
Deng et al. Respiratory Research           (2025) 26:61  
https://doi.org/10.1186/s12931-025-03144-6

RESEARCH

Mechanistic insights into the role 
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Abstract 

Endothelial dysfunction is a pivotal initiating factor in vascular remodeling in pulmonary hypertension. EGLN3, 
a hypoxia response factor, plays a significant role in cell proliferation and angiogenesis, which are closely related 
to the pathophysiological conditions of pulmonary hypertension. This study investigates the potential involvement 
of EGLN3 in the injury response of pulmonary vascular endothelial cells and its contribution to the development 
of pulmonary arterial hypertension. Research has demonstrated that in patients with pulmonary arterial hyperten-
sion and various animal models of the condition, EGLN3 expression is upregulated in the remodeled pulmonary 
artery endothelium. Notably, the endothelial cell-specific knockout of EGLN3 can decelerate the progression 
of pulmonary arterial hypertension, whereas its overexpression has the opposite effect. Mechanistic analyses reveal 
that under hypoxic conditions, JUN initiates the transcription of EGLN3 by binding to its promoter region. Subse-
quently, EGLN3 interacts with HUR to enhance the stability of EGFR mRNA, thereby activating the PI3K/AKT and MAPK 
signaling pathways, which ultimately results in endothelial cell damage, proliferation, and migration. These findings 
suggest that EGLN3 is a critical gene for maintaining endothelial function and vascular homeostasis and holds prom-
ise as a novel therapeutic target for the treatment of pulmonary hypertension.

Highlights 

•	 The study elucidated the role of EGLN3 in PH.
•	 This study explored the relationship between EGLN3 and HUR.
•	 This study revealed that EGLN3 transcription was promoted by JUN under hypoxic conditions.
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Introduction
Pulmonary hypertension (PH) is a progressive cardio-
pulmonary disease characterized by the remodeling 
of pulmonary vessels, muscularization of distal small 
vessels, and changes in the right ventricle [1, 2]. The 
pathogenesis of PH involves various cell types, includ-
ing pulmonary artery endothelial cells (PAECs), vascu-
lar smooth muscle cells, and macrophages, as well as 
multiple contributing factors such as genetic predis-
position, DNA damage, hypoxia, and inflammation [3, 
4]. Among these cell types, PAECs are considered pri-
mary initiators of vascular remodeling. Injury to PAECs 
can activate numerous molecular signaling pathways. 
Consequently, these cells respond to various injury 
environments and transmit a range of signaling mol-
ecules, including cytokines and exosomes, that regulate 
pathological changes in other cells [5, 6]. Consequently, 
improving endothelial dysfunction is a central focus in 
exploring the mechanisms underlying PH. In this con-
text, we hypothesize that an unidentified pathogenic 
protein, highly expressed in the PAECs of patients with 

PH, may promote remodeling of both the pulmonary 
artery and the right ventricle.

We analyzed the GEO163827 dataset to identify new 
pathogenic proteins and discovered that Egl-9 fam-
ily hypoxia-inducible factor 3 (EGLN3) protein expres-
sion was significantly upregulated in human PAECss 
(hPAECs) following hypoxic injury. Additionally, EGLN3 
expression was elevated in the lungs of patients with 
PH, in mice with hypoxia-induced PH, and in rats with 
Monocrotaline (MCT)-induced PH. EGLN3, a member 
of the EGL-9 prolyl hydroxylase family, is notably induced 
under hypoxic conditions [7]. This protein regulates vari-
ous cellular processes, including cell signaling, cell cycle, 
apoptosis, proliferation, and migration, and plays a cru-
cial role in tumor growth, progression, and angiogenesis 
[8, 9]. Although EGLN3 can be induced under various 
physiological and pathological conditions, its biological 
function remains largely unexplored. Whether EGLN3 
contributes to the development of PH remains uncertain.

The epidermal growth factor has emerged in recent 
years as a significant factor in the pathogenesis of 
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pulmonary arterial hypertension. The growth factors 
and other receptor tyrosine kinases are being investi-
gated as therapeutic targets for cardiopulmonary dis-
eases [10–12]. Studies have shown that various epidermal 
growth factor receptor (EGFR) inhibitors, such as gefi-
tinib and erlotinib, can significantly reduce vascular 
and right ventricular remodeling in rats with MCT- and 
hypoxia-induced PH, thereby effectively lowering pulmo-
nary artery pressure [13, 14]. Our research indicates that 
EGLN3 is significantly positively correlated with EGFR 
expression in PAECs, and the stability of EGFR mRNA is 
enhanced in EGLN3-overexpressing cell lines. This find-
ing suggests a role of EGLN3 in mediating EGFR mRNA 
stability; however, the specific mechanism of this regula-
tion remains unclear.

In this study, we analyzed public transcriptome 
sequencing data related to PH and found significant 
upregulation of EGLN3 in hypoxia-induced endothe-
lial cells. Experimental data indicated a positive correla-
tion of high EGLN3 expression levels with the severity 
of PH. Further mechanistic studies revealed that EGLN3 
enhanced the stability of its mRNA by binding to ELAV-
like RNA-binding protein 1 (HUR). This interaction acti-
vated the downstream PI3K/Akt and MEK/ERK signaling 
pathways, thereby promoting the proliferation and migra-
tion of endothelial cells. Using the JASPAR (https://​jas-
par.​gener​eg.​net/) and PROMO (https://​alggen.​lsi.​upc.​es/​
cgi-​bin/​promo_​v3/​promo/​promo​init.​cgi?​dirDB=​TF_8.3) 
databases, we identified the key transcription factor Jun 
proto-oncogene (JUN) as a regulator of EGLN3 under 
hypoxic conditions. Consequently, this study established 
a novel molecular regulatory axis in pulmonary arterial 
hypertension and suggested that targeting EGLN3 at the 
gene level could significantly ameliorate the condition 
and present a new avenue for drug development.

Materials and methodsmethods
Animals
The Tie2-Cre mouse strain was sourced from Genechem 
Co., Ltd.,. The strain was employed to generate endothe-
lial cell-specific EGLN3 knockout mice (EGLN3EC−KO). 
EGLN3EC−KO mice were produced by crossing Tie2-
Cre with EGLN3floxed/floxed mice. Following this initial 
cross, the resulting Tie2-CreEGLN3floxed/+ mice were 
backcrossed with EGLN3floxed/floxed mice. This breed-
ing strategy ultimately produced Tie2-CreEGLN3floxed/

floxed mice, which were designated as EGLN3EC−KO mice. 
EGLN3floxed/floxed mice were used as control mice, desig-
nated as EGLN3WT mice.

Additionally, AAV9-EGLN3-loxp (AAV9-EGLN3) 
and its corresponding negative control, AAV9 NC-loxp 
(AAV9-NC), were both developed by Genechem Co., 
Ltd. The Tie2-Cre rats were administered AAV9-EGLN3 

(1E + 11 viral genomes per rat) and AAV9-NC (1E + 11 
viral genomes per rat) through a single injection into the 
tail vein to create endothelial cell–specific EGLN3 over-
expression in rats. Following this treatment, the rats were 
monitored for more than 28  days. The control groups 
received only the vehicle, allowing for a clear comparison 
between the experimental and control conditions.

PH models in rodents
A mouse model of hypoxic pulmonary hypertension 
was constructed by placing EGLN3EC-KO mice and 
age-matched EGLN3WT mice in a ventilation chamber 
(Oxycycler Model A84XOV; BioSpherix, Ltd., China). 
The ventilation chamber was capable of regulating oxy-
gen concentration to either normal (21%) or hypoxic 
(10%) levels. The chamber was opened twice weekly for 
10 min each time to clean the ventilation area and replen-
ish food and water.

After 4  weeks of culture, the Sprague–Dawley (SD) 
rats injected with AAV9 adeno-associated virus reached 
a weight of 200–250  g and demonstrated stable expres-
sion of EGLN3. Subsequently, each rat was intraperito-
neally injected with monocrotaline (MCT) at a dose of 
60 mg/kg. Pulmonary hypertension gradually developed 
from day 0 to day 14. As a vehicle control, rats in the con-
trol group received intraperitoneal injections of normal 
saline. Following 14 days of MCT induction, the rats were 
sacrificed for measuring indicators such as right ventric-
ular pressure, as described in the subsequent section.

Parameter measurement
The rats were sacrificed by injecting 40 mg/kg of sodium 
pentobarbital intraperitoneally. Next, a pre-filled hepa-
rin copper PE-50 catheter (Taimeng, Chengdu, China) 
was carefully inserted into the right external jugular vein. 
Right ventricular systolic pressure (RVSP, mm Hg) was 
measured by connecting the distal end of the catheter 
to a multiconductor physiological recorder (Taimeng, 
Chengdu, China) through a pressure transducer. The 
recording of RVSP served serve as an indirect indicator 
of pulmonary arterial systolic pressure. The right ventri-
cle (RV) was separated from the left ventricle (LV) and 
the septum (S). The RV/(LV + S) ratio, indicative of the 
extent of RV hypertrophy (RVHI), was determined by 
weighing these specimens. The right lung was collected, 
immediately snap-frozen using liquid nitrogen, and then 
stored at −  80  °C for subsequent biochemical analyses. 
The left lung underwent initial perfusion with physiologi-
cal saline, followed by 4% paraformaldehyde. It was then 
excised and submerged in 4% paraformaldehyde for 72 h. 
Subsequently, the lung was dehydrated using a gradient 
of 20% and 30% sucrose solutions, and finally embedded 
in an optimal cutting temperature (OCT) compound. 

https://jaspar.genereg.net/
https://jaspar.genereg.net/
https://alggen.lsi.upc.es/cgi-bin/promo_v3/promo/promoinit.cgi?dirDB=TF_8.3
https://alggen.lsi.upc.es/cgi-bin/promo_v3/promo/promoinit.cgi?dirDB=TF_8.3
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Tissue slices were stained with eosin and hematoxylin 
(HE), and the percentages of medial wall area (WA%) 
and medial wall thickness (WT%) were calculated using 
the following equations: WT% = (WT/external diam-
eter) × 100; and WA% = (medial WA/ total vascular 
area) × 100. Each experiment was replicated at least three 
times.

Immunofluorescence and in vivo proliferation
Lung tissue Sects.  (5 μm) were rewarmed at room tem-
perature for 10 min and then rinsed three times with PBS 
to remove OCT. The sections were then treated with 0.5% 
Triton X-100 for 15  min, followed by three additional 
rinses with PBS. The goat serum was subsequently added 
for blocking to eliminate nonspecific binding sites. Dou-
ble immunofluorescence staining was performed using 
primary antibodies against EGLN3(1:200 ab184714, 
Abcam) and VWF (an endothelial cell marker, 1:200 
ab6994, Abcam). The slides were incubated with the cor-
responding Alexa 488 or Alexa 555-conjugated secondary 
antibodies, and each section was stained with 4′,6-diami-
dino-2-phenylindole (DAPI) for nuclear counterstaining. 
All images were acquired using a DM1000 fluorescence 
microscope (Leica, Wetzlar, Germany). Additionally, pro-
liferating cell nuclear antigen (PCNA) was stained in the 
lung tissue sections to assess the proliferative capacity of 
human pulmonary arterial endothelial cells (hPAECs).

Human lung samples
During lung surgery for PAH complicated by cancer, 
lung tissues from patients were collected from an area far 
from the tumor margins. Informed written consent was 
obtained from every patient for using their lung tissues 
in this study.

Quantitative polymerase chain reaction
Total RNA was extracted from the pulmonary artery 
endothelium of mice, rats, or humans using Trizol 
reagent (Invitrogen) according to the manufacturer’s 
instructions. Subsequently, total RNA was reverse tran-
scribed (RT) into complementary DNA (cDNA) using an 
RT kit (beyotime), following the manufacturer’s protocol. 
Real-time quantitative polymerase chain reaction (qPCR) 
analysis was conducted with SYBR Green PCR mix 
(beyotime, shanghai, China) and an Applied Biosystems 
StepOnePlus real-time PCR device (ABI 7500). Each 
experiment was performed a minimum of four times. 
Computed tomography (CT) values were obtained using 
the Applied Biosystems 7500 sequence detection system 
software, and comparative CT analysis was employed 
to evaluate the results. The samples were normalized to 
β-actin to account for the changes in cDNA loading. The 
PCR primer sequences are shown in Table S1.

Cell culture and transfection
hPAECs (ScienCell, Catalog, #3110) were obtained from 
ScienCell and cultured in an endothelial cell culture 
medium (ScienCell, Cat. #1001). The experiments used 
hPAECs in passages 3–8. Standard incubator conditions 
for cell culture included a temperature of 37  °C, 21% 
O2, 5% CO2, and hypoxia (1% O2) for 24 h. The viruses 
used in this study were supplied by Genechem Co., Ltd. 
(China), and the knockdown sequences are detailed in 
Table S1. A total of 5 × 105 cells/mL were inoculated into 
a T25 culture flask. Following cell adhesion, lentivirus 
and transfection solutions were introduced. The medium 
was replaced after 12 h. Puromycin was added to the cells 
after 3  days for selection. The expression of fluorescent 
proteins was evaluated using fluorescence microscopy 
(DM1000; Leica, Wetzlar, Germany), whereas the efficacy 
of overexpression and knockdown was determined using 
Western blot analysis.

Dural luciferase reporter assay
hPAECs were transfected according to the manufac-
turer’s protocol. Both the pcDNA3.1 EGLN3 and the 
empty control plasmid were introduced into the hPAECs, 
accompanied by pGL3-Basic vectors containing differ-
ent promoters. Subsequently, the activities of Firefly and 
Renilla luciferase were evaluated using the Dual- Lucif-
erase Assay Kit (Promega) 24  h after the transfection 
took place.

ChIP‑qPCR
A Chromatin Immunoprecipitation (ChIP) Assay Kit, 
(Millipore) was employed to analyze specific protein-
DNA interactions. The cells were fixed with 1% formal-
dehyde for 10 min at room temperature to facilitate the 
cross-linking of proteins and DNA. Subsequently, cell-
derived DNA–protein complexes were sheared into 
fragments of 200–500 base pairs using a sonicator. The 
pre-cleared fragments were then exposed to 10 μg of JUN 
antibody or IgG as a negative control overnight, followed 
by precipitation with protein A. After reversing cross-
links by heating at 65  °C overnight, proteinase K diges-
tion was conducted at 45 °C for 2 h. The DNA extracted 
using the QIAquick PCR (beyotime) purification kit 
was then used to assess the affinity to the EGLN3 pro-
moter region through qPCR, employing specific primers 
designed for the EGLN3 promoter region.

Co‑immunoprecipitation
The cells were exposed to hypoxia for 24  h and then 
lysed using the co-immunoprecipitation (Co-IP) lysis 
buffer (Thermo Scientific). The supernatant obtained 
from the centrifugation of the lysate was used for Co-IP. 
Equal volumes of protein were incubated overnight 
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with anti-EGLN3, IgG (Santa Cruz), or HUR (ab200342, 
Abcam), followed by a 3-h incubation with Protein G 
Agarose Beads (Beyotime). After incubation, the beads 
were washed repeatedly with PBS containing 0.1% Tween 
20. Finally, the SDS sample buffer was added, and the 
results were analyzed using Western blotting.

Western blotting
The proteins were transferred to a PVDF membrane for 
immunoblotting following the separation of proteins 
through polyacrylamide gel electrophoresis with 10% 
sodium dodecyl sulfate. The membrane was subsequently 
blocked for 1 h using a mixture of 5% skimmed milk and 
0.1% Tween-20 in PBS. It was then incubated with the 
primary antibody for 12 h and treated with horseradish 
peroxidase-conjugated secondary antibodies specific to 
mice, rats, or rabbits for an additional hour. Chemilumi-
nescent reagents (Pierce) were employed for all immuno-
blots, and signals were captured using the ChemiScope 
3600MINI (Clinx Science Instruments). Details regarding 
the antibodies and their respective dilution ratios are as 
follows: JUN (1:2000 ab40766, Abcam), EGLN3 (1:2000 
ab184714, Abcam), HUR (1:1000 ab200342, Abcam), 
EGFR (1:5000 ab52894, Abcam), PI3K(1:500, AF3242; 
Affinity), P-PI3K (1:1000, WL02240; Wanleibio), AKT 
(1:500, WL0003b; Wanleibio), P-AKT (1:500, WLP001a; 
Wanleibio), MRK (1:1000 WL03328, Wanleibio), P-MRK 
(1:1000 WL03553, Wanleibio), ERK (1:1000 WL01770, 
Wanleibio), P-ERK (1:1000 WLP1512, Wanleibio).

Cell proliferation assay
Cell viability was assessed using the Cell Counting Kit-8 
(CCK-8) (K1076l; APExbio, USA). Briefly, 96-well plates 
were seeded with various groups of hPAECs. After allow-
ing the cells to adhere for 6  h, the plates were placed 
under either normoxic or hypoxic conditions. Following 
different incubation periods, 10  µL of CCK-8 solution 
was added to each well and incubated for an additional 
1.5 h. Finally, the absorbance of each well was measured 
at 450 nm using an enzyme-linked plate reader.

The proliferation of hPAECs was assessed using the 
5-ethoxy-2′-vinyl (Edu) Cell Proliferation Assay Kit 
(K1076l; APExbio) following the manufacturer’s proto-
col. This study used a six-well plate to inoculate 5 × 104 
cells per well. Following 24 h of treatment under various 
conditions, 1  mL of Edu was added to each group and 
incubated at 37  °C for 1 h. The cells were fixed with 4% 
paraformaldehyde for 20  min, followed by incubation 
with 0.5  mL of the selected click reaction solution per 
well for 30 min. Finally, the cells were stained with DAPI 
for 10  min to facilitate visualization for analysis. The 
experiment was conducted at least three times to ensure 
the reliability of the results.

Cell migration assay
The cell migration experiments were conducted using 
Transwell and cell scratch assays. A total of 5 × 105 cells 
were seeded into each well of a six-well culture plate and 
allowed to grow until they reached confluence. Follow-
ing different treatments, a clean 200  µL pipette tip was 
used to scrape a line across each cell layer. Subsequently, 
the cells were subjected to three rounds of PBS wash-
ing and cultured in a serum-free medium for 12  h. The 
migration width was measured using an inverted optical 
microscope (IX71, Olympus Corporation, Japan), and 
the images were captured at 0 and 12 h. Transwell assays 
were conducted using 24-well plates following the manu-
facturer’s protocols. Initially, the top chamber contained 
200  μL of FBS-free cell suspension, comprising 10,000 
cells, and the bottom chamber was filled with 600 μL of 
FBS-containing medium. After various treatment condi-
tions, the cells were fixed with 4% paraformaldehyde and 
subsequently stained with 1% crystal violet for 15 min. A 
cotton swab was employed to remove nonmigrated cells 
from the top surface of the membrane. Finally, the cells 
were quantified using a light microscope. Each experi-
ment was performed with a minimum of four independ-
ent replicates.

Measurement of EGFR mRNA stability
Human pulmonary artery endothelial cells, subjected to 
different treatments, were incubated with actinomycin D 
for 0, 2, 4, or 6 h, followed by RNA extraction. The half-
life of EGFR mRNA was analyzed using qRT-PCR, fol-
lowing the methodology described earlier.

Statistical analysis
The data were presented as mean ± standard deviation. 
Each sample was considered independent, even those 
measured over time within the experimental group. Sta-
tistical analysis was performed using Graph Pad Prism 
9.0. The two samples were compared using the Stu-
dent t test, assuming normal distributions.For analyses 
involving more than two samples, a one-way analysis of 
variance with Tukey’s post hoc test was used. Each exper-
iment was performed in at least three replicates. A P 
value < 0.05 indicated a statistically significant difference.

Results
Elevated EGLN3 levels in PAECs were correlated 
with the severity of PH
We analyzed the GSE163827 dataset to investigate the 
changes in protein expression in hPAECs following 
hypoxic injury so as to identify new targets for PH treat-
ment. Our analysis revealed that EGLN3 expression was 
significantly upregulated after hypoxic injury (Fig.  1A). 
We examined lung samples from patients with PH, mice 
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with hypoxia-induced PH, and rats with MCT-induced 
PH and compared them with those in respective control 
groups to further validate the upregulation of EGLN3 in 
patients with PH and animal models. We observed ele-
vated levels of EGLN3 mRNA in the lungs of patients 
with PH (Fig.  1B), mice (Fig.  1C), and rats (Fig.  1D) 
compared with the lungs of the controls. These find-
ings were corroborated at the protein level (Fig.  1E–G). 
Given that the pathological manifestations of PH include 
the thickening and occlusion of distal blood vessels, we 
aimed to examine EGLN3 expression in distal PAECs. 
The immunofluorescence analysis of rat lung tissue 
revealed that EGLN3 co-localized with von Willebrand 
factor (an endothelial cell marker). The model group 
exhibited a higher fluorescence intensity than the con-
trol group (Fig. 1H). We conducted a detailed analysis of 
hypoxia- and MCT-induced lung tissue in animal models 
to evaluate the correlation between EGLN3 expression 
and disease severity. Our findings showed that EGLN3 
expression increased at various time points during pul-
monary artery induction in both rats and mice (Fig.  1I, 
J). Furthermore, Pearson correlation analysis revealed a 
positive correlation between EGLN3 mRNA levels in the 
lungs of rats and mice and RVSP levels, a critical indica-
tor of disease severity (Fig. 1K, L).

EGLN3 knockdown inhibited the proliferation 
and migration of hPAECs
We assessed EGLN3 expression in hPAECs under various 
conditions inducing endothelial dysfunction. As shown 
in Fig. 2A, EGLN3 expression in hPAECs was influenced 
by VEGF, hypoxia, serum deprivation, and TNF-α. We 
performed EGLN3 knockdown and evaluated its effi-
ciency to further investigate the role of EGLN3 (Fig. 2B). 
Subsequently, we assessed cell proliferation across vari-
ous treatment groups via CCK8 and EdU assays. The 
hypoxia group demonstrated a significant increase in cell 
proliferation compared with the normoxia group. In con-
trast, the hypoxia + shEGLN3 group exhibited markedly 
lower cell proliferation than the hypoxia + shNC group, 
as indicated by the decline in the cell proliferation curve 
(Fig. 2C) and the reduction in the number of EdU-posi-
tive cells (Fig. 2D). No significant differences were noted 

among the other groups. The scratch assay was used to 
assess cell migration capability, revealing that the hypoxia 
group exhibited greater migration distance than the nor-
moxia group after 12 h. However, the migration distance 
in the hypoxia + shEGLN3 group was less than that in the 
hypoxia + shNC group (Fig.  2E), suggesting that EGLN3 
knockdown impaired cell migration ability. Similar 
results were observed in the Transwell assay (Fig. 2F).

EGLN3 overexpression promoted the proliferation 
and migration of PAECs
Following the overexpression of EGLN3 in hPAECs 
(Fig.  1A), we assessed their proliferation and migration 
capabilities. The results showed that the ovEGLN3 group 
exhibited significantly enhanced cell proliferation under 
hypoxic conditions compared with the ovNC group (Fig. 
S1B, S1C). Similarly, the hypoxia-ovEGLN3 group exhib-
ited markedly improved cell migration compared with 
the hypoxia + ovNC group (Fig. S1D, S1E).

EGLN3 promoted hPAEC proliferation and migration 
through the PI3K/Akt and MAPK signaling pathways
We divided endothelial cells into two groups: 
hypoxia + shNC and hypoxia + shEGLN3, to further elu-
cidate the specific mechanisms by which EGLN3 regu-
lates proliferation and migration. We then performed 
transcriptome sequencing and identified 293 upregulated 
and 265 downregulated genes (Fig. 3A). GO and KEGG 
enrichment analyses of these genes revealed the inhibi-
tion of biological functions such as endothelial cell prolif-
eration, response to oxygen levels, and cell–cell junction 
formation (Fig.  3B, C). Additionally, the PI3K/Akt and 
MAPK signaling pathways were inhibited (Fig. 3D). Fur-
ther experimental validation showed that these path-
ways were activated in the hypoxia group compared 
with the normoxia group. The activation of these path-
ways was significantly reduced upon EGLN3 knockdown 
(Fig. 3E, F). Conversely, EGLN3 overexpression activated 
the PI3K/Akt and MAPK signaling pathways (Fig. S2A 
and S2B). We overexpressed EGLN3 and treated the 
cells with LY294002 (a PI3K/Akt inhibitor) or U0126 (a 
MAPK signaling pathway inhibitor) to confirm the vital 
role of these pathways in EGLN3-mediated promotion of 

(See figure on next page.)
Fig. 1  EGLN3 elevation in PAECs correlates with PAH severity. A Differentially expressed proteins in the GSE163827 data set, red represents 
up-regulated expression, green represents down-regulated expression B The lungs of mice with hypoxia-induced PH EGLN3 mRNA expression. 
C The lungs of rat with MCT-induced PH EGLN3 mRNA expression. D EGLN3 mRNA expression in PH patients’ lungs. E The lungs of mice 
with hypoxia-induced PH EGLN3 protein expression. F The lungs of rat with MCT-induced PH EGLN3 protein expression. G EGLN3 protein expression 
in PH patients’ lungs. H Quantification of EGLN3 and VWF signaling localization in the pulmonary vasculature. Scale bar, 5 μm. I Quantification 
of EGLN3 levels in hypoxia-induced PH. J Quantification of EGLN3 levels in MCT-induced PAH. K and L The association between EGLN3 mRNA 
levels (normalized to β-actin) in lung tissues and RVSP during PH development is demonstrated by Pearson comparison analysis. *P < 0.05, 
**P < 0.01,.***P < 0.001



Page 7 of 18Deng et al. Respiratory Research           (2025) 26:61 	

Fig. 1  (See legend on previous page.)
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cell proliferation and migration. The results showed that 
both LY294002 and U0126 attenuated the proliferation 
and migration of cells induced by EGLN3 overexpression 
(Fig. S3A, S3B).

EGLN3 enhanced EGFR expression, promoting cell 
proliferation and migration
EGLN3 enhanced EGFR expression, thereby promoting 
cell proliferation and migration. We focused on EGFR, 
MET, PDGFR, and VEGFR to identify the potential tar-
gets of EGLN3 in hPAECs, as these receptors are posi-
tioned upstream of the PI3K/Akt and MAPK signaling 
pathways and are involved in the progression of PH 
[15–18]. We assessed the expression of these recep-
tors following EGLN3 knockdown and observed signifi-
cant changes in the mRNA and protein levels of EGFR 
(Fig.  4A, B). Based on these findings, we hypothesized 
that EGFR played a crucial role in EGLN3 functional-
ity and proceeded to knock down EGFR (Fig.  4C). Our 
results showed that EGFR knockdown mitigated the acti-
vation of the PI3K/Akt and MAPK signaling pathways 
induced by EGLN3 overexpression (Fig. 4D) and reduced 
the associated enhancement of cell proliferation and 
migration (Fig. 4E, F).

HUR increased EGFR mRNA stability by binding to EGLN3
We hypothesized that the hydroxylase activity of EGLN3 
mediated this effect through HIF1α or HIF2α, aiming 
to elucidate the specific mechanism by which EGLN3 
influenced EGFR expression. We performed EGLN3 
knockdown while overexpressing various vectors and 
found that EGLN3 knockdown did not allow for the res-
toration of EGFR or downstream signaling pathways by 
either HIF1α or HIF2α overexpression. Simultaneous 
overexpression of EGLN3 and the EGLN3-H196A vari-
ant (which lacks hydroxylase activity) could reverse the 
inhibition of EGFR and its downstream signaling path-
ways caused by EGLN3 knockdown. This finding sug-
gested that the function of EGLN3 was independent of its 
hydroxylase activity (Fig. S4A). Previous studies reported 
that EGLN3 influenced EGFR expression by modulat-
ing EGFR internalization or TNF-α activity in cancer 
[19, 20]. We overexpressed EGLN3 while administering 
dynasore (a dynamin-dependent endocytosis inhibitor) 

or inhibiting TNF-α to further explore the aforemen-
tioned role of EGLN3. Our results showed that neither 
dynasore nor TNF-α inhibition affected the activation 
of EGFR or its downstream signaling pathways (Fig. 4B). 
Given that EGLN3 upregulates both EGFR mRNA and 
protein levels, we hypothesized that EGLN3 might reg-
ulate the stability of EGFR mRNA. We measured the 
half-life of EGFR mRNA following EGLN3 overexpres-
sion and found that EGLN3 significantly increased the 
half-life of EGFR mRNA (Fig.  4G). Considering that 
EGLN3 is not an RNA-binding protein and cannot 
directly influence mRNA stability, we examined proteins 
known to regulate mRNA stability, specifically HUR, 
MSI2, IGF2BP3, YTHDF2, and ALKBH5 [21–25]. Co-IP 
experiments revealed the binding of EGLN3 to the HUR 
protein (Fig. 4H, I). Additionally, HUR bound to EGLN3 
mRNA (Fig. S5A) and directly regulated the stability of 
EGFR mRNA (Fig. S5B). Following HUR knockdown 
(Fig. S6A), we observed a reduction in the proliferation 
and migration of endothelial cells induced by EGLN3 
overexpression (Fig. S6B and S6C) and a reduction in the 
activation of the PI3K/Akt and MAPK signaling path-
ways (Fig. S6D). Moreover, EGLN3 knockdown reduced 
the binding affinity of HUR to EGFR mRNA (Fig. 4J). The 
ability of EGLN3 to enhance EGFR mRNA stability was 
impaired when HUR was knocked down in the presence 
of EGLN3 overexpression (Fig.  4K). In summary, our 
findings revealed that EGLN3 increased the stability of 
EGFR mRNA through its interaction with HUR.

JUN regulated cell proliferation and migration 
by enhancing EGLN3 expression
We analyzed the upstream 2000  bp of the EGLN3 pro-
moter region using the JASPAR and PROMO databases 
to further elucidate the mechanisms underlying changes 
in EGLN3 under hypoxic conditions. This analysis iden-
tified four candidate transcription factors: JUN, XBP-
1, FOXP3, and GATA-1 (Fig.  5A). Given the significant 
role of JUN in the onset and progression of PH, we 
hypothesized that JUN induced elevated expression of 
EGLN3. Our findings indicated that JUN overexpres-
sion activated EGLN3, EGFR, and downstream signaling 
pathways, which was inhibited by EGLN3 knockdown 
(Fig.  5B). Furthermore, JUN overexpression promoted 

Fig. 2  Knockdown of EGLN3 reduces PAEC proliferation and migration. A Shows the expression levels of EGLN3 in PAECs subjected to various 
treatment conditions. B Confirms the efficiency of EGLN3 knockdown. C Presents the proliferation curves of cells across different treatment 
conditions. D Demonstrates the cell proliferation capabilities under these conditions, with a greater number of red dots indicating enhanced cell 
proliferation ability. Bar 200 μm. E Displays representative images of cell migration distances at 0 and 12 h across different treatment conditions. 
Bar 100 μm. F Provides representative images depicting the number of migrating cells under various treatment conditions. Bar 50 μm. *P < 0.05, 
**P < 0.01,.***P < 0.001

(See figure on next page.)
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the proliferation and migration of endothelial cells, 
whereas EGLN3 knockdown mitigated this effect (Fig. 
S7A and S7B). We analyzed the DNA-binding motif 
of JUN (Fig.  5C) and the promoter region of EGLN3 
(Fig. 5D). Two potential JUN-binding regions were iden-
tified. We then constructed various luciferase reporter 
gene vectors and co-transfected them with pcDNA3.1-
JUN. The fluorescence intensity was significantly reduced 
for Mut1 compared with the wild type, whereas Mut2 
showed no significant change relative to the wild type. 
Mut1,2 displayed a notable decrease in fluorescence 
intensity (Fig.  5E), suggesting that JUN-binding site 1 
was a key site for JUN interaction with EGLN3. We per-
formed ChIP-qPCR experiments to further confirm this 
hypothesis, revealing substantial amplification of frag-
ments from JUN-binding site 1 in the EGLN3 pull-down 
mRNA (Fig. 5F). These results supported the conclusion 
that JUN enhanced EGLN3 transcription by binding to 
the EGLN3 promoter region between− 740 and− 755 bp.

Knocking out EGLN3 mitigated PH progression
We created endothelial-specific EGLN3 knockout mice 
(EGLN3EC−KO) and developed a PH model to explore 
whether EGLN3 could be a viable therapeutic target 
for PH (Fig. 6A). Verification of the knockout efficiency 
revealed a significant reduction in EGFR expression 
in the absence of EGLN3 (Fig.  6B). Additionally, we 
used immunofluorescence to evaluate the proliferation 
of PAECs. Our findings indicated that the pulmonary 
blood vessels in hypoxia + EGLN3WT mice exhibited 
significantly greater endothelial cell proliferation com-
pared with those in hypoxia + EGLN3EC−KO mice, with 
no notable differences observed in the normoxia group 
(Fig. 6C). Additionally, hypoxia + EGLN3WT mice showed 
substantial pulmonary vascular remodeling and inflam-
matory infiltration. In contrast, vascular remodeling 
was markedly improved in hypoxia + EGLN3EC−KO mice 
(Fig. 6D). We observed significant thickening of the right 
ventricular wall and an increase in cardiomyocyte width 
in hypoxia + EGLN3WT mice to further assess right ven-
tricular remodeling. Both right ventricular wall thickness 
and cardiomyocyte width showed significant improve-
ment in hypoxia + EGLN3EC−KO mice (Fig.  6E). Addi-
tionally, RVSP and RVHI levels were reduced following 

EGLN3 knockout (Fig.  6F, G). Vascular remodeling 
also showed some improvement, with enhanced WT% 
and WA% (Fig.  6H, I). Besides morphological assess-
ments, we evaluated motor function and found that 
hypoxia + EGLN3WT mice exhibited significantly weaker 
motor functions than hypoxia + EGLN3EC−KO mice 
(Fig.  6J). In summary, EGLN3 knockout significantly 
ameliorated PH, both morphologically and functionally.

Overexpression of EGLN3 accelerated PH progression
We developed an animal model as described to deter-
mine whether EGLN3 overexpression accelerated the 
progression of pulmonary arterial hypertension (Fig. 7A) 
and confirmed the efficiency of EGLN3 overexpression 
via Western blot analysis. PAECs with EGLN3 overex-
pression showed increased EGFR levels 2  weeks after 
MCT induction compared with that in the control over-
expression group (Fig.  7B). No significant differences 
were found between the normoxia groups. Additionally, 
endothelial cell proliferation was significantly higher 
in the EGLN3 overexpression group than in the control 
group (Fig. 7C). Examination of pulmonary blood vessel 
remodeling showed that EGLN3 overexpression mark-
edly exacerbated vascular remodeling associated with 
PH, evidenced by increased distal vessel musculariza-
tion and luminal stenosis (Fig. 7D). Furthermore, EGLN3 
overexpression led to thickening of both the right ven-
tricular wall and myocardial fibers (Fig. 7E). We evaluated 
additional cardiac and vascular indicators to determine 
whether EGLN3 overexpression exacerbated PH. Both 
RVSP and RVHI significantly increased following EGLN3 
overexpression (Fig.  7F, G). Similarly, the indicators of 
vascular remodeling, including WT% and WA%, showed 
substantial increases (Fig. 7H, I). Moreover, the exercise 
capacity of the rats was markedly reduced (Fig.  7J). In 
summary, our study demonstrated that EGLN3 overex-
pression accelerated PH progression.

Discussion
In this study, we showed the upregulation of EGLN3 
in PH. JUN promoted the transcription of EGLN3 by 
binding to its promoter region. Additionally, EGLN3 
enhanced the stability of EGFR mRNA through its 
interaction with HUR, leading to the activation of the 

(See figure on next page.)
Fig. 3  EGLN3 regulates the PI3K/AKT and MEK/ERK signaling pathways. A RNA-seq technology is employed to detect differential mRNA expression 
between the hypoxia + shNC group and the hypoxia + shEGLN3 group. B Several biological processes are identified where differential proteins 
are predominantly enriched. C Differential proteins are primarily concentrated in specific cellular components. D Various signaling pathways 
are highlighted where differential proteins show significant enrichment. E Activation levels of the PI3K/AKT signaling pathway are compared 
across different groups. F The activation of the MEK/ERK signaling pathway is also assessed among the various groups. *P < 0.05, **P < 0.01, 
***P < 0.001
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Fig. 4  EGLN3 binds HUR to positively regulate the stability of EGFR. A The expression levels of various receptor tyrosine kinases (RTKs) mRNA 
following the knockdown of EGLN3 are presented. B The protein expression of EGFR post-EGLN3 knockdown is shown. C The efficiency of EGFR 
knockdown is verified. D The activation of the PI3K/AKT and MEK/ERK signaling pathways was assessed under different treatment conditions. E The 
effects of various treatment conditions on cell proliferation were evaluated. F Cell migration was measured following different treatment conditions. 
Bar 50 μm. G The expression of EGFR mRNA at various time points under distinct treatment conditions reflects the changes in EGFR mRNA 
stability. H An EGLN3 antibody was utilized to pull down the protein, allowing for the detection of HUR expression. I The HUR antibody was used 
to pull down the protein to assess the expression of EGLN3. J Under varying treatment conditions, HUR antibodies or IgG were employed to pull 
down the mRNA, followed by PCR amplification to detect EGFR mRNA expression. K The stability of EGFR mRNA was evaluated under different 
treatment conditions. *P < 0.05, **P < 0.01,.***P < 0.001
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PI3K/Akt and MAPK signaling pathways. These path-
ways facilitated the proliferation and migration of 
PAECs (Fig.  8). Overall, our findings elucidated a 

critical mechanism by which PAECs contributed to PH 
progression through EGLN3 expression.

PH is a complex process characterized by endothelial 
and smooth muscle cell alterations; it involves genetic, 

Fig. 5  JUN binds to the EGLN3 promoter region to promote EGLN3 transcription under hypoxic conditions. A The JASPAR and PROMO databases 
predict the transcription factors that can bind to the EGLN3 promoter region, and the intersection of these predictions is analyzed. B Following 
various treatment conditions, the activation of EGFR, EGLN3, and associated signaling pathways was assessed. C The DNA binding motif of the JUN 
protein is presented. D Sequences predicted to bind JUN within the EGLN3 promoter region are detailed. E Different vectors were constructed 
and co-transfected into endothelial cells, allowing for the detection of fluorescent protein expression in each experimental group. F The specific 
binding of EGLN3 to the promoter region was confirmed using CHIP-qPCR technology. *P < 0.05, **P < 0.01,.***P < 0.001

Fig. 6  Endothelium-specific knockout of EGLN3 alleviates the progression of PH. A The timeline for establishing the mouse model of PH 
is presented. B Verification of EGLN3 and EGFR protein expression levels in various mouse groups is shown. C Multiple staining of VWF and PCNA 
was conducted to assess the proliferation capability of PAECs across the different groups. Bar 20 μm. D HE staining, along with immunofluorescence 
staining, was employed to evaluate vascular remodeling among the groups. Bar 50 μm. E HE staining was used to assess right ventricular wall 
thickening across the different groups. Bar 1 mm. F and G Differences in RVSP and RVHI among the groups were measured. H and J Differences 
in the percentage of WT% and WA% among the groups were analyzed. J The distance traveled by mice in various groups on the treadmill 
was recorded to reflect their cardiac function.*P < 0.05, **P < 0.01,.***P < 0.001

(See figure on next page.)
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epigenetic, and microenvironmental changes driving 
markers for proliferation and migration [26]. Endothe-
lial dysfunction has emerged as a crucial factor in PH-
associated vascular remodeling. PAECs not only act as a 
natural barrier within blood vessels but also release vari-
ous mediators that regulate vasoconstriction and smooth 
muscle cell growth, influencing smooth muscle cell func-
tion [5]. This study aimed to identify a novel target within 
PAECs for potential intervention in PH.

Hypoxia is widely recognized as a primary causa-
tive factor of PH, with EGLN3 serving as a key hypoxia 
sensor. EGLN3 is crucial in various conditions, includ-
ing cancer and diabetes [8]. EGLN3 modulates EGFR 
expression by affecting EGFR endocytosis or TNF-α 
activity, which influences the proliferation and migra-
tion of cancer cells. Additionally, EGLN3 is well known 
for its hydroxylase activity; it regulates hypoxic responses 
through the hydroxylation of HIF1α and HIF2α [27]. 
This demonstrated that EGLN3-mediated proliferation 
and migration in PAECs occurred independently of its 
hydroxylase activity and did not involve the modulation 
of EGFR endocytosis or TNF-α activity. We proposed a 
novel regulatory mechanism in which EGLN3 stabilized 
EGFR mRNA through its interaction with HUR, a find-
ing that was not previously reported. This differential 
regulation of molecules across various cell types allowed 
EGLN3 to perform distinct functions in various tissues. 
We conducted endothelial cell–specific knockdown 
experiments to explore EGLN3 as a potential therapeu-
tic target for PH, revealing a significant improvement 
in PH progression. Our findings support the potential 
of EGLN3 as a therapeutic target. Although EGLN3-
specific targeted inhibitors are currently under develop-
ment, pharmacological knockdown studies with these 
agents have not been conducted yet. Future research will 
address this limitation.

HUR regulates EGFR expression post-transcriptionally 
[21, 28]. However, the precise mechanism through which 
HUR mediates mRNA stability remains poorly under-
stood. HUR is mainly located in the nucleus of unstim-
ulated cells but can translocate to the cytoplasm upon 
cellular stimulation, which is a process associated with 
the stability of various target mRNAs [29]. This study 

found that HUR bound to EGFR mRNA and participated 
in its stability regulation, which was consistent with pre-
vious findings. Additionally, we discovered that EGLN3 
bound to HUR, which enhanced its interaction with 
EGFR mRNA. This interaction stabilized EGFR mRNA 
and contributed to cell proliferation and migration.

We predicted and experimentally confirmed that JUN 
was a key regulator of EGLN3 expression, aiming to 
understand the changes in EGLN3 expression under 
hypoxic conditions. JUN is crucial in the onset and pro-
gression of PH, influencing cell proliferation and growth 
of blood vessels [30]. Our findings showed that JUN acti-
vated the MAPK signaling pathway by impacting EGLN3 
expression. The MAPK signaling pathway also regu-
lated the phosphorylation and transcriptional activation 
of JUN itself. Therefore, this study suggested that this 
signaling pathway axis might establish a positive feed-
back loop, promoting the proliferation and migration of 
PAECs.

The limitations of this study are as follows: ① Obtain-
ing clinical samples from patients with pulmonary arte-
rial hypertension is particularly challenging. The clinical 
samples collected in this study are limited in size and 
require further validation with larger clinical cohorts to 
enhance the rigor of the findings. ② Currently, there is no 
effective EGLN3-specific inhibitor available, which has 
hindered our ability to conduct pharmacological experi-
ments. We believe that the therapeutic effects of EGLN3-
targeted inhibition should be demonstrated both prior to 
and following the onset of pulmonary arterial hyperten-
sion. ③ Additionally, this article has not yet explored the 
binding site for mechanism-level research. We hope to 
address these limitations in future investigations.

Conclusions
This study identified EGLN3 as a promising new target 
for treating PH and investigated its role in the patho-
genesis of the disease. JUN enhanced EGLN3 transcrip-
tion under hypoxic conditions, leading to increased 
binding of EGLN3 to HUR. This interaction stabilized 
EGFR mRNA, activated downstream signaling path-
ways, and promoted the proliferation and migration of 

(See figure on next page.)
Fig. 7  Overexpression of EGLN3 aggravates the progression of PH A The timeline for establishing the rat model of PH is presented. B Verification 
of EGLN3 and EGFR protein expression levels in various rat groups is shown. C Multiple staining of VWF and PCNA was conducted to assess 
the proliferation capability of PAECs across the different groups. Bar 20 μm. D HE staining, along with immunofluorescence staining, was employed 
to evaluate vascular remodeling among the groups. Bar 50 μm. E HE staining was used to assess right ventricular wall thickening across the different 
groups. Bar 1 mm. F and G Differences in RVSP and RVHI among the groups were measured. H and J Differences in the percentage of WT% 
and WA% among the groups were analyzed. J The distance traveled by rats in various groups on the treadmill was recorded to reflect their cardiac 
function.*P < 0.05, **P < 0.01, ***P < 0.001
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PAECs. These findings provide novel insights into the 
development of PH and establish a theoretical founda-
tion for its treatment.
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Fig. 8  Graphical Abstract Under hypoxic conditions, JUN enhances the transcription of EGLN3, which subsequently binds to HUR to positively 
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