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ŰƘ 
 

­źŌŷ ƷÒ 

� � »r¨ĺ ­ä�!ǏŸ�ē�ōi�Ŝë ­®Ūź
íù�/.)  Ǐ� ÏƯ

�!ƣƊ�ǏöùĹ1Ơ�.%��� ĉ! 40i�Ŝë�İÞ�.���
öùĹ1Ơ�

.�Ǐ­ä��ÔÀ�.­ħŪźǍ­ǎ1·'hƯ ­ź!Ōŷ1ƷÒ�Ǐ²ŦŻ1Ē�

.ùĹ­#��«�.���ǏƭĀ�/�ĉ� ­
ă­�/.��	�ǏÏÎĉ ­!

Ōŷ���%%®Ò­ź��Ň%.	ǏŌŷ ƥp�ƣƊ�.�� +��Ǐöºē�õ

��­ä� í÷ŎfŃŁŎÌ«1ƖÝ�ǏùĹ­1Ń&��\8LB[����!ǏĔ

�mĐ�Ķ
Î�ÔÀ�.� 

� � ­ùĹĠĝ ƓĐ�!Ǐ­�­ Ōŷ Æ��.­ź öºēÌ¨Ǐ�+"� Ì¨

1ƖÝ�.¾ÓŴ î¡����ŁƓ�.ôƏ
�.�­!Ÿ�ē�İĉ�ƌ1ƷÒ�.

�ǏŢhİĉ�ƌ�ē ůļē%��ƌ1ƨƊ�Ǐ��
öùĹ1Ơ�.%��/yƻ 

Ōŷ1�ģ�.�Ţhİĉ�ƌůļē�ƫ��­!­źŌŷ đ�ē�hâ ûç�­ä

kŏŪź�±-¿%/Ǐ®Ò­ź
íù�/.��/yƻǏ­�­ź!¶ƗŎ�Ōŷ�Ǐ

� Ŭę­ Ĥæ�Ōŷ
³Ż��.�®Ò­ź!*
�Ǐ­º¿ ûç�­äkŏŪź


Ščļ ŪźǍǅťƁŪźǎ#�Ì«�Ǐ�,�­ź º¿
ÄêƁ�ª%/�hĢ­

ź��.�ŸŃ�ē ­
®Ò­ź1ū�hĢ­ź#�Ōŷ�.ƪŜ�!ǏNG;36J

Z6A1Ņ��ƓĘ�+-yl Îĉ ¾Ó ƹn
ř�/��.�®Ò­ź íù�!

­ņė ƞ��ò¾Ó Factor In the Germline-αǍFIG-αǎǍSoyal et al., 2000ǎ
Ǐ®Ò­ź	

,hĢ­ź íù�!¶��­ņė ƞ��ò¾Ó Newborn Ovary HomeoboxǍNOBOXǎ

ǍRajkovic et al., 2004ǎ*ǅťƁŪź
Ĉ��.ƞ��ò¾Ó Forkhead box L2ǍFOXL2ǎǍUda 

et al., 2004ǎ
ôǄ��.��
Å¹�/��.�� ïǏhĢ­ź ǅťƁŪź!ÈĥǏ

Îâ«�sĢ­ź#�Ōŷ�.�­ņė Growth Differentiation Factor-9ǍGDF-9ǎ1=gK

�. Gdf-9 1NG;36J��Z6A�!hĢ­ź� Ōŷ�ģ
Å¹�/��.��	

,ǍDong et al., 1996ǎǏsĢ­ź# ­źŌŷ�! GDF-9
ƲƏ��.�ŵ�,/��.�

sĢ­ź
íù�/.�ǏÄêƁ Í��ǅťƁŪź1±-å�+��ǏƉţMGJdg

;
íù�/.ǍVollmar et al., 2001ǎ�� ïǏÄêƁ º¿ ƸƛŪź!sâ��	/Ǐ

ƉţČŃ
Ń�kŏĞí÷1Ē�.�­źƁŪźâ�ŲŮƅŪźĞí÷ Í­źƁŪźâ

��«�.ǍErickson et al., 1985ǎ�� +��Ÿ�ē Ƹ�Ōŷ1ƷÒ��­ź!ǏŢhİ

ĉ�ƌ�ē ůļē ­1�ª��ļ÷�Ǐ­*ǅťƁŪźņė Įö¾Ó
P_;_5
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ef7gJ;_5eŎ��Ņ�.���Ǐ®Ò­ź	,sĢ­ź%�Ōŷ�Ǐ��!öù

Ĺē1Ơ�.� 

 

źļ­ź Ōŷ 

� � ®Ò­ź	,sĢ­ź%� ­źŌŷ!lÁ�ņė öƀ�ĳXa]eǍGonadotropinǎ

��.­ź�ĳXa]eǍFollicle Stimulating Hormone; FSHǎ*ǋ�íùXa]eǍLuteinizing 

Hormone; LHǎǁ�ÔŎ�Ōŷ��.��/�Ü�ǏöùĹē1Ơ��ï�Ń�.ǏsĢ­

źyƻ Ōŷ!ǏFSH* LH
�­źƁŪźâ�%�Ōƫ��Ɖţů1v��­ź���Ņ

�ǏïƢ�.AHc5KXa]e*WUFKXa]e�� ­ź�ßúö¾Ó Ōŀ1Ɩ

Ý�. Gonadotropin�ÔŎ�Ōŷ��.� 

� � ¨ĺ
�ŃïǏöùĹē�ƫ�ǏƒélƯ	,öƀ�ĳXa]eĈ�Xa]e

ǍGonadotropin Releasing Hormone; GnRHǎ
Ĉ��/.�ǏlÁ�	,!��óƴ	�Pa

Aļ LH� FSH �Ī
�ƨ�/ǏsĢ­źyƻ ­źŌŷ
ƷÒ�/.�LH!�­ź

ƁŪź��Ņ�ǏAndrogenńŃ1�ƨ�.�hčǏFSH!ǅťƁŪź��Ņ�ǏP450aromatase

ǍCYP19A1ǎ Ōŀ1tƨ�.���Ǐ�­źƁŪźņė Androgen	, Estrogen µù

1��ǍYoung and McNeilly, 2010ǎ�%�ǏEstrogen!ǅťƁŪź�Ōŀ�. Estrogen²Û

�ǍEstrogen Receptor; ERǎ�Ŭµ�.�ǏŪźºē�ƨ¾Ó��. Cyclin D2ǍCCND2ǎ 

Ōŀ tƨ1v��ǅťƁŪź Èĥ1��ǏsĢ­ź!­źŽ1Ē�.�ēźļ­ź1

íù�.ǍRobker and Richards, 1998ǎ��,�ǏEstrogen µùưŨ��. CYP19A11ġć

��ǍArKOǎZ6A�!ǏǅťƁŪź
CaJ`ŪźĞ íļ#�Ì«��ŉæ­ź1¸

�.��
Å¹�/�ǍBritt et al., 2001; Toda et al., 2001ǎ�yk Ŭę	,ǏEstrogen!ǅ

ťƁŪź Èĥ &�,�Ǐí÷ŮĂ�)ƹn�ǏsĢ­ź	,�ēźļ­ź# Ōŷ1

�ƨ�.) �ŵ�,/.� 

� � �ēźļ­ź	,ïēźļ­ź# Ōŷ�!ǅťƁŪź��
. FSH � FSH ²Û�

ǍFSH Receptor; FSHRǎ
ƹn�.�FSH
�ēźļ­ź ǅťƁŪź��Ņ�.�ǏInsulin 

like Growth Factor-1ǍIGF-1ǎ ńŃ1��Ǐ�,�. FSHR Ōŀ1ƖÝ�.��ǍZhou et 

al., 1997ǎǏ%� FSHRlĭ Phosphoinositide 3-KinaseǍPI3Kǎ Ĭö«1v��ǏǅťƁ

Ūź 3YJg?A1ý��.��ǍGonzalez-Robayna et al., 2000; Cunningham et al., 2003ǎ


Å¹�/��.��,�Ǐźļ­ź ǅťƁŪź	,Ĉ��/. Inhibin !żlÁ�# 

ƚ S4gKOG;Ġĝ�+- FSH Ĉ�1ý��.ǍűĥĥŃĺÕ, Ţ 5š Ńĥ´ē 

ŃŁ 1. öºēǎ�ð��Ǐ~Ĵë FSHĖz����ǏǅťƁŪź��
. FSHR Ōŀ

1ŮĂ�Ǐ3YJg?A
ý��/��ēźļ­ź &
ïēźļ­ź#ƭĀ�/.�ŵ

�,/��.� 
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ă­ 

� � ïēźļ­ź����ǏǅťƁŪź
µù�. Estrogen  ƴ
Rg;�ƫ�.�ǏƉ

p#�Ĉ��/� Estrogen !Ĥ S4gKOG;Ġĝ�+-ƒélƯ	, GnRH �+"

lÁ�	, LH  Ĉ�1�ƨ�.��/�+-ǏhƪŎ� LH  ÎƴĈ�ǍLH >g@ǎ


Ń�.�LH>g@!­ İĉ�ƌ �ƷǏ­ź� AHc5KXa]ełÇ śƊǏ­

oŪź ƂĲǏ­źÉ Ŗƌ����Ǐ¢Ŏ�­ź� ŃŁŎfí÷ŎÌ«1ŔēƸ �

�ƖÝ�.� 

� � LH �ĳ!­oŪź�­ :^GUŬµ1ĝù�. Connexin-37 �.�!Ǐ­oŪź*

­oŪź¶Ë :^GUŬµ1ĝù�. Connexin-43 `eƱ«1ƖÝ�Ǐ:^GUŬµ1

ƶƵ�.ǍNorris et al., 2008ǎ��/�+-ǏLH �ĳ1²
�ǅťƁŪźņė cyclic 

Adenosine MonophosphateǍcAMPǎ ­# ĭ�
İÞ�Ǐ­ĚźãÊǍGerminal Vesicle Break 

Down; GVBDǎ1Ń�.�Ǐ­!Ţhİĉ�ƌ�ē	,²Ŧ� Ħƽ��.Ţsİĉ�ƌp

ē%�İĉ�ƌ1ƨƊ�.�%�ǏǅťƁŪź CYP19A1! LH>g@ï�� Ōŀ1~

l��ǏEstrogenńŃ
ý��/.ǍFitzpatrick et al., 1997ǎhčǏP450 cholesterol side chain 

cleavage (P450scc; CYP11A1)* 3β-Hydroxysteroid DehydrogenaseǍ3β-HSDǎ Ōŀ! LH>g

@ï��ƨ�/.�(Ǐ­ź�! Estrogen�©łÇ	, Progesterone�©łÇ#�śƊ�.

ǍBoerboom and Sirois, 2001ǎ��/%� ŕş	,ǏProgesterone  µùƺÙ���.

Aminoglutethimide* EpostaneǏProgesterone²Û�āÿƺÙ���. RU486 þn
Z6A

�_GJ����ă­1ý��.��ǍLipner and Greep, 1971; Loutradis et al., 1991; Tanaka 

et al., 1992; Uilenbroek et al., 1992ǎǏProgesterone²Û�ǍProgesterone Receptor; PGRǎ1ġć

�� PgrKOZ6A ǅťƁŪź�!Ǐă­ē�Ōŀ�.ZJ`;A\EcUcH3gD 

A Disintegrin And Metalloproteinase with Thrombospondin motifs-1ǍADAMTS-1ǎ* Cathepsin L

 Ōŀ
~l�.��Ǐ�,�ÄêƁ�! ADAMTS-1 Äƛ��. Versican
Ōŀ�Ǐă

­ƪŜ�����ċ�/.��
ř�/�ǍRobker et al., 2000; Russell et al., 2003ǎ��/,

 Ŭę	, Progesterone�ÔŎ� ADAMTS-1 ���+- Versican
�ċ�/.���Ǐ

ÄêƁ�ǅťƁŪź Ʃǀ
�ƨ�/.�ŵ�,/.��,�­źŽ�# Progesterone Ƈ

Ş�|�Ǐ­ź
Ƃì1ŭ
.�Ǐ� ǃkƯ�ƈ�ƤĐ�Ư�ǍAF<Zǎ
íù�/

.�*
�­ź Ƃì
Rg;�ƫ�.�Ǐ­źÉ!Ŗƌ�ă­
Ɯ�.�yk Ŭę	

,ǏProgesterone!­ź Ŗƌ�ă­�ƲƏ�î¡1ę���ŵ�,/.� 

� � ă­ ƖƜ�ƲƏ�î¡1ę�� LH ��.
Ǐ� ²Û�Ǎ Luteinizing 

Hormone/Choriogonadotropin Receptor; LHCGRǎ!ǅťƁŪź�ǊŌŀ�.hčǏ­oŪź*

­�!Ɣ(,/��ǍAmsterdam et al., 1975; Peng et al., 1991ǎ�� ��	,ǏLH�ĳ1²


�ǅťƁŪź	,�,	 sĢ¾Ó
Ĉ��/ǏCOC1�ĳ�.��
ř¼�/����
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ơèǏPregnant Mare Serum GonadotropinǍPMSGǎ�+" human Chorionic GonadotropinǍhCGǎ

þn�+-Ǐă­1ƖƜ��Z6A ǅťƁŪź1Ņ��Z5;c3b5ƓĘ	,ǏhCG

�ĳï ǅťƁŪź����ǏEpidermal Growth Factor-like factorǍEGF-like factorǎ hŝ

 ��.ǏAmphiregulinǍAREGǎǏEpiregulinǍEREGǎǏBetacellulinǍBTCǎ Ōŀ
kď�

.��Ǐ�/, ¾Ó
 EGF ²Û�ǍErbB1ǎ1v��­oŪź1�ĳ�.���

Extracellular signal Regulated Kinases 1 and 2ǍERK1/2ǎ1Ĭö«�Ǐ­oŪź��
.ƂĲ

ƹƧƮ{Ó Ōŀkď*­ İĉ�ƌ�Ʒ1ƖÝ�.��
Đ,	����ǍPark et al., 

2004; Hernandez-Gonzalez et al., 2006; Shimada et al., 2006; Hsieh et al., 2007ǎ�AREGǏEREG

�+" BTC!��/)ŪźÍƯ}� EGFK\5e1Ē�Ǐ�/
Ʃǀ�.���ğŎŪź

 ErbB1 ��Ņ�.�� EGF K\5e1ĻŉŎ��ċ�.ưŨ��� Tumor necrosis 

factor-α-Converting Enzyme/ A Disintegrin and Metallopeptidase domain 17ǍTACE/ADAM17ǎ


œ,/��-ǏTE COC  �ÍÃǈŧ����ǏTACE/ADAM17 ƺÙ���. TAPI-2 

į¥!­oŪź ƂĲǏ­ùĹ1ǆƆ�ý��.hčǏ� ý�! EGF-like factor į¥�

+-ƓƼ�/�ǍYamashita et al., 2007ǎ�yk Ŭę	,ǏLH>g@ �ĳ1²
�ǅť

ƁŪź����ǏEGF-like factor �� `9eKƯ}�ċưŨ��. TACE/ADAM17 
Ō

ŀ�.��ǏƩǀ��`9eKƯ}
­oŪź ErbB11v�� ERK1/21Ĭö«�.��

�Ǐ­oŪź ƂĲǏ­ùĹ
ƖÝ�/.��
Đ,	����� 

� � LH >g@�ĳ�+-`eƱ«�/. ERK1/2 !� lĭ�Ğ	�Ʈ{Ó Ōŀ1�ò

�.��
œ,/��.�Fan ,!Ǎ2009ǎǏCre-LoxP ?AH[1Ņ��Ǐ­äĻŉŎ�

ERK1/21NG;36JǍErk1/2gc-/-ǎ��Z6A1���ǏZ5;c3b51Ņ��ă­�

ĳï ­ä� ERK1/2�ÔŎ��ò�/.Ʈ{Ó1ůųŎ�ąũ���� ŬęǏErk1/2gc-/-

Z6A���� Steroidogenic Acute Regulatory proteinǍStARǎ* CYP11A1 ����

Progesterone µù�ƹn�.¾Ó�¥�ǏProstaglandin E2ǍPGE2ǎ µùưŨ��.

Prostaglandin-endoperoxide Synthase-2ǍPTGS-2ǎ Ōŀ
ǆƆ�ý��/��%�ǏLH>g

@�ĳï ­oŪź­Ǝµ�ǍCumulus-Oocyte Complex; COCǎ!­oŪźƸƾ�Q3ac

eƱ1qù����ŪźÍZJ`;A ƇŞ1|�ǏCOC !ƂĲ�.
ǏErk1/2gc-/-Z6A

�!Q3aceƱµùưŨ��. Hyaluronan Synthase2ǍHAS2ǎ*µù��Q3aceƱ1

ŪźƸƾp��Ă�.�( ��1Ă� Pentraxin 3ǍPTX3ǎ* Tumor Necrosis Factor, 

α-Induced Protein 6ǍTNFAIP6ǎ Ōŀ
~l�ǏCOC ƂĲ
Ɣ(,/�	����,�Ǐ

Ptx3 NG;36JZ6A!­oƂ« ý� &�,�Ǐă­­Óĉ İÞ*²Ŧ Ö�ý

�
Ń�.��ǍSalustri et al., 2004ǎǏPtgs-2-/-�.�! PGE2²Û�ǍPGE2 receptor; EP2ǎ

1NG;36J�� Ep2-/-Z6A�!ǏTNFAIP6  Ōŀƴ
~l�Ǐ­oŪź!ƂĲ��Ǐ

²Ŧ)Ɯ�,����
Å¹�/��.ǍLim et al., 1997; Hizaki et al., 1999; Ochsner et al., 



 7 

2003ǎ��/, Å¹	,ǏLH>g@�ĳ�+- EGF-like factor-ErbB1ūƝ�+-ƖÝ�/

. ERK1/2 `eƱ«!­oŪź ƂĲ &�,�ǏùĹ­ Ōŷ�m³ġ��.��
ř

�/�� 

� � � +��ïēźļ­ź� LH>g@�ĳ
¥0.�ǏŒĆŎ�.�!ǅťƁŪź	,

 EGF-like factor Ĉ�1v��ǏƸĆŎ�ǅťƁŪźǏ­oŪź�+"­��Ņ�Ǐ­o

Ūź ƂĲǏ­ İĉ�ƌ�ƷǏ­źÉ ıƓ
¶ƗŎ�ƨƊ�.ŬęǏ²ŦŻ�+"Ō

ŃŻ1Ē�.ùĹ­ ă­
³Ż��.� 

 

ŕşőŎ 

� � ¨ĺ	,Ą±��­�ŦÓ1�Í����Ƭ��Ėz�Ãǈ�Ǐ²Ŧ��.üƋ��

.�Í²ŦǍIn Vitro Fertilization; IVFǎ!Ǐ����Ź1ƿ ÓØ�śě�.���ńw1

ñ.��
³Ż��.�1959 èǏChang 
6>:�Í²Ŧ­ śě�+-ńw ���ù

¤��ïǏ� üƋ!×ǉ¨ĺ*Úň�Ōà�Ǐ1978 è�!QJ �Í²Ŧ­1Ņ��ń

Ó ƕŃ
Å¹�/�ǍSteptoe and Edwards, 1978ǎ�¨ĺ	, IVF�Ƭ��Ǐ²ŦŻ£*Ō

ŃŻ£1Ē�.ùĹ­1Ą±�.čī�!Ǐ¨ĺ�uķŎ�Xa]eþn1Ɗ�ǏÓØĵ

ĭ�+-­ţ	,ùĹ­1Ą±�.ƪ ă­ǍSuper Ovulation; SOVǎī�¨ĺ ­ä	,

ǁÍŚŎ�ĔùĹ­1Ą±�.ūžĄ­ǍOvum Pick Up; OPUǎī
�.�SOVī�!²ŦǏ

ŌŃŻ Ǌ���ùĹ­ Ą±
³Ż�¯ǂǏĄ±��.­ ĉ
Þ��ǏXa]eþn

�+-ǆƆ�­äſÏ*ĩŪƉţƤƪö È¥1|�Ǐ­äƪ �ĳŊ�ŴǍOvarian 

Hyperstimulation Syndrome; OHSSǎ1ŌŊ�.³Żö
�.ǍNavot et al., 1992; Delvigne and 

Rozenberg, 2003ǎ����ŀÀǏOPUī�+-Ą±��ĔùĹ­	,�ÍùĹÃǈǍIn Vitro 

Maturation; IVMǎī1Ņ��ùĹ­1���.čī �Ņ
ƨ2��.�IVM ī1Ņ�.

���ǏXa]eþn�+.űĥ ¶ē«1Ɗ0��ǇŶ�ŁÆņė áň����)Ǐ

­ä�ÔÀ�.ĔùĹ­1�Ņ�ǏÎĉ ńw1ñ.��
³Ż��.�� ��	,ǏIVM

ī� IVF ī �Ņ!Ǐňń�Ƴ����!�Ƅíƛ1Ē�.Úň §ĿŎŃń�Ē§��

.�ŵ�,/.�%�ơèǏÐö �ńèǌ Ǌǌ«�+-Ǐ­ ƛ ~l�Ɯ¾�.m

Ñ*~²Ÿ
È¥���.�­ ƛ~l ®¾ hƯ!Ǐ������Ĥæ�Xa]e�

Ī
Ɗ0/�����ņė�.�ŵ�,/.�(Ǐ¬ŋ�Ƴ����!ǏƬ��Xa]e

łÇ�ƗĊ�� IVMī1Ņ�ǏQJ ­äņė ĔùĹ­	,ùĹ­1���.���Ǐ

ǊŗĿ�ńÓ1ñ.ŕş)��/��.�� +��ǏIVMī!Ľ¬ňń�Ƴ &�,�Ǐ

QJ ǊëŃĥƍ¦¬ŋ����)Ĝ(�ƲƏ�üƋ��.hčǏĎÔ IVMī�+��

ñ,/.ùĹ­ ŌŃŻ£!Ǐ��ùĹ­�Ĩ$�~���
œ,/��.�� ®¾ 

h����ǏŃ���! FSH�ÔŎ�­źŌŷ ïǏLH>g@�ĳ1ū�²ŦŻ1ľñ�
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�ùĹ­
ă­�/.hƧ ­ùĹ \8LB[
ÔÀ�.�)		0,�ǏĎÔ IVM

ī�!­ ŌŷĦƽ*­Ōŷ Æ��.­ź� łÇ1ŵø�.����Ǐă­�ĳ &

�+-­ùĹ1����.��
ŵ�,/.����Ǐĕŕş�!Ń������Ǐ­ź

Ōŷē�+"ă­ē ­ź��Ń�.­ùĹƖÝ\8LB[1ƓĐ�Ǐ�/1ÄŐ���

ČƑ IVMīĝŤ �( ÄŘŕş���yl Ţsš�+"Ţjš ŕş1Ɗ��� 

� � �Ƣ Ʀ-ǏhƃŎ�­źŌŷ*ă­ ƖÝ�!­ź� AHc5KXa]ełÇ


Estrogen�©	, Progesterone�©#śƊ�.��
ƲƏ�ŵ�,/��.��	�Ǐ­ź

� AHc5KXa]ełÇ
��Ǐ� +��Ġĝ�+- Estrogen�©	, Progesterone

�©�Ì«�. 	!mĐ��.����ĕŕş Ţsš�!ǏCholesterol1Ä�ńŃ�/

.AHc5KXa]e µù�xƙ
­źŌŷ ƪŜ�� +��ƨƊ�. 	1Ɨ$.

�(�Ǐ­źŌŷē TE	,>5B��­ź1½°�ǏAHc5KXa]e µù�x

ƙ�ƹn�.Ʈ{ÓŴ Ōŀ�� î¡����TE­ź� COC �ÍÃǈŧ1Ņ��Ɠ

Ę��� 

� � ă­ē���� LH �ĳ1²
�ǅťƁŪź
 EGF-like factor 1Ĉ��Ǐ­oŪź 

ErbB11v�� ERK1/21`eƱ«�.��
ƲƏ��.��	� EGF-like factor hŝ�

�. AREG1į¥���ÍÃǈŧ� COC1Ãǈ����Ǐ­oŪź ƂĲ*Ãǈï ùĹ

­ ²ŦĿ�+"ŹŐźēŹ# �ƫĿ!Ǐ��ùĹ­ �/�ĨƟ�Ǐ�ĸ~��� 

��	,ǏŃ��! EGF-like factor�¥�ǏĔœ ­ź�ßúö¾Ó
ÔÀǏĠŻ�.��


ř¼�/�����Ţjš�!ǏƳŃÂZ6A ǅťƁŪź��
.Z5;c3b5I

gEVgA Ŭę	,ǏLH�ĳï�Ōŀƴ
 2�yk�È¥�.­ùĹ�ƨ¾Ó1�ƍ«

����ƍ«���Īö¾Ó	, NeurotensinǍNTSǎ1Ɛ��ǏZ6A��
. NTS Ō

ŀ�� î¡����ƓĘ1Ɗ��� 
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Ǯ�ǭ 
 

S\~C_o|v�âŏ
8-�ȺȑÍ(Ǟǚ��±ÐÖȐǕȍƐƌ*ƈȳ 
 

Ķȹ 

 
� � Ȏ¶Ź*Öī(ăũĎò�;ØĉÖȐ+¨�*Ǖȍ(�
ʉ�ƒÖȐʉ�ƒÖȐʉÃ

ŹȐǇÖȐ>ǿ#ʉɕŕ�<��ɗ*ÖȐ*3�ŁŹȐǇÖȐ/%Ǖȍ�ŞÖ�ȷĞ�<

;6**ʉĄɗÁ*ÖȐ+Ǖȍ�;�%'�ƫć�;����ʉ�ɍ*ǕȍɐǨ$ǎ�;

ÖȐɕŕƐƌ*ȱű+ź��Đ¸$	;�ǆ(ÃŹȐǇÖȐ�9ŁŹȐǇÖȐ/*Ǖȍ+ʉ

Ǯ�ưũÁȨÉŹ*ȄǇŹ$ưũÁȨ>®Ɠ��Ö�ÁȨ>»ɧ�ʉßǶȑ
8-Ǖǎȑ

>Ÿ�;ŏǂÖ/*Ǖȍ>��ʉÖȐɕŕ*ŷǽɐǨ$	;�ŮʉÖīº(ăũĎò�;

ÃŹȐǇÖȐk�|�9ʉ&*8�'Ɛƌ(8:ũ¨*ŁŹȐǇÖȐ*3�ɕŕ�<ʉŞ

Ö(2$Ț;*�+�ű$	;�ÃŹȐǇÖȐ�9ŁŹȐǇÖȐ/*Ǖȍ*ǆņ*�"+ʉ

Ȕ�õ�Ǒſ* FSH 7 LH Èƽ£Ďǖ'ÖȐº$*S\~C_o|v�âŏ$	;�ÖȐ

º*S\~C_o|v�âŏ+ʉȣ�(

#�Ęĸ{qW�eLȻʇLow-Density 

Lipoprotein; LDLʈ2�+ʃĘĸ{qW�eLȻʇHigh-Density Lipoprotein; HDLʈ%�#Ď

ò�; Cholesterol>Øū(ʉĉ5( Pregnenolone�âŏ�<ʉ�*Łƙɯǖ( Progesteroneʉ

AndrogenʉEstrogen�âŏ�<;�¨��ŋŏǂ>Ƀ�;%ʉȔ�õ�Ǒſ* LH* ǐ(

8:ʉǼȐº(ɀɇ�<� Cholesterol+s^O�_{AĂȘ(Ģò�; StAR*°�(8:

s^O�_{AºȘ/%ɏŤ�<ʉCYP11A1*°�(8: Pregnenolone/%āš�<;�

�*ŁʉPregnenolone+ǼȐº$ 3β-HSD*°�(8:Progesterone/%āš�<ʉcytochrome 

P450 family 17 subfamily A member 1ʇCYP17A1ʈ*°�(8: Androgen�âŏ�<;�

Androgen+ FSHÈƽ>�!��( CYP19A1*°�(8: Estrogen/%āš�<;�2�

ÖȐǕȍ*ÃŹ$+�( EstrogenǏǎ*�5*�ɨ�%�#âŏ�<#
� Progesterone+

ÖȐǕȍ*ɎȤ%¹(ǪƋǖ(âŏ�<;8�(':ʉǆ(LHP�RÈƽ(8:CYP19A1

ǕǊ*Ŋƽ'��% CYP11A17 3β-HSD *ǕǊ¥Ɏ�ȷĞ�<;ȀƁʉÖȐº* Estrogen

ƾĸ+��� Progesteroneƾĸ��Ű�;ʇFitzpatrick et al., 1997; Boerboom and Sirois, 2001ʈ� 

� � ÖȐǕȍ*ɐǨ$Ǐǎ�<; Estrogen +ɺǵȘǼȐ*ÿƘ>ȷĞ�ʉAq^�QS>

ŒÇ�;�%�ǟ9<#
;*(ě�ʇRobker and Richards, 1998; Gonzalez-Robayna et al., 

2000; Cunningham et al., 2003ʈʉÖȐǕȍŹ(
�; Progesterone*ĿË+�ű'ǀ�ă
�

ÖȐǕȍÃŹ$* Progesterone*ĿË("
#ƈȳ�� Fukuda9+ʇ1980ʈʉźŏǂzZ^

/* Progesteroneœ�+ɺǵȘǼȐ*ƅ¾ɱ>ȷĞ�ʉǕȍÃŹ$*ÖȐɦɢ>¥Ɏ�;�
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%>úç�ʉÖȐǕȍÃŹƙɯ$* Progesterone*ŵɴ+ÖȐ*Ǖȍ>ŒÇ�;�%>ű9

�����ŮʉzZ^ʉrDSʉDPK/* Progesterone ßĖ�ŚŔɫĕÊ$	; RU486

*œ�7ʉrDS*�ĂÖȐøʀǷ/* ProgesteroneßĖ�ŚŔɫĕÊ Org-31710ƮÎ�Ş

Ö>ŒÇ���%ʇvan der Schoot et al.ʉ 1987; Loutradis et al.ʉ 1991; Chen et al., 1995; Rose 

et al., 1999ʈʉPgrKOrDS$+ʉùķȘ* Versican*ÂŬ(ɩ��; ADAMTS-1*ǕǊ�

�����%�9ʇRobker et al., 2000ʈʉProgesterone+ŞÖ(Ƌ5#ɝȬ'S\~C_o|

v�%ȋ�9<;���*�%�9ʉÖȐ*Ǖȍƙɯ(ŉ�#ÖȐºS\~C_o|v�

Ǎþ� Estrogen�9 Progesterone/%Â:Ŷ=;WCs�M�ÙĘ(ÇŃ�<;�%�Ɣı

'ÖȐǕȍ%ŞÖ(ňȬ$	;%ȋ�9<;� 

� � Cholesterol�9âŏ�<; Progesterone+ Estrogen�Ă(6 20α-ƞɛÒS\~C_ȓƞ

ǻɚǻʇ20α-Hydroxysteroid Dehydrogenase; 20α-HSD; AKR1C1ʈ(8:ǎǌƦŋ*'
ƞƷ

ŋ* 20α-Hydroxyprogesteroneʇ20α-OHPʈ/%āš�<;�%�ǟ9<#
;�AKR1C1

>��� Progesterone �9 20α-OHP /*āš+ʉzZ^7rDS'&*ŋèŹ*Ǡ
ʆƕ

ɼ(
�;ʅ�*ɂɌ'ɆȤ(Ɛȑ�;�%�ǟ9<#
:ʉ�<9*Ïǅǩ$+ŞÖŁ

(�ġ�ŏǬ�'
ûâʉʅ�* AKR1C1 (8: Progesterone *�Ⱥ�¥Ɏ�<;ȀƁʉ

ʅ�+ŊɌ(ɆȤ�ʉƒ*ÖȐǕȍ�àȑ%';%ȋ�9<;�2� Progesterone+ĈĊȃ

ś( ǐ�ʉĈĊŻŹ( Progesterone Ǐǎ����;�%$Áċ�ȷĞ�<;�Jayasekara

9+ʇ2005ʈʉĈĊŁŹ*xK*Ȏǘ%čĔ(

6 AKR1C1�ǕǊ�;�%ʉ2� Ishida

9+ʇ2007ʈʉAkr1c1 >Ƒţ��rDS$+ĈĊŹɨ*ȣƯ�* 20α-OHP ƾĸ+Ōıǖ(

�¬*22āÏ��ʉɞǎö(Ɯ0ŋèŹ%ĈĊŹɨ�Ÿō(Ĺɤ>�;�%>úç���

��*ȀƁ�9ʉAKR1C1+ Progesterone*Ŋƽ'�Ⱥ>��#ʅ�ɆȤ7Áċɧĉ>ȷĞ

�;�%�ǣë�<�����ʉÖȐǕȍŹ(

#ʉEstrogen�Ă* Progesterone*�Ⱥ

ǿȽ%ÖȐǕȍ%*ɩ¤(ɩ�;úç+'
� 

� � ��$żǡǫ$+�<2$(±ÐÖȐ$+ÖȐȧɷ*ȣǱŭǎ�ɻȟ'�ŮʉɆȤÖ

Ȑ$+ȣǱŭǎ�1%?&ȶ59<'
ǀ(Ǟǚ�ʉjWÖī�9PCTÅ(ȣǱŭǎ*

ɻȟ'±ÐÖȐ>şÞ�ʉɺǵȘǼȐ(
�; Progesterone *âŏ% 20α-OHP /*�Ⱥ(

ɩ��;ɖ×čȊ*ǕǊ
8-ÖȐƬ�* Progesterone ƾĸ*Ƴđʉ Progesterone �9

Estrogen/*âŏ(ɩ��;ɖ×čȊ*ǕǊ%ÖȐƬ�* Estrogenƾĸ*Ƴđ>Ȥ
ʉ±Ð

ÖȐ*ǕȍɐǨ$ǎ�; Progesterone % Estrogen *âŏ%�Ⱥ*āÏ*¸Ėȱű>ȵ3��

2�±ÐÖȐº* Progesterone% Estrogen*āÏ�Ö�ǼȐ*Ɛȑŋ7Öŏǂ
8-ȏǕǎ

(��;ľɸ>ƈȳ�;ǚǖ$ʉɆȤÖȐǑſ* COC>±ÐÖȐ* Progesterone% Estrogen

Ǎþ>Ə«�� IVMǷ>ǐ
#øʀ���  
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Žū
8-Ůơ 
 

jWÖī*şÞʉɏŤ
8-ÖȐʉɺǵȘǼȐʉCOC*îÝ
8- COC*�Ăøʀ 

� � ĵĩĮɾȌȥǎƈƃŐ$ĥƚ�<�ŋŏǂÉ*jW�9Öī>şÞ�ʉ30�(ȃś�

� 1%ʇv/vʈnaQ{��S^}k^rCQ�ʇNacalai tesqueʈ>ƮÎ�� 0.85%ʇw/vʈ

ǎǌɾýƞʇȼǹǴ( NaClʎWakoʏ>Ʒȱʈ�(¦Ď�ʉ2Ųɨ�º(ǡǫē(ś İ!

��ś İ!�Öī�9ÖȐȧɷ*ȣǱ*Ÿǁ
8-Ǜŀ 1-3 mmʉ4-7 mmʉ8mm��*P

CTÅ(ÖȐ>Â:À���Â:À��ÖȐ+Qw�}�$h�UZ^%uS>ǐ
#Â

:ɧ�ʉCOC>şÞŁʉÖȐƬ>FZn�_|iYy�j(îÝ�ʉ700 rpm$ 15Áɨɓ

Ň���ɓŇŁ*�Ư>ÖȐƬʉƠƛƗƱ>ɺǵȘǼȐ%�#îÝ�ʉ-80�$¦Ď��� 

� � îÝ�� COC+øʀøó$ƥƨŁʉ100 µl*øʀøóʇNCSU37ʈ>ƮÎ�� 96DE

|k}� ʇ̂Nunc*Microwell Plates Nunclon Delta surface, 96wellsʈ( 20¨�"Î�ʉFSHʇŷ

ǽƾĸ; 1 µg/mlʈʉEstrogenʇŷǽƾĸ; 85 ng/mlʈʉProgesteroneʇŷǽƾĸ; 50 ng/ml2�+

150 ng/mlʈ>ƮÎ�#C�Jym�W�ʇ37�, 5% CO2, ƴĸɿéž��ʈ$áŲɨøʀ�

�� 

 

ȵȡ*ȸŪ% PBS* Ȫ 

� � FSHʇNational Institute of Diabetes, Digestive and Kidney DiseasesʎNIDDKʏʈ+ DMEMø

óʇD-MEMʎLow Glucoseʏwith L-Glutamine and Phenol Red, Wakoʈ$ 100 µg/ml(Ʒȱ�ʉ

-20�$¦Ď��6*>ʉøʀøóʇNCSU37ʈ$ŷǽƾĸʇ1 µg/mlʈ(įɜ�#¡ǐ���

Estrogenʇβ-Estradiol, Sigma-Aldrichʈ% ProgesteroneʇSigma-Aldrichʈ+ʉǁƞFWc�|

ʇNacalai tesqueʈ$ 1 mg/ml(ƷȱŁʉDMEMøó$ Estrogen+ 8.5 µg/mlʉ Progesterone

+ 5 µg/ml
8- 15 µg/ml(�9(Ʒȱ�ʉ-20�$¦Ǳ��6*>ʉøʀøóʇNCSU37ʈ

$ŷǽƾĸʇEstrogenʍ85 ng/ml, Progesterone; 50 ng/ml2�+ 150 ng/mlʈ(įɜ�#¡ǐ�

�� 

� � PBS+ 0.05%ʇw/vʈq{ga|h~{_�ʇPolyvinylpyrrolidone; PVP, Sigma-Aldrichʈʉ

1%ʇv/vʈnaQ{��S^}k^rCQ�>ƭé�ʉȸŪ��� 

 

ŏǂøó*ȸȪ 

� � øʀøó(+ʉ10%ʇv/vʈDQȎ¶ȣƯʇFetal Bovine Serum; FBS, Thermo fisher scientificʈʉ

1%ʇv/vʈ*ŔǎǅȻʇAntibiotic-Antimycotic, Life technologiesʈ
8- 4 mMfqJP�Y

�ʇSigma-Aldrichʈ>ƮÎ��§Ɣ NCSU37øó>ǐ
�ʇShimada et al., 2004ʈ�'
ʉø

ʀøó+øʀɧĉ 3Ųɨ��É( 96DE|k}�^(ǧ�ʉC�Jym�W�ºʇ37�, 5% 
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CO2, ƴĸɿéž��ʈ$ISĴȦ(8:¡ǐɧĉŲ*øʀøó* pH> 7.4(ȸǲ��� 

 

RNA*îÝ 

� � RNAîÝ+ʉRNeasy mini kitʇQiagen sciencesʈ>ǐ
��P�k|>·<�FZn�

_|iYy�j( RLT Buffer> 350 µlÎ�ʉ25 G*ƣĝɠʇTERMUMOʈ>ȩǞ�� 1 ml

*ƣĝǯʇTERUMOʈ$ 5îÀ�·<�����( 70%ʇv/vʈFWc�|ʇWakoʈ/DEPC

¿ǌƞʇNacalai tesqueʈ> 350 µlÎ�#ƭâŁʉƷƬ>�Ĥ*iB|W�Hzt(ǧ�·<ʉ

4�ʉ15,000 rpm$ 1ÁɨɓŇ���iB|W�Hzt*�(Ȟ �Ƭ>ɬÚ�ʉiB|W

�Hzt( RW1> 700 µlÎ�ʉ»- 4�ʉ15,000 rpm$ 1ÁɨɓŇ���iB|W�Hz

t>ŭ��ǐō�����(UZ^�ʉRPE> 500 µlÎ�ʉ4�ʉ15,000 rpm$ 1ÁɨɓŇ

���iB|W�Hzt*�(Ȟ �Ƭ>ɬÚ�ʉ»ĸ RPE> 500 µlÎ�# 4�ʉ15,000 rpm

$ 2 ÁɨɓŇ���iB|W�Hzt>FZn�_|iYy�j(UZ^�ʉRNase free 

water> 20 µlÎ�# 1Áɨɵȉ��Łʉ4�ʉ15,000 rpm$ 1ÁɨɓŇ���îÝ�� Total 

RNA+ʉMicro-SpectrophotometerʇCB-2800 Nucleic Acid Analyzer, Medclub Scientificʈ$ RNA

ƾĸ>ƳđŁʉDEPC¿ǌƞ$ 5 ng/µl(ƾĸ>ȸŪ�ʉ-80�$¦Ď��� 

 

Quantitive RT-PCRʇqRT-PCRʈ 

� � Two-stepơ(8:ʉRT-PCR>Ȥ!�� 

� � ĉ5( Total RNA�9 cDNA>ǎŏ���Total RNAP�k|�"("�ʉAMV RT 5X 

Reaction BufferʇPromegaʈ> 4 µlʉdNTPʇPromegaʈ> 0.8 µlʉOligo(dT)15 PrimerʇPromegaʈ

> 0.5 µlʉAMV RTʇPromegaʈ> 0.25 µlʉDEPC¿ǌƞ> 7.2 µlʉ�9(îÝŁʉƾĸȸŪ

�� Total RNAP�k|> 7.25 µlƭâ��ʉȲ 20 µl*ƷƬ>P�r|PCLz�

ʇThermoGenʈ>ǐ
#ʉ42�$ 1Ųɨ 15Áɨʉ94�$ 5ÁɨÜŉ��ʉTotal RNA�9

cDNA>ǎŏ���ǎŏ�� cDNA+	20�$¦Ď��� 

� � �ȴ*őƙ$ɈȾ¼>Ȥ!�ŁʉReal-time Polymerase chain reactionʇReal-time PCR; 

RT-PCRʈơ>ǐ
# cDNA >ÿĲ���cDNA P�k|�"("�ʉKAPA SYBR FAST 

qPCR Master Mix 2X UniversalʇKAPABIOSYSTEMSʈ> 7.5 µlʉprime F�R>á 0.6 µlʉȼ

ǹƞ> 5.1 µlʉ�9( cDNA P�k|> 1.2 µl ƭâ��ʉȲ 15 µl *ƷƬ>ʉMiniOpticon 

Real-Time PCR Detection SystemʇBio-Radʈ>ǐ
#��*Ůơ$ cDNA>ÿĲ����95�

$ 30Ǧɨ(Ȃ�ʉ95�$ 5Ǧɨ% X�$ 45Ǧɨ*Aa�{�M> 40PCL|Ȥ
ʉcDNA

>ÿĲ����ǕǊɟ*ȱƀ+ CFX Manager Software Version 3.0ʇBio-Radʈ>ǐ
#Ȥ!

��'
ʉáP�k|(

#ʉ18s mRNA>ºɗƎƶ%���2�ʉáɖ×č�ě�;k

zCr�%Aa�{�MƲĸʇX�ʈ+ Table 1.(ȴ��� 
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ÖȐƬ�*S\~C_o|v�*ŗÀ
8- Progesterone% Estrogenƾĸ*Ƴđ 

� � ÖȐƬ 150 µl( DMEM > 450 µlÎ�#įɜ��P�k|( 0.3 N* NaOHʇNacalai 

tesqueʈ> 600 µlÎ�ʉ10Áɨɵȉ����<>ȵʁǱ(ǧ�ʉRL~~uW�ʇWakoʈ

13 mlÎ�ʉ5Áɨƽ��ƭé�ʉ5,500 rpm$ 15ÁɨɓŇ���Áɲ��RL~~uW�

Áǒ>îÝ�ʉFZn�_|iYy�j(Áƣ��ŁʉɓŇƾȇƐʇ^s�ǶĬʈ(8!

#RL~~uW�Ħ>æĻɬÚ�ʉñǜÒ����<> 200 µl * 50%ʇv/vʈuWc�|

ʇSigma-Aldrichʈ/ȼǹǴ$»Ʒȱ���»Ʒȱ��P�k|�* Progesteroneƾĸ% Estrogen

ƾĸ+�<�< Progesterone EIA KitʇCayman chemicalʈ% Estradiol EIA KitʇCayman chemicalʈ

>ǐ
#Ƴđ��� 

 

ÖȐÂǄ* ŏ 

� � Â:À��ÖȐ> 4%ʇw/vʈezo|tA|]f_ʇǄħÒďĬƉƄĺ�Ǥʈ/PBSʇ-ʈ

�$ 4ŲɨŝǙñđ��Łʉ0.1 M* Tris-HClʇpH 7.2ʈ�$ƞƥ����*Ł 50%ʉ70%ʉ

90%ʉ95%ʉ99%ʇv/vʈFWc�|/ȼǹƞ�$ȓƞʉJQ}�ʇWakoʈ�$ȓA|O�|

��ŁʉeziB�ʇPLzi@C�\ZLRwe�ʈƪɉ�ʉÖȐ>eziB��(Ñ

÷���eziB�Ñ÷�<�ÖȐ>^{s�M�ʉj~ZL> Ȫ��� Ȫ��j~

ZL�9 LEICA RM2125RTSʇLEICAʈ>ǐ
#ʉ×�> 5 µm*ÖȐÂǄ>Â:À���

Â:À��ÂǄ+ 37�*Ʋƞ(Ʃ�0�ģ���ŁʉMasO�^SzC_MzSʇMatsunami 

Glassʈ(*�ʉɽ����� 

 

TUNELƂȜ 

� � ÖȐeziB�ÂǄ+JQ}�%FWc�|(#ȓeziB���ŁʉPBSʇ-ʈ$ƞ

ƥ���10% H2O2ʇNacalai tesqueʈ/uWc�|�(SzC_IzS>ƪ�ʉēƲ$ 15Áɵ

ȉŁʉk~\C`�V KƷƬʇk~\C`�V KʎProteinase K, Roche Diagnostics GmbHʏ

20 µg/ml> 10 mM* Tris-HCl$ 1,000©(įɜʈ> 100 µlȵū(*�ʉ37�$ 15Áɨɵȉ

���PBSʇ-ʈ$ƥƨŁʉIn Situ Cell Death Detection Kit, PODʇRoche Diagnostics GmbHʈº

*ɚǻƷƬ>ƎƶƷƬ$ 10©įɜ�#ȵū(ƹ��ʉ37�$ 60ÁɨC�Jym�^���

PBSʇ-ʈ$ƥƨŁʉDABƷƬʇDABɡÊʎWakoʏ1ɡ> 5 ml*ȼǹǴ(ƷȱŁʉH2O2>

10 µlƮÎʈ>ƹ��ʉȵū*ƂȜ>Ȥ!��ƂȜŁʉlr^JQ{�ʇK|rlr^JQ

{� IV, PLzi@C�\ZLRwe�ʈ( 30Ǧɨƪ�ʉFWc�|ʉJQ}�*ɹ(ƪ

�ʉĜ·Ê%Hd�IzS>ǐ
#Ĝ·��� 
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Ȣ´ TUNELƂȜ 

� � IzSp^tQw�}ʇMatsunami Glassʈ$ COC>øʀŁʉøó>ɬÚ�üŖƎż>

 Ȫ���4%ʇw/vʈezo|tA|]f_/PBSʇ-ʈ$ 1 Ųɨñđ�ʉPBSʇ-ʈ$ƥƨ�

�Łʉ3% H2O2/uWc�|�$ 10 Áɨj~ZJ�M����*Łʉ0.1% Triton-X

ʇSigma-Aldrichʈ/PBSʇ-ʈ>ƮÎ� 2°C$ 2Áɨɵȉ�ʉPBSʇ-ʈ$ƥƨ��Łʉȵū*

è:>�ǃ��ʉIn Situ Cell Death Detection kit, FluoresceinʇRoche Diagnostics GmbHʈº*

ɚǻƷƬ>ƎƶƷƬ$ 10©įɜ�#ȵū(ƹ��ʉ37°C$ 1ŲɨC�Jym�^���PBS

ʇ-ʈ$ƥƨŁʉ�Á'ƞÁ>ɬÚ�ʉDAPIʇVECTASHIELD Mounting Medium with DAPI, 

Vector Laboratories, Inc.ʈ>ƹ��#ƅƂȜ>Ȥ!���<>Ȣ´ɻŅɣʇFLUOVIEW FV10i, 

OLYMPUSʈ$ťľŁʉɮŋǼȐũ>HD�^��� 

 

Ŕ PCNAŔ�>ǐ
�øʀŁ*Ö�ǼȐ*µǔȢ´ƂȜ 

� � IzSp^tQw�}$ COC>øʀŁʉøó>ɬÚ�üŖƎż> Ȫ���4%ʇw/vʈ

ezo|tA|]f_$ 15Áɨñđ�ʉPBSʇ-ʈ$ƥƨ��Łʉ0.1% Triton-X / PBSʇ-ʈ

$ 30Áɨ*Șɉɐ¿ǌ>Ȥ!��PBSʇ-ʈ$ƥƨŁʉ5% BSAʇSigma Aldrichʈ/ PBSʇ-ʈ

$ 90 Áɨj~ZJ�M����*Łʉ�ƒŔ�ʇ1:100, PCNAʎPC10ʏMouse mAb, Cell 

Signaling Technologyʈ$ȭ
ēƲ$ 4Ųɨɵȉ����*Ł PBSʇ-ʈ$ƥƨ�ʉ�ƒŔ�

ʇ1:100, Anti-mouse IgGʎwhole moleculeʏFʎab�ʏ2 Fragment- Cy3 antibody produced in sheep, 

Sigma Aldrichʈ$ȭ
ēƲ$ 2 Ųɨɵȉ���PBSʇ-ʈ$ƥƨŁʉ DAPI >ƹ��ʉCy3

% DAPI*�ɝƂȜ>Ȥ!��Ȣ´ɻŅɣ>ǐ
�ȯĚ(8:ʉ1 COC	�:* DAPI$Ƃ

2!�Ö�ǼȐ*ƅ% PCNA $Ƃ2!�ƅ��ț�#
;6*> PCNA ɮŋǼȐ%�ʉ�

*Ëâ>ǰÀ��� 

 

�ĂøʀŁ* COCșƼǛŀ 

� � Ö�ǼȐ*șƼǛŀƳđ+ʉ48ŲɨøʀŁ* COC>ªǬ�ǜĭɻŅɣʇNikon, PHASE 

CONTRAST-2 ELWD 0.3ʈ$ťľ��ŁʉěǅsL~u�W�%ŠǝsL~u�W�(8:ʉ

COC*ŷĄǛŀ>Ƴđ��� 

 

W�eLƾĸ*Ƴđ 

� � øʀŁ*Ö�ǼȐ�*W�eLȻƾĸƳđ+ʉBio-Rad DO Protein Assay Regents Package

ʇBio-Radʈ>ǐ
#Ȥ!��îÝ��P�k|(Whole-cell extract bufferʇȼǹƞ( 100 mM 

NaCl, 100 mM Na4P2O7ʎNacalai teswueʏ, 50 mM NaFʎNacalai tesqueʏ, 0.1 mM NaVO4ʎSigma 

Aldrichʏ, 10 %ʎv/wʏM{U~�|ʎWakoʏ, 5 mM EDTAʎã�ÒďǡǫŐʏ, 5 mM EGTA
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ʎNacalai tesqueʏ>Ʒȱʈ> 20 µlƮÎ�ʉƷȱƬ> Ȫ���20 µl*ƷȱƬº* 2 µl>F

Zn�_|iYy�j(Þ!��ãƍ(ʉStandardʇ5.84, 2.92, 1.46, 0,73, 0.365 mg/mlʈ> 2 µl

Þ!��JZ^º* Reagent A+Regent SƷƬʇReagent A 1 ml( Reagent S> 20 µlƮÎʈ>

áP�k|( 25.4 µlƮÎ�ʉp|\ZLS>ǐ
#ƭâ���5ÁɨɵȉŁʉReagent B>

200 µl ƮÎ�ʉ»-p|\ZLS>ǐ
#ƭâ���15 ÁɨɵȉŁʉMicro Well Plate

ʇGDMP-96F, AS ONEʈ( 100 µl �"Xj|AZUC�ʉMicroplate ReaderʇBenchmark, 

Bio-Radʈ$æ´ĸʇƢɤʍ750 nmʈ>Ƴđ���Standard>ǐ
# ŏ��ƈɟȆ>ù(ʉ

P�k|(å2<;W�eLȻƾĸ>ǰÀ��� 

 

ERK1/2*Western blotting 

�SDS-PAGE 

� � Whole-cell extract buffer >ƮÎ�# Ȫ��ƷȱƬ( Sample Buffer SolutionʇNacalai 

tesqueʈ>Î�ʉAkzC�;W�eLɟ> 5 µg(ȸŪ�ʉPower Pac HCʇBio-Radʈ>ǐ


# 10%q{AL{|As_N|$ģɧ���q{AL{|As_N|*Ǿŏ+��*ɋ

:$	;� 

ƾȇN| 

ȼǹƞ  2.89 ml 

AL{|As_ʇNacalai tesqueʈ 0.79 ml 

Tris-HClʇBio-RadʈʇpH6.8ʈ 1.25 ml 

10% SDSʇNacalai tesqueʈ 50 µl 

10% Ammonium persulfateʇAPSʈʇSigma Aldrichʈ   17 µl 

TetramethylethylenediamineʇTEMEDʈʇNacalai tesqueʈ 5 µl 

 

ģɧN| 

ȼǹƞ 3.22 ml 

AL{|As_ 2.7 ml 

Tris-HClʇBio-RadʈʇpH8.8ʈ 2 ml 

10% SDS 80 µl 

10% APS 27 µl 

TEMED 4 µl 

ƤÏdZi@�(+ʉ25 mM TrisʇNacalai tesqueʈʉ192 mM GlycineʇWakoʈʉ0.1%ʇw/vʈ

SDSʇNacalai tesqueʈ>ǐ
�� 



 16 

�Ⱦ¼ 

� � Ⱦ¼dZi@�(+ 25 mM Trisʉ192 mM Glycineʉ10%ʇv/vʈuWc�|>ǐ
��

PVDF membraneʇPolyvinylidene difluoride membraneʉHybond-P, GE Healthcareʈ+ʉuWc

�|$ 5ÁɨƥƨŁʉȼǹƞ�$ 15ÁɨŝŢ��ʉȾ¼dZi@�(ǧ�#¡ǐ�;2$

( 15Áɨ��ŝŢ�#É¿ǌ>Ȥ!��¡ǐ�;ƿǺ+ʉN|*Ą��(â=�#ÂŬŁʉ

¡ǐ�;2$Ⱦ¼dZi@�º$ 10ÁɨŝŢ���Ⱦ¼ȩȉʇBio-Radʈ*ɭƋ�(ƿǺ>

ɝ)ʉ�*�(É¿ǌ�� PVDF membrane>ȉ
���*�(ʉɳƝƤÏŁ*N|>ɝ)ʉ

�9(�*��9ƿǺ>ɝ)# 100 mAʉ4�$�ųȾ¼���� 

�PVDF membrane*j~ZJ�M 

� � Ⱦ¼�� PVDF membrane> PBSʇ-ʈ$ 10Áɨƥƨ���5%ʇw/vʈ*SJts|L

ʇƇƟ�ƉƄĺ�Ǥʈ> PBSʇ-ʈ$Ʒȱ�ʉƥƨ�� PVDF membrane>�* 5%s|L$

2Ųɨj~ZJ�M��� 

��ƒŔ�Üŉ 

� � j~ZJ�M�� PVDF membrane>ʉPBS-TʇPBS( 0.2 %ʎv/vʏTween-20ʎSigma Aldrichʏ

>ƮÎʈ(Ʒȱ�� 2.5%SJts|L>ǐ
# 1:1,000(įɜ��Ŕ pERK1/2Ŕ�

ʇPhospho-p44/42 MAPKʎERK1/2ʏMouse mAb, Cell Signaling TechnologyʈʉŔ tERK1/2Ŕ�

ʇp44/42 MAPKʎERK1/2ʏRabbit mAb, Cell Signaling Technologyʈ(ƪ�# 4�$�ųÜŉ

���� 

�ƥƨ 

ɶǆǓǖ(Ȁâ��Ŕ�>ɬÚ�;ǚǖ$ʉ�ƒŔ�%Üŉ��� PVDF membrane >

PBS-T�$ 2ŲɨŝŢ��ƥƨ��� 

��ƒŔ�Üŉ 

ƥƨ�� PVDF membrane>ʉPBS-T (Ʒȱ�� 2.5 %SJts|L>ǐ
# 1:5,000(įɜ

�� Anti-mouse IgG, Horseradish peroxidaseʇHRPʈ-linked AntibodyʇCell Signaling Technologyʈʉ

	;
+ 1:3,000(įɜ�� Anti-rabbit IgG, HRP-linked AntibodyʇCell Signaling Technologyʈ

>ǐ
#ēƲ$ 1ŲɨÜŉ���� 

�ƥƨ 

ɶǆǓǖ(Ȁâ��Ŕ�>ɬÚ�;ǚǖ$ʉ�ƒŔ�%Üŉ��� PVDF membrane >

PBS-T�(

#ēƲ$ 1ŲɨŝŢ���� 

�ƈÀ 

� HRPƦŋ*ƈÀ(+ʉECL Western Blotting Detection ReagentsʇGE Healthcareʈ>ǐ
#

Ȥ!��ƈÀ>Ȥ�É(½Ŵē(¦Ď�#	; ECLȵȡ A%ȵȡ B%>Î�#³Á(ƭâ

����ƥƨ�� PVDF membrane �(ƭâ�� ECL ȵȡ>ô�(ĵ�#ʉēƲž�$ 5
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ÁɨÜŉ��ʉ5ÁŁʉÜŉ>®Ɠ��;�5( PVDF membrane(�Ǟ��ÜŉƬ>ɬÚ

���Ŵē$ʉX-Ray FilmʇX-U, ęĀiC|tʈ>UZ^��iB|tHUZ\ʇPL-Bʉ

ĨżȪ Őʈ*�(ÜŉƬ>ɬÚ�� PVDF membrane>ȧ� X-Ray Film¯(';8�(U

Z^�ʉŎ´����Ŏ´Ł*iB|t+SJw`�(8:Þ:Ɂ?�ŁʉGel-Pro analyzer

ʇMedia Cyberneticsʈ>ǐ
#ád�_*ƾ�>Ƴđ��� 

 

Ö*o�|rD�^Ǝż* Ȫ 

� � øʀŁ 48 ŲɨŁ* COC >îÝŁʉp|\ZLSsJP�>ǐ
#Ö�ǼȐ>ɬÚ�

��Ö�ǼȐ>Þ:ɬ
�Ö> PBS $ƥƨŁʉSzC_IzS�(Ġɟ* PBS %¹( 10

¨*Ö>��ʉ�U{�eziB�> 4 "*Ȱ("��Hd�IzS>�.� 50%əɛF

Wc�|ʇPBSʌəɛʌFWc�|=4ʌ1ʌ2ʈʉ100%FWc�|ʇəɛʌFWc�|=ʊʌ

ʋʈ>ƿǺ$æ
Þ:'�9ɹ(Ƨ�Ɂ3ʉ100%əɛFWc�|º$ 48Ųɨ��ñđ���

ñđŁʉH|cAƬʇəɛʌFWc�|ʌL~~o|t=1ʌ3ʌ1ʈ$Ö*ȒȻ>Ʒȱ��

�ŁʉəɛG|UC�$ƂȜ�ʉH|cAƬ$�Á'ƂȜƬ>ɬÚ�ʉÖ*ƅǜ>Äđ�

�� 

 

Ö*ƅǜ*ȯĚ 

� � Ö*ƅǜ>ƔǬ�ǜĭɻŅɣʇOLYMPUSʈʇ�400ʈ>ǐ
#ȯĚ�ʉðÖȕº/Ǯ�

Ƌ�*ŧÀ��Öč> MIIǉ%�#Äđ��� 

 

ßǶȵʁ 

�øó* Ȫ 

� � ǶčÉøʀʉČǶ(ǐ
� HTF medium+��*8�( Ȫ���ȼǹƞ 100 ml( NaCl 

593.75 mgʉKClʇNacalai tesqueʈ34.96 mgʉKH2PO4ʇWakoʈ5.035 mgʉMgSO4�7H2OʇNacalai 

tesqueʈ4.929 mgʉNaHCO3ʇNacalai tesqueʈ210.025 mgʉCaCl�2H2OʇNacalai tesqueʈ29.99 

mgʉD-ʇ+ʈ-M|O�SʇNacalai tesqueʈ50.084 mgʉPyruvic Acid Sodium SaltoʇNacalai tesqueʈ

3.61 mgʉSodium DL-lactate solution syrup, BioReagent, 60% (w/w), synthetic, suitable for cell 

cultureʇml/LʈʇSigma Aldrichʈ0.342 mlʉPhenol redʇNacalai tesqueʈĠɟʉBSA 400 mgʉ

naQ{�S^}k^rCQ� 1 ml>Î�ʉ12Ųɨ��C�Jym�W�º$ĴȦÒ��

#ǐ
�� 

� � Ǖǎøó+ PZM-5ʇƄĺ�ǤƐȑŋnkY_ǡǫŐʈ>¡ǐ��� 

� � Ƕč*Éøʀǐøó(+ʉßǶøó( 10%* FBS>ƮÎ�ǐ
�� 
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�Ƕč*Éøʀ 

� � jWŭʄǶƬʇSwine geneticsʈ15 ml> 15 mlkzSYZLɓƠǱ(·<ʉ2,000 rpm$

5 ÁɨɓŇ�ʉ�Ư>ɬÚ���L{��m�Yº$Ƕč*Éøʀǐøó 3 ml >Ƕč*·

!�ɓƠǱ(·<hnZ\B�M�ʉ45Áɨøʀ��� 

�Ö*Éøʀ 

� � 50 mmkzSYZLQw�}(ßǶøó> 50 µl�"_~ZkǇ( Ȫ�ʉ�*��9

øó*ȠǕ>ɪ��5(øó>sbz|GC|ʇSigma Aldrichʈ$ȭ!��ŏǂøʀ�ǽ�

�� COC>ßǶøó$ƥƨ��Łʉ_~Zk(ǧ�ʉ30Áɨøʀ��� 

�Ƕčũ*HD�^%ßǶ 

� � Swim upơ(8:ʉÉøʀŁ*Ƕč*ºʉɓƠǱ*�Ćɗ(Ďò�;Ƕč*3>ßǶȵ

ʁ(ǐ
���Ćɗ*Ƕč 1 ml>FZn�_|iYy�j(·<ʉßǶøó>ǐ
# 10©

įɜ����*ŁʉǶč 5 µl%^{e�j|�5 µl>â=�ʉ̧ ɟȣǋȲǰǘʇErma Optical 

Worksʈ>ǐ
#ǎĎǶč>ƔǬɻŅɣ�$HD�^����*Ųʉɉű$Ï
#
;6*

>ǎĎǶčʉ^{e�j|�$ƂȜ�<�6*>ƖƸǶč%���Ƕčũ*HD�^>�

�ŁʉßǶøó>ǐ
#Ƕč>įɜ�ʇ1�106 sperm/mlʈʉÉøʀŁ*Ö>·<�_~Zk

( 50 µlÎ�ʉ6Ųɨ¹øʀ�ßǶ����ßǶŁʉeS[�|hnZ^>ǐ
#Ö(�Ǟ

�#
;Ƕč>ɬÚ�ʉPZM-5$ƥƨ����*Łʉ50 mmkzSYZLQw�}( PZM-5

* 100 µl*_~Zk> Ȫ�ʉøó*ȠǕ>ɪ��5(sbz|GC|>Ƶ��� PZM-5

*_~Zkº(ßǶÖ>ǧ�C�Jym�W�$øʀ��� 

�ƅǜ*ȯĚ 

� � øʀŁʉ4%ezo|tA|]f_$ 30 Áɨñđ� PBS $ƥƨ���ƥƨŁʉALY

`�V$ɉű�>ɬÚ�ʉPBS$ƥƨ��Łʉ10% Triton-X/ PBS$Șɉɐ¿ǌ>Ȥ
ʉPBS

$ƥƨ����*Łʉ1 mg/ml*lJS^ 33342$ 10Áɨɵȉ��ƂȜ�ʉM{U~�|

ƪƺ��ʉȢ´ɻŅɣ$ȯĚ��� 

 

ȁȲ¿ǌ 

� � Ēʁ+�<�< 3î��Ȉ:Ʉ�ʉ�*ȀƁ+ʉExcelȁȲʇMicrosoftʈ>ǐ
#ȁȲ

Áƀ���ǰÀ��ȀƁ+Ĵô ± Ǝƶ­ĭ$ȧǣ��� 

� � 3Ȋ��*Ɯȿ+ʉ�²ɘȉÁŨÁƀ*ŁʉFisher*ŷğŸōĭơ$ǰÀ�ʉ5%ƞƶ$

Ÿōĭ�	;%Äđ������ʉMIIǉʉȏǘȐǉʉPCNAɮŋǼȐǉ(ɩ�#+ʉarc-sin

āšŁʉ�²ɘȉÁŨÁƀ>Ȥ!�� 
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ĒʁȲǒ 

��7 1����-	6*.+-���� Progesterone��2��8Star:Cyp11a1:Hsd3b19:

20α-OHP��2��8Akr1c19	)&��
�-"�	 Progesterone$�	 0 

� � ±ÐÖȐ*ǕȍɐǨ(
�;ɺǵȘǼȐ* Progesterone âŏɖ×č StarʉCyp11a1:

Hsd3b1 mRNA*ǕǊʉProgesterone�9 20α-OHP/*âŏ(ɩ��; Akr1c1 mRNA*ǕǊ


8-ÖȐƬ�*Progesteroneƾĸ*āÒ>ȸ0;ǚǖ$ʉȣǱŭǎ*ɻȟ'±ÐÖȐ> 1-3 

mmʉ4-7 mmʉ8 mm��*PCTÅ(Áɼ�ʉ�<�<*ɺǵȘǼȐ%ÖȐƬ>îÝ���

îÝ��ɺǵȘǼȐ�9 Total RNA>ŗÀ�ʉqRT-PCRơ>ǐ
# StarʉCyp11a1:Hsd3b1:

Akr1c1*ɖ×čǕǊ>ȸ0��2�ʉîÝ��ÖȐƬ�9S\~C_Áǒ>ŗÀ�ʉELISA

ơ>ǐ
# Progesteroneƾĸ>Ƴđ��� 

 

��7 2����-	6*.+-���� Estrogen ��2��	)&��
�-"�	

Estrogen$�	 0 

� � ±ÐÖȐ*ǕȍɐǨ$*ɺǵȘǼȐ(

#ʉProgesterone�9 Estrogen/*âŏ(ɩ

��; Cyp17a1ʉCyp19a1 mRNA*ǕǊ
8-ÖȐƬ�* Estrogenƾĸ*āÒ>ȸ0;ǚǖ

$ʉȣǱŭǎ*ɻȟ'±ÐÖȐ> 1-3 mmʉ4-7 mmʉ8 mm��*PCTÅ(Áɼ�ʉ�<

�<*ɺǵȘǼȐ%ÖȐƬ>îÝ���îÝ��ɺǵȘǼȐ�9 Total RNA >ŗÀ�ʉ

qRT-PCRơ>ǐ
#ʉCyp17a1ʉCyp19a1*ɖ×čǕǊ>ȸ0��2�ʉîÝ��ÖȐƬ�

9S\~C_Áǒ>ŗÀ�ʉELISAơ>ǐ
# Estrogenƾĸ>Ƴđ��� 

 

��7 3����-	 Progesterone� Estrogen'��6*.+-���+-	(�����

�5 

� � ±ÐÖȐ%ɆȤÖȐ*ÖȐºǍþ�ɺǵȘǼȐ7Ö�ǼȐ*ǎĎ(��;ľɸ>ȸ0

;ǚǖ$ʉȣǱŭǎ*ɻȟ'±ÐÖȐ%ȣǱŭǎ*ȶ59<'
ɆȤÖȐ>îÝŁʉÖȐ

*eziB�ÂǄ> Ȫ�ʉTUNELƂȜơ>ǐ
#ÖȐº(
�;ƖǼȐ*Ģò>ȸ0��

2�ʉ�ĂøʀǷ(

#±ÐÖȐ* Progesterone% EstrogenǍþ�Ö�ǼȐ*ǎĎ(ɩ�

�;�>ȸ0;ǚǖ$ʉɆȤÖȐ�9îÝ�� COC> Fig. 4$ǣ��ʉFSH*3>ƮÎ�

�O�^~�|Ó2�+ʉĒʁ 1%Ēʁ 2$Ƴđ�� Progesterone% Estrogenƾĸ>Ûȋ(

 Ȫ��±ÐÖȐǍþÓ(

# 48 Ųɨ�Ăøʀ�ʉTUNEL ƂȜơ>ǐ
#Ö�ǼȐ(


�;ƖǼȐũ>ȸ0�� 
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Ēʁ 4�9Ēʁ 7$+ʉɆȤÖȐǑſ* COC> Fig. 4$ǣ�� FSH*3>ƮÎ��O�^

~�|Ó2�+ʉĒʁ 1%Ēʁ 2$Ƴđ�� Progesterone% Estrogenƾĸ>Ûȋ( Ȫ��

±ÐÖȐÓ>ǐ
#�Ăøʀ��� 

 

��7 4����-	 Progesterone� Estrogen'����+-	�!�����5 

� � ±ÐÖȐ* Progesterone% EstrogenǍþ�Ö�ǼȐ*ÿƘ(��;ľɸ>ȸ0;ǚǖ$ʉ

ɆȤÖȐǑſ* COC >O�^~�|Ó
8-±ÐÖȐÓ$ 24 Ųɨ�Ăøʀ�ʉµǔȢ´

ƂȜơ>ǐ
#Ö�ǼȐ(
�;ǼȐÿƘr�H�* PCNA ɮŋǼȐǉʉîÝ��Ö�Ǽ

Ȑ�9 Total RNA>ŗÀ�ʉqRT-PCRơ>ǐ
#ʉCcnd2*ɖ×čǕǊ>ȸ0�� 

 

��7 5����-	 Progesterone� Estrogen'����+-	/#�/#412��8Has2:

Tnfaip6:Ptx39	)&�����5 

� � ±ÐÖȐ* Progesterone% EstrogenǍþ�Ö�ǼȐ*șƼ(��;ľɸ>ȸ0;ǚǖ$ʉ

ɆȤÖȐ�9îÝ�� COC>O�^~�|Ó
8-±ÐÖȐÓ$ 24Ųɨ2�+ 48Ųɨ�

Ăøʀ���øʀ 24ŲɨŁ(îÝ��Ö�ǼȐ�9 Total RNA>ŗÀ�ʉqRT-PCRơ>ǐ


#șƼɩɍɖ×č Has2ʉTnfaip6ʉPtx3 mRNA*ǕǊ
8-øʀ 48ŲɨŁ* COCǛŀ>

Ƴđ��� 

 

��7 6����-	 Progesterone� Estrogen'����+-	 EGF-like factor2��8Areg:

Ereg9	)&:ERK1/2	
�3������5 

� � ±ÐÖȐ* Progesterone% EstrogenǍþ�Ö�ǼȐ*ŏǂr�H�*ǕǊ(��;ľɸ

>ȸ0;ǚǖ$ʉɆȤÖȐ�9îÝ�� COC>O�^~�|Ó
8-±ÐÖȐÓ$ 3Ųɨ

2�+ 24 Ųɨøʀ���øʀ 3 ŲɨŁ(îÝ��Ö�ǼȐ�9 Total RNA >ŗÀ�ʉ

qRT-PCRơ>ǐ
# AregʉEreg mRNA*ɖ×čǕǊ
8-øʀ 24ŲɨŁ(îÝ��Ö�

ǼȐ�9W�eLȻ>ŗÀ�Western Blotơ>ǐ
# ERK1/2*{�ɛÒ>Ƴđ��� 

 

��7 7����-	 Progesterone� Estrogen'����%�,)(�����5 

� � ±ÐÖȐ* Progesterone% EstrogenǍþ�Öŏǂ7ȏǕǎ(��;ľɸ>ȸ0;ǚǖ$ʉ

ɆȤÖȐ�9îÝ�� COC >O�^~�|Ó
8-±ÐÖȐÓ$ 48 Ųɨ�Ăøʀ�ʉÖ

* MIIǉ>Ƴđ���2�ʉ�ɗ* COC+jWŭʄǶƬ>ǐ
�ßǶȵʁ(¢ȵ�ʉ7ů

ɨ*Ǖǎøʀ*ŁʉƆĒȏŹ*ȏ>Äđ�ʉȏǘȐǉ>ȸ0�� 
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ȀƁ 

 
�Ēʁ 1�±ÐÖȐ*ɺǵȘǼȐ(
�; Progesteroneâŏɖ×čʇStarʉCyp11a1:Hsd3b1ʈʉ

20α-OHPâŏɖ×čʇAkr1c1ʈ*ǕǊ
8-ÖȐƬ�* Progesteroneƾĸ*ƈȳ 

� � StarʉCyp11a1:Hsd3b1*¸#* mRNAǕǊ+ʉ1-3 mm7 8 mm��*ɺǵȘǼȐ(

Ɯ0ʉ4-7 mm$ȝĳ�Ű��6**ʉPCTɨ(Ÿō'ĭ+ȶ59<'�!�ʇFig. 1 A-Cʈ�

Akr1c1 mRNAǕǊ+ 1-3 mm(Ɯ0ʉ4-7 mm*ɺǵȘǼȐ(

#Ǹ 2©(�Ű�ʉ8 mm

��$+ùķ}m|��(2$Ŋƽ�"Ÿō(ưĠ��ʇFig. 1 Dʈ�2�ÖȐƬ�*

Progesteroneƾĸ+ 1-3 mm$+ 13.4 ± 10.6 ng/ml%�ƾĸ>ǣ��6**ʉ�*ƾĸ+ 4-7 

mm$+ 48.8 ± 15.6 ng/ml/%Ÿō(ÿÎ�ʉ8 mm��(

#+ʉ137.1 ± 16.9 ng/ml(2

$ɑ�ʉÖȐǛŀ*řĄ(�
 Progesteroneƾĸ+�Ű��ʇFig. 1 Eʈ� 

 

�Ēʁ 2�±ÐÖȐ*ɺǵȘǼȐ(
�; Estrogen âŏɖ×č*ǕǊ
8-ÖȐƬ�*

Estrogenƾĸ*ƈȳ 

� � Cyp17a1 mRNA*ǕǊ+ 1-3 mm% 4-7 mm*ɺǵȘǼȐ$+�
¬>ǣ���Ůʉ8 mm

��$Ŋƽ(�Ű��ʇFig. 2 Aʈ�Cyp19a1 mRNAǕǊ+ 1-3 mm*ɺǵȘǼȐ$+�
¬

>ǣ�ʉ4-7 mm*ɺǵȘǼȐ(

#Ŋƽ�"Ÿō(�Ű���ʉ�*Ł 8 mm��$+

ùķ}m|��(2$Ìǖ(ưĠ��ʇFig. 2 Bʈ�ÖȐƬ�* Estrogenƾĸ+ 1-3 mm$+

22.0 ± 7.0 ng/ml$	!�*(ě�ʉ4-7 mm$+ 84.3 ± 18.6 ng/ml(Ÿō(�Ű�ʉ�*ʃ


¬+ 8 mm��*ÖȐʇ88.7 ± 46.6 ng/mlʈ(

#6ȃś�<�ʇFig. 2 Cʈ� 

 

�Ēʁ 3�±ÐÖȐ* Progesterone% EstrogenǍþ�ɺǵȘǼȐ%Ö�ǼȐ*ǎĎ(��;

ľɸ 

� � ǎ�(

#±ÐÖȐ%ɆȤÖȐ*ÖȐºɗ*Ǎþ�ɺǵȘǼȐ7Ö�ǼȐ*ǎĎ(

��;ľɸ>ȸ0;ǚǖ$ʉ±ÐÖȐ%ɆȤÖȐ(
�; TUNELɮŋǼȐ*Ÿǁ%Ģò>

ȱƀ����*ȀƁʉ±ÐÖȐ$+ TUNELɮŋǼȐ�¸�ȶ59<'�!�*(ě�ʉɆ

ȤÖȐ$+ɺǵȘǼȐ%Ö�ǼȐ$ TUNELɮŋQM`|�ăũȶ59<�ʇFig. 3ʈ� 

� � ±ÐÖȐº$+ǼȐƖ�ǎ�'
�%�9ʉ±ÐÖȐ*S\~C_o|v�Ǎþ(+

Aq^�QS>ŒÇ�; ǐ�	;%ȋ�9<����$ Fig. 4$ǣ��O�^~�|Ó%

±ÐÖȐÓ$ɆȤÖȐǑſ*COC> 48Ųɨ�Ăøʀ�ʉøʀŁ*Ö�ǼȐ(
�;TUNEL

ɮŋǼȐũ>Ɯȿ����*ȀƁʉøʀÉ*Ö�ǼȐ$+�ɗ*ǼȐ� TUNELɮŋQM`

|>ǣ�ʉîÝǛŁ*Ö�ǼȐ*�ɗ$Aq^�QS�ȶ59<��2�ʉTUNELɮŋQ

M`|+O�^~�|Ó$*øʀŁ(6ăũȶ59<���Ůʉ±ÐÖȐÓ$*øʀŁ$
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+ʉøʀÉ%Ɯȿ� TUNELɮŋQM`|+ƫć�ʉ1%?&*Ö�ǼȐ+ǎĎ�#
�ʇFig. 

5 Aʈ�2�ʉCOC1¨ļ�:* TUNELɮŋǼȐũ>Ƴđ��ȀƁʉO�^~�|Ó$+Ǹ

50¨$	!�ǼȐũ+±ÐÖȐÓ$*øʀ(8:Ǹ 3¨/%Ÿō(ŒÇ�<�ʇFig. 5 Bʈ� 

 

�Ēʁ 4�±ÐÖȐ* Progesterone% EstrogenǍþ�Ö�ǼȐ*ÿƘ(��;ľɸ 

� � Ēʁ 3 *ȀƁ�9ʉ±ÐÖȐÓ$*øʀ+Ö�ǼȐ*ŔAq^�QS ǐ>Ÿ���

%�9ʉÖ�ǼȐ*ÿƘ(6ė��;�%�ȋ�9<����$ Fig. 4$ǣ��O�^~�

|Ó%±ÐÖȐÓ(

#ɆȤÖȐǑſ* COC > 24 Ųɨøʀ�ʉøʀŁ*Ö�ǼȐ*

PCNAɮŋǼȐǉʉCcnd2 mRNAǕǊ>Ɯȿ����*ȀƁʉPCNAɮŋǼȐ+O�^~�

|Ó$+1%?&ȶ59<'�!�*(ě�ʉ±ÐÖȐÓ$+ɮŋǼȐ�ăũȶ59<�

ʇFig. 6 A, Bʈ�2�ʉ¸Ö�ǼȐ(ě�; PCNAɮŋǼȐ*Ëâ+O�^~�|Ó$+Ǹ

4%$	!�*(ě�ʉ±ÐÖȐÓ$+
8� 15%(2$Ÿō(�Ű��ʇFig. 6 Cʈ��9

(Ö�ǼȐ$* Ccnd2 mRNAǕǊ+O�^~�|Ó(Ɯ0±ÐÖȐÓ$ 10©��(Ÿō(

ÿÎ��ʇFig. 6 Dʈ� 

 

�Ēʁ 5�±ÐÖȐ* Progesterone% EstrogenǍþ�Ö�ǼȐ*șƼ%șƼɩɍɖ×čʇHas2ʉ

Tnfaip6ʉPtx3ʈ*ǕǊ(��;ľɸ 

� � Ēʁ 3ʉ4*ȀƁ�9ʉ±ÐÖȐÓ$*øʀ+Ö�ǼȐ*ǎĎ%ÿƘ(ė��;%ȋ�

9<����$ʉÖŏǂ*ŜƎ*�"$	;Ö�ǼȐ*șƼ(��;ľɸ(ƈȳ��ȀƁʉ

COCǛŀ+O�^~�|Ó$+ 207.2 ± 12.8 µm%':ʉÖ�ǼȐ*șƼ+ÔÁ(ȷĞ�<

'�!���Ůʉ±ÐÖȐÓ$øʀ�� COC*Ǜŀ+ 377.8 ± 24.6 µm%':O�^~�|

Ó(Ɯ0#Ÿō(řĄ�ʉɻȟ'Ö�ǼȐ*șƼ�ȶ59<�ʇFig. 7 A, Bʈ��9(Ö�Ǽ

Ȑ*șƼɩɍɖ×č$	; Has2ʉTnfaip6ʉPtx3*ǕǊ6O�^~�|Ó%Ɯȿ�#±ÐÖ

ȐÓ$Ÿō(ÿÎ��ʇFig. 7 Cʈ� 

 

�Ēʁ 6�±ÐÖȐ*Progesterone%EstrogenǍþ�Ö�ǼȐ*EGF-like factorɖ×čʇAregʉ

Eregʈ*ǕǊʉERK1/2*{�ɛÒ(��;ľɸ 

� � ļǡǫM|�k$+�<2$(Ö�ǼȐ(

# EGF-like Factor(8; EGFßĖ�>

��� ERK1/2 *{�ɛÒ�Öŏǂ(%!#Ƌ5#ɝȬ$	;�%>úç�#
;

ʇYamashita et al.ʉ2007; Yamashita et al.ʉ2014ʈ���$øʀŁ*Ö�ǼȐ(
�; Areg%

Ereg mRNAǕǊ
8- ERK1/2*{�ɛÒ}m|>Ɯȿ����*ȀƁʉAreg mRNA*Ǖ

Ǌ+O�^~�|Ó%Ɯȿ�#±ÐÖȐÓ$Ÿō(ÿÎ����Ů Ereg mRNAǕǊ+O�

^~�|Ó%±ÐÖȐÓ$Ÿō'ĭ+ȶ59<'�!�ʇFig. 8 Aʈ�2� ERK1/2*{�ɛ
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ÒQM`|+O�^~�|Ó%Ɯȿ�#±ÐÖȐÓ$Ÿō(ÿÎ��ʇFig. 8 B, Cʈ� 

 

�Ēʁ 7�±ÐÖȐ* Progesterone% EstrogenǍþ�Öŏǂ%ȏǕǎ(��;ľɸ 

� � �<2$*ĒʁȀƁ�9ʉ±ÐÖȐÓ$*øʀ+Ö�ǼȐ*Ɛȑŋä�>ȷĞ�;�

%�ű9�('!��2�Ö�ǼȐ*Ɛȑŋä�+Öŏǂ%�*Ł*ȏǕǎ(ľɸ�;�

%�9ʉ±ÐÖȐÓ$*øʀ��<9(��;ľɸ>ƈȳ����*ȀƁʉMIIǉ+O�^

~�|Ó(

# 16.7 ± 6.4%%�
¬$	!��ʉ±ÐÖȐÓ$+ 62.1 ± 5.1%/%Ÿō(

�"Ìǖ(ÿÎ��ʇFig. 9 Aʈ�2�ʉȏǘȐǉ+O�^~�|Ó(

#�
¬$	!�

�ʉ±ÐÖȐÓ$*øʀ(8: 5©*Ǹ 35%(2$Ÿō(ÿÎ��ʇFig. 9 Bʈ�  
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ȋĚ 

 
� � ÃŹȐǇÖȐ�9ŁŹȐǇÖȐ/*Ǖȍ+ßǶȑ
8-Ǖǎȑ>Ÿ�;ŏǂÖ*Ǖȍ

>��ʉÖȐɕŕ*ŷǽƙɯ$	;�jW$+ 0.5 mmǨĸ*ÖȐ$ÃŹȐǇÖȐ�Ľŏ�

<ʇOi et al., 2015ʈʉ8-12 mmǨĸ(2$Ǖȍ��ŁŹȐǇÖȐ$ŞÖ�ǎ�;�jW(



#ÖȐPCT%Ö*ŏǂǉ%*ɩɍ("
#ƈȳ�� Marchal9+ʇ2002ʈʉ3 mmźƵ*

ÖȐ$+Ö*ưũÁȨ»ɧȑ���ʉßǶ�Ǖǎȑ>Ÿ�#
'
�ŮʉÖȐPCT*ř

Ą(ł
ÖŏǂǉʉßǶǉ
8-ȏǕǎǉ�ä��;�%>úç����*�%�9ʉÖ

*ŏǂ+ÖȐ*Ǖȍ%ĘŠ(ɩ¤�#
:ʉÖȐǕȍ*ɨ(ǎ�;ÖȐºɗ*ǍþāÒ�

ßǶŁ(ÔÁ'Ǖǎȑ>Ÿ�;ŏǂÖ*Ľŏ(ɝȬ$	;%ȋ�9<#
;� 

� � żǡǫ*ȀƁ�9ʉProgesteroneâŏɖ×č+ÖȐPCT(ɩ=9�ʉŌıǖ(ǕǊ�

#
�����'�9ʉProgesterone*ƾĸ+ÖȐPCT*řĄ(�
�Ű���%�9ʉ

jW(

#ÖȐǕȍ(�� Progesterone ±ÐǍþ/*ǧȤ+ʉÖȐǕȍÃŹ$*

Progesterone *�Ⱥ¥Ɏ(8!#ȷĞ�<;�%�ǣë�<��Ēɰ(ʉProgesterone �9

Estrogen>âŏ�; Cyp19a1*ǕǊ%ʉProgesterone> 20α-OHP/%�Ⱥ�; Akr1c1*Ǖ

Ǌ+ 4-7 mm*ÖȐ*ɺǵȘǼȐ$ʃǕǊ�#
��ʉ8 mm��*ÖȐ$+�<9*ɖ×

čǕǊ+Ÿō(�
¬>ǣ����*�%�9ʉProgesteroneƾĸ+ÖȐǕȍÉŹ�9�Ź

(��#�
¬$ȃś�<ʉ�*�5(+âŏ�<� Progesterone � AKR1C1 (8:�Ⱥ

�<;�%�ɝȬ$	;%ȋ�9<��Ēɰʉļǡǫē*ɥĪ+ʇ2015ʈʉAKR1C1ɫĕÊ

$	; 5PBSA >ÖȐǕȍŹ>Ə«��jW COC *�ĂøʀŲ(ƮÎ�#øʀ�;%ʉÖ

�ǼȐ*șƼ�ŒÇ�<ʉÖ�ǼȐ*Aq^�QS�ȷĞ�<;�%>ȶ5���9(ʉ

źŏǂrDS/Progesterone>Ȗȕºœ��;%ÖȐɆȤ�ǎ�;�%6úç�<#
;�

%�9ʇFukuda et al., 1980ʈʉÖȐǕȍŹ(

# ProgesteroneǏǎ>ŒÇ�ʉEstrogen±Ð

Ǎþ>ƌǳ�;�5(+ ProgesteroneâŏǿȽ$+'�ʉAKR1C1(8; Progesterone�Ⱥ

ǿȽ�Ɛȑ�;�%�Ƌ5#ɝȬ$	;%ȋ�9<;� 

� � 4-7 mm *ɆȤÖȐǑſ* COC > 4-7 mm % 8 mm ��*±ÐÖȐ* Progesterone %

Estrogen Ǎþ>Əƍ��±ÐÖȐÓ$øʀ�;%øʀÉ(ȶ59<�ƖǼȐ*ũ�ưĠ�

��ŮʉÖ�ǼȐ*ÿƘ�¥Ɏ�<ʉÖ�ǼȐ*Ɛȑŋ
8-Öŏǂǉ6�Ű�����

*ȀƁ+ʉɆȤÖȐǑſ*Ö(

#6ƻòǖ'ŏǂȑ�Ďò�;�%ʉ4-7mm *ÖȐǕ

ȍɊ�$	<,Łąǖ'S\~C_o|v�Ǎþ*Ŧì(8:Öŏǂ�îń�;�%>ȧ

�ʉÖȐǕȍŹ(ȷĞ�<;Öŏǂ+S\~C_o|v�(8:ÇŃ�<;�%�ǣ�<

��2�ʉżĒʁ$ǐ
� Progesterone% Estrogen>ȫâƮÎ��±ÐÖȐÓ(ě�ʉ±Ð

ÖȐ* Progesterone Ǎþ
8- Estrogen Ǎþ>�<�<Ə«��ʉProgesterone % Estrogen
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*ÕǈƮÎ$+Ö�ǼȐ*șƼ
8-Öŏǂ+ǎ�'�!�ʇOkamoto et al., 2016ʈ��*�

%�9±ÐÖȐ*ɕŕ(+ʉÖȐ
8-Ö*Ǖȍƙɯ(ŉ�#Țɔƾĸ* Progesterone %

Estrogen�ãŲ(Ďò�;�%��àƑ$	;�%�ű9�('!�� 

� � żǡǫ*ȀƁ+ʉ±ÐÖȐǍþ�Ö�ǼȐ*Aq^�QS>ŒÇ�ʉÖ�ǼȐ*ÿƘ

%Ɛȑŋ*�Ɏ
8-Ö*ŏǂ>¥Ɏ�;�ŮʉɆȤÖȐ$+ɺǵȘǼȐ%Ö�ǼȐ*A

q^�QS�ǎ�ʉFSH *3*ƮÎ$+Ö�ǼȐ*ÿƘ
8-Öŏǂ+ȷĞ�<'
�%

>ǣ����*�%�9ʉ±ÐÖȐ(+ŔAq^�QSƐƌ�Ďò�;�ŮʉɆȤÖȐ$

+�*Ɛƌ�Ǣȅ�ʉAq^�QS�ȷĞ�<;%ȋ�9<��ʉ�*uHaTt+�ű

$	;�Aq^�QS+�(ĂïŋǿȽ2�+ºïŋǿȽ(8:ĒȤHSe�V$	;

Caspase3�ƦŋÒ�;�%$ȷĞ�<;�ĂïŋǿȽ$+ Fas LigandʇFasLʈ'&*Ăïŋ

*QM`|� Fas >å4ßĖ�>��#ɧĉHSe�V* Caspase8 *ƦŋÒ>ȷĞ�;�

%$ʉºïŋǿȽ$+ŧĝȗ7�ɛǻ%
!�ǅǌǖS^}S(8:Aq^�QS¥Ɏï

č BadʉBakʉBax�ǎĎ¥Ɏïč Bcl-27 Bcl-XL*Ʀŋ>ɫĕ�;�%$s^O�_{A

�9* Cytochrome c *ŧÀ>¥Ɏ�ʉɧĉHSe�V* Caspase9 >ƦŋÒ�;�%$ʉ

Caspase3Ʀŋ>¥Ɏ�;ʇElmore, 2007ʈ�2�ʉProgesterone+ă�*ǼȐǩ(

#Aq

^�QS>ȷĞ�;�%�úç�<#
;�Syed% Hoʇ2003ʈ+�ƖÒ��ÖīȧǗǼȐ

/* Progesterone*ƮÎ�ʉFasL*ǕǊ�Ű>�
ʉAq^�QS>ȷĞ�;�%>úç�

�����'�9ʉProgesterone%Aq^�QS%*ǛŠǖɩɍ*ȱű+ź��ÔÁ$	;�

Progesterone+ÉɅ*8�' Estrogen/*âŏ
8- AKR1C1(8; 20α-OHP/*�Ⱥǿ

Ƚ(Î�ʉM|OO|YOC_*�ǩ$	;ʉCortisol7 Corticosterone/*�ȺǿȽ>Ÿ�

;�%�ǟ9<#
;�2�ʉCortisol7 Corticosterone*& 9�Ǐǎ�<;�+Ïǅǩ(

8:Ǔ':ʉrDS7zZ^'&*ʆƕɼ$+ Corticosteroneʉ�<�Ă*ê�Ïǅ$+

Cortisol��* ǐ>Ř!#
;��<2$(M|OO|YOC_*ƮÎ+ʂǼȐ*Aq^

�QS>ȷĞ�;�%ʉrDS/*M|OO|YOC_œ�+íȮßĖǥǿ*Aq^�Q

S>ȷĞ�;�%�úç�<#
;ʇTakanosawa et al., 2009; Moriishi and Komori, 2014ʈ��

9(ʉ±ÐÖȐ%ɆȤÖȐ$* Cortisol Ǐǎ%�Ⱥȑ*ɒ
ʉ
8-ɆȤÖȐ$* Cortisol

Ǎþ�Ö�ǼȐ*Ɛȑŋ%Öŏǂ��;ľɸ>ƈȳ��ļǡǫē*Ɗ+ʇ2018ʈʉ±ÐÖȐ

$+ Progesterone�9 Cortisol/*âŏɖ×č*ǕǊ���ʉCortisol*�Ⱥɖ×č*ǕǊ�

ʃ
�ŮʉɆȤÖȐ$+ʃ
 CortisolǏǎɖ×čǕǊ
8-�
�Ⱥɖ×čǕǊ%';�%

>ǣ���2�±ÐÖȐǑſ*ɺǵȘǼȐ7 COC ( Cortisol >ƮÎ�#øʀ�;% Baxʉ

FasʉCaspase8*ɖ×čǕǊ% Caspase3*W�eLǕǊ*ÿÎ>��Aq^�QS�ǎ�ʉ

�9(Öŏǂǉ+���;�%>ȶ5�ʇ]�WźǕȧʈ�2�ʉYuan 96ʇ2016ʈʉrD

S/* Cortisol *œ�+ Fas 
8- FasL *ǕǊ�Ű>�
ɺǵȘǼȐ%Ö�ǼȐ*Aq^
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�QS>ȷĞ�ʉÖŏǂ>ŒÇ�;�%>úç�#
;��<9*ȀƁ�9ʉ±ÐÖȐ$

+ Progesterone�9 Cortisol/*âŏ�ŒÇ�<ʉEstrogen7 Progesterone*±ÐǍþ�$Ö

ȐǕȍ�ɎȤ�;�ŮʉɆȤÖȐ$+Progesterone�9Cortisol/*âŏ�¥Ɏ�<;ȀƁʉ

ÖȐº* Progesterone% Estrogen*dz�S�Ǣȅ�ʉâŏ�<� Cortisol�ÖȐº*�Ǽ

Ȑ*Aq^�QS>ǪƋǖ(ȷĞ�;%ȋ�9<;� 

� � żǭ*ȀƁ�9ʉÖȐǕȍŹɨ�*Ōıǖ(âŏ�<; Progesterone�ÖȐǕȍÃŹ�

9�Ź(�# 20α-OHP
8- Estrogen/%�Ⱥ�<;�%�ű9�%':ʉjW±ÐÖȐ

*ǕȍɐǨ$ÖȐº*S\~C_o|v�� Estrogen±Ð�9 Progesterone±Ð/%ǧȤ�

;uHaTt�ű9�('!���9(ʉ±ÐÖȐ* Progesterone% EstrogenǍþ+ɆȤÖ

ȐǑſ*Ö�ǼȐ*Ɛȑŋä�>��#Öŏǂ>¥Ɏ�;�%>Ã5#ǣ��� 
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ȬǸ 

 
� � ÖȐǕȍ*ɐǨ$ÖȐº*S\~C_o|v�Ǎþ� Estrogen�9 Progesterone/%ǧ

Ȥ�;�%+ʉ±ÐÖȐ*Ǖȍ(Ƌ5#ɝȬ$	;����ʉCholesterol>ù(Ǐǎ�<;

S\~C_o|v�*âŏ%�Ⱥ�
"ʉ&*8�'Ɛƌ(8:ÇŃ�<;*�ʉ�*ā

Ò�Öŏǂ(��;ľɸ+�ű$	;�żǭ$+S\~C_o|v�*âŏ%�Ⱥ(ɩ�

�;ɖ×čȊ*ǕǊ%�*ĿË>ȱű�;�5ʉÖȐǕȍŹ*jWÖī�9PCTÅ(±

ÐÖȐ%ɆȤÖȐ>îÝ�ʉ��*Ēʁ>Ȥ!�� 

� � ±ÐÖȐ*ɺǵȘǼȐ(
�; Progesterone âŏɖ×čʇStarʉCyp11a1ʉHsd3b1ʈʉ

Progesterone�9 20α-OHP/*�Ⱥɖ×čʇAkr1c1ʈʉProgesterone�9 Estrogen*âŏɖ×

čʇCyp17a1ʉCyp19a1ʈǕǊ
8-ÖȐƬ�* Progesterone % Estrogen ƾĸ>ƈȳ���

�*ȀƁʉProgesterone âŏɖ×č+ÖȐPCT(ɩ=9�Ōıǖ(ǕǊ���Ůʉ

Progesterone*ƾĸ+ÖȐPCT*řĄ(�
�Ű���Progesterone> 20α-OHP/%�Ⱥ

�; Akr1c1% Progesterone�9 Estrogen>âŏ�; Cyp19a1+ 4-7 mm*ÖȐ*ɺǵȘǼȐ

$ʃǕǊ�#
��ʉ8 mm��*ÖȐ$+�<9*ǕǊ+Ÿō(�����2� Estrogen

ƾĸ+ 4-7 mm��*ÖȐ$Ÿō(ÿÎ�����*ȀƁ�9ʉÖȐǕȍŹ(Ōıǖ(Ǐǎ

�<; Progesterone +ʉÖȐǕȍÃŹ( 20α-OHP /�Ⱥ�<;ʉ	;
+ Estrogen âŏ*

ùȻ%�#¡ǐ�<;�%$�
ƾĸ(¦�<ʉǕȍ%¹( Progesterone�Ⱥ�ŒÇ�<;

% Progesteroneƾĸ��Ű�;%ȋ�9<�� 

� � ɆȤÖȐǑſ* COC>±ÐÖȐ* Progesterone% EstrogenǍþ>Əƍ��±ÐÖȐÓ

$øʀ�;%øʀÉ(ȶ59<� TUNELɮŋǼȐũ�ưĠ�ʉAq^�QS�ŒÇ�<��

2�±ÐÖȐÓ$*øʀ(8:ʉÖ�ǼȐ(
�; PCNA ɮŋǼȐǉ�Ÿō(ÿÎ�ʉÖ

�ǼȐ*ÿƘ�¥Ɏ�<��2�Ö�ǼȐ*Ɛȑŋ6ä��ʉÖ* MII ǉʉȏǕǎǉ6Ÿ

ō(�Ű���ŮʉɆȤÖȐ$+ɺǵȘǼȐ%Ö�ǼȐ*Aq^�QS�ǎ���ļǡǫ

ē*Ɗ9+ʇ2018ʈʉɆȤÖȐ$ Progesterone�9 Cortisol�âŏ�<ʉCortisol�Aq^�

QSɩɍïč*ǕǊ�ŰʉɺǵȘǼȐ%Ö�ǼȐ*Aq^�QSȷĞ>ǣ�#
;�%�

9ʉ±ÐÖȐ$+ Progesterone �9 Cortisol /*âŏ�ŒÇ�<ʉEstrogen 7 Progesterone

(8:ÖȐǕȍ�ɎȤ�;�ŮʉɆȤÖȐ$+ Progesterone�9âŏ�<; Cortisol�Aq

^�QS>ǪƋǖ(ȷĞ�;%ȋ�9<;� 

� � żǭ*ȀƁ�9ʉÖȐǕȍŹɨ�*Ōıǖ(âŏ�<; Progesterone�ÖȐǕȍÃŹ�

9�Ź(�# 20α−OHP
8- Estrogen/%�Ⱥ�<;�%�ű9�%':ʉjW±ÐÖȐ

*ǕȍɐǨ$ÖȐº*S\~C_o|v�� Estrogen±Ð�9 Progesterone±Ð/%ǧȤ�

;uHaTt�ű9�('!��2�ʉjW$+ɺǵȘǼȐ(

#6 Progesterone�âŏ



 28 

�<ʉEstrogenǏǎ(Æǐ�<;�%>ȶ5���9(ʉ±ÐÖȐ* Progesterone% Estrogen

Ǎþ+ɆȤÖȐǑſ*Ö�ǼȐ*Ɛȑŋä�>��#Öŏǂ>¥Ɏ�;�%>Ã5#ǣ�

�� 

 



mRNA Primer sequences Product 
size�bp� 

 

Annealing 
temperature 
�X
� 

     Accession no. 

�� �� �� �� ��

18s F:5'-GAG CGA AAG CAT TTG CCA AG-3' 107 62 �AF102857 R:5'-GGC ATG GTT TAT GGT GGG AA-3' 

Star F:5'-ACA GAC CCA GGT GGA CTT TG-3' 179 56 �NM_213755.2 R:5'-CCA CTG TCC CCA GAT GAA GT-3' 

Cyp11a1 F:5'-AGG GCA CAC AGA AAA TCC AC-3' 192 64 �NM_214427.1 R:5'-AAT GCT GGT GAT AGG CAA CC-3' 

Hsd3b1 F:5'-TCC ACA CCA GCA GCA TAG AG-3' 245 62 �NM_001004049.1 R:5'-CAT GTG GGC AAA GAT GAA TG-3' 

Akr1c1 F:5'-TTT TCC GTC CAG AAT TGG TC-3' 207 60 �NM_001044618 R:5'-CCT CGT TCT TGC ACT TCT CC-3' 

Cyp17a1 F:5'-AAG GGC TCT GGT GCC AAG TA-3' 153 64 �NM_214428.1 R:5'-CTT GGA ACC CAG ACG AAA GG-3' 

Cyp19a1 F:5'-GCT AAT TGC AGC ACC AGA CA-3' 195 60 �NM_214429.1 R:5'-GGC TGG TAC CTC ATG CTC TC-3' 

Ccnd2 F:5'-CGT CCA AGC TCA AAG AGA CC-3' 169 64 �NM_214088.1 R:5'-CGA AGA ATG TGC TCG ATG AA-3' 

Has2 F: 5'-TTT GGA TGT GTC CAG TGC AT-3' 152 60 �NM_214053 R: 5'-GAA CTC AGC ACT CGG TTC GT-3' 

Tnfaip6 F: 5'-GGC GTG TAC CTC AGA GAA GC-3' 192 60 �NM_001159607 R: 5'-TGG CTT TAC AAT GGG GTA GC-3' 

Ptx3 F: 5'-CAG CTC CTG CCT CTC ACT CT-3' 160 60 �NM_001244783 
�XM_003132506 R: 5'-CCA ACACTGCAGACCAGAGA-3' 

Areg F:5'-TGG TCC ACA GCG ATT TAT CA-3' 223 60 �NM_214376.1 R:5'-CCC GAT CTG CTA CCC TGT AA-3' 

Ereg F:5'-CCG TTT TCC TGG TAC ATG CT-3' 246 60 �XM_013978775.1 R:5'-GCA TGT GTC CTT GTG TTT GC-3' 
�� �� �� �� ��

Table 1. qRT-PCR�
��$'�%+����	�$)�� �����"+(*��� 
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FSH : 1 µg/ml 
P4 : 150 ng/ml 
E2 : 85 ng/ml 

FSH : 1 µg/ml 
P4 : 50 ng/ml 
E2 : 85 ng/ml 
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ǈ�ǆ 
 

ņÓšÓĘ,��< Neurotensin-ƱƦ)ĪÆ-ŭț 

 

Ġȥ 
 

� � ĬšǶƢÓǶ0)Ⱥ�"ÓǶ,ɯǹ�í�9;Ŏ¸�=<R�TƢ- LHÁƗ�Ç?<

)ɯȁË�"Ó�ǙǶ)ÚǒǷ@Š�<ĹƝÓ-ȑÝ�(�< COC�Óǎ0)Ŏ¸�=ņ

Ó�Ĺǅ�<
���ɯņÓȹǁ,��' LH,ď�<ÚČ�(�< LHCGR.ɯɠǑȀǙ

Ƕ,ɩƱƦ�<�Ŗ(ɯÓ8Ó�ǙǶ,.ƱƦ�Ƞ6:=+�ɭAmsterdam et al., 1975; Peng 

et al., 1991ɮ
�-�)�:ɯLH-ÁƗ@Ú�"ɠǑȀǙǶ�:Ŏ¸�=<�ŵèā�Ó�

ǙǶ8Ó, Ƭ�<�)(ņÓ�ȡđ�=<)Ǯ�:='�"
LH£ăƲ+�ŵèā-ň

ǘ@Ȋ%" Park:.ɭ2004ɮɯ±FU,��'ɯLHÁƗ,9;ɠǑȀǙǶ,��' EGF-like 

factor(�< AREGɯEREG�9/ BTC�ƱƦ�<�)ɯ�=:-èā.Ó�ǙǶ-ȁƖ)

Ó-ƎŐ¹ȍµɊ@ȡđ�<�)@òâ�"
4"ɯNoma:.ɭ2011ɮɯLHÁƗĬ-ɠǑ

ȀǙǶ,��' EGF-like factor-�ǂ(�< Neuregulin1ɭNRG1ɮ�ƱƦ�ÓĹƝ@¤ȷ�

<�)@òâ�"
�:,ɯEGF-like factor-ÚČ�-�ǂ(�< EGFRɭErbB1ɮ-ųǷ@

����" Egfrwa2±FU8 ErbB1-ĽÀÅ(�< AG1478.ņÓŐ-��@ȡđ�<�)

7òâ�='�<ɭAshkenazi et al., 2005; Hsieh et al., 2007ɮ
��-ǝũ�:ɯAREGɯEREGɯ

BTC�9/ NRG1. LHÁƗ@Ú�"ɠǑȀǙǶ�ɯÚČ�" LHÁƗ@Ó�ǙǶ0)��

<�ŵèā(�;ɯ�=:- EGF-like factor.Ó�ǙǶ,ƱƦ�< ErbB, Ƭ�ɯÓ�ȁ

ËɯÓĹƝɯņÓ@Àİ�<L�kBMZ�(�<�)�ƽ�="
 

� � ɠǑȀǙǶ�9/Ó�ǙǶ,��' EGF-like factor. ErbB1-Ras-ERK1/2ǔ@ƅĵË�

<�)�ƺ:='�<ɭPark et al., 2004; Shimada et al., 2006; Hsieh et al., 2007ɮ
AREGȾ�

ā@Ŵŋ�ɯ�� EGFRƱƦ@ƽ�[l|ty�Z�a±FU Areg�/� Egfrwa2/wa2(.ɯņÓ

ÁƗĬ-ɠǑȀǙǶ,��' ERK1/2 -ƅĵË���ª@ƽ��)ɭHsieh et al., 2011ɮɯ

AREG @ƌÇ�' COC @�øðɥ�")�ɯÓ�ǙǶ,��' ERK1/2 -ƅĵË�ȡđ�

=<�)ɯ�:, LH,9%'ȡđ�=< ERK1/2-{�ɂË� AG1478-ƌÇ,9;ĽÀ

�=<�)�òâ�='�<ɭPanigone et al., 2008ɮ
4" EGF-like factor-ÚČ�(�<

ErbB . ErbB1 -�, ErbB2ɯErbB3 �9/ ErbB4 - 4 ǂɢ�ăê�ɯAREG . ErbB1/1ɯ

EREG) BTC. ErbB1/1ɯErbB1/2ɯErbB2/4ɯErbB4/4ɯNRG1. ErbB2/3ɯErbB2/4ɯErbB4/4

-Ű,ɯơƯƲ+{K�bǝÝÁƗ,9;ɯqw�<�.n_~�Ɇ�@ĨĹ�<�)(

�Ɔ,SNc|@��<�)�ƺ:='�<ɭGalvez-Contreras et al., 2013ɮɭFig. 1ɮ
�:
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,ɯÓĘ(.ɠǑȀǙǶ)Ó�ǙǶ,��' ErbB1ɯErbB2�9/ ErbB3�ĶěƲ,ăê�ɯ

ErbB4ƱƦ. hCGÁƗĬ,���<�)�òâ�='�;ɭNoma et al., 2011ɮɯ�-�)�

:ņÓš,ƫƪ�=< EGF-like factor.ɯErbB1ɯErbB2�9/ ErbB3@��' ERK1/2-

ƅĵË@ȡđ�<)Ǯ�:=<
 

� � LH R�TÁƗ,9;ȡđ�=< ERK1/2 -{�ɂË. -�Ɔ(Ű�+Ⱦ�ā-ƱƦ

@Àİ�<�)�ƺ:='�<
ɠǑȀǙǶơƯƲ, ERK1/2 @f]MCCFa�"

Erk1/2gc-/-±FU,��'ɯhCG ÁƗĬ-ɠǑȀǙǶ(.ɯStar 8 Cyp11a1 )�%"

ProgesteroneƫƪɁǗ����ɯ�-ǝũɪ�Ë�ĽÀ�=<�),Ç�ɯÓ�ǙǶ(.ɯ

iC|~�ɂÝĹȾ�ā(�<Has2) -ąĈË,«� Tnfaip6) Ptx3-mRNAƱƦ��

��ɯÓ�ǙǶ-ȁƖ�Ƞ6:=+��)�òâ�="ɭFan et al., 2009ɮ
�:,ɯSalustri

:ɭ2004ɮ.ɯPtx3-/-±FU,��'ąĈƲ+Ó�ȁË8Úǒ�²�ƪ�+��)ɯFülöp

:ɭ2003ɮ.ɯTnfaip6-/-±FU(.ɯHAS2 ,9;ÝĹ�=<iC|~�ɂ@¥ń(��ɯ

ąĈƲ+ǙǶø±a{MU-ĨĹ�ƪ�+��)ɯ�-ǝũɯņÓŐ�ȅ��Ǝē�ɯɖ

.Ć²�ü)+<�)@òâ�'�<
��-ǝũ�:ɯņÓš, EGF-like factor,9%'

ƅĵË�=< ErbB-Ras-ERK1/2ǔ.ɠǑȀǙǶ-ɪ�Ë,Ç�ɯÓ�ǙǶ-ȁƖ@ȡđ�ɯ

ÓĹƝɯņÓ@�ȷ�<Ů6'ɄȒ+ǜȭ(�<�)�ƽ�="
 

� � Ãȱ-ȴ;ɯEGF-like factor.ÓĹƝ@ȡđ�<Ů6'ɄȒ+èā(�<�ɯEGF-like 

factor-�ǂ(�<AREG-5@�øðɥǔ0ƌÇ�ĹƝ��"Ó@ÚǒȞɧ,¢�"óÝɯ

 -ÓÆƥ. 40%)ȅ����ɭNoma et al., 2011ɮ
�=,ď�ɯ±FUƪ�0 hCG@ľ

��ɯņÓ@ȡȫ�" COC@Ƭ�"óÝ-ÓÆƥ. 70%��)ɛě,ɩª@ƽ�ɭShu et al., 

2013ɮ
�-�)�:ɯƪ�´(. EGF-like factor,Ç�ɯŢƺ-ĕĺĵèā�ăê�ɯų

Ƿ�<)ƽå�="
 �(Ťǆ(.ɯħƻǄN|�m,��'�ÃȊ%"ɯņÓÁƗÃ

Ĭ-Ʌƪî±FU-Ó�ǙǶ,ƱƦ�<Ⱦ�ā@DNA±EM~C}EșŨ,9;ǣǫƲ,

șŨ�"`�Z�o�U�:ɯhCG ÁƗĬ,ƱƦɆ� 2 §��,õÇ�<ÓĹƝ¤ȷèā

@©ȏË�"
©ȏË�"¹ſĵèā�: NeurotensinɭNTSɮ,ƹƵ�ɯÓĘ,��< NTS

) -ÚČ�ɭNTS receptor 1; NTSR1ɮ-ǜŜƲƱƦ)ĕê,&�'ŭț�"
4" NTS

-ĪÆ@ŭț�<ƵƲ( NTSR1-ĽÀÅ(�< SR48692ɭSRɮ@Ƭ�'ɯNTS�Ó�ǙǶ

-ȁƖɯÓĹƝɯǵƱƪ�9/ɠǑȀǙǶ-ɪ�Ë,��<ĩɝ@Ȥ1"
�:, NTS -

 ƬųĠ@ŭț�ɯņÓš-ÓĘ,��< NTS-ƱƦ)ĪÆ@ȟǙ,ŭț�"
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ťœ�9/Ŗƀ 
 

� � RNA-çØɯȲȮ¶×ĳɭReverse Transcription; RTɮ, Quantitative RT-PCRɭqRT-PCRɮ, 

ÓĘǛǨºƟ- ȐɯZ�hMȩƘĢ-ƐĈɯÓĘ�-U_~Ebq|w�-ŀ¸�9/

Progesterone ƘĢ-ƐĈɯ�øðɥĬ- COC ȁƖƶīɯÓ-ŬƷ-ȘĎɯWestern blotting

.ǈ�ǆ)ÞŰ-Ļɞ(Ȋ%"
 

� � 4"ɯqRT-PCR ,Ƭ�"ÜȾ�ā,ď�<mzE±�)Cd�{�NƏĢɭX�ɮ.

Table. 1,Ȝ�"
�:,Western blotting,Ƭ�"�ŵĿ��9/�ŵĿ�. Table. 2,ƽ

�"
 

 

±FU-Ǣń 

� � C57BL/6±FU@ Clea Japan9;Ȫ±�ɯħƻǄĊ(ǦźǢń�"
ɣœ.ɣǱǦźƬ

éĨɣœɭCLEA Rodent Diet CE-2, Clea Japanɮ@Ƭ��ŔǞɦɯž.�ŔǞž)�"
Ʃô

ƏĢ 22 ± 1�ɯƷďƑĢ 55 ± 10%ɯ12ŜɋƜśɭÏÃ 6ŜƚƙɯÏĬ 6ŜƉƙɮ- SPFƩ

ô�-ɣǱĊ(ɣǱ�" 3 �: 4 ȶɫ-ŢĹƝɖ±FU4". 3 �: 4 �şɫ-ĹƤɖ±

FU@ĉɧ,¢Ȟ�"
 

� � +�ɯŤÊƠĉɧ.ƸǅĞėúĄÊƠĉɧþä×-ȝÛ@Ú�ɯĉɧÊƠ-Ù;ļ�

.ƸǅĞėúĄÊƠĉɧþä×-ȕÂ,Į%"
 

 

Ȟȇ-Ȥő 

�PMSG�9/ hCG 

� � PMSGɭƂĐƬȉƍĵǿÁƗq|w� ÊƠƬW~a~j�, ���Ȑȇɮ5 IU �9/

hCGɭƂĐƬǴƳĵĵǿÁƗq|w� ÊƠƬQcba~j� 3000, ���Ȑȇɮ6 IU@±

FU,ǾǼ´ľ��"
 

�Òɗðë 

� � Òɗðë. Medium 199 ɭMedium 199 with Hanks� salt and NaHCO3 without L-glutamine, 

Sigma Aldrichɮ, 1%ɭv/vɮĿƪƠȩ) 1%ɭv/vɮFBS@ƌÇ�' Ȑ�"
+�ɯÒɗð

ë.¡Ƭ 3Ŝɋ��Ã, Ȑ�ɯ�6 37�,Ə6"7-@¿Ƭ�"
 

�ĹƝðë 

� � ĹƝðë. DMEMɭDMEM, low glucose, pyruvate, Life Technologiesɮ, 1%ɭv/vɮĿƪ

Ơȩ) 1%ɭv/vɮFBS @ƌÇ�' Ȑ�"
+�ɯĹƝðë.ðɥɊý 3 Ŝɋ��Ã, 96

FG|m}�a,ǀ�ɯFG|)FG|-ɋ@Ȭǖž(ƒ"�ɯE�Lyo�Z�ɭ37�, 

5ɬ CO2, ƑĢɤãŦ��ɮ,±=ɯKUĝȋ,9;ðɥɊýŜ- pH@ 7.4,ȤǏ�'¡Ƭ
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�"
 

�AREGɯNTSɯSR 

� � AREGɭSigma Aldrichɮ. DMEM( 10 µg/ml,Ɣș�ɯ-20�(¥ǎ�"7-@ĹƝð

ë(ŞǚƘĢɭ100 ng/mlɮ,ĚɃ�'¡Ƭ�"
NTSɭPhoenix Pharmaceuticalsɮ.ɯDMEM

( 100 µM ,Ɣș�ɯ-20�(¥ǎ�"7-@ĹƝðë(ŞǚƘĢɭ1 µMɮ,ĚɃ�'¡Ƭ

�"
SR48692ɭSigma Aldrichɮ.Tv\|U|qLSbɭDimethyl Sulfoxide; DMSO, Wakoɮ

( 5 mM,Ɣș�ɯ-20�(¥ǎ�"7-@ĹƝðë(ŞǚƘĢɭ75 µMɮ,ĚɃ�'¡Ƭ�

"
 

 

ÓĘɯCOC�9/ɠǑȀǙǶɭGranulosa Cell; GCɮ-çØ 

� � 3�: 4ȶɫ-ɖ±FU, PMSG@ľ��" 48ŜɋĬɯhCG@ľ��ɯÜ·ƨŜɋĬ

,șÄ,9;ÓĘ@çØ�"
çØ�"ÓĘ@ɯÒɗðë@±=" 50 mmSx�},ǀ�ɯ

25 G-ƂĐɇɭTerumoɮ@Ȏƹ�" 1 ml-ƂĐǋɭTerumoɮ@Ƭ�'ɯĉ�ɡıɈɭOlympusɮ

�(ÓǶ´- COC@.��¸�"
ĉ�ɡıɈ�(hU^�|jp]a@Ƭ�ɯǤč(ù

ɄĖ-Ó�ǙǶ@Š�< COC@Ƚ¾�ɯçØ�"
 

� � COC @çØĬɯSx�}´-Òɗðë�:ÓĘǛǨ@Ù;ɑ�ɯŹ%"Òɗðë@H

]p�b|k\y�l,çØ�ɯ1,500 rpm( 10¹ɋȻĲ¹ɗ�"
ȻĲĬɯ�ƍ@Ù;ɑ

�ɯį:="ǙǶ@ GCR�m|)�"
 

 

COC-�øðɥ 

� çØ�" COC@Òɗðë(ƄƇĬɯ100 µl-ĹƝðë@±=" 96FG|m}�a, 100

¦�&±=ɯE�Lyo�Z�ɭ37�, 5ɬ CO2, ƑĢɤãŦ��ɮ(ÜŜɋðɥ�"
 

 

Semi-quantitative PCR)ɘŽƃÊ,9< PCRƫƠ-ÛȖË 

� � Polymerase chain reactionɭPCRɮƀ@Ƭ�' cDNA@õĜ�"
cDNAR�m|�&,

&�ɯPCR BufferɭPromegaɮ@ 3 µlɯMgCl2ɭPromegaɮ@ 2.25 µlɯ2 mM- dNTPɭPromegaɮ

@ 0.75 µlɯprime F�RɭFasmacɮ@Ü�0.75 µlɯTaqɭPromegaɮ@ 0.1 µlɯȬǖž@ 4.4 µlɯ

�:, cDNAR�m|@ 3 µlƋÝ�"ɯȚ 15 µl-ƋÝƊ@ Ȑ�"
ƋÝƊ@R�±|R

EMz�@Ƭ�'ɯ95�( 2¹ɋɯ -Ĭ 95�( 30ƿɋɯ60�( 30ƿɋCd�{�N�ɯ

72 �( 1 ¹ɋ�ɉ×ĳ��"
�=@ 40 REM|ɭNtsɮ4". 31 REM|ɭRpl19ɮȊ

%"Ĭɯ72�(ɰ¹ɋƏ6<�),9; PCRƫƠ@ąĈË��"
ƪĹ�" PCRƫƠ. 4�

(¥ă�"
+�ɯÜR�m|,��'ɯ{rY�uZ�hMȩ Rpl19 mRNA @´ȿŲƓ

)�"
4"ɯNts�9/ Rpl19,ď�<mzE±�. Table. 1,ƽ�"
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� � ƪĹ�" PCRƫƠ.ɘŽƃÊ,9;ÛȖË�"
4�ɯȬǖž, 2.4 %ɭv/vɮH\T

Ful~±EbɭNacalai tesqueɮ) 1.4 ɬɭw/vɮCK~�UɭNippon geneticsɮ@ƋÝ�ɯ

O|@ Ȑ�"
 Ȑ�"O|. Tris-Borate EDTA Buffer ɭTBE, Nacalai tesqueɮ(ƒ"�

"ƃÊűɭGenius, Funakoshiɮ,±="
ƪĹ�" PCRƫƠ 10 µl@ Loading bufferɭPromegaɮ

1 µl)ƋÝĬɯO|,CmzE�ɯ100 V-Ŧ�(Ǖ 20¹ɋɘŽƃÊ�"
ɘŽƃÊĬɯ

UVaz�UE|te�Z�ɭASTECɮ(ƫƠ@ÛȖË�ɯŌĩ�"
 

 

NTSƘĢ-ƐĈ 

� � ÓĘ- NTSƘĢƐĈ. NeurotensinɭHuman, Rat, MouseɮFluorescent EIA KitɭPhoenix 

Pharmaceuticalsɮ@Ƭ�'Ȋ%"
çØ�"ÓĘ,Whole-cell extract buffer@ 200 µlƌÇ�ɯ

ȬɜƁ·ƨ@�"7-@ȻĲ�ɯöŷǛǨƟ@Ù;ɑ�'ÓĘƔșƊ@ Ȑ�"
�-Ó

ĘƔșƊ@ 1x assay bufferɭ20x assay buffer concentrate@Ȭǖǐ(ĚɃɮ( 1/1,000­§,Ě

Ƀ�"
Primary antibodyɭrabbit anti-peptide IgGɮɯPositive controlɯBiotinylated peptideɯSA-HRP

@ =!= 1x assay buffer(µžã�"
Standard peptide. 1x assay buffer(ŻɓĚɃ�ɯ

Standardɭ10,000 pg/mlɯ1,000 pg/mlɯ100 pg/mlɯ10 pg/mlɯ1 pg/mlɮ)�'Ƭ�"
m}�

a-FG|, Total bindingɭ1x assay bufferɮɯStandardɯPositive controlɯÓĘƔșR�m|

@ 50 µl�&ƌÇ�ɯȤő�" Primary antibody@ɯlz�MFG|@ɑ�"ÜFG|, 25 µl

�&ƌÇ�"
m}�a@S�|(ȓ�ɯ4�ɯ400 rpm (�ŝəƴ�"
ǭřɯlz�M

FG|@ɑ�"²'-FG|,Ȥő�" Biotinylated peptide@ 25 µl�&ƌÇ�"
m}�

a@S�|(ȓ�ɯĊƏ( 1.5ŜɋŅƴ�"
1x assay buffer(ƄƇĬɯSA-HRPƔƊ@ 100 

µl�&ƌÇ�"
m}�a@S�|(ȓ�ɯĊƏ( 1ŜɋŅƴ�"
1x assay buffer(ƄƇ

�ɯSubstrate solution) Stable peroxide solution@ 9:1-ÆÝ(ƋÝ�"ñȩƔƊ@ÜFG|

, 100 µl�&ƌÇ�"
µ/m}�a@S�|(ȓ�ɯĊƏ( 20¹ɋəƴ�"
ÜFG|

, Stop solution @ 100 µl �&ƌÇ�ɯȈ¯±EM~m}�a{�[�ɭVarioskan Flash; 

Therumoɮ(Ȉ¯ĦĢɭŞúƁɉ: 420 nm, ÈȫƁɉ: 325 nmɮ@ƐĈ�ɯStandard@Ƭ�'

ŭɆǥ@ Ĺ�"
 Ĺ�"ŭɆǥ@7),ɯÜR�m|- NTSƘĢ@Ǎ¸�"
 

 

°ưȈ¯ūȃ 

� � ÓĘǛǨºƟ@ ȐĬɯ��-Ļɞ(°ưǛǨËĄūȃ@Ȋ%"
 

� � LS}��9/HZf�|(ǸhzkD��"Ĭɯ10% H2O2/vZf�|( 10¹ɋE�

Lyo�a�ɯ´êĵp|ILS[�X-ȨƅË@Ȋ%"
�:, 0.3%Triton-X/PBS(-)(

30¹ɋE�Lyo�a�ɯȀȳȹ·ƨ@Ȋ%"Ĭɯ10 mMMH�ɂ BufferɭNacalai tesqueɮ

,ƈ�ɯ±EM~FG�lƀ,9;ĿÔȨƅË@Ȋ%"
 -Ĭ 5ɬBSA/PBS(-)( 90 ¹ɋ
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l~]L�N�"Ĭɯ5ɬBSA/PBS(-)( =!= 1:300ɯ1:00,ĚɃ�"ĿNTSĿ�ɭMilliporeɮ

)Ŀ NTSR1Ŀ�ɭSanta Cruzɮ@ƌÇ�ɯ4ŜɋE�Lyo�a�"
 -Ĭɯ�ŵĿ�ɭ1:100, 

Anti-mouse IgGɴwhole moleculeɵFɴab�ɵ2 Fragment- Cy3 antibody produced in sheepɮ(ȓ

�ĊƏ( 2ŜɋɚǪ�"
 -ĬɯŬūȃ�<"6- DAPI@ƕ��ɯCy3) DAPI-�Ʉ

ūȃ@Ȋ�ɯȈ¯ɡıɈ,9; NTS) NTRA1-ĕê@ȘĎ�"
  

 

ņÓÓāŐɯƫ�Őɯɪ�Ő-ƐĈ 

� � 3 �:ɱȶɫŢĹƝ±FU, PMSG ÁƗ 48 ŜɋĬɯhCG )ÞŜ, DMSO (ĚɃ�"

SRɭ0.1 mg/kgɮ@ľ��ɯ16ŜɋĬ-Óǎȁúȿ,ņÓ�=" COCŐ@ƐĈ�"
 

� � 3 �:ɱȶɫŢĹƝ±FU, PMSG ÁƗ 48 ŜɋĬɯhCG )ÞŜ, DMSO (ĚɃ�"

SRɭ0.1 mg/kgɮ@ľ��ɯ48ŜɋĬ-ÓĘºƟ@ Ȑ�ɯºƟħ";-ɪ�Ő@ƐĈ�"
 

� � 3�: 4�şɫ-ĹƤɖ±FU, DMSO(ĚɃ�" SRɭ0.1 mg/kgɮ3ř��, 10řɋ

ľ��"Ĭɯɕ±FU)�ɀĬɯį:="ƫ�Ő@ƐĈ�"
 

 

iC|~�ɂƘĢ-ƐĈ 

� � iC|~�ɂƘĢ-ƐĈ. Quantikine ELISA HyaluronanɭR&D Systemɮ@Ƭ�'Ȋ%

"
çØ�" COC, PBS@ 30 µlƌÇ�ɯȬɜƁ·ƨĬɯCell Lysis Buffer 2ɭR&D Systemɮ

@ 30 µl ƌÇ�ɯ30 ¹ɋĊƏ(ōŁ�"
ȻĲ¹ɗĬɯöŷǛǨƟ@Ù;ɑ�"7-@ɯ

RD5-18ƔƊ(ĚɃ�ɯR�m|-Ȥő@Ȋ%"
Wash Buffer Concentrate@Ȭǖž( 25§

ĚɃ�Wash Buffer@ Ȑ�"
Hyaluronan Standard@ RD5-18(ŻɓĚɃ�ɯStandardɭ20 

ng/mlɯ10 ng/mlɯ5 ng/mlɯ2.5 ng/mlɯ1.25 ng/mlɯ0.625 ng/mlɮ@ Ȑ�"
RD1-14@ 50 µl

�&ƌÇ�"m}�a-ÜFG|,ɯ�:, StandardɯControlɭRD5-18ɮɯR�m|@ 50 µl

�&ƌÇ�"
m}�a@S�|(ȓ�ɯ500 rpmɯĊƏ( 2 ŜɋŅƴ�"
ÜFG|@

Wash Buffer( 5çƄƇĬɯColor Reagent A) Color Reagent B@ 1:1(ƋÝ�' Ȑ�"ñ

ȩƔƊ@FG|, 100 µl�&ƌÇ�"
m}�a@ȼ¯�ɯĊƏ( 30¹ɋɚǪĬɯÜFG

|, Stop Solution@ 100 µl�&ƌÇ�"
±EM~m}�a{�[�(á¯ĢɭƁɉ: 450 nmɯ

ȏŶƁɉ: 540 nmɮ@ƐĈ�ɯStandard@Ƭ�' Ĺ�"ŭɆǥ@7),ÜR�m|,à4

=<iC|~�ɂƘĢ@Ǎ¸�"
 

 

ÚǒȞɧ 

�ǒāÃðɥɯĀǒɯƱƪƬb~]m- Ȑ 

� � ǒāÃðɥɯĀǒ,. HTF mediumɯƱƪ,. KSOM mediumɭARK Resourseɮ@Ƭ�

"
50 mmSx�}, HTF medium@Ƭ� 400 µl-ǒāÃðɥƬb~]mɯ200 µl-ĀǒƬ
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b~]mɯKSOM medium@Ƭ� 50 µm-ƱƪƬb~]m@ Ȑ�"
Üb~]m.�ƞ@

ɍ�"6,ɯtez|IE|(ȓ�ɯE�Lyo�Z� ɭ́37�, 5% CO2, ƑĢɤãŦ��ɮ

(�ŝKUĝȋË�"
 

�ǒā-ÃðɥɯǒāŐ-ȤőɯÚǒ 

� � 3�şɫ- C57BL/6ɕ±FU�:șÄ,9;ǒĘ��Ĕȿ@ŇÙ�"
ŇÙ�"ǒĘ�

�Ĕȿ�:ǒā@ŇÙ�ɯǒāÃðɥb~]m( 90¹ɋE�Lyo�a�"
b~]m-

�ǁ�:ǒāÃðɥƊ 30 µl@H]p�b|k\y�l,çØ�"
 -�$ 10 µl@ 3 % 

NaClɭȬǖž, NaCl@Ɣșɮ90 µl�±%"H]p�b|k\y�l,ǀ�' 10§ĚɃ�ɯ

²ɆȉƧȚǍƳ@Ƭ�'ɯŶǅɡıɈɭOlympusɮ�(JF�a�"
ĹƝðɥĬ-Ó@Ā

ǒƬb~]m,ǀ�ɯ �0 2	105 sperm/ml,+<9�,Ȥő�"Ãðɥǒā@ƌÇ�'

6Ŝɋ³ðɥ�ɯÚǒ��"
 

�Ʊƪ 

� � ÚǒĬɯÓ,�ƹ�'�<ǒā@ĉ�ɡıɈ�(hU^�|jp]a@Ƭ�'ɑÕ�ɯ

ƱƪƬb~]m,ǀ�"
ÚǒÓ@ 5 řɋðɥ�ɯƱƪ-Űā@¨ǅ�ƷęɡıɈ(ȘĎ

�"
+�ðɥšɋ�ɯÓÆ�ƪ�"ÚǒÓ@ÚǒɯǵƳǶšǵ0Ⱥ�"ÚǒÓ@ǵƳǶ

šǵ)�ɯÚǒƥ�9/ǵƳǶƥ@Ǎ¸�"
 

 

ǟȚ·ƨ 

� � Ȟɧ.ɯ =!= 3ç��ǩ;Ȱ�ɯ -ǝũ.ɯExcelǟȚɭMicrosoftɮ@Ƭ�'ǟ

Ț¹Ũ�"
Ǎ¸�"ǝũ.ɯĝìª�ŲƓȢę(Ȍƽ�"
 

� � 3Ǭ��-żȯ.ɯ�®ɀǪ¹ŏ¹Ũ-ĬɯFisher-ŞĒŠķęƀ(Ǎ¸�ɯ5%žƓ(

Šķę��<)½Ĉ�"
"#�ɯÚǒƥɯǵƳǶƥ,Ɍ�'.ɯarc-sin(÷ŊĬɯ�®ɀ

Ǫ¹ŏ¹Ũ@Ȋ%"
 

 

ĉɧȚƮ 

�'R 1�/�3������BE���	=<���-;�L�I�%�0A 

� � ņÓš-Ó�ǙǶ,��'ƱƦ�<ŕ"+ÓĹƝ¤ȷèā@ňǘ�<ƵƲ(ɯĵĹƝ

Ã-Ʌƪî±FU, PMSGľ��" 48ŜɋĬ) PMSG,Ĥ�ǡ� hCGľ��" 8ŜɋĬ

-ÓĘ�:çØ�"Ó�ǙǶ@żȯ�"±EM~C}E`�Z�: hCG ľ�Ĭ,ƱƦ-�

Ś�Ƞ6:=<ÓĹƝ¤ȷ©ȏèā@ňǘ�ɯ©ȏË�"
 

 

�'R 2������H����� Nts mRNA�=<7K 

� � ƛÁƗ-±FUúǹɯĒǹɯģɨɯǲɯĲȂɯǺȂɯǰȂɯǻȂɯǳɯĒǽɯúǽɯ
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ǊǯɯǒĘɯƛÁƗ-ÓĘ�: Total RNA@ŀ¸�ɯsemi-quantitative RT-PCRƀ,9; Nts 

mRNA-ƱƦ@Ȥ1"
4"�ȿ-±FU�: PMSGľ� 48ŜɋĬ, hCGľ�� 8Ŝɋ

Ĭ-ÓĘ@ŇÙ�ɯTotal RNA@ŀ¸�ɯsemi-quantitative RT-PCRƀ,9; Nts mRNA-Ʊ

Ʀ@Ȥ1"
 

 

�'R 3�PMSG��
 hCG�:+�����)���� Nts mRNA
 NTSNT��
 Ntsr1 

mRNA�C2>"�
 NTSTNTSR�( J4 

� � ÓǶƱǱ�9/ņÓš-ÓĘ,��< Nts) Ntsr1 mRNAƱƦ�9/ NTSɆ-ǜŜƲ

÷Ë@Ȥ1<ƵƲ(ɯPMSGľ� 48 ŜɋĬɯ�9/ hCGľ� 2ɯ4ɯ8ɯ12ɯ16 ŜɋĬ-

ŢĹƝ-±FU�:ÓĘ@çØ�"
ÓĘ�:ɠǑȀǙǶ) COCƭŧ-Ó�ǙǶ@ŇÙĬɯ

Total RNA@ŀ¸�ɯqRT-PCRƀ,9;ɯ�=:-Ⱦ�āƱƦ-÷Ë@șŨ�"
4"ɯÞ

Ű-·ƨ@�"ÓĘ�:Z�hMȩ@ŀ¸�ɯELISAƀ,9; NTSƘĢ@ƐĈ�"
�:

,ɯÞŰ-·ƨ@�"ÓĘ@éĈĬɯǛǨ-hzkD�ºƟ@ Ȑ�ɯĿ NTSɯĿ NTSR1

Ŀ�@Ƭ�"°ưȈ¯ūȃƀ,9;ÓĘ´- NTS) NTSR1-ĕê@Ȥ1"
 

 

�'R 4�/�3� NTS�$&,��
P?FBE�S������*O 

� � NTS�ɖ-üĂĵ,��<ĩɝ@ŭț�<ƵƲ(ɯŢĹƝ±FU, hCG�<�. hCG

) SR@ľ��" 18ŜɋĬɯÓǎȁúȿ�: COC@çØ�ņÓŐ@ƐĈ�"
4"ÞŰ-

·ƨ@ŗ�" 16ŜɋĬ-±FUÓĘ�:çØ�" COC@ÚǒȞɧ,¢Ȟ�ɯ5řɋ-Ʊƪ

ðɥĬɯǵƳǶƥ@Ȥ1"
�:,ɯ3�şɫ�: 4�şɫ-ɖ±FU, Vehicle4". SR

@ 3ř��, 10řɋľ��ɯɕ)�ɀĬ-ƫāŐ@ƐĈ�"
�?�'ɯNTS�ņÓĬ-

ɠǑȀǙǶ-ųǷƲɪ�Ë,��<ĩɝ@ŭț�<"6,ɯŢĹƝ±FU, hCG �<�.

hCG) SR@ľ��" 16ŜɋĬ-ɠǑȀǙǶ) 48ŜɋĬ-ÓĘ@çØ�"
çØ�"ɠǑ

ȀǙǶ�: Total RNA@ŀ¸�ɯqRT-PCRƀ,9;ɯProgesteroneƫƪȾ�ā StarɯCyp11a1ɯ

Hsd3b1 mRNA-ƱƦ@șŨ�"
4"ÓĘ�:Z�hMȩ@ŀ¸ĬɯU_~Eb¹Ʈ@ŀ

¸�ɯELISAƀ@Ƭ�' ProgesteroneƘĢ@ƐĈ�"
�:,�ȿ-ÓĘ.éĈĬɯǛǨ-

hzkD�ºƟ@ Ȑ�ɯHEūȃƀ,9;ÓĘºƟħ";-ɪ�Ő@Ȥ1"
 

 

�'R 5�COC��#!Q@���	 NTS���BE�G9��
�-;����*O 

� � COC-�øðɥŜ,��'7NTS�Ó�ǙǶ-ųǷĵ8ÓĹƝ,ĩɝ@��<-�@

ŭț�<ƵƲ(ɯPMSG ÁƗ 48 ŜɋĬ-ÓĘ�:çØ�" COC @ AREGɯNTS @ =!

=ÒƣƌÇ�"ÍɯAREG) NTS-ÞŜƌÇÍɯ �,�:, SR@ƌÇ�"·ƨÍ( 12

ŜɋðɥĬɯÓ�ǙǶ,��<ȁƖɌȵȾ�ā Has2ɯTnfaip6ɯPtx3 mRNAƱƦ@ qRT-CR
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ƀ,9;ɯ16ŜɋðɥĬ- 20¦- COC�Ȇǃ�<iC|~�ɂɆ@ ELISAƀ,9;ƐĈ

�"
4" 16ŜɋðɥĬ- COC-ȁƖƶī�9/Ó- MIIƥ7ƐĈ�"
�:,ɯ16Ŝ

ɋðɥĬ-�ȿ- COC@ÚǒȞɧ,¢Ȟ�ɯÚǒƥ) 5řɋ-ƱƪðɥĬ-ǵƳǶƥ@Ȥ

1"
 

 

�'R 6�NTS� ERK1/2���M�����*O 

� � NTS �ņÓ,)%'Ů6'ɄȒ+èā(�<Ó�ǙǶ- ERK1/2 -ƅĵË,ũ"�Ī

Æ@ŭț�<ƵƲ(ɯŢĹƝ-±FU, PMSG@ľ�� 48 ŜɋĬɯhCGľ��<�. hCG

)ÞŜ, SR@ľ��ɯ2ɯ4ɯ8ɯ12ɯ16 ŜɋĬ-ÓĘ�:Ó�ǙǶ@çØ�"
4"ɯPMSG

ľ� 48ŜɋĬ,çØ�" COC@ AREGɯNTS@ =!=ÒƣƌÇ�"Íɯ�<�. AREG

) NTS@ÞŜƌÇ�"Í( 2ɯ4ɯ6ɯ8ɯ12ɯ16ŜɋðɥĬɯÓ�ǙǶ@çØ�"
çØ�

"Ó�ǙǶ�:Z�hMȩ@ŀ¸Ĭ�ɯWestern Blotƀ@Ƭ�' ERK1/2-ǜŜƲƅĵ÷Ë

@Ȥ1"
 

 

�'R 7�NTS���/�3� ERK1/28,�D.65�J1 

� � ĉɧ 6-ǝũ�:NTS,9<Ó�ǙǶ-ERK1/2-ƅĵËńǡ Ƭ@Ƞ6"�)�:ɯ

ERK1/2 -�Ɔǜȭ(�<ɠǑȀǙǶ- ADAM17 ) EGF-like factor -ƱƦ)Ó�ǙǶ-

ErbBs-ƱƦ, NTS���<ĩɝ@ŭț�<ƵƲ(ɯŢĹƝ-±FU, PMSG@ľ�� 48

ŜɋĬɯhCG ľ��<�. hCG )ÞŜ, SR@ľ�� 2ɯ4ɯ8ɯ12ɯ16ŜɋĬ-ÓĘ�:

:ɠǑȀǙǶ)Ó�ǙǶ@ŇÙ�ɯTotal RNA)Z�hMȩ@ŀ¸ĬɯqRT-PCRƀ,9;ɠ

ǑȀǙǶ(- Adam17TAregTEregTBtcTNrg1 mRNA)Ó�ǙǶ(- Erbb1TErbb2TErbb3T

Erbb4 mRNA-ƱƦ)Western Blotƀ,9;ɠǑȀǙǶ(- ADAM17) EREGƱƦ)Ó�

ǙǶ(- ErbB1ƱƦ@ŭ¸�"
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ǝũ 

 
�ĉɧ 1
ņÓš-±FUÓ�ǙǶ,��'ƱƦ�<ÓĹƝ¤ȷ©ȏèā-ňǘ 

� � PMSGľ� 48ŜɋĬɯ�<�. PMSG,ǡ�ɯhCG@ľ��" 8ŜɋĬ-Ó�ǙǶ@

żȯ�"±EM~C}E`�Z�:ɯhCG ľ�Ĭ,ƱƦ�Ś�<ÓĹƝ¤ȷ©ȏèā@ň

ǘ�"
�-ǝũɯŘ,òâ�='�< EGF-like factor-�ǂ(�< Areg8 BtcɯÓ�ǙǶ

-ȁƖɌȵȾ�ā(�< Has28 Ptx3+*-ŘƺȾ�ā,Ç�ɯÓĘ,��'�=4(òâ

�='�+�ɯƾǜpm\b- NeurotensinɭNtsɮ8 Protein kinase, cGMP-dependent, typeII

ɭPrkg2ɮ+*-èā@Ȕ¸�ɯ�=@©ȏË�"ɭTable. 3ɮ
�-´ɯNtsƱƦ� =�ø

-©ȏèā,ż1ɯhCG ÁƗĬ-Ó�ǙǶ,��'ɯǕ 211 §)ȅ��ɩª@ƽ�'�"

�)�:ɯ�ɏ-ĉɧ(. Neurotensin,ƹƵ�ɯ -ƱƦ)ƱƦųĠ,&�'șŨ�"
 

 

�ĉɧ 2
±FU-ÜȂæ,��< Nts mRNA-ƱƦżȯ 

� � NTS.�=4(,�Ūƾǜǔ8ƉËæǔ,��<ƱƦ�òâ�='�<ɭVincent et al., 

1999ɮ
 �(ɯɅƪî±FU�:�Ūƾǜæć(�<úǹɯĒǹɯģɨɯƉËæć(�<

ǳɯĒǽɯúǽɯ�:,ǲɯĲȂɯǺȂɯǰȂɯǻȂɯǊǯɯǒĘ)ƛÁƗ�<�. PMSG

�9/ hCG@ľ��"ÓĘ,��<ɯNts mRNAƱƦ@żȯ�"
�-ǝũɯŘ, Nts-Ʊ

Ʀ�òâ�='�<�Ūƾǜæć(.ģɨɯƉËæć(.Ēǽ)úǽ,g�b�ŭ¸�=ɯ

 =�ø-Ȃæ(.SNc|.ŭ¸�=+�%"
ÓĘ(.ɯņÓÁƗ�'�+�ƛÁƗ

(.SNc|�Ƞ6:=+�%"�ŖɯhCGÁƗ 8ŜɋĬ(.ɯģɨ8Ēǽɯúǽ9;7ɯ

ȅ��Ħ�g�b�ŭ¸�="ɭFig. 2ɮ
 

 

�ĉɧ 3
PMSG�9/ hCGÁƗĬ-±FUÓĘ,��< Nts mRNA) NTSɆɯ�9/ Ntsr1 

mRNA-ǜŜƲ÷Ë) NTSɯNTSR-ĕêșŨ 

� � ĉɧ 2 -ǝũ9;ɯhCG ÁƗ 8 ŜɋĬ-ÓĘ,��'ɯ�Ūƾǜǔ8ƉËæǔ��-

Nts mRNAƱƦ�Ƞ6:="�)�:ɯNts mRNA.ņÓÁƗ£ăƲ,ƱƦ�ȡđ�=<�

)�ƽå�="
 �(ɯ±FU, PMSG�9/ hCG@ľ��ɯÓǶƱǱ)ņÓ@ȡȫ�

�"ɠǑȀǙǶ)Ó�ǙǶ,��< Nts mRNA)ÓĘ,��< NTSɆ-ǜŜƲ÷Ë@Ȥ1

"
 -ǝũɯNts mRNAƱƦ. hCGÁƗ 2ŜɋĬ4(.ɠǑȀǙǶɯÓ�ǙǶ³,��

ª(�%"-,ď�ɯhCG ÁƗ 6 ŜɋĬ,�ǙǶ,��'Šķ+ƱƦ�Ś�Ƞ6:="


4"ɯÓ�ǙǶ(. hCGÁƗ 8ŜɋĬ4( Nts mRNA-Šķ+ƱƦ�Ś�Ƞ6:="
�

=:-ƱƦ�Ś. hCGÁƗ 12ŜɋĬ�ɏɯɡȅ,���"ɭFig. 3 Aɮ
ÓĘ- NTSɆ.

hCG ÁƗ 12 ŜɋĬ4(.��ª@ƽ�"�ɯhCG ÁƗ 16 ŜɋĬ-ÓĘ(.ɯ -Ɇ. 3
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§��,Šķ,õÇ�"ɭFig. 3 Bɮ
NTSZ�hMȩ-ĕê@șŨ�"ǝũɯhCGÁƗÃ

-ÓĘ(.ɠǑȀǙǶ,��'ɒĵǙǶ�ŭ¸�="7--ɯ -SNc|.Ůĥ�7-

(�%"
���ɯhCGÁƗ 16ŜɋĬ-ÓĘ(.ɠǑȀǙǶ)Ó�ǙǶ,��'Ħ�ūȃ

¬-ɒĵǙǶ�ŭ¸�="ɭFig. 3 Cɮ
 

� � NTSR @P�b�< Ntsr1 -Ⱦ�āƱƦ÷Ë@ PMSG �9/ hCG ÁƗ�"ɠǑȀǙǶ

)Ó�ǙǶ,��'șŨ�"ǝũɯNtsr1 mRNA.ɠǑȀǙǶ)Ó�ǙǶ-*$:-ǙǶ,

��'7ɯ²'-Ŝɋ(�Ű,ƱƦ�'�"ɭFig. 4 Aɮ
�ŖɯNTSR1-ĕêSNc|.ɯ

hCGÁƗÃ-ÓĘ(.ɠǑȀǙǶ,��'ıĥ+ NTSR1ɒĵǙǶ�ŭ¸�=ɯ�-SNc

|. hCGÁƗ 16ŜɋĬ-ÓĘ-ɠǑȀǙǶ)Ó�ǙǶ,��'ɡȅ,õÇ�"ɭFig. 4 Bɮ
 

 

�ĉɧ 4
ņÓš- NTS�üĂĵ�9/ɠǑȀǙǶ-ɪ�Ë,��<ĩɝ 

� � ĉɧ 3-ǝũ�:ɯņÓÁƗĬ-ÓĘ,��' NTS) -ÚČ��ăê�<�)�ś

:�)+%"
 �(ņÓš-ÓĘ,��< NTS-ĪÆ@Ȥ1<"6,ɯ±FU, NTSR1

-ŃĿɎċÅ(�< SR@ľ��ɯNTS�ņÓŐɯǵƱƪƥɯƫ�Ő,��<ĩɝ,&�'

ŭț�"
 -ǝũɯhCGľ�(. 20.1 ± 2.1¦(�%"ņÓŐ. SRľ�,9; 5.7 ± 4.7

¦,ɡȅ,Ǝē�"ɭFig. 5 Aɮ
4"ɯhCG4". hCG+SR@ľ�� 16ŜɋĬ-ÓĘ9;

çØ�" COC @ÚǒȞɧ,¢Ȟ�"ǝũɯhCG ľ�(. 57.5 ± 4.8%(�%"ǵƳǶƥ.

SRľ�,9; 15.5 ± 10.8%0)Šķ,Ǝē�"ɭFig. 5 Bɮ
�:,ɯɖ±FU, SR@ľ�

Ĭɯɕ±FU)-�ɀ,9;į:="ƫ�Ő.ɯɛľ�,ż1'ɲÆǁĢ,Ǝē�"

ɭVehicle; 9 ± 2Ì, +SR; 6.5 ± 0.5ÌɮɭFig. 5 Cɮ
 

� � ņÓĬ-ÓĘ(.ɠǑȀǙǶ�ɪ�ǙǶ0)¹Ë�ɯüÿ-Ĺǅ)Ǣń,ɄȒ+

Progesterone@ƫƪ�<
 �( NTS�ņÓĬ-ɠǑȀǙǶ,��< ProgesteroneƫƪȾ�

ā-ƱƦɯÓĘ�- Progesterone ƘĢ�9/ɪ�ĨĹ,��<ĩɝ@ŭț�"
 -ǝũɯ

StarTCyp11a1-ƱƦ. SRľ�,9;Šķ,Ǝē�"ɭFig. 5 D, Eɮ
Hsd3b1ƱƦ7Šķę

.Ƞ6:=+�%"7-- SR ľ�,9;Ǝē�"ɭFig. 5 Fɮ
4"ÓĘ�- Progesterone

ƘĢ7Šķę.Ƞ6:=+�7-- SR,9;���"ɭFig. 5 Gɮ
�:,ɯhCGľ��"

ÓĘ(.ùŐȠ6:="ɪ�.ɯSRľ��"ÓĘ(.Ÿ*Ƞ6:=+�%"ɭFig. 5 Hɮ


4"ɪ�Ő@ȚƐ�"ǝũɯhCG(. 12.2 ± 1.0¦(�%"ɪ�Ő. SRľ�,9; 3.9 ± 0.3

¦,Šķ,Ǝē�"ɭFig. 5 Iɮ
 

 

�ĉɧ 5
COC-�øðɥǔ,��' NTS�Ó�ǙǶ-ȁƖ�9/ÓĹƝ,��<ĩɝ 

� � ĉɧ 4 ,��'ɯNTS .ǵƱƪ)ɠǑȀǙǶ-ɪ�Ë@�ȷ�<�)�ś:�)+%

"
 �( NTS -ųǷ@9;ȟǙ,ŭț�<"6, PMSG ÁƗĬ-ÓĘ�: COC @çØ
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�ɯNTSÍ�<�. EGF-like factor-�ǂ(�< AREGÍɯNTS) AREG)ÞŜƌÇ�"

AREG+NTSÍɯ�:, AREG) NTS, SR@ƌÇ�" AREG+NTS+SRÍ(�øðɥ�ɯ

NTS �Ó�ǙǶ-ųǷĵ)ÓĹƝ,��<ĩɝ@ŭț�"
Ó�ǙǶ,��<ȁƖɌȵȾ

�ā(�< Has2ɯTnfaip6ɯPtx3 mRNA-ƱƦ@ƐĈ�"ǝũɯ²'-Ⱦ�āƱƦ.ɯAREG

Í) NTSÍ(��ª@ƽ�"�ŖɯAREG+NTSÍ(.�=:-Ⱦ�āƱƦ�Šķ,�Ś�

"
4"�-�Ś. SR-ƌÇ,9;Šķ,ĽÀ�="ɭFig. 6 Aɮ
Ó�ǙǶ,Ȇǃ�<i

C|~�ɂɆ@Ȥ1"ǝũɯAREGÍ(. 85.0 ± 2.2 ng-iC|~�ɂ�Ȇǃ�='�"7

--ɯNTSÍ(. 1.8 ± 2.2 ng-Ȇǃ��Ƞ6:=+�%"
�ŖɯAREG+NTSÍ,��'

iC|~�ɂɆ. 107.8 ± 7.2 ng0)Šķ,õÇ�'�;ɯ�-Ɇ.Óǎȁúȿ�:çØ�

"ņÓ�=" COCɭin vivo; 108.5 ± 35.7 ngɮ-Ɇ,ÌŒ�<ǁ(�%"
4"ɯ�-õÇ.

AREG+NTS+SRÍ,��' 25.8 ± 6.0 ng0)Šķ,Ǝē�'�"ɭFig. 6 Bɮ
 

� � AREG8 NTS-ÒƣƌÇ)żȯ�ɯAREG) NTS-ÞŜƌÇ,9;ȁƖɌȵȾ�ā)

Ó�ǙǶɋɔ,Ȇǃ�=<iC|~�ɂɆ�õÇ�<�)�:ɯðɥ 16 ŜɋĬ- COC -

ȁƖƶī)Ĩĸ-ȘĎ@Ȋ%"
 -ǝũɯAREG+NTSÍɭ289.6 ± 10.4 µmɮ(. AREG

Íɭ222.9 ± 13.7 µmɮ-Ǖ 1.3§ɯNTSÍɭ155.0 ± 4.3 µmɮ-Ǖ 1.9§-Šķ+ƶī-õú

�Ƞ6:=ɯ�-ƶī.ɯņÓ�=" COCƶīɭin vivoɳ 296.9 ± 15.4 µmɮ)Þǉ(�%

"
�Ŗɯ�-ƶīłú. AREG+NT+SRÍɭ190.7 ± 6.7 µmɮ(Šķ,ĽÀ�="ɭFig. 6 Cɮ


4"ɯ16Ŝɋðɥ�"Ĭ- COCĨĸ.ɯAREG+NTSÍ(.Ó�ǙǶɋɔ-łú,�� COC

ƶī-õú�Ƞ6:=ɯhCG ÁƗ 16 ŜɋĬ-ņÓ COC )ÞŰ-Ĩĸ@�'�"
�Ŗɯ

NTS ÍɯAREG+NTS+SR Í(.Ó�ǙǶɋɔ-łú.Ƞ6:=�ɯŞøĖ-Ó�ǙǶ�ǧ

ǢȄƢ,÷Ĩ�'�"ɭFig. 6 Dɮ
 

� � �=4(-ĉɧǝũ9;ɯAREG ) NTS @ÞŜƌÇ�'ðɥ�<�)(Ó�ǙǶ-ų

Ƿĵ@ß���<�)�ś:�,+%""6ɯÓ- MII ƥ)ÚǒȞɧĬ-Úǒƥ�9/ǵ

ƳǶƥ,ď�<ĩɝ,&�'7Ȥ1"
 -ǝũɯMIIƥ. AREGÍ(. 48.2 ± 14.9%ɯNTS

Í(. 25.2 ± 5.2%(�%"-,ď�ɯAREG+NTSÍ(. 62.8 ± 3.2%)õÇ�Ƞ6:=ɯ�

-õÇ.�:+< SR-ƌÇ( 27.6 ± 4.5%)Šķ,Ǝē�"ɭFig. 6 Eɮ
Úǒƥ. AREGÍ

(. 55.0 ± 5.0%ɯNTSÍ(. 25.0 ± 25%(�%"-,ď�ɯAREG+NTSÍ(. 79.4 ± 9.4%

)Šķ+õÇ�Ƞ6:=ɯ�-õÇ. SR-ƌÇ(Ǖ 10%)Šķ,Ǝē�"ɭFig. 6 Fɮ
4

"ɯǵƳǶƥ. AREGÍ(. 29.2 ± 3.4%ɯNTSÍ( 10.7 ± 3.7%(�%"�ɯAREG+NTS

Í(. 48.7 ± 4.1%,4(õÇ�"
��� SR-ƌÇ. 11.1 ± 7.4 %,4(ǵƳǶƥ@Šķ

,ĽÀ�"ɭFig. 6 Gɮ
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�ĉɧ 6
NTS� ERK1/2-{�ɂË,��<ĩɝ 

� � ĉɧ 4 )ĉɧ 5 ,ǝũ�:ɯNTS .Ó�ǙǶ-ųǷĵ@�ȷ�ɯÓĹƝ@¤ȷ�<�

)(ņÓ)ǵƱƪ�9/ņÓĬ-ɠǑȀǙǶ-ɪ�Ë@ȡđ�<�)�ś:�)+%"


 �( NTS ,9<ÀİvJdVu@ŉƐ�<"6,ɯÓĹƝɯɪ�ËɯņÓ,ɄȒ(�<

�)�ƺ:=< ERK1/2-{�ɂË, NTS�Ö3�ĩɝ@Ȥ1"
PMSGľ�Ĭ, hCG�

<�. hCG)ÞŜ, NTSR1-ĽÀÅ- SR@ľ��ɯÜŜɋ,çØ�"Ó�ǙǶ,��<

ERK1/2-ǜŜƲ{�ɂËhZ��@Ȥ1"ǝũɯhCGľ� 4ŜɋĬ-Ó�ǙǶ,��'Ƞ

6:="ɡȅ+ ERK1/2 -{�ɂËSNc|.ņÓƶÃš,Ʒħ�<ľ� 16 ŜɋĬ4(Ħ

�Ǣń�='�"
�Ŗ hCG )ÞŜ, SR @ľ��"Ó�ǙǶ(.ɯľ� 4 ŜɋĬ,Ƞ6

:=" ERK1/2 -{�ɂËSNc|. hCG ľ�,ż1'ĥ�ɯ�-SNc|.ľ� 8 Ŝɋ

4(.Ǣń�='�"7-- 12ŜɋĬ�ɏɯñġ}o|,4(Ǝĥ�"ɭFig. 7 Aɮ
 

� � �´,��'ɯNTS. ERK1/2-ńǡƲ{�ɂË,Ɍ��'�<)Ǯ�:="�)�:ɯ

NTS-ĪÆ�9;śƼ,ŭț+�øðɥǔ@Ƭ�'ŭț@Ȋ+%"
COC@ AREG�<�

. NTS-ÒƣƌÇÍ�9/ AREG) NTS-ÞŜƌÇÍ(�øðɥ�ɯ{�ɂË ERK1/2-

÷Ë@Ȥ1"ǝũɯAREG Í(.ðɥ 2 ŜɋĬ,Ħ�{�ɂËSNc|�Ƞ6:="�ɯ

ĭ�, -SNc|.Ǝē�ɯðɥ 6Ŝɋ�ɏ(.2)A*ŭ¸�=+�%"ɭFig. 7 Bɮ


4"ɯNTS Í(7ðɥ 2 ŜɋĬ,Ħ�SNc|�Ƞ6:="�ɯ -ĬSNc|.Ǝĥ�

"ɭFig. 6. Cɮ
AREG+NTSÍ(.ɯ{�ɂËSNc|.ðɥ 2ŜɋĬ�:Ƞ6:=ɯ16Ŝ

ɋĬ4(Ħ�Ǣń�='�;ɭFig. 7 Dɮɯ�=.ƪ�´(ņÓȡđ�"Ó�ǙǶ)ÞŰ-

ERK1/2ƅĵhZ��@ƽ�'�"ɭFig. 7 Aɮ
 

 

�ĉɧ 7
NTS,9<ņÓš- ERK1/2ƅĵËǢńųů-șś 

� � ĉɧ 5-ǝũ�:ɯNTS. ERK1/2-�Ɔ@Àİ�<èā(�<)Ǯ�:="
�-�

)�:ɯNTS. EGF-like factor-ºŔɁǗɭADAM17ɮɯEGF-like factor�<�. ErbB-Ʊ

Ʀ@ȡđ�'�<)Ǯ�:="
ý6,ɯɠǑȀǙǶ,��' ADAM17-Ⱦ�āƱƦ)Z

�hMȩƱƦ@ƐĈ�"
 -ǝũɯhCGÍ) hCG+SRÍ,��' Adam17 mRNA-ƱƦ

,Šķ+ę.Ƞ6:=+�%"ɭFig. 8 Aɮ
ADAM17-Z�hMȩƱƦ.ɯhCGÁƗ 6Ŝ

ɋĬ,Ƞ6:="7--ɯ -ƱƦ.Ŝɋǜȹ)³,Ǝĥ�ɯ16 ŜɋĬ,.Ƞ6:=+�

%"
�ŖɯSR Í(.ľ� 8 ŜɋĬ�:ɡȅ+ ADAM17 SNc|@ŭ¸�ɯ�-Ħ�S

Nc|. 16ŜɋĬ4(Ǣń�="ɭFig. 8 Bɮ
 

� � ŵ,ɯɠǑȀǙǶ,��< EGF-like factor-ƱƦ, NTS���<ĩɝ@Ȥ1")�>ɯ

hCG ľ�Ã.�ª@ƽ�" Areg ) Btc -Ⱦ�āƱƦ. SR ľ�-Šƛ,��?:�ɯľ�

Ĭ 2Ŝɋ�: 4Ŝɋ,��'ĴƗ,�Ś�"Ĭɯ6Ŝɋ�ɏ(.ñġ}o|��,4(ɡȅ
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,���"
Areg) Btc mRNA ƱƦ� SR ľ�,9<ĩɝ@Ú�+�%"�ŖɯhCG ľ�

Ã,ż1ɯhCGľ� 4ŜɋĬ) 8ŜɋĬ(ɩ�ª@ƽ�" Ereg)ɯhCGľ� 4ŜɋĬ(ɩ

ª@ƽ�" Nrg1ƱƦ.ɯSR-ľ�,9;Šķ,���"ɭFig. 9 Aɮ
4"ɯSRľ�,9

%'Ⱦ�āƱƦ�ĽÀ�=" EREG Z�hMȩ-ƱƦ@Ȥ1"ǝũɯhCG ľ�Ĭ 6 Ŝɋ�

: 8Ŝɋ,��'ŭ¸�="Ħ�SNc|� SR-ÞŜľ�,9;ɯƉû�"ɭFig. 9 Bɮ
 

� � �:,ɯNTS�Ó�ǙǶ,��< ErbB family member-ƱƦ,��<ĩɝ@ŭț�"

ǝũɯhCGľ� 8ŜɋĬ,ɡȅ,õÇ�" Erbb2) Erbb3-ƱƦ� SRľ�,9;ñġ}o

|,4(Šķ�&ɡȅ,ĽÀ�="
�ŖɯErbb1 (. SR ľ�,9;ĶěƲ,ɯErbb4 (

.ľ� 12Ŝɋ�: 16ŜɋĬ,��' hCGľ�,ż1Šķ,Ⱦ�āƱƦ��Ś�"ɭFig. 10 

Aɮ
4"�- ErbB1- SRľ�,9<ƱƦõÇ.Z�hMȩ}o|(7ŭ¸�="ɭFig. 10 

Bɮ
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ǮĎ 

 
� � NTS .FSȖğ�ȿ,��'¼6'Òɗ�="ƾǜĵpm\b(�;ɯ

Lys-Arg2-Asx-Glx2-Pro2-Ile-Leu2-Tyr2 - 13 ¦-Ctfɂ�:ůĹ�=<ɭCarraway and 

Leeman, 1973ɮ
4" NTS-ÚČ�,.ɯ³, 7çȀȧȴî- GPCR( NTS)ɩȗãĵ-

NTSR1)�ȗãĵ- NTSR2ɯ�9/ɰçȀȧȴɟï@Š�ɯNTS�ø-{K�b7ǝÝÛ

Ƿ(�<ɛơƯĵ- NTSR3/sortilin- 3ǂɢ�ăê�ɯ�=:-ÚČ�. NTS- CţǇɀ

»@ȠȦ�<�)(�Ɔ,SNc|@��'�<ɭVita et al., 1993; Hermans and Moloteaux, 

1998; Mazella, 2001ɮ
NTS.�=4(ǹ,��<b�ht�ǔ-ȤǏèāɭBinder et al., 2001; 

Thibault et al., 2011ɮɯ�9/ǳ8Ēǽ,��<ȸÊĵ8¹ſųǷ-ÀİèāɭCarraway and 

Leeman, 1976; Zhao and Pothoulakis, 2006ɮ)�'ųǷ�<�)�òâ�='�<�ɯņÓš

-ÓĘ,��< NTS-ƱƦÀİųů�9/ųǷ.�ś(�%"
 

� � Ťĉɧ,��'ɯNTS -ƱƦ.ɯhCG ÁƗ 8 Ŝɋ�ɏ,ɠǑȀǙǶƱƦ�õÇ�ɯ�

-ƱƦ.ɯEGFRɎċÅɭAG1478ɮ�9/ ERK1/2ɎċÅɭU0126ɮ,9;ȅ�����'

�"ɭSup Fig. 1ɮ
Park:.ɭ2004ɮɯņÓš-±FUÓĘ,��' AREG. hCGÁƗĬ 1

Ŝɋ�: 3Ŝɋ,��'ɯBTC. hCGÁƗĬ 3Ŝɋ�: 6Ŝɋ,��'�ȹƲ,ȡđ�=

<-,ď�ɯEREG.ÁƗĬ 1Ŝɋ�:ņÓƶÃš,Ʒħ�< 12Ŝɋ4(ƱƦ�Ǣń�=

<�)@òâ�'�<
�-�)�:ɯNTS -ƱƦ.ɯAREGɯBTC �9/ EREG ,9<

ÁƗ,9;ƅĵË�=< ERK1/2ǔ,9;ȡđ�=<7-)Ǯ�:=<
iaJ|\fEb

ǙǶ(�< BONǙǶ,��' NTS-m~w�Z�ɀ»@ŭț�" Evers:.ɭ1995ɮɯNTS

ɀ»-�Ɔ, AP-1 REaɯCRE ŰREaɯǓȩP|\PEbĳǌɀ»ɭGlucocorticoid 

response elementɳGREɮ�ăê�ɯ�=:-�(7 Nts-m~w�Z�ƅĵ, AP-1�Ů6

'ɄȒ(�<�)@òâ�'�<
4"ħƻǄN|�m(.ņÓš-ÓĘ,��'7 AP-1

REa,ǝÝ�<,ǝÝ�<Ȯ¶èā- JunD) Fra2�{�ɂË�= -ƅĵ�õÇ�ɯ�

:,�-{�ɂË� ERK1/2£ăƲ(�<�)ɭSharma and Richards, 2000ɮɯÓĘơƯƲ,

ERK1/2@f]MCFa�" Erk1/2gc-/-±FU(.Ʌƪî±FU,ż1ɯņÓÁƗĬ-ɠǑȀ

ǙǶ,��< NtsƱƦ����<�)@òâ�'�<ɭFan et al., 2009ɮ
��-ǝũ�:ɯ

ņ Ó š , Ʊ Ʀ � < NTS - Ʊ Ʀ . ɯ hCG Á Ɨ Ĭ ¼ š , Ʊ Ʀ � < EGF-like 

factor-ErbB-ERK1/2-JunD/Fra2,9;õÇ�'�<7-)Ǯ�:=<
 

� � ŤƻǄ- in vivo�9/ in vitroșŨ,9;ņÓš-ÓĘ,��< NTS-ĪÆ@ŭț�

"ǝũɯNTS .Ó�ǙǶ-ȁƖɯÓĹƝɯņÓ�9/ɪ�Ë-�ȷ,ųǷ�<Ů6'ɄȒ

+èā(�<�)�ś�:,+%"
4" NTS -ÚČ� NTSR1 . GPCR î-ÚČ�(�

;ɯ -�Ɔ( PKC ǜȭɯAkt ǜȭɯNF-κB ǜȭ�9/ ERK1/2 ǜȭ-ƅĵË@ȡđ�<
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�)�ƺ:='�<ɭEhlers et al., 1998; Guha et al., 2002; Zhao et al., 2003; Hassan et al., 2004ɮ


Ťĉɧ,��'ɯņÓš,ƱƦ�< NTS .Ó�ǙǶ- ERK1/2 -ƅĵ@Ǣń�<èā(�

<�)ɯNTS -Ɏċ,9;ɯÓ�ǙǶ-ȁƖɯÓĹƝɯǵƱƪ�9/ɪ�Ë�ĽÀ�=<

�)�ƽ�="
4" NTSR1-ɎċÅ(�< SR-ľ�,9;ɯEGF-like factor-´ɯEregɯ

Nrg1 mRNA) Erbb2ɯErbb3 mRNAƱƦ�ņÓš-�š�:Ĭš,ĽÀ�='�"�)�
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mRNA Primer sequences Product 
size�bp� 

 

Annealing 
temperature 
�X°C� 

     Accession no. 

	� 	� 	� 	� 	�

Rpl19 		F:5'-CTG AAG GTC AAA GGG AAT GTG-3'  196 60 bc058135 
		R:5'-GGA CAC AGT CTT GAT GAT CTC-3'  

Nts 		F:5'-GTG TGG ACC TGC TTG TCA GA-3' 177 60 NM_024435 
		R:5'-TGC TTT GCT GAT CTT GGA TG-3' 

Ntsr1 		F:5'-GCC CCT CCT CCT AAG AAA TG-3' 225 54 018766 XM 
		R:5'-ACT CCA GGC TGA GTC CTT CA-3' 

Star 	  F:5'-GCA GCA GGC AAC CTG GTG-3' 249 60 NM_011485 
	  R:5'-TGA TTG TCT TCG GCA GCC-3' 

Cyp11a1   	F:5'-GGG AGA CAT GGC CAA GAT GG-3' 279 60 BC068264 
  	R:5'-CAG CCA AAG CCC AAG TAC CG-3' 

Hsd3b1 
  	F:5'-GGT GCA GGA GAA AGA ACT GC-3' 197 60 NM_001304800 

XM_006501035 	  R:5'-TGA CAT CAA TGA CAG CAG CA-3' 

Has2 
  	F:5'-GAG CAC CAA GGT TCT GCT TC-3' 154 62 NM_008216 
	  R:5'-CTC TCC ATA CGG CGA GAG TC-3' 

Tnfaip6 
  	F:5'-TTC CAT GTC TGT GCT GCT GGA TGG-3'  330 64 NM_009398.2 
	  R:5'-AGC CTG GAT CAT GTT CAA GGT CAA A-3'  

Ptx3 
  	F:5'-GTG GGT GGA AAG GAG AAC AA-3' 190 64 NM_008987.3 
	  R:5'-GGC CAA TCT GTA GGA GTC CA-3'  

Adam17     F:5'-TTC AGG CAA TCA AAG CAG TG-3' 161 64 AH006905 
    R:5'-CAA ACG GTA AAC GCC TCA AT-3' 

Areg 		F:5'-CGG TGG AAC CAA TGA GAA CT-3' 198 62 NM_009704 
		R:5'-TTT CGC TTA TGG TGG AAA CC-3' 

Btc F:5’-GGA ACC TGA GGA CTC ATC CA-3’� 227 60 	NM_007568 
R:5’-TCT AGG GGT GGT ACC TGT GC-3’�

Ereg F:5'-CCG TTT TCC TGG TAC ATG CT-3' 187 60 	NM_007950 R:5'-GCA TGT GTC CTT GTG TTT GC-3' 
�� 	� 	� 	� 	�

Nrg1�      F:5’-TGCATTGCTGGCCTAAAGTG� 258� 64� Noma et al., 2011�
     R:5’-GTT CTT CCG GG TGG GTA CTG-3’�

Erbb1 		F:5'-TGC CAA GGC ACA AGT AAC AG-3' 192 64 AF124513 
		R:5'-GTT GAG GGC AAT GAG GAC AT-3' 

Erbb2�
     F:5’-CCC TAG GTA CTG GGA GCA CA-3’ 186 60 L47239      R:5’-GTC CTT TGG TTA CCC CCA CT-3’ 

Erbb3�      F:5’-AGT TCT CCC GTC CCA TCT CT-3’ 197 60 L47240 
     R:5’-GGG AGT AAG CAG GCT GTG TC-3’ 

Erbb4�
     F:5’-CCC AGG CTT TCA ACA TAC CT-3’ 

150 60 L47241      R:5’-CCT CTG GTA TGG TGC TGG TT-3’ 

Table. 1  qRT-PCRJ*BGdgUelK��8�@dj]V_XU[@TalhkW$� 

COMTV\^Yfk`kbl�
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	� 	� 	� 	� 	�

3vm>� �PO�
DY¨�
±kDa² 

a§B~�
±XB²� 9vm>�

p-ERK1/2 Phospho-p44/42 MAPK (Erk1/2) (Thr202/Tyr204) (E10) Mouse mAb 42/44 1000 Anti-mouse 
IgG 

Cell Signaling Technology  

t-ERK1/2 p44/42 MAPK (Erk1/2) (137F5) Rabbit mAb 42/44 1000 Anti-rabbit 
IgG Cell Signaling Technology  

ADAM17 TACE Antibody� 135� 1000� Anti-mouse 
IgG Cell Signaling Technology 

EREG Mouse Ephiregulin Antibody� 28� 1000� Anti-goat 
IgG R&D Systems 

ErbB1� EGF receptor Antibody� 175� 1000� Anti-rabbit 
IgG Cell Signaling Technology 

β-Actine β-Actin Antibody 45 1000 Anti-rabbit 
IgG Cell Signaling Technology 

	� 	� 	� 	� 	�

Table.2  Western BlotJ*BG�"��COM�"��hZ_�

	� 	� 	�

9vm>� �PO�
a§B~�
±XB²�

Anti-mouse 
IgG Anti-mouse IgG, Horseradish peroxidase (HRP) - linked  Antibody 5000 

Cell Signaling Technology 

Anti-rabbit 
IgG 

Anti-Rabbit IgG, Horseradish peroxidase (HRP) - linked  Antibody 3000 
Cell Signaling Technology 

Anti-goat 
IgG 

Anti-goat IgG, Horseradish peroxidase (HRP) - linked  Antibody 5000�Novus Biologicals 
	� 	� 	�



Table.3 hCGFzf�+�"J7��������4q��¤=Y�

	�

Gene name Gene ID Fold induction 
by hCG�0-8 h� 

Neurotensin �Nts 211.8  

Pentraxin related gene �Ptx3 63.0  

Runt related transcription factor 2 �Runx2 59.7  

Steroidogenic acute regulatory protein �Star 49.7  

Protein kinase, cGMP-dependent, type II �Prkg2 39.0  

Ectonucleotide pyrophosphatase/phosphodiesterase 3 �Enpp3 37.1  

Early growth response 3 �Egr3 36.8  

Sphingosine kinase 1 �Sphk1 35.7  

Prostaglandin-endoperoxide synthase 2 �Ptgs2 30.8  

Frizzled homolog 1 (Drosophila) �Fzd1 26.1  

Cbp/p300-interacting transactivator, with Glu/Asp-rich carboxy-terminal domain, 4 �Cited4 25.7  

Tumor necrosis factor alpha induced protein 6 �Tnfaip6 24.0  

Dual specificity phosphatase 4 �Dusp4 19.5  

Betacellulin �Btc 18.5  

Secreted frizzled-related protein 4 �Sfrp4 11.6  

Amphiregulin �Areg 10.5  

Dual specificity phosphatase 6 �Dusp6 9.6  

	�
Hyaluronan synthase 2 �Has2 8.6  

	�
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20α-OHP  �20α-Hydroxyprogesterone 

20α-HSD  �20α-Hydroxysteroid Dehydrogenase 

3β-HSD  �3β-Hydroxysteroid Dehydrogenase 

ADAMTS-1 �A Disintegrin And Metalloproteinase with Thrombospondin motifs-1 

AREG  �Amphiregulin 

BTC �Betacellulin 

BMP-15  �Bone Morphogenetic Protein-15 

COC  �Cumulus-Oocyte Complex 

CCND2  �Cyclin D2 

DMSO  �Dimethyl Sulfoxide 

EGF-like factor �Epidermal Growth Factor-like factor 

EREG  �Epiregulin 

ER  �Estrogen Receptor 

ERK1/2  �Extracellular signal Regulated Kinases 1 and 2 

FSHR  �FSH Receptor 

FIG-α  �Factor In the Germline-α 

FasL  �Fas Ligand 

FBS  �Fetal Bovine Serum 

FSH  �Follicle Stimulating Hormone;  

FOXL2  �Forkhead box L2 

GVBD  �Germinal Vesicle Break Down 

GRE  �Glucocorticoid response element 

GnRH  �Gonadotropin Releasing Hormone 

GC  �Granulosa Cell 

GDF-9  �Growth Differentiation Factor-9 

HB-EGF  �Heparin Binding 

HDL  �High-Density Lipoprotein 

HAS2  �Hyaluronan Synthase2 

IVF  �In Vitro Fertilization 

IVM  �In Vitro Maturation 

IGF-1  �Insulin like Growth Factor-1 
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IL6  �Interleukin6 

LDL  �Low-Density Lipoprotein;  

LHCGR  �Luteinizing Hormone/Choriogonadotropin Receptor 

LH  �Luteinizing Hormone 

MMP-9  �Matrix Metalloproteinase-9 

NTSR1  �NTS receptor 1 

NRG1  �Neuregulin 1 

NTS  �Neurotensin 

NOBOX  �Newborn Ovary Homeobox 

OHSS  �Ovarian Hyperstimulation Syndrome 

OPU  �Ovum Pick Up 

P450scc  �P450 cholesterol side chain cleavage 

EP2  �PGE2 receptor 

PTX3  �Pentraxin 3 

PI3K  �Phosphoinositide 3-Kinase 

PVP  �Polyvinylpyrrolidone 

PMSG  �Pregnant Mare Serum Gonadotropin 

PGR  �Progesterone Receptor 

PGE2  �Prostaglandin E2 

PTGS-2  �Prostaglandin-endoperoxide Synthase-2 

qRT-PCR  �Quantitative RT-PCR 

RT  �Reverse Transcription 

StAR  �Steroidogenic Acute Regulatory protein 

SOV  �Super Ovulation 

TBE  �Tris-Borate EDTA Buffer 

TNFAIP6  �Tumor Necrosis Factor, α-Induced Protein 6 

TACE/ADAM17 �Tumor necrosis factor-α-Converting Enzyme/ A Disintegrin and � �  

� � � � � � � � � �  Metallopeptidase domain 17 

cAMP  �cyclic Adenosine Monophosphate 

hCG  �human Chorionic Gonadotropin 
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