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ALDOSTERONE AUGMENTS ANGIOTENSIN CONVERTING ENZYME
GENE EXPRESSION IN CULTURED CARDIAC FIBROBLASTS

Yoshiyuki AzuMa, Yoshiki UEHARA, Kousuke MINAT,
Masafumi Kusaka, Toshio HAsuDA, and Mitsuyuki SHIMIZU

Division of Cardiology, Department of Internal Medicine,
The Jikei University School of Medicine

Background : Recent studies have showed that the cardiac local renin-angiotensin-aldos-
terone system (RAAS) plays a pivotal role in cardiac pathophysiology and that spironolactone
improves the prognosis of patients with heart failure. Here, we used cultured cardiocytes to
examine how aldosterone acts on the cardiac local RAAS.

Methods and Results : Cardiac myocytes and fibroblasts were prepared from neonatal rat
using the Percoll gradient method, and messenger (m) RNAs were semiquantified with the
reverse transcriptase polymerase chain reaction. Basal mRNA expression of renin, angioten-
sinogen, and angiotensin-converting enzyme (ACE) was detected in both cardiac myocytes and
fibroblasts. Aldosterone markedly and significantly upregulated ACE mRNA in cardiac
fibroblasts, but not angiotensinogen or renin mRNA. In cardiomyocytes, none of these RAAS
components was upregulated. Moreover, spironolactone completely inhibited aldosterone-
induced augmentation of ACE mRNA expression in cardiac fibroblasts.

Conclusions : The cardiac local RAAS has a possible positive feedback mechanism through
ACE expression, mainly depending on cardiac fibroblasts. The beneficial effects of spir-
onolactone may partly be due to blockage of the positive feedback circuit.

(Tokyo Jikeikai Medical Journal 2006 ; 121 : 133-40)

Key words : renin-angiotensin-aldosterone system, spironolactone, cardiac myocytes, cardiac
fibroblasts
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BRRET L ZENHLMER ST WL, T
£, £58% RAAS O &% S TR RAAS OfE&
DHRIBEINTEDY, LBV TH ACE, 7
PR T arnFgEH, EEsh, FIORRLIZBW



134 HOEH

THETH L ZEDHS D LR ST72978,
%hfi?‘ % B b e iifdid LG & SEEER T D
> DAL DUNHE, 5tk & v o 7oL D
N /797[%&:0 HEAL, RHEHAIE 2 ?—*f‘/tf
¥ DFRER S % 30 U AR B X OYRIRREIC B
J 30O EICE b > Tws, — AT, Ih
S OMIfEL T2 DWW F 2 EL L, autocrine,
paracrine RT & U TR Ic B W TERL €
WEZEBHLLERST WA, ACE 1T in
vitro DWFFEIT B W T & LTI B L ORRES
RIZBOWTHENEDO ONE ZENHHLhER S
THBY, HEREL I XD % OFESTE 232
FBITE 0 ks EllES EOEARITHE
REIZ 130D R RAAS 23EM b T 2 2 iz & 9,
lDF%U)V“ EIE S 2 REMSH 5. PlEX
, DIEAERR AT 2 FE M TH D, auro-
crine, paracrine (R7% B4 3 2 SRR D0
Nk RAAS SEHIIC 350 2 BE 2 a4 5 P2
WEEEEZ oh3, S, REFcs
ME&ﬁ%%ﬁkﬂT57WFXTU/@%@
W DWTHRET L7z,

II. & & K&

1. &

£%1H» 5 3 H % TD Sprague-Dawley &
FAERZ v - XL S & ORI % 3
MU/, HLEOEE D DEDOAZYIEEL,
0.0375% a7 7 >+ —x « ¥ 4 72 (Worthington
), 0.0625% > 27 v 75> (GIBCO#H) =H
WCHIRE AR B L 72, HEEEL 72 MBS Percoll %
FEAEREE 1 LM B & U RRMES g 5
BT, $7b b, HE 1.059 B X0 1.082 0 2 FE
5D Percoll % (SIGMA #t) % Hw T 3,000 [z
T3 HEELL, kEESLIUTRELY 20T
TURBRMES NG, O 2 Bl U 7z, MRE# R 5T
W, 5% MR Y v (GIBCO ) XU 10%
v < IE (GIBCO %) % @il L 7z Dulbecco’s
Modified Eagle’s Medium (DMEM) 2% L,
FRHEZEHIAE X 600 HOBE/mm?, JOARIAE X 1,000 A1
fd/mm? DA EE T, ThZzhn10cm T4 v
Ya, 6well 7L — MCREREL 7o, ARAEERHERE X
90% I > 7 NIy MZET S LI 1:8 THEMR
L, Sk E LT OFEBICHw:,

Lol 2

B DERERIZ DOV TIE T N THEFEEESERK
FEHESI > TiT o 72,

2. HBERORIH

SR 24 FRERTIC DMEM  (My&E SR 1
Baz#al, 7K 27 1 (SIGMA #) 2 THl
L7z, TVRATOYEY R FIVANKFHA
F (DMSO) IZ THEME L7 b DR HERTFE L, FE
B Hic DMEM 2 TARL ClfEOFRE I A v
7z, FERIEFEEIC 1Z, DMSO % R & [BIRE & 7
2E5CML7:, 7V R AT a  fHERTH S
20/ 77 brERAGCIEE, 7VRATOY
2 & ZHEL 60 SR EIC L 72,

3. RT-PCR

¥ RNA & TRIzol ¥ v I (GIBCO #) ZHw»
THI U7z, Mifa %z ) BREE B K THasE, 1
well 729 0.5ml @ TRIzol K TEHEEL, W
O7a b a—izfEwv RNA 2HiH L7z, RNA
P X 2 HIE L, ODy fHEL DEH L2,

¥ RNA 5ug %, Moloney murine leukemia
virus reverse transcriptase (MMLV-reverse ;
GIBCO#) 384 =2=v b2\, 24 ul ® 1xRT
@ (10 mM DTT, 50 mM Tris HCI pH 8.3,
75 mM KCI, 3 mM MgCl2, 0.5 mM dNTP) T
6pM random hexamer 774 v—& L T,
37°C, 60 437fE A > 2 _X— b L, Ist strand cDNA
B, 15 ul DRTEY 2R L L C, Taq
polymerase (Takara ) 1.5 2=» s ZF\», 30
ul @ 1x PCR #&fE#E (10 mM Tris HCI pH 8.3,
50 mM KCI, 1.5 mM MgCl2, 0.2 mM ANTP)
TPCR 2T, 79Ty /=7y, v=
v, ACE, ZVE L7V TER3-YVETE RO
77—+ (GAPDH) \&X0t4 % 77 4 ~ —ZBEHID
BERGZb LT VVA4 vy ahicboEHEAL
7219 (Table). PCR &%, #ZM 94°C, HEX
JE72°CEL, 7 ==V Y IE&HRE T T4~ —D
melting temperature (Tm) % & & IZHRE L7z (Vv
=V, 66C, 7YX Ty /=0 620C,
ACE; 55°C,GAPDH ; 56°C). PCR ¥4 7 Wi
TERBROFER%Z b £ 12 RNA & & PCRED
FHBEDSERR & 72 5 L 9 WCEE L7z (Fig. 1). PCR
EMIzFyovrs7a~x, Nl 77 a—2A
T TESKE 21T, FoifoN>y R 24t
WIRE 2 &L D TOYOBO FAS-IIw Cisk L,



TIVERAT QBT VX T vy RS RO 135

Table.

Design of Primers

Gene Primer Sequences PCR products
Angiotensinogen Sense : 5'-TTCAGGCCAAGACCTCCC-3 308 bp
Antisense : 5'-CCAGCCGGGAGGTGCAGT-3’
Renin Sense : 5'-CTGGGAGGCAGTGACCCTCAACATTACCAG-3 372 bp
Antisense : 5-GAGAGCCAGTATGCACAGGTCATCGTTCCT-3
ACE Sense : 5-GCTTCCCCAACAAGACTGCCA-3% 380 bp
Antisense : 5'-CCACATGTCTCCCAGCAGATG-3%
GAPDH Sense : 5'-TCCTGCACCACCAACTGCTTAGCC-3 376 bp
Antisense : 5'-"TAGCCCAGGATGCCCTTTAGTGGG-3
R GAPDH . renin
GAPDH Ri=0.998¢ Renin N R=0963
(16 cycles) // (30 cycles) 3
) / ' /
‘ / o /
- — o .
. e . o : N s .
Aogen 2 anglotensinoge / R=0979: ACE 1 ACE Py
(30 cycles) . / (30 cycles) *
04 /

RNA (ug)

o ' 2 s 6

3
RNA @g)

Fig.1. Linearity of RT-PCR amplification. The linearity of semi-quantitative RT-PCR to total RNA
applied (1 to 5ug) for the components of renin-angiotensin-aldosterone system was examined.
These graphs show correlation between RT-PCR products and the input of total RNA. Straight
lines represent best fit obtained by the linear regression analysis: » value indicates correlation

coefficient.

NIH Image Ver. 1.61 % Fwv> CHEAT L 72,

4. TRETHIALIE

HEME I EIE L EERETRDb LT, BEE
BEIE t BEZ FV, p<0.05 %2 b - T, HEHEmn
BEZbY LT,

I #% R

1. DORBRMESFERICEVWTZIL PR T O VH)
i3 ACE Bz FRIFLTESED

BT 10°°M O 7V K A7 1 > THREKES

B slE L, 48 BEfE Izt L7z RNA %58 =

B RT-PCRIKIC TN LIz, 100M D7)V K A
7Hu VI RAAS ODRERER D> b7 V4 T >~
V=7, VEZUOBEFRINCITEERYE 2
o7z 3, ACE OEBMEFHIEN 2 fFc iR
7z (Fig.2). ZOEMIE, 7V RATuryoiliR
BEikEETh o7 (Fig. 3).
2. ZIFRTOXILOEHMICE TS ACE
BEFRRICEELALL
S B W T 7V R X7 u > ACE &
EFRIAEZTCEI T2 L5, LTI DL
T b FEIRRICHERT U 7z, SRHEEFHIRD & e BRI, o0
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Angiotensinogen renin ACE
2 2 2
1.6 1.6 1.6
12 E 12 g 1.2
3 — g ]
]
2038 o8 508
B 2 2
< <
0.4 04 0.4
0 0 0
ctrl Aldosterone ctrl Aldosterone ctrl Aldosterone
10°M 10°M 10°M
*; p<0.05

Fig. 2. Effects of aldosterone on the gene expression of the components of renin-angiotensin-aldosterone

system in cardiac fibroblasts.
(10-°M) for 48 hr.
not angiotensinogen and renin.

ACE
2.5
%
2
%
=
-
‘g - -
E 1
E
0.5
| _— |-
0
Q Q 3 [}
= ) =S ==} g=
8 L % % g%
LA L AR
s 2 b b
< < < <
*; p<0.05 vs ctrl
Fig. 3. Dose-dependent effect of aldosterone on

ACE gene expression.

HIC B TR 7V R A5 1 ik ACE EEF
FINTHE L RIZTE k-7 (Fig. 4).
3. REO/F7 b IIHRHESFRRRICB T3 T
WERTFO>OMREBEET S
TNVRRATa rZREENETHL AT /) F
7 N CHMLIET % &, R sI 2 7L
R A7 a2 & % ACE 8fn T FEITUHE 1T NH &
Nz, 10*"MoOAET /527 b3 10°M D7 v

Cardiac fibroblasts were incubated in the presense of aldosterone
The treatment resulted in the augmentation of the gene expression of ACE, but

ACE
2
1.6 7
‘é’ 1.2 7
5 5
oy
«
5081
O
E
0.4 7
o
ctrl aldosterone
Fig. 4. Effects of aldosterone on the ACE gene

expression in cardiac myocytes. Cardiac
myocytes were incubated in the presense of
aldosterone (10~°M) for 48 hr. In contrast
to cardiac fibroblasts, ACE gene expression
remained unchanged.

F2R7o iz ks ACE B THERTER L
HHIL, ZORBIZACT 527 b OEEICK
w#L7 (Fig.5,6).

Iv. = =

TIWRKZXTa N ACE BETHEEZTLET %
Z o, BT RAAS ICEB T % positive  feed-
back B DFEEDIRB I N/, TNETT VR X
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70 > HNLEEE O B> T ACE #=T-¥
BHETES T LW FEIHZLOD, Zhy
LR D 2 W ITERHEFfL O WS sk T 5
HOWIH SN TR 1219, AFE D & 0T
TR BEFMEN 7 VRERAToricX 5
ACE & FHBEITHEICHFESEL T3 LIRS

ACE
2.5
2

.‘é.s

=

s

g # || ||
E 1

El

0.5

| | | |
0
] > N ~> > N = &
© S @\“ N @\Q o@ @\Q 0\“
@c @Q »Q\@ @o $ @e Q¢
%'& Fodve & «& %@ %
S S S $
> > > >
*; p<0.05 vs ctrl
#; p<0.05 vs aldosterone

Fig.5. Inhibitory effect of spironolactone on the

aldosterone-induced augmentation of ACE
gene expression. Spironolactone was
added to the medium 60 min before the
application of aldosterone. Spir-
onolactone inhibits the augmentation of
ACE gene expression induced by aldoster-
one in a dose dependent manner.

ni.

SEID in vitro FEERT ACE BE T %2 JUiE
SELTNVNZA T EEIF107~10°M Th
D, ZOIMHRE»SHIKT 2 L EbO TEEE
Ths., LrL, HBCBTILZ7VEATaVIE
Mk D bBEEEINE LS, E-—fiTMEN
REFIND Zer s, LDIEEBTO7T VAT 0
CEERMFOR 1T FE SN TWEY, LAek
EORBICBLTIIE ST VR AT O VEEN
FRLUTWAHEESEDLEERT 2 &, REBRTOR
RiIFA20C B % JFAT RAAS OIRREICHEE T
EreEZHNS.

TVRATOIEI AT NANF a4 RZEE
(MR) Z#E&EL, BNTEET 7 0 E—F —5HE
®O TGTTCT % a >+ >4 AFFIZ b > MR It
EEE% (MRE) IEF L T 2 BB TFHIEETU
HE S 2, ACE BT O v A TSI I3 S5
W& D 36 kb AL LR TH 22, /3B ET
HIBNICEET 2 NERDH LY, LIAH8T v b
ACE#EfET O 7 a®—% —fHBICE 17 5 MRE
DEAFE-730 bp [TIETH 5 Z & SBERERITIZ
Bwiz, 7R AT o v iEER I ACE #ix
FHREZLEI T TWIARENTRIEBIN S,
Serum-and glucocorticoid-regulated kinase
(sgk) 1& MRE %4 U TRl R B TTHE
T2 UBIEERTH L, ) Y/ AvEF=rF
+—=¥ DO —>TH % Sgk I, cyclic AMP
response element binding protein (CREB) %28
1332 Y YEHEICBWTY) YB{bT % Z LRk

10°M

aldosterone —_

spiro - -

10°M

10“*M

10°M 10°M

10°M 10-°M

Fig. 6. Representative data from RT-PCR for ACE. Bands of PCR products are seen at 380 bp. These
indicate marked increases in ACE gene expression in cardiac fibroblast treated with aldosterone,

and the suppressive effect of spironolactone.
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Fig. 7.

HOEn

GATCCTCCTTG TGAACTT CATA GGTA CCACCTTC AGAATCC CCTCTTAC A
CCTCCACCAGCACAGC CTGC TTCCTCCACAAACACAACAGCTCGCGGAT G
GGAAAATACACAC GTAACCCACAA CCCTCAAAT TCTGGGAG CCCAA GCAA
TGGTGCACCTAAG CTCTCACCAGGTGGCCCTGTGCTAGCC ACCTTCCTCC
TCTC TCTACCTCCACCAGCCCCCTAGG ACCTCTTC TCTGGGACATGTCAC
CCAGGCCAGCACAATCTCT CTGAGTCTC CAGATCACATAACCTCCTGTAT
GAACT CTGT CACC ACATCTGCCAAGG ACAAGGGT CCCCACACCTCTTTGG
GGGCACGG TCCTGGT GCTAAGAAGTTA GCCTCCACAGC CTCCTGGTGCCT
CAAGAGGACACGATCCTA CCTCCCCCAGGCTTGTCACTTTGAGGGACAG G
TGGAGGAGACGAGGA AATGACTGGGAGTGTGGAG ACCTGAGGTGAC TTGA
AGCCGATC TGTCT CAGGGGTAATTTCT CCATTTT TAAAAAGCAGGGGGGT
TGCTG TAGTCTC TGAGGCATGTTC TAGCTC TCAAAGCT TGCAACTGCGAG
GTTC TAGGGCTT TGTTGGGACAACGCATGATGGTTCT TGCGAGCTGAAC A
ACCGA CTGTCACCTGTGTAC CCAAAGA GTAGG GCAGA TGTGCCAGTGTTC
GTGGCC TATTCTATGGCTCCCCCC TCGT AGA GCAGAATAGACCCTATTTC
GAG GCATCCC AACAACCCACGCCC AAGGTGAACTGGCCGCTGGCATCTG C
AGTACCTAGCCAAGGCG CCTGTCAGGA CACCTAAGC TTCCTGCACCCAC G
CAGGCG ACCCTTCCCTCCATAA CCTGGCAACG TTAAGTCCATCCTGGTGG
CACCAGC CAGC CACCCCCGCCCCCTTGTCACTCA AGAGCCC GGAAAGGCT
TGGA GGGTTATGCCAAACCTCCTGG GCT CTGT GGCCTGAGA ATAAG TGGT
GGC GGCCAGAGGGCACGGTT GGGC CGCAGCAC TGTGTTTGC AGCC CGCAG
GACCCCTT TCTAGCT TCCT CAGCGAG AGCTCGACCTAACCTCATC CTTCC
ACCC AAGCTGTTCCC AAGCC CCTCAG GGCTACCCTTGCCCGGGG CGGGC G
GG GAATCAGCGGGGCT CGCGC TGCCGGGGACTT TGGAGCGAGGAGGAAGC
GCGGAGGGGCGGGGAGGTGGGGGTGTGTCGGGAGGCGGCGGTGACTGGGT
TTTAT AATCCG CAGGGCGGTCG CGGCGC GGGAGAAGG GGCAGC GCCGCAC
CGC

1254
1204
1154
1104
1054
1004
954
904
854
804
754
704
654
604
554
504
454
404
354
304
254
204
154
104
54

4

1

Nucleotide sequence of the 1303-bp rat ACE promoter region.

The sequence of ACE promoter

region was referred and cited from National Center for Biotechnology Information (NCBI) home
page (Accession number : AY344961). A mineralocorticoid receptor responsive elements (TGTT-
CT) was found at -734 bp, whereas two CRE-like sequences (underlined) were located at -172 bp
and -770 bp. The homology search was performed using GENETYX-MAC 11.2.0.

HEasn®, v v ACE Yo —5 —fHI I
13 CRE-like sequence 23fE4EL T 029?20 (Fig.
7, 7WVRATurhsgk 2M LT ACE EBfnT
KR ITTEL TW 2 AR E Z 6 5,
ZNVEATaYiZMROAKE ST )Vaan
Fa4 REZEE (GR) Zdb#EET 5. GRIZ MR
LRI TGTTCT a2 v & vy A HE T
% 2 X VBEETHREEFAMT 57, Sheppard
S XA, LTI & ARk MR L gL
T GR OFIEBMENITH 522, AWERICB T LT
VR AT a DA, MR %0k GR /4L
72 DI OVTIE, SEBETL T LERD
5.

V. & B

7R R T a i EERESEECB TS
ACE EnFHIHREZILHEL, A0 /77 bk

OFERZEEL, 2w/, 527 IXR
RAASIZBF 2IED 7 4 — RNy 7 HEE # HE
THILICED, DAEEEBEOTPRERET L]
BEMEDS D 5.

Rzikz2iwchlc v, ERETEE, @BRZHY £
U7 R SRS RRRE ARG NI A IER &R
HATHEEZRLET.
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