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SEMRNA DFETIT B ERFMEICH M L, ECidalfl. BISH & B 125-7x10° MT d » 72,
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2-3x10°MTdH o 72 DEXIZEZBIEmMRNADRB R/ VaaVvF a4 FEREGERETD
HRU3B486IC X WIHI EN=A, I AT NVaANVFaAL R EEGREIIETSD bspironolactone
TIIHI SN2 P o727, ALDOIC L ABImRNADOER X VI avF oA FEXERERLE
T&HRU38486, I A TN aANVF I FEEEREIE T %spironolactonel & h ¥ifl & 1
720 MK NaDrFK 2 Na/H exchangeDEIE (ethylisopropylamiloride) O 5 I12L D,
DEXIC X 2 BISHmMRNADRBIIHE SN2 o 7/2Hh, ALDOIZ £ B1 #imRNAD I
flahz, MEX D, 1) DEX. ALDO& b ICEEMIKTEME., BEKFMEICalsE. PIE#EMRNA
DEBR*RET A, 2) DEXIZ L ABIEmRNAORB R 7 Vv aavFaf FEBEEROA% 4t
LT DIz L, ALDOI X 2BI#mRNADRERIZ 7/ VaavF a4 FEEK, 3475V
ANVFaAAL FEREXHLTESD., 3) DEXIZ X 2BI#mRNAD R IZ M S i NaJE K F

IS A DK L. ALDOIC & B BISH mRNA®D R0 — 6 1241 0 4L Nakk 18 H R . 25 4C
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Na, K-ATPaseld ATPOKIZE VELLZ ANV F -5 FIAL T, MEADONa, KigiE
FAH LTV IEBEEATH L, COMBICOFEETHPHMIMIC L D IEEIIRL2Y, Mm%
Tl (VSMC) 128V Tk, M8 O, ECHEBEICEZ 2ZEH2HoTwD (1) o
KEEFRITo(al, a2, a3) BLUBH (Bl B2) D20 H T2 =y P LIDER SN B,
MEIZBWCITal#l, BIENEET AV T4+ —LThb,

—H. FNVTaNFIAL RRIFITNVINFaAL FIIER (2) KB (3) 2BV,
type I 32T VI NFIA FEEERype IV ITNVF I FZEEZMNL T, Na,
K-ATPasel&MA# MBI L, Na BN SCPKS W RET LI EMFMOENTWVDE, VSMCrx & &
MEABZICBNTL, INL2EEOXARIHFET S (4) ZEhb, A7 4 FRIVE
¥ 7Na, K-ATPasel@ M # I L . A7 04 FHEREUBMEE, 2 EOFERBIIHS L T
WBEZEDPHERM SN TV EN, ZOFMezERFEIRFT S T2V, 22T, §Ebhbh
. FVvaarFaf FELTFFHAH Y (DEX) . 34 FVaVFIAaA FELTT
VEZXF0 Y (ALDO) %#3&U, VSMCIZBU A2 INHLEZODA704 FARLVEVIZLDS F
MUY LR TREFOER, HHOEF R LZOTHET 5,

2. WD F
2.1.VSMC D ¥ &

Sprague-Dawley 7 v I (150-200g) OMI#BKBIMR & W EEF L (5) 12 &) P EFE
Mg A EEEL. 10% Y Y EEME (FBS) & & UMEMIZ TH 3% . #AH4~101CD
confluent DML % EERIZH V2o A 70 A4 FHRIVE Y DKL IIFBS free® MEME 12 & 2 %
48T H AT » 726

2.2.Northern blot

100mm D dish 2K 3# L 72VSMC » 5 Total RNAZ F4 L 7T VBs 7 =V vk (6) 12T
M L7 1% 7 FO—ZF VAT VFE Y VIZTER KB 2T, 74T & (hybond
N. Amersham) (8B L7z, alfi, BIHBEE FICHRHN 7 v FeDNAZHWT N, 7)) ¥
AX L7 FA4O VR Bk (2xSSC, 0.1%SDS. Zim2[@ ; 0.1xSSC, 0.1%SDS. 45
ClE) . A= S5 VYFT 574 - %7V, mRNADEREZ 7TV M A =5 —IITERE L
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720 £, ERFA B YEE T v b 55 Mglyceraldehyde-3-phosphate dehydrogenase
(GAPDH) cDNAZHWTNATYVI A4 X, +=1+5 V4% 57 4 —%4T\., internal
control & L 72,

3. BFERER
3.1.DEX. ALDO&K S #% Dalfi. BIEmRNADRERFMZE(L ,
DEX10°M# 5 1%48M M D al84. BISAmMRNAL N OREEMZEL % Fig. | (L&tiﬁ&iﬂ

Bl FTEBWEH <Y =) IRT, al#imRNAL NWIIDEXR S HEEIC LR L., 24K % %
E— 72252 im L7z, —H. BISEmRNAL NV IEHS5IBMHE LY FELIT LS. 12
B fRE E— 2129912 Z Lz, ZO®RIZMBIFICET L. 48BERI £ ICI36.3 151252 L 720
ALDOI10 M#% 5% 48R MDD ol 8. BISEmMRNAL NI OREE LA % Fig. 2 (LB 28 p .
TRRIZT <) =) IR T, al#imRNAL NV IZALDOK G %EEIC LH L., 48BfMts £ —

W2 TR L7z — . BISEMRNAL NV I 53EME LIV LR LIZ LS., 6k &%
A= 21210.5fIE L7, TORITHMIFIET L. 48B MBI 134205122 L 72,

3.2 BB KT
DEXZ 72 ALDOZR M 4 O E TI2R M5 L 72 % O mRNA L N )L @ dose-response
curve* Fig. 3 (A:al$imRNA;B:BI#AmRNA) IZ/RT, DEX. ALDOIZ & & IZ BRI
alsf. BISAmMRNADEI Z B L /2o EC,oIIDEX Tldalfl. BI#ImRNA & 4 125-7x10°M
THHOIZH L. ALDOTIE2-3x10°MTd » 72,

33 BEHEHMEEEDEH
DEX F 721ZALDOIC L 2 alffi, BISAmRNADEHAELNEMEN L TVENED k.
EOEHMERETH bdeycloheximide (CHX) AWV THE L7, CHX (20 pg/ml) IDEXE
72IZALDOR %5 T B304 RIS, € DHEDEX T 72IZALDO (10°M) # 128 R¥ 5 L7, #5
%%Fig.4 (A:DEX. B:ALDO) 27" ¥ o CHXE M Tal#imRNA L ~N)L 6.5 12 1#mL 7=
. BUSMRNA LN WVIIEAL L 22> 7o CHXAFLE FTId, DEX F 721X ALDOIC & 2 ol 8l
mRNASEHRIHERA OEBIIBE SN eh o7, —FH. DEXF /2IZALDOIC L ABI#mRNA
B IE R IZCHXDO R 512 & o THHI S hz b o 72,
34703 INFIA FEREEMELTZEIAIVIAVF o PEREEREOER
Rk DT {, DEXF 7Z1ZALDO L 2 BISAmMRNAD FEH O IZE IZal $imRNAIZH L,
B2 KREVDOT, UEDOKREFTIIBIEMRNAIZ DWW TIT 572, DEXF 72 1ZALDOII & 5
BISAMRNADEMIERA A/ VI aVF a4 FZERENL TV ED0, 3425V a)VF 3
A FEEFEENLTVDO0%E, ZVIINFIAL FSHEEERE, I250avFaq R
SERBMELRAC TR L, Yo aVvFad FELEERERETSH HRU38486 (RU)
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(10°M) F/2d 32 I VanvFad FEREEKREHE CTH b spironolactone (SPR) (107
M) #DEXE7Z(XALDO (10°M) &K IZ12B MH&5 LB OBIS#mRNAD KB, 8%
Fig. 5 (A, BIZMAEFI;CI3+ ~ 1) —;DIXRUD BEKF M, EIISPROEEMKREN) 1253,
RUHEM F 72 (ISPR EMK G TI3BI SAmRNAL RIVIZFRLETdh o726 —H. RUIZDEXSE
U'ALDOIC X BB mRNABE N EF 2 & 12 M#I L 720 SPRIZDEXIZ & 2 B1 $imRNAR i
TERICIIEBE 52 2 h o725, ALDOIZ & A BISEmRNARE N 1L 54 1Y ?ID%IJLLO

3.5 AN ONajit AR & 2R

DEXE 721X ALDOIZ X 2 BImRNABMEA X HBEANDONaDFTEAE AL T3 1 ED
7E . ARIENaDREIIC L > THRET L7z, MM BENad BRI IENa% cholinell BT 2 =
EWE > TIT o7, MBSMENaIEFAE T, 7T T, DEXZ 72I1XALDO (10°M) % 12854
5 LR OBISMRNA DR, ZB 4 Fig6 (AXMBEBRY~ ) —) IR, MBI
WNaFFFIE T T, control DBIEEMRNAL NV BEL LT RS hhoto —F. M
SHENaD IR £ IZDEXIC L ZBIEmRNADEHICEE* 52 17> 724, ALDOIZ L %B184
mRNAD 3 FUL B 2 B Hl L7z, VSMCTIE MMM ~Na?diit A ixE 12 Na/H exchange
(NHE) 2 LTELZ EHFMOENTWVE (7) o L7zd > T, DEXF 72IXALDOI & 5 B1
BmMRNAFE B 2P NHEZ A L TR 2 » &) %, NHEO K EWMBEEE T H 3
ethylisopropylamiloride (EIPA) (100 pM) Z v CTHRE L 72 EIPA (100 uM) FET.
T/ZIEFEFIET T, DEXFEZIFALDO (10°M) # 12BERI# 5 L 2B DB mRNAD I |
ZE%EFig. 7 (A, BIXARF,CIEH <Y =) IZRTo EIPARMTIIBISEMRNAIZHE 22 &5
b R&2ho7s —F. EIPAFET TIE. DEXIZ X ABIHmRNADE B ICIIHE % 5 2
o 72h. ALDOI L B BISEmRNADSEF LIRS IZHH & iz,

4. E 8
RAFFEIIVSMCIZBIF ADEX, ALDOW L A F MY DL HY TRIEFORH. $HO %
FaBBE T2 22 HME L, DEX. ALDOE b IZKERIKTE . IR K FF ML ol 8
mRNA, BISAmRNADER X H M T 25, A 704 FEAEMK, MR ENaKEEIZB VT,
ZOWRF & RZ> TV, DEX @7V IINF I A FEEKDAR %4+ L TRIEMRNA
DEBPEFAHL TVLDICHH L. ALDOIZZ NV I3V FaA FERK., IF5VaNF a4
FEBREOMETERL AL TRIEMmMRNADIEIRZ ME LT/, £/, DEXIZ L BRI
mRNASEFF S IER L MBANONaDHA & ERRICILIT 5 D128 L. ALDOIZ £ 5
BISAmRNAZEFH B IZ—#F. MALA ~ONaD i A, FFICNHEDFEHEILE ML TS =

EDVRAL P E R 5T,
Fig. 313" T X 12, CHXEM Cal EmRNADSEHIEE AT D 5N/, RABEOFTRIZS v
b Dliver cell lineTHHE N TWDE (8) o BIE. TORFEITHTH B2, VSMCTId
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al EmRNADEB 2 MBI T2 BEAOFENHEMN SN, SHBBRFAIPVLETDH 5, CHXHFET
Tid, DEX T 7ZIZALDOIEE % 2ol EmRNADEFIEE I RO N ok, TOHKD
BRIV ELZDOH D, —2EATHA FIZL 20l imRNADFEI I CHXIZ L » TH]
flani, V) BRTHH, COHBE. A7HA4 FIZL5al#mRNADERIZIIERE K
BUELEVW) I EIED, Z2OBIECHXIZ L 5ol imRNAD B EEERNE V20, A
704 FIZL2alSimRNADER N YA SN2, EVI)BRTHL, WTINOBKRHIE
LUWhARESHORF EFLSLE ALV, al HimRNADFEH LI BH 2, BIEmRNAD
RBEWICHXFET T BB S ol 2OIENL, AT HA FIZX 5B1#mRNA
DEBEEAARANETICHBETAZ ENEZLN B,

% (OB BT, MK ANaik A Na, K-ATPase mRNAX Na, K-ATPasel& % i
BHLTWwaAZ tiRELHMOENTWVE, KRBT, MR EONaEBRETHILIZES
T. ALDOIZ X BB1 $imRNAFE B 1Z— #INH S 72, DEXIZ L AP #ImRNAEHIIA L
Tholo NI LML, ALDOIL £ 2B mRNAS I IZI1E— & MK ~DONad i A H%H
SELTtwazrrgans, ABOMREI Y I FEREALAE COLHE SN (9) |
ALDOWENER A 6 DNa®D it A& /v L TEEM ENa, K-ATPasel&F X FIM T 5 Z & 5% A0
bRTwd, L2L, " FEEEESE TONafit ARKIZE MR EDONa channel Tdh )
(9) . VSMCEIZ®EZ > Twb, VSMCTIINHE%* A+ L THIFI M IZA » 72 Nah'Na, K
pumpiE M ZFAH L T B I LA HRE SN TS (7) o EIPAZ AV EREEDL L.
ALDOIX —HNHED EHEAL 2 /- L T, BISAMRNARBZHIHM LTV B I ENFHL Ik o7,
ALDO & I3 Xf B 912, EIPAIIDEXIC X 2BISAmRNABB I EL G 2 hh ol 2D L
A5, DEXIZ X B5BISEmRNAS B IIINHED FEHLIIMEE LW EDRME S N, ik,
NHEZHEA DT AV 74— LN 0 -V 273NT0h, ZHTHVSMCEEL EDOM
WOHFEL, MIBAOpHORAEICME LT WEDHNNHEITH 5 (10) o FRIZF L, &
(11) . BIB%& (12) MBEOEEMEICEICRBE L, BLEMEONa, HEX ICES5 T 205
NHE3T& %, DEXIINHE3 2 {HF1E 1L 547, NHENIIZ B L 2 (11, o TDZ k
bbb hOBREETRTHLOLE DN S,

SH%ORE

KFETIE, Z2ODATOAL FRVEYDF ) I AR TAOEH%EZmRNAL X)L T
Totedt, £k, BALANL, BEHELAVMIIBLTORABOKE 2TV, BICHEMLZEF
BB L TWE7Z\, 72, ALDONPVSMCONHE# EHALT 2 2 L QM T 2L ENDH 5,
DEXZ 721X ALDOI L % o188, BISAmMRNAFEBHBIFEHIPTEE OTLEIZ LE0h, BED
BIEWCEZOD, bBHATHILENHA I,
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Fig. 1. Time course of Na*-K*-ATPase a;- and B;-mRNA accumula-
tion by dexamethasone (Dex) in vascular smooth muscle cells (VSMC).
A: Northern blot analyses. GAPDH, glyceraldehyde-3-phosphate
dchydrogenase. B: quantitations of Northern blot. Abundance of
mRNA is expressed as units of densitometry relative to time 0; each
point is mean * SE of 5 separate experiments. Compared with
control: *P < 0.05; **P < 0.01; t P < 0.005; +1P < 0.001.
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Fig. 2. Time course of Na*-K*-ATPase a;- and B;-mRNA accumula-
tion by aldosterone (Aldo) in VSMC. A: Northern blot analyses. B:
quantitations of Northern blot. Abundance of mRNA is expressed as
units of densitometry relative to time 0; each point is mean = SE of 5
separate experiments. Compared with control: *P < 0.05; 1P <
0.005; 1P < 0.001.
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a;-(A) and B;- (B) mRNA accumulation in VSMC.
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@ separate experiments.
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Fig. 4. Effects of a protein synthesis inhibitor, cycloheximide (CHX),
on Dex- or Aldo-induced upregulation of a;- and B;-mRNA accumula-
tion in VSMC. A: quantitations of Northern blot for Dex-supple-
mented medium. Data are means = SE of 5 separate experiments,
expressed as a relative increase in mRNA expression compared with
control samples. B: quantitations of Northern blot for Aldo-
supplemented medium. Data are means + SE of 4 separate experi-
ments, expressed as a relative increase in mRNA expression com-
pared with control samples. NS, not significant.
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Fig. 5. Effects of glucocorticoid recep-
tor (GR) antagonist, RU-38486 (RU), or
mineralocorticoid receptor (MR) antago-
nist, spironolactone (SPR), on Dex- or
Aldo-induced upregulation of B;-mRNA
in VSMC. A: Northern blot analyses for
Dex-supplemented medium. B: North-
ern blot analyses for Aldo-supplemented
medium. C: quantitations of Northern
blot. Data are expressed as a relative
increase in mRNA expression com-
pared with control samples. Number of
experiments for Dex- or Aldo-treated
VSMC is 6 and 4, respectively. D: con-
centration-response relationships for ef-
fects of RU on Dex- or Aldo-induced
upregulation of B,-mRNA accumula-
tion in VSMC. Data are expressed as
percentage of B;-mRNA levels com-
pared with those observed in Dex- or
Aldo-treated VSMC without RU. Each
point is mean of 3-4 separate experi-
ments. E: concentration-response rela-
tionships for effects of SPR on Aldo-
induced upregulation of B;-mRNA
accumulation in VSMC. Data are ex-
pressed as percentage of 8;-mRNA lev-
els compared with those observed in
Aldo-treated VSMC without SPR. Each
point is mean of 3 separate experi-
ments.
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Fig. 6. Effects of removal of Na* from culture medium on Dex- or
Aldo-induced upregulation of B;-mRNA in VSMC. Na*-free medium
was isosmotically replaced with choline. A: Northern blot analyses in
VSMC exposed for 12 h to control medium or Dex- or Aldo-
supplemented medium in presence or absence of extracellular Na*.
B: quantitations of Northern blot. Data are means + SE of 6 separate
experiments, expressed as a relative increase in mRNA expression
compared with Na*-containing control samples.
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Regulation of Na, K-ATPase gene expression by steroid hormones
Shigeaki Muto, Satoru Ebata, Akihiko Ohtaka, and Jun Nemoto
Department of Nephrology, Jichi Medical School
Summary

To determine whether gluco- and mineralocorticoids have specific actions on
Na, K-ATPase gene expression in vascular tissue, we used Northern blot analysis
to compare the effects of dexamethasone (DEX) and aldosterone (ALDO) on Na,
K-ATPase ol- and Bl-subunit mRNA expression in cultured vascular smooth
muscle cells from rat aortae. DEX at 10° M increased al-mRNA level 2.5-fold
at 24 h and Bl-mRNA level 9.9-fold at 12 h. ALDO at 10° M increased
ol-mRNA level 2.7-fold at 48 h and B1-mRNA level 10.9-fold at 6h. The
half-maximal stimulation of both «l- and PB1-mRNA levels occurred at a
concetration of 5-7x10° M DEX, whereas it occurred at a concentration of
2-3x10° M ALDO. The glucocorticoid receptor antagonist RU38486 inhibited
both DEX- and ALDO-mediated induction of Bl-mRNA. The mineralocorticoid
receptor antagonist spironolactone inhibited ALDO-mediated induction of
B1-mRNA, whereas it had no effect on DEX-mediated induction of Bl1-mRNA.
Removal of Na from the extracellular medium caused no effect on
DEX-mediated induction of B1-mRNA, whereas it inhibited ALDO-mediated
induction of Bl-mRNA. Addition of a specific inhibitor of the Na/H exchange,
ethylisopropylamiloride, had no effect on DEX-mediated induction of
B1-mRNA, whereas it resulted in a significant inhibition of ALDO-mediated
induction of Bl1-mRNA. We conclude that 1)both DEX and ALDO induce Na,
K-ATPase al- and B1-mRNA expression in a time- and dose-dependent manner;
2) DEX-mediated induction of Bl1-mRNA occurs only through glucocorticoid
receptors, whereas ALDO-mediated induction of BI-mRNA occurs through both
gluco- and mineralocorticoid receptors; and 3)DEX-mediated induction of
B1-mRNA occurs through Na-independent mechanisms, whereas ALDO-mediated
induction of PBI1-mRNA, at least in part, occurs through Na-dependent

mechanisms, including stimulation of the Na/H exchange.
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