14 =] B ML 506 2 25 2022 4F 1 55 49 4555 1 4

Int J Cardiovasc Dis, Jan. 2022, Vol. 49, No.l

N B2 25— LAE il 30 ik v s s AL A HH AT 7T 2t e

HEE EHE FHE

[BE] NAZ-1A—FAERE, Foan ke FREH R, NEE -1 RACTHER
Tl fn 6 R s, PRI, R A it R Gk G R R A, TR AL K
MR S5 o gk . SALRARIM T F F AR, ISR B R 09 KRR P R AR E AR

(€S540

sk i (PAH) 2R EVRET, &40
ARl K 77 >20 mmHg (1 mmHg=
0.133 kPa ). {5 T0 A= 41 UK PAH 4 9 B A B
ML B0 7 2 Rl PRAFAE 73k LRSS R & M PAHL,
260 % 9 AR O P PAH L 18 M il 2 05 / R R0 %
PEPAH. 12 M 1M #2 # 2€ 1 PAH, ANH /IR AR
PAH". PAH K45 B 45 fiF 2 i 1k 4 i of, 75 i
A7 . I I AS R R D AR i, S O AT
I IEPezE . N BELT 4ifk, e A DI fE
i
1 AEEREZE

WEZZE (ET) 2 i 4S8 LA . P9 Rz 20
' R BT A L A A — D ELA I AU T RE R 2 K,
HEMHSENERA 3 Fl (ET-1. ET-2, ET3), H
W ET-1 B HCAZ AR IS P9 B R Il A1 JUL 48 i v
IR, XL 8N 12 sh A Tk B A AT E A
ET-1 2 & 21 DNEIERR KIS, e A nl i s
Hzikeh G, ARSI . RREEt ] i i 4
W4, B AFMBMMZIA (ET, f1ETy), 4
T gimeE, EiAsihafifz Y, fefiin s
W, ET, E2006 T IS FE AN, ET-1 5 ET,
G545 FE T 3 A R R A O A S
W, A FMENGE, WeliE S 2R K,
VEES N B AN . AT HEANAE . ST LA AR A B
ET, EE00 T I N A0, 5 R b m A&7k |
ET-1 IS HAHC , 249 15% 19 ETy 4340 16 8- L
i, rTRES S Ml .

SGIH  FK A AR SE (81800052 )
VER A 710061 PSR — Bt B2 el 5 fis Eone 2
WE1EH 25i+E, E-mail : manxiangli@hotmail.com

P -1 5 ROBER R 5 AR Bl 5 Bk 8 [
doi: 10.3969/]j. issn. 1673-6583. 2022. 01. 004

2 ET-1ZEPAHHHIEH
21 hFAKmiE

it 1007 PR 2 P — 2 LA P B A A, o
PN 12 440 it B 08 SR A L VR G 4 A I 3 B g 2 1 AR
PRI — ZR B0 EE B S Y ET-1 A i il i
TR 1. 2 {5530 B0 N B A A 5 i 043
PES (ROS) 4455 14 K2 20, 32450 D3 12 4 4
Grib—4 AL (NO ) 18D, (i 5 1 4 i il /)N
ZHEE, RN B A AR . NO Al ET-1 A 25|
N EERHIF R Y, ET-1 i8Ik N
20 it R RN WA L T 4 B AR I (MMP) -2, {IK
AT (HIF ) -on 0V N B A4E K HF- ( VEGF ),
TR E N R A M e . RS . SRR MR . Al st
LTI, e 28 R A B AT e
ET-1 ABAE5 Tl 078 PN 2 20 B ™= A= SRk, Al 2 4%
PERRE I/ NO Feakalb i iy jz 4
22 fE-FER M

ET-1 5 il 1451 v LA A a8 i 4 - ki
M4 FEAJE PAH Y2 AFIE ™, ET-1 5 ET, 454
Ji , BT ERR ALV T A0 i 22 24 R AR
H S (MAPK ). 5 s 6 LB 3 B8 (PI3K) /
EHMEE B, B PSRN, 5 T iE T
TN, 5 R HGE | RRSEAY A LA, AR
TS5 AT ) P 4T T LA M g e ™
NO S fi 5B I A &7 5K K-, 100003 0% P9 B At i A
B NO B B/ A, W ET-1 RE % o 2R
F 3 C/ P 2 7 — A AL R A (eNOS ) i %
4 eNOS Fik, i NO /K Filb—RME ', ET-1 5
ET, 256 )5, B (R i 2 o LA d o . i
B U AR IR T REMHVER . BT, MTIREAN S
wit—Amse ", ET-1 5 ET, 458 )5, iS40



] B ML A5 906 2 s 2022 4F 1 45 49 55 1

Int J Cardiovasc Dis, Jan. 2022, Vol.49, No.l e 15

JEIHEEIH c-fos/c-jun , (EE M 3 k- o LA 8 5
L AEE o JI# ROS 74 . MAPK., 4 /MMy 2
F A BEHAS  3 075 3 i sl ok - LA A . A
Ko HT-ZBH M, Si4EALUERFF (CTGF)
PR MEE T ) A BN 200, AE IS FAG A 5
PWAVER . ET-1 W% L J# CTGF M3k, i T 1M
B NATE A R, WA AN E i (1 AR
JRANEFLEREEE 1), SR AN A ks 1
S B AT I 3R e S UL MM 5 TR 1) K
RUGEAY , B STRS , XA K R T i e e, &
RN AN, ek i 45 s U
23 fE g mie

AT I Z PR, AT AN G A 8
RARTUEAY, RYEMAEBEVER, (A B0 .
B FEUNH L R AT A SEAE " BT 38
i PI3K. p38MAPK 5 5l #5545 T 4 41 i 2 43
BRRAL, 5 LT AN sE . T5Ak . JHToRZRH, O
ARG 4 AT A A 5 B 430k 3 e 0 4 o 32 o 1
WU ET 4k 4 2 1M 45 MK 24U B ad b i S 5
53, BAWARTERIE R & p i ohag ' BT-1
et 3E 1t A% R (NF ) -kB 415 14 5 35 1 4F 4 20
07 I A [E1 D5 T 2 7 g o oA [E] D L 2 s G o
JE 20 R Al AR L B R R TR 1 ) S 4 i A o
Tl % A ) BILSCET 2 A A Y e A Ak 120
3 RUERNSEE

G N 5 RE S H FE PAHL B B R B H
FEEEAE . W01 00 9 Pk 2 B 5 B i 5
MR EE VRN, AR, B iffiRE I
PO LA R, RAER PN £ (IL) -6 13
ik BY. BN PAH M4 EE R AT PAH YRR b
EHEEEMEN, ET-1 T4 5 1l | &AL .
ROS i A2 SEEEE WA M, i 0 3 g 4 i 1) L AT
TSR AL e AR FE A FH A M2 BG4k 200 Rk
1 6 483493 114 PN Bz 440 2 3k 15 W 40 i S B 40 i A
- (MIF ) 34, fff F g2 i 7 Jy B SR 4R, BEiOR =
20t R AR AR B (1 AR S ILILSh
B o, F 70 B4), ek N R g4 . il g ik
-V LA ARG A . AN AR A AR, s A s kA
WEH AN R AL P IL-6 1F PAH & I B T,
1€ PAH MR BE i I HEVER], &5 PAH &
HWTE . SET- R B YA C, ET-1 i NF-«B i#
% R 5K B A4 R T AL A LR ik TIL-6. IL-6 fiE
% 1 VEGF %3k, {2 fili s k- LA it At s

Jik N Bz 40 e s 5, 7 PAH A4S 28 B AR vl 3 B
ﬁiﬁﬁ [26—27]D

MR E RN AE PAH A S 2R E LR
PER . 7E MIF 45412459 1SO-1 ZbBRAY PAH /MR
MY PAH M REAR S T4, [ il sl ke
() 9 IR B R, SRR R MITF 046 ) 1 B 1%
FHF PAH MIHT 43697 ¥ 75— ET-1 32 141
Wr 2454 T VG R HHIG YT PAH BIG R IZ I T, BE )
IL-6 7K F-BH B REAIG, 4E%% T PAH Wk, ET-1 78
FL WA AT AL AN TL-6 A9 7= A rh Y 5 R e,
ET-1 Z RS TR A PR IGIT A S I IR YT
PAH (3 5 B,
4 Rt

R RIRIETE PAH (4 & AE LI i B B2
VEFE 2, PAH HE105 305 A L4 P9 B2 4 . 7
VEWLANNE . LT AL A0 % HUAN A ) 2 b A
R T SR RE AR, INZR A R T R 5
LRRIR DNA $5i4 . biik S wml &% B ek
JEL A R AT R AR O TR A 2 A8 S T AU A, PR
1 B T T O, A0 NS TS, i
P HIF-1o B335, (AU BE35E, JHT-3ZFH, Jin
S FA B 7R LA R, ET-1 58
T R K T 324 . PI3K {538 40t 2 2k ki fR
P RE ;s TR N EZ A rf, ET-1 BERS I i 2k
KR B eNOS [ A iR R AR A I ) BE
LR PRH ) 259 0 T 2 R REN PAH IRYT HE 10T
[ 57k B,
5 NG

ET-1 7£ PAH ) &ALl P EEAEH, ET-1
SZ AR C 2 BN I IRIGYT PAH AR HEZS ).
PAH (W RIGHLEIE 2%, W R F 558, SR
FLR SRR 25 DA O, B9 2 M N RN 2k
KLARTE PAH VR FHBLTHIAN(E 530 3% A B T8 7R
PAH WA AILHI , L1k PAH F83 B4 2

& £ X #

[1] Mandras SA, Mehta HS, Vaidya A. Pulmonary hypertension:
a brief guide for clinicians[J]. Mayo Clin Proc, 2020,
95(9):1978-1988.

[2] Ye W, Guo H, Xu J, et al. Heart lung crosstalk in pulmonary
arterial hypertension following myocardial infarction[J]. Int J
Mol Med, 2020, 46(3):913-924.

[3] Dhaun N, Webb DJ. Endothelins in cardiovascular biology and
therapeutics[J]. Nat Rev Cardiol, 2019, 16(8):491-502.

[4] Vachiéry JL, Davenport A. The endothelin system in



.16 »

[3]

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

=] B ML 506 2 25 2022 4F 1 55 49 4555 1 4

Int J Cardiovasc Dis, Jan. 2022, Vol. 49, No.l

pulmonary and renal vasculopathy: les liaisons dangereuses[J].
Eur Respir Rev, 2009, 18(114):260-271.

Kriiger Genge A, Blocki A, Franke RP, et al. Vascular
endothelial cell biology: an update[J]. Int J Mol Sci, 2019,
20(18):4411.

LiY, Pagano PJ. Microvascular NADPH oxidase in health and
disease[J]. Free Radic Biol Med, 2017, 109:33-47.

Brewster LM, Garcia VP, Levy MV, et al. Endothelin-1-
induced endothelial microvesicles impair endothelial cell
function[J]. J Appl Physiol (1985), 2020, 128(6):1497-1505.
Lyle MA, Davis JP, Brozovich FV. Regulation of pulmonary
vascular smooth muscle contractility in pulmonary arterial
hypertension: implications for therapy[J]. Front Physiol, 2017,
8:614.

Schifer A, Gjerga E, Welford RW, et al. Elucidating essential
kinases of endothelin signalling by logic modelling of
phosphoproteomics data[J]. Mol Syst Biol, 2019, 15(8):¢8828.
Gupta RM, Libby P, Barton M. Linking regulation of nitric
oxide to endothelin-1: the Yin and Yang of vascular tone in the
atherosclerotic plaque[J]. Atherosclerosis, 2020, 292:201-203.
Chen Q, Lu Y, Qiao Y, et al. Endothelin B receptor is involved
in endothelin-1 induced cell response in vascular smooth
muscle cells[J]. J NanosciNanotechnol, 2019, 19(12):7551-
7556.

Spiekerkoetter E, Goncharova EA, Guignabert C, et al. Hot
topics in the mechanisms of pulmonary arterial hypertension
disease: cancer-like pathobiology, the role of the adventitia,
systemic involvement, and right ventricular failure[J]. Pulm
Circ, 2019, 9(4):2045894019889775.

Hanthazi A, Jespers P, Vegh G, et al. Chemerin added to
endothelin-1 promotes rat pulmonary artery smooth muscle
cell proliferation and migration[J]. Front Physiol, 2020,
11:926.

Rodrigues-Diez RR, Garcia-Redondo AB, Orejudo M, et
al. The C-terminal module IV of connective tissue growth
factor,through EGFR/Nox1 signaling,activates the NF-« B
pathway and proinflammatory factors in vascular smooth
muscle cells[J]. Antioxid Redox Signal, 2015, 22(1):29-47.
Zhang H, Wang D, Li M, et al. Metabolic and proliferative
state of vascular adventitial fibroblasts in pulmonary
hypertension is regulated through a microRNA-124/PTBP1
(polypyrimidine tract binding protein 1)/pyruvate kinase
muscle axis[J]. Circulation, 2017, 136(25):2468-2485.
Nguyen QT, Nsaibia MJ, Sirois MG, et al. PBI-4050 reduces
pulmonary hypertension, lung fibrosis, and right ventricular
dysfunction in heart failure[J]. Cardiovasc Res, 2020,
116(1):171-182.

Kulasekaran P, Scavone CA, Rogers DS, et al. Endothelin-1
and transforming growth factor-betal independently induce
fibroblast resistance to apoptosis via AKT activation[J]. Am J
Respir Cell Mol Biol, 2009, 41(4):484-493.

(18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

(28]

[29]

[30]

[31]

Cipriani P, Di Benedetto P, Ruscitti P, et al. The endothelial-
mesenchymal transition in systemic sclerosis is induced by
endothelin-1 and transforming growth factor- 3 and may
be blocked by macitentan, a dual endothelin-1 receptor
antagonist[J]. ] Rheumatol, 2015, 42(10):1808-1816.

Hung CF, Wilson CL, Schnapp LM. Pericytes in the lung[J].
Adv Exp Med Biol, 2019, 1122:41-58.

Park JF, Clark VR, Banerjee S, et al. Transcriptomic analysis
of right ventricular remodeling in two rat models of pulmonary
hypertension: identification and validation of epithelial-to-
mesenchymal transition in human right ventricular failure[J].
Circ Heart Fail, 2021, 14(2):e007058.

Koudstaal T, Boomars KA, Kool M. Pulmonary arterial
hypertension and chronic thromboembolic pulmonary
hypertension: an immunological perspective[J]. J Clin Med,
2020, 9(2):561.

Chen S, Yan D, Qiu A. The role of macrophages in
pulmonary hypertension: pathogenesis and targeting[J]. Int
Immunopharmacol, 2020, 88:106934.

Zhang J, Wang YJ, Wang X, et al. PKC-mediated endothelin-1
expression in endothelial cell promotes macrophage activation
in atherogenesis[J]. Am J Hypertens, 2019, 32(9):880-889.
Yang LL, Gros R, Kabir MG, et al. Conditional cardiac
overexpression of endothelin-1 induces inflammation and
dilated cardiomyopathy in mice[J]. Circulation, 2004,
109(2):255-261.

Jalce G, Guignabert C. Multiple roles of macrophage
migration inhibitory factor in pulmonary hypertension[J]. Am
J Physiol Lung Cell Mol Physiol, 2020, 318(1):L1-L9.
Simpson CE, Chen JY, Damico RL, et al. Cellular sources of
interleukin-6 and associations with clinical phenotypes and
outcomes in pulmonary arterial hypertension[J]. Eur Respir J,
2020, 55(4):1901761.

Villar-Fincheira P, Sanhueza-Olivares F, Norambuena-Soto I,
et al. Role of interleukin-6 in vascular health and disease[J].
Front Mol Biosci, 2021, 8:641734.

Nadeau V, Potus F, Boucherat O, et al. Dual ET,/ET} blockade
with macitentan improves both vascular remodeling and
angiogenesis in pulmonary arterial hypertension[J]. Pulm Circ,
2018, 8(1):2045893217741429.

Larson-Casey JL, He C, Carter AB. Mitochondrial quality
control in pulmonary fibrosis[J]. Redox Biol, 2020, 33:101426.
Suliman HB, Nozik-Grayck E. Mitochondrial dysfunction:
metabolic drivers of pulmonary hypertension[J]. Antioxid
Redox Signal, 2019, 31(12):843-857.

Tian L, Wu D, Dasgupta A, et al. Epigenetic metabolic
reprogramming of right ventricular fibroblasts in pulmonary
arterial hypertension: a pyruvate dehydrogenase kinase-
dependent shift in mitochondrial metabolism promotes right
ventricular fibrosis[J]. Circ Res, 2020, 126(12):1723-1745.

(T#% 24 7)



24 .

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

=] B ML 506 2 25 2022 4F 1 55 49 4555 1 4

Int J Cardiovasc Dis, Jan. 2022, Vol. 49, No.l

Zhao Z, Li X, Gao C, et al. Peripheral blood circular RNA
hsa_circ_ 0124644 can be used as a diagnostic biomarker of
coronary artery disease[J]. Sci Rep, 2017, 7:39918.

Vilades D, Martinez-Camblor P, Ferrero-Gregori A, et al.
Plasma circular RNA hsa_circ_ 0001445 and coronary artery
disease: Performance as a biomarker[J]. FASEB J, 2020,
34(3):4403-4414.

Sun Y, Chen R, Lin S, et al. Association of circular RNAs
and environmental risk factors with coronary heart disease[J].
BMC Cardiovasc Disord, 2019, 19(1):223.

Sun C, Ni M, Song B, et al. Circulating circular RNAs:
novel biomarkers for heart failure[J]. Front Pharmacol, 2020,
11:560537.

Bazan HA, Hatfield SA, Brug A, et al. Carotid plaque
rupture is accompanied by an increase in the ratio of serum
circR-284 to miR-221 levels[J]. Circ Cardiovasc Genet, 2017,
10(4):¢001720.

Wu N, Jin L, Cai J. Profiling and bioinformatics analyses
reveal differential circular RNA expression in hypertensive
patients[J]. Clin Exp Hypertens, 2017, 39(5):454-459.

Zheng S, Gu T, Bao X, et al. Circular RNA hsa_circ_0014243
may serve as a diagnostic biomarker for essential
hypertension[J]. Exp Ther Med, 2019, 17(3):1728-1736.

Wu J, Li J, Liu H, et al. Circulating plasma circular RNAs as

novel diagnostic biomarkers for congenital heart disease in

[31]

[32]

[33]

[34]

[35]

[36]

children[J]. J Clin Lab Anal, 2019, 33(9):e22998.
Sonnenschein K, Wilczek AL, de Gonzalo-Calvo D, et al.
Serum circular RNAs act as blood-based biomarkers for
hypertrophic obstructive cardiomyopathy[J]. Sci Rep, 2019,
9(1):20350.
Wang K, Gan TY, Li N, et al. Circular RNA mediates
cardiomyocyte death via miRNA-dependent upregulation of
MTP18 expression[J]. Cell Death Differ, 2017, 24(6):1111-
1120.
Garikipati VNS, Verma SK, Cheng Z, et al. Circular RNA
circFndc3b modulates cardiac repair after myocardial
infarction via FUS/VEGF-A axis[J]. Nat Commun, 2019,
10(1):4317.
Lei D, Wang Y, Zhang L, et al. Circ_0010729 regulates
hypoxia-induced cardiomyocyte injuries by activating TRAFS
via sponging miR-27a-3p[J]. Life Sci, 2020, 262:118511.
Deng Y, Wang J, Xie G, et al. Circ-HIPK3 strengthens the
effects of adrenaline in heart failure by miR-17-3p - ADCY6
axis[J]. Int J Biol Sci, 2019, 15(11):2484-2496.
Salgado-Somoza A, Zhang L, Vausort M, et al. The circular
RNA MICRA for risk stratification after myocardial
infarction[J]. Int J Cardiol Heart Vasc, 2017, 17:33-36.
(H%A%5:2021-02-10 15=:2021-11-01 )
(ARl - P54

(8% 16 1)

[32]

[33]

Marshall JD, Bazan I, Zhang Y, et al. Mitochondrial
dysfunction and pulmonary hypertension: cause, effect,
or both[J]. Am J Physiol Lung Cell Mol Physiol, 2018,
314(5):L782-L796.

Sun X, Kumar S, Sharma S, et al. Endothelin-1 induces a
glycolytic switch in pulmonary arterial endothelial cells via

the mitochondrial translocation of endothelial nitric oxide

[34]

synthase[J]. Am J Respir Cell Mol Biol, 2014, 50(6):1084-
1095.
Culley MK, Chan SY. Mitochondrial metabolism in pulmonary
hypertension: beyond mountains there are mountains[J]. J Clin
Invest, 2018, 128(9):3704-3715.
( ¥cA%:2021-06-01 151©1:2021-07-14)
(ASSCHYE - F R )



