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À. Áåðíàäîòò
Íàðóøåíèå ñáëèæåíèÿ ãîìîëîãè÷íûõ õðîìîñîì...

Íàðóøåíèå ãîìîëîãè÷íîé ðåïàðàöèè õðîìîñîìíîé ÄÍÊ ïðèâîäèò ê íåñòàáèëüíîñòè ãåíîìà, õàðàê-
òåðíîé äëÿ ðÿäà íàñëåäñòâåííûõ ñèíäðîìîâ, à òàêæå äëÿ òðàíñôîðìèðîâàííûõ è ñòàðåþùèõ êëåòîê
(Hong et al., 2013). Ïðåäïîëàãàåòñÿ, ÷òî äëÿ ðåïàðàöèè ÄÍÊ ñ èñïîëüçîâàíèåì ìåõàíèçìà ãîìîëîãè÷íîé
ðåêîìáèíàöèè íåîáõîäèìî ñáëèæåíèå àëëåëüíûõ ëîêóñîâ ãîìîëîãè÷íûõ õðîìîñîì. Çàòðóäíåíèå òàêîãî
ñáëèæåíèÿ ìîæåò áûòü êàê ïðèîáðåòåííûì, òàê è íàñëåäñòâåííî îáóñëîâëåííûì è ÿâëÿòüñÿ ïðè÷èíîé
íåñòàáèëüíîñòè ãåíîìà.

Ñ èñïîëüçîâàíèåì ìàëûõ äîç ðåíòãåíîâñêîãî èçëó÷å-
íèÿ (3—10 ñÃð) íàìè áûëî âûÿâëåíî ïåðåìåùåíèå ãîìî-
ëîãè÷íûõ öåíòðîìåðíûõ ëîêóñîâ ïåðâîé õðîìîñîìû
(1q12) â ëèìôîöèòàõ çäîðîâûõ äîíîðîâ ìîëîäîãî âîçðàñ-
òà (18—28 ëåò) îò ïåðèôåðèè ê öåíòðó ÿäðà ïðè îäíîâðå-
ìåííîì ñáëèæåíèè ãîìîëîãè÷íûõ õðîìîñîì. Ïîäîáíûé
æå ýôôåêò áûë ïîêàçàí ïðè âîçäåéñòâèè íà êëåòêè èíãè-
áèòîðà ÐÍÊ-ïîëèìåðàçû II àëüôà-àìàíèòèíà (Ñïèòêîâ-
ñêèé è äð., 2005; Åðìàêîâ è äð., 2005).

Îïðåäåëåíèå êëåòî÷íîãî ñòàðåíèÿ ñâîäèòñÿ ê òîìó,
÷òî ñòàðîé ñ÷èòàåòñÿ êëåòêà, â êîòîðîé íàðóøåíà ñïîñîá-
íîñòü ê ïðîëèôåðàöèè, ïðîèçîøåë àðåñò êëåòî÷íîãî öèê-
ëà, è êëåòêà ðåçèñòåíòíà ê ôàêòîðàì ðîñòà è äðóãèì èí-
äóêòîðàì ïðîëèôåðàöèè. Ïîñëå àðåñòà êëåòî÷íîãî öèêëà
ñòàðûå êëåòêè ïðåòåðïåâàþò è íåêîòîðûå ìîðôîôóíêöè-
îíàëüíûå èçìåíåíèÿ — ïðèçíàêè êëåòî÷íîãî ñòàðåíèÿ:
óâåëè÷åíèå ðàçìåðà êëåòêè, óïëîùåíèå, íàêîïëåíèå ìó-
òàöèé, íåñòàáèëüíîñòü ãåíîìà, íàêîïëåíèå ãàëàêòîçèäàçû,
ãåòåðîõðîìàòèíèçàöèÿ, ñåêðåöèÿ ôàêòîðîâ âîñïàëåíèÿ
(Sikora et al., 2010). Ñòàðûå êëåòêè âñåõ òêàíåé ïîõîæè
äðóã íà äðóãà, è óíèâåðñàëüíûé íàáîð èõ ìîðôîôóíêöèî-
íàëüíûõ ñâîéñòâ íàçûâàåòñÿ ñåêðåòîðíûì ôåíîòèïîì (se-
nescent-associated secretory phenotype-SASP) (Campisi,
d’Adda di Fagagna, 2007; Davalos et al., 2010). Îí õàðàêòå-
ðèçóåòñÿ âûñîêèì óðîâíåì ñåêðåöèè áîëåå ÷åì 40 ôàêòî-
ðîâ, ñðåäè êîòîðûõ îñîáîå ìåñòî çàíèìàþò ôàêòîðû âîñ-
ïàëåíèÿ: öèòîêèíû (IL-1, IL-6), õåìîêèíû (IL-8), ôàêòîðû
ðîñòà (Davalos et al., 2010), è òàêèì îáðàçîì èíäóöèðóåò
õðîíè÷åñêîå âîñïàëåíèå, õàðàêòåðíîå äëÿ ñòàð÷åñêèõ áî-
ëåçíåé. Òàê, âñå íåéðîäåãåíåðàòèâíûå ñòàð÷åñêèå çàáîëå-
âàíèÿ ñâÿçàíû ñ õðîíè÷åñêèì âîñïàëåíèåì (Gupta, Pansa-
ri, 2003; Vasto et al., 2007; Finch, Morgan, 2007). Îæèðå-
íèå, èíñóëèíîðåçèñòåíòíîñòü, äèàáåò âòîðîãî òèïà è
ìíîãèå äðóãèå çàáîëåâàíèÿ, õàðàêòåðíûå äëÿ ñòàð÷åñêîãî
âîçðàñòà, òàêæå àññîöèèðîâàíû ñ õðîíè÷åñêèì âîñïàëå-
íèåì. Ïëàñòè÷íîñòü ñèñòåìû è ñïîñîáíîñòü åå ê ðåïàðà-
öèè ïðè ñòàðåíèè òàêæå ñíèæåíà çà ñ÷åò ñíèæåíèÿ ñïî-
ñîáíîñòè êëåòîê ê ïðîëèôåðàöèè, òî åñòü ê âîñïîëíåíèþ

ïîãèáøèõ êëåòîê èëè êëåòîê, íå ñïðàâëÿþùèõñÿ ñî ñâîåé
ôóíêöèåé. Èçâåñòíî, ÷òî ñèãíàëàìè, êîòîðûå ñîîáùàþò
êëåòêå î ïîâðåæäåíèè ÄÍÊ è óêîðî÷åíèè òåëîìåð è çàïó-
ñêàþò àðåñò êëåòî÷íîãî öèêëà, ÿâëÿþòñÿ ôàêòîðû, õàðàê-
òåðíûå äëÿ ñòàð÷åñêîãî ñåêðåòîðíîãî ôåíîòèïà (Rodier et
al., 2009).

Äëÿ ñòàðîé êëåòêè òàêæå õàðàêòåðíî ñíèæåíèå ñïî-
ñîáíîñòè ê ðåïàðàöèè è èçìåíåíèå ñòðóêòóðû õðîìàòèíà,
÷òî òîæå èäåò ñ îáðàçîâàíèåì ïîðî÷íîãî êðóãà. Ïðè ñòà-
ðåíèè íàáëþäàëè òàêæå èçìåíåíèå ñòðóêòóðû õðîìàòèíà
(Ñïèòêîâñêèé è äð., 2005), êîòîðîå ìîæåò ïðèâîäèòü ê çà-
òðóäíåíèÿì ïåðåìåùåíèÿ õðîìîñîì. Ýòî áûëî ïîäòâåðæäå-
íî â îïûòàõ íà ëèìôîöèòàõ ñòàðûõ äîíîðîâ (70—80 ëåò),
ó êîòîðûõ íàáëþäàëîñü íàðóøåíèå ñáëèæåíèÿ ãîìîëî-
ãè÷íûõ ëîêóñîâ ïåðâûõ õðîìîñîì â îòâåò íà îáëó÷åíèå è
äåéñòâèå àëüôà-àìàíèòèíà.

Ïî íàøèì ïðåäñòàâëåíèÿì èíòåíñèâíîñòü ñáëèæåíèÿ
ãîìîëîãè÷íûõ õðîìîñîìíûõ ëîêóñîâ â îòâåò íà îáëó÷å-
íèå â ìàëûõ äîçàõ ÿâëÿåòñÿ õàðàêòåðíûì âîçðàñòíûì
ïðèçíàêîì è ìîæåò ñëóæèòü îäíèì èç ìàðêåðîâ ñòàðåíèÿ.

Ñ ï è ñ î ê ë è ò å ð à ò ó ð û

Ñïèòêîâñêèé Ä. Ì., Âåéêî Í. Í., Ìîèñååâà Î. Ñ., Åðìà-
êîâ À. Â., Òåðåõîâ Ñ. Ì. 2005. Ñòðóêòóðíûå ïðåîáðàçîâàíèÿ
õðîìàòèíà êàê ïðîöåññ åãî ñàìîîðãàíèçàöèè â êëåòêàõ ýóêàðè-
îò è ïðîáëåìà ðåïàðàöèè ÄÍÊ. Ðàä. áèîë. Ðàäèîýêîëãèÿ.
45(5) : 517—534.

Åðìàêîâ À. Â., Âåéêî Í. Í., Ìîèñååâà Î. Ñ., Ñóòÿãèí Ä. À.,
Ñïèòêîâñêèé Ä. Ì. 2005. Òðàíñïîçèöèÿ ëîêóñîâ õðîìîñîì â
êëåòêàõ-ñâèäåòåëÿõ ïðè âîçäåéñòâèè àäàïòèðóþùèõ äîç èîíè-
çèðóþùåé ðàäèàöèè. Ðàä. áèîë. Ðàäèîýêîëãèÿ. 45(5) : 535—540.

Campisi J., d’Adda di Fagagna F. 2007. Cellular senescen-
ce:whenbad things happen to good cells. Nat. Rev. Mol. Cell Biol.
8, 729—740.

Davalos A. R., Coppe J. P., Campisi J., Desprez P. Y. Senes-
cent cells as a source of inflammatory factors for tumor progressi-
on. Cancer Metastasis Rev. 29, 273—283.

2 0 1 3 Ö È Ò Î Ë Î Ã È ß Ò î ì 55, ¹ 10

749



Finch C. E., Morgan T. E. 2007. Systemic inflammation, in-
fection, ApoE alleles, and Alzheimer disease: a position paper.
Curr. Alzheimer Res. 4, 185—189.

Gupta A., Pansari K. 2003. Inflammation and Alzheimer’s di-
sease. Int J. Clin Pract. 57(1) : 36—39.

Hong S., Sung Y., Yu M., Lee M., Kleckner N., Kim K. P. 2013.
The logic and mechanism of homolohous recombination partner
choice. Mol. Cell. 51(4) : 440—453.

Rodier F., Coppe J. P., Patil C. K., Hoeijmakers W. A., Mu-
noz D. P., Raza S. R., Freund A., Campeau E., Davalos A. R.,
Campisi J. 2009. Persistent DNA damage signalling triggers senes-

cence-associated inflammatory cytokine secretion. Nat. Cell Biol.
11, 973—979.

Sikora E., Arendt T., Bennett M., Narita M. 2010. Impact of
cellular senescence signature on ageing research. Ageing Res. Rev.
10(1) : 146—52.

Vasto S., Candore G., Listì F., Balistreri C. R., Colonna-Ro-
mano G., Malavolta M., Lio D., Nuzzo D., Mocchegiani E., Di
Bona D., Caruso C. 2008. Inflammation, genes and zinc in Alzhei-
mer’s disease. Brain Res. Rev. 58(1) : 96—105.

Ïîñòóïèëà 16 IX 2013

VIOLATION OF THE HOMOLOGOUS CHROMOSOMES APPROCHEMENT
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Any violation of the homologous chromosome DNA repair leads to the genome instability, characteristic
for hereditary syndromes and for aging cells. Using low doses of ionizing radiation (3—10 cGy) we have found
any transference of the homologous centromere loci of the chromosome 1 (1q12) from the periphery to the cen-
tre of the nucleus in the lymphocytes of young healthy donors. The same effect was found after any influence of
RNA-polymerase inhibitor á-amanitine. Some changes in the chromatin structure during aging (70—80 years
old patients) result in the difficulties in chromosome displacement, accompanied with any trouble in the appro-
achement of the homologous chromosome loci as an answer to low doses of radiation.
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