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Abstract
Pulmonary arterial hypertension (PAH) is characterized by vascular cell growth and proliferation leading to increased pulmonary vascular resistance, increased 
pulmonary arterial pressure, right ventricular failure, and death. The main objective of the study was to investigate the prophylactic and therapeutic benefits of over 
expression of EC-SOD in an animal model with chronic PAH. Chronic PAH was induced by exposing adult male C57BL6 mice to hypoxia (FiO2 10%) for 3 
weeks and Sugen  administration, once per week (3 doses). Hemodynamic, histologic, immunohistochemistry, NO Pathway, angiogenesis markers and inflammatory 
marker studies were performed at 3, 7, 11- and 14-weeks post-exposure. Transgenic mice which overexpress EC-SOD showed less evidence of PAH, associated with 
mild inflammation which was resolved by 11-14 weeks post exposure compared with wildtype mice under the same conditions. Overexpression of EC-SOD post-
establishment of chronic progressive PAH showed significant therapeutic benefits. There was a significant decrease in pulmonary pressures associated with resolution 
of the chronic changes at the level of the parenchyma in transfected hypoxic wild type animals compared to wild type hypoxic non-transfected. The data suggest that 
EC-SOD has a marked and a significant role in ameliorating and reversing the chronic, progressive form of PAH. in murine mo del.  

Background
Pulmonary arterial hypertension (PAH), occurs when pulmonary 

vascular resistance (PVR) remains abnormally elevated. This in turn 
leads to severe hypoxemia that may not respond to conventional 
respiratory support and can lead to right heart failure and death [1]. PAH 
encompasses a multifactorial group of pulmonary vascular disorders 
[2]. Major factors contributing to the complicated pathogenesis include 
sustained vasoconstriction and progressive fixed vascular remodeling 
[3]. Despite huge advances in the understanding of the pathogenesis 
of PAH, the complexity of its origins, and the pathway interactions 
involved require further elucidation. In particular, the equilibrium 
between pulmonary smooth cells and endothelial cells, the complexity 
of hemodynamic changes i, the prevention and reversion of pulmonary 
hypertension remain unexplained [4]. 

One of the major contributory factors in the pathophysiology of 
PAH is hypoxia, which plays a pivotal role [5], leading to pulmonary 
vessel constriction, proliferation of endothelial cells, smooth muscle 
cells and adventitial fibroblasts resulting in vessel narrowing [5-8].

Exposure of most animals to low levels of environmental oxygen 
results in alveolar hypoxia and reliably causes chronic pulmonary 
hypertension and morphological alterations of the precapillary 
pulmonary vessels [9-11]. The major limitation of the frequently 
studied small animal models of pulmonary hypertension (induced by 
chronic hypoxia), is that they do not always develop the chronic and 
irreversible changes associated with high mortality and morbidity in 
humans [12,13]. Thus, hypoxia (acute or chronic) alone is not sufficient 
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to cause severe pulmonary hypertension and/or chronic changes. Two 
hits models, as described a decade ago, continue to be investigated 
and provide insight into the nature of the lung vascular lesions and 
mechanisms of cardiac adaptation to an altered lung circulation. In 
thes animal models, a combination of VEGF  receptor blockade with 
Su5416  and chronic hypoxia has been shown to induce a pulmonary 
hypertension and severe pulmonary arteriopathy, including concentric 
neointimal and complex plexiform-like lesions; [13-15]. 

EC-SOD overexpression has been shown to attenuate, prevent, and 
reverse [16-19] PAH in previous studies in animals with PAH induced 
by hypoxia alone. However, these studies, have not examined EC-SOD 
in animals with chronic progressive PAH associated with advanced 
stage of vasculopathy. In our previous studies, we showed that EC-SOD 
is uniquely positioned to oppose the development of PAH because of 
its ability to catalyze the dismutation of superoxide radicals [20,21], 
increase NO bioavailability [22], and decrease the inflammatory 
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response associated with oxidative stress [20,22], and increase VGEF 
expression [23]. In the current study, our overall goal was to evaluate 
the role of EC-SOD overexpression in preventing the progression of the 
pulmonary hypertension to its chronic and irreversible stages. 

Methods and materials
All animal experiments were approved by the Institutional Animal 

Care and Use Committee of the Feinstein Institute for Medical Research. 

Animal model

We established the chronic progressive form of PAH by exposing 
male C57BL/6 mice (9-11wks old) to hypoxia 10% and intraperitoneal 
administration (20 mg/kg body weight per dose) of the vascular 
endothelial receptor (VEGF) blocker SU5416 (Sugen) at days 0, 7 and 
14. Sugen was suspended within a mixture of 0.5% carboxy methyl 
cellulose sodium, 0.9% sodium chloride, 0.4% polysorbate 80, and 0.9% 
benzyl alcohol in deionized water. 

Study design

Prophylactic study: Wild type C57B6 mice (WT) and transgenics 
(TG) expressing an additional copy of human EC-SOD, were studied 
as follows:

Group 1 (n=5): WT housed in room air

Group 2 (n= 5): TG housed in room air

Group 3 (n= 20): WT housed in hypoxia+ sugen. 

Group 4 (n= 20): TG housed in hypoxia chamber + sugen. 

After 3 weeks of exposure, all animals were housed in room air. Five 
animals were euthanized and studied from each group at each study 
time point (3,7,11&14 weeks post exposure). 

Therapeutic study: Chronic pulmonary hypertension was developed 
over 3 weeks as described above. After the exposure period, half of the 
animals were transfected with hEC-SOD/in vivo-jetPEI  complexes 
50 µL/dose via intratracheal instillation under general anesthesia 
as described previously [24,25]. The remaining animals were not 
transfected. Both non transfected & transfected were then housed in 
room air and five animals/group were studied and euthanized at 7, 11 
weeks post exposure. 

Hemodynamic studies

RT Ventricular Pressure Assessment (N=5 mice/group): was evaluated 
at 3, 7, 11, 14 weeks post hypoxia exposure as described before [18]. 
Briefly, animals were anesthetized with ketamine 20 mg/kg/dose, a 
26-gauge needle connected to a transducer was introduced into the right 
ventricle of the heart trans-diaphragmatically. Right ventricular systolic 
pressure (RVSP) was measured and recorded using a computerized 
hemodynamic recording system (HAEMODYN, Harvard Apparatus, 
MA, USA). The mice were then euthanized by exsanguination. 

RV/S + LV ratio (N=5 mice/group): Hearts were removed, dissected 
and weighed for calculation of different of cardiac indices. The heart 
weights were be expressed as a ratio of the weight of the right ventricle 
to that of the septum plus left ventricle (RV/S + LV), or the right 
ventricle mass (Right ventricle / weight - RV/W), was expressed the 
ratio of the weight of the right ventricle to the weight of the animal [20]. 

Quantification of microvessel density and vascular wall thickness 
(N=5 mice/group): The left lung was perfused with 4% paraformaldehyde 
(PFA), inflated by infusion of 4% PFA at a constant pressure of 25 cm H2O 

through a cannula inserted in the trachea, fixed in 4% PFA overnight 
at 4°C and then embedded in OCT,  Subsequently 5-μm-thick sections 
were taken and stained with hematoxylin and eosin (H&E) Images of 
individual pulmonary arteries were captured using a digital camera, 
mounted on a light microscope, and linked to a computer. Microvessel 
density was quantified by counting the percentage area of positive pixels 
per image with at least 21 images per sample (5 animals, 3 samples per 
animal, and 7 sections per sample as described previously) [26].

Vascular wall thickness: was measured using a Zeiss Axiovert 200M 
light microscope – CCD camera AxioCam (mRm) color camera and 
expressed as the percentage of total vessel size. Percent wall thickness 
was calculated as (2 × wall thickness)/external diameter × 100% (8,10). 
External diameter and internal diameter of 50 alveolar vessels (with 
an external diameter of 100–200 μm) per animal were determined 
and recorded by an independent investigator blinded to the treatment 
regimen. The ratio of vessel wall area to total area (WA%) and the ratio 
of pulmonary arteriole wall thickness to vascular external diameter 
(WT%) were measured using Zeiss axial program of 3 random wall 
sections. 

Histological studies (N=5 mice/group)

Lung morphometric was assessed on lungs from each group. Lung 
tissues were embedded in paraffin wax. Serial sections were stained 
with H&E The stained sections were analyzed using a Nikon Eclipse 
E400 microscope and images were obtained using a Nikon DS-Fi1 
camera with 5-megapixel CCD. 

Immunohistochemistry Studies (N=5 mice/group)

Immunohistochemical staining was performed with the Vectastain 
Universal Quick kit (Vector Laboratories, Burlingame, CA) (13), using 
antibodies to detect von Willebrand factor (Dako, Glostrup, Denmark), 
smooth muscle actin (Abcam, Cambridge, Mass), and VEGF, (Santa 
Cruz Biotechnology, CA). 

Evaluations of nitric oxide synthase pathway, angiogenesis markers 
and inflammatory (N=5 mice/group)

Lung tissues were perfused and rinsed with phosphate-buffered 
saline (pH 7.4) containing heparin (2 unit/ml) to remove any red blood 
cells and clots and were then homogenized at 48oC. NO pathway analysis 
was performed in lung homogenates by Western blot analysis using 
i) EC-SOD antibody at 1:1,000 (Santa Cruz, Biotechnology, CA); ii) 
mouse monoclonal endothelial nitric oxide synthase (eNOS) at 1:1,000 
(BD Transduction, San Jose, CA); iii) rabbit polyclonal phosphonitric 
oxide synthase (pNOS) at 1:1,000 (Abcam, Cambridge, Mass); iv)rabbit 
polyclonal sGC  at 1:1,000 (Cayman Chemical, Ann Arbor, Michigan). 
Assay of the angiogenesis markers sFlt-1 (sVEGFR-1), was performed 
using the Quantikine mouse soluble VEGFR1/Flt-1 Immunoassay 
Kit (R&D Systems, Minneapolis, MN), and cGMP measurements by 
enzyme immunoassay kit Cayman Chemical.

Western blot experiments (N=5 mice/group)

Control and experimental tissues were lysed in RIPA buffer 
containing 50 mM Tris·Cl (pH 7.5), 150 mM NaCl, 1 mM EDTA , 
1% Nonidet P-40, 0.25% deoxycholate, 0.1% SDS, 1 protease inhibitor 
cocktail (Cocktail Set I, Calbiochem, San Diego, CA), 1 mM PMSF , and 
0.2 mM sodium orthovanadate. The protein concentration was measured 
using the Bio-Rad Protein Assay (Pierce, Rockford, IL). Total protein 
lysates (20 g/lane)  were loaded on a 10% polyacrylamide gel (Bio-Rad, 
Hercules, CA) and transferred onto a nitrocellulose membrane using a 
Bio-Rad miniblot apparatus. Nitrocellulose membranes were processed 
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for immunostaining with primary antibodies and subsequently with 
the appropriate horseradish peroxidase-labeled secondary antibodies. 
Blots were developed using a chemiluminescence detection kit (Pierce, 
Rockford, IL) and exposed to X-ray film (Eastman Kodak, Rochester, 
NY). Equal protein loading and protein transfer were confirmed by 
immunoblot analysis of B-actin protein (Santa Cruz Biotechnology, 
CA) on the same Western blots.

Statistics

Values in the figures are reported as mean ± SD of samples taken 
at least in triplicates. A one-way ANOVA with ‘Bonferroni's Multiple 
Comparison Test’, posttest was performed using GraphPad Prism 
version 5 for Windows, (GraphPad Software, La Jolla, CA, USA), and P 
values <0.05 were considered significant.

Results
Prophylactic study

Our data showed that TG mice had significantly lower RVSP , 
RV/S + LV ratio and RV/W ratio at 3, 7 11 and 14 weeks compared 
with WTmice (P< 0.05) which showed chronic progressive pulmonary 
hypertension as shown by significantly elevated RVSP , RV/S + LV ratio 
and RV/W ratio (Figure 1). 

At the level of the lung parenchyma (Figure 2), TG mice showed 
mild inflammatory changes (increased number of interstitial cells) at 3 
and 7 weeks, with improvement comparable to control mice at 11 and 
14 weeks. Wild type animals showed progressive interstitial and peri-
lymphocytic infiltrates and abnormal alveolarization. At the level of the 
pulmonary arteries (Figure 3), TG mice showed normal wall thickness, 
endothelial and adventitia (comparable to control mice) after 3 weeks 
and maintained its normal morphology at 11 weeks post exposure. 
However wild type mice showed significant, progressive muscular wall 
thickness over the time without regression at the end 11 and 14 weeks. 
Angiogenesis markers, (including alpha-smooth muscle cell, VEGF , 
VWF and soluble family member like tyrosine kinase type 1 (sFlt-1)) 
(Figures 4-7) and Inflammatory markers (Figure 8) (IL1, IL 6 and TNF-
alpha) were increased in WT hypoxic mice and remained increased 
over the 14 weeks compared with TG mice and control groups (P<0.05). 
Overexpression of EC-SOD and increased bioavailability of NO was 
studied by assessment of both cyclic Guanosine Monophosphate 
(cGMP) and soluble Guanylate Cyclase (sGC), which were decreased at 
3 and 14 weeks among WT hypoxic animals compared to those in room 
air (<0.05) (Figure 9). In hypoxic TG animals, overexpression of EC-
SOD had a significant protective action on the NO pathway. All hypoxic 
TG animals showed similarlevels of both cGMP and sGC compared to 
the RA control group. But was significantly higher than WT hypoxic 
animals (P<0.05). 

Therapeutic effect study

Animal transfection using EC-SOD plasmid showed a significant 
therapeutic role by preventing the progression to chronic pulmonary 
changes and improving the pulmonary hypertension status compared 
to WT hypoxic animals (P<0.05). Transfected mice (WT-T) showed 
decreased right ventricular systolic pressure, right ventricle mass RV/W 
ratio and right ventricle/weight ratio (cardiac mass index) (RV/W) 
compared with WT mice at 7 weeks with significant reductions in these 
parameters at 11 and 14 weeks post-exposure,compared to the RA 
control group (Figure 1). At the level of the pulmonary parenchyma, 
transfected mice showed attenuation of the inflammatory changes at 
7 weeks with continuous improvement at 11 and 14 weeks without the 

development of chronic pulmonary changes, which was obvious and 
significant among the non-treated WT mice (Figure 2). At the level 
of the pulmonary arteries, post-transfected, treated WT hypoxic mice 
group, showed normal pulmonary artery morphology at 7, 11, 14 weeks 
post-exposure, compared with the control RA group. WT hypoxic 
non-treated group showed a progressive increase in wall thickness, 
muscularization and endothelial proliferation (Figure 3). 

Discussion
In this study, we report an intervention that can prevent and 

treat pathological changes induced by chronic hypoxia and SU5416  
in an adult mouse model with PAH. Both transgenic mice (with 
overexpression of EC-SOD), and transfected mice (with hEC-SOD/
in vivo-jetPEI complex via intra-tracheal instillation ), were protected 
and experienced both normalization of pulmonary pressures and 
attenuation of chronic pulmonary changes in both pulmonary 
vasculature and lung parenchyma.

PAH is associated with a hig h morbidity and mortality in all 
age groups from neonates to the elder population. Although, the 
prophylactic role of EC-SOD to prevent PAH induced by hypoxia has 
previously been shown (16–20), this is the first study to show the ability 
of EC-SOD to prevent and reverse the progression of PAH and chronic 
pulmonary changes in the more severe Su5416/chronic hypoxia murine 
model. 

Abe, et al. (2010) showed that Su5416/chronic hypoxia is a 
particularly robust model of pulmonary hypertension [14]. Plexiform 
lesion is a characteristic structure of the pulmonary arteriopathy in 
severe PAH and was found in the SuHx model at 14 weeks (11 weeks 
on normoxia) in addition to the other stages of vasculopathy (1-3) [14]. 
Vitali, et al. (2014) reported that weekly SU5416 combined with 3 weeks 
of hypoxia followed for an additional 10 weeks in normoxia yielded 
an enhancement of pulmonary hypertensive and structural responses 
causes a more profound PAH phenotype in mice than hypoxia alone, 
but with very few angio-obliterative lesions were found at the 10-week 
follow-up time point in SuHx mouse lungs [27]. Recently, enhanced 
glycolysis was found to be associated with the pulmonary vasculature 
and tissue matrix in the SuHx mouse model [28]. In our mouse 
model with SU5416 combined with 3 weeks of hypoxia, a progressive 
and profound form of PAH phenotype was noted in comparison to 
hypoxia alone and similar to that observed in human severe PAH [13]. 
In our model, there were significant arteriopathy changes including 
concentric laminar neointimal proliferation and irreversible changes, 
but patterns of complex plexiform lesions were not seen at 11, 14 weeks 
follow-up time points, in agreement with other studies [27]. Most of the 
studies agree that the SuHx mouse model can be an important tool in 
unravelling the multifactorial pathogenic mechanisms associated with 
PAH [29].

TG animals that were treated with Su5416 and exposed to hypoxia 
showed normal alveolar and parenchymal architecture, in comparison 
to WT treated ganimals and controls housed in room air (Figures 2 
and 3). Immunostaining for α-SMA (Figure 4), VEGF (Figure 5) and 
Von Willebrand factor (vWF) (Figure 6), showed minimal medial wall 
proliferation, with no progression to chronic changes (Figures 2 and 3). 
Interestingly, among WT mice that were initially exposed to Sug5416/
hypoxia x3 weeks (to establish the disease), and were then transfected 
with EC-SOD (Transfected group), showed significant evidence of 
reversial of their established parenchymal pathological changes, with 
marked improvement and resolution of the inflammation at the 11 
and 14 weeks’ time points (Figure 2). At the pulmonary arterial level, 
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Figure 1. Evaluation of PAH model and Cardiac hypertrophy after expose mice to a fraction on inspirited oxygen 10% for 3 weeks, and injection of vascular endothelial growth factor 
(VEGF) receptor bloker Sugen (SU) 5416, once a 1 week x3 doses. Animals studies were done at 3, 7, 11 and 14 weeks post-exposure, among RA control, TG hypoxic and WT hypoxic 
groups. (A) right ventricular systolic pressure (RVSP), (B) right ventricular/Left ventricle + septum ratio, (C) right ventricle/body weight, (D) percentage wall vessel thickness (PWVT). Fig. 
1B: Evaluation of PAH model and Cardiac hypertrophy after expose mice to a fraction on inspirited oxygen 10% for 3 weeks, and injection of vascular endothelial growth factor (VEGF) 
receptor bloker Sugen (SU) 5416, once a 1 week 3 doses. After Hypoxia haft of the animals were transfected and other haft not transfected. Animals studies were done at 3, 7, 11, 14 weeks 
post exposure, in. (A) right ventricular systolic pressure (RVSP), (B) rightventricular/left ventricule + septum ratio, (C) rigth ventricle/body weight. N/group=5 animals. *P<0.05

the marked muscular wall thickness, muscularization and endothelial 
proliferation occurred after exposure (3 weeks) and started to regress 
markedly at 11, 14 weeks follow-up time points (Figure 3).

In parallel to the inflammation and vasculopathy findings, arterial 
pulmonary pressure measurements, right ventricular hypertrophy and 
vascular wall thickness showed similar trends among studied groups. 
TG hypoxic mice showed normal limits of those parameters, post 
exposure compared to hypoxic and control groups (Figure 1). While 
the WT hypoxic group, showed a significant increase of RVP and right 
ventricle hypertrophy post-exposure, transfection of EC-SOD, started 
to show progressive reduction of RVP and right cardiac hypertrophy 

at 7, 11 & 14 weeks post-exposure time points upon transfection with 
EC-SOD in comparison to non-transfected group which showed 
progressive increase of RVP (Figure 1). These data support both the 
prophylactic and therapeutic role of EC-SOD in preventing both the 
initiation, and the progression of the pathological changes including 
vascular remodeling triggered. 

In our model, we showed significant elevation of inflammatory 
markers mainly; IL-B1, IL-6 and TNF-α; in accordance with 
previously described findings in humans with idiopathic and familial 
severe pulmonary hypertension, and which correlate with the worst 
outcome [30]. Experimental evidence in hypoxia-induced pulmonary 
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Figure 2. Histopathologycal studies of Lung Parenchyma in all four studied groups: RA control, Hypoxic WT, Hypoxic Transgenic, and Hypoxic transfected groups

Figure 3. Histopathologycal studies of lung pulmonary arteries in all four studied groups: RA control, Hypoxic WT, Hypoxic Transgenic, and Hypoxic transfected groups
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Figure 4. Histo-chemistry studies of pulmonary arteries smooth muscles in RA, Hypoxic WT and hypoxic TG groups. A: Immunostaining for alpha smooth muscle antibody (α-SMA). B: 
Table shows a quantification of α-SMA pixels percentage. N/group=5 animals. *P<0.05
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Figure 5. Histo-chemistry studies of pulmonary arteries smooth muscles in RA, Hypoxic WT and hypoxic TG groups. A: Immunostaining for vascular endothelial growth factor (VEGF). 
B: Table shows a quantification of VGEF pixels percentage. N/group=5 animals. *P<0.05
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Figure 6. Histo-chemistry studies of pulmonary arteries smooth muscles in RA, Hypoxic WT and hypoxic TG groups. A: Immunostaining for Von Willebrand factor (vWF). B: Table shows 
a quantification of vWF pixels percentage. N/group=5 animals. *P<0.05

 
Figure 7. ELISA Assay of angiogenesis marker; soluble family member like tyrosine kinase type 1 (sFlt-1); in RA, Hypoxic WT and hypoxic TG groups at 3 and 14 weeks post-exposure. 
N/group=5 animals. *P<0.05



Lopez Da Re JM (2019) EC-SOD can prevent the chronic stages of pulmonary hypertension induced by hypoxia

Volume 6: 7-9Integr Mol Med, 2019     doi: 10.15761/IMM.1000389

 

 
Figure 8. ELISA Assay of inflammatory markers (IL-1, IL-6 and TNF-a), at 3 and 14 weeks post-exposure, in RA, Hypoxic WT and hypoxic TG groups N/group=5 animals. *P<0.05

 

Figure 9. Western blot assay of NO pathway at 3 and 14 weeks post-exposure, in RA, Hypoxic WT and hypoxic TG groups. A: Assay of PeNOS/eNOS ratio. B: Assay of Soluble guanylate 
cyclase (sGC). N/group=5 animals. *P<0.05
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hypertension has shown diverse evidence with increase IL-1B in 
monocrotaline animal model, hypoxic sugen rat model, but no such 
findings were reported in hypoxic mouse models [30,31]. 

We have demonstrated that sFlt-1 expression in wild type mice 
was up-regulated under hypoxia + sugen model and was normalized 
in hypoxic transgenic mice and control, in accordance with what 
demonstrated by Xiong, et al. [32]. VEGF-A overexpression has been 
shown to protect against pulmonary hypertension in monocrotaline and 
hypoxia animal models [33,34]. sFlt-1-mediated VEGF-A inhibition 
has previously been proposed to contribute to PAH pathology [35]. 
sFlt-1 infusions have furthermore been shown to elevate blood pressure 
in mice by augmenting endothelin-1-mediated vasoconstriction 
[36] Our results do not agree with other studies that showed down 
regulation of sFlt-1 or normal levels [37-39]. The discrepancy between 
the conclusions of previous studies and the current study, may be due 
to the difference between different types of microvasculature, acute vs 
chronic different stressors and different hypoxia models [40]. 

Despite no change in total lung EC-SOD content, the selective 
depletion of SMC-derived pulmonary vascular EC-SOD worsened 
chronic hypoxic PAH [34]. The augmented PAH was shown by 
measures of hemodynamics as well as analysis of pulmonary vascular 
remodeling. In this model, enhanced PAH in the setting of low vascular 
EC-SOD was due to impaired cGMP-dependent signaling, indicating 
that impaired eNOS activity could account for the exaggerated PAH 
in the mice with insufficient pulmonary vascular EC-SOD [41]. Our 
studies demonstrate the necessity to consider the compartmentalization 
of oxidant production and antioxidant activity and the importance of 
extracellular oxidant/antioxidant imbalance on specific redox-sensitive 
signaling pathways [42]. In our model, studying, nitric oxide synthase 
pathway showed significant reduction of p-eNOS in WT hypoxic mice, 
with elevated values in hypoxic transgenic mice that become equivalent 
to control animals at 7 weeks post-exposure (Figure 9).

We recognize a few limitations with this study. The mouse 
model of chronic hypoxia-induced PH, while reproducible and well-
characterized, does not reflect the marked severe degree of pulmonary 
vascular remodeling or inflammation that is observed in human 
disease. Although we demonstrated worsened medial and adventitial 
wall remodeling, this model does not enable us to assess the impact of 
insufficient vascular EC-SOD on intimal changes, even though this is 
an important feature of pulmonary artery remodeling in the clinical 
setting. Another limitation is that, since we used lung tissue to evaluate 
the sGC-cGMP-PDE5 axis, we may not have detected more subtle 
changes in pulmonary artery expression or activity. The lung changes 
may not fully reflect the changes observed in the pulmonary artery, as 
has been shown in large animal models or human patients [10,11]. In 
the future, we plan to test more robust models of PAH associated with 
remodeling in all three layers of the vessel wall as well as inflammation.

In conclusion, we were able to establish a chronic PAH in adult 
mice. EC-SOD has a marked and a significant role in ameliorating and 
attenuating pulmonary vasculopathy and subsequently the progression 
of chronic PAH induced by hypoxia. Overexpression of EC-SOD leads 
to regression of the inflammatory process associated with vascular 
remodel in chronic model of pulmonary hypertension. 
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