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研究成果の概要（和文）：精子形成における転写調節因子による転写調節機構を明らかにするため、精巣特異的に発現
することが推定されたホメオドメインタンパク質Nkx2-6の発現と機能について解析を行った。その結果、マウスではNk
x2-6は精巣で最も高発現が見られ、特に精子細胞で発現している事が示唆された。また、Prm1およびAkap3遺伝子はNkx
2-6によって転写調節される可能性が示唆された。本研究により、Nkx2-6による雄性生殖細胞の分化に伴う遺伝子発現
の調節機構の一端が明らかにされた。

研究成果の概要（英文）：To clarify the role of transcription factors in the control of gene expression in 
spermatogenesis, we analyzed expression and function of a homeodomain protein, Nkx2-6, that was estimated 
to be a testis-specific expressed protein. We found that Nkx2-6 was mainly expressed in testis, and that 
spermatids highly expressed this protein. In addition, we found that Nkx2-6 had potential as a 
gene-expression regulator of testis-specific genes, Prm1 and Akap3. In this study, we show part of the 
function of Nkx2-6 in regulation gene expression associated with spermatogenesis.

研究分野： 実験動物学

キーワード： 精子形成　ホメオドメインタンパク質　転写調節

  ２版



Ō� Ė� ǣǘǛǡBǤǘǛǡBǥǘǛǡǖÇƷǗ�

 

ǛǙŷžǄþęÏdƔĺ 
(1) ľĢūŒwƚgn`eBÕŦdŽdƎņ
cġǍdūæŪƯ_etCƅĎcÌĐqtǈ
ĢūŒƉƕ_eBĲúldƼ´ÿkĹĿŧŰ
ųcŲŪqtCtdƋŅB¸ƉƕÌƜ¥şĲ
ÌƜ¥ĚĥøÖ`fgƠǊbƻżkǌĔſ^
^ƚvuBǈĢƾÀÿ_etƅÿkŬūou
tC 
 
(2) Ƽ´ÿŲŪdÒĞeBƳÊìÿ�¤��
Ʋkŧăd DNA ƾÎcƋáp^ƳÊƬƄw
ƚgn`cqy^ƚvutCnuk_BĲú
ldƳÊìÿkǈĢūŒƉƕcif^ŲŪ
p^ftn`kõåou^ftǖHermo, L. 
et al., Microsc. Res. Techniq. 2010)CpMpB
nurdƳÊìÿdúleƳÊÒĞwƚg
ōųdƼ´ÿkŀZâăou^irrBǈĢ
ūŒƉƕdÌÖ¥÷ŒcǆvtŽadƳÊì
ÿděÓeªĸbŢkĲúlőou^ftC 
 
ǜǙŷždŴų 
(1) ħaenuk_cBƅÿĚĦcimtƼ
´ÿdŲŪƬƄŏŋwĸrMcqtvncB
ƅÿƉƕdÌÖcǆ«qtƳÊìÿd¿ƞ
wB�¦��¦�ĭƈw¬ĠcƚyvCtd
ƋŅB��}��z¤�¤��ƲƼ´ÿ
Nkx2-4 iqg Nkx2-6 kÉĚƅÿƉƕci
f^ĘlŲŪp^ftn`kĮăouvC 
 
(2) Nkx2-4 ` Nkx2-6 eBŲŪƽ¶k§Ƙp
^ftǈĢūŒƉƕcif^°ÂųcƳÊ
ƬƄwƚgn`_BƅÿĚĦcą«p^ft
`ƒhrutCtn_Łŷž_eBNkx2-4
` Nkx2-6 cqtǈĢūŒƉƕdƼ´ÿŲŪ
ÒĞŏŋwƤĸqtvncBƅĎcimt
Nkx2-4 ` Nkx2-6 dŲŪƉƕdâă`Ŕƴ
wƚgCorcBNkx2-4 ` Nkx2-6 cqy
^ƳÊƬƄoutōųƼ´ÿdâăwƚgC 
 
ǝǙŷždĵř 
�		 �ƅĎcimt �MY
�)�
�� dŲŪƉƕd
âă`ŔƴwƚgC "��0 řiqg y¡�
z� �0 řwŭf^B�{�dàƊƏd
�MY
�) ` �MY
�� d O �. ¢�¡wŠăpB
�MY
�)�
�� dƅĎcimtŲŪwĄƨqtC
ÃűƊƏÖĂiqg LP�UL9: �z� �z�
¦��¤řwŭf^BƅĎcäkutūŒƉ
ƕǖƅÚƉƕ¥ƅœƉƕ¥ƅÿƉƕǗdgxB
adƉƕc �MY
�)�
�� kŲŪp^ftdM
ƤńqtC�MY
�� ŲŪƽ¶` �MY
�) ŲŪƽ
¶k§Ƙp^ftMagMŔƴqtC�
�
�
	 ��MY
�)�
��cqy^ƳÊÒĞoutƼ´
ÿd®ŠwƚgC��}�����¤��Ʋ
dƋá 1�. ƾÎdƌƐųƤńǖ/HT-HT��9�3��
H9�DN���0HNN�
��,Ǘcqy^ĸrMcou
v �MY
�)�
�� d 1�. Ƌá��¦�ƾÎģõ
wôcB�{�Æ���ƾÎqs �MY
�)�
��
ƋáƾÎwƶÁcľqtƼ´ÿƑwŉƈq
tCŉƈceƳÊƬƄƾÎƤń�¦¡  !."�

� H-:ND94T=� !HS:HPFH� .PDN=ULU� "44NU��
"K4ODU�0K4NNLHT��9��H9�DN����:FNHLF�.FLGU�
 HU��
�			 baBàŽ�¦��¦�wŭftC
Ų Ū � £ � x z ¡ � ¦ � � ¦ � 4HPH�
2YRTHUUL4P��OPLE:U��42�	 baƼ´ÿŲŪƤ
ń�¦��¦�wôcBƅĎcif^
�MY
�)�
�� `ÇŲŪqtƼ´ÿƑwŉƈq
tC»hfB�MY
�� klrutƅÿƉƕkĚ
ĦoutĹĿ±ǇcƅĎ_ŲŪklrut
Ƽ´ÿƑwŉƈqtCnurdƼ´ÿƑdǉ
áçwBǈĢūŒƉƕcif^ �MY
�)�
��
cqy^ƳÊÒĞoutÞƖĢwľqt¿
ƞƼ´ÿ`qtC�
�
�(	 ��MY
�)�
��cqy^ƳÊÒĞoutƼ´
ÿdŧăwƚgC¿ƞƼ´ÿc]f^B
�MY
�)�
�� ŲŪƉƕdâă`âŌdĨřw
ŭftn`cqsBƅĎcimtŲŪƉƕw
ŧăqtCǈĢūŒƉƕc^ �MY
�)�
�� `
ÇŲŪqtn`kŸƪouv¿ƞƼ´ÿc
]f^B�{�ǈĢūŒƉƕŇǖ40�	�UR-	 B
ƳÊƬƄǎóiqg �MY
�)�
�� ŲŪ���
��wŭfv¢�¦�¦�¦¤y��zw
ƚfB�MY
�)�
�� ¼ĀĢƳÊƬƄdľţwŉ
ƦqtCLP�;L;4 _ �MY
�)�
�� k¨Ƨ¿ƞƼ
´ÿdƳÊƬƄǎócƋáp^ftn`w
ŸƪqtvnB�{�ƅĎ��� 1�. wŭf
^�£��¤ÃűŗǇř�0K6�	 wƚfBëÜ
ouv 1�. Ĵťwǂò`p^ �0 řwŭf^
¨Ƨ¿ƞƼ´ÿd§ƽk÷ĒoutMag
MƤńqtC�
�
ǞǙŷžĦŅ�
�		 ��{�ƊƏcimt �MY
�)�
�� dŲŪ�
[�{�ƊƏcimt �MY
�)�
�� dŲŪw
ŉƦqtvnB,ƺǕd�{�dƗêMr  �.
wƅƟpB "��0 řwŭf^ �MY
�) iqg
�MY
���O �. dŉËwƚyvCtdƋŅB
�MY
���O �. eĲúldƊƏ_ŉËouvo
ddBƅĎ_ļoĘfŲŪkƣĆouvC§
ĵB�MY
�)�O �. eƅĎwämàƊƏdŲŪ
¢�¡k·lBŉËkíǋ_eyvCorcB
O �. ŲŪ¢�¡wăǁÖqtvncB y¡
�z�  "��0 řwŭfvƤńwƚyvCƅ
Ďd �MY
���O �. ¢�¡eB¯dƊƏcŔh
Ƈ 	���	��� ¾ǒfn`kvMyvǖî 	ǗC�

î 	� �{�ƊƏd �MY
���O �. ¢�¡�

1"

10"

100"

1000"

10000"

Te
s'
s"

Ep
idi
dy
mi
s"

Kid
ne
y"
Liv
er"

Sp
lee
m"

He
art
"
WA

T"
BA
T"

Int
es'

ne
"
Lu
ng
"

Wh
ole
"br
ain
"

Sk
ele
tal
"m
us
cle
"

Nkx2%6/Gapdh-(log)-



 

 

?ƅĎcimt �MY
�� �¤��ƲdŲŪƽ
¶wƤńqtvnBďƱdĩ �MY
�� ĩ¸w
ÑŭpvĦŤ�{�ƅĎÍťdÃűƊƏÖ
ĂwƚyvCtdƋŅB�MY
�� �¤��Ʋe
iocĜĿÉĚƅÿƉƕBµǃƅÿƉƕǖŶ
ÙǗBiqgǅƲƉƕǖy�� ��ǗcŲ
ŪpBƅÚƉƕ¥ƅœƉƕǖŶǏǗcoėf
ŲŪkƢrutn`kvMyvǖî 
ǗC�
�
�
�
�
�
�
�
�
�
�
�
�
�
î
� �{�ƅĎcimt�MY
���¤��Ʋ
dŲŪƽ¶�
�
�
	 ��MY
��cqy^ƳÊÒĞoutƼ´ÿd
®Š�
ŲŪƉƕdƤńMrB�MY
�� eÌÖpvǈĢ
ūŒƉƕdƼ´ÿŲŪwƬƄp^ft`ƒ
hruvCtn_B�¦��¦�wÑŭpB
. òÛg / òƅÚƉƕ`Ŕƴp^BqsÌÖ
pv�~�¤ĿƅœƉƕ_ŲŪk÷Ôǖ( ¾
±¨d÷ÔǗp^fvƼ´ÿ`B¨śó 	����
ER ±Èc �MY
�� kƪƮpƋáqt`®Šo
uvƼ´ÿdǉáçwŖnBƅĎcif^
�MY
�� cqy^ƳÊÒĞoutƼ´ÿd¿
ƞ`pvǖî (ǗCtdƋŅB�
�������		 b
a -) Ƽ´ÿw¿ƞƼ´ÿ`pvC�
�
�
�
�
�
�
�
�
�
�
�
�
�
î(� ƅĎcif^�MY
��cqy^ƳÊÒĞ
out`®ĤoutƼ´ÿdŉƈ�
�
�(	 �MY
�� cqtƼ´ÿŲŪÒĞŏŋdƤń�
[�MY
��ce(]d½ĀouvŏƖ��z¤
ǖ"� ��z¤B"�CB��}����B54YCB
���
�URHFLILF ��z¤B!1CǗkesBƼ´
ÿƳÊÒĞcǆ«qt`ƒhru^ftkB
Ūðk_tdŋƸ`ƳÊÒĞŏƖ`dǆƹ
Ģeõåou^irrBkv �MY
�� cqy

^ƳÊkÒĞou^ftƼ´ÿdõåob
MyvCtn_krB�MY
�� dà��z¤d
ŐįøŰ¸` 43� �¤��Ʋdƙá�¤��
ƲwŲŪqtvnd��������¦w
ºƟpB
-(" ƉƕcĈÅp^ŲŪosBƉƕ
È_dĊðwƬhvCtdƋŅB54Y ��z
¤dŐį¸dlkňù_ŲŪpvǖî )ǗC�
�
�
�
�
�
�
�
�
�
�
�
�
�
î )� �MY
�� øŰ¸dƉƕÈĊð�
�
?�{� �
�� iqg ���		 Ƽ´ÿd¨śó
ǖ�(��d�)�� öô	 d 1�. Ĵťw¡��|�
¦�y��zŭ����� R48(�/DULF cī
ÅpvCorcBà¨śócäkut �MY
��
®ĤƋáƾÎwøŰosv 1�. Ĵťotuu
u R48(�/DULF cīÅpvǖîǟ.	 Cnur
d�����w �MY
�� ŲŪ�����`Ç
c 40�	�UR- ƉƕcĈÅpvĜBƉƕšƤŝ
wŭf^¡��|�¦�ŚĢwŠăpvǖî
ǟ/ǗCtdƋŅBøŰò¨śówľqt¡�
�|�¦�y��zŭ�����` �MY
��
ŲŪ�����wÇcĈÅpvƉƕeB¡�
�|�¦�y��zŭ�����dlĈÅ
pvƉƕp �MY
�� ŲŪ�����dlĈÅ
pvƉƕ`ijâżĕd¡��|�¦�Ś
ĢpMŹobMyvkBǀūò¨śówľq
t¡��|�¦�y��zŭ�����`
�MY
�� ŲŪ�����wÇcĈÅpvƉƕ
eƇ 
d ¾d¡��|�¦�ŚĢdƫĈk
ƢruvC�

î � �
��iqg ���		 Ƽ´ÿ¨śócćq
t �MY
�� dƳÊƬƄŏŋdƤń�
�
]�MY
�� dà��z¤dŐüøŰ�¤��
ƲŲŪ�����`B�
��ople ���		 ǀ

��

��

Nkx2%6*/-%�#��'
DNA&/)/'(��'
'
'
'
1Varia%on(in(homeodomain(DNA(binding(revealed(by(high5resolu%on(analysis(of(sequence(preferences.(
 Cell.2008'Jun'27;133(7):1266%762�

GEO(ID:GDS2390)�RSAT(��������+0.)�

	���'�%1000'bp'
��3  ���  ����������
��������	
����

''''''''A,B
�	��''
'
'''-$,/����'
''
�����"3��	'

927���'
3595���'

94'
����
Prm1!
Akap3'
etc.'�

>�

10 µm�

EGFP-Nkx2-6

H33342� EGFP� Merge�

10 µm�

10 µm�

10 µm�

EGFP-
Nkx2-6 ΔHox

EGFP-
Nkx2-6 ΔSD

EGFP-
Nkx2-6 ΔTN

Prm1��	�

ggcATCCACTTGAgtg�

catATCCACTTATctg�

Akap3��	� ×�
×�

Nkx2&6
����	�
�����

)304� )204. )197. +106�

)405� )296.)305. +54.

pGL3(Prm1).
mut�

pGL3(Akap3).
mut�

Prm1��	�

Luc�ggcATCCACTTGAgtg�

Luc�catATCCACTTATctg�

Akap3��	� Nkx2&6
����	�

)304� )204. )197. +106�

)405� )296.)305. +54.

A�
pGL3(Prm1).
wt�

pGL3(Akap3).
wt�

Luc�

Luc�

0.

0.5.

1.

1.5.

2.

2.5.

Fo
ld
.(F
ire

fly
/R
en
ill
a�
�

Prm1�

��
��

��

0.

1.

2.

3.

4.

5.

6.

7.

8.

Fo
ld
.(F
ire

fly
/R
en
ill
a�
�

Akap3�
��

��

��

B�

pGL3(Prm1).
mut�

pGL3)Basic.+.
Nkx2)6	�.
���.

pGL3(Prm1).
mut.+.

Nkx2)6	�.
�����

pGL3(Prm1).
wt..+.

Nkx2)6	�.
����

pGL3(Akap3).
mut�

pGL3)Basic.+.
Nkx2)6	�.
���.

pGL3(Akap3).
mut.+.

Nkx2)6	�.
�����

pGL3(Akap3).
wt..+.

Nkx2)6	�.
����



 

 

ūò¨śówľqt¡��|�¦�y��
zŭ�����w 40�	�UR- ƉƕcĈÅpB
¡��|�¦�y��zwƚyvǖî �ǗC
�MY
�� dà��z¤ŐüøŰ�¤��ƲŲ
Ū���¦`B�
��ople ���		 ǀūò¨
śówľqt¡��|�¦�y��zŭ�
����wÇĈÅp^o¡��|�¦�Ś
ĢdƫĈeƢrubMyvC[d]dƋŅM
rB�MY
�� e �
�� iqg ���		 Ƽ´ÿdƳ
ÊwƫĈqtn`kŹèouvCorcB54Y
��z¤eňÈŻƚcƿơběÓwŅvq
n`kŹèouvC"� ��z¤iqg !1 �
�z¤e �MY
�� �¤��ƲdňÈŻƚce
ą«pbfoddBƼ´ÿdƳÊŚĢÖc¹
rMděÓwľqtn`kŹèouvCŁŷ
žcqsBƅĎŧŰųcŲŪqt��}��
z¤�¤��Ʋ �MY
�� dƼ´ÿŲŪÒĞc
ǆqtěÓd§ķwĸrMcqtn`kË
ŃvCorcB�MY
�� �¤��ƲdŋƸ¨d
ŧğ`BƼ´ÿƳÊƬƄŏƖ`dǆƹĢc]
f^oĸrMcqtn`kËŃvC�
�

�
î ���
�� iqg ���		 Ƽ´ÿ¨śócćq
t �MY
�� øŰ¸dƳÊƬƄŏŋdƤń�
�
�
ǟǙbŲƛƭĳƃ�
ǖŷž°ƛƓBŷžÌĪƓÛgƹİŷžƓc
e©ƍǗ�
 
bǊƩƭĳcǖƥ� ǚ²Ǘ 
�
bĂ³Ųƛcǖƥ� Ǜ²Ǘ 
[� ĉċčƝB¬łľāB½ñéŵBƁÈč
đBŜǀŞBċǀýƀǢ�{�ƅĎcimt
�MY
�� dŲŪ`ƳÊƬƄŏƖdƤńBƂ 	,
ëĶŁũ×Ă³ǖØçŮǗB
�	�-�
�
bîĻcǖƥ� ǚ²Ǘ�
�
bŬŊưŬŎc�
AËǐŨŘǖƥ� ǚ²Ǘ�
�
ãźǢ�
ŲĸƓǢ�
ŎÑƓǢ�
ŽǑǢ�

ůßǢ�
ËǐēĽĶǢ�
ïÈùdÐǢ��
�
AÝĝŨŘǖƥ� ǚ²Ǘ�
�
ãźǢ�
ŲĸƓǢ�
ŎÑƓǢ�
ŽǑǢ�
ůßǢ�
ÝĝēĽĶǢ�
ïÈùdÐǢ��
�
btd¯c�
�¦��¦�ƃ�
�
ǠǙŷžƊƏ�
�		 ŷž°ƛƓ�

Ŝǀ� Şǖ.!.����.9U:UKLǗ�

ǔÄČûĂ¥ƵŕŬũ×Ăóũ×ĂƆ¥ı

Ĭ�

� ŷžƓůßǢ-�(	
)�)�

�
�
	 ŷžÌĪƓ�

ċǀ� ýƀǖA.9.����A4UKLDMLǗ�

ǓÝûĂ¥ƵĂƽ¥ıĬ�

� ŷžƓůßǢ���	,
-(�

�

ƁÈ� čđǖ".�2#056��"DMDUKL	 ��

ǓÝûĂ¥ƵĂƽ¥ıĬ�

� ŷžƓůßǢ�	�(
��	�

 
�(	 ƹİŷžƓ�

ǖ� � � Ǘ�

�

� ŷžƓůßǢ� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

0"

0.2"

0.4"

0.6"

0.8"

1"

1.2"

1.4"

Fo
ld
"(F
ire

fly
/R
en
ill
a�
�

pGL3(Prm1)+Nkx2?6����

0"

0.2"

0.4"

0.6"

0.8"

1"

1.2"

Fo
ld
"(F
ire

fly
/R
en
ill
a�
�

pGL3(Akap3)+Nkx2?6���"

pGL3"
(Prm1)�

pGL3"
Basic"
+"

Nkx2?6"
wt�

TN� Hox� SD�Nkx2?6����


����

n=3$��	±	���

pGL3"
(Prm1)"

+"
Nkx2?6"
ΔHox�

pGL3"
(Prm1)"

+"
Nkx2?6"
ΔTN�

pGL3"
(Prm1)"

+"
Nkx2?6"
ΔSD�

pGL3"
(Akap3)�

pGL3"
Basic"
+"

Nkx2?6"
wt�

pGL3"
(Akap3)"

+"
Nkx2?6"
ΔHox�

pGL3"
(Akap3)"

+"
Nkx2?6"
ΔTN�

pGL3"
(Akap3)"

+"
Nkx2?6"
ΔSD�

×� ×� ×�
A�

B�


