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Çàëó÷åííÿ ïðîòå¿íê³íàç, àêòèâîâàíèõ ì³òîãåíàìè,
³ òðàíñêðèïö³éíîãî ÷èííèêà c-Fos
äî òðàíñäóêö³¿ ðåãóëÿòîðíîãî ñèãíàëó åñòðàä³îëó
â àäðåíîêîðòèêîöèòàõ ùóð³â

Èññëåäîâàëè ìåõàíèçìû òðàíñäóêöèè ðåãóëÿòîðíûõ ñèãíàëîâ ýñòðàäèîëà â êîðå
íàäïî÷å÷íèêîâ. Îïðåäåëÿëè âëèÿíèå ýñòðàäèîëà áåíçîàòà íà ñåêðåöèþ êîðòèêîñòåðîèäîâ,
ñîäåðæàíèå ïðîòåèíêèíàç ERK1/2, JNK, p38, àêòèâèðóåìûõ ìèòîãåíàìè, à òàêæå ôàêòîðîâ
òðàíñêðèïöèè ñ-Jun è ñ-Fos â êîðå íàäïî÷å÷íèêîâ êðûñ. Íàèáîëåå ñóùåñòâåííûé ýôôåêò
ýñòðàäèîë îêàçûâàåò íà èçìåíåíèå ñîäåðæàíèÿ ERK1/2, êîòîðîå óâåëè÷èâàåòñÿ â 1,7 ðàçà ïîñëå
òðåõäíåâíûõ èíúåêöèé 100 ìêã ýñòðàäèîëà. Ñîäåðæàíèå ïðîòåèíêèíàç ð38 è JNK îñòàåòñÿ áåç
èçìåíåíèé. Ïîëó÷åíû ðåçóëüòàòû îá ó÷àñòèè ôàêòîðà òðàíñêðèïöèè ÀÐ-1, ñîñòîÿùåãî èç äâóõ
òðàíñêðèïöèîííûõ ôàêòîðîâ (ñ-Jun è ñ-Fos), â ðåàëèçàöèè ñèãíàëüíûõ ïóòåé ýñòðàäèîëà.
Ñîäåðæàíèå áåëêà ñ-Fos âîçðàñòàåò â 1,8 ðàçà â ðåçóëüòàòå äåéñòâèÿ ãîðìîíà, ïðè ýòîì
ñîäåðæàíèå áåëêà ñ-Jun  íå èçìåíÿåòñÿ. Ïîëó÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò î òîì, ÷òî
ðåàëèçàöèÿ áûñòðîé òðàíñäóêöèè ñèãíàëà ýñòðàäèîëà â àäðåíîêîðòèêîöèòàõ îñóùåñòâëÿåòñÿ ïðè
ó÷àñòèè êèíàçû ERK1/2 è ôàêòîðà òðàíñêðèïöèè ñ-Fos.
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ÂÑÒÓÏ

Íèí³ â åíäîêðèíîëîã³¿ ïîñòóïîâî â³äìî-
âèëèñÿ â³ä óÿâëåíü ïðî ìîíîïîëüíó ðîëü
êîðòèêîòðîï³íó é àíã³îòåíçèíó ²² ó ðåãóëÿö³¿
ôóíêö³¿ êîðè íàäíèðêîâèõ çàëîç. Ñåðåä
íîâèõ ôàêòîð³â ðåãóëÿö³¿ àäðåíîêîðòè-
êàëüíî¿ ôóíêö³¿ ñêëàäí³ñòþ òà ðîçìà¿òòÿì
åôåêò³â âèð³çíÿþòüñÿ åñòðîãåíè. ¯õ ðåöåï-
òîðè îõàðàêòåðèçîâàíî â òêàíèí³ êîðè
íàäíèðêîâèõ çàëîç ëþäèíè, ùóð³â ³ ïðèìàò³â
[10, 22, 23]. Åñòðîãåíè ìîæóòü ðåãóëþâàòè
ñåêðåö³þ êîðòèêîñòåðî¿ä³â àäðåíîêîðòè-
êîöèòàìè ÿê ïðÿìî ìîäóëþþ÷è ñåêðåö³þ
[19], òàê ³ îïîñåðåäêîâàíî ÷åðåç ã³ïîòà-
ëàìóñ ³ ã³ïîô³ç [3, 4]. Òðàäèö³éíî äîñë³ä-
æåííÿ ïåðåíåñåííÿ ñèãíàëó åñòðîãåí³â
çä³éñíþþòüñÿ ìàéæå âèêëþ÷íî íà êë³òèíàõ
òêàíèí ðåïðîäóêòèâíî¿  ñôåðè.  Îäíàê
î ñòàíí³ì ÷àñîì î ñîáëèâî â³äçíà÷àþòü
øèðîêèé ñïåêòð  á ³îëîã ³÷íèõ  åôåêò ³â

åñòðîãåí³â, áåçïîñåðåäíüî íå ïîâ�ÿçàíèõ ç
ïðîöåñàìè ðåïðîäóêö³¿ .  Çàõâîðþâàííÿ
ê³ñòêîâî¿ òêàíèíè, ñåðöåâî-ñóäèííî¿ ñèñòå-
ìè,  äåÿê³  òèïè ïóõëèí ìàþòü ïðÿìèé
çâ�ÿçîê ³ç çàáåçïå÷åí³ñòþ îðãàí³çìó åñòðîãå-
íàìè òà õàðàêòåðèçóþòüñÿ ÷³òêèìè ãåíäåð-
íèìè îñîáëèâîñòÿìè.

Àíàë³ç ìåõàí³çì³â âïëèâó 17β-åñòðàä³îëó
íà êë³òèíè çäåá³ëüøîãî êîíöåíòðóâàâñÿ íà
ïðÿìèõ ãåíîìíèõ åôåêòàõ; âòîðèíí³ ìå-
ñåíäæåðè, ùî îïîñåðåäêîâóþòü ä³þ åñòðî-
ãåí³â ,  òðèâàëèé ÷àñ  çàëèøàëèñÿ íåâ³-
äîìèìè, ³ ëèøå çà îñòàíí³ ê³ëüêà ðîê³â ó
ðîçóì³íí³ öèõ ïðîöåñ³â â³äáóëèñÿ ñóòòºâ³
çðóøåííÿ [7,  16, 20, 24].  Äîñë³äæåííÿ
ìîëåêóëÿðíèõ àñïåêò³â ä³¿ åñòðàä³îëó â
àäðåíîêîðòèêîöèòàõ ëþäèíè òà åêñïåðè-
ìåíòàëüíèõ òâàðèí äàëè çìîãó ï³äòâåðäèòè
çàëó÷åííÿ cAMP-çàëåæíî¿  ñèãíàëüíî¿
ñèñòåìè òà ïðîòå¿íê³íàçè Ñ äî ïåðåíåñåííÿ
ðåãóëÿòîðíèõ ñèãíàë³â ãîðìîíó [2], ÿê öå
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ïîêàçàíî äëÿ êë³òèí ìîëî÷íî¿ çàëîçè ëþ-
äèíè (MCF-7 ³ T47D) ³ ùóð³â [16, 21], à
òàêîæ êë³òèí Ëåéäèãà [5].

Â îïîñåðåäêóâàíí³ ñèãíàëó åñòðàä³îëó,
ÿê ³ ó ðàç³ áàãàòüîõ ñòèìóëÿòîð³â ïðîë³ôå-
ðàö³¿,  áåðóòü ó÷àñòü ïðîòå¿íê³íàçè, ùî
àêòèâóþòüñÿ ì³òîãåíàìè (ÌÀÐÊ; â³ä àíãë.
mitogen-activated protein kinase) [11, 17].

Ìåòîþ íàøî¿ ðîáîòè áóëî äîñë³äæåííÿ
âïëèâó åñòðàä³îëó áåíçîàòó  in vivo íà
ïðîäóêö³þ êîðòèêîñòåðî¿äíèõ ãîðìîí³â,
çì³íè âì³ñòó ôåðìåíò³â ÌÀÐÊ-ñèãíàëüíî¿
ñèñòåìè òà á³ëêîâèõ òðàíñêðèïö³éíèõ
÷èííèê³â c-Jun òà c-Fos ó êë³òèíàõ êîðè
íàäíèðêîâèõ çàëîç ùóð³â.

ÌÅÒÎÄÈÊÀ

Ó äîñë³äàõ âèêîðèñòîâóâàëè äîðîñëèõ
ùóð³â-ñàìö³â ë³í³¿ Â³ñòàð ìàñîþ áëèçüêî
200 ã.  Òâàðèí ðîçä³ëèëè íà òðè ãðóïè:
êîíòðîëüí³ òâàðèíè, ÿêèì ââîäèëè ñëèâîâó
îë³þ, òà òâàðèíè, ùî îòðèìóâàëè äâ³ ð³çí³
äîçè åñòðàä³îëó  (åñòðàä³îë áåíçîàò «Êoch-
Light»,  Âåëèêîáðèòàí³ÿ,  ðîç÷èíåíèé ó
ñëèâîâ³é îë³¿, ó äîç³ 50 àáî 100 ìêã/òâàðèíó
ïðîòÿãîì òðüîõ ä³á). Òâàðèí äåêàï³òóâàëè
ï³ä ä³ºþ åòàì³íàëó íàòð³þ (4 ìã/100 ã),
ââåäåííÿ ÿêîãî íå âïëèâàº íà ñåêðåö³þ
êîðòèêîñòåðî¿ä³â íàäíèðêîâèìè çàëîçàìè.
Êðîâ êîæíî¿ òâàðèíè çáèðàëè ó ïðîá³ðêè ç
ãåïàðèíîì (ÇÀÒ «²íäàð», Óêðà¿íà), öåíòðè-
ôóãóâàëè ïðè 2000 g 10 õâ, â îòðèìàí³é
ïëàçì³ âèçíà÷àëè âì³ñò 11-ã³äðîêñèêîðòè-
êîñòåðî¿ä³â ñïåêòðîôëóîðèìåòðè÷íèì ìå-
òîäîì [1].

Íàäíèðêîâ³ çàëîçè âèä³ëÿëè, î÷èùóâàëè
íà ëüîäó â³ä æèðó òà ìîçêîâî¿ ðå÷îâèíè.
Çð³çè êîðè íàäíèðêîâèõ çàëîç êîæíî¿ òâà-
ðèíè ãîìîãåí³çóâàëè ó 2�3 îá�ºìàõ îõîëîä-
æåíîãî áóôåðà, ÿêèé ì³ñòèâ: 0,25 ìîëü/ë
ñàõàðîçè, 25 ììîëü/ë òð³ñ-HCl (ðÍ 7,4), 3
ììîëü/ë  MgCl

2
,  2 ììîëü/ë  ÅÃÒÀ, 0,1

ììîëü/ë  ñïåðì³äèíó, 0,1% äåòåðãåíòó
TRITON Õ-100 («Serva», Í³ìå÷÷èíà), 0,1
ììîëü/ë ôåí³ëìåòèëñóëüôîí³ëôòîðèäó

(«Serva», Í³ìå÷÷èíà). Ãîìîãåíàò öåíòðèôó-
ãóâàëè ïðè 2000 g 10 õâ, íàäîñàäîâí³ ôðàê-
ö³¿ çáåð³ãàëè äî âèêîðèñòàííÿ ïðè � 60 0Ñ.
Îòðèìàíèé ãîìîãåíàò êèï�ÿòèëè ó áóôåð³, ùî
ì³ñòèâ 100 ììîëü/ë òð³ñ-HCl, 4 % äîäå-
öèëñóëüôàòó íàòð³þ, 0,2 % áðîìôåíîëîâîãî
ñèíüîãî, 20 % ãë³öåðèíó, 2 % 2-ìåðêàï-
òîåòàíîëó, 10 % äèò³îòðå¿òîëó (ðÍ 6,8).
Êîíöåíòðàö³þ á³ëêà â ïðîáàõ âèçíà÷àëè çà
ìåòîäîì Bradford [8].  Íà êîæíèé òðåê
íàíîñèëè ïî 30 ìêã á³ëêà, ÿêèé ðîçä³ëÿëè â
9%-ìó ïîë³àêðèëàì³äíîìó ãåë³. Ïî çàâåð-
øåíí³ åëåêòðîôîðåçó á³ëêè ïåðåíîñèëè
íàï³âñóõèì ñïîñîáîì íà í³òðîöåëþëîçí³
ìåìáðàíè Hybond C (�Amersham Life Sci-
ence�, Âåëèêîáðèòàí³ÿ). Ìåìáðàíè áëîêó-
âàëè ðîç÷èíîì 5%-ãî çíåæèðåíîãî ñóõîãî
ìîëîêà, ÿêèé áóâ ïðèãîòîâëåíèé íà 20
ììîëü/ë òð³ñ-áóôåð³ ³ ì³ñòèâ õëîðèäó íàòð³þ
137  ììîëü/ë ,  òâ ³í-20  0 ,1  % (ðÍ 7 ,6) .
²íêóáóâàëè ìåìáðàíè ç ïåðâèííèìè àíòèò³-
ëàìè äî ê³íàç ERK1/2, JNK, p38 ³ òðàíñ-
êðèïö³éíèõ ôàêòîð³â ñ-Jun, ñ-Fos (�Cell
Signaling Technology� àáî �Sigma�, ÑØÀ)
ïðîòÿãîì 1 ãîä ïðè 4 îÑ. Ï³ñëÿ òðèðàçîâî¿
ïðîìèâêè áóôåðîì ¿õ ³íêóáóâàëè ïðîòÿãîì
1 ãîä ïðè ê³ìíàòí³é òåìïåðàòóð³ ç âòîðèí-
íèìè àíòèò³ëàìè, ñïîëó÷åíèìè ç ïåðîêñè-
äàçîþ (�Sigma�,  ÑØÀ),  ³  çíîâó òðè÷³
ïðîìèâàëè. Ï³ñëÿ ðåàêö³¿ ç õåì³ëþì³íåñ-
öåíòíèì ñóáñòðàòîì (�Amersham Life Sci-
ence�, Âåëèêîáðèòàí³ÿ) áëîò åêñïîíóâàëè
íà ïë³âêó Hyperfilm ECL (�Amersham Life
Science�, Âåëèêîáðèòàí³ÿ) äëÿ àâòîãðàô³¿.
Îòðèìàí³ ðåçóëüòàòè ùîäî âì³ñòó á³ëê³â
áóëè ïðîàíàë³çîâàí³  òà  îöèôðîâàí³  çà
äîïîìîãîþ ïðîãðàìè PhotoCaptMw. Ñòà-
òèñòè÷íó îáðîáêó ðåçóëüòàò³â ïðîâîäèëè ç
âèêîðèñòàííÿì êðèòåð³þ t  Ñòüþäåíòà;
â³ðîã³äíèìè ââàæàëè çíà÷åííÿ ïðè Ð<0,05.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Ââåäåííÿ åñòðàä³îëó áåíçîàòó ñïðè÷èíÿëî
³ñòîòíå  çá ³ëüøåííÿ  âì³ñòó  ñóìàðíèõ
êîðòèêîñòåðî¿ä³â ó ïëàçì³ êðîâ³ ñàìö³â
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ùóð³â (ðèñ. 1). Ïîêàçàíî, ùî ñèíòåç 11-
ã³äðîêñèêîðòèêîñòåðî¿ä³â êë³òèíàìè êîðè
íàäíèðêîâèõ çàëîç çá³ëüøóºòüñÿ ï³ä âïëè-
âîì åñòðàä³îëó â 1,7 ðàçà � ç 1864 ± 244 â
êîíòðîë³ äî 3206 íìîëü/ë ± 157 íìîëü/ë ó
ïëàçì³ êðîâ³ ùóð³â, ÿêèì ââîäèëè 50 ìêã
ãîðìîíó. Ïðè ââåäåíí³ 100 ìêã åñòðàä³îëó
áåíçîàòó  öåé  ïîêàçíèê  ï ³äâèùóºòüñÿ
á³ëüøå í³æ ó 2,7 ðàçà � äî 5090 íìîëü/ë ±
347 íìîëü/ë. Öå ìîæíà ïîÿñíèòè ïðîë³ôå-
ðàòèâíèì ³ ì³òîãåííèì åôåêòîì åñòðàä³îëó,
ÿê öå îïèñàíî äëÿ ³íøèõ òèï³â êë³òèí [13,
20, 25]. Âïëèâ åñòðàä³îëó íà ñèíòåç ñòåðî¿-
ä³â â êîð³ íàäíèðêîâèõ çàëîç ùóð³â ï³äòâåðä-
æóº ñïîñòåðåæåííÿ ùîäî àêòèâàö³¿ öüîãî
ïðîöåñó â óìîâàõ ä³¿ åñòðîãåí³â in vivo òà
in vitro â àäðåíîêîðòèêàëüíèõ êë³òèíàõ
ëþäèíè, ìîðñüêèõ ñâèíîê ³ íîâîíàðîäæåíèõ
ïîðîñÿò  [2�4, 19].

Äî îñòàííüîãî ÷àñó ìåõàí³çìè âïëèâó
åñòðîãåí³â íà êë³òèíè-ì³øåí³ ïîâ�ÿçóâàëè
âèêëþ÷íî ç ãåíîìíèìè åôåêòàìè, ùî íå
ïîòðåáóþòü çàëó÷åííÿ âòîðèííèõ ïîñåðåä-
íèê³â äëÿ âíóòð³øíüîêë³òèííîãî ïåðåíå-
ñåííÿ ðåãóëÿòîðíèõ ñèãíàë³â. Íèí³ ðîçãëÿ-
äàºòüñÿ ó÷àñòü ó öèõ ïðîöåñàõ ÿê ïðîòå¿í-
ê³íàç À ³ Ñ [7, 15], òàê ³ ïðîòå¿íê³íàç, ùî
àêòèâóþòüñÿ ì³òîãåíàìè [12, 24]. Êàñêàä
MAPK/ERK º ãîëîâíèì øëÿõîì ñèãíàëüíî¿
òðàíñäóêö³¿, ùî çàëó÷àºòüñÿ äî ðåàë³çàö³¿
øèðîêîãî ñïåêòðà åôåêò³â, ñïðÿìîâàíèõ íà
ïðîë³ôåðàö³þ òà äèôåðåíö³þâàííÿ. Àêòèâî-
âàíà ôîðìà ERK1/2 çäàòíà äî òðàíñëîêàö³¿
â  ÿäðî ³  ïðÿìî¿  âçàºìîä³ ¿  ç  ÿäåðíèìè
òðàíñêðèïö³éíèìè ÷èííèêàìè [11, 17].

Ó êîð³ íàäíèðêîâèõ çàëîç ùóð³â åñòðà-
ä³îë áåíçîàò ÷èíèòü íàéá³ëüø âèðàçíèé
âïëèâ íà âì³ñò ERK1/2. Çà ðåçóëüòàòîì
³ìóíîáëîòèíãó, ââåäåííÿ 50 ìêã åñòðàä³îëó
íå ïðèçâîäèòü äî çì³í âì³ñòó ERK1/2 â
àäðåíîêîðòèêàëüí³é òêàíèí³ ïîð³âíÿíî ³ç
êîíòðîëüíèìè òâàðèíàìè, ùî îòðèìóâàëè
³í�ºêö³¿ îë³¿. Ó ðàç³ òðèäîáîâîãî ââåäåííÿ
åñòðàä³îëó â äîç³ 100 ìêã öåé ïîêàçíèê
â³ðîã³äíîãî çá³ëüøóºòüñÿ â 1,7 ðàçà (ðèñ.
2,à).

Äî ñ³ìåéñòâà ÌÀÐK â³äíîñÿòü òàêîæ
JNK (c-Jun NH2-òåðì³íàëüíà ê³íàçà) òà
ð38-ê³íàçó, âì³ñò ÿêèõ áóëî âèçíà÷åíî ìå-
òîäîì ³ìóíîáëîòèíãó â êîð³ íàäíèðêîâèõ
çàëîç çà óìîâ ñòèìóëÿö³¿ òêàíèíè åñòðà-
ä³îëîì. Íåçíà÷íå çá³ëüøåííÿ âì³ñòó JNK
ñïîñòåð³ãàºòüñÿ â àäðåíîêîðòèêàëüí³é òêà-
íèí³ ïðè ââåäåíí³ 100 ìêã åñòðàä³îëó áåí-
çîàòó, âì³ñò ð38-ê³íàçè çàëèøàºòüñÿ áåç
çì³í ïðè ä³¿ îáîõ äîç åñòðàä³îëó (äèâ. ðèñ.
2,à) .  Ó êë³òèíàõ åíäîìåòð³ÿ ôîñôîðè-
ëþâàííÿ ö³º¿ ïðîòå¿íê³íàçè çá³ëüøóºòüñÿ
âæå ÷åðåç 2 õâ ³íêóáàö³¿ ç åñòðàä³îëîì,
ïðîòå òàìîêñèôåí ñïðè÷èíþº òàêèé ñàìèé
âïëèâ [24]. Ôîñôîðèëþâàííÿ ð38-ê³íàçè ³,
îñîáëèâî, ERK1/2 çá³ëüøóºòüñÿ ï³ä âïëèâîì
17?-åñòðàä³îëó â êë³òèííèõ ë³í³ÿõ MCF-7
ðàêó ìîëî÷íî¿ çàëîçè [12]. Åêñïåðèìåíòè ç
³íã³á³òîðàìè ïðîòå¿íê³íàçè À (Í89) ³ ÌÀÐÊ
(PD98059) ïîêàçàëè, ùî åôåêòè åñòðàä³îëó
â êë³òèííèõ ë³í³ÿõ Ò84 ðàêó òîâñòîãî
êèøå÷íèêà îïîñ åðåäêîâó þòüñÿ  ò ³ëüêè
ÌÀÐÊ [14].

Ñë³ä çàçíà÷èòè, ùî åñòðîãåíè âèêëè-
êàþòü àêòèâàö³þ åêñïðåñ³¿ íèçêè ãåí³â,
çîêðåìà ïðîòîîíêîãåí³â c-jun ³ c-fos [6, 12].
Ïðîäóêòè àêòèâàö³¿ öèõ ãåí³â, á³ëêè ñ-Jun ³
c-Fos, óòâîðþþ÷è ãîìî- òà ãåòåðîäèìåðí³

Ðèñ. 1. Âì³ñò 11-ã³äðîêñèêîðòèêîñòåðî¿ä³â ó ïëàçì³
êðîâ³ ùóð³â, ùî îòðèìóâàëè in vivo åñòðàä³îëó áåíçîàò:
1 � êîíòðîëü, 2,3 � 50 ³ 100 ìêã åñòðàä³îëó áåíçîàòó
â³äïîâ³äíî. **  P<0,01 (n = 5)
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êîìïëåêñè, âõîäÿòü äî ñêëàäó ôàêòîðà
òðàíñêðèïö³¿ ÀÐ-1, ÿêèé º íàäçâè÷àéíî
âàæëèâèì åëåìåíòîì ïåðåíåñåííÿ ñèãíàëó
â ÿäð³.

Ìè âèçíà÷àëè â àäðåíîêîðòèêîöèòàõ
âì³ñò á³ëêîâèõ ôàêòîð³â òðàíñêðèïö³¿ ñ-Jun
³ c-Fos, ÿê³ ìîæóòü áðàòè ó÷àñòü â îïîñå-
ðåäêóâàíí³ ðåãóëÿòîðíèõ ñèãíàë³â åñòðî-
ãåí³â  ó  êîð³  íàäíèðêîâèõ çàëîç .  Ñë³ä
â³äì³òèòè çíà÷íå çá³ëüøåííÿ âì³ñòó á³ëêà

ñ-Fos (1,8 ðàçà), ÿêå êîðåëþº ç ï³äâèùåííÿì
äîçè åñòðàä³îëó áåíçîàòó. Â öèõ óìîâàõ
âì³ñò á³ëêà ñ-Jun ó êîð³ íàäíèðêîâèõ çàëîç
ïðàêòè÷íî íå çì³íþºòüñÿ (äèâ. ðèñ. 2,á).

×åðåç çàëó÷åííÿ ðåöåïòîð³â åñòðîãåí³â,
àñîö³éîâàíèõ ç  G-á³ëêàìè  (GPR30), ³
ÌÀÐÊ ðåãóëþºòüñÿ ³íäóêö³ÿ åñòðîãåíàìè
âì³ñòó á³ëêà c-Fos ó òèðîöèòàõ. Òàêèé
ñòèìóëþâàëüíèé åôåêò ñóòòºâî ãàëüìó-
âàâñÿ áëîêóâàííÿì GPR30 òà ³íã³á³òîðîì
ÌÀÐÊ PD98059 [25]. Âì³ñò á³ëêà c-Fos
çá³ëüøóºòüñÿ ï³ä âïëèâîì 50 ìêã åñòðà-
ä³îëó áåíçîàòó ÿê in vivo â ãîíàäîòðîôàõ
ùóð³â ï³ñëÿ îâàð³îåêòîì³é [9], òàê ³ in vitro
â êë³òèííèõ ë³í³ÿõ ðàêó ÿº÷íèêà [6]  ³
êåðàòèíîöèòàõ ëþäèíè ï³ä âïëèâîì 17β-
åñòðàä³îëó [15].

Ðèñ. 2. Âïëèâ åñòðàä³îëó áåíçîàòó íà âì³ñò ïðîòå¿íê³íàç,
ùî àêòèâóþòüñÿ ì³òîãåíàìè (ÌÀÐ) (²) ³ ôàêòîð³â
òðàíñêðèïö³¿ c-Fos ³ c-Jun (²²) ó ãîìîãåíàòàõ êîðè
íàäíèðêîâèõ çàëîç ùóð³â: 1 � êîíòðîëü, 2,3 � 50 ìêã,
100 ìêã â³äïîâ³äíî: à � ERÊ 1/2, á � ð38, â � JNR, ã�ñ �
Fos, ä � c-Jun.* Ð<0,05
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Óñòàíîâëåíî, ùî c-jun òà  c-fos íå ºäèí³
ðàíí³ ïðîòîîíêîãåíè, åêñïðåñ³ÿ ÿêèõ ñòèìó-
ëþºòüñÿ åñòðîãåíàìè, 17β-åñòðàä³îë òàêîæ
³ñòîòíî çá³ëüøóº ð³âåíü åêñïðåñ³¿ ìÐÍÊ
ïðîòîîíêîãåíà c-myc â åìáð³îíàëüíèõ ñòîâ-
áóðîâèõ êë³òèíàõ [13]. Îñíîâíèé ðåãóëÿòîð
ôóíêö³¿ êîðè íàäíèðêîâèõ çàëîç � êîðòè-
êîòðîï³í �  ìàº çäàòí³ñòü  âïëèâàòè íà
åêñïðåñ³þ c-myc, ÿêà â àäðåíîêîðòèêîöèòàõ
øâèäøå çà âñå ïîâ�ÿçàíà íå ç ðåãóëÿö³ºþ
ñòåðî¿äîãåíåçó, à ç äèôåðåíö³þâàííÿì ³
ïðîë³ôåðàö³ºþ öèõ êë³òèí [18].

Òàêèì ÷èíîì, áàçóþ÷èñü íà îäåðæàíèõ
íàìè ðåçóëüòàòàõ ³ ë³òåðàòóðíèõ äàíèõ,
ìîæíà ñòâåðäæóâàòè ïðî çàëó÷åííÿ ÌÀÐÊ
ERK1/2 ³ ôàêòîðà òðàíñêðèïö³¿ c-Fos äî
ïåðåíåñåííÿ ðåãóëÿòîðíîãî ñèãíàëó åñòðà-
ä³îëó â êë³òèíàõ êîðè íàäíèðêîâèõ çàëîç.

O.I. Kovzun

INFLUENCE OF MITOGEN-ACTIVATED
PROTEIN KINASES AND TRANSCRIP-
TIONAL FACTOR C-FOS ON ESTRADIOL
SIGNAL TRANSDUCTION IN THE RAT
ADRENOCORTICOCYTES

Signal transduction mechanisms mediating estradiol regulatory
signals in the adrenal cortex were studied in rats. The effect of
estradiol benzoate treatment on corticosteroids secretion, levels
of ERK1/2, JNK, p38 mitogen-activated protein kinases, tran-
scription factors ñ-Jun and ñ-Fos in adrenal cortex were
investigated. The level of ERK1/2 was increased 1.7-fold in
adrenocortical tissue after injections (3 days, 100 mkg per rat)
of estradiol. However, the level of p38 kinase and protein
kinase JNK was not changed in these conditions. The tran-
scription factor AP-1, which includes c-Fos and c-Jun factors,
is involved in realization of estradiol signal transduction. The
level of c-Fos protein raised 1.8-fold after estradiol treatment,
c-Jun protein was not increased. We conclude that ERK1/2
kinase and transcriptional factor c-Fos mediate fast estrogen
signal transduction in adrenocorticocytes.

V.P. Komisarenko Institute of Endocrinology and Metabolism
of AMS, Kyiv
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