REES 60 (0529)

TRARE L AR E LT B ES ME E LEE B X ONE #R A D
KT R A MUE D2 Wi - IR R D A1 F

BARPE RIS L EAED 1> THD Liddle JiEfp
BB W TR E R G IR ME IHFET D BT R
U7 5F ¥ /L (ENaC) @ gain-of-function mutation 3%
RENTZEREDPLENICB T DT MY LAFRILE
ML JESE O FR N R R BR D RIS TV D, 1997 (T
Vallet 51X A6 Ml BRI 7L Ukt 7 a7 7 —E8T
% % Channel-activating protease (CAP-1) % Hi B L |
Xenopus Oocyte 112 ENaC CHLFBIXH 5 & ENaC 15
MITEST 222 HE LT, BA72bid CAP-1 ©
mammalian homologue D711 —="7|Z#& FL, BV
077 —BOTuAL L wTy NEE cDNA 747 7Y —
MHHEEL 72, 7 A% X Xenopus Oocyte |2 ENaC &
HRBIELHETInTARNEZ T N LEiE 2~5
EHmMSE, 7VRAT LB RIS W T rR g
DIEBLAHIRL T ENaC Z AT L72F b Ao FR IV A 1Y
JNEH7z, i, protease nexin-1 (PN-1) 37 A&
OWIRMEA > BE ¥ — (serpin) THhDH I ENWAE ST,

bkl BR (BRI 2 D)
B Ak (BARRFPRFRE K EOIER)
7iE B (FRARPE TR R E A R
W (BARRFPEFI R RS RN )

AWFFETIE, PN-1 BT BAXY L OTEEE LT
ENaC IEPEZ 64 272257, F72 TGF-p1 T /LR A
F TR E ORVEL S PN-1 DFEBFR 21T o0
THFL 72, Xenopus Oocyte b TiX, PN-1 (7 mA%
2k % ENaC OiEtE(L%E 68 %7z, 20 ng/mL @
TGF-B1 [Z PN-1 ®F 8% 3.8 + 0.5 fFHIML ., 7/LR AT
1853.7 £ 6.7 %l SH Tz, SHIZM-1 /BT
siRNA % fiL. PN-1 % knockdown 9%¢& ., Na &
18 5 HEINT D2 ENHABIE IR o2, 2D E1E, PN-1
DT AR DOIEVEZ T 52 & T, Na BRI A
L TWHZ &, ENaC JEHEFRETIC 3175 PN-1 OB
MEREZBIRTHLOTHD, ARICBT R T 0T
7 —BIXH T serpin EOFEHUIRRBIZHY , ZDART AN
AN EXITHRREBERTHEEZLNTND, T72b5,
EARIZEBT DRI S MEIc 7 m A& L PN-1
OFEPBARN EE 2% B Z RIZL CODATREMENE 2
biLd,






Bipk& -+ 0529

TRAE L H R & LT B

M S IR SE S KOS e D

(RN SNIRTRE L TE SYie & SATE S

el
& H
LE
"

(BFZE B8]

HARFIE i T b OB A IEH Ty MBS &,

E®ZyMIEIMENFIET H2E0, EROBEBAEIZE
WTHR =2 @I EEF IS ERZRNERLED
BTG E . LU NI R LT & FSE 9248 A
BEWZ LR E DS MLFEAE DAL IR & U TR gD 7= 1%
FENIEEHAIN TS, Fio, B RS M & i E
JED1->ThD Liddle JEMRREIZIB W TR EER R
MEIZFET D BRI R AF % %L (ENaC) O
gain-of-function mutation 3% REI7=Z L0 B
BUIFDF R LFFPLL & i GE O 58 O K R BI R AR
ST D, ENaC IR, i, KNG, 7R, BRE7e L
D IR AFAEL . TR AOFIRIN A > TND,
ENaClE a, B. Yy DP3DDH T 2=y bH3 2a, 1B, 1y D 4
BEREZEHRLTLIOOF v RV ERERRL TS, 20
ENaC |7 /VR AT R0PiRlRF VB A A 708
DFNVEAAZLVFREIZZ T, Bl TO TR D AU
BOREIRIHE 21T > T BD[1-3], 1997 £4E1Z Vallet &
T 7V 5 AT 2V D FRABEHIRL (A6 cell) 2D 7
ViY77 7 — 8 THD Channel-activating
protease (CAP-1) Z HifffEL | Xenopus Oocyte 2 ENaC
& CAP-1 #33HI S 5L ENaC OFE N LT HZ L
A LTZ[4],

FL7= 51X CAP-1 @ mammalian homologue D71 —=
VICETFL, ZhETICRI T eT T —En T axs
L ET Y NER cDNA 747 Z)—bLHEEL 72, 2D
2431 Xenopus Oocyte (2 ENaC S3EFEHLSHHL
TIRTAREZ M NID LB A 2~5 FHINSHE[S].
TR ARHZB N TH o LB HERF/LELDIDOT
HHTNVRATaANIRIC BN T aRF DR B
AR L C ENaC %41 L7z MDA I IS5
EVIIFT LW R KGRHEIHE 2GR L72[6], SHIZT
MZBWTRY T aT 7 —PBERITHHLAL LT~
TEAZ YNNI BAZL AL, IR Na SRt 521
IMESEDZE[T]. ~ U AR H G RS M 2 35T

B (REACK R BRI TR R )
U
B

(REAK R ABE i 3 2 TR B I )
(REAN K S 7 B B J o e ik N )
o (REASKR IR S ER A e B N )

TGF-B N7 0ARZL  DIEHAFRGL -~V THIHIL , Na
AW ELETHZEB1EHLNIC LT, ZIHDE R
L7 mAZ L BN F Ry AR B W TAER PRI E
B R TD e BLORIERS M & i+
JEDFIER T D1 O THAH A REMEABRRE T 55D T
BHb,

2004 EIZ7 AUA @ Karl Chai H5D7 —71%, <7 A
RN T a2Z 2 ONKPEA BB 4 — (serpin) &L
T protease nexin-1(PN-1) Z[AEL72[9], PN-1 (7 12A
B LT RS T AZLIC Y R S ez
L OIEMEEIIHIT 5, LA, ENaC OVEEFHEC
BIFDPN-1 702z O HAEHDORESL PN-1 O
BRIIWEZmb T,

ARG CIE T 7V HY AH TSI R L O~ A
B RE A RANE AT (M-1 cell) Z VT PN-1 &7
A& ORI EAE DS ENaC IEPEIZ B2 DI DT
a7z,

(AR AE]
I. 7I2VRYAATIILERBHBICE TS PN-1 [2XD
ENaC ;&£ DN

1. Stage IV~ V O 77U BV A7 =)L P Bl g (2
MENaC a. B,y 7 2=y @ENaC a. B,y H7 2=
yh+TmRZ L @ENaC a. B,y Y7 a=yh+7m
AH+PN-1, @ENaC a, B, y #7 2=y +PN-1 D
cCRNAZ~AruAr P ar L, 16 K22 BE
PLEEEIC IO T In T A NS PE Na B ARl E LT,

I. RKEELRMBICEITSEFERILESD PN-1
BRI o5&

1. vV RAB R E G IRAE ML (M-1 cell) (2 TGF-B1

5L, PN-1 BEUENaC a, B, y 7 2=y hDFEHL

(69D 8% real time RT-PCR iEBL NV =247

oy hEEZ W THREL,

2. M-1 cell [IZT7VRATRYZ#HE L, PN-1 BLW

-73 -



ENaC a, B,y ¥7 2=y hOFEBUTKT2HEE real
time RT-PCR £ LW = AX 7wy MEEZ F W TR
L7z,

. FREEEHAEIZE TS PN-1 siRNA D Na EFRICEZ
SEE

1. M-1 cell IZ PN-1 IZXx}9% siRNA &7 AT =75

YL, TInTAREZ M Na Bz ELZ, 51

siRNA |ZJ% PN-1 DI ELHNHI %) R % real time RT-PCR

ERBXOY A& T ay MNEE W TREF L,

(MR HER]
I. 72UAYAARTILINBHEIZEITS PN-1 [2&D
ENaC ;&1 D N

1. 7797 07 =)V R R B8 Bl R Tl RATe B ORE
KDHED I T AL L ENaC A B L7 2 1%
WIS 7o, EHIT PN-1 28 Blsgpt 7 axz v
\Z&% ENaC OiEMAbIZsE2Icmfilsin, X—A7 A
LI F%T Na B2 LTV /2, ENaC & PN-1 &35
WEEH A2, PN-1 [ Z_X—AF 1D ENaC &M
EH BRI L, 2, BZOLT 7B AH LG
FEAIICNIRPEICIFAE 357 a A X v o ORI RN &
L2HDEFEZBND,

(£A) .
7 ¢ * * %
6 L 11
5 F
= 4}
3 F
2
0 1 1 1
ENaC ENaC ENaC ENaC
+ + +
Prostasin Prostasin PN-1
+
PN-1

I. fRMELEMRBICEITSEEAILESD PN-1 5
RICx I 2E

1. <D AR AEA JRAE AL (M-1 cell) IZ TGF-B % 20

ng/mL OJEFE T 5L, 24 B 1% D PN-1, ENaC a. .

y Y7 2=y hOR BT 55284 real time RT-PCR

EBIOy =22 T ay MEEZFWTHRFLE, 20

ng/mL @ TGF-B 1L PN-1 D¥EHI% 5.6 £ 0.3 fEH NSt

72723, ENaC a, B, y 7 2=y hORHEZNZH 59.0

+4.0 %, 80.4+2.1 %, 52.7+ 3.4 %7,

PN-1/GAPDH

(hold increase over vehicle) ©
0O =2 N W A O O~

ENaC 3/GAPDH

(o
-
[N

ENaCa IGAPDH

(hold increase over vehicle)
o
o

08

: *
04
02

0

Vehicle TGF-51 Vehicle TGF-31
= d
T 12 LT 12
[Z}
E 1 E I |
2 < 2
§ 08 g 5 08
o
° 06 2o 06 *
s o g
5 0.4 " 5 0.4
5 02 o 02
[=] Q
£ o £ 90
Vehicle TGF-51 Vehicle TGF-51

VZ AKX Ty MTEDMAT TIE, 20 ng/mL D
TGF-B 1% PN-1 DF¥Hl4 3.8 + 0.5 ST,

Vehicle

TGF-£81

[ w Fa al
* '

Relative Densitometry unit

(fold increase over vehicle)

Vehicle

o

TGF-81

2. YU AREEG IR M (M-1 cell) IZ7 /VRAT R
V%1 M DFEE T 5L, 24 H[##% D PN-1, ENaC a.
B.y V7 2=vbDORBUK T 55 2% real time
RT-PCR {#EBL RV =2& 7 oy MEEZF W THREILZ,
1 uM DT JLRAT B L PN-1 D3 BLZ 39.1 + 6.0 %I
HEETZ, ENaC . B,y V7 2=y bR EZNE
A 4.8+03 %, 1.6 +0.1 %, 1.4+ 0.1 FFHEINSET,

-74 -



Y]
[N

e .
@

**

PN-1/GAPDH

(hold increase over vehicle)
o
o
ENaCa /GAPDH

o ¢
-
(hold increase over vehicle) 2]

=
N
o = N W B O

o

Vehicle

Vehicle Aldosterone Aldosterone

[g]
Q

* %

ENaC ¥ IGAPDH
(hold increase over vehicle)

ENaCB8I/GAPDH
v .
O Nrow koo

Vehicle

Vehicle Aldosterone

VITRAZ 7wy MIEDENTTIEL 1 pM OT VR RT
1% PN-1 DFHAE 473 + 6.7 %l SH7-,

Vehicle

—

I |

Vehicle Aldosterone

Aldosterone

=9
[ )

Relative Densitometry unit
(fold increase over vehicle)

o © © 2 o
N R o

II. FREAEHRIBIZH TS PN-1 siRNA D Na BiRIC5 X
=

1. M-1 cell IZ PN-1 [ZXxt9% siRNA T AT =75

»L.3 H#®D PN-1 mRNA OREBERFNLIEZA,

mRNA L~ 2B T 80~90%D knockdown ZhZR A3 5

bz,

(%) PN-1 knockdown at Day 3
120 ¢

100
80
60
40

Relative expression

20

Control siRNA

PN-1 siRNA

Aldosterone

EBICFEDLMET T ENaC OEREZNETHE PN-1
@ knockdown I1ZLVHI 1.8 2D EBFEOEEIMMNE S,
ZOZ e, R _ERHAE T Na BRI PN-1 2358
<BHLTWAZLERIET D,

(uA) PN-1 knockdown at Day 3

16
ITI

14t
12t
Control siRNA

10t
8t

N BRo;

(=]

PN-1 siRNA

(& %]

ERICBWN TR 7T 7 —PR IS U2 -
TWb, Zhon'I L 7ar 7 —ExtL, 20
I DWNIKPEA B 2 — (serpin) WNTFAEL ., ZERIZEIT
LV TuTrTr—EOERIE RIS e T T —EL
serpin OFEALEAL JZO“CnHEHéZPL“CU‘E) HE, 2D
OFAEAERITREIIL TR, 2o BRI GiE T DL
AR EZ S| ST bl T, B 7 a7 7 —
BB/ TH, F2301T serpin AAEFEIT 72> Th
B OFAREEZEE LSS, ZNETICR T BIT 'Y
7T T =B DT AL 7N ENaC ZiEME 452k
S U CEMN, T, 2O T RAX T D serpin ELT
PN-1 23RIESNT=, A BIOFL-HOBFHIEY, PN-1 73
TaAL L AZLD ENaC OIEMEALZ M52 &5
MEIpolz, EHIT, itk ENaC {HYEOFREIZL T He
ZZBILTWE TGF-B T /VRAT U8 DRVES
23, ENaC DFA7257 PN-1 o7 0AZ T v OF BT
T 52 TEMTO Na FRILEZFIEIL TS AHE
PENRIBENTZ, £72. M-1 cell IZBWT PN-1 %
knockdown §-%& ENaC DOIEMEMNK 2 fFEE ML 7=Z &0
O, RME ERMIEO Na FRINAD =R LZEBITD
PN-1 OEEHENERBINDS, S EIORFND, Bl
IZBITHNaFRIND AT =ALIEBNTH, BT aT7
7 —EL serpin O AAEHOEEMED RS2, ZiVE
THFEAR/LEL D Na FFRIN A5 2 D5 B2 a9 2B%
{2 ENaC D, 35T ENaC &7 AZ L DI 2
RAHZENE ST, TRAX LD serpin TS PN-1
DREBUZONTHHFE TRETT AL ERDH S,

LLFIZ, AR ORZE TIHOLMNIZ 2 57= ENaC 29H<%
w777 —E/serpin OMEAERAEZY = —~<ITRT,

=75 -



cleavage

K N

PN-1

NHYCodH  cooH NH:

‘ translocation

Prostasin

ENaC

NHSCooH  cooH NH

SERDERE]

PN-1 237" 0 2% 2 Off 2| LT ENaC 1E %1l
BT DZENASNRST-D T, ZOAH =K LA 5 H
U CHT B E P LB ERI R IE DB RS « A7) —=
VT EREIL QUKL E R DD,

[>X #K] Reference List

1. Canessa CM, Schild L, Buell G et al:
Amiloride-sensitive epithelial Na+ channel is made of
three homologous subunits. Nature 367: 463-467, 1994

2. Canessa CM, Horisberger JD, Rossier BC: Epithelial
sodium channel related to proteins involved in
neurodegeneration. Nature 361: 467-470, 1993

3. Garty H, Palmer LG: Epithelial sodium channels:
function, structure, and regulation. Physiol Rev 77:
359-396, 1997

4. Vallet V, Chraibi A, Gaeggeler HP et al.: An epithelial

-76 -

activation

'ubiquitination

—)

degradation

NHECopy  cooH NHy

Nedd4-2

serine protease activates the amiloride-sensitive sodium
channel. Nature 389: 607-610, 1997

. Adachi M, Kitamura K, Miyoshi T et al.: Activation of

epithelial sodium channels by prostasin in Xenopus
oocytes. J Am Soc Nephrol 12: 1114-1121, 2001

. Narikiyo T, Kitamura K, Adachi M et al.: Regulation of

prostasin by aldosterone in the kidney. J Clin Invest
109: 401-408, 2002

. Iwashita K, Kitamura K, Narikiyo T et al.: Inhibition of

prostasin secretion by serine protease inhibitors in the
kidney. J Am Soc Nephrol 14: 11-16, 2003

. Tuyen DG, Kitamura K, Adachi M et al.: Inhibition of

prostasin expression by TGF- betal in renal epithelial
cells. Kidney International 67: 193-200, 2005

. Chen LM, Zhang X, Chai KX: Regulation of prostasin

expression and function in the prostate. Prostate 59:
1-12, 2004



0529
Development of diagnostic and therapeutic drugs for salt-sensitive
hypertension and hyponatremia in elderly

Kenichiro Kitamura, Masataka Adachi, Taku Miyoshi, and Kimio Tomita
Department of Nephrology,
Kumamoto University Graduate School of Medical Sciences

Summary

Identification of gain-of-function mutation in epithelial sodium channel (ENaC) in Liddle’s
syndrome patients, a hereditary form of salt-sensitive hypertension, indicates the importance of the
sodium reabsorption through the kidney in the pathogenesis of salt-sensitive hypertension. In 1997,
Vallet et al isolated a channel-activating protease (CAP-1), a trypsin-like serine protease, from A6 cell
line and demonstrated that co-expression of CAP-1 and ENaC in Xenopus oocytes increased ENaC
activity. We isolated a serine protease prostasin, a mammalian CAP-1 homologue, from rat kidney
cDNA library and demonstrated that co-expression of prostasin and ENaC increased the
amiloride-sensitive sodium current in Xenopus oocytes. We also found that aldosterone increases
sodium reabsorption through ENaC by increasing the expression of prostasin. Recently a serine
protease inhibitor, protease nexin-1 (PN-1), was identified as an endogenous inhibitor for prostasin
activity. Therefore, we hypothesized that PN-1 may regulate sodium reabsorption in the kidney by
reducing prostasin activity, and that expression of PN-1 was regulated by TGF-f1 or aldosterone, like
prostasin. Expression of PN-1 substantially decreased Prostasin-induced Iy, by approximately 68% in
oocytes. Treatment of M-1 cells with 20 ng/ml TGF-B1 significantly increased mRNA and protein
expression of PN-1 by 5.6 = 0.3 and 3.8 + 0.5 fold respectively, whereas administration of 10° M
aldosterone markedly decreased mRNA and protein expression of PN-1 to 61.9 £ 6.0 and 53.7 £ 6.7 %
respectively. In addition, knockdown of PN-1 expression by siRNA in M-1 cells resulted in the
increase in I,q by 1.8 fold. Our study indicates that PN-1 could have a natriuretic role by inhibiting
prostasin activity and suggests the possibility that aldosterone and TGF-B reciprocally regulate the
expression of PN-1 in renal epithelial cells contributing to salt retention or natriuresis, respectively by an
additional mechanism. PN-1 could represent a new factor that contributes to regulation of ENaC
activity in the kidney.
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