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Äàíà ðîáîòà º ôðàãìåíòîì ÍÄÐ «Äîñë³äæåí-
íÿ ìîëåêóëÿðíî-ãåíåòè÷íèõ òà ³ìóíîïàòîëîã³÷íèõ 
ìåõàí³çì³â ôóíêö³îíàëüíèõ ïîðóøåíü æ³íî÷î¿ ðå-
ïðîäóêòèâíî¿ ñèñòåìè òà ìîæëèâîñò³ ¿õ êîðåêö³¿», 
¹ äåðæ. ðåºñòðàö³¿ 0112U008233. 

Ï³äõîäè äî ç’ÿñóâàííÿ ðîë³ îêðåìèõ ãåí³â, ùî 
áåðóòü ó÷àñòü â ðåïðîäóêö³¿ ëþäèíè âêëþ÷àþòü â 
ñåáå âèêîðèñòàííÿ ïîë³ìåðàçíî¿ ëàíöþãîâî¿ ðåàêö³¿ 
(ÏËÐ), ÏËÐ â ðåàëüíîìó ÷àñ³, ìåòîäó ôëóîðåñöåíò-
íî¿ ã³áðèäèçàö³¿ in situ, âèçíà÷åííÿ îäíîíóêëåîòèä-
íèõ ïîë³ìîðô³çì³â (ÎÍÏ), ìàñèâ³â ÎÍÏ, ïîð³âíÿëüíî¿ 
ãåíîìíî¿ ã³áðèäèçàö³¿ (ÏÃÃ), ìàñèâ³â ÏÃÃ, ãåíîìíèé 
àíàë³ç ç÷åïëåííÿ, äîñë³äæåííÿ ãåí³â-êàíäèäàò³â, 
çàãàëüíîãåíîìíèõ àñîö³àö³é ³ òðàíñãåíí³ ìîäåë³ òâà-
ðèí. ÏËÐ òà ôëóîðåñöåíòíà in situ ã³áðèäèçàö³ÿ áóëè 
äîñòóïí³ ïðîòÿãîì òðèâàëîãî ÷àñó, àëå ç çàëó÷åííÿì 
òåõíîëîã³é ì³êðî÷³ï³â ³ñòîòíî çð³ñ îáñÿã ³íôîðìàö³¿ ç 
ãåíåòèêè â³äòâîðåííÿ. Òîìó çà íåäàâíüîãî ñòð³ìêîãî 
ðîçøèðåííÿ íàÿâíèõ çíàíü ³ ðîçðîáîê ó ö³é ãàëóç³, 
àêòóàëüíèì ñòàº àíàë³ç äàíèõ ë³òåðàòóðè ñòîñîâíî 
êëþ÷îâèõ ãåí³â, ïîâ’ÿçàíèõ ç ïåðåä÷àñíèì âèñíà-
æåííÿì ÿº÷íèê³â ó ëþäèíè (ÏÂß). 

Ïåðåä÷àñíå âèñíàæåííÿ ÿº÷íèê³â
Âñ³ æ³íêè íàðîäæóþòüñÿ ç ô³êñîâàíîþ ê³ëüê³ñ-

òþ ïðèìîðä³àëüíèõ ôîë³êóë³â, ³ öå ÷èñëî íåóõèëüíî 
çìåíøóºòüñÿ íà ïðîòÿç³ æèòòÿ ÿê ðåçóëüòàò àòðåç³¿ 
ôîë³êóëÿðíîãî åï³òåë³þ ³ ó÷àñò³ â îâóëÿö³¿ [12, 13]. 
Òåìïè âèñíàæåííÿ ôîë³êóëÿðíîãî ïóëà âèçíà÷àº â³ê, 
â ÿêîìó íàñòàº ìåíîïàóçà ³, ÿê ââàæàþòü, êîíòðîëþ-
þòüñÿ ïåâíèìè ãåíàìè. Ñåðåäí³é â³ê, â ÿêîìó íàñòàº 
ìåíîïàóçà, äèâíî ñõîæèé ó âñüîìó ñâ³ò³ ³, çäàºòüñÿ, 
íå çì³íþºòüñÿ ç ïëèíîì ÷àñó [30], ñòàíîâèòü 51 ð³ê, 
ç ä³àïàçîíîì â³ä 40 äî 60 ðîê³â [4]. ª çâ’ÿçîê ì³æ 
â³êîì ìåíîïàóçè ìàòåð³ ³ äî÷îê [22], à äîñë³äæåííÿ 
áëèçíþê³â ïîêàçóþòü, ùî â³ê íàñòàííÿ ïðèðîäíî¿ 
ìåíîïàóçè º ãåíåòè÷íî âèçíà÷åíèì [29]. ²íø³ ôàêòî-
ðè, âêëþ÷àþ÷è êóð³ííÿ, âæèâàííÿ àëêîãîëþ é ³íäåêñ 
ìàñè ò³ëà, â³ä³ãðàþòü äðóãîðÿäíó ðîëü. 

Îâàð³àëüí³ ðîçëàäè, ïðèðîäí³ àáî ³íäóêîâàí³ ÿê 
íàñë³äîê ïàòîëîã³÷íîãî ïðîöåñó, â³äîì³ ÿê ïåðåä-
÷àñíå çãàñàííÿ ôóíêö³¿ ÿº÷íèê³â îáóìîâëþþòü çìåí-
øåííÿ ê³ëüêîñò³ ïåðâèííèõ ôîë³êóë³â øëÿõîì ÿê 
ïîðóøåííÿ äîçð³âàííÿ ôîë³êóë³â, òàê ³ çðîñòàííÿì 
àïîïòîçó ¿õ ôîë³êóëÿðíèõ êë³òèí [6]. 1–2 % æ³íîê ï³ä-
äàþòüñÿ ïåðåä÷àñí³é ìåíîïàóç³, ÿêà íàñòóïàº äî 40 
ðîê³â [14]. Äëÿ íèõ õàðàêòåðíîþ º ñëàáêà â³äïîâ³äü 

íà ã³ïåðñòèìóëÿö³þ ÿº÷íèê³â, – öå çà óìîâ àñï³ðà-
ö³¿ ìåíøå ï’ÿòè îîöèò³â, ³ òàêîæ á³ëüø íèçüêà, í³æ ó 
ñåðåäíüîìó, ÷àñòîòà íàñòàííÿ âàã³òíîñò³ [32]. Áåç-
ïë³ääÿ ³ ñëàáêó â³äïîâ³äü íà ã³ïåðñòèìóëÿö³þ ÿº÷íè-
ê³â ïîâ’ÿçóþòü ç ïîäàëüøîþ ðàííüîþ ìåíîïàóçîþ 
[4; 9]. Ïîðÿä ³ç âòðàòîþ ôåðòèëüíîñò³ ÏÂß ëåæèòü 
â îñíîâ³ ïîÿâè ïðîáëåì ç³ çäîðîâ’ÿì ó ë³òí³õ æ³íîê, 
ÿê òî ï³äâèùåíèé ðèçèê ñåðöåâî-ñóäèííèõ çàõâî-
ðþâàíü òà îñòåîïîðîçó [6], êîãí³òèâíèõ ³ íåâðîëî-
ã³÷íèõ ðîçëàä³â, òàêèõ ÿê õâîðîáà Ïàðê³íñîíà [28]. 
Ó 70–90 % âèïàäê³â ïðè÷èíà ÏÂß ó ëþäèíè íå âñòà-
íîâëåíà. Äî â³äîìèõ â³äíîñÿòü äâîñòîðîííº âèäà-
ëåííÿ ÿº÷íèê³â, õ³ì³îòåðàï³þ, ïðîìåíåâó òåðàï³þ ³ 
ñèíäðîì Òåðíåðà (TS, 45X). ²íø³ ïðè÷èíè ÏÂß âêëþ-
÷àþòü àóòî³ìóíí³ çàõâîðþâàííÿ (â òîìó ÷èñë³ àóòî³-
ìóíí³ ïîë³åíäîêðèíîïàò³¿ ÷åðåç ð³äê³ñí³ ìóòàö³¿ â ãåí³ 
AIRE, ùî º àóòî³ìóííèì ðåãóëÿòîðîì) [2], âðîäæåí³ 
ïîðóøåííÿ ãë³êîçèëþâàííÿ, ãàëàêòîçåì³¿, ³íôåêö³¿ 
(íàïðèêëàä, îïåð³çóþ÷èé ãåðïåñ ³ öèòîìåãàëîâ³ðóñ), 
ñèíäðîì ëàìêî¿ Õ (ãåí FMR1) [24] ³ ³çîëüîâàí³ äåôåê-
òè ãåíà [31]. 

Ãåíè, ùî ñïðè÷èíÿþòü ÏÂß òî÷íî âèçíà÷åí³ â 
äóæå íåáàãàòüîõ êë³í³÷íèõ âèïàäêàõ. Ââàæàþòü, 
ùî ïðè÷èíè ñèíäðîìíîãî ÏÂß ìàþòü ô³çè÷í³ ïðî-
ÿâè, ÿê³ ìîæóòü äàòè êëþ÷ äî éîãî åò³îëîã³¿, íàïðè-
êëàä, ïîâ³êè ó ïàö³ºíò³â ç áëåôàðîïòîçîì (ïðîÿâîì 
ÿêîãî º äèñïëàç³ÿ ïîâ³ê, ìàëåíüê³ î÷í³ ù³ëèíè, ïòîç 
ïîâ³ê) [31]; ³ íåâåëèêèé çð³ñò ïðè ñèíäðîì³ Òåðíåðà 
– âïåðøå öÿ õâîðîáà ÿê ñïàäêîâà îïèñàíà â 1925 ð. 
Í. À. Øåðåøåâñüêèì, ÿêèé ââàæàâ, ùî âîíà îáó-
ìîâëåíà íåäîñòàòí³ì ðîçâèòêîì ñòàòåâèõ çàëîç ³ 
ïåðåäíüî¿ äîë³ ã³ïîô³çà ³ ïîºäíóºòüñÿ ç âðîäæåíè-
ìè âàäàìè âíóòð³øíüîãî ðîçâèòêó. Â 1938 ð. Òåð-
íåð âèä³ëèâ õàðàêòåðíó äëÿ öüîãî ñèíäðîìó òð³àäó 
ñèìïòîì³â: ñòàòåâèé ³íôàíòèë³çì, øê³ðÿí³ êðèëî-
âèäí³ ñêëàäêè íà áîêîâèõ ïîâåðõíÿõ øè¿ ³ äåôîðìà-
ö³þ ë³êòüîâèõ ñóñòàâ³â. Ìîíîñîì³ÿ ïî Õ-õðîìîñîì³ 
îïèñàíà ×. Ôîðäîì ó 1959 ð. [3]. Á³ëüø³ñòü æ³íîê ç 
ñèíäðîìîì Òåðíåðà ìàþòü ïåðâèííó àìåíîðåþ, 
ïðîòå äåÿê³ ôåðòèëüí³. Ôàêòîðè ç ïîçèòèâíèì ïðî-
ãíîñòè÷íèì çíà÷åííÿì äëÿ ïëîäîâèòîñò³ âêëþ÷àþòü 
ìîçà¿÷í³ñòü, íîðìàëüí³ ð³âí³ ÔÑÃ ³ àíòèìþëëåðîâà 
ãîðìîíà, ñïîíòàíí³ ìåíñòðóàö³¿ ³ ñòàòåâå äîçð³âàííÿ 
[3]. Ñ³ìåéíà ³ñòîð³ÿ òðóäíîù³â ó íàâ÷àíí³ ó õëîï÷èê³â 
ïðèïóñêàº íàÿâí³ñòü ñèíäðîìó ëàìêî¿ X, à íàÿâí³ñòü 
àóòî³ìóííèõ ðîçëàä³â – ³ìóíîëîã³÷íó åò³îëîã³þ [24]. 
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Ãåíè, ïîâ’ÿçàí³ ç ÏÂß 
Ãåíîìíèì àíàë³çîì ç÷åïëåííÿ âñòàíîâëåíî, ùî 

ãåí BCL2 (B-êë³òèííî¿ ë³ìôîìè 2) ³ ãåí GnRH1 (ãîíà-
äîòðîï³í-ðèë³çèíã ãîðìîíó 1) çâ’ÿçàí³ ç ïðèðîäí³ì 
â³êîì íàñòàííÿ ìåíîïàóçè [22]. Ìåòîäîì àíàë³çó 
ãåíîìíîãî ç÷åïëåííÿ, ïðîâåäåíîãî ó ìåæàõ îäí³º¿ 
ñ³ì’¿, ÷ëåíè ÿêî¿ ñòðàæäàþòü ПВЯ, âèçíà÷åíî ïåðøèé 
ãåíîìíèé çâ’ÿçîê ÿê îáëàñòü íà õðîìîñîì³ 5q14. 
1-q15, ÿêà ìîæå ì³ñòèòè íîâèé ãåí ñïðèéíÿòëèâîñò³ 
äî ПВЯ [25]. Ïðè äîñë³äæåíí³ ãåí³â-êàíäèäàò³â òà ìà-
ñèâ³â îäíîíóêëåîòèäíèõ ïîë³ìîðô³çì³â âèÿâëåíî äâ³ 
ãåíîìí³ îáëàñò³ 19q13. 42 ³ 20p12. 3, ùî ì³ñòÿòü äâà 
ãåíè-êàíäèäàòè BRKS1 (BR serine threonine kinase 1 
gene) ³ MCM8 (maintenance complex component 8), 
ïîâ’ÿçàí³ ç ïðèðîäí³ì â³êîì íàñòàííÿ ìåíîïàóçè 
[33]. 

Äîñë³äæåííÿì çàãàëüíîãåíîìíèõ àñîö³àö³é âè-
çíà÷åíî ADAMTS19 (5q31) â ÿêîñò³ ìîæëèâîãî ãå-
íà-êàíäèäàòà äëÿ ПВЯ [17]. Öåé ìåòîä âèêîðèñòîâó-
âàâñÿ íà âåëèê³é ãðóï³ êàâêàçüêèõ æ³íîê ç ПВЯ ³ áóëî 
ïîêàçàíî â³ñ³ì âàð³àö³é ÷èñëà êîï³é ó âîñüìè ð³çíèõ 
ãåí³â, ïîâ’ÿçàíèõ ç ПВЯ. Ï’ÿòü ç öèõ ãåí³â DNAH5 (dy-
nein axonemal heavy chain), NAIP (neuronal apopto-
sis inhibitory protein), DUSP22 (dual specificity phos-
phatases), AKT1 (akt murine thymoma viral oncogene 
homolog 1) and NUPR1 (nuclear protein 1) áåðóòü 
ó÷àñòü ó â³äòâîðåíí³: DNAH5 ³ NAIP – ó ðåïðîäóêòèâ-
íèõ ðîçëàäàõ, DUSP22 ³ NUPR1 – â ðåïðîäóêòèâí³é 
åíäîêðèíîëîã³¿ ³ AKT1 – ó ôîë³êóëîãåíåç³ [1]. 

Ïîêàçàíî, ùî ÷îòèðè ìàñèâè îäíîíóêëåîòèäíèõ 
ïîë³ìîðô³çì³â íà õðîìîñîìàõ 19, 20, 6 ³ 5 ïîâ’ÿçàí³ 
ç â³êîì íàñòàííÿ ìåíîïàóçè. Âîíè âèçíà÷åí³ äâîìà 
íåçàëåæíèìè äîñë³äæåííÿìè çàãàëüíîãåíîìíèõ 
àñîö³àö³é ³ ìàëè çíà÷íèé âïëèâ íà éìîâ³ðí³ñòü íà-
ÿâíîñò³ ðàííüî¿ ìåíîïàóçè â íåçàëåæí³é ãðóï³ æ³íîê 
[23]. 

Ãåí BMP15 (êîñòíîãî ìîðôîãåíåòè÷íîãî á³ëêà 
15) – ïåðøèì îïèñàíèé ÿê ãåí íà Õ-õðîìîñîì³ ç 
âïëèâîì íà îâàð³àëüíó ôóíêö³þ [19]. Öåé ãåí ðàçîì ç 
GDF9 (äèôåðåíö³éíèé ôàêòîð ðîñòó 9) â³ä³ãðàº âàæ-
ëèâó ðîëü â êóìóëþñíî-îîöèòàðí³é êë³òèíí³é ñèãíà-
ë³çàö³¿ [11]. ª ïðèïóùåííÿ, ùî ìóòàö³¿ GDF9 ³ BMP15 
ìàþòü â³äíîøåííÿ äî ПВЯ [18]. GDF9 ³ BMP15, âõî-
äÿòü äî ñêëàäó β ñóïåðñ³ìåéñòâà òðàíñôîðìóþ÷èõ 
ôàêòîð³â ðîñòó, ÿêå º îäíèì ç íàéá³ëüøèõ ñ³ìåéñòâ 
ðîñòîâèõ ôàêòîð³â ó ññàâö³â, ³ ÿê³ ôóíêö³îíóþòü ó 
÷èñëåííèõ ô³ç³îëîã³÷íèõ ïðîöåñàõ ³ ïðîöåñàõ ðîçâè-
òêó [26]. Ìóòàö³ÿ BMP15 ïðèçâîäèòü äî çá³ëüøåííÿ 
÷àñòîòè îâóëÿö³¿, äâîõ- ³ òðèïëåòíèõ ïëîä³â ó ãåòå-
ðîçèãîò é äî ïåðâèííî¿ íåäîñòàòíîñò³ ÿº÷íèê³â ó ãî-
ìîçèãîò [10]. Ó ëþäåé ãåòåðîçèãîòíà ìóòàö³ÿ â ïðî-
ïåïòèä³é îáëàñò³ ãåíà BMP15 ïîâ’ÿçàíà ç ðîçëàäîì 
îâàð³àëüíî¿ ôóíêö³¿ óíàñë³äîê äèñãåíåç³¿ ÿº÷íèê³â, 
ùî, ÿê ââàæàþòü, ïîâ’ÿçàíî ç ïðèãí³÷åííÿì ðîñòó 
êë³òèí ãðàíóëüîçè [7]. Öå ï³äòâåðäæóº òå, ùî BMP15 
º íåîáõ³äíèì äëÿ ôîë³êóëîãåíåçó ó ëþäèíè. Ïðîòå 
íåîáõ³äí³ ïîäàëüø³ äîñë³äæåííÿ äëÿ ç’ÿñóâàííÿ ðîë³ 
BMP15. 

Ìóòàö³¿ ãåíà FMR1 â äèñòàëüí³é ä³ëÿíö³ äîâãî-
ãî-ïëå÷à õðîìîñîìè X âèêëèêàþòü ñèíäðîì ëàìêî¿ 
X. Öå â³äáóâàºòüñÿ äîñèòü ÷àñòî ³ º íàéá³ëüø ïîøè-
ðåíîþ ïðè÷èíîþ ðîçóìîâî¿ â³äñòàëîñò³, ïîâåä³íêî-
âèõ îñîáëèâîñòåé, àóòèçìó ³ òðóäíîù³â ó íàâ÷àíí³ â 
õëîï÷èê³â. Ñèíäðîì âèêëèêàº íåíîðìàëüíà ê³ëüê³ñòü 
ïîâòîð³â CGG â 5’-íåòðàíñëüîâàí³é îáëàñò³ ãåíà. ßê 
ïðàâèëî, ê³ëüê³ñòü ïîâòîð³â º ìåíøîþ, í³æ 45, â òîé 
÷àñ ÿê àíîìàëüí³ ãåíè ìîæóòü ìàòè ¿õ á³ëüøå 200, ùî 
ïðèçâîäèòü äî ³íàêòèâàö³¿ ãåíà FMR1. Ó æ³íîê (1 íà 
590 æ³íîê), ó ÿêèõ öå ÷èñëî ì³æ 55 ³ 200 ïîâòîð³â º 
ïîðóøåííÿ ôóíêö³¿ ÿº÷íèê³â ³ ÏÂß [36]. Äîñë³äæåííÿ 
ïîêàçàëè, îäíàê, ùî íå ³ñíóº ë³í³éíî¿ êîðåëÿö³¿ ì³æ 
÷èñëîì ïîâòîð³â CGG ³ ÏÍß ³ç íàéâèùèì ñòóïåíåì 
ðèçèêó â³ä 80 äî 100 ïîâòîðàìè [8]. Ó 28 % íîñ³¿â 
ëàìêî¿ Õ-ïðåäìóòàö³³ ãåíà FMR1 (45-200 ïîâòîð³â) 
ðîçâèâàºòüñÿ ÏÂß [35]. Òàê³ æ³íêè, ìàþòü íîðìàëü-
íèé ìåíñòðóàëüíèé öèêë, ³ç äåùî ï³äâèùåíèì ð³â-
íåì ÔÑÃ [35]. 

FOXL2 áåðå ó÷àñòü ó ðîçâèòêó ãðàíóëÿðíèõ êë³òèí 
³ ìàº â³äíîøåííÿ äî æ³íî÷îãî áåçïë³ääÿ. Ìóòàö³¿ â 
FOXL2 âèêëèêàþòü äèñïëàç³þ ³ ïòîç ïîâ³ê [31]. Êð³ì 
òîãî, äîñë³äæåííÿ ïîêàçàëè, ùî ó íåâåëèêî¿ ÷àñòèíè 
õâîðèõ ç òàêîþ ïàòîëîã³ºþ ïîâ³ê ãåíåòè÷íèé äåôåêò 
íå çíàõîäèòüñÿ â ìåæàõ êîäóþ÷î¿ îáëàñò³ ãåíà FOXL2 
[5], à òàêîæ ïîâ³äîìëÿþòü ïðî âèïàäêè ÏÂß ç FOXL2 
ìóòàö³ÿìè ó ïàö³ºíò³â áåç ïòîçó ïîâ³ê [5; 16]. 

Ìóòàö³¿ â ãåí³ NR5A1, êëþ÷îâîìó òðàíñêðèï-
ö³éíîìó ðåãóëÿòîðîâ³ ãåí³â, ïîâ’ÿçàí³ ç ïîðóøåí-
íÿìè ðîçâèòêó ÿº÷íèê³â ³ ¿õ ôóíêö³ºþ. Òàê³ ìóòàö³¿, 
ïîâ’ÿçàí³ òàêîæ ç ðîçëàäàìè ñòàòåâîãî ðîçâèòêó ó 
÷îëîâ³ê³â [20]. NR5A1 åêñïðåñîâàí³ â ÷èñëåíèõ òèïàõ 
êë³òèí ïëîäà, â ÿº÷íèêó, ó êîð³ íàäíèðíèê³â äîðîñëèõ 
³ â êë³òèíàõ Ñåðòîë³ ³ Ëåéä³ãà â òåñòèêóëàõ [21; 34]. 

Äëÿ òîãî ùîá âèÿâèòè ³ âèâ÷èòè íîâ³ ãåíè-êàíäè-
äàòè âèêîðèñòîâóþòü òðàíñãåíí³ ìîäåë³ òâàðèí. Òàê, 
³íàêòèâàö³ÿ ïðîàïîïòîòè÷íîãî BAX ãåíà ó ìèøåé 
ïîêàçàëà ïðîäîâæåííÿ ôóíêö³¿ ÿº÷íèê³â ó ïîõèëîìó 
â³ö³ ç ì³í³ì³çàö³ºþ ÷èñëåííèõ ïðîáëåìè ç³ çäîðîâ’ÿì 
ïîâ’ÿçàíèõ ç â³êîì ³, ùî âàæëèâî, áåç çá³ëüøåííÿ 
÷àñòîòè ïóõëèííèõ çàõâîðþâàíü [27]. Íåîáõ³äí³ ïî-
äàëüø³ äîñë³äæåííÿ, äëÿ òîãî, ùîá îö³íèòè âàæëè-
â³ñòü ãåíà BAX íà ôóíêö³þ ÿº÷íèê³â ó ëþäåé. 

Âèñíîâîê. Â íàø ÷àñ ïàðè ç ïðîáëåìàìè ôåð-
òèëüíîñò³ âäàþòüñÿ äî ìåòîä³â ÅÊÇ àáî ²ÊÑ². Ïðîòå, 
ïðîáëåìè, ïîâ’ÿçàí³ ç ïåðåä÷àñíîþ íåäîñòàòí³ñòþ/
âèñíàæåííÿì ÿº÷íèê³â º òàêèìè, ùî ìîæóòü îáìåæ-
èòè óñï³õ äîïîì³æíèõ ðåïðîäóêòèâíèõ òåõíîëîã³é. 
Êë³òèíè êóìóëþñíîãî îòî÷åííÿ îîöèò³â ìîæóòü ñòàòè 
íàä³éíîþ ìîäåëëþ äëÿ ðîçóì³ííÿ ñêëàäîâèõ ÿêîñò³ 
îîöèò³â òà åôåêòèâíîñò³ ïðîòîêîëó ã³ïåðñòèìóëÿö³¿ 
ÿº÷íèê³â, à òàêîæ äîñë³äæóþ÷è ¿õ ìîæëèâî îö³íèòè ÿê 
ðîçâèòîê åìáð³îíà, òàê ³ ðåçóëüòàò âàã³òíîñò³. Òàêèì 
÷èíîì, âèñíàæåííÿ ïî÷àòêîâî¿ ê³ëüêîñò³ ôîë³êóë³â ó 
äåÿêèõ æ³íîê çàéìàº á³ëüøå ÷àñó â ïîð³âíÿíí³ ç ³í-
øèìè, à äîñë³äæåííÿ ìîæå íàäàòè âàæëèâó ³íôîð-
ìàö³þ ïðî ãåíè, ùî áåðóòü ó÷àñòü â ñòàð³íí³ ÿº÷íèê³â, 
³ öå ìîæå äîïîìîãòè êðàùå ïåðåäáà÷àòè ðèçèêè äëÿ 
îêðåìèõ ïàö³ºíò³â. 
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ÓÄÊ 517. 218:616-008. 64:612. 621
ÃÅÍÈ, ÏÎÂ’ßÇÀÍ² Ç ÏÅÐÅÄ×ÀÑÍÈÌ ÂÈÑÍÀÆÅÍÍßÌ ßª×ÍÈÊ²Â 
Øåïåëü Î. À., Áëàøê³â Ò. Â., Âîçíåñåíñüêà Ò. Þ., Ãðóøêà Í. Ã., ßí÷³é Ð. ². 
Ðåçþìå. Ïðîáëåìè, ïîâ’ÿçàí³ ç ïåðåä÷àñíîþ íåäîñòàòí³ñòþ ÿº÷íèê³â ìîæóòü îáìåæèòè óñï³õ åêñòðà-

êîðïîðàëüíîãî çàïë³äíåííÿ, äî ÿêîãî âäàþòüñÿ ïàðè, ùî ñòðàæäàþòü íà áåçïë³ääÿ. Äîñë³äæåííÿ åêñïðåñ³¿ 
ãåí³â ó êóìóëþñíèõ êë³òèíàõ ìîãëî á ñòàòè íàä³éíîþ ìîäåëëþ äëÿ âèçíà÷åííÿ ïîòåíö³àëó ðîçâèòêó îîöèò³â 
òà åôåêòèâíîñò³ ïðîòîêîëó ã³ïåðñòèìóëÿö³¿ ÿº÷íèê³â, à òàêîæ ïåðåäáà÷èòè àíåóïëî¿ä³þ îîöèò³â, îö³íèòè ðîç-
âèòîê åìáð³îíà ³ ðåçóëüòàò âàã³òíîñò³. Òîìó àêòóàëüíèì º àíàë³ç äàíèõ ë³òåðàòóðè ñòîñîâíî êëþ÷îâèõ ãåí³â, 
ïîâ’ÿçàíèõ ç ïåðåä÷àñíèì âèñíàæåííÿì ÿº÷íèê³â ó ëþäèíè. 

Êëþ÷îâ³ ñëîâà: ãåí, ïåðåä÷àñíå âèñíàæåííÿ ÿº÷íèê³â. 
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ÃÅÍÛ, ÑÂßÇÀÍÍÛÅ Ñ ÏÐÅÆÄÅÂÐÅÌÅÍÍÛÌ ÈÑÒÎÙÅÍÈÅÌ ßÈ×ÍÈÊÎÂ
Øåïåëü Å. À., Áëàøêèâ Ò. Â., Âîçíåñåíñêàÿ Ò. Þ., Ãðóøêà Í. Ã., ßí÷èé Ð. È. 
Ðåçþìå. Ïðîáëåìû, ñâÿçàííûå ñ ïðåæäåâðåìåííîé íåäîñòàòî÷íîñòüþ ÿè÷íèêîâ ìîãóò îãðàíè÷èòü 

óñïåõ ýêñòðàêîðïîðàëüíîãî îïëîäîòâîðåíèÿ, ê êîòîðîìó ïðèáåãàþò ïàðû, ñòðàäàþùèå áåñïëîäèåì. Èñ-
ñëåäîâàíèå ýêñïðåññèè ãåíîâ â êóìóëþñíûõ êëåòêàõ ìîãëî áû ñòàòü íàäåæíîé ìîäåëüþ äëÿ îïðåäåëåíèÿ 
ïîòåíöèàëà ðàçâèòèÿ îîöèòîâ è ýôôåêòèâíîñòè ïðîòîêîëà ãèïåðñòèìóëÿöèè ÿè÷íèêîâ, à òàêæå îöåíèòü 
ðàçâèòèå ýìáðèîíà è èñõîä áåðåìåííîñòè. Ïîýòîìó àêòóàëüíûì ÿâëÿåòñÿ àíàëèç äàííûõ ëèòåðàòóðû îòíî-
ñèòåëüíî êëþ÷åâûõ ãåíîâ, ñâÿçàííûõ ñ ïðåæäåâðåìåííûì èñòîùåíèåì ÿè÷íèêîâ ó ÷åëîâåêà. 

Êëþ÷åâûå ñëîâà: ãåí, ïðåæäåâðåìåííîå èñòîùåíèå ÿè÷íèêîâ. 
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Genes Associated with Premature Ovarian Failure
Shepel Å. A., Blashkiv T. V., Voznesenskaya T. Yu., Grushka N. G., Yanchiy R. I. 
Abstract. Timing of natural menopause has great implications for fertility and women’s health. Age at natural 

menopause is largely influenced by genetic factors. Several genetic studies have been conducted to identify 
genes in age at natural menopause, which can help us unravel the biological pathways underlying this trait and the 
associated infertility and health risks. To determine the role of specific genes involved in human reproduction, it a 
variety of modern techniques such as polymerase chain reaction, fluorescence hybridization in situ, the definition 
of single-nucleotide polymorphisms and others are used. These approaches have significantly expanded the 
amount of information and deepen existing knowledge about the genetics of reproduction. Therefore, the analysis 
of literature data regarding key genes associated with premature ovarian failure in humans is actual. 

Genome-wide linkage analysis has revealed that B-cell lymphoma 2 (BCL2) and gonadotropin-releasing hor-
mone 1(GnRH1) genes are involved in determining the variation in timing of natural menopause. Recent genome-
wide association studies have identified two genomic regions (19q13.42 and 20p12.3), containing two promising 
candidate genes (BRKS1 and MCM). Two independent studies, investigating age at menopause, identified four loci 
associated with normal age of menopause variation, on chromosomes 19, 20, 6 and 5. 

FOXL2 has been identified to participate in granulosa cell development and involved in female infertility. 
Growth differentiation factor 9 (GDF9) and bone morphogenetic protein 15 (BMP15), are two important oocyte-se-

creted factors, which activate signaling pathways in cumulus cells (CCs) to regulate key genes and cellular processes 
required for CC differentiation and for CCs to maintain their distinctive phenotype. MutaƟ ons in bone morphogenic 
protein 15 and growth differentiation factor 9 lead to altered fertility in animal models.  The action of BMP15 is re-
quired for the progression of human folliculogenesis. Mutant BMP15 appears is associated with reduced granulosa cell 
growth, and antagonizes the stimulatory activity of wild-type protein on granulosa cell proliferation. In the human, a 
heterozygous point mutaƟ on of BMP15 has been associated with premature ovarian failure. 
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The problems associated with premature ovarian failure  may limit the success of IVF in couples with infertility. 
Oocytes tightly control their neighboring somatic cells, directing them to perform functions required for appropri-
ate development of the oocyte. The oocyte–CC communication is bidirectional with the oocyte secreting potent 
growth factors that act locally to direct the differentiation and function of CCs.  This oocyte-CC regulatory loop 
and the capacity of oocytes to regulate their own microenvironment by oocyte-secreted factors may constitute 
important components of oocyte quality. Therefore cumulus cells could become a reliable model to determine ef-
fectiveness of the ovarian hyperstimulation protocol, to evaluate oocyte developmental potential as well as pre- and 
post-implantation embryo development and the outcome of pregnancy during  the in vitro fertilization process. 
They may also deepen our understanding of the basic biology of cumulus-oocyte cell complexes and human early 
embryos, for example by studying the function of individual genes in experimental animal models, that may improve 
our knowledge of the processes regulating oocyte quality, which have a number of applications, including improving 
the efficiency of clinical IVM and thereby providing new options for the treatment of infertility. Analysis of literature 
data confirms promising genes associated with premature ovarian failure in humans, which may help to better pre-
dict the risks for individual patients. 

Keywords: gene, premature ovarian failure. 
Ðåöåíçåíò – ïðîô. Á³ëàø Ñ. Ì. 
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