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Ïðîãðàìóâàííÿ ïîòåíö³àëó æèòòºçäàòíîñò³
ó ðàííüîìó îíòîãåíåç³
ÿê ïðîÿâ åï³ãåíåòè÷íî¿ àäàïòàö³¿ îðãàí³çìó

Â ïîñëåäíèå ãîäû ïðåäëîæåí ðÿä íîâûõ ãèïîòåç ñòàðåíèÿ, ïîñòóëèðóþùèõ âàæíîñòü óñëîâèé
ðàííåãî îíòîãåíåçà â ôîðìèðîâàíèè ïîòåíöèàëà çäîðîâüÿ è äîëãîæèòåëüñòâà. Îáû÷íî
ïðåäïîëàãàåòñÿ, ÷òî â îñíîâå ïîäîáíûõ äîëãîâðåìåííûõ ýôôåêòîâ ëåæàò òå æå ìåõàíèçìû,
êîòîðûå îïðåäåëÿþò «êëåòî÷íóþ ïàìÿòü», à èìåííî, ïðîöåññû íà ýïèãåíåòè÷åñêîì óðîâíå.
Ïîëó÷åíî ìíîãî äîêàçàòåëüñòâ, ÷òî ýïèãåíåòè÷åñêèå ìîäèôèêàöèè (èçìåíåíèÿ ýêñïðåññèè
ãåíîâ, íå ñîïðîâîæäàþùèåñÿ èçìåíåíèÿìè ñðóêòóðû ÄÍÊ), èíäóöèðîâàííûå âëèÿíèåì
ôàêòîðîâ ñðåäû, ìîãóò îïðåäåëÿòü ìíîãèå àñïåêòû ñòàðåíèÿ, à òàêæå ýòèîëîãèþ è ïàòîãåíåç
âîçðàñòíûõ çàáîëåâàíèé. Ïðè îïðåäåëåííûõ óñëîâèÿõ âîçìîæíû è ïîçèòèâíûå ýôôåêòû
(ýïèãåíåòè÷åñêàÿ àäàïòàöèÿ). Èçìåíåíèÿ ýêñïðåññèè ãåíîâ áûëè îáíàðóæåíû ïðè âñåõ
ïðîäëåâàþùèõ æèçíü «ãîðìåçèñíûõ» âîçäåéñòâèÿõ: îáëó÷åíèè, òåïëîâîì è õîëîäîâîì øîêàõ,
êàëîðèéíîì îãðàíè÷åíèè ðàöèîíà è ãèïåðãðàâèòàöèè, à òàêæå ïðè âëèÿíèè ãåðîïðîòåêòîðîâ
(íàïðèìåð, àíòèîêñèäàíòîâ). Âåðîÿòíî, ïðîäëåâàþùèå æèçíü ýôôåêòû ìîãóò áûòü ñêîðåå
ñëåäñòâèåì íåñïåöèôè÷åñêîãî (ãîðìåçèñíîãî), ÷åì ñïåöèôè÷åñêîãî (ãåðîïðîòåêòîðíîãî)
âëèÿíèÿ ýòèõ ôàêòîðîâ, è èíäóêöèÿ òðàíñêðèïöèîííûõ èçìåíåíèé � îáùèì ìåõàíèçìîì âñåõ
ýòèõ âîçäåéñòâèé. Åñëè ýòî òàê, íàïðàâëåííûå âìåøàòåëüñòâà â ýïèãåíåòè÷åñêèå ïðîöåññû
(íàïðèìåð, ïðè ïîìîùè ïðå- è ïîñòíàòàëüíûõ óìåðåííûõ ñòðåññîâ) ìîãóò áûòü èñïîëüçîâàíû
äëÿ ìîäóëÿöèè ïðîöåññîâ ñòàðåíèÿ è ïðîäëåíèÿ çäîðîâîé æèçíè.

Òðàäèö³éíî ãåðîíòîëîã³÷í³ äîñë³äæåííÿ
çîñåðåäæåí³ íà ï³çí³õ åòàïàõ æèòòÿ ïðè
ïðàêòè÷íî ïîâíîìó ³ãíîðóâàíí³ ïðîöåñ³â,
ïîâ�ÿçàíèõ ç ðîçâèòêîì îðãàí³çìó. Äîòåïåð
ºäèíå âèêëþ÷åííÿ � òåîð³ÿ, ùî ïîñòóëþº
çàëåæí³ñòü ïåðåá³ãó ñòàð³ííÿ â³ä îñîáëè-
âîñòåé ðàííüîãî îíòîãåíåçó («developmen-
tal theory of ageing») [31, 32]. Íåùîäàâíî,
îäíàê, ñèòóàö³ÿ ðàäèêàëüíî çì³íèëàñÿ. Áóëî
çàïðîïîíîâàíî äåê³ëüêà íîâèõ ã³ïîòåç
ñòàð³ííÿ, êîòð³ ïðèïóñêàþòü âàæëèâ³ñòü
ïåðåá³ãó ðàíí³õ åòàï³â ðîçâèòêó ó âèçíà÷åíí³
ïîòåíö³àëó çäîðîâ�ÿ òà òðèâàëîñò³ æèòòÿ
[11, 13, 15, 24, 29, 49].

Ôåðìåíòàòèâíèé ³ìïðèíòèíã
Â³äîìî, ùî âåëèêà ê³ëüê³ñòü ãîðìîí³â,
õàð÷îâèõ ³ ÷óæîð³äíèõ ðå÷îâèí ³íäóêóº ó

êë³òèíàõ òâàðèí òðàíñêðèïö³þ ãåí³â, ùî
êîäóþòü  ôåðìåíòè ,  ÿê ³  â  ñâîþ ÷åðãó
ðåàë³çóþòü ãîðìîíàëüí³ åôåêòè òà ìåòàáî-
ë³çóþòü õàð÷îâ³ ñóáñòðàòè ³ êñåíîá³îòèêè
[7]. Ââåäåííÿ òàêèõ ³íäóêòîð³â äîðîñëèì
òâàðèíàì ñïðè÷èíþº êîðîòêî÷àñíå ïîñè-
ëåííÿ åêñïðåñ³¿ ³íäóêîâàíèõ ãåí³â. Ïðîäå-
ìîíñòðîâàíî, ùî ïîâòîðíå ââåäåííÿ ³íäóê-
òîð³â íîâîíàðîäæåíèì òâàðèíàì ó ïåðø³
äâà òèæí³ ¿õ æèòòÿ ïðèçâîäèòü äî òîãî, ùî
çì³íè â åêñïðåñ³¿ ³íäóêîâàíèõ ãåí³â çáåð³-
ãàþòüñÿ ïðîòÿãîì áàãàòüîõ ì³ñÿö³â àáî
íàâ³òü óñüîãî æèòòÿ òâàðèí [10].  Òàêå
ÿâèùå ñò³éêî¿ çì³íè àêòèâíîñò³ íåîíàòàëüíî
³íäóêîâàíèõ ôåðìåíò³â áóëî íàçâàíî «ôåð-
ìåíòàòèâíèì ³ìïðèíòèíãîì» [8]. Îòðèìàí³
äàí³ äàëè çìîãó âèñëîâèòè ïðèïóùåííÿ, ùî
ó ãåíîì³ äîðîñëèõ ³ìïðèíòîâàíèõ òâàðèí
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ñòàþòü ïîñò³éíî äîñòóïíèìè äëÿ òðàíñ-
êðèïö³¿ ä³ëÿíêè ÄÍÊ (ãåíè àáî ðåãóëÿòîðí³
ãåíåòè÷í³ åëåìåíòè),  ÿê³  íå òðàíñêðè-
áóþòüñÿ â ³íòàêòíèõ òâàðèí (àáî òðàíñêðè-
áóþòüñÿ ñëàáî), à òðàíñêðèïö³ÿ ³íøèõ ä³ëÿíîê
ÄÍÊ ð³çêî çíèæóºòüñÿ àáî ïðèïèíÿºòüñÿ
âçàãàë³.  Àâòîðè ðîáëÿòü âèñíîâîê, ùî
ãåíåòè÷íèé àïàðàò  êë³òèí ññàâö³â ó ðàíí³é
ïîñòíàòàëüíèé ïåð³îä õàðàêòåðèçóºòüñÿ
ï³äâèùåíîþ ÷óòëèâ³ñòþ äî ³íòåíñèâíî¿
³íäóêö³¿ ÄÍÊ-çàëåæíîãî ñèíòåçó ÐÍÊ, ùî
êîíòðîëþº ñèíòåç àäàïòèâíèõ ôåðìåíò³â òà
³íøèõ á³ëê³â [9]. Äî çì³í, àíàëîã³÷íèõ ïðå/
ïîñòíàòàëüí³é ãîðìîíàëüí³é ³íäóêö³¿, ïðèçâî-
äèòü ³ çàñòîñóâàííÿ ñòðåñó [2, 7].

Áóëè îòðèìàí³ äîêàçè, ùî íàâ³òü ñëàáê³
âïëèâè ó ðàííüîìó îíòîãåíåç³ ,  ÿê³  íå
âèêëèêàþòü ÿâíèõ ìîðôîëîã³÷íèõ ïîðó-
øåíü, ìîæóòü ïðèçâîäèòè äî äîâãîòðèâàëèõ
â³äõèëåíü ó ðîçâèòêó íåðâîâî¿ òà åíäî-
êðèííî¿ ñèñòåì [1�5]. Ïðîäåìîíñòðîâàíî,
ùî ïðåíàòàëüíèé ñòðåñ ó ññàâö³â ìîæå
ñòèìóëþâàòè òðèâàë³ çì³íè ó ìîçêîâèõ
ñòðóêòóðàõ ³ ôóíêö³ÿõ òà ó ã³ïîòàëàìî-
ï³òó¿òàðíî-àäðåíàëîâ³é îñ³. Òàê, çàñòîñó-
âàííÿ ñòðåñó «âèìóøåíî¿ íåðóõîìîñò³» ó
ñàìèöü ùóð³â ïðîòÿãîì òðåòüîãî òèæíÿ
âàã³òíîñò³ ïðèçâîäèëî äî òîãî, ùî ïðåíà-
òàëüíî ñòðåñîâàí³ íîâîíàðîäæåí³ ùóðè
äåìîíñòðóâàëè á³ëüø äîâãó òðèâàë³ñòü
ñåêðåö³¿ êîðòèêîñòåðîíó ï³ñëÿ çàñòîñóâàííÿ
àíàëîã³÷íîãî ñòðåñó ó â³ö³ 90 ä³á [4]. Áóëî
ïîêàçàíî, ùî ð³çí³ ô³ç³îëîã³÷í³ âïëèâè,
ïîä³áíî äî íåîíàòàëüíî¿ ³íäóêö³¿ ïåâíèõ
ãåí³â,  ñïðè÷èíþþòü ñòàá³ëüí³  çì³íè ó
òðàíñêðèïö³éí³é àêòèâíîñò³ ãåíîìó òà ó
ñïåêòð³ òðàíêðèáîâàíèõ ÐÍÊ, ÿê³ çàáåç-
ïå÷óþòü ñò³éê³ çì³íè åêñïðåñ³¿ ãåí³â [9].
Ïðîäåìîíñòðîâàíî, ùî â³ä âïëèâ³â, ÿêèõ
çàçíàº îðãàí³çì ó ïåð³îä âíóòð³øíüîóò-
ðîáíîãî ðîçâèòêó, çíà÷íîþ ì³ðîþ çàëåæèòü
ôîðìóâàííÿ àäàïòàö³éíèõ ìåõàí³çì³â.
Ïîêàçàíî, ùî ïðåíàòàëüíèé ñòðåñ ìîæå
ïðèçâîäèòè äî çì³í ó ðåàêòèâíîñò³ ã³ïîòà-
ëàìî-ã³ïîô³çàðíî-íàäíèðêîâîçàëîçíî¿ ñèñ-
òåìè òà äî ïîðóøåííÿ ïåðåá³ãó çàãàëüíîãî
àäàïòàö³éíîãî ñèíäðîìó [1, 3].

Ïðîãíîñòè÷íèé àäàïòèâèé â³äãóê
Âèÿâëåíî, ùî åêñïåðèìåíòàëüí³ òâàðèíè
ìîæóòü ðåàë³çîâóâàòè ð³çí³ àäàïòàö³éí³
ñòðàòåã ³ ¿  â ³äïîâ³äíî äî îñîáëèâîñòåé
îòî÷åííÿ, ó ÿêîìó âîíè, çã³äíî ç «ïåðè-
íàòàëüíèìè î÷³êóâàííÿìè», áóäóòü æèòè. Ó
ñó÷àñí³é ë³òåðàòóð³ òàêèé ð³çíîâèä àäàïòàö³¿
íàçèâàþòü «ïðîãíîñòè÷íèì àäàïòèâèì
â³äãóêîì» (predictive adaptive response)
[41]. ×àñòî ö³ ñòðàòåã³¿ çàëåæàòü â³ä ïåâíèõ
íåéðîãóìîðàëüíèõ «ðåïë³ê», çàâäÿêè ÿêèì
åìáð³îí, îïîñåðåäêîâàíî ÷åðåç ìàòåðèí-
ñüêèé îðãàí³çì, îòðèìóº ³íôîðìàö³þ ùîäî
àêòóàëüíîãî îòî÷åííÿ. Ó ðàç³ â³äïîâ³äíîñò³
óìîâ îòî÷åííÿ ï³ñëÿ íàðîäæåííÿ òàêèì, ùî
î÷³êóâàëèñÿ «ïåðèíàòàëüíî»,  îðãàí³çì
îòðèìóº äîäàòêîâ³ ïåðåâàãè ùîäî âèæè-
âàííÿ, ÿêùî æ í³ � öå ìîæå éîìó øêîäèòè,
íàïðèêëàä, ñïðè÷èíÿòè ïåâí³ çàõâîðþâàííÿ
(çîêðåìà, êàðä³îâàñêóëÿðí³ òà ìåòàáîë³÷í³
ðîçëàäè) íà ï³çí³õ åòàïàõ æèòòÿ [15].

Åï³ãåíåòè÷íå ïðîãðàìóâàííÿ
Áàãàòî àâòîð³â ïðèïóñêàþòü, ùî ïîä³áí³
åôåêòè çàëåæàòü â ³ä  ïîä³é,  ùî â³äáó -
âàþòüñÿ íà åï³ãåíåòè÷íîìó ð³âí³ [26, 28,
39]. Äî åï³ãåíåòè÷íèõ ïðîöåñ³â â³äíîñÿòü
çì³íè àêòèâíîñò³ (åêñïðåñ³¿) ãåí³â (ñïðè÷è-
íåí³ ìåòèëþâàííÿì/äåìåòèëþâàííÿì ÄÍÊ,
ìîäèô³êàö³ºþ ã³ñòîí³â õðîìàòèíó òîùî), ùî
íå ñóïðîâîäæóþòüñÿ çì³íàìè ñòðóêòóðè
ÄÍÊ. Ö³ ïðîöåñè â³ä³ãðàþòü êëþ÷îâó ðîëü
ó ðîçâèòêó [23]. Âèÿâëåíî, ùî âîíè º âêðàé
÷óòëèâèìè äî ôàêòîð³â îòî÷åííÿ [40],
îñîáëèâî íà «ñåíñèòèâíèõ» ñòàä³ÿõ ðîçâèò-
êó, êîëè êë³òèíè îðãàí³çìó ùå íå çàâåðøèëè
ïðîöåñ³â äèôåðåíö³þâàííÿ òà ñïåö³àë³çàö³¿
[37]. Åï³ãåíåòè÷í³ çì³íè, ³íäóêîâàí³ ïåâíè-
ìè âïèâàìè (íàïðèêëàä, ñòðåñàìè) ó ðàí-
íüîìó îíòîãåíåç³, ìîæóòü â³äòâîðþâàòèñü
ó íèçö³ êë³òèííèõ ïîêîë³íü ïðîòÿãîì äîâãîãî
÷àñó, ³íêîëè íàâ³òü óïðîäîâæ óñüîãî æèòòÿ
îðãàí³çìó  [46 ,  47] .  Çàó âàæèìî,  ùî é
ãåðîïðîòåêòîðí³ (òîáòî, òàê³, ùî ïîäîâ-
æóþòü òðèâàë³ñòü æèòòÿ) âòðó÷àííÿ  âèÿâè-
ëèñÿ íàéá³ëüø åôåêòèâíèìè, êîëè ¿õ çàñòî-
ñîâóâàëè íà ðàíí³õ åòàïàõ æèòòÿ äîñë³äíèõ
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òâàðèí [22]. ²íäóêîâàí³ ÷èííèêàìè îòî÷åííÿ
ïðîòÿãîì «ñåíñèòèâíèõ» ïåð³îä³â ðîçâèòêó
(çîêðåìà, ó ññàâö³â � ïðåíàòàëüíîãî òà
íåîíàòàëüíîãî ïåð³îä³â) çì³íè ñïåêòðà
ãåíåòè÷íî¿ åêñïðåñ³¿ ìîæóòü â³äòâîðþ-
âàòèñÿ äîâãîñòðîêîâî íàâ³òü ï³ñëÿ çíèêíåí-
íÿ ñèãíàëó, ùî ïðèçâ³â äî ¿õ âèíèêíåííÿ, ³,
òàêèì ÷èíîì, òðèâàëî âïëèâàòè íà ôåíîòèï
[43]. ²ñíóâàííÿ ôåíîìåíó «äîâãîñòðîêîâîãî
ïðîãðàìóâàííÿ» (åï³ãåíåòè÷íîãî ³ìïðèíòó-
âàííÿ) áóëî íåîäíîðàçîâî ï³äòâåðäæåíî ó äîñ-
ë³äàõ íà åêñïåðèìåíòàëüíèõ îðãàí³çìàõ [33].

Åï³ãåíåòè÷í³ ìåõàí³çìè òàêîæ âèçíà-
÷àþòü ð³çí³ àñïåêòè ñòàð³ííÿ, çîêðåìà,
åò³îëîã³þ òà ïàòîãåíåç ïîâ�ÿçàíèõ ç â³êîì
õâîðîá, ÿê³ º íåâ³ä�ºìíîþ ÷àñòèíîþ ïðî-
öåñó «íîðìàëüíîãî» ñòàð³ííÿ [17, 18]. Ó
áàãàòüîõ âèä³â åï³ãåíåòè÷í³ ìåõàí³çìè
â³ä³ãðàþòü âàæëèâó ðîëü ó äåòåðì³íàö³¿
òðèâàëîñò³ æèòòÿ. Íàïðèêëàä, ó äåÿêèõ
âèä³â �ñîö³àëüíèõ� êîìàõ (áäæ³ë, ìóðàõ)
êîðîëåâè æèâóòü ïðèáëèçíî ó 10 ðàç³â
äîâøå, í³æ ðîáî÷³ ³íäèâ³äóóìè, ùî íå çäàòí³
äî ðåïðîäóêö³¿ [27]. Îñê³ëüêè êîðîëåâè ³
ðîáî÷³ êîìàõè, ÿê³ íàëåæàòü äî îäí³º¿ ñ³ì�¿,
ãåíåòè÷íî òîòîæí³, òàê³ çíà÷í³ ôåíîòèï³÷í³
ðîçá³æíîñò³ ì³æ íèìè ìîæóòü áóòè ñïðè÷è-
íåí³  âèêëþ÷íî ð³çíèöåþ ó ãåíåòè÷í³é
åêñïðåñ³¿ [19, 25].

Åï³ãåíåòè÷íà àäàïòàö³ÿ
Çì³íè ãåíåòè÷íî¿ åêñïðåñ³¿  òàêîæ º êëþ÷î-
âèìè ó ôîðìóâàíí³ îäíîãî ç âèä³â àäàïòàö³¿,
ÿêèé ðîçïî÷àëè àêòèâíî âèâ÷àòè îñòàíí³ìè
ðîêàìè, à ñàìå, åï³ãåíåòè÷íî¿ àäàïòàö³¿ [44,
45]. Öåé âèä àäàïòàö³¿ äàº çìîãó îðãàí³çìó
ö³ëåñïðÿìîâàíî çì³íþâàòè ñïåêòð ãåíå-
òè÷íî¿ åêñïðåñ³¿ òàêèì ÷èíîì, ùîá áóòè
ìàêñèìàëüíî  ïðèñòîñîâàíèì äî  óìîâ
æèòòÿ, ùî î÷³êóþòüñÿ. Â³äîìèé åòîëîã
Ïàòð³ê Áåéòñîí ó ñâî¿õ ïðàöÿõ íàâîäèòü
ïðèêëàä êîíèê³â,  ÿê³ æèâóòü ó ñõ³äíî-
àôðèêàíñüê³é ñàâàí³ [14]. Ó íîðì³ ö³ êîíèêè
çåëåí³. Àëå, ÿêùî âîíè âèëóïëþþòüñÿ ç
êëàäêè ÿºöü, ÿê³ çàëèøàþòüñÿ æèâèìè ï³ä
÷àñ ïîæåæ³, òî ìàþòü ÷îðíèé êîë³ð. Öå
äîçâîëÿº êîìàõàì óíèêàòè çàãèáåë³, îñê³ëü-

êè, ÿêáè âîíè çàëèøàëèñÿ çåëåíèìè, ¿õ ìîãëè
á ëåãêî ïîáà÷èòè íà ÷îðíîìó ãðóíò³ ïòàõè.
À ¿õí³ íàùàäêè, êîòð³ ç�ÿâëÿþòüñÿ íà ñâ³ò
ï³ñëÿ ïîæåæ³, êîëè òðàâà ó ñàâàí³ â³äðîñòàº,
çíîâ ìàþòü çåëåíèé êîë³ð. Îòæå, ãåíåòè÷íî
³äåíòè÷í³ îñîáèíè ìîæóòü áóòè ôåíîòè-
ï³÷íî äóæå â³äì³íí³ çàëåæíî â³ä òîãî, ÿê³
ñèãíàëè îòî÷åííÿ âîíè îòðèìóþòü ïðîòÿ-
ãîì ðîçâèòêó,  ³  ö ³  â ³äì³ííî ñò ³  ìàþòü
àäàïòèâíå çíà÷åííÿ ³ âèçíà÷àþòüñÿ åï³ãå-
íåòè÷íèìè çì³íàìè, ùî ³íäóêîâàí³ öèìè
ñèãíàëàìè. Îñòàíí³ìè ðîêàìè ìåõàí³çìè
åï³ãåíåòè÷íî¿ àäàïòàö³¿ àêòèâíî âèâ÷àþòüñÿ
ãðóïîþ í³ìåöüêèõ äîñë³äíèê³â ï³ä êåð³â-
íèöòâîì Áàðáàðè Òñøåíòêå. Âîíè âèçíà-
÷èëè,  ùî,  ÿêùî ïòàøèí³  ÿéöÿ ï³ä ÷àñ
³íêóáàö³¿ ï³äëÿãàþòü ä³¿ òåìïåðàòóðíèõ
ñòðåñ³â, ïòàõè, ùî ç íèõ âèëóïëþþòüñÿ,
äåìîíñòðóþòü ïðîòÿãîì æèòòÿ çì³íè ó
òåðìîñåíñèòèâíîñò³ íåéðîí³â ã³ïîòàëàìóñà,
ÿê³ ìàþòü àäàïòèâíèé õàðàêòåð [44, 45].

Ìîæëèâà ðîëü åï³ãåíåòè÷íèõ ìåõàí³çì³â
ó ôîðìóâàíí³ åôåêòó «ïàðàäîêñàëüíîãî
ñòèìóëþâàííÿ» (ãîðìåçèñó)
Äåÿê³ àâòîðè ïðèïóñêàþòü, ùî åï³ãåíåòè÷í³
ìåõàí³çìè òàêîæ â³ä³ãðàþòü âàæëèâó ðîëü
ïðè ôîðìóâàíí³ åôåêòó ãîðìåçèñó. Â³í
ïîëÿãàº â òîìó, ùî ìàë³ äîçè ôàêòîð³â, ùî
óøêîäæóþòü (ðàä³àö³¿, ÄÄÒ, ãåðá³öèä³â,
âàæêèõ ìåòàë³â, ³íñåêòèöèä³â, ïåñòèöèä³â
òîùî),  ïðèçâîäÿòü äî «ïàðàäîêñàëüíî¿
ñòèìóëÿö³¿» æèòòºä³ÿëüíîñò³ ,  çîêðåìà,
ïðèñêîðåííÿ ðîçâèòêó, çá³ëüøåííÿ ðåïðî-
äóêòèâíî¿ àêòèâíîñò³, ðåçèñòåíòíîñò³ äî
ñòðåñ ³â  ³  òðèâàëîñò ³  æèòòÿ .  Ïåðåäáà-
÷àºòüñÿ, ùî ïîä³áíèì ôàêòîðîì ìîæå áóòè
áóäü-ÿêèé ïîäðàçíèê, ùî ñòðåñóº á³îñèñ-
òåìó. Â îñòàíí³ ðîêè àêòèâíî âèâ÷àþòüñÿ
ìîëåêóëÿðí³ òà êë³òèíí³ ìåõàí³çìè ãîðìå-
çèñó. Ïðèïóñêàºòüñÿ, ùî â³í ïîâ�ÿçàíèé ç
³íäóêö³ºþ ñèíòåçó ñòðåñ-á³ëê³â, ñòèìó-
ëÿö³ºþ ñèñòåì ðåïàðàö³¿ ÄÍÊ, ìîäèô³êàö³ºþ
ïðîöåñ³â çàïðîãðàìîâàíî¿ çàãèáåë³ êë³òèí
(àïîïòîçó), ³íäóêö³ºþ ñèñòåì àíòèîêñè-
äàíòíîãî çàõèñòó, êîìïåíñàòîðíîþ êë³òèí-
íîþ ïðîë³ôåðàö³ºþ [20, 34].

Î.Ì. Âàéñåðìàí
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Îñòàíí³ì ÷àñîì ç³ çì³íàìè íà åï³ãåíå-
òè÷íîìó ð³âí³ ïîâ�ÿçóþòü òàêîæ áàãàòî
ìåäèêî-á³îëîã³÷íèõ ôåíîìåí³â, ÿê³ ðàí³øå
çíàõîäèëè ñâîº ïîÿñíåííÿ ó ìåæàõ ³íøèõ,
á³ëüø òðàäèö³éíèõ, êîíöåïö³é. Íàïðèêëàä,
«åï³ãåíåòè÷íå» ïîÿñíåííÿ áóëî çàïðîïîíî-
âàíå  äëÿ  ïîÿñíåííÿ  ïàðàäîêñàëüíîãî
çìåíøåííÿ òåìïó ñìåðòíîñò³ ó ñòàðøèõ
â³êîâèõ ãðóïàõ, ÿêå íåîäíîðàçîâî ñïîñòåð³-
ãàëè ó äåìîãðàô³÷íèõ äîñë³äæåííÿõ [12].
Àâòîðè öüîãî äîñë³äæåííÿ ïðèïóñòèëè, ùî
ñòðåñóâàííÿ ÷èííèêàìè îòî÷åííÿ â ìîëî-
äîìó â³ö³ ìîæå ïðèçâîäèòè äî ïåðìàíåíòíî¿
àêòèâ³çàö³¿ ãåí³â ñèñòåì àíòèîêñèäàíòíîãî
çàõèñòó  îðãàí³çì ó,  à  òàêîæ ãåí³â ,  ùî
ïðîäóêóþòü ñòðåñ-á³ëêè, ó ïåâíèõ îñ³á, ÿê³
âíàñë³äîê öüîãî ñòàþòü äîâãîæèòåëÿìè.
Òàêà ãîðìåòè÷íî-³íäóêîâàíà åï³ãåíåòè÷íà
àäàïòàö³ÿ äî íåñïðèÿòëèâèõ óìîâ æèòòÿ
ìîæå, íà äóìêó àâòîð³â, ïðèçâîäèòè äî
çìåíøåííÿ òåìïó ñìåðòíîñò³ ó äîâãîæè-
òåë³â. Çì³íè ãåíåòè÷íî¿ åêñïðåñ³¿  áóëè
âèÿâëåí³ ïðè óñ³õ âïëèâàõ, çàñòîñóâàííÿ
ÿêèõ ïðèçâîäèëî äî çá³ëüøåííÿ òðèâàëîñò³
æèòòÿ äîñë³äíèõ òâàðèí: îïðîì³íåíí³,
òåïëîâîìó òà õîëîäîâîìó øîêàõ, êàëîð³é-
íîìó îáìåæåíí³ ðàö³îíó òà ã³ïåðãðàâ³òàö³¿
[21, 30, 35, 36, 38, 42], à òàêîæ ïðè ä³¿ òàê
çâàíèõ ãåðîïðîòåêòîð³â (õ³ì³êàò³â,  ùî
ïîäîâæóþòü òðèâàë³ñòü æèòòÿ), çîêðåìà,
àíòèîêñèäàíò³â [16]. Ìîæíà ïðèïóñòèòè, ùî
ïîäîâæåííÿ òðèâàëîñò³ æèòòÿ â åêñïåðè-
ìåíò³ º íàñë³äêîì íåñïåöèô³÷íèõ (ãîðìå-
çèñíèõ) åôåêò³â, ³ ñàìå çì³íè òðàíñêðèï-
ö³éíî¿ àêòèâíîñò³ ìîæóòü áóòè çàãàëüíèì
ìåõàí³çìîì ïðè óñ³õ  âèïàäêàõ âäàëî¿
ãåðîïðîòåêòîðíî¿ («anti-aging») òåðàï³¿.

Íå âèêëþ÷åíî, ùî ðîçâèòîê öèõ ³äåé
ìîæå çãîäîì ïðèçâåñòè äî ïåâíèõ ïðàêòè÷-
íèõ íàñë³äê³â. ßêùî åï³ãåíåòè÷íà àäàïòàö³ÿ
ä³éñíî º êëþ÷îâèì ìåõàí³çìîì ïðîãðà-
ìóâàííÿ äîâãîâ³÷íîñò³, òî ïåâí³ ö³ëåñïðÿ-
ìîâàí³ âòðó÷àííÿ ïðîòÿãîì ñåíñèòèâíèõ
ñòàä³é ðàííüîãî ðîçâèòêó ìîãëè á äàâàòè
çìîãó äîñÿãàòè îïòèìàëüíîãî áàëàíñó
àêòèâàö³¿/ðåïðåñ³¿ ð³çíèõ ãåí³â. Öå, â ñâîþ

÷åðãó, äîçâîëÿëî á çàïîá³ãàòè äåãåíåðàòèâ-
íèì â³êîâèì çàõâîðþâàííÿì òà ïîäîâæó-
âàòè òðèâàë³ñòü æèòòÿ ëþäåé. Ñó÷àñí³ ëþäè
æèâóòü â  óìîâàõ ÷àñòêîâîãî äåô³öèòó
ïåâíèõ ïðèðîäíèõ ñòðåñîð³â [48]. Ìîæíà
ïðèïóñòèòè, ùî «åï³ãåíåòè÷íå ïåðåïðîãðà-
ìóâàííÿ» [40] âíàñë³äîê ³íäóêö³¿ ñèñòåì
ãîðìåçèñíîãî â³äãóêó ó ðàííüîìó îíòîãå-
íåç³ (íàïðèêëàä, çà äîïîìîãîþ «ïîì³ðíèõ»
ñòðåñ³â ïðîòÿãîì ïðå- òà íåîíàòàëüíèõ
ïåð³îä³â) ìîãëî á íàäàâàòè äîâãîñòðîêîâ³
ïåðåâàãè äëÿ îðãàí³çìó.

A.M. Vaiserman

EARLY-LIFE PROGRAMMING OF VIABILITY AS A
SIGN OF EPIGENETIC ADAPTATION

Recently, a cluster of new hypotheses of aging has been sug-
gested, which explicitly predict the importance of early-life
events in health and life span modulations. It has been widely
assumed that these long-lasting consequences of early-life ex-
posures may depend on the same mechanisms as those under-
lying �cellular memory� i.e. epigenetic inheritance systems.
There is growing body of evidence that environmentally-in-
duced perturbations in the epigenetic processes (which involve
alterations of gene expression without a change in DNA se-
quence) can determine different aspects of aging, as well as
etiology and pathogenesis of age-related diseases. Long-term
beneficial effects (epigenetic adaptation) can also occur under
some conditions. Changes in gene expression were detected by
the life-extending hormetic interventions, such as irradiation,
both heat and cold shocks, dietary restriction and hypergravity,
as well as by geroprotectors (e.g., antioxidants). It might be
hypothesized that life-extending effects are most likely a
consequence of unspecific (hormetic) action, rather then spe-
cific (geroprotective) action, and induced transcriptional changes
may be a common mechanism for all anti-aging treatments.
The epigenetic interventions (e.g., pre- and postnatal mild
stresses), it seems, can be specifically useful in the modulation
of aging processes and healthy life extension.

Institute of Gerontology, Kyiv, Ukraine
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