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Ìèíèñòåðñòâà çäðàâîîõðàíåíèÿ Ðîññèéñêîé Ôåäåðàöèè

Ïåðâîïðè÷èíîé ðàçâèòèÿ ëþáîãî íàñëåäñòâåííîãî çàáîëåâàíèÿ, è ñòåðîèäðåçèñòåíòíîãî íåôðîòè÷åñêîãî ñèíäðîìà
(ÑÐÍÑ) â ÷àñòíîñòè, ÿâëÿþòñÿ íóêëåîòèäíûå çàìåíû, ïðèâîäÿùèå ê ïàòîãåííûì èçìåíåíèÿì êîäèðóåìûõ áåëêîâ. Äàííîå èñ-
ñëåäîâàíèå íàïðàâëåíî íà ðàçðàáîòêó îïòèìàëüíîãî àëãîðèòìà äèàãíîñòèêè ðàçëè÷íûõ íàñëåäñòâåííûõ áîëåçíåé ïî÷åê,
îáúåäèíåííûõ ñèìïòîìîêîìïëåêñîì íåôðîòè÷åñêîãî ñèíäðîìà. Íà îñíîâå òåõíîëîãèè ñåêâåíèðîâàíèÿ íîâîãî ïîêîëåíèÿ è
ñåêâåíèðîâàíèÿ ïî Ñýíãåðó áûëè îáñëåäîâàíû 45 ïàöèåíòîâ â âîçðàñòå îò 0 äî 6 ëåò ñ ïîäîçðåíèåì íà íåôðîòè÷åñêèé ñèíä-
ðîì. Ó âñåõ ïàöèåíòîâ íàáëþäàëàñü ðåçèñòåíòíîñòü ê ãîðìîíàëüíîé òåðàïèè. Â ðåçóëüòàòå èññëåäîâàíèÿ ó 35 ïàöèåíòîâ áû-
ëè îáíàðóæåíû ìóòàöèè ãåíîâ NPHS1, NPHS2, PLCE1, TRPC6, ACTN4, WT1, COL4A3, COL4A4, COL4A5, CD2AP, COQ2, COQ6,
ïðè ýòîì áûëî âûÿâëåíî 10 íîâûõ ìóòàöèé. Ïîëó÷åííûå äàííûå ìîãóò ñâèäåòåëüñòâîâàòü î çíà÷èòåëüíîé ãåòåðîãåííîñòè
ÑÐÍÑ â Ðîññèéñêîé Ôåäåðàöèè.
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The original cause of development of any hereditary disease and steroid-resistant nephrotic syndrome (SRNS) in particular are
the nucleotide substitutions leading to pathogenic changes in the encoded proteins. This research is directed to development of opti-
mum algorithm of diagnostics of various hereditary diseases of kidneys united by symptom complex of nephrotic syndrome. On the
basis of next generation sequencing and Sanger sequencing technology we examined 45 patients aged from 0 to 6 years old with sus-
picion on a nephrotic syndrome. Resistance to hormonal therapy was observed at all patients. As a result of research we have found
mutations in 35 patients in genes NPHS1, NPHS2, PLCE1, TRPC6, ACTN4, WT1, COL4A3, COL4A4, COL4A5, CD2AP, COQ2, COQ6
and moreover we have revealed 10 new mutations. The obtained data can confirm considerable heterogeneity of SRNS in the Russian
Federation.
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Àêòóàëüíîñòü

Íåôðîòè÷åñêèé ñèíäðîì (ÍÑ) ÿâëÿåòñÿ àêòóàëüíîé
ïðîáëåìîé ïåäèàòðèè. Êëèíèêî-ëàáîðàòîðíûé ñèìïòî-
ìîêîìïëåêñ ÍÑ õàðàêòåðèçóåòñÿ ïåðèôåðè÷åñêèìè èëè
ãåíåðàëèçîâàííûìè îòåêàìè, ìàññèâíîé ïðîòåèíóðèåé
(áîëåå 2,5 ã/ñóò. èëè 50 ìã/êã/ñóò.), ãèïî- è äèñïðîòåè-
íåìèåé, ãèïîàëüáóìèíåìèåé (ìåíåå 40 ã/ë), ãèïåðëèïè-
äåìèåé è ëèïèäóðèåé [1, 2]. Îñîáîãî âíèìàíèÿ çàñëóæè-
âàåò ãåíåòè÷åñêè îáóñëîâëåííûé âðîæäåííûé ÍÑ, âîç-
íèêàþùèé ó äåòåé ïåðâîãî ãîäà æèçíè. Ïîäàâëÿþùåå
áîëüøèíñòâî òàêèõ áîëüíûõ ðåçèñòåíòíû êî âñåì âèäàì
ñòåðîèäíîé è èììóíîñóïðåññèâíîé òåðàïèè, ÷òî çíà÷è-
òåëüíî îñëîæíÿåò èõ ëå÷åíèå è óõóäøàåò ïðîãíîç [3]. Íà
îñíîâàíèè êëèíè÷åñêèõ ïðèçíàêîâ, ôóíêöèîíàëüíîé è

áèîõèìè÷åñêîé äèàãíîñòèêè ïîñòàíîâêà äèàãíîçà ïàöè-
åíòàì ñ ñòåðîèäðåçèñòåíòíûì íåôðîòè÷åñêèì ñèíäðî-
ìîì âåñüìà çàòðóäíèòåëüíà; äëÿ âûÿâëåíèÿ ïåðâîïðè-
÷èíû ðàçâèòèÿ ÍÑ íåîáõîäèìî ïðîâåäåíèå ìîëåêóëÿð-
íî-ãåíåòè÷åñêîãî èññëåäîâàíèÿ.

Ñëîæíîñòü âûÿâëåíèÿ ïàöèåíòîâ ñ âðîæäåííûì
ÍÑ, ïîñòîÿííîå óâåëè÷åíèå ÷èñëà áîëüíûõ, ïðîãðåññè-
ðîâàíèå çàáîëåâàíèÿ, ÷àñòûå ðåöèäèâû, ðåçèñòåíò-
íîñòü ê ñòåðîèäíîé è èììóíîñóïðåññèâíîé òåðàïèè
ïîäàâëÿþùåãî ÷èñëà ïàöèåíòîâ òðåáóþò íå òîëüêî íà-
ñòîé÷èâîãî äèàãíîñòè÷åñêîãî ïîèñêà è ðàçðàáîòêè ïà-
òîãåíåòè÷åñêèõ ïîäõîäîâ ê ëå÷åíèþ, íî è ñîçäàíèÿ îï-
òèìàëüíîãî è ýôôåêòèâíîãî ñïîñîáà äèàãíîñòèêè øè-
ðîêîãî ñïåêòðà áîëåçíåé, îáúåäèíåííûõ ñèìïòîìî-



êîìïëåêñîì íåôðîòè÷åñêîãî ñèíäðîìà, íà îñíîâå âå-
ðèôèêàöèè äèàãíîçà ìåòîäàìè ìîëåêóëÿðíî-ãåíåòè÷å-
ñêîé äèàãíîñòèêè ñ èñïîëüçîâàíèåì òåõíîëîãèè ñåêâå-
íèðîâàíèÿ íîâîãî ïîêîëåíèÿ (ÑÍÏ). Òàêîé ïîäõîä
ê äèàãíîñòèêå ÍÑ ïîçâîëÿåò çíà÷èòåëüíî ñíèçèòü âðå-
ìåííûå è ìàòåðèàëüíûå çàòðàòû çà ñ÷åò îäíîâðåìåííî-
ãî ïîèñêà ìóòàöèé â òàðãåòíûõ îáëàñòÿõ ãåíîâ, äëÿ êî-
òîðûõ ñâÿçü ñ ðàññìàòðèâàåìîé ïàòîëîãèåé áûëà îïè-
ñàíà ðàíåå [4].

Öåëü è çàäà÷è èññëåäîâàíèÿ

Öåëüþ íàñòîÿùåãî èññëåäîâàíèÿ ÿâëÿëàñü ðàçðàáîò-
êà íîâîãî àëãîðèòìà ìîëåêóëÿðíîé äèàãíîñòèêè ðàç-
ëè÷íûõ íàñëåäñòâåííûõ áîëåçíåé ïî÷åê, ñîïðîâîæäà-
þùèõñÿ ñèìïòîìîêîìïëåêñîì íåôðîòè÷åñêîãî ñèíä-
ðîìà, íà îñíîâå òåõíîëîãèè ÑÍÏ è ñåêâåíèðîâàíèÿ
ïî Ñýíãåðó.

Îñíîâíîé çàäà÷åé äàííîãî èññëåäîâàíèÿ ÿâëÿëîñü
ïðîâåäåíèå ìîëåêóëÿðíî-ãåíåòè÷åñêîé äèàãíîñòèêè
45 ïàöèåíòîâ ñ ïîäîçðåíèåì íà ÑÐÍÑ.

Ìàòåðèàëû è ìåòîäû

Â èññëåäîâàíèå áûëè âêëþ÷åíû 45 ïàöèåíòîâ, ãîñ-
ïèòàëèçèðîâàííûõ â íåôðîëîãè÷åñêîå îòäåëåíèå ÔÃÀÓ
ÍÖÇÄ, îòîáðàííûõ ñîãëàñíî ñëåäóþùèì êðèòåðèÿì.

1. Âîçðàñò ìëàäøå 18 ëåò;
2. Íàëè÷èå êëèíè÷åñêèõ, áèîõèìè÷åñêèõ è ëàáîðà-

òîðíî-èíñòðóìåíòàëüíûõ ïðîÿâëåíèé ÍÑ;
3. Îòñóòñòâèå îòâåòà íà ãîðìîíàëüíóþ òåðàïèþ.
Äëÿ îõâàòà íàèáîëüøåãî êîëè÷åñòâà òàðãåòíûõ îá-

ëàñòåé ãåíîìà ÷åëîâåêà, èçìåíåíèÿ â êîòîðûõ ÿâëÿþò-
ñÿ ïàòîãåííûìè äëÿ ðàçâèòèÿ ÍÑ, áûëè âûáðàíû ñëå-
äóþùèå ãåíû: NPHS1, NPHS2, PLCE1, TRPC6, ACTN4,
WT1, COL4A3, COL4A4, COL4A5, CD2AP, COQ2,
COQ6.

Âñåì ïàöèåíòàì áûëà ïðîâåäåíà ìîëåêóëÿðíî-ãåíå-
òè÷åñêàÿ äèàãíîñòèêà, â õîäå êîòîðîé ïðåäïîëàãàëîñü
îáíàðóæèòü ìóòàöèè, âûçûâàþùèå íàñëåäñòâåííî îáó-
ñëîâëåííûé íåôðîòè÷åñêèé ñèíäðîì. Äèàãíîñòèêà
ïðîâîäèëàñü â òðè ýòàïà. Íà ïåðâîì ýòàïå ïàöèåíòàì
ìåòîäîì ïðÿìîãî àâòîìàòè÷åñêîãî ñåêâåíèðîâàíèÿ
áûë ïðîâåäåí àíàëèç âñåõ êîäèðóþùèõ è ïðèëåãàþùèõ
èíòðîííûõ îáëàñòåé ãåíà NPHS2, ìóòàöèè êîòîðîãî
ÿâëÿþòñÿ ñàìîé ÷àñòîé ïðè÷èíîé âîçíèêíîâåíèÿ
ÑÐÍÑ. Íà âòîðîì ýòàïå, íà áàçå ïëàòôîðìû
JUNIOR 454 (ROCHE) ìåòîäîì ÑÍÏ, áûë ïðîâåäåí
àíàëèç êîäèðóþùèõ, ïðèëåãàþùèõ èíòðîííûõ, à òàêæå
3’- è 5’-íåòðàíñëèðóåìûõ îáëàñòåé ãåíîâ, âêëþ÷åííûõ
â òàðãåòíóþ ïàíåëü (òàáë. 1). Íà çàêëþ÷èòåëüíîì ýòàïå
îöåíèâàëàñü ýôôåêòèâíîñòü äàííîãî ñïîñîáà äèàãíîñ-
òèêè ïóòåì ïîäòâåðæäåíèÿ âûÿâëåííûõ ïóò¸ì ÑÍÏ
ìóòàöèé êëàññè÷åñêèì ìåòîäîì ñåêâåíèðîâàíèÿ ïî
Ñýíãåðó.

Îñíîâíûå ðåçóëüòàòû

Ó 45 ïàöèåíòîâ áûëè èññëåäîâàíû òàðãåòíûå îáëàñòè
ãåíà NPHS2, â ðåçóëüòàòå ÷åãî ó 9 ïàöèåíòîâ (20%) áûëè
âûÿâëåíû ïàòîãåííûå ìóòàöèè, â òîì ÷èñëå ó 5 ïàöèåí-
òîâ — íîíñåíñ-ìóòàöèÿ c.259G>T (p.Glu87X), õàðàêòåð-
íàÿ äëÿ æèòåëåé Ðîññèéñêîé Ôåäåðàöèè, òîãäà êàê
ó äâîèõ ïàöèåíòîâ áûëè âûÿâëåíû íå îïèñàííûå ðàíåå
ìèññåíñ-ìóòàöèè c.897G>C (p.Lys299Asn) è c.275G>C
(p.Gly92Ala).

Ñ öåëüþ âûÿâëåíèÿ ìóòàöèé ó îñòàëüíûõ 36 ïàöèåí-
òîâ ìåòîäîì ÑÍÏ áûë ïðîâåäåí àíàëèç òàðãåòíûõ îáëà-
ñòåé ãåíîâ NPHS1, NPHS2, PLCE1, TRPC6, ACTN4,
WT1, COL4A3, COL4A4,COL4A5, CD2AP, COQ2, COQ6,
ìóòàöèè â êîòîðûõ ïðèâîäÿò ê ðàçâèòèþ áîëåçíåé ïî-
÷åê, ñîïðîâîæäàþùèõñÿ ñèìïòîìîêîìïëåêñîì íåôðî-
òè÷åñêîãî ñèíäðîìà. Ïàòîãåííûå âàðèàíòû áûëè îáíà-
ðóæåíû åùå ó 26 (57,8%) ïàöèåíòîâ (òàáë. 2).

Äëÿ âñåõ íîâûõ ìóòàöèé áûë ïðîâåäåí áèîèíôîðìà-
òè÷åñêèé àíàëèç ïàòîãåííîñòè in silico ñ ïîìîùüþ
êîìïüþòåðíîé ïðîãðàììû Alamut Visual, à èõ áàëë ïî
PolyPhen 2 ñîñòàâèë 1,0. Ðåçóëüòàòîì ïðîâåäåííîé ñòàòè-
ñòè÷åñêîé îáðàáîòêè ïîëó÷åííûõ ãåíåòè÷åñêèõ âàðèàí-
òîâ ÿâëÿëîñü çàêëþ÷åíèå î íàëè÷èè ëèáî îòñóòñòâèè
ó ïàöèåíòà ïàòîãåííûõ íóêëåîòèäíûõ çàìåí, êîòîðûå
ìîãóò ïðèâîäèòü ê ðàçâèòèþ ñèìòîìîêîìïëåêñà ÍÑ.

Âñå âûÿâëåííûå â õîäå ïðîâåäåííîãî èññëåäîâàíèÿ
ìóòàöèè áûëè ïîäòâåðæäåíû ìåòîäîì ïðÿìîãî ñåêâåíè-
ðîâàíèÿ ïî Ñýíãåðó.

Âûâîäû

Íàñòîÿùèå èññëåäîâàíèÿ ïðîäåìîíñòðèðîâàëè ãåíå-
òè÷åñêóþ ãåòåðîãåííîñòü ÑÐÍÑ, îáóñëîâëåííóþ ìóòà-
öèÿìè â ãåíàõ NPHS1, NPHS2, PLCE1, TRPC6, ACTN4,
WT1, COL4A3, COL4A4, CD2AP, COQ2, COQ6. Âûÿâëå-
íû 10 (37%) íîâûõ ìóòàöèé èç 27 ñóììàðíî âûÿâëåííûõ
ó 10 (22,2%) ïàöèåíòîâ èç 45 èññëåäîâàííûõ. Ðàçðàáî-
òàííûé àëãîðèòì äèàãíîñòèêè íàñëåäñòâåííî îáóñëîâ-
ëåííîãî íåôðîòè÷åñêîãî ñèíäðîìà ïîçâîëèë âûÿâèòü
ãåíåòè÷åñêóþ ïðè÷èíó ïàòîëîãèè ó 35 ïàöèåíòîâ, ÷òî
ñîñòàâëÿåò 77,8% îáñëåäîâàííûõ. Ïîëó÷åííûå ðåçóëüòà-
òû ïîçâîëÿþò ñ÷èòàòü ïðåäëîæåííûé àëãîðèòì äèàãíîñ-
òèêè ïàöèåíòîâ ñ ÍÑ, ðàçðàáîòàííûé íàìè íà îñíîâå
òåõíîëîãèè ÑÍÏ, îïòèìàëüíûì è ýôôåêòèâíûì ìåòî-
äîì äèàãíîñòèêè ðàçëè÷íûõ ôîðì íåôðîòè÷åñêîãî ñèí-
äðîìà.

Âûÿâëåíèå ó ïàöèåíòà ãåíåòè÷åñêè äåòåðìòíèðîâàí-
íîãî íåôðîòè÷åñêîãî ñèíäðîìà ñ èñïîëüçîâàíèåì ïðåä-
ëîæåííîãî ìåòîäà ïîçâîëèò óòî÷íèòü ïîñòàâëåííûå ðà-
íåå äèàãíîçû, ñêîððåêòèðîâàòü òàêòèêó ëå÷åíèÿ, ñíè-
çèòü ñòåïåíü âîçìîæíîé èíâàëèäèçàöèè, ïîâûñèòü êà-
÷åñòâî æèçíè ïàöèåíòîâ.
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Òàáëèöà 1
Ãåíû, âêëþ÷åííûå â ïàíåëü äëÿ äèàãíîñòèêè ÑÐÍÑ ìåòîäîì ÑÍÏ [5, 6]

Ãåí OMIM Êîäèðóåìûé áåëîê Çàáîëåâàíèå Òèï íàñëåäîâàíèÿ

NPHS1 602716 Íåôðèí ÑÐÍÑ, òèï 1 Àóòîñîìíî-ðåöåññèâíûé

NPHS2 604766 Ïîäîöèí ÑÐÍÑ, òèï 2 Àóòîñîìíî-ðåöåññèâíûé

PLCE1 608414 Ôîñôîëèïàçà Ñ ýïñèëîí-1 ÑÐÍÑ, òèï 3 Àóòîñîìíî-ðåöåññèâíûé

TRPC6 603652 Áåëîê ñåìåéñòâà íåñåëåêòèâíûõ
êàòèîííûõ êàíàëîâ

Ôîêàëüíî-ñåãìåíòàðíûé ãëîìå-
ðóëîñêëåðîç, ÑÐÍÑ

Àóòîñîìíî-äîìèíàíòíûé

ACTN4 604638 Àëüôà-àêòèíèí-4 Ôîêàëüíî-ñåãìåíòàðíûé ãëîìå-
ðóëîñêëåðîç, ÑÐÍÑ

Àóòîñîìíî-äîìèíàíòíûé

WT1 607102 Ôàêòîð òðàíñêðèïöèè Îïóõîëü Âèëüìñà, ñèíäðîì Äå-
íèñ-Äðàøà, ñèíäðîì Ôðàéçåðà,

ÑÐÍÑ

Àóòîñîìíî-äîìèíàíòíûé

COL4A3 120070 Àëüôà-3 ñóáúåäèíèöà êîëëàãåíà
4 òèïà

Ñèíäðîìà Àëüïîðòà, ôîêàëü-
íî-ñåãìåíòàðíûé ãëîìåðóëîñê-

ëåðîç, ãåìàòóðèÿ

Àóòîñîìíî-äîìèíàíòíûé,
àóòîñîìíî-ðåöåññèâíûé

COL4A4 120131 Àëüôà-4 ñóáúåäèíèöà êîëëàãåíà
4 òèïà

Ñèíäðîìà Àëüïîðòà, ôîêàëü-
íî-ñåãìåíòàðíûé ãëîìåðóëîñê-

ëåðîç, ãåìàòóðèÿ

Àóòîñîìíî-äîìèíàíòíûé,
àóòîñîìíî-ðåöåññèâíûé

COL4A5 303630 Àëüôà-5 ñóáúåäèíèöà êîëëàãåíà
4 òèïà

Ñèíäðîìà Àëüïîðòà Õ ñöåïëåííûé

CD2AP 604241 CD2-àññîöèèðîâàííûé áåëîê Ôîêàëüíî-ñåãìåíòàðíûé ãëîìå-
ðóëîñêëåðîç

Àóòîñîìíî-ðåöåññèâíûé

COQ2 609825 Ïàðàãèäðîêñèáåíçîàò-ïîëèïðå-
íèë-òðàíñôåðàçà

Äåôèöèò êîýíçèìà Q10, ÑÐÍÑ Àóòîñîìíî-ðåöåññèâíûé

COQ6 614647 Ôëàâèíçàâèñèìàÿ ìîíîîêñèãå-
íàçà-6

ÑÐÍÑ Àóòîñîìíî-ðåöåññèâíûé

Òàáëèöà 2
Ñïåêòð âûÿâëåííûõ ìóòàöèé

Ãåí Ìóòàöèè1

NPHS2 c.259G>T (p.Glu87X); c.686G>A (p.Arg229Gln) (ïîëèìîðôèçì); c.868G>T (p.Val290Met); c.897G>C

(p.Lys299Asn); c.275G>C (p.Gly92Arg)

NPHS1 c.3478C>T ( p.Arg1160X); ñ.3478C>T (p.Arg1109X); c.2746G>T (p.Ala916Ser); c.1673G>T (p.Arg558Leu)

PLCE1 c.3346C>T (p.Arg1116X); c.1405T>A (p.Ser469Thr); c.5738G>A (p.Arg1913Gln)

ACTN4 c.682T>C (p.Phe228Leu)

WT1 c.1432+4C>T; c.1432+5G>A; c.1384C>T (p.Arg462Trp); c.1392C>A (p.Asp464Glu)

COL4A3 c.2501A>G (p.Lys834Arg); c.4021C>T (p.Pro1341Ser)

COL4A4 c.2996G>A (p.Gly999Glu); c.2399C>G (p.Pro800Arg); c.2756A>G (p.Glu919Gly)

CD2AP c.1120A>G (p.Thr374Ala)

COQ2 c.571-1G>A; c.683A>G (p.Asn228Ser)

COQ6 c.1078C>T (p.Arg360Trp); c.1235A>G (p.Tyr412Cys)

Ïðèìå÷àíèå. 1 Âûäåëåíû íå îïèñàííûå ðàíåå ìóòàöèè
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