55 34 3 45 9 1] FEIKEZZRE Vol. 34 No.9
2024 4E 5 A China Journal of Modern Medicine May 2024

DOI: 10.3969/j.issn.1005-8982.2024.09.007
XEHS . 1005-8982 (2024) 09-0050-07

i BBk S I AR S i R gt R

T8, 744, A6, BER
[(RAERAFHEREZER &N (ZE4 CERFEREF FQ),
=®# E¥ 650051]

TAE « Wbk & R — R AU b AR O 6 S A e R, LA R /N B BRI AT R P R e
T, RmEFmRgRg, $HEFAANCEALCH RIS, HEEZRBLLY, B, FLA, F
B, TR EHEEFOERRERPAETRENRZ LN ETE, W EDTH T ENFIE )
Wi 8y R R 22 Fo gk 2T A2 G 7 AR A MM, AT S IR & R B A TG IR AR A T RE R UK KR
AREY . REAREY . HFOAE. BARE., Rilth. bR ES. S ETRRIHF T O EIREG E
oy E M AR E M — 25

KGR - MEIREE ; AMAREY ; RH 5 microRNA 5 9%

RESZES . R563 XHRARIAED . A

The progress in research on biomarkers of pulmonary hypertention*

He Zu-yi, Li Sheng-ling, Liu Wei, Dai Hai-long
[Department of Cardiology, Yan'an Affiliated Hospital of Kunming Medical University(Clinical Medicine
Center for Cardiovascular Disease of Yunnan Province), Kunming, Yunnan 650051, China]

Abstract: Pulmonary hypertension (PH) is a cardiopulmonary vascular disorder with an unclear pathogenesis
characterized by progressive obliterative vasculopathy of the small pulmonary arteries, which has a high incidence
and mortality rate. Most patients are diagnosed in the late stages of the disease, often presenting with right heart
failure, making early detection, diagnosis, and treatment crucial for extending survival and improving the quality of
life. Biomarkers play an essential role in objectively assessing the physiological and pathological processes of PH
and in monitoring treatment efficacy. They are pivotal for early diagnosis and prognostic evaluation of PH. This
review summarizes the research progress in biomarkers for PH, covering aspects such as inflammatory markers,
immune markers, transcriptional regulation, oxidative stress, metabolites, thrombotic markers, and markers of right
ventricular remodeling.
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20 mmHg. WA & Z @I FE AT M bR e, H 2
D DA R, AR T 6 i s ok i 1 6412 Wb A
I BEAPF B AR R R, 53 403 [ H i sk = B
XiF il 3 K SF 241 R 21 ~ 24 mmHg 2 # B9 4 56 F
5T, PR MG 2 7 AR e i s ok i s 1) 32 Wi s 2 16
TEAR AP, il 2l Jok g T 4 k8 80 1961,
o, e M BE A By e A i S ik s T (LA AR AR A
=

it 20y ok v s 0 o LA BEL R A8 2 2% L O HL iR
SEA W] . WESE I, il 3l bk g e o B A P 2 A gk
SR YOIy ARAECK T LW LA N B T RE RS
W R GUR I e Aot SR g AR BRI R K
DNA 5547 5 il 3l Jik e T 09 4 s 238 11 B8 4 4
Bim, H2EU8E R A O aeAs 4, it
JR Z P LR, R R R B 2 e LR
97 Be U AL 23 J2 00 fili 20 Bk e T £ 5% 14 A A7 AR
PR R U S BT, AL R E R AR
Je VAl F112 W © 3033058 01 5 fok g 1 A8 47 1L 3t 3l
JIEE Y AR L 8 AR A Y I B ) 2 Bl A B T
1 2 Al 3y Jk i s F g P, O 2 016 02 TR F LS £ S
VIS B i F AT fa e oy 2T B D e R A A
BIPEAG A, 9 B, AN T 5 09 A 40) i A o T
FH T 0 2 i 2l ik e s 40 0% A 0 s 35 ) B9 5 5K
A A5 B 2, B AT H A4 I 84 AR (brain natriuretic
peptide, BNP) 1 24 7 7K uifi B 7Y 4] JK K J5L (N—terminal
pro—B—type natriureticpeptide, NT—proBNP ) #% 15 74 #i 7%
5 S i R i PR ARG 56 1) B AR ™ DR, B £ L
AW bR WA T R o LT AR ) b 7 ) RE 8 i
it S0 Jk e s 4 B A, HLAT T AR AT B R
R AL, HAE AR R AN R 5, o fili 3 ok s e
A2 W AP RO R BE T R AR

HNE A LA — LRI Ry 2 il 3l ok v TR A A
{10 i AL 2 — o il S bk v TR 2H 4 AT UL A E A
JHL B B S8 1 M Bl bk v R AR R R R
PR AR .
1.1 SRR -HEHMRLE. AR AR-E %
ElEEBREERELE

i PR R 20 M - 9k T 48 B LK {E (neutrophil to
lymphocyte, NLR ) & —F 5 1 4= & RIEbR EW, X £

oo L4 58 s H AT U AN BUS (. A 4R
NLR 55 5e R 3l g s 7™ FE AR, ST B4 e 20 JULARE
S 3E ST Bedt s BLO WUEE Y & A7 G T 4F —
BT T N 5 o VT N € - G I B = A
(idiopathic pulmonary arterial hypertension, IPAH ) F1 4%
af 2 2 A0 OC Tk Bt 3 Bk %5 K (connective tissue
diseases— pulmonary arterial hypertension, CTD-PAH )
AP, SR NLR 21 (2L 4.8 3 S ) AH L, % NLR 20
BB T3NS AR R AR R AR (P < 0.05) 5 HLA5 T3 1k
FH G, 2P NLR L5 0l 30 bk i 1 A A7 58 2 ] ) 1k B
R, 7% NLR AT A Ay fils 20 Jok e Fis A A7 5 06 i 7. 350
P10 TR, BILIK S5 AIF 5 4 B 2l ok v s 4 8
E O U = - = I S R A
(monocytetohigh to densitylipoprotein ratio, MHR ) \NLR
2T, 8 MHR R] A Sy il 2l Jik s i 4 380 P
T o NLR.MHR {E N —Fh 5 15 H %) T PG ) RAE $
P, FLHR 5 A 5 Ml 2l K v s A9 AR DG F B — SRAE
6 bn PEAG T ELRE SR, D e R A ST S A1 T 2 R
B o HOCT 7 H R BE R B IF A 2 W EH 2
BIF 5 R 1 2 X 6 £ W) o 35 0 T i 8y ok s T v )
RN
1.2 g E

21 20 4 A5 98 FE (red blood cell distribution
width, RDW ) 72 Sz W 21 40 g (A AR/ ey — 1R g 2
¥, B A IS K I RDW T 5.0 4 G50 (0 )
By 0 By BBl e IR B Dk ) AR AR B I 2 1Al AT
K, B2 5.0 A8 BR AL AT AE -5 S AR S 5+
ZAR B A TIPS NS iiC o I [ P 2
RDW T} i 55 48 1 1fn A% A4 2 4 fili 3l Bk =5 1 (chronic
thromboembolic pulmonary hypertension, CTE-PAH)
CTD-PAH F) ™ H A B2 AR AL R A G, Bk 2 i 3l
ok v B U A R E AR ST, YANG S5
WF5E % B RDW AT 500 4 K 18 e BEL 2 1 il 0 5 1)
il 0 Jk e e o —T0AN A 119 TR A 1 465 4 41 205 1R
# BB TS A0 78 RDW 55 i 3 Jiikolig 46 T 52 1R AR OG (r =
0.716, P <0.05) , $& 7% T RDW 75 fiff 2l Jik &5 J v ) 3
IANE" . RDW A1 — Flvilfs R 8L 09 52 36 25 FE AR
FEK P AR B e 1 i sl ok v T A8 3 R 1) 9 28
AR IS |, (BTSSR 2E— 0 58 IR F A5 i 3l ik
ey A L0 ) BEAIL )
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o R G2 o — T 55 Il Bl Bk o s B
PRA R R HLE A GBI R o Im R AR, S
JEE ZR G5 95 1 Il 3l ik s T 1) R R4 ol A
SIVE AU, H Gy 40 L HCRE T A 4 R - A e i
7 PR ) Ml st Jok v R ) R R AR LA A Y 0 B A
2.1 HRRETHEHAMEXRES

I FE T K U0 B AR OC 4T I 4 (cytotoxic T
lymphocyte—associated antigen-4, CTLA-4) ( X 4
CD152) J& T S B BR & 1 M 51, 2 T bk T 448 i s
B —Ff s A2 A S eD28 B R IR S K,
i 2o T A 45 A M [R] 32 K BT A X0 T bk 2 400 i 7Y
1 ; CTLA-4 XF T 9k [ 48 g TCR/CD3 TG i VE T 5
CD28 #H I , J2& T ¥k [ 2 B oy e A £ 90l 428 P, o
2 Jif DY R 20 B A PR AR BL R S 5 G g O Y I
A5 IPAH 1) CD4'T CTLA-4" Ik L 40 fifg e /0 iy
4% W i 3 T CTE-PAH . CTD-PAH & 55 K 4 0 i
Joa AH OC il B Bk = e AR, HO7E IPAH B P,
CD4"CTLA-4" T 4 Jfd & 43 tb 5 4 249 .0 T 6E 4
2% (NYHA) iy 7™ 5 F2 B 5 1F A 5C (r = 0.708, P <
0.05)™, EiRgE LR CTLA-4 &2 — MR A B Em
{E ) IPAH TSR Wi £ D hs 69, (W 58 AR i 45
/N JLAE il 2 ok e e v B AR FH AL AL o AN T AR
HE— 2T SR W H 5 i Bl ik e R 2 TR O &R
22 RBRASHERER

FAM171B J& — FF % 8 2 R & & B %
(polyglutamine, polyQ ) & 1, 7E W FL sl ¥ K b )3z
Fik. FAMI7IBBEIEB /NG )3z 3Rk 721 5
A /N 0 R R i g 22 v B A I I B A, B E A
T2 T 20 M T Y RV RE 45 R . FAMIT71B W7
N s ZUF A B A 1 R RAE MY 43 P 2218 17
PP B i 8 FE PRI QU S 5E & B FAM171B
TEM 2 ke R 4L R 3Rk, Hom Rk 5 K4l
ML A1 CD8 T 40 i 12 11 72 J3 4% U AH OC |, 475 FAM171B
AR 3 e o) 9 G R Y VI R B 2 A i s ik
JE B & &, FAM171B 7] A Sk fiti s ik i H B A4 2 9 pm
B (2T TR = 0.873) o

3 MicroRNA

MicroRNA (miRNA) J& 76 H 4% A= U0 v & 31 B
HZH5ERFF R EE BRI —2EAE 5 /N RNA

miRNA 5813 [ mRNA 21288 s T Ek &2 A 1k, it
PR i A2 T 8 L DAY 3 3K - miRNA AR S5
mRNA 5¢ 4= B ANl 5¢ 42 B AN S8 OSUE 16 1 25
P e 3k, 3 ok AR #0 R mRNA AR 2 P A 100
BRI R S 0 2 3k BORE S R ) O R SRk
miRNA 25 T4l B K rfh 28 B8 1R58
S R FRP AN, miRNA %3k 7K S i i 28 mf &
A B I A B L4 Bl Ik ok FE A Ak | S0 ] i
Y5 RN Bh bk & e . H R, R W5 4 B T G B
ok ~F- 8 WL 20 e = i 2l bk N R AR i i s Bk s s 3l
Py #5570 R il 2l Jok 85 e R T miRNAs ik 1%, R
miR-204 . miR-322 ., miR-451 . miR-22 . miR-30 .
miR-223 . miR-328 . miR-339 . miR-4632 . miR-1181 .
miR-1281 . miR—20a . miR-125a, miR-145, miR-21,
miR-210, miR-138 . miR-17/92 . miR-124 , miR-328 .
miR-424/503 . miR-204 . miR—98 , miR-193 . miR-29 .
miR-140 . miR-204 45 miRNAs 5 Jifi 3l Jik /&5 J& %5 1 4H
K, AT AR FE BB, A B il 3 ik s R 12 W IR
J7 PR T R WU PR B AR AR S
A L

A WFEE K B, IPAH B ) miR-596 2 ik 7K -
Thv, - H 5 IPAH /776 B E M L AEAF I R 1
miR-596 7K V- i , % W 58t B /R miR-596 /K F 5
AAFEE ] X A0 B e il I A5 B T A U s %L
R 5 5 K B miR—596 1 ifi 45 B 7 5 4% %
1 A= £ 5 i 2R OGP X R W] miR-596 A BEJ& — 1>
ST A A A FIUI R T, AT Ok IPAH AR 3 11 IR 91 A
P R B VPG $E LS % . DUZGUN 5P i 5Y
KB, hsa—miR-21-3p 7E £ Fl 2 7 Jili s ik =5 1% 19 - 15
Fik ¥ F B hsa-miR-143-3p 7E & CTE-PAH &%
A1 0 He Al il 2h ko 2R AL KR B TR, B S
hsa-miR-21-3p AHML, 76 v B | 55 3 fili 2 ok g 1 4 3k
F KK, I, miR-596  hsa—miR-143-3p  hsa—
miR-21-3p A B AE Jy PEAS i 2 ok v ™ 51 R B 1Y
FEH%

4 FLNMEXEYIRE

AV PR W L 2K 7 W) 2 1K (soluble receptor
for advanced glycation end products , sSRAGE ) 42 4fl Jifd &
T3 1 A Bk 1 A A IR o SRR T R
R FIBE 10 (ADAMI0) X BS54 43 1 8 1 b AT 2R 1 4
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fife T AR, TR OB 3L fk 2K 7 ¥ (advanced
glycation end products, AGEs) [ 75 % 52 /A" . AGEs
AL AZ A B A FH 51 A S A I, I Bl 5 A 25 4
Ji v 5 R A RN R I A T K, E B R O il
PR L ML R R R IR AT M e A 1Y
RA R B REETAERY . — WA 120 4] #
# (83 f5i] IPAH 1 37 {] CTD-PAH) £ BA %1 Bf 5%
/RBTIPAH B I 3¢ sSRAGE ¥ 2 0 (3 044.0 =
215.2)pg/mL, CTD-PAH 834 (3 332.0 + 321.6)pg/mL,
P T B4 (1 766.0 + 121.9) pe/mL; (F 58 14 38 1t
X} sRAGE 5 NT-proBNP #4737 18 # T /E f51F il 28
I3, 2 BLHAS W ER P 5 NT—proBNP A1 2Y , 7E 52 5
i By Jok i i % HE 2 2 J] A 4 ) e B A A
25 BRIk, sSRAGE AJ /5 2y Jifi 2l Jok /&y 112 W 0 S5 A
YR, AT Tl R I2 W 0 A0 e il 3 bk e s
SR XA YT I RN R E R, EAT L T

5 RFEBEXIREY

RZEREEAEERE
il 5 bk v A2 2% 1 s B A B 2 ML R T 2 i
S Jok e V8 A A it ) B 1 PR 2%, 2000 48 (1) — I3
W52 bt At 3 T I %% IR R 11 IR R B (low—density
lipoprotein cholesterol, LDL-C ) Z 55 Jiifi 2l Jik =5 F& 1 &
ML, KOPEC P A 5% H & Bl LDL-C /K5
it s ok fe BB T XUBR B R oG . B AR ST
S I 1 Jhk v T R 3 A LDL-C /K S84, il 3 Jik Wi
4 JE 5 LDL-C 2 61 AH 3¢ | [R] i & 30, AR 7K °F- LDL Xf
B G0 21 B AR A A G il sl ik o= R 19 5 i vT R
D-"RIEN T, D-ZRIEN T T 25.61% 1 X FPAL
Wi LDL 7K P 1 BRI AR 5 TPAH 5 1947 0 D g
BAT B A7 BIF9E 2 B LDL—C X6 Jili 0 ik v 1 B4 5% i)
Al 5 A ALY LDL-C /KT A 5%, H2 5 il 3 ik
1o P P B A B A R A P 0 UL AN 8 B L N
20 LR T AR AEDY . SR, LDL-C 15 il 0 bk 8 1 56
F R TIHL ] v A 75 3 1 B, e v A 1 43 T AL
HEATHE Z2 W EERIIE 5 WA R T i 3l ok v R Y
TRYT R A5, B I l Bl Jk ve  RR A A T TU
5.2 $EREIEXEWIREY

MRV Z A A — A BT, 2 5
8 S8 3 T S I R AR P W R AR L ) ER R B
PR s AE HA fE KRS EAY RS

5.1

ik EEEPY ) BLYE 1985 4F , WIF9Y A 5L Ak & BRI T
] - v T e R A B0 K v s s R b AR R DK
T R 0] T 2 8 o R T — T AR T
X} 2 LA PN B A K PR a2 R T TR TR A A
) SUS416 Ff- ik %8 4 Jid] /)y BRUR Y (SuHx B2 7Y ) A7 0 %
IhEE R W AT SE B, 76 SuHx /N BUBE AL Frofin A JC 4
REARS I A O EEBEY . J5 20 SuHx KRR
R RIF ST 2R B, JC AR Tk B 0 B SUS416/41% AT 80™ &
i 3 Jok /35 11 2 %, 3¢ B it 8 Jok vai e ot 657 34 9 1
A ELA AR ER WA kB A AR A O Sk
DDIT3 . NFKBIA . OSM 1 PTGER4 75 fiti 8 ik /&5 [ v %
KRR X IR R T AR DG 5 IR il Bl ik
1o R Z IR DRI, R AR S A s s o il 8 Jk 8
BT Z W AR 28 Bk, A A R RE
By fii 213 IOk v 1 — R 08 A A 3 0 RN IR T R
A5 AR IS FE LA R — 2P 5T
53 Z=HER-N®E{{Y

— W B -N & 1k ¥ (Trimethylamine N-oxide,
TMAO ) J2 i 38 B REFCI ™= 4, a5 & AR08 RN 1- 1A B8 1Y)
W) Bk 38 T A AR = B % (trimethylamine,
TMA ) , #& Ji7 TMA 9 — P i Uk il —— 2 22 20 n 4 1l
-3 (FMO3) il i 4 b 2y TMAO™, >k B 22 1 iF 5%
UEHE 2 B, TMAO 5 (5 I | 68tk 2h Jok o A A A 1 o0
TSR o0 7 3 0 5 22 s IS P A A SR Y A
WF5E 2 B, TMAO 3 12 2 F ML 6 P 2 40 i ™= A
E5 R TN 7oA SRR S = Wa S L8 5i A Do U8~ 5
T BN DRI HES . NI RERERS S HETE
1y 2 R B0 Kk e TR e A DG I TR R 22—, DR AN
e TMAO 38 8 TP 1 5 /Y A B2 g i ok in = fii 3y
Jik 5 e o YANG S5 fifF 5 4, £ 7R TMAO Fil il 3 ik
o R I B R B B AR AR OC, H AR YT R I AR e B
T2 1 Bl s Jok v P R 2 L2 TMAO K- BB 8 R
FE[ATMAO =-0.2(~1.6,0.7) pmol/L, P =0.006] , #1 ) ,
FE 97 18 Ak 14 S5 TS B TMAO 7K - 119 78 78 38 Jin
#H[ATMAO =0.7 (=09, 2.5) wmol/L, P =0.234]; It
A, i 7K1 TMAO T fili 3 ik 85 U5 A K, 261
BIRRHNER G MR B E . TMAO A REA &
LT BNP AU /E T, TMAO 4 155 0 72 B 55 1t 30 ik 5
JE B ™ AR B TR G, R R DA il 20 ik v R
55 R 0 B ) 48 45 o
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HB 43 il 2l ok v e AR & AR R R o R i AE A Il A
PRI AL, F /N 358 It PR AN R i AR
A6 A /N A SR AR I A ST R PN AR il A
1fit. /9% P T (von willebrand factor, vWF ) 2 7 ML & N
B A5 00 BB ) — AP KA PR, 2 5 /MR Y
RAEMBW LR A ST & B 3l ke e 8 i
WyWF K BB (vWF : Ag) KT 85 5 s A AR
M XUE MR 55 k7R T vWF KP4 CTEPH
Jaa O (1A s R I | AN R R Ao ¢
bk vE F g 2 A 3 ) R o R AR i/l T R AR
PR L IS T R L 5 e i Bl Ik R e Y 0 Bl
il T MAHA SEN R 58 7, 18 1 BH 28 1 i e
o 1 1t 3 Jok v Fe G835 8 1 357 il /N R, X — A
g 2 ML /N BRI Ak B % AR bR L KT 3 s T X R
4, HLBE A& it 2 Dk i Fe ™ o A% B2 08 38 0, 7 34 1)
WK Ge it 2% 3 T o e Il sl bk v Fe A8 3
BLAT i 7K F 1 /N A R BORY , 453 T ) S AR T A
P A AR UG I /N AR AR A T B B 400 D- R
SR TG 7R WIS IS TR B A A K £F 4 2 A Ak
AW 5E R B, 25 i 16k He 95 W O o A N, Jit Ak ik
B ok ve5 He B8 3 19 D- — R AKOF W 35 Tt — T
Z K E Logistic W15 73 Hr & W, D- — AR I fili 2 ik =
JE A8 20 37 T DR, 5 0 B ZEAH L i 3 ks e 2
B 0 D- IRARRINZF i B 1 A 7 ) KT T
g5 TR 78 2 5 Il 00N 3 Dk AL A T B, i
it 31 ik i e ask R v ) £ A AR R R L I /N B
AT A ) AT e A T i 2 bk e e ™ R R B Y A
Prai o SR, X S 25 B KORH S ML 75 22 Kt i IR
I i — PRIk

7 ALEEEBHREY—REHREEER

B v ] 2 R M (cartilage intermediate layer
protein, CILP1) 284 A= K 7B B Fs LA, & —Fh
Z 5.0 MR S s R R 1, F%
UG T ME LT A A B o il B ok e T B0 O &
(9 1R g 3t 28, 7R B B B, A0 = AR
Ak, G BE B LR 3 NUAE K, LAt 3 o 16 A
WU 45 03 A 15 A8 G, SR, 5 2284 0 s i 25 T 2K
AR VR 0 e B, 00 Bl KO AR AN A 0
uy IO AR B O RF SR R A0 & A

F CILP1 7K 1 25 FH &1, #H I, CILP1 KSF 5 20 &
BH 2z BB A KBS KERANOV 2554058 5 /N [l 52
B I, AT I Bl KA R JS B/ B CILPY &5 £ B
TR F AR /N R, 10 AT A CILPT & 7R N-K b
A BRSSP I A Ak A K
¥ -B A5 S, i B0 3h ik s Fe i & A R
Ji& I A BT R B3 Y IS CILPT 7K SR T fili 2
Jik v R 4L, A0 = T RE AN 4 1 i 3l bk i e R Y
CILP1 ¥ B 5 T 47 0 % DU e 17 1 (R, [RI B A 5
113,2¢ ] CILP1 Il NT—proBNP 5238 3 T VE R AE ith £k 7]
EZR LG43 X, iE B CILP1 Fl NT-proBNP B /&
A FEAE A R R AFHU . NT-proBNP f: /2
it 3 ok v s 1297 9 B #7512 W R0 B 7 9 18] 5 0
TR A5 H {5 NT—proBNP A H A H¢ 1, L] 78
AT AT 0 BB R TH = CTLPT Al AR N A5 0 %0
P 0 0 AR AR R, AN LR DA Il 3l ik s
FERY G , 38 BEAE X o3 2o 0 FUA O E P, HR
NT-proBNP 5 5 4 B 5, (HAT 35 R RE A I R A 5% ik
— L IRIE

o5 g

N
ICMEA

8

FURT & B 7 — 2057 G 2R i 1 i 3 Jik
7o 1 9 A R S, ARLATS sl =2 S e fii sl fk e e A
R AR B S PEAR S W o X LEAR RS W) 22 A0 T Il PR i
WEFEB B, ST TR A R BNl KA T ST A7 5
ko [V, T i B ik s I A2 2% B o B2 BRAIL AR
AR 73 A W b 2 AU ASL 5 il 3l ok e T AR 5% 5 U
ke i 20 oK v T AL A SR 1) RE A B B o B i A
B — 1 A2 AR 7S AR ME TS S0 S i B0 K v T AR
(95 PR s 2339 i PR 05 AL T KU , Z2 M A=)
o 7S Y O A 2 ) TS

%

5 % X W

[1] A8 BE 2 2o WP 27 4 i e 2 5 M 1 A5 2 28, v (] B 0
T2 R 15 U0 3 2 il e 2 5 il ol 678 A 28 D 2, 4 Tl il
FE LN AR B IR MER, 55 . b B sl ks 2 SR YT
(2021 BR)[J]. HrdeEE244ik, 2021, 101(1): 11-51.

HUMBERT M, KOVACS G, HOEPER M M, et al. 2022 ESC/
ERS guidelines for the diagnosis and treatment of pulmonary
hypertension[J]. Eur Heart J, 2022, 43(38): 3618-3731.

RERW], AR, TR BBk Hag Wibr i ke i 4l &%
Hgm ). hAEEE2EZRE, 2020, 100(22): 1684-1687.

HOEPER M M, HUMBERT M, SOUZA R, et al. A global view of

(2]

[3]

(4]

.54 .



&

9

g, 55 WSk A Wb S T ik

[6]

[7]

[8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

pulmonary hypertension[J].
306-322.

HESTER J, VENTETUOLO C, LAHM T. Sex, gender, and sex
hormones in pulmonary hypertension and right ventricular failure
[J]. Compr Physiol, 2019, 10(1): 125-170.
SHIMODA L A. Know your enemy:

Lancet Respir Med, 2016, 4(4):

understanding  the
pathophysiology of pulmonary hypertension[J]. Am J Physiol
Lung Cell Mol Physiol, 2020, 318(5): L995-L997.
SHARMA D, SHAH R J, SREENIVASAN 1J, et al. The role of
serial right heart catheterization in risk stratification and
management of pulmonary arterial hypertension[J]. Expert Rev
Cardiovasc Ther, 2022, 20(7): 543-547.
S, WEKR, L, % . NLR #% & LDL-C/HDL-C I AH 5 ACS
SR SR B Do A2 7 TR AR BE B AR DGR A 0], P AR AE EE R 2ok
227, 2022, 34(3): 274-279.
(311 PN, 7R o) IV O o e i 0 e U R (= G EA e e
R K ok 1 A fhe A o R P AR DGR 23 BT ], o el B B 2
75,2021, 31(18): 95-100.
JUTRAS-BEAUDOIN N, TORO V, LAJOIE A C, et al
Neutrophil-lymphocyte ratio as an independent predictor of
survival in pulmonary arterial hypertension: an exploratory study
[J]. CJC Open, 2022, 4(4): 357-363.
BILIK M Z, OYLUMLU M, OYLUMLU M, et al. Novel
predictor of pulmonary arterial hypertension: monocyte to HDL
cholesterol ratio[J]. 2022, 101(34):
€29973.
VALENTI A C, VITOLO M, IMBERTI J F, et al. Red cell

distribution  width:

Medicine (Baltimore),

a routinely available biomarker with

important  clinical —implications with  atrial

fibrillation[J]. Curr Pharm Des, 2021, 27(37): 3901-3912.
Y S, CHANDREGOWDA, CP D G. Relationship between red

in patients

cell distribution width and clinical outcome in patients with acute
coronary syndrome[J]. J Assoc Physicians India, 2022, 70(4):
11-12.

BELLAN M, GIUBERTONI A, PICCININO C, et al. Red cell
distribution width and platelet count as biomarkers of pulmonary
arterial hypertension in patients with connective tissue disorders
[J]. Dis Markers, 2019, 2019: 4981982.
SMUKOWSKA-GORYNIA A, TOMASZEWSKA 1,
MALACZYNSKA-RAJPOLD K, Red blood cells

distribution width as a potential prognostic biomarker in patients

et al.

with  pulmonary  arterial hypertension and  chronic
thromboembolic pulmonary hypertension[J]. Heart Lung Circ,
2018, 27(7): 842-848.

YANG J, LIU C M, LI L L, et al. Red blood cell distribution
width predicts pulmonary hypertension secondary to chronic
obstructive pulmonary disease[J]. Can Respir J, 2019, 2019:
3853454.

JIN Y S, GUO G J, WANG C, et al. Association of red cell
distribution width with pulmonary arterial hypertension in

patients with mixed connective tissue disease[J]. BMC Pulm

55

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

(29]

[30]

[31]

Med, 2023, 23(1): 299.

TOMASZEWSKI M, BEBNOWSKA D, HRYNKIEWICZ R, et
al. Role of the immune system elements in pulmonary arterial
hypertension[J]. J Clin Med, 2021, 10(16): 3757.

HOSSEINI A, GHARIBI T, MAROFI F, et al. CTLA-4: from
mechanism to autoimmune therapy[J]. Int Immunopharmacol,
2020, 80: 106221.

TOMASZEWSKI M, MALKOWSKA P, SIERAWSKA O, et al.
CTLA-4 expression is a promising biomarker of idiopathic
pulmonary arterial hypertension and allows differentiation of the
type of pulmonary hypertension[J]. Int J Mol Sci, 2022, 23(24):
15910.

TRAN Q, SUDASINGHE A, JONES B, et al. FAM171B is a
novel polyglutamine protein widely expressed in the mammalian
brain[J]. Brain Res, 2021, 1766: 147540.

QU L H, LUO W J, YAN Z G, et al. FAM171B as a novel
biomarker mediates tissue immune microenvironment in
pulmonary arterial hypertension[J]. Mediators Inflamm, 2022,
2022: 1878766.

O'BRIEN J, HAYDER H, ZAYED Y, et al. Overview of
MicroRNA biogenesis, mechanisms of actions, and circulation
[J]. Front Endocrinol (Lausanne), 2018, 9: 402.

XU J H, LINNEMAN J, ZHONG Y F, et al. MicroRNAs in
pulmonary hypertension, from pathogenesis to diagnosis and
treatment[J]. Biomolecules, 2022, 12(4): 496.
SANTOS-FERREIRA C A, ABREU M T, MARQUES C I, et al.
Micro-RNA analysis in pulmonary arterial hypertension: current
knowledge and challenges[J]. JACC Basic Transl Sci, 2020, 5
(11): 1149-1162.

HUANG Y, WANG Z G, TANG L, et al. Plasma exosomal miR-
596: a novel biomarker predicts survival in patients with
idiopathic pulmonary artery hypertension[J]. J Int Med Res,
2021, 49(3): 3000605211002379.

DUZGUN Z, KAYIKCIOGLU L M, AKTAN C, et al. Decreased
circulating microRNA-21 and microRNA-143 are associated to
pulmonary hypertension[J]. Turk J Med Sci, 2023, 53(1):
130-141.

RAUCCI A, CUGUSI S, ANTONELLI A, et al. A soluble form
of the receptor for advanced glycation endproducts (RAGE) is
produced by proteolytic cleavage of the membrane-bound form
by the sheddase a disintegrin and metalloprotease 10 (ADAM10)
[J]. FASEB J, 2008, 22(10): 3716-3727.

YAMAGISHI S I, MATSUI T. Soluble form of a receptor for
advanced glycation end products (SRAGE) as a biomarker[J].
Front Biosci (Elite Ed), 2010, 2(4): 1184-1195.

DIEKMANN F, CHOUVARINE P, SALLMON H, et al. Soluble
receptor for advanced glycation end products (SRAGE) is a
sensitive  biomarker in  human  pulmonary  arterial
hypertension[J]. Int J Mol Sci, 2021, 22(16): 8591.

JANKOV R P, LUO X, CABACUNGAN J, et al. Endothelin-1

and O2-mediated pulmonary hypertension in neonatal rats: a role



EBREAE

i34 %

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

for products of lipid peroxidation[J]. Pediatr Res, 2000, 48(3):
289-298.

KOPEC G, WALIGORA M, TYRKA A, et al. Low-density
lipoprotein cholesterol and survival
hypertension[J]. Sci Rep, 2017, 7: 41650.

HUANG J, AN Q, ZHANG C L, et al. Decreased low-density

in pulmonary arterial

lipoprotein and the presence of pulmonary arterial hypertension
among newly diagnosed drug-naive patients with systemic lupus
erythematosus: D-dimer as a mediator[J]. Exp Ther Med, 2022,
24(3): 595.

CHEN J Y, RATHINASABAPATHY A, LUO J, et
Differential serum lipid distribution in IPAH and CHD-PAH
patients[J]. Respir Med, 2022, 191: 106711.

UMAR S, RUFFENACH G, MOAZENI S, et al. Involvement of
of
pulmonary hypertension[J]. J Am Heart Assoc, 2020, 9(2):
€012063.

TAPIERO H, TOWNSEND D M, TEW K D. Trace elements in

al.

low-density lipoprotein receptor in the pathogenesis

human physiology and pathology. Copper[J]. Biomed
Pharmacother, 2003, 57(9): 386-398.

AHMED T, SACKNER M A. Increased serum copper in primary
pulmonary hypertension: a possible pathogenic link? [J].
Respiration, 1985, 47(4): 243-246.

POELS E M, BITSCH N, SLENTER J M, et al. Supplementing
exposure to hypoxia with a copper depleted diet does not
exacerbate right ventricular remodeling in mice[J]. PLoS One,
2014, 9(4): €92983.

BOGAARD H J, MIZUNO S, GUIGNABERT C, et al. Copper
dependence of angioproliferation in pulmonary arterial
hypertension in rats and humans[J]. Am J Respir Cell Mol Biol,
2012, 46(5): 582-591.

WANG L, ZHANG W, LI C, et al. Identification of biomarkers
related to copper metabolism in patients with pulmonary arterial
hypertension[J]. BMC Pulm Med, 2023, 23(1): 31.

UFNAL M, ZADLO A, OSTASZEWSKI R. TMAO: a small
molecule of great expectations[J]. Nutrition, 2015, 31(11-12):
1317-1323.

HE S Y, JIANG H, ZHUO C L, et al. Trimethylamine/
trimethylamine-N-oxide as a key between diet and
cardiovascular diseases[J]. Cardiovasc Toxicol, 2021, 21(8):
593-604.

KE Y L, LI D, ZHAO M M, et al. Gut flora-dependent
metabolite trimethylamine-N-oxide accelerates endothelial cell
senescence and vascular aging through oxidative stress[J]. Free
Radic Biol Med, 2018, 116: 88-100.

YANG Y C, YANG B L, LI X, et al. Higher circulating

56

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

trimethylamine N-oxide levels are associated with worse severity
and prognosis in pulmonary hypertension: a cohort study[J].
Respir Res, 2022, 23(1): 344.
GUIGNABERT C, DORFMULLER P. Pathology and
pathobiology of pulmonary hypertension[J]. Semin Respir Crit
Care Med, 2017, 38(5): 571-584.

LOPES A A, BARRETO A C, MAEDA N Y, et al. Plasma von
willebrand factor as a predictor of survival in pulmonary arterial
hypertension associated with congenital heart disease[J]. Braz J
Med Biol Res, 2011, 44(12): 1269-1275.

MANZ X D, SZULCEK R, PAN X K, et al. Epigenetic
modification of the von Willebrand factor promoter drives
platelet aggregation on the pulmonary endothelium in chronic
thromboembolic pulmonary hypertension[J]. Am J Respir Crit
Care Med, 2022, 205(7): 806-818.

CAN M M, TANBOGA I H, DEMIRCAN H C, et al. Enhanced
hemostatic indices in patients with pulmonary arterial
hypertension: an observational study[J]. Thromb Res, 2010,
126(4): 280-282.

MOHAMED M F, ALI A, ABBAS A, et al. Mean platelet
volume as a predictor of pulmonary hypertension in patients with
stable COPD[J]. Int J Chron Obstruct Pulmon Dis, 2019, 14:
1099-1108.

OGAWA A, MATSUBARA H. Increased levels of platelet-
derived microparticles in pulmonary hypertension[J]. Thromb
Res, 2020, 195: 120-124.

SHITRIT D, BENDAYAN D, RUDENSKY B, et al. Elevation of
ELISA d-dimer levels in patients with primary pulmonary
hypertension[J]. Respiration, 2002, 69(4): 327-329.

VONK NOORDEGRAAF A, WESTERHOF B E,
WESTERHOF N. The relationship between the right ventricle
and its load in pulmonary hypertension[J]. J Am Coll Cardiol,
2017, 69(2): 236-243.

KERANOV S, JAFARI L, HAEN S, et al. CILP1 as a biomarker
for right ventricular dysfunction in patients with ischemic
cardiomyopathy[J]. Pulm Circ, 2022, 12(1): €12062.

KERANOV S, DORR O, JAFARI L, et al. CILP1 as a biomarker
for right ventricular maladaptation in pulmonary hypertension[J].
Eur Respir J, 2021, 57(4): 1901192.

(K %)

AR5 AR (IHLe, a8, X, 55 ISk IR A rhRas
YIRS R[], R E AR B 2R 44, 2024, 34(9): 50-56.
Cite this article as: HE ZY, LI S L, LIU W, et al. The progress in

research on biomarkers of pulmonary hypertention[J]. China Journal
of Modern Medicine, 2024, 34(9): 50-56.



