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研究成果の概要（和文）：繊毛の構造と機能に関連する新規遺伝子を見出し、KOマウスを作出してその表現形を
解析した。顕著な異常が見られた組織を電子顕微鏡で解析したところ、繊毛表面の脂質二重膜構造、軸糸の配置
および数などが乱れており、また繊毛内部に異常な小胞も認めた。これら形態学的な異常に伴い繊毛の機能低下
も認めた。この新規分子は繊毛の形成時に機能していると推測された。この遺伝子の変異によるヒトの疾患は報
告されていないが、ゲノムのSNP解析により、この遺伝子の機能を損なうようなSNPが存在していることを見出し
た。

研究成果の概要（英文）：A novel gene involved in the proper formation of vertebrate cilia was 
identified and characterized. The knockout mouse demonstrated a severe phenotype after birth due to 
defects in ciliogenesis. Transmission electron microscopy of the affected organs revealed that the 
integrity of axonemal arrangement and number were lost in the null mutant. Although there is no 
clinical report related to this gene, SNP analysis suggested the existence of SNPs that would lead 
to the loss of function of this gene. 

研究分野：細胞生物学

キーワード： 繊毛

  １版



Ż� ĩ� ɽɰɲɺ�ɾɰɲɺɰɲ�ʀɰɲɺ�ɽɿɰɲɺɮ¶Ȼɯ�

ɲɱƼǉɒăĬÂ,ǲť 
� ǧƈ-ǚǴȍɡ�:Ǌ¾�<İ 0.3 µm�ɐ
� 2-20 µm,ǚǴĔêĊ&�ĵĔǑ�:)<
öĦĔ¢.9.ȳǖ'��ɫŵźȽ@Ŋ#	
ǧƈ-�,źȽƱ�ſǵƱğƬ*ö$1�9+2
ó,ȳǖ@Ŋ!k~nz'�%ſǵ�<ɀ
Íǧƈ' 9+0 ó,ȳǖ@Ŋ!B�\`'�
%ſǵ�<�ƀǧƈ*þÃ�=%�<	ɀÍ
ǧƈ-Ɖɂ�ƲǚǴ8Ǖą*ȓ:=��ƲǗ
ǚǴ&-ǚǴ
�;Řưŭ7ȓ:=<	�ŝ�
�ƀǧƈ-�¢@źľ�<12µ%,ǚǴ
*Ćð�%.;�àǚǴ*ɲŭ&
<	�,
9�*Ŀ
,�: @źľ�<ǚǴ0Ż

)ĸȩ,ǧƈ@ƥ4¾�¿ąſź*ɔ�%
-��).�ţ)Ƙ0ý2Ƅ�=%�<	 
� Ǻ*-ǺǸɬƓɮCSFɯ,ouGSXQS
*ɔ��<ɳǇɨ,ǺĎǗ�ƲǚǴ0Ćð
�<	ǺĎȍɡ@ĥ2Ȓ��ȌǚǴɮEPDɯ
-ɀÍǧƈ@Ū�%.;��,ɢń!ɀÍ0
CSF ĴƤ*Ɋȑ&
<�'-92ƹ:=%
�<	�ŝ�ǷǟÜ*.�% CSF Ʀƥ.9
. CSF �/,Ż
)ƥƣƑĸƜȩ¿Ǝ@ň
"%�<ǷǟÜ�ƲǚǴɮCPECɯ-�ƀǧ
ƈ@Ŋ#0��=-ɲ#,ǚǴ�:ýŘɮ��
ŭ��ɯĭľ�=<'���Ź6%¥üƱ)
ƯƢŻĩ@'"%�<	Ƽǉ�ȍǮ-�=3
&�CPEC,�ƀǧƈ0ƿǝnkZ_@Ûď
��CSFƦƥȤǒ*ɔ��%�<�'@÷å
��3��,ǧƈ,k~\GsLSȗű'�
,ı,ſǵȗű*9"%�ƥı,ƯɃ*��
ɀÍǧƈ�:ļȕǧƈ/,ſǵƱɄǅ'�
�ŜȔ)ƢȨ@ȓ� �%�<	3�Ƽǉ�
ȍǮ-Ũȷ�ɀÍǧƈ@ŘưŭŊ#�ȌǚǴ�
�ƀǧƈ@ŘÑŭŊ# CPEC�ɀÍǧƈ@ɲ
ŭŊ#Ǖą�,ɴǇɨ,ǚǴ*#�%^z�
SL{k^�t,Ƈȴȗű@ȋ"�	�,Ǟ
Ų�ǧƈŘ*Ƈ¥�%ƯƢ}m|0�Ţ�%
�<Ɇ�ąǪ@âċ�%�<	 
 
ɳɱƼǉ,ƳƱ 
� ��,ǲť@ȯ3��ŭƼǉ&-��,ɴ
#,Ƴż@țċ��Ŀ
,�: *ȓ:=<
ǧƈ,źȽƱ�ſǵƱýŻĸ*#�%¿ąǚ
ǴƥƜćƱ)ȗű@ȋ"�	 
ɮɲɯŜȔǧƈɔȾɆ�ą,ſǵȗű 
ɮɳɯjXǷǟÜ0Ŋ#ǧƈ,źȽȗű 
ɮɴɯǧƈ,B�\`ſǵȗű*¦�<^z
�SRFa[LrES£¾�
 
ɴɱƼǉ,ŝƏ 
ɮɲɯȹȲº-PCRȗűɻľơrES,àǿ
ê�ǜǨ�:�total RNA @Ň¾�����
: 2 µg @';ȹȲºØķ@ȋ"�	��%
ĳ:=��cDNA @ PCR ȗű*Ƨ��	Ò
ċɌƱ�PCR ȗű@ȋ��6*�dESJ�
h�MɆ�ą&
<�GAPDH 0â�Ů�&
âǆħùĢ�=<9�*�cDNA P�k|,
Ɨħ@Ȥǒ��	�
ɮɳɯɆ�ąŕûrES,£¾ɻ�Ç£ľ�
Ʌņ�� CRISPR/Cas9ƯƢkzSs_@�

ėŶþćƯƥĝćU�X�,ȅėŖŎ�ɐ×
èţƝ�ÌŖ,ÓÊ@ĳ%�ĝÛǕÔ*r
DL~D�RFLQy���ǫŠƯƥ,ȿA
 Őá¢@¬ĂĄrES,ÔǑǾþɈ*ǅ
ŷ�%Ʀ�@ĳ�	ĳ:=�rES-Ɇ�ą
ó@ƽȡ�<''7*ȷ�Ǘ/Ł��ɉ@
ȋ��ȍƢĭ,ȗű@ȋ"�	�
ɮɴɯrESǜǨÀƛ£ľ�RNA in situ d
Dj{YDV�Qy��EFSX�j~[
^�²ƭųȄɻ�=:,čɪ-�ȃƱ)ŝƏ
*Ĳ�ȋ"�	�
ɮɵɯÂ�õɩ�ȌǚǴ0Ŋ#ǧƈ,ÍĽȗ
űɻŜƥ³rES9;ĳ�Â�õɩ�ȌǚǴ
@IzSp^t]C[Qx*ƧĻ��Allied 
GE680 CCDHuz@ȏ®��«ǋ Ƶğɧ
ĵɏ@Ƨ�%ǧƈ,Íƪ@ƆǄ175Or,ȼ
ħ&Úĳ��	ĳ:=�ƪ°]�X-�TI 
Workbench.9. Image JWi^EFB@
Ƨ�%ȗű��	ǧƈɀÍ,ŌĢ,ȗű*ɔ
�%-�İɲµm,Ȉ±rDL~g�T@õ
ñ*ƔË��ɀÍǧƈ*�Ƹ��g�T,ȱ
Ȯ@Ȉ±ɧĵɏ&œį�Ɩċ�<�'*9"
%ċɌƱ)]�X@ĳ�	�
ɮɶɯɞąɧĵɏȗűɻȺɁóɞąɧĵɏ
ɮTEMɯ.9.ȫŴóɞąɧĵɏɮSEMɯ
@Ƨ��ȭĵǚźȽ,ȗű-�ȃƱ)ŝƏ
*Ĳ�ȋ"�	STEM @Ƨ��LzDGɞ
ąǥ^vMziC�-ƣÏćƼǉłŽƒJ
w�eS,�ƨ��ǘƼǉæ�ɊŰǂž�ǘ
Ƽǉæ:,ÓÊ@ĳ%.�)"�	�
�
ɵɱƼǉľŲ�
ɮɲɯŜȔǧƈɔȾɆ�ą,ſǵȗűɻ�=
3&,ƟȀ,ȗű*9"%ȓ¾��ŜȔǧ
ƈɔȾɆ�ą�Rik�*#�%�rES,àǿ
ê�ǜǨ*.�<ƯƢ,Ūƙ@ȹȲº�PCR�
ɮRT-PCRɯƏ&ȗű��	ÒċɌƱ)Ů�
&�PCR @ȋ"�'�>�ɀÍǧƈ@Ŋ#ǚ
Ǵ0ý2Ćð�<�ȌǚǴɮÂ�õɩɼEPDɯ�
ǱɮLungɯ�ǕĜɮTestisɯ&�Rik�,ƯƢ@
Ÿ¾�<�'0&1�ɮíɲɯ	�ŝ�Ǻ
ɮBrainɯ�ǰǿɮLiverɯ�ǼǿɮKidneyɯ�
ǻǿɮSpleenɯ&-�Rik�,ƯƢ@Ÿ¾�<
�'0&1)�"�	�ȌǚǴ-Ǻ¸*Ćð
�<0��,Ř-ƿǝǚǴ8�,M{BǚǴ
,Ř*Ƈ0%ɠġ*ĕ)��6�Ǻµ¢�:
Ň¾���RNA @ȗű*Ƨ��øá-�Rik�
,ƯƢŸ¾*-ȁ:)�"�7,'ǭ�<	
ÔǑɮOviductɯ&, Rik ,ƯƢ-Ÿ¾&1
)�"�0�ǧƈ�Ʋ@Ū�%.;�Ț,¯
ã*ö$2'ƯƢ0�ĺ�=<,&ŸȜ@
ǡǢ�&
<	�

íɲ�rES,àǿê�ǜǨ*.�<ŜȔǧ
ƈɔȾɆ�ą Rik ,ƯƢɱ�



� Rik ,Ɇ�ąƯƢ}m|0Ũ7ɭ�ǕĜ*
ɔ�%-�RNA in situ hybridization @ȋ"
%�,ƯƢɤô@Ÿș��	�,ǞŲ�Rik�
,ƯƢ-ǕǚǑ¸Ɉ&Ȭ�"%.;�Ɲ*ī
�ƯƢ0ȓ:=�,-Ǖą0ƕŘ¿Ȏ@Ǜ
�%ɢƈĭľ@ȋ�ɤô&
<�'@ȓ¾
��ɮíɳɯ	��,ƹȓ�:��,Ɇ�ą
0ɀÍǧƈ,ĭľ*ɔ��%�<�'0ő
Ɩ�=�	�

� ƀ* Rik X�eLȩ*ē�<EPKq{
L~�`|Ņ¢@£ľ���,ƝƬĸ.9.
ļħ*#�%ȝ§@ȋ"�	ĳ:=�Ņ¢-
293 ǚǴ*īÅƯƢ��  Rik-FLAG X�
eLȩ@ƝƬƱ*ȡȦ&1�3�²ƭƋɕ*
¤Ƨ��'�> Rik-FLAG X�eLȩ@Ɨ
Ǧ�<�'0&1�ɮíɴɯ	���)0:
¸ðĸ, Rik X�eLȩ@EFSX�j~
[^.9.²ƭųȄ&ƝƬƱ*Ÿ¾�<�
'-&1)�"�	¸ðĸ, Rik X�eL
ȩ,²ƭƋɕ*-¤Ƨ&1<Ýǵĸ0
;�
Rik ',Ǟá¿ą@ŏǙ�<k|YE�B
[UD/,ÄƧ@Ÿș�&
<	 

� �Ç£ľ�Ʌņ�� CRISPR/Cas9kzS
s_@rESÛǕÔ*Ɛ´��Rik c[LB

E^rES@£¾��	��%ĳ:=�Ʀ�
,Ɇ�ąó@ȗű�<''7*ȷ�Ǘ/,
Ł��ɉ@ȋ"�	Rik Nct,ÀśżƱɉ
Áȷ­,Ɇ�ąûƬ@Ȥ0�'�>�3 ǗǠ
,ûƬ@ƽȡ��	l\~ûƬ¢,ɛɚ@�
ɉ�%ĳ:=�Ʀ�,Ɇ�ąó-u�]|
,ƏÆ*Ĳ"%.;�Rik ,ſǵéÿ*��
ǳƥȂƃ-Ȭ�"%�)��'0ƾ�=�	
3�Ʀ�*-¸ǿȹ �Ɏ 7ƽȡ&1��
Rik 0c�_ǧƈ,ĭľ.9.ſǵ*Ķɣ&
-)��'0?�"�	 
� ¾ƥı,rES,ȍƢóȗű*9"%�
Rik ,ovûƬ¢0ƊɥƮ@ä�<�'@
ȓ¾��ɮíɵɯ	�,ǆħ*-ª¢ğ0

;�ɝ�Ç�:ɥȇ»,ûĭ0ɧȆ&šū*
ƃ��<7,�:��ȓƁġ&
<0ǺÀƛ
&ǺĎŉþ@ȡ6<7,3&Ż
&
"�	 

� ǎ�ǺĎ@²ƭųȄ�%ȖĒ�<'�ov
ûƬ¢&-�ȌǚǴ,ɀÍǧƈ0ɗł&ÿ
?=<''7*�Ƅ"�ǧƈ7ƴǋ��7,
0ý2�ɀÍſǵ,¡�0ī2ƾç�=�
ɮíɶɯ	� �

� �ȌǚǴ,ǧƈɀÍ,¡�*ɔ�%-
Â�õɩǗ@Ƨ�%�:*ȗű@ȋ��Ȉ±
rDL~g�T@Ƨ��ƪ°ȗű.9.d
DSh�_g]Gɧĵɏœį*9"%�ŌĢ
,ƕĕ0ɧȆ*ȓ:=<�'@ȓ¾��ɮí
ɷɯ	�

íɳ�ǕĜǜǨÀƛ@Ƨ���Rik ,�RNA 
in situ dDj{YDV�Qy�ɮB�ZU
�Sk~�j@¤Ƨɯɱ�

íɴ�Rik-FLAG īÅƯƢǗ@Ƨ��EP
KŅ Rikq{L~�`|Ņ¢,ȝ§ɱ�

íɵ�Rik ovûƬ¢-ƊɥƮ@ä�<ɱ�

íɶ�ɋƥóɮ�ƅɯ' Rik ovûƬ¢ɮ�
ƅɯ,ǎ�ǺĎ,²ƭųȄ°ɮǤ�BUZ
|ÏZx�j{�ɼȪ�Arl13Bɯɱovû
Ƭ¢&-ɗł*ǧƈĭľ�µ0ȓ:=�Ğ
Þ,ǺĎú,ɓɘ0Ơ3"%�<ɱ 



� ƀ* RikovûƬ¢,Ǻ@îċ��ǎ�Ǻ
Ďú,�ȌǚǴ0Ŋ#ɀÍǧƈ@ȺɁóɞ
ąɧĵɏɮTEMɯ&ȖĒ��	þýŘɮ.9
�ɸÉɯ,ǧƈ*-Ƭġ0ȓ:=)�"�0�
�,�ŝ&Ƕȩ�Ɋǽ0þ12Ƃ4�Yj}
[^ĵĔǑ,ɉǩ.9.Ř0Ȇ�2�=%
�<ǧƈ0ɴÉ1(ŗð�%��ɮíɸɯ	
����źȽ,Ƭġ-öĦĔ¢.9.ǧƈ
öɈ*-ȡ6:=��Rik 0ɀÍǧƈ¸Ɉ,
źȽĈċÏ*Đ��%�<Ýǵĸ0ƾç�
=�	 

� 3��Rik ,ovûƬ¢-ƊɥƮ*Ë�%
ɚĸ�Ă7ä�<�'@ȓ¾��	ǕĜ,ǜ
ǨÀƛ@'�%ĥ2Ƨ�:=%�<BUZ

|ÏZx�j{�ɮǧƈr�H�ɯ*ē�<
Ņ¢@Ƨ�%²ƭųȄ��'�>�Ǖą,ɢ
ƈĭľ�µ0Ȇ�2�ɢƈȳǖ*ŧ?"%Ǖ
ą,ĭĽĭľŤ*�Ɂĸ*Ƣ=<r�QF
[^ĵĔǑ0Ƭġ)BUZ|Ï@Û�%�
�ɮíɹɯ	�
� 3�ǕĜ�:ǕĜ�¢/'ȵȸ�=�Ǖ
ą@ëÙ�%ȫŴóɞąɧĵɏɮSEMɯ&Ȗ
Ē��'�>�ɋƥó&-ĉľ��Ǖą@ȡ
6<�ŝ&�ovûƬ¢&-ɢƈ0Ȇ�2ƺ
�āĭǕą,4&��,Ř7ɋƥó*Ƈ0ĕ
)�"�ɮíɺɯ	3��=:āĭǕą*-
ɢƈɀÍ0µ2ȡ6:=)�"�	�

�
ɮɳɯjXǷǟÜ0Ŋ#ǧƈ,źȽȗűɻƼ
ǉ�ȍǮ-�ÇǷǟÜ,ǧƈk~\G�t
ȗű@ȥř*÷å�%�<0�9;ǕȐħ,
ɭ�ǧƈ@ȤȐ�%�9+0óǧƈ¸Ɉ,ȟǚ
)źȽȗű@Ƴŋ��	ǕȐ*Ƨ�<jXǜ
Ǩ,Ɍ@ù8��3�ǕȐ*Ƨ�<đħÎɉ
@SL~�S�: Optiprep *ûŦ�<)
(Ÿș@Ɋ+�ǞŲ��Ç'Ƈȴ�%ǕȐħ
@ɭ6<�'0&1�ɮí 10ɯ	�

� �,9�*�%ĳ:=�ȞŚ@o|t
B|]f_&îċ��,!�ƣÏćƼǉłŽ
ƒJw�eS*Ŋ!ȶ4�ƨ��ǘƼǉæ�
ɊŰǂž�ǘƼǉæ:,ÓÊ@ĳ% STEM
@Ƨ��LzDGɞąǥ^vMziC�@

íɷ�Ȉ±rDL~g�T@Ƨ��Â�õ
ɩ�ȌǚǴ,ɀÍǧƈ,ŌĢȗűɱ�

íɸ�Rik ovûƬ¢,ǎ�ǺĎú&ȓ:
=�ɀÍǧƈ,ȺɁóɞɧ°ɱ�

íɺ�ɋƥó.9. Rik ovûƬ¢ɮō´
íɯ,ǕĜ�¢�:ëÙ��Ǖą,ȫŴó
ɞɧ°ɱ�

íɹ�ɋƥóɮĞɯ'�Rik ovûƬ¢ɮÞɯ
,ǕĜ,²ƭųȄ°ɮǤ�BUZ|ÏZx
�j{�ɼɟ�DAPIɯɱ�

í ���jXǷǟÜ�:ǕȐ��ǧƈ,bI
\CjųȄ°ɱĲů,ŝƏ&ǕȐ��ȞŚ
ɮĞɯ&-ĀɜƜ,�*ǧƈ@Řŭȡ6<
,4&
<0�Ŝ��ŝƏ&ǕȐ��ȞŚ
ɮÞɯ-ĀɜƜ,Ɍ0ƕ;�ǧƈ,Ɨħ0
ɭ3"�ɱ�



čŞ��	�,ǞŲ�ǈ8�)ǹǽ½ƣ*9
"%Ƕȩ�Ɋǽ@Ɉ¿Ʊ*ɖÕ�=� 9+0
óǧƈ,ȳǖ*Ú;ì3=�¸Ɉ*��ȃƱ
)ȺɁóɞąɧĵɏȖĒ&-ȓ:=)�
Ż
)þ1�,ǔą0Ćð�%�<Żą0
ȡ6:=�ɮí ��ɯ	�

� źȽȗűƧ*ȤȐ��ǕȐǧƈȞŚ,�
Ɉ@';k~\G�tȗű@ȋ"�ǞŲ��
Ç,]�X*Ƈ0%ĀɜƜ'�%âċ�=
�s^O�_{BX�eLȩ,Ǉɨ.9.
Ɍ-ƕ<�ŝ&�şƹ,ǧƈɔȾ¿ą@9;
ý2âċ�<�'0&1�	3�]�X,�
*-�*7ý2,źȽX�eLȩ.9.Q
M`|�Ƀ¿ą0ȓ¾�=��ıǧƈ,ſǵ
@Ƽǉ�<�&Ɋȑ)Ĺ÷0ĳ:=�	�
�
ɮɴɯǧƈ,B�\`ſǵȗű*¦�<^z
�SRFa[LrES£¾ɻµȰ,ǚǴ*ǧ
ƈĖðĸH|QEtU�X�X�eLȩ@
ƯƢ�<^z�SRFa[LrES,£¾
@Ȟ4�	H|QEtU�P�X�eLȩ
G-GECO1.0 @ǧƈ*Ėð��<�6,ɉÁ
'�%�5HT6 ' NPHP3[1-203],ɳǇɨ@
NŬǌ*ȉá���ƯƢO�S^zL^@£
ľ���=�=�ĝÛǕÔ*rDL~D�R
FLQy���	���)0:(!:7¬Ă
ĄrES,ÔǑ/,ǅŷı*ǳƥȂƃ@Ī
1Ȭ���Șƪ��Ɇ�ąŕûrES-ĳ:
=)�"�	H|QEtU�P�X�eLȩ
@īÅƱ*ǧƈ¸Ɉ/ȸ;ȶ5�'*9;�
ŭů,ǧƈ¸Ɉ*.�<H|QEtDG�
,ÍĽ0Ŕ���Ýǵĸ0
<	ǧƈ¸,H
|QEtDG�@���QM`|�Ƀ0r
ES,Ưƥū*Ź6%Ɋȑ&
<�'@ƾ
ç�<ƹȓ'ǭ�<	�
�

ɶɱ�)Ưȍȥřǐ�
ɮƼǉ�ȍǮ�Ƽǉ¿ňǮÖ.ȾŒƼǉǮ*
-�ǥɯ�
 
(ɜȠȥř)ɮȘɵ�ɯ 
�. Keishi Narita and Sen Takeda. Cilia 

in the choroid plexus: their roles in 
hydrocephalus and beyond. Front Cell 
Neurosci (ŴȢŪ) 9:39, 2015 
doi:10.3389/fncel.2015.00039 
 

�. Keishi Narita, Syohei Sasamoto, 
Schuichi Koizumi, Shizuka Okazaki, 
Hideki Nakamura, Takafumi Inoue 
and Sen Takeda. TRPV4 regulates 
the integrity of the blood- 
cerebrospinal fluid barrier and 
modulates transepithelial protein 
transport. FASEB J ( Ŵ Ȣ Ū ) 
29(6):2247-59, 2015) 
doi: 10.1096/fj.14-261396 
 

�. Takafumi Inoue, Keishi Narita, 
Yuta Nonami, Hideki Nakamura 
and Sen Takeda. Observation of the 
ciliary movement of choroid plexus 
epithelial cells ex vivo. J Vis Exp (Ŵ
ȢŪ) 101:e52991, 2015 
doi: 10.3791/52991 
 

�. Toru Odate, Sen Takeda, Keishi 
Narita and Toru Kawahara. 9 + 0 
and 9 + 2 cilia are randomly 
dispersed in the mouse node. 
Microscopy (Oxf) ( Ŵ Ȣ Ū ) 
65(2):119-26, 2016 
doi: 10.1093/jmicro/dfv352 

�
(ć�Ưȍ)ɮȘɸ�ɯ 
�. ľƨè��ɐ×èţ�ǍƨŃɱŜȔǧƈ

ɔȾɆ�ąc[LBE^rES,ȗűɱ
ŠŭȗÈć�ɱ2017 Ĥ 3 ũ 27 Šɱɐ
ęþćòŭñÐJw�eSɮɐęƶɐę
Ġɯ 

�. ľƨè��ǍƨŃ. ėŶþć*.�<ǯ
ƷȗÈćčǬ,Ƣƞ'ȣɦ. ŠŭȗÈ
ć�ɱ2017 Ĥ 3 ũ 27 Šɱɐęþćò
ŭñÐJw�eSɮɐęƶɐęĠɯ 

�. ľƨè��ɐ×èţ�ȅėƚĮ�ǍƨŃɱ
ŜȔǧƈɔȾɆ�ąc[LBE^rE
S,ȍƢóȗűɱŠŭȗÈć��Ɉñŝ
�ɱ2016 Ĥ 10 ũ 9 Šɱ¨ěþćŰŭ
Jw�eSɮɐɋƶŰŭĠɯ 

�. ľƨè��ǍƨŃ. ŜȔǧƈɔȾɆ�ą
,ſǵȗű. ŠŭȗÈć�ɱ2016 Ĥ 3
ũ 25Šɱg[Me}[^ǁĘɮǁĘƶ
ɇėĠɯ 

�. Keishi Narita, Shohei Sasamoto, 
Schuichi Koizumi, Shizuka Okazaki, 
Hideki Nakamura, Takafumi Inoue, 

í ��� LzDGɞąǥ^vMziC�*
9"%ǋ¢¹źǓ��jXǷǟÜ,ǕȐǧ
ƈɱ�



and Sen Takeda. Regulation of the 
blood-cerebrospinal fluid barrier 
functions by TRPV4. Šŭƿǝǃćć
�ɱ2015 Ĥ 7 ũ 28 Šɱƿŀïə�ȧ
øɮ·ĨƶƿŀĠɯ 

�. Keishi Narita, Shohei Sasamoto, 
Schuichi Koizumi, Shizuka Okazaki, 
Hideki Nakamura, Takafumi Inoue, 
and Sen Takeda. Regulation of the 
blood-cerebrospinal fluid barrier 
permeability by TRPV4. ŠŭȗÈć
�ɱ2015 Ĥ 3 ũ 21 Šɱƿŀïə�ȧ
øɮ·ĨƶƿŀĠɯ 

�. ľƨè��Ǐŭǀģ�Ĕƍ©��ǍƨŃɱ
TRPV4*9<ȊƓǺǸɬƓɔɑ,ſǵ
ȤǒɱŠŭȗÈć��Ɉñŝ�ɱ2014
Ĥ 10 ũ 11 ŠɱɍƌþćČƩJw�e
SɮƻĚƶɍƌĠɯ 

�
ɷɱƼǉǜǨ�
��	Ƽǉ�ȍǮ�

ľƨ�è�ɮNARITA, Keishiɯ�
ėŶþć�ǣáƼǉɈ�¼ŖŎ�

ƼǉǮƫßɻ50452131�
�


