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Ã²ÍÅÊÎËÎÃ²ß

Åíäîìåòð³îç – öå çàõâîðþâàííÿ, ùî õà-
ðàêòåðèçóºòüñÿ ðîçðîñòàííÿì òêàíèíè, çà
ìîðôîëîã³÷íèìè õàðàêòåðèñòèêàìè ñõîæî¿ íà
åíäîìåòð³é, ïîçà ìåæàìè ïîðîæíèíè ìàòêè
[1, 2]. Åíäîìåòð³îç º òðåò³ì çà ÷àñòîòîþ ïðè-
÷èííèì ôàêòîðîì áåçïë³ääÿ. Çàãàëüíîâ³äîìî,
ùî äàíå çàõâîðþâàííÿ ðîçâèâàºòüñÿ íà òë³
ãîðìîíàëüíèõ ïîðóøåíü, ãåíåòè÷íî¿ ñõèëü-
íîñò³ òà ³ìóíîëîã³÷íîãî äèñáàëàíñó [3, 4].
Íåçâàæàþ÷è íà âåëèêó ê³ëüê³ñòü ðîá³ò, ïðè-
ñâÿ÷åíèõ ö³é ïðîáëåì³, ³ìóíîïàòîãåíåç åí-
äîìåòð³îçó òà ñïðè÷èíåíîãî íèì áåçïë³ääÿ
äîñòåìåííî íå ç’ÿñîâàí³ [1, 4, 5].

Îñê³ëüêè åíäîìåòð³î¿äí³ óðàæåííÿ ÷àñòî
ïðèñóòí³ â ÷åðåâí³é ïîðîæíèí³, òî âîíè çíà-
õîäÿòüñÿ â áåçïîñåðåäíüîìó êîíòàêò³ ç ïåðè-
òîíåàëüíîþ ð³äèíîþ, êîòðà îìèâàº ïîðîæ-
íèíè ìàëîãî òàçó, ìàòêó, ìàòêîâ³ òðóáè òà
ÿº÷íèêè. ßê â³äîìî, ïåðèòîíåàëüíà ð³äèíà
ì³ñòèòü âåëèêó ê³ëüê³ñòü åëåìåíò³â ³ìóííî¿
ñèñòåìè, ÿê³ ïîâèíí³ çä³éñíþâàòè êîíòðîëü
ãîìåîñòàçó [6, 7]. Òèì íå ìåíøå ïðè åíäî-

ìåòð³îç³ ñïîñòåð³ãàºòüñÿ íå ò³ëüêè âèõ³ä ìàò-
êîâîãî åíäîìåòð³ÿ â ïîçàìàòêîâèé ïðîñò³ð, à
³ éîãî ðîçðîñòàííÿ. Òîìó äàíå çàõâîðþâàííÿ
ìîæå ðîçãëÿäàòèñÿ ç ïîçèö³é «òðàíñïëàíòàö³¿»
àóòîëîã³÷íî¿ òêàíèíè, àáî ³ìóíîëîã³÷íî¿ òî-
ëåðàíòíîñò³ äî åêòîï³÷íîãî åíäîìåòð³ÿ, ùî,
áåçóìîâíî, ñâ³ä÷èòü ïðî ïîðóøåííÿ ³ìóíî-
ëîã³÷íî¿ ðåãóëÿö³¿. Â ïðîöåñàõ ³ìóíîëîã³÷íî¿
ðåãóëÿö³¿ âàæëèâó ðîëü â³ä³ãðàº ðåãóëþþ÷à
ìåðåæà Ò-õåëïåð³â (ÒCD4+-êë³òèí-åôåêòîð³â),
ó ÿêó âõîäÿòü òàê³ ñóáïîïóëÿö³¿ Ò-õåëïåð³â,
ÿê Ò-õåëïåðè 1-ãî òèïó (Th1), Ò-õåëïåðè 2-ãî
òèïó (Th1), Ò-õåëïåðè 17-ãî òèïó (Th17) â
ïîºäíàíí³ ç Ò-ðåãóëÿòîðíèìè êë³òèíàìè
CD4+CD25+FoxÐ3+ (Treg) [8]. Îñòàíí³ êë³òèíè
â³ä³ãðàþòü îñîáëèâó ðîëü ó ï³äòðèìö³ ³ìó-
íîëîã³÷íî¿ òîëåðàíòíîñò³ òà ³ìóíîëîã³÷íîãî
ãîìåîñòàçó. Îñîáëèâ³ñòþ Treg º åêñïðåñ³ÿ óí³-
êàëüíîãî òðàíñêðèïö³éíîãî ôàêòîðà FoxÐ3+

(forkhead box P3), ÿêèé ðåãóëþº ¿õ ðîçâèòîê
òà ôóíêö³¿ [9, 10]. Ïðîòå äóæå ìàëî ïåðåêîí-
ëèâèõ ïóáë³êàö³é ñòîñîâíî ðîë³ ðåãóëÿòîðíèõ
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Ò-êë³òèí CD25+FoxÐ3+ (Treg) ó íåáàæàí³é
³ìóíîëîã³÷í³é òîëåðàíòíîñò³ ïî â³äíîøåííþ
äî åíäîìåòð³î¿äíèõ åêòîï³é òà ðîçâèòêó áåç-
ïë³ääÿ, ùî é çóìîâèëî ìåòó íàøî¿ ðîáîòè.

Ìåòà äîñë³äæåííÿ – äîñë³äèòè ðîëü Ò-
ðåãóëÿòîðíèõ ë³ìôîöèò³â ó ðîçâèòêó åíäî-
ìåòð³îçó òà àñîö³éîâàíîãî ç íèì áåçïë³ääÿ íà
îñíîâ³ âèçíà÷åííÿ åêñïðåñ³¿ ìÐÍÊ FoxÐ3+ â
åíäîìåòð³¿ ó æ³íîê ç åíäîìåòð³îçîì, àñîö³-
éîâàíèì ç áåçïë³ääÿì.

Ìàòåð³àë ³ ìåòîäè. Äëÿ äîñë³äæåííÿ âè-
êîðèñòîâóâàâñÿ ìàòåð³àë òêàíèíè åóòîï³÷íîãî
åíäîìåòð³ÿ, çàëèòîãî â ïàðàô³íîâ³ áëîêè. Â
äîñë³äæåíí³ âèêîðèñòàíî çðàçêè òêàíèíè åí-
äîìåòð³ÿ â³ä 20 áåçïë³äíèõ æ³íîê ç åíäîìåòð³-
îçîì (äîñë³äæóâàíà ãðóïà) òà 20 æ³íîê ç
áåçïë³ääÿì òðóáíîãî ãåíåçó âíàñë³äîê ïåðå-
íåñåíîãî çàïàëüíîãî ïðîöåñó (êîíòðîëüíà
ãðóïà). Âñ³ì ïàö³ºíòêàì áóëî ïðîâåäåíî
ðåòåëüíå îáñòåæåííÿ, íà îñíîâ³ ÿêîãî íå áóëî
âèÿâëåíî æîäíî¿ ³íøî¿ ïàòîëîã³¿ ç áîêó ðå-
ïðîäóêòèâíîãî òðàêòó. Òêàíèíó åíäîìåòð³ÿ
îòðèìóâàëè ³íòðàîïåðàö³éíî (ï³ä ÷àñ ã³ñòåðî-
ñêîï³¿, ÿêó ïðîâîäèëè îäðàçó ï³ñëÿ ëàïà-
ðîñêîï³¿, êîëè é âñòàíîâëþâàëàñü â³çóàëüíà
êàðòèíà åíäîìåòð³îçó òà òðóáíî¿ íåïðîõ³ä-
íîñò³).

Ìàòðè÷íó ÐÍÊ ôàêòîðà ðåãóëÿö³¿ òðàíñ-
êðèïö³¿ ðåãóëÿòîðíèõ Ò-ë³ìôîöèò³â FoxÐ3
âèçíà÷àëè çà äîïîìîãîþ ìîëåêóëÿðíî-ãåíå-
òè÷íèõ äîñë³äæåíü. Ñïî÷àòêó äîñë³äæóâàí³
çðàçêè ïîäð³áíþâàëè òà ãîìîãåí³çóâàëè çà
äîïîìîãîþ ñòóïêè òà ïåñòèêà, ï³ñëÿ ÷îãî
çðàçêè äåïàðàô³íóâàëè â êñèëîë³ òà ïðîâî-
äèëè ðåã³äðàòàö³þ â íèçõ³äíèõ êîíöåíòðàö³-
ÿõ åòàíîëó (100 %; 96 %; 70 %).

Äëÿ âèä³ëåííÿ òîòàëüíî¿ ÐÍÊ âèêîðè-
ñòîâóâàëè íàá³ð «Trizol RNA Prep 100» (²çîãåí
Lab., LTD, Ðîñ³ÿ), ÿêèé ì³ñòèòü Trizol reagent
(ë³çóþ÷èé ðåàãåíò, äî ñêëàäó ÿêîãî âõîäèòü
äåíàòóðóþ÷èé àãåíò ãóàí³äèíò³îö³àíàò òà ôå-
íîë ðÍ=4,0) òà ExtraGene Å (ñóñïåíç³ÿ ñóì³ø³
³îíîîáì³ííèê³â). ÐÍÊ âèä³ëÿëè â³äïîâ³äíî äî
ïðîòîêîëó äî íàáîðó.

Çâîðîòíó òðàíñêðèïö³þ òà îòðèìàííÿ
êÄÍÊ ïðîâîäèëè, âèêîðèñòîâóþ÷è íàá³ð
ÎÒ-1 ô³ðìè «Ñèíòîë» (Ðîñ³ÿ). Ðåàêö³éíà ñó-

ì³ø çàãàëüíèì îá’ºìîì 25 ìêë ì³ñòèëà 1 ìêë
Random-6 ïðàéìåðà, 2 ìêë òîòàëüíî¿ ÐÍÊ,
8,5 ìêë äå³îí³çîâàíî¿ Í2Î, î÷èùåíî¿ â³ä íó-
êëåàç, 12,5 ìêë 2,5X ðåàêö³éíî¿ ñóì³ø³ òà
1 ìêë ðåâåðòàçè MMLV-RT. Çâîðîòíó òðàíñ-
êðèïö³þ ïðîâîäèëè ïðè 45 °Ñ âïðîäîâæ
45 õâ ç ïîäàëüøèì íàãð³âàííÿì äëÿ ³í-
àêòèâàö³¿ MMLV-RT âïðîäîâæ 5 õâ ïðè òåì-
ïåðàòóð³ 92 °Ñ. Îòðèìàíó êÄÍÊ â³äðàçó
âèêîðèñòîâóâàëè â ïîë³ìåðàçíî-ëàíöþãîâ³é
ðåàêö³¿ (ÏËÐ) â ê³ëüêîñò³ 1–10 ìêë àáî çáå-
ð³ãàëè ïðè òåìïåðàòóð³ –20 °Ñ, à òàêîæ ïðè
–70 °Ñ á³ëüø òðèâàëèé ïåð³îä.

Äëÿ âèçíà÷åííÿ ð³âíÿ åêñïðåñ³¿ äîñë³ä-
æóâàíèõ ãåí³â âèêîðèñòîâóâàëè àìïë³ô³êàòîð
CFX96™Real-Time PCR Detection Systems
(«Bio-Rad Laboratories, Inc.», ÑØÀ) ³ íàá³ð
ðåàêòèâ³â Maxima SYBR Green/ROX qPCR
Master Mix (2X) (Thermo Scientific, ÑØÀ).
Ô³íàëüíà ðåàêö³éíà ñóì³ø äëÿ àìïë³ô³êàö³¿
âêëþ÷àëà áàðâíèê SYBR Green, ÄÍÊ-ïî-
ë³ìåðàçó Maxima Hot Start Taq DNA Polyme-
rase, ïî 0,2 ìêë ïðÿìîãî ³ çâîðîòíîãî ñïåöè-
ô³÷íèõ ïðàéìåð³â, 1 ìêë ìàòðèö³ (êÄÍÊ).
Ðåàêö³éíó ñóì³ø äîâîäèëè äî çàãàëüíîãî
îá’ºìó 25 ìêë äîäàâàííÿì äå³îí³çîâàíî¿ Í2Î.

Ñïåöèô³÷í³ ïàðè ïðàéìåð³â (5'-3') äëÿ
àíàë³çó äîñë³äæóâàíèõ ³ ðåôåðåíñíîãî ãåí³â
áóëè ï³ä³áðàí³ çà äîïîìîãîþ ïðîãðàìíîãî çà-
áåçïå÷åííÿ Primer Blast (www.ncbi.nlm.nih.
gov/tools/primer-blast) òà âèãîòîâëåí³ ô³ðìîþ
Metabion (Í³ìå÷÷èíà), òàáëèöÿ.

Àìïë³ô³êàö³þ, ÿêà ñêëàäàëàñÿ ç 45–50 öè-
êë³â, ïðîâîäèëè ï³ñëÿ ïî÷àòêîâî¿ äåíàòóðàö³¿
ïðîòÿãîì 10 õâ ïðè 95 °C òà çà òàêèõ óìîâ:
äåíàòóðàö³ÿ – 95 °Ñ, 15 ñ, â³äæèã – 59–61 °Ñ,
30–60 ñ, åëîíãàö³ÿ – 72 °Ñ, 30 ñ. ßê ðåôåðåíñ-
ãåí äëÿ âèçíà÷åííÿ â³äíîñíîãî çíà÷åííÿ çì³íè
ð³âíÿ åêñïðåñ³¿ äîñë³äæóâàíèõ ãåí³â áóâ âè-
êîðèñòàíèé ãåí ãë³öåðàëüäåã³ä-3-ôîñôàò äåã³-
äðîãåíàçè (GAPDH). Â³äíîñíó íîðìàë³çîâàíó
ê³ëüê³ñòü êÄÍÊ òàðãåòíèõ ãåí³â âèçíà÷àëè çà
ìåòîäîì ∆∆Ct. Ñòàòèñòè÷íèé àíàë³ç äàíèõ
ÏËÐ ïðîâîäèëè çà äîïîìîãîþ ïðîãðàìíîãî
çàáåçïå÷åííÿ CFX Manager™ (Bio-Rad, ÑØÀ).

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ. Âñòàíîâ-
ëåíî, ùî åêñïðåñ³ÿ ìÐÍÊ FoxÐ3 â åíäîìåòð³¿
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áåçïë³äíèõ æ³íîê ç åíäîìåòð³îçîì áóëà äî-
ñòîâ³ðíî çíèæåíîþ â ïîð³âíÿíí³ ç òàêîþ ó
êîíòðîëüí³é ãðóï³ (ðèñóíîê).

Íà íàøó äóìêó, çíèæåííÿ åêñïðåñ³¿ ìÐÍÊ
FoxÐ3 º âèðàæåííÿì íåäîñòàòíîñò³ ôóíêö³¿
ðåãóëÿòîðíèõ Ò-ë³ìôîöèò³â. Öå, ó ñâîþ ÷åðãó,
ìîæå ï³äòðèìóâàòè ³ìóíîëîã³÷íó òîëåðàíò-
í³ñòü ïî â³äíîøåííþ äî åíäîìåòð³î¿äíèõ
åêòîï³é òà ñïðèÿòè ¿õ çá³ëüøåííþ ïîçà ìå-
æàìè ô³ç³îëîã³÷íî¿ ëîêàë³çàö³¿. Íàø³ äàí³
óçãîäæóþòüñÿ ç ðåçóëüòàòàìè äîñë³äæåíü, äå,
çîêðåìà, ïîêàçàíî íàÿâí³ñòü ïîë³ìîðô³çìó
ãàïëîòèï³â FoxÐ3, ïîâ’ÿçàíèõ ç åíäîìåòð³îçîì
[11]. Ïðè öüîìó ³ñíóþòü ðîáîòè, ó ÿêèõ óêà-
çóºòüñÿ íà ï³äâèùåííÿ åêñïðåñ³¿ ìÐÍÊ FoxÐ3
â åíäîìåòð³¿ æ³íîê ç åíäîìåòð³îçîì, ïðîòå
íàçâàí³ äîñë³äæåííÿ ïðîâîäèëèñü çà ³íøèõ
óìîâ (ó ïåðå³ìïëàíòàö³éíó ôàçó) [12]. Ç ³í-
øîãî áîêó, ñïðèéíÿòëèâ³ñòü åíäîìåòð³ÿ äî
³ìïëàíòàö³¿ âèìàãàº àäåêâàòíî¿ ³ìóíîëîã³÷íî¿
òîëåðàíòíîñò³ äëÿ çàõèñòó åìáð³îíà â³ä ³ìóí-
íîãî â³äòîðãíåííÿ ç áîêó ìàòåðèíñüêî¿ ³ìóí-

íî¿ â³äïîâ³ä³ [13–15]. Çîêðåìà, º ðîáîòè [16],
äå ïîêàçàíî, ùî åêñïðåñ³ÿ ìÐÍÊ FoxP3 â åí-
äîìåòð³¿ æ³íîê ç áåçïë³ääÿì íåâèÿñíåíîãî

ãåíåçó âäâ³÷³ íèæ÷à, í³æ ó çäîðîâèõ æ³íîê, ùî
÷³òêî âêàçóº íà ðîëü Ò-ðåãóëÿòîðíèõ ë³ìôî-
öèò³â ó ðîçâèòêó áåçïë³ääÿ.

Âèñíîâêè
Â åíäîìåòð³¿ æ³íîê ç åíäîìåòð³îçîì, àñî-

ö³éîâàíèì ç áåçïë³ääÿì, â³äì³÷àºòüñÿ çíè-
æåííÿ åêñïðåñ³¿ ìÐÍÊ FoxÐ3, ùî ìîæå â³ä³-
ãðàâàòè ðîëü ó ðîçâèòêó ÿê ñàìîãî åíäî-
ìåòð³îçó, òàê ³ àñîö³éîâàíîãî ç íèì áåçïë³ääÿ.

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü.
Îòðèìàí³ äàí³ çóìîâëþþòü íåîáõ³äí³ñòü ïî-
äàëüøèõ äîñë³äæåíü ðîë³ Ò-ðåãóëÿòîðíèõ
ë³ìôîöèò³â ó ïàòîãåíåç³ åíäîìåòð³îçó òà ñïðè-
÷èíåíîãî íèì áåçïë³ääÿ â êîíòåêñò³ ¿õ âçà-
ºìîä³¿ ç ³íøèìè ³ìóííèìè ìîëåêóëàìè [17]
òà ç ïåðñïåêòèâîþ âèð³øåííÿ ïèòàíü ä³àãíî-
ñòè÷íîãî âèêîðèñòàííÿ òà òåðàïåâòè÷íîãî
âïëèâó.
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Â³äíîñíà íîðìàë³çîâàíà ê³ëüê³ñòü êÄÍÊ ãåíà FoxÐ3. Íîðìàë³çàö³ÿ çà ìåòîäîì ∆∆Ct ç ðåôåðåíñ-
ãåíîì GAPDH

Åêñïðåñ³ÿ ìÐÍÊ FoxP3

 Ê      Åíä.1    Åíä.2    Åíä.3   Åíä.4     Åíä.5    Åíä.6    Åíä.7    Åíä.8    Åíä.9   Åíä.10    FoxP3
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Ã.Ä. Êîâàëü
ÐÅÃÓËßÒÎÐÍÛÅ Ò-ÊËÅÒÊÈ ÝÍÄÎÌÅÒÐÈß ÊÀÊ ÂÀÆÍÛÉ ÏÀÒÎÃÅÍÅÒÈ×ÅÑÊÈÉ ÔÀÊÒÎÐ
ÝÍÄÎÌÅÒÐÈÎÇÀ È ÂÛÇÛÂÀÅÌÎÃÎ ÈÌ ÁÅÑÏËÎÄÈß

Ïðîâåäåíî èññëåäîâàíèå ôàêòîðà òðàíñêðèïöèè ðåãóëÿòîðíûõ Ò-ëèìôîöèòîâ â òêàíè ýóòî-
ïè÷åñêîãî ýíäîìåòðèÿ ó 20 æåíùèí ñ ýíäîìåòðèîçîì è áåñïëîäèåì è 20 æåíùèí ñ áåñïëîäèåì
òðóáíîãî ãåíåçà (êîíòðîëüíàÿ ãðóïïà) â ôîëëèêóëÿðíîé ôàçå ìåíñòðóàëüíîãî öèêëà. Îïðåäåëåíà
ýêñïðåññèÿ ìÐÍÊ ôàêòîðà òðàíñêðèïöèè ðåãóëÿòîðíûõ Ò-ëèìôîöèòîâ – FoxP3 ìåòîäîì êîëè-
÷åñòâåííîé ïîëèìåðàçíî-öåïíîé ðåàêöèè â ðåàëüíîì âðåìåíè. Ïîêàçàíî, ÷òî ýêñïðåññèÿ FoxP3 â
ýíäîìåòðèè áåñïëîäíûõ æåíùèí ñ ýíäîìåòðèîçîì áûëà äîñòîâåðíî ñíèæåííîé îòíîñèòåëüíî
êîíòðîëÿ. Ïî íàøåìó ìíåíèþ, ñíèæåíèå ýêñïðåññèè ìÐÍÊ FoxP3 ÿâëÿåòñÿ âûðàæåíèåì íåäî-
ñòàòî÷íîñòè ôóíêöèè ðåãóëÿòîðíûõ Ò-ëèìôîöèòîâ â ýíäîìåòðèè æåíùèí ñ ýíäîìåòðèîçîì è ìîæåò
èãðàòü ðîëü â ïàòîãåíåçå êàê ñàìîãî ýíäîìåòðèîçà, òàê è ñâÿçàííîãî ñ íèì áåñïëîäèÿ.

Êëþ÷åâûå ñëîâà: ðåãóëÿòîðíûå Ò-ëèìôîöèòû, ôàêòîðû òðàíñêðèïöèè, ýíäîìåòðèîç, áåñ-
ïëîäèå, ýíäîìåòðèé.
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G.D. Koval
REGULATORY T-CELLS OF ENDOMETRIUM AS IMPORTANT PATHOGENETIC FACTORS
OF ENDOMETRIOSIS AND RELATED INFERTILITY

The expression of mRNA transcription factor of regulatory T-lymphocytes – FoxP3 has been investigated
by the method of quantitative real-time PCR in eutopic endometrium tissue of 20 women with endometriosis
and infertility as well as 20 women with infertility of tubal genesis (control group). It has been shown, that
FoxP3 expression in the endometrium of infertile women with endometriosis was significantly reduced
comparing with the control group. In our opinion, the decreased mRNA expression of FoxP3 is related
with insufficient functioning of regulatory T-lymphocytes in the endometrium of women with endometriosis
and may play a role in the pathogenesis of endometriosis as well as the related infertility.

Key words: regulatory T-cells, transcription factors, FoxP3, endometriosis, infertility, endometrium.
Ïîñòóïèëà 27.02.15
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