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ABSTRACT

Endothelin (ET) is a 21 amino acid peptide with multifunctional effects on the vasculature as well as a
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variety of other cell types such as respiratory, gastrointestinal, urogenital, endocrine, central nervous
systems, and others. Endothelin has emerged as a modulator by autocrine and paracrine actions for many
cellular activities, including vasoconstriction, cell proliferation, hormone production, neurotransmitter
and/or neuromodulator. The endothelin family consists of three closely related peptides, ET-1, ET-2, and
ET-3 derived from separate genes, such as chromosome 6, 1, and 20, respectively. ET-1 is the predominant
isoform produced in the cardiovascular system and about which most is known. Endothelin receptors are
seven-transmembrane GTP-binding protein-coupled receptors, which are classified into endothelin-A (ETA)
and endothelin-B (ETB) receptors. Interestingly, recent evidence is accumulating to suggest that ET-1 may
contribute to a variety of pain states such as allodynia and hyperalgesia in animals and humans. Therefore, in
this review the biclogical characteristics and contraction-related mechanism of endothelin-1 in mammalian
cells will be summarized. Especially, we focus on multifunctional roles for ET-1 in noxious stimulation-

induced pain for the study of pain specialized physical therapy.

Key words ; Endothelin, Pain, Contraction, Signal transduction, Pain specialized physical therapy

I. )\‘] % {mitogen-activated protein kinase, MAPK)%: Tl

21709 elri=ite 2 P Endothelin(ET)|
tf &k 7= 1985 Hickey Sl &3 "=
9] meRE B9 HdgeR felde dEEEde
ATERH AIFFESIC o|H T FHEEE 19883
Yanagisawa 5 93 £z 2 FHIA @4
“endothelin’@2h= o] Fe] WY EHA TEE
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o] trA e HAHHT pd HRe L5, of
g g TP AAAGEd 9 greadEn 2
£ ZEE PHe A 5o MEEYE 28 -
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att mel] 2 A7AEL Endothelin Bl 2e] 2
27173 endothelin—F% PKC 2 MAPK 5¢] o]
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21709 ofml At AR FAEHY
Endothelin(ET) <& BT-13} -2 2 -3¢] o}3o]
s, BT-13 v]maje] ofp| =it 217]9] 2o (BT~
2; 693 7 2] BT-3; 2, 4, 5, 6, 7AF 149 7
71)7F thE ol A3 FoHYanagisawa 5
1988; Inoue 5, 198Ga)(7¥ 1A). o] THldEL
M5 Qb PR 2] A& 4 gl 9, BT
ek BF (rat), oF2 2 A (bovine) ZHE EelE
T Q9ler, BT-2¢ vk (4WA serine(Ser) 27
7} asparagine(Asn) Z712 X2, ET-3= 31F 2
B/ rabbit) 25 247} 22 B F2E ¢ )t}
{(Masaki, 2004)(2% 1A). 53t o] Thaizle] oAt
WA (prepro-endothelin) € A48 A4 24
Zy 6W(6p23-p24) FAA Lt 1H (Ip34) 2 200
{20q13.2-q13.5) FEA ] 24zt ZAFTH Arinami
T, 1991). o]&4 AFPAL L By dANEEE
{preprohormones) A A A S35 (post-
translationally)& 717 8439 842 445 = 9
de] A2 AR e2ZM o|FoAA A4 1B).
Endothelin®] o}d Zel4] ET-12 Sshlisaze
HAGPPIZAL AWM E TNE ] T, T2
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=
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.
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{astrocytes) Bl 253 St 7Ha g Al
A 7€ AU YrHGiaid 5. 1989; Wanebo 5,
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Ao £l A4 A E{gastrointestinal stromal
cells) 5ol SR A4 752 FHY o] 97
@om, BT W& H5e =7 FRak
FEAEte o2 "neuralendothelin’ @2 37881
Ut Levin, 1995 Goraka, 2002). H&pd £ A7
A= ET-19 A4 2 A42g SR 7edina
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ET-19) 448 @A 212709] niA) ofu] it 3
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1{proET-1 2 hig ET-122 FHs]E gho
A A DHYanagisawa 5, 1958). o|2 4 2¢
A big ET-1-& ET-1¢ vl&f A=84 49571 1%
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metalloendoprotease endothelin converting
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1994 Emoto$} Yanagisawa, 1995, Valdenaire
5, 1995). o|8% BH &b BCE-2% ECE-17}
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ET,

Prepro ET-1

Promotor ET-1 Gene

Prepro ET-1 mRNA BigtT-1
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%y, ¢ o
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ANP, BNP, CNP
Shear Stress (high)

iy

+ [ Promotor ET-1 gene ] b

A 4
| Endothelin |

\d
[ Responses |

211, Schermatic represertation of the strustures and mechanisms of endathelin-1 in mammalian cal.

ET-1, -2, -3; endothelin-1, -2, -3, ET, and B; subtype A and B of endothelin receptor, ECE; endothelin-corverting
enzyme, ECE-1 and -2; subtype 1 and 2 of endothelin-converting enzyme, IL-1/-2; interleukin-1 and -2, ANF; atrial
natiuretic peptide, BNF,; brain natriuretic peptide, CNF; C-type natriuretic peptide, VSMC; vascular smooth musde
cell, EC; endothelial cell, LDLox; oxidased low density lipoprotein, mBNA; messenger rbonucleic acid, NHZ2; amino
group, COOH; carboxyl group, Asp; aspartic acid (O}, Cys; oysteine (C}, Glu; glutamic acid (B}, His; histidine (H}, lle;
isoleucing (I}, Leu; leucing (L), Lys; lysine (K}, Met; methioning (M}, Phe; pherylalanine (F}, Ser; serine (S}, Thr;
threonine (T}, Trp; tryptophan (W), Ty tyrosine (Y], Val, valine (),
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o2 QY ET-19 1+ 7152 W= (snake
venom)¥} sarafotoxin S6be] AT FAR 5AL
ZEa 9o (Dashwoodsh Teui, 2002).

9, Endothelin® AlE oA AgEez £4)
7] gomn vildol A g BHE A o
A 24¥ = 54& VYedtHNakamura &,
1990: Ortega Mateo$} de Artilano, 1997){19
1B, 1C). %3 Endothelin® o&] A= &, A4tk
{hypoxia) 2 &8 (jschemia) eI} 59|, et 9@l
211, F5F% ARIEFRI tumor necrosis factor-
e interleukin-1/-2 &), cortisol, thrombim, %%
A3t we] NA pulsatile stretch), epinephrine, 4%
29 AEx AAD¥ (oxidased Jow density
lipoprotein), “A4R1AF Sl 2faiq ¥4 2 feld=
Aoz B3l Eo] g tHOrtega Mateo$t de Artifiano,
1997; Haynes$} Webh, 1998; Mayes, 2003} (Z19
1C). ¥ 5 2 2o} Prostacyclin, WS/ 44t
a8 4(endogenous nitric oxide), F9 2 A v
Efoln Jele| = atrial natriuretic peptide, ANP)
S+ endothelin®] 474 ¥ A& IAlsts Aoz
B335 JtHHaynes®t Webh, 1998; Mayes,
200829 10).

I 1. Classification of endothelin receptors

Endotheling dyka] ¢ 2 P74 EA)8h= w571
0.5~10 pmol/ I FER @& FEREE Ho|H
R WREAITHE0~602) 4 ¥lEl &3 Wl Wil
1I~TE AR &2 202 Wi Hojglci{Miyauchi
%, 19915 Morise %, 1995; Ortega Mateo®t de
Artifiano, 1997 Attird 5, 2005). 22} m¥gte]
LA A 394 5 A (congestive heart failure,
CHF), T35 A (chronic renal faihwe, CRF) 2
Txlnon-insulin-dependent diabetes mellitus,
NIDDMSF A1% @il o|2e 82 5o 2% ¥
% BT o] 1 wel 5719 ol Wige
2 1o {e]A AgR Fag FE s A
o2 I & SUSItHSaito 5, 1991; Cody %,
1992; Haak &, 1992; Omland &, 1994; Morise
=, 1995).

2. Endothelin =839} 7 B4

Q17+E T THEEC EA5E endotheling
&A= endothelin 84 A¥(ET,) ¥ B
(ETp)9] 7olgt Fef 2 vl of 4849 F4
A 4 130 BAA | 22t 7] EeHSakura

Receptor ETA ETE
Agonist Potency ET-1 = ET-2 ;) ET-3 ET-1 = ET-2 = ET-3
Affinity ET* ~- 10° mal/l ET? ~ 10° mol/l
ET? ~ 10°% mol/ ET? ~ 109 mol/
Tissue VEM Endothelium, VSM
Selective Agonist None ET-3, BQ-3020,
Sarafotoxin S6c, TRL-1620
Antagonist BQ-123 BQ-785
Main Functions Vasocontriction Vasoconstriction/Vasodilatation
Cell Proliferation ET Clearance
Angiogenesis Natriuresis
Mitogenesis Release of NO & Prostacyclin

Matrix Formation

Inhibition of ECE-1 Expression
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%, 1990; Cyr 5, 19915 Aral &, 1993). o]& 5%
Ae AZTE A BESE AYHY ZRA-54

GTP-Z2% 9 A (rhodopsin-like guanosine
monophosphate-hinding protein)¢] 573& A1
AtHInoue 2, 1989; Sakurai =, 1990), 232¢] &
AEAe] e AL JEeE BT A5 59
ET-14] deid oz Zgste ¥ ETpe 319 &
A EZ e gty FLE Ao Husha gl
THSakurai %, 1990: Hosoda &, 1991)}(E 1). 4
A BT.9 Astes BT3¢ vj8)] BT-13e] A7t
1,0008) A= 7 2lo] & vEhl= 2l o2 Hustn
SitHHosoda 5, 1991). 29 55 8 n¥<t g
4 SO friede s A JE2AE
of &gt BT, ETpr8471 gojsh, o|et 4
Hhe = o] @akg-2 H M Z EAee BT
SAE T iR A el Ao frdo]
Hu Fo9tiYanagisawa 5. 1988: Rubanyish
Polokoff, 1994; Haynes®t Webh, 1998)(£ 1), &=
g AT 270 S YRR @Skt BTy -84
7h EDA 2] EAsle] RSl Bedie] M
HedriHaynes 5. 1995). Z8v BTy 4845
548 or A=sle E9A|(agonist) 2HH FEY
— Hfe e FEY Fspecies) o H o]
A7) 8 FR v thekstA vevhs Zle2 Wi
it

Endothelin 849 =& o8 Q1AL ol =
dye 54& veded, dd/43%
{ischemia/reperfusion)} cyclosporin AT 832
T8 F7P71E W ok el v SgEEl)
phorbol estere 84 9] & AN 7)e ALz H
2 Holth(Roubert 5, 19897 Liu 5, 1990
Namhi &, 1990).
3, Endothelin-1-f-% b3 8-

Sk Ca? o] 2529 1 274

A=z o

of) o

FE 9E4 Endothelin-1 H-402 T 23

HE2 fZof M EGA ] B 08 AL g
Catte] A F9{nES, 108M: AR, 1010
MF A=W A ZRE fo (FE, 108 M5
= Ca?+o] AN Enoki 5, 1995 Minowa 5.
1997; Tnui 5, 1999), YukE o2 o]2)d Ca? 4
o] BRolle= A 717 Frel 27 EAei Heat
2}, 3 WA e A Agte] MiFe R Wi 2
v T2 dg-dE4 Calt B E(voltage-
dependent or operated Ca®* channel, VDCC or
VOCC)7} A0, AZe) vige] Eashe s

T8A o] A2 Aftele FdA AEE
AzAgR TPE s 0 B2 & A2l
Ca?* B2 (receptor-operated C22+ channe)) 7} X3t
aAelT, AR Ca?t R BRI
o] Wga 2] A u]-oEA gk Ve
WA Bl AE ARA] Ldejutes Aadgde] &
747 2334 A4l Cal* B2 & A%-=2
Cal* B 2{store-operated Ca®* channel, SOCC)$+
H] A3 oko| & B2 {nonselective cation channel,
NSCO) o] ZAe|tHHuang £, 1990; Miwa =,
1999; Munaron 5, 2004: Kawanabe$t Nauli,
2005y (3" 24), 4714 SOCCE MZ W Ca?t A
mrt nad A s TgeRel v,
NSCCe A Z Wl Ca*t A ae] nd -5 B8
o] & YA o R 45k 5AE A3 vt =g
ET-19] F=d we} §3-5-5F-9 o]&(Mn2*) ¥EH
E29AA (SK&F 96365, LOE 980)°l 5°1d&
VER = NSCC-13 NSOC-22 242 BRata /ot
{Kawanabe 5. 2002a; Miwa %5, 1999; 2005) (%
H2A).

HIH YT A o= 53] AY BT w8419 wd
o] A5, ET-1-% NSCC® SOCCE 4 3le]
A GTP-2% wizo] AdHe] F&-& veEpdch
{Okamoto 5, 1997: Kawanabe 5, 2002b). 7]
A BTy 7841F Goot Gs, Gpp B Gt Z3He]
a2 Vehle Ao R B3 o] glti(Takagl &,
1995: Gohla 5, 2000: Kawanabe 5, 2002b). &=

[+) R
AR
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MLC,,
IR Caz-l- + CAM - MLCK MLCP
MLC,,°

Contraction h|

2! 2 Schematic representation of the activation mechanisms of voltage-dependent/<independant Ca?* channel [A)

and the model for the mechanisms of pain signaling (B} by endothelin-1/endothelinA receptor
ET-1; endothelin-1, ETAR; endothalinA receptor, VDGC; voltage-dependent Ga®* chamnel, SOCG, store-operated
Ca?* channel, NSCC1/2; nonsslective cation channel 1 and 2, PLC; phospholipase C, CAM; calmodulin, MLCK;
myosin light chain kinase, MLCP; myosin light chain phosphatass, MLG,; 20-kD myosin light chain, MLC,?
phosphorylated 20-kD rmyosin light chain, Ggypm the families of timerc GTP-binding protein, DG, Diacylglycerol,
PKC, protein kinase C, PIP,; phosphatidyl incsitol-bisphosphate, IP;; inositol triphosphate, ER; endoplasmic
reticulum, 1,; delayed rectifier K- currents, TRPV1; transient receptor potential V1 alsc known as vanilloid receptor 1,
TT¥-R |, tetrodotoxin-resistant Na* currents,

-105-



& GTP-2% ¢¥d 249 1724
PLC{phospholipase ()9 #d°] #J&THKelso
5. 2000: Shin &, 2002). o|3A &4349 ET-1-
e PLOY B4F7He AlREmAd FollA o]xA
=% A&l PIPy(phosphoinositol 4, 5-
biphosphate)E 7Fr-Eal8le] 1Pslnositol 1, 4, 5
triphosphate) 9 t]old 22| M= (diacylglycerol,
DAG & DG)9 24 ARAE giatA gt
(Berridge, 1989; Shin %, 2002). wehA $]2] 3213
o2 AAE TPye SREFH Ca?* fr2lE 2447
Al A} (Saida®t van Breemen, 1987 Wu %,
2006). 9191, ET-1 A=l o vree =2 S7HE A
Z Y Ca’ & Ca? Ao ds] ZRed
(calmodulin, CAM)3} Z3F8HA |, #7do] e
CAM-E vle] @217 M (myosin light chain, MLC)E
QA7) = Bad) vlo] 941 FEE 2 (myosin
light chain kinase, MLCK)E 43471}
(Hartshorne®} Siemankowski, 1981; Ansari &,
2004; Woodsome 5, 2006), ©]el& ET-1-/%
MLCKe £4 F7e 4% 20-kD9
MLCMLCy)E 914k} A7l e 249 vle] 93] T
o A4 W3E 7R en oy galdate] A
d o)/ @i {Murphy, 1989; Gohla %, 2000;
Ansari 5, 2004; Woodsome 5, 2006). 21t o]
oh Wi Al Ca?tol 24 739, MLCKS] &
Qo] 7T FA vhe] o417 AR E L
(myosin Jight chain phosphatase, MLCP)2] 43
o] S78le] MLCySl & 1SS #2717 g
(Somlyost Himpens, 1989 Katoch 5, 1997). ©]
23 MLCyol B Qitsle i @iy vlo] 94l
iAol F2l{dissociationy& SFANA A= T 9]
@ gkgo] dopiA AT (Taylor#t Stull, 1988:
Katoch &, 1997: Miwa 5, 2005) (¥ 2A). =&
ET-1-fr= #E2e] #5718 94 A9e
MLCKE #4847 Hd=et 97 =
97 E7E EAe g 2, & gl REEs
9] 37t Bdshs PROZRS fARRS-24

& 4Ed

S R gH a7 golale MAPK-Z 2, AR
DA gTP 239 A (small melecular

monomeric GTP hinding protein)°] T8 Rho-
Associated Protein Kinase (ROCK)~4 2 2 o] A
= Sakst REEA B 77t Hofdhe PISKF
250 BT-1+2 B8 571l g gt X
2 HHKaraki 5, 1997 Ansari 5, 2004 Kim
=, 2004a; Zubkov 5, 2004).

4, Endothelin-1-f- 5= #3172 584 o) 4] $-

Rt Rl

Endothelin-1(ET-1)-& Alg-& g3
Heob A w7 d ¥ S200A
AT FA Bl s AgA A o~
< gt W&ol Hi 5o JrHGiaid 5, 1989,
1991° Kar 5, 1991; Kurckawa %, 1997:
Damon, 1998; Davar -, 1998 Jarvis %, 2000;
Davar, 2001: Gokin %, 2001). °]el& ET-1 d¢&
q B = S5 SR Ve WRE
o] A2 Aelstn] OhgF 2t WA F54074A9
PAG{dorsolateral periaqueductal gray) 993 4
Fo F4F BT-19 A%, dHAEH
{antinociceptive effect)E VERH AR v|Fo] ET-
12 T2 AN BEHAEE A s 2AARA
9 94&& Husn i {Kamei 5, 1993:
Yamamoto &, 1994 D'Amico 5, 1996; ). ¥

=

i

]
| 2 o]
58 9

ey

}qo

=

j

[=]

[

daMAAd &3 ET-1& 5430
{(hyperalgesia) ¥} 3l 2 B5WhE 5o] vepd2 1

wétn Y Davar 5, 1998: De-Melo 5, 1998:
Gokin %, 2001). 2A @579 Azt A wieks
028 Thepe] A Lefd] BT-10] AAEY | wjiy
% ET-19 F=g f7F i Hof Ici{Gandhi
5, 1994 Ahn 5, 1998° Zhou 5, 2002). ©]&lg
ET-1E 3% (plantar hindpaw)el 9815 &
228 5574 A9 (pain-ike behavior) 7} VERY

= A GA o]H -8 SR FrH Ferreira 5,
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A

a) Tension B) 200 ,
2 t1
ETA 120 ° = TT
g (nmoliL) T 5 100 +
/| 30 Js mN 2
b g0 Y | 2
L vy 10 min 0 0
High KCI 10 8 6 0 15 30
d) ET-1 (og M) Time (min)
~ 1007 ——— ET-1
& {(30nmoliL) t
5
= 50 'I'
s T T At _
= 0 ]
Vera GF Wort PD SB SNP BQ Y cGMP
B 1M 10pM  1pM 100pM 100pM 1pM  1pM 1pM 10 pM
2+
a) [Ca]; b) ;
Endothelin-1 = I Tt
{nmol/L) 3‘?120 |100 = s S I Liees:
v S IR
p%w i % &
o oo I "R I HFEH | e Hr s
Verapamil 10 pM 0 10 9 8 T 6
C ET-1 {-log M)
a) b)g 600 +
R g ; t
i
8 £300
p-p38 MAPK M a
£
ET-1 (30nM) © 5 15 30 0 10 20 30
Time (min)

18| 3 Effects of endothelin-1 on isometric tensich, intracellular Ca+, and p38 mitogen-activated protein kinase to

rat acrtic smooth muscle,

ET-1; endothelin-1, Vera; verapamil hydrochloride (inhiciter of L-type Ca?t channel), GF; GF109203X (inhibitor of
protein Kinase Gj, Wort; wortmannin {inhinitor of chosphatidyinositol 3-kinase), PD; PD0S8058 (inhibitor of mitogen-
activated protein kinase kinase, MAPKI/MEK), SB; SB203580 (inhioitor of p38 mitogen-activated protein kinase),
3NP; sodium nitrogrusside (nitric oxide donor), BQ; BQ-123 (ETA endothelin receptor antagonist), Y; Y-27632
dihydrochloride {inhibitor of the Rho-associated protein kinase p160ROCK), cGMP; 8-bromo-cyclic guanosine 3',5'-
monophosphate (membrane permaable cGMP analogue), [Ca?i; intracellular Ca?*, K38 MAPK; p38 mitogen-

activated protein kinase,
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1989; Gokin £, 2001; Houck 2, 2004), =31
ET-1& Capsaicin® 2 Fal-g84q A=Fo=2 %
W= W] 493E ST W, oE B2
2do A BET-1-F% 329 &80
Prostaglanding®] GAAQ Indomethacin® 2 9A|
= ] da2 vl Fe] BET-1 95
prostaglandinM 1 EALE THse We] Hn
9 tHRaffast Jacoby, 1991: Dymshitz$} Vasko,
1994; Plovezan &, 1998: Yamamoto -, 2008).
gH, ET-1-%E BFAd-C el 871
(polymodal-C nociceptors) 4 71719 A4, ET-
1, 847} 48 | o|ejA] A GTP-2%
whidol g4 ol wepisle] mgE AR QAd |
lmadl PLCE &dst ARt oA &4std
PLC= 1Pz A4S 9 Ca?t AgnEh
Ca2te] fd& 291074 B CGreenberg =,
1992; Lin %. 1992; Zochodne &, 1992;
McLarnon &, 1999; Zhou &, 2001). m&b 2=
Hor B3 WHg 80| e tetrodotoxinA
&7 AgThE YEF AR (tetrodotoxin-resistant
(TTX-R) voltage—gated Na* cmrenis)e] ZZ9 =]
oz Bgo] ] Ao 4R Ut Gokin
%, 2001; Renganathan &, 2001; Zhou &,
2002) (719 2B). EF ET-1-f% PLCY #4982
P9 T W49 DG= 84 serine-threonine
kinase?) PKCE 2ASA7)A Hed o] 713ele
AZ o] EABIE PRC7E DG Ap=.0.2. A L8 &
L8 o|EYE "Translocationd T8-2 A s4A
9] A (downstream)7T Y99 "Cascadd’ P22
FEE eI Cesare 5. 1999 Yamamoto
%, 2006), o|#A T4 @ PRCe Cat o] 2ol 4
e8¢l TRPV1 {fransient receptor potential

al-

KR
e
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22 4 Schematic representation of the activation mechanisms by endothelin-1/endothelin receptor in smooth
muscle.

ET-1; endothelin-1, ET,R; endothelinA recepter, ETBR; endothelinB receptor, CAM; calmodulin, MLCK; myesin light
chain Kinase, MLCP; myosin light chain phosphatase, MLC,, 20-KD mycsin light chain, MLG,™: phosphorylated 20-
KD myesin light chain, PKC; protein kinase C, PI3K; phosphaticylinosital 3-kinase, ROCK; Rhe-associated protein
Kinase, pa8 MAPIK; p38 mitegen-activated protein Kinase, ERK/2; extracelular-sighal-requlated protein Kinase 1 and
2, ER; NO; nitric oxide, ¢GMP; cyclic guanosine monophosphate, endoplasmic reticulum, EC; endothelial cell,
WSWIC,; vascular smocth muscle cell
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