View metadata, citation and similar papers at core.ac.uk

WILES2MEE #5122%  April 2010, pp. 27-31 ErRR20FEERLUERZEE (WHE) BERY

BIEREHRICSIFS7ZIVERAFOYITLLIRI—RRE

BMP-6 DS
RKBEwRZ*, RKBEXH, m%ER
WP R E B SRR TR - Soa - PSRRI

F—I—R ! ZIWRRFOYT LA IRIb—, BMP-6, MAPK, EIBKEHEZ

Aldosterone breakthrough caused by chronic blockage of angiotensin II
type 1 receptors in human adrenocortical cells: possible involvement of
bone morphogenetic protein-6 actions

Hiroyuki Otani®, Fumio Otsuka, Hirofumi Makino

Department of Medicine and Clinical Science, Okayama University Graduate School of Medicine, Dentistry and Pharmaceutical Sciences

brought to you by .i CORE

provided by Okayama University Scientific Achievement Repository

(& U & IC

H1E, Angiotensin converting enzyme (ACE) BHZ
3% . Angiotensin I type 1 receptor (AT 1Z&AK)
5P (ARB) @RIMMEBROERE 2> TETW
L. LLanbInsoRNESI2L->TELSM
i Aldosterone (Aldo) O L&, bWz 7L
Fx%ny7v471w~ﬁ%fi®ﬁﬁt&of%
TWEY, ZOFIERFICOWVTIE AT 2 S5k - 7
) - ACTH: =¥ K1) ¥ 7 EOBG AR S
NTWBEIPY ZORRREIZ T 2SI EN TV AW,

—7J7, T FTIZF 4 1%, Angiotensin T (Ang II)
F¥Z X 5 Mitogen-activated protein kinase (MAPK)
% Extracellular signal-regulated kinase (ERK) @

R224E 1 H=2 8

*T700-8558 i ILITALXEEHNT 2 -5 -1
TG . 086-235-7235 FAX : 086-222-5214
E-mail | tm_ocean@hotmail .com

HMHAL % A L 7B B2 Aldo AR 12D W T
L, Bone Morphogenetic Protein (BMP) -6 7%
Smad 1,5,8 % /1 L T ERK {fi4fb % 85k L C Aldo
ok b R N N N B b

T I THRAIAMIEICIB N, b b EIB M
H295R % H\"C, Ang IHIBLT T Aldo BEAIZ KT
3 ARB (Candesartan : LLF CV) ORI 7 52282
DWTHES L, 1) Aldo 772> 5 DT A — 78l
FOfME, 2) TOFRERTIZBITS BMP-6 DM
B2 oW TRES L 72,

EIEREHIE H295R [CHBIFB7IVRRFOV T LA
I AIN—R&E

AT 2 %R % /K&, Aldo EEAREZ AT 5 bEIE
B Bk T & 5 H295R % v CTHeat L 7z, 2415 ©
O Aldo FEAEIZXT T 2 BOME T, Ang TR
L0 EERSMEC Aldo A # ML, ARB (CV) ML
HIZX o CEERSEICCNZIHILZ (M1A). £
LT, Ang T=10nMIZxf9 % CV ® IC50=1.0 nM

xE B2
BFS2F 1 R4 B&E

FRI4E 3 A FEIUKRZEZIBZEERE

Fr19E 6 B MIUKRFRERERFREMAEFHET

FRI9E7 A EILAFREE B - #BRE - A5RAR HMEEHRE

FRA9FI10R FEILAFREE B - &% - ASRAHARR™ ES

FR20E10R FEILKRFREE Bl - #R% - A5 WAR HMEERE
WEICED

27


https://core.ac.uk/display/12556128?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

DEMT, MEtziro 72,

ARB EHILEL T T Aldo B & ORI 2 L %
WA &, Ang THIEUZ X % Aldo E4 % Hif$ 5 ARB
OFEMIL, Ki#E13-15H Cwgg L7 (M1 B). 72
Ang I, ARB # HALE|Z X % 24E:[ @ Aldo A RE
REFMIZH S &, Ang THIBC & % Aldo EA~ND
ARB OIIHIZNRIZEEE 7 HH D S5O b

(2 A), ¥72 ARB&» 5\ % Ang T #RIMLELL 72
BRI R EANL I BT b Rk FUSARRD b7z (4
2B, C).

INFETin vivolZBWTCTIVIRATOary 7L A7
2NV —DEE SN TELD, DLEoEE,SHllL X
WIZBWTATIVERATO Yy 7L A 7 ANV—HEDT
REVEDSRIE S 7z,

ZILRAFOY I AU R)L—E BMP-6 DES

Bone Morphogenetic Protein (BMP) &, EiiE&
b2FHETHRT& LCTRHESI D, IFEEICS
VB HIRZEDRERIALE F-, AHIRZE DM LI K- &
LCE#E§T5 TGF-BA—/N—7 73 —5FTh
D, R20HHDY T Y FHEE STV S, RO

NS}
=}
|

CV (0 nM)

CV (0.3 nM)
CV (1.0 nM)
CV (10.0 nM)

—
fos]
1

®®00 >

—
o
1

1.4

24 > Aldo FEARE
(fold increase)

Ang II (nM)

1400
1200 —
1000 f
800 f
600 f

400

Aldo EHiE (pg/ml)

O AngII (10)

200 @ AngII (10) + CV (1.0)

Dayl Day3 Day7 Dayl0 Dayl3 Dayl5

X1

28

A No-pretreat
[ Ang Il |

120 - T
f\faloof Qo{)—é—(}—@—é—é—w 538
g -
S £ 80
= 4 —
< = 60
S5 ] ® ?
# 5 WY
S8 g0 oo 2@

1 3 5 7 9 11 13 15 Days
CV-pretreated
[Frevi ] Ang Il |
oV TR R
120 9 |

#0048 |
!?‘q:' 80 % .
=2 604 | —

se 1

EE 07 \ .
53 ‘ o
N 207

0 ;
Pre 1 3 5 7 9 11 1315 17 Days

C Ang II-pretreated
[ angn | Ang Il |

v 1 T

120
#5100 4 iM@éOéOO
H g 8;
2 o804 1] —
S PR —
< > 60 !
- .
= g 40 o
Els
I ° 4 O AngII (10)
~S 0 ® Ang1I (10) + CV (1.0)
0 !
Pre 1 3 5 7 9 11 1315 17 Days
%] 2
22 TIE, B BEMEE O A 5, TIASO R

BRIV BIRRTY . PREE 2 B IR I B LT D
Kk % e RS ERI DS S b e o T & 72,

INFE TR A1, BB R EMIIE IS Activin receptor-
like kinase (ALK) -2, -3, -4 + Activin type Il receptor
(ActRIl) - BMP type II receptor (BMPRII) B X ¥
WRPEBMP-6 2333 L <80, EIEEEMEIcBT
% BMP ¥ A7 £ OFER i L 72", £ L CTAng I
X ERK OIFMHEALZ /it L CRIB R E T Aldo #EE %
fELTBY, X25ICBMP-61%Smadl,5,8 /L
T ERK i HAL & B89 % 2 & T Aldo FEA & HIBLS
VR o B A

Z 2T, £9 ARB OEMAIHEIZ L 5 ERK {H L~
D% % Western blot % IV CHET L7z, ARB @



TIWVFAFO Y7L A7 A)—E BMP-6 | KEEZ, 24

12V & > Td Ang I X 5 ERK {GEMHALIZH Ang II + CV for 1 day 3 Control
il S 472%%, Ang T3 XU BMP-6 12 X % ERK {1k 4 B Ang Il
fLIXARBHFAET THHMF S (M3). Thid CHE * ) Ang 1l + CV
BMP-6 #»¥Smad 1,5,8 % 4/ LTERK%(@@TL@—% i 37 T ok
e L EZ b : \‘%

BMP i & % @ promoter T & % BRE # i \» 72 g | §
Reporter assay Tl&, ElIE R EMIEIZ3 515HE D 2 - %

m

Ang T OEMEHENZ X > TBMP ¥ 7 F)VIZ#H] & 8 \\

-~ A3 4 < 77 = S - et 0 - : : % k
N72H%, ARB OILAE T LI IREE & [/ L~V L2 MEFF & ‘
ncwiz (4). L - * -+ - +

F¥7- Ang IB XU ARB @‘]ﬁ‘l‘f’&ﬂ@@ﬂfﬁ’@ b, RIE BMP-6 stimulation
FEABIC BT S AT 1 S HRFEE L NV IZITw 8 L Ang II + CV for 7 days

8 —
CVforidayy — + — + — + . = T
pSmadl, 5,8 o I — é 4; §

PERKL/2 e Spm— — %‘ 2 - \

BEEEEE |

tERK1/2| -v|| & | s

lh-stimulii  hone Ang Il BMP-6 BMP-6 stimulation
+Ang Il
Ang II + CV for 15 days
CVfor7days: — + — + -+ . \ I \
pSmadl , 5,8 e m— /g } ’if —‘7**
pPERK1/2 - - w— - § 9 * §
- o 17 =
{ERK1/2 » 217 . s%
| | | | | |
lh-stimuli  none Ang II BMP-6 0- ‘ ‘ % =
+Ang Il |~ + - 4+ -+ |
BMP-6 stimulation
CV for 15 days: - + - + - +
4
pSmadl , 5, 8 ——
_ v 70 - - 7% =
SERK1L/? e o7z, 7, AngLHC £ % CYP11B2 o % &
259 % ARB O#IfIRD R 15 H [ o8 1Ay 70 LB 2
(ERK1/2 = — LoTwE Lz (M5). 72, Ang T ORI
" ‘ L UVBMP-6 3L U0ZFD%HEMAKTH HALK-2 -
lh-stimuli:I none . Ang i . BMP-6 | ActRT OB L )W L7225, ARBDHFEEETT
+Ang |l s oMl @EE S (X6).

3 S 512, BMP-6type I receptor Tdh b ALK-2 D

29



HIBEAE R 2 A > B X U BMP-6 @ R HIFLIA CAULEL 9
HE,ARBIZE ATV A 7 2V —BIRIZHE L7z (K
7).

DL Eo#E 525, BMP-6 1%, Ang 112 X % ERK if§
PEAb % 358 | C Aldo #EEZ RS 275, Ang TOE
MIRBOC X D BB R E B 5 BMP-6 ¥ A7 413
s s eEZ SN \Zxf LC, ARB 0%
$eh-Cl, EIE R B Bwf$%Wﬂ§h%N§
[Ang LI X % BMP-6 ¥ 25 2 O] A3k S
%2 &2k, Aldo BEAEIIHIASEES S 5 0T BRIk DRI
Eh7z (K8).

2.09 ATIR
2 15
g 1.0+ T T
=
Z 0.5+
E
0
255, CYP11B2
£ 2.0
2 151 .
3
< 1.0 ﬂ ﬂ ﬂ H
£ 051
E il
0

AngII M) 0 10 10 0 10 10 0 10 10

CV@mM)0 01.0 0 0 1.0 0 0 1.0
| |1 |1 |

Day 1 Day 7 Day 15
5
20- BMP-6 20, ActRIL o o
— q — @® Angll
. 2 5 O AngIl+CV
\g 1.5 § .
o @
2 1.0 2 1.0+
< ] 2
< < * sl
Z 0.5 Z 0.5+ ]**
s a1
= g o
1 — 0 . . .
Dayl Day7 Dayl5 Dayl Day7 Dayl5
209 ALK-2 209 ALK-3
2z ] 2z
g 1.5 g 1.5
o @
g 1.0 S 1.0
2 ] S <L
= ] =
Z 0.5 Z 0.5
a1 * a1
= 1 g
—
Dayl Day7 Dayl5 Dayl Day7 Dayl5
6

¥ & B

BB R EMAL XVIZBWTh, AT1 SBKOE

>

140 4 3 Ang I1(10)

1 W& AngII +CV (1.0)
85 120
How o] 1 1
W = 100 i
2 00 ]
S 5 80
= > 1
o & 601 b
o ]
E £ 401 AR a a r
N ] ?
0] 2 I
Day7 Dayl0 Dayl3 Day7 Dayl0 Dayl3
| | |
+ALK-6-ECD +ALK-2-ECD
140~ 2 Ang11(10)
1 MEA Ang Il + CV (1.0)
g 1207
E % 0 1 1
w4 o 1007 —
W2 ]
S 5 804
3 e ]
: & 60 2
::'-%. E 401 2 i a a 3
i o 1
S 204 I f% Z
] A
Day7 Dayl0 Dayl3 Day7 Dayl0 Dayl3
| | |
+control-IgG +BMP-6-1gG
X7
3) ARB OEMHE- T, B EIC BV TR
FAH 2N A& [Ang ITIZ L ABMP-67 A7 2D
Hl) 2R 5281250, Aldo FEAEIIHIANHES T %
Ang II

O ARB [ 2) Ang 10> BRI & ) EIJLER;:%TL:)

\% B 5 BMP-6 ¥ A7 A X5 S 1%

’ L}
| BMP 6
AT1R
‘ ALK 2
ActRIT
o=
o

l . Smadl,5,8
) d
(Steroidogenic Enzymes ) [ K

1) BMP-6i3, Ang IIIZ & 5ERKi&
@ 1b# 1456k L C Aldoj#Ed: & it 5 %
Aldosterone

X 8



PR RIENC L ATV RATFO Y T LA 7 AV —DFf
HEAVRIE E /2. 72 BMP-6 X Ang 112 & %EIE
B D Aldo 47#h % MAPK ¥ 7 F V& 4 L CHIR
HZEH5, WRMEBMP-6 @ bioavailability D% 1t
VBTNVRATaYy T VLA 7 ANV—BHROFEEIZES L
TWBIREEENE 2 b7,

A O HEZEIZdH 72 ) R EEE, RNIFCH MR,
FRE R —SEA, SR TR, MRS L IC S K2 5 il
2D F LA, ZoOREBEY LTHEHMPLETET.

X 3

1) Staessen J, Lijnen P, Fagard R, Verschueren L], Amery
A Rise in plasma concentration of aldosterone during
long-term angiotensin I suppression. J Endocrinol (1981)
91, 457-465.

2) Lijnen P, Staessen J, Fagard R, Amery A : Increase in
plasma aldosterone during prolonged captopril treatment.
Am J Cardiol (1982) 49, 1561-1563.

3) Naruse M, Tanabe A, Sato A, Takagi S, Tsuchiya K,
Imaki T, Takano K : Aldosterone breakthrough during
angiotensin I receptor antagonist therapy in stroke-prone
spontaneously hypertensive rats. Hypertension (2002)
40, 28-33.

4) Sato A, Saruta T : Aldosterone escape during angio-
tensin-converting enzyme inhibitor therapy in essential
hypertensive patients with left ventricular hypertrophy. J
Int Med Res (2001) 29, 13-21.

5) Sato A, Hayashi K, Naruse M, Saruta T : Effectiveness
of aldosterone blockade in patients with diabetic
nephropathy. Hypertension (2003) 41, 64-68.

6) Sato A, Saruta T : Aldosterone breakthrough during
angiotensin-converting enzyme inhibitor therapy. Am J
Hypertens (2003) 16, 781-788.

TIWVFAFO Y7L A7 A)—E BMP-6 | KEEZ, 24

31

7) Suzuki J, Otsuka F, Inagaki K, Takeda M, Ogura T,
Makino H : Novel action of activin and bone morpho-
genetic protein in regulating aldosterone production by
human adrenocortical cells. Endocrinology (2004) 145,
639-649.

8) Inagaki K, Otsuka F, Suzuki J, Kano Y, Takeda M,
Miyoshi T, Otani H, Mimura Y, Ogura T, Makino H :
Involvement of bone morphogenetic protein-6 in differ-
ential regulation of aldosterone production by Angiotensin
I and potassium in human adrenocortical cells.
Endocrinology (2006) 147, 2681-2689.

9) Takeda M, Otsuka F, Suzuki J, Kishida M, Ogura T,
Tamiya T, Makino H : Involvement of activin/BMP
system in development of human pituitary gonadotro-
pinomas and nonfunctioning adenomas. Biochem Biophys
Res Commun (2003) 306, 812-818.

10) Otsuka F, Shimasaki S : A novel function of bone morpho-

genetic protein-15 in the pituitary . selective synthesis and

secretion of FSH by gonadotropes. Endocrinology (2002)

143, 4938-4941.

Suzuki J, Otsuka F, Takeda M, Inagaki K, Miyoshi T,

Mimura Y, Ogura T, Doihara H, Makino H . Functional

roles of the bone morphogenetic protein system in

11)

thyrotropin signaling in porcine thyroid cells. Biochem
Biophys Res Commun (2005) 327, 1124-1130.

Otsuka F, Yao Z, Lee TH, Yamamoto S, Erickson GF,
Shimasaki S | Bone morphogenetic protein-15 . Identifica-

12)

tion of target cells and biological functions. J Biol Chem
(2000) 275, 39523-39528.

Shimasaki S, Moore RK, Otsuka F, Erickson GF . The
bone morphogenetic protein system in mammalian
reproduction. Endocr Rev (2004) 25, 72-101.

Otsuka F, Moore RK, Shimasaki S : Biological function
and cellular mechanism of bone morphogenetic protein-6 in
the ovary. J Biol Chem (2001) 276, 32889-32895.

13)

14)





