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Àêòóàëüíîñòü. Èíñóëèíîìû — ðåäêèå (1—4 ñëó÷àåâ íà 1 ìëí ÷åëîâåê) è, êàê ïðàâèëî, ñïîðàäè÷åñêèå íåéðîýíäîêðèííûå
îïóõîëè (ÍÝÎ) ïîäæåëóäî÷íîé æåëåçû, ïðîÿâëÿþùèåñÿ â îñíîâíîì ãèïîãëèêåìèåé, âûçâàííîé ýíäîãåííûì ãèïåðèíñóëèíèç-
ìîì. Äî ñèõ ïîð ïðîâåäåíû ëèøü åäèíè÷íûå èññëåäîâàíèÿ ãåíîìîâ ýòèõ îïóõîëåé, è îáùåïðèíÿòîãî ïðåäñòàâëåíèÿ îá èõ
ýòèîïàòîãåíåçå íà ìîëåêóëÿðíî-ãåíåòè÷åñêîì óðîâíå íå âûðàáîòàíî. Ãèïîòåçà. Â ïîñëåäíåå âðåìÿ èññëåäîâàíèÿ â îáëàñòè
ìåäèêàìåíòîçíîé òåðàïèè èíñóëèíîì ïîêàçàëè ýôôåêòèâíîñòü ïðèìåíåíèÿ èíãèáèòîðà ïðîòåèíêèíàçû ñåðèí-òðåîíèíîâîé
ñïåöèôè÷íîñòè mTOR — ýâåðîëèìóñà. Ýâåðîëèìóñ èçâåñòåí êàê îñíîâíîé òàðãåòíûé ïðåïàðàò äëÿ ëå÷åíèÿ òóáåðîçíîãî
ñêëåðîçà, êëþ÷åâóþ ðîëü â ýòèîïàòîãåíåçå êîòîðîãî èãðàþò ïîâðåæäåíèÿ ãåíîâ TSC1 è TSC2. Ìû ïðåäïîëîæèëè, ÷òî âûñîêàÿ
òåðàïåâòè÷åñêàÿ ýôôåêòèâíîñòü ýâåðîëèìóñà â îòíîøåíèè èíñóëèíîì ïî àíàëîãèè ìîæåò áûòü îáóñëîâëåíà øèðîêîé âîâëå-
÷åííîñòüþ ìóòàöèé â ãåíàõ TSC1 è TSC2 â ðàçâèòèå ýòèõ îïóõîëåé. Ìàòåðèàëû è ìåòîäû. Äëÿ ïðîâåðêè ãèïîòåçû íàìè ïðîâå-
äåíî ñåêâåíèðîâàíèå ãåíîâ TSC1 è TSC2 ìåòîäîì âûñîêîïðîèçâîäèòåëüíîãî ïàðàëëåëüíîãî ñåêâåíèðîâàíèÿ ýêçîíîâ è ïðè-
ëåæàùèõ ê íèì èíòðîííûõ ó÷àñòêîâ äëÿ âûÿâëåíèÿ òî÷êîâûõ ìóòàöèé è ïîòåðè ãåòåðîçèãîòíîñòè (ÏÃ) â 9 îáðàçöàõ èíñóëèíîì
ïîäæåëóäî÷íîé æåëåçû. Ðåçóëüòàòû. Â 9 îáðàçöàõ èíñóëèíîì âûÿâëåíî âîñåìü òî÷êîâûõ ìóòàöèé è ñåìü ñîáûòèé ïîòåðè ãå-
òåðîçèãîòíîñòè. Â 4 ñëó÷àÿõ ïîêàçàíî ñîîòâåòñòâèå ãåíîòèïà îïóõîëè äâóõóäàðíîé ìîäåëè îïóõîëåîáðàçîâàíèÿ (ïî äâà ðàç-
ëè÷íûõ ìóòàöèîííûõ ñîáûòèÿ â ãåíå TSC2). Â äâóõ îáðàçöàõ îáíàðóæåíû îäíîâðåìåííî ÏÃ ãåíîâ TSC1 è TSC2. Ëèøü â îäíîì
ñëó÷àå íå áûëî çàôèêñèðîâàíî íè òî÷êîâûõ ìóòàöèé, íè ÏÃ â ãåíàõ TSC1 èëè TSC2. Âûâîäû. Íàìè âïåðâûå ïîêàçàíà âûñîêàÿ
âñòðå÷àåìîñòü ìóòàöèé â ãåíàõ êîìïëåêñà òóáåðîçíîãî ñêëåðîçà â èíñóëèíîìàõ ïîäæåëóäî÷íîé æåëåçû, ÷òî ìîæåò ãîâîðèòü
î âîâëå÷åííîñòè ïîâðåæäåíèé áåëêîâîãî êîìïëåêñà TSC1/TSC2 â ðàçâèòèå áîëüøèíñòâà îïóõîëåé ýòîãî òèïà. Äàëüíåéøèå
èññëåäîâàíèÿ äîëæíû ïðèâåñòè ê áîëåå ãëóáîêîìó ïîíèìàíèþ ïðè÷èí âîçíèêíîâåíèÿ ÍÝÎ ïîäæåëóäî÷íîé æåëåçû è ê ñîâåð-
øåíñòâîâàíèþ èõ ëå÷åíèÿ, â òîì ÷èñëå èíãèáèòîðàìè mTOR.
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Background. Insulinomas are rare (1-4 cases per million people) and typically sporadic neuroendocrine tumors of the pancreas,
manifesting mainly by hypoglycemia caused by endogenous hyperinsulinism. So far, only a few studies of the genomes of these tu-
mors have been carried out, and a generally accepted idea of their etiopathogenesis at the molecular genetic level has not been de-
veloped. Hypothesis. Recently, studies in the field of insulinomas drug therapy have demonstrated the effectiveness of everolimus, an
inhibitor of a protein kinase of the serine-threonine specificity mTOR. Everolimus is known as a targeted drug for the treatment of tu-
berous sclerosis, a key role in the etiopathogenesis of which is played by alterations of the TSC1 and TSC2 genes. We hypothesized
that the high therapeutic efficacy of everolimus against insulinomas, by analogy, may be due to the pivotal involvement of mutations in
the TSC1 and TSC2 genes in the development of these tumors. Material and methods. To test the hypothesis, we performed NGS of
exons and adjacent introns of the TSC1 and TSC2 genes in order to identify point mutations and losses of heterozygosity in 9 pancre-
atic insulinomas. Result. Totally in 9 samples we have identified eight point mutations and seven cases of loss of heterozygosity. In 4
samples, the tumor genotype corresponds to a two-hit tumorigenesis model (two different mutational events in the TSC2 gene). In
two samples, losses of heterozygosity encompassing simultaneously the TSC1 and TSC2 genes were identified. In only one case, no
point mutations nor losses of heterozygosity in the TSC1 or TSC2 genes were found. Conclusion. This is the first report of a high oc-
currence of mutations in the genes of the tuberous sclerosis complex in insulinomas of the pancreas, indicating possible involvement
of the TSC1/TSC2 protein complex disruption in the development of most tumors of this type. Further research should lead to a
deeper understanding of the causes of pancreatic neuroendocrine tumors and to the improvement of their treatment, including that
with mTOR inhibitors.
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Ââåäåíèå

Èíñóëèíîìû — ðåäêèå íåéðîýíäîêðèííûå îïóõîëè
ïîäæåëóäî÷íîé æåëåçû (ÍÝÎ ÏÆ), êîòîðûå âñòðå÷àþò-
ñÿ â 1—4 ñëó÷àÿõ íà 1 ìëí ÷åëîâåê [1] è ñîñòàâëÿþò
30—45% îò âñåõ ôóíêöèîíèðóþùèõ îïóõîëåé ýòîãî îð-
ãàíà [2]. Íàèáîëåå ÷àñòî îíè âñòðå÷àþòñÿ ñïîðàäè÷åñêè,
îäíàêî â 4—10% ñëó÷àåâ âîçíèêàþò ïðè ñèíäðîìå ìíî-
æåñòâåííîé ýíäîêðèííîé íåîïëàçèè 1 òèïà (ÌÝÍ-1
èëè ñèíäðîì Âåðìåðà) [3]. Èíñóëèíîìû äèàãíîñòèðó-
þòñÿ â ëþáîì âîçðàñòå, è íå èìåþò ïðåâàëèðîâàíèÿ ïî
ïîëó [1]. Â 90—93% ñëó÷àåâ èíñóëèíîìû ÿâëÿþòñÿ äîá-
ðîêà÷åñòâåííûìè, à â îñòàëüíûõ 7—10% — çëîêà÷åñò-
âåííûìè ñ äåñÿòèëåòíåé âûæèâàåìîñòüþ îêîëî 29%.
Ïðîÿâëÿþòñÿ îíè â îñíîâíîì ãèïîãëèêåìèåé, âûçâàí-
íîé ýíäîãåííûì ãèïåðèíñóëèíèçìîì. Òàêèå ïàöèåíòû
â 90% ñëó÷àåâ ïîäâåðãàþòñÿ õèðóðãè÷åñêîìó ëå÷åíèþ.
Â ïðåäîïåðàöèîííûé ïåðèîä òàêèì ïàöèåíòàì ïðîâî-
äèòñÿ ãîðìîíàëüíîå ëå÷åíèå â âèäå âíóòðèâåííîãî âëè-
âàíèÿ ãëþêîçû ñ ìàëûìè äîçàìè äèàçîêñèäà, êîòîðîå
ïîçâîëÿåò õîðîøî êîíòðîëèðîâàòü ñèìïòîìû. Â 50%
ñëó÷àåâ ïîëîæèòåëüíûé ýôôåêò ïîêàçàëî ëå÷åíèå àíà-
ëîãàìè ñîìàòîñòàòèíà [4]. Â ïîñëåäíåå âðåìÿ èññëåäîâà-
íèÿ â îáëàñòè ìåäèêàìåíòîçíîé òåðàïèè ïîêàçàëè ýô-
ôåêòèâíîñòü ïðèìåíåíèÿ èíãèáèòîðà ïðîòåèíêèíàçû
ñåðèí-òðåîíèíîâîé ñïåöèôè÷íîñòè mTOR — ýâåðîëè-
ìóñà. Ýâåðîëèìóñ áûë îäîáðåí äëÿ ëå÷åíèÿ ïðîãðåññè-
ðóþùèõ ÍÝÎ ÏÆ óïðàâëåíèåì ïî ñàíèòàðíîìó íàäçîðó
çà êà÷åñòâîì ïèùåâûõ ïðîäóêòîâ è ìåäèêàìåíòîâ ÑØÀ
(FDA) â 2011 ãîäó [5]. Äàííîå âûñîêîìîëåêóëÿðíîå ëå-
êàðñòâåííîå ñðåäñòâî â áîëüøèíñòâå ñâîåì ïðèìåíÿåòñÿ
ïîñëå íåóäà÷íîãî ïðèìåíåíèÿ àíàëîãîâ ñîìàòîñòàòèíà
è/èëè ñèñòåìíîé õèìèîòåðàïèè, ëèáî ïðè íåâîçìîæíî-
ñòè õèðóðãè÷åñêîãî âìåøàòåëüñòâà [6, 7]. Êëèíè÷åñêèìè
èññëåäîâàíèÿìè ïîäòâåðæäåíà ïðîòèâîîïóõîëåâàÿ àê-
òèâíîñòü ýâåðîëèìóñà ïðè ìåòàñòàòè÷åñêèõ ÍÝÎ ÏÆ
[7]. Ïðèìåíåíèå ýâåðîëèìóñà ïðè èíñóëèíîìàõ ïîçâî-
ëÿåò ýôôåêòèâíî êîíòðîëèðîâàòü óðîâíè èíñóëèíà, à

òàêæå ãëþêîçû â êðîâè [8], è ñóùåñòâåííî ñäåðæèâàåò

ðîñò îïóõîëè [6].

Ïðîâåäåííîå ðàíåå ìóòàöèîííîå ïðîôèëèðîâàíèå

ñïîðàäè÷åñêèõ ÍÝÎ ÏÆ âûÿâèëî ñîìàòè÷åñêèå ìóòà-

öèè â ãåíàõ ñèãíàëüíîãî ïóòè mTOR â 14% îïóõîëåé;

ìóòàöèè â ãåíàõ TSC2, PTEN è PI3KCA áûëè îáíàðóæå-

íû â 9%, 7% è 1% îáðàçöîâ ñîîòâåòñòâåííî [9]. Ãåí

TSC2 êîäèðóåò áåëîê òóáåðèí, âçàèìîäåéñòâóþùèé

ñ áåëêîì ãàìàðòèíîì (êîäèðóåòñÿ ãåíîì TSC1), è ôîð-

ìèðóåò êîìïëåêñ, ÿâëÿþùèéñÿ ýíäîãåííûì èíãèáèòî-

ðîì ïðîòåèíêèíàçû mTOR. Ìóòàöèè â ãåíàõ ýòîãî êîì-

ïëåêñà ïðèâîäÿò ê ïîñòîÿííîé àêòèâàöèè mTOR, ÷òî

âåäåò ê óñêîðåííîé ïðîëèôåðàöèè êëåòîê è óñèëåííîìó

àíãèîãåíåçó [10]. Òàêæå ìóòàöèè â äàííûõ ãåíàõ ïðÿìî

àññîöèèðîâàíû ñ òàêèì îðôàííûì çàáîëåâàíèåì, êàê

òóáåðîçíûé ñêëåðîç (ÒÑ), êîòîðîê õàðàêòåðèçóåòñÿ ìíî-

æåñòâåííûìè äîáðîêà÷åñòâåííûìè îïóõîëÿìè ðàçíîé

ëîêàëèçàöèè.

Ïîñêîëüêó îñíîâíûì òàðãåòíûì ïðåïàðàòîì äëÿ ëå-

÷åíèÿ òóáåðîçíîãî ñêëåðîçà, êëþ÷åâóþ ðîëü â ýòèîïàòî-

ãåíåçå êîòîðîãî èãðàþò ïîâðåæäåíèÿ ãåíîâ TSC1 è TSC2,

ÿâëÿåòñÿ èíãèáèòîð mTOR ýâåðîëèìóñ, ìû ïðåäïîëîæè-

ëè, ÷òî âûñîêàÿ òåðàïåâòè÷åñêàÿ ýôôåêòèâíîñòü ýâåðî-

ëèìóñà â îòíîøåíèè ÍÝÎ ÏÆ ïî àíàëîãèè ìîæåò áûòü

îáóñëîâëåíà øèðîêîé âîâëå÷åííîñòüþ ìóòàöèé â ãåíàõ

TSC1 è TSC2 â ðàçâèòèå èíñóëèíîì. Äëÿ ïðîâåðêè ýòîé

ãèïîòåçû íàìè ïðîâåäåíî ñåêâåíèðîâàíèå ãåíîâ TSC1 è

TSC2 ìåòîäîì âûñîêîïðîèçâîäèòåëüíîãî ïàðàëëåëüíîãî

ñåêâåíèðîâàíèÿ (NGS) ýêçîíîâ è ïðèëåæàùèõ ê íèì èí-

òðîííûõ ó÷àñòêîâ äëÿ âûÿâëåíèÿ òî÷êîâûõ ìóòàöèé è

ïîòåðè ãåòåðîçèãîòíîñòè â îáðàçöàõ ÍÝÎ ÏÆ.

Ìàòåðèàëû è ìåòîäû

Â èññëåäîâàíèå âêëþ÷åíû 9 îáðàçöîâ ÍÝÎ ÏÆ, 6 èç

êîòîðûõ — ñïîðàäè÷åñêèå èíñóëèíîìû è 3 — èíñóëèíî-
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ìû ïðè ñèíäðîìå ÌÝÍ-1. Ñðåäíèé âîçðàñò ïàöèåíòîâ
— 43,7 ãîäà, ñðåäè íèõ ïÿòü æåíùèí è ÷åòâåðî ìóæ÷èí.

Âûäåëåíèå ÄÍÊ èç ïàðàôèíîâûõ áëîêîâ ïðîâîäèëè
ñîãëàñíî ïðîòîêîëó ñòàíäàðòíîé ôåíîë-õëîðîôîðìíîé
ýêñòðàêöèè.

Ñåêâåíèðîâàíèå ãåíîâ TSC1 è TSC2 ïðîâîäèëè ìå-
òîäîì NGS ñîãëàñíî ðàçðàáîòàííîé è îïóáëèêîâàííîé
àâòîðàìè ðàíåå ìåäèöèíñêîé òåõíîëîãèè êîìïëåêñíîé
ÄÍÊ-äèàãíîñòèêè òóáåðîçíîãî ñêëåðîçà [11].

Àíàëèç ïîòåðè ãåòåðîçèãîòíîñòè (ÏÃ) â ãåíàõ TSC1 è
TSC2 ïðîâîäèëè ïî àëãîðèòìó Dubbink ñ ñîàâò. [12],
àäàïòèðîâàííîìó ê èñïîëüçóåìîìó ïðîòîêîëó NGS [13].
Äëÿ îöåíêè àëëåëüíîãî äèñáàëàíñà èñïîëüçîâàëè ïîëè-
ìîðôíûå ãåíåòè÷åñêèå âàðèàíòû â ó÷àñòêàõ ñ ãëóáèíîé
ïðî÷òåíèÿ íå ìåíåå 300õ.

Ðåçóëüòàòû è îáñóæäåíèå

Ïðîâåäåíî NGS ãåíîâ TSC1 è TSC2 â 9 èíñóëèíîìàõ
ïîäæåëóäî÷íîé æåëåçû. Ìåäèàíà ïî îáðàçöàì ìåäèàí
ãëóáèíû ïîêðûòèÿ òàðãåòíûõ ëîêóñîâ ñîñòàâèëà
2162 ïðî÷òåíèÿ. Ñóììàðíî áûëî âûÿâëåíî 8 òî÷êîâûõ
ìóòàöèé è øåñòü ñîáûòèé ÏÃ.

Ñîîòâåòñòâèå ãåíîòèïà îïóõîëè äâóõóäàðíîé ìîäåëè
îïóõîëåîáðàçîâàíèÿ, êîòîðàÿ ãîâîðèò î íåîáõîäèìîñòè
äëÿ âîçíèêíîâåíèÿ îïóõîëè êàê ìèíèìóì äâóõ ïîñëåäî-
âàòåëüíûõ ìóòàöèîííûõ ñîáûòèé, çàòðàãèâàþùèõ ãåí
ñóïðåññîðà îïóõîëåâîãî ðîñòà [14], îáíàðóæåíî â 4 ñëó-
÷àÿõ èç 9 (â îáðàçöàõ ¹¹ 3, 5, 6, 9). Â îáðàçöàõ ¹1 è
¹2 ìåòîäîì NGS îáíàðóæåíû îäíîâðåìåííî ÏÃ ãåíîâ
TSC1 è TSC2. Ëèøü â îäíîì ñëó÷àå (îáðàçåö ¹4) íå áû-
ëî çàôèêñèðîâàíî íè òî÷êîâûõ ìóòàöèé, íè ÏÃ â ãåíàõ
TSC1 èëè TSC2 (òàáëèöà).

Â òðåõ ñëó÷àÿõ èíñóëèíîìû, â êîòîðûõ çàôèêñèðîâà-
íû ìóòàöèè â ãåíàõ êîìïëåêñà òóáåðîçíîãî ñêëåðîçà, ÿâ-
ëÿþòñÿ îïóõîëÿìè, âîçíèêøèìè ïðè ñèíäðîìå ÌÝÍ-1.
Ñèíäðîì Âåðìåðà, èëè ìíîæåñòâåííàÿ ýíäîêðèííàÿ íå-
îïëàçèÿ (ÌÝÍ-1, MIM*131100) ÿâëÿåòñÿ àóòîñîìíî-äî-
ìèíàíòíûì çàáîëåâàíèåì, êîòîðîå õàðàêòåðèçóåòñÿ ñî-
÷åòàíèåì ãîðìîíàëüíî àêòèâíûõ îïóõîëåé (â òîì ÷èñëå
èíñóëèíîì), îáðàçóþùèõñÿ èç ýíäîêðèííûõ êëåòîê, è
ãîðìîíàëüíî íåàêòèâíûõ îïóõîëåé [15]. Ïðè÷èíîé âîç-
íèêíîâåíèÿ äàííîãî çàáîëåâàíèÿ ÿâëÿþòñÿ ãåðìèíàëü-
íûå ìóòàöèè â ãåíå MEN1. Ñîìàòè÷åñêèå ìóòàöèè â ýòîì
ãåíå, ñîïðîâîæäàþùèåñÿ ïîòåðåé àëëåëÿ äèêîãî òèïà,
âñòðå÷àþòñÿ â 10—27% èíñóëèíîì, à ÏÃ ïðè âñåõ ÍÝÎ
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Òàáëèöà
Ìóòàöèè â ãåíàõ TSC1 è TSC2, âûÿâëåííûå â îáðàçöàõ èíñóëèíîì â íàñòîÿùåì èññëåäîâàíèè

¹ Òèï îïóõîëè Òèï
òî÷êîâîé
ìóòàöèè

Ãåí Íóêëåîòèäíàÿ
çàìåíà

Àìèíîêèñëîò-
íàÿ çàìåíà

Ïðåäñêàçà-
íèå ïàòîãåí-
íîñòè — Mu-
tation Taster

rsID Ãðàíèöû îáëàñòåé
ÏÃ

1 Ñïîðàäè÷åñêàÿ
èíñóëèíîìà

Òî÷êîâûõ ìóòàöèé íå îáíàðóæåíî — chr16:
2110571-2133901

chr9:
135767943-135770

134

2 Ñïîðàäè÷åñêàÿ
èíñóëèíîìà

Òî÷êîâûõ ìóòàöèé íå îáíàðóæåíî — chr16:
2110571-2138584

chr9:
135770250-135772

717

3 Ñïîðàäè÷åñêàÿ
èíñóëèíîìà

Ìèññåíñ TSC2 c.G997A p.V333M Ïàòîãåííàÿ — chr16:
2100446-2112177

4 Ñïîðàäè÷åñêàÿ
èíñóëèíîìà

Íå âûÿâëåíî ìóòàöèé

5 Ñïîðàäè÷åñêàÿ
èíñóëèíîìà

Ìèññåíñ TSC2 c.C2164T p.L722F Ïàòîãåííàÿ rs1029969953 —

Ñïëàéñèíã TSC2 c.2838-1G>A — Ïàòîãåííàÿ —

6 Ñïîðàäè÷åñêàÿ
èíñóëèíîìà

Íîíñåíñ TSC2 c.C2647T p.Q883* rs45476100 —

Ìèññåíñ TSC2 c.C2671T p.H891Y Ïàòîãåííàÿ —

7 Èíñóëèíîìà
ïðè ÌÝÍ-1

Ìèññåíñ TSC1 c.C1075T p.P359S Ïàòîãåííàÿ — —

Ñïëàéñèíã TSC2 c.649-1G>A — Ïàòîãåííàÿ —

8 Èíñóëèíîìà
ïðè ÌÝÍ-1

Òî÷êîâûõ ìóòàöèé íå îáíàðóæåíî — chr16:
2125937-2126414

9 Èíñóëèíîìà
ïðè ÌÝÍ-1

Ñïëàéñèíã TSC2 c.2355+1G>A — Ïàòîãåííàÿ rs45517227 chr16:
2114475-2126167



ÏÆ — â 46% ñëó÷àåâ, è íå âñåãäà ñîïðîâîæ-
äàåòñÿ «âòîðûì óäàðîì» [16], ÷òî ãîâîðèò î
âîçìîæíîé âîâëå÷åííîñòè äðóãèõ ñîáûòèé,
îòëè÷íûõ îò íåïîñðåäñòâåííîé èíàêòèâà-
öèè MEN1, â ðàçâèòèå òàêèõ îïóõîëåé, è íå
èñêëþ÷àåò âêëàäà ïîâðåæäåíèé äðóãèõ ãå-
íîâ. Â íàøåé âûáîðêå ìóòàöèè â ãåíàõ
TSC1 è/èëè TSC2 îáíàðóæåíû âî âñåõ îá-
ðàçöàõ èíñóëèíîì ïðè ñèíäðîìå ÌÝÍ-1 è
â 5 èç 6 ñëó÷àåâ ñïîðàäè÷åñêèõ èíñóëèíîì.

Ñóììàðíî ïðè èíñóëèíîìàõ ìóòàöèè
â ãåíàõ êîìïëåêñà òóáåðîçíîãî ñêëåðîçà
âûÿâëåíû íàìè â 8 îïóõîëÿõ. Â ïîäàâëÿþ-
ùåì áîëüøèíñòâå ñëó÷àåâ ìóòàöèîííûå
ñîáûòèÿ ïðåäñòàâëåíû òî÷êîâûìè ìóòàöè-
ÿìè (8/15) (ðèñ. 1), îäíàêî ïðè ðàññìîòðå-
íèè ïî òèïàì ìóòàöèé íà ïåðâîì ìåñòå ïî
âñòðå÷àåìîñòè íàõîäèòñÿ ÏÃ (7/15), íà âòî-
ðîì — ìèññåíñ-ìóòàöèè (4/15) îïðåäåëåí-
íûå êàê ïàòîãåííûå, ïî äàííûì Mutation
Taster, íà òðåòüåì ìåñòå — ìóòàöèè â ñàéòå
ñïëàéñèíãà (3/15) è íà ÷åòâåðòîì ìåñòå —
íîíñåíñ-ìóòàöèè (1/15).

Â ïîäàâëÿþùåì áîëüøèíñòâå ñëó÷àåâ
ìóòàöèîííûå ñîáûòèÿ âñòðå÷àþòñÿ â ãåíå
TSC2 (12/15); íàèáîëåå ÷àñòî — ÏÃ (ðèñ.
2).

Ðåäêàÿ ïðåäñòàâëåííîñòü èíñóëèíîìû
â îáùåé ïîïóëÿöèè ÿâëÿåòñÿ ñåðüåçíîé ïðå-
ãðàäîé â èññëåäîâàíèè åå áèîëîãèè, îäíàêî
â òî æå âðåìÿ ïðåäñòàâëÿåò îãðîìíûé èíòåðåñ
â ïîèñêàõ ïðè÷èí åå âîçíèêíîâåíèÿ. Íåñìîò-
ðÿ íà õîðîøóþ èçó÷åííîñòü ñ êëèíè÷åñêîé
òî÷êè çðåíèÿ, ãåíåòè÷åñêèå èññëåäîâàíèÿ èíñóëèíîìû íå-

ìíîãî÷èñëåííû. Ýêçîìíîå èññëåäîâàíèå âîñüìè ïàöèåíòîâ

ñî ñïîðàäè÷åñêîé èíñóëèíîìîé âûÿâèëî ïîâòîðÿþùóþñÿ

ñîìàòè÷åñêóþ ìóòàöèþ â ãåíå YY1 — Thr372Arg (â äâóõ ñëó-

÷àÿõ). Ïîñëåäóþùèé àíàëèç êîãîðòû, ñîñòîÿùåé èç 47 ïà-

öèåíòîâ, âûÿâèë íàëè÷èå ýòîé ìóòàöèè â 13% îïóõîëåé

[17]. Êîððåëÿöèé ìóòàöèè Thr372Arg ñ êëèíèêî-ìîðôîëî-

ãè÷åñêèìè ñâîéñòâàìè îïóõîëåé âûÿâëåíî íå áûëî, îäíàêî

áûëî çàìå÷åíî, ÷òî â îáñëåäîâàííîé âûáîðêå îíà íàáëþäà-

ëàñü òîëüêî ó áîëüíûõ æåíñêîãî ïîëà. Äðóãîå èññëåäîâà-

íèå, â êîòîðîå âõîäèëî 68 áîëüíûõ ÍÝÎ ÏÆ, âûÿâèëî ìó-

òàöèè â ãåíàõ MEN1, DAXX, ATRX, PTEN, TSC2 è PIK3CA

â 44,1%, 25%, 17,6%, 7,3%, 8,8% è 1,4% îïóõîëåé ñîîòâåòñò-

âåííî [18]. Â öèòèðóåìîì èññëåäîâàíèè íå áûëî ïðîâåäåíî

ðàçäåëüíîãî àíàëèçà ÷àñòîò ìóòàöèé ïî òèïàì ÍÝÎ ÏÆ,

ïîýòîìó îíî äàåò òîëüêî îáùèå ïðåäñòàâëåíèÿ î ñïåêòðå

ãåíîâ, íàèáîëåå ÷àñòî ïîâðåæäàåìûõ ïðè ÍÝÎ ÏÆ êàê òà-

êîâûõ. Ýòèì îáóñëîâëåíà àêòóàëüíîñòü ïðîâåäåíèÿ äîïîë-

íèòåëüíûõ èññëåäîâàíèé äëÿ óòî÷íåíèÿ ïðåäñòàâëåííîñòè

ìóòàöèé â ãåíàõ-êàíäèäàòàõ â òåõ èëè èíûõ òèïàõ ÍÝÎ

ÏÆ. Â ïðîâåäåííîì íàìè ïèëîòíîì èññëåäîâàíèè ñîìàòè-

÷åñêîãî ìóòàöèîííîãî ñòàòóñà êîíêðåòíîãî òèïà ÍÝÎ ÏÆ

— èíñóëèíîìû ïîäæåëóäî÷íîé æåëåçû — íàìè âïåðâûå

ïîêàçàíà âûñîêàÿ (89% îáðàçöîâ) âñòðå÷àåìîñòü ìóòàöèé
â ãåíàõ êîìïëåêñà òóáåðîçíîãî ñêëåðîçà ïðè ýòîì òèïå îïó-
õîëåé, ÷òî ìîæåò ãîâîðèòü î âîâëå÷åííîñòè ïóòè mTOR
â ðàçâèòèå áîëüøèíñòâà èíñóëèíîì. Äàëüíåéøèå èññëåäî-
âàíèÿ äîëæíû ïðèâåñòè ê áîëåå ãëóáîêîìó ïîíèìàíèþ
ïðè÷èí âîçíèêíîâåíèÿ ÍÝÎ ÏÆ è ê ñîâåðøåíñòâîâàíèþ
èõ ëå÷åíèÿ, â òîì ÷èñëå èíãèáèòîðàìè mTOR.
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