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 ºÎ��

�

� Ezrin, Radixin, Moesin�<+> ERM`�nQ˄.�Actinɛɻ̛ǎ)�ɛɻʆ

`�nQ˄5!.ˈī`�nQ˄)BǊǘ�>ǙɼBƾ�>ɛɻ̛ǎ˸˙`�

nQ˄(
> 1)�ERM`�nQ˄. N ǁɊÃ,Ľģ�>ɘ 300E|l˫�<+

>ʆɟĉg~G��ɘ 200 E|l˫�<+> α u�cQ[g~G����' C 

ǁɊÃ,Ľģ�>ɘ 100 E|l˫�<+>ǝ̈ʍBŠ0!g~G��<ǕƉ�

?> 2,3)��-�#�NǁɊ̐ħ-ʆɟĉg~G�. Four-point-one, Ezrin, Radixin, 

Moesin (FERM) g~G�)đ/?�rD|��˷(ɘ 85%)��̊š,̝�E

|l˫ȲĊſB9%�FERM g~G�,.�ʆˎ˔`�nQ˄(
> Na+, K+, 

2Cl− cotransporter 2 (NKCC2) �;0 Na+,H+-exchanger 1 (NHE1) :�Ɲȴ`�n

Q˄(
> CD44�ɛɻ˷ƝȴÙĻ(
> ICAM	2 -3��ʆ��ɽ˄(
>

phosphatidylinositol 4,5-bisphosphate (PI(4,5)P2) +*-ÙĻ�ɟĉ�>�)�Īď

�?'�>�5!�ˈī`�nQ˄(
> Na+,H+-exchanger regulatory factor 

(NHERF) B¦�'�ɖȚ³ˈɛɻ,��'`�nQ˄@˟̂ĮBǕƉ�>

Podocalyxin :���˫ˎ˔³(
> Na̢ -dependent phosphate transporter 2A 

(Npt2a) �Q��Ggb�k�(
> Cystic fibrosis transmembrane conductance 

regulator (CFTR) )ʝĉ³BűƉ�'Ǚɼʵɒ�>)ɲ
<?'�> 3-5)��Ƭ�

ERM`�nQ˄- C ǁɊÃ-ǝ̈ʍBŠ0!g~G�(.�Actinɛɻ̛ǎ)

ɟĉ�> (Fig. 1)��-;�,�ERM`�nQ˄.�NǁɊÃ(ʆ`�nQ˄:

ʆ��ɽ˄)�C ǁɊÃ(EQb�ɛɻ̛ǎ)ɟĉ�'��ɳBQ�[��Q

��`�nQ˄-ʆȬșBŀŃò�>Ç�B9%)ɲ
<?'�> (Fig. 2) 2)� 

� 5!�ERM`�nQ˄.�²ÙĻ˯ GTPase-�ɂ(
> Rho GTPase -àŶ

ĞĻ)�'-Ǚɼ9Īď�?'�>�ERM`�nQ˄.�Rho GDP/GTP¢Ɵ`

�nQ˄(
> Dbl)ɟĉ��Rho GTPase-ǱſòBº��)�Īď�?'�

>�5!�Rho GTPase-˻ņʵɒĞĻ(
> Rho-GDP-dissociation inhibitor (Rho 
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GDI) ) FERMg~G�(Ȳ�´Ȟ��Rho GTPase- Rho-GDI�<-ʤ̇Bº

˛�>�)( Rho GTPaseBǱſò�>Ç�B9% (Fig. 3)2,6)��-;�+ ERM

`�nQ˄,;> Rho GTPase -àŶ.�Rho GTPase -YRh�,;>ɛɻ̛

ǎǕƉ-ʵɒ,˸��'�>)ɲ
<?'�>� 

� ERM`�nQ˄.Ïˊ,Ȭș�'�>��Ezrin�Radixin�Moesin�? ?-

`�nQ˄.ʇĚ:ɛɻ,;$'ȥ+>ȬșÙŞB)$'�>�Ezrin.�,ɸ

Įɛɻ�ʃɛɻ�;0ˑ±ŕɛɑɛɻ+*-�ȯɛɻ,Ȭș�>�Ezrin-Ȭș

BˮȜĥ- 5%ª�,5(Ǝà�! Ezrin lcQaH� (Vil2kd/kd) {H[.�ɸ

Įɛɻ,��' H+,K+-ATPase�Ȭș�>ɛɑŒɻ)EqM�ʆ)-ʆʔĉ̂ņ

,;>Ȏ˫Ȫ-ȬȪ�Ŭ�ˆ��?>�)�Ʋ<�)+$'�> 7)�Radixin .

ɵʇ-Ǣɛɹɑɛɻ:ˑ±ŕɛɑɛɻ,Ȭș�'�>�Radixin lcQEHf  

(Rdx−/−) {H[.Ǣɛɹɑ-EqM�ʆ(- multi-drug resistant protein 2 (MRP2) 

-Ȭș�²��>�)(ĩ˄(
>p��p�-ɹǦ�1-ƛǪ�̂ņ�?�

̝p��p�ʕȪBĎ�>�)�Īď�?'�> 8)�Moesin .�{Q�rD�

Z���nȚ:Ĺ�Ț+*-ʕǸɛɻ:�ʕɑÑȯɛɻ�ɷ�ʁʇ-�ȯɛɻ+

*,Ȭș�>�MoesinlcQEHf (Msn−/y) {H[.ɛʎƅǋƴ,��> Tɛ

ɻ�;0 Bɛɻ-��nĚł�<-ǶȆ-²��ʠ<?>�): 9)�Rho GTPase

-˻ņ,;>Ĺ�Ț-˅òſ,ȥš�Ȼʰ�?'�> 10)� 

� ʁʇ(.��2'- ERM`�nQ˄-Ȭș�ʠ<?>���-Ȭș˧±.ȥ

+$'�>�Ezrin.ɖȚ³ˈɛɻ�;0ˑ±ŕɛɑ,�Radixin.ˑ±ŕɛɑ�

;0Ñȯɛɻ,�Moesin.ˑ±ŕɛɑ�u��-Ķ��ʖɿ (TAL) �;0Ñȯ

ɛɻ,Ȭș�ʠ<?> (Fig. 4)�Vil2kd/kd{H[.ˮȜĥ{H[)ǡˍ�'�ˑ±

ŕɛɑ-EqM�ʆ,Ȭș�>��˫ˎ˔³ Npt2a -ɛɻʆ�(-Ȭș�²�

�>�)(ŕ�1-��˫ƛǪ-ĭë�;0ʕ���˫ȈŨ-²�BĎ�'�

=�ó�Ɨʃ,��>p`|� D¸Ľſ Ca2+b�k� Transient receptor potential 

vanilloid 6 (TRPV6) -áĻɧʆ(-Ȭș²�)ĉA�'�̛ űƉ,˭ʞ+��˫

:M�YH}-m��[-ȥš�Ɖ˵˝ū,˸��>�)�ȽĖ�?'�> 11)�

Moesin,%�'.�ˑ ±ŕɛɑ,��'Moesin�ȓÃŕɑɟɚ�e��cf,
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��'�ȯ˷ʏˋƟ�;0ŕɛɑ˷˄ſɥɢȪ-˛ŗ,˸��'�>�)�Ƚ

Ė�?'�> 12)�����ʁʇ,��> ERM`�nQ˄-Ȝțȭ+Ǚɼ,%�

'-ȵʠ.����ƹ+>ȶɄ�Żʞ(
>)ɲ
<?>� 

� ʁʇ.kr��)đ/?>Ǖ˘ö±�<+>�of-ʁʇ.ɘ 100 �½-k

r���<+=�³Ǹ-ƀšſBɢƖ�>˭ʞ+ųéBƓ��kr��.�ʕǸ

B˼Ĳ@˟�'üŕBȜƉ�>ɖȚ³)�EqM�ʆ,Ȭș�>ʆˎ˔`�n

Q˄,;$'üŕ�<̈ʤ˄:ǤÙBÒčĂ�'³ǸʵɒBʖ�ŕɛɑ�<Ǖ

Ɖ�?'�>�Na+,%�'.�ˑ±ŕɛɑ(ɘ 65%�TAL ( 25-30%�ˢ±ŕ

ɛɑ(ɘ 5%��üŕ��<ÒčĂ�?>)ɲ
<?'�> (Fig. 5)�ɖȚ³@

˟:ŕɛɑÒčĂ.�ɛɻʆ�,Ȭș�>ɂ	-ʆ`�nQ˄,;$'ƓA?

'�>� 

� ɖȚ³-�(9�ˈɛɻ.ȕ,ɖȚ³`�nQ˄@˟̂Į)�'-ǙɼBƓ

��(˭ʞ(
>)ɲ
<?'�>�̍ ɛɻ.�̍ ɆˆB°/�'Ǣɛʕɑ-Đ

=Bʟ��ĩŧʆ)Ð,@˟ǙɼBǕƉ�>Ç�BƖ%�Ezrin.ɖȚ³ˈɛɻ

,ʻŋ,Ȭș��NHERF2 )-Ȳ�´ȞB¦�'YE�˫`�nQ˄- 1 %(


> Podocalyxin)ʝĉ³BűƉ�> 4̡�����Ezrin-ɖȚ³(ǈ!�ųé.

ʤƲ�?'�+����(�ɋ�˧(.�Vil2kd/kd {H[BȞ�'�ɖȚ³ˈɛ

ɻ(- Ezrin-ɖȚ³-Ǚɼ�;0űƆ,��>ųé,%�'ʤǇBʖ$!� 

� �Ƭ�ŕɛɑ TAL(.ɖȚ³@˟BĄ�'üŕ�,ƛǪ�?!̈ʤ˄B�E

qM�ʆ,Ŗģ�> NKCC2,;$'ÒčĂ�>�)(�³Ǹ�-̈ʤ˄m��

[Bˣǝ,»$'�>�Moesin . TAL ,��'Ȭș��NKCC2 )ʝĉ³Bű

Ɖ�>�)�Īď�?!�±`ʁŕɛɑɛɻ(
> LLC-PK1ɛɻBȞ�!ń̚

(.�Moesin-ȬșƎà� cNKCC2 (NKCC1/NKCC2-O~�³) -JO_WG

f�Y[BƎà�'�ɛɻʆ�(-Ȭș�²��>�)BȽ�'�> 13)���

��Moesin-̈ʤ˄ˎ˔,��>ųé:�MoesinǚƠƴ-̈ʤ˄ïƆȥš,˸

A>ȩƆ-Īď.+����(�ɋ�˧(.�Msn−/y{H[BȞ�'�Moesinǚ

Ơƴ- TAL (-̈ʤ˄ÒčĂȥš,˸A>ʙșɗBʤǇ��NKCC2 -ɛɻʆ

�(-ȬșıòBʤǇ�>�)( TAL ,��> Moesin -Ȝțȭųé,%�'
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rìb¥�

� 8-11˚̞-̄-ˮȜĥ�;0 Vil2kd/kd{H[�Msn−/y{H[BȞ�!�Vil2kd/kd

{H[.�EzrinBU�g�>˥®Ļ-JQ_� 2�;0 3˷-G�f��̐ħ

, En2 (Homeobox protein engrailed-2)�SA (splicing acceptor)�IRES (Internal ribosome 

entry site)�lacZ�neo (neomycin-resistance gene)�PA (polyadenyl site) BČ7ıȥ

M]cfBƙÎ��ˮȜĥ{H[)ǡˍ�' Ezrin -Ȭș� 5%ª�,Ǝà�?

!{H[)�'´Ø�?! 7)�Msn−/y{H[.�X ǋʌ³�,Ľģ�> Moesin

BU�g�>˥®Ļ-JQ_� 3 - 3’˧BǚƠ��>!8�loxP/x[xR�]

��˫Oh�^-neo/loxPM]cf�;0 SA/PABČ7ıȥM]cfBƙÎ��

Moesin-ȬșBŁÏ,ǚƠ��! 14)�Ĵ˹ĴľĴľ˽ȜĒǙɼȶɄȾ½³Ǚɼ

ľʷũ-ƽȟưƷĻƥƚ;=�·��!"�!�?<-˥®ĻƤı{H[-̄

) C57BL/6J Jcl-̆-³ĲĄɕúBʢ{H[)+> ICR{H[,ȴť���Ø

Ȝ�!{H[BɩǠ��'ń̚,µȞ�!� 

� {H[.ŅǿB�Ń,ɑț��ȑƲ� 12 ƴ˷�),ȍȋ�Ƿȋ�>ƭʪ(�

ʉȠ̕Ǥ�ʉȠ̘̔-ȖƆ(̖ɶ�!�ǂȶɄ(ʖ$!�2'-ïȔń̚,˸�

'.�ɉĒ̙ĴľïȔń̚ĺĔ­,;>ōǌ�ɉĒ̙Ĵľľ˵-ƍʰBĄ��ń

̚Ɨ˱:ʡŃBˤĿ�'ńƭ�!� 

 

2)<5'@M/�

� {H[-ŔBɘ 3 mmÚƪ��50 mMǤ˫òhf�H}ȂǸBë
!Ŵ�95�

( 10Ù˷Ȓ×țBʖ$!�ɡ�'�1 M Tris-HCl (pH 8.0) Bë
'y�dcQ

[|OW�BȞ�' 5ȿ˷ǻē�!Ŵ�Ņǿ( 12,000 rpm�20Ù˷ˢźÙ̇��

�ǽB PCR-˲ĥ)�'µȞ�!�PCR,.�ɴȒſ DNAz�~��^)�

' KOD FX (TOYOBO)BȞ�!�5!�Vil2kd/kd{H[�Msn−/y{H[(�? ?

(Ȟ�!ȕȥȭ primer,%�'. Table 1,Ƚ�!�āżǸ˯. 10 µL(�PCR

-WGQ�Ǆ¬.�3 step (95��30ȿ̥65��30ȿ; 72��1Ù)�35WGQ�



 6 

(ʖ$!�PCR-ɟǈ�Vil2kd/kd{H[Ȟ- primer(.ˮȜĥE��)�' 380 

bp�EzrinlcQaH�E��)�' 290 bp�Msn−/y{H[Ȟ- primer(.ˮȜ

ĥE��)�' 450 bp�MoesinlcQEHfE��(. 280 bp-ĭŢȝȔ�ŵ

<?>�)�<�EN��[̈ǣǯï,;$'˥®ĻĥBȻʰ�!� 

 

·»�kq���_¤XÊ�

� {H[B˶ʄŴ�ĆźƋBÚ˶��ŜźŅ;=ɰȖ˱ (TERUMO) BȞ�'�

�˫ɦʘȜț̔ĬǤ (PBS) (Ȋǲ�!�ʁʇBÚ=Ø��4%n�x�}E�e

ogBČ7 0.1 M��˫ɦʘǸ (pH 7.4) BȞ�' 1Ư˷ 4�(ġŃ�!��-

Ŵ�n�rF�,ñĦ��ôʉïĝˋ|Q�f�} (RM2245�Leica) ,' 4 µm

-û�,ʑÚ��[�GgN�[ (ǆǵȸĻśǓ) ,ˁ=¨�n�rF�ÚȓB

´ʜ�!� 

 

Z¬ÆY�Ä�

� n�rF�ñĦ�?!{H[ʁɝɫÚȓBʀn�rF�×ț�!Ŵ�Ǥǰ�

!�ɡ�'�0.01 MQJ�˫ɦʘǸ,Ƕ˖��121�( 20Ù˷L�fQ��±

×ț�>�)(Ɛü-˃ǱòBʖ$!��-Ŵ�PBS (���"Ŵ��ǛƐ³ 

(Table 2) B 4�(�Ƶāż��!��-Ŵ�0.1% Tween 20BČ7 PBS-T(ǰǳ

���ǛƐ³ (Alexa Fluor 488ǗʹƐ{H[Ɛ³�Alexa Fluor 594ǗʹƐHWP

Ɛ³�Alexa Fluor 633ǗʹƐ�PƐ³) BȞ�'Ņǿ( 1ƴ˷āż��!�PBS-

T(ǰǳŴ�ʓÌǋʌȞ-Mounting Medium (VECTASHIELD�Vector Laboratories) 

BȞ�'ŏÎ��Ðȏȍ̑ŷ˴ (FV-1000D IX-81�Olympus) BȞ�'ʣŌBʖ

$!� 

 

DE:-1IMN*+2M (H.E.) �Ä�

� n�rF�ñĦ�?!{H[ʁɝɫÚȓBʀn�rF�×ț�!Ŵ�Ǥǰ��

P�u{fOY��ȂǸ (CS-4022�rD�{) ( 5 Ù˷ǋʌ�!��-Ŵ�20

Ù˷Ǥǰ��JLZ�ȂǸ (Sigma) ( 1 Ù˷ǋʌ�!�ÒŨˌ�Ǥǰ�!Ŵ�
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J`l��(ʀǤ×ț�OY��(˖Ź×țBʖ��̊ǤſŏÎæ (Merck) B

Ȟ�'ŏÎ��ʣŌBʖ$!� 

 

éoë�åÌu�

� Ú=Ø�!{H[ʁʇB 2%n�x�}E�eog) 2%R�`�E�E�e

ogBČ7 0.1 M��˫ɦʘǸ (pH 7.4) BȞ�' 1Ư˷ 4�(ġŃ�!��-

Ŵ�0.1 M��˫ɦʘǸ(����2%Ĝ˫òL[|H}BČ7 0.1 M��˫ɦʘ

ǸBȞ�' 4�(ŴġŃ�!�J`l��BȞ�'ʀǤ��˫ òt�q��,ɬ

Ɵ�!Ŵ�70: 30˫òt�q����Z� (Quetol 812�Ưƫ EM) ǻĉȔ�( 1

ƴ˷̉ɬ�!��-Ŵ�100%�Z�,ɬƟ��60�( 48ƴ˷Ȓ˭ĉ��>�)

(ñĦ�!�´ʜ�!ñĦ±�cQB 70 nm -û�(ˇʑÚ��R�cg,�

�!Ŵ�2%˩˫H�i�,Ƕ� 15Ù˷Ņǿ(ǋʌ�!�ǤǰŴ�lead stain solution 

(Sigma) BȞ�' 3 Ù˷Ņǿ(�ǛǋʌBʖ$!Ŵ�˖˟ĥ̈Ļ̑ŷ˴ (JEM-

1200EX�JEOL) BȞ�'ʣŌ�!� 

 

·»	 �5M>.Ö�]�

� Ú=Ø�!{H[ʁʇBȯ˄˧)̜˄˧,Ú=Ù��Lysis buffer (150 mM NaCl�

3 mM KCl�5 mM EDTA�3 mM EGTA�0.1% Triton X-100�60 mM HEPES) Bë


�z�f��x�ZhGX� (KINEMATICA) BȞ�'x�ZhG\�!��

? ?-x�Zk�fB 4��800×g( 5 min ˢźÙ̇���-�ǽB Total tissue 

lysate)�!� 

 

µ¨W�eè�

� ˢ±ʄ˧Ĵïɾ�s ±�Ĵ̉ɾ��ʃ˷ʆïɾ�ʄʂïɾ�;0ˑ±ʄ˧Ĵï

ɾBɟɚŴ�ʁʇB 20 mL-ǥÕ�! PBSBȞ�'Ȋǲ�!��-Ŵ�PBS�

, 2 ×106½/mL-ȈŨ( Dynabeads M-450 Tosylactivated (Veritas) BČ7ƈȇǸ

(ʁʇBÒŨȊǲ�!�ʁʇBÚ=Ø��|�[�!Ŵ�1 mg/mL Collagenase 

(Sigma) BČ7 PBSBȞ�' 37�( 30Ù˷Ƿò�!��-Ŵ�100 µm�;0
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70 µm-ɛɻ@˟rF�`� (BD Biosciences) BȞ�'@˟��DynabeadsBČ

7ɖȚ³BMagnetic particle concentrator (DYNAL BIOTECH) BȞ�'ĝĂ�!� 

 

5M>.qä�

� HYʕǽE�±|�BǗȁʭƩ)�'ǒ˯ɥB´ʜ��Pierce BCA Protein 

Assay Kit (Thermo Scientific) BȞ�'Ń˯�!� 

 

()35MBL78&M/�

� ŵ<?!`�nQ˄ʭƩ, SDS W�t�mcrD� (2% Sodium Dodecyl 

Sulfate (SDS)�2% 2-mercaptoethanol�20% glycerol�0.01% Bromophenol Blue (BPB)�

50 mM Tris-HCl (pH 6.8)) Bë
�65�( 15Ù˷Ȓ×ț�!�ɡ�'�Laemmli

-ƌǬ,;> SDS-PAGE (Ù̇T�ȈŨ 8-12.5%) (`�nQ˄BÙ̇�!Ŵ,

Polyvinylidendifluoride (PVDF) ʆ,ˋÔ��5%[O}|�QBČ7 TBS-T BȞ

�'Ņǿ( 1ƴ˷±�cO�R×țBʖ$!��ǛƐ³ (Table 2) B 4�(�Ƶ

āż��!Ŵ��ǛƐ³BȞ�'Ņǿ( 1 ƴ˷āż��!�Immobilon Western 

Chemiluminescent HRP Substrate (Millipore) (òľȬÌ��� LAS-4000mini 

(Fujifilm) (ǒØ�!�ǒØɟǈ-Ń˯ȭʬ¹,%�'.�ȣÈʤǇ_rfHI

E ImageJBȞ�!� 

 

µ¨WçsG9J�XÊ�

� Adriamycin  (ADR) Ə��e�(.�{H[, 50 mg/kg body weight- ADR 

(Wako Purechemical) Böĝ(̉ɾÑƏ��!��- 7 ƯŴ,[zcfŕBƜă

��{H[Bʤå�'ʁʇ�;0ÏʕBƜă�!�Lipopolysaccharide (LPS) Ə�

�e�(.�200 µg- LPS (Escherichia coli O111:B4 strainȠǅ�Invivogen) Bʄ

ʂÑƏ����- 24ƴ˷Ŵ,[zcfŕ�ʁʇ�;0ÏʕBƜă�!�[zc

fŕ.ƜăŴ�Ņǿ�3,000×g( 15Ù˷ˢźÙ̇���ǽBŕʭƩ)�!�Ïʕ

.�-Ŵ�4��1,000×g( 15 Ù˷ˢźÙ̇�!Ŵ�ǽBĝĂ�ʕȅʭƩ)�!� 
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Rho��� q� �

� ɖȚ³,��> RhoA�Rac1 �;0 Cdc42 -ǱſB�G-LISA activation assay 

(Cytoskeleton) BȞ�'ȀŃ�!�ö̇�!ɖȚ³BǥÕ�! G-LISA Cell Lysis 

BufferBȞ�'Ȃʤ��4��3,000×g( 15Ù˷ˢźÙ̇Bʖ$!�ĝĂ�!�

ǽB�Rho-GTP affinity G-LISA plate,ë
�Ņǿ( 30Ù˷G�O�v�f�!�

�-Ŵ�RhoA�Rac1�;0 Cdc42-Ǳſòĥ(
> GTPɟĉĥ-Ľģ˯B�

�? ?-ǒØƐ³Bāż��!Ŵ�ǒØȞȬʌʭʒBë
' 490 nm-ǭ˵(

ǡʌŃ˯Bʖ$!� 

 

Ç¢���w���!©dp®^��

� ©ʸS�Z,;>ʤǇ-ƼɜƯ,{H[-źʇĆźŅ, 27G -G�[��Ȟ

ǮŐ˱ (TERUMO) (Ʌâ�'ÏʕBƜă��4��1,000×g( 15 Ù˷ˢźÙ̇

�!Ŵ�ǽBĝĂ�ʕȅʭƩ)�!�ĊƯ,[zcfŕ-ƜăBʖ��Ņǿ�

3,000×g ( 15 Ù˷ˢźÙ̇���ǽBŕʭƩ)�!�ŵ<?!ʕȅʭƩ)ŕʭ

Ʃ,Ŏ��ŋİ DRI-CHEM 4000i (Fujifilm) BȞ�' Na+�K+�Cl−,%�'̈ǔ

Ǭ�Q�Ebi�,%�'ǡʌǬ,;>ȈŨȀŃBʖ$!�ŕ�1- Na+�K+�

Cl−-ɣƛǪ˯ (ENa�EK�ECl) �;0ÙȣƛǪȘ (FENa�FEK�FECl) .��

?<-ȀŃɟǈ;=ª�-ƬǬ(ɐØ�!� 

ENa (µmol/100 g BW/day) = UNa (µM) ×V (L/day) ×100 / BW (g) 

FENa (%) = (UNa (mM) / PNa (mM)) / (Ucr (mg/dL) / Pcr (mg/dL)) ×100 

!"��V: 1Ưŕ˯�BW: ³˭�UNa: ŕ� Na+ȈŨ�PNa: ʕȅ� Na+ȈŨ�Ucr: 

ŕ�Q�Ebi�ȈŨ�Pcr: ʕȅ�Q�Ebi�ȈŨBʙ�� 

� 5!�ʕǸ�-HCO3
−ȈŨ�;0 pH,%�'.ʕǸN[ÙǇʛɬ (ABL555�

Radiometer) BȞ�'ȀŃ�!� 

 

µ¨W#ßä (glomerular filtration rate: GFR) � q�

� GFR . fluorescein isothiocyanate (FITC)-inulin y��[Ə�Ǭ,;$'ȀŃ�

!�Ŕ̉ɾ;= FITC-inulin (Sigma) Böĝ̉ɾÑƏ����- 3�10�15�35�
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75�100 �;0 120 ÙŴ,ʕǸBĝĂ�!Ŵ�ʕ� FITC-inulin ǟĽ˯BʓÌů

Ũ;=ȀŃ�!��-Ŵ ʕ̣Ǹ�<ɝɫ1-ÙŞȲ)ʁʇ�<-ŕ�ǷķȲB«

Ń�! 2-U�n�f�e�BȞ�' GFR-ɐØBʖ$! (Graph Pad software�

GraphPad Prism)� 

 

TALw¶´�£��ÒÊ�

� {H[B˶ʄŴ�ĆźƋBÚ˶��ŜźŅ;=ɰȖ˱BȞ�'ʁʇB HEPES

ɦʘȂǸ (130 mM NaCl�2.5 mM NaH2PO4�4 mM KCl�1.2 mM MgSO4�6 mM 

L-alanine�1 mM Na citrate�5.5 mM glucose�2 mM CaCl2�10 mM HEPES (pH 7.4)) 

(Ȋǲ��Ĳ̜˄BÚ=Ø�!�|�[�!Ŵ�1 mg/mL Collagenase BČ7

HEPESɦʘȂǸ�( 37��30Ù˷G�O�v�f�!��-Ŵ�[q�aH�

�'�ǥÕ�! HEPESɦʘȂǸ,ƈȇ��200 µm-hG��~cY�rF�`

�(@˟��ǥÕ�! HEPESɦʘȂǸ,ƈȇ�!� 

 

?+6Md�Ô��!¶¾ÂQ��5M>.Ö­§äÍ��

� ʵʜ�! TALŕɛɑƈȇǸ,Ŏ��1.2 mg/mL Sulfo-NHS-SS-pLb�BČ7

HEPESɦʘȂǸ (L-alanine�;0 Na citrateB˾�) �( 4��30Ù˷G�O�

v�f�!�ɡ�'�100 mM- glycineBȞ�'˟è+ Sulfo-NHS-SS-pLb�

BQJ�b�!�HEPESɦʘȂǸ(ǰǳ�!Ŵ,�Lysis buffer (150 mM NaCl�

5 mM EDTA�1% Triton X-100�0.1% SDS�50 mM HEPES (pH 7.5)�protease inhibitor 

cocktail (cOmplete�Roche)) (Ȃʤ�!�W�t�˷(`�nQ˄˯B 200 µg,

ĉA��Streptavidin-coated agarose beads (Sigma) ,ë
' 4�(�ƵG�O�v

�f�!��-Ŵ�wash buffer (150 mM NaCl�5 mM EDTA�0.1% Triton X-100�

50 mM HEPES (pH 7.5)) ( 2ĝǰǳ��50 mM- dithiothreitol (DTT) �;0 10%

- 2-mercaptoethanolBČ7 SDSW�t�mcrD��( 65��15Ù˷ëȒ��

beads�<ɟĉ�!`�nQ˄BȂØ�!�ŵ<?!`�nQ˄ȂØǸB�HI

[`�±�cdF�R,;=ʤǇ�!� 
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NKCC2�[â±ÈÍ��

� ʵʜ�! TAL ŕɛɑƈȇǸ,Ŏ�pLb�òǗʹ�!Ŵ,�37�( 0�30�

60 Ù˷)G�O�v�Y���>�)( NKCC2 -J�gWGf�Y[BŬ�

ˆ��!�ƴ˷ɞ˟Ŵȱ#,ǥÕ�! PBS Bë
�50 mM Sodium 2	

mercaptoethane sulfonate (MESNa) (×ț�!�˟è˯-MESNaBQJ�b�>

!8,�25 mM iodoacetamideBë
' 4�( 15Ù˷G�O�v�f�!��-

Ŵ�W�t�˷(`�nQ˄˯B 500 µg ,ĉA��Streptavidin-coated agarose 

beads (Sigma) ,ë
' 4�(�ƵG�O�v�f�!�ɡ�'�50 mM- DTT

�;0 10%- 2-mercaptoethanolBČ7 SDSW�t�mcrD�(ȂØ��ŵ<

?!`�nQ˄ȂØǸB�HI[`�±�cdF�R,;=ʤǇ�!� 

 

t{cãà����!¶¾[v¾ª^�­§Í��

� ʁʇBȊǲŴ�Ĳ̜˄BÚ=Ø��homogenization buffer (120 mM NaCl�20 mM 

KCl�1 mM EDTA�1 mM EGTA�10 mM Tris-HCl (pH 7.5)�protease inhibitor cocktail) 

BȞ�'x�ZhG\�!��-Ŵ�20,000×g�4�( 20Ù˷ˢźÙ̇�!��

ǽBÙă��W�t�˷(`�nQ˄˯ 500 µg�ň˯ 1 mL,ĉA��OptiPrep 

(Axis Shield) (´ʜ�! 8-34%-˙ɡð˨ (10 mL) �,˭ř�!�OptiPrep -

˙ɡð˨.�Gradient Master (SK-bio) BȞ�'´ʜ�!��-Ŵ�[HF�R�

�`� (P40ST�Ưɉ) BȞ�'�4��100,000×g( 18ƴ˷ˢźÙ̇�!�ˢź

Ŵ�1 mL�),�ř�<ĝĂ��2¾˯-ǥÕ�! acetoneBë
'��30�(

�Ƶ̉ɬ�!�ɯƯ�4��10,000×g ( 15 Ù˷ˢźÙ̇��w�cfB̓��

!�100 µL- SDSW�t�mcrD�(Ȃʤ��HI[`�±�cdF�R,

;=ʤǇ�!� 

 

ÀÖHA:ª^�­§Í��

� ʁʇBȊǲŴ�̜ ˄BÚ=Ø��fractionation buffer (10 mM KCl�1.5 mM MgCl2�

1 mM EDTA�1 mM EGTA�250 mM sucrose�1 mM DTT�20 mM HEPES (pH 7.4)�

protease inhibitor cocktail) BȞ�'x�ZhG\�!��-Ŵ�27 G-ǮŐ˱B
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10ĝ˗˟���ǥ�, 20Ù˷̉ɬ�!�4��10,000×g( 5Ù˷ˢźÙ̇��

�ǽB 4��100,000×g( 1ƴ˷ˇˢź�!�w�cfB fractionation buffer(ǰ

ǳ�!Ŵ,�TN buffer (150 mM NaCl�5 mM EDTA�1% Triton X-100�1 mM DTT�

25 mM Tris-HCl (pH 7.4)�protease inhibitor cocktail) (Òƈȇ�!�W�t�˷(

`�nQ˄˯ 500 µg�ň˯ 1 mL,ĉA�!Ŵ,�2¾˯- OptiPrep (60%) )ǻ

ĉ��OptiPrep ȈŨ� 40%)+>ʭƩȂǸBʵʜ�!�ɡ�' OptiPrep Bşˬ

�' 35%�30%�25%�15%-ȈŨ,ʵʜ��[HF�R��`�Ȟb��±,

40% (ʭƩȂǸ)�35%�30%� 25%�15%-̎(�3 mL�2 mL�2 mL�2 mL�2 

mL�%˭ř�!�P40ST��`�BȞ�' 4��170,000×g( 15ƴ˷ˢźÙ̇

����< 1 mL�%Ùă�!�ĈȣÙ, 2¾˯-ǥÕ�! acetoneBë
'�

�30�(�Ƶ̉ɬ��4��10,000×g( 15 Ù˷ˢźÙ̇�!�w�cfB̓��

' 100 µL- SDSW�t�mcrD�(ȂʤŴ�HI[`�±�cdF�R,;

=ʤǇ�!� 

 

NKCC2��� q�

� TAL,��> NKCC2-ǱſBȀŃ�>!8,�FluxOR Thalium detection kit 

(Thermo Fisher Scientific) BȞ�!�ʵʜ�! TAL ŕɛɑƈȇǸ kit ,Ǽ¨-

FluxOR Dye loading buffer BȞ�' 37�( 1 ƴ˷G�O�v�f��Tl+ƅĄſ

-ʓÌG�ZS�`�ʌə(
> FluxORBă=ː5�!�2.7 mM probenecid�

;0 100 µM ouabainBČ7 FluxOR assay buffer (135 mM Na-gluconate�1 mM MgCl2�

1 mM Na2SO4�1 mM CaCl2�15 mM HEPES (pH 7.4)) ( 2ĝǰǳŴ�100 µM-r

�]|gBČƾ�;0̊Čƾ- FluxOR assay buffer�? ?(Ņǿ�30Ù˷G

�O�v�f�!��-Ŵ�37�,�ä,ëǿ�'��! 100 µMr�]|gČ

ƾ5!.̊Čƾ- Tl+ uptake buffer (135 mM NaCl�5 mM Tl2SO4�100 µM Ouabain�

20 mM HEPES (pH 7.4)) ,Òƈȇ��37�( 5Ù˷ Tl+Bă=ː5�!Ŵ�ɍ˯

-ǥÕ�! FluxOR assay bufferBë
'āżBÂǜ�!�2ĝǰǳŴ�Lysis buffer

(Ȃʤ��{GQ�t��f��a� (SH-8100Lab�Corona Electric) BȞ�'

íˆǭ˵ 490 nm�ʓÌǭ˵ 520 nm( FluxOR dye-ʓÌůŨBȀŃ�!�ɟǈ
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;=�̀ �nQ˄˯
!=-r�]|gƅĄſ- Tl+ -ă=ː6˯�<�NKCC2

-ˎ˔ǱſBʬ¹�!� 

 

E(3�ÕÅG9J�XÊ�

� Ǥʽʍ�e�(.̕ƩǤB 3% sucrose ǤȂǸ,ıƹ��7 Ư˷̖ɶŴ,{H

[Bʤå��ʁʇBÚ=Ø�!��-Ŵ�Ɯă�!ʁʇ,Ŏ�'�pLb�òǗ

ʹBȞ�!ɛɻʆ�(-`�nQ˄-ȬșʤǇBʖ$!� 

 

·»	 � RNA�]�

� Ú=Ø�!{H[ʁʇB�ȯ˄˧)̜˄˧,Ú=Ù�!Ŵ�RNeasy Mini Kit 

(QIAGEN) BȞ�'�RNA-ƒØBʖ$!�RNeasy Mini KitǼ¨- Buffer RLT

, 1% (v/v) - 2-mercaptoethanolBǼë�!Ŵ�ɝɫW�t�,Ŏ�' 600 µLë


'z�f��x�ZhGX�(x�ZhG\�!��-Ŵ�Ņǿ 16,000×g(

3 Ù˷ˢźÙ̇���ǽ,Ċ˯- 70%J`l��Bë
!�ɡ�'�RNeasy [

q�M�},ë
�Ņǿ 8,000×g( 15ȿ˷ˢźÙ̇�!�ə˗=ȣÙBŪǐ�

' Buffer RW1Bë
�Ņǿ 8,000×g( 15ȿ˷ˢźÙ̇�!��-Ŵ�Buffer RPE

,;>ǰǳB 2ĝʖ��RNABRNase freeǤ,ȂØ�!�NanoDrop 2000 (Thermo) 

BȞ�'�260 nm-čÌŨBȀŃ��RNAȈŨBɐØ�!� 

 

ÝÙ\h��

� ˕ˋÔāż. Omniscript Reverse Transcription Kit (QIAGEN) BȞ�'ʖ$!�

Ƽɜȭ,�˲ĥ RNA. 20 µL�, 2 µgČ5?>;�,ʵƧ��Gene Amp PCR 

system 9700 (Applied Biosystems) BȞ�' 37�( 1ƴ˷āż��!� 

 

Quantitative Real-time PCRÍ��

� mRNA-Ń˯.�SYBR Premix Ex Taq (TaKaRa) BȞ�'ʖ$!�˕ˋÔāż

(ŵ<?! cDNAW�t�B 20¾şˬ��{H[ Cyclooxygenase-2 (COX-2) �

;0 Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) -ȕȥȭ+t�G{�
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BȞ�' ABI PRISM7000 (Applied Biosystems) ,;= PCRBʖ��)(�ĭŢ

Ƹɥ;= Ct ÁBɐØ��Ń˯ʬ¹�!�GAPDH .˥®ĻȝȔ˯-Ǘȁò,Ȟ

�!� 

 

¹ÏÍ��

� ɟǈ.ţĤ � Ǘȁʳŝ)�'Ƚ�!�ɠʧʤǇ,%�'�2 ɭ˷-ǡˍ.

Student T test,;=ǒŃ�!�5!�ĳɭ˷(. Turkey’s post-hoc testBȞ�!

one- way ANOVA,;=ǒŃ�!�p < 0.05-īĉBƾƄ)�!� 



 15 

³Pâ�

�

µ¨W���! ERM5M>.Ö��a�
�

 ½���

�

� ɖȚ³.�ʕǸ�-ɱŪȔ:ȥȔBŕ�,ƛǪ�>!8-@˟ǙɼBƓ$'�

=��-Ǚɼȥš.ʁ�Ï+*˭ɓ+ȨƁ,ɪ�>�ɖȚ³.Ǣɛʕɑ�5)5

$!Ǖ˘B)>�)(��-@˟ǙɼBńș�'�>�ɖȚ³Ǣɛʕɑ.Ñȯɛ

ɻBƾ��70-100 nm-ȎƦ-ļB9%ƾɈǕ˘B)$'�>��-ƾɈǕ˘�

Ǣɛʕɑʙ̋Ƀ- 20-50̟Bø8>�)(�ʕȅƉÙB˖˟��'�> 15)�ɖȚ

³Ǣɛʕɑ.Ñȯɛɻ-§,�Ñȯɛɻ,;>Ǖ˘BƣƖ�>~W�PH}ɛ

ɻ�<+>�Ñȯɛɻ)~W�PH}ɛɻ,Ŏ�'�ĲÃ�<ɖȚ³ĩŧʆ��

<,ˈɛɻ�ă=ğ7�)(�ɖȚ³�ǕƉ�?'�>�ɖȚ³ĩŧʆ.�Ɋ(

Ñȯɛɻ)ˈɛɻ,Ɲ�'�=�ɖȚ³-Ǖ˘ȭĩȼBűƉ�'�>�̍ ɛɻ.

̝Ũ,Ùò�!�ȯɛɻ(�Ñȯɛɻ)ɖȚ³ĩŧʆBĲÃ�<ʟ��ʕ�`�

nQ˄-Ƽɜȭ+@˟̂Į-ǙɼBǈ!�'�>�Ǣɛʕɑ�B˗>ʕǸ.�~

W�PH}ɛɻ,Ɲ�>˧ÙB˾�'��?<Ñȯɛɻ�ɖȚ³ĩŧʆ�̍ ɛɻ

,;$'´=Ø�?!@˟̂ĮB¦�'yH{�ěÃ,̋�'�> 16) (Fig. 6)�

Ƈſʁ�Ï,˛ʖ�>Ȫ¶-ɘ 80%.�ɖȚ³-Ǚɼ̂ņ,;>�-;�+`

�nQ˄@˟̂Į-ȥš,˸˙�'�=�ʈťȭ,.Ƽɜȭ,˖Ǉ:ʁɀǑ)

�$!ʁ©ƻȫǬ-;�+Ŏż�Żʞ)+> 17)��-!8�`�nQȄØſ-

ʁȨƁ,��>ǩȫǬ-˶Ȭ,%+�>ɖȚ³(-`�nQ˄@˟̂Į-ÙĻ

ǙǕBʤƲ�>�).˭ʞ(
>� 

� ɖȚ³,��'�Ñȯɛɻ.��-ƾɈſ�<`�nQ˄@˟ǙǕ,��'


5=˭ʞ+ųéB9%).ɲ
<?'�+���ɛɻʙř,Ľģ�>ʽ̈ʍB

Š0!R�UW|lR�M�:ʆɟĉt�dLR�M��Ȭș�'�=�̈ʍ

,;>`�nQ˄@˟̂Į)�'Ǚɼ�>�)�Īď�?'�>� 
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� ɖȚ³ĩŧʆ,��'.��ƉÙ- 1%(
> IVĥ collagen-˥®ȭıȥ�

ʕŕ:˛ʖſ-ʁȨƁBĎ�> Alport´s Ȫ¿ɭBŬ�ˆ���)�ȵ<?'�

>�����Alport´sȪ¿ɭ(.ˌŨ-`�nQŕ��ʰ8<?��ĩŧʆ-`

�nQ˄@˟̂Į)�'-ųé.Œ��)ɲ
<?'�> 16)� 

� ˈɛɻ.�ɛɻ³�<°0Ø�!ˈɆˆ�´>[�cfʆ (slit diaphragm) )

đ/?>@˟̂ĮBűƉ��ɖȚ³Ǣɛʕɑ�<yH{�ě1-`�nQ˄Ȅ

ØB˺�(�>�̍ ɛɻ.ɛɻ³�<Ķ��ǛɆˆB°Ů����ǛɆˆ�<�

<,ŷŒɑ�;0 Actin ɛɻ̛ǎ,;$'�? ?ƣƖ�?>�Ǜ�;0�Ǜ

Ɇˆ,ǉÙ�?�>�)(�̍ ɆˆBűƉ�>��-ˈɆˆ.�̃ =ĉ�ˈɛɻ

-ˈɆˆ)-˷(�E�±|�;=9Œ��ɛļBűƉ�>ʡãȭ+ę6ĉA

�B´$'�>�̍ Ɇˆ˷,ǕƉ�?![�cfʆ.�ʕǸȉ˟-Ƽɜm�E�

)�'Ç��ɖȚ³@˟̂Į-�ʞ+ǕƉʞə)+> 18)�^±�rFcY�-

äʁ,��>�ÌĻ̑ŷ˴BÞȞ�!ɞƴȭ+�G±G~�Z�R(.�ˈɛ

ɻ.3)C*ɀï����ǛɆˆ,%�'9 23ƴ˷Ɇˆ-ÙŚn`��,ıò

BȽ�+�+*�ǝš+ˈɛɻ.̉ǜ�!ɛɻ(
>�)�Ƚ�?'�> 19)�

����ȓÃŕɑɟɚ: Adriamycin (ADR) BȞ�!ɖȚ³̂ņ�e�,;>ˈ

ɛɻ-Åņƴ�in vivo ,��'˙ɡĳÌĻ̑ŷ˴ǬBȞ�'ʣŌ�>)ïȭ+

ˈɛɻ˞ï�
>�)�Īď�?'�> 20)��?<-ʣŌ�<�ʏȖ«ˈ-°

Ů:Ɲȴ-`��L�m�Bʱő�>YRh���ˈɆˆ-˓ɨ:ɀïBŬ�

ˆ���)(ˈɛɻˈɆˆ-ȩƆ,˸A>�)�ȽĖ�?'�>� 

� ˈɛɻ-ɛɻʆ,.�[�cfǕ˘-űƉ,˸A>`�nQ˄:�ĩŧʆ�E

qM�ʆ�? ?,ȕȥȭ,Ȭș�>`�nQ˄,;$'�`�nQ@˟ǙǕ

�ǕƉ�?'�>�)�Ʋ<�)+$'�>�ˈɆˆ-ĩŧˑÄ,��'[�

cfǕ˘-űƉ,˸A>`�nQ˄)�'�ɛɻƝȴÙĻ(�ÍȧR�±��[

�n�rD|��,Ř�>ʆʾ˗`�nQ˄ Nephrin �ƼÜ,Ȭʠ�?! 21,22)�

�-Ŵ9kr��^Ȫ¿ɭ,˸˙�>üĞ˥®Ļ-ĳ��ˈɛɻ,ȕȥȭ,Ȭ

ș�>`�nQ˄BU�g�'�!�)�<�șģ(.�ɖȚ³`�nQ@˟Ǚ

Ǖ.�,ˈɛɻ�Ɠ$'�>)ɲ
<?'�>�Nephrin-§,9�[�cfʆ
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-űƉ,.ˈɆˆ-ɛɻʆˑÄ,��>`�nQ˄ʝĉ³�˭ʞ(
>�)�

Ʋ<�)+$'�>�ǋʌ³ìſ˥®-ŇƮſ[d�GgƑƐſkr��^Ȫ

¿ɭ-üĞ˥®Ļ NPHS2�U�g�>`�nQ˄(
> Podocin. 23)�ˈɆˆ

-[�cfʆˑÄ,Ŗģ�>ʆʾ˗`�nQ˄(
> 24)�C ǁɊ̐ħ(��M

�`�nQ˄)�'ȵ<?> CD2-associated protein (CD2AP) )Ȳ�´Ȟ��

CD2AP )ʝĉ³BűƉ�> Nephrin -[�cfʆ1-Ŗģ,Żʞ(
>)ɲ


<?'�> 25) (Fig. 6)�CD2AP. Nephrin)-ɟĉ)�Actinɛɻ̛ǎ)-Ȳ�

´ȞB¦�' Nephrin-ɪȤ,Ç�)ɲ
<?'�> 26)��-Ŵ�Nephrin)Ċ

ǖ, IgG-like g~G�BƖ% 1 ĝʆʾ˗ĥ-ʆ`�nQ˄(
> Neph1 �Ȭʠ

�?�Nephrin)Ċǖ,[�cfʆ-űƉ�;0`�nQ˄@˟ǙǕ,��'˭

ʞ+Ç�B9%�)�ȽĖ�?'�> 27) (Fig. 6)� 

� ˈɛɻ-ĩŧʆÃ(.�§-�ȯɛɻ)Ċǖ,�Integrin�Tetraspanin �;0

Dystroglycan +*-ʆʾ˗ɛɻĄň³�Ȭș�'�>�)�ȵ<?'�>�

Integrin .ɛɻ�),ȥ+>EG_rK�},;> αβ ud�aG{�BűƉ�

>`�nQ˄(
=�ˈɛɻ,��'. α3β1 Integrin �Ƽ9ʻŋ,Ȭș�'�

> 28)�TetraspaninrD|��- 1%(
> CD151.�ˈɆˆ-ĩŧ,Ŗģ�'

α3β1 Integrin)­ĉ�'�> 29)�Dystroglycan.ˈɆˆ-ĩŧʆ�,Ŗģ�'�

=�Actinɛɻ̛ǎ)ɟĉ�'�>�)�ȵ<?'�> 30) (Fig. 6)� 

� �Ƭ�ˈɛɻˈɆˆ-EqM�ʆ-�ʞ+`�nQ˄. Podocalyxin (
>�

Podocalyxin.�O-R�UY�ò�;0YE�òBĄ�! 1ĝʆʾ˗ĥ-`�n

Q˄(
=�ˈɛɻEqM�ʆ,��'ʽ̈ʍB9!<�ÙĻ(
> 31)�

Podocalyxin lcQEHf{H[(.�ˈɆˆ�;0[�cfʆ-Ƿķ�ʠ<?

>�)(ɖȚ³@˟,ȥšB�!��ǝš+ŕȜƉBʖ��)�(���ØȜŴ

24ƴ˷ªÑ,žſʁ�Ï,;=Ǟ �>�)�Īď�?'�> 32)��-;�,�

Podocalyxin .ˈɛɻ,��'ˈɆˆ:[�cfʆ-űƉ�;0@˟̂ĮǙɼ,

��'Ż̏)+>`�nQ˄(
>�Podocalyxin .�C ǁɊÃ-ɛɻ˄̐ħ-

PDZ (PSD-95 / Dlg / ZO-1) ɟĉ�b�r (E|l˫˨Û DTHL) ( NHERF2 -

PDZg~G�,ɟĉ�>��-ɟĉB¦�'�Podocalyxin.�ɛɻ˄( NHERF2
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�;0 EzrinB¦�' Actinɛɻ̛ǎ,ɪȤ�?�ʝĉ³BűƉ�>�)�Īď

�?'�> (Fig. 6)��-ʝĉ³.ɖȚ³̂ņBʱˆ�>q���{GY�E|

ljQ�LYg:ʆʙ̋-ʽ̈ʍB�ē�>ȹ˫t�`|�×ț�5!.YE

�˫Ùʤ˪ə(
>YE�a�^-×ț,;$' Podocalyxin-ʽ̈ʍBűƉ�

>YE�˫B˾ý�>�)(ȷį�?��cf,��'ˈɆˆ-ǷķBŬ�ˆ

���)�Īď�?'�> 4)� 

� �-;�,�ɖȚ³ˈɛɻ-`�nQ˄@˟̂Į,��'�EqM�ʆ(-

Podocalyxin/NHERF2/Ezrin -ʝĉ³űƉ�˭ʞ+ųéBƓ�)ɲ
<?'�=�

ˈɛɻ(-`�nQ˄@˟,Ż̏)+> Podocalyxin -ŖģàŶ,��> Ezrin

-ŉ��ȽĖ�?'�>������?5(,�ïȔ½³BȞ�'�ɖȚ³,�

�> Ezrin�ǈ!�ųé,%�'.ȶɄ�+�?'�+�$!���(�ǂȶɄ

,��'.�Vil2kd/kd {H[BȞ�' Podocalyxin -Ȭșıò:ˈɛɻ-űƆı

ò�ŕ�1-E�±|�ȄØBʤǇ�>�)(�̍ ɛɻ-`�nQ˄@˟Ǚɼ,

Ŏ�' Ezrin-�
>Ų̍,%�'ǒʨBʖ$!� 
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 ¸���

 

E(3µ¨W���! ERM5M>.Ö�­§^y�

� .�8,�ˮȜĥ{H[-ɖȚ³,��> ERM`�nQ˄-ȬșÙŞB�ʁ

ɝɫ,��>ÍȧʓÌǋʌǬBȞ�'ʤǇ�!��-ɟǈ�Ezrin.ˈɛɻ,Ȭ

ș�ʰ8<?! (Fig. 7)�Ezrin -ɖȚ³,��>;=ʯɛ+ŖģBʤǇ�>!

8�Ñȯɛɻ-{�M�(
> CD34)-ÐǋʌBʖ$!)�@��ɳ.ȥ+>

ȬșÙŞBȽ��Ezrin.ɖȚ³,��'.ˈɛɻ,Ŗģ�'�>�)�Ȼʰ�

?! (Fig. 8A)��Ƭ�Radixin�;0 Moesin.�ˈɛɻ,��>Ȭș�ʰ8<

?� (Fig. 7)�Moesin. CD34)˧Ùȭ,ÐŖģ�! (Fig. 8B)��-ɟǈ�<�

ˈɛɻ,��'.�ERM `�nQ˄-�(9 Ezrin -6�Ȭș�'�>�)�

Ȼʰ�?!� 

 

Vil2kd/kdE(3���!µ¨W�}�nd�

� Vil2kd/kd {H[-ɖȚ³,��'�űƆȥš�ʠ<?>�BȻ�8>!8�ˮ

Ȝĥ�;0 Vil2kd/kd{H[-ʁɝɫ- H.E.ǋʌBʖ��ɖȚ³-ɝɫľȭʤǇB

ʖ$!��-ɟǈ�Vil2kd/kd {H[-ɖȚ³,ȥš.ʠ<?+�$! (Fig. 9A)�

�<,ʯɛ+ɖȚ³Ǖ˘-ʤǇBʖ�!8�̈ Ļ̑ŷ˴,;>ʤǇBʖ$!��

���Vil2kd/kd{H[-ˈɛɻˈɆˆ,űƆȥš.ʰ8<?+�$! (Fig. 9B)�

ɖȚ³ĩŧʆ-ö±˵� (µm) Ű!=-ˈɆˆ-ƦBǡˍ�'9�ˮȜĥ�;

0 Vil2kd/kd{H[˷,ƾƄ+ŝ.ʠ<?+�$! (Fig. 9C)� 

 

Vil2kd/kdE(3���!wS%JBFM���

� Ǜ,�Vil2kd/kd {H[,��'ɖȚ³-ǙɼBȻʰ�>!8,�ˮȜĥ�;0

Vil2kd/kd{H[-[zcfŕBƜă��SDS-PAGE�;0 CBBǋʌBȞ�'ŕ�

1-E�±|�ȄØBʤǇ�!�U�f���)�' BSABĊƴ,ǯï�'ǡ

ˍ�!��ˮȜĥ"�(+� Vil2kd/kd{H[(9�ʕǽE�±|�-ÙĻ˯ɘ 60 

kDa,m�g.ʠ<?+�$! (Fig. 10)��-ɟǈ.�űƆıò-ʤǇ,��'
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Vil2kd/kd{H[(ȥš�ʰ8<?+�$!�))Ŏż�>ɟǈ(
$!� 

 

Vil2kd/kdE(3µ¨W���! EzrinæÞ5M>.Ö�¶¾[xl 

� ˈɛɻ,��' Ezrin )-ʝĉ³űƉ�Īď�?'�> NHERF2 �;0

Podocalyxin -ÐÍȧǋʌBʖ$!��-ɟǈ�ˮȜĥ{H[(.�Ezrin .

NHERF2 �;0 Podocalyxin )ÐŖģBȽ�! (Fig. 11)��Ƭ�Actin |Q�r

F�~�f)­ĉ�> Synaptopodin:�[�cfʆˑÄ,Ľģ�> Podocin).

ÐŖģ�+�$! (Fig. 11)� 

� Vil2kd/kd {H[-ˈɛɻ(.�Ezrin -Ȭș.3)C*ʰ8<?+�$! (Fig. 

12)�5!�NHERF2�;0 Podocalyxin-EqM�ʆ,��>Ȭș�Synaptopodin

�;0 Podocin-ˈɆˆ,��>Ȭș,ıò.ʠ<?+�$! (Fig. 12)�ª�-

ɟǈ�<�Ezrin. NHERF2�;0 Podocalyxin-ˣÚ+EqM�ʆ-Ŗģ,.

˸��'�+��)�Ȼʰ�?!�5!�Radixin�;0Moesin-Ŗģ,.ıò

�ʠ<?��EzrinlcQaH�,;>©Éȭ+Ȭș�Ʊ96<?+�$! (Fig. 

13)� 

 

Vil2kd/kdE(3eèµ¨W���! EzrinæÞ5M>.Ö�­§ 

� ˮȜĥ�;0 Vil2kd/kd {H[-ʁȯ˄�<ɖȚ³Bö̇��Ezrin ˸˙`�n

Q˄-Ȭș˯BHI[`�±�cdF�R,;=ʬ¹�!�ˮȜĥ{H[�<

ö̇�!ɖȚ³(.�ERM`�nQ˄-�2'�ǒØ�?!���(9 Ezrin�

;0Moesin�ʻŋ,Ȭș�'�! (Fig. 14A)�Vil2kd/kd{H[,��'.�Íȧ

ǋʌ(ʣŌ�?!ɟǈ)Ċǖ,�Ezrin -Ȭș.3)C*ʰ8<?��Radixin�

Moesin-©Éȭ+Ȭș˯-ĭë.ʰ8<?+�$! (Fig. 14A)�Ezrin)ɟĉ�

>)ʠ<?> Podocalyxin�;0 Rho-GDIα-Ȭș˯.�ˮ Ȝĥ�;0 Vil2kd/kd{

H[-˷(ıò.+�$! (Fig. 14)��Ƭ�NHERF2-Ȭș˯,%�'.�ˮ Ȝ

ĥ{H[)ǡˍ�'ƾƄ+ŝ.+�$!��Vil2kd/kd {H[,��'A��,Ǿ

œ�>Æċ�ʠ<?! (Fig. 14)� 
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� ª�-�)�<�Vil2kd/kd {H[(.�ɖȚ³-űƆűƉ:�`�nQ˄@˟

Ǚɼ,ȥš�+��)�Ʋ<�)+$!�5!�Podocalyxin -ˈɛɻ,��>

EqM�ʆ(-Ȭș:Ŗģ,Ų̍B�
+��)�Ȼʰ�?!��-;�,�̠

š-ȖƆ(.�Ezrin-ȬșƎà.�ɖȚ³-űƆűƉ:Ǚɼ,Ų̍�+��)

�Ʋ<�)+$!� 

 

Vil2kd/kdE(3���!µ¨Wçs���i��nd�

� ɖȚ³̂ņƴ,��> Ezrin-ųéBʤǇ�!�ADR�;0 LPSBˮȜĥ�

;0 Vil2kd/kd{H[,Ə���ɖȚ³̂ņƴ-ˈɛɻ-űƆűƉ�;0`�nQ

˄@˟Ǚɼ-ıòBǡˍ�!�ˮȜĥ{H[(.�ADRöĝ̉ɾÑƏ� 7ƯŴ

,��'�̈ Ļ̑ŷ˴ʤǇ,;$' ADRǀƏ�{H[)ǡˍ�'ˈɆˆ-Ǿœ

�ʠ<?>�)BȻʰ�!�5!�ADRƏ��e�(.�ADRǀƏ�ƴ)ǡˍ

�'ŕ�E�±|�ƛǪ˯-ĭë9ʰ8<?! (Fig. 15)�LPS Ə��e�,�

�'9�LPSʄʂÑƏ�Ŵ 24ƴ˷(˭Ũ-ˈɆˆ-Ǿœ�ʠ<?>�)BȻʰ

�!�5!�ŕ�1-E�±|�ȄØ�ʠ<?! (Fig. 16)��?5(,�{H[

(. ADR öĝ̉ɾÑƏ��e�(.�ADR Ə�Ŵ 5 ƯȰ;=˟Ũ-`�nQ

ŕ�Øș�>�)�Īď�?'�> 33,34)�5!�LPSʄʂÑƏ�,��'.�Ə

�Ŵ 24 ƴ˷Ŵ,.E�±|�ŕ�ʱȬ�?>�)�Īď�?'�= 34)�ADR�

LPSƏ�,;>ˣÚ+ɖȚ³̂ņ�e��´ʜ(�!)ɲ
<?>� 

� �Ƭ(�Vil2kd/kd{H[,��'.�ADRƏ�ɭ(9�ˈɆˆ-Ǿœ:ŕ�E

�±|�ƛǪ˯-ĭë�ʰ8<?+�$! (Fig. 15)�LPSƏ��e�(9�ˮ Ȝ

ĥ{H[(ʠ<?!ˈɆˆ-Ƿķ�v��ƾƄ,Ǝà�?'�!�ŕ�E�±

|�ƛǪ˯-ĭë.ʠ<?!��ˮȜĥ{H[)ǡˍ�'�-˯.ƾƄ,²�

$! (Fig. 16)�ª�-�)�<�Vil2kd/kd{H[(.�ɖȚ³̂ņ,��>ˈɆ

ˆ-Ƿķ:`�nQ˄@˟Ǚɼ-Ơķ�v��²��>)��ʙșĥ�ʰ8<

?!� 
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Vil2kd/kdE(3�eèµ¨W���! Rho GTPase���Í� 

� ˈɛɻ-űƆ�;0`�nQ˄@˟Ǚɼ-ɢƖ,��'�ɛɻ̛ǎ-àŶ,

˸A>²ÙĻ˯ GTPase-�ɂ(
> Rho GTPase�˭ʞ(
>�)�ȵ<?'

�>�ù#�̍ ɛɻ�űƉ�>ɖȚ³@˟̂Į-ɢƖ,. Actinɛɻ̛ǎ�´>

Ǖ˘�˭ʞ(
=�Rho GTPase�ÙĻ[Gcb)�'Ç��Actinɛɻ̛ǎ-ï

ȭıòBʵɒ�'�>)ɲ
<?'�> 35)�ĕ�ïȔ- Rho GTPase. RhoA�

Rac1 �;0 Cdc42 �<+=�RhoA .[f�[rDGm��Rac1 .ʏȖ«ˈ 

(lamellipodia)�Cdc42.ɖȖ«ˈ (filopodia) -űƉ,�? ?˭ʞ(
>�)�

Īď�?'�> 36,37)�Ezrin .ˈɛɻ,��'�NHERF2 )-ɟĉB¦�'

Podocalyxin) Actinɛɻ̛ǎ)BQ�[��Q�>Ç�"�(+��Rho GTPase

-ʵɒĞĻ)�'Ç��)�ȵ<?'�> 2)�GST ʔĉ`�nQ˄BȞ�!t

�aH�Ec]G,;$'�Ezrin- FERMg~G���Rho-GDI)ȱƝȭ,ɟ

ĉ�>�)�Ʋ<�,�?'�> 6,38)��-ɟǈ�Rho GTPase- Rho-GDI�<

-ʤ̇Bº˛�>�)(�˷Ɲȭ, Rho BǱſò�>�Ɗ	.�ˮȜĥ�;0

Vil2kd/kd{H[�<ö̇�!ɖȚ³,��> Rho GTPaseǱſBȀŃ�!��-ɟ

ǈ�Vil2kd/kd{H[ɖȚ³,��'�RhoA-Ǳſ��ˮȜĥ{H[ɖȚ³)ǡˍ

�'ƾƄ,̝��)�Ʋ<�)+$!��Ƭ�Rac1Ǳſ,%�'.ƾƄ,²��

Cdc42Ǳſ,%�'ƾƄ+ŝ.ʰ8<?+�$! (Fig. 17A)� 

� �<,�ADR �;0 LPS Ə�,;>ɖȚ³̂ņ�e�,��> Rho GTPase

Ǳſ,%�'9ʤǇ�!��-ɟǈ�ADRƏ��e�(.�RhoAǱſ� Vil2kd/kd

{H[(ˮȜĥ{H[;=ƾƄ,̝�$! (Fig. 17A)��Ƭ�Rac1 Ǳſ,%�

'.�Vil2kd/kd{H[(ƾƄ,²� (Fig. 17A)�Cdc42Ǳſ.��˥®Ļĥ)9,

ADRƏ�,;$'Ǳſıò.ʰ8<?+�$! (Fig. 17A)� 

� LPSƏ��e�(.�RhoAǱſ. ADRƏ�ƴ)Ċǖ,�Vil2kd/kd{H[(ˮ

Ȝĥ{H[;=ƾƄ,̝�$! (Fig. 17B)�5!�Rac1Ǳſ,%�'9�Vil2kd/kd

{H[(ƾƄ, RhoAǱſ�²�$! (Fig. 17B)��?<-ɟǈ�<�Vil2kd/kd{

H[ɖȚ³,��'�RhoA Ǳſ-�Ʊ�;0 Rac1 Ǳſ-²���ɖȚ³ˈɛ

ɻ-̂ņƴ-ˈɆˆ-Ǿœ,Ŏ�>ƑƐſ,%+�>ąɼſ�ȽĖ�?!�5
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!�ˈɛɻ̂ņƴ,.�Cdc42Ǳſ.ıò�+��)�Ȼʰ�?!� 
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 ¼u��

 

Ezrin�Ø¶¾�%@,JÂ�­§�! 

� ö̇�!ɖȚ³-HI[`�±�cdF�R�;0Íȧɝɫǋʌ-ɟǈ�ɖ

Ț³(.�, Ezrin�Moesin -Ȭș�ʠ<?!�Ezrin .ɖȚ³-ˈɛɻ,Ȭș

�'�=��-�(9EqM�ʆ̐ħ,��' Podocalyxin)Ŗģ��ˈɆˆ,

Ŗģ�> Synaptopodin: Podocin).ÐŖģ�+��)�Ʋ<�)+$!�Table 

3 ,ɖȚ³,��> ERM `�nQ˄-ŖģBȽ��Moesin �;0 Radixin .

Podocalyxin).ÐŖģBȽ��Ñȯɛɻ,Ŗģ�'�=�Vil2kd/kd{H[-ɖȚ

³ˈɛɻ,��' Ezrin -ǙɼB©É�>;�+Ȭșıò.ʰ8<?+�$!�

�-�)�<�ˈɛɻ(. ERM`�nQ˄-�# Ezrin-6�Ȭș��ɖȚ³

Ǚɼ,˸��'�>�)�ɲ
<?!� 

 

Ezrin�Ø¶¾�}�}���� Podocalyxin�á_�xl�~ê$g�����

� Ezrin.�̍ ī`�nQ˄(
> NHERF2B¦�'ˈɛɻ-űƆɢƖ,˸A>

`�nQ˄(
> Podocalyxin-CǁɊÃ-ɛɻÑ̐ħ,��'Ȳ�´Ȟ�>!

8�ɖȚ³-Ǚɼ,��'˭ʞ+ųéBǈ!��)�ƃŃ�?! 4)����+�

<�ǂȶɄ-ɟǈ�<�Vil2kd/kd{H[,��'�Podocalyxin-EqM�ʆ(-

Ȭș:Ŗģ.̂ņ�?'�<��ˈɛɻ(-ˈɆˆ-űƉȥš9ʰ8<?+�

$!�Podocalyxin -lcQEHf{H[(.�ˈɛɻ,��'ˈɆˆ�;0�

-ˈɆˆ˷,űƉ�?>[�cfʆ,ȥš�ʠ<?�Đȝƿ-ʊǞBŬ�ˆ�

��)�Īď�?'�> 32)��Ƭ�NHERF2 -lcQEHf{H[(.�Ʋ<

�+ʁʇ,��>ʙșĥ.Ȼʰ�?��Podocalyxin/NHERF2/Ezrinʝĉ³�űƉ

�?+�'9 Podocalyxin .ˈɛɻ-EqM�ʆ,Ŗģ�>�)�Ƚ�?! 39)�

¥ĝ�Vil2kd/kd{H[-ɖȚ³(.�NHERF2 -Ȭș˯�²��>Æċ�ʠ<?

!��-�)�<�Ezrin�ˈɛɻ(- NHERF2-EqM�ʆ(-ȬșBº˛�

>ąɼſ�ȽĖ�?>��NHERF2 -lcQEHf{H[)Ċǖ, Podocalyxin

-EqM�ʆ,��>Ȭș,Ų̍�+��)�Ʋ<�)+$!�����ǂɟǈ
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. Ezrin-ȬșBŁÏ,ǚƠ�!Ǆ¬(.+��A��,Ľģ�> Ezrin�óÙ

+ǙɼBǈ!�'�>ąɼſ9ɲ
<?>��-!8�Ezrin- Podocalyxin-Ȭ

șàŶ,��>ųé,%�'.�̍ ɛɻȕȥȭ+ Ezrin-lcQEHf{H[,

;>ʤǇBʖ�+*��<+>ǒʨ�Żʞ(
>� 

 

Vil2kd/kdE(3��z�Ø²×$}���wS��5M>.Ö¡]$|�×
�

���

� ˮȜĥ�;0 Vil2kd/kd{H[-[zcfŕ�<.�E�±|�.Ȼʰ�?+�

$!�Podocalyxin-lcQEHf{H[(.Đȝƿ;=ʁ�ÏBĎ� 32)�of

,��'9ǙɼĘķĥıȥ,;$'Ëĵſkr��^Ȫ¿ɭBĎ�>�)�Ī

ď�?'�> 40)�Podocalyxin.�ˈɛɻ-EqM�ʆ,��'YE�òBĄ�

>�)(ʽ,Š̈��̈ ǣȭ+āȬ,;=ˈɆˆ-ʔĉB˺��̍ ɛɻ,��>

`�nQ˄@˟̂Į)�'-Ǚɼ-ɢƖ,˭ʞ(
>)ɲ
<?'�> 31,32)�

Ezrin .ˈɛɻ,��' Podocalyxin )ʝĉ³űƉ�>�)�<�Ʋ<�+ˈɆ

ˆ-űƆȥš: Podocalyxin -Ȭșıò�+�)9�Ezrin -Ȭș²��`�n

Q˄@˟ǙǕ,ȥšB�!�ąɼſ�ɲ
<?!�����ǂȶɄ(. Vil2kd/kd

{H[(.ǝš+ˈɆˆ�űƉ�?�ŕ�1-`�nQ˄ȄØBŬ�ˆ��+

��)�Ʋ<�)+$!� 

� ˈɛɻ-ɛɻʆ-`�nQ˄@˟ǙǕBƣ
>`�nQ˄BǚƠ��!{H

[(.��? ?ŕ�1-`�nQ˄ȄØ,˸A>ȥš�ʠ<?'�>�[�c

fʆBǕƉ�> Podocin�CD2AP �;0 Neph1 -lcQEHf{H[(.�?

 ?ʊǞȭ+`�nQŕ�ʠ<? 26,41,42)�ĩŧʆ,Ȭș�> α3: β1 Integrin�

;0 CD151,%�'9��? ?-lcQEHf{H[�`�nQŕBĎ�>

�)�Īď�?'�> 28,29,43)��?,Ŏ�' Vil2kd/kd{H[(.��-;�+ʙ

șĥ�ʰ8<?��Ezrin-ȬșƎà��ˈɛɻ,��'ʆ`�nQ˄,;>`

�nQ˄@˟Ǚɼ,Ų̍�+��)�Ʋ<�)+$!� 

�  

Vil2kd/kdE(3�µ¨WçsG9J��Ø¶¾�}���¿�«z����
Ë
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 "! 

� ɖȚ³̂ņ�e�-´ʜ,ǧȞ�?> ADR �;0 LPS BˮȜĥ{H[,Ə

��!)�@�*#<-ɖȚ³̂ņ�e�(9ˈɆˆ-Ǿœ)�?,¯�`�

nQŕ-Øș�ʰ8<?!��?,Ŏ�' Vil2kd/kd{H[(.�ADRBƏ��'

9ˈɆˆ-Ƿķ�;0`�nQŕ-Øș.ʰ8<?+�$!�5!� Vil2kd/kd{

H[, LPS BƏ��'9ˌŨ-ˈɆˆ-Ǿœ�;0`�nQŕ�ʠ<?!��

*#<-ʙșĥ9ˮȜĥ{H[)ǡˍ�'ƾƄ,²�̂ņ(
$!��?5(

.�Podocalyxin/NHERF2/Ezrinʝĉ³-ȷį��Podocalyxin- Actinɛɻ̛ǎ)

-ʤ̇BŬ�ˆ���ɖȚ³̂ņ�e��cf,��>`�nQŕ,˸��>

�)�ȽĖ�?'�!�)�< 4,44)�Ezrin ǚƠ,¯$'ɖȚ³-Ǚɼ̂ņ�ˆ

�>�)BƃŃ�'�!����+�<�Vil2kd/kd{H[(.�˕,�ADR�LPS

Ə��e�,��'ɖȚ³̂ņ1-ƑƐſBȽ�!�)�<�Ezrin�ˈɛɻ,

��'�Podocalyxin/NHERF2/Ezrinʝĉ³űƉ).ȥ+>ȜțǙɼB9%�)�

ȽĖ�?!� 

 

Vil2kd/kdE(3�µ¨W�� Rho GTPase���«z
|�×
�"��!�

� Ezrin .ʆ`�nQ˄) Actin ɛɻ̛ǎ)BQ�[��Q�>Ǚɼ).Ý,�

Rho GTPase-ǱſBàŶ�>�)(�Actinɛɻ̛ǎ-ʵɒĞĻ)�'˭ʞ+Ǚ

ɼB9%�)�ȵ<?'�> 3)�Rho GTPase (
> RhoA�Rac1 �;0 Cdc42

-�? ?-Ǳſ-m��[��ɖȚ³ˈɛɻ,��> Actin ɝɫòBàŶ��

ˈɆˆ-űƉ�;0Ƿķ,˸��> 35,38)�Rho GTPase.�GDPɟĉĥ(
>�

Ǳſĥ�< GTPɟĉĥ(
>Ǳſĥ,+>�)(�ǲ-YRh�ÙĻ,ƂĪB

®ˠ��ɛɻ̛ǎɗ-ıòBŬ�ˆ���̍ ɛɻ(.�Cdc42.ˈɛɻ-Ȭˠ,

Ż̏(
>��Rac1 �;0 RhoA .ˈɛɻ-ɢƖ,��';=˭ʞ(
>�)

�ȵ<?'�> 45)�ˈɛɻȕȥȭ+ Rac1ǚƠ{H[(.�ɖȚ³-Ǚɼ̂ņ.

ʠ<?��̍ ɛɻ.ǝš+ˈɆˆBűƉ�'�>�)�Ȼʰ�?'�>�ȹ˫t

�`|�Ə�,;>žſˈɛɻ̂ņ�e�(.�ˈɛɻȕȥȭ Rac1ǚƠ�ˈɆ

ˆ-Ƿķ,Ŏ�'»ʺȭ,Ç�'�>�)9Ʋ<�,�?'�> 46)�Rac1-Ǳ
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ſò˻ņæ EHT1846�;0 RhoOh�^ (ROCK) ˻ņæ SAR407899�Ƈſʁ

ȨƁ,��>ˈɛɻ̂ņ,»ʺȭ,Ç��)+*9Ƚ�?'�= 47)�Rho 

GTPase -ˈɛɻ-Ǚɼʵɒ,��'˭ʞ+ųéBǈ!��ȕ,˟è+ Rac1 -

Ǳſò.ˈɛɻ-̂ņBŬ�ˆ��)ɲ
<?>�ǂȶɄ,��'�Vil2kd/kd {

H[(.�ˮȜĥ{H[)ǡˍ�'ɖȚ³̂ņƴ, Rac1Ǳſ-²��ʰ8<?

'�=�Ezrin-ȬșƎà�ˈɆˆ-Ǿœ,Ŏ�'»ʺȭ,Ç�!�)�ƞŌ�

?>�5!�RhoA-Ǳſò.�ˈɛɻ-ˈɆˆBŀŃò���̂ņƴ-ˈɛɻ

-ǷķB˺�Ç�B�>�)�Īď�?'�> 37)�Vil2kd/kd{H[(.�ɖȚ³

̂ņƴ, RhoA Ǳſ-�Ʊ9ʠ<?'�=�ˈɆˆ-Ǿœ,Ŏ�'ƑƐſBȽ

�!�)�ɲ
<?>��Ƭ(�ˈɛɻȕȥȭ+ Cdc42 ǚƠ{H[(.�ˈɛ

ɻ,��>ˈɆˆ-Ƿķ�˭ Ũ-`�nQŕ�ɖȚ³ȺòȪ+*-ʙșĥ�Ȼʰ

�?'�>� 45)�Vil2kd/kd{H[(.�Cdc42 Ǳſ.ıò�+�$!�ª�-�

)�<�Vil2kd/kd {H[(ʠ<?!ɖȚ³̂ņƴ-ˈɆˆ-Ǿœ:`�nQŕ,

Ŏ�>ƑƐſ.�Rac1�;0 RhoAǱſ,˸˙�'�>ąɼſ�ɲ
<?>� 

� Ezrin.�Rho GTPase -ǱſòB˻ņ�> Rho GDI) FERMg~G�(ɟĉ

�>�)( Rho GDI,;>˻ņ´ȞBƎà��Rho GTPaseBǱſò�>ųéB

9%�)�ȵ<?'�> 6)��-!8�Vil2kd/kd{H[,��' Rac1Ǳſ�²�

�!șʼ.�Ezrin-Ȭș�Ǝà�?>�)(�Rho GDI�Ǳſò��˷Ɲȭ,

Rac1-Ǳſò�Ǝà�?!)��ǙŦ�ɲ
<?>�ń́,�Rho GDIα-lc

QEHf{H[(.�Rac1 -ȥš+Ǳſò�<ˈɆˆ-Ƿķ�ʱő�?>�)

�Īď�?'�= 48)�Rho GDIB¦�! Rac1Ǳſ.ˈɆˆ-űƉ,��'̊š

,˭ʞ+ųéBǈ!��)�ȽĖ�?> (Table 4)� 

� �Ƭ(�Vil2kd/kd{H[(.�ˮȜĥ{H[)ǡˍ�'�ADR�;0 LPSƏ�

ƴ- RhoAǱſ�ƾƄ,̝�$! (Table 4)�RhoA) Rac1.��,ƕƐȭ,Ç

��)�ȵ<?'�=�Rac1 -Ǳſ²�� RhoA -ǱſòBʱő�>�)�Ī

ď�?'�> 37,49)��-!8�Vil2kd/kd{H[,��> Rac1-Ǳſò-Ǝà��

RhoA-�Ǜȭ+Ǳſò,ɪ�$!ąɼſ�ɲ
<?>� 
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� ª��Vil2kd/kd{H[-ɖȚ³ˈɛɻ,��'�Podocalyxin-ˣÚ+EqM�

ʆ1-Ŗģ.̂ņ�?��ɖȚ³-űƆȥš:`�nQ˄@˟̂Į-̂ņ.ʠ

<?+�$!����+�<�ADR: LPS×ɬ,;>ɖȚ³̂ņƴ(.�ˈɛ

ɻ-ˈɆˆǷķ:E�±|�ŕ+*-ȩƆ,ƑƐſBȽ��)�Ʋ<�)+$

!��<,�Vil2kd/kd{H[(.�ˈɆˆ-ǾœBŬ�ˆ�� Rho GTPase(
>

Rac1 Ǳſ-²��;0 RhoA Ǳſ-�Ʊ�Ŭ�ˆ��?'�=�ɖȚ³̂ņƴ

-ˈɛɻ,��>űƆ�;0`�nQ@˟ǙɼȥšBˌǾ�>�)�ɲ
<?

!� 
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³Tâ 
 

w¶´���! ERM5M>.Ö��a 
 

 ½�� 
�

� ŕɛɑ(.�EqM�ʆ,Ȭș�>ǖ	+ʆˎ˔`�nQ˄,;$'üŕ�

<̈ʤ˄:ǤÙBÒčĂ�'�>�ɖȚ³@˟BĄ�'ȜƉ�!üŕ.�ˑ ±ŕ

ɛɑ�u����t-�ʖɿ��ʖɿ�ˢ±ŕɛɑ-̎,˗˟�!Ŵ�̅ĉɑ,

ǲÎ���? ?-]R~�f(ȥ+$!ÒčĂ:ÙǫBĄ�>�)(³Ñ,

��>ǖ	+ƀšſBʵɒ�'�>�ˑ±ŕɛɑ,.ȕ,ĳ�-ɂ̒-f��

[z�`��Ȭș�'�=�Ȝ³,Ż̏)+>Ǎ̗ə-Ĵ˧Ù�ÒčĂ�?>�

ERM `�nQ˄-�# Ezrin .�ˑ±ŕɛɑ�ȯɛɻ-EqM�ʆÃ,Ȭș�

'�>�Ezrin.�FERMg~G�B¦�'ˈī`�nQ˄(
> NHERF1)ɟ

ĉ�> 50)�±`-ʁŕɛɑȠǅ- LLC-PK1ɛɻBȞ�!ʤǇ(.�NHERF1�

ˑ±ŕɛɑ-EqM�ʆ:ȷ̛ɛɻ-ĩŧʆ,Ȭș�>��˫ˎ˔³(
>

Npt2a- CǁɊ- PDZɟĉ�b�r(ɟĉ�>�)�Ezrin/NHERF1/Npt2a-ʝ

ĉ³űƉ� Npt2a ,;>��˫ˎ˔,˭ʞ)+>�)�Īď�?'�> 50-52)�

�-Ŵ�Vil2kd/kd{H[-ˑ±ŕɛɑ(. Npt2a�;0 NHERF1-áĻɧʆ,�

�>ȬșǾœ)�W±EqM�̐ħ�;0V�Z³1-ʐɃ�Ȝ�'�>�)

�Ʋ<�)+$! 11)�5!�Vil2kd/kd{H[. Npt2aB¦�!ŕ�1-��˫ƛ

Ǫ-ĭë�;0ʕ���˫ȈŨ-²��Ȼʰ�?�̛űƉ,��'˭ʞ+��

˫: Ca2+-m��[ȥš,;>Ɖ˵˝ūB�!��)�Īď�?'�> 11)� 

� �Ƭ�Ezrin)Ċ� ERM`�nQ˄- 1%(
>Moesin.�ŕɛɑ,Ȭș�

>Na+, K+, 2Cl−Ðˎ˔³ 2 (NKCC2) )ʝĉ³űƉ�>�)�Īď�?'�> 13)�

Moesin. FERMg~G�,��'�NKCC2- CǁɊ̐ħ)ɟĉ�>�LLC-PK1

ɛɻ(�Moesin BlcQaH��>)�cNKCC2 (NKCC1/NKCC2 -O~�³) 

-J�gWGf�Y[,.Ų̍�>�)+��JO_WGf�Y[BƎà�'�
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ɛɻʆʙ̋(-Ȭș�²��>�)�Īď�?'�> 13)��Ƭ�ʕȚɗ:Ĩ̗

ɛɻBȞ�!ʁʇªĲ-ȶɄ(.�Msn−/y{H[BȞ�!ń̚,��'�Moesin

�ʆ`�nQ˄: PI(4,5)P2)-ɟĉB¦�'[rF�VY� 1 ��˫Ąň³ 1 

(S1PR1) :f��[rI��Ąň³+*-ʆ`�nQ˄-J�gWGf�Y[

BàŶ�>�)�Īď�?'�>�Tɛɻ(.�Moesin� S1PR1-ǝš+Q�

[��¸Ľȭ+J�gWGf�Y[,��'Żʞ(
>�): 53)�in vitro-ɗ

,��' Moesin � F-actin :ɽ˄�rf,ʻŋ,Ľģ�> PI(4,5)P2)-ɟĉB

¦�'Q�[��ʚʟŒɻ-ɛɻÑˎ˔àŶ,˸A>�)�ȽĖ�?'�> 54)� 

� NKCC2 (SLC12A1) .MbL�Ðų Cl−ˎ˔³(
> SLC (Solute carrier) 12r

D|��,Ř�>ʆˎ˔`�nQ˄(
>�of- NKCC2 . 1,099 E|l˫ 

({H[�;0�cf(. 1,095 E|l˫) �<+>ÙĻ˯ɘ 120 kDa -`�n

Q˄(�12ĝʆʾ˗ĥ-ʆÑģſ`�nQ˄)�' NǁɊ�;0 CǁɊ-�Ƭ

Bɛɻ˄Ã,Ø�!ű(Ȭș�> 55)�NKCC2.�ŕɛɑu����t-Ķ��

ʖɿ (Thick ascending limb: TAL) :ˢ±ŕɛɑ-{Q�e�Wɛɻ-EqM�

ʆ,ȕȥȭ,Ȭș�>ʆˎ˔`�nQ˄(�Na+�K+�Cl−B 1:1:2-éĉ(ɛɻ

Ñ1)ˎ˔��üŕ�-̈ʤ˄ÒčĂB¦�!³Ǹm��[:ɖȚ³ȉ˟˯ 

(GFR) -ʵɒ,��'˭ʞ+ųéBƓ$'�>�u����t.��ʖɿ�<

�ʖɿ,��'��tǕ˘B)$'�=��ʖɿ(.̈ʤ˄-˖˟ſ�²���

%Ǥ-˖˟ſB̝��>�)(üŕ-ȈɨBʖ$'�>��?,ɡ� TAL(.�

Ȉɨ�?!üŕ�<�EqM�ʆ,Ŗģ�> NKCC2,;$'�îȘȭ,̈ʤ˄

-ÒčĂ�ʖ+A?'�>�TAL(- NKCC2,;>̈ʤ˄ÒčĂ.�ɖȚ³@

˟BĄ�!üŕ- 25-30%,�;0�³Ǹ�-̈ʤ˄m��[BɢƖ�>�(Ż

ʞ�ąǚ+9-(
>�NKCC2,;$'čĂ�?! Na+ C̣l−.�? ?ĩŧʆ

,Ȭș�> Na+,K+-ATPase�Q��Ggb�k� ClC-Kb ,;$'ɛɻĲ1ˎ˔

�?�K+.EqM�ʆ,Ȭș�>M�H}b�k�(
> ROMK,;$'ɑʂ

1ˎ˔��WGQ��?> (Fig. 18)�NKCC2-˥®ǚƠĥ-ıȥ.˭Ũ-̈ʤ

˄Ęķ,ȕŸ¨�<?>of- I ĥ Bartter Ȫ¿ɭBŬ�ˆ�� 56)�NKCC̤-

lcQEHf{H[,��'9�Bartter Ȫ¿ɭ)Ċǖ,̈ʤ˄:³ǸĘķBŬ
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�ˆ���)�Īď�?'�> 57)��Ƭ�NKCC2,;>˟è+ÒčĂ�̝ʕĢ

Ȫ-üĞ)+>ąɼſ9Ɨơ�?'�>�ȕ, black people.�ʀǤ,Ŏ�>ɴ

ſB̝8>!8�NKCC2-˟è+Ǳſò,;> Na+�;0Ǥ-ÒčĂ�¡˛�

'�=�̔ ĬƅĄſ̝ʕĢ-�[Q-ĭĴBȽ�ąɼſ�ȽĖ�?'�> 58,59)�

5!�NKCC2.șģʈť�(ǧȞ�?'�>r�]|g+*-��tÞŕʒ-

Ǘȭˎ˔³(
=��-ȜțȭƄɮ�Ĵ����-!8�NKCC2-EqM�ʆ

(-ȬșàŶǙǕBʤƲ�>�).̊š,˭ʞ(
>)ɲ
<?>� 

� NKCC2-EqM�ʆ(-Ȭș.�JO_WGf�Y[,;>EqM�ʆʙ̋

(-Ȭș)J�gWGf�Y[,;>ʆʙ̋�<ɛɻÑ1-ĝĂ-m��[,

;=ʵɒ�?'�>�ʀǤƴ+*�NKCC2 ,;> NaCl ÒčĂ�Żʞ)+>ī

ĉ,.�m_t�Y��çȡȖʅx��� (PTH)�R�MV�+*-x���ż

ɏ,;$'�cAMP/PKA ɞˉB¦�'ùƴȭ, NKCC2 -ɛɻʆ1-Ȭșʱő

�º˛�?> 60,61)� ˕,�źƋſhf�H}Þŕwtbg  (ANP)�J�g]�

��;0�˫òɇə (NO) +*.REi�˫YQ��^BǱſò�>�)(

cGMP-ȝȜBº˛� 62,63)�x[xZJ[d��^ 2 (PDE2) BǱſò�>��

-ɟǈ)�'�cAMPBǾœ���NKCC2-EqM�ʆ1-JO_WGf�Y

[B²���>�)�ȵ<?'�> 64) (Fig. 19A)�cAMP/PKAɞˉ-Ǳſò.�

NKCC2-NǁɊÃ-ɛɻÑ̐ħ,Ľģ�> Ser126�;0 CǁɊÃ-ɛɻÑ̐ħ

,Ľģ�> Ser874-��˫òB¡˛�>�)(�NKCC2-JO_WGf�Y[

,;>ɛɻʆʙ̋(-ȬșBʱő�>�)�ȵ<?'�> 65)��- cAMP/PKA

ɞˉ-Ǳſò.�NKCC2)Œɻʆʔĉ`�nQ˄(
> VAMP2)-ɟĉBº

˛��JO_WGf�Y[B¡˛��>�)�Ʋ<�)+$'�> 66)� 

� �Ƭ�NKCC2-J�gWGf�Y[,.Q�[��¸Ľȭ�;0̊¸Ľȭ+

ɞˉ-�Ƭ-˟Ɂ�˸��'�>)ɲ
<?'�> 67)�Methyl-β-cyclodextrin,

;=ɽ˄�rfǕ˘Bȷį�>) NKCC2 -J�gWGf�Y[�ŁÏ,˻ņ

�?>�)�Īď�?'�>� 68)�NKCC2-ɛɻʆ��<-J�gWGf�Y

[,��>àŶǙǕ,%�'.óÙ,ʤƲ�?'�+� (Fig. 19B)��  

� ��(�ǂȶɄ,��'.�Moesin ) NKCC2 -ʝĉ³űƉ,��>Ȝțȭ
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+ƄɮBʤƲ�>!8�Msn−/y{H[-ŕɛɑ(-̈ʤ˄ÒčĂ,˸A>rIl

`Gt�;0NKCC2-J�gWGf�Y[1-Ų̍BʤǇ�>�)(�NKCC2

B¦�!̈ʤ˄ÒčĂ,��>Moesin-ųéBǒʨ�!� 
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 ¸���

 

E(3w¶´���! Moesin�­§^y�

� .�8,�ˮȜĥ{H[,��>ŕɛɑ(-Moesin-ȬșB�ʁɝɫ,��

>ÍȧʓÌǋʌBȞ�'ʤǇ�!�Moesin .ʁʇ-��,Ñȯɛɻ�;0ŕɛ

ɑ�ȯɛɻ,Ȭș�ʠ<?! (Fig. 20)��(9ŕɛɑ�ȯ(.�Moesin.ˑ±

ŕɛɑ-EqM�ʆ,Ȭș�>²ÙĻ˯`�nQ˄-J�gWGf�Y[Ąň

³(
> Megalin :�TAL ,��'ȕȥȭ,Ȭș�Ùǫ�?> Tamm Horsfall 

protein (THP) )ÐŖģ�>�)�Ȼʰ�?!��Ƭ�̅ĉɑ-EqM�ʆ,Ȭ

ș�> Aquaporin 2 (AQP2) ).ÐŖģ�+��)�Ʋ<�)+$!�5!�

Msn−/y{H[(.��?<-ɝɫ,��> Moesin-Ȭș�ǚƠ�'�>�)�

Ȼʰ�?! (Fig. 20)� 

 

Msn−/yE(3���!ÁÃ�}�nd�

� Msn−/y{H[,��'��?5(-Īď(.�ʁʇ,��>ʙșĥ,ǮȰ�!

ȶɄ.+�?'�+� 14)�Ɗ	.�ˮȜĥ�;0 Msn−/y{H[-ʁɝɫBȞ�

' H.E.ǋʌBʖ��MoesinǚƠƴ-ʁʇ-ɝɫľȭʤǇBʖ$!��-ɟǈ�

Msn−/y{H[-ɖȚ³:ŕɛɑ-űƆ,.ȥš.ʠ<?+�$! (Fig. 21)� 

 

Msn−/yE(3���!Á�¿Í��

� Ǜ,�Moesin -ǚƠ,��>ʁǙɼ1-Ų̍BʤǇ�>!8,�ˮȜĥ�;

0 Msn−/y {H[,%�'©ʸS�ZBȞ�'̕Ǥ˯�ŕ˯Bʩ˳��ŕ��;

0ʕȅ�-̈ʤ˄�Q�Ebi�ȈŨBȀŃ�!�Msn−/y{H[(.�ʕȅ Cl−

ȈŨ-ƾƄ+�Ʊ�ʰ8<?! (Table 5)�5!�ŕ�1- Na+�;0 Cl−-ɣƛ

Ǫ˯ (ENa�;0 ECl) �²��>Æċ,
$!��Ƭ(�ˮȜĥ{H[)ǡˍ

�'ʕȅQ�Ebi�ȈŨ,ıò.+�$! (Table 5)� 

� ŕ˯,%�'.�ˮȜĥ�;0 Msn−/y {H[-˷(ƾƄ+ŝ.ʠ<?+�$

!��Msn−/y {H[,��'ɖȚ³@˟˯ (GFR) -ƾƄ+²��ʰ8<?!�
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GFR,āǡ¶�!ÁB)> Na+�Cl−-ÙȣƛǪȘ (FENa�FECl) ,%�'.ƾ

Ƅ+�ƱBȽ�!�Msn−/y{H[(.ʕȅ Cl−ȈŨ-�Ʊ�ʠ<?!�)�<�

ʕǸN[ÙǇ,;>ʕ�-˭Ȍ˫GL�ȈŨ�;0 pH-ȀŃBʖ$!��ˮ Ȝ

ĥ�;0 Msn−/y{H[-˷(ƾƄ+ŝ.ʠ<?+�$! (Table 5)��-�)�

<�Msn−/y{H[,ˆ�'�>ʕȅ Cl−ȈŨ-�Ʊ.©ʸſEYg�Y[,ˆĞ

�>9-(.+��)�ȽĖ�?!� 

 

Msn−/yE(3� TAL¶¾ÂQ���! NKCC2�­§ä�nd�

� Moesin-Ȭș�>TAL,��>̈ʤ˄ÒčĂ,˸A>`�nQ˄-Ȭș�;

0Ŗģ-ıòBʤǇ�>!8,�ˮȜĥ�;0 Msn−/y {H[-ʁ̜˄,��>

HI[`�±�cdF�R�ÍȧʓÌǋʌBʖ$!�HI[`�±�cdF�R

(.�TAL,��'Ȭș�> THP-Ȭș˯,%�'�ˮȜĥ�;0 Msn−/y{H

[˷(ƾƄ+ŝ.ʰ8<?��ĈW�t�˷(- TAL-Č˯,ŝȥ.ʠ<?+

�$!�TAL(-̈ʤ˄ÒčĂ,˸A> NKCC2�;0 ROMK-Ȭș˯�5!

̅ĉɑ,Ȭș�> AQP2 -Ȭș˯,%�'9ˮȜĥ�;0 Msn−/y{H[˷(ƾ

Ƅ+ŝ.ʠ<?+�$! (Fig. 22A)�5!�ÍȧʓÌǋʌ,��'9�ˮȜĥ�

;0Msn−/y{H[)9, TAL,��'EqM�ʆ,NKCC2�;0 ROMK�Ŗ

ģ�'�=��-Ŗģ,ıò.ʠ<?+�$! (Fig. 22B, C)� 

� ;=ʯɛ, NKCC2 -ɛɻʆ�(-Ȭș˯Bǒʨ�>!8�Ares <-ƬǬ 68) 

Bþɲ,�{H[-ʁ̜˄ɝɫBÚ=Ø�'U�Th�^×ț��TAL BČ7

ŕɛɑɛɻƈȇǸBʵʜ�!��-Ŵ�ˮȜĥ�;0 Msn−/y{H[- TALɛɻ

ʆ�-`�nQ˄Bʆ�˖˟ſ-pLb�òʭʒ(
> Sulfo NHS	SS	biotinB

Ȟ�'Ǘʹ��EpZ�	pLb�-Ȳ�´ȞBÞȞ�'t�aH���NKCC2

Ɛ³(HI[`�±�cf�>�)(ɛɻʆ�(- NKCC2 -Ȭș˯BŃ˯ȭ

,ʤǇ�!��-ɟǈ�ˮȜĥ) Msn−/y{H[(.�ɝɫ(- NKCC2 �;0

THP-Ȭș˯ɣ˯,ŝȥ.ʠ<?+�$!���Ƭ(�ɛɻʆ�(- NKCC2-

Ȭș�v�. Msn−/y {H[(ƾƄ,ĭë�'�>�)�Ʋ<�)+$! (Fig. 

23)� 
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Msn−/yE(3���! NKCC2�[â±È�nd�

� Msn−/y{H[,��'�TAL BČ7ŕɛɑɛɻƈȇǸBȞ�'�Moesin ǚƠ

,;> NKCC2-Ñ˧ɀʖ1-Ų̍BʤǇ�!�ŕɛɑɛɻƈȇǸBpLb�ò

ǗʹŴ,�37�( 30�;0 60Ù˷ NKCC2-Ñ˧ɀʖBŬ�ˆ�����-Ŵ

ɛɻʆ�,ǟȤ�!`�nQ˄-pLb�ǗʹBɛɻʆ�˖˟ſ-˦Êæ(


> Sodium 2	mercaptoethane sulfonate̠ MESNa B̡Ȟ�'Úƪ�!�Ñ˧ɀʖ�!

NKCC2-6BEpZ�(t�aH���Ń˯ȭ,ʤǇ�!�ˮȜĥ{H[,�

�'�4�(. 30�;0 60Ù˷Ŵ, NKCC2-Ñ˧ɀʖ.ʠ<?+�$!��

37�-Ǆ¬(.�ƴ˷¸Ľȭ, NKCC2-Ñ˧ɀʖ�ʣŌ�?! (Fig. 24)��-

Ñ˧ɀʖ.ˮȜĥ�;0 Msn−/y {H[-�Ƭ)9,ʠ<?!��Msn−/y {H[

(.ˮȜĥ{H[)ǡˍ�'�ɛɻʆ�(-Ȭș˯,Ŏ�> NKCC2-Ñ˧ɀʖ

˯�ƾƄ,²��'�>�)�Ʋ<�)+$! (Fig. 24)� 

 

Msn−/yE(3���! NKCC2�*M;0':O13�nd�

� Ǜ,�Koulen <-ƬǬ 69) Bþɲ,�ˮȜĥ�;0 Msn−/y {H[-ʁ̜˄-

postnuclear fractionB Optiprep,;>ŊŨð˨ˢźǬ,;$'Ùȣ���? ?

- NKCC2-ʆÙŞ-ˡ�BʤǇ�!�ʆȣÙ-{�M�)�' Rab5 (ÜƿJ�

g_�}) �;0 Rab11 (�WGQ��RJ�g_�}) BȞ�!��-ɟǈ�

ˮȜĥ{H[,��'�NKCC2. Rab11˿ſ-�WGQ��RJ�g_�}ȣ

Ù,Ȭș�ʠ<?�Rab5 ˿ſ-ÜƿJ�g_�}ȣÙ,.ǒØ�?+�$! 

(Fig. 25A)�5!�Moesin- 30-40%. Rab5˿ſ-ÜƿJ�g_�}-ȣÙ,Ȭ

ș�ʠ<?! (Fig. 25A, C)�����Msn−/y{H[(.��WGQ��RJ�g

_�}ȣÙ-§�Rab5 ˿ſ-ÜƿJ�g_�}-ȣÙ,9 NKCC2 -Ȭș�ʠ

<?! (Fig. 25B, C)� 

 

Msn−/yE(3���! NKCC2�ÀÖHA:��xl�nd�

� Ǜ,�J�gWGf�Y[,��'˭ʞ+|Q�g~G�(
>ɽ˄�rf
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(- NKCC2 -ŖģBʤǇ�!�ˮȜĥ�;0 Msn−/y{H[-ʁ̜˄;=ʵʜ

�!ɔʆȣÙB�Optiprep BȞ�!ŊŨð˨ˢźǬÙ̇��ɽ˄�rfBÙȣ�

!��-ɟǈ�ˮ Ȝĥ{H[(.�Flotillin-2˿ſ-ɽ˄�rfȣÙ-6, NKCC2

�Ŗģ�! (Fig. 26A)�����Msn−/y{H[(.�ɽ˄�rfĲ,9 NKCC2

-Ȭș�ʠ<?�Msn−/y{H[,��' NKCC2-ɽ˄�rf1-Ŗģ�̂ņ�

?'�>�)�ȽĖ�?! (Fig. 26B)� 

 

Msn−/yE(3���! NKCC2�ÚÜ���

� �<,�MoesinǚƠ,;> NKCC2-ɛɻʆ�(-ʿȤ��NKCC2-ˎ˔Ǳ

ſ,ÿ4�Ų̍Bʬ¹�!�ˮȜĥ�;0 Msn−/y{H[- TALBČ7ŕɛɑɛ

ɻƈȇǸ,Ŏ�'�K+-Eh�R(
>Tl+-ʓÌG�ZS�`�ʌə (FluxOR)

Bă=ː5�'�NKCC2,;> Tl+-ă=ː6ǱſBŃ˯ȭ,ǡˍ�!�5��

ˮȜĥ{H[-ŕɛɑƈȇǸ,��'�ƴ˷¸Ľȭ�;0 Tl+-ȈŨ¸Ľȭ+ă

=ː6�ʠ<?>�)BȻʰ�! (Fig. 27A, B)�NKCC2-˻ņæ(
>r�]

|g (100 µM) ×țǄ¬(.��;� 75%-ă=ː6�˻ņ�?!�Msn−/y{H

[(.�ˮȜĥ{H[,ǡ2'�NKCC2,;>)ʠ<?>r�]|gƅĄſ-

Tl+ˎ˔Ǳſ-�Ʊ�ʣŌ�?! (Fig. 27C, D)� 

 

�ÕÅ�� Msn−/yE(3���! NKCC2�­§nd�

� m_t�Y�ÙǫBƎà��NKCC2-JO_WGf�Y[BƎà�>�)(�

J�gWGf�Y[,;> NKCC2-ȬșıòBʬ¹�>!8,�ˮ Ȝĥ�;0

Msn−/y{H[,��' 3%[Q��[ǤȂǸB̕Ǥ��!Ǥʽʍ�e�,;>ɛ

ɻʆ�(- NKCC2-Ȭș˯-ǡˍBʖ$!��-ɟǈ�Ƈſȭ+Ǥʽʍ-Ǆ¬

�,��'�ɛɻʆ�- NKCC2-Ȭș˯,%�'�ˮ Ȝĥ{H[(.ƾƄ,²

��'�!��Msn−/y{H[(.�U�f���-ˮȜĥ{H[�v�-Ȭș�

ʠ<?!��Ƭ(�ʁ̜˄Ï³,��> NKCC2-Ȭș˯.�ˮ Ȝĥ�;0 Msn−/y

{H[Ð,�U�f���)Ǥʽʍƴ,ıò.ʠ<?+�$! (Fig. 28)� 
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Msn−/yE(3�Á¯Ö���! COX-2�­§nd�

� ©ʸS�ZBȞ�!ʤǇ�<�Msn−/y{H[,��' GFR �²��'�>�

)�Ʋ<�)+$! (Table 5)�TAL�<ˢ±Ã,ɡ�˧Ù(ɖȚ³,ØÎ=�

>ɛïɾ,Ɲʥ�>Ǖ˘B)=�ŕɛɑ(-ŕǲ˯:̈ʤ˄ȈŨBƅȵ�'

GFR Bʵɒ�>ŕɛɑ-ɖȚ³rF�gmcQ (TGF) );/?>ǙǕ�Ľģ�

>�TGF ,��'.�ŕɛɑ-ɛïɾ)Ɲʥ�>ˢ±ŕɛɑ,Ľģ�>{Q�

e�Wɛɻ��EqM�ʆ,Ȭș�> NKCC2�üŕ�<-ÒčĂB¦�'�ß

ˠ�> NaCl ˯Bƅȵ�>�{Q�e�Wɛɻ(.�NaCl -ÒčĂ,ż�'

Cyclooxygenase-2 (COX-2) -Ȭș˯Bıò���Prostaglandin E2 (PGE2) -ȝȜ

Bʵɒ�>�)(�ˎÎɛïɾţȃɎ-ŭɦ5!.Ăɨ,;$' GFRBàŶ�

> 70,71)��-!8�ˮ Ȝĥ{H[-ʁɝɫ,��>ÍȧʓÌǋʌ,;=�TAL�

<ˢ±˧,ċ�$'ɡ�{Q�e�Wɛɻ(-Moesin-ȬșBʵ2!��-ɟ

ǈ�{Q�e�Wɛɻ,��' Moesin�EqM�ʆ( NKCC2)ÐȬș�'�

>�)�Ʋ<�)+$! (Fig. 29A)� 

� Ǜ,�TGF ,��'˭ʞ+Ç�BƓ�ʁȯ˄(- COX-2 ,%�'�real-time 

PCR Ǭ�;0HI[`�±�ceF�RBȞ�' mRNA�`�nQ˄�? ?

-Ȭș�v�BʤǇ�!��-ɟǈ�Msn−/y{H[(.�ˮȜĥ{H[)ǡˍ�

'�COX-2- mRNA�`�nQ˄)9,Ȭș�v��Ǝà�?'�>�)�Ʋ

<�)+$! (Fig. 29B-D)�5!�PGE2,%�'9 EIAǬBȞ�'ȀŃ�!)

�@�ˮȜĥ{H[)ǡ2' Msn−/y {H[(.ȝȜ˯�²��'�>�)�Ȼ

ʰ�?! (Fig. 30)� 
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 ¼u��

 

E(3w¶´���! Moesin �­§^y��Moesin ����­§5M>.Ö

�}���~ê�

� ǂȶɄ-ɟǈ�<�ˮȜĥ{H[-ʁ̜˄,��'�Moesin.�, TAL,Ȭ

ș��̅ĉɑ,Ȭș�+��)�Ȼʰ�?!�5!�Msn−/y{H[(.�ʁʇ-

ɖȚ³:ŕɛɑ,��'űƆȥš.ʣŌ�?��ÍȧʓÌǋʌ-ɟǈ(.�TAL

-EqM�ʆ,Ȭș�> NKCC2: ROMK-Ŗģ-ıò+*.ʰ8<?+�$

!� 

 

Msn−/yE(3���TAL ���! NKCC2 �¶¾ÂQ��­§Q��U�É§

m
Ð� "��

� ǂȶɄ(.�Moesin� TAL,��' NKCC2)ɟĉ�>�),ȴȰ��Msn−/y

{H[,��'ŕɛɑ(-̈ʤ˄ÒčĂ,˸A>ʙșɗ-ʤǇBʖ$!��-

ɟǈ)�'�Msn−/y{H[(.ŕ�1- 24ƴ˷- Na+�;0 Cl−ƛǪ˯-Ǿœ�

ʠ<?!�5!�Msn−/y{H[.�ˌŨ-̝ Cl−ʕȪBĎ�>�)�Ʋ<�)+

$!� 

� �<,�{H[ʁ̜˄;=ʵʜ�! TALBČ7ŕɛɑƈȇǸ,��>ʤǇ,

;=�Msn−/y{H[(.ˮȜĥ{H[)ǡˍ�'ɛɻʆ�(- NKCC2-Ȭș�

�Ʊ�'�>�)�Ʋ<�)+$!�Ċǖ,ʵʜ�!ƈȇǸ(.�Msn−/y{H[

,��' K+Eh�R(
> Tl+-ˎ˔Ǳſ-�Ʊ�ʰ8<?!��?<-�)

�<�Moesin -ǚƠ,;=�NKCC2 -ɛɻʆ�(-˟è+ȬșBŬ�ˆ���

ŕ��<-̈ʤ˄ÒčĂ�¡˛�'�>ąɼſ�ȽĖ�?!� 

 

Msn−/yE(3���TAL ���! NKCC2 �*M;0':O13«z
|�×


�"��!�

� Msn−/y{H[(.�ˮ Ȝĥ{H[)ǡˍ�' NKCC2-ɛɻʆ�(-Ȭș˯�

�Ʊ�'�>�)�Ʋ<�)+$!�5!�NKCC2 -Ñ˧ɀʖʤǇ,��'�
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Msn−/y{H[(. 37�(-J�gWGf�Y[,;> NKCC2 -Ñ˧ɀʖ�̂

ņ�?'�>�)�Ʋ<�)+$!�ŊŨð˨ˢźǬBȞ�! NKCC2-ʆÙŞ

ʤǇ-ɟǈ�<�ˮȜĥ{H[,��' NKCC2 -Ĵ˧Ù. Rab11 ˿ſ-�W

GQ��RJ�g_�},Ŗģ�'�!��Ƭ(�Msn−/y{H[(.�ˮȜĥ(

.ʠ<?+� Rab5˿ſ-ÜƿJ�g_�}1-ʐɃ�ʠ<?!� 

� NKCC2-EqM�ʆ(-Ȭș�v�.�J�gWGf�Y[)JO_WGf

�Y[-m��[,;$'ʵɒ�?'�>�ȕ,�J�gWGf�Y[,%�'

.�Q�[��¸Ľſɞˉ)Q�[��̊¸Ľſɞˉ-�Ƭ�˸A$'�=�Ü

ƿJ�g_�}�<Ĵ˧Ù.�WGQ��Rɞˉ1)ɀʖ�>)ɲ
<?'�

>���-ÙĻǙŦ,%�'.ǀ"�Ʋ+ȍ�ĳ���?5(,�Tɛɻ(.�

S1PR1 -Q�[��¸Ľȭ+J�gWGf�Y[,��'�Moesin BǚƠ��

>)Q�[��ʚʟŒɻ-űƉ,ȥšB�!��)(�S1PR1 -Ñ˧ɀʖ�̂

ņ�?>�)�Īď�?'�> 53)�ǂȶɄ(.�MoesinǚƠ,;= S1PR1)Ċ

ǖ, NKCC2-Ñ˧ɀʖ,̂ņ�Ȼʰ�?!�����S1PR1-ɛɻÑŒɻ,�

�>ÙŞ,˸�'.�ˮ Ȝĥ(.ÜƿJ�g_�},ʣŌ�?>��Msn−/y{H

[(.7�@ÜƿJ�g_�}1-ÙŞ�Ǿœ�'�>�)�Īď�?'�>� 

� �Ƭ�f��[rI��Ąň³-J�gWGf�Y[,��'�HeLaɛɻB

Ȟ�! in vitro-ń̚ɗ(.�Moesin�ɽ˄�rf,ʻŋ,Ľģ�> PI(4,5)P2:

F-actin )-ɟĉB¦�'�Ąň³BČ7Q�[��ʚʟŒɻ-ɛɻÑˎ˔àŶ

,˸A>�)�Īď�?'�> 54)��-Īď(.�Moesin-ȬșƎà��Q�

[��ʚʟŒɻ-ÜƿJ�g_�}1-ʐɃBŬ�ˆ���)BƲ<�,�'

�=�ǂȶɄ,��> Msn−/y{H[(- NKCC2 -ɛɻÑŒɻÙŞ)Ċǖ-ɟ

ǈBȽ�'�>� 

� �-;�,�Moesin. FERMg~G�(-ʆ`�nQ˄�;0 PI(4,5)P2)-

ɟĉ�CǁɊÃ(- Actin)-ɟĉB¦�'J�gWGf�Y[,��>Œɻˎ

˔-˞ïſBʵɒ,��'˭ʞ+Ç�BƓ�ąɼſ�ȽĖ�?!� 

 

Msn−/yE(3���NKCC2�ÀÖHA:��±È���!çs
|�×
�"
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��!�

� Msn−/y{H[,��'�ˮ Ȝĥ{H[)ǡˍ�' NKCC2-ɽ˄�rf1-Ŗ

ģ�̂ņ�?'�>�)�Ʋ<�)+$!��?5(,�NKCC2-EqM�ʆ

,��>Ŗģ,%�'��cfʁ̜˄: TALɛɻ,��'�NKCC2�ɽ˄�r

f,̅Ƀ�'�>�)�Īď�?'�> 72,73)�5!�Ortiz<.�NKCC2-J�

gWGf�Y[�Methyl-β-cyclodextrin,;>ɽ˄�rfǕ˘-ȷį,;=ŁÏ

,˻ņ�?>�)BĪď�'�=�ǝš+ɽ˄�rf1-Ŗģ��x Ú+NKCC2

-J�gWGf�Y[,��'˭ʞ(
>�)�ȽĖ�?'�> 68)�Moesin.�

ɽ˄�rf,ʻŋ,Ľģ�> PI(4,5)P2 )ɟĉ�>�)�<
2,3)�Moesin .�

PI(4,5)P2)-ɟĉB¦�'NKCC2Bɽ˄�rf,ʱő�>́,˭ʞ+ųéBǈ

!��)(�ä˒�!Œɻˎ˔-˞ïſ-ʵɒ).ȥ+>J�gWGf�Y[

àŶ,��'˭ʞ+ųéBǈ!�ąɼſ�ȽĖ�?!� 

 

Msn−/y E(3����ÕÅ��!=4CK1M�`��� NKCC2 �¶¾Â­

§
Q����! 

� NKCC2-JO_WGf�Y[,;>EqM�ʆ1-Ȭșʱő.��,m_t

�Y�,;$'ʵɒ�?'�>�m_t�Y�.Ãŧʆ,Ȭș�> V2Ąň³,

´Ȟ�>) cAMP/PKA ɞˉ-ǱſòBŬ�ˆ���NKCC2 - N ǁɊÃ-ɛɻ

Ñ̐ħ,Ľģ�> Ser126�;0 CǁɊÃ-ɛɻÑ̐ħ,Ľģ�> Ser874-��˫

òB¡˛�>�)(�NKCC2-JO_WGf�Y[Bʱő�> 61)�Ǥʽʍƴ,

.m_t�Y�-Ùǫ�Ǝà�?�JO_WGf�Y[,;> NKCC2-ɛɻʆ

1-Ȭșʱő�Ǝà�?>)ɲ
<?'�>��ǂǄ¬�,��'9�Msn−/y{

H[(.�ˮ Ȝĥ{H[)ǡˍ�' NKCC2-ɛɻʆ�(-Ȭș�v��¸Ȑ)

�'�Ʊ�!55(
$!��-�)�<�Moesin .�,�JO_WGf�Y

[(.+��J�gWGf�Y[,;> NKCC2-EqM�ʆ(-ȬșàŶ,˸

��'�>�)�ȽĖ�?!��Ƭ(�Carmosino<.�LLC-PK1ɛɻ,��>

Moesin -ȬșƎà��cNKCC2 -J�gWGf�Y[,.Ų̍�>�)+��

JO_WGf�Y[BƎà�'ɛɻʆ�(-Ȭș�²��>�)BĪď�'�
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> 13)�cNKCC2.�NKCC1- NǁɊ, HA-tagB¨ë��CǁɊÃ-ɛɻÑ̐

ħ-�˧(
> apical sorting information BƓ�)ɲ
<?>̐ħ (930-1,079) 

B NKCC2,ɬƟ�! NKCC1/NKCC2-O~�³(
>�5!�Carmosino<-

ń̚(.�ʁŕɛɑȠǅ(.
>��Ñģȭ, NKCC2 BȬș�+� LLC-PK1

ɛɻBȞ�!ɗ, cNKCC2BůàȬș��'ʤǇBʖ$'�>!8�TALɛɻ

(- NKCC2ǂǅ-ɛɻÑŒɻˎ˔BāƳ�'�>�*��,.Ȧė�ǟ>�ǂ

ȶɄ(.�{H[ʁʇ TAL ɛɻBȞ�'�Ñģȭ,Ȭș�> NKCC2 -J�g

WGf�Y[,Ŏ�> Moesin ǚƠ-Ų̍BʤǇ�!�)�<�Ȝ³Ñ(-

NKCC2 -Œɻˎ˔,��> Moesin �Ɠ�ųé,%�'�;=ǨŃȭ+ʫƔ�

ŵ<?!)ɲ
<?>����+�<�ǂȶɄ,��'9�JO_WGf�Y[

BŁÏ,˻ņ�!ń̚Bʖ$'�+�!8�NKCC2-JO_WGf�Y[,�

�>Moesin-ųé,%�'.�;=ʯɛ+ʤǇ�Żʞ(
>)ɲ
<?>� 

 

Msn−/yE(3���w¶´-µ¨WA&O;=7.��! GFR �VR
|�×


�"��!j¿�
�! 

� ǂȶɄ,;=�Msn−/y{H[.�ˮ Ȝĥ{H[)ǡˍ�'�GFR�²��'�

>�)�Ʋ<�)+$!�TGF -t�][,��'�{Q�e�Wɛɻ(-

NKCC2 B¦�! NaCl -ÒčĂ,;> COX-2 -Ȭșʵɒ�˭ʞ)+> 70)�

NKCC2,;> NaCl-ÒčĂ-¡˛� COX-2-Ȭș-Ǝà,;> PGE2-ȝȜ

²�BŬ�ˆ���ˎÎɛïɾ-ŭɦ,;> GFR-²�,ɪ�>�)�ȽĖ�

?'�> 70,71,74)�ǂȶɄ(.�Msn−/y{H[,��'�ʁȯ˄( COX-2- mRNA

�v��̀ �nQ˄�v�(-Ȭș˯-²��;0 PGE2-ȝȜ˯-²��ʰ8

<?!��-�)�<�Msn−/y{H[.�EqM�ʆ�(- NKCC2-̝Ȭș,

;$' NaCl -ÒčĂ�¡˛��{Q�e�Wɛɻ(- COX-2 -Ȭș²�B¦

�! PGE2-ȝȜ²�BŬ�ˆ���)(�TGF,;> GFR-²��ˆ�$'

�>ąɼſ�ɲ
<?>����+�<�Msn−/y{H[,��> TGF ,��>

ȜțľȭųéBȻ�8>,.��<+>ǒʫ�Żʞ(
>)ɲ
<?>� 
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ª��Msn−/y{H[(.�NKCC2-ɛɻʆ(-ɽ˄�rf1-Ŗģ-̂ņ�J

�gWGf�Y[-̂ņ�ʠ<?�ˮȜĥ{H[)ǡˍ�'EqM�ʆ�,�

�' NKCC2�ʿȤ�'�>�)�Ʋ<�)+$!�5!�Msn−/y{H[.��

-EqM�ʆ,��'˟èȬș�! NKCC2,;$'˟è+ NaClÒčĂBŬ�

ˆ���ŕ�1- Na+�;0 Cl−ƛǪ˯-²�:̝ Cl−ʕȪ)�$!ʙșĥBĎ

�>�)�Ʋ<�)+$!�  
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 ¸Ñ��

 

ǂȶɄ(.�ª�-ȵʠBŵ!� 

 

1. ɖȚ³,��' Ezrin .�,ˈɛɻ,Ȭș�'�>��Ezrin BlcQaH

��'9ɖȚ³ˈɛɻ-űƆȥš.ʠ<?+�$!�̍ ɛɻ,��'.�ǝ

š+ˈɆˆBűƉ�>�)(`�nQ˄@˟̂ĮBǕƉ�>-,˭ʞ)�

?> Podocalyxin) Ezrin�ʝĉ³BűƉ�>�)�<�Vil2kd/kd{H[(.

`�nQ˄@˟ǙǕ�̂ņ�?>�)�ƃŃ�?!�����Vil2kd/kd {H

[-ɖȚ³(. Podocalyxin-Ŗģ.̂ņ�?'�<��`�nQŕ9ʰ8

<?+�$!��Ƭ(�ɖȚ³̂ņƴ,.�̍ ɆˆǷķ:E�±|�ŕ+*

-ȩƆ,ƑƐſBȽ��)�Ʋ<�)+$!�Vil2kd/kd {H[(.�ˈɆˆ

-ǾœBŬ�ˆ�� Rho GTPase(
> Rac1Ǳſ-²��;0 RhoAǱſ

-�Ʊ�Ŭ�ˆ��?'�=�Ezrin-lcQaH��ɖȚ³̂ņƴ-ˈɛ

ɻ,��>űƆ�;0`�nQ@˟Ǚɼȥš-ˌǾ,˸��>ąɼſBȽ

�!� 

2. ŕɛɑ,��'Moesin.�,ˑ±ŕɛɑ�;0 TAL�{Q�e�Wɛɻ-

EqM�ʆ,Ȭș�>�)�Ʋ<�)+$!�ȕ, TAL (. NKCC2 )ʝ

ĉ³BűƉ�>�)(�NKCC2-ɽ˄�rf1-ɀʖ�J�gWGf�Y

[,;>ɛɻÑ1-ă=ː6,��'˭ʞ+ųéBƓ��)�Ʋ<�)+

$!��-!8 Msn−/y{H[(.�NKCC2�EqM�ʆ(˟èȬș�>�

)(�NaCl-ÒčĂ�¡˛��ŕ�1- Na+�;0 Cl−ƛǪ˯-²��̝ Cl−

ʕȪBĎ�>�)�Ʋ<�)+$!� 

 

� ª��Ɍɳ.ʁʇ,��> ERM`�nQ˄-Ȝțȭ+ųé,%�'ǒʨBʖ

��ɖȚ³(. Ezrin-ȬșƎà�ɖȚ³̂ņƴ-ˈɛɻˈɆˆ-Ǿœ�;0`

�nQ˄@˟Ǚɼ-ȷį,»ʺȭ,Ç��)B�TAL (.³Ñ-³Ǹʵɒ,˭

ʞ+Ç�B9%̈ʤ˄ÒčĂˎ˔³(
> NKCC2 -J�gWGf�Y[,;
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>EqM�ʆ(-Ȭșʵɒ,˸A>�)BƲ<�,�!� 

� ERM `�nQ˄.ʆˎ˔`�nQ˄:ˈī`�nQ˄)�Actin ɛɻ̛ǎB

Q�[��Q�>ɛɻ̛ǎ˸˙`�nQ˄)�'��-ȜțǙɼ-ʤƲ�ʭ6

<?'�!��Ezrin�Radixin�Moesin-�? ?-Ǚɼ-ˡ�,��>ȶɄ.


5=˛ŗ�'�+��ǂȶɄ(.�Ezrin ,;> Rho GTPase -Ǳſʵɒ,�

�>ųé:�Moesin -ʆ`�nQ˄-J�gWGf�Y[àŶ,��>ųé�

Ʋ<�)+=�Ċ�ʁʇÑ(9 Ezrin ) Moesin )�ȥ+>ȜțȭųéBƓ$'

�>�)�ȕ, Ezrin,��'.ɖȚ³ˈɛɻ(Q�[��M�)�'(.+�

Rho GTPase -ǱſàŶ,ŉ��'�>�)�Ʋ<�)+$!�5!�Ezrin�

Radixin�Moesin �? ?�©Éȭ+ǙɼBƓA+��)�ȽĖ�?!�¥Ŵ�

Ezrin�Radixin�Moesin. in vivo,��'9ĳǙɼ+ųéBƓ�`�nQ˄)�

'ʤǇ�'��Żʞſ�
=�5!ǂŰ,�? ?�Ó˵ſB9$'Ċ�-ų

éBƓ�-�*��,%�'��<+>ȶɄ�Żʞ)+>9-)ɲ
<?>� 
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Fig. 1   Schematic Figure of ERM Proteins. 

The FERM domain and actin–binding domain are located at the amino– and carboxy–

terminal of ERM proteins, respectively. The FERM domain consisted of about 300 amino 

acids binds to membrane proteins such as NKCC2, CD44, ICAM–2 and NHE1, and 

membrane phospholipid PI(4,5)P2. 
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Fig. 2   ERM Proteins Function as Cross-Linkers between Membrane Proteins and 

Actin Filaments Directly or Indirectly via the Scaffold Proteins. 
The interaction between the amino- and carboxy-terminal domains of ERM proteins 

makes them dormant. Phosphorylation of Thr567 in ezrin (Thr564 in radixin or Thr558 in 

moesin) by Rho kinase or protein kinase C, or PIP2 binding to the FERM domain, opens 

up the dormant conformation into the active open conformation. (Left half) ERM proteins 

directly cross-link between ICAM-1 or -2 and actin filaments. (Right half) ERM proteins 

cross-link between the CFTR or NHE3 and actin filaments indirectly via the scaffold 

protein NHERF1. 
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Fig. 3   Regulation of Rho GTPases by Ezrin (ERM Proteins). 

Rho GTPases in the GTP-bound form are active and interact with downstream effectors. 

They have an intrinsic GTPase activity and catalyze the conversion of bound GTP to GDP. 

The GDP-bound Rho GTPases are inactive and have greatly reduced affinity for 

downstream effectors. Rho-GEFs (such as Dbl) induce the exchange of bound GDP for 

GTP and activate Rho GTPases. On the other hand, Rho-GAPs inactivate Rho GTPases 

by increasing their intrinsic GTPase activity, resulting in accelerated hydrolysis of GTP 

to GDP. Rho-GDIs interact to stabilize the inactive GDP-bound Rho GTPases. Ezrin (or 

ERM proteins) promotes the dissociation of Rho-GDI from Rho GTPases. ERM proteins 

also function as a binding protein of GEF (Dbl) to activate Rho GTPases.  
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Fig. 4   Distributions of ERM Proteins in Mouse Kidney. 
In glomeruli, ezrin was exclusively detected in podocytes; radixin and moesin were 

detected in endothelial cells. In addition, radixin and moesin co-localised with ezrin in 

the apical membranes of the proximal tubules (green: radixin, red: ezrin and blue: moesin).  
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Fig.5   Na+ Reabsorption at Different Parts of the Nephron. 
In the renal tubule, 65%, 25–30%, 5% of Na+ filtered through the glomeruli are 

reabsorbed in proximal tubule, thick ascending limb (TAL), and distal tubule, respectively. 
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Table 1   Primer Sequences Used for Genotyping and Real-time PCR. 
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Table 2   Antibodies Used in This Study. 
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Fig. 6   Schematic Figure of Glomerular Structure and Podocyte Foot Process.  
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Fig. 7   Distributions of ERM Proteins in Mouse Glomeruli. 
In WT mouse kidneys, glomerular localization of ERM proteins was investigated by 

immunofluorescence analysis. Ezrin, radixin and moesin showed different localization in 

glomeruli. Ezrin was exclusively detected in podocytes; radixin and moesin were detected 

in endothelial cells, but not podocytes. Radixin and moesin co-localized with ezrin in the 

apical membranes of the proximal tubules (Arrow).  
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Fig. 8   Immunofluorescent Analysis for Ezrin and Moesin in Glomeruli. 
Coimmunofluorescent analysis for ezrin (A) and moesin (B) with CD34, an endothelial 

cell marker, and podocalyxin, a podocyte marker were performed in WT mice kidney.  

Ezrin was detected in podocytes. On the contrary, moesin was detected in endothelial 

cells but not podocytes.  

A 

B 
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Fig. 9   Histological Analysis of Vil2kd/kd Mouse Glomeruli.  

There were no morphological abnormalities in the Vil2kd/kd glomeruli observed by H.E. 

staining (Scale bar: 25 µm) (A) or electron microscopic analysis (magnification × 3,610, 

scale bar: 2 µm) (B). Areas enclosed by dotted lines are magnified, and (magnification × 

19,000) were shown in (C) and the number of foot processes/µm of glomerular basement 

membrane (GBM) was counted right graph).   
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Fig. 10   Spot Urine was Separated by SDS-PAGE and Stained with CBB.  

As a positive control, BSA (0.5, 1, 2.5 and 5 µg) was loaded. Apparent urinary albumin 

leakage was not observed in WT and Vil2kd/kd mouse urine. 
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Fig. 11   Immunofluorescence Analysis for Proteins Expressed in Glomerular 

Podocytes in WT Mice Glomeruli.  

Immunolocalization of ezrin, other related proteins (NHERF2 and podocalyxin), and 

marker proteins (synaptopodin and podocin) was investigated in WT mouse glomeruli 

(Scale bar: 20 µm).  

  



 68 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12   Immunofluorescence Analysis for Proteins Expressed in Glomerular 
Podocytes in Vil2kd/kd Mice Glomeruli.  

Immunolocalization of ezrin, other related proteins (NHERF2 and podocalyxin), and 

marker proteins (synaptopodin and podocin) was investigated in Vil2kd/kd mouse glomeruli. 
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Fig. 13   Immunofluorescent Analysis for ERM Proteins in WT and Vil2kd/kd Mice 
Glomeruli.  

Localizations of radixin and moesin were also investigated in WT (A) and Vil2kd/kd (B) 

mouse glomeruli. Ezrin, radixin, and moesin were coimmunostained with podocalyxin.  
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Fig. 14   Western Blot Analysis of Glomerular Proteins in Isolated Glomeruli from 
WT and Vil2kd/kd Mice.  

Glomerular protein expression levels were investigated by immunoblotting. As a control, 

total kidney cortex lysate from WT mouse was used (A). Densitometric analysis was 

performed (n = 3–5, respectively) (B). *p < 0.05, vs. WT. 

  

A B 
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Fig. 15   Morphological Changes in Podocytes and Functional Changes in 

Adriamycin-induced Glomerulopathy.  

Adriamycin (50 mg/kg) was administrated intravenously. After 7 days, spot urine was 

collected, separated by SDS-PAGE and stained with CBB. As a positive control, BSA 

(0.5 and 1 µg) was loaded. Urinary albumin excretion was increased in WT mice but not 

Vil2kd/kd mice (WT: n = 7, Vil2kd/kd: n = 7) (A). Urinary albumin and creatinine 

concentrations were measured and ACR (mg albumin/mg creatinine) was calculated (B). 

Electron microscopic analysis was performed in these mice (magnification × 19,000, 

Scale bar: 1 µm). Number of foot processes/µm of GBM was measured. Foot process 

effacement was significantly progressed in WT mice, but not Vil2kd/kd mice (C).   

B 

A C 
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Fig. 16   Morphological Changes in Podocytes and Functional Changes in LPS-
induced Glomerulopathy.  

LPS (200 µg) was administrated intraperitoneally. After 24 h, spot urine was collected, 

separated by SDS-PAGE, and stained with CBB (A). As a positive control, BSA (0.5 and 

1 µg) was loaded. Urinary albumin and creatinine concentrations were measured and 

ACR (mg albumin/mg creatinine) was calculated (WT: n = 9, Vil2kd/kd: n = 9) (B). Electron 

microscopic analysis was performed in these mice (magnification × 19,000, Scale bar: 1 

µm). Number of foot processes/µm of GBM was measured (C).  

  

B 
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Fig. 17   Rho-GTPase Activity Assay Using Isolated Glomeruli.  

Rho-GTPase activity—including RhoA, Rac1 and Cdc42—was measured by an ELISA-

based Rho-G-LISA assay. Isolated glomeruli from both untreated and ADR-treated WT 

and Vil2kd/kd mice were used in this study (n = 5–11) (A). Isolated glomeruli from both 

untreated and LPS-treated WT and Vil2kd/kd mice were used in this study (n = 5–8) (B). 
*p < 0.05, vs. WT at the same condition. † p < 0.05, vs. baseline for the same genotype.   
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Table 3   Localization of ERM Proteins in Mouse Glomeruli. 
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Table 4   The Function and Activity Changes of Rho-GTPase in WT and Vil2kd/kd Mice.  
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Fig.18   Electrolytes Reabsorption in TAL. 

In TAL, 25–30% of Na+ filtered through the glomeruli are reabsorbed. TAL plays an 

important role in the maintenance of salt and fluid homeostasis. NKCC2 plays an essential 

role in this process. 
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Fig.19   Schematic Figure on Exocytosis and Endocytosis of NKCC2. 
The hormonal stimulation of the TAL recruits exocytosis of NKCC2. This process is 

promoted by phosphorylation of Ser126 and Ser874 of NKCC2 via the cAMP/PKA pathway. 

Vasopressin binds vasopressin V2 receptor (V2R) and increases intracellular cAMP (A). 

Lipid raft localization of NKCC2 is important for the endocytosis of NKCC2 since this 

process is completely blunted by the disruption of lipid raft by methyl-β-cyclodextrin (B).  
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Fig. 20   Immunofluorescent Analysis of WT and Msn−/y Mice. 
Kidney tissue sections from WT and Msn−/y mice were co-immunostained with moesin, 

and megalin (marker for proximal tubule) (A), or THP (Tamm Horsfall protein: marker 

for TAL) (B). White arrow indicates apical membrane of proximal tubule, in which 

positive immunostaining for moesin is observed (A). Yellow arrowhead indicates apical 

membrane of TAL, in which positive immunostaining for moesin is observed (B). Moesin 

expression was lacked in the collecting ducts (AQP2, as a marker of collecting duct) (C). 

Scale bar: 25 µm (A), (B) and 20 µm (C).    
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B 

C 



 79 

 

 

 
 

 

Fig. 21   Histological Analysis of WT and Msn−/y Mice.  

Hematoxylin & Eosin staining was performed using the kidney tissue section from WT 

and Msn−/y mice. (Scale bar 25 µm) 

  

WT Msn
-/y
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    Table 5   Biochemical Parameters of Plasma and Urine and GFR in WT and 

    Msn−/y Mice. 
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Fig. 22   Expressions and Localizations of Moesin and Other Proteins (NKCC2, 

THP, and ROMK) in the Kidney. 
Immunoblotting for moesin and other proteins expressed in TAL (NKCC2, THP) using 

mouse renal medulla lysate (A). Densitometric analysis was performed (n = 3, 

respectively) (A). Subcellular localizations of NKCC2, co-stained with THP (B) and 

ROMK (C) were examined in WT and Msn−/y mice by the immunofluorescent analysis. 

(Scale bar 20 µm)   
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Fig. 23   Surface Biotinylation Assay for the NKCC2.  

Surface biotinylation assay was performed using medullary tubular suspensions from WT 

and Msn−/y mice. Surface expression levels of NKCC2, moesin, and THP were compared 

with total expression levels. Densitometric analysis for surface expressions of NKCC2 

and THP was performed as shown in graph (n = 11, respectively). * p < 0.05 vs. WT.  
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Fig. 24   Internalization Assay for the NKCC2.  

Internalization assay was also performed using medullary tubular suspensions. 

Densitometric analysis for internalized NKCC2 was performed. Data are expressed as a 

percentage of basal surface expression of NKCC2. (n = 3, respectively). * p < 0.05 vs. 

WT (37 °C)   
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Fig. 25   Subcellular Fractionation of Renal Medulla Lysate by Density Gradient 
Centrifugation.  

Subcellular fractionation of renal medulla lysate from WT (A) and Msn−/y (B) mice was 

performed by 8%–34% OptiPrep-based density gradient centrifugation method. The 

distribution of Rab5 (endosome) or Rab11 (recycling endosome) was examined. 

Densitometric analysis for moesin, NKCC2, Rab5, and Rab11 was performed. Data are 

expressed as a percentage of total protein expression (n = 3, respectively) (C). Open circle 

(○) represents protein expressions in WT kidney. Closed triangle (▲) represents protein 

expressions in Msn−/y kidney. *p < 0.05 vs. WT  
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Fig. 26   Fractionation of Lipid Raft by Density Gradient Centrifugation. 
Lipid raft fractions were separated by the 10–40% Optiprep-based density gradient 

centrifugation method in WT (A) and Msn−/y (B) mice. The expression of flotillin-2 as a 

marker of lipid raft was examined. The fractions containing flotillin-2 were shown by 

bold lines at the bottom of figures  
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Fig. 27   Analysis for NKCC2 Activity in Medullary Tubular Suspension. 
Time-dependent Tl+ uptake (10 mM Tl+, 37 °C) was examined using medullary tubular 

suspension from WT mice in the presence or absence of Furosemide (100 µM) (n = 3, 

respectively) (A). Concentration-dependent Tl+ (2.5, 5, 10, 30, and 40 mM Tl+) uptake 

(37 °C, 5 min) were examined using medullary tubular suspension from WT mice in the 

presence or absence of Furosemide (100 µM) (n = 3, respectively) (B). Inhibition of 

tubular Tl+ uptake (10 mM Tl+, 37 °C, 5 min) by Furosemide (12.5, 25, 50, 100, and 200 

µM Furosemide) (n = 3, respectively) (C). Furosemide sensitive-tubular Tl+ uptake 

activity (10 mM Tl+, 37 °C, 5 min) was compared between WT and Msn−/y mice (n = 4, 

respectively) (D). *p < 0.05 vs WT. **p < 0.01 vs. WT. Furosemide sensitive-tubular Tl+ 

uptake activity was shown as the black bar  

A B 

C D 
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Fig. 28   Analysis for Surface Expression of NKCC2 and THP in Water Loading 

Condition. 
Surface expressions of NKCC2 and THP in the medullary tubules after water loading 

were examined by surface biotinylation and immunoblotting (A). Densitometric analysis 

was performed for the surface expression levels of NKCC2 in water loading condition (n 

= 5, each, *p < 0.05 vs. WT mice with same condition, †p < 0.05 vs. control mice with 

same genotype) (B).  
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Fig. 29   Analysis for Moesin Expression in the Cortical TAL and Macula Densa 
Cells, and Real-time PCR and Western Blot Analysis for Renocortical COX-2 
Expression. 

Immunostaining for moesin, NKCC2, and THP was performed. In the cortical TAL, all 

of these proteins were expressed. In the macula densa cells (NKCC2+/ THP−: white 

arrow) of WT mouse, moesin was expressed at apical membrane and co-localized with 

NKCC2. G: glomeruli (A). Renocortical mRNA and protein expression of COX-2 was 

examined by real-time PCR (n = 9, respectively) (B) and Western Blot. (n = 11, 

respectively) (C, D), *p < 0.05 vs WT   
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Fig. 30   Assay for Renocortical PGE2 Level. 
Renocortical PGE2 level was examined by EIA assay (WT; n = 8, Msn-/y; n = 5), 

*p < 0.05 vs WT  

 


