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Àêòóàëüíîñòü. ×èñëîâûå õðîìîñîìíûå íàðóøåíèÿ — îäíè èç íàèáîëåå çíà÷èòåëüíûõ äëÿ êëåòêè è îðãàíèçìà ãåíåòè÷å-
ñêèõ ïîâðåæäåíèé. Èçâåñòíî, ÷òî àíåóïëîèäèÿ ìîæåò âûçûâàòü õðîìîñîìíóþ íåñòàáèëüíîñòü â îïóõîëåâûõ êëåòêàõ. Îäíàêî
îñòàåòñÿ íåèçâåñòíûì, ïðèâîäèò ëè íàëè÷èå ÷èñëîâûõ õðîìîñîìíûõ íàðóøåíèé â êëåòêå ê èíäóêöèè õðîìîñîìíîé íåñòà-
áèëüíîñòè â ýìáðèîãåíåçå. Öåëü. Íàñòîÿùàÿ ðàáîòà íàïðàâëåíà íà âûÿâëåíèå âëèÿíèÿ ÷èñëîâûõ õðîìîñîìíûõ íàðóøåíèé
íà ÷àñòîòó ïîòåðü õðîìîñîìíûõ ôðàãìåíòîâ è öåëûõ õðîìîñîì â ôèáðîáëàñòàõ ýêñòðàýìáðèîíàëüíîé ìåçîäåðìû ñïîíòàí-
íûõ àáîðòóñîâ I òðèìåñòðà áåðåìåííîñòè. Ìàòåðèàëû è ìåòîäû. Ïðîâåäåí àíàëèç ÷àñòîòû öåíòðîìåðî-íåãàòèâíûõ ìèêðî-
ÿäåð, ñîäåðæàùèõ õðîìîñîìíûå ôðàãìåíòû, è öåíòðîìåðî-ïîçèòèâíûõ ìèêðîÿäåð, îáðàçóþùèõñÿ âîêðóã öåëûõ îòñòàâøèõ
â õîäå ìèòîçà õðîìîñîì, â ôèáðîáëàñòàõ ýêñòðàýìáðèîíàëüíîé ìåçîäåðìû 21 ñïîíòàííîãî àáîðòóñà ñ ðàçëè÷íûìè êàðèîòè-
ïàìè (9 àáîðòóñîâ ñ íîðìàëüíûì êàðèîòèïîì, 7 àáîðòóñîâ ñ àíåóïëîèäèåé, è 5 àáîðòóñîâ ñ òðèïëîèäèåé). Â êà÷åñòâå êîíò-
ðîëüíîé ãðóïïû áûëè èññëåäîâàíû 19 ìåäèöèíñêèõ àáîðòóñîâ I òðèìåñòðà. Ðåçóëüòàòû. Íåñìîòðÿ íà ïîâûøåííóþ ÷àñòîòó
õðîìîñîìíîãî îòñòàâàíèÿ â ïîäãðóïïå ñïîíòàííûõ àáîðòóñîâ ñ àíåóïëîèäèåé ïî ñðàâíåíèþ ñî ñïîíòàííûìè àáîðòóñàìè
ñ íîðìàëüíûì êàðèîòèïîì è ìåäèöèíñêèìè àáîðòóñàìè, ñòàòèñòè÷åñêè çíà÷èìûõ îòëè÷èé îáíàðóæåíî íå áûëî. Âûâîäû. Äëÿ
âîçíèêíîâåíèÿ õðîìîñîìíîé íåñòàáèëüíîñòè â ýìáðèîãåíåçå ÷åëîâåêà íåäîñòàòî÷íî íàëè÷èÿ ÷èñëîâûõ õðîìîñîìíûõ íàðó-
øåíèé â êëåòêå, ÷òî óêàçûâàåò íà ñóùåñòâîâàíèå ìåõàíèçìîâ ïîääåðæàíèÿ ñòàáèëüíîñòè ãåíîìà â ýêñòðàýìáðèîíàëüíûõ
òêàíÿõ, íå÷óâñòâèòåëüíûõ ê àíåóïëîèäèè è ïîëèïëîèäèè.
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Numerical chromosome abnormalities are the most significant genetic failures. It is known that chromosomal aneuploidy may
cause instability in tumor cells. However, it remains unknown whether the presence of numerical chromosome abnormalities in cell
leads to the induction of chromosomal instability in embryogenesis. Goal. This work aims to identify the impact of numerical chromo-
some abnormalities on the frequencies of chromosome fragment and whole chromosome loss in fibroblasts of extraembryonic
mesoderm of I trimester spontaneous abortions. Materials and methods. The frequencies of centromere-negative micronuclei con-
taining the chromosome fragments, and centromere-positive micronuclei formed around the whole lagging chromosomes, were as-
sessed in fibroblasts of extraembryonic mesoderm of 21 spontaneous abortions with different karyotypes (9 abortions with normal
karyotype, 7 abortions with aneuploidy, and 5 triploid abortions). Nineteen induced abortions were used as a control group. Results.
Despite the increased frequency of chromosome loss in the subgroup of spontaneous abortions with aneuploidy compared with spon-
taneous abortions with normal karyotype and induced abortions, significant differences were not found. Conclusions. Presence of
aneuploidy is not enough for induction of chromosome instability in human cells indicating the existence of mechanisms of genome
stability maintenance in the extraembryonic tissues, which are non-sensitive to aneuploidy and polyploidy.
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Ââåäåíèå

Îäíèì èç íàèáîëåå çíà÷èòåëüíûõ äëÿ êëåòêè è îðãà-
íèçìà ãåíåòè÷åñêèõ ïîâðåæäåíèé ÿâëÿþòñÿ ÷èñëîâûå
õðîìîñîìíûå íàðóøåíèÿ, âêëþ÷àþùèå àíåóïëîèäèþ è
ïîëèïëîèäèþ [1]. Íàëè÷èå àíåóïëîèäèè â êëåòêå ïðè-
âîäèò ê îäíîâðåìåííîìó èçìåíåíèþ äîçû íåñêîëüêèõ
òûñÿ÷ ãåíîâ, ÷òî, â ñâîþ î÷åðåäü, ìîæåò ïðèâåñòè ê ðàç-
áàëàíñèðîâêå ìíîæåñòâà êëåòî÷íûõ ïðîöåññîâ, è, êàê
ñëåäñòâèå, ê ãåíîìíîé íåñòàáèëüíîñòè. Ïîëèïëîèäèÿ,
êàê êðàòíîå óâåëè÷åíèå êîëè÷åñòâà öåëûõ õðîìîñîìíûõ
íàáîðîâ, òàêæå âåäåò ê âîçðàñòàíèþ ÷àñòîòû îøèáîê
ñåãðåãàöèè õðîìîñîì, ÷òî õîðîøî ïîêàçàíî â îïóõîëå-
âûõ êëåòêàõ. Êðîìå òîãî, ïîëèïëîèäèÿ ñâÿçàíà ñ ïîâû-
øåíèåì ïðîëèôåðàòèâíîé àêòèâíîñòè êëåòîê, ÷òî ïîä-
òâåðæäàåòñÿ èññëåäîâàíèÿìè íà îïóõîëåâûõ êëåòêàõ è
íà êëåòêàõ öèòîòðîôîáëàñòà ïðè ïîëíîì ïóçûðíîì çà-
íîñå, âûçâàííîì òðèïëîèäèåé äèàíäðîãåíåòè÷åñêîãî
ïðîèñõîæäåíèÿ. Èçâåñòíî, ÷òî â îïóõîëÿõ âîçíèêøàÿ
àíåóïëîèäèÿ ìîæåò âûçûâàòü õðîìîñîìíóþ íåñòàáèëü-
íîñòü [1, 2]. Îäíàêî îñòàåòñÿ íåèçâåñòíûì, ïðèâîäÿò ëè
÷èñëîâûå õðîìîñîìíûå íàðóøåíèÿ ê èíäóêöèè õðîìî-
ñîìíîé íåñòàáèëüíîñòè â ýìáðèîãåíåçå íà ôîíå âûñî-
êîé ïðîëèôåðàòèâíîé àêòèâíîñòè âíåçàðîäûøåâûõ
ïëàöåíòàðíûõ òêàíåé. Â ñâÿçè ñ ýòèì, öåëüþ íàñòîÿùå-
ãî èññëåäîâàíèÿ ñòàë àíàëèç ÷àñòîòû ïîòåðü õðîìîñîì-
íûõ ôðàãìåíòîâ è öåëûõ õðîìîñîì â ôèáðîáëàñòàõ ýê-
ñòðàýìáðèîíàëüíîé ìåçîäåðìû ñïîíòàííûõ àáîðòóñîâ
ñ ÷èñëîâûìè õðîìîñîìíûìè íàðóøåíèÿìè.

Ìàòåðèàëû è ìåòîäû

Â êà÷åñòâå ìàòåðèàëà áûëè èñïîëüçîâàíû îáðàçöû
ýêñòðàýìáðèîíàëüíîé ìåçîäåðìû 21 ñïîíòàííîãî
(7,7 ± 0,4 íåäåëü) è 19 ìåäèöèíñêèõ (8,6 ± 0,5 íåäåëü)
àáîðòóñîâ I òðèìåñòðà áåðåìåííîñòè, ïîëó÷åííûå îò
æåíùèí ïîñëå ïîäïèñàíèÿ èíôîðìèðîâàííîãî ñîãëà-
ñèÿ. Ïðîâåäåíèå èññëåäîâàíèÿ îäîáðåíî Êîìèòåòîì ïî
áèîìåäèöèíñêîé ýòèêå ÔÃÁÍÓ «ÍÈÈ ìåäèöèíñêîé ãå-

íåòèêè», ã.Òîìñê (ïðîòîêîë ¹ 3 îò 02.06.2015). Êàðèî-
òèïû ñïîíòàííûõ àáîðòóñîâ áûëè óñòàíîâëåíû ïóòåì
ñòàíäàðòíîãî êàðèîòèïèðîâàíèÿ è ñðàâíèòåëüíîé ãå-
íîìíîé ãèáðèäèçàöèè (CGH) â ñîîòâåòñòâèè ñ îïóáëè-
êîâàííûì ïðîòîêîëîì [3]. Ýòî ïîçâîëèëî ðàçäåëèòü âû-
áîðêó ñïîíòàííûõ àáîðòóñîâ íà òðè ïîäãðóïïû: ñ íîð-
ìàëüíûì êàðèîòèïîì (9 ýìáðèîíîâ), àíåóïëîèäèåé ïî
îòäåëüíûì õðîìîñîìàì (7 ýìáðèîíîâ) è òðèïëîèäèåé
(5 ýìáðèîíîâ) (òàáë. 1).

Ôèáðîáëàñòû, ïîëó÷åííûå èç ýêñòðàýìáðèîíàëü-
íîé ìåçîäåðìû àáîðòóñîâ, êóëüòèâèðîâàëè â ñðåäå
DMEM/F12 (Sigma, ÑØÀ) c äîáàâëåíèåì 10%-íîé ýì-
áðèîíàëüíîé òåëÿ÷üåé ñûâîðîòêè (Sigma, ÑØÀ). Äëÿ
áëîêèðîâàíèÿ öèòîêèíåçà êëåòêè êóëüòèâèðîâàëè 72 ÷
â ïðèñóòñòâèè öèòîõàëàçèíà Â (Sigma, ÑØÀ) â êîíöåí-
òðàöèè 5 ìêã/ìë, ïîñëå ÷åãî êëåòêè ñíèìàëè ðàñòâîðîì
òðèïñèíà (Sigma, ÑØÀ) è ôèêñèðîâàëè ìîäèôèöèðî-
âàííûì ôèêñàòîðîì Êàðíóà (ìåòàíîë : óêñóñíàÿ êèñëî-
òà — 3:1). Ìåòîäîì FISH ñ èñïîëüçîâàíèåì ïàíöåíòðî-
ìåðíûõ ÄÍÊ-çîíäîâ â öèòîêèíåç-áëîêèðîâàííûõ
êëåòêàõ îïðåäåëÿëè ÷àñòîòó öåíòðîìåðî-íåãàòèâíûõ è
öåíòðîìåðî-ïîçèòèâíûõ ìèêðîÿäåð, íóêëåîïëàçìàòè-
÷åñêèõ ìîñòîâ. Ðåàêöèþ FISH è àíàëèç ìèêðîÿäåð ïðî-
âîäèëè â ñîîòâåòñòâèè ñ ðàíåå îïóáëèêîâàííûì ïðîòî-
êîëîì [4]. Àíàëèçèðîâàëè 1000—1500 êëåòîê íà îäèí
îáðàçåö. Ñòàòèñòè÷åñêóþ îöåíêó ïðîâîäèëè ñ ïîìî-
ùüþ íåïàðàìåòðè÷åñêîãî êðèòåðèÿ Ìàííà—Óèòíè
ñ èñïîëüçîâàíèåì ïðîãðàììíîãî îáåñïå÷åíèÿ Statisti-
ca 8.0 (StatSoft).

Ðåçóëüòàòû è îáñóæäåíèå

×àñòîòà öåíòðîìåðî-ïîçèòèâíûõ ìèêðîÿäåð, ÿâëÿ-
þùèõñÿ ìàðêåðîì õðîìîñîìíîãî îòñòàâàíèÿ, áûëà ïî-
âûøåíà â ãðóïïå ñïîíòàííûõ àáîðòóñîâ ïî ñðàâíåíèþ
ñ ìåäèöèíñêèìè àáîðòóñàìè, õîòÿ ñòàòèñòè÷åñêè çíà-
÷èìûõ îòëè÷èé îáíàðóæåíî íå áûëî (òàáë. 2). Ïîâûøå-
íèå ÷àñòîòû õðîìîñîìíîãî îòñòàâàíèÿ â ïîäãðóïïàõ
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Òàáëèöà 1
Ðåçóëüòàòû êàðèîòèïèðîâàíèÿ ñïîíòàííûõ àáîðòóñîâ I òðèìåñòðà áåðåìåííîñòè

Íîðìàëüíûé êàðèîòèï Àíåóïëîèäû Òðèïëîèäû

Îáðàçåö Êàðèîòèï Îáðàçåö Êàðèîòèï Îáðàçåö Êàðèîòèï

NK1 46,XY A1 45,X T1 69,XYY

NK2 46,XY A2 47,XY,+22 T2 69,XYY

NK3 46,XX A3 47,XX,+21 T3 69,XXY

NK4 46,XY A4 47,XX,+16 T4 69,XXX

NK5 46,XX A5 47,XX,+16 T5 69,XXY

NK6 46,XY A6 47,XY,+6

NK7 46,XY A7 47,XX,+22

NK8 46,XX

NK9 46,XX

NK10 46,XX



àíåóïëîèäîâ è òðèïëîèäîâ ïî ñðàâíåíèþ ñî ñïîíòàí-
íûìè àáîðòóñàìè ñ íîðìàëüíûì êàðèîòèïîì òàêæå
îêàçàëîñü ñòàòèñòè÷åñêè íåçíà÷èìûì. Êðîìå òîãî, ÷àñ-
òîòà öåíòðîìåðî-íåãàòèâíûõ ìèêðîÿäåð, ñîäåðæàùèõ
àöåíòðè÷åñêèå ôðàãìåíòû õðîìîñîì, òàêæå íå îòëè÷à-
ëàñü ñòàòèñòè÷åñêè çíà÷èìî ìåæäó âñåìè èññëåäîâàí-
íûìè ãðóïïàìè (òàáë. 2). Òàêèì îáðàçîì, èçìåíåíèå
÷èñëà õðîìîñîì íå ïðèâîäèëî ê ñòàòèñòè÷åñêè çíà÷è-
ìîìó ïîâûøåíèþ ÷àñòîòû ïîòåðü õðîìîñîìíûõ ôðàã-
ìåíòîâ è öåëûõ õðîìîñîì â êëåòêàõ ýêñòðàýìáðèîíàëü-
íîé ìåçîäåðìû ñïîíòàííûõ àáîðòóñîâ ñ àíîìàëüíûì
êàðèîòèïîì.

Áîëüøèíñòâî èññëåäîâàíèé âëèÿíèÿ àíåóïëîèäèè íà
âîçíèêíîâåíèå õðîìîñîìíîé íåñòàáèëüíîñòè áûëè âû-
ïîëíåíû ñ èñïîëüçîâàíèåì îïóõîëåâûõ êëåòî÷íûõ ëèíèé
[1, 2]. Îäíàêî â îïóõîëåâûõ êëåòêàõ, ïîìèìî àíåóïëîè-
äèè, èìååòñÿ ìíîæåñòâî íàðóøåíèé íà äðóãèõ óðîâíÿõ
îðãàíèçàöèè ãåíåòè÷åñêîãî ìàòåðèàëà, âêëþ÷àÿ ìóòàöèè
è ýïèìóòàöèè ãåíîâ, ó÷àñòâóþùèõ â êîíòðîëå êëåòî÷íîãî
öèêëà, ðåïàðàöèè ÄÍÊ è ðàñõîæäåíèè õðîìîñîì â ìèòî-
çå. Âîçìîæíî, ÷òî íåîïóõîëåâûå äèôôåðåíöèðîâàííûå
êëåòêè, íå èìåþùèå òàêèõ íàðóøåíèé, áîëåå óñòîé÷èâû
ê âîçíèêíîâåíèþ õðîìîñîìíîé íåñòàáèëüíîñòè, è äëÿ åå
èíäóêöèè íåäîñòàòî÷íî íàëè÷èÿ àíåóïëîèäèè ïî îòäåëü-
íûì õðîìîñîìàì. Äåéñòâèòåëüíî, â èññëåäîâàíèè íà
àíåóïëîèäíûõ äèôôåðåíöèðîâàííûõ êëåòêàõ ðàçëè÷íûõ
òêàíåé ÷åëîâåêà, âêëþ÷àâøåì íåñêîëüêî îáðàçöîâ òêà-
íåé ïëàöåíòû, áûëî îáíàðóæåíî ëèøü íåáîëüøîå ïîâû-
øåíèå ÷àñòîòû àíåóïëîèäèè ïî õðîìîñîìàì 2 è 17 [5].
Ñ äðóãîé ñòîðîíû, â ëèìôîöèòàõ ïåðèôåðè÷åñêîé êðîâè
áîëüíûõ ñ òðèñîìèåé 13, 18, 21 è ìîíîñîìèåé X îáíàðó-
æåíî çíà÷èìîå ïîâûøåíèå ÷àñòîòû àíåóïëîèäèè ïî õðî-
ìîñîìàì 8, 15 è 16 [6, 7].

Ïîëó÷åííûå â õîäå íàñòîÿùåãî èññëåäîâàíèÿ äàííûå
ñâèäåòåëüñòâóþò î òîì, ÷òî äëÿ âîçíèêíîâåíèÿ õðîìî-

ñîìíîé íåñòàáèëüíîñòè â ýìáðèîãåíåçå ÷åëîâåêà íåäî-
ñòàòî÷íî íàëè÷èÿ ÷èñëîâûõ õðîìîñîìíûõ íàðóøåíèé
â êëåòêå. Âåðîÿòíî, ÷òî ñóùåñòâóþò ìåõàíèçìû ïîääåð-
æàíèÿ ñòàáèëüíîñòè ãåíîìà â ýêñòðàýìáðèîíàëüíûõ òêà-
íÿõ, íå÷óâñòâèòåëüíûå ê àíåóïëîèäèè è ïîëèïëîèäèè.

Àâòîðû äåêëàðèðóþò îòñóòñòâèå êîíôëèêòà èíòåðåñîâ.

Èññëåäîâàíèå âûïîëíåíî ïðè ïîääåðæêå ãðàíòà ÐÔÔÈ

¹ 14-04-01003 è Ñòèïåíäèè Ïðåçèäåíòà ÐÔ

¹ ÑÏ-3647.2015.4.
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Òàáëèöà 2
×àñòîòà öåíòðîìåðî-íåãàòèâíûõ, öåíòðîìåðî-ïîçèòèâíûõ ìèêðîÿäåð è íóêëåîïëàçìàòè÷åñêèõ ìîñòîâ

â ôèáðîáëàñòàõ ýêñòðàýìáðèîíàëüíîé ìåçîäåðìû (‰)

Ãðóïïà MnC� p MnC+ p Ìîñòû p

Ñïîíòàííûå
àáîðòóñû

ÍÊ 4,4 ± 0,8 0,43 1,8 ± 0,5 0,48 2,1 ± 1,0 0,61

Àíåóïëîèäû 3,8 ± 1,7 0,09 3,3 ± 1,4 0,52 2,6 ± 1,6 0,85

Òðèïëîèäû 14,3 ± 10,1 0,92 5,8 ± 3,7 0,92 4,8 ± 3,0 0,64

Îáúåäèíåííàÿ
âûáîðêà

6,4 ± 2,4 0,22 3,3 ± 1,0 0,98 2,9 ± 1,0 0,84

Ìåäèöèíñêèå
àáîðòóñû

5,8 ± 0,9 2,7 ± 0,6 1,7 ± 0,5

Ïðèìå÷àíèå. MnC� — öåíòðîìåðî-íåãàòèâíûå ìèêðîÿäðà; MnC+ — öåíòðîìåðî-ïîçèòèâíûå ìèêðîÿäðà; ÍÊ — íîðìàëü-
íûé êàðèîòèï. Äàííûå ïðåäñòàâëåíû â âèäå ñðåäíåãî çíà÷åíèÿ ñ îøèáêîé ñðåäíåãî. Çíà÷åíèå p óêàçàíî ïî ñðàâíåíèþ
ñ ãðóïïîé ìåäèöèíñêèõ àáîðòóñîâ (êðèòåðèé Ìàííà—Óèòíè).


