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Abstract 

Aims: To assess the levels of growth factors and interleukin-6 (IL-6) across the pulmonary 

circulation in patients with pulmonary arterial hypertension (PAH) and correlate them with 

clinical and hemodynamic data, and outcome. 

Methods and Results: Simultaneous arterial and pulmonary arterial (PA) blood samples in 

patients with PAH (n=44) and controls (n=20) were obtained during right heart 

catheterisation. Vascular endothelial growth factor (VEGF), platelet-derived growth factor-

BB (PDGF-BB), transforming growth factor beta 1 (TGF-β1) and IL-6, were measured using 

ELISA.  

Arterial (median - interquartile range, IQR) VEGF, PDGF-BB, TGF-β1 and IL-6 were 

significantly higher in patients, [377 (218-588) vs. 9.0 pg/ml; 1955 (1371-2519) vs. 306 (131-

502) pg/ml; 26.42 (11.3-41.1) vs. 7.0 (1.8-18.4) ng/ml; 3.98 (0.7-8.1) vs. 0.7 pg/ml, 

respectively (p<0.001 for all variables)]. There was a consistent step up of VEGF, PDGF-BB 

and TGF-β1 across the lungs in PAH patients (p<0.001, p=0.002, p<0.001, respectively) 

whereas in controls, arterial and PA serum levels of IL-6 and growth factors were similar 

(p=NS). In multivariate analysis increased IL-6 levels predicted mortality (HR, 1.08; 95%, CI, 

1.02-1.15; p= 0.012). 

Conclusion: These findings indicate increased release and/or decreased clearance of growth 

factors at the lung vascular level, which may contribute to vascular remodelling in PAH. 

 

 

 

 



 3

 

Introduction 

Pulmonary arterial hypertension (PAH) is a progressive disease characterized by pulmonary 

vasculopathy leading to elevation in pulmonary vascular resistance, right heart failure and 

premature death [1]. Accumulated evidence indicates that cellular proliferation of endothelial, 

smooth muscle cells (SMC) and fibroblasts plays an important role for the vascular 

remodelling, characteristic of PAH [2-4]. Vascular cell proliferation is regulated by various 

growth factors and there is evidence indicating that growth signalling is altered for the VEGF, 

PDGF and TGF-beta pathways in PAH [5-12]. These pathways may also represent new 

targets for pharmacological treatment [13-15]. 

Vascular endothelial growth factor (VEGF) is an endothelial cell-specific mitogen and potent 

angiogenic peptide secreted by a variety of cell types and tissues. VEGF and its receptors, Flt-

1 and Flk-1, are expressed in the plexiform lesions, a unique vascular structure in PAH [16]. 

Platelet-derived growth factor (PDGF) is a potent mitogen for fibroblasts and smooth muscle 

cells, which promotes wound healing, whereas VEGF initiate angiogenesis and accelerate 

repair of the endothelial cell lining. In lung biopsies from patients with severe PAH, the 

PDGF–AA chain was significantly increased  [17] and pulmonary vascular  expression of 

PDGF and the PDGF receptors was also found to be increased in explanted lungs from 

patients with end-stage PAH [14].  

The transforming growth factor beta (TGF-β) superfamily includes TGF-β isoforms (TGF-β1-

5), bone morphogenetic proteins (BMPs), activins and inhibins. In pulmonary artery SMC 

from patients with idiopathic PAH, TGF- β1 causes enhanced cell proliferation in contrast to 

the growth inhibitory effects observed in normal cells [12, 18]. TGF-β1 enhances the 

deposition of extracellular matrix through promotion of synthesis and inhibition of the 

degradation. 
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The presence of lymphocytes adjacent to vascular lesions in patients with PAH and the 

association between PAH and connective tissue diseases suggest that immunological 

pathways also play a pathophysiological role [5, 8]. Pro-inflammatory cytokines (Interleukin-

IL-1β, IL-6 and tumor necrosis factor alfa) may also contribute to the mechanisms leading to 

the proliferation of vascular cells [19]. 

Previous studies of growth factors in PAH have been carried out mainly on animals or on 

explanted lung tissue obtained from patients with end-stage disease during lung 

transplantation. The aim of the present study was to assess serum concentrations of VEGF, 

PDGF-BB, TGF-β1 and IL-6 across the pulmonary circulation in vivo, by simultaneous 

arterial and pulmonary arterial (mixed venous) blood sampling in patients with PAH and 

compared with control subjects. In addition, serum levels of these growth factors and IL-6 

were correlated with clinical and hemodynamic variables, and with outcome. Our hypothesis 

was that activation of these pathways could be reflected by an increased gradient of these 

mediators across the pulmonary vascular bed in patients with PAH. 
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Materials and Methods  

Study population 

We prospectively studied 44 consecutive patients with pulmonary hypertension during 

diagnostic or follow up right heart catheterization. Forty-three patients fulfilled the diagnostic 

criteria for PAH according to the WHO classification [20]. We included one patient with 

multiple peripheral pulmonary artery stenosis due to the clinical and hemodynamic 

similarities with PAH. Age, gender, etiology, NYHA class, six minute walk test, current 

medication, basic laboratory tests, hemodynamics and outcome (alive/dead) were documented 

for all PAH patients. The control group comprised 20 patients with left sided Wolff-

Parkinson-White (WPW) syndrome, who were otherwise healthy (Table 1). All control 

subjects underwent a clinical and echocardiographic study with normal results, and had 

normal routine blood tests. The study was approved by the Institutional Review Board at the 

University of Gothenburg and all patients gave informed consent. The first patient was 

included in the study in February 2004. Follow-up was complete and outcome was 

determined for all patients by the end of the study, December 31, 2007. Mean follow- up time 

for PAH patients was 814 ± 442 days. 

At the time of blood sampling for growth factors and IL-6, 25 patients were untreated 

concerning specific PAH therapy. Among treated patients, six patients received the endothelin 

receptor antagonist bosentan, 3 patients received continuous IV epoprostenol, 3 patients 

received the phosphodiesterase type 5 inhibitor (PDE-5) sildenafil, 3 patients received both 

prostacyclin and bosentan, 2 patients received bosentan and iloprost, and another 2 patients 

received a combination of bosentan, prostacyclin and sildenafil. 
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Sample collection and assay 

Patients with PAH underwent standard right heart catheterization using a Swan-Ganz catheter 

(7F, Baxter Healthcare, Edwards Critical Care Division, Deerfield, Illinois USA). The 

catheter was introduced using the Seldinger technique through the right internal jugular vein 

under fluoroscopic guidance. A left radial artery catheter was used to measure systemic 

arterial blood pressure, systemic arterial oxygen saturation and for blood sampling. The 

transpulmonary gradient was assessed by measuring the levels of the growth factors in blood 

samples taken simultaneously from the mixed venous blood of the pulmonary artery (venous 

samples) and radial artery (arterial samples).  

Controls underwent radiofrequency ablation of the accessory left sided pathway using 

transeptal puncture or a retrograde femoral artery approach. Blood sampling from pulmonary 

artery were obtained by a pigtail catheter introduced through the right femoral vein. 

Blood samples were taken simultaneously from the pulmonary artery and radial artery 10 

minutes after hemodynamic measurements were performed at rest in patients with PAH. In 

the controls blood samples were collected simultaneously from the pulmonary artery and left 

atrium or femoral artery. 

Serum was prepared by drawing 9 ml of blood in Venosafe tubes containing a clot activator 

(Terumo Europe N.V. Leuven , Belgium), then allowing the tubes to stand for 60 min at 22°C 

to ensure full clotting of serum. These samples were centrifuged shortly after clot formation. 

All samples were stored at -70°C in aliquots and thawed only before measurement. 

The levels of the VEGF, PDGF-BB and TGF-β1, and IL-6 were assessed using an enzyme-

linked immunosorbent assay for these factors (Quantikine; R&D Systems Minneapolis, MN). 

PDGF- BB is one of three isoforms PDGF- AA, -AB and –BB. These three forms of PDGF  

have different but overlapping biological activities. A reason to assess the PDGF-BB dimmer 

was the availability of a commercially and reliable human PDGF-BB immunoassay. 
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 The minimum detectable level of VEGF, PDGF-BB, and TGF-β1 was 9 pg/ml, 15 pg/ml and 

4.61 pg/ml, respectively. The minimum detectable level of IL-6 was less than 0. 7 pg/ml. 

 

Statistical analysis 

Data were entered in an electronic database and analyzed using an SPSS program (version 

15.0.1 for Windows, SPSS Inc., Chicago, IL, USA). Due to the skewed distribution of the 

growth factor and IL-6 levels, statistical analysis was performed using non-parametric 

methods and summary measures are presented as median and interquartile range. The 

differences between the levels of these variables among PAH patients versus controls were 

tested using Mann-Whitney U-test. The differences between the levels of growth factors and 

IL-6 in radial artery versus pulmonary artery in the same group (PAH patients / controls) were 

tested using the Wilcoxon’s signed-rank test.  

The Spearman rank correlation was used to examine the correlation coefficient. Potential risk 

factors were initially analyzed for significant association with mortality using the Cox 

proportional hazards model for continuous variables. Risk factors with a level of significance 

defined as p<0.2 in the univariate analysis were included in the multivariable model. A 

probability value of < 0.05 was considered statistically significant. 
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Results 

Study population  

The distribution of different forms of PAH and patient characteristics are found in Table 1. 

NYHA functional class, 6 min walking distance and hemodynamic variables of patients with 

PAH are presented in Table 2. There were no significant differences regarding age between 

control subjects and patients with idiopathic pulmonary hypertension (39±16 vs. 48±18 years, 

p =0.13), but patients with PAH associated with collagen vascular diseases were older than 

controls (62±12 vs. 39±16 years, p<0.001). 

 

Growth factors and IL-6 across the lung circulation in patients with PAH 

Median serum arterial levels of VEGF, PDGF-BB, TGF-β1 and IL-6 were significantly 

higher in patients with PAH compared with controls [377 (218-588) vs. 9.0 pg/ml; 1955 

(1371-2519) vs. 306 (131-502) pg/ml; 26.42 (11.3-41.1) vs. 7.0 (1.8-18.4) ng/ml; 3.98 (0.7-

8.1) vs. 0.7 pg/ml, respectively]. Similarly, the median serum levels of VEGF, PDGF-BB, 

TGF-β1 and IL-6 in venous blood samples were significantly higher in PAH patients 

compared with controls [169 (100-277) vs. 9.0 pg/ml; 1263 (733-1967) vs.217 (138-448) 

pg/ml; 14.7 (8.5-33.3) vs. 5.9 (2.6-12.5) ng/ml; 4.19 (1.6-11.9) vs. 0.7 pg/ml, respectively 

(Figure 1, A-D)]. 

There was no influence of age or gender on the levels of growth factors and IL-6 among 

patients or in the control group (data not shown). 

 

There was a significant difference between the arterial and venous blood levels 

(transpulmonary gradient) of all growth factors in patients with PAH, whereas there were no 

significant differences between levels of IL-6, or growth factors in the pulmonary artery 

versus the radial artery/left atrium in control subjects (Figure 1, A-D). 
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When the group of patients with idiopathic pulmonary hypertension (IPAH) was compared to 

the group of patients with collagen vascular diseases, there were no significant differences 

regarding arterial and mixed venous levels of VEGF, PDGF-BB, TGF-β1 and IL-6 (Table 3).  

Patients with other forms of PAH had similar levels of growth factors as the other groups of 

PAH in both mixed venous and arterial samples. 

There were no significant differences in transpulmonary gradient of growth factors between 

these two groups of patients. Patients without treatment (n=25) showed significant increases 

in levels of growth factors and IL-6 in PA and arterial samples, and the transpulmonary 

gradients of growth factors as compared with controls (data not shown). 

There was no significant correlation between the levels of growth factors, levels of IL-6, and 

clinical and hemodynamic variables reflecting the severity of pulmonary hypertension. TGF-

β1 correlated significantly with PDGF-BB in the pulmonary artery (r=0.58, p<0.001), but not 

in the systemic circulation (r=0.27, p=0.07). A weak correlation was found between VEGF 

and PDGF-BB levels in the pulmonary artery (r=0.36, p=0.017).  

 

Association between the levels of growth factors and IL-6 with outcome 

The 15 patients that died during follow up, had a tendency to lower arterial VEGF serum 

levels than those who survived (311±48 vs. 525±85 pg/ml; p=0.09). There were no significant 

differences between survivors and non survivors regarding 6 MWT, mPAP and PVR, except 

for age. The results of the univariate analysis of potential risk factors associated with 

mortality during this period are shown in Table 4. The result of the multivariate analysis is 

presented in Table 5. Elevated serum levels of IL-6 emerged as an independent risk factor for 

mortality during the observation period.  
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Discussion 

    The present study showed that serum levels of VEGF, PDGF-BB, TGF-β1 and IL-6, were 

significantly higher in patients with pulmonary hypertension compared with controls. 

Furthermore, there was a consistent step-up of growth factors across the pulmonary 

vasculature in PAH patients, which was not found in the control group. The higher arterial 

serum concentrations of growth factors versus mixed venous levels indicate increased 

production and release of these mediators within the pulmonary vasculature. A decreased 

pulmonary clearance of these substances may also contribute to the increased transpulmonary 

gradients. Both arterial and mixed venous levels and the transpulmonary gradients of growth 

factors were similar among patients with idiopathic PAH and in patients with PAH associated 

with connective tissue diseases. This indicates that the pulmonary vasculopathy is also a 

source of the high serum levels of growth factors in associated PAH. A concomitant increase 

in all three growth factors in patients with PAH suggests common stimuli for an increase in 

their production and/or decreased clearance. However, we did not find any significant 

relationship between the levels of VEGF, PDGF-BB and TGF-β1 with clinical or 

hemodynamic variables such as pulmonary artery pressures or pulmonary vascular resistance 

reflecting the severity of PAH. 

In the present study, elevated arterial IL-6 concentrations were independently associated with 

mortality in the multivariate analysis suggesting that IL-6 may be a biomarker for the 

prognosis of PAH. There were significantly higher concentrations of IL-6 in both arterial and 

mixed venous blood from patients with PAH compared with controls. However, there was no 

step-up of IL-6 across the lungs in either of the study groups suggesting that systemic levels 

of IL-6 is not determined by the lungs in PAH.  
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   VEGF is strongly expressed in the plexiform lesions in the lungs from patients with severe 

idiopathic and secondary forms of PAH [16]. Experimental studies have shown that chronic 

hypoxia increases lung tissue VEGF expression and that VEGF is a modulator of chronic 

hypoxia-induced pulmonary vascular remodelling and may also provide protection from 

disease progression [21]. In the current study, we did not find any correlation between VEGF 

and arterial or mixed venous oxygen saturation. Our results regarding circulating levels of 

VEGF agree with the findings in a previous report of elevated serum VEGF levels in 

peripheral venous blood samples from patients with PAH [22]. In contrast, Benisty et al. 

showed no significant differences in circulating VEGF levels in peripheral venous blood 

samples between patients and control subjects [23]. In that study, plasma VEGF was 

measured, and this may have resulted in an underestimation of circulating VEGF levels, since 

VEGF can be stored in platelets. Intravenous epoprostenol therapy may increase the levels of 

VEGF in serum and platelet lysate [22]. However, only a small number in the present study 

were receiving epoprostenol, hence this confounder can not explain the increase in VEGF and 

importantly, patiens without treatment showed significant increases in both arterial and mixed 

venous VEGF levels. 

   Patients with PAH in the current study had a four to five times higher serum level of PDGF-

BB with a significant transpulmonary gradient as compared with control subjects. This 

finding is consistent with a recent report which demonstrated increased expression of PDGF 

in explanted lungs obtained from PAH patients compared to donor lung tissue [14]. The same 

investigators also showed that increased PDGF expression was localized to SMC and 

endothelial cells in small remodelled pulmonary arteries. On the other hand, another 

investigation observed that circulating PDGF was slightly decreased in patients with PAH 

compared to control subjects [22]. In their study blood samples were taken from peripheral 
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veins, which may not reflect the pulmonary circulation. This makes their findings difficult to 

compare with our results. 

In an animal model, the PDGF receptor antagonist (STI571-imatinib mesylate) was recently 

shown to reverse pulmonary hypertension [13]. In small clinical studies treatment with the 

PDGF receptor antagonist-imatinib had beneficial effects in patients with advanced PAH. 

This suggests that PDGF may have an important pathophysiological role in PAH [15].  

There is growing evidence that abnormalities of the TGF- β superfamily signalling are linked 

to the pathogenesis of severe PAH [11, 24]. In the present study we found significantly higher 

levels of TGF-β1 in PAH patients in comparison with control subjects. Failure of the growth 

inhibitory effects of bone morphogenetic proteins (BMPs) could contribute to the pulmonary 

vascular remodelling in PAH. There is evidence that TGF- β1 and BMPs inhibits the serum 

stimulated proliferation of pulmonary artery smooth muscle cells (PASMC) from normal 

subjects and patients with secondary PAH (Eisenmenger patients). In contrast, TGF-β1 

enhanced the serum-stimulated proliferation of PASMCs from IPAH patients [12]. This raises 

additional questions regarding the interactions of the TGFβ/BMP pathways with other 

pathways known to be involved in the regulation of PASMC growth. 

 We observed significant correlation between circulating levels of TGF- β1 and PDGF-BB, 

and VEGF and PDGF-BB, consistent with previously demonstrated interactions and 

correlations between these growth factors. This suggests common stimuli regulating the 

release of growth factors in PAH [22, 23, 25, 26].  

   Patients with PAH associated with connective tissue diseases had a tendency towards higher 

levels of circulating IL-6 compared with patients with IPAH, but the differences were not 

statistically significant. Similar findings of increased IL-6 serum concentrations in patients 

with severe PAH were reported by others [19]. In contrast, Hoeper et al. did not find any 

significant increase of serum IL-6 in patients with PAH [27]. In that study blood samples 
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were obtained from a peripheral vein which makes their result difficult to compare with the 

findings in the present study. In addition, from the available data, it is not possible to clarify if 

the various study populations were comparable. 

IL-6, a proinflammatory and vasodepressor cytokine, showed a significant association 

with mortality in patients with PAH. Similar findings have been reported in patients  

with congestive heart failure [28] and in patients with acute coronary syndromes [29].  

IL-6 is produced not only by leukocytes [30], but also by the vascular tissue - endothelial  

 and smooth muscle cells , myocytes and fibroblasts in various organs, including the  

lung. These data suggest that IL-6, as a systemic mediator of immune and inflammatory 

response [30], has a role in the pathophysiology of different  cardiovascular diseases such as 

acute coronary syndromes, congestive heart failure and pulmonary hypertension [28, 29]. 

 

 Study limitations 

   The sample size in the present study is small with respect to survival analysis. Therefore the 

predictive value of IL-6 for mortality in patients with PAH should be interpreted with caution. 

Another limitation of the study is that arterial blood samples were taken from the left atrium 

alternatively the femoral artery in control subjects, but from the radial artery in PAH patients. 

However, blood from the radial artery/femoral artery should be a reliable substitute for an 

aortic sample because of the rapid transient time and low surface area of the large arterial tree. 

In addition, pulmonary blood flow was not measured in the control group which hampers 

estimation of a potential flow dependent wash out of growth factors and IL-6 from the 

pulmonary vasculature. However, no correlation between the levels of growth factors and 

cardiac output was found in PAH patients. 
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In summary, this study has demonstrated that serum levels of the growth factors VEGF, 

PDGF-BB and TGF-β1, and IL-6 were significantly higher in both systemic and in mixed 

venous samples from patients with PAH compared with control subjects. Furthermore, there 

was a significant step-up of all growth factors across the lungs in PAH patients. Importantly, 

similar results were obtained in both idiopathic and associated PAH as well as in de novo 

PAH patients without treatment. These findings indicate an increased release and/or decreased 

clearance of these mediators at the lung vascular level. IL-6 serum levels were higher among 

PAH patients and IL-6 was an independent predictor of adverse outcome. With a shift from 

focus on vasoconstriction to abnormal vascular cellular proliferation in the small vessels of 

the lungs in clinical PAH, the findings in the present study support the hypothesis that growth 

factors may contribute to vascular remodelling in PAH. 
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Table 1. Patients’ characteristics 

Diagnosis n Gender 

(F/M) 

Age (mean; range) 

year 

IPAH 16 13/3 48 (20-77) 

PAH associated with collagen vascular 

disease: 

24 19/5 62 (30-76) 

       a/ Scleroderma 13 9/4 63 (37-76) 

       b/ Systemic lupus erythematosus 3 3/0 51 (44-63) 

       c/ Rheumatoid Arthritis 4 3/1 59 (30-73) 

       d/ Mixed connective tissue disease 3 3/0 68 (63-72) 

       e/ Dermatomyositis 1 1/0 69 

Others: 4 3/1 38 (20-58) 

       a/ Portopulmonary hypertension 1 1/0 34 

       b/ Eisenmenger syndrome 2 2/0 50 (41-58) 

       c/ Cong. peripheral pulmonary stenosis 1 1/0 20 

Total  44 35/9 55 (20-77) 

Controls / Wolff-Parkinson-White syndrome/ 20 8/12 39 (19-63) 

 

IPAH, idiopathic PAH, Cong, congenital 
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Table 2. Clinical and hemodynamic characteristics of patients with PAH (n = 44)  

Clinical and hemodynamic characteristics Data 

NYHA functional class; 

I/II/III/IV  (No) 

 

2/4/35/3 

6 MWD ,        m 342 (211-422) 

RAP ,    mm Hg 5 (3-9) 

mPAP,    mm Hg 44 (33-56) 

PCWP,     mm Hg 7 (6-11) 

SaO2,          % 93.9 (90.3-97.2) 

CI , L/min/m2 2.99 (2.7-3.3) 

PVR,        WU 7.2 (4.5 -12.3) 

 

NYHA, New York Heart Association functional class; 6 MWD, six minutes walk distance; 

RAP, right atrial pressure; mPAP, mean pulmonary artery pressure; PCWP, pulmonary 

capillary wedge pressure; SaO2, arterial oxygen saturation; CI, cardiac index; PVR, 

pulmonary vascular resistance; WU, Wood Units 
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Table 3. IL-6 and growth factors levels in patients with idiopathic PAH and in PAH 

associated with collagen vascular diseases 

Variables IPAH patients 

 

n = 16 

PAH associated with 

CVD 

n = 24 

p -value 

IL-6 RA            pg/ml 4.3 (1.3-7.4) 3.3 (0.7-11.1) 0.744 

IL-6 PA            pg/ml 4.1 (1.4-8.5) 4.5 (1.2-16.9) 0.391 

VEGF RA         pg/ml 397 (141-679) 377 (247-502) 0.868 

VEGF PA         pg/ml 176 (52-343) 159 (113-208) 0.814 

PDGF-BB RA  pg/ml 1634 (1353-2150) 2004 (1385-2608) 0.44 

PDGF-BB PA   pg/ml 1440 (954-1952) 977 (603-1713) 0.172 

TGF-β1 RA       ng/ml 21.4 (11-42.3) 29.4 (12 -39) 0.619 

TGF- β1 PA       ng/ml 14.8 (7.4-37.3) 14.7 (8.3-32.2) 0.868 

 

Data are presented as median (IQR); IPAH, idiopathic pulmonary arterial hypertension, CVD, 

collagen vascular disease, RA, radial artery, PA, pulmonary artery 
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Table 4. Univariate analysis of possible predictors of mortality in patients with PAH 

 

Variable Hazard Ratio 95% 

Confidence interval 

P value 

IL-6 RA            pg/ml 1.07 1.02-1.13 0.012 

VEGF RA         pg/ml 0.99 0.99-1.0 0.06 

PDGF-BB RA  pg/ml 1.0 0.99-1.0 0.12 

TGF- β1 RA      ng/ml 1.0 0.97-1.03 0.84 

Age            ( years) 1.05 1.01-1.09 0.026 

PVR           (WU) 1.03 0.93-1.13 0.586 

6MWD         m 0.997 0.99-1.01 0.128 

SaO2             % 0.94 0.879-1.01 0.11 

 

RA, radial artery, PVR, pulmonary vascular resistance, 6 MWD, 6 minute walk distance, 

SaO2 arterial oxygen saturation, WU Wood Units 
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Table 5. Multivariate predictors of mortality in patients with PAH 

 

Variable Hazard Ratio 95% 

Confidence interval 

P value 

IL-6 RA             pg/ml 1.08 1.02-1.15 0.012 

VEGF RA         pg/ml 0.99 0.99-1.01 0.152 

PDGF-BB RA   pg/ml 1.0 0.99-1.0 0.285 

Age             ( years) 1.03 0.98-1.09 0.207 

 

RA, radial artery 
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Figure legends: 

 

 

Figure 1- A. Serum levels of VEGF in control subjects (n=20) and in patients with PAH 

(n=44).  

 

 

Figure 1- B. Serum levels of PDGF-BB in control subjects (n=20) and in patients with PAH 

(n=44). 
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Figure 1- C. Serum levels of TGF-β1 in control subjects (n=20) and in patients with PAH 

(n=44).  
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Figure 1-D. Serum levels of IL-6 in control subjects (n=20) and in patients with PAH (n=44).  
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