90836 ZA5uA FFNVEVICEADN a,/HAHEXELEOHIHE

BIRFRsE | R EO (ERERAY WRAR)
SRR TR B (EARS: TR
B S (ERERC HIPIRY)

MR M (VSMC) TIEINJ/HZ %k (NHE) (3482 MpH (pHi) OFRE ICEE 21
B T\W5b, &, aldosterone (ALDO) 2% % A& $'NHEEME % JTET % £\ 9 nongenomic effect
AVSMCTRE SN TS, £2T, Jv MNEEABIR L D BEE - 5% L72VSMCE A\ T, ALDOD
MEE (3RERE) ROEH (Q4ERE) BFANHEE IS 2 % B8 2 pHES R EFR TH2BCECF %
R\ THREF L7zo NHETEME I HE B PIERE (L% ONa K AF MepHIEl 8 (dpHidr) 12 & » THEE L7
ALDOD MR OB BH T, NHEEMATTHE Lo mRNABRE HEHE (actinomycin D) L &EHSHHE
£33 (cycloheximide) |XFHIEMH I & ANHEFE T FICIIHE Lizdood, REGHARIC L
BNHEEWE R 208 Lize S ATV INVF A FEAEAREHZE (spironolactone) 723V
F a4 FERMEEIE (RU38486) 1 JEHIERIC L ANHEFESEE R ICIEE L 2o 7205, KH
SRS L A NEEIE AR % 918 L 720 protein kinase C (pKC) FAE#E (staurosporine A,
calphostin C) & U'PKC®downregulation (phorbol 12-myristae 13-acetate, PMA, 24 H#5) 113 b
FHIR O BRI A HTIC X D NHEBMECEMER £ 308 L 720 PMAD3BF 5 TIZALDOD I & & [ 1k
ONHEEHTL EATD b Nz, GEIEHFIC L 5 ALDOONHEG I FLHEfE H i Mfa i B OFEY K

(colchicine) “Pactin filament®FAE Y E (cytoclalasin B) 2 & § MiFl &/, LEL D, (1) ALDO
DB L 5 NHEEM T EE IR OMRLGRE A+ & . E72mRNA OEBEELEHEHR b/ &
FHETH. (2) ALDODEM BHIC X 2 NHE i M7u 0 1 4P OMRSGR, mRNA OEE % &
HARDALTHET S, (3) ALDODEH R EHEA I3 IPKCOEMLF S LT\ b, fEo
T\MDouﬁéﬁé&wﬁm(m@mmmmmot&%ﬁbtﬁ%(ymmwmw IZX hvsMmC
DONHEFESE# A L TWE I LD HL MR 572,
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9836 AFuA FKRVEVIZEAN a,/ HABIEB®EEDHIH

BigiifseE R EW (BBENKE BRARY
JERIRER L B (AVREEREREE T IRPIER
EHHOSERE (BVEERRSE S IEPIE

IR EAREL:Y)

No/HZRE %K (NHE) (SHIRZEICFF7E L. MR /iNa & AIRAPAH % SSIRIf% 3 5 IEEH <. mE
FEHAMR (VSMC) ICFET 5 b OMIApH (pHI) M. MEEEOREICEE 2R E
E->Twa (1, 2) o —J. mineralocorticoid % glucocorticoid. 7 & Msteroid hormone |3 FEHS I 7 4
P EAIZFETE S 5 mineralocorticoid % A& (MR) % glucocorticoid 2 748 (GR) 1Z§E& 4. HMARBITL.
RERIZFODNAKERSI IS L, ZORETOIEBREB 2 ERT 5, 2 OREEE SN BEHE
ANa, K. Hedb& LBREARS, 2EB40&IERZFS (3, 4 o 29 LBr AT oE
F (genomic effect ) DFIIIIHAEM ~ A OBKEIM % E T2, 2L, vSMC (5) . 1) v
¥ (6) . MDCKMIRE (7) Zaldosterone (ALDO) %#5 35 & #4LAAICNHEIEHAEMT 2 = & |
ZOEMImRNARERERLEA ABMEE T SN VI EAHESN, 2 EIRE A SR W
fEM (nongenomiceffect) LEZ LN TWA, LA L., ZOEAERFEIZOWTIZFALBRED ST
W\, £IZT, RBFETIET v b ®PE P mineralocorticoid T d 4 ALDO @ VSMC 9 NHE~ 0
nongenomic effect DHEFF % genomic effect & L L TEBAT A2 L v Bl L+ 2,

2. RO Kk
2.1.VSMC O}
Sprague-Dawley 7 v b+ (150-200g) DMIERREIR & W EEREIC & D hEEE G EEE L. 10%
v YBERILE (FBS) % &UMEMBUITH L, {4 ~10/8 Dconfluent DAL 2 EBRICA 72 (3)
AT A FR)VEY OS5 IIFBS free DMEMTE I B ASKEE B 14T - 720

2.2. pHiD HI5E

T EBATSA I N—RY v TR 35mmiE D petri dish (MatTec, Ashland, MA, USA) AT
VSMC% 553 L 720 pHiD il 52 13 pHEE S 145 48 T 5 BCECF-AM % AL 2 uM, 37° CTE
L. Berkb (8) DFEIZEE L TIT4 - 720 BCECF-AM % &7 L 72 VSMC I3 I 37 S $5  (IMT-2,
Olympus, Tokyo) TFIZEXIE L 7237° COF ¥ /N — DB % | HepesB Hii T L. 440 nm$B & O
490 nm U I T5 L 72530 nmD FE W E ORES ik EIEMB > X7 A (OSP-3, Olympus,
Tokyo) % F\VTHITE L7zo pHiDH Hi13 Thomas & DS L 7= KinigericintE 12 TIT 2 72 (9) o

2.3. NHEE O RIE
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VSMC O NHEIE 13 K/HAS e #hi 2% kT & B nigericin iV T, MR % BR AL L 728 DCO/HCO,E
T T TONRIFMepHIEE RS (dpHide) 12 Tsk7z (10) o HIRT 2 EHOMBIE.  (a) Hepestk
Na?&TE © 130 mM NaCl, 5mM KCl, 1.5mM MgCl,, 1 mM CaCl,. 30 mM Hepes, (b) Na freei& i :
130 mM N-methyl-D-glucamine, 5 mM KCI, 1.5 mM MgCl,, 1 mM CaCl,, 30 mM Hepes. TIRT3T
CTpHT.AIZFE L 72 .

MaPEER (B) (XK/nigericintElC & o CHIFLP % BEVE(L L 7o ARSI 10 mMNHLC1Z IR |
Z ONH,CI® s & 0 Ik L7zBEopHIZE L & £ IS L TUTOR K ko, MiamiEdEee (B) =
ANH,]/ApHi. [NHAHi%H]H’M\LNH]/NHﬁEF%fﬁﬁ@%ﬁﬂ@[*]NHj%fE’C [NH,Ji = INH,Jo x 107" a3k &
D3kidTze = DB, ApHilxHIFI/\NHyNH JER OpHINZELEERT (1) o NHEICL AHFFHE IR,
dpHVdtE B, & DRETE SN, BAZBEM THEED 12 35 A1 dpHVdA NHE TG & T %o

3. WfFkE &
3.1. ALDODONHEF N D2
VSMCIZALDO (10° M) #h0x 5 & 3R:R R U 24 M #% ICpHIIZAE M LA (Fig. 1) o 20

ALDO®D & 5 pHiD#E HIANHEED EFIC & 2 b D4 &%) & RICIRE L7z Fig. 21CALDOR 535
7% ONa KA D pHID ZEAL %R To 3. 130 mMDNa % & {rHepes /& {8 {112 TVSMC % #E L {% |
nigericin% & {rNa free?& i (0 mM Na) (B ¥ 5 L pHild5.9-6. LIIEF L 720 2RI, nigericin® xS
2 BRI T1%BSA % M2 727, 130 mMONax &t Hepesf BB IR &, pHilXBEIZHML, £D&
FEIXALDOR S T L ) BIETH o720 FHEORERIIALDOK S4B HBZICOBO LN, ThOBATR
1% O Na AT pHiEl{E 3 B 13 NHE O Bl £ 38 T # % ethyliospropylamiloride (EIPA) TSE& IZH] S 7z

(Fig. 2) o —77. MIMIABERE (B) |ZALDOM3ME /K UN24B% B#R 512 X ) control L HEZE & 290 72
»o7: (3R control, 19.7 £ 1.0 mM/H.pH, n=7, ALDO, 19.2 + 1.2 mM/H.pH, n=7; 24B§f  control,
18.8 + 1.1 mM/H.pH, n=7, ALDO 19.2 * 1.1 mM/H.pH, n=7) » Ht> T, VSMCIZ B\ THIRRABE AT %
ON2ARTEVEpHIEEEEE (dpHi/dr) I INHEEME % HHERML T2 2 &Il ), £ OEMEIZALDOR 5
ICBWTHEBISTEL TWAD S LB S I 572, ALDOIC & 2 NHEIE O R 28 £ Fig. 3128 ¥ o
NHEEVE X ALDO 5438 M B L 0 LA L, Z0OLFI12EME 0% ¥ — 212, 24KHB £ TH
ft L7z

3.2. ALDODNHEEMHTUENEH OB R 14
ALDO 5-1% 12851 B ONHEIE 12D W CRERTF % BET L7z, Fig. 412773 & 912, ALDOD
NHEEVETCEME A 10 510° MOFIFATRY bz, 7 v N OALDOD MAFREEIX102 510°M D
HEICHY (12) . ALDOIXAEF YRR TVSMC ONHEWE M 2 MM § 2 Z L ASHIBAL7zo LT ORER
\TALDOE 3R RIfE CEIRM) B X U24BR% (REEN) \JHE S %o T2 OWRF & WBRE L
726
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3.3. ALDODNHEE 4T HEE R (249 % actinomycin D, cycloheximide ? 852
ALDODNHEEHTLEFA A mRNADEER EHEME ML TV LD E) 0 RET5700, £4
DIHEFE T B actinomycinD (ACD) . cycloheximide (CHX) #3517z, Fig. 5\ &R %R$. ACD.
CHXHIZHMTIINHE GRS B E 52 2 o7z, 72, ALDODFHIETIZACD, CHXW T NIZ B
WTONHEEEICHEZ 52 2 h o 70h, REIBMIZACD, CHXIZ & ) HIZELIHH S hiz,

3.4. ALDODNHEEMEITESEH 1% 3 4 spironolactone, RU38486D #E:
ALDODNHE{E M TLEEF A MRE N5 HCRENT 205851 5720, E4OHEETHS
spironolactone (SPR) . RU38486 (RU) #¥% 5L 7z, Fig. 6l # R #7R ¥, SPR. RUZLIZHMTIL
NHEEMEICREE S 2 2ol 7. ALDO@EEB:%%@ SPR, RUVTNIZHB WT b NHEIG I &

Br 52 aholn, RPEMIISPR, RUIC L ) HIZELICHIH S iz,

3.5. ALDODNHEEMETTHESE A 1 236F§ % protein kinase C (PKC) D% %]

VSMC% &8 7:% { OMBEHALIZBVT, PKCIINHEG RS IC EE KRS % B2 LTWA 2
EPMENTWS (13-15) o £Z T, ALDODONHEFEETLHENE HAPKCOEMEILE N 2 22 5§
b7, ZIEFEOPKCIESE ., staurosporine A (ST) 3 X Ucalphostin C (CAL) . 25 L72, &5
T TN ENFig. 7A. Fig. TBIZ/R T ST, CALILIZHSRCIINHEGME \CHE % 5 2 %25 > 7275, ALDO
OFEIET . REIBTIC L ANHEEHITEERIZWT N EL 12| L7z, 72, phorol 12-myristae
13 acetate (PMA) % 24BEB VSMCIZ#H5 L. PRKCIEM % #4518 L T B { £ ALDODEH K U R & 2
£ B NHETEETLHE ERIZELIZHIHI S hz (Fig. 7C) o BIZ, PMA # 3B M#%5 L. PKCIE%: L&
S5 L, ALDODHIE T & Rk ONHEEETTEA TR0 57 (Fig. D) o

3.6. ALDODNHEEPETCHENE A 1253 2 ML B ik 0 7 15l

R, MBI EMEE L OHEERICL D, NHEZ &9 2% DA F ¥ F v FOVIEER % &
BB S D EDHEDPDH D (16-18) o €2 T, ALDODEHETFFIZ L 2 NHEFE M B
OGS LT AR EI»EMBEANMNE, T70F 745X FDOK 4 DEEET B 5 clochicine
(COL) K Ucytochalasin B (CYTO) %#%5 L THET L7z, Fig. 815K £ 912, COL, CYTOHJ T
IENHEE LIS 8 % 52 2o 7o, WEIEIC ALDOD RIS 712 X 5 NHE EVETTHENE Fl % 52412 B

EL7

4. ZE

AHFFE T3 ALDODYH R MR ICVSMCONHE B IS E 2 52 5 0289 & £72 % OB 0
M2 OPERE Lz, SEOHKE, S, ALDOIZEMIEME X VNHEEEZ FIg L., 24k:HE
TEZOFRIIFER L7z, ALDODI R (3B:MH) BT & 2 NHEFY FEF R XA OMRE UGRIZ
FET. TLmRNADERERLEH{AR A S 2\WI 45, nongenomic effect?SE 2 b7z, — .
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ALDODEH] (24B5R) EFFIC & 2 NHEE M TR 1 A OMR R UGRN O &, mRNARU&EH
SR & L7z genomic effectTd 5 & EAHIBAL 700 T7o, A, REAVTIORE b PKCOTEHEAL A
BE LTV, 8510, AHEHCONHEEHTEICITMBBEOMSIERETHL Z LIPS P IS
2ol

ALDODIHIE #1C & ANHEIEUTEME RIS, £ 0 L) 2% CPKCOTE ELAES L T2 O
PHEATITETH D, FHETFICL 2 NHEGEEER SMRABNERD T 7T 7147 X Y
N OMERICTIE SN/ L XD, PRCOBHEALIC L > TT CTICAIIRENICER S N TWANHE &
AR A L. EELSTOET S 2 EFHNENL, 20X Ry ¥ PVEEDLNBEFEL I
LA BRSBTS N TVE I L3S OMPATLMEEN TS (19) o 72, PKCANHER
M+ 2 EE T IINHERRE ) YEBALL (14, 20) . FOEEATTET 2MREDZELOND, &
512, PRCAHI LIS /EAE T ANHEOMIBER O T 0 A7) v 7 Sk 158 LT, HE OBRMEE B
W, FERELTONEEFESELEXFIERITIEOELLNS (21) o

BRI T b ALDODNHE{E T - IFPKCOTEMELAB S L T 7ze PRCAHRA 2 EEFOFE
BICE5LTwaI LiF &L %ﬂ%h’(lﬂ%ﬂﬁ\ 29 L7 BEFI2I38 % "PKC response element & I 1
N B LA BEESEEICE S NS (22) o I D'PKC response element"2SNHER(ZF 12 b FFHET 5 %
ALDO TRIGT A5 L) B TH b,

5 5 HhORE

AHFFETIL ALDOIVSMCIZ B> 7T, HETREENS T, —h. RETIEIEEN L ONHERE 4
RELTWVD S EAHL B o720 PRCOFEHAL 2T OB ESEE LTV EH, TORFIC
SNTIEAREMICRE LT X 72\, F70, FGHIAT TONHEERH OMILIE O rafficking DFEH &
ZOBFORY., BEXEROREIERERELEDONL,
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3 hr 24 hr

7.3 .
: b 3
] %
7.2 4
pHi 7.1 4
] T
7.0 4
% ~ConTROL  ALDO CONTROL ALDO
(n=13) (n=13) (n=13) (n=13)

Fig. 1. Effects of ALDO (10 M) on baseline pHi in VSMCs. VSMCs were exposed to contio:
MEM or ALDO-supplemented MEM for 3 or 24 hrs before the measurcment of plii, data aie

expressed as means = SE. *p<0.01, *¥p<0.05 compared to control. n, number of experiments.

8.0 7 130m e 0 mM Na 130mM Na
] T

7.5 nigericin BSA
ALDO

" // CONTROL

pHi 6.5 4
604 ALDO+ EIPA
' Po000 CONTROL

+EIPA

55 IPA

5.0 T T T T 1

0 200 400 600 800 1000
Time (sec)

Fig. 2. Typical tracing showing Na'-dependent pHi recovery in VSMC exposed to ALDO (1o
M) for 3 hrs, in the absence or presence of 100 WM EIPA.
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I
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g 7 ]
60 — T T T !
01 3 6 12 24

Time (hr)

Fig. 3. Time course of NHE activity induced by ALDO in VSMCs. VSMCs were exposed to
control MEM or ALDO-supplemented MEM for various terms before the measurement of dpHi/dt
after a nigericin-induced intracellular acidosis. Data are expressed as the percentage of dpHi/dt
compared with control values at each term, each point is means + SE of 6-12 separate experiments.

dpHi/dt = initial rate of Na'-dependent pHi recovery. *p<0.00}, **p<0.0001 compared to control.

1607

- ] .
v
= 140 -
<
(e} -
o
T 120 I
3 /{
E 100 ®
o
g -
80 — T T T T 1
0 107 108 107 10°°
ALDO (M)

Fig. 4. Dose-dependent effects of ALDO on NHE-activily in VSMCs. VSMCs were exposed to
ALDO (10 M) for 12 hrs at various concentrations. Data arz expressed as (he percentage of
dpHi/dt compared with those cbserved in VSMCs exposed to MEM (control), cach point is means
+ SE of 6 separate experiments. *p<0.05, **p<0.01 compared to control value.
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dpHi/dt (% of CONTROL)

dpHi/dt (% of CONTROL)

12 3
A.
3 hr
180 - NS 1
160 — p<0.01 —i— NS—r— p<0.01 =
Y,
140 "// 7,
12 /
100 /
80 /
60~ /
CONTROL ALDO  ALDO ACD
+ACD
24 hr
| NS Al
180 — p<0.01 =~ p<0.01 r— NS—
160
140
120
w 7/ %_
80
7/
CONTROL ALDO ALDO  ACD
+ACD

dpHi/dt (% of CONTROL)

dpHUdt (% of CONTROL)

B.

18
160
140
120
100
80

3 hr

v NS 1
- p<0.0f{—r—— NS—r— p<0.01—1

I

%

DO

)

CONTROL ALDO  ALDO CHX

+CHX
24 hr

f " 1
= p<0.01 = = p<0.01 =1 —— NS——

h

Fig. 5. Effects of inhibitors of gene transcription, actinomycin D (ACD), or protein synthesis,
cycloheximide (CI{X) on ALDO-induced increase in NHE activity in VSMCs. A. VSMCs were
exposed (o control MEM or ALDO (10" M)-supplemented MEM (or 3 or 24 hrs, in the absence or

presence of ACD (4 pg/ml).

B. VSMCs were exposcd to control MEM or ALDO (10-6

M)-supplemented MEM for 3 or 24 hrs, in the absence or presence of CHX (20 pg/ml). Data are
expressed as the percentage of dpHi/dt compared with those observed in ALDO-untreated VSMCs
without ACD or CHX (control). The number of experiments done on ACD- or CHX-treated

VSMCs is 6.
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dpHU/dt (% of CONTROL)

dpHW/dt (% of CONTROL)

10 12 3

A. B
3 hr
3 hr v Ns 1
- .01 — NS —r— .01
180 — NS ' — 160 pofim Pt
P<0.01=1 — NS—1 = p<0.01 3 Q
160 —- - i E 140 /‘I‘
140
% S 120 %
120 -
100 ® 100
80 / / % g0
60 2 / 5 60 A
CONTHOL ALDO  ALDO  SPR s CONTROL ALDO ALDO AU
+SPR +RU
24 hr
24 hr f NS 1
180 Y NS 3 -~ 160 = p<0.01=—=y r p<0.01 —p— NS—
— p<0.01 = r— p<0.05—1 — NS— 2
160 [
i40 E 140
120 3 120 —_
[~}
100 % i 100 7/
B
80 / S 80
60 Z i 60 %‘
CONTROL ALDO Aé‘,?;? SPR CONTROL ALDO  ALDO RU
+ +RU

Fig. 6. Effects of MR éntagonist spironolactone (SPR) or the GR antagonist RU 38486 (RU)
on ALDO-induced increase in NHE activity in VSMCs. A . VSMCs were exposed to control MEM
or ALDO (IO'6 M)-supplemented MEM for 3 or 24 hrs, in the absence or presence of SPR (IO'4
M). B. VSMCs were exposed to control MEM or ALDO 10 M)-supplemented MEM for 3 or 24
hrs, in the absence or presence of RU (10 M). Data arc cxpressed as the percentage of dpHi/d
compared with those observed in ALDO-untreated VSMCs without SPR or RU (control). The
number of experiments done on SPR- or RU-treated VSMCs is 6 and 8, respectively.
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Flg. 7. Effects of PKC inhibitors or PKC downregulation on ALDO-induced increasc in NIHE
activity in VSMCs. A . VSMCs were exposed to control MEM or ALDO (10* M)-supplemented
MEM for 3 or 24 hrs, in the abscnce or presence of staurosporine A (ST). Dala arc expressed as
the pcrccn!ﬁgc of dpHi/dt compared with those observed in ALDO-untreated VSMCs without ST

(control).  The number of experiments donc on ST-treated VSMCs is 8. B . VSMCs were
exposed to control MEM or ALDO (10 M)-supplemented MEM for 3 or 24 hrs, in the absence or
presence of or calphostin C (CAL) (5 x 107 M). Data arc expressed as the percentage of dpti/dt
compared wilh those observed in ALDO-untreated VSMCs without CAL (control). The number of
experiments done on CAL-treated VSMCs is 6. C. VSMCs were cxposcd 1o control MEM o
ALDO (10 M)-supplemented MEM for 3 or 24 hrs with or without 24 hrs preexpssure of phorbol
12-myristate 13-acetate (PMA) (107 M). Data arc cxpressed as the percentage of dplli/dt compared
with those observed in ALDO-untreated VSMCs ‘without PMA (control).  The number of
experiments done on PMA-treated VSMCs is 6. 1. VSMCs were exposed lo control MEM or
PMA (107 M)-supplemented MEM for 3 hrs. Data are expressed as the percentage of dplli/dt
compared with those cbserved in control MEM.  The number of experiments done on PMA-trcaicd
VSMCs is 5.
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Fig. 8. Effects of cytoskeleton disruptors, colchicine (COL) or cytochalasin B (CYTO) on the
short-term ALDO-induced increase in NHE activity in VSMCs. VSMCs were exposed to control
MEM or ALDO (10°® M)-supplemented MEM for 3 hrs in the absence or presence of COL 10 ™M)

or CYTO (10 M). Data are expressed as the percentage of dpHi/dt compared with those observed
in ALDO-untreated VSMCs without COL or CYTO (control).
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Regulation of Na/H exchanger by steroid hormoens
Shigeaki Muto, Satoru Ebata, Yukio Miyata
Department of Nephrology, JIchi Medical School

Summary
In vascular smooth muscle cells (VSMC), Na/H exchange (NHE) plays an important role in
intracellular pH (pHi) regulation. Recently, nongenomic effect of aldosterone (ALDO) on NHE
activity has been suggested in VSMC. The effects of short (3 hr)- and long (24 hr)-term
exposure to ALDO on NHE activity were examined in cultured VSMC from rat thoracic aortae
by using a pH-sensitive fluorescent dye (BCECF). The NHE activity was calculated from the
initial rate of Na-dependent pHi recovery after acid load. The NHE activity significantly
increased after short- and long-term exposure of VSMC to ALDO. The inhibitors of mRNA
transcription (actinomycin D) and of protein synthesis (cycloheximide) had no effect on the
short-term ALDO effect, but inhibited the long-term ALDO effect. The antagonists of
mineralocorticoid receptor (MR)(spironolactone) and of glucocorticoid receptor (GR)(RU
38486) caused no effect on the short-term ALDO effect, but inhibited the long-term ALDO
effect. Two protein kinase C (PKC) inhibitors (staurosporine A, calphostin C) and PKC
downregulation (24 hr preexposure to phorbol 12-myristate 13-acetate, PMA) inhibitred both
the short- and long-term ALDO effects. Exposure to PMA for 3 hr mimicked the short-term
ALDO effect. The short-term ALDO effect was inhibited by disruptors of microtubule

(colchicine) and of filamentous actin (cytochalasin B).

We conclude: (1) the short-term effect of ALDO on NHE activity is not mediated through
either MR or GR, occurs independent of gene transcription and protein synthesis, and involves
in the structural elements of cytoskeleton, (2) the long-term effect of ALDO on NHE activity
occurs through both MR and GR and requirés gene transcription and protein synthesis. Both
short- and long-term effects of ALDO are mediated through PKC activation. Therefore, ALDO

activates NHE by nongenomic and genomic mechanisms in VSMC.

._5 8-



	9836-J
	9836-W



