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Abstract

Acute Pulmonary Embolism (PE) is a common disease in middle and high altitude areas. This study
aimed to investigate the diagnostic value of plasma microRNA-134 for acute PE. Acute and chronic PE
patients and healthy controls were recruited from March 2014 to July 2017 in Xining (2260 m, middle
altitude) and Yushu (3600 m, high altitude) in China, with 20 subjects in each group (n=20). Plasma
miRNA-134 levels were determined by real-time quantitative PCR with Tagman probes. The diagnostic
value of miRNA-134 for acute PE was evaluated using the Receiver Operating Characteristic (ROC)
curve. In both middle and high altitude areas, plasma miRNA-134 levels were the highest in patients
with acute PE, followed by patients with chronic PE and healthy controls. In addition, plasma
miRNA-134 levels were significantly higher in acute and chronic PE patients and healthy controls in
high altitude area than in their counterparts in middle altitude area, respectively. Compared with D-
dimer, miRNA-134 had a lower sensitivity but a higher specificity for the diagnosis of PA. Plasma
miRNA-134 can be a promising diagnostic biomarker for acute PE patients in middle and high altitude

areas.
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Introduction

Pulmonary Embolism (PE) is the third most common cause of
cardiovascular death after myocardial ischemia and stroke.
Thus, early and accurate diagnosis of this condition is essential
to offset the high mortality and poor prognosis that may result
from a delayed diagnosis [1]. Much effort has been made to
identify molecular biomarkers with high diagnostic sensitivity
and specificity for PE. Micro RNAs (miRNAs) are an
endogenous class of small non-coding RNAs widely present in
the eukaryotes, and they can regulate gene expression at the
post-transcriptional level by binding to the 3’-untranslated
region (3’-UTR) of target messenger RNAs (mRNAs). It has
now become clear that miRNAs are involved in a wide variety
of biological processes, such as cell division and proliferation,
angiogenesis, and cell metabolism [2,3]. Circulating miRNAs
have been shown to be stable and resistant to enzymatic
decomposition, making them promising diagnostic biomarkers
for wvarious diseases, such as tumors, cardiac failure,
myocardial infarction, and spinal cord injury [4-9]. However,
the diagnostic value of miRNAs in PE patients still remains
unclear. miRNA-134 has been reported to be a potential plasma
biomarker for acute PE [5].
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Moreover, miRNA-134 expression was significantly increased
in patients with stroke and myocardial infarction, both of
which were induced by ischemia/hypoxia [10]. However,
whether hypoxia may induce high expression of miRNA-134
remains unclear. PE is a common disease in high altitude areas
with harsh environmental conditions, such as hypobaric
hypoxia, extremely cold and dry, and intensive ultraviolet. It is
imperative to develop simple and non-invasive biomarkers for
the diagnosis of PE in middle and high altitude areas. In this
study, we measured plasma miRNA-134 levels in PE patients
in middle and high altitude areas to determine its clinical utility
as a diagnostic biomarker for PE.

Materials and Methods

Subjects

Acute and chronic PE patients and healthy controls were
recruited from March 2014 to July 2017 in Xining (2260 m,
middle altitude) and Yushu (3600 m, high altitude) in China,
with 20 subjects in each group (n=20). There was no
significant difference in the gender and age between PE
patients and healthy controls (p<0.05). All subjects underwent
the same routine examinations, including blood routine
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examination, blood gas analysis, measurement of plasma D-
dimer levels, Electrocardiogram (ECG), heart color ultrasound,
vascular ultrasound of both lower limbs, and chest x-ray
screening.

PE was diagnosed according to the “Guideline on Diagnosis
and Treatment of Pulmonary Thromboembolism” published by
the Respiratory Branch of Chinese Medical Association in
2001 and confirmed by CT pulmonary angiography. Acute PE
was defined as the onset of illness less than one month, while
chronic PE was defined as the onset of illness more than three
months. Patients with primary pulmonary hypertension, severe
infection, malignant tumors, acute coronary syndrome, and
psychosis were excluded. Healthy controls with a history of
hypertension, diabetes, coronary heart disease and other severe
diseases were also excluded. The study protocol was approved
by the Ethics Committee of Qinghai Provincial People’s
Hospital, and all participants gave informed consent before
enrolment in this study.

Primers

The primer sequences of target gene (miRNA-134) and
reference gene (U6) were as follows:

MIR134 reverse transcription primer, MIR134-RT:

GAAAGAAGGCGAGGAGCAGATCGAGGAAGAAGACG
GAAGAATGTGCGTCTCGCCTTCTTTCCCCCTCTG

MIR134-F: CGGTGTGACTGGTTGACCAGA
MIR134-R: CGAGGAAGAAGACGGAAGAAT

MIR134 probes: 5’FAM-GCGTCTCGCCTTCTTTCCCC-
BHQI1 3’
U6-F:

primers)

U6-R: CGCTTCACGAATTTGCGTGTCAT (RT and qPCR
primers)

U6 probes:
ACGATACAGAGAAGATTAGCATGGCC-BHQ1 3’

GCTTCGGCAGCACATATACTAAAAT (qPCR

5’FAM-

Treatment of plasma samples and extraction of total
RNA

Fasting blood samples (4 ml) were collected from all subjects
in the morning in an EDTA anticoagulated tube. Plasma was
extracted by centrifugation at 4°C and then stored at -80°C.
Total RNA was extracted using TRIzol (Invitrogen) according
to the manufacturer's instructions. The Optical Density (OD)
was determined using an ultraviolet spectrophotometer (A260/
A280). The concentration and mass of the total RNA were
measured using agarose gel electrophoresis. The samples with
an OD of 1.8~2.0 and a concentration of > 2 pg/ulL were stored
for subsequent experiments.
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Synthesis of template cDNA

RNA templates were thawed on ice and their concentration
was adjusted to 2 pg/ul. Template cDNA was synthesized
using a TTANGEN FastQuant RT Kit (Tiangen, Beijing, China)
according to the manufacturer's instructions, and used for
subsequent real-time quantitative PCR.

Real-time quantitative PCR

Plasma miRNA-134 levels were measured by real-time
quantitative PCR with Tagman probes. PCR system (10 pL)
contained 5 pL of Taq PCR Master Mix (Applied Biosystems),
1 uL of template cDNA, and 0.2 pL of target gene miRNA-134
and reference gene U6 forward and reverse primers. Real-time
PCR was performed on ABI 7500 system under following
conditions: 95°C for 5 min, 95°C for 5 s, 60°C for 20 s, 40
cycles. The cycle threshold (Ct) values were calculated using
the SDS 1.4 software (Applied Biosystems), and the miRNAs
expression was normalized using the 2- A ACt method.

Statistical analysis

All statistical analyses were performed with SPSS 17.0 for
Windows (SPSS Inc). Data were expressed as mean =+ standard
deviation. Significant differences between groups were
analysed using one-way Analysis of Variance (ANOVA),
followed by the Least Significant Difference (LSD) test. The
diagnostic value of miRNA-134 was evaluated using the
Receiver Operating Characteristic (ROC) curve. The area
under the ROC curve (AUC), the optimal cut-off point, and
other relevant parameters, such as sensitivity and specificity,
were calculated. P<0.05 was considered statistically
significant.

Results

Comparison of clinical data

There were no significant differences in the age and gender
between acute and chronic PE patients and healthy controls in
middle and high altitude areas (p>0.05). Acute and chronic PE
patients and healthy controls in high altitude area had higher
red blood cell count, hemoglobin concentration, hematocrit and
pulmonary artery pressure but lower oxygen partial pressure
and blood oxygen saturation than their counterparts in middle
altitude area (p<0.05). In both middle and high altitude areas,
PAP was the highest in patients with acute PE, followed by
patients with chronic PE and healthy controls (p<0.05); while
oxygen partial pressure and blood oxygen saturation were the
lowest in patients with acute PE, followed by patients with
chronic PE and healthy controls (p<0.05, Table 1).

Comparison of plasma D-dimer levels

In both middle and high altitude areas, plasma D-dimer levels
were the highest in patients with acute PE, followed by patients
with chronic PE and healthy controls (p<0.05). However, there
were no significant differences between acute and chronic PE
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patients and healthy controls in high altitude area and their
counterparts in middle altitude area, respectively (p>0.05,

Table 2).

Table 1. Comparison of clinical data among different groups (n=20).

Middle altitude area

High altitude area

Acute PE patients Chronic PE patients Healthy controls Acute PE Chronic PE patients Healthy controls
58.49 + 11.68 62.48 + 8.89 60.49 + 10.11 59.42 + 10.68 61.37 £9.74 57.05 £ 14.27
14/6 13/7 15/5 1317 12/8 16/4
4.11+0.74 4.23+0.98 3.98 £ 0.55 6.13+1.28 5.82 + 0.96 5.76 + 0.58

135.22 + 15.69

142.35 + 16.79

138.73 £ 16.07

189.73 £ 21.38

187.66 + 20.69 185.68 + 22.85

40.38 £3.97 38.14 + 3.51 39.35+4.06 53.59 +6.22 51.73 £4.58 52.42 +5.89
78.03 £10.12A 62.13 + 13.14# 24.51+£5.42 88.15 + 15.63*A 71.77 £ 13.29*# 32.74 + 6.36*
53.19 £ 11.57A 63.07 + 13.01# 7712+ 15.65 40.67 £7.23"A 49.35 + 7.66"# 58.74 + 10.36*
71.69 £ 14.62A 83.87 + 16.34# 95.11 £ 14.91 55.38 +9.08* A 65.27 + 12.74*# 86.26 + 12.00*

Note: *p<0.05 compared with their counterparts in middle altitude area; Ap<0.05 compared with patients with chronic PE at the same altitude; #p<0.05 compared with

healthy controls at the same altitude.

Table 2. Comparison of plasma D-dimer levels among different groups
(ug/ml, n=20).

Middle altitude area High altitude area

Acute PE patients 15.32+6.72*A 15.69 £ 6.27*A

Chronic PE patients 9.81 + 4.44* 9.55 + 4.62*

Healthy controls 0.71+£0.33 0.76 £ 0.24

Note: *p<0.05 compared with healthy controls; Ap<0.05 compared with patients
with chronic PE.

Comparison of plasma miRNA-134 levels

In both middle and high altitude areas, plasma miRNA-134
levels were the highest in patients with acute PE, followed by
patients with chronic PE and healthy controls (p<0.05). In
addition, plasma miRNA-134 levels were significantly higher
in acute and chronic PE patients and healthy controls in high
altitude area than in their counterparts in middle altitude area,
respectively (p<0.05, Table 3).

Diagnostic value of miRNA-134 for acute PE patients
in middle altitude area

The diagnostic value of miRNA-134 and D-dimer for acute PE
patients in middle altitude area was compared based on the

ROC curve. The results show that the AUC was 0.836 and
0.829 for miRNA-134 and D-dimer, respectively, both of them
had significant diagnostic value for acute PE (p<0.05).
However, miRNA-134 had a slightly larger AUC than D-dimer
(Figure 1). The optimal cut-off value for the diagnosis of acute
PE in middle altitude area was 0.77 and 7.25 upg/ml for
miRNA-134 and D-dimer, respectively. miRNA-134 had a
lower sensitivity but a higher specificity than D-dimer (Table
4).

Table 3. Comparison of plasma miRNA-134 levels among different
groups (n=20).

Middle altitude area High altitude area
Acute PE patients 1.03£0.38*A 2.04 £ 0.26*r#
Chronic PE patients 0.73 £ 0.24* 1.36 £ 0.53*#
Healthy controls 0.43+0.15 1.00 + 0.23#

Note: *p<0.05 compared with healthy controls; Ap<0.05 compared with patients
with chronic PE; #p<0.05 compared with their counterparts in middle altitude
area.

Table 4. Comparison of miRNA-134 and D-dimer for the diagnosis of acute PE in middle altitude area.

AUC (95% CI) Cut-off value Sensitivity (%) Specificity (%)
miRNA-134 0.836 0.77 89.5 75
D-dimer (ug/ml) 0.829 7.25 100 65
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Diagnostic value of miRNA-134 in acute PE patients
in high altitude area

AUC was 0.904 and 0.889 for miRNA-134 and D-dimer,
respectively, both of them had a significant diagnostic value for
acute PE (p<0.05). However, miRNA-134 had a larger AUC
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than D-dimer (Figure 2). The optimal cut-off value of
miRNA-134 and D-dimer for acute PE in high altitude area
was 1.62 and 9.51 pg/ml, respectively, and miRNA-134 had a
lower sensitivity but a higher specificity than D-dimer (Table
5).

Table 5. Comparison of miRNA-134 and D-dimer for the diagnosis of acute PE in high altitude area.

AUC (95% CI)

Cut-off value

Sensitivity (%) Specificity (%)

miRNA-134 0.904 1.62

94.7 90

D-dimer (pg/ml) 0.889 9.51

100 80

Source of
the Curve

— miRNA-134
— D-Dimer
Reference
Line

Sensitivity
o
i i

—

s

0.0 T T T T
0.0 0.2 04 0.6 08 1.0

1 - Specificity

Figure 1. ROC curves of miRNA-134 and D-dimer for acute PE in
middle altitude area.
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Figure 2. ROC curves of miRNA-134 and D-dimer for acute PE in
high altitude area.

Discussion

Early diagnosis of PE has attracted increasing attention due to
its high incidence, mortality and disability. However, PE may
be misdiagnosed because of its non-specific clinical
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presentation, and specific and sensitive diagnostic biomarkers
for acute PE still lack [11,12]. Currently available methods for
the diagnosis of acute PE include probability evaluation,
auxiliary examinations such as arterial blood gas analysis and
plasma D-dimer measurement, and imaging diagnosis such as
chest X-ray, color Doppler ultrasound and pulmonary
angiography. However, the clinical application of these
methods can be severely limited.

miRNAs contribute to post-transcriptional regulation of genes
[13,14]. Circulating miRNAs isolated from the serum or
plasma has been shown to be stable and highly predictive of
various diseases [15-18]. miRNA-134 was suggested as a new
biomarker for the diagnosis of acute PE [19]. In this study, our
results showed that miRNA-134 had high sensitivity and
specificity for the detection of acute PE. D-dimer has a higher
sensitivity but a lower specificity as it can affected by multiple
factors such as infection, tumors and various inflammatory
diseases [1,20]. Thus, plasma miRNA-134 could serve as a
promising biomarker for differential diagnosis of acute PE.
However, miRNA-134 level is related to risk factors of heart
failure, an thus it may be a potential predictor of myocardial
infarction [21,22]. miRNA-134 levels are also closely
associated with nervous system diseases [23,24]. Thus,
cardiovascular system diseases and nervous system diseases
should be excluded in the diagnosis of acute PE to obtain
accurate diagnosis based on miRNA-134.

Hypobaric hypoxia may contribute significantly to the higher
miRNA-134 levels in patients in high altitude area. Previous
study showed that miRNA-134 levels significantly increased in
patients with stroke and myocardial infarction, of which the
pathogenesis is related to ischemia/hypoxia [10]. Thus,
hypoxia has the potential to induce high expression of
miRNA-134. However, the underlying mechanism remains
unclear and needs further investigation.

Our study has several limitations. One potential limitation
concerns the small sample size. However, we were unable to
access a larger number of participants due to small population
in this area. In addition, the relationship between hypoxia and
miRNA-134 remains to be elucidated.

In conclusion, our results demonstrated that plasma
miRNA-134 can be a promising diagnostic biomarker for acute
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PE patients in middle and high altitude areas. More studies are
needed to provide further evidence to support our conclusion.
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