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ʀƟ�

Ơȏñŋ�Í*/ 40 ǆƮǦ).˂ɂBƇ�	˕ǔŲ�ī.óđ*,>�*�Ħ

�
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1˰řƖ�

ʩŖƞư-��(/ĪŲ.ȥªʱÕ-¬�Ʀİé�ʱɸ�(�>
ŕĘÙİŖ˭

.ƎȪB6>*ƣć 22Ŗ)Ĩ 26.1ǆ	Ĭ 22.9ǆ)�&#�	ŕŻ 24Ŗ)/Ĩ 30.8

ǆ	Ĭ 29.2 ǆ*	Ĩ/ 4.7 ǆ	Ĭ/ 6.3 ǆŕĘŖ˭��ơ�(�=	1Ʀİé�ʱ

C)�>˯Figure 1˰
ǵ-ħʻŏ)/ƦİéÅā�˥ɰ)�=	ĪŲ.ȥªʱÕ

Ģã-¬� Ŧ9ƦİéÅā/ʱC)��9.*ɓ�<?>
 

�ī*/�ǽǉŖ˭.ȂĪ�īįBőƬ�	�>�ķƭ˄	ŲǽǚBɸ&(�>

-9��A<�	īį.ŻȱB6,�ǶŹ
� *ķɏ�?	�Ȅ¹Áǀƽ˯World 

Health Organization: WHO˰)/�īȋ/ 1Ŗ˄.�īƭ˄B9'9.*�(�>


Ŗ˭�˪�Ĩı)/�īƭ˄�ǌʥȑȞ�(9!.Ŧ.īįǺ�¯�#8	1ŖƮ

Ǧ.�īƭ˄)9�īȋ*ɓ��īǔȍB˃ĭ�>�*9Ħ�
ǻĖ)/ 10 Ɂ�

< 5 Ɂ.Ĩı-'� 1 Ɂ��īȋ)�>9.*ɓ�<?(�=	2007 Ŗƞưǽǉ

êĶª.ğą 3)/ʒƷ�?#ƥ¥:ĕ-;= 1.3%�< 26.4%-ÖŐ�	Í°)/

ȼ 9%.Ĩı��īȋ)�>*Ǝķ�?(�>
ldBĂ8(ħĦƔ.Ċ�˦-�

�>ñŋǽǉȿɘ.Ģǉ/	ɗǽƭ.6-ˊķ�?(�>
ld.Ġþ	óĭñɘ

/ɗǽƭ-ȼ 700�»ĵĖ�>�	!��<ǣƔÖɼB˃ĭ�(Õǽƭ-/ 30�

»ȫŚ-ǣņ�>
!?¦ˉ9ñɘƔ/�ƚȑ-ǣņ�(��.6)	ǒ�(Ģã

�>�*/,� 4,5
ã˭-;=ñ.ˀ.6,<�ñ.ʝ¯�	Ƌñǀɚːļ.Ģã

*��ŴŢ˜�ʠ�>.6,<�	ĳĻÐɤȋ:ĳĻȴɠȳ.ı�ȧȑ,Ďʝȑȇ
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œ.Ģãȳ�ʎ8<?>�*�<	ĪŲ.īĴɚ/ã˭**9-ȗŠ¯��>�*

�ȈĶȑ-ȝ<?(�> 6
�ʫ.;�,ƦİéÅā9ȗ5&(	�īȋ/œ-Ģ

ã�(�=	�īȋǔȍ.#8ǽǉɽäêȍ/œ-ĢãÅā˯Figure 2˰-�=	

�īȋ.ǔȍ˃ĭŖ˭9�ơ�(�>
�īȋ.ǔȍ˃ĭŖ˭��ơ�>*	ã˭

-;=īĴŲ�¯��>�*�<	ǔȍ�Ŧ�,A%īįǺ9¯��>˯ Figure 3 
˰

§-īį-ɨ&#*�(9	ɧǮǛǾ.ȣǺ�˪�,>�*�<ǽËǹŨ/Ē˕*

,>�*�<	Ƽ�(˪˭ĪŲ.�īȋ/˕ǔŲ)�> 6
˕ǔŲ.�īȋ.óđ

ȉų*�(	ñŋ.űǩ,ɒé.�'*9ʆA?>Ơȏñŋǀɚ�Í˯primary 

ovarian insufficiency: POI˰��>�*�ʩŖƢ<�-,&(�#
 

Ơȏñŋǀɚ�Í*/	˪Tfed�n�Ų¯JXd�R�ɷȋBĄ� 40 ǆƮ

Ǧ)ǭƪɂ*,>ȊŹ*ķɏ�?> 7,8
POI .Ƣȣ,ʋƘĞǧ/,�9..	3-6

�ƪȫŚ.ǭƪɂ)�=	ɿƔĐ.ǥķ) FSH½� 40 mIU/mL¦�	¯JXd�

R�ɷȋ)�>Ġþ- POI *ʋƘ�>�*��ɪȑ)�> 9
!.ȏȋˢŚ/ 20

ǆƮǦ) 0.01%	30ǆƮǦ) 0.1%	40ǆƮǦ) 1%*ʆA?(�> 10
POIĪŲ/

t`do�`V~	ɟ�ǱŸ	ŀǐȳ.ÏĚȑ,ƧŖƭȋǶBĄ�	˩ȹ˫ȋ:�

īȋ*,>�XP�˪� 9
POI .óđ*�(	ƁɠȌɾß:˩ȓÐŽɹ,+.ê

óŲ.9.	àɞ�Í:ȁǶɢǀɚ¯�,+Bþ²�>ɧŎÊȈȉųȇœ-;>9

.	]�f�ȋ¼ɎȳB¥ɻ*�>ŲɢšŻ�Í-;>9.	!�(ǵȏŲ.9.
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�ƈ�<?> 10
ɕw�E�fêħ.ğą-;?0 ȼ˱ 15ˮ/ƶɫ°ȇœ ȼ˱ 10ˮ

/ɧŎÊȈȉųBþ²�(�>�	ħʺÖ. POIȋ´/óđ.ǵķ)�,�ǵȏŲ

)�=˱��9 4˸30ˮ/ĽƜŲ-ȏǽ�>�*�<ʷ«ĳȇœ-˅�>ȝʁ.˒

Ȯ�Ůʀ)�>
ʩŖ.ʷ«Ķʱǅ-;=ƾ�,ʷ«ĳ� POIȏȋ-˅ʰ�>�*

�Ƣ<�*,&(�#
ɛŞŲ Xȋ¼Ɏ-��> FMR-1˯ Xq27.3-ĵĖ�	Ȳ 1 exon

˘ɐʊˠĜ. CGG repeatƔ� 60˸200.Ġþ POIþ²Ǻ�˪��*�ȝ<?(�>˰11	

FMR-2˯FMR-1ʩÃ. 1Xq28-��> microdeletion˰12	BMP15˯Xp11.2-®ɍ�>ñ

ȿɘǵȇȑ]�kPʝ)	Ùƭȏɖñɘ.Ǌˎ)ȏǻ�>
�*�( homodimer*�(Æ

�ˣȸɤȿɘĢǉB¸ʱ�>˰
13	FSH receptor˯ 2p21-p16-®ɍ�	Ȳ 7 exon 566. 189

Ȇȕ.ExiʽǈĞ� Ala�< Val -ɍƏ�>ǬĤȇ�ȝ<?(�>˰14	LHβ˯ LHβU

p�g`dʷ«ĳ. mutation� POIȋ´)ğą�?(�>˰15	NOGGIN˯ NOGGINv�

sq_e/ BMP4, 7,+-Ƀþ�	!.ǚŲBÝũ�>˰16	NOBOX˯7q35-®ɍ�>

HomeoboxʣÑʒȶđĳ)�=	wHX)/ñɘȏɖ-ʾʀ,ţâBƄ�˰17	GALT˯ 9q13

-®ɍ�	M�Pd�Xɷȋųɔ.�% 60˸70ˮ� POIBþ²�>*ğą�?(�>˰18	

,+.đĳ.ğą�ȗǁ�)�>
œƶɫ°ȇœ-;> POI9ʩŖ��<�-,&

(�#
!.�)ʩŖǗȕ�?(�>ȇœ*�(FOXL2˯ forkhead/hepatocyte nuclear 

factor 3 gene family of transcription factor L2˰ʷ«ĳȇœ-;>ĽƜŲ POIȉų)�

> BPES˯blepharophimosis/ptosis/epicanthus inversus syndrome˰�ƈ�<?> 19
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BPES-/ type 1�;1 type 2�ĵĖ�> 20
BPES type 1ĪŲ/șțȇœ*Ơȏ

ñŋǀɚ�ÍBĄ�	BPES type1ȂŲ/șțȇœBĄ�>�īĴŲ-ȇœ/,�


BPES type 2)/ȂĪ*9-șțȇœ.6�ʎ8<?> 19˯Figure 4˰
BPES.ʚ

©ʷ«ĳ*�(	œƶɫ° 3q23-ňĖ�>FOXL2 � 2001Ŗ-ÿķ�?# 19
BPES 

type 1ųɔ)/ FOXL2ʷ«ĳ�ǬĤȇBʠ��ÀǂSe�*,>�*�<Q129X, 

W204X ,+�t`dXv`d*�(ȝ<?(�>.-ł�	type 2 ųɔ)/

FOXL2ʷ«ĳ�ʾɿBʠ��(�>˯ A224_A234dup,+ �˰*�ʷ«ĶȑƻȾ-

;=ÚƢ�#
BPES type1ĪŲųɔ.ñŋ)/	ñɘ 1'-ł�ñĳ� 2»�>*

��;�,šŹȑȇœ��>�*	Ơȏñŋ�Í-þɩ�>;�,óĭñɘƔ*!

?¦ˉ.ñɘƔ.ǌ�Ŗ˭�ȗŰ-ǣņ�(�>*��ȇœ�ğą�?(�>

˯Figure 5˰�	ñŋǀɚ�Í.ȫŚ/ųɔ-;=ħ��ȇ,=	óȏŲǭƪɂ�

<ɆȏŲǭƪɂ5)ƾ�,ȫŚ.ųɔ�ĵĖ�> 21
FOXL2 ʷ«ĳ/ forkhead o

Dx��-Ŋ�ƹÐ-ňĖ�>ʣÑđĳ.�')	ɑǶ.ɶƛƽʯB9' DNAɃ

þ-ʾʀ, forkhead ezG�BƆ%	14 ǈĞ.E�g�ƽʯBƆ' 379 Exiʽ

�<,> 1JN\�.ʷ«ĳ)�> 22˯Figure 6˰
FOXL2.Ŋ�> forkhead oD

x��/ld)/ 44 ʷ«ĳ�6'�&(�=	110 Exiʽ�<Ż>Îʮ�#

DNAɃþezG�BƆ'
DNAɃþʺ®)�> forkheadezG�/ 3'.α-helix

* 3'.β-sheet*β-sheetBÖ�> 2'.winged helix�<Ż=	îˀ°*�(DNA
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-Ƀþ�> 23,24
´�0	FoxA/hP�K\�y.ǲÂ. DNA-Ƀþ�	lXd

�.EZ_�é*ǭ˅·-hP�K\�yÐ);= DNA�;=ƽʯBĤ�:��

�(�> 23
�.�*�< forkheadezG�/P�w_�BŝɊ�>�*)Ȗƍȑ

-ʷ«ĳBǚŲé� >�*�ÕƲ>9.*Ȥċ�?>
�.#8 forkhead]�k

Pʝ/ʣÑǚŲéđĳ*�(2>5��*�Ħ��	FoxC2, -D2, -D3, -G1/ʣÑ

ſÝđĳ*�(Æ���ğą�?(�> 23
5#Ɉɴ)/MAPNf�[ɂʢ.�

�ʽé-;&(ʣÑBſÝ�#=ǚŲé�#=�>*��ğą��> 23
FOXL2

/�-șț*ñŋ-ȏǻ�(�> 19
FOXL2 .ñŋ-��>ňĖ-'�(/	

FOXL2/ 12.5 dpc˯day post coitum˰.wHXñŋ)ȏǻ�ȣʎ�?(�= 25	ŗ

ŞwHX.ñŋ)/ñĳ¦ĥ.Í(.Ǌˎ.ñɘ-ȏǻ�(�#�	Żǰ�#wH

X.ñŋ)/Ņ��ñɘ-�-ȏǻ�	ħ��ñɘ-/A��-ȏǻ�	ɘǶñ

ɘ�ˬ°-/ FOXL2/ȏǻ�(�,� 26
FOXL2/wHXñŋ)/Ùƭñɘ-ĵ

Ė�ˬ°-ĵĖ�,��*�<ñɘȏɖǊˎ.Ùƭ-ʾʀ,ţâBȤ�*Ǝǥ�

?(�>
FOXL2 .ñŋ-˅ʰ�#ǀɚ/	�?5)-ĦƔ.ğą��>�	�

ñŋǀɚ-˅ʰ�#ğą*�ƁɠȌȑǀɚ-˅�>ğą-ħÛ�?>
FOXL2 .

ƥƭǵȇȑi`PEHdwHX)/	ŲŻǰŦ.zXwHX.ñŋˣȸɤȿɘ�Z

�d�ȿɘƾ-šŹȑĤéBȤ�#*��ŲÖé-˅ʰ�#ɻǻĚ��=	SOX9

. FOXL2-;>ȏǻſÝ�!.óđ)�>*ğą�?# 27�	}O)9ÿƾ.ğ
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ą��> 28
FOXL2 .ñɘȏɖ-˅ʰ�#ƿȑʷ«ĳ*�(/ gonadotropin 

releasing hormone receptor˯ GnRHR 	˰steroidogenic acute regulatory protein˯ StAR 	˰

aromatase,+.ğą��> 29-31
FOXL2 Q219X/ POI*,> FOXL2.ĤȇĚ.

�'$�	FOXL2 ʿǽĚ)/ñɘȏɖ	ˬ°é¸ʱđĳ)�> StAR	aromatase	

P450scc .q�{�]�ǚŲBſÝ�>�	FOXL2 Q219X / StAR	aromatase	

P450scc .q�{�]�ǚŲBſÝ�,� 26,31
£ƚ)/	FOXL2 � aromatase q

�{�]�BǚŲé� >�*) aromatase.ȏǻB�ʱ� >*��ğą9�>

29,32
ĸˏ]�kPʝ.ȏǻ�r�)/	ñŋ-��> FOXL2* aromatase.ňĖ

/ÿ�) FOXL2 �ĵĖ�>* aromatase .ȏǻ�Ħ� 29,33
�.#8 FOXL2 �

aromatase .ǚŲéđĳ�+��-'�(/Ƣ<�-,&(��	FOXL2 �

aromatase-Ȗƍȑ-Æ� 30,34*��¦ĥ.ǀř� FOXL2* aromatase.˅·-�

�(/�=Ũ>
FOXL2 .ñɘȏɖʲȫ-��>ȏǻ.Ĥé-'�(9ğą/,

�	ñɘȏɖ.ÙƭǊˎ-��(ʾʀ,.�	�ƭ�<Ŧƭ�,A%Tfed�n

�*˅ʰ�>.�BƢ<�-�#ğą9,�
5# FOXL2Ĥȇ/ʯɠȌȑ-,>

�*�ȝ<?(�=	ñŋɠȌ.�Ȭ)�>Ż�Ěˣȸɤȿɘɠ-��(/ 95%

¦�) FOXL2 C134W.Ĥȇ�6<?>�*�ğą�?(�> 35
FOXL2ĤȇB

ȿɘ-ńÌ�>*ȿɘǇƂƁŲ-,> 36�*�<	ʿǽĚ FOXL2/ƁɠȌȑǀɚ

BƆ'�*�Ǝǥ�?(�>
���!.ǀř/�Ƣ,Ǭ9�=	ñŋ-��>
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FOXL2.ǀɚʅƴ/�5$�ëÖ)�>
 

ñŋˣȸɤȿɘ-��(/JXd�R��Ǿǽ�?	ñɘȏɖ	ƋñÝũ-˅�

�>�*�ȝ<?(�=	JXd�R�.ƹÐVQf�B«ʳ�>ùľ°/JXd

�R�ùľ°˯Estrogen receptor: ER  ˰)�> 43
ER-/α*β. 2'.Up]Gq

�ĵĖ�	ERα/ɝ	�ɢ	ñŋ	ĳĻ	˩	Ⱥŋ-ȏǻ�	ERβ/ɝ	ŭɥ	à

ɞ	ɞɥ	ɡ	ñŋ	ɣə	Þȱɢ-ȏǻ�(�=	Ƣ<�,ɁɋǵȇŲ�ĵĖ�

> 37
ERα/ƶɫ° 6q25-®ɍ�	ERβ/ƶɫ° 14q23-®ɍ�>
ER/ƹÐù

ľ°X�k�oDx��-Ŋ�	ƹÐ)Æ�ʣÑđĳ)�=	�M�e)�>JX

d�R�˯�*�( 17β-estradiol: E2˰*Ƀþ�	ƿȑʷ«ĳ.q�{�]��.Ű

ȵʼØBʎʖ�> 38
ld ERα/ 595 Exiʽ	ld ERβ/ 530 Exiʽ�<Ż

=	ExiĞƯ�<L�uNV�ĞƯ5)˞- A/B�C�D�E�F. 5».ezG

�BƆ'˯Figure 7˰
DNAɃþʺ®)�>ezG� C/ ERα* ERβ/ 95%.ȗ

ÿŲBƆ'�	�M�eɃþʺ®)�>ezG� E .ȗÿŲ/ 55%)�=Up]

Gq.ǽǼȑǀɚ.ʴ�*˅ʰ¤�<?(�>
ExiĞƯ-�> A/B /�M�

e˘¶ĵȑʣÑǚŲéˠĜ˯activation function-1: AF-1˰��=	L�uNV�ĞƯ

-�>�M�eɃþʺ®-/�M�e¶ĵȑʣÑǚŲéˠĜ AF-2�ĵĖ�> 37


ER.ʣÑǚŲéɂʢ/úÏȑ-/	ERt{ 2ˀ°. DNAɃþezG��ƿȑʷ

«ĳq�{�]��-ĵĖ�>JXd�R�ŰȵʼØ˯ Estrogen responsive element: 
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ERE˰Bʎʖ�( DNA -Ƀþ�	JXd�R�� ER .�M�eɃþezG�-

Ƀþ�>�*-;&(ȱ°ƽʯ.Ĥé�Ŷʠ�?	!.ɃƵƿȑʷ«ĳ.ʣÑ�Ý

ũ�?>˯ Figure 8 
˰�.úÏȑɂʢ¦ĥ-9	AP-1˯ activating protein-1 :˰ SP-1

˯stimulating protein-1 ȳ˰.ʣÑđĳ.ʣÑÎţđĳ*�(Æ��*) EREB¡�

,�)ʣÑBǚŲé�>ɂʢ:	Żˁđĳ:MAPNf�[Ȼȳ.ǚŲéB¡�#

ER .��ʽé-;>	�M�eBŮʀ*�,�ʣÑǚŲé.ɂʢ9ĵĖ�>�*

9ğą�?(�> 39
ER *ñŋ-˅�>ȝʁ-'�(/	ERα/ñŋ.ɮɤȿɘ

:˄ʝȿɘ-Ħ�ȏǻ�(�>.-ł�	ERβ/JXd�R�Ǿǽ.�,ʺ®)�

>ˣȸɤȿɘ-Ħ�ȏǻ�(�>�*�ȝ<?(�> 40
ER i`PEHd.ǽǉ

Ď˅ʰ.ğą 41��=	ERαi`PEHdwHX˯αERKO˰/˓ˑ*9-�ī*

,=	zXñŋ)/JXd�R�*bXdXb����ơ�	źŲȑ-ˬ°ét�

{�˯ luteinizing hormone; LH �˰�ơ�(�>#8ÕɷŲďɘ�Ħ�ȏʳ�ñɘ�

Żǰ�,�
�ƚ ERβi`PEHdwHX˯βERKO˰)/	KX.īĴŲ/Ĥé

�,��zX/īĴŲ�¯��	Tfed�n��Xb�Get�{�½/ǃœ)

�>�	ñŋ)/ˬ°Ɣ�ǣņ�(�> 42,43
ñŋˣȸɤȿɘǵȇȑβERKO)/	

ħ�,ɘǶñɘ.Ɣ*ˬ°.Ɣ�ǣ=	ħ�,ñɘ.Evd�VX�Ģã�(�>

Åā�˥ɰ)�>
 

FOXL2/ ERα	ERβÎ-ɿþ°BšŻ� 27	FOXL2/úÏȑɂʢ)�> ERE¶
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ĵŲ ERα.ʣÑǚŲɚ/Ĥé� ,��	AP-1¶ĵŲ ERα.ʣÑǚŲɚBſÝ�

>*��ğą 44��>
Ƌñ-ʾʀ, Cyclooxygenase-2˯COX-2˰/ AP-1 ¶ĵŲ

ERα.ʣÑǚŲ.ƿȑʷ«ĳ)�=	ERα¶ĵŲ COX-2.ȏǻB FOXL2�ſÝ�

>�)ñɘȏɖBÝũ�(�>ûɚŲ��>*ğą�?(�> 44
���ñɘȏɖ

-ʾʀ,ñŋˣȸɤȿɘ-�-ĵĖ�> ERβ* FOXL2.ɿþ°�+.;�,ǀɚ

B9'�.ğą/,�
FOXL2 *ÿ��ˣȸɤȿɘ-Ħ�ȏǻ�	ñɘȏɖ-ʾ

ʀ,JXd�R�.ƹÐVQf�B«ʳ�>�*�<	ñɘȏɖ-��( FOXL2

/ ERα;= ERβ *.˅ʰ�;=ǟ�ûɚŲ�ɓ�<?>
ưȠȰ)/ FOXL2 *

ERβ.ȗ�±ǿ	ǵ- FOXL2� ERβ.�M�e¶ĵŲʣÑǚŲéɚ-��>Ţ˜

-'�(ÖĳǽǴĶŽǕ)ƻʉ�#
FOXL2 / ERβ*Ȗƍȑ-Ƀþ�	ERβǵȇ

ȑ-JXd�R�¶ĵŲʣÑǚŲéɚBſÝ�(�>�*�Ƣ<�-,&#
�<

- ERB¡�( ERβ.�Ǜđĳ)�> aromatase.ȏǻBÝũ�>�)ñɘȏɖ-

˅��(�>ûɚŲ�Ȥċ�?#
FOXL2 � ERβ.ǀɚſÝ-ʾʀ)�>�*�

<	FOXL2.ñɘȏɖ-˅ʰ�#ǀɚ: FOXL2.ĤȇĚ�ɠȌé�>ǀɚ-'�

(.�ʺ�ʅƢ�?#
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2˰ƚǕ 

1. ʌɲ  

17β-estradiol (E2) / Sigma Aldrich (St. Louis, MO, USA) ;=ʞÌ�#
 

 

2. ȿɘĝ˧ 

ldñŋˣȸɤȿɘɠȿɘƸ)�> KGNȿɘ˯Ż�ĚˣȸɤȿɘɠȀƲ˰�;

1ldɗËɞɥȀƲ.ĝ˧ȿɘƸ 293T ȿɘ/ǼȠ BRC ('�0, ƞư) ;=ÌŽ

�	ldñŋˣȸɤȿɘɠȿɘƸ)�> COV434ȿɘ˯ɬŖĚˣȸɤȿɘɠȀƲ˰

/ Health Protection Agency Culture Collection (Salisbury, UK) ;=ÌŽ�#
293Tȿ

ɘ* COV434 ȿɘ.ĝ˧/ 10% fetal bovine serum˯FBS˰Bǡã�# Dulbecco's 

modified Eagle medium˯DMEM˰Bǿ�#
ldˬ°éñŋˣȸɤȿɘ/	Ƴ�ħ

ĶêĶʺˈŊȊˋĪŲʋȍȧ�Ǿȧ-��(	°ĥùȺq�Q�y-��(Đ÷�

?#ñɘǞ;=ʵŭÖ˔�Đ÷�# 45
ldˬ°éñŋˣȸɤȿɘB³ǿ�>ĸ˨

/Ƴ�ħĶȠȰ¾ǼĮĈª-;&(žʎ�?˯3594˲(2)˰	ųɔ;=ƨ˙-;>

�ÞÿŷBŨ(ɸA?#
KGNȿɘ*ldˬ°éˣȸɤȿɘ.ĝ˧/ 10% FBSB

ǡã�# DMEM/F-12Bǿ�#
FBS	DMEM/ Sigma Aldrich;=ʞÌ�#
E2

Bã�>ˏ-/	ǨĲ˯J]i��˰Bǿ�(	ĝ˧Ǟ�. E2ƩɀǪŚ/ 10-9 M

*,>;�ʒƕ�#
E2Bã�>ĸ˨Bɸ�ˏ-/	�ɪ.ĝ˧Ǟ- pHZ�U�

*�(ǡã�?(�> phenol red -Ş�JXd�R�±ǿ��>#8 46	phenol 

red-free .ĝ˧ǞB³ǿ�#
5#ĝ˧Ǟ-ǡã�(ǿ�>HVɗËɷǢ-9ūˀ

,�<JXd�R�,+.Xb�Get�{�:Ģǉđĳ�Ă5?(�>#8	�

?<.ǴʝBûõȑ-ăȚ�̩ ô�>#8-_|S��ÔǼ�#ɷǢB³ǿ�# 47
 

 



15 

 

3. ÊȈǓˉǕ 

KGN ȿɘ* COV434 ȿɘBǿ�(ȿɘÐ-��> FOXL2 * ERβ*.ɿþ°š

ŻɚBƻʉ�#
KGNȿɘB DMEM/F12˯10% FBS˰-( 100 mm dish�)ĝ˧

�	ȿɘBXP��k�)Đ÷�	TNEj`oD�˯ 10 mM Tris-HCl, pH 7.8, 150 mM 

NaCl, 1 mM EDTA, 1% Nonidet P-40, protease inhibitor cocktailǡã˰)Ǩʅ�	jG

K�q]�˯SX{�jGKƸśªȥ, Ƴ�,ƞư˰Bǿ�( 10 ȨȢȡ	20ȨÒð

B 10ĐöŪ�(ȿɘǨʅǞBʒƕ�ʵŭÔǼBɸ&#
�Ǣ- anti-ERβƁ°˯ Santa 

Cruz, Dallas, TX, USA˷2 µg˰Bã� 4�-��( 1ƥ˄G�N~r�d�#
��

-Protein G Sepharose 4 Fast Flowm�Y25 µg ˯ GE Healthcare UK Ltd, Little Chalfont, 

UK˰Bã�	4�-��( 16 ƥ˄G�N~r�d�>�*)ÊȈɿþ°BȺɾ�

#
COV434 ȿɘ)/ pcMV-myc-FOXL2 ʿǽĚBşÝȏǻ�  (d��XoIP

V��Þƞ 100 mm dish - 1.5� 106 cells / dish .ǪŚ) plating �	

pCMV-myc-FOXL2ʿǽĚ 2 µgB Effectene (Qiagen, Duesseldorf, Germany) Bǿ�(

d��XoIPV���#) 2ƞ˄ĝ˧�	Ũ<?#ȿɘǨʅǞ.�Ǣ- anti-c-Myc 

agarose affinity gel˯Sigma Aldrich˰25 µgBã�	ÿƾ-ÊȈɿþ°BȺɾ�#


m�YBʤ�ʵŭ�(Đ÷�	ëÖ-Ǚǜ�#Ŧ-	m�YɃþ]�kPB 10% 

SDS-PAGE)ǘç�	Immobilon-P˯Millipore, Billerica, MA, USA˰-p�`bF�

Q�#
p�`bF�QŦz�p��B	10%XNyx�PÌ= TBS-T˯10 mM 

Tris-HCl, pH 7.5, 150 mM NaCl, 0.05% Tween 20˰) 1ƥ˄p�`N�Q	�ǁƁ°
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anti-FOXL2Ɓ°˯ MBL, Āúŉ, ƞư 5˰#/ anti-ERβƁ°˯ Santa Cruz Ì˰= TBS-T

- 1ƥ˄	�ǁƁ°˯ anti-rabbit IgGƁ°˷ 1:3000	Cell Signaling Technology, Danvers, 

MA, USA˰Ì= TBS-T- 1ƥ˄ǝʭ�#
z�p��/ý�.Ǌˎ) TBS-T) 3

Đ�'Ǚǜ�#
�ǁƁ°-Ƀþ�(�> horseraddish peroxidase/ ECL advance

˯GE Healthcare UK Ltd˰.wg~E�-ŧ�éĶȏÉ�?	ImageQuant LAS 4000

˯GE Healthcare UK Ltd )˰ƻÕ�#
Ʌ¥Ɣ.ʴ�ȿɘBǿ�( 3ĐɌ=ʪ�#
 

 

4. q�Xxe±Ż 

pCMV-myc-FOXL2˯ʿǽĚ�ĤȇĚrP]�˰/ Baeïģ˯Department of Life 

Science, College of Natural Science, Chung-Ang University, ħ˚ǎĕ �˰<µ�Bù�

#
pcDNA Flag ERβ/ pcDNA3˯Invitrogen, Camarillo, CA, USA˰�<±Ż�#

pcDNA-FlagrP]�-o��y�þ�;�- ERβ.ÍˁBƉÌ�(±Ż�#9.

B³ǿ�# 48
GST ERβ AF-1/2/	ERβ. AF-1ˠĜ˯Exiʽ 1˸149˰	AF-2

ˠĜ˯Exiʽ 248˸530˰B pGEX 4T-1 vector˯GE healthcare˰.w�_P��g

�QUGd-o��y���;�-Ɂ6ʨ6ƽȷ�#9.Bǿ�# 49
 

� V o I � � [ � v � ] � / 	 J X d � R � Ű ȵ ˠ Ĝ ERE 

˯GGTCAGAGTGACC �˰]�cy- 3ĐöŪ�#ˠĜ	thymidine kinaseq�{�

]�	�VoI��[�v�]�ʷ«ĳ*��˞Ȇ-ý��Ì>;�-	pGL3 basic 

vector˯ Promega, Madison, WI, USA B˰Ç-ƽȷ�?# ERE tk LucBǿ�# 50
17m8 
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AdMLP Luc/Ɲğ.9.Bǿ�# 48
 

 

5. ÊȈɁɋƶɫ 

Ƴ�ħĶȠȰ¾ǼĮĈª.žʎ˯324˰BŨ(	Ɩƨ-(ųɔ�<ÿŷBŨ#Ɂ

ɋ×ǲBǿ�#
ưȠȰ)ǿ�#ñŋɁɋ/ǃœƪɂĆƭB9' 32�42 ǆ.ųɔ

15 ��<Ũ<?#
łʘųɔ/Í(t�{�ß: gonadotropin releasing hormone 

(GnRH) Ef�Q.ƀ�Bù�(�<�	ĳĻˡȎ9��/ĳĻÐɤȎ.#8Žɹ

�ɸA?#ˏ-ƐÕ�?#	ȊǼĶȑ-ǃœ,ñŋɁɋBÊȈɁɋéĶƶɫ-³ǿ

�#
Ũ<?#Ɂɋ/	10%E�cle)Ĕķ�#Ŧk�oF�èě�?	4 µm

.×ǲ-ɱ×�#Ŧ- organosilaneS�dX�Ge�-ʦ <?#
X�GeBN

V��)ɜk�oF�ÔǼ�#.%	10 mMPJ�ʽɊɺǞ˯pH 6.0˰Ð)˖ĳ�

�W-;> microwave ǯŃ-;=ƁóʜǚéB��,&#
ëÖɧǮÒð�#Ŧ	

0.3% ʲʽéǏȽĂƫz]i��Ǟ-(ÐđŲs�KNV^�[ǚŲBſÝ�#


0.1% NP-40	5% Bovine serum AlbuminĂƫ PBS-(p�`N�QŦ	FOXL2-ł

�>ǵȇȑ�ǁƁ°Bǿ�( 4oC)�ƦG�N~r�d�#
S�d���*�(

preimmune IgG B³ǿ�#
PBS -(ǙǜŦ	EnVision Kit˯DAKO, Glostrup, 

Denmark -˰;= horseradish peroxidaseĂƫ�ǁƁ°)q��p�	Diaminobenzidine

Bǿ�(ƶɫ�#
X�Ge/Mayer-HematoxylinǞ (Wako Chemical, ħˆ, ƞư) 
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-(ƹƶɫ�#Ŧ-èě�?#
 

 

6. GST-pull down E`ZG 

GST-pull downE`ZG-;= ERβ* FOXL2*.ɿþ°šŻɚ*Ƀþʺ®-'

�(ƻʉ�#
GSTɵþ]�kPʝL�y/¦�.;�-ʒƕ�#
GST ERβ AF-1	

GST ERβ AF-2rP]�B	ħɡɯ BL 21 Codon Plus˯Stratagene, Santa Clara, CA, 

USA˰-šʝʣƏ�#
šʝʣƏŦ.ħɡɯ/	37�)˗Ȕ�,�< LBĝė-(

ĝ ˧ � 	 ĝ ˧ Ǟ . OD600 � 0.4~0.5 - Ü ʳ � # Ȗ Ŧ - 	

Isopropyl-β-D-thiogalactopyranosideBƩɀǪŚ 0.1 mM-,>;�-ĝė-ã�GST

ɵþ]�kPʝ*�(]�kPʝȏǻʏńBɸ�	IPTGʏńŦ/	ĝėB 30�)

2 ƥ˄˗Ȕĝ˧�#
]�kPʝȏǻʏńɀ�Ŧ/ʵŭ-(ħɡɯB˒ɯ�	PBS

˯+10% Glycerol	10 mM EDTA˰)ħɡɯs�`dBǨʅ�	ʡ˛ǖ-(ħɡɯB

ǀƺȑ-Ȣȡ�#
Triton X-100BƩɀǪŚ 1%-,>;�-ã�	]�kPʝB 4�

)ûǨé�	ûǨé�#]�kPʝBʵŭ-(Đ÷�#Ŧ	Glutathione-Sepharose 4B

m�Y˯GE Healthcare UK Ltd˰-	ûǨéȃÖ-Ă5?> GSTɵþ]�kPʝB

Ƀþ� #
m�Y/ 4Đ.ǙǜŦ	ņˀB SDS-PAGE-�� Coomassie Brilliant 

Blue ƶɫB�>�*-;=	ȕȑ.]�kPʝ.ȏǻBȣʎ�#Ŧ	EoFgb

F�L�y*�(³ǿ�#
¦�.;�-ħɡɯ-;=ȏǻ�?	m�Y-Ƀþ�

# GSTɵþ]�kPʝB	GST pull down assay-ǿ�#
GSTɵþ]�kPʝ-
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E2 10-9M9��/ vehicleBǡã�#Ŧ	NET-N+ j`oD�˯20 mM Tris-HCl, pH 

7.5, 200 mM NaCl, 1 mM EDTA, 0.5% Nonidet P-40, protease inhibitor cocktail˰.ĵĖ

�) pCMV-myc-FOXL2 BşÝȏǻ� # (d��XoIPV��Þƞ 100 mm 

dish - 1�106 cells / dish .ǪŚ) plating �	pCMV-myc-FOXL2 ʿǽĚ 2 µg B

Effectene (Qiagen) Bǿ�(d��XoIPV��Ŧ 2ƞ˄ĝ˧) 293Tȿɘ.Íȿ

ɘƃÕǞ* 4�-( 60Ö˄G�N~r�d�	m�YB NET-N+ buffer) 6ĐǙǜ

Ŧ	10%. SDS-PAGE)ǘç�	Immobilon-P-p�`bF�Q�#
�ǁƁ°-

Ɓ anti-FOXL2 Ɓ°Bǿ�(ÊȈǓˉƥ*ÿƾ.ŽǕ)HIX]�p�`bF�Q

B��,&#
Ʌ¥ĐƔ.ʴ�ȿɘBǿ�( 3ĐɌ=ʪ�#
 

 

7. HIX]�p�`cF�Q 

ldˬ°éˣȸɤȿɘB DMEM/F12˯10% FBS˰-( 6 well (35 mmŤ) �)ĝ

˧�	ȿɘBXP��k�)Đ÷�	TNEj`oD�˯ 10 mM Tris-HCl, pH 7.8, 150 

mM NaCl, 1 mM EDTA, 1% Nonidet P-40, protease inhibitor cocktailǡã˰)Ǩʅ�	

jGK�q]�˯SX{�jGKƸśªȥ˰Bǿ�( 10 ȨȢȡ	20 ȨÒðB 10

ĐöŪ�(ȿɘǨʅǞBʒƕ�ʵŭÔǼBɸ&#
ȿɘǨʅǞ.�ǢB 10% 

SDS-PAGE )ǘç�	Immobilon-P˯Millipore˰-p�`bF�Q�#
p�`b

F�QŦz�p��B	10%XNyx�PÌ= TBS-T˯ 10 mM Tris-HCl, pH 7.5, 150 
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mM NaCl, 0.05% Tween 20 )˰ 1ƥ˄p�`N�Q	�ǁƁ° anti-FOXL2Ɓ°˯ MBL˰

5#/ anti-β-ActinƁ°˯ Santa Cruz Ì˰= TBS-T- 1ƥ˄	�ǁƁ°˯ anti-rabbit IgG

Ɓ°˷1:3000	anti-mouse IgG Ɓ°: 1:3000	Cell Signaling˰Ì= TBS-T- 1ƥ˄ǝ

ʭ�#
z�p��/ý�.Ǌˎ) TBS-T ) 3 Đ�'Ǚǜ�#
�ǁƁ°-Ƀþ

�(�> horseraddish peroxidase/ ECL advance˯GE Healthcare UK Ltd˰.wg~

E�-ŧ�éĶȏÉ�?	ImageQuant LAS 4000˯GE Healthcare UK Ltd˰)ƻÕ�

#
Ʌ¥ĐƔ.ʴ�ȿɘBǿ�( 3ĐɌ=ʪ�#
 

 

8. �VoI��[E`ZG 

FOXL2-;> ERα�;1 ERβ.�M�e¶ĵŲʣÑǚŲéɚ3.Ţ˜Bʒ4>

#8-�VoI��[E`ZGB��,&#
293T ȿɘBǿ�( phenol red-free 

DMEM˯5% _|S��ÔǼ FBS˰-(Þĝ˧�	d��XoIPV��.Þƞ

12 well dish- 1�105 cells / well.ǪŚ) plating�#
d��XoIPV��/

Effectene˯Qiagen˰Bǿ�(ɸA?#
d��XoIPV��.Ðľ/¦�.ʮ=

)�>
 

� Lane 1~4: E2,�	1: pcDNA3	2: pcDNA3 Flag ERβ	3: pCMV-myc-FOXL2	4: 

pcDNA3 Flag ERβ + pCMV-myc-FOXL2Bã�#
Lane 5~8: 10-9 M. E2Bĝė

�-ǡã	5: pcDNA3	6: pcDNA3 Flag ERβ	7: pCMV-myc-FOXL2	8: pcDNA3 

Flag ERβ +pCMV-myc-FOXL2Bã�#
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� Lane 1: E2,�	pcDNA3 Flag ERα	Lane 2~4: 10-9 M. E2Bĝė�-ǡã	2: 

pcDNA	3: pcDNA3 Flag ERβ	4: pcDNA3 Flag ERβ + pCMV-myc-FOXL2Bã�

#
 

� Lane 1~3; E2,�	1: pM + pcDNA3	2: pM ERβ AF-2 + pcDNA3	3: pM ERβ AF-2 

+ pCMV--myc-FOXL2	Lane 4~6: 10-9 M. E2Bĝė�-ǡã	4: pM + pcDNA3	

5: pM ERβ AF-2 + pcDNA3	6: pM ERβ AF-2 + pCMV-myc-FOXL2Bã�#
 

��;1�.wellÍ(-�VoI��[�v�]�ʷ«ĳ˯ ERE tk Luc B˰250 ng	 

�. wellÍ(-�VoI��[�v�]�ʷ«ĳ˯ 17m8 AdMLP Luc B˰ 250 ng ǡ

ã�	�˸�Í(. well- internal control*�( phRL CMV LucB 1 ngÎ-d�

�XoIPV���(�>
ȏǻrP]�˯ pcDNA3	pcDNA3 Flag ERβ	pCMV-myc- 

FOXL2	pM ERβ AF-1	pM ERβ AF-2 /˰ 0.1 µgBd��XoIPV���#
ý�

d��XoIPV��. 24ƥ˄Ŧ	Dual Luciferase Reporter System˯Promega˰.

wg~E�-ŧ� firefly luciferase ǚŲBǥķ�	d��XoIPV��æǺ.Ţ

˜BƤǃ�>#8 Renilla luciferaseǚŲ9ÿƥ-ǥķ�#
ǚŲǥķ/	3Ǭƌø

�#ĸ˨B	Û»-Ʃ¯ 3ĐɌ=ʪ�#9..ŕĘ*ƿǧ¿ōBǿ�#
 

 

9. short-interference RNA˯siRNA˰-;>ÐĖŲ FOXL2.i`P^H� 

6 �.ųɔ�<Ũ<?#ldˬ°éˣȸɤȿɘ.ÐĖŲ FOXL2 B	þŻ siRNA

Bǿ�>�*)i`P^H��#
siRNA-/ siFOXL2*�(	FOXL2. mRNA
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ˠĜ 254-272˯Exiʽ 84-91˰	283-301˯Exiʽ 94-101˰	773-791˯Exiʽ

257-264 	˰808-826˯ Exiʽ 269-276 B˰Lj��> FOXL2-RNAi˯ Thermo Scientific , 

LifetechnologiesW|k�, Ƴ�, ƞư .˰Ǡþ�#ǴBǿ�#
SenseÂʼØ/ý�

¦�.ʮ=)�>
 

5’-UCGCGAAGUUCCCGUUCUA-3’ 

5’-AAGAAGGGCUGGCAAAAUA-3’ 

5’-ACACACGCGUGCAGAGCAU-3’ 

5’-GUAGUGAACUCGUACAAUG-3’ 

S�d��� siRNA-/ All Stars Negative Control siRNA˯1027281: Qiagen˰Bǿ

�#
siRNA .d��XoIPV��/ Lipofectamine RNAimax˯Lifetechnologies

W|k�, Ƴ�, ƞư˰B³ǿ�(ɸ�	siRNA.ƩɀǪŚ/�4( 10 nM*,>

;�-ʒƕ�#
FOXL2 �i`P^H��?(�>�*/HJX]�p�`dǕ

�;1�E�]Gyķˀ PCR-(ȣʎ�#
 

 

10. RNAƃÕõ1�E�]Gyķˀ PCR 

FOXL2 -;> ERβ.ÐđŲ.ʣÑǚŲéɚ3.Ţ˜Bʒ4>#8-	ERβ.ȏ

ǻ-;=Ģã�>ˬ°é¸ʱđĳ)�> aromatase. mRNAˀǥķBɸ&#
ld

ˬ°éˣȸɤȿɘ- 10% FBSBǡã�#DMEM/F12-(Þĝ˧�	negative control 

siRNA5#/ siFOXL2B Lipofectamine RNAimax)d��XoIPV���#
d
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��XoIPV��Ŧ	ĝėB 5% _|S��ÔǼ FBS Bǡã�# DMEM/F12

-�Ə� 48 ƥ˄ʬãĝ˧�#
Đ÷�#ýȿɘ�< Isogen˯g`v�W��, Ƴ

�, ƞư B˰ǿ�( RNABƃÕ�	Ⱥɾ�# RNA�< ReverTra Ace˯ TOYOBO, ħ

ˆ, ƞư B˰ǿ�( cDNABȺɾ�(	�E�]Gyķˀ PCRBɸ&#
LightCycler 

2.0˷ DX400˯ Roche Applied Science, Penzberg, Germany B˰ǿ�	PCRĢŔ/ 95oC 10

Ȩ	55 oC 10Ȩ	72 oC 10ȨB 1UGP�*�	UGP�Ɣ 40Đ.Ʊ¨-(ɸ&#


PCR.UGP�Ɣ/�Äĸ˨BɌ=ʪ�	ýʌƗ�4(. PCR-;>ĢŔ�q�

d�*,>UGP�Ɣ*�#
ýʌƗ. glyceraldehyde-3-phosphate dehydrogenase

˯GAPDH˰. mRNA Bǥķ�>�*-;&( mRNA ˀ.ɽǃBɸ&#
ǿ�#

q�Gw�ʼØ/¦�.ʮ=)�>
 

aromatase 

Forward˷5'- GAGAATTCATGCGAGTCTGGA -3' 

Reverse˷5'- CATTATGTGGAACATACTTGAGGACT -3' 

StAR 

Forward˷5'- AAACTTACGTGGCTACTCAGCATC -3' 

Reverse˷5'- GACCTGGTTGATGATGCTCTTG -3' 

GAPDH 

Forward˷5'-GAAGGTGAAGGTCGGAGTC-3' 
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Reverse˷5'-GAAGATGGTGATGGGATTTC-3' 

ʅƴ-/ LightCycler 2.0˷DX400 �;1 LightCycler FastStart DNA Master SXBR 

Green I˯Roche Applied Science˰B³ǿ�#
 

 

11. ɄʈĶȑŽǕ 

ĸ˨ɃƵ.ɄʈȑÔǼ-�#&(/	Ʉʈq�Q�y*�( StatView Version 5 

for Windows (SAS, Cary, NC, USA) B³ǿ�#
ĦɎ˄.ǌʥ-ł� One-factorial 

ANOVA.Ŧ-	Bonferroni/Dunn post hoc testBǿ�#
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3˰ɃƵ 

1. ldˣȸɤȿɘ-��> FOXL2]�kPʝ.ȏǻ 

ÊȈɁɋéĶƶɫǕBǿ�(ldñŋ-��> FOXL2]�kPʝ.ňĖBƻʉ

�#
ƾ�,ȏɖǊˎ.ñɘBƁ FOXL2Ɓ°)ƶɫ�	FOXL2�ñŋˣȸɤȿɘ

.ƹ-ňĖ�>�*Bȣʎ�#
!�) FOXL2ƶɫˍŲ)�&#ñɘƔBƔ�#

*�@	FOXL2/ƾ�,ȏɖǊˎ.ˣȸɤȿɘ-��(ȏǻ�(�#�	ǵ-Ȳ

�ǁñɘ�Ȳ�ǁñɘ.ˣȸɤȿɘ-Ħ�	ˬ °-/ņ,�Åā)�&#˯ Figure 9 
˰ 

 

2. ÐĖŲ FOXL2* ERβ*.ɿþ°šŻ-'�(.ʅƴ 

KGN ȿɘ/ FOXL2 .ĤȇĚ C134W �Ħ�ȏǻ�(�>�*�ȝ<?(�>


KGN ȿɘ�<ÍȿɘƃÕǞBʒƕ� anti-ERβƁ°Bǿ�(ÊȈǓˉBɸ�	

anti-FOXL2 Ɓ°Bǿ�#HJX]�p�`dǕ-;=	ERβBĂ7ɿþ°�-

FOXL2]�kPʝ�ĵĖ�>�*�Ȥ�?#˯Figure 10˰
 

COV434ȿɘ/FOXL2/ʿǽĚ)�>�ȏǻˀ�ņ,�*��ǵŬ��>#8	

COV434 ȿɘ- pCMV-myc-FOXL2 BşÝȏǻ� (	ɿþ°.šŻBƻʉ�#


ÍȿɘƃÕǞ;= anti-c-Myc agarose affinity gelBǿ�(ÊȈǓˉBɸ�	anti-ERβ

Ɓ°-;&(HJX]�p�`dǕ.ɃƵ	FOXL2* ERβ� COV434ȿɘÐ-�

�(ɿþ°BšŻ�>�*�Ȥ�?#˯Figure 11˰
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3. FOXL2* ERβ. in vitro).ɿþ°šŻ*Ƀþʺ®-'�(.ʅƴ 

Glutathione-Sepharose 4B˯ GE Healthcare UK Ltd m˰�Y-Ƀþ�# GST-ERβ AF-1

�;1 GST-ERβ AF-2 ]�kPʝ- E2 10-9 M 5#/ vehicle Bǡã�#.%

pCMV-myc-FOXL2 BşÝȏǻ� # 293T ȿɘ.ȿɘǨʅǞ**9-G�N~r

�d�#
GSTm�Y-Ƀþ�>]�kPʝB 10% SDS-PAGE)ǘç�	j�e

.ʅƴBɸ&#*�@	FOXL2* ERβ AF-1	FOXL2* ERβ AF-2�Ƀþ�>�*

�Ȥ�?#
5# ERβ.�M�e)�> E2˯ 10-9 M˰.ĵĖ.ƫǭ)j�e-Ĥé

/,�&#˯Figure 12˰
 

 

4. ERβÍˁ.JXd�R�¶ĵȑʣÑǚŲéɚ-ł�> FOXL2.Ţ˜-'�(.

ʅƴ 

293Tȿɘ-	ȏǻrP]�	�VoI��[�v�]�ʷ«ĳ ERE tk Luc	phRL 

CMV Luc B�voIPV��Ǖ)d��XoIPV���	FOXL2 � ERβ. E2

¶ĵȑʣÑǚŲéɚ-��>Ţ˜-'�(ƻʉ�#
Íˁ ERβ/ E2˯ 10-9 M˰¶ĵ

ȑ,ʣÑǚŲéɚ.�ơBʎ8#�	FOXL2 ʿǽĚ.ʲáȏǻ-;&( ERβ.�

M�e¶ĵŲʣÑǚŲéɚ/ſÝ�?#˯Figure 13˰
 

 

5. ERαÍˁ.JXd�R�¶ĵȑʣÑǚŲéɚ-ł�> FOXL2.Ţ˜-'�(.

ʅƴ 

FOXL2 / ERα-��(/JXd�R�¶ĵȑʣÑǚŲɚBĤé� ,��	
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AP-1¶ĵȑʣÑǚŲɚBſÝ�>*��ğą��&# 44
 Đ FOXL2� ERβ-�

�(/JXd�R�¶ĵȑʣÑǚŲɚBſÝ�>*��ɃƵBŨ##8	ĸˏ-

ERβǵȇȑ)�>�Bƻʉ�>#8- ERα-��(9ÿƾ.ĸ˨Bɸ&#
293T

ȿɘ-	ȏǻrP]�	�VoI��[�v�]�ʷ«ĳ ERE tk Luc	phRL CMV 

LucB�voIPV��Ǖ)d��XoIPV���	FOXL2� ERα. E2¶ĵȑ

ʣÑǚŲéɚ-��>Ţ˜-'�(ƻʉ�#
Íˁ ERα/ E2˯ 10-9 M˰¶ĵȑ,ʣ

ÑǚŲéɚ.�ơBʎ8#9..	FOXL2 .ʲáȏǻ-;>ƫŷ,Ţ˜/6<?

,�&#˯Figure 14˰
Figure 13*² (ɓ�>* FOXL2/ ERβǵȇȑ- E2¶ĵ

ȑʣÑǚŲéɚBſÝ�>�*�Ȥċ�?#
 

 

6. ERβ.JXd�R�¶ĵȑʣÑǚŲéɚ-ł�> FOXL2.Ţ˜-'�(.ʅƴ 

FOXL2 � ERβ. E2¶ĵȑʣÑǚŲéɚ5#/ E2˘¶ĵȑʣÑǚŲéɚ-��

>Ţ˜-'�(ƻʉ�>#8	ERβ.ezG�Bǿ�#�VoI��[E`ZGB

ɸ&#
293T ȿɘ-	ȏǻrP]�ERβ AF-2	�VoI��[�v�]�ʷ«ĳ

17m8 AdMLP Luc	phRL CMV LucB�voIPV��Ǖ)d��XoIPV��

�#
ERβ AF-2/ E2¶ĵȑʣÑǚŲéɚBȤ�#˯Figure 15˰�	FOXL2.ʲá

ȏǻ-;&(ʣÑǚŲéɚ�ſÝ�?#
 

 

7. ÐĖŲʷ«ĳȏǻ-��> FOXL2. aromatase.ȏǻ-ł�>Ţ˜-'�(.
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ʅƴ 

�VoI��[E`ZG-;&( FOXL2� ERβ.�M�e¶ĵȑʣÑǚŲéɚ

�;1�M�e˘¶ĵȑʣÑǚŲéɚBſÝ�>�*�ÚƢ�#�	�.ǻʘ�Ð

ĖŲʷ«ĳȏǻ-��(9þɩ�>�+��Bƻʉ�>#8-	ERβ.ȏǻ-;=

Ģã�>ñɘȏɖ¸ʱđĳ aromatase Bǿ�(ƻʉBɸ��**�# 51,52
FOXL2

� ERβ.�M�e¶ĵȑʣÑǚŲéɚBſÝ�>.)�?0	FOXL2 Bi`P^

H�� #ƥ- aromatase .ȏǻ�Ģã�>�*-,>/�)�>
Lipofectamine 

RNAimax˯Lifetechnologies˰B³ǿ�( All stars Negative Control siRNA˯S�d�

��˰5#/ FOXL2 siRNABd��XoIPV���#ldˬ°éˣȸɤȿɘB

5%_|S��ÔǼ FBS) 48ƥ˄ĝ˧Ŧ	aromatase.ȗłȑ mRNAǪŚBķˀȑ

PCRǕ-(ǥķ�#
�.ɃƵ	FOXL2. siRNA-(ÐĖŲ FOXL2ȏǻ/ſÝ

�?#˯Figure 16˰�	FOXL2.i`P^H�-;= aromatase mRNA.ƫŷ,�

ơ�6<?#˯ Figure 17 
˰Aromatase/JXd�R�.�Ǜđĳ)�> 51,52�<	

ȿɘÐ-��(9 FOXL2-;= ERβ.�M�e¶ĵȑʣÑǚŲéɚ�ſÝ�?>

ûɚŲ�Ȥċ�?#
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4˰ɓŁ 

FOXL2 /șțȇœBŜ�ʠ��ĽƜŲ POI .óđʷ«ĳ*�(ÿķ�?	

FOXL2 .ǬĤȇ)ÀǂSe�*,>�*)ǀɚčĩ� POI *,> 19
œƶɫ°-

®ɍ�>�ȂŲ.īĴŲ/Ĥé� �	ĪŲ.6īĴŲ�¯��>
FOXL2� POI

.ʚ©ʷ«ĳ)�>*ǒķ�?(¦Ʋ	ưȋ¼Ɏ.ųɔ.ʷ«ĶȑƻȾ-;=	

ƾ�, FOXL2.Ĥȇ�ʁ'�&(�=	FOXL2.ñŋ-��>ǀɚʅƴ/ëÖ)

/,�
FOXL2 .ñŋ-��>ȏǻɧ°/wHX)ȣʎ�?(�> 26,52.6)l

d).ȏǻƥƭ-'�(/ƻʉ�?(�,�
ưȠȰ-;=ldñŋ)9ÿƾ.Å

āBŨ#
ɗǽƭ.ldñŋ:ŗŞ,ldñŋ).ȏǻ.ƻʉ/¾Ǽȑ-9˕��	

 Đ/ƻʉÕƲ,�&#�	FOXL2 /ld)9ȏǽ.Ùƭ.Ǌˎ�<ȏǻ�	Ų

ÖéBǒķ�>�)ʾʀ,ţâBȤ�	Ż�-��(/ñɘȏɖ-Ŀƍ-˅A>û

ɚŲ�Ȥċ�?#
 

ưȠȰ-;= FOXL2� ERα19$�),� ERβ*9ɿþ°BšŻ�>�*�Ȥ�

?	�' FOXL2/ ERβ.JXd�R�¶ĵŲʣÑǚŲéɚBſÝ�>*��ƙʂ

ǀɚ�Ƣ<�*,&#
�. FOXL2. ERβ-ł�>�M�e¶ĵȑʣÑſÝɚ/	

ERβ-;=ȏǻ�ǚŲé�?>ñɘȏɖ¸ʱđĳ aromatase�FOXL2.i`P^H

�-;=�ơ�#�*�<ĸˏ.ȿɘÐ-��(9ǀɚ�(�>�*�Ȥċ�?

#
FOXL2�Ȗƍȑ-)/,� ERβB¡�( aromatase.ȏǻBÝũ�>*��Ț

ș/ưȠȰ�Ù8()�=	FOXL2* ERβ.ɃþǶŹ.Ĥé-;= aromatase.ȏ
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ǻ�ʒƕ�?(�>ûɚŲ��=	FOXL2� aromatase-'�(ȇ,>2>5�B

�>�*-'�(.þǼȑ,ʑƢ-,=Ũ>
FOXL2. DNAɃþʺ®/ÏĚȑ-

/ 15-17ġĞ)�=	̆ łȩȑ)�>
Forkheadʷ«ĳ.ħí� 5’ [(G/A) (T/C) (C/A) 

A A (C/T) A] 3’*��ʎʖʼØB9% 54	FOXL2 .ʎʖʼØ.¼ɽ*�(

GTCAAGG (T/C)�ƈ�<?(�> 55�	ñŋǵȇȑ,ld. aromataseq�{�]

�II39-/!.ʼØ�,�#8	FOXOoDx��� aromataseq�{�]��-�

> FOXO oDx��.ʎʖʼØ)�> TGTTT *��ʼØ-Ƀþ�>�) FOXO

oDx��*�ɇ- FOXL2 �Ƀþ�>*��§ʑ�Č�<?(�> 30
�ƚ	

aromataseq�{�]�II-/ ERE half site56�ĵĖ�>#8	ưȠȰ-;= FOXL2

� ERβB¡�( aromatase.ȏǻBʒȶ�>*��ƙ#,ǀř�ŵķ�?>
 

ERβ/�`d�wHX�HUO�laW�p]�ldȳBĂ7Ȭ�.çǴ.ñŋ

-ȏǻ�(�>
ˣȸɤȿɘ�ɮɤȿɘ�ˬ°,+-�-ȏǻ�(�>�	ñĳ)

9ȏǻ�ğą�?(�> 37
ERβ.ȏǻ�(�>Ġż/Ȭ-;&(ȇ,=	�`d

)/ ERα*Î- 2 ǁñɘ.ˣȸɤȿɘ-Ħ�ȏǻ�(�>.-ł�	ld:w�

{Z`d)/ ERβ/ÍǊˎ.ñɘ.ˣȸɤȿɘ-ȏǻ�(�>� ERα/�ǁ��

ǁñɘ-ȏǻ/�(��	ERβ* ERα)ȇ,>ňĖBȤ�(�> 37
Èʫ�#;�

- ERβi`PEHdwHX)/Ǿ¢Ɣ�ǣ=	x ȸɤȿɘǵȇȑi`PEHdwH

X)/ħ��ñɘ�;1ˬ°Ɣ�ǣņ�(�> 43
ñŋ.Öé-ʾʀ, aromatase	
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LH ùľ°. mRNA .ȏǻ�ǣņ�(�=	ɘǶñɘ.E�e�R�ùľ°.

mRNA �Ģã�(�> 42�*�< ERβ/ɘǶñɘ�<Ƌñ5).ñɘȏɖ	'5

=Öé-ʾʀ)�>*ɓ�<?(�> 57
£ƚ ERα/ÕɷŲďɘ�Ħ�ȏʳ�ñɘ

�Żǰ�,� 43�*�<	ñɘȏɖ-��( ERα/JXd�R�.Ģǉ±ǿBƄ

�	ERβ/Öé±ǿBƄ&(�>*ɓ�<?(�>˯Figure 8˰
 

ưȠȰ-;= FOXL2/ ERβ.JXd�R�¶ĵŲʣÑǚŲéɚBſÝ�	ĸˏ

.ȿɘ�r�)9ǀɚ�(�>ûɚŲ�Ũ<?#
�.�*�< ERβ�ÍǊˎ.ñ

ɘ-ĵĖ�>�	FOXL2 �Ùƭñɘ.ˣȸɤȿɘ-Ħ�ĵĖ�>�*)	ñɘȏ

ɖ-��( FOXL2/Ùƭñɘ� ERβ-;=Öé�>.BſÝ�(�>ûɚŲ�Ȥ

ċ�?#
Figure 18- FOXL2* ERβ.ȗ�˅·.{c�ēBȤ�
 

ñŋǀɚ�ÍBʠ�� FOXL2ĤȇĚ/	��'�ğą�?(�=	FOXL2ʿǽ

Ě*.±ǿ.ʴ��ƻʉ�?(�>
FOXL2ʿǽĚ�ˬ°é¸ʱđĳ)�> StAR

BſÝ�	ñŋǀɚ�ÍBŜ�ʠ�� FOXL2 Q219X)/ StAR.ſÝ�,� 26*

��ğą��>
�.ğą�<9 FOXL2ʿǽĚ�Ʈǰ,ñɘ�ˬ°é�>.Bˇ

�)�>ûɚŲ��=	ưȠȰ*þɩ�>
ưȠȰ)/ FOXL2ʿǽĚ* ERβ.˅

·.6ƻʉ�#�	Ɲğ 26�<ñŋǀɚ�ÍBʠ�� FOXL2ĤȇĚ)/ ERβ.ſ

Ý�,�#8ñŋǀɚ�ÍBʠ��ûɚŲ�ƎŁ�?>
 

5#ưȠȰ-;= FOXL2 .ĤȇĚ-;= ERβ*. DNA ɃþǶŹ�Ĥé�ñɘȏ
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ɖ-��(ƾ�,ĤéB9#<�ûɚŲ�ɓ�<?	BPEȋ¼Ɏ type1ųɔ)/ñ

ŋǀɚ�Í.ȫŚ�ƾ�)�> 19,2158�9ʑƢ�Ũ>
BPE ȋ¼Ɏ type1 ųɔ.t

�{�½/	FSH �˪½) E2�¯½)�>*��¦ĥ-�ķ.ǵŬ/,�#8	

BPE ȋ¼Ɏ type1 ųɔ.ñŋǀɚ�Í-��(/ E2�ʾʀ,đĳ)�>*ɓ�<

?	ñŋˣȸɤȿɘ-Ħ�ȏǻ� E2¶ĵŲ.�> ERβ� FOXL2*˅��>*��

ưȠȰ/˕ǔŲ�ī.óđ.�')�>ñŋǀɚ�Í.ʅƢ-�ä*,=Ũ>
 

¦�.;�-	Ȧ/ FOXL2.ñŋ-��>ƙʂ±ǿBƢ<�-�#
FOXL2/

ñɘȏɖ-˅��>�**	ñŋɠȌšŻʲȫ-˅ʰ�>�	ɃƵ*�(ñŋˣȸ

ɤȿɘ.Ģǉ�ÖéBÝũ�>zLgYy�ĵĖ�>�*�Ȥċ�?#
�?<.

ɂʢ/	īĴŲBǤĵ�>#8.ǔȍƿȑ-,>ûɚŲ��=	ı�ȧˠĜȉų.

ʋƘ�;1ǔȍ3.ɦŘʶǿ� Ŧƭť�?>
 



33 

 

5˰Ƀʓ 

ưȠȰ)/ 

˳˰� FOXL2/ld)/ñŋˣȸɤȿɘ-ĵĖ�	Ùƭñɘ.ȏɖ*˅ʰ�>û

ɚŲ��>	 

˴˰� ERβ* FOXL2/ȿɘÐ)ÐĖŲɿþ°B,�	 

˵˰� FOXL2/ ERβ. AF-1�;1 AF-2ˠĜB¡�(Ƀþ�>	 

˶˰� FOXL2/ ERβǵȇȑ-�M�e¶ĵȑʣÑǚŲ-ł�ʙ.ÝũBɸ�	 

*���*BƢ<�-�#
�.�*�<	ERβ* FOXL2 /ñɘȏɖ:ˣȸɤȿ

ɘɠ-ł�(Ţ˜B��(�>�*�Ȥċ�?#
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ʕʧ 

 

ȭBɀ�>-Š#=	�.ȠȰ-˅�(ĸ˨�ʶ×,äʆB��(˝�#	Ƴ�

ħĶêĶʺǾȧı�ȧĶƓĺƓƊ� ɳ�ȝɸÈǽ	ħ˟ʛȯÈǽ	ÿʔŒ� ŕǑº

Èǽ	ÿÞƓƊ� Ǆʗˑ�Èǽ	ÿÞƓƊ� �ĬůʹÈǽ	ÿĹĈÓƓƊ� Ȝʿĉ

Èǽ-ǟ�Ÿʕ�#�5�
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ȅʐ 

AF-1, AF-2; activation function-1, 2 

AP-1; activating protein-1 

BPE; blepharophimosis/ptosis/epicanthus inversus syndrome  

DMEM; Dulbecco's modified Eagle medium 

E2; 17β-estradiol 

ER; estrogen receptor 

ERE; estrogen responsive element  

FBS; fetal bovine serum 

FOXL2; forkhead/hepatocyte nuclear factor 3 gene family of transcription factor L2 

FSH; follicle stimulating hormone 

GST; glutathione S-transferase 

GnRHR; gonadotropin releasing hormone receptor 

NLS; nuclear localization signal  

NR; nuclear receptor 

LH; luteinizing hormone 

POI; primary ovarian insufficiency 

StAR; steroidogenic acute regulatory
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Figure 2� ƞư-��> ARTÕǽƥƔ.ŖǁƎȪ 
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Figure 3� 2012Ŗ-��> ARTīįǺ�ǽǾǺ�ǛǾǺɄʈ 
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Figure 5� BPEȋ¼Ɏųɔ.ñŋ-��>óĭñɘƔ*�ǁñɘ.ǌǺ 
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Figure 6� FOXL2˯forkhead/hepatocyte nuclear factor 3 gene family of transcription 
factor L2˰.ƽʯ 
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Figure 7� JXd�R�ùľ°˯ER˰α*β.ƽʯ 
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function -1 (AF-1) �ĵĖ�	L�uNV�ĞƯ-/�M�eɃþʺ®��=�M�
e¶ĵȑʣÑǚŲéˠĜ activation function -2 (AF-2) �ĵĖ�>
AF-1ˠĜ* AF-2
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Figure 8� ERβ. genomic function-'�( 
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.ʣÑBÝũ�	ƁɠȌ±ǿ:Öé±ǿ-Æ�
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E2; 17β-estradiol 
ER; estrogen receptor 
ERE; estrogen responsive element
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Figure 9� ldñŋ-��> FOXL2]�kPʝ.ȏǻ 

 
ȊǼɁɋĶȑ-ǃœ,ldñŋ×ǲ (n=15) B	anti-FOXL2Ɓ° (1:100) )ÊȈ
ɁɋéĶƶɫǕBǿ�(ƶɫ�#
ƶɫɃƵBē-Ȥ�(�>
�/Šʍ.ñɘ)

�=	Ōē/Şƅħ�üē/şƅħ�#9.BȤ�(�>
ɻ/ FOXL2Ɓ°.ƶ
ɫ.ƫǭ)ñɘƔBƔ�#ɃƵ)�>
FOXL2ˍŲǺ (FOXL2ˍŲñɘƔ/ʍŠ�
>ñɘ.ÍñɘƔ) /¦�.ʮ=)�&#
primordial follicle 43% (73/169) 	
intermediatry follicle 68%(96/141)	primarymordial follicle 81% (52/64) 	secondary 
follicle 84% (38/45) 	antral follicle 68% (42/62) 	corpus luteum 40% (7/17) 
¦�;
= FOXL2/�ǁñɘ��ǁñɘȳÙƭñɘ.ˣȸɤȿɘ-Ħ�ȏǻ�	ˬ°-/
ņ,�Åā)�&#
 
�/ýē.ŇŚBȤ�
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Figure 10� ÐĖŲ FOXL2* ERβ*.ɿþ°šŻ 
 
ldˣȸɤȿɘɠȿɘƸKGNȿɘ/ FOXL2.ĤȇĚ C134W�Ħ�ȏǻ�(�
>�*�ȝ<?(�>
KGNȿɘBǿ�(ÐĖŲ FOXL2* ERβ*.ɿþ°šŻB
ƻʉ�#
ldˣȸɤȿɘɠȿɘƸ KGN ȿɘBĐ÷�	ȿɘƃÕǞB±ŻŦ	
anti-ERβƁ° 2 µg�Protein G Sepharose 4 Fast FlowBǿ�(ÊȈǓˉBɸ�	m�
YɃþ]�kPʝ-ł� anti-FOXL2 Ɓ° (1:500) Bǿ�(HIX]�p�`cF
�QBɸ&#
�ǁƁ°/ anti-rabbit IgGƁ° (1:3000) Bǿ�( ECL advance.w
g~E�-ŧ�éĶȏÉ� j�eBȣʎ�#*�@	anti-ERβƁ°)ÊȈǓˉB
ɸ&#���-ǵȇȑj�e�ȣʎ�?#
Ʌ¥Ɣ.ʴ�ȿɘBǿ�( 3ĐɌ=ʪ
�#�)ÏĚȑ,ɃƵBȤ�#
�

FOXL2; forkhead/hepatocyte nuclear factor 3 gene family of transcription factor L2 
ERβ;  estrogen receptor β�



57 

 

 
Figure 11� şÝȏǻ� # FOXL2* ERβ*.ɿþ°šŻ 
 
ldˣȸɤȿɘɠȿɘƸ COV434ȿɘ-ȏǻ�(�> FOXL2/ʿǽĚ)�>�
ȏǻˀ�ņ,�*��ǵŬ��>
COV434ȿɘBǿ�( FOXL2* ERβ*.ɿþ
°šŻBƻʉ�#
ldˣȸɤȿɘɠȿɘƸ COV434ȿɘ- pCMV-myc-FOXL2B
şÝȏǻ� 	ȿɘƃÕǞ- anti-c-Myc agarose affinity gel (beads 25µg) BɃþ� 
ÊȈǓˉBɸ&#
m�YɃþ]�kPʝ-ł� anti-ERβƁ° (1:250) Bǿ�(H
IX]�p�`cF�QB��,&#
�ǁƁ°/ anti-rabbit IgGƁ° (1:3000) B
ǿ�( ECL advance .wg~E�-ŧ�éĶȏÉ� j�eBȣʎ�#*�@	
anti-ERβƁ°)ÊȈǓˉBɸ&#���-ǵȇȑj�e�ȣʎ�?#
Ʌ¥Ɣ.ʴ
�ȿɘBǿ�( 3ĐɌ=ʪ�#�)ÏĚȑ,ɃƵBȤ�#
�

FOXL2; forkhead/hepatocyte nuclear factor 3 gene family of transcription factor L2 
ERβ;  estrogen receptor β�
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Figure 12� FOXL2* ERβ. in vitro).ɿþ°šŻ*Ƀþʺ®.ÿķ 
 

GSTɵþ]�kPʝBǿ�( FOXL2* ERβ. in vitro).ɿþ°šŻɚBƻʉ
�#
GSTɵþ]�kPʝBħɡɯ-ȏǻ� 	Glutathione-Sepharose 4Bm�Y*
Ƀþ� 	GST ERβ AF-1 �;1 AF-2 B±Ż�#
GST ɵþ]�kPʝ˯GST 
ERβ AF-2 ]�kPʝ-/ E2 10-9 M 9��/ vehicle Bǡã�#Ŧ˰B
pCMV-myc-FOXL2 BşÝȏǻ� # 293T ȿɘ.ȿɘǨʅǞ.�Ǣ*G�N~r
�d�(	GSTm�Y*Ƀþ�>]�kPʝ 300µgB 10% SDS-PAGE-ǘç�	
HIX]�p�`bF�QǕ (anti-FOXL2Ɓ°: 1:500, anti-rabbit IgGƁ°: 1:3000) 
Bǿ�(ƻʉ�#*�@	GST ERβ AF-1 / AF-2���*9- FOXL2]�kPʝ�
ȣʎÕƲ#
GST ERβ AF-2 -'�(/�M�e.ƫǭ) FOXL2 .Ƀþ/Ĥé,
�&#
Ʌ¥Ɣ.ʴ�ȿɘBǿ�( 3ĐɌ=ʪ�#�)ÏĚȑ,ɃƵBȤ�#
�

GST; glutathione S-transferase 
FOXL2; forkhead/hepatocyte nuclear factor 3 gene family of transcription factor L2 
ERβ;  estrogen receptor β 

AF; activation function  
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Figure 13� ERβ. E2¶ĵȑʣÑǚŲɚ-ł�> FOXL2.Ţ˜ 
 

ERβ. E2¶ĵȑʣÑǚŲɚ-ł�> FOXL2.Ţ˜B�VoI��[E`ZG)
ƻʉ�#
293Tȿɘ-ȏǻrP]�100 ng, �VoI��[�v�]�ʷ«ĳ ERE 
tk Luc˯250 ng˰	internal control phRL CMV Luc˯1 ng˰B�voIPV��Ǖ)
EffecteneBǿ�(d��XoIPV���#
ĝė- vehicle5#/ E2˯10-9 M˰
Bǡã�	24ƥ˄ŦȿɘBĐ÷� Dual Luciferase Reporter System˯Promega˰.w
g~E�-ŧ� firefly luciferase ǚŲBǥķ�#
d��XoIPV��æǺ.Ţ
˜BƤǃ�>#8 Renilla luciferaseǚŲ9ÿƥ-ǥķ�#
ǚŲǥķ/	3Ǭƌø
�#ĸ˨B	Û»-Ʃ¯ 3ĐɌ=ʪ�#9..ŕĘBǿ�#
J��j�/ƿǧ¿
ōBȤ�(�>
ĦɎ˄.ǌʥ-ł� one-factorial ANOVA.Ŧ-	Bonferroni/Dunn 
post hoc testBǿ�#
ǥķɃƵ-;= FOXL2/ ERβ. E2¶ĵȑʣÑǚŲɚBƫ

ŷ-ſÝ�>�*�Ȥ�?#˯* p < 0.05˰
 
FOXL2; forkhead/hepatocyte nuclear factor 3 gene family of transcription factor L2 
ERβ;  estrogen receptor β 
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Figure 14�  ERα. E2¶ĵȑʣÑǚŲɚ-ł�> FOXL2.Ţ˜ 
 

ERα.E2¶ĵȑʣÑǚŲɚ-ł�> FOXL2.Ţ˜B�VoI��[E`ZG)
ƻʉ�#
293Tȿɘ-ȏǻrP]�100 ng, �VoI��[�v�]�ʷ«ĳ ERE 
tk Luc˯250 ng˰	internal control phRL CMV Luc˯1 ng˰B�voIPV��Ǖ)
EffecteneBǿ�(d��XoIPV���#
ĝė- vehicle5#/ E2˯10-9 M˰
Bǡã�	24ƥ˄ŦȿɘBĐ÷� Dual Luciferase Reporter System˯Promega˰.w
g~E�-ŧ� firefly luciferase ǚŲBǥķ�#
d��XoIPV��æǺ.Ţ
˜BƤǃ�>#8 Renilla luciferaseǚŲ9ÿƥ-ǥķ�#
ǚŲǥķ/	3Ǭƌø
�#ĸ˨B	Û»-Ʃ¯ 3ĐɌ=ʪ�#9..ŕĘBǿ�#
J��j�/ƿǧ¿
ōBȤ�(�>
ĦɎ˄.ǌʥ-ł� one-factorial ANOVA.Ŧ-	Bonferroni/Dunn 
post hoc testBǿ�#
ǥķɃƵ-;= FOXL2/ ERα. E2¶ĵȑʣÑǚŲ3.ƫ

ŷ,Ţ˜/ʁ<?,��*�Ȥ�?# (N.S. ; not significant) 
 
FOXL2; forkhead/hepatocyte nuclear factor 3 gene family of transcription factor L2 
ERα;  estrogen receptor α 
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Figure 15� �M�e¶ĵȑ ERβ AF-2.ʣÑǚŲéɚ-ł�> FOXL2.Ţ˜ 
 

ERβ.�M�e¶ĵȑʣÑǚŲɚ-ł�> FOXL2 .Ţ˜B�VoI��[E`
ZG)ƻʉ�#
293Tȿɘ-ȏǻrP]�100 ng, �VoI��[�v�]�ʷ«
ĳ 17m8 AdMLP Luc˯250 ng˰	internal control phRL CMV Luc˯1 ng˰B�voI
PV��Ǖ) EffecteneBǿ�(d��XoIPV���#
ĝė- vehicle5#/
E2˯10-9 M˰Bǡã�	24 ƥ˄ŦȿɘBĐ÷� Dual Luciferase Reporter System
˯Promega˰.wg~E�-ŧ� firefly luciferaseǚŲBǥķ�#
d��XoIP
V��æǺ.Ţ˜BƤǃ�>#8 Renilla luciferaseǚŲ9ÿƥ-ǥķ�#
ǚŲǥ
ķ/	3Ǭƌø�#ĸ˨B	Û»-Ʃ¯ 3ĐɌ=ʪ�#9..ŕĘBǿ�#
J�
�j�/ƿǧ¿ōBȤ�(�>
ĦɎ˄.ǌʥ-ł� one-factorial ANOVA.Ŧ-	
Bonferroni/Dunn post hoc testBǿ�#
ǥķɃƵ-;= FOXL2/�M�e¶ĵȑʣ
ÑǚŲéˠĜ)�> ERβ AF-2-��(ʣÑǚŲɚBƫŷ-ſÝ�>�*�Ȥ�?
#˯**p < 0.01˰
 

FOXL2; forkhead/hepatocyte nuclear factor 3 gene family of transcription factor L2 
ERβ;  estrogen receptor β 

AF; activation function 
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Figure 16� siRNA-;>ÐĖŲ FOXL2.i`P^H� 
 
°ĥùȺƥ-ƌø�?#ñɘǞ�<ƃÕ�#ldˬ°éˣȸɤȿɘ.ÐĖŲ

FOXL2 B siRNA )i`P^H��	HIX]�p�`bF�Q) FOXL2 .i`
P^H�Bȣʎ�#
ldˬ°éˣȸɤȿɘ- FOXL2-RNAi 5#/S�d���
siRNAB Lipofectamine RNAimax Bǿ�(d��XoIPV���#
siRNA.Ʃ
ɀǪŚ/�4( 10 nM*,>;�-ʒƕ�#
d��XoIPV��Ŧ 48ƥ˄Ŧ
-ȿɘBĐ÷�HIX]�p�`bF�QǕBǿ�( FOXL2 ]�kPʝ 
(anti-FOXL2Ɓ°˷1:500, anti-rabbit IgG Ɓ°: 1:3000).ȏǻBƻʉ�#
ȏǻˀ.
S�d���*�(β-Actin (anti-β-ActinƁ°: 1:500, anti-mouse IgGƁ°: 1:3000) B
ǿ�#
ý��� 15 µg.]�kPʝB SDS PAGE)ǘç�#*�@	FOXL2-RNAi
Bd��XoIPV���#���)/ FOXL2]�kPʝ.ȏǻˀ�ǣņ�(�
#
ȇ,>ųɔ 3�.ƻ°Bǿ�(!?"?Û»-ĸ˨Bɸ&#�)ÏĚȑ,ɃƵ
BȤ�#
 

FOXL2; forkhead/hepatocyte nuclear factor 3 gene family of transcription factor L2 
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Figure 17� ÐĖŲʷ«ĳȏǻ-��> FOXL2. aromatase.ȏǻ-ł�>Ţ˜ 
 
ÐĖŲʷ«ĳȏǻ-��> FOXL2. ERβʣÑǚŲéɚ-ł�>Ţ˜Bƻʉ�>
#8	ˬ°é¸ʱđĳ)�> aromatase .ȗłȑ mRNA ǪŚB�E�]Gyķˀ
PCR -(ǥķ�#
aromatase /JXd�R�.ƿȑʷ«ĳ*ğą�?(�>
l
dˬ°éˣȸɤȿɘ- FOXL2-RNAi 5#/S�d��� siRNA B Lipofectamine 
RNAimax Bǿ�(i`P^H��	48 ƥ˄Ŧ-ȿɘBĐ÷� RNA BƃÕ�(
aromatase.ȗłȑ mRNAˀBķˀȑ PCRǕ)ǥķ�#
J��j�/ƿǧ¿ōB
Ȥ�(�>
�ɔ.ǌʥ-ł�Mann- Whitney U testBǿ�#
!.ɃƵldˬ°
éˣȸɤȿɘ-��(ÐĖŲ FOXL2 Bi`P^H��>* aromatase .ȗłȑ
mRNAǪŚ�ƫŷ-�ơ�	ÐĖŲʷ«ĳȏǻ-��(9 FOXL2� ERβ.ʣÑǚ
ŲɚBſÝ�>�*�Ȥċ�?# (n=6, * p<0.05) 
 

FOXL2; forkhead/hepatocyte nuclear factor 3 gene family of transcription factor L2 
ERβ;  estrogen receptor β 
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Figure 18  FOXL2* ERβ.ȗ�˅· 
 

FOXL2 /ē-Ȥ� ERβ.úÏȑ ER ǚŲézLgYy)�>�M�e¶ĵȑʣ
ÑǚŲɚBſÝ�>�*)	ERβ.ƿȑʷ«ĳ.ȏǻ.ÝũBɸ�	ñɘȏɖ:ɠ
Ȍé-˅��(�>ûɚŲ��>
 
FOXL2; forkhead/hepatocyte nuclear factor 3 gene family of transcription factor L2 
E2; 17β-estradiol 
ER; estrogen receptor 
ERE; estrogen responsive element 


