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Abstract

Pulmonary hypertension (PH) is a clinical and pathophysiological syndrome characterized by in-
creased pulmonary vascular resistance and elevated pulmonary arterial pressure, with poor prog-
nosis and severe global disease burden. Neutrophil extracellular traps (NETs), a network released
by activated neutrophils, play a critical role in chronic inflammation, vascular remodeling, and throm-
bosis, providing novel insights for early identification and therapeutic strategies in PH. Hence, this
article reviews the role of NETs in the pathogenesis and progression of PH, as well as explores po-
tential treatment approaches targeting NET's.
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1. 5l

Jiti 2 ik 1= He (pulmonary hypertension, PH) 45 H1 25 i PAAT A L] -5 S0 L4 45 44 s Dh Re e Ae, 5
FEC I 110457 BEL D ARt B0 R 0 T v R0 R A B AR BRER G AE, WK R BUA O3 s L AR T [1] . I HAVRAT A
W], 2R PH BREL 1%, HAUEHZE, &R KR 7148 [2] [3]. PH A& LUR 542K
ikt PH (pulmonary arterial hypertension, PAH); 72 0oy FITEL PH; - il 22 953 A (SRS FT L PH; 12k
I #ZEVE PH (chronic thromboembolic pulmonary hypertension, CTEPH) (k) H At fiti 5 kot ZE44: 5% B
FHPH; JEEAAE)Z R PH [1]. S EBRIERERH PH & Oh: P, #ERET, &40
ARG A 52 T4 il 3 ik s (mean pulmonary artery pressure, mPAP) > 20 mmHg [4]. A0S ERKEERN
HizWretrdt, b TIAEINE, ERINZKPRA R, T8 O3B &R A hs S YALE 2 Wi dE i
PERRE R EAAEA R . A PH BERIEIT VIR O A . A R OB B4/ M. I, S5k PH G
IR EHIZ W T R R 7 S s A S I R

e 4 240 A A 4875 48 99 (neutrophil extracellular traps, NETS) 2 F A4 A o s 4 i 28 5 28 B 470 F— i
Bk Ky 7 A, HPPIREE #0355 4L 7 W DNA (double-stranded DNA, dsDNA) M HE H . 61T 4
1k ¥ (myeloperoxidase, MPO). 3% 2 [ fil§ (neutrophil elastase, NE)Z: £ Fhiiki & 1. #F NETs it i
W EREE T R AE I SETS, PR 9 NETosis [5]. 4F [ A AM 78 K LI B ik & & B8 53R NETs &
P& E, NETs EMEh Ik m R R A R i A — @ fER[6]. ARZRIREN N NETS £E /M50 ik = He 1)
KA R AR AT R, BRI PH (R IR 5 KOG 7 S8 s R A % .
2.NETs 5 PH WX &

2016 4, Albabbous [IFA 1 IXTE iPAH B3 L ZH &I NETs [7]: DNA. MPO J R M4
i 3 (citrullinated histone H3, CitH3)7E M ZEVE MR A E 48 H NETS JI R 5% B g I oS 2 R Mot WV Jie
iz 4 (Peptidylarginine Deiminase 4, PADA) RH 1 i 14 FL 240 fitd 7 A - 2 98 o /e B J i A7 ] Bl ¢ IR X o b
J&, E WA FLE— RS T PAH B KA NETs S HAR SR s, FFRFE T NETs £ %

ik
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FPH HHIMER . BEAEWEFURIN, PAH B3 MK NE 5500 ™ EAR XA R TG HOC[8], ML S iiH 4]
1 MPO K- 5 M0 7154 D IRe T B S A AR 2 AR A RIS ST AR OC[9] . MIAES IR
I NE RI4% L SO R, fEiE N R DhREIEE A SO DIRER ., FEARIE T2 [10]-[14]. IEIHBFFER
B, PAH MK NE FNPAYRVED 300 8 0 5 B AR (HERV-K) K P &, IFnT S/ U B ik =
J&, 1 NE S5 K& 5o 2 259 elafin rIZEfRx — kg, $&8 NETs 5 iz ik e 1 & 4 & A 9 [15].
A JE I e 20 B 94 L 48 L EL 42 (neutrophil to lymphocyte ratio, NLR)JH 4% PAH A1 CTEPH [l 7 A
RIS HEFR, & o MR g0 i i B 76 A 5 B i A AE 5 [16]-[19] . AR AR T NETs 1ESN Ik R4 1
YER, $5 7 HAE CTEPH REHLE T i4E I [20]. Kevin Didier £k B, ARGV AH IS flish ik 15 B
Fh NETosis FFEAFETE[21]o 1R S RN TR AR Btz ik i 1 82 v, sk NE 3% 14 A 2 2 el 4o 1
[22]. ARSI T B TLRA/NLRP3 {5 53l B A1 31 N 4RIk AL TP 5 3 KB PH [23], 1 NETs 5
BREET: Z [ AF(E IR IEE R [24] [2513F— 5378 T NETs 5 PH [ &

3. NETs #£ PH Sy RIRH &

A JORE M S /2 PH R BLERBLNUAC R 3R 2 —[4]. BRAERE i8R, NETs AMUAEME M 2T
BABEZEEMN, WolRBUN K IRekeg . (e i &g 140 i (vascular smooth muscle cells, VSMCs) 1iT
FEREAA . (A R AR TERR[6] [26], WIRE S| RCGBN KA e kAT e peAs . PAIZE, I BE 1, M
T 51 & 30 ik s s

3.1. NETs @it IS 4 FEF N B R 45

TR I PH B3 PR Rho W I8 6 7 5 0TS [27] » Rho AH JSH A6 i B2 i B8 (Rho associated
coiled coil-forming kinase, ROCK) A] & 2 i3 A0/ R (IL)-6. #&LIR T {4k 2 (C-C motif chemoat-
tractant ligand 2, CCL2) 1 e PR AL Kl 1-(TNF)-a S5 2 2 4B R 1 IR, TEOR RAE K % 82[28,29], DKz
i 0L A B MR M s 1T TNF-as IL-1+ 1L-6 2542 8 A7 1] P2 2 — BAL R A WS MR R,
—EAEREBOR D, EF— E A B b T S SURES, S EUN AT IR ThRERERS, Sy AT — 2R
HER PRI AN MU SEEE, T RRIOAE S N R 35005 (P 2R o BRAE SCHikIiRIE, MPO = ELii i DL R Mg 12§38
P DHRERERS : B0 Rho R[S 5 1@EE, SHUA KL IhEERRS[9] [27]; 5 NADPH %A HE= AL 176 M4
(reactive oxygen species, ROS) W [FfE I, TE Rl M8 R G A AR BE[30], FEUN KM —FA RS R,
BT A R 40 i (endothelial cells, ECs) [31], 512 ML &7 Tk AT A1 B B3G50 . IbAh, A0 PITE 5250 5%
RIS NETs BI%[32], TERGE R Mmt. NE Rl MR 8 B, Bt & B 7 42 iR (Elastin-derived
peptides, EDP), o LA {46 iE-k (19 4 43 vl B I A0 RE S s 5 — 7 THI B P9 B2 0 MR 3% 1L-8. CCL2
ST, FEEZRERE, Bl “NE-RE” 1IERBE[33]; & nI 75 F 10 48 & H 5 (matrix
metalloproteinases, MMPs) 73 ¥A[34], BRI 3L, B A, T S 2N B i . NE b nlidid
0] BMPR2 {55, SEUMzshk ECs il FEIHT-[8]. B4k, NE w5 MPO #h[FIfEH ™4 ROS [35],
Y R T BE RS .
32.NETs &£5pmMEESE

NE i i #ifi] BMPR2 {5 5%, ‘33 VSMCs i FEHEFE[36]. NE i 1] Hli# MMPs 43 #4[34], i B
IR 1 JRRE & S5 A0 41 5 (extracellular matrix, ECM) 7y, S 9R40RIERS AE 77, feit i & &

G A M T R [37] [38]. LbAh, iR A A=) EDP W] EL4%3% ECs [33]81 VSMCs HE5H[33]
[39], 55l i BE 1 5 K Wi AR A T . BFFUR I, NE 3 PEFRR S i 5 A 100 #4540 55 [10]-[15], #E—

DOI: 10.12677/acm.2025.1541018 960 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.1541018

sk, BUEF

BWAET NE 7EMl M B /EF . MPO F Ho02 3% P9 B4 Toll #£524K(TLR) 4 S8 NF-«B &
ik B, AHE R 2 (1ICAM)-1. MMP9. R 456 EGF FEAEK K1 (HB-EGF) &8 (2 N B2l #% K s AE
KRG S A mE R, R fEE[7]. MPO i&rl i@t 5 ROS WhFEVER, it e K o
AALRAEE[30], i@id SMAD. MAPK. Rho-GTPase £ 5 i@ M id b A5 LA K7 B (transforming
growth factor 8, TGF-p)(& SR, KRIF(IELAEMWAER, ik B EEE[31]. thah, MPO HIHIFITES Pyt Al
AT YRR AL A I BB AA [40], BB RE T MPO T fili I B A PEF

R0 A R Rho SEEE 6 1) S 0 B [27], RIS R IL6 250 R 4N M IR F 1 3RIA 28] b4k, B
FRIL PAH B3 IL-18. IL-8 /K FRETFE[29]. 1 IL-18. 1L-6 AT VSMCs H44H . J8/b H T
(VR T, ] 5 S50 I A B 19 SR EF i B A5 [41]-[43]: 1L-8 W15 ECs 7235 AE 77+ 18 MMPs (155 [44],
HETT AR I AR B, AR PAH 1 “ S8 0E — I E B 7 SRR IA . hAh, NETs mlid 5% ECs N K& (ET)-
1 MRk, Hl VSMCs S 35, ek e BESG )R, Inid i i P ZE R AR [ 7], Bl E AR, NETs
AJ DU I S H A BiE 45 #4038 25 (CCDC25) A5 1) ILK/B-parvin/RACL 38 % 5 i fiti 5 ik VSMCs [ 4 A
YL E BRI AL [45], AT SZMa % A0 BT Re[46], X PAH ik %5 ¢ HE 21[47] [48].

3.3. NETs 5m## ik

It 3 ik v I 6 38 0 3 A 1 LA P 3 7 R e I T e S 5 [49] . 9T 27k MPO Al NE AT B H2 80 6k L. [
T, M PUEE R [50] [51]. NETs KIS A & MPO Hl0E A 40, iR 1 FIEEp o 7
Fik, #E—BHORA RS R TR [52]. NETs SKIUE 2L [ % MPO A il 3 /NI A4 0 i 5
B, WA R LGB I P-IE B R IPSGL A5 H R A 75 AL, i ik ¢ & 2 -GP1b Al CCR1-CXCL4/CCR5-
CCL5 #HHAEH 8k HMBGL {5544 315 S NETosis, AWk NETs[26]. NETs {EAMURG ), w5/
W45 G IR RS, ARSI EE L 4E[53], Mok M ke Aa e ME[54]. TRtk 4 i 55 /N s 2 1)
A EAEREIE 5, B4 SRR e =AM E . ficies], NE o5 MPO WhRIVEH =
4= ROS [35], M7t ROS AI{iek Mk [55]. th4h, Kesturu S. Girish FIBAAEL, ZRIET-HSFH
NETosis 3 T CTEPH &3 I ilike ZEFE il AN Untk, NETs M@t TGF-4 15 58 115 T e 47 414k,
NI T BUMAR 5 faf IR BRAEIR , Rk AR 35 A N AT b i e PHZE, MM 520 CTEPH [56]. HFFE K
Pl NETs P B i S AZ B % IR B (DNase) | Ik AR VA MA[51], Wik— B4R T NETs 5 AR S 2%
E

4. ¥8[5) NETs BUEERIT SRR

BILAIWT LR T NETs £ PH Am ML R 2R . R HRTERXT NETs 3697 PH f8TF b,
BB T QA AE AR SEIR MBI th o 7 R R, 30 NETs Wl At . A Bt e .
M, NETs A 22 RCAuARK PH AT S ERE A, AHET XL AU PHIGYT 2 S oA R A B, L
TR REHE) T F I PR S Bk P A 7R B 5E 2 i SRR U e e PR E T BRAIE

4.1. EHFEPEM NETs

DNA & NETs FIE 2y, RImE R OCHERY, DNase | 2FFff NETs IR HEZE R K. /£
FERFFEH, DNase | 4% FH T4 NETs [57] [58]. Farrera Z5fHfF 55 %81, NETSs #4714 T- DNase | A1
ENEgf. =ik DNase | 1A RUBF#E NETs, 1MAHIKRE DNase | Lk LIx—id 72, "TagEE DNA
FAE R R Sy A IR B, AT 5 V40 B NETs B35 FR[59]. b4h, BF7T % I DNase | 7] {23 1t
Feisfd, BEmiiEss PH R [51].
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4.2. HP%) NETs 2%

PAD4 fZTE i CitH3 [IOCHERG . XM TR BR R RN NG, B OHE AN IER
fif, MM HIS52H 5 15 DNA Z [ EF A EAEH, SEURERYE T DNA B, 25 NETosis [60].
PADA F 7] i T HAER (0L 22 454, R I PADA 3k 7 [60] BUAE WF TR 1 iZA4M 57 28 O if.
BRI EIR T ME[61]-[63], {2 H AT M CHRTT PAD4 %t PH Bedm gk s mi AR A 78 . ik
Ab, GORTSCATIA, NE 0055 rT s ARGk 7, %% i B A[11] [15]; MPO il 771 af 2 S A 42473 i
M EHI[9] [64]. HAT, —IyEMS N NCT03522935 PRIk ik NSLHif B, B 75 R G0 1EAE elafin 78
PUPH JAIT R 2 M S E R0, 290 E BT 2 PH MIGIRIGTT - RUZIIAZ i IS N R i = A
BAMSY KMERER, & PH MEERMEIRTT, AOFFset T 308 B i) o P b 4 i 0 Bt SR it
& K NE B3 PAH J5 1% (A AN LI [65]

ROS 7 NETs A= rhitc 5 B 24 HI[66]. Zeng S5 AL, P4 BEME AT S5 W ) o a4 i =
A4 ROS, FHPHAFA R ROS 1 NETs JE[67] [68]. M2 2 — M EAG Hrstis AT e 1F H 1 2 D) Rebi iz
TNE, wlHm bR A s 1k, TR NETs (77 4E[69] [70]. BEAk, B FEEEASMRTT 254 A — F XL
AT LA 2 NETs MITERK, FERIMEH MPO 28 NETs beEX/KF, FR08b o1 & i rb Mok 2 i i 45
&, B AEHH] NETosis AH G 98 RE 0 O /1 3855 [71] [72]

4.3. BREIBITREE

2 Wil R FEUE T PH SR 254 Fr BTG A a7 B 253R T RERUS S 477 24 [73]-[75]. IAITi, NETS #
[FIZ4) 5 N B RS2 ARAE UM WEIR Il 5 RG] A8 R e L 40 PAH #LFYTILS S, BivFE PH
BT IHT 1A .

5. /g5

L8 L RTA, A ) Rl RE e B I EE M PH A OCEEBUW R 35 . NETs l il AN [RIHLA 51 e g i
RIE N IhRERRAG . M8 E R AR, 16 PH KRR BAEZEH. HETPREEED T
PAH, XA PH FIHE RIS MAAAEAE, T, NETSs £E PH AR R o i 3 AR I et — 20
WE . H NETs B INAAAE SRR, £ PH 2B IR N LR BRI RS . Y77, HAE N E A
J7 SN B ), I S B S AR, A kAR . ARRATY T 2 SR PR e A
FCo DR R EAE RIS IR R AN B, HEShEERE 5 1 RBT T e 1k .
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