 
ãåíå GJB2. Ñòåïåíü ïîòåðè ñëóõà ó íîñèòåëåé 
ìóòàöèè IVS1+1G>A âàðüèðîâàëà: îò ñðåäíåé 
ñòåïåíè òÿæåñòè äî ïîëíîé ïîòåðè ñëóõà.

Таблица
Частоты мутаций локуса DFNB1 в выборке пациентов, жителей Беларуси с несиндромальной СНТ

Ãåíîòèï
Êîëè÷åñòâî ïàöèåíòîâ ñ ìóòàöèÿìè

(% îò îáùåãî ÷èñëà ïàöèåíòîâ)

Îáùåå ÷èñëî ïàöèåíòîâ: 391

35delG/35delG 178/45,5 %

35delG/312del14 20/5,1 %

IVS1+1G>A/35delG 6/1,53 %

35delG/del (GJB6-D13S1830) 3/0,77 %

312del14/312del14 2/0,51 %

35delG/235delC 3/0,77 %

167delT/235delC 2/0,51 %

35delG/I82M 2/0,51 %

35delG/167delT 2/0,51 %

IVS1 +1 G> A/312del14 1/0,26 %

35delG/V27I+E114G 1/0,26 %

N/35del G 14/3,6 %

N / 312del14 4/1, 02 %

N /167delT 2/0,51 %

N/V27I 1/0,26 %

N/V37I 1/0,26 %

Âñåãî íîñèòåëåé GJB2 ìóòàöèé: 242/62 %
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Ñïåêòð ìóòàöèé ÿäåðíîãî ëîêóñà DFNB1 ó ïàöèåíòîâ ñ íåñèíäðîìàëüíîé ÑÍÒ, æèòåëåé Áåëàðóñè

Ó áåëîðóññêèõ ïàöèåíòîâ òàêæå áûëè âû-
ÿâëåíû ìóòàöèè 235delC è 167delT, õàðàêòåðíûå 
äëÿ íàñåëåíèÿ Àëòàÿ, Ñðåäíåé Àçèè è åâðååâ 
àøêåíàçè, ñîîòâåòñòâåííî. Äîëÿ îñòàëüíûõ 
÷åòûðåõ íóêëåîòèäíûõ çàìåí, âûÿâëåííûõ â 
èññëåäîâàííîé ãðóïïå, íå ïðåâûøàåò 0,5 %.

Ñïåêòð ìóòàöèé ëîêóñà DFNB1 â âû-
áîðêå ïàöèåíòîâ ñ ÑÍÒ, ïðîæèâàþùèõ íà 
òåððèòîðèè Áåëàðóñè, â öåëîì ñõîäåí ñ òàêîâûì 
â ñîñåäíèõ ñòðàíàõ (Ðîññèÿ, Ïîëüøà), îäíàêî 
õàðàêòåðèçóåòñÿ ðÿäîì îñîáåííîñòåé, êîòîðûå 
îòðàæåíû â ïðåäñòàâëåííîé ðàáîòå.

Âûâîäû
Ïðîâåäåííîå íàìè êîìïëåêñíîå èññëåäîâà-

íèå ïîçâîëèëî âûÿâèòü ìîëåêóëÿðíî-ãåíåòè÷å-
ñêèå äåôåêòû â ëîêóñå DFNB1 è îáúÿñíèòü 
ïðè÷èíó ÑÍÒ ó 241 ïàöèåíòà èç 391, ÷òî 
ñîñòàâèëî áîëåå 60 % âñåé âûáîðêè. Ó îñòàëüíûõ 
150 ÷åëîâåê ïðè÷èíà ïîòåðè ñëóõà ëèáî íå 
ñâÿçàíà ñ ãåíåòè÷åñêèìè àíîìàëèÿìè, ëèáî 
îíè ìîãóò áûòü íîñèòåëÿìè ðåäêèõ ìóòàöèé â 
äðóãèõ ëîêóñàõ, èññëåäîâàíèå êîòîðûõ òðåáóåò 

ñîâðåìåííûõ âûñîêîïðîèçâîäèòåëüíûõ ìåòîäîâ 
ýêçîìíîãî ñåêâåíèðîâàíèÿ, ïîêà íåäîñòóïíîãî 
äëÿ ïîâñåäíåâíîé ïðàêòèêè. Íà îñíîâå 
ïîëó÷åííûõ â ðàáîòå ðåçóëüòàòîâ ðåêîìåíäóåòñÿ 
ïðè ïðîâåäåíèè ìîëåêóëÿðíî-ãåíåòè÷åñêîé 
äèàãíîñòèêè ïðè÷èí íåñèíäðîìàëüíîé ïîòåðè 
ñëóõà ó æèòåëåé Áåëàðóñè íà÷èíàòü ïîèñê ñ 
ìóòàöèè 35delG (GJB2), çàòåì îïðåäåëÿòü ó 
âñåõ, êðîìå ãîìîçèãîò ïî 35delG, äâå ÷àñòûå äëÿ 
ïàöèåíòîâ ñ ÑÍÒ, æèòåëåé Áåëàðóñè, ìóòàöèè 
â ãåíå GJB2: äåëåöèè 312del14 è òðàíçèöèè 
IVS1+1G>A. Åñëè âûøåïåðå÷èñëåííûå ìóòàöèè 
ó ïàöèåíòà îòñóòñòâóþò èëè îïðåäåëåíû â 
ãåòåðîçèãîòíîì ñîñòîÿíèè, ðåêîìåíäóåòñÿ 
ïðîâåäåíèå ñåêâåíèðîâàíèÿ 2-ãî ýêçîíà ãåíà 
GJB2 è äåòåêöèÿ äåëåöèè 309 ò. ï.í. del (GJB6-
D13S1830) â ëîêóñå DFNB1.

Ðàáîòà âûïîëíåíà â ðàìêàõ ïðîåêòà ÐÔÔÈ-
ÁÐÔÔÈ «Ñðàâíèòåëüíûé àíàëèç âêëàäà ìóòàöèé 
ãåíà GJB2 â âîçíèêíîâåíèå íåéðîñåíñîðíîé òó-
ãîóõîñòè ó æèòåëåé Áåëàðóñè è ðÿäà ðåãèîíîâ 
Ñèáèðè (Ðîññèÿ)» 2014–2016, äîãîâîð ¹ Á14Ð-
081.
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SPECTRUM OF DFNB1 LOCUS MUTATIONS AMONG BELARUS PATIENTS WITH NON-SYNDROMIC 
HEARING LOSS

Aims. The genetic nature of sensorineural hearing loss (SNHL) has so far been studied for many ethnic groups in various 
parts of the world. Among the different subtypes of autosomal recessive non-syndromic hearing impairment, DFNB1 locus 
is remarkable for its high frequency in most populations. Here we present the results of study of DFNB1 mutations among 
391 young patients with non-syndromic SNHL in order to develop an algorithm of molecular genetic diagnosis of hearing 
loss for people in Belarus. Methods. The PCR-RFLP method was used for detection of three mutations: 35delG and 
IVS1+1G>A both in GJB2 gene as well as deletion del (GJB6-D13S1830) in DFNB1 locus. For analysis of the GJB2 coding 
exon SSCP followed by sequencing was carried out. Results. We have found that 35delG GJB2 mutation is the main cause 
of hearing defects in 391 Belarusian patients with SNHL. This point deletion has been detected in 53 % of the patients with 
SNHL. The 312del14 and IVS1+1G>A GJB2 were respectively the second and the third most frequent mutations in the 
Belarus patients cohort. Conclusions. Mutations in DFNB1 locus is the main reason of congenital non-syndromic hearing 
loss in Belarus: about 60 % of all SNHL cases connected to them. Based on the results obtained the recommendations for 
molecular genetic testing of the causes of non-syndromic hearing loss in Belarus were suggested.

Keywords: Non-syndromic hearing loss, DFNB1 locus, GJB2 gene, mutation frequencies.


