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Äîñë³äæåííÿ ÿäåðíîãî ïåðåïðîãðàìóâàííÿ òà ³íäóêîâàíî¿ ïëþ-
ðèïîòåíòíîñò³ ïðîäåìîíñòðóâàëè, ùî ñîìàòè÷í³ êë³òèíè çáåð³-
ãàþòü òîòèïîòåíòí³ñòü ³ ìîæóòü ñàìîîíîâëþâàòèñÿ ïîä³áíî äî
åìáð³îíàëüíèõ ñòîâáóðîâèõ êë³òèí (ÅÑÊ) ïðè êîðîòêî÷àñí³é
ðåàêòèâàö³¿ ê³ëüêîõ ôàêòîð³â òðàíñêðèïö³¿. Ó ñîìàòè÷íèõ êë³-
òèíàõ òðàíñêðèïö³éí³ ôàêòîðè ïëþðèïîòåíòíîñò³ ïðèãí³÷åí³.
Îäíàê âîíè ìîæóòü áóòè ðåàêòèâîâàí³ çà äîïîìîãîþ ïåâíèõ
â³äíîñíî íåòðèâàëèõ òà ïðîñòèõ ìàí³ïóëÿö³é, âêëþ÷àþ÷è âèêî-
ðèñòàííÿ íåâåëèêèõ ìîëåêóë. ²íäóêîâàí³ ïëþðèïîòåíòí³ ñòîâáó-
ðîâ³ êë³òèíè (iÏÑÊ) ìîæíà ãåíåðóâàòè ç óñ³õ äîñë³äæåíèõ òèï³â
êë³òèí òà â³êîâèõ ãðóï, âêëþ÷àþ÷è ñòàð³þ÷³ êë³òèíè ë³òí³õ
ëþäåé ³ äîâãîæèòåë³â. Ìîäèô³êàö³¿, ùî âèíèêàþòü ï³ä ÷àñ
³íäóêîâàíî¿ ïëþðèïîòåíòíîñò³, º òèïîâèìè äëÿ êë³òèííîãî îìî-
ëîäæåííÿ, íàïðèêëàä: àêòèâàö³ÿ ðåïàðàö³¿ ÄÍÊ, ï³äâèùåííÿ
ãåíåòè÷íî¿ ö³ë³ñíîñò³ òà ñò³éêîñò³ äî ìóòàãåíåçó, ïîäîâæåííÿ
òåëîìåð òîùî. Íåçâàæàþ÷è íà òå, ùî êë³òèííå ñòàð³ííÿ òà
ñòàð³ííÿ âçàãàë³, çàçâè÷àé, íåãàòèâíî âïëèâàþòü íà åôåêòèâí³ñòü
ãåíåðóâàííÿ  ³ÏÑÊ,  òàêèé  âïëèâ,  òèì  íå  ìåíø,  ìîæíà  íåéòðà-
ë³çóâàòè äîñèòü íåñêëàäíèìè ìàí³ïóëÿö³ÿìè. Ä³éñíî, ³íäóêîâàíà
ïëþðèïîòåíòí³ñòü äàº ìîæëèâ³ñòü îòðèìóâàòè àóòîëîã³÷í³ êë³òè-
íè, ïîä³áí³ äî ÅÑÊ, ³ç âèêîðèñòàííÿì ìàéæå íåâè÷åðïíîãî
äæåðåëà ñîìàòè÷íèõ êë³òèí, ùî â³äêðèâàº áåçïðåöåäåíòí³ ïåð-
ñïåêòèâè äëÿ ðåãåíåðàòèâíî¿ òà àíòè-â³êîâî¿ ìåäèöèíè.

Êëþ÷îâ³ ñëîâà: ³íäóêîâàíà ïëþð³ïîòåíòíîñòü êë³òèí, åï³ãåíåòèêà,
ñòàð³ííÿ, îìîëîäæåííÿ.
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Ñòàð³ííÿ º íåìèíó÷èì ðåçóëüòàòîì ïðîòèñòîÿííÿ áàãàòüîõ âíóòð³øí³õ ³
çîâí³øí³õ ôàêòîð³â óðàæåííÿ òà â³äíîâëåííÿ. Ö³ ñêëàäí³ ïðîöåñè, òèì
íå ìåíø, çàâæäè º íàñë³äêîì â³äíîñíî ïðîñòîãî ñöåíàð³þ: ïîñòóïîâî¿
âòðàòè ïàðåíõ³ìàòîçíèõ êë³òèí, ùî âèêëèêàº çíèæåííÿ ôóíêö³îíàëüíî¿
çäàòíîñò³ òà ï³äâèùåííÿ ð³âíÿ ñìåðòíîñò³. Çâàæàþ÷è íà öå, çàì³íó
ïîøêîäæåíèõ àáî çíîøåíèõ êë³òèí ïðèéíÿòî ââàæàòè êëþ÷îâîþ ñòðà-
òåã³ºþ ó áîðîòüá³ ç³ ñòàð³ííÿì [4, 18, 21, 41, 43].

ßê â³äîìî, ïëþðèïîòåíòí³ êë³òèíè, íàïðèêëàä ãàìåòè, åìáð³îíàëüí³
ñòîâáóðîâ³ êë³òèíè (ÅÑÊ) àáî ³íäóêîâàí³ ïëþðèïîòåíòí³ ñòîâáóðîâ³
êë³òèíè (iÏÑÊ), ìàþòü çäàòí³ñòü äî íåîáìåæåíî¿ ðåïë³êàö³¿ [14, 20, 29,
45, 46]. Îñê³ëüêè âñ³ òêàíèíè áàãàòîêë³òèííèõ îðãàí³çì³â ì³ñòÿòü ³äåí-
òè÷í³ ÄÍÊ, ïðîãðàìà íåîáìåæåíîãî ñàìîâ³äíîâëåííÿ ìàëà á áóòè çáå-
ðåæåíîþ  â  óñ³õ  êë³òèíàõ.  Ó  ñîìàòè÷íèõ  êë³òèíàõ  öÿ  ïðîãðàìà,  éìî-
â³ðíî, ³íàêòèâîâàíà åï³ãåíåòè÷íèìè "îáìåæóþ÷èìè" ôàêòîðàìè [35,
38]. Íåùîäàâíî îòðèìàí³ äàí³ ñòîñîâíî êë³òèííîãî ïåðåïðîãðàìóâàííÿ
òà ³íäóêîâàíî¿ ïëþðèïîòåíòíîñò³ íå ëèøàþòü ñóìí³â³â, ùî òàêà ³íàê-
òèâàö³ÿ º îáîðîòíîþ — ñîìàòè÷í³ êë³òèíè ìîæóòü áóòè ïåðåòâîðåí³ â
iÏÑÊ, ùî º àíàëîã³÷íèìè ÅÑÊ, ³ ðåäèôåðåíö³éîâàí³ â ³íø³ òèïè êë³-
òèí. Çàãàëîì, ³íäóêîâàíà ïëþðèïîòåíòí³ñòü äîçâîëÿº îòðèìóâàòè àóòî-
ëîã³÷í³ êë³òèíè, ïîä³áí³ äî ÅÑÊ, ³ç âèêîðèñòàííÿì ìàéæå íåâè÷åðï-
íîãî äæåðåëà ñîìàòè÷íèõ êë³òèí, ùî, áåçóìîâíî, íàäàº øèðîê³ ìîæëè-
âîñò³  äëÿ  ðåãåíåðàòèâíî¿  òà  àíòè-â³êîâî¿  ìåäèöèíè  [1,  25,  27,  30,  37,
38].

Ðåïðîãðàìóâàííÿ òà ³íäóêîâàíà ïëþðèïîòåíòí³ñòü
Ïåðø³ óñï³øí³ ñïðîáè îìîëîäæåííÿ êë³òèí íå îòðèìàëè íàëåæíî¿

óâàãè. Áëèçüêî ï³âñòîë³òòÿ òîìó, J.  B. Gurdon  çä³éñíèâ ÿäåðíå ïåðå-
ïðîãðàìóâàííÿ øëÿõîì òðàíñïëàíòàö³¿ ÿäåð ô³áðîáëàñò³â êèøêîâîãî
åï³òåë³þ  äî  åíóêëåéîâàíèõ  ÿºöü  æàáè Xenopus laevis,  ùî  ïðèâåëî  äî
ïîÿâè çâè÷àéíèõ ïóãîëîâê³â [12, 13]. Òàêèé ðåçóëüòàò ñâ³ä÷èâ ïðî òå,
ùî ãåíîì ïîâí³ñòþ äèôåðåíö³éîâàíèõ êë³òèí çáåð³ãàº äîñèòü âèñîêó
ïëàñòè÷í³ñòü äëÿ ïîâåðíåííÿ äî òîòèïîòåíòíîñò³. Äåñÿòèð³÷÷ÿìè ï³ç-
í³øå ïðèíöèïîâî ³äåíòè÷í³ åêñïåðèìåíòè ç êëîíóâàííÿì ï³äòâåðäèëè
ìîæëèâ³ñòü ñòâîðåííÿ íàùàäêà ò³ëüêè îäí³º¿ îñîáè, à íå äâîõ áàòüê³â, ó
ð³çíèõ âèä³â ññàâö³â — îâåöü, ñâèíåé, ê³ç, êîíåé, êîò³â, ìàâï òîùî [11,
31, 47, 48]. Ïðîòå, ëèøå â³äêðèòòÿ ³íäóêîâàíî¿ ïëþðèïîòåíòíîñò³, âïåð-
øå çðîáëåíå Òàêàõàñ³ òà ßìàíàêà ó 2006 ðîö³, òà çãîäîì âèÿâëåíî¿ â óñ³õ
³íøèõ òèï³â êë³òèí ð³çíèõ âèä³â òâàðèí, ïðîäåìîíñòðóâàëî ìîæëèâ³ñòü
îñòàòî÷íî äèôåðåíö³éîâàíèõ êë³òèí â³äíîâëþâàòèñÿ ïîä³áíî äî ÅÑÊ.
Àâòîðè äîñÿãëè öüîãî øëÿõîì âèêîðèñòàííÿ åêòîï³÷íî¿ íàäåêñïðåñ³¿
÷îòèðüîõ ôàêòîð³â òðàíñêðèïö³¿ — Oct-4, Sox-2, Klf-4 òà cMyc) (OSKM) ó
ô³áðîáëàñòàõ ìèøåé [45]. Íîáåë³âñüêà ïðåì³ÿ 2012 ðîêó ç ô³ç³îëîã³¿ òà
ìåäèöèíè,  ÿêó  îòðèìàëè  Äæîí  Ãóðäîí  ³ç  Âåëèêî¿  Áðèòàí³¿  òà  Øèíà
ßìàíàêà ç ßïîí³¿, çàñâ³ä÷èëà âàæëèâó ðîëü ÿäåðíîãî ïåðåïðîãðàìó-
âàííÿ  òà,  çîêðåìà,  ³ÏÑÊ  äëÿ  á³îëîã³¿  é  ìåäèöèíè  [40]. G.  Q. Daley
áëèñêó÷å çàçíà÷èâ, ùî "ö³ äâà â÷åí³ äîñÿãëè, çäàâàëîñÿ á, íåìîæëèâîãî
ó êë³òèíí³é àëõ³ì³¿, ïåðåòâîðèâøè ñâèíöåâèé ñòàí ñîìàòè÷íèõ òêàíèí íà
çîëîòó ìîæëèâ³ñòü ñòâîðåííÿ ïëþðèïîòåíòíèõ ñòîâáóðîâèõ êë³òèí" [39].
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Íàéá³ëüø äèâîâèæíîþ îñîáëèâ³ñòþ ³ÏÑÊ º òå, ùî âîíè ìîæóòü
áóòè îòðèìàí³ øëÿõîì êîðîòêî÷àñíî¿ àêòèâàö³¿ äåê³ëüêîõ ôàêòîð³â
òðàíñêðèïö³¿, ÿêó, çàçâè÷àé, çä³éñíþþòü çà äîïîìîãîþ åêòîï³÷íî¿ íàä-
åêñïðåñ³¿ ãåí³â ôàêòîð³â òðàíñêðèïö³¿. Ó ñîìàòè÷íèõ êë³òèíàõ ëîêóñè
ïëþðèïîòåíòíîñò³ çàêðèâàþòüñÿ ã³ïåðìåòèëþâàííÿì, ùî äåìîíñòðóº
êëþ÷îâó ðîëü ìåòèëþâàííÿ ó ðåàêòèâàö³¿ ôàêòîð³â òðàíñêðèïö³¿ [16, 32,
50]. Ïëþðèïîòåíòí³ñòü òàêîæ ìîæå áóòè ³íäóêîâàíà øëÿõîì äîäàâàííÿ
â³äïîâ³äíî¿ ³ÐÍÊ [22, 23], á³ëê³â [19, 34], ì³êðî-ÐÍÊ [33, 42], àáî íàâ³òü
çàâäÿêè  çàñòîñóâàííþ  íåâåëèêèõ  ìîëåêóë  (small  molecules)  [3,  15,  26,
50]. Ñåðåä óñ³õ öèõ àëüòåðíàòèâíèõ ï³äõîä³â îñòàíí³é çäàºòüñÿ íàéá³ëüø
ïåðñïåêòèâíèì, çâàæàþ÷è íà ïðîñòîòó âèêîðèñòàííÿ, âèñîêó åôåê-
òèâí³ñòü, ì³í³ìàëüí³ ïîá³÷í³ íàñë³äêè äëÿ ãåíîìà, íåâèñîêó âàðò³ñòü,
â³ðîãèäíîñòü ³ìïëåìåíòàö³¿ in vivo [2, 3, 26, 49].

²íäóêîâàíà ïëþðèïîòåíòí³ñòü ³ êë³òèííå îìîëîäæåííÿ
Ìîäèô³êàö³¿, ÿê³ âèíèêàþòü ï³ä ÷àñ ³íäóêîâàíî¿ ïëþðèïîòåíòíîñò³,

º òèïîâèìè äëÿ êë³òèííîãî ñàìîîíîâëåííÿ. Âîíè ïðèâîäÿòü äî ïî-
ë³ïøåííÿ ðåïàðàö³¿ ÄÍÊ, ï³äâèùåííÿ ãåíåòè÷íî¿ ö³ë³ñíîñò³ òà ñò³éêîñò³
äî  ìóòàãåíåçó  [5,  7,  44],  äî  ïîäîâæåííÿ  òåëîìåð  çàâäÿêè  ï³äâèùåííþ
àêòèâíîñò³ òåëîìåðàçè [17, 24], à òàêîæ äî ïåðåáóäîâè ì³òîõîíäð³àëü-
íîãî àïàðàòó, ùî, ó ñâîþ ÷åðãó, ïðèâîäèòü äî çíèæåííÿ îêèñíîãî ñòðå-
ñó òîùî [9, 10, 28]. Òèï òà åòàï äèôåðåíö³àö³¿ â³ä³ãðàþòü âèçíà÷àëüíó
ðîëü ó ïðîöåñ³ ³íäóêîâàíî¿ ïëþðèïîòåíòíîñò³. Âèêîðèñòàííÿ ñòîâáó-
ðîâèõ êë³òèí òà êë³òèí-ïîïåðåäíèê³â, çâè÷àéíî, º çíà÷íî á³ëüø åôåê-
òèâíèì ïîð³âíÿíî ³ç çàñòîñóâàííÿì ïîâí³ñòþ äèôåðåíö³éîâàíèõ êë³òèí.
Òàê, "åôåêòèâí³ñòü ïåðåïðîãðàìóâàííÿ" ó ãåìîïîåòè÷íèõ ñòîâáóðîâèõ
êë³òèí ³ êë³òèí-ïîïåðåäíèê³â âèÿâèëàñÿ ïðèáëèçíî â 300 ðàç³â âèùîþ ó
ïîð³âíÿíí³ ³ç îñòàòî÷íî äèôåðåíö³éîâàíèìè B- ³ T-êë³òèíàìè [8].

Êë³òèííå ñòàð³ííÿ òà ³íäóêîâàí³ ïëþðèïîòåíòí³ ñòîâáóðîâ³ êë³òèíè
Ñòàð³ííÿ îðãàí³çìó òà ñòàð³ííÿ êë³òèí ïðèéíÿòî ðîçãëÿäàòè â

ÿêîñò³ íåñïðèÿòëèâèõ ôàêòîð³â ³íäóêîâàíî¿ ïëþðèïîòåíòíîñò³. Ïðîòå,
òàê³ íåãàòèâí³ íàñë³äêè ìîæëèâî íåéòðàë³çóâàòè â³äíîñíî ïðîñòèìè
ìàí³ïóëÿö³ÿìè. Òàê, çàñòîñóâàííÿ êîìá³íàö³¿ ôàêòîð³â òðàíñêðèïö³¿
ßìàíàêè  ³  Òîìïñîíà  (Oct-4, Six-2, Klf-4, c-Myc, Nanog ³ Lin28) áóëî
äîñòàòíüî äëÿ îòðèìàííÿ ïîâí³ñòþ îìîëîäæåíèõ ³ÏÑÊ â³ä ô³áðîáëàñò³â
äîâãîæèòåë³â àáî ñòàð³þ÷èõ êë³òèí îñ³á ïîõèëîãî â³êó. Ö³ ³ÏÑÊ
ïðàêòè÷íî íå â³äð³çíÿëèñÿ â³ä ëþäñüêèõ ÅÑÊ ³ áóëè çäàòí³ äî ïîâòîðíî¿
äèôåðåíö³àö³¿ ó ïîâí³ñòþ îíîâëåí³ êë³òèíè [20]. Á³ëüøå òîãî, ³ÏÑÊ
ìîæíà áóëî ãåíåðóâàòè ³ç ïîñòìîðòàëüíèõ ô³áðîáëàñò³â ëþäåé ïîõèëîãî
â³êó (äî 109 ðîê³â) ³ç çàñòîñóâàííÿì çâè÷àéíî¿ êîìá³íàö³¿ OSKM. Ï³ñëÿ
öüîãî  ³ÏÑÊ  äèôåðåíö³þâàëè  ó  íåéðîíè  òà  ïîð³âíþâàëè  ³ç  àíàëîã³÷íî
ñôîðìîâàíèìè íåéðîíàìè, îòðèìàíèìè ç ô³áðîáëàñò³â ïàö³ºíò³â ³ç
ñ³ìåéíèìè âèïàäêàìè õâîðîáè Àëüöãåéìåðà àáî Ïàðê³íñîíà. Îäåðæàí³
ðåçóëüòàòè ñâ³ä÷èëè, ùî ³ÏÑÊ äîâãîæèòåë³â ìîæóòü áóòè âèêîðèñòàí³ â
ÿêîñò³ ñâîºð³äíîãî "êîíòðîëþ" ó äîñë³äæåííÿõ òðèâàëîñò³ æèòòÿ [51].
Åôåêòèâí³ñòü ïåðåïðîãðàìóâàííÿ ô³áðîáëàñò³â, îäåðæàíèõ â³ä ïàö³ºíò³â
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0–83 ðîê³â, îáåðíåíî êîðåëþâàëà ç ¿õí³ì â³êîì òà ç òðèâàë³ñòþ êóëü-
òèâóâàííÿ îòðèìàíèõ in vitro ³ÏÑÊ. Çíèæåííÿ åôåêòèâíîñò³ ïåðåïðî-
ãðàìóâàííÿ, ìàáóòü, áóëî ïîâ’ÿçàíî ç ï³äâèùåííÿì åêñïðåñ³ p21, áî
íîêàóò ð21 â³äíîâëþâàâ ãåíåðàö³þ ³ÏÑÊ íàâ³òü ó "äîâãîâ³÷íèõ" êë³-
òèííèõ êóëüòóð, îòðèìàíèõ â³ä ñòàðèõ äîíîð³â [46]. Ó ìèøåé ³ÏÑÊ,
îòðèìàí³ â³ä ì’ÿçîâèõ ô³áðîáëàñò³â 14-ì³ñÿ÷íèõ òâàðèí, õàðàêòåðèçóâà-
ëèñü çíèæåííÿì åêñïðåñ³¿ Nanog, çìåíøåííÿì ïðîë³ôåðàòèâíî¿ àêòèâ-
íîñò³  òà  ïåðåïðîãðàìóâàííÿì  ³ÏÑÊ  ïîð³âíÿíî  ³ç  6-òèæíåâèìè  àáî  6-
ì³ñÿ÷íèìè àíàëîã³÷íèìè îñîáèíàìè. Ïðîòå çàëåæíà â³ä â³êó åêñïðåñ³ÿ
Nanog òà  ñàìîâ³äíîâëåííÿ  ³ÏÑÊ  ìîãëè  áóòè  îáåðíåí³  çà  ðàõóíîê
³íã³áóâàííÿ ñèãíàëüíèõ øëÿõ³â ðîñòó ïóõëèíè (TGF-β) òà ê³ñòêîâîãî
ìîðôîãåíåòè÷íîãî á³ëêà (BMP).  Ó  ìèøåé  ³ÏÑÊ,  îòðèìàí³  â³ä  òâàðèí
áóäü-ÿêîãî â³êó, ìîæóòü åôåêòèâíî äèôåðåíö³þâàòèñü ó êë³òèíè ñêå-
ëåòíèõ ì’ÿç³â. Ïîð³âíÿííÿ ³ÏÑÊ, îäåðæàíèõ ³ç ì³ºëî¿äíèõ êë³òèí ê³ñò-
êîâîãî  ìîçêó  2-ì³ñÿ÷íèõ  òà  18-ì³ñÿ÷íèõ  ìèøåé,  ÿê³  ðåäèôåðåíö³þ-
âàëèñÿ ó ñåðöåâó òêàíèíó, äåìîíñòðóâàëî ¿õíþ âëàñòèâ³ñòü îìîëîäæåííÿ òà
ïåðåïðîãðàìóâàííÿ [6]. Êë³òèííå ïåðåïðîãðàìóâàííÿ, âèêëèêàíå êîðîò-
êî÷àñíîþ öèêë³÷íîþ åêñïðåñ³ºþ òðàíñêðèïö³éíèõ ôàêòîð³â OSKM, äîçâî-
ëèëî îòðèìàòè âàæëèâ³ ðåçóëüòàòè ó äîñë³äæåííÿõ, çä³éñíåíèõ íå ëèøå
in vitro, àëå é in vivo, çîêðåìà, öå ñïðè÷èíèëî â³äíîâëåííÿ ï³ñëÿ ì’ÿçî-
âèõ óøêîäæåíü òà ïîäîâæåííÿ æèòòÿ ó êîðîòêîæèâó÷èõ ìèøåé. Çàãà-
ëîì, äîñë³äæåííÿ, ïîâ’ÿçàí³ ç êë³òèííèì ïåðåïðîãðàìóâàííÿì, ï³ä-
òâåðäæóþòü ïðèïóùåííÿ, ùî åï³ãåíåòè÷íà äåðåãóëÿö³ÿ ìîæå áóòè âàæ-
ëèâîþ ïðè÷èíîþ ñòàð³ííÿ òà â³äêðèâàþòü íîâ³ ïåðñïåêòèâè äëÿ ï³ä-
âèùåííÿ åôåêòèâíîñò³ âèêîðèñòàííÿ ìàðêåð³â ñòàð³ííÿ [36].

Çàêëþ÷í³ çàóâàæåííÿ
Ñòàð³ííÿ ïðèéíÿòî ââàæàòè íåçâîðîòíèì ïðîöåñîì ïîñòóïîâîãî

íàêîïè÷åííÿ äåñòðóêòèâíèõ çì³í íà âñ³õ ð³âíÿõ á³îëîã³÷íî¿ îðãàí³çàö³¿, ³
âèäàºòüñÿ íåìîæëèâèì ïðîòèñòîÿòè òàêèì ð³çíîìàí³òíèì òà ìàñîâèì
ðóéí³âíèì ïðîöåñàì. Òîìó, ÿê ïðàâèëî, ââàæàºòüñÿ, ùî ñòàð³ííÿ ìîæíà
ñïîâ³ëüíèòè, àëå íåìîæëèâî ïðèçóïèíèòè àáî â³äâåðíóòè. Â³äêðèòòÿ êë³-
òèííîãî  ïåðåïðîãðàìóâàííÿ  òà  ãåíåðóâàííÿ  ³ÏÑÊ  ìàéæå  ç  óñ³õ  òèï³â
äèôåðåíö³éîâàíèõ êë³òèí, âêëþ÷àþ÷è êë³òèíè îñ³á ïîõèëîãî â³êó òà
äîâãîæèòåë³â, ñòàëî ðåâîëþö³éíèì ïðîðèâîì, ÿêèé äîçâîëèâ ïåðåãëÿíóòè
òðàäèö³éí³ ìåòîäèêè ³ ñòðàòåã³¿ áîðîòüáè ç³ ñòàð³ííÿì. Ïîâåðíåííÿ ñîìà-
òè÷íèì êë³òèíàì ñòàíó, ïîä³áíîãî äî ÅÑÊ, äåìîíñòðóº, ùî ïîâ’ÿçàí³ ç
â³êîì êë³òèíí³ çì³íè, ÿêùî âîíè íå ïðîéøëè ÷åðåç òî÷êó "íåïîâåð-
íåííÿ", º îáîðîòíèìè. ²íøèìè ñëîâàìè, íà â³äì³íó â³ä îäíîñïðÿìîâà-
íîãî ïëèíó ô³çè÷íîãî ÷àñó, á³îëîã³÷íèé ÷àñ ìîæå áóòè îáîðîòíèì.

Äîâîë³ íåñïîä³âàíèì âèÿâèëîñÿ, ùî îìîëîäæåííÿ êë³òèí ìîæå áóòè
äîñÿãíóòî íåòðèâàëèìè é â³äíîñíî ïðîñòèìè ìàí³ïóëÿö³ÿìè, à öå îçíà÷àº,
ùî êë³òèíè, âî÷åâèäü, çäàòí³ íåéòðàë³çóâàòè âñ³ àáî ìàéæå âñ³ ïîâ’ÿçàí³ ç
â³êîì ïîøêîäæåííÿ ñàìîñò³éíî. Íà æàëü, öÿ åôåêòèâíà ìîäåëü áîðîòüáè
ç³ ñòàð³ííÿì ïîêè ùî íàëåæíèì ÷èíîì íå âò³ëåíà. Àêòèâàö³ÿ âëàñíî¿
âíóòð³øíüî¿ çäàòíîñò³ êë³òèí äî óñóíåííÿ â³êîâèõ çì³í ³ îìîëîäæåííÿ
ñàìèõ ñåáå º íàáàãàòî á³ëüø åôåêòèâíîþ, í³æ çâè÷àéí³ çàñîáè áîðîòüáè ç³
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ñòàð³ííÿì. Çíà÷íå çá³ëüøåííÿ ê³ëüêîñò³ äîñë³äæåíü, ïîâ’ÿçàíèõ ç âèêîðè-
ñòàííÿì íåâåëèêèõ ìîëåêóë òà ñïåöèô³÷íèõ ïðåïàðàò³â, çóìîâëþþòü ïåð-
ñïåêòèâí³ñòü äîñë³äæåííÿ ö³ëåñïðÿìîâàíî¿ åï³ãåíåòè÷íî¿ ìîäèô³êàö³¿. Íå-
çâàæàþ÷è íà çíà÷í³ ïî÷àòêîâ³ òðóäíîù³, ñòðàòåã³ÿ áîðîòüáè ç³ ñòàð³ííÿì
ìàëà á, ó ïåðøó ÷åðãó, çîñåðåäèòèñü íà âèêîðèñòàíí³ ìàéæå áåçìåæíîãî
âíóòð³øíüîãî ïîòåíö³àëó êë³òèí äî ñàìîîíîâëåííÿ. Ðàçîì ³ç òèì, ïîºä-
íàííÿ öüîãî ï³äõîäó ³ç òðàäèö³éíèìè ïðåâåíòèâíèìè çàõîäàìè âèäàºòüñÿ
íàéá³ëüø ðàö³îíàëüíîþ ñòðàòåã³ºþ.

Ïðèì³òíî, ùî â óñ³õ äîñë³äæåíèõ òèïàõ ñîìàòè÷íèõ êë³òèí, àáî ó
ïðîòîêîëàõ îìîëîäæåííÿ, ïåðåïðîãðàìóâàííÿ ãåíîìà ïðèâåëî äî îäíà-
êîâîãî ðåçóëüòàòó — âèíèêíåííÿ êë³òèííî¿ ïëþðèïîòåíòíîñò³, ³äåí-
òè÷íî¿ äî ÅÑÊ. Ìè ââàæàºìî, ùî òàêà ê³íöåâà òî÷êà â³äïîâ³äàº îñ-
íîâí³é (ïåðâèíí³é) òà òåðìîäèíàì³÷íî á³ëüø ñò³éê³é åï³ãåíåòè÷í³é
êîíô³ãóðàö³¿, ñïðÿìîâàí³ñòü äî ÿêî¿, ïðèíàéìí³, ÷àñòêîâî, ìîæå âèíè-
êàòè ñïîíòàííî. Öèòîïëàçìà åíóêëåîâàíîãî ÿéöÿ àáî ôàêòîðè òðàíñ-
êðèïö³¿ / ìàë³ ìîëåêóëè íàâðÿä ÷è çäàòí³ çàáåçïå÷èòè âñþ ³íôîðìàö³þ,
íåîáõ³äíó äëÿ ñêëàäíèõ ãåíîìíèõ ïåðåòâîðåíü, ùî â³äáóâàþòüñÿ ó
ïðîöåñ³ ïîâåðíåííÿ äî ïëþðèïîòåíòíîñò³. Ç ³íøîãî áîêó, òåðìîäèíà-
ì³÷íà ñïîíòàíí³ñòü ìîãëà á ïîÿñíèòè, ÿê ïåðåïðîãðàìóâàííÿ ãåíîìà
ïîâåðòàºòüñÿ äî ò³º¿ æ ê³íöåâî¿ òî÷êè.

Ñë³ä ï³äêðåñëèòè, ùî ³íäóêîâàíå ïëþðèïîòåíòí³ñòþ îìîëîäæåííÿ êë³-
òèí íå ïîâ’ÿçàíî ç³ ñòâîðåííÿì íàäçâè÷àéíî ñêëàäíèõ øòó÷íèõ êîíñòðóê-
ö³é ³, çàçâè÷àé, ìîæå áóòè äîñÿãíóòî ïðîñòîþ ìåòîäèêîþ çàñòîñóâàííÿ
ìàëèõ ìîëåêóë. ² õî÷à äëÿ âäîñêîíàëåííÿ ïðîòîêîë³â äåäèôåðåíö³àö³¿-
ðåïë³êàö³¿-ðåäèôåðåíö³àö³¿ in vitro òà ðîçðîáêè àíàëîã³â in vivo íåîáõ³äíî
³ñòîòíî çá³ëüøèòè îáñÿã äîñë³äæåíü, çä³éñíåííÿ òàêîãî ìàñèâó ðîáîòè,
ìîæëèâî, º ïðîñò³øîþ òà á³ëüø äîö³ëüíîþ ìåòîäèêîþ îìîëîäæåííÿ, í³æ
öå ââàæàëîñü êîëèñü. ²ñíóâàííÿ âëàñíîãî âíóòð³øíüîãî ìåõàí³çìó òà
"ïðàãíåííÿ" êë³òèí äî ñàìîîíîâëåííÿ çà íàÿâíîñò³ â³äïîâ³äíèõ óìîâ º ïî-
òåíö³éíèì ôàêòîðîì àíòè-ñòàð³ííÿ, ùî äîâîäèòü éîãî çíà÷óù³ñòü. Áåçñóì-
í³âíî, ìè ïåðåáóâàºìî íà ïîðîç³ íîâèõ âèçíà÷íèõ â³äêðèòò³â ó ðîçóì³íí³
òîãî, ÷îìó ïðèðîäà ñòâîðèëà íåìèíó÷å ñìåðòí³ îðãàí³çìè ³ç áåçñìåðòíèõ
åëåìåíò³â (êë³òèí), ³ ó âèÿâëåíí³ ìîæëèâîñò³ îá³éòè ³ñíóþ÷³ áàð’ºðè òà
îáìåæåííÿ.

Âèñíîâêè
1. Äèôåðåíö³àö³ÿ ñîìàòè÷íî¿ êë³òèíè çóìîâëåíà åï³ãåíåòè÷íèìè îá-

ìåæåííÿìè, ïðè óñóíåíí³ ÿêèõ êë³òèíà ïîâåðòàºòüñÿ äî ïî÷àòêî-
âîãî, ïðèðîäíîãî äëÿ ñåáå ñòàíó ïëþðèïîòåíòíîñò³ ³ íåîáìåæåíîãî
ïîä³ëó, òèïîâîãî, íàïðèêëàä, äëÿ ÅÑÊ.

2. Ñòàð³ííÿ in vivo òà in vitro íå º ïåðåøêîäîþ äëÿ â³äíîâëåííÿ ïëþ-
ðèïîòåíòíîñò³ ³ êë³òèííîãî îìîëîäæåííÿ.

3. Óñ³  â³êîâ³  ïîøêîäæåííÿ  êë³òèíè  º  îáîðîòíèìè  ³  ìîæóòü  áóòè
óñóíåí³ ñàìîþ êë³òèíîþ.

4. Ç  êë³òèíè  áóäü-ÿêîãî  òèïó  é  â³êó  ìîæíà  ãåíåðóâàòè  íåîáìåæåíó
ê³ëüê³ñòü ìîëîäèõ êë³òèí áóäü-ÿêîãî ³íøîãî òèïó.

5. Îáîðîòí³ñòü êë³òèííîãî ñòàð³ííÿ äàº ï³äñòàâè ñïîä³âàòèñü, ùî ñòà-
ð³ííÿ áàãàòîêë³òèííîãî îðãàí³çìó òàêîæ ìîæå áóòè îáîðîòíèì.

http://go.abbyy.com/?ParentProduct=PDFTransformer&Product=PDFT&Edition=Classic&MajorVersion=4&Part=1132.27&InstallationId=010133491650096674673899108679&ProductSubset=trial&IsTrial=true&SupportId=0259%2D5767%2D0053%2D0406%2D6531%2D7401&Trial=FTRT40010003622879472473&bCount=1&Region=RUS&nCPU=2&Platform=Win.5.1.2600%2CSp.2.0%2CSuite.256%2CType.1%2CPlatform.2%2Cx86&PlatformName=Windows&PlatformVersion=5.1&PlatformBuild=2600&PlatformSpVersion=2.0&PlatformSuite=256&PlatformOsType=1&PlatformOsPlatformId=2&PlatformIsR2=false&PlatformIsX64=false&Version=12.0.104.225&Language=1049&LanguageIETF=ru%2DRU&Target=Buy
http://go.abbyy.com/?ParentProduct=PDFTransformer&Product=PDFT&Edition=Classic&MajorVersion=4&Part=1132.27&InstallationId=010133491650096674673899108679&ProductSubset=trial&IsTrial=true&SupportId=0259%2D5767%2D0053%2D0406%2D6531%2D7401&Trial=FTRT40010003622879472473&bCount=1&Region=RUS&nCPU=2&Platform=Win.5.1.2600%2CSp.2.0%2CSuite.256%2CType.1%2CPlatform.2%2Cx86&PlatformName=Windows&PlatformVersion=5.1&PlatformBuild=2600&PlatformSpVersion=2.0&PlatformSuite=256&PlatformOsType=1&PlatformOsPlatformId=2&PlatformIsR2=false&PlatformIsX64=false&Version=12.0.104.225&Language=1049&LanguageIETF=ru%2DRU&Target=Buy


Х. К. МУРАДЯН, О. Г. ЗАБУГА, В. В. БЕЗРУКОВ, О. М. ВАЙСЕРМАН, В. Е. ФРАЙФЕЛЬД

ISSN 0869-1703. ПРОБЛ. СТАРЕНИЯ И ДОЛГОЛЕТИЯ. 2017. Т.26. № 1–2

8

Ñïèñîê âèêîðèñòàíî¿ ë³òåðàòóðè

1. Abramovich A., Muradian Kh. K., Fraifeld V. E. Have we reached the point for in
vivo rejuvenation? // Rejuvenation Res. — 2008. — 11, ¹ 2. — P. 489–492.

2. Anwar  M.  A.,  Kim  S.,  Choi  S. The triumph of chemically enhanced cellular
reprogramming: a patent review // Expert. Opin. Ther. Pat. — 2016. — 26, ¹ 2. —
P. 265–280.

3. Baranek M., Belter A., Naskręt-Barciszewska M. Z. et al. Effect of small molecules
on cell reprogramming // Mol. Biosyst. — 2017. — 13, ¹ 2. — P. 277–313.

4. Chandel N. S., Jasper H., Ho T. T., Passegué E. Metabolic regulation of stem cell
function in tissue homeostasis and organismal ageing // Nat. Cell Biol. — 2016. —
18, ¹ 8. — P. 823–832.

5. Cheng L., Hu W., Qiu B. et al. Generation of neural progenitor cells by chemical
cocktails and hypoxia // Cell Res. — 2014. — 24, ¹ 6. — P. 665–679.

6. Cheng Z., Peng H. L., Zhang R.  et  al.  Rejuvenation of  cardiac tissue developed
from  reprogrammed  aged  somatic  cells  //  Rejuvenation  Res.  —  2017.  [Epub
ahead of print]

7. Cooper D. J., Chen I. C., Hernandez C. et al. Pluripotent cells display enhanced
resistance to mutagenesis // Stem. Cell. Res. — 2017. — 19. — P. 113–117.

8. Eminli S., Foudi A., Stadtfeld M. et al. Differentiation stage determines potential
of  hematopoietic  cells  for  reprogramming into induced pluripotent  stem cells  //
Nat. Genet. — 2009. — 41, ¹ 9. — Ð. 968–976.

9. Folmes C. D., Nelson T. J., Martinez-Fernandez A. et al. Somatic oxidative
bioenergetics transitions into pluripotency-dependent glycolysis to facilitate
nuclear reprogramming // Cell Metab. — 2011. — 14, ¹ 2. — P. 264–271.

10. Folmes  C.  D.,  Nelson  T.  J.,  Terzic  A. Energy metabolism in nuclear
reprogramming // Biomark Med. — 2011. — 5, ¹ 6. — P. 715–729.

11. Grisham J.  Pigs  cloned  for  first  time  //  Nature  Biotechnol.  — 2000.  — 18.  —
P. 365–367.

12. Gurdon  J.  B. The developmental capacity of nuclei taken from intestinal
epithelium cells of feeding tadpoles // J. Embryol. Exp. Morphol. — 1962. — 10. —
P. 622–640.

13. Gurdon J. B. From nuclear transfer to nuclear reprogramming: the reversal of cell
differentiation // Ann. Rev. Cell Dev. Biol. — 2006. — 22. — P. 1–22.

14. Hanna J., Saha K., Pando B. et al. Direct cell reprogramming is a stochastic
process amenable to acceleration // Nature. — 2009. — 462, ¹ 7273. — P. 595–
601.

15. Hou P., Li Y., Zhang X. et al. Pluripotent stem cells induced from mouse somatic
cells by small-molecule compounds // Science. — 2013. — 341. — P. 651–654.

16. Hu X.,  Zhang L.,  Mao S.  Q.  et  al.  Tet  and TDG mediate  DNA demethylation
essential for mesenchymal-to-epithelial transition in somatic cell reprogramming //
Cell Stem Cell. — 2014. — 14. — P. 512–522.

17. Huang Y., Liang P., Liu D. et al. Telomere regulation in pluripotent stem cells //
Protein Cell. — 2014. — 5, ¹ 3. — P. 194–202.

18. Jung Y., Brack A. S. Cellular mechanisms of somatic stem cell aging // Curr. Top
Dev. Biol. — 2014. — 107. — P. 405–438.

19. Kim D., Kim C. H., Moon J. I. et al. Generation of human induced pluripotent
stem  cells  by  direct  delivery  of  reprogramming  proteins  //  Cell  Stem  Cell.  —
2009. — 4. — P. 472–476.

20. Lapasset L., Milhavet O., Prieur A. et al. Rejuvenating senescent and centenarian
human  cells  by  reprogramming  through  the  pluripotent  state  //  Genes  Dev.  —
2011. — 25, 21. — P. 2248–2253.

http://go.abbyy.com/?ParentProduct=PDFTransformer&Product=PDFT&Edition=Classic&MajorVersion=4&Part=1132.27&InstallationId=010133491650096674673899108679&ProductSubset=trial&IsTrial=true&SupportId=0259%2D5767%2D0053%2D0406%2D6531%2D7401&Trial=FTRT40010003622879472473&bCount=1&Region=RUS&nCPU=2&Platform=Win.5.1.2600%2CSp.2.0%2CSuite.256%2CType.1%2CPlatform.2%2Cx86&PlatformName=Windows&PlatformVersion=5.1&PlatformBuild=2600&PlatformSpVersion=2.0&PlatformSuite=256&PlatformOsType=1&PlatformOsPlatformId=2&PlatformIsR2=false&PlatformIsX64=false&Version=12.0.104.225&Language=1049&LanguageIETF=ru%2DRU&Target=Buy
http://go.abbyy.com/?ParentProduct=PDFTransformer&Product=PDFT&Edition=Classic&MajorVersion=4&Part=1132.27&InstallationId=010133491650096674673899108679&ProductSubset=trial&IsTrial=true&SupportId=0259%2D5767%2D0053%2D0406%2D6531%2D7401&Trial=FTRT40010003622879472473&bCount=1&Region=RUS&nCPU=2&Platform=Win.5.1.2600%2CSp.2.0%2CSuite.256%2CType.1%2CPlatform.2%2Cx86&PlatformName=Windows&PlatformVersion=5.1&PlatformBuild=2600&PlatformSpVersion=2.0&PlatformSuite=256&PlatformOsType=1&PlatformOsPlatformId=2&PlatformIsR2=false&PlatformIsX64=false&Version=12.0.104.225&Language=1049&LanguageIETF=ru%2DRU&Target=Buy


ІНДУКОВАНА ПЛЮРИПОТЕНТНІСТЬ, КЛІТИННЕ ОМОЛОДЖЕННЯ ТА СТАРІННЯ

ISSN 0869-1703. ПРОБЛ. СТАРЕНИЯ И ДОЛГОЛЕТИЯ. 2017. Т.26. № 1–2

9

21. Lavasani  M.,  Robinson  A.  R.,  Lu  A. et al. Muscle-derived stem/progenitor cell
dysfunction limits healthspan and lifespan in a murine progeria model // Nat.
Commun. — 2012. — 3. — doi: 10.1038/ncomms1611.

22. Li M., Sancho-Martinez I., Izpisua Belmonte J. C. Cell fate conversion by mRNA //
Stem Cell Res. Ther. — 2011. — 2, ¹ 1. — doi: 10.1186/scrt46.

23. Liu J., Verma P. J. Synthetic mRNA reprogramming of human fibroblast cells //
Methods Mol. Biol. — 2015. — 1330. — P. 17–28.

24. Liu L. Linking telomere regulation to stem cell pluripotency // Trends Genet. —
2017. — 33, ¹ 1. — P. 16–33.

25. López-León M., Goya R. G. The emerging view of aging as a reversible epigenetic
process // Gerontology. — 2017. — doi: 10.1159/000477209.

26. Ma X., Kong L., Zhu S. Reprogramming cell fates by small molecules // Protein
Cell. — 2017. — 8, ¹ 5. — P. 328–348.

27. Mahmoudi  S.,  Brunet  A.  Aging  and  reprogramming:  a  two-way  street  //  Curr.
Opin. Cell Biol. — 2012. — 24, ¹ 6. — P. 744–756.

28. Mathieu J., Ruohola-Baker H. Metabolic remodeling during the loss and acquisition of
pluripotency // Development. — 2017. — 144, ¹ 4. — P. 541–551.

29. McLaren A.  Mammalian  germ  cells:  birth,  sex,  and  immortality  //  Cell  Struct.
Funct. — 2001. — 26, ¹ 3. — P. 119–122.

30. Mendelsohn A. R., Larrick J. W., Lei J. L. Rejuvenation by Partial
Reprogramming of the Epigenome // Rejuvenation Res. — 2017. — 20, ¹ 2. —
P. 146–150.

31. Meng  L.,  Ely  J.  J.,  Stouffer  R.  L.,  Wolf  D.  P.  Rhesus  monkeys  produced  by
nuclear transfer // Biol. Reprod. — 1997. — 57. — P. 454–459.

32. Mikkelsen  T.  S.,  Hanna  J.,  Zhang  X.  L. et al. Dissecting direct reprogramming
through integrative genomic analysis // Nature. — 2008. — 454. — P. 49–55.

33. Miyoshi N., Ishii H., Nagano H. et al. Reprogramming of mouse and human cells
to  pluripotency  using  mature  microRNAs  //  Cell  Stem Cell.  — 2011.  — 8.  —
P. 633–638.

34. Nemes C., Varga E., Polgar Z. et al. Generation of mouse induced pluripotent
stem cells by protein transduction // Tissue Eng. Part C Methods. — 2014. — 20,
¹ 5. — P. 383–392.

35. Ocampo A., Reddy P., Izpisua Belmonte J. C. Anti-aging strategies based on cellular
reprogramming // Trends Mol. Med. — 2016. — 22, ¹ 8. — P. 725–738.

36. Ocampo A., Reddy P., Martinez-Redondo P.  et  al. In vivo Amelioration of age-
associated hallmarks by partial reprogramming // Cell. — 2016. — 167, ¹ 7. —
P. 1719–1733.

37. Rando T. A. Stem cells, ageing and the quest for immortality // Nature. — 2006. —
441, ¹ 7097. — P. 1080–1086.

38. Rando T. A., Chang H. Y. Aging, rejuvenation, and epigenetic reprogramming:
resetting the aging clock // Cell. — 2012. — 148. — P. 46–57.

39. Robinton D. A., Daley G. Q.  The  promise  of  induced  pluripotent  stem  cells  in
research and therapy // Nature. — 2012. — 481, ¹ 7381. — P. 295–305.

40. Rossant J., Mummery C. NOBEL 2012 Physiology or medicine: Mature cells can
be rejuvenated // Nature. — 2012. — 492. — P. 56.

41. Rossi D. J., Jamieson C. H., Weissman I. L. Stems cells and the pathways to aging
and cancer // Cell. — 2008. — 132. — P. 681–696.

42. Sandmaier S. E., Telugu B. P. MicroRNA-mediated reprogramming of somatic
cells into induced pluripotent stem cells // Methods Mol. Biol. — 2015. — 1330. —
P. 29–36.

43. Sharpless N. E., DePinho R. A.  How stem cells age and why this makes us grow
old // Nat. Rev. Mol. Cell Biol. — 2007. — 8. — P. 703–713.

http://go.abbyy.com/?ParentProduct=PDFTransformer&Product=PDFT&Edition=Classic&MajorVersion=4&Part=1132.27&InstallationId=010133491650096674673899108679&ProductSubset=trial&IsTrial=true&SupportId=0259%2D5767%2D0053%2D0406%2D6531%2D7401&Trial=FTRT40010003622879472473&bCount=1&Region=RUS&nCPU=2&Platform=Win.5.1.2600%2CSp.2.0%2CSuite.256%2CType.1%2CPlatform.2%2Cx86&PlatformName=Windows&PlatformVersion=5.1&PlatformBuild=2600&PlatformSpVersion=2.0&PlatformSuite=256&PlatformOsType=1&PlatformOsPlatformId=2&PlatformIsR2=false&PlatformIsX64=false&Version=12.0.104.225&Language=1049&LanguageIETF=ru%2DRU&Target=Buy
http://go.abbyy.com/?ParentProduct=PDFTransformer&Product=PDFT&Edition=Classic&MajorVersion=4&Part=1132.27&InstallationId=010133491650096674673899108679&ProductSubset=trial&IsTrial=true&SupportId=0259%2D5767%2D0053%2D0406%2D6531%2D7401&Trial=FTRT40010003622879472473&bCount=1&Region=RUS&nCPU=2&Platform=Win.5.1.2600%2CSp.2.0%2CSuite.256%2CType.1%2CPlatform.2%2Cx86&PlatformName=Windows&PlatformVersion=5.1&PlatformBuild=2600&PlatformSpVersion=2.0&PlatformSuite=256&PlatformOsType=1&PlatformOsPlatformId=2&PlatformIsR2=false&PlatformIsX64=false&Version=12.0.104.225&Language=1049&LanguageIETF=ru%2DRU&Target=Buy


Х. К. МУРАДЯН, О. Г. ЗАБУГА, В. В. БЕЗРУКОВ, О. М. ВАЙСЕРМАН, В. Е. ФРАЙФЕЛЬД

ISSN 0869-1703. ПРОБЛ. СТАРЕНИЯ И ДОЛГОЛЕТИЯ. 2017. Т.26. № 1–2

10

44. Suhr S. T., Chang E. A., Tjong J. et al. Mitochondrial rejuvenation after induced
pluripotency  //  PLoS  One.  —  2010.  — 5, ¹ 11. — doi: 10.1371/
journal.pone.0014095.

45. Takahashi K., Yamanaka S. Induction of pluripotent stem cells from mouse
embryonic  and  adult  fibroblast  cultures  by  defined  factors  //  Cell.  —  2006.  —
126, ¹ 4. — P. 663–676.

46. Trokovic R., Weltner J., Noisa P. et al. Combined negative effect of donor age and
time in culture on the reprogramming efficiency into induced pluripotent stem
cells // Stem Cell Res. — 2015. — 15, ¹ 1. — P. 254–262.

47. Vajta G., Gjerris M. Science and technology of farm animal cloning: state of the
art // Anim. Reprod. Sci. — 2006. — 92, ¹ 3–4. — P. 211–230.

48. Wilmut  I.,  Schnieke  A.  E.,  McWhir  J. et al. Campbell Viable offspring derived
from fetal and adult mammalian cells // Nature. — 1997. — 385. — P. 810–813.

49. Wu Y. L., Pandian G. N., Ding Y. P.  et  al.  Clinical  grade  iPS  cells:  need  for
versatile small molecules and optimal cell sources // Chem. Biol. — 2013. — 20,
11. — P. 1311–1322.

50. Xiao X., Li N., Zhang D. et al. Generation of Induced Pluripotent Stem Cells with
Substitutes  for  Yamanaka’s  Four  Transcription  Factors  //  Cell  Reprogram.  —
2016. — 18, ¹ 5. — P. 281–297.

51. Yagi T., Kosakai A., Ito D. et al. Establishment of induced pluripotent stem cells
from centenarians for neurodegenerative disease research // PLoS One. — 2012. — 7,
¹ 7. — doi: 10.1371/journal.pone.0041572.

Íàä³éøëà 15.02.2017

ÈÍÄÓÖÈÐÎÂÀÍÍÀß ÏËÞÐÈÏÎÒÅÍÒÍÎÑÒÜ,
ÊËÅÒÎ×ÍÎÅ ÎÌÎËÎÆÅÍÈÅ È ÑÒÀÐÅÍÈÅ

Õ. Ê. Ìóðàäÿí, Î. Ã. Çàáóãà, Â. Â. Áåçðóêîâ,
À. Ì. Âàéñåðìàí, Â. Å. Ôðàéôåëüä*
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Èññëåäîâàíèÿ ÿäåðíîãî ïåðåïðîãðàììèðîâàíèÿ è èíäóöèðî-
âàííîé ïëþðèïîòåíòíîñòè ïðîäåìîíñòðèðîâàëè, ÷òî ñîìàòè-
÷åñêèå êëåòêè ñîõðàíÿþò òîòèïîòåíòíîñòü è ìîãóò îìîëà-
æèâàòüñÿ ïîäîáíî ýìáðèîíàëüíûì ñòâîëîâûì êëåòêàì (ÝÑÊ),
ïóòåì êðàòêîâðåìåííîé ðåàêòèâàöèè íåñêîëüêèõ ôàêòîðîâ
òðàíñêðèïöèè. Â ñîìàòè÷åñêèõ êëåòêàõ òðàíñêðèïöèîííûå
ôàêòîðû ïëþðèïîòåíòíîñòè ðåïðåññèðîâàíû. Îäíàêî îíè
ìîãóò áûòü ðåàêòèâèðîâàíû ñ ïîìîùüþ îïðåäåëåííûõ, îòíî-
ñèòåëüíî íåïðîäîëæèòåëüíûõ è ïðîñòûõ ìàíèïóëÿöèé, âêëþ-
÷àÿ èñïîëüçîâàíèå íåáîëüøèõ ìîëåêóë. Èíäóöèðîâàííûå ïëþ-
ðèïîòåíòíûå ñòâîëîâûå êëåòêè (èÏÑÊ) ìîæíî ãåíåðèðîâàòü
èç  âñåõ  èçâåñòíûõ  òèïîâ  êëåòîê  è  ëþáîãî  âîçðàñòà,  âêëþ÷àÿ
ñòàðåþùèå êëåòêè ïîæèëûõ è ñòîëåòíèõ.  Ìîäèôèêàöèè, âîç-
íèêàþùèå ïðè èíäóöèðîâàííîé ïëþðèïîòåíòíîñòè, ÿâëÿþòñÿ
òèïè÷íûìè äëÿ êëåòî÷íîãî îìîëîæåíèÿ è âêëþ÷àþò, íà-
ïðèìåð, óëó÷øåíèå ðåïàðàöèè ÄÍÊ, ïîâûøåíèå ãåíåòè÷åñêîé
öåëîñòíîñòè è óñòîé÷èâîñòè ê ìóòàãåíåçó, óäëèíåíèå òåëîìåð è
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ò. ï.  Íåñìîòðÿ  íà  òî,  ÷òî  êëåòî÷íîå  ñòàðåíèå  è  ñòàðåíèå
âîîáùå ÷àñòî íåãàòèâíî âëèÿþò íà ýôôåêòèâíîñòü ãåíåðèðî-
âàíèÿ èÏÑÊ, òàêîå âîçäåéñòâèå, òåì íå ìåíåå, ìîæíî íåéòðà-
ëèçîâàòü äîñòàòî÷íî íåñëîæíûìè ìàíèïóëÿöèÿìè. Äåéñòâè-
òåëüíî, èíäóöèðîâàííàÿ ïëþðèïîòåíòíîñòü ïîçâîëÿåò ïîëó÷àòü
àóòîëîãè÷íûå êëåòêè, ïîäîáíûå ÝÑÊ, ñ èñïîëüçîâàíèåì ïî÷òè
íåèñ÷åðïàåìîãî èñòî÷íèêà ñîìàòè÷åñêèõ êëåòîê, ÷òî îòêðûâàåò
áåñïðåöåäåíòíûå ïåðñïåêòèâû äëÿ ðåãåíåðàòèâíîé è àíòèâîç-
ðàñòíîé ìåäèöèíû.

INDUCED PLURIPOTENCY, CELLULAR REJUVENATION
AND AGING

Kh. K. Muradian, O. G. Zabuga, V. V. Bezrukov,
A. M. Vaiserman, V. E. Fraifeld*

State Institution "D. F. Chebotarev Institute of Gerontology
NAMS Ukraine", 04114 Kyiv

*Ben-Gurion University of the Negev, 84105 Beer-Sheva, Israel

Nuclear reprogramming and induced pluripotency implicitly proved
that somatic cells preserve totipotency and can be rejuvenated back
to the state similar to embryonic stem cells (ESCs) by short-term
reactivation of few transcription factors. In somatic cells,
transcription factors of pluripotency are silenced. However, they
could be reactivated by numerous protocols of relatively short-term
and simple interventions, including small molecules. Induced
pluripotent stem cells (iPSCs) are generated from cells of all studied
types of differentiation and age, including senescent cells of elderly
and centenarians. Modifications occurring during induced
pluripotency are typical for cellular rejuvenation, e.g. resulting in
enhanced DNA repair, elevated genetic integrity and resistance to
mutagenesis, telomere elongation etc. Although cellular senescence
and aging often have negative impact on efficiency of iPSCs
generation, nevertheless, their effects could be neutralized by
relatively simple manipulations. In fact, induced pluripotency allows
generating autologous cells similar to ESCs using practically
inexhaustible pool of somatic cells, thus opening unprecedented
perspectives in regenerative and anti-aging medicine.
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