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H: BrA ) LRrgetE ik & (Persistent pulmonary hypertension of the newborn, PPHN) & # 4= )L
FORE WA S W, H R BRI AL G PR e A, Sl S IR LE . B B AL
Ntz IR L4 (Pulmonary arterial smooth muscle cells, PASMCs) ()38 4= S Ui v /N5l ik 22 4.
AHEFERAL PPHN [RBHLH], 8RS ST SRR DL R AR Y, R/ TIP3 (Low
molecular weight heparin, LMWH). [l N 4 KK (Vascular endothelial growth factor , VEGF)
N R AME S R (84§ 1/2 (Extracellular signal regulated kinase1/2, ERK1/2) 15 538 /& 75 G
A5 s LT Y UL S 8 R S S Bk L B, T S R AR I S K e TR I R AR R R AR LR R
PRl B0 ik e e 1R 97 SR LT I L

T3k MR AU AT S e D) M FE Rt A T4, # 36 JUBTAE I BRI N, —H e X, 4
oA SRR 41, PPHN 41. PPHN+DMSO 41 . PPHN+K iff i 2 #4841 . PPHN+DI 1% 5 41 41 .
PPNH+UO0126 2H . SO0 2H M4 04 547 ] 25 7 7L BUSE R VR SR AR LR B 2454 — IR, XHZH J2 PPHN 20
PR RIE S S B AREK, JEPEIE 14 K. T8 15 K, RITEEERK 3-4 /N, #4720
(1) B A 0 = 2 B A 2 0 S S e (RV SP) H B /N BRI B B R 01 00, /s BRIBI B, B 0
g, WHEAOEEERE, HEd HE Qe WS ME LM SRS, A GREHAL . Western
blot 2577Vl PCNA. VEGF. ERK1/2. pERK £ IRE R Il $RBCHT A FU R A R A L& 7
WA 42T A& AF o AR S WA A IREDMSO A ARG TN [R5+
DRI R +U0126 4, RAHMMNE T =IEFMN, R4 TAHR Y 24h J55¢
G R, B IERAF A, B BT RRSEES . CCK-8 SEIARAa M4 fu i SoE 1 i, @it
Western blot A& fifi IfiL & >F-13 IL40 i  VEGF. ERK1/2. pERK. PCNA &£ IE.

Zi3: (1) VEGF. ERK1/2 Al pERK FEfifi L& Tl 547 KA,  HARRSASEAF N RIEACTHE 0,

IREESRAT T ARRE 1 P LA M A 5 . (20 FEARSESRAE T, 2073l VEGF Rl ERK1/2 {55
BRI FEAIC VEGF HIZRIAAT ERK1/2 RIBERRAL/KT, AT 1 il - L 4n pe g5, A Bh T
S sk e S R R AE AR R . (3) IRy T AT AT LA VEGF & ERK1/2 BET i KA 51K
PASMCs 458, FEACHiENIKE Sy, Wi/ oA O ENEEREEE, A BT ook sl bk s s i) A AR AR

2518 ARFESRAT R RS VEGF Al ERK1/2 8ER(E 5, 3 EUMBh KT UL 08 7 et /e B2
JFF 2R ATHI] VEGF A1 ERK1/2 15 538, BE im0l il s kv DLAn e 0858, - i B 25 PPHN
HIR A TR o

SEA: HE USSR 184 TIF%: VEGF; ERKIA



Abstract

Objective: Persistent pulmonary hypertension of the newborn (PPHN) is a common disease in neonatal
intensive care units (NICUs), and its main pathogenesis is an abnormal transition in the pulmonary circulation
that causes severe hypoxemia. The main pathological mechanism is the proliferation of pulmonary arterial
smooth muscle cells (PASMCs) leading to remodeling of small arteries in the lung. In the present study, we
simulated the pathogenesis of PPHN and established an animal model and a cellular model through hypoxia
induction to investigate the effects of low molecular weight heparin (LMWH), vascular endothelial growth
factor (VEGF) and extracellular signaling. We investigated whether low molecular weight heparin (LMWH),
vascular endothelial growth factor (VEGF), and extracellular signal regulated kinase1/2 (ERK1/2) signaling
pathways could reverse the proliferation of pulmonary vascular smooth muscle and pulmonary arterial
vascular remodeling, and thus improve the development of persistent pulmonary hypertension, and provide

new ideas for the treatment of persistent pulmonary hypertension in neonates.

Methods: The modelling was carried out based on the successful pre-modelling of our group, and 36 neonatal
suckling mice were randomly divided into six groups of six mice: control group, PPHN group, PPHN+DMSO
group, PPHN+Enoxaparin sodium group, PPHN+Bevacizumab group, and PPNH+U0126 group. The mice
in the experimental group were given intraperitoneal injections of the appropriate dose of drug once a day
according to their body weights, and the mice in the control group and the two groups in the PPHN group
were injected with an equal amount of saline every day for a total of 14 days of feeding. On the 15th day, the
mice were fasted from food and water for 3-4 hours in advance, and the transcostal right ventricular puncture
technique was performed to measure the right ventricular systolic pressure (RVSP) to determine the
pulmonary artery pressure of the mice, and the chest cavity of the mice was cut open to remove the
cardiopulmonary tissues to calculate the right ventricular hypertrophy index, and to observe the morphology
of alveoli and pulmonary vasculature by HE staining, as well as to detect the PCNA by immunohistochemistry,
Western blot and other methods, VEGF, ERK1/2, pERK protein expression. Primary pulmonary vascular
smooth muscle cells from neonatal mice were extracted and divided into the following six groups according
to the intervention conditions: Normoxia group, Hypoxia group, Hypoxia + DMSO group, Hypoxia +
enoxaparin sodium group, Hypoxia + bevacizumab group, Hypoxia + U0126 group, cells of the Hypoxia
group were placed in the triple-air incubator, and the molding was completed after 24h of the corresponding
intervention drugs were given respectively, and the molded cells were taken out to further carry out scratching
experiments, The modelled cells were taken out, and the cells were further subjected to scratch assay, CCK-
8 assay and other assays to detect cell proliferation and migration, and the expression of VEGF, ERK1/2,
pERK and PCNA proteins in pulmonary vascular smooth muscle cells was detected by Western blot.

Results: (1) VEGF, ERK1/2 and pERK were all expressed in pulmonary vascular smooth muscle, and the
expression levels increased under hypoxic conditions, which promoted the proliferation of pulmonary

vascular smooth muscle cells. (2) Under hypoxic conditions, inhibition of VEGF and ERK1/2 signaling



pathway respectively can reduce the expression of VEGF and the phosphorylation level of ERK1/2, thus
inhibiting the proliferation of pulmonary vascular smooth muscle cells, and contributing to the improvement
of the occurrence and development of pulmonary hypertension. (3) Low molecular heparin can inhibit VEGF
and ERK1/2 and thus inhibit the proliferation of PASMCs induced by hypoxia, reduce pulmonary artery
pressure, and attenuate the degree of right ventricular hypertrophy in mice, which contributes to the

improvement of the occurrence and development of pulmonary arterial hypertension.

Conclusion: Hypoxic conditions activate VEGF and ERK1/2 pathway signaling, leading to proliferation of
pulmonary artery smooth muscle cells and promoting vascular remodeling. Low molecular weight heparin
inhibits the VEGF and ERK1/2 signaling pathways, which in turn inhibits the proliferation of pulmonary

artery smooth muscle cells, thus contributing to the amelioration of the onset and progression of PPHN.

Key words: Persistent pulmonary hypertension in newborns; Low molecular weight heparin; VEGF;

ERK1/2
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F1EZH/H B

A LRF S sl ik s - (Persistent pulmonary hypertension of the newborn, PPHN)
& PR EEEAE, ERRIER ZHEM, &M HARERE N Z M NLEE N, H
T AR G IR Rk, SRR IE P, S B ) e il MR i, BA K
P E AR ARUALE o 78 B A G il i A8 B SN P LEG AR, R VA B I i S B
OB, H FTIG ARG SRS EEE S IR S S LS AT — S 4L E (Inhaled
nitric oxide, iNOD E(PUMUBARLYNGST . RAEICA bt [ 7 1w B A FALE A ) L
PESRRS ) T fRA Pk R, (AR AN IR R AR BB, 4K 24 PPHN &) LA &
HILFE 2 H L, A RZ 2% 62 = )L, 1/ H PPHN B8 JLIE T RAKIRTE
5%-10%7% 47, A R KSR, HARIR B A ) LEAE Ma 3795 s e 21 2 1 3= 22 [A]
2B PRI ERZ PPHN ¥ 15 I A m AL AN - 48T a7 SR s AR U N B L,

PPHN [ B A= B 22 R A 3= ELE i if % BH 77 (Pulmonary vascular resistance, PVR)
whn, SEHIMRE (Pulmonary blood flow, PBF) Jii/b, [KIEIR [a] 420 B 480 & I & )ik
A, FEEME, ARIEEREEERCOP R ] fil R 4R, S PVR B
W, MBEHE PVR IFFEEF S, A% (Right ventricular, RV) RS2 [ g, w5
HALEEKR, #mslEA OENREZMALOEY K, PEEN SELLERS,
K PBF, INEACSEUMAE, /K] PPHN WFIH, XA — B EE S, H
B H AR B A A AT I R P, PPHN (R RN 2, —MRmTIHE5 M B =25
(D &MA RAL: il g A I, HIE SR, () JENIAA.
P-VE L P S G R s v S o SPYE LR R ZE (3 R, LA S e e 2138 A L
WAL IE S, SEUG)UEMHEE, KRR MEPPHN ZEYHERA; (3) KEARA:
it eH 23 B AN A FE AR BE M 20 Bk B o). B Fede e, I 55 38 A AL 1% 2 it i ik
I WL4HAE (Pulmonary arterial smooth muscle cells, PASMCs) 5% & 8 Al 15,
FEUMEFEVUZ R A FIES, A8 B 1 5 K/ i A8 FH 28, 3 1 5 S A i 32 4%
PVR 3800781, 1% o5 Ay, g 24 AR A3 i 2 ik w5 s T T s o

P& A& —Fh 2 2 BB 1 58 B (Glycosaminoglycans, GAGs) JRAW), HA IR
P ER, SEMATAED—EE) T ZH ThiEasT, CAP7 EE Ik e i 2 5E . K+
fit%& (Low molecular weight heparin, LMWH) #& 2518 i 4k 2% B A 56 A8 BT, A2 i)
FEBRANCTAM R =52 —, HEFRIMmREEHER, AMPHEE R, fEX
JSLEE AT RN 100, AR IR R A ORI, K IR R AR Z PRSI EE, BFEBUR
B PLRPURIZER T AR RN PUMBEER, EXERH T R, (K57
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FAE COVID-19 gL e Bt 28 S fimi 2 AR Y, FE82 @R 24K 0 I 20697 1
COVID-19 &, SinERIE B AHE, R AIGAREAR D T 60%12. 235
FORIL, LMWH 0] AFI i % 2 kP 3 LA e g 3 g, - o v i e 0 Ak o A g 2 2R 0131
ARSI N BB LW 7 st R I, 3R & LMWH A] DL 3 3 ke LA
MO IG5, 2 B A AT T T B A 8 ) A8 1 T UL 200 39 R A 55 1L % &5 A e MR T T R
FEE BRI, BP0 AR AR W LA ) 5256 R IR LMWH Y697 304 i 0 ik
P B R R LE AL, BE A RO 3E 8T A S il I A 1R s ALY A, X R A AT
KM, HZREAS5IME N EAEKKT (Vascular endothelial growth factor, VEGF) 15 518 4%
FHEAER AT 1 8 A I e sl sl RIS, ZERE IR 05 D A s, FFR M EIR
HIEE AT VEGF @k i 7 i A4 e /e U AR SR AR I RV TT 87 A2 ) LR SR 14 i
Bk R R I, FEIZ G PR AR rE RYEIE T BRI, H B GE B R TR AR LA
Fr2 U8, B B AT ARA ANBEFU 2R AE PPHN A /R AL

VEGF 7E ME A b #ii o £ R mEMER, HBORIL. 70 B pefEn] DUB i 4 —
T2 AR, VEGF ZEAEH T N 40, W JL/MHRHIEER, 41 VEGF-B. VEGF-
C ffia# =K KF (Placental growth factor, PIGF), {HA/5H VEGF-A 751 ML A= i fn
PR 7 T R OR¥E SR, S 0e /8 83 A i I AR . e ETRIAH ST B, VEGF
FE bR AEAC VL RS 1) 70 7 RO L i B R A 1, DLRGE — S0 R IR AH OC 1Y
PR B A B A OG0, FERESE g 4l s &2 b, VEGFRI1 [F3RIA AT LA §%6F VEGF 8
PIGF (3§58, B9t iRos, S nTiEd sk 175 2+ (Hypoxia-inducible factor, HIF).
FOARAR AT B R DL AR R 2R (a8 AR IR 7 I/ NORT A= AR K BR300 5R
AFERD WhH VEGF )31, VEGF {5 5ilid VEGFRI/R2 75 2 Miglign)iGsh, &%
WM TE . TR AETE, R MRS, A AR OIS RE A A A A E P
BRI KIAE R S REIaRY BOT 66 B 255 )L, VEGF Bifk J S AR 7E il b 5z
A RBAFRIE, 5 PPHN K28 AE AR (Bronchopulmonary dysplasia, BPD)
kAR IRAEETIN R R P,

2 M FIEEE AP (Mitogen-activated protein kinases, MAPK) & {R5FFEE
(122 2 1R/ 75 & B8 (Ser/Thr) & IR, EAMFHZ A R IEE EEZNER,
B H5MMIGHE. 5. T MBURM . TSR OCEE 54 S5 7R. H
BT DRI MAPK KRR ERK1/2 . ERKS (BMK1). JNK/SAPK. p38 i
S, LR G AS R A S R i AR O . R A AME S
B 1/2 (Extracellular signal regulated kinasel/2, ERK1/2) s& i RN 12 I,
R, FESHMMIGTE. . TR RS SE R FE AR, T ERKI2 5
WG EAEN, EMES AR Z, CHREWRIELES 54 s, a4
B BRIV BESUUL R S 2 MR IR AR R A )BT B G it gt IR B
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VEGF wliliid ERK1/2 {5 5l B S M8 AR, JR10, 7E PPHN 155 T ERK & 752
550V JUL i P 84 5 S50 I B R R AT U AR R D o

BT UL B, FRATHENIE R A ) L Se e sh ik & 5, VEGF X ERK1/2 {5518
BT RE S KB L IG5, SR ME =S, Mmedt PPHN FIKAEKE. M
JH 25 4R FH AT e AE T F0 i il 30 k1 UL M Ry G B, AT o5 e i oL 7 ey . 3 — R
A Y8 PPHN WIS PRIGIT et 00 S, ST 308 Bva 7 3 s dR ik n] R 1% .

AT FEAE AR TS T 7R ST 1 T AR/ BRI Zh ik s R (PPHN)AR Y, S ACHE TR it Y
AN WLANAE, 2 B4 TR FF R VEGE $H151) DUAR ST ERK1/2 #Hi] 71
U0126, JEAO=INSEE (Right ventricular systolic pressure, RVSP) 11540 = AR
JEAa %, T A H AL Western blot i il 42 1 il ifi 4 ~F- 1 JUL 20 i 166 B 40 i % Bt SR

(Proliferating Cell Nuclear Antigen, PCNA) & [ 3K1A M CCK-8 HiARf AN IG5E, 7
PrikvE TR 8AN VEGF 20 7I% ERK1/2 FIXHISM, HIBIRFHKE RN, VEGF K
ERK1/2 {5 5@ #% 4 PPHN FHHI1ERILE], PRAUEZ A BN PPHN 677 (8 L
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