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The Role of Endothelin Receptor Upregulation in Coronary Artery Spasm
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[ABSTRACT ] There are two local conditions for coronary artery spasmie.  Firstly, coronary artery smooth muscle hy-
perresponsiveness that leads to coronary artery hypersensitive to vasoconstrictor substances results in increased contraction
and even spasm; and secondly, enough vasoconstrictor substances exists locally to induce coronary artery spasm.  Endo-
thelin-1 is the strongest vasoconstrictor substance in man.  Studies have demonstrated that activation of extracellular signal-
regulated kinases 1 and 2 (ERK1/2) by risk factors for coronary spasm like hyperlipidemia and cigarette smoke can medi-
ate endothelin receptor upregulation in coronary artery smooth muscle cells, subsequently results in significantly increased
coronary artery sensitivity to endothelin-1 and leads to increase in vasoconstriction, and even vasospasm. Here, we review
recent studies on the role of endothelin receptor upregulation in coronary artery spasm, which might provide new therapeutic

targets and novel strategy for treatment of coronary artery spasm.

[WfmBH] 2014-11-30 [fEEIHEI] 2014-12-05

[(HETB] FEFHRREIEATE FIH (81470493) ;BRI 4 A AR A1 H (2013]M4022)

[MEERN] HO%, WL SEEE W0 554 F I, E-mail A cangbaoxu@ yahoo. com,, K3, i1, B4 SR, E-mail
M zypxu@ yahoo. com,



ISSN 1007-3949 Chin J Arterioscler, Vol 23 ,No 1,2015

566 bR Bl ik 1 O HIE 9 ( coronary artery heart dis-
ease, CHD) TIFRIE L9 , B J2 o1 TR 3l ik ok) R s Ak
SEOEAR B PRAE BT | E 00 LB I | 5k 4 (0
LU ) IRAE GO JIUREAE ) | BE 2 P AL A8 3 DL JUE 9
o AR B TR B ki R, 259 (22 fa
Bl £ 6 AH B8 ) 75 i i AR 3l kS 28 ( coronary artery
spasm) IRXIGTE NG PR _FRYHE WA, AR 3 ke 28 7
%“ﬁﬁ%ﬁﬂ%%{*( acute coronary events) Ziﬁmﬂ?ﬂ
T VE IR B ER AN, OF 2 — 2R B B X O
RIS W IRTF R G E B

TETE IR BN IKIE 5 I8, 25 W75 & TR 3 Jikose 28 1k
Bl PRAFFEUER (1) 22 55 B0 0 1Y 9 BIL
sl Rk R, R, 728 S RO SR X — AR
0 AR 2 1 S bR 3 koo 25 0 B2 (cor-
onary spastic angina,CSA) 2l (2) R Bh kR AR
DLR AR IEAE, TE 2 251 Fl.O808 B,
RIGTEAR B Wk 28 1 KA R ik 40. 9% 1Y AE
645 I e SR Bl Bk 1R B R 11% (707
645) AR B Ik re g, Herp e s R Bl ko 8 /T
75% W E WAE T, TEARBIBREZEAG R 1 54%
(70/130) ), 2008 £F, H A fif B 2 23 15 42 BR L [
P, B A AR Bl kR 22 P 0 B0 A Dy — > Al S7 9%
IS H A e 2 b W) ke R CH AT IR
KRN O LRI 1R M), R Bl kR 2R A
IR R RE RS Tz RS

1 BREKEESBIRSERREEL

1.1 BRI EBHRETSBIRNREZE

SEEAR B Ik 95 2 F A7 i A AN [) B2 82 %) Bl ok ok A
Wil B A7 e, RIS IR 20 Bk 3 5% oK & 28 30 ok ok
FEREAL BeAS i 28 (I8 IE IR B k) | il 48 N
TR A R 28 ST R A W A R AR 0
K BRGS0, 78T 2O LRI R
R B, SR B KRR 2R FE R ik 69% P IR IR
SRR AR 3 BERTE B, U5 & 7 B B 34, J 3
SO WUEESE (acute myocardial infarction, AMI) A&
Ao PR, 7RO LA AE S ik B vhr e MR 3 ik s 22
A RE R A O LR BE 8 1Y 0 B =
PR ZE RN BRE A R A A B R OG &R, — T
MW T BRI s 55—y, RES 2 S
SR AN A O AR Bl JDk 9 B 20 e R T80 AT A 1f.
EYIR, BINNEZZE 1 (endothelin-1, ET-1) , XAl 5]
AT — 8 A0 L U s (b R P bR s BoER 2R )

1.2 omERKERSERINKESE

SRR BN KRR K A 0 I AE S i PR R 2 DA G
PRI AR 3 BOSIR B bR 28 Ak 57 N 3R 7676
Rk ZE RO LR B, 75% BAE A WAL
T 345 (AT SELSOR E = I IAE AE AR 2 o
R0 B0 oY 829% , i 3 s T AR e IR Bl bk g 2R
5 AR N R 2R RO SO B IR A M A
Homz! ,C MR AKFTES R 518 PR AE
A, AR TEDIRBIREE 5 LR TE S 5 XA
PN TS A B, SRR B ke 28 114 e A 5
7o TR, I TR R Bl kB 25 9 e Azl BE 5 M A
KT LL PG RGORMER ;. WA i R LAE RS AE
SO A B PR 3R 5 IR Bl ke 28 e A DA G
{E2 O A G R PR R S a5 | T R S ke 2, &
TR BRI A, RO A a2

2 BRIPEESERHETE RIS RS

TETLAR BN oo 28 B0 S0 5, 29 Al
R iR A EE ] . A R P i A ReS R B A
S WL SN A e AR S K L AR e AR (HANRE
G [F)— 8 3 b — SCEA IR P LSO A FY
RSBk ZE S BN SR S KT AL s
PR B kR 2 K AR 1 S B BRIk
EPKERZE T A R EEA S5 (1) AR B k-F
T LA ST, RIVSEEAR 3l Fkoxt Wie 4 490 Jor o 3 ) e
P RO e R g (2) RSk
JRT A A n] LA SR 1 LR 2R A W 4 W . i
HOR IR B LI RE S 3, Jm B 2R R Bl
kP B2 D REZC AL A 45 2R o R I IOLAE AR A2 e IR
SR ZE R E B R, EATTRE RS 51 & e IR 3 Jik 15
15, BN B RE L, R B — A AL A (nitric ox-
ide, NO) & BUAI A/, 9 B 43 W3 m ™! 5 [l
ST i i LA K A S O IR Bl K BE R AE | 0 8 5%
YRR T e R Bl bk V- T JUL AR IR P e R A
S 55k sl KO- L SR T BT e
v J AR 461 £ 7 AR 2l ok I A B | S BOR R B0 bk it
R UL B v IO R A B 3 W A I ) T
B, R AR ke AR SR I T R A A

3 WAEEZURZLERASERHEKFERN
= R R

3.1 AEESERNEEZE
W ZE 1 BB N Al A B o, &



CN 43-1262/R " [E B khE fk 22 2015 4E55 23 58

1 3

JEHT 21 DEFERR IR FEH B, iS4 T AR o
FRE i A AR A TR PEZ IR, R Z 1K (en-
dothlin receptor) A /7Y | A JF 5 (endothlin type
A receptor, ETA) #11 B M. % (endothelin type B recep-
tor, ETB) . ETB 4k 4> ETB1 #1 ETB2 32 (A
AR PN R F A2 AR RN ] AE 0 i A R SR AR
AR, ETA F1 ETB2 ZZ A 576 M55 - L 40
JH, A I JULAM B S A B, TR R < W e
RUSZAK” o MR, ETB1 SZ A4S &7 sk Pk 52 14, IR TE
PN B e T — 4R A I I 71 i 30 2% 1T T 5
IMAE A5 M A58 JULAH L 7 ke, 4 o ot 2 3 UL
AnfsEs ' EAR ETB1 R ETB2 238 T G-
FRREX 32 1K ( G-protein coupled receptors, GPCR) %
T, CEFE DR R A 1 4548 1 A AR [ AE A A] 9 30 8 56
PR, TEIEH A, A B R) ETB2 32 AR TE 1M
BT AN IR |, X ETB A2 A58 3l 550 30 3 e U 45
B SASCA B2 B ) Il A8 WA . 2 Sl DKL A8 A2 45
PN B2 I REZE AL, PN B2 MRS 1 T 5K ) R ek 35 BT
RIS S —TJ7 i ETB2 Z Rk 1Al i 4 F
ALAn s Ao B, IACh ETB2 &2k I
PRl FRE Y
3.2 WAERNEREZHRSERIKESE

TR B IR R A KR A5 e R Bl ke 22
R BE0 , 5 30 k oke F AE kg Ak 20 207 ot 9
TN R 1 KT B, /s N RS S
TR SRR ZE RO SR R A, R PSR B,
FEC WL I O LR BE £ 3 0 LBt 1t [X. 3 k)
AR RERE AL BESRHT A2 IR A B A ETB2 32
KRB L R ZARFE BRI P =30 (Bosentan)
REMSIEIEREME ML S ETA A1 ETB2 324K %5 &, If [F] B
BHWT ETA 1 ETB2 S2 (84 AL WA . B3
Tl ARG 70 [ AR Bl K e 2R B B, AR AN
AL ZEARIE , HI7 R NGBk, IF A g i A= 30
JEIRTT IR 3h oS 28 L0 S8 B A B DU
FimROFFEAE AR . RS ZE R A SN R
SRS T 109 56 AR Bl K- 3 L R S I AR S P R
R 1K RAENRR,

4 ERKI2 FESHSEERSAREZERRIE
i

YRR A T S I 1 A2 (extracellular signal-
regulated kinase 1 and 2, ERK1/2) 15 5 i % & 22 %4
JEE AL B H 3 B ( mitogen-activated protein kinase,
MAPK) i 55 IV EEH K 2 — . ERK1/2 {5538

RN A7 I DA L % 1A% 32 B AR P, P S 31 4
¥, BTG S 7 A AR W 2R RN, IR R AR
F (low density lipoprotein , LDL ) 17 4 25 47 2 1] LA
V5 B DK I T LAE A 8 9 R Rz ik B, &
Sl ok i AT 0 UK P Bz 2% o33k 2 o e L | B ik
JIiK =g S s R Wi R PN (1= [ o P By
o i R R 49 30 Jok o 7 440 L, 0% ERK1/2 {55
o 3 B AT T R S RV RR AL, B BUBT Y P B R
AR AE KA T 1L B R 2 ARk B S
S i i A S v LS R e B R

I PRI 5 2 B . AR B i 28 11 19 J00R. B A8 ik
JIN R B EEIE N, 55 SRR S0 o AR R R AR O
HE— 5 R, AR IR R AT LU R &
PR BBk L A AE B CD4 * CD25 * 15 T 40
(Tregs) FJFIE I8 55 Tregs BIPRTEF , M e 30
RS RERR AL & A AR 20 SEIR R T 45 R AR .
WA LDLY wl LA S 3 ik i 4% 7 9 UL 40 i
ETA /8 ETB2 52K mRNA FlI#E [ #5408 &, i 5
Jik i A5 AR i 3 1A, 2 BOR Bl K L S R
P, L &% ETA Fl/8% ETB2 2 K4 S 14 Wi 46 i1 @ 14
5 I ERK1/2 {5554 Sl 1 , BRI AT G55 ETA
Fl/8X ETB2 Z ik 1, v0sE ol bk i 4 5 Sk
FP-I LES RN o 2 Tk stk g ko 28 fE B
PRIZR (e LB AR ) 43 47 et AR 20 ok 4t L | 3 3850 PN B
TIRE 25 &L AN I8 BE 5 1k BN, T OF W L 40 i
ERK1/2 {55 5% S i AT R 3 ikCF- L ETA
FETB2 AZARFeik i, {5 bR 3 Ik i) S0t 15 i |
VLR RN, B RN R 1R, S
AR B kR 2 | Ja s 2otk ek s kR, R,
FHIET ERK1/2 15 %5 % S 38 ¥, v LA # ETA
ETB2 2R3k A, w03 5 bR o ik 48 v ek
FIT- WL v B I P, 25 I et R 30 ok 9 22 1) i ik
filh, IS BA AR S k2R H

F TR Bl Ik 1 3 L R S 2 £ 21 AL
WL+ ERE I R L H RT3 9K 8 =2 51 3% 0 1 %
THLHGT T AR S bk 22 i 251, (e IR L, i
FEAEAT — A LA SR sl hiose 28 A I DR & s of i
RIS TR A7, 24 224 S AR 3 Bk e 28 e B I R
SE[E A, 25 A TN 2 22 18] m] fE 47 A= 13 [ 20
VERT, (A T N R, o A5 5 R 3 ke
ERABI T RPN LR N A IRAESE
W BR 32 R 3R IK LR 5 5 IR 3 bk 25 1 73 1 &0



4

ISSN 1007-3949 Chin J Arterioscler, Vol 23 ,No 1,2015

B, 7€ ERK1/2 {5544 S #% K FHET A5 ETA
1 ETB2 2233k T8 (1 A 43 7 BRIR T, AT
AR TR AR B0 Ik v R R S L s S e KA
SRyl PR B i e TR 3 IR 28 B2 41 5 S s RN 2 TR 9T
B

[ &% 30k ]

[1] Wang LX, Lii SZ, Zhang W], et al. Coronary spasm, a pathogenic
trigger of vulnerable plaque rupture [ J]. Chin Med J ( Engl),
2011, 124(23): 4 071-078.

—
NS}
[

Hung MJ. Current advances in the understanding of coronary vaso-

spasm [ J]. World J Cardiol, 2010, 2(2) . 3442.

—
w
[

Yasue H, Sasayama S, Kikuchi K, et al. The study on the role of
coronary spasm in ischemic heart disease. In: Annual report of the
research on cardiovascular diseases [ J]. Osaka: National Cardio-

vascular Center, 2000, 96-97.

—
~
[

Satoh S, Omura S, Inoue H, et al. Clinical impact of coronary ar-
tery spasm in patients with no significant coronary stenosis who are
experiencing acute coronary syndrome [ J]. J Cardiol, 2013, 61
(6) : 404-409.

[5

(-

Ogawa H, Akasaka T, Hattori R, et al. Guidelines for diagnosis
and treatment of patients with vasospastic angina ( coronary spastic
angina) (JCS 2008) . digest version [ J]. Circ J, 2010, 74(8):
1 745-762.

—
(=)}
[

Yamagishi M, Miyatake K, Tamai J, et al. Intravascular ultrasound
detection of atherosclerosis at the site of focal vasospasm in angio-
graphically normal or minimally narrowed coronary segments [ J]. J
Am Coll Cardiol, 1994, 23(2) : 352-357.

Mahemuti A, Abudureheman K, Schiele F, et al. Association be-

—
~
[

tween inflammatory markers, hemostatic markers, and traditional
risk factors on coronary artery spasm in patients with normal coronary
angiography [J]. J Interv Cardiol, 2014, 27(1) ; 29-35.

(8

[

Itoh T1, Mizuno Y, Harada E, et al. Coronary spasm is associated
with chronic low-grade inflammation [ J]. Circ J, 2007, 71(7):
1 074-078.

Chen KY, Rha SW, Li Y], et al. Impact of hypertension on coro-

—
=)
[

nary artery spasm as assessed with intracoronary acetylcholine provo-
cation test [ J]. J Hum Hypertens, 2010, 24(2) ; 77-85.
[10] Pristipino C, Beltrame JF, Finocchiaro ML, et al. Major racial
differences in coronary constrictor response between japanese and
caucasians with recent myocardial infarction [ J].

2000, 101(10): 1 102-108.

Circulation ,

[11] Koyama J, Yamagishi M, Tamai J, et al. Comparison of vessel
wall morphologic appearance at sites of focal and diffuse coronary
vasospasm by intravascular ultrasound [ J]. Am Heart J, 1995,
130(3 Pt 1) ; 440-445.

[12] Lanza GAl, Careri G, Crea F. Mechanisms of coronary artery
spasm [ J]. Circulation, 2011, 124(16) ; 1 774-782.

[13] Shimokawa H, Morishige K, Miyata K, et al. Long-term inhibition

of Rho-kinase induces a regression of arteriosclerotic coronary le-

sions in a porcine model in vivo [ J]. Cardiovasc Res, 2001, 51
(1) 169-177.

[14] Xu CB, Sun Y, Edvinsson L. Cardiovascular risk factors regulate
the expression of vascular endothelin receptors [ J]. Pharmacol T-
her, 2010, 127(2) . 148-155.

[15] Zhang Y, Zhang W, Edvinsson L, et al. Apolipoprotein B of low-

[

density lipoprotein impairs nitric oxide-mediated endothelium-de-
pendent relaxation in rat mesenteric arteries [ J]. Eur J Pharma-
col, 2014, 725, 10-17.

[16] Xu CB, Zheng JP, Zhang W, et al. Low density lipoprotein in-
duces upregulation of vasoconstrictive endothelin type B receptor
expression [ J]. Vascul Pharmacol, 2014, 60(1) ; 4248.

[17] Zeiher AM1, Thling C, Pistorius K, et al. Increased tissue endo-

[

thelin immunoreactivity in atherosclerotic lesions associated with a-
cute coronary syndromes [ J]. Lancet, 1994, 344 (8 934) . 1 405-
406.

[18

[l

Toyo-oka T1, Aizawa T, Suzuki N, et al. Increased plasma level
of endothelin-1 and coronary spasm induction in patients with vaso-
spastic angina pectoris [ J]. Circulation, 1991, 83(2) ; 476-483.
[19

[

Wackenfors A, Emilson M, Ingemansson R, et al. Ischemic heart
disease induces upregulation of endothelin receptor mRNA in hu-
man coronary arteries [ J]. Eur J Pharmacol, 2004, 484 (1) .
103-109.

[20

—

Dimitrijevic I, Edvinsson ML, Chen Q, et al. Increased expression
of vascular endothelin type B and angiotensin type 1 receptors in
patients with ischemic heart disease [ J]. BMC Cardiovasc Disord ,
2009, 9: 40.

[21

[

Iwasa S, Fan J, Shimokama T, et al. Increased immunoreactivity
of endothelin-1 and endothelin B receptor in human atherosclerotic
lesions. A possible role in atherogenesis [ J]. Atherosclerosis,
1999, 146(1) : 93-100.

[22] Vermeltfoort IA, Raijmakers PG, Kamphuisen PW. Improved myo-
cardial perfusion preceding clinical response on bosentan treatment
for coronary vasospasm [ J]. Acta Cardiol, 2009, 64 (3):.
415417.

[23] Krishnan U, Win W, Fisher M. First report of the successful use
of bosentan in refractory vasospastic angina [ J]. Cardiology,
2010, 116(1) : 26-28.

[24] Gil I, Aykan AC, Gokdeniz T, et al. A new hope in the treatment
of coronaryvasospasm: bosentan [ J]. Turk Kardiyol Dern Ars,
2013, 41(7) : 633-637.

[25] s/BWI, AT, B, 45 (REFBEAR &K 1 WORLR /N B sd-LDL
R LU SRR Bl o 78 7 1 AR L A AR DG PERIFSE (0] TR E Bl ik
ifkZek, 2014, 22(4) : 399403.

[26] wak, HRA, B, 5. AR EIRE Fxr 2R sl
fkErAAEEH CD4 * CD25 * PRI T 4B FIB M0 [1]. th
Sl ki b2k, 2014, 22(3) : 293-297.

[27] Cao L, Zhang Y, Cao YX, et al. Cigarette smoke upregulates rat
coronary artery endothelin receptors in vivo [ J]. PLoS One,

2012, 7(3) : €33008.
(BLCHHE Z/0FY)



