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Endothelin-1 Production and Its Involvement in Cardiovascular Diseases
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Endothelin (ET) has been implicated in the pathogenesis of several cardiovascular disorders because of its powerful
vasoconstrictor and growth-promoting properties. The ET family consists of three isoforms, ET-1, ET-2 and ET-3.
ET-1 appears to be the predominant member of the family generated by vascular endothelial cells. In view of the multi-
ple cardiovascular actions of ET-1, there has been much interest in its contribution to the pathophysiology of hyperten-
sion and arteriosclerosis. We have been investigating the roles of ET and ETy receptors in ET-1-related cardiovascular
diseases using subtype-selective ET receptor antagonists and ETy receptor-deficient animals. Our studies have demon-
strated that ET-1 overproduction and ET,-mediated ET-1 actions seem to play a crucial role in the development of
several types of hypertensive and post-ischemic diseases. On the other hand, ET-1 biosynthesis and release are regulated
at the transcriptional level, and various endogenous substances are known to stimulate ET-1 gene expression by DNA
binding of transcription factors. We and others have recently demonstrated that nuclear factor-«xB (NF-xB), a tran-
scription factor with a pivotal role in inducing genes involved in immune, inflammatory and stress responses, is responsi-
ble for endothelial ET-1 production. In in vivo studies, agents that can inhibit the NF-xB activation improved the de-
velopment of ET-1-related cardiovascular diseases. Thus, NF-xB inhibition may be a pertinent treatment for ET-1 relat-
ed diseases.
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Fig. 1. Suppressors of NF-kB Activation
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Fig. 2. Effects of NF-«B Inhibitors on ET-1 Production

(A) and (B): The changes of basal and TNF-a-induced prepro ET-1 mRNA expression in cultured endothelial cells treated with PSI or BAY 11-7082. (C) and
(D) : The changes of basal and TNF-a-induced ET-1 release from cultured endothelial cells treated with PSI or BAY 11-7082. Each value is expressed as the mean +
S.E. *p<C0.01 versus no addition. 'p<{0.01 versus TNF-a alone. Modified from Refs. 9) and 10).
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Table 1. Morphometric Analysis of Aortas from Sham-Oper-

ated and DOCA-Salt Hypert:

ensive Rats

Wall thickness, Wall area, Wall-to-lumen

Group mm mm? ratio
Sham 120£3.2 0.611+0.01 0.36+0.02
DOCA-salt 157+3.6* 0.88+0.03* 0.44+0.01*

DOCA-salt+PSI  127+6.57

0.68+0.05" 0.3740.027

Values are mean+S.E. * p<{0.01 versus sham, ' p<{0.01 versus
DOCA-salt. (Cited from Ref. 12).)
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Fig. 3. Preventive Effect of PSI on Development of Hypertension in Deoxycorticosterone Acetate-Salt-Treated Rats

(A): Time course in systolic blood pressure of sham rats and DOCA-salt rats treated with or without PSI. Two weeks after start of DOCA-salt treatment, the
rats were given PSI (3 mg/kg, s.c.) every other day for 2 weeks. Each value is expressed as the mean +S.E. *p<{0.01, compared with sham rats, 1p<{0.05, *p<0.01
compared with DOCA-salt rats. (B): Effect of PSI on aortic endothelin-1 content in DOCA-salt-induced hypertension. At the end of experiments (at 4 weeks) , the
aorta from sham rats and DOCA-salt rats treated with vehicle or PSI was prepared for measuring the ET-1 content. Each value is expressed as the mean=+S.E. *p<{
0.01, compared with sham rats, *p<{0.01 compared with vehicle-treated DOCA-salt rats. Cited from Ref. 12).
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Fig. 4. Preventive Effect of PSI on Ischemic Acute Renal Failure

(A): Light microscopy of the kidney treated with vehicle (b and e), PSI 1 mg/kg (c and f), 1 day after ischemia/reperfusion, and sham rats (a and d) . Tubular
necrosis in outer zone outer stripe of medulla (left panels) is seen in (b) . Proteinaceous casts in tubuli of inner zone of medulla (right panels) are seen in (e) . There
were no apparent tubular necrosis or proteinaceous casts in tubuli in PSI-treated rat kidneys (c and f), and the PSI kidneys appear almost normal as compared with
the sham-operated, normal kidneys (a and d) . Hematoxylin and eosin stain (magnification X 160). (B): Effect of PSI (1 mg/kg) on renal ET-1 content in ischemia/
reperfusion-induced ARF. Each value is expressed as the mean+S.E. *p<{0.01, compared with sham rats, ¥p<(0.01 compared with untreated with ARF rats. ARF:
acute renal failure. Modified from Refs. 12) and 14).
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72753 (Figs. 5(A),6(A),and 6(C)), T &Lz, ExEFEMHLU/~ (Figs. 6(B) and 6(D)). 22 ) F®
FK409 {3 NF-xkxB Ol #| &5 >NV TH % Z&EMB5, NO @ ET-1 EAMEIWER O —EIC NF-

IkBa % VNI FEZHETH Z L12L D NF-«B % kB IEMEALBEENE R ICBE G L T2 rlgEME A /R IR
ML 2 BEZE I L (Figs. 5(B) and 5(C)), 2D SN —FH, TNETOEBRKENS, NF-xkB
FHEERICHES TET-1 EANAEEICHH NS Z MET-1 EAEICBWTEERKZRIHZR/ZLTVS &
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Fig. 5. Suppressive Effects of NO on NF-xB Activation
(A) and (B): The changes of basal and TNF-a-induced-NF-xB activation in cultured endothelial cells treated with carboxy-PTIO or FK409. (C): The changes
of IxkBa protein expression by FK409 under TNF-o-stimulated condition in cultured endothelial cells. Cited from Ref. 22).
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Fig. 6. Inhibitory Effects of NO on ET-1 Production

(A) and (B): The changes of basal and TNF-a-induced prepro ET-1 mRNA expression in cultured endothelial cells treated with carboxy-PTIO or FK409. (C)
and (D) : The changes of basal and TNF-a-induced ET-1 release from cultured endothelial cells treated with carboxy-PTIO or FK409. Each value is expressed as the
mean=+S.E. *p<{0.01 versus no addition. 7p<{0.01 versus TNF-« alone. Cited from Ref. 22).
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ZZH5N5N, ET-1 BT LD NF-xB & HALIC
L TRREEFTOEIAFEAEMRHIN TV
W, £IZ°T, 7% ET-1 #8515 LiKOEEES %
fR Li=& 25, 6 1 Fi® NF-kB &% [ &
L, WINOREEHMITHL TS NF-kBH 712
w N p50 & B W p6s NEEEMEERTEF—T T
HBHTEMHBALE REERT—F). F1K1F, Z
NS FEEIAIT BT B ET-1 B F B O HI R
ZOWTESIZFMITHmEA L TWS TETH 5.

4. KRABBE~AO770—F  BEXRZMSIE
ET-1 i35 N2 & NHEER 26325 2 &3
FLSWIN S & MR IEER AR R DIFIK & 2 Wi
BERTFELTCEHSN, BELTITET-1 04
[ - AR AR BN B <RGNS L E DI,
ET Z#a i F =30 BT 2 AR # 72 & ET-1
S —27 vy b EURBEEORIE - HENSG DR
EHENTND, I ET ZRAREFEOBERIIH
F¥<BHULL, INFETITROZLGRERIERTF R
RPN L <IN (Table 2), EANIZBWN
THIERIRN ETA/ETy ZBKREIETHL R >
% > HSHlE AT B GRS & LT 2005 £ &
DR THWSENT NS, ET B HEERD
ET Z &K ET-1 KO BT 284K L H %
) - PR B E &2 FIR D R THRREE R
V=)L THD, ZNFETICHREINTNS ET ZH
K& 9 5% ET-1 OfEfHE L TIE (Fig. 7), Mm%EY
B ML ED ETa O ETg, Z 8K % L 72 B X
FEVEF, % NI | o BT 281K &K 5 NO

® PGI, FEAEB KICE D < mEMFEMER, RS
fiid b@ ETg ZBEKZEN LK KTF MU D LFIR
TER7RE, EROEEHFAESICBVWTIZET-1 &2 D
ZREZENTHEAPMD CTEETHD Z EITHS
MTHD. Fi, SEBYIEREETTIVE WM
M5, WK ET-1 3 &EImE, itk&imE, sk
b, MERE, < BEEFHIME ORISR o
iE, DREZE, BrEOARE, 2t - BEEAeRE
B2 ISR AR BITIE S R > TW D FEERER RN E
Z<WMEINTNS. 2 —F, bhbhiIIxo0
J)VF a4 RiFEFHED DOCA-BIEEIMEETT IV T
v & O T RS M & I FEE K OV SRR 12 5
7% ET-1 & ET Z&EKOEENZ DWW TR ZTo
T&7=. DOCA-BIfEMEET IV T v b O EE
PEMICPBWTIXET-1 EEANERICWMAL TS
0, REFIVEMW O EIMEFIE & #RIZIT 20 S K
CPIT B ET-1 OMFEIFELNESEEGL TS D
DEEZLND. M £z, DOCA-REFHHKLED S
IfiLJE D 3 JB T 0T IR BTy Z AR T
(ABT-627) & % WILZERNA ETp 2 AR5 Hi 3
(A-192621) OEEBIZOWTHREZEZ A,
DOCA-&MEIZ X % Ifi £ D k- FiX ABT-627 iZ
KO FFERITHMHIEINZ. 2 Lizno T, AJke
TFI)LEWIT BT B @I E O RE I3 FE I ET-1/
ET\ SBERZMNEBELBREZRZL TNWD EER
5N5. Iad, ETy 25K EVHEEzRELESRE
BN TN EREE 1T B W TEERN S S N7
%, ET-1/ETp ZAKRIIFIEIC KR U THEMITHE

Table 2. Endothelin Receptor Antagonists

Selective ET»

Selective ETy Nonselective ET,/ETy

BQ-123
BQ-788
, BQ-610 D142893
Peptide IRL2500
FR139317 TAKO044
RES701-1
TTA 788
[ Atrasentan ——>ABT-627, BMS182874,
[ Darusentan |——LU135252, PD156707,
A-182086
PD176856, Ro61-0612,
L-754142
Ro61-1790, S-0139,
N tid EMD122946, SB234551 A-192621 R046-2005
onpeptiae s s
pep K-8794 [ Bosentan —>R047-0203
SB209670

SB247083, TBC11251,
ZD1611, T-0201,

J-104121, J-104131,
YM598

[ Enrasentan | —SB217242
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Fig. 7. Receptor-Specific Actions of ET-1

RELTWA2bDEEZEZLNS. 61T, BHEESHE
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FRET v b (RETIVEIIINGEE N AR EH O
RINZ K2 HHEEE KGR DO/ 41% 4 HE TITE
T95DT, RXIVB-RoFes—tPERT
TOE—4—% A0 TEIE & ZEMRERITD R
ETy ZAKEBLTFEEAL TEFRNEZHIFS G
FhIADPZw Ty N ThD) EHWTRHE
DIRFF 21T > I2fER, AREY T3 DOCA-E L&
IZK 2 EIMEDFRIE S ERPMO THETHD, 1
EOBRMOBES S EITHETT 5 Z &S Mk
HEEBIT, INSMMEEEIT ABT-627 DAULEIC
L DFTERITHHEIND Z EAVHBAL /2. 20 7o,
DOCA-EBHALEHIZ NO Ak £ ERZHH L
EHEEITBNTHE L WINE LR R & N A
5NDHTEMS, MENKIZHIT S ETy 245Kz
9% NO PEA RIS DOCA-B I S I E 1 PE S g 2
BT U CIRENITER T 5D EHRT T &N
TE%. [FHRD ETy Z54K/NO PEAL R D IRiE) 73
HENCRIL T, EEHmIcEBEAan L 2581
HROLNTNDS. 2D £/, M BFEME SHR O
Bl CTldm B AR T, ETA/ETg 284N T
SAWHEFEMNED, O EIMIEDRAE & E
BRI 2R HEME HRIE I T W 5. 2 Gariepy
521, ETy SBRELETRIET v bz Wi tiet
mS, IMESERKICHITS ETyg KR & /If
Bz EDORFREBRRBL TWVWS, T/4bb,

ETy S AKEBLEZTFRET Yy NcEmEBEHARK 21T
CHERMTO EANEDSNED, ZOLAITE
ERINa F v RIVHABETHZ7I071 RO#KE
WX OER2ICHHI I NS, £z, ETy SBKRNE
RAIEICH TS LR Na F v %)L (ENaC) DIE
PEZMEANCHBE L TWB &, ZDO—5T, ETy
Z AR D B 7235 L 1E ENaC &1 D K % 5] &
RITENWIWMEOHH D M5, ETy ZRAHE
BFRIET Y b OBEESZESMEDRIEN NS
ETg 52 & {K12 & % ENaC & 1 I il Bk > R 7% &
ET-1/ET, 25K R DHEEETTHEIC KX KRN Na liy
BOMKICERT S, 370bbIRERIEDRE N
IRICRIET D e B A 5z, FE, EREA
WRFIZ BT % ETy ZAKBLETFRIET v bDFEY
I ES DA D BE KIS ABT-627 DgMHEHK 512X D
SERICHMBI SN (Table 3), EREARMIFIZHBITS
BHEEDIX T H ABT-627 # 5IC X D ERICKES
N7= (Fig. 8).3 ZN 5 DFERN S, ETp ZHEMKHE
BT RIET v MTBT 5 &R ORI AV E g1
RIET A EEENBZ A oD, FAERM KN
ETy S AKRBLEFXRIET v NETOBRLEBERE
DIEDELIZDNWTIRHNZEZ A, ERIEA MR
IZBWTIE, ETg ZAREBELETRIET v S OILE
BWTNOMERHELBELTHAERIIENDHDOTH
D, £EHBAERMT Y MIBWTIZEED genotype
DEWVWIZXDHEERETRD 5NN > 7z (Table
4). L7=h> 7T, ETg ZHNRELRTRIET Y FT
F 51 2 B IAZ M I FEAE D pR IR 2V SR T



1326 Vol. 127 (2007)

Table 3. Effects of ABT-627 (10 mg/kg/day) on Hemodynamics and Ingestive Behavior in ETp-Wild-Type and ETg-Deficient Rats
Treated with High-Sodium Diet (8%) for 3 Weeks

Genotype/treatment ETg-wild/vehicle ETg-wild/ABT-627 ETjg-def/vehicle ETg-def/ABT-627
MAP (mmHg) 107.74+2.08 89.54+2.67* 170.13+£4.57* 90.98 +1.53%
HR (BPM) 320.90+6.10 336.42+11.49 404.62+11.73* 331.54+9.78"
Food intake (g/kg/day) 66.20+3.19 67.73+3.42 70.65+2.71 64.79+2.55
Water intake (ml/kg/day) 363.851+14.41 297.73+16.21* 441.13+14.45% 326.28 +£9.98"
Urine volume (ml/kg/day) 251.85+£16.36 222.81+14.42%* 337.86+£17.32* 237.50+7.30%

*p<0.01 vs wild/vehicle, 1p<<0.01 vs ETg-def/vehicle. (Modified from Ref. 31).)

bilateral nephrectomy
@ unilateral renal transplantation ET@ef

exchange

(p

o

ETB-Wild ETB-def

Table 4. Effects of Renal Cross-Transplantation on Blood Pressure Salt-Sensitivity

ETj genotype body/kidney

MAP (mmHg) sodium-def diet 131+4 140+6 134+5 157+7
MAP (mmHg) high-sodium diet 157+6 166+7 187+ 10* 21149

*p<0.01 vs wildtype rats with a wildtype kidney, p<{0.01 vs wildtype rats with an ET-deficient kidney. (Modified from Ref. 31).)

[Ivehicle [l ABT-627 (10mg/kg/day)
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Fig. 8. Effects of Treatment with ABT-627 on Blood and Urinary Parameters of ETg-Deficient Rats.
Comparative data on levels of urinary protein, urea in plasma, plasma creatinine, and creatinine clearlance in ETy-wild-type and ETg-deficient rats treated with
high-sodium diet for 3 weeks. Each value is expressed as the mean+S.E. Modified from Ref. 31).
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DYFREIR T K D DR & D RIEIZEE LTI
ISR DESN TR NDONHIRTH 5.
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ENHEINTNS. 3 bnbnd, ABT-627 Dt
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D EEZ5N5. Ruschitzka 53913, 2 FHEE R
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L2 EERELTNS, 1920 X512, MmN LM
@D NO AR Z 5 & 29 17p-estradiol (E,) 404D
PRI T35 0 a3 =5 (ischemic
preconditioning; IP)# 72 £ 12 & > TH [A Kk D )5 #e
WENENEDEND T ENG, EIMFEEREZEON
FEHSRERE T L 5 NO PEAE DK TIX, B ET-1 A
DI & ZUTH S < IR EOHE R Z NEd 5
JRRD 1 DTHh B EMRIND, Bl FERERREE
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