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Research progress on bioinformatics in pulmonary arterial hypertension
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Abstract: Pulmonary arterial hypertension (PAH) is a severe disease characterized by abnormal pulmonary vascular
remodeling and increased right ventricular pressure load, posing a significant threat to patient health. While some
pathological mechanisms of PAH have been revealed, the deeper mechanisms of pathogenesis remain to be elucidated. In
recent years, bioinformatics has provided a powerful tool for a deeper understanding of the complex mechanisms of PAH
through the integration of techniques such as multi-omics analysis, artificial intelligence, and Mendelian randomization.
This review focuses on the bioinformatics methods and technologies used in PAH research, summarizing their current
applications in the study of disease mechanisms, diagnosis, and prognosis assessment. Additionally, it analyzes the
existing challenges faced by bioinformatics and its potential applications in the clinical and basic research fields of PAH
[Chinese Journal of Contemporary Pediatrics, 2024, 26(4): 425-431]
Key words: Pulmonary arterial hypertension; Bioinformatics; Artificial intelligence; Machine learning

in the future.

YR B A — T ER GRS L Siit
S BEANEY SR IS AR, B AR BN o A
A=Wy~ s AR AR X A 2 i AR A PR . LR R
FRIEES, MR TREMEY SRR, X
SRR AL T T RN | el L E L
AR 2 5 2 T7 T X Se A W)~ 2 JIE B IR
FATERAE T EFREE L, A BT A AR
0 BA1 s BEAIL o) 42 A6 T o sl ks T
(pulmonary arterial hypertension, PAH) J2&— F L) fiffi

[ehmHIB] 2023-10-18; [Z2Z HI] 2024-02-26

A8 H S FAT O % S B AT 15 0 Ry R AIE 10 B M9
o S A BN I L SR A g A [ 2
Yy, (B EA LS R e VERE . BT
Y5 B i A P B 2 B 23 5 o T LA, 4
HNTHBE (artificial intelligence, AI) 1 /K b
P4t (Mendelian randomization, MR) 7573, PAH %
R HL B FE— P PR AT T Bl ff . FRATTRERE N
RYZ ARSI PAH W AR AL, A BT 145 Bl ik
FEMITEAE IR T RE A . ASCERIR T AR WIS Br e

[H4TH] EFARBEEES (81500041); WA JLEE O MR I R EE2EMF5E a0 (2021SK4019) 5 1RG4 BFSE AL BRI H 15 H

(€X20231013).,
[EEfIA] 2l B, WEmsd.

GAfEEE | Boat, &, FEEN, Email: xiaoyunbinrui@126.com,



5526 % 55 4 1] T E S RILFL & Vol.26 No.4
2024 4F 4 Chin J Contemp Pediatr Apr. 2024
PAH N SR, BN PAHRZWI S5iRYr TR ™. AQPIFEH SIS & —Fuk@iEsEr, H
PO R 5 0 ) T2 R IATEARE PAH /NSRRI . AQPT HE A AR

AT YR 55 RS B I A S A A
1 AZEHWHEPAH R A 1.2 #RAZEPAH BRI

1.1 EREAFEEPAH R A
BE PR 21 232 F v 38 o D 3 B AR R F 5T B A S
AL 454 . DhReFIaEfk . H A 3 5 il 7 ik
G e o oS e R S I o N A £ L 5 7 <R R L
FFo TERFGE PAHIT, i Xt PAH B3 Flfd A RE
BEATHERAL Iy, #1200 s PAH 55 {g B AR Y 2
SILHPY], i e . Tk
YreE MY L g SR 22 S 5L P A T ge, &
Wi 5 PAHMI SR . HRriiss £, K24
13% B BN PAH F143% () )L PAH ELA BOw st
AR S B AHINZ 5 PAH AH G UK 5
[N, fu$f BUPR2, ALKI., ENG, SMAD9, TBX4,
CAVI, EIF2AK4, ABCCS, ATP13A3., KCNK3#l
AQPIAEFEN ™ XL B A BIES AL E
FH  (bone morphogenetic protein, BMP) F1%% {b A4 K
+-- S} (transforming growth factor-3, TGF-3 ) (5
WEKAF . TWIE S SRR T =R

BMPR2 1 SMAD9 J& BMP {5530 % 1 11t XG4
T HEUwE A A {d BMP {5 538 B, il & il
MAEEN, #—HFEPAH, ALK R HILAZ K
ENG £ TGF-B 5 5 i i i s EAEH , i BMP9
L5 BMP10Z5 4, #H 4135 SMADO & (119 R (5 5
I, BRI N R AR R G . k. iE
LI R M ARG 7. TBX4BER 284 A8 R & PAH
(ER Rt L SR, A8 S IR Ui BT 4 240 i
AKEF10ES, B M N DR R AT ™
CAVIFEHAR S 255 | & 9ROV, 8 b fili o 45 & 4
fb, HEISEEPAH ', EIF2AK4 5: [N 2875 2358 1,
i 7N JO AL P 2 IO SR 0T R AL, A T
Jok P 2 1 e e 0 B R 2 — ", ABCCS.,
ATP13A3 FI KCNK3 1l B il A 1, HIREER
AL o8 200 6 P A ST G VR, S i ot A ) A B

B SR 2 2 T T WIS A0 M B ZH 2 N i A A ok
RNA o 45 RNA 731 F2 200 2o 5 s 20 I e Al
T B H AR SR SR o 2 sy AL DN R Y vyl 2 D0
FARXS cDNA HEATINFE , AUBESR AL+ B A FE K
SEEE, RIS BEAE 78 RNA BY 52 3/ 28 A8 SR
JRME R o SR NF T E A DNA RS, &
TR M5 RNA, 503 1 76 5 S st
i) Ay PR T A RIS A e 1) o o B PR 63K
FENFIEBIRE (Gene Expression Omnibus) fEH
BRI KRR BB EZ —, AU T H
SRR sk e . A A S AR 2 o A
20 k7 A i T e R A, B Ak
A W SR I TS VENT R . H T GEO %4l
FEE R T KRS PAH MGG SR $ds . BT
XS, — e E I T T BETE PAH 1Y & AE
e v G BEEAE FH 11% 22 S SR BE PR RN/ RNA
(microRNA, miRNA ),

miRNA 1E 2y —28/Nr FAE RIS RNA, TEEY)
T 1 Z2 AR TR g 3 G R P oy v B SR
miRNA 38 o P PE ARG TR AR T SAE N L Il
W E O AN MAE S M B AN D5 T, 25 PAH
(B R . BN, miR-335 7 il sh bk LA A
s BE AR, AR I T LA A 1 5 O o
0L T, AT IR o A BE S JEE 1T miR-449
FEAE AN P s BE Rk, T LAY S SO,
55 PAH J8 38 1 B0 05 20 i S i 0 A AR B G
Bk T3Ah, miR-22 FEAE il sl hk-F- 1 LA M b o
FEFRIA, JE IR TCF-B 7 S %, 51k i il
FIE o miR-21 A L3 ek p) 4 A R I A 5
NEAFPEY, D s, SEERHR
Tit B 3 % 0 S O L R BEARMOIG B . PAH AR
KmiRNA SEEANR 1R 2

F1 PAHFIETFEHE X miRNA
P B HH5E miRNA
P 20 B AR T miR-124, miR-140, miR-199, miR-204, miR-335, miR-371, miR-126, miR-21

S
ﬁgjﬁlﬂl%%ﬂ[ﬂ,lilll%
AN )

miR-29, miR-449, miR-335, miR-485
miR-22, miR-486, miR-328, miR-29
miR-483, miR-146, miR-508, miR-204, miR-371, miR-135, miR-21

£ 426 -



526 4 5 4 1
2024 4F- 4

P E SRR E

Chin J Contemp Pediatr

Vol.26 No.4
Apr. 2024

1.3 Z|AKRAFE PAH R A

B A 2R ST A R N T A B T R
B4 . A AL, AUOCHE BAE R
Ferk, i H S PTG 8 A R 2 M A 2 B4, 2R
FIR A AR 20 2 B A o B H AR
BAREEHA ™ BEARS SR FE R Z
P AR R S AT R s . Hoh,
FL YK IR o 3 2 f i B PR i . R
TE AR BT 55 AR BUR (R A S,
RIEMRFH . BB ERE % s adrs:
AR LA 7 0B FIORS BE  B 1 I A e T TP AR A
NEHF . Bk H 5 WA S Es A NI AR
X R AR IR | 1B AR T 2 8] A AR A
AT 537

3 A PAH AR 2 A BRE A1 il 20 21 B 14 o
FikiE, A LS 8 PAH B9 OG5 1 RIS S
B2 BFSY 3 B UESE CLICA 7E PAH 263K I 2 4
i, #E— R R A RALE D, IR O R
FHHE AR RE 5 (AR BEEA T 40 B AN SE 52, Fe 2l
IR R AR IS, &30 CLICA/Arf6 38 1%
FEIZ2E PAH (9 &AL B OCEEE ] 2. #E—T0
PAH 55 B oE i 5x 3 R 8 2
=R AL AR B i 2 1 M A2 K AT R AE PAH
I 5 AU PRAE ] ™0 BRILZ AL, BT
T AT R A I AR s TS A AR B[] ) — I
PAH A S 5Y iz FH 8 Rl 2R, i —
AN 9 ANEE R AL AL A TS AR, JFAETRE PAH A
TR RIAIE, B R AR BsEE >
1.4 RiGHEFEPAHBRMA

RIS 2 2R G 5 AR W AR 9 BT A /N4 AR
W=, s A A B I R B AR 5 T A A0
YIRS O, s T A A e e s st ] o5 A9 A
FHFN BRI BRI BHE 2 o 8 WA 2 2 He R
ARG REILIR Y3 | A SRR (3 .
E PAHCIRE T 09 24k, RATRELE & 7
PAH &A= Rk JE i R AT B 25 0L, B2
Wrin 7 AL ab s IR AL EZ . HAT, 16K L
EL A (i FH R BB AR AR 2H 24 B R R Th i 2 T PAH
S fg Bt R 2 (Rl AR i 22 5, DL Rt B ik
BRI A AT 5 A As b . BFIY 25 6B,
N2,N2- 3 S 17 RS B I o] LAAE S PFAh PAH 41
AT T ISR A G SRR AR R 7 R
2 5 HA A 2F A N o T8 A 32 A R D
TR AR VEAT A AL 2 AT, 45 A % I AR AR i

T EABAZ T, P50 m IR -4
W (FEHHEIEEA A1, BARE T A2 MBI
) M E N PAHRRE BUR bR EH =

2 AlZEPAH PSR

2.1 ML PAH R B
YRR AL 224 3, ML T EHLRSE
T o 0T ES i DE AT 2 2T DAL AR P sl e 58 T AR 4R
PEo FEBE2ESU, MLAEITHEALAESS A 3h N KR A
YEERETTZIEE SE R, Mo AN T4 S AL
WA, MLEZR 430 =28 W) Bl
Breg ) fsgfbeg ) P

W2 o AL S AR e i U 2R B i AT 2
2, IR 2T B a6 BT R bR e B s 2 A T
T, 7E PAH BIG ARIZ W, BF9E 3 Rl LRI IR
Ap g (ANAREESY . MRS, FHPERREIR . SEEeZ A A A
AR AL M ARHE, Mg —
B BIRL, FUHZPERT . ZERNIE . SRR
FBENLARM A T, (0 A3 ) A ) BBl iR A A
AU S, e 2 12005 U B I ff b Tl A A 3 0
X FPIET ML 2 W R S 2 W AT e 56 L
AHERMNE, BT LSRR 6 ) 5 5 2
TG PEAG . — U588 i 2R A B PAH R I
PREFIE AR A2, B2 ML, i)
DIk T i 8 A WbR B AL A2 WA, i HL
XA ISR TS T R AP RS Wiakae

TG W B 2 > SR AE TO 77 T b 2 sl 445 2R 1 1
T, BRI TR S A AR T
FIH T W 22 S R i R0 AT, s JB B AR R I IR
PHMEARTE | RERFE bR . SC00 % Fa bR S RRAE HE1 T 43
4, XTPAH AT, A B FIGIRK HEIRYT . UL
Ah, TCMEAFE 0] T R B SR A PR bR A
AR S, PAH A R R B A2 W4 i 1
T H

5 Tb 27 20 A% U LG R o R R AR S IR R Y
ZH, DA 0 07 SRR I 2 S AU R m
Zad B ] IR A SR al R e /%, A0 ds
RE L E . KBRS A ZER, AW
ML o D Y P 2 | BN SR AN B SR E R BRI
W o s Ak ) T LU R T T R AR Ak v A 1)
PAHYRIT 254 . 76 F FHAR 11 BT 20 22 0 ik VB 7RI
ST, Ak A o A R AR Y A R AT R
WA, ANWAERER AL AL I S0 18 7E 25 ) TR 7 3K

+ 427 -



526 4 5 4 1
2024 4F- 4

o+ E 44 )UAH &

Chin J Contemp Pediatr

Vol.26 No.4
Apr. 2024

B, LT 6 PARELA S A 1A 7 9 0 B
24 .
22 MEEMGSHIAE PAH L

ALZEA ML RIRE 242 SR, BERESZENS =

SRR A S HT, AT & PAH BE (I IR 52
BN AN W HERR P FRLE . HRT, ALfE PAH
BE AR R EE PR, B0
Bl BB CT ORI MR A5 5 1]

Oy FL PRI IR 7P 22 I PR I2 W7 PAHL 8 FH 11452
B AR . ALRT LA Sl 553 20 B RLG JIE
FEPE SR 2R AR, I HLAH ML 3] DU K
40 FEL P RILO IR P B rh e 2], A S s
AT R L) 5 PAH AR DG BURRAE ), — Tl gk
41 097 17y PAH > HL [ A0 JIE A8 75 B0 i i 55
TFFEN O35 Tk S A el — A~ ALIZWTRL Y, 3%
RERVTN PAH /9 52 38 5 SRR AR i £ i h 4 R 1wl
TR 0.88, HE7R Ly HL AL IE R 75 7 AT O3B T
HA RAFM2WEE 1 ™. 78 PAH 2 W f2p
I AL ATt CT A1 MRY A= 4 28 4 RS 5
HEAT VR A 4341 8 Bk — ol i 2 1 o R 4 B T Bt
Ban, ALRT LA shas I il sl k4 5k F il ) ik e 14
JEAE LR PAH 2P ;  ALIE BERE Z 7 fili 4 4 i g 7
FRE FE AL, LIRS BIIX 43 PAH 5 HA il o
2022 4E—TF 4N A 539 1] PAH HZ HIBFSE s, Al
G3HT O MR 25 5 5 47 0 345 AR A 28
ZIE) AR G & TS ON T 0 A O (P=
0.03) "7, X FMWT AL RS T HER H TN RO A0 lE
SER AN RE AR, NITT4R = PAH B2 W7 FLEAR
AIERf 1

Al RZ Gl A s LR N B 2 AR h R S
PAH AHCHYRAE , IR FH WSCAE 210 i B30 U1 25 Foa il
REAY 3 AT ARG AL S8 ) ML J vk (ln 3245 )
Bl FEMLARARSE) BRIRE S AL (2
%) o WL AEYNZRAE b2 2 5 i A =R SC I 1
R AT DL 3 B 27 52 AR AR 5 KU ZKF- 2Z a1 1Y) 56
FRo I, USR] AIE KIZ M PAH $EHER 55 .

3 £EHRFAXBHRIIMRIE PAHHFH
Ay F

IR H CEK 5T (genome-wide association
study, GWAS) FI T HRE L 552 28 MR Z 1] (4 5
HRo GWAS I AL FH B S A SIS LUARRIF I A HE o

FEAT HE AR I A 1A 5 {6 BRI =2 ) ) st 4% 22
S, TR B SR A S B R 2 A .
MR 1] FH 2 D5 4 B AL 73 B S ASE AP B AL A o) e 1Y)
R . MR G R R FH B B AR [ B2 1 H AR A A7
FEMBENLIS G AR 5, K S R R R AR d, s
L2 35 DR AR PR B S, St HE T R R 5 MR 1Y)
PR OC R, IR 2P Al A PR 204 1 R sl
(P TESE IR . FEIGIR [, GWAS AT LA Sk Bt
S MERA SR FE AL AT, AR5 FT LA B MR SR 561E
X SR Z PR R . X PR 1
WEFT et P 2 5 5 22 R 22 18] 14 6 2R B AH B AN 7E o
GWAS 7 PAH Ay 17 FH 32 B4 v 16 KUK 2 R A T,
N2 7R 541, MR N PAH IR ABFFE SR T 5
B . H AT MR AR SEUESE T A0 A K -6
(interleukin-6, 11-6) K H:5Z K 5 PAH XU 2 [B] 47
FE BRI PSR OGBSI TL-6 {55 i A2 16 3l
BN AT BEXT PAH A5 A WELE M DRAP RN ' it
5596 5 DL TA N T1-6 J2 PAH #E R i XU D 2 4 A
FEME AR . XSS ip 22 SR T RETE T, B
A B YA B 25 0 T ORI A B A A
T 2858 /0 56 1 P 58 A A 2 PR 3R an i 5 g 3 PR 6 36
TEHATIRA I AEYE B it 2k — 02
G UATIEE WA, O o8 38 B A B 2 SE R g A
BiE

Fz2 GWASHIZR A PAHEfRHEE LA

PMID Bk HICHD PRI AN
37101805 1491 RASA3 rs9525228
37089865 493 PIM1 5192449585
LINCO1491 rs145733648
36974749 546 DPA1 12856830
353837114 98 CAMK2D  rs10023113
PFAS rs11078738
33971972% 4241  FBLN2 ¢.2944G>T(p.Asp982Tyr)
PDGFD p-Asp148Asn 4§
33320693*! 1148  KDR rs12603700
31661308“! 260 GDF?2 p-M89V 4%
BMP10 p-A361E
32236489 230 PTGIS c.755G>A, ¢.1339G>A
33105808“! 276 HLA 1s9273495 %5
30527956%7" 2085  SOX17 513266183, 110103692
31860786 1444  HNFIB 757210
31607149* 55222  NOSIAP rs12143842

- 428 -



526 4 5 4 1
2024 4F- 4

Chin J Contemp Pediatr

Vol.26 No.4
Apr. 2024

4 EYEERFEPAHPHRESHEK

AYE B F R AR AR
YL2EMY . BURIE VRS T . % FI RS B 4
o XTI SRkl L B A AR
Ao Hr, IRATRENSHE /R PAH Y A AL il A
TEMRIT RS . BUAh, R ATRY AR A2 Wi
A B Filf R —2k = A 6 PAH %) K BsH2 W R %)
PEVRYY, $E PAHBREEAAR. Rm, EWER
AR —T 1R, Bt T2 o,
T it — s AR Y5 B 2EAE PAHBRSE P  E H
TR Z N EYEIEMR AL R, BA
W AW SRR, AR B 2R A RE R R
IR ST DS o 2 AR LR L

ETHRER: BRATKE. Lk
LFRE,; KFEBGFTHKE. /\#ﬁxﬁkﬁwxm
K HEWAH %&ﬁﬁ&i¥$ﬂo

HBENPRFR: THAEEYFARELEAZ

(& % X #l

[1]  Vandereyken K, Sifrim A, Thienpont B, et al. Methods and
applications for single-cell and spatial multi-omics[J]. Nat Rev
Genet, 2023, 24(8): 494-515. PMID: 36864178. PMCID:
PM(C9979144. DOI: 10.1038/s41576-023-00580-2.

[2] Klimontov VV, Koshechkin KA, Orlova NG, et al. Medical
genetics, genomics and bioinformatics—2022[J]. Int J Mol Sci,
2023, 24(10): 8968. PMID: 37240312. PMCID: PMC10219379.
DOLI: 10.3390/ijms24108968.

[3] Taichman DB, Leopold JA, Elliott G. Continued progress in
therapy for pulmonary arterial hypertension[J]. N Engl J Med,
2023, 388(16): 1524-1526. PMID: 36876747.

DOI: 10.1056/NEJMe2300324.

[4] Welch CL, Chung WK. Channelopathy genes in pulmonary
arterial hypertension[J]. Biomolecules, 2022, 12(2): 265. PMID:
35204766. PMCID: PMC8961593.

DOI: 10.3390/biom12020265.

[5] Eichstaedt CA, SaBmannshausen Z, Shaukat M, et al. Gene
panel diagnostics reveals new pathogenic variants in pulmonary
arterial hypertension[J]. Respir Res, 2022, 23(1): 74. PMID:
35346192. PMCID: PMC8962083.

DOL: 10.1186/512931-022-01987-x.

[6] Hassoun PM. Pulmonary arterial hypertension[J]. N Engl J Med,

2021, 385(25): 2361-2376. PMID: 34910865.
DOI: 10.1056/NEJMra2000348.
[7] Salmon RM, Guo J, Wood JH, et al. Molecular basis of ALK1-

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

- 429 -

mediated signalling by BMP9/BMP10 and their prodomain-
bound forms[J]. Nat Commun, 2020, 11(1): 1621. PMID:
32238803. PMCID: PMC7113306.

DOI: 10.1038/s41467-020-15425-3.

Austin ED, Elliott CG. TBX4 syndrome: a systemic disease
highlighted by pulmonary arterial hypertension in its most severe
form[J]. Eur Respir J, 2020, 55(5): 2000585. PMID: 32409426.
DOI: 10.1183/13993003.00585-2020.

Gairhe S, Awad KS, Dougherty EJ, et al. Type I interferon
activation and endothelial  dysfunction in caveolin-1
insufficiency-associated pulmonary arterial hypertension[J]. Proc
Natl Acad Sci U S A, 2021, 118(11): ¢2010206118. PMID:
33836561. PMCID: PMC7980434.

DOI: 10.1073/pnas.2010206118.

Best DH, Sumner KL, Smith BP, et al. EIF24K4 mutations in
patients diagnosed with pulmonary arterial hypertension[J].
Chest, 2017, 151(4): 821-828. PMID: 27884767.

DOI: 10.1016/j.chest.2016.11.014.

Mondéjar-Parrefio G, Cogolludo A, Perez-Vizcaino F. Potassium
(K") channels in the pulmonary vasculature: implications in
pulmonary hypertension physiological, pathophysiological and
pharmacological regulation[J]. 2021, 225:
107835. PMID: 33744261.

DOI: 10.1016/j.pharmthera.2021.107835.

Liu M, Liu Q, Pei Y, et al. Agp-1 gene knockout attenuates

Pharmacol Ther,

hypoxic pulmonary hypertension of mice[J]. Arterioscler
Thromb Vasc Biol, 2019, 39(1): 48-62. PMID: 30580569.

DOLI: 10.1161/ATVBAHA.118.311714.

Santos-Ferreira CA, Abreu MT, Marques CI, et al. Micro-RNA
analysis in pulmonary arterial hypertension: current knowledge
and challenges[J]. JACC Basic Transl Sci, 2020, 5(11): 1149-
1162. PMID: 33294743. PMCID: PMC7691282.

DOI: 10.1016/j.jacbts.2020.07.008.
Zhang C, Ma C, Zhang L, et al. MiR-449a-5p mediates
mitochondrial dysfunction and phenotypic transition by targeting
Myc in pulmonary arterial smooth muscle cells[J]. J] Mol Med
(Berl), 2019, 97(3): 409-422. PMID: 30715622.

DOI: 10.1007/s00109-019-01751-7.

Niu Z, Fu M, Li Y, et al. Osthole alleviates pulmonary vascular
remodeling by modulating microRNA-22-3p mediated lipid
metabolic reprogramming[J]. Phytomedicine, 2022, 96: 153840.
PMID: 34836745. DOI: 10.1016/j.phymed.2021.153840.

Iwatani N, Kubota K, Tkeda Y, et al. Different characteristics of
mitochondrial dynamics-related miRNAs on the hemodynamics
of pulmonary artery hypertension and chronic thromboembolic
pulmonary hypertension[J]. J Cardiol, 2021, 78(1): 24-30.
PMID: 33836917. DOI: 10.1016/j.jjcc.2021.03.008.

Chouvarine P, Legchenko E, Geldner J, et al. Hypoxia drives
cardiac miRNAs and inflammation in the right and left ventricle[J].
J Mol Med (Berl), 2019, 97(10): 1427-1438. PMID: 31338525.
DOI: 10.1007/s00109-019-01817-6.

Ma H, Ye P, Zhang AK, et al. Upregulation of miR-335-5p

contributes to right ventricular remodeling via calumenin in



526 4 5 4 1
2024 4F- 4

o+ E 44 )UAH &

Chin J Contemp Pediatr

Vol.26 No.4
Apr. 2024

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

pulmonary arterial hypertension[J]. Biomed Res Int, 2022, 2022:
9294148. PMID: 36246958. PMCID: PMC9557250.

DOL: 10.1155/2022/9294148.

Yen TA, Huang HC, Wu ET, et al. Microrna-486-5P regulates
human pulmonary artery smooth muscle cell migration via
endothelin-1{J]. Int J Mol Sci, 2022, 23(18): 10400. PMID:
36142307. PMCID: PM(C9499400.

DOI: 10.3390/ijms231810400.

Zhang J, He Y, Yan X, et al. MicroRNA-483 amelioration of
experimental pulmonary hypertension[J]. EMBO Mol Med,
2020, 12(5): e11303. PMID: 32324970. PMCID: PMC7207157.
DOI: 10.15252/emmm.201911303.

Ma Y, Chen SS, Jiang F, et al. Bioinformatic analysis and
validation of microRNA-508-3p as a protective predictor by
targeting NR4A3/MEK axis in pulmonary arterial hypertension[J].
J Cell Mol Med, 2021, 25(11): 5202-5219. PMID: 33942991.
PMCID: PMC8178270. DOI: 10.1111/jemm.16523.

Cui M, Cheng C, Zhang L. High-throughput proteomics: a
methodological mini-review[J]. Lab Invest, 2022, 102(11): 1170-
1181. PMID: 35922478. PMCID: PM(C9362039.

DOI: 10.1038/s41374-022-00830-7.

Singh N, Ventetuolo CE. Prime time for proteomics in
pulmonary arterial hypertension risk assessment? [J]. Am J
Respir Crit Care Med, 2022, 205(9): 988-990. PMID: 35143371.
PMCID: PMC9851471. DOIL: 10.1164/rccm.202201-0040ED.
Abdul-Salam VB, Wharton J, Cupitt J, et al. Proteomic analysis
of lung tissues arterial
hypertension[J]. Circulation, 2010, 122(20): 2058-2067. PMID:
21041689. DOL: 10.1161/CIRCULATIONAHA.110.972745.
Hemnes AR, Luther JM, Rhodes CJ, et al. Human PAH is

from patients with pulmonary

characterized by a pattern of lipid-related insulin resistance[J].
JCI insight, 2019, 4(1): el123611. PMID: 30626738. PMCID:
PMC6485674. DOI: 10.1172/jci.insight.123611.

Rhodes CJ, Wharton J, Ghataorhe P, et al. Plasma proteome
analysis in patients with pulmonary arterial hypertension: an
observational cohort study[J]. Lancet Respir Med, 2017, 5(9):
717-726. PMID: 28624389. PMCID: PMC5573768.

DOLI: 10.1016/S2213-2600(17)30161-3.
Swietlik EM, Ghataorhe P, Zalewska KI,
exhibit

et al. Plasma

metabolomics response to therapy in chronic
thromboembolic pulmonary hypertension[J]. Eur Respir J, 2021,
57(4): 2003201. PMID: 33060150. PMCID: PMC8012591.

DOI: 10.1183/13993003.03201-2020.

Harbaum L, Ghataorhe P, Wharton J, et al. Reduced plasma
levels of small HDL particles transporting fibrinolytic proteins in
pulmonary arterial hypertension[J]. Thorax, 2019, 74(4): 380-
389. PMID: 30478197. PMCID: PMC6475111.

DOI: 10.1136/thoraxjnl-2018-212144.

Greener JG, Kandathil SM, Moffat L, et al. A guide to machine
learning for biologists[J]. Nat Rev Mol Cell Biol, 2022, 23(1):
40-55. PMID: 34518686. DOI: 10.1038/s41580-021-00407-0.
Krishnan R, Rajpurkar P, Topol EJ. Self-supervised learning in

medicine and healthcare[J]. Nat Biomed Eng, 2022, 6(12): 1346~

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

£ 430 -

1352. PMID: 35953649. DOL: 10.1038/s41551-022-00914-1.
Bauer Y, de Bernard S, Hickey P, et al. Identifying early
pulmonary arterial hypertension biomarkers in systemic
sclerosis: machine learning on proteomics from the DETECT
cohort[J]. Eur Respir J, 2021, 57(6): 2002591. PMID: 33334933.
PMCID: PMC8276065. DOI: 10.1183/13993003.02591-2020.
Barrios JP, Tison GH. Advancing cardiovascular medicine with
machine learning: progress, potential, and perspective[J]. Cell
Rep Med, 2022, 3(12): 100869. PMID: 36543095. PMCID:
PMC9798021. DOI: 10.1016/j.xcrm.2022.100869.

Vadapalli S, Abdelhalim H, Zeeshan S, et al. Artificial
intelligence and machine learning approaches using gene
expression and variant data for personalized medicine[J]. Brief
Bioinform, 2022, 23(5): bbac191. PMID: 35595537. PMCID:
PMC10233311. DOI: 10.1093/bib/bbac191.

Negi V, Yang J, Speyer G, et al. Computational repurposing of
from

7(43):

small molecules
hypertension[J]. Sci Adv, 2021,
34669463. PMCID: PMC8528428.

DOI: 10.1126/sciadv.abh3794.

therapeutic cancer to pulmonary

eabh3794. PMID:

Zhang GJ, Zhou YB. Artificial intelligence and machine learning
in clinical medicine[J]. N Engl J Med, 2023, 388(25): 2397-
2398. PMID: 37342935. DOIL: 10.1056/NEJMc2305287.

Liu CM, Shih ESC, Chen JY, et al. Artificial intelligence-enabled
electrocardiogram improves the diagnosis and prediction of
mortality in patients with pulmonary hypertension[J]. JACC
Asia, 2022, 2(3): 258-270. PMID: 36338407. PMCID:
PM(C9627911. DOI: 10.1016/j.jacasi.2022.02.008.

Alabed S, Alandejani F, Dwivedi K, et al. Validation of artificial
intelligence cardiac MRI measurements: relationship to heart
catheterization and mortality prediction[J]. Radiology, 2022,
305(1): 68-79. PMID: 35699578. PMCID: PM(C9527336.

DOI: 10.1148/radiol.212929.

Prohaska CC, Zhang X, Schwantes-An TL, et al. RASA3 is a
candidate gene in sickle cell disease-associated pulmonary
hypertension and pulmonary arterial hypertension[J]. Pulm Circ,
2023, 13(2):  el2227. PMID: 37101805. PMCID:
PMC10124178. DOL: 10.1002/pul2.12227.

Pu A, Ramani G, Chen Y]J, et al. Identification of novel genetic
variants, including PIM1 and LINC01491, with ICD-10 based
diagnosis of pulmonary arterial hypertension in the UK Biobank
cohort[J]. Front Drug Discov (Lausanne), 2023, 3: 1127736.
PMID: 37089865. PMCID: PMC10121214.
DOI: 10.3389/fddsv.2023.1127736.

Hafeez N, Kirillova A, Yue Y, et al. Single nucleotide
polymorphism 1s9277336 controls the nuclear alpha actinin 4-
human leukocyte antigen-DPA1 axis and pulmonary endothelial
pathophenotypes in pulmonary arterial hypertension[J]. J Am
Heart Assoc, 2023, 12(7): €027894. PMID: 36974749. PMCID:
PMC10122886. DOI: 10.1161/JAHA.122.027894.
Thomeas-McEwing V, Psotka MA, Gamazon ER, et al. Two
polymorphic gene loci associated with treprostinil dose in

pulmonary arterial hypertension[J]. Pharmacogenet Genomics,



526 4 5 4 1
2024 4F- 4

P E SRR E

Chin J Contemp Pediatr

Vol.26 No.4
Apr. 2024

[42]

[43]

[44]

[45]

[46]

2022, 32(4): 144-151. PMID: 35383711.

DOI: 10.1097/FPC.0000000000000463.

Zhu N, Swietlik EM, Welch CL, et al. Rare variant analysis of
4241
international consortium implicates FBLN2, PDGFD, and rare
de novo variants in PAH[J]. Genome Med, 2021, 13(1): 80.
PMID: 33971972. PMCID: PMC8112021.

DOI: 10.1186/s13073-021-00891-1.

pulmonary arterial hypertension cases from an

Swietlik EM, Greene D, Zhu N, et al. Bayesian inference
associates rare KDR variants with specific phenotypes in
pulmonary arterial hypertension[J]. Circ Genom Precis Med,
2020, 14(1): e003155. PMID: 33320693. PMCID:
PMC7892262. DOI: 10.1161/CIRCGEN.120.003155.

Hodgson J, Swietlik EM, Salmon RM, et al. Characterization of
GDF?2 mutations and levels of BMP9 and BMP10 in pulmonary
arterial hypertension[J]. Am J Respir Crit Care Med, 2020,
201(5): 575-585. PMID: 31661308. PMCID: PMC7047445.

DOI: 10.1164/rccm.201906-11410C.

Wang XJ, Xu XQ, Sun K, et al. Association of rare PTGIS
variants with susceptibility and pulmonary vascular response in
patients with idiopathic pulmonary arterial hypertension[J].
JAMA Cardiol, 2020, 5(6): 677-684. PMID: 32236489. PMCID:
PMC7113838. DOI: 10.1001/jamacardio.2020.0479.

Ulrich A, Otero-Nuiiez P, Wharton J,

et al. Expression

quantitative trait locus mapping in pulmonary arterial

[47]

[48]

[49]

[50]

- 431 -

hypertension[J]. Genes (Basel), 2020, 11(11): 1247. PMID:
33105808. PMCID: PMC7690609.

DOI: 10.3390/genes11111247.

Rhodes CJ, Batai K, Bleda M, et al. Genetic determinants of risk
in pulmonary arterial hypertension: international genome-wide
association studies and meta-analysis[J]. Lancet Respir Med,
2019, 7(3): 227-238. PMID: 30527956. PMCID: PMC6391516.
DOI: 10.1016/S2213-2600(18)30409-0.

Molvin J, Jujic A, Nilsson PM, et al. A diabetes-associated
genetic variant is associated with diastolic dysfunction and
cardiovascular disease[J]. ESC Heart Fail, 2020, 7(1): 348-356.
PMID: 31860786. PMCID: PMC7083427.

DOI: 10.1002/ehf2.12573.

Ramirez J, van Duijvenboden S, Aung N, et al. Cardiovascular
predictive value and genetic basis of ventricular repolarization
dynamics|[J]. 2019, 12(10):
e007549. PMID: 31607149. DOI: 10.1161/CIRCEP.119.007549.

Circ Arrhythm Electrophysiol,

Zhang M, Zeng Q, Zhou S, et al. Mendelian randomization study
on causal association of IL-6 signaling with pulmonary arterial
hypertension[J]. Clin Exp Hypertens, 2023, 45(1): 2183963.
PMID: 36871578. DOI: 10.1080/10641963.2023.2183963.

(AR Hit4E: TH0)
(MAUITAT ©2024 [ 2448 ) LRH4E)



