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Pulmonary hypertension is a progressive 
obliterative vasculopathy. Underlying 
mechanisms are very complex; there is not 
a single but group of events. The one that 
takes the main role seems to be endothelial 
dysfunction. Other events are changes in 

function of platelet and ion channels, calcium 
homeostasis, inflammation, angiogenesis etc.1 
Pulmonary arterial hypertension (PAH) is a 
subgroup of pulmonary hypertension that has 
idiopathic, genetic, and comorbid etiologies 
(e.g., connective tissue disorders, HIV infection, 
schistosomiasis, etc.).2 It is characterized 
by occlusion of pulmonary arterioles that 
results the increase in the pulmonary vascular 
resistance, right ventricular hypertrophy, and 
finally right sided heart failure.

In recent years, there is an increased 
understanding of the pathophysiology of 
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ABSTRACT

Background and objectives. Kallistatin, a serine proteinase inhibitor, exerts its effect by vascular repair, 
angiogenesis inhibition, strong vasodilation, inhibition of vascular endothelial growth factor (VEGF), anti-
inflammation, and anti-apoptosis. We hypothesized as to whether it has a protective role in pulmonary arterial 
hypertension (PAH). 

Methods. The study included 5 subgroups (78 patients; 44 male): Eisenmenger syndrome (n=16), PAH with 
left to right shunt (n=20), idiopathic PAH (n=7), patients with left to right shunt without PAH (n=19), and 
patients with innocent heart murmur (n=16). Physical examination, chest radiography, electrocardiography, 
and transthoracic echocardiography (TTE) were performed for each patient. PAH diagnosis was confirmed by 
catheterization. Serum kallistatin, tumor necrosis factor alpha (TNF-α), Interleukin-10 (IL-10) and N-terminal 
pro b-type natriuretic peptide (NT-proBNP) levels were studied for each patient.

Results. The lowest median kallistatin value was found in Eisenmenger syndrome: 1.19 (0.87-3.30) µg/ml. 
The highest value belonged to control group with innocent murmur: 2.89 (1.19-5.66) µg/ml. Serum levels of 
kallistatin were significantly lower in patients with PAH (p<0.05). TNF-α values were increased and IL-10 
values were decreased in pulmonary hypertension. However; no correlation was found between kallistatin 
levels and cytokines.

Conclusions. Kallistatin may have a protective effect in pulmonary arterial hypertension by repairing vascular 
damage, inhibition of angiogenesis, strong vasodilator effect, inhibiting VEGF, and anti-inflammatory 
mechanism of action. To our knowledge, our study is the first one that shows the role of kallistatin in pulmonary 
hypertension. Kallistatin may represent a promising novel therapeutic approach for pulmonary hypertension 
in the near future.
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pulmonary hypertension which is thought to 
be helpful in finding the novel PAH-specific 
therapies.

Kallistatin is a serine proteinase inhibitor 
originally known as a tissue kallikrein inhibitor. 
The main ways of action of it are inhibiting 
inflammation, oxidative stress, apoptosis, and 
angiogenesis.3,4 Herein; by this study, we aimed 
to discuss the protective role of kallistatin in 
pulmonary arterial hypertension. Perhaps 
in near future it may represent a promising 
novel therapeutic approach for pulmonary 
hypertension.

Material and Methods

The study was performed in our university 
between December 2015- January 2017. The 
study was approved by the Institutional Ethics 
Committee (06.02.2015; 2015/799).

The study included a total of 78 patients. The 
study population was classified under 5 groups. 
Group 1: Eisenmenger syndrome, Group 2: 
PAH patients with left to right shunt, Group 
3: idiopathic PAH, Group 4: patients with 
left to right shunt but without PAH, Group 5 
(controls): patients with innocent murmur.

The following data for each patient were 
obtained: age, weight, sex, and non‐cardiac 
medical problems. Underlying cardiac 
pathology was recorded except for groups 3 
and 5. Physical examination, chest radiography, 
electrocardiography, and transthoracic 
echocardiography (TTE) were done for each 
patient. Parents were informed about the study 
and written consent was taken from each of 
them before being included in the study. In 
addition, pulmonary hypertensive ones (Group 
1, 2, 3) were also informed about cardiac 
catheterization and its complications; a written 
consent was also taken for the procedure from 
the parents.

Cardiac catheterization

Angiography was performed in pulmonary 
hypertensive patients. Following heparinization 

and a dose of intravenous antibiotic, 
hemodynamic and angiographic evaluations 
were performed. The procedure included 
measurements of pressure (systolic and 
diastolic and/or mean) and oxygen saturation 
in the superior vena cava, inferior vena cava, 
right atrium, pulmonary artery, right ventricle 
(RV), and the aorta. Pressure recordings were 
obtained by using fluid-filled catheter systems, 
and these systems were calibrated to zero at the 
midaxillary line.

The diagnosis of each patient was determined 
according to current guidelines5 (mean 
pulmonary artery pressure-PAP ≥25 mm Hg, 
pulmonary artery wedge pressure <15 mm Hg).

According to the clinical classification by 
Simonneau et al.6; Eisenmenger’s syndrome 
includes all intra- and extra-cardiac defects as 
well as systemic-to-pulmonary shunts.

Idiopathic PAH is defined in the guidelines as 
PAH with no underlying disease known to be 
associated.

Serum kallistatin, cytokine, and NT-proBNP 
levels

Blood samples for kallistatin was taken by the 
tubes centrifuged at 4000 rpm for 10 min at 4 
1C. The serum was kept at -80°C as frozen until 
required. Kallistatin levels were determined by 
ELISA (R&D Systems, Inc. Minneapolis, USA) 
as previously described.7

Concentrations of TNF-α and IL-10 in plasma 
were measured in picograms per milliliter (pg/
ml) by commercially available enzyme-linked 
immunosorbent assay kits (Cayman Chemical, 
Ann Arbor, MI, USA).

Five ml blood samples were drawn from both 
patient and control groups for N terminal pro 
brain natriuretic peptide (NT-proBNP). Blood 
samples were centrifuged at +4°C and 1500 
rpm for 5 minutes. Plasma part of the upper 
phase was taken in to another tube for NT-
proBNP calculation. Samples were preserved 
at -80°C till the study date. Later on, they were 
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studied with ELISA method using Biomedica 
NT-proBNP N-terminal pro-BNP commercial 
kits (NT- ProBNP enzyme immuno assay kit 
Biomedica, Bratislava, Slovakia) and Elecsys® 
1010 aoutoanalyzer (Roche Diagnostics, Basel, 
Switzerland). Results were expresses as fmol/
ml (1 fmol/ml = 16.1 pg/ml).

Statistical analysis

The Shapiro–Wilk test was used to analyze the 
distribution of the data. If the data presented 
with a normal distribution, analysis of variance 
(ANOVA) followed by the Tukey’s test was 
used to evaluate the results. Comparisons of 
means were performed with Student’s t-test. 
Comparisons of medians were performed with 
the Mann–Whitney U-test. Correlations were 
calculated with Pearson product moment or 
Spearman rank order, as determined by the 
normalcy of data distribution. Differences were 
considered significant at p <0.05.

Results

Totally 78 patients [44 male with a mean age 
of 12.1 ± 4.3 (range: 3-18 years), 34 female with 
a mean age of 12.0 ± 4.1 (range: 4-17 years)] 
were included in the study. The first group 
had 16 patients with Eisenmenger syndrome. 
Underlying congenital heart diseases of this 
group were ventricular septal defect (n= 
13) and patent ductus arterious (n= 13). The 
second group had 20 pulmonary hypertensive 
patients with left to right shunt. Group 3 
included 7 patients with idiopathic pulmonary 
hypertension. Group 4 had 19 patients with left 
to right shunt but without pulmonary arterial 

hypertension. The last group, Group 5 included 
the 16 patients with innocent heart murmur. 

In Group 1, 6 patients used endothelin receptor 
antagonist (bosentan/macitentan) treatment 
as a monothereapy. The rest of the patients in 
group 1 had combination therapy (bosentan/
macitentan+ phosphodiesterase-5 inhibitor 
sildenafil, bosentan/macitentan+ PGI2 analog 
(ilioprost), bosentan/macitentan+ ilioprost+ 
sildenafil). Bosentan was switched to macitentan 
due to drug side effects in 5 patients. In group 
3, vasoreactivity was negative in all patients. 
Two patients received only endothelin receptor 
antagonist (macitentan). The rest of the 5 patients 
received combination therapy (endothelin 
receptor antagonist+ sildenafil or endothelin 
receptor antagonist+ sildenafil+ilioprost).

Median serum kallistatin levels were 
summarized for each group in Table I. The 
lowest value was found in Group 1 (Eisenmenger 
syndrome); the highest value belonged to control 
group with innocent murmur. Serum levels of 
kallistatin were significantly lower (p <0.05) 
in pulmonary hypertensive patients (Group 
1, 2, 3). However; no statistically significant 
difference was detected between those 3 groups. 
Negative correlation was detected between 
mean pulmonary arterial pressure and serum 
kallistatin levels (rho: - 0.303; p= 0.009). 

Mean value of TNF-α of pulmonary hypertensive 
group was 10.5 ± 4.3 pg/ml, TNF-α of control 
group was 9.7 ± 2.4 pg/ml. There was no 
statistically significant difference between these 
two groups. Mean value of IL-10 of pulmonary 
hypertension group was 14.6±2.82 pg/ml and 

Table I. Median serum kallistatin and NT-proBNP levels according to groups.
Groups Kallistatin (µg/ ml)* NT ProBNP levels (pg/ml)*
Group 1: Eisenmenger syndrome (n=16) 1.19 (0.87-3.30) 123 (20-3,586)
Group 2: Left to right shunt with PAH (n=20) 1.79 (1.13-3.60) 657 (20-4,840)
Group 3: Idiopathic PAH (n=7) 1.51 (1.07-2.02) 510 (125-2,470)
Group 4: Left to right shunt without PAH (n=19) 2.52 (0.87-3.21) 57 (20-185)
Group 5: Control patients (n=16) 2.89 (1.19-5.66) 20 (20-51)
*Data are presented as median (minimum - maximum)
PAH: pulmonary arterial hypertension.
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control group was 15 ± 4 pg/ml. In addition; no 
correlation was found between kallistatin levels 
and cytokines TNF-α and IL-10.

Median NT-proBNP levels for groups are 
summarized in Table I. There was a statistically 
significant difference between the Eisenmenger 
group and the control group (p <0.05). However; 
there was no significant differences between 
pulmonary hypertensive groups such as Groups 
1, 2, and 3. Moreover, there was no statistically 
significant difference between the control group 
and the left to right shunt group without PAH. 
NT-proBNP levels of pulmonary hypertensive 
groups were significantly higher than the 
patients without pulmonary hypertension (p 
<0.05). 

Bosentan treatment was started in 39 patients 
(92.8%), but in 10 (23.8%) patients, bosentan was 
switched to macitentan due to drug side effects 
or shortening in 6 minutes walking distance. 
Bosentan, sildenafil and iloprost combined 
therapy was started in one of the patients for 
poor clinical status. In one patient sildenafil and 
in another patient single macitentan treatment 
was started. In follow up, 29 patients (69%) 
received only bosentan. Of the 42 patients, 
9 (21.4%) received combined drug therapy 
consisting of endothelin receptor blocker, 
phosphodiesterase-5 inhibitor or PGI2 analog. 
In patients who received bosentan, liver toxicity 
was seen in 1 patient and thrombocytopenia in 
4 patients. Macitentan was used in 12 patients 
aged between 14 and 22 years who received 
single or combined treatment. The duration 
of macitentan use was 16.5 months in these 
patients.

Discussion

Pulmonary arterial hypertension is a big burden 
for the healthcare system. Morbidity is high and 
prognosis is poor. There is no ideal treatment 
that can reverse or prevent the disease process. 
Treatment given for symptomatic relief is 
long term and expensive which means a 

huge financial load. Also most pulmonary 
hypertensive patients should have sedentary 
life that means the loss of manpower. Further 
understanding the pathogenesis may lead us to 
take steps in the development of new treatment 
strategies. If the quality of life of such patients 
improves, they may participate in work life 
more effectively and contribute to country 
economics.

Kallistatin is an endogenous protein; a member 
of the serine proteinase inhibitors. In previous 
studies it was shown that kallistatin has a role 
in vascular repair, angiogenesis inhibition, 
strong vasodilatation, VEGF inhibition, anti-
inflammation and anti-apoptosis. The most 
conspicuous point is that all of these events 
have a role in the pathogenesis of pulmonary 
hypertension and we hypothesized that 
kallistatin may have a protective role in 
pulmonary hypertension. In order to support 
this hypothesis, we could not find any study 
in literature concerning the role of kallistatin in 
pulmonary hypertension. Therefore, we discuss 
other studies about kallistatin that might be a 
clue for preventing pulmonary hypertension. 
The main event in the pathogenesis of pulmonary 
arterial hypertension is endothelial dysfunction 
and it has been reported that kallistatin had a 
role in vascular repair by promoting mobility, 
viability, and function of endothelial progenitor 
cells.8,9

Vascular smooth muscle proliferation is 
also known to be an important mechanism 
in pulmonary hypertension and kallistatin 
was found to have role in the inhibition of 
angiogenesis in hepatocellular carcinoma10, 
which also promotes apoptosis and autophagy 
of breast cancer cell.11 The other mechanism 
of pulmonary hypertension is increased 
intravascular thrombosis and vasodilator effect 
of kallistatin was proven previously by Chao 
et al.12 Vascular endothelial growth factor is 
known to be increased in pulmonary arterial 
hypertension. In breast and hepatocellular 
cancer kallistatin was demonstrated to inhibit 
VEGF secretion.13 
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Inflammation is a major feature of pulmonary 
arterial hypertension. Immune processes are 
altered; there is usually a failure to resolve 
inflammation. As a result of inflammation 
circulating levels of certain cytokines and 
chemokines are abnormally elevated that lead 
to vascular remodeling in pulmonary arterial 
hypertension.

In our study we investigated the role of TNF-α 
and IL-10 in pulmonary arterial hypertension 
and its relation with kallistatin. We have 
found that TNF-α increased and IL-10 level 
decreased in our study; but there was no 
statistically significant difference which could 
be related to the small number of patients. 
Decrement in IL-10 level could be explained as 
consumption of anti-inflammatory cytokines 
during the inflammatory process (pulmonary 
hypertension). In fact, kallistatin levels were 
found to be significantly low in pulmonary 
hypertension; no correlation was found between 
cytokine and kallistatin levels.

Soon et al.14 described that TNF-α and IL-10 
levels were significantly raised in the PAH 
group as a whole compared with healthy control 
subjects. They suggested that increased levels of 
anti-inflammatory cytokines such as IL-10 might 
be related to compensatory mechanisms also 
another important detail was high IL-10 found 
in patients who were prescribed prostanoids. 

The anti-inflammatory role of kallistatin was 
studied in various organ systems like kidney, 
liver, heart and lungs. Its protective effects 
were shown in salt-induced renal injury, 
inflammation, and fibrosis; carbon tetrachloride-
induced liver fibrosis; and cardiac remodeling 
after chronic myocardial infarction.15-18 
Furthermore, arthritis in a rat model was shown 
to be inhibited by adenovirus-mediated human 
kallistatin gene therapy.19

Reduced kallistatin levels are strongly associated 
with increased lung inflammation and mortality 
of sepsis-related ARDS in hospitalized patients 
by Lin et al.20. They came to the conclusion 
that kallistatin ameliorates lipopolysaccharide-

induced lung injury and inflammation which 
could be supportive data for our hypothesis.

Consequently, kallistatin may have a protective 
effect in pulmonary arterial hypertension 
by repairing vascular damage, inhibition 
of angiogenesis, strong vasodilator effect, 
inhibiting VEGF, anti-inflammatory mechanism 
of action. 

The main restriction of the study is that our study 
is the only one in the literature therefore we do 
not have a chance to compare it with others. 
The number of patients is limited. Low levels of 
kallistatin may be related to either a decreased 
production or increase in consumption. 

It would be better if we had the chance to 
compare kallistatin levels of patients before 
and after starting anti-pulmonary hypertensive 
drugs to evaluate the effectiveness of the 
therapy.
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