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Íà ñüîãîäí³, ïàòîëîã³ÿ ñåðöåâî-ñóäèííî¿ ³ öåí-
òðàëüíî¿ íåðâîâî¿ ñèñòåì ã³ïîêñè÷íîãî ãåíåçó âè-
çíà÷àºòüñÿ çíà÷íîþ ïîøèðåí³ñòþ, âèñîêîþ ÷àñòî-
òîþ ³íâàë³äèçàö³¿ òà ñìåðòí³ñòþ. Çà äàíèìè ÂÎÎÇ, 
â åêîíîì³÷íî ðîçâèíåíèõ êðà¿íàõ ëåòàëüí³ñòü â³ä 
³íñóëüòó çàéìàº 2-3 ì³ñöå â ñòðóêòóð³ çàãàëüíî¿ 
ñìåðòíîñò³ ³ ë³äèðóº ñåðåä óñ³õ ïðè÷èí ³íâàë³äèçàö³¿. 
Ó çâ’ÿçêó ç âèùåâèêëàäåíèì, àêòóàëüíèì º ïîäàëü-
ø³ äîñë³äæåííÿ ìîëåêóëÿðíî-á³îõ³ì³÷íèõ àñïåêò³â 
ïàòîãåíåçó äàíèõ ïàòîëîã³÷íèõ ñòàí³â, à òàêîæ ðîç-
ðîáêà ïàòîãåíåòè÷íî îá´ðóíòîâàíèõ øëÿõ³â ôàðìà-
êîêîðåêö³¿ [3,7].

Øèðîêî â³äîìî, ùî â óìîâàõ ã³ïîêñ³¿ â êë³òèí³ â³ä-
áóâàºòüñÿ ïîñèëåííÿ â³ëüíî-ðàäèêàëüíîãî îêèñëåí-
íÿ (ÂÐÎ) ç ïîäàëüøèì ðîçâèòêîì îêñèäàòèâíîãî òà 
í³òðîçóþ÷îãî ñòðåñ³â. Ëîêàëüíà àêòèâàö³ÿ ÂÐÎ â çîí³ 
³øåì³¿ òà íàêîïè÷åííÿ ïðîäóêò³â äåãðàäàö³¿ â³ëüíèõ 
ðàäèêàë³â ñòèìóëþþòü çãîðòàííÿ êðîâ³, çá³ëüøóþòü 
¿¿ â’ÿçê³ñòü, ï³äñèëþþòü àãðåãàö³þ ³ àäãåç³þ ôîð-
ìåíèõ åëåìåíò³â êðîâ³. Âèñîêà êîíöåíòðàö³ÿ ïå-
ðîêñèä³â ïðèñêîðþº äåãåíåðàö³þ NÎ ç óòâîðåííÿì 
ïåðîêñèí³òð³òà – âêðàé öèòîòîêñè÷íîãî ç’ºäíàííÿ. 
Ïðèñêîðåíèé ðîçïàä åíäîòåë³àëüíîãî NO ñòèìó-
ëþº àíã³îñïàçì. Êð³ì òîãî, â³ëüí³ ðàäèêàëè ìîäè-
ô³êóþòü åíäîòåë³àëüí³ NO- ðåöåïòîðè, çìåíøóþ÷è 
¿õ ÷óòëèâ³ñòü, à òàêîæ áåçïîñåðåäíüî øê³äëèâó ä³þ 
íà êàðä³îì³îöèòè òà íåéðîíè. Çàçíà÷åí³ ïðîöåñè 
ïîñèëþþòü ³øåì³þ, íàäàþòü àðèòìîãåííèé åôåêò, 
ñïðèÿþòü ïîøèðåííþ çîíè íåêðîçó òà ïîøêîäæåí-
íÿ [2,8,24]. Çíèæåííÿ êîíöåíòðàö³¿ êèñíþ â òêàíèíàõ 
îðãàí³çìó ñóïðîâîäæóºòüñÿ íàêîïè÷åííÿì âåëèêî¿ 
ê³ëüêîñò³ â³äíîâëåíèõ ôîðì ð³çíèõ ç’ºäíàíü, â òîìó 
÷èñë³ êîôåðìåíò³â – ÍÀÄÍ, ÍÀÄÔÍ, ÔÀÄÍ, óá³õ³íîí. 
Â óìîâàõ Î2-äåô³öèòó öå ïðèçâîäèòü äî îäíîåëåê-

â³äáóâàºòüñÿ íà ê³íöåâ³é ä³ëÿíö³ åëåêòðîííîãî äè-
õàëüíîãî ëàíöþãà [3,12,18,4].

Âèÿâëåíî òàêîæ, ùî ðàäèêàë-óòâîðþþ÷³ ñèñ-
òåìè ì³òîõîíäð³é – ðÍ-çàëåæí³ ³ àêòèâ³çóþòüñÿ ïðè 
àöèäîç³, à àêòèâí³ñòü îäíîãî ç ôåðìåíò³â – ÍÀÄÍ-
îêñèäàçè ì³òîõîíäð³é, ùî óòâîðþº àêòèâí³ ôîðìè 
êèñíþ, çðîñòàº â ïîøêîäæåíèõ ã³ïîêñ³ºþ òêàíèíàõ 
[5,9,13,27]. Ïðè ³øåì³¿ ð³çêî çðîñòàº óòâîðåííÿ ÀÔÊ 
â ì³òîõîíäð³ÿõ ïðè ðîç’ºäíàíí³ äèõàëüíîãî ëàíöþãà 
³ îêèñíîãî ôîñôîðèëþâàííÿ. Ïðè÷îìó øâèäê³ñòü 
óòâîðåííÿ ÀÔÊ çíàõîäèòüñÿ â ïðÿì³é çàëåæíîñò³ 
â³ä ñòóïåíÿ áëîêóâàííÿ äèõàëüíîãî ëàíöþãà. Äàíèé 
ïðîöåñ ïðèçâîäèòü äî â³äíîâëåííÿ ïåðåíîñíèê³â íà 
ïåðåäóþ÷èõ áëîêàä³ ä³ëÿíêàõ, îñîáëèâî ðîòåíîí- ³ 
àêò³íîì³öèí – çàëåæíèõ, ÿê³ ñïðèÿþòü ïîñèëåííþ 
áëîêàäè ³ «âèò³ê» åëåêòðîí³â, ³ â ê³íöåâîìó ï³äñóì-
êó, ã³ïåðïðîäóêö³¿ ÀÔÊ. Ïðåäñòàâëåíèé âèùå ïàòî-
á³îõ³ì³÷íèé êàñêàä, ïðèçâîäèòü äî îêèñëþâàëüíî¿ 

äåñòðóêö³¿ ë³ï³ä³â, á³ëê³â ìåìáðàíè êë³òèíè ³ ì³òî-
õîíäð³é, ùî â çíà÷í³é ì³ð³ âèçíà÷àº çàïóñê ïðîöåñ³â 
êë³òèííî¿ çàãèáåë³, ÿêó ³í³ö³þº ïîðóøåííÿì êë³òèííî¿ 
â³äïîâ³ä³ ãåíîìà.

Îäí³ºþ ç òèïîâèõ ðåàêö³é êë³òèíè ó â³äïîâ³äü íà 
ã³ïîêñ³þ ³ ïîñèëåííÿ ÂÐÎ º ³íäóêö³ÿ HSP 70. Â³äîìî, 
ùî ñòðåñîâ³ âïëèâè, ³ â ïåðøó ÷åðãó òåïëîâèé øîê, 
âèêëèêàþòü íàêîïè÷åííÿ HSP 70 â êë³òèíàõ ð³çíîãî 
ïîõîäæåííÿ. (Georgopoulos, Welch, 1993; Hartl 1996; 
Ìàðãóëèñ, Ãóæîâà, 2000). Òàêîæ ñèíòåç HSP 70 ïî-
ñèëþºòüñÿ ³ ïðè ï³äâèùåíí³ òåìïåðàòóðè òà ïðè áà-
ãàòüîõ ³íøèõ íåñïðèÿòëèâèõ âïëèâàõ, òàêèõ ÿê äî-
äàâàííÿ äî êë³òèí îðãàí³÷íèõ ðîç÷èííèê³â, âàæêèõ 
ìåòàë³â, ñèëüíèõ îêñèäàíò³â, à òàêîæ ï³ä âïëèâîì 
äåÿêèõ ãîðìîí³â ³ ðîñòîâèõ ôàêòîð³â. Ó çâ’ÿçêó ç öèì 
äåÿê³ àâòîðè íàçèâàþòü HSP 70 – «ñòðåñ-á³ëêàìè». Â 
åâîëþö³éíîìó â³äíîøåíí³ HSP 70 â³äíîñÿòüñÿ äî âè-
ñîêîêîíñåðâàòèâíèõ á³ëê³â ³ âèÿâëÿþòüñÿ ó âñ³õ îð-
ãàí³çìàõ â³ä áàêòåð³é äî ëþäèíè. Öå ñâ³ä÷èòü ïðî òå, 
ùî âîíè âèêîíóþòü ôóíäàìåíòàëüí³ êë³òèíí³ ôóíêö³¿. 
ßê öèòîïðîòåêòîðí³ âëàñòèâîñò³ ñòðåñ-á³ëê³â, òàê ³ 
¿õ ðîëü â ïðîöåñàõ íîðìàëüíî¿ æèòòºä³ÿëüíîñò³ êë³-
òèíè áàãàòî â ÷îìó çàëåæèòü â³ä òîãî, ùî ö³ á³ëêè º 
øàïåðîíàìè, ïîëåãøóþ÷è òàêèì ÷èíîì ôîðìóâàí-
íÿ âòîðèííî¿ òà òðåòèííî¿ ñòðóêòóðè ³íøèõ á³ëê³â 
[10,11,23,35].

HSP 70 òàêîæ áåðóòü ó÷àñòü â ïðîöåñàõ ðåïàðà-
ö³¿ àáî åë³ì³íàö³¿ íåïðàâèëüíî çãîðíóòèõ àáî äåíà-
òóðîâàíèõ á³ëê³â. ßê øàïåðîíè, âîíè áåðóòü ó÷àñòü 
â ñèíòåç³ ãë³êîïðîòå¿í³â, äî ÿêèõ â³äíîñèòüñÿ òèðå-
îãëîáóë³í, ïðè÷îìó ìåõàí³çìè ñòðåñîðíî¿ àêòèâàö³¿ 
ñèíòåçó á³ëê³â òåïëîâîãî øîêó õàðàêòåðèçóþòüñÿ âè-
ñîêîþ òêàíèííîþ ñïåöèô³÷í³ñòþ. Ïåðåäáà÷óâàíèé 
ìåõàí³çì âçàºìîä³¿ ìàëèõ á³ëê³â òåïëîâîãî øîêó ç 
÷àñòêîâî äåíàòóðîâàíèìè á³ëêàìè [3,5,24,25,29,32].

Ó ëþäèíè ³ñíóº íå ìåíøå 11 ãåí³â ñ³ìåéñòâà HSP 
70, ÿê³ êîäóþòü ãðóïó áëèçüêèõ á³ëê³â ç ìîëåêóëÿðíîþ 
ìàñîþ â³ä 66 äî 78 êÄà. Áàçîâèé ð³âåíü åêñïðåñ³¿ ³ 
³íäóöèáåëüí³ñòü ó â³äïîâ³äü íà ð³çí³ ôàêòîðè ñòðåñó 
ðîçð³çíÿþòüñÿ äëÿ á³ëüøîñò³ ÷ëåí³â öüîãî ñ³ìåéñòâà. 
Øàïåðîíè HSP 70 ìàþòü äâà îñíîâíèõ ôóíêö³îíàëü-
íèõ äîìåíà. Âèñîêî êîíñåðâàòèâíèé NH2-ê³íöåâèé 
äîìåí ìàº ÀÒÔ-àçíó àêòèâí³ñòü ³ ì³öíî çâ’ÿçóºòüñÿ ç 
ÀÄÔ ³ ÀÒÔ, à COOH-òåðì³íàëüíèé äîìåí çâ’ÿçóºòüñÿ 
ç ïîë³ïåïòèäàìè. Â³äîìî, ùî HSP 70 ïåðåâàæíî 
çâ’ÿçóºòüñÿ ç íåçãîðíóòèìè àáî ÷àñòêîâî çãîðíóòè-
ìè á³ëêàìè, òà çàïîá³ãàº ¿õ àãðåãàö³¿ àáî íåïðàâèëü-
íîìó ôîëä³íãó. Íîìåíêëàòóðà ð³çíèõ á³ëê³â ñ³ìåéñòâà 
HSP 70 îáøèðíà ³ çàñíîâàíà íà êë³òèííîìó ðîçïîä³ë³ 
³ ³íäóöèðîâàíîñò³ [5,10,11,35]. 

²íäóö³áåëüíèé HSP 70 – öå á³ëîê, åêñïðåñ³ÿ ÿêîãî 
àêòèâóºòüñÿ ïðè ïîïàäàíí³ êë³òèíè àáî îðãàí³çìó â 
óìîâè ñòðåñó. HSP 70 íåîáõ³äíèé äëÿ êë³òèííîãî 
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â³äíîâëåííÿ, âèæèâàííÿ ³ çàáåçïå÷åííÿ íîðìàëü-
íèõ êë³òèííèõ ôóíêö³é. Â³í òàêîæ º ìîëåêóëÿðíèì 
øàïåðîíîì, ÿêèé çàïîá³ãàº àãðåãàö³¿ á³ëê³â ³ â³ä-
íîâëþº ïîøêîäæåí³ á³ëêè ó â³äïîâ³äü íà êë³òèííèé 
ñòðåñ, âèêëèêàíèé íåñïðèÿòëèâèìè âïëèâàìè íà-
âêîëèøíüîãî ñåðåäîâèùà, ïàòîãåíàìè ³ çàõâîðþ-
âàííÿìè. Â äàíèé ÷àñ ïðîâîäÿòüñÿ äîñë³äæåííÿ ç 
ìåòîþ çàñòîñóâàííÿ ïðîòåêòèâíèõ ìîæëèâîñòåé 
HSP 70 äëÿ òåðàïåâòè÷íèõ ö³ëåé. Ìîëåêóëà HSP 70 
ÿâëÿº ñîáîþ äèìåð, ÿêèé ìàº çäàòí³ñòü ôîðìóâàòè 
âèñîêîîë³ãîìåðí³ êîìïëåêñè ç áàãàòüìà ñòðóêòó-
ðàìè â êë³òèí³ ³ ìàº ùîíàéìåíøå 8 ³çîôîðì, íàá³ð ³ 
êîíöåíòðàö³ÿ ÿêèõ çàëåæàòü â³ä òèïó êë³òèíè ³ êîíòð-
îëþþòüñÿ âèäîì ñòðåñîâîãî âïëèâó. Ó ëþäåé ³ ïðè-
ìàò³â ³í³ö³àö³ÿ ñèíòåçó HSP ïðè ñòðåñ³ ïîâ’ÿçàíà ç 
àêòèâàö³ºþ, ùîíàéìåíøå, òðüîõ ðåöåïòîðíèõ ñèñ-

�
ñòåðî¿äíèõ ãîðìîí³â [2,24,28]. Ìàêñèìàëüíèé ñèí-
òåç HSP 70 â êë³òèíàõ ñïîñòåð³ãàºòüñÿ ÷åðåç 7-8 
ãîäèí ï³ñëÿ çàê³í÷åííÿ òåïëîâîãî øîêó ³ ï³äòðèìó-
ºòüñÿ íà âèñîêîìó ð³âí³ ùå 4-5 ÷. ×åðåç 24 ãîä ï³ñëÿ 
øîêó ñèíòåç HSP 70 çíà÷íî çìåíøóºòüñÿ. Íàâïàêè, 
äëÿ çàãàëüíîãî ñèíòåçó êë³òèííèõ á³ëê³â õàðàêòåðíà 
çíà÷íà äåïðåñ³ÿ ï³ä ÷àñ øîêó ³ â ïåðø³ ãîäèíè ï³ñëÿ 
íüîãî. Ñèíòåç îñíîâíèõ êë³òèííèõ á³ëê³â ïî÷èíàº 
ïîñèëþâàòèñÿ ÷åðåç 7-8 ãîä ³ äîñÿãàº íîðìàëüíèõ 
çíà÷åíü ëèøå ÷åðåç 24 ãîäèí ï³ñëÿ çàê³í÷åííÿ øîêó. 
Ó çâ’ÿçêó ç öèì, íà ïåâíîìó åòàï³ ï³ñëÿ øîêó Hsp70 
ìîæå ñòàíîâèòè 15-20% â³ä óñ³õ á³ëê³â öèòîïëàçìè. 
Êð³ì òîãî, ï³ñëÿ ñòðåñó HSP 70 ìîæå íàêîïè÷óâàòè-
ñÿ â íàéá³ëüø «âðàçëèâèõ» ä³ëÿíêàõ êë³òèíè, à ñàìå: 
â ïåðø³ 4-5 ãîä – â ÿäð³, ïîò³ì â ïåðèíóêëåàðí³é, 
ïðèñàðêîëåìàëüí³é çîíàõ ³ âçäîâæ àêòèíîâèõ ô³ëà-
ìåíò³â. Ñåíñ íàêîïè÷åííÿ HSP 70 â ÿäð³ ï³ñëÿ ïî-
øêîäæåííÿ êë³òèíè ïîëÿãàº â çàõèñò³ ãåíåòè÷íîãî 
ìàòåð³àëó. Òàêèì ÷èíîì, HSP 70 â³ä³ãðàº çíà÷íó ðîëü 
â ï³äâèùåíí³ ñò³éêîñò³ êë³òèííîãî àïàðàòó á³îñèíòåçó 
á³ëêà äî ïîøêîäæóþ÷èõ ôàêòîð³â. Êð³ì òîãî, º äàí³ 
ïðî çâ’ÿçîê HSP 70 ç çíîâó ñèíòåçîâàíèìè âàæêèìè 
ëàíöþãàìè Ig â òèõ îáëàñòÿõ, äå ìîæå â³äáóâàòèñÿ ÿê 
íîðìàëüíå çâ’ÿçóâàííÿ ç ëåãêèì ëàíöþãîì, òàê ³ íå-
áàæàíå çâ’ÿçóâàííÿ âàæêèõ ëàíöþã³â îäèí ç îäíèì, 
òîáòî éîãî ïðèñóòí³ñòü ïåðåøêîäæàº óòâîðåííþ 
àãðåãàò³â ç âàæêèõ ëàíöþã³â. Ïîò³ì â õîä³ ÀÒÔ-àçíî¿ 
ðåàêö³¿ ëåãêèé ëàíöþã âèò³ñíÿº á³ëîê òåïëîâîãî øîêó 
³ ôîðìóºòüñÿ íîðìàëüíà ñòðóêòóðà Ig. Íàêîïè÷åííÿ 
HSP 70 ï³ñëÿ êîðîòêî÷àñíèõ âïëèâ³â íà êë³òèíó òå-
ïëîâèì øîêîì ëåæèòü â îñíîâ³ ôåíîìåíà òèì÷àñî-
âîãî ï³äâèùåííÿ ïîðîãó òåìïåðàòóðíî¿ ÷óòëèâîñò³ 
êë³òèí, òàê çâàíî¿ òåðìî-òîëåðàíòíîñò³. Ô³ç³îëîã³÷-
íà ðîëü HSP 70 âèâ÷àëàñÿ íà áåçë³÷³ ìîäåëåé ïðè 
òàêèõ óìîâàõ, ÿê ã³ïåðòåðì³ÿ, ã³ïåðòåíç³ÿ, êîíòàêò ç 
òîêñè÷íèìè õ³ì³÷íèìè ðå÷îâèíàìè, ã³ïîêñ³ÿ, ³øåì³ÿ, 
çàïàëåííÿ, àóòî³ìóíí³ ïàòîëîã³¿, àïîïòîç, çëîÿê³ñ-
í³ ïóõëèíè, òðàíñïëàíòàö³ÿ îðãàí³â, áàêòåð³àëüí³ òà 
â³ðóñí³ ³íôåêö³¿. Ð³âåíü HSP 70 òàêîæ äîñë³äæóâàëè 
ïðè íîðìàëüíèõ ïðîöåñàõ ñòàð³ííÿ, ñïåðìàòîãåíå-
çó, â çàëåæíîñò³ â³ä ôàçè ìåíñòðóàëüíîãî öèêëó òà 
ô³çè÷íîãî íàâàíòàæåííÿ. Ïîðó÷ äîñë³äíèê³â çàçíà-
÷åíî, ùî ïðè àóòî³ìóííèõ çàõâîðþâàííÿõ, òàêèõ ÿê 
ÂÊÂ, ÐÀ, ï³äâèùåííÿ âì³ñòó HSP 70 â ë³ìôîöèòàõ 
êðîâ³ ïîâ’ÿçàíî ç àêòèâí³ñòþ ïàòîëîã³÷íîãî ïðîöåñó 

[3,5,25,35]. Ïðè ïîâòîðþâàíèõ åï³çîäàõ ³øåì³¿ òàêîæ 
áóëà âèÿâëåíà àêòèâàö³ÿ ñèíòåçó HSP 70. Áóëî ïî-
êàçàíî, ùî êîðîòêî÷àñí³ åï³çîäè îêëþç³¿ êîðîíàðíèõ 
àðòåð³é ç ³íòåðâàëàìè ðåïåðôóç³¿ ³ñòîòíî ï³äâèùóâà-
ëè òîëåðàíòí³ñòü ì³îêàðäà äî íàñòóïíèõ, á³ëüø òðè-
âàëèõ ¿¿ åï³çîäàìè, ùî ïðèçâîäèëî äî çíèæåííÿ ÷àñ-
òîòè ðîçâèòêó ³íôàðêòó ì³îêàðäà, çíèæåííÿ ðèçèêó 
çàãðîæóþ÷èõ æèòòþ àðèòì³é. Á³ëêè òåïëîâîãî øîêó 
â ö³é ñèòóàö³¿ âèñòóïàþòü íå ò³ëüêè ÿê øàïåðîíè, àëå 
³ ÿê ïîòåíö³éí³ àíòèîêñèäàíòè. Òàêèì ÷èíîì, âèÿâ-
ëåíî çâ’ÿçîê ì³æ âì³ñòîì HSP 70 â êë³òèíàõ ³ ñò³éê³ñ-
òþ òêàíèí äî ³øåì³¿ òà ðåïåðôóç³¿, Ó÷àñòü HSP 70 ó 
ôîðìóâàíí³ òåðìîòîëåðàíòíîñò³ ³ ÿâèù ïåðåõðåñíî¿ 
òîëåðàíòíîñò³ äî ð³çíèõ ïîøêîäæóþ÷èõ àãåíò³â ñëó-
æàòü ïðîÿâîì ¿õ ÿñêðàâî âèðàæåíèõ öèòîïðîòåêòîð-
íèõ âëàñòèâîñòåé. Ðàçîì ç òèì, HSP 70 íåîáõ³äí³ äëÿ 
íîðìàëüíî¿ æèòòºä³ÿëüíîñò³ êë³òèíè, òîìó ùî áåðóòü 
ó÷àñòü â ï³äòðèìö³ êë³òèííîãî ãîìåîñòàçó, ïðîöåñàõ 
ðîñòó ³ äèôåðåíö³þâàíí³ êë³òèí [5,26,30,31].

Ìîæíà âèä³ëèòè íàñòóïí³ îñíîâí³ ïîëîæåííÿ 
ïðî ô³ç³îëîã³÷íó ðîëü HSP 70: ó êë³òèí³ ï³ñëÿ ñòðåñó 
øâèäêèìè òåìïàìè â³äáóâàºòüñÿ íàêîïè÷åííÿ HSP 
70, ïîïåðåäíº â³äíîâëåííÿ ñèíòåçó ³íøèõ êë³òèííèõ 
á³ëê³â. Ó ðàíí³é ïîñòñòðåñîðíèé ïåð³îä HSP 70 ëîêà-
ë³çóºòüñÿ â îñíîâíîìó â ÿäð³, â ï³çí³é – â 3 îáëàñòÿõ 
öèòîïëàçìè: ïðèñàðêîëåìàëüí³é, ïåðèíóêëåàðí³é ³ 
âçäîâæ àêòèíîâèõ ô³ëàìåíò³â. Ó êë³òèí³, ùî çàçíàëà 
ñòðåñîðíîãî âïëèâó, HSP 70 ìèòòºâî íîðìàë³çóþòü 
ôîðìóâàííÿ ðèáîñîì, ïîïåðåäæàþ÷è àãðåãàö³é-
í³ ïðîöåñè ïðè çãîðòàíí³ á³ëê³â ³ â³äíîâëþþ÷è íîð-
ìàëüíó ñòðóêòóðó ì³îôáðèëÿðíîãî àïàðàòó. Ó ïîñò-
ñòðåñîðíèé ïåð³îä HSP 70 º ñêëàäîâîþ ÷àñòèíîþ 
êë³òèííî¿ ñèñòåìè ðåïàðàö³¿, çàõèùàþ÷è ïðîöåñè 
á³îñèíòåçó á³ëêà ³ ñòðóêòóðíó ö³ë³ñí³ñòü êë³òèííèõ 
ïåïòèä³â [6,19,26].

Øàïåðîííà àêòèâí³ñòü HSP 70 ìîäóëþºòü-
ñÿ á³ëêàìè-ïîì³÷íèêàìè àáî êî-øàïåðîíàìè, 
ïîâ’ÿçàíèìè ç ìîëåêóëîþ HSP 70, íóêëåîòèäàìè, 
çì³ñòîì îäíî- ³ äâîâàëåíòíèõ ³îí³â, à òàêîæ êîíöåí-
òðàö³ºþ á³ëê³â-ì³øåíåé. Ó êîæí³é êë³òèíí³é îðãàíåë-
ë³ âèùèõ òâàðèí º ñâ³é øàïåðîííèé ìåõàí³çì, ä³ÿ 
ÿêîãî çàñíîâàíà íà ïåâíîìó ÷ëåí³ ñ³ìåéñòâà HSP 70. 
Îäíèì ç íàéá³ëüø ïðèì³òíèõ âëàñòèâîñòåé HSP 70 º 
çàõèñíà ôóíêö³ÿ, ÿêó á³ëîê äåìîíñòðóº â õîä³ ðåàêö³¿ 
êë³òèíè àáî îðãàí³çìó íà ä³þ ð³çíèõ íåñïðèÿòëèâèõ 
ôàêòîð³â ñåðåäîâèùà [6,28]. Îòðèìàíî áàãàòî äî-
êàç³â ïðîòåêòèâíîãî åôåêòó HSP 70, ³ â öüîìó ïëàí³ 
íàïèñàí³ ñîòí³ ðîá³ò ³ ê³ëüêà äåñÿòê³â ìîíîãðàô³é. 
Íàéá³ëüø ïåðåêîíëèâ³ àðãóìåíòè íà êîðèñòü çà-
õèñíî¿ ôóíêö³¿ HSP 70 îòðèìàí³ â åêñïåðèìåíòàõ ïî 
ââåäåííþ â êë³òèíè ñàìîãî á³ëêà àáî éîãî ãåíà, ï³ñëÿ 
÷îãî îö³íþâàëàñÿ ñò³éê³ñòü êë³òèí äî ïîøêîäæåíü 
ôàêòîðàìè. Ç’ÿñóâàëîñÿ, ùî ïðîòåêòèâíèé åôåêò 
HSP 70 çàëåæèòü â³ä äîçè á³ëêà, îòðèìàíî¿ äàíîþ 
êë³òèíîþ, ³ ïðîÿâëÿºòüñÿ ïî â³äíîøåííþ äî áåçë³÷³ 
ôàêòîð³â, çîêðåìà òèõ, ÿê³ âèêëèêàþòü ïðîãðàìîâà-
íó êë³òèííó ñìåðòü, àïîïòîç. Â äàíèé ÷àñ çàö³êàâëå-
í³ñòü äî öèòîçàõèñíèõ âëàñòèâîñòåé á³ëê³â-øàïåðî-
í³â âèõîäèòü çà ðàìêè ñóòî á³îëîã³÷íèõ äîñë³äæåíü. 
Ðåçóëüòàòè åêñïåðèìåíò³â îñòàíí³õ 10-15 ðîê³â, âè-
êîíàíèõ, â îñíîâíîìó, íà êë³òèííèõ êóëüòóðàõ ³ åêñ-
ïåðèìåíòàëüíèõ òâàðèíàõ, äàëè ìîæëèâ³ñòü ïðåä-
ñòàâèòè ê³ëüêà íàïðÿìê³â ïðàêòè÷íîãî âèêîðèñòàííÿ 
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çàõèñíèõ âëàñòèâîñòåé HSP 70 [5,26,28,29,31]. Ïî-
ïåðøå, ñò³éê³ñòü êë³òèíè, òàê ³ îðãàí³çìó â ö³ëîìó, 
ìîæíà ï³äâèùèòè øëÿõîì çá³ëüøåííÿ âíóòð³øíüî-
êë³òèííîãî âì³ñòó HSP 70. Îñòàííº ìîæå áóòè äî-
ñÿãíóòî â ðåçóëüòàò³ ïðåêîíäèö³îíóâàííÿ (äîçîâàíå 
íàãð³âàííÿ, ã³ïîêñ³ÿ), ï³ä ä³ºþ ë³êàðñüêèõ ïðåïàðàò³â, 
ï³ñëÿ òðàíñôåêö³¿ êë³òèí ãåíîì HSP 70. Ïî-äðóãå, 
îñòàíí³ì ÷àñîì ïðèâåðòàº óâàãó ïèòàííÿ ïðî çàõèñí³ 
âëàñòèâîñò³ ïîçàêë³òèííîãî HSP 70. Óæå â ê³íö³ 1980-
õ ðð. áóëî âèÿâëåíî, ùî HSP 70 ìîæå çàëèøàòè êë³-
òèíè ìîëþñê³â [3,5], åìáð³îíàëüí³ êë³òèíè ùóðà ³ âè-
õîäèòè â ïîçàêë³òèííèé ìàòðèêñ. Ïîä³áí³ äàí³ áóëè 
îòðèìàí³ ïðè àíàë³ç³ á³ëê³â, ùî âèõîäÿòü ç êë³òèí 
ãë³îìè ëþäèíè [19]. Îïèíèâøèñü â ïîçàêë³òèííîìó 
ñåðåäîâèù³, HSP 70 ìîæå âçàºìîä³ÿòè ç ³íøèìè 
êë³òèíàìè, íàïðèêëàä, íåéðîíàìè ³ çàõèùàòè ¿õ â³ä 
çàãèáåë³ [19]. Çàõèñíèé åôåêò åêçîãåííîãî HSP 70 
ïðè ä³¿ ³íäóêóþ÷îãî àïîïòîç ôàêòîðó íåêðîçó ïóõëèí 
áóâ ïîêàçàíèé òàêîæ Àíäðåºâîþ Ë.² òà ñï³âàâòîðà-
ìè íà ë³í³¿ êë³òèí ì³ºëî¿äíî¿ ëåéêåì³¿ ëþäèíè U-937 
[21]. Òàêèì ÷èíîì, HSP 70, äîäàíèé äî êë³òèí ççîâí³, 
çäàòíèé çàõèùàòè ¿õ ïîä³áíèì ç âíóòð³øíüîêë³òèí-
íèì á³ëêîì ÷èíîì. Íà òêàíèííîìó ð³âí³ òàêîæ áóëî 
ïîêàçàíî, ùî ïðåïàðàò HSP 70, ùî ñêëàäàºòüñÿ ç 
ñóì³ø³ äâîõ ³çîôîðì: ³íäóöèáåëüíî¿ (HSP 70) òà êîí-
ñòèòó³òèâíî¿ (HSP 70), ïðè ââåäåíí³ â îêî ùóðà ïî-
ãëèíàâñÿ ñ³òê³âêîþ ³ çàõèùàâ ôîòîðåöåïòîðè ïðè  ¿õ 
ïîøêîäæåíí³ ñâ³òëîì [6,21,26]. Íà çð³çàõ ìîçêó ìèø³ 
áóëî ïîêàçàíî, ùî ðåêîìá³íàíòíèé HSP 70, äîäàíèé 
â ³íêóáàö³éíå ñåðåäîâèùå, ³ì³òóâàâ çàõèñíèé åôåêò 
òåïëîâîãî ïðåêîíäèö³îíóâàííÿ, ÿêèé ïîëÿãàâ â íîð-
ìàëèçóþ÷³é ä³¿ íà ì³í³àòþðí³ ñèíàïòè÷í³ ñòðóìè, âè-
êëèêàí³ ãàììà-àì³íîìàñëÿíîþ êèñëîòîòîþ, ãëóòàì³-
íîâîþ êèñëîòîþ ³ ãë³öèíîì [1,3]. Âçàºìîä³ÿ HSP 70 
ç êë³òèííîþ ïîâåðõíåþ ³ éîãî ïîãëèíàííÿ áóëî ïîêà-
çàíî äëÿ äåê³ëüêîõ òèï³â êë³òèí ð³çíîãî ïîõîäæåííÿ. 
Ó öåíòðàëüí³é íåðâîâ³é ñèñòåì³ åêçîãåííèé HSP 70, 
éìîâ³ðíî, ìîæå âçàºìîä³ÿòè ç ãë³àëüíèìè êë³òèíàìè 
³ íåéðîíàìè. ²ìóíîã³ñòîõ³ì³÷íî ïîêàçàíî, ùî îáèäâ³ 
³çîôîðìè HSP 70 íàéá³ëüøîþ ì³ðîþ ïðåäñòàâëåí³ 
â ñèíàïñàõ. Îäíàê, îñíîâíà ðîëü ó ôóíêö³îíóâàíí³ 
åíäî- òà åêçîöèòîçó ñèíàïòè÷íèõ áóëüáàøîê íàëå-
æèòü HSÐ 70 [14]. Ó êîð³ ìîçêó ³ ã³ïîêàìï³ ùóðà HSÐ 
70 º îñíîâíèì êîìïîíåíòîì ïîñòñèíàïòè÷íî¿ ìåìá-
ðàíè, à òàêîæ ïîâ’ÿçàíèé ç àìîðôíèìè ñóáñèíàï-
òè÷íèìè ñòðóêòóðàìè ³ öèñòåðíàìè øèïèêîâîãî àïà-
ðàòó. HSP 70 âèÿâëåíèé ëèøå â íåâåëèêèõ ê³ëüêîñòÿõ 
â ïîñòñèíàïòè÷í³é ìåìáðàí³. Îáèäâ³ ³çîôîðìè HSP 
70 ìîæíà ââàæàòè ñèíàïòè÷íèìè ìàðêåðàìè [5,15]. 

Êð³ì òîãî, âîíè âèÿâëåí³ â äîñòàòí³é ê³ëüêîñ-
ò³ â àñòðîãë³¿. Òàêèì ÷èíîì, ìîæíà ïðèïóñêàòè, ùî 
ÁÒØ70, ìîæå çàëèøàòè êë³òèíè ïàðåíõ³ìè ìîçêó ³ 
ïîãëèíàòèñÿ íèìè. Ïðèñóòí³ñòü HSP 70 â ñèíàïñàõ 
ïåðåäáà÷àº éîãî ïðè÷åòí³ñòü äî ¿õ ôóíêö³îíóâàííÿ 
³, ìîæëèâî, äî ìîäóëÿö³¿ ñèíàïòè÷íî¿ ïåðåäà÷³. Íà-
ðåøò³, íåîáõ³äíî äîïîâíèòè êàðòèíó âçàºìîä³¿ ïî-
çàêë³òèííîãî HSP 70 ç³ ñïåö³àë³çîâàíèìè Tolllike ðå-
öåïòîðàìè (TLR-2 ³ TLR-4), ïîâ’ÿçàíèìè ç CD14 [3,5] 
íà ïîâåðõí³ ì³êðîãë³àëüíèõ êë³òèí, ùî ìàþòü ìåçåí-
õ³ìàëüíå ïîõîäæåííÿ, ÿê³ òðàäèö³éíî ââàæàþòüñÿ 
ñïåö³àë³çîâàíèìè ìàêðîôàãàìè ÖÍÑ. Â ðåçóëüòàò³ 
òàêî¿ âçàºìîä³¿ êë³òèíè ì³êðîãë³¿ àêòèâóþòüñÿ, ùî 
ïðèçâîäèòü äî çá³ëüøåííÿ ñèíòåçó ïðîçàïàëüíèõ 

öèòîê³í³â. Òàêèé æå ñïðÿìîâàí³ñòþ ä³¿ HSP 70 âèÿâ-
ëÿþòü â êàðä³îì³îöèòàõ â óìóâàõ ã³ïîêñ³¿. Ðÿäîì äî-
ñë³äæåíü ïðîäåìîíñòðîâàíà çäàòí³ñòü äàíèõ á³ëê³â 
ðåãóëþâàòè ïðîöåñè åíåðãåòè÷íîãî ìåòàáîë³çìó 
(àêòèâóþ÷è êîìïåíñàòîðí³ øëÿõó ïðîäóêö³¿ åíåðã³¿), 
à òàêîæ çìåíøóþ÷è öèòîòîêñè÷í³ íàñë³äêè í³òðîçó-
þ÷îãî, îêñèäàòèâíîãî ñòðåñó, ìîäóëþâàòè êîíöåí-
òðàö³þ IL33. Ïîä³áí³ åôåêòè HSP 70 ùîäî IL33, íà 
íàøó äóìêó, ïîÿñíþºòüñÿ òèì, ùî á³ëêè òåïëîâîãî 
øîêó ìàþòü òàê çâàíèé ïðîöèòîê³íîâèé åôåêò. Öþ 
âëàñòèâ³ñòü ìàþòü íå ò³ëüêè HSP 70, à é ³íøèì øà-
ïåðîíè, òàê³ ÿê HSP 90, HSP 32. Äëÿ ïîçàêë³òèííîãî 
HSP 70 áóâ çàïðîïîíîâàíèé íîâèé òåðì³í «øàïåðî-
ê³í» [1,5,5,19]. Íà â³äì³íó â³ä ïîçàêë³òèííîãî HSP 70 
çá³ëüøåííÿ åêñïðåñ³¿ àáî âì³ñòó âíóòð³øíüîêë³òèí-
íîãî HSP 70 âèêëèêàº ãàëüìóâàííÿ ïåðåäà÷³ ïðîë³-
ôåðàòèâíèõ, àïîïòîòè÷íèõ, çàïàëüíèõ ñèãíàë³â.

Ó çâ’ÿçêó ç ïîñèëåííÿì á³îëîã³÷íî¿ ðîë³ HSP 70 
äàíèé á³ëîê îñòàíí³ì ÷àñîì øèðîêî âèêîðèñòîâó-
ºòüñÿ, ÿê ìàðêåð äëÿ ë³êóâàííÿ ³ ìîí³òîðèíãó åôåê-
òèâíîñò³ ë³êóâàííÿ ã³ïîêñè÷íèõ ñòàí³â. Ðåçóëüòàòè 
âñåçðîñòàþ÷îãî ÷èñëà ñó÷àñíèõ äîñë³äæåíü, ïðè-
ñâÿ÷åíèõ á³ëêàì òåïëîâîãî øîêó ³ çîêðåìà Hsp70, 
ñâ³ä÷àòü ïðî âàæëèâ³ñòü ¿õ ðîë³ ó â³äíîâëåíí³ êàð-
ä³îì³îöèò³â ³ êë³òèí ãîëîâíîãî ìîçêó ï³ñëÿ ³øåì³¿ ³ 
ðåïåðôóç³¿, îáìåæåííÿ îáñÿãó ³íôàðêòó, à òàêîæ â 
³øåì³÷íîìó ïðåêîíäèö³îíóâàíí³. ßê ìè âæå âêàçóâà-
ëè, ïðàêòè÷íî âñ³ êë³òèíí³ åëåìåíòè â³äïîâ³äàþòü íà 
ñòðåñ ã³ïåðåêñïðåñ³ºþ á³ëê³â òåïëîâîãî øîêó.

Â õîä³ ïðîâåäåííÿ äîñë³äæåíü B. Dybdahl ³ ñï³-
âàâò., ïðåäñòàâèëè ã³ïîòåçó, ïðî òå, ùî á³ëîê òåïëî-
âîãî øîêó HSP 70 ìîæå áóòè ïðåäñòàâëåíèé â ÿêîñò³ 
ö³ííîãî ìàðêåðà íåêðîçó ì³îêàðäà. Ñïîñòåð³ãàëàñÿ 
ãðóïà ïàö³ºíò³â ç Ã²Ì ÿê³ ìàëè ïîì³ðí³ ï³êîâ³ êîíöåí-
òðàö³¿ cTnT, ÊK-MB, à òàêîæ òèïîâ³ åõîêàðä³îãðàô³÷í³ 
âèñíîâêè õî÷à ³ ç ñóòòºâèìè ³íäèâ³äóàëüíèìè â³äì³í-
íîñòÿìè. Áóëà ÷³òêî ïîì³÷åíà êîðåëÿö³ÿ ì³æ ìàðêå-
ðàìè ïîøêîäæåííÿ ì³îêàðäó ³ HSP 70 ïàö³ºíò³â ç ³í-
ôàðêòîì. Öå ìîæå ñâ³ä÷èòè ïðî òå, ùî êîíöåíòðàö³ÿ 
HSP 70 ïîâ’ÿçàíà ç ðîçì³ðîì ³íôàðêòó [16].

Âàæëèâîþ â³äì³íí³ñòþ ì³æ âñòàíîâëåíèìè ìàð-
êåðàìè íåêðîçó ì³îêàðäà: cTnT, ÊÊ-MB ³ HSP 70 º ¿õ 
ê³íåòèêà. Á³îëîã³÷íèé ïåð³îä íàï³âðîçïàäó HSP 70, ÿê 
ïîâ³äîìëÿºòüñÿ, áëèçüêî 18 ãîäèí. Ïðè ãîñòðîìó ³í-
ôàðêò³ ì³îêàðäà, àêòèâí³ñòü TnT âñå ùå âèñîêà ÷åðåç 
ê³ëüêà äí³â ï³ñëÿ ïåðâèííîãî ³íñóëüòó. Äîñë³äæåííÿ 
ð³âíÿ HSP 70 ìîæå ìàòè âàæëèâå ä³àãíîñòè÷íå çíà-
÷åííÿ ïðè âèÿâëåíí³ ïîâòîðíîãî ³íôàðêòó ïðîòÿãîì 
ïåðøèõ ê³ëüêîõ äí³â ï³ñëÿ ïåðâèííîãî ³íôàðêòó ì³î-
êàðäà [16,20,22,34].

Âàæëèâ³ñòü äîñë³äæåíü ôóíêö³é âíóòð³øíüîêë³-
òèííîãî á³ëêà HSP 70 âèçíà÷àºòüñÿ òèì, ùî â³í ãðàº 
ðîëü ³ììóíîìîäóëÿòîðà ³ îòæå º êàíäèäàòîì íà âè-
êîðèñòàííÿ â òåðàïåâòè÷íèõ ö³ëÿõ [3,5,17,21]. Íà-
øèìè ðîáîòàìè òàêîæ áóëî âñòàíîâëåíî çâ’ÿçîê 
êîíöåíòðàö³¿ HSP 70 ç ð³çíèìè òåðì³íàìè ã³ïîêñ³¿ íå-
éðîí³â in vitro ³ äèíàì³êîþ âì³ñòó ã³ïîêñ³¿ ³íäóêóþ÷îãî 
ôàêòîðà HIF [3,5,27].

Òàê, äîñë³äæåííÿ in vitro, ïîêàçàëè, ùî ââåäåííÿ 
â ³íêóáàö³éíå ñåðåäîâèùå öèòîòîêñè÷íèõ ñïîëóê: 
ãëóòàìàòó (100 ìêì), õëîðä³í³òðîáåíçåíà (ÕÄÁ) (80 
ìêì), à òàêîæ DNIC (250 ìêì) ïðèâîäèëî äî çì³íè 
õàðàêòåðó åêñïðåñ³¿ HSP 70, Hif 1á, ïðîòå, äàí³ çì³íè 
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íîñèëè ð³çíîñïðÿìîâàíèé õàðàêòåð. Òàê, â ñóñïåí-
ç³ÿõ ç âíåñåííÿì ãëóòàìàòó ³ ÕÄÁ ñïîñòåð³ãàëîñÿ 
ïîñòóïîâå çá³ëüøåííÿ êîíöåíòðàö³¿ á³ëê³â HSP 70 ³ 
Hif 1á ç ìàêñèìàëüíèì ïðèðîñòîì íà 30 õâèëèíó ³í-
êóáàö³¿. Äàë³ äî 60 õâèëèíè ñïîñòåð³ãàëîñÿ ïàä³ííÿ 
êîíöåíòðàö³¿ HSP 70 â ñåðåäíüîìó íà 33% ïî â³äíî-
øåííþ äî 15 õâèëèíè, Hif1á âèÿâèâñÿ á³ëüø ñò³éêèé, 
ïàä³ííÿ éîãî àêòèâíîñò³ ñêëàëî â ñåðåäíüîìó 18% 
(ðèñ. 1 à, á). Äîñë³äæåííÿ ñóñïåíç³¿ ç äîäàâàííÿì 
DNIC ïîêàçàëî, ùî íàêîïè÷åííÿ HSP 70 ³ Hif 1á íà 
15 õâèëèíó â³äáóâàëîñÿ ìåíø ³íòåíñèâíî í³æ â ñóñ-
ïåíç³ÿõ ç äîäàâàííÿì ãëóòàìàòó ³ ÕÄÁ ³ íà 60 õâèëèíó 
ïàä³ííÿ HSP 70 ïî â³äíîøåííþ äî 15 õâèëèí³ ñêëàëî 
66%, à Hif 1á – íà 50 % (ðèñ. 1 â).

À

Á

Â

Ðèñ. 1. Äèíàì³êà çì³íè õàðàêòåðó åêñïðåñ³¿ HSP 70, 
Hif1á â ñóñïåíç³¿ íåéðîí³â ç äîäàâàííÿì ãëóòàìàòó (À), 

ÕÄÁ (Á), DNIC (Â).

Ï³äâèùåííÿ â äîñë³äæóâàíèõ ñóñïåíç³ÿõ íà 15 
õâèëèíó åêñïðåñ³ÿ HSP 70 ³ Hif 1á ïîÿñíþºòüñÿ øà-
ïåðîííîþ ôóíêö³ºþ HSP 70 â óìîâàõ øê³äëèâî¿ ä³¿ 
ð³çíèõ òîêñè÷íèõ àãåíò³â íà êë³òèíó. Ââàæàºòüñÿ, 
ùî á³ëêè òåïëîâîãî øîêó âèêîíóþòü ôóíêö³¿ ìîëå-
êóëÿðíèõ øàïåðîí³â ³ çàïîá³ãàþòü àãðåãàö³¿ ïîøêî-

äæåíèõ á³ëê³â â êë³òèí³. Ó ðÿä³ ðîá³ò áóëî ïîêàçà-

íî, ùî â óìîâàõ in vitro HSP 70 çäàòíèé çàïîá³ãàòè 

àãðåãàö³¿ îêèñëþâàëüíî ïîøêîäæåíèõ ö³òðàòñ³íòàçó, 

ãëóòàò³îí-S-òðàíñôåðàçó, ñóïåðîêñèääèñìóòàçó, 

ëàêòàòäåã³äðîãåíàçè, ìàëàòäåã³äðîãåíàçà [5,25,32].

Êð³ì òîãî, îäí³ºþ ç îñíîâíèõ ôóíêö³é HSP 70 º 

³íäóêö³ÿ, à òàêîæ çá³ëüøåííÿ òðèâàëîñò³ æèòòÿ ñòà-

á³ëüíî¿ ôîðìè Hif1á, ÿêà âêëþ÷àº ïîäàëüø³ ïðèñòî-

ñóâàëüí³ ðåàêö³¿ â êë³òö³. Hif 1á, â ñâîþ ÷åðãó, óòâîðþº 

àêòèâíèé äèìåð ç ñóáîîäåíèöü HIF-1 ³ ïî÷èíàº ãðàòè 

ðîëü òðàíñêðèïö³éíîãî ôàêòîðó, çàïóñêàþ÷è òðàí-

ñêðèïö³þ ãåí³â â³äïîâ³ä³ íà ã³ïîêñ³þ. Êð³ì òîãî, ÿê 

áóëî îïèñàíî âèùå, Hif 1á º ³íäóêö³éíèì ôàêòîðîì â 

ñèíòåç³ äåÿêèõ ôåðìåíò³â àíòèîêñèäàíòíîãî çàõèñ-

òó. Äàíèì îáñòàâèíîþ ïîÿñíþºòüñÿ á³ëüø òðèâàëå 

íàêîïè÷åííÿ â ñóñïåíç³¿ Hif1á, êð³ì òîãî, ìîëåêóëà 

Hif1á ñòàá³ëüí³øà äî îêñèäàòèâíîãî ñòðåñó [33].

Áåðó÷è äî óâàãè îòðèìàí³ äàí³ ïðî çäàòí³ñòü HSP 

70 â óìîâàõ òîêñè÷íîãî âïëèâó íà êë³òèíó ïîñèëþ-

âàòè åêñïðåñ³þ ôàêòîðó Hif1á, ùî ãðàº ïåðøîðÿäíó 

ðîëü â êë³òèíí³é â³äïîâ³ä³ íà ã³ïîêñ³þ, ìîæíà ïðèïóñ-

òèòè, ùî HSP 70 âòðó÷àºòüñÿ â ñèãíàëüí³ øëÿõè â³ä-

ïîâ³ä³ êë³òèíè íà ã³ïîêñè÷íèé ñòðåñ íà ð³âí³ ðåãóëÿö³¿ 

ñòàá³ëüíîñò³ HIF-1á. Ïîä³áíèé äâîñòóïåíåâèé çàõèñò 

êë³òèíè º, íà íàøó äóìêó åâîëþö³éíî ðîçâèíåíèì ³ 

íåîáõ³äíèì äëÿ ïîñèëåííÿ òðàíñäóêö³éíîãî êë³òèí-

íîãî ñèãíàëó ó â³äïîâ³äü íà óøêîäæóþ÷³ àãåíòè.

Òàêèì ÷èíîì, ï³äâîäÿ÷è ï³äñóìîê âèùåñêàçàíî-

ìó, ìîæíà çðîáèòè âèñíîâîê, ùî á³ëêè HSP 70 ³ Hif1 

º íåìèíó÷èìè ñóïóòíèêàìè ïàòîá³îõ³ì³÷íèõ ðåàêö³é, 

ùî ðîçâèâàþòüñÿ ïðè ³øåì³÷íîìó ïîøêîäæåíí³ êë³-

òèí ³ âèêîíóþòü â äàíèõ óìîâàõ ïðîòåêòèâíó ðîëü, 

ùî ðåàë³çóºòüñÿ çà äîïîìîãîþ ïîñèëåííÿ ñèíòåçó 

àíòèîêñèäàíòíèõ ôåðìåíò³â, ñòàá³ë³çàö³ºþ îêèñëþ-

âàëüíî-ïîøêîäæåíèõ ìàêðîìîëåêóë, ïðÿìîþ àí-

òèàïîïòè÷íîþ òà ì³òîïðîòåêòèâíîþ ä³ºþ. Ïîä³áíà 

ðîëü äàíèõ á³ëê³â â êë³òèííèõ ðåàêö³ÿõ ïðè ³øåì³¿ 

ñòàâèòü ïèòàííÿ ïðî ðîçðîáêó íîâèõ öèòîïðîòåê-

òèâíèõ çàñîá³â, çäàòíèõ çàáåçïå÷óâàòè ìîäóëÿö³þ 

/ ïðîòåêö³þ ãåí³â, ùî êîäóþòü ñèíòåç á³ëê³â HSP 70, 

à òàêîæ ðîçðîáêó ìåòîä³â ëàáîðàòîðíî¿ ä³àãíîñòèêè 

³ ñêðèí³íãó åôåêòèâíîñò³ ïðîâåäåíî¿ òåðàï³¿ ç âèêî-

ðèñòàííÿì á³îìàðêåð³â – HSP 70.
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ÓÄÊ 616-005.4-092-07:577.112
ÌÎËÅÊÓËßÐÍÎ-Á²ÎÕ²Ì²×Í² ÌÅÕÀÍ²ÇÌÈ HSP 70-ÎÏÎÑÅÐÅÄÊÎÂÀÍÎ¯ ÖÈÒÎÏÐÎÒÅÊÖ²¯ Â ÓÌÎ-

ÂÀÕ ÏÀÒÎËÎÃ²É ²ØÅÌ²×ÍÎÃÎ ÃÅÍÅÇÓ
Ïàâëîâ Ñ. Â., Áºëåí³÷åâ ². Ô., Í³ê³ò÷åíêî Þ. Â., Ãîðáà÷îâà Ñ. Â.
Ðåçþìå. Ó ñòàòò³ ðîçãëÿíóòî ñó÷àñíèé ñòàí ïèòàííÿ ùîäî õàðàêòåðó åêñïðåñ³¿ òà ñèíòåçó á³ëê³â òå-

ïëîâîãî øîêó â óìîâàõ ïàòîëîã³¿ ñåðöÿ òà ãîëîâíîãî ìîçêó ³øåì³÷íîãî ´åíåçó. Ïðîâåäåíî ë³òåðàòóðíèé 
îãëÿä çàðóá³æíèõ òà â³ò÷èçíÿíèõ äîñë³äæåíü ùîäî âì³ñòó á³ëê³â òåïëîâîãî øîêó â òêàíèíàõ çà óìîâ ã³ïîêñ³¿. 
Çã³äíî ë³òåðàòóðíèõ äæåðåë, øàïåðîííà àêòèâí³ñòü HSP 70 ìîäóëþºòüñÿ á³ëêàìè-ïîì³÷íèêàìè àáî êî-
øàïåðîíàìè, ïîâ’ÿçàíèìè ç ìîëåêóëîþ HSP 70, íóêëåîòèäàìè, çì³ñòîì îäíî- ³ äâîâàëåíòíèõ ³îí³â, à 
òàêîæ êîíöåíòðàö³ºþ á³ëê³â-ì³øåíåé. Êð³ì òîãî, çà ðåçóëüòàòàìè âëàñíèõ äîñë³äæåíü in vitro, àâòîðàìè 
ïðîäåìîíñòðîâàíî, ùî ââåäåííÿ â ³íêóáàö³éíå ñåðåäîâèùå öèòîòîêñè÷íèõ ñïîëóê: ãëóòàìàòó (100 ìêì), 
õëîðä³í³òðîáåíçåíà (ÕÄÁ) (80 ìêì), à òàêîæ DNIC (250 ìêì) ïðèâîäèëî äî çì³íè õàðàêòåðó åêñïðåñ³¿ HSP 
70. Áåðó÷è äî óâàãè îòðèìàí³ íàìè äàí³ ïðî çäàòí³ñòü HSP 70  â óìîâàõ òîêñè÷íîãî âïëèâó íà êë³òèíó ïîñè-
ëþâàòè åêñïðåñ³þ ôàêòîðó HIF-1á, ùî ãðàº ïåðøîðÿäíó ðîëü â êë³òèíí³é â³äïîâ³ä³ íà ã³ïîêñ³þ, ìîæíà ïðè-
ïóñòèòè, ùî HSP 70 âòðó÷àºòüñÿ â ñèãíàëüí³ øëÿõè â³äïîâ³ä³ êë³òèíè íà ã³ïîêñè÷íèé ñòðåñ íà ð³âí³ ðåãóëÿö³¿ 
ñòàá³ëüíîñò³ HIF-1á. Ïîä³áíèé äâîñòóïåíåâèé çàõèñò êë³òèíè íà íàøó äóìêó º åâîëþö³éíî ðîçâèíåíèì ³ 
íåîáõ³äíèì äëÿ ïîñèëåííÿ òðàíñäóêö³éíîãî êë³òèííîãî ñèãíàëó ó â³äïîâ³äü íà  ïîøêîäæóþ÷³ àãåíòè. Âñòà-
íîâëåíà ðîëü á³ëê³â òåïëîâîãî øîêó â êë³òèííèõ ðåàêö³ÿõ ïðè ³øåì³¿ ñòàâèòü ïèòàííÿ ïðî ðîçðîáêó íîâèõ 
öèòîïðîòåêòèâíèõ çàñîá³â, çäàòíèõ çàáåçïå÷óâàòè ìîäóëÿö³þ / ïðîòåêö³þ ãåí³â, ùî êîäóþòü ñèíòåç á³ëê³â 
HSP 70, à òàêîæ ðîçðîáêó ìåòîä³â ëàáîðàòîðíî¿ ä³àãíîñòèêè ³ ñêðèí³íãó åôåêòèâíîñò³ ïðîâåäåíî¿ òåðàï³¿ ç 
âèêîðèñòàííÿì á³îìàðêåð³â – HSP 70. 

Êëþ÷îâ³ ñëîâà: á³ëêè òåïëîâîãî øîêó, ã³ïîêñ³ÿ, öèòîïðîòåêö³ÿ, HSP 70.
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ÌÎËÅÊÓËßÐÍÎ-ÁÈÎÕÈÌÈ×ÅÑÊÈÅ ÌÅÕÀÍÈÇÌÛ HSP 70-ÎÏÎÑÐÅÄÎÂÀÍÍÎÉ ÖÈÒÎÏÐÎÒÅÊ-

ÖÈÈ Â ÓÑËÎÂÈßÕ ÏÀÒÎËÎÃÈÉ ÈØÅÌÈ×ÅÑÊÎÃÎ ÃÅÍÅÇÀ
Ïàâëîâ Ñ. Â., Áåëåíè÷åâ È. Ô., Íèêèò÷åíêî Þ. Â., Ãîðáà÷åâà Ñ. Â.
Ðåçþìå. Â ñòàòüå ðàññìîòðåíî ñîâðåìåííîå ñîñòîÿíèå âîïðîñà î õàðàêòåðå ýêñïðåññèè è ñèíòåçå 

áåëêîâ òåïëîâîãî øîêà â óñëîâèÿõ ïàòîëîãèè ñåðäöà è ãîëîâíîãî ìîçãà èøåìè÷åñêîãî ãåíåçà. Ïðîâåäåíî 
ëèòåðàòóðíûé îáçîð çàðóáåæíûõ è îòå÷åñòâåííûõ èññëåäîâàíèé ïî ñîäåðæàíèþ áåëêîâ òåïëîâîãî øîêà 
â òêàíÿõ â óñëîâèÿõ ãèïîêñèè. Ñîãëàñíî ëèòåðàòóðíûõ èñòî÷íèêîâ, øàïåðîííàÿ àêòèâíîñòü HSP 70 ìîäó-
ëèðóåòñÿ áåëêàìè-ïîìîùíèêàìè èëè êî-øàïåðîíàìè, ñâÿçàííûìè ñ ìîëåêóëîé HSP 70, íóêëåîòèäàìè, 
ñîäåðæàíèåì îäíî- è äâóõâàëåíòíûõ èîíîâ, à òàêæå êîíöåíòðàöèåé áåëêîâ-ìèøåíåé. Êðîìå òîãî, ïî ðå-
çóëüòàòàì ñîáñòâåííûõ èññëåäîâàíèé in vitro, àâòîðàìè ïîêàçàíî, ÷òî ââåäåíèå â èíêóáàöèîííóþ ñðåäó 
öèòîòîêñè÷åñêèõ ñîåäèíåíèé: ãëóòàìàòà (100 ìêì), õëîðäèíèòðîáåíçåíà (ÕÄÁ) (80 ìêì), à òàêæå DNIC 
(250 ìêì) ïðèâîäèëî ê èçìåíåíèþ õàðàêòåðà ýêñïðåññèè HSP 70. Ïðèíèìàÿ âî âíèìàíèå ïîëó÷åííûå 
íàìè äàííûå î ñïîñîáíîñòè HSP 70 â óñëîâèÿõ òîêñè÷åñêîãî âîçäåéñòâèÿ íà êëåòêó óñèëèâàòü ýêñïðåññèþ 
ôàêòîðà HIF-1á, ÷òî èãðàåò ïåðâîñòåïåííóþ ðîëü â êëåòî÷íîì îòâåòå íà ãèïîêñèþ, ìîæíî ïðåäïîëîæèòü, 
÷òî HSP 70 âìåøèâàåòñÿ â ñèãíàëüíûå ïóòè îòâåòà êëåòêè íà ãèïîêñè÷åñêèé ñòðåññ íà óðîâíå ðåãóëÿöèè 
ñòàáèëüíîñòè HIF-1á. Ïîäîáíàÿ äâóõñòóïåí÷àòàÿ çàùèòà êëåòêè ïî íàøåìó ìíåíèþ ÿâëÿåòñÿ ýâîëþöèîí-
íî ðàçâèòîé è íåîáõîäèìîé äëÿ óñèëåíèÿ òðàíñäóêöèîííîãî êëåòî÷íîãî ñèãíàëà â îòâåò íà ïîâðåæäàþ-
ùèå àãåíòû. Óñòàíîâëåííàÿ ðîëü áåëêîâ òåïëîâîãî øîêà â êëåòî÷íûõ ðåàêöèÿõ ïðè èøåìèè ñòàâèò âîïðîñ 
î ðàçðàáîòêå íîâûõ öèòîïðîòåêòèâíûõ ñðåäñòâ, ñïîñîáíûõ îáåñïå÷èâàòü ìîäóëÿöèþ / ïðîòåêöèþ ãåíîâ, 
êîäèðóþùèõ ñèíòåç áåëêîâ HSP 70, à òàêæå ðàçðàáîòêó ìåòîäîâ ëàáîðàòîðíîé äèàãíîñòèêè è ñêðèíèíãà 
ýôôåêòèâíîñòè ïðîâåäåííîé òåðàïèè ñ èñïîëüçîâàíèåì áèîìàðêåðîâ - HSP 70.

Êëþ÷åâûå ñëîâà: áåëêè òåïëîâîãî øîêà, ãèïîêñèÿ, öèòîïðîòåêöèÿ, HSP 70.
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MOLECULAR BIO-CHEMICAL MECHANISMS OF HSP 70-MEDIATED CYTOPROTECTION IN PATHOLO-

GIES OF ISCHEMIC ORIGIN 

Pavlov S. V., Belenichev I. F., Nikitchenko Yu. V., Gorbachova S. V.

Abstract. The article presents a current view on the nature of expression and synthesis of heat shock proteins in 

heart and brain pathology of ischemic origin. A review of foreign and domestic literature on the research regarding 

heat shock proteins content in tissues under hypoxia has been carried out. According to literature sources, HSP 70 

chaperon activity is modulated by protein-assistants, or co-chaperons, which are related to the HSP 70 molecule, 

as well as by nucleotides, the content of mono- and bivalent ions, and by the concentration of target proteins. One 

of the most noticeable properties of HSP 70 is its protective function, which is projected in the course of the cell 

reaction or body reaction on the impact of different unfavorable environmental factors. A lot of evidence has been 

obtained of HSP 70 protective effect, and hundreds of research papers and dozens of monographs have been 

published with the regard to this. The most conclusive proofs of the HSP 70 protective function were drawn from 

the experiment on introducing the protein or its gene into the cell, which was followed by the evaluation of the cell 

stability under damage factors. The results of the experiments carried out mostly on cell cultures and test animals 

in recent 10-15 years made it possible to outline several areas of HSP 70 protective effect practical use. Firstly, the 

stability of the cell, as well as of the whole body, may be enforced by increasing the intracellular content of HSP 70. 

The latter may be achieved as a result of cell preconditioning (dosed heating, hypoxia) under drugs, after its trans-

fection by the HSP 70 gene. Secondly, the issue of the extracellular HSP 70 protective effect has attracted attention 

recently. Furthermore, as the in vitro result of own research shows, the authors have revealed that introducing into 

the incubation environment of cytotoxic compounds, namely, Glutamate (100 μm), Dinitrochlorbenzene (DNCB) 

(80 μm), and DNIC (250 μm), led to the change in the nature of HSP 70 expression. Considering the data obtained 

in our research on the ability of HSP 70 to increase, under toxic influence on the cell, the expression of the Hif-1b 

factor, which is key to the cellular response to hypoxia, it can be assumed that HSP 70 intervenes into the signal 

pathways of the cell’s response to hypoxia at the Hif-1b stability regulation level. This kind of two-level cell protec-

tion, in our opinion, has evolutionized to become necessary for enhancing transduction responsive cellular signal 

to damaging agents. 

The established role of heat shock proteins in ischemic cellular reactions puts up the issue of elaborating new 

cytoprotective means to allow for modulation/protection of the genes that encode HSP 70 protein synthesis, along 

with working out of laboratory diagnose techniques and screening of HSP 70 biomarker therapy effectiveness.

Keywords: heat shock proteins, hypoxia, cytoprotection, HSP 70.
Ðåöåíçåíò — ïðîô. Êîñòåíêî Â. Î.
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