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Òåðìèí “êëåòî÷íîå ñòàðåíèå” (cellular/cell senescence) áûë ââåäåí â îáðàùåíèå Ëåîíàð-
äîì Õåéôëèêîì äëÿ îïèñàíèÿ “âîçðàñòíûõ” èçìåíåíèé íîðìàëüíûõ ýóêàðèîòè÷åñêèõ êëåòîê
ïðè ñòàðåíèè in vitro, ò.å. ïðè èñ÷åðïàíèè èìè ìèòîòè÷åñêîãî ïîòåíöèàëà. Â “êëàññè÷åñêîì”
âàðèàíòå ïîäðàçóìåâàëîñü, ÷òî êëåòêè “ñòàðåþò” ñ ïîìîùüþ íåêîòîðîãî âíóòðåííåãî ìåõà-
íèçìà, âñëåäñòâèå ÷åãî â íèõ ïîÿâëÿþòñÿ ðàçëè÷íûå ìàêðîìîëåêóëÿðíûå äåôåêòû (â ïåðâóþ
î÷åðåäü — ïîâðåæäåíèÿ ÄÍÊ). Â íàñòîÿùåå æå âðåìÿ, êàê ïðàâèëî, ãîâîðÿ î “êëåòî÷íîì ñòà-
ðåíèè”, ïîäðàçóìåâàþò íàêîïëåíèå/ïîÿâëåíèå â êëåòêàõ (÷àùå âñåãî — òðàíñôîðìèðîâàííûõ,
êîòîðûì íå ñâîéñòâåííî ðåïëèêàòèâíîå ñòàðåíèå) îïðåäåëåííûõ “áèîìàðêåðîâ ñòàðåíèÿ”
ïîä âëèÿíèåì ðàçëè÷íûõ âíåøíèõ ôàêòîðîâ (îêèñëèòåëüíîãî ñòðåññà, H2O2, ìèòîìèöèíà C,
ýòàíîëà, èîíèçèðóþùåé ðàäèàöèè, äîêñîðóáèöèíà è äð.), âûçûâàþùèõ ïîâðåæäåíèå ÄÍÊ.
Ýòî ÿâëåíèå áûëî íàçâàíî DDR (DNA Damage Response). Ñðåäè óïîìÿíóòûõ áèîìàðêåðîâ —
àêòèâíîñòü áåòà-ãàëàêòîçèäàçû pH 6,0, ýêñïðåññèÿ áåëêîâ p53 è p21, à òàêæå áåëêîâ-ðåãóëÿ-
òîðîâ âîñïàëåíèÿ âðîäå IL-6 èëè IL-8, àêòèâàöèÿ îíêîãåíîâ è äð. Òàêèì îáðàçîì, “ñòàðåíèå”
êëåòîê ïðîèñõîäèò íå ñàìî ïî ñåáå, à âñëåäñòâèå âîçäåéñòâèÿ ÄÍÊ-ïîâðåæäàþùèõ àãåíòîâ.
Òàêîé ïîäõîä, íà ìîé âçãëÿä, õîòÿ è î÷åíü âàæåí äëÿ îïðåäåëåíèÿ ñòðàòåãèè áîðüáû ñ ðàêîì,
íî óæå â êîòîðûé ðàç óâîäèò íàñ îò èçó÷åíèÿ ðåàëüíûõ ìåõàíèçìîâ ñòàðåíèÿ îðãàíèçìà. Íåîá-
õîäèìî ïîä÷åðêíóòü, ÷òî â èñïîëüçóåìîé â ìîåé ëàáîðàòîðèè ìîäåëè “ñòàöèîíàðíîãî ñòàðå-
íèÿ” ìû òîæå ôèêñèðóåì ïîÿâëåíèå îïðåäåëåííûõ áèîìàðêåðîâ ñòàðåíèÿ â êóëüòèâèðóåìûõ
êëåòêàõ, îäíàêî â ýòîì ñëó÷àå îíè âîçíèêàþò èç-çà îãðàíè÷åíèÿ èõ ïðîëèôåðàöèè ñ ïîìîùüþ
êîíòàêòíîãî òîðìîæåíèÿ, ò.å. âïîëíå ôèçèîëîãè÷åñêîãî âîçäåéñòâèÿ, êîòîðîå ñàìî ïî ñåáå
íå âûçûâàåò íèêàêèõ ïîâðåæäåíèé â êëåòêàõ (ñèòóàöèÿ î÷åíü ïîõîæà íà òó, ÷òî ìû íàáëþ-
äàåì â ìíîãîêëåòî÷íîì îðãàíèçìå).

Êëþ÷åâûå ñëîâà: ñòàðåíèå, ïðîãðàììà, áèîìàðêåðû, ïðîëèôåðàöèÿ êëåòîê, êëåòî÷íîå
ñòàðåíèå, àññîöèèðîâàííàÿ ñî ñòàðåíèåì áåòà-ãàëàêòîçèäàçà, çëîêà÷åñòâåííàÿ òðàíñôîðìà-
öèÿ, ïîâðåæäåíèÿ ÄÍÊ.

Õîòÿ ìû ñåé÷àñ íå òàê óæ ÷àñòî îá ýòîì âñïîìè-
íàåì, íî îñíîâû öèòîãåðîíòîëîãèè áûëè çàëîæåíû
åùå â êîíöå XIX â. Àâãóñòîì Âåéñìàíîì [1, 2]. ×òî
êàñàåòñÿ ñàìîãî òåðìèíà “öèòîãåðîíòîëîãèÿ”, òî îí
áûë ââåäåí â îáðàùåíèå Ëåîíàðäîì Õåéôëèêîì [3, 4]
äëÿ îïèñàíèÿ èññëåäîâàíèé ñòàðåíèÿ in vitro, âûðà-
æàþùåãîñÿ â “âîçðàñòíûõ” èçìåíåíèÿõ êóëüòèâèðó-
åìûõ íîðìàëüíûõ êëåòîê ïðè èñ÷åðïàíèè èìè ìè-
òîòè÷åñêîãî ïîòåíöèàëà (ñîáñòâåííî, èìåííî ýòîò
ôåíîìåí è áûë íàçâàí âïîñëåäñòâèè “ôåíîìåíîì
Õåéôëèêà”). Ïîçæå öèòîãåðîíòîëîãèåé ñòàëè íàçû-
âàòü ëþáûå èññëåäîâàíèÿ ìåõàíèçìîâ ñòàðåíèÿ â ýêñ-
ïåðèìåíòàõ íà êóëüòèâèðóåìûõ êëåòêàõ [5—11].

Íàäî ñêàçàòü, ÷òî èìåííî À. Âåéñìàí âïåðâûå
÷åòêî ïðîòèâîïîñòàâèë êëåòêè çàðîäûøåâîãî ïóòè,
ïîïóëÿöèÿ êîòîðûõ â ïðèíöèïå ÿâëÿåòñÿ áåññìåðò-
íîé, ñîìàòè÷åñêèì êëåòêàì, êîòîðûå ñòàðåþò è óìè-
ðàþò. Òàêèì îáðàçîì, êðàåóãîëüíûì êàìíåì åãî âçãëÿ-
äîâ ÿâëÿåòñÿ ïîëîæåíèå î ñóùåñòâîâàíèè ñìåðòíîé

ñîìû è áåññìåðòíîé “çàðîäûøåâîé ïëàçìû” (Keim-
plasma). Âïðî÷åì, íåîáõîäèìî ïîä÷åðêíóòü, ÷òî Âåéñ-
ìàí òàê è íå äàë ÷åòêîãî îïðåäåëåíèÿ, ÷òî æå ýòî
òàêîå — êëåòî÷íîå ñòàðåíèå. Âîçìîæíî, ýòî è ÿâè-
ëîñü ïðè÷èíîé òåõ âûâîäîâ, êîòîðûå ñäåëàë Àëåêñèñ
Êàððåëü [12, 13], ñîçäàâ â íà÷àëå XX â. ýêñïåðèìåí-
òàëüíûå îñíîâû öèòîãåðîíòîëîãèè.

Êàððåëü çàõîòåë ïðîâåðèòü, äåéñòâèòåëüíî ëè ñî-
ìàòè÷åñêèå êëåòêè âûñøèõ æèâîòíûõ, áóäó÷è âû-
äåëåííûìè èç îðãàíèçìà, íå ñìîãóò ðàçìíîæàòüñÿ
áåñêîíå÷íî, “ñîñòàðÿòñÿ” è óìðóò. Èìåííî îí ðàç-
ðàáîòàë ìåòîäèêó êóëüòèâèðîâàíèÿ âî ôëàêîíàõ ýïè-
òåëèàëüíûõ èëè ôèáðîáëàñòîïîäîáíûõ êëåòîê æè-
âîòíûõ, ïðè÷åì ýòà ìåòîäèêà ïðàêòè÷åñêè â íåèç-
ìåííîì âèäå èñïîëüçóåòñÿ äî íàñòîÿùåãî âðåìåíè.
Îäíàêî ðåçóëüòàòû ýêñïåðèìåíòîâ Êàððåëÿ ñîâñåì
íå óêëàäûâàëèñü â êîíöåïöèþ ñìåðòíîé ñîìû. Íå-
êîòîðûå øòàììû êëåòîê, ïîëó÷åííûõ èç êóðèíûõ
ýìáðèîíîâ, åìó óäàëîñü êóëüòèâèðîâàòü ïðàêòè÷åñêè
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íåîãðàíè÷åííî äîëãî áåçî âñÿêèõ ïðèçíàêîâ äåãðà-
äàöèè êóëüòóð. Ïîýòîìó â XX â. ó÷åíûå-ãåðîíòîëîãè
â òå÷åíèå ïî÷òè 50 ëåò ïîëàãàëè, ÷òî ñîìàòè÷åñêèå
êëåòêè ñïîñîáíû ê íåîãðàíè÷åííîìó ðàçìíîæåíèþ.
Ëèøü ïîñòàâëåííûå â 50—60-õ ãã. ýêñïåðèìåíòû Ñâè-
ìà è Ïàðêåðà [14], à çàòåì è Õåéôëèêà [15—17] ïî-
çâîëèëè óñòàíîâèòü, ÷òî ðåçóëüòàòû Êàððåëÿ áûëè,
ïî-âèäèìîìó, àðòåôàêòîì. Êàê îêàçàëîñü, ïðàêòè÷å-
ñêè âñå íîðìàëüíûå êëåòêè æèâîòíûõ îáëàäàþò îãðà-
íè÷åííîé ñïîñîáíîñòüþ ê ïðîëèôåðàöèè, âûäåðæè-
âàÿ â êóëüòóðå íå áîëåå 100—120 äåëåíèé (÷òî ñîîò-
âåòñòâóåò ïðèáëèçèòåëüíî 50 óäâîåíèÿì êëåòî÷íîé
ïîïóëÿöèè).

Áûëî ñôîðìóëèðîâàíî ìíîæåñòâî êîíöåïöèé,
ïûòàþùèõñÿ îáúÿñíèòü ñóòü ôåíîìåíà Õåéôëèêà è
ñâÿçàòü åãî ñî ñòàðåíèåì in vivo. Îäíàêî âïîñëåäñò-
âèè âñå îíè áûëè îòâåðãíóòû â ðåçóëüòàòå îòêðûòèÿ
òåëîìåðíîãî “ñ÷åò÷èêà” [18], îïðåäåëÿþùåãî îãðà-
íè÷åííóþ ñïîñîáíîñòü íîðìàëüíûõ êëåòîê ê ðàç-
ìíîæåíèþ è òî, ÷òî åùå Õåéôëèêîì áûëî íàçâàíî
òåðìèíîì “êëåòî÷íîå ñòàðåíèå” (cellular senescence),
êîòîðûé íà ïðîòÿæåíèè ìíîãèõ ëåò ôàêòè÷åñêè èñ-
ïîëüçîâàëñÿ äëÿ îáîçíà÷åíèÿ ôåíîìåíà åãî èìåíè
(ñì. âûøå). Íåîáõîäèìî ïîä÷åðêíóòü, ÷òî ìåæäó êëå-
òî÷íûì ñòàðåíèåì è ñòàðåíèåì ìíîãîêëåòî÷íîãî îð-
ãàíèçìà íåò ïðÿìûõ ïðè÷èííî-ñëåäñòâåííûõ ñâÿçåé
[6—8, 10, 19—22]. Âñÿ äîêàçàòåëüíàÿ áàçà ãåðîíòî-
ëîãè÷åñêîé öåííîñòè ýòîãî ôåíîìåíà îñíîâûâàåòñÿ
ëèøü íà öåëîì ðÿäå êîððåëÿöèé òèïà ïîíèæåííîãî
ïðîëèôåðàòèâíîãî ïîòåíöèàëà ôèáðîáëàñòîâ, ïîëó-
÷åííûõ îò ïàöèåíòîâ ñ ïðîãåðèåé, ïðÿìîé ñâÿçè
ýòîãî ïîêàçàòåëÿ ñ âèäîâîé ïðîäîëæèòåëüíîñòüþ æèç-
íè èëè îáðàòíîé — ñ âîçðàñòîì äîíîðà êëåòîê è ò.ï.

Ãëàâíîå, íà ÷òî äåëàëñÿ óïîð ïðè îáîñíîâàíèè
öåëåñîîáðàçíîñòè èññëåäîâàíèé ìåõàíèçìîâ ñòàðå-
íèÿ íà ìîäåëè Õåéôëèêà, ýòî òî, ÷òî ïðè óâåëè-
÷åíèè êîëè÷åñòâà óäâîåíèé êëåòî÷íîé ïîïóëÿöèè
â êóëüòèâèðóåìûõ íîðìàëüíûõ êëåòêàõ ïðîèñõîäÿò
ðàçëè÷íûå èçìåíåíèÿ íà ñàìûõ ðàçíûõ óðîâíÿõ,
ñõîäíûå ñ òàêîâûìè â êëåòêàõ ñòàðåþùåãî îðãàíèç-
ìà. Èíûìè ñëîâàìè, ïðè ñòàðåíèè in vitro â êëåò-
êàõ ëèáî ÷òî-òî íàêàïëèâàåòñÿ, ëèáî ÷òî-òî èñ÷åçà-
åò òî÷íî òàê æå, êàê ïðè ñòàðåíèè in vivo. Òàêèì
îáðàçîì, è â ýòîì ñëó÷àå ðå÷ü èäåò î êîððåëÿöèè —
íà ýòîò ðàç î êîððåëÿöèè èçìåíåíèé îïðåäåëåííûõ
áèîìàðêåðîâ ñòàðåíèÿ.

Íåñìîòðÿ íà “êîððåëÿòèâíîñòü” ìîäåëè Õåéô-
ëèêà, îíà ïîëó÷èëà øèðîêîå ðàñïðîñòðàíåíèå, è ñ åå
ïîìîùüþ áûëè ïîëó÷åíû ìíîãî÷èñëåííûå äàííûå,
ïîçâîëèâøèå ïðîÿñíèòü ìíîãèå àñïåêòû ôóíêöèî-
íèðîâàíèÿ æèâûõ îðãàíèçìîâ. Â ÷àñòíîñòè, ýòî êà-
ñàåòñÿ ìåõàíèçìîâ ðàçâèòèÿ, à òàêæå çëîêà÷åñòâåí-
íîé òðàíñôîðìàöèè. Îäíàêî, êàê íè ïå÷àëüíî, èçó-
÷åíèå ñòàðåíèÿ in vitro ïðàêòè÷åñêè íèêàê íå ïî-
ìîãëî ãåðîíòîëîãàì â ïîíèìàíèè ôóíäàìåíòàëüíûõ
ìåõàíèçìîâ ñòàðåíèÿ è äîëãîëåòèÿ. Áîëåå òîãî, êàê
ìíå êàæåòñÿ, ïðîèçîøåäøàÿ â ïîñëåäíèå ãîäû òðàíñ-
ôîðìàöèÿ òåðìèíà “êëåòî÷íîå ñòàðåíèå” (cellular se-

nescence) äàæå íàíåñëà ñåðüåçíûé âðåä ñîâðåìåííîé
ýêñïåðèìåíòàëüíîé ãåðîíòîëîãèè.

Èçíà÷àëüíî ñ÷èòàëîñü, ÷òî êëåòî÷íîå ñòàðåíèå
ïðîèñõîäèò “ñàìî ïî ñåáå”, ò.å. åãî ìåõàíèçì ÿâëÿåò-
ñÿ âíóòðåííèì, à âñå ïîñëåäóþùèå èçìåíåíèÿ â êëåò-
êàõ — ëèøü ñëåäñòâèå ýòîãî ïðîöåññà. Ñîáñòâåííî,
èìåííî òàê è ôóíêöèîíèðóåò îòêðûòûé À.Ì. Îëîâ-
íèêîâûì ìåõàíèçì óêîðî÷åíèÿ òåëîìåð ïðè êàæäîì
êëåòî÷íîì äåëåíèè [18]. Â 80-õ ãã. ÕÕ â. ìíîé áûëà
ñôîðìóëèðîâàíà êîíöåïöèÿ ñòàðåíèÿ [22], ñîãëàñíî
êîòîðîé èìåííî ïðîèñõîäÿùåå ïðè ðàçâèòèè îðãàíèç-
ìà îãðàíè÷åíèå êëåòî÷íîé ïðîëèôåðàöèè (âñëåäñò-
âèå îáðàçîâàíèÿ ïîïóëÿöèé âûñîêîäèôôåðåíöèðîâàí-
íûõ ïîñòìèòîòè÷åñêèõ èëè î÷åíü ìåäëåííî ðàçìíî-
æàþùèõñÿ êëåòîê) ÿâëÿåòñÿ ïðè÷èíîé âîçðàñòíîãî
íàêîïëåíèÿ â êëåòêàõ ðàçëè÷íûõ ìàêðîìîëåêóëÿð-
íûõ äåôåêòîâ (ãëàâíûì îáðàçîì ïîâðåæäåíèé ÄÍÊ).
Ýòà êîíöåïöèÿ ïîçâîëÿëà ëåãêî îáúÿñíèòü “âîçðàñò-
íûå” èçìåíåíèÿ êëåòîê ïðè ñòàðåíèè in vitro òåì,
÷òî íà ïîçäíèõ ïàññàæàõ ðàçìíîæåíèå êëåòîê çàìåä-
ëÿåòñÿ, âîçíèêàþùèå ñïîíòàííûå ïîâðåæäåíèÿ ÄÍÊ
ïåðåñòàþò â äîëæíîé ñòåïåíè “ðàçáàâëÿòüñÿ” ñ ïî-
ìîùüþ ïîÿâëåíèÿ íîâûõ êëåòîê, è ìû íàáëþäàåì èõ
íàêîïëåíèå â ðàñ÷åòå íà âñþ êëåòî÷íóþ ïîïóëÿöèþ.
Ïîñëåäíåå îáñòîÿòåëüñòâî î÷åíü âàæíî, èáî íåêîòî-
ðûå êëåòêè ïîëíîñòüþ ñîõðàíÿþò ñâîþ ñïîñîáíîñòü
äåëèòüñÿ, îäíàêî èõ äîëÿ ñ ïàññàæàìè íåïðåðûâíî
óìåíüøàåòñÿ, òàê ÷òî “ñòàðåíèå” êëåòîê ôèêñèðóåòñÿ
èìåííî íà óðîâíå âñåé êëåòî÷íîé ïîïóëÿöèè. Ñîáñò-
âåííî, ðàçðàáîòàííàÿ íàìè ìîäåëü “ñòàöèîíàðíîãî
ñòàðåíèÿ” [21—26] è áûëà îñíîâàíà íà 100%-ì ïî-
äàâëåíèè ðàçìíîæåíèÿ êóëüòèâèðóåìûõ êëåòîê ñ ïî-
ìîùüþ êîíòàêòíîãî òîðìîæåíèÿ ëèáî êàêîãî-íèáóäü
äðóãîãî ôèçèîëîãè÷åñêîãî ñïîñîáà îãðàíè÷åíèÿ ïðî-
ëèôåðàöèè, ÷òî â ðåçóëüòàòå ïðèâîäèëî ê íàêîïëå-
íèþ â êëåòêàõ “âîçðàñòíûõ” ïîâðåæäåíèé. È â ýòîì
ñëó÷àå ìû ñíà÷àëà çàñòàâëÿëè êëåòêè “ñòàðåòü”, à ëèøü
ïîòîì ôèêñèðîâàëè ïîÿâëåíèå â íèõ òåõ èëè èíûõ
áèîìàðêåðîâ ñòàðåíèÿ in vivo (íàïðèìåð, ðàçðûâîâ
ÄÍÊ). Òàêèì îáðàçîì, ïðè “êëàññè÷åñêîì” ïîäõîäå
ïîäðàçóìåâàëîñü, ÷òî êëåòêè “ñòàðåþò” ñ ïîìîùüþ
íåêîòîðîãî âíóòðåííåãî ìåõàíèçìà, âñëåäñòâèå ÷åãî
â íèõ ïîÿâëÿþòñÿ ðàçëè÷íûå ìàêðîìîëåêóëÿðíûå
äåôåêòû (â ïåðâóþ î÷åðåäü — ïîâðåæäåíèÿ ÄÍÊ).

Îäíàêî â ïîñëåäíèå ãîäû â òåðìèí “êëåòî÷íîå
ñòàðåíèå” (cellular senescence èëè cell senescence) âñå
÷àùå è ÷àùå âêëàäûâàåòñÿ ñîâñåì äðóãîé ñìûñë.
Â èþëå 2013 ã. â Êåìáðèäæå äîëæíà ñîñòîÿòüñÿ ìåæ-
äóíàðîäíàÿ êîíôåðåíöèÿ “Êëåòî÷íîå ñòàðåíèå, ðàê
è ñòàðåíèå” (Cell Senescence in Cancer and Ageing),
íà êîòîðîé ïëàíèðóþò ñîáðàòüñÿ ìíîãèå ïðèçíàí-
íûå àâòîðèòåòû â ýòîé îáëàñòè. Íåïîñðåäñòâåííî íà
ïåðâîé ñòðàíèöå èíòåðíåò-ñàéòà êîíôåðåíöèè îðãà-
íèçàòîðû ïîìåñòèëè îïðåäåëåíèå êëåòî÷íîãî ñòàðå-
íèÿ, êîòîðîå (ñ ó÷åòîì, åñòåñòâåííî, è ñîîòâåòñòâó-
þùèõ ïóáëèêàöèé ó÷àñòíèêîâ êîíôåðåíöèè, à òàêæå
èõ êîëëåã — ñì., íàïðèìåð, [27]) çâó÷èò ñëåäóþùèì
îáðàçîì: «Êëåòî÷íûì ñòàðåíèåì íàçûâàåòñÿ óñòîé-
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÷èâàÿ îñòàíîâêà ïðîëèôåðàöèè, âûçâàííàÿ ðàçëè÷íû-
ìè ìîëåêóëÿðíûìè òðèããåðàìè, âêëþ÷àþùèìè àêòè-
âàöèþ îíêîãåíîâ, à òàêæå èçáûòî÷íîå êîëè÷åñòâî
êëåòî÷íûõ äåëåíèé. Êðîìå òîãî, “ñåíåñöåíòíûå” êëåò-
êè õàðàêòåðèçóþòñÿ ñåêðåöèåé öåëîãî ðÿäà ñòðîìàëü-
íûõ ðåãóëÿòîðîâ è ðåãóëÿòîðîâ âîñïàëåíèÿ (òàê íàçû-
âàåìûì “àññîöèèðîâàííûì ñî ñòàðåíèåì ñåêðåòîðíûì
ôåíîòèïîì”), âëèÿþùèõ íà ôóíêöèîíèðîâàíèå ñîñåäíèõ
êëåòîê, âêëþ÷àÿ èììóíîêîìïåòåíòíûå. Öåëûé ðÿä
óáåäèòåëüíûõ ôàêòîâ ñâèäåòåëüñòâóåò î òîì, ÷òî
êëåòî÷íîå ñòàðåíèå ïðåäñòàâëÿåò ñîáîé ýôôåêòèâ-
íûé ìåõàíèçì ïîäàâëåíèÿ îïóõîëåâîãî ðîñòà. Â òî æå
âðåìÿ êëåòî÷íîå ñòàðåíèå, âîçìîæíî, âíîñèò ñâîé
âêëàä â ñòàðåíèå òêàíåé è âñåãî îðãàíèçìà».

Òàêèì îáðàçîì, ïîä “êëåòî÷íûì ñòàðåíèåì”
â ïåðâóþ î÷åðåäü ïîíèìàåòñÿ íàêîïëåíèå/ïîÿâëåíèå
â êëåòêàõ (÷àùå âñåãî — òðàíñôîðìèðîâàííûõ, êî-
òîðûì íå ñâîéñòâåííî ðåïëèêàòèâíîå ñòàðåíèå) îïðå-
äåëåííûõ “áèîìàðêåðîâ ñòàðåíèÿ” (èìåííî òàê, â êà-
âû÷êàõ, èáî â äàííîì ñëó÷àå íè î êàêîì ðåàëüíîì
ñòàðåíèè ðå÷ü íå èäåò) ïîä âëèÿíèåì ðàçëè÷íûõ âíåø-
íèõ ôàêòîðîâ (îêèñëèòåëüíîãî ñòðåññà, H2O2, ìèòî-
ìèöèíà C, ýòàíîëà, èîíèçèðóþùåé ðàäèàöèè, äîê-
ñîðóáèöèíà è äð.), âûçûâàþùèõ ïîâðåæäåíèå ÄÍÊ.
Ýòî ÿâëåíèå áûëî íàçâàíî DDR (DNA Damage Res-
ponse — ðåàêöèÿ íà ïîâðåæäåíèÿ ÄÍÊ). Ñðåäè óïî-
ìÿíóòûõ áèîìàðêåðîâ ñòàðåíèÿ — àêòèâíîñòü áåòà-
ãàëàêòîçèäàçû pH 6.0, ýêñïðåññèÿ áåëêîâ p53 è p21,
à òàêæå áåëêîâ-ðåãóëÿòîðîâ âîñïàëåíèÿ âðîäå IL-6
èëè IL-8, àêòèâàöèÿ îíêîãåíîâ è äð. Òàêèì îáðàçîì,
“ñòàðåíèå” êëåòîê â ðàìêàõ äàííîãî îïðåäåëåíèÿ ïðî-
èñõîäèò íå ñàìî ïî ñåáå, à âñëåäñòâèå âîçäåéñòâèÿ
ÄÍÊ-ïîâðåæäàþùèõ àãåíòîâ. Òàêîé ïîäõîä, íà ìîé
âçãëÿä, õîòÿ è î÷åíü âàæåí äëÿ îïðåäåëåíèÿ ñòðàòå-
ãèè áîðüáû ñ ðàêîì, íî óæå â êîòîðûé ðàç óâîäèò
íàñ îò èçó÷åíèÿ ðåàëüíûõ ìåõàíèçìîâ ñòàðåíèÿ îð-
ãàíèçìà. Ñõîäíîå ìíåíèå áûëî íåäàâíî âûðàæåíî è
èçâåñòíûì ãåðîíòîëîãîì Ä. Õàðìàíîì â åãî êîðîò-
êîì êîììåíòàðèè, îïóáëèêîâàííîì â æóðíàëå “Bio-
gerontology” [28].

Íåîáõîäèìî ïîä÷åðêíóòü, ÷òî â èñïîëüçóåìîé
íàìè ìîäåëè “ñòàöèîíàðíîãî ñòàðåíèÿ” [21, 22, 24, 25]
ìû òîæå ôèêñèðóåì ïîÿâëåíèå îïðåäåëåííûõ áèî-
ìàðêåðîâ ñòàðåíèÿ â êóëüòèâèðóåìûõ êëåòêàõ, îäíà-
êî â ýòîì ñëó÷àå îíè âîçíèêàþò èç-çà îãðàíè÷åíèÿ
èõ ïðîëèôåðàöèè ñ ïîìîùüþ êîíòàêòíîãî òîðìîæå-
íèÿ, ò.å. âïîëíå ôèçèîëîãè÷åñêîãî âîçäåéñòâèÿ, êî-
òîðîå ñàìî ïî ñåáå íå âûçûâàåò íèêàêèõ ïîâðåæäå-
íèé â êëåòêàõ (ñèòóàöèÿ î÷åíü ïîõîæà íà òó, ÷òî ìû
íàáëþäàåì â ìíîãîêëåòî÷íîì îðãàíèçìå).

Íàèáîëåå ïîïóëÿðíûì èç óïîìÿíóòûõ áèîìàð-
êåðîâ êëåòî÷íîãî ñòàðåíèÿ ÿâëÿåòñÿ àêòèâíîñòü áå-
òà-ãàëàêòîçèäàçû pH 6.0 (àññîöèèðîâàííàÿ ñî ñòàðå-

íèåì áåòà-ãàëàêòîçèäàçà, senescence-associated beta-
galactosidase, SA-�-Gal). Ôåðìåíò �-ãàëàêòîçèäàçà, ëè-
çîñîìíàÿ ãèäðîëàçà, îáû÷íî ïðîÿâëÿåò ñâîþ àêòèâ-
íîñòü ïðè pH 4.0, íî â “ñåíåñöåíòíûõ” êëåòêàõ ýòà
àêòèâíîñòü ìîæåò áûòü, ñ ïîìîùüþ îïðåäåëåííûõ
áèîõèìè÷åñêèõ ìåòîäîâ, îáíàðóæåíà ïðè pH 6.0. Öå-
ëåñîîáðàçíîñòü èñïîëüçîâàíèÿ àêòèâíîñòè SA-�-Gal
â êà÷åñòâå áèîìàðêåðà ñòàðåíèÿ áûëà âïåðâûå ïî-
ñòóëèðîâàíà â 1995 ã. â ðàáîòå Äèìðè ñ ñîàâò. [29],
ïðîäåìîíñòðèðîâàâøèõ, ÷òî èíòåíñèâíîñòü ýêñïðåñ-
ñèè ýòîãî ôåðìåíòà âîçðàñòàåò ïðè ñòàðåíèè êàê
in vitro, òàê è in vivo. Â ïîñëåäóþùèå ãîäû äàííûé
áèîìàðêåð øèðîêî èñïîëüçîâàëñÿ â öèòîãåðîíòîëî-
ãè÷åñêèõ ýêñïåðèìåíòàõ äëÿ îöåíêè “âîçðàñòà” êëå-
òîê, à â íàñòîÿùåå âðåìÿ ÿâëÿåòñÿ íàèáîëåå ðàñ-
ïðîñòðàíåííûì â ðàáîòàõ (ñì., íàïðèìåð, [30, 31]),
îñíîâàííûõ íà íå óñòðàèâàþùåì ìåíÿ îïðåäåëåíèè
êëåòî÷íîãî ñòàðåíèÿ. Îäíàêî ïàðàëëåëüíî ñòàëè ïî-
ÿâëÿòüñÿ ïóáëèêàöèè, ïîä÷åðêèâàâøèå, ÷òî àêòèâ-
íîñòü SA-�-Gal â êëåòêàõ — íå òàêîé óæ õîðîøèé
áèîìàðêåð ñòàðåíèÿ, èáî âî ìíîãèõ ñëó÷àÿõ îí çàâè-
ñèò íå ñòîëüêî îò âîçðàñòà (êàê in vivo, òàê è in vitro),
ñêîëüêî îò ìåòîäà èññëåäîâàíèÿ è/èëè íàëè÷èÿ îïðå-
äåëåííûõ ïàòîëîãèé, à òàêæå, ÷òî ïðåäñòàâëÿåòñÿ ìíå
íàèáîëåå âàæíûì, îò ïðîëèôåðàòèâíîãî ñòàòóñà èçó-
÷àåìûõ êëåòîê [32—38]. Ñêëàäûâàåòñÿ âïå÷àòëåíèå,
÷òî îãðàíè÷åíèå ïðîëèôåðàöèè êëåòîê ïî òîé èëè
èíîé ïðè÷èíå (äèôôåðåíöèðîâêà, êîíòàêòíîå òîð-
ìîæåíèå, DDR, íåêîòîðûå áîëåçíè) è ÿâëÿåòñÿ òåì
ôàêòîðîì, êîòîðûé âûçûâàåò ñòèìóëÿöèþ ýêñïðåññèè
SA-�-Gal. Èíûìè ñëîâàìè, äàæå â “ìîëîäûõ” êëåò-
êàõ ïîÿâëÿåòñÿ SA-�-Gal, åñëè èì íå äàâàòü ðàçìíî-
æàòüñÿ. Ñîâñåì íåäàâíî ìû, èñïîëüçóÿ íàøó óïîìÿ-
íóòóþ âûøå ìîäåëü “ñòàöèîíàðíîãî ñòàðåíèÿ”, ïîêà-
çàëè [39], ÷òî â íàõîäÿùåéñÿ â ñòàöèîíàðíîé ôàçå
ðîñòà êóëüòóðå òðàíñôîðìèðîâàííûõ êëåòîê êèòàé-
ñêîãî õîìÿ÷êà ðàñòåò ñî âðåìåíåì äîëÿ êëåòîê, â êî-
òîðûõ ìåòîäîì Äèìðè ñ ñîàâò. îïðåäåëÿåòñÿ SA-�-Gal.
Ïîìèìî ïðî÷åãî ýòîò ïðîöåññ ñîïðîâîæäàåòñÿ, ñ îä-
íîé ñòîðîíû, óâåëè÷åíèåì â êëåòêàõ ñîäåðæàíèÿ
ïîëè(ADP-ðèáîçû), à ñ äðóãîé — ñíèæåíèåì èõ ñïî-
ñîáíîñòè ñèíòåçèðîâàòü ïîëè(ADP-ðèáîçó) â îòâåò
íà ïîâðåæäåíèå ÄÍÊ ïîä âîçäåéñòâèåì H2O2.

Äàííûå òàêîãî ðîäà, íà ìîé âçãëÿä, ñëóæàò äîïîë-
íèòåëüíûì äîêàçàòåëüñòâîì æèçíåñïîñîáíîñòè óïî-
ìÿíóòîé âûøå êîíöåïöèè ñòàðåíèÿ, ïîñòóëèðóþùåé
ðåøàþùóþ ðîëü îãðàíè÷åíèÿ ïðîëèôåðàöèè êëåòîê
â íàêîïëåíèè â íèõ ðàçëè÷íûõ ìàêðîìîëåêóëÿð-
íûõ äåôåêòîâ (íàèáîëåå âàæíûå èç íèõ — ïîâðåæäå-
íèÿ ÄÍÊ), ïðèâîäÿùèõ â ñâîþ î÷åðåäü ê óõóäøåíèþ
ôóíêöèîíèðîâàíèÿ îðãàíîâ è òêàíåé è äàëüíåéøå-
ìó óâåëè÷åíèþ âåðîÿòíîñòè ñìåðòè ìàêðîîðãàíèç-
ìîâ [19, 21, 22].
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EVOLUTION OF THE TERM “CELLULAR SENESCENCE”
AND IMPACT OF THIS EVOLUTION ON THE CURRENT
CYTOGERONTOLOGICAL RESEARCH

A.N. Khokhlov

The term “cellular senescence” (“cell senescence”) was put into circulation by Leonard Hayflick
to describe the “age-related” changes in normal eukaryotic cells during aging in vitro, i.e., the exha-
ustion of their mitotic potential. In the “classic” version it was implied that the cells “grow old”
with the help of some internal mechanism that leads to accumulation of various intracellular macro-
molecular defects (primarily — DNA damage). At present, as a rule, speaking of “cellular senescence”
means accumulation/appearance in the cells (most often — transformed cells which do not demonst-
rate replicative senescence) of certain “biomarkers of aging” under the influence of various external
factors (oxidative stress, H2O2, mitomycin C, ethanol, ionizing radiation, doxorubicin, etc.) that cause
DNA damage. This phenomenon has been called DDR (DNA Damage Response). Among these bio-
markers — senescence-associated beta-galactosidase activity, expression of p53 and p21 proteins,
as well as of proteins involved in the regulation of inflammation like IL-6 or IL-8, activation of onco-
genes, etc. Thus, “aging/senescence” of the cells does not occur by itself, but because of the impact
of DNA-damaging agents. This approach, in my opinion, although is very important to define a stra-
tegy to fight cancer, but, yet again, takes us away from the study of the real mechanisms of aging.
It should be emphasized that within the scope of “stationary phase aging” model developed in my
lab, we also register the occurrence of certain biomarkers of aging in cultured cells, but in this case
they arise due to the restriction of their proliferation by contact inhibition — a rather physiological
impact, which in itself does not cause any damage to the cells (the situation is very similar to what
we see in a whole multicellular organism).

Key words: aging, program, biomarkers, cell proliferation, cellular senescence, senescence-asso-
ciated beta-galactosidase, malignant transformation, DNA damage.
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