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SUMMARY
Background: Pulmonary embolism (PE) a consequence of hypercoagulability status associated with chronic obstructive pulmonary disease (COPD) and worsens its course. Recently, microRNAs (miRNAs) have been linked to
PE in COPD settings. We aimed to measure expression levels of miRNAs145 and 126 in COPD patients with and
without PE.
Methods: Herein, miRNA (145 and 126) expression levels were measured in 250 COPD patients with PE by quantitative real-time PCR, and their data were compared with 300 COPD patients without PE.
Results: Our results showed that miRNA-145 expression was downregulated in COPD patients with PE compared
to those without PE. The reverse was observed in miRNA-126 expression that was higher in COPD patients with
PE than in those without PE. miRNA-145 correlated positively with FEV1/FVC and correlated negatively with Ddimer in all patients regardless of the presence of PE. In addition, miRNA-126 positively correlated with D-dimer
and negatively correlated with FEV1/FVC in all studied COPD patients.
Conclusions: Lower levels of miRNA-145 and higher levels of miRNA-126 associated with worse diagnosis PE in
patients with COPD. Extensive studies are mandated to bring a better understanding of the role of these miRNAs
in the mechanism of thrombosis in COPD patients.
(Clin. Lab. 2022;68:xx-xx. DOI: 10.7754/Clin.Lab.2021.211113)
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INTRODUCTION
Chronic obstructive pulmonary diseases (COPD) are a
group of abnormal conditions that affect the lung and
denote the leading cause of morbidity and or mortality
all over the world [1].
COPD is associated with a state of hypercoagulability
and endothelial damage in more than 50% of cases that
could lead to the arousal of vascular problems such as
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pulmonary embolism (PE), ischemic conditions or secondary pulmonary hypertension [2,3].
Preceding studies described an increased prevalence of
PE in COPD in a series of 197 consecutive patients with
COPD and reported that the frequency of PE was 25%
[4], while another study recorded a lower prevalence of
PE (16%) [5,6]. D-dimer is a fibrin degradation product
that helps diagnose thrombosis and is associated with
the extent of PE on CTPA (Computerized Tomography
Pulmonary Angiography) [7].
Pathophysiological pathways clarifying how thrombosis
is linked to COPD have been greatly expanded with the
application of genomic studies. One developing and essential process controlling gene expression is epigenetics, which regulates gene packaging and autonomous
appearance of variations in the DNA structure. Epigenetics, which involves DNA methylation, histone modifications, and activity of microRNAs (miRNAs) is providing new ways connecting genomics and environmental aspects [8].
miRNAs are gaining superior importance in research as
novel organizers of gene expression and playing a central role in numerous pathophysiological pathways. It
was shown that these forms of non-coding regulatory
RNAs are enrolled in numerous phases of inflammation
which manifest some lung illnesses such as bronchial
asthma and COPD [8,9]. A number of miRNAs such as
miRNA-155, miRNA-126, miRNA-21, and miRNA146 have been described to regulate the pathogenic
stimulus in the beginning and the advancement of vascular inflammatory process, neointimal injury development, atherosclerotic changes, and coronary artery disorders [9].
Preceding reports identified that miRNA-145 plays a
role in adjusting the role of the airway smooth muscle
(ASM), which adds to the restoration of the airway in
the occurrence of COPD and its concomitant chronic inflammation. Meanwhile, Sahu and his co-authors recognized that miRNA-145 values were reduced in venous
thrombosis patients and inversely correlated with amplified tissue factor (TF) levels in their cases [10]. miRNA-126 is expressed mainly in endothelial cells and has
been revealed to adjust vascular uprightness and progressing angiogenesis [11].
Herein, we examined the levels of miRNA (145 and
126) expressions in COPD patients with and without
PE.

A written informed agreement was acquired from all patients. The study protocol was permitted by the Faculty
of Medicine Ethical Committee. Rejection criteria were
as follows: patients with coronary heart disorders, bronchial asthma, allergic rhinitis, and atopic conditions and
patients with suspicious nodule or diagnosed as lung
cancer or any current or history of previous malignancy
were excluded. Sampling was done before any anticoagulation treatment had been started and patients on regular anticoagulants were excluded from the study.
All patients underwent pulmonary function evaluation
of the forced expiratory volume in one second (FEV1),
forced vital capacity (FVC). PEF and FEV1/FVC was
carried out on all patients with respect to the global
strategies [13] by means of Cosmed SrL (Quark PFTs
ergo, P/N Co9035 12-99; Italy).
Blood samples
A total of 4 mL of venous sample were obtained from
all participating patients, and then allocated into two
tubes, ethylene diamine tetraacetic acid (EDTA) tube
and sodium citrate tube.
Two milliliters of blood were added into sodium citrate
(nine parts blood to one part sodium citrate), and samples were handled within 1 hour. After centrifugation at
2,000 rpm for 15 minutes at 20°C, plasma was aliquoted
and kept at -80°C. All samples were liquefied for the
Liatest D-Dimer test (Stago) (Diagnostica Stago, 3
allée, Asnieres sur Steine, France). Patients who recorded abnormally raised D-dimer underwent further investigation by CT pulmonary angiography to confirm
pulmonary embolism. CTPA was done after sampling
using a Siemens Somatom Sensation 64 CT scanner
(Siemens Healthineers, Erlangen, Germany). Two milliliters blood were added to the EDTA coated tube. The
tube was then centrifuged at 2,000 rpm for 5 minutes,
and then plasma was transferred into an RNase-free
tube for isolation of RNA. Plasma was kept at -80°C
until miRNA-145 and -126 analyses were accomplished
for all patients.
RNA isolation and reverse transcription (RT)
Total RNA was isolated from plasma by using RNA
MiniPrep Kit (Zymoresearch, Catalog No. R2053, CA,
USA). The RNA pureness and amount were determined
by a Biotech Nanodrop system. Poly (A) polymerase
linked enzyme (NEB, USA; Cat. no. M0276L) was used
to magnify the poly-A tail of the noncoding miRNAs,
and RT was done using a Thermo Scientific Reverse kit
cDNA (Thermo Fisher Scientific, Waltham, MA, USA).
Reverse transcription and determination of miRNA expression was done by quantitative real-time PCR (qRTPCR). The total RNA was reverse transcribed by a TaqMan MicroRNA RT kit (Thermo Fisher Scientific) according to the manufacturer’s protocol. The detected
miRNAs were estimated by qRT-PCR with Taqman
miRNA assay (Thermo Fisher Scientific) according to
the manufacturer’s instructions. miRNA-145 (assay ID
002278) and miRNA-126 (assay ID 002658).

MATERIALS AND METHODS
A group of 550 COPD patients was categorized based
on the occurrence of PE: a group of COPD with PE
(250 patients), and a group of COPD without PE (300
patients), were admitted to chest sections of two tertiary
hospitals in the period from May 2016 to July 2019.
Both general and chest examination were performed on
all patients, COPD diagnosis was established based on
the GOLD standard [12].
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QRT-PCR analysis of miRNAs
Quantitative real-time PCR (qRT-PCR) was done using
a 7500 Fast Real-Time PCR System (Applied Biosystems, CA, USA) as follows: hot-start phase at 95°C for
7 minutes, followed by a preliminary denaturation phase
for 20 seconds at 95ºC, then the annealing phase for 60
seconds at 59oC, for 40 cycles, and lastly the extension
phase for 60 seconds at 59ºC, for 40 repeated cycles.
We used U6-snRNA as an internal control to normalize
the CT values of the target mRNAs. The total amount of
tested miRNAs was computed using the equation 2−ΔΔCt,
where ΔCt = Ct (targeted miRNA) - Ct (internal control
gene). All of the assays were performed in triplicate and
one no-template control (NTC) was carried out in each
experiment [14].
The current study was approved by the Official Review
Board of Assiut and South Valley Universities, Egypt.
Patients contributed to the research after explaining the
objectives and steps of the study to them and attaining
their agreement of sharing. Written informed consent
was obtained from all enrolled patients and all the processes of the study were in accordance with the last update of the declaration of Helsinki [15].

and those who did not. We observed statistically significant worse pulmonary function parameters in the
group of COPD with PE than those with only COPD.
Expression patterns of miRNA-145 and miRNA-126
levels in the COPD patients with regard to the presence of PE
miRNA-145 fold change level was decreased in the
group of pulmonary embolism compared to those without pulmonary embolism (mean ± SD are 5.6 ± 2.2 and
1,747 ± 689.6 for groups with PE and without PE, respectively, p < 0.0001 (Figure 2, right). Plasma miRNA-126 fold change level was increased in patients
without pulmonary embolism compared to the PE patients (mean ± SD are 3,206.1 ± 335.4, and 674.9 ±
308.1, respectively) p < 0.0001 (Figure 2, left).
Correlations between miRNA-126 and miRNA-145
levels and D-dimer
Correlations between miRNA-126 and miRNA-145 fold
change levels in COPD subjects were shown in Figure
3. A significant negative correlation was observed between miRNA-126 and miRNA-145 in both study
groups (R2 = 0.827 in COPD without PE and R2 =
0.675 in COPD with PE and p < 0.0001). A significant
positive correlation was detected between miRNA-126
and D-dimer level in COPD with PE (R2 = 0.955 and
p < 0.0001), while a significant negative correlation was
observed between miRNA-145 and D-dimer level in
COPD with PE (R2 = 0.671 and p < 0.0001).

Statistical analysis
Statistical Package for Social Sciences (SPSS), version
(21) (IBM SPSS Statistics for Windows; IBM Corporation, Armonk, NY, USA) was used for data analysis.
Quantitative data was presented as mean ± standard error (SEM) and qualitative data was presented in the
form of frequency and percentage. Independent sample
t-test or chi-squared test was used to determine the statistically significant variances among the study groups.
Pearson’s correlation was used to compare the studied
parameters. p ≤ 0.05 reflected significance.

Correlations between miRNA-126 levels and pulmonary function parameters
Correlations between miRNA-126 and FVC, FEV1,
PEF and FEV1/FVC in COPD with PE and COPD
without PE were shown in Table 2. Significant positive
correlations were observed between miRNA-126 and
FVC (R2 = 0.036 and p = 0.002), significant negative
correlations were observed between miRNA-126 and
FEV1, PEF, FEV1/FVC in COPD with PE (R2 = 0.057
and p < 0.0001, R2 = 0.113 and p < 0.0001, and R2 =
0.923 and p < 0.0001, respectively). Also, in the group
of COPD lacking PE negative correlations, Table 2
shows the correlations observed between miRNA-126
and FVC, FEV1, PEF, FEV1/FVC (R2 = 0.208 and p <
0.0001, R2 = 0.482 and p = 0.151), (R2 = 0.249 and p <
0.0001, and R2 = 0.819 and p < 0.0001, respectively).

RESULTS
COPD patients’ characteristics
Table 1 showed the features of study groups of the current study. COPD patients were classified regarding the
presence or absence of pulmonary artery thrombosis into a group of COPD with pulmonary embolism (250 patients) and COPD without pulmonary embolism (300
patients). The age is equivalent within the two groups
with a mean ± SD of 62.1 ± 12.1 and 59.3 ± 11.1 (p =
0.06) for the group with PE or without PE, respectively.
Concerning gender distribution, the female percentage
was 35.2% and 30.7% (p = 0.399) for the groups with
PE and without PE, respectively, with no statistical alteration. Examination of D-dimer revealed significantly
higher levels in COPD patients with pulmonary embolism than those lacking embolism (mean ± SD are
2,422.4 ± 433.7, and 68.1 ± 104.3 with PE and without
PE, respectively, p < 0.0001).
Figure 1 demonstrated a significant difference in the
lung functions: FVC, FEV1, PEF and FEV1/FVC between COPD patients having a pulmonary embolism
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Correlations between miRNA-145 levels and pulmonary function parameters
Correlations between miRNA-145 and FVC, FEV1,
PEF and FEV1/FVC in COPD with PE and COPD
without PE were shown in Table 3. Significant positive
correlations were observed between miRNA-145 and
FVC, FEV1, PEF, FEV1/FVC in COPD without PE (R2
= 0.112 and p < 0.0001, R2 = 0.330 and p < 0.0001, R2
= 0.175 and p < 0.0001), and R2 = 0.787 and p <
0.0001, respectively). While in group of COPD with
PE, positive correlations were observed between miR-
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Table 1. The characteristics and demographic data of the groups in the current study. A group of COPD with pulmonary
embolism (250 patients) and a group of COPD without pulmonary embolism (300 patients).
Variables

COPD with PE
(250)

COPD without PE
(300)

p-value

Age (mean ± SD) (years)

62.1 ± 12.1

59.3 ± 11.1

0.06

Gender (female (%))

88 (35.2%)

92 (30.7%)

0.399

D-dimer

2422.4 ± 433.7

68.1 ± 104.3

< 0.0001

FEV1

31.5 ± 10.5

56.7 ± 27.7

< 0.0001

FVC

48.6 ± 18.1

63.4 ± 27.8

< 0.0001

PEF

24 ± 9.3

36.4 ± 20.1

< 0.0001

FEV/FVC

47.4 ± 7.6

67.5 ± 10.2

< 0.0001

Table 2. Correlation between miRNA-126 expressions (fold changes) and clinicopathological features of chronic obstructive
pulmonary disease (COPD) patients.
miRNA-126 expression (fold changes)
COPD with PE
(250)

COPD without PE
(300)

R2

p-value

R2

p-value

FVC

0.036

0.002

0.208

< 0.0001

FEV1

0.057

< 0.0001

0.482

< 0.0001

PEF

0.113

< 0.0001

0.249

< 0.0001

FEV1/FVC

0.923

< 0.0001

0.819

< 0.0001

D-dimer ng/mL

0.955

< 0.0001

0.64

< 0.0001

FEV1 - forced expiratory volume in one second, FVC - forced vital capacity, PEF - peak expiratory flow.

Table 3. Correlation between miRNA-145 (fold changes) and clinicopathological features of chronic obstructive pulmonary
disease (COPD) patients.
miRNA-145 expression (fold changes)
COPD with PE
(250)
R2

COPD without PE
(300)
p-value

R2

p-value

FVC

0.033

0.002

0.112

< 0.0001

FEV1

0.064

< 0.0001

0.330

< 0.0001

PEF

0.077

< 0.0001

0.175

< 0.0001

FEV1/FVC

0.566

< 0.0001

0.787

< 0.0001

D-dimer ng/mL

0.671

< 0.0001

0.64

< 0.0001

FEV1 - forced expiratory volume in one second, FVC - forced vital capacity, PEF - peak expiratory flow.
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Figure 1. Difference in the lung function: FVC, FEV1, PEF and FEV1/FVC between COPD patients with and without pulmonary embolism.

Figure 2. Expression pattern of miRNA-145 and miRNA-126 levels in the COPD patients regarding the presence of PE.
Right: miRNA-145 is significantly higher in COPD patients without PE.
Left: miRNA-126 is significantly higher in COPD patients with PE.

NA-145 and FVC, FEV1, PEF, FEV1/FVC (R2 = 0.033
and p = 0.002, R2 = 0.064 and p < 0.0001, R2 = 0.077
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and p < 0.0001), and R2 = 0.566 and p < 0.0001, respectively) (Table3).
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Figure 3. Correlations between miRNA-126 and miRNA-145 levels.
Right: Significant negative correlation between miRNA- 126 and miRNA-145 in COPD patients with PE.
Left: Significant negative correlation between miRNA-126 and miRNA-145 in COPD patients without PE.

DISCUSSION

tory function test and expressed significant negative
correlation with the values of D-dimer.
Interestingly, the estimated levels of miRNA-145 were
positively correlated with all parameters of the respiratory function test and demonstrated a significant positive correlation with D-dimer values.
Our results were incongruent with Wang and his colleges who found higher miRNA-145 expression levels
in COPD patients than controls [16] and in agreement
with Shauet et al. who found reduced miRNA-145 levels in patients with venous thrombosis with an inverse
trend between miRNA-145 and tissue factor expression
levels [10]. This regulation may be mediated by downregulating the tissue factor (TF) expression that is a critical trigger for the initiation of the extrinsic pathway of
the coagulation cascade. miRNA-145 also promotes
system cell differentiation and suppresses tumor formation by silencing gene expression networks in many cell
types. It is important to note KLF4 is probably a major
effector molecule for the differentiation and tumor-suppressive properties of miRNA-145. KLF4 is a validated
target of miRNA-145 with a significant effect on profiles of gene expression in stem and tumor cells.
Conversely, miR-145 has been recognized by Carols
and his colleagues as the furthermost talented biomark-

Chronic obstructive lung disorders are accompanied by
a high incidence of blood vessel problems as pulmonary
artery thrombus formation (PE) due to the occurrence of
hypercoagulability conditions in those patients. PE is a
worse condition that yields noteworthy right-side heart
dysfunction [3]. Latest publications point toward hemostasis disorders occurring in COPD patients and how
they play a crucial role in the course of the illness and a
worsened outcome. miRNA-155, miRNA-126, miRNA21, and miRNA-145 may regulate the pathogenic signaling in the development of vascular drawbacks related
to COPD [11].
In our own present cross-sectional study, we have analyzed the levels of miRNA-126 and miRNA-145 in two
study groups (COPD patients, COPD problematically
associated with PE). Herein, COPD patients accompanied with PE showed raised expression levels of miRNA-126 in comparison to those with no PE. In addition,
patients complicated with PE revealed lower miRNA145 expression levels when studied against those not
complicated with PE.
Moreover, the fold change levels of miRNA-126 were
negatively correlated with all parameters of the respira6
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ers of the pathogenesis of heart and lung diseases and
participates in the stabilization of atheromatous plaque
[17].
Our finding that miRNA-126 expression level was
higher in the COPD patients complicated with PE than
those without PE was in agreement with the findings of
a recent study that thrombocyte-specific over expression
of miRNA-126 is concomitant with larger laser-induced
thrombi than in controls, an effect that is prevented by a
direct thrombin inhibitor [18]. Contrary to our findings,
François Potus and his colleagues found that right-sided
heart failure in patients with raised pulmonary artery
pressure is associated with miRNA-126 downregulation
[19].
This finding can be attributed to the fact that miRNA126 potentiates MAP (mitogen-activated protein) kinase
signaling downstream from VEGF (vascular endothelial
growth factor) and FGF (fibroblast growth factor),
which act as potent inducers of angiogenesis. The positive correlations between levels of miRNA-126 and
thrombin generation markers in human plasma support
a key role for miRNA-126 in platelet-mediated thrombin generation [18]. The endothelial cell-specific miRNA-126 signals the need for endothelial repair through
its transfer from apoptotic endothelial cells in microvesicles. The pro-angiogenic consequence of miRNA126 has been credited to the repression of SPRED-1
(Sprouty-related, EVH1 domain-containing protein 1),
an adverse controller of the VEGF signaling trail, which
leads to the stimulation of MAPK (mitogen-activated
protein kinase) system in compliance with VEGF [18].
Our findings confirm that the environment of the lungs
acts on the progression of the COPD and many biological factors participate in the pathogenesis.

cesses of the study were in accordance with the last update of the Declaration of Helsinki.
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