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Introduction

Pulmonary arterial hypertension (PAH) refers to a severe 
and complex disease state that is associated with a poor 
prognosis characterized by increased pulmonary arterial 

pressure and elevated pulmonary vascular resistance 

(PVR) due vasoconstriction and vascular remodeling (1). 

Pulmonary arterial smooth muscle cells (PASMCs) and 

pulmonary arterial endothelial cells (PAECs) play crucial 
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roles in the increase in PVR (2). However, the precise nature 
of the mechanisms contributing to the elevation in PVR 
remains largely unknown. Data from the National Center 
for Health Statistics indicate that the 1-year survival rate for 
patients with untreated PAH is approximately 68% and falls 
to below 35% at 5 years (3). Even with dedicated clinical 
treatment, the 1-year survival rate still ranges from 50% 
to 86% worldwide (4). Additionally, delays in the diagnosis 
and treatment of PAH are common, as according to the 
latest European Society of Cardiology and the European 
Respiratory Society guidelines, PAH should be diagnosed 
through right-heart catheterization (5,6). Currently, PAH 
therapy mainly consists of oral administration of endothelin 
receptor antagonists and phosphodiesterase 5 inhibitors (7).  
However, more comprehensive investigations are required 
to identify other avenues of clinical diagnosis and 
intervention.

Analysis of differentially expressed genes (DEGs) in 
lung tissue and cells may offer insights into the genes 
involved in vasoconstriction and vascular remodeling in 
patients with PAH (8). Stearman et al. (9) used single-
cell RNA-sequencing technology to identify genes that 
were differentially expressed in patients with PAH. 
Meanwhile, Zheng et al. (10) used several network analysis 
algorithms to identify key upregulated genes. He et al. (11)  
analyzed several datasets, reporting a difference in the 
messenger RNA (mRNA) expression of lung tissue between 
PAH samples and those of healthy controls. However, 
experimental validation is needed to confirm the reliability 
of these analytical results (12).

In this study, we aimed to identify several hub genes by 
reanalyzing RNA-sequencing data from patients with PAH 
and healthy controls. We ultimately verified expression 
changes of interferon regulator factor 1 (IRF1) in animal 
models. We present this article in accordance with the 
ARRIVE reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-2025-390/rc).

Methods

Data collection

The GSE144274 and GSE243193 datasets from the Gene 
Expression Omnibus (GEO) database (http://www.ncbi.
nlm.nih.gov/geo/) were examined. GSE144274 includes 
4 PASMC samples from patients with PAH and from 
4 healthy individuals. The platform for GSE144274 is 
GPL20301 (13). GSE243193 is a GPL16791 Illumina 
HiSeq 2500-derived human gene data set that includes 55 
PAEC samples from both patients with PAH and healthy 
controls (14). A workflow summarizing the analysis of this 
study is provided in Figure 1.

DEG analysis

With the aim of data standardization, we applied log2-
transformation and quantile normalization, along with 
background correction, to raw expression materials using 
the “limma” package (version 3.52.2) in R software (version 
4.2.3; The R Foundation for Statistical Computing). A 
cutoff value of an adjusted P value <0.05 and |log2 fold 
change (FC)| >1 was applied to identify DEGs according 
to log2FC expression. The heatmaps of DEGs and volcano 
plots were drawn using “ggplot2” packages (version 4.1.2). 
The overlapping DEGs of GSE144274 and GSE243193 
were identified and visualized as Venn diagrams. 

Function enrichment analysis

R software (version 4.4.1) was used to perform Gene 
Ontology (GO) analysis and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) pathway analysis, including for 
molecular functions (MFs), cellular components (CCs), 
and biological processes (BPs). A P value less than 0.05 was 
considered to indicate significant enrichment. 

Protein-protein interaction (PPI) network construction

A PPI network was established using Search Tool for the 
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Retrieval of Interacting Genes/Proteins (STRING) online 
analysis software (https://cn.string-db.org/). Based on the 
STRING analysis, the MCODE plug-in Cytoscape (version 
3.7.1) and three algorithms [maximum neighborhood 
component (MNC), gene connection degree, and maximal 
clique centrality (MCC)] were used to screen for the main 
modules and to identify the hub genes. 

A Sugen 5416- and hypoxia-induced PAH mouse model

C57BL/6J male mice (8 to 10 weeks old, weighing 
20–25 mg) were obtained from the Soochow University 
Laboratory Animal Center (SULAC). Using simple 
randomization method, we divided the mice into a control 
group (n=12), hypoxia plus Sugen 5416 group (HySu; 
n=12), and HySu plus 10-hydroxydecanoic acid (10-HDAA; 
Sanying, Wuhan, Hubei, China) group (HySu + 10-HDAAl 
n=6). Mice from both the PAH and PAH + 10-HDAA 

groups were raised in a hypoxic environment (10% O2) and 
received a subcutaneous injection of Sugen 5416 (20 mg/kg;  
MedChem Express, Monmouth Junction, NJ, USA) per 
week for 4 weeks. The control group received injections 
of 5% saline with the same volume as that of Sugen 5416 
applied each week in the PAH group. Mice from the 
PAH + 10-HDAA group received a 5-week intragastric 
administration with 100 mg/kg of 10-HDAA once a day at 
1 week before Sugen5 416 injection. 

Monocrotaline-induced PAH rat model

Sprague-Daley male rats (8 weeks old, weighing 200–250 g) 
were acquired from the SULAC. The rats were randomly 
divided into a monocrotaline (MCT; Sanying, Wuhan, 
Hubei, China) group (MCT; n=6) and a control group 
(n=6). The rats and the mice mentioned above were raised 
in a clean environment, provided sufficient water and food, 
and housed in conditions of 12 hours of alternating light 
and dark. Rats from the MCT group were intraperitoneally 
injected with 60 mg/kg of MCT on the first day. Rats from 
the control group received the same volume of 5% saline 
injection. After 28 days, the rats were anesthetized and 
prepared for right heart catheterization (RHC). 

RHC

Mice and rats were anesthetized and then received RHC 
to measure the right ventricular systolic blood pressure 
(RVSP). After the measurement, the mice and rats were 
killed, and their hearts and lung tissues were collected. The 
ratio of the weight of the right ventricle (RV) to the sum 
of the weight of the left ventricle (LV) and septum (S) was 
then calculated [RV/(LV+S)].

RNA extraction and real-time quantitative polymerase 
chain reaction

Total RNA samples of lung tissues and PASMCs were 
extracted using TRIzol (Takara Bio, Kusatsu, Japan). 
The sample concentration was then determined with a 
NanoDrop 1000 spectrophotometer (Thermo Fisher 
Scientific, Waltham, MA, USA). A PrimeScripts RT Master 
kit (Takara Bio) was employed for reverse transcription. 
Quantitative reverse transcription polymerase chain 
reaction (qRT-PCR) was performed on a Bio-Rad CFX 
96 PCR system (Bio-Rad Laboratories, Hercules, CA, 
USA) with FastStart Universal SYBR Green Master (Rox) 

Downloading RNA expression datasets of 
GSE144274 and GSE243193 from GEO

Sample screening and data pre-procession
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Figure 1 Flowchart of data analysis in this study. DEG, 
differentially expressed gene; GEO, Gene Expression Omnibus; 
IRF1, interferon regulator factor 1; PAH, pulmonary arterial 
hypertension; PPI, protein-protein interaction.
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(Roche, Basel, Switzerland). The GAPDH gene was used to 
normalize the expression of other gene targets. The primer 
pairs were as follows: IRF1 forward, 5'-GGC CGA TAC 
AAA GCA GGA GAA-3'; IRF1 reverse, 5'-GGA GTT 
CAT GGC ACA ACG GA-3'; GAPDH forward, 5'-GGT 
GTG AAC CAT GAG AAG TAT GA-3'; and GAPDH 
reverse, 5'-GAG TCC TTC CAC GAT ACC AAAG-3'.

Western blot analysis

Radioimmunoprecipitation assay lysis was used to dissolve 
the lung and artery tissue via protease and phosphatase 
inhibitors  (Beyotime,  Haimen, China) .  After the 
centrifugation of lysate at 12,000 rpm for 15 minutes, the 
supernatant was collected. BCA Protein Assay Kit (Thermo 
Fisher Scientific) was used to measure and determine protein 
concentrations. Protein samples were boiled in a metal bath 
for 5 minutes with 5× loading buffer and stored at –20 ℃ for 
further use. Polyvinylidene difluoride membranes (Beyotime) 
were blocked with NcmBlot blocking buffer (NCM Biotech, 
Suzhou, China). The primary antibodies adopted were 
IRF1 (Proteintech, Rosemont, IL, USA) and GAPDH 
(Proteintech). Following the incubation and rinsing of 
primary antibodies, the membranes were treated with a 
1-hour incubation at room temperature with horseradish 
peroxidase-conjugated goat anti-rabbit immunoglobulin 
G (IgG) (Bioss Inc., Woburn, MA, USA). Strip exposure 
with a chemiluminescence system (Bio-Rad Laboratories) 
was analyzed with ImageJ software (National Institutes of 
Health, Bethesda, MD, USA).

Histopathology

After the measurement of RVSP and RV/(LV+S), the 
lung tissues were flushed with cold 5% saline until they 
turned white in color. Tissues were then carefully isolated, 
immersed into paraformaldehyde, and then embedded in 
paraffin, after which histological analysis was conducted. 
Hematoxylin and eosin staining and immunofluorescence 
were used to evaluate the changes in pulmonary artery 
morphology. The following primary antibodies were used: 
anti-IRF1 antibody (Proteintech) and anti-β-actin antibody 
(Proteintech).

Ethical statement

The study was conducted in accordance with  the 

Declaration of Helsinki (as revised in 2013). Experiments 
were performed under a project license (Lunshen No. 
230148) granted by the Animal Ethics Committee of The 
Fourth Affiliated Hospital of Soochow University and in 
compliance with Soochow University guidelines for the 
care and use of animals. A protocol was prepared before the 
study without registration.

Statistical analysis

Statistical analysis was performed using SPSS 26.0 software 
(IBM Corp., Armonk, NY, USA). Data are expressed as the 
mean ± standard deviation (SD). If the data were normally 
distributed with equal variances between two groups, 
the t-test was used. For three groups, one-way analysis 
of variance was used along with pairwise comparisons 
via the least significant difference t-test. If the data were 
not normally distributed or had unequal variances, the 
Wilcoxon rank-sum test or the Kruskal-Wallis test was used. 
A P value of <0.05 was considered statistically significant.

Results

DEG screening in PAH

The gene  express ion data  se t s ,  GSE144274 and 
GSE243193, were examined: 3,053 DEGs were identified 
in GSE144274 and 2,054 in GSE243193. An adjusted 
P value <0.05 and |log2FC| >1 was deemed suitable for 
DEG screening. There were 1,444 upregulated DEGs 
in GSE144274 and 1,394 in GSE243193. Meanwhile, 
there were 1,609 downregulated DEGs in GSE144274. 
The volcano plots of DEGs from each data set and Venn 
diagrams of the DEGs are shown in Figure 2. 

Functional analysis of the DEGs

GO and KEGG were applied for the DEGs in each of 
the data sets. The GO analysis results from DEGs in 
GSE144274 and DEGs in GSE243193 are presented 
in terms of BP, MF, and CC in Figure 3A,3B. KEGG 
pathway analysis revealed that the DEGs in GSE144274 
were primarily enriched in biological pathways such as the 
PI3K/Akt signaling pathway, cell cycle, and cytoskeleton in 
muscles; meanwhile, DEGs in GSE243193 were primarily 
enriched in MAPK signaling pathway, Ras signaling 
pathway, and cell adhesion molecules (Figure 3C,3D). 
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Identification of the key genes in PAH

A PPI network of the overlapping DEGs extracted from 
GSE144274 and GSE243193 was established to identify the 
key genes (Figure 4A). A total of 164 nodes and 305 edges 
were found. Subsequently, the MCODE plug-in was used 
within Cytoscape. The top 10 key genes identified by the 
three algorithms (degree, MNC, and MCC) in CytoHubba 
and the principal module from MCODE were intersected 
(Figure 4B-4E). A Venn diagram from the three algorithms 
is presented in Figure 4F. Seven key hub genes were 
identified: ACTA2, HLA-DRA, HLA-A, PECAM1, HLA-C, 
IRF1, and CD74.

Validation of IRF1 expression in PAH animal models

Ultimately, IRF1 was chosen for validation in animal 
experiments. The HySu mouse model and MCT rat model 
were established. Compared with the control group, the 

HySu mouse group demonstrated significantly elevated 
RVSP (25.83±6.62 vs. 54.57±11.98 mmHg; P<0.001; n=6). 
The RV/(LV+S) was higher in mouse HySu group than 
in the control group (39.71%±7.02% vs. 52.53%±9.57%; 
P=0.03; n=6). The distal pulmonary artery walls were 
thickened, and the lumina were narrowed in both HySu 
mouse group and MCT rat group. The RVSP of was 
significantly higher in the MCT rat group than in the 
control group (19.87±4.79 vs. 39.72±10.45 mmHg; 
P=0.002; n=6). Compared with that in the control group, 
RV/(LV+S) in the MCT rat group was significantly higher 
(28.78%±4.22% vs. 45.49%±10.48%; P=0.005; n=6). These 
data indicated that the PAH models were established 
successfully (Figure 5A-5L). Immunofluorescence staining 
was used to morphologically observe the expression of IRF1 
in rats and mice (Figure 5M). The results of IRF1 expression 
level are summarized in Figure 6. The protein expression 
of IRF1 was elevated in the lung tissue of both mice and 
rats (mice: P<0.001, n=6; rats: P=0.04, n=6) as was the 
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Figure 2 Screening of DEGs in PAH samples. (A) The volcano plot of the differential gene expression between PAH and controls in 
GSE144274. (B) The volcano plot of the differential gene expression between PAH and controls in GSE243193. DEGs were identified with 
a cutoff value of an adjusted P value <0.05 and |log2 fold change (FC)| >1. (C) Venn diagram of all DEGs. A total of 271 overlapping DEGs 
from GSE144274 and GSE243193 were identified. (D) Venn diagram of upregulated DEGs. (E) Venn diagram of downregulated DEGs. 
DEG, differentially expressed gene; PAH, pulmonary arterial hypertension.
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Figure 3 Enrichment analysis for DEGs via STRING and Cytoscape. (A) GO enrichment analysis in GSE144274. (B) GO enrichment 
analysis in GSE243193. (C) KEGG enrichment analysis in GSE144274. (D) KEGG enrichment analysis in GSE243193. ATP, adenosine 
triphosphate; BP, biological process; CC, cellular component; DEG, differentially expressed gene; ECM, extra cellular matrix; GO, Gene 
Ontology; IgA, immunoglobulin A; KEGG, Kyoto Encyclopedia of Genes and Genomes; MHC, major histocompatibility complex; MF, 
molecular function; STRING, Search Tool for the Retrieval of Interacting Genes/Proteins.

expression level in the pulmonary arteries (mice: P<0.001, 
n=6; rats: P=0.01, n=6). The expression level of IRF1 from 
the qRT-PCR results were consistent with the findings for 
protein expression in pulmonary tissue (mice: P=0.001, n=6: 
rats: P<0.001, n=6) and arteries (mice: P<0.001, n=6; rats: 
P=0.003, n=6). 

IRF1 inhibition could ameliorate PAH in Sugen 5416- 
and hypoxia-induced PAH mice

To further clarify the relationship between IRF1 and PAH, 
we used 10-HDAA to establish a PAH mouse model with 
the inhibition of IRF1 (Figure 7). The protein expression 

of IRF1 was higher in the PAH group as compared with 
the control group (P<0.001; n=6). Compared with that in 
the PAH group, the protein expression of IRF1 was lower 
in the PAH + 10-HDAA group (P<0.001; n=6). Compared 
with that in the control group, the protein expression 
of IRF1 was higher in the 10-HDAA + HySu group 
(P<0.001; n=6). The RVSP of the HySu group was elevated 
compared with that in the control group (28.21±8.41 vs. 
57.67±11.02 mmHg; P<0.001; n=6). Among mice, RVSP 
was lower in the PAH+10-HDAA group than in the PAH 
group (57.67±11.02 vs. 45.83±4.88 mmHg; P=0.04; n=6). 
The RVSP of the 10-HDAA + HySu group was elevated 
compared with that in the control group (45.83±4.88 vs. 
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Figure 4 Establishment of a PPI network and identification of hub genes in PAH. (A) PPI network of DEGs was constructed using 
STRING. (B) The main module in the PPI network was identified via the MCODE plug-in. (C) Top 10 hub genes obtained from the 
MNC algorithm via CytoHubba. (D) Top 10 hub genes obtained from the degree algorithm. (E) Top 10 hub genes obtained from the 
MCC algorithm. (F) Venn diagram of the overlapping hub genes from the different algorithms. DEG, differentially expressed gene; MCC, 
maximal clique centrality; MNC, maximum neighborhood component; PAH, pulmonary arterial hypertension; PPI, protein-protein 
interaction; STRING, Search Tool for the Retrieval of Interacting Genes/Proteins.

28.21±8.41 mmHg; P<0.001; n=6). Finally, the RV/(LV+S) 
in the HySu group was significantly higher than that of 
the control group (30.71%±5.83% vs. 56.53%±7.29%; 
P<0.001; n=6); moreover, it was lower in the 10-HDAA 
+ HySu group than in the HySu group (56.53%±7.29% 
vs. 48.31%±5.26%; P=0.045; n=6). The RV/(LV+S) in the  
10-HDAA + HySu group was significantly higher than that 
of the control group (48.31%±5.26% vs. 30.71%±5.83%; 
P<0.001; n=6).

Discussion

In this study, we chose GSE144274 and GSE243193 due 
to their relevance to our research objectives, the quality 
of the data, and their availability for public access. These 
datasets contain pertinent information that aligns with 
our study’s focus on pulmonary arterial hypertension. 
While there is few study on GSE243193, GSE144274 
has been widely cited in the literature, indicating its 
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Figure 5 Establishment of PAH animal models. Representative tracings of RVSP in (A) the mouse control group and (B) the mouse 
HySu group, along with (C) the group data. (D) Representative HE staining image of lung tissue from control group mice (400×). (E) 
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credibility and significance in the field. We screened out 
overlapping DEGs from GSE144274 and GSE243193 and 
conducted functional analysis to investigate the underlying 
mechanisms. A PPI network was established to screen 
out the hub genes and pinpoint the key genes base on the 
results. The principal findings are as follows: (I) seven key 
genes (ACTA2, HLA-DRA, HLA-A, PECAM1, HLA-C, 
IRF1, CD74) were identified between patients with PAH 
and healthy individuals; (II) the upregulation of IRF1 may 
play a role in the pathophysiological processes associated 
with PAH. 

IRF1 is an interferon regulator of cell proliferation 
and immune response, functioning as an activator of 
genes in relation with both adaptive and innate immune  
responses (15). It is involved in the transcriptional activation 
process that responds to bacterial and viral pathogen 
invasion, playing a role in programmed cell death and DNA 
damage response (16). IRF1 is expressed in a variety of cell 
types (17), and IRF1 mRNA level appears to significantly 
increase in response to inflammation reaction or interferon 
stimulation (18). Complement DNA (cDNA) transfection 
experiments have demonstrated that IRF1 can activate the 
promoters of IFN-α/β (19), and IRF1 cDNA expression 
may induce endogenous IFN-α and IFN-β gene expression 
in various cell lines (20). It has also been observed that the 
upregulation of IRF1 expression can induce inflammatory 
cell death of PAECs in the airway (21). Another study 
suggests that IRF1 may play an inhibitory role in the 
regeneration of the endothelium (22). Research has found 
that the activation of IRF1 can promote the abnormal 
differentiation and proliferation of smooth muscle cells 
by regulating inflammatory responses and apoptosis (23). 
Furthermore, a recent study has shown that inhibiting IRF1 
expression can reduce the abnormal proliferation of smooth 
muscle cells (24). 10-HDAA has been reported to exert an 
inhibitory effect on the expression of IRF1 (25). Based on 
its critical role in immune response and gene regulation, 
IRF1 was selected as our target (19). A previous study has 
highlighted its significance in programmed cell death of 

endothelial cells and smooth muscle cells, which in part 
aligns with the objectives of our research (21). Considering 
these findings, we applied 10-HDAA as an inhibitor of IRF1 
for the intervention experiments in mice. While our current 
study did not include this intervention on rats, we recognize 
the potential benefits of such an experiment in further 
elucidating the effects of IRF1 in vivo. However, rats usually 
weigh ten times that of mice. The dosage of 10-HDAA 
required by gavage in rats is too much to afford, making it 
difficult to proceed with the experiment.

PAECs and PASMCs play key roles in the pulmonary 
vascular remodeling (26). In one study that used PASMCs 
from patients with PAH, the conditioned medium from 
the coculture of M2 macrophages and PASMCs exhibited 
a more pronounced effect on exacerbating PASMC 
migration and proliferation, and thus worsened the PAH  
condition (27). Wang et al. (28) found that dysfunction of 
bone morphogenetic protein receptor 2 signaling pathway 
in PASMCs could impair the contractility of pulmonary 
vessels and increase proliferation, potentially resulting in 
persistent pulmonary hypertension. In MCT-induced PAH 
models, enhanced apoptosis and ferroptosis of PAECs were 
observed (29). Interestingly, upregulation of IRF1 may 
aggravate the pyroptosis of PAECs in endothelial cells of 
vessels (30). Recent single-cell mapping research indicates 
that targeting inflammatory and immune responses may 
alleviate severe vascular pathology in PAH (31). These 
findings suggest that IRF1 may be a key immune-related 
gene in the progression of PAH.

There are several limitations to our study. First, we 
did not examine the signaling pathways involving IRF1 
in depth, necessitating further experiments to support 
and validate our results. Second, GSE144274 consists of 
patients with an idiopathic PAH profile and a relatively clear 
etiology, while GSE243193 includes patients with different 
types of PAH. Third, a combined analysis of the two gene 
expression profiles of PASMCs and PAECs that could 
facilitate the screening for immune-related genes and genes 
involved in intercellular interactions was not conducted. 

Representative HE staining image of lung tissue from the HySu group mice (400×). (F) RV/LV + S in HySu and control group mice. (G) 
Representative tracings of RVSP in control group rats. (H) Representative tracings of RVSP in MCT group rats. (I) RVSP data for MCT 
and control group rats. (J) Representative HE staining image of lung tissue from a control group rat (400×). (K) Representative HE staining 
image of lung tissue from an MCT group rat (400×). (L) RV/LV + S data from MCT and control group rats. (M) Immunofluorescence 
images of IRF1 and β-actin in lung tissue. Nuclei were counterstained with DAPI. Ctrl, control; HySu, hypoxia- and Sugen5416-
induced PAH mouse group; IRF1, interferon regulator factor 1; MCT, monocrotaline-induced PAH rat group; PAH, pulmonary arterial 
hypertension; RV/LV + S, right ventricular/left ventricular + septum; RVSP, right ventricular systematic pressure; s, seconds.
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Figure 6 Expression level of IRF1 in PAH animal models. Representative images of Western blots in lung tissue from (A) mice and (D) rats 
and the corresponding group data of IRF1 relative protein expression level from (B) mice and (E) rats. The relative mRNA expression levels 
of IRF1 in lung tissue from (C) mice and (F) rats. Representative images of Western blots in pulmonary arteries from (G) mice and (J) rats. 
Data of IRF1 relative protein expression level from (H) mice and (K) rats. Relative mRNA expression levels of IRF1 in pulmonary arteries 
from (I) mice and (L) rats are shown. Ctrl, control; HySu, hypoxia- and Sugen 5416-induced PAH mouse group; IRF1, interferon regulator 
factor 1; PAH, pulmonary arterial hypertension.

Finally, our findings do not sufficiently clarify the in vitro 
role of IRF1 in PAH, although we did manage to construct 
both a HySu model and an MCT model. Therefore, 
more in-depth fundamental experiments are required to 
characterize the relationship between IRF1 and PAH.

Conclusions

Our findings suggest that the expression level of IRF1 in 
lung tissue and pulmonary arteries may influence the onset 
and progression of PAH, indicating that IRF1 could serve as 
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Figure 7 Inhibition of IRF1 ameliorated PAH in HySu mice. (A) Representative Western blot image of IRF1 expression in lung tissue 
from different mice. (B) Group data of IRF1 protein expression level. Representative RVSP tracings from (C) control, (D) HySu, and (E) 
10-HDAA+HySu mice are shown along with (F) group data. Representative images of HE staining from (G) control, (H) HySu, and (I) 10-
HDAA + HySu mice (400×). (J) RV/LV+S data for the three groups. 10-HDAA, 10-hydroxydecanoic acid; 10-HDAA + HySu, HySu plus 
10-hydroxydecanoic acid-treated mouse group; Ctrl, control; HySu, hypoxia- and Sugen 5416-induced PAH mouse group; IRF1, interferon 
regulator factor 1; PAH, pulmonary arterial hypertension; RV/LV + S, right ventricular/left ventricular + septum; s, seconds.

a therapeutic target for PAH. 
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