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Àêòóàëüíîñòü. Íàñëåäñòâåííûå ñïàñòè÷åñêèå ïàðàïëåãèè (ÍÑÏ) — ãðóïïà êëèíè÷åñêè è ãåíåòè÷åñêè ãåòåðîãåííûõ íåéðî-
äåãåíåðàòèâíûõ çàáîëåâàíèé, õàðàêòåðèçóþùèõñÿ ïðîãðåññèðóþùåé ñïàñòè÷íîñòüþ íèæíèõ êîíå÷íîñòåé. Öåëü. Êëèíè÷å-
ñêîå è ãåíåòè÷åñêîå èññëåäîâàíèå ïàöèåíòà ñî ñïîðàäè÷åñêîé ôîðìîé ñïàñòè÷åñêîé ïàðàïëåãèè. Ìàòåðèàë è ìåòîäû. Îá-
ðàçåö ÄÍÊ ïàöèåíòà ñî ñïîðàäè÷åñêîé ôîðìîé ñïàñòè÷åñêîé ïàðàïëåãèè è îáðàçöû ÄÍÊ 150 çäîðîâûõ èíäèâèäîâ. Ïîèñê
ìóòàöèé ïðîâåäåí ìåòîäîì ïðÿìîãî ñåêâåíèðîâàíèÿ. Ðåçóëüòàòû. Ó ïàöèåíòà áûëà èäåíòèôèöèðîâàíà ðàíåå íåîïèñàííàÿ
ìóòàöèÿ c.1114A>G (p.Arg372Gly) â âîñüìîì ýêçîíå ãåíà SPAST. Êëèíè÷åñêàÿ êàðòèíà ÍÑÏ ñîîòâåòñòâóåò íåîñëîæíåííîé
ôîðìå çàáîëåâàíèÿ. Âûâîäû. Ïîëó÷åííûå äàííûå ïîïîëíÿþò èíôîðìàöèþ î êëèíèêî-ìîëåêóëÿðíî-ãåíåòè÷åñêîé õàðàêòåðè-
ñòèêå ÍÑÏ è âíîñÿò âêëàä â ðàçðàáîòêó àëãîðèòìà ÄÍÊ-äèàãíîñòèêè çàáîëåâàíèÿ, îïòèìàëüíîãî äëÿ èññëåäóåìîãî ðåãèîíà.

Êëþ÷åâûå ñëîâà: íàñëåäñòâåííàÿ ñïàñòè÷åñêàÿ ïàðàïëåãèÿ, ãåí SPAST, ìóòàöèÿ

Ââåäåíèå

Íàñëåäñòâåííûå ñïàñòè÷åñêèå ïàðàïëåãèè (ÍÑÏ)

— ãðóïïà êëèíè÷åñêè è ãåíåòè÷åñêè ãåòåðîãåííûõ íåé-

ðîäåãåíåðàòèâíûõ çàáîëåâàíèé, õàðàêòåðèçóþùèõñÿ

ïðîãðåññèðóþùåé ñïàñòè÷íîñòüþ è ãèïåððåôëåêñèåé

íèæíèõ êîíå÷íîñòåé. Ñóùåñòâóþò äâå ôîðìû ÍÑÏ:

íåîñëîæíåííàÿ («÷èñòàÿ») è îñëîæíåííàÿ äîáàâî÷íû-

ìè íåâðîëîãè÷åñêèìè è ýêñòðàíåâðàëüíûìè ñèìïòî-

ìàìè, òàêèìè, êàê àòðîôèÿ çðèòåëüíîãî íåðâà, àòàê-

ñèÿ, ýïèëåïñèÿ, íàðóøåíèå êîãíèòèâíûõ ôóíêöèé [1].

Â íàñòîÿùåå âðåìÿ èçâåñòíî áîëåå 70 ãåíåòè÷åñêèõ ëî-

êóñîâ (52 èäåíèôèöèðîâàííûõ ãåíà), ñâÿçàííûõ ñ àóòî-

ñîìíî-äîìèíàíòíûìè, àóòîñîìíî-ðåöåññèâíûìè è

X-ñöåïëåííûìè âàðèàíòàìè ÍÑÏ [2]. Ãåíåòè÷åñêèå

ôîðìû ÍÑÏ îáîçíà÷àþòñÿ àááðåâèàòóðîé SPG c íîìå-

ðîì, ñîîòâåòñòâóþùèì ïîðÿäêó îòêðûòèÿ ãåííîãî ëî-

êóñà [1, 3]. Ðàñïðîñòðàíåííîñòü ÍÑÏ, êàê â öåëîì, òàê

è åå îòäåëüíûõ ãåíåòè÷åñêèõ ôîðì çíà÷èòåëüíî âàðüè-

ðóåò â ðàçëè÷íûõ ïîïóëÿöèÿõ, íî êàê ñ÷èòàåò áîëüøèí-

ñòâî ýêñïåðòîâ, åå ðåàëüíàÿ îöåíêà çàòðóäíåíà âñëåäñò-

âèå äëèòåëüíîãî ñóáêëèíè÷åñêîãî òå÷åíèÿ è íåïîëíîé

ïåíåòðàíòíîñòè áîëåçíè. Ïî äàííûì àâñòðàëèéñêîãî

èññëåäîâàòåëüñêîãî ôîíäà ÍÑÏ (HSP Research Foun-

dation) ýòè çàáîëåâàíèÿ âñòðå÷àþòñÿ ïîâñåìåñòíî ñ ÷à-

ñòîòîé, âàðüèðóþùåé â ðàçíûõ ïîïóëÿöèÿõ îò 0,5 äî

12 ñëó÷àåâ íà 100 000 íàñåëåíèÿ (http://www.hspersuni-

te.org.au), â Ðåñïóáëèêå Áàøêîðòîñòàí (ÐÁ) îíà ñîñòàâ-

ëÿåò 3,5 íà 100 000 ÷åë. [4].

Íàèáîëåå ÷àñòîé ôîðìîé çàáîëåâàíèÿ ÿâëÿåòñÿ
ÍÑÏ, ñâÿçàííàÿ ñ ìóòàöèÿìè â ãåíå ñïàñòèíà (SPAST).
Ìóòàöèè â ýòîì ãåíå îòâåòñòâåííû çà 45% àóòîñîì-
íî-äîìèíàíòíîé ÍÑÏ, 12—18% ñïîðàäè÷åñêèõ ñëó÷àåâ
çàáîëåâàíèÿ. Áåëîê ñïàñòèí ÿâëÿåòñÿ ïðåäñòàâèòåëåì
ñåìåéñòâà ÀÀÀ-áåëêîâ, ÀÒÔàç îñîáîãî êëàññà ñ ìíî-
æåñòâåííûìè âèäàìè êëåòî÷íîé àêòèâíîñòè. Ýòè áåë-
êè âîâëå÷åíû â öåëûé ðÿä êëåòî÷íûõ ïðîöåññîâ, òàêèõ,
êàê êëåòî÷íûé öèêë, âíóòðèêëåòî÷íûé òðàíñïîðò [5].
Ãëàâíîé ôóíêöèåé ñïàñòèíà ÿâëÿåòñÿ îáåñïå÷åíèå äè-
íàìèêè ìèêðîòðóáî÷åê öèòîñêåëåòà. Íàðóøåíèå ýòîãî
ïðîöåññà ïðèâîäèò ê ðàçâèòèþ ôîðìû çàáîëåâàíèÿ
SPG4.

Íà íàñòîÿùèé ìîìåíò â ãåíå SPAST èäåíòèôèöèðî-
âàíî áîëåå 500 ìóòàöèé, áîëüøàÿ ÷àñòü èç êîòîðûõ îá-
íàðóæåíà â ýêçîíàõ, êîäèðóþùèõ ÀÒÔàçíûé äîìåí
(www.hgmd.org).

Â äàííîé ñòàòüå ïðåäñòàâëåíà èíôîðìàöèÿ î ïàöè-
åíòå ñ ÍÑÏ èç ÐÁ ñ ðàíåå íåîïèñàííîé ìóòàöèåé â ãåíå
SPAST.

Ìàòåðèàë è ìåòîäû

Îáðàçåö êðîâè ïàöèåíòà ñ äèàãíîçîì ñïàñòè÷åñêàÿ

ïàðàïëåãèÿ áûë ïîëó÷åí ñ åãî èíôîðìèðîâàííîãî ñîãëà-
ñèÿ íà ïðîâåäåíèå ÄÍÊ-àíàëèçà. Êîíòðîëüíóþ âûáîðêó
ñîñòàâëÿëè çäîðîâûå ëèöà áàøêèðñêîé, ðóññêîé, òàòàð-
ñêîé ýòíè÷åñêîé ïðèíàäëåæíîñòè, ïî 50 ÷åë. â êàæäîé
ãðóïïå.
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Ïðîâåäåíèå ÄÍÊ-àíàëèçà áûëî íà÷àòî ñ ïîèñêà ìó-
òàöèé â ãåíå SPAST, â êîòîðîì, ïî äàííûì ëèòåðàòóðû,
âñòðå÷àåòñÿ íàèáîëüøåå êîëè÷åñòâî îòâåòñòâåííûõ çà
çàáîëåâàíèå ìóòàöèé. Àíàëèç íóêëåîòèäíîé ïîñëåäîâà-
òåëüíîñòè ãåíà SPAST ïðîâåäåí ìåòîäîì ïðÿìîãî ñåêâå-
íèðîâàíèÿ íà àâòîìàòè÷åñêîì àíàëèçàòîðå ABI PRISM
310 (Applied Biosystems). Àìïëèôèêàöèÿ ýêçîíîâ ïðîâî-
äèëàñü ñ èñïîëüçîâàíèåì îëèãîíóêëåîòèäíûõ ïðàéìå-
ðîâ, îïèñàííûõ Lindsey et al. [6].

Äëÿ àíàëèçà ôóíêöèîíàëüíîé çíà÷èìîñòè âûÿâëåí-
íîãî íóêëåîòèäíîãî èçìåíåíèÿ èñïîëüçîâàëè ïðîãðàì-
ìû Mutationtaster (www.mutationtaster.org) è áàçó äàííûõ
Ensemble (www.ensembl.org). Ñ ýòîé æå öåëüþ áûë ïðî-
âåäåí ñêðèíèíã íà íàëè÷èå íóêëåîòèäíîé çàìåíû â êîí-
òðîëüíûõ âûáîðêàõ çäîðîâûõ èíäèâèäîâ.

Ðåçóëüòàòû

Ïðîáàíä ìàðèéñêîé ýòíè÷åñêîé ïðèíàäëåæíîñòè
â 51 ãîä âïåðâûå îáðàòèëñÿ çà ìåäèöèíñêîé ïîìîùüþ
ñ æàëîáàìè íà íàðóøåíèå ïîõîäêè, ñêîâàííîñòü â íî-
ãàõ, õîòÿ íà çàòðóäíåíèå õîäüáû îáðàòèë âíèìàíèå óæå
ïîñëå 43 ëåò.

Â íåâðîëîãè÷åñêîì ñòàòóñå: íèæíèé óìåðåííûé ñïà-
ñòè÷åñêèé ïàðàïàðåç ñ ïîëîæèòåëüíûìè ñòîïíûìè ïà-
òîëîãè÷åñêèìè çíàêàìè. Áûë ïîñòàâëåí äèàãíîç ñïàñòè-
÷åñêàÿ ïàðàïëåãèÿ. Ïî ñëîâàì ïàöèåíòà, ïîäîáíûõ ñëó-
÷àåâ çàáîëåâàíèÿ â ñåìüå ðàíåå íå íàáëþäàëîñü, ÷òî, ïî
âñåé âåðîÿòíîñòè, óêàçûâàåò íà ñïîðàäè÷åñêóþ ôîðìó.
Ê ñîæàëåíèþ, íå áûëî âîçìîæíîñòè ïðîâåñòè ïîëíûé
àíàëèç âñåé ñåìüè èç-çà íåäîñòóïíîñòè ÄÍÊ ðîäñòâåí-
íèêîâ.

Â ðåçóëüòàòå èññëåäîâàíèÿ â 8-ì ýêçîíå ãåíà SPAST

ó îáñëåäóåìîãî ïàöèåíòà áûëà èäåíòèôèöèðîâàíà â ãå-
òåðîçèãîòíîì ñîñòîÿíèè ðàíåå íåîïèñàííàÿ íóêëåîòèä-
íàÿ çàìåíà c.1114 A>G (p. Arg372Gly) (ðèñóíîê). Ìóòà-
öèÿ íå áûëà îáíàðóæåíà â êîíòðîëüíîé âûáîðêå. Ïî

äàííûì ïðåäñêàçàòåëüíîé êîìïüþòåðíîé ïðîãðàììû
Mutationtaster, äàííàÿ íóêëåîòèäíàÿ çàìåíà ÿâëÿåòñÿ
ïàòîãåííîé ìèññåíñ-ìóòàöèåé.

Îáñóæäåíèå

Áåëîê ñïàñòèí, êàê è äðóãèå ïðåäñòàâèòåëè ÀÀÀ-ñå-
ìåéñòâà áåëêîâ, èìååò äîìåííóþ îðãàíèçàöèþ. Íàèáîëåå
âàæíûìè äëÿ åãî ôóíêöèîíèðîâàíèÿ ÿâëÿþòñÿ MTBD-
(ìèêðîòðóáî÷êè-ñâÿçûâàþùèé) è ÀÒÔàçíûé äîìåíû,
ðàñïîëîæåííûå íà Ñ-êîíöå áåëêà. ÀÒÔàçíûé äîìåí
(342—599 àà) êàòàëèçèðóåò ïðîöåññ ðàñïàäà ìèêðîòðóáî-
÷åê [5], à ìèññåíñ-ìóòàöèè â ýòîì äîìåíå ÿâëÿþòñÿ íàè-
áîëåå ÷àñòûìè ìóòàöèÿìè â ãåíå ñïàñòèíà [7].

Èäåíòèôèöèðîâàííàÿ íàìè íóêëåîòèäíàÿ çàìåíà çà-
òðàãèâàåò ÀÒÔàçíûé äîìåí, ïðèâîäÿ ê èçìåíåíèþ âû-
ñîêîêîíñåðâàòèâíîé àìèíîêèñëîòû â 372-ì ïîëîæåíèè
áåëêà. Çàìåíà ïîëîæèòåëüíî-çàðÿæåííîé àìèíîêèñëî-
òû àðãèíèí íà íåéòðàëüíóþ è çíà÷èòåëüíî ìåíüøóþ
àìèíîêèñëîòó ãëèöèí, âåðîÿòíî, ìîæåò ïðèâîäèòü
ê êîíôîðìàöèîííûì èçìåíåíèÿì â ñòðóêòóðå áåëêà, íà-
ðóøàÿ åãî ôóíêöèþ îáåñïå÷åíèÿ ôèçèîëîãè÷íîé äèíà-
ìèêè ìèêðîòðóáî÷åê íåéðîíîâ. Îòìåòèì, ÷òî ðàíåå áû-
ëà îïèñàíà äðóãàÿ ìóòàöèÿ — ñ.1114A>T, ïðèâîäÿùàÿ
ê çàìåíå àðãèíèíà íà ñòîï êîäîí è ñèíòåçó óêîðî÷åííî-
ãî áåëêà ñ ïîëíîñòüþ îòñóòñòâóþùèì ÀÒÔàçíûì äîìå-
íîì [7].

Ìóòàöèè â ãåíå SPAST ïðè ñïîðàäè÷åñêèõ ñëó÷àÿõ
ÍÑÏ íåðåäêè è âñòðå÷àþòñÿ â âûáîðêàõ ïî÷òè âñåõ èñ-
ñëåäîâàòåëåé [8, 9], ïðè ýòîì â òàêèõ ñëó÷àÿõ èìåííî
ìèññåíñ-ìóòàöèè ÿâëÿþòñÿ áîëåå ÷àñòûìè, õàðàêòåðè-
çóþùèìèñÿ íåïîëíîé ïåíåòðàíòíîñòüþ [10].

Âîçðàñò ìàíèôåñòàöèè çàáîëåâàíèÿ îáñëåäóåìîãî ïà-
öèåíòà — ïåðâàÿ ïîëîâèíà ïÿòîãî äåñÿòèëåòèÿ, — íå-
ñêîëüêî âûøå ñîîòâåòñòâóþùåãî ñðåäíåãî çíà÷åíèÿ äàí-
íîãî ïîêàçàòåëÿ, ðàññ÷èòàííîãî äðóãèìè èññëåäîâàòåëÿ-
ìè (24 ± 18 ëåò) [11]. Â öåëîì, êëèíè÷åñêèå ïðèçíàêè ïà-
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öèåíòà ñ ìèññåíñ-ìóòàöèåé c.1114A>G (p.Arg372Gly) íå
îòëè÷àþòñÿ îò òàêîâûõ ó ïàöèåíòîâ ñ íåáîëüøèìè äåëå-
öèÿìè â ãåíå SPAST, ïðåäñòàâëåííûìè íàìè ðàíåå [12].
Äðóãèå èññëåäîâàòåëè òàêæå óêàçûâàþò, ÷òî ó íîñèòåëåé
ìèññåíñ-ìóòàöèé íåò ôåíîòèïè÷åñêèõ îòëè÷èé îò íîñè-
òåëåé ìóòàöèé, ïðèâîäÿùèõ ê ñèíòåçó óêîðî÷åííîãî áåë-
êà [11, 13]: ïðè ëþáûõ ìóòàöèÿõ ýòî ïðîãðåññèðóþùàÿ
ñïàñòè÷íîñòü íèæíèõ êîíå÷íîñòåé, ãèïåððåôëåêñèÿ, ïî-
ëîæèòåëüíûå ñòîïíûå ðåôëåêñû.

Òàêèì îáðàçîì, ïîëó÷åííûå íàìè äàííûå î ïàöèåí-
òå ñ íîâîé ìóòàöèåé â ãåíå SPAST ïîïîëíÿþò èíôîð-
ìàöèþ î êëèíèêî-ìîëåêóëÿðíî-ãåíåòè÷åñêîé õàðàêòå-
ðèñòèêå ÍÑÏ, ñâèäåòåëüñòâóþò î íåîáõîäèìîñòè àíà-
ëèçà äàííîãî ãåíà ïðè ñïîðàäè÷åñêèõ ñëó÷àÿõ çàáîëåâà-
íèÿ, à òàêæå âíîñÿò âêëàä â ðàçðàáîòêó àëãîðèòìà
ÄÍÊ-äèàãíîñòèêè ÍÑÏ, îïòèìàëüíîãî äëÿ èññëåäóå-
ìîãî ðåãèîíà.
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Clinical case of sporadic spastic paraplegia with the novel mutation in the SPAST gene

Akhmetgaleyeva A.F.1, Khidiyatova I.M.1,3, Saifullina E.V.2,
Idrisova R.F.4, Magzhanov R.V.2, Khusnutdinova E.K.1,3

1 — Institute of Biochemistry and Genetics, Ufa Science Centre, RAS, e-mail: aliya.akhmetgaleeva@mail.ru
2 — Bashkir State Medical University, e-mail: mcjanoff@yandex.ru
3 — Bashkir State University, e-mail: imkhid@mail.ru
4 — Republican Clinic Hospital, e-mail: rima773@mail.ru

Timeliness. Hereditary spastic paraplegia (HSP) — a group of clinically and genetically heterogeneous neurodegenerative disor-
ders characterized by progressive spasticity of the lower limbs. The aim. Clinical and genetic study of patient with the sporadic form of
spastic paraplegia. Methods. DNA sample from patient with a sporadic form of spastic paraplegia and the DNA samples from
150 healthy individuals. Mutations identifications was carried out by direct sequencing. Results. We identified previously undescribed
mutation c.1114A> G (p.Arg372Gly) in the eighth exon of SPAST gene in this patient. The clinical picture of HSP in this case corre-
sponds to the uncomplicated form of the disease. Conclusions. This data supplement information on the clinic features and genetic of
hereditary spastic paraplegia, and contribute to the development of the algorithm of DNA-diagnostics of the disease, optimal for the
study region.
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