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1. iR EM Th®
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B~ ATIXZOLIREER B IZALNRN Y9,
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HHEIL, BITEBWTO FER W N @& o Fw D,
R T DY LB TR A S DD H e E AR
HENTWS Y, —F5, Radixin [ZFIEO BHIIEE 1230

TRWREIZTR T HNPLATIR COMIERED B TERY,

Radixin O R~ A TAAAIIZ T Dubin Johnson fiE {57
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HBPPESNTND Y, ZRBHICHL T, Moesin (ZBILT
T LBE T R~ AERRE IO IS B A 8RE FH

NEWVST- B T RAZ T DR 72 O, ITFEORFIE T,

FHRHIIBRE R R E I RZITONR20E 0D, JilihT
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ZFONLIERRESN TS PO 2D X572 b,
AR RHERE D TE H PEHERF I Z 35V VT Moesin 73 & OOFLFE M58
RE[RIPHDTHLINEIDIFHIRAS TE LT,
Z DM ONEER COMRE R E DRFNTS B D 1= 2R DFREA
WVETHHLDEEZ BND,

EIICF1TD ERM 2o 7B OBERBIZ DWTE in
vitro, in vivo DIFEERZEL THEA 7R3 THOIL TS
MED%LH Ezrin (BT DM FETHY . Radixin <°
Moesin (2B DIFSEIXIEEA LTIV TR T, T
£, Carmosino 57 /L—712L>TNKCC2 REARE D
KN A 409 Aquaporin2 D REFR i 4y &L TD
Moesin DEENZ SV TOMFZENITHONATRY 2]
Moesin 73 EBEREHIEILZ 35N TRIDD O EIZ K-35
DR TS, LU, BIRDEIIZZHET Moesin
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KI~TZZFUNTEH NKCC2 =2 AQP2 DREREFHE &
ZPED IOTERITHE SN TE LT, FZERIZ in vivo 128
VT Moesin 232 D KO 7 E BRI EI % 2L T ED
MDIEMRFTOMENH D, FZTARMIIZIB VT,
Moesin D& BHFE /K5 FRIUZIITS in vivo TOR
FIZEGDNTL , Moesin &I LT #7270 FERFE - K FFWLUX
FEEAE DA EA fRIA 2 B B CRFJEA FEML 72,

2. ARAE
2. 1 Moesin RIET I AD B EEBHEBEDAEMT

FRARD B AT T TN Moesin K~ A% VT, R
r— VR U A B RE O AT 2 FEM L 7=, B Ak
KCEFREG D 1 HY0DKSTERE, REE
BB, Fio, BRI T2 IR 2 FH TR 7 i B
(Na', K', CI), ZLT7F=REZJIEL, 1 H Y400k
BRI R O, JRPOBML/ /LT F = eE R
HL72, 5~10 HHEOREBIEZEH% ., ~ 7 AD MK M OPR
ZERIL IR K R R OBME - /LT T =R
ZHIEL .. BFRE OIR T4 EPEIER (Fractional Excretion)
R,
2.2 IHAOQMEAIE

~ 7 ZAD I JERTE T Tail cuff 2 FHV 7= FEE ) ifn 135
TEEIZ R > THEM L7z, P R ONLHE M E (SBP) | #&
sRHIME (DBP) | A4 (HR) ZFHHIL 7=,
2. 3 BAREKEEBEDATE

< AD B R ERIAREIE £ % FITC-inulin bolus injection
EEROTHRIEL T, FITC fEikL7-A XV % R ERIREY
RN &G L, BIEM 2B MLE2ITo72, o
FITC-inulin DF%AF &2 #OGCMIEL , I FIH IR ZE =
BV T, MR SRR~ D 5347 A B g B D R
WHEARD 2—a /=R A NET VA W CRERRTEE
wEEEHL,
2. 4 HEMREEIZLS NKCC2 O RBTEMEHT

PT NKCC2 ik, Ht Moesin HLIA%E% TRt
Pt Z I ZNHDH R E O TALH IZH1T 240N R

TEERRTILT,
2. 5 Western blot [Z&2BHE NKCC2 DRIFENE
(ZBH9 S fRHT

< AR AR A B L HLEE M Ay A R R L T
Western blot 17277,



3. AEHER A RSz, JREO Na', Ky Cl o EE K O dE
3. 1 Moesin RIBIZKDMBRUVRDAELFEADE  EIXHAME Moesin KIF~T AR TIIA ERETRD
£ ST, FERICRIRBEICOWVWTHEIZASNR T
Moesin K~ A TIEIMAEF CIHR BT DRE (Table 1), LU, MEH R ORIV T F =R EA 5T
ML, MAEH Na & KIREICITRE e RE 12 Na' K ClogERtRA R LA, ZEh
TROLNIR T2 (Table 1), MEFZLTF=RE AEICEFLTOLENHL) LT (Figure 2), 20
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B EILAEL QORWEIVRIBE N (Table 1), 7z, LB S RS CAEL QWD HIVRIBS LT,
— HYYDOJREIL Moesin K~ A THT 720

Table 1. Biochemical parameters in plasma and urine from WT (wild-type) and Moesin knockout (Msn KO) mice.

WT Msn KO
N 12 13
Plasma
Na'*, mmol/L 150.6 0.7 151.9+0.5
K+, mmol/L 6.7+0.5 6.5+04
Cl-, mmol/L 1124+ 0.7 1155+ 1.0
Creatinine, mg/dL 0.22 +£0.03 0.25+0.03
Urine
Volume, mL/day 1.37+0.15 1.12+0.12
Osmolality, mOsm/kg/H,0 3481 £ 560 3471 £ 330
Na*, mmol/L 111.3+17.1 128.1+11.9
K+, mmol/L 114.2 +£19.3 160.4 + 24.4
Cl-, mmol/L 84.0£11.5 86.7+5.5
0.2 -
0.18 1 * 71 * 0.18 .
0.16 I 6 - [ 0.16 T
0.14 0.14
2 0.12 - ° : 0.12
S 01 X4 = o1
w x )
& 0.08 W i 0.08
0.06 5 ] 0.06
0.04 0.04
0.02 1 ' 0.02 -
0 - 0 - 0 -
WT  MsnKO WT  Msnh KO WT  MsnKO

Figure 2. Fractional excretion rate of electrolytes (Na“, K*, and CI') into urine.
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— -

=~ (#)] o] o N

o o o o o
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Blood pressure, mmHg

[y}
(=)

SBP DBP

ZOFESR, Moesin KIH~ 7 AZI0 NV TH B2 R ERIATER
EBOK FZ2B D7 (Figure 4), ZOZ EIIRTHEO IFAL
Tl b BmEICBERL TRY, BIRME COBME T
W DR FIZL > THI RIS NA IR FERZ L 20
RIEERED — 2L TAEL TW D IEM B ES D,
3. 4 KEFIZ&D Moesin RIEYIRADANEREE
EADEE

Moesin K~ A TR H 0 il B HE JA [ % [
A AVE R I E DR TR R BRI TR B O N 25
FHILTWDATREMED B 2 DAL, BRI BB MR
HLENRESNIZ, T TRGE DT E X, E
R NT L R D DD EI DTN THRETETT
77, 3% sucrose # A KEGZHZETH43727K 3B EL
FARICU Tt MR A SR B C i e AR R e A1 T
ST eZAEERITIESSE D HHEH DD Moesin K~
TADIHH) 44%DEEFE T 145 mEq/L LA F O Na IfijiE
MDRLNHENRH D257,

700 1

=2}
o
(=]
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o o o
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o
o

-y
o
o

WT Msn KO

Figure 3. Heart rate, systolic and diastolic blood pressure (SBP and DBP) in WT and Msn KO mice at basal condition.
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Figure 4. Glomerular filtration rate in WT and Msn KO mice.
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3. 5 Moesin 1812k % TALH #1#ETH NKCC2 $3I5(
52558

Carmosino SO LN B NKCC2 DT B VIR H -~
DT T 4% 7128 T Moesin 23538 5- L CWB AT REM:
DRI TEY D, ZNETOMIKEL~LTD Moesin
KAR~T AD LB Moesin 73 NKCC2 OEJSIEIZ
MR 52 TODAREMENE 2 5D, —F CHRZ L —
7°® Tamma 513 Moesin 2NEEEGE 2BV T AQP2 Dk
ST 49% L I B> TOD TREMEL FERL T 12,
AQP2 D J{EIZF DS LD A I B IR ERROSE
W T DHEN TSN, Moesin KB~ ADFBIAIL

Moesin

IZE2 5> TND, ZO L7 M5, fEd el Lk
WD CREIRAEIZIITD Moesin D RBIEEZFHT2L2A5,
Moesin (XB#E IV CTIEFEIC NKCC2 #F BT 5
TALH (Z/77£L TV /= (Figure 5), %12, TALH (238 C
B =74 & Moesin K4E~7 AT NKCC2 O JTEZ i~
7oeZ A BAERNZ L T Moesin KIH~7 AT Apical [l
FIzEITD NKCC2 B MEm &, HifuNIZHBIT5
IINELR DY e G D IN% 7R 7= (Figure 6), ZALH O
13 Moesin 73 NKCC2 @ TALH #3120
FEFIENC B2 B2 B - L QOB AR L TUVD,

Figure 5. Immunofluorescent stainings for Moesin, NKCC2, and THP (Tamm-Horsfall Protein) in mouse kidney.

Figure 6. Apical membrane localization of NKCC2 was disturbed in Msn KO mice.
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4. BRLESEDRE

AWFFENZINT, WFZERFEE DX Moesin K~ A
(23N TIR H 0D B M T 7 0 AR i ) B B T 3 A
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HRILTERE R T 2E NS0 Y, RIFZEIC
BV T Moesin KB~ ATIT 2T EIZNKCC2 DK IE
<A RHND XD 7 L DAY PRSI TR A AL R e SR
WIXRONRDoT203 RE T — % Tt B IR
HADBMEOTELNEC TODEHEHLNIC L, 18
PERI72 IR R~ D BRFE ORI T EE LB EL T &
2T RBIINBH DN, Moesin KR~ ATIH R EC
HYRERIRTEIE A K F S5 F TR P ~OIR e %
BT D RTREMEDS TARS LD, DR 8 Ie v o> TR A L
REDOEITE R E AT DY/ T7 T AT
NKCC2 #Ar U CTRALTHRY, JRE SRERIAZ 4 —R
o7 ERRE VRN R COEMRE DR ReE B L T4
BRI D7 4 — RNy ZIE A TOMME Ch D, 22T
? NKCC2 DI Bt B E [FIAFE I Moesin D RIRIZE ST
[FERD FEBEA ST CWDATRENMED B 2 b, £ % OfET
HRED—D>ThD,

Bartter JE EHED R KN Z B0 5 F:72557 T-1L NKCC2 T
HDHNEOTEMEENC B D D8 4 725y 1D ¥ H 1 Bartter
SEBREDIRK L70>TERY | ZOBIBFEFILTHNG V
HETHITHN TS, ZILHO IR T OBERE S H X
NKCC2 DE 72 L F A~ CTHEE E MR ME 2 H
5, Moesin (TG0 BH 73D I T EIVEIZE
(7% NKCC2 DJRIERIIENZBIDL73, 100% KL TH 4
TONKCC2 7 E IV JRTE H 72 22 AER I /20
TG RSN D — D ThDHEB 2 LD,
NKCC2 DZDEH72 T ANEFEBUZBID 5531 E LT,
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ZHLETIZ SCAMP2 (Secretory Carrier Membrane Protein
2) X Anexin A2, MAL ( Myelin and Lymphocyte
-associated protein) /VIP17 ( Vesicle integral Protein of
17kDa) . Aldolase B, SPAK-OSR1 7¢& D X572k % 725y
FTOREESNTNDE Y, FRFIC, avyar T
Moesin (3/MaiE 2 B K51 & GTPase O—>T
% Rabll LA EAER%T 2Ll bl S CRn 19,

ZDESp T EEOM AR ZBU T, iR e
ANV $51F %5 NKCC2 O /R7EZ HIfEL T o a]
HEMEE S LD,

Moesin 23 E D EH72 AT =X 1T NKCC2 D TALH il
WD JFEZHIFIL CTWDEZ LS T 20ERNH D,
TALH #2233\ T Moesin 23> & D L57255 1 Likhe
HIICEAR L T NKCC2 DFEHRZHHT2DMNEFIZEIC
HERE Y Tl LIRSS L EE T H LB 2 B,
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Summary

Electrolytes as Na', K, and CI" have a vital role in maintaining body fluid homeostasis. Kidney is an
essential organ to keep these electrolytes balance in the body and several ion transporters and channels play pivotal
roles in keeping electrolytes balance. ~Although more than 50 % of Na" filtered in the glomerulus are reabsorbed
in the proximal tubules via Na' transporters as Na'-dependent glucose cotransporter, Na'/H" antiporter,
Na'-phosphate cotranspoter and so on, this process seems to be required for the reabsorption of nutritions but not
the regulation of body fluid balance. In the thick ascending limb of Henle (TALH), 20 to 40 % Na' are
reabsorbed by NKCC2 (Na-K-Cl cotransporter 2), which plays essential roles in the reabsorption of electrolytes
and volume balance regulation. Despite of the physiological importance of NKCC2 in the regulation of NaCl
homeostasis, the molecular mechanisms for its membrane trafficking are not elucidated. Recently, Carmosino et
al. reported that Moesin, which is a member of ERM (Ezrin-Radixin-Moesin) family, plays an important role in
the apical membrane trafficking of NKCC2 by in vitro experiments. Thus, we examined the physiological
importance of Moesin in the regulation of renal function by using moesin deficient mice. We found that moesin
deficient mice exhibited the significant increase in the fractional urinary excretion of electrolytes (Na", K, and CI"),
whereas total urinary contents of these electrolytes were not different between Wild type and Moesin deficient
mice. Furthermore, Moesin deficient mice showed moderate hypotensive phenotype and significantly reduced
glomerular filtration rate, suggesting the possible compensation for the urinary loss of electrolytes.
Immunofluorescent analysis also indicated the reduced apical surface expression of NKCC2 in Moesin deficient
mice. In summary, our study suggests that Moesin plays an important role in the maintaining the apical surface

expression of NKCC2 in TALH and regulation of the electrolyte reabsorption in vivo.
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