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Ñïîðàäè÷åñêàÿ àíãèîìèîëèïîìà (ÀÌË) ïî÷êè ÿâëÿåòñÿ íàèáîëåå ðàñïðîñòðàíåííûì òèïîì äîáðîêà÷åñòâåííûõ îïóõîëåé
â ïî÷êàõ — 1 ñëó÷àé íà 250 ÷åë. Íåñìîòðÿ íà áåññèìïòîìíîå òå÷åíèå, ñ óâåëè÷åíèåì ðàçìåðîâ ÀÌË ðàñòåò è ðèñê ðàçðûâà
ìèêðî- è ìàêðîàíåâðèçì, ÷òî íåñåò â ñåáå óãðîçó äëÿ æèçíè ïàöèåíòà. Ïðèìåíåíèå èíãèáèòîðîâ ïðîòåèíêèíàçû mTOR ïðè-
âîäèò ê ðåäóêöèè îïóõîëè, îäíàêî îíî ïîêàçàíî òîëüêî ïðè íàëè÷èè ó ïàöèåíòà ñîìàòè÷åñêîé èëè ãåðìèíàëüíîé ìóòàöèè â ãå-
íàõ TSC1 èëè TSC2, ïðîäóêòû êîòîðûõ ÿâëÿþòñÿ ýíäîãåííûìè èíãèáèòîðàìè mTOR è ðåãóëèðóþò êàñêàä ðåàêöèé â ïóòè
PI3K/Akt/mTOR. Ïî äàííûì áàçû COSMIC, ëèøü â 57% ñëó÷àåâ ÀÌË çàôèêñèðîâàíû äðàéâåðíûå ìóòàöèè â ãåíàõ TSC1 è
TSC2, òîãäà êàê â îñòàëüíûõ ñëó÷àÿõ ïðè÷èíû âîçíèêíîâåíèÿ ÀÌË íå ÿñíû. Íàìè ïðîâåäåí ñêðèíèíã ãåíîìíûõ íàðóøåíèé
â 20 îáðàçöàõ ñïîðàäè÷åñêîé ÀÌË ïî÷êè íà óðîâíå ïîòåðè ãåòåðîçèãîòíîñòè (ÏÃ) ó÷àñòêîâ õðîìîñîì ìåòîäîì âûñîêîïðîèç-
âîäèòåëüíîãî ïàðàëëåëüíîãî ñåêâåíèðîâàíèÿ. Â ñåìè èç äâàäöàòè îáðàçöîâ îáíàðóæåíû ÏÃ ðàçíûõ ó÷àñòêîâ õðîìîñîì.
Â ïÿòè îáðàçöàõ ÏÃ ëîêàëèçîâàíà â îáëàñòè 16p13.3, ãäå ðàñïîëîæåí ãåí TSC2. Â òðåõ îáðàçöàõ ñ íîðìàëüíûì àëëåëüíûì ñî-
ñòîÿíèåì îáëàñòè 16p13.3 íàìè çàôèêñèðîâàíû àëüòåðíàòèâíûå ñîáûòèÿ: â îäíîì ñëó÷àå — ÏÃ â ðåãèîíå 15q14q15.1, è
â äðóãîì — ìíîæåñòâåííûå ÏÃ (âûðàæåííàÿ õðîìîñîìíàÿ íåñòàáèëüíîñòü).
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Sporadic angiomyolipoma of the kidney is the most common type of renal benign tumors with an estimated frequency of 1 case
per 250 people. Despite the asymptomatic course, with the increase of the tumor size, the risk of rupture of micro- and
macroaneurysms also increases, which threatens the patient’s life. The use of mTOR protein kinase inhibitors leads to tumor reduc-
tion. However, such drugs are prescribed only if the patient has a somatic or germline mutation in the TSC1 or TSC2 genes the prod-
ucts of which are endogenous mTOR inhibitors in the reaction cascade of the PI3K/Akt/mTOR pathway. According to the COSMIC da-
tabase, driver mutations in the TSC1 and TSC2 genes were identified only in 57% of angiomyolipoma cases, whereas the causes of
the remaining cases are still not clear. We have conducted a loss of heterozygosity (LOH) screening in 20 sporadic kidney AML sam-



ples by use of the NGS. In seven of the twenty samples, LOH was found in different chromosome regions. In five samples, LOH en-
compasses the 16p13.3 region, where the TSC2 gene is located. In two samples with the normal allelic state of the 16p13.3 region,
we have detected alternative LOH events encompassing 15q14q15.1 in one case, and multiple chromosomal regions in another (high
chromosomal instability).
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Ââåäåíèå

Ñîãëàñíî äâóõóäàðíîé ìîäåëè êàíöåðîãåíåçà, èëè
òàê íàçûâàåìîé ãèïîòåçå Êíóäñîíà, äëÿ òðàíñôîðìàöèè
íîðìàëüíîé êëåòêè â îïóõîëåâóþ íåîáõîäèìî äâà ïî-
ñëåäîâàòåëüíûõ ìóòàöèîííûõ ñîáûòèÿ. Îäíèì èç ýòèõ
ñîáûòèé çà÷àñòóþ ÿâëÿåòñÿ ïîòåðÿ ãåòåðîçèãîòíîñòè.

Ïîòåðÿ ãåòåðîçèãîòíîñòè (ÏÃ) ÿâëÿåòñÿ îäíèì èç
íàèáîëåå ÷àñòûõ ñîáûòèé â ãåíîìå îïóõîëåâîé êëåòêè.
Ïîíÿòèå ïîòåðÿ ãåòåðîçèãîòíîñòè ïîäðàçóìåâàåò ëèáî
ïîòåðþ êîïèéíîñòè, ïðè êîòîðîé íàáëþäàåòñÿ ÷àñòè÷íàÿ
èëè ïîëíàÿ äåëåöèÿ õðîìîñîìû, ëèáî ïðèîáðåòåííóþ
îäíîðîäèòåëüñêóþ äèñîìèþ (acquired uniparental disomy
— aUPD), ïðè êîòîðîé ñîõðàíåííàÿ õðîìîñîìà óäâàèâà-
åòñÿ äî èëè ïîñëå äåëåöèè ó÷àñòêà ïàðíîé õðîìîñîìû
(copy-neutral LOH [1]). Òàêæå îäíîðîäèòåëüñêàÿ äèñîìèÿ
ìîæåò âîçíèêàòü âñëåäñòâèå íàðóøåíèÿ ãîìîëîãè÷íîé
ðåêîìáèíàöèè, ÷òî ìîæåò ïðèâîäèòü ê îáðàçîâàíèþ îïó-
õîëè. Îáëàñòè àëëåëüíîãî äèñáàëàíñà, òî åñòü ó÷àñòêè
ñ óâåëè÷åíèåì èëè ïîòåðåé êîïèéíîñòè îäíîãî èç àëëå-
ëåé, èñòîðè÷åñêè óñïåøíî èñïîëüçóþòñÿ â âûÿâëåíèè
îíêîãåíîâ èëè ãåíîâ ñóïðåññîðîâ îïóõîëåâîãî ðîñòà, êî-
òîðûå âîâëå÷åíû â ïðîöåññ îíêîãåíåçà [2, 3].

Àíãèîìèîëèïîìà (ÀÌË) — îäíà èç íàèáîëåå òèïè÷-
íûõ ôîðì ïàòîëîãèè ïî÷åê ïðè òóáåðîçíîì ñêëåðîçå.
Ïîñêîëüêó òóáåðîçíûé ñêëåðîç êàê ãåíåòè÷åñêîå çàáî-
ëåâàíèå àññîöèèðîâàí ñ ìóòàöèÿìè â ãåíàõ TSC1 è
TSC2, ìóòàöèîííîå ïðîôèëèðîâàíèå ÀÌË äî ñèõ ïîð
òàêæå îãðàíè÷èâàëîñü ëèøü ýòèìè äâóìÿ ãåíàìè [4].

Ïðè ñïîðàäè÷åñêîé ÀÌË ïî÷êè, ñîãëàñíî áàçå äàí-
íûõ COSMIC, ëèøü â 57% ñëó÷àåâ ÀÌË ôèêñèðóþòñÿ
ìóòàöèè â ãåíå TSC2, è íè îäíîé â ãåíå TSC1 (9q34) [5].
ÏÃ â õðîìîñîìíîì ñåãìåíòå 16p13.3, ñîäåðæàùåì ãåí
TSC2, âñòðå÷àåòñÿ â 1/4 ñëó÷àåâ [6]. Èññëåäîâàíèå, â êî-
òîðîì ïðîâîäèëîñü ïîëíîýêçîìíîå ñåêâåíèðîâàíèå
30 îáðàçöîâ ÀÌË ïî÷êè, èç êîòîðûõ 9 áûëè ñïîðàäè÷å-
ñêèìè, ïîêàçàëî ñîáëþäåíèå äâóõóäàðíîé ìîäåëè êàí-
öåðîãåíåçà â 94% ñëó÷àåâ, ïðè÷åì áûëî îòìå÷åíî, ÷òî
áèàëëåëüíàÿ èíàêòèâàöèÿ, ïðè êîòîðîé âñòðå÷àþòñÿ äâå
òî÷êîâûå ìóòàöèè, ÿâëÿåòñÿ áîëåå ÷àñòûì ñîáûòèåì ïðè
ñïîðàäè÷åñêîé ÀÌË ïî÷êè, à îäíîðîäèòåëüñêàÿ äèñî-
ìèÿ áîëåå õàðàêòåðíà äëÿ ÀÌË, ñî÷åòàííîé ñ òóáåðîç-
íûì ñêëåðîçîì [6].

Âûñîêîïðîèçâîäèòåëüíîå ïàðàëëåëüíîå ñåêâåíè-
ðîâàíèå ÿâëÿåòñÿ íà äàííûé ìîìåíò íàèáîëåå ýôôåê-
òèâíûì ìåòîäîì àíàëèçà ãåíîìíîé ïîñëåäîâàòåëüíî-
ñòè. Ïîìèìî íåñîìíåííîãî ïðåèìóùåñòâà äàííîãî

ìåòîäà â àíàëèçå òî÷êîâûõ ìóòàöèé, âêëþ÷àÿ äåëåöèè
è èíñåðöèè ðàçìåðîì äî 30 íóêëåîòèäîâ, åãî òàêæå
ìîæíî èñïîëüçîâàòü êàê ìåòîä âûÿâëåíèÿ ðåãèîíîâ
ñ ÏÃ [7].

Â íàñòîÿùåé ðàáîòå íàìè áûëî ïðîâåäåíî èññëåäî-
âàíèå ïî âûÿâëåíèþ ó÷àñòêîâ õðîìîñîì ñ ïîòåðåé ãåòå-
ðîçèãîòíîñòè â 20 îáðàçöàõ ñïîðàäè÷åñêîé ÀÌË ïî÷êè
ñ èñïîëüçîâàíèåì øèðîêîé ïàíåëè ãåíîâ, âîâëå÷åííûõ
â îïóõîëåîáðàçîâàíèå, ìåòîäîì âûñîêîïðîèçâîäèòåëü-
íîãî ïàðàëëåëüíîãî ñåêâåíèðîâàíèÿ.

Ìàòåðèàëû è ìåòîäû

Êëèíè÷åñêèé ìàòåðèàë

Â èññëåäîâàíèå âêëþ÷åíû 20 îáðàçöîâ ñïîðàäè÷å-
ñêîé ÀÌË ïî÷êè îò 20 ïàöèåíòîâ (19 æåíùèí è 1 ìóæ-
÷èíà) ñ óñòàíîâëåííûì äèàãíîçîì ñïîðàäè÷åñêàÿ ÀÌË
ïî÷êè. Èññëåäîâàíèå îäîáðåíî áèîýòè÷åñêèì êîìèòå-
òîì ÔÃÁÍÓ «ÌÃÍÖ» (ïðîòîêîë ¹5/1 îò 09.02.2015).
Âñå ïàöèåíòû ïðîõîäèëè ëå÷åíèå â ÍÈÈ óðîíåôðîëî-
ãèè è ðåïðîäóêòèâíîãî çäîðîâüÿ ÷åëîâåêà Ïåðâîãî
ÌÃÌÓ èì. È.Ì. Ñå÷åíîâà. Âîçðàñò ïàöèåíòîâ âàðüèðî-
âàë îò 31 äî 72 ëåò. Äî ìîìåíòà ïîñòóïëåíèÿ â ÍÈÈ óðî-
íåôðîëîãèè è ðåïðîäóêòèâíîãî çäîðîâüÿ ÷åëîâåêà, âñå
ïàöèåíòû ïðîõîäèëè ïëàíîâîå îáñëåäîâàíèå ïî ìåñòó
æèòåëüñòâà, ïðè êîòîðîì âî âðåìÿ óëüòðàçâóêîâîãî èñ-
ñëåäîâàíèÿ áûëè îáíàðóæåíû óíèëàòåðàëüíûå îáðàçî-
âàíèÿ ñ ÷åòêèìè íåðîâíûìè êîíòóðàìè. Êëèíè÷åñêèå
ïðîÿâëåíèÿ îòñóòñòâîâàëè. Âñåì ïàöèåíòàì áûëà ïðîâå-
äåíà ìàãíèòíî-ðåçîíàíñíàÿ òîìîãðàôèÿ èëè ìóëüòè-
ñïèðàëüíàÿ êîìïüþòåðíàÿ òîìîãðàôèÿ äëÿ ïîäòâåðæäå-
íèÿ äèàãíîçà. Îáðàçîâàíèÿ ïî ñâîèì õàðàêòåðèñòèêàì
ñîîòâåòñòâîâàëè ÀÌË. Ðàçìåð îïóõîëåé âàðüèðîâàë îò 3
äî 11 ñì â äèàìåòðå. Ïàöèåíòàì ïðîâîäèëàñü ëàïàðîñêî-
ïè÷åñêàÿ ðåçåêöèÿ îïóõîëè. Ãèñòîëîãè÷åñêàÿ êàðòèíà
âñåõ îáðàçöîâ èìåëà ÿðêî âûðàæåííûé õàðàêòåð ÀÌË
ñ ðàçíûì ñîäåðæàíèåì æèðà, ñîñóäîâ è ìûøö. Â êà÷åñò-
âå ìàòåðèàëà äëÿ èññëåäîâàíèÿ èñïîëüçîâàëàñü îïóõîëå-
âàÿ òêàíü, ïîëó÷åííàÿ ïîñëå ðåçåêöèè è ñîõðàíåííàÿ
ïðè -20°Ñ. Ìèêðîäèññåêöèÿ îáðàçöîâ íå ïðîâîäèëàñü.
Â êà÷åñòâå êîíòðîëüíîé âûáîðêè èñïîëüçîâàëè îáðàçöû
êðîâè ýòèõ æå ïàöèåíòîâ.

Âûäåëåíèå ÄÍÊ èç îáðàçöîâ áèîëîãè÷åñêîãî ìàòåðè-
àëà ïðîâîäèëè ñîãëàñíî ïðîòîêîëó ñòàíäàðòíîé ôå-
íîë-õëîðîôîðìíîé ýêñòðàêöèè.
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Îïðåäåëåíèå ïîòåðè ãåòåðîçèãîòíîñòè

ÏÃ â îáðàçöàõ ÀÌË ïî÷êè îïðåäåëÿëè ìåòîäîì âûñî-

êîïðîèçâîäèòåëüíîãî ïàðàëëåëüíîãî ñåêâåíèðîâàíèÿ

ñ èñïîëüçîâàíèåì ïàíåëè ïðàéìåðîâ Ion AmpliSeq Comp-

rehensive Cancer Panel (ThermoFisher, ÑØÀ), ïîêðûâàþ-

ùåé ýêçîíû è ôëàíêèðóþùèå èõ ó÷àñòêè èíòðîíîâ

409 ãåíîâ, ó÷àñòâóþùèõ â îïóõîëåîáðàçîâàíèè. Äëÿ ñî-

çäàíèÿ áèáëèîòåê èñïîëüçîâàëè íàáîð Ion AmpliSeq Lib-

rary Kit 2.0 (ThermoFisher, ÑØÀ). Êëîíàëüíóþ ýìóëüñè-

îííóþ ÏÖÐ ïðîâîäèëè ñ èñïîëüçîâàíèåì ñèñòåìû Ion

Chef, ñåêâåíèðîâàíèå ïðîâîäèëè íà ïðèáîðå Ion S5 ñî-

ãëàñíî ïðîòîêîëó ïðîèçâîäèòåëÿ.

Äëÿ âûÿâëåíèÿ ÏÃ èñïîëüçîâàëè ìåòîä, îïèñàííûé

â ñòàòüå Dubbink ñ ñîàâò. [7]. Àëëåëüíîå ñîîòíîøåíèå îä-

íîíóêëåîòèäíûõ ãåíåòè÷åñêèõ âàðèàíòîâ (single nucleoti-

de variant — SNV) ñî çíà÷åíèÿìè ìåæäó 45% è 55% ñ÷èòà-

ëè ñîîòâåòñòâóþùèì ãåòåðîçèãîòíîìó ñîñòîÿíèåì SNV, à

ñî çíà÷åíèÿìè âûøå 55% è íèæå 45% — àëëåëüíîìó äèñ-

áàëàíñó. Çíà÷åíèÿ ñîîòíîøåíèé àëëåëåé SNV âûøå 95%

èëè íèæå 5% ñ÷èòàëèñü ñîîòâåòñòâóþùèìè ãîìîçèãîòíî-

ìó ñîñòîÿíèþ. Ðàññìàòðèâàëèñü òîëüêî ãåíåòè÷åñêèå âà-

ðèàíòû â ó÷àñòêàõ ñ ãëóáèíîé ïðî÷òåíèÿ íå ìåíåå 50õ.

Õðîìîñîìíûé ìèêðîìàòðè÷íûé àíàëèç (SNP-array)

ïðîâîäèëè äëÿ âàëèäàöèè ðåçóëüòàòîâ îïðåäåëåíèÿ ó÷à-

ñòêîâ ÏÃ, ïîëó÷åííûõ ìåòîäîì âûñîêîïðîèçâîäèòåëüíî-

ãî ïàðàëëåëüíîãî ñåêâåíèðîâàíèÿ ÄÍÊ. Âàëèäàöèþ ïðî-

âåëè íà ïðèìåðå äâóõ îáðàçöîâ (¹7 è ¹20). Èñïîëüçîâà-

ëè ÷èïû ïðîèçâîäñòâà êîìïàíèè Affymetrix ñåðèè CytoS-

can. Èññëåäîâàíèå âûïîëíÿëè â ñîîòâåòñòâèè ñ ïðîòîêî-

ëîì êîìïàíèè-ïðîèçâîäèòåëÿ. Àíàëèç ïîëó÷åííûõ äàí-

íûõ ïðîâîäèëè ñ èñïîëüçîâàíèåì ïðîãðàììíîãî îáåñïå-

÷åíèÿ ChAS 3.0 Affymetrix (Thermo Fisher).

Ðåçóëüòàòû è îáñóæäåíèå

Ìû ïîêàçàëè, ÷òî èñïîëüçîâàíèå ïàíåëè ïðàéìåðîâ
äëÿ ñåêâåíèðîâàíèÿ 409 ãåíîâ, âîâëå÷åííûõ â îïóõîëå-
îáðàçîâàíèå, ïîçâîëÿåò âûÿâëÿòü íå òîëüêî òî÷êîâûå
ãåíåòè÷åñêèå âàðèàíòû, íî è ó÷àñòêè õðîìîñîì ñ ÏÃ.
Ýòî äîñòèãàåòñÿ çà ñ÷åò äîâîëüíî ðàâíîìåðíîãî ðàñïðå-
äåëåíèÿ ñåêâåíèðóåìûõ ôðàãìåíòîâ ïî ãåíîìó (ðèñ. 1).
Ìû ïðåäïîëîæèëè, ÷òî â ðàçâèòèè ñïîðàäè÷åñêîé ÀÌË
ïî÷êè ìîãóò áûòü çàäåéñòâîâàíû äðóãèå ãåíû, ïîìèìî
ãåíîâ îíêîñóïðåññîðîâ TSC1 è TSC2, è èñïîëüçîâàëè
ïîòåíöèàë ïàíåëè Ion AmpliSeq Comprehensive Cancer
Panel äëÿ àíàëèçà êëþ÷åâûõ ãåíîâ, ó÷àñòâóþùèõ â îïó-
õîëåîáðàçîâàíèè, â òîì ÷èñëå ñ òî÷êè çðåíèÿ èõ êîïèé-
íîñòè.

Ìåòîäîì âûñîêîïðîèçâîäèòåëüíîãî ïàðàëëåëüíîãî
ñåêâåíèðîâàíèÿ íàìè ñóììàðíî âûÿâëåíî 10 ðåãèîíîâ
ñ ïîòåðåé ãåòåðîçèãîòíîñòè â 7 èç 20 îáðàçöîâ (35%)
ñïîðàäè÷åñêîé ÀÌË ïî÷êè. Ðåçóëüòàòû èäåíòèôèêàöèè
ó÷àñòêîâ ÏÃ ïîëíîñòüþ âàëèäèðîâàíû ïðîâåäåííûì
õðîìîñîìíûì ìèêðîìàòðè÷íûì àíàëèçîì äâóõ èíôîð-
ìàòèâíûõ îáðàçöîâ (¹7 è ¹20). Â òàáë. 1 ãðàíèöû âû-
ÿâëåííûõ ó÷àñòêîâ ÏÃ îáîçíà÷åíû äëÿ ýòèõ îáðàçöîâ
â ñîîòâåòñòâèè ñ ðåçóëüòàòàìè ìèêðîìàòðè÷íîãî àíàëè-
çà, îáåñïå÷èâàþùåãî áîëåå âûñîêîå ðàçðåøåíèå ïî
ñðàâíåíèþ ñ èñïîëüçóåìîé íàìè ñèñòåìîé âûñîêîïðî-
èçâîäèòåëüíîãî ïàðàëëåëüíîãî ñåêâåíèðîâàíèÿ.

Íàèáîëåå ÷àñòî ÏÃ âñòðå÷àëàñü â ñåãìåíòå 16p13.3 —
5 èç 7 îáðàçöîâ (71%). Â äàííîì ñåãìåíòå ðàñïîëàãàåòñÿ
ãåí îíêîñóïðåññîð TSC2, ïðîäóêò êîòîðîãî — òóáåðèí
— ôîðìèðóåò êîìïëåêñ ñ áåëêîì ãàìàðòèíîì (êîäèðóå-
ìûì ãåíîì TSC1), ãäå òóáåðèí èñïîëíÿåò ðîëü ÃÒÔà-
çà-àêòèâèðóþùåãî áåëêà, à ãàìàðòèí íåîáõîäèì äëÿ åãî
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Ðèñ. 1. Ëîêàëèçàöèÿ òàðãåòíûõ àìïëèêîíîâ ïàíåëè äëÿ âûñîêîïðîèçâîäèòåëüíîãî ïàðàëëåëüíîãî ñåêâåíèðîâàíèÿ ÄÍÊ Ion AmpliSeq Compre-
hensive Cancer Panel (îòìå÷åíî êðàñíûì). Ñèíèì öâåòîì îáîçíà÷åíû âàðèàáåëüíî îêðàøèâàåìûå ó÷àñòêè õðîìîñîì.



ñòàáèëèçàöèè è ïðåäîòâðàùåíèÿ åãî óáèêâèòèí-îïîñðå-

äîâàííîé äåãðàäàöèè. Ýòîò êîìïëåêñ èãðàåò âàæíóþ

ðîëü â ñèãíàëüíîì ïóòè PI3K/akt/mTOR, ãäå ïîñðåäñò-

âîì èíãèáèðîâàíèÿ ÃÒÔ-ñâÿçûâàþùåãî áåëêà Rheb îí

èíàêòèâèðóåò ñåðèí/òðåîíèíîâóþ ïðîòåèíêèíàçó

mTOR [8]. Áûëà äîêàçàíà àññîöèàöèÿ ìóòàöèé â ãåíàõ

TSC1 è TSC2 ñ òàêèìè çàáîëåâàíèÿìè, êàê òóáåðîçíûé

ñêëåðîç, ëèìôàíãèîëåéîìèîìàòîç è ñïîðàäè÷åñêàÿ

ÀÌË. Â ïîñëåäíåì ñëó÷àå ìóòàöèè ðàçíîãî ðîäà â äàí-

íûõ ãåíàõ âñòðå÷àþòñÿ ïðèìåðíî â 57% ñëó÷àåâ. ×àñòîòà

âñòðå÷àåìîñòè ÏÃ â ðåãèîíå 16p13.3, ïî äàííûì Henske

ñ ñîàâò., îòëè÷àëàñü â ãðóïïå ñïîðàäè÷åñêîé ÀÌË îò òà-

êîâîé â ãðóïïå ÀÌË, ñî÷åòàííîé ñ òóáåðîçíûì ñêëåðî-

çîì. Ïðè ñïîðàäè÷åñêîé ÀÌË, ÏÃ â 16p13.3 áûëà âûÿâ-

ëåíà â 3 èç 29 ñëó÷àåâ (10,34%), à ïðè ñî÷åòàííîé ôîðìå

— â 5 èç 8 (62,5%) [9]. Èíòåðåñíûì ÿâëÿåòñÿ èññëåäîâà-

íèå Kattar ñ ñîàâò. [10], â êîòîðîì ìåòîäîì ñðàâíèòåëü-

íîé ãåíîìíîé ãèáðèäèçàöèè áûëî ïîêàçàíî îòñóòñòâèå

êàêèõ-ëèáî èçìåíåíèé êîïèéíîñòè â ñåãìåíòàõ õðîìî-

ñîì 16p13.3 èëè 9q34, îäíàêî áûëà âûÿâëåíà õðîìîñîì-

íàÿ íåñòàáèëüíîñòü â äðóãèõ ðåãèîíàõ (òàáë. 2).

Íàìè ïîêàçàíà âûñîêàÿ (35%) âñòðå÷àåìîñòü ÏÃ ñåã-

ìåíòà 16p13.3 ïðè ñïîðàäè÷åñêîé ÀÌË (ðèñ. 2), ÷òî ãî-

âîðèò î áîëüøåé ÷àñòîòå õðîìîñîìíîé íåñòàáèëüíîñòè

â äàííîì ðåãèîíå, ÷åì áûëî âûÿâëåíî ðàíåå [9].

Â íàøåì èññëåäîâàíèè â äâóõ ñëó÷àÿõ (îáðàçöû ¹4 è

20) íå áûëî çàôèêñèðîâàíî íàðóøåíèé êîïèéíîñòè

ÄÍÊ â îáëàñòÿõ 16p13.3 èëè 9q34, à òàêæå òî÷êîâûõ ìó-

òàöèé â ãåíàõ TSC1 èëè TSC2. Ïðè ýòîì â îáðàçöå ¹20

âûÿâëåíî 4 ó÷àñòêà ÏÃ (òàáë. 1), ïðåäñòàâëåííûõ, ñî-

ãëàñíî ðåçóëüòàòàì ïðîâåäåííîãî õðîìîñîìíîãî ìèêðî-

ìàòðè÷íîãî àíàëèçà, äåëåöèÿìè. Íåìíîãî÷èñëåííûå

öèòîãåíåòè÷åñêèå èññëåäîâàíèÿ ñïîðàäè÷åñêîé ÀÌË

ïî÷êè, ïðîâîäèâøèåñÿ ðàíåå, ïîêàçûâàëè ðàçëè÷íûå

ðåçóëüòàòû. Íàèáîëåå ÷àñòî ôèêñèðîâàëèñü òðèñîìèè

õðîìîñîìû 7 [11] è äåëåöèè îáëàñòè 5q33-q34 [12]. Ïî
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Òàáëèöà 1
Êîîðäèíàòû ó÷àñòêîâ õðîìîñîì c ÏÃ, âûÿâëåííûõ â íàñòîÿùåì èññëåäîâàíèè

Îáðàçåö ¹ Êîîðäèíàòû ó÷àñòêîâ õðîìîñîì ñ ÏÃ â ñîîòâåòñòâèè ñ íîìåíêëàòóðîé ISCN 2016

4 seq[GRch37/hg19]15q14q15.1(39884882_40494960)hmz

7 arr[GRch37/hg19] 16p13.3(1925000_2120000)x1

9 seq[GRch37/hg19] 16p13.3p13.11(2129637_15820863)hmz

11 seq[GRch37/hg19] 16p13.3 (chr16:2110608-27460360)hmz

12 seq[GRch37/hg19] 16p13.3 (2105335_2138422)hmz

19 seq[GRch37/hg19]16p13.3(2136360_3779115)hmz

20 arr[GRch37/hg19] 3p26.3q27.3(61891-187040043)x1-2
arr[GRch37/hg19] 7q35(146631506_147643306)x1
arr[GRch37/hg19] 11p15.2q25(13396951_134938470)x1-2
arr[GRch37/hg19] 16q12.2q24.3(53484187_90155062)x1-2

Òàáëèöà 2
Ðåçóëüòàòû ðàíåå îïóáëèêîâàííûõ èññëåäîâàíèé õðîìîñîìíîé íåñòàáèëüíîñòè

â ñïîðàäè÷åñêîé ÀÌË ïî÷êè

Èññëåäîâàíèå Íàáëþäåíèÿ Êîëè÷åñòâî ïàöèåíòîâ â èññëåäîâàíèè

de Jong B ñ ñîàâò. [3165694] 47,XX,+7 1

Paola Dal Cin ñ ñîàâò. [9398869] 47,XX,+7;47,XX+8 9

Debiec-Rychter ñ ñîàâò.
[1377003]

44,XX,-8, -12, -14, -21, +der (8q14q), +
der(12)(12pter----12q14-15::12q24----12q14-15:
:+ ++21q21----21qter)

1

Kattar ñ ñîàâò. [10088548] del 5q33-qter;
del 4cen-p15.3;
del 5q31-qter;
add4qcen-qter;
del 2q14.1-q23;
del 5q 21-q34;
del 2q13-q32;
del 3q21-q26.2;
del 11q14-q23;
del 7q22-q33; +19;
del 5q32-q34

7

Wullich ñ ñîàâò. [9209469] 47,XY,+7; 46,XX,t(7,12)(q?; q?) 5



äàííûì èññëåäîâàíèé, òðèñîìèÿ ñåäüìîé õðîìîñîìû
ÿâëÿåòñÿ âåñüìà ðàñïðîñòðàíåííûì ÿâëåíèåì, êîòîðîå
ôèêñèðóåòñÿ êàê ïðè çëîêà÷åñòâåííûõ è äîáðîêà÷åñò-
âåííûõ ñîëèäíûõ îïóõîëÿõ, òàê è ïðè çàáîëåâàíèÿõ, íå
ñâÿçàííûõ ñ îïóõîëåîáðàçîâàíèåì, òàêèõ, êàê àðòðèò
[13]. Èíòåðåñíûì òàêæå ÿâëÿåòñÿ òî, ÷òî òðèñîìèÿ ñåäü-
ìîé õðîìîñîìû íàáëþäàëàñü ïðè ñòàíäàðòíîì öèòîãå-
íåòè÷åñêîì èññëåäîâàíèè è â íîðìàëüíîé òêàíè ïî÷êè
[14]. Íàìè íå çàôèêñèðîâàíî ïîëíîé äóïëèêàöèè õðî-
ìîñîìû 7, îäíàêî â îáðàçöå ¹20 îïðåäåëåíà äåëåöèÿ
ñåãìåíòà 7q35. Âñå õðîìîñîìíûå àíîìàëèè, çà èñêëþ÷å-
íèåì ñëó÷àåâ ïîòåðü ãåòåðîçèãîòíîñòè, çàõâàòûâàþùèõ
õðîìîñîìíûé ñåãìåíò 16p13.3, çàôèêñèðîâàíû íàìè
åäèíè÷íî.

Âûñîêèé óðîâåíü õðîìîñîìíîé íåñòàáèëüíîñòè â îò-
äåëüíûõ îáðàçöàõ ñïîðàäè÷åñêîé ÀÌË ïî÷êè, âûÿâëåí-
íûé â ðàíåå ïðîâåäåííûõ èññëåäîâàíèÿõ è â íàñòîÿùåé
ðàáîòå, âîçìîæíî, óêàçûâàåò íà ïðîöåññ ìàëèãíèçàöèè
îïóõîëè. Èçâåñòíûé ïîäòèï ÀÌË — ýïèòåëèîèäíàÿ
ÀÌË — â íåêîòîðûõ ñëó÷àÿõ ïðîÿâëÿåò ïðèçíàêè çëîêà-
÷åñòâåííîé îïóõîëè. Nobuyoshi ñ ñîàâò. îïèñàëè äâà ñëó-
÷àÿ, êîãäà â êëàññè÷åñêîé ÀÌË, ñîñòîÿùåé èç êðîâå-
íîñíûõ ñîñóäîâ, ãëàäêèõ ìûøö è æèðîâûõ êëåòîê, ñî-
äåðæàëîñü òàêæå íåêîòîðîå êîëè÷åñòâî ýïèòåëèîèäíûõ
êëåòîê — îñíîâíîãî ïîêàçàòåëÿ ýïèòåëèîèäíîé ÀÌË
[15]. Â îáðàçöå ¹20 ñ âûñîêîé õðîìîñîìíîé íåñòàáèëü-
íîñòüþ ãèñòîëîãè÷åñêàÿ êàðòèíà ñîîòâåòñòâóåò êëàññè-
÷åñêîé ÀÌË. Îäíàêî ñòîëü âûñîêàÿ õðîìîñîìíàÿ íåñòà-
áèëüíîñòü âïîëíå ìîæåò áûòü ïðåäâåñòíèêîì ìàëèãíè-
çàöèè ýòîé îïóõîëè.

Çàêëþ÷åíèå

Ïðîâîäèìûå ãåíåòè÷åñêèå èññëåäîâàíèÿ ñïîðàäè÷å-
ñêîé ÀÌË ïî÷êè â îñíîâíîì íàïðàâëåíû íà ãåíû êîìï-
ëåêñà TSC1/TSC2, ÷òî îáîñíîâàíî ÷àñòîé âñòðå÷àåìî-
ñòüþ (80%) ÀÌË ïî÷åê ó ïàöèåíòîâ ñ òóáåðîçíûì ñêëå-
ðîçîì. Îäíàêî ñ ó÷åòîì ìàëûõ âûáîðîê ïàöèåíòîâ ñî
ñïîðàäè÷åñêîé ÀÌË, èçó÷åííûõ â ðàíåå ïðîâåäåííûõ
èññëåäîâàíèÿõ [9, 16], íåëüçÿ îäíîçíà÷íî ãîâîðèòü îá
óíèâåðñàëüíîé ñïåöèôè÷íîñòè äàííûõ ãåíîâ ïî îòíî-
øåíèþ ê ýòîìó òèïó îïóõîëåé.

Â íàøåé âûáîðêå â 7 ñëó÷àÿõ èç 20 áûëà îáíàðóæåíà
ÏÃ, êîòîðàÿ â 5 ñëó÷àÿõ çàòðàãèâàëà õðîìîñîìíûé ñåã-
ìåíò 16p13.3, ÷òî ãîâîðèò î áîëüøåé âñòðå÷àåìîñòè ÏÃ
(35%) â ðåãèîíå 16p13.3 â îáðàçöàõ ñïîðàäè÷åñêîé ÀÌË
ïî÷êè, ÷åì ýòî ðàíåå áûëî ïîêàçàíî. Âïåðâûå îáíàðó-
æåíî 5 íîâûõ ðåãèîíîâ ñ ÏÃ, è âûÿâëåí îáðàçåö îïóõî-
ëè ñ âûñîêîé õðîìîñîìíîé íåñòàáèëüíîñòüþ, êîòîðàÿ
ìîæåò ÿâëÿòüñÿ ìàðêåðîì ìàëèãíèçàöèè. Â äâóõ ñëó÷àÿõ
íàìè íå îáíàðóæåíî ÏÃ â ðåãèîíàõ 16p13.3 è 9q34, ðàâ-
íî êàê è òî÷êîâûõ ìóòàöèé â ãåíàõ TSC1 è TSC2. Ýòî
îñòàâëÿåò îòêðûòûì âîïðîñ î äðàéâåðíûõ ïðè÷èíàõ
âîçíèêíîâåíèÿ ýòèõ îïóõîëåé.

Äàëüíåéøèå èññëåäîâàíèÿ ìóòàöèîííîãî ïðîôèëÿ
ñïîðàäè÷åñêîé ÀÌË ïî÷êè ïîçâîëÿò âíåñòè âêëàä â èçó-

÷åíèå åå ýòèîïàòîãåíåçà, à òàêæå áóäóò ñïîñîáñòâîâàòü

ðàçðàáîòêå íîâûõ ñïîñîáîâ ïðîôèëàêòèêè è ëå÷åíèÿ

äàííîãî çàáîëåâàíèÿ.
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