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Ïðåäñòàâëåíû ðåçóëüòàòû èçó÷åíèÿ ãåíåòè÷åñêîé êîìïîíåíòû ïîòåðè ñëóõà, îáóñëîâëåííîé ìóòàöèÿìè â ãåíå GJB2
(Ñõ26), ó 201 áîëüíîãî èç Ðåñïóáëèêè Òûâà ñ âðîæä¸ííîé èëè âîçíèêøåé â ðàííåì äåòñêîì âîçðàñòå íåéðîñåíñîðíîé òóãî-
óõîñòüþ III—IV ñòåïåíè/ãëóõîòîé. Ðåöåññèâíûå ìóòàöèè â ãåíå GJB2 p.W172C (c.516G>C), IVS1+1G>A (ñ.-23+1G>A),
c.235delC, p.V37I (c.109G>A), c.299_300delAT, ñ.35delG) â ãîìîçèãîòíîì, êîìïàóíä-ãåòåðîçèãîòíîì èëè ãåòåðîçèãîòíîì
ñîñòîÿíèÿõ áûëè âûÿâëåíû ó 70 áîëüíûõ (34,8% îáñëåäîâàííûõ), ó 38 èç êîòîðûõ (18,9%) îáíàðóæåíî äâå GJB2-ìóòàöèè, à
ó 32 (15,9%) — òîëüêî îäíà ìóòàöèÿ â ãåíå GJB2. Ìóòàöèîííûé ñïåêòð ãåíà GJB2 â îáñëåäîâàííîé âûáîðêå òóâèíñêèõ áîëü-
íûõ õàðàêòåðèçóåòñÿ íàëè÷èåì ïÿòè ìóòàöèé (p.W172C, IVS1+1G>A, c.235delC, p.V37I, c.299_300delAT) è ïîëèìîðôíûõ âà-
ðèàíòîâ ýòîãî ãåíà p.V27I (c.79G>A), p.E114G (c.341A>G), p.V153I (c.457G>A), p.F191L (c.571T>C), p.I203T (c.608T>C), ÷àñ-
òî âñòðå÷àþùèõñÿ â àçèàòñêîì ðåãèîíå, à ó ðóññêèõ áîëüíûõ âûÿâëåíà òîëüêî îäíà ìóòàöèÿ c.35delG, õàðàêòåðíàÿ äëÿ åâ-
ðîïåéöåâ. ×àñòîòà àëëåëåé ñ ìóòàöèÿìè p.W172C, IVS1+1G>A, c.235delC, p.V37I è c.299_300delAT ñðåäè âñåõ ìóòàíòíûõ
õðîìîñîì îáñëåäîâàííûõ ïàöèåíòîâ-òóâèíöåâ — 51,49%, 38,61%, 4,95%, 2,97% è 1,98% ñîîòâåòñòâåííî. Ñóììàðíàÿ ÷àñ-
òîòà ãåòåðîçèãîòíîãî íîñèòåëüñòâà ðåöåññèâíûõ ìóòàöèé â ãåíå GJB2 â ïîïóëÿöèîííîé âûáîðêå òóâèíöåâ (n = 121) ñîñòà-
âèëà 11,57% (p.W172C — 4,96%, IVS1+1G>A — 4,13%, p.V37I — 2,48%). Îáíàðóæåíèå ìóòàöèé â ãåíå GJB2 â ãðóïïå ïàöèåí-
òîâ, â àíàìíåçå êîòîðûõ èìåþòñÿ óêàçàíèÿ íà ñðåäîâûå ýòèîëîãè÷åñêèå ôàêòîðû, ïðåäïîëîæèòåëüíî ïðèâåäøèå ê ïîòåðå
ñëóõà, ñâèäåòåëüñòâóåò î íåîáõîäèìîñòè ïðîâåäåíèÿ ãåíåòè÷åñêîãî òåñòèðîâàíèÿ è â ãðóïïå áîëüíûõ ñ îòÿãîù¸ííûì àíà-
ìíåçîì. Âûÿâëåííûå íàìè ñåìåéíûå (íàñëåäóåìûå) ñëó÷àè «Ñõ26-íåãàòèâíîé» ïîòåðè ñëóõà â Ðåñïóáëèêå Òûâà ñâèäåòå-
ëüñòâóþò î íàëè÷èè äðóãèõ, ïîêà íå óñòàíîâëåííûõ, ãåíîâ, àññîöèèðîâàííûõ ñ ýòîé ïàòîëîãèåé. Äîëÿ áîëüíûõ ñ ïîòåðåé
ñëóõà, îáóñëîâëåííîé íàëè÷èåì äâóõ ðåöåññèâíûõ ìóòàöèé â ãåíå GJB2 (18,9%), ÿâëÿåòñÿ ìèíèìàëüíîé îöåíêîé äîëè íà-
ñëåäñòâåííîé òóãîóõîñòè ó íàñåëåíèÿ Òûâû.
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Ââåäåíèå

Íàðóøåíèÿ ñëóõîâîé ôóíêöèè ìîãóò áûòü îáóñëîâ-
ëåíû êàê ñðåäîâûìè (èíôåêöèè, òðàâìû, îòîòîêñè÷-
íîñòü ëåêàðñòâåííûõ ïðåïàðàòîâ è ò.ä.), òàê è ãåíåòè÷å-
ñêèìè ïðè÷èíàìè. Íàñëåäñòâåííàÿ ïîòåðÿ ñëóõà õàðàê-
òåðèçóåòñÿ âûñîêîé êëèíè÷åñêîé è ãåíåòè÷åñêîé ãåòå-
ðîãåííîñòüþ. Ïðèìåðíî â 30% ñëó÷àåâ ïîòåðÿ ñëóõà —
îäèí èç êëèíè÷åñêèõ ïðèçíàêîâ áîëüøîãî ÷èñëà (íåñêî-
ëüêî ñîòåí) ñèíäðîìîâ, â 70% — ïîòåðÿ ñëóõà ÿâëÿåòñÿ
èçîëèðîâàííîé (íåñèíäðîìàëüíîé) ïàòîëîãèåé. Â íà-
ñòîÿùåå âðåìÿ èçâåñòíî, ÷òî ñ èçîëèðîâàííîé ïîòåðåé
ñëóõà àññîöèèðîâàíî îêîëî 140 ãåíåòè÷åñêèõ ëîêóñîâ, â
êîòîðûõ èäåíòèôèöèðîâàíî áîëåå 80 ãåíîâ [44].

Íàèáîëåå ÷àñòîé ïðè÷èíîé íåñèíäðîìàëüíîé àóòî-
ñîìíî-ðåöåññèâíîé ãëóõîòû ó ÷åëîâåêà (DFNB1A, MIM

220290) ÿâëÿþòñÿ ìóòàöèè â ãåíå GJB2 (gap junction �2,
MIM 121011, 13q11-q12), êîäèðóþùåì òðàíñìåìáðàí-
íûé áåëîê êîííåêñèí 26 (Cx26, MIM 121011), êîòîðûé
ó÷àñòâóåò â îáðàçîâàíèè êîííåêñîíîâ — ñòðóêòóð, ñî-
ñòîÿùèõ èç øåñòè áåëêîâûõ ñóáúåäèíèö Cõ26. Êîííåê-
ñîíû îáðàçóþò ìåæêëåòî÷íûå êàíàëû, ïî êîòîðûì
îáåñïå÷èâàåòñÿ èîííûé (Ê+ è äðóãèå ìàëûå ìîëåêóëû)
îáìåí ìåæäó ñîñåäíèìè êëåòêàìè. Ñîõðàíåíèå èîííîãî
ãîìåîñòàçà ýíäîëèìôû â òêàíÿõ âíóòðåííåãî óõà íåîá-
õîäèìî äëÿ íîðìàëüíîãî ïðîöåññà çâóêîâîñïðèÿòèÿ.
Ïðè äåôåêòàõ êîííåêñèíà 26, ïðèâîäÿùèõ ê íàðóøå-
íèþ ðàáîòû ùåëåâûõ êàíàëîâ, èîííûé áàëàíñ ýíäîëèì-
ôû òêàíåé âíóòðåííåãî óõà íå âîññòàíàâëèâàåòñÿ, ÷òî
ïðèâîäèò ê íåîáðàòèìîé ïîòåðå ñëóõà [31].

Â áîëüøèíñòâå åâðîïåéñêèõ ñòðàí ìóòàöèè â ãåíå
GJB2 (Ñõ26) ÿâëÿþòñÿ ïðè÷èíîé âðîæä¸ííîé íåñèíäðî-
ìàëüíîé íåéðîñåíñîðíîé òóãîóõîñòè/ãëóõîòû ó 50—60%
áîëüíûõ, â àçèàòñêèõ ïîïóëÿöèÿõ âêëàä GJB2-ìóòàöèé
íåñêîëüêî ìåíüøå (10—20%) [26, 32, 43, 49]. Ê íàñòîÿ-
ùåìó âðåìåíè èçâåñòíî áîëåå 300 âàðèàöèé ïîñëåäîâà-
òåëüíîñòè ãåíà GJB2 (ìóòàöèè, ïîëèìîðôíûå è ïîêà
åù¸ íåêëàññèôèöèðîâàííûå âàðèàíòû) [21, 42]. Âûÿâ-
ëåíà ýòíè÷åñêàÿ è òåððèòîðèàëüíàÿ ñïåöèôè÷íîñòü ìó-
òàöèîííîãî ñïåêòðà è ðàñïðîñòðàí¸ííîñòè îòäåëüíûõ
ìóòàöèé â ãåíå GJB2 â ðàçëè÷íûõ ðåãèîíàõ ìèðà, îáó-
ñëîâëåííàÿ â ðÿäå ñëó÷àåâ ýôôåêòîì îñíîâàòåëÿ, è, âå-
ðîÿòíî, ãåîãðàôè÷åñêîé è ñîöèàëüíîé èçîëÿöèåé íåêî-
òîðûõ ïîïóëÿöèé. Òàê, ìóòàöèÿ c.35delG øèðîêî ðàñ-
ïðîñòðàíåíà â ïîïóëÿöèÿõ åâðîïåéñêîãî ïðîèñõîæäå-
íèÿ [26], ìóòàöèÿ c.235delC ÷àñòî âñòðå÷àåòñÿ â ðÿäå
àçèàòñêèõ ñòðàí [24, 32, 36, 37], c.167delT — ó åâðååâ àø-
êåíàçè [34], p.R143W — â íåêîòîðûõ ïîïóëÿöèÿõ Çàïàä-
íîé Àôðèêè [27], p.V37I õàðàêòåðíà äëÿ Þãî-Âîñòî÷íîé
Àçèè [46], p.W24X øèðîêî ðàñïðîñòðàíåíà â Èíäèè
[39], ìóòàöèÿ ñàéòà ñïëàéñèíãà IVS1+1G>A
(ñ.-23+1G>A), ðåäêàÿ â äðóãèõ ðåãèîíàõ ìèðà, ïðåâàëè-
ðóåò â Ðåñïóáëèêå Ñàõà (ßêóòèÿ) [22].

Â ñâÿçè ñ òåì, ÷òî ìóòàöèè â ãåíå GJB2 ÿâëÿþòñÿ
íàèáîëåå âàæíîé ïðè÷èíîé íàñëåäóåìûõ ôîðì ïîòåðè
ñëóõà, âî ìíîãèõ ñòðàíàõ ðàçðàáîòàíà è óñïåøíî ïðèìå-
íÿåòñÿ ìîëåêóëÿðíàÿ äèàãíîñòèêà ñëó÷àåâ òóãîóõî-

ñòè/ãëóõîòû, îñíîâàííàÿ íà ïîèñêå ó ïàöèåíòîâ ìóòà-
öèé â ýòîì ãåíå. Â ïåðâóþ î÷åðåäü, ïðîèçâîäèòñÿ ñêðè-
íèíã ìóòàöèè ñ.35delG, êîòîðàÿ ÿâëÿåòñÿ îñíîâíîé ïðè-
÷èíîé ïîòåðè ñëóõà â åâðîïåéñêèõ ñòðàíàõ. Â Ðîññèè, äî
íåäàâíåãî âðåìåíè, ìîëåêóëÿðíàÿ äèàãíîñòèêà ñëó÷àåâ
ïîòåðè ñëóõà îãðàíè÷èâàëàñü ïîèñêîì òîëüêî ýòîé ìóòà-
öèè [7, 8, 10, 12, 13, 17—19], ÷òî ñ ó÷¸òîì ýòíè÷åñêîé è
ãåîãðàôè÷åñêîé ñïåöèôè÷íîñòè ìóòàöèîííîãî ñïåêòðà
GJB2 âðÿä ëè ìîæåò áûòü àäåêâàòíîé ìåòîäîëîãèåé
â ïðèìåíåíèè êî âñåìó ìíîãîíàöèîíàëüíîìó íàñåëå-
íèþ ñòðàíû. Íî çà ïîñëåäíèå ãîäû ñòàëî âîçìîæíûì
âíåäðåíèå ìåòîäà ÄÍÊ-ñåêâåíèðîâàíèÿ äëÿ ìîëåêóëÿð-
íîé äèàãíîñòèêè íàñëåäñòâåííîé òóãîóõîñòè, â ðåçóëü-
òàòå êîòîðîãî äëÿ ðÿäà ðîññèéñêèõ ïîïóëÿöèé áûë âû-
ÿâëåí áîëåå øèðîêèé ìóòàöèîííûé ñïåêòð ãåíà GJB2

[3—5, 14, 38].

Èññëåäîâàíèÿ, íàïðàâëåííûå íà îöåíêó ãåíåòè÷å-
ñêîé êîìïîíåíòû â ýòèîëîãèè ïîòåðè ñëóõà è âûÿâëåíèå
íàèáîëåå çíà÷èìûõ ôàêòîðîâ, âëèÿþùèõ íà ðàñïðî-
ñòðàí¸ííîñòü íàñëåäóåìûõ ôîðì ïîòåðè ñëóõà ó íàñåëå-
íèÿ Òóâû, áûëè íà÷àòû íàìè â 2010 ã. Ðåçóëüòàòû ýïèäå-
ìèîëîãè÷åñêîãî àíàëèçà íàðóøåíèé ñëóõà ó íàñåëåíèÿ
Ðåñïóáëèêè Òûâà ïðåäñòàâëåíû â ðàáîòå Áàäû-Õîî ñ ñî-
àâòîðàìè [2].

Öåëüþ äàííîé ðàáîòû ÿâëÿåòñÿ îöåíêà ñïåêòðà ìóòà-
öèé â ãåíå GJB2 (Cx26) è èõ âêëàäà â ýòèîëîãèþ ïîòåðè
ñëóõà â Ðåñïóáëèêå Òûâà.

Ìàòåðèàëû è ìåòîäû

Ðåñïóáëèêà Òûâà ðàñïîëîæåíà â ãåîãðàôè÷åñêîì
öåíòðå Àçèè íà þãå Âîñòî÷íîé Ñèáèðè è ãðàíè÷èò
ñ Ìîíãîëèåé, Êðàñíîÿðñêèì êðàåì, Èðêóòñêîé îáëà-
ñòüþ, Ðåñïóáëèêàìè Õàêàñèÿ, Áóðÿòèÿ, Àëòàé. Íàñåëå-
íèå Òóûâû (íà 2012 ã.) — 309 347 ÷åë. Ýòíè÷åñêèé ñî-
ñòàâ: òóâèíöû — 81%, ðóññêèå — 16%, äðóãèå íàöèîíà-
ëüíîñòè — îêîëî 3%. Â Ðåñïóáëèêå Òûâà 17 àäìèíèñò-
ðàòèâíî-òåððèòîðèàëüíûõ ðàéîíîâ (êîæóóíîâ).

Õàðàêòåðèñòèêà âûáîðêè áîëüíûõ

Âûáîðêà áîëüíûõ ñîñòàâèëà 201 ÷åëîâåê â âîçðàñòå
îò 2 äî 69 ëåò. Äëÿ êàæäîãî áîëüíîãî èìåëñÿ ñóðäîëîãè-
÷åñêèé äèàãíîç, ïîñòàâëåííûé íà îñíîâàíèè îòîëîãè÷å-
ñêîãî îñìîòðà è ðåçóëüòàòîâ ïîðîãîâîé òîíàëüíîé àóäè-
îìåòðèè, áûëà çàïîëíåíà ñïåöèàëüíàÿ èíôîðìàöèîí-
íàÿ êàðòà, ñîäåðæàùàÿ ñâåäåíèÿ î ïîëå, âîçðàñòå, ýòíè-
÷åñêîé ïðèíàäëåæíîñòè (ïðåèìóùåñòâåííî äî òðåòüåãî
ïîêîëåíèÿ), ìåñòå ðîæäåíèÿ è ïðîæèâàíèÿ, à òàêæå ñî-
ñòàâëåíà ðîäîñëîâíàÿ, ïîçâîëÿþùàÿ óòî÷íèòü ðîäñòâåí-
íûå ñâÿçè ïðîáàíäîâ (òàáë. 1). Áîëüíûå äî 18—20 ëåò
(112 ÷åë.), â îñíîâíîì (95 ÷åë.), ÿâëÿëèñü ó÷àùèìèñÿ
ñïåöèàëüíîé (êîððåêöèîííîé) îáùåîáðàçîâàòåëüíîé
øêîëû-èíòåðíàòà 1-ãî âèäà äëÿ íåñëûøàùèõ äåòåé
(ã.Êûçûë). Áîëüíûå ñ âðîæä¸ííîé (èëè âîçíèêøåé
â ðàííåì äåòñêîì âîçðàñòå) íåéðîñåíñîðíîé òóãîóõî-
ñòüþ III—IV ñòåïåíè è/èëè ãëóõîòîé ñîñòàâëÿëè íàèáî-
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ëüøóþ ÷àñòü âûáîðêè. Íà îñíîâå íàëè÷èÿ èëè îòñóòñò-
âèÿ èíôîðìàöèè î ñðåäîâûõ ôàêòîðàõ, ïðåäïîëîæèòå-
ëüíî ïðèâåäøèõ ê ïîòåðå ñëóõà, îáñëåäîâàííûå áîëüíûå
áûëè ïîäðàçäåëåíû íà äâå ïîäãðóïïû: I è II. Â ïîäãðóï-
ïó I âêëþ÷åíî 147 áîëüíûõ, â àíàìíåçå êîòîðûõ íåò óêà-
çàíèé íà âåðîÿòíûå ýòèîëîãè÷åñêèå ôàêòîðû ïîòåðè
ñëóõà. Äëÿ 54 áîëüíûõ (ïîäãðóïïà II) èìåëàñü èíôîðìà-
öèÿ î ñðåäîâûõ ôàêòîðàõ, âåðîÿòíî ïðèâåäøèõ ê ïîòåðå
ñëóõà, òàêèõ, êàê ïåðåíåñ¸ííûå â ðàííåì äåòñêîì âîçðà-
ñòå èíôåêöèîííûå çàáîëåâàíèÿ (ìåíèíãèò è äðóãèå
íåéðîèíôåêöèè), ïðèåì àíòèáèîòèêîâ, ðîäîâàÿ òðàâìà,
àñôèêñèÿ íîâîðîæä¸ííîãî, íåäîíîøåííîñòü è íèçêèé
âåñ ïðè ðîæäåíèè, ÷åðåïíî-ìîçãîâàÿ òðàâìà. Êðîìå òî-
ãî, â àíàìíåçå 22 áîëüíûõ áûëè óêàçàíèÿ (â êà÷åñòâå ñî-
ïóòñòâóþùåãî çàáîëåâàíèÿ) íà çîá è äðóãèå íàðóøåíèÿ
ôóíêöèè ùèòîâèäíîé æåëåçû.

Êîíòðîëüíàÿ âûáîðêà

Êîíòðîëüíàÿ âûáîðêà (121 ÷åë., â âîçðàñòå îò 9 äî
72 ëåò, æåíñêîãî ïîëà — 81 ÷åë., ìóæñêîãî ïîëà —
40 ÷åë.) ïðåäñòàâëÿåò ñîáîé íåðîäñòâåííûõ òóâèíöåâ, íå
ñîñòîÿùèõ íà ó÷¸òå ó ñóðäîëîãà, áåç ïðèçíàêîâ ñíèæå-
íèÿ ñëóõà (êðîìå ïÿòè ÷åëîâåê, óêàçàâøèõ íà íåêîòîðîå
ñíèæåíèå ñëóõà, âîçíèêøåå â ðàçíîì âîçðàñòå).

Ó âñåõ ó÷àñòíèêîâ èññëåäîâàíèÿ ïîñëå ïèñüìåííîãî
èíôîðìèðîâàííîãî ñîãëàñèÿ íà îáñëåäîâàíèå (ó äåòåé
— ïîñëå ïèñüìåííîãî èíôîðìèðîâàííîãî ñîãëàñèÿ ðî-
äèòåëåé èëè îïåêóíîâ) áûë îñóùåñòâëåí çàáîð âåíîçíîé

êðîâè èç ëîêòåâîé âåíû äëÿ âûäåëåíèÿ îáðàçöîâ ÄÍÊ.
Èññëåäîâàíèå îäîáðåíî êîìèññèåé ïî áèîýòèêå Èíñòè-
òóòà öèòîëîãèè è ãåíåòèêè ÑÎ ÐÀÍ (ã.Íîâîñèáèðñê).

Àíàëèç ìóòàöèé â ãåíå GJB2 (Cx26, MIM121011)

Äëÿ âûÿâëåíèÿ ìóòàöèé â ãåíå GJB2 ïðîâåäåíî ðå-
ñåêâåíèðîâàíèå âñåãî áåëîê-êîäèðóþùåãî ðàéîíà (ýê-
çîí 2), ýêçîí 1-èíòðîííîé îáëàñòè è ôëàíêèðóþùèõ
ïîñëåäîâàòåëüíîñòåé ãåíà GJB2 â 201 îáðàçöå ÄÍÊ
áîëüíûõ è â 121 îáðàçöå ÄÍÊ êîíòðîëüíîé âûáîðêè.
Ãåíîìíàÿ ÄÍÊ ýêñòðàãèðîâàíà èç ëåéêîöèòîâ ïåðèôå-
ðè÷åñêîé êðîâè ñòàíäàðòíûì ôåíîë-õëîðîôîðìíûì
ìåòîäîì.

Àìïëèôèêàöèÿ êîäèðóþùåãî ðàéîíà (ýêçîí 2), ýê-
çîí 1-èíòðîííîé îáëàñòè è ôëàíêèðóþùèõ ïîñëåäîâà-
òåëüíîñòåé ãåíà GJB2 (Ñõ26) ïðîâîäèëàñü ñ ïîìîùüþ
ÏÖÐ íà àìïëèôèêàòîðå «Mastercycler Gradient» («Ep-
pendorf»). Äëÿ àìïëèôèêàöèè áåëîê-êîäèðóþùåãî ðàé-
îíà (ýêçîí 2) èñïîëüçîâàëèñü äâå ïàðû îëèãîíóêëåîòèä-
íûõ ïðàéìåðîâ: 835F: 5’-TGCTTGCTTACCCAGACT-
CA-3’è 835R: 5’-CCTCATCCCTCTCATGCTGT-3’, ïî-
äîáðàííûå ñ ïîìîùüþ ïðîãðàììû Primer Premier 5, ëè-
áî CX26-F: 5’-TCTTTTCCAGAGCAAACCGC-3’ è
CÕ26-R: 5’-CTGGGCAATGCGTTAAACTGG-3’ [29].
Àìïëèôèêàöèÿ ýêçîí 1-èíòðîííîé îáëàñòè îñóùåñòâ-
ëÿëàñü ñ èñïîëüçîâàíèåì ïðàéìåðîâ Ex1-F:
5’-TCTTTTCCAGAGCAAACCGC-3’ è Ex-R:
5’-CTGGGCAATGCGTTAAACTGG-3’ [41], ëèáî ïðàé-

ÎÐÈÃÈÍÀËÜÍÛÅ ÈÑÑËÅÄÎÂÀÍÈß

32

Òàáëèöà 1
Õàðàêòåðèñòèêà âûáîðêè áîëüíûõ

Êîëè÷åñòâî áîëüíûõ Îáùåå ÷èñëî áîëüíûõ 201

×èñëî íåðîäñòâåííûõ ñåìåé ñ áîëüíûìè èíäèâèäàìè * 174

Ïîë Ìóæñêîé 99

Æåíñêèé 102

Ýòíè÷åñêèé ñîñòàâ Òóâèíöû 192

Ðóññêèå 7

Ñìåøàííàÿ ýòíè÷åñêàÿ ïðèíàäëåæíîñòü 2

Ìåñòî ïðîæèâàíèÿ ã.Êûçûë 76

Óëóã-Õåìñêèé ðàéîí 27

Êûçûëñêèé ðàéîí 20

Äçóí-Õåì÷èêñêèé ðàéîí 15

Äðóãèå ðàéîíû Ðåñïóáëèêè Òûâà (n = 14) 63

Òèï ïîòåðè ñëóõà Íåéðîñåíñîðíûé 122

Ñìåøàííûé 3

Íåäèôôåðåíöèðîâàííûé òèï ïîòåðè ñëóõà (äèàãíîç "âðîæä¸ííàÿ ãëóõîòà"
èëè "âðîæä¸ííàÿ ãëóõîíåìîòà")

76

Ñòåïåíü ïîòåðè ñëóõà III—IV ñòåïåíü è/èëè ãëóõîòà 197

II—III ñòåïåíü 4

Íà÷àëî ìàíèôåñòàöèÿ
çàáîëåâàíèÿ

Âðîæä¸ííàÿ èëè ðàííåãî íà÷àëà (äî 2—3 ëåò) ïîòåðÿ ñëóõà 188

Ñ 5—10 ëåò 13

Ïðèìå÷àíèå. * — â 154 èç 174 íåðîäñòâåííûõ ñåìåé áûëî îáñëåäîâàíî ïî îäíîìó áîëüíîìó, â 20 ñåìüÿõ — îò 2 äî
4 áîëüíûõ



ìåðîâ Ex1-792F: 5’-GCGTTCGTTCGGATTGGT-3’ è
Ex1-2239R: 5’-CGGAAACAGACCCTC-GTGAAGT-3’,
ïîäîáðàííûõ ñ ïîìîùüþ ïðîãðàììû Primer Premier 5.

Îïðåäåëåíèå íóêëåîòèäíîé ïîñëåäîâàòåëüíîñòè àì-
ïëèôèöèðîâàííûõ ôðàãìåíòîâ ãåíà GJB2 îñóùåñòâëÿ-
ëîñü ìåòîäîì ñåêâåíèðîâàíèÿ ïî Ñýíãåðó íà ãåííîì
àíàëèçàòîðå ABI 3130xl («Applied Biosystems», ÑØÀ)
â öåíòðå êîëëåêòèâíîãî ïîëüçîâàíèÿ ÑÎ ÐÀÍ «Ãåíîìè-
êà» (ã.Íîâîñèáèðñê). Àíàëèç ðåñåêâåíèðîâàííûõ ôðàã-
ìåíòîâ ãåíà GJB2 ïðîâîäèëñÿ ñîïîñòàâëåíèåì ñ ðåôå-
ðåíñíûìè íóêëåîòèäíûìè ïîñëåäîâàòåëüíîñòÿìè
M86849.2 è U43932.1 (GenBank) ãåíà GJB2.

Äëÿ ñòàòèñòè÷åñêîãî àíàëèçà ïîëó÷åííûõ äàííûõ
ïðèìåíÿëè òî÷íûé ìåòîä Ôèøåðà. Ñòàòèñòè÷åñêè çíà-
÷èìûìè ñ÷èòàëè ðàçëè÷èÿ ïðè ð<0,05.

Ðåçóëüòàòû

Ãåíîòèïû è ìóòàöèîííûé ñïåêòð ãåíà GJB2
â èññëåäîâàííîé âûáîðêå áîëüíûõ

Ãåíîòèïû, ïîëó÷åííûå ïðè ðåñåêâåíèðîâàíèè âñåãî
áåëîê-êîäèðóþùåãî ðàéîíà (ýêçîí 2), ýêçîí 1-èíòðîí-
íîé îáëàñòè è ôëàíêèðóþùèõ ïîñëåäîâàòåëüíîñòåé ãåíà
GJB2 ó îáñëåäîâàííûõ áîëüíûõ, ïðèâåäåíû â òàáë. 2.
Ðåöåññèâíûå ìóòàöèè p.W172C (c.516G>C),
IVS1+1G>A (ñ.-23+1G>A), c.235delC, p.V37I
(c.109G>A), c.299_300delAT, ñ.35delG â ãîìîçèãîòíîì,
êîìïàóíä-ãåòåðîçèãîòíîì èëè ãåòåðîçèãîòíîì ñîñòîÿ-
íèÿõ âûÿâëåíû ó 70 áîëüíûõ (34,8% îáñëåäîâàííûõ),
ó 38 èç êîòîðûõ (18,9%) îáíàðóæåíî äâå GJB2-ìóòàöèè,
à ó 32 áîëüíûõ (15,9%) — òîëüêî îäíà ìóòàöèÿ â ãåíå
GJB2 (òàáë. 2). Ïîëèìîðôíûå âàðèàíòû ãåíà GJB2:
p.V27I (c.79G>A), p.E114G (c.341A>G), p.V153I
(c.457G>A), p.F191L (c.571T>C), p.I203T (c.608T>C),
îáíàðóæåííûå ó òóâèíñêèõ áîëüíûõ (òàáë. 2), ÷àñòî
âñòðå÷àþòñÿ â àçèàòñêèõ ðåãèîíàõ. Ó ÷åòûð¸õ ðóññêèõ
áîëüíûõ, ïðèíàäëåæàùèõ ê äâóì íåðîäñòâåííûì ñåìü-
ÿì (âñåãî îáñëåäîâàíî 7 ðóññêèõ áîëüíûõ èç ïÿòè íåðîä-
ñòâåííûõ ñåìåé) âûÿâëåíà õàðàêòåðíàÿ äëÿ åâðîïåéöåâ
ìóòàöèÿ c.35delG â ãîìî- (2 ÷åë.) è ãåòåðîçèãîòíîì
(2 ÷åë.) ñîñòîÿíèÿõ.

Ó îáñëåäîâàííûõ òóâèíñêèõ ïàöèåíòîâ ìóòàöèîí-
íûé ñïåêòð ãåíà GJB2 ïðåäñòàâëåí ïÿòüþ ìóòàöèÿìè —
p.W172C, IVS1+1G>A, c.235delC, p.V37I è c.299_300de-
lAT, ñðåäè êîòîðûõ ïðåîáëàäàþò ìóòàöèè p.W172C è
IVS1+1G>A: äîëÿ p.W172C ñðåäè âñåõ ìóòàíòíûõ õðî-
ìîñîì îáñëåäîâàííûõ òóâèíñêèõ ïàöèåíòîâ ñîñòàâëÿåò
51,49%, IVS1+1G>A — 38,61%, à äîëÿ ìóòàöèé
c.235delC, p.V37I, c.299_300delAT — 4,95%, 2,97% è
1,98% ñîîòâåòñòâåííî.

Ìóòàöèÿ p.W172C (c.516G>C)

Íåñèíîíèìè÷íàÿ îäíîíóêëåîòèäíàÿ çàìåíà ãóàíè-
íà íà öèòîçèí â ïîçèöèè 516 ïîñëåäîâàòåëüíîñòè êîäè-
ðóþùåé îáëàñòè ãåíà GJB2 (c.516G>C) ïðèâîäèò ê çà-

ìåíå òðèïòîôàíà íà öèñòåèí (p.W172C) âî âòîðîì âíå-
êëåòî÷íîì äîìåíå áåëêà êîííåêñèíà 26 (Ñõ26)
(ðèñ. 1À, Á). Âïåðâûå ýòà ìóòàöèÿ (â êîìïàóíä-ãåòåðî-
çèãîòíîì ñîñòîÿíèè ñ ðåöåññèâíîé ìóòàöèåé
c.235delC) áûëà îáíàðóæåíà ó îäíîãî ïàöèåíòà-àëòàéöà
â Ðåñïóáëèêå Àëòàé [38]. Â ðàáîòå Tekin ñ ñîàâòîðàìè
ñîîáùàåòñÿ î íàáëþäåíèè ýòîé ìóòàöèè â êîìïà-
óíä-ãåòåðîçèãîòíîì ñîñòîÿíèè ó ãëóõîãî ïàöèåíòà èç
Ìîíãîëèè [43]. Äðóãèå ñâåäåíèÿ î GJB2-ìóòàöèè
p.W172C íà ñåãîäíÿøíèé ìîìåíò â ëèòåðàòóðå îòñóòñò-
âóþò. Ñ ïîìîùüþ ïðîãðàììû PolyPhen2, ñîãëàñíî èñ-
ïîëüçóåìîé ìîäåëè HumVar [20], ïîçâîëÿþùåé ðàçëè-
÷àòü ìóòàöèè ñî çíà÷èòåëüíûì ïîâðåæäàþùèì ýôôåê-
òîì è îñòàëüíóþ âàðèàáåëüíîñòü ãåíîìà ÷åëîâåêà,
âêëþ÷àÿ «ñëàáî-ïîâðåæäàþùèå» àëëåëè, ìóòàöèÿ
ð.W172C (c.516G>C) áûëà êëàññèôèöèðîâàíà êàê «âîç-
ìîæíî ïîâðåæäàþùàÿ» (PolyPhen2 score = 0,901)
(ðèñ. 1Â). Âûðàâíèâàíèå àìèíîêèñëîòíûõ ïîñëåäîâà-
òåëüíîñòåé êîííåêñèíîâ ó ðàçíûõ îðãàíèçìîâ âûÿâèëî
âûñîêóþ êîíñåðâàòèâíîñòü òðèïòîôàíà â 172 àìèíî-
êèñëîòíîé ïîçèöèè Ñõ26 (ðèñ. 1Ã).

GJB2-ãåíîòèïû â ïîäãðóïïàõ áîëüíûõ

Ðàñïðåäåëåíèå ïîëó÷åííûõ ãåíîòèïîâ ïî ãåíó GJB2

â ïîäãðóïïàõ I (â àíàìíåçå íåò óêàçàíèé íà ñðåäîâûå
ôàêòîðû) è II (åñòü óêàçàíèÿ íà âîçìîæíîå âîçäåéñòâèå
ñðåäîâûõ ôàêòîðîâ) ïðèâåäåíî â òàáë. 2. Ìåæäó ýòèìè
ïîäãðóïïàìè áîëüíûõ îáíàðóæåíû ñòàòèñòè÷åñêè çíà-
÷èìûå (ð = 0,0235) ðàçëè÷èÿ â äîëå èíäèâèäóóìîâ ñ äâó-
ìÿ GJB2-ìóòàöèÿìè (22,4% è 9,3% â ïîäãðóïïàõ I è II
ñîîòâåòñòâåííî), â òî âðåìÿ êàê äîëè èíäèâèäóóìîâ
ñ îäíîé GJB2-ìóòàöèåé (15,0% è 18,5% â ïîäãðóïïàõ I è
II ñîîòâåòñòâåííî) çíà÷èìûõ ðàçëè÷èé íå íàáëþäàëîñü
(ð = 0,340) (òàáë. 2).

×àñòîòà ãåòåðîçèãîòíîãî íîñèòåëüñòâà ìóòàöèé
â ãåíå GJB2 â êîíòðîëüíîé âûáîðêå òóâèíöåâ

Â êîíòðîëüíîé âûáîðêå òóâèíöåâ (n = 121) îáíàðó-
æåíî 14 èíäèâèäóóìîâ, ãåòåðîçèãîòíûõ ïî ðåöåññèâ-
íûì GJB2-ìóòàöèÿì: p.W172C (6 ÷åë.), IVS1+1G>A
(5 ÷åë.), è p.V37I (3 ÷åë.). Êðîìå òîãî, ó çíà÷èòåëüíîé
÷àñòè òóâèíöåâ áûëè âûÿâëåíû ïîëèìîðôíûå âàðèàí-
òû ãåíà GJB2 (p.V27I, p.E114G, p.V153I è p.F191L), õà-
ðàêòåðíûå äëÿ àçèàòñêèõ ðåãèîíîâ [24, 32, 36, 37]. Ñóì-
ìàðíàÿ ÷àñòîòà ãåòåðîçèãîòíîãî íîñèòåëüñòâà ðåöåñ-
ñèâíûõ ìóòàöèé â ãåíå GJB2 â èçó÷åííîé âûáîðêå òó-
âèíöåâ ñîñòàâèëà 11,57% (14/121), â òîì ÷èñëå:
p.W172C — 4,96% (6/121), c.IVS1+1G>A — 4,13%
(5/121) è p.V37I — 2,48% (3/121). Òðîå èç ïÿòè èíäèâè-
äóóìîâ, óêàçàâøèõ ïðè îïðîñå íà íåêîòîðîå ñíèæåíèå
ñëóõà, íî íå ñîñòîÿâøèõ íà ñóðäîëîãè÷åñêîì ó÷¸òå,
îêàçàëèñü ãåòåðîçèãîòíûìè ïî ìóòàöèÿì p.W172C,
IVS1+1G>A è p.V37I.
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Òàáëèöà 2
Ðàñïðåäåëåíèå ãåíîòèïîâ ãåíà GJB2,

âûÿâëåííûõ ó îáñëåäîâàííûõ áîëüíûõ è â êîíòðîëüíîé âûáîðêå òóâèíöåâ

Ãåíîòèïû Îáñëåäîâàííûå áîëüíûå Êîíòðîëüíàÿ âû-
áîðêà òóâèíöåâ

(n = 121)
Îáùàÿ âûáîðêà

áîëüíûõ (ýòíè÷åñêàÿ
ïðèíàäëåæíîñòü)

(n = 201)

Ïîäãðóïïà I
(n = 147)

Ïîäãðóïïà II
(n = 54)

Ãåíîòèïû
ñ äâóìÿ
ìóòàöèÿ-
ìè â ãåíå
GJB2

p.W172C/p.W172C 17 (òóâ.) 17 — —

IVS1+1G>A/IVS1+1G>A 6 (òóâ.) 4 2 —

IVS1+1G>A/p.W172C 6 (òóâ.) 4 2 —

c.235delC /p.W172C 3 (òóâ.) 3 — —

c.299_300delAT/p.W172C 2 (òóâ.) 2 — —

IVS1+1G>A/c.299_300delAT 1 (òóâ.) — 1 —

p.V37I/c.235delC 1 (òóâ.) 1 — —

c.35delG/c.35delG 2 (ðóñ.) 2 — —

Îáùåå ÷èñëî èíäèâèäóóìîâ ñ äâóìÿ
ìóòàöèÿìè GJB2 (%)

38 (18,9%) 33 (22,4%) * 5 (9,3%) *
—

Ãåíîòèïû
ñ îäíîé
ìóòàöèåé
â ãåíå
GJB2

p.V27I/p.W172C 1 (òóâ.) — 1 —

p.W172C/wt 6 (òóâ.) 5 1 6

IVS1+1G>A/p.V27I 5 (òóâ.) 3 2 2

IVS1+1G>A/p.I203T 1 (òóâ.) 1 — —

IVS1+1G>A/p.V27I+p.E114G 2 (òóâ.) 1 1 —

IVS1+1G>A/wt 13 (12 òóâ., 1 ìåò.) 8 5 (òóâ,, 1 ìåò,) 3

p.V37I/wt 1 (òóâ.) 1 — 2

p.V27I/ p.V37I — — — 1

c.235delC/wt 1 (òóâ.) 1 — —

c.35delG/wt 2 (ðóñ.) 2 — —

Îáùåå ÷èñëî èíäèâèäóóìîâ ñ îäíîé
ìóòàöèåé GJB2 (%)

32 (15,9%) ## 22 (15,0%) # 10 (18,5%) # 14 (11,6%) ##

Îáùåå ÷èñëî èíäèâèäóóìîâ ñ ìóòàöè-
ÿìè GJB2 (%)

70 (34,8%) 55 (37,4%) 15 (27,8%) 14 (11,6%)

Ãåíîòèïû
ñ ïîëè-
ìîðôíû-
ìè âàðè-
àíòàìè
ãåíà
GJB2

p.V27I/wt 20 (òóâ.) 15 5 21

p.V27I+p.E114G/wt 11 (òóâ.) 9 2 12

p.V27I/ p.V27I 6 (òóâ.) 3 3 5

p.V27I/p.V27I+p.E114G 1 (òóâ.) 1 — 2

p.V27I+p.E114G/p.F191L 1 (òóâ.) 1 — —

p.V27I/ p.F191L 1 (òóâ.) 1 — —

p.V27I+p.E114G/p.V153I — — — 1

p.V153I/wt 1 (òóâ.) — 1 —

Îáùåå ÷èñëî èíäèâèäóóìîâ c ïîëè-
ìîðôíûìè âàðèàíòàìè

41 (20,4%) 30 (20,4%) 11 (20,4%) 41 (33,9%)

Íîðìàëü-
íûé ãåíî-
òèï ïî ãå-
íó GJB2

wt/wt
90 (86 òóâ., 3 ðóñ.,

1 ìåò.)
62 28 66

Îáùåå êîëè÷åñòâî îáñëåäîâàííûõ 201 147 54 121

Ïðèìå÷àíèå. Ïîäãðóïïà I — áîëüíûå áåç êàêèõ-ëèáî óêàçàíèé â àíàìíåçå íà ïðåäïîëàãàåìûé ñðåäîâîé ýòèîëîãè÷åñêèé
ôàêòîð ïîòåðè ñëóõà, ïîäãðóïïà II — áîëüíûå, ó êîòîðûõ â àíàìíåçå òàêèå óêàçàíèÿ åñòü (ñì. â òåêñòå). Ïàòîãåííûå ðå-
öåññèâíûå ìóòàöèè â ãåíå GJB2 âûäåëåíû æèðíûì øðèôòîì; òóâ. — òóâèíöû, ðóñ. — ðóññêèå, ìåò. — ñìåøàííàÿ ýòíè-
÷åñêàÿ ïðèíàäëåæíîñòü. * — ðàçëè÷èÿ ìåæäó ñðàâíèâàåìûìè ïîäãðóïïàìè I è II â ÷èñëå áîëüíûõ ñ äâóìÿ GJB2-ìóòàöèÿ-
ìè ñòàòèñòè÷åñêè çíà÷èìû (ð = 0,0235); # — îòñóòñòâóþò ñòàòèñòè÷åñêè çíà÷èìûå ðàçëè÷èÿ ìåæäó ïîäãðóïïàìè I è II
â ÷èñëå áîëüíûõ ñ îäíîé GJB2-ìóòàöèåé (ð = 0,340); ** — îòñóòñòâóþò ñòàòèñòè÷åñêè çíà÷èìûå ðàçëè÷èÿ â ÷èñëå èíäè-
âèäóóìîâ ñ îäíîé GJB2-ìóòàöèåé ìåæäó âûáîðêîé áîëüíûõ (äëÿ êîððåêòíîñòè ñîïîñòàâëåíèÿ ðàñ÷¸ò ïðîèçâîäèëñÿ
òîëüêî ïî òóâèíñêèì áîëüíûì) è êîíòðîëüíîé âûáîðêîé òóâèíöåâ (p = 0,202).
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Ðèñ. 2. Ðàñïðåäåëåíèå ìóòàöèé p.W172C è IVS1+1G>A íà òåððèòîðèè Ðåñïóáëèêè Òûâà. Òåððèòîðèàëüíîå ðàñïðåäåëåíèå ìóòàíòíûõ àëëåëåé
ãåíà GJB2 ïîëó÷åíî íà îñíîâå äàííûõ î ìåñòå ðîæäåíèÿ (â îòäåëüíûõ ñëó÷àÿõ, ìåñòå ïðîæèâàíèÿ) âñåõ èíäèâèäóóìîâ, èìåþùèõ ìóòàöèè
p.W172C è IVS1+1G>A (áîëüíûå, èõ ðîäñòâåííèêè è ãåòåðîçèãîòíûå íîñèòåëè ýòèõ ìóòàöèé èç êîíòðîëüíîé âûáîðêè òóâèíöåâ).

Ðèñ. 1. Ìóòàöèÿ p.W172Ñ (c.516G>C) â ãåíå GJB2 (Ñõ26):
À — ñåêâåíîãðàììû ôðàãìåíòà ãåíà GJB2 (ñâåðõó âíèç): ãîìîçèãîòà wt/wt; ãåòåðîçèãîòà c.516G>C/wt; ãîìîçèãîòà c.516G>C/c.516G>C; Á —
ñõåìàòè÷íîå ïðåäñòàâëåíèå àìèíîêèñëîòíîé ïîñëåäîâàòåëüíîñòè êîííåêñèíà 26 (Ñõ26) ñ ìóòàöèåé p.W172Ñ; Â — ìóòàöèÿ ð.W172C êëàññè-
ôèöèðîâàíà ñ ïîìîùüþ ïðîãðàììû PolyPhen2 êàê «âîçìîæíî ïîâðåæäàþùàÿ» (PolyPhen2 score = 0.901); Ã — âûðàâíèâàíèå àìèíîêèñëîòíûõ
ïîñëåäîâàòåëüíîñòåé êîííåêñèíîâ ó ðàçíûõ îðãàíèçìîâ.



Ïðè ñîïîñòàâëåíèè äîëè èíäèâèäóóìîâ, ãåòåðîçè-
ãîòíûõ ïî ìóòàöèÿì â ãåíå GJB2, â âûáîðêå áîëüíûõ
(ðàñ÷¸ò ïðîâîäèëñÿ ïî òóâèíñêèì áîëüíûì) è â êîíò-
ðîëüíîé âûáîðêå òóâèíöåâ ñòàòèñòè÷åñêè çíà÷èìûõ
ðàçëè÷èé íå íàáëþäàëîñü (p = 0,2019) (òàáë. 2).

×àñòîòà GJB2-ìóòàöèé ó òóâèíñêèõ áîëüíûõ
è â êîíòðîëüíîé âûáîðêå

Â òàáë. 3 ïðåäñòàâëåíû ÷àñòîòû ìóòàöèé è ïîëèìîð-
ôíûõ âàðèàíòîâ ãåíà GJB2 â âûáîðêå òóâèíñêèõ áîëü-
íûõ è â êîíòðîëüíîé âûáîðêå íåñâÿçàííûõ ðîäñòâîì òó-
âèíöåâ. Äëÿ èñêëþ÷åíèÿ âîçìîæíîãî ñìåùåíèÿ îöåíîê
÷àñòîòû ìóòàöèé â îáùåé âûáîðêå òóâèíñêèõ áîëüíûõ
çà ñ÷¸ò ïðèñóòñòâèÿ â íåé íåêîòîðîãî ÷èñëà ðîäñòâåí-
íûõ èíäèâèäîâ, áûëà ñôîðìèðîâàíà âûáîðêà íåðîäñò-
âåííûõ áîëüíûõ (167 ÷åë.). Ñòàòèñòè÷åñêè çíà÷èìûå
ðàçëè÷èÿ ìåæäó âûáîðêîé íåðîäñòâåííûõ òóâèíñêèõ
áîëüíûõ è êîíòðîëüíîé âûáîðêîé òóâèíöåâ ïîëó÷åíû
äëÿ ìóòàöèé p.W172C — 0,132 è 0,025 ñîîòâåòñòâåííî
(ð < 10�4) è IVS1+1G>A — 0,108 è 0,021 ñîîòâåòñòâåííî
(ð < 10�4) (òàáë. 3).

Îáñóæäåíèå

Â Ðåñïóáëèêå Òûâà ïðîâåäåíà îöåíêà ñïåêòðà ìóòà-
öèé â ãåíå GJB2 (Cx26) è èõ âêëàäà â âîçíèêíîâåíèå ïî-
òåðè ñëóõà â âûáîðêå áîëüíûõ ñ âðîæä¸ííîé èëè âîç-
íèêøåé â ðàííåì âîçðàñòå íåéðîñåíñîðíîé òóãîóõîñòüþ
òÿæåëîé ñòåïåíè / ãëóõîòîé, ðàññìàòðèâàåìîé â êà÷åñò-
âå íàèáîëåå àäåêâàòíîé êîãîðòû äëÿ îöåíêè ãåíåòè÷å-

ñêîé êîìïîíåíòû ïîòåðè ñëóõà, è ïðîàíàëèçèðîâàíà
ðàñïðîñòðàí¸ííîñòü ìóòàöèé â ãåíå GJB2 â êîíòðîëüíîé
âûáîðêå òóâèíöåâ.

Ñïåöèôèêà ìóòàöèîííîãî ñïåêòðà â ãåíå GJB2
ó êîðåííîãî íàñåëåíèÿ Ðåñïóáëèêè Òûâà

Ìóòàöèîííûé ñïåêòð ãåíà GJB2 ó îáñëåäîâàííûõ òó-
âèíöåâ ñ ïîòåðåé ñëóõà îãðàíè÷åí ïÿòüþ ìóòàöèÿìè
(p.W172C, IVS1+1G>A, c.235delC, p.V37I è c.299_300de-
lAT). Ñóììàðíàÿ äîëÿ ìóòàöèé p.W172C è IVS1+1G>A
(n = 91) ñîñòàâëÿåò 90,1% ñðåäè âñåõ îáíàðóæåííûõ ìó-
òàíòíûõ õðîìîñîì (n = 101) (òàáë. 3), òàêèì îáðàçîì, âå-
ðîÿòíî, ýòè GJB2-ìóòàöèè ÿâëÿþòñÿ îñíîâíûìè (ìàæîð-
íûìè) äëÿ ïðåäñòàâèòåëåé êîðåííîãî íàñåëåíèÿ Òóâû.

Ñóùåñòâåííîå ïðåîáëàäàíèå ìóòàöèé p.W172C è
IVS1+1G>A â ìóòàöèîííîì ñïåêòðå ãåíà GJB2 ó òóâèíöåâ
ïîçâîëÿåò ïðåäïîëîæèòü ðîëü ýôôåêòà îñíîâàòåëÿ â ïðî-
èñõîæäåíèè ýòèõ ìóòàöèé, à èõ øèðîêàÿ ðàñïðî-
ñòðàí¸ííîñòü ïî âñåé òåððèòîðèè Òûâû (ðèñ. 2) ìîæåò
êîñâåííî ñâèäåòåëüñòâîâàòü îá îòíîñèòåëüíî äàâíåì âîç-
íèêíîâåíèè ìóòàöèé p.W172C è IVS1+1G>A â ïîïóëÿöèè
êîðåííîãî íàñåëåíèÿ Ðåñïóáëèêè Òûâà. Ìóòàöèÿ
p.W172C áûëà ðàíåå îáíàðóæåíà òîëüêî â Ðåñïóáëèêå Àë-
òàé [38] è â Ìîíãîëèè [43], ãðàíè÷àùèõ ñ Ðåñïóáëèêîé
Òûâà. Âûñîêàÿ ÷àñòîòà ìóòàöèè p.W172C ó òóâèíöåâ,
âñòðå÷àåìîñòü ýòîé ìóòàöèè íà òåððèòîðèè Àëòàÿ è Ìîí-
ãîëèè, å¸ îòñóòñòâèå â äðóãèõ ðåãèîíàõ ìèðà è òîò ôàêò,
÷òî ñîâðåìåííûå êîðåííûå æèòåëè Àëòàÿ, Òûâû è Ìîíãî-
ëèè, â òîé èëè èíîé ñòåïåíè, ÿâëÿþòñÿ ïîòîìêàìè äðåâ-
íèõ êî÷åâûõ òþðêî- è ìîíãîëîÿçû÷íûõ ïëåìåí, ìèãðèðó-
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Òàáëèöà 3
×àñòîòû ìóòàöèé è ïîëèìîðôíûõ âàðèàíòîâ ãåíà GJB2
ó òóâèíñêèõ áîëüíûõ è â êîíòðîëüíîé âûáîðêå òóâèíöåâ

Ìóòàöèÿ /
ïîëèìîðôíûé âàðèàíò

×èñëî ìóòàíòíûõ àë-
ëåëåé ó 192 òóâèíñêèõ
áîëüíûõ (ó 167 íåðîä-

ñòâåííûõ áîëüíûõ)

×àñòîòà ìóòàíòíîãî
àëëåëÿ ó 192 òóâèí-

ñêèõ áîëüíûõ
(ó 167 íåðîäñòâåííûõ

áîëüíûõ))

×èñëî ìóòàíòíûõ àë-
ëåëåé â êîíòðîëüíîé

âûáîðêå òóâèíöåâ
(n = 121)

×àñòîòà ìóòàíòíîãî
àëëåëÿ â êîíòðîëüíîé

âûáîðêå òóâèíöåâ
(n = 121)

p.W172C 52 (44) 0,135 * (0,132 *) 6 0,025 *

IVS1+1G>A 39 (36) 0,102 ** (0,108 **) 5 0,021 **

c.235delC 5 (5) 0,013 (0,015) — —

c.299_300delAT 3 (2) 0,008 (0,006) — —

p.V37I 2 (2) 0,005 (0,006) 3 0,012

Âñåãî ìóòàíòíûõ õðîìîñîì 101 (89) 0,263 (0,266) 14 0,058

p.V27I 40 (38) 0,104 (0,114) 36 0,149

p.V27I+p.E114G 15 (12) 0,039 (0,036) 15 0,062

p.I203T 1 (1) 0,003 (0,003) — —

p.F191L 2 (2) 0,005 0,006) — —

p.V153I 1 (1) 0,003 (0,003) 1 0,004

Âñåãî õðîìîñîì 384 (334) 242

Ïðèìå÷àíèå. Ïàòîãåííûå ðåöåññèâíûå ìóòàöèè â ãåíå GJB2 âûäåëåíû æèðíûì øðèôòîì; * — ñòàòèñòè÷åñêè çíà÷èìûå
ðàçëè÷èÿ â ÷àñòîòå ìóòàöèè p.W172C ìåæäó âûáîðêîé áîëüíûõ è êîíòðîëüíîé âûáîðêîé òóâèíöåâ (ð < 10�4); ** — ñòà-
òèñòè÷åñêè çíà÷èìûå ðàçëè÷èÿ â ÷àñòîòå ìóòàöèè IVS1+1G>A ìåæäó âûáîðêîé áîëüíûõ è êîíòðîëüíîé âûáîðêîé òóâèí-
öåâ (ð < 10�4)



þùèõ â ïðîøëîì ïî òåððèòîðèè Öåíòðàëüíîé Àçèè [9, 15,
16], — âñå ýòè ôàêòû ïîçâîëÿþò âûäâèíóòü ãèïîòåçó î âîç-
íèêíîâåíèè ìóòàöèè p.W172C è âåäóùåé ðîëè ýôôåêòà
îñíîâàòåëÿ â å¸ ðàñïðîñòðàí¸ííîñòè íà òåððèòîðèè ñîâðå-
ìåííîé Ðåñïóáëèêè Òûâà è ãåîãðàôè÷åñêè áëèçêèõ ðåãèî-
íàõ.

Âûðàæåííûé ýôôåêò îñíîâàòåëÿ, ïðèâåäøèé ê óíè-
êàëüíî âûñîêîé ÷àñòîòå ìóòàöèè IVS1+1G>A ó ÿêóòîâ,
êîðåííîãî íàñåëåíèÿ Ðåñïóáëèêè Ñàõà (ßêóòèÿ), áûë íå-
äàâíî ïîêàçàí ïðè ðåêîíñòðóêöèè ãàïëîòèïîâ õðîìîñîì,
íåñóùèõ ýòó ìóòàöèþ, ÷òî ïîçâîëèëî òàêæå îðèåíòèðî-
âî÷íî îöåíèòü âðåìÿ å¸ âîçíèêíîâåíèÿ â ßêóòèè

(�800 ëåò) [22]. Ðåêîíñòðóêöèÿ ãàïëîòèïîâ õðîìîñîì
ñ IVS1+1G>A ó òóâèíöåâ, ïðèíàäëåæàùèõ, êàê è ÿêóòû,
ê îäíîé (òþðêñêîé) ÿçûêîâîé ñåìüå è èìåþùèõ ñ íèìè
îáùèå ýòàïû ýòíîãåíåçà [1, 6, 9], âåðîÿòíî, ïîçâîëèò
óòî÷íèòü ðåãèîí ïðîèñõîæäåíèÿ ìóòàöèè IVS1+1G>A.

Âêëàä ìóòàöèé â ãåíå GJB2 â ýòèîëîãèþ ïîòåðè ñëóõà
ó íàñåëåíèÿ Ðåñïóáëèêè Òûâà

Ó 34,8% (70 ÷åë.) îáñëåäîâàííûõ áîëüíûõ îáíàðóæå-
íû ðåöåññèâíûå ìóòàöèè â ãåíå GJB2, îäíàêî, òîëüêî 38
èç íèõ (18,9%) èìåëè äâå GJB2-ìóòàöèè, â ãîìîçèãîò-
íîì èëè êîìïàóíä-ãåòåðîçèãîòíîì ñîñòîÿíèè (òàáë. 2).
Ïîäàâëÿþùàÿ ÷àñòü îáñëåäîâàííûõ áîëüíûõ (192 èç
201) ïðåäñòàâëåíà òóâèíöàìè, ïîýòîìó ïîëó÷åííûå äàí-
íûå î âêëàäå ìóòàöèé â ãåíå GJB2 â ýòèîëîãèþ ïîòåðè
ñëóõà, â öåëîì, ñîîòâåòñòâóþò ñâåäåíèÿì îá îòíîñèòåëü-
íî ìåíüøåé äîëå ñëó÷àåâ GJB2-îáóñëîâëåííîé ïîòåðè
ñëóõà â àçèàòñêèõ ïîïóëÿöèÿõ ïî ñðàâíåíèþ ñ åâðîïåé-
ñêèìè [26, 32, 43, 49].

Íåîáõîäèìîñòü ãåíåòè÷åñêîãî òåñòèðîâàíèÿ
â áîëåå øèðîêîé êàòåãîðèè áîëüíûõ ñ ïîòåðåé ñëóõà

Ïîòåíöèàëüíûå ñðåäîâûå ýòèîëîãè÷åñêèå ôàêòîðû
(ïåðåíåñ¸ííûå èíôåêöèè, îñëîæíåíèÿ â ðîäàõ, íèçêèõ
âåñ ïðè ðîæäåíèè è ò.ä.) è äîïîëíèòåëüíûå êëèíè÷å-
ñêèå ïðèçíàêè ðàíåå ÷àñòî ÿâëÿëèñü êðèòåðèåì, èñêëþ-
÷àþùèì ïðîâåäåíèå ãåíåòè÷åñêîãî òåñòèðîâàíèÿ íà íà-
ëè÷èå ìóòàöèé â ãåíå GJB2 ó ïàöèåíòîâ ñ ïîòåðåé ñëóõà.
Â íàøåé ðàáîòå ó áîëüíûõ èç Ðåñïóáëèêè Òûâà áûëè îá-
íàðóæåíû ìóòàöèè â ãåíå GJB2 êàê â ïîäãðóïïå I (áîëü-
íûå áåç óêàçàíèé íà ñðåäîâûå ýòèîëîãè÷åñêèå ôàêòîðû
ïîòåðè ñëóõà), òàê è â ïîäãðóïïå II (áîëüíûå ñ îòÿ-
ãîù¸ííûì àíàìíåçîì). Ýòè äàííûå ïîäòâåðæäàþò ìíå-
íèå ñîâðåìåííûõ èññëåäîâàòåëåé î íåîáõîäèìîñòè ïðî-
âåäåíèÿ ãåíåòè÷åñêîé äèàãíîñòèêè ìóòàöèé â ãåíå GJB2

â áîëåå øèðîêîé êàòåãîðèè áîëüíûõ ñ ïîòåðåé ñëóõà [11,
30, 40, 45, 48].

Ãðóïïà áîëüíûõ, èìåþùèõ îäíó GJB2-ìóòàöèþ

Ðàíåå, âî ìíîãèõ èññëåäîâàíèÿõ áûëî ïîêàçàíî, ÷òî
ó îïðåäåë¸ííîé äîëè áîëüíûõ ñ ïîòåðåé ñëóõà âûÿâëÿåò-
ñÿ òîëüêî îäíà ðåöåññèâíàÿ GJB2-ìóòàöèÿ, è ïðè÷èíû
ïîòåðè ñëóõà ó òàêèõ áîëüíûõ îñòàþòñÿ íåÿñíûìè.
Â Ðåñïóáëèêå Òûâà ìû íå âûÿâèëè äîñòîâåðíî çíà÷è-

ìûõ ðàçëè÷èé â ÷èñëå èíäèâèäóóìîâ ñ îäíîé GJB2-ìó-
òàöèåé â âûáîðêå òóâèíñêèõ áîëüíûõ (29/192 — â îáùåé
âûáîðêå, 27/167 — â ãðóïïå íåðîäñòâåííûõ áîëüíûõ)
ñ ÷èñëîì ãåòåðîçèãîòíûõ íîñèòåëåé GJB2-ìóòàöèé
â êîíòðîëüíîé âûáîðêå òóâèíöåâ (14/121) (òàáë. 2).
Ìîæíî ïðåäïîëîæèòü, ÷òî îïðåäåë¸ííàÿ ÷àñòü áîëüíûõ
ñ îäíîé GJB2-ìóòàöèåé òàêæå ÿâëÿþòñÿ ñëó÷àéíûìè ãå-
òåðîçèãîòíûìè íîñèòåëÿìè GJB2-ìóòàöèé, è ïîòåðÿ
ñëóõà ó íèõ íàïðÿìóþ íå ñâÿçàíà ñ íàëè÷èåì îäíîé êî-
ïèè ìóòàöèè â ãåíå GJB2. Îæèäàåìîå êîëè÷åñòâî òàêèõ
ñëó÷àéíûõ ãåòåðîçèãîòíûõ íîñèòåëåé GJB2-ìóòàöèé
â âûáîðêå áîëüíûõ ìîæíî îöåíèòü íà îñíîâå ñóììàð-
íîé ÷àñòîòû ãåòåðîçèãîòíîãî íîñèòåëüñòâà GJB2-ìóòà-
öèé, îáíàðóæåííîé â êîíòðîëüíîé âûáîðêå íåñâÿçàí-
íûõ ðîäñòâîì òóâèíöåâ (0,116 = 14/121) (òàáë. 2). Ïðè
òàêîì ïîäõîäå, îæèäàåìîå ÷èñëî èíäèâèäóóìîâ ñ îäíîé
GJB2-ìóòàöèåé â ãðóïïå íåðîäñòâåííûõ òóâèíñêèõ áî-
ëüíûõ, íå èìåþùèõ áèàëëåëüíûõ GJB2-ìóòàöèé
(n = 167-31 = 136), ñîñòàâèëî 16 ÷åë. (136 õ 0,116 = 15,8)
è, òàêèì îáðàçîì, â àíàëèçèðóåìîé ãðóïïå òóâèíñêèõ
áîëüíûõ íàáëþäàåòñÿ îïðåäåë¸ííûé «èçáûòîê» ðåàëü-
íîãî ÷èñëà ãåòåðîçèãîòíûõ ïî GJB2-ìóòàöèÿì áîëüíûõ
ïî ñðàâíåíèþ ñ îæèäàåìûì (27 è 16, ð<0,05). Àíàëèç
ðîäîñëîâíûõ áîëüíûõ ñ îäíîé GJB2-ìóòàöèåé ïîêàçàë,
÷òî ó ñóùåñòâåííîé ÷àñòè áîëüíûõ, ãåòåðîçèãîòíûõ ïî
GJB2-ìóòàöèÿì, èìåþòñÿ áëèçêèå ðîäñòâåííèêè (îäèí
èëè îáà ðîäèòåëÿ, áðàòüÿ, ñ¸ñòðû) ñ ïîòåðåé ñëóõà (ñå-
ìåéíûå ñëó÷àè), ÷òî ìîæåò ñâèäåòåëüñòâîâàòü îá ó÷àñ-
òèè êàêèõ-ëèáî ãåíåòè÷åñêèõ ôàêòîðîâ â âîçíèêíîâå-
íèè ïàòîëîãèè ñëóõà ó òàêèõ áîëüíûõ. Òàê, íàïðèìåð,
ýòî ìîãóò áûòü íåâûÿñíåííûå ïîêà íàðóøåíèÿ ðåãóëÿ-
òîðíûõ ñòðóêòóð ãåíà GJB2, îáóñëîâëåííûå ïðî-
òÿæ¸ííûìè äåëåöèÿìè â áëèçëåæàùèõ ó÷àñòêàõ õðîìî-
ñîìû 13 [47], ïðèñóòñòâèå êîòîðûõ íå àíàëèçèðîâàëîñü
â ðàìêàõ äàííîé ðàáîòû, à òàêæå ìóòàöèè â äðóãèõ ãå-
íàõ.

«Ñõ26-íåãàòèâíûå» áîëüíûå

Ó ñóùåñòâåííîé ÷àñòè îáñëåäîâàííûõ áîëüíûõ
(131 ÷åë.), òàê íàçûâàåìûõ «Ñõ26-íåãàòèâíûõ» áîëüíûõ,
ìóòàöèè â ãåíå GJB2 (Ñõ26) íå áûëè âûÿâëåíû. Ó 28 òà-
êèõ áîëüíûõ èìåþòñÿ áëèçêèå ðîäñòâåííèêè (îäèí èëè
îáà ðîäèòåëÿ è/èëè áðàòüÿ, ñåñòðû) ñ ïîòåðåé ñëóõà [35].
Òàêèì îáðàçîì, ïîòåðÿ ñëóõà ó îïðåäåë¸ííîé ÷àñòè
«Ñõ26-íåãàòèâíûõ» áîëüíûõ ìîæåò îïðåäåëÿòüñÿ äðóãè-
ìè, íåæåëè ìóòàöèè â ãåíå GJB2, ãåíåòè÷åñêèìè ôàêòî-
ðàìè. Îäíèì èç âåðîÿòíûõ ãåíîâ-êàíäèäàòîâ ÿâëÿåòñÿ
ãåí SCL26A4 (7q22-q31), êîäèðóþùèé òðàíñìåìáðàí-
íûé áåëîê ïåíäðèí — ìíîãîôóíêöèîíàëüíûé àíèîí-
íûé òðàíñïîðòåð, êîòîðûé ýêñïðåññèðóåòñÿ â òêàíÿõ
âíóòðåííåãî óõà, ùèòîâèäíîé æåëåçû è ïî÷åê [33]. Ìó-
òàöèè â ãåíå SCL26A4 (MIM 605646) ìîãóò ïðèâîäèòü
ê íåñèíäðîìàëüíîé ïîòåðå ñëóõà (DFNB4, MIM
600791). Ó ïàöèåíòîâ ñ DFNB4 ÷àñòî íàáëþäàåòñÿ ðàñ-
øèðåíèå âåñòèáóëÿðíîãî âîäîïðîâîäà (EVA, enlarged
vestibular aqueduct) è/èëè äèñïëàçèÿ Ìîíäèíè (Mondini
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dysplasia). Ìóòàöèè â ãåíå SCL26A4 ìîãóò òàêæå ïðèâî-
äèòü ê íåêîòîðûì ôîðìàì ñèíäðîìà Ïåíäðåäà (MIM
274600) — çàáîëåâàíèÿ, ïðîÿâëÿþùåãîñÿ çîáîì è ïîòå-
ðåé ñëóõà [25]. Êðîìå òîãî, â ëèòåðàòóðå îïèñàíû ðåäêèå
ñëó÷àè ïîòåðè ñëóõà, îáóñëîâëåííîé ñåãðåãàöèåé ìóòà-
öèé ãåíîâ GJB2 è SCL26A4 â ñåìüÿõ ñ íàðóøåíèÿìè ñëó-
õîâîé ôóíêöèè [23, 28]. Òàê, ó îäíîãî èç ÷ëåíîâ áîëü-
øîé ñåìüè ñ áëèçêîðîäñòâåííûìè áðàêàìè èç Òóíèñà
âûÿâëåíî ñî÷åòàííîå ïðèñóòñòâèå äâóõ êîïèé ìóòàöèè
p.E47X â ãåíå GJB2 è îäíîé ìóòàöèè c.451delG â ãåíå
SCL26A4 ó [23], à ó áîëüíîãî èç Êèòàÿ — óíèêàëüíîå ñî-
÷åòàíèå äâóõ áèàëëåëüíûõ ìóòàöèé (p.T86R è
c.299_300delAT) â ãåíå GJB2 è äâóõ áèàëëåëüíûõ ìóòà-
öèé (p.T410M è p.A360V) â ãåíå SCL26A4 [28]. Èíäèâè-
äóàëüíûé ïàòîãåíåòè÷åñêèé ýôôåêò ìóòàöèé êàæäîãî èç
ýòèõ ãåíîâ è èõ âîçìîæíîå àääèòèâíîå íåãàòèâíîå âîç-
äåéñòâèå íà ñëóõîâóþ ôóíêöèþ îöåíèòü ïîêà ñëîæíî
èç-çà ðåäêîé âñòðå÷àåìîñòè òàêèõ ñëó÷àåâ. Ó 22 îáñëåäî-
âàííûõ áîëüíûõ ñ ïîòåðåé ñëóõà èç Ðåñïóáëèêè Òûâà,
â êà÷åñòâå ñîïóòñòâóþùåãî çàáîëåâàíèÿ, áûëè âûÿâëå-
íû íàðóøåíèÿ ôóíêöèè ùèòîâèäíîé æåëåçû (çîá ðàç-
íîé ñòåïåíè, ãèïîòèðåîç è äð.). Ó äåâÿòè òàêèõ áîëüíûõ
áûëè îáíàðóæåíû ìóòàöèè â ãåíå GJB2: ó äâóõ — äâå
GJB2-ìóòàöèè (ãåíîòèïû IVS1+1G>A/IVS1+1G>A è
IVS1+1G>A/ð.W172C), ñåìü èíäèâèäóóìîâ îêàçàëèñü
ãåòåðîçèãîòíûìè ïî GJB2-ìóòàöèÿì (6 — ñ ãåíîòèïîì
IVS1+1G>A/wt, 1 — ñ ãåíîòèïîì ð.W172C/wt). Ó âîñüìè
áîëüíûõ ñ ïîòåðåé ñëóõà è íàðóøåíèÿìè ôóíêöèè ùè-
òîâèäíîé æåëåçû èìåëèñü áëèçêèå ðîäñòâåííèêè ñ íà-
ðóøåíèÿìè ñëóõà (ñåìåéíûå ñëó÷àè ïîòåðè ñëóõà).

Âûÿâëåíèå ñåìåéíûõ (íàñëåäóåìûõ) ñëó÷àåâ
«Ñõ26-íåãàòèâíîé» ïîòåðè ñëóõà â Ðåñïóáëèêå Òûâà ÿâ-
ëÿåòñÿ ïðÿìûì ñâèäåòåëüñòâîì íàëè÷èÿ äðóãèõ, ïîêà
íåóñòàíîâëåííûõ, ãåíîâ, àññîöèèðîâàííûõ ñ ýòîé ïàòî-
ëîãèåé. Òàêèì îáðàçîì, äîëÿ áîëüíûõ ñ ïîòåðåé ñëóõà,
îáóñëîâëåííîé íàëè÷èåì äâóõ ðåöåññèâíûõ ìóòàöèé
â ãåíå GJB2 (18,9%), ÿâëÿåòñÿ ìèíèìàëüíîé îöåíêîé ãå-
íåòè÷åñêîé êîìïîíåíòû â ýòèîëîãèè ïîòåðè ñëóõà ó íà-
ñåëåíèÿ Òóâû, âåëè÷èíà êîòîðîé, âåðîÿòíî, ìîæåò áûòü
áîëüøå çà ñ÷¸ò äðóãèõ, ïîêà íåóñòàíîâëåííûõ, ãåíåòè÷å-
ñêèõ ôàêòîðîâ.
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Study of hereditary forms of hearing loss in the Republic of Tuva.
II. Evaluation of the mutational spectrum of the GJB2 (Cx26) gene
and its contribution to the etiology of hearing loss

Bady-Khoo M.S.1,2, Bondar A.A.3, Morozov I.V.3,4, Zytsar M.V.1,4,
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Here we present the results of the hearing loss genetic component study caused by mutations in the GJB2 (Cx26) gene. The study
was conducted in 201 patients from the Republic of Tuva with congenital or early onset severe-profound sensorineural hearing loss.
The GJB2 gene recessive mutations p.W172C (c.516G>C), IVS1+1G>A (ñ.-23+1G>A), c.235delC, p.V37I (c.109G>A),
c.299_300delAT, c.35delG) in homozygous, compound heterozygous or heterozygous mutation states were identified in 70 patients
(34.8% of patients), 38 of whom (18.9%) had two GJB2-mutation, and 32 (15.9%) — only one GJB2-mutation. Mutational spectrum of
the GJB2 gene in studied Tuvinian patients was characterized by the presence of five mutations (p.W172C, IVS1+1G>A, c.235delC,
p.V37I, and c.299_300delAT) and GJB2 gene polymorphic variants p.V27I (c.79G>A), p.E114G (c.341A>G), p.V153I (c.457G>A),
p.F191L (c.571T>C), p.I203T (c.608T>C), common in the Asian regions while the only mutation c.35delG characteristic for Cauca-
sians has been found in Russian patients. The frequencies of mutations p.W172C, IVS1+1G>A, c.235delC, p.V37I, and
c.299_300delAT among all mutant chromosomes in examined Tuvinian patients were 51.49%, 38.61%, 4.95%, 2.97%, and 1.98%,
respectively. Total carrier frequency of recessive GJB2 mutations in Tuvinian population sample (n = 121) was 11.57% (p.W172C —
4.96%, IVS1 +1 G>A — 4.13%, p.V37I — 2.48%, respectively). We detected GJB2 mutations in patients that had a history of various
environmental etiological factors, presumably leading to their hearing loss. This strongly suggests the necessity for genetic testing in
such group of patients as well. Familial cases of «Cx26-negative» hearing loss identified in the Republic of Tuva suggests the pres-
ence of other, yet unidentified, genes associated with this pathology. The proportion of patients with hearing loss due to the presence
of two recessive GJB2 mutations of the gene is 18.9%, which is a minimal estimation of the genetic component in etiology of hearing
loss in the Tuva population.

Key words: sensorineural hearing loss, GJB2 (Cx26) gene mutations, the Republic of Tuva
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