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Â ðîáîò³ äîñë³äæåíî âïëèâ ðåêîìá³íàíòíîãî ³íòåðôå-
ðîíó �2�, ñèíòåçîâàíîãî â òðàíñãåííèõ ðîñëèíàõ, íà 
åêñïðåñ³þ ðåïàðàòèâíîãî åíçèìó Î6-ìåòèëãóàí³í-ÄÍÊ 
ìåòèëòðàíñôåðàçè  â êë³òèíàõ ëþäèíè ïóõëèííîãî òà 
íåïóõëèííîãî ïîõîäæåííÿ. Ç ö³ºþ ìåòîþ çà äîïîìîãîþ 
Âåñòåðí-áëîò àíàë³çó áóëî âèçíà÷åíî ê³ëüê³ñí³ çì³íè 
öüîãî á³ëêà ï³ñëÿ îáðîáêè ïóõëèííèõ êë³òèí ëþäèíè 
ë³í³¿ Håp-2 (ðàê ãîðòàí³) òà êë³òèí ëþäèíè ë³í³¿ Å8, 
îòðèìàíî¿ ç åìáð³îíàëüíèõ ãåðì³íàòèâíèõ êë³òèí, î÷è-
ùåíèì ðåêîìá³íàíòíèì ³íòåðôåðîíîì �2�. Âñòàíîâ-
ëåíî, ùî îáðîáêà ðåêîìá³íàíòíèì ³íòåðôåðîíîì �2� 
ñïðè÷èíÿëà çìåíøåííÿ ê³ëüêîñò³ Î6-ìåòèëãóàí³í-ÄÍÊ 
ìåòèëòðàíñôåðàçè ó ïóõëèííèõ êë³òèíàõ Håp-2 ïðè 
âñ³õ äîñë³äæóâàíèõ êîíöåíòðàö³ÿõ (2-2000 ÌÎ/ìë) â³ä-
íîñíî êîíòðîëþ. Â êë³òèíàõ ëþäèíè Å8 íåïóõëèííîãî 
ïîõîäæåííÿ çíèæåííÿ ê³ëüêîñò³ Î6-ìåòèëãóàí³í-ÄÍÊ 
ìåòèëòðàíñôåðàçè âèÿâëåíî ïðè äâîõ íàéá³ëüøèõ êîí-
öåíòðàö³ÿõ 200 òà 2000 ÌÎ/ìë, õî÷à ñòàòèñòè÷íî 
äîñòîâ³ðíèé åôåêò ïîð³âíÿíî ç êîíòðîëüíèì ð³âíåì 
ñïîñòåð³ãàâñÿ ëèøå çà êîíöåíòðàö³¿ 200 ÌÎ/ìë. Òà-
êèì ÷èíîì, ³íã³áóâàëüíèé åôåêò òðàíñãåííîãî ³íòåð-
ôåðîíó áóâ âèðàçí³øèì â ïóõëèííèõ êë³òèíàõ ïîð³âíÿ-
íî ç êë³òèíàìè íåïóõëèííîãî ïîõîäæåííÿ.

Êëþ÷îâ³ ñëîâà: ðåêîìá³íàíòíèé ³íòåðôåðîí �2�, êóëü-
òóðà êë³òèí ëþäèíè, ë³í³ÿ Håp-2, ë³í³ÿ Å8, Î6-ìå-
òèëãóàí³í-ÄÍÊ ìåòèëòðàíñôåðàçà, ð³âí³ åêñïðåñ³¿.

Âñòóï. Î6-ìåòèëãóàí³í-ÄÍÊ ìåòèëòðàíñôåðàçà 
âèäàëÿº àëê³ëüíó ãðóïó ç ïîçèö³¿ Î6-ãóàí³íó, 
ì³íîðíîãî, ïðîòå îäíîãî ç íàéíåáåçïå÷í³øèõ 
ìóòàãåííèõ òà öèòîòîêñè÷íèõ àëê³ëüíèõ àääóê-
ò³â [1–3]. Åêñïðåñ³ÿ öüîãî ðåïàðàòèâíîãî åíçè-
ìó êë³òèíàìè îðãàí³çìó º íåîáõ³äíîþ óìîâîþ 
äëÿ âèäàëåííÿ ïîøêîäæåíü, ³íäóêîâàíèõ àëê³-
ëóâàëüíèìè ñïîëóêàìè äîâê³ëëÿ [4]. Â òîé æå 
÷àñ, åêñïðåñóþ÷èñü ó êë³òèíàõ ïóõëèí, MGMT 
â³äïîâ³äíèì ÷èíîì «í³âåëþº» öèòîòîêñè÷íèé 

åôåêò àëê³ëóâàëüíèõ ïðåïàðàò³â, ùî ïðèçâî-
äèòü äî çíèæåííÿ åôåêòèâíîñò³ ë³êóâàííÿ îí-
êîçàõâîðþâàíü òà âèæèâàíîñò³ ïàö³ºíò³â [1]. 
Ñàéëåíñèíã ïðîìîòîðà ãåíà Î6-ìåòèëãóàí³í-
ÄÍÊ ìåòèëòðàíñôåðàçè øëÿõîì éîãî ã³ïåðìå-
òèëóâàííÿ, à, îòæå, ³ â³äñóòí³ñòü éîãî á³ëêîâîãî 
ïðîäóêòó, ïîâ’ÿçàíèé ç åôåêòèâí³øîþ â³äïî-
â³ääþ îðãàí³çìó íà àëê³ëóâàëüíó õ³ì³îòåðàï³þ, 
à òàêîæ äîâøîþ âèæèâàí³ñòþ ïàö³ºíò³â áåç 
ðåöèäèâ³â òà ïîã³ðøåííÿ ñòàíó [5–7]. Àíàëî-
ã³÷íèì ÷èíîì âïëèâàþòü íà åôåêò àëê³ëóâàëü-
íèõ õ³ì³îòåðàïåâòè÷íèõ ïðåïàðàò³â ³íã³á³òîðè  
MGMT [8], òîìó ð³âåíü åêñïðåñ³¿ ãåíà MGMT 
òà àêòèâíîñò³ éîãî á³ëêîâîãî ïðîäóêòó º âàæ-
ëèâèì ïðîãíîñòè÷íèì ìàðêåðîì ë³êóâàííÿ îí-
êîçàõâîðþâàíü. 

Îäíèì ³ç ìåòîä³â êîìïëåêñíîãî ë³êóâàííÿ
îíêîçàõâîðþâàíü º ïàðàëåëüíå ïðîâåäåííÿ õ³-
ì³î- òà ³ìóíîòåðàï³¿, â òîìó ÷èñë³ ç âèêîðèñ-
òàííÿì ³íòåðôåðîí³â. Òàê, íàïðèêëàä, ³íòåð-
ôåðîí-� çìåíøóº ê³ëüê³ñòü MGMT â êë³òèíàõ 
ãë³îì òà ï³äâèùóº ¿õíþ ÷óòëèâ³ñòü äî àëê³ëó-
âàëüíî¿ ñïîëóêè, òåìîçîëîì³äó [9]. Îñòàíí³ì 
÷àñîì ç’ÿâëÿºòüñÿ âñå á³ëüøå äàíèõ ñòîñîâíî 
òîãî, ùî ³íòåðôåðîíè ìàþòü àíòèïðîë³ôåðà-
òèâíèé òà àïîïòè÷íèé åôåêò íà òàê çâàí³ ñòîâ-
áóðîâ³ ðàêîâ³ òà ïóõëèíî³í³ö³þâàëüí³ êë³òèíè 
[10–17]. Ðàí³øå íàìè áóëî ïîêàçàíî, ùî ïðå-
ïàðàòè ð³çíèõ âèðîáíèê³â, ÿê³ ì³ñòÿòü ó ñâîºìó 
ñêëàä³ ³íøèé öèòîê³í, ðåêîìá³íàíòíèé ³íòåð-
ôåðîí �2�, ñèíòåçîâàíèé â áàêòåð³ÿõ, ïî-
ð³çíîìó âïëèâàþòü íà åêñïðåñ³þ ãåíà MGMT 
â êë³òèíàõ ëþäèíè [18]. Îñê³ëüêè îñòàíí³ì ÷à-
ñîì îïèñàíî ïðîäóêòè ðåêîìá³íàíòíîãî ³íòåð-
ôåðîíà �2�, ñèíòåçîâàí³ â ðîñëèíàõ [19, 20], 
ìåòîþ äàíî¿ ðîáîòè áóëî âèçíà÷åííÿ âïëèâó 
ðåêîìá³íàíòíîãî ³íòåðôåðîíó �2�, îòðèìàíî-
ãî ç ðîñëèí àâñòðàë³éñüêîãî òþòþíó Nicotiana 
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Âïëèâ ñèíòåçîâàíîãî â ðîñëèíàõ ðåêîìá³íàíòíîãî ³íòåðôåðîíó �2b íà åêñïðåñ³þ Î6-ìåòèëãóàí³í-ÄÍÊ 

benthamiana, íà åêñïðåñ³þ ðåïàðàòèâíîãî åí-
çèìó MGMT â êë³òèíàõ ëþäèíè ïóõëèííîãî
òà íåïóõëèííîãî ïîõîäæåííÿ.

Ìàòåð³àëè ³ ìåòîäè. Êóëüòóðè êë³òèí ëþäèíè 
ïóõëèííîãî òà íåïóõëèííîãî ïîõîäæåííÿ. Ó ðî-
áîò³ âèêîðèñòîâóâàëè êë³òèííó ë³í³þ Hep-2 ç 
Ðîñ³éñüêî¿ êîëåêö³¿ êë³òèííèõ êóëüòóð õðåáåò-
íèõ (²íñòèòóò öèòîëîã³¿ ÐÀÍ, Ñàíêò-Ïåòåðáóðã) 
òà êë³òèíè ë³í³¿ Å8, îòðèìàíî¿ ó â³ää³ë³ ãåíåòèêè 
ëþäèíè ²íñòèòóòó ìîëåêóëÿðíî¿ á³îëîã³¿ ³ ãåíå-
òèêè ÍÀÍ Óêðà¿íè ç åìáð³îíàëüíèõ ãåðì³íà-
òèâíèõ êë³òèí ëþäèíè. Êë³òèíè êóëüòèâóâàëè 
ó ñòàíäàðòíîìó ðîñòîâîìó ñåðåäîâèù³ DMEM 
(DMEM ó ïîðîøêó (1×) ç âèñîêèì âì³ñòîì ãëþ-
êîçè (4,5 ã/Ë) òà ç L-ãëóòàì³íîì, «ÐÐÀ») ç äî-
äàâàííÿì 10%-íî¿ ³íàêòèâîâàíî¿ åìáð³îíàëüíî¿ 
ñèðîâàòêè âåëèêî¿ ðîãàòî¿ õóäîáè (FBS, «Bio-
west», ÑØÀ) òà àíòèá³îòèê³â: ñòðåïòîì³öèíó 
(200 ìêã/ìë) òà áåíçèëïåí³öèë³íó (200 Îä/ìë). 

Îòðèìàííÿ ðåêîìá³íàíòíîãî ³íòåðôåðîíó ëþ-
äèíè �2�. Â åêñïåðèìåíò³ äëÿ îáðîáêè êóëüòóð 
êë³òèí ëþäèíè âèêîðèñòàíî î÷èùåíèé ³íòåð-
ôåðîí �2�, îòðèìàíèé øëÿõîì òðàíç³åíòíî¿ 
åêñïðåñ³¿ ç ðîñëèí àâñòðàë³éñüêîãî òþòþíó 
Nicotiana benthamiana. Äëÿ åêñïðåñ³¿ ³íòåðôåðî-
íó �2� âèêîðèñòîâóâàëè á³íàðíèé âåêòîð, ùî 
ì³ñòèòü 35S ïðîìîòîð â³ðóñó ìîçà¿êè öâ³òíî¿ 
êàïóñòè, êîäóþ÷ó ïîñë³äîâí³ñòü, ÿêà ñêëàäà-
ºòüñÿ ç ñèãíàëüíîãî ïåïòèäó êàëüðåòèêóë³íó, 
çð³ëîãî ³íòåðôåðîíó ëþäèíè �2� òà 6His-tag 
çà çàãàëüíîïðèéíÿòèìè ìåòîäèêàìè îòðèìàí-
íÿ ðåêîìá³íàíòíîãî ³íòåðôåðîíó �2� ëþäèíè, 
ñèíòåçîâàíîãî â ðîñëèíàõ [19], ç äåÿêèìè ìî-
äèô³êàö³ÿìè.

Ðîñëèíè N. benthamiana âèðîùóâàëè ç íà-
ñ³ííÿ ïðîòÿãîì 5–6 òèæí³â â òîðô’ÿíîìó ñóá-
ñòðàò³ â óìîâàõ êë³ìàòè÷íî¿ êàìåðè ç âèêîðèñòàí-
íÿì ñâ³òëîä³îäíîãî îñâ³òëåííÿ (ïèòîìèé ñâ³ò-
ëîâèé ïîò³ê ñòàíîâèâ 220 ± 30 ìêÌ ôîòîí³â 
ì–2 ñ–1 ïðè 12 ãîä ñâ³òëîâîìó ïåð³îä³) ïðè òåì-
ïåðàòóð³ 26 ± 1 °Ñ òà â³äíîñí³é âîëîãîñò³ 80 ± 
± 10 %. Ï³ñëÿ ³íô³ëüòðàö³¿ ðîñëèíè ³íêóáóâà-
ëè â êë³ìàòè÷í³é êàìåð³ ïðè òåìïåðàòóð³ 22 ± 
± 1 °Ñ òà â³äíîñí³é âîëîãîñò³ 90 ± 10 % çà óìîâ 
ñëàáêîãî îñâ³òëåííÿ (20 ± 10 ìêÌ ôîòîí³â
ì–2 ñ–1) âïðîäîâæ 16–18 ãîä. Ïîò³ì äëÿ äî-
ñÿãíåííÿ ìàêñèìàëüíîãî ð³âíÿ íàêîïè÷åííÿ 
ö³ëüîâîãî á³ëêó ³íô³ëüòðîâàí³ ðîñëèíè ³íêóáó-
âàëè ïðè òåìïåðàòóð³ 26 ± 1 °Ñ òà â³äíîñí³é 
âîëîãîñò³ 60 ± 20 % ïðè îñâ³òëåíí³ ñâ³òëîä³-

îäíèìè äæåðåëàìè ñâ³òëà (150 ± 30 ìêÌ ôîòî-
í³â ì–2 ñ–1, 16 ãîä íà äîáó).

Àãðîáàêòåð³¿ âèðîùóâàëè â êóëüòèâàö³éí³é 
ºìíîñò³ îá’ºìîì 4 ë, ÿêà ì³ñòèëà 1 ë æèâèëü-
íîãî ñðåäîâèùà ÀÂ, ïðè òåìïåðàòóð³ 28 ± 1 °Ñ 
ïðè àêòèâíîìó ïåðåìåøóâàíí³ ïðîòÿãîì 70 ± 
± 2 ãîä, ÿê îïèñàíî â [19]. Êóëüòóðè àãðîáàêòå-
ð³é, ùî íåñóòü ïëàçì³äè ç ãåíàìè, ÿê³ êîäóþòü 
ö³ëüîâèé àáî ðåïîðòåðíèé á³ëêè, çì³øóâàëè ç 
êóëüòóðîþ àãðîáàêòåð³é, ùî íåñóòü ïëàçì³äó ç 
ãåíîì, ÿêà êîäóº ñóïðåñîð ñàéëåíñèíãà, â ñï³â-
â³äíîøåíí³ 1 : 1 ïåðåä ³íô³ëüòðàö³ºþ ðîñëèí.

Âàêóóìíó ³íô³ëüòðàö³þ ðîñëèí ñóñïåíç³ºþ 
àãðîáàêòåð³é ïðîâîäèëè çã³äíî [19]. Ðîñëèíè 
êîíòðîëüíî¿ ãðóïè (6–8 ðîñëèí) ³íô³ëüòðóâàëè 
ñóì³øøþ àãðîáàêòåð³é, ùî íåñå ãåí ðåïîðòåð-
íîãî á³ëêà òà ãåí ñóïðåñîðó ñàéëåíñèíãó. Íàä-
çåìíó ÷àñòèíó ðîñëèí îñíîâíî¿ ãðóïè (35–45 
ðîñëèí, ç ðîçðàõóíêó îòðèìàòè 100–150 ã á³î-
ìàñè) ïîâí³ñòþ çàíóðþâàëè â ñòàêàíè ³ç ñóì³ø-
øþ àãðîáàêòåð³é, ùî íåñóòü ãåí ³íòåðôåðîíó 
�2� òà ãåí ñóïðåñîðà ñàéëåíñèíãó.

Íà ÷åòâåðòó äîáó ï³ñëÿ ³íô³ëüòðàö³¿ ó êîíòð-
îëüí³é ãðóï³ ðîñëèí â³çóàëüíî àíàë³çóâàëè ñòó-
ï³íü çàëó÷åííÿ ëèñòÿ ðîñëèí ó ïðîöåñ òðàí
ç³ºíòíî¿ åêñïðåñ³¿. Âèçíà÷àëè óñåðåäíåíèé 
ä³àïàçîí ÿðóñ³â ëèñòÿ, â ÿêîìó ñïîñòåð³ãàëîñÿ
íàéá³ëüø ïîâíå çàëó÷åííÿ ó öåé ïðîöåñ. Â³ä-
ïîâ³äíî çä³éñíþâàëè çá³ð ëèñòÿ ç ðîñëèí îñ-
íîâíî¿ ãðóïè. Ç ëèñòÿ âèäàëÿëè öåíòðàëüíó 
æèëêó, çâàæóâàëè òà ïåðåíîñèëè íà ë³ä.

Ãîòóâàëè åêñòðàêö³éíèé áóôåðíèé ðîç÷èí 
íàñòóïíîãî ñêëàäó: Òð³ñ-HCl – 0,2M, pH 8.
Ðîç÷èí äîäàâàëè äî ðîñëèííîãî ìàòåð³àëó ó 
ñï³ââ³äíîøåíí³ 5 : 1 òà ïåðåíîñèëè ó ñòàêàí
äëÿ ïîìîëó â³ä ëàáîðàòîðíîãî áëåíäåðà 
(«Waring», ÑØÀ), òà âíîñèëè â íüîãî ñïèðòî-
âèé êîíöåíòðàò ÏÌÑÔ äî ê³íöåâî¿ êîíöåí-
òðàö³¿ 0,5 ìM. Ïîäð³áíþâàííÿ ïðîâîäèëè ïðî-
òÿãîì 1 õâ çà øâèäêîñò³ 22000 îá/õâ. Ãîìîãåíàò 
îñâ³òëþâàëè öåíòðèôóãóâàííÿì çà 8000 îá/õâ 
âïðîäîâæ 20 õâ. Ñóïåðíàòàíò ô³ëüòðóâàëè ÷å-
ðåç ïðåô³ëüòð («Millipore»). Â ïðîô³ëüòðîâàíèé 
åêñòðàêò äîäàâàëè ïîðö³þ ÏÌÑÔ äî ê³íöåâî¿ 
êîíöåíòðàö³¿ 0,5 ìM òà ïåðåíîñèëè â ïðîá³ðêè 
îá’ºìîì 50 ìë.

Õðîìàòîãðàô³÷íå î÷èùåííÿ ðåêîìá³íàíò-
íîãî ³íòåðôåðîíó ç åêñòðàêòó ðîñëèííèõ á³ëê³â 
çä³éñíþâàëè øëÿõîì Ni2+-õåëàòíî¿ õðîìàòîãðà-
ô³¿ ³ç âèêîðèñòàííÿì òâåðäî¿ ôàçè Ni-NTA 
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Agarose («Qiagen»). Ïðîöåñ çä³éñíþâàëè çã³äíî 
äî ïðîòîêîëó âèðîáíèêà äëÿ ìåòîäó î÷èùåí-
íÿ á³ëê³â ó îá‘ºì³ çà íàòèâíèõ óìîâ. Ïðåïàðàò
î÷èùåíîãî ³íòåðôåðîíó ìàâ ñïåöèô³÷íó á³î-
ëîã³÷íó àêòèâí³ñòü 2 ìëí ÌÎ/ìë. Òåñòóâàí-
íÿ ïðåïàðàòó ðåêîìá³íàíòíîãî ³íòåðôåðîíó, 
ñèíòåçîâàíîãî â òðàíñãåííèõ ðîñëèíàõ, áóëî 
ïðîâåäåíî ôàõ³âöÿìè êîìïàí³¿ («²íòåðôàðì-
á³îòåê», Êè¿â) ó ïîð³âíÿíí³ ç ðåêîìá³íàíòíèì 
³íòåðôåðîíîì �2�, ÿêèé ñèíòåçóºòüñÿ â êë³òè-
íàõ áàêòåð³é ³ ñëóæèòü ñóáñòðàòîì ïðåïàðàòó 
«Ëàôåðîí» («²íòåðôàðìá³îòåê», Êè¿â), çà ùî 
àâòîðè âèñëîâëþþòü ùèðó ïîäÿêó. 

Êë³òèíè âèñ³âàëè ó ÷àøêè Ïåòð³ ä³àìåòðîì
9 ñì (1,8 × 106 êë³òèí/÷àøêà) òà ³íêóáóâàëè 
24 ãîä ó ñòàíäàðòíîìó ðîñòîâîìó ñåðåäîâèù³ 
DMEM ³ç 10 % FBS ïðè 37 °Ñ òà 5 % CO2. Ïî-
ò³ì çì³íþâàëè ñåðåäîâèùå íà DMEM ³ç ³íòåð-
ôå-ðîíîì ó â³äïîâ³äí³é êîíöåíòðàö³¿, àëå áåç 
ñèðîâàòêè, òà ³íêóáóâàëè ïðîòÿãîì 8 ãîä. Ï³ñëÿ 
îáðîáêè áåçñèðîâàòêîâå ñåðåäîâèùå çì³íþâà-
ëè íà ïîâíîö³ííå ðîñòîâå (DMEM ³ç äîäàâàí-
íÿì 10 % FBS) ³ äîäàòêîâî êóëüòèâóâàëè êë³-
òèíè ó ñòàíäàðòíèõ óìîâàõ. ×àñ ïîñò³íêóáàö³¿ 
ñòàíîâèâ 24 ãîä. Êë³òèíè çí³ìàëè ìåõàí³÷íèì 
ìåòîäîì áåç âèêîðèñòàííÿ ïðîòåîë³òè÷íèõ åí-
çèì³â; îñàä êë³òèí çáåð³ãàëè ïðè –20 °Ñ äëÿ 
ïîäàëüøîãî âèä³ëåííÿ á³ëêà.

Âèä³ëåííÿ á³ëê³â ïðîâîäèëè â íåäåíàòóðó-
âàëüíèõ óìîâàõ çà ñòàíäàðòíèìè ìåòîäèêàìè 
[21]. Äëÿ àíàë³çó åêñïðåñ³¿ á³ëêà MGMT ë³çàòè 
êë³òèí ðîçä³ëÿëè çà äîïîìîãîþ âåðòèêàëüíîãî 
åëåêòðîôîðåçó ó 12%-íîìó ïîë³àêðèëàì³äíîìó
ãåë³ ç âèêîðèñòàííÿì êàìåðè FisherBiotech 
FB-VE10-1 ³ äæåðåëà ñòðóìó OmniPAC MIDI 
(«Cleaver Scientific», Áðèòàí³ÿ). Ðîçä³ëåí³ á³ëêè 
ïåðåíîñèëè íà ïîë³â³í³ëäèôëþîðèäíó ìåìá-
ðàíó («Millipore», ÑØÀ) øëÿõîì íàï³âñóõîãî 
ïåðåíîñó íà ïðèëàä³ Semi Dry Blotter ô³ðìè
(«CleaverScientific», Áðèòàí³ÿ) çã³äíî ïðîòîêîëó
âèðîáíèêà. Âåñòåðí-áëîò àíàë³ç ïðîâîäèëè, âè-
êîðèñòîâóþ÷è ìîíîêëîíàëüí³ àíòèò³ëà ïðîòè
MGMT â ðîçâåäåíí³ 1/1000 (MGMT Antibody 
MT 23.2, «Novus Biologicals», ÑØÀ). Õåì³-
ëþì³í³ñöåíòíèé ñèãíàë îòðèìóâàëè çà äîïî-
ìîãîþ ïðèëàäó ChemiDoc™ Imaging Systems 
(«Bio-Rad») òà àíàë³çóâàëè éîãî ³íòåíñèâí³ñòü, 
âèêîðèñòîâóþ÷è â³äïîâ³äíå ïðîãðàìíå çàáåç-
ïå÷åííÿ. Îòðèìàí³ ñèãíàëè â³ä ñìóæîê íîð-
ìàë³çóâàëè â³äíîñíî òîòàëüíî¿ ê³ëüêîñò³ íàíå-

Ðèñ. 1. Åëåêòðîôîðåãðàìà õðîìàòîãðàô³÷íî î÷èùå-
íîãî ðåêîìá³íàíòíîãî á³ëêó-àíàëîãó ³íòåðôåðîíó 
ëþäèíè �2� â ÄÄÑ-ÏÀÀÃ ãåë³: 1 – ìàðêåð ìîëå-
êóëÿðíî¿ ìàñè; 2 – ïðåïàðàò î÷èùåíîãî ðåêîìá³-
íàíòíîãî á³ëêó GFP, íàâàíòàæåííÿ 3 ìêã (íàâåäåíî 
äëÿ ïîð³âíÿííÿ); 3 – ïðåïàðàò î÷èùåíîãî ðåêîìá³-
íàíòíîãî ³íòåðôåðîíó ëþäèíè �2�

Ðèñ. 2. à – âïëèâ ³íòåðôåðîíó �2� íà ð³âåíü á³ëêà 
MGMT â êë³òèíàõ Hep-2, *** – p < 0,0005, * – p <
< 0,05; á – òèïîâà â³çóàë³çàö³ÿ õåì³ëþì³íåñöåíòíîãî 
ñèãíàëó Âåñòåðí-áëîòèíãó
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Âïëèâ ñèíòåçîâàíîãî â ðîñëèíàõ ðåêîìá³íàíòíîãî ³íòåðôåðîíó �2b íà åêñïðåñ³þ Î6-ìåòèëãóàí³í-ÄÍÊ 

ñåíîãî á³ëêà ó êîæí³é äîð³æö³. ²íòåíñèâí³ñòü 
ñìóæîê â êîæí³é äîð³æö³ íà ìåìáðàí³, ïîôàð-
áîâàí³é Coomassie 350 G, àíàë³çóâàëè ç âèêî-
ðèñòàííÿì ïðîãðàìè Origin 9.1. Ñòàòèñòè÷íà 
îáðîáêà ðåçóëüòàò³â âèêîíàíà ç âèêîðèñòàí-
íÿì t-test , âñ³ ðåçóëüòàòè ïðåäñòàâëåí³ ÿê ñå-
ðåäíº çíà÷åííÿ ± ñòàíäàðòíå â³äõèëåííÿ, çíà-
÷åííÿ p < 0,05 âèçíà÷åíî ÿê ñòàòèñòè÷íî äî-
ñòîâ³ðíå. 

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ.
Âèõ³ä î÷èùåíîãî ðåêîìá³íàíòíîãî á³ëêó ñêëà-
äàâ 0,1 ± 0,02 ìã íà 100 ã ñèðî¿ âàãè ðîñëèííî-
ãî ìàòåð³àëó, ÷èñòîòà >95 % (çà ðåçóëüòàòàìè 
äåíñèòîìåòð³¿ ÄÄÑ-ÏÀÀÃ åëåêòðîôîðåãðàì). 
Åëåêòðîôîðåãðàìà ïðîäóêòó ïðåäñòàâëåíà íà 
ðèñ. 1.

Óñåðåäíåí³ äàí³ òðüîõ ïîâòîð³â åêñïåðè-
ìåíò³â ç äîñë³äæåííÿ âïëèâó ñèíòåçîâàíîãî â 
ðîñëèíàõ ³íòåðôåðîíó �2� íà åêñïðåñ³þ Î6-
ìåòèëãóàí³í-ÄÍÊ ìåòèëòðàíñôåðàçè â êë³òè-
íàõ ë³í³¿ Hep-2 (êàðöèíîìà ãîðòàí³) çà äîïî-
ìîãîþ Âåñòåðí-áëîò àíàë³çó ïðåäñòàâëåíî íà 
ðèñ. 2. Ñòàòèñòè÷íî äîñòîâ³ðíèé åôåêò çíè-
æåííÿ ê³ëüêîñò³ äîñë³äæóâàíîãî á³ëêó â ïóõ-
ëèííèõ êë³òèíàõ âèÿâëåíî ïðè óñ³õ äîñë³äæå-
íèõ êîíöåíòðàö³ÿõ ³íòåðôåðîíó (2, 20, 200,
2000 ÌÎ/ìë) â³äíîñíî êîíòðîëþ. Ñë³ä â³äçíà-
÷èòè, ùî ñïîñòåð³ãàëàñü òåíäåíö³ÿ äî çâîðîò-
íî¿ çàëåæíîñò³ åôåêòó ³íã³áóâàííÿ åêñïðåñ³¿ 
MGMT â³ä êîíöåíòðàö³¿ ³íòåðôåðîíó â ïåâ-
íîìó ä³àïàçîí³ äîç (2, 20 òà 200 ÌÎ/ìë). Òîæ 
íàéâèùèé åôåêò ³íã³áóâàííÿ âèÿâëåíî ïðè 
íàéìåíø³é ³ç äîñë³äæóâàíèõ êîíöåíòðàö³é 
³íòåðôåðîíó – 2 ÌÎ/ìë. Ñë³ä â³äçíà÷èòè, ùî 
òàêà çàëåæí³ñòü ÷àñòî ñïîñòåð³ãàºòüñÿ é ïðè 
ä³¿ ³íøèõ á³îëîã³÷íî àêòèâíèõ ðå÷îâèí [18].

Õàðàêòåð âïëèâó ðåêîìá³íàíòíîãî ³íòåð-
ôåðîíó �2� íà ð³âí³ åêñïðåñ³¿ ðåïàðàòèâíî-
ãî åíçèìó MGMT â êë³òèíàõ ë³í³¿ Å8 íåïóõ-
ëèííîãî ïîõîäæåííÿ äåùî ð³çíèâñÿ ïîð³â-
íÿíî ç éîãî ä³ºþ íà ïóõëèíí³ êë³òèíè Hep-2 
(óñåðåäíåí³ äàí³ äâîõ ïîâòîð³â åêñïåðèìåíòó 
ïðåäñòàâëåíî íà ðèñ. 3). Òàê, òåíäåíö³ÿ äî 
çíèæåííÿ ê³ëüêîñò³ á³ëêà MGMT â êë³òèíàõ 
Å8 áóëà âèðàæåíà çíà÷íî ñëàáê³øå ³ ñïîñòå-
ð³ãàëàñü ëèøå ïðè äâîõ íàéá³ëüøèõ ³ç äî-
ñë³äæåíèõ êîíöåíòðàö³é ³íòåðôåðîíó 200 òà
2000 ÌÎ/ìë (çà êîíöåíòðàö³¿ 200 ÌÎ/ìë 
åôåêò áóâ ñòàòèñòè÷íî çíà÷èìèé).

Òàêèì ÷èíîì, âïåðøå íàìè âèÿâëåíî ³í-
ã³áóâàëüíèé åôåêò ðåêîìá³íàíòíîãî ³íòåðôå-
ðîíó �2�, ñèíòåçîâàíîãî â ðîñëèíàõ N. ben-
thamiana, íà åêñïðåñ³þ ðåïàðàòèâíîãî åíçèìó 
MGMT â êë³òèíàõ ëþäèíè. Âñòàíîâëåíî, ùî 
öåé ³íã³áóâàëüíèé åôåêò áóâ âèðàçí³øèì ó 
ïóõëèííèõ êë³òèíàõ ïîð³âíÿíî ç êë³òèíàìè 
íåïóõëèííîãî ïîõîäæåííÿ. 

Ó çâ’ÿçêó ç öèì ïîñòàëî ïèòàííÿ, ÿêèì ÷è-
íîì ìîæå ³íã³áóâàòè åêñïðåñ³þ ãåíà MGMT 
ðåêîìá³íàíòíèé ³íòåðôåðîí �2� ³ ÷îìó ð³ç-
íèòüñÿ åôåêò â êë³òèíàõ ð³çíèõ ë³í³é? Íà ñüî-
ãîäí³ â ïðîìîòîð³ ãåíà MGMT ëþäèíè ñåðåä 
â³äîìèõ ñàéò³â çâ’ÿçóâàííÿ òðàíñêðèïö³éíèõ 
ôàêòîð³â, à òàêîæ ïîòåíö³éíèõ, ïåðåäáà÷åíèõ 
íàìè á³î³íôîðìàòè÷íî [22], åëåìåíò³â â³äãó-
êó íà ³íòåðôåðîí, íå âèÿâëåíî. Îäíàê ìîæíà 
ïðèïóñòèòè, ùî ³íòåðôåðîí �2� ä³º íà åêñ-
ïðåñ³þ öüîãî ãåíà îïîñåðåäêîâàíî, ³ ìîæíà 
âèîêðåìèòè äåê³ëüêà ñèãíàëüíî-ðåãóëÿòîðíèõ 
øëÿõ³â éîãî âïëèâó. Â³äîìà ö³ëà íèçêà ðåãó-
ëÿòîð³â åêñïðåñ³¿ ãåíà MGMT, ñåðåä ÿêèõ º
ÿê åíäîãåíí³, òàê ³ åêçîãåíí³ ôàêòîðè. Íà 
íàøó äóìêó, ñåðåä ³íäóêòîð³â òðàíñêðèïö³¿ 
ñë³ä, â ïåðøó ÷åðãó, âêàçàòè ôàêòîðè NF-�B 
[23], Sp1 [24] òà CEBP [25]. 

Ðèñ. 3. à – âïëèâ ³íòåðôåðîíó �2� íà ð³âåíü á³ë-
êà MGMT â êë³òèíàõ E8, * – p < 0,05; á – òèïîâà 
â³çóàë³çàö³ÿ õåì³ëþì³íåñöåíòíîãî ñèãíàëó Âåñòåðí-
áëîòèíãó ìåìáðàíè 
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Â³äîìî, ùî çàãàëîì ³íòåðôåðîíè ìîæóòü 
ðåãóëþâàòè åêñïðåñ³þ á³ëüø, í³æ 300 ãåí³â. 
Îñíîâíîþ ôóíêö³ºþ ³íòåðôåðîí³â º ïðîòè-
â³ðóñíèé çàõèñò îðãàí³çìó, òîìó ïðîäóêòè 
á³ëüøîñò³ ç öèõ ãåí³â ñïðÿìîâàí³ íà áîðîòü-
áó ïðîòè â³ðóñ³â òà ³ìóíîìîäóëÿö³þ â ö³ëîìó. 
Ïðîòå ³íòåðôåðîíè àêòèâóþòü âåëèêó ê³ëü-
ê³ñòü ãåí³â, ÿê³ ðåãóëþþòü òðàíñêïðèïö³þ, 
òðàíñëÿö³þ, ñïëàéñèíã ÐÍÊ, ôîëäèíã á³ëê³â, 
ì³æêë³òèííèé ñèãíàë³íã, àïîïòîç, îíêîãåíåç 
òà áàãàòî ³íøèõ ïðîöåñ³â [26]. Òîæ, â çàãàëü-
íîìó âèãëÿä³ ðåãóëÿö³ÿ, íàé³ìîâ³ðí³øå, â³ä-
áóâàºòüñÿ çà íàñòóïíèì ìîëåêóëÿðíèì êàñêà-
äîì: ³íòåðôåðîí àêòèâóº ïðåòå¿íê³íàçè JAK1 
³ JAK2, ùî ôîñôîðèëóþòü á³ëêè STAT1 òà 
STAT2, â ðåçóëüòàò³ öüîãî îñòàíí³ äèìåðèçó-
þòüñÿ òà ïåðåíîñÿòüñÿ â ÿäðî, äå ôîðìóþòü 
³íòåðôåðîí-ñòèìóëþâàëüíèé êîìïëåêñ, ÿêèé 
³íäóêóº åêñïðåñ³þ ðÿäó ³íòåðôåðîí-çàëåæíèõ 
ãåí³â. Çîêðåìà, ïðîäóêò ÿê ì³í³ìóì îäíîãî ç 
öèõ ãåí³â ISG15 (Interferon-stimulated gene) 
íåãàòèâíî ðåãóëþº ñèãíàëüíèé øëÿõ NF-�B, 
îäí³ºþ ç ôóíêö³é ÿêîãî º àêòèâàö³ÿ åêñïðåñ³¿ 
ãåíà MGMT (ðèñ. 4). 

Îñê³ëüêè NF-�B çäàòåí àêòèâóâàòè åêñïðå-
ñ³þ MGMT, ³íã³áóâàííÿ NF-�B ³íòåðôåðîíîì 
ïðèçâîäèòü äî çíèæåííÿ ê³ëüêîñò³ äîñë³äæó-
âàíîãî ðåïàðàòèâíîãî åíçèìó, ³ â ðåçóëüòàò³ 
– äî ï³äâèùåííÿ ÷óòëèâîñò³ ïóõëèííèõ êë³-
òèí äî àëê³ëóâàëüíèõ ñïîëóê [27]. Çâàæàþ÷è 

íà òîé ôàêò, ùî MGMT º óí³êàëüíèì ðåïàðà-
òèâíèì åíçèìîì, ÿêèé çä³éñíþº ïðÿìó ðåïà-
ðàö³þ íàéøê³äëèâ³øèõ O6-àëê³ëãóàí³íîâèõ àä-
äóêò³â, NF-�B, íàïåâíî, â³ä³ãðàº âàæëèâó ðîëü 
â ðåãóëÿö³¿ MGMT. Â òàêîìó âèïàäêó ñàìå 
³íã³áóâàííÿ NF-�B ï³ä âïëèâîì ³íòåðôåðîíó 
�2� ïðèçâîäèòü äî «âèïàä³ííÿ» öüîãî ôàêòî-
ðà ç ëàíöþãà ðåãóëÿö³¿ åêñïðåñ³¿ ãåíà MGMT 
òà ïîâ’ÿçàíå ç öèì çíèæåííÿ ê³ëüêîñò³ â³äïî-
â³äíîãî á³ëêó, ùî ìè ³ ñïîñòåð³ãàëè â íàøèõ 
åêñïåðèìåíòàõ. Ìîæëèâî, öåé ðåãóëÿòîðíèé 
øëÿõ ìåíø àêòèâíèé â êë³òèíàõ ëþäèíè íå-
ïóõëèííîãî ïîõîäæåííÿ. 

Î÷åâèäíî, ³ñíóþòü òàêîæ ³íø³ ìåõàí³çìè 
âïëèâó çîâí³øí³õ ôàêòîð³â íà åêñïðåñ³þ ãåíà 
MGMT. ßê â³äçíà÷åíî âèùå, ðàí³øå íàìè áó-
ëî ïîêàçàíî, ùî ïðåïàðàòè ð³çíîãî âèðîáíè-
öòâà, ÿê³ ì³ñòèëè ðåêîìá³íàíòíèé ³íòåðôåðîí 
�2�, ñèíòåçîâàíèé â ð³çíèõ ñèñòåìàõ, ïî-
ð³çíîìó âïëèâàëè íà åêñïðåñ³þ ãåíà MGMT 
â êë³òèíàõ ëþäèíè. Ö³ ôàêòè âêàçóþòü íà òå, 
ùî åôåêò ìîæå çàëåæàòè ÿê â³ä ñòðóêòóðíî-
ôóíêö³îíàëüíèõ îñîáëèâîñòåé ñàìîãî ðåêîì-
á³íàíòíîãî ³íòåðôåðîíó, òàê ³ â³ä êîìïîçè-
ö³éíîãî ñêëàäó ïðåïàðàò³â íà éîãî îñíîâ³, àëå 
öå ïèòàííÿ ïîòðåáóº ïîäàëüøèõ äîñë³äæåíü. 

Âèñíîâêè. Òàêèì ÷èíîì, ïîêàçàíî, ùî ðå-
êîìá³íàíòíèé ³íòåðôåðîí �2�, ñèíòåçîâàíèé 
â ðîñëèíàõ N. benthamiana, ñïðè÷èíÿâ ñòàòèñ-
òè÷íî äîñòîâ³ðíå çíèæåííÿ ê³ëüêîñò³ ðåïàðà-
òèâíîãî åíçèìó MGMT ó êë³òèíàõ ë³í³¿ Hep-
2 (êàðöèíîìà ãîðòàí³) ïðè óñ³õ äîñë³äæåíèõ 
êîíöåíòðàö³ÿõ (2–2000 ÌÎ/ìë). Ïðè öüîìó 
ñïîñòåð³ãàëàñü òåíäåíö³ÿ äî çâîðîòíî¿ çàëåæ-
íîñò³ åôåêòó ³íã³áóâàííÿ åêñïðåñ³¿ MGMT 
â³ä êîíöåíòðàö³¿ ðåêîìá³íàíòíîãî ³íòåðôå-
ðîíó. Â êë³òèíàõ ë³í³¿ Å8 íåïóõëèííîãî ïî-
õîäæåííÿ âèÿâëåíî òåíäåíö³þ äî çíèæåííÿ 
ê³ëüêîñò³ á³ëêà MGMT ïðè âèêîðèñòàíí³ äâîõ 
íàéá³ëüøèõ êîíöåíòðàö³ÿõ ³íòåðôåðîíó �2�, 
õî÷à ñòàòèñòè÷íî äîñòîâ³ðíèé åôåêò ïîð³âíÿ-
íî ç êîíòðîëåì ñïîñòåð³ãàâñÿ ëèøå çà êîíöåí-
òðàö³¿ 200 ÌÎ/ìë.Òàêîæ íàìè âèÿâëåíî, ùî 
³íã³áóâàëüíèé åôåêò ³íòåðôåðîíó �2� çíà÷íî 
âèðàçí³øèé â ïóõëèííèõ êë³òèíàõ ëþäèíè
ïîð³âíÿíî ç êë³òèíàìè íåïóõëèííîãî ïîõî-
äæåííÿ, ùî ìîæå áóòè ïîâ’ÿçàíî ç ð³çíèì 
ð³âíåì àêòèâíîñò³ ïåâíèõ ðåãóëÿòîðíèõ øëÿ-
õ³â. Â³äïîâ³äíî, íàìè âèñëîâëåíî ïðèïóùåí-
íÿ ñòîñîâíî îäíîãî ³ç ìîæëèâèõ ìåõàí³çì³â 

Ðèñ. 4. Ñõåìà ìîæëèâîãî ìîëåêóëÿðíîãî êàñêàäó ³í-
ã³áóâàííÿ åêñïðåñ³¿ ãåíà MGMT ³íòåðôåðîíîì �2� ³ç 
çàëó÷åííÿì NF-�B
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öüîãî âïëèâó: ³íã³áóâàííÿ ïîçèòèâíîãî ðåãó-
ëÿòîðà òðàíñêèïö³¿ NF-�B ³íòåðôåðîíîì �2� 
ïðèçâîäèòü äî éîãî «âèïàä³ííÿ» ç ëàíöþãà 
ðåãóëÿö³¿ åêñïðåñ³¿ ãåíà MGMT, à öå, â ñâîþ 
÷åðãó – äî çíèæåííÿ ê³ëüêîñò³ â³äïîâ³äíîãî 
ðåïàðàòèâíîãî á³ëêó. 

Äîòðèìàííÿ åòè÷íèõ ñòàíäàðò³â. Óñ³ ïðîöåäó-
ðè, âèêîíàí³ â äîñë³äæåíí³ ç âèêîðèñòàííÿì 
êëàñè÷íèõ êóëüòóð êë³òèí ëþäèíè, â³äïîâ³äà-
þòü åòè÷íèì ñòàíäàðòàì Íàö³îíàëüíîãî Êî-
ì³òåòó ç äîñë³äíèöüêî¿ åòèêè òà Ãåëüñ³íñüêî¿ 
äåêëàðàö³¿ 1964 ðîêó ³ ¿¿ ïîäàëüøèõ çì³í àáî 
â³äïîâ³äíèì íîðìàì åòèêè. Äîâ³äêà ðåã³îíàëü-
íîãî êîì³òåòó ²íñòèòóòó ìîëåêóëÿðíî¿ á³îëîã³¿ 
òà ãåíåòè÷íî¿ ³íæåíåð³¿ ÍÀÍ Óêðà¿íè â³ä 27 
ñåðïíÿ 2019 ð. 
Êîíôë³êò ³íòåðåñ³â. Àâòîðè çàÿâëÿþòü ïðî 
â³äñóòí³ñòü êîíôë³êòó ³íòåðåñ³â.
Ðîáîòà âèêîíóâàëàñü ó ðàìêàõ ïðîåêò³â «Ðîç-
ðîáêà ï³äõîä³â äî îïòèì³çàö³¿ ñóïðîâîäæóâàëü-
íî¿ òåðàï³¿ ïðè ë³êóâàíí³ îíêîçàõâîðþâàíü 
àëê³ëóâàëüíèìè ïðåïàðàòàìè» íàóêîâî¿ ïðî-
ãðàìè ÍÀÍ Óêðà¿íè «Ìîëåêóëÿðíî-ãåíåòè÷-
í³ ³ á³îõ³ì³÷í³ ìåõàí³çìè ðåãóëÿö³¿ êë³òèííèõ 
òà ñèñòåìíèõ âçàºìîä³é çà ô³ç³îëîã³÷íèõ òà 
ïàòîëîã³÷íèõ ñòàí³â», íîìåð äåðæðåºñòðàö³¿ 
0117U002123 òà «Ðîçðîáêà á³îòåõíîëîã³é íà-
êîïè÷åííÿ ðåêîìá³íàíòíèõ ì³êðîÐÍÊ òà á³ë-
ê³â â ðîñëèíàõ äëÿ ïîòðåá ìåäèöèíè» íàóêîâî¿ 
ïðîãðàìè ÍÀÍ Óêðà¿íè «Ìîëåêóëÿðí³ òà êë³-
òèíí³ á³îòåõíîëîã³¿»”, íîìåð äåðæðåºñòðàö³¿ 
0115U002920
Àâòîðè âèñëîâëþþòü ùèðó ïîäÿêó äèðåêòîðó 
ô³ðìè «²íòåðôàðìá³îòåê» äîêòîðó á³îëîã³÷íèõ 
íàóê ×åðíèõ Ñ.Â. çà ïðîâåäåííÿ òåñòóâàííÿ 
ñïåöèô³÷íî¿ á³îëîã³÷íî¿ àêòèâíîñò³ ðåêîìá³-
íàíòíîãî ³íòåðôåðîíó �2�, ñèíòåçîâàíîãî â 
ðîñëèíàõ N. benthamiana.

THE INFLUENCE OF RECOMBINANT 
INTERFERON �2� SYNTHESIZED
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MGMT EXPRESSION IN HUMAN
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The influence of recombinant interferon �2� synthe-
sized in trasgenic plants on the expression of human 
repair protein O6-methylguanine-DNA methyltransfe-
rase (MGMT) in both tumour and non-tumour ori-
ginated cells was investigated. Human tumour Håp-2 
cells (epidermoid carcinoma of the larynx) and non-
tumour human E8 cells (originated in our laboratory 
from embrionic germ cells) were treated with purified 
recombinant interferon �2� in serum-free medium. 
Protein levels were determined by Western-blot 
method. Recombinant interferon �2� caused decrease 
in MGMT protein amount in tumour Håp-2 cells at 
all treated concentrations (2, 20, 200, 2000 IU/ml) 
relatively to the control level. In human non-tumour 
cells E8 we revealed a decrease in MGMT amount at 
two of the highest concentrations: 200 and 2000 IU/ml, 
although a statistically significant effect compared to 
the control level was observed only at a concentration 
of 200 IU/ml.

ÂËÈßÍÈÅ ÑÈÍÒÅÇÈÐÎÂÀÍÎÃÎ
Â ÐÀÑÒÅÍÈßÕ ÐÅÊÎÌÁÈÍÀÍÒÍÎÃÎ 
ÈÍÒÅÐÔÅÐÎÍÀ �2� ÍÀ ÝÊÑÏÐÅÑÑÈÞ 
ÐÅÏÀÐÀÒÈÂÍÎÃÎ ÁÅËÊÀ MGMT
Â ÑÎÌÀÒÈ×ÅÑÊÈÕ ÊËÅÒÊÀÕ ×ÅËÎÂÅÊÀ
IN VITRO

Ç.Ì. Íèäîåâà, À.À. Ïåòåðñîí, Ò.Ï. Ðóáàí,
Ã.Â. Äçþáà, Ì.Â. Êó÷óê, Ë.Ë. Ëóêàø 

Öåëüþ ðàáîòû áûëî èññëåäîâàíèå âëèÿíèÿ ñèíòå-
çèðîâàííîãî â ðàñòåíèÿõ ðåêîìáèíàíòíîãî èíòåð-
ôåðîíà �2� íà ýêñïðåññèþ ðåïàðàòèâíîãî ýíçèìà
MGMT (O6-methylguanine-DNA methyltransferase) â
êëåòêàõ îïóõîëåâîãî è íåîïóõîëåâîãî ïðîèñõîæ-
äåíèÿ. Îïóõîëåâûå êëåòêè ëèíèè Håp-2 (ðàê ãîð-
òàíè) è êëåòêè ÷åëîâåêà ëèíèè Å8, ïîëó÷åííûå 
íàìè èç ýìáðèîíàëüíûõ ãåðìèíàòèâíûõ êëåòîê, 
áûëè îáðàáîòàíû î÷èùåííûì ðåêîìáèíàíòíûì 
èíòåðôåðîíîì �2�â áåçñûâîðîòî÷íîé ñðåäå; îïðå-
äåëåíèå èçìåíåíèé êîëè÷åñòâà áåëêà MGMT ñ
ïîìîùüþ Âåñòåðí-áëîò àíàëèçà. Ïîêàçàíî, ÷òî
ðåêîìáèíàíòíûé èíòåðôåðîí �2� âûçûâàë óìåíü-
øåíèå êîëè÷åñòâà áåëêà MGMT â îïóõîëåâûõ êëåò-
êàõ Håp-2 ïðè âñåõ èññëåäóåìûõ êîíöåíòðàöèÿõ 
(2, 20, 200, 2000 ÌÅ/ìë) îòíîñèòåëüíî àäåêâàòíîãî 
êîíòðîëÿ. Â êëåòêàõ ÷åëîâåêà íåîïóõîëåâîãî ïðî-
èñõîæäåíèÿ ëèíèè Å8 ñíèæåíèå êîëè÷åñòâà MGMT 
îáíàðóæåíî ïðè äâóõ ñàìûõ âûñîêèõ êîíöåíòðàöè-
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ÿõ 200 è 2000 ÌÅ/ìë, õîòÿ ñòàòèñòè÷åñêè äîñòî-
âåðíûé ýôôåêò ïî ñðàâíåíèþ ñ óðîâíåì êîíòðîëÿ 
íàáëþäàëñÿ òîëüêî ïðè êîíöåíòðàöèè 200 ÌÅ/ìë.

CÏÈÑÎÊ Ë²ÒÅÐÀÒÓÐÈ

1. Verbeek, B., Southgate, T.D., Gilham, D.E., and
Margison, G.P., O6-Methylguanine-DNA methyl-
transferase inactivation and chemotherapy, Br. Med. 
Bull., 2008, no. 85, pp. 17–33. doi: 10.1093/bmb/
ldm036. 

2. Salam, T., Premila, Devi S., and Duncan Lyngdoh, 
R.H., Molecular criteria for mutagenesis by DNA 
methylation: Some computational elucidations, Mu-
tat. Res., 2018, no. 807, pp. 10–20. doi: 10.1016/j.
mrfmmm.2017.10.004.

3. Paredes, J.A., Ezerskyte, M., Bottai, M., and Dreij, 
K., Transcriptional mutagenesis reduces splicing fi-
delity in mammalian cells, Nucl. Acids Res., 2017, vol. 
45, no. 11, pp. 6520–9, doi: 10.1093/nar/gkx339.

4. Uhlén, M., Fagerberg, L., Hallström, B.M., Lind-
skog, C., Oksvold, P., Mardinoglu, A., Sivertsson, 
Å., Kampf, C., Sjöstedt, E., Asplund, A., Olsson, I.,
Edlund, K., Lundberg, E., Navani S., Szigyarto, C.A.,
Odeberg, J., Djureinovic, D., Takanen, J.O., Hober, 
S., Alm, T., Edqvist, P.H., Berling, H., Tegel, H., 
Mulder, J., Rockberg, J., Nilsson, P., Schwenk, J.M.,
Hamsten, M., von Feilitzen, K., Forsberg, M., Pers-
son, L., Johansson, F., Zwahlen, M., von Heijne, 
G., Nielsen J., and Pontén F. Proteomics. Tissue-
based map of the human proteome, Science, 2015, 
vol. 347, no. 6220, pp.1260419. doi: 10.1126/sci-
ence.1260419.

5. Stupp, R., Mason, W.P., van den Bent, M.J., Wel-
ler, M., Fisher, B., Taphoorn, M.J., Belanger, K.,
Brandes, A.A., Marosi, C., Bogdahn ,U., Curs-
chmann, J., Janzer, R.C., Ludwin, S.K., Gorlia, T.,
Allgeier, A., Lacombe, D., Cairncross, J.G., Eisen-
hauer, E., and Mirimanoff, R.O., Radiotherapy plus
concomitant and adjuvant temozolomide for glio-
blastoma, N. Engl. J. Med., 2005, no 352, pp. 987–
96. doi: 10.1056/NEJMoa043330.

6. Gerson, S.L., Clinical relevance of MGMT in the 
treatment of cancer, J. Clin. Oncol., 2002, vol. 20, 
pp. 2388–99. doi: 10.1200/JCO.2002.06.110.

7. Esteller, M., Herman, J.G., Generating mutations 
but providing chemosensitivity: the role of O6-
methylguanine DNA methyltransferase in human 
cancer, Oncogene, 2004, vol. 23, no. 1, pp. 1–8. 
doi: 10.1038/sj.onc.1207316.

8. Pegg, A.E., Multifaceted roles of alkyltransferase 
and related proteins in DNA repair, DNA damage, 
resistance to chemotherapy, and research tools, 
Chem. Res. Toxicol., 2011, vol. 24, pp. 618–39. doi: 
10.1021/tx200031q.

9. Shen, D., Guo, C.C., Wang, J., Qiu, Z.K., Sai, K.,
Yang, Q.Y., Chen, Y.S., Chen, F.R., Wang, J.,
Panasci, L., and Chen, Z.P., Interferon-�/� enhan-
ces temozolomide activity against MGMT-positive 
glioma stem-like cells, Oncol. Rep., 2015, vol. 34, 
pp. 2715–21. doi: 10.3892/or.2015.4232.

10. Wang, B.X., Rahbar, R., and Fish, E.N., Inter-
feron: current status and future prospects in cancer 
therapy, J. Interfer. Cytok. Res., 2011, vol. 31,
no. 7, pp. 545–52. doi: 10.1089/jir.2010.0158.

11. Parker, B.S., Rautela, J., and Hertzog, P.J., 
Antitumour actions of interferons: implications for 
cancer therapy, Nat. Rev. Cancer, 2016, vol. 16,
no. 3, pp. 131–44. doi: 10.1038/nrc.2016.14.

12. Dunn, G.P., Koebel, C.M., and Schreiber, R.D., 
Interferons, Immunity And Cancer Immunoediting, 
Nat. Rev. Immunol., 2006, vol. 6, no. 11, pp. 836–
48. doi: 10.1038/nri1961.

13. Piconese, S., Pacella, I., Timperi, E., and Barnaba, 
V., Divergent effects of type-I interferons on re-
gulatory T cells, Cytokine Growth Factor Rev., 2015,
vol. 26, no. 2, pp. 133–41. doi: 10.1016/j.cytogfr.
2014.10.012.

14. Medrano, R.F.V., Hunger, A., Mendonça, S.A., Bar-
buto, J.A.M., and Strauss, B.E., Immunomodulato-
ry and antitumor effects of type I interferons and 
their application in cancer therapy, Oncotarget., 
2017, vol. 8, no. 41, pp. 71249–84. doi: 10.18632/
oncotarget.19531. 

15. Ma, H., Jin, S., Yang, W., Tian, Z., Liu, S., Wang, 
Y., Zhou, G., Zhao, M., Gvetadze, S., Zhang, Z., 
and Hu, J., Interferon-� Promotes the Expression 
of Cancer Stem Cell Markers in Oral Squamous 
Cell Carcinoma, J. Cancer, 2017, vol. 8, no. 12,
pp. 2384–93. doi: 10.7150/jca.19486.

16. Vasquez, M., Fioravanti, J., Aranda, F., Paredes, V.,
Gomar, C., Ardaiz, N., Fernandez-Ruiz, V., Mén-
dez, M., Nistal-Villan, E., Larrea, E., Gao, Q.,
Gonzalez-Aseguinolaza, G., Prieto, J., and Ber-
raondo, P., Interferon alpha bioactivity critically 
depends on Scavenger receptor class B type I func-
tion, Oncoimmunology, 2016, vol. 5, no. 8, pp. 
e1196309. doi: 10.1080/2162402X.2016.1196309.

17. Yu, Y., Huang, R., Zong, X., He, X., and Mo, W.,
INF�-2b inhibitory effects on CD4(+)CD25(+)
FOXP3(+) regulatory T cells in the tumor micro-
environment of C57BL/6 J mice with melanoma 
xenografts, BMC Cancer, 2016, vol. 16, pp. 397. doi: 
10.1186/s12885-016-2473-0.

18. Kotsarenko, K., Lylo, V., Ruban, T., Macewicz, L.,
Lukash, L., Effects of Some Growth Factors and 
Cytokines on the Expression of the Repair Enzyme 
MGMT and Protein MARP in Human Cells 
In Vitro : Effect of Some Growth Factors and 



43ISSN 0564–3783. Öèòîëîãèÿ è ãåíåòèêà. 2019. Ò. 53. ¹ 6

Âïëèâ ñèíòåçîâàíîãî â ðîñëèíàõ ðåêîìá³íàíòíîãî ³íòåðôåðîíó �2b íà åêñïðåñ³þ Î6-ìåòèëãóàí³í-ÄÍÊ 

Cytokines, Biochem. Genet., 2018, vol. 56, no. 5, 
pp. 459–77. doi: 10.1007/s10528-018-9854-9.

19. Sindarovska, Y.R., Gerasimenko, Y.V., Olevins-
kaya, Z.M., Spivak, N.Y., and Kuchuk, N.V., 
Production of human interferon alpha 2b in plants 
of Nicotiana excelsior by Agrobacterium – mediated 
transient expression, Cytol. Genet., 2010, vol. 44, 
no. 5, pp. 313–6. doi: 10.3103/S0095452710050099.

20. Budzianowski, J., Tobacco – a producer of re-
combinant interferons, Przegl. Lek., 2014, vol. 71, 
no. 11, pp. 639–43.

21. Green, S.J., Michael, R., Molecular cloning. NY, 
Cold Spring Harbor Laboratory Press, 2012.

22. Nidoieva, Z.M., Samoilenko, ².Î., Pidpala, O.V., 
Lukash, L.L., and Iatsyshyna, A.P., Bioinformatic 
search of hormone response elements within the 
human O6-methylguanine-DNA methyltransferase 
(MGMT) gene promoter, Factors in Exp. Evol. 
Organ., 2015, vol. 17, pp. 74–8. (in Ukr.)

23. Lavon, I., Fuchs, D., Zrihan, D., Efroni, G., Ze-
likovitch, B., Fellig, Y., and Siegal, T., Novel me-
chanism whereby nuclear factor kappaB mediates 
DNA damage repair through regulation of O(6)-
methylguanine-DNA-methyltransferase, Cancer Res.,
2007, vol. 67, no. 18, pp. 8952–9. doi: 10.1158/0008-
5472.CAN-06-3820.

24. Costello, J.F., Futscher, B.W., Kroes, R.A., and 

Pieper, R.O., Methylation-related chromatin struc-
ture is associated with exclusion of transcription 
factors from and suppressed expression of the O-6-
methylguanine DNA methyltransferase gene in 
human glioma cell, Mol. Cell Biol., 1994, vol. 14, 
no. 10, pp. 6515–21.

25. Bhakat, K.K., Mitra, S., Regulation of the human 
O(6)-methylguanine-DNA methyltransferase gene by
transcriptional coactivators cAMP response element-
binding protein-binding protein and p300, J. Biol. 
Chem., 2000, vol. 3, no. 275, pp. 34197–204. doi: 
10.1074/jbc.M005447200.

26. de Veer, M.J., Holko, M., Frevel, M., Walker, E.,
Der, S., Paranjape, J.M., Silverman, R.H., and
Williams, B.R., Functional classification of inter-
feron-stimulated genes identified using microarrays, 
J. Leukoc. Biol., 2001, vol. 69, no. 6, pp. 912–20.

27. Weaver, K.D., Yeyeodu, S., Cusack, J.C.Jr, Bald-
win, A.S.Jr, and Ewend, M.G., Potentiation of 
chemotherapeutic agents following antagonism of 
nuclear factor �B in human gliomas, J. Neurooncol., 
2003, vol. 61, pp. 187–96.

Íàä³éøëà â ðåäàêö³þ 11.09.18
Ï³ñëÿ äîîïðàöþâàííÿ 11.02.19

Ïðèéíÿòà äî äðóêó 18.11.19



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Uncoated FOGRA29 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
    /UKR <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


