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1. Introduction
Pulmonary arterial hypertension (PAH) is an important 
cause of morbidity and mortality, characterized by 
increased pulmonary vascular resistance and pulmonary 
artery (PA) pressure (PAP) [1]. PAH affects individuals 
in a wide range from right heart failure to death by 
revealing pulmonary vessels by maladaptation. The 
development of PAH is characterized by structural and 
specific functional changes mainly associated with the 
abnormal function of PA endothelial cells (ECs), smooth 
muscle cells (SMCs), and vascular fibroblasts [2,3]. 
Although the etiology of PAH development is not yet fully 
known, it is suggested that a number of biochemical and 
multiple factors associated with different cell types may 

play a role in disease formation. Among these factors; 
a) Excessive vasoconstriction as a result of abnormal 
function or expression of potassium channels of SMCs, 
b) Chronic insufficiency in the production of vasodilators 
such as prostacyclin and nitric oxide, and c) Triggering 
endothelial dysfunction of vasoconstrictor substances 
such as endothelin-1 and thromboxane A2 [4].

According to World Health Organization (WHO) 
classification published in 2019, PAH can develop 
idiopathically or due to various factors such as 
drugs and toxins, connective tissue diseases, human 
immunodeficiency virus, and congenital heart disease. In 
addition, it has been shown that it may have an autosomal 
dominantly inherited character due to the germline 
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mutations such as 48G > A and 197G > A occurring in 
the bone morphogenetic protein (BMP) receptor type 2 
(BMPR2) gene [5–8]. Numerous factors, including genetic, 
epigenetic, and environmental factors, play an important 
role in the pathogenesis of PAH [9]. In recent studies, in 
addition to BMPR2, mutations in Activin A receptor type 
II-like kinase-1 (ACVRL1) and Familial Atrial fibrillation 
type 7 (ATFB7) genes, were shown to cause hereditary 
PAH and increase the severity of the disease [10,11]. 
Despite years of research and the development of new 
treatments, PAH remains a fatal disease. This indicates 
that there is an urgent need to better understand the 
pathogenesis of PAH. Common pathological changes such 
as PA-EC proliferation, PA-SMC proliferation, migration 
and contraction, inflammation, fibroblast proliferation, 
activation, and migration are observed in all PAH types 
[9].

Studies with small, noncoding endogenous RNA 
molecules (microRNA, miRNA) with a length of 21–25 
nucleotides have been shown to be irregular in patients 
with PAH and experimental pulmonary hypertension 
(PH). It has been reported that the normalization of 
several miRNAs including  miR-17~92, miR-204, miR-424, 
and miR-124 inhibits experimental PH [9,12,13]. These 
data demonstrate miRNAs are significantly effective with 
their regulatory role in the development of PH and that 
circulating miRNAs associated with PH might be potential 
biomarkers. Rivero and his colleagues have reported that 
dysregulations in miRNAs such as let-7b-5p, let-7c-5p, 
miR-1307-3p, miR-185-3p, miR-8084, miR-331-3p, miR-
143/145, miR-21, miR-210, miR-138, and miR-210-3p can 
detriment pulmonary vasculature and cardiac functions. 
Also, they depicted that these miRNAs can contribute to 
the development of chronic lung disease (CLD) in the 
congenital diaphragmatic hernia [14]. 

Currently, the role of miRNAs in pulmonary vascular 
remodeling and PH is a research area of interest, however 
the available data are limited to animal PH models and 
human PH lung tissue cells. The miRNAs in circulation 
have not been well characterized in patients with PH. In 
the present study, we aimed to investigate the expression 
patterns of circulating miRNAs (miR-21, miR-138, miR-
143, miR-145, miR-190, miR-204, miR-206, and miR-210) 
in PAH patients and compared to healthy individuals. 

2. Materials and methods
2.1. Study population
A total of 44 consecutive adult patients (mean age 46 ±13 
years) who were followed at our PAH outpatient’s clinic 
with the diagnosis of either Group I-PH was enrolled for 
the study. All patients were aged 18–75 years and fulfilled 
the diagnostic criteria for precapillary PH [15]. The study 

population consisted of Group I-PH patients, i.e. PAH 
those with primary disease process in the pulmonary 
arteries. Group II-PH (PH due to left heart disease), Group 
III-PH (PH associated with lung disease), Group IV-PH 
(patients who had PH due to chronic thromboembolic 
disease in the pulmonary arteries (CTEPH) and Group 
V-PH patients were all excluded. Thirty healthy individuals 
(mean age 63 ±10 years, 17 females, 13 males) served 
as the control group. We especially chose healthy older 
individuals to exclude the probability of developing PH in 
later life in the control subjects as PH is generally a disease 
of younger patients. History or active malignancy, use of 
immunomodulatory agents, and active infections were 
also accepted as exclusion criteria. The study protocol 
was approved by the Ege University Faculty of Medicine 
Research Ethics Committee with the decision number of 
13-11/92. All participants gave written informed consent.

All patients and controls were evaluated for the 
association of circulating miRNAs with PH. All PH patients 
were diagnosed to have PH by right heart catheterization. 
All patient’s data including WHO functional class, levels 
of N-terminal of pro-hormone brain natriuretic peptide 
(NT-proBNP), 6-min walk distance (6MWD), and other 
laboratory findings were obtained from the patient files 
which were obtained for routine follow-up during the 
same period of the blood sampling for miRNAs. While 
determining the severity of the PH, patients with an mPAP 
below 35 mmHg were classified to have a mild disease, 
those between 35 and 70 mmHg as moderate, and those 
with a greater than 70 mmHg were classified to have a 
severe PH. 
2.2. Laboratory analysis 
2.3. Collection and storage of samples
After peripheral blood sample was collected in 3 mL EDTA 
tubes from the cases that agreed to participate in the study, 
the tubes were centrifuged at 1800 rpm at 25 °C for 15 min, 
and the supernatant (plasma) was placed in cryotubes and 
stored at –80 °C until miRNA isolation.
2.4. Extraction of circulating miRNA 
miRNA extraction from 200 µL dissolved plasma was 
performed in accordance with the QIAGEN® miRNeasy 
Serum/Plasma kit procedure. 
2.5. cDNA synthesis
The All-in-OneTM miRNA First-Strand cDNA Synthesis 
Kit was used for cDNA synthesis. Briefly, RNA template 
was dissolved on ice with 5xPAP/RT Buffer and ddH2O 
at room temperature. To prepare the miRNA reverse 
transcriptase reaction solution, a mix was prepared using 
2.5 U/μL poly A polymerase, RTase Mix, and 5X PAP/
RT buffer in half volume and put in a cold block. The 
previously prepared 3.5 μL reverse transcriptase reaction 
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solution was mixed with 9 μL isolated total RNA and added 
to the new 0.2 μL Eppendorf tube. The prepared reaction 
mixture was incubated at 37 °C for 60 min after a short 
centrifuge and then incubated at 85 °C for a further 5 min 
for enzyme inactivation and fixed at 4 °C. The resulting 
reverse transcription reaction product was made ready for 
the qPCR step.
2.6. Detection of miRNA by qPCR
miRNA detection was performed with 2X All-in-One 
qPCR Mix and CS-PAM-0617192-96E10 miRNA qPCR 
array plate. This plate includes hsa-miR-21-3p, hsa-miR-
143-3p, hsa-miR-138-5p, hsa-miR-145-3p, hsa-miR-190a, 
hsa-miR-204-3p, hsa-miR-206, and hsa-miR-210-3p as 
miRNA primers. RNU6-2 and SNORD44 were preferred 
as control miRNA primers. The master mix was prepared 
to mix 5 µL 2X All-in-One qPCR Mix and 4.5 µL ddH2O 
in a separate tube on the cold block. The cDNAs obtained 
in the previous process were diluted in half. 0.5 µL cDNA 
and 9.5 µL master mix were mixed in a separate tube and 
on a cold block and briefly centrifuged. The miRNA qPCR 
array embedded in a 96-well plate was taken on a cold 
block and the cDNA mixture was distributed to this plate 
in 10 µL. The plate was covered and briefly centrifuged. 
The plate was placed on LightCycler® 480 Real Time PCR 
instrument and miRNA expression levels were determined.

2.7. Analysis of the results
Analysis of Array data was carried out by ΔΔCT method. 
In this method, samples and controls were grouped 
separately and miRNA expression differences among the 
groups were determined. The p values are calculated based 
on a Student’s t-test of the replicate 2^(- Delta CT) values 
for each gene in the control group and treatment groups, 
and p values less than 0.05 were determined by statistically 
significant. The significance between average PAP and 
miRNAs was statistically analyzed with the Kruskal-Wallis 
test. Descriptive data were presented as percentages or 
mean ± standard deviation. Differential expressions were 
assessed using nonparametric Kruskal-Wallis tests across 
the clinical parameters. Pair-wise comparisons using the 
Dunn-Bonferroni approach were automatically produced 
for multiple tests for which the Kruskal-Wallis test was 
significant using IBM SPSS. Relationship between miRNA 
expression and clinical parameters was determined using 
the Spearman correlation coefficient. 

3. Results
3.1. Clinical information and patients’ characteristics
Table 1 presents the clinical characteristics of the study 
population. When PAH patients were classified according 
to their diagnoses, most were diagnosed with Eisenmenger 

Table 1. Clinical characteristics of the study population.

PH patients
(n = 44)

Controls
(n = 30)

Age (mean ± SD), years 46 ± 13 63 ± 10
Sex female, n (%) 32 (73%) 17 (56.7)
BMI (mean ± SD) 24.58 ± 6.42 27.58 ± 4.27
NT-proBNP levels (pg/mL) (mean ± SD). 731 ± 969
6-min walk distance (m) (mean ± SD) 423 ± 89 
Diagnosis, (n)
iPAH 10 (22.7)
EISENMENGER 25 (56.8)
CTEPH 4 (9.1)
Connective tissue disease 5 (11.4)
PH severity
Mild 6 (13.6)
Moderate 25 (56.8)
Severe 13 (29.5)

Definition of abbreviations: BMI = Body Mass Index.
iPAH = Idiopathic Pulmonary Artery Hypertension.
CTEPH = Chronic thromboembolic pulmonary hypertension
PH: Pulmonary Hypertension
NT-proBNP: N-terminal prohormone of brain natriuretic peptide
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physiology followed by idiopathic PAH (iPAH). Most 
were classified as mild PH according to the severity of the 
disease (Table 1).
3.2. Expression changes of miRNAs in sample of patients 
diagnosed with PAH
The expressions of hsa-miR-21-3p and hsa-miR-143-
3p in patients’ plasma samples were reduced 4.7 and 2.3 
times, respectively. The expression changes of hsa-miR-
138-5p, hsa-miR-145-3p, hsa-miR-190a, hsa-miR-204-3p, 
hsa-miR-206, and hsa-miR-210-3p were not statistically 
significant between the patients and controls (Table 2) 
(Figure-1). 

The examination of the Delta CT values of miRNA 
expression changes of the patient and control groups 
revealed that the hsa-miR-21-3p delta CT values were 
lower in the PH patients than the control subjects. Lower 
expressions were observed more frequently in patient 
group compared to the controls. In the control group, delta 
CT values accumulated above –10, while in the patient 
group accumulated below –13 (Figure 2). 

In the hsa-miR-143-3p delta CT values, unlike miR-
21-3p, accumulation was observed around –17 delta CT 
values rather than –10 and –13. Similar to miR-21-3p, the 
frequency of lower delta CT values was more in the patient 
group, while accumulation was concentrated around –17 
delta CT and approximately 3 times more were observed 
in the patient group (Figure 3).
3.3. Evaluation of PH severity according to the miRNA 
expressions
A comparison of the miRNA expression profiles of the 
groups showed that the hsa-miR-21-3p expression was 
lower in the patients than the control subjects, and the 
expression was at the lowest level, especially in patients 
with moderately severe PH (Figure 4). 

When the change in the hsa-miR-143-3p expression 
profile according to the severity of the disease was 
examined, the expression of miRNA was decreased 

compared to the control group, similar to the hsa-miR-21-
3p and reached the lowest level in the moderately severe 
PH group (Figure 5).

When the expression changes according to PH types 
were examined, the mean expression change of hsa-miR-
21-3p decreased in all disease types compared to the 
control group (Figure 6). 

While the delta CT value was above –10 in the control 
group, and delta CT values below –12 were observed in 
disease types except patients with Eisenmenger physiology. 
As the change of hsa-miR-143-3p expression according to 
disease types was examined, it was observed that the mean 
delta CT was below –16 except for patients with CTEPH 
(Figure 7).

4. Discussion
In our study, we studied eight different miRNAs that 
may be potential biomarkers of PH in the plasma of 
patients with PH and healthy individuals. We observed 
that the expressions of hsa-miR-21-3p and hsa-miR-143-
3p were significantly decreased in patients with PH. The 
expressions of the rest of the studied miRNAs including 
hsa-miR-138-5p, hsa-miR-145-3p, hsa-miR-190a, hsa-
miR-204-3p, hsa- miR-206, and hsa-miR-210-3p did not 
differ among the groups. In addition, considering the 
severity of the disease, it was observed that the decrease 
in miR-21, miR-138, miR-143, miR-145, miR-190, mir-
204, mir-206, and miR-208 expressions were significant in 
patients with severe PAH.

Currently, miRNAs are popular biomarkers explored 
in many physiological and pathological conditions as 
potential targets for novel therapeutic agents [16]. There 
are several studies exploring different specific miRNAs 
in PAH or PH either in vivo or in vitro with different 
methods in the literature. Various miRNAs, including 
miR-21 and miR-143, have been shown to be associated 
with PAH in animal models and human lung cells. It has 
been reported that reduced miR-21 level is associated 
with the improvement of arterial stiffness in patients 
with controlled hypertension. Also blocking miR-143-
3p has been shown to suppress experimental pulmonary 
hypertension [17,18]. Wei et al. have reported a significant 
decrease in the fold changes of miR-1, miR-26a, miR-29c, 
miR-34b, miR-451, and miR-1246 in 31 patients with PH 
and 9 healthy control groups. Meanwhile, fold changes 
of miR-130a, miR-133b, miR-191, miR-204, and miR-
208b were increased significantly in PH patients in their 
study [19]. miR-21 has also been shown to play a central 
role in the development of both pathological myocardial 
hypertrophy and myocardial fibrosis in many cellular 
pathways in recent studies which might be the explanation 
of our finding to be associated with the severity of the 
PH [20]. We found that the expression of hsa-miR-21-

Table 2. Fold changes of miRNAs according to the control group.

miRNAs Fold change

hsa-miR-21-3p –4.6723
hsa-miR-143-3p –2.3333
hsa-miR-138-5p –1.2615
hsa-miR-145-3p 1.3364
hsa-miR-190a –1.2523
hsa-miR-204-3p –1.2601
hsa-miR-206 –1.557
hsa-miR-210-3p 1.0158
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3p was 4.7 times lower than the control subjects in our 
study population consisting of PAH and CTEPH patients 
compared to the control subjects. In the literature, there 
are few PH studies regarding the expression of miRNA-21-
3p with conflicting results. In line with our results, Caruso 
et al. showed a decrease of miR-21 in human lung tissue 
and serum in iPAH patients as a confirmatory population 

for their chronic hypoxia or monocrotaline models in rats 
[21]. As their manuscript does not provide the number 
of iPAH patients we can guess to be very few in number 
as a confirmation population for their rat model. On the 
contrary, several studies have reported that the increase of 
miR-21 expression was associated with the development of 
PAH. Yang et al. have suggested that miR-21 could play an 

Figure 1. Fold changes of miRNAs compared to the control group. 
* sign means p < 0.05 according to Student’s t test. Values were 
normalized according to RNU6-2 and SNORD-44 housekeeping 
genes.

Figure 2. Delta CT frequency ranges of hsa-miR-21-3p expressions 
by patient group and control group.
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Figure 3. Delta CT frequency ranges of hsa-miR-143-3p expressions 
by patient group and control group.

Figure 4. Delta CT values of hsa-miR-21-3p expression according 
to disease severity. According to the Kruskal-Wallis test, the * 
sign represents 0.05, and the ** sign symbolizes the 0.01 level of 
significance.

Figure 5. Delta CT values of hsa-miR-143-3p expression according 
to disease severity. According to the Kruskal-Wallis test, the * 
sign represents 0.05, and the ** sign symbolizes the 0.01 level of 
significance.
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important role in the pathogenesis of hypoxia-dependent 
pulmonary vascular remodeling and could be a potential 
biomarker [22]. They found increased expression of miR-
21 in distal small arteries in the lungs of hypoxia-exposed 
mice. They also reported that the sequestration of miR-21, 
either before or after hypoxia exposure, has diminished 
the chronic hypoxia-induced PH and attenuated hypoxia-
induced pulmonary vascular remodeling. They also have 
shown high miR-21 expression in the lungs of mice in 
an experimental pulmonary fibrosis model and also in 

patients with idiopathic pulmonary fibrosis. In addition, 
as miR-21 is suggested to be associated with the regulation 
of pulmonary vascular remodeling in hypoxia-treated 
mice, blocking miR-21 expression, has been shown to 
reduce the progression of the restructuring process and 
the right ventricular hypertrophy-associated vascular 
remodeling [22]. But all these data represent a completely 
different mechanism of PH from PAH. However, recent 
studies showed that miR-21 was upregulated in human 
PAH PA-ECs and PA-SMCs, human PAH lung tissue, and 

Figure 6. Delta CT values of hsa-miR-21-3p expression according to 
PAH disease types.

Figure 7. Delta CT values of hsa-miR-143-3p expression according 
to PAH disease types.
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again hypoxia PH mouse model by microarray method 
[22–26]. Moreover, inhibition of miR-21 has been shown 
to prevent hypoxia-induced PH, and therefore, high 
expression of miR-21 may contribute to the development 
of PAH in relation to the PA-SMC proliferation and 
migration [9,27]. Gruning et al. have investigated the 
miRNA expression changes in the plasma or serum of 
31 PH patients with exercise intervention and 21 high 
altitude-induced PH patients with oxygen intervention 
using Real-time PCR method. They showed that in 
samples obtained after exercise intervention, composite 
miRNA values of miR-22-3p and miR-21-5p/miR-451a 
and spike RNA were significantly decreased in 65% of the 
samples [28]. However, Wuttge et al. investigated miRNA 
expression changes in the plasma of 22 systemic sclerosis-
associated PAH patients using a real-time PCR method. 
They reported that miR-21-5p, miR-130a-3p, miR-150-5p, 
miR-155-5p, and miR-486-3p showed higher plasma levels 
in patients with PAH associated with systemic sclerosis 
compared to patients with systemic sclerosis [29].

miR-143 and miR-145 are abundantly expressed 
in vascular SMCs and play an important role in their 
differentiation [30]. In our study, we observed that the 
expression of hsa-miR-143-3p was decreased by 2.3 times 
in patients with PH. To the best of our knowledge, our study 
is the first to evaluate circulating miR-143 in patients with 
PH. In accordance with our study, Kontaraki et al. showed 
an almost 2 fold decrease in the expression  of miR-143 study 
in 60 patients with essential hypertension and 29 controls 
[31].  Deng et al. investigated the transcriptional order of 
the miR-143/145 cluster and the role of miR-143 in PAH 
[32]. Their research group identified the promoter region 
regulating miR-143/145 microRNA expression in PA-SMC 
and mapped PAH-related signaling pathways including 
estrogen receptor, liver X factor/retinoic X receptor, 
transformed growth factor-β (Smads), and hypoxia 
(hypoxia response element). They observed that miR-143-
3p was selectively upregulated during the migration of PA-
SMCs compared to miR-143-5p. In addition, contrary to 
our study, they reported high expression of miR-143-3p in 
samples from PAH patients [32]. They also showed that 
miR-143-3p modulates both the cellular and exosome-
mediated responses in pulmonary vascular cells and may 
have an important role in the pathobiology of PAH [32]. 
In another study, Wang et al. demonstrated a positive 
correlation between hypoxia-dependent PH and Hypoxia-
inducible factor-1 (HIF-1) expression in newborn rats 
[33]. Tang et al. showed that miR-143 inhibited HIF1 
which acts as an important transcription factor regulating 
cell viability under hypoxic conditions [34,35]. This may 
be due to polymorphic variations between populations or 
characteristic differences of PH between selected patient 
groups. 

Though we could not find any significant change in 
circulating hsa-miR-138-5p, hsa-miR-145-3p, hsa-miR-
190a, hsa-miR-204-3p, hsa-miR-206, and hsa-miR-210-3p 
except PH severity in the present study, various studies 
have been reported that these miRNAs could play a role 
in pathogeneses of PAH or PH. In a study, PA-SMC was 
isolated from healthy controls and PAH patients, and 
in vivo and in vitro effects of miR-138 expression were 
investigated. As a result, high miR-138 expression was 
suggested to directly regulate mitochondrial calcium 
uniporter (MCU) in PAH. Nebulized anti-miRs against 
miR-138 have been shown to restore MCU expression, 
reduce cell proliferation, and regress PAH in the 
monocrotaline model [36]. Another study has suggested 
that miR-138 promotes the proliferation of PA-SMCs and 
promotes suppressed mitochondrial depolarization of 
SMCs by targeting potassium channel subfamily K member 
3 (TASK-1) [37]. Though we did not find a change, our 
study is the first to explore the circulating levels of miR-
138 in patients with PH. 

Though did not reach a statistically significant level, the 
expression of miR-145 was increased by 34% in our study. 
Similarly, Sarrion et al. have examined miRNA expression 
changes in serum obtained from 12 well-characterized 
iPAH patients by microarray method and observed that 
miR-145 was increased 3.21 times compared to the control 
group [38]. Caruso et al. investigated the effect of miR-
145 on PAH development, and they localized miR-145 
to SMCs in the rat lungs and exposed it to hypoxia and 
showed that the expression of miR-145 was increased. The 
same group also showed that miR-145 deficiency and anti-
miR-mediated reduction provide significant protection 
against PAH development [39].  

For miR-190 expression, we observed no difference 
between the patient and control groups. However, several 
studies have suggested that miR-190 might be associated 
with PAH. Li et al. used synthetic miRNA to mimic the 
miR-190 increase in hypoxic conditions and investigated 
the effects of miR-190 in PA and demonstrated that 
synthetic miR-190 significantly increased vasoconstriction 
responses to phenylephrine (PE) and KCl [40]. In another 
study, Blissenbach and colleagues have shown a significant 
correlation between circulating miR-190 and systolic PAP 
in a model of hypoxia-related PH in humans exposed to 
extreme altitude in 40 healthy volunteers [41].  Jiang et 
al. have measured circulating levels of miR-190a-5p by 
quantitative real-time PCR with plasma samples taken 
from 73 patients with chronic obstructive pulmonary 
disease (COPD)-PH and 32 healthy controls. They showed 
that the level of miR-190a-5p was significantly higher in 
PH patients compared to healthy controls. [42]. However, 
as COPD-associated PH (Group-3 PH) physiopathology 
differs from PAH we have excluded these patients from 
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our study. Therefore, our study is the first to evaluate 
circulating miR-190 in patients with PAH. 

miR-204 is accepted as a promising miRNA in the field 
of PAH [16]. In our study, a 21% decrease was observed 
in miR-204 expression. Also, Sarrion et al. have observed 
that the circulating levels of miR-204 decreased 4.67 
times compared to the control group well-characterized 
iPAH patients by microarray method [38]. Similarly, 
Courboulin et al. showed reduced miR-204 expression 
might be associated with PAH in 13 patients with PAH. 
They reported that STAT3 activation suppresses miR-204 
expression and miR-204 directly targets SHP2 expression, 
therefore, by regulating SHP2 up and miR-204 down, it 
activates Src kinase and active T cell nuclear factor (NFAT) 
[12]. Li et al. measured plasma miR-204 expression one 
h before and 7 days after cardiac surgery in 52 children 
with congenital heart disease (left to right shunt). They 
observed that the circulating levels of miR-204 were lower 
in children with PH (n = 39) compared to those without 
PH (n = 13). In these children, miR-204 expression tended 
to decrease after surgery in those with or without PH. They 
also showed that systolic PAP was negatively correlated 
with miR-204 expression in these patients [43].

In our study, the 36% decrease in the expression of miR-
206 was compatible with the study of Jin and colleagues 
conducted on patients with left heart disease (LHD). They 
found that the level of miR-206 was significantly decreased 
in those with LHD-associated PH compared with that of 
the LHD and healthy control groups. Moreover, miR-
206 levels were negatively correlated with systolic PAP 
[44]. We have excluded LHD-associated PH due to the 
pathogenetic difference between PAH and those with 
LHD-associated PH. 

miR-210 plasma expression did not significantly differ 
between our patient and control groups. However, several 
studies have reported that miR-210 might be associated 
with PAH. Researchers have reported possible interactions 
between miR-210 and mitogen- activated protein kinase 
phosphatase 1 (MKP-1) and its effects on cell proliferation 
in hypoxic human PA-SMCs. They observed that miR-210 
increased significantly in MKP-1, mRNA, and protein 
expression, as well as cultured human PA-SMCs exposed 
to hypoxia with 1% O2 for 48 h. Overexpression of miR-
210 was also suggested to prevent hypoxia-induced MKP-
1 expression, which has no effect on cell proliferation [45]. 

Various studies have shown that contradictory 
conclusions have been reached as to whether the decrease 
or increase in the expression of some miRNAs may have an 
impact on PH and/or PAH. Although our study generally 
complies with the literature, some miRNAs such as miR-143 
appear to have conflicting results. This discordance in the 
literature is probably due to the differences in methodologies 
and also the samples worked on. In general, most of the 
studies are conducted in vascular cells of animal models 

of either monocrotaline or hypoxia-induced PH. However, 
these two models are completely different, i.e. the first 
generates a strong pulmonary inflammation by targeting 
the PA-ECs associated with monocyte recruitment, similar 
to that observed in human iPAH [16]. However, the latter, 
persistent hypoxia, affects all 3 layers of the pulmonary 
arteriolar wall associated with significant hypertrophy of 
PA-SMCs and less inflammation [16].  The milieu studied 
for analysis of the miRNA could be important in the results. 
Most of the studies in the literature are conducted in lung 
vascular cells (PA-SCM or PA-ECs) in animals and to a lesser 
degree in humans. Differently, we studied the circulating 
miRNAs which is another way of analyzing miRNAs. There 
are only a few studies measuring the circulating miRNAs in 
PH in the literature. To the best of our knowledge, our study 
is the first to measure circulating miR-21, miR-143, miR-
138, miR-145, miR-190a, miR-206, and miR-210 in patients 
with PAH in the literature. The suggested roles of the 
miRNAs that we studied are proliferation for miR-21, miR-
143, miR-138, miR-145, and miR-210, vasoconstriction for 
miR-190a, vasoconstriction and DNA damage for miR-204 
and  finally proliferation and angiogenesis miR-206 [16]. 
However, most of these roles are generated from tissue 
analysis of animal or human PH models. 

5. Study limitations
The small sample size could be regarded as a limitation of 
our study, however, 44 patients with PAH or CETPH is a 
good sample size for a rare disease from a single center. 
Including CETPH patients should not be considered as a 
limitation, though the triggering pathology is thrombus, 
the same histopathologic changes develop both in PAH 
and CTEPH. It is well known that noncardiac conditions, 
such as cancer, infection, and drug use may affect miRNA 
expression. Therefore, to overcome this limitation we 
excluded patients with a past or active cancer history, active 
infections, and those on immunomodulator therapy. The 
older age of the healthy control group could be regarded 
as a limitation, however, we specifically preferred to 
enroll older aged individuals to exclude the probability of 
developing PH in later life in the control subjects as PH 
is generally a disease of younger patients. But the major 
strength of our study is the evaluation of the circulating 
levels of miRNAs in patients with PH since the available 
data in the literature is almost generated from different 
experimental models and PH human tissues. Moreover, 
most data are covering the hypoxia-induced animal 
models or patient populations such as pulmonary fibrosis 
or COPD that were all excluded from our study. 

6. Conclusions
This cross-sectional evaluation of 44 PH patients with 
either PAH or CETPH showed that the expression of 
circulating miR-21 and miRNA-143 are significantly 
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higher than the control subjects. However, there were 
no significant difference in circulating levels of hsa-miR-
138-5p, hsa-miR-145-3p, hsa-miR-190a, hsa-miR-204-3p, 
hsa-miR-206, and hsa-miR-210-3p except compared PAH 
severity in those with PH compared to healthy controls. 
Though we could not find difference in the latter 6 miRNAs, 
our results will serve to further figure out the role of these 
miRNAs as biomarkers of diagnosis and/or therapy in PH 
since our study is the first to quantify the circulating levels 
of the most of these miRNAs. Further studies evaluating 
the circulating levels of miRNAs in different patients’ 

groups with different PH etiologies are needed to clarify 
their promising role in the diagnosis, prognosis, and also 
treatment of PH.  
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