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ÓÄÊ 612.11:612.621.31:611 � 018.53.
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Åêñïðåñ³ÿ ìîëåêóë êë³òèííî¿ àäãåç³¿
ëåéêîöèòàìè ïåðèôåðè÷íî¿ êðîâ³
ï³ä âïëèâîì æ³íî÷èõ ñòåðî¿äíèõ ãîðìîí³â

Èçó÷åíî âëèÿíèå æåíñêèõ ñòåðîèäíûõ ãîðìîíîâ íà ýêñïðåññèþ ìîëåêóë àäãåçèè ëåéêîöèòàìè
(ëèìôîöèòàìè, ìîíîöèòàìè, ãðàíóëîöèòàìè) ïåðèôåðè÷åñêîé êðîâè. Ïîêàçàíî, ÷òî ïîä
âëèÿíèåì ïðîãåñòåðîíà ïðîèñõîäèëà èíãèáèöèÿ íåñòèìóëèðîâàííîé ýêñïðåññèè CD54 íà
ìîíîöèòàõ è ãðàíóëîöèòàõ áëàãîäàðÿ ñíèæåíèþ ïëîòíîñòè ìîëåêóë àäãåçèè íà ïîâåðõíîñòè
êëåòîê. 17β-ýñòðàäèîë èíãèáèðîâàë íåñòèìóëèðîâàííóþ ýêñïðåññèþ CD54 íà ìîíîöèòàõ è
CD69 íà ìîíîöèòàõ è ëèìôîöèòàõ òàêæå çà ñ÷åò óìåíüøåíèÿ ïëîòíîñòè ýòèõ ìîëåêóë íà
êëåòêàõ. Ïðîãåñòåðîí èíãèáèðîâàë ôàêòîð íåêðîçà îïóõîëåé (ÔÍÎ) � ñòèìóëèðîâàííóþ
ýêñïðåññèþ CD54 è CD11b íà ãðàíóëîöèòàõ è CD69 íà ëèìôîöèòàõ çà ñ÷åò ñíèæåíèÿ ïëîò-
íîñòè ýòèõ ìîëåêóë íà ïîâåðõíîñòè êëåòîê, è òàêèì îáðàçîì, ÷àñòè÷íî áëîêèðîâàë ïðî-
âîñïàëèòåëüíóþ àêòèâíîñòü öèòîêèíà. Ïðîãåñòåðîí òàêæå ñíèæàë ýêñïðåññèþ CD62L íà
ãðàíóëîöèòàõ çà ñ÷åò óìåíüøåíèÿ êîëè÷åñòâà ïîçèòèâíûõ ïî ýòîìó ìàðêåðó êëåòîê, ïðè
ýòîì óñèëèâàÿ äåéñòâèå ÔÍÎ. Ïîëó÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò îá ó÷àñòèè æåíñêèõ
ñòåðîèäíûõ ãîðìîíîâ â ðåãóëÿöèè ýêñïðåññèè ìîëåêóë àäãåçèè ëåéêîöèòàìè ïåðèôåðè÷åñêîé
êðîâè, â öèðêóëÿöèè è àêòèâàöèè ëåéêîöèòîâ.

ÂÑÒÓÏ

Ñïåöèô³÷íà àäãåç³ÿ ì³æ êë³òèíàìè àáî êë³òè-
íàìè òà ïîçàêë³òèííèì ìàòðèêñîì º ãîëîâíèì
êîìïîíåíòîì ì³ãðàö³¿ êë³òèí äî ïåâíèõ òêà-
íèí ³ ðîçï³çíàâàííÿ ì³æ êë³òèíàìè. Ö³ ìåõà-
í³çìè º îñíîâîþ áàãàòüîõ á³îëîã³÷íèõ ïðîöåñ³â
(åìáð³îãåíåç, ðåïàðàö³ÿ òêàíèí, ³ìóííà òà çà-
ïàëüíà â³äïîâ³äü òîùî). Â³äîìî, ùî çàâäÿêè
ïîâåðõíåâèì ìîëåêóëàì àäãåç³¿ ñ³ìåéñòâà
β2-³íòåãðèí³â (CD11b/CD18) òà ìîëåêóë³ àä-
ãåç³¿ ICAM-1 (CD54) â³äáóâàºòüñÿ ì³ãðàö³ÿ òà
ïðèêð³ïëåííÿ ëåéêîöèò³â äî ïîâåðõí³ åíäîòå-
ë³àëüíèõ êë³òèí ó ì³ñöÿõ çàïàëåííÿ. Åêñïðå-
ñ³ÿ öèõ ìîëåêóë õàðàêòåðíà ÿê äëÿ åíäîòåë³-
àëüíèõ êë³òèí, òàê ³ äëÿ ëåéêîöèò³â. Ìîëåêóëè
CD11b/CD18 òàêîæ ôóíêö³îíóþòü ÿê ðåöåï-
òîðè êîìïëåìåíòó íà ïîâåðõí³ åíäîòåë³àëü-
íèõ êë³òèí. ²íøà ìîëåêóëà àäãåç³¿ ³ç ñ³ìåéñòâà
ñåëåêòèí³â � CD62L º homing-ðåöåïòîðîì äëÿ

ë³ìôîöèò³â ³ ñïðèÿº ¿õ ì³ãðàö³¿ äî ïåðèôåðè÷-
íèõ ë³ìôàòè÷íèõ âóçë³â. Âîäíî÷àñ âîíà îïî-
ñåðåäêîâóº àäãåç³þ íåéòðîô³ë³â ó ì³ñöÿõ ëî-
êàëüíîãî çàïàëåííÿ äî êë³òèí åíäîòåë³þ, ÿê³
àêòèâîâàí³ ïðîçàïàëüíèìè öèòîê³íàìè. Òàêèì
÷èíîì, ïîâåðõíåâ³ ìîëåêóëè àäãåç³¿ â³ä³ãðàþòü
âàæëèâó ðîëü ó ì³ãðàö³¿ ëåéêîöèò³â äî ì³ñöü
çàïàëåííÿ òà â ïðîöåñ³ ì³ãðàö³¿ ë³ìôîöèò³â äî
ïåðèôåðè÷íèõ ë³ìôàòè÷íèõ ñóäèí (òàê çâàíî-
ãî �homing� ë³ìôîöèò³â).

Ïðîòå ìîëåêóëè àäãåç³¿ òàêîæ ìàþòü âå-
ëèêå çíà÷åííÿ â ðåïðîäóêòèâíèõ ïðîöåñàõ.
Âîíè åêñïðåñóþòüñÿ íà ïîâåðõí³ ñòðîìàëü-
íèõ êë³òèí åíäîìåòð³ÿ, êë³òèíàõ äåöèäóàëüíî¿
îáîëîíêè, íà ïîâåðõí³ òðîôîáëàñòà, â³ä³ãðà-
þòü ïðîâ³äíó ðîëü ó ï³äãîòîâö³ åíäîìåòð³ÿ äî
³ìïëàíòàö³¿ òà íà ðàíí³õ ñòàä³ÿõ ðîçâèòêó åì-
áð³îíà òîùî [3]. Ìîëåêóëè ñ³ìåéñòâà ³íòåã-
ðèí³â º áåçïîñåðåäí³ìè ðåãóëÿòîðàìè îðãàí³-
çàö³¿ ïîçàêë³òèííîãî ìàòðèêñà åìáð³îíà íà
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ïåðøèõ ñòàä³ÿõ ³ìïëàíòàö³¿ [28]. Ïîêàçàíî, ùî
åêñïðåñ³ÿ ìîëåêóë àäãåç³¿ íà âèùåçãàäàíèõ
êë³òèíàõ ïðÿìî àáî îïîñåðåäêîâàíî çíàõîäèòü-
ñÿ ï³ä âïëèâîì æ³íî÷èõ ñòåðî¿äíèõ ãîðìîí³â
[12, 22]. Òàêîæ â³äîìî, ùî ïðîãåñòåðîí ³
17β-åñòðàä³îë ïåâíèì ÷èíîì ðåãóëþþòü ì³ã-
ðàö³þ òà öèðêóëÿö³þ ëåéêîöèò³â ó äåöèäóàëü-
í³é îáîëîíö³, ùî º âàæëèâîþ ñêëàäîâîþ ô³ç³î-
ëîã³÷íîãî ïåðåá³ãó âàã³òíîñò³ [9, 18, 24, 27].
Îäíàê ìåõàí³çìè ëîêàëüíîãî âïëèâó æ³íî÷èõ
ñòåðî¿äíèõ ãîðìîí³â íà öèðêóëÿö³þ ³ìóíîêîì-
ïåòåíòíèõ êë³òèí íèí³ îñòàòî÷íî íå ç�ÿñîâàíî.

Ìåòîþ íàøî¿ ðîáîòè áóëî âèâ÷åííÿ âïëè-
âó æ³íî÷èõ ñòåðî¿äíèõ ãîðìîí³â íà åêñïðåñ³þ
ìîëåêóë àäãåç³¿ íà ïîâåðõí³ ëåéêîöèò³â ïåðè-
ôåðè÷íî¿ êðîâ³ (ë³ìôîöèò³â, ìîíîöèò³â ³ ãðà-
íóëîöèò³â).

ÌÅÒÎÄÈÊÀ

Îá�ºêòîì äîñë³äæåííÿ áóëè ëåéêîöèòè (ë³ì-
ôîöèòè, ìîíîöèòè òà ãðàíóëîöèòè) ïåðèôåðè÷-
íî¿ êðîâ³ ÷îòèðüîõ çäîðîâèõ ÷îëîâ³ê³â-äîíîð³â.
Ñåðåäîâèùå ³íêóáàö³¿ RPMI-1640 (�Sigma�,
ÑØÀ) ì³ñòèëî 10 % ä³àë³çîâàíî¿ ôåòàëüíî¿
ñèðîâàòêè (�BioMark, Inc.�, Óêðà¿íà) ³ ãåíòà-
ì³öèí (40 ìêã/ìë). Ôåòàëüíó ñèðîâàòêó ä³àë-
³çóâàëè 5 ðàç³â ó 20-ðàçîâîìó íàäëèøêó ôîñ-
ôàòíî-ñîëüîâîãî áóôåðíîãî ðîç÷èíó, ç ïðî-
íèêí³ñòþ ä³àë³çíî¿ ìåìáðàíè äëÿ ðå÷îâèí ç
ìîëåêóëÿðíîþ ìàñîþ ìåíøîþ í³æ 10 êÄà.

Äëÿ îö³íêè âïëèâó æ³íî÷èõ ñòåðî¿äíèõ ãîð-
ìîí³â íà åêñïðåñ³þ ïîâåðõíåâèõ ìîëåêóë àä-
ãåç³¿ çðàçêè ãåïàðèí³çîâàíî¿ êðîâ³ ³íêóáóâàëè
ïðè íàÿâíîñò³ ïðîãåñòåðîíó (âîäîðîç÷èííà
ôîðìà, �Sigma�, ÑØÀ) òà 17β-åñòðàä³îëó (âî-
äîðîç÷èííà ôîðìà, �Sigma�, ÑØÀ) ïðè 37 Ñ0

â ÑÎ
2
-³íêóáàòîð³ ïðîòÿãîì 4 ãîä, ç ïîäàëü-

øèì äîäàâàííÿì ôàêòîðà íåêðîçó ïóõëèí
(ÔÍÏ, ÍÂÎ �Âåêòîð�, Ðîñ³ÿ) ³ íàñòóïíîþ ³íêó-
áàö³ºþ ïðè 37 

î
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2
-³íêóáàòîð³ ïðîòÿãîì

18 ãîä. ßê êîíòðîëü âèêîðèñòîâóâàëè çðàçêè
ãåïàðèí³çîâàíî¿ êðîâ³, äî ÿêèõ äîäàâàëè ñå-
ðåäîâèùå ³íêóáàö³¿ áåç æ³íî÷èõ ñòåðî¿äíèõ
ãîðìîí³â ³ ÔÍÏ. Êîíöåíòðàö³¿ ãîðìîí³â äëÿ
åêñïåðèìåíòó (ê³íöåâà êîíöåíòðàö³ÿ ïðîãåñ-

òåðîíó 2 ìêã/ìë, à 17β-åñòðàä³îëó 0,2 ìêã/ìë)
áóëè îáðàí³ ç óðàõóâàííÿì ëîêàëüíî¿ ïðîäóêö³¿
ïðîãåñòåðîíó ³ 17β-åñòðàä³îëó â ñèñòåì³ ìàòè �
ïë³ä ïðîòÿãîì âàã³òíîñò³ [10, 15, 19]. Ê³íöåâà
êîíöåíòðàö³ÿ ÔÍÏ áóëà 2,5 íã/ìë.

Ïîâåðõíåâ³ ìîëåêóëè àäãåç³¿ âèçíà÷àëè â
çðàçêàõ êðîâ³ çà äîïîìîãîþ êîìá³íàö³¿ òðèêî-
ëüîðîâèõ ìîíîêëîíàëüíèõ àíòèò³ë (�Becton
Dickinson�, ÑØÀ) íà ïðîòî÷íîìó ôëóîðè-
ìåòð³ FACScan, âèêîðèñòîâóþ÷è FACScan Re-
search software (�Becton Dickinson�, ÑØÀ).
Äëÿ öüîãî, ïî çàê³í÷åíí³ ³íêóáàö³¿ êë³òèíè êðîâ³
â³äìèâàëè â³ä ñåðåäîâèùà ³íêóáàö³¿ ôîñôàò-
íî-ñîëüîâèì áóôåðíèì ðîç÷èíîì. Ñóñïåíç³þ
êë³òèí (ïî 50 ìêë) âíîñèëè äî ïðîá³ðîê, ÿê³
ì³ñòèëè ïî 10 ìêë â³äïîâ³äíèõ àíòèò³ë (CD54-
PE, CD11b-PE, CD62L-PE, CD69-PE), ³íêóáó-
âàëè 30 � 45 õâ ïðè ê³ìíàòí³é òåìïåðàòóð³.
Ïîò³ì ó êîæíó ïðîá³ðêó äîäàâàëè 2 ìë Lysing
solution (�Becton Dickinson�, ÑØÀ). Ï³ñëÿ
10 õâ ³íêóáóâàííÿ ïðîá³ðêè öåíòðèôóãóâàëè ç
ìåòîþ âèäàëåííÿ ë³çîâàíèõ åðèòðîöèò³â ³ â³ä-
ìèâàëè äâ³÷³ ôîñôàòíî-ñîëüîâèì áóôåðíèì
ðîç÷èíîì. Êë³òèíè àíàë³çóâàëè íà ïðîòî÷íî-
ìó öèòîôëóîðèìåòð³. Äëÿ â³äìåæóâàííÿ ë³ì-
ôîöèò³â â³ä ãðàíóëîöèò³â, ìîíîöèò³â, äåáðèñà,
íåë³çîâàíèõ åðèòðîöèò³â çðàçêè ³íêóáóâàëè ç
àíòè-CD45-PerCP ³ àíòè-CD-14-FITC ìîíî-
êëîíàëüíèìè àíòèò³ëàìè. ßê êîíòðîëü çâ�ÿçó-
âàííÿ àíòèò³ë âèêîðèñòîâóâàëè IgG1-FITC ³
IgG2-PE.

Àíàë³ç ðåçóëüòàò³â ïðîâîäèëè â ïðîãðàì³
Lysis ç âèðàõóâàííÿì ñåðåäíüî¿ ³íòåíñèâíîñò³
ôëóîðåñöåíö³¿ êë³òèí çà ëîãàðèôì³÷íîþ øêà-
ëîþ êàíàë³â ôëóîðåñöåíö³¿ (ÑÊÔ � ñåðåäí³é
êàíàë ôëóîðåñöåíö³¿). Çíà÷åííÿ ñåðåäíüî¿ ³í-
òåíñèâíîñò³ ôëóîðåñöåíö³¿ (Ñ²Ô) ïåðåâîäèëè
äî ïîêàçíèêà ë³í³éíî¿ ³íòåíñèâíîñò³ ôëóîðåñöåí-
ö³¿ (Ë²Ô) çà äîïîìîãîþ ôîðìóëè Ë²Ô=2(Ñ²Ô/17).

Ñóìàðí³ ðåçóëüòàòè áóëî îòðèìàíî âíàñë³-
äîê ÷îòèðüîõ íåçàëåæíèõ ïîñòàíîâîê åêñïå-
ðèìåíòó. Ñòàòèñòè÷íó îáðîáêó çä³éñíþâàëè
ç âèêîðèñòàííÿì ïðîãðàìíîãî ïàêåòó Micr-
osoft Excel. Âèêîðèñòîâóâàëè ïàðàìåòðè÷íèé
êðèòåð³é t Ñòüþäåíòà äëÿ âèÿâëåííÿ äîñòîâ-
³ðíèõ â³äì³ííîñòåé (Ð<0,05) ì³æ ñåðåäí³ìè
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çíà÷åííÿìè ó âèá³ðêàõ ç íîðìàëüíèì ðîçïî-
ä³ëîì ðåçóëüòàò³â (äëÿ âñòàíîâëåííÿ äîñòî-
â³ðíèõ â³äì³ííîñòåé ì³æ â³äñîòêàìè åêñïðåñ³¿
òîãî ÷è ³íøîãî ìàðêåðà ï³ä âïëèâîì ãîðìîíà
ïîð³âíÿíî ç êîíòðîëåì); òà òåñò Ñòüþäåíòà
äëÿ âèÿâëåííÿ äîñòîâ³ðíèõ â³äì³ííîñòåé
(Ð<0,05) ì³æ ñåðåäí³ìè çíà÷åííÿìè â ïàðíèõ
âèá³ðêàõ (äëÿ âñòàíîâëåííÿ äîñòîâ³ðíèõ â³ä-
ì³ííîñòåé ì³æ çíà÷åííÿìè åêñïðåñ³¿ òîãî ÷è
³íøîãî ìàðêåðà â âèá³ðêàõ ï³ä ä³ºþ ãîðìîí³â ³
ÔÍÏ ïîð³âíÿíî ç êîíòðîëåì ÷è âïëèâîì ñà-
ìîãî ÔÍÏ).

ÐÅÇÓËÜÒÀÒÈ ÒÀ ̄ Õ ÎÁÃÎÂÎÐÅÍÍß

Ó ðàç³ âèâ÷åííÿ åêñïðåñ³¿ ìîëåêóë àäãåç³¿ íà
ïîâåðõí³ ëåéêîöèò³â ïåðèôåðè÷íî¿ êðîâ³ ï³ä
ä³ºþ ïðîãåñòåðîíó òà 17β-åñòðàä³îëó, áó-
ëî äîñë³äæåíî îêðåì³ ïîïóëÿö³¿ êë³òèí, à
ñàìå: ë³ìôîöèòè, ìîíîöèòè òà ãðàíóëî-
öèòè. Â³äñîòîê öèõ ïîïóëÿö³¿ êë³òèí ïå-
ðèôåðè÷íî¿ êðîâ³ çàëèøàâñÿ íåçì³ííèì ï³ä
÷àñ ³íêóáàö³¿ ç æ³íî÷èìè ñòàòåâèìè ãîðìîíà-
ìè òà ÔÍÏ (äàí³ íå íàâåäåíî).

Åêñïðåñ³ÿ CD54 ( ICAM-1) çíà÷íî ï³äñè-
ëþâàëàñÿ ï³ä âïëèâîì ÔÍÏ íà ìîíîöèòàõ ³
ãðàíóëîöèòàõ ïåðèôåðè÷íî¿ êðîâ³ (íà 198 ³
312 % â³äïîâ³äíî) (ðèñóíîê, I). Â³äñîòîê ìî-
íîöèò³â ³ ãðàíóëîöèò³â, ùî åêñïðåñóþòü äàíó
ìîëåêóëó àäãåç³¿, çàëèøàâñÿ íåçì³ííèì ï³ä
âïëèâîì ñòåðî¿äíèõ ãîðìîí³â ³ ÔÍÏ, ³ ñòà-
íîâèâ ïðèáëèçíî 100 % (òàáëèöÿ). Ï³ä ä³ºþ
ÔÍÏ â³äñîòîê ïîçèòèâíèõ çà öèì ìàðêåðîì
ë³ìôîöèò³â òà ³íòåíñèâí³ñòü éîãî åêñïðåñ³¿
òàêîæ çàëèøàëèñÿ íåçì³ííèìè. Ïðîãåñòåðîí
ñàì ïî ñîá³ âèêëèêàâ çíèæåííÿ åêñïðåñ³¿
ICAM-1 íà ìîíîöèòàõ ³ ãðàíóëîöèòàõ. Êîì-
á³íàö³ÿ ñòåðî¿äíèõ ãîðìîí³â ç ÔÍÏ íå âïëè-
âàëà íà åêñïðåñ³þ öüîãî ìàðêåðà ïîð³âíÿíî
ç ä³ºþ ñàìîãî ëèøå ÔÍÏ, îêð³ì âïëèâó
íà ãðàíóëîöèòè, êîëè ïðîãåñòåðîí âèêëèêàâ
äîñòîâ³ðíå çíèæåííÿ åêñïðåñ³¿ CD54 (íà
16 %) ïîð³âíÿíî ç åêñïðåñ³ºþ ï³ä ä³ºþ ÔÍÏ
(äèâ. ðèñóíîê, I).

Çà óìîâ âïëèâó ÔÍÏ òàêîæ ï³äñèëþâà-
ëàñü åêñïðåñ³ÿ ³íøî¿ ìîëåêóëè àäãåç³¿, CD11b,

íà ëåéêîöèòàõ ïåðèôåðè÷íî¿ êðîâ³ (äëÿ ë³ì-
ôîöèò³â, ìîíîöèò³â ãðàíóëîöèò³â íà 14, 37 òà
143 % â³äïîâ³äíî) (äèâ. ðèñóíîê, II). Îäíàê
â³äñîòîê ïîçèòèâíèõ çà öèì ìàðêåðîì ëåé-
êîöèò³â íå çì³íþâàâñÿ ï³ä âïëèâîì ïðîçà-
ïàëüíîãî öèòîê³íà òà æ³íî÷èõ ñòåðî¿äíèõ
ãîðìîí³â (äèâ. òàáëèöþ). Ïðîãåñòåðîí ³
17β-åñòðàä³îë ³ñòîòíî íå âïëèâàëè íà íåñòè-
ìóëüîâàíó åêñïðåñ³þ ö³º¿ ìîëåêóëè àäãå-
ç³¿, õî÷à ïðîãåñòåðîí äîñòîâ³ðíî çíèæóâàâ
ÔÍÏ-ñòèìóëüîâàíó åêñïðåñ³þ CD11b íà ãðà-
íóëîöèòàõ (äèâ. ðèñóíîê, II).

Åêñïðåñ³ÿ ìîëåêóëè àäãåç³¿ CD62L ìàé-
æå íå çíèæóâàëàñÿ ï³ä âïëèâîì ÔÍÏ íà ë³ì-
ôîöèòàõ ³ ìîíîöèòàõ, à ñòàòèñòè÷íî äîñòî-
â³ðíà ³íã³á³ö³ÿ ñïîñòåð³ãàëàñÿ ëèøå íà ãðà-
íóëîöèòàõ (íà 82 %; äèâ. ðèñóíîê, III). Öå
â³äïîâ³äàëî çíà÷íîìó çíèæåííþ ê³ëüêîñò³
ïîçèòèâíèõ çà öèì ìàðêåðîì ìîíîöèò³â ³ íå-
çíà÷íîìó çíèæåííþ ïîçèòèâíèõ ãðàíóëîöè-
ò³â (äèâ.òàáëèöþ). Òàêèì ÷èíîì, çà óìîâ
âïëèâó ÔÍÏ çìåíøóâàëàñÿ ñàìå ù³ëüí³ñòü
öüîãî ìàðêåðà íà ãðàíóëîöèòàõ. Ïðîãåñòå-
ðîí ìàéæå íå âïëèâàâ íà íåñòèìóëüîâàíó
åêñïðåñ³þ ö³º¿ ìîëåêóëè íà âñ³õ òèïàõ êë³òèí
³ â³äñîòîê ïîçèòèâíèõ çà ö³ºþ ìîëåêóëîþ
êë³òèí (äèâ. ðèñóíîê, III). Ï³ä ä³ºþ êîìá³-
íàö³¿ ïðîãåñòåðîíó òà ÔÍÏ â³äáóâàëàñÿ äî-
äàòêîâà ³íã³á³ö³ÿ åêñïðåñ³¿ CD62L íà ãðàíó-
ëîöèòàõ ïîð³âíÿíî ç âïëèâîì ñàìîãî ÔÍÏ,
ùî ñóïðîâîäæóâàëîñÿ çíèæåííÿì â³äñîòêà
ïîçèòèâíèõ çà öèì ìàðêåðîì êë³òèí (äèâ.-
òàáëèöþ).

Åêñïðåñ³ÿ àêòèâàö³éíîãî ìàðêåðà CD69,
ùî òàêîæ âèêîíóº ôóíêö³¿ ìîëåêóëè àäãåç³¿,
ï³ä ä³ºþ ÔÍÏ ï³äñèëþâàëàñÿ íà ãðàíóëîöè-
òàõ, ç â³äïîâ³äíèì çá³ëüøåííÿì â³äñîòêà ïî-
çèòèâíèõ çà ö³ºþ ìîëåêóëîþ ãðàíóëîöèò³â ³
ë³ìôîöèò³â (äèâ. òàáëèöþ). 17β-åñòðàä³îë
çíà÷íî ³íã³áóâàâ íåñòèìóëüîâàíó åêñïðåñ³þ
CD69 íà ìîíîöèòàõ ³ ë³ìôîöèòàõ, à ïðîãåñ-
òåðîí íå ìàâ çíà÷íîãî âïëèâó íà åêñïðåñ³þ
ö³º¿ ìîëåêóëè. Âîäíî÷àñ ï³ä ä³ºþ æ³íî÷èõ
ñòåðî¿äíèõ ãîðìîí³â íåäîñòîâ³ðíî çíèæóâàâ-
ñÿ â³äñîòîê ïîçèòèâíèõ êë³òèí CD69. Îäíàê
íà ë³ìôîöèòàõ ï³ä ä³ºþ ïðîãåñòåðîíó ñïîñ-

Åêñïðåñ³ÿ ìîëåêóë êë³òèííî¿ àäãåç³¿
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IV
Åêñïðåñ³ÿ ìîëåêóë àäãåç³¿ (I � CD54, II � CD11b, III � CD62L, IV � CD69) íà ïîâåðõí³ ëåéêîöèò³â ïåðèôåðè÷íî¿ êðîâ³
(à � ë³ìôîöèò³â, á � ìîíîöèò³â, â � ãðàíóëîöèò³â) ï³ä âïëèâîì æ³íî÷èõ ñòåðî¿äíèõ ãîðìîí³â ³ ôàêòîðà íåêðîçó ïóõëèí (ÔÍÏ):
1 � êîíòðîëü; 2 � ÔÍÏ (2,5 íã/ìë); 3 � ïðîãåñòåðîí (2 ìêã/ìë); 4 � ÔÍÏ (2,5 íã/ìë) ³ ïðîãåñòåðîí (2 ìêã/ìë); 5 �
17β-åñòðàä³îë (0,2 ìêã/ìë); 6 � ÔÍÏ (2,5 íã/ìë) ³ 17β-åñòðàä³îë (0,2 ìêã/ìë), Ë²Ô � ë³í³éíà ³íòåíñèâí³ñòü ôëóîðåñöåíö³¿.
* Ð<0,05 ïîð³âíÿíî ç êîíòðîëåì;
** Ð<0,05 ïîð³âíÿíî ç³ çíà÷åííÿìè ï³ä âïëèâîì ÔÍÏ.

Â.Ï .×åðíèøîâ, Ì.Î. Âîäÿíèê, Ñ.Ï. Ãðåêîâà

òåð³ãàëîñÿ çíèæåííÿ íà 12% ÔÍÏ-ñòèìóëüî-
âàíî¿ åêñïðåñ³¿ ö³º¿ ìîëåêóëè (äèâ. ðèñóíîê, IV).

Òàêèì ÷èíîì, ÔÍÏ ïðîÿâëÿâ ïðîçàïàëüí³
âëàñòèâîñò³, ï³äñèëþþ÷è åêñïðåñ³þ ìîëåêóë

àäãåç³¿ CD54, CD11b, CD69, òà çíèæóþ÷è åêñ-
ïðåñ³þ CD62L. Ïðîãåñòåðîí ³íã³áóâàâ íåñòè-
ìóëüîâàíó åêñïðåñ³þ CD54 íà ìîíîöèòàõ ³
ãðàíóëîöèòàõ, à 17β-åñòðàä³îë � CD54 íà ìî-
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íîöèòàõ ³ CD69 íà ìîíîöèòàõ ³ ë³ìôîöèòàõ
âíàñë³äîê çíèæåííÿ ù³ëüíîñò³ öèõ ìîëåêóë.
Ïðîãåñòåðîí çíèæóâàâ ÔÍÏ-ñòèìóëüîâàíó
åêñïðåñ³þ CD54 ³ CD11b íà ãðàíóëîöèòàõ ³
CD69 íà ë³ìôîöèòàõ ÷åðåç çìåíøåííÿ ù³ëü-
íîñò³ öèõ ìîëåêóë íà ïîâåðõí³ êë³òèí ³ òèì
ñàìèì ÷àñòêîâî áëîêóâàâ ïðîçàïàëüíó àê-
òèâí³ñòü öüîãî öèòîê³íà. Ï³ä ä³ºþ êîìá³íàö³¿
ïðîãåñòåðîíó ³ ÔÍÏ òàêîæ â³äáóâàëàñÿ äî-
äàòêîâà ³íã³á³ö³ÿ åêñïðåñ³¿ CD62L íà ãðàíóëî-
öèòàõ ïîð³âíÿíî ç³ âïëèâîì ñàìîãî ÔÍÏ çà
ðàõóíîê çìåíøåííÿ ê³ëüêîñò³ ïîçèòèâíèõ çà
öèì ìàðêåðîì êë³òèí.

ßê â³äîìî ç ïîïåðåäí³õ ðîá³ò, ð³âåíü ðîç-
÷èííèõ ìîëåêóë àäãåç³¿ ò³ñíî âçàºìîçâ�ÿçàíèé
³ç âì³ñòîì æ³íî÷èõ ñòåðî¿äíèõ ãîðìîí³â ó ñè-
ðîâàòö³ êðîâ³. Ç³ çá³ëüøåííÿì âì³ñòó 17β-åñ-
òðàä³îëó ï³ä ÷àñ âàã³òíîñò³ òà âæèâàííÿ êîì-
á³íîâàíèõ ãîðìîíàëüíèõ ïðåïàðàò³â çíè-
æóâàâñÿ ð³âåíü ðîç÷èííîãî E-selectin [7, 11]

òà ðîç÷èííîãî ICAM-1 [20], à ð³âåíü sICAM-1
ó ñèðîâàòö³ êðîâ³ æ³íîê ç³ ñïîíòàííèìè àáîð-
òàìè êîðåëþâàâ ç ïåðåá³ãîì âàã³òíîñò³ [21].

Îñê³ëüêè æ³íî÷³ ñòåðî¿äí³ ãîðìîíè âïëè-
âàþòü íà ð³âí³ ðîç÷èííèõ ìîëåêóë àäãåç³¿, î÷å-
âèäíî, ùî âîíè ìîæóòü áåçïîñåðåäíüî ä³ÿòè ³
íà åêñïðåñ³þ öèõ ìîëåêóë íà êë³òèíàõ åíäî-
òåë³þ. Îäíàê äàí³ ïðî åôåêòè ïðîãåñòåðîíó ³
17β-åñòðàä³îëó ñóïåðå÷ëèâ³. Òàê, 17β-åñòðà-
ä³îë ³ ïðîãåñòåðîí ï³äñèëþâàëè ÔÍÏ-³íäóêî-
âàíó àäãåç³þ ïîë³ìîðôîÿäåðíèõ ëåéêîöèò³â ³
ÐÌÀ-àêòèâîâàíèõ ë³ìôîöèò³â ïåðèôåðè÷íî¿
êðîâ³ äî êë³òèí åíäîòåë³þ. Âîäíî÷àñ 17β-åñ-
òðàä³îë íå âïëèâàâ íà ²Ë-1-ñòèìóëüîâàíó àä-
ãåç³þ ëåéêîöèò³â äî åíäîòåë³þ [5]. Ó äåÿêèõ
ïðàöÿõ ïîêàçàíî, ùî â³í ìîæå ï³äñèëþâà-
òè ÔÍÏ-ñòèìóëüîâàíó åêñïðåñ³þ E-selectin,
ICAM-1, VCAM-1 íà ïîâåðõí³ åíäîòåë³àëü-
íèõ êë³òèí. Ïðîãåñòåðîí àáî íå ìàº âïëèâó
íà åêñïðåñ³þ öèõ ìîëåêóë, àáî ³íã³áóº ¿¿ [1, 5 ,

Åêñïðåñ³ÿ ìîëåêóë êë³òèííî¿ àäãåç³¿

CD54

     Ë³ìôîöèòè 56,3±14,8 64,2±17,0 59,8±18,0 62,8±14,0 50,6±2,8 57,25±2,5

     Ìîíîöèòè 98,1±3,8 96,8±6,4 100 100 97,7±3,3 100

     Ãðàíóëîöèòè 92,0±7,5 97,4±3,1 95,9±3,1 98,0±2,4 93,2±2,7 96,1±1,0

CD11b

     Ë³ìôîöèòè 27,8±6,8 25,8±6,9 27,2±7,2 25,5±4,0 23,6±3,3 23,5±2,1

     Ìîíîöèòè 96,1±4,5 96,8±6,4 98,7±2,7 100 97,4±3,7 95,4±6,5

     Ãðàíóëîöèòè 99,00±1,4 97,9±2,9 97,8±2,6 98,4±2,1 95,6±0,1 96,8±1,6

CD62L

     Ë³ìôîöèòè 66,3±12,2 67,4±11,6 67,7±10,1 67,0±12,5  �  �

     Ìîíîöèòè 19,6±5,7 9,9±5,3* 15,1±11,9 13,8±5,5  �  �

     Ãðàíóëîöèòè 77,8±12,9 57,0±20,9 83,1±6,7 54,0±18,9  �  �

CD69

     Ë³ìôîöèòè 4,5±1,4 7,3±0,5* 2,8±0,3 7,7±0,6* 3,3±0,1 9,6±0,7*

     Ìîíîöèòè 25,5±2,0 19,2±14,4 17,2±6,9 24,3±19,3 22,4±6,8 23,5±17,6

     Ãðàíóëîöèòè 33,4±14,1 61,3±1,8* 23,2±8,1 65,1±4,1* 22,1±0,3 70,7±2,1*

* Ð<0,05 ïîð³âíÿíî ç êîíòðîëåì.

Åêñïðåñ³ÿ ìîëåêóë àäãåç³¿ (%) êë³òèíàìè ïåðèôåðè÷íî¿ êðîâ³ ï³ä âïëèâîì ôàêòîðà íåêðîçó ïóõëèí (ÔÍÏ;
2,5 íã/ìë) ³ æ³íî÷èõ ñòåðî¿äíèõ ãîðìîí³â: ïðîãåñòåðîíó (2 ìêã/ìë) òà 17β-åñòðàä³îëó (0,2 ìêã/ìë) (M±SD)

Ìîëåêóëè  àäãåç³¿ Êîíòðîëü ÔÍÏ Ïðîãåñòåðîí
ÔÍÏ ³

ïðîãåñòåðîí
17β-åñòðàä³îë

ÔÍÏ ³
17β-åñòðàä³îë
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26]. Òàêîæ ç³ çá³ëüøåííÿì âì³ñòó ïðîãåñòå-
ðîíó ïðè ã³ïåðñòèìóëÿö³¿ ÿº÷íèê³â (ó ìåæàõ
ïðîãðàìè IVF) ñïîñòåð³ãàëîñÿ çíèæåííÿ åêñ-
ïðåñ³¿ L-selectin íà íåéòðîô³ëàõ [16]. ²íø³ àâ-
òîðè äîâîäÿòü, ùî 17β-åñòðàä³îë ³íã³áóâàâ ²Ë-
1-ñòèìóëüîâàíó åêñïðåñ³þ IÑAM-1, E-selectin
³ VCAM-1 íà ïîâåðõí³ åíäîòåë³àëüíèõ êë³òèí
(íà 60 � 80 %) [4] òà àäãåç³þ êë³òèí ìîíîöè-
òàðíî¿ ë³í³¿ THP-1 äî åíäîòåë³àëüíèõ êë³òèí ó
äîçîâ³é çàëåæíîñò³ (ïðîãåñòåðîí íå ìàâ âïëè-
âó) [23]. Àêòèâí³ñòü æ³íî÷èõ ñòåðî¿äíèõ ãîð-
ìîí³â çà ðåãóëÿö³ºþ åêñïðåñ³¿ ìîëåêóë àäãåç³¿,
î÷åâèäíî, ïðèòàìàííà é ³íøèì ñòåðî¿äíèì
ãîðìîíàì. Â³äîìî, ùî çíèæåííÿ åêñïðåñ³¿
ìîëåêóë àäãåç³¿ º õàðàêòåðíîþ ïðîòèçà-
ïàëüíîþ âëàñòèâ³ñòþ ãëþêîêîðòèêî¿ä³â.
Íàïðèêëàä, äåêñàìåòàçîí çíà÷íî çíèæóº
åêñïðåñ³þ IÑAM-1, E-selectin, VCAM-1,
ÿêó ñòèìóëþº ²Ë-1 íà ïîâåðõí³ åíäîòåë³-
àëüíèõ êë³òèí [1]. Öå â³äáóâàºòüñÿ çàâäÿ-
êè âçàºìîä³¿ ðåöåïòîð³â ãëþêîêîðòèêî¿ä³â
ç ôàêòîðîì òðàíñêðèïö³¿ NF-kB, ÿêèé ðå-
ãóëþº àêòèâàö³þ ãåí³â ìîëåêóë àäãåç³¿
[8]. Òàêîæ ï³ä ÷àñ ³íêóáàö³¿ ìèøà÷èõ åîçè-
íîô³ë³â ç äåêñàìåòàçîíîì çíà÷íî çíèæóâàëàñü
çàëåæíî â³ä äîçè ïîâåðõíåâà åêñïðåñ³ÿ ìîëå-
êóë àäãåç³¿ CD11b ³ CD49d, ùî ñóïðîâîäæóâà-
ëîñÿ ïðèãí³÷åííÿì õåìîòàêñèñó öèõ êë³òèí
[13].

ßê âèäíî ç íàâåäåíèõ äàíèõ, æ³íî÷³ ñòå-
ðî¿äí³ ãîðìîíè ìîæóòü ðåãóëþâàòè åêñïðåñ³þ
ìîëåêóë àäãåç³¿ íà ïîâåðõí³ åíäîòåë³þ ëåéêî-
öèò³â. Öå âàæëèâî äëÿ ïåðåá³ãó âàã³òíîñò³,
îñê³ëüêè ëîêàëüíî â äåöèäóàëüí³é îáîëîíö³
â ïåðøîìó òðèìåñòð³ âàã³òíîñò³ çíà÷íî
çá³ëüøóºòüñÿ ê³ëüê³ñòü ëåéêîöèò³â. Â³äîìî,
ùî ïðîãåñòåðîí ³ 17β-åñòðàä³îë êîíòðî-
ëþþòü ¿õ öèðêóëÿö³þ â åíäîìåòð³¿ ï³ä ÷àñ ìåí-
ñòðóàëüíîãî öèêëó òà â äåöèäóàëüí³é îáîëîíö³
ï³ä ÷àñ ³ìïëàíòàö³¿ òà âàã³òíîñò³. Öå ìîæå
â³äáóâàòèñÿ îïîñåðåäêîâàíî ÷åðåç âïëèâ æ³íî-
÷èõ ñòåðî¿äíèõ ãîðìîí³â íà õåìîòàêòè÷í³ ïåï-
òèäè (ìîíîöèòàðíèé õåìîòàêòè÷íèé ïåïòèä,
ãðàíóëîöèò-ìàêðîôàãàëüíèé êîëîí³îñòèìóëþ-
âàëüíèé ôàêòîð òîùî) [9, 18, 27]. Îäíàê,
ÿê âèäíî ç íàâåäåíèõ äàíèõ, ìîæëèâèé ìå-

õàí³çì áåçïîñåðåäíüîãî ðåãóëþâàííÿ öèð-
êóëÿö³¿ é àäãåç³¿ ëåéêîöèò³â çàâäÿêè ðåãóëÿö³¿
åêñïðåñ³¿ ìîëåêóë àäãåç³¿. Âàæëèâî â³äì³òè-
òè, ùî ïðîãåñòåðîí ³ 17β-åñòðàä³îë íåç-
íà÷íî çíèæóâàëè íåñòèìóëüîâàíó åêñïðåñ³þ
CD54 òà CD69 íà ð³çíèõ òèïàõ êë³òèí. Öå
â³äáóâàëîñÿ âíàñë³äîê çíèæåííÿ ¿õ ù³ëüíîñò³
íà ïîâåðõí³ êë³òèí. Ïðîãåñòåðîí òàêîæ çíè-
æóâàâ ÔÍÏ-ñòèìóëüîâàíó åêñïðåñ³þ CD54,
CD11b ³ CD62L íà ãðàíóëîöèòàõ ³ CD69
íà ë³ìôîöèòàõ. Òîáòî â³äáóâàëîñÿ çàãàëüíà
³ìóíîñóïðåñèâíà òà ñïåöèô³÷íà ïðîòèàáîð-
òèâíà àêòèâí³ñòü æ³íî÷èõ ñòåðî¿äíèõ ãîð-
ìîí³â, ñïðÿìîâàíó íà åë³ì³íàö³þ àêòèâîâà-
íèõ ë³ìôîöèò³â. Àäæå â³äîìî, ùî çíà÷íå
ï³äâèùåííÿ àêòèâîâàíèõ CD69 ³ CD25 ïî-
çèòèâíèõ Ò-ë³ìôîöèò³â áóëî â³äì³÷åíî â
äåöèäóàëüí³é îáîëîíö³ ï³ñëÿ ñïîíòàííîãî
àáîðòó ïîð³âíÿíî ç òåðàïåâòè÷íèì àáîðòîì
[25]. Ìîæíà ïåðåäáà÷èòè, ùî ïðîãåñòåðîí ³
17β-åñòðàä³îë ÷àñòêîâî áëîêóþòü ïàòîëî-
ã³÷í³ äëÿ ïåðåá³ãó âàã³òíîñò³ åôåêòè ÔÍÏ ³
ïðîÿâëÿþòü ïðîòèàáîðòèâíó àêòèâí³ñòü. Àä-
æå â³äîìî, ùî çàâäÿêè ïðîÿâàì ïàòîëîã³÷íèõ
åôåêò³â, ÔÍÏ º àáîðòèâíèì àãåíòîì [2, 6, 14, 17].

Òàêèì ÷èíîì, ïðîãåñòåðîí ³ 17β-åñòðàä³-
îë, çàâäÿêè ìîäóëÿö³¿ åêñïðåñ³¿ ìîëåêóë àä-
ãåç³¿ íà ïîâåðõí³ êë³òèí ïåðèôåðè÷íî¿ êðîâ³,
ìîæóòü áðàòè ó÷àñòü ó ðåãóëþâàíí³ àäãåç³¿
òà àêòèâàö³¿ ëåéêîöèò³â ï³ä ÷àñ âàã³òíîñò³.

ÂÈÑÍÎÂÊÈ

1. Ïðîãåñòåðîí ³íã³áóâàâ íåñòèìóëüîâàíó åê-
ñïðåñ³þ CD54 íà ìîíîöèòàõ ³ ãðàíóëîöèòàõ, à
17β-åñòðàä³îë � CD69 íà ìîíîöèòàõ òà ë³ìôî-
öèòàõ âíàñë³äîê çíèæåííÿ ù³ëüíîñò³ ìîëåêóë
àäãåç³¿ íà ïîâåðõí³ êë³òèí.

2. Ïðîãåñòåðîí çíèæóâàâ ÔÍÏ-ñòèìóëüî-
âàíó åêñïðåñ³þ CD54 ³ CD11b íà ãðàíóëîöè-
òàõ ³ CD69 íà ë³ìôîöèòàõ ÷åðåç çìåíøåííÿ
ù³ëüíîñò³ öèõ ìîëåêóë íà ïîâåðõí³ êë³òèí, à
òàêîæ äîäàòêîâî çíèæóâàâ åêñïðåñ³þ CD62L
íà ãðàíóëîöèòàõ ïðè íàÿâíîñò³ ÔÍÏ ³ òèì ñà-
ìèì ÷àñòêîâî áëîêóâàâ ïðîçàïàëüíó àêòèâ-
í³ñòü öüîãî öèòîê³íà.
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EXPRESSION OF ADHESION MOLECULES ON
PERIPHERAL BLOOD LEUKOCYTES UNDER
INFLUENCE OF FEMALE STEROID HORMONES

The specific adhesion of cells to other cells or to extracellular
matrices is a basic component of cell migration and recognition,
and it underlies a lot of  biologic processes including embryo-
genesis, tissue repair, and both immune and inflammatory
responses. The aim of this study was to investigate the
influence of female steroid hormones on expression of the
adhesion molecules on the leukocytes. The whole blood from
healthy people was incubated in a presence or an absence of
progesterone (2 µg/ml) or 17β � estradiol (0.2 µg/ml) for 4h.,
and then with TNF for 18h. The phenotype of the leukocytes
was investigated by flow cytometry. Progesterone inhibited
an expression of CD54 on monocytes and lymphocytes due
to reducing density of these molecules on the cellular surface;
17β � estradiol inhibited an expression of CD54 on monocytes
and CD69 molecules on monocytes and lymphocytes due to
reducing density of these molecules on the cellular surface.
Progesterone inhibited TNF � stimulated CD54 and CD11b
expression on the granulocytes and CD69 expression on
lymphocytes by reducing partly the density of these mole-
cules on the surface of cells, and in sucl  way it parthly
blocked the proinflammatory activity of this cytokine. Proges-
terone also reduced CD62L expression on the granulocytes
by reducing an amount of a marker, positive to those cells but
enhanced the effect of TNF. The data obtained evidence that  female
steroid hormones take part in the regulation of an expression of
adhesion molecules by the leukocytes and are likely to be impor-
tante in the circulation and activation of the leucocytes.

Institute of Pediatrics, Obstetrics and Gynecology, Academy
of Medical Sciences, Kiev, Ukraine
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